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ABSTRACT 

This report describes in d6t~il a computer program designed to 
enable the performance of axial flow compressors operating under 
asymmetric inlet conditions to be predicted. The underlying theory 
is given in Volume VI I; a comparison between results obtained and 
experimental data is made in Volume IX. 

The report is divided into a number of sections, the principal 
ones being those giving a Functional Description of the program, and 
an Operational Description of the program. The Functional Description 
is intended to enable the program to be used. The Operational Descrip
tion of the program is intended to enable the methods used in the pro
gram to be understoOd in detail, hence allowing the program to be 
modified if desired. 
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Section I 

INTRODUCTION 

This report is devoted to a detailed description of a computer 
program designed to enable the performance of axial compressors operat
ing under conditions of combined radial and circumferential distortion 
to be predicted. The underlying theory is presented in Volume VI I, 
where all the equations and expressions used are derived. Comparison 
between computed results obtained from the program and experimental data 
are made in Volume IX. 

The report is divided into a number of sections, including a Func
tional Description of the program, an Operational Description of the 
program, and Conclusions and Recommendations. The Functional Descrip
tion of the program is intended to enable the program to be used for 
its design purpose. The structure of the program is described, and the 
numerical techniques employed are del ineated. Full details of the 
necessary input data are given. The various options available to the 
user are described, and recommendations regarding their use are made. 
The output from the program is described, with diagnostic messages fully 
detailed with respect to their form, origin, cause, and normal method 
of elimination, if any. (Sample inputs and results are held over for 
inclusion in Volume IX.) The Operational Description of the program is 
intended to convey a detailed knowledge of the methods employed in the 
program, to the extent of specifying groups of cards that perform 
specific steps in the computing procedure. This, in conjunction with the 
subroutine flow charts and other information given, should enable any 
desired modifications to the program to be assessed for feasibility, and 
subsequently implemented if appropriate. 

The program has been written in Fortran IV for the IBM 7090/7094 
IBSYS Operating System, the only additions required being control cards 
and twelve short MAP routines to prepare twelve intermediate storage 
units. Full details of all these are given. 
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Section I I 

FUNCTIONAL DESCRIPTION OF PROGRAM 

PROGRAM STRUCTURE AND LOGIC 

This section describes the implementation of the program on an IBM 
7094 computer. This discussion is longer than would be the case for most 
programs due to the number of units required by the program, and also the 
need for an overlay scheme to enable the computer to accommodate the pro
gram. Should it be desired at any time to impleme0t the program on a 
different computing system, this section should enable the feasibility 
of the change to be assessed, and the necessary changes to be made. The 
overall structure of the program is also described in terms of the logical 
flow of control through each routine. The purpose of each routine is in
dicated. 

As previously described in the companion volume entitled "Basic 
Theory and Overall Description" in the sections entitled liThe Overal I 
Structure of the Computing System" and "0vera ll Computational Sequence l 

', 

the solution of the problem revolves around repeated reestimates of the 
locations and extents of the streamtubes (sectors) into which the compres
sor is arbitrari Iy divided at the inlet. Evaluatio~ of conditions in 
each sector, and subsequent reestimation of the sector locations and ex
tents is termed a cycle. Within each cycle, th·e conditions within each 
sector are determined iteratively, and one iteration for conditions in a 
sector is termed a pass~ 

In order to handle the large arrays of numbers generated during any 
one cycle, some of which must be retained for the following cycle, exten
sive use of " ou t-of-core" storage is made. Some choices regarding the 
selection of either magnetic tape or disc (on the IBM 7094 installation 
at the USAF APL computing facility) are avai lab1e, and the fol lowing con
siderations control the choices, 

Because the computation of the solution to any problem is lengthy, 
provision ;s made in the program to stop the calculation at the termina
tion of any cycle, and, presumably after examining the intermediate results 
obtained, restart the calculation. The data that is stored out-of-core 
falls into three classes. There is data that is written by the first part 
of the program and read, on the following cycle, by the second part of the 
program. This obviously cannot be scratched at the end of a cycle. Finally, 
there is data that is written by the second part of the program for use by the 
second part of the program on the following. Two sets of data are involved in 
this case; on anyone cycle one set is being writte~ and the other is being 
read. The units are then switched for the following cycle. Therefore, if the 
calculation is to be stopped and restarted after any cycle, both these units 
must be saveable, but if the calculation is to be stopped only after an 
even number of cycles, the same unit may always be scratched at the termination 
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of the run. A further consideration is that if a restart is to be made 
after an odd number of cycles have been previously completed, these 
units must be switched externally in order to maintain the correct unit 
relationships. 

Al I units are given integer variable names in the program and are 
defined ~ ~erically by arithmetic replacement statements in the main 
program. The unit names and uses are shown in Table I, together with 
some additional information. 

For any particular application of the program not all of the "J-Series" 
and IIL-Series" units may be necessary. The following determines the re
quirements of the program. The use of the "L'I and "J-Series" units is 
simi lar. and the same rules apply to both. Therefore, only the final 
(numerical) character is used here to indicate the unit name. 

Units 1 and 5 are always used. Unit 1 stores data for the computing 
stations from the inlet to first blade row inlet. Unit 5 stores data for 
the computing stations from the outlet of the last blade row to the out
let Units 2, 3. and 4 are used (in that order of prefere~ce) as required, 
to store data for the stations within the compressor. Data for not more 
than six stations is contained on each unit, limlti~g the inlet and outlet 
regions to SIX computing stations each, and the computing stations within 
the compressor to eighteen. 

An option in the program to compute the undistorted axisymmetric 
performance of the compressor leads" when taken, to reduced un it requ i re
ments. When the number of sectors is set equal to one, the calculation 
only proceeds so far as to determine the performance of one sector of the 
compressor.) under the first-cycle, axisymmetric a.ssumption. The program 
then termiflates. The IlL-Series" and the "K-Series" units are not used, 
and no provision for their existence is required. 

The overlay structure required to accommodate the program on an 
IBM 7094 computer controlled by the IBM 7094 IBSYS operating system is 
shown in Figure 1. Note that this requires the use of the alternate FORTRAN 
IV Input/Output Package, obtained by specifying the option ALTIQ on the 
$IBJOB control card. Shown on the figure are both the subroutine names and 
a two-digit number. This number with the prefix IISH is used to identify 
the source decks of the program" and may be used with, say, the prefiX 
"B" to identify the relocatable binary decks produced by compilation. 

Figure 2 is a flow diagram showing the logic of the program in 
the broadest terms. The main program has as its purpose the reading of 
a small quantity of data (including an indicator specifying whether the 
job is a new case or a restart, and also the specification of the number 
of cycles to be performed), and the subsequent execution of the various 
components of the program in accord with the specifications. If the job 
is a new case, Subroutine INPUT is called to read in the bulk of the input 
data. determine which units wi 11 be required to fulfil I the data storage 
requirements, and write the initial data sets onto the "J-Series"'units 
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for "Program DISTORT", Three cal Is are then made in turn, and the sequence 
is repeated once for each cycle specified. Firstly, Subroutine DISTOR is 
called. Subroutine DISTOR may be considered to be the mai~ program of 
"Program DISTORT", which makes the sector analyses. This call is made 
once for each of the number of sectors that are being used to describe 
the compressor. (Should the ~umber of sectors have been set equal to 
one, this point is the termination of the job.j The second call is to 
Subroutine THETA. Subroutine THETA may be considered to be the main pro
gram of "Program THETA" which reestimates the sector locations and extents, 
and the various circumferential derivatives requtred by tlprogram DISTORT". 
The third call is to Subroutine PCTURE. This section of the program does 
not perform any calculations or other vital task, but. on request, produces 
crude plots of the conditio~s throughout the compressor on the regular 
1ine-printer. 

Figure 3 is a flow chart for "Program DlSTORT" . All subroutil1es 
called by Subroutine DISTOR are indicated or, this flow chart. Subroutine 
DISTORT calls Subroutine READIN, the main purpose of which is to read in 
the data for the analysis of the sector under cOl1sideration from the "J
Series l' of units. Subroutine DISTOR then calls Subroutine SOLVE, which 
obtains the solution to the momentum and continuity equations. Subroutine 
SOLVE itself makes a number of calls. Unless a simple radial equilibrium 
solution is specified, Subroutine LSQLNE is cal led, which in turn calls 
Subroutine LSQFIT. This pair of subroutines determines the slope and rate 
of change of slope of the streamlines according to the latest estimate of 
their locations. For each computing station which is at a blade rowout
let, Subroutine SOLVE calls Subroutine iNTERP, whkh \l\tith t:-,c subroutines com
prising the cascade performance prediction sche~e, determines the perfor
mance of the blade row preceding the computing stat~on. This call is made 
once for each streamline. Subroutine INTERP calls Subroutine GRAPH3 to 
interpolate the data describing the blade, and Subroutine CASCDE to per
form most of the cascade analysis. Subroutine CASCDE cal Is Subroutine 
OPTANG to determine the minimum loss inlet flow angle to the blade sec
tion. Subroutine STLANG is cal led to determine the stalling and choking 
i n1e t flow a ng1e s . Sub r0 uti neST LA NG calls Sub r 0 uti ne iO UTAN G to de t e r 
mine the outlet flow angle corresponding to the minimum loss inlet angle. 
Subroutines SHANG and OUTANG are again called by Subroutine CASCDE in 
order to obtain the actual outlet flow angle. Subroutine CASCDE calls 
Subroutine MCDEVN to compute the increase in deviation due to a super
critical inlet Mach number, ff required. After computing a solution to 
the momentum and continuity equations, Subroutine SOLVE cal Is Subroutine 
BLTHiC to recalculate the annulus wall boundary layer displacement thick
nesses. Note that the solution of the momentum and continuity equations 
and the recalculation of the boundary layers by Subroutine BLTHIC is an 
iterative calculation carried out for each computing station. Upon every 
third pass only, Subroutine DISTOR calls Subroutine SEARCH to reestimate 
the flow in the sector which corresponds to the specified exit static 
pressure. In order for the solution to be considered converged, the ve
locities determined by Subroutine SOLVE on successive passes must be 
within one half a per cent of each other, and the exit static pressure 
must be within 0.2 per cent of the specified value. These criterions are 
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checked by Subroutine DISTOR (in conjunction with Subroutine SOLVE), and 
if they are met, Subroutine PRINT is normally called to print the output 
describing conditions in the sector, and Subroutine PUNCH is called to 
write the data for "Program THETA'I onto the IIL-Series" of units. If the 
solution is not converged, and the specified maximum number of cases 
has not been performed, Subroutine DISTOR calls Subroutine SOLVE, thus 
commencing another pass. 

Figure 4 is a flow chart for "Program THETA'I. All subroutines called 
by Subroutine THETA are shown. Function FiNDY linearly interpolates input 
data at circumferentially averaged streamline radii. The principal func
tion of THETA is to determine the location of sector centerlines. This 
is necessarily an iterative process involving the circumferential compo
nert of the momentum equation. In the extended regions upstream and down
stream of the compressor this iterative solution can become unstable and 
must initially be constrained by the results of a first-order perturba
tion analysis. This function is served by Subprograms FOUR, NEWRAD, XMEAN, 
SMITH, GEORGE, EDW~N. Other service operations of THETA are to determine 
angular sector widths; circumferential gradients of streamline slope and 
pressure, changes in angular momentum associated with the latter; and the 
local slope of the sector centerline against the meridional plane. The 
associated service Functions are SERVUS, DERIV, DELTA. 

The processing of large blocks of data by Subroutine THETA is per
formed for a maximum of 6 axial stations per L-unit and the results must 
be transmitted to the respective J-unit and auxiliary records (K-unit) 
before the next block may be read ino 

Figure 5 is a flow chart showing Subroutine PCTURE and the subrou
tines called by it. Subroutine PLOT, which is always called, prepares a 
polar plot for each computing station showing the position of the sector 
centerlines, The angular locations are obtained from the IIK-Series" unit 
previously wrftten by Subroutine THETA. These are plotted with the Ilref
erence radi i", computed by Subroutine THETA, and included in the data 
wr it ten onto the IIJ-Ser i es 'l un its. The use of the reference rad i i (the 
mean of the radi i for all sectors) is an approximation, as the streamlines 
are, in general, at different radii in each sector. However, this error 
is not significant when the plot is made on a standard line-printer. 
Subroutine MPLOT is called (if requested by options in the input data), 
and prepares five plots for each computing station. These are prepared 
on Cartesian coordinates and show the variation of certain quantities with 
radius, the radii used for all sectors being the radi i of the streamlines 
as computed for the last of sectors comprising the set used to describe 
the compressor. The error involved wi 11 not normally be discernible on 
the resulting line-printer produced plot. Results for all sectors at 
anyone station are shown on one graph, and the quantities plotted are 
meridional velocity, static pressure, total pressure, total temperature, 
and whirl angle. All the data is obtained from the IIL-Series" units 
written by Program DiSTORT. 

This completes the description of the logic of the program. 
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I t· 

INPUT DATA 

A precise definition of the input data required to run the program 
is given, All options available are mentioned, and discussed below. The 
fol lowing notes appertain to the detailed description. The I ine number is 
equated to card number, the location numbers being the columns of the card. 
Three formats are used for input. I~II indicates alphanumeric characters. 
"R'I indicates real numbers,which are all placed in fields of eight loca
tions. A decimal point should be included to ensure the correct inter
pretation of the data; the number may be placed anywhere within the speci
fied eight locations. Up to nine numbers, using Locations 1 through 72, 
are placed on one card. "1" indicates integers, which are all placed in 
fields of six locations. No decimal point may be used, and the number 
must be placed in the rightmost locations of the allocated field. Up to 
twelve numbers, using Locations 1 through 72, are placed on one card. 

Line Location ~ Input Item Comments 

1-72 A TITLE A title for the job 

2 1-6 NTH ETA Number of sectors, 3~NTHETA 

~13, except NTHETA=I for an 
axisymmetric analysis 

7-12 NLOOPS Number of cycles to be per
formed, Insignificant if 
NTHETA=1 

13-18 IFSTAR 0: New case 
1: Restart 
Must be 0 if NTHETA=l 

19-24 I FPRI N Controls output for cycles 
after the first 

3 1-8 R RFACI Relaxation factor used with 
circ·umferential static 
pressure gradient 

9-16 R RFAC2 Relaxation factor used in 
reestimation of angular 
location of streaml ines 

17-24 R RFAC3 increment by which per
turbation solution is 
el iminated per cycle after 
cycle iFACl 
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Li ne 

4 

Locat ion 

2S-32 

1-6 

7-12 

S 1-8 

9-16 

R 

Input Item 

RFAC4 

IFACI 

R 

R 

IFAC2 

R32 ( 1) 

R32(2) 

Comments 

Not	 used 

First cycle (of this run) 
for	 which the perturbation 
solution is partially 
e I imi nated 

Number of iterations be
tween perturbation solution 
and boundary conditions 

Angular location of first 
sector centerl ine in inlet 
(degrees) 

Angular location of second 
sector centerl ine in inlet 
(degrees) 

This list is continued to give NTHETA values in all, the 
final value being on card (A-I). 

If IFSTAR=l, there is no further data. 

A 1-6 

7-12 

13-18 

19-24 

2S-30 

31-36 

37-42 

NX 

NLI NES 

NBETA 

NTOPO 

I FS IMP 

NPASS 

IFBL 

Total number of computing
 
stations ~NX~30
 

Number of streamlines
 
3~NLI NES~IS
 

Number of blading data
 
radi i I'NBETA"IS
 

Number of radi i at which in
let conditions are specified 
I~NTOP~IS 

~2: Full radial equilibrium 
2:	 Simple radial equilib


rium; i.e., streaml ines
 
have no slope or curva

ture
 

. Maximum number of passes per
mitted during any sector 
ana Iys i s 

I:	 No annulus wall b.l.
 
calculation'
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Line 

A+l 

A+2 

Locat i on 

43-48 

49-54 

55-60 

61-66 

67-72 

1-6 

7-12 

1-8 R 

9-16 

17-24 

25-32 

33-40 

R 

R 

R 

R 

41-48 R 

Input Item 

IFRPM 

ITER 

NPLOT 

INCPO 

NWRIT 

INCWRI 

I FTYPE 

TOLCX 

HUBLOC 

GASK 

CP 

VISI 

VIS2 

Comments 

2:	 Annulus wall b. 1. cal
culated 

Controls output for first 
cycle; see below 

1: All velocities calcu
lated during iterations 
printed 

2: Normal option 

First pass during which re
sults of cascade analysis 
are printed 

Increment for above 

First pass during which ve
locity triangle data is 
printed 

Increment for above 

0:	 All stations radial, 
all solutions subsonic 

1:	 Station lean angles and 
solution type to be 
specified 

Tolerance for iterative 
solution of continuity 
equation at each station 

Fraction of blockage area 
on hub 

Gas constant (ft lbs per 
lb deg R) 

Specific heat (Btu per lb 
deg R) 

Viscosity 'for the blade Rey
nolds number is given by 

=VIS1+t*VIS2 (lb per ft 
sec) 

See above (lb per ft sec 
deg R) 
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Li ne Location Input Item Comments 

Lines A+3 through A+4 are entered for computing-stations 
2 through NX, 

A+3 1-6 IBETA2 

7-12 IFTHIC 

13-18 IFCAX 

19-24 I FMACH 

25-30 IFREYN 

31-36 ILOSS 

Primary indicator for method 
of determining flow angle at 
the computing station; see 
below 

1: Relative flow angle cor
rected for thickness
chord ratio 

2: Correction not made 
(not required unless 
IBETA2 is 2 or 4) 

1: Relative flow angle 
corrected for axial ve
locity ratio 

2: Correction not made 
(not required unless 
IBETA2 is 2 or 4) 

1: Relative flow angle 
corrected for super
critical Mach numbers 

2: Correction not made 
3: Correction multipl ied 

by XMACH (not required 
unless IBETA2 is 2 or 
4) 

1: Relative flow angle 
corrected for subcriti 
cal Reynolds number op
eration 

2: Correction not made (not 
required unless IBETA2 
is 1,2,4, or 5) 

1: Loss coefficient speci
fied 

2: Loss coefficient calcu
lated

3: Correction to specified 
minimum loss coefficient 
calculated (not required 
unless IBETA2 is 1, 2, 
4, or 5) 
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Li ne Location Input Item	 Comments 

37-42 IFMLOS 1:	 Loss coefficient cor
rected for Mach number 
effects 

2:	 Correction not made 
(not required unless 
ILOSS is 2 or 3) 

43-48 IFLVSI 1:	 The exponent for the 
rate of change of loss 
wit~ incidence wil I be 
read in 

2:	 Standard values of the 
exponent will be used 
(not required unless 
IlOSS is 2 or 3) 

49-54 IFPROF 1:	 A loss incidence rela
tionship appl icable to 
subsonic (e.g., NACA 
65-Series) blades is 
used 

2:	 A joss/incidence rela
tionship appl icable 
to transonic {e.g., 
d.c.a.} blades is used 
(not required unless 
ILOSS is 2 or 3) 

55-60 IFREYL 1:	 loss coefficient cor
rected for subcritical 
Reynolds number opera
t10n 

2:	 Correction not made (not 
required if IBETA2 is 6) 

If iFLVSI=I, the following line is required 

1-8 R EXPLOS	 Exponent in loss/incidence 
relationship 

If	 ·MA~:H=3,the following line is requiredI 

1-8 R XMACH	 Multiplyihg factor for su
percritical Mach number 
deviation correction 

If IBETA2 is not equal to 6, the following line is required 

1-8 R RPM2	 The speed of rotation of 
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Li ne Location Input Item	 Comments 

the blade row preceding the 
computing station (rpm) 

The data on Line A+4 take on various meanings depending
 
upon the previously entered values of IBETA2 and ILOSS.
 
The 1ine is repeated NBETA times. When !BETA2 is 1, the
 
following data is entered:
 

A+4 1-8 R BBP	 Blade data radius (ft) 

9-16 R STAG	 Relative outlet flow angle, 
measured from axis in di- ~ 

II; 

rection of rotat ion (de- "~ 

grees) 
;I
f
Ii 

i 
~49-56 R CLOSS	 Blade row loss coefficient 
~ 

When IBETA2 is 2, the following data	 is entered. i 
~ 

A+4 1-8 R BBP	 Blade data radius ( ft) 

9-16 R STAG	 Blade stagger angle, mea
sured from the axis and 
normally positive (degrees) j;j 

I
I 

17-24 R BETA	 Blade camber angle, norm-
all y positive (degrees) 

25-32 R SIGMA	 Cascade soli d i ty 
I 

33-40 R BLAK	 Blade thickness/chord m 

ra t i 0 

41-48 R ZBAR	 Distance from leading edge I 
to point of maximum camber 
of blade, as a fraction of 
chord I 

49-56 R CLOSS	 When IL.OSS=I, this is the I 
loss coeff ic i ent. When IiL.OSS=3, this is the mini
mum loss coeff Ic ient. Not 
requ ired 'when ILOSS=-2 

57-64 R CO	 Not required when ILOSS=1 . 
When ILOSS=2 or 3, is ad
ditional loss factor 

When IBETA2 is 4, STAG and BETA only take different mean

ings from when IBETA2 is 2, as shown below.
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Li ne Location Input Item	 Comments~ 

9-16 R STAG	 Blade inlet angle measured 
from the axis and normally 
positive (degrees) 

17-24 R BETA	 Blade outlet angle measured 
from the axis, and positive 
unless the blade turns past 
the axial direction (degrees) 

When IBETA2 is 5, the data required is as for IBETA2 is 2, 
except that BLAK and ZBAR are not required. 

When IBETA2 is 6, no data is required. 

As mentioned above, line (A+4) is repeated NBETA times, and 
1ines (A+3) and (A+4) are repeated (NX-l) times. The final 
1ineis(B-l). 

B 1-8 R DELM(l) Must be 0.0 

9-16 R DELM(2) Fraction of annulus height 
at inlet between hub and 
first streamline in flow 

17-24 R DELM(3)	 Fraction of annulus height 
at inlet between hub and 
second streamline in flow 

This list is continued to include NLINES values, DELM 
(NLINES) necessarily being 1.0. The final value is on 
line (C-l). 

C 1-8 R BLAM(I) Fract~on of annulus area 
at first computing station 
blocked by boundary layer 
displacement thicknesses 

9-16 R BLAM(2) Fraction of annulus area 
at second computing station 
blocked by boundary layer 
displacement thicknesses 

This list is continued 
being on 1ine (D-l). 

to include NX values, the final value 

D 1-8 R FLOWI Specified exit static pres
sure (lbs per sq ft) 

D+l 1-8 R ESTFLO Estimate of flow to satisfy 
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Line 

D+2 

D+3 

E 

F 

Location Input Item Comments 

static pressure specified 
above (lbs per sec) 

1-8 R WIDTH Estimated flow range of com
pressor characteristic as 
a fraction of flow 

1-8 R x(1) Axial coordinate of inter
section of first computing 
station with axis (ft) 

9-16 R RHP ( 1) Radius of hub at first com
puting station (ft) 

17-24 R RSP ( 1) Radius of casing at first 
computing station (ft) 

Line D+3 is repeated for each of the NX computing stations, 
the final 1ine being 1ine (E-1). 

If IFTYPE is 0, the next line of data required is line G. 

1-6 IMACHI 0: Subsonic solution to 
cont.inuity equation at 
first station is sought 

I: Supersonic solution to 
continuity equation at 
first station is sought 

7-12 IMACHI o or 1, as above, for sec
ond station 

This list is continued for all NX stations, the final value 
being on line (F-l). 

1-8 R ANGLN Angle between first comput
ing station and radial di 
rection, positive when in
creasing radius accompanies 
increasing axial coordinate 
(degrees) 

9-16 R ANGLN	 Angle as· defined above for 
second computing station 

This list is continued for all NX stations, the final value 
being on line (G-1). 

Lines G and G+l are repeated for each of the NTHETA sectors 
into which the compressor is divided. 
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Li ne Locat ion Input Item	 Comments:!:1..e!. 

G 1-72 A COMENT	 A tit Ie for the sector 

Line G+l is repeated NTOPO times. 

G+l 1-8 R BHP	 Data radius for inlet con
ditions (ft) 

9-16 R TOCO	 Inlet total temperature 
(degrees R) 

17-24 R POCO	 Inlet total pressure ( 1bs 
per sq ft) 

25-32 R AFCO	 Inlet whirl angle measured 
from the axis, position in 
direction of rotation (de
g rees) 

This completes the input data requirements of the programs, and some 
comments regarding the available options and their selection now follow. 

NLOOPS - It is recommended that an even number of cycles be specified 
in order to simplify the unit requirements. This is discussed in the sec
tion entitled "Program Structure and Logic ll • 

IFPRIN - This indicator may take one of eight values and controls the 
amount of output data produced on each cycle after the first, and also, 
for the first cycle, the output produced by Subroutines MPLOT and PCTURE. 
The particular data items controlled by IFPRIN are some of the input data 
to Program DISTORT, the results printed by Program DiSTORT and the Carte
sian plots produced in Subroutine MPLOT. 

Shown below are the eight values IFPRIN may take, and the output items 
produced accordingly. 

IFPRIN	 OUTPUT 

DISTORT input 

2	 DISTORT Input 
DISTORT Resu 1ts 

3	 DISTORT Input 
D! STORT Resu 1ts 
MPLOT Results 

4	 DISTORT Input 
MPLOT Resu 1ts 

5	 DISTORT Results 
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iF PR ; N OUTPUT 

6 D!S"TORT Results 
MPLOT Resu Its 

7 MPl01 Results 

8 No Results Printed 

See the discussion of IFRP~ below for recommendations. 

RFACI - On the nth cycle, the circumferential static pressure gradi
ent is calculated in Subroutine ,HETA as RFACI~':Gn-I+(I.O-RFACI)~':Gn,where 
Gn is the value impl led by the static pressures on cycle n, and Gn-l is 
the value determined in a simi lar manner on cycle (n-1). It currently 
appears that RFA:l should be set to 0.5. 

RFAC2 - The angular location of the streaml ines is determined using 
the same relaxation method as described above for static pressure gradi
ent, RFAC2 being the relaxation factor employed, It currently appears 
that RFAC2 should be 0.5 for machines employing fina 1 stator blades, and 
0.7 for isolated rotor cases. 

RFAC3 - This controls the rate of release from the perturbation so
lution, as outlined below in the discussion of IFAC], It currently ap
pears that RFAC3 should set to 0,2. thus releasing the calculation com
pletely from the perturbat~on solution constraint after five cycles. 

IFAC] - As described in the companion voluf'le entitled "Base Theory 
and Overall Description" in the sections enUtled "Overall Structure of 
Computing System'l and 'lOverall Computational Sequence" a small perturba
tion solution is employed in the inlet and outlet ducts during the initial 
cycles of calculation, Commencing on cycle numbet IFACI, the perturbation 
solution is discarded by using a progressively increasing fraction of the 
quantit,es produced by the basic program and a progressively decreasing 
fraction of the results of the perturbation solution. (The quantities 
involved are the static pressure in the inlet duct and the flow angle in 
the exit duct.) Note that IFACI refers to the cycle number of the run, 
which will not be the absolute cycle number for a restart run. It cur
rently appears that IFACI should be in the range of 4 to 8. 

IFAC2 - Three cycles of perturbation solution plus recalculation of 
the boundary conditions used to obtain it are normally appropriate. 

NLINES - The calculation time wil I be almost proportional to the num
ber of streamlines, Eleven has produced satisfactory results in the past. 

IFSIMP - A simple radial equi librium solution in which radial compo
nents of the flow are neglected, should be obtained more quickly than a 
full radial equi 1ibrium solution. In the latter case, the streaml ine 
slopes and rate of change of slopes are found from a second order 
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polynomial least-squares f~t curve through a specified number of points. 
The number of points must be odd, and IFSiMP is set equal to 2 less than 
the desired ~umber of pointso The number of points must lie in a range of 
3 to 11. that is, IFSIMP 1ies in the range 7 through 9 (and is odd). Gen
erally, 3 should be used, but sometimes when the distance between the com
puting stations becomes small, stabi lity of the calculation is only main
tained by increasing the number of points to 7, This assumes that the op
tion to recalculate the annulus wal I boundary layers is taken, stabi lity 
is greater .~ the outer boundaries of the flow are fixed, 

NPASS - The solutlo~ for any sector normally converges after from 
about twelve passes for a single stage to twenty passes for a multistage 
compressor, To give a reasonable assurance of attaining convergence, NPASS 
should be set to from about 20 to 50, depending upon the number of stages 
of the compressor, 

IFBL - When the option to calculate the annulus wall boundary layer 
displacement thickness is taken, the values of BLAM and HUBLOC specified 
in the input data apply for the first cycle only, After that, except at 
the first computing station, the displacement thickresses on the hub and 
casi~g are recalculated during each iteration, 

IFRPM - This indicator operates as iFPRIN to control the output from 
Program DISTORT only, on the first cycle o~ly. Generally input data to 
Program DISTORT is not required, the output from Program DISTORT should 
be obtained, a~d the Cartesian plots are not generally required before the 
final cycle, if then" 

PER - The option to print all velocities produced during the itera
tions to satisfy continuity and momentum is t'me and paper consuming. 
Should convergence difficulties arise in the sector analyses, it should 
preferably be used only on a si~gle-sector. axisymmetric analysis. 

NPlor - The detai led results of the cascade analysis are not essen
tial to understanding the operation of the compressor, but will provide 
information to assist decisions regarding possible modification of the 
blading to change the performance of the machine. As convergence gener
ally occurs after between twelve to twenty passes. depending upon the 
number of stages of the compressor, NPL01 should set to, say, 10 to 18, 
if this outpuris desired Otherwise, it should be set to a number 
greater than NPASS, 

INCPO - Cascade analysis results are printed every INepO passes after 
NPLOT, A sma] I change in flow conditions will not normally completely in
validate the results previously produced, so NPLOT should· be set to, say, 
9. 

NWRIT - Velocity triangle data is automatically produced upon con
vergence, so NWRIT may be set to a number greater than NPASS. 

IFTYPE - Supersonic solutions are not generally of interest'in 
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compressor analysis, except that occasional interest has been shown in 
supersonic rotors" Supersonic turbine stators have been used relatively 
frequently in turbines, however. The calculation procedure becomes i 11
conditioned if lean angles greater than about 30 degrees are specified. 

TOlCX - It would be logical to include all iteration tolerances in 
the input, or to relate them to TOlCX and other parameters. This is not 
done. and a value of 0.001 for TOlCX is normally satisfactory, and com
pletely compatible with the other, built-in tolerances. 

HUBLOC - In order to specify an equal displacement thickness on the 
hub and casing at the inlet, a value of one half the inlet hub/casing 
radius ratio may be used as a good approximation. 

'BETA2 - This indicator takes one of five possible values. When 
IBETA2 is 1, jLOSS must also be 1. Then the blade row performance, that 
is relative outlet flow angle and loss coefficient. is fixed by the input 
data When IBETA2 is 2, the full range of cascade analysis options for 
compressor blade performance prediction is available. This is the most 
frequently used option. When IBETA2 is 4, there is only a small change 
in the input data, relative to when lBETA2 is 2. When IBETA2 is 5, IlOSS 
must be 1. A simple prediction of the relative outlet flow angle applic
able to inlet guide vanes is employed, which assumes that the point of 
maximum camber is at mid-chord. When IBETA2 is 6, conditions at the com
puting stations are determined by taking the total temperature and total 
pressure unchanged along each streamline from the previous computing sta
tion, and the change in angular momentum to be as dictated by the (nonaxi
symmetric) circumferential component of the equation of motion. 

IFMACH - When used, the option to compute the additional deviation 
due to supercritical Mach number operation of a blade row can lead to 
significant changes in the predicted performance. The empirical data 
used in the method was obtained from tests on NACA 65 Series blades, and 
thus the correction may require modification for blades which perform 
different"ly at elevated Mach numbers. The multiplying factor XMACH may 
be used to reduce (or inc~ease) the impact of the correction. 

IFLVSI - Loss coefficient is determined from the relation Cl=WOPT 
(I.O+SEXPLOS) where WOPT is the optimum loss coefficient, S is the in
cidence normalized with respect to stal ling or choking incidence, as 
appropriate, and EXPLOS is an exponent which may be varied by the user. 
If IFLVSI is 2, EXPLOS wi 11 be automatically set to 4.5 when IFPROF is 1, 
and 2.0 when IFPROF is 2. 

BBP, BHP - All data radii sets must monotonically increase. 

NUMERiCAL TECHNIQUES 

The data supplied as input to the program is I inearly interpolated 
from the two nearest points in the table to obtain values at the required 
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radii. Where extrapolation is required, this is done linearly from the 
appropriate two last points in the table, 

Where differential coefficients are required, these are obtained from 
the following relation: 

(tAK) ~ J..(.Yl1.+I-K'l1...- + X'~-X"'-+-I) 
ci'J~ 2. 'j",.,/-y"" ,J...... -y"'-f( 

These may be applied for all liyi: when used to obtain circumferential deriva
tives, but special cases occur when it is used to obtain derivatives in 
the direction of the sector centerlines, Then, the derivatives at the 
boundaries of the finite difference mesh are obtained from: 

(~) = XI-.. - X"'-_I
 

Ot~ h. y~ -.l#'\.-1
 

Integration of the momentum equation in the direction of the sector cen
terlines is achieved by assuming that certain terms do not vary in the 
interval between any two streamlines (the radii of which define the fi 
nite difference mesh)" The equation may be written in the form: 

,4 ~ i B 
where 

2.~"o(f(A(nf- CS~¢X~ + ~~:;) 
6-~ ()( d ftAMO{ _ A t~2.o<] 

dt r 
8 2 ~z'O({dJ1 t ~S _ 8 M)

Ill., otf jr d& 
and 

J (I + ~'r + &w..'f-rf 

-(J At~~ 

c A Cw-vvr 
Then by assumi ng that A and B do not vary in the i nterva I Llr ... ~ - r, , 
one may obtain 

2. A·Ar 
G,...,-, e 

This expression is used in the computer program, the values of A and B 
being taken as the mean of the values applying to radii ..-, and rio' 
The va Iues of r. and "-1 of course are taken as the rad i i of each adj a
cent pair of streamlines in turn, This integration formula is used 
because an exact integration of the equation leads to an instabi ~ity in 
the iterative solution of the momentum and continuity equations when the 
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term B is large. I t should be noted that the approximation made (that A 
and B do not vary in the interval .1r ) vanishes as B vanishes. 

A special case occurs if A vanishes. Then the following formula is 
used: 

+ 

Integration of the continuity equation in the direction of the sec
tor centerlines to give the weight flow in anyone sector is performed 
using a trapezoidal integration, the mean axial component of velocity 
being multiplied by the mean fluid specific weight in any interval. These 
sector flows are then added to give the total flow in the compressor. 

An integration is required for the satisfaction of the circumferential 
component of the equation of motion. Again, a trapezoidal rule is used, 
the mean value of '1f·~P/(jB·I/e-..at the end points of the integration in
terval LIZ is being multiplied by Ai to give the required result. 

The method of calcuiatlng the angle the sector centerlines make with 
the radial direction is illustrated in Figure 6. At the hub, the angle 
is taken the angle shown asIA" and at the casing the anglef""f. is 
used, At all intermediate points, the angle is taken as the mean of the 
angl es such as /"1 and ~1 . 

The angular width of each sector, at each reference radius, is taken 
as one half the difference between the angular locations of the adjacent 
sector center lines" Th is means that the sector " cen ter Ii nes" are not, 
in general, at the center of the area which they describe. 

OUTPUT DETA i LS 

In this sectio~ the printed output produced, or potentially produced, 
by the program is described. Twelve subroutines contribute to the program 
output, and the various items are here listed by subroutine. Some of the 
output may be considered "diagnostic 'l although in a program of this na
ture the division between "normal" and lidiagnostic" output is not well 
defined In general, in the fol lowing descriptions, the normal output is 
outlined and the diagnostic output is described in detai I with the actual 
test of the message given. 

PR I NTED UUl PUT FFI.OM MA j N PROGRAM 

The main program produces a printout of the input data on lines I 
through 5 as described in the section entitled "Input Data". 
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PRINTED OUTPUT FROM SUBROUTINE INPUT 

Subroutine INPUT produces a printout of the input data on lines A 
through (R l + 1), as described in the section entitled "Input Data". 

If IBETA2 for any computing station is not 1, 2, 4, 5, or 6, or 
IBETA2 is 1, 2,4, or 5, and ILOSS is not I, 2, or 3, the following 
message is printed. 

JOB STOPPED BECAUSE INDICATOR OUT OF RANGE - SUBROUTINE INPUT 

Subroutine INPUT also produces a table showing the fourteen tape 
units defined in the main program, the logical unit numbers that have 
been given to them, and the uses to which they are put for the particular 
job, 

PRINTED OUTPUT FROM SUBROUTINE DISTOR 

Subroutine DISTOR produces a printout showing the results of the 
annulus-wall boundary-layer calculations. The fraction of the annulus 
area that is blocked by the boundary-layer displacement thicknesses at 
each station is shown, for a final, converged pass, if the boundary-layer 
calculation is being performed. Note that this output is also under the 
control of the indicators IFPRIN and IFRPM, as described in the section 
entitled Illnput Datall . 

PRINTED OUTPUT FROM SUBROUTINE READIN 

Again under the control of IFPRlN and IFRPM, Subroutine READIN wi 11 
produce a printout of the sector heading card (COMENT), the sector inlet 
conditions, the blading detai 1s, and the current estimate of the parame
ters describing the asymmetric flow in the sector. For cycles after the 
first (in absolute terms), a listing of the estimated streamline radii is 
also produced. 

The following diagnostic messages may be produced. 

INVALID VALUE OF IBETA2 ENCOUNTERED. 

(Theoretically, this is masked by the check in Subroutine INPUT.) 

'~/,'.-,,- ILOSS GREATER THAN UNITY WHEN IBETA2=1. CALCULATION FOR CASE 
TERM INATED /I:-.'dd,

DATA ERROR - NX GREATER THAN 30, OR NLINES OR NBETA GREATER THAN 15 
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PRINTED OUTPUT FROM SUBROUTINE SOLVE 

Again, under the control of IFPRIN and IFRPM, and if specified by the 
indicators NPLOT and INCPO (as described in the section entitled "Input 
Data"), Subroutine SOL.VE prints a heading for the cascade analysis per
formed by Subroutines INTERP, CASCDE, et al. 

The following messages may be printed. 

VELOCITY VALUE LIMITED AT STAT!ONxxx STREAMLINExxx PASSxxx CONTINUITY 
LOOPxxx 

This message wi I I occur if a meridional velocity of less than one foot 
per second is calculated to exist in the stepwise integration process of 
the momentum equation, during pass number 3,6,9, ..... , and if this 
message and the one referring to choking of the machine has not previously 
occurred on the current pass. The program assumes the flow i the sector 
is surged when this message occurs. 

VELOCITY CHANGE BY MOMENTUM LIMITED AT STATIONxxx STREAMLINExxx 
PASSxxx CONTINUITY LOOPxxx 

This message is printed if, during the fourteenth or fifteenth 
iteration at a computing station, the meridional velocity determined is 
outside the range of 0.6 to 1.4 times the value determined on the pre
vious iteration. Difficulty in obtaining a converged solution to the mo
mentum equation is indicated when this message occurs. 

STATIC TEMPERATURE RESTRAINED AT STATIONxxx STREAMLfNExxx PASSxxx 
CONTINUITY LOOPxxx 

This message is printed if. during the fourteenth or fifteenth itera
tion at any computing station, a static temperature of less than 0.001 
degrees Rankine is calculated. Difficulty in satisfying the continuity 
equation is indicated. the message rarely occurs. 

MACH NUMBER SWITCH PERFORMED AT STATIONxxx PASSxxx CONTINUITY LOOPxxx 

This message is printed if at a computing station the mass-flow 
weighted mean-controlling Mach number is supersonic, and a subsonic 
solution to the continuity equation is requested) or vice versa. Also, 
the message described above regarding surge and the one describing choking 
must not have occurred during the pass. Difficulty in satisfying the 
continuity equation is indicated if the message occurs repeatedly. 

VELOC ITV CHANGE BY FlOW Ll MITED AT STAT i ONxxx PASSxxx CONTI NU ITV LOOPxxx 

This message is printed if, during the fourteenth or fifteenth itera
tion at a computing station, the factor by which the velocities must be 
multipl ied to satisfy continuity is outside the range of 0.8 to 1.2. 
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Difficulty in satisfying the continuity equation is indicated; the message 
rarely occurs, 

STATIONxxx STREAMLINExxx PASSxxx CONTINUITY LOOPxxx VELOCITYxxxxxx.xx 

This is the output generated when the indicator ITER is set to I
 
(in conjunction with the output from Subroutine BLTHIC).
 

CASE 1 ASSUMED CHOKED DURING PASSxxx AT STATIONxxx RATIO OF CHOKING 
FLOW TO SPECIFIED FLOW = xX.xxxx 

This message is printed during passes 3,6, 9, ..... , if the solution 
is unconverged after fifteen iterations and the program determines that 
the specified flow cannot be passed. This message, and the one described 
above regarding surged flow, must have not previously occurred during the 
pass. 

CONTINUITY AND MOMENTUM NOT SATISFIED AT STAT\ONxxx PASSxxx RATIO 
OF FLOWS = xx.xxxx RATIO OF VELOCITIES = xx.xxxx 

This message is printed when the meridional velocity distribution 
fai Is to converge after fifteen iterations, the pass is number 3, 6, 9, 
.... , and the flow has not been determined to be either surged or choked 
at a previous station during the pass. The ratio of flows is the specified 
flow to the achieved flow. (Specified flow means the current estimate of 
the flow required to give the specified downstream static pressure.) The 
ratio of velocities is the ratio of the meridional velocities calculated 
at hub on the fifteenth iteration to that calculated on the fourteenth. 
This message rarely occurs unless the section is choked. 

PRINTED OUTPUT FROM SUBROUTINE SEARCH 

Subroutine SEARCH prints the number of the pass on which it was entered, 
the new estimate of the flow required to give the specified downstream 
static pressure, and the mass-flrn~ weighted mean-exit static pressure 
obtained on the current pass. Note that this latter quantity will be 
meaningless if no val id solution was obtained. 

PRINTED OUTPUT FROM SUBROUTINE CASCDE 

As directed by the indicators IFRPM, IFPRIN, NPLOT, and INCPO, 
Subroutine CASCDE produces a printout showing the various steps taken 
to reach the final estimate of the cascade performance. The' following 
notes appertain when IBETA2 is 2 or 4. 

For each blade row there is given a table indicating the various 
options selected for the performance prediction for the blade row. Then 
details are given for each streal ine. STAGGER, SOLID., CAMBER, THI~N., 

and ZBAR give the cascade section interpolated for the streamline. IN.ANG. 
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is the relative air inlet-angle to the section. BIDES is the minimum-loss 
inlet-angle, as given by Subroutine OPTANG, and corrected for extreme 
solidity, for point of maximum camber, and for thickness/chord ratio. 
BCHOKE and BSTALL are the choking and stalling inlet-angles as given by 
Subroutine STLANG and cor~ected for point of maximum of camber, extreme 
solidity, and for thickness/chord ratio. B1DESE is the minimum-loss 
inlet-a~gle, as given by Subroutine OPTANG, and corrected for point of 
maximum camber and axial velocity-ratio. B2DESE is the mi~imum-loss 

outlet-angle determined by Subroutine OUTANG to correspond to B1DESE. 
B2DAX is the angle B2DESE corrected for a~ial velocity-ratio. B2DES 
is the angle B2DIN c.orrected for thick~ess/chord ratio. BEl is the 
actual inlet-angle, corrected for axial ·."elocity-ratio. BE2 is the 
outlet angle determined by Subroutine OuTANG, a~d corresponding to BEl. 
B2AXVL is the a~gje BE2 corrected for axial velocity-ratio. B2THIC is 
the argle B2AXVL, corrected for thickness/chord ratio. RMI is the relative
inlet Mach number to the cascade section. VMAX is the ratio of the maximum 
to the inlet velocities when the section is operating at design condition. 
CRiTM is the critical inlet-Mach number for the blade section. B2M is the 
angle B2THiC corrected for Mach number. REYN is the section Reynolds number. 
82 is the angle 82M corrected for Reynolds number, and is the finally deter
mined outlet angle. DEQDES is the design diffusio~ fac.tor. WOES is the 
minimum loss-coefficient. WOPT is the loss coefficient WOES corrected for 
Mach number. B1SCOR and B1CCOR are the angles BSTALL and BCHOKE corrected 
for Mach number. CLl is the loss coefficient WOPT corrected for incidence. 
CL is the loss coefficient Cll corrected for Reynolds number, and is the 
finally determined loss ~oefficient. 

When IBETA2 is 5, a simplified printout detai is the calculation 
applied to an inlet guide va~e. 

PRiNTED OUTPUT FROM SUBROUTINE HCDEVN 

fhe following messages may occur, if the particular situations arise 
on a pass specified by the indicators NPLOT and INCPO. 

NON-CONVERGENCE ON CRiTM2 AFTER 40 LOOPS 

CR ITM2 HAS EXCEEDED UN! TV - n IS TEMPORAR II LV SET EQUAL TO 1.0 

These indicate fai lure of the iterative determination of the Mach 
number effect on deviation angle, and do not normally occur. 

PRiNTED OuTPUT FROM SUBROUT~NE PRINT 

Under the control of the indicators IFPRIN, IFRPM, NWRIT, and INCWRI, 
as described in the section entitled "Input Data", Subroutine PRINT pro
duces the main sector analysis output. All quantities are headed in a 
self-explanator"y format,with the possible exception of the following 
items. DE HALL NUMBER is the ratio of relative outlet to inlet ~elocities 

for the blade section. DELTA P ON Q is the static pressure rise divided 
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by the difference between the relative inlet total and static pressures 
for the blade row. 

PRINTED OUTPUT FROM SUBROUTINE BLTHIC 

The output printed by Subroutine BLTHIC, when called for by the ap
propriate value of the indicator ITER, consists of blockage and wal I 
boundary-layer displacement thicknesses at each axial station. 

PRINTED OUTPUT FROM SUBROUTINE THETA 

The printed output of Subroutine THETA provides intermediate informa
tion in the form of sector centerline locations and optional modifications 
imposed on static pressures and absolute air angles by a perturbation 
analysis in the upstream and downstream region. 

A diagnostic message is printed when the angular width of a sector 
degenerates, i.e., when streamlines of neighboring sectors converge or 
diverge excessively. The message begins: 

THE WIDTH RATIO OF SECTORxxx AT STREAMLINExxx, STATIONxxx IS EITHER 
GREATER THAN 2.0 OR LESS THAN 0.5 

This message is followed by a printout of the circumferential distribution 
of the original and corrected tangent values of the absolute air angle at 
the particular radius and station. This latter correction is arbitrary 
and only intended to continue program operation. 

PRINTED OUTPUT FROM SUBROUTINE OVERAL 

Subroutine OVERAL produces a printout of the integrated performance 
of the compressor. The total-pressure ratio is determined by summing the 
work input required to produce the total-pressure rise in each streamtube 
isentropical1y, and then converting the resulting total work input back 
to an isentropic pressure ratio. In this case, streamtube means the sub
division of each sector by the streamlines, giving a possible maximum of 
182 streamtubes. 

PRINTED OUTPUT FROM SUBROUTINE PLOT 

Subroutine PLOT produces a polar plot for each computing station, 
showing the location of each sector centerline. 

PRINTED OUTPUT FROM SUBROUTINE MPLOT 

Under the control of the indicator IFPRIN, Subroutine MPLOT ~roduces 

plots showing the variation of meridional velocity, total and static 
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pressure, total temperature, and flow angle in each sector at each comput
ing station. 

MISCELLANEOUS INFORMATION 

Various items regarding the computer program not included elsewhere 
are gi ven here. 

CONTROL CARDS, MAP ROUTI NES 

The program has been written in FORTRAN IV for the IBM 7090/7094 
IBSYS Operating System as implemented on the Directly Coupled System em
ployed at the USAF APL Computing Faci lity. All non-Fortran cards re
quired to run the program are described here. 

With the exception of the standard input and output units, the unit 
numbers assigned to the units used by the program are arbitrary. The 
values shown in Table I I are assumed to the fol lowing notes. 

The following cards are required to execute the program. A $JOB 
card is required to initiate the job. $SETUP cards should then be used 
to specify magnetic tape reels for units A(l), A(7), and B(3), also, if 
required by the particular job, A(2), A(3), and A(4). A $ASSIGN card 
then prepares SYSUT3 to receive the overlays of the program, a consider
able speed-up in program execution occurring when the overlays are stored 
on magnetic tape instead of disk. A $EXCUTE job then specifies the IBJOB 
system. On the following $IBJOB card the following options are recom
mended: ALTIO (mandatory), MAP, NOLOGIC, GO, NOSOLIRCE (if appl icable). 
Then follow twelve MAP routines relating the Fortran and logical unit 
numbers given in the Table I I, and also the modes and block sizes given 
in Table I. The remainder of the deck consists of the 42 routines of 
which the program is comprised, with the appropriate $ORIGIN cards placed 
amongst them to create the Overlay Structure shown on Figure 1. Note 
that these should specifi the links to reside on SYSUT3, and REW options 
at strategic points assist the program execution. A $INCLUDE card places 
six COMMON blocks in the same link as Subroutine DISTOR. For initial 
compilation, each source routine is preceded by a $IBFTC card, and a $* 
card where there is no $ORIGIN card. Finally, a $DATA card separates 
the program from the input data deck. The following shows all the cards 
described above, in the form required for compi lation of the program 
from source deck, loading, and execution. 

$JOB 
$SETUP A(l) xxx 
$SETUP A(2) xxx 
$SETUP A(7) xxx 
$SETUP B(3) xxx 
$ASSIGN SYSUn 
$EXECUTE IBJOB 
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$ I BJOB 
$IBMAP UOI 

E~TRY 

. UNOI. PZE 
UN ITO 1 F I c.E 

END 
$. 
$IBMA; UOl 

EN'I\Y 
,UN02. PZE 
UNITOl FILE 

END 
$ 
$IBMAP	 U03 

ENTRY 
,UN03, PZE 
UN IT03 FILE 

E~D 

$' 
$1 BMAP u04 

EWRY 
.UN04, PZE 
UNlT04 F i L.E 

END 
$,\. 
$ IBMAP UO? 

ENTRY 
.. UN07 PZE 
UNITOl FILE 

END 
$
$IBM.AP u08 

ENTRY 
.uN08 .. rlE 
UNIT08 FlLE 

END 
$-"" 
$1 BMAP U09 

Et-dRY 
.uN09. PZE 
UNIT09 FI ~ E 

END 
$," 
$IBMAP U10 

ENTRY 
.UNIO .. PH 
UN IT lO FIL E 

END 
$"'. 
$1 BMAP	 U11 

ENTRY 

ALTIO,MAP,NOLOGjC,SOURCE,GO 
4,DECK.,M94,XR7 
,UNOI. 
UN iT 01 
oAt1: ,INOUT,BL..K=22,BCD 

4 DEC",M94 XR7 
. UN02. 
UNiTO:2 
A\Z} ,INQUT,BLK=22,BCD 

4,DE:'K..,M94,XR7 
,UN03, 
UNIT03 
A~3~ ,INOUT,BLK=22,BCD 

4,DE.CK.,M94,XR7 
.u~04, 

UN iT 04 
,A(4) ,INOUT,BlK=22,BCD 

4.DECK,M94,XR7 
. UNO?, 
UNIT07 
All) ,INOU~,B~K=22,BCD 

4,DECK..M94,XR7 
.. uN08 
UN 'i i 08 
A(8 J , INOUT ,BlK=22, BCD 

1+, DEC K, M94, XR 7 
,uN09, 
UN IT09 
A(9) ,INOUT,BLK=22,BCD 

4)DECK.,M94,XR7 
,UN10, 
UN IT 10 
B(O) ,INOUT,BLK=22,BCD 

4,DECK,M94,XR7 
, UN II . 
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· LIN 11. PZE UNiTll 
UNIT 11 FILE B(I) ,INOUT,BLK=22,BCD 

END 
$;', 
$IB~P uI2 4, DECK., M94! XR 7 

ENTRY ,UNI2, 
· UN 12,	 PZE UNiTI2 
UNIT12	 FI~E B(2) ,INOUT,BLK=22,BCD 

END 
,. 
~ 

$iBMAP	 L113 4 DECK.,f>194,XR7 
ENTRY ,L1NI3, 

.UNI3.	 PZE UNIT13 
UN IT 13	 FiLE 8(3) ,INOUT,BLK=256,BIN 

END 
$-', 
$1 Bt·tAP U14 4,.DECK,M94,XR7 

ENTRY ,UNI4. 
· UN 14. PZE UN IT 14 
UNIT14 FiLE B(4) ,INOUT,BLK=256,BIN 

END 
$-;' 
$IBFTC BOI DECK,M94,XR7,NOLIST,NODD 

Source deck SOl 
$ORiGIN ONE,UT3 
$IBFTC B02 DECK,M94,XR7,NOLIST,NODD 

Source deck S02 
$ORIGiN ONE,UT3 
$INCLUDE CALC,NEW,RESULT,WENT,TOGOSS,DATA 
$ BFTC B03 DECK.,M94,XR7,NOLIST,NODD 

Source deck S03 
$ORiGiN fWO,L1T3 
$IBFlt B04 DECK,M94,XR7,NOLIST,NODD 

Source deck S04 
$ORIGIN TWO,UT3 
$IBFTC B05 DECK,M94,XR7,NOLtST,NODD 

Sourc.e deck S05 
$'\' 
$IBFfC B06 DECK,M94,XR7,NOLIST,NODD 

Source deck 506 
$ORiGIN THREE,UT3 
$IBFTC B07 DECK,M94,XR7,NOLIST,NODD 

Sourc.e deck S07 
$:' 
$IBFTC B08 DECK,M94,XR7,NOLIST,NODD 

Source deck s08 
$;'" 
$IBFTC B09 DECK,M94,XR7,NOLIST,NODD 

Source deck S09 
$'" 
$1 BFTC	 B10 DECK,M94,XR7,NOLIST,NODD 



Source deck 510 
$ORIGIN THREE,UT3,REW 
$IBFTC Bl1 DECK,M94,XR7,NOLIST,NODD 

Source deck 511 
$,'. 
$IBFTC B12 DECK,M94,XR7,NOL/ST,NODD 

Source deck 512 
$"\' 
$IBFTC B13 DECK,M94,XR7,NOLIST,NODD 

Source deck 513 
$,': 
$IBFTC BI4 DECK,M94,XR7,NOLIST,NODD 

Source deck 514 
$ic 
$IBFTC B15 DECK,M94,XR7,NOLIST,NODD 

Source deck 515 
$" 
$IBFTC B16 DECK,M94,XR7,NOLIST,NODD 

Source deck 516 
$" 
$IBFTC B17 DECK,M94,XR7,NOLIST,NODD 

Source deck 517 
$'" 
$IBFTC B18 DECK,M94,XR7,NOLIST,NODD 

Source deck 518 
$'\ 
$IBFTC B19 DECK,M94,XR7,NOLIST,NODD 

Source deck 519 
$" 
$IBF1C B20 DECK,M94,XR7,NOLIST,NODD 

Source deck 520 
$ORIGIN TWO,UT3 
$IBFTC B21 DECK,M94,XR7,NOLIST,NODD 

Source deck 521 
$': 
$1 BFTC B22 DECK,M94,XR7,NOLIST,NODD 

Source deck 522 
$ORIGIN ONE,UT3 
$1 BFTC B23 DECK,M94,XR7,NOLIST,NODD 

Source deck 523 
$-,',' 
$IBFTC B24 DECK,M94,XR7,NOLIST,NODD 

Source deck 524 
$;' 
$IBFTC B25 DECK,M94,XR7,NOLIST,NODD 

Source deck 525 
$," 
$IBFTC B26 DECK,M94,XR7,NOLIST,NODD 

Source deck 526 
$"-<' 
$1 BFTC B2} DECK,M94,XR7,NOLIST,NODD 
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Source deck S27 
$-"" 
$1 BFTC B28 DECK,M94,XR7,NOLIST,NODD 

Source deck s28 
$'" 
$IBFTC B29 DECK,M94,XR7,NOLIST,NODD 

Source deck S29 
$;': 
$IBFTC B30 DECK,M94,XR7,NOLIST,NODD 

Source deck S30 
$,'. 
$1 BFTC B31 DECK,M94,XR7,NOLIST,NODD 

Source deck S31 
$;': 
$1 BFTC B32 DECK,M94,XR7,NOLIST,NODD 

Source deck S32 
$"'( 
$IBFTC B33 DECK,M94,XR7,NOLIST,NODD 

Source deck S33 
$;" 
$IBFTC B34 DECK,M94,XR7,NOLIST,NODD 

Source deck S34 
$;\ 
$1 BFTC B35 DECK,M94,XR7,NOLIST,NODD 

Source deck S35 
$;" 
$1BFTC B36 DECK,M94,XR7,NOLIST.NODD 

Source deck S36 
$"" 
$IBFTC B37 DECK,M94,XR7,NOLIST.NODD 

Source deck S37 
$ORIGIN FOURE,Un 
$1 BFTC B38 DECK,M94,XR7,NOLIST,NODD 

Source deck S38 
$ORIGIN FOURE, un, REW 
$IBFTC B39 DECK,M94,XR7,NOLIST,NODD 
$ORIGIN ONE, un, REW 
$IBFTC B40 DECK,M94,XR7,NOLIST,NODD 

Source deck S40 
$;': 
$1 BFTC B41 DECK,M94,XR7,NOLIST,NODD 

Source deck S41 
$;" 
$IBFTC B42 DECk,M94,XR7,NOLIST,NODD 

Source deck S42 
$DATA 

1nput da ta deck 

UNIT REWINDING 

During the execution of the program the twelve intermediate storage 
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units are rewound as required and this note indicates the points in the 
program where these rewinds occur. REWIND instructions are only executed 
for units required by a particular job, so that units 2, 3~ and 4 of the 
"J-Series ll and !!L-Series" may not be rewound' (or otherwise referenced) 
during a particular run, Also, when the number of sectors is set equal 
to 1, none of the I'L-Series l

' and "K-Series" units are referenced. The 
following list is ordered in the way the program proceeds in execution: 

Location 

MAIN Program
 
(If number of sectors exceeds 1)
 

Subroutine INPUT
 
(For new case only)
 

(Note: Point A is here)
 

MAIN Program
 
(if number of sectors exceeds 1)
 

Subroutine READiN
 
(Fo~ first sector only)
 

Subroutine PUNCrl
 
(For first sector only, and
 
if number of sectorS exceeds 1)
 

(Note: If number of sectors
 
equals 1, job terminates here)
 

MAIN Program
 

Subroutine THETA
 

Subroutine PLOT
 

Subroutine PCTURE
 
(If Cartesian plots requested)
 

MA IN Program
 

Units Rewound and Used 

KTAPEI and KTAPE2 rewound 

"J-Series" units required rewound, 
and then written 

LTAPEI rewound, and then written 

",J-Series " units required rewound, 
and then read 

"L-Series" units required, LTAPEI 
apa rt, rewound> "L-Ser i es'l un its 
required written 

IIJ-Series ' ; and "L-Series" units 
required rewound 

KTAPE 1 (or I(TAPE2) read, KTAPE2 
(or KTAPE1) written 

KTAPE2 (or r-TAPE 1) rewound, and 
read. "J-Series 'l uni ts requi red 
rewound, and read 

"L-Series" units required rewound, 
and read 

Identities of "K-S'eries" units 
switched, units rewound 

(Control returns to Point A for cycles of calculation.) 
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BOUNDARY CONDITION MODIFICATION DURING COMPUTATION
 

There are two principal reasons why it may be desirable to modify 
the boundary conditions specified initially in the input data. Firstly, 
upon completing one computation, it may be desired to determine the solu
tion for a second compressor operating condition; for example, at a dif 
ferent exit static pressureo The results of the previous calculation wi 11 
probably be a better first approximation to the new solution than the axi
symmetric assumption made initially by the program. Thus, the best pro
cedure would be to employ the I'J-Series" and "K-Series ll tapes generated 
by the first calculation. However, a means is required to modify the 
specified exit static pressure recorded on unit JTAPE5. Secondly, some 
problems are not readi ly solved when the boundary conditions of interest 
are specified in the initial data to the program. Two cases when this 
has occurred are in the analysis of the GE/NASA Rotor lB, and the analysis 
of the NACA Five-Stage Compressor. Both of these are described in Vol
ume IX. In the former one, specification of the actual inlet total pres
sure profi Ie leads, on the first cycle of calculation, to the result that 
the static pressure is highest in the region of low total pressure. Sub
sequent violent corrections occur if this calculation is pursued. In 
the latter case, the steepness of the characteristic leads to difficul
ties with the initially assumed constant sector widths. 

These problems may be overcome by modifying the initially speci
fied boundary conditions cycle by cycle. This can be accomplished by 
simple modifications to Subroutine READIN (source deck identifier: S04). 
For example, s~ppose that it is required to change the inlet total pres
sure specified initially. Then an instruction is inserted in Subroutine 
READlN following card 504 0050 and reading: 

READ(5,26) (XMU(1 ,J) ,J=7,NTOPO) 

Note that the standard IBM 7094 input unit number is assumed. This over
writes the inlet total pressures read from unit JTAPEI previously, and 
causes the new values to be incorporated onto unit LTAPE1, and hence onto 
unit JTAPEI for the next cycle, Of course, if the next cycle is also to 
be performed using the modified form of Subroutine READIN, data wi 11 
again be required by the instruction inserted. The data requirements 
are NTHETA*NLOOPS lists of values of inlet total pressure, punched in 
the usual eight location real format, up to nine values to a card, with 
each list starting on a new card. The number of values in each list 
is Nl0PO as specified in the initial data for the first cycle if the 
run is a new case (IFSTAR=O). Otherwise, and, in any case, for each 
subsequent cycle, NLINES values are required, NTOPO being reset to NLINES 
in Subroutine THETA. When the initial value of NTOPO prevails, the data 
values apply at the radii BHP initially specified; otherwise, they apply 
at the streamline radii at the first computing station specified by the 
inlet hub and casing radii (RHP(I) and RSP(I)), the inlet blockage 
(BLAM(I)), and the indicated split of the inlet annulus by the stream
lines (DELM(I) through DELM(NLINES)). The additional data is placed 
after all the regular input data in which the specified inlet total 
pressure distribution (POCO) is nonconsequential. 
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Section III
 

OPERATIONAL DESCRIPTION OF PROGRAM
 

STEPWISE ANALYSIS PROCEDURE
 

Here the calculation performed by the computer program is described 
as a series of numbered steps. In addition to the number given to each 
step, there is also give~ the name of the subroutine that performs the 
step. (MAIN is used to indicate that a step is performed by the Main 
Program. ) 

1.	 MAIN - The units used by the program are assigned numerical 
values. Some data is read in, and a corresponding printout 
is produced. 

2.	 MAIN - If the job is a new case, the following three steps 
are executed. Otherwise, control passes to Step 6. 

3.	 INPUT - The compressor specification together with inlet con
ditions and outlet static pressure is read in, and a correspond
in printout is produced. 

4.	 INPUT - The number of units required to execute the job is 
determined, a~d a table giving this information is printed. 

5.	 INPUT - The initial data for "Program DISTORT" is written onto 
the "J-Series" units. 

6.	 MAIN - The remaining steps form a loop that is performed once 
for each of the specified number of cycles of operation of the 
program. 

7.	 MAIN - Unless an axisymmetric analysis Is desired (that is, 
the number of sectors has been set to I), a small section of 
data is written onto unit LTAPEI. 

8.	 MAIN - Steps 9 through 101 form a loop that is performed once 
for each sector. 

9.	 DISTOR - Some constants are initialized. 

10.	 READIN Input data for the sector analysis is read from the 
'IJ-Series" units. 

11.	 READIN - The relaxation factor used when reestimating the stream
line radii is determined from 

33
 



where RL.	 is the relaxation factor, 
A,	 is the square of the ratio of the annulus height 

at a computing station to distance between the 
next station and the computing station, the largest 
value bei"g used 

and At	 = O. 1667 if IFSIMP = 1 or 2 
= 0.02383 = 3 
= 0.007933 = 5 
= 0.00361 = 7 
= 0.00194 = 9 

12.	 READIN - If specified, a printout of certain items of the input 
data is made. 

13.	 READIN - On the first cycle only (in absolute terms), the radi i 
of the streamlines are estimated. The streamlines at the hub 
(and casing) are given by the hub (and casing) radi i, plus 
(or mi nus) the appropr iate rad i ali ncrement to account for the 
boundary layer blockage specified in the input data. At the 
first computing station, the radi i of the remaining streamlines 
are determined from the specification in the input data of the 
increments of the annulus between the hub and each successive 
streaml ine. At all other computing stations, the annulus is 
divided by the streaml ines so that each pair of streaml ines 
enclose the same fraction of annulus area at all stations. 

14.	 SOLVE - The curvature of the streamlines at the compressor 
inlet and outlet is set to zero. 

j
i 15.	 GRAPH3 - The sector inlet conditions are interpolated from 

the input data. 

16.	 LSQLNE, LSQFIT - Unless simple radial equilibrium is specified 
in the input data, the slopes and curvatures of the streamlines 
are determined by a least-squares polynomial curve fitting pro
cedure. The number of points used in the fitting process is 
specified in the input data. 

17.	 SOLVE - For the first pass only, the inlet velocity is esti 
mated from continuity using the total density at the hub. 

18.	 SOLVE - Steps 19 through 93 form a loop that is performed 
once for each computing station. 

19.	 SOLVE - For the first pass, and at stations other than the 
first, the meridional velocity is estimated to be the mean of 
those previously computed at hub and casing at the previous 
computing station. 

Oil 
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20. GRAPH3 - For stations other than the first, the fol lowing 
quantities are interpolated at the streamline radii: 

21.	 SOLVE - If the station follows a blade row, control passes to 
Step 25. , 

22.	 GRAPH3 - The quantity ~ -if :~'C: Gth1 is interpolated 
a t the stream line rad i i . r-, 

23.	 SOLVE - The total temperature and pressure on each streamline 
is set equal to the corresponding value at the previous comput
ing station. 

24.	 SOLVE - Control passes to Step 68. 

25.	 SOLVE - Steps 26 through 67 form a loop performed once for each 
streaml ine. 

26.	 SOLVE - Parameters control I ing blade performance, including 
relative inlet angle and Mach number, are determined. 

27.	 INTERP - Blade specifications are interpolated on the stream
line. If IBETA2 is 1, the relative outlet flow angle and loss 
coefficient are interpolated and then control passes to Step 65. 
If IBETA2 is 2 or 5, the blade camber angle, stagger angle, and 
point of maximum camber are interpolated at the streaml ine inlet 
and outlet radii. The camber and stagger angles are corrected 
for local streaml ine slope using the expression: 

~or"ected:::' an. t~ ( fevv...., ~ C4"? ~ ) 
The blade inlet and outlet angles are then determined from 

fal 
where 

Y 

and 
X 

A~ 

= r: 4 w~.J,,· It ()(, Y) 

= 
-(I-x) + ((/  x.)1 _ AX1~7, e, )f 

2X~&, 

=' 
2,(2. - 3 ~,) 

(3 ~/- IXiI - I) 

.. f'L -+ fM'r,~~ (y) 
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ywhere 

-?l (2. - 3~Jand x 
(3 [, - 1)(l~ - I) 

If IBETA2 is 4, the blade inlet and outlet angles are given 
directly by interpolation from the data, only requiring 
correction for local streamline slope using the expression 
given previously. 

28.	 INTERP - A streamline camber angle is found from the difference 
between the blade outlet and inlet angles. A mean maximum camber 
point is found by interpolation at the mean of the streamline 
inlet and outlet radii. A streamline stagger angle is found 
from: 

r fi~1 - X
 

where X aA,I:}...~ (y. l)== 

_( / - 1) + ({I_l)2. - 4~ tM.,1. tJL )ty 
2~ {~& 

1: 

The blade thickness/chord ratio and sol idity are interpolated 
at the mean streamline radius, and corrected for streamline 
slope using the expression 

The specified loss coefficient and additional lo'ss factor (if 
applicable) are interpolated at the streamline outlet radius. 
(All interpolations are made in Subroutine GRAPH3.) 

29.	 CASCDE - The various indicators specifying the blade performance 
calculation to be made are selected from the appropriate sub
scripted arrays. A branch is made accoring to the indicator 
IBETA2. 
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30.	 CASCDE - If IBETA2 is 5, the loss coefficient is given directly 
from the input data. The relative outlet angle is given by 

lr. 

On the first pass, control passes to Step 62. On subsequent 
passes, control passes to Step 60. 

31.	 CASCDE - If IBETA2 is 2 or 4, Steps 32 through 62 are performed. 

32.	 OPTANG - The minimum loss angle of attack is determined as a 
function of blade camber angle and cascade sol idity. A series 
of second-order polynomial curves give angle of attack as a 
function of sol idity for fixed camber angles, I inear inter
polation between the curves giving the final result. 

33.	 CASCDE - The minimum loss inlet angle is given by the sum of 
the minimum loss angle of attack and the blade stagger angle. 
The empirical data was derived for blades having their maximum 
camber point at midchord. If the blade section under considera
tion has its maximum camber at other than midchord, the minimum 
loss inlet angle is adjusted, assuming that the incidence implied 
by the minimum loss inlet angle for a blade having its maximum 
camber point at midchord appl ies. 

Thus	 (fiYl'l~ ,{on )0. r: f (~ + r) - flBI 

(' ~ .{,.,?.. li~1. eX (.;.(1- x) -+- ((1- x/_. 4 'x'bNYtzfj)~)
and 

2 Xlov-r' {j 

-2-( 2 - 32)and x 
(3?_ J )(-?-- J) 

34.	 CASCDE - In order to allow a correction to the deflection 
achieved by the blade section for axial velocity-ra~io, the axial 
velocity-ratio is determined. On the first pass, when no 
estimate of the outlet axial-velocity has been previously com
puted, the axial velocity-ratio is assumed to be unity. It is 
also set equal to unity if the data specifies that no axi?1 
velocity-ratio correction is to be made. In the general c~se, 

the axial velocity-ratio is computed from 
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::. Cn.z. (I + VF(I - ~) ~, )Ve 
~, Cw., ~!
 

where
 

:I&- if B :2 2.~ 0I;F 0 

:=. 
2.0- (J ,j f)< 2.0° 

Ao 

and VR is limited to the range of 0.8 to 1.25. 
The minimum loss inlet angle is then corrected (for the purpose 
of determining the design deflection) according to the formula 

IJ O..K f().Kt ( 2 t ~ /31 )
~~CDrreeted'	 7 -I- \I,{ , 

35.	 STLANG - A series of second-order polynomials gives the stalling 
and choking inlet angles for cascade sections, curves giving 
the choking and stalling angles as functions of stagger for fixed 
cambers and sol idities. The choking and stalling inlet angles are 
determined for the two nearest cambers. for solidities of 0.5, 
1.0, and 1.5. For each of these solidities, the choking and 
stal ling angles are determined (by linear interpolation) for the 
correct camber. 

36.	 GRAPH2 - The choking and stalling inlet angles are determined 
for the actual solidity using the following expressions, as 
appropriate. 

(j/o +
 

if 

= 

if 2:. I. 0 

37. OPTANG - The outlet flow deviation angle 

rYlBG"-i 
38 

is determined from 



where	 i'YJ 1 ( I - w-(I - 22)) 

,
I. ~1.J.7lf 0- + Z,07 if r L 30 

- 0, 8766 0-
I 

~ 1,72.. if r /» ';0 

r
I r in radians 

2
' I" 0 0 -.., " ' 0 '! roo IYrl, O,L Sb + ' .' ~.:o I) r + ,' .. r 

I'!
+ ~,O~2~ir 

I 3 
.- 0,0272 r 

38.	 OLiTANG - Two corrections to be applied to the calculated 
deviation angle are computed. If the relative inlet Mach 
number onto the blade section is greater than 1.0, the outlet 
angle is decreased by 0.4 degrees. The outlet angle is 
increased by an amount given by 

where = 1.0 if the re 1at i ve inlet Mach number is less than 1.0f = 0.0 if the re 1at i ve inlet Mach number is greater 
than 1.3 

= 4.0 - 3.8 M if the relative inlet Mach number (M) 
is between 1.0 and 1. 3. 

39.	 OUTANG - The relative outlet flow angle corresponding to the 
minimum loss inlet angle is determined by adding the deviation 
found in the two previous steps to the blade outlet angle, 
which is compu~ed using the relationships described in Step 28. 

40.	 OUTANG - The 'outlet flow angle is corrected for the effect of 
the inlet angle varying from the minimum loss value. (The com
putation will be ineffective during this use of Subroutine 
OUTANG). If the actual inlet angle is less than the minimum 
loss value (determined in Step 35), the outlet angle is assumed 
to be independent of the inlet angle, and equal to the value at 
minimum loss. If the actual inlet angle is greater than the 
minimum loss value, the rate of change of outlet angle 'is deter
mined as a function of sol idity, for two inlet angles. The two 
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inlet angles used are the two nearest to the actual inlet angle 
in a set of four that are 0, 30, 50, and 70 degrees. The 
fol lowing expressions give the rate of change of outlet angle 
with inlet angle. 

dIS,f, 0	 ;. 2 r;; ~f (- 3,~6' 6" )= dfti 

A~ 30. 
Cl da. - /, OK ~xf ( -2, qg.G") 

dA' 

~I
 n~,
 .. ' 

II 

d /52- ." O,q2~ e"xf (- 0,1·6 ) 
~f'" 

ciL2, _. 0.12 S"' ~-.( f (- 0/1.6)A~ 70 J 

d. !)t' 

The rate of change of outlet angle with inlet angle is linearly 
interpolated for the actual inlet angle. The corrected outlet 
flow angle is then given by 

41.	 CASCPE - If the point of maximum camber of the blade section is 
not at midchord, the stalling and choking angles determined in 
Subroutine STLANG are modified. The incidence is maintained at 
that determined empirically for NACA 65-Series blades (which have 
their point of maximum camber at midchord). The procedure is 
that used previously in Step 27. 

If the cascade solidity exceeds 1.6, a correction to the minimum 
loss, stalling, and choking angles is made. The corrected angles 
are given by 

'I 

I~cort''' ( I~ d. .: 

The stalling to minimum loss, and minimum loss to choking angle 
ranges are limited to not less than 2 degrees. 

A correction is made to the minimum loss, stall, and choking 
angles for thickness/chord ratio. The corrected angles are 
given by 

ft"c d f3 'i" (f - I)(-= + 
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. 
where ~ is the previously determined minimum loss incidence 

and - ()(; -+- 0,1+ f t > 0, IS C C 

- /7125' t 7/,2.5 ($): t .c o / C (.. c 

42.	 CASCDE - The minimum loss outlet angle is corrected for axial 
velocity ratio usi~g the relation 

43.	 CASCDE - If specified in the input data, the minimum loss outlet 
angle is corrected for the thickness/chord ratio of the blade 
section. The correction is given by 

Jt B !!l- ( t. , 0, (,2.5 ':J-., I t )'2)= '":>/" i ~ C h C 

where WI = 0,17 - ~~, OO~) 

b = S X

,'J (.I'; 011 '.J (;~ ,) J<
 
. I ' , ,~', - /.,.,1 

and is the minimum loss inlet angle determined in Step 15P, 
prior to the correction for thickness/chord ratio. 

Then ,/,'
( (on t~,: ted - II ~., .+- Ji 

v .. (' 

where I\? is the minimum loss outlet angle determined in Step 42. 

44.	 CASCDE - The critical Mach number for the blade section is 
determined using the expressions 

/0 - 0, 67CP + o -':< C('
MeRIT	 

" 

where Cp= ViVI' /' t)
 
I ' .

\'	 
() 7 ..':, 4 -I c".- ., !", (t~ ... ;;'/ ! ,/~, 

• .I
)

, ,V'~: 'I = j,03 -1-	 \,

" C 

and is the minimum loss inlet angle determined in Step 15 
prior to the correction for thickness/chord ratio, 
is the minimum loss outlet angle determined in Step 43. 
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45.	 CASCDE - Unless the cascade analysis options specify the loss 
coefficient or minimum loss coefficient, the minimum loss coeffici 
ent is determined. The expression used is 

w 

:2-	 3 

where W"* = 0,003 + 0, (J2. '"2, 7£ D O. O~ D + O. /2.~ D 
Cfr:J # ID = 
C<r:l 13 'l. 

and 11 and 11?- are the angles used to determine VM in Step 44. 

46.	 CASCDE - Unless the cascade analysis options specify that no 
Mach number corrections are to be made to the loss coefficient, 
the minimum loss coefficient is corrected for Mach number, and 
the working range of the blade section at the actual relative 
inlet Mach number is determined. 

The optimum loss coefficient (the minimum attainable value at 
the actual inlet Mach number) is given by 

Wopt = W 

if the relative inlet Mach number does not exceed critical; 

Wopr (/.0 + 2 (M - MCRIT))' (;) 

If the inlet Mach number exceeds the critical. 

~ is the relative inlet Mach number 

Two alternative corrections in the blade section working range 
are available. 

For medium Mach number sections, such as the NACA 65-Series 
blade, the corrections are 

13 ' 
I " Min . loss 
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where R = e><p (1.386 (O,5-M») 
131. mil! . loss is the minimum loss inlet angle determined in Step 41 , 
/JI"ta/{ is the staTI ing angle determined in Step 41, and 
!31,CJ,OJcC is the choking inlet angle determined in Step 41. 

For high Mach number sections, such as the double-circular-arc 
blade, the corrections are 

+ (0, ~~g +- O.34-l I?Vf), ,J Il-A ,)All,.,,,, I,mln, IPJS 

,(Oli' <,. 

47.	 CASCDE - The loss coefficient is determined from the inlet angle, 
and corrected reference angles determined in Step 46, using the 
expression 

)(PLO~ 

= l7J opt ( I + S ) 

where S = 

or 
/3, (3"mt'n. toss 

i.-!·,corl"'e(f~cI- Amin./orr
I 

the positive value being selected, 

and XPLOS	 is 2.0 for high Mach number sections, and 4.5 for medium 
Mach number sections, unless the cascade analysis options 
specify an alternative value. 

48.	 CASCDE - Should the cascade analysis options specify the loss 
coefficient, this value is selected. 

The loss coefficient is I imited to a maximum value of 0.25. 

49.	 CASCDE - The actual inlet angle is corrected for axial velocity 
ratio using the methods described in Step 34. 

50.	 OUTANG - The outlet angle corresponding to the corrected actual 
inlet angle determined in Step 49 is determined, except that if 
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this inlet angle exceeds the stall ing inlet angle determined in 
Step 41 prior to the correction for thickness/chord ratio, then 
the sta1 ling inlet angle is used. The method used to determine 
the outlet angle is as given in Steps 37 through 40. 

51.	 CASCDE - If the inlet angle is greater than stalling, the outlet 
angle is determined by assuming the deflection at stall to apply. 

52.	 CASCDE - The outlet angle is corrected for axial velocity ratio 
using the expression described in Step 42. 

53.	 CASCDE - Unless the cascade analysis options specify otherwise, 
the outlet angle is corrected for thickness/chord ratio. The 
expressions used are those described in Step 43. 

54.	 CASCDE - Unless the cascade analysis options specify otherwise, 
the effect of inlet Mach number upon outlet angle is assessed. 
If the relative inlet Mach number is greater than unity, it is 
replaced by value obtained by assuming the normal shock relation
ship to apply, that is, 

If the value so obtained is less than the critical Mach number, 
control passes to Step 59. 

55.	 MCDEVN - The relative inlet velocity function at critical 
condition is obtained from 

3 J R )1 
( 1 (-I 
-~	 + - M,,(. 2. 

56.	 MCDEVN - Continuity across the cascade section gives 

Y_I	 2. (+1
+ T M3,_C (2 fK-l)A,Cc-JA,~ I'll 

- •	 I C {I 
f112. ,e. 

Az ClYJ I3l,,- ' r- /J'12)I + T I,e. 

where AI is the streamtube inlet area 
~, is the streamtube outlet area 
f;~ is the minimum loss inlet angle determined in Step 15 

prior to the correction for thickness/chord ratio 
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f3z,G is the minimum loss outlet angle determined in Step 43 
/'11.,,'- is the critical inlet Mach number deterlTl.ined in Step 44 
"'2,(. is the critical outlet Mach number 

A first approximation to the critical outlet Mach number is 
obtained by setting ""'7"to 1.0 on the R.H.S of the above equation, 
tha tis us i ng9 

= A, etn!J"c. .M(I f;ll)
Az Co'J ft,,~ I,e I to 1::1 AA 2

2 {·I/,e. 

- CIt 

The value oft\'1z,c.is then refined by repeated application of the 
expression 

+ 

where (,: is retained as def i ned above 
and c,! is replaced by the latest estimate of /'I\2,C • 

57.	 MCDEVN - The critical velocity ratio across the cascade is ob
tained from 

tJ!: .	 flo- ( ~JR /
fJJi,c. I +- H ~JJi,c 

~t 2 

The actual inlet velocity function is determined from 

( 
)13JR 

I + l..=...!..
Jilf 2 

By assuming the critical velocity ratio to apply, the outlet 
velocity function is found from 

~ = I.-tJI tn",
Vi; 7i; /))', ,c. 

A change in relative total temperature due to radius change 
of the streaml ine in a rotating blade row being Ignored. The 
outlet Mach number corresponding to this velocity function is 
determined from 
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58, MCDEVN - Continuity gives the outlet flow angle corresponding to 
the actual inlet Mach number and minimum loss inlet angle, using 

59.	 CASCDE - The actual outlet angle is now corrected for the effects 
of Mach number using the relation 0. .... 12 X(i~1 _ P. • I )L 

fi,a"'_' ed f'J... \ ,-2'" fJl.,,,,I'l. OJ! 

where /Jr. is the outlet angle determined in Step 52 
ftt'M is the corrected outlet determined in Step 57 

/~min. loss is the minimum loss outlet angle determined 
in Step 44 

X is 1.0, unless specified otherwise in the cascade 
analysis options 

60,	 CASCDE - Except on the first pass, the blade row Reynolds 
number is calculated from 

CI'Yt'~X ' pRn 
ernfl, 't 'jA .R 

where	 Lm is the inlet meridional velocity component 
~K is the axial blade chord as defined by the two appropriate 

computing stations
 
Pis the stat i c pressure
 
,fJ, is the actual inlet angle
 
t is the static temperature
 
~ is the viscosity, determined from if = VISJ of· t· VI.52 

and R is the gas constant. 

Unless specified otherwise by the cascade analysis options, the 
loss coefficient is corrected for Reynolds number effects. The 
corrected loss coefficient is given by 

""-\:on-erie'" :=:. W iF R" > 2, 2 . lOIS'
 
Wtorr('c!,(( = 2.o-iii if' R",< O'~'IOs-

.? 5" 
-	 -( ~ - D- /232.6 on ) 'f ) ~ '0 ..... R-,"C.I~()J(~,.,.t>(/ .. .r =- LA) z..0 -2.d>;:,·?...... k + . ...J ."" ~ .... .:., "",.' •• \ 

where RR.::: loct Rn - /o.8Z
~{' 

61.	 CASCDE - Unless specified otherwise by the cascade analysis 
options, the outlet flow angle is corrected for Reynolds number 
effects. The deviation due to Reynolds number is given by 

cfR = 0.0 if Rn > l'. ,::' lot;; 

dR = ".1 (/' - f~.) if RI'1 <. 'J, ::-. /) 
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( (3, ~z)(O./ - 0·/37 RR 
2. 

-I- O.OM7 RR 
3 
) 

if 

2..2'/0 
~ > RI'l > 0.5·/0 

~ 

and 

A check is made to determine if the Reynolds number correction to 
outlet angle is larger than that previously appl ied for Mach 
number effect. If it is, the Reynolds number correction above is 
app 1ied. If it is not, the Reynolds number correction is ignored. 

62.	 CASCDE - The outlet flow angle, loss coefficient, and min loss 
inlet angle are set for use by other sections of the computer 
program, and, if specified by the output options, the results 
of the cascade analysis are printed. 

63. INTERP - The minimum loss inlet angle is signed. The tangent 
of the outlet angle is determined, and signed. The additional 
loss factor is applied to the loss coefficient, using the formula 

WCl)rrer:.tr!rl,"" W (I ~ f) 
where J' ~ ,'I'/rlif:/J".r;l loss !ncfJr 

64.	 INTERP - Should IBETA2 and ILOSS be 1, the preceding cascade 
analysis has not been performed, and the relative outlet angle 
and loss coefficient are set equal to values interpolated from 
the input data. 

65.	 SOLVE - Unless IBETA2 is I or 5, or IFCAX is 2, provIsion is made 
to modify the relative outlet angle determined by the cascade 
analysis for axial velocity ratio as the outlet velocity is re
fined in the iterative determination of the velocity that follows. 
A number TANA is determined from 

TANA = 

where VR is determined in Subroutine CASCDE in Step 35 

66. SOLVE - The ratio of the actual to ideal (that is, no loss) 
relative outlet total pressures for the blade section is cal
culated using 

r 
.L \( I, ~. :: Jy:.7W I;	 _ (1 )r~1 I f.J. ~2' Vi 

(	 lir' 2gJep Tir 

67.	 SOLvE - The indicator control I ing the iterative solution of the 
continuity and momentum equations is set. Up to 15 attempts are 
allowed, except during the first pass, when only ten attempts 
are permitted. The following quantities which are not' a function 
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of conditions to be iteratively determined are calculated. 

where	 is station lean angle in r-z planer 
-f 

.A -= (I + la.rlr + tMt'/) 

where )A-	 is station lean angle in r-e plane 

c 

( - - )dr-.A~yt¢ - C(,(fJ ¢, aT 

,fMtj-t A-	 tiP
.pI"	 . "rIa 

68.	 SOLVE - The iterative solution of the momentum and continuity 
equations commences. Steps 64 and 65 form a loop performed 
once for each streaml ine. 

69.	 SOLVE - If the station in the first station, or follows a 
blade-free space, this step is not executed. If axial 
velocity ratio corrections to the outlet angle from the blade 
row have been specified 9 the outlet flow is computed from 

where VR	 is computed as described in Step 65, using the 
Iatest est imate of Cw-2.. 

The absolute flow angle is calculated from 
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The total temperature is calculated from 

1J2~2. ~,4 U, Cn, ~f3,Ii.	 - T,+ 
gJCp 

The total pressure is calculated from 
r 

= R(13y-'. F1r 
~ Ti 11r' 

70.	 SOLVE - If the statio~ follows a blade-free space, the absolute 
flow angle is calculated from 

I I dP I 
tutf3t .~, .. r; - £f ~_~'c,"' am'ttPnA = '2 G,,2, 

71.	 SOLVE - The radial derivatives of total pressure, total 
temperature and the tangent of absolute flow angle are found 
at each streamline~ using Subroutine RATE. 

72.	 SOLVE - The main terms in the momentum equation are computed 
at each streamline: 

A {-(Ac.o~ - Es"'¢)(~ + ~O(. ::) + 

11 (t7tnC( ~~rx -I- tA;2rf:) - (A~.¢ + c~ p)~~rn. 

I	 } ur}rx.
~Ur.JrA 

c':(1 + ~~ f3 )
+- / 2gJep T
 

B - {A(gJepj; - +(:JJrp;; - fr'l~))
 

_ ~)A . A »p] C!c20( 
yr of) 

73.	 SOLVE - The momentum equation is integrated from the start 
ing point streamline near midstream to the outer wall, using 
the expressions 
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74.	 SOLVE - The momentum equation is similarly integrated from 
the starting point to the inner wall. 

75.	 SOLVE - Steps ]6 through 78 form a loop performed for each 
streaml ine. A check is made on the values of pro
duced by the calculation above. If any value is less than 
1.0, it is replaced by a value of 1.0, and an indicator set 
to note the fact. 

76.	 SOLVE - The meridional velocity is damped with the previously 
estimated value in the proportions one part the newly cal
culated value, and three parts the previous estimate. If the 
velocity so determined differs by more than 40 per cent from 
the previous estimate~ the 1imiting value is imposed. 

77.	 SOLVE - If the station follows a blade row, the absolute flow 
angle is reestimated from 

If the blade row rotates, the total temperature and pressure 
are reestimated from 

U2Cmll tMz A - U,Gn, tvn (3,7; =	 -+- T;
9Jq, 

L _.	 R(73 r-I FirF] I r;-. . fir' 

If the station fol lows a blade-free space~ the flow angle is 
reestimated from 

~A, Ii ~~1/ xlt,.·f·jGdl1L-

'2. e",2 
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78.	 SOLVE - The static temperature is calculated from 

c~ (! + ~f6,)t T 
29 J f.,J 

The static temperature is limited to a minimum value of 0.001. 
The static pressure is calculated from 

r 
p (-+ j"f=i. p 

The specific weight is determined from 

The Mach number controlling the solution type is determined 
from 

where	 0( is relative flow angle at blade row exits
 
ex: is absolute flow angle elsewhere
 

79.	 SOLVE - The total mass flow and mass-flow-weighted mean con
trolling Mach number are determined. 

80.	 SOLVE - If the controlling Mach number is less than 1.0, and a 
subsonic solution has been specified, or the controlling Mach 
number is greater than or equal to 1.0, and a supersonic 
solution has been specified, Step 82 is next performed. Other
wise, Step 81 is performed. 

81.	 SOLVE - A number is determined that is the ratio of the velocity 
giving the flow ~urrently achieved by the computation, but on the 
other branch of the continuity curve. The expression used is 

R	 = 

82.	 SOLVE - A number is determined that is the ratio of the velocity 
required to give the desired flow to the current velocity. The 
expression is 

R	 = 
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I,-'MLI is lim i ted to 10.0
 
and R is limited to the range of 0.8 to 1.2
 

83.	 SOLVE - The meridional velocities at all radii multiplied by 
the number R 

84.	 SOLVE - Except during the first pass, and when IFBL is not 
equal t02, Subroutine SOLVE calls Subroutine BLTHIC. 

85.	 BLTHIC - Subroutine BlTHIC determines the displacement thick
ness of the boundary layers on the annulus hub and casing. 
This step is only performed for the first station. The 
momentum thickness or"' the hub, eft ~ is determined from 

ntr"eamUne "Iner - rhyb 

1.4

If the specified blockage at the inlet is zero, 9ft wi 11 
be zero, and the integral I , where 

inlet 4

I MuS = J CWI,WA' d..m
 

is set to zero. If 8,; is not zero~ the Integral is deter
mined from 

e	 3.4- '.25 

[,we. == (	 ;~o7---) 

where eM	 is the meridional velocity on the innermost stream
line at the first station. 

This	 procedure is repeated for the casing. 

86.	 BLTHIC - For stations other than the fi rst, the integral [HU8 

is completed to the station. using the expression 

4
I, :: l.r-If- C"'II' LJ X 

where II s the integral to the station 
11-1 s the integral to the previous station 
ell'll s the meridional velocity on the i nnermos t stream

ine at the s ta t i on 
and ~,( s the axial distdnce betwee" the stations on the 

nnermost stream 1i "e 
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The momentum thickness is determined from 

= 0.006 
C 3.+'
,",f 

[D.B 

The shape factor is determined from 

H 
and I imited to values in the range 

/./	 S H ~ 2.2 

The displacement thIckness IS determined from 

and is I imited to 0025 times the metal-to-metal annulus heights 
at the station. A similar procedure produces the displacement 
thickness on the casing. 

A check is made to ensure that the two boundary layer dis
placement thicknesses do not exceed 0.30 times the total annulus 
height The radius of the innermost streamline is taken as 0.2 
of that value prescribed by the hub plus the displacement thick
ness determined above, and 0.8 times the previous estimate. The 
outermost streamline radius is similarly relaxed. 

The radii of all streamlines between the innermost and outer
most	 are adjusted so that the proportion of the total annulus 
area	 between each pair of streaml ines is the same as it was 
before the inner and outermost were repositioned. 

87,	 BLTHIC - For al I stations 9 the fraction of the total annulus 
that is blocked by the boundaries is computed. 

88.	 SOLVE - The convergence of the solution of the momentum and 
continuity equations at the station is checked. Convergence 
is deemed to have occurred if continuity is satisfIed to with
in the tolerance specified in the data, and the velocity com
puted on the innermost streamline is within 0.2 per cent of 
the value previously estimated. If convergence has not occurred, 
and the maximum number of attempts permitted have not been per
formed, Step 70 is next performed. If convergence has occurred, 
Step 90 is next performed. OtherWise, Step 89 is performed. 

89.	 SOLVE - The ratio of the flow specified to the flow achieved 
is checked. If it is less than 1.0, Step 90 is next performed. 
If it is greater than 1.0 9 a check on the maximum possible flow 
is made. The ratio of the maximum possible flow to the specified 
flow is computed from 
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2. lofl 

= 
(I + If-M )i7RJUJA~H'F\'f· "! 

M· U)SFrC \ I + f; 1 ... 

If the ratio is less tha~ one, this is noted by the setting of 
an indicator, unless the indicator has already been set to 
note surge at this station. 

90.	 SOLVE - Unless surging or choking has already been noted for 
this pass at a previous computing station, an indicator is set 
to record the result at the computing station under examina
tion. 

91.	 SOLVE - At the first computing station only, the distribution 
of flow radially is noted. At subsequent computing stations, 
and on passes other than first, an estimate of the correct loca
tion of the streaml ines is made by I inearly interpolating for 
the radi 1 at which the flow increments in inlet for each stream
1 i l1e occu r. 

The rad i i of the stream! i nes are thel1 taken as 

fn-f . RL + linferPr:.	 
I of RL 

where rr:'_' is the previously assumed stream 1i ne radius
 
rint, ," i s the interpolated stream line location
 

and	 F.../. ii s the re 1axa t i on factor determined in Step 11 

92.	 SOLVE - The loop performed for all stations is terminated. 

93.	 SOLVE - An indicator noting convergence of the meridional 
velocity distribution is set if at all stations at the hub 
and casing the meridional velocities for the last two passes 
were within one half of I per cent of each other. 

94.	 DISTOR - Except on Passes 3, 6, 9•.... , control passes to 
Step 96 

95.	 SEARCH - The procedure used in Subroutine SEARCH does not 
lend itself to this type of documentation. and for a rigorous 
description of the possible steps performed, the reader is 
referred to the detaJ led description of the subroutine. in 
particular, the flow diagram. An outl ine of the method used 
is given here" 
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An indicator is examined which takes one of three values, to in
dicate either that the flow in the compressor is surged, or choked, 
or that a valid solution has been obtained. 

If the indication is that a valid solution has been obtained, the 
mass-flow-weighted mean exit static pressure is determined for com
parison with the specified value. If during the first entry to 
Subroutine SEARCH for which a valid solution is indicated the cal
culation exit static pressure is within 0.2 per cent of the speci
fied value, the estimate of the flow made previously is unchanged. 
The flow and exit static pressure are noted. If during the first 
entry to Subroutine SEARCH for which a val id solution is noted, the 
calculated exit static pressure is below (above) the specified 
value, the new estimate of the flow is taken as 0.45 of the esti 
mated characteristic width less (more) than the original estimate. 

On entries to Subroutine SEARCH after the first in which a valid 
solution is indicated, the flow required to give the specified down
stream static pressure is reestimated by 1inear interpolation (or 
extrapolation) from the last two flow/pressure points obtained. 
Generally, four or five such operations wi 11 determine the flow 
with sufficient accuracy to give the exit static pressure within 
the specified tolerance of 0.2 per cent. 

If on the first entry to Subroutine SEARCH, the indicator is of 
choked (surged) flow, the flow is reestimated by decreasing (in
creasing) the original estimate by 0.45 of the estimated character
istic width. This procedure is repeated until an indication of a 
valid solution is obtained. 

If on any entry to Subroutine SEARCH, the indication is of choked 
(surged) flow, and a valid solution has previously been recorded, 
the flow is reestimated by decreasing (increasing) the previous 
estimate by linesting". Nesting means that the new estimate of the 
flow is taken to be the mean of the flow giving the failure indica
tion, and the previously recorded flow which gave a valid solution 
indication. 

If two successive (valid) points define a characteristic of zero 
slope, the flow is reestimated to be the mean of the two previous 
flows, 

If two successive (valid) points define a characteristic of posi
tive slope, the flow is reestimated by increasing the larger of the 
two previous flows by 0.45 of the estimated characteristic width, 
except that if two previous points have defined a characteristic 
of negative slope, and a point recorded after the first valid in
dication entry to Subroutine SEARCH defined an exit static pres
sure lower than specified, the flow is reestimated as the mean of 
the last two estimates of the flow. 
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96.	 DISTOR - If the mass-flow-weighted mean exit static pressure last
 
determined by Subroutine SEARCH is not within 0.2 per cent of the
 
specified value, the indicator set by Subroutine SalVE in Step 94
 
is reset to indicate that the solution is unconverged.
 

97.	 DISTOR - If the solution is converged and annulus wall boundary 
lay~r calculations are specified in the input data, and subject to 
the control of the indicators IFRPM and IFRPIN as described in the 
section entitled "Input Data 'i , the annulus boundary layer block
ages are printed~ 

98.	 PRINT - If the solution is converged, or the total permitted number 
of passes have been performed, or printout has been specified by 
the indicators NWRiT and INCWRI for the current pass, and subject 
to the control of the indicators IFRPM and IFPRIN, Subroutine PRINT 
produces a printout of conditions within the sector. 

990	 PUNCH - If the solution is converged, or the total permitted number 
of passes have been performed, and the specified number of sectors 
is greater than 1, Subroutine PUNCH writes the sector results onto 
the "l-Ser i es 1i uni ts for use in "Program THETA". 

100.	 DISTOR - If the solution is unconverged, and the maximum permitted 
number of passes have not been performed, control passes to Step 14. 

101.	 MAIN - If one sector only is specified, execution terminates. 

1020	 THETA (Section I) - Define initial unit numbers and principal axial 
stations. Specify various constants. 

103.	 THETA - Read general input, including title and sector centerline 
angles, 

104.	 THETA - For the first tape only, read for each sector the title, 
the sector flow, and an indicator governing the reading of addi
tional input. 

105.	 THETA - As governed by this indicator, read only for the first sec
tor general compressor data, consisting of indicators 11-122 and 
constants RI-R5. 

106.	 THETA - For the first sector only, read for every axial station of 
the current input tape, additional indicators (l23- i32) characteriz
ing the blade row input specified at that station. 

107.	 THETA - If the station is not the trailing edge of a blade row, pro
ceed to 109, 

108.	 THETA - For every blade row station, read the pertinent cascade in
formation. 
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109.	 THETA - For all axial stations, read compressor data R21-R29. 

110.	 THETA - For axial stations with lean only, read an indicator and 
the 1ean ang 1e. 

111.	 THETA - For al I axial stations of the current input unit, all sec
tors, and all streamline locations, read main input arrays of stream
line radius, pressure, temperature, meridional velocity, tangent of 
absolute air angle, and streamline slope, 

112.	 THETA (Section Ii) - For the first input tape only, define the out
put arrays at the first axial station ttotal pressure, temperature, 
air angle) and prepar~ other information needed at this station for 
regular procedure of the computation, such as static pressure, tem
perature, sector centerline location, static pressure gradient. 

113.	 OVERAL - The flow passing through the compressor is determined by 
summing the flow through each of the streamtubes defined by the sec
tor boundaries and radially distributed streamlines. Conditions are 
assumed to remain constant circumferentially within each streamtube, 
and to be the mean of the conditions at the inner and outer radi i 
thereof. Then the flow increments are given by 

and the total flow is 

This calculation is performed for the first computing station. The 
mass-flow-weighted mean total temperature in the inlet is determined 
from 

T 

114.	 THETA - For all axial stations of every input unit. define at all 
radial locations the average str·eamline radius (circumferential aver
age) and the corresponding axial coordinate, 
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115.	 OVERAL - The following calculations are made for each computing 
station~ except the first. A mean total pressure ratio is deter
mined from 

R = 

where	 is the total pressure ratio from the inlet to the 
station under consideration in streamtube (n ,J ). 

The mass-flow-weighted mean total temperature is determined, 
as in Step 113. The inlet-to-station isentropic efficiency is 
determined from 

l::.!...
Rr-f 
--=--. r;AT 

The inlet-to-station polytropic efficiency is determined
 
from
 

(oge R (-I

'r/pol =
 

to.ge ~ r 
116.	 THETA - Interpolate the five data arrays at the reference 

radi i and restore the results in these arrays. This is done 
by intermediate storage of quantities in singly-dimensioned 
arrays, from where the interpolated values are transferred 
back to the original arrays. 

II].	 THETA - Begin processing these data for all current axial 
stations and sectors, for one streamline at a time. This 
procedure requires two-dimensional arrays for intermediate 
storage. Begin with the first streamline or radial loca
tion (,):::. I). Specify the first axial station of the cur
rent input tape (I=lZR/). Define those quantities (B} F'~~ 
of the last upstream station that are required in addition to 
data stored in the five arrays. If Program THETA has been cal led 
previously, read for all current axial stations and sectors 
the previously computed e and j'~ results from the auxiliary 
unit KT./\PE1. Initialize the indicators ICOUNT (counting the number 
of iterations in the & -computation) and KATZ (indicating whether 
o'r not a cons t ra i ned i te ra t i on on e IS be i ng conducted ups t ream or 
downstream of the compressor). 
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118.	 THETA (Section I II) - Compute the undamped increment of 8 from 
Sta t i on 1-1 to Station I, for all sectors at the constant radial 
1oca t ion, J . This is done as follows; 

9r - + f
r 

ta;lX" dm1 
I-I 

where 

l:ama1 - /a'n «1-I (i(rr -!I-I)2.+ (ZZ-Zl-IJ\2 )t ., I.f lIf¥r1- I ,
rI + rZ-1 

The latter expression is a closed form of the definite integral 
from I to 1-1 when both WmnC and rare linear functions of the 
meridional distance and rr .rr-I . 

119.	 THETA - Damping of 9r is accomplished by using the value of a 
previous passage through THETA (recorded on KTAPEI or initialized 

,the	 first time by the program) and the damping factor RFACI as 
follows 

The superscript- is used to distinguish between damped and un
damped () and ;.~ (defined later). 

120,	 THETA - The quantity transmitted to the output tape is not, e' , 
the angular coordinate of the sector centerl ines (at all sectors, 
stations, and streaml ines), but the ratio of the angular sector 
width to the initial width at the first upstream station. This 
is defined and now calculated as follows 

tfn-t 
= 

(However, the angular coordinate ~ is retained by the program 
for the ultimate computation of the angle ~ ,) A test is made to 
determine whether LiB exceeds 2 or is less than 0.5. If this is 
found to be the case, control is directed to the next s~ep; if not, 
proceed to 122. 

59
 



,. 

121.	 THETA - A message is written describing the location of the problem 
and ~~x are printed. These are subsequently corrected to give a 
circumferentia11y uniform mean value of ~«r· and t4mOCI-' 
as fo 11 ows rr rr-I 

= 

This is only intended as an emergency procedure to insure continua
tion of the program. The modified ( Ilvn oc.%') are then printed and 
control goes to Step 118. 

122.	 THETA - Since the integration of 0hLo( proceeds only stepwise from 
one axial station to the next and th~ result is immediately damped 
with the result from a previous cycle, the undamped 8I must be pre
preserved andel-1 updated for the next incrementa 1 advance. Thi sis 
now done. At this point, a check is also made, whether or not this 
integration has reached either the compressor front face or the last 
downstream calculating station of the entire machine. If neither 
is the case, or if the mixing factor RFAC5 (used in Steps 131 and 
133 to compute pressures from the perturbation analysis) is 1.0 or 
greater, control passes to Step 135. 

123.	 THETA (Section IV) - If the 8 -integration has reached either the 
last station upstream or downstream of the machine, a perturbation
analysis revision of an~ for all upstream/downstream stations is 
called for. The procedures used (associated with the name KATZ) 
differ in the upstream (KATZ=l) from downstream region (KATZ=2), 
but in this program are performed by the same sections, the dis
tinction being made by the value of the indicator, KATZ. 

124.	 THETA - If KATZ=2 and ICOUNT=O, the following computations need 
not be repeated and control passes to Step 131. 

125.	 THETA - Compute circumferential averages of density, meridional 
velocity, and air angle at the end stations of the upstream region 
and at the back face of the compressor. 

126.	 THETA - Store the existing (unrevised) static pressures in the up
stream region and the unrevised tamoc. in the downstream region 
for purposes of moderating the results of the perturbation analysis 
procedure. 

127.	 THETA - Define boundary-value functions in the upstream and down
stream region. 

l'iQW. at the firs t upstream region 
PSTA."'C-
PSI'lATIl. at the compressor front face 
fsrilIT/( 
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F?OT1lL at the compressor rear face.fs;r...nl:. 

l
' I . 0(- oC!IlQ1n at the compressor rear face(
~6IelaI'I co;t~ 

128.	 FOUR - Determine 2N, Fourier coefficients for the two boundary
value functions as a function of 6 in each region. Ignore the 
first (zero-order) Fourier constant, which is the circumferential 
mean value of the function, since the analysis requires only the 
coefficients defining the deviation of the functions from the mean 

values, 

"""	 JI A,129.	 NEWRAP - Calculate k, ,k:a. and W. , W, , Wt , and Vo , V, , ~ so 
that 

a. k I • - K2. = .35 arb i t ra r i IY i 

b. Wo and Vo are the ar i thmet i ca I averages of the mean axi a I and tan
gential velocities at the two ends of the channel;C, Wand V ex
actly equal the mean axial and tangential velocities at the two ends 
of the channel, where 

kl-z
1\	 " k2'Z 

w Wo w,'e ·w,,·e= + + 
,. k,· z 1\ kZ·Z 

v .: Vo v,·e Va •e 

The analytical approximation of the mean velocities along the length 
of the channe lis thus fu II y def i ned. 

130.	 SMITH - This procedure is performed for each value of the Fourier 
index m(m:a'J· .. ~!'IF}, the constants of integration (AhI, BPI'l, C"" 
DttI,t ,Em,L ,r ) of the perturbation potential function solution 
are calculated: 

+00 {~Z -jmSoz -mz
 
= > Am'e +- B~· e + em' e +
 
""_-00 
~[ (k.t +rn)z (~-j",So)z, . (kL-rn)Z]} jmy
L D"",l' e +- £m,L'e + ''''J l e e 
Co. , 

where Am = A".,o Ar:..+ WO 

B/"Bm = B:' + w" 
em - C~ + c~ 

Wo 

and all the constants except A"", BIY), and e", pertain specifically 
to the first-order correction to account for axially nonuniform vv 
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thand V. Define the rn complex Fourier coefficients of the speci
fied boundary functions: Hm in the case of stagnation pressure, Pm 
in the case of static pressure, and 8", in the case of absolute flow 

Htangle. Define the m boundary-condition coefficient matrix {aij) 
bywhichA~, B~, andC~ are defined: 

Q2.l. 

where if the i~ boundary condition specifies stagnation pressure 
at z ... Z, , then for IN', V , and ~ defined at Z2. : 

0.;., 

and if the L#o. boundary condition specifies static pressure at 
z-22., then for W , V , and 1¥- defined at Z2. : 

Oi, = In [m W + j (m V - ~)1. eWI Z~ S Z 
Q.Z ~ _JM 0 2

Qt2 =- m [mSo (V- Sow) - j tJetVl e 
z -mZ2 

ah =- m [m W - j(mv+ :~)} e 
(2i4- :=. -J m~ 

and if the itl-.. bounda':i\/ondition specifies f low a ng Ieat z = Z 3 , 

then for W' , V , and -a-¥- at Z3def i ned : 

Z] mZ3 
a~, = rn [W + j V . e
 

_jmSoZ3
 
Ctiz ;::. - jm [50 'IN - VJ.e
 

-mZ~ 
ai3 = - fn [W - j V] .e 
alf :. em 

A Gauss-Jordan solution is used to solve the three simultaneous, 
linear, algebraic boundary equations to determine A::', B~, and G,. 
(This is done in Subroutine CSiMEQ), Define the particular 
solution coefficients (D~/L, E;;,L ,F~,l , l .. "2.. ) corresponding 
to the first-order correction for axially nonuniform mean velocities: 
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2 " 
AOm" jm kL Vi 

k1(k( + lm)(kL+ WI '#- j mS.) 

o m Uk~ ~ - ttl (I -#- 5:) [jm(So WL - ~) - k( wd} 
:. Bm" [ 1. 2.. 2) .k 5 ] kl kl - In (I + So - ,2J l m ° 

F",
/

,I 

Define the ~~ boundary condition constant vector which, alon~ with 
the previously defined boundary condition coefficient matrix taij} , 
wi 11 def i ne the cons tants of i ntegrat i on (A~, e,;. , and C~) for the 
mean velocity: 

all Q,l. 

Ilz, QZl.
 

{
 
~, 

,,,,
where if the L boundary condition specifies stagnation pressure 
at Z~ZI' then for w' , V , and i~ defined at 2, : 

Z ] f (k( - m)Z, l 
[ k, W - Zk, /rl W - j rn ~~ F..,I· e J 

i tltand if the boundary condit'ion specifies static pressure at 
Z-Z2 ' then for IN, V, and g~ defined at Zz.: 
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and if the in, boundary condition specifies flow angle at L. Z!J • 
then for W , V ,and ~ defined at ZJ : 

liZ 

I ~ { [ '] I 0<1 +h1)Z~
Qi... = L - W(k, +l'n) + JtrlV . D,."l . e 

l",'	 (u,( -J'Y1.5,,)Z~ 

[W(k1 -JmSo) + JrnVJ. [;",(·e 

r. ']' (kl - m) Z3 }
Lltv' (k: - m) + Jm V . Fm,l ' e 

A Gauss-Jordan solution is used to solve the three simultaneous, 
linear, algebraic boundary equations for the first-order correction 
cons tants of i ntegrat ion A~tl, B,~ • and C~. (Th is is done in Sub
routine CSIMEQ.) The m~ set of constants of integration and par
ticular solution constants for the perturbation potential function 
are put in final forms: 

At~AM =: ADm + Wo 

: 8m B~ + i
 
::.	 C~: + ~em WO 

Dh1 ::: D~ 
\,Ala 

Em :. E:. 
w·
Fr.!f=".,  W" 

for L=/)2.. 

131.	 GEORGE - If KATZ=1 and ICOUNT=3, new air angles are determined in 
the downstream duct region. For the specified nondimensionalized 
axial 10cation,%"'Z, calculate the m. complex Fourier coefficients 
(mal) .... )NP) of the p~rturbation tangential velocity,jA-m, and 
of the perturbation tangential velocity. ).)m: . 
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mz -jmSoz -fnZ 

= - j m Am' e + 8m, e + em' e{ 

~ [ (Ki. +- m)z (k l - jm.50)Z (kl-hJ)ZJ}
+L Dm/t·e + Em/c e + ~/fI, l'e 

£=/ 
mz _jmSoz -/nZ 

:: mAme - jrnSoBm·e - m c"" e{ 

(1«+2. [Dm,l . elK, ~ ")Z-I-	 -m)zJ }
F""LE 

L=/ 
In turn, for each of the i. sectors (i.- I"" .,NT) , the perturbation 
axial and tangential velocities,YV and V , are calculated via Fourier 
summation: 

w =2'~ {RE"AL(}Jtn)Go"Jm Yl IMA 5 f;<m)· £1m my.· } 
m-I 

v = 2.~ {REAL (VW/)Ctn mYi IMAG (Vm).s<m my! } 
m./ 

The flow angles then fol low directly, and these are "mixed" with the 
original values to moderate the influence of perturbation analysis, 
using 

If.
(!aM ex) == (1- RFA(5):/; -+- RFAC5 ta..r" cx.origt'nnl 

where 

V	 is the circumferential velocity component 

YV is the meridional velocity component 

*	 denotes the "mixed l' results 

fhe indicator ICOUNT is incremented and controls revert to Step 118. 

132.	 THETA - For the upstream region and for the first time through this 
section of the program only, compute the "mixing" factor RFAC5 which 
is progressively modified each time Program THETA is entered. If 
RFAC5 equals or exceeds 10, the solution wi I I be completely "released", 
and control passes to Step 135. 

133.	 EDWIN - For the specified nondimensionalized axial location,z-Z, 
calculate the mtJ. complex Fourier coefficients (m=I/ ... ,NF) of the 
perturbation circumferential pressure function gradientjA'/fl , and 
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of the perturbation pressure function, VII'I :
 

, mZ
 
== - m[mW 4- J(m V - ~)J Am' e .{ 

d J -jmS"Z 
+	 m(mSo(V-WSo)-Jd: Bm· e 

mZ 
+ m[mw-j(mv+ M)) Cm_i 
.~{2.	 d 1 (kli'm)Z 

+ L [(kl + tn) W of- jrn (k( +h)~/ - j rn d: JD~le . 
{2/ . 2 • . • V (k/-JmSoJZ

+ [Ck1- JrnSo) W of- Jtn(kL - jtnSo)V -Jm 9zJEm,ce 
2'	 I dVJ fkt-fYJJZ}}+ . ((kt-m)W+Jm(kt-m)V-Jmd·z. F""L'e 

).Jill ;::. - -J,I'm 
whereW, V, and M are all defined atZ. In turn, for each 
of the i sectors (i:& 'I .. ··INT), the perturbation pressure function 
and its ~ircumfere~tial gradient, f and ; ~p ,are calculated 
via Fourier summation: Y 

p NT' {=2 J., REAl(lJ.,)crornYi - IMA6()iml.>im.mYi}F 

=2 2NF 

{REAL (f-rr;)G<nmYi - IMAG())rn)sVn.myi.} 
h1 .. , 

(The static pressure gradient is not used.) The static pressures in 
the flow field are modified by "mixing" the perturbation solution 
values obtained here with the original values, again using the mix
ing factor RFAC5. 

134. THETA - Compute: the damped static pressure gradient 
,-J	 )/( :A 

( ' dP) = -' . fl<-I - Po., (/ _ RFA(1) + RFAC1.( / oP) I 

f~ fn en .., - e,,-,	 f ~e preVLOV.l 

The corresponding change in angular momentum 

_ L ((t· ~)r (J'~)l-I )(( )2.'( _ ~)t 
2. c. + C t'i- - t't-I + ZI Zr-I)

m,l '",f-'
 
For the upstream region only, and if ICOUNl is less than IFAC2
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''X·e"", r 
Increment ICOUNT and return to the appropriate section of Step 118. 
The number of i terat i ve determ i nat ions of tf ,p , and OC is spec i 
fied in the input of IFAC2, This iteration is necessary since the 
perturbation analysis in both regions is based on assumed tr and 
yields new pando<' corresponding toa revised§'. For the down
stream region, Steps 125 through 130 need not be repeated since ~ 
at the compressor rear face remains unchanged, this being the 
starting point of the downstream perturbation analysis. Step 124 
accomplishes this bypass after the first pass through the calcula
tion. If ICOUNT=IFAC2, control passes to Step 137. 

135.	 THETA (Section V) - In this section the regular computation of the 
damped static pressure gradient~~) and, for the blade-free spaces, 
the corresponding change in angular momentum, ~rC9' and of the air 
angle, ~ , is performed when the perturbation analysis is bypassed. 
The fol lowing procedure is employed here for updating the "previous" 
static pressure gradient, using the factor RFI 

( lOP) _ (I _RF1)/L oP) +- I Pn+1 - Pn- I . RF1 
f 08 pre~jo....s, -	 l~ rrJ ~l!vioul o' (J'" e 

",~rl,r..d x	 In h+1 - n-I 

The final value of (r' .~) is set equal to(f·~k~~. before being trans
ferred to the outpu tape. Control then passes to Step 137. 

136.	 If the last station has not yet been reached by the stepwise integra
tion procedure of e , I is incremented (next axial station) and, if 
I is less or equal to the last station, control goes to an appropri
ate section of Step 119. 

137.	 THETA (Section VI) - At this point, all the data processing but for 
the determination of the angle ~ ,has been completed for all 
axial stations of the current unit and for all sectors at a fixed 
streamline location (Jaconstant). In order to continue this 
process for a new streamline location, the auxi liary two-dimensional 
arrays must be vacated and the pertinent information stored in the 
original data arrays without erasing data that is sti 11 required. 

The arrays assignment is as follows: 

The radius array is maintained. 
(.1..'01') is stored in the array of static pressures, p
f 08 (ilscreen" or first upstream station excluded) . 
.t1B is stored in the array of static temperatures, t 

('lscreen" or first upstream station excluded). 
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/JrCe is stored in the array of meridional velocities,Crn 
(ilscreenil or first upstream station excluded).e is stored temporari Iy in the array of tam, 0( • 

~ is stored in the array of the streamline slope angle,¢, 
~e after it has been calculated by the formula: 

61; ¢MI - ¢II;I
 
~ 8""+1 - Bt.-I
 

The quantities that must be preserved for the processing of a sub
sequent unit are: 

CM at all sectors and streamlines of the last station; 
f.a..nO(at all sectors and streamlines of the last station; 
e (undamped) at all sectors and streamlines of the last 

station; 
j~ at all sectors and streamlines of the last station; 

'P.eF and ZR,f at all streamlines of the last station. 

This is achieved by increasing the axial array size (I) by one loc
cation for all six three-dimensional input arrays. The input is 
read into the arrays beginning at relative Station 1=2 (leaving 
1=1 free for transferred data). The output is stored in the arrays 
beginning at 1=1 (leaving the lastielative statio~ location for 
the preservat i on of C,., ,to-nOC, tf *) , 9 , f) ) • The 
auxi liary two-dimensional arrays are also increased by one axial 
station in order to permit a consistent treatment. 

138.	 THETA - Concurrent 1y, lJ and (}.~) are wr i tten on KTAPE2 for 
reference when "Program THETA '1 I S reentered. 

139.	 THETA - J is now incremented and the processing of data repeated for 
a new streamline location, starting at an appropriate segment of 
Step 118 until the maximum J is exceeded. 

140.	 THETA - U is printed since it wi 11 not be transfered later. 

141.	 THETA (Section VII) - When the data have been processed for all 
streamlines, sectors, and stations of the current input tape, the 
angle jU is calculated as follows: 

.,.. 

l=-m Ie 
·-Rt/2 = f -. 

I

Fl-R 
=iJ 

-+ 
tu ::. =s ~---~ 

I~ - Fil o -------_ 
1{- 0rtz = 1&- (J, , 

" 
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,P~I - ~ ( Ii; "~a)- Fl2 ' t/2. 

)A23 == a.rr1Mt. (5 )( Ju) 
n.z.. tu 

)'~ =- t ()A~ + )AU) (at Ii) 

142.	 THETA (Section VIII) - For the first output unit write onto the ap
propriate J-unit the following general input information: 

The Sector Heading 
Indicators 11- 22 
Constants Rl-R5 
Arrays r 'PrOTAL., TrOTAL, ex , cP ,for a 11 stream
lines at the first station. 

Define the first axial station for regular output (IZA1). 

143.	 THETA - Write the absolute station numbers of the first and last 
station defining the section for which output is about to be 
written, 

144.	 THETA - Write for each station 123(1) 132(1); if 123(1)=6, write the 
following: 

If ~23(1)=2 or 4, and 130(1)=3: EXPLOS
 
If ;23(1)=2 or 4, and 126(1)=3: XMACH
 
Write R13-R20 for all blade stations
 

.	 / ~-p ~AI eWrite,., r,~er ,J"', F-,,-' !!%.. ,oA ,for all streamlines 
and proceed to Step 146. cO ~9 

/ ()~ 3¢THETA - For each station IT i23(1)=6, write r ,f'ReF' 0' W 'ag-' 
t:.B ,lJ.rC9 for all strearrdines. J 

146.	 THETA - Write next JTAPE unit number. 

147.	 THETA - If the current tape unit is the last one, write R21(J)-R29(J) 
at each blade radius if 121(1)=1, write 133(1) and R30(1). 

148.	 THETA - If the current tape unit is the last one, go to 150. 

THETA (Section IX) - Transfer rRef and ZRer of ~~e last axial sta
tion to the..-first axial station. Transfer is if ' , (A..,.oc 
em ,and e of the last axial station to the first axial station 
of the new arrays of r , f.ZaA.t.oc:, em, ¢ ,respectively. Now define 
the new input and output tape unit numbers, the absolute and rela
tive station numbers defining the'next segment of the compressor and 
return to Step 111. 
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150. OVERAL - The weight flow computed in Step 113, the efficiencies com
puted in Step 115, and the speed of rotation of the first nonsta
tionary blade are printed. 

151. PCTURE - Polar plots showing the location of each sector centerline 
at every station are produced (by Subroutine PLOT). Subject to the 
control of the indicator IFPRIN, Cartesian plots of conditions at 
each computing station are produced (by Subroutine MPLOT). 

152. MAIN 
next 

- The identities of the 
cycle of computation. 

IK-Series" units are switched for the 

153. MAIN - This point is the termination of one cycle of calculation. 

154. MAIN - Upon completion of all 
nates. 

specified cycles, execution termi

SUBROUTiNE DESCRIPTIONS 

MA IN PROGRAM 

The function of the MAIN Program is to control the overall logic of 
the program, as is illustrated by Figure 2. This overall program flow 
chart is also a flow chart for the main program, inasmuch as the subrou
tine calls are indicated by references to "Program INPIJT 11 

, IIProgram 
DISTORT jj , "Program THETA", and "Program PICTURE". These are the four 
major overlays into which the program is divided; the actual correspond
ing FORTRAN calls are to Subroutine INPUT, Subroutine DISTOR, Subroutine 
THETA, and Subroutine PCTURE. 

The following relates the program to the STEPWISE ANALYSIS PROCE
DURE: 

Step Number Cards (identifier SOl) 

1 
2 
6 
7 
8 

101 
152 
153 
154 

0004 through 0034 
0035 and 0036 
0037 and 0075 
0038 through 0043 
0046 through 0048 
0049 
0070 through 0074 
0075 
0076 

SUBROUTINE INPUT 

The function of Subroutine INPUT is to read in the bulk of the input 
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data required to start a new job, and to prepare the initial "J-Series" 
input data sets for Subroutine READIN of "Program DISTORT". Note that the 
subroutine is only called when the first computer run of ajob is made; 
subsequently, the "J-Series" units are prepared by Subroutine THETA. The 
subroutine is called by the MAIN Program. A flow diagram for the subrout
tine is shown on Figure 70 

The fol lowing relates the subroutine to the STEPWISE ANALYSIS PRO
CEDURE : 

Step Number Cards (Identifier S02) 

3 0009 through 0130 
4 0131 through 0185 
5 0186 through 0279 

SUBROUTINE DISTOR 

The function of Subroutine DISTOR is to control the logic of "Pro
gram DISTORT 1', the second major overlay of the programo Figure 3, a flow 
diagram for "Program DISTORT 1

:, serves also as a flow diagram for Subrou
tine DISTORo The subroutine is called by the MA.IN Program, and calls 
Subroutine READIN, Subroutine SOLVE, Subroutine SEARCH, Subroutine PRINT, 
and Subroutine PUNCH. 

The following relates the subroutine to the STEPWISE ANALYSIS PRO 
CEDURE: 

Step Number Cards (Identifier S03) 

9 0018 through 0027 
94 0032 through 0037 
96 0039 
97 0040 through 0044 

100 0051 

SUBROUTINE READIN 

The functions of Subroutine RE.ADIN are to read from the IIJ-Series'l 
units the input data for the particular sector analysis, to determine the 
relaxation factor for the (radial) streamline relocations, to print certain 
of the input data upon request. and, for the first cycle of computation 
only, to estimate the streamline locations initiallyo The subroutine is 
called by Subroutine DISTOR. 

The following relates the subroutine to the STEPWISE ANALYSIS PRO
CEDURE: 
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Step Number Cards (Identifier S04) 

10 0019 through 0115 
11 0018 through 0138 
12 0144 through 0189 
13 0192 through 0215 

SUBROUTINE SOLVE 

The function of Subroutine SOLVE is to compute a solution to the 
momentum and continuity equations at each computing station. The sub
routine is cal led by Subroutine DISTOR, and calls Subroutine GRAPH3, 
Subroutine LSQLNE, Subroutine INTERP, and Subroutine BLTHIC. A flow 
diagram for the subroutine is shown on Figure 8. 

The following relates the subroutine to the STEPWISE ANALYSIS PRO
CEDURE: 

Step Number Cards (Identifier S05) 

14 0026 through 0028 
17 0097 through 0100 
18 0101 
19 0103 through 0105 
21 0117 
23 0118 through 0121 
24 0122 
25 0124 
26 0125 through 0134 
65 0138 through 0147 
66 0148 and 0149 
67 0150 and 0169 
68 0170 
69 0177 through 0188 
70 0190 
71 0192 through 0199 
72 0200 through 0206 
73 0207 through 0218 
74 0219 through 0230 
75 0231 through 0236 
76 0239 through 0247 
77 0248 through 0260 
78 0261 through 0271 
79 0272 through' 0277 
80 0278 and 0279 
81 0280 through 0286 
82 0288 through 0303 
83 0304 through 0308 
84 0309 
88 0310 through 0316 
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Step Number Cards (Identifier 50S) 

89 0317 through ~326 

90 0329 
91 0330 through 0348 
92 0350 
93 0351 through 0355 

SUBROUTINE GRAPH3 

The function of Subroutine GRAPH3 is to linearly interpolate input 
data at streamline radii. The subroutine is called by Subroutine SOLVE 
and Subroutine INTERP. The fol lowing steps in the STEPWISE ANALYSIS PRO
CEDURE involve Subroutine GRAPH3. Card identifier: 506. 

Step Number 

15
 
20
 
22
 
27
 
28
 

SUBROUTINE LSQLNE 

The function of the routine is to supervise the evaluation of the co
efficients of a second-order polynomial curve yielding a least-squares 
fit to the streamlines. The subroutine is cal Jed by Subroutine SOLVE, 
and calls Subroutine LSQFiT. Step 16 of the STEPWISE ANALYSIS PROCEDURE 
is performed by the subroutineo Card identifier: 507. 

In general, the standard procedure used in the subroutine involves 
fitting a least-squares parabola through a group of NPTS points of the 
Y versus EX curve. The values of DYDX(LM,J) and D2YDX2(lM,J) are then 
calculated using the coefficients of the parabola and the value of EX(LM), 
where LM refers to the index of the middle point of the group. The equa
tions are as follows: 

DYDX(LM,J)=ACO(2)+2.0·ACO(3)·EX(lM) 

D2YDX2(lM,J)=2.0·ACO(3) 

where ACO(2) and ACO(3) are the second and third coefficients of the 
least-squares parabola computed by Subroutine LSQFIT. The procedure is 
repeated increasing LM in increments of one until all of the derivatives 
have been calculated. The value of NPTS can be either 5, 7, 9, or 1I 
whichever is specified in the input to the program. 

The standard fitting procedure described above cannot be used, without 
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some modification, to calculate derivatives at a number of stations near 
the beginning or end of the machine. For example, with NPTS=7 station 2 
cannot be treated in the normal manner since there are less than three 
preceding stations and the procedure requires that the station under con
sideration be the middle of a group of NPTS stations. 

It can be seen that the first and last stations at which the standard 
fitting procedure can be used are 11 and 12, respectively, defined as 
follows: 

NPTS+l 
I 1 

2 

NPTS -1 
12 = NX

2 

For stations whose indices are less than 11 or greater than 12, the fitting 
procedure must be modified. This is done by setting up "d ummy" stations 
at the beginning and end of the machine in sufficient number to satisfy 
the condition that there be (NPTS-l)/2 stations on either side of the one 
being considered. The values of the dependent variable at dummy stations 
placed before the first axial station are set equal to Y(l ,J). The cor
responding values of the independent variable are calculated using the 
same increments in axial distance, EX, to the left of the first axial 
station as those to the right. For example, the value of the independent 
variable used cit the first dummy station to the left of axial station I 
would be, EX(I)- EX(2j-EX(I). A similar procedure is used for stations 
at the end of the machine. That is, for dummy stations placed after the 
last axial station, the values of the dependent variable are Y(NX,J). 
The corresporiding values of the independent variable are calculated using 
the same increments to the right as those to the left of the last axial 
station whose index is less than 11 or greater than 12. 

It is possible, in some cases, that portions of the Y versus X curve 
may be horizontal, that is, that Y is constant with X for a number of 
axial stations in the machine. This condition is most commonly encount
ered when the dependent variable is the streaml ine radius and a straight 
hub or tip is used for the inlet or outlet sections of the machine. Theo
retically, the calculated coefficients of a least-squares parabola, fit 
through a group of points forming a horizontal line, should all be zero 
except the first which should be identical to the constant value of the 
dependent variable, Y. Due to the round-off error inherent in digital
computer calculations, it is highly probable that the pa~abola coeffi
cients, evaluated by a computer, wi 11 all be nonzero, The use of the 
coefficients to calculate derivatives, which are known to be zero for a 
constant value of Y, will lead to inaccurate results. Therefore, a proce
dure is used to determine whether any-portions of the Y versus X curve 
are horizontal and to set the values of DYDX and D2YDX2 to zero for axial 
stations fal ling within those portions of the curve. 
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Starting from the first axial station, 1=1, the values of 

Y(I+l ,J)-Y(I ,J) 
DELTY = 

YAV EX(I+l,J)-EX(I) 

where 

Y( 1+1, J) +Y ( 1) 
YAV = ----- 

2.0 

-5are calculated and compared with a small number, chosen as 10 to al low 
for some round-off error in the calculations. From the former of the two 
equations above, it can be seen that DELTY is the fractional change in 
the dependent variable per unit axial distance between stations I and 
1+10 If the va 1ue of DELTY is 1ess than 10-5, the Y versus X curve be
tween these two stations is, for all practical purposes, horizontal. 
Therefore, the values of DYDX(1 ,J) and D2YDX2(1 ,J) are set equal to zero. 
The procedure is continued unti 1 the station at which the curve is no 
longer horizontal is found. The last station from the inlet to the ma
chine for which the curve is horizontal is indicated as Kl and represents 
the first station for which a least-squares parabolic-fitting procedure 
may be used to evaluate derivatives, 

A simi lar checking procedure is used for axial stations, KNX, start 
ing from the last station of the machine, KNX=NX, and calculating values 
of 

Y(KNX,J)-Y(KNX-l,J) 
DELTY = 

YAV EX(KNX)-EX(KNX-l) 

where 

(KNX,J)+Y(KNX-l,J) 
YAV = ------- 

2.0 

For stations where DELTY 10-5, the values of DYDX(KNX,J) and D2YDX2(KNX,J) 
are set equal to zero. The last value of KNX is the index of the last axial 
station from the end of the machine for which the curve is horizontal. The 
axial statation, KNX, is then the last one for which a least-squares 
parabola-fitting procedure may be used to evaluate derivatives. 

The values of Kl and KNX are then compared with the values of 11 and 
12 in order to determine which types of fitting procedure are required 
and for which axial stations each type of procedure is to be used. 

When the derivatives for all axial stations from 2 to NX-l have been 
calculated, Kl and KNX are compared with 1 and NX, respectively. If Kl=l 
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the va Iue of D2YDX2 ( 1, J) is set equa I to zero and the va Iue of 

Y(2,J)-Y(I,J) 
DYDX(I,J) = 

EX (2) -EX ( I) 

is calculated. If KNX=NX, the value of D2YDX2(NX,J) is set equal to zero 
and the value of 

Y(NX,J)-Y(NX-I,J) 
DYDX(NX,J) = 

EX(NX)-EX(NX-l) 

is calculated. The foregoing corresponds to specifying the boundary con
ditions at the inlet and outlet of the machine. 

Finally, the streamline slope angles and curvatures are determined. 
For passes after the first, the curvature is set equal to the mean of the 
value used on the previous pass, and that prescribed by the streamline 
slopes and rates of change of slope just obtained, 

SUBROUTINE LSQFIT 

The function of Subroutine LSQFIT is to determine the coefficients 
of a second-order least-squares fitting polynomial for the streamlines. 
The subroutine is called by Subroutine LSQLNE. Step 16 of the STEPWISE 
ANALYSiS PROCEDURE involves the use of the subroutines. Card identifier: fl 

s08. f 
SUBROUTINE SEARCH 

The function of Subroutine SEARCH is to estimate the flow required 
in a sector of the compressor to give the specified downstream static 1pressure. The subroutine is called by Subroutine DISTOR, and calls ."1
Function BIG. A flow diagram for the subroutine is shown on Figure 9. 
Step 95 of the STEPWISE ANALYSiS PROCEDURE is performed by Subroutine 
SEARCH. Card identifier: S09. 

FUNCTION BIG 

The function of Function BiG is to determine the value of the larger 
of two quantities. -rhe function is called by Subroutine SEARCH, and is 
involved in Step 95 of the STEPWiSE ANALYSIS PROCEDURES. Card identi
fier: SIO. 

76 



FUNCTION SGIN 

The function of Function SGIN is the return 1.0 or -1.0, in accord 
with the sign of the input quantity. The function is called by Subroutine 
SOLVE and SUbroutine INTERP. Steps 62 and 82 involve the use of the func
tion. Card identifier: SIlo 

SUBROUTiNE RATE 

The function of Subroutine RATE is to determine the radial deriva
tives of various quantities required for the solution to the momentum 
equation. The subroutine is called by Subroutine SOLVE. Step 71 of the 
STEPWISE ANALYSiS PROCEDURE involves the use of the subroutine. Card 
identifier: S12. 

SUBROUTINE INTERP 

The function of Subroutine INTERP is to determine the specification 
of the blade sections formed by intersection of the streamlines with the 
blade rows and hence to supervise the prediction of the blade section per
formances, The subroutine is called by Subroutine SOLVE, and calls Sub
routine GRAPH3 and Subroutine CASCDE. 

The following relates the subroutine to the STEPWISE ANALYSIS PRO
CEDURE: 

Step Number Cards (Identifier S13) 

27 0017 through 0060 
28 0061 through 0078 
63 0080 through 0084 
64 0085 and 0086 

SUBROUTINE CASCDE 

Subroutine CASCDE is the principal subroutine used to predict blade 
section performance. The subroutine is called by Subroutine INTERP, and 
calls Subroutine OPTANG, Subroutine STLANG, and Subroutine MCDEVN. A flow 
diagram for the subroutine is shown on Figure 10, 

lhe fol lowing relates the subroutine to the STEPWISE ANALYSIS PRO
CEDURE: 

Step Number Cards (Identifier S14) 

29 0021 through 0034 
30 0035 through 0041 
33 0045 through 0053 
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Step Number Cards (Identifier S14) 

34 0057 through" 0073 
41 0076 through 0091 
42 0095 
43 0097 through 0107 
44 0110 through 0114 
45 0115 through 0121 
46 0123 through 0160 
47 0161 through 0172 
48 0173 through 0178 
49 0180 through 0183 
51 0186 through 0190 
52 0193 and 0194 
53 0196 through 0206 
54 0208 through 0215 
59 0217 
60 0219 through 0232 
61 0233 through 0241 
62 0242 through 0312 

SUBROUTINE GRAPH2 

The function of Subroutine GRAPH2 is to interpolate between choking 
and stalling angles (determined by Subroutine STLANG) to find the values 
corresponding to the solidity of the cascade section under consideration. 
The subroutine is called by Subroutine STLANG. Step 36 of the STEPWISE 
ANALYSIS PROCEDURE is performed by Subroutine GRAPH2" Card identifier: 
S15. 

SUBROUTINE STLANG 

The principal funGtion of Subroutine STLANG is to determine the 
choking and stalling inlet angles of the cascade sectipn under considera
tion, by determining these quantities for the cascade of interest, but at 
solidities of 0.5, 1.0, and 1.5, and interpolating between these solidi
ties (in Subroutine GRAPH2) for the desired solidity. Subroutine STLANG 
also initiates the determination of the relative outlet flow angle from 
the cascade (by Subroutine OUTANG). Subroutine CASCDE cal Is Subroutine 
STLANG. Step .35 of the STEPWISE ANALYSIS PROCEDURE is performed by the 
subroutine, C,3rd identifier: s16. 

SUBROUTINE OUTANG 

The function of Subroutine OUTANG is to determine the relative outlet 
flow angle from a specified blade settion, The subroutine is cal led by 
Subroutine STLANG. 
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The following 
CEDURE: 

relates the subroutine to the STEPWISE ANALYSIS PRO

Step Number Cards (Identifier S17) 

37 
38 
39 
40 

0004 through 0011 
0016 through 0020 
0021 and 0022 
0023 through 0058 

SUBROUTINE OPTANG 

The function of Subroutine OPTANG is to determine for a specified 
blade section the minimum loss inlet angle. The subroutine is cal led by 
Subroutine CASCDE. Step 32 of the STEPWISE ANALYSIS PROCEDURE is per
formed by the subroutine. Card identifier: S18. 

SUBROUTINE MCDEVN 

The function of Subroutine MCDEVN is to determine the increase in 
the minimum loss exit flow angle that occurs when the relative inlet Mach 
number exceeds the critical value. 

The following relates the subroutine to the STEPWISE ANALYSIS PRO
CEDURE: 

Step Number Cards (Identifier S19) 

55 0022 
56 0023 through 0047 
57 0051 
58 0052 through 0058 

SUBROUTINE BlTHIC 

The function of Subroutine BLTHIC is to reestimate during each ve
locity profi le iteration the annulus wall boundary-layer thickness at a 
computing station. The subroutine is called by Subroutine SOLVE. 

The following relates the subroutines to the STEPWISE ANALYSIS PRO
CEDURE: 

Step Number Ca~ds (Identifier S20) 

85 0016 through 0026 
86 0027 through 0060 
87 0061 
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SUBROUTINE PRINT 

The function of Subroutine PRINT is to output (onto the standard out
put unit normally) the velocity diagram results for each sector analysis. 
The output is programmed to print up to 60 lines on a page, and to skip 
to a new page whenever a column of results would be separated from its 
heading by the 60 line limit. The subroutine called by Subroutine DISTOR. 
Step 98 of the STEPWiSE ANALYSIS PROCEDURE is performed by the routine. 
Card identifier: S21. 

SUBROUTINE PUNCH 

The functiion of Subroutine PUNCH is to output onto the IIL-Series" 
units the results of each sector analysis, for use subsequently by Sub
routine THETA. The subroutine cal led by SUbroutine DISTOR. Step 99 of 
the STEPWISE ANALYSIS PROCEDURE is performed by the subroutine. Card 
identifier: S22. 

SUBROUTINE THETA 

The function of Subroutine THETA is to reestimate the angular co
ordinates of the streamlines defining the sector centerlines, the angle 
of inclination of these centerlines against the local meridional plane, 
the angular width of each sector, the circumferential gradients of static 
pressure and streamline slope, and the change in angular momentum along 
streamlines in blade-free spaces. The subroutine is called by the MAIN 
program, and calls Subroutine NEWRAP, Subroutine SMITH, Subroutine OVERAL, 
Subroutine FOUR, Subroutine GEORGE, Subroutine EDWiN, Function SERVUS, 
Function VBARF, Function DERIV, Function XMEAN, Function WBARF, and Func
tion FINDY. (Ceills to OVLTWO and OTHREE are calls to alternative entry 
points of Subroutine OVERAL.) Figure 11 shows a flow diagram for Sub
routine THETA. 

The principal inputs to Subroutine THETA are arrays gIving for every 
meshpoint defined by a streamline number, station number, and sector num
ber, the radius, static pressure, static temperature, streamline slope, 
meridional component of velocity, and absolute whirl angle. 

The principal outputs are the quantities whose reestimation is the 
function of the subroutine indicated above. 

The following relates the subroutine to the STEPWISE ANALYSIS PRO
CEDURE: 

~NlJmber Cards ( Identifier 523) 

102 0052 through 0062 
103 0064 through 0081 
104 0085 th rough 0089 
105 0092 th rough 0101 
106 0103 through 0106 
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Step Number Cards (Identifier S23) 

107 0107 
108 0108 through 0113 
109 0115 through 0117 
110 0118 through 0121 
III 0122 and 0123 
112 0128 through 0146 
114 0152 through 0162 
116 0167 through 0185 
117 0189 through 0202 
118 0206 through 0217 
119 0221 through 0223 
120 0227 through 0231 
121 0235 through 0253 
122 0257 through 0266 
123 0268 
124 0270 
125 0274 through 0282 
126 0283 through 0293 
12] 0297 through 0306 
132 0379 through 0386 
134 0416 through 0427 
135 0432 through 0452 
136 0453 and 0454 
137 0456 through 0479 
138 0480 and 0481 
139 0483 through 0486 
140 0487 through 0499 
141 0501 through 0532 
142 0565 through 0583 
143 0585 
144 0588 through 0604 
145 0606 through ·0608 
146 0611 
147 0614 through 0629 
148 0630 
149 0632 through 0650 

SUBROUTINE OVERAL 

The function of Subroutines OVERAL is to determine (and print) the 
overall performance of the compressor, as implied by the results of the 
current cycle of calculations. The subroutine is cal led·by Subroutine 
THETA. Note that the subroutine contains two ENTRY statements, so that 
calls to OVERAL, OVLTWO, and OTHREE are all cal Is to this subroutine. 
The fol lowing relates the subroutine to the STEPWISE ANALYSIS PROCEDURE: 
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Step Number Cards (Identifier S24) 

113 0020 through 0040 
115 0041 through 0065 
150 0066 through 0079 

FUNCTION SERVUS 

The function of Function SERVUS to determine the ratio of any sector 
width to the width of the same sector at the first computing station. 
Subroutine THETA cal Is the function, and the function calls Function DELTA. 
Function SERVUS is involved in Step 120 of the STEPWISE ANALYSIS PROCEDURE. 
Card identifier: S25. 

FUNCTION FINDY 

Function FlNDY is designed to linearly interpolate (or extrapolate) 
at the reference radii the data read in by Subroutine THETA at the sector 
streamline radii. The function is called by Subroutine THETA and is in
volved in Step 116 of the STEPWISE ANALYSIS PROCEDUREo Card identifier: 
S26, 

FUNCTiON DELTA 

The function of Function DELTA is to determine the angular separation 
of two sector centerlines, The function is called by Subroutine FOUR, Func
tion SERVUS, and Function DERiV. The function is involved in Steps 120, 
128, and 134 of the STEPWISE ANALYSIS PROCEDURE. Card identifier: S27. 

FUNCTION DERIV 

Function DERIV is used to determine the circumferential gradients of 
static pressure and streamline slope angleo The function is cal led by 
Subroutine THETA, and calls Function DELTA. Steps 128, 134, and 137 of 
the STEPWISE ANALYSIS PROCEDURE involve the use of the function, Card 
identifier: s28, 

SUBROUTINE FOUR 

The function of Subroutine FOUR is to determine the coefficients of 
a Fourier series representing a piece-wise linear function specified by 
the points at the intersections of the straight-line regions. Subroutine 
THETA calls Subroutine FOUR, which calls Function DELTA. Subroutine FOUR 
performs Step 128 of the STEPWISE ANAiYSIS PROCEDURE. Card identifier: 
S29, 
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FUNCTION XMEAN 

Function XMEAN is used to obtain the circumferential mean of quanti 
ties assumed to vary linearly between specified points. Subroutine THETA 
calls Function XMEAN, which calls Function DELTA. Steps 127 and 133 of 
the STEPWISE ANALYSIS PROCEDURE involve the use of Function XMEAN. Card 
identifier: S30. 

SUBROUTINE EDWIN 

The function of Subroutine EDWIN is to sum the Fourier series defin
ing the static pressure and static pressure gradient in regions where the 
perturbation solution is obtained. The subroutine is cal led by Subroutine 
THETA, and calls Function VBARF. Function VBARDF. and Function WBARF. Sub
routine EDWIN is involved in Step 133 of the STEPWISE ANALYSIS PROCEDURE. 
Card identifier: S31. 

SUBROUTINE NEWRAP 

The function of Subroutine NEWRAP is to determine the coefficients 
of a function approximating the (circumferential) mean meridional and tan
gential velocity variations in the axial direction. The subroutine is 
called by Subroutine THETA, and is involved in Step 129 of the STEPWISE 
ANALySIS PROCEDURE. Card identifier: S32. 

SUBROUTINE CPOUR 

The function of Subroutine CPOUR is to control overflows generated 
by Subroutine CSIMEQ, which calls Subroutine CPOUR. Subroutine CPOUR is 
involved in Step 130 of the STEPWISE ANALYSIS PROCEDURE. Card identifier: 
S33. 

FUNCT ION VBARF 

The function of VBARF is to calculate the mean tangential velocity 
at a particular axial location according to the function defined by Sub
rout i ne NEWRAP. Funct ion VBARF is ca 'II ed by Subrout i ne THETA. Subrout i ne 
EDWIN. and Subroutine SMITH. Steps 137, 133. and 130 of the STEPWISE 
ANALYSiS PROCEDURE involve Function VBARF. Card identifier: S34. 

FUNCT i ON VBARDF 

Function VBARDF is used to determine the gradient in the axial direc
tion of the mean tangential velocity aecording to the function defined by 
Subroutine NEWRAP. Function VBARDF is called by Subroutine EDWIN and Sub
routine SMITH. Steps 130 and 133 of the STEPWiSE ANALYSIS PROCEDURE 
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involve Function VBARDF. Card identifier: S35, 

FUNCTION WBARF 

The function of Function WBARF is to calculate the mean axial velocity 
at a particular axial location according to the function defined by Subrou
tine NEWRAP. Function WBARF is called by Subroutine THETA, Subroutine 
EDWIN, and Subroutine SMITH. Steps 130, 131, and 133 of the STEPWISE 
ANALYSIS PROCEDURE involve Function WBARF. Card identifier: S36, 

SUBROUTINE CSIMEQ 

The function of Subroutine CSIMEQ is to solve a set of simultaneous 
linear algebraic equations having complex coefficients by means of a Gauss
Jordan triangular reduction, Rows are interchanged to maximize the diag
onal elements during the reduction, Since these elements are used as 
divisors, errors are thereby minimi2~d, Also, a zero check is used to 
bypass unnecessary operations, Subroutine CSIMEQ is called by Subroutine 
SMITH, and calls Subroutine CPOUR, Step 130 of the STEPWISE ANALYSIS PRO
CEDURE involves Subroutine CSiMEQ. Card identifier: S37. 

SUBROUTINE GEORGE 

The function of Subroutine GEORGE is to sum the Fourier series defin
ing the perturbation tangential and axial velocities in regions where the 
perturbation solution is obtained, The subroutine is called by Subroutine 
THETA. Step 131 involves Subroutine GEORGE. Card identifier: S38, 

SUBROUTINE SMITH 

The function of Subroutine SMITH is to compute the Fourier coeffi
cients which define the ~erturbation solution to the flow in regions where 
this is obtained, that is, the compressor inlet and outlet ducts. Subrou
tine SMITH is called Subroutine THETA, and calls Subroutine CSIMEQ. Func
tion VBARF, Function VBARDF, and Function WBARF. Step 130 of the STEPWISE 
ANALYSiS PROCEDURE is performed by Subroutine SMiTH. Card identifier: 
S39, 

SUBROUTiNE PCTURE 

Subroutine PCTURE supervises the plotting of the sector centerline 
locations and conditions, Subroutine PCTURE is called by the MAIN Pro
gram, and calls Subroutine PLOT and Subroutine MPlOT, Step 151 of the 
STEPWISE ANALYSIS PROCEDURE involves Subroutine PCTLIRE. Card identifier: 
S40, 
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SUBROUT INE PLOT 

Subroutine PLOT creates polar plots showing the location of each 
sector centerline at every computing station. The subroutine is called 
by Subroutine PCTURE. Step 151 of the STEPWISE ANALYSIS PROCEDURE in
volves Subroutine PLOT. Card identifier: S41. 

SUBROUTINE MPLOT 

Subroutine MPLOT creates Cartesian plots showing the variations of 
conditions with radius along sector centerlines at each computing station. 
The subroutine is called by Subroutine PCTURE. Step 151 of the STEPWISE 
ANALYSIS PROCEDURE involves Subroutine MPLOT. Card identifier: S42. 

NOMENCLATURE OF FORTRAN 

The FORTRAN variables are 
taining them, or, if they are 
routine in which they occur. 

listed according 
not 
(All 

to the COMMON 
in a COMMON block, 

COMMON is named.) 
by the na

block 
me of 

con
sub

COMMO N/DATA/ 

Fortran Symbol Use 

CPI Specific heat of working fluid, Btu per 
lb deg R 

GASK Gas constant of working fluid, ft lb per 
lb deg R 

HUBLOC Fraction of annulus blockage area initially 
placed on hub 

IFBL Indicator specifying annulus wall boundary
layer calculation option 

IFRPM Indicator controlling output during first 
cycle 

IFSIMP Indicator controlling equilibrium and 
curve-fitting options 

IFTYPE Indicator specifying station lean angle 
and solution type option 

IGV Set by program to I if number of sector is 
greater than 1, otherwise set to 2 
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Use 

Set to I in program 

Increment in pass number for printing of 
cascade analysis results 

Increment in pass number for printing of 
velocity triangle results
 

Set to zero in program
 

Set to zero in program for first cycle,
 
I for subsequent cycles
 

Current input unit numbers from "J-Series"
 

Indicator controlling velocity print

out option
 

Number of blading data radii
 

Number of streamlines on each sector
 
centerline
 

Maximum number of passes per cycle
 

First pass during which cascade analysis
 
results are printed
 

Indicator controlling output from Sub

routine PUNCH
 

Standard output unit number
 

Number of radii at which inlet conditions
 
are specified
 

First pass during which velocity triangle
 
results are printed
 

Total number of computing stations
 

Tolerance for continuity calculation at
 
each station, as a fraction of flow 

First coefficient in expression = VISI+ 
VIS2 to give viscosity for Reynolds 

number calculations, Ib per ft sec 
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Fortran Symbol 

VIS2 

ANGLN (I) 

BBP(I,J) 

BETA 

BLAK ( I ,J) 

BLAM( I) 

CLOSS( I,J) 

COMENT(K) 

CO(I,J) 

DELM( J) 

ESTFLO 

EXPLOS ( I ) 

FLOWI 

I BETA2 ( I) 

IFCAX ( I ) 

IFLVS ( I ) 

IFMACH( I) 

IFMLOS ( I ) 

IFPROF( I) 

IFREYL(I) 

IFREYN ( I ) 

Use 

See above, Ib per ft sec deg R 

Station I lean angle, deg 

Blading data radii, Station I, data line J, ft 

Blade camber angle, or outlet angle, deg 

Blade thickness/chord ratio, Station I, data 
1 i ne J 

Fraction of annulus blocked by boundary layer 
at Station I 

Blade row total pressure loss coefficients, 
Station I, data line J 

Title for sector analysis 

Additional loss factor, Station I, data line J 

Fraction of flow between hub and streamline J 

Estimated flow in sector, on whole compressor 
basis, lbs per sec 

Exponent in loss/incidence relationship, 
Station I 

Specified downstream static pressure, 1bs per 
sq ft 

indicator specifying cascade analysis option, 
blade preceding Station I 

Indicator specifying cascade analysis option 

Indicator specifying cascade analysis option 

Indicator specifying cascade analysis option 

Indicator spec i fyi ng cascade analysis option 

Indicator specifying cascade analysis option 

Indicator specifying cascade analysis option 

Indicator specifying cascade analysis option 
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Fortran Symbol 

I FTH I C(I) 

ILOSS(I)
 

IMACH I (I)
 

KSUMRY
 

RPM2 (I)
 

RHP (I)
 

RSP (I)
 

ROT
 

SIGMA(I,.J)
 

STAG(I,J)
 

WIDTH
 

x(I) 

XMACH (I) 

XBAR(I,J) 

DELR(J) 

COMMON /CALC/ 

Fort ran Symbo 1 

FLOW 

ICASE 

KRPM 

Use 

Indicator specifying cascade analysis option 

Indicator specifying cascade analysis option 

Indicator specifying solution type 

Set to lin prog ram 

Speed of rotation of blade row preceding 
Station I, revolutions per min 

Hub radius, Station I, ft 

Casing radius, Station I, ft 

Not used 

Cascade sol idity, Station I, data line J 

Blade stagger angle, or inlet angle, Station I, 
data line J, deg 

Estimated flow range of characteristic, as a 
fraction of flow 

Axial coordinate of intersection of computing 
Station I with axis, ft 

Multiplying factor in Mach number deviation, 
correction, blade preceding Station I 

Distance to maximum camber point of blade 
from leading edge, as fraction of chord, 
Station I, data line J 

Fraction of annulus height between hub and 
streamline J in inlet 

Use 

Current estimate of flow in sector, Ibs per sec 

Set to I in program 

Not used 
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Fort ran Symbo I 

L 

NCASE 

NDIV 

NDUM 

NMASS 

NPLET 

NROT 

NWRET 

ALPHA(I,J) 

CMT (I ,J) 

PO(I,J) 

RCB(I,J) 

STATT(I,J) 

TO(I,J) 

WMT(I,J) 

COMMON /WENT/ 

Fortran Symbol 

GJ 

GJCP 

GR2 

Current pass number 

Set to I in program 

Indicator recording convergence of sector 
analysis 

Not used 

Set to lin program 

Records NPLOT 

Set to I in program 

Records NWRIT 

Streamline slope angle, Station I, streaml ine J, 
rad i ans 

Meridional velocity, Station I, streaml ine J, 
ft per sec 

Total pressure, Station I, streamline J, Ibs 
per sq ft
 

Curvature of streamline, Station I, streamline J,
 
11ft 

Static temperature, Station I, streaml ine J, 
deg R 

Total temperature, Station I, streamline J, 
deg R 

Meridional velocity on previous pass, ft per 
sec, also rate of change of slope of streaml ines, 
Station I, streamline J 

Use 

64.35 x 778.0, being 2.g.J, ft 2 Ibs per sec2 BTU 

Not us'ed 

64.35 x GASK, being 2.g.R, ft 2 per sec2 deg R 
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Fortran Symbol 

CXM(I,J) 

I(K) 

COMMON /NEW/ 

Fortran Symbol 

RDIS(I,J) 

XMU(I,J) 

oPO lH ( I , ,J) 

DFDTH (I, .J) 

ARATIO(I,J) 

COMMON /RESLILT/ 

Fortran Syrnbo I 

DAMP 

R(I,J) 

COMMON /TOGOSS/ 

Fortran Symbol 

BETI (I,J) 

CLOS (I, J) 

CR(I,J) 

CUPONS (I , J) 

Use 

Tangent of flow angle defined as tangential 
velocity/meridional velocity, Station I, 
streamline J 

Various cascade analysis parameters 

Use 

Asymmetric flow parameter data radi i, Station 
I, da ta line J, ft 

AnglejA. , Station I, data 1 ine J, radians 

Station I, data line J, ft 2/sec l 

, Station I, data line J 

Sector angular width/sector inlet angular width, 
Station I, data line J 

Use 

Relaxation factor for streamline location re
est imat ion 

Radius of streamline location, Station I, 
streamline J, ft 

Use 

Relative inlet angle to blade row, Station I,
 
streamline J, deg
 

Blade row total pressure loss coefficient,
 
Station I, streaml ine J 

Not used 

Cascade solidity, blade preceding, Station I, 
stream line J 
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Fortran Symbol 

RMI (I ,J) 

STAGG (I ,J) 

STATP(I,J) 

TANBET (I ,J) 

COMMON /GEN/ 

Fortran Symbol 

TITLE (K) 

NTH ETA 

LP 

NLOOPS 

IFPRIN 

R32(N) 

COMMON /SECTOR/ 

Fortran Symbol 

IFFULL 

EF(N) 

CARD (K,N) 

11 

12 

13 

Use 

Relative inlet Mach number, blade following 
Station I, streaml ine J 

Minimum loss inlet angle, blade row following 
Station I, streamline J, deg 

Static pressure, Station I, streamline J, 
1bs per sq ft 

Tangent of relative outlet flow angle, blade 
row preceding Station I, streamline J 

Use 

Case identification, alphanumeric 

Number of sectors 

Counter on major iteration loop (cycle 
number of job) 

Total number of cycles 

Indicator control 1ing printout for DISTORT 

Angular coordinate of sector centerline, 
deg, rad ians 

Use 

Indicator governing reading of input 

Flow in sector N, lbs per sec 

Sector identification, alphanumeric 

Total number of axial computing stations 
(NX in /DATA/) 

NLINES in /DATA/ 

NBETA in /DATA/ 
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Fortran Symbol Use 

14 

15 

16 

17 

18 

19 

110 

III 

112 

113 

114 

115 

116 

117 

118 

119 

120 

121 

122 

Rl 

R2 

R3 

R4 

R5 

R6 

NTOPO in /DATA/ 

IMASS in /DATA/ 

IFSIMP in /DATA/ 

NPASS in /DATA/ 

IFBl in /DATA/ 

NPTS in /DATA/ 

IGV in /DATA/ 

IFRAD in /DATA/ 

IFRPM in /DATA/ 

ITER in /DATA/ 

Set to 1 in program 

NPlOT in /DATA/ 

INCPO in /DATA/ 

NWRIT in /DATA/ 

INCWR lin /DATA/ 

IRAD in /DATA/ 

IPUNCH in /DATA/ 

IFTYPE in /DATA/ 

KSUMRY in /DATA/ 

TOlCX in /DATA/ 

HUBlOC in /DATA/ 

GASK in /DATA/ 

VISI in /DATA/ 

VIS2 ion /DATA/ 

CPl in /DATA/ 
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Fortran Symbol 

123 (I) 

124 (I) 

125(1) 

126 (I) 

127 (I) 

128 (I) 

129 (I) 

130 (I ) 

13\ (I) 

132 (I ) 

R13( I , J)
 

R14(I,J)
 

R15 (1, J)
 

R\6(I,J)
 

R17(I ,J)
 

R18(I,J)
 

R19(I,J)
 

R20 (I ,J)
 

R2l (J)
 

R22 (I)
 

R23
 

R24
 

R25
 

R26 (I)
 

R27 (I)
 

~ 

(BETA2 in /DATA/ 

1FTHI C in /DATA/ 

IFCAX in /DATA/ 

IFMACH in /DATA/ 

IFREYN in /DATA/ 

ILOSS in /DATA/ 

IFMLOS in /DATA/ 

IFLVS 1 in /DATA/ 

IFPROF in /DATA/ 

IFREYL in /DATA/ 

BBP in /DATA/ 

STAG in /DATA/ 

BETA in /DATA/ 

SIGMA in /DATA/ 

BLAK in /DATA/ 

ZBAR in /DATA/ 

CLOSS in /DATA/ 

CO in /DATA/ 

DELR in /DATA/ 

BLAM in /DATA/ 

FLOW 1 in /DATA/ 

ESTFLO in /DATA/ 

WIDTH in /DATA/ 

X in /fJATA/ 

RHP in /DATA/ 
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Fortran Symbo'l 

R28( I ) 

R29 (I) 

133 ( I ) 

R30( I ) 

EXPLOS ( I) 

XMACH(I) 

COMMON /ARRAY/ 

Fortran Symbol 

RAD IN(J ,N , I ) 

PIN(J,N,I) 

TIN(J,N,I) 

VMIN(J,N,I) 

TANA IN(J ,N , I) 

PHIN(J,N,I) 

COMMON /AUX IL/ 

Fortran Symbol 

RREF(J,I) 

ZREF(J, I) 

THETAS(N, I) 

THETAP (N, I) 

Use 

RSP . in /DATA/ 

RPM2 in /DATA/ 

IMACH lin /DATA/ 

ANGLN in /DATA/ 

EXPLOS in /DATA/ 

XMACH in /DATAI 

Use 

Streaml ine radius, streamline J, sector N, 
Stat ion I, f t 

Static pressure, streaml ine J, sector N, 
Station I, Ibs/ft2 

Static temperature, streamline J, sector N, 
Stat i on I, de g R 

Meridional velocity, streamline J, sector N, 
Stat i on I, ft / s 

Tangent of absolute gas angle, streamline J, 
sector N, Station I 

Slope angle of streamline, streamline J, 
sector N, Station I 

Circumferential average of radi i, streaml ine J, 
Stat ion I, ft 

Axial distance corresponding to RREF(J,I), ft 

Damped 8 , sector N, Station I, radian 

Damped 9 of previous cycle (LP-I), sector N, 
Station I, radian 
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Fortran Symbol 

SEARAT(N, I) 

PREV (N, I) 

DPDTHS (N, I) 

DRCTHS (N, I) 

PTOTAL (N) 

PSTAT(N) 

RADUM (J) 

PDUM(J) 

TDUM(J) 

VMDUM(J) 

PH I DUM (J) 

TANDUM(J) 

VS(N) 

WS (N) 

DPREV (N, I) 

COMMON /ONE/ 

Fortran Symbol 

NF 

CNZ(M) 

Use
 

Sector width ratio, sector N, Station
 I 

Unmodified a or j'~ , sector N, Station 
J. )P
p.'~ after mixing, sector N, Station I, 
ft 2/s 2 
r 

f .1...L, 'fJp ci rn 2 
1_,f Cw,()(J ,sector N, Station I, ft /5 

~T"L ,total pressure, divided by density, 
sector N, ft 2/s 2 

.pr"TIC. , stat~c ~ressure, divided by density, 
sector N, ft /5 

Dummy array for rad i us storage, sector N 

Dummy array for pressure storage, sector N 

Dummy array for temperature storage, sector N 

Dummy array for meridional velocity storage, 
sector N 

Dummy array for storage of streamline slope
 
ang I e, sector N
 

Dummy array for tangent of absolute air
 
angle, sector N 

Circumferential velocity (perturbation),
 
sector N, ft/s
 

Meridional velocity (perturbation), sector N,
 
ft/s
 

. , d/'J

Static pressure gradient p'Tl/ of pre
vious

2
cycle (LP-I) sector N, Station I,
 

ft2/ s
 

Number of Fourier terms
 

Fourier sine coefficient for total pressure
 
at Z ,,- )(1./
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Fortran Symb.2,1 

ONZ(M) 

XL I 

CNF(M) 

ONF(M) 

XL2 

IN02 

ENF(M) 

FNF(M) 

XL3 

IN03 

WZ 

VZ 

WCAPI 

VCAPI 

XKI 

WCAP2 

VCAP2 

XK2 

SZ 

Use 

Fourier cos coefficient for total pressure 
at :z. = XLI 

Nondimensional axial location of total 
pressure boundary condition 

Fourier sin coefficient for either static 
pressure or flow angle at z = XL2 

Fourier cos coefficient for either static 
pressure or flow angle at z = XL2 

Nondimensional axial location of second 
boundary condition 

If 0, boundary condition at z = XL2 gives 
static pressure; if I, flow angle 

Fourier sin coefficient for either static 
pressure or flow angle at Z = XL3 

Fourier cos coefficient for either static 
pressure or flow angle at Z = XL3 

Nondimensional axial location of third 
boundary condition 

If 0, boundary condition atZ =XL3 gives 
static pressure, if I, flow angle 

Wo in mean axial velocity equation:
lciZ

W = Wo + w, e + W2 ek 
2.Z 

Vo in mean taR~ential velocity equation: 
V = Va + 'V, e I + ~ ek'-Z 

A 
W, in mean ax ia I velocity equation 
A 

V, in mean tangent i a I velocity equation 

k, in mean velocity equations 
A 

in mean ax ia I velocity equation 

Vf," in mean tangential velocity equation 

K2 in mean velocity equations 

Flow angle tangent: So

~ 

~ 
Wz 
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Fort ran Symbo I 

EP 

VMQ 

AMQ(M) 

BMQ(M) 

CMQ(M) 

DMQ(M, I) 

EM2(M, I) 

FMQ(N.K) 

COMMON IOVI 

Fortran Symbol 

IZRI 

IZR2 

IZAI 

GUMBO
 

LOGI
 

COMMON IHUGEI 

Fortran Symbol 

P(J,N,I) 

Use ,
 
Wz 

hlZ J"'y
Coefficient of e . e in perturbation 
stream function solution 

-j,."s.z Jmy
Coefficient of e . e in perturbation 
stream function solution 

Coefficient of 
-MZ j",y 
e . e in perturbation 

stream function solution 
(ki +- m)z JtrtJ 

Coefficient of e . e in perturbation 
stream function solution, i. = I or 2 

(ki.. - jmSo)z jmy
Coefficient of e . e in perturbation 
stream function solution, i = I or 2 

(kL - m)z )"'1
Coefficient of e . e in perturbation 
stream function solution, L = lor2. 

Use 

First relative axial station number of 
current tape 

Last relative axial station number of 
current tape 

First absolute station number of current 
tape 

Exponent 

Standard output unit number 

Static pressure (except at Station I, total 
pressure). streamline J, sector 'N, Station I, 
lbs per sq ft; also a, 'deg 
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Fortran Symbol 

T(J,N,I) 

VM(J,N,I) 

TANALP(J,N, I) 

RAD(J, I) 

MA IN PROGRAM 

Fortran Symbol 

R32 (N)· 

TITLE(K) 

HEAD (K) 

Jl 

J21 

J22 

J31 

J32 

J41 

J42 

J5 

Static temperature (except at Station I, 
total temperature), streaml ine J, sector N, 
Station I, deg R 

Meridional velocity, streamline J, sector N, 
station I, ft per sec 

Tangent of flow angle defined as tangential 
velocity/meridional velocity, streamline J, 
sector N, Station I 

Radius of streamlines, last sector, streamline 
J, Station I, ft 

Use 

Angular location of centerl ine of sector N in 
inlet, deg 

Tit Ie for job 

Variable heading NEW CASE or CONTINUATION 

Number of last station for which data is on 
units JTAPEI and LTAPEI 

Number of first station for which data is on 
units JTAPE2 and LTAPE2 

Number of last station for which data is 
on units JTAPE2 and LTAPE2 

Number of first station for which data is on 
units JTAPE3 and LTAPE3 

Number of last station for which data is on 
units JTAPE3 and LTAPE3 

Number of first station for which data is on 
units JTAPE4 and LTAPE4' 

Number of last station for which data is on 
units JTAPE4 and LTAPE4 

Number of first station for whi~h data is on 
units JTAPE5 and LTAPE5 
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Fortran Symbol 

ITAPE 

NTAPE 

JTAPEI 

JTAPE2 

JTAPE3 

JTAPE4 

JTAPES 

LTAPE I 

LTAPE2 

LTAPE3 

LTAPE4 

LTAPES 

KTAPEI 

KTAPE2 

Kl 

K2 

NTH ETA
 

NLOOPS
 

IFSTAR
 

IFPRIN 

RFACI
 

RFAC2
 

Standard input unit number 

Standard output unit number 

Intermediate storage unit number 

Intermediate storage unit number 

Intermediate storage unit number 

Intermediate storage unit number 

Intermediate storage unit number 

Intermediate storage unit number 

Intermediate storage unit number 

Intermediate storage unit number 

Intermediate storage unit number 

Intermediate storage unit number 

Intermediate storage unit number 

Intermediate storage unit number 

KTAPEI on odd cycles, KTAPE2 on even 
cycles 

KTAPE2 on odd cycles, KTAPEI on even 
cycles 

Number of sectors 

Number of cycles of computation 

Indicator specifying job to be NEW CASE or 
CONT INUATI ON 

Indicator controlling output on cycles 
after the first 

Static pressure gradient relaxation factor 

Streamline angular relocation relaxation 
factor 
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Fortran Symbol 

R.FAC3 

RFAC4 

IFACI 

IFAC2 

LP 

LDNM 

KKK 

SUBROUTINE INPUT 

Fortran Symbol 

RPM2 (I ) 

IBETA2(1) 

I FTH I C(I) 

I FCAX (I) 

IFMACH (I) 

I FREYN (I) 

ILOSS(I) 

I FMLOS (I) 

I FLVS I (I) 

IFPROF(I) 

IFREYL (I) 

EXPLOS (I) 

XMACH (I) 

BBP(I,J) 

STAG(I,J) 

Increment by which perturbation cycle is 
discarded per cycle 

Not used 

First cycle for which perturbation solution 
is eliminated by amount RFAC3 

Number of cycles of perturbation 

Current cycle number 

Current sector number 

Stores KI during unit switching 

Use 

See /DATA/ 

See /DATA/ 

See /DATA/ 

See /DATA/ 

See, /DATA/ 

See /DATA/ 

See /DATAj 

See /DATA/ 

See /DATA/ 

See /DATA/ 

See /DATA/ 

See /DATA/ 

See /DATA/ 

See /DATA/ 

See /DATA/ 
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For t ran Sym bo I 

BETA(I,J) 

SIGMA (I ,J) 

BLAK ( I , J) 

ZBAR ( I , J) 

CLOSS(I,J) 

CO(I,J) 

DELM (J) 

BLAM (I) 

X(I ) 

RHP (I) 

RS P(I) 

I MACH I ( I ) 

ANGLN(I) 

COMENT(K,N) 

BHP (J, N) 

TOCO (J, N) 

pOCO(J,N) 

AFCO(J,N) 

NX 

NLI NES
 

NBETA
 

NTOPO
 

I FS IMP
 

Use 

See /DATA/ 

See /DATA/ 

See /DATA/ 

See /DATA/ 

See /DATA/ 

See /DATA/ 

DELR in /DATA/ 

See /DATA/ 

See /DATA/ 

See /DATA/ 

See /DATA/ 

See /DATA/ 

See /DATA/ 

Titles for N sectors 

J inlet condition data radii for sector 
N, ft 

Inlet total temperature, data line J, 
sector N, deg R 

Inlet total pressure, data line J, 
sector N, lb per sq ft 

Inlet whirl angle, data line J, sector N, 
deg 

See /DATA/ 

See /DATA/ 

See /DATA/ 

See /DATA/ 

See /DATA/ 

101 



Fortran Symbol 

NPASS 

IFBL 

IFRPM 

ITEK 

NPLOT 

INCPO 

NWRIT 

INCWRI 

IFTYPE 

TOLCX 

HUBLOC 

GASK 

CP 

VlSI 

VIS2 

IB 

IL 

FLOW I 

ESTFLO 

WIDTH 

N 

Jl 

J21 

J22 

Use 

See /DATA/ 

See /DATA/ 

See /DATA/ 

See /DATA/ 

See /DATA/ 

See /DATA/ 

See /DATA/ 

See /DATA/ 

See /DATA/ 

See /DATA/ 

See /DATA/ 

See /DATA/ 

See /DATA/ 

See /DATA/ 

See /DATA/ 

Station number 

ISETA2 at Station I, plus I 

ILOSS at Station I, plus 1 

See /DATA/ 

See /DATA/ 

See /DATA/ 

Sector number 

See MAIN Program 

See MA IN Program 

See MAIN Program 
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~ 

See MAIN Program 

See MAIN Program 

See MAIN Program 

See MAIN Program 

See MAIN Program 

Used in computing J22 

Set to in program 

Set to a for sector I, 
sectors. Becomes NPTS 
in /SECTOR/ 

1 for subsequent 
in /DATA/, IFFULL 

ICUS3 Set to 2 in program 

ICUS4 Set to 0 in program 

ICUS5 Set to I if number of 
than I, otherwise set 
in /DATA/ 

sectors is greater 
to 2. Becomes IGV 

NUNIT Current unit number from "J-Series ll 

III Current first station number for NUNIT 

112 Current last station number for NUNIT 

113 Assign location for transfer of control 
duri ng wr i ting a f I IJ- Se r i e s I I U nit s 

RCUSI Set to 0.0, 1.0, 2.0, 
Becomes RDIS in /NEW/ 

.... in program. 

RCUS2 Set to 1.0 in program 

RCUS3 Set to 0.0 in program 

SUBROUTINE DISTOR 

Fortran Symbol Use 

BLOCK( I) Computed blockage 
of annulus area 

at Station I, as a fraction 
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Fort ran Symbo 1 Use 

ISlOPE 

WPREV 

lL 

IABORT 

ISOlUT 

NP 

K 

KK 

PCAlC 

SUBROUTINE READIN 

Fortran Symbol 

IFSUM 

KSUMAX 

J 

111 

112 

lVS 

I FHA 

NLiNIT 

N 

Indicator used in logic of Subroutine SEARCH 

Estimate of flow in sector made previously, 
1bs per sec 

Indicator used in logic of Subroutine SEARCH 

Indicator set by Subroutine READIN if certain 
data errors are detected 

Indicator used in logic of Subroutine SEARCH 

Maximum possible number of entries to 
Subroutine SEARCH 

Index running from 1 to NP 

Pass number corresponding to K 

latest calculated mean exit static pressure, 
Ibs per sq ft 

Station number 

Use 

Set to in program 

Set to in program 

Station number 

Streaml ine or data line number 

First station for which data is on current 
unit ITAPE 

last station for which data is on current 
unit ITAPE 

IFLVSI at current station 

IFMACH at current station 

Number of unit to be read next 

Index, held to 1 in program 
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Fortran Symbol 

NPOINT 

AA 

NZMl 

ASPECT 

OAMP2 

RPM 

PRATIO 

ILOS 

IBET 

GR 

NTUB 

SBLOC 

SUBROUTINE SOLVE 

Fort ran Symbol 

FI (J) 

F2(J) 

F3 (J) 

F4(J) 

OP (J) 

OF (J) 

XM (J) 

Use 

Indicator to select streaml ine curve fit 

Constant used in streaml ine radial 
relocation relaxation factor cal
culation 

NX-I 

Square of aspect ratio of annulus between 
computing stations 

Interim value of streaml ine relocation 
relaxation factor 

Set to 0.0 in program 

Set to 0.0 in program 

ILOSS at current station 

IBETA2 at current station 

64.35 x GASK, being 2.g.R, ft 2 per sec 2 

deg R 

NLI NES - 1 

1.0 - HUBLOC 

(I. iMI:,u + tam~rf2 
I 

at streaml i ne J 

AUJQ¢-E~¢ at streaml ine J 

(Asin¢	 + CCCJ ¢) ~ at streaml ine J 

13 ;'p at streaml ine J
fr . ~e 

Interpolated value of at 
streaml i ne J 

Interpolated value of at 
stream 1i ne J 

Interpolated value of ;U at streamline J 
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Fortran Symbol 

XINT (J) 

CONFAC (J) 

RADFAC (K) 

U1VWl (J) 

AFA (J) 

CPUP (J) 

CPDN(J) 

CPMN(J) 

WATE (J)
 

RM (J)
 

W(J) 

P2RP2D (J) 

DPDR(J) 

DTDR(J) 

DTBDR (J) 

RX (J) 

ARG(J) 

AX (J) 

Use 
r 

Interpo 1ated va 1ue of S1. 'OP J.. dm at 
streaml i ne J I-If OU' Cfn . 

Interpolated value of ARATIO midway 
between streaml ines J and (J+l) 

Not used 

Product of blade speed and tangential 
velocity at blade unit, streaml ine J, ft 2 per 
sec 2 

Tangent of flow angle defined as tangential 
velocity/meridional velocity, stream 1i ne J 

Specific heat, st ream line J, BTU per 1b deg R 

Specific heat, streaml i ne J, BTU per 1b deg R 

Specific heat, streamline J, BTU per Ib deg R 

Specific weight, at streaml ine J, Ibs per ft 3 

Mach number controlling solution type at 
stream line J 

Flow between hub and streaml ine J, lbs 
per sec 

Ratio of actual to ideal total pressure at 
streaml i ne J 

?JP at stream line J, 1bs per ft 3 
~r 

QI at streamline J, deg R per ft 
'ar 
~r(tamfi) at st ream 1i ne J, 1 per ft 

Streamline radius at streamline J, ft 

Dummy array used with Subroutine RATE 

- IA- ¢ -C:»HP-. AX'- + --~n~ . 'ddJ)\7' i :t'..h1-C( 
d..tQ.,·".cxOJ) A (i{ , .' rm r ()r7 • dr 

-l- ~7~) _(A~¢ +- Cun¢) ~~>O. c~C(} (a-:J
2
a: 

at streaml i ne J 
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Fortran Symbol 

BX (J) 

DX (J) 

VELFAC(K) 

RCAL(J) 

AFEPH(J) 

T1RTl (J) 

TANA (J) 

U2 (J) 

VFAC(J) 

J 

BHPl 

DM 

K 

NP 

KK 

NPOINT 

NTUB 

JM 

JLINE 

Use 

{AIgJ~ aT _ l..JgJep ~T _ _ ()P)\ _ tMt.P.A ~P }I 
\~ d7 T l' or pt 'Or / pr "08 . . 

at streamline J 

Calculated meridional velocity, at streaml ine 
J, ft per sec 

Not used 

Calculated radius of streamline J, ft 

Not used 

Ratio of relative total to static tempera
ture at blade inlet streamline J 

/bl.~ 
(rJR -+ I) 

Blade outlet speed at stream! ine J, ft per sec 

Velocity ratio correction factor for blade 
at streamline J 

Streaml ine number 

Radius of streamline, for Subroutine GRAPH3, ft 

Meridional velocity ratio, also 

for calculation 

Indicator to record if Subroutine SEARCH will 
be entered on current pass 

Maximum number of entries to Subroutine SEARCH 

Pass number corresponding to current entry 
number to Subroutine SEARCH 

Number of points for least-squares fitting of 
s t ream 1i ne s 

Station number 

NLI NES 

NLINES/2 

NLINES/2 + 1, the starting streamline for the 
momentum equation integration 
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Fortran Symbol 

VEL 

I FTAN 

I BE
 

RMID
 

GAMMA
 

GF
 

Ul
 

VF
 

SAMUP
 

NITER
 

x4 

CBAR
 

Xl
 

X2
 

X3
 

II SOL 

VLAST 

TRAT
 

JJ
 

Use 

First pass estimate of meridional velocity 
in inlet, ft per sec 

Indicator specifying option to perform 
axial velocity ratio correction to deflection 
for blade row 

IBETA2 for blade row 

c/..::.Mean of two adjacent streaml ine radi i, ft, also t# 

dCm
for CiS calculation 

Ratio of specific heats, r 
'(-I 
Z 

Blade row inlet speed, ft per sec 

Velocity ratio correction factor 

Maximum number of iterations at each 
station 

Tangent of station lean angle, also 
for momentum equation integration, also /-e 4(~ 

~-

for momentum equation integration 

C= livny. 
v'1 + to.-J" r + fa."..~-

Used in calculating d(m
;r: 

Used in calculating ~ 
ds 

Used in calculating de... crs
 
Records solution val idity during iteration 
at a station 

Value of meridional velocity computed on hub 
during previous iteration 

Ratio of static to total temperatures 

Streamline number during reestimation of 
streaml ine radi i 
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Fortran Symbol 

AFF 

WR 

WR2 

RATIO 

WRX 

WRAT 

WMXRAT 

SUBROUTINE GRAPH3 

Fortran Symbol 

XIN 

XOUT 

x(I ,J) 

Y (I ,J) 

NPOINT 

K 

SUBROUTINE lSQLNE 

For t ran Sym bo 1 

EY (I) 

Y(I ,J) 

Use 

Tangent of flow angle defined as tangential 
velocity/meridional velocity 

Flow-weighted mean Mach number 

WR squared 

Number by which meridional velocities are 
multipl ied to give estimate for next itera
tion 

2l_WR , I imited to not less than 0.1 (absolute 
value) 

Ratio of current to previous meridional velocity 
estimate on hub 

Ratio of maximum possible to specified flows 

Use 

Independant variable 

Dependant variable 

Table of independant variables 

Table of dependant variables 

Number of values in above table (J dimention) 

Station number to be used in table searching 

Dummy table number used in searching pro
cedure 

Use 

Axial coordinate of intersection of com
puting, Station I with axis, ft 

Streaml ine radius, Station I, streaml ine J, 
ft 
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Fortran Symbol 

JAY 

NPTS 

NEX 

DYDX(I,J) 

D2YDX2 (I , J) 

ANGLN (I)
 

RCB(I,J)
 

LL 

EX (I) 

U(K) 

V(K) 

ACO(K) 

J
 

NX
 

NXI
 

I 1
 

Use 

Streaml ine number 

Number of points for least squares fitting 
procedure 

Total number of computing stations 

Tangent of streamline slope angle, also 
streaml ine slope angle, radians. Station I, 
streaml ine J 

Rate of change of streaml ine slope, also 
streaml ine curvature, 11ft, Station I, 
streaml i ne J 

Lean angle of Station I, deg 

Curvature of streaml ines at Station I, 
streaml ine J, 11ft 

Pass number 

Axial coordinate of intersection of com
puting Station I with streaml ine under considera
tion, ft 

Selected streaml ine radii for curve-fitting, 
ft 

Selected axial coordinates for curve-fitting, 
ft 

Coefficients of second order polynomial giving 
least squares fit of stream] ine 

Streamline number 

Total number of computing stations 

Station number 

NX - 1 

Integer relating number of points for fitting 
procedure to calculation 

Integer relating number of points for fitting 
procedure to calculation 
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Fort ran Symbo I 

MID 

MIDI 

YAV 

DELTY 

L 

B 

SUBROUTINE LSQFIT 

Fortran Symbol 

Y(I ) 

x(I ) 

NPTS 

A(K) 

N 

SUBROUTINE SEARCH 

Fortran Symbol 

ISOLUT 

ISLOPE 

LL 

Use 

I I 

11- 1 

Average streaml ine radius between two 
computing stations, ft 

Change in stream! ine radius between two 
computing stations, normal ized with res
pect to average streaml ine radius and 
distance between stations 

Station number 

2 times third polynomial coefficient 

Use 

Selected streamline radii for curve-fitting,
 
ft
 

Selected axial coordinates for curve-fitting,
 
ft 

Number of points for least-squares curve
fitting procedure 

Coefficients of second-order polynomial 
procedure by curve-fitting procedure 

NPTS 

Use 

Indicator recording val idity of solution 
previously obtained 1n Subroutine SOLVE 

Indicator recording possibility of finding 
a satisfactory exit static pressure 

Indicator recording occurrance of previous 
val id solutions 

WPREV Previous estimate of sector flow, lbs per sec 
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Fortran Symbol 

PCAle 

STEP 

PPREV 

NTUB 

SLOPE 

\o/TEMP 

WX 

FUNCTION BIG 

Fortran Symbol 

X 

y 

FUNCTION SGIN 

Fortran Symbol 

X 

SUBROUTINE RATE 

Fort ran Symbol 

X(I ) 

Y(I) 

IS 

IE 

Use 

Latest calculated downstream static pressure, 
lbs per sq ft 

Increment by which flow is incremented in search 
for val id solution, lbs per sec 

Previously calculated downstream static 
pressure, Ibs per sq ft 

NLiNES 

Slope of characteristic defined by two latest 
valid solutions 

Temporary storage for sector flow, Ibs per sec 

Temporary storage for sector flow, lbs per sec 

Use 

Quantity examined for size relative to Y 

Quantity examined for size relative to X 

Quantity whose sign is examined 

Use 

Radii at which dependent variable is 
specified, ft 

Dependent variable 

Number of first streamline at which 
gradient is required 

Number of last streamline at which 
gradient is required 
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Fortran Symbol 

OYOX{I) 

OXl 

OY 1 

OX IE 

DYIE 

SUBROUTINE INTERP 

Fortran Symbol 

J 

VF 

BHPI 

BHP2 

BHP3 

COSA 1 

COSA2 

IBE 

TEMP 1 

TEMP2 

Use 

Gradient of dependent variable at stream
line I 

Streamline number 

Finite difference increment of independent 
variable increment 

Finite difference increment of dependent 
variable 

Finite difference increment of independent 
variable 

Finite difference increment of dependent 
variable 

Use 

Number of computating station at blade 
row trai ling edge 

Streaml ine number of blade section under 
examination 

Number used to correct axial velocity 
rat i 0 

Streamline radius at blade outlet, ft 

Streamline radius at blade inlet, ft 

Mean streamline radius, ft 

Cosine of streamline slope angle, blade 
outlet 

Cosine of streamline slope angle, blade 
inlet 

IBETA2 for blade row 

Interpolated blade stagger angle at blade 
inlet, degrees, or interpolated blade out
let angle, degrees 

Interpolated blade camber angle' at blade 
inlet, degrees, or interpolated blade 
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Fortran Symbol 

TEMP3 

ABARN 

ABARO 

TANBIN 

B1N 

TANB20 

B20 

ABAR 

TBIN 

RBIN 

COSA 

SIGN 

SUBROUTINE CASCDE 

Fortran Symbol 

STAR 

THETA 

TH ICK 

ZEE 

Use 

inlet angle, degrees 

Interpolated point of maximum camber at 
inlet radius 

Function of point of maximum camber at 
inlet radius 

Function of point of maximum camber at 
blade outlet 

Tangent of angle between blade inlet and 
chord 1ine 

Blade inlet angle, radians 

Tangent of angle between blade outlet 
and chord line 

Blade outlet angle, radians 

Function of point of maximum camber at 
mean radius 

Blade section camber angle, radians 

Angle between blade inlet and chord line, 
radians 

Mean of cosines of streamline inlet and 
outlet slope angles 

Plus a minus one) according to sign of 
relative inlet angle 

Use 

Blade section stagger angle, degrees 

Blade section camber angle, degrees 

Blade section thickness/chord ratio, 
degrees 

Blade- section point of maximum camber 
as a fraction of chord length 
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Fortran Symbol 

J 

WS~EC 

VF 

WORD 1(K)
 

WORD3 (K)
 

WORD4(K)
 

KBETA.2
 

KTH Ie 

KCAX 

K.MA.CrlD 

KREYD 

KMLOS 

KLUSI 

KPROF 

KREYL 

KLOS 

RMN 

NRATiO 

Use 

Number of statlJr at blade trai ling edge 

Number of strea~line or w~ic~ blade sec

tion data is specified
 

Spec i fie d :',s s CJe f f i c i e r t (j f a pp 1 i c

ab I e) 

N~~ber used to correct axial veloci ty 
rat i.:> 

Ar rat used t ) SL)!'e t'1o I I er Itt" Character's 

uA. r ray used t '. st .Jre Hvl Ie r itt characters 

A.rray used tf) s t:Jre 1-'01 Ie r I t h characters 

I BET A 2 for b'ade r'dW 

1FT Hie f 'x bl"de row 

jFCAX f.x blade row 

~ FMAC H for blade row 

IFRE'fN f·x blade "uw 

i t"MlOS for blade row 

IFlVSi for biade r'ow 

IFPROF for' blade r'ow 

IFREYL for blade rJW 

CUPONS for b!ede sectl;~ ,sJl idlty) 

RMN for blade secti~~ lrelat1ve inlet 
Mach nU'''lber:, 

Indicator recordirg w~~ther axial ve
locity is i~ above a below normal 
range 

Relative o~tlet flow angle, degrees 
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Fortran Symbol 

Bl 

FRSTB2 

WOES 

DL 

NC HOKE 

FCOEFL 

ATTACK 

BlDES 

X2 

X3 

Xl 

NRATIO 

EX 

BEl 

BE2 

BCHOKE 

BSTALL 

SHIFT 

Use 

BET1 for blade section (relative inlet 
flow angle), degrees 

Relative outlet flow angle corrected for 
axial velocity ratio and thickness/chord 
ratio 

Minimum, low speed loss coefficient 

Final loss coefficient 

Indicator controlling logic in Subroutine 
STLANG 

Blade camber angle expressed as lift co
efficient 

Minimum loss angle of attack, degrees 

Low speed minimum loss relative inlet 
angle, degrees 

Blade inlet angle, degrees 

Blade inlet angle assuming maximum camber 
occurs at mid chord, degrees 

Function of point of maximum camber 

Axial velocity ratio 

Store various angles in radians 

Minimum loss inlet angle for equivalent 
two-dimensional cascade, also actual inlet 
angle for equivalent two-dimensional cas
cade, degrees 

Equivalent two-dimensional minimum loss 
outlet flow angle, also equivalent actual 
two-dimensional outlet flow angle, degrees 

Low speed choking inlet angle 

Low speed stalliQg inlet angle 

Correction to BSTALl, BCHOKE, B1DES for 
extreme solidity 
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Fortran Symbol 

FACINE 

XEWSTL 

x4 

XEWCHK 

SlOESE 

B20ESE 

B20lN 

EMM 

BEB 

BEE 

010 

CAY 

OOT 

B20ES 

B1RAO 

S2RAi 

VMAX 

Use 

Correction factor for BSTALL, BCHOKE, 
B10ES for thickness/chord ratio 

BSTALL corrected for thickness/chord 
ratio 

SlOES corrected for thickness/chord 
ratio 

SCHOKE corrected for thickness/chord 
rat i 0 

Minimum loss inlet angle for equivalent 
two-dimensional cascade, degrees 

Minimum loss outlet angle for equivalent 
two-dimensional cascade, degrees 

Minimum loss outlet angle corrected for 
axial velocity ratio, degrees 

"m" in expression to correct deflection 
for thickness/chord ratio 

" X" in expression to correct deflection 
for thickness/chord ratio 

"b ll in expression to correct deflection 
for thickness/chord ratio 

6m/b 

2
625 tic + 37.5 t/c

Correction relative outlet angle for 
thickness/chord ratio 

Minimum loss outlet flow angle corrected 
for axial velocity ratio and thickness/ 
chord ratio, degrees 

Low speed minimum loss inlet angle, 
radians 

Minimum loss outlet flow angle corrected 
for axial velocity, ratio and thickness/ 
chord ratio, radians 

Ratio of maximum surface velocity to 
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Fortran Symbol 

CP 

CRITM 

DEQDES 

WSTHRD 

BIDCOR 

RANGE 

BISCOR 

BICCOR 

XPLOS 

WOPT 

S 

CLMR 

BEIDES 

BSTLLL 

B2STA 

BUNCOR 

RMP 

GAMMA 

Use 

upstream velocity 

Critical relative inlet Mach number for 
blade section 

Design diffusion factor 

Function of minimum loss coefficient 

Minimum loss inlet angle corrected for 
Mach number, degrees 

Difference between corrected stall and 
design, or design and choking angles, 
degrees 

Stal ling inlet angle, corrected for Mach 
number, degrees 

Choking inlet angle, corrected for Mach 
numbe r, deg rees 

Exponent in loss/incidence relationship 

Minimum loss coefficient corrected for 
actual Mach number 

Nondimensional incidence 

Loss coefficient corrected for Mach num
ber and incidence 

Inlet angle equivalent to actual for 
two-dimensional cascade, degrees 

Low speed stalling angle, degrees 

Equivalent two-dimensional relative 
outlet flow angle at stall, degrees 

Low speed outlet angle ~orrected for 
axial velocity ratio 

Effective relative inlet Mach number 

Ratio of specific heats 
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Fortran Symbol 

B2NEW 

RENN 

RR 

RRR 

B2MR 

WREN 

DVR 

CHECK 

BCD 1 

BCD2 

BCD3 

BCD4 

SUBROUTINE GRAPH2 

Fortran Symbol 

D1 

D2 

D3 

s 

y 

Use 

Minimu~ loss outler angle corrected 
fer Mach nu~ber effect 

Bl~de secric~ Reyrclds number 

RR - 1 48 

Re1",J:i'Je curle! flo" angle corrected 
fer a.ial ve)c:ty rCl~io. U"lck"ess! 
(t-crd r.:,to ~n:J Macf- number 

!rcrerrent or loss ccefficient due to 
Revrc1ds n"''''be r 

'ncremenr nn dev i 3 ti on a"gle due to 
Rpynclds "u~ber degrees 

Nu~ber :ndisat;cn rela~;ve magnitudes 
of M9rf- ru~ber ~nd Reynolds number 
deviA~ior corrections 

l;sed tc ;tc·re "'c11erith characters 

Used to s'cre "'c11er't h cr,aracters 

L!sed to qljre t-I('llerith c h 3racters 

Used to store ~Gl leritr; characters 

Use 

Angle for interpo19tion, sol;dity 
of a 5, degrees 

Angle for inrerpolate,r, sol idity 
of 1, 0, degrees 

Angle fer inrerpolaT ion, 501 idity 
of 1,5, degrees 

!nterpclated angle degrees 
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· . ' 

SUBROUTINE STLANG 

Fortran Symbol 

BIN 

STAR 

SOLI D 

COEFFl 

lEE 

NCHOKE 

BEXIT 

BCHOKE 

BSTAll 

BIOPT 

J 

RMl 

THETA 

S 

DElTAC 

Cli FT 

NVM 

INDIC 

Use 

Relative inlet flow angle for 
equivalent 'NC dime~sio~al cas
cade, degrees 

Blade section stagger 3nle, degrees 

Cascade solid'tv 

Blade sectio~ camber angle expressed 
as a 1ift coefficie~t 

POint of mdximum camber 

~ndic~tor specify!~g if choke and 
stall angles are required 

Relative outlet flew angle, degrees 

Choking InJet angle, degrees 

Stall i~g inlet angle, degrees 

Minimum loss inlet angle: degrees 

Streaml ine number 

Relative inlet Mach number 

Blade sect ion camber angle, degrees 

Blade sectIon stagger angle. degrees 

~ ~crement in lift coeffic lent be
tween successive curves fitted in 
the subrou tine 

lift coefficient during search be
tween curves for appropriate curves 
fer interpolat(o~ 

Records number of curve examined in 
seArch 

Index in sedrching loop 

Records w~et~er one or two values 
have been obtained for subsequent 
interpolat ior 
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02 

Fort ran Symbol 

Dl 

D3
 

El
 

E2 

E3
 

AE15
 

AS15
 

BE15
 

8S15
 

COUT15
 

SOU T l5
 

AClO
 

AS 10
 

Bela
 

BS10
 

rOUTl
 

Use 

First coefficiert in choking angle 
curve equat'c n 

Secord coeff' c lent in choking angle 
curve equa t i en 

Th i rd cc,e ff i c ier t i r cl-ok,rg angle 
curve equ"" icr 

First C oe f f i c . en! in s~alling angle 
curve equ3 f ;cn 

Second coefficient in stallirg angle 
CLrve eqLld [ ;on 

Third coefficient ,r stalling angle 
curve equat cn 

Chcking angle sol'dity of L5, 
camber ab~ve requ·red value. degrees 

Staljirg ,,,ngle, solidity c f '.5, 
camber abcve required value, degrees 

CJ-Iokirg ;:;ngle, solidity of 1,5, 
camber telcw required v~lue, degrees 

Stall :ng ~ngle. sol idity of 1.. 5, 
camber belo~ required value, degrees 

(hoking ar.gle. solidity of 105, 
degrees 

St"lll'ng angle, sclidity of 1.5, 
degrees 

C~oking ~ngle, sol idity of 100, 
camber ~bove required value, degrees 

StallIng argle. solidity of La, 
camber dbc,ve required value, degrees 

Croklng angle. sol idity of 1.0, 
camber below required value,'degrees 

Stalling argle solidity of 1.0, 
camber below required value, degrees 

Ct10king angle. solidity of La, 
degrees 
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Fortran Symbol 

SOUTl 

AC05 

AS05 

BC05 

BS05 

COUT05 

SOUT05 

COUT 

SOUT 

BLEAV 

SUBROUTINE OUTANG 

Fort ran Symbol 

STAR 

THETA 

SOLI D 

Bl STAR 

ZEE 

BLEAV 

SIOPT 

J 

Use 

Stalling angle, solidity to 1.0, 
degrees 

Choking angle, sol idity of 0.5, cam
ber above required value, degrees 

Stalling angle, sol idity of 0.5, cam
ber above required value, degrees 

Choking angle, sol idity of 0.5, cam
ber below required value, degrees 

Stalll~g angle sol idity of 0.5, cam
ber below required value, degrees 

Choking angle, sol idity of 0.5, 
degrees 

Stalling angle, solidity of 0.5, 
degrees 

Choking angle, degrees 

Stall ing angle, degrees 

Relative outlet flow angle, degrees 

Blade section stagger angle, degrees 

Blade section camber angle, degrees 

Cascade sol idity 

Relative inlet flow angle for equiva
lent two-dimensional cascade, degrees 

Point of maximum camber 

Relative outlet frow angle for equiva
lent two-dimensional cascade, degrees 

Minimum loss inlet angle, degrees 

Streaml ine number 

122 



Fortran Symbol 

RHI 

DBDA(N) 

RC 

EHI 

W 

EH 

DELTA 

RTH 

ABAR 

TANB2D 

FliNCY 

GUTCY 

B2DIN 

AB1 

DB 

N 

o 

DBSTAR 

Use 

Relative inlet Hach number 

Rate of change of outlet angle with 
inlet angle for four inlet angles 

Blade section stagger angle, radians 

"m" in expression to determine devia
tion angle 

" W" IS expression to determine devia

tion angle
 

" m" is expression to determine devia

tion angle 

Deviation angle, degrees 

Blade sect 'on camber angle, radians 

Function of point of maximum camber 

Tangent of angle between blade out
let and chordl ine 

IIfll is expression to correct rela
tive outlet flow 

Correction to relative outlet flow 
angle, degrees 

Relative outlet flow angle 

Absolute value of relative inlet 
flow angle, degrees 

Rate of change of outlet angle with 
inlet angle at actual inlet angle 

Records which of four rates of 
charge of outlet angle with inlet 
angle are used for interpolation 

One half rate of change of outlet 
angle with inlet angle at zero inlet 
angle 

Minimum loss deflection angle, degrees 
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.. ...... t. /I, 

SUBROUTINE OPTANG 

Fortran Symbol 

SOLID 

COEFFL 

ATTACK 

AI23(I,J) 

M 

DElTAC 

Cli FT 

A 

B 

J 

SUBROUTINE MCDEVN 

Fort ran Symbo I 

CRI TM 

B lRAD 

B2RAD 

J 

RMP 

Use 

Cascade section sol idity 

Blade section camber angle expressed 
as a 1ift coefficient 

Minimum loss angle of attack, degrees 

Coefficients of curves defining mini
mum loss angle of attack, coefficient 
orders I 

Records I ift coefficients various lift 
coefficient J during search 

Increment between lift coefficients 
of successive curves 

Records I ift coefficient during 
sea rch 

Minimum angle of attack at I ift co
efficient above required value 

Minimum loss angle of attack at lift 
coefficient below required value 

Index for coefficient order 

Index for curve number 

Use 

Blade section critical Mach number 

Minimum loss inlet angle, radians 

Low speed minimum loss outlet angle, 
radians 

Number of station at blade row out
let 

Streamline number 

Effective relative inlet Mach number 
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VI 

Fortran Symbol 

B2NEW 

GAMMA
 

C1
 

C2
 

EXP
 

EXPO
 

M
 

VICR IT
 

A2
 

Al
 

G
 

GUESS 

NCOUNT 

EMNEW
 

DIFF
 

RATIO 

V2
 

EM2
 

COSB2
 

Use 

Minimum loss outlet angle corrected for 
Mach number effect, degrees 

Ratio of specific heats, 

Cosine (B1RAD) 

Cos; ne (B2RAD) 

"6+-/ 
Z(Y+/) 
r-I
-2

Number of station at blade row inlet 

Critical inlet velocity function 

Proporti0nal to strea~tube outlet area 

Proportional to streamtube inlet area 

First approximation to critical outlet 
Mach number 

Defined estimate of critical outlet Mach 
number 

Records number of iterati~ns for critical 
outlet Mach number 

Recalculated critical outlet Mach number 

Difference between successive estimates 
of critical outlet Mach number 

Critical velocity ratib across cascade 

A,ctual inlet velocity function 

Actual outlet velocity function 

Actual outlet Mach number 

Cosine of relative outlet flow angle cor
rected for Mach number effect 
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SUBROUTINE BLTHIC 

Fortran Symbol 

BLOCK( I) 

HUB I ( I) 

CASEI (I) 

THETHB ( I) 

THETCS(I) 

DXHUB 

DXCASE 

THETA 

H 

DELTA 

ANNUL 

RHUB 

RCASE 

GAP 

RH2 

RI12 

RRR 

DELHUB 

Use 

Station number 

Fraction of annulus blocked at station I 

Integra I on hub of 
4em dz from transi

tion to station I 

Integral on casing of 
4

CMdz from 
transition to station I 

Momentum th i ckness on hub at stat i on I, 
ft 

Momentum thickness on casing at station I, 
ft 

Axial distance between current and previ
ous computing stations on hub, ft 

Axial distance between current and previ
ous computing stations on casing, ft 

Newly calculated momentum thickness, ft 

Shape factor 

Displacement thickness, ft 

Annulus height, ft 

Radius of 1imit of displacement thick
ness on hub, ft 

Radius of 1imit of displacement thick
ness on casing, ft 

Fraction of annulus height free of bound
ary layer 

2
RHUB
 

(Hub radius/
 

Fraction of annulus area free of bound

ary layer prior to current calculation
 

Displacement thickness on hub, ft
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Fortran Symbol 

DELCSE 

SUBROUTINE PRINT 

Fortran Symbol 

VABS(J) 

GAMMA (J) 

XABS(J) 

DENS(J) 

RN(J)
 

TN (J)
 

RO (J)
 

TO (J)
 

GAMIN(J)
 

GAMUP (J)
 

GOJ(J)
 

GNJ(J)
 

G 

CJ 

LNCT 

Use 

Displacement thickness on case, ft 

Use 

Absolute velocity at streamline J. ft 
per sec 

Ratio of specific heats at streamline J 

Absolute Mach number at streamline J 

Density at streaml ine J, lbs per cubic 
ft 

Total pressure ratio from preceding to 
current station or streamline J 

~ from preceding to current station 
on stream line J 

Total pressure ratio from inlet to cur
rent station on streamline J 

~ from inlet to current station on 
streamline J 

Ratio of specific heats at inlet on 
streaml ine J 

Ratio of specific heats at preceding 
station on streamline J 

Mean ratio of specific heats between in
let and current station on streamline 

Mean ratio of specific heats between pre
ceding and current station 

320175, being the acceleration due to 
gravity, ft per sec per sec 

778.0 being Joules equivalent, ft lb per 
Btu 

Records lines printed for page control 

Station number 
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Fortran Symbol 

J 

VTAN 

ANG 

RC 

SLOPE 

A2R
 

VIR
 

V2R
 

X2R
 

DHN
 

DFF
 

DPQ
 

Ul
 

U2
 

CUMRN
 

CUMRO 

CUMTO 

CUMTN 

GAMMN 

GAMMO 

Use 

Streamline number 

Tangential component of velocity, ft 
per sec 

Absolute whirl angle, defined atan (tan

gential meridional velocities)
 

Radius of curvature of streamlines in
 
meridional projection, ft
 

Streamline slope angle in meridional
 
projection, degrees
 

Relative outlet flow angle, degrees
 

Relative inlet velocity, ft per sec
 

Relative outlet velocity, ft per sec
 

Relative outlet Mach number
 

De Haller number
 

Diffusion factor
 

Static pressure rise coefficient
 

Blade speed at inlet, ft per sec
 

Blade speed at outlet, ft per sec
 

Mass-flow-weighted mean total pressure
 
ratio from preceding to current station
 

Mass-flow-weighted mean total pressure
 
ratio from inlet to current station
 

Mass-flow-weighted mean '¥ from inlet
 
to current station
 

Mass-flow-weighted mean ;r from preced

ing to current station
 

Mass-flow-weighted mean ratio of specific
 
heats between preceding and current sta
t i on 

Mass-flow-weighted mean ratio ~f specific 
heats between inlet and current stations 
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I • J. 

Fortran Symbol 

CUMEN 

CUMEO 

EN 

EO 

SUBROUTINE PUNCH 

J 1 

J2l 

J22 

J31 

J32 

J4l 

J42 

J5 

LTAPEI 

LTAPE2 

LTAPE3 

LTAPE4 

LTAPE5 

NTHET 

IFSUM 

NUNIT 

111 

Use 

Isentropic efficiency between preceding 
and current stations, mean for all radi i 

Isentropic efficiency between inlet and 
current stations, mean for all radi i 

Isentropic efficiency between preceding 
and current stations 

Isentropic efficiency between inlet and 
current stations 

See MAIN Program 

See MAIN Program 

See MAIN Program 

See MAIN Program 

See MAIN Program 

See MAIN Program 

See MAIN Program 

See MAIN Program 

See MAIN Program 

See MAIN Program 

See MAIN Program 

See MAIN Program 

See MAIN Program 

Current sector number 

Set to 1 in program 

Number of unit on which data is currently 
bei ng wri tten 

Number of first station for which princi
pal data is written onto unit NUNIT 
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Fortran Symbol 

112 

SUBROUTINE THETA 

Fortran Symbol 

J 1 

J21 

J22 

J31 

J32 

J4l 

J42 

J5 

LTAPEI 

LTAPE2 

LTAPE3 

LTAPE4 

LTAPE5 

JTAPEI 

JTAPE2 

JTAPE3 

JTAPE4 

NTAPE 

KTAPEI 

KTAPE2 

Use 

Number of last station for which princi
pal data is written onto unit NUNIT 

Station number 

Use 

See MAIN Program 

See MAIN Program 

See MAIN Program 

See MAIN Program 

See MAIN Program 

See MAIN Program 

See MAIN Program 

See MAIN Program 

See MAIN Program 

See MAIN Program 

See MAIN Program 

See MAIN Program 

See MAIN Program 

See MAIN Program 

See MAIN Program 

See MAIN Program 

See MAIN Program 

See MAIN Program 

Kl in MAIN Program 

K2 in MAIN Program 
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Fortran Symbol 

LTAPE 

JTAPE 

IZALE 

IZATE 

IZA 1 

IZA2 

RAD IAN 

GZERO 

WORKJ 

RFAC1 

RFAC2 

RFAC 3 

IFAC I 

IFAC2 

N 

J 

XNTHET 

ROMEAN 

IZA 

TAN30 

Use 

Current input unit number from IIL-Series" 

Current output unit number from IIJ-Series" 

Number of station at compressor inlet 

Number of station at compressor outlet 

Number of first station currently being 
processed 

Number of last station currently being 
processed 

180.013.1415926 

32. 174 

778,17 

Static pressure gradient relaxation fac
tor 

Sector centerline relocation relaxation 
factor 

Increment for elimination of perturbation 
solution 

Cycle number when elimination of perturba
tion solution commences 

Number of iterations through perturbation 
procedure, plus 1 

Subscript indicating sector number 

Subscript indicating station number 

Subscript indicating stream surface num
ber 

Number of sectors 

Mean density at one station, one radius 

Station number (absolute) 

Tangent of station lean angle 
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Fortran Symbol 

KATZ 

ROMEI 

ROME2 

CMEAN 1 

CMEAN2 

AMEAN 1 

CTHET 1 

CTHET2 

AZERO 

RFAC5 

PMEAN 

NIZAI 

NI ZA2 

NEWJ 

NEWL 

Use 

Indicator noting whether calculation is 
being made in inlet duct, compressor, or 
outlet duct 

Mean density at boundary of perturbation 
solution 

Mean density at boundary of perturbation 
solution 

Mean meridional velocity at boundary of 
perturbation solution 

Mean meridional velocity at boundary of 
perturbation solution 

Mean tangent of flow angle at boundary 
of perturbation solution 

Mean tangential velocity component at 
boundary of perturbation solution 

Mean tangential velocity component at 
boundary of perturbation solution 

Constant coefficient in Fourier series 
describing nonuniformity at boundary of 
perturbation solution 

Current "m~xll factor in elimination of 
perturbation solution 

Mean static pressure at one station, one 
rad ius 

First station number for stations to be 
processed next 

Last station number for stations to be 
processed next 

Output unit number for next stations to 
be processed 

Input unit number for next stations to 
be processed 
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SUBROUTINE OVERAL 

Fortran Symbol 

DELW(N,J) 

PINLET(J,N) 

TINLET(J,N) 

R( I) 

EI ( I) 

EO ( I ) 

n:( I) 

NLINES 

NTUB 

TOTALW 

N 

NPI 

NMI 

WI DTH 

IZA 

SPEED 

FUNCTION SERVUS 

Fortran Symbol 

THETA(N,I) 

Use 

Flow through streamtube defined by stream
line J and J+l, sector N,lbs per sec 

Inlet total pressure, streamline J, sec

tor N, lbs per sq ft
 

Inlet total temperature, streaml ine J, 
sector N, deg R 

Mean total pressure ratio between inlet 
and station I 

Mean isentropic efficiency between inlet 
and station I 

Mean polytropic efficiency between inlet 
and station I 

Mean between station I and inlet 

Number of streamlines 

NLINES -1 

Total flow through compressor, lbs per 
second 

Sector number 

N+l 

N-l 

Sector width x 2, radians 

Station number index 

Absolute station number 

Speed of rotation of blade row, rev per 
mi n 

Use 

Sector centerline location at sector N, 
station I 

133 



Fortran Symbol 

THETAl.(N) 

NTHETA 

FUNCTION FINDY 

Fortran Symbol 

x 

ARGX(I)
 

ARGY(I)
 

PUNCTION DELTA 

Fortran Symbol 

THETA2 

THETAl 

DELTA 

FUNCTION DERIV 

Fortran Symbol 

p(J ,N,I) 

THETA (.,I ) 

DERIV 

SUBROUTINE FOUR 

Fortran Symbol 

BANG 

NN
 

XN
 

peN) 

Use 

Sector centerline location at sector N, 
inlet station 

Number of sectors 

Use 

Input independent variable 

Table of independent variable 

Table of dependent variable 

Use 

Location of sector centerline 

Location of sector centerline 

Difference between THETA2 and THETAl 

Use 

Static pressure, stream surface J, 
sector N, station I 

Sector centerline location, sector N, 
station I 

Circumferential static pressure gradi
ent, 

Use 

Slope of function between two points 

Index for Fourier coefficient number 

Fourier coefficient number 

Value of function at sector N 
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Fortran Symbol 

THETA(N,I) 

AZERO 

AN (NN) 

BN(NN) 

NMAX 

FUNCT I ON XMEAN 

Fortran Symbo 1 

P(J,N, I) 

THETA{N,I) 

SUBROUllNE EDWIN 

Fortran Symbol 

Y( I ) 

z 

P( I ) 

DP ( I) 

NT 

DPMQ 

PMQ 

Use 

Location of centerl ine at sector N, sta
tion I 

Constant coefficient 

Coefficient of N~ cosine term in Fourier 
series 

Coefficient of N~ sine term in Fourier 
series 

Number of terrps In Fourier series 

Use 

Value of function at stream surface J 
sector N, station I 

Sector centerline locatIon at sector N, 
station I 

use 

locariuns {sector centerl ines) at whiCh 
perturbation static pressure is to be 
calculated 

Nondimensional axial location at whiCh 
perturbation static pressure is to be 
calculated 

Perturbation static pressure/density for 
the i th sec tor 

Perturbation static pressure circumfer
ential gradient to~ the i.tA. sector 

Number of sectors at which pressure is 
to be calculated 

Fourier summation for static pressure 
circumferential gradient 

Fourier summation for perturbation static 
pressure/density 
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Fortran Symbol 

DETQ 

M 

XM 

A 

WBAR 

VBAR 

VBARD 

XK 

B 

SUBROOTINE NE.'WRAP 

Fortran Symbol 

Wl 

W2 

W3 

w4 

Zl 

Z2 

Z3 

z4 

NO 

A 

Use 

e- jmSoz 

Fourier summation index 

M 

e mz or cos mei 

Mean axial velocity at z = Z
 

Mean tangential velocity at z = Z
 

Axial derivative of mean tangential
 
velocity at z = Z
 

Either XK 1 (Kl) or XK2 (K2) from
 
COMMON/ONE/
 

e kz or sin mei
 

Mean axial or tangential velocity at z = Zl 

Unused 

Unused 

Mean axial or tangential velocity at z = Z4 

Nondimensional axial location corresponding 
to Wl 

Unused 

Unused 

Nondimensional axial location corresponding 
to w4 

If 0, Wl and w4 are axial velocities; if 
1, Wl and w4 are tangential velocities 

klZle 
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C 

Fortran Symbol Use 

k2Z, 
B e 

D 

E WI -wZ or WI -vZ 

F w4-WZ or W4-VZ 

SUBROUT I NE CPGuR 

Use 

- \ I)!.,,, . CR Number to be norma I i zed to forr.j
 

L Power of 10 in normal Ized f~r'm
 

S 

FU~CT I DN VBARF 

Use 

Z Nand i iCensl ana 1 ax i all ')ca t i .)n 

VBA,RF Me0:3n tangential velocity at 2.',7 

FUNCT JON VBAR DF 

Fort ran S~bo1. use 

Z Nondimensional axial iOCdtic~ 

VBAROF Axial derivative of mean tClr.gential ve
I eel t y a t ~, '" Z 

FUNCT I ON WBA,RF 

Fortran Symbol Use 

Z 

WBA,RF Mean aXial ve!xity at z=Z 

SUBROUTiNE CSiMEQ 

For t r~n. Symbo 1 Use 

A(! •J) Coefficie~t matrix augmen'ec d" LJnS'd~T 
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Fortran Symbol 

x( I , K) 

DEl 

NR 

NS 

NDEX 

LSGN 

LEXP 

NRD 

NCD 

NSD 

R 

NC 

S 

J 

K 

T 

L 

SUBROUTINE GEORGE 

Fortran Symbol 

Y( I) 

; f> 

Use 

vectors 

Solution vectors 

Normalized determinant of coefficient 
ma t r i x: de te rm i nan t = DE'P'IO:':,':LEXP 

Number of unknowns 

Number of solutions desired 

If < 0, only determinant calculated:: if· 
0, only solution vectors: if >0 both 

o unless matrix is si~gular 

Normalized power of 10 of determinant: 
determinant = DEL',IO;',-;'LEXP 

Dimension of A in ca 11 i ng program 

Dimension of A in ca 11 i ng program 

Dimension of X in ca 11 i ~g program 

Dummy variable used 1oca lly 

NR+NS: number of columns in A ma tr i x 

Row index 

Dummy variable used locally 

Column index 

Subsidiary row index 

Dummy variable used locally 

Resubstitution summation index 

lJse 

locations (sector centerlines) at whict 
perturbation axial and tanger~i~l ve
locities are to be calculated 
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l 

Fortran Symbol 

z 

U( I) 

v( I) 

NT 

,ALPHMQ 

BETAMQ 

DETQ 

M 

XM 

A 

XK 

B 

SUBROUTINE SMITH 

Fortran Symbol 

COEMQ( I ,J) 

SOLMQ( I, J) 

BOEMQ( I. J) 

HMQ 

Use 

Nondimensional axial location at wbich 
perturbation velocities are to be cal
culated 

.th
Perturbation axial velocity for the 
sector 

Perturbation tangential velocity fer 
the i. 1h sector 

Number of sectors at which velocity is 
to be calculated 

Fourier summation for perturbation axial 
velocity 

Fourier summation for perturbation tan
gential velocity 
- jmSoze 

Fourier summation irdex 

M 

mZ 
e or Cb'/'YIGL 

Either XKI or XK2 from COMMON/ONEI 

k(Z • Pe or SULfY1~i 

Use 

Boundary condition coefficient matrix 
(reta i ned) 

Solution vector of simultaneous b0w~d2ry 

condition equations 

Boundary condition coefficient matrix 
(not retained) 

Complex Fourier coefficie t correspond
ing to boundary condition at z = XL] and 
CNX and DNZ 
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Fortran Symbol 

PMQ 

TMQ 

AQQ 

BQQ 

DETQ 

M 

XM 

Xl 

A 

I ND 

WBAR 

VBAR 

VBARD 

J 

LSGN 

LEXP 

XK 

WC 

VC 

Use 

Complex Fourier coefficient correspond
ing to boundary condition at z = XL2 and 
CNF and DNF 

Complex Fourier coefficient correspond
ing to boundary condition at z = XL3 and 
ENF and FNF 

-jm--mR 

Used variously as a complex quantity 

Unused dummy argument (see CSIMEQ sub

rout j ne)
 

Fourier index
 

M 

Nondimensional axial location, either 
XLI, XL2, or XL3 

Either IND2 or IND3 from COMMON/ONE/ 

Index of boundary condition equation; 
1=1, 2, or 3 

Mean axial velocity at z = Xl 

Mean tangential velocity at z = Xl 

Axial derivative of mean tangential ve
locity at z = Xl 

Matrix index 

Unused dummy argument (see CSIMEO sub
routine) 

Unused dummy argument (see CSIMEQ sub

routine)
 

Ei ther XKl or XK2 fr0m COMMON/ONE/
 

Either WCAPI ~r WCAP2 from COMMON!0NE/
 

Either VCAPI or VCAP2 fro~ COMMON/ONE! 
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SUBROUTjNE PCTURE 

Fortran Symbol 

NT A.PE 

JTAPE 1 

J rJI.P E.2 

JT APE3 

JT JI PE4 

JTAPE5 

LTAPEI 

LTAPE2 

LTAPE3 

LTAPE4 

LTAPE5 

Jl 

J21 

J22 

J31 

J32 

J41 

J42 

J5 

Kl 

NTHETA 

TITLE(K) 

IFPRIN 

Use 

See I-1A j N Pr'ogram 

See MA1N Program 

See MJU N Program 

See MAiN PrJgram 

See MAiN Program 

See MAi N Program 

See MAIN PrograiT' 

See MAIN Program 

See MA I N Program 

See MA iN Program 

See l"!AlN Program 

See MAit-J Program 

See MA iN Prograrr, 

See MAIN Program 

See IViA IN Program 

See MA ~ N Progr'am 

See MAiN Program 

See MA IN Program 

See MAIN P rc)gram 

K2 in MAIN Frogram 

Number of sectors 

Tit 1e for job 

Indicator C::lntro II i ng OUCPUl 'Jp t i ens 

141 



Fortran Symbol 

R32(N) 

CP 

C1 

C2 

JTAPE 

I I 

I II 

DUM 

IFFULL 

I I
 

12
 

13
 

121 

GASK 

123 

I FMACH 

IFLVSI 

J 

IDUM 

-, I • '" 

Use 

Angular location of sector N in inlet, 
degrees 

Specific heat, Btu per lb deg R 

180/3.1415926535 

200\32. !75 778"ocp, being 2gJep 
per sec 2 deg R 

Current unit frcm' L-Series" 

Number of stations for w~ich there is 
data on unit JrAPE 

Absolute station number 

Dummy variable used in skip-readlng 

Sector number 

Indicator indicating external data or. 
unit LTAPEl (for each sector) 

Total number of stations 

Number of streamlines 

Number of blading data radi i 

Indicator specifying if station lean 
angles and solution types are detailed 

Gas constant, ft Ibm per 1b deg R 

Station number 

Indicator specifying presence or other
wise of blades 

Indicator specifying cascade analysis
option 

Indicator specifying cascade analysis 
opt i en 

Streaml ine roumber 

Dummy variable used in skip-readlns 
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------------------

Fortran Symbol 

N1 

N2 

N3 

N4 

N5 

N6 

N7 

N8 

Use 

Indicator noting first storage location 
in triple-subscripted arrays (which are 
equivalenced to singly subscripted ar
rays) holding values applying at hub 
streaml ine 

Indicator noting first storage locations 
in triple-subscripted arrays (which are 
equivalent to singly subscripted ar
rays) holding values applying at hub 
streaml ine 

Indicator noting first storage location 
in triple-subscripted arrays (which are 
equivalenced to singly subscripted ar
rays) holding values applying at hub 
streamline 

Indicator noting first storage location 
in triple-subscripted arrays (which are 
equivalenced to singiy subscripted ar
rays) holdi~g values applying at hub 
streaml ine 

Indicator noting first storage location 
in triple-subscr Ipted arrays (which are 
equivalenced to singly subscripted ar
rays) holding values applying at hub 
streamline 

Indicator noting first storage location 
in triple-subscripted arrays (which are 
equivalenced to singly subscripted ar
rays) hOlding values applying at hub 
streaml ine 

Indicator noting first storage location 
in triple-subscripted arrays (which are 
equivalenced to singly subscripted ar
rays) holding values applying at hub 
s t ream line 

Indicator noting first .storage location 
in triple-subscripted arrays (which are 
equivalenced to single subscripted ar
rays) holding values applying at hub 
streaml i ne 
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Fortran Symbol 

N9 

NIO 

NIl 

Nl2 

Nl3 

Nl4 

Nl5 

Nl6 

Use 

Indicator noting first storage locations 
in triple-subscripted arrays (which are 
equivalenced to singly subscripted ar
rays) holding values applying at hub 
streamline 

Indicator noting first storage locations 
in triple-subscripted arrays (which are 
equivalenced to singly subscripted ar
rays) holding values applying at hub 
streaml i ne 

Indicator noting first storage locations 
in triple-subscripted arrays (which are 
equivalenced to singly subscripted ar
rays) holding values applying at hub 
streaml i ne 

Indicator noting first storage locations 
in triple-subscripted arrays (Which are 
equivalenced to singly subscripted ar
rays) holding values applying at hub 
streamline 

Indicator noting first storage locations 
in triple-subscripted arrays (which are 
equivale~ced to singly subscripted ar
rays) holding values applying at hub 
stream 1i ne 

Indicator noting first storage locations 
in triple-subscripted arrays (which are 
equivalenced to singly subscripted ar
rays) holding values applying at hub 
streaml i ne 

Indicator noting fi~st storage locations 
in triple-subscripted arrays (which are 
equivalenced to singly subscripted ar
rays) holding values applying at hub 
streaml ine 

Indicator noting first 'storage locations 
in triple-subscripted arrays (which are 
equivalenced to singly subscripted ar
rays) holding values applying at hub 
streaml ine 
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,Fortran Symbol 

NI7 

Nl8 

N19 

C3
 

C4
 

TT 

JTAPEI 

JTAPE2 

JTAPE3 

JTAPE4 

JTAPE5 

LOG2 

LOG4 

NTHETA 

TITLE(K) 

J 1 

J21 

J22 

Use 

Indicator noting first storage locations 
in triple-subscripted arrays (which are 
equivalenced to singly subscripted ar
rays) holding values applying at hub 
stream Ii I"le 

Indicator noting first storage locations 
in triple-subscripted arrays (which are 
equivalenced to singly subscripted ar
rays) holding values applying at hub 
stream 1 i ne 

Indicator noting first storage locations 
in triple-subscripted arrays (which are 
equivalenced to single subscripted ar
rays) holding values applying at hub 
streaml i ne 

Plus or minus one in order to control 
conversion fro~ total to static tempera
ture, or vice versa 

Static or total temperature, deg R 

See MAiN Pr:)gram 

See MA I N Program 

See MAl N Program 

See M.A IN Program 

See MA j N Program 

Standard output unit number 

K2 in MAIN Frogral1l 

See MAl N Program 

See MAl N Program 

See MAl N Program 

See MA IN Program 

See MAl N Program 
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Fort ran Symbol 

J31 

J32 

J41
 

J42
 

J5
 

CP
 

R(J)
 

Y(N,J) 

SYMBOL(N) 

L1NE(L)
 

XI
 

DASH
 

CROSS
 

BLANK
 

LOG3
 

NX
 

NLINES
 

NBETA
 

J
 

lEND
 

III
 

I I
 

Use 

See MAIN Program 

See MAIN Program 

See MAIN Program 

See MAIN Program 

See MAIN Program 

Specific heat, Btu per lb deg R 

Approx imate radius of stream surface J, 
ft 

Vertical coordinate of point for polar 
plot, f t 

Array storing Hollerith characters used 
to plot N sector centerlines 

Array printed to create one line of plot 

Store Hollerith character 

Store Hollerith character 

Store Hollerith character 

Store Hollerith character 

Current unit number from "J-Series" 

Total number of stations 

Number of streamlines 

Number of blading data radii 

Streamline number 

Number of stations for which data is on 
unit number LOG3 

Current station number 

Station number 
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Fortran Symbol 

N 

II 

ISETA2 

IFMACH 

IFLVSI 

YINC 

YSTART 

SCALE 

KLINE 

L 

SUSROUT INE MPLOT 

Fortran Symbol 

IX 

IY 

LOGI 

x(I ) 

YI ( I ) 

Y2 ( I) 

Y3 (I) 

Use 

Sector number 

Station number 

Indicator specifying pressure or other
wi se of blades 

Indicator specifying cascade unalyses 
option 

Indicator specifying cascade analyses 
option 

Vertical increment represented by one 
1ine of plot. ft 

Upper 1imit of vertical scale represented 
by current line of plot, ft 

Scale of plot produced, ft per inch 

Line number of plot 

Location number in line of plot 

Use 

Number of values of horizontal coordi

nate to be plotted
 

Number of values of vertical coordinate
 
to be plotted for each value of hori

zontal coordinate
 

Standard output unit number
 

Value of horizontal coordinate, point
 

First value of vertical coordinate,
 
point I
 

Second value of vertical coordinate,
 
point I
 

Third value of vertical coordinate,
 
point'
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Fortran Symbol 

V4( I) 

V5 ( I) 

v6 (I) 

Y7( I) 

v8 ( I) 

V9 (I) 

V1O(1) 

VII ( I) 

V12 ( I) 

V13 ( I) 

V14( I) 

V15 ( I) 

V16 ( I) 

V17 ( I) 

V18 (I) 

SVMBOL(N) 

LI NE (L) 

Use 

Fourth value of vertical coordinate,
 
point I
 

Fifth value of vertical coordinate,
 
po i nt I 

Sixth value of vertical coordinate,
 
point I
 

Seventh value of vertical coordinate,
 
point I 

Eight value of vertical coordinate,
 
poi nt I
 

Ninth value of vertical coordinate,
 
poi nt I
 

Tenth value of vertical coordinate,
 
point I
 

Eleventh value of vertical coordinate,
 
poi nt I
 

Twelfth value of vertical coordinate,
 
poi nt I
 

Thirteenth value of vertical coordinate,
 
point I
 

Fourteenth value of vertical coordinate,
 
poi nt I
 

Fifteenth value of vertical coordinate,
 
poi nt I
 

Sixteenth value of vertical coordinate,
 
poi nt I
 

Seventeenth value of vertical coordinate,
 
point I
 

Eighteenth value of vertical coordinate,
 
point I
 

Average storing Hollerith characters used
 
to plot eighteen curves 

Array printed to create one li'ne of plot 
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Fortran Symbol 

XNUM(K) 

DASH 

CROSS 

BLANK 

XI 

YMIN 

XMIN 

YMAX 

XMAX 

YH
 

YL
 

XH
 

XL
 

MX
 

MY 

YINC 

YINC2 

XRANGE 

KLINE 

L 

YNUM 

Use 

Array of numbers describing horizontal 
scale 

Stores Ho 11 er i th character 

Stores Hollerith character 

Stores Hollerith character 

Stores Hollerith character 

Minimum value of vertical coordinate 

Minimum value of horizontal coordinate 

Maximum value of vertical coordinate 

Maximum value of horizontal coordinate 

Number of point currently being processed 

Maximum value on vertical scale 

Minimum value on vertical scale 

Maximum value of horizontal scale 

Minimum value of horizontal scale 

Normalizing factor to put horizontal 
scale maximum value in the range I to 
10 

Normalizing factor to put vertical scale 
maximum value in the range 1 to 10 

Vertical increment represented by one 
line of plot 

Difference between maximum and minimum 
values of horizontal scale 

Line number of plot 

Location number in line of plot 

Number describing vertical sca'le 
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FORTRAN PROGRAM LISTIRG
 

C MAIN PROGRAM NREC PROJECT 1126A 50100000 
oI MENS ION R32 C18) ~ TITLE (12) 'HEAD C4) ,Jl C1) •J21 C1) • J22 C1) •J3 i C1) •J32 SO 1.0001 

1(1) .J41 (1) .J42(1) .JS'Cl) 501.0002 
DATACHEADCI),I-l'4)/6HNEW CA.6HCONTIN.6HSE .6HUATIONI 50100003 
ITAPE-S 501.0004 
NTAPE-~ 50100005 
JTAPE1-l 501.0006 
JTAPE2-2 501~0007 
JTAPE3-3 501.0008' 
JTAPE4-4 501.0009 
JTAPES-7 501.0010 
LTAPEl-8 SOl.0011 
LTAPE2-9 SOl.0012 
LTAPE3=10 SOl.0013 
LTAPE4=11 50100014 
LTAPES-12 SOl.0015 
KTAPE1=13 SOl~0016 

KTAPE2-14 SOl00017 
Kl=KTAPEl SOl.0018 
K2-KTAPE2 SOl 0 0019 
READCITAPE.l0)TITLE.NTHETA.NLOOPS.IFSTAR.IFPRIN.RFAC1.RFAC2.RFAC3.S01 00020 

lRFAC4,IFAC1.IFAC2.CR32CN).N-l.NTHETA) SOl.0021 
10 FORMATC12A6.1.4I6.1.4F8.4.1.2I6.I.C9F8.4)) SOl~0022 

IFCNTHETA.GT.l)REWIND Kl SOl 00023 
IFCNTHETA.GT.l)REWIND K2, SOl 0 0024 
WRITECNTAPE.20)TITLE.NTHETA.NLOOPS.HEAOCIFSTAR+l).HEADCIFSTAR+3).IS01 0 0G25 

lFPRIN.RFAC1.RFAC2.RFAC3.RFAC4.IFAC1.IFAC2.CR32CN) .N=l.NTHETA) SOl 0 0026 
20 FORMATC1Hl.31X.70HPROGRAM TO ESTIMATE AXIAL COMPRESSOR PERFORMANCES01 00027 

1 wITH INLET DISTORTION/32X.70H··••••••••••••••••••••••••••••••••o.SOl 0 0023
2··.·······.···..···············•·•. III.l0X.llHJOR TITLE c.12A6.1.1S01~0029 
30X.19HNUMBER OF SECTORS -.I3.I.l0X.18HNUMBER OF CYCLES =.I3.I.l0X,SOl 0 0030 
410HTHIS IS A ,2A6,I,10X.8HIFPRIN -,I3,S4H CCONTROLS OUTPUT PRINTINS0100031 
SG FOR CyCLES AFTER THE FIRST)/,10X,7HRFACl -,F8.S,8H RFAC2 =,F8.S,SOl~0032 
68H RFAC3 .F8.S,8H RFAC4 -,F8.S,8H IFACl -,I3,8H IFAC2 =I3,I,10X,41S01~0033 
7HSECTOR CENTER-LINE LOCATIONS AT THE INLET,F9.1,I.CS4X,F6.1)) SOl.0034 

IFCIFSTAR.EQ.O)CALL INPUTCNTHETA,ITAPE.NTAPE.JTAPE1,JTAPE2,JTAPE3,SOl°0035 
lJTAPE4.JTAPES,LTAPE1,LTAPE2.LTAPE3,LTAPE4.LTAPES,KTAPEl.KTAPE2) SOl~0036 

DO 100 LP-l,NLOOPS SOl00037 
IFCNTHETA.EQ.l)GO TO 22 S0100038 
REWIND LTAPEl 501*0039 
WRITEcLTAPE1,2S)TITLE.NTHETA,LP.NLOOPS,IFPRIN.RFAC1,RFAC2,RFAC3,RFSOlwOO~O 

lAC4,IFAC1,IFAC2, CR32CN),N_l,NTHETA) SOl~OO~1 

2S FORMATC12A6,1.4I6,I,4F8.S,I.2I6.I.C9F8.4)) SOl~OG~2 

22 CONTINUE SOl~u043 
WRITECNTAPE.30~LP	 S01000~~ 

30	 FORMATC34H1ENTERING NTHETA DISTORTS ON CYCLE.I3) SOl~O~~5 
DO 40 LDUM- 1.NTHETA S01*Ov4b 

40	 CALL DISTOR CJ1,J21.J22.J31.J32,J41.J42.JS,LTAPE1,LTAPE2,LTAPE3,LTS0100C~7 
lAPE4,LTAPE5,NTAPE,JTAPE1.JTAPE2.JTAPE3.JTAPE4.JTAPES.LDUM) SOl 0 0043 

IFCNTHETA.EQ.l)STOP SOlw0009 
IFCJ21.EQ.0)GO TO 70 SOi~0v~~ 
IFCJ31.EQ.0)GO TO 6S SO~~Jv~l 
IFCJ41.EQ.0)GO TO 60 Sn!~o~S~ 
REWIND JTAPE4 SOl~DJS3 

REWIND LTAPE4 S010Da5~ 

60 REWIND JTAPE3 SO~',:O::;,;::i 

REWIND LTAPE3 SOl 0 0056 
6S REWIND JTAPE2 SOl 00051 

REWIND LTAPE2 SOl 00053 
70 REWIND JTAPEl 501.0059 
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PEWIND LTAPEl 50100060 
PEWIND JTAPE5 50100061 
PEWIND LTAPE5 50100062 
WRITE(NTAPE,50)LP 501000~3 

50 FORMAT(24H1ENTERING THETA ON CYCLE,I3) 501~0064 
CALL THETA(Jl,J21,J22,J31,J32,J41,J42,J5,LTAPE1,LTAPE2,LTAPE3,LTAPS01~006S 

1E4,LTAPE5,JTAPE1,JTAPE2,JTAPE3,JTAPE4,JTAPE5,NTAPE,K1,K2,IF5TAR) 501~OO~6 
CALL PCTURE(NTAPE,JTAPE1,JTAPE2,JTAPE3,JTAPE4,JTAPE5,LTAPE1,LTAPE2501 0 0067 

1,LTAPE3,LTAPE4.LTAPE5,Jl,J21,J22.J31,J32,J41,J42,J5,K2,NTHETA,TITLS01 0 0068 
2E,IFPRIN,R32) 501°0069 

KKK-Kl 501°0070 
Kl-K2 501°0071 
K2-KKK 501*0072 
REWIND Kl S01~0073 

REWIND K2 50100074 
100 CONTINUE 501°0075 

STOP 501 00076 
END 501°0077 
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SUBROUTINE INPUTlNTHETA,ITAPE,NTAPE,JTAPE1,JTAPE2,JTAPE3,JTAPE4,JTS0200000 
lAPES,LTAPE1,LTAPE2,LTAPE3,LTAPE4,LTAPE5,KJAPE1,KTAPE2) S0200001 

DIMENSION RPM2(30),IBETA2130),IFTHICI30),IFCAXI30),IFMACHI30),IFRES0200002 
lYN(30),ILOSSI30),IFMLOSI30),IFLVSII30),IFPROFI30),IFREYL(30),EXPLOS0200003 
2S(30),XMACHI30),BBPI30,15),STAGI30,lS),BETAI30,lS),SIGMAI30,15),BLS02~0004 
3AKI30,lS),ZBARI30,15),CLOSSI30,15>,COI30,lS),DELMllS),BLA M(30) ,Xl3S020000S 
40) ,RHP (30) ,RSP (30), IMACHI (30) ,ANGLN (30) ,COMENT I12,18) ,BHP I15,lR) ,TS0200006 
SOCOI15,18),POCOllS,18),AFCOllS,18) S02~o007 

READIITAPE,10)NX,NLINES,NBETA,NTOPO,IFSIMP,NPASS,IFBL,IFRPM,ITER,NS02~0008 
lPLOT,INCPO,NWRIT,INCWRI,IFTYPE,TOLCX,HUBLOC,GASK,CP,VIS1,VIS2 S020000Q 

10 FORMATC12I6,I,2I6,I,6F8.4) S02~0010 

WRITEINTAPE,lS)NX,NLINES,NBETA,NTOPO,IFSIMP,NPASS,IFBL,IFRPM,ITER,S02~0011 

lNPLOT,INCPO,NWRIT,INCWRI,IFTYPE,TOLCX,HUBLOC,GASK,CP,VIS1,VIS? S0200012 
15 FORMATl/,10x,20HNUMBER OF STATIONS ~,I3,I,10X,23HNUMBER OF STREAMLS0200013 

lINES =,I3,I,10x,30HNUMRER OF BLADING DATA RADII .,I3,I,10X,38HNUMRS0200014 
0ER OF INLET CONDITION DATA RADII =,I3.I,10X,8HIFSIMP a,I3,S7H 12 -S0200015 
5S.R.E••NE.2 -L.S.Q. STREAMLINES,NPOINT • IFSIMP.2), l,lOX,3bHS02~0016 
3MAXIMUM NUMBER OF PASSES PER CYCLE =,I3,I,10X,6HIFBL =,I3,b7H 11 -S02~0017 
4RLOCKAGE HELD AT DATA VALUES 2 -ANNULUS WALL B.L. CALCULATED),I,lS0200018 
SOX,7HIFRPM a,I3,43H CCONTROLS OUTPUT PRINTING FOR FIRST CYCLE),I,IS0200019 
60X,6HITER -,I3,62H Cl -PRINT ALL VELOCITIES DURING ITERATIONS 2 -S0200020 
7NORMAL OPTION),I'10X,7HNPLOT -,I3,54H CFIRST PASS DURING WHICH CASS0200021 
8CADE ANALYSIS IS PRINTED),I,10X,7HINCPO -,I3,22H CINCREMENT FOR ABS02~0022 

90VE),I,10X,7HNWRIT =,I3,bOH CFIRST PASS DURING WHICH VELOCITY TRIAS0200023 
ANGLE DATA IS PRINTED),I,10X,8HINCWRI a,I3,22H CINCREMENT FOR AROVES0200024 
B),I,10X,8HIFTYPE =,I3,102H CO -ALL STATIONS UPRIGHT,ALL SOLUTIONS S02*0025 
CSUBSONIC 1 -STATION LEAN ANGLES AND SOLUTION TYPES SPECIFIED),I,lS02~0026 
Dox,22HCONTINUITY TOLERANCE -,F7.4,I,10X,35HFRACTION OF INLET RLOCKS0200027 
E~GE ON HUB =,F7.4,I,10X,14HGAS CONSTANT .,F9.4,I,lOX,lSHSPECIFIC HS0200028 
FEAT =,F8.S,I,lOX,29HFIRST VISCOSITY COEFFICIENT -,E10.3'I,lOX,30HSS02~0029 
GECOND VISCOSITY COEFFICIENT -,E10.3) S02~0030 

WRITEINTAPE,18) S0200031 
18 FORMATC1Hl,9X,46HSTATION-TO-STATION CHANGES ARE PRESCRIBED THUS,II~O~*0032 

1) S02i>0033 
DO 100 I=2,NX S02~0034 
RPM21I)=0.0 S0200035 
READlITAPE,20)IF3ETA2CI),IFTHIClI),IFCAXCI),IFMACHCI),IFREYNlI),ILOS02\lo0036 

lSSII) ,IFMLOSlI) ,IFLVSIlI) ,IFPROFCI) ,IFREYLlI) 502\)0037
20 FORMATC10I6) S02~00:3 

I8~IBETA2CI)·1 S02*0039 
IF CIB.EQ.7) GO TORO SO:"·ijC~.O 
IFCIFLVSICI).EQ.l)READCITAPE,2S)EXPLOSCI) 50~0oC~1 

25 FORMATCF8.4) 5G2~r,a~2 
IF CIFMACH CI) .EQ.3) READ I ITAPE ,25) XMACH I I) 502,,\10:.3 
READCITAPE,2S)RPM21I) 502cD~~~ 
READIITAPE,30) lBBPlI,J) ,STAGCI,J) ,BETA(I,J) ,SIGMAlI,J) ,BLAKlI,J), 502«00(.5

lZRARCI,J),CLOSSlI,J),COlI,J),J_l,N9ETA) 502~oO~6 

30 FORMATC8F8.4) 502-:'00,.7 
WRITECNTAPE,33)I,RPM2CI) SO:G004J 
WR IrE INTAPE, 32) I BETA2 CI ) ,IFTH I C(I ) , IFCAlC CI ) , I FMACH CI) , I FREYN I I I , I L5 C-; '", 00:'" l) 

10SSCI) ,IFMLOSCI) ,IFLVSI(I) ,IFPROF(I) ,IFREYLCI) 50:.:00:50 
32 FORMATC/'24X,8HIBETA2 -,Il,9H IFTHIC a,ll,8H IFCAX =,Il,9H IFMACH S~:~CO~l 

1-,Il,9H IFREYN ~,ll,8H ILOSS =,Il,9H IFMLOS -,Il,9H IFLVSI =,Il,9HSG~~~0~2 
2 IFPROF =,Il,9H IFREYL =,11'//) SC?00CS3 

GO TOI750,35,40,750,65,40,750),IB SJ2~CGS~ 
33 FORMAi C/18X7HSTATION,13,59H FOLLOWS A BLADE DESCRIBED BY THE FOLLOS02,jCG~~ 

lWING AND ROTATING AT,F9.1,4H RPM,II) 502~005o 
35 WRITEINTAPE,36) CB9PCI,J),STAGcI,J),CLOSSCI,J),J-l,NBETAI S02~nOG7 
36 FORMATC24X,34HRADIUS RELATIVE FLOW LOSS,I,38X,5HANGLE,9X,S02<;0056 

111 HCOEFFICIENT,II,C23X,F7.4,F13.2,F17.5) 50200059 
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GO TO 100 50200060 
40 WRITEcNTAPE,42) 50200061 
42 FORMATC24X,99HRADIUS STAGGER CAMBER SOLIDITy THICK/CHCRD S0260062 

1 MAX.CAM.PT. LOSS COEFF. ADDIT.LOSS FACTOR,II) S02 0 0063 
IFCIS.EQ.6)GO TO 60 S0200064 

44 IL-ILOSSCI)+l S02*0065 
FO SOC750,45,50,55,750),IL S0200066 

45 WRITE CNTAPE, 46) 18BP ( I ,J) ,STAG IJ ,J) ,BETAC J ,J) ,S I GMA CI ,J) ,8LAK CI, J) ,S02 0 0067 
ll8ARCI,J),CLOSSCI,J),JaltNBETA) S02~0068 

46 FORMATC2JX,F7.4,Fll.2,F10.2,F10.3,Fll.4,FlJ.J,F16.S) S0200069 
GO TO 100 S02~0070 

50 WRITECNTAPE,52) C8BPII,J),STAGCI,J),BETACI,J),SIGMACI,J) ,BLAKCI,J),S02--001l 
1lBARCI,J) ,COCI,J),J-1tNBETA) 50200072 

52 FORMATC23X,F7.4,Fll.2,FlO.2,F10.3,Fll.4,F1J.J,F32.3) S02~0073 
GO TO 100 50200074 

55 WRITECNTAPE,56) CSBPCI,J) ,STAGcI,J),8ETACJ,J) ,SIGMACI,J),8LAKCI,J),S02*0075 
1lBAR CI ,J) ,CLOSS CI ~J) ,CO CI, J) ,J=l,NBETA) S02:~0076 

56 FORMATC23X,F7.4,Fll.2,FlO.2,F10.3,Fll.4,FlJ.3,F16.5,Fl7.3) S02~0077 
GO TO 100 S0200078 

60 WRITECNTAPE,61) CBBPCI,J),STAGCJ,J),BETACI,J),SIGMACI,JI,CLOSSCI,J)S0200079 
l,Jzl,N8ETA) S02*0030 

61 FORMATI23X,F7.4.Fll.2,FlO.2,FlO.3,F40.5) S02~0081 

GO TO 100 S02 0 00B2 
65 WRITECNTAPE,661 S02*0063 
66 FORMATC38X,12HBLADE-ANGLES,I,24X,99HRADIUS INLET OUTLET S02~003~ 

lSOLIDITY THICK/CHORD MAX.CAM.PT. LOSS COEFF. ADDIT.LOSS FACS02'~00:5 
2TOR,II) S02 0 00Gv 

GO TO 44 S02~0037 

80 WRITECNTAPE,82)I S02 Q OOCC 
82 FORMATC/,18X,7HSTATION,I3,27H FOLLOWS A BLADE FREE SPACE) S0200089 
100 CONTINUE S02~OO~0 

READ CITAPE ,lOS) CDELM CJ) ,J-l,NLINES)	 S02.:l0Q91 
105	 FORMAT C9F8.S) S02"0092 

READCITAPEtlOS) CBLAMCI),I=l,NX) S02'00093 
READCITAPE,l08)FLOWI,ESTFLO,WIDTH S02~0094 

108	 FORMATCF8.4) S02 0 00gS 
READCITAPE,l10) (XCI) ,RHPC!) ,RSPCI),I-1,NX) S02 600% 

110	 FORMATC3F8.4) S02000~7 

IF(IFTYPE.NE.O)GO TO 125 SO::::":'~:; 

DO 115 I=l,NX S02~a0S9 
IMACHI(I)=O 50::::.'\1100 

115	 ANGLNCI)=O.O S02~nl)1 
GO TO 135 502~nl0~ 

125 READCITAPE,126)IIMACHt"(IltI a l,NX) SO:?'~'Ol03 
126 FORMAT(12I6) 502~~lG~ 

READCITAPE,128) CANGLNCI) ,I:ll,NX) SO~.:~,~,:'5 

128 FORMAT(9F8.4) Su:~J!J6 

135 WR ITE (NTAPE ,140) (I, X(J ) ,RHP ( I ) ,RSP ( I) ,ANGLN ( I) ,BLAM (I ) , I MACH I CI ) tI S" ~; .j 1Ii"/ 
1-1,NX) S02~0103 

140 FORMATCIH1,9X,5qHANNULUS GEOMETRY SPECIFICATION AND SOLUTION TYP~ S02~0~v9 
lIND!CATORS,II,18X,66HSTATION AxIAL HUB CASING LEAS02 wOllO 
2N BLOCK IMACHI,I,18X,8SHNUMBER LOCATION RADIUS RADSJ:~0:!l 
3IUS ANGLE -AGE CO -SUBSONIC 1 -SUPERSONIC) ,II,Cl~X.I3,FSO~~~1:2 
413.4,FI0.4,Fl1.4,F9.3,F9.4,I8» S02~Ol13 

WRITECNTAPE,141)FLOWI,ESTFLO,WIOTH,COELM(J),J=l,NLINES)	 S020011~ 

141 FORMATC/,10X,28HDOWNSTREAM STATIC PRESSURE -,r9.2,17H ESTIMATEO FLSG~~Ol:S 

lOW -,F7.2,23H CHARACTERISTIC WIDTH .,F6.3,II,lOx,50HFRACTIONS OF IS02~O~16 
2NLET BETWEEN HUB AND EACH STREAMLINE,II,CI0X,9Fl0.4» . S02~Ol17 

00 142 N-l,NTHETA S02~011a 

142 READCITAPE,143) ICOMENTCK,N),K-l,12),tBMPCJ,N),TOCOIJ,N) ,POCOlJ,N),S02*0119 
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lAFCOCJ,NI,J-l,NTOPOI 502*0120 
143 FORMATC12A6,I,C4F8.411 502*0121 

WRITECNTAPE,14S1 502*0122 
14S FORMATC/,10X,23HSECTOR INLET CONDITIONSI 502*0123 

DO ISS N-l,NTHETA 502*0124 
WRITECNTAPE'lS0IN,CCOMENTCK,NI,K-l,12I,CBHPCJ'NI ,TOCOCJ,NI,POCOCJ,502*0125 
INI,AFCOCJ,NI,J~l,NTOPOI 50200126 

ISO FORMATC/'10X,6HSECTOR,I3,9H COMENT -'12A6,1124X,38HRADIUS TOTAL502~0127 
1 TOTAL FLOW,I,32X,31HTEMPERATURE PRESSURE ANGLE,/502*0128 
2/,C23X,F7.4,Fll.2,F13.1,F9.211 50200129 

ISS CONTINUE 50200130 
DO 160 I-2,NX 502*0131 
JI-I 50200132 
IFCIBETA2CI.ll.NE.6IGO TO 170 502~0133 

160 CONTINUE 502*0134 
170 J21-Jl.l 502001~S 

DO 180 I-l,NX 502~0136 
II-NX-I.l 50200137 
J22-II-l 50200138 
IFCIBETA2CIII.NE.6IGO TO 190 5020013Q 

180	 CONTINUE 502 Q 0140 
190 IFCJ22-J21.GT.S)GO TO 200 502wo141 

IFCJ22.EQ.J21-1IGO TO 195 50200142 
J31-0 502~0143 
J32=0 50200144 
J4I-0 50200145 
J42-0 502~0146 
JS-J22.1 50200147 
GO TO 260 50200148 

19S J21-0 5020014Q 
J22-0 50200150 
J31-0 50200151 
J32-0 50200152 
J41-0 502*0153 
J42-0 50200154 
J5-Jl.1 502~0155 
GO TO 260 502*0156 

200	 J32-J22 50200157 
J22-J21.S 502~01S8 
J31-J22.1 502*0159 
IFCJ32-J31.GT.5)GO TO 230 502*0160 
J41-0 502*0161 
J42-0 50200162 
JS-J32.1 502~OlG3 
GO TO 260 5020016~ 

230	 J42-J32 502*0165 
J32-J31.5 502~0166 
J41-J32.1 502~nl~7 
JS.J42.1 502*olGC 

260 CONTINUE 502~o169 
ICUSl-l 502~0170 
WRITECNTAPE,262lITAPE,NTAPE,KTAPEl,KTAPE2,JTAPEl,ICU51,Jl,JTAPE2.Jso~~0171 

121,J22.JTAPE3,J31,J32,JTAPE4,J41,J42.JTAPE5,JS,NX,LTAPEl,TCUS1.Jl,S0200172 
2LTAPE2,J21,J22,LTAPE3,J31,J32,LTAPE4,J41,J42.LTAPES,JS,NX 50~o0173 

262 FORMATCIHl,9X,52HTHE FOLLOWING UNIT USAGE IS ESTABLI5HED FOR THIS SC2~Ol~'4 
IJOB.II'18X,4HUNIT,8X,4HUNIT,8X'17HNOTES ABOUT USAGE,I,18X.4HNAM~,GSC:Q~17S 
2X,6HNUMBER,II,18X,5HITAPE,I9,10X,10HSTD. INPUT,I,18X,5HNTAPE,I~,10S02~0176 
3X,11HSTD. OUTPUT,I,18X,6HKTAPEl,I8,10X,16HUSED IN THETA AS,I,lBX,6S02 u 0177 
4HKTAPE2,I8,10X,17HTEMPORARY STORAGE,I,18X,6HJTAPE1,I8,10X.2SHDtSTOS02~0178 
5RT DATA FOR STATIONS.13,5H THRU,I3,1.18X,6HJTAPE2,I8,3SX,13,IB,I,lS02.0179 
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263 
264 
2641 

265 

300 

310 

325 

350 

420 

450 

6Bx,6HJTAPE3,IB,35x,I3,IB,I,lBX,6HJTAPE4,I8,35X,I3,I8,l,leX,6HJTAPES0200130 
75,IB,35X,I3,I8,I,leX,6HLTAPE1,IB,lOX,25HTHETA DATA FOR STATIONS S02"O:~1 
813,5H THRU,I3,I,lBX,6HLTAPE2,I8,35X,I3,I8,I,18X,6HLTAPE3,I8,35X,I3S02 w 0132 
9,IB,I,18X,6HLTAPE4,I8,35X,I3,I8,I,18x,6HLTAPE5,I8,35X,I3,I8,II,66XS02~0183 
A,12HlZEROS ABOVE,I,67X,13HINDICATE THAT ,I,67X,13HTHE UNIT WILL ,/S020013~ 
B,67X,18HNOT BE REFERENCED» 502w018S 

IFIJ21.EQ.0)GO TO 2641 50?~0186
 
IFIJ31.EQ.0)GO TO 264 S0200187
 
IFIJ41.EQ.0)GO TO 263 502~018A
 

REWIND JTAPE4 502*0189
 
REWIND JTAPE3 S02~0190
 

REWIND JTAPE2 S02 v 0191
 
REwIND JTAPEl S02 0 0192
 
REWIND JTAPE5 S0200193
 
ICUS2=0 502~0194
 

ICUS3=2 S02~0195
 

ICUS4=0 S02~0196
 

ICUS5=2 50200191
 
IFINTHETA.GT.l)ICUS5-1 S02~0198
 

DO 700 N=l,NTHETA S02~:'0199
 
NUNIT=JTAPE1 S02*0200
 
WRITEINUNIT,265) ICOMENTIK,N) ,K-l,12),NX,NLINES,NBETA,NTOpn,ICUS1, So2~0201
 
lIFSIMP,NPASS,IFRL,ICUS2,ICUS5,ICUS3,IFRPM,ITER,ICU51,NPLOT,INCPO,NS02~OZ02 

2WRIT,INCWRI,ICUS4,ICU54,IFTYPE,ICUS1,TOLCX,HUBLOC,GASK,CP,VIS1,VIS502 v 0203 
32,IBHPIJ,N),TOCOIJ,N),POCOIJ,N),AFCOIJ,N),J=l,NTOPO) S02Q0204 
FORMATlIX,12A6,I,lX,I5,416,I,lX,l5,416,I,lX,I5,lOI6,I,1X,I5,I,lX,FS02~0205 

17.4,2F8.4,F8.5,8X,2F8.4,I,C1X,F7.3,2F8.2,FB.4,16X» 502~020b 

111=2 S02 0 0201 
1I2=J1 S02*0208 
ASSIGN 300 TO 113 S02~0209 

GO TO 500 S02~n210 

IFIJ21.EQ.0)GO TO.420 S02~02:1 

WRITEINUNIT,310)JTAPE2 S02*02l2 
FORMATCI6) S02~02~3 

NUNIT=JTAPE2 S02w021~ 

II1=J21 502*0215 
1I2=J22 S02~0216 

ASSIGN 325 TO II3 S0;:·l()227 
GO TO 500 502~02!J 

IFIJ31.EQ.0)GO TO 420 SiJ:":'0::'~') 
WRITEINUNIT,310)JTAPE3 SC~';"(;2:_;) 

NUNIT_JTAPE3 SG:'0~~: 

1I1-J31 SO~~C~~~ 

II211J32 S,:> ..,~:_=, 

ASSIGN 350 TO 113 S~2"~~:~ 
GO TO 500 S~2wn~~j 

IFIJ41.EQ.0)GO TO 420 SO~lG~2~ 

WRITEINUNIT,310)JTAPE4 SC~' ~:~7 

NUNIT.JTAPE4 s;)::>rJ2:~"; 

II1=J41 SC:·)J229 
11211J42 SC2';'\,2:"O 
ASSIGN 420 TO II3 SO?···d·~:l 

GO TO 500 502 0 02:2 
WRITEINUNIT,310)JTAPE5 S0:~G~:~ 

NUNIT.JTAPE5 $C~~"L:::, 

III-J5 S02~62:5 
II2-NX Sj2~02~6 

ASSIGN 450 TO 113 S02~n2~7 
GO TO 500 S02~a2~u 

WRITECNUNIT,460) (DEL.MCJ) ,J-l ,NL.INES) S02"0~39 
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460 

465
 

470
 

475
 

500
 
505
 

510
 

515
 

520
 
660
 

665
 
670
 
680
 

700
 

750
 

770
 

800
 

FORMATIU,F7.4,8F8.41 502*0240
 
WRITE INUNIT ,460) IBLAM I I) ,hl,NX) 502*0241
 
WRITEINUNIT,465)FLOWI,ESTF~0,WIDTH,IXII),RHPII),RSPII),I-l,NX) 502*0242
 
FORMATIIX,F7.1,t,lX,F7.2,I,lX,F7.4,1,llX,F7.4'SFS.4)) 502*0243
 
WRITEINUNIT,470)IRPM2II),I_2,NX) 50200244
 
FORMATIIX,F7.1,8FS.l) 502~0245
 

IFIIFTYPE.EQ.O)GO TO 700 502*0246
 
WRITEINUNIT,475) IJMACHIII) ,hltNX) 502*0241
 
FORMATIIX,I5,11I6) 502*0248
 
WRITEINUNIT,460) IANG~NII),I-l,NX) 502*0249
 
GO TO 700 50200250
 
WRITEINUNIT,505tII1,II2 502*0251
 
FORMATIIX,I5,I6) 502*0252
 
DO 680 1-111,112 502*0253
 
WRITEINUNIT,510IIBETA2II),IFTHICII),IFCAXII),IFMACHII),IFREYNI!),I502002S4
 
lLOSSII),IFMLOSfI),IFLVSIfI),IFPROFfI),IFREY~fI) 50200255
 
FORMATIIX,I5,9I6). 50200256
 
IFfIBETA2fI).EQ.6)GO TO 660 502~02S1
 
IFfIFLVSIII).EQ.l)WRITEINUNIT,515)EXP~OSII) 50200258
 
FORMATflX,F1.4) 502*0259
 
IFfIFMACHfI) .EQ.3')WRITEINUNIT,515)XMACHfI) . 50200260
 
WRITEcNUNIT,520) IBBPfI,J),STAGfI,J),BETAfI,J),SIGMAfl,J),BLAKf!,JI502*0261
 

l,ZBARfl,J),CLOSSli,J),COII,J),J-l,NBETA) 50200262
 
FORMATIAF8.4) 502*0263
 
RCUSI-O.O 50200264
 
RCUS2-1.0 502*0265
 
RCUS3~0.0 50200266
 
DO 670 J-l,NLINES 502~0261
 
WR!TEfNUNIT,665)RCUS1,RCUS2,RCUS3 i 50200268
 
FORMATf9X,F7.4,24X,2FS.4) 502*0269
 
RCUS1~RCUS1.l.0 502*0210
 
CONTINUE 502*0211
 
GO TO 1I3,f300,325,350,420,450) 502*0212
 
ICUS2-1 502*0213
 
GO TO 800 502*0214
 
WRITE~NTAPE,770) 502*"215
 
STOP 502~0216
 
FORMATf63Hl JOB STOPPED BECAUSE INDICATOR OUT OF RANGE • SU8ROUTIN502~0217
 

lE INPUT) 502*0218
 
CONTINUE 50200279
 
RETURN 502w02~0
 

END 502*0281
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SUBROUTINE OISTOR IJl.J21.J22.J31.J32.J41.J42.JS.LTAPE1.LTAPE2,LTAS03~oO00 

1PE3.LTAPE4.LTAPE5.NTAP.JTAPE1.JTAPE2.JTAPE3.JTAPE4.JTAPES.NTHETI 503 00001 
COMMON/OATA/CP1.CP2,GASK.HUBLOC.IFBL.IFCYL.IFRAO.IFRPM.IFSIMP.IFSTS0300002 
lAT.IFTYPE,IGV.IMASS,INCPO,INCWRI.IPUNCH,IRAD.IROT.ITAPE.ITER.MTAPES03~0003 
2.NBETA,NCURVE.NLINES.NPASS.NPLOT,NPTS,NSTAGE,NTAPE.NTOPO.NWRIT,NX.S03*0004 
3TOLCX,VIS1,VIS2,ANGLNI301,BBPI30.1S1.BETAI30.1S1.BLAK130.151 .RLAMIS03 0 000S 
4301,CLOSSI30,15),COMENTI121.COI30.151.DELMllS1.ESTFLO111,EXPLOSI30S03~0006 

SI,FLowIll,11,IBETA21301,IFCAXI301 ,IFLVSII301.IFMACHI301.IFMLOSI301503w0007 
6.IFPROFI301 ,IFREYLI301 .IFREVNI301 .IFTHICI301,ILOSSI301,IMACHII301,S03~000B 
7KSUMRVlll,RPM2(30),RHP(301.RSPI30),ROT(11.SIGMAC30,is),STAGI30.15)503~o009 
8,wIDTH(1) ,x (30) ,XMACH(30) ,ZBARI30.15) .DELRCIS) S03~0010 

COMMON/CALC/FlOw,ICASE,KRPM,L,NCASE,NDIV.NDUM.NMASS.NPlET,NROT.NWRS03~0011 

lET.ALPHA(30,15).CMTC30,151,POC30,15),RCBC30,15),STATT130,15).TOC30503 0 0012 
2tlSl,WMTI30,lS1 S03 0 0013 

COMMON/WENT/GJ,GJCP.GR2,CXMI30.1S).VI9) S03~0014 

COMMON/NEW/ROISI30,lS1.XMUC30.151.0PDTHC30.151.DFDTH(30.15),ARATIOS03~0015 
1/30.1S1 503*0010 

DIMENSION Bl.OCKI301 S03~0017 
NTAPE=NTAP 503 0 001d 
PCAlC-O.O 503 0 0019 
GJ-64.3S*778.0 S03~002u 

1	 ICASE-l S03~0021 
NMASS-1 503 0 0022 
NROT-l 503~0023 

3	 l.=1 503 0 0024 
ISLOPE=O 503*0025 
WPREV.O.O 50300026 
LL=O 503 0 0027 
IABORT=O 503*0028 
CAl.L REAOINCIABORT.Jl.J21.J22.J31,J32.J41.J42.JS.NTHET,JTAPE1,JTAP503~o029 

lEZ.JTAPE3.JTAPE4.JTAPE51 503~0030 

IFIIABORT.EQ.l1STOP 503*0031 
4 CAl.L SOl.VEIISOLUT.Bl.OCKl 503 0 0032 

NP=NPASS/3+1 503 0 0033 
00 8 K=l.NP S03~o034 

KKa3*K 503*0035 
IFIL.EQ.KKIGO TO 12 503~0036 

8 CONTINUE 503 0 0037 
GO TO 20 S03~oOJB 

12 CALL SEARCHIISOlUT.ISLOPE,LL.WPREV,PCAlCl SO~~GO]0 

20 IFCABSIPCALC/FLOWIINMASS.NROTI-1.0).GT.0.o021NDIV=Z sO:Qno~o 
IFCNOIV.EQ.l.AND,IFBl.EQ.Z.ANO.IIFRPM.EQ.z.OR.IFRPM.EQ.3.0R.IFRPM.SO:*tIO~1 
1EQ.5.0R.IFRPM,EQ.6)I~RITEINTAPE,2S)l.,II,BLOCKCIl,I=1,NXI SO~~OC~2 

25 FORMATCIHl,20X.15HRESULTS FROM ANNUl.US WALL BOUNDARY LAVER CALCULA$O~wnO~3 
ITIONS PERFORMED DURING PASS.I3.11.50X.18HSTATION BLOCKAGE,II.C5250=vOO~4 
2X,I3,SX.F7.4)1 SQ3~OO~5 

IFIIIFRPM.EQ.2.0R.IFRPM.EQ,3,OR.IFRPM.EQ.5.0R.IFRPM.EQ,61 .ANO.Il..ESO~"004J 
1Q.~PASS.OR.L.EQ.NWRIT.OR,NOIV.EQ.l1)CALlPRINT SG30J047 

IFIIGV.EQ.l.AND.(L.EQ.NPASS.OR.NOIV.EQ.l11CALl. PUNCHIJl,J21,JZ2.J3S03*00~3 
11,J32.J41,J42,JS,LTAPE1,l.TAPE2,l.TAPE3,LTAPE4,LTAPE5,NTHET) S03~004q 

IF IL.EQ.NPl.OT)NPLOT-NPLOT+INCPO S03~OOSO 

L-L+l SC:~OG~l 
IFCL.l.E.NPASS.ANO.NDIV.EQ.2)GO TO 4 5C~~OQ~2 

RETURN S03*oOS3 
ENO S03~0054 
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SUBROUTINE READINCIABORT,Jl,J21,J22,J31,J32,J41,J42,J5,NTHET,JTAPES04.0000 
11,JTAPE2,JTAPE3,JTAPE4,JTAPE5) 50400001 
COMMON/DATA/CP1,CP2,GASK,HUBLOC,IFBL,IFCYL,IFRAD,IFRPM,IFSIMP,IFST50400002 
lAT,IFTYPE,IGV,IMASS,INCPO,INCWRI,IPUNCH,IRAD,IROT,ITAPE,ITER,MTAPES04~0003 
2,NBETA,NCURVE,NLINES,NPASS,NPLOT,NPTS,NSTAGE,NTAPE,NTOPO,NWRIT,NX,S04on004 
3TOLCX,VIS1,VIS2,ANGLN(30) ,BBPC30,lS) ,BETAC30,lS),BLAKC30,lS),BLAMCS040000S 
430) ,CLOSSC30,lS),COMENTC12),COC30,15),DELMC1S) ,ESTFLO(1),EXPL05C3050400006 
5) ,FLOWI Cll1) tIBETA2(30) tIFCAX(30) tIFLVSI (30) ,IFMACH(30) ,IFMLOS(30)S0400007 
6tIFPROF(30) ,IFRfYL(30) ,IFREYN(30) ,IFTHIC(30) ,ILOSS(30) ,IMACHI (30) ,504\)0008 
7KSUMRY(1),RPM2C30),RHPC30),RSPC30) ,ROTCl) ,SIGMAC30,lS) ,STAGC30,lS)50400009 
8,wIDTH(1) ,X(30) ,XMACH(30) ,ZSARC30,lS) ,DELR(15) SOt;.000lO 

COMMON/WENT/GJ,GJCP,GR2,CXMC30,lS),YC9) SO~~0011 

COMMON/CALC/FLOW,ICASE,KRPM,L,NCASE,NDIV,NDUM,NMASS,NPLET,NROT,NWRS0400012 
lET,ALPHAC3001S),CMTC30,lS),POC30,lS),RCBC30,lS),STATTC30,15),TO(30S0400013 
2115) ,WMTC30,lS) 504*0014 

COMMON/RESULT/DAMP,RC30,15) 50400015 
COMMON/NEW/RDISC30,15),XMUC30,15),DPDTHC30,15),DFDTHC30,15),ARATIOSo~*001b 

1(30,15)	 50400017 
C•••••READ IN INPUT DATA 504~0013 

ITAPE=JTAPEl 50400019 
IFCNTHET.EQ.l)REUIND ITAPE 50400020 
READCIiAPE.3)COMENT 50~00021 

C•••••THIS CARD CONTAINS COMPRESSOR GEOMETRY SPECIFICATIONS 504~OO~2 
11 READlITAPE,lOO)NX,NLINES.NBETA,NTOPO,IMASS $04"0023 

IROT=l S04~0024 
NCASE=IMASsoIROT SO~~0025 

C•••••THIS CARD CONTAINS INDICATORS SPECIFYING THE COMPUTING METHOD 50400026 
C TO BE USED S04~Q027 

READCITAPE,lOO)IFSIMP,NPASS,IFBL,NPTS,IGV 504*0028 
C••••·THIS CARD CONTAINS INDICATORS SPECIFYING INPUT/OUTPUT OPTIONS 50400029 

READCITAPE,lOO)IFRAD,IFRPM,ITER,IFSUM,NPLOT,INCPO,NWRIT,INCWRI,IRA5C~~n030 
lD,IPUNCH,IFTYPE 504w0031 

C•••••THIS CARD CONTAINS INDICATORS FOR THOSE CASES FOR WHICH COMPLETE 504~0032 
C 
C 

VELOCITY TRIANGLE 
IS NOT REQUIRED). 

KSUMAX=IMASSoIROT 

DATA ARE DESIRED. (WHEN IFSUM~2 THIS CARD 50~~OO~3 
50~~0034 
50400035 

31 
GO TOC31,32),IFSUM
READCITAPE.100) CKSUMRYlI),I-l.KSUMAX) 
GO TO 34 

504*0036 
S04~00~, 
SO~*0a2C 

32 00 33 I=l,KSUMAX $G,'.. ,',)0:';-) 
33 
34 

KSUMRYCI)=O 
NPLET_NPLOT 

S(,'~"JU' ') 
SG~~0~: 

NWREhNWRIT 5(::,'.:', J:":~ 
READ (I TAPE, 26 ') TOLex ,HUBLOC ,GASK ,CP1.CP2. VIS 1. VI S2 S·. ';'.:\;~ ... ~ 
VIS1-VIS1.l.OE-6 ' S':"~·,,:;,'·, 
VIS2-VIS2.1.0E-6 SG4~CJ~G 

341 
DO 341 J-l,NLINES 
BBPCl,J)-O.O 

s~'~au~~ 
~: ',::;'; 

READ CITAPE.35) CRBp (l.J) ,BI.AK (ltJ) .XMU (ltJ) ,ARATIo C1.J) ,DPDTI'l C1,J) '~IJ '~.~,(,' ~~ 
lDFDTHC1,J),J-l.NTOPO) 5040~ .~ 

35 FORMATC~F8.4.F8.0~F8.4~ Sv~.~~~ 
DO 36 J-l.NLINES ~. 'j" , .. '. 

36.	 RC1.J) -BBP Cl.J) s. '." :,:: " 
J21-0 SL,,::: :.:'-:. 
J22-0 sc, " ,_, 
J31-0 S~~~ C~~ 
J32-0 SO~00JS~ 

J41-0 SO~onOG7 

J42-0 sO~w0a~~ 
38	 FORMAT(2I6) So'~oo5q 
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39 READCITAPE,J8)II1,II2 504*0060 
IFCITAPE.EQ.JTAPE1)Jl=II2 504*0061 
IFCITAPE.EQ.JTAPE2)J21=IIl 504*0062 
IFCITAPE.EQ.JTAPE2)J22=II2 504~0063 
IF(ITAPE.EQ.JTAPEJ)J31=IIl 50~*oa64 
IF(ITAPE.EQ.JTAPE3)J32=II2 504~0065 

IF(ITAPE.EQ.JTAPE4)J41=IIl 504~0066 
IF(ITAPE.EQ.JTAPE4)J42=II2 50400067 
IF(ITAPEQEQ.JTAPES)JS=IIl 504Q006~ 

DO 60 1=111,112 504~Ou69 
READCITAPEtlOO) IBETA2CI) ,IFTHICCI) ,IFCAXCI) ,IFMACH(I) ,IFREYNCI), 50:"";'070 

lILOS5CI) ,IFMLOSII) tIFLVSI II) ,IFPROF(I) tIFREYL(I) 50/j. 4lo o071 
IF(IBETA2(I).EQ.l.0R.IRETA2CI).EQ.S,GO TO 45 504~0072 

IFCI8ETA2(1).EQ.6)GO TO 53 504000~3 

LVS=IFLVSICI) 504 0 00J4 
IFMA=IFMACHII) 504&0075 
IF(LVS.EQ.l)READCITAPE,26)EXPLOS(I) S04 Q 0076 
IF(IFMA.EQ.3)REAOIITAPE,26)XMACHII) 504'0077 

45 DO 50 Jal,NBETA S04eOQ78 
50 REAOIITAPE,26)R8P(I,J)~STAGII,J),BETA(I,J' ,SIGMA~I,J),BLAKII,J~, 504*0079 

lZBARII,J) ,CLOSS<I,J) ,CO(I,J) S04~OOGO 

READ IIT APE, 51) CRCI ,J) ,RD I 5 ( I ,J) ,XMU ( I ,J) ,DPDTH I I ,J I ,DFDTHI I, J) ,ARA5040 00:" 1 
1TIO I I ,JI ,J=I,NLINES) 50(,~OO::'2 

51	 FORMAT(6Fa.4) S04w0033 
C CLOSS - DCMDTHETA 504*00:4 

IF(IBETA2CI).NE.S)GO TO 60 504~OCG5 
DO 52 J=I,NBETA 504*0085 

52 ZBARII,J)=O,5 504~0007 
GO TO 60 504~OOG3 

53 RE AD ( IT APE, 54) IRCI ,J) ,RD I 5 I I ,J) ,XMU I I, J) ,DPD TH I I, J) ,DFD TH'I I ,J) ,AR A50(. ,~, 00 a9 
1TIO I I ,J) ,BLAI< (I ,J) ,Ja l,NLiNES) 

54	 FORMATI7F8.4)
60 CONTINUE 

IF(II2.EQ.NX)GO TO 68 
READIITAPE,611NUNIT 

61 FORMATCI6) 
ITAPE=NUNIT 
IFCNTHET.EQ.IIREWINO ITAPE 
GO TO 39 

68 CONTINUE 
REAO(ITAPE,2b) CDELR(J) ,J=1,NLINES) 

75 READ (ITAPE,26) IBLAM (I). I=l,NX) 
225 00 226 N=ltIROT 
226 READ (ITAPE.26)'fFLOWIfI,N),Icl.IMASS)

C FLOW! IS THE DESIRED STATIC-TO-TOTAL PRESSURE RATIO 
READ (ITAPE,26) (ESTFLO (I) ,1=1, IROT) 
REAOCITAPE,26) CWIDTHII) tI=ltIROT) 

234 READ (ITAPE,26) CXII) ,RHP(!) ,RSP<IltI-l,NX) 
READ IIT APE ,26) [RPM21 I) ,I -2 ,NX) 

273 IF(IFTYPE.EQ.O)GO TO 275 
READ(ITAPE,lOO) '(IMACH!(I) tI-l,NX) 
READ CITAPE,26) CANGLN CI). I=l,NX) 
GO TO 301 

275	 DO 277 1-1, NX 
ANGLNI!IIiO.O 

277	 IMACHI(I).O 
C•••••WRITE OUT INPUT DATA 
301	 IFINX.GT.30.0R.NLINES.GT.15.0R,NBETA.GT.1S)GO TO 

NPOINT-(IFSIMP.l>/2
GO T014000,4001,4002,4003,4004),NPOINT 

504~OG9Q 
504 Q 0001 
504*0092 
S04~0093 
S04~OOc;:;. 

504~0095 

504~0096 
S04~0097 
50!,,"'cor;::; 
5J~wO~~S 
SO':':~i)UJU 

SO~';lj' c: l. 
50:,·;;' ..i~~:: 

SlJ·'···:"I~C:: 
sc~ ~~~, 

50/'::' :.Ei 
SII.', )~".:. 

SO .::"j,Ci-/ 
SO: «1 'j, ,;~~ 

50~wO:.C~ 
so-,>O!.:.O 
50/.·: I) ~ 11 
SC'0G\1~ 

5C:,·'''')' L 
S,j':"·i".::, 
5iJ'\i.~S 

5()("Ol'J) 
5001 .	 SO~ 117 

SO", !li~ 

504 119 

159
 



4000 

4001 

4002 

4003 

4004 
4005 

4108 
4109 

410 

4281 

429 

4291 

430 

435 

440 

445 

450 
454 

455 

493 

AA-0.1667 504*0120 
GO TO 4005 S04*0121 
AA-0.02383 504*0122 
GO TO 4005 504*0123 
AA_0.007933 504*0124 
GO TO 4005 504*0125 
AA-0.00361 504*0126 
GO TO 4005 504*0127 
AA=0.00194 S04*0128 
DAMP-O.O 504*0129 
NZM1'NX.l 50400130 
DO 4109 I~I,NZM1 . 50400131 
ASPECT-llRSPlI)·RHPlI»/lXlI.l)-XlI).lTANlANGLNlI.l)/57.296»* S04~0132 

IlRSPlI.l).RHPlI.l»/Z.-lTANlANGLNlI)/57.296»*lRSPlI).RHPlI»/2.»504*0133 
2**2 504*0134 

DAMP2=AA*ASPECT 504*0135 
IFlDAMP2-0AMP)4109,4109,4108 504~0136 

OAMP=OAMP2 504~0137 

CONTINUE S04~013B 
FLOW=ESTFLOCNROT) $040013Q 
RPM=O.O 50400140 
PRATIO-O.O 504~0141 
NPLOT=NPLET S04~0142 
NWRITcNwRET 50400143 
IFlIFRPM.GT.4)GO TO 565 504*0144 
WRITElNTAPE,3~0) 504 0 0145 
WRITE lNTAPE,4)COMENT 50400146 
WRITE lNTAPE,307) 50400147 
WRITElNTAPE,410) lBBPll,J),BLAKll,J),XMUll,J) ,ARATIOll,J),DPDTHll,J5Q4 0 01*8 

1),DFOTHll,J),J=I,NTOPO) 50400149 
FORMATl30X,4FI2.S,FI2.1,FI2.5) S04~0150 

DO 494 I=2,NX 504*0151 
ILOS=ILOSSCI) 50400152 
IBET=IBETA2lI) S04w01S3 
IFlIBET.Ea.6)GO TO 429 SO~~0154 
IFlIBET.NE.5)GO TO 4281 504*0155 
IL05SCI)=1 S04v01S~ 
WRITECNTAPE,310)I SO~w0151 

IFCIBET.EQ.l.AND.ILOS.NE.l)GO TO 5000 s~~~c:~~ 
GO TOC430,440,445,450,440),I8ET S04~Ol~0 
WRITElNTAPE,338)1 sn~~n::J 

00 4291 J=I,NLINES Sn(0n~~1 

WRITElNTAPE,457)ROISlI,J),XMUlI,J),DPDTHlI,J),DFDTHCI,J),ARATIOlI,SO:' G1G~ 

lJ) ,Sl.AKlI,J) S, .""'J~'~:;' 

GO TO 494 $"., :; ',:,',. 
WRITE lNTAPE,309) SC ';,,;:~: ;~J 

DO 435 J=1tNBETA Si,o, .. ,,:':;', 
WRITE lNTAPE, 28) asp l I, J) ,STAG l I ,J) ,CLOSS 'l I ,J) ,CO l I,J) ~i.:,' ~,';'J _ 

GO TO 493 SJ~~~~:6 
WRITElNTAPE,321) S040G:~0 

GO TO 454 S0~·0110 
WRITElNTAPE,323') 5,,';':11""; 
IABORTel ~~~ 01i~ 

00 TO 454 sc,"""~ 1~'J 
WRlTElNTAPE,3221 ~,;:.';l',i',', 

DO 455 J-l,NBETA Sii .... -'l! 1',:; 
WRITElNTAPE,29)BBPcI,J),STAGcl,J),BETACI,JI ,SIGMAlI,J),BLAKII,JI, ~O~~Oli'. 

lZBARlI,J).Cl.05SCI,J),eOll,JI S04°0177 
WRITElNTAPE,33811 S04~o17~ 
DO 456 J-l,NLINES S04~0179 
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456 

457 
494 

563 
565 

611 

614
 

616 

5000 

5001 

3 
4 
8 

9 

10 
26 

27 
28 
29 

30 
100 

101 
300 

307 

1J) 
FORMATI30X,2F12.S,F12.1,3F12.5l 
CONTINUE 
IFIIIRAD.EQ.2.AND.ICASE.EQ.ll.0R.IIRAO.EQ,O»GO 
wRITE INTAPE,Sl 
DO 563 Ial,NX 
WRITEINTAPE,9lI,IJ,Jsl,NLINESl 
WRITEINTAPE,lOl CRII,J),J-l,NLINES) 
CONTINuE 
GR:l64.3S*GASK 
GR2aGRI2.0 
IFIIIRAO.EQ.2.ANO.ICASE.NE.l).OR.IIRAO.EQ.l»GO 
NTUBaNLINES-1 
SBLOC=1.0-HUBLOC 
OELMll)=RHPll)**2 
OELM(2)=RSPlll*02 
OELMI3l=OELMC2l-0ELMlll 
Rll,1)=SQRTIOELMll)+BLAMll)*HUBLOC*OELM(3Il 
Rll,NLINES)=SQRTIPELMIZ)-BL AM ll)*SBLOC*DELMI3» 
DAMP2aRSPll)-RHPI11 
ASPECT=Rll,I)OOZ 
AhR II ,NL n:ZS) *o2-ASPECT 
DO 614 J=2,NTUB 
Rll,J)=RHPll)+OELRIJ)*OAMP2 
DELMIJI=IRll,J)o*Z-ASPECT)/AA 
DO 616 I=2,NX 
AA=RHP I I ) .*2 
DAMP2cRSPIIl"2 
ASPECTIIDAMP2-AA 
RII,l)aSQRTIAA+SLAMII)OHUBLOC*ASPECTI
RII,NLINES)=SQRTIOAMP2-BLAMII)*SBLOC*ASPECT) 
AhR I1,1) **Z 
OAMP2=RII,NLINES)**2-AA 
DO 616 J=2,NTUB 
RII,JI-SQRTIAA+DELMIJ)*DAMP2) 
GO TO 5200 
WRITEINTAPE,336) 
IABORT=-1 
GO TO 5200 
wRITEINTAPE,337) 
IABORT Ili I 
FORMATIIX,12A6) 
FORMATIIHO,34X'12A6,1111 

TO 565 

TO 5200 

FORMATCIIII,30X,65HTHE FOLLOWING INITIAL STREAMLINE ESTIMATES ARE 
IMAOE FOR THIS CASE,IIII 

FORMAT lI30X62H5TREAMLINE NUMBERS AND RADII CTO 3 DECIMAL PLACESl 
lOR STATIONI3,/3X,I3,14Je) 
FORMATC1X,ISF8.3)
FORMATC9F8.4l 
FORMATI30X7F12.4l 
FORMATC40X,7FI2.4l 
FORMATCl0X,BF12.41 
FORMATC28X.6FIZ.4) 
FORMAT (1216) 
FORMAT1l3I6) 

504 00181 
S04°0182 
504 0 0183 
S04°01ett 
504 0 0185 
S04 u0186 
SO/;'°01£,7 
504°0188 
S04~0189 

504 0 01'30 
504°0191 
S04~0192 

504°0193 
504°0194 
504°0195 
504<100196 
504',:0197 
504~019B 

504°0199 
504-'0200 
S04~02()1 

Sot;.0()202 
504°0203 
SO"'~0204 

SOo!,.,;:·0205 
504 0 0206 
50 1,-'0207 
S04;)0208 
50.,00209 
S04';;0.:10 
S04(100211 
S04"0212 
SO':;'~0213 

504':"0214 
S04~0215 

S04l1-o216 
S04 1lo 021"l 
s{'\(.·~" .... • .:l 
SC',' 
SO/,;~ ., 
SO(,';}u..:21 
S() !., '.: CI ._ ~~ ::: 

S8"0:~~ 

F'::;,,'::, ·.'v 
, 1 

~\. . i 

~ .~ , " C'-: ~~~ C 

... . 

...J V t '.. ,J.__- .. 

SQ·.··,::·· : 
St,' ',<"',__ ::.. ._" 

s.~ . :;. \', ~~ .:. ~ 

s~ " 
SG.: .. ~.:: 

FORMAT C1HI ,40X ,58HSECTOR CALCULATION FOR CIRCUMFERENT IAL ('I I STt)pTI05~':",(.;:'~. 

IN ANALYSIS)
FORMATflll,59X,16HJNLET CONDITIONS,II,35X,69HRADIUS , TOT.TEMP. 

1 TOT.PRESS. WHIRL ANG. OP/OTHETA OPH!/DTHETA,/) 50 .. --0239 
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308 FORMATC30X,6F12.5) 504*0240 
309 FORMATC46X,6HRAOIUS6X.5HANGLE.3X.12HLOSS COEFF •• 1X.llHAOO. LOSSES504*0241 

1) 504*0242 
310 FORMATCII135X57HTHE BLADE EXIT ANGLES AND LOSS COEFFICIENTS FOR BLS04*0243 

lADE ROWI4/35X42HARE INTERPOLATED FROM THE DATA GIVEN BELOWII) 504*0244 
321 FORMATC16X.6HRADIUS.5X.7HSTAGGER.6X.6HCAMBER.5X.8HSOLIDITV.3X. 504*0245 

146HTHICKNESS MAX CAM PT LOSS COEFF ADD. LOSSES) 504~0246 
322 FORMATC15X.6HRAOIUS.3X.12HBLD INL ANGL.1X.llHBLD LV ANGL.2X. 50400247 

158HSOLIDITY THICKNESS MAX CAM PT LOSS COEFF ADD LOSSES) 504*0248 
323 FORMATC1HO.15X.35HINVALID VALUE OF IBETA2 ENCOUNTERED) 504*0249 

336 FORMATC1HO.14X.89H••••• ILOSS IS GREATER. THAN UNITy wHEN IRETA2~1. S04~0250 
lCALCULATION FOR THIS CASE TERMINATED·•••·) 504*0251 

337 FORMATC1HO.5X.66HOATA ERROR - NX GREATER THAN 30.0R NLINES OR N8ET504*02~2 
1A GREATER THAN 15) 504 0 0253 

338 FORMATCII150X.l0HAT STATION,I3.20H THE FOLLOWING APPLy.II.35X.70HRS04*0254 
lAOIUS MU ANGLE DP/OTHETA DPHI/DTHETA ARATIO INTCDPDTHS04*0255 
2)OM./) 504*0256 

5200 RETURN 504*0257 
END 504.0258 
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SURROUTINE SOLVElISOLUT,BLOCK)	 505*0000 
COMMON/DATA/CP1,CP2,GA5K,HUBLOC,IFBL,IFCYL,IFRAD,IFRPM,IFSIMP,IFST~0500001 

lAT,IFTYPE,IGV,IMASS,INCPO,INCWRI,IPUNCH,IRAD,IROT,ITAPE,ITER,MTAPESO~00002 

2,NBETA,NCURVE,NLINES,NPASS,NPLOT,NPTS,NSTAGE,NTAPE,NTOPO,NWRIT,NX,S0500003 
3TOLCX,VIS1,VIS2,ANGLN(30),BBPI30,15),BETAI30,ls),BLAK130,15),BLAM/S05~0004 
430) ,CLOSSI30tl5) ,COMENT(12) ,C0130tl5) ,DELM/15) ,ESTFLO/l) ,E>tPLOSI30S05 0 ()()05 
5) ,FLOwI /1,1) ,IRETA2(30) ,IFCAX/30) ,IFLVSI (30) ,IFMACH/30) ,IFMLOS/30)sn5';;',1IjOfl 
6tIFPROF(30) ,IFRF.Y\./30) tIFREYN(30) tIFTHIC(30) tILOSS(30) tIMACHI (30),505°0007 
7KSUMRYlll,RPM2/30),RHPI30) ,RSP(30),ROTlll,SIGMAI30,15),STAGI30tl5)S05 o n008 
A,wIOTHll) ,X(30) ,XMACH(30),ZBARI30tl5) ,PELR(15) S0500009 

COMMON/WENT/GJ,GJCP,GR2,CXMI30,15),VI9) 50500010 
COMMON/CALC/FLOW,ICASE-KRPM,L,NCASE,NOIV,NOUM,NMASS,NPLET,NROT,NWR505 0 0011 

IFT,ALPHAI30,15) ,CMT130tl5) ,POI30tlS) ,RCBI30,15),STATTI30,15) ,TOl3050500012 
2,15),WMT130,lS1 50500013 

COMMON/RESULT/OAMP,R/30,15) 50500014 
COMMON/TOGOSS/BET1130,lS),CLOSI30,lS),CRI30,15),CUPONS130,15),RM1/5050001S 

130,lS),STAGGI30,15),STATPI30,15),TANBETI30,15) 50500016 
COMMON/NEW/RDIS/30,lS),XMUI30,15),DPDTHI30,15) ,DFDTHI30,15),ARATI0505~0017 

l'130,lS) 50s0001A 
[')IMENSION Fl (15) ,F2(15),F3115),F4115) ,BLOCK(30) ,DP(l5) ,DF(15),XMI150500019 

15) ,XINT I 15) ,CONFAC I 15) 505 ct o020 
DIMENSION RADFAC(3),UIVW1115),AFAI15),CPUPI15) ,CPDN(15),CPMNI15) 50500021 

1 ,WA TE (l5) ,RM I15) 'W (15) ,P2RP2D C15) ,DPOR I15') ,OTOR liS) ,OTSDR / 15) ,R X(150500022 
25) ,ARG I15) ,AX (15) ,BX (15) ,OX llS) ,VELF AC C3) ,RCAL (15) ,ALEPH C15) ,T1 RT 150500023 
3(15),TANAI15),U2q5),VFAC(15) , S0500024 

EQUIVALENCE /RM I1) ,RCAL I1», lAX C1) ,RX I 1» ,IBX C1) ,ARG I 1» 5050002S 
DO 20 J-l,NLINES S0500026 
RCBll,J)=O.O 50500027 
RCR/NX,J).O.O 5050002A 
ElHPlaR I l,J) 505°0029 
CALL GRAPH31BHP1,DPlJ),BBP,DPDTH,NTOPO,l) ~0500030 

CALL GRAPH31BHP1,TOll,Jl,BBP,BLAK,NTOPO,1) 505 0 0031 
CALL GRAPH31BHP1,POll,J),BBP,XMU,NTOPO,1) S0500032 
CALL GRAPH31BHP1,DM,BBP,ARATIO,NTOPO,1) 50500033 
CALL GRAPH31BHP1,DFlJ),BBP,DFOTH,NTOPO,1) 505°0034 
XMlJ).O.O SO~0003S 

CONFAC(J)~1.0 S05°0036 
20	 AFAlJ).TANlOM/57.296) 50500037 

K=O SOS0003~ 

NP.NPASS/3.1 sos~n03~ 

no 21 J-l,NP 50SvOO~0 

KK=3*J S05~no41 

IFlL.EQ.KK)K=l SOSQOO~2 

21	 CONTINUE SQj~00~3 

IFlIFSIMP.EQ.2)GO TO 35 5~SonQ(~ 

NPOINT-IFSIMP.2 SO~*004S 

00 22 J.l,NLINES SOS00C~G 

22	 CALL LSQLNElX,R,J,NPOINT,NX,ALPHA,WMT.ANGLN,RCB,L) sn~~~~~~ 

IFlL.GT.l)GO TO 40 ~os~~o~~ 
23	 WRITE lNTAPE,25) S05(,OO:,') 
25	 FORMAT I lHl) 50C,,,00:,0 

DO 30 I-l,NX SOSwij'J-". 
DO 30 J-l,NLINES s:;:..;: ..,c:~: 

30	 STATTlI.J).TO(l,l) sn50('JO~'::3 

GO TO 40 soso~c~~ 

35	 IFCL.GT.l)GO TO 40 SOS~r,O~5 
DO 38 I_l,NX 50Sonos~ 

DO 38 J-l.NLINES ~0500051 
ALPHAlI,J).O.O 505~oo~a 

38	 RCBCI,J)-O.O 505 0 0059 

163 

•
 



40 

45 
46 

41 

48 

49 

50 
10 

75 
80 

83 

85 

GO TO 23 505.0060 
IFCL.NE~NPLOT.OR.IFRPM.EQ.l.0R.IFRPM.EQ.4.0R.IFRPM.GE.7)GO TO 49 S05~0061 
DO 45 t-2,NX 50500062 
IFCIBETA2cI).EQ.l.0R.IAETA2CI).EQ.6)GO
WRITE CNTAPE,46) 
WRITECNTAPE,47) 

TO 45 505*0063 
SOS~0064 
50500065 

WRITE cNUPE,48) 
GO TO 49 

S05~OO(')b 
SOG~0067 

CONTINUE 505~006B 
FORMATC1Hl/118H •••••••••••••••••FOR THE INTERMEDIATE OUTPUT PRINTSO~~0069 

IrD BELOW, THE SYMBOLS HAVE THE FOLLOWING MEANINGS•••••••0•••0.**~oS0500u70 
2.//1X26HBIDES -DESIGN INLET ANGLE33X21HBCHOKE -CHOKING INLET ANGL~05~0071 
3E/IX28HBSTALL -STALLING INLET ANGLE31X53HBIDESE -EQUIVALENT TWO.DISO;~007? 
4MENSIONAL DESIGN INLET ANGLE/IX52HB2DESE -EQUIVALENT TWO-OIMENSIONSOso0073 
SAL DESIGN EXIT ANGLE7X59Ha2DAX -DESIGN EXIT FLOW ANGLE CORRECTED S05~0074 
6FOR AXIAL VELOCITY/IX54HB2DES -DESIGN EXIT FLOW ANGLE CORRECTED F50S0007S 
10R THICKNESS5X46HAEI -EQUIVALENT TWO-DIMENSIONAL INLET ANGLE/1xsn5~0016 
845HBE2 -EQUIVALENT TWO-DIMENSIONAL EXIT ANGLEl4X52HB2AXVL -EXITS05w0011 
9 FLOW ANGLE CORRECTED FOR AXIAL VELOCITY) SOS~o070 

FORMATCIX47HA2THIC -EXIT FLOW ANGLE CORRECTED FOR THICKNESSI2X3HRMSOS-'007C; 
114X21HeRELETIVE MACH NUMBFR/IX59HVMAX -RATIO OF MAXIMUM SUCTION 505.00r.O 
2SURFACE VEL TO INLET VEL 2BHCRITM .CRITICAL MACH NUMBER/IX4QHB2MSnSoOOCl 
3 -EXIT FLOW ANGLE CORRECTED FOR MACH NUMRERI0X31HREYN. -SECTIOSOSo0002 
4N REYNOLDS NUMBER/54H 82 -ExIT FLOW ANGLE CORRECTED FOR REYNOLE05uOOR3 
50S NUMBER6X31HDEQDES -DESIGN DITFUSION FACTOR/44H WOES -UNCO~RECS05w0034 
~TED DESIGN LOSS COEFFICIENT16X57HWOPT -DESIGN LOSS COEFFICIENT CSOSw~0:~3 
70RRECTED FOR MACH NUMBER2X/IX3BHBISCOR -CORRECTED STALLING INLET A50500066 
8NGLE21X37HBICCOR .CORRECTED CHOKING INLET ANGLE) SOSw0081 

FORMATCIX3HCLI4X41H-LOSS COEFFICIENT CORRECTED FOR INCIDENCE11~2HCS05000~A 
lL5X47HeLOSS COEFFICIENT CORRECTED FOR REYNOLDS NUMBERI/9XI01H•••••S05~ooe9 
2NOTE • THE SIGNS OF THE F~9W ANGLES ARE SUCH THAT THE INLET FLOW AS05~u090 
3NGLES ARE ALWAYS POSITIVE••• ••///) S0500091 

W(I)-O.O S05~0092 
NTUB-NLINES-l SOS*0093 
JM-NLINES/2 S05~00q4 

JLrNE-~M.l 50500095 
ISOLUT-O SO~~0096 
IFCL.NE.l)GO TO 70 S05U0097 
VEL.FLOW·GASK.TOll,I)/~3.142·CRC1'NLINES)ii2-RC1,I)i·2).PO~I,I~) S05oCO~: 
DO SO J-l,NLINES sn5~GC~0 
CMTC1,J)-VEL SO~00:0~ 
00 800 I-l,NX ~OS':'i;:lJ!, 
IFTAN_O S0~~n! ~ 

tFCL.NE.l.0R.I.EQ.l)GO TO 80 ~ 
00 15 J-l,NLINES ~j • ' 

CMTCI,J).CCMTCI-l~1).CMTCI.l,NLIN[S»/2.0 sn~ ~~os 
IBEIlIBETA2CI) sn':;;-'IJl~:, 

IFCI.EQ.lIIBEz6 ~~;''''''J:_'; 
IFCI.EQ.l)GO TO 200 ~ 
DO 83 J-l,NTUB ( .':.. (',~.1') 

RMID- CR (I ,J).R CItJ.U) /2.0 SU~;"~~' ; (. 
CALL GRAPH3cRMID,CONFACCJ),RDIS,ARATIO,NLINES,I) s~ 
00 85 J-l,NLINES ~~":"'" 
BHP1-RCt,J) Sb .. ,): .;, 
CALL GRAPH3 CBHP1,DP cJ»,RDIS,OPDTH,NLINES, I IS...,', , 
CALL GRAPH3 CBHP1,OF CJ) ,RDU,OFDTH,NL.INES, I I :.. ,.> ". 
CALL GAAPH3CBHP1,XMCJ),RDIS,XMu,NLINES,I) S~~00.~·· 

IFCI8E.NE.fl)GO TO 115 50::"'Oi1"/
DO 88 J-l,NLINES Sfi~ 01~~ 
CALL GRAPH3CBHP1,XINTCJ),RDIS,BL.AK,NLINES,I) 50S-0.i) 
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TOII,JI-TOII-l,Jl 50500120 
88 POII,Jl-POII-l,JI 50500121 

GO TO 200 505*0122 
115 CONTINUE 505°0123 

00 110 Jcl,NLIN~S 505°0124 
CPUPIJl-CPl·CP2*STATTII-l,J) 5050012S 
GA~MAEl.0/ll.0-GASK/1718.0.CPUPCJ))) 50500126 
GF c2.0/IGAMMA-l.0l S05 0 0127 
UlaRP~2(Il03.141Sq/30.00RIZ-l.J) 5nSo012B 
U2IJlEUloRII'JI/R~I-l,JI . '. .. .. ~Oso0129 
TIRTlIJl~1.0.CMTII-l,Jlo02°Cl.0.CUl/CMTCJ.1.J)-CXMCZ-1.JIIO.21/IGJ50s0 0130 
1~CPUPIJI05TATTII-l,JII 50500131 
UIVWlIJl-CMTII-l,JloUl oCXMIZ-l,JI 50500132 
RMlII-l,JI.5QRTIGF o IT1RTlIJ)-1.011 . . 50500133 
BETlII-l,JI-ATANICXMIZ-l,JI-Ul/CMTII-l,JII·S7.296 S05~013~ 
CALL INTERPII,J,VF) 50500135 
VFACCJI.VF SOr,~0136 

SAMUPaCPUPIJl 0778.0/GASK S0500137 
IFIIBE.EQ.l.0R.IBE.GE.5IGO TO 170 ~050013A 
IFCIFCAXIII.EQ.2IGO TO 170 505°0139 
IFTAN_l 50S00140 
OM-l.0 505 0 0141 
IFIL.EQ.lIGO TO 168 50500142 
OM-CMTII,Jl/CMTII-l,Jl 50500143 
OM~OMoI1.0.Vfoll.0-0Ml/DMI	 505~014~ 

IF(OM.GT.l.2Sl0M=1.25 5050 0145 
IFIOM.LT.0.8IDM~0.e S0500146 

168	 TANAIJI-TANBETII,J)/ll.O/OM*l,O) .., S05 0 0147 
170 P2RP20IJI-1.0-CL05II,Jl o ll.0-TlATlCJ).oC-SAMUP)OC1.0.U1002°IIRII,Sn5 0 0148 

1Jl/RII-l,Jll o02-1.01/IGJoCPUPCJ).T1ATlIJ)oSTATTCI-l,J1)1··C-SAMUPI50500149 
200	 NITER.1S SOSw01SO 

IFIL.EQ.1lNITER.10 505 0 0151 
X4-TANIANGLNIIl/S7.2961 505*0152 
00 210 J=l,NLINF,5 ~05001S3 
WMTII,JlcCMTII,Jl . . SOSoOlS4 
FlIJI-1.0/5QRTll.0.ITANIXMIJI)1 002.X••021 505 0 0155 
CAAR-X.*FIIJ) 50SQ01SG 
F2(JI.FlIJ)OC05IALPHAII,JI)-C8AR.SINCALPMACI.J) 505~0157 

F3 IJ I - 0 • 0 5 r, ~>:;. 0 1~: .: 
IFIL.EQ.l.0R.I.EQ.1.OR.I.EQ.NX)GO TO 210 5~j~OlS0 

XI-RII,JloX4 $o>n~"J 
X3aX I I .11 -x II I • RII.1 ,J I oT ANCANGLN C1.1 )157.296) -x 1 50:: ,:. ,1 ~:, ~ 

X2dIII-XCI-ll.Xl-RCI-l,JI*UNCANGLNCI-U/57,2961 . SO:.:;qjl(,~= 
OMa5QRT Ill. O. I ICXM I I ,J I .C XM I1-1. J I ) IZ. 0) .02) • I1.0. I ITAN (ALPHA I I ,J I 5 r. s-::· \11'::': 
1~.TAN(ALPHACJ.l,J»)/2.0) ••2)) . . S~~~:~Ci~'~ 

RM IOaSQRT ell. O. CeCXM e1.1, J I .CXM (I ,J) ) /Z. 0) .0Z) 0 e1. o. I CT AN IALPHA I I .SG~;-:: in..:.: 
ll,JIl+TANfALPHA'cl,Jl l )/2.0)0.2)) '. s(",;·"jl;,,', 

. F3 IJ) • ICMT I1.1, J) -wMT l,I -11 J) ) / (X30RMID.X20 0M). e, 11 J) os1NIALPHA II ,JS i, ~;. :; ~:. 'i 
111.CBARoC05 IALPHA II, J) II 5,,0"0: ,,:', 

210 F4IJI_Fi IJloTANIXMIJII/R(I,J)oDPeJ) S\L(:'(;~ 'j: 
00 700 KK-l.NITER 50: t n17J 
II50L-O S'1-:': "Ii 
VLASTcCMT II ,11 $:,';:,'; ','.::' 
DO 270 Jal,NLINES r."'.~"':::' 
CPDNIJl~CP1.CP2*5TATTeI,JI ~::::.(~. '(, 
IFII.EQ.IlGO TO 270 S,.~· .• ,.) 
IFCIBE.f;Q.6IGO TO 230 sr,~; ..'cl··:'; 
CPMNeJI-ICPUPCJ).CPDNIJI)/2.0 SOSvo17~ 

IF(IFTAN.EQ.OIGO TO 220 SO~~Oll~ 

OM-CMT II, JI/CMT CI-It J) 505"0179 
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DM-DM*11.0.VFACIJI·ll.0~OM)/DM) 505.0180
 
!'IOM.GT.l.25)n~·1.2S 505.0181
 
!'IDM.LT.O.8)OM-0.8 505*0182
 
TANBETCI,JI-CTANA,IJI·ll.0.l.~/OM).TANBETCI,J)/2.~ 50500183
 

220 AFACJ)-TANBETI!,J).U2IJ)/CMTII,J) 505.0184
 
TOII,J)_IU2IJ)*CMTII,J).AFAIJ)-U1VWlIJ»/CGJ/2.0_CPMNCJI).TOII-1,J5050018S
 

1) " , . 50500186
 
POII,J)-POCI-l,J)·ITOlt,J)/TOCI-l,J».·C118.0.CPMNCJ)1GASKI.P2RP2050So 0187 

11J) 50500183 
GO TO 270 . " . 5n500189 

230	 A,AIJ)-CCXMCI-1,J)·CMTCI-l,J)·RCI-t,J)-XINTCJ»/ICMTCI,JI.RCI,J» 50500190 
210	 CONTINUE 505~01~1 

00·280 J-l,NLINES 50500192 
RXIJ)-Rlt,J) 505 0 0193 

280	 ARGIJI-POII,JI 505 0 0194 
CALL RATECRX,ARG'l,NLINES,OPOR) 50500195 
no 300 J-l,NLINFS 50500196 

300	 ARGIJ)-TOII,JI 50S w0197 
CALL RATECRX,ARG'l,NLINES,OTOR) 50500193 
CALL RATECRX,AFA,l,NLINES,OTBOR) 50500199 
DO 400 J-1,NLINES 505~0200 

AXIJI-.CF~CJ)·CRC~II,JI.A'ACJ)/RII,J)*O'CJ»·'lCJ)*CAFAIJI*OTBORCJSOS~0201 
1).AFAIJI··2/RII,J)).F3CJ)·SQRTll.0.AFAIJ).·2)/CMTII,J))/11.0.AFAIJSOS00202 
2).·2) 505~0203 

TRAT-l.0-CMTII,J).·2°11.0.AFAIJ)··2)/CTOCJ.J)·GJ*CPONCJ) 505 0 0204 
400	 BXIJ)_CF1CJ)·CGJ/2.0*CPONCJ)*OTORIJ)-TRAT·IGJ/2.0·CPONCJ)*OTORCJI-S05~'0205 

lGASK·32.1750TO(I,J)/PO~I,J)·OPORIJ»)-F4CJ))/C1.0.AFACJ).*2) $nS~0206 
DXCJLINE)-CMTII,JLINE)·*2 505~0207 
00 450 J-JLINE,NTUB 505 0 0208 
Xl-AXCJ.l).AXIJ) 50500209 
X3-BXIJ.ll.aXIJ) 5nSwn~lO 
X4-IRCI.J.l)-RII,J»/CF1CJ)·F1CJ.l»·2.0 SOS~0211 

X2-1.0 50500212 
tFIXl.EQ.O.O)GO TO 450 S050n2i3 
X2--Xl·X4 S05~021~ 
IFIX2.GT.88.0)X2-88.0 505 Q 0215 
X2-EXPCX2) 505~02!6 
X4-Cl.0-X2)/Xl SO~0021'l 

450	 OXIJ.l)~0~CJ)·X2.X3·X4 S~S6~~!C 
DO 452 JJ-l,JM 5~~~n~~0 
J-JLINE-JJ 50:':::'(' ':. ';0 
Xl_AXIJ.l).AXCJ) $(;'>'\):<1 
X3-aXIJ.1).BXIJ) . ~~il,~'·'tlc~,:·; 
)( •• (R«I ,J) .A ( J•J.l ) ) I (F 1 (J) .F 1 (J+1 ) ) .2.0 S '" -,"" ~< _. :. 
x2-1. 0 ~ .. _' .. v._ ~'.' 
IFCX1.EQ.0.0)GO TO 452 S~~I,O~~j 

X2--Xl°X4 S0~~~~~~ 
IFCX2.GT.88.0)X2-88.0 S". '>'~J ':,'. 
X2-EXPCX2) ~ ... _ ':,:;:.,~ 

X4- C1. 0-X2) IX 1 SIJ..,'c.::·) 
452 Dx (J) -Dx (J.l ) .X2. X3.X4 ~ I, :::·,,(tJ;.... J 

DO 550 J-l.NLINES :~;.::;;.;;~~ ~ • IFIOXCJ) .GE.l.0)GO TO 465 £l-:':'::'~ 
ox I J) -1.0 S l'':;'' ,',:~:: z 
IISOL-l .:\JJ ,,~, :':':, 
IFCISOLUT.EQ.O.ANO.K.EQ.l.ANO.KSUMRYIICASE).EQ.lIWRITE(NTAPE,~~5)I~0~::~~~~ 

l,J,L,IU.< .' Sd~,:j(\2:(, 

455 FORMATC1X,33HVELOCITY VALUE LIMITED AT STATIONI3,llH STREAMLINEI3.S"S00:~7 
15H PASSI3.16H CONTINUITY LOOPI3) . SOG~023J 

465 DXCJ).SQRTCOXCJ)*O.25.CMTCI.J)*0.75 SOSGn239 
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475 

480 

490 

4905 

491 

492 

493 

495 

550 

600 

610 

630 

660 

I~IOXCJI/CMTII,JI.~E.l.4)BOTO 480 505.0240 
OXIJI-CMTCI,J)·1.4 ~05.0241 
I~IKSUMRYCICASE).EQ.1.ANO.KK.GE.14)WRITEINTAPE,47511,J.~.KK S05*n242 
~ORMATllX,46MVELOCITY CHANGE BY MOMENTUM LIMITEO AT STATIONI3,i1H 505-0243 

lSTREAMLINEI3.5H PASSI3.16H CONTINUITY LOOPI31 505*0244 
IFIOXIJ)/CMTII.J).GT.0.6IGO TO 490 sn5~n2~S 
OXIJ).CMTII,J).0.6 S05~0246 
tFCKSUNRYIICASE).EQ.l.ANO.KK.GE.14~WRrTECNTAPE.475)I,J,L,KK 50500247 
IFII.NE.1.ANO.IBE.EQ.6)GO TO 491 505*0248 
IFII.EQ.1IGO TO 4905 5n5~024q 
AF'-TANBETCI.J)+U2CJI/OXIJI 505w02S0 
IFIRPM2(I).EQ.O.O)GOTO 492 5n5*0251 
TOII,J)-IU2IJI·OXCJ)·AFF·U1 VW 1CJI)/IGJ/2.0·CPMNIJ»)+TOII·l,J) S05~0252 
POCI,J).POII-l,J)*ITOCI,J)/TOII-l.J»·*C778.0·CPMNIJIIGASK)*P2RP2DS05Q02~3 

11J) 5050n254 
GO TO 492 ~05oo255 
AF~=AFAIJ) 505°0256 
TANOETII.JI-AF' 50500257 
GO TO 492 SoS6n2Sa 
AFF.ICMTII-l.J)*R~I-l,J)·CXMCI.l.JI·XINTIJ»/IOXIJI.RII,J~~ S05~02S9 
TANBETII.JI=O.O SOso02GO 
~TATTCI.J).TOII,J~·OXI~)·.2·11.0+AFF·*2)/IGJ.CPONIJ» S05~0261 
1~ISTATTCI,J).GE.O.001)GO TO 495 50so0262 
STATTII.J)-O.OOl 50ScO?63 
IFIKSUMRYCICAS[).EQ.l.ANO.KK.GE.14IWRITECNTAPE.493)I.J,L.KK 505*0264 
FORMATllX.40HSTATIC TEMPERATURE RESTRAINED AT STATIONI3,11H STREAMS05~02u5 

lLINEI3,SH PASS 13.16M CONTJNUITr ~00PI3) SO~~n2v6 
GAMMA_l.0/11.0-r,ASK/1778.0·CPDNIJI» SOS~n?67 

STATPCI.JI.POCI,J~*ISTATTII.J)/TOII.JI)·*CGAMMA/IGAMMA-1.0» S05 0 0268 
~ATEIJ).STATPCI.J)/CGASK·STATTII'J» S05~0269 

RMCJI-OXIJ)/SQRTI(GAMMA.32.175*GASK·STATTCI.J»/Cl.0+TANBETCI,J)*.S05o n270 
12» S05o a271 

WR-O.O So;~n272 

00 600 J ml.NTUB S05~0273 
WCJ+l).WIJ)+IOXCJ~*COSIALPHACI.J»+OXIJ+11·COSIALPHACI.J.i»I.CWATSOSwn274 

lECJ+l).WATECJ».CRCI.J+l).*2-RCI.J)·*2).0.785397S*CONFACCJ) SnS~02r5
 
WRaWR+IRMCJ+l)+RMIJ».CWCJ.l)-WIJ»/2.0 So~wn276
 
WRcWR/WINLINESI ~OSw02,7
 

I F I CI MA CHI (I ) • EQ. 0• AND. WR. LT.1.0) • OR. CI MACH I CI) •EQ. 1. AND. WR. GE .1. 0~().:>: ~ ': ~..::
 
1) ) GO TO 630 S~ ...... :. ',)
 
GF-IGAMMA.l.0)/2,O ::0.>:'(:_, j
 

WR2.WR••2 ., SO~j':·C:, :;',
 
RAT IO.SQRT I Cl.O .GF.WR2) I CWR2*.2. (l .0 +GF IWR2) ) ) _ ~~O"3";i>,::
 
IFCI50LUT.EQ.O.ANO.K.EQ.l.AND.KSUMRYCICASE).EQ.lIWRITE(NTAPE.610)I~,.~~0:.~
 

1. L.KK S:. >;;l:': ~' 

FORMATC1X,39HMACH NUMBER SWITCH PERFORMED AT STATIONI3,5H PASSI3.1Sn501,?~~ 
16H	 CONTINUITY LOOPI3) StJ~ .. u:~:;,:, 

GO TO 680 S\)~;<,;· ... 7 
WRX-l.0-WR••2 . sOS0n~:8 
IFCWRX.EQ.0.0IWRX.l.0 SO~~O:~~ 

IFCABSCWRXI.GT.O.llGO TO 640 SiJ~:(j:.O 

WRXcO.l*SGINC1.O.WR) ~'J: .,~::-,: 
WRAT-FL.OW/W CNLINES) sO~"c '_'~'~ 

RATIO-WRAT.*11.0/WRX) SO~~i.:.3 

IFIRATIO.GT.l.2)GO TO 660 ~~~~~~.~ 

IFIRATIO.LT.0.8)GO TO 670 SC~~~2' j 

GO TO 680 5C;)c:c~ 

RATIO ~1.2 Sn~002~'i 
IFCKSUMRYCICASEI.EQ.l.AND.KK.GE.14IWRITEINTAPE.665)I.L.KK ~O~~02~~ 
GO TO 680 S05~02~9 
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665 

670 

680 

690 

695 

698 

700 

70Z 

704 

705 

707 

710 

7Z0 

750 
760 

780 
770 
800 

900 

FORMATC1X,4Z~VELOCITY CHANGE BY FLOW LIMITED AT STATIONI3, 5H PASSS05 0 0300 
1I3,16H CONTINUITY LOOPI3) s0~vn:01 
RATIO-0.8 5;>0302 
IFCKSUMRYCICASE).EQ.l.AND.KK.GE.14~WRITECNTAPE,665)I,L,KK SL~~0303 
DO 690 J-1,NLINES S0500~04 
CMTCI,J)-DXCJ)*RATIO 505 0 0305 
IFCKSUMRYCICASE).EQ.l.AND.ITER.EQ.l)WRITECNTAPE,695)I,J,L,KK,CMTCISOS~0306 

l,J) 5n5 0 0307 
CONTINUE 505 0 030R 
IFcIF8L.EQ.2.AND.L.GT.l)CALL BLTMICCI,BLOCK) 505~0309 
VRAT-CMTCI,l)/VLAST S0500310 
IFCABSCWRAf-l.0).LE.TOLCX.AND.ABSCVRAT-l.0).LE.0.002)G0 TO 705 50500311 
FORMATcZOX,7HSTATIONI3,11H STREAMLINEI3,5M PASSI3,16H CONTINUITY LSOSo0312 

100PI3,9H VELOCITYF9.Z)
FORMATC10X,48HCONTINUITY AND MOMEMTUM 

1H PASSI3,17H RATIO OF FLOWS -F7.4,ZZM 
CONTINUE 
IFCWRAT.LT.l.O)GO TO 704 
GF.CGAMMA-l.O)/~.O . , 

50500313 
NOT SATISfIED AT STATIONI3,5S05~0314 
RATIO OF VELOCITIES -F7.4) 5050031S 

50500316 
505~0317 

.. .. _ S05--0318 
WMXRAT-WCNLINES)/CWR*FLOW)*CC1.0.GF*WR**Z)/C1.0.GF»**CCGAMMA.1.0)50So0319

l/CZ.0*CGAMMA-1.0») 505w0320 
IFCWMXRAT.GT.1.0)GO TO 704 5n5wC321 
IFCISOLUT.EQ.O.ANO.K.EQ.l.AND.KSUMRYCICASE).EQ.l)WRITECNTAPE,702) ISoSw0322 

lCASE'L,I,WMXRAT SOS~0323 
FORMATC/,10X,4HCASE,I3,27HASSUMED CHOKED DURING,PASS,I3,11H AT STS05~n324 

lATION,I3,42H RATIO OF CHOKING 'LOW TO SPECI'IED FLOW -,F7.4) S05 Q 0325 
IFCIISOL.EQ.O)IISOL-Z 50560326 
IFCISOLUT.EQ.O.AND.K.EQ.l.AND.KSUMRYCICASE).EQ.l)WRITECNTAPE,698) 1505 0 0327 

l,L,WRAT,VRAT 505~032A 
IFCISOLUT.EQ.o) ISOLUT-IISOL SCS~0329 
DELM(1)-0.O S0500S30 
no 707 J-Z,NLINES 505~O~31 
WIJ)-~CJ)/WCNLtNES) SO~00332 
IFCI.EQ.l)DELMCJ).WCJ) SOS~0~33 
CONTINUE SO~~0334 
IFCL.EQ.l)GO TO 770 SOS~03~5 
IFII.EQ.l)GO TO 770 505w033u 
no 760 J-2,NTUB SOSw0331 
DO 750 JJ-Z,NLINES SQ~Qo~:~ 

IFCDELMcJ)-WCJJ»710,720,750 , . . 5r,3."I;::'::"; 
RCALCJ)-RCI,JJ-1).CRCI,JJ)-RCI,JJ-l»*CDELMCJ)-WCJJ-l))/CWCJJ)-WCJS0~yn~~~ 

lJ-1» SG~00:~1 
GO TO 760 $(, )'.·n~,:.. ::: 
RCALCJ)-RCI,JJ) SG~0n2,~~ 
GO TO 760 S0'..,J·,'O::':".~ 
CONTINUE 50~"'~'02:/~ 
CONTINUE S:L";':""'u 
no 780 J-Z,NTUB S~~~~3~7 
RCI,J)-CDAMP*RCI,J).RCALCJ»/C1.0.DAMP) s~~~o:~~ 

DO 800 J-l,NLIN~S SnS~~:~9 
CXMCI,J)-A'ACJ) SO~0D:";O 

NDIV-l Sii.:::'\) ..'_ 
DO 900 I-l,NX SO:>,:, ., 
00 900 J-l,NLINES,NTUB S\'L:\;'v .,:.: 
IFC ABSCCMTCI,J~/WMTCl,J)-1.0).GT.0.005)NDIV.2 s~s~~ ~~ 
CONTINUE S~ .. JG ~0 
RETURN ~QC~o ~~ 
END sa5~o 57 
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SUBROUTINE GRAPH3(XIN.VOUT,X,Y,NPOINT,I)
 
DIMENSION XC30.1S),YC30.1S)
 
IFCNPOINT,EQ,l)GO TO 30
 
K.NPOINT
 
IFrXIN,GE,XCI,K-1»GO TO 20 
K.2 

10 IFCXIN.LE.XCI,K)GO TO 20 
K.K.1
 
GO TO 10 , . .
 

20	 YOUT.YCI,K-l).CXIN-XII,K-1»/IXII,K)-Xlt.K-1»*IYII,K)-YCt,K-!» 
RETURN 

30	 YoUT.Y C1,1) 
RETURN 
END 

506*0000 
506*0001 
506*0002 
506*0003 
506*0004 
506*0005 
506*0006 
506*0007 
506*0008 
506*0009 
506*0010 
506*0011 
506*0012 
506*0013 
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SUBROUTINE LSQLNECEy,V,JAy,NPTS,NEX,DYDX,D2YDX2,ANGLN,RCB,LL) 507.0000 
DIMENSION ye30,15),EXC30),DYDXC30,lS),D2VDX2C30,lS),UC1S),VC1SI,ACS07.0001

10(3),EYel),ANGLNC1),RCBC30,lS) 507.0002 
J-JAV 507.0003 
NX-NEx 507.0004 
DO 10 I~l.NX ,. , ' 507.0005 

10 EXCI)-TANCANGLNCI)/57.296).VCI,J)+EyeI) 507.0006 
NX1-NX-l 507.0007 
I1-CNPTS.l)/2 507.0008 
I2-NX-CNPTS-l) 507.0009 
MID-II 507.0010 
MIDI-MID-I 507.0011 

C ••••• DETERMINE HORIZONTAL PORTIONS OF Y Vs. EX CURVE. ••••• 507.0012 
DO 100 l-l,NXl 507.0013 
VAV-CYCI.l,J)+YCI,J»/2.0 507.0014 
DELTV-ABsceVCI+l,J)-VCI,J»/eVAV·CEXCI+l)-EXeI»» 507~0015 
IF CDELTY-O.00001)SO,50,120 507.0016 

50DVDXeI,J)~0.0 507*0017 
D2VDX2CI,JI-0.0 507.0018 

100 CONTINUE 507.0019 
DYDXCNX,J)-O.O 507.0020 
D2VDX2eNX,J)-0.O 507.0021 
GO TO 810 507.0022 

120 Kl-I 507*0023 
KtND-NX-Kl 507*0024 
DO 160 K-l,KEND 507.0025 
KNX-NX-K+l 507.0026 
VAv-eveKNX.J)+YeKN~-l,J»/2.0" ., . 507.0027 
DELTV-ABSCCYCKNX,J)-YCKNX-l,J»/CVAv.eExeKNX)-EXCKNX-l»» 507.0028 
IF eDELTY-0.00001)IS0,lS0,200 507.0029 

150 DVDXCKNX,J)-O.O 507.0030 
D2VDX2eKNX,J)-O.O 50700031 

160 CONTINUE 50700032 
C •••••LAST STATION FROM INLET WHICH IS IN A HORIZONTAL SECTION OF 507.0033 
C THE CURVE IS Kl. LA5T STATION FROM OUTLET WHICH IS IN A 50700034 
C HORIZONTAL SECTION IS KNX. ••••• 507.0035 
C ••••• COMPARE VALUES OF Kl AND KNX WITH VALUES OF 11 AND 12••••••507.0036 

200 IF eKi-I2)210,300,300 507.0037 
210 IF CKNX-Il)330,220,220 S07~uu38 
220 IF CK1-Il)230,240,240 507~0039 

230 IK1-l 507ooo~a 
00 TO 2S0 S07~OO~1 

240 IKI-2 507~OO~2 
2S0 IF eKNX-I2)260,260,270 507~0043 
260 GO TO C360,390),IKI 50'l;00~4 
270 GO TO C420,460),IKI 507~GO~5 

C ••••• USE FITTING PROCEDURE 2 ONLY. V VS. EX CURVE HORIZONTAL S07~OC~6 
CFOR,ALL STATIONS BUT THOSE WHOSE INDICES ARE GREATER THAN 12•••••507~0047 

300 LE1-Kl 50'l~004a 
IF CKNX-NX)30S,310,310 SG7~nD~~ 

30S LEZ-KNX 507~oOjO 

GO TO 31S Su7~GO~1 

310 LE2-NXI So1 C 0052 
315 INORM_2 S07~G033 

GO.TO 600 SD7~D05~ 
C ••••• USE FITTING PROCEDURE 1 ONLY. Y VS. EX CURVE HORIZONTAL S07~oOS~ 
C FOA ALL STATIONS BUT THOSE WHOSE INDICES ARE LESS THAN 12. ••••• 5010005 u 

330 IF cKl-i)33I,335,340 5a7 0 0057 
335 LBl-2 50'lwCC58 

GO TO 341 S07~OOS9 
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340 LBI-Kl 507.0060 
345 LB2-KNX 507.0061 

INO-Z 507.0062 
INORM-2 50700063 
GO TO 500 507.0064 

C····· U5E FITTING PROCEDURES 1 AND 3. STATIONS WH05E INDICES 50700065 
C ARE GREATER THAN 12 ARE IN A HORIZONTAL SECTION OF THE Y V5. EX 507.0066 
C CURVE. ••••• 507*0067 

360 IF CK1-l)365,365,370 507*0068 
365 LB1-Z 

GO TO 375
 
370 LBI-Kl
 
375 LB2-Il-l
 

INDa2 
INORM=1 
IIN~Il 
IFIN=KNX 
GO TO 500 

C •••0. USE FITTING 
C GREATER THAN 12 O~ 

507.0069 
507*0070 
50700071 
507*0072 
50700073 
50700074 
50700075 
507~Ov76 
507~0077 

PROCEDURE 3 ONLY. STATIONS WHoSE INDICES ARF 50700078 
LESS THAN 11 ARE IN HORIZONTAL SECTIONS OF THE S07~0079 

C Y Vs. EX CURVE. ••••• 
390 IIN=Kl 

IFIN~KNX 
GO TO 700 

C •••••USE FITTING PROCEDURES I, 2, AND 3. ••••• 
420 IF CK1-l)425,425,430 
425 LBl-2 

GO TO 435
 
430 LB1=Kl
 
435 LB2=Il-l
 

IND-l
 
LE1-I2.1
 
IF CKNX.NX)440,445,445
 

440 LE2=KNX 
GO TO 450
 

445 LE2-NXl
 
450 INORM_l
 

IIN=I1
 
IFIN-I2
 
GO TO 500
 

C ••••• USE FITTING PROCEDURES 2 AND 3. STATIONS 
C LESS THAN II ARE IN A HORIZONTAL SECTION OF THE 

460 LE1-IZ.l 
IF (KNlC-NX)465,470,470 

465 LE2=KNX 
GO TO 475
 

470 LE2=N~1
 
475 INORM_l
 

lIN-II
 
IFIN-I2
 
GO TO 600
 

WHOSE
 
Y VS.
 

S07000CO 
S07~oO~1 
S07~0062 
S07.0083 
50700084 
507*0005 
S0700086 
S07~0007 
S07~0088 
S07y0089 
S07~0090 
50700091 
S0700092 
50700093 
S070009* 
S0700095 
S0700090 
S07~009"l 
S07uOO~J 
50'lwou~0 

INDICES ARE S07~~1,:O 
EX CURVE •••S07 v 0101 

S~'i001~2 
$O"i,,jlL:' 
sr '(':0 :.;,', 

S07'~o 1c::; 
SC1wGl06 
S~1~~:07 

SO~v~10~ 
S07Q0109 
SJ7v~~lO 

C •••••FITTING P~OC~DURE 1 • USED FOR STATIONS WH6sE INDICES ARE E07 0 Gl:2 
C LESS THAN 11. ••••• 507 0 01:: 

500 DO 530 LM-LB1,LB2 
NDP-Il-LM 

SOi'wl) 11:;; 
SC7~cll~ 

NDP1-NDP.l SO~0QllS 

K-NDPl S07 wol16 
D~ 510,L-I,NDP S07~0117 
UCL)-YCl,JI . 
VCL)-EXC11-CEXCKI.EXCII) 

$07.;..(,118 
507.0119 
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K-K-1 507·0120 
510 CONTINUE 507·0121 

1<=1 507·0122 
00 520 L-NDP1,NPTS 507*0123 
U(L)-Y(K,J) 
V(L).EX(K) 

507*0124 
507*0125 

I<=K.1 
520 CONTINUE 

CALL L5QFIT (U,V,NPTS,2,ACO) 

507*0126 
507*0127 
507*0128 

B=2.0·ACO(3)
DYDX(LM,J)-ACOC2).B·EX(LM) 

507*0129 
507*0130 

02YDX2(LM,J)-B 507 00131 
530 CONTINUE 

GO TO (600,540),IND 
540 GO TO (700,750),INORM 

507"0132 
507 0 0133 
507°0134 

C 
C 

•••··FITTING 
GREATER THAN 

PROC~DURE 2 
12 • ••••• 

- USED FOR STATIONS WHOSE INDICES ARE 507*0135 
507<:10136 

600 DO 630 LM.LEl,LE2 
NDP=LM-I2 
NNP=NPTS-NDP 

507';'0137 
507"'013B 
501'-'0139 

NNPl=NNP.l 507~0140 
KI:LM-MID1 
DO 610 L-l,NNP 

5n7l)0141 
507 00142 

UIL)Il:Y(K,J) 
V (L) :rEX (K) 
K=K.l 

507*0143 
507*0144 
507*0145 

610 CONTINUE 
NXN:rNX 
DO 620 L=NNPl,NPTS 

507*0146 
507 00]47 
507~0148 

NXN=NXN-l 
U(L)·Y(NX,J) 
V(L)=EX(NX).(EX~NX)-EX~NXN)) 

507*0149 
507°0150 
507~0151 

620 CONTI NUE 
CALL L5QFJT (U,V,NPTS,2,ACO) 
Rc2.00ACO(3) 
OYDXILM,J).ACOI2).S·EXILM) 
02YDX2ILM,J)aS 

630 CONTINUE 
GO TO 1700,750),INORM 

C • ••··FITTING PROCEOU~E.3 - USED 
C BETWEEN II AND 12 • ••••• 

700 DO 730 LM=IIN,IFIN 
LMMIO=LM-MID 
DO 720 L-l.NPTS 

FOR STATIONS WHOSE INDICES ARE 

507.;)0152 
507*0153 
507 0 0154 
507*0]55 
507 0 0]56 
507 4t 0157 
507(;-0153 
507"0159 
507';;-0 ]60 
507"0161 
507°0162 
50700163 

K=LMMIO.L 
U(L)=Y(I(.J) 

720 V(L)-EXIK) 
CALL LSQFIT (U.V.NPTS.2.ACO) 
A.2.0·ACO(3) 
OyDXCLM,J).ACOC21.S·EX(LMl 

507*0164 
507.:>n1()5 
507*01,,6 
507"0]67 
507°0168 
507--0169 

OZYOX2(LM.Jl-a 
730 CONTINUE 

C CHECK POSITION OF 1<1 
750 IF (Kl-11760.760.770 

AND KNX 

5n7*0170 
507*0]71
507'-10]72 
507*0173 

7600YDX(1.Jl:(Y(2,J)-Y(1.Jll/(EX(21-EXCl)1 
D2YDX2(1.Jl-0.0
GO TO 780 

507... o17~ 

$, ',' -~ ~ 1"15 
507°0176 

770 DYDX(K1.Jl-0.0
780 IF (KNX-NxI800,790.790 

5070 0177 
50700178 

7900YOX(NX.Jl·IYCNX.J)-Y(NX1.J)I/CEX(NXl-EX(NX1)1 507·0179 
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D2VOX2CNX,J)-0.0 
GO TO 810 

800 DYOXCKNX,J)·O.O
810 DO 850 I-ltNX 

02VOX2CI,J)aD2YOX2CI,JJ/C1.0.0YDX(I,J)**2)**1.5
850	 DyDXCI,JI_ATANCDYDXCI,J» 

IFCLL.EQ.l)GO TO 900 
DO 870 I-2,NX1 

870	 RCBCI,J)-(RCB(I,J).D2YDX2CI,J»/2.0 
RETURN 

900 DO 950 :-2,NX1 . 
950 RCB(I,J)-02YDX2cI,JI 

RETURN
 
END
 

507·0180 
507°0181 
507·01El 
507*0183 
507·0184 
507*01G5 
507*0186 
507*0187 
507*01aa 
507°0169 
50701>0190 
507 0 0191 
507°0192 
507*0193 
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SUBROUTINE LSQFIT CV,X,NPTS,IFR,A) 
C EVALUATES THE COEFFICIENTS OF A LEAST.SQUARES 
C FOR THE V VERSUS X CURVE 

DIMENSION X(11),Y~11),SUM~10),VC10~,AC3~,BC10,10~ 
N-NPTS 
M_2 
DO 90 !~1,3 

c 

90 A(1)=O.O
GO TO C50,Z),rFR 
DETERMINE WHETHER OR NOT V IS CONSTANT 

50 N1-N-1 
DO 60 K-1,N1 
YAV=CYCK·l)·YCK)/2.0
IFCABSIYAy).0.00001)60,60,51

51 DELTY-ABSCCYCK.1).YCK»/YAV) 
IF CDElTY-O.00001)60,60,2

60 CONTINUE 
A 11 ) -Y C1 ) 
GO	 TO 41 

2	 L5-Z.M.1 
LB-M·2 
LV-H·1 
DO 5 J~2'lS 

5	 SUMCJI-O.O 
SUM (1)-N
DO 6 J-1.LV 

6	 VIJ) II O.O 
DO 16 181,111 
P=l.O 
VIl)-VCl)·YC!) 
DO 13 J-2,LV 
P=X Cl) ~P 

SUMCJI-SUMCJ).1:l
13 VCJ)-VC~).YC!).p 

DO 16 J-LB,L.S
PaX cr).p 

16 SUMCJ)-SUH(J).P
17 DO 20 I-l,LV 

DO 20 K-1,L.V 
J:::K·r 

20 ~ ·~,I)-5UMCJ-l) 
i;, 22 K-l,lV 

228CK,LB)-V(lO
23	 DO 31 L~l,LV 

DIVB-BCl,.,L) 
DO 26 .J-L,LB 

26	 BCL,J)-SCL,J)/OIVB 
U-L·1 
IF	 Ir1-~B) 28,33,33 

28	 DO 31 I-rl,LV 
FHULTB-SCI,L)
DO 31 J~L,LB 

31 BII,J)-SCI,J)-SrL,J).FHULTB
33 ACLV)-BCLV,lB) 

I-LV 
35 SIGMA -0.0 

DO 37 J-r,LV 
37 SJGMA-SIGMA.SCI-l,J).AIJ) 

I~I.l 
AC!)-BCI,L8)·SIOHA 

PARABOLA
 
50e*0000 
50a o 0001 
50e.0002 
50800003 
50a~0004 
508 0 0005 
50a""0006 
503.0007 
50a*000e 
508°0009 
50G00010 
50800011 
508 c 0012 
503,iOO 13 
SOC'-,0014 
S06wCl015 
50S«>0016 
503'-'0017 
50~';;'001B 

508;)0019 
SOa~0020 

S(j,3°002l 
508 0 0022 
508*0023 
508*0024 
508°0025 
508~0026 

508';;0027 
S08 0 0028 
508 0 0029 
506*0030 
508 0 0031 
5066:.0032 
503°0033 
508"0034 
SOBo0035 
500"003b 
508--0037 
5 C(] .;.:. 0 (j:: J 
Su~';;'0039 

50::....;:'u G.';. 0 
50SwOO:;1 
508'-004.2 
S\)8{;'0(J~3 

Su::: .;;. CCi If ..;. 
50:~wO 045 
SO;':"~O Ct..6 
Si.::>' (J 0:'7 
SC:::';;'CO!.G 
S03c>ljOt,.9 
SCla--Ot.,;O 
SOG';;'(jG5! 
S l1 ;: .;;. G0 S2 
S O~·::·(, 053 
SC~:.; ';St;. 
SO ;·.~·li 055 
SOc-c'u 05" 
500';;'0057 
500'';' (J 0::;3 
508°0059 
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40 IF (1-1)41,41,35 508*0060 
41 RETURN 508*00,,1 

END 508·0062 
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20 

26 

40 

60 

10 

80 

100 

110 

120 

SUBROUTINE SEARCHIISOLUT,ISLOPE,LL,WPREV,PCALCI 509*0000 
COMMON/OATA/CP1,CP2,GASK,HUBLOC,IFBL,IFCYL,IFRAO,IFRPM,IFSIMP,IFST509~OOOl 

lAT,IFTYPE,IGV,IMASS,INCPO,INCWRI,IPUNCH,IRAO,IROT.,ITAPE,ITER,MTAPES0900002 
2,N9ETA,NCURVE,NLINES,NPASS,NPLOT,NPTS,NSTAGE,NTAPE,NTOPO,NWRIT,NX,S09L'0003 
JTOLCX,VIS1,VIS2,ANGLN(30),BBPIJO,lSI,BETAI3O,lS),BLAK130,lS),BLAMIS09 w0004 
430) ,CLOSSI30,1S),COMENTt12),COt30,1SI,OELMt1S) ,ESTFLO t11,EXPLOS130S09~00C5 
S),FLOWItl,ll,IBETA2t30I,IFCAXI30I,IFLVSIIJO),IFMACHtJOI,IFMLOS(30)S09~OCO~ 

6,IFPROFtJOI,IFREYLI30I,IFREYN(30),IFTHICt30I,ILOSSCJO),IMACHII30),S09 w0007 
7KSUMRYt1I,RPM2(30),RHPtJOI,RSPtJOI,ROTt1),SIGMAt30,1SI,STAGI30,1S)S09~OOOa 
8,WIOTH(1),XtJOI,XMACHIJOI,ZBARt30,lS),DELRtlS) S09~OC09 

COMMON/CALC/FLOW, ICASE,KRPM,L,NCASE,NOIV,NOUM,NMASS,NPLET,NROT,NWR509~OvlO 
lET,ALPHAtJO,1S),CMTtJO,1S),POtJO,lSI,RCBtJO,1SI,STATTt30,iS),TOtJOS09~OOII 
2,1S),WMTtJO,1S1 S09~0012 

COMMON/TOGOSS/BET1t30,1Sl,CLOSl30,lSl,CRt30,1Sl,CUPONSC30,1SI,RMl1S09~0013 
130,lSI,STAGGIJO.1SI,STATPI30,lSI,TANBETtJO,lS) S09 w0014 

IFtL.EQ.3)PCALC-O,O 
ISOLUT-ISOLUT.l 

50~oJ015 
50-;':'0016 

STEP=WIOTHtNROT)·0.4S·FLOW 
GO TOt20,220,200),ISOLUT 
CONTINUE 

5G~~C017 
S09wQ018 
SuS~OOI9 

IFtL.GT.3)PPREV~PCALC S09~Ov~O 
PCALC-O.O SO~~0021 
NTUB=NLINES-1 509~OJ22 
DO 26.J-1,NTUB . . S09w0023 
PCALC-PCALC.tOELMtJ.1)-OELMtJ»*tSTATPtNX'J.l).STATPtNX,J11/2.0 S09~002~ 

IFILL.EQ.0.ANO.AB$tPCAL.C/FLOWII1,ll-1.01.LE.0.002)GO TO 210 509(10025 
IFIPCALC.LT.FLOWItNMASS,NROT»GO TO 100 S09~0026 
IFILL.NE.OIGO TO 60 S09~0027 
LLal 50')00023 
CONTINUE 50900029 
WPREV-aIGIWPREV,FLOWI S09000~0 
FLOW=WPREV.STEP S09~Q031 
GO TO 400 S09~OD32 

CONTINUE SO~0uO~3 
LL-LL.l SO~000:4 
IFIFLOW.EQ.WPREVIGO TO 80 50S~\IO:5 

SLOPE=IPCALC.PPREVl/tFLOW-WPREVI SOS~OO~~ 
IFISLOPEI70,80,40 50~~~037 

~ONTINUE S~~ • ,~~ 
WTEMP=FLOW sn000~30 

FLOW-FLOW.tFLOW-~PREV)~tFLOWltNMASS,NROTI-PCALCl/tPCALC-PPREV) S0·C~~O 
WX-UGtWTEMP',WPREVI SO'_ <0.·1 
IFIFLCW.GT.WX·tl.O.WIOTHINROTI»FLOW-WX~tl.O.WIDTHCNROT)l SO~G8~~ 
IF IFLOW.L T.WTEMP.O .1) FLOW.WTEMP.0.1 ::::. .: .,.';·3 
WPREV=WTEMP Sv.GS~4 
GO TO 400 sc~-~~~~ 
CONTINUE sa~~~(~0 

WTEMP-FLOW S0~OuC~7 

FLOW=IWPREV.FLOWI/2.0 S0S~J0~J 
~/PREV_B IG t WTEMP, WPREV I so .>. ( i;'.o) 

GO TO 400 SO~~u~:O 

CONTINUE SV'::;;':;";l 
IFILL.NE.O)GO TO 120 SO~~~0~2 

LL-1 5LSb0CGJ 
WPREV-FLOW 5C9~J~~~ 
CONTINUE SOS00G~S 
FLOW-FLOW-STEP SC90~G:~ 
GO TO 400 SO~[COS7 
CONTINUE S09~OO~C 

LL-LL.l S09~0059 
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IFIFLOW.EQ.WPREV)GO TO 80 509*0060 
5LOPE.IPCALC-PPREVl/CFLOW-WPREVl 509*0061 
IFCSLOPE)140,80,170 SOC)<JOO~2 

140 CONTINUE 509*0063 
15LOPE-l 509*0064 
GO TO 70 509°0065 

170 IFII5LOPE.EQ.0)GO TO 40 509°0066 
WTEMP_FLOW 509 0 0067 
FLOWaCWPREV.FLOW)/2.0 509*0068 
WPREV-WTEMP 509()00&9
GO TO 400 509°0070 

200	 CONTINUE 509~001l 

IFCLL.EQ.OlGO TO 110 509°0072 
FLOW=WPREV.CFLOW-WPREVI/2.0 509*0073 
GO TO 400 509°0074 

210	 LLczLL.l 509*0075 
WPREV-FLOW 509 0 0076 
GO TO 400 509,)0077 

220	 CONTINUE 509*0078 
IFCLL.EQ.O)GO TO 40 . 509*007')
FLOW-WPREY-(WPREY.FLOWI/2.0 5090 00JO 

400	 CONTINUE 509°0031 
ESTFlOINROTl.FlOW 509°0082 
WRITECNTAPE,420)L.FLOW,PCALC 509<:lOOG3 

420	 FORMATC/,10X,4HPASS,I3,7H FLOW -,FT.2,8M peAle _,F9.11 509 0 0C,C .. 
RETURN 509°0085 
END 509*0086 
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FUNCTION SIGCX.V) 510 0 0000 
BIG=X 510 0 0001 
IFCX.LT.V)SIG-V 510°0002 
RETURN 510*0003 
END 510*0004 
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FUNCTION SGINCX) 511*0000 
SUN-l.0 511*0001 
IFCX.LT.O.O)SGIN-·l.0 511*0002 
RETURN 511*0003 
END 511*0004 
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I 
I 

I

5UBROUTINE RATECX,V,IS.IE.DVDX) 512*0000 
DIMENSION X(1),VC1),DVDXC1) 512*0001 
IS-IS 512*0002 
IE-IE 512*0003 
IFCtS-IE)8,5,8 512*0004 

5 DVDXCISI-O.O 512*0005 
GO TO 60 512 0 00C6 

8 DO 50 IaIS,IE 512*0007 
IFCI-IS') 10,10,20 512 0 0008 

10 OX1-xeIS.1)-XeIS) 512
0 

0009 
nV1-VClS.U-VClS)	 512°0010 
DYDxeIS)-OV1/OXl	 512~001l 

-:~ 

GO TO 50 512·0012 
20 IFeI-IE130,40,60 . ' . .' 512*0013 
30	 OVDXeI)aeeVCI.1)-VeI»/exeI.l)-XCI».cveI).ve!-1»/eXe 1)-Xel-l»)/512*0014 

12.0	 512*0015 
GO TO 50 512*0016 

40	 OXtEaXClE)-XelE-l) 512"'0017 
OVIEaVU[)-YCIE-U 512

0 
0018 

DVOX CIE) aOYIE/OXIE 512*0019 
50 CONTINUE 512*0020 
60 RETURN 5120 0021 

END	 512*0022 
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SURROUTINE INTERPII,J,VF)	 513*0000 
CO~MON/DATA/CP1,CP2,GA5K,HUBLOC,IFBL,IFCYL,IFRAD,IFRPM,IFSIMP,If5TS1300001 

lAT,IFTYPE,IGV,IMA55,INCPO,INCWRI,IPUNCH,IRAD,IROT,ITAPE,ITER,MTAPE51300002 
2,NBETA,NCURVE,NLINE5,NPA55,NPLOT,NPTS,NSTAGE,NTAPE,NTOPO,NWRIT,NX,51300003 
3TOLCX,VI51,VIS2,ANGLN(30),BBPI30,lS),BETAI30,lS) ,BLAKI30,1S),BLAMIS13.0004 
430),CL05S130,15),COMENTI12)'CO(30,15),DELM(15),ESTFLO(1),EXPL05130513*0005 
S) ,FLOW 111,1) , I BETA2130) ,I FCAx (30) ,IFLVS I (30) , IFMACH (30) , IFML05 I30) 513*0006 
6,IFPROF(30),IFREYL(30),IFREVNI30),IFTHIC(30),ILOSSI30I ,IMACHI(30),S13 00007 
71<5UMRV111,RPM21301,RHP1301,R5P1301,ROTlll,SIGMA130,15) ,STAGI30,15151300008
a,WIDTH(}) ,X(30) ,XMACH(30) ,IBAR130,15) ,DELR(15) 513*OOOQ 

COMMON/WENT/GJ,GJCP,GR2,CXMI30,151,V(9) 513*0010 
COMMON/CALC/FLOW,ICASE,I<RPM,L,NCASE,NDIV,NDUM,NMAS5,NPLET,NROT,NWRS13*0011 
1ET,ALPHAI30,151,CMT(30,1 5 1,POI30,151,RCBI30,1S1,STATTC30,15),TOI30S13~0012 
2,15I,WMTI30,15) 513~0013 

COMMON/RE5ULT/DAMP,RI30,lS) S13~0014 

COMMON/TOGOSS/BET1130,1S1,CL05130,151 'CRI30,1 5 1'CUPONSI30,1S),RMl IS1300015 
130,15) ,STAGGI30,1Sl,STATPI30t1S1,TANBETC30,151 51300016 
5LOC1IX,V)=ATAN(TANIX*.017451·YI· 513*0017 
TANB2IX,V)cl-Il,-X)+SQRTlll,-XI··2-4,*X.TAN(YI.·21)/12 •• X.TANlV)1 513*001A 
IFIIFRAO-l)120,120,122 51300019 

120 RHP1 a lRII,Jl-RHPII)I/IRSPII)-RHPII» 51300020 
BHP2-IRII-1,Jl-RHPII) l/IRSP(II-RHPIIll S13*0021 
GO TO 125 S13~0022 

122 AHP1~(R(I,Jll 51300023 
BHP2-RII-1,Jl 513~0024 

125 RHP3-lBHP1+BHP2)/2.0 513~0025 
IF(IBETA2(II.NE~1)GO TO 127 51300026 
CALL GRAPH31BHP1,Vll1,BBP,STAG,NBETA,Il 513w0027 
CALL GRAPH3·IBHP1,Y (6) ,RBP,CLOSS,NBETA, I) 513lt0028 
GO TO 16S 513~0029 

127 COSA1cCOSIALPHA(I,Jll 51300030 
COSA2.COSIALPHA(I.1,Jll 513*0031 

C••••• INTERPOLATE FOR CAMBER AND STAGGER AT BLADE INLET AND EXIT, ANn 51~*0032 
C fOR IBAR 513~0033 

IBEaIBETA2II) 513.0034 
GO TOl165,130,13J,133,130l,IBE 513 0 0035 

130	 CALL GRAPH3IBHP2,TEMP1,BBP,STAG,NBETA,Il 513 0 0036 
CALL GRAPH3IBHP1,V(1),BBP,STAG,NBETA,Il 513*0037 
CALL GRAPH3IBHP2,TEMP2,BBP,BETA,NBETA,I) S1~~OO:J 
CALL GRAPH3IBHP1,V(21,BBP,BETA,NBETA,I) S13 0 0039 
CALL GRAPH31BHP2,tEMP3,BBP,ZBAR,NBETA,Il 51:*0040 
CALL GRAPHJ(BHP1,V(5),BBP,IBAR,NBETA,Il 513.00~1 

C•••••CORRECT STAGGER AND CAMBER FOR STREAMLINE SLOPE S13~OO~2 
TEMP1=SLOC1ITEMP1,COSA2) S13~0043 
Y(11=SLOCIIYI1),COSAl) S13'to044 
TEMP2mSLOCI1TEMP2,COSA21 Sl:~OO~5 

VI21=SLOC1(Y(21,COSA11 S13"OO!,o 
C•••~.FIND EQUIVALENT BLADE INLET AND LEAVING ANGLES Sl:~OO~7 

ABARU=TEMP3/13,~TEMP3.1.1.12.-3,.TEMP3l/CrEMP3.1.1 512~QO~3 
ABARO=Y(S)/13 ••VIS)-1.).12.-3••YCS»)/(y(5)-1.1 S1:~OC~9 

TANB1U-TANB2IABARU,TEMP2).ABARU 51J~OOSO 
81U-ATANITAN81U)+TEMP1. 5130 0051 
TANB20~TANB2(ABARD,Y(2)1 Sl~vOC~2 
B20-ATANITANB20)+V(11 S13wOc~3 

GO TO 135 $::~O~~~

c••••• INTERPOLATE FOR BLADE INLET ANGLES FOR 1BETA2-4 51J 0 0055 
133 CALL GRAPH3(BHP2,TEMP2,BBP,STAG,NBETA,I) 513°0056 

CALL GRAPH3IBHP1,TEMP1,BBP,BETA,N8ETA,I) 513 0 0057 
C•••••CORRECT FOR STREAMLINE SLOPE 513~005B 

81U-SLOCIITEMP2,COSA2) S1300059 
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R20=SLOCICTEMPl,COSAll	 513*0060 
135	 VC21-IB1U-B2DI/.01745 Sl::i:~OOGl 

C•••••fIND MAXIMUM CA~BER POINT AND STAGGER S 13;;'(, 0':'2 
CALL GRAPH3CBHP3,VI51,ABP,ZBAR,NBETA,II S 1 :::~u ~<,3 
ABAR=VI51/13.·VI51-1.1·12.-3,·V(51)/IVIS)-l,) 51:' .. 0,,':' ... 
TBIN=VI2Io.01745 Sl:':;wOVu.,)
TBIN=TANB2IABAR,TBIN)·ABAR 513'::Ouoo 
BRIN=ATANITGINI Sl:;-::\iub7 
Vl11-161U-8BINI/,01745 S13~-(jG68 

CALL GRAPH3IBHP3,VI)),RBP,SIGMA,NBETA,I) ~ 1:>'0,)('9
CALL GRAPH3IBHP3,V(4),RBP,BLAK,NBETA,I) S 1:;·-0 0 70 

C•••••CORRECT THICKNESS/CHORD AND SOLIDITY FOR STREAMLINE SLOPE 513':;.0071 
COSA=CCOSA1+COSA2)/2, S13 .... C072 
VC31=V(3)/COSA ::::3"'(073
CUPONSII,JI=VI31 S 1Z '.:' 0 0 °/4 
VC41-V(4)*C05A	 S13-,,·~·.·5 

C··•••	 INTERPOLATE FOR LOSS COEffICIENT AND ADDITIONAL LOSS FACTOR S 12 ':. Ii 0 76 
CALL GRAPH3IBHPl,V(6),BBP,CLOSS,NBETA,I) 51:" 0 U~· 7 
CALL GRAPH3CBHP1,VI7I,RBP,CO,NBETA,I) SI:' .. 0C7~ 
CALL CASCDEIVl1I,V(2),VI4),VIS),I,J,YI6),VFI SIZ.)007(.' 
SIGNcSGINIBET1II-1,JI) SI:'~oO:";o 

STAGGCI-1,J)=STAGGII-1,J)*SIGN 513-';'00::'1
TAN3ETII,J)-TANISIGN.TANBETll,J)/57,296) 5 13,;, 0 1J.32 
CLOSII,J)~CLOS(I'J)·11,O+YI7)) S1 :"iO (jJ3
GO TO 166 SI::'<"v~'::':' 

165 TANSET I I.J) -TAN CY(1) /57,296) .COS IALPHA CI ,J) I 513"0005 
CLOSII.J).YI6) 513°0086 

166 CONTINUE 513*0087 
RETURN S13--00Ca 
END 513·0089 
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SUBROUTINE CASCDECSTAR,THETA,THICK,ZEE,I,J,W5PEC,VF) 514*0000 
COMMON/DATA/CP1,CP2,GASK,HUBLOC,IFBL,IFCYL,IFRAD,IFRPM,IFSIMP,IF5TS1400001 

lAT,IFTYPE,IGV,IMA5S,INCPO,INCWRI,IPUNCH,IRAD,IROT,ITAPE,ITER,MTAPE51400002 
2,NBETA,NCURVE,NLINE5,NPA55,NPLOT,NPT5,NSTAGE,NTAPE,NTOPO,N~IRIT,NX,51400003 
3TOLCX,VIS1,VI52,ANGLN(30),BBPC30,15),BETAC30,15),BLAKc30.i5),BLAMI514*000~ 
430),CL055C30,15),COMENTC12),COC30,15) ,DELM(15),E5TFLOC1),EXPL05C30514~OOO5 

5I,FLOWIC1,1),IBETA2130I,IFCAXC30),IFLV5IC30),IFMACHC30) ,IFML05(30)514 0 000b 
6,IFPROF(30),IFREYLC30),IFREYNC30),IFTHICI30),ILOS5C30),IMACHIC30),51~~0007 

7K5UMRY(1),RPM2C30),RHPC30),R5PC30),ROTC1),5IGMAC30,15) ,5TAG130,15)514 0 0008 
8,UIDTH(1),XC30),XMACHC30),ZBARC30,15),DELRc15) 514~0009 

COMMON/CALC/FLOW,ICA5E,KRPM,L,NCA5E,NDIV,NDUM,NMAS5,NPLET,NROT.N~R514~0010 

1ET,ALPHAC30,15),CMTc30.15),POC30,15),RCBC30,15),sTATTc30,i51,TOC30514~0011 
2.15) ,WMTC30,151 51~~OOI2 

COMMON/RE5ULT/DAMP,Rc30,15) 514~0013 

COMMON/TOGOSS/BET1C30,15),CLOSC30,15) ,CRC30,15),CUPONSC30,15),RM1C514~OOI4 
130,15),STAGGC30,15),STATPC30,15),TANBET(30,15) 514 w0015 

DIMENSION WORDI(3),WORD3C4I,WORD4C6) 5140 0016 
DATA CWORD11K),K= 1,3)/3HYES,3H NO,3HMODI 514 w0017 
DATA CWORD3CKI,K-1,4)/6HBY DEQ,6HIN DAT,3HDES,3HA I 514 v 0018 
DATACWORD4CK),K=l,6)/6HNACA ,6HD.C.AR,6HNOT AP,lH5,lHC,lH.1 514 0 0019 
DATA BCD1/6H STALL/,BCD2/6HED I,BCD3/6H CHOKE/,BCD4/6HD I 514 0 0020 
KBETA2=IBETA2CII 514~0021 
KTHIC=IFTHICCI) 514~0022 
KCAX=IFCAXlI) 51400023 
KMACHD=IFMACHCII 514°0024 
KREYD=IFREYNCI) 51400025 
KML05=IFMLOSCI) 51400026 
KLV5I=IFLV5ICI) 514 w0027 
KPROF=IFPROFCI) 514~0028 

KREYL=IFREYLCI) 51400029 
KLOS=ILOSSCI) 514~0030 
SOLID=CUPONSCI,J) 514~0031 

RMN=RMICI-1,J) 514~0032 

NRATIO=3 51400033 
GAMMA=1.0/C1.0-GASK/C778.0.CP1» 514 0 0034 
IFCKBETA2.NE.5IGO TO 90 51400035 
82=THETA/2.0.STAR-0.17*THETA/SOLID 51400036 
81=0.0 514 0 0037 
FRSTB2=B2 S1400038 
WDES=W5PEC 51400039 
DL=WSPEC 514~00~0 

IFCL.EQ.l)GO TO 928 51400041 
GO T0825 514~0042 

90 NCHOKE=l 514~0043 
FCOEFL=THETA/2.49 514~004~ 
CALL OPTANGCSOLID,FCOEFL,ATTACK) 514~0045 

BIDES=ATTACK.5TAR 51400046 
X2=STAR.THETA/2.0 514~0047 

IF(ZEE.EQ.0.5)GO TO 96 514vOO~C 
X3aX2 51400049 
XI-ZEE*C2.0-3.0.ZEE)/CC3.0.ZEE-l.OI*CZEE-1.0» . . 514*0030 
X2-ATANCX1*CX1-1.0.SQRTCC1.0-Xl)**2-4.0*X1*CTANCTHETAI57.296»*.2)514~OOSl 

1)/C2.0.X1.TANCTHETA/57.296»).57.296.STAR SI~Q00=2 

B1DESaB1DES-X3.X2 51400033 
96 CONTINUE 51~voa~4 

BI-ABSCBETICI-l,J» 51~w0053 
C•••••FIND DESIGN EXIT FLOW ANGLE, CORRECTING FOR EFFECT OF AXIAL 51400056 
C VE~OCITY VARIATION IF REQUIRED 514 0 0057 

VFaO.O 514woosa 
IFCTHETA.LT.20.0)VFaC20.0-THETA)/40.0 S1400059 
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IFIL.EQ.1)GO TO 102 S14*0060 
101 GO TOC103.10ZI.KCAX S1400061 
102 VRATIO-1.0 S14*0062 

GO TO 121 514 0 0063 
• 103 VRATIO·CMTII.~I/CMTll-l.J) . S14~0064 

VRATIO-VRATIO·C1.0.VF·C1.0-VRATIO)/VRATIO) S14000~S 
IFIVRATIO-0.81104.104.110 S1400C~b 

104 NRATIO-l S1~o0061 
VRATIO-0.8 S14~006a 

GO TO 121 51400069 
110 IFIVRATIO-l.Z5)121.121.115 514~0010 
115 NRATIO=2 5140 0011 

VRATIO-l.2S 514*0012 
121 EXaBIDES•• 0174S 514wOOY3 

BE1=ATANC2.0·TANCEX)/C1.0.VRATIO»/.01745 51400014 
CALLSTLANGCBE1.5TAR.SOLID.FCOEFL.ZEE.NCHOKE.BE2.BCHOKE.BSTALL.RE1.51400015 

1J.RMN) S14*0076 
IFCZEE,EQ.O.S)GO TO 1211 514*0071 
BSTALL=BSTALL-X3+X2 514*0018 
RCHOKE~8CHOKE-X3+X2 S1400079 

1211 IFISOLIO.LE.l.6)GO TO 1212 514*0030 
SHIFT-6.07.C50LID-l.6) 514~OOCI 
BSTALL=BSTALL.SHIFT 514QJ032 
B1DES=B1DES·SHIFT 51~~0083 
ACHOKE=BCHOKE.SHIFT 514*00J~ 

1212 IFIBCHOKE.GT.BIDES-2.0)BCHOKE.BI0ES-2.0 5~4~0085 
IFIBSTALL.LT.B~OES.2.0)BSTALL.810ES.2.0 S14~008u 
FACINC=0.6.4.0.THICK 514~0087 
IFITHICK.LT.O,~)FACINC.17.12S.THICK-71.25.THICK••2 51400088 
X3=CB1DES-X2)·CFACINC-l.0) 514*008~ 
XEWSTL=eSTALL.X3 51400090 
X~;BIDE5.X3 514*0091 
XEWCHK=BCHOKE.X3 514*0002 
AIDESE=REl 514000~3 
820E5E=8E2 514*0094 
E~=DE2•• 0174S . 514*0095 
B2DIN=ATANI0.S.C1.0/VRATIO.l.0)·TANCEX»/.0174S S14~0006 

C·••••CORRECT DESIGN DEFLECTION FOR EFFECTS OF THICKNESS IF REQUIRED S1~oOO~7 
GO TOI122,123),KTHIC 51~Q000J 

122 EM~=0.17.B1DE50C·3.33E-4.3.33E-S.81DES) 51~wC099 
BEB c O.96S.B10ES*14.66E_S-e.40E.S.81DES) 514001CO 
AEE=SOLIO.oBEB S14~Ol01 
DI0=THETA*EMM/BEE 514°0102 
CAY=THICKoC6.2S.37.S.THICK) 514w0103 
OOT=010 0 CCAY-1.0) S14~Ol04 
R20ES=B2DIN.OOT 51~~Olu5 

GO TO 129 S140J106 
123 S20ES=B20IN Sl~~Ol01 

129 CONTINUE 514 v Ol0Z 
140 B1RAD.B1DES/S7.296 S14~OlO~ 

B2RAD=B2DES/S7.296 51~.Ol10 
C•••••FIND CRITICAL MACH NUMBER. INCLUDING EfFECTS OF BLADE THICKNESS SI;~Olll 

. VMAX·l.03.THICK.0.7.CO.4.THICKI.COSCB1~AO)/SOLID.CTANCB1RlD)- TANC51~QO:l~ 
1B2RAD») SI'~~l13 
CP.VMAX.·2-1.0 S1~~G!1~ 
CRITM~1.0.CP·C-.61•• 3.CP) S1~~OllS 
GO TOCS01.14S.1471.KLOS 5140 0116 

C•••••FIND DIF'U~ION FAtTOR IF REQUIRED 51~~a:!7 
14$ DEQDES••COSCBIRAD)/COSCB2RADI.VMAX S14~o113 

C•••••WDES IS DESIGN LOSS COEFFICIENT S14.0119 
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WSTARO-.00J+.02375.0EQOES-.OS.DEQOES••2•• 12S.0EQDES··3
 
WOES=2.0.WSTARO.SO~IO/COSCB2RAD) 
GO TO	 148 

141 wOES~WSPEC 

C·····CORRECT BCHOKE, esT ALL AND B10ES FOR ~ACH NU~BER 
C•••••CORRECT WOES IF REQUIRED.SET XPLOS 

148	 GO TOl149,1821l,KMLOS 
149 GO TOc150,180l,KPROF 

C•••••N~CA 65 TYPE MACH CORRECTIONS 
150 El1DCOR=X4 

RANGE=CXEWSTL-X41*EXPC1.J86·CO.5-RMNII 
BISCOR~BIDCOR+RANGE 

RANGE=IX4-XEWCHKI·EXPC1.J86·CO.5-RMNII 
RICCOR=CIDCOR.RANGE 
XPLOS=4.5 
IFCRMN-CRITMI151,151,152 

151 WOPT=WDES
 
GO TO 194
 

152 WoPT =~O~S.C2.0.CRMN.CRITMI'l.01
 
GO TO 194 

C•••••DOUCLE C.A. TYPE MACH CORRECTIONS 
180 B1DCOR=X4 _ 

IF REQUIRED
 

RANG~gCXEWSTL-X41·CO.658·0.342·EXPC1.386·CO.5-RMNI II 
B1SCOR~R10COR.RANGE 

R~NGE=(X4.XEWCHKI·EXPC1.386·CO.5-RMNII 
B1CCOR-A1DCOR-RANGE 
XPLOS::2.0 
IFCRNN-CRITM)181,181,182 

181 wOPT=WDES 
GO TO 194 

182 WOPT=WDES+CRMN-CRITM)·CO.025.0.194S.CRMN-CRITMII 
GO TO	 194 

1821	 B1DCOR=X4 
BlSCOR=XEWSTL 
B1CCOR=XEwCHK 
wOPT=WDES 
GO TOC18J,184l,KPROF 

183	 XPLOS=4.S 
GO TO 194 

IB4 XPLOS=2.0 
194 GO TOc191,260),KLVSI 
197 XPL05=EXPLOSCII 

C•••••CALCULATE ACTUAL LOSS CoEFF WITHOUT 
C•••••NoTE NEXT STATEMENT REQUIRES B1DES 
260 IFIBI-X4IJOO,SOO,400 

300 S=CB1.R10COR)/CB1CCOR-B1DCOR) 
GO TO 450 

400 S=CB1.BIDCOR)/CR1SCOR-BIDCORI 
450	 DL=WOPT.C1.0.S••XPLOSI 

CLMR=DL 
GO TO 620 

500	 DL=WOPT 
CLMR~DL 

GO TO	 620 
501	 DL=lr/SPEC
 

WOES-O.O
 
WOPT-O.O
 
DEQDES-O.O
 
CLMR-O.O
 

620	 IFCDL.GT.0.25IDL-0.25 
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REYNOLDS NO CORRECTION 
- BlDCOR 

S14--0120 
514'<0121 
514"-0122 
514 0 0123 
514 0 0124 
514°0125 
S14~0126 

5 1~,1'0 127 
S14 w012J 
514"0129 
51""0130 
S14;';01::'1 
S1':;'''0132 
S1':;~0133 

S14~013':' 

514'~'0135 
51L~;;'o 1::>G 
S14"01::'-1 
S1':;'-"O!;)8 
S14';';'01~C) 

S1(.:.- U ~ (. U 
S1t,·~· 01':"1 
5 1 l;.·;, Ii 1 I_ ::: 

51~,--'O 1:'3 
5!4;:'v14~ 

S 1.!i Q (j 1 i;·6 

514"'0141 
514 0 01':'C 
511,°014CJ 
514'-'0150 
514 0 0151 
514°01:32 
S1l;.Cl0153 
S14l<O!S!< 
514"0155 
51"'~0156 
5 p·(}O 157 
S14-w01!)3 
514~0159 

514"'01 GO 
S1 L,00161 
S14~0162 

514-'0163 
514°0164 
514°0165 
514-;100166 
51 I>;) 0107 
5 14~i 01':'3 
S 14~0 1.69 
51:'*0170 
51L,.-J 0171 
51 /.... 0172 
Sg';;'0173 
S1'i;'OP':" 
SlL.\iOl"fS 
Sg'~'0176 

514°0177 
514'10178 
S14~0119 



C•••••CALCULATE GAS ExIT ANGLE 51400180 
630 EX-Bl •• 01745 51400181 

NCHOKE-2 51400182 
BEIDE5-ATANC2.0*TANCBIRADI/C1.0.VRATIOII/0.01745 51400183 
REI-ATANI2.0.TANCEXI/Cl.0.VRATIOII/.01745 51400184 

C•••••CORRECT DEFLECTION FOR EFFECT OF AXIAL VELOCITY VARIATION 514.0185 
801 IFCBEI-BSTALLI805,803,803 514*0186 
803 BSTLLL=B5TALL 51400187 

CALL STLANGCBSTLLL,STAR,SOLID,FCOEFL,ZEE,NCHOKE,B2STAL,BCHOKE,RSTA51400188 
lLL,BElDES,J,RMNI 51400189 
8E2=B2STAL.BEI-BSTALL 51400190 
GO TO 806 514*0191 

805 CALL 5TLANGCBE1,STAR,SOLID,FCOEFL,ZEE,NCHOKE,BE2,BCHOKE,BSTALL,BE151400192 
IDES,J,RMNI 51400193 

806 EX=BE2.,01745 514~0194 
82-ATANCO.S·Cl.0/VRATIO.l.01·TANCEXII/.0114S 51400195 

$01 BUNCOR-B2 514.0196 
C•••••CORRECT DEFLECTION FOR EFFECTS OF THICKNESS IF RCQUIRED 51400197 

GO TOC808,8091,KTHIC 514.0198 
808 EMM=0.11.Bl·C-3.33E-4.3.33E-5.Bl1 S14.0199 

BEB=0.965.Bl·C4.66E-5-8.40E-5·Bl1 S14.0200 
REE-SOLID••BEB 514*0201 
DI0-THETA.EMM/BEE S14*0202 
DOTaDI0·CCAV-l.01 S14.0203 
FRSTB2aB2.DOT S1400204 
R2-FR5TB2 . 514*0205 
GO T08091 51400206 

809 FRSTB2aB2 S14~0207 
C·••••CORRECT DEFLECTION FOR EFFECTS OF INLET MACH NUMBER 514.0208 
8091 GO TOC8092,825,8101,KMACHD S1400209 
8092 XMACHCII-l.0 51400210 
810 IFCRMN-l.01 812,812,811 S14*0211 

811 RMP-SQRTCCRMN••2.2.0/CGAMMA-l.011/C2.0.GAMMA/CGAMMA.l.01.RMN••2-1.514.0212 
101) 514*0213 

GO TO 813 S14*0214 
812 RMPaRMN S1400215 
813 tFCRMP-CRITMI825,825,820 S1400216 

820 CALL MCDEVNCCRITM,BIRAQ,B2RAD,I,J,RMP,B2NEWI 514*0217 
822 R2aB2.ABSCB2DES-B2NEWI.XMACHCII S14.0218 

C•••••CALCULATE REVNOLDS NO AND CORRECTIONS IF REQUIRED 51400219 
825 IFCL.EQ,l)GO TO 928 51400220 

RENNaCMTCI-l,J)*CXCII-XCI-ll.RCI,JI·TANCANGLNCII/51.2961-RlI-l,JI.S14~0221 
ITANCANGLNCI-lI/S1.2961)·STATPCI-l,JI/CCOSIBl/57.2961.STATTCI-l,JI.51400222
2CVIS1.STATTCI-l,JI·VIS21·GASKI 514*0223 

RR-ALOGCRENN)-10.82 51400c24 
RRR-RR-l.48 51000225 
B2MR-B2 S1~o0226 
GO TOC915,9201),KREVL 51400227 

915 IFCRRR)911,9201,9201 S14~022~ 
917 IFlRRl918,918,919 51400229 
918 WREN-2.0.WDES 514.0230 

GO TO 920. . . S14~0231 
919 WREN-WDES.C2.0-2.7386.RR••2.1.2336.RR••31 S1~wn~:2 

920 DL-DL.WREN S1~~0233 
9201 GO TOC921,9281,KREVD 514*n284 
921 IFCRRA~923,928,928 S1~~023~ 
923 IFCARI'24,924,925 514~023& 
924 DVA-.l.ABSCBl-FASTB21 51~~n237 

GO TO 926 514w02:a 
925 DVA.ABSCBI-FASTB2~*C.l •• 137.RA.*2•• 0617.RR••31 514~0239 
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926 

927 
928 

980 

990 

991 

992 

993 
994 
995 
996 

997 
998 

9c;Ol 
9 f)32 
9983 
999 

1 

2 

3 

5 
7 
11 

CHECKatR2.FRSTB2)·DVR S14-0240 
IFtCHECK)927,928,928 S1400241 
82=FRSTB2.DVR S14*0242 
TANBETCI,J)=B2 S14 0 0243 
CLOStI,J)aDL S14~0244 
STAGGtI-1,J)=X4 S14~0245 
IFtL.NE.NPLOT.OR.IFRPM.EQ.l.0R.IFRPM.EQ.4,OR.IFRPM.GE,7)GO TO 999 S14 0 0246 
IFCKBETA2.EQ.5)GO TO 9981 Sl~00247 
IFtJ.NE.1)GO TO 991 S1400248 
WRI TE tN'rAPE'13lI,L,WORDltKCAXl,WORDltKTHICl,WORDltKMACHDl,XMACHCIlS140 0249 

l,WOR01IKREYD) 514~02S0 
GO TOt980,990,990l,KLOS S1400~51 
WRITECNTAPE,14l 51400252 
GO TO 991 S14~0253 

OwRITEtNTAPE,15lWORD3tKLOS -ll,WORD3tKLOS .ll'WORDltKMLOSl'WORD4CKPS14~'0254 
1ROF),WORD4tKPROF+3) ,XPLOS,WOROI tKREVL) 51400235 

WRITEtNTAPE,5lJ S14~0256 
GO TOC992,993,994l,NRATIO Sl~~O~57 
WRITEcNTAPE,ll Sh"025B 
GO TO 994 Sl~~O:59 
WRITEINTAPE,2) Sl(~0~GO 
IFtEEI-ASTALLl995,996,996 514~020l 
IFI8~1-8CHOKEl997,997,998 514~0202 
WRITEINTAPE,7lBC01,BCD2 S14e02~3 

GO TO 998 S14~02u4 
WRITEtNTAPE,7)BCD3,BC04 S1400265 
WRITEt N TAPE,ll.STAR,SOLID,THETA,THICK,ZEE,Bl,X4,XEWCHK,XEWSTL,RIDE514~026G 

lSE,82DESE,B2DIN S14~02v7 
O\~RITEtNTAPE,12lA2DES,BE1,8E2,8UNCOR,FRSTB2,RMN,VMAX,CRITM,B2MR,RENSI4~0260 
IN,A2,DEQDES,WDES,WOPT,R1SCOR,BICCOR,CLMR,DL S14~0269 

GO T0999 Sl~~0270 
IFIJ-11999,9982,9983 51400271 

WRITEtNTAPE,3lI,L,WOROliKREYDl,WOROltKREYLl S14 o G272 
VRITEtNTAPE,4lJ,FRSTB2,RENN,B2,WSPEC,DL S140t~73 

CONTINUE 
FORMATtlOx,62HCMTtExIT)/CMTtINLET) IS 

lAL TO 0,8.) 
OFO~MATtlOX,67HCMT~EXIT)/CMTtINLET) IS 
2 EQUAL TO 1.25.)
oFORMATtlll,lOX,81HI.G.V. CALCULATION 

S14~0274 
LESS THAN O,B. IT IS SET EQUS14 wG275 

514 w0276 
GREATER THAN 1.25. IT IS SETS14 0 02r7 

S14··'o~7n 
APPLIED TO ALL SECTIONS OF BLS1~Q02Y9 

lADE WITH TRAILING EDGE AT STATION,I3,4X,9HPASS NO a,I3111X,74HOEFLSI4~n2~O 
2ECTION GIVEN BY MODIFIED CARTERS RULE CORRECTED FOR REYNOLDS S14~02Gl 

3NO.-,A3/1X74HLOSS COEFFICIENT GIVEN IN DATA CORRECSl~~C:~2 

4TED FOR REYNOLDS NO.-A31Il S1400:~3 
OFORMATCIX,16HSTREAMLINE NO • ,I3/10X,29HB2 FROM MODIFIED ~ARTERS RSl~~02~~ 

lULE,7X1H=F7.3/10X,23HSECTION REYNOLDS NUMBER,13X1H=,F8.0/10X,33H82S't,~02~5 
~ CORRECTED FOR REY,NO.tIF REQ01,3X,lH.,F7.3/10X,12HCL FROM DATA,24S1~'~D2Go 

3~,lH=,F7.4/10X,33HCL CORRECTED FOR REV.NO.(!F REQD),3X,lH-,F7.411)S14 w02J7 
FO~MAT~lX,16HSTREAMLINE NO a ,13) Sl~w02~~ 
FORMATtlOX,21HTHIS BLADE SECTION IS,2A6) Sl~~02:~ 

OFORMATt 10x,BHSTAGGERa ,F8.4,2x, AHSOLIDS14YG~SO 
1•• ,FB,4,2X,8HCAMBER • ,F8,4,2X,8HTHICN•• ,F8.4,2X,8HZBAR = ,F~14(!0~~1 

2e.4,2X'8HIN.ANG.a ,Fa.4,/IOX,8HBIDES a ,F8.4,2X8HBCHOKE =Fe.4. 10Sl~~0~:~ 

3H BSTALL. F8.4,2X,8HB10ESE • ,F8.4,2X,BHB2DESE = ,F8.4,2X98HR2DASl~·'~~· ~ 
4X II: ,F8.4l Slt',··'j·..·:, 
OFORMATt10X,8HB2DEs • ,FB.4,2X,8HBE1 • ,Fe.4,2X.8HBE2 = ,F6.S1~·!02sj 
14,2X,8HB2AXVL • ,FB.4,2X,BHB2THIC • ,Fe.4,2X~8HRMl • ,Fe.4o/10~Sl~~02~~ 
2,BHVMAX • ,F8.4,2X,8HCRITM • ,F8.4,2X,8HB2M • ,F8.4,2X,GH~~YSl~vv;07 

IN. • ,Fe.O,2X'8HB2 • ,FB.4,2X,8HDEQDES • ,Fe.4,/IOX,AHWDES S14~O~~G 
4. ,F8.4,2X,BHWOPT • ,FB.4,2x,8HB1SCOR • ,F8.4,2X,8HB1CCOR • ,FB.Sl~~0299 

187
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54,2X,8HCLI • ,F8.4,2X,8HCL • ,F8.4.11)	 514*0300 
13	 nFORMATIIII.10X,78HCALCULATION METHOD FOR ALL SECTIONS OF ALADE ROW514~O:Ol 

1 WITH TRAILING EDGE AT STATION I3,4X,10HPASS NO • ,I3111X,35HDEFLES14*0302 
2CTION GIVEN BY CAATER/LIEBLEIN,2X,42HCORRECTIONS APPLIED- AXIAL VS14 00303 
3ELOCITY AATIO. 51400~u4 

3 13X,2H- ,A3/60X,27HBLADE THICKNESS/CHORD RATIO,6X,2M- ,A3,514~03u5 

4/60X,26HSUPEA-CRITICAL MACH NUMBER,7X,2H- ,A3,/60X,29HVALLIE OF XMAS14.0:0~ 
5CH USED FOA ABOVE.4X,lH-,F5.2/60X,28HSUB-CRITICAL REYNOLDS NUMBER.S14 0 0301 
65X,2H- .A3/) S14 v 030S 

14 FORMAT(lX,44HLOSS COEFF GIVEN IN DATA WITH NO CORRECTIONS/II S1400:0~ 
15	 OFORMAT(lX,23HL05S COEFFICIENT GIVEN .A6,A3,5X,48HCORRECTIONS APPLIS14~Q310 

lED- SUPER-CRITICAL MACH NUMBER.7X,2M- .A3160X.25HINCID.RANGEIMACMS1400~11 
2 NO RULES8X.2H- ,A6,Al/60X,29HVALUE OF XPLOS USED FOR ABOVE,4X,lH-514*0312 
3F5.2/60X.28HSUB.CAITICAL REYNOLDS NUMBEA,5X,2H. ,A311) S14~0313 

1000	 RETURN S14*n314 
END 514*0315 
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SUBROUTINE GRAPH2~Ol,D2,03,S,y) 
QS=SQRTl1.0/S1 
IFIS-1.011,2,2 

1 CONST=ID1-02)/.4142 
Y=02+CONST*IQS-1.0) 
GO TO 3 

2	 CONST.~02-D3)/.183S 
Y=D3+CONST*IQS-.816S) 

3	 CONTINUE 
RETURN 
END 

S15 0 0000 
515 0 0001 
51500002 
515 0 0003 
515 0 0004 
S1500005 
S15 0 0006 
S15 0 0007 
51500008 
515°0009 
515*0010 
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SUBROUTINE ST~ANGCBIN,STAR,SOLID.COE"L,ZEE,NCHOKE,BEXIT,BCHOKE,B5516*0000
 
ITA~L,BI0PT,J,RMl) 516*0001 
SOLCX)a(SQRT(1.0/X)-1.01/.184 51600002 
THETA-2.49·COEF'L 516*0003 
Nw-l S16.000~ 
S.STAR S16UOOOS 
GO TOC2,600),NCHOKE 

C•••••OO ALL CALCULATIONS INtTIALLY 'OR SOLIDITY-l.S 
S16*0006 
S16*0007 

2 IFICOEFFLIJ,14,3 516*0003 
3 OELTAC34.0 516*0009 

CLIFT-O.O S16*0010 
NUM=O S16~0011 
00 5 1=1,3 510*0012 
CLIFT.CLIFT+4.0 516*0013 
NUM=HUM'l 510*0014 
IFICOEFFL-CLIFT)II,10,5 510*00]5 

5 CONTINUE 516~0016 
OELTAC=3.0 516*0017 
DO 6 1=1,4 
CLIFT.CLI,T.3.0 

5]6*0018
S16*0019 

NUM=NUM.l 516*0020 
IFCCOEFFL-CLIFT)11,10,6 516*0021 

6 CONTINUE 516*0022 
GO TO 11 516*0023 

10 INOIC.l 516*0024 
GO TO 12 516*0025 

11 INOIC=2 5160002u 
12 GO TO 120,30,40,50,60,70,80),NUM 51600027 

C·••••LIFT COEFF.=O SOLIDITYal.S 51600023 
14 INOIC.l 516*0029 

CLIFTaCOEFFL S16*0030 
15 01=-6.1999716 516*0031 

02-1.0566653 516000J2 
03=-.66665219E-03 516*00~3 
E1=7.5000285 516*003~ 
E2=1.4666653 516*0035 
E3=-.66666521E-02 516*00:6 

17 GO TO CI05,100),INDIC 
C·••••LIFT COEFF.=4 SOLIDITYa l.5 

516*0027 
SI6~CO:2 

20 010-14.90006 SluoOQ3~ 
02-1.3466693 516000~0 
03=-. 13333622E-02 516*0041 
El=29.19981 SI6~00~2 
E2=.50334245 SI6*00~3 
E3=.42221209E-02 Slo~00~4 

22 GO TO CI05,1001,INOIC SIG~OO(~ 
C•••••LIFT COEFF.=8 SOLIOItya l.S 516*0046 

30 01=4.6664719 51600047 
02-.66334388 S16 Q 0043 
03=.59998698£-02 S16QO~~9 
El=27.0 516*OC30 
E2=0.8 S16~CCSl 
E3=0.0 S16~OC~2 

32 GO TO (105,100).INOIC Sl~oJC~~ 
C•••••LIFT COEFF.-12 SOLIOItYa l.5 SlGo00:~ 

40 01-10.111044 SI6*00S~ 
02-.70889307 516.00~6 
03-.57777198E-02 S1600057 
El-31.0 516.0053 
E2-0.825 516*0059 
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E3-0.0 51G~0060 
42 GO TO (lOS,lOOI,INOIC S1600061 

C··•••LIFT COEFF.=15 SOLIOITY-l.S 516~OO':"2 
SO 01-13.500001 516°00':'3 

02=.17416182 516 0 006':'
03=.39041629E-02 S16,,00.)::;
El=36.39999 S16000~v 
E'2=.65904836 S16 0 00':'7 
E3a-.38096311E-03 516"00':"8 

52 GO TO (10S,100I,INDIC 516 0 006Q
C•••••LIFT COEFF.=lB SOLIOITY-1.S 516"-0070 

60 01=-1.6249918 516 0 0071 
D2=1.7899992 516()OO·/~ 

03=-.89999852E-02 SI6°0073 
El=30.487291 5~600074 
E2=1.49001Bl 516 n0075 
E3=-.017500357 516 0 00"'6 

62 GO TO (10S.1001.INDIC 5 16·\J il17 
C•••••LIFT COEFF.=21 SOLIOITY-1.S	 5 1.: ,~, uu"I a 
70	 01=18.0 516';:'0079

02=1.0 516000~O 

03=.0 516';;'0081
El=36.9464 S16l:>00~2 

E2=.71024293 51b v Ouu3 
E3=-.0 S16~OO:';:,. 

72 GO TO l10S.l00I,INDIC S16'~OU':;5 
C•••••LIFT COEFF.=24 SOLIDITY-1.S S1u":Ou':;6 

80 011:15.0 S ! W,~, I} 0 ,j"( 

D2=1.2 S1u'-OGG3 
D3=0.0 S1G~,'0089 

E1=39.5 516'~'OU90 
E2=.61 516:'-001')1
E3=0.0 516'~'OOC;2 

B2 GO TO (105,lOO~,INDIC 516l:oljOr;3
C•••••FINO 82 FOR SOLIOITY-l.S S 16,;'0 OS'/y 

100 AC15=01.020S.03.S••2 S16°00')5 
AS15=E1.E2oS.E3.S.·2 51600096 

102 INOIC=INDIC-l 516"()097 
IFlCOEFFL-CLIFTll04,l04,10 5 16<~O QeJG 

104 NUM=NUM-l 516 wQ(1)9 
IFlNUMl15,15,12 516~o100 

105 8C15=Dl.D2.S.D3.S~.2 516'~OlOl 

BS15~El.E2·S·E30S··2 51u,;,0102 
10S3 IFlCOEFFL-CLIFTll07.l06,l07 S1 ,j .~. 0 : 0 3 
106 COUT15=AC15 Sl(;,~,\j:04 

50UT15:::BSIS 51(;<10105 
GO TO 202 5 16::· \)1 0 (, 

107 COUT15=AC15-lCLIFT-COEFFLI.lAC1S-BC1SI/DELTAC 51(;.'·:0107 
50UT1S=AS15-(CLIFT-COEFFL~·lASlS-BS1SI/0ELTAC S1 (,.:;. 0 ~ 0.3 

C•••••FIND NEGATIVE STALLING AND STALLING INLET ANGLES FOR SO~IOITY~1.0 S16 9 0109 
202 IFlCOEFFL1203,214,203 516"0110 
203 OELTAC-4.0 51"'::'0111 

CLIFTaO.O 516'::0112 
NUM=O 51 [',;'0113 
DO 205 I= It 3 51';""'::'1 >. 
CLIFhCLIFT.4.0 51(.·;·011S 
NUM-NUM.l 51('\;'0116 
IF(COEFFL.CLIFT~2l1,2l0,20S 516wOl17 

205 CONTINUE S 16~;) 11 C 
DELTAC-3.0 516·0119 
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DO 206 1-1,4 
CLtFhCLtFT.3.0 
NUM-NUM.l 
IFICOEFFL-CLIFT)2il,210,206 

206 CONTINUE 
GO .TO 211 

210 INOIC-l 
GO TO 212 

211 INOIC-2 
212 GO TO 1220,230,240,2~0,260,270,280),NUM 

C•••••LIFT COEFF.-OSOLIOITY-l.0 
214 INOIC-l 

CLtFT_COEFFL 
215 01--5.9999723 

02-.87999869 
03~.17777922E-02
 
El~9.1999397
 
E2-1.353336 
E3--.53333622E-02 

2~7 .GO TO (305,300),INOIC
C•••••LIFT COEFF.-4 SOLIOITY-1.0 

220	 01--5.0999717
 
02-1.083332
 
03-·.66665219E-03
 
El-18.200332
 
E2~.9699842
 
E3~·.11109374E-02
 

222	 GO TO (305,300),INOIC
C•••••LIFT COEFF.-8 SOLIOITY-1.0 

230	 01--.39972782
 
02-1.0066536
 
03•• 44458912E-03
 
El-20.7
 
E2.0.867
 
E3=0.0
 

232 GO TO (305.300).INOIC 
C•••••LIFT COEFF.-12 SOLIOITY~1.0 

240	 01-.72216034
 
02-1.1755589
 
03--.17778211E-02.
 
El-23.5
 
[2.0.87 
E3-0.0 

242 GO TO 130S.300).INOIC 
C•••••LIFT COEFF.-15 SOLIOITY~1.0 

250	 01-10.680085
 
02=.69132743
 
03=.57334245E-02
 
[1·28.66017
 
E2-.83265435
 
E3--.25331425E-02
 

252 GO TO 130S.300).INOIC 
C•••••LIFT COEFF.-18 SOLIOITY-1.0 

260	 01-13.300028
 
02-.77999797
 
03-.30000335E-02
 
[1-30.199638

[2_.66002568
 
[3-,19995768E-02
 

262	 GO TO (305.300).INOIC 
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516*0120 
S16<.10121 
516*0122 
S16~0123 

S16*0124 
516*0125 
516*0126 
51600127 
51600128 
516'·0129 
516 0 0130 
516°0131 
51600132 
516 0 0133 
516°0134 
51600135 
516<10136 
516~0137 

51600138 
516 0 0139 
516(,0140 
51600141 
516~0142 

5160 0143 
516°0144 
516 0 0145 
51600146 
516';:'0147 
516~0148 

516°0149 
S16 0 01Sii 
516~0 l::i ~ 

516"0152 
516°0153 
516<.10154 
516 0 0155 
516~0156 

516<.10157 
516<lO 150 
516~0159 

516 0 0160 
516 0 0161 
51600162 
516*0163 
516'-0164 
516';:'01('5 
516*0166 
516<'>0167 
516~0163 

516~01')9 

516*0170 
516*0171 
51(;-::'0172
516<:;'0:73 
51 (;.'.; Ol·'·f 
516<.10175 
516~0176 
516~0177 

51600178 
516·0179 



C····.LIFT COEFF.-21 SOLIDITY.l.0 516l<01BO 
210 01=24.0 516·... 0181 

02110.1 516';;01B2 
03=0.0 516~0183 

n=32.000088 510',;11184
E2=0.7 51-:'>101::5 
E31:.0 516·:l01':S 

212 GO TO 1305,300),INDIC 51"c0137 
C•••••LIFT COEFF.-24 SOLIDITY-l.0 5160)01,'13

280 01=13.250065 S 16" ,) ! C9 
02=1.0499956 S1~':'0l':'O 

03=0.0 516*0:91 
E1=36.200032 516~OlC,2 

E2=.S799978 S10 c O!C)3
F.:3=0.0 S1 (,':"-0 1') .• 

282 GO TO 130S,300),INDIC S 16';:'0 ~:j 
300 AC10=01+02o S+03*S••2 51 6':<Q 1 :~.j 

AS10=E1+E20S+E3*S*.2 516'::'0197 
302 INOIC=INOIC-1 S16()01~G 

IFICOEFFL-CLIFT)304,304,270 S 16',:'0 1 '1.1 
304 NUM::NUM-1 Sl:::'~);:;:;C 0 

IFINUM)21S,215,212 510':>02,,1 
305 RCIOcOl+02 o S.03*S••2 516"0:2.:12 

R510=E1.EZ*S.E30S.*2 S16~0203 

3053 IFICOEFFL-CLIFT)301,306,301 516»020:, 
306 COUi~=DCIO SL"'·,,:.. j 

SOUTl =8S 10 :: ~ ,", '-' ~ l. (; ~ 

GO TO 402 S ,;. ~ ..~' (I ~ j 7 
301 COUT1:ACIO-ICLIFT_COEFFL)O(AC10.BCIO)/DELTAC Slu~02u., 

SOUT1=~510-(CLIFT-COEFFL)·IAS10·BSIO)/DELTAC 516\)02,j9 
C••~.oFI~JO NEGATIVE STALLING AND STALLING INLET ANGLE FOR SOLIDITY-O.5 510"0210 

402 IFICOEFFL)403,414,403 51u"\):::~1 

403 DELTAC=4.0 S1(,*ud2 
CLIFT=O.O S1GQi213 
NUM=O 51 G'; \.1:": l:, 
DO 405 1=1,3 51G'""02~~ 

CLI FT;:CLI FT.4. 0 5 1(,~ 0 ': : .:, 
NUM;:Nur·1+1 51 ('\;' i) ~~). "f 

IFICOEFFL-CLIFT)411,410,405 5 1(, '::. ,..c. ! .::; 
405	 CONTINUE S:0:,,~O:';lt) 

OELTAC=3.0 
DO 406 1=1,4 5 1:, ,;: [h~:~ ~ 

CLIFT:::CL IFT+3. 0 SlCJ~·(;:::; .. 2 
NU~1=Nur-1.1 51G'-lu:'~3 

IF(COEFFL-CLIFT;411i410,406 51G';;'rJ:':~~':" 

406 CONTINUE 5 1i: ,: 0:.:.2;) 
GO TO 411 5 1L. .:. V~ :: :. 

410 INDIC;:l S16';;'CJ::~.·' 

GO TO 412 516';"Q~::", 

411 INDIC=2 5 16'~C~; :."J 
412 GO TO 1420,430,440,430,460,430,430),NUH 51G--o'::::'u 

C•••••LIFT COEFF.-O SOLIDITY.O.S S 1.:.'u ~~: 1 
414 INDIC=l 51 U';;,; :'~·2 

CL!F'T=COEFFL 5 1U'::'",' :,::; 

415 Ola2.0.BC10-BC15 5 Ie, ,:. (. :~ :. ,;, 

02-0.0 516"'(12:::'5 
. 03-0.0 516>:'(,23:; 

El-2.0*8510-eS15 516'~02:7 

E2.0.0 S16':'G::JB 
E)-O.O S16~0239 
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417 GO TO 1505,500~,INOIC 
C•••••LIFT COEFF.-4 SOLIDITY-0.5 

420	 01--.31698847 
02-.850683
 
03-.19931806E-02
 
EI_-19.502003
 
E2-2.0900799
 
E3--.010000791
 

422 GO TO 1505,500)~INDIC
 
C•••••LIFT COEFF.-S'J5 SOLIDITY-0.5 

430 GO TO 1432,431),INOIC 
431 01_ACI0+1ACI0-Ae15).2.25 

EI-ASI0+1ASI0-AS15)·2.25
 
GO TO 433
 

432 01-BCI0+1BCI0-BCI5).2.25
 
EI-BSI0+18S10-8S15)·2.25
 

433	 02-0.0
 
03-0.0
 
E2-0.0
 
E3-0.0
 

435 GO TO 1505,500),INDIC 
C•••••LIFT COEFF.-12 SOLIDITYaO.5 

440	 01-.066037178
 
02-1.0215195
 
03--. 16856238E-04
 
El-15.0
 
E2-1.0
 
E3-0.0
 

442 GO TO 1505,500),INOIC
C•••••LIFT COEFF.-18 SOLIDITyaO.5 
460	 01--14.011114
 

02-1.8505599
 
03-·.010006979
 
El dl.196022
 
E2--1.0497981
 
E3-.021997466
 

4~2 GO TO 1505,500) ,INOIC
 
500 AC05-01+0Z.S+D3.S••2
 

A505aE1+E2·S+E3.S••2
 
502 INOIC-INOIC-1
 

IFlCOEFFL-CLIFTI504,504,431

504 NUMaNUM_l
 

IFlNUMI415,415,412
 
505 RC05-01+D2.S+03.S••2
 

RS05aEl+E2*S+E3*S*.2
 
5056 IFlCOE~FL-CLIFT)507,506,S07
 
506 COUT05=BC05
 

SOUT05-8S05
 
GO TO 602
 

507 COUT05~AC05-1CLIFT-COEFFl).IAC05-BC05)/DE~TAC
 
SOUT05-AS05-1CLIFT-COEFFl)·IASOS-BSOS)/OElTAC

C••••• INTERPOLATE FOR SOLIDITY 
602 CALL GRAPH2(COUT05,COUT1,COUT1S,SOlIO,COUT)

BCHOKE-COUT .
 
CALL GRAPHZlSOUTOS,SOUT1,SOUT15,SOlID,SOUT)
 
eSTAll-SOUT
 

600 CALL OUTANG(STAR,THETA,SOlID,BIN,ZEE.8lEAV,BI0PT~J,RM1) 
BEXIT_BLEAV 

604 RETURN 
END 
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S16·0240 
516·0241 
516·0242 
516·0243 
516·0244 
516.0245 
516·0246 
516·0247 
516*0248 
516·0249 
516·0250 
S16.0251 
516·0252 
516·0253 
516·0254 
516·0255 
516 0 0256 
516*0257 
510 0 0258 
51600259 
516 0 0260 
516*0261 
516 0 0262 
516 0 0263 
516 0 02(,4 
516"0265 
516 0 0266 
516°0267 
516 0 0268 
51600269 
516*0270 
516·0271 
516~0272 

516 0 0273 
516 0 02"/4 
5160 02-/5 
516 0 0276 
516 0 0277 
516 00278 
516*0279 
Sl6o nc-JO 
516 ii 0281 
516 0 02G2 
516 0 0203 
516*0284 
516°0285 
516 00286 
516 0 0257 
516<ao02C3 
516()02DI) 
5160 0290 
516 0 0291 
516>;'v:;;S2 
516i.·('l2()3 
516 0 n294 
515 0 02Q5 
516~02Q6 
516 0 02"7 
516.0298 
516·0299 



5UBROUTINE OUTANGi5TAR,THETA,50LID,B1STAR,ZEE,BLEAV,Bl0PT,J,RMi) 517*0000 
DIMENSION DeDA(4) 517~0001 

, DIMENSION AA(20),BBI20),CCI20),XPl1),VPl1),ZPll) 517*0002 
C·····FIND DESIGN EXIT ANGLE USING CARTER_S RULE 517*0003 

RG=STARo.OI745 517*0004 
102 EM1=.215B+RG·l.0538+RG*I.OS+RG.(.0625e-RG•• 0272) II 51700005 

IFISTAR-30.01110,llO,111 517*0006 
110 W=-1.547·RG+2.07 517*0007 

GO TO \12 S17*0008 
111 W=-0.8166o RG+1.72 517*0009 

112 EM=EM1·11.0-W.l1.0-2.0*ZEEII 517vOOl0 
OELTA=EM·THETA.SQRTC1.0/50LIO) 51700011 
RTH'THETA*.01745 517*0012 
ABAR=ZEE/13.·ZEE-l.)·12. R3.·ZEE)/llEER1.1 517*0013 
TANB2D a l-(1.-ABAR)+5QRTlll.-ABAR) ••2R4 ••ABAR.TAN(RTH).*2))/12.* 517*0014 

1ABAR·TAN(RTH)). _ 517~00:5 

FUNCY=4.0-3.0e*RMl 51700016 
IFlRMi.LT.l.O)FUNCyal.O 517~0017 
IFIRMl.GT.l.3)FUNCY=0.0 517~OOlG 

GUTCY=O.O 517~0019 
IFIRM1.GT.1.0)GUTCY.0.4 517*0020 
82DINaSTAR+ATANITANB20')/0.0174S+0ELTA+3.·tXPC-O.22*THETAI.FUNCY-GU517*0021 

1TCY S17~0022 

C FIND 0 OELTAB/DALPHA S17~0023 
ABl=ABSIB1STAR) SI7~002~ 

IFIABI-BIOPT)205,205,207 51700025 
205 DB=l.O 517~002~ 

GO TO 500 SI7~O~2( 
207 IFIAB1)215,21S,211 S17 v 0023 

211 IFIABl-30.01220,220,212 S17~G029 

212 IFlABl-50.0)230,23Q,24 0 SI7~uO~O 
C *.o••e1sTAR=0.0*·••• S17~OG31 
215 DBDA(1).1.0-1.2B.EXPI-3.46·S0LIO) 517 0 0032 

N~l S17QOO~3 
IFIABI-0.0)250,250,260 5170DO~~ 

C •••••B1STARa30...... 517wQO:S 
220 DBDA(2).1.0-1.0e.EXPI-2.9S.S0LIO) S17~G03u 

N=2 517 0 0037 
IFIABl-30.0)215,2S0,270 S17 0 003C 

C •••••BISTAR.SO...... S1f wQ039 
230	 DADA 131 =1.0-0. 92S.EXP I-0 .90·S0LID) 5 17~ 0 II '" I,) 

N=3 S17~nO~1 

IFIABl-50.0)220,250,270 S17~aQ(2 

C •••••B1STAR.70...... S17000~3 

240 DADAI41.1.0-0.92S.EXPl-0.90·S0LID) S17wOO~~ 

N=4 S170DO~5 

IFlAB1-70.0)230,250,230 517oo0~6 
250 DBaOBDA(N) S17~00~7 

GO TO 280 S17~CJ~3 
260 OB.DBDAIN)+AB1/30.0.10BOAIN+1)-DBOAIN)) S17000~ry 

GO TO 280 S17~oo~o 

270 ON=N Slf~u0;l 

DBaDBDA(NI+(AB1-10.0·12.0*ON-l.0))/20.0*IOBDAIN+l)-OBOAIN)1 S~7~0u~2 
280 IF(B1STARI281.281.500 511000~3 
281 O=8.404E-06+2.756908.S0LID-2.7690602.S0LIO~.2+.81905201. 51'i000:~ 

lSOLID~*3 517~005S 
OB.2.0~D-OB 517~OOSo 

SOO OBSTAA-Bl0PT-B20IN 517~0057 
BLEAV.81STAR.OBSTAA-D8~IB1STAR-B10PT) Sl(wOO~S 
RETURN S17~0059 
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END
 

:1:'< 

~
 



SUBROUTINE OPTANGISOLIO.COEFFL.ATTACK) SI8~OOOO 

DIMENSION A12313.a) SIG~~OOl 
OATAIIA123II.J).I-l.3).J~1.8)/-0.3.S.3.-1.4.0.8.7.1.-1.4.1.8.9.4.-S1G~OOv2 
11.6.3.4.10.2.-1.2.3.2.14.6.-2.8.3.0.18.0.-4.0.6.0.15.0.-2.0,5.3,22S18~OU03 
2.1,-5.4/ Sl~oQJO* 

M=l Sl~QnO:3 

DELTAC=4.0 S18~OL.j 

CLIFTaO.O S10 wOU07 
10	 CLIFT~CLIFT+OELTAC S13~OC08 

M=M+l SI3~00~q 

IFICOEFFL.LE.CLIFT)GO TO 60 SlG~OOI0 
IFIM.EQ.4)OELTAC=3.0 518~0011 

IFIM.EQ.8)GO TO 60 SlS~OC~2 

GO TO10. Sla~OOl~ 
60	 AaIA12313.M)*SOLIO+A12312,M»*SOLIO+A12311.M) Sla~0014 

B~IA12~13,M-l).SO~ID+A12312.M-l»*SOLIO+A12311.M-l) 51000015 
ATTACK-A-IA-S)*ICLIFT-COEFFL)/DELTAC 51800016 
RETURN S18 w0017 
END 518*0018 
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24
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25
 

27
 

271
 

272
 

279
 

28
 

30
 
31
 

C
 
32
 

33
 
40
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SUBROUTINE MCDEVNCCRITM,BIRAD,B2RAD,I,J,RMP,B2NEW) 519*0000
 
COMMON/DATA/CPl,CP2,GASK,HUBLOC,IFBL,IFCVL,IFAAD,IFRPM,IFSIMP,IF5T519*0001
 

lAT,IFTVPE,IGV,IMAS5,INCPO,INCWRI,IPUNCH,IRAD,IROT,ITAPE,ITER,MTAPE51900002
 
2,NBETA,NCURVE,NLINES,NPASS,NPLOT,NPTS,NSTAGE,NTAPE,NTOPO,NWRIT,NX,51900003
 
3TOLCX,VISl,VIS2,ANGLN(30),BBPC30,15),BETAC30,15),BLAKC30,15),BLAMC519*0004
 
430),CLOSSC30'15),COMENTC12)'COC30'15),DELMC15),E5TFLOCl),EXPL05C305190QOOS
 
5),FLOWICl,l),IBETA2C30),IFCAXC30),IFLV5IC30),IFMACHC30),IFML05C30)51900006
 
6,IFPROF(30),IFREVLC30),IFREVNC30),IFTHICC30),IL055C30),IMACHIC30),51900007
 
7K5UMRV(1),RPM2C30),RHPC30),R5PC30),ROTC1),5IGMAC30,15),5TAGC30,15)51900008
 
8,WIDTHCl),XC30),XMACHC30),ZBARC30,15),DELRC15) 51900009
 

COMMON/WENT/GJ,GJCP,GR2,CXMC30,15),VC9) 51900010
 
COMMON/CALC/FLOW,ICA5E,KRPM'L,NCASE,NDIV,NDUM,NMASS,NPLET,NROT,NWR51900011
 

lET,ALPHAC30,15),CMTC30,15),POC30,15),RCBC30,15),STATTC30,15),TOC30519*0012
 
2,15),WMTC30,15) 519*0013
 

COMMON/RESULT/DAMP,RC30,15) . , 51900014
 
EMMCX)-Cl.0·CGAMMA-l.0)/2.0*X**2)**C1.0/CGAMMA-1.0» 51900015
 
GAMMA~CP1/CCP1-GASK/778.0) 51900016
 
C1-COSC81RAD) 51900017
 
C2-COSCB2RAD) 51900018
 
EXP-CGAMMA.l.0)/C2.0*CGAMMA-1.0» 51900019
 
EXPO-CGAMMA-1.0)/2.0 519*0020
 
M-I-1 51900021
 
VICRIT~5QRTCGR2*GAMMA/C1.0/CRITM**2.EXPO). 519*0022
 
IFCJ-2)20,22,22 . 51900023
 
A2-RCI,2)**2-RCI,1)**2 51900024
 
A1-RCM,2)**2~RCM,i)**2 51900025
 
GO TO 25 51900026
 
IFCJ-NLINES)23,24~24 51900027
 
A2-CRCI,J.1)**2-RCI,J-l)**2)/2.0 51900028
 
AI-CRCM,J.1)**2-RCM,J-l)**2)/2.0 519*0029
 
GO TO 25 519~0030
 
A2=RCI,NLIN(5)**2-RCI,NLINES-1)**2 51900031
 
AI-RCM,NLINE5)**2-RCM,NLINES-1.**2 51900032
 
50LVE CONTINUITy EQUATION FOR CRITICAL MA~H NUMBER .AT BLADE EXIT 51900033
 
GcAI/A2*C1/C2*CRITM/CC1.0.EXPO*CRITM**2)**EXP) 51900034
 
GUE5S=G 51900035
 
NCOUNT-Q . 51900036
 
EMNEW~G*C1.0·EXPO*GUESS**2)**EXP 51900037
 
IFCEMNEW-1.0)279,279,271 519*0033
 
EMNEW=1.0 51900039
 
IFCL-NPLOT)32,272,272 S19~0040
 
WRITE CNTAPE,6) 51900041
 
GO TO 32 51900002
 
DIFF-EMNEW-GUE5S 51900043
 
NCOUNT=NCOUNT.1 51900044
 
IFCAB$COIFF)-.001)32,32,28 51900045
 
GUE55aGUE55.DIFF 51900046
 
IFCNCOUNT-40)27,27,30 519*0047
 
IFCL-NPLOT)32,31,31 519000~a
 
WRITE CNTAPE,5) 51900009
 
FIND RATIO OF EXIT TO INLET VELOCITY AT CRITICAL MACH NUMBER 51900050
 
RATIO~5QRTCGR2*GAMMA/C1.0/EMNEW**2.EXPO»/V1CRIT 519~0051 
Vl-5QRTcGR2*GAMMA/C1.0/RMP**2.EXPO» SlQoCO~2 
V2-RATIO*Vl 519000~3 
EM2.SQRTC1.0/CGR2*OAMMA/V2**2-EXPO» 519 0 0054 
C05B2_C1*AI/A2.EMMCEM2)/E~MCRMP)/RATIO 519~0055 
IFCABSCCOSB2)-1.0)40,33,33 51900056
 
COSB2_0.99*COSB2/ABSCCOSB~) 51900057
 
B2NEW_ATANCSQRTC1.0-COS82**2)/COSB2)/.01745*B2RAO/AB5CB2RAO) 5190QOS8
 
FORMATC1Ho,5X,40HNON-CONVERGENCE ON CRITM2 AFTER 40 LOOPS) 519*0059
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6 FORMATC1HO,5X,60HCRITM2 HAS EXCEEDED UNITY-IT IS TEMPORARILY S~T (S19 0 0060 
lQUAL. TO 1.0) S19 Q 0061 

RETURN 51900062 
END 519*0063 



SUBROUTINE BLTHICCI,BLOCK) 520*0000 
COMMON/DATA/CP1,CP2,GASK,HUBLOC,IFBL,IFCYL,IFRAD,IFRPM,IFSIMP,IF5T520*0001 

lAT,IFTYPE,IGV,IMASS,INCPO,INCWRI,IPUNCH,IRAD,IROT,IrAPE,ITER,MTAPE520*0002 
2~NBETA,NCURVE,NLINE5,NPASS,NPLOT,NPTS,N5TAGE,NTAPE,NTOPO,NWRIT,NX,520~0003 
3TOLCX,VIS1,VIS2,ANGLN(30),BBPC30'15),BETAC30,lS),BLAKCJO,15),BLAMC520*0004 
430),CLOSSC30,15)'COMENTC12)'COC30,1S),DELMC1S),ESTFLOCl),EXPL05C30520~n005 
5),FLOWIC1,l),IBETA2CJO),IFCAXC30),IFLVSIC30),IFMACHCJ0),IFML05c30)5200n006 
6,IFPROF(30),IFREYLC30),IFREYNC30),IFTHICC30),ILOSSC30),IMACHIC30),52000007
1KSUMRY(1),RPM2C30),RHPC30),RSPC30),ROTC1),SIGMAC30,15),STAGC30,15)520*0008
e,wIDTH(1),XC30),XMACHC30),ZBARC30,15),DELRC15) S20*0009 

COMMON/CALC/FLOW,ICASE,KRPM,L.NCASE.NDIV,NDUM,NMASS,NPLET,NROT,NWR520*0010 
lET,ALPHAC30.15I,CMTC30.15),POC30.15).ACBC30.15),STATTC30.15),TOC30520*0011 
2,15),WMTC30,lS) 520*0012 

COMMON/RESULT/DAMP,RC30,15) . 52000~13 
DIMENSION BLOCK(30),HUBIC30),CASEIC30),THETHBC30),THETCSC301 52000014 
IFCI.GT.l)GO TO 100 52000015 
THETHB(1)~CAC1'l)-AHPC1)/l.4 52000016 
IFCTHETHB(1).LE.0.0)GO TO 50 52000017 
HUBI(1)~CTHETHBCll*CMTC1'l)**3.4/0.006)**1.25 520*0018 
GO TO 60 520*0019 

50 HUBI(1)-0.0 520~0020 
60 THETCS(1)-CASPC1)-RC1,NLINES»)/1.4 520*0021 

IFCTHETCS(1).LE.0.0)GO TO 70.. 520*0022 
CA5EI(1)-CTHETCSC1)*CMTC1,NLINES)**3.4/0.006)**1.25 52000023 
GO TO 400 52000024 

10 CA5EI(1)-O.0 520*0025 
GO TO 400 520~0026 

100 DXHUB-XCI)-XCI-1).RCI,1)*TANCANGLNCI)/51.296)-RCI-l,l)*TANCANGLNCI520*0027 
1-1)/57.296) 520*0028 
DXCASEaXCI)-XCI-1).RCI,NLINES)*TANCANGLNCI)/51.296)-RCI-1,NLINES)*520~0029 

ITANCANGLNCI-1)/57.296) 520*0030 
HUBICI)-HUBICI-l).DXHUS*CMTCI,1)**4 . .. 52000031 
CASEICI)-CASEICY-l).DXCASE*CMTCI,NLINES)**4 520~0032 
THETA_0.006/CMTCI,1)**3 ••*HUBICI)**0.& 520*0033 
HaCTHETA-THETHBCI-l»)/DXHUS*30.0.1.5 520*0034 
IFCH.LT.l.1)H-l.1 520*0035 
IFCH.aT.2.2)H-Z.2 52000036 
OELTA-H*THETA 520*0037 
ANNUL~RSPCI)-RHPCI) 520~0038 
IFCDELTA.GT.ANNUL*0.Z5IDELTA-ANNUL*0.Z5 520*0039 
RHUBaRHPCI).DELTA 520*0040 
THETHBCI)-THETA 52000041 
THETA-0.006/CMTCI,NLINES).*3.4*CASEICI).*0.e 520*0042 
H~CTHETA-THETCSCI-l»/DXCASE*30.0.1.S 520~0043 
IFCH.LT.1.1)H-1.1 520~0044 
IFCH.GT.Z.Z)H-Z.Z 52000045 
OELTA_H*THETA 520*0046 
IFCDELTA.GT.0.20*ANNULIDELTA-ANNUL.0.Z 520*0047 
RCA5E-RSPCl)-DELTA 520 0 0048 
THETC5CI)~THETA 52000049 
GAP-CRCASE-AHUB)/~NNUL 520~0050 
IFCGAP.GT.0.1)GO TO ZOO . 520~0051 

RHUB-RHPCI).CAHUB-AHPCl»)*0.3/Cl.0-GAP) 520~0052 
RCASE-RSPCI)-CRSPCI)-ACASE)*0.3/Cl.0-GAP) 520~00S3 

200 RHUB-O.Z*RHUB.O.e*ACI.l) 520Q005~ 
RCASE-O.Z.RCASE.O.e*ACI,NLINES) . 520~00S5 
RHZ-AHUB*.Z 520*0056 
RIIZ-ACI.1)**2. . . 520*0057 

·RRR-CRCASE**2-RHZ)/CRCI,NLINES)**Z-RI12) 520~0058 
DO ZZO J-l,NLINES 520*0059 
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220	 Af!,J).IQATCAAA·CACI,J)**Z-AllZ).AHZ) 
400	 .LOCKCi).l,~.fACI,NLINES) ••Z.ACI'l)**Z)/CASPCI) ••Z.AHPCI) ••Z)

I'C!TER,EO,Z)AETUAN . 
DE~HUI~AHUB·AHPCI) 
DfLCSI.ASPC!).ACASE
WRITECNTAPE,300)I,BLOCKCI),DELHUB,OELCSE

300 FOAMATCttl,1HSTATION,I3,llH BLOCKAGE -,F9,6,9H DELHUB .,F9,6,lOH 
lELCAIl ••F9,6)

AETU'tN 
fNO 

520*0060 
520*0061 
520*0062 
520*0063 
520*0064 
520*n065 

0520*0066 
520*0067 
520*0068 
520*0069 
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I
I

I
I 

SUBROUTINE PRINT 521*0000 
COMMON/CALC/FLOW.ICASE.KRPM.L.NCASE.NOIV.NOUM.NMASS.NPLET,NROT.NWR521.0001

lET.ALPHAC30.15).CMTC30.15).POC30,15).RCBC30,15).STATTC30.15).ToC30521.0002 
2.15),WMTC30.15) 52100003 

COMMON/OATA/CP1.CP2.GA5K.HUBLOC.IFBL.IFCYL.IFRAD.IFRPM,IF5IMP,IF5T521.0004
lAT.IFTVPE.IGV,IMASS.INCPO,INCWRI.IPUNCH.IRAD.IROT,ITAPE,ITER,MTAPES21*000S 
2.NBETA.NCUAVE,NLINES,NPASS,NPLOT,NPTS.NSTAGE.NTAPE,NTOPO.NWRIT,NX,S21*0006 
3TOLCX,VIS1.VIS2.ANGLN(30),BBPC30,15).BETAC30.15).BLAKC30.15),RLAMI5?1.0007 
430),CLOSSC30.15).COMENTI12),COC30.15).DELMC15),ESTFLOCl).EXPLOSI30S21*OGOa 
5).FLOWlcl,l).IRETA2C30).IFCAXC30),IFLVSIC30),IFMACHC30).IFMLOSI30152100009
6,IFPr.OFC30I,IFREYL(30),IFREVNC30).IFTHICC30).ILOSSC30).IMACHII30).521*0010
7KSUMRV(1),APM2130).RHPC301.RSPC30).ROTC1).SIGMAC30.15).STAGC30,15)52100011 
8,WIDTH(1),XC30),XMACHC30).ZBARC30,15).DELRC15) 52100012 

COMMON/WENT/GJ,GJCP.GR2.CXMC30,15),VC9) 521u0013 
CO~MON/RESULT/OAMP.RC30.15) 521*0014 
CO~MON/TOGOSS/BETiC30,15).CLOSC30,15).C~C30.15).CUPONSC30.15),RM1C521~OG15 

130.15),STAGGC30 .. 15),STATPC30.15).TANBETC30.15) S21~0016 
DIMENSION VABS(15).GAMMAC15',XABSC15).ACFC15).CCFC15).CONFACC15).D521~u017 

lENS(15).RNC15).TNC15),ROC15,.TOC15),GAMINC15).GAMUPCl5).GOJC15).GNS21 wG013 
2J(15) 52100019 

Ga32.175 52100020 
CJ=778.0 521cOG21 
NURITaNWRIT.INCWRI S21w0022 
WRITECNTAPE,l) 521.00~3 

WRITECNTAPE.l0)L S21~002~ 
1 FORMATC1Hl) 521000~~ 
10 FORMATC55X,16HOUTPUT FROM PASS.I3./55X.19H••••• •••••••••••••• ) S21~002~ 

LNCTa 2 521 0 0021 
DO 900 Ial.NX 52100028 
IFCNLINES.9.LE.60-LNCT)GO TO 50 521.00~~ 
WRITECNTAPE,l) S21~GOJO 

LNCT-O S21~G~~1 
50 WRITECNTAPE.55)I 5~100G~2 
55 FORMATC/60X,7HSTATION I3./60X.l0H•••••o.... 52100033 

6 .11.53X.23HGENERAL FLOW PARAMETERS.II,lX.4S2100034 
lHLOCA.3X.6HRADIUS,8X.19HV E L 0 CIT I E S.8X,12HTEMPERATURES,8X,521 00035 
29HPRESSURES.6X,4HMACH.3X.SHWHIRL.3X.6HSLOPE .2X,6HRAD.OF.2X,6H5TATS?1~0036 
3IC,3X.4HLOCA.,.1X.4HTION.13X.35HABSOLUTE MERIDNL, TANGENTL. "TOTA521*0031 
4L.3X.6HSTATIC.4X.5HTOTAL.4X.6HSTATIC.2X.6HNUMBER,2X.5HANGLE.3X5HANS2100020 
5GLE.2X.8HCURVTRE,.8H DENSITV.2X.4HTION,/) S21*OO~9 

LNCTDLNCT.9.NLINES 521*0040 
DO 300 Jal.NLINES 521*0041 
VABSCJ)aCMTCI.J)·Cl.0.CXMII,J)··2) 521~00~2 

VTANaCMTc!.J)·CXMtl.JI 521000~3 
GAMMA~J~al.0/11,O-GASK/ICJ*CCP1.CP2.$TATTCI.J»)~ S21~0044 
IFII,GT.l)GAMUPCJ)al,O/ll,O.GASK/C~J·ICP1.CP2·STATTII-1,JI») 521000~5 
XABSIJ)aVABSIJ)/SQRTCGASK·GAMMACJ)·G·STATTII,J» 521~0046 
ANGaATANCCXMCI.J)~.57,296 S21~0047 
RCaO,O 52100048 
IFCAB$CRCBCI,J»,GT,l,OE-05)RCa l.0/RCBII.J) 521~v049 
SLOPEaALPHACI.J).57,296 521 wOG50 
DENSCJ)~STATPCIJJ)/IGASK·STATTII,J» . 521~n051 

300 WRITE(NTAPE,350)J.RCI.J).VABSIJ).CMTCI.J).VTAN,TOII,J).STATTII,JI.52!~0'1=2 
lPOII.J).STATPII.J~,XABSCJI.ANG.SLOPE.RC.DENSCJ).J 521 wG0S3 

350 FORMATCix.13.2X.Fl0,4.1X.F9,3.1X.F9,3.1XF9,3,lX,F7.1.1X.F7,l'lX,F952!'iO~~* 
l,2.1X.F9.2.Fl,4.1X.F7,3,lX.F7,3,lX.F8,2.F8,4.2X.I3) 521 wGOS5 

IFCI.EQ.1JGO TO 9PO 521~OOS6 
IFIIBETA2CII.EQ.6)GO TO 700 521~0057 
IFCNLINES.'.LE.60-LNCT)GO TO 400 521~0058 

WRITECNTAPE.1J 521 0 0059 
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400
 

420
 

430 

500 

510 

700 

710 

740 

750 

760 

LNCTaO 521*0060 
LNCTaLNCT+NLINE5+6 521*0061 
WRITECNTAPE,420)I.RPM2CI) 
FORMATC/,32X,7H5TATION.I3.42H IS AT 

1NG AT,FB.i,5H RPM.,II,lX,126HSTREAM 
THE EXIT OF 

RELATIVE 
A BLADE 

GAS 
ROW 

ANGLE5 

521*0062 
ROTATIS21*0063 
RELATI521*0064 

2VE VELOCITIES RELATIVE MACH NO.5 LOSS DE HALL DIFFUS DELTA P521*0~65 
3 BLADE SPEEDS STREAM,/1X,29H~LINE OPT.IN. INLET OUTLET,4X,5H521*0066 
4INLET.4X,6HOUTLET.6X,5HINLET,3X,6HOUTLET,4X,5HCOEFF 2X,6HNUMBER,3X521*0067 
5.6HFACTOR,2X,6HUPON Q,3X,5HINLET,2X,6HOUTLET,2X,5H~LINE,/) 521*0068 

Y=1.0 . 521*0069 
IFCRPM2CI).NE.0.0)V a.1.0 521*0070 
00 500 Ja1.NLINES 521*0071 
A2R=ATANCTANB~T(I,J»*57.296 521*0072 
V1R=CMTCI-1,J)/COSCBET1CI-1,J)/57.296) 521*0073 
V2R=CMTCI,J)*SQRTe1.0+TANBETCI,J)*.Z) 521*0074 
X2RaXABSCJ)*V2R/VABSlJ) 52100075 
OHN=V2R/V1R 521*0076 
DFF=O.O 521 00077 
IFCIBETA2CI).EQ.1~GO TO 430 . 521*0078 
OFF.1.0-DHN+Y*lCMTCI-1~J)*TANlBET1CI-1,J)/57.296)-CMTCI,J)*TANBETCS21*0079 

1I,J»/C2.0*CUPONSCI,J)*V1R) 521*008Q 
OPQaCSTATPCI'J)/SrATPCI~1'J)~1.0)/CC1.0+CGAMUPeJI-1.0)12.0 i RM1eI-1S21*0001 
1.J)**2)**CGAMUPCJ)/CGAMUPCJ)~1.0»-1.0) 52100032 
U1aRPM2CI).0.1047197*RCI-1,J) 521*0083 
U2=U1*RCI,J)/RCI-1,J) 521*0084 
WRITECNTAPE,510)J,STAGGCI~1'J),BET1CI-1,J),A2R,ViR,V2R,RM1CI-1.J),521*0085 

1X2R,CLOSlI,J),DHN,OFF,OPQ.U1,U2,J 521*0036 
FORMATC2X,I3,2X.F7.3,1X,F7.3,1X,F7.3,1X,F9.3,1x,F9.3,3X,F7.4,3X,F7521 00087 

1.4.2X,F7.4,IX,F6.3,3X,f6 .4,IX,F7.4,1X,F7.i,lX,F7.1,3X,I3) S21~008a 
IFCNLINES+7.LE.60-LNCT)GO TO 710 52100089 
WRITECNTAPE,1) 521*0090 
LNCT=o 52100091 
LNCT.LNCT~NLINES+7 521*0092 
DO 740 Jal,NLINES 521*0093 
GAMINCJ)a1.0/Cl.0-GASK/CCJ*CCP1+CP2*STATTel,J»» 521*0094 
GOJCJ)alGAMINCJ)+GAMMACJ»/2.0 521*0095 
GNJCJ)~CGAMUPCJ)+GAMMAeJ»/2.0 521*0096 
RNCJ)aPOCI,J)/POCI-l,J) 521*0097 
TNCJ)aCTOCI,J)-TOjl-l,J»/TOCI-l,J) 521*0098 
ROCJ)aPOCI,J)/POCJ.J) . 52100099 
TOlJ)aCTOCI,J)-TOC1,J»/TOC1,J) 521*0100 
CUMRN-O.O 521*0101 
CUMROaO.O 521*0102 
CUMTO-O.O 521*0103 
CUMTNaO.O 52100104 
GAMMNaO.O 521*0105 
GAMMOaO.O 521*0106 
DO 750 J a2,NLINES 521~0107 

CUMRN~CUMRN+COELM~J)-OELMCJ-1»*CRNCJ)+RNCJ.1»/2.0 521~0108 
. CUMROaCUMRO+COELMCJ)-OELMCJ-1»*CROCJ)+ROCJ-1»/2.0 521 wo109 

CUMTOaCUMTO+COELMeJ)·DELMCJ-1»*CTOCJ)+TOlJ-1»/2.0 521~o110 
GAMMN~GAMMN+lOELMCJ)-OELMCJ-1)I*CGNJCJ)+GNJCJ-1»/2.0 52!00111 
GAMMO~GAMMO+lOELMeJ)-OELMCJ-l»*lGOJCJ)+GOJCJ-1»/2.0 52:~0112 
CUMTN-CUMTN+COELMiJ)-OELMeJ-l»*CTNlJ)+TNCJ-1»/2.0 521~0113 
CUMENaO.O 521~ul~~ 

IFCCUMTN.NE.0.0)CUMENa lCUMRN•• lCGAMMN-1.0)/GAMMN)-1.0)ICUMTN 52100115 
CUMEOaO.O 521°0116 
IFCCUMTO.NE.O.0)CUMEOaiCUMRO•• ClGAMMO-i.0)/GAMMO)-1.0)ICUMTO 52100117 
WRITECNTAPE,760)CUMRN,CUMRO,CUMTN,CUMTO,CUMEN'CUMEO S21~0118 
FORMATC/'47X,30HOVERALL PERFORMANCE PARAMETERS,II,lX,125HSTREAM 5521*0119 
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1TATION-TO-STATION-PARAMETERS INLET-TO-STATION-PARAMETER5 MEAS2100120 
2N PARAMETERS STATION-TO-STATION INLET-TO-STATION,/1X,86H-LINE 52100121 
3PRESSURE DELTA T ISENTROPIC PRESSURE DELTA T ISENTROPIC PR52100122 
4ESSURE RATIO,7X,F8.4.12X,FS.4,I,IIX,74HRATIO ON T EFFICIENCYS21*0123 
5 RATIO ON T EFFICIENCY DELTA T ON T.9X,FS.4,12X.F8 •• ,/52100124
6.73X.13HISEN. EFFICy.,9x,F7.4,13X,F7.4) 521 0 0125 

DO 800 J-l,NLINES 521*0126 
EN-O.O 521*0127 
IF(TN(J~~NE.0.0~EN-CRNCJ)~~(CGNJCJ)-1.0)/GNJ(J»_1.0)1TNCJ) 52100128 
EO-O.O . .. . . . S21*0129 
IFCTOCJ).NE.0.0)EO-CRO,CJ)··CCGOJCJ)-1.0)/GOJCJ»_1.0)ITOCJ) 521*0130 
WRITE(NTAPE,910)~.RN(J),TN(J),EN,RO(J),TO(J),EO	 521*0131 

800	 CONTINUE 521*0132 
900	 CONTINUE 521*0133 
910	 FORMAT(lX,I3,5X,F8.4.1X,F8.4,3X,F7.4,4X,'S.4,lX,F8.4,2X,Fl •• ) 521*0134 

RETURN 521*0135 
END 521*0136 

I
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SUBROUTINE PUNCHCJ1,J21,J22,J31,J32,J41,J42,J5,~TAPE1,~TAPE2,~TAPE522*0000 

13,~TAPE4,LTAPE5,NTHET) , 522.0001 
COMMON/CALC/FLOW,ICASE,KRPM,L,NCASE,NOIV,NOUM,NMASS,NPLET,NROT,NWRS22 0 0002 

lET,ALPHAC30,15),CMTC30,15),POI30,15),RCBC30,lS),sTATTC30,lS) ,TOC30522.0003 
2,lS),WMTC30,lS) 522~0004 

COMMON/OATA/CPl,CP2,GASK,HUBLOC,IFB~,IFCY~,IFRAO,IFRPM,IFSIMP,rF~TS22~0005 

lAT,IFTYPE,IGV,IMASS,INCPO,INCWRI,IPUNCH~IRAO,IROT,ITAPE,ITER,MTAPES220 000o 
2,NBETA,NCURVE,NLINES,NPASS,NP~OT,NPTS,NSTAGE,NTAPE,NTOPO,NWRIT,NX,S220 0007 
3TOLCX,VISl,VIS2,ANG~N(30),BBPC30,lS),BETAI30,lS),e~AKC30,15),BLAMC522~000B 
4~0),CLOS5r30,15),COMENTr12),COr30,15),DELMC15),ESTFLOCll,EXPLOSC30522~0009 
S),FLOWIC1,ll,IBETA2C30),IFCAXC301,IFLVSIC30I,IFMACHC30),IFMLOSC30)522~0010 
6,IFPROF(30),IFREYLC301,IFREYNC30),IFTHICC30),ILOSSI30) ,IMACHII30I,S22~OQll 
1KSUMRY(1),RPM2130I,RHPC30),RSPC30),ROTCl),SIGMAC30,151",STAGC30,15)S22~OQ12 
8,wIDTHCll,XI301,XMACHr301,ZBARr30,lS),DELRC1S) S22~0013 

COMMON/WENT/GJ,GJCP,GR2,CXMC30,15),YC9) S22~O~14 

COMMON/RESULT/DAMP,RC30,15) . _S22~OO~5 
COMMON/TOGOSS/BETIC30,IS),C~OSr30,15),CRC30,15),CUPONSC30,15),RM1CS2:o00~b 

130,151,STAGGC30,lS),5TATPC30,15),TANBETI30,15) S22~0017 
COMMON/NEw/RDI5r30,IS),XMUC30,15),OPOTHr30,151,OFOTHr30,15),ARATIOS22~oOla 

1130,15) S2200019 
IF5UM_l" 522 wOC20 
NUNIT-~TAPEI	 S22~0021 
111=1	 522 v 0022 
II2=Jl S22 0 0023 

10 WRITECNUNIT,11)NPTS,ESTF~OC1) S22 0 0024 
11 FORMATr6X,I6,E13.61 52200025 

WRITErNUNIT,20ICOMENT	 S2200Q26 
20	 FORMATC6X,12A6) S22~0027 

no 65. Jal,NLINES S22 0 0028 
STATTCl,JlaTOC1,J) S22~0029 

65	 STATP 11 ,J) aPO 11 ,J) 522';;'0030 
IFCNPTS.EQ.l)GO TO 70 S22~0031 
WRITErNUNIT,25)NX,N~INES,NBETA,NTOPO,IMA5S,IFSIMP,NPASS,IFBL,NPTS,522 0 0032 

lIGV,IFRAO,IFRPM,ITER,IFSUM,NPLET,INCPO,NWRIT,INCwRI,1RAO,IPUNCH,IFS2200033 
2TYPE S22~0034 

25 FORMATC6X,5I6,1,6X,516,I,6X,11161 S22 0 0035 
IFCIFSUM.EQ.2)GO TO 35 52200036 
WRITErNUNIT,30) rKSUMRYCI) ,1-l,IMASS) 52200037 

30 FORMATC6X,1216) 522~0038 

35 WRITE(NUNIT,40ITOLCX,HUBLOC,GASK,VIS1,VIS2,CPl 522~0039 
40 FORMATr2x,6EI3.6) 52200040 

00 6~ 1=2,NX. . . . 522~OO.1 
WRITErNUNIT,301IBETA2CI),IFTHICrI),IFCAXCII,IFMACHCI),IFREYNCI),IL522 w0042 
10SSCII,IFM~OSrI),IF~VSICII,IFPROFCI),IFREYLCII S22~0043 
IFCIBETA2rI).EQ.6)GO TO 60 $22~OO~4 

IFCCIBETA2II).EQ.2.0R.IBETA2CI).EQ.4).ANO.IFLVSICI).EQ.1)WRITErNUNS2: 0 0045 
lrT,40IEXPLOSCI)	 522°0046 
IFrcIBETA2rll.EQ.2.0R.IBETA2CII.EQ.4).ANO.IFMACHcl).EQ.3)WRITECNUNS22~OC~7 

lrT,40~XMACHCI) !22~004a 
WRITErNUNIT,401 CBBPrI,J),5TAGCI,J),BETACI,JI,5IGMACI,JI,BLAKr"I,JI,S2Zg 0049 

lZBARII,JI,CLOS5CI,J),COCI,J),J-l,NBETA) S22°00~0 
60 CONTINUE" _ S22°D051 

WRITEcNUNIT,40) rDELRCI) ,I-l,NLINES), CBLAMel) ,hl,NX), rFLOwI rl,ll ,IS22"(jO~2 
1-1,IMA551 ,E5TFLO(1),WIDTHrl1 S22~0053 
WRITE'rNUNIT,40) rXCII,RHPCI)tRSPCI),IaltNX) S22';;'005~ 
WRITECNUNIT,40)(RPM2CI),la2,NX) S22~OO~5 
IFrIFTYPE.EQ.O)GO TO 70 S22~OCS6 

WRITECNUNiT,30)CIMACHIII),1-1,NX) 522°Q057 
WRITECNUNIT,40)IANGLNCI),lal,NX) . S22 v OOS3 

70 WRITECNUNIT,40)ICRCI,J),STATPCI,J),STATTCI,J),CMTCI,J),CXMrI,J),ALS22*00S9 
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lPHAII.J),J-l,NLINES).I-111.112) S22c.OCi:>0 
IFINUNIT.EQ.LTAPE5)AETUAN S22--001i1 
IFINUNIT.EQ.LTAPE1)GO TO 80 S2;:';:'~ G.:.2 
IFINUNIT.EQ.LTAPE2)GO TO 85 5;:'2':' (; Gw3 
JFINUNIT.EQ.LTAPE3)GO TO 90 522'''u('('4

15 NUNlT_LrAPE5 S2t:'uv65 
IFINTHET.EQ.l)REWIND NUNIT 5 ~~ L: ':. J 0 (;, 6 
Ul-J5 S22·;.·C 067 
U2_NX 522(;'OO6C 
GO TO 10 522','0069 

80 IFCJ21.EQ.0)GO TO 15 S2c O O070 
NUNlT_L TAPE2 S22(:.0071 
IFCNTHET.EQ.l)REWIND NUNlT 522*0072 
Ul-J21 522*0073 
112-J22 52200074 
GO TO 10 522°0075 

85 IFIJ31.EQ;0)GO TO 15 5220 0076 
NUNlT_LTAPE3 522"0077 
IFINTHET.EQ.l)REWIND NUNtT 522 0 0078 
IIl-J31 522 0 0079 
I12-J32 522*0080 
GO TO 10 5220 0081 

90	 JFCJ41.EQ.0)GO TO 15 522*0062 
NUNlT_LTAPE4 522*0083 
IFCNTHET.EQ.l)REWIND NUNlT 522*0084 
IIl-J41 5220 0085 
Jl2-J42 522 0 0086 
GO TO 10 522*0087 
END 522*0088 
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SUBROUTINE THETACJ1.J21.J22.J31.J32.J41.J42.JS.LTAPE1.LTAPE2. 523·0000 
lLTAPE3.LTAPE4.LTAPES.JTAPE1.JTAPE2.JTAPE3.JTAPE4.JTAPES.NTAPE. 523·0001 
2KTAPE1.KTAPE2.IFSTA~) 52300002 

C••••• VERSION OF JULY 68 523~0003 
C••••• INPUT FROM DISTORT - RADIN.PIN.TIN.VMIN.TANAIN.PHI 523·0004 
C••••• OUTPUT TO DISTORT ~ RADOUT.RREF.AMU,DPDTH.DFIDTH.DTHETA.DRCTH 523·0005 
C••••• THIS VERSION MODIFIES THE FLOWFIELD UPSTREAM AND DOWNSTREAM OF 523·0006 
C••••• THE COMPRESSOR CKATZ METHOD EXTENDED BY GES) 523«'0007 
C 523*0008 

COMMON IGEN/TITLE(12).NTHETA.LP.NLOOPS.IFPRIN.R32C18) 523°0009 
C 523·0010 

COMMON/SECTOR/IFFULL.EF(18).CARDCi2'18).Il.I2.I3~I4.I5.16.17.18. 52300011 
lI9.I10.Ill.I12.IlJ.I14.I1S.I16.I17.I18,I19.I20.I21.I22.Rl.R2.R3. 523.0012 
2R4,RS,R6.I23(30).I24 f30).I2SC30).I26C30).I27C J O).I28CJO).I29C3n). 523·0013 
3I30(30).I31C30).I32CJO).R1JC30.1S).R14C30,lS).R15C30.15), 523·0014 
4R16C30,15),R17C30,lS).R18eJO.1S).R19C30,lS).R20IJO,15).R2iI15), 523·0015 
SR22(30).R2J,R24,R2S.R26C30).R27C30).R28fJO),R29CJO).I3J(30). 523.r,.0016 
6R30(30),EXPLOSeJO).XMACHC30) 523*0017 

C 523°0018 
COMMON/ARRAY/RADINflS.13.7).PINflS.13.7).TINC1S.13.7).VMINflS.13.7523 o n019 

1).TANAINC1S.13.7).PHINllS.13.7) 52300020 
C 523·0021 

COMMON/AUXIL/RREFflS.7).ZREFC1S.7)'THETA5113.7).THETAPC13.7). 523*0022 
lSEARATf13.7).PREVC13.7).DPDTH5C13.7).DRCTHSC13.7).PTOTAL(13). 523*0023 
2P5TATflJ).RADUMllS).PDUMC15).TDUMC1S).VMDUMflS).PHIDUMC1S). 523.0024 
3TANOUMC1S).VSflJ).WSC13).OPREVC13.7) 523*0025 
COMMON/ONE/NF.CNZfJ6).DNZfJ6).XL1.CNFe36).DNFCJ6).XL2.IND2.ENF(36)523~OC26 

1.FNFCJ6).XLJ.INDJ.WZ.VZ.WCAP1.VCAP1.XK1.WCAP2.VCAP2.XK2.S5.EP. 523*0027 
2VMQ(2),AMQf2.J6).BMQl2,36).CMQC2.J6).DMQl2.J6.2).EMQl2,J6,2). 523.0023 
JFMQf2.J6.2) 523 0 0029 

C 523*0030 
DIMENSION THETAICis.13).DPDTH1C1S.1J).THETARC1S,lJ.7).AMU11S.1J.7)523*0031

1.DPOTHC1S.13.7),DTHETAC1S,13.7).DRCTHC1S.13.7).OFIDTHf15.13.7), 523~0032 
2RADOUTC1S,13.7).RINLETflS.1J).PINLETC1S.13).TINLETC1S.13), 52J~0033 
3AINLETllS.13).FINLETC15.13).THETMPllS.1J).THETIf13),THETII(13) 523~0034 

C 523*00J5 
EQUIVALENCE CRADIN(1).RADOUTC1).RINLETC1).DPOTHIcl».CPINC1), 523~0036 
IDPDTH(1).PINLETll».CTINC1).TINLETll).DTHETAC1».CVMIN(1).DRCTHC1)52J~0037 
2.AINLETll».CTANAINel),AMUel).THETARel».ePHINel).DFIDTH(1). 523~00~8 
3THETAICJ).FINLETCJ».CTHETMPC1).AMUCl17i».CI1.IZAMAX).CI2.NLINES)523 0 0039 
4. CRADUMCl) .THETIl (1». CTDUM(1) .THETI Cl» 523.::·00f.>0 

C S23 0 0041 
COMMON/OV/IZR1.IZR2.1ZA1.GUMBO.LOGl 52300042 

C 52:";}0043
TOTALCT.V.A)- 1.0 • Cl.0 • A••2)/CP/T.V••2 52~ii0044 

C••••• SECTION ONE - INPUT SECTION 52300045 
C 523~0046 

WRITECNTAPE.I00l) 52:;')0047 
1001 FORMATflHl.60X.13HPROGRAM THETA.I.61X.13H••••••••••••• ) 5 23 .;~ 0 J :., 8 
C . 523~OO':"9 

C••••• DETERMINE PRINCIPAL STATIONS.INITAL TAPES.DEFIN~ CONSTANTS 52'::-;;0 O~ll 

C 52::-·:.tOJ51 
LTAPE- LTAPEl 52:':";;'0 L 52 
JTAPE~ JT APE! 522';)Q(S3 
IZRl-2 52::; ';;'0 0::4 
IZALE~ Jl S L: ::,.;. 0 u:. S; 

IZATE- JS 523';;'OOS~ 

IZAl-l 523~OC57 

IZA2- Jl 523*0058 
rZA2- IZA2-IZA1.IZRl 523*0059 
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RADIAN~ 180.0/3.1415926 523*0060 
GZERO- 32.174 523*0061 
WORI<J~ 778.17 523·00~2 

C ... 523*0063 
C••••• READ GENERAL INPUT 52300064 
C 523~(j0,j5 

READCLTAPE.I003)TITLE.NTHETA.LP.NLOOPS.IFPRIN.RFAC1.RFAC2.RFAC3. 523~0066 
lRFAC4.IFAC1.IFAC2.CR32CN).N-l.NTHETA) 523*0067 

1003 FORMATC12A6.1.416.1.4F8.S.I.216.I.C9F8.4» 523*0068 
RFAC4- IFAC2 . . 52300069 
RF1- 1.0 • RFAC1··Cl.0/RFAC4) 523~0070 
WRITECNTAPE.l004)TITLE.NTHETA.CR32ll).I- I.NTHETA) 52300071 

1004 FORMATC35X.12A6/20X.19HNUMBER OF SECTORS -.13.1.20X.2SHSECTOR CENT523*0072 
lER·LINE THETAS.5X.F8.4./CSOX.F8.4» 52300073 
WRITECNTAPE.9901) 52300074 

9901 FORMATC1Hl) , 523*0075 
WRITECNTAPE.9902) CN. N- 1.NTHETA) 523*0076 

9902 FORMATCS3X.24HLOCATION OF CENTER.LINES.I.S3X.24H••••••••••••••••••523~,0077 
1··.··••11.62X.6HSECTOR.I.62X.6H···.·••1.27X.1816) 523*0078 

WRITECNTAPE.9903) CR32CN). N_ 1.NTHETA) 523*0079 
9903 FORMATC/.1X.l0HSTATION 1,6X.42HCTHE CENTER-LINES ARE RADIAL IN TH523000CO 

lE INLET).1.1X.l0H··········.11.28X.17F6.1) 52J~00~1 
C 523*0002 
C••••• READ COMPRESSOR DATA AND STREAMLINE DATA 52300003 
C 52:;00004 
1005 DO 1022 N_ 1.NTHETA S23';;'OOGS 

IFCLTAPE .NE. LTAPE1) GO TO 1021 523*0086 
C 523';;0007

READlLtAPE.l006lIFFULL~EFCN),CCARO~J.N),J~ 1.12) 523--00G8 
1006 FORMATC6X.16.E13.6.1.6X.12A6) S2'::";'u 009 

IFCIFFULL.EQ.llGO TO 1021 52:;;'=-0090 
C 523w0091 

READCLTAPE.l009lli.I2.I3.14.IS.16.17.IB,19.ll0.lll.112.113.114.11S523~0092 
1.116.117.118.119.120.121.122 

1008 FORMATC6X.SI6.1.6X.SI6.1.6X.1116.1.6x.16) 
READCLTAPE.l009lRl.R2.R3.R4.RS.R6 

1009	 FORMAfC2X.6E13.6) 
CP- WORI<J.R6 
GUMBO_ CP/R3 
CP- 2.0.CP.GZERO 
R4- R4.1.0E6 
RS- RS.l.0E6 

C 
DO 1014 1~2.11 
READ CLTAPE.l 01f) 123 CI) • 124 CI) .125 CI) .126 CI) • 127 CI) ,128 CI) • 129 'c I) • 

11 30 CI ) • I311I ) .132 CI ) 
1011	 FORMATC6X.1216) 

IFI123~1).EQ.6)GO TO 1014 
IFCC123CI) .Ea. 2 .OR. 123CI) .EQ. 4) .AND. 130CI) .Ea. 1) 

lREADCLTAPE.l009)EXPLOSCI)
IFCI123(1) .Ea. 2 .OR. 123CI) .Ea. 4) .AND. 126CI) .Ea. 3) 

lREADCLTAPE.l009) XMACH~I) .. , 
READCLT~PE.1009)~R13CI,J).R14CI.J).R1SCI.J).R16CI.J).R17CI,J). 

lR18CI.J).R19CI.J).R20CI.J).J- 1.13) 
1014 CONTINUE . . . 

READlLTAPE.1009) CR21CI).I-l.I2).CR22CI),1-1.11),R23.R24.R25

READ CLTAPE.I009J CR26 CI,) .R~7 CI) .R28 l I) .1-1.11)
 
REAOCLTAPE.I009)CR29CI).1-2.Il)

IFCI21.EQ.0)GO TO 1021
 

C 

52300093 
523~00~4 
523~0095 
523~009G 
52~~0007 
523000Qa 
523~OO~~ 
52300100 
523c0101 
523 0 0102 
523 c n103 
523,,0104 
523--0105 
523';;'0106 
5~300107 
5 ~ 3 .~. 11 1 0 J 
52~':;'i) ~ (j<) 

S2 :;; c,' l· : 1 0 
523--0 :'.11 
523"Oll~ 
52:;(;oO~13 

S2 :: ';.' ,; : :. !, 

52:"'~'O 115 
523;:'0116 
52:i'~'(j 11 7 
52:'iOllfl 
523 w0119 
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REAOILTAPE,1011) 1133(1) ,hhIl) 523·0120 
REAOILTAPE,1009) IR30 II) ,I~hIl) 523~0121 

1021 READ ILTAPE, 1009') I 'I RAD I NIJ, N' I ) •PIN IJ' N, I ) • TIN IJ' N. I) • VM I N'I J' N, I ) , 523·0122 
1TANAINIJ,N,I).PHINIJ,N~I) ,J-1.I2),I- IZRi,IZR2) 523*0123 

1022 CONTINUE 523*0124 
C 523*0125 
C••••• SECTION TWO - PRELIMINAR~ CALCULATIONS 52:1*0126 
C 523*0127 

IFILTAPE.NE.LTAPE1)GO TO 2027 523*0128 
XNTHET- NrHETA 52300129 
DO 202$ N-1,NTHETA 523*0130 
R32IN)- R32IN)/RAOIAN	 523*0131 
THETASIN.IZR11~ R321N)	 5230 0132 
DO 2025 J-1,NLINEs	 523~0133 
PINLETIJ.N)- PINIJ,N,IlR1)	 523~0134 

TINLETIJ.N)- TINIJ,N,IlRl)	 523 0 0135 
TINIJ,N,IlR1)- TOTALI-TINLETIJ,N),VMINIJ,N,IZR1),TANAINIJ,N,IlRl»523<~0136 
PINIJ,N,IlR1)- PINLETIJ,N).TINIJ,N,IlR1) ••GUMBO	 52300137 
TINIJ,N,IZR1)~ TINLETIJ,N).TINIJ,N.IlR1)	 523~0138 
AINLET(J,N)- ATANITANAINIJ,N.IZR1».RADIAN	 523*0139 
THETA1IJ,N)- R321N)	 523*0140 

2025	 CONTINUE 523*0141 
DO 2026 J- 1,NLINES 523*0142 
DO 2026 N_ 1,NTHETA 523*0143 
ROMEAN~ PINIJ.N,IlRl)/R3/TINIJ,N,IZR1)/GZERO 523 00144 
DPDTH1IJ,N)- DERIVIPIN,THETAS.NTHETA.J.N.IZR1)/ROMEAN 523*0145 

2026	 CONTINUE 523*0146 
LOG1-NTAPE 523*0147 
CALL OVERAL 523*0148 

C	 523*0149 
C••••• COMPUTE REFERENCE RADII AND AXIAL COORDINATES	 523 0 0150 
C	 523 0 0151 
2027	 DO 2033 I- IlR1,IlR2 523*0152 

IlA- I-IlR1.IZA1 , 523*0153 
TAN30_ TANIR30IIZA)/RADIAN) 52300154 
DO 2033 J~1,NLINES 52300155 
RREFIJ,I)- 0.0 523*0156 
DO 2030 N~l,NTHETA 523*(1157
RREFIJ,I)- RREFIJ.I) • RADINIJ.N.I) 523°015/3 

2030	 CONTINUE S23';'() 159 
RREFIJ.I)~RREFIJ,I)/XNTHET 523(.0160
ZREFIJ,I)~R26IIZAl.TAN30·RREFIJ.I) 523,':)01",1

2033	 CONTINUE 523';:'01(,2 
CALL OVLTWO 523':'() 163 

C 523--01G4 
C••••• INTERPOLATE DATA ARRAYS AT AE'ERENCE RADII 52300165 
C 523°0166 

DO 2039 I-IZR1,IZR2 52300167 
DO 2039 N-1,NTHETA 523<1-0163 
THETAPIN,I~- R321N) 523';;O~Gc) 

DPREVIN.I),- 0.0 52:;":'01-/0
DO 2037 J-1,NLINES 52:; ·:f 0 171 
RADUMIJl- RADINIJ,N.I) 522"; 0 172 
PDUMIJ)~ PINIJ,N,I) 523;'0 1"f3 
TDUMIJ)- TINeJ,N.I) 5:;:::;';:'(j 17,:, 
VMDUMIJ),- VMINeJ,N.I) 52:';;0175 
TANDUMIJ)- TANAINIJ.N.I) 523,:" 176 
PHIDUMIJ)~PHIN(J.N.I) 52~;: oJ 171 

2037 CONTINUE 523~)178 
DO 2039 J-l.NLINES 523.0179 
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PINCJ.N.I)- FINDY~RREFCJ~I).RADUM.PDUM.NLINES) 
TINCJ.N.I)- FINDYCRREFCJ.I).RADUM.TDUM.NLINES)
VMINCJ.N.!)- FINDYCRREFCJ.I).RADUM.VMDUM.NLINES) 
PHINCJ,N.J)- FIND~CRAEFCJ.I).RADUM.PHIDUM.NLINES~ 
TANAINCJ.N.J)- FINDYCRREFCJ.I).RADUM.TANDUM.NLINES) 

2039 CONTINUE 
C 
C..... SET UP J-LOOP 
C 

J-l 
2041 ICOUNT 0 
204Z I- IZRl 

IFCLTAPE.EQ.LTAPE1)1-IZR1.l
IFCICOUNT,GT.O)GO TO Z046 , , 

523*0180 
523*0181 
523*0182 
523*n183 
523*0184 
523*0185 
523*0186 
523*0187 
52300188 
52300189 
523°0190 
52300191 
52300192 

,_. 523~0193 
IFCLP.GT.l.0R.IFSTAR,NE.0)READCKTAPE1) CCTHETAPCN.L).N-l.NTHETA).L-523 0 0194 

lIZR1'IZR2).CCDPREVCN.L~.N~1.NTHETA).L~IZR1.IZR2) 523 0 0195 
C 523°0196 
2046	 DO Z047 N- 1.NTHETA 52:~0197 

THETI1CN)- THETA1CJ.N) 523°0198 
DPDTHSCN.I-1)- DPDTH1CJ.N) 523c.0199 

Z047 CONTINUE 523 0 0200 
Z048 KATZ- O. 523°0201 

IZAaI .. UR1·UA1 523*0202 
C 523 0 0203 
C••••• SECTION THREE - THETA COMPUTATION 523°0204 
C 523 0 0205 
3050	 DO 3056 N~ 1.~THETA 523~0206 

DR- RREFCJ.~) • R~EFCJ,I-l) , , , . 523~0207 
OM- SQRTCDR••Z • CZREFIJ.I)-ZREFCJ.I-l» ••Z) 523~0208 
RM- RREFCJ.I) • RREFCJ.I-l) 523~0209 
IFCABS(DR/RM)-O,OOOl)305Z.3052.3054 . 523~0210 

3052	 TANRDM- CTANAINCJ.N.I) • TANAINCJ.N.I-l».DM/RM S23~0211 
GO TO 3055 523~0212 

3054 TANRDM- CTANAINeJ~N.I) - TANAINCJ.N.I-l) • CRREFeJ.I).TANAINCJ,N.I52300213
1-1) - RREFCJ.I-i).TANAINCJ.N.I»/DR.ALOGCRREFCJ.I)/RREFCJ.I-1)~) 523*0214 
2.0M/DR 52300215 

3055 THETllN)- THETI1CN) • TANRDM 523°0216 
3056 CONTINUE 523~o217 
C 523 00218 
C••••• DAMPING OF THETA 52::'\1-G2~ 9 
C 523~02~O 

DO 3057 N~ 1.NTHETA S£::;;'~o221 
THETASCN.I)- Cl,O.RFAC2).THETICN) • RFAC2.THETAPeN.I) 523(;'0 2~:? 

3057 CONTINUE 523 r,o 2::;j 
C 523"'022~, 

C••••• SECTOR WIDTH RATio 52:I~022S 

C 52;::;*0226 
DO 3059 N~1.NTHETA 52:;;--0227
SEARATCN.I)- SERVUScTHETAS.R3Z.NTHETA.N.I) 52~~02~J 

IFCSEARATCN.I) ,GT, 2,0 ,OR, SEARATCN.x') ,LT, 0,5) GO TO 3060 S::':\"O~29 

3059	 CONTINUE 52:':;'02:::0 
GO TO 3068 523~0231 

C ,. 52:"";"02:'2 
C••••• IF STREAMLINES CONVERGE OR DIVERGE EXCESSIVELY CORRECT TANAIN S:::;wC·~33 

C S2:::.··.'·\.. :~::: !:, 

3060 CONTINUE 52:'(,;:;:'.3 
NOTE- N 52::0236 
WRITEcNTAPE.3061) NOTE.J.IZA.CN.N_ 1.NTHETA).CTANAINCJ.N.II .N~ 1. 52~ :';02::7 

1NTHETA') , 523.,;.0230 
3061 FORMATC1H1/16X.26HTHE WIDTH RATIO OF SECTOR .IZ.15H AT STREAMLINE 523';'0239 
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1,12, 9H STATION ,i2,44H IS EITHER GREATER THAN 2.0 OR LESS THAN 0.523*0240 
25/16X,44HTANCALPHA) BEFORE AND AFTER MODIFICATION ARE//16X,6HSECT0523*0241
3R,18I6/4X,17HORIGINAL TANALPHA,3X,18F6.4) 523*0242 

AVTAN- 0.0 523*0243 
DO 3063 N-l,NTHETA 523*0244 
AVTAN- AVTAN • TANAINCJ,N,I)/RRE'(J,I).TANAINCJ,N,I-l)/RREF~J,i-l)523*0245 

3063 CONTINUE 523*0246 
AVTAN- AVTAN/XNTHET 523~0247 
DO 3065 N-l,NTHETA 523*0248 
TANAINCJoN,I)~ RREFCJ,I)·CAVTAN-TANAINCJ,N,I-l)/RREFCJ,I-li) 523*0249 

3065 CONTINUE 52300250 
WRITECNTAPE,3066) CTANAIN~J,N,I),N_ l,NTHETA) 523*0251 

3066 FORMATC4X,1 7HMODIFIED TANALPHA,3X,18F6.4) 523~0252 
GO TO 3050 523*0253 

C 523*0254 
C••••• TRANSFER STORAGE 0' UNDAMPED THETACI) TO THETACI-l) 523~0255 

C 5230('1256 
3068 CONTINUE 523~0257 

DO 3070 N_1,NTHETA 523°0258 
THETI1CN)- THETICN) 523oltQ259 

3070 CONTINUE 523*0260 
C 523~02~1 

C••••• CHECK ON REVISION 0' THETAS 523~0262 

C 52300263 
IFCIZA .Ea. IZALEi KATZ- 1 523*0264 
IFCIZA .Ea. 11) KATZ- 2 5230)0265
IFCKATZ .Ea. 0 .OR. RFAC5 .EQ. 1.0) GO TO 5121 523 it 0266 

C 523*0267 
C••••• SECTION FOUR - KATZ LOOP 523~026a 
C 523*0269 

IFCKATZ.Ea.2.AND.ICOUNT.GT.0)GO TO 4097 523 0 0270 
C " 523*0271
c••••• DEFINE AVERAGE VALUES OF RHO,CM,CTHETA AT BOUNDARY STATIONS 523*0272 
C 523*0273 

ROMEl- XMEANIPIN,THETAS,NTHETA,J,IZR1)/R3/XMEANCTIN,THETA5,NTHETA,523*0274 
1J,IZR1)/GZERO 5230 0215 

IFCKAtZ .Ea. 1) ROME2- XMEANCPIN,THETAS,NTHETA,J,IZR2)/R3/ 523*0216 
lXMEANITIN,THETA5,NTHETA,J,IZR2)/GZERO 523*0277 
CMEANl- XMEANIVMIN,THETAS,NTHETA,J,IZR1) 523*0278 
CMEAN2~ XMEANCVMIN,THETAS,NTHETA,J,IZR2) S236021~ 
AMEANl- XMEANCTANAIN,THETAS,NTHETA,J,IZR1) 523~02~O 
CTHET1~ AMEAN1.CMEANl 523~O~vl 
CTHET2~ XMEANCTANAIN,THETAS,NTHETA,J,IZR2).CMEAN2 523~02~2 
IFCICOUNT.GT.O)GO TO 4077 523002~3 

C 523\)0::':'
C••••• STORE UNMODIFIED PRESSURE,TANAIN 
C 523'.ii')?J6 

DO 4076 IDIZR1,IZR2 S;;:J .:;. 02:; 1 
DO 4076 N-l,NTHETA . S2:;~":'Ci:<~~S 

IFIKATZ .Ea. 1) PREVCN,I) PINCJ,N,I) .s::::.; ..: ,j~.:c; 

~FCKATZ .Ea. 2) PREVIN,I) TANAINCJ,N,I) s ~ :; -:. \) :>; \) 
4076 CONTINUE 523(;10211 

NF- 2.NTHETA s,~ :'.:' 0 ;.:; (: ~ 

ISTART- IZRl • 1 ~ ~ : '.~' iJ ::: ': 3 
C 523 ;"029:;. 
C••••• DEFINE BOUNDARY FUNCTIONS UPSTREAM AND DOWNSTREAM :123,0295 
C 52:::-ii 0296 
4077 DO &081 N_ l,NTHETA 52300ZCJ1 

I'IKATZ-1) 4078,4078,4080 523~0298 
4078 PTOTALCN)- PINCJ,N,1)/ROMEl 523*0299 
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PSTATCN)- PREVCN,IZRZ)/ROMEZ
 
GO TO 408i . '
 

4080	 PTOTALCN)- PINCJ,N,IZR1).TOTALCTINCJ,N,IZR1),VMINCJ,N,IZR1), 
l~ANAINCJ'N,IZRi~)~.GUMBO/ROMEl 
~STATCN)- ATA~'(P~EVCN,I~~1)-AMEAN1)/C1.0+PREVCN~IZR1).AMEAN1»~ 

lCl.0 + AMEAN1••Z).CMEAN1••Z 
4081 CONTINUE 
C . 
C··••• DEFINE FOURIER COEFFICIENTS CNZ,DNZ,CNF,DNF 
C 

CALL FOURCPTOTAL,~HETAS,NTHETA,AZERO,DNZ,CNZ,NF,IZR1) 
IFCKATZ .EQ. 1) l~ IZRZ 
IF CKATZ .EQ. Z) I~ URl 
CALL FOURCPSTAT,THETAS,NTHETA,AZERO,DNF,CNF,NF,I) 

C .. . . .
 
C····· COMPUTE XL1,XLZ,INDZ,ENF,XL3,IND3,WZ,VZ,WCAP1,VCAP1,XK1,WCAPZ,
C••••• VCAPZ,XKZ 
C 

XL1-0.0 
DO 4081 I~ISTART,IZRZ 
DR- RREFCJ,I)-RREFCJ,I-l)
RM- O.S.CRREFCJ,I) + RREFCJ,I-l» 
OZ- ZREFCJ,I) - ZR~FCJ,I-l) 
XLI- XLl - SQRTCDR••Z + DZ••Z)/RM

4081 CONTINUE 
IFCKATZ-l) 4088,4088'409Z 

4088 XLZ- 0.0 
INDZ- 0 .
 
XL3- XLl
 
IND3- 1
 
CALL NEWRAPCCMEAN1,O.O,O.O,CMEANZ,XL1,O.O,O.O,O.O,O)

CALL NEWRAPCCTHETi,o.o,O.O,CTHETZ,XL1,O.O,O.O,O.O,l)

GO TO 4093
 

409Z	 XL3- -XLl 
XL!- 0.0 
XLZ- 0.0 
INOZ-l 
rHD3- 0 
CALL NEWRJPCCMEAN1,O.O,O.O,CMEANZ,O.O,O.O,O.O,XL3,O) 
CALL NEWRAPCCTHET1,O.O,O.O,CTHETZ,O.O,O.O,O.O,XL3,l)

4093	 DO 409~ N~ l,NF 
ENFCN)- 0.0 
FNFCN)- 0.0 

4094 CONTINUE 
C '" 
C··••• SUBROUTINE SMITH COMPUTES THE REST OF COM~ON/ONEI 
C 

CALL SMITH 
C 

IFCKATZ-l)4106,4106,4099
4097 IFCICOUNT .GE. IFACZ) GO TO 4108 

C '" 
C••••• DETERMINE NEW ALPHA IN DOWNSTREAM REGION DIRECTLY 
C 
4099 DO 4103. I~ IZR1,IZRZ . 

ZZ- Z.0·CZREFCJ,I)-ZREfCJ,IZR1»/CRREFCJ,I)+RREFCJ,IZR1»

CALL GEORGECTHETASC1,1),ZZ,WS,VS,NTHETA)
 
DO 4103 N-l,NTHETA
 
V. VBARFCZZ) + VSCN)
W- WBARFCZZ) ~ WSCN) 

523·0300 
523*0301 
523*0302 
5230 0303 
523*0304 
523·030S 
523*0306 
523·0301 
523·0308 
523*0309 
523·0310 
523·0311 
523*0312 
523.0313 
523·0314 
52300315 
523*0316 
523*0311 
523·0318 
523·0319 
523*0320 
523*0321 
523~0322 
523·0323 
523*0324 
523*0325 . 
523*0326 
523*0321 
52300328 
523*0329 
523*0330 
523*0331 
523*0332 
52300333 
5230 0334 
523·0335 
52300336 
52300337 
523°0338 
52::'':;'03:::9 
523003~O 

523003',1 
523*0342 
52300343 
52 :;~G :;:,.l. 
523 0 03',5 
52300~',6 
523°0347 
523003 t ;·a 
523·: 03/. C) 

5231.:'0::'50 
523':;.0351 
5~::>~(1:S2 
5::>:#(j ::53 
5:: : .;: nc. :: :, 
S2~~"l,':"~j 

52:::~035iJ 

S~:;')O:J57 

523';;'0:::'58 
523"0359 
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TANAINCJ,N,I)-Cl,O-RFAC5)·V/W.RFACS·PREVCN,I) 523*0360 
4103 CONTINUE 523*0361 

IFCICOUNT,NE,O)GO TO 4105 523~0362 

DO 102 I=IZR1,IZR2 523"'0363 
IP-I-UR1. UAl 523"0364 
DO 101 N=l,NTHETA . , 523';:'0365
ENFCN)-ATANCPREVCN,I))·RADJAN 523°0366 

101 FNFCN)-ATANCTANAINCJ,N,I))·RADIAN 523"'03u7 
WRITECNTAPE,4104)J,IP,CENFCN),N-l,NTHETA) 523~0368 

4104 FORMATC1HO,3SX'47HORIGINAL AND MODIFIED FLOW ANGLES,STR~A~SURFACE,523~0369 
lI3,8H STATION,I3,II,SX,13F9,2) 523"'0370 

102 WRITECNTAPE,4114) IFNFCN),N-l,NTHETA) 523~0371 

4105 CONTINUE 523"'0372 
C 523\;'0373 

ICOUNT=ICOUNT.l 52:;';~0374 
GO TO 2042 523 Q 0375 

C " 523 Q 0376 
C..... COMPUTE PRESSURE RELAXATION FACTOR, TANAIN RELAXING FACTOR 5C:;)'J0377 
C 52::;'';'0:78
4106 '	 IFIICOUNT ,GT, 0) GO TO 4108 S2':;''''O::'H

RFAC5=O,O 523'.)O:;~:O 

Ll=IFACi 523')0331 
you TEL- LP-Ll 523,i0332 
IFCYOUTEL ,GT, 0,0) RFAC5= YOUTEL-RFAC3 52:S~03G3 

IFIRFAC5 ,GT, 1,0) RFACS- 1,0 523.;)0304
IFCRFAC5 ,EQ, 1,0) GO TO 5121 52:3,}o3a5

4108	 CONTINUE 523~0306 

C '" 523')0387
C..... CO~PUTE STATIC PRESSURES AND RELAX 523 0 0388 
C S23~03Sq 

DO 4118 I=IZR1,IZR2 S23.;i0::90
IFIKATZ ,EQ, 1) lZ= S2:{10391 

lRREFIJ,IZR2) ) 52::''';'03Q2 
IFIKATZ ,EQ, 2) ZZ- 52:::::'n::'93 

lRREFCJ,IZRl) ) 52:. ..·0 ::'l)ti 
CALL EDwINCTHETASC1,I),Zl,PSTAT,PTOTAL,NTHETA) 52::' w039S 
DM= SQRTICRREFIJ,I)-RREFCJ,I-l))··2.CZREFCJ,I)-ZREFCJ,I-l)) ••2) 52:>~i;3''j6 

PMEAN. XMEANCPIN,THETAS,NTHETA,J,I) 5,<:-':,j397 
ROMEAN~ PMEAN/R3/XMEANcTIN,THETAS,NTHETA,J,I)/GZERO 52:"':.. 03C)B 
DO 4112 N=l,NTHETA s;: :, ':; 0:/J 
IFCKATZ ,EQ, 1) . S:'::>:i 0 l; J 0 

lPINCJ,N,I)_IPMEAN.PSTATCN).ROMEAN)·ll,O-RFAC5) • PREVCN,I).RFAC5 S~~:';:i):dn 
IFIKATZ ,EQ, 2) . 52:':"':j!,o2 

lPINIJ,N,I)-CPMEAN.PSTATCN).ROMEAN).Cl,O-RFACS) • PINCJ,NtI).RFACS 5:,::,·.. .:..:..03 
4112 CONTINUE S:';;" .. Cc.Oli 

IFCICOUNT,NE,O,OR,KATZ,NE,l)GO TO 411S 5~~:;"':j !;OS 
IPIllI-l 5:~:'.;.. 0:,0 (, 
WRITECNTAPE,4113)J,IP'IPREVCN,I),N-l,NTHETA) S::::.·.. 0407 

4113 FORMATllHO,3SX,S2HORIGINAL AND MODIFIED STATIC PRESSURES,STREA~5URS2:00~OG 

lFACE,I3,8H STATION,I3,II,SX,13F9.2) S23';;'IJ f :- 09 
wRITECNTAPE,4U4) cPINCJ,N,I) ,N-l,NTHETA) S2:'~O~~ 0 

4114 FORMATCSX,13F9,2) £ >::: ;.. o!., 11 
411S	 CONTINUE S~::: ,;;, \: .~ 12 
C . " S:~:,· J413 
C••••• COMPUTE DPDTHS,DRCTHS,TANAIN FOR THE KATl LOOP S':" ':' ~4 
C ~ .:. :. ~. 0.', ': 5 

DO 4117 N-l,NTHET~ C.::' '.;416 
ROMEAN- PINIJ,N,II/R3/TINCJ,N,I)/GlERO 5,.;>:'041 -; 
DPDTHSCN,I)-DERIVIPIN,THETAS,NTHETA,J,N,I)/ROMEAN.Cl,O-RFAC1) £2:::",>04.1G 

1.DPREVIN,I)·RFACl	 S23"0419 
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IFCI,EQ,IZR1)GO TO 4117	 523"0420 
ORCTHSCN.I)-O,~.COPOTHSCN.I)/VMINCJ.N.I).OPOTHSCN.I-l)I 523°0421

lVMINCJ.N.I-l»·OM 523*0422 
IF CICOUNT ,GE, IFAC2) GO TO 4117, . , 52300423 
TANAINCJ.N.I)-C-ORCTHSCN.I)·RRE'CJ.I-l)·VMINCJ.NiI-l).TANAINC 523*042/.

lJ.N.I-l»/RREFCJ.I)/VMINCJ.N.I) S23';'O~,25 
4117	 CONTI NUE S23~0(~26 
411 e,	 CONTI NUE 523°0427
C••••• BRANCHPOINT FOR KATZ-LOOP 523*0423 

ICOUNT-ICOUNT.l 523 0 0429 
IFCICOUNT - IFAC2) 2042.2042.6129 523 0 0430 

C 523 0 0431 
C••••• SECTION FIVE -REGULAR COMPUTATION OF OPOTHS AND ORCTHS 523*0432 
C 523*0433 
5121 CONTINUE 52300434 

IF CI ,NE, IZR2) GO TO 6128 523.0435 
DO 5127 I-IZR1.IZR2 523~0436 
IlA- I-IlRl.IZAl 52300437 
OM- SQRTC(RREFCJ.I)-RREFCJ.I-l» ••2.CZREFCJ.I)-ZREFCJ.I-l)) ••2) 52300438 
DO 5127 N-1.NTHET~ 523~0439 
ROMEAN- PINCJ.N.I)/R3/TINCJ.N.I)/OZERO 523004~O 

OPOTHSCN.I)-O~RIV(PIN.THETAS.NTHETA.J.N.I)/ROMEAN.(l,O-RFAC1) 523~0441 
1 • OPREVCN.I).RFACl , 523~0442 
DPREVCN.I)- Cl,O - RF1).OPREVCN.I) • OERIVCPIN.THETAS.NTHETA.J,N.I523~0443 

1)/ROMEAN·RF1 52300444 
IF cI23 CIlA) ,NE, ~) GO TO 5126 . 523~0445 
ORCTHSCN.I)-0,5·COPOTHSCN.I)/VMINCJ.N.I) • DPDTHSCN.I.l)/VMINCJ.N523~n446 

1.I-l»·OM 52300447 
IFCICOUNT ,OE, IFAC2) GO TO 5126 _ _ . . 523*0448 
TANAINCJ.N.I)-C-ORCTHSCN.I) • RREFCJ.I-l).VMINCJ.N.I-l).TANAINCJ.NS2300449 
1.I-l»/RREfCJ.I)/VMINC~.N.I) 52300450 

5126 OPOTHSCN.I)- OPREVCN.I) 52300451 
5127	 CONTINUE 52300452 

ICOUNT~ ICOUNT • 1 523*0453 
IFCICOUNT - IFAC2) 2042.2042.6129 S23~0454 

C .,	 52300455 
c••••• SECTION SIX - INCREMENT I AND TRANSFER DATA	 523';)0 1,56 
C	 523°0457 
6128	 I- hl 523,::, 0 !)53 

IFCI ,LE, IZR2) GO TO 2048 523'.. 0459 
C ,	 523 ::'0 1;.;)0
C••••• COMPLETE DFIDTHt TRANSFER TANA1.THETA1.DPDTH1.0PDTH.DRCTH,OTHET 523<:-0461 
C	 523~0~(,2 
6129	 CONTINUE 5:: 3 -: 0 " ,J 3 

DO 6140 I~IZR1.IlR2 S2:; .~:, G~"~..J !oo 

RREFCJ,I-})-RREFCJ.!) 52 3~' O.:,.C::
ZREFCJ.!-l)-ZREFCJ,I) 523(0'1'1':'('6
DO 6140 N-l.NTHETA 523-..; :I l ,,:"''' 
RAOOUTCJ.N,I-l)_RAOINCJ.N.!) S23~~O ~,. .:., 3 
OF!OTHCJ.N.I-l)~OER!VCPHIN.THETAS.NTHETA.J.N.I) S2:;:-'l~:,'';'9 
THETARCJ.N.I-l)~THETAS(N.I) 523 wo.:,. '('0 
IFCLTAPE ,EQ, LTAPEl ,AND, I ,EQ, IZR1) GO TO ~140 5 <:: :, ,~, 0:,,'l ~ 

OPOTHCJ,N.I-l)-OPOTHSCN.I) 5;;:~:JW 0:,·.. ::: 
OTHETACJ,N.I-l).SEARATCN.!) 523';"0:;· 7 3 
DRCTHCJ,N.I-l)~DRCTHSCN,I) 52:' ~,u.:;.·( ..) 
IFC! ,LT, IZR2) GO TO 6140 52'::' 'i v:, 'i'::; 
RADINCJ.N.I). DPDTHSCN.I) 52::'~O",76 

PHINCJ,N.J). TANAINCJ.N.I) 523';'0(,77
PINCJ.N.I)-. THETICN) 523',-0470 

6140	 CONTINUE 523' 0479 



WRITECKTAPE2) CCTHETASCN.I) .N_1tNTHETA) .I-IZR1.IZR2). 523*0480 
lCCDPDTHS(N.I).N~ 1.NTHETA). I- IZR1,IZR2) 523*0481 

C 523*0482 
C..... INCREMENT J-LOOP 523·0483 
C 52300484 

J- J.l 523°0485 
IFCJ.LE.NLINE5)GO TO 2041 523°0486 
00 9910 I- IZA1.IZA2 523*0487 
IZR= I-nAl.l 523*0488 
IFCI .EQ. 1) GO TO 9910 523*0489 
WRITECNTAPE.9904)I .. 523 0 0490 

9904 FORMATC/.1X.7H5TATION.I3./.1X.l0H·.······.·) 523*0491 
00 9909 J-l.NLINE5 523°0492 
00 9907 N~l.NTHETA 523*0493 
PDUMCN)~ THETARCJ~N.IZRI.RADIAN 523°0494 

9907 CONTINUE 523*0495 
WRITECNTAPE.990B) J,RREFCJ.IZR) .CPDUMCNI. N- 1.NTHETA) 523°0496 

9908 FORMATC/.2X.4HLOCN.I3.3X.8HRADIUS -.F7.3.1X.18F6.1) 523~'0497 

9909 CONTINUE 523'~'0498 
9910 CONTINUE 523 0 0 /,99 
C 523*0500 
C••••• SECTION SEVEN - COMPUTE MU. DETERMINE NEXT TAPES AND STATIONS 523~0501 
C 523~0502 

00 7154 I-IZR1.IZR2 523 0 0503 
00 7146 N-1.NTHETA 523*0504 
00 7146 J-l.NLINE5 523°0505 
THETMPCJ.N)- THETARCJ.N.I-l) 523°0506 

7146 CONTINUE 523~0507 
DO 7154 N~l.NTHETA 523 0 0508 
C051- C05CTHETMPci.N» 523°0509 
51Nl- 5INCTHETMPC1.N» 523'~0510 
Xl-RREFcl.I-l)·C051 523*0511 
Y1-RREFC1.I-l)*SINl 523 0 0512 
AMI- 0.0 523~0513 
00 7154 J~2.NLINE5 523-"0514 
C05Z- C05CTHETMPCJ.N» 523 0 0515 
5IN2- 5INCTHETMPCJ.N» 52300516 
X2= RREFCJ.I-1).COS2 523';)0517 
Y2- RREFCJ.I-l)*5IN2 523"05~8 
DUM= 5QRTCCX2-Xl) ••2 • CY2-Yl) ••21 523\)0519 
X12= CX2-X1)/DUM 523*OS20 
Y12= CY2-Yl)/DVK . _. . .. 523.;)OS21 
AM1=ATANCCC051·Y12-SIN1·X12)/CC051·X12.5IN1·Y121).AMl 523ti05:~2 

AM2=ATANCCCOS2·Y12-SIN2·X12)/CCOS2·X12.SIN2·Y12» 523~0523 

AMUCJ-l.N.I-l)-AM1/2.0 523 0 0524 
IFCJ.EQ.2IAMUCJ.N.I-l)~AMl 523~052S 
IFCJ.EQ.NLINES)AMUCJ.N.I-l)-AM2 523"0526 
AMI- AM2 S23 f1 0521 
C051:a COS2 523 0 0528 
51Nl= SIN2 523f10529 
Xl- X2 523a.O::;:::O 
n- Y2 S2J~OS31 

7154 CONTINUE 523'-'0532 
C 523°05:;3 

14-12 S<'·::";:,(,:"·34 
112- IFPRIN 52~·~ i: SJS 
119- 1 523 ... 0536 

C 523l)0537 
C••••• DETERMINE NEXT TAPE UNITS 52200538 

523*0539 
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JFlIZA.l.NE.~21)GO TO 7156 523*0540 
NIZA1.iJ21 523*0541 
NIZA2-J22 523°0542 
NEWJ-JTAPE2	 523*0543 
NEWL-L TAPE2 523*0544 
GO TO 7159 523*0545 

7156	 IFlIZA2.1 .NE. J31) GO TO 7157 52300546 
NIZAhJ31 523*05:.7 
NIZA2-J32 523*05..8 
NEWJ-JTAPE3 523*0549 
NEWL-LTAPE3 523*o5::iO 
GO TO 7159 523*0551 

7157 IFlIZA2.1 .NE. J41) GO TO 7158 523*0552 
NIZAhJ41 523*05;J3
NIlA2-J42 523*05S4 
NEWJ=JTAPE4 523*0555 
NEWL-LTAPE4 523*0556 
GO TO 7159 523 w0557 

7158 CONTI~UE 523*0558 
NIZAhJ5 52300559 
NIlA2-U 523°0560 
NEWL- LTAPE5 523*05"1
NEWJ- JTAPE5 523*0562 

7159 CONTINUE 523 0 05"3 
C . 523'tO~'64 

C••••• SECTION EIGHT - OUTPUT 523«loOS65 
C 523~n566 

DO 8177 N-l,NTHETA 52300~67 

C 5234)0568
IFIJTAPE .NE. JTAPE1) GO TO 8165 523~0569 
WRITE lJTAPE,8161) ICARD lJ,N), J- 1,12) 523*0570 

8161 FORMATllX,12A6) 52300571 
IlAl- 2 52300572 
IlRl- 3 523~OS73 
19- 0 523~0574 
IFIN .GT. 1) 19- 1 523't0575 
WRITElJTAPE,8162)Il,I2,I3,I4,I5,I6,I7,I8,I9,Il0,Ill,Il2,113,114, 523 Q 0576 

1115,116,117,118,119,120,121,122 . 52~Qn517 
8162 FORMATllX,I5,416,I,lX,I5,416,I'lX,I5,1016,I,lX,IS) S2~v0578 

WRITE(JTAPE,8163)Rl,R2,R3,R6,R4,R5 52300579 
8163 FORMATllX,F7.4,2F8.4,F8.S,8X,2F8.4) 52~~G~CO 

WRITElJTAPE,8164)~RINLETIJ,N),TINLETIJ,N),PINLETIJ,N),AINLETlJ,N),523"OS81 
lFINLETIJ,N), J- 1,NLINES) 523~0582 

8164 FORMATllX,F7.3,2F8.2,F8.4,8X,F8.4) 523i1 n5C3 
C 523 t '0504 
8165 WRITElJTAPE,8166) IZA1,IZA2 523':>0505 
8166 FORMATllX,15,916) 523'~:'O 53,:) 
C 523';'0507 

DO 8174 I-IZA1,JZA2 523~o533 
IZR- I-IZA1.IZR1-l 52~w05a9 
WRITElJTAPE,8166) 1231I),I241I),I251I),I261I)'I271I),I281I),I291IlS2~~O:~o 

1,130(1),13111),13211) 523~~5~1 
IFI1231I) .EQ. 6) GO TO 8172 523··i Q5t:'2 
IF«1231I) .EQ. 2 .OR. 123(1) .EQ. 4) .AND. 130(1) .EQ. II 523\.i ():;<;3 

lWRITElJTAPE,8168) EXPLOSlI) 52:~~~~~ 
IF(l123(1) .EQ. 2 .OR. 123CI) .EQ. 4) .AND. 126(1) .EQ. 31 52:;"iS,-S 

lWRITElJTAPE,8168) XMACHll) 5~~vJ5~~ 
8168 FORMATC1X,F7.4) S2~~05~, 

~RITElJ!A~E,816.)CR13(J,J),R14(I,J),A15CI,J),R161I,J),R17(I,J).R1BS23~05~J 
11I,Jl,A19(I,~),A20CI,Jl,J-l'I3) . 523w0599 

216
 



8169 FORMATllX,F7.4,7FA.4) 
WR ITE IJTAPE ,8170) IRADOUT IJ, N, UR) ,RREF IJ, IZR) 'AMU IJ,N, IZR) , 
lDPDTHIJ,N,IZRl,DFIDTHIJ,N,IZR),DTHETAIJ~N,IZRl,J. l,NLINESI 

8170 FORMATI1X,F7.4,F8.4,F8.S,F8.0,F8.4,F8.S) 
GO TO 8174 

C 
8172 WRITEIJTAPE,8173) IRADOUTIJ,N,IZR),RREFIJ,IZR),AMUIJ,N,IZRI,

1DPDTHIJ,N,IZR),DFIDTHIJ,N,IZR),DTHETAIJ,N,IZR),DRCTHIJ,N,IZR),
2J- l,NUNESI 

8173 
8174 
8175 
8176 
C 

8178 

8179 

8180 

8181 

8183 

8184 
8185 
8177 

C 

FORMATI1X,F7.4,F8.4,F8.S,F8.0,F8.4,F8.5,F8.1) 
CONTINUE 
IFIJTAPE .NE. JTAPES) WRITEIJTAPE,8176) NEWJ 
FORMATI1X,IS) 

IFIJTAPE .NE. JTAPE51 GO TO 8185 
WRITEIJTAPE,8178) IR21lJlt J. l,NI.INESI 
FORMATllX,F7.4.8F8.4)
WRITEIJTAPE,817Q)IR22IJ), J. 1,11)
FORMATIIX,F7,4,8F8,4) 
WRITEIJTAPE,81801R23,EFIN),R25,IR26II),R27II),R28III, I. 1,111 
FORMATllX,F1.1,/1X,F7.2,I,l X,F7.4,/llX,F7.4,8F8.4)1
WRITEIJTAPE.8181) IR29IJ), J. 2,111 
FORMATIIX,F1.1,AF8.1) 
IFII21.NE.l1GO TO 8185 
WRITEIJTAPE,818311I33IIl, I. leIll 
FORMATllX,IS,llI6)
WRITElJTAPE,81841lR30lIl, I. leIll 
FORMATllX,F7.4,8F8.4)
CONTINUE 
CONTINUE 
IFIJTAPE.EQ,JTAPE51GO TO 9190 

. _. 
C••••• SECTION NINE - TRANSFERS 
C 

9188 
9189 

9190 

DO 9189 J~l,NI.INE5 
RREFIJ,11~ RREFlJ,IZR21 
ZREFIJ,11. ZREFlJ,IZR21 
DO 9188 N-l,NTHETA 
DPDTHlIJ,NI. RADINIJ,N,IZR21
TANAINIJ,N,l). PHINIJ,N,IZR2) 
THETAlIJ,Nl. PINI~,N,IZR2) 

VMINIJ,N,11. VMINlJ,N,IZR21 
CONTINUE 
CONTINUE 
IZA1=NIZAl 
IZA2=NIZA2 
I.TAPE. NEWI. 
JTAPE. NEWJ 
IZR1- 2. . 
IZR2. IZA2-IZA1.IZRl 
GO TO 1005 
CONTINUE 
CALL OTHREE 
RETURN 
END 

523 0 0600 
523°0601 
5230 0602 
523 0 0603 
52300604 
52300605 
523~OU06 

523 0 0601 
523 0 0608 
523°0609 
523~0610 

523 0 0611 
523°0612 
523~0613 

523~0614 

523 0 0615 
523~0616 

523 0 0611 
523 0 0613 
523<::'Ou 19 
523':'h::'O 
S23~ 0 .~:: 1 
523';:'0,)22 
523*0623 
523°0624 
523~0625 

523 0 0626 
523i)O~21 

523 0 06213 
523~0629 

S23~0~30 

523 6 0631 
523 00632 
523"0633 
523 0 0634 
523~0635 

523~0636 
523~0631 

52:: ';:'OG33 
523'~ 0639 
523';;'1i6~,O 

523 0 C041 
523.:lGG:"2 
5?300(,~.·3 

52:l'~OG';;'4 

523 0 0645 
523 0 06 l,6 
52:'.:-06.:..1 
523·;}o::.,·... Q 
523 0 8649 
52:';'0650 
523'~OC51 
S23~C~32 

5~3Ilon('53 

S..~~ -:: 0",5'. 
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10 

ZO 

30 

5UBROUTINE OVERAL 524*0000 
~OMMON/ARRAV/R~DINe15,13,7),PINe15,13,7)'TINe15,13,7),VMINe15,13,7524*0001 

1),TANAINe15,13,7),PHINe15,13,7) 52400002 
COMMON/SECTOR/IFFULL,EF(18)'CARDe12,18),11,12,13,14,15,16,17,IB, 524*0003 

119,110,111,112,113,114,115,116,117,118,119,120,121,12Z,R1,RZ,R3, 52400004 
2R4,R5,R6,IZ3(30),IZ4e30),IZ5 e30),IZ6e30),127e30),128e30),IZge30), 524*0005 
3130(30),131e30),13Ze30),R13e30,15),R14e30,15),R15e30,15), 524*0006 
4R16e30,15),R17C30,15),R18 c30,15),R1ge30,15),RZOe30,15),RZle15), 524*0007 
5R22(30),RZ3,RZ4,RZ5,RZ6e30),RZTe30),RZ8e30),RZge30),133(30), 524*0008 
6R30(30),EXPLOSe3 0),XMACHe30) 524*0009 

COMMON /GEN/TITLEe1Z),NTHETA,LP,NLOOPS,IFPRIN,R3Zl18) 524*0010 
COMMON/OV/IZR1,IZRZ,IZA1,GUMBO,LOG1 524*0011 
DIMEN510N DELWe13,15),TINLETe15,13),PINLETe15,13),TZe30),Re30),Ele524*0012 

130),EQe30) .. ... 524*0013 
EQUIVALENCE eI2,NLINES),eTINLETe1),TINe1)) 524*0014 
5WITCHeW,X,V,Z)-W.XoV.oZ·C1,O.Z*·2)/XKP 524*0015 
XKP-Z,O*3Z,175.778.0.R6 52400016 
NTUB-NLINES-1 524*0017 
TOTALW-O,O 524*0018 
TZ(1)~O,O 52400019 
DO 20 N~1,NTHETA 524*0020 
00 10 J-1,NLINES 52400021 
PINLETeJ,N)-PINLETlJ,N,1) 52400022 
NP1=N.1 52400023 
NM1-N-1 52400024 
IFeN,EQ,NTHETA)NP1-1 524*0025 
IFeN,EQ,1)NM1-NTHETA 52400026 
WIOTH.R3ZeNP1)-R3ZeNM1) . 52400027 
IFlN,EQ,NTHETA.OR,N,EQ,1)WIDTH-WIOTH.Z,O·3,1415926535 52400028 
00 20 J-1,NTUB 52400029 
T5WCHJ~SWITCH(TiNLETeJ,N),-1,O,VMINeJ,N~Z),TANAINeJ,N,Z)) . 52400030 
T5WCH1-SWITCHeTINLETeJ.1,N),-1,O,VMINeJ.l,N,2),TANAINeJ.l,N,2)) 52400031 
P5WCHJ-PINLETeJ,N.*eTSWCHJ/TINLETeJ,N))**GUMBO 52400032 
P5WCH1~PINLETeJ.l,N).eTSWCHl/TINLETeJ.J,N)) ••GUMBO 52400033 
OELWlN,J)-WIOTH/l16,O·R3)·eVMINeJ,N,Z)·C05ePHINlJ,N,Z)).VMINeJ.1,N5240003~ 

1,2)·COSePHINlJ.l,N,Z)))·epSWCHJ/TSWCHJ.PSWCH1/TSWCH1).CRADINeJ.1,N52400035 
Z.2).·2-RADINeJ,N,Z)··Z) 52400036 

TOTALW-TOTALW.OELW(N,J). . . . 52400037 
TZ(1)-TZe1).eTINLETeJ,N).TINLETeJ.1,N))/Z,O.OEL~eN,J) 52400033 
CONTINUE S24~OC~9 
RETURN 52400040 
ENTRV OVLTWO 52400041 
DO 40 I-IZR1,IZRZ S24~OO~2 
IZA-I-IZR1.IZAI S2~~0043 
IFeIZA,EQ,l)GO TO 40 S24000~4 

TZlIZA)-O,O 524~0045 
RlIZA)-O,O 52~c0046 
00 30 N-1,NTHETA S2~~CC~7 

DO 30 J-1,NTUB S24~0048 
TSWCHJ-SWITCHeTINeJ,N,I),1,O,VMINlJ,N,I),TANAINeJ,N,I)) S24000~9 

TSWCH1 -SWITCHlTINlJ.l,N,I),1.0,VMINlJ.1,N,I),TANAINeJ.1,N.I») S2~60v~~ 
PSW~HJ-~INeJ,N,j).eTSWCHJ/TINeJ,N,I)).*GUMBO. S2~~Ou=1 
PSWCHI .-PINeJ.1,N,I)·eTSWCH1 /TINeJ.1,N,I)) ••GUMB0524*OC~2 
RlIZA)-OELWeN,J)·elepSWCHJ.PSWCHl )/lPINLETeJ,N).PINLETeJ.1,N»)) ••S24wOOS3 
1(1.0/G~~BO)-1.0).AlIZA) .. . _ S2~'OQ~, 
TZeIZA~-TZeIZA).OELWeN,J).eTSWCHJ.TSWCH1)/2,O S2~'OG35 

~eIZA)-'ReIZA)ITOTALW.l.O).·GU~BO S2~~0056 
TZeIZAJ~TZCIZA)/TZC1).1.0 S24 0 0057 
EICIZA)~O.O S2~~JC3d 
EQCIZA)-O.O 524*n059 
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IFCTZCIZA).NE.O.O.AND.RCIZA).GT.O.O)EICIZA).CRCIZA) •• C1.0/GUMBO)-1524.0060 
1.0)/TZCIZA) 524*0061 

IFCTZCIZA).GT.-1.0.AND.RCIZA).GT.0.0)EQCIZA).ALOGCRCIZAt)/CALOGCTZ524*0062 
1CIZA).1.0).GUMBO) 524*0063 

40 CONTINUE 524*0064 
RETURN 524.0065 
ENTRY OTHREE 52400066 
DO 50.I~Z,I1 524.0067 
SPEED=R29CI) 524.0068 
IFCSPEED.NE.O.O)GO TO 60 524.0069 

50 CONTINUE 524.0070 
60 WRITECLOG1.70)LP.TOTALW.SPEED.CI.RCI).TZCI).EICI).EQCI).1=2.11) 524~0071 
70 FORMATC1Hl.36X.5Z~OVERALL PERFORMANCE DETERMINED FROM RE5ULT5 OF C524 0 0072 

1YCLE.13.1.37X.55H•••••••••••••••••••••••••••••••••• •••••••••••••••524.0073 
Z••••••1148X30HWEIGHT FLOW CLBS PER SECOND) •• F7.2.11.45X34HFIR5T N524*0074 
30N-ZERO BLADE SPEED CRPM) •• F9.1.111.35X.60HSTATION TOTAL PRE5SU52400075 
4RE DELTA T ISENTROPIC POLyTROPIC.I.35X.60HNUMBER RATI524~0076 
50 ON T EFFICIENCY EFFJCJENCy.II.(35X.I3.F17.4.F14.4.524.0077 
6Fll.4.F13.4» 524~0078 

RETURN 524.0079 
END S24·0080 
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FUNCTION SERVUSfTHETA,THETA1,NTHETA,N,I) 525 0 0000 
C THIS FUNCTION COMPUTES THE RELATIVE SECTOR WIDTH RATIO 525~0001 

DIMENSION THETAC13,7),THETA1C13) 525 0 0002 
NP1- N.l 525 0 0003 
NM1- N-l 5250 0004 
IFCN .EQ. 1) NMi- NTHETA 525~0005 
IFCN .~Q. NTH~TA) NP1- 1· .. . 525 0 0006 
5ERVU5- DELTACTHETACNP1,1),THETACNM1,1»/DELTACTHETA1CNP1), 5250 0007 

1THETA1 CNM1) ) 5250 0008 
RETURN 525*0009 
END 525*0010 
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FUNCTION FINDYCX,ARGX,ARGy,IMX) 526°0000 
C THIS FUNCTION INTERPOLATES AND EXTRAPOLATES LINEARLY 52600001 

DIMENSION ARGXCIMX),ARGYCIMX) 526 0 0002 
ARG~ CARGXCIMX)-ARGXC1»)/ABSCARGXCIMX)-ARGXC1» 52600003 
IFCIMX-2) 10,20,20 526°0004 

10 FINDV- ARGY(1) 526°0005 
RETURN. . 526*0006 

20 DO 30 I- 2,IMX. 526°0007 
IFCCARGXCI)-X).ARG .GE. 0.0) GO TO 40 5260 0008 

30 CONTINUE' . .. 526·0009 
40 FINOY- ARGYCI).(X.ARGX(I».(ARGY(I)-ARGY(I-l»/(ARGXCI)-ARGX(1.1))526°0010

RETURN 526*0011 
END 526·0012 
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FUNCTION DElTAITHETA2.THETA1) 527*0000
DELTA_ THETA2-THE1A1 527*0001
JF(DELTA .IT. 0.0) DELTA- DELTA. 2.0*3.1415926 527·0002
RETURN 527·0003END 527.0004 

•
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'UNCTION DERIVCP,THETA,NTHETA,J,N,I)	 52800000 
C THIS FUNCTION COMPUTES PARTIAL DPDTHETA AT J,N,I 52£1°0001 

DIMENSIQN Pl15,i3~7),THETA(13,7) 52A*0002 
NP1- N.1 528~0003 
NM1- N-1 528*0004 
IFlN .EQ. 1) NM1- NTHETA 528 00005 
IF IN .EQ. NTHErA) NP1-, 1 . . 528°0006 
DERIV- O.5.llPlJ,NP1,1).PlJ,N,I»/DELTA~THETAlNP1,1),THETAlN,I» 528't0007 

1.	 lPlJ,N,I)·PlJ,NM1,1»/DELTACTHETAlN,I),THETAlNM1,1») 528*0008 
RETURN 528*0009 
END 528*0010 



SUBROUTINE 'OURCP,THETA,NTHETA,AZERO,AN,BN,NMAX,t)	 529~OOOO 
C THIS SUBROUTINE 'INDS.THE 2.NMAX • 1 FOURIER COE'FICIENTS OF P(THETA),52~OOOOl 
C WHICH IS DEFINED BV NTHETA POINTS AS A PIECEWISE LINEAR 'UNCTION 529~0002 

DIMENSION PCI3),THETACi3,T)tANC26),8NC26) 529w0003 
PI_ 3.1415926 529 0 0004 
AZERO- 0.0 529000~3 
DO 10.N- I,NMAX 52~*OOUb 

AN~N)- 0.0 529*0007 
10	 BNCN)- 0.0 529*0008 

DO 100 N- I,NTHETA 529~0009 
NP1- N.I 529°0010 
NMI- N-l 529°0011 
t'CN .EQ. NTHETA) NPI- I 5290 0012 
I,(N .EQ. I) NMI- NTHETA 529 0 0013 
AZERO- AZERO • PC~).DELTACTHETAeNPI,I),THETAeNM1,1,) 5290 0014 
BANG- CPCNP!) - PCN»/DELTACTHETACNP1,1),THETACN,I»/PI 52900015 
DO 100 NN~ I,NMAX 52900016 
XN- N~. .. 52~o0017 
AN(NN)- ANCNN) • CCOSCXN.THETACNPI,I» - coseXN.THE'ACN,I»)-BANG/529*OOlB

lXN/XN. . 529~0019 
BNCNN)- BNCNN) • CSINCXN·THETACNP1,1» - SIN(XN*THETACN,i»)-BANG/529G0020 

lXN/XN 5290 0021 
100	 CONTINUE 52900022 

AZERO- 0.2S-AZERO/PI 529*0023 
RETURN 529-0024 
END 529*0025 
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FUNCTION XMEANfP,THETA,NTHETA,J,I) 
C THIS FUNCTION COMPUTES THE THETA-MEAN OF P
 

DIMEN5ION Pf1S,13,7),THETAf13,7)
 
PI- 3.1415926
 
lCMEAN_O.O
 
DO 10 N_ l,NTHETA
 
NP1- N+1
 
NM1- N-1
 
IFfN .EQ. 1) NMi- NTHETA
 
IFfN .EQ. NTHEtA), NP1-, 1
 

10	 XMEAN- XMEAN • PfJ,N,!).OELTAfTHETAfNP1,I) ,THETAfNM1,I» 
XMEAN- 0.2S.XMEAN/PI
RETURN• END 

530·0000 
530·0001 
530 0 0002 
530*0003 
530·0004 
530*0005 
530·0006 
53000007 
531) 0 0008 
53000009 
530!0010 
530 0 0011 
530·0012 
530·0013 
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SUBROUTINE EDWINCV,Z,P,DP,NT) 
DIMENSION VC1~,P(1),DPC1) 

COMMON IONEI NF,CNFZ(36),DNFZC36),XL1,CNFC36),DNFC36),XLZ, 
1 INDZ,ENF(36),FNFC36~,XL3~IND3,WZ,VZ,WCAP1,VCAP1,XK1, . 
Z WCAPZ,VCAPZ,XKZ,SZ,EP,UMQ,AMQ(36),8MQC36) ,CMQ(36) ,DMQC 36,Z),
3 EMQC36,2),FMQC36,Z)

COMPLEX AMQ,BMQ,CMQ,DMQ,EMQ,FMQ,UMQ
 
COMPLEX DPMQ,PMQ,DETQ
 
DO 10 I~l,NT
 
PC!)-O.O

DPCI)-O.O


10	 CONTINUE
 
DO 1000 M-l,NF
 
XM=M
 
A=EXPCXM*Z~ . . .
 
OETQ-CEXPC-UMQ*Z*SZ*XM)
 
~JBAR-WBARFC Z)
 
VBAR-VBARFCZ)
 
V8ARD-VBARDFCZ)

OPMQ-XM*CCMPLXCXM*WBAR,XM*VBAR-VBARD)*AMQCM)*A


1 .CMPLXCXM*SZ*CVBAR-SZ.W8AR),-VBARO)*BMQCM)*DETQ 
2 .CMPLXCXM*WBAR,-XM*VBAR-V8ARD)*CMQCM)/A)


Xl<dl<l _
 
DO 200 1-1,2
 
B~EXPCXI(*Z) 
OPMQ-OPMQ.CMPL~CWBAR*CXK.XM)**2,XM*CCXI<.XM)*VBAR_VBARO»* 

1 DMQl~,I)*B*A. ~CM~LXCXK,-~M*SZ)*CMP~X~XI<*WBAR,XM*CVBAR-

2 WBAR*SZ» - UMQ*XM*VBARD) * EMQlM,I)*B*DETQ.
3 CMPLXCW8AR*CXK-XM)**Z,XM*CCXK.XM).VBAR-V8ARD»*FMQCM,1 )*8/A

XI<-XI(2
 
ZOO CONTINU~
 

PMQI:lUMQ*DPMQ/XM
 
OPMQ-.DPMQ
 
DO 300 I~l,NT.
 
A-COSCXM*VCI»
 
R-SINCXM*V C!))
 
PCI)-~CI).Z.*CR~ALCPMQ)*A-AIMAGCPMQ)*B) ..
 
OPCI)-OPCI).Z.0*CREALCOPMQ)·A.AIMAGCDPMQ)*8)


300 CONTINUE 
1000	 CONTINUE 

RETURN 
END 

531*0000 
531°0001 
531*0002 
531*0(,03 
531°0004 
531*0005 
531~0006 

531"0007 
531*0008 
531*0009 
531 .... 0010 
531<i0011 
531*0012 
531°0013 
531*0014 
531·0015 
531';0016 
531 0 0017 
531*0018 
531*0019 
531*0020 
531*0021 
531°0022 
531·0023 
53100024 
531~0025 

531~0026 

531 0 0027 
531*0028 
531°0029 
531*0l):'0 
531*0031 
531*0032 
531*0033 
531*0034 
531*0035 
531°0030 
531*0037 
53100033 
531*0039 
531~(\040 

531*0041 
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20 

100 

200 

300 

400 

500 

1000 

5UBROUTINE NEWRAP(Wl.W2.W3.W4.Zl.Z2,Z3.Z4.INO) 532*0000 
COMMON/PNE/NF,CNZ!36),ONZ(36),XL1.CNFC36).ONFC36).XL2.IN02.ENF(36)532*0001 

1.FNFC361.XL3.IN03,WZ.VZ.WCAP1,VCAPl,XK1.WCAP2.VCAP2.XK2.SS.EP.UMQC532*0002 
221.AMQC2,36).BMQC2,36).CMQC2,36),OMQCZ.36,2),EMQC'Z.36.2).FMQC2.36.532*0003 
32) 532*0004 

FUNCZ.W).WCAP1*EXPCXKl*Z).WCAP2*EXPCXK2*Z)-W 532*0005 
OFUNCZ,XK,WC)-Z*WCoEXPeXK*Zl 532*000b 
IF CINO .GT. 0)' GO TO 500 532*0007 
A55IGN 200 TO IEXiT 532*0008 
XKl - .35 532*0009 
XK2 - -.35 532*0010 
A5SIGN 1000 TO IExn 532*0011 
J-1 532*0012 
WZ-CW1.W4)/2.0 532*0013 
A-EXPCXKl oZ1) 532*0014 
B-EXPCXK2*Zl) 53200015 
C-EXPCXK1*Z4) 532.0016 
OaEXPCXK2*Z4) 53200017 
IFCWZ ,EQ. W4) GO TO 400 532*0018 
EaWl-WZ 532.0019 
F.W4-WZ 532*0020 
WCAP18CEOO-BO')/CA oO-SOC) 532.0021 
WCAP2_CAOF-COE)/CA*o-eOC) 532*0022 
GO TO IEXIT. C200,1000') 532--0023 
XKIP-XKl 532on024 
XK2P-XK2 532*0025 
1-1 532.0026 
A_OFUNCZ2.XK1,WCAP1) 532 0 0027 
B~OFUNCZ2,XK2,WCAP2) 53200028 
CaOFUNCZ3.XK1.WCAP1) 532.0029 
OaOFUNCZ3.XK2.WCAP2) 532°0030 
E--FUNCZ2,W2-WZ, 532~OOJ1 
'.-FUNCZ3,W3-WZ) 532~0032 
OKI-CE*O-BOF)/CAoo-eOC) 532~0033 
DK2-CAOF-coE)/CAoO-SOC) 532°0034 
XKI-XK1.0Kl 532·0035 
XK2-XK2.0K2 532°0036 
IaI.l, 532°0037 
IF CI.LE. 5 .ANO. (lSSCE-WZ) .GT. 1,OE-4 .OR. 532*0038 

1 AeSCF-WZ) ,GT. 1.0E-4» GO TO 300 532°0039 
JaJ.,1 ,. 5:200040 
IF (CABSCXK2P-XK2) ,LT, 1.0E-4 .ANO, ABSCXKIP-XK1) .LT, 532()OOt;,1 

1 1.0E-4) ',OR, J .GT. 5) ASSIGN 1000 TO lEX IT 53,::-'00:2 
GO TO 100 532QOO~J 

WCAPI-O,O S32QOv~4 
WCAP2_0.0 532~OC45 
00 TO 1000 532 w0046 
VZ-(Wl.W4)/2.0 S32~0047 
[_WI-VZ 532QOO~C 

F_W4-VZ ., S~~~OO~9 
VCAPl_(EOO-eOF)/CAoO-SOC) 532*0050 
VCAP2aCAo'-C.E)/CA.O-SOC) S3?~0051 

RETURN 53ioO":2 
END 532*0051 
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SUBROUTINE CPOUR(R.L) 533°0000 

C 
COMPLEX R 

CONTROLS O/UFLOW FOR R By EXTRACTING POWERS OF 10 
S33 Q OOOI 
S3':~0002 

C 
C 

10 

20 

30 
40 

SO 

R - NUMBER 
L - RESULTANT POWER 

ASSIGN 20 TO IB 
SaCABS(R) 
GO TO lB. (20.40).
IF IS .IT. 1.0E.9) GO TO 30 
R-R·l.0E-l0 
L=l·10 
GO TO 10 
ASSIGN 40 TO IB 
IF (5 .GT. 1.0E-9) GO TO 50 
RI:IR·1.0E·10 
L-L-l0 
GO TO 10 
RETURN 
END 

OF 10 
53:;"'0003 
533°0004 
533*0005 
S33"0006 
S33~0007 

m:~m 
5330 0011 
533°0012 
533 0 0013 
533°0014 
533°0015 
533 0 0016 
S33 0 0017 
533.0018 

" 

I 

i 
~ 
I
,, 
I 

228
 



FUNCTION V8ARF(Z) 534-0000
 
COMMON IONEI NF.CNFZ(36).DNFZ(36).XL1.CNF'36).DNF(36).XL2. S34-0001
 

1 IND2.ENF(36).FNF(36).XL3.IND3.WZ.VZ.WCAP1.VCAP1.XK1. 53460002
 
2 WCAP2,VCAP2.XM2.SZ.!P.UMQ.AMQ(36) .BMQ(36).CMQ(361.DMQ(36.2), 534-0003
 
3 EMQ(36.2).FMQ(3~.2) S34-0004
 

COMPLEX AMQ.BMQ.CMQ.DMQ.EMQ,'MQ.UMQ 534-0005
 
VBARF~VZ.VCAP1.!XP(XM1.Z).VCAP2.EXP(XK2.Z) 534-0006
 
RETURN 534-0007
 
END 534-0008
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FUNCTION VBARDFCZ) 535*0000 
COMMON IONEI NF,CNFZ(36),DNFZC36),XL1,CNFC36),DNFC36),XL2, 5~SoOOOl 

1 INDZ,ENF(36),FNFC36),XL3,IND3,WZ,VZ,WCAP1,VCAP1,XK1, 535 0 0002 
2 WCAPZ,VCAPZ,XKZ,SZ,EP,UMQ,AMQ(36),BMQC36),CMQ(36),OMQ( 36,2)~ 535°0003 
3 EMQC36,Z),FMQC36,2) 535*0004 

COMPLEX AMQ,BMQ,CMQ,DMQ,EMQ,FMQ,UMQ 535·0005 
VeARDF~XK1~VCAP1~EXPCXK1. Z).XK2.VtAP2~EXPCXK2~Z) 535°0006 
RETURN 535*0007 
END 535*0008 
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FUNCTION WBARFCZ) 53&00000 
COMMON IONEI N,.CNrZ(36),DNrZC36),XL1,CNFl36),DNFl36),XL2, 53,,00001 

1 IND2,EN'C36"FNF(36),XL3,IND3,WZ,VZ,WCAP1,VCAP1,XK1, 536°0002 
2 WCAP2,VCAP2,XK2,SZ,EP,UMQ,AMQC36',8MQC36"CMQ(36),DMQC36,2" 53&°0003 
3 EMQl36,2,,'MQC36,2' 53600004 
COMPL~X AMQ,BM9,CMQ,DM9,EMQ,'MQ,UMQ . 536°"005 
WBAA'.WZ.WCAP1·[XPCXK1·Z).WCAP2·EXPCXK2·Z, 53660006 

RETURN 53600007 
END 53600008 
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SUBROUTINE CSIMEQCA,X,DET,NR,NS,NDEX,LSGN,LEXP,NRD,NCD,NSD) S37 0 0000 
COMPLEX A,X,DET,R S37~n001 

DIMENSION A(NRD,NCD),XINRD,NSD) S3700002 
A - MATRIX AUGMENTED BY CONSTANT VECTORS S31~0003 

C X - SOLUTION MATRIX. 537~0004 

C DET • DETERMINANT, NORMALIZED S31*0005 
C NR • NO OF ROWS 531 0 0006 
C NS • NO OF SOLUTIONS S31°0007
 
C NDEX - -1 -DET ONLY S370000A 
C o -SOLUTION ONLY 53700009 
C .1 -BOTH DET AND SOLUTION S37°0010 
C LSGN - AS OUTPUT - 0 UNLESS SINGULAR 531"'0011
 
C OTHERWISE - ROW OF SINGULARITY 537°0012
 
C LEXP - EXPONENT INDICATOR FOR OET 53"1°0013
 
C
C 

1000 IF lNDEX) 1800, 1500, 
ASSIGN 4100 

DETERMINANT-DET·10.··LEXP 537 0 0014 
1000 SERIES SETS Up SOLUTION TyPE S37'::'0015 

1200 
1200
 TO MBrPAS 

537',:'0016
 
537;.:.0017
 

ASSIGN 3100 TO NBIPAS 53"100018 
GO TO 1900 53700019 ~ 

1500 ASSIGN 5000 TO MBIPAS 537 0 0020 11 
ASSIGN 3100 TO NBIPAS S37~0021 

1800 
GO TO 2000 
ASSIGN 4100 TO MBIPAS 

537"0022 
531 c0023 

1900 
ASSIGN 
LSGN-l 

4000 TO NBIPAS 537'-0024 
S31~0025 

LEXP-O 531~1) 026 

C 
2100 

C 
2000 

OET-Cl.O,O.O) 
2000 SERIES 

NC-N'hNS 
I~l 

2100 SERI~S 
SDCABSIAII,I» 

TRIANGULARIZES MATRIx 

MAXIMIZES PIVOTAL ELEMENT 

S31°0021 
S31~0023 
537 0 002Q 
537°0030 
S37~0031 

531 0 0032 

2150 

2110 
2120 

2130 

Jd 
IF (I.NRI 2110,2150,3000 
1(111.1 
TaCABS(A(K,I» 
IF (T .LE. S) GO TO 2130 
SaT 
Jal(
KIII(.l 
IF (I( .~E. NR) GO TO 2120 
IF (S .EQ. 0.01 GO TO 9000 

531 0 0033 
531*0034 
531 0 0035 
53100036 
537~0031 
537.;)0038 
537 Q 0039 
537~0040 

537 0 0041 
537 0 0042 

C 2200 SERIES INTERCHANGES ROWS IF NECESSARY 537'::'OCl~3 

2200 IF IJ .LE. 
LSGN-·LSGN 
K.iI . 

I) GO TO 2500 531°00t;~ 
537()0045 
53700046 

2250 Rd (I ,K) 537 % 47 

C 

AII,)()~A(J,)() 

AIJ,)()·R
)(aK.l 
IF (K .LE. NC) GO TO 

2500 SERIES THEN 
2250 
REDUCES WITH ZERO CHECK 

537000l,:) 
537~OO~,9 
53;.;)0050 
S37'->0051 
53"foli0052 

2500 J-I·l 53·f~0053 
2510 I~ (J

1-1.1 
.LE. NC) GO TO 2520 53-(000S·. 

531<-0055 
GO TO 2100 

2520 IF lREALlAlI,J)')
1 GO TO 2590 

.EQ. 0.0 .AND. AIMAGlAlI.J)) .EQ. 0.0) 
531°005Q 
53700057 
S37it0058 

AII,J)8AlI,J)/ACI,I) 537*0059 
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IC-I.l
 
2530 I~ CIC .GT. NR) GO TO 2590
 

ACIC.J)-ACIC.J).ACI~J)-ACIC.I)
 
1C-1(·1
GO TO 2530 

2590	 JaJ.l
 
GO TO 2510
 

C 3000 SERIES COMPUTES SOLUTION 
3000 GO TO NBIPAS. C3100.4000)
3100 lCal 
3200 l-NR·IC 

XCNR.IC)aACNR.L)

I_NR-l
 

3300 J-I.l
 
RaCO.O.O.O'
 

3400 R-R.ACI.J)-XCJ,IC)
JaJ.l 
I~ CJ .lE. NR) GO TO 3400 
XCI,IC)-ACI.L).R
181-1 
I~ CI .GT. 0) GO TO 3300 
1C.1C.1 
IF CIC .LE. NS) GO TO 3200 

C 4000 SERIES COMPUTES DETERMINANT 
4000 GO TO MBIPAS, c4100,5000)
4100 hI 
4200 RaA CI, b . 

CAll CPOURCR,LEXP)

OET-DET-R
 
CALL	 CPOURCDET,LEXP)
i.l.l 
I' ci .LE. NR) 60 TO 4200 
S-lSGN 
oET-SttDET 

5000	 LSGN-O
 
RETURN
 

9000	 oET-CO.O,O.O)
 
lSGN-1
 
RETURN
 
END
 

537*0060 
537*0061 
537*0062 
537*0063 
537*0064 
537*0065 
537*0066 
537*0067 
537*('1068 
537*n069 
537*0070 
537*n071 
537*('1072 
537*0073 
5370n074 
537*0075 
537*0076 
537*0077 
537*0078 
537*0079 
537*0080 
537*('1081 
537*0082 
5370n083 
53700084 
537*0085 
537*0086 
537*n087 
537*0088 
537*00n9 
537~n090 

537 0 0091 
537*0092 
537*0093 
537~0094 
537*0095 
537*0096 
537·0097 
537°0098 
537*0099 
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SUBROUTINE GEORGECV,Z,U,V,NTJ 538*0000 
DIMENSION UC1',VC1J,V(1) 53800001 
COMMON 10NEI N"CNFZC36J,DNFZ(36),XL1,CNFC36J,DNF.C36),XL2, 538*0002 

1 IND2,ENFC36~,FNF(36~,XL3'IND3,WZ,VZ,WCAP1,VCA~l'XK1'. . 538~0003 
2 WCAP2,VCAP2,XK2,SZ,EP,UMQ,AMQC36J,BMQ(36),CMQC36),DMQC36,2), 538.0004 
3 EMQC36,2J,FMQC36,2) 53800005 

COMPLEX AMQ,BMQ,C~Q,OMQ,EMQ,'MQ,UMQ 53800006 
COMPLEXALPHMQ,BETAMQ,OETQ 53800007 
DO 10I-l,NT 53800008 

UCIJ-O.O 53800009 
VCI)-O.O 53A00010 

10 CONTINUE 53800011 
00 1000 M-l,NF 53800012 
XM-M 53800013 
A-EXPCXM*Z) 538*0014 
DETQ.C~XPC-UMQ.Z*SZ.XM)	 538~0015 
ALPHMQ-AMQCMJ*A.BMQCM)*OETQ·CMQCM)/A 53C*0016 
RETAMQ~XM*CAMQCM)*A-UMQ.si*BMQCM)*OETQ-CMQCM)/A) 53600017 
XK-XKl 53800018 
DO 200 i~i,2 538*0019 
BaEXPCXK*Z) 538*0020 
ALPHMQ~ALPHMQ.B.CA*OMQCM'I).OETQ*EMQCM,I).FMQCM'X)/A) S3~~0021 
BETAMQ-BETAMQ.e*CCXK.XM)*A*OMQCM,I).CMPLXCXK,-XM*SZ)*OETQ.EMQCM,I)S3G~n022 

1 .CXK-XM).FMQCM,I)/A) S3Bw~023 
XK-XK2 53B~0024 

ZOO	 CONTINVE . . . 538.0025 
ALPHMQ-ALPHMQ*C-XM*UMQ) 53800026 
DO 300 I-l,NT 538*0027 
A-COSCXM*VCI» 53800028 
B-SINCXM.YCI» 53A00029 
UCI)-UCI).Z.O.CREA~CALPHMQ)*A-AIMA~CALPHMQ)*B) 53800030 
VCI)-VCI).Z.*CREALCBETAMQ)*A-AIMAGCBETAMQ)*B) 5380n031 

300	 CONTINUE 538*0032 
1000	 CONTINUE 53800033 

RETURN 538~n034 
END 538.0035 
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SUBROUTINE SMITH 
COMMON 10NEI Nr,CN'Z(36),DN'ZC36),XL1,CNFC36) ,DNF(36) ,XLZ, 

1 INDZ,ENF(36) ,'NF(36) ,XL3,IND3,WZ,VZ,WCAP1,VCAP1,XK1, 
2 WCAPZ,VCAPZ,XKZ,SZ,EP,UMQ,AMQ(36) ,8MQ(36) ,CMQ(36),DMQC 36,Z)~ 
3 EMQC36,2),'MQC36,Z)

COMPLEX AMQ,BMQ,CMQ,DMQ,EMQ,'MQ,UMQ
 
COMPLEX HMQ,PMQ,TMQ,COEMQ,BOEMQ,SOLMQ,AQQ,BQQ,DETQ
 
DIMENSION COEMQC3,.) ,SOLMQ(3) ,BOEMQC3,.)

SZ-VZ/WZ
 
EP-l.0/WZ

UMQ-CMPLXCO.O,l.0)

DO 1000 MahNF
 
H~QaCMPLXCDN'ZCM),.CN'ZCM»/2.0 
PMO-CMPLXCDNFCM),-CN'CM»/Z.O
TMOaCMPLXCFNFeM),-EN,eM»/Z.O
XM=M 
AQOa .O'-UMQ 
XZaXLl 
COEMQC1,1)aAQQ-VBARD'CXZ) 
A~EXP IXM6XLll 
COEMQll,3)-COEMQCl,1)/A . . 
COEMQC1,2)aCCOEMQ'1,1)-CMPLXCXM6626Cl.0.SZ66216WBARFCXZ),

1 0.0»6CEXPCAQQ6SZ6XL1)

COEMQII,llaCOEMQC1,1)6A
 
COEMQll,.)aAQQ-HMQ
 
lCZaXL2
 
SQQ-PMQ
 
INO-INDZ.
 
DO 200 ra2,3
 
WBAR-W8ARFCXZ)

VBARaveARFeXZ)

VBARD-VBARDFCXZ)

AClEXPCXM6XZ)
 
IF CIND .GT. 01 GO TO 110
 
COEMQcI,.)aAQQ6BQQ 
COEMQCI,1)8lCM-A-CMPLXeXM-W8AR,XM6VeAR-Y8ARD) 
COEMQC!,2IaXM6CEXPCAQQ-SZ6XZI6CMPLXCXM-SZ-CV8AR_SZ6WBARI,-VBARQI 
COEMQCI,3)8CXM/A).CMPLXCXM-WBAR,-XM-V8AP-yeARD) 
GO TO 120 

110	 tOEMQCI,.)- BQQ. 
COEMQCI,l)aXM6~6CMPLXCWeAR,YBAR) , 
COEMQCI.2)aAQQ6CEXPCAQQ6SZ6XZ)6CSZ6WBAR-V8AR) 
COEMQCI,3)a-XM-CMPLXCWeAR,-V8AR)/A 

120	 XZ=XL3 
BaaaTMQ 
INOaIND3 

200	 CONTINUE 
DO 250 l~l,3
 

DO 250 Jal ••
 
BOEMQcl,J)aCOEMQci,J)


250	 CONTINUE . 
CALL CS!MEQCBOEMa~SOLMQ,D[TQ,3,l,O,LSGN,LEXP,3,.,l) 
AMQ CM) aSOutQ C1)
BMQCMlaSOLMQ(2)
CMQ CM) ~SOLMQ e3') 
XKaXKl 
WC~WCAPI 
VCaYCAPl ...
 
DO 300 ral,2
 
DMQCM,I) ••AQQ-XK6"2-VC
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539·0000 
539~0001 

539~0002 

539;;.0003 
5:;Q 0 0004. 
53900005 
5390n006 
539°0007 
S3C)~000a 

539 0 n009 
53QoO(l10 
539°0011 
539°0012 
539°0013 
5SCl Ct 0014 
5::c:·~OO 15 
5::::9~0016 
539~0017 

539°0010 
S::;9~'CO 19 
539~O(,20 

S39<~Ou2l 

539 0 00:":2 
5:,9\1 011 ;'3 
5390002:;
539000:~~ 

539~n"26 
S39'~\OO:::7 
S39~OO;';;; 

539"0029 
53900030 
539~0031 
539.;)0032 
539°0033 
539~n034 
539';:'0035 
53 q·:.O (':;'6 
S39~Oii37 

53 C; .::. nO::S 
5~C)wnC:':'<) 

539--0 .. :.. 0 
5390 0(,.:,1 
s~C)()nO~ .. 2 
S3"~ 00:.·3 
5::;Cj,?OO~;'~ 

S:l0 ,;, 11 :J " ;; 
S::»;; .. ut., :, 

S::"),:, C. 0,'."' 
S3CJ"'l)04C 
S:;lJ<>OC.';.9 
S~19~n050 
5~9'>I)051 

S:J9w":O~2 
539':';, ():.;~ 

S3;·;>;)OS.:
S39~0055 

S39~003G 

5:;9w0057 
53900058 
539-0059 



EMQrM,I)-XM*CUMQ*XK**Z*VC-XM*C1.0.SZ**Z)* 539*0060 
1 CMPLXC-XK*WC, XM*CSZ*WC.VC))*BMQ(M) 539*0061 
FMQrM,I)-OMQCM,I)*CMQCM) 539~0062 
OMQrM,I)~OMQCM,I)*AMQCM). .. 539*0063 
OMQCM,I)-OMQ(M,I)/CXK*CXK.Z.O*XM)*CMPLXCXK.XM, XM*SZ» 539*0064 
EMQCM,I)-EMQC~~I)/(XK*CMPLXCXK**2-XM**2ecl.0.SZ*eZ), 539*n065 

1 -2.0*XK*XM*SZ» 539*0066 
FMQCM,I)-FMQCM,I)/CXK*CXK.2.0*XM)*CMPLXeXK-XM,XM*SZ» 539*0067 
XK-XKZ 539*0068 
WC-WCAPZ 53900069 
VC-VCAPZ 539*0070 

300 CONTINUE 53900071 
no 320 r-j,3 539°0072 
COEMQcl,4)-O.0 539°0073 

320 CONTINUE 53900074 
XK-XKl 53900075 
XZ-XLI 53900076 
WBAR-WBARFCXZ) 5~900077 
V8ARO-VBAROFCXZ) 539*007A 
DO 350 1-1,2 53900079 
COEMQCl,4)-COEMQCi,4)-OMQCM,I)*CMPLXCXKeWBAR*CXK.2.0*XM), 539°0080 

1 -~M*VBARO)*EXP~CX~.XM)*XZ)-EMQCM'~)*CC~PLXCXK,-XM*SZ)**2 5390 0081 
Z *WBAR - CMPLXCXM*WBAR,VBARO)*XM)*CEXPCCMPLXCXK,-XM*SZ)*XZ) 539°0082 
3 -FMQCM,I)*CMPLXCXK*WBAR*CXK-Z.O*XM),-XM*VBARO)*EXPC(XK-XM)*XZ)539*0083 

XK-XKZ 539*0084 
350 CONTINUE 53900085 

XZ-XLZ 539*0086 
INO-INOZ 53900087 
00 400 J-Z,3 539~00e8 
WBAR-WBARF(XZ) 539*0089 
VBAR-V8ARFCXZ) 53900090 
V8AROcV8AROFrXZ) 53900091 
XK-XKl 53900092 
00 380 i-1,Z 53900093 
IF CINO .GT. 0) GO TO 360 53900094 
COEMQCJ,4)_COEMQCJ,4)-DMQ(M,I)*CMPLxrWBAR*CXK.XM)**Z,XM* 5~900095 

1 (VBAR*C~K.~Mt-VBARO»)~EXPCCXK~XM)*XZ)-EMQCM,I)*CC~MPLX. 53900096 
2 CXK,~XM*SZ»*CMPL~CX~*WBAR,XM*CVBAR-WBAR*SZ)-AQQ*V~ARD)! 5J9~0097 
3 CEXPCXZ*CMPLXCXK,-XM*SZ»-FMQ(M,I)*CMPLXCWBAR-CXK-XM)**2,XM* 53900093 
4 CVBAR*CXK-XM)-VBARO»*EXP1CXK.XM)*XZ) 539~n099 

GO TO 370 53go0100
360 COEMQCJ,4)-COEMQCJ,4)-OMQrM,I)*CMPLXCCXK.XM)*WBAR,XM*VBAR)* 53900101 

1 EXPCCXK.XM)*XZ)-EMQCM,~)*CMPLX(WBAR~XK,XM*CVBAR-WBAR*SZ»* S3~o0102 
2 CExprCMPLxrXK,-XM*SZ)*XZ).FMQCM,I)*CMPLX((XK.XM)*WBAA, S39~0103 
3 XM*vBAR)*[XPC(XK-XM)*XZ) 53900104 

370	 XK-XK2 539~o105 
380	 CONTINUE S3Q~0106 

XZ-XL3 53900107 
INO-IN03 5390n108 

400 CONTINUE 53960109 
CALL CSIMEQCCOEMQ~SOLMQ,OETQ,3,l,O,LSGN~LEXP,3,4,l) 539*0110 
AMQCM)~AMQrM).EP~SOLMQ~l) 53900111 
AMQrM)-BMQCM).EP*SOLMQrZ) 539 0 0112 
CMQCM)-CMQCM).EP*SOLMQC3) S3Qo 0113 
DO 500 i-l,Z S3Q~n114 
OMQCM,I)-OMQCM,I)~EP 53900115 
EMQCM,I)-EMQCM,I)*EP 53~onl16 
'MQ(M,I)-FMQrM,I)eEP 539~n117 

500 CONTINUE 539*0118 
1000 CONTINUE 539*0119 

236
 



RETURN 539-0120
 
[NO 5394.0121
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SUBROUTINE PCTURECNTAPE,JTAPE1,JTAPE2,JTAPE3,JTAPE4,JTAPE5,LTAPEl,S40*0000 
lLTAPE2,LTAPE3,LTAPE4,LTAPES,Jl,J21,J22,J31,J32,J41,J42,J5,Kl,NTHETS40*0001 
2A,TITLE,IFPRIN,R32J 540*0002 
COMMON/HUGE/PC1S,iS,SJ,TC1S'18,8J,VMC1S,lS,SJ,TANALPCl5,18,8J,RAOCS40~0003 

115,8J 54000004 
DIMENSION PI(1),T1CIJ,~M1C1J,RIC1),TA1C1J,R32CIJ~TI~LECIJ , 540~0005 
EQUIVALENCE (P(lJ,Pl(lJJ,CTClJ,T1ClJJ,CVMC1J,VMlClJJ,CTANALPC1),TA540*0006

11C1JJ,CRADClJ,RIC1JJ 540*0007 
CALL PLOT(JTAPE1,JTAPE2,JTAPE3,JTAPE4,JTAPES,NTAPE,Kl,NTHETA,TITLE54060008 

l,Jl,J21,J22,J31,J32,J41,J42'JS,CPJ 54000009 
IFCIFPRIN.NE.3.AND.IFPRIN.NE.4,AND.IFPRIN.NE,6.AND.IFPRIN.NE.7)GO 540*0010 

ITO 1000
 
Cl a lS0,0/3.1 4l5926S3S
 
C2-2.0·32,175.778.0.CP
 
JTAPE-LTAPEl
 
REWIND JTAPE
 
II-Jl
 
111-1
 
REAOCJTAPE,50J CDUM,N-l,NTHETA)

50 FORMATC1X,I,lX,I,lX,I,lX,I,C9FS,4) 
210 CONTINUE 

DO 20Z Na l,NTHETA..
 
IFCJTAPE.NE.LTAPE1JGO TO 207
 
REAOCJTAPE,100)IFFULL


100	 FORMATC6X,16,/,iXJ 
IFCIFFULL.EQ.l)GO TO 200 
READCJTAPE,l10Jll,I2,I3,I21,GASK 

110	 FORMATC6X,316.I,lX,I,66X,i6'I,lX,I,28X,E13.6J 
DO 150 1-2,11 
REAOCJTAPE,115JI23,IFMACH,IFLVSI 

115	 FORMATC6X,I6,12X,I6,lSX,I6J 
IFCI23.EQ.6)GO TO 130 
IFCCI23.EQ.2.0R.123.EQ.4J.AND.I'LVSI,EQ.IJREAOCJTAPE,l16)
IFCCI23.EQ.2,OR.123,EQ,4J,ANO,I'MACH,EQ.3JREADCJTAPE,l16J 

116	 FORMATC1X) , 
REAOCJTAPE,160JCCDUM,Kal,S)'J_l,13)

130 CONTINUE 
150 CONTINUE 

REAOCJTAPE,160JrDUM,I-i,I2J'CDUM,lal,ll),DUM,DUM,OUM
160	 FORMATC2X,6E13.6)

REAOCJTAPE,160)cOUM,DUM,DUM,I_l,11J
READCJTAPE,160)rDUM,I-2,11J
IFCI21,EQ.OJGO TO 200 . 
READCJTAPE,16S) CIDUM,Ial,I1J 

165 FORMATC6X,1216'. 
READ CJTAPE,160J CDUM,I-l,1l J 

200 CONTINUE 

540~oOII 
540*0012 
S40~0013 
54000014 
54000015 
540~0016 
540*0017
 
540*0018
 
540*0019
 
540~0020 
540~0021 
54000022 
540*0023 
54000024 
54000025 
S4000026 
54000027 
54000028 
540~0029 
540*0030 ~: 
S4000031 
540*0032 
54000033 
S4000034 I54000035 
540*0036 
54000037 I540~0038 
54000039 
54000040 
54000041 
54000042 
540~0043 
54000044 
540"'0045 
540~n046 

207 REAOCJT~PE,160) (CRAOCJ,I),PCJ,N,I),TCJ,N,IJ,VMCJ,N,IJ,TANALPCJ,N,IS40w0047
1),nUM,J-l,12),I_l,ll)' 54000048 

202	 CONTINUE S40~0049 
Nl-l 540~0050 
NZ-l 540uOOSl 
N3816 S40~OO~2 
N4-31 54000JS3 
NS_46 540~OO~~ 

N6a61 54000055 
N7-76 540~00So 
NS-91 540~0057 
N9-106 54000058 
Nl0-121 540.0059 
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220 

225 

230 

240 

245 

250 

Nll.lJ~ 540*0060 
NIZ-ISl ~4000061 
N13-166 540-n062 
N14-181 54000063 
NIS-196 54000064 
Nlb_Zll 54000065 
N17-226 54000066 
N18-241 54000067 
N19-256 54000068 
C3-118.0/GASKoCP 
DO 900 1-1,11 
WRITECNTAPE,220~III 

S40~0069 
54000070 
S40*0071 

~ORMATCIH1,40X,52HMERIDIONAL VELOCITY VARIATION WITH RADIUS AT STA~40on072 
ITION,I3,/) 54000073 

CALL MPLOTCI2,NTHETA,NTAPE,RICN1),VMlCNZ),VMICN3),VMlCN540 o 0074 
l4),VMICN5),VMlCN6~,VMICN1),VMlCN8),VMICN9),VMICNlO),VMICN11),VMlCNS40 0 0075 
212),VMlCN13),VMICNl4),VMlCN15),VMlCNl6),VMlCN11),VMICN18),VMICN19)540*0076
3) 54000077 

IFCIII.NE.l)WRITECNTAPE,225)III S400007R 
IFCIII.EQ.l)WRiTECNTAPE,230)III 540*0079 
FORMATC1H1,40X,48HSTATIC PRESSURE VARIATION WITH RADIUS AT STATION540-00aO 

1,13,/) 540000Bl 
CALL MPLOTCI2,NTHETA,NTAPE,RICN1),P1CN2),P1CN3),P1CN4),54000002 
1P1CNS),PICN6),PICN7),PICNI),PlCN9),PlCN10),PICN11),P1CN12~.P1CN13)54000083 
2,PICN14),PlCN1S~,PlCN16),PICN17),PICN18),PICN19» 54000084 

IFCIII.EQ.1)WRITECNTAPE,225)III 5400n085 
IFCIII.NE.1)WRITECNTAPE,230)111 540.0096 
FORMATC1Hl,40X,41HTOTAL PRESSURE VARIATION WITH RADIUS AT STATION,540 00087 

113,/) 540~n088 

C4-l.0 540 00089 
IFCIII.EQ.1)C4••1.0 540~0090 
DO 240 J-l,I2 540 0 0091 
00 240 N-l,NTHETA 540 00092 
TT-TCJ,N,I).VMCJ,N,I)0020 Cl.0.TANALPCJ,N,I).02)/C20C4 540°0093 
PCJ,N,I~-PCJ,N~I)OCTT/TCJ,N'I» ••C3 54000094 
IFCIII.NE.l)TCJ,N,I)-TT 54000095 
TANALPCJ,N,I).ATANCTANALPCJ,N,I)OCl 54000096 
CALL MPLOTCI2,NTHETA,NTAPE,RiCNl),PICN2),PICN3),PICN4),S4000097 
IPICN5~,Pl(N6),PJCN7),P1CN8)'PlCN9),PICNiO),PICNli),PlCN1?~.PICN13)5400nC~n 
2,PICN14),P1CN1S),PICN16),PICN11),PICN18),PICN19» 540 0 00Q9 

WRITECNTAPE,245) IiI . 540~0100 
FORMATC1Hl,40X,50HTOTAL TEMPERATURE VARIATION WITH RADIUS AT 5TATIS40~0101 

10N,13,/) S40 00102 
CALL MPLOTCI2,NTHETA,NTAPE,RICN1),TICN2),TICN3),TICN4),S40~0103 
1T1CNS),j1CN6),T1C~1),Tl(N8)'T1CN9),TlCN10),T1CN11),TlCNIZ~,TICN13)S4000104 
2,Tl CN14) ,Tl CN1S) 'Tl CN16) ,Tl CN17) ,Tl CN18) ,Tl CN19» 540':0105 

WRITECNTAPE,250) III S40~0106 
FOAMATC1Hl,40X,44HWHIRL ANGLE VARIATION WITH RADIUS AT 5TATION ,I3S~0~0107 

1,/) . _. S40~0108 
CALL . . MPLQTCJ2,~THETA,NTAPE,R1CN1),TAICNZ),TAIC~3),TAICNS40~0109 
14),TAICN5),TAIC~6),TA1~N1),TA1CN8),TA1CN9),TA1CN10),TAICN11),rA1CN540~0110 
Z12),TA1CNl3),TAlCNl4),TAlCNl5),TA1CN16),TAlCN17),TAICN18),TA1CN19)S~OQOlll 
]') . $:,.)·..·0112 

N1-Nl.15 S~Oonl13 
N 2-N 2.210 540 0 0114 
N ]_N 3.210 S~~OOIIS 

N '-N '.210 540 0 n116 
N S-N 5.270 540~0117 
N 6-N 6.210 540 wo118 
N 7-N 7.210 54000119 
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I 
N 8aN	 8.270 540*0120 
N 9aN	 9.270 540*0121
NI0aNI0.270 54000122 
Nll aNll.270 540*0123 
N12-N12.270 540*0124
N13_N13.270 540~0125 
N14-N14.270 540*0126 
NlS-NlS.270 540*0127 
N16-N16+270 540*0128 
N17-N17.270 540*0129
NIR_Nl1h270 540*0130
N19-N19.270 540*0131 
UI-Ul+l 540 0 (1132

900	 CONTINUE 540*0133
IFCJTAPE.EQ.LTAPE5)GO TO 1000 540*0134 
IFCJTAPE.EQ.LTAPEi)GO TO 920 540 00135
IFCJTAPE.EQ.LTAPE2)GO TO 930 540*0136 
IFCJTAPE.EQ.LTAPE3)GO TO 940 540~0137 

910	 JTAPE-LTAPES 540*0138 
REWIND JTAPE 540*0139
i Ial1-JS.l 540*0140
AO TO 210 540 0 0141

920	 JFCJ21.e:Q.O)GO TO 910 540*0142 
JTAPE-LTAPE2 540*0143 
REWIND JTAPE 540*0144 
II-J22-J21.1 540*0145 
GO TO 210 540~O146 

930	 IFCJ31.EQ.0)GO TO 910 540~O147 
JTAPE-LTAPE3 540*0148 
REWIND JTAPE 540*0149 
U-J32-J31+1 $40*0150 
GO TO 210 54000151 

940 IFCJ41.EQ.O)GO TO 910 540 00152 
JTAPE-LTAPE4 $40~"153
REWIND JTAPE 54000154 
U-J42-J41.1 540*0155 
GO TO 210 540~O156

1000	 CONTINUE 540*0157 
RETURN 54000158 
END 540*0159 
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SUBROUTINE PLOTCJTAPE1.JTAPE2.JTAPE3.JTAPE4.JTAPE5.LOG2.LOG4.NTHET541*0000 
lA.TITLE.Jl.J21.J22.J31.J32.J41.J42.JS.CP) 541*0001 
PIMENSIPN RC1S).VC18.15).SyHBOLC18).LINEC9S).XIC1).DASHCll.CROSSC1541*0002

1).BLANKC1).TITLEC12) 541*0003 
COMMON/HUGE/PC1S.18.8)'TC1S.18.8).VMC1S'18.8).TANALPCl5.18.B).RADC541*0004 

115.8) 54100005 
C P IS THETA HERE 541*0006 

REAL LINE '. 541*0007 
DATACSYMBOLCI).I-i.18)/IH1.1H2.1H3.1H4.1HS.IH6.1H7.1H8.lH9.1HA.IHB541*0008

1.1HC.IHD.IHE.IHF.IHG.1HH.IHJ/.DASH/IH-I.CROSS/IH.I.BLANK/IH I.XI/1541 00009 
2HII 541*0010 

C "41 0 0011 
C LOG2 STANDARD OUTPUT	 541*0012 
C LOGJ DISTORT INPUT TA~ES (J-SERIES)	 541*0013 
C LOG4 SCRATCH TAPE IN THETA FOR ANGLES	 541*0014 
C 541~0015 

REWIND LOG4 541 0 0016 
WRITE(LOG2.10) 541*0017 

10	 FORMAT 11H1) S41°001A 
LOG3-JTAPEl 541°0019 
REWIND LOG3 541*0020 

C	 541 00021 
C ASSUME A CARD FOR KSUMRY 541*0022 
C 541*00.23 

READCLOG3.70)NX.NLINES.NBETA.CP.IRIJ).J~1.NLINES) 541 0 0024 
70 FORMATCIX.I.3I6.I.IX.I.IX.I.1X.I.24X.F8.4.1.(F8.4» 541*0025 

WRITECLOB2.20)TITLE.NX.NLINES.NTHETA 54100026 
20 FORMATC60X.12HPROGRAM PLOT.I.60X.12H•••••••••••••11.20X.7HTITLE -.541°0027 

13X.12A6.1.20X.35HNUMBER 0' STATIONS (ONE PER PAGE) -.I3.1.20X.23HN541 0 002B 
2UMBER OF STREAMLINES -.I3.1.20X.19HNUM8ER OF SECTORS ~.I3) 54100029 

IEND-Jl 54100030 
111-1 541*0031 
11-1 541*0032 
READCLOGJ.133) 541 Q 0033 
DO 1000 I-l.NX 54100034 
IFCI.EQ.lIGO TO 190 54100035 
IFCI.NE.J21.AND.I.NE.J31.AND.X.NE.J41.AND.I.NE.JS)GO TO lS0 541*0036 
111-1 . 541*0037 
IFCLOG3.EQ.JTAPE1)GO TO 105 S~100~J3 

IFCLOG3.EQ.JTAPE2)GO TO 110 54100039 
IFILOG3.EQ.JTAPE3)GO TO 115 541000~O 

IFCLOG3.EQ.JTAPE4IGO TO 120 541~GG~1 
105	 IFCJ21,EQ.O)GO TO 120 S41~nc~2 

LOG3-JTAPE2 S41~~v~3 
~EwIND LOG3 S41~OO~~ 

IENO-J22.J21.1 S'1~0~·,j 
AO TO 130 541G~0~G 

110	 IFCJ31.EQ.0)GO TO 120 S41~nC47 
LOG3-JTAPE3 S41Qa0~G 

REWIND LOG3 S41~0J~0 

IEND-J32-J31.1 541~nc~o 
GO TO 130 ~4100n51 

115	 IFCJ41,EQ.0)GO TO 120 S~l~uv~~ 
LOG3-JTAPE4 S~1~~:~3 
~EWIND LOG3 5":"1':.',;';';:, 
IENO-J42-J41.1 S41~Cv~5 
GO TO 130 54100~~6 

120	 LOG3-JTAPE5 54:0nG~7 

REWIND LOG3 541~oC5a 
IEND-NX-JS.l 541*0059 
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130	 REAOCLOG3.133) 541.0060 
133 FORMATC2X) 541.0061 
190 CONTINUE 541.0062 

DO 142 J.l.NLINES . _ 541.0063 
READCLOG4) CCPCJ.N.II).N.l.NTHETA).II.ll.IEND) 541.0064 

142 CONTINUE' 541.0065 
IFCI.EQ.l)GO TO 200 541 0 0066 

150 CONTINUE S41~0067 

READCLOG3.160)IBETA2.IFMACH.IFLYSI S41 0 006H 
160 FORMATCi6.12X.J6.i8X.16) 541.0069 

IFCIBETA2.EQ.6)GO TO 180 541.0070 
IFClfLV~I.EQ.1)READCLOG3.165) 541.0071 

165 FORMATllX) 54100072 
TFCIFMACH.EQ.3)REAOCLOG3.16S) 541.0073 
DO 170 J.l.NBETA 54100074 

170 READlLOG3.165) 541 00075 
180 READl~OG3.185) (RlJ).J.i.NLINES) 541 0 0076 
185 FORMATC8X.F8.4) 54100077 
200 DO 220 N~l.NTHETA 541.0078 

DO 220.J.l,NLINES. . 541.0079 
220 YCN.J).RCJ).COSCPCJ.N.III)) 541 00000 

YINC.R(NLINES)/Z8.0 54100081 
YSTART-RCNLINES).YINC/2.0 54100032 
SCALE.YINC/0.1667 541 00083 
WRITECLOG2.250J!.SCALE 54100084 

250	 FORMATC1Hl.42X.7HSTATJON,I~'~OHSC~LEQ~.~LOT~.1 !NCHEQV~LS,f6.3541000a5 
1.5H FEET.I.43X.51H••••••••••••••••••••••••••••••••••••••••••••••••541.0086 
2•••• /)	 541 0 0087 

DO 500 KLINE.l.57 541 000AA 
IFCKLINE.EQ.29JGO TO 280 541 0 0089 
DO 210 ~·1.95 54100090 

210 ~INECL).BLANK 541.0091 
LINE(48).XI 54100092 
GO TO 290 54100093 

280 DO 285 ~.1.95 54100094 
285 LINElL).OASH 541 00095 

LINE(48)·CROSS 54100096 
290 DO 460 J.l.N~INES 54100097 

00 460 N.l.NTHETA . 541~OO~J 
IFCYCN.J).GT.YSTA~T.OR.YCN.J).LE.~START~YJNC)GO TO 460 _ 541er,099 
L.CRCN~INES).RCJ)·SINCPCJ.N.III»)/C2.0·RCNLINES»).94.0.1.5 54100100 
LINECL).SYMBOLCN) 54100101 

460 CONTINUE 54100102 
YSTART.YSTART·~tNC 54100103 
WRITECLOG2. 465)LINE ~41~0104 

465 FORMATl20X.95Al) 54100105 
500	 CONTINUE ~41~n!06 

111.111.1	 54100107 
1000	 CONTINUE 541 00108 

RETURN 541~010q 
END 541.0110 
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100 

105 

110 

115 

120 

125 

130 

135 

140 

145 

150 

155 

160 

165 

170 

175 

180 

185 

200 

SUBROUTINE MPLOTCIX.IV.LOG1.X.Vl.V2.V3.V4.V5.V6.V7.V8.V9.Vl0.Vll.V542.0000 
112.V13.V14.V15.V16.V17.V181 54200001 

DIMENSION XC11.V1Cll.V~Cll.V3Cll.V4Cll.V5Cll.V6CJI.V7Cl~.V8Cll.V9f542.0002 
111.Vl0Cll.Vl1Cll.V12Cll.V13Cl1.V14Cll.V15Cll.V16Cll.V17Cll.V18l11.54200003 
2SVMBOL(181.LINEcl~11.XNUMC131.DASHell.CROSSC11.BLANKC11.Xlel1 54200004 
DATACSVMBOLCII.I-1.181/1Hl.1H2.1H3.1H4.1H5.1H6.1H7.1H8.lHQ.1HA,lHB5420 000S 

1.lHC.1HD.1HE.1HF.1HG.1HH.1HJ/.DASH/1H-/.CROSS/1H./.ALANK/1H /.XI/1542~0006 
2HI/ 54200007 

REAL LINE ~4?00008 
VMIN-V1Cl1 542*0009 
XMIN-xci, 542.0010 
VMAX-VMIN 54?00011 
XMAX-XMIN 5420 0012 
DO 200 I-l.lx 542.0013 
GO TOC185.180.175,170.165.160.155.110.145.140.135.130.125.120.i15.5420 0014 

1110.105,1001.IV. , 54200015 
IFCV18CII,LT.VMINIVMIN-V18CII 542*0016 
IFfV18CII,GT.VMAXIVMAX-V18CII 542*0017 
IFCV17CII.LT.VMIN)VMIN~V17CII 54200018 
IFCV17CII.GT.VMAX~VMAX-V11CII 54200019 
IFCV16CII.LT.VMIN)VMIN~V16CII 54200020 
IFCV16C!I.GT.VMAX,VMAX-V16fll 5420 0021 
IFfV15CII.LT.VMINIVMIN-V15CII 54200022 
IFCV15fll.GT.VMAXIVMAX-V1SCII 542.0023 
IFCV14CII.LT.VMIN)VMIN~V14CII ~4200024 
IFlV14CII.GT.YMAX'VMAX~V14CII 54200025 
IFCV13CI).LT.VMINI'VMIN-V13CII 542.0026 
IFCV13CII.GT.VMAX)VMAX-V13CII 54200027 
IFCV12CII.LT.VMINIVMIN~V12CII 54~~0028 
IFCV12CII.GT.VMAXIVMAX-V12fll 54200029
 
IFfVl1CII.LT.VMIN)VMIN~V11CII 54200030
 
IFIVl1CII.GT.VMAX,VMAX-VllCII 54200031
 
IFlVl0CII.LT.VMINIVMIN-V10CII 542*0032
 
IFCV10CII.GT.VMAX;VMAX-V10CII 54200033
 
YFCV 9CI).LT.VMIN)VMIN-V 9CII 542*0034
 
IFf V 9111.GT.VMAXIVMAX.V 9CII ~42*003S
 

IFCV 8C!I.LT.VMIN;VMIN-V 8CII S42~0036
 
IFlV 8CII.GT.VMAXIVMAX-V 8CII 542~0037
 

IFf V 7lI).LT.VMIN)VMIN~V 7fII 542c0038
 
IFCV 1CI).GT.VMAXIVMAX-Y 1CI) 5~2~0039
 
YFCV 6CI).LT.VMIN'VMIN~V ~CI) 5t2~0040
 
IFCV 6CI).GT.VMAX)VMAX-V 6CII S42~0041
 
IFf V 5CII.LT.VMIN)VMIN~V SCI) 54200042
 
YFCV 5lI).GT.VMAXIVMAX-V 5CII 542°0043
 
IFf V 4CI).LT.VMIN)VMIN-V 4ll) 54200044
 
IFCV 4CI).GT.VMAX'VMAX-V 4CII 5~2~OO~5
 
YFfV 3CI).LT.VMIN)VMIN-V 3fl) S4?~0046
 
IFCV 3CII.GT.VMAXIVMAX-V 
IFCV 2fl).LT.VMIN,VMIN_V
IFCV 2(XI.GT.VMAX'VMAX~V 
IFCV 1(1).LT.VMINIVMIN-V
IFCV lCI).GT.VMAX)VMAX~V 
YFCXCI).LT.XMIN)XMIN-XIII
IFCXCI).GT.XMAX)XMAX-Xel)
CONTINUE 

3fII 542*0047 
2CII S42~OO~O 
2(1) S42~0049 
llI1 542 0 0050 
lC11 S4?~0051 

S42~o052 
S42~0053 

, 54200054 
IFfXMAX.EQ.XMIN.OR.VMIN.EQ,VMAX)GO TO 900 54200055 
YH-VMAX.CVMAX-YMIN)/18.0 S42000S~ 
VL.V~IN_lVMAX-VMIN)/18.0 S42~0057 
XH-XMAX.CXMAX.XMINI/24.0 542wOOSS 
XL-XMIN-CXMAX-XMIN)/24.0 S4200059 
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250 

265 

300 

350 
360 

365 

400 

505 

510 

515 

520 

525 

530 

535 

XMAX-ABSCXH)
 
XMIN-ABSCXL)

YMIN-A8SCYL)
 
YMAX-A8SCYH)

IFCXMIN.GT.XMAX)XMAX-XMIN 
IFCYMIN.GT.YMAX)YMAXaYMIN 
XMAXaALOG10CXMAX) 
YMAX-ALOG10CYMAX)
IFCXMAX.LT.0.0)XMAXaXMAX-l.0 
IFCYMAX.LT.0.0)YMAXaYMAX-l.0 
Mxa-XMAX 
MY.-YMAX 
WRITECLOG1,250)MX~MY 
FORMATC20X.46HSCALES - _X_ IS 

lH 'Y' IS SHOWN TIMES 10 TO 
YINC-CYH-YL)/54.0 
YINC2-YINC/2.0
XRANGF.aXH_XL 
DO 750 KLINE-l.55 

542*0060 
54200061 
542*0062 
542*0063 
542*0064· 
54200065 
54200066 
542~0067 
542*006R 
54200069 
54200070 
54200071 
542~0072 

SHOWN TIMES 10 TO THE POWER OF.I3.40542*0073 
THE POWER OF. 13./) 542 0 007l. 

542~nO~'5 

542*0076 
542 0 0Q77 
54200073 

IFCKLINE.EQ.l.0R.KLINE.EQ.55)GO TO 350 5420 0079 
00 265 La2.120 542~OO~O 

LINECL)~BLANK 542*00~1 
IFCKLINE.EQ.7.0R.KLINE.EQ.13.0R.KLINE.EQ.19.0R.KLINE.EQ.25.0R.KLIN542onc~2 

lE.EQ.31.0R.KLINE.EQ.37.0R.KLINE.EQ.43.0R.KLINE.EQ.49)GO TO 300 542000n3 
LINE(1)-XI 54200084 
LINE(121)aXI 542Q0085 
GO TO 400 542000J6 
~INE(1).DASH	 542~nOJ7 
LINE(121)aOASH 54200000
 
GO TO 400 S42~OOB9
 
DO 360, ~a2.120 542woC90
 
LINECL)aDASH 542 Q 0091
 
LINE(1)~CROS5 54200092
 
LINE(121)~CROSS 542~0093
 
DO 365. ~.11.111.10 542000Q4
 
LINECL)aXI 54200095
 
GO TO 650 542*009h
 
DO 600 I-l.IX 54200097
 
GO TOC590.585.580.575.570.565.560.555.550.545.540.535.530.525.520.542~000~
 

1515.510.505).IY
IFCY18CI).GT.YH.YINC2.0R.Y18CI).LE.YH-YINC2)GO 
L-CXCI)-XL)/XRANGE-120.0.1.5 
LINECL)~SYM80LC18) 
IFCY17CI).GT.YH.YINC2.0R.Y17CI).LE.YH-YINC2)GO 
L-CXCI)-XL)/XRANGE-120.0.1.5 
LINECL)~SYMBOLC17) 
IFCY16CI).GT.YH.YINC2.0R.Y16CI).LE.YH-yiNC2)GO 
L-CXCI)-XL)/XRANGE-120.0.1.5 
LINECL)~SYMBOLC16) 

542000~0 
TO 510 542~n100 

54200101 
542~0102 

TO 515	 542wol03 
54260104 
S~2~~105 

TO 520	 S4?On~Oh 
542~Ol07 
S42Q~1u3 

IFCY15CI).GT.YH.YINC2.0R.Y15CI).LE.YH-YINC2)GO TO 525	 S42~nl0q 
L~ CXCI) -XL) IXRANGE-120. 0.1.5 
LINECL)~SYMBOLC15). 
IFCY14CI).GT.YH.YINC2.0R.Y14CI).LE.YH-YINC2)GO
LaCXCI)-XL)/XRANGE-120.0.1.5 
LINECLt~SYMBOLC14~ 
IFCY13CI).GT.YH.YINC2.0R.Y13CI).LE.YH-YINC2)GO 
L~CXCI)~XL)/XR~NG~~120.0.1.5 
~INECL)~SYMBOLC13) 
IFCY12CI).GT.YH.YINC2.0R.Y1ZCI).LE.YH-YINC2)GO 
L.CXCI)-XL)/XRANG[~120.0.1.5 . 
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542';0110 
S42~0111 

TO 530 5~2~~112 
54200113 
54200!1~ 

TO 535 54c~011S 
~42~o116 
542?0117 

TO 540 542vo118 
542~0119 



, ., 

LINECL)-SYMBOLC12) 
540	 I~CYllCI),GT,YH.YINC2,OR,YllCI),LE,YH.YINC2)GO 

L-CXCI)-XL)/XRANG~·120,0.1,5 
LTNECL)-SYMBOLCll) 

545	 IFCY10CI),GT,YH.YINC2,OR,Y10CI),LE,YH.YINC2)GO 
L-CXtI)·XL)/XRANGE*120,0.1,5 
LINECL)-SYMBOLC10) 

54200120 
TO 545 S4?~n121 

~42wn122 
~~2~0123 

TO 550 S42Qn124 
~42on125 
~42~n12~ 

550	 IFCY 9CI),GT,YH.YI~C2,OR,y 9CI),LE,YH-YINC2)GO TO 555 5~~?n127 

L- CXCI) -XL) /XRANGE.120, 0.1, 5 54:,:>n 123 
LINECL)-SYMBOLC 9) 542 0 0129 

555	 IFCY 8CI),GT,YH.YI~C2,OR,y 8CI),LE,YH.YINC2)GO TQ 560 5420 0130 
L-CXCI)-XL)/XRANGE.120,0.1,5 5420 0131 
LINECL)-SYMBOLC 8) 542 0 0132 

560	 IFCY 7CI),GT,YH.YINC2,OR,Y 7CI),LE,YH-YINC2)GO TO 565 542*0133 
L-CXCI)-XL)/XRANGE*120,0.1,5 5420 n134 
LINECL)-SYMBOLC 7) ~42~01J5 

565	 IFCY 6CI),GT,YH.YINC2,OR,y 6CI),LE,YH-YINCZ)GO TO 570 542o n136 
L-CXCI)-XL)/XRANGE.120,0.1,5 ~42on137 
LINECL)~SYMBOL'C 6) S42 o a13A 

570	 IFCY 5CI),GT,YH.YINC2,OR,y 5CI),LE,YH-YINC2)GO TO 575 542~n139 
L-CXCI)-XL)/XRANGE*120,0.1,5 5420 0140 
LTNECL)~SYMBOL( 5) . 542~0141 

575	 IFCY 4CI),GT,YH.YINC2,OR,y 4CI),LE,YH-YINC2)GO TO 580 54~~n142 
L-CXCI)-XL)/XRANGE.120,0.1,5 S42~n143 

LtNECL)~SYMBOL( 4) ~4:Y0144 
580	 IFCY 3CI),GT,YH.YINC2,OR,y 3CI),LE,YH-YINC2)GO TO 585 5,~6nl~5 

L-CXCI)~XL)/XR~NG~.120,0.1,5 ~t2~n14u 
LTNECL)-SYMBOLC 3) 542oD:~7 

585	 IFCY 2CI),GT,YH.YINC2,OR,Y 2CI),LE,YH-YINC2)GO TO 590 S42 0 0140 
L~CXCI)-XL)/XRANGE*lZ0,0.i,5 542on1~q 
LrNECL)~SYMBOLC 2) . 542001~0 

590	 IFCY lCI).GT,YH.YI~C2,OR,y lCI),LE,YH-YINC2)GO TO 600 5420 n151 
LaCXCI)-XL)/XRANGE.120,0.1,5 ~4200152 

LINE CL) ~SYMBOLC I') 542°01 S3 
600	 CONTINUE 542 0 0154 

IFCKLINE,EQ,1,OR,KLINE,EQ,7,OR,KLINE,EQ,13,OR,KLINE,EQ,19,OR,KLINES4?On155 
1,EQ,25,OR,KLINE,EQ,31,OR,KLINE,EQ,37,OR,KLINE,EQ,43,0R,KLrNE,EQ,49S42~0156 
2,OR,KLINE,EQ,55)GO TO 650 542~01S7 

WRITECLOG1,610)LINE S42~olsn 
610 FORMATC8X,121Al) ~42~n15q 

GO TO 750 S~2~n1GO 
650 YNUM-YH*10,0••MY S:r2~,nlc,1 

WRITECLOG1,655)YNUM,LINE ~4200162 

655 FORMATC1X,F6,3.1X,121Al) 542~nlG3 
750 YH::VH.YtNC 542001(", 

XNUM(1)aXL.l0,0*.MX , 5~2001~3 
XINC-CCXH.XL)/12,0).10,0••MX S4~~n1~6 

DO 800 ~-2,13 S4?'-'0 167 
800 XNUMCI)-XNUMCI-l).XINC ~420016~ 

WRITECLOG1,820)XNUM S4?~nl~9 
820 FORMATC6X.12C~6,3.4X),F6,3) 5420 0170 

RETURN ~4200111 

900 WRITECLOG1.910) 5420r.~72 
910 ~ORMATC//.35X.54HNO PLOT HAS BEEN MADE BECAUSE _X- OR _Y_ RANGE ISS4?~~173 

1 ZERO) S42~n174 

RETURN S42~0175 
END 5420 0176 
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Section IV 

CONCLUSIONS & RECOMMENDATIONS 

The program objective of demonstrating a computer program to predict 
compressor performance with combined radial and circumferential distortion 
has been achieved. Limited use of the program has, as yet, been made, 
and several work areas now present themselves. These include the establ ish
ment of the val idity of the results given by the computer program for a 
variety of compressor types, running at various conditions, and then the 
use of the program to determine the type of compressor design best suited 
to various appl ications involving distorted flow. Of course, the effect 
of any distortion pattern upon a particular existing compressor design 
may be assessed. 

Some further program development could be done, mainly to establish 
the optimum, that is cheapest, manner in which the solution to any problem 
may be obtained. 
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BIG
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 EDWIN 
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fiGURE 1 - OVERLAY STRUCTURE 



No 

lip rogram INPUT"
 
Reads bulk of data, writes
 
initial JTAPES for DISTORT
 

lip rogram DISTORT" 
Analyze sector LDUM; reads 
JTAPES, writes LTAPES 

NoLP
LP+l 

IIp rogram THETA" 
Process sector results, reads 
LTAPES, writes JTAPES 

No 

lip rogram PCTURE" 
Produces graphical output 

FIGURE 2 - OUTLINE FLOW CHART
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Subroutine READIN 
Read data from J
Series units 

Subroutine SOLVE. 
Performs f Iow 
analysis in 
sector 

No 

Subroutine SEARCH 
Determine re
estimate of flow 
in sector 

Yes 

FIGURE 3 - FLOW CHART FOR "PROGRAM DISTORT'"
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Subroutine PRINT
 

Print sector output
 

Subrout i ne PUNCH 

Write sector outpwt 
on L-Series units 

No 

Yes 

FIGURE 3 -FLOW CHART FOR "PROGRAM DISTORT" (CONTINUED)
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DISTOR calls SOLVE 

Subroutine GRAPH3 
Interpolate inlet 
conditions 

Subroutine LSQLNE 
Determine streamline 
characteristics 

Subroutine LSQFIT 
Does curve-fitting 

Subroutine INTERP 
Obtains cascade performance 
arameters 

Compute momentum and Subroutines ftATE 
continuity equations and SGIN 

Subroutine BLTHIC 
Calculate boundary
layer thickness 

Reestimate streamline 
locat ions 

FIGURE 3 - FLOW CHART FOR "PROGRAM DISTORT" (CONTINUED)
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'>---i NO I V-2 

Return to OISTOR 

FIGURE 3 - FLOW CHART FOR "PROGRAM 0 I STORT" (CONT I NUEO)
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SOLVE calls 
INTERP 

I
 
Interpolation of Subroutine GRAPH3 
cascade geometry Perform interpolations 

\
 

Subroutine CASCDE

I 

Compute design-
point performance 

Compute off-design 
performance 

I 
(Return to SOLVE 

Subroutine OPTANG 
Determine optimum inlet 
angle 

Subroutine STLANG Subroutine OUTANG 1 

Determine choke and Determine optimum outlet\ 
stall angles angle 

Subroutine STLANG Subroutine OUTANG 
Determine low speed 
ou tIe tan91 e 

Subroutine MCDEVN 
Determine derivation 
due to Mach number 

FIGURE 3 - FLOW CHI\RT FOR "PROGRAM DISTORT" (CONT INUED)
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1 

~
 
'll' 

~
 
.~ 

SubroutineSecti on 
OVERALRead input 

Secti on II 
Pre lim i na ry ca 1
cu lat ions 

Subroutine 
DERIV 
F I NOV 
DELTA 

Section III 
Compute lJ and A8 

Subroutine 
SERVUS 
DELTA 

Secti on I V 
Revi se tantr I i n
crement ICOUNT 

No 

Subroutine 
XMEAN 
POUR 
NEWRAP 
SMITH 
GEORGE 
EDWIN 
DERIV 
DELTA 

FIGURE 4 - FlOW DIAGRAM FOR "PROGRAM THETA" 
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Section IV 
Transfer dataj 
define new tape 
units 

Section V 
Compute :I 10 

~ a~. 
,o.r Co. I. ..n'" I n

crement I COUNT 

Sec t i on VI 
Data transfer 
increment J 

Section VII 
Compute .fI 

Sec t i on V I I I 
Wri te output 

No 

Subroutine 
DERIV 
DELTA 

Subroutine 
OVERAL 

FIGURE 4 - FLOW DIAGRAM FOR "PROGRAM THETA" (CONT I NlIED) 
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MAIN cal Is PCTURE 

Subrout j ne PLOT 
Sector centerlines plotted 
in r'.;.8 planes 

No 

Subroutine MPLOT
 
Meridional velocity plotted
 

Subroutine MPLOT
 
Static pressure plotted
 

Subroutine MPLOT
 
Total pressure plotted
 

Subroutine MPLOT
 
Total temperature plotted
 

Subroutine MPLOT
 
Flow angle plotted
 

Return to MAIN 

FIGURE 5 - FLOW CHART FOR "PROGRAM PICTURE"
 



Hub 

Casing 

FIGURE 6 - CALCULATION OFe
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Read IBETA2, ILOSS, other 
indicator 

Yes Pri nt 
heading 

Read rpm, blade data 

I------{ 3 

5 

Yes 

Pri ntPrint heading 1------42headingdata 

FIGURE 7 - FLOW CHART FOR SUBROUTINE INPUT
 

3 



4
 

Read bulk of com
pressor specification 

Ves 

Read IMACHI ANGlN 

inlet 

FIGURE 7 - FLOW CHART FOR SUBROUT I NE INPUT (C ONT I NUED) 
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J21=O 
J22=O 
J31=O 
J32=O 
J41=O 
J42=O 
JS=Jl+l 

J32=J22 
J22=J21+5 
J31"J22+ 'I 

J41-0 
J42"O 
JS-=J32+1 

J42-J32 
J32-J31+5 
J41-J32+1 
JS-J42+1 

Yes 

FIGURE 7 - FLOW CHART FOR SUBROUTINE INPUT (CONTINUED)
 



No 

").- Yes -{ 14 

Write JTAPE4 on NUNIT
 
NUNIT=JTAPE4, I I I=J41,
 
I 12=J42, I 13=420 

Write JTAPES on NUNIT
 
NUNIT=JTAPES, I II-J5,
 
I 12=NX I 13=450 

Execution Write III, 112, data for 
terminatedj station III through 112 

on NUNITi II ega 1 i n
dicator. 

300 350
II }---------<'
 

325
 420 
121-------.......
 

Write remainder of compressor 
specification onto NUNIT 

L...-_--' 
YesIO}-----l

FIGURE 7 - FLOW CHART FOR SUBROUTINE INPUT (CONTINUED)
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9
 

Rewind required J-Series 
units N=l 

NUN IT=JTAPE 1 Write on NUNIT 
constants. inlet conditions. 
111 ..2 112"J1. 113=300 

Write JTAPE2 on NUNIT
 
NUNIT.NUNIT=JTAPE2.
 
I 11-J21. I I2"J22. 113=
 
325
 

No 

. Yes 
')---------\ 14 

Write JTAPE3 on NUNIT 
NUNIT=JTAPE3. 111-J31. 
112=J32. 113-350 

FIGURE 7-FLOW CHART FOR SUBROUTINE INPUT (CONTINUED)
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No 

· No 

No 

Yes 
,r--------f 6 

Yes 
/------~7 

J31=O 
J32=O 
J41=O 
J42=O 

FIGURE 7 - FLOW CHART FOR SUBROUTINE INPUT (CONTINUED) 
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I 

Estimate meridi"onal velocities to be 
mean of hub and casing values at 
previous station 

Determine streamline 

in 1et 

characteri c;tics 

Yes 

Yes
)-----12 

at 
Interpolate conditions 

stat i on 

FIGURE 8 - FLOW CHART FOR SUBROUTINE SOLVE
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Interpolate change in angular momentum. 
Set total pressure and temperature con
stant alon streamlines 

Determine blade performance using 
cascade prediction routines 

Set NITER 
Determine parameters in momentum 
equation that are independent of 
meridional velocity 

FIGURE 8 - FLOW CHART FOR SUBROUTINE SOLVE (CONTINUED)
 



Correct relative outlet angle for axial 
velocity ratio; calculate absolute flow 
angle, total temperature, and pressure 

I 
I

Calculate absolute flow angle following 
a blade-free space 

Oetermine gradients of total pressure and 
temperature and of tangent of absolute flow 
an leo com ute momentume uation 

(velocity)2 = 1.0 
IISOL=1 

Yes 

New meridional velocity = 0.25 x new.veloclty 
+ O. x revious· velocity 

FIGURE 8 - FLOW CHART FOR SUBROUTINE SOLVE (CONTINUEO) 
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No 

Yes 

New meridional velocity set to 
ap ropriate limitin value 

No 

Recalculate absolute flow angle. 
If rotor, arso recalculate total 
temperature and pressure 

FIGURE 8 - FLOW CHART FOR SUBROUTINE SOLVE (CONTINUED)
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I 

Recalculate absolute flow angle 
following a blade-free space 

Calculate static temperature 

.. 

Yes 

Static 0.001 

Calculate static pressure,
 
specific weight, controlling
 
Mach number
 

~N°4J~"~J+81]----1 9 

.Sum flow, determine flow-weighted
 
mean controlling Mach number
 

Yes 
"">0--------( 14 

FIGURES - FLOW CHART FOR SUBROUTINE SOLVE (CONTINUED)
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Calculate ratio to make a 
Mach number switch 

Calculate ratio to correct 
flow to specified value, 
subject to .8 S ratio~ 1.2 

Multiply meridional veloci
ties at all radii by ratio 

No 

Recalculate annulus wall bounda
ry layers in Subroutine BLTHIC 

o 

~=--_Y.;..e;;.;s;;"'-41 7 

FIGURE 8 - FLOW CHART FOR SUBROUTINE SOLVE (CONTINUED) 
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" 

;I

I 

I
I
I
I 

I 

~ 

FIGURE 8 ~ FLOW CHART FOR SUBROUTINE SOLVE (CONTINUED) 
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No 

Yes 

Reestimate locations 

Store absolute flow'angles 

FIGURE 8 - FLOW CHART FOR SUBROUTINE SOLVE (CONTINUED)
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PCAlC is set to current exit static pressure 

>-_....;,Y...:e....;,!'i_....( 3
 

FIGURE 9 - FLOW CHART FOR SUBROUTINE SEARCH
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Flow is increased by a step. 
WPREV records larger of WPREV 
and FLOW (prior to incrementing) 

No 
The slope of the characteristic defined 
by the last two points is calculated 

WPREV records Flow 
Flow is reestimated by linear interpolation/ 
extrapolation from two last points 

Flow is set to mean of two previous values 
WPREV records the larger of the two previous 
flows 

FIGURE 9 - FLOW CHART FOR SUBROUTINE SEARCH (CONTINUED) 
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Flow is decreased by a step 

No 
The slope of the character
istic defined by the last 
two oints is calculated 

FIGURE 9 - FLOW CHART FOR SUBROUTINE SEARCH (CONTINUED)
 



FLOW is set to mean of two previous values 
WPREV records previous value of FLOW 

FLOW is decreased by resting 

LL-LL+I
 
WPREV records FLOW
 
(FLOW is unch.nged)
 

FLOW is increased by resting 

Store FLOWnew value of 

FIGURE 9 - FLOW CHART FOR SUBROUTINE SEARCH (CONTINUED)
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Cascade anal are selected 

Sim lified inlet 

Subroutine OPTANG determines design an Ie of attack . 
angle computed from design of attack, 
oint of maximum camber 

Axial velocity
"""""--'------'--' rati 0 set to 1. 0 ~--...., 

No 
Axial velocity ratio calculated, 
incorporating correction for 
blade camber, and limited to 
range 0.8 to 1.25 

['GURE 10 - FLOW CHART FOR SUBROUTINE CASCDE 
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Low-speed stalling and choking inlet angles, and design 
outlet angle determined in Subroutine STLANG, Subroutine 
DUASHN 

Stalling and choking inlet angles corrected for 
point of maximum camber if other than 0.5 

Stalling, design, and choking inlet angles corrected 
for solidity, if solidity greater than 1.6 

Design-to-stall and choke-to-design 
ranges held to not less than 2.0 
degrees 

Stalling, design, and choking inlet 
angles corrected for thickness/ 
chord ratio 

Desi n outlet angle corrected for axial velocity ratio 

2
 

Design outlet angle corrected 
for thickness/chord ratio 

Critical Mach number is determined 

FIGURE 10 - FLOW CHART FOR SUBROUTINE CASCDE (CONTINUED) 
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in 

Yes 

Yes 
>------1.9 

~-----(lO 

No 
Stalling. design. choking inlet angles corrected according 
to NAtA 65 - Series blade rules. Loss exponent set to 4.5 

Yes 

Optimum loss coefficient 
equals design value 

Optimum loss coefficient determined according to inlet Mach 
number. c r it ica 1 Mach number, for NACA 65 - Seri 85 b1ade 

FIGURE 10 - FLOW CHART FOR SUBROUTINE CASCDE (CONTINUED)
 



Yes 

Optimum loss coefficient 
equals design value 

Stalling, design, choking inlet angles corrected according to
 
double circular arc blade rules. Loss exponent set to 2.0
 

Optimum loss coefficient determined according to inlet Mach 
number, critical Mach number for double circular arc blades 

Stalling, design, choking inlet angles set to low speed 

11 

to input data 

Yes 
~----~ Loss exponent set to 2.0 

Loss 

Loss exponent reset 

values. Optimum loss coefficient equals design value 

FIGURE 10 - FLOW CHART FOR SUBROUTINE CASCDE (CONTINUED) 
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Normalized incidence determined 
from choking range 

Normalized incidence determined 
from stalling range 

Loss coefficient determined from optimum 
value, normalized incidence, and exponent 

Loss coefficient set from input data 

Los~ coefficient 1imited to 0.25 

7 

FIGURE 10 - FLOW CHART FOR SUBROUTINE CASCDE (CONTINUED) 



Actual inlet angle corrected to equivalent two
dimensional value by axial velocity ratio correction 

Yes 
Outlet angle corresponding to stalling inlet angle 
determined in Subroutine STLANG, Subroutine DVASHN 

Outlet angle determined by assuming 
deflection at stall to apply 

Outlet angle determined in Sub
routine STLANG, Subroutine DVASHN 

Outlet angle corrected for axial velocit retio 

FIGURE 10 - FLOW CHART FOR SUBROUTINE CASCDE (CONTINUED)
 



Outlet angle corrected for thickness/chord ratio 

3 

No Effective inlet Mach 
number equals inlet ~--~ 

Mach number 

Effective inlet Mach number is determined 
from normal shock relationship 

FIGURE 10 - FLOW CHART FOR SUBROUTINE CASCDE (CONTINUED)
 



Deviation due to super-critical Mach number at 
design inlet angle determined in Subroutine MACH 

Outlet angle corrected for Mach number according 
to deviation determined above and XMACH 

calculated 

Yes 

Loss coefficient corrected for 
Reynolds number effects 

Deviation due to Reynolds 
number i9 determined 

FIGURE 10 - FLOW CHART FOR SUBROUTINE CASCDE (CONTINUED)
 



Outlet angle set taking larger of deviation 
increments due to Mach number and Reynolds 
number 

Final loss coefficient, outlet angle, 
minimum loss inlet angle stored 

Results of cascade analysis 
rinted if so specified 

FIGURE 10 - FLOW CHART FOR SUBROUTINE CASCDE (CONTINUED)
 



Define: LTAPE, 
JTAPE, IZA 1, IZA 2, 
IZR1,IZR2,RADIAN, 
GO J 

Read: (LTAPE), 
NTHETA,LP,NLOOPS, 
IFPRIN,RFAC1,RFAC2, 
RFAC3,RFAC4,IFAC1, 
IFAC2,R32(N) 

Yes

Yes

>-----(21 

i}-----421 

")------( 14 

FIGURE 11 - FLOW CHART FOR SUBROUTINE THETA
 



Read: 
R21-R29 

Read: r. P. 
T:C""~'~ 

FIGURE 11 - FLOW CHART FOR SUBROUTINE THETA (CONTINUED)
 



Comp ute: Q.efIe;, 
in radians 

ransfer: R". To1 • 

e, 
om ute: PI • T, • ()(., 

Compute: 

f,(f ~), 

Compute: 
r. .. L.ra"::, Ns 

I 

Store: r , P . 
T • c.", , taf7t)(, rp 

\----1 37 )--_---1 

,I . I

FIGURE 11 - FLOW CHART FOR SUBROUTINE THETA (CONTINUED) 



I
 
I
 
I
 
I . 

In t e r pO Iate: P ,T, 
e"" ~ ,tanoc at 

",..f 

Read: 

Initialize: 
8z-1 = [h 

/I ~p) ... ( I ~p) 
\f ae I-I f ~ , 
L..---( 47 J-----' 

(S ec t i on I I I )
 

FIGURE II - FLOW CHART FOR SUBROUTINE THETA (CONTINUED)
 



Compute: 6r ,6m ,Or"" 

S: I~dm1-, r

eI = 9r-1 + S 

Damp : 8 

/i.p • 0- RFACI) 8 + RFAC/, BLP - 1 

Compute: ~ 
tieRef 

Write: message, 
ttlnD( 

Compute: average 
tan oC ,new talrot: 

Wri te: new tancx 

FIGURE 11 - FLOW CHART FOR SUBROUTINE THETA (CONTINUED)
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(Sect i on V) 

(Section IV) 

FIGURE 11 • FLOW CHART FOR SUBROUTINE THETA (CONTINUED)
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Compute average values 
f' I ~2.' ("", Cml , 

Ge,·' eez ' tan do 

Store incoming
 
P and ta.n ex
 

'------i 76 ~_-l
 

Define boundary v81ue 
function PSTAT(N) and 
PTOTAL(N) 

~----4 81 t-----' 

Compute Fouri er 
coefficients for 
PSTAT (N) and ~-E---'-_...J 

PTOTAL(N) 

Compute XLI,XL2,
 
IND2, ENF ,FNF, XL), r--~-r------.
 
IND3,WZ,VZ,WCAP1, 
VCAP I, XK I ,WCAP 2, l---E--.L..-----J 

VCAP2, XK2 

FIGURE 11 - FLOW CHART FOR SUBROUTINE THETA (CONTINUED)
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Compute new 
from perturbed ve
loc j tie 5 • Mix wit h 
old tan 0< using 
RFAC5; print out 
original and modi
fied flow angles 

(Section II) 

Section V 

FIGURE 11 - FLOW CHART FOR SUBROUTINE THETA (CONTINUED)
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Compute ZZ,DM, 
PST AT, P",e4n, 

Compute new P . 
mi x wi th ·old"p 
using RFAC5 

'-------11 12t------' 

Compute 
using damping facto 
RFACI and previous 

(Sec t i on I I) 

FIGURE II - FLOW CHART FOR SUBROUTINE THETA (CONTINUED)
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)o-----:..;.~___\12 8 (Sec t i on VI ) 

Compute Cj ) and
 
damp wi th previ ous
 
(}.*) using
 

RFAC1' update previous
 
(-.) using RF1
 

No

Yes
1261---~--< 

1261-

Set: 

" ~p) (''f aeJu,- f 

-< 

FIGURE 11 - FLOW CHART FOR SUBROUTINE THETA (CONTINUED) 



>-_Y_e_s_-{42 (Section II) 

Yes")---__-\41 (Section II) 

Shi ft storage 

'ReF , Z~f!F 

Transfer: r , _.
B , 1...:a.e A!l . 

f ~e !:ie, 
!:i rCe 
Conserve: tanC(( IZR2}, 
6(IZR2), } . ~( 
( I ZR2) 

8, 

WriteJ, 

'Ref • e 

FIGURE 11 - FLOW CHART FOR SUBROUT INE THETA (CaNT INUED) 
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Transfer 8 

Compu te COS 1, 
SIN1,Xl,Yl 

Compute: 
COS2,SIN2,X2,Y2, 
X12, YI2,AM1,AM2, 
; 
Transfer:
 
AM2 ,C052, 5W2, XL,
 
Y2
 

14=12 
I 12-' FPR IN 
119-1 

IZAI 
Yes IZA2 

JTAPE 
ITAPE 

Next tape: 

IZAIYes 
IZA2 
JTAPE 
ITAPE 

IZAI 
Yes IZA2 

JTAPE 
ITAPE 

IZA 1 
IZA2 
JTAPE 
ITAPE 

FIGURE 11 - FLOW CHART FOR SUBROUTINE THETA (CONTINUED)
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Write: CARD,ll-122, 
RI-R5,RINLET,TINLET, 
PINLET,AINLET,FINLET 

Define: IZA1,IZR1, 
IS 

Wr i t e : IZA 1, 
IZA2 

Wr i te: r ,lRef 'fA-' 
~ff'~'~ , 

Wri te r, n~.ef '}J-' 
;C\J~ ,~ , 
D. ' D. rc~ 

EXPLOS 

XMACH 

FIGURE 11 - FLOW CHART FOR SUBROm"INE THETA (CONTINUED) 
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No 

No 
>----....(185 

Write: R21,R22,R23 
R25,R26,R27,R28,R29 

>-_..;.;N;.;;.o_--4.185 

Yes 
~---------....(190 (Section IX) 

FIGURE 11 - FLOW CHART FOR SUBROUTINE THETA (CONTINUED)
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IX 

Transfer: rR,f{IZR2), 
ZReJ( IZR2) 

Transfer: (f; ~ )(IZR2), 
tancx( I ZR2), e ~ I ZR2) , 

em ( I ZR2) 

Def i ne: I ZA 1, I ZA2 , 
LTAPE,JTAPE,IZR1, 
I ZR2 . 

(Sect i on I) 

FIGURE 11 - FLOW CHART FOR SUBROUTINE THETA (CONTINUED)
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KfAPE2 BIN 2nXTHEIAxZMAX, 156 

Notes: NLINES is number of streaml ines 
NBETA is number of blade data radii 
NX is total number of stations 
ZX is number of stations on unit LTAPEx 
NTHETA is number of sectors 
ZMAX is largest value of Zx 

Use, Recommended Unit 

Standard Input, Card 
Reader 

Standard Output, Printer 

Data for first part of 
Program (D'STORTi, Re
co~mend Magnetic Tape 

Data for Second Part 
of Program (THErA) 
Recommend Disc 

Data written on even 
number cycles, read on 
odd by "THETA 1' , Recom
me'ld Tape 

Data written on even 
number cycles, read on 
even by "THETN', Recom
mend Disc 

303
 



--

TABLE II - RECOMMENDED UNIT NUMBERS 

Fortran Logical 
Unit Name Unit Nuinber 

ITAPE 5 

NTAPE 6 

JTAPEI 

JTAPE2 2 

JTAPE3 3 

JTAPE4 4 

JTAPE5 7 

LTAPE 1 8 

LTAPE2 9 

LTAPE3 10 

LTAPE4 1I 

LTAPE5 12 

KTAPE 1 13 

KTAPE2 14 

Symbo I ic Un it
 
Number
 

A(1) 

A(2) 

A(3) 

A(4) 

A(7) 

A(8) 

A(9) 

B(0) 

B(I) 

B(2) 

B(3) 

B(4) 

Notes

No action requ ired 

No ac t ion required 

Set up mag tape 

Set up mag tape 
if required 

Set up mag tape 
if required 

Set up mag tape 
if required 

Set up mag tape 

A11 ow to reside 
on dis k 

A11 ow to reside 
on disk 

A110w to reside 
on disk 

A11 ow to res ide 
on disk 

Allow to res ide 
on disk 

Set up mag tape 

A11 ow to reside 
on disk 
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