UNCLASSIFIED
431295

DEFENSE DOCUMENTATION CENTER

FOR
SCIENTIFIC AND TECHNICAL INFORMATION

CAMERON STATION, ALEXANDRIA. VIRGINIA

UNCLASSIFIED



NOTICE: When govermment or other drawings, speci-
fications or other data are used for any purpose
other than in connection with a definitely related
government procurement operation, the U. 8.
Government thereby incurs no responsibility, nor any
obligation whatsoever; and the fact that the Govern-
ment may have formulated, furnished, or in any way
supplied the said drawings, specifications, or other
éata is not to be regarded by implication or other-
wvise as in any manner licensing the holder or ary
other person or corporation, or conveying any rights
or permission to manufacture, use or sell any
patented invention that may in any way be related
thexreto.




ﬂ

_\

4312995

| <l

[ ]

& C J

> )

£ 2

e

o

I

=
= i
S
& )
T C r
i ( ) -
| . ) |
‘. , m P . - )
e *l}? 0
\w/ &
'}'I" A DIVISION OF NORTH AMERICAN AVIATION, INC.

M i CANOGA PARK., CALIFORNIA




po—any

-

R-5108-2

\_

PERFORMANCE DATA FOR INDIVIDUAL
ATLAS MA-2 AND MA-5 INGINES

~

s
l%()

ROCKETDYMNE
A DIVISION OF NORTH AMERICAN AVIATION. INC
6633 CANOGA AVENUE

CANOGA PARK CALIFORNIA

Contract AF04(695)-306

PREPARED BY

Rocketdyne Engineering
Canoga Park, California

APPROVED BY

NO. OF PAGES 41 & iv REVISIONS DATEM
DATE REVY. BY PAGES AFFECTED! REMARKS

FDRM R 18-

bk A B Mo SR W m e




4 oy

m ROCKETIDYNE . A DIVISION OF NORTH AMERICAN AVIATION. INC.

FOREWORD

This report was prepared under G.0. 8466 and
Contract AF0L4(695)-306 to provide information

needed by the customer.

ABSTRACT

This report updates and supersedes Rocketdyne
report R-5108-1, dated 10 September 1963, and
presents specific performance data for indi-
vidual MA-2 and MA-5 booster, sustainer, and
vernier engines. These data can be used to

optimize vehicle trajectories.

R-5108-2 ii
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INTRODUCTION AND SUMMARY

The values presented on the following pages may be used in a variety of
situations, but are arranged to fulfill the customer‘s prime need for
accurate information to be used when calculating flight trajectories for

missiles powered by the Atlas MA-2 or MA-5 propulsion systems.

This report will be periodically updated to include new information for
overhauled and later production engines, Data presented are valid for
a given engine only if the final acceptance test date shown in the
applicable table agrees with the date recorded in the engine log book.

This acceptance test date will change if the engine has been overhauled.

DATA REDUCTION PROCEDURES

The over—all Atlas MA-2 and MA-5 data reduction procedures have not been
radically changed since the start of MA-2 engine production. Improvements
have been made in specific sustainer engine reduction procedure, but no
data reduction procedural changes have been made in the determination of
booster engine parameters  vernier engine parameters and sustainer LOX

regulator reference pressure.

Originally, the average of all data slices corrected to rated thrust and
mixture ratio for the engine acceptance tests (for engines up to and
including sustainer engine NA225165) were used. The unext change applied
to engines NA225166 to NA225172; the engine parameters were determined

for each acceptance test during which the sea level mixture ratio was closest
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to nominal, These parameters were then corrected to rated thrust and
mixture ratio. An average value was determined and reported for each
parameter. Paramecters for engines acceptance tested after MA-5 sustainer
engine NA225172 were determined by the data reduction procedures presented

in this report.

DATA REDUCTION COMPUTER PROGRAMS

Several changes have been incorporated into the computer programs used
for engine data reduction. PAST 210, 230, 251, 252, 254, and 255 incor-
porate significant advances in the state of the art over the original
MA-2 programs. Improved methods of calculating LOX density, theoretical
characteristic velocity, and theoretical thrust coefficient are included.
Nominal pump constants have been built into the new programs and aré not

required as input items,

Booster
PAST 251 changes format to accept input data from earlier computer
programs. PAST 252 simplifies the methad of inputing data_ PAST 254 ism

the unclassified version of PAST 252, PAST 255 involves a 330,000-pound-
thrust version of PAST 254,

Sustainer

PAST 210 (MA-2 engine) differs from PAST 230 (MA-5 engine) concerning the

type of mixture ratio controller installed on the engine.

H-5108-2 2
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PERFORMANCE DATA

All engine parameters in this report were determined through use of the
most recent data reduction computer programs and procedures. The appli-
cable data reduction computer program for each engine is shown in Table 1.
The applicable procedures for each type of engine are outlined below.
Variations between the engine log book and this report are attributable

to changes in data reduction procedures and computer programs.

BOOSTER

The reported values for a booster engine were determined by averaging
acceptance test values corrected te rated thrusi sud standard conditions.

This was done for all applicable performance demonstiration tests.

SUSTAINER

Except for LOX regulator reference pressure. the reported values for a

sustainer engine were determined in the following maaner:

1. Dala slices were selected fiowm all applicable demonstration
tests which displayed an engiue sea level mixture ratio of
2.2700 *0.1135.

2. Engine performance parameters corrected to rated thrusti and
wmixture rativ at standard coovditiovs were selected for all

above slices.

3. The wean value for engine parameters of each performance

demoustration test was calculated from item 2.

4. The mean values of applicable tests were averaged.

R-5108-9
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The value reported for LOX regulator reference pressure was determined

as follows:

1. Data slices were selected from each applicable performance
demonstration test which displayed an engine sea level

mixture ratio closest to nominal (2.27).

2. LOX regulator reference pressure corrected to rated thrust and
mixture ratio at standard conditions was selected for each

of the above slices.

3. The corrected values selected for the above slices were

averaged.
{_ VERNIER
The reported values for a vernier engine were determined by averaging
acceptance test values corrected to rated thrust and mixture ratio.
This was done for all applicuble performance demonstration tests.
MA-2 ENGINES
Table 2 presents engine serial numbers and tinal acceptance test dates

for MA-2 bouster engines. plus values for engine thrusi. mixture ratio.

specific impulse, and LOX regulator reference pressure.
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Table 3 presents engine serial numbers and final acceptance test dates

for MA-2 sustainer enginee, plus values for engine thrust, specific impulse,

and LOX regulator reference pressure.

The nominal mixture ratio for a

sustainer engine is defined as 2,27 by the model specification. Table 3

also includes the minimum LOX net positive

MA-2 sustainer engine duration capability;

values is presented later in this report.

Data concerning MA-2 vernier engines are not included in this report.

MA-5 ENGINES

Table 4 presents engine serial numbers and final acceptance test dates

for MA-5 booster engines, plus values for:

H-Hi08-2

Thrust

Mixture ratio

Specific impulse

LOX regulator reference pressure
No. 1 and No. 2 thrust chamber
a. LOX flowrate

b, Fuel flowrate

c. Injector end pressure

Gas generator

a. LOX flowrate

suction head and estimated

further discussion of these
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b. Fuel flowrate
c. Injector end pressure

7. No. 1 and No. 2 turbopump speed

Table 5 presents engine serial numbers and final acceptance test dates

for MA-5 sustainer engines, plus values for:

1. Thrust
2. Mixture ratio
3. Specific impulse
%, LOX regulator reference pressure
5. Thrust chamber
a. LOX flowrate
b. Fuel flowrate
c. Injector end pressure
6. Gas generator
a. LOX flowrate
b. Fuel flowrate
c. Injector end pressure
7. Turbopump speed
8. Minimum LOX net positive suction head

9. Estimated engine duration capability
Table 6 presents engine serial numbers and final acceptance test dates for

MA-5 vernier engines, plus the tank-fed and pump-fed injector end chamber

presaures to achieve rated thrust and mixture ratio.

R-5108-2 6
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TABLE 2

MA-2 BOOSTER PERFORMANCE DATA

Final Specific |LOX Regulator
Engine | Acceptance| Thrust, | Mixture | Impulse, Reference
! S/N Test Date| pounds Ratio | seconds |Preassure, psig Remarks
112031 8-24-58 309,000 2,286 251,32 566.6 Expended
112032| 10-2-58 309,000 2.265 253,10 567.0 Expended
112033 | 9-22-58 309,010 2.281 249,34 574.0 Expended
112034 | 9-9-58 308,990 | 2.267 253%.30 563.6 Expended
112035| 10-24-58 | 308,970{ 2.255 252,18 557.3 Expended
112036 9-12-61 308,910| 2.268 249,89 571.3 Expended
112037 11-24-58 | 309,040 2.276 252.87 541.0 Expended
112038 | 9-23-61 309,020 2.273 250,74 541.4 Expended
112039 ( 11-16-58 | 309,070 2.281 253,96 558.9 Expended
112040 | 1-1-59 309,000 2,262 250,51 572.4
112041 | 11-15-58 | 308,990| 2.272 252,24 566.9 Expended
112042 | 12-5-58 308,960 | 2.297 251,63 572.2 Expended
112043 | 11-28-58 | 309,030 2.275 251,02 576.2
112044 | 12-15-58 | 309,020 2.269 251,44 566.8 Expended
112045 12-10-58 | 309,000 2.262 250,81 567.8 Expended
112046 | 12-4-58 308,980 | 2,281 250,82 55004 Expended
112047 9-15-61 309,030 2.289 250,49 56304 Expended
112048 | 12-13-58 | 309,030 | 2.253 249.53 574.7 Expended
112049 | 12-17-58 | 309,000} 2.275 250.85 528.3 Expendec
1120501 12-3%0-58 | 30R.950) 2.986 251.50 545.7
112051 | 12-23-58 | 308,990 2.271 249,50 570.2 Expended
112052 1-2-59 308,990 | 2.275 249,63 565.3 Expended
112053 1-6-59 309,030 | 2.28Q 249.95 561,5
112054k 1-9-59 308,990 2,271 250,14 544.8 Expended
112055| 1-17-59 308,950 | 2,298 251.04% 545.9
112056 | 8-26-61 309,000 | 2,273 250,52 556, 0 Expended
112057 5-24-62 309,000 | 2,288 249.90 565.0
112058 2-2-59 308,950 | 2.276 250,95 555.6 Expended
112059 | 2-25-59 309,010 | 2.295 250.55 560,0
112060 | 3-4-59 309,000 2.253 251,51 537.0 Expended
112061 2-20-59 309,020 | 2.265 249.69 552.6 Expended
112062 | 2-28-59 308,980 | 2.285 250,22 580. 4 Expended

112063 | 3-25-59 | 308,980| 2,256 | 251,70 560, 4 N
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TABLE 2
(Continued)
Final Specific | LOX Regulator
Engine [Acceptance | Thrust, | Mixture | Impulse, Reference
S/N Test Date | pounds Ratio | seconds | Pressurc, psig| Remarks

.291 251.38 558.6 Expended
.254 250.26 560.1 Expended
.273 251.38 547.0 Expended
.268 249,91 556.8 Expended
.279 250 .44 554.9 Expended
.285 250.38 557.6 Expended

.277 | 250.29 551.7 Expended
.279 250.15 552.0
277 250.38 569.1
.268 252.42 562.2
.279 252.75 559.1
.292 249.84 557.9 Expended
.269 252.49 559.0 Expended

112064 | 3-30-59 309,000
112065 | 3-27-59 308,980
112066 | 3-18-59 308,970
112067 | 3-23-59 309,030
117068 | 3-27-59 309,030
112069 | 3-28-59 308,980

112070 | 3-24-59 308,590
112071 | 4-3-59 308,990
112072 | 11-27-62 | 308,994
112073 | 4-21-59 309,030
112074 | 4-7-59 308,980
112075 | 4-7-59 308,950
112076 | 4-27-59 309,010

2

2

2

2

2

2

2

2

2

2

2

2

2
112077 | 11-14-62 | 308,999 | 2.289 250.11 590.0
112078 | 5-6-59 308,980 | 2.287 250.59 572.5 Expended
112079 | 5-20-59 308,960 | 2.280 250.89 571.9 Expended
112080 | 5-1-59 309,030 | 2.297 250.98 576.9
112081 | 4-25-63 308,970 [ 2.283 250.29 573.9
112082 | 5-15-59 309,000 | 2.286 251.95 554.1 Expended
112083 | 5-21-59 309,000 | 2.273 251.40 567.4%
112084 | 7-2-59 309,000 | 2.276 252.06 567.2 Expended
112085 | 6-3-59 308,990 | 2.299 250.52 597.6 Expended
112086 | 6-4-59 309,000 | 2.270 251.7% 579.6 Expended
112087 | 6-10-59 309,040 | 2.285 249,40 570.9 Expended
112088 | 6~15-59 309,010 [ 2.292 250.19 569.5 Expended
112089 | 6-22-59 309,040 | 2.281 252 .26 559.7 Expended
112090 | 6-12-59 309,000 | 2.269 249.80 590.9 Expended
112091 | 6-22-59 308,960 | 2.300 249 .48 579.3 Expended
112092 | 6-25-59 308,980 | 2.300 251.69 562.6 Expended
112093 | 9-4-59 309,010 | 2.305 251.38 560.0 Expended
112094 | 7-7-59 309,020 | 2.27% 250.28 560.1 Expended
112095 | 7-17-59 309,030 | 2.3073 251.00 570.8 Expended
112096 | 7-22-59. | 309,000 | 2.28% 251.13 558.2
112097 | 7-15-59 309,000 | 2. 304 250 .48 56k.5 Expended
112098 | 7-27-59 309,000 | 2.300 251 .23 560.9 Expended

2.298 250.70 548.1

L}12099 7-28-59 309,020

>

R-5108-2
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TABLE 2
(Continued)
Final Specific{LOX Regulator
Engine | Acceptance |Thrust, | Mixture | Impulse,| Reference
S/N Test Date |pounds Ratio | seconds |Pressure, psig | Remarks

.280 250.76 568.4 Expended
.273 250.79 562.6 Expended
.283 250.67 573.5
.275 249.95 565.4
.297 250.44 555.7
.285 251,02 556.0 Expended
.291 250.67 567.4 Expended
.295 250.38 547.7
.293 251.33 568.4 Expended
295 251.11 | 556.6 Expended

.284 250.96 570.6
.260 | 251.54 553.7 Expended
.308 251.33 558.3
.264 252.12 5hh 4 Expended

112100 | 9-19-59 308,995
112101 | 7-30-59 308,999
112102 | 8-17-59 308,990
112103 | 6-28-61 308,970
112104 | 9-21-59 309,030
112105 | 8-25-59 308,990
112106 | 8-27-59 308,757
112107 | 9-1-59 308,970
112108 | 8-28-59 308,960
112109 { 9-2-59 309,010

112110 | 9-%-59 308,930
112111 | 9-9-59 309,010
112112 | 9-14-59 309,000
112113 | 9-21-59 308,910

NROONDNOOMNOONND DODOORODNONRNONOND DM ON DD D
N
®
N

112114 | 9-23-59 308,940 .291 252,24 570.6 Expended
112115 | 9-25-59 308,970 251.75 562.7
112116 | 9-29-59 309,000 .272 251.02 562.2
112117 | 10-5-59 308, 980 .297 251.19 551.0
112118 | 12-17-62 |308,953 .263 249,60 583.2
112119 | 10-1%-59 |309,020 .296 251.37 545.0 Expended
112120 | 9-25-62 309,028 .284 259.16 |  562.5 i
112121 | 1-28-63 309,004 .286 250.66 560.7
112122 | 10-28-59 |308,990 .270 250.53 552.8 Expended
112123 | 11-17-59 |309,010 .278 250. 64 553.6 Expended
112124 | 11-20-59 |309,010 .77 250.67 560.7 Expended
112125 [ 12-21-59 {309,000 .253 250.66 550.9

< 112126 { 12-30-59 |309,020 .255 251,01 549 .2 Expended
112127 | 1-4-60 309,000 .262 251.38 566.2
112128 | 1-7-60 309,020 .284 251.37 569.2
112129 { 1-11-60 308,990 .284 | 251,68 545.2 Expended

o ot Mt it S 10 BN kBl e s e e

v e
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TABLE 2
(Continued)
Final Specific]| LOX Regulator

Engine | Acceptance | Thrust, | Mixture | Impulse, Reference

S/N Test Date | pounds Ratio | seconds | Pressure, psig| Remarks
112130 1-14-60 308,930 ;] 2.253 | 251.85 544.1 Expended
112131 | 2-18-60 308,990 { 2.296 | 252,06 552. 4 Expended
112132 | 2-23-60 309,020 | 2,280 [ 251.77 558.0 Expended
112133 | 2-25-60 308,980 | 2.269 | 251.00 568.7 Expended
112134} 2-29-60 308,970 | 2.28% | 252.00 5444

112135 3-15-60 308,990 | 2.261 | 251.58 552. 4

112136 | 3-18-60 309,000 | 2.282 | 252.94 542.9

112137 | 3-22-60 308,960 2.282 | 252.85 529.3 Expended
112138 | 3-24-60 308,990 | 2.28% | 253.30 554. 6

112139 | 3-29-60 309,020 | 2.273 | 252.81 5h0.0 Expended
112140 | 4-25-60 308,960 | 2,282 | 251.91 536.9 Expended
112141 | 4-27-60 309,010 2.254 | 251.48 548.9 Expended
112142 | 4-26-60 309,000 2.287 | 252.87 545.8 Expended
112143 | 5-2-60 308,920 2.293 | 251.76 528.1 Expended
112144 | 5-10-60 309,000 | 2.284% | 252.13 533.0 Expended
112145 5-13-60 308,990 2,264 | 252.29 559.8 Expended
112146| 6-28-60 309,000 | 2.279 | 253.22 550.3 Expended
112147 6-30-60 308,940 | 2,273 | 251.44 555.5 Expended
112i48 | 7-5-60 308.960| 2.278 | 252,15 555.2 Expended
112149 | 7-8-60 1 308,980 2,268 | 252.51 Skl i
114150 b-l.‘ugn l ‘j'JL,;vv Lokt ) Ll T :::.: L,-....-.-
112151 8-16-60 309,000 | 2.282 | 251.34 555. 4

112152 8-23-60 309,040 | 2.302 | 252.32 530. 4 Expended
112156 | 10-17-60 | 308,940 | 2,280 | 251.29 546, 4 Expended
112157 | 10-31-60 | 309,050 | 2,270 | 252.53 542. 4 Expended

-t
-t
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TABLE 2
(Continued) .
Final Specific | LOX Regulator

Engine |Acceptance | Thrust, | Mixture | Impulse, Reference

S/N Test Date | pounds Ratio | seconds | Pressure, psig| Remarks
112501 | 12-2--59 | 308,960 | 2.290 | 250.52 549.4 Expended
112502 12-11-59 | 308,910 | 2.264 |252.08 538.2 Expended
117001 3-7-61 308,980 | 2.264 | 251.32 542.0

117002 | 4-6-61 308,980 | 2.272 | 251.09 563.7 Expended
117003 { 3-15-61 308,970 | 2.268 ]251.41 553.4 Expended
117004 | 4-12-61 508,970 2.276 | 250.58 546.5 Expended
117005 4-20-61 309,000 | 2.289 | 251.71 534.2 Expended
117006 | 5-6-61 309,010 | 2.283% | 251.61 542.6 Expended
117007 | 5-22-61 309,980 | 2.259 | 250.84 540.4 Expended
117008 5-12-61 309,010 2.281 251.77 545.1 Expended
117009 | 6-23-61 309,030 | 2.299 | 251.25 553.1

117010 | 7-12-61 308,960 | 2.292 |251.29 580.7 Expended
117011 9-18-61 309,030 | 2.273 | 252.13 © 554.3

117012 | 10-19-61 |309,0%0 | 2.278 |253.05 561.4 Expended
117013 10-21-61 308,960 | 2.300 |251.43 570.3

117014 12-9-61 309,050 | 2.276 |251.29 573.0

117015 12.27-61 3e0,mn b 2 008 ,250.67 565.9

117016 | » = 7~ 00,990 | 2.202 Iz-gl.oz l 6" o

117017 | 3-27-6z ooy 220 3 2 900 Loso I P Expended
117018 | 4-5-62 309,050 | 2.281 250.67 571.9 Expended
117019 | %-30-62 309,010 | 2.29% | 250.88 569.2
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TABLE 3

MA-2 SUSTAINER PERFORMANCE DATA

LoX Minimum [Estimated
Regulator | LOX Net Engine
Final Specific| Reference | Positive | Duration

Engine | Acceptance| Thrust,| Impulse,| Pressure, | Suction |Capability

S/N Test Date| pounds | seconds psig Head, feet | seconds Remarks
222031 | 8-24-58 57,000 214.9% Expended
222032 | 9-9-58 57,000 215 9% 299 Expended
222033 | 9-22-58 57,000 214 O* Expended
222034 5-6-62 57,000 214,72 823 27 297 Expended
222035 | 10-2-58 57,000 214 9% Expended
002036 | 11-13-58 | 57,000 214 9% Expended
222037 | 11-28-58 | 57,000 214 9% Expended
222038 10-24-58 57,000 214.9% Expended
222039 | 6-14-60 57,000 214 ,.9% 800 23 297
222040 | 9-13-60 | 57,000 | 214.9% 293 Expended
222041 | 11-15-58 | 57,000 214, 9% Expended
222042 | 3-8-60 57,000 214 .9% 310 Expended
222043 | 3-4-60 57,000 214 9% 299 Expended
222044 | 12-4-59 57,000 214 .9% Expended
222045 12-15-58 57,000 214 9% Expended
222046 | 12-18-58 | 57,000 214.9% 818 28 309
222047 | 12-20-58 | 57,000 214 9% Expended
222048 12-19-58 57,000 214 9% Expended
222049 12-12-58 57,000 214 .9% Expended
222050 | 12-31-58 | 57,000 214 .9% Expended
222051 1-6-59 57,000 214 ,9% Expended
222052 1-9-59 57,000 214 9% 797 25 312
222053 | 1-16-59 57,000 214 9% 786 25 305
222054 1-15-59 57,000 214 9* Expended
222055 1-17-59 57,000 214 .9* 784 24 316
222056 8-19-61 57.000 214,64 799 28 302 Expended
222057 10-20-61 57,000 215.19 781 2k 310 Expended
222058 | 3-7-59 57,000 214 g% Expended
222059 | 2-10-59 57,000 214, 9% Expended

*Engine hot fired with thrust system bias.

assumed,

R-5108-2

Nominal sea level specific impulse
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u ROCKETDYNE . A DIVISION OF NORTH AMERICAN AVIATION. INC.

TABLE 3
(Continued)
LOX Minimum Estimated
Regulator | LOX Net Engine
Final Specific | Reference | Positive | Duration
Engine | Acceptance| Thrust,| Impulse, | Pressure, | Suction Capability,
s/N Test Date| pounds | seconds psig Head, feet | seconds Remarks
220060 2-11-59 57.000 214 9% 793 28 293
222061 | 3-14-59 57,000 214 9% Expended
202062 3-16-59 57,000 214 9% Expended
292063 | 3-24-59 57,000 | 214 9% 826 13 302
222004 | 3-21-59 57,000 214 9% 787 26 301
222065 | 3-10-59 57.000 214 9% Expended
222066 | 4-13-59 57,000 214 .9% Expended
222067 3-20-59 57,000 214 9% Expended
222068 | 3-28-59 57.000 214k 9% Expended
222069 [ 4-16-59 | 57,000 214 9% Expended
222070 3-31-59 57,000 214 9% Expended
222071 12-22-62 | 57,000 215.33 810 25 312
222072 | %-10-59 57,000 214 . 9* 794 27 305 Expended
222073 9-15-61 57,000 213.21 787 25 293
222074 7-8-63 57,000 215,60 865 13 317
2220751 4-23-59 57,000 214 9% -| Expended
222076 | 4-14-59 57,000 214 .9% Expended
222077 | 10-18-62 | 57,000 214,68 836 29 298
222078 | 4-22-59 57,000 214 9% 776 24 Expended
222079 | 4-24-59 57,000 214 9% Expended
222080 5-30-59 57,000 214 9% 326 Expended
222081 5-25-59 57,900 214 9% 821 28 314
222082 | 4-29-59 57,000 214 9% Expended
222083 | 8-12-62 57,000 214.57 840 28 330
222084 | 5-6-59 57,000 214 9% Expended
222085 | 5-11-59 57,000 214 9% Expended
222086 5-13-59 57.000 214 9% Expended
222087 12-4-62 57.000 214,02 825 29 316
222088 6-5-59 57,000 214 9% : Expended
222089 6-4-59 57,000 214 9% 84k 27 335 Expended

e - . -

*Engine hot fired with thrust system bias. Nowinal sea level
specific impulse assumed.
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n ROCKETDYNE . A DIVISION OF NORTH AMERICAN AVIATION. INC.

TABLE 3
(Continued)
Lox Minimum Estimated
Regulator | LOX Net Engine
Final Specific | Reference | Positive |Duration
Engine | Acceptance | Thrust, | Impulse, | Pressure, | Suction fLapability,

S/N Test Date | pounds |seconds psig Head, feet | seconds Remarks
222090 [ 6-10-59 57,000 21%.9* Expended
222091 | 6-15-59 57,000 214 9% Expended
222092 | 6-16-59 57,000 214 9% Expended
222093 | 6-24-59 57,000 214 9% Expended
222094 | 7-17-59 57,000 214 .9% 340 Expended
222095 7-16-59 57,000 214 9% 313 Expended
222096 | 9-17-59 | 57,000 | 214.9% Expended
222097 | 7-20-59 57,000 214 .9% 830 25 322
222098 | 7-23-59 57,000 214 9% Expended
222099 | 8-24-62 57,000 214.90 850 25 300 Expended
222100 | 7-27-59 57,000 21, 9% 315 Expended
222101 7-29-59 57,000 214 9% 325 Expended
222102 | 9-22-59 57,000 214 .9* 810 28 333
222103 10-9-61 57,000 214 42 822 30 325
222104 [ 9-9-62 57,000 214 .14 821 30 294
222105 | 9-8-59 57,000 214.9% 327 Expended
222106 | 8-25-59 57,000 214, 9% Expended
222107 | 2-14-63 57,000 213,84 815 25 299
222108 9-15~-59 57,000 214 9% Expended
222109 | 10-2-59 57,000 214, 9¥ Expended
222110 10-30~59 57,000 214 9¥* 822 25 312
222111 10-2-59 57,000 214 9% Expended
222112 10-6-59 57,000 214 9% 844 25 325
222113 10-14-59 | 57,000 214 9% 807 26 318
202114 10-16-59 | 57,000 214.9% Expended
222115 11-10-59 | 57,000 214 9% Expended
222116 10-23-59 | 57,000 214, 9% 818 25 294
222117 10-28-59 | 57,000 214 9% 808 27 299
222118 7-14-61 57,000 215.38 845 25 304
222119 11-11-59 | 57,000 214 g% Expended

*Engine hot fired with thrust system bias.
Nominal sea level specific impulse assumed.

=
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t m ROCKETDYNE . A DIVISION OF NORTH AMERICAN AVIATION. INC.

TABLE 3
(Continued)
LOX Minimum Estimated
Regulator | LOX Net Engine
Final Specific | Reference | Positive | Duration
Engine | Acceptance | Thrust,| Impulse, | Pressure, | Suction [Capubility,

S/N Test Date | pounds | seconds psig Head, feet| seconds Remarks

222120 11-2-62 57,000 215.87 830 13 309
222121 10-17-59 | 57,000 214 9% Expended
222122 | 12-16-59 | 57,000 214, 9% 821 25 304 Expended
222123 | 12-14-59 | 57,000 214, 9% Expended
222124 12-16-59 | 57,000 214 9% Expended

222125 | 12-18-59 | 57,000 214 9% 842 27 309
202126 | 1-6-60 57,000 214.9% Expended

222127 | 1-7-60 57,000 214, 9% 814 28 304

222128 | 2-12-60 57,000 214, 9% 822 30 298
'S 222129 | 1-28-60 57,000 214 9% Expended
.- 222130 | 2-16-60 | 57,000 | 214.9% Expended
222131 11-21-62 | 57,000 213.59 869 29 295 Expended

222132 | 1-29-63 57,000 212,91 856 28 288
222133 | 3-11-60 57,000 214 9% Expended

222134 3-7-60 57,000 214 9% 850 25 289

222135 2-2k-60 57,000 214 9% 838 26 295

222136 | 3-17-60 57,000 214 9* 828 24 298

222137 | 3-23-60 57,000 214, 9% 843 26 30k

222138 3-25.60 57,000 214 9% 852 30 305
222139 5-4-60 57,000 214 9% Expended
222140 | 4-6-60 57,000 214 9% Expended
222141 4-14-60 57,000 214 9% Expended
222142 | 4-15-60 57,000 214 9% Expended
000143 | 5-5-60 57,000 | 214.9% Expended
2202144 5-18-60 57,000 214 .9% Expended
202145 6-2-60 57,000 214 9% Expended
202146 | 6-3-60 57,000 214 ,.9% Expended
202147 | 6-22-60 57,000 214, 9% Expended
220148 | 8-11-60 57,000 214 9% Expended

222149 1-30-62 57,000 213.96 836 26 298

*Engine het fired with thrust system bias.
Nominal sea level specific impulse assumed.
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i n ROCKETDYMNE . A DIVISION OF NORTH AMER|{CAN AVIATION, INC.

TABLE 3
(Continued)
LOX Minimum Estimated
Regulator | LOX Net Engine
Final Specific| Reference| Positive | Duration
Engine | Acceptance | Thrust,| Impulse,| Pressure, Suction |Capability,

S/N Test Date | pounds | seconds psig Head, feet| seconds Remarks
222150 8-3-60 57,000 214, 9% Expended
222151 | 8-9-60 57,000 21%,9*% 847 26 306
222152 8-25-60 57,000 214, 9% Expended
222156 | 10-20-60 | 57,000 214,9% Expended
222157 [ 10-24-60 | 57,000 214.71 806 26 306 Expended
222501 | 11-13-59 | 57,000 214,9% Expended
222502 | 12-8-59 57,000 214,9% 836 30 303
227001 | 2-28-61 57,000 214,23 820 25 333
227002 | 3-8-61 57,000 214,22 831 24 304 Expended

g~ 227003 | 4-10-61 57,000 214,67 829 26 320 Expended
i, 227004 | 5-3-61 57,000 215.46 825 27 303 Expended
227005 [ 4-5-61 57,000 213.18 821 13 301 Expended
227006 | 4-27-61 57,000 214.68 834 13 314 Expended
227007 5-17~-61 57,000 214.86 825 12 314 Expended
227008 | 5-19-61 57,000 215.58 829 11 304 Expended
227009 | 6-22-61 57,000 | 213.26 836 14 303
227010 | 7-26-61 57,000 214,27 835 14 278
227011 9-1-61 57,000 215.29 831 14 303
227012 | 10-14-61 57,000 215.62 805 15 321
227013 | 11-2-61 57,000 214,19 828 14 303
227014 | 12-17-61 | 57,000 215.12 819 14 294
227015 | 2-19-61 57,000 215.62 846 11 297
227016 | 1-25-62 57,000 213.71 820 14 291
227017 | 2-27-62 57,000 214 .85 833 11 301 Expended
227018 | 5-2-62 57,000 213.73 834 13 310 Expended
227019 | 5-21-62 57,000 214,71 815 14 305

*Engine hot fired with thrust system bias,
Nominal sea level specific impulse assumed.
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MA-5 BOOSTER PERFORMANCE

TABLE %

No. 1 Thrust Chamber
LoX
Final Regulator { LOX Fuel Injector
Acceptance Specific | Reference | Flow~ | Flow- End
Engine Test Thrust, | Mixture | Impulse, { Pressure, | rate, | rate, | Pressure,
S/N Date pounds | Ratio seconds psig 1b/sec | 1b/sec psia
112116% | 10-23-59 | 309,004 | 2.272 251.02 562 .2 426.7 | 179.3 542 4
112149% { 7-8-60 308,986 | 2.267 252,51 548.0 %17.65{ 175.1 540.7
112151% | 8-16-60 309,014 | 2.283 251.34 553.1 421.3 | 176.1 537.0
112156%* | 10-17-60 | 309,017 | 2.280 251,29 546.4 422 .9 {178.4 544 2
115101 | 9-~23-60 306,016 | 2.7300 251.46 554.6 4249 {175.9 545.7
115102 | 9-22-60 308,970 | 2.278 251.26 539.0 26,7 }176.5 540.8
115103 | 12-21-60 | 309,023 | 2.301 251.70 540.5 420.9 [ 176.% 547.5
115104 | 11-30-60 | 309,020 | 2.265 251.69 541.8 420.6 | 177.2 Stl. b
115105 | 12-6-60 308,990 | 2.261 251.40 547.8 424.6 | 179.0 550.5
115106 | 1-4-61 309,021 | 2.275 251.50 551.5 k24.3 | 179.4 547.4
115107 | 1-31-61 309,054 | 2.278 251.84 547.9 423.0 | 178.7 544 .8
115108 | 2-6-61 309,020 | 2.267 251,56 555.6 424.,9 | 179.7 546.2
115109 | 2-21-61 309,022 | 2,268 251.93 561,0 423.6 | 178.5 546.5
115110 | 2-27-61 308,998 | 2.280 251.60 561.6 423.9 |{177.9 541.3
115111 | 3-2-61 308,993 | 2.265 251,04 563.9 422 .6 |179.6 544.3
115112 | 4-23-61 308,972 | 2.260 251.86 547.7 517.3 1 177.4 535.5
115113 | 4-25-61 309,019 | 2.282 251.15 542 .1 526.8 |179.1 538.9
115114 | 5-27-61 309,039 | 2,267 251.18 554.1 422.0 |179.1 54k .6
115115 | 6~5-01 309,027 | 2,272 250.96 550.6 520.9 | 177.7 5%4.7
115116 | 5-24-63 1 308,994 | 2,972 | 269.8% | 555.1  |u25.2 |182.7 | s5u6.6
115117 1§ 6-11-63 308,995 | 2.268 | 249.99 552.4 528.0 |178.1 565.5 | 4224
115118 | 7-21-61 309,050 | 2.302 252.29 563.9 322 .k | 174.6 541.3% 425.0
115119 | 6-19-63 309,054 | 2.280 250.63 561.3 K25 .48 | 178.1 543 & 4250
115120 10-18~63 308,952 | 2,264 250,34 575.2 426.2 |179,0 547.8 4230
115121 8-23-61 309,005 | 2.283 252,13 560.7 4240 }176.0 551.6 421.9
115102%% 9_5.063 309,042 | 2.359 250 . 42 578.2 430.2 |174.6 548 .G 430.0
115123 3-1-03 308,910 | 2.275 250.40 584 .9 420.7 |179.8 Sl 1 429 4
115124 2-14-03 309,028 ; 2,289 250.54 589.0 433.9 180.5 553.3 h17.7
¥MA-2 nsed for space application

R-5108-2

**Predicted engine performance data, reorificed for a mixture ratio of 2,359




TABLIE &

Iril!. ROCKETIFVINIE * A DIVISION

MA-5 BOOSTER PERFORMANCE DATA

FOLZERLY T RRY . Y

L

ICAN AVIATION.

INC.

No. 1 Thrust Chamber No. 2 Thrust Chamber Gas Generator
LOX Fuel Injector LOoX Fuel Injector LoX Fuel Injector No. 1 No. 2
Flow- | Flow- End Flow- | Flow- End Flow- Flow- End Turbopump | Turbopump
rate, | rate, | Pressure,| rate, | rate, | Pressure,| rate, rate, |Pressure, Speed, Speed,
1b/sec | 1b/sec psia 1b/sec 1b/sec psia 1b/sec 1b/sec| psia rpu rpm Rewarks
6.7 |179.3 542 .4 421.6 | 178.1 539.6 6.41 18.91 571.9 5989 6108
417.65 | 175.1 540.7 425.1 | 179.% 550.1 6.40 20.04 470.1 60737 6124
421.3 |176.1 537.0 427.4 }179.6 550.2 6.23 18.91 460.6 6064 6226
4522.9 |178.4 54k4.2 425.4 |177.9 546.2 6.39 18.63 564.9 5995 6152
42k .9 1175.9 545.7 4251 |177.9 5L6,4 6.39 18.86 465.0 6061 6509
426.7 |176.5 540.8 421,7 |180.9 548.4 6.14 17.84% 456.5 6034 5986 Expended
420.9 |(176.4 547.5 428.6 | 177.2 551.3 6.24 18.36 463.2 6093 6133 Expended
40.6 |[177.2 54k .4 424%.8 |180.2 549 . 4 6.32 18.71 465.1 6072 6087 Expended
4hL.6 [179.0 550.5 421.6 | 179.5 547.9 6.19 18.53 467.6 5986 6095 Expended
42L.3 | 179.4 54%7.4 422.8 | 176.1 546.9 6.37 19.72 470.5 6024 6052 Expended
423.0 |178.7 544.8 4234 |176.8 545.6 6.44 18.88 466.4 6084 6015 Expended
424.9 |[179.7 546.2 ¥21.1 |177.5 544.5 6.42 18.84 466.2 6185 6063 Expended
423.6 1178.5 546.5 421.2 |177.8 545.9 6.48 19.13 476.1 6111 6070 Expended
423.9 |[177.9 541.3 423.4 | 177.2 LLYRY 6.48 19.2% 472.7 6108 6094 Expended
422 .6 |179.6 544.3 5247 1178.3 547.9 6.47 19.20 477.9 6081 6128 Expended
417.3 | 177.% 535.5 426.8 |180.2 546.0 6.27 18.78 463.3 6090 6104 Expended
426.8 |179.1 538.9 5224 1177.3 537.8 6.30 18.62 oL .7 6055 6029
422.0 (179.1 54k.6 425.3 | 179.% 546.8 6.37 18.21 467.4 6102 6093 Expended
| 420.9 | 177.7 534.7 427.8 | 180.5 550.3 6.31 18.11 462.0 6049 6120 Expended
425.2 1182,7 546,6 427.1 | 177.2 545.8 6.36 18.27 467.9 6021 6149
g 4290 [178.1 545.5 422 4 | 181.9 542,8 6.32 18.26 460,1 6098 6030
% 422 4 174.6 541.3 425.0 178.0 552.3 6.62 18.41 479.3 6050 6061 Expended
| aos.n [178.1 | sus.n w50 |179.9 | su7.5 | 6.7s | 17.9 | 4s6.1 6039 6080
4262 [179.0 547.8 k23,0 |(180.7 547,1 6,74 18,43 489.,3 6127 6138
425 .0 1176.0 541.0 421.9 |179.2 550.2 6.47 18.10 475.2 6036 60673 Expended
430.2 | 174.6 548,06 430.0 | 174.3 546,7 6.47 18.34 | 492.7 6050 6021  |Expended
420 .7 179.8 Ghh, 1 529 4 178.1 552.3 6.81 18.89 490.8 6102 6113
433.9 180.5 553.3 4§17.7 176.1 539.2 6.80 18.07 594 .4 6139 6061 Ixpended

X ture

raltio of 2.7359
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TABLE 4
(Continued)
No. 1 Thrust Chamber
LoxX
Final Regulator | LOX Fuel Injector
Acceptance Specific |Reference | Flow- | Flow- Fnd | F
Engine Test Thrust, | Mixture |Impulse, |Pressure, | rate, | rate, |Pressure,| r
S/N Date pounds Ratio seconds peig 1b/sec| 1lb/sec psia 1
115125 | 1-22-63 308,999 | 2.275 251.62 595.9 432,5 | 178.6 550.0 L
115126 |2-4-63 308,970 | 2.267 250,66 585.7 424.3 | 178.2 545.4 4
115127 | 11-9-61 309,000 | 2.287 250.98 581.8 426.0 | 178.2 542.1 4
115128 |2-25-63 308,988 | 2.279 250,29 579.2 426.3 | 176.3 544.1 4
115129 |6-14-63 |308,993 | 2.276 | 251.07 | 577.1 495.2 | 181.6 547.4 | &
115130 | 6-7-63 308,957 | 2.302 250,05 | 580.3 426.2 | 177.% 5449 | &
115131 | 12-13-61 | 308,987 | 2.289 251.21 570.5 423 .4 | 180.3 544 .7 4
115132 | 1-4-62 308,976 | 2.294 251.45 572.0 428.1 | 177.4 549.1 Y
115133 | 1-29-62 308,996 | 2.286 251.89 550.7 426.4 | 177.4 548.2 4
115134 | 2-2-62 308,960 | 2.282 252.01 573.3 422.8 | 177.8 548.2 4!
115135 | 3-4-62 309,039 | 2.268 250.77 554.1 425,1 | 179.2 548.4 !
115136 | 3-13-62 309,022 | 2.261 250.31 566.1 423.8 | 178.9 545.0 4
115137 | 3-15-62 308,995 | 2.291 250.61 565.5 425.1 | 178.3 548.6 {
115138 | 3-20-62 308,965 | 2.279 250.95 573.1 420.2 | 176.9 544.6 4
115139 | 3-23-62 309,018 | 2.260 250.73 569.8 421.7 | 180.2 545.8 i
115140 | 3-27-62 309,018 | 2,295 250,41 570.9 431.4 | 179.6 553.7 $
115141 | 4-21-62 308,959 | 2.267 250.07 582.1 425.3 | 179.4 546.3 4
115142 | 4-25-62 308,954 | 2.272 250,10 570.2 426.5 | 178.8 547.2 4
115143 | 5-7-62 309,018 | 2,287 251.14 550.1 420.8 | 177.1 541.5 4
115144 | 5-25-62 308,971 | 2.268 250.50 565.3 422.1 | 178.5 541.4 $
115145 | 5-16-62 308,983 | 2.280 250.72 561.8 4231 | 178.2 539.1 <
115146 |5-22-62 |308,995 | 2.277 | 250.78 | 564.4 423.7 | 177.7 543,7 | &
115147 | 6-7-62 308,993 | 2.286 251.30 562.3 425.3 | 177.2 547.9 4
115148 | 6-12-62 309,004 2.274 249 .88 564.9 424 .0 178.2 539.8 U
115149 | 7-12-62 309,022 | 2.274 249.70 563.1 425.2 | 180.9 545.2 LY
115150 | 7-14-62 308,989 | 2.286 250,57 560.6 425.2 | 179.3 542.0 4
115151 | 7-18-62 308,977 | 2.273 248.85 569.5 427.7 | 180.7 541 .4 K
115152 8-2-62 309,000 2.278 250.80 559.9 423 .2 179.1 542.8 4
115153 8-8-62 308,972 2.269 249 52 558.3 525.6 180.3 543.3 4
115154 9-8-062 308,983 2.291 249 .91 564.5 426,2 179.7 541.5 s

R-5108-2




“ ROCKETIDWYNE e A DIVISY

TABI‘E 4 AMERICAN AVIATION. INC.
(Continued) ‘
No. 1 Thrust Chamber No. 2 Thrust Chamber Gas Generator
Lox Fuel Injector 1LoxX Fuel Injector Lox Fuel Injector No. 1 No. 2
Flow- | Flow- End Flow- | Flow- End Flow- Flow- End Turbopump | Turbopump
rate, | rate, |Pressure, | rate, | rate, |Pressure,| rate, rate, |Pressure, Speed, Speed,
1b/sec| 1b/sec psia 1b/sec | 1b/sec psia 1b/sec 1b/sec| psia rpm rpm Remarks
432,5 | 178.6 550.0 413.5 | 176.5 540.7 7.02 19.95 505.5 6145 6035
4243 | 178.2 545.4 424.3 | 180.4 551.7 6.81 18.67 493.7 6103 6155
426.0 | 178.2 542.1 423.9 | 177.7 543.9 6.82 18.71 489.2 6059 6001 Expended
426.3 | 176.3 54%4.1 424 .8 | 181.2 554.0 6.87 19.01 592.0 6074 6079
425.2 | 181,6 547 .4 4231 | 175.0 542,1 6.80 18.08 48%.8 6101 5963
£26,2 | 177.% 544.9 1 498.3 | 177.7 546.6 | 6.9% 19.06 | 4912 6105 6028
423.4 | 180.3 S54h.7 426.1 | 175.6 550.2 6.45 18.11 473.6 6063 6029 Expended
428,1 | 177.% 549.1 421.1 | 176.5 544 .7 6.63 19.12 479.2 6098 6023 Expended
26,4 | 177.4 548.2 420.4 | 176.8 545.7 6.57 19.14 475.8 6080 5992 Expended
422.8 | 177.8 548.2 423.0 | 176.4 S5k .7 6.64 19.34 482.0 6110 6043 Expended
425.1 | 179.2 548.4 423.7 | 179.7 547.0 6.43 18.67 476.9 6075 6087 Expended
423.8 | 178.9 545.0 425.6 | 181.1 551.1 6.63 18.74 481.1 6099 6130 Expended
425,1 | 178.3 548.6 426.7 | 177.8 546.1 6.42 18.64 475.6 6052 6051 Expended
420.2 | 176.9 544 .6 429.0 | 180.0 551.5 6.61 18.65 482.2 6067 6127
421.7 | 180.2 545.8 426.2 | 178.9 549.2 6.57 18.94% 486.7 6110 6113 Expended
431.4 | 179.6 553.7 421.5 | 176.0 538.0 6.67 18.98 492.9 6126 6009
425.3 | 179.4 546.3 425.3 | 179.1 546.2 6.66 19.7 491.3 6159 6129 Expended
426.5 | 178.8 547.2 424.,7 | 179.2 545.4 6.56 19.54 486 .4 6119 6074
520.8 | 177.1 541.5 428.9 | 178.0 547.7 6.39 19.32 4567.4 6048 6000
422.1 | 178.5 S541.4 427.3 | 179.8 548.4 6.53 19.19 477.9 6096 6075 Expended
4231 | 178.2 539.1 427.1 | 178.3 545.7 6.47 19.32 473.2 6090 6030
423.7 | 177.7 543.7 425.9 | 178.8 S5hh.7 6.51 19.46 477.9 6075 6037
§25.3 | 177.2 547.9 423.6 | 177.9 543.1 6.46 19.17 475 .4 6094 6006 Expended
k240 178.2 539.8 428.3 180.0 548 .4 6.62 19.56 477.4 6108 6069 Expended
425.2 | 180.9 545.2 427.8 | 178.3 547.8 6.58 18.86 476.9 6107 6066 Expended
525 2 179.3 542.0 426.2 177.0 547.0 6.53 18.95 472 .2 6077 6046 Expended
K277 180.7 5451 .4 428.0 179.5 549 .4 6.63 19.08 482.0 6114 6015 Expended
K230 179.1 542 .8 426.5 177.8 550.2 6.53 18.93 §75.2 6065 6038
§25.0 | 180.3 543.3 | 427.3 | 179.5 549.8 | 6.57 18.92 | 474.6 6073 6049
26,2 179.7 541.5 428.0 176.8 551.6 655 19.12 477.7 6103 6030 Expended
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TALLE &
: (Continued)
¥
\ !
No. 1 Thrust Chamber
Lox
Final Regulator | LOX Fuel Injector i
lAcceptance Specific | Reference | Flow- | Flow- End Fl
Engine Test Thrust, |Mixture | Impulse, | Pressure, | rate, rate, |Pressure, | rg
S/N Date pounds Ratio seconds psig 1b/sec| 1b/sec psia 1y

115155 | 9-13-62 | 308,972 | 2.259 | 250.68 553.2 20,4 | 177.1 535.1 | 42
115156 | 9-15-62 | 308,992 | 2.297 | 251.21 553.5 4522 4 | 176.6 539.6 42
115157% 1 9-17-62 308,975 | 2.359 | 251.09 543.7 428.7 | 173.4 541.4 | 49
115158 | 9-28-62 308,998 | 2.269 | 249.57 | 570.6 430.5 | 180.9 548.4 | 42
115159% | 10-31-62 { 309,035 | 2.350 | 248.43 555.2 432.5 [ 175.0 539.4 |43
115160 } 11-13-62 | 308,994 | 2.267 | 250.55 570.3 427.7 1 180.5 543.9 | 42
115161 | 1-15-63 | 308,992 | 2.291 | 251.75 552.9 427.% | 178.2 543.2 | 42
115162 | 12-10-62 | 308,95% | 2.292 | 250.12 566.6 428.9 | 175.8 545.,2 | 42
115163 | 1-18-63 | 308,993 | 2.269 249,08 | 5355.0 4286 | 179.4 547.3 | 42
115164 | 1-25-63 | 309,002 | 2,289 249,94 542.0 503.6 | 177.7 561,7 | 43
115165 | 2-6-63 308,995 { 2,261 250,06 543.8 4226 | 178.6 543,k 4
115166 | 11-19-62 | 308,985 | 2.272 | 249.38 | 565.6 427.8 | 179.% 545.4 | 49
115167 | 2-7-63 308,997 | 2.281 | 250.9% | 560.5 425.9 | 177.6 543,7 | 42
115168 | 8-28-63 | 329,996 | 2.260 | 251.79 | 622.3 4¥55.4% | 188.7 582.1 Ll
115169 | 4-1-63 309,006 | 2,291 249,82 | 543,2 524 6 | 176.8 540,7 | 42
115170 | 4-23-63 308,968 | 2.289 250,26 547,2 25,5 | 177.3 543,5 42
115171 | 5-22-63 | 309,00k | 2,256 250,68 | 567.% 423,6 | 179,k 543.9 | 4
115172 | 5-20-6% 309,032 | 2,268 249,82 546.6 525,0 | 179.4 5436 42
115173 | 7-9-63 329,963 | 2.200 | 252.35 | 623.0 449.5 | 186.1 572.3 | 45
115174 | 7-10-63 | 326,994 | 2.244 252,67 653.2 43,1 ] 191.7 576.0 | 45
115175 | 8-2-63 330,03k | 2,260 251,80 635.8 452,6 | 189.1 576.% | hk
115176 | 8-7-63 329,998 | 2,290 251,81 642,6 446,3 | 187.9 572.8 45
115177 | 9-3-63 330,081 | 2,266 252,93 637.9 448,2 | 189.2 575.8 | 4k
115178 | 9-5-63 329,974 | 2,267 252,22 643.9 450.6 | 188.3 576.1 | hk
115179 | 10-16-63 | 329,95% | 2.272 | 252.65 | 639.2 452,% | 189,7 581.3 | 44
115180 | 10-7-63 330,020 | 2,264 253.89 622,.6 446,1 | 190.5 573.4 ik
115181 | 10-9-63 330,000 | 2,302 252,96 625,2 45,3 | 187.0 5744 | 45
115182 | 10-18-63 | 329,952 | 2,272 252,70 640,1 52,4 | 189.7 581.3 | hhl

*¥Predicted engine performance data, reorificed for a mixture ratio of 2.359.
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TABLE &
(Continued)
No. 1 Thrust Chamber No. 2 Thrust Chamber Gas Generator
| X Fuel Injector LoxX Fuel Injector Lox Fuel Injector No. 1 No. 2
| Flow- | Flow- End Flow- | Flow- End Flow- Flow- End Turbopump { Turbopump
| rate, rate, Pressure, | rate, rate, Pressure, | rate, rate, [Pressure, Speed, Speed,
| 1b/sec lb/sec psia 1b/sec lb/sec psia 1b/sec 1b/sec| psia rpu rpm Remarks
4204 | 177.1 535.1 | 427.5 |181.7 55k.6 | 6.49 19.4% | 476.5 6022 6073
492 4 | 176.6 539.6 | 428.1 |177.0 553.2 6.49 19.%6 | 475.1 6038 6028
528.7 | 173.4 541.% | 429.1 | 173.5 551.3 | 6.45 19.30 | 471.2 6023 5879
430.% | 180.9 548.% | 422.3 | 177.5 549.6 | 6.67 20,32 | 491.8 6G53 6126 Expended
432.5 {175.0 539.4 | 43k.% [175.8 550.0 | 6.45 19.39 | 466.5 6004 6017 Expended
£27.7 | 180.5 543.9 | 421.% |[178.0 543 .2 6.67 19.00 | 475.6 6146 6079
57,5 | 178.2 543.2 | 420.5 |175.9 544.6 | 6.54 18.96 | 47:.3 6048 6014
1498.9 | 175.8 564.2 | 424.5 | 179.8 548.6 | 6.66 19.70 | 481.7 6134 6096 Expended
498.6 | 179.4% 547.3 | 425.2 | 180.4 54%.9 6.87 19,5% | 476.0 6001 6044
523,.6 | 177.7 541.7 430.3 | 179.7 546.7 6.50 18.47 473.7 6016 6620 Expended
4926 | 178.6 543.% | 427.5 | 182,0 54k,8 | 6.43 18,34 | 468.5 6042 6025
5497.8 | 179.% 545.4 | 426,0 | 1804 545.7 | 6.56 18,80 | 476.9 6057 6057 1
nok 9 | 177.6 543.7 | 424.6 | 179.3 547.2 6.50 18.51 | 470.9 6030 5905
45.4 | 188.7 582.1 445.7 | 193.3 577.2 7.4k4 20.09 | 526.3 6326 6277
4.6 | 176.8 540.7 | 429.8 | 180.8 546.9 6.56 18.24 | 473.1 6011 6064
425.5 | 177.3 543.5 | 427.4 | 178.7 546.0 6.64 19.42 | 476.1 6068 6021
493,.6 | 179.4 5439 423,.8 | 180.6 547.3 6,68 18,56 475.9 6056 6105
495.0 | 179.% 543.6 | 426.9 | 180.5 547.1 6.60 18,64 | L8§0.% 5993 6090
449.5 | 186.1 572.3 | 453.1 | 191.1 579.% | 7.51 20.28 | 53b4.% 6305 6333
A3.1 ] 191,7 576.0 | 452.8 | 190,2 578.1 | 7.52 20,70 | 540.% 6376 6362
452,.6 | 189.1 576.6 | 448.8 | 192.2 578.2 | 7.52 20,71 | 53.7 6367 6360
46,3 | 187.9 572.8 | 458.% | 189.8 588.0 | 7.48 20.62 | 533.7 6339 6278
48,2 | 189,2 575.8 | 449.8 | 189.9 7.0 | 7.52 20,52 53,0 6340 6313
450,6 | 188.3 576.1 yx9,2 | 192,5 581,0 7.37 20,30 530,3 6341 6315
5524 | 189,7 581.3 | k46.9 | 189.1 572.0 | 7.32 20,21 | 528.7 6390 6297
46,1 | 190.5 573.% | h48.% | 187.9 580.4 | 7.28 19.66 | 523.6 6275 6304
k5,3 | 187.0 574.4 | 456.9 | 188.1 58k.7 | 7.26 20,21 | 5%4.5 6357 6282
452, % | 189,7 581.3 | 446.9 | 189.1 572.0 | 7.29 20,21 | 526.1 6390 6296

e ratia of 2,359,
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TABLE 4

(Continued)
LOX No. 1 Thrust Chamber No. 2 Thruw
Final Regulator | LOX Fuel Injector LOX Fuel
Acceptance Specific |Reference | Flow— | Flow— End Flow— | Flow
Engine Test Thrust, |Mixture | Impulse, |Pressure, | rate, rate, Pressure,| rate, rate,
s/N Date pounds Ratio seconds psig 1b/sec lb/sec psia lb/sec lb/st
115183 | 11-5-63 329,998 |2.279 253.96 637.4% 442.3 |188.5 573.3 452.9 | 188.%
115184 | 11-7-63 330,009 [2.283 253.39 614.9 443.2 | 188.4 57%.4 455.1 | 188.%
115185 | 11-13-63 330,066 |2.276 253.49 637.4 44%6.8 | 187.9 578.8 450.4 | 189.1
115186 | 11-18-63 329.987 {2.276 253.09 633.8 453.1 |188.6 581.9 45,5 |189.3
115187 | 12-6-63 329,979 |2.275 252,82 621.5 4454 .4 [190.% 574.6 454.8 | 188.7
115188 | 12-16—63 330,000 [2.266 251.97 640.7 447.6 |191.2 578.0 453.7 | 189.6
115189 | 12-17-63 330,069 {2.278 252,07 625.1 449.3 | 188.8 574.2 453.6 |190.6
115501 | 7-23-61 309,000 |2.250 250,94 56%.9 429.0 |181.7 551.4 417.1 |178.5
115502 | 7-25-61 309,017 |2.303 250,52 564,1 425.7 1177.9 541.5 %27.9 |176.9
115503 | 12-5-63 308,997 |2.287 250.71 585.7 428.5 |176.9 549.9 522 4 |179.6

e m——




TABLE %
(Continued)

m ROCKETDYMNE . A DIVISION OF NORTH AMERICAN AVIATIOM, INC.

No. 1 Thrust Chamber

No. 2 Thrust Chamber

Gas Generator

LOX Fuel Injector LOX Fuel Injector LOX Fuel |Injector No. 1 No. 2
Flow- | Flow— End Flow— | Flow— End Flow— Flow- End Turbopump |Turbopump
rate, rate, Pressure,| rate, rate, Pressure, | rate, rate, |Pressure, Speed, Speed,
1b/sec | 1b/sec psia 1b/sec 1b/sec psia 1b/sec 1b/sec psia rpm rpm Remarks
442.3 |188.5 573.3 452.9 | 188.2 580.2 7.31 20.26 532.0 6329 6305
443.,2 [188.4 574 .4 455.1 | 188.2 580.7 7.31 20.10 529.1 6327 6278
446.8 |187.9 578.8 450,% | 189.1 578.9 7.30 20.41 529.4 6338 6240
453.1 |188.6 581.9 445.5 | 189.3 574.2 7.2k 20.07 526.8 6357 6257
bhl.h (190.4% 57%.6 454.8 |188.7 582.3 7.18 19.67 527.6 6344 6328
7.6 (191.2 578.0 453.7 |189.6 579.8 7.3% 20.02 538.4 6379 6348
449,3 |188.8 574.2 453.6 | 190.6 582.2 7.14 20.05 528.2 6311 6271
429.0 |181.7 551.4 417.1 [ 178.5 544,9 6.42 18.57 491.8 6065 6033
425.7 1177.9 541.5 427.9 | 176.9 547.1 6.59 18.56 477.7 6036 6018
428.5 |176.9 549.9 422.% [179.6 547.3 6.66 18.46 490.2 6107 6060




TABLE 5
! f MA-5 SUSTAINER PERFORMA}
—
LOX Thrust Chamber

Final Regulator LOX Fuel Inje
Acceptance Specific | Reference| Flow— Flow-— X
Engine Test Thrust, | Mixture | Impulse, | Pressure, rate, rate, Pres
S/N Date pounds Ratio seconds psig 1b/sec | 1b/sec pq‘

222116% | 10-23-59 | 57,000 2.270 214, 9% 818.0
202149% | 1-30-62 57,000 2.270 213.96 835.8 183.3 | 73.0 7
292151% | 8-9-60 57,000 2.270 21k, 9%* 847.0 c
202156% | 10-20-60 | 57,000 2.270 214,65 79%.9 182.9 | 73.9 7
225501 6-21-62 57,000 2.270 215,27 832.4 182.2 | 72.7 7q
225502 8-11-62 57,000 2.270 215.93 815.6 181.7 | 72.7 70
225503 10-3-62 57,000 2.270 214,19 831.0 183.4 | 7..6 69
225101 2-8-61 57,000 2.270 215.45 8314 182,1 | 72.7 74

225102 9-13-60 57,000 2.270 214,9%* 815,6
225103 12-21-60 | 57,000 2.270 216,03 827.4 181.7 | 72.% 79
225104 11-12-60 | 57,000 2,270 215.60 847.2 181.9 | 72.5 7
225105 11-18-60 | 57,000 2.270 216,20 833.7 181.k | 72.3 74
225106 2-16-61 57,000 2.270 216.50 829.6 181.1 | 71.9 7q
225107 2-9-61 57,000 | 2.270 215.56 823.0 182,0 | 72.5 69
225108 2-17-61 57,000 2.270 213,48 831.9 183.5 | 73.6 6
225109 1-24-61 57,000 2.270 214,65 826.6 182,7 | 73.3 7
225110 2-24-61 57,000 2.270 214,41 823.0 183.0 | 73.6 69
225111 3-9-61 57,000 2.270 213.97 827.0 182.6 | 73.4 64
225112 4-22-61 57,000 2.270 214,38 838.5 183.2 | 73.4 74
225113 4-28-61 57,000 2.270 216,59 822,0 181,1 | 72.7 69
205114 7-10-61 57,000 2,270 215.24 816.7 182,2 | 73.3 6
225115 6-20-61 57,000 2.270 215,04 831.2 182.5 73.3 7a
225116 7-6-61 57,000 2.270 216,44 820.6 181.3 | 72.9 7%
225117 | 7-18-61 | 57,000 | 2.270 | 215.06 829.3 182,5 | 73.4 7€
225118 7-22-61 57,000 2.270 216,29 840,8 181.0 | 72.1 70
295119 8461 57,000 2,270 213.29 833.3 183.7 | 73.5 69
225120 8-15-61 | 57,000 2.270 215.75 824, 1 181.8 | 73.0 70

*MA-2  used for space application
**Engine hot fired with thrust system bias. Nominal sca level specific impulse assumcd
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MA-5 SUSTAINER PERFORMANCE DATA

TABLE 5

)

|
ROCKETDYMNE

OF

NORTH AMERICAN AVIATION,

INC.

LOX Thrust Chamber Gas Generator %é;im Estimabed

Regulator LOX Fuel Injector LOX Fuel Injector Positive| Engine

Reference| Flow— Flow— End Flow- Flow- End Turbopump |Suctiod | Durabtion

Pressure, | rate, rate, Pressure, | rate, rate, Pressure, Speed, Head, [apability,
psig lb/ sec lb/ sec psia lb/ sec 1'b/ sec psia rpm feet seconds Remarks
818.0 o4 300
835.8 183,3 | 73.0 700.5 2.19 7.79 667.8 10176 26 298
847.0 24 302
79%.9 182.9 | 73.9 706.3 2,0% 6.75 731.8 10078 29 314 Expended
8324 182,2 | 72.7 700,7 2,13 7.70 766,9 10071 1% 299 Expended
815.6 181.7 | 72.7 701.5 2,04 7429 751.1 10088 13 294 Expended
831.0 183.h | 7h.6 697.7 1.93 6.23 729.3 10186 12 302
831.4 182,1 72.7 701.3 2.13 7.69 765.7 10023 2k 299
815.6 24 291 Expended
827.k 181.7 | 72.k 700.6 2,18 7.60 768.5 10073 25 Expended
847.2 181.9 | 72.5 707.5 2,22 7.81 *78,2 1012° 26 299 Expended
833.7 181.k | 72.3 706.0 2.20 7.80 769.2 1010% 2k 308 Expended
829,6 181.1 | 71.9 703.4 2.21 8.04 763.6 10114 28 306 Expended
823.0 182.0 | 72.5 697.9 2,12 7.85 758.5 10120 26 Expended
831.9 183.4 | 73.6 699,2 2,15 7.82 758 .4 10147 30 303 Expended
826.6 182,7 | 73.3 706.9 | 2.08 7.5% 76k.1 10212 30 303 Expended
823.0 183.0 73.6 698.5 2.04 7.34 746.9 10064 28 Expended
827.0 182.6 | 73.k 698.7 2,15 7.54 761.7 10175 25 314 Expended
838.5 183.2 | 73.4 702.1 2,22 7.66 7664 10125 16 302 Expended
822.0 181,1 72.7 699.6 2,10 7.23 758.8 10172 16 298
816.7 182,92 | 73.3 697.8 2,11 7.95 750.1 10196 16 292 Expended
831.2 182.5 | 73.3 701.9 2.11 7.16 754.6 10224 15 323 Expended
820.6 181.3 72.9 700.5 2.06 7.16 749.6 10125 16 300
829,73 182.5 , 73.4 208.73 2,12 7.29 752.1 10291 15 302
840.8 181,0 72.1 700.8 2.3%0 8.07 779.6 10168 15 299 Expended
833.3 183,7 73.5 698,0 2.2k 7.76 778.7 10268 16 296 Expended
8k, | 181,8 73.0 703.1 2.17 7.28 758.6 10248 14 296 Expended

evel speeific impulse assumed

22




l ! TABLE 5
E f (Continued)
LOX Thrust Chamber

Final Regulator LOX Fuel Injecta

Acceptance Specific | Reference | Flow— Flow- End

Engine Test Thrust, | Mixture | Impulse, | Pressure, | rate, rate, Pressur
S/N Date pounds Ratio seconds psig 1b/sec | 1b/sec psia’
295121 8-23-61 57,000 2,270 214,27 819.6 183.1 73.6 712:&
225122 9-2-61 57,000 2,270 215.85 814.5 181.6 72.0 707.?
225123 5-10-61 57,000 2,270 214,22 822,0 183.1 73.4 711.q
225124 16-21-61 57,000 2,270 213,72 828.3 183.5 73.7 711.1
225125 11-15-61 57,000 2, 270 215,01 827.2 182.4 72.9 706.%
225126 11-14-61 57,000 2.270 214,32 830.9 182.9 73.1 708.q
225127 11-21-61 57,000 2,270 214,11 842,0 183.1 73.6 716.0
225128 11-17-61 57,000 2,270 |- 214,03 820.6 183.2 73.0 716.0
225129 12-18-61 57,000 2,270 215,35 799.5 182,1 72.9 700.1
225130 12-4-61 57,000 2,270 214,04 829.9 183.2 73.4 70&.j
225131 2-17-62 57,000 2,270 215.61 815.4 182.1 73.3 705.§
225132 2-16-62 57,000 2,270 215.29 832.3 182,1 73.2 706.7
225133 1-20-62 57,000 2.270 214,26 820.9 183.0 73.3 702.9
225134 1-27-62 57,000 2,270 215,60 812.5 181.9 72.6 708.2
225135 2-13-62 57,000 2.270 215.81 826.1 181.7 | 72.6 709.7
225136 2-28-62 57,000 2.270 214.75 836.0 182.4 72.9 722.(
225137 3-8-62 57,000 2,270 213,97 808.6 183.4 73.5 721.4
225138 4-16-62 57,000 2.270 214,75 808.2 182.7 | 73.1 706.2
225139 1-5-62 57,000 2.270 213.85 821.8 183.5 | 73.4 706.8
225140 5-9-62 57,000 2,270 213,89 817.0 183.4 73.5 704.7
225141 h-12-62 57,000 2,270 214,12 838,7 183.0 72.9 706.7
225142 4-26-62 57,000 2.270 214,81 826.8 182.7 73.0 710.0
225143 1-11-64 57,000 2,270 215.43 822.3 182.1 73.8 704.5
225144 52462 57,000 2.270 214,93 816.9 182,6 73.0 716.3
225145 5-17-62 57,000 2.270 212,89 836.6 184,3 | 73.7 707.0
225146 5-18—-62 57,000 2,270 213,94 808,73 183.5 73.7 712.9
225147 6--18—62 57,000 2.270 212,91 815.2 184. 4 741 704k
295148 6-5-62 57,000 9,970 214,66 815.3% 182.7 | 73.1 705.0
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TABLE 5
(Continued)

LOX Thrust Chamber Gas Generator %é;iﬁgz Estimated

Regulator LOX Fuel Injector LOoX Fuel Injector Positive| Engine

Reference | Flow— Flow- End Flow- Flow- End Turbopump | Suction |Duration

Pressure, | rate, rate, Pressure, rate, rate, Pressure, Speed, Head, ¢apability,
psig 1b/secc 1h/sec psia lb/sec lb/sec psia rpm feet seconds Remarks
819.6 183.1 | 73.6 712,6 2,13 7.54 739.2 10192 17 313 Expended
81%,5 181,6 | 72.0 707.7 2,24 8.27 758.6 10067 14 310 Expended
822.0 183.1 | 73.% 711.6 2.13 7.53 749,73 10178 17 310 Expended
828,13 183.5 73.7 711.9 2,12 7.29 751.5 10207 15 312
827.2 1824 72.9 706k 2,17 7.60 759.9 102073 12 315
830,9 182.9 | 73.1 708.8 2,22 7.7% 760,7 10198 13 Expended
842.0 183.1 73.6 716.0 2,22 7.31 775.2 10293 14 308 Expended
820.6 183.2 73.0 716.0 2.2% 7.9% 762,3 10101 18 308
799.5 182,1 72.9 700.1 2,09 7.5% 737.2 10041 14 290
829.9 183.2 73.% 70%.5 2.12 7.49 758.6 10073 13 306
815.4 182,1 73.3 705.8 2,02 7.10 748,6 10116 14 295
832.3 182,1 73.2 706,7 2,14 7.32 7684 10171 17 Expended
820.9 183.0 73.3 702.9 2,09 7.41 752.5 10089 12 Expended
812.5 181.9 72.6 708.2 2,15 7.73 754 .6 10141 13 303 Expended
826.1 181.7 | 72.6 709.3 2,18 7.74 769.7 10118 12 294
836,0 182,4 72.9 722.0 2.09 7.39 742.5 10061 12 294 Expended
808.6 183 .4 73.5 721.2 2,09 7.39 752.5 10080 14 293
808.,2 182.7 73.1 706.2 2.13 7.54 742.5 10113 14 301
821.8 183.5 73.4 706.8 2,11 7.3k 747.6 10058 14 305 Expended
817.0 183.4 73.5 70%.7 2,10 7.50 7%0.5 9991 11 31
838,7 183.0 72.9 706.7 2,25 7.96 773.0 10104 14 307 Expended
8268 182.7 73.0 710.0 2,11 7.57 754.5 10027 16 302
822.3 182.1 | 73.8 704.5 2.03 6.67 752.0 9995 11 297
816.9 182.6 73.0 716.3 2,10 7.58 751.4 9991 13 299 Expended
836.6 184.3 | 73.7 707.0 2,18 7.71 772.8 10171 12 298
808.,3 183.5 73.7 712.,9 2.06 7.26 752 .k 10026 17 298
815.2 184, & 7h.1 7044 2,02 7.15 7471 10091 16 305 Expended
815.5 82,7 | 73.1 705.0 2.35 7.48 759.8 10045 12 309 Expended




_ : TABLE 5
§ f (Continued)
s
LOX Thrust Chambex
Final Regulator LOX Fuel Inj
Acceptance Specific | Reference | Flow- Flow-
Engine Test Thrust, Mixture | Impulse, | Pressure, | rate, rate, Prﬁ
S/N Date pounds Ratio seconds psig lb/sec 1b/sec X
225149 6-6-62 57,000 2,270 214,83 821.3 182.6 | 73.2 1
295150 7-23-62 57,000 2,270 214,86 822.8 182,5 | 73.3 1
225151 7-27-62 57,000 2,270 215,28 815,3 182.2 | 73.5 1
225152 12-10-62 | 57,000 2,270 214,09 812,1 183.% | 73.9 g
2251573 8-14-62 57,000 2,270 215,20 841.7 182,2 | 73.3 1
205154 8-17-62 57,000 2,270 214,88 827.3 182,8 | 73.4 1
225155 9-11-62 57,000 2,270 214,57 832,.1 182.6 73.3
225156 11-7-62 57,000 2.270 213.65 823.5 183.7 | 73.8
225157 10-25-62 | 57,000 2,270 214,57 811.6 183.0 | 73.5
225158 1-18-63 57,000 2,270 213,44 812.2 184,0 | 74,0
225159 10-4-62 57,000 2,270 213,15 819.6 184,2 | 73.7
225160 1-14-63 57,000 2,270 214.08 822.1 183.1 | 73.5
225161 1-10-63 57,000 2,270 213,29 837.7 183.9 | 7h.k
225162 11-19-62 | 57,000 2,270 212, 9% 812.4 184,5 | 7.7
225163 1-24-63 57,000 2,270 213.66 826.2 183.6 | 73.5
225164 2-6-63 57,000 2,270 213,94 821,2 183.5 | 73.9
225165 2-22-63 57,000 2.270 213,95 822.6 183,54 | 7he2
225166 2-4-63 57,000 2,270 214,92 828.3 182,6 | 73.4 W
295167 2-15-63 57,000 2,270 213,50 817.0 183.8 | 73.8 ]
225168 3-28-63 57,000 2.270 213.57 826.9 183.7 | 74.2 ?
225169 263 57,000 2.270 213,23 828.5 183.9 4.3 7
225170 4-12-63 57,000 2,270 213,76 825.8 183.5 74 .8 7
225171 4-17-63 57,000 2.270 213,74 821.5 183.6 75.7 7
225172 5-29-63 57,000 2.270 215.02 814.6 182.5 | 73.8 7
225173 8-23-63 57,000 2,270 214,99 821.1 182.6 | 73.8 6
225174 7-3-63 57,000 2.270 214,94 807.2 182.5 | 73.9 7
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TABLE 5
(Continued) }

]
%RYH AMERICAN AVIATION,
1

LaX Thrust Chamber Gas Generator Mﬁg;é;gl Estimated

Regulator LOX Fuel Injector LOX Fuel Injector Positive] Bngine

Reference | Flow- Flow- End Flow- Flow- End Turbopump | Suction |Duration

Pressure, rate, rate, Pressure, rate, rate, Pressure, Speed, Head, Capability !
psig 1b/sce 1b/sec psia 1b/sec 1b/sec psia rpm feet seconds Remarks

4

821.3 182.6 73.2 702,1 2,11 7.53 751.3 9986 13 298 Expended
822,.8 182,5 73.3 7064 2,09 ) 762,1 10127 15 298 Expended
815,3 182,2 73.5 708,0 2,04 7.05 749.7 10100 11 302 Expended
812,1 183.4 73.9 699, 5 2,02 6.88 7317 10162 12 299
841.7 182,2 73.3 712,0 2,12 7.22 771.8 10159 10 300
827.3 182.8 73.k 70%.0 2,04 7.12 747.2 10173 13 306
832.1 182.6 73.3 702,6 2,09 7.49 761.8 10207 15 306 Expended
823.5 183.7 | 73.8 706.6 2,06 7.29 746.5 9975 10 31k
811,6 183.0 | 73.5 699.6 2,04 7.13 736.1 10120 16 288
812.2 184.0 74.0 704 .4 2,02 7.0k 740.5 10170 12 284 Expended
819.6 184,2 73.7 703.5 2,12 7.40 747.3 10112 13 313
822,1 183.1 735 700.9 2,14 751 762.1 10080 13 322
837.7 183.9 744 702.3 2,07 6.87 753.6 10233 10 306
812,k 18%4,5 74.7 7046 1.95 6.58 733.2 101%4 11 300 Expended
826.2 183.6 | 73.5 703.3 2.13 7.57 750.7 10090 13 282
821.2 183.5 73.9 705.1 2,02 7.01 737.2 10262 11 306 | Expended
822.6 183.4 | 7he2 70344 1.99 | 6.82 738.8 10065 17 293
828,3 182,6 T34 7094 2,07 7.23 751.1 10090 11 303
817.0 183.8 73.8 707.3 2,06 7.25 738.2 10045 12 295
826.9 183.7 | 7k.2 706,1 2,07 ‘7409 758.1 10098 12 310
828.5 183.9 7h.3 704,2 2,08 7.10 762,73 10114 11 296
825.8 183.5 74.8 702,.2 2.02 6.41 743, 4 10199 12 323 i
821.5 183.6 75.7 705.2 2,00 6.58 7h7.4 10082 16 291
814,6 182.5 73.8 708,0 1.97 6.80 735.8 10131 11 281
821.1 182.6 | 73.8 696.6 2.03 6.78 746,2 10016 11 29%
807.2 82,5 73.9 700.2 1.99 6.73 731,9 10008 13 299




e

——

Thrust C]‘

LOX —

Final Regulator | LOX | Fuel|

Acceptance Specific | Reference | Flow— | Flow-

Engine Test Thrust, | Mixture | Impulse, | Pressure, | rate, | rate,

s/N Date pounds Ratio | seconds psig 1b/sec | 1b/ s%

225175 8-19-63 57,000 2.270 215,08 810.3 182,5 73‘27
225176 7-26-63 57,000 2,270 215,16 804,6 182.4 | 73.9
225177 9-20-63 57,000 2.270 215.19 819.9 182.3 } 73.1
225178 9-.25..63 57,000 2.270 213.93 82%,5 183.4 | 73.6
225179 9-30-63 57,000 2,270 216,74 822,1 180,9 | 72.4
205180 | 10-4-63 57,000 2,270 213,66 814.0 183.5 | 73.9
225181 10-14-63 57,000 2,270 214k .62 806.,9 182.8 | 73.6
225182 10-21-63 57,000 2,270 215,04 817.5 1824 | 73.4
225183 11-1-63 57,000 2.270 214.73 822.3 182.7 | 74.0
225184 11-12-63 57,000 2.270 214,99 812.0 181.9 |[72.8
225185 11-15-63 57,000 2.270 214%.99 808.9 182.4 | 73.9
225186 12-5-63 57,000 2.270 21%,06 802.2 183.3 | 74.0
225187 12-10-63 57,000 2.270 215,48 803.3 182.0 |73.1
225188 11-25-63 57,000 2,270 214,88 817.2 182.6 |73.8
225189 12-13-63 57,000 2.270 214,88 813.1 182.7 |73.8
225190 12-14-63 57,000 2.270 215.22 812.6 182.4 73.7
225191 1-7-64 57,000 2.270 215.60 813.5 182,0 |73.0
225192 1-16-6k 57,000 2,270 215.12 800.8 182.4 73k
295193 | 1-23-64 57,000 2.270 215.00 811.4 182.3 |73.4
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TABLE 5
{Contimued
LOX Thrust Chamber Gas Generator im Estimated
Regulator | LOX Fuel Injector | LOX Fuel Injector Positive Engine
fic | Reference | Flow- | Flow- End Flow- | Flow- End Turbopunp|Suction Duration
e, | Pressure, | rate, |rate, |Pressure,| rate, | rate, Pressure, Speed, | Head, Capability,

Fs psig 1b/sec | 1b/sec psia 1b/sec| 1b/sec psia rpm feet seconds Remarks

La 810.3 182,5 | 73.% 704.0 2,07 | 7.19 735.7 9995 1 286
804.6 182,4 | 73.9 700.9 1,97 6.66 736.4 10019 11 291
819.9 182,53 | 73.1 707.8 2,17 7.48 763.9 10010 11 313
82%.5 183.k | 73.6 702.6 2,16 7.37 765.8 9989 13 301
822,1 180,9 | 72.% 703.7 2,19 rR 761.% 9973 12 310
814.0 183.5 | 73.9 702, 2,11 7.13 747.9 10009 12 309
806.9 182.8 | 73.6 699.6 2.05 7.1 739.9 1001% 12 293
817.5 82,4 | 73.% 70%.3 2,06 7.0k 745.2 10072 17 303
822.3 182.7 | 74.0 704.8 2.00 6.73 744.0 10007 14 323
812.0 181.9 |72.8 702.2 2.18 7.54 758.5 9976 11 299
808.9 182.% (73.9 702.2 2.00 6.77 735.9 10048 10 312
802.2 183.3 | 74%.0 700.4% 2,05 | 6.94 736.6 9999 11 298
803.3 182.0 |73.1 702.7 2,11 | 7.28 74k4.9 9956 11 293
817.2 182.6 [73.8 702.7 2.03 6.86 746.9 9998 14 306

; 813.1 182.7 |73.8 700.0 2.03 6.81 742.3 9920 12 293

E 812.6 182.4 |73.7 705.2 1.99 6.76 731.9 9990 15 293

» | 835 |1se0 730 | 7051 |23 |73 |79 9997 | 11 290

: 800.8 182.4 [73.6 | 7053 | 2.07 | 7.13 | 732.3 9990 11 299

E 811.4 182.3 173.4 70L2.3 2.12 7.26 743.7 9910 11 291

INC
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TABLE 6

MA-5 VERNIER PERFORMANCE DATA

] Tank-Fed Pump-Fed
-Final Injector Injector
Engine Acceptance End Pressure, End Pressure,

S/N Test Date psia psia Remarks
335201 Expended
335202 Expended
335203 307 358
335204 5-18-62 305 355 Expended
335205 1-31-61 300 357
335206 4-19-62 304 355
335207 5-4-62 304 360
335208 5-17-62 303 355
335209 1-10-61 304 35k
335210 Expended
335211 5-24-62 307 362
335212 1-18-61 303 357 Expended
335213 1-19-61 302 356
335214 1-26-61 303 358 Expended
335215 4-17-62 303 357
335216 2-15-61 303 358
335217 2-16-61 304 358
335218 2-17-61 306 359
335219 5-25-62 302 352
335220 §-3-61 301 358 Expended
335221 3-31-61 301 355 Expended
335222 4-1-61 301 354 Expended
335223 4-7-61 302 356 Expended
335224 4-25-61 303 357
335225 5-3-61 302 359
335226 5-4-61 303 359
335227 6-2-61 304 359 Expended
335228 6-6-61 304 359 Expended
335229 6-7-61 305 360 Expended
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TABLE 6
(Continued)
Tank-Fed Pump-Fed
Final Injecter Injector
Fugine Acceptance End Pressure, End Pressure,
S/N Test Date psia psia Remarks |
335230 6-7-61 305 360 Expended
335231 6-15-61 303 356 Expended
335232 6~14-61 303 356 Expended
335233 7-6-61 303 356
335234 7-6-61 302 356 Expended
335235 7-13-61 302 357 Expended
335236 7-18-61 303 359 Expended
335237 7-18-61 299 352 Expended
335238 7-25-61 303 354 Expended
335239 7-26-61 302 353 Expended -
335240 8-3-61 302 354 Expended
335241 8-7-61 299 350 Expended
335242 8-9-61 303 354 Expended
335243 8-10-61 302 355 Expended
33524k 9-5-61 302 356 Expended
335245 9-14-61 303 358
335246 9-14-61 306 358
335247 10-10-61 300 353
335248 10-14-61 303 356
335249 10-13-61 309 353
335250 10-14-61 307 358 Expended
335251 11-15-61 302 354
335252 11-21-61 307 358
335253 11-22-61 302 358 Expended
335254 11-22-61 305 361
335255 12-5-61 305 358
335256  12-12-61 305 360 Expended
335257 12-6-61 303 357
335258 12-7-61 303 359 Expended
335259 12-8-61 302 359 Expended
27
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TABLE 6
(Continued)
Tank-Fed Pump-Fed
Final Injector Injector
Engine Acceptance End Pressure, End Pressure,

S/N Test Date psia psia Remarks
335260 12-18-61 303 359 Expended
335261 . 12-27-61 303 357 Expended
335262 1-8-62 304 357 Expended
335263 1-10-62 302 358 Expended
335264 2-6-62 304 360 Expended
335265 1-26-62 305 361 Expended
335266 1-26-62 306 357 Expended
335267 2-1-62 304 360 Expended
335268 2-2-62 305 358
335269 3-7-62 305 356 Expended
335270 3-16-62 304 354 Expended
335271 3-23-62 300 355
335272 3-22-62 305 359 Expended
335273 3-21-62 305 361
335274 3-23-62 301 355
335275 3-26-62 303 359 Expended
335276 4-11-62 307 360 Expended
335277 4-18-62 306 361 Expended
335278 4-19-62 304 362 Expended
335279 4-19-62 299 354
335280 4-20-62 308 363
335281 4-19-62 302 357 Expended
335282 54-.19-62 306 359 Expended
335283 5-22-62 302 358
335284 5-21-62 299 354
335285 5-23-62 303 352
335286 5~22-62 307 362
335287 5-22-62 303 354
335288 5-23-62 306 356
335289 5-29-62 303 359 Expended
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TABLE 6
(Continued)
Tank-Fed Pump-Fed
Final Injector Injector
Engine Acceptance End Pressure, End Pressure,

S/N Test Date psia psia Remarks
335290 6-12-62 303 352 Expended
335291 6-15-62 305 353
355292 6-22-62 304 358 Expended
335293 7-10-62 304 357 Expended
335294 7-11-62 305 360 Expended
335295 7-19-62 310 360 Expended
335296 7-13-62 307 357
335297 7-26-62 305 354 Expended
335298 8-21-62 308 361 Expended
335299 9-6-62 306 360
335300 8-23-62 309 359 Expended
335301 8-24-62 305 357 Expended
335302 9-6-62 306 354 Expended
335303 9-10-62 306 354 Expended
335304 9-14-62 308 357
335305 9-24-62 306 358
335306 10-2-62 310 360
335307 10-2-62 309 359
335308 10-2-62 306 358
335309 10-3-62 307 358
335310 10-9-62 307 355 Expended
335311 10-4-62 307 357
335312 10-9-62 311 359 Expended
335313 10-29-62 308 355 Fxpended
335314 10-29-62 305 359 Expended
335315 11-2-62 309 359
335316 11-14-62 307 358
335317 12-4-62 306 357 Expended
335318 12-5-62 306 359 Expended
335319 12-31-62 309 358

Ny
0
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- TABLE 6
(Continued)
Tank-Fed Pump-Fed
Final Injector Injector

Engine Acceptance End Pressure, End Pressure,

S/N Test Date psia psia Remarks
335320 1-18-63 310 358

335321 1-8-63 305 355 xpended
335322 1-9-63 308 356 pended
335323 1-14-63 309 356 ended
335324 1-14-63% 309 360 xpended
335325 1-18-63 309 361

335326 2-6-63 307 360

335327 2-7-63 305 354

335328 2-21-63 306 355

335329 2-18-63 309 357

335330 2-21-63 309 358

335331 3-11-63 308 355

335332 3-8-63 305 358

335333 3-28-63 310 361

335334 4-1-63 307 363

335335 5-3-63 308 361

335336 4-11-63 307 357

335337 4-22-63 311 359

335338 4-23-63 308 360

335339 4-29-63 308 360

335340 5-9-63 307 355

335341 6-14-63 304 352

335342 6-6-63 304 358

335343 6-10-63 310 358

33530k 6-12-63 310 356

335901 6-28-62 300 355

335902 6-27-62 301 358

335903 7-5-62 304 355

335904 8-9-62 309 357

335905 8-16-62 306 358

335900 8-22-62 308 361
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TABIE 6
(Continued)
Tank-Fed Pump-Fed
Final Injector Injector
Engine Acceptance End Pressure, End Pressure,
s/N Test Date psia psia Remarks
336501 7-23-63 293 336
336502 7-23-63 291 333
336503 7-24-63 290 334
336504 7-24-63 292 336
336505 8-12-63 291 334
336500 8-14-63 292 340
336507 8-14-63 294 334
336508 8-21-63 293 341
336509 9-9-63 290 337
336510 9-10-63 294 342
336511 9-26-63 257
336512 9-26-63 257
336513 9-27-63 255
336514 9-27-63 255
336515 10-11-63 256
336516 10-11-63 256
336517 10-14-63 257
336518 10-14-63 254
336519 10-15-63 252
336520 10-16-63% 254
336521 11-1-63 256
336522 11-8-63 257
336523 11-13-63 262
336524 11-14-63 257
336525 11-15-63 258
336526 11-19-63 258
336527 11-18-63 259
336528 11-20-63 257
336529 12-3-63 258
336530 12-27-63 259
336531 12-11-63 258
336532 12-13-63 259

NOTE: Tank-fed injector end pressure is not measured on
the YLR101-NA-15 MD2 vernier engine
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MINIMUM SUSTAINER LOX NET POSITIVE
SUCTION HEAD

Minimum required LOX net positive suction head (NPSH) values are tabulated
in Tables 3 and 5 for individual MA-2 and MA-5 sustainer engines., The min-
imum required LOX NPSH is defined as that value of NPSH corresponding to

a 2-percent loss in head developed by the LOX pump at nominal flowrate.
These values are derived from individual turbopump calibration data which

were obtained by using water as a test fluid.

The water calibration NPSH is determined on the head vs NPSH curve derived
from water calibration data. TFigure 1 is a typical example showing curves
at the three flowrates used during the calibration. The curve represent-
ing a flowrate approximating nominal flow is used. The mean head is
determined at the most constant portion of the curve, i.e., between points
A and B, then 2 percent of this mean value is subtracted from the mean
head value. Point C on the curve, corresponding to the new head value,

is then determined. The value of NPSH for point C is the minimum
allowable NPSH for water.

Through the use of the pump affinity laws, this minimum NPSH is corrected
to rated engine pump speed and flow obtained from IBM reduction of data
from the engine acceptance test. An additional correction is made by
subtracting 5 feet of the head from the NPSH value obtained. This com—

pensates for the difference that will occur when changing from water to

R-5108-2 10
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HEAD, FEET

2100 T T
1059 GPM —[
| :

-

2000

1800

1800 C=2 PERCENT LESS THAN
MEAN VALUE BETWEEN
POINTS A AND B

1700

20 30 40 50 60 70 80 80 (00 1O 120 130
NET POSITIVE SUCTION HEAD, FEET

Figure 1. Typical Head vs NPSH From Water
Calibration Data

R-510R-9

~
-




n ROCKETDWYNE * A DIVISION OF NORTH AMERICAN AVIATION. INC

liquid oxygen. The correction equation is then written as

2 2
Nsy ] %
Minimum liquid oxygen NPSH = NPSHw [ Ng; [ 6; J - K
where
NS = pump speed, rpm
Q = flow, gpm
K = constant for changing from water to liquid oxygen

Subscript 4

"

engine test data

water calibration data

i

Subscript w

The value of K was found by running the P/N 451802-41 pump 1n liquid
oxygen and in water. Data obtained from each of these liquids were re-
duced to 1200 gpm at 10,000 rpm. and it was found that the NPSH values
differed by an average head value of 5 feet. No explanation can be

found for the higher efficiency experienced with the use of liquid oxygen.

SUSTAINER LOX PUMP CONFIGURATION

Beginning with the MA-5 sustainer engine S/N NA225012, the configuration

of the pump was changed by engineering change proposal MA5-08 (Modifica-
tion No. 5). This pump, P/N 451802-51, uses a tapered hub inducer 1in

place of the standard cylindrical inducer. The tapered hub inducer reduces
the NPSH requirements of the turbopump, thus reducing the possibility of
cavitation during flight and allowing the engine to operate efficiently

with a lower NPSH. The value of K was again found to be 3.

=
e
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The latest configurafion pump, P/N 451802-61, uses a Kel-F liner in the
LOX inlet. This replaces the steel wear ring beginning with production
engine S/N NA225166. All existing MA-5 engines will be similarly modi-
fied. Required NPSH is equivalent to that of the P/N 451802-51 pump.
The retrofit of all engines with the Kel-F liners will not affect the
NPSH value from that already determined for the steel wear ring. Tests

of 10 of these pumps show that the change in NPSIHl is negligible.
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SUSTAINER ENGINE DURATION

A survey of engine requirements revealed that the capacity of the engine
lube o0il system was the critical factor influencing the duration capability
of an engine, Basically, the lube 0il system is a nonrecirculatory system
which consists of a tank, pump, filter, and interconnecting lines and pass-
ages. The lube 0il system supplies 0il under pressure to lubricate and

cool the bearings and gears of the turbopump.

Because the lube o0il is not recirculated, the duration of the system is
limited by the lube tank capacity and lube o0il flowrate during engine

operation. Iube 0il consumption during start is negligible.

LUBE TANK CAPACITY

Based on a sample of 29 lube tanks, the mean and standard deviation of
the tank volume are 6.902 and 0.1068 gallons, respectively.

It was observed during measurement of lube tank volumes that a residual
quantity of oil was retained in the tank. This residual oil 1s not avail-
able for lubrication purposes, so the effective volume within the lube o1l
tank is equal to the voelume of the lube tank less the volume of the re-
sidual oil. The volume of residue was measured five times, and the largest
volume was 0.022 gallon. This volume was adopted as the "normal” residual
0oil volume. An effective tank volume equal to (.880 gallons was thus used

to determine the maximum duration capabilities of the sustainer engine.

R-5108-2
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LUBE OIL FLOWRATES

The sustainer lube o1l pump is a gear pump 1ncorporating a bypass relief
valve to maintain pump discharge pressurc at a constant value. With this
design, an increase in lube o0il temperature results in an increase in lube
oil flowrate. A temperature flow correction curve is used to adjust
measured flowrates to 130 F. This is the maximum allowable lube o0il tem-

perature, and is used for comparison purposes.

(for measured "\

K . )
Flovrate at 130 F = KT \;11 temperatures x mecasured flowrate
5§

or standard 130
il temperature

where K, and KS are derived from Fig. 2.

T

The temperature flow correction curve was drawn from cmpirical test data
vhich relates lube o0il flow at constant turbopump speed to oil temperature.
Th: value of the flow correction will be greater than 1 for all engines.

To simulate the worst conditions, the maximum allowable lube o0il tempera-

ture is used to calculate duration capability of the sustainer engine.

Using data obtained from nine R&D engines, a line of regression was used
to correlate 0il flowrates measured during component tests with oil flow—
rates measured during respective engine tests (Fig. 3). Because dimen-
sional changes and internal leakages are not accurately predictable quanti-
ties, high correlation between component test and cngine test flowrates
cannot be expected. The equation of the line of regression for oil flow—
rates at 130 F is Qe = 0.5545 Q¢ + 0.5101
vhere

Qe = engine o0il flowrate, gpm

Qc - component oil flowrate, gpm

The standard error of estimate for Qe is Se . 0,6341

R-3108-2 37
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ENG/NE TEST OIL FLOWRATE, GPM
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INDIVIDUAL ENGINE DURATION CAPABILITIES

! The determination of engine duration capability was accomplished in the

following manner:

1. 0il flowrate was measured during turbopump component test

green run) and corrected to 130 F.

2. FEngine lube 0il flow was calculated from item 1 using the

line of regression shown in Fig. 3.

3. An engine nominal duration was determined using item 2 and

the nominal available lube tank capacity.

k., The nominal duration was reduced using the lower 95-percent
confidence level of an rms summation of the standard error of
estimate for the line of regression and the standard deviation
of lube tank capacity. The resultant duration values are
tabulated in Tables 3 and 5.

The above determination ensures that a 97.5-percent probability exists
that the engine will be capable of the predicted duration. The relation-—
ship of predicted dursiion to nominal duration as a function of the

probability of achieving the predicted duration is shown in Fig. 4.

Duration capabilities greater than those listed in Tables 3 and 5 can be
achieved without a decrease in prediction accuracy by accepting the pre-
mise that a lube o0il temperature of 130 F is prébably beyond practical
consideration. If the flowrate data are readjusted with Fig. 2 to achieve
more realistic o0il inlet temperature conditions, a 10-second minimum gain

in engine duration capability is reasonable.
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