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FOREWORD

This document was prepared by personnel of the Systems Analysis
Section of Lockheed's Huntsville Engineering Center for NASA-Marshall
Space Flight Center under Contract NAS8-36304. The NASA-MSFC
Contracting Officer's Representative for this study was Mr. R.E.
Tepool, ET62.
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1. BACKGROUND AND INTRODUCTLON

@Z//QE;; The MSFC Hot Gas Facility (HGF) was fabricated in 1975 as a temporary

facility to provide immediate turnaround testing to support the SRB and KT
TPS development. This facility proved to be very useful and was used to
make more than 1300 runs, far more thau ever intended in the origimai
design. Therefore, it was in need of constant repair and needed to be
replaced with a new improved design to support the continuing SRB/ET TPS
product improvement and/or removal efforts. MSFC contracted with
Lockheed-Huntsville to work on this improved desiygn through Contract
NAS8-36304 "Feasibility Study and Verified Design Concept for the New

Improved Hot Gas Facility.” Figure—l—shows a-photograph of this new
faeitity-s -Th*s—fina&—report-summartzes;zae results of Lockheed-Huntsville's

under this contract whieh-—were—te: &L S’vam/\%&-/( .

e Design and fabricate three Cal panels (1lU tnhermocouple locations,
one calorimeter location (GFE), four static pressures, one total
pressure).

® Design and fabricate four dummy panels.

e Design and fabricate one ramped panel fixture.

e Design and fabricate 18 panel spacers (three each ¢ 1/16, 1/v, 3/16,
1/4, 3/8, and 1/2 in. thickness).

¢ Make facility drawings (see list below).
® Write, present, and revise a Test Plan.
e Monitor Cal runs on-site,

® Reduce and analyze data.

@ Write final report.

e Fabricate 60 alumipum, TPS substrate panels.
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Iist of Drawings To Be Furnished

I. Interface Drawings

e Nozzle
e Test Section
e Diffuser

II. Detailed Shop Urawings

Flat Cal Panel

Ramped Cal Panel

Dummy Panel

Ramped Panel Fixture

Window Frame

Panel Support Frame

New TPS Ramped Panel Substrate.

LOCKHEED-HUNTSVILLE ENGINEERING CENTER



LMSC~HEC TR b065122

2. TECHNICAL DISCUSSION
2.1 HARDWARE DESIGN FABRICATION, DELIVERY

The design and fabrication of all deliverable hardware was completed
and delivered to NASA on schedule. Copies of the signed DD-250 forms are
attached as Appendix A.

2.2 TEST PLAN
A test plan (Ref. 1) was prepared and delivered to MSFC.
2.3 ON-SITE MONITORING

Calibration runs were monitored on-site and the data were analyzed.

Table 1 presents a run log from these rums.

When the calibration runs were first begun, the diffuser did not pump.
Various combustor chamber conditions were tried to get the ditffuser to
"start" such as higher chawmber pressure, different oxidizer-to-fuel (O/F)
ratios, etc. However we were never able to get the diffuser to pump.
Therefore, the diffuser design was changed to provide a larger second throat
area. Sketches of this redesigned diffuser are shown in Appendix B. 7This
redesigned configuration was rectangular rather than round. It was nmade
from mild steel and was cooled by "spray bars" rather tham by a
double-walled cooling jacket as on the original. It was designed by
Lockheed and built by MSFC in-house and was a "stop gap” measure to see if
pumping could be attained. The second throat area was increased from
approximately 298 in2 to approximately 414 inz. The second throat

section length was also increased and an exit cone was added.

LOCKHEED~HUNTSVILLE ENGINEERING CENTEK
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In connection with this diffuser redesign it was decided to increase the
combustion chamber pressure from the original design allowable value ot 150
psia to 300 psia to assist in starting the diffuser. 1In order to do this,
additional structural strength was required. Lockheed designed the required
"beefed-up” members gnd these were fabricated and installed by MSFC. Appendix

C presents the detailed stress analysis/design of these structural changes.

After installing this new rectangular diffuser and raising the chamber
pressure limit to 300 psia, additional calibration runs were made. [t was
found that the diffuser would now pump. It required a "start" pressure ot
approximately 280 psia and a "run" pressure of approximately 220 psia. Test
section pressures showed the facility to be operating at a Mach number of
approximately 4.7 as compared to the Mach 5 value originally planned. This

was attributed to the slightly oversized throat. Heating rates in the test

section varied from approximately 1 to 6 Btu/ft2 sec.

After installing the new diffuser, another problem was encountered. pue
to delayed ignition on run No. 16 the test section and diffuser were
apparently filled with a combustable GHZ/air mixture and when ignition
occurred, a simultaneous explosion ruptured the diffuser and knocked out all
windows and calibration pamnels from the test section (see Figs. 2, 3, 4, and
5). This ignition delay was apparently due to the increased propellant mass
flow rates at the higher chamber pressures. In order to alleviate these

ignition problems, Lockheed made the following recommendations:

@ Increase all igniter chamber pressures to 375 psia.

Add water cooling to igniter bodies.

@ Add a GHp detector to sample air from top of test section during
countdown.

@ Refurbish GHy main valve to prevent leakage.

® Add high response dynamic pressure measurement to main chaumber to
watch for detonation during start transients.

e Add two igniters to top of combustion chamber.

e Increase voltage to igniter spark plugs from 10,000 to 50,000 volts.

e "Soften” the attachment of the four test panels to the test section
walls so they can serve as "blow out” ports.

e Bleed the igniter GHy feed lines through the vent stacks rather
than through the main chamber.

e Put redline on P, to shutdown if not up to 150 psia at 400
milliseconds after start of opening of oxidizer valve.

4
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Several of these "fixes" were added, and a series of runs was made, without
the diffuser attached to the test section to check out the new ignition
sequence/procedure. In the meantime a replacement diffuser was fabricated to

the same dimensions as the one which ruptured.

After the new ignition sequence was developed and checked out, then the
replacenent diffuser was attached to the test section. Additional runs were
made and it was found that the diffuser would "start"” and pump at a combustion
chamber pressure of approximately 280 psia, and would continue to "run" down
to a chamber pressure to approximately 220 psia. A "two-stage"” start sequence
procedure was developed to start the diffuser at 280 psia and then immediately
ramp down to 220 psia for tne duration of the run. This was necessary in

order to reduce mass flow rates and, hence, increase the total ruan time.

After working out these procedures, additional calibration runs were
conducted until a water leak occurred in the throat area (see Figs. 6, 7, and
8). The leak was caused by additional thermal stress in the rectangular
tubing joints adjacent to the welds, This was a result of running the
facility at the chamber pressure of up to 3U0 psia whereas the throat section
was orginally designed to operate at conditions produced by a chamber pressure
of 150 psia. This caused the throat heatinyg rates to increase by a factor of
approximately 1.75 times the original values. Also, because of this increase
in gas-side pressures, the internal cooling water pressure had to be increased
accordingly to prevent inward "dimpling” of the tube walls. The result was an
over stressing of the tube walls, their fatigue life was drastically reduced
and hence they failed after approximately 60 cycles as opposed to 1000 cycles

which was the original design requirement.

Lockheed has offered to repair the welds and find a subcontractor who
would be able to apply a thermal coating to the inside of the throat such as
"Rock~Hide,"” Mgl, or A1203. However, at the time of this writing, MSFC

is considering replacing this throat section with a water-cooled copper
section which would be designed to the higher pressure and heating rates.

LOCKHEED-HUNTSVILLE ENGINEERING CENTER
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2.4 DATA ANALYSIS

Table 1 shows the run log of the calibration runs made to date. A
typical set of calibration run data is shown in Appendix D, The ramped,
two-stage "start” procedure is seen in the first plot (page D~1), showing

the chamber pressure versus time, measurements PU713 and PU714.

Analyses of the calilbration runs showed that after the diffuser started
pumping that the test section Mach number was approximately 4.7 as compared
to the design Mach number of 5.0. This was attributed to the sligntly
oversized throat and to a thicker than anticpated boundary layer in the test
section. The actual throat height was approximately 0.045 in. oversized in
the center on both top and bottom halves of the nozzle as compared to a
design value of 1.0 in. This difference was due to manufacturing tolerances
which is not bad for a welded, unmachined structure. The throat height at
the sides (i.e., next to the flanges) was right on 1.0 in.

The heating rates in the test section varied from approximately 1 to 6
Bt/ftz-sec depending of the chamber conditions and on the location in the
test section., The test section static pressures varied from 0.5 to 2.V

psla, depending on chamber conditions and position in the test section.

During the process of these calibration runs, chamber conditions were

selected to yield three distinct enthalpy levels as shown in Table 2.

Table 2 HYDROGEN AND AIR SET PRESSURES REQUIRED
FOR THREE ENTHALPY LEVELS

Enthalpy Level Set Pressure (psia)
GHy Alr
Low 900 1020
Medium 945 945
High 1010 880
6
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One "endurance" run was made (Run No. 53) to see how long the
propellant feed supply would hold the required chamber pressure. This
resulted in a run tiwe of 71.14 sec. The original run time requirement of
180 sec was not met because of the increased chauwber pressure psia required

to keep the larger diffuser running (220 versus 150 psia).

Appendix E presents a listing of a computer program for the IBM PC

which was used to choose set pressures for the GH, and air regulators to

2
yield a required combustion chamber pressure. This program is writtem in

BASIC language.

Appendix F presents the Static Measurements Prograum Listing which was

ugsed during our data analysis efforts.

The calibration panel instrumentation locations are shown in Appendix
G. A complete set of all calibration data plots is available from Dick
Baker ET62, NASA-MSFC.

Appendix H presents the HGF air and GH, Venturi Calibration Data.
2,5 INTERFACE DRAWINGS AND DETAILED SKETCHES
Appendix I contains interface details and sketches of the hardware discussed
in the Background and Introduction section. These are presented in lieu of
the "detailed shop drawings" as originally planned. This substitution was
agreed upon by the NASA Technical Contracting Officer's Representative.

Also shown are additional sketches of instrumentation locations, nozzle

dimensions, etc., which may be useful in the future, although not originally
required by the contract,
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3. CONCLUSION

In conclusion, all requirements of the subject contract have now been

completed.
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ORIGINAL PAGE IS
OF POOR QUALITY

Fig. 1 Overall View of Assembled MSFC
Hot Gas Facility (Lower Foreground)
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ORIGINAL PAGE IS
OF POOR QUALITY

Fig. 2 MSFC Hot Gas Facility Showing Damage Caused
by Overpressure Due to Delayed Ignition

13
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Fig. 3 MSFC Hot Gas Facility Rectangular Diffuser Top Showing
Damage Caused by Operpressure Due to Delayed Ignition
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ORIGINAL page |
OF POOR QuaLiTy

Fig. 4 MSFC Hot Gas Facility Test Section Showing Damage
Caused by Overpressure Due to Delayed Ignition
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Fig. 5 MSFC Hot Gas Facility Rectangular Diffuser Bottom Showing
Rupture Due to Overpressure Caused by Delayed Ignition
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ORIGINAL PAGE IS
OF POOR QUALITY

Fig. 6 Thermal Stress Cracks in Upper Half of MSFC
Hot Gas Facility Nozzle/Combustor
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Fig. 7 Thermal Stress Cracks in Lower Half of MSFC
Hot Gas Facility Nozzle/Combustor
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ORIGIN
OF P

Fig. 8 Thermal Stress Cracks in Upper Half of MSFC
Hot Gas Facility Nozzle/Combustor
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Appendix A

DD-250 FORMS SHOWING DELIVERY OF ALL HARDWARE

LOCKHEED-HUNTSVILLE ENGINEERING CENTER



§ PROC INSTRUMENMT IDENICOMTRACTY

MATERIAL INSPECTION joroeRino : ;"'°'“ ' "“: jor .
AND_ o - § ACCEPTANCE PONT
RECEIVING REPORY NAS8-36304 oare 1/21/85 D

1 WUPMENT NO ) DATE SMIPPED 4 B0 $ DISCOUNT TERMS

RC00002 1/21/85 HREC /2875 Net 30
* PRIME CONTRACTOR CooE 10 ADMINISTERED aY cooz[
Lockheed Missiles & Space Co., Inc. DCASMA-Birmingham
P. O. Box 1103 2121 8th Avenue, N.
Huntsville, AL 35807 Room 104

Birmingham, AL 35203-2376

11 9PPED FROM 1 other than 91 COOE[ FOB 12 PAYMENT wiLL B8€ MADE BY CODE‘

Same as Block 9

Financial Management Office
George C. Marshall Space Flight Center
Marshall Space Flight Center, AL 35812

13 SMIPPED T0 codi]’ 14 MARKED FOR coosl
Transportation Officer, Bldg. 4471 Richard Baker
National Aeronautics & Space Administration ET65
Geroge C. Marshall Space Flight Center
Marshall Space Flight Center, AL 35812
1 STOCK ‘PART NO * DESCRIPTION 11 20
':‘;M ¢ f * ,,:d,‘a,, :;T':',“n'l :I;';::.':zf:::;:'eu rype of sgr:/h:&'g'yo JL UN'T UNIT PRICE AMOUN!
D B T~ -
ool Hot Gas Test Section Calibration Panel 3 Ea NA ; NA
: @R\G&Nﬁ‘; %ﬁm i
e OF P00
Lo i
PROCUREMENT QUALITY ASSURANCE 1 RECEIVER'S USE

A ORIGIN

2
D"QA DLCEPI ANCE of listed tems Nas been made

by e o under my vuee v s:0n and they conform 10 contract
®ecopt 03 00 heren o On SuPppOring documents

B DESTINATION

D PQA D ACCEPTANCE of Listed 1tems hos been mode

by me o under my supervisien and they conlorm 10 contrac?
encapt 03 noted herewn or on Supp~ting documents

Quontities shown i column 17 avie rece ved n
apporent Joed condit on escep! v agled

—— o~ "
/-2(-8S £/-¢5
DATE RECEIVED URE OF AUTH GOVY REP

TYPED NAME
- AND QFFICE
Date SIGNATURE OF AUTH GOVT REP DATE SIGNATURE OF AUTH GOVY REP
¢ I quontity recerved by the Government i3 the some oy
quantity shipped ndicate by | o 'mork Jf dif
TYPED NAME TYPED NAME ferent enter actwal quont.ty rectived below quontity
AND OFF(CE AND TITLE

thipped ond encercle

2V CONTQALTOR USE ONLY

To be picked up by NASA from Lockheed's Bldg. 401

A-1

NO form 250 t NOV €8

REPLACES EDITION OF ' AUG 67 WHICH MAY SE USED



ONMTR T {OROERI MO INVOICE 7 PAGE of
MATERIAL INSPECTION || "10C "TRustnT iDekCoNTRACT) Jroroeaino T4 mvou | 1

[ ]+] 1
AND 8 ACCEPTANCE POINT
RECEIVING REPORT NAS8-36304 cate 1/30/85 D
2 MIPMENT NO J OATE SMIPPED 4 8/0 3 DISCOUNT TERMS
- TCN
HRC00003 1/30/85 HREC /2884 Net 30
9 PRIME CONTRACTOR COOE 10. ADMINISTERED 8Y coos]
Lockheed Migsiles & Space Co., Inc. DCASMA-Birmingham
P.0. Box 1103 2121 8th Avenue, N.
Huntsville, AL 35807 Room 104
Birmingham, AL 35203-2376
V1 SMIPPED FROM (If other then 9} coof] FOB 12 PAYMENT WiLL BE MADE BY coof]
Financial Management Office
Same as Block 9 George C. Marshall Space Flight Center
Marshall Space Flight Center, AL 35812
13 SHIPPED TO CODE | 14 MARKED FOR COOE |
Transportation Officer, Bldg. 4471 Richard Baker
National Aeronautics & Space Administration ET65
George C. Marshall Space Flight Center
Marshall Space Flight Center, AL 35812
i 17 l.] 19 20
N |:5“ * srocx (7:::0:2.,-:5« of lhlp‘pmg :on'okmw’solsyiccac::“o“ sgyt:\/'::.'e'c"o . UNIv UNIT PRICE AMOUNY
001 Hot Gas Test Section Panel Spacers 18 Ea NA NA

ceceereceand

: ORIGINAL PAGE IS
: OF POOR QUALITY

PROCUREMENT QUALITY ASSURANCE n. RECEIVER'S USE

n
A ORICIN B OESTINATION Quontities shown i column 17 mece rece ved o
t goed dets cept
DDO‘ DARCEP! ANCE of listed rems hos been mode D PQA D ACCEPTANCE of Listed stems hos been mode | 2PP% 7! 9000 condetvon et

by me o under my Superrisien and they conlform 1o controct | by me o under my supervisien and they conform to contract
escept 0y noted hersin of en Supperting documents excapt o8 neted herein or on suppwting documen’s

[-30- g5

DATE RCCEIVED URE OF AUTH GOVY REP

TYPED NAME
AND OFFICE
- R SIGNATURE OF AUTH GOVT REP
oute HONATURE OF AuTw cOVT REP oute * if quontity received by the Government i3 the some oy
quontity shipped, ndicote byt o tmork ol dif
TYPED NAME TYPED NAME forent enter octual quantity received below quantity
AND OFFiCE AND TITLE

shipped ond encircle

1) CONTRA( TOR USE ONLY

To be picked up by NASA from Lockheed's Bldg. 401.

A-2

00 FoRm 750 1 NOV 68 REPLACES EDITION OF 1 AUG 67 WHICH MAY BE USED



MATERIAL INSPECTION 1 pROC ;nsrmﬂ IDENMICONTRAC TS Jrozoearno fo mvoice 7 PaGE }Of
AND wo 1 1
9 ACCEPTANCE POINT
RECEIVING REPORT NAS8-36304 oare 3/7/85 D
2 WOPMENT NO 1 0ATE QMIPPED [ .71 S OISCOUNT TERMS
e
HRC00004 3/8/85 " HREC/2930 Net 30
9 PQINE CONTRACTOR CO0E 10 ADMINISTERED 8Y coos[
Lockheed Missiles & Space Co., Inc. DCASMA-Birmingham
P.0. Box 1103 2121 8th Avenue, N.
Huntsville, AL 35807 Room 104
Birmingham, AL 35203-2376
11 SMIPPED FRON {1 other thon 9) (ODEl £0B 12 PAYMENT WiLL BE MADE BY (ODE]
Same as Block 9 Financial Management Office
George C. Marshall Space Flight Center
Marshall Space Flight Center, AL 35812
1) QPPED TO cooel 14 MARKED FOR cooel
Transportation Officer, Bldg. 4471 Richard Baker
National Aeronautics & Space Administration ET65
George C. Marshall Space Flight Center
Marshall Space Flight Center, AL 35812
! $TOCK ‘PART NO DESCRIPTION 7 18 11 20
',:g. ¢ - (h:{:n: :vombu of :hvppmq coﬂ'almcl'l type of :‘:l:/"n?gyo . uNIT UNIT PRICE AMOUN T
: T
001 5 Hot Gas Test Section TPS Panel 60 Ea NA NA
: Substrates
: ORIGINAL PAGE I8
: OF POOR QUALITY
. i
n ’ PROCUREMENT QUALITY ASSURANCE . RECEIVER'S USE
A ORIGIN 8 OESTINATION Quantities shown 1n calumn 17 were ceceived o
D’o‘ DACEFTANCE of listed .tems has been made) D PQA D ACCEPTANCE of :ul'd u'cuu hos besn mode opporent goad cond:tion exces! Iu ncted p
bAoA ot bbbl B To R Ay UM vy bbbt Z ? , 8 5/ W/gzﬂ
‘ OATE RECEIVED SIGNATURE OF AUTH GQVT REP
TYPED NAME
AND OFFICE
DAtE SIGNATURE OF AUTH GOVT REP DATE SIGNATURE OF AUTH GOVY REP
* Il quontity recerved by the covum'nl s the u'-. [
Lagea e m e e
AND OFFCE AND TITLE shipped ond encircle

2) CONTRaL "OR USE ONLY

To be delivered to NASA at Bldg. 4707

A-3

DD FARM 250 1 NOV 68 REPLACES EODITION OF 1 AUG

67 WHICH MAY BE USED



MATERIAL INSPECTION 1 PROC NSTRUMENT IDER(CONTRACT) ]moumo :;&vo:c: 7 M;e |or .
AND 8 ACCEPTANCE POINT
RECEIVING REPORT NAS8-36304 OATE 3/7/85 D
2 MIPMENT NO 3 OATE SMIPPED 4 8/L S OISCOUNT TERMS
RCO0005 3/8/85 "™ HREC/2930A NET 30

v PRIME CONTRACTOR COOE 10. ADMINISTERED BY cooer

Lockheed Missiles & Space Co., Inc. DCASMA-Birmingham

P.0. Box 1103 2121 8th Avenue, N

Huntsville, AL 35807

Room 104
Birmingham, AL 35203-2376

11 SHIPPED FROM /1f orher thon 9) coos] Fos

Same as Block 9

12 PAYMENT WILL BE MADE BY coos]

Financial Management Office

George C. Marshall Space Flight Center
Marshall Space Flgiht Center, AL 35812

13 SHIPPED TO cooe]

Transportation Officer, Bldg, 4471
National Aeronautics & Space Administration

14 MARKED FOR cooET

Richard Baker

George C. Marshall Space Flight Center ET 65
Marshall Space Flight Center, AL 35812
16 STOCK/PART NO DESCRIPTION [k 8 19 20
';g“ {Indicote number of shepping :omakmer)s - type of sa:"p‘;gelgyo . UNIT UNIT PRICE AMOUNT
< er ¢
i
.
'
'
'
001 : RAMPED PANEL FIXTURE 1 ea NA NA
:
'
’
s
.
.
L]
¢
.
'
.
'
.
.
3
.
:
0 PROCUREMENT QUALITY ASSURANCE 2 RECEIVER'S USE
A ORIGIN B DESTINATION Quantities thown i column 17 were rececved in
DPQA DCCEPTANCE of fisted tems hos been mode D PQA DACCEPTANCE of listed (tems has been made 9pporent good condition except oy nofed
by me o under my supervision and they conform to contract by me o under my supervisien and they conform to centroc?
excopt as noted herein o on supporting documents encept as noted heren or on supgarting documents _
E/—b3
DATE RECEIVED NATURE OF AUTH GOVT REP
TYPED NAME
AND OFFICE
DATE SIGNATURE OF AUTH GOVY REP DATE SIGNATURE OF AUTH GOVT REP
*ifq y d by the G s the some as
quantity shipped indicote by ¢ o Imork f il
TYPED NAME TYPED NAME ferent, m'o'v octuol q:;onhly receved below quontiry
AND OFFICE AND TITLE shipped ond encircle

1) CONTRACTOR USE ONLY

To be delviered to NASA at Bldg. 4707

A-4

DD FORM 250 1 NOV 68

REPLACES EDITION OF 1 AUG 87 WHICH MAY 8E USED



MATERIAL INSPECTION ]'"""F mormment wonconiaach: A e
AND § ACCEPTANCE PO T
RECEIVING REPORT NAS8-361304 oate 12/19/84

2. MPutnt N0 J.OATE PPED 4.8/0 $.0ISCOUNT TEAMS

"7co0001 | 12719784 | HREC/2856 Net 30

v PRINE CONTRACTOR C00€ 10. ADMINISTERED 8Y coozl

Lockheed Missiles & Space Co., Inc. DCASMA-Birmingham

P.0. Box 1103 2121 8th Avenue, N. ,

Huntsville, AL 35807 Room 104
Birmingham, AL 35203-2376

1. 3MIPPED FROM 11/ other han 9] cooe] f08 12 PAYMENT WiLL BE MADE BY coozf
Financial Management Qffice )

Same as Block 9 George C. Marshall Space Flight Center
Marshall Space Flight Center, AL 35812

11 SHIPPED TO coos] 16 MARKED FOR cooT

Transportation Officer, Bldg. 4471

Richard Baker

National Aeronautics & Space Administration ET 65
George C. Marshall Space Flight Center
Marshall Space Flight Center, AL 35812
16 STOCK/PART KO OESCRIPT(ON 17 7] 19 20
':5“ {Indicote :wmbov ol' shipping ¢an..,; -type of :}J:/'; YE'CY.VD o | uner UNIT PRICE AMOUNT
¥
oor Hot Gas Test Section Dummy Panel 4 Ea NA NA
'
’ : 1GINAL PAGE 1S
i OR UALITY
: Of POOR Q
'
:
’
i
n, PROCUREMENT QUALITY ASSURANCE n. RECEIVER'S USE
A ORIGIN B DESTINATION Quontities shewn v cotumn 17 were received n
Dnm Dccen ANCE of Listed 1tems has beon ..«J D PQA DAcctpuuc: of Liatad stoms has bean mode | PPPYT 9080 condition encap; ov nered
Oy M8 @ wrnder my supervision ond they conlarm 10 contrect,| by me o wnder my supervesion end they conform te contract
eacept 58 Aeted here:n o en Supperting decuments excop? o3 noted beren or wn suppwting decuments /) /’ f/
I 'oaTt nelEiveD
TYPED NAME
AND OFFICE
DAVE SIGNATURE OF AUTH GOVT REP DATE SIGNATURE OF AUTH GOVT REP
ot y d by vhe G -oth:cl-cu -
quentsry shipped, mdicote by ! o Imak .l ds
TVYPED NAME TYPED NAME " e "
AND OFFiCE AND TITLE :mf.';;";',.m' Ty recerved below quoatiy

2) CONTQACTOR USE ONLY

To be picked up by NASA from Lockheed's

A

Bldg. 401,

A-5

D0 FORM 250 1 NOV ¢8

REPLACES EDITION OF 1 AUG 67 WHICH MAY BE USED



IMSC-HEC TR D065122

Appendix B

DIMENSIONED SKETCHES OF REDESIGNED HGF DIFFUSER

LOCKHEED-HUNTSVILLE ENGINEERING CENTER



OF POOR QUALITY

ORIGINAL PAGE IS

yV wiaa

(ze25w)

t—— O0'TT

'

T Y03 J9H 40 NorLo3§  awoy iyl

SV SINIOE My LV SNOMNILNOD Q1IM

_ 42Y)
; , bl

INON  : 27YDS
P _ Lo 3Lyl 13315 AN N4 ndaLvid

000§ =X oL

VY wiaq N

WNDS 39 o1

NOILIIS (@31314W0D 40 SYINY0D

:SJLON

(2pssw)

t——— 027 ——»

—_—
B-1.

Gpisw)
8°8/

- e —



¥ mamn o awon: 3o QR4 E x- TROL
(sp1sur) " Wy IS OIW m Y, D TYRFIESIVIA
0 Na_ _ g WL N SY SINKL TY 1V SnonNIINeY @1IM €
_ _ M g wiad IIvNds 33 04 NS BIIdVL do  SIINYOd T
ﬁ oo e . I9NVId MIN J0 WiIg FUSNL
_ , : _ HI1vW op NoUD3S Q333dyL 40 ¥ WIQ 3FAISNT |
by ‘ . e —_—
u ! . ' ) mmnro
(pisur) 331 | m ) 1m¥% N
S . o Sy Yy (wrpas
._ . g . a?a_u_ I xeg MN proadoy jo 2pisur)
1 AV e~ 07—
; \ / .
(2] ' ~ 7 .
2¢ —— st g v°IB 1._
G . H |
mw _ : .u ." m _ f ﬁ
| i : = ] e ] [ e e e 1
=5 v e X ™ _
£9 | —_— | _
G — | _
o w ! .
00 ! : | _
, _ _
: ! , _ _ _ ' ! u _ _
@m« a!ﬁ.av B-bl Lo, Co X | _
_ - | |
i ' _ _
. - _
o _IV { _ _
i - freee———— )
4 ]

W3AsNdAQ J9H 40 NoILd3IS  NOILISNVYY.L

B-2



~ 3NON (3125
000- ~
o0j*+ X 70l

vy 133L5 QU N LYW

v;: sy SINIOL MY LY $a0NNILNOD  d73M e
o ‘3wnbs- 39

ol 190Q qQ3L31dW0) dJdo $YINYOD T T

Hioops 3N HSNY3 'Q13M 1109 3 $30314
oML NI HLINIT Lnd, "ab3y uHA_

:SILON

l————— Q27—

M3IA -(ON3

(pisui)
v 1viaa

Gprung-g pr
13 A

Y ]

M3IIA- 301

:
: :
.
: ' ' .
. — i k)
.
. , “ '
i b
.

(pawo) g6

N R

— —— — ———p— —— —— — — —

o Y3ISNINA J9H 0 No0ILIIS

C¥3ILN3ID

B-3



v YNyl

——— . o— —

g

(o)

i

INON " 3TV sz-3 X 0L
\/ Me3E NISY SnoaNiLned @13M 2 WYY 1y1d

53Q3 HLed 13703 ¥ 1338 ANW I XF Wog) SYINTLJILS YN
i u
_ . :$ILON
n.m.er yor, g-82 ﬂ .d.mv_ 96| 0-0ll P18 09S 6-87 0]
. NOILY3IS u NOILD35
N0 UYL : . NOILIIS YIINTD NOILISNYY L
ﬁ _ ! N .
B D N i
_/E . —— i J . — — N ﬂ\\l\ﬂ ﬁ\l\\\\
, \.\ H m_..‘.
XJ\_l _ A ﬂ - _ - /“/-/L
i N |
. , : Law
@) | o v 4
g-4 MIA - | (s3ov1d )
| AN NI~ (2919 1)
r 39NV

W

MIsN4AQ J9H N0 SIaNTINLS 40 NojLyTIfLsNI

B-4



9 y13Q

< v1i3d
NOILI2S VL do ~ i $
Woilis 3 390L o1 @13M 1>
-135509 3LV M Y 8/ §
. v\lu\\@ Iﬂ
M} 'S5 jyor 00X ao4
NOILY IS : : ; NO1LD3S
IND UYL NOI1LIAS YILINID NOILISNYY L
0'8—fe— ~
< NI M ml\u\I\Ll
4w 3 ] g 1 ] ] U\\\\Jl
m,/ N /
-

/D g

I | AN | m— e | N N B 24
1%%\\\ . M%w\m\.*tﬂolat/fbv/\l/ = =; n
] A —

S OpOf T T 028 g9z o oLLiT T T Gfol Sgb 0L §69

| |

Ly

Ly O

JUNA 9y N1 SIINL 3905533 Lol m Q0LPLS J0  NOILYTIIVISNI

———

{




LMSC-HEC TR D065122

Appendix C

ROUGH STRESS NOTES FOR BEEF-UP
OF STRUCTURE TO INCREASE CHAMBER PRESSURE
FROM 150 TO 300 PSIA (BY MIKE TILLEY, LMSC-HUNTSVILLE)
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Appendix D

TYPICAL SET OF CALIBRATION
RUN DATA (FOR RUN NUMBER 38)

IMSC-HEC TR D065122

LOCKHEED-HUNTSVILLE ENGINEERING CENTER




EEES : ) i L - ) A
it seinid LYRON g : j- il Il ke ——
- & - R P ks E
=="-0%0%. ‘s 0¥ 400 ST
S o'u Oﬂl .o : mP. ; $ AM.HC —
- T S e 4 i 1 1 ¢ °
T /R e .
; . : i : 0"g8 L
- ' : > . . | : -

S I S IR B RGN e
— : ) [ —forgor
T oIt LRI T o = ‘:-,n-hﬁﬂwﬁ 0"

gy T .
BN N S PRENRENRESE
i ) Forosr Tl
: m - M : 2 w A ! m
——— - — e ~M 3 10—.-_

E IS

i
1
]

b g

|
PAGE
AL
._._'_i.,__..
-

NAL ¢

POOR Q

;
.“I

“

s
i
T
+
-
t
+

]
|
]
|
| oRiat
.| OF POC

% I

. . s
Y QU Ul 5. OO S 0 W S N
: . . H

.

- —— e = e e -

T 915d

! Yisd

i
!
: ” | 916d -
”
_
1

B e hr s

m«hon

1

.“R 1.0

1
t
'

vv.0d

mmm.ﬁw.h«

————— s e o T v||.|.||v -

¥ v
i ' “
t '
- :

xst\_milmm_mmnb.mnh

!
T

i i SRl

1

_
!

T s o =l gos T o008t

| i H
B L o o e I Y
[} .

—— e =

i

e o g e

R

i
whnm,.bz asaL

i
i

0cel 9v

& SO N IQvr 0D YISSI W N3IINIM

S3HON  ° « HONI

2oH )

OL 0L X 0t



_ T T T i . 1 AN FEEREEERES EEN DU D RIS
RS LSO I N S g . TR ot S I S I L S SE Tt T SR AURUPRY SN RESE MR P s
—1.00% |© . 076 0°iL ;078 |~ 0N@ T ] 0T |- - PO 1 OnEs 00 il T T T
| 070 | 078 N i e e e e e B A e E
- N - ' ' i ' 1 N . o, . - Tt
-, T _ AN S TP N AU S T S S i .
- Ao I L b ) ; S
: Lo e e ; - - -fo“oB =
} ] - - i Ml L~ | 1 t \ | ' " *
. g A . : S EEE b b e fe : s
JEY EEE A E e I M R e e TRl A AR AR B R B :&v, 2ol \mm.w I et I i RER I Ea el
S AR BN SRR SRR UG | AEENE PTRl Mol bl el Sifcies pell : R B S B3 1Y SN | S-SR E TR Rt AU U ey Bl Ml bt el
. .. .- et D7 | e e e i DU G H 1 . :
== ' - IR R R IR IS BN B RSo8 Bl NNESY SES ! 7 N A SRR R N DU R Y B e
15N R R B - / i O O e o Ry T N e T 1. P b fees ! A e P LR S RS Je:
~ - . L T T TS = S ! - A \\ L_anm«t_ ]
: b ! AR T AP TR S S B A - L " : i -
A ; | - | . - I I R .Fiu!b.osfk\ - : b e Lo =
— -k RN - S N D ST
. “ N 7/ : S N i it 08
, e 0002 T ] e
n : - -l 0 S
ST | R
R T LA R s
(S R - & T e e e
. MP = = A A S N i e
i i ﬂmmﬂ : : - - 7 —jo-ooe” I I I
‘ . Q i 5 . RN S s T N A h i v i S R N e
. R .NI -] : L] i I B LI e m T T | — i T
. T ITGu m T TR G R s t NS R R e R 4/ EaS - RN N A N S S DO SR R
T TR W . e FR T SO AR S NG =~ g R P A Jew P L+ 1= > T T
- ! MO.W T S I I S T L =0 I A I A ST ] ot P S e At SRR R Ml P R
T T ” w LN el S SRR e B - R BRNETEEEE EEEN DERNS Eo s EDE RS B HE S A -,“.,-. BEREE RS
o Lo S I A T S R IR FATN R PO PR s A et B N s BN SUNCS T oy ; - . DLt
t f ; It P R A , i TS . ld‘ I PR S Iy R
N ; u = m P P = n . ! B i N . “ o m . GOV \ . -
s [ S~ =l R | TS TR R IS ST NS I AT R N L RS R NPT ESR R EL-SY EERIN Rt RS ool bt
T T . R T O A N e D OOV O IR P I IS S D T R P
“ | - S S I L T B N L e N L Etts TP S bl M s P b
i | t + - B v - - Lili\z { 1 g i L .
R e S SRS i + e i I;o ogy i ”
‘ : , ) \ \ : . ! '
I R ettt A Sl A S i \-1-1L!-Il,«%|- [ m o ! !-._“: RGN R A rniw-.l.x. .*
' . ' . H ' ' ¢ . . ' . 1
| . . b ! SNUUSINR SUR S VUL NN SN S N N
e e R A e ch S Sl w " S Mﬂ B S S S B N o - 3 . S !
' ] . v . H fl . + »
1 ¢ : i : {
T L R e e
! P _ ; i S : Co Ly
i b 2 p ' X : ; f ;
ISR O S S Y- M _wﬁom.,.xH.IT.hll | - 815d—— OF£0d— € — T EE R
: . i visd! Isozod | Z o . YISd | »OLOd T T ! L L
i h..!‘!&ltnul = m ; = i T T T T T T [ R 0
N ¢ ' i ' n ) ! . H ‘
L ese‘si s ..mw."m.mm..hi 89/ OF/.5. 4% 0200 SML EBMEION 1€3L . ... . | _l

. i Vo
“ L _
evmpamaden

Rl el

1
ST

!
_
“ [ i
i
t
t

Octl 9v

¢ ¥y<anGve O HISSA B 1344N3N
S3M3 0 > L HONI ': OL 01 X 01

2H

e e e

I R
I - J—

D-2



S s R [ - T NS m .
TEAS —_ .t oS PR Fe e -:.‘.4”. .-.WI&B:-:B:
el s £ P U BELES Ry - . I RS ON RS Bal i~ S S
——1"0%j0% ;. '} 0°'8 ; 0°E A 0% | 27078 i
—r - | o I 4 -
- . — b e —— n YA N Sl (SEA
_ . 1 m N :
- H. : . - - - — — i . ——— L!L‘ll
T - L e H v
: - el S k- - - = 4. g —
f-2: by pehedt SOAs ' “l. IR SRS & ety IR R 4 u._ﬂqu
[ sotashitiig Ruansh bl N H il S g
APt P IO | : N It M
1 = 1. T ot
Phudd cAd RSSO BS | Dt TR 000 TEOE S T e PO e fs I
T T T .I.IM [URE BN NI P ey g )
pbGvunt U Pl . e PR PRl Bl S (S 8
et Bt REUN RERES SO ' N SIS UUELE Rt S Mo g &
{ i
|

f i .
- e be - I S T S _ ST ety T R I T jo-
: -+ e i e e (- B O R
! 1 ; ' ' i | y T i f .
- " : et w ~ - T W..h.T: A e m o ; M R R R B . ! -
i v, ! - ' } - i i - . ' 1 N
. . | ( ! — 4 ! ' — ! L DR DL . m. { i { N
- “ - - ‘w..-+;+fmi-w| T ; T - C e B
T T T e o e L0 S e A O A
R P “ N R A 1 | BFFOL | s | | | el .w i
—— e Y 2 Y e o e B e — GO —— € — o
. = - R A b B . N . - | i ..
e ol " 3gant evwou| 2T IR 30 | essor- —T ¥ . S R
 — ..f.l..y. S B e . —— o e i v T Tt T
L ... BEB'GY /T EfeEe .88/ 0%/ _a e BE00-Sdl _AUS _# SN L S — I S
i i . 1 ' i ba- ¢ ' .
| ’ i i 1 ' !
: : o I [ SR SO A B N S = B T IR i
AR N R S I R N N I
1 \.ﬁ ‘ "“t.cl- ! ! ~ i - e e ! { i ! e t { 1

Y
< ¥S0 N 3LYs O HISST ¥ 1IAININM d
) 0CEl 97 ) s o o SRS R /



e e IR
PRSI S S - I
CEToNey | Tl o

'
- ‘
'
‘ =
v S~
’ “d ey \ -
- M PO
- H .
— PP R
...... oL
- < Vel .
- . ! oy P
Do NS BN
- i ~
et — ‘rl‘«.&li.l'! JEPIS §
+
'
f

3
ES -

A

LITY

P

JR Y U,

B

»

f

—q

NAL-

YOR QU

- < A=Al "
[ ! = ! 1 ~ . _ T T \ L A - =N
[N bt oo nm.. ;lli..luw )“T-.ox = - J«’\rNI - M' = .T;_!_ - u..rw,' ~ -.Q lcyﬂq.. m, e T ER | B
| Ey 1 IR B P o'oooy & | . @
. o A A i A B K T P i AL AR I
S ST SR PR B S IR - el 0-00%.F_ e
T ~ 1 W - | “ s b N ,“ __.. —— ' “. I B
- Fobopidt - - o;ooLlnliadquiwl
[ - « 1 s = [ . ¢ _

''''' .- v - ._ ——f - - — _ - -...l*ﬂ[ 1 * w ; —_ -

A by o i : o-ooey.: | |-
it g \w = d N T : T - 1 —— i

! C L ! » | i Lo o o.Lov«_ T ..um o
e e Bl el L e e e S S e e s Sl s S S M B e
' ! H ) ' | | .L“v ,. S e o . ‘!_P —_— ]

e S it Tl Bt Ml “ i S R B s A B =0 eeu«~ L_o.qof
R ! I oL N ; SR NSNS S S SURUPUN UM R S SR P SRR SV S S
St A A R H | . )“‘ Lo T S R ! .lml _

v : »uwr L3 .!.H.“..vUI,TL et e — T & m - :

818 ¥ L g i M m : 9I8d | mos d ¥ B . : -Tll

118

OCET oY

Jm&rhcw oN me._.wlms!.l

1 }

343 o > HONE 1 OL 61 X 01

ED

i NS S P - - 1

; : b ; , d i j ;

R m _ * : ! ' ! i

i R j —_ | : H i
y < ¥aar 3294 O HISSI B 1I43N3M

D-4



R Bl A B
1<ll¢|l|.u . . LT
SRR e eSS LU S
e S e ENE
07 N A

.
|
'
.+

SUUE FUURUUSIY SN ISR A
'

R R =TT - boe
. A
.- -le o
P S 0|1.40.~9 - ~H ”
— b e

+
k
‘I

Y S
I

1

|

|

!
13

o o8 , o
~ - LN
o ot
S L
N $:
R
bt .ah
e - ba
e g2y : '9Q
= SRR &
REEN o
G . w “ &°
- N - : : S . SIS A
ESRERN (UURE T I SEUE BEREY IRE B D A Eot U e St I U SUREd I St VO CA S
! - -M T Ix_r ' N { 4* I B N B IR B Te. L. - OJS.“ IM.I-
S v [ RS TN A ” B T It eleret st SR R R (S R N e eeel P O C b Y EENER - 2
M 7 : TR T T ST e Y I ([ - “ +|;"
D S Iy o ; S o] SES MUY CURET S DR DY Rt NUE RS S USRS et - N UL U EL S N
-t - T - PR PR T v~ t i - - . - i T -
- o ! - 4 - : RSN - S ST N b . R
I & : m Sl P S Ml A ORI N S ..:,.I.-!-:_., : 0'8L8 | ;i
T | _ D - ' <10 “005F N
; ! ' ' P . I . .
R B L T B T e
t ¥ \ .

!
i
e i e e Tyt T TTTTTTT T T otgoeg U SoT002T T
|

! _ . : l»ullx“ MI vl.lm, 1-.....:* JUUUR Y . [P QSUE llllnalw. U N J NOR——
L N : SR L I I N I
; - - oy | ¥ 7 P P
] N ! | ] A
i . - - - . - lu.x w Y ..
~ F - u - 1 ] 1 l -
.~ - : 1 - i i . “ '
S m . 0F/l8_ wx “ Lo
i o : i
f . H . . . ' i . — i —
- TTTTIT T T T T i.mill..l T AR .. ._ -
" : i . S D . ! ] -

. Ao 0D ¥3SS3 B 13 )
) y 0ZET 9% ) So Qa0 YT 0D 43SSI 8 aan3 P )

D-5



T - H ;
e B il B PEb I -M IR I Nl vt I Vs - I 1Y) TN ECTEM oot PO [P o Pl oot Sl I S M L1 -
HT0TeF .0'8 | | 0°B ¢
= L ' |
oL ] _
ST SO oS I I b ! _
T
4. Tt . . !
. ; \ ! .
-d - - - 1] . *
s b e fnizo S B
PR § sy - - t!
e oreed
e e -~ -w .
— emjererfen nl‘l -, . -
RV R B 1o
I IS CEEL O Ches
o vl W..
e e m.-

T ot boia

* r

' : ;

. , ' R _ r
i - L . !

v N T "

- - ok .
. S .

. [ RS | 2

b6

.. . . .

- —t— - ARV
- ' R
- . 5

%

r

.
|
1—. P S

. : P )
L e L e e
/ i L | m AN SRS S
m : i — " ] 070

VS N SN O e |
. : N P | - et o b N
: w VIS4 Bre0d-— T g A T
. vISd _qu_om : I5d L ; I
: 8E8°8% .V 8} 262 | |98, . IR N SO S A

t

i
4

|
i

{

'
.

O, S llm -

L

1

i

[N, R B

AR NN SN

0cET 9

<

STt

¥30AMI0YA 0D 355D B 1344N3IM
HONI “; OL 01 X O

2H



Rt YN ol PO e
PEENERS SIS AR I S 1 - b -1
= roforl ol ||

i

Lol

T

b

- = '« -
L ' 06 70
1 L] I N
} y

‘
f

-

000K

004

:
2000H

—to -

SO *Il4n.l|.¢ll “ - J,v
- mll. .t._. -l -
.1!”!1*.-41" | _$d1a_

' i : 418
: “ L s “H

U] wadtog yisg
" ~"_

S N N T
—T

o e e

PR v -

- mm.m.l%«. uuw.«.

t
]
.
!

'
t
.
!
i
1
i
1
'

..
S B

ocerl

ﬁz«mﬂ s

o

i
[

Ih'lr'll_ ——— s

1%

.

I
i
'

0

!
i

e w., -.-...I

[}
)
H

/.03/.8__#x. 8E00 .

| S

B B i

1 ] 1 1
.

]

[SUP U NP Sy [RpURI——

0°8E !

i N _
P
2 | ¢ eor T
A ST IS
. T i P
N I ‘.
] i +|||ﬂ =7 !
g b o L
_m - M_v ' - 4 _ o'ln-4|||1J
! S e ! _
I ! ' 4 :
| L o w
[ ..ml e e i ae ap e = ||m
m |

< Yenai3deva OD d3SS3 B T3H44NIM

SIAHONL 2

Y

HONI

1 O1 0t X ul

2oH



T T PO WOEMN N i PSS JEUSDUNS IRV PUNRENG SN (PN PSS oy R | e [P DU (MDY
T R “ B DR e Rt e REaiore S el et mlkciey skl il B R e et T Y PO D) RS S I SR SRS GPTSY Pt s CONE FEaid ELat RIckY
i . bl R DR mpguit b [nUhe: fhgint p 4 B S Qe sy S B e e S DD g ssouind o e b e
_ qucn.« —— —t - w_ o - 5 ik g [ESIOUR G, (i FU— l._
N - f - e - §— - P —— wafenm e PR BT
j 078 .7 0L i 0te Tl TII0” e -~ 07 B R el DR Ellieieg Ml Kol
N Ui LY e iU R i gl 2 %
! S G R S T B R el B eatl el BEE FSEE EREs S
; NN T T . I R
L [ AN R 1= - I e < s S
: : ! . . - M S R
: SOUE TR HRTEY RSO A b el il U R S . PO
: . b4 MRS R i EU
E— - YRR I R A e
T I R S F N B
. - I e - d [ IS Eolt TR s S
bt e . ——_ USSR S S 1. -} = ) SRR S
- B Rl et Wil e Jiars Rebsorn wopan St i Batste
' IO SRS S . —f = = ——p e PPN NN PR . ) e m
> S B T e Sete: S o4 PESSN Pt SEREN MERSd mert
e b YT T o RAR A -\ B~ e —ref PR (A I SO
lll_ PP IS ety N - P Uity e Ry ISR SR
< M s oo SAetes Pl Ry bl SRS ity icadl plbeocsl Il tusmmis
. - —f— —— - CR I - R e L R
| JENE s g DR NSRS SE RS DI
(o4 L Nl ' I AN
- e Bt ol il s IR it ran el Sy
o R SO T e N Ky » NN PO it Bl R
O I - ottt S ! L i
= e = T “ N TS - PR MU - .. S R S -
(@) N R S J i : L I
o. I SR Tt DU =yl B AR SR B T h s D e
R UG U Sl B = 4.7 .
R ol et e G| PR Shovs ol R Ee) B = P g ety Bl P e
I il Bvusowt ool SR R Al BECE UECIE S (Wl § DA B DU S i e etvetd
s s Il S P e s i JEPY 1 D S R I o SR B ing e
S TR Tt S Shr ERRIN R e Dl | e el ERC B R T FECRY Soats pi et ot
FE e i SR | B R O S - - e oS P Panty pgae
A [ s e L t RSO, PR -1 - - - - LR R B S R s,
g ey jut paper et SRR N || | oy ey PSRy R, PR (US| JOUVOR (O R PO T Ry M wpee
’ P | S gt el pend B e Worael| el Bt e e B P sl e
L e P opr N Tp T T T . AL - PRt R P NS SpaY
R e B I EoUE N A | B —Ir 1 NN e = o [ R PN PO T e
Al ! W NN By R R s IRl SOOI Fits giitcw
o U e | e ! [ B —oofT TP ImL LT
AR mi R a o Ui Rl el B : S U 2o o PR BT S N
. Al A FA o Rt BRI By I H It SR vl b R R e
Y R el e b s ] = - P L. [y hens
A <Y . P PRI NN [ = - eade o fe el
- s ol S AL e 2 4 i i ot B i - gl ovsindl R ot e ders
e P R e e - s ERoRd Lakell el IR | Pt Y SERNE RRCY Rrntd Re Y]
~ T C 1 e Ea N —- - o1 (N P PR PO S DU g
- e B b ey ' . (S48 BRSPS BN $ 9%
- [RpOUI 5 - P . P . - | - - - -} S B RIS KIS PR
- —] - A==t - - 4= - - ' —tt R Ty e mef— } - o e s
B D R DU SSid R SRR i AL o SR S e
[T U L S Y .._- B e T C I — NP e SR IS CITIE Sypes
N - [ PR R - - — . H —— ca-efon - . RS
5 I b e RN JTE R ISE st R
- e e T SO P O e Sl Saded pabdi b
- - T 4. AVIHII. - - — i -
1 1 -
: ' . !
[, S S NUIIUY PN - : - —

'
PICUNPS OUDUHDN SV UGN NN
'

.
o
B

IR
'
4
E
i
b
P o
'

< SN s IAr 0D H3SS3 W 244N3IM
02ET 9V ) S3ns Vo O BRSBTS S )

D-8



PR pugiy N ) gy
Johe: taodagiel DAy PR SR
s s e -

U I S b 4

e TS TS
Ry Sy [ DU S
: ceey . .- s

PO I A D

!
PR Sl I R

S DT e T B

=] e
" b e fm e} e m o]

Bt St et — e - + —

fueiter asouind) IR ngRPQi Barhang)

N S aiNEEg, SOFOupS gripor S0

~
IO SUaPIY aTa P RN S R . o e e [0y peiriel Senpliiel Raven s oraiis
Te - gy RSN 4 . - -1 - B R i b s L PG IpRI G Rt
s R TR e RPN R S PR B AT ol hatols el oardeinu mandtonl ol bpalod
s e infihoud bt SO AN I S S B b L :
T - T T -, ERE RO CEE B I
R - N - : :
S 0 S U T T N e ) !
PRI IS P g . i T B T o TemT D
Do ~1 S S T ! T w o e P
PR PARS basl N | by . roo : !
T L] T - ke - —- - =) - .- .-
“ I L A I IR s
U PR . i ' “ L H [ [DUUGR TR PR [ PR
N I E ST e N N Bl Rl
i FRRS B - 2t P Jonirsi ol SIS Beodiiin Plsssesey ailbgure
-t [ - - o s e
T L e B s A paas huastl BEREE BEbed fodtdx
. 1. N PR SR .- . e sel e st
1 .- R R . . R PV DI SR e ‘e
L = PR e AN paver Y R I
SR -1 . i IRV Sr QO SR s v —{—- Feny
N T L e i P = ST e et v
. - ~ -— - P el St o :
T 4 ‘ : -k s Il I R et
—eeliio - - . ! -t bt B B AP e IPSS hibes
- . - . .v - - . u e P R A et R s
s - - IR A0 OGN Sl SEmee: S
1 o= i ! " ' i R R ERRER IS 4 e
et AT 54 S S S T S . S SR R
fol“n — — . - N 1_\ “ Y * o _,V.tYo - - .- - - - - .d
FICESEEEN EEEr N B i L i . \ . 331 RIDSE DERST RSO b
Tk - " S D gl IR : I s
2 - " ? ! y B S — T N [ ey
I - v 3 + c T n: v - - - - - ~
- + -- ll 4 . . S SR
R m_ - . } 1 -4 “ X B Y ———y
PP P P . : w - .- w -1 - -l - [N DN I Pl el
. N N ' -
o] : N T V- I | A O O PO S0k
s ] I B T e - -
- i | 1 ! Ll e s
_ - .|.|.|nu1 — —TTr . 1
P ! I T, 1 ;
. . 1 ' ] H ] X
' U AU UUUU S SO -] i
ooty T ) T i . s X |
. ! ' ' 1 _ .-
| i ' ! . H i
: - i o R r—
i ' ! t * ! - - ' -
. f W ' ' i ' __ ‘- | { R
; ,
. e T Sy s it -
- visd 8£00d- ! 8. RS F32ad LU I I o
! -— - —-8600d—— - — — -
[ -

visd

IvEQOd

868°G9Y LY

‘
i

!

1

€Y e8g |

JEDRNUR U SQUIS: S

v < NS0 N
SIAD U L > L

QD H3ISS3 ¥ M1FJAN3IM =
0ZeY oOF o2 SR e

D-9



- 1 - . - <
st iiilipnl BN RPUIRG ot el DA RS wepy
- .

ReTe! Erseiel R Iy Qe a
RSP S Py Siaiedbe - P
:0°0%-" 7.0 Q.: h
T 4 bt POAS Rl gul ii%i
P DU e ADUI R B
- ! i- -] i
T I DO - o} -
] P R PITEEEN
1 - - -
[ S il S
P et ebulustel SOl SRR JNUURRS B

PRy pungeny sy i) RSN PO B N

hEEE RS Bra bt Subhd il RN o by pd

> 1" i
pap— ——— i I - .- EERR R

A_- - - ——— nu. PR -
T Nl St ey R Rt b=
PN IRUTIDGE SUUNPANE) S N i -

baart putdglel (e fagchinst v,
st Sovali bosbioll b Mol SEVADY 5.0 § 50N
LTRSS e M R
[ -y .- [ KRR

' e * .I.- " ° -
R N B . g
! - - - 'y - e d e g _
s g SRR B B " 1_ .
B | R U o P e . i
Lt i~ el Sid et
- R PRI APy
H -t

'
.
'
'
.
'
T
.
¥
|
s
H
t
:
I
t
]
R
4
H
i -

- G PP DA PO T .,m. i
BURE S = |
N RS APl s T IR gt i
} e e
LN --‘_ s .L.m_‘ T
ORI pobd B os NN Sty ol i it
| [ . - : [ R R aeece
N - oL treate -
. w - 27 4h o
- N R - - P
SRR LU A e
st R N
. v -~ 3 - B
P oL peeathe Reiienl RN PURY Bhdy
- - - n— - - v .
w N T
- - - - -
e T
e ENE I C N I s oY il i N e ===
M : - \ill-ml
d lb*-lv ey e el 1 AY‘V',
. s St S S
! [ S N DO pa
1 vAA. N . -
— ;
| ‘ ‘
. X

oa.oﬂ

!

JS SPUDRTIES NI

#& Vi

HE

23

|
-+
|

1

4930

I

[

@B/ 03/i8 ux. mmaoimn»:mmm.bz 1

: m ' !

'
'
'
'

' :
- i
oy _
i i

!
il
L e
1
'

iC
@
T

1=

'
|

{
e

t

[S—

i

'

}

r——

H

e - :
" T

P j

!

'

{
t
i
i
!
71
!
¢
'
i

w “

e

[y [ 4] [e)e] luwmm ¥ 1334N3IM "
) 0cel 9v J A/ T P T A= L o )

D-10



S S EEr N L R 4 T =T T
1 3 Skl JOREI e &E S TS S et B PR BEot oota ot by frbkd baads
I et Teseiad SH SN -
" A A= Al 4l P SRS ] PREY D) S EEoEs ol edid Ity bhdes
-0 8.7 | 0L | 078 SILIRI IR 5 - RS B A RSN EONNS SULE JOS SEa
o —e-d - . - — - K] - - :
R - i I e s EEETTH IETR RIS
1 : H .
T NSRS
T M DA i ' \ 7 g s
' - P i - . P
S N 1 : | . o 4. ; o
R AU ST R L o (] 20 BE C o
P “ . M by - R N I R IR s
I N R B Ik pusks BUNON IFES andt [NCEENNN DECT RN KRN S ENNEY Sp2es
R 1 e LT A VTR ST T
R e N NS L I S i e e =
B TR L S A bt £ ce S N T SRR P, Syl o e s
e e It e ey e po g Pyt e Do
R N N S o Tk H pedll R0y Ekbes NERNN JEL
o 4 - . N - \ — b . - - - e R DR R e
— - — |ul - — - - - - * =1 . - e=de 3
T = SR D PRt/ T CO R B
o —~1- N R S DULAN IS Ses
!
\ S, ST SUURS SFURES A e e e L - - -
“ R I EE N [ R E e o
' Foeyoh R N A | - 43
1 ; - = ”
¢ ; . 1
: IR L
i -t e §— - R - e —f— .
| =T L A
! B T S
i P S m - ] e
. oee Jamet & I T
T P
B S5 CEEEOUEY RN CIRY It FaRs
w s Bl T e -:_‘-l' Sl
=t =
1 to i
: : it : [
. PRI B
b R T AR ¢
[ “ - H
I R R T,
M T
I L2 R
* , [ P P

i
T
e

i ! '

t ' i
I.iw»w!.._o.qug ; |

|

B e R

T e I

<
3
.

[sY]
o
O
[=]
ot

|

.

]

g.
4'..—,
2

3

?_
3

D N — —_

i
H
i
¢

i SN (R S

PR
'

L

1

4 3583 ® ¥ n3 v V
ONMH @? \ mam.._nw/:uox. u\oi w.uuwﬁ ._uO.r wwux ox_ Wox 4

D-11



BTy ot It b =
=i ovjesl - =

PO I RV R TN

.- N 3

- - .

'
v

P Y S .——— . e .. s BN A
0N Pt EARSY SRS Sou il ot -  pyiay ekl
IS B ISR | Y i3
H - .
R CIRES KEaNE o0 vt - CoTe il R el -
R RII0A EETRE S UGS S b B S e :
- - -t - - . - - - Ky , . W»IH..» HT A”‘
SN IS N R = - .. Y BT
JEREE PEREd DU EESUETRLLY LU N : . A
S SO DS Stbuled S
: M. . - - . i v ~ 1.
B - IR R -y -
' St I S

]

—te e
nnd nanh sl Sen ok AR bt ad ei

I oh 4.
5 RN S T P
L e S -
' i - - . ...—

re mm e e e = —— e

3930 27001
- - —-dG30-——{03004 P
m n ' 4930 Bogol Z s
T [

0

# 30 | $300J
= e -8000
4830 | 4900l

:
'
{
I

I S S S T N < N
N gEB'SF /P B} 2692 | 8B/ 03/ 6 wx BEOD_Ge). U5’ ON IR i
1 ! t i N i | l .~ d
. H i f s
SO ,Illl.-ixm!fx SN SRS SN S - : U S S e ! o
R R " T T R B I : P b
(I ¢ m ,-|_v _ ; _ls_l; ” | ! , o J 1 M ! R T i S I

; 0ZET 9 ) SV @oassa 3 T oad J )

D-12



FARZY EEUN EEXUL AR DU DU BCREE BN NUNSS BN B ”
e s B VRN I ECOl P PO
- — T EPE SO 22l B
217 07108..:1° 078 .| 1,708 ) 0L
S cH el 1 B !
Ll v ' --- '
H .o N ’ - t
NS S R I R '
i) Al - Al - - 1 - N
R . ! e 1.
PRI e REasTy P PSRN PR S Bayway S I
- -for » 3 . . - [PUDUREDRPI U
JULS ESSUS AT St SO IS S Dok Sl .
SETESl SRR IEEE BNOE DR BEFE N _ ]
s bl a1
JECNE BERIE SESE RS ESNY R FREEIRINS EEIN RIESS B
Sl Pt Sl Ml b ar B et R0 A_
b

1
. [+ NS NN S DU
- i : M - oS i
R ! m 20.. | .
' i ct PN N -
IR Lo T
S AR ECR I AU DU EI I
- . m - - A i Bl il ot R
]

3 “ B -

D-13

4
i
1

1

I

b e s — -

i e e

e

[

_

]

]
[
T

I

b

[

' 4930 (pFQOL

- .-y -

886" ¥ 3£ ‘8] 262

T -

v L

m o H _
. - ! | : ! et TN NN SN PR SV NUUUUR SISO
A el It I R R S R R e R T
e B I “ S - —— Tt et s s s R B
RN BN T 30 |, L100) | A N U B S
- _ i “ ﬂ_ $004— e—1- __ t: : — ~
T | w oo 4030 " | €1004 " - T | M ! N
It el e sy i I e T T | T
! ¢ i H - - ' ' .-
] ”mm* OF/ B_ % 8200 S¢ £ w L - ; .
! ! ! ! t ! . i t - - 4= : v H !
i ' | , ‘ . | .
el e o e B s S el e S I
R | “ I

0ceT 9



P T,

11.:-.3: ‘
4 WSO EXN Y DU T P
o) aubey 15/ G ol RS SUE P N
B3 FAES Shnpd £ n el knoliil sauias npss S
(G 54 &y Dol Wunionk Bt Sl Ry P Uiy nOlh i
[ - - - e d e =
(PR SN PR P Y K A ot Bdati I8
N N - N -z ' —— - - e e e —
. eeter b e R e I T tr ; ..l
| Enard e T " PRI IR S ey Ry ) Py s P
S AN SRS TRDE PO L Ry Rl oo Bt ESIRS SETY DR B S
ol R i S Sl St S ST R he
- . s . ; SESTN Patd Daad NS S
[ [N S I - - - - - bl (SR (o S e
N DO DS & I I - b L e Ji R ey ARG RSy
b R DO RIS Sien T»:ﬁl STITTY [ it P =
[(LESRY) i P SO DU A | - B D S [y
' S 4 L - : - . . o
' : - . O . N SDUUR SO PR b
T it 14 ol hand il i
FE DS D IREas PO EEE: P S et Rt R EENRNES 1 FEUENDINRS npaliN il S huubes FES3] D540 TR SRt SN
: g N1 AR RS Gl bR . _ ST T R . RN ESURE SURNE U SR
“ g - Cep e ST [ RPUE R -l . —— [ RS I i oL .
s aite " i T v <t LR - BEBERES N| T N - FRTRY HE K m.\. B
: - : - = R LD PR o B - R el RS : S A RO S S S S
N R Wt it i R - R R S i Tl | . ﬁ DU IO O ¥ Spe -
L . o by — L
| . m _ |
i S e B i . Al el
- e ' t
, . | ' | -
\ o [P SR Sl
T 0" 000F -- : ' B
i f ' . - -
3 i ‘-
. H p - 4 —— e A . frwr— g ——
. eee e PR T _ - : o "
o ) ] . S N R
L_ ! } - . .. .. - 4 .o
:
_ _, ! .||l|.ﬂ t‘l~ - + - - —t ]
T . . SN
i . e, !
L l'ﬁ,,‘lr.l —_ | RS R S b — r - e -
! wl ' - .y 1 ‘ pﬂ ie i ﬁ “ w .
' BEE ¢ - l |
; @cBg} iLY By 262 | 98/ OF/ 6 : R - -
+ i $ -1 - s - -
- I3
i ) i ' : SR D SV :

S

+ l
. |

0ceEl Sv

—l
!
A

S,

3
SIHONI AN

LY U £Y

02 ¥3sS:
HONI

L8NG 2o



T ]
o SO DI DO PN i w
Rl Ry Kiegs MEIR O
TPy sjo'B =
..“‘. P PO [} . Hl\.
oA
e E
P S LS
| . -
.u* b DN ._.. o
nliw ” .
— i T
N M L
RN F
AR B R
RN R F
SIS I S
FU B RS SRR “u
N t
_llll;vl.vv. .
]
S S IO P o i _
geeef g I [ .._.. o N
_ " “Lsag e : ‘ E ! . .aT . tesnt
g i 4830 2 2001 g w L | | BRI
! i : t b (i i i P ' A — - Bt
; ! 4838 - 08004~ ——— ¥ T * 4934 M N R
oo v ; i N . . :
IR =R T s R EEENEEEN
.l T . g | : . i [ IO S
| i . e
- ' _|ees"@3 36T @ma | 88/ OF/ § . wx §E00 Sdi EHS - ! i
: ! ; . w ! ; _ , : . v : L Ny
— S | S SO B
L P . ! Ci Do : , - .

0ZEl 9v

5 *5 98 3Grm OD HISSI B 1344N3M
SIHT W L' Y L HONI 1 OL 01 X Ot

=M

D-15



-

s

b

QUSIPRR SUapa

1
.
'
!

PN N S N

u\_l..r. -

.

!
i
1

'
1

[
e v v e — . e —b— —— ———
T 'M. I‘ﬂl.l t AR Aw.l
i

_ N ]

N AI0YW 0D MISST B IISINIAM / )
) 0ZET 9Y ) e O SNSRI 2H ’

D-16



RROwS

"l PIPOR Y SR U | St
v - RS Y S P SR
' - .-
. .-
—_— e e e e f e e
Py By POy P s T o Eoolie nlbEl ERalie o
- - [N DR RDOES Npa) N R 29N P [ IS I
PUORG DAPOS DSREN = PO P PUP RSl S
GRS PG PE I NS TR h
e} ~1 b - te |
. e . o efe-s N “hrgfese feo o-efe Sudpe
- ..} PR - R S [PSS SOSN IOV (e
[RNCSER RSU DA I . - -~ e D s Rl R
et Rl At I S T - T
Ay .- shbbepds e o e e .. .o . R
URBRSnpEp DO SRS I .- .. VRN b gt - [P
Senpaubghpe INPRO DN . - - s || e . ponie)
PURDEMPERENI S & S AN - -
MR ENEE " 1
Co = NEE R R I -
PR I I - - e
PRSI N Y PG DO
ot e <o P R
PO NN EEC R e
- iyeferr |- oo} -
1S PR I - [
P N S P S
2 R PN S S
PRI Gy
T
MRS N

ers o e
¢
§
id

1
i

i r
v
-

G
t

oY
— -

!

'-~g~

1
s}

!

1

L R
-+

-

L

i
|
R A Suiy S SRS Mg S I AR |
(B S el Rreind Siiaiel Babanmnet Wiubuu nutiiih M\nm be .
HE IS SUGUE Pru S R : T
1% R S b8 T TR DR id v
T e e Dt i e
I TR RE R D e e
- LSS o B s e e
- - - - «lv - - - . t-v.> . - . .
- z hh A S : - -t~ - b -
R s i MY 1 LT 2
T - -
. T " A ! , .-
1 . H “ \
r = i —— - i d
" phbouy S A ; i -
1 .m r . ’ X -
\ i i . . f i
——r - S, ~ - — g -
' =1 - ' - ¢
! i o L
i R Rkl N il I
1" PR FU ; .n .
ST ' . .5
AN 2 : - [
P A . - ; R
/ 0L/ 6 _wx SHl | : :
T T 1 . : '
v i 1 - - 1
i . ! ; - -
« PR DR S JUSIT U S
M i
|

0CET 9

< ¥YSAAIOv OD ¥3SSI ¥ 134403

SIHINE O X

HONI 7y O4 0t X 01t

2-H

D-17



D-18

fedve]e efe - P | . - -
Pt masenitd ol BN SR KOUNd DO DO ERI S
[tms smstol ey Aol JUREY Sediwd Mty SO IS SR bl
P | Poen Raeal Rapne Foang BLoRE JRVEE = REt e
=1 00808~ ""078 ST T
e e
RS EEE HCE I S I I s
R R . sun
b P : .. . N D
- - - EEEEE
IERRUCUN bISE¢ LS4 PO S ol
st ——— - b f e - P . N bead b
[ ke Fatt Et=1 ETC RN BN BNETS EF R
LT VRS ey M. Jaliul aiien
Tolo- [3ie) iee e I R e
peo L seBLE ] PERSS P . s
ot BN beabe FORSE ity nllihg N PN
EEedll ST ESTUE ENES SEEN XSl BNES KN Riede Ride
IR BN S35y EERES phaie Raney EeSas Jats Ry
S R N L e
: s - T3
" .. m : L
o o -
. . _ 4 S
R E RN i et Exaes
o ST v
- .- i 1 Lt ) + L . —
, ca e o . ol =
ORI OO [ ' gy Jeue
T — ! T
S B T
R RN Ty kT
o 3 P : N N
.- ! I
.- ' _ i
- I_%d'l A I
S NEEG
. P ! - -
N A _114'- S SENEN
R I ! ! s
T T I U FON S I S
EREENNRN -
T : . M ar -
i .
! ' : i LN
e e ek SIS S o o e o el o RN
! 1 i ' ! ; : : i ! _ .
: N i i - — b
N B s T = N TN i+ I+ 2 A R | MI
S s s SR AT N N A = R
s T T S S e S B I
: : ! T . , s I I
B I R AR = S
S visd | 1£0Q0d| T2 “ ' o
— —-. —t 1.«I.I’l| : S R R 1" i e ; _
T - ~ ' 1 v v i i T - N i N
R LY njm.wmwlx.ilr:m,m_\. ,DH\-AT ... - r— : rinw
’ ' H ’ . _ ' i i i ,
- : ! . _ : ; : [ L]
e e I e e L e
'
P _ b L i

L
]
!
|
|

s vsSNs130vh OO HISS3I W 1344NTN
) 0CET o \ 3o ot e THRTSIE NN R )



BEDUE B PR S R

TR RS DA NS b N DR R DR L23S SRoad REEY JESUN Rodad Sabad
IO Il SNDN PR ol i At SRS DR Sl Voscang ity puinpg (b ppiper gk
N D e el R st mballl Rl b tehus aiatemds ettt sty thd) papie Saesgast 1d +
r 1. 1. i
1
.
t
- - |
.. 1
R ¢
e ey
Il - e
= .
P N -
- et .
" P ) ~
: [ERaRSadi EENGE -
ped ST T LT
I PP T U
e hSas St . T
IS P - . TN
b .- .- - - -
T ; —
.- - ot ey
P .
|
- - Bethy
. 1
.
T T el &
N TITT
M .o Tl 7 T +
: it St R 1t
» . SO
- ! 4 ——
R s aed]
R SR . -
T A e
. - gy
N e
- . R
oot
- . BN
b [
: - _
H = P
i *.'
'
gy
g Bigd

— ———t—— . - . .. oo
] : 1 2
I}
o oo - ——

!

i

|

'

|
[t B

|
1
! i
| s4di8 |
i

BEB°GT L5 B 288 | S8/ 03/ 8 &% BE00 Gdl GG ON: LS3L

e

'
.
—

’r
|
|
|

!
[, -
'
'

PRSI S Iy

& SN *13avik 0D MIASSA ¥ 13JIN3INM
0cCEl 9% ) NI VotV el T Aot = O 2 | J

D-19



IMSC-HEC TR D065122

Appendix E
LISTING OF COMPUTER PROGRAM

TO DETERMINE HGF SET PRESSURES,
CHAMBER PRESSURES AND TEMPERATURES

LOCKHEED~-HUNTSVILLE ENGINEERING CENTER



ORIGINAL PAGE 1S
OF POOR QU

)

i REM PROGRAM T0 DETERMINE HGF OPERATIOMAL FPARAMETERS SUCH AS

40 REM 02 PFESSURES, H2 PRESSURES, AND Tc TEMPERATURES.

350 REM

50 REM *3x%x INITIALIZE PROGRAM Xx¥x%

70 REM FRINT CHR$(27);CHR$(43): PRINT

30 PRINT

70 PRINT

100 PRINT "THE PURPOSE OF THIS PROGRAM IS TO ACT AS A TOOL IN CALCULATING"
110°PRINT “FOR ANY TWO OF THE FOUR VARIAEBLE HGF TEST REOUIREMENTS.": FFINT

320 FRINT TAB(S); "ASSIGNED DESIGNATORS FOR EACH VARIABLE ARE AS FOLLOWS:*": PRINT

bZO PRINT TAB(S);"OXIDIZER CONTROLLER FRESSURE...........°Pa”> "
140 PRINT TAB(S):"HYDROGEN CONTROLLER PRESSURE.....cc....’Ph” "
150 PRINT TAB(S); "COMBUSTION CHAMBER PRESSURE......c.....’Pc” "
160 PRINT TAB(S) ; "COMBUSTION CHAMBER TEMPERATURE......... 'Tc’
170 FPRINT TAB(135);"SELSCT DESIRED FUNCTION FROM THE FOLLOWING:":PRINT
180 PRINT TAB(Z35):" (1) FOQR Pc IF Pa Ph ARE KNOWN®"

190 PRINT TAB(25);"(2) FOR Tc IF Pa ARE KNOWN"

200 PRINT TAB(25)3"(3) FOR Pa IF Pc Ph ARE KNOWN"

210 PRINT TAB(25);"(4) FOR Pa IF Tc & ARE KNOWN"

220 PRINT TAB(2S)3;"(5) FOR Pa IF Fc ¢ ARE KNOWN"

230 FPRINT TAB(2S5);"(6) FOR Ph IF Pc % Tc ARE KNOWN"

240 PRINT TAB(IS):"(7) TO QUIT THIS PROGRAM AND EXIT TO CF/M."
RS0 PRINT: FRINT

P60 INPUT "ENTER NUMBER 1-~7 FROM THE ABOVE MENU";E$

R70 IF Es="1" GOTO 1000

<80 IF E$="2" GOTO Z000

290 IF E$="3" GOTO 000

S0 IF Es="4" GOTO 4000

3t IF Es="3" GOTO SO0

T IF E$="6" GOTC 4000

330 [F Es="7" GOTO S00

340 IF E$."7" GOTO &0

500 PRINT CHR$(27) ;CHR$ (43)

310 SYSTEM

320 END

1600 PRINT CHR$(27)3;CHR$(43): PRINT:PRINTzFRINT

1010 FRINT "SUBROUTINE FOR DETERMINING Pc IF Pa AND Fh PRESSURES ARE KNOWN"
1020 PRINT

I\Q k‘ @
°
J

l‘o ﬁo
-
nIx

1070 INFUT “ENTER PRESSURE (PSIG) VALUE FOR "Fa® "3 X%
1040 FRINT
1030 INFUT "ENTER PRESSURE (PSIG) VALUE FOR "Ph™ "; Y%

1070 ANS1= 17.72 + 1115 X (X% + Y%)
1080 PRINT "COMBUSTION CHAMBER PRESSURE (Pc) IS..... "iANSi:"PSIG.": PRINT
1090 INFUT "ENTER t TO RETURN TO MENU OR 2 TO EXIT TO CF/M.";G$
1100 IF @G$="1" GOTO 60
1110 IF G$="2" GOTO SO0

120 1F G$>"2" GOTO 1090

000 PRINT CHR%(27)3CHR$(43): PRINT:PRINT:FRINT
2010 FRINT "SUBROUTINE FOR DETERMINING Tc IF Pa AND Ph PRESSURES ARE KNOWN"
2020 PRINT
2020 INPUT "ENTER PRESSURE (FSIG) VALUE FOR “Pa’ “; X%
[040 PRINT
boSo INPUT “ENTER FRESSURE (PSIG) VALUE FOR 'Fh’ ": Y%
pO60 REM
2070 ANSD= 4704 - 3116 X (X% / Y
S087 PRINT "COMBUSTION CHAMBER PRESSURE (Pc) I1S..... ";ANSZ:"DEG.F":FRINT
=090 INFUT "ENTER 1 TO RETURN TO MENU OR 2 TO EXIT TO CR/M.": G$
2100 IF G3="1" GOTD &0
2110 IF G3#="7" GOTO 500

2170 IF G$3>"2° GOTO 2090

2000 PRINT CHR$(27):CHR$(43): PRINT:PRINT:FRINT
2019 FRINT "SUEROUTINE FOR DETERMINING OXIDATION CONTROLLER FRESSURES (Pa) "
3020 PRINT “IF Pc % Ph FRESSUFES ARE KNOWN.":PRINT:PRINT

T30 INFUT “"ENTER FPESSURE (PSIG) VALUE FOR *Pe’ ": X%



20440
3050
3070
3080
3090
3100
5110
EIZO

000
4010

020

030

040

050
4070
4080
4090
4100
4110
4120
S000
5010
5020
5030
l040
5050
5070
3080
S090
5100
5110
5120
&0O00
6010
5020
&070
6040
&0S0
6070
L0080
6090
£100
65110
6120

PRINT

INPUT "ENTER FPRESSURE (FSIG) VALUE FOR "Ph™ ": FZ%

ANST= (( X% -17.72) / .1115) - F%

FRINT "COMBUSTION CHAMBER PRESSURE (Pc) IS..... "3ANS3:"PSIG.":FRINT

INPUT "ENTER 1 TO RETURN TO MENU OR 2 TO EXIT TO CP/M.": Gs

IF Gg="1" GOTO &0

IF G$="2" GOTO S00

IF Gs$>"2" GOTO 3090

FRINT CHR$(27);CHR$(43): PRINT:FPRINT:PRINT

PRINT "SUBROUTINE FOR DETERMINING OXIDIZER COMTROLLER FRESSURES (Pa)"
PRINT "IF Tc TEMPERATURE ¥ Ph PRESSURES IS KNOWN.'":PRINT:PRINT

INPUT "ENTER TEMPERATURE (DEG.F) VALUE FOR *Tc’ "3 T%Z

PRINT

INPUT "ENTER PRESSURE (PSIG) VALUE FOR °Ph’. ": F%

ANS4= ((4704 - TZ) / 3116) % F%

PRINT "OXIDATION CONTROL PRESSURE (Pa) SETTING IS ";ANS4;"PSIG. "sPRINT
INPUT “ENTER 1 TO RETURN TO MENU OR 2 TO EXIT 70 CP/M."; G$

IF G$="1" GOTO &0

IF G$="2" GOTO S00

IF G$>"2" GOTO 4090

PRINT CHR$(27);CHR$(43): PRINT:PRINT:PRINT

PRINT "SUBROUTINE FOR DETERMINING OXIDATION CONTROL PRESSURES (Pa)"
PRINT "IF Pc PRESSURE & Tc TEMPERATURE ARE KNOWN. ":FRINT:PRINT

INPUT "ENTER PRESSURE (PSIG) VALUE FOR "Pc® "3 C%

PRINT

INPUT "ENTER TEMPERATURE (DEG.F) VALUE FOR *Pc® "; T%

ANSS= (( 4704 - T4) / Z116) X% ( 27946.2 ¥ ( C4L - 17.72)) /7 ( 7B20 - T%)
FRINT "OXIDATION CONTROL PRESSURE (Pa) SETTING IS “3ANSS:"PSIG. ":PRINT
INFUT "ENTER 1 TO RETURN TO MENU OR 2 TO EXIT TO CP/M.";G%

IF Gs="1" GOTD &O©

IF Gs$="2" GOTO 500

IF G$."2" GOTO S0%0

PRINT CHR$(27)3sCHR$(43): PRINT:FRINT:FRINT

FRINT "SUBROUTINE FOR DETERMINING HYDROGEN(FUEL) CONTROLLER PRESSURES (Fh)*"
PRINT " IF Pc PRESSURE & Tc TEMPERATURE ARE KNOWN.": PRINT: PRINT
INPUT "ENTER PRESSURE (FSIB) VALUE FOR "Pc’. ": X%

PRINT

INPUT "ENTER TEMFERATURE (DEG.F) VALUE FOR "Pc’. ": Y%

ANS&= (( X% - 17.72) 7/ .11S) /7 (1 + (( 4704 - T4) / 311%))

PRINT "HYDROGEN CONTROLLER PRESSURE (Ph) SETTING IS ":ANS6;"PSIG.":FRINT
INPUT "ENTER 1 TO RETURN TO MENU OR 2 TO EXIT TO CF/M.";G%$

IF G$="1" GOTO &9

IF G$="2" GOTO SO0

IF G$:"2" GOTQ 46090
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- e

STATIC  SIU MEASUREMENT TRANSDUCEK  CALIB.
NO, _____RsC_______DESCRIPTION _____________________NAME__________RANGE________ _REMARKS ____________
T1 0500 TOP TEST PANEL T/C 41 TC CR/A _ 0/1000F
T2 0501 TOP TEST PANEL T/C $2 IC CR/A 0/1000F
T3 0502 TOP TEST PANEL T/C #3 IC CR/A 0/1000F
T 4 0503 TOP TEST PANEL T/C #4 IC CR/A 0/1000F
TS 0504 TOP TEST PANEL I/C $S TC CR/A 0/1000F
T6 0505 TOP TEST PANEL T/C #6 IC CR/A 0/1000F
T 7 0506 TOP TEST PANEL T/C 47 TC CR/A 0/1000F
T 8 0507 TOP TEST PANEL T/C 48 TC CR/A 0/1000F
T9 0508 TOP TEST PANEL 1/C 49 TC CR/A 0/1000F
T 10 0509 TQP TEST PANEL T/C #10 IC CR/A 0/1000F
T 11 0510 TOP TEST PANEL I/C #11 IC CR/A 0/1000F
T 12 0511 TOP TEST PANEL 1/C #12 IC CR/A 0/1000F
T 13 0512 TOP TEST PANEL T/C $13 TC CR/A 0/1000F
T 14 0513 TOP TEST PANEL T/C #14 IC CR/A 0/1000F
T 15 0514 TOP TEST PANEL 1/C #15 IC CR/A 0/1000F
T 16 0515 TOP TEST PANEL I/C #16 IC CR/A 0/1000F
T 17 0516 TOP TEST PANEL T/C #17 IC CR/A 0/1000F
T 18 0517 TOP TEST PANEL I/C $18 TC CR/A 0/1000F
T 19 0518 TOP TEST PANEL T/C #19 TC CR/A 0/1000F
T 20 0519 TOP TEST PANEL T/C #20 TC CR/A 0/1000F
T 21 0520 WEST TEST PANEL 1/C #1 TC CR/A 0/1000F
T 22 0521 WEST TEST PANEL T/C 42 TC CR/A 0/1000F

F-1



STATIC
NO,

T

T

33

34

35

36

37

38

39

40

41

42

43

SIu

kG

0601
0602
0603
0604
0605
0606
0607
0608
0609

0610

MEASUREMENT

WEST
WEST
WEST
WEST
WEST
WEST
WEST
WEST
WEST
WEST
WEST
WEST
WEST
WEST
WEST
WEST
WEST
WEST
EAST
EAST

EAST

---DESCRIPTION_

TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST
TES?T
TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST

TES?T

PANEL
PANEL
PANEL
PANEL
PANEL
PANEL
PANEL
PANEL
PANEL
PANEL
PANEL
PANEL
PANEL
PANEL
PANEL
PANEL
PANEL
PANEL
PANEL
PANEL

PANEL

I/C
I/C
I/C
I/C
I/C
I/C
1/C
I/C
1/C
I/C
I/C
1/C
/¢
1/C
I/C
1/C
1/C
I/C
I/C
I/C

I/C

$3
¥4
$5
16
$7
18
$9
$10
$11
$12
$13
14
$15
$16
$17
t18

$19

TRANSDUCER
NAME__

IC
Ic
IC
IC
IC
TC
IC
Ic
IC
IC
IC
IC
IC
IC
IC
IC
IC
IC
IC
IC

IC

F-2

CR/A
CR/A
Ck/A
CR/A
CR/A
CR/A
CR/A
CR/4A
CR/A
CR/A
CR/A
CR/A
CR/A
CR/A
CR/A
CR/A
CR/A
CR/A
CR/A
CR/A

CR/A

___KANGE

-——-

IMSC-HEC TR D065122

CALIB.
__REMARKS

0/1000F
0/1000F
0/1000F
0/1000F
0/1000F
0/1000F
0/1000F
0/1000F
0/1000F
0/1000F
0/1000F
0/1000F
0/1000F
0/1000F
0/1000F
0/1000F
0/1000F
0/1000F
0/1000F
0/1000F

0/1000F
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STATIC SIU MEASUKEMENT TRANSDUCER CALIB.

NO._____. R/C . DESCRIPTION ______ . NOME__________ RANGE ________ REMARKS_________.
T 44 0611 EAST TEST PANEL T/C #4 IC CR/A 0/1000F
T 45 0612 EAST TEST PANEL TI/C #5 IC CR/4 0/1000F
T 46 0613 EAST TEST PANEL T/C #6 IC CR/A 0/1000F
T 47 0614 EAST TEST PANEL T/C 47 TC CR/A 0/1000F
T 48 0615 EAST TEST PANEL T/C #8 IC CK/A 0/1000F
T 49 0616 EAST TEST PANEL T/C #9 IC CR/A 0/1000F
T 30 0617 EAST TEST PANEL I/C #10 IC CR/A 0/1000F
T 51 0618 EAST TEST PANEL T/C #11 IC CR/A 0/1000F
T 52 0619 EAST TEST PANEL I/C %12 IC CR/A 0/1000F
T 33 0620 EAST TEST PANEL T/C #13 IC Ck/A 0/1000F
T 34 0707 EAST TEST PANEL I/C 4#14 IC CR/A 0/1000F
T S5 0708 EAST TEST PANEL I/C #1535 IC CR/A 0/1000F
T 36 0709 EAST TEST PANEL I/C #16 IC CR/A 0/1000F
I 57 0710 EAST TEST PANEL I/C- 17 IC CR/A 0/1000F
T 38 0711 EAST TEST PANEL TI/C 418 IC CR/A 0/1000F
T 39 0712 EAST TEST PANEL I/C #19 IC CR/A 0/1000F
T 60 0713 EAST TEST PANEL I/C #20 IC CR/A 0/1000F
T 61 0714 BOTTOM TEST PANEL T/C #1 TC CR/A 0/1000F
T 62 0715 BOTTOM TEST PANEL I/C #2 IC CR/A 0/1000F
T 63 0716 BOTIOM TEST PANEL I/C 43 IC CR/A 0/1000F
T 64 0717 BOITOM TEST PANEL TI/C #4 IC CR/A 0/1000F
T 65 0718 BOTTOM TEST PANEL I/C #5 IC CR/A 0/1000F



IMSC-HEC TR D065122

STATIC 51U HEASUREHENT TRANSDUCEK  CALIE.
NO.______K/C ______ DESCRIPTION ______ . ____ NAME _________RANGE_________ REMARKS __ _______.
T 66 0719 BOTTOM TEST PANEL T/C 46 TC CR/A 0/1000F
T 67 0720 BOTTOM TEST PANEL T/C #7 TC CR/A 0/1000F
Tes 0721 BOTTOH TEST PANEL T/C 48 TC CR/A '0/1000F
T69 0722 BOTTOM TEST PANEL T/C 49 TC CR/A 0/1000F
T 70 0723 BOTTOM TEST PANEL T/C $10 IC CR/A 0/1000F
T 71 0724 BOTIOM TEST PANEL 1/C #11 IC CR/A 0/1000F
T 72 0725 BOTTOM TEST PANEL T/C #12 ¢ CR/A 0/1000F
T 73 0212 BOTTOM TEST PANEL T/C #13 TC CR/A 0/1000F
T 74 0213 BOTTOM TEST FANEL 1/C #14 IC CR/A 0/1000F
T 75 0214 BOTTOM TEST PANEL T/C  #15 1C CR/A 0/1000F
T76 0215 BOTTOM TEST PANEL T/C #16 TC CR/A 0/1000F
T 77 0216 BOTTOM TEST PANEL 1/C #17 TC CR/A 0/1000F
T 78 0217 BOTTOM TEST PANEL 1/C #18 TC CR/A 0/1000F
T 79 0218 ROTIOM TEST PANEL 1/C #19 TC CR/A 0/1000F
T8 0219 BOTTOK TEST PANEL T/C #20 IC CR/A 0/1000F
T 101 0621 AIR BOTTLE TEMP TC CR/A 0/150F
T 102 0622 AIR BOTTLE PROBE TEMP TC CR/A 0/150F
T 103 0623 OXIDIZER IGN NOZ W TC CR/A 0/150F
T 104 0624 GHy 16N NOZZLE W IC CR/A 0/150F
T 105 0625 OXIDIZER ORIEICE IN TC CR/A ~150/150F
T 106 0626 GHy NozzLE TC CR/A 0/150F



STATIC SIU
NO.______R

T 110 0630
T 113 0631
T 114 0627
T 115 0628
T 116 0629
T 117 0705
T 118 0706 |
T 119 0700
T 120 0701
T 121 0702
T 122 0703
T 123 0704
T 124 0714
PRESSURES

P 701 0300
P 702 0301
Py702 0328
P 703 0302
PU703 0329

R/C_______DESCRIPTION __

MEASUREMENT

AMBIENT IC CHECK

MAIN CHAMBER #1 IC

MAIN CHAMBER #2 IC

MAIN CHAMBER #3 IC

MAIN CHAMBER #4 TIC

MAIN CHAMBER #5 TIC

MAIN CHAMBER #6 TC

INLET WATER TEHP.

NOZZLE #1 OUTLET WATER TENP,
NOZZLE #2 OUTLET WATER TEMP,
DIFFUSER DUCT I/C #} TEMP.
DIEFUSER DUCT I/C $#2 TEMP.

DIFFUSER DUCT T/C #3 TEMP.

GHy 16N REG

Do iGHENRZof 1 1cE

GH2 IGN NOZ E
UPSTREAM ORIEICE

GHy 16N NOZ W

GH2 IGN NOZ V¥
UPSTREAM ORIFICE

TRANSDUCEER

IC Ck/A
IC CR/A
IC CR/A
IC CR/A
IC CR/A
IC CR/A
IC CR/A
I/C CR-A
I/C Ck-A
T/C CR-4A
T/C CR-A
I/C CR-A

I/C CR-A

U
815688

TABER
751794

781784¢

TABER
850505

NAME________

IMSC-HEC TR D065122

CALIB.

__KANGE_______

0/150F

0/2000F
0/2000F
0/2000F
0/2000F
0/2000F
0/2000F
0/1000F
0/1000F
0/1000F
0/2000F
0/2000F

0/2000F

2000 PSIS

1000 PSIS

1000 PSIA

1000 PSIS

1000 PSIA

/

--REMARKS___



IMSC-HEC TR D065122

STATIC SIU MEASUREMENT TRANSDUCER CALIB.
NO.______ keC ______DESCRIPTION_ ____________ ________ NAME _________RANGE_________ REMARKRS _________.
P 704 0000 IGN CHAMEER E DATA SENSORS 1000 PSIA 150 LOW 375 HIGH
191 1 SEC DELAY
P 705 0001 IGN CHAMBER V¥ SG-AL 1000 PSIA 150 LOW 375 HIGH
751791 1 SEC DELAY
P 706 0303 OXIDIZER IGN REG G-DYN 1000 PSIS
33616
P 707 0304 OXIDIZER IGN NOZ E SG-DYN 1000 PSIS
DOWNSTREAN ORIFICE 28341
PU707 0330 OXIDIZER IGN NOZ E TABER 1000 PSIA
UPSTREAM ORIFICE 850506
P 708 0305 OXIDIZER IGN NDZ W SG-DYN 1000 PSIS
DOWNSTIREAM ORIFICE 27673
FU 708 0331 OXIDIZER IGN NOZ W TABER 1000 PSIA
UPSTREAM ORIFICE 7617690 (PSIG ADJ)
P 709 0306 0X ELOW CON REG PR. TABER 3000 PSIS
802028
P 710 0307 0OX INJ PR. SG-AL 300 PSIS
43776
F 711 0308 GH
2 FLD CON REG PR. ;EisggR 3000 PSIS
F 712 0309 GH
2 INJECIOR agagagR 500 PSIS
P 713 0028 MAIN CHAMBER PC SG-AL 200 PSIA 75 LOW 150 HIGH
41794 (PSIS) 1.5 SEC DELAY
PQ@713 0324 MAIN CHAMBER PC CLOSED-COUPLE DYNISCO 500 PSIA ANALDG BAY 29 # 14
27167 (PSIG-AD])
P 714 0003 MAIN CHAMBER (BACKUP) PC ALINCO 200 PSIA 75 LOW 150 HIGH
41582 (PSIS) 1.5 SEC DELAY
P 715 0325 OXIDIZER VALVE MANIEOLD DYNISCO 1500 PSIS
) 27686



STATIC

B\ C et T o e - L o I P A G A B e T

P 723

P 726

P 733

P 754

P 781

P 790

P 791

0311

0319

0322

0312

0313

0314

0315

0316

0323

0004

MEASUREMENT
DESCKIFPTION

GH2 VALVE MANIEOLD

HYDRAULIC SUPPLY

COMB CHAMBER H20 INLET PRESS

NOZZLE H20 INLET PRESS

NOZZLE H20 INLET PRESS BACKUP

DIFEUSER SUPPLY
COOLANT SYSTEM

DIFFUSER SUPPLY
COOLANT SYSTEM

DP GHy 1n3/cHBR 41

DP GH

2 INJ/CMBR $2

DP MAIN OXID ORE

GH2 TRAILER PRESSURE

AIR SUPPLY

AIR BOTILE PRESS.

PITOT TUBE PRESS

F-7

TRANSDUCEER

TABER
811887

TABER
761490

S§G-ST.C
6704

ALINCO
413135

STANDARD
6691

ALLEGANY
22133

TABER
781313

504485
§2448e

SG~DYN
29636

SG-TABR
781385

DYNISCO
25225

DYNISCO
25622

SG-TABR
830715

IMSC-HEC TR D065122

CALIE.

2500 PSIG
5000 PSIG
200 PSIG
200 PSIG

200 PSIG

S50 PSIG

0-50 PSIG

100 PSID

100 PSID

2500 PSID
5000 PSIG
9000 PSIG
3000 PSIG

S0 PSIA

CUTODEF 100 PSIA HIGH
75 PSIA LOW

CUTOEF 100 PSIA HIGH
1.00 VDC = 100 PSI
73 PSIA LOW

CUTOQFE 30 PSIA LOW
47.2 PSIA HIGH

1.00 VDC = 30 PSI

CUTOEF 30 PSIA LOW
47.2 PSIA HIGH

5 LOW 1.5 SEC DELAY

S5 LOW 1.5 SEC DELAY



IMSC-HEC TR D065122

STATIC SIU HEASUREMENT TRANSDUCEER CALIB.

NO. _____ ReC . DESCRIPTION ______ . NAME _________ RANGE_________ REMARKS _________

P 1 0005 STATIC #1 SG-TABK 23 PSIA
7532295

P2 0006 STATIC #2 SG-TABR 25 PSIA
752302

F 3 0007 STATIC #3 SG-TABR 25 PSIA
752273

P a 0027 STATIC #4 SG-TABR 23 PSIA
752268

P5S 0009 STATIC #5 SG-TABR 25 PSIA
752306

P 6 0010 STATIC #6 SG-TABR 25 PSIA
752279

P 7 0011 STATIC 47 SG-TABR 25 PSIA
840713

P8 0012 STATIC #8 SG-TABR 25 PSIA
840711

P9 0013 STATIC #9 SG-TABR 25 PSIA
840712

P 10 0014 STATIC #10 SG-TABR 25 PSIA
752294

P 11 0015 STATIC #11 SG-TABR 25 PSIA
752306

P 12 0016 STATIC #12 TABER 25 PSIA
752298

P 13 0017 STATIC #13 TABER 25 PSIA
840708

P 14 0018 SIATIC %14 TABER 25 PSIA
840714

F-8
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1

STATIC SIU MEASUREMENT " TRANSDUCER CALIB.

NO. _____RsC_______DESCRIPTION _____________________NAME _________RANGE _ REMARKS

P 15 0019 STATIC #15 TABER 25 PSlIA
840716

P 16 0100 STATIC #16 TABER . 25 PSIA
732303

P 17 0101 STATIC $17 TABER 25 PSIA
752287

P 18 0102 STATIC #18 TABER 25 PSIA
840715

P 19 0103 STATIC #19 TABER 25 PSIA
752286

P 20 0104 STATIC $20 TABER 25 PSIA
752281

P 21 0105 STATIC #21 TABER 25 PSIA
752284

p 22 0106 STATIC #22 TABER 25 PSIA
840710

P 26 0110 DIEFUSER #1 CEC 2848 0-10 PSIA

p 27 0111 DIEEUSER #2 CEC 2823 0-10 PSIA

P 28 0112 DIFFUSER #3 CEC 1573 0-10 PSIA

P 29 0113 DIFEUSER #4 CEC 2844 0-10 PSIA

P 30 0114 DIFEUSER #5 CEC 2820 0-10 PSIA

P 31 0115 DIFFUSER #6 CEC 2825 0-10 PSIA

P 32 0116 BIEEUSER #7 CEC 2826 0-10 PSIA

P 33 0117 DIFEUSER #8 CEC 2828 0-10 PSIA

P 34 0118 DIEEUSER #9 CEC 2831 0-10 PSIA

P 35 0119 DIFEUSER #10 CEC 2834 0-10 PSIA

F-9



STATIC
ND.__

P

H

H

36

37

38

39

40

41

43

44

45

46

47

48

1

2

SIU

RC L

0120

0131

0200

MEASUREMENT TRANSDUCEK CALIB.
_DESCRIPTION _____________________NAME _________RANGE _____
DIFFUSEER #11 TABER 0-15 PSIA
830710

DIFEUSEER #12 CEC 2839 0-10 PSIA

DIFFUSER #13 CEC 2843 0~10 PSIA

DIFFUSER %14 TABER 0-30 PSIA
820718

PITOT DIFFUSER PRES. STANDARD 100 PSIG
6671

TEST SECTION $#1 (I0P) CEC 2842 0-20 PSIA

TEST SECTION #2 (BOTTOM) TABER 0-25 PSIA
752272

TEST SECTION #3 (WEST SIDE) TABER 0-25 PSIA

TEST SECTION #4 (EAST SIDE) AL INCO 0-20 PSIA

‘ 47199

NOZZLE #) TABER 0-15 PSIA
830709

NOZZLE #2 TABER 0-15 PSIA
830712

NOZZLE #3 TABER 0-15 PSIA
820714

NOZZLE #4 TABER 0-15 PSIA
820716

HEAT FLUX 1 TEST SECTION-TOP. MEDTHERM 0-40 BTU
7248417

HEAT ELUX 2 TEST SECTION-BOT. MEDTHERM 0-40 BTU
7248437

IMSC~HEC TR D065122
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STATIC SIU
NO R/C
H 3 0022
H 4 0023
H 3 0024
H 6 0025
H 7?7 0026
FLOWMETERS

F 1l 0202
F 2 0207
F 3 0208
F 4 0209
FE S 0210
POSITION I

D1 003
D2 0031

MEASUREMENT
DESCRIPTION

HEAT FLUX 3 TEST SECTION-
WEST SIDE

HEAT FLUX 4 TEST SECTION-

EAST SIDE

T0P TEST PANEL HEAT ELUX

WEST TEST PANEL HEAT FULX

SPARE CALORIMEIER

FLOW COMBUSTIER COOL

INLET COMBUSTION CHAMBER #1

OUTLET COMBUSTION CHAMBER %2

QUTLET COMBUSTION CHAMBER #1

INLET COMBUSTION CHAMBER #2

HYDROGEN VALVE POSITION

OXIDIZER VALVE POSITION

TRANSDUCER

MEDRTHERM
7248422

MEDTHERM
7248438

KEDTHERM
98837

MEDTHEKMN
98838

MEDTHERM
7248433

POTTER
RAA 235

POTTER
346

POTTER
317

POITER
335

POTTER
337

F-11

IMSC~HEC TR D065122

CALIB.

_0-40 BTU

0-40 BTU
0-40BTU
0-40BTU
0-40BTU

100 GPM
190HZ=5.00
U=230GPM

0-10 GPH
400HZ=4.00V
10.4 GPM

400HZ=2.5V
=10.75 GPM

400HZ=2.5V
10.2 GPM

400HZ=2.5V
=10.2GPM

0-1002

0-100%

REMARKS

e S - —— Ao IE Bt e = = e = = = Ao . A = - . - -t ieIee S - tee @ & o M Sl e -

CUTOEF 85 GPM MINIM

CUTOFE 2.0 GPM LOW

CUTOEF 2.0 GPM LOW

CUIOFEF 2.0 GPM LOW

CUTOEF 2.0 GPM LOW



IMSC~HEC TR D065122

( -

STATIC  SIU MEASUREMENT TRANSDUCER  CALIB.

NQ. _____R/C ______DESCRIPTION _____________________NAME _________RANGE _______ REMARKS ___________

HYDROGEN DETECTION SENSOKS '

GH1 0428 IGNITER 0-100% LEL

GH2 0429 H2 VALVE 0-100% LEL

GH3 0430 MAIN GH2 VALVE 0-100% LEL

GH4 0431 DIFEUSER DUCT SENSOR 0-100% LEL

CONTROL_TRANSDUCERS

C1 GH2 SUPPLY CONIROL TRANSDUCER  TABER 0-2000 PSIG
751787

C2 GH2 CONTROL TRANSDUCER PACE 0-1500 PSIG  MODEL P2G-1500 PSI
9874

F-12
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Appendix G

CALIBRATION PANEL INSTRUMENTATION LOCATIONS

LOCKHEED-HUNTSVILLE ENGINEERING CENTER
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Appendix H

HGF GHy AND AIR VENTURI CALIBRATION DATA

LOCKHEED-HUNTSVILLE ENGINEERING CENTER



HGF GH2 VENTURI

CONTROL FLOW CONTROL FLOW CONTROL FLOW CONTROL FLOW
PRESSURE RATE PRESSURE RATE PRESSURE RATE PRESSURE RATE
(psig) (Ibm/sec) (psig) (ibm/sec) (psig) (Ibm/sec) (psig) (1bm/sec)

500 0.355 750 0.532 1000 0,710 1250 0.887
505 0.358 755 0.536 1005 0.713 1255 0.891
510 0.362 760 0.539 1010 0.717 1260 0.894
515 0.366 765 0.543 1015 0.720 1265 0.898
520 0.369 770 0.546 1020 0.724 1270 0.901
525 0.373 775 0.550 1025 0.727 1275  0.905
530 0.376 780 0.554 1030 0.731 1280 0.908
535 0.380 785 0.557 1035 0.735 1285 0.912
540 0.383 790 0,561 1040 0.738 1290 0.916
545 0.387 795 0.564 1045 0.742 1295 0.919
550 0.39 800 0,568 1050 0.745 1300 0.923
555 0.394 805 0.571 1055 0.749 1305 0.926
560 0.397 810 0.575 1060 0.752 1310 0.930
565 0.401 815 0.578 1065 0.756 1315  0.933
570 0.405 820 0.582 1070 0.759 1320 0.937
575 0.408 825 0,586 1075 0.763 1325 0.940
580 0,412 830 0.589 1080 0.767 1330 0.944
585 0.415 835 0.593 1085 0.770 1335 0.947
590 0.419 840 0.596 1090 0.774 1340 0.951
595 0.422 845 0.600 1095 0.777 1345 0.955
600 0.426 850 0.603 1100 0.781 1350  0.958
605 0,429 855 0.607 1105 0.784 1355  0.962
610 0.433 860 0.610 1110 0.788 1360  0.965
615 0.436 865 0.614 1115 0.791 1365 0.969
620 0.440 870 0.617 1120 0.795 1370 0.972
625 0.444 875 0.621 1125 0.798 1375  0.976
630 0.447 880 0.625 1130 0.802 1380 0.979
635 0.451 885 0.628 1135 0.806 1385 0.983
640 0.454 890 0,632 1140 0.809 1390 0.987
645 0.458 895 0.635 1145 0.813 1395 0.990
650 0.461 900 0.639 1150 0.816 1400 0.994
655 0.465 905 0.642 1155 0.820
660 0.468 910 0.646 1160 0.823
665 0.472 915 0.649 1165 0.827
670 0.476 920 0.653 1170 0.830
675 0.479 925 0.656 1175 0.834
680 0.483 930 0.660 1180 0.837
685 0.486 935 0.664 1185 0.841
690 0.490 940 0.667 1190 0.845
695 0.493 945 0.671 1195 0.848
700 0.497 950 0.674 1200 0.852
705 0.500 955 0.678 1205 0.855
710 0.504 960 0.681 1210 0.859
715 0.507 965 0.685 1215 0.862
720 0.511 970 0.688 1220 0.866
725 0.515 975 0.692 1225 0.869
730 0.518 980 0.696 1230 0.873
735 0.522 985 0.699 1235 0.877
740 0.525 990 0,703 1240 0.880
745 0.529 995 0.706 1245 0.884

H-1



HGF AlR VENTURI

CONTROL  FLOW CONTROL FLOW CONTROL FLOW CONTROL FLOW
FRESSURE RATE FRESSURE KAIE FRESSURE KRATE FRESSURE RATE
(FSIG) (LBM/SEC) (FSIG) (LBM/SEC) (PSIG) (LBM/SEC) (PSIG) (LBM/SEC)

9900 24,115 931 29.567 262 27.020 993  28.472
901 24.162 932 29.614 563 27.066 594 28.519
ve2 24,208 233 29.661 964 27.113 095 28.566
903 24.250 934 23.708 965 27.1690 996 28.613
U4 24,302 935 20.755 966 27.297 997 28.659
990 24.349 536 29.801 367 27 .254 398 28.706
996 24.396 537 25.848 568 27.301 °99 28.753
50/ 24,443 538 25.890 969  27.348 600 28.800
ye8 24,499 339 25.942 970 27.394 601 28.847
9509 24,536 940  25.989 971 27 . 441 602 28.894
510 24.583 941 26.036 972 27.488 603  28.941
911 24,630 942 26.083 w73 27.53% 604 28.987
0l 24.677 943 26.129 974 27.584 605  29.034
913 24,724 9544 26.176 373 27 .629 606 29.081
914 24,771 945 26,223 976  27.676 607  29.128
910 24.818 246 26.270 977 27./22 608 29.17%
916 24.864 S47 26.317 a/8 27.769 609 29,222
917 24.911 948 26.364 979 27.816 610 29.269
ulB 24,958 049 26.411 80 27.863 611 29.3195
919 29,000 S50 26.457 381 27.910 612  29.362
©J0 25.002 991 26.504 582 27.997 613  29.409
921 295.099 552 26.551 383 28.004 614 29.456
odd 25.146 993 26.998 o84 28.090 615 29.503
943 25.192 954 26.645 389 28.097 616 29.550
94 25.239 o999 26.692 986 28.144 617 29.596
$25  20.286 356 26.739 387 28.191 618  29.643
526 25.333 au’7 26.785 o888 28.238 619 29.690
927  25.380 258 26.832 S89 28.289 629 29.737
548 25.427 939  26.879 999  28.331 621 29.784
529 25.473 569 26.926 591 28.3/8 622 29.831
539 25.520 obl 26.973 a9 28.425 623 29.8/78
531 25.567 562 27.020 393 28.472 624 29.924



HGF AIK VENTURI

CONTROL FLOW CONTROL FLOW CONTROL FLOW CONTROL FLOW
FRESSURE RATE FRESSURE RATE FRESSURE KATE PRESSURE KATE
(PSLG) (LBM/SEC) (FSIG) (LBM/SEC) (PSIG) (LEBM/SEC) (PSIG) (LEM/SEC)

625 29.971 656 31.424 687 32.876 7218 34.329
626 30.018 657 31.471 688 32.923 719 34.37%
627 30.065 658 31.517 689 32.979 729 34.422
628 30.112 659 31.564 690 33.017 721 34.469
629 30.159 660 31.611 691 33.064 722 34.516
630 30.206 661 31.658 692 33.110 723 34.563
631 30.252 662 31.705 693 33.157 724 34.610
632 30.299 663 31.752 694 33.204 725 34.65/
633 30.346 664 31.799 695 33.251 726 34.703
634 30.393 665 31.845 696 33..298 727 34.750
633 30.440 666 31.8%2 697 33.345 728  34.797
636 30.487 66/ 31.939 698 33.392 729 34.844
637 30.534 668 31.986 699 33.438 739 34.891
638 30.580 669 32.033 709 33.48%5 731 34.938
639  30.627 670 32.080 701 33.932 732 34.984
640 30.674 671 32.127 702 33.579 733 35.031
641 30.721 672 32.173 703 33.626 734 39.¢/8
642 30.768 673 32.220 704 33.673 735 35.12%
643 30.815 674 32.267 705 33.719 736 35.172
644 30.861 679 32.314 706 33.766 737 35.219
645 30.908 676 32.361 797 33.813 738 35.266
646 30.955 677 32.408 708 33.860 739 35.312
647 31.002 678 32.454 7909 33.907 740 35 .309
648 31.049 679 32.501 710 33.954 741 35.406
649 31.096 680 32.548 711 34.001 742 35.453
659 31.143 681 32.599 712 34.047 743 35.300
651 31.189 682 32.642 713 34.094 744 35.047
652 31.236 683 32.689 714 34.141 745 35.394
693 31.283 684 32.736 715 34.188 746 35.649
654  31.330 685  32./82 716 34.235 7247 35.687
655 31.377 686 32.829 717 34.282 748 35.734
656 31.424 687 32.876 718 34.329 749 35.781
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HGF ALK VENTURI

COUNTROL FLOW CONTROL FLOW CONTROL FLOW CONTROL FLOW
FRESSURE KRATE FRESSURE RATE FRESSURE RATE PRESSURE RATE
(FSIG) (LBM/SEC) (FSIG) (LBM/SEC) (PSIG) (LBMA/SEC) (PSIG) (LBM/SEC)

759 35.828 781 37.286 812 38.733 B43  490.185
751 35.879 782 37.327 813 38.780 844 40.232
752 35.922 783 37.374 814 38.826 B4S  40.279
753 35.968 784 37.421 815 38.873 846 40.326
754 36.015 785 37.468 816 38.920 B47  40.372
755 36.062 786 37.514 817 38.967 848 40.419
756 36.109 787 37.561 818 39.9014 849  40.466
757 36.156 788 37.608 819 39.061 850 40.513
758 36.203 /89 37 .655 829 39.107 851 40.569
759 36.249 799 37.702 821 39.154 852 40.697
760 36.296 /791 37.749 822 39.201 853  40.654
761 36.343 792 37.796 823 39.248 854 40.700
762 36.390 793 37.842 824 39.295 BSOS  40.747
763 36.437 794 37 .889 820 39.342 856 40.794
764 36.484 795 37.936 B26 39.389 8u7 40.841
765 36.331 796 37.983 827 39.435 858 40.888
766 36.577 797 38.030 828 39.482 859 40.935
767 36.624 798 38.077 829 39.529 860 40.982
768 $6.671 799 38.124 839 39.976 861 41.028
769 36.718 B0O 38.170 831 39.623 862 41.075
770 36.765 go1 38.217 832 39.670 863 41.122
771 36.812 802 38.264 833 39.717 864 41.169
772 36.859 803 38.311 834 39.763 865 41.216
773 36.905 804 38.358 835 39.8190 866 41.263
774 36.952 805 38.405 836 39.857 867 41.310
779 36.999 806 38.452 837 39.904 868 41.336
776 37.046 807 38.498 838 39.951 B6Y 41.403
777 37.093 808 38.545 839 39.998 870 41.4990
778 37.140 809 38.592 840 490.9045 871 41.4%7
779 37.187 810 38.639 841 40.091 872 41.544
780 37.233 811 38.686 842 40.138 873 41,591
781 37.2890 812 38.733 843 49.18%5 874 41.637
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HGF AIR VENTURI

CONTROL FLUW CONTROL FLOW CONTROL FLOW CONTROL FLOW
PFRESSURE RATE FRESSURE RATE PRESSURE KRATE PRESSURE RATE
(FSIG) (LBM/SEC) (PSIG) (LBM/SEC) (PSIG) (LBM/SEC) (PSIG) (LBM/SEC)

875 41.684 906 43.137 937 44.589 9268 46.042
876 41.731 997 43.184 9?38 44,636 969 46.088
877 41.778 y08 43.230 939 44.683 970 46.135
878 41.8249 909 43.277 240 44.739 971 46.182
879 41.872 910 43.324 41 44.777 Y72 46.229
880 41.919 911 43.371 942 44.823 973 46.276
881 41.965 912 43.418 943 44.870 974 46.323
882 42.012 913 43.465 944 44.917 975 46.370
883 42.959 Y14 43.512 945 44.964 976 46.416
884 42.106 713 43.538 246 45.011 977 46.463
88% 42,154 Y16 43.605 Y47 45.058 978 46.510
886 42,200 917 43.652 948 45.105 979 46.557
887 42.247 918 43.699 949 45.151 980 46.604
888 42,293 919 43.746 950 45.198 981 46.651
889 42.340 929 43.793 951 40.245 982 46.698
890 42.387 921 43.8490 952 45.292 983 46.744
891 42.434 922 43.886 953 45.339 984 46.791
892 42.481 923 43.933 954 45.386 285 46.838
893 42.528 924 43.980 935 45.433 986  46.8835
874 42.575 925 44.027 256 43.479 987 46.932
895 42.621 926 44.074 957 45.526 288 46.979
896 42.668 927 44.121 958 45.573 289 47.025
897 42.71% 928 44.167 959 45.620 9?90 47.072
898 42.762 929 44.214 2690 45.667 ?91 47.119
899 42.809 930 44.261 961 45.714 P92  47.166
200 42.856 931 44.308 262 45./760 993 47.213
701 42.902 932 44,355 963 45.807 994 47.260
?02 42.949 933 44.402 264 45.894 295 47.307
903 42.996 934 44.449 965 45.901 996 47.3353
204 43.043 935 44.49Y 266 45.948 997 47.400
905 43.099 936 44.542 967 45.995 998 47 . 447
9?06 43.137 937 44.589 268 46.042 299 47.494



HGF AIR VENTUR1

CONTROL™ FLOW CONTROL FLOW CONTROL FLOW CONTROL FLOW
FRESSURE KATE FRESSURE KATE FPRESSURE KRATE FRESSURE KRATE
(PSIG) (LBM/SEC) (PSIG) (LBM/SEC) (PSIG) (LBM/SEC) (PSIG) (LBM/SEC)

1000 47.541 1031 48.993 1062 90.446 1093 91.898
1001 47.588 1032 49.040 1063 99.493 1094 91.945
1002 47.635 1033 49.087 1064 90.539 1095 91.992
1003 47.681 1034 49.134 1065 99.586 1096 92.039
1004 47.728 1035 49.181 1066 90.633 1097 32.086
1005 4/7.775 1036 49.2.28 1067 350.680 1098 u2.132
1006 47.822 1037 49.274 1068 50.72/ 1099 92.179
1007 47 .869 1038 49.321 1069 90.7/4 1100 92.226
1008 47.916 1039 49.368 1070 00.820 1101 92.273
1009 4/7.963 1040 49.415 1071 0.867 1102 92.320
1019 48.009 1941 49.462 1072 u0.914 1103 92.367
1011 48.056 1042 49.509 1073 90.961 1104 52.413
1012 48.103 1043 49 .55 1074 91.008 1105 52.460
1013 48.150 1044 49.602 1075 91.055 1106 52.507
1014 48.197 1045 49 .649 10/6 91.102 1107 92054
1015 48.244 1046 49.6%96 1077 91.148 1108 92.601
1016 48.290 1047 49.743 1078 91.199 1109 94.648
1017 48.337 1048 49.790 1079 91..242 1119 92.69%
19148 48.384 1049 49 .837 1080 91.289 1111 Hl.741
1019 48.431 1050 49.883 1081 51.336 1112 52.788
lele 48.478 1051 49.930 1082 91.383 1113 ul.830
1021 48.525 1052 49.977 1083 91.4390 1114 v2.882
1022 48.572 1053 50.024 1084 91.476 1115 52.929
1023 48.618 1054 50.071 1085 91.523 1116 92.976
1024 48.665 1055 90.118 1086 ul.5/70 1117 53.02

1025 48.712 1056 50.165 1087 91.617 1118 93.069
1026 48.759 1057 90.211 1088 91.664 1119 S53.116
1027 48.806 1058 50.258 1089 51.711 1120 93.163
1928 48.853 1059 90 .305 1090 91.758 1121 953.2190
1029 48.900 1060 90.352 1091 91.804 1122 93.257
10390 48.946 1061 90.399 1092 91.851 1123 53.304
1031 48.993 1062 90.446 1093 351.898 1124 93.351
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HGF AIR VENTURI

CONTROL FLOW CONTROL FLOW CONTROL FLOW CONTROL FLOW
FRESSURE KATE PRESSUKE KRATE FPRKESSURE RATE FRESSURE RATE
(FS16G) (LBM/SEC) (FSIG) (LBM/SEC) (PSIG) (LBM/SEC) (PSIG) (LBM/SEC)

1129 93.3%7 1156 94.850 1187 56.302 1218 97.755
1126 33.444 1157 04.897 1188 96.349 1219 a7.801
1127 93.491 1158 94.943 1189 956.396 1220 57 .848
1128 53.538 1159 D4.990 1190 56.443 1221 37.895
1129 93.985 1160 99.037 1191 56.490 1222 57.942
1130 93.632 1161 395.084 1192 96.536 1223 57 .989
1131 93.678 1162 99 .131 1193 56.583 1224 58.036
1132 53.725 1163 95.178 1194 56.630 1225 58.083
1133 53.772 1164 99.225 1195 56.677 1226 98.129
1134 53.819 1165 99.271 1196 96.724 1227 98.1/6
1135 93.866 1166 99.318 1197 96.771 1228 u8.223
1136 53.913 1167 99.365 1198 56.818 1229 58.270
1137 03.760 1168 93.412 1199 96.864 1230 o8.317
1138 54.006 1169 99. 459 1200 56.911 1231 u8.364
1139 954.053 1170 99.906 1201 56.958 1232 958.411
1140 54.100 1171 55.553 1202 97.005 1233 98.457
1141 94.147 1172 99.599 1203 97 .52 1234 58.504
1142 04.194 1173 99.646 1204 57.099 1235 58.991
1143 94.241 1174 99693 1205 57.146 1236 58.598
1144 54.288 1175 55.740 1206 57.192 1237 98.645
1145 94.334 1176 o e 787 1207 57.239 1238 98.69.
1146 S54.381 1177 55.834 1208 57.286 1239 98.739
1147 54.428 1178 95.881 1209 57.333 1240 58.785
1148 54.475 1179 95.927 1210 57.380 1241 58.832
1149 94.922 1180 99.974 1211 97.427 1242 uB8.879
1150 94.9569 1181 96.021 1212 97 .473 1243 98.926
1151 94.616 1182 96.068 1213 57.520 1244 u8.973
1152 G4.662 1183 96.115 1214 5/7.567 1245 99.020
1153 54.709 1184 96.162 1215 97.614 1246 99.066
1154 54.756 1185 96.208 1216 57.661 1247 99.113
1155 94.803 1186 96.255 1217 97.708 1248 99.160
1156 94.859 1187 96.302 1218 57.755 1249 99 .207
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HGF AIR VENTURI
CONTROI  FLOW CONTROL FLOW CONTROL FLOW CONTROL FLOW
FRESSURE RAIE FRESSURE KRATE PRESSURE RATE FRESSURE KRATE
(FSIG) (LBM/SEC) (PSIG) (LBM/SEC) (PSIG)Y (LBM/SEC) (PSIG) (LBM/SEC)

1343 63.611

1250 99 .254 1281 60.706 1312 62.159

1251 99.301 1282 69.753 1313 62.206 1344 63.6358
1252 99.348 1283 60.800 1314 62.252 1345 63.705
1253 99.3%4 1284 60.847 1315 62.299 1346 63.752
1254 99.441 1285 60.8%4 1316 62.346 1347 63.799
1255  5%.488 1286 60.941 1317 62.393 1348 63.845
1236 9Y.935 1287 60.987 1318 62.4490 1349 63.892
1257 99.982 1288 61.034 1319 62.487 1350 63.939
1258 99.629 1289 61.081 1320 62.534 1351 63.986
1259 59.676 1290 61.128 1321 62.580 1352 64.033
1260 99.722 1291 61.175 1322 62.627 1353 64.089
1261 59.769 1292 61.222 1323 62.674 1354 64.126
1262 97.816 1293 61.269 1324 62.721 1355 . 64.173
1263 09.863 1294 61.315 1325 62.768 1356 64.220
1264 99.910 1295 61.362 1326 62.815 1357 64.267
1265 99 .997 1296 61.409 1327 62.861 1358 64.314
266 60.004 1297 61.456 1328 62.998 1359 64.361
1267 60.059 1298 61.503 1329 62.935 13460 64.408
1268 60.097 1299 61.550 1330 63.002 1361 64.454
1269 60.144 1300 61.596 1331 63.049 1362 64.501
1270 60.191 1301 61.643 1332 63.096 1363 64.548
1271 60,238 1302 61.6%90 1333 63.143 1364 64.3599
1272 60.285 1303 61.737 1334 63.189 1365 64.642
1273 60.331 1304 61.784 1335 63.236 1366 b64.689
1274 69.378 1305 61.831 1336 63.283 1367  64.736
1275 60.425 1306 61.878 1337 63.330 13468 64.782
1276 69.472 1307 61.924 1338 63.377 13469 64.829
1277 60.519 1308 61.971 1339 63.424 1370 64.876
1278 60.566 1309 62.018 1349 63.471 1371 64.923
1279 60.613 1310 62.065 1341 63.517 1372 64.970
1289 60.659 1311 62.112 1342 63.564 1373 65.017
1281 60.706 1312 62.159 1343 63.611 1374 65.064
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~ CONTROL
FRESSURE

(PSTG) (LBM/SEC)

1375
1376
1377
1378
1379
1389
1481
1382
1383
1384
13835
1386
1387
1388
1389
1390
1391
1392
1393
1394
1395
1396
1397
1398
1399
1400

FLOW
RATE

65.110
65.157
69.204
65.251
65.298
654345
65.392
695.438
65.485
65.532
65.579
65.626
65.673
65.719
69.766
65.813
63.860
65.907
60.954
66.001
66.047
66.094
66.141
66.188
66.235
66.282

HGF AlR VENTURI



IMSC-HEC TR D065122

Appendix I

HGF INTERFACE DRAWING AND DETAILED SKETCHES
OF HGF HARDWARE/COMPONENTS
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