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ABSTRACT

This report defines parameters and presents pressure
corrections for a low air pressure (1-100 p.s.f.a.)
measurement system consisting of & pressure transducer
and tubling ported to a hot surface at temperatures to
2800°F. Included are results of laboratory measure-
mente with argon and air under conditions of both
thermal creep and slip flow occurring together in a
pressure transmission tube under temperature gradients.
Both temperature functions, thermal creep and slip
flow, were found to affect the system pressure. Dynam-
1cally, the temperature dependance of slip flow affects
time response for tubes since it has the temperature
dependancy of gas viscosity. Integration of the tubular
time constant, modified for slip flow along the tube's
temperature gradient, 1ls carrled out and compared to
measurements; falr agreement 1s shown.

For pressure correction, the static (steady state pres-
sure and temperature) differential predicted by Knudsen
is found to hold for a closed tubular volume, Addition-
ally, the plotted statlc results are sufficlently
accurate to clearly show the effect of temperature upon
viscosity as predicted by integration of Maxwell's
viscoslty function along the tube.

Other laboratory work reported herein includes callbra-
tion of a commercial airborne alpha emission pressure
transducer (National Research Corp. Alphation 718).

Also, there is considerable data presented on adsorption/
oxidation at temperature for pressure tubing material.
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LIST OF SYMBOLS
p pressure
T temperature
T2 temperature at hot end of tube
T, temperature at cold end of tube
To transducer temperature
Tﬂ average temperature
R gas constant
a tube radlus
M coefficlent of viscosity
b1 coefficient of slip
f transfer ratio of mementum
X dimension along tube
£ tube length
Pf final pressure
Po Initial pressure
Py pressure at hot end of tube
P pressure at cold end of tube
v transducer volume
Vi tube velume
K, Knudsen number
A coefficlent of the temperature dependence of mean free path
Py average pressure
Mo coefficlent of viscosity at room temperature
x
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n power of temperature dependence of viscesity
K constant which fits the equation,
n=Kn °T" at room temperature
C constant which describes temperature distribution
CP specific heat at constant pressure
C“r specific heat at constant volume
b’ ratte of specific heats
k therma} conductlvity
T time response
: = §
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1.0

2.0

3.0
3.1

Introduction

While physically the comection of pressure measurements for temperature
effects has recelved little attention because the effects are only present for
low pressures, measurement of the deviation of gas pressure from that pre-
dicted by Boyle's law has been the subject of much physical Investigation,
for the subject encompasses definition of the equation of state of a gas.
Correctlons of the gas law to account for melecular volume and Intermole=
cular forces, known as virial coefficients, date back to Amagat in 1870
Soon afterward, Maxwell and Boltzmann showed the statistical significance
of thermal velocity of molecules upon the nature of gas dynamles,
Knudsen's measurements of temperature=induced pressure effects support
the statistical mechanical theory, Lately, Patterson has derfved non=~
isentroplc flow theory from Maxwell-Boltzmann statistics. Such non=
equilibrium flow deflnes a part of atmespheric entry physics, and net only
the velocity of entry from orblt, but ailse the concomitantly enceuntered
alr temperature requires measurement to interpret the encountered
phenemena,

Purpose and Scope

Our purpese here Is to report some of the atmospheric entry vehicle
research werk for the measurement of low gas pressure on a hot surface
and to dellneate the design of low air pressure measurement systems

for the range 1-100 p.s.f.a. where the alr pressure can be at temperatures
up to 2800°F under alrbome condlilens, Evaluation of transducers fer

low alr pressure measurement, the effect of temperature upon transmissfon
of alr pressure In tublng to 2800°F, and the effect of tubing material

on pressure are described, Work measuring ihe pressure differentlal of
temperature gradient starts where Howard's © left off,

Purely from a practical viewpoint, the pressure transducer of the system is
assumed to operate In a temperature environment between 45° and 160°F,
The transducer Is then connected by a tube te the hot surface which is
ported te an "outside” environment,

Transducer Survey and Evaluation
Methods of Alr Pressure Transduction
Starting with the basic idea of obtaining system accuracy with a pressure

sensor |east subject to temperature variation, consider the aneroid and
diaphram transducers. The anerold transducer principle can be represented
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3.2

by the Computer Instruments Corporation's model 6000A; the diaphram
transducer by the Trans-Sonics' model £2821 DPO.75. The temperature
uncertainty and sensitivity of the C.I,C, truilsducer are respectively 0.1
& +.003 p.s.f,/°F and of the Trans-Sonics “are respectively + 1,0 &

+ 0,03 p.s.f. /°F. Over a range of 100°F this implies relative errors

at 1 p.s.f. of £ 10%, £ 30%, and £ 100% + 300%, respectively, These
errors are Inherent In the transduction system since they are caused by
temperature non-repeatable mechanical hysteresis. Once generated,
these errors are fed through the system electronics.

One then looks for a temperature independent transduction p rinciple.
Radlo~activity satisfies this criteria.

In a changing temperature environment, the emlIsslon rate of alpha
particles Is not a temperature function, while the absolute cross section

of gas molecules Is on extremely weak temperature function, The resultant
lonizatlon current Is relatively temperature Independent; therefore,
temperature compensation for pressure measurement by alpha emlssion can
be accomplished by circult compensation for temperature changes In

the electronics and in the gas (since number density is really measured.)

Pressure Transducer Packaging

Studylng the pressure data from the Decker Corporation model 341 and the
Natlonal Research Corporation's 718 Alphatron, Figures 1«12 (see
also the Trans=Sonles 120 Equibar report), one Is impressed with the
error In pressure which comes about due to Instrument electronics
temperature change. In fact, the non=linearity of this mechanical
transducer Is brought out In Figure 11  where the Trans=Sonics 120

has been callbrated against an absolute oil manometer, Since transducer
amplifiers have been successfully packaged for aitbome use in the
temperature and vibration environment of atmosphere re-entry, the
packaging of pressure transducer ampliflers merits attention,

The difficulties to be expected In packaging these pressure devices are as
follows: Ttcan be seen that the Decker Corporation's transducer is quite
sensitive to thermal expansion and compression of the potting compound,
causing electrical capacitive varlations and hence, changes In pressure
measurement response. The Trans-Sonics Is also basically a capacitive
pressure transducer, and hence, the same difficulties In packaging as
with the Decker Corporation's transducer can be expected although it does
not have physically exposed capacity. On the other hand, the Natlonal
Research Corporation 718 Alphatron is basically a counting device, and
its electronics Is relatively Insensitive to amplification varlations, This
transducer Is lsolated from the load by a magnetic reluctlve effect rather
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3.3

4,0

4.1

neatly, It is for this reason that It is recommended that this transducer
be packaged for airborne use with temperature compensation.

Transducer Evaluation

An Alphatron 718, packaged for alrbome use, was Initlally callbrated at 45°F,
78°F, 160°F, and 212°F against a Roger Gilmont oil manometer and a
Wiancko pressure transducer over the alr pressure range of 1-100 p.s.f.

(0.35% to 35.9 torr), This data appears In Figures 4-7,

In the Alphatron 718 transducer the 5886 tube, a 2N3335 transistor, and a
ground lead were replaced in order fo make the transducer operable.

Averaging of all Alphatron 718 data for 4 to 6 runs at each temperature resulted
In a minimum scatter of + 47 percent at 45° F for the 1 p,s.f. point. The
scatter decreased with increasing pressure, but Increased with increasing
temperature. Voltage varlation tests and temperature variation tests showed
that either can cause data scatter. Because the clrcuit resistors were not
replaced with the component changes, the data did not match that of the
vendor's, When both temperature and voltage were carefully held constant,

Tt was possible to hold scatter to £ 4% at 1 p.s.f. at 82°F,

It was also found necessary to Isolate the 5886 filament supply from 60 cps
plck up. This was done by using a battery,

Further work with the Alphatron 718, involving voltage variatlon, has
detemined that the vendor calibretion curve can be obtained by reducing
the screen of the 5886 tube to 5.1 volts from the previously used 8,1
volts. The callbratlon data of Figures 8-10 was obtained. Thls Improved
result (+ 3 percent of reading) allowed use of the alphatron 718 as the alr
pressure reference transducer for the final simulated trajectory heat tests,
In this calibration data for the alphatron 718 Its output has been also
converted from pulse count to analog voltage In Figure 10,

A rebullt model of the Decker transducer was scheduled for calibration and
subsequent evaluation. However, on receiving the model 357 A, the chamber
was found to leak excessively so that calibration was impossible,

Tubing Materials Testing

Heating of Tube Materlals in Low Pressure Alr

The facility = To determine how a materlal affects pressure measurement
of temperature in air, a sample is inserted Into a closed end platinum=10=

rhodium tube of 0.170" inside diameter, (See figuresi3 and 14), This
tube Is so positioned inside the furnace that the center of the sample
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4.2

4.2.1

coincides with the center of the furnace. The thermal gradient from

the center of the fumace outward is -70°F to each end of the 3" somple.
The system volume is 266 em”. The sample is retained in position inside
the plotinum-10-rhodium tube by a platinum wire welded to the platinum
tube end.

Initially, the platinum-10-rhodium tube was heated alone to 2865°F

to detemine if oxidation or diffusion occurred within detectability of the
pressure measuring system accuracy. Only slight increases in pressure
were observed, which were ascribed to a tendency for the system to
always expand @ given volume of gas, even when the temperature of
each end of the volume is controlled because the furnace slowly gets
dhead of the water cooling system. It was possible to hold this thermal
drift under + 1 percent of pressure reading in 5 minutes at 2800°F,

The themmol drift was the same for air and for argon, indicating that the
system wos leak free,

In order to do the air testing, the Trans-Sonics'differential pressure trans-
ducer was resealed. While one can measure differential pressure across

a leaking diaphragm instantaneously, eventually the system pressure will
be affected by the leak, and in these tests the pressure must be constant
over o five-minute time interval. The tronsducer was recalibrated against
the Roger Gilmont oil manometer and the Wiancko pressure standard; the
reading was found accurate to + 3 percent as indicated by the meter.

Results of Oxidation/Adsorption Testing

Data for tantalum, titanium, ond tantalum disilicide on tontalum are
shown in Figures13 through 23. These data were obtained by observing
air pressure inside the platinum-10=-rhodium tube after pressure and
temperoture had stabilized. The gettering of air for tantalum to 2800°F
ond for titanium to 2000°F are recorded. The getter action was so severe
for titanium that no tests were run above 2000°F because the volume of
low pressure air disappeared in a few minutes at 1 p.s.f. (0.359 torr
reduced to 0.011 torr).

Chemical Reactions

There wos no observed chemical reaction between tantalum ond the
platinum=10-rhodium tube to 2800°F. The fitanium showed a small dot
of chemical reaction at 2000°F at the point it touched the platinum
tube. When the silicide coated tantalum was being tested at 2500°F,
the platinum=10-rhodium tube blew in at just this point. At 2800°F,
on later retest of the disilicided tantalum, the tube again blew in. A
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tantalum wire separated the disilicide from the platinum during this test

to prevent direct grain boundary attack by sificon. This time there was

a tantalum-platinum eutectic reaction at 2800°F. While there may

have been silicon grain boundory attack of the platinum-10-rhodium tube,
the position of the holes indicates that the titanium ond platinum formation
of a low temperature eutectic ot 2000°F, and tantalum and platinum ot
2800°F caused the tube blow~ins. Since the tube's external environment is
argon to protect the tantalum furnace heater, there is no serious effect
upon the system during a blow in. In no case was there any noticeable
effect on the samples after test.

4.2.2 Titanium A40 Coating

An attempt to disilicide the titanium A40 tubing was not successful .

The process destroyed the tubing with simultaneous flaking of any coating
which formed. The titonium tubing does toke a nickel plate; the nickel
plated material was tested, Also, 321 stainless steel and iridium were
tested in air for their effect upon pressure measurement.

4.3 Tubing Materials Testing - Additional Results r
|

Additional tubing material tests in air to 2B00°F are presented in
Figures 24=32. These materials include iridium, nickel plated rir+ium,
and 321 stainless steel. None of these three appear superior to
disilicided tantalum at 2800°F for 0.360 torr of air pressure. While
iridium has less pressure error ot 3 and 30 forr, there is really not thot
much difference. To 2000°F, uncoated tontalum is stable enough to

measure low pressure air in tube systems .,

On the basis of the material pressure measurement data, it was decided to
use disilicided tantalum to 2800°F and uncoated tantalum to 2000°F as

a pressure monitor tube in forthcoming simulated heat trajectory tests of
system pressure measurement accuracy.

None of these statements is to be confused to suggest that platinum-10-
rhodium is not the most oxidation resistant tubing material to 2800°F.
As was stated at the beginning of these material tests, the accuracy
standard for the tests is platinum-10~rhodium, which displays no observ-
able oxidation pressure change for five minutes of radiant heating at
2800°F temperature.
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5.0

The inside of the tantalum monitor fube and 0.160" 1.D. tantolum tube
for the low air pressure trajectory heat tests were disilicided.

The brazing of tantalum presents g problem; it can be welded; and

Indeed this is how square sheets of tantalum, bent on a bar, were
constructed into a one~inch diometer monitor tube. The disilicided
material is brazable at 1100°F with silver brazing alloy. Above this
temperature, abrading off  the disilicide coating, followed by welding,
suffices for a gas tight joint. A braze of 75% platinum ~ 25% “paliney 7*
{m.p. 2800°F) failed to wet the disilicide, ond hence tantalum joints
which must operate above 1100°F were welded. The possibility of

using F5-80 (columbium alloy) in place of tantalum con be recommended.
The columbium is only half the weight of the tantalum, while its
oxidation resistance is less than half that of tantalum.

Theory - Steady State

The theory of thermal creep, slip, and transpiration can be found In
loeb ™ and Kennard , who both report Knudsen's work. Here we start
with an expression derived by Kennard (p 331} which describes the tube
flow under local temperature conditions. Slipping ot the walls with the
main flow is an additional return flow induced by the resultant pressure
of thermal creep ot the walls. The thermal creep is set up at the woalls
by a temperature gradient which causes molecular rebound at hot surfaces
fo occur more often than at the cold surface; hence, a rarefaction occurs
at the cold end of the tube. The integration is carried out in Part | of
the appendix. The key to the integration along a tube of this equation
is In noting that the coefficient of slip is a temperature function by
virtue of its viscosity dependance.

inspection of the resulting eq. (16) shows that the static equation for
tube pressure involves only the tube end point temperatures; that is,

the value of pressure difference is independent of the temperature
distribution along the tube. The diffarence of end pressures squared is
not a strong function of A (about as the inverse first power). This leaves
only the question of Maxwel!'s transfer ratio of § . A value near unity
is wsually assigned on the basis of R.A. Millikan's measurements.
Presumably, the data here could be used to determine the value of § and
if another parameter is required.

It Is to be noted that for a temperature there is a continuation of pressure
corrections versus pressure, and that for a different temperature there is
a different continuum. So that when the pressure correction is plotted
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versus Knudsen number there occurs a curve for each tube end temperature.
5.1 Slip Flow and Transpiration Analysls

Because molecules in the hot end of the tube, at about the same pressure
as those In the cold end, are heated to mean free paths five times those
of the cold end, free molecular flow can occur in the hot end while slip
flow takes place at the cold end. For the case of free molecular flow
(transpiration) in the tube

2 2 .2
Py " Py =P Ty - T/,

while for slip flow T
P2 2 "'Pl 2 :R 3K2 YL°2 T2n
; TFATIVZT

Q

In the free molecular flow equation the difference of the square of
pressures depends upon pressure squared. But In the slip flow equation
the difference of the squares of pressures increases less than as pressure
(through the mean free path). Furthermore, Inspection of the data shows
that the correctlons are pressure dependent at pressures where the mean
free path Is of the order of the tube diameter, Hence, a method of
combining slip flow with free molecular flow along the tube Is required.
Logically, one integrates the slip expression until Kn = 1/2 and then
calculates the remaining error under the transpiration, or free molecular
flow, condition.

6.0 Pressure Transmission Investigation
6.1 Laboratory Test Program

Retuming to the original thought of the Introduction, the laboratory
philosophy for determining those creep and slip effects on pressure induced
by temperature consisted in measuring pressure differences directly, For
the work a monitor, or standard tube, was made with diameter large enough
to ensure neglect of wall effects and therefore to give true measurement

of amblent pressure. In this way, both static and dynamic pressure
difference measurement were effected for various tube radii. For those
cases where system time response was too fast, excess volume was added

to slow the system time response.

Where flow theory alone was being checked, Argon was substituted for alr
to eliminate oxldation effects (an accepted simulation technique).

7
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6.2

6.3

Discussion of Argon Data

For this series of tests, an 0.902" inside diameter 321 stainless steel tube
served as a pressure monitor tube. The tube under test was parallel to the
monitor tube as shown in Figures 33 and34 . Calibration of the monitor
tube pressure against chomber pressure is shown in Figures35 and36. The
static pressure differences and time response curves are grophed In
Figures37-44 , The time response data were tcken by recording alpha~
tron pressure reading every fifieen seconds. The result was so smooth that
no single points are shown on the graphs. But as a result of the scatter

in the static dota, the tests were repeated to gain accuracy with a tantalum
monitor tube extending completely into the furnace. The Trans-Sonics
was rebuilt and used differentially with the Alphatron 718 as the absolute
pressure measuring device. The results were extremely accurate (2 1 x
10-3 torr) and are plotted in Figure 45.

Inspection of the plot of argon steady state pressure difference due to
temperature gradient effect yields the following conclusions:

The temperature dependent slip calculations for argon fall on those of
Knudsen for hydrogen end Howard for air. The argon measurements are
scattered obout this line. If at the point of demarkation of the slip

theory from the Knudsen empiricol line, (Kn = 1/2), the integration is
modified to extend from the cold end to the point where Kn = 1/2 and to
continue with free molecular flow to the hot end of the tube, the dashed
line results., This analysis of the phenomena is in agreement with
Skreekanth , who also says that slip flow holds until Kn = 1/2; a conclusion
he reaches measuring mass flow across on orfice,

Tests with Air - Closed Tube

A one-inch diometer tantalum tube wos constructed and disilicided in
order to make a monitor tube for low air pressure measurement. There is
welded on the side of this tube, as shown in Figures 46 and47 , an 0.160"
inside diameter tantalum pressure measurement tube. Those portions of
both tubes which are above 2000°F have been disilicided to minimize
oxide formation. A set of tests, similar to those run with argon, were run
to determine the system time response as o temperature function, and to
determine the steady state thermal creep pressure differences os pressure
and temperature functions; the tests are summarized in Figure 48 ond
plotted in Figure 49 . The time responses are in the right hand column;
the pressure differences at each pressure are indicated in microns, The
steady state data agrees with the integrated equation for tube pressure
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difference reported earlier up to a Knudsen number of 0.5; above this
value the pressure differences fall off rather more steeply than predicted
by Knudsen, Photographs of the fumace built around the tantalum tubing
are shown in Figures50-52 .

The data plot of Figure53 , measured In the disilicided tantalum tube,
brings out very nicely the effect of temperature upon the steady state
pressure differentlaloccurring along the tube. At each temperature a
discrete viscosity has glven rise to a temperature identiflable flow,
On each temperature curve, the point at the higher Knudsen number Is
measured at 0,079 torr.

6.4 Discussion of Closed Tube Data

The fit of the data for argon and air to a temperature dependent slip flow
Integration along the tube (see Figures49 and 53 ) suggests that at all
temperatures slip flow holds below a Knudsen number of one-half, Above
Knudsen number of one=half the values of AP/Pa / B T/Ta branch

off at each temperature toward an appropriate free molecular flow limit.

For free molecular flow { A& P/Pa) is fixed by the quantity AT/ATa +VT) T3},
a number of the order of one-half. As the temperature increases, the
transition from slip flow to free molecular flow disappears, and the flow

tends to go directly from slip flow to free molecular flow, The limits

of the pressure difference expression are then:

APfa .
At 2780°F o = 0,60

At 1090°F QO P/Pa =0,526

Data taken at 2800°F shows this limit line to level at the 0.78 value
of &P/FPa /A T/Ta before Knudsen number of four, some distance
above the 0,60 value predicted by free molecular flow.

This tendency of the temperature curves for air to follow the slip flow
calculation rather than an argon type transition as found by Knudsen and
Howard can be attributed to oxidation of the tantalum and tantalum
dislliclde. We make the following argument: The rate of air reaction
in a tube Is proportional to Its radius. The amount of air Is proportional
to the tube's radlus squared. Therefore, a small tube Is a more
effectlve getter than a large tube on a pressure {molecular number
density) basls. This being so, some part of the pressure differential

can be due to reaction of the surface with the alr in the small tube,
Since data for reaction rates were not taken below 0.340 torr, it Is not
surprising to find noticeable gettering action taking place at 0,050 torr,
the largest Knudsen number point on the curves for alr,
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Essentially, the data defines the pressure comrections In a closed system
for alr to below 1 p.s.f, (0.359 torr) at 2800°F (1805°K). The data also
shows a separate fransition flow for each temperature,

7.0 Dynamic Case

Calculation results with the Integrated time response equation of Part i

of the appendix tend to yleld times one~quarter too short at the lower
temperatures and times oo Jong at the higher rempemlum. Exaomining the
results of afr measurement, Figure 48, the product (*)«(Pg) Is ns:
constant at each temperature In agreement with Sinclalr uﬁ Robins’ for the
room temperature case. Hence, a good value of time response can be
obtalned by consldesing the temperature effect on viscoslty. The values of
argon and air viscosity versus temperature used In colculation can be found
In references 10 and 11, respectively,

As with the Isothermal time response equations of reference 9, Inertial and
veloclty gradient terms are negligible, We must exomine the analysis more
carefully. Following R. D. Fay'< it is possible that the difficulty with our
dynamic analysls lies in the hecat conduction of the gos to the wolls of the
tube. This heat conduction can be included by modifying the viscosity to
an effective viscoslty as given by

y 2
Me-m {1+ (VY ' Vk/c,;n]
This expression, at least to the flist order is independent of temperature

the fhcmu! m%;gﬂvlfy can be wrlﬂen k=(5/2" and then
N =N5/2 - 1 |4thetcuvﬂoofspoclﬂchoch

Is practically constant ovor a Iome hmpo m mnge This gives a comtant
value of 2 to multiply the viscosity. Hence, all hot time constant calculations
can be Increased by a factor of two. Since the time response calculations

are low at lower temperature and high at the higher temperature, this course
of correction would seem to be eliminated.

More loglcally, In eq. (7) of Part 11 of the Appendix, a temperature gradient
parometer appears. Unlike the static pressure equations, the dynamic

equation depends upon the functional character of the temperature distribution,
Any unknown quality of the temperature distribution con cause discrepancy
between theory and measurement in the time response equation.

7.1 Loboratory Technique
A few words are devoted here 1o the method of cbtalning the argon system

pressure Hime response. The chamber pressure in the facility is manually
stepped by a valve. This operation takes from 5-10 seconds for a final

0
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pressure to be set In the chamber and to be recorded through the monltor
tube by the Trans-Sonics'differential pressure transducer whose reference
side Is evacuated. Since the pressure time response of the tube and
Alphatron 520 Is of the order of minutes, this operation allows presentation
of data of pressure time response to a step in pressure at the hot end of

the tube. The fact that the system Hime responses are of the order of
minutes comes about through the large (28 cu. in.) volume of the
Alphatron 520, The tube lengths are 36 In.

In order to obtain reasonably slow time responses in the closed tube for

alr with the 718 Alphatron supplementary volume of 498 cc (or 30.4

cv. In.) was added to the tube volume here. Also, to prevent pressure
drift after a pressure jump, a large tank of 302 cy. In. was attached to

the system so that system pressure would be maintained while air crept In to
fill the small bore tube. The data for alr were actually plotted on a
recorder and later reduced to find the Hime response at the 63% response
valuve,

7.2 Atmospherlc Entry Simulation Test

LookIng at the two flow terms (in equation (1) of Appendix Part I) for one—
quarter inch diamefer tubing, the flow term due to temperature is approximately
twice the flow term due to Hime varying aimaspheric entry pressure head.
This result Is Independent of the tube length. Under these conditions, If
there Is no net flow, the pressure head necessary to maintain the temperature
flow can be found. Presumably, dp thus found is the pressure comection to
be applied to measurements made through the hot tubing, There Is, however,
the question of establishing that the gas In the tube Is In themmal equilibrium,
for Kennards derivation of the flow equation relies upon an equilibrium
condition. That Is3 eq. 65a, page 49, Kennard ls used to calculate average
thermal equilibrium molecular velocity. The agreement of these equations
with measurement indlcates that the gas In the tube Is In thermal equilibrium.

By letting air In ond out of the disllicided tantalum tubes with a pump
around flow network of valves (see Figure 54 ), It was possible to linearly
simulate atmospheric entry air pressure conditions. At the same time,

an appropriate temperature history was run to simulate the entry temperature

11

[wo. D2-81314-1
REY LTR BOriNeg .

%

U3 4286- 2000 REV. 1/65 SH,



at the pressure port. The alm of thls rather complicated data production
was to verlfy that steady state values of pressure differentlals can be

used to correct dynamic pressure historles. The simultaneous temperature
and pressure historles are shown In Figures 55 and 56 . The correspending
pressure dlfferantial In time betwenn the alr pressure in the monitor tube
and its tube's time response of one second at room temperature and the
lagging 0.160" tantalum tube Is shown In Figure 57 , plotted In Figure 58
(two seconds at 2800°F) or = 6 to 12 microns, The sign depends on

whether the pressure Is ramplng up or down, The check of this pressure
difference data agalnst the previously measured steady state values for alr
showed that Indeed for pressure rates of the order of + 6 microns/sec, the stsady
state corrections are accurate,

By way of Illustration, the largest pressure differentlal bccurs at the lowest
pressure, highest temperature condition at thirteen minutes. The steady
state value at 1800°F, 0,350 torr Is 0,037 torr of pressure differentlal .

If the values 0.056 torr and 0,0217 torr are averaged to remove the

system time lag on the change from Increasing to decreasing pressure,
there results 0,039 torr. The data are withln two microns of steady

state predlction, substantiating the equllibrlum statement In the first
paragraph,

The valve network shown In Figure 54 allows air~in-rate and air~out=rate
to be set Independently too, without the pump=around feature there would
be an in~leak during pump down cycles. With only on=off valves, a
lnearly (fixed needle valve sitting) simulated atmospheric entry curve of
pressure can be followed. The needle valves face the tubular volume to
Isolate It from alr shocks caused by the on=off valves' reversal for pressure
rate reversals,

8.0 Summary
8.1 System Deslgn and Criterla

Without attempting to discuss here the mounting of tubing to survive
vibratlon environment In a vehlicle, but confining ourselves to the measure=
ment of pressure, there are enough materlals data to describe how to

bulld a low pressure air measurement system for minimum pressure error,
Additionally, the temperature Induced pressure differentials have been
detemined so that correction can be made where needed.
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8.1.1

8.1.2

8.1.3

8.1.4

Material

Revlewling the tube materlal data, one cannot recommend ttanlum for any
hot pressure application. Even at 1000°F there Is obvious evidence of
gettering. But to 1000°F 321 stainless steal Is quite resistant to alr
absorption. Tantalum Is adequate to 2000°F. Above this temperature,
platinum=|0-rhodlum or disilicided tantalum are least prone to oxldize,
Above the melting point of platinum={0-rhodium, 3350°F, irdium con

be considered as tubing materlal; however, there Is here no data for

its oxidation resistance above 2800°F, There is some welght advantage
In using tantalum over platinum; If welght Is a factor, columblium (F5~80)
Is lighter though 2-1/2 times less oxidatlon resistant than tantalum,
Columblum was not tested, While there seems llttle advantage in going
to the refracotry metals If platinum will suffice, there are many pltfalls

in the use of platinum, some of which have been related,

Diameter

Diameter of fublng Is the only avallable parameter with which one can
adjust a system to collect uncorrected pressure, or with which to compensate
for a heavy tube material, IF pressure corrections must be made, then
weight can be saved by reducing diameter of tubing and accepting a

larger pressure correction, Tube wall thicknesses for this work have

been 10-15 mils,

Length

Tublng length Is, of course, pretty well fixed by vehlcular design. In
general, because time response depends upon tube length both directly
and through the tube volume, the length of tube run should be minimized,
Obviously, minimum length gives minimum weight.

Volume

The transducer volume Is the remalning parameter free to adjust. For
fast time response, It should be minimized. Hot pressure systems have

as much or more volume In the tubing as in the transducer so that time
response gains to be realized this way are limited, The effect of
temperature upon time response has been seen to be severe, Temperature
affects time response through alr viscosity dependency directly and to
the extent slip flow Is present since the slip coefficient Is temperature
dependent,
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8.1.5

8.' .6

8.2

Joints

At and near room temperature, with reasonable precauvtions, nylon taped
standard threaded jolnts can be leak free relative to 50 microns. All

high temperature joints have been brazed or welded In this work as Indicated,
The making of a leak free screw [olnt to operate at high temperatures Is a
question of picking the Inside tubing material to hawe the greater coefficient
of thermal expansion. Preventing chemical reaction and/or oxidation at the
thread Interface would seem to vitiate any advantage in threaded jolnts.

Port

There Is the consideration that where large tube openings bear against hot
boundary layers, a stagnation region can form causing extreme local heating
and flow distortlon. A holed cap can be welded to the tube end. A hole

In a cap should be of reasonable dimension « a tenth of an inch diameter, As
long as the system time response Is viscosity limited, a cap Is not considered
to cause any degradation of time response,

Use of Data to Correct Pressure Reading

With eq. (16) of part | of the appendix, It is possible to accurately comrect
quasl-steady state alr pressure reading In a tube subject to temperature
gradient. In the quasi=steady state condition, only the transducer temperature
T, and the tube hot end temperature T must be known in addition to the
transducer pressure p(o) to calculate from air data the pressure at the hot end
of the tube 1), Pressure correction under thess condlitions Is Independent of

the form of the temperature distribution along the tube.

For the sake of convenience, these corrections can be obtalned for alr pressure
from Flgure 49, as follows:

1. The value of Ap Is estimated from the transducer pressure, p.

2, Compute average pressure, pg, from transducer pressure, p, and
estimated & p.

3. "Average" mean free path, A ¢ 1s found from p, at rcom tempell-uture
(300°K). (This Is tabulated in "US Standard Atmosphers, 1962 J).

4, "Average" Knudsen number, K_, is found by multiplying "average"
mean free path by the ratlo of Rot end temp, T, to room temperature,
Ty and dividing by the tube radlus, a,

5. From Flg. 49 the factor KA%&- Is found from the graph by going from
the Knudsen number K, to l-heqappropriate temperature curve,

6. Since /A Tand T, are determined by the tube end temperatures and pqg

has been plicked, the pressure differences can now be determined,
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A check of the end pressure then determines how good a value of py was used
with Figure 49, If the new value of A p Is quite different from the old, the
process Is lterated until repeated values of A p are constant.

Now the pressure correctlon for two cases Is worked out as explalned above.
The first case Is at 2800°F, 2 torr. The second case occurs at 2000°F, 0.4
torr, The transducer is taken at 300°K (room temperature} for the calculations.
The value of tube radius is 0,080 Inch. The value of pressure correction A p
Is assumed. The value of /A p Is positive since the pressure af the transducer

Is reduced from the pressure of the hot end of the tube due to viscous flow,

Case p Assumed Estimated Ty = °K T A (Tn){(Room Temp)
(tor) pftorr)  pqltorn) (To = °F) Ta 300°K)
1 2,00 0.80 2,04 1805 152 0.94x 107
(2800)
2 040 0.04 0,42 1360 1.28 4.5x 107
(2000)
T K Ap/] Resulting OxIdation/ Corrected
To n A }'7 L p Absorption P
Error {torr)
6.0 07 0.008 .025 0.2 2,225
4.5 .25 0.080 .043 0 0.443

First, the average tube pressure In case | was falr enough because the factor

of 3 error In the choice of A p produces less than two percent error In

average pressure, pg, and In furn In "average" Knudsen number, In case 2,
the assumed value of A p tumed out to be close to the calculated value of A p.
Now look at the resulting pressure corrections, The higher temperature 2800°F,
higher pressure 2.0 torr, cas= glves a pressure correction of only 1.2 percent
while the lower temperature 2000°F, lower pressure 0.40 torr, case has a
correction of [l percent.

Now separately, the error due to oxidatlon/adsorption of afr must be
estimated from the appropriate materlal=pressure curve. Presumably, this
pressure value Is not great, but some care Is required in noticing that the
curves represent the pressure change In air for a given area of material at
temperature. Twice the area will have twice the pressure error under the same
conditions. Too, If the pressure error is significant under these conditions,

It Is time dependent, and time at temperature must be known for pressure
correction. It Is obvlously an advantage to design around the oxidation/
adsorption problem.
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9.0

By way of example, consider the 0.160" inside diameter tantalum tubing
used in this work. For heating to 2800°F, the end of the tube Is disilicided.
The disllicide extended to the elbow joint some eight Inches from the furnace
center (see Figure 53 ). The temperature at the joInt was found to be less
than 2000°F. Inspection of the oxldatlon/adsorption data for disiicided
tantalum (Figures 21=23) to 2800°F and for tantalum {Figures 12=13 ) to
2000°F shows that only dislliclded tantalum at 3 torr and 2800°F contributed
any oxIdatlon/adsorption pressure error, Now from Figures 55 and 56
where the temperature-pressure history s shown, It can be seen that the
total ttme above 2500°F is two minutes at a pressure where the tubular
pressure correction is not serlous, From Figure 21 the oxldation/adsorption
error is 0.2 torr for 3.6 torr; about a five percent negative error, a value
assumed to hold at 2.0 torr also,

The net result Is that the higher temperature case which has the 5 percent
oxIdatlon/adsorption error has additionally only a | percent pressure correction,
The uncorrected lower temperature case requires an |l percent pressure
correctlon,

Assigning to the alphatron 718 data between 78°F and 81°F % 3 percent of
absolute pressure error, the system error for the corrected data here Is
maxIimum at the 2800°F point, due to oxidation/adsorption. It s then

for the system the root sum square of =5% and =1% and * 3%, glving

% 6% of reading for the 0,160 Inch disiliclded tantalum tube. Uncorrected
for the lower pressure case, the system error is the root sum square of * 0%
and £ 3%, giving £12% of reading.

Conclusion

It Is feasible to measure low pressure air in the range 1-100 p,s.f.a,
with an accuracy better than + 6% of reading throughout the range If
pressure corrections based on temperature are used, If temperature is
unknown, the accuracy at 1 p.s.f.a. can be no better than + 4, = [2%
of reading In a 0,160" Inside diameter tube.

This accuracy value Increases as pressure Increases to + 4, =6 % of reading
at 3 p.s.f.a, where temperature Induced pressure effects become almost
negligible.

Since this pressure discrepancy Is Inversely proportional to square of the
tube diameter, a factor of two Increase in tube diameter to 0,320"
Improves accuracy to + 4, = 5% of reading at 1 p.s.f.a.

The system tIme response of 3 feet of 0.160" inside diameter tubing Is of
the order of a second with the Alphatron 718, Hence, at pressure rate
changes of 5 u/second the system time lag is of Iittle significance above
1 p.s.f.a,
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APPENDIX PART |

STEADY STATE CREEP WITH SLIP A TEMPERATURE FUNCTION$ by Kennard
p. 331, Kinetic Theory of Gases equatlon (1) Is found to be for no net flow:

4
R R L R S

or
pdp = —5— (3 dT) / (1+4 B/a)

Now assume h = Ku T" for viscosity where K and n are determined by curve fit,
s d /2 ( 2-f ) %- V RT forslip coef,

and f Is deflned later,
then
pdp = —2&§-— (3K2n2 ") dr / (1+) V2

where )\ =------ \/ r/2 (%.'f_)l( E

P

to Integrate eq, (5)
lets y-I+AT"+V2 1

thent y = 1 -->\T“+l/2 and T= (rg-:-—-) ntT,

thereforer Y=l . 2n/(n+1/2)
T = (-'-X——)

| 1
alsot dT'nl-i- (1 nFT2 (YD) TT T

' 1 a+ 1/2)
1 (1/2=-nYn+ 1/2
= ] 1
CYR /88 (T) n+1/2 .(Y-1) dy
finally: T rz“ 1 n
dT

1 ] 72 1 /2
T oV VIR s PRl R o B

f';'- R T SV ot VA

Y

(N

(2

(3
4

(5)

(6)

(7
(8)
(9

(10)

(1)

(12)
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_T;Zn 2n+ 1
T2 "..+'17’2' (‘)\’ " fl——" dy (13)
T 2
-y [v"ﬂv] (14)
and substituting for y:
T
'én'x?m'ﬂ/z) - ) [(H)«T"“/z) ln(l+>~1"”/7i (15)
so that the Integral of oq. (5) Is:
2
4R 1 1
P () =p (0) Al o (3K ?\0) Sy ("‘5‘—)
{(n)w"”/’) “In (1+)~T“+V2i)‘_ (16)

R R s

by Maxwell f = transfer ratio of momentum

f=1 molecules are reflected diffusely
f 21 melecules are reflected backward

f £ 1 melecules are reflected forward

or f, fractien, are reflected diffusely and 1=f specularly.
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APPENDIX PART Ii
TIME RESPONSE EQUATION

Modifying the NACA TN 27938 time response equation for slip flew results Int

- .8nl .1 . V. {(po = +
- S e VR SRR o
whore 6772 (221 3 \rT (2)
and we define )\ 4 J /2 (—r—') E
- ahe-e e =g (3)
lot also B = —--01-— (v "‘_;T_) In ("’: Pl ) (P rl‘) (4)
" -
then =28 / _T'%d%_;"_ where viscoslty ()

and slip are temperature functiors and temperature varles with length,

Let there be a linear temperature distributlon:

Tucl + T, 7Y dT = e¢d| (&)
and assume '\\ Km'l'“ (60}
then =B KT\Q ] )
RNaa
In order te integrate set (6)
y=1+ apnt /2
1
50 y-' -AT’”Vz and T= PY-E—'-) n+172 (/]
therefore ™= Y~ l) nfn + !ﬂ) (10)
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1 1 )
also dT=m-},f-—(-i—-) ST . (Y- aFT2 7]

(M)

1
1/2=n/n+ 1/2
] 1, n+ 172 (12)
v 0T (=0« dy
finally substituting Egs. (8}, (10) and (12) Into Eq. (17)
T
~a _ [T1hda7 I U ""'1/2 (1/2-9(n+l/2)
FRVC, TTRTr=172" " 7712 3 -0
To
/2, 1 1
(y—l) n/n+ / -("‘""‘) n/m- /2 ;z “3)
1/2 /nt) /2
(n+1)/(n+1/2)
1 1 (y = 1) :
v 0 f"‘?"“’* 9
expandlng the numerator Inside the Integral results In
| I 1
2 A1) T ZFT "]
(y=1) “y=1) =y = ()Y
1 | mvT— (13)
M) (mer =V gr Y
then
ooy i - ! T "2
-1 1
i T
T’T‘I -3
+{2nlf ) (2n:-"| -0 'TI'TY " (16)
and I 1
oMt T2 i : el
—5 & Dy s T ZFT Y
I+ 1
+101 1 I ) Hmn-2
T ¥l Il _2n1 "y Y eeee (17
+1
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] -y I+ T I (18)
2||+|
ond P! y o At
I —g -1 (18q)
In 1l
1 2n
50 Vh+1 =i - T
[%ﬂ dy =(2n+ 1)y + 2ny
+ 1 n+l 4n + 1
& Wil Y THRIT T 4 (19)
and finishing the derlvatien:
in+1) /(n+1/2)
T dr ~ _1 1
I+)‘T""'V2 nt 1/2 )
To
I 4n+ 1 T
RFT W/l BT
[(2"”” + 2ny W el rry
To
(20)

In which y = 1+ AT " V2

Substitution of eqs. (20) and (4) Into eq. (7) ylelds the time response integrated ever a
linear temperature (steady state) distributien.
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EVALUATION OF DECKER LOW GAS PRESSURE TRANSDUCER VS. TEMPERATURE
AMBIENT TEMPERATURE: 140°F TRANSDUCER TEMPERATURE: 145°F
Not readable at 160°F —= erratic output

Callbration Number 1 Calibration Number 2 Calibration Number 3
Trans-Sonics Wlancko (1) Decker{(2) Wlancko Decker Wlancko Decker
Type 120 Frequency Tronsducer

5228 HP
Pressure Output
MM Hg Counter CPS Volts CpPs Volis CPS Volts
.035 40004 -1.371 40006 -1.449 40006 -1.449
.359 40017 -1.344 40019 -1.428 40019 -1.432
1.000 40042 -1.297 40043 -1.385 40043 -1.393
5.0 40195 -1.048 40196 -1.120 40198 -1.119
10.0 40387 -.743 40389 - 787 40390 -.778
15.0 40580 -.432 40582 - 444 40582 -.429
20.0 40772 -.108 40775 -.085 40775 -.048
25.0 40965 +.208 40967 +,266 40968 +,282
30.0 41158 Sl4 41159 +_608 41160 +.618
35.0 41351 821 41350 949 41350 .942
40.0 41545 1.140 41544 1.303 41545 1.295
45.0 41732 1.464 41731 1.663 41732 1.647
40.0 41544 1.302
35.0 41346 .807 41350 942 41350 927
30.0 41159 .604
25,0 40955 .202 40967 264 409468 .258
20.0 40775 -.086
15.0 40578 -.432 40583 - 444 40582 - 444
10.0 40390 -.786
5.0 40195 -1.028 40197 -1. 117 40198 -1.H13
1.000 40044 -1.383 40043 -1.379
.359 40019 -1.426 40019 -1,420
.035 40004 ~1.319 40006 =1.449 40005 =1.440
ZERO SHIFT OF DECKER OUTPUT-YOLTS Thermocouple attached to Decker
Trans~Sonics 45°F  100°F  145°F Houslng Inside case, all temperatures.
Pressure NOTES: (1) See 45°F data for Wiancko Reading
MM Hg 011 <739 - 910 1,432 (2) Themmal creep is 20.95% to 70°F
as Decker Transducer tube
Stabilized temperature and output volts correction,
TABLE 1
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AMBIENT TEMPERATURE: 80°F

EVALUATION OF DECKER LOW GAS PRESSURE TRANSDUCER VS, TEMPERATURE

TRANSDUCER TEMPERATURE: 100°F

START  10:30 A M, STOP 4:15P. .M., TRANSONICS ZERO DRIFT + .009 MM
Calibration Number 1 Calibratlon Number 2 Calibration Number 3
Trans-SonicsWlancko (1)  Decker(2) Wiancko Decker Wilancke  Decker
Type 120 Frequency Transducer
Prosrs 220 e Oupur g Vol cPs Vol
MM Hg ounter Volts olts olts
.035 40005 -,530 40005 -, 624 40005 -,682
.359 40017 - 495 40017 -.585 40017 -. 640
1.000 40043 -.418 40042 -,506 40041 -, 562
5.0 40197 +,068 40195 -, 006 40195 -,062
10.0 40388 +.727 40387 +.654 40387 +,597
15.0 40579 1.387 40579 +1.314 40581 +1.264
20.0 40771 2,021 40772 1.956 40773 1.904
25.0 40964 2.614 40964 2.588 40966 2.527
30.0 41157 3.238 41157 3.195 41158 3.148
35.0 41348 3.6872 41349 3,822 41348 3.781
40,0 41545 4,557 41544 4,499 41545 4,462
45.0 41732 5,254 41732 5,200 41732 5,145*
40,0 41545 4.549 41545 4,451
35.0 41345 3.842 41348 3.770
30.0 41155 3.206 41158 3.177 41158 3.135
25.0 409462 2.581 40946 2,507
20,0 40772 1.957 40773 1.888
15.0 40579 1.315 40582 1.254
10.0 40386 +,651 40389 +.621 *
5.0 40194 -,006 40197 -, 070
1.0 40041 -.497 40043 -, 566
.359 40016 -,572 40018 -.641
.035 40003 -.5611 40004 -.648 40005 -, 680

NOTES: (1) See 45°F data (Fig, Z ) for Wiancko reading.
(2) Thermal Transplration 1s +0,10% to 70°F as Decker correction.
(*) Transonics out between these poing =~ malfunction,
TABLE 2
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EVALUATION OF DECKER LOW GAS PRESSURE TRANSDUCER VS, TEMPERATURE
AMBIENT TEMPERATURE: 39°F TRANSDUCER TEMPERATURE: 45°F
Callbration Number 1 Calibration Number 2 Callbration Number 3
Trans-Sonics Wiancko (1)  Decker(2) Wiancko Decker Wiancko Decker
Type 120 Frequency Transducer
p 5228 HP Outout
MM Hg  Counter CPS ver cPs Volts CPs Volts
.035 40005 ~-.680 40003 =752 40004 -.678
359 40016 -.654 40015 - 727 40016 -, 646
1.00 40042 -, 600 40040 -, 675 40042 -, 584
5.00 40195 - 273 40194 -, 352 40194 -, 227
15.0 40582 +,558 40578 +,459 40579 +,681]
20.0 40774 .978 40771 .887 40772 1.145
25,0 40967 1.410 40963 1,365 40967 1.630
30.0 41158 1.859 41155 1,887 41140 2.167
35.0 41348 2,338 41346 2.472 41350 2,754
40,0 41545 2,872 41540 3.064 41543 3.398
45.0 41732 3.451 41730 3.693 41728 4,160
40.0 41545 2,875 41540 3.056 "
35.0 41347 2,415
30.0 41158 1.849 41157 1.870
25.0 40965 1.400
20.0 40774 .965 40773 .973
15.0 40582 .553 40580 647
10.0 40388 .215
5.0 40195 . 275 40195 -.224
1.0 40042 -.603 40042 -.576
.359 40016 -.655 40018 -.623
.035 ~-.680 40005 -. 645
NOTES: (1) Wlanco works 0=5 psl between 40,000 and 50,000 therefore 38,7
counts/mm Hg is to be added to 40,000 to obtaln Wianco pressure in mm Hg.
(2) System themal creep is ~0,31% at .359 mm to room temperature of 70°F
for Decker transducer tube,
" CO? exhausted; temp. began to rise
Trans-Sonics malfunctioned above 25 mm {used Wiancko only above 25 mm
No, 1 cal).
TABLE 3
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ALPHATRON 718 CALIBRATION
8.1 Volis on 5886 Screen

45°F Oven 45°F Tube

Pressure R.G.L Wiancko Alphatron

M.M. Hg. Inches Transducer  Pressure

of Oil 5228 HP Transducer
Counter Type 718
5228 HP
Counter

0.036 .0228 40,004 3552

0.359 2 40,014 3724

1.00 634 40,040 3772

5.00 40,194 3828
10.00 40,387 3853
15.00 40,580 3870
20.00 40,774 3892
25,00 40,967 3922
30.00 41,161 3951
35.00 41,354 3998
40,00 41,548 4043
45.00 41,741 4071
40,00 41,548 4068
35.00 41,354 4061
30.00 41,161 4042
25.00 40,967 4045
20.00 40,774 4078
15.00 40,580 4080
10.00 40,387 4058

5.00 40,194 4022

1.00 40,040 3946

0.359 40,014 3907

0.03s5 40,004 3897

0.359 40,014 3957

1.00 40,040 3994

5.00 40,194 4083
10.00 40,387 4125
15.00 40,580 4162
20.00 40,774 4215
25.00 40,967 4255
30.00 41,161 4267
35.00 41,354 4278
40.00 41,548 4308
45.00 41,741 4341
40.00 41,548 4343
35.00 41,354 4331
30.00 41,161 4317
25,00 40,967 4290 TABLE 4

26
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ALPHATRON 718 CALIBRATION

8.1 Volss on 5886 Screen

REVLTR

U3 4288-2000 REV. 1/65

BoEING | "o

45°F Oven 45°F Tube
Pressure R.G.l. Wiancko Alphatron
M_M_Hg. Inches Transducer  Pressure
of OIl 5228 HP Transducer
Counter Type 718
5228 HP
Counter
20.00 40,774 4256
15.00 40,580 4221
10.00 40,387 4179
5.00 40,194 4129
1.00 40,040 4053
.359 40,014 4016
036 40,004 3980
0.036 40,004 3980
0.359 40,014 4039
1.00 40,040 4072
5.00 40,194 4123
10.00 40,387 4171
15.00 40,580 4236
20.00 40,774 4295
25,00 40,967 4331
30.00 41,161 4371
35.00 41,354 4399
40.00 41,548 4448
45.00 41,741 4474
40.00 41,548 4447
35.00 41,354 4410
30.00 41,161 4376
25.00 40,967 4339
20,00 40,774 4298
15.00 40,580 4260
10.00 40,387 4213
5.00 40,194 4161
1.00 40,040 4082
0.35% 40,014 4043
0.036 40,004 4007
0.359 40,014 4045
1.00 40,040 4085
5.00 40,194 4166
10.00 40,387 Aan7
15.00 40,580 4270
20.00 40,774 4303
25,00 40,967 4349
30.00 41,161 2 TABLE 4 (Continued)
y74
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ALPHATRON 718 CALIBRATION
8.1 Volts on 5886 Screen
45*F Oven 45°F Tube
Pressure R.G.I. Wiancke Alphatron
M.M. Hg. Inches Transducer  Pressure
of Ol 522B HP Transducer
Counter Type 718
5228 HP
Counter
35,00 41,354 4414
40,00 41,548 4446
45,00 41,741 4474
40,00 41,548 4441
35.00 41,354 4408
30,00 41,16 4370
25,00 40,967 4331
20,00 40,774 4292
15.00 40,580 4252
10,00 40,387 4208
5.00 40,194 4153
1.00 40,040 4068
.359 40,014 4027
.036 40,004 3998
0.03% 40,004 3986
0.359 40,014 4025
1.00 40,040 4063
5,00 40,194 4140
10,00 40,387 4193
15,00 40,580 4232
20,00 40,774 4274
25,00 40,967 4325
30.00 41,161 4345
35.00 41,354 4372
40.00 41,548 4390
45,00 41,741 4413
40,00 41,548 4375
35.00 41,354 4350
30,00 41,161 4334
25.00 40,967 4293
20.00 40,774 4255
15,00 40,580 4213
10.00 40,367 4164
5.00 40,194 4115
1.00 40,040 4028
0,359 40,014 4003  TABLE 4 (Continved)
0.036 40,004 3943
28
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ALPHATRON 718 CALIBRATION
8.1 Volts on 5884 Screen

74° Oven T. C, 74°
Pressure R.G.I. Wlancko Alphatron
M.M_Hg. Inches Transducer Pressure
of Ofl 522B HP Transducer
Counter Type 718
522B HP
Counter
.036 .0228 40,004 2745
.359 2727 40,015 2766
1,00 634 40,041 2770
5.00 40,193 2824
10.00 40,387 2867
15.00 40,580 2896
20.00 40,774 2935
25,00 40,967 2966
30.00 41,161 2997
35.00 41,354 3026
40,00 41,548 3054
45.00 41,741 3082
40,00 41,548 3051
35.00 41,354 3021
30.00 41,161 2990
25,00 40,967 2959
20,00 40,774 2924
15,00 40,580 2889
10,00 40,387 2853
5.00 40,193 2809
1.00 634 40,041 2751
.359 27 40,015 2720
L036 .0228 40,004 2706
.359 40,014 2727
1,00 40,041 2759
5.00 40,193 2811
10,00 40,387 2852
15.00 40,580 2891
20,00 40,771 2934
25,00 40,967 2954
30,00 41,161 2983
35,00 41,354 3013
40,00 41,548 3043
45,00 41,741 3076
40,00 41,548 3043
35.00 41,387 3021
30.00 41,161 2982
TABLE 5
Uy 2208 2000 REV. 8/82 2-5142-2
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ALPHATRON 718 CALIBRATION
8.1 Volts on 5886 Screen

74° Oven T. C.74°
Pressure R.G.I. Wilancko Alphatron
M. M, Hg. Inches Transducer  Pressure
of Ol 5228 HP Transducer
Counter Type 718
522B HP
Counter
25,00 40,967 2951
20,00 40,774 2918
15,00 40,580 2891
10.00 40,387 2854
5,00 40,193 2809
1.00 40,041 2752

359 40,015 2732
1036 40,006 7708
TABLE 5 {(Continued)
U3 az8p 2000 REV. 8/62 30 -stez.2
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ALPHATRON 718 CALIBRATION
8.1 Volts on 5886 Screen
160°F Oven 159°F Tube T/C
Pressure R.G.I, Wiancko Alphatron
M.M_ Hg. Inches Transducer  Pressure
of OI 5228 HP Transducer
Counter Type 718
5228 HP
Counter
.036 0.0228 40,002 1881
.359 0.277 40,014 1901
1.00 0.634 40,041 1904
5.00 40,194 1914
10.00 40,387 1922
15.00 40,580 1927
20.00 40,774 1932
25,00 40,967 1936
30.00 41,161 1939
35.00 41,354 1941
40.00 41,548 1943
45,00 41,74) 1944 1941
40,00 41,548 1938
35.00 41,354 1936
30.00 41,161 1933
25.00 40,967 1929
20.00 40,774 1924
25,00 40,580 1917
10.00 40,387 1911
5.00 40,194 1904
1.00 0.634 40,041 1891
0.359 0.227 40,014 1877
0.036 0.0228 40,003 1845
0.359 .227 40,014 1869
1.00 634 40,040 1884
5.00 40,194 1998
10,00 40,387 1903
15.00 40,580 1908
20,00 40,774 1914
25.00 40,967 1918
30.00 41,161 1921
35.00 41,354 1923
40.00 41,548 1926
45,00 41,741 1927
40,00 41,548 1925
35.00 41,354 1922
30.00 41,161 1919 TABLE 6
U3 4288 2000 REV. 8/62 2-5142-2
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ALPHATRON 718 CALIBRATION

160°F Oven 159°F Tube T/C
Pressure R.G.l. Wiancke Alphatron
MM _Hg Inches Transducer  Pressure
of Oll 522B HP Transducer
Counter Type 718
522B HP
Counter
25,00 40,967 1916
20.00 40,774 1910
15,00 40,580 1905
10,00 40,387 1898
5,00 40,194 1892
1.00 40,041 1879
359 40,014 1867
0.036 0.0228 40,002 1814
0.359 0,227 40,015 1878
1.00 0.634 40,040 1897
5,00 40,193 1910
10.00 40,387 1917
15.00 40,580 1923
20.00 40,774 1930
25.00 40,957 1935
30.00 41,161 1939
35,00 41,354 1942
40,00 41,548 1945
45,00 41,741 1947
40,00 41,548 1944
35,00 41,354 1941
30.00 41,161 1937
25.00 40,967 1932
20,00 40,774 1926
25.00 40,580 1919
10,00 40,387 1912
5.00 40,194 1904
1.00 40,040 1889
1.00 .634 40,040 1891
.359 227 40,014 1875
1.000 634 40,040 1896
5.00 40,194 1902
10,00 40,387 1908
15.00 40,580 1917
20,00 40,774 1922
25,00 40,967 1927
30,00 41,161 1932 TABLE 6 (Continued)

8.1 Volts on 5886 Screen

U3 4288 2000 REV. B/62
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ALPHATRON 718 CALIBRATION

8.1 Volts on 5884 Screen

160°F Oven 159°F Tube T/C
Pressure R.G.I. Wiancko Alphatron
M.M_Hg Inches Transducer  Pressure
of Ol 522B HP Transducer
Counter Type 718
5228 HP
Counter

35.00 41,354 1936
40,00 41,548 1938
45,00 41,741 1940
40.00 41,578 1938
35.00 41,354 1934
30.00 41,161 1929
25,00 40,968 1924
20,00 40,774 1919
15,00 40,580 1912
10.00 40,387 1905

5.00 40,194 1897

1.00 0.634 40,040 1882

0.359 0.227 40,014 1860

0.036 0.0228 40,003 1824

TABLE 6 {Continued)
U3 4288 2000 REV. 8/82 2-5142-~2
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ALPHATRON 718 CALIBRATION

8.1 Volts on 5886 Screen

212°F
Pressure R.G.L Wlancke Alphatron
M.M_ Hg hches Transducer  Pressure
of O1f 5228 HP Transducer
Counter Type 718
5228 HP
Counter
0.03%6 0.0228 40,002 1616
0,359 0.227 40,014 1594
1.00 0.634 40,040 1577
5.00 40,193 1546
10,00 40,387 1532
15,00 40,580 1520
20,00 40,774 1511
25,00 40,967 1503
30,00 41,161 1493
35,00 41,354 1482
40,00 41,548 1469
45,00 41,741 1456 1453
40,00 41,548 1466
35.00 41,354 1477
30,00 41,161 1484
25,00 40,967 1494
20,00 40,774 1502
15,00 40,580 1509
10,00 40,387 1519
5.00 40,194 1533
1.00 634 40,040 1561
.359 .227 40,014 1577
1,00 L34 40,040 1561
5,00 40,194 1534
10.00 40,387 1519
15,00 40,580 1512
20,00 40,774 1503
25,00 40,967 1493
30.00 41,161 1485
35.00 41,354 1478
40,00 41,548 1462
45,00 41,741 1449
40,00 41,548 1462
35.00 41,354 1472
30,00 41,161 1482
25.00 40,948 1490 TABLE 7
U3 4288 2000 REV. 3/64
34
REV SYM L EING lNo D2-81314-1

l PaGE 48



ALPHATRON 718 CALIBRATION
8.1 Volts on 5884 Screen

212°F
Pressure R.G.1. Wiancko Alphatron
M .M, Hg Inches Transducer  Pressure
of OIl 522B HP Transducer
Counter Type 718
5228 HP
Counter
20,00 40,774 1499
15,00 40,580 1507
10,00 40,387 1516
5.00 40,194 1531
1,00 40,040 1558
0.359 40,014 1572
0.035 40,003 1588
TABLE 7 (Continued)
US 4288 2000 REV. 3/64
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ALPHATRON PRESSURE TRANSDUCER, TYPE 718
CALIBRATION AT 120°F,

Pulses/sec

20
?1
181
270

44]
523
602

683

Trans-Sonics Alphatron 718
M.M_Hg  Pulses/Sec  Pulses/sec
033 1919 1897
.359 2011 1989 -—1
1,00 2038 2017
5.00 2076 2058
10,00 2094 2078
15,00 2107 2094
20,00 2120 2108
25,00 2131 2120
30,00 2140 2131
35,00 2148 2141
40,00 2158 2153
5.0 2088 — 1

756

TABLE 8

Pulses/sec  Pulses/sec  Pulses/sec
9 —» 20 19
9?0 ?1 ?1
178 180 180
267 270 269
352 356 355
436 441 440
518 523 522
598 602 602
679 683 682
__——-j 758 _—j\

The poor repeatabliity of the first two cycles with the screen of the 5886 at 8,1 volts can be
compared to that of the next three cycles with the screen of the 5886 at 5.1 volts, The
trans=sonlcs diaphragm hysteresls now shows up against the Alphatron 718 count.

U3 4288 2000 REV. 3/64
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CALIBRATION OF ALPHATRON 718 PRESSURE TRANSDUCER =
FULL PRESSURE RANGE
CALIBRATION AT 78°F

Alphatron Pulses/Sec

Trans-Sonics
MM Hg 78°F 80°F BI*F
.033 MSBP* MS BP MS BP MS P MS BP MS BP
745 850 —» 750 B24 —>» 720 832
.359 MS PP MS PP MS PP. MS PP MS PP MS PP
85 88 87 20 86 90

1.00 31 30 30 2 30 30

5.00 144 142 141 139 141 141
10,00 284 282 279 276 281 280
15,00 428 423 418 414 421 419
20.00 565 560 552 548 556 554
25,00 699 693 683 678 687 686
30,00 831 825 81l 808 817 817
35,00 960 954 937 934 945 943
40,00 1090 1087 1066 1064 1073 1073
45,00 1214 —J 1187 —7 1197 — 2

Screen Voltage of 5.1 Volts
* MS BP 1s mHIiseconds between pulses
TABLE ¢
U3 4208 2000 REV. 3/84 ,
D2-81314-1
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CALIBRATION OF ALPHATRON 718 PRESSURE

TRANSDUCER AT 80°F - to 5 TORR
Trans-Sonles ALPHATRON
MM Hg Pukes/Sec  Milivolss, D.C.
.359 12 9.00
1.00 30 11.20
2.00 60 21.50
3,00 & 29.30
4.00 m 39.00
5.00 136 47.90
4.00 10 39.80
3,00 83 29.50
2,00 60 21,30
1.00 30 .10
.359 12 7.00
.359 13 7.00
1.00 30 11.20
2.00 60 21.50
3.00 86 30,50
4.00 120 2.20
5.00 140 49.40
4.00 120 42,20
3.00 86 30.30
2,00 50 21.50
1.00 30 1.10
.359 12 7.00

The calibration was conducted with 5885 fllament voltage 1.35 V, plate voltage 5.4 V
and scrqen voltage 5.2 V,

TABLE 10
US 4288 2000 REV. V&4
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TRANS-SONICS 120 CALIBRATION DATA AT 78°F
Roger-@ilmont Trans-Sonlcs
O1l Manometer MM, Hg
Inches of Ol
0 0

216 360
618 1.00
1.232 2,00
1.836 3.00
0 0
022 036
214 359
613 1.00
1.228 2.00
1.836 3.0
1.238 2,00
624 1.00
216 359
025 036
0 001
022 .036
214 359
620 1.00
1.228 2,00
1.839 3.00
1.227 2.00
620 1,00
.218 359
.024 0356
0 0015
TABLE II
U3 &288 2000 REV. 3/64
39
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TRANS-SONICS 120 CALIBRATION DATA AT 78°F

M.M, Hg Wiancke rans-Sonics
Pulses/Sec MM, Hg
40000 0
40039 1.0
40078 2,0
40117 3.0
40155 4.0
40194 5.0
40385 10,0
40577 15.0
40769 20.0
40960 25,0
41151 30.0
41340 35,0
41531 40,0
41717 45
41920 50
41717 45
41531 40
41340 35
41152 30
40960 25
40768 20
40577 15
40385 10
40193 5
40155 4
40117 3
40078 2
40040 ]
40002 .0024
40001 .0014
40383 10,00
40767 20,00
41150 30.00
41529 40,00
41916 50,00

TABLE 11 (Continued)

U3 4288 2000 REV. /64
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TRANS-SONICS 120 CALIBRATION SUMMARY FOR 78°F

Roger Gliment

Oll Manometer Trans-Sonics Wiancke

Average MM, Hg M.M, Hg Pulses/Sec M.M, Hg

inches of

oll

0.0 0.0 . 0006

0.023 0364 034

0.214 345 359

0.621 983 1.00 40039 1,01

1.230 1.945 2,00 40078 2,02

1.837 2,90 3.00 40117 3.02
4,00 40155 4,00
5,00 40194 5.02
10,00 40385 9.95
15,00 40577 14,92
20.00 40769 19.90
25,00 40960 24.8
30.00 41151 29.9
35,00 41340 34.6
40,00 41531 39.6
45,00 41717 44 .4

TABLE 12
U3 4288 2000 REV. /84
4]
o, D2-BI314-1
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Vacuum Chamber with Argon
Surrounding Fumace

L2t 112

 Alr H —))
———————]
Platinum+10-Rhodium | Sample
Tube - 0}170" 1.D. Tube Inside
Platintum-10-

Rhodium Tube

Volume Radiant Heated

!

Yo Trans-Sonice
Pressure Transducer
At Room Temperature

Faclilty to Measure Effect of Alr Plus Tube
Material Upon Pressure Measurement:
1-100 p.s.f, 65-2800°F

FIGURE 14
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The dotted sections were added to the
system for the second series of
measurements.

Volume Radlantly Heated

0.160" 1.D. Tantalum
0.067 1.D. Platinum-10-Rhodium

Tost Tube 0.117 1.D. Platinum-10-Rhodium
p— 0.902" |.D. 32[ Stainless Tube (Monitor Tube)

Alphatron Is connected to
small tuber Trans-Sonics
I3 connected to large tube

Detail of
Open Tube Assembly For Low
Pressure Argon Measurement

FIGURE 34
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Capped
I ll | .D.
Tantalum Tube

el R e L S -,

- t"‘

Volume Radlantly Heated:
Tubes In this Region are
Distitcided

- 0.160" 1.D. Tantalum Tube

Alphatron Is connected to
large Tube: Trans-Sonics
Is connected between Tubes

Tantalum Tube Assembly for Low
Pressure Alr Measurement

FIGURE 47
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TIME RESPONSE OF TANTALUM TUBE TO AIR WITH STATIC
PRESSURE DIFFERENCES BETWEEN IT AND MONITOR TUBE,

d=0.160", ROOM TEMPERATURE = 80°F

TEST pj-torr A pp-microns | p-torr A pg-microns (‘!.’)-(morr-uc
80°F 1 .099 .355 192
2 .098 A31 194
3 099 .397 .189
4 099 443 .202
5 099 419 194
gs5°k | .098 14 .335 18 251
2 097 13 A19 17 .278
3 .098 9 .360 18 .254
1100°k | 1 .098 22 .387 2 .334
2 099 .508 27 .375
3 098 .392 2 .330
4 .098 443 28 .347
1366°K] ! 097 23 .387 40 .363
095 26 .382 41 .350
.095 27 .387 41 .357
1590°k] | 099 37 377 52 362
099 33 .339 51 349
099 33 .392 50 .390
1805°K| | .099 49 .308 65 .314
.100 42 .321 66 311
3 .102 42 .397 64 .363

DATA FOR AIR IN CLOSED TUBE

FIGURE 48
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PHOTOGRAPH OF FURNACE TO HEAT TANTALUM TUBES

FIGURE 50 79




PHOTOGRAPH OF TANTALUM TUBE ASSEMBLY
FIGURE 51 80




PHOTOGRAPH OF TANTALUM TUBE MOUNTED IN FURNACE

FIGURE 52 81



. EG NSIL
AL A3SOTD ¥V NI Vil SA IONILANQ NSS4 DILYLS NOOYY

@equniy usspnuy eBoeAy) DA =Y

N4y

82

.w _ w_q w . N_ n“_ 1 8 ' v g z 1°0 0" 20 '}
N Ak AL LI S | jlﬂ~—4ﬁ. T - qdw* —..J-—-J.ﬁ..Jqﬁl-l-..J ¥ L ]
o
+
o-\
1o
—z0
uolplnojo) Mol di|g 7 m.oV
N
-l
p
0
+o
400087 ©
1,510 +
400011 °

40082

WMYINY1 a3aidnisia *a°t «091°0




Valves

6 ON-OFF
% NEEDLE

Ahrosphore

- V

To Volume BUT

VALVE NETWORK FOR ATMOSPHERIC
ENTRY TEST

FIGURE 54
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PRESSURE - TEMPERATURE HISTORY

MINUTES  PRESSURE -~ torr TEMPERATURE - °F AP -4t AP -4 80°F
0 095 80 +1.7 0.0
1 .355 427 +23.3 +13.3
2 .600 875 +22.0 +2.1
3 .885 1210 +22.0 +6.7
4 1.12 1540 +22.8 +5.5
5 1.42 1877 +28.8 +5.0
6 1.77 2220 +35.0 +4.7
7 2.04 2550 +30.4 +4.0
8 2.04 2800 +31.7 ,#5 3.7, -4.7
9 1.51 2640 +11.7 -4.5
10 1.06 2377 +16.7 -4.,2
11 0.690 2129 +18.3 -3.7
12 0.472 1900 +20.3 -3.3
13 0.350 1800 +21.7 , 56.4 - 3.3 ,+7.0
14 0.600 1870 +48.4 +6.7
15 0.872 1970 +42.0 +5.1
16 1.20 2110 +38.3 +4.8
17 ] .44 2225 +36.2 +4.5
18 1.73 2340 +33.4 +3.8
19 1.90 2480 +31.6 +3.5
20 2.12 2630 +31.6 +3.3
21 2.36 2700 +31.0, -3.3+3.3, -5.0
22 1.66 2480 +3.3 5.0
23 1.10 2110 +7.5 ~4,7
24 0.700 1870 +10.0 -4.2

ATMOSPHERIC ENTRY TEST PRESSURE

DIFFERENTIAL DATA
FIGURE 57
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