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ABSTRACT

The drag and stability characteristics of single
and clustered solid flat and ringslot parachutes as cargo
extraction systems in the wake of a model of the Caribou
airplane with windmiliing and powered propellers are re-
ported. The investigation alsc includes the effect of
actuated wing trailing flaps, and the variation of the para-
chute performance parameters in midair and near the ground.
It was found that in all cases the drag coefficient of the
cluster decreases with the increased number of canopies in
the cluster,and a single ringslot parachute is more stable
than the most stable cluster of solid flat canopies. The
effects of the powered propeller slipstream and flap
actuation are noticeable but not dominating. Also, wake
surveys of the airplane showed characteristic dynamic pres-
sure defects or increases for power off or on flight
conditions. The location of these pressure fields was
noticeably influenced by flap actuation and ground effects.

This abstract has been approved for public release and sale;
ite distribution is unlimited.

iit



iT.

ITT.

1v.

V1.

VII.

TABLE OF CONTENTS

Introduction .
Medels . . . . . . . . . .
A, Parachute Models
1. Ringslot Parachutes
2. Solid Flat Parachutes
3. Extraction Line and Risers
B. Aircraft Models
Experimental Apparatus
Experimental Procedure
Results . . . .
A. Steady State Drag Coefficients

B. Parachute Cluster Attitude and
Stability e e e e e

Wake Surveys

A Introduection . . . . . . .
B. Models

c. Experiments

D. Results . .

Conclusions . . .

References

iv

PAGE

o o O o1 W no

11
11
11
12
13
14

15



ILLUSTRATIONS

FIGURE PAGE
1. Gore Patterns for Ringslot and Selid Flat

Parachute Models . . . . . « . « « « « . . . 16
2. Model Arrangement . . . . . .+ « + « « « . . 17
3. Three Views of Model Aircraft Used for

Extraction Parachute Studies . . . . . . . . 18
4, Location of Root and Inboard Flaps on the

CV-2 Caribou Aircraft . . . . . . . . . . . 19
5. Crosgs Section View of Double Slotted

Fowler Flap in Normal and Deflected

Position . . . . . . . . . . . v« 4 v o . . 20
6. Root and Inboard Flap Deflections (15 ) on

1/16 Scale Caribou Model . . ; . 2l
7. Propeller Motor for Caribou Airplane Model,

Scale /16 . . . . . . . .« v 4 v 4 . ... 22
8. University of Minnesota Horizontal Return

Wind Tunnel . . . « + .+ +« « « « « + « . . . 23
9. Aircraft Model Installation as seen from

Downstream and Normal Cameras . . . . . . . 24
10. Alrcraft Ground Plane Installation . . . . . 25
11. Definitiong of Stability Characteristics . . 26
12. Drag Coefficient Ratlos of Single and

Clustered Solid Flat and Ringslot
Parachutes under Powered and Unpowered

Flight Conditions . . . . . . . . « . . . . 27
13. Drag Coefficient Ratios of Single and

Clustered Solid Flat and Ringslot Para-

chuteswith and without Flap Deflection . . . 28
14, Drag Coefficient Ratios of Single and

Clustered Solid Flat and Ringslot
Parachutes in Freestream and with Ground

Effects . . . v v v v v v e e e e e e .. 29
15. Steady State Drag on Cluster of 3
Ringslot Parachutes versus Time . . . . . . 30



ILLUSTRATIONS (CONT.)

FIGURE PAGE
16. Schematic Illustration of Extreme Extraction

Line Positlons for Solid Flat Configurations

with Power, No Flap Deflection . . . . . . . 31
17. Extraction Line Range of Movement for Single

Ringslot Parachute Configurations . . . . . 32
18. Envelopes of the Areas Swept by the

Confluence Peoints of the Solid IFFlat Para-
chute Configurations, Power-0ff, 0° Flap
Setting and Freestream Condition . . . . . . 33

19, Envelopes of the Areas Swept by the
Confluence Points of the Solid Flat Para-
chute Configurations, Power-0ff, 0° Flap
Setting and near the Ground Condition

(h/Do = 2.34) . . . . . . ... . .. ... 34

20. Envelopes of the Areas Swept by the
Confluence Points of the Solid Flat Para-
chute Configurations, Power-0ff, 0° Flap
Setting and near the Ground Condition
(h/Dg = L.17) . « « « v v v v =« v v . .. 35

el. Envelopes of the Areas Swept by the
Confluence Points of the Solid Flat Para-
chute Configurations, Power-On, 0° Flap
Setting and Freestream Condition . . . . . . 36

22. Envelopes of the Areas Swept by the
Confluence Points of the Solid Flat Para-
chute Configurations, Power-On, 0° Flap

Setting and near the Ground Condition
(/Do =2.3%) . . . .. . ... .. ... . 37

23. Envelopes of the Areas Swept by the
Confluence Points of the Sclid Flat Para-
chute Configurations, Power-On, 0° Flap
Setting and near the Ground Condition
(h/Dg=1.17) . .+ ¢ v v v v e v ... 3B

2k, Envelopes of the Areas Swept by the
Confluence Points of the Solid Flat Para-
chute Configurations, Power-0ff, 15° Flap
Setting and Freestream Condition . . . . . . 39

vi



ILLUSTRATIONS (CONT.)

FIGURE PAGE

25. Envelopes of the Areas Swept by the
Confluence Polnts of the Solld Flat Para-
czhute Configurations, Power-0ff, 15° Flap
Setting and near the Ground Condition I
(h/Do = 2.3%) . . . . . . . .. .. ... 0

26. Envelopes of the Areas Swept by the
Confluence Points of the Solid Flat Para-
chute Configurations, Power-Off, 15° Flap
Setting and near the Ground Condition I
(h/Dp = 1.17) v v v v e e e e e e e

27. Envelopes of the Areas Swept by the
Confluence Points of the Solid Flat Para-
chute Configurations, Power-On, 15° Flap
Setting and in Freestream Condition . . . . 42

28. Envelopes of the Areas Swept by the
Confluence Points of the Solid Flat Para-
chute Configurations, Power-On, 15° Flap

Setting and near the Ground Condition n
(h/Do = 2.3%) . . .« . . . .. .. 3
29, Envelopes of the Areas Swept by the

Confluence Points of the Solid Flat Para-
chute Configurations, Power-On, 15° Flap

Setting and near the Ground Condition uh
(h/Dg = 1.17) . . . . . . :
30. Envelopes of the Areas Swept by the

Confluence Polnts of the Ringslot Para-
chute Configurations, Power-0ff, 0° Flap i
Setting and in Freestream Condition . . . . 5

31. Envelopes of the Areas Swept by the
Confluence Points of the Ringslot Para-
chute Configurations, Power-0ff, 0° Flap

Setting and near the Ground Condition 46
(/D =2) + . « « o o o ...
32. Envelopes of the Areas Swept by the

Confluence Points of the Ringslot Para-

chute Configurations, Power-0ff, 0° Flap

Setting and near the Ground Condition M
(/D = 1) v v v v e e e e e e e e e T

vii



ILLUSTRATIONS (CONT.)

FIGURE PAGE

33. Envelopes of the Areas Swept by the
Confluence Peints of the Ringslot Para-
chute Configurations, Power-On, 0° Flap
Setting and in Freestream Condition . . . . 48

34, Envelopes of Areas Swept by the
Confluence Points of the Ringslot Para-
chute Configurations, Power-On, 0° Flap
Setting and near the Ground Condition

(/Do = 2) + 2 e v eevoe e e e e .o

35. Envelopes of Areas Swept by the
Confluence Points of the Ringslot Para-
chute Configurations, Power-On, 0° Flap
Setting and near the Ground Condition
(/Dg=1) « v v v v v v i e e B0

36. Envelopes of Areas Swept by the
Confluence Points of the Ringslot Para-
chute Configurations, Power-0ff, 15° Flap
Setting and in Freestream Condition . . . . 51

37. Envelopes of Areas Swept by the
Confluence Points of the Ringslot Para-
chute Configurations, Power-0ff, 15H°
Flap Setting and near the Ground Condition
(h/Dg=2) « « v v v v v o e o v e .. B2

38. Envelopes of Areas Swept by the
Confluence Polnts of the Ringslot Para-
chute Configurations, Power-0ff, 15° Flap
Setting and near the Ground Condition
(h/Dg=1) - « . . . . . . . . .. .. .. 53

39. Envelopes of Areas Swept by the
Confluence Points of the Ringsgslot Para-
chute Configurations, Power-On, 15° Flap
Setting and in Freestream Condition . . . . 54

40, Envelopes of Areas Swept by the
Confluence Points of the Ringslot Para-
chute Configurations, Power-On, 15° Flap
Setting and near the Ground Condition
(h/Dg =2} . « « « v ¢« v v v v « « « . « . . 55

vili



ILLUSTRATIONS (CONT,)

FIGURE PAGE

4, Envelopes of Areas Swept by the
Confluence Points of the Ringslot Para-
chute Configurations, Power-On, 15° Flap
Setting and near the Ground Condition

(N/Do = 1) v v v v e e 56
4o, Three View of the 1/48 Scale Caribou

Model Aircraft Used for Wake Surveys . . . 57
43, Caribou Airplane Model, 1/&8 Scale, with

Inboard Flaps . . . Ce . . .. 58
4, Airplane Models Suspended in Wind Tunnel

Test Sectlons . . . « . v v v« v v e 59
45, Pressure Survey Rake . . . . v + + + « . . 60
46, Rake Positions for Wake Survey of Caribou

Bireraft . v v v e e e e .. 61
n7. Pressure Field Indications and

Constructed Isobars . . + + + o & « + . . 62
48, Dynamic Pressure Distribution of Caribou

Airplane Model at Station 1 in Free-
stream, Unpowered and Flaps Normal
Conditions . e . 63
g, Dynamic Pressure Distributicn of Caribou
Airplane Model at Station 1 in Free-
stream, Powered and Flaps Normal
Conditions e e e 64
50, Dynamic Pressure Distribution of Caribou
Airplane Model at Station 1 in Free-
stream, Unpowered and Flaps Down
Conditions . . « . . + . . . . 65
51. Dynamic Presgure Distribution of Caribou
Airplane Model at Station 1 in Near
Ground, Unpowered and Flaps Down
Condi tions e e e e e e e e 66

he. Dyneamic Pressure Distribution of Caribou
Airplane Model at Station 2 in Free-
stream, Unpowered and Flaps Normal
Conditions . . . « « & v v &« & 4 & & o .« . 67

ix



ILLUSTRATIONS (CONT.)

FIGURE PAGE

53. Dynamic Pressure Distribution of Caribou
Alrplane Model at Station 2 in Free-
stream, Unpowered and Flaps Down

Conditions . . . . . + + « v « v « « + . . . 068
54, Dynamic Pressure Distribution of Caribou

Airplane Model at Station 2 in Near Ground,

Unpowered, Flaps Down Conditions . . . . . . 69
55. Dynamic Pressure Distribution of Caribou

Airplane Model at Station 3 In Free-
stream, Unpowered and Flaps Normal
Conditions . . . v v +v ¢« v « v « 4« v v o . . (O

56. Dynamic Pressure Digstribution of Caribou
Airplane Model at Station 3 in Free-
stream, Powered and Flaps Normal
Conditions . « v v v v 4 v e v e e e e ... TL

57 Dynamic Pressure Distribution of Caribou
Alrplane Model at Station 3 in Free-
stream, Unpowered and Flaps Down

Conditions . . . « + « .« . . 72

58. Dynamic Pressure Distribution of Caribou
Airplane Model at Station 3 in Near Ground,
Unpowered and Flaps Normal Conditions . . . 73

59. Dynamic Pressure Distribution of Caribou
Airplane Model at Station 3 in Near Ground,
Unpowered and Flaps Down Conditions . . . . TH

60. Airplane Axes X and X' . . . ., . . .. . 715

61. Dynamic Pressure Distribution of Caribou
Airplane Model 1in Vertical Plane
Containing Airplane Axis X in Free-
stream, Unpowered and Powered, Flaps
Normal and Deflected Conditions . . . . . . 76

62. Dynamic Pressure Distribution of Caribou
Airplane Model in Vertical Plane
Containing Alrplane Axis X' 1in Free-
stream, Unpowered and Powered, and Flaps
Normal Conditlons. . . . . . .o .



FIGURE
63.

o4,

TLLUSTRATIONS (CONT.)

Dynamic Pressure Distribution of Caribou
Airplane Model in Vertical Plane
Containing Airplane Axis X' in Free-
stream, Unpowered and Flaps Deflected
Conditions . . . . . + « v v « & & « 4 .

Dyramic Pressure Distribution of Caribou
Alrpiane Model in Vertical Plane

Containing Airplane Axis X' 1in Near Ground,
Unpowered and Flaps Deflected Conditions

xi

PAGE

78

79



IT.

ITT.

IvV.

TABLES

PAGHE
Test Prcgram for Study of Drag and Stability
Characteristics of Extraction Parachute
Systems (Wind Tunnel Velocity ¥, = 91 fps) . 80
Drag and Stabllity Characteristics of the
Solid Flat Parachute Configurations . . . . . 81
Drag and Stability Characterigtics of the
Ringslot Parachute Configurations . . . . . . 83
Wake Survey Test Configurations . . . . . . . 85

xii



SYMBOLS*

Cdg drag coefficient based on nominal diameter

D steady state drag

Dg nominal diameter

Dp projected diameter

d propeller diameter

h distance between ground plane and aircraft center
of gravity

N propeller RPM

n number of parachutes

q local dynamic pressure

So nominal area

T propeller thrust (per propeller)

v alr velocity

0 ¢ parachute cluster angle of attack

/93/4 propeller piteh at 0.75 radius
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7] deflectiocn angle of extraction line

Subscripts:
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*Additional symbols, when used, are defined in the text.
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I. INTRODUCTION

In conventional alr cargo delivery systems, either
a single or a cluster of parachutes exert thelr force upon
an extracticn line which, in turn, moves the cargo platform
out of the airplane and then deploys the main parachutes.
The general behavior of this parachute extraction system in
the wake of an unpowered airplane model has been investigated
previously (Ref 1). 1In the following study certain parachute
performance characteristics of the extraction system have
been investigated in the wake of the same alrplane model
but with windmilling or powered propellers, with wing trailing
fleaps in normal and deflected positions, and with cor without
ground effects. As subgtantiation of the expected findings,
the pressure distribution in the wake of the powered and un-
powered alrplane models was measured.

In particular, the following experiments have been
performed:

1) Measurement of the steady state drag
coefficients for single and clustered para-
chutes of up to four canoples in the wake
of the aircraft.

2) Study of stability characteristics of
single and clustered parachutes in the
airplane wake.

3) Measurement of the pressure distribution
of the powered and unpowered alrplane models
in three different planes in the wake.

All experiments involving parachutes were carried
out with models of circular solid flat and circular flat
ringslot parachutes.



IT. MODELS

Except for some modifications, the mocdels and the
equipment used in these studies were the same as those used
in Ref 1. Eowever, for orientation purposes the main model
characteristics shall be repeated.

The model parachutegs were made as flexible as
standard parachute material and conventional fabrication
methods permit. Furthermore, the models were as large as
possible in view of acceptable wind tunnel blockage effects.
Under consideration of the various circumstances, parachute
models with a nominal diameter of about 16 in. and a model
aircraft with a 6 £t wingspan were then selected. These
dimensions correspond to a scale factor of 1/16.

A, Parachute Models

Figure 1 shows gore patterns for both circular
flat ringslot parachutes and circular sclid flat parachutes.

1. Ringslot Parachutes

The flat ringslot parachute models simulated the
standard 22 ft diameter, 28 gore ringslct extraction para-
chutes, The modelilgs were fabricated with the constructed
diameter shown in Fig la, yielding a ncominal diameter, Dg,
of 16.0 in. and a calculated total porosity of approxi-
mately 12.7%.

2. Scolid Flat Parachutes

The circular scolid flat models were scaled from an
assumed sclid flat parachute which has the same drag area as
the standard 22 ft diameter ringslot parachute. The nominal
diameter of this prototype parachute amounted to 18.2 ft.
Thus, the models were fabricated as shown (Fig 1b) having a
nominal diameter of 13.65 in. The drag coefficients used
in the computation amounted to Cpg = 0.55 and Cps = ©.75 for
the ringslot and solid flat parachutes, respectively. The
28 gore solid flat models were constructed of 1.1 oz standard
parachute nylon cloth with an air permeability of 90-120
£t3/ft2-min.

2. Extraction Line and Risers

The single extraction parachute and the clusters
are, in full size, equipped with a 60 ft extracticn line to
which each parachute is connected by means of a 5 ft riser.
Scaling these lengths gave model lines of 45 in. and 3.7 in.,
respectively (Fig 2).



B. Aircraft Models

For the studies in Ref 1, the de Havilland DHC-4
Caribou was chosen as a typical aircraft, and the de Havilland
Alrcraft Company of Canada, Ltd., provided the dimensions
according to which the 1/16 model had been constructed.
Figure 3 shows a schematic drawing of the Caribou with model
dimensions.

For the purpose of this newer study, the existing
Caribou model with 0° flap deflection was modified to
simulate 15° deflection of the root and inboard flaps. The
location of the root and inboard sets of the double-slotted
Fowler flaps is shown in Fig 4, while Fig 5 shows schemati-
cally the cross section of the flaps, including hinge point
locations, at deflections of 0° and 15°. The flaps of the
finighed model are pictured in Fig 6. These deflected flaps
were installed such that they can be removed and 0° flaps
reinstalled.

To simulate the wake of a powered aircraft,
appropriate power plants had to be installed so that the
propellers could produce the proper amount of thrust.

The flight conditions of the parachute actuation
are:

1) Full pitch propellers (ﬂ3/h = 20°)
2) Alrspeed = 130 knots
3) Propeller rpm = 1150-1250.

Corresponding to these conditions, the Hamilton
Standard Company, Windsor Locks, Connecticut, provided a
value for thrust generated by each propeller, amounting to
T = 1910 1b.

As criteria for the scaling of the powered propeller,
it was postulated that the ratios of the dynamic pressure in
the propeller slipstream to the freestream dynamic pressure
for the model and the prototype are identical, (d4s/Qe)m =

(ds/dew )1 (Ref 2).

Explicitly this may be written as

T =T . acTr
T __._.__i
Qoo m Qoo £

W8]



which represents an equation of thrust coefficients, To. Based
on information from the propeller manufacturer, the coefficient
amounted to Ts = 1.245 for 1200 rpm. With the chosen model
gscale and the wind tunnel velcocity, the necessary thrust for
the model was found to be Ty = 1.32 1b which satisfies the
equation and air speed specified above.

From wind tunnel experiments, a motor was selected
which provided this thrust yet was small enocugh to fit the
alrplane model geometry. Such a motor was obtained from
Kearfott Division of General Precision, Inc., with 800 cycles,
3 phase electric input, up to 11,000 rpm, and 3/4 HP. This
motor 1is shown in Fig 7.



ITI. EXPERIMENTAL, APPARATUS

All of the extraction parachute tests were
performed with the airplane model, along with the plane
which simulates the ground, installed in the open test
section of the subsgonic horizontal return wind tunnel of
the University of Minnesota (Fig 8).

Two movie cameras were used to record the behavior
of the parachutes. .One camera was placed alongside the open
section of the tunnel to obtain a view normal to the free-
stream, while the second camera, placed inside the tunnel,
took pictures from downstream toward the test section. The
camera locations are shown in Fig 8.

A force balance, to which the extraction line was
fastened, consisted of a standard strain gage bridge affixed
to a cantilever beam. The bridge output was amplified and
recorded by means of an oscillograph. The force balance was
located at the mean center of gravity of the airplane.

The rate of revolution of the prcpeller motors
could be regulated by means of a varying voltage input which
was drawn from a 400 cycle, 3 phase generator with a total
capacity of 2.5 kilowatts. Propellers, motors and generator
worked satisfactorily throughout the testing period.



1v. EXPERIMENTAL PROCEDURL

The airplane model was suspended in the wind tunnel
in two different ways, once for the adjustment of the proper
propeller thrust and also for the measurement of the para-
chute force.

The proper propeller thrust was defined as the one
which equaled the drag of the airplane at the particular wind
tunnel speed. This could be achieved by regulating the
electric input to the motors, TFor the determination of these
power conditions, the airplane model was suspended by means
of a vertical strut to the ceiling of the wind tunnel test
gsection. Between celling and strut a strain gage was arranged
which measured the resultant force between model and wind
tunnel, and for the proper power or thrust setting this
balance had to show a zero-resultant force. Since the thrust
was adjusted to balance the drag, the measurement of the
absolute thrust output was not necessary. From measurements
of the thrust produced by the motor and model propeller as a
unit, the thrust per propeller amounted to approximately
1.3 1bs.

After completion of these measurements, the alrplane
was securely fastened to the wind tunnel structure by means
of the vertical strut, now with inactive strain gage, and by
fastening the wing tips to the side walls of the wind tunnel
test section. Under these conditions the parachute force was
then applied to the centrally located internal strain gage.
The results of these measurements then represent the para-
chute forces under the given conditions of power and flap
setting. The suspension of the airplane model in the wind
tunnel is illustrated in Fig 9.

To simulate the ground effect, a plywood sheet was
installed in the test section of the tunnel at various
distances, h, from the airplane centerline. The open section
arrangement is shown schematically in Fig 10. The plywood
was removed for simulation of freeflight conditions, h/Dg =o .

When installed, the ground plane extended one mean
aerodynamic chord ahead of the leading edge of the wing, and
1.5 nominal parachute diameters downstream from the vent
position of a fully inflated parachute.

The actual test conditions are shown in Table I
which also gives the various parachute configurations. In
order to record the stability characteristics of the para-
chute configurations under the different flight conditions,

film recordings were made in the two main directions for the
duration of 7 to 10 sec during each run. The indicated results



are average values obtalned from oscillograph recordings

covering the same period. Since the single and the clustered
parachutes moved very rapidly at random, this time was suffi-
cient to establish average values with satisfactory accuracy.

Tc obtain the degree of stability and the attitudes
of the parachutes from the movies, the angle in the vertical
plane swept out by the extraction line during a 7 to 10 sec
period was measured with respect to the freestream direction.
From downstream the movies give the area, perpendicular to
the freestream, swept out by the cluster confluence point.
Also, for the ringslot configurations, the angle with free-
stream (attitude), at which the extraction line would most
probably be found at any time, could be determined; hence,
an angle of attack was defined. Measurement ol the steady
state drag (D) was taken during the same 7-10 sec period.



V. RESULTS

The results of the measurements are presented as
average drag coefficients and the stability charactereristics
of the various configurations under the different flight
conditions.

The drag coefficients are derived according to
the relationship

D

CDO B do NS,

The stability characteristics are presented in
terms of deflection angles, &1 and &, of the extraction line
from the horizontal direction, an average angle of attack,oC ,
of this line when the extraction system was falrly stecady,
and 1in boundary lines of the planes which encompass all
observed positions of the confluence point of the short
parachute risers. Schematically, these characteristics
are illustrated in Figs 2, 11, 16 and 17 through 41.

In detail, the findlngs can be summarized as
follows.,

A, Steady State Drag Coefficlents

The steady state drag coefficients, Cp,, for
various configurations are presented in Tables II and III.
From these values, ratios were formed (Figs 12 through 14)
whose significant characteristics indicated the following:

1) Solid flat parachute drag coefficients behind
the powered aircraft model are smaller near
the ground than in freestream. Behind the
unpowered model, the drag coefficients are
larger near the ground than in freestream.

2) In general, none of the three variables,
i.e., flap setting, ground effects, or powered
propellers, appeared to influence the drag
coefficient of the ringslot configurations.

3) Furthermore, as power is applied, the drag
magnitude of ringslot clusters fluctuates
considerably more than without power. The
drag-time behavior of a cluster with three
ringslot parachutes is illustrated in Fig 15.
S0lid cloth parachutes are less affected.



B. Parachute Cluster Attitude and Stabllity

As would be expected, the solid flat and ringgslot
parachutes have markedly different stability characteristics.
The solid flat configurations were gquite unstable, and the
extraction line was in a constant coning motion (Fig 2) with
relatively large amplitudes. The extraction line of ringslot
clusters performs a slight circular .or coning motion about an
average attitude or position.

Table II gives the maximum angle of the extraction
line of' the single and clustered solid flat parachutes above
and below the freestream direction, which were observed during
the 7 to 10 sec test period.

The same boundary line positions are given in
Table IIT for the ringslot configurations. Since these
parachutes are much more stable, their extraction line tends
to oscillate through a relatively small range of angle of
attack, and the line deviates only occasionally to the limits
given by %1 and ¢o. The angle of deviation from the so-called
angle of attackoc is given as + Aoc in Table IIT.

A graphical presentation of the extraction line
deflection is given in Figs 16 and 17 for the solid flat and
ringslot configurations, respectively. Comparing both
figures, one notices that the single solid flat parachute is
the most unstable configuration, and that a single ringslot
parachute is more stable than the most stable cluster of four
solid flat canopies,

The extraction line of all solid flat configurations
rubbed on the carge ramp and frame of the cargo door. This
contact occurred under all test condifions, hence the
extraction line practically never formed a straight line.

Figure 17 illustrates also the definition of
angle of attack of the extraction line, OC , the average
deflection angle +Acc and the maximum observed deflection.

The camera located downstream of the alrplane model
also provided interesting views of the parachute movements.
These recordings have been evaluated and are schematically
presented in Figs 18 through 41. As stated before, the curves
are boundaries of planes in which the confluence points of
the single or clustered canopies may be located.

Reviewing these figures one notices again the
frequently stated differences 1in stability behavior of the
various configurations. New in appearance and very pro-
nounced in these figures is the ground influence, particularly
upon the less stable solid flat parachute configurations.

In addition to the results shown in the graphical

presentations, the following observations appear to be
important enough to be mentioned.

9



The single and the clustered solid flat parachute
configurations move over the indicated swept area relatively
fast and erratically. This behavior does not appear to be
influenced by the conditions of power-on or -off, or flap
deflection. If such an influence existed, the motion of the
parachute configurations was too erratic to receognize these
trends.

It 1s also interesting to note that the upper
extreme positions of the extraction line do not change due
to ground influence.

In the experiments with the ringslot configurations,
one of the most interesting observations was that under
power-on conditions the configurations display more motion
than without powered propellers. This is particularly
pronounced in the behavior of a single ringslot parachute.
Also, the position of the individual canocopies with respect
to each other 1is more unsteady under power-on conditions.

Finally, one canopy in a cluster of three or four
ringslot parachutes behind the powered model occasionally
rotated about its centerline and the suspension lines of this
parachute wrapped around each other beginning at the canopy
confluence point. It wasg noted that if this happened, the
drag area of that cluster was markedly reduced. This rotation
was not observed with the unpowered model. 1In this report
no data are presented which include a drag area reduction
because of twisted suspension lines.
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VI. WAKE SURVEYS

A, Introduction

The flow conditions of the region in which para-
chutes deploy and inflate influence significantly the para-
chute performance characteristics such as snatch force,
opening shock, drag, and stability behavicr. Numerical
information concerning these facts 1s given in Ref 1, and
the ratio of the drag coefficients of parachutes deployed
in the wake of a powered or unpowered alrplane model given
in the preceding chapters, reflects again the difference in
flow conditions at the region of parachute functioning. As
indicated, the drag area of single and clustered parachutes
may vary as much as 20% depending on the flight condition of
the airplane. Knowing this difference of the developed drag,
it is of interest to investigate the variation of the velocity
or pressure distribution in the wake of the aircraft under
consideration of powered or unpowered fiight as well as the
position of the inboard wing flaps and freestream or near
ground flight conditions. Motivated by these circumstances,
pressure surveys were made in vertical planes perpendicular
to the longitudinal axis of the aircraft at three stations
downstream from its aft end. The experiments included
powered and unpowered flight conditicns, deflected and non-
deflected flaps as well as freestream and ground effects.

The configurations which were gtudied are shown in Table IV.
The study of all posgsible configurations under power-off

and power-on conditions represent an effort which exceeds

the possibilities of this project. Therefore, the investi-
gation in powered flight was primarily concerned with the
flow condition of the plane immediately adjacent to the
aircraft and in the plane which encompasses the inlet area

of the inflated parachute with fully extended extraction line.

R. Models

From earlier investigations (Ref 1) which were
concerned with the flow condition behind the airplane with
windmilling propellers, a model of the de Havilland Caribou
airplane, scale 1/U48, (Fig 42) was available and has been used
in these newer studies. Also, some of the information in
Ref 1 has been utilized in the composition of the following
presentation.

A new aspect Introduced in this study is the effect
of the inboard wing flaps in normal and deflected positions
(Fig 43). For all power-off conditions, this 1/48 scale
model with flaps has been used. In the flap actuated con-
figurations, the flaps were deflected 15° with respect to
the rootcwrd line (Fig 5).
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A further objective was a study of the power
effect. For this purpose, the Caribou model degcribed in
Figs 3 through 6 with electric motors, propellers and
adjustable Iflaps was used. As in the previous case, the
thrust of the propellers balanced the drag of the airplane,
and was the basic condition of the simulated powered flight.
The configurations in which this 1/16 scale model with power
was used are shown in Table IV.

The smaller 1/48 scale model was suspended in the
closed, high speed section of the wind tunnel whereas the
larger powered model was arranged in the lower speed open
section of the same wind tunnel (Fig 44a, b). In order to
assure the validity of comparison of the measurements per-
formed in the two wind tunnel sections, spot checks of the
pressure distribution obtained in both sectlions were made,
and they showed satisfactory agreement.

For the pressure measurements in the closed section,
a total and static pressure rake with 49 sensing elements was
used. The rake is shown in Fig 45. It will be noted that
the pressure tubes are arranged in one plane. The rake was
positioned as shown in Pig &% at Stations 1, 2, and 3. The
plane of the rake was arranged horizontally at five different
vertical distances centered about the longitudinal axis of
the airplane. The plane at Station 3 colncides with the
plane of the parachute inlet. The distance of the most out-
wardly located horizontal survey plane is equal or greater
than the projected diameter of the inflated parachute. The
model parachute inlet area location corresponds to the inlet
area of a full size single parachute with a 60 ft extraction
line.

On the powered model, Stations 1 and 3 were
surveyed with a similar pressure rake system. However, the
pressure pick-up tubes were spaced farther apart correspond-
ing to the larger airplane model.

C. Experiments

The smaller model, in the closed section of the
wind tunnel, was exposed to a wind velocity of 140 fps.
This corresponds to a Reynolds number of Re = 2,06 x 102
based cn the chord length at the root of the wing. In the
open section, the wind velocity was 90 fps yielding, with
the larger model, a Reynolds number of 4.18 x 102, also
based on the root chord length of the wing. Figure 44b
shows the suspension of this airplane in the open test
section,
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The pressure measurements provided a network of
points showing the dynamic pressure at the plane under
investigation., Into these pressure flelds lines connecting
the points of egual pressure, isobars, were drawn which in
their entity show the distribution of the dynamic pressure
in the plane. This technique is 1llustrated in Fig 47.

D. Results

The results of these experiments, using the
evaluation technique described above, are shown in Figs 48
tc 59. These indicate the dynamic pressure distribution in
the wake of the ailrplane in vertical planes at Stations 1,
2, and 3. Inspecting these figures, one notices the effects
of powered propellers, deflected flaps and the influence of
the ground. Detalls of the most interesting findings are
discussed later.

In view of the functioning of the parachutes, the
flow conditions behind the airplane longitudinal axils, X,
and behind the axig of roftaticn, X', of the windmilling or
powered propellers are of particular interest (Fig 60).
Therefore, Figs 48 through 59 were re-evaluated in order
to show the dynamic pressure in the vertical planes along
the airplane axes X and X'. Figures 61 through 64 illustrate
this evaluation. One recognhizes from the position, course,
and slope of the isobars, the effect of the wvarious flight
conditions.

In particular, Fig 61 indicates that the propeller
slipstream extends into the central region of the aircraft
ralsing the dynamic pressure by approximately 10% when the
flight condition changes from windmilling toc powered propeller,
The slipstream effect is even more pronounced directly behind
the propelier. In this case, the dynamic pressure increases
in the plane at Station 3 by almost 50% when the propeller
is changed from windmilling to powered conditicns. Details
of the flow in the plane of X' are shown in Fig 62.

An evaluation of Figs 48 through 59 shows that
flap deflection and near ground nonpowered flight do not
alter significantly the dynamic pressure distribution in
the vertical plane along the longitudinal airplane axis X.

Directly behind the propeller, in the plane
containing axis X', a flap deflection displaces, in free-
stream, the isobars significantly as a comparison of Figs 62
and 63 indicates. This downward stream deflection is reduced
when the airplane flies near the ground (Fig 64).
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VII. CONCLUSIONS

Reviewing the behavior of the single and clustered
parachutes as summarized in Section V.A in light of the
wake survey results, one may identify the following trends.

Solid flat parachutes osclllated behind the
powered and unpowered aircraft model in a random manner with
large amplitudes and varying frequencies, and only general
tendencies concerning the drag coefficients of these para-
chute combinations have been indicated. The wake surveys
were not extensive enough to yield explanation of the
observed general characteristics,

With the unpowered airplane model, the single and
clustered ringslot parachutes remained in a relatively small
area surrounding the longitudinal ailrplane axls, X, regard-
less of flap settlng and distance from the ground. The wake
survey indicated that the pressure distribution in this area
was affected very little by the airplane configuration and
ground proximity. This finding explains the consistent
behavior of the ringsloct parachutes behind the unpowered
aircraft.

With the powered airplane, the ringslot parachutes
showed comparatively stronger fluctuation of the parachute
force, and in some cases, larger osclllation amplitudes and
higher frequency under the various powered flight conditions.
The wake survey indicated that the pressure digstribution
close to the central axis, X, was changed very slightly by
the power effect, but that the area into which the parachute
rims extend, showed fields of increasged velcocity. This
probably causes the change of the parachute behavior.
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Caribou Alrcraft
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Fig 6. Root and Inboard I'lap Defleclions (15°) on 1/16 Scale
Caribou Model
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a) View of Downstream Camera

b) View from Normal Camera

"ig 9, Alrcraft Mcdel Installation as seen {rom Downstream
and Normal Cameras
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ig 43, Cavibou Airplane Mcdel, 1/08 Scale, with
Inboard I"laps



'

a. Caribou Alrplane Model, 1/48 Scale, in Simulated
Near Cround I"light in the Closed Scction of the
Wind Tunnel

b. Caribou Airplane Model, 1/10 Scale, in Open
Section of the Wind Tunnel
g 44,  Adirplane Modelr Suspended 1n Wind Tunnel
Test Sections
59



!

(D2G/0),0€ SEI00= NVIQ JdVL

,GE00 = VI
* 'SAEON IUNSSTU
| DIUVIS ANV
~ o WIOL ONIIYNYALV
D3 G20) G2 _
( h | SVH Iyivy ‘310N
(0201'0),01 o~
B ()
N

60

0l 1 ]

buoy 01
BuolGiet




STA. 2

c
® RAKE POSITION
1/48 Model| 1/16 Model Full Size
3.63" 11.03" 14,7
4., 10" 12.30" 16.4°
15.60" 45.00" 60.0'
12,30" 36.90" 49,2!
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Fig 46. Rake Positions for Wake Survey of Caribou Aircraft
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Fig 48. Dynamic Pressure Distribution of Caribou Airplane Model
at Station 1l in Freestream, Unpowered and Flaps Normal
Conditions (Taken from Ref 1)

63



o

~ g~ 131 FT DIA

Fig 49, Dynamic Pressure Distribution of Caribou Airplane Model
at Station 1 in Freestream, Powered and Flaps Normal
Conditions
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Conditions
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Fig 51. Dynamic Pressure Distribution of Caribou AirElane Model
at Station 1 in Near Ground, Unpowered and Flaps Down
Conditions
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Fig 52. Dynamic Pressure Distribution of Caribou Airplane Model
at Statioi 2 i.a Freestream, Unpowered and Flaps Normal
Conditions (Taken from Ref 1)
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Fig 53. Dynamic Pressure Distribution of Caribou Airplane Model
at Station 2 in Freestream, Unpowered and Flaps Down
Conditions '
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Fig 54. Dynamic Pressure Distribution of Caribou Airplane Model
at Station 2 in Near Ground, Unpowered, Flaps Down
Conditions
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Fig 55. Dynamic Pressure Distribution of Caribou Airplane Model
at Station 3 in Freestream; Unpowered and Flaps Normal
Conditions
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Fig 56. Dynamic Pressure Digtribution of Caribou Airplane Model
at Station 3 in Freestream, Powered and Flaps Normal
Conditions
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Fig 57. Dynamic Pressure Distribution of Caribou Airplane Model
at Station 3 in Freestream, Unpowered and Flaps Down
Conditions
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Fig 58. Dynamic Pressure Distribution of Caribou Airplane Model
at Station 3 in Near Ground, Unpowered and Flaps Normal
Conditions
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END VIEW OF AXIS

[
(

Fig 60. Airplane Axes X and x'
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TARLE I

TEST PROGRAM FOR STUDY OF DRAG AND STABILITY
CHARACTERISTICS OF EXTRACTION PARACHUTE SYSTEMS
(Wind Tunnel Velocity Vo, = 91 fps)

Flow Condition:

. ; Flap Parachute Number of
A1§§§2ft Altitude Deflection Type Parachutes
Power 0°
h/D, =00 Ringslot 1, 2, 3, &4
ON, OFF 15°
Power 0°
h/Dy =00 Solid Flat | 1, 2, 3, & &4
ON, OFF 15°
Power h/Dy = 1 0°
‘ Ringslot 1, 2, 3, & 4
ON, OFF h/D, = 2 15°
Power h/Dgy = 1.27 0°
Solid Flat 1, 2, 3, & 4
ON, OFF h/D, = 2.34 15°
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TABLE II

DRAG AND STABILITY CHARACTERISTICS OF THE
SOLID FLAT PARACHUTE CONFIGURATIONS

n=1
h/Do S] Power Cp 21 | @0
0° On 0.605 [23.5]11.3
1.17 off 0.679 |23.5[12.5
15° On 0.619 |[24.5]11.
Off 0.665 [27.0(11.0
0° On 0.707 {23.3(21.8
Off 0.752 |23.3]24.8
2.5h 15° On 0.639 |20.0]23.0
Off 0.684 |27.0]27.0
0° Oon 0.685 | 9.9(27.3
oo off 0.669 [27.2]28.9
15| 0On 0.665 [24.0]28.0
off 0.646 {25.0{31.0
n= 2
“h/Dgy © Power CD g1 | #o
0° on 0.673 [21.8]12.5
1.17 Off 0.670 |23.5] 8.2
15° On 0.650 (18.1] 9.9
Off 0.670 {18.0] 0.1
0° On 0.669 [20.0[20.5
5.34 Off 0.662 N16.7]16.0
15° On 0.625 J11.3]|21.
QOff 0.638 115.0]021.0]
0° On 0.690 [i8.4[24.0
o Off 0.618 [16.5(22.8
15° On 0.679 115.7119.6
QOff 0,629 l17.0125.0
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TABLE II (CONT.)

n =3
h/Dg 3] Power Cp 1 | 9o
0° On 0.650 |15.3}1 7.1
Off 0.632 116.6] 7.0
L1 15° On 0.606 | 9.8] 9.7
Off 0.625 j14.0} 8.0
0° On 0.633 [|11.3(15.3
Of f 0.617 | 9.5(|12.0
2.34 150 on 0.608 | 6.2]16.8
of f 0.620 [10.0]15.0
0° on 0.661 |10.4]13.8
oo Off 0.604 f11.8]17.9
15° On 0.642 | 2,7]|=20.6
Off 0.579 | 8.0]17.0
n=4

h/Dg e Power CD g1 | @
0° on 0.604 | 8.9 3.2
1.17 off 0.568 | 9.9] 3.5
15° on 0.587 1 9.5] 7.1
Off 0.575 | 7.0l 6.0

0° On 0.621 | 7.1}11.
2.3 orf 0.607 | 3.0[10.0
15° on 0.606 | 2.9]15.8
Of f 0.587 | 4.0]13.0

0° On 0.656 | 5.8]12.

oo Off 0.522 | 1.4]13.
159} —0n 0.636 | 2.7115.2

Off 0.571 1 1.0l11,
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TABLE IIT

DRAG AND STABILITY CHARACTERISTICS OF THE

RINGSLOT PARACHUTE CONFIGURATIONS

n = 1

h/Do ) Power ) 31 ] 8o X+ AX
o0 On 0.494 |+3.3] 0.0]+1.6%1.6
1 Off 0.469 {+3.6f/+2.0]+2.4%1.2
15° On 0.503 |+2.7|+5.2]-3.8+1.0
off 0.473 J+2.5] +4.5}+0.5+1.2
0 On 0.501 [43.5{+5.4]-1.8t2.6

5 Off O. 474 |+4.3]+3.3)-2.0%1.

15° on 0.522 |+3.2]+8.8]-4.1+1.
Off 0.483 |+1.0}+6.0]-2.5%3.6
0° On 0.534 {+3.6]+5.41-1.53F1.4
o Off 0.513 [-0.9]+3.2|-2.5%0.7
15° on 0.492 |+1.0|+0.6]~7.5+3.3
off 0.482 |+2.0]H2.0f-6.0F2.3

n=2

h/Do o Power Cp g1 ] 2o [ X +AXK
0° On 0.500 |+0.6] :-0.0|+0.4%0.2
Of f 0.473 |+1.3]-0.1|+0.7+0.6
1 15° On 0.430 [+3.9[+2.9 -2.010.9
off 0.437 [+4.0]+2.5]+0.,5+1.3
0° Oon 0.479 [+1.1]+0.7|-0.450.3
Off 0.438 |+3.6f+1.8]+0.2F1.1
2 15° On 0.401 [+2.8]+1.6]+1.3%1.5
off 0.452 |-1.0|+2.5}-1.5%0.5
0° On 0.494 |-2.71+4.4}-3.610.8
o off O.448 J+2.9]4+0.9f+1.0%1.9
15° On O0.429 |+1.2]+3.6]-0.1*F1.2
off O0.452 |-1.0]+4.0]-2.0%0.3
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TABLE III (CONT.)

n= 3

h/Dg o Power Cp Bl 8 XA
0o On 0.432 |+3.6)-1.2]+2.4F1.2

_ Ooff 0.429 [+2.5}-0.9|+1.7+0.8
* 15° on 0.418 |+3.3|41.4[+2.3%1.0
orf 0.419 [+4.0|+0.5|+1.5F1.0

0° On 0.448 [+2.9)+2.0|4+0.1F1.8

Off 0.433 |+2.6f-1.2|+1.9t0.7

2 150 on 0.433 [+1.0}+5.7|-0.4%1.0
off o.441 |+0.5)+2.0]-1.0t0.5 -

0° On 0.462 H2.2l4+3.1(+1.1%1.1

o Off 0.416 |+1.3]-0.6]+1.0t0.4
15° On 0.463 |-2.41+4.5[-3.7%1.2

ofrf 0.432 |-2.0}+7.0]|-5.0%0.6

n =4

h/Dq e Power Cp g1 | g | X 2AX
0° On 0.427 |45.7]-3.3|+4.0%0.9

1 Off 0.440 3.0l42.0|+2.5%0.4
15° Oon 0.366 4.1]-0.2]1+1.110.9

Off 0.390 |4.0l+0.5)+1.581.0

0° On 0.421 43.2]-1.0|+2.1%1.1

o Off 0.433 {+3.8]-0.9]+2.641.2
150 On 0.420 |+0.8]|+4.3|-1.5t2,2

Off 0.394 |+0.5}+0.5] 0.0t0.5

0 on 0.415 hHe.7h-2.0|+2.3%0.4

o Off o.4o4 H3.11+0.8]+0.140.9
150 On 0.1 {-1.5}+5.2]|-2.9+1.6

Off o.424 | 0.0]+5.0}-2.0+0.8
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Wake Survey Tect Configurations

Table IV

Configurations
Model
Sta, Scale
o, Power Flaps Stream
1/1a off/fon | normal free 1 1:45/1:15
2 off deflect free 1 1:48
3 off deflect | ground 1 1:48
4, aff normal free 2 1:48
5 off deflect free 2 1:438
6 off deflect | ground 2 1:48
L 7/7a offfon | nermal free 3 1:48/1:16
8 off deflect free 3 1:48
9 off normal ground 3 1:48
10 _off deflect | ground 3 1:48
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