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2 FOREWORD

This Interir Technical Data Report is submitted to the NASA Lancley
Research Center by AiRescarch Manufacturing Company, a division of The
Garrett Corporation, Los Angeles, California. The docurment was prepared
in accoirdance with the guidelines established by paragraph 6.3,3.2 of NASA
Statement of Work L-4947-8,

Interim Technical Date Report:. are gencrated on a quarterly basis for
major program tasks under the Hypersonic Research Engine Froject. Upon
completion of a given task effort, & Final Techrical Data Report will be
submitted,

The document in hand presents a detailed technical discussicn of the
Instrumentation Program for the period of 24 August through 23 November 1967,
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SYMBOLS

Symbol Definition

3 L/t = disS?nce between deflection bloek and parallel restraints
stance between deflection block arnd rear supports

o angle of attack (alrplane)

f misalignment angle (error) - thrust block axls relative engine axig

¥ angle of deflection block flexure relative null position due te

indicated thrust

b deflection of block corresponding to indicated thrust

AA effective change of area of capacitor sensor due to thermal
expansion

AK displiacement of mid-point of bottom portion of block due to thermal
expansion

AF force equivalent of effective change of area of capacitor

AG differential thermal expansion - engine to wiéhbone

sy displacement of mid-point of top portion of block due to thermal
expansion -

AD difference in depth of flexures due to moment on block MB

hL increase in length of distance between block and rear supports due
to thermal expansion

AL increase in length of distance between block and parallel restraints

' due to thermal expansion

AT displacement of thrust block (flexures) die to thermal expansion
of engine/wishbone

B, effective displacement (along airplane axis due to rotation of

' capacitor centerplate under thermal expansion)

AY - change in length of capacitor centerplate due to thermal expansion

Ao. change in length of capacitor ouler plates due to thermal expansior

E modulus of elasticity for deflector block material
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SYMBOLS (Continued)

Symbol - 3pfiniticn
e

ez

c absolute errors in measursnds

f vibration frequency
f natural frequency of thrust/drag system {with engine)
f(t) - g random vibration function - engine

f2(tY - g2 random vibration function - wishbene

FB vertical force in a flexure due to the moment MB
_FA force at thrust block due to actuator motion
FKl - FT force on deflection block due to differential thermal expansion -

engine/wishbone

FK force on parallel restraints due to differential thermal expansion -
2 engine/wishbone
FK force on rear supports due to differential thermal expansion -
3 engine/wishbone
FF force along each flexure due to resolved vertical force at pin
angle y
FM force at deflection block equivalent to displacement under moment
Mg
FR force at deflection block due to stiffness of paralle! restraints
and rear supports
Fy (maximum) aero. force on engine in Z axis
T -
_@..K.El AIRESTARCH MANUFACTURING DIVISION 67 - w20
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SYMBOLS {Continucd)

Symbol Definition
g; ~» £,(t) random vibration - engine

gs =~ f2(t) random vibration - wishbone

G(F) power spectral density of vibration ¢

Gz{ ) power spectral density of vibration az

H( F) gain factor wishbone/engine - ocross block (g2 to gy)
ki stiffness of deflection block

k2 paraliel restraint stiffness axially

ks rear support stiffness

L distancé between deflection block and rear supports

Ly distance between deflection block and paraliel restraints
Lz distance between parallel restraints and rear supports
L: ]ength of rear flexure under moment MB

Lf length of forward fléxure under moment HB

A angle of rotation of center plate relative to vertical axis due to
thermal expansion

MB moment on block transferred through thrust pin

" coefficient of thermal expansion of block

b coefficient of thermal eXpansi;n of ceéterplate

Mo coefficient of thermal expansion of outer plates and support
n - roll=off index of random vibration g

N, = X aircraft axial accelaration

Nz ' aircraft acceleration along Z axis

P horizontal component of force in each flexure due to reaction and
deflection angle Y : :
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' SYMBOLS {Continucd)

Symbol Definition
q length of outer plates of copacitor
RN vertical force on thrust pin due to all forces and moments
o standard deviation {error analysis)
T thrust block temperature - before engine firing
TA average temperature rise of block
T )
T2
> thrust block temperatures
Ta
Ts
) .

TG temperature gradient along bjlock
T, indicated thrust

ind

. internal thrust

int
8 angle of pitch
W width of center plate of capacitor
W weight of engine
X length of thrust block - between @:s of flexure
y length of center plate of capaqitor
y rms value of response of g, to gz
¥ angle of centerplate to vertical under moment Mb
z depth of thrust block
g damping ratio of thrust system {mechanical)

e . : : : 67-3020
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1.0 SUMMARY

During the third interim reporting period, 24 August 1967 through
23 November 1967, the instrumentation program for the Hypersonic Research
Engine (HRE) furthered the developments in cach of the following categories:

o Thrust measurement

e Gas sampling

e Temperature measurement
© Pressure measurement

¢ System engineering

The following paragraphs describe the status of the principal cate-
gories of the HRE instrumentation development task after the third report-

ing period,

(.1 THRUST MEASURING SYSTEM

Further up~dating of the structural requircments, to provide a firm
basis for design, has necessitated a revised stress analysis. This analysis
and a heat transfer analysis are currently in progress. Vibration is still
the major factor in the structural considerations of the thrust block, but
it is anticipated that the temperature environment will not be as severe as
previously considered, thus alleviating the thermal expansion problems and
retaxing the requirements for the accelerometer.

The design of the other components remains basfcally unchanged.
1.2 GAS SAMPLING SUBSYSTEM L |

f.2.1 Gas Analyzer

_ Modification of the mass spectrometer that will be used to analyze the
combustion gases Hz, Hz0, Nz, and 02, has been completed. Experimental data
shows that a step change in the composition of these gases at the entrance to
a 60 ft inlet tube of the mass spectrometer will reach 99 percent of the
final value within 2 to 5.5 per sec, when analyzing for Hz. Sherter times
occur with the higher Tnilet pressures., An additional | to 1.5 sec are
required when analyzing simultaneously for Ha0, Nz, and 0;. A light beam
oscillograph was used to make measurements during the tests at ambient tem-

perature with inlet pressure of 20, 30, and 30 psia.

Cammrend)| AIRES EARCH MANUFACTURING DIVISION R 67-3020
\\-..__,,‘. . Low Artgeres Lalfoited . . \

Page |-




A manual or autometic sclection of the gas specles is avallahle, A
switch allows the operator to select either manual or automatic operation,

The gas analysis system providut an analysis that is independent of the
temperature and pressure of the gas sample entering the 60 ft inlet tube,

During the past quarterly reporting period, the gas analyzer was used
in analyzing a Mach 3 gas sample of 6% helium and 84% nitrogen. The analysis
showed the composition to be the same (*1/2%) as when the gas sample was flow-
ing at nearly zero velocity.

1.2.2 Gas Sampling Total Pressure FProbe

Fabrication of the injtial probe is complete and fabrication of the
backup probe is continuing. Testing of the first probe has been initiated
and will continue upon completion of the 2 in. x 6 in., combustor Installation
at North American Rockwell. The probe has successfully compieted all tests
during this reporting period which include proof pressure, leak testing and
low temperature supersonic flow tests with a known mixture ratio of bottled
gases to verify that the probe can copture a representative sanple of gases
from a supersonic stream.

I.3 DOUBLE SONIC ORIFICE TOTAL TEMPERATURE PROBE

A device has been designed that will measure total temperature and pres-
sure in the HRE combustor test rig and bo/lerplate engine by two independent
methods, The two independent temperature measuring methods are the double
sonic orifice technique and the calorimetric technique, The probe is designed
such that 1t can traverse the gas flow stream on any axial plane without
affecting the performance of the test rig in operation.

The analysis and detai)] design drawings for the probe have been completed
including an error analysis.

Fabrication of the parts is approximately 90 percent complete and is con-
tinuing toward a completion date sometime after the initiation of the large
scale combustor tests, allowing the probe to be introduced into the test
program at a convenjent time,

1.3, Total Temperature Thermocouple

The HRE Statement of Work requires that instrumentation shall be provided
to determine the exhaust gas total temperature as one of the minimum require-
ments. A review of alternate methods of computing combustor efficiencies,
however, indicates that unless the determined temperature is extremely accurate,
the result would be largely indeterminate for this computation,

Figure 1.3«1 is a rough estimate of the percent error in equivalent chemical
efficiency to the percent error in total temperature for two inlet total tem=
peratures, The equivalent chemical efficiency is defined as the equivalent
‘amount of fuel which is completely combusted to the total amount of fuel injected.
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For exanple, at Mach 8, one percent grror lo.tatal.temperature results in

wppe— . - . ¥ ' e 28 . - .
*Spproxirately 22 percent error in equivalent chemical efficiency at |, Iy or
:IE:5;p{rten?“rrrbr'of chemlcal efficiency is. desired,” the "tStay terperarore

: -‘--o.. o . - .- e - "" " P & ™ =i ”_“1 o = * o r
error must Le within 0.1 percent, This stringent requl reme i !

tne stale-thn-art of hig_h'u-mpnrn{uu- reasurpmegt .
Another approach to determine the total temperature [s from the thrust
measurement, The Ivac at the exit can be compuced from the indicated thrust,

inlet momentum, additive drag, mass flow, pressure and viscous forces acting
on the external surfaces (excluding wind shield) and the forces acting on the
nozzle plug. Error analysis indicates that if the indicated thrust is 2.5 per-
cent errcr, it results in an error of 3 percent in Ivac' Using Lhis Ivac' the

exit total temperature can be back-computed through lvac charts in conjunctior
with flow rate and total pressure. Assuming that the total energy cof the
system is conserved, the estimated error in total temperature is 2 percent,

I.4 SYSTEM ENGINEERING

Effort has continued during the past reporting period to design the
composite instrumentation system required for the first qualification engine.
This instrumentation is composed of items for both flight and ground testing.

The effort has concentrated on defining the system's requirements for accuracies,
measurand locations and number, responses, environments and on determining the
system's pattern with respect to transducer types, responses cable routing, and
general concepts related to the instrumentation,
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2.0 THRUST/DRAG MEASUREMENT SYSTEM

2.1 PROBLEM STATEMENT

The objective of the thrust/drag measurement system is to deternine the
internal thrust developed by the engine during powered flight, ond to deter-
mine the drag experienced during cold engine flight. To determine the
engine's internal thrust, all extrancous loads due to drag, inertia, gravity,
interface cabling, and fuel and coolant lines must be assessed. The active
portion of the system |s the deflection block. It forms part of the engine
suspension system and therefore must withstand both inertial and aerodynamic
loads and extremes of vibration, shock, and temperature,

Thrust will be measured calculating the deflection of a spring system,
Both 4».vnitive displacement and strain gauge methods will be evaluated to
selest xhy better indicating system, The measurement system must be able to
opevw#te in the following environments:
Force (over-range to 16,000 Ib) 5000 1b drag to 7000 1b thrust

Temperature -65°F to +400°F

sy prgr

Frequency response 0 to |0 cps

The revised thrust and drag force requirements are based on recent updated
estimates.

The upper temperature limit has been relaxed to 400°F (from 500°F) as
being a more reallstic maximum (see Psragraph 2.4.3). %™ it

The system frequency response requirement of O to 10 cps is considered
sufficient in the computation of the internal thrust. The previous upper
limit of 100 cps was more applicable to the response of the deflection block
with regard to mechanical considerations (see also Paragraph 2.4.2.6).

2.2 TOPICAL BACKGROUND

Several factors influence the design of tine system. These factors are
the varying aserodynamic and inertial forces arising.from maneuvering flight
conditions of the X~15 release, engine start and unstart, and landing. Sinre

- the deflection biock forms one of the engine suspension parts, its structural
integrity must be assured as must be the compatibility of the HRE with the
dynamic loading and jettison capabilities of the X-I5 airplane.

o O
400 F

= .
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Before the exact internal thrust can be computed, specific knowledge of
external drag, frictional drag, aerodynamic drag, and resistance due to
cabling fiuld lines and additional engine suspension must be obtained as well
as accurate determinations of temperature and suspension stiffness.

Internal thrust must be known to compute the specific Impulse. The rate
of fuel consumption must also be known. The allowable 1imit for error when
the internal thrust is determined is partially governed by errors which may
occur when the specific impulse |s calculated.

The thrust block is subjected to extremes of temperatures which are
dependent on conhduction and radiation from the engine and from aerodynaMIcally
affected sources, Temperature is thus an important consideration in the selec-
tion of materinls and components for the deflection block and the transducers
associated with the thrust, drag, #nd inertial measurements which are close
to the block.

2.3 OVERALL APPROACH

2.3.1 Analytical

The baslc analytacal approach remains the same as in previous Technical
Data Reports and in Reference | but has been expanded to include all factors
contributing to the indicated thrust reading, These factors are required to
evaluate the internal thrust and to assess the error in this evaluation.
Several are based on assumptions only and their contribution will be more
accurately determined during development testing.

Figure 2,.3-1 iliustrates the factord consndercd and symkols used. The/

relationship of forces then becomes: " | - ¢ Vv
’ /‘U) , l Sy 1..) \ 1}+ A\
INT = TIND + WSIN 6 + w Dt Fp - Fp =P - REgy - Fp-Fy+A

(See Paragraph 2.4.2 for derivations)

The actuator force Fa is not included.. Computation will use figures obtained
during actuator inactivity.

Indicated thrust will be determined with a transducer, capasitive or
strain gauge, which will measure the displacement in the direction of thrust
from a block mount¢ * between the engine and the airplane.

Aerodynamic drsg force experienced during flight will be inferred from
static pressure measurements and correlated with data obtained during the
wind-tunnel engine testing phase.

_ Engine acceleration will be determined in flight with an accelerometer
of suitable frequency response. This accelerometer wull be mounted on the
engine side of the deflection block. :

The angle of pitch can be obtained from the X-15 readout instruments.
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2.3.2 Experimental

Full scale modeis of the deflection block and transducers will be
subjected to a test program including the assessment of the effects of high
and low temperaturcs, differential temperatures, dynamic and static character-
istics, vibration under simulated engine loading, side loadings, and frequency
response tests. These models will be fabricated from materials selected on
structural and metallurgical bases and will incorporate both the capacitive
displacement sensor and strain gauge sensors.

2.4 ANALYTICAL DESIGN

2.4.1 Analytical Design of the Deflection Block

The deflection block is the spring of a Torce measuring transducer and,
at the same time onz of the structural elements of the aircraft to ramjet
interface.

Because of these multiple purposes, the following loads have been
considered when designing the deflection block:

(] Inertial
“ Aerodynamic
s Thrust

. Vibration

Revision of the structural load requirements (Reference 4) and subsequent
changes in the instrument range have necessitated a further stress analysis.
A new problem statement has been issued to cover the later requirements. It
contains a summary of the design factors as follows:

Refer=~
ence Factor Value Remarks
I Maximum indicated 7000 1b Steady-state
thrust (measured)
2 Maximum thrust over- 10,000 1b Static test
load (test
condition)
3 Maximum indicated 5,500 1b Steady state
drag (measured)
4 Maximum drag over- 7,500 1b Static test
load (test
conditio..)
@ AIRESEARCH MANUFACTURING DIVISION 67-3020
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Refer=

ence Factor Value Remarks
- Deflection under 0.003 in. Linear
condition |
6 Temperature range «65°F to +400°F

May be revised as result

f .
(operational)
of current heat transfer

7 Temperature range -65% to +500°F enalysis
E (design)
."'-"-tv-!-'--,n‘ g REPR—
8 Temperature gra- 200°F Engine to wishbone
x dient acrgss block e G——-
: 7 \ e e
§ (max ) — .
.' . o B s . Al irar sn T ot
| — s
e Temperature gra- 100°F Along block
dient along block
(max )
10 Axial stiffness of Zero For design purposes
rear mounts .z
I Cross axial stiff- 0.25 x 10° 1b/ (Including intermediate
ness of rear mounts in. (each) with mounts)
(2) respect .to the
engine .
12 Vibration 10 cps to 3l cps Consider ¢4 separate
(test condition) 40.03 in., 31 cps requirecment. Magnifica-

to 2000 cps 3 g tion at resonance 6 to |

13 Vibration 10 to 2000 cps Consider as complementary
(in flight) white noise PSD requirement. Magnifica-
0.018 g*/cps tion factor 6 to | at 200
peaks to 3o cps, Roll-off above 200
cps at 12 db/octave
14 Landing shock 6.8 g normal
-1 g transverse
IS5 Landing vibration -— Low freguency, high ampli-
tude. High forces not
involved
16 Flight conditions See Reference 4 Cowl drag not acting on

thrust block

17 Material for thrust
block
ORIGINAL PAGE IS i P
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) wﬂ i
2.4.1.1 S&tress Analysis . FN F'ﬁ f)&{‘%&.“h

The rovised.slinss, d0al sl Salsubaseobl Yo lReRIQPIRS Sy, As before, test

vibration sinusoldal input (refer Statement of Work, Paragraph 4.6,2.1,1} Is
a governing factor In the flexure thickness and some redesign to give an
effective larger length to thickness ratlo and consequent lower stress has
been suggested.

2.4.2 Derivation of Forces

The forces acting on the thrust block have been assessed with respect to
their effect on the internal thrust calculation and their influence on the
anticlipated error in the calculation. The following derivations are made:

2.4.2.] Resolved Vertical Force F,~Due to Hisa]ignmeht-

rear mounts - (2)

:e“' qre- restlved omponrnls
N of'ﬂse feactive o b the
thest pin

1€ are the resoived Comrpon el
1y °; the reaclions at the

fear supporty,

Resolving horizontally Ry + 2Ry = (Fz

Resolving vertically Ry + 2Ry = (FZ - WN,) cos B

- wNZ) sin B

Since the thrust block is considerably stiffer in the horizontal direction
than the rear supports 2Ry can be approximated to zero.

Then
Ry = (FZ - NNZ) s.p 8 | ‘
Fi  =-(F, - WN)) sing ' A
(za; _ _
_ u--::é ARESEARCH MmurAc1ullﬂrgs‘:ﬂglﬂ§'|ﬂgﬂ _ . &7-3020
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Taking values

-
1]

= 754 1b

=
i

=2.0g9
800 1b "

| deg, max f#’f,r“”
o
giVing Vf':"__..--l-:'.pfl ““"“/

P i

™= o=
i

#14.7 1b 4

1)

Fr.

2,4.2.2 Forcé“ﬁuc‘fg Differential Thermal Expansion, ?T

Differential thermal expansicn between the wishbone and the engine will
give rise to a deflection of the block and the rear support. Consider the
following simplified spring system.

' _
wisraort’

) ke ks

L~ Loae— A

Cefieclion Paralle] Reay
Black Regtrainés Supfarh
{ fuct lirec ehet
ENGINE
L' . L’ - —‘.
L '

Let

_FKI = force on deflection block

sz = force on parallel restraints

FK3 = force on rear supports

b, = increase in length of L, due to thermal expansion.

AL = increase in length of L due to thermal expansion

by = displacement of deflection block
c..E::. NRESEARCH 'MANUFA‘( (URING DIVISION " | 673020
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Equating forces

FK‘ = FKz * FK3

Therefore ' )
K;AT = K2 (f}L"'AT) + K; ( AL"AT

AT (K;"’Kz'l'Ka) = K, ALI + K; AL

AT T Ky o+ Ky K

If ;
K, >>> K3 + K /
and
Lg/L = a
Then A
BT —..:—l-: [aKz + K‘,’] 2.*
Force
"R, = MK
oo T Fo, = Fp =8 [akp+Ks] 2.2
Ki FU‘:L’ et
Assuming values f ' 14 [ 2 '
. RLE Fori s €7TC,
B =01 in TorAL riee.rr.c‘pw”@“'” ! |
K, = 500 1b/in. € LINE )E
Kz = 1000 1b/in. q\ | , ;‘ P’”
a = 0.5 Res“g-rﬂu c
-~ | . 'AT REAA b IN1SBostE e
Fr _ 125 1b
\ B PN ¢
. " \+" ’/'f\ Q(‘ 539 -
INAL PAGE LD [ o ayd
oRIGINAL * 11
or po0B 757
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2.4.2.% Resolved Vertical Porce Due to Deflection of Thrust Blogk - R

g verlical
NoE Afbf“ o1 prin clue o 4 fm:es and mements

The force RN will produce a compressive force FF in each flexure. The

horizontal component of this force will be P

P ==.FF sin vy
and
FF = /2 RN/cos Y
R L]
=N
P = 5 tan y

Let the deflection under the load (hofizontal) be &

then

tan ¥ = Aly

. R
N
p = 5= by

Ganmneyy AIRESEARCH MANUFAGTURING OIVISION 67-3020
e : |y Angeies. Canlatng - . .
: : ' Page 2-9
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Now

indicated thrust

1

where Tind

flexure stjffness

H

Ky
Total horlzontal force

R TInd

= 2P =
R K|V

Assuming values

RN requires computation from all forces and moments and is
avariable of rear support position, inertia forces,
internal thrust, etc. To give a typical value for R, RN
will be taken as 10,000 Ib (based on previous stress
analyses)

y = ).4 in. (present design)
R =21.4 1b L ' - .

. "
o

2,4.2.4 Effect Of Transferred Moment Mg .

The effect of MB will be to give uneven forces in euch flexure

'/Ms — I.._"F

T
L, g L’ L' l-:"‘ L| * AL
I 153 L‘ Ai L|3= L
d
1
| - ORIGINAL ) PAGE IS
Fox = Hg 3 Fp = Mg/x OF POOR QUALI’M
v AD/Z
@ AIRESEARTH MANUFAC1UFEI51\:(§FEI¥L..I"[:?~1 ] 67-3020
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Mecan displacement of center plate -

D = yy/2

Now
E = Young's modulus

Fo.y
D =

2EZ

Equivalent force FM

Foo¥ Ky
Fo, = =
M = 267

Ky = block stitfness

or
M- Y Kj
Py, =
M 2E x 7

Assuming values

: MB = =500 1b in.

[hased on applied moment -25,000 1b in. and cocfficient of friction 0.02]

y= l inl
Ky =2 x 105 1b/in..
E = 16 x 10% (titanium),
X =2 in. '
Z = 1.4 in.
Foa 200 % | X 2 X 10°
M 2x 16 x 10°x 1.4 x2
= - 2. 1b:
Fy IR
- j
a

'AIRES'[AR_CH MANUFACTURING DIVISION '
. Len Argeiey Cabfiuna

1b/in.?

67~3020
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2.4,2.5 pParallel Restraint Force FR

The parallel restraints Inciude fuel lines, electrical cables, and for the
purposes of the derivation of Fp, also the rear supports {see 2.4.2,2)

Kz LG K;
R“Ks + Kz +Ks 'ind

2 deflection block stiffness

Ky =
Ko = stiffpess of fuel lines, etc,
Ky = stiffness of rear supports

Since

Ky 5> Ky + Kj

Ks + Ks
FrR * % Tind 4.
Assuming vatues
K, = 500 Ib/in.
Ky = 1000 1b/in.
Ky =2 x 10% Jb/in.
Tipg = 6000 1b /
Fp = 4:5 1b - -

2.4.2.6 Inertial Force and Vibration, (W * Q, g)

Weight W

The weight of the engine and accessories can be determined accurately.
It must be included in the error analysls, however, due to the uncertainty of
the effective weight-cable and piping clamping, variation of fuel flow. Nomi-
nal maximum effective weight is around 800 1b.

- _ . .
I@ AIRESEARCH MANUFACTURING DIVISION . | 67-3020
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Acceleratlion »

The accelerometer provided will respond down to zero frequency and vp to
some defined upper frequency. It will thus respond to

 Alrcraft acceleration ‘Hx)
Vibration {g,)
Varjations in force (Tlnd)

There will also be cross-acceleratlon responsce from all directlons
(principally vy and z axes).

The thrust block will also respond to the forces named above and it must
be possible to eliminate the acceleration and vibration responses and leave
the force variations,

Considering @ frequency responsc of O - f cps for the accelerometer and
a force variation of 10 percent max Tind”. then the peak acceleration associated

with the force varliation will be given by G vhere
G = cf?D

constant

vwhere ¢
D = displaceme > variation peak

cf? x 0.1 D ax Dmax = deflection of block under
max indicated thrust

o
i}

Tygjcai Vatues

f = 10 ¢ps
D = 0.003 in
max
c= 0,102
These yield 6 = 0.00307 g (compare with range of inertial
acceleration | - 3g)
- EAIRFS[ARCH MA"”"“"”&[’”IE,&“{E}% | | 67-3020
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Vibration a,

The vibration will be gy = f){t) where £;(t) Is a rondom function on the
engine side of the block, and gz = fo(t), where f(t) is & rondon function on
the alrplane side,

The thrust block will respond to the differential displacement and wili
be small at frequencies well below the system resonance and o maximun at
resonance, The accelerometer, however, on the engine side of the block, will
respond to the absolute acceleration of the engine, gy := fi(t) (vibration).
Therefore direct cancellation of the vibration components are not possible.
However, as wil) be shown, filtering on the outputs to below 10 cps will yield
Insignificant vibration data., The accelerowsker will still need to handie this
vibration signol unless the vibration Is mechanically filtered.

Consider gz = fp(t) as an input to the system

let g, = £,{t) be the response of the system, taken as a single degree
of freedom system, resonant frequency fn’ damping ratio §

let 6,{f) be the power spectral density of the response

and G2{f) be the power spectral density of the input

then G (f) = |H(F)|? G,(f), where |H(f)| is the gain factor

- [
T

f = frequency

The total mean square value of the response ;2 is given by

vt = | euf) o
7= | 1HRIE aale) af

Substituting and integrating by the method of residues for Ga(f) constant

nf (1 + 48%) 6,
y = .. l‘g

where Gz = value of G(f)

grezery ARESEARCH MANUFACTURING DIVISION . . 67-3020

ob Angelgy, Cahirinia R
Parna P14

S



1f ¢ is swall corpared to unity °

nf Y
et
45

Typlcal values

fn

L]

150 cps

Gz = 0.018 g*/cps (Statement of Work)

0.05 (magnification of 10 to I)

I3

£
;z = 42,3 gz

y =065 g
(note that the input 0,018 g*/cps 20-2000 cps = 6.0 g rins)

This means that the accelerometer, if able to respond to the resonant
frequency of the system, wil) have 6,5 g rms random acceleration signal In
addition to the steody acceleration of approximately 2 g. The need to have
as small a range as possible to reduce errors would present problems of over-
load and distertion.

"Filtering on the input, by design of accelerometer, or mounting technique
would remove this problem. The signal content below 10 cps would be quite
small,

Assume 24db/octave roll-off below 20 cps from spectral density of
0.018 g%/cps.

The rms value below 10 cps would then be [to | cps]

i e

‘whare f; = lower frequency

f2 = upper freguency
n = db/octave = |
rms value = EQ;QLQ;i [} I Sy
- 7 1oy’ J
rms value = 0,05 g
’é\:-'ua MRLSEARCH MANUFAGTURING DIVISION 67-3020
- b Angehrs. Caltotna .
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x T;}T‘>T|>Tz
Pt

| s b, | Tz = Ty =T =T
TN |
| \ —1-f | Amblent temperature = T
1" 'ﬂﬁsu‘dl (Tﬂltial)
ovt
;th X, ¥y, z at ambient

Consider the rectangle 'abed' expanding under the temperatures T; T2 T3 T,.

dl
Each arm will expand linearly along its length

Consider the arm ab
Let temperature at midpoint h be Ts

Then displacement of h (in direction x) will be

R N

sh= 25 (T) - T2)

11

coefficient of expansion

po=
Gasemerd)| AIRESEARCH MANUFACTURING DIVISION . 673020
s ‘ Lo Angeiey. Calitgna ) .
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1f the displacements are ssmall, cach arm can be so treated, ignoring the
effect of the non-squareness of a'b'c'd’,

then b =B (T4 - )

k
but T, = Ts = T, - T|

Jy Ak = Bh

Thus the relative motion in the x (fhruﬁt) direction is confined to the
rotation of the centerplate relative to the fixed capacitor plates. Another
effect {s the change in capacitor area (decrease).

x=direction relative motion (effective) = A

b
= X
Ax 2 sin A
. : A, b
. d! h'c!
Very nearly sin A= =2 o d <

T et Ty + Ty Tp + Ty b2
sin A ™ (- > 7 "
. A : o
sin A= 555 [Ty - 7) + (T) - T2)]

sin \ = %f (T, - T2)

(since Ts = To = Ty = T2)

. = BZy [y .
L b= [T - Tl

i

Equivalent force FE -%%} ke [Ty = T2

block spring constant .

k) =
Assyhing_values
| © p= 5.0 x 10°8/%F
Z= 1.4 1in, “
y = 0.9 in.
ki = 2 x 10° 16/in,
| AIRIF.SEA‘RCI.l MANUFACTURING DIVISION | _ ' | 67-3020
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X =2 in/
T, = Tz = 100°F {assumed) [sec Paragraph 2,4,3]
5,1 x 1.4 x 0,9 x 100 x 2
FE - 2 x 2 b e ' ,//\,'
\FE =- 220 ]b n’ PRt L | '

Change of area

Let' width of centerplate = w
Then change of effective area = wle'f' - hkl = why = E%&

change in length of centerplate

where Ay

Ao change in length of outer plate

[t}

Let change of area = AA

A A .
AA=[ ad ., bl . Ao] W

2 2
Let thermal expansion coefficient of centerplate = y_
and thermal expansion coefficient of outer plate = by

{and support)

Sl T o) e ) (i)
then by = W[z K 2 .T w2 + 3 2 T) we
] \T, + Tz,: Ty + Ty T)(p y + L q)] approximately
Ty + To4 Tx + T x
b w [N Ty

The change in capacity will be directiy proportional to the change in area;
the effective force associated with such a change will be : :

A
A
Af TA Tind L
J
GA::III AIRCSEARCH MANUFACTU(EMT\?&@ . " 6§7=3020
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A .+ area

>
)

wy (approx. )}

T .
ind [T; + T, + T + T
Af = Vn [ i 2 4 k1 [ - T] [‘rl'z - u‘cy - p'oq]

6000
0.9

H

Therefore Af [(250 -« 100)(1.4 x 5.1 = 2 x 0.9)] 10-°

1

AfF = 5.3 Ib

Assuming values

Tipg = 6000 1b T = 100%F
y = 0.9 in. w= 5.1 x 10=/°F
T, = 200°F be = | x 10"¢/°F
T, = 100°F e = | x 10-¢/°F
q=0.9 in. 2= Lk in.
Ts = 400°F Te = 300°F

2.4,2,8 1Indicated Thrust

The following figures are given

It

5950 1b--up-to-date flight condition

int e
W= 800 1b
9 = 8.8 deg--up-to-date flight condition
%= -2.g--(aircraft acceleration -2 g)
Dg = 699 1b--up-to-date flight condition
FR = 4,5 b
Fy= 147 1b
R =

21.4 )b

E“:’:‘“i AIRESEARCH MANUFACTURING DIVISION
-~ 10s Angriey Labloems

0/-3020
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Fo = 320 lb--latest heat transfer analysis will lower this figure
(see Paragraph 2.4.3)

FM = =11,2 1b

AF = 5,3 Ib

These yield s
s

T. ., £ 7189 ib

ind

2.4.3 Heat Transfer Analysis

Heat transfer, ANaldsicdSwehibanbly, N, 0roqhess, Preliminary results CS"E}QE gﬁ
IndlcBEC that the !emRGraluie.Qf bbb loiletiild mRllns 2 86hua00s Ll Lt iirie
m’ﬁmﬂb%gmuw%mghmmwm@ This,uould. Leduce.
the grrop, dug to differential block.cxpansinnelss 024 kil B kR iR fhON

and allow the ftttlng g of a standard temperatur:-range accelcrometer.
S PRI R A AT,

2.4.4 Error Analysis

The error analyses so far conducted have been based on the relationship

T =7 + Wsin 8+ WK+ D

int ind

Figures so established were published in Referengg%__;uuLzmggg undlcate a
3 g error of t3 percent in the internal thrust (Reference 2 and 42,5 “percent
B LhE 1noCate cﬁa?ﬁrust (Reference 1), However these errors were derlved
using different methods and with assumed parameter values which updating has
changed. Consequently revised error analyses are necessary and should include
the effect of the various factors discussed in the previous pages. The
required accuracy of +2.5 percent for the indicated thrust measurement is
considered necessary to meet the requirement of determining the internal
specific impulse to within 5 percent or better. It is important in stating
these errors that they be defined and for the purposes of error analysis 3 ¢
errors are considered. ‘g&£JL&thQ“reVIsed block design has been estabi|shed
and_the heat transfer, .analysis. cons:dered,,ceg&aln factoqg such a5 L ERET T
i;ﬁfgrenttal thermal expansion of..the.block,:cannot be. truty assecsed, %th

E

Accordingly “this report will show only the method qﬁ,gpng;“gggjy5|s'“”The *,
poss;ble need to minimize errors {n 5GNE OF the contributory calculands by .
rede5|gn or more critical measurement will be assessed after consideratlon of %%
the detailed analys:s and development testing,, A
ver ! [N ‘-"a!
N . _ ' .
k‘ o E - R o e e Ty .
% ' A S, s
ORIGINAL PAGHI§ .. - 5 S Ty
oF m .Q‘J : o . : o - sj ‘ . '17‘51\__'
. . . . . . ' . . . X . :_ff" * Q‘;
5
2 &
- - ) o o N L e am
ampers)| AIRESEARCH MANUFACTURING DIVISION 67-3020
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2,4.4.1 Analysis Technique

2.4.4,1.1 Definition of Errors

Guarantee Maximum Error = No error will be greater than the guarantce
maximum error

30 Error The probability is that 99.7 percent of
alt errors will lie between the limits 23z

Standard Error tlg

Probable Error 20,675¢, The probabtlity is that 50 percent
of all errors will lle between the limits
20,675¢

NOTES: (a) The probability errors are based on a random Gaussian
distribution;o = standard deviation
(the 30 error probability is applicable to other distributions)
(b) The guarantee maximum error should be at least a 60 error

2.4.4,1,2 Measurand rfor

The errors are randomly distributed about a common mean, namely the value
of the measurand {therc may also be a systematic error but this is determinate
and is not included in the random assessment). The mean square method is used
to sum the random errors as follows:

Let the contributory error be e; e; e3.....etc,

Let the total error be e

then

e =JE|‘ ES ezd + 35‘ t o osacireas

Since all errors have a common mean, they may be relative or absolute in the
above relationship. They must all be similarly defined (e.qg. 3c)

2.4,4,1.3 Calculand Error

In this case the errors are not distributed about the required mean (true
calculated value) but are distributed about the particular calculand mean.
Theéy must therefore be welighted in accordance with the effect of a small
change in the calculand on the calculated value. For a given set of calculands
it is unlikety that all errors will be at a maximum and rather will be randomly

i

= ' o . 67-3020
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distributed. Applying this to a large number of sets of calculands, the
errors witl follow a random probability distribution. To determine the
overall error a weighted root mean square method is used as follows:

Let P be a function of &, b, ¢, .....

P=f(a, b, couuus)

Let absolute error inP, a, b, ¢c....., be e €5 €y Cerres

Then

A 2 2 2
ep =J(CE'S%-) +(Bb'%%) +(ec'%%) 4 ceernan

I e ——— e e '

2.4.,4.1.4 Application to Errors In Internal and Indicated Thrusts

The random error associated with & particular measurand, e.q. acceleration
is obtained by reference to manufacturer's data, environment (e.g estimation
of temperature and effect on thermal drift), instrument range, other associated
equipment {power supplies), recording accuracy, etc. It is important to
determine the error definition (guarantee probable 3g), The individual
measurand errors can then be combined using the relationship in Paragraph
2,4.4.1.3 to give the estimated overall error. Known or estimated values are
used for the terms Ap/da . Ap/ab etc.

From Paragraph 2.3.|

=T,

. L} .
Tint ind + W sin 0 + Wx + DE + FR - FT - R = FE - FM + AF

Using the derivations covered under 2.4,2 this becomes
a- R

T (1 + ——Ef——-+ bT, ) + W (sin 8 + x + cN ) K (dMm +TG) | '

w

int = ind

- (er + fAG)

where a,b,c,d,e,f are constants

=
i}

N normat block reaction .
ky = block spring constant ;
TA = average temperature rise of biock | 3
W =

_ o
effective weight _ i
i

67-3020
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angle of piteh :

acceleration of alrplane

¢}

vertical acceleration

=
i

vertical force

-
n

M, = moment transferred to block

T. = temperature gradient along block

A, = differential thermal expansion between englne and wishhone

NOTES: {a) K¢ will itself be a function of the block reaction Ry and
decrease under a compressive load

(b) Some of the above terms are small and may be ignored in the
error analysis eg Tind-' b T-A

(c) Also to be included in the error analysis are any errors
introduced by the unknown portion of the vibration (see
Paragraph 2,4.2.6)

2.4.5 Thrust Block Signal Conditicner

Minor circuit modification is envisaged to provide an attenuator in the
outpit, This will reduce the maximum output signal to |5 mv to be compatible
with the alrcraft data recording system.

2.5 Future Action

The acceptance of a design to meet the latest structural and instrumental
requirements will be followed by the fabrication of a development test block.
Error and heat transfer analyses may influence the design and development
testing will show the validity of some assumptions made inthe instrument
performance (e.g. temperature effects). A capacitdr test block design will
be completed in the near future. This block will form part of an assembly
including the capacitor displacement transducer which will be used to
evaluate the transducer and to provide a stable reference capacitor for
developing the electronic signal conditioning equipment. Early tests will
establish the structural integrity of the block and the dynamic behavior.

@aeaned)l AIRESEARCH MANUFACTURING DIVISION 67-3020
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3.0 GAS SAMPLING SUBSYSTEM

The purpose of the gas sampling subsystem shown schematically in Figure
3.0-1, is to indicate the composition of the combustion gases. This subsystem
is only to be used during ground tests in support ofthe 2 in. by 6 in. com-
bustor development testing and Phase II boilerplale engine testing.

The gas sampling subsystem design effort is divided Into two separate
areas, {|) the analyzer and (2) the probe. Each is discussed In Paragraph 3.!
and 3.2, respectively. The analyzer determines the composition of the gas
received from the probe. The probe is used to capture a representative sample
of gas from the supersonic combustion stream, reduce its velocity to subsonic
speeds, and feed a continuous sample into the analyzer.

3.1 ANALYZER

3.1.1 Problem Statement

The NASA Statement of Work requires an analysis of the gases captured by
the gas sampling probe to determine the extent hydrogen mixes into the main
air stream.

The analyses arc to be restricted to hydrogen, oxygen, nitrogen, and
water vapor with direct readouts in volume percent or sufficient information
to calculate the volume percents.

3.1,2 Topical Background

The Hypersonic Research Engine Program requires an on-line gas analysis
capabijlity for supersonic combustion tests. To fulfill this requirement, a
sample will be taken from a burning hydrogen and air mixture; cooled, and then
analyzed for Hp, 0, H;0, and N, species which are expected to comprise at
least 97 percent of the sample. From the resulting information, the atomic
balante of hydrogen, nitrogen, and oxygen will be determined. It can then be
determined if the hydrogen content increases due to hydrogen and air mixing in
the combustor.

At the lowest temperature of the conditioned sample, free radical concen-
trations including NO, OH, H, 0, and N, which are uncharged, are expected to
be negligible: The gas analys:s method described here will determine. if the.
radical concentrations really are negl|gib}c at the low temperature

Mixing information, derived from gas analysns, will be used as a para-

-meter for determining combustor lengths.

-
@ MRESEARCH MANUFAC!URINC PIVISION ) : : - 673020

s Angeirs LaIMa
Darmes T [




423sAsqng Suj|dues seg -|-p°¢ 24nb1 4 o
~ M
I
¥ e il -y La “..
O a
: W3LSAS
1Noay3Y dnng NOILV¥EI V)
0i WA
» LLTUT SR ) 2N
L 3unssud Y
NI
il VS OSSR BTN [ ETR <3
¥IZATWNY : / .\.o\\\L & o
4,008 WM
(%
oQ
UER!
a109 NOILVINSNI

atoen.a

i DIVISION

> Angea

- 01sd €
wwmuw\\.muonh_ozou 37dWYS

QISd S
JUNSSIdd 43ZATUNY

ERLENEEE ]

3IVIYIUINI — I*II —_—————

3804d

vl AlKLSEARCH MANUFAC TURING

=)

-
Asss

WNWINIW YISd 02



2.1.3 Overall Approach

The percentage of 0;, Ny, H;0, and H; will be measured. 1t might be
possible to eliminate the N, measurement by making the assumption that the

difference between 100 percert and the sum of 0;, H;0, and H, is the percentegye

of Nz. If only three specie. were measured irstead of four, @ higher sampling
rate could result, However, the procedure would force a synthetic total of
100 percent,

Every gas that would coeuse a deviation {ion & 100 percent total would
require an explanation and an opportunity to discover errors., 5o, during the
2 in. by 6 in. combustor, and the Phase 1l boilerplate engine tests, all four
gases will be measured as independent percentagus with @ mass spectrometer,

The mass spectrometer admits gas species, ionizes them, and sorts the
ions on the basis of their mast-to-charge ratio. Figure 3.1-1 is a Zchematic
of @ mass spectrometer as it will be used in the combustor tests. Figure
3.1-2 and 3.1-3 show front ard rear views of the mass spectrometer.

The mass spectrometer suxiliary cabinet is shown in Figure 3,1=4, The
components of the auxiliary cabinet, identified from top to bottom, are as
fol lows:

(a) Baratron pressure measuring device (for gold leak area)

(b) Baratron control panel (valving for pressure sensor)

(c) Peak selector panel

(d) Calibration gas selector

(e) Heater controls (to heat lines to prevent water vapor condensation)
(f) vacuum pump (reference pressurc for pressure sensor)

(g) Calibration system at combustor (not shown)

As shown in Figure 3.1-1, gas enters the capillary inlet at near ambient
pressures and is pulled, by a vacuum pump, through the capillary tubes into
the gold leak area. There, the pressure is reduced to about 2 mm Hg. The
gold foil has 6 holes that are approximately 0.0004 in. dia. Gas travels
through these holes into the ionizing region where uncharged molecules such
as 0; and N, are bombarded with a stream of electrons. This bombardment re-
sults in one or more electrons being stripped from the previously uncharged
molecule resulting in a positively charged ion. This ion moves under the
influence of static electric fields and the magnetic field of a permanent mag-
net. For any one value of an electric field, ions of only one mass-to-charge
ratio can travel through the slits and arrive at the collector. Many ions
piling up on the collector create a small current which is amplified and
finally displayed on a recorder.
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The mass spectrometer was designad specificolly to produce a continuous
record displaying the composition of gas entering a t2 foot long capillary
tube, The instrument rapidly responds to a step change iIn gas composition at
the inlet to the capillary., The recorder may be calibrated to recad in volume
percent {same as mole percent at ambient pressure) the amount of any gas
species. The instrument's sensitivily Is very nearly the same for all gases.
The record is casy to ynderstand. For example, water vapor, with a molecular
weight of 18, appears as 18, and nitrogen, with a molecuiar weight of 28,
appears as 20,

The mass spectrometer can occurately measure the percentage of every
stable gas. Also, the mass spectrometler, can determine the position of free
radicals, The spectrometer's sensitivity may be estimated by assuming the
sensitivity Js simllar to oxygen, nitrogen, or water vapor. At each position
of free radicals, peaks may appear on the readout due to the presence of
heavier molecules being fragmented or multiply charged.

3.1.4 Experimental Effort

3.1.4.1 Constant Conditions at Capillary Inlet

3.b.4.).1 Mass Spectrometer Gas fonsumption

The amount of'gas (in cm® at ambient temperature and pressure) consumed
by the mass spectrometer depends on whether 3 or 4 caplillaries are used.

The gas consumption of the mass spectrometer, when 4 sections are used
(SGCtIOAS 7, 8, 9, 10, Table 3.1-1), was experimentally determined to be
0.4 cm®/sec whcn the gold leak pressure: 1anged between !.1 and 50 mm Hg.

The gas consumption of the mass spectrometer when 3 sectlons are used
(seatlons 8, 9, 10, Table 3,1-1) was experimentally determined to be 10.5
cm®/sec when the gold leak pressure ranged between 8 and 50 mm Hg.

3.1.4.1.,2 Gold Leak Pressure vs lon Gauge Pressure

When the gold ieak foll becomes plugged, the ionization gauge pressure
drops. As an ald in determining whether the gold leak foil is plugged, which
results in & drop in instrument sensitivity, values are given which were
experimentally determined for a new gold leak foil., A plugged foil would pro-

duce lower ionization pressures for corresponding gold leak pressures than the.

tonization pressures shOWn. These values wull be used as an index for future

trouble shooting.

Gold Leak Pressure | ‘Ion Gauge Pressure
1.0 mm Hg (0.04 in. Hg) .4 % 10"% mm Hg
2.5 mm Hg (0.10 in. Hg) 3.0 x 10~¢ mm Hg
5.0 mm Hg (0.2 in. Hg) ~ no data
23 mm Hg (0.9! in. Hg) 28 x 10-¢ mm Hg

67-3020
AIRESTARCH MANUIAC!URlNG DIVISION

1. Al . Lahloing ‘ ' Page 3'8




The mass spectrometer was degigoned specifically to produce a continuous
record displaying the composition of gas entering a 12 foot long capillary
tube. The instrument rapidly responds to a step change in gas composiltion at
the inlet to the capillary. The recorder may be calibrated to read in volume
percent (same as mole percent &t ambient pressure) the amount of any ges
species. The instrument's sensitivily is very nearly the sanc for all gases.
The record is casy to nnderstand. For example, water vapor, with a molecular
weight of 18, appcars as 18, and nitrogen, with a nolecuiar weight of 20,

appears as 20,

The mass spectrometer carn accurately ncasure the percentage of every
stable gas. Also, the mass spectrometer, con determine the position of frec
radicals. The spectrometer's sensitivity may be esiimated by assuming the
sensitivity 's similar to oxygen, nitrogen, or water vepor. AL each position
of free radicals, peaks may appear on the readout due to the presence of
heavier molecules being fragmented or multiply charged.

3.1.4 E:xperimental Effort

3.1.4.1 Constant Conditions at Capillary Inlet

3.1.4,1.1 Mass Spectrometer Gas Lonsumption

The amount of gas (in cm® at ampient temperature and pressure) consumed
by the mass spectrometer depends on whether 3 or 4 capillaries are used.

The gas consumption of the mass spectrometer, when 4 sections are used
(sections 7, 8, 9, 10, Table 3.1-1), was experimentally determined to be
0.4 cm®/sec when the gold leak pressure ranged between |.1 and 5C mm Hg.

The gas consumption of the mass spectrometer when 3 secticns are used
(sections 8, 9, 10, Table 3.1-1) was experimentally determined to be 10.5
cm® ‘sec when the gold leak pressure ranged between 8 and 50 mm Hg.

3.1,4,1,2 Gold Leak Pressure vs lon Gauge Pressure

When the gold ieak foil becomes plugged, the ionization gauge pressure
drops. As an aid in determining whether the gold leak foil is plugged, which
results in & drop in instrument sensitivity, values are given which were
experimentally determined for a new gold leak foil. A plugged foil would pro-
duce lower ionization pressures for correspending gnld leak pressures than the
‘onization pressures shown. These values will be used as an index for future
trouble shooting.

Gold Leak Pressure Ion Gauge Pressure
1.0 mm Hg (0.04 in. Hg) .4 x 10® mm Hg
2.5 mm Hg (0.10 in. Hg) 3.0 x 10=® mm Hg
5.0 mm Hg (0.2 in. Hg) no data
23 mn Hg (0.91 in. Hg) 28 x 10=% mm Hq
AIESTARCH MANUIEAC TURING DIVISION 67-3020
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TABLE 3, 1-1

INLET TUBE SYSTEM DETAILS

PROBE
@@
I c
® ® ;
20 120
\ f MASS
| SPEC TROME TER
| R —— J
CALIBRATION 9
GAS SELECTOR
TUBING DETAILS
Inside
Tube Diameter, Length, Gas Temperature,
No. Mils ft - oR
| 72 | 3650
2 238 C 1560
3 120 30 860
4 62 l 735
5 32 0.17 735
6 62 T . 735
7 13 5.1 685
8 27 5.8 685
9 55 6.3 685
10 10} 5,2 685

Position Rescription

(a) Input to gas samp!ing tube

(b) 3 psia relief valve (P - 17.7 psia max)

{c) 0,15 psia relief valve (P =.14.85 psia max)

(d) 0.2 psia pressure at mass spect-ometer gold leak

164 Angeiey Caiena
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3,1.,4.2 Voriable Conditions ot Caplllary Inlet

3,1,4.2,1 Quantily of Gas Provided by Iniet System

The pressure at point "a" Table 3.1~/ must be high encugh to force cnoueh
gas through the tubing and out tuke 6 to provide the mass spectrometer with
the gas it consumes. Depending on whether Lube 7 ts used or pol the consump-
tion of the mass spectrometer s 0.4 or 10.5 cm®/sec, The 92s flow from tube
6 was expcrimentally determined for various pressures at "a," Results are
shown In Table 3,1-2, This table shows that Lhc pressure ot "a" must be
slightly highcr than | psig to supply 10.5 em® to the mass spectrometer. If
the pressure is less than this, a partial vacuum will exist within the tubing
upstream of tube 7. Leaks in the system will then degrade the analysis of
the gas sample from the probe because air will dilute the sample.

Experiments may be done to determine the effects of leaks on the analysis
when the pressure at "a" is less than one atmosphere,

The inlet system shown in Table 3.1=1 was simulated except LhaL Lube 3
was 40 rather than 30 feet long.

The pressure Py indicates pressure (psig) at the point where tubes 2 and
3 join., The purpose of removing tube 7 would be to decrease the transport
time of the gas sample,

TABLE 3.1-2

QUANTITY OF GAS AVAILABLE TO
THE MASS SPECTROMETER FOR VARIOUS INLET PRESSURES

Pressure at

!Ia!l

(Table 3.1-1) P, Gas flow
| psig | psig 10 standard cm® per sec
5 psig 4.5 psig 35 standard cm® per sec
9.5 psig 8 psig ————
20 péig 15.5 psig ' -
40 psig 32 psig _ .-;-
70 psig 55.5 psig 55 standard cm® per sec
G;@ ARESLARCH MANUFAGTURING DIMISION : : :;;;ng? 10
S~ o argeim atlams .




3,1.4.2.2 Cholce of Qparaling Pressure ot Gold Leak

In choosing the nominal operating pressure at the gold Leak {Figure
3,0-1) the following considerations are of importance, {I|) the pressure should
be easily controlled by the operator, {2) the pressurc should be as high as
possible so a large output Is obtained, and (%) the linearity of the instru-
ment should be such that the sum of the species is adequately close to 100

percent,
(a) The pressure should be easy to control.
The following experimental data was obtained,

Gold Leak Pressure

I mm extremely easy to control
2.5 mm very easy to control
23 mm difficult to control

(b) The pressure should be as high as possible to provide a large output.

(c) The linearity of the instrument shoultd be such that the sum of the
species is adequately close to 100 percent.

.Hydrogen, Nitrogen, Total,
Gold Leak Pressure Percent Percent Percent
| mm Hg 23.8 76.2 100
2.5 mm Hg 23.6 .76'2 99.8
5.0 mm Hg 22.6 S 76.8 99,4
23.0 mm Hg 18.7 79.9 98.6

(d) The output divided by gold leak pressure should be constant over a
pressufe range of 50 percent of the nominal operating pressure.
This data has not yet been obtained, but is expected to become worse
as the pressure increases.

"On the basis of the data that was obtained, the nominal operating pressure
at the gold leak has been chosen to be 2.5 mm Hg.

5.1.4.2.3 Sensitivity of Gold Leak Pressure to Probe Pressure

. The intet system was designed to result in little fluctuation of préssure
at tne gold leak {which would yield a nearly constant output at the recorder)

~when the inlet pressure at the probe point "a" (Table 3.1-1) varied over a

AR SEARCH MANUSACTURING DIVISION 67-3020
. Ly Angries Calibut va . _ Page 3~




considerable pressure range. Test dato showed that when the pressure at "a"
varies from 5 psid to 100 psid, the gold leak pressure changes by 0.2 pereent,
Thus, the gold leak pressure 7s essentially insensitive to probe pressure.

3.1.4.2.4 Sensltivity of Gold Leak Pressure to Gas Composition Entering Probe

The pressure at the gold leak, however, changes when the gas composition
changes that enters "a". The inlet pressure of gas in all cases |s ope atmos-
phere.

Composition of
Gas Entering "a"

100%: Ny 5 mm reference pressure

76% N2 24% H, dowin 7 from reference pressure
100% H, down 26% from reference pressure
1005, 0, down 2.3% from reference pressure
100% He down 46% from reference pressure

Thus, the gold leak pressure is composition sensitive.

3.1.4,2,5 Output Linearity vs Gold Leak Pressure

In order to increase the ipstrument output, it is desirable sometimes to
increase the gold leak pressure, However, when this is done, the output
linearity changes at least for the gold leak used prior to serial number
35546, Data was not taken on serlial number 35546. . The test was performed
on October 9, 1967.

Gold Leak
Pressure - Divisions Divisions
mm Hg Output per mm Hg
2 265 132.5
3 396 132.0
5 667 135.4
1o 1343 134.3
20 2738 136.9

30 4126 _ 137.5

This shows that a 4 percent output error will result if the sensitivity
at 3 mm Hg is used for calibration, a 30 mm Hg pressure is used for a test,
and only a factor of 10 is considerad in normalizing the test data to a 3 mm
goid leak pressure, -

(-mi-@ ARESEARCH MANUFACTURING DIVISION 6 ~ou20
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3,1.4.3 Sensitivity of Mass Spectromater

The sensitivity of the mass spectromuler {C-17852" depends on suwveral
variables. The data given is for the mass spectrometers output belng recorded

on the L & N ink pen recorder. One division represents 0.1 inch an the
recorder.
Divisions 10,000 (100 at attenuation : 100}
Ionization current 20 microomperes
Gold leak pressure 5 nm Hg
Gold leak conductance 0.02 cm*/sec
Sertal number 35546 (CEC)
Number of holes 6
Ionization gauge pressure 5.8 x 10°® mm Hg
Date performed November 2, 1967

3.1.5 Future Action

3.1.5.1 Heating Equipment

Installation and checkout of the heating equipment for the pneumatic
sclector switch, sample conditioner and lines to the pressure sensor and to
the water vaporizer, with appropriate thermal insulation, is in progress.

3.1.5.2 Temperature Monitoring

The temperaturc of all heated areas will be monitored. Thermocouples
will be used for sensing temperature. The read out device may be a Lceds
and Northrup indicator with push button selection for as many as 24 channels.
This work is in progress.

3.1.6 System Checkout

Checkout of the analyzer system will be continued using gases of known
composition; the temperalures, pressures, flows and composilions of Lhe gases
at the analyzer inlet being determined by the probe.

The entire gas sampling subsystem should be tested under conditions
simulating at least some of the condi tions that will occur during the com-
bustor tests. Two types of gas mixtures are of interest. Onc type is..
molecularly mixed gases in which the heavy gas molecules and light gas
molecules are homogeneously mixed. The second is turbulently mixed gascs

——
-7~
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tn which the heavy gas moleculer dnd 1ight gas molecules are rot heneguneoes by
mixed; some zones belng richer in heavy gau than 1ight gas and vice-versa.
The molecularly mixed cose is the simpler ol the two coses,

However, a test was performcd to determine the ability of the 2aw sampling
subsystem to accurately determine the volume percents of helium and nitrogen in
a moleculprly mixed gos mixture. The mixture was 16 percent hellum and 84
percent nitrogun., These gases were discharced through o Hach 3 nozzle and thc
gas sampling probe tip was placed in the Mach 3 gas stream; the temperature was
ambient.

The test was conducted In order Lo find vut [f the gas subsysten indicotes
the same composition when sampling the mixture at a Mach 3 velocity, using the
gas sampling probe, as when sampling that seme mixture abl nearly zero velocity,
not using the gas probe. The test setup used is shoun schematically In Figurc
3,1-5, "Schematic of Mach 3 Test of Gas Sampling Subsystem." The cumposition
of the gas was recorded before and after the test. The results are tabulated

be low;

TABLE 3,1-3

GAS COMPOSITION AT MACH 2

Settling
Test Description Chamber Sample Composition of
(See Figure 3,i-6) Pressure Line Gas Sample Total
Pre~Test I5 psig A 16.5% He, 84T N, 100. 57
Test (using probe) 500 psig B 16,5% He, B83.5% N, 1oof
Post-Test 15 psig = A 16.0% He, 83.5% N, 99, 5%,

Heliun was used instead of hydrogen because of safety considerations.

The Pre-Test, Test, and Post-Test records are shown in Figure 3,1-6,
"Records of Mach 3 Test of Gas Sampling Subsystem.” Photographs of the test
setup are shown in Figures 3,1-7, «8, -9, A drawing of the nozzle is shown
in Figure 3,1-10, '

The composition of the gas as analyzed by the vendor was 15.0 20.| percent.
The difference between the analysis made by the vendor and the analyses made by
the writer has not been resolved. This may be done in the future, but is not
required for fulfilling the purposes of this test. The purpose of this test
was to compare the analysis taken by the probe at Mach 3 with the analysis
taken at essentially zero velocity. The sample taken at zero velocity was
taken from sample line A, Figure 3.1-9. It should be noted however, that Lhe
composition of helium and of nitrogen were independently determined by the
writer. By considering only the helium or only the nitrogen, the helium per-
centage is 16 percent. Also, when adding He and Np, the total ranges between

P . .
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Probe Tip Inserted in Supersonic Nozzle

Figure 3.1-7,
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Figure 3,1-9, Auxilliary Cabinet and Mass Spectrometer
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99.5 and 100.5 percent. The vendor only analyzed for He and a ¢heck for tote):
equaling 100 percunt is not possible. This test compares the analysis of the
gas when samplied under static ond dynamic conditions.

Tast results show that the analyses taken under the twe conditions arc
the same, *|/2 percent. The drift of the total system for this run of 2 min
is | percent of full scale, This drift rate is about 10 times the rate that
normally occurs,

The significance of the test is that it shows the gas analysis subsystem
is capable of sampling supersonic gas flow and indicating that the composition
is the same as that when a sample s taken at static conditions {which it
should be). This applies to the particular gas sample used which was a nolecu-
larly mixed sample (molecules of helium are evenly disparsed throughout the
nitrogen), The test showed that the pressure at the gold leak could adequately
be controlied and the type of record which will be taken durlng the combustor
tests is easily reduced to mole percent (or volume percent).

Filters were installed in the inlet system to prevent particles from
fouling thn Scani-valve switch or plugging the inlet capillary, Two fiiters
were used, One filter was located immedlately upstream of tube No. 4
(0.062 in. ID, Table 3.1-1} and downstrecam of the 3.0 psig relief valve. One
filter was located immediately upstream of tube No. 7 {0.009 in, 1D, Table 3.1-1).
Both fllters are photo-ectched-stainless-stee) sheets with 0.006 .n. dia holes.
The filters were placed flat against the end of a !/4~in. -tube and held in
place when the tube was installed in the swagelock Titting.

In the event the inlet caplllaries become plugged during operation by
particles entering the probe from the gas stream, the focalion of the plugging
will be indicated by relief valve not discharging gds to the atmosphere when
the probe is pressurized.

A switch has been installed on the mass spectrometer to allow operation
in any one of the following modes of operation: '

(a) Peak selector not used (standard operation of mass spectrometer).
Output recerded on

(1) 1Ink pen recorder
(2} Light beam recorder

(b) Peak selector used., Output recorded on
(1Y Ink pen recorder

(2) Light beam recorder

s
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3.2 GAS SAMPLING/TOTAL PRESSURE PROBE

5.2.1 Problesn Stotement

A device 1s needed to collect and distribute & sample of gos from the
internal supersonic flow field of a hypurzenic ramjet cogine, The cornetitu oy,
of the somple musl be truly representative of the gas stroom sampled,  The
device must prescrve the atomic balance of the constituents of the collected
sample. The 0pcratin§ enviromments for this device include temporotures up
to approximately 5800°R, velocities of approximately 3500 fps, an orygen rich
atmosphere, and the effluent gases of an oxygen-hydregen burncr.  The devige
must be suitable for installation and use in both a fixed and traversing node
in a variety of test conflgurations associaled with a hypersonic ramjet engine
and cemponent test program.

3.,2.2 Toplcal Background

In order to determine oxygen-hydrogen combustor performance and determins
how it Is influenced by the injector geometry, jst penetration, and spreading,
the mixing of the effluent gases must be ascertained at several points in the
combustor with a probe. The probe must not be too large or it will block the
combustor flow and choke it. The probe and its support must also be cooled
in order to have sufficient 1ife.

The gas mixture will be sampled during component and engine tests, The
main objective wiil be to delermine Lhe mixing efficiency of the hydrogen fuel
and the airstream. Accordini'y, it will be necessary to determine the atomic
balances to evaluate the extent of mixing, This approach is based on the con-
sideration that the combustor performance is mixing limited in the supersonic
combustion regime of greatest interest,

3,2.3 Overall Approach

It is difficult to get gas samples from a supersonic H, and air combustor,
Cooling requirements for the probe and its support, plus the necessity for
providing a coalant return so that no additional H,0 is added to the combustor
flow dictates a complex design. Other major problems include capturing a
truly representative sample of the combustion gases from any desired point in
the combustor and preserving its composition while transporting it to a mass
spectrometer for analysis.

In order to capture a representative sample of the gas stream, the detached

bow shock, which exists around the leading edge of any body immersed in a
supersonic stream, must be attached to the probe inlet, This prevents segrega-
tion of the sample due to inlet spillage and deflection of the lighter mass
particles away from the inlet that would occur in the subsonic region behind

the shock., The problem of preserving the composition of the sample is limited
to preserving its atomic balance of H;, Np, 0, and H,0. No attempt will be
made to analyze for any molecular species since the equilibrium of the species
cannot be frozen when it enters the probe and would be subject to change since
it might not be completely combusted, To preserve the atomic balance, the

3
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water vapor in the sample must oot be allowed to condensc on the walle of -
probe or tubing tronsporting the sample to the gas enalyzer.

With the sbove requirements and constraints, a prellmivary design for a
gas sampling probe was made and analyzed to ensure adequate couilnq, strustorn!
Integrity, ease of fabrication, and satisfactory aerodynamic performance,

3,2.4 Analytical Deslygn

No further design analysis was required or performed during this reportine
period.

3.2,5 Deslagn Effort

The usefulness and capability of the gos sampling probe was increasca ‘o
include stream total temperature measurement, This was accomplishud by meoos
of the calorimetric technique.

The application of this feature included the addition of a Janiels~type
flow measuring section pear the base of the vertical support tube te measure
gas sample flow rate and provisions for measuring coolant flow rate and tempera-
ture rise.

Another design feature added to the probe is the provision for measuring
stream static pressure, When combined with the total pressure measuring
capability, the static pressure measurement, with proper calibration, will
allow the determination of stream Mach number., The stream static measurement
is taken by means of a2 wall tap through the outer tube just behind the
transition from the tapered section of the straight circulor section near the
probe tip. This zone is most desirable for its insensitivity to Mach number
(Reference 5.)

3.2.6 Manufacturing

Primary effort during this reporting period has been directed toward the
fabrication of the gas sampling probe and the resolution of minor brazing
problems in the sequence of assembly operations. Figures 3.2-1 through 3,2-3
show most of the major payts and subassemblies, with the exception of the
gas flow measuring section and back pressure requlator valve,

'3,2,7 Testing

Certain preliminary tests have been performed on the gas sampling probe
to date. These tests have included, in part, leak, proof-presstre, and flow
tests to determine pressure drops in the cooling system. The results of the
test show that the probe will pass |.54 gpm at 200 psi pressure drop; the
predicted flow was 2,0 gpm at 200 psi pressure drop, In addition, system
tests were performed to verify the ab!]lLY of the probe to capture a repre-
sentalive sample of gases from a supersonic stream of gases Flowing at a
‘known mixture ratio and to determine operating characteristics and sample
transport times of the overall gas analyzing system. These test verificd
the probe's ability to capture a representative sample of molecularly m:xed
gases flow:ng at supersonic velocilies,
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Figure 3.2-3. Gas Sampling Probe and Sting Protective Cover for Large-
Scale Combustor Test Rig Application (P/N 981055-1)
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Fioure 3, 1-7 shese thr test cetup 'used for Lhe system tests in which
the probe tip wog crpoced to a supersonic sirecan of onbient tenperaturc
gases in & known mixture ratio.

3.2.8 [uture fAction

Fabrication of the dotailed parts and assembly of the backup probe will
continue, Develupment tests Lo demonstrate mechanical integrity of the probe,
adequate cooling, freedom from flutter, and verification of Lip design vill
be performed. Calibration tests of the probe Lo determine the backpressure
required to attach the bow shock over the requircd operating range of streon
Hach numbers and calibration tests of the entire was analyzing system wili be
performed. Celibration tests of the calorimetric total temperature muosuring
technique will also be performed,
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4.0 TEMPERAIURE HMEASUREMENT SUBSYSTEM

The temperature measurcuent subsystem consists ol the total temperature
thermocouple and the double~sonic orifice total tempurature probe, The tetol
tomperature thersocouple Is discussed In Paragroph 4.1 and the doutl -conic
orifice probe is discussed in Paragraph 4.2,

4.1 TOTAL TEMPERATURE THERMOCOUPLE

4,1.1 Problem Stalemunt

The objective of the total temperature thermncouple program is the
development of a thermoelectric device to determine engine cxhaust tempera-
tures. The major areas of concern encompass the response, accuracy, and life
of the device under severe exhaust flow conditions, These conditions cover
a wide span of combustion modas in which the oxheust environment may range
from a highly oxidizing atmosphere to one that is reducing or oxygen lean,
Two fundamental problems exists;:

(a) Thermocouple materials ideally suitable for the task are not avail-
able, Available thermocouple materiols have a limited life in such
a hostile operating environment and improved modals are desired.

(b) Thermocouple uncertainty errors associated with the hot gas probe
heat transfer mechanisms during the variable gas flow conditions are
intolerably large and methods are required to reduce them to lowar
values. .

4.1,2 Topical Background

Investigations so far point to the tungsten on tungsten and 26 percent
rhenium combination as having the best overall characteristics sultable for
the HRE task, '

Ir/Ir Rh combinations, which can operale in oxidizing environuents for
longer periods show promise in applications where large known and assigned
systematic radiation and conduction errors are considered for purposefully
lowering the actual junction temperature,

4.1,3 O0Overall Approach

The total temperature thermocouple task is one of combining materials and
developing fabrication techniques to assure sufficient probe life for the
application. This approach must consider the necessity of certain forced
tradeoffs of objectives due to the severe operating environment for the sensor.
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A test Tacllity for the thepmocouple developsent pragrea is poailal le.
The following approxlnate gas teuperatures can bo ohtalned with the cneroy
availahle for sensor testing: 5600%F with an mogen and hydrogon cobination,
#4700°F with o combination of hydrogen and air; ond over 56CCF with an fopyten
and acctylene combination. The gos« mixtures can be controlled to permit o
broad range of temperatures and conditiuns, Supporting vquipnent includes
strip chart recorders, a radiometer, an optical pyrometer, and other tempera-
ture measuring equipment. Although thie facility cannot dujlicate all the
operational engine conditions which the probe will ercounter; It does provide
the means to subject sensors to heal fluxes and temparature levels similer Lo
those encountered in acutel service.

4,14 Overall Status

During the past quarter AjResearch recomimended that develepment of an
exit total teepcrature probe be limited to completion and evaluation of the
double sonic orifice probe under construction, and that the use of this probe
be limited to the inlet total temperaturc for the control system requiscuents,
Justilication for this cessation of development work on probes for measuring
the exit total temperature is based on the necessity for extreme accuracy
(0.1 percent) in this measurement for determining equivalent chemical eoffi-
ciency of the combustion process.

The NASA reserved concurrence with this reconmendation pending a compre-
hens ive measurement analysis of all engine parameters and a detailled evalua-
tion of the work performed to date on the exit temperature probe. Such
activity is in process and will be reported in the next quarterly report.

4.2 DOUBLE SONIC ORIFICE TOTAL TEMPERATURE /PKESSURE PROBE

4,2.1 Problem Statement

Devices arc needed to measure the total temperature and total pressure in
the internal supersonic flow field of a hypersonic ramjet engine. These
devices must be able to operate in a temperature of approximately 5800°R, a
high velocity, approximately 3500 fps, oxygen rich atmosphere, and the eff{luent
gases of an oxygen and hydrogen burner, These devices must be suitable for
installation and use in a variety of test configurations for a hypersonic ram-
jet engine test program.

4.2,2 Background

In order to determine combustor performance and how it is influenced by
injector geometry, jet penctration, spreading, and mixing, total temperaturc
and total pressure at several points in the combustor must be measured while
the engine is operating. The probe concept and size are affected by the
necessity of keeping the combustor duct unblocked so it will pot become chokued,
Also, the probe must be cooled to attain sufficient life to make the tests.
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Obtaining tempe rature ¢ud prafecurs ooapper et Yognn g cyporrndt on o
and hydrouen burner involves many factor . The probus ond supttartiog oot
must be cooled, The coulant celected met be toopatible sith the tent saoitaon,,
featallation, and tast objectives. 1In the cacee ditcunsed here, the tect
objectives have pecessitated circulation of the conlant throush the probe,
Further, the test facilitics and conflgurations using th probe willh o)l the
use of two alternatg coolant fluids, hydroqgon asd woter,

4,2.3 Overall Appruach

One gas aspirating cooled probe design will be tentod ond Tabricaned,
The probe shown tn Fiqure 4,2«1 will be used in the Phaoe 11 seguented cooi-
bustor test ria. The probe is internally cooled to o Lemperatare canpatibils
with structura) requirements and the aspirated alr Is cooled to about 2343V«
or less.

The probe detects Lhe total temperature Ly tuo independent methods:  the
two-sonic orifice malhod, and the calorinetric method, The working privciplee
of these methods are described in Reference 5. Both methods of tempurature
measurement are incorporated in the same physical probe. For evaluating the
total Ltemperature from the two-sonic orifice method, measurcments of the total
pressure in Lhe inlet nozzle and total pressure and temperature in Lhe second
nozzle are required, For the calorimetric metbod, total pressure and total
temperature in the second nozzle, mass flow rate of the coolant, Lhe inlel and
outlet temperature of the coolant, and a check valve for stopping the gas
aspiration to take Lare measurements are required,

Since the flow of gas through the probe must be deadhcaded to make a tare
measurement of heal [Nlux, due to the external free stream flow around the probz,
a pressure transducer will be used to measurc total pressure. The free stream
total pressure may then be computed by using the Rayleigh equation as solved
for a real gas. It is possible therefore, to make three determination: with
the probe; total temperature by the double-sonic orifice method, total temp-
erature by the calorimetric method, and total pressurc.

4.2,4 Analytical Design

No further design analysis was performed during this reporting pariod,
An error analysis was initiated to determine the expected error in the final
value for free stream total temperature and will be published in a separate
document

4.2.5 Design Effort

A design featurce added to the double sonic orifice probe is a provision
for measuring stream static pressure similar to the gas sampling probe appli=
cation described in Section 3.2, When combined with the total pressure measur-
ing capahility the static pressure measurement, with proper calibration, will
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allow the deterutaaticn of Free strean Heeh nunbor,  The sbenes R P I TR TRRT
ment 1s token by meanst of & wall tep Lthrough the outer tube Jjust behind Lk
transition from the tapercd suction to the stralyht clrcular sectlon niar the
probe tip. This zone ie most desiravle for fle huscnsltivity Lo Boch ot
(Kefercnce 5. )

4,2,6 Manufacturing

The double sonle orifice total temperature/pressure probe is fobricated
entirely of corrosion resistant steel. All detall components are fapricated
and joined by conventional techniques.

4.2.7 Future Action

Fabrication of delail parts and assembly of the probe will continn tatard
a timely introduction into the combustor segnent Lest progras 16r probe evalie-
tion and development. Tests to demonstrate mechanical integrity of the probe,
adequate cooling capability, and freedom from flutter will be perforaed, Coll-
bratlon tests of the double-sonic orifice and calorimetric tempuratuve m2asure-
ment features under simulated combustor conditions will also be performed after
completion of the development tests,
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5.0 EHGINE TENPFRATURE MEASUREMFMT SURTYSTENM

The temperature measuring sysitem as contomplated at the prosent tioe wuill
employ Chromel/Constantan and G:minal Pl thermocouple materlals,  The Chreeo o1
Capstanton will be wsed in the control elrcuits where woriuwe eopnbvivity iu
required over limited ranges. The Geminol "P and H" will be used fer recordivn
information which is applicable to the full renue requiresonts for the FCK
System used onboard the X-15. It is not contemplated to use recivlive sonsjny
devices in the instrumentation systeom,

5.1 BASIC SENSOR CONSTRAINTS

Constraints placed upon the temperature sensor selection by the engine
fabrication procedures generally limits Lhe basic seleclion to the thermocouple
type sensor. HMelal temperalure sensors must be capable of withstanding the
temperature excursfons encountered during the several braze cycles the engine
will go through, Experience has shown that resistive devices which vre con-
patible with this type of installation cannot be subjected Lo brazing cycles
of 2000°F without cxiremc calibration shifts. Physically the thermocouple
sensor is the only type which will readily adapt to the hot skin surface temp-
erature measurement configuration, Most measurand locations within the enyine
requirce that the sensors be instalied during Lhe engine assembly., To retain
gas and coolent Lemperature leak Integrity the sensor must cither be installed
during engine build up or If after build up, where accessible, in sensor wells
which make the measurement incompatible with the desired time constant require-
ments of Lthe systum., 1In view of the fabrication constraints imposed on the
measuring system,the initial effort in the subsystem temperature measurement
investigation has been with the adaptibility of the thermocouple to satisty
the measurand requirement. In general,the {light engine is the design goal,
with the temperature instrumentation compatible with the PCH lnput requirenents.

5.2 THERMOCOUPLE MATERIAL

. The thermocouple materiol has been selected to satisfy the range demanded
by the readout system aboard the aircraft. Two avenues were considared to
meet the above requirements.

{a) Sclect a thermocouple material and attenuate the output by electrical
means to satisfy the range requirement., This approach will reguire
an attenuation circuit for ecach channel,

(b} Sclect a Uhermoelectric material combination which will closely lit
the full scale output of the temperature ranges desired,
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Homogentety ond tewperaturs slebl ity ehoractoristics of Gooiral Porr
wires arce botter than the Chrese A lunel paltrs,  This eoobination bos an DHF
vs Temperoture output whileh fo compatible with the elgral conditioning veaiir.
ments for the PO cquiyuent,

Limited knowledge wos avallable for the combinatioas cutpnt in the eryo-
genic temperature region.  Callbration checks to the liquid by drogan puint
Indicated no EMF reversals or vnusual characteristics negating the possible

use in this program. The temperature range is from 40%R (-420°F to 180L° R,

5.3 REFERENCE JUNCTICH

The temperature Instrumentation system including the reference junciior
subsyslan is grouped into four haslc regions, cach region Lo caticfy
the temperature instrumentatijon reference requirenents In that purtion of the
engine, This approach makes It possible to reference the thermocouple cir-
cuits and have sensor oulput leads without having to cross interface disconnigts
which are potential thermoelectric error sources in areas of large temperature
gradients. As shown in Figure 5.3-] the power supply is accessible via the
aft end of the nozzle sectlon. :

5.4 INPUT LEVELS

The PCM systcm aboard the X-15 aircraft requires that a *0 - 15 millivoit
or 20 - 5 volt full scale signal shall be available Tor recording of data
information. Ranging for maximum resolution must be conditioned to meet thesc
input requirements. All conditioning from the temperature measuring systom is
anticipated to be 0 #I5 millivolts to the PCHM., The use of eny preamplificotion
circuitry is not planned for the temperature measuring system,

5.5 ACCURALY

Figure 5.3-2 shows the error band expected for flight version, consider-
ing the three basic errors of the system: the PCM, the Reference Junction,
and the thermoelectric deviation of the thermocouple. Accuracy of Lhis system
rapidly falls out of requested tolerances below 350°R, mainly due to the PCM
and Reference junction crrors. The wide excursion of ambient temperature
range to which the reference junction is exposcd accounts for an equivalent 3-
error to 65°F in the cryogenic regions. This is also true with the errors
associated with the PCHM. Three ¢ errors for this system approach 100%F at
the extreme cryogenlc temperature.

]

*Geminol PEN is a Nickle Silicon {negative) versus a Nickel Chromium {positive)
Lhermocouple combination and is manufactured by Driver Harris Company of
Harrison, New Jersey.
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5.6 INSTRUMFNTATION AND 'CONTROL INTLRFACE

Consideration was given to the possible use of the same temperature
sensors for concrol and readout. This approach was dropped because of possible
interface problems. The major dravbaclks to the approach are listed balow,

(a) Control systems sensors must be ungrounded.
(b} Range is not compatible

(c) Possible system feedbark between control and instrumentation circulle
when in parallel affecting the raliability of the systems,

(d} Time constant requirements different,
(c) Sensor Sensitivity requirements not compatihle,

To satisfy the circuit requirements, individual sensors and circuitry
compatible to each system requirements are to bec used with the duplication
of the applicable sensors in discrete areas.

5.7 RESISTANCE SENSORS

The apparent large crrors associated with thermocouple sensors in the
cryogenic arcas, prompts one to look to other sensor types which may have
better low temperature characteristics and are compatible to the Lotal Instru-
mentation plan. Although the brazing cycle temperatures the engine encounters
during buildup (Paragraph 5.1) will gepcrally rule out the resistive devices,
both semiconductor and metal, '

5.8  ERROR REDUCTION

Review of the errors associated with the Flight Engine installation
indicate the major portion of the total error is associated in two arcas of
the system. '

{(a) PCM Data Recording

(b) Compensating Reference Junction (due to ambient temperature var .-
tions) '

An appropriate reduction of the overall error can possibly be reduced by
further consideration and effort in these areas.

One approach with the PCM system can be an error analysis associated with
the time and environmental history of the total system, therveby reducing some
of the random errors to systematic errors capable of correction Lo the system.
Another approach which may be possible is to time share during flight a set of
precise voltage inputs to the PCM System using this as a calibration reference
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for cach chonnel of information, These arcos will reguire Turther Investica-
Lion sinte it 1s In this category that a large reduction of the ower all
system error appears possible.

In the thermocouple circult the Refurence Junction error sssociated with
the anticipated large ambicnt temperature changes are responzible for a major
part of the overall inaccuracy of the measurement,

Several possible approaches may be taken to reduce the crror.

(o) Stabalize the reference junction body so that it does not set the
large temperature excursion., By this approach twe things are
accomplished which will reduce the error,

(1) The percentage error which is proportional to the saount of
temperature excursion will be reduced.

{2) The limited ambient excursion of the reference will allow a
smaller percentage error factor to be applied. Instecad of
| percent of the ambient excursion a 0.5 percent factor would
be appllicable.

These approaches call for a basic refinement of the existing system.
Each will add to the compiexity of the system and would be more beneficial
in the readout of the measurements in the cryogenic ranges. Ground engine
tests may indicate that the need or total rahge on each channel is not
required and channels incorporaring the refinements may be selectively chosan
for the flight engine.
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