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- INTRODUCTION

The Orbit Maneuvering Engine of the Space Shuttle will use a regeneratively
cooled thrust chamﬁef. Present plans call for using MMH as the fuel and
coolant for the engine with NTO as the oxidizer. Under Tasks I and II of
Contract NAS9-12802, Rocketdyne investigated, analyficaily, several thrust
chamber cooling coueepfs and fuel coolants. Using the criteria of perform-
ance, rellablllty, safety, maintainability, cost, and- development risk,
Rocketdyne concluded that the regeneratlvely cooled chamber using amine fuel

was a superlor comblnatlon

Under Task IV of the'contract, Rocketdyne fabricafed'a-;egeneratively cooled,
electfoformedlthrust eﬁamber. The chamber simulated flight type hardware

in all areas except the inlet and outlet.uanifoid configuration, which were
designed for test flexibility and low cost. The thrust chamber was tested
with two like- doublet element 1n3ectors in Tasks Vv and VIII, and the results
reported in Data Dump ASR73 349. The thrust chamber- assembly demonstrated
safe, stable operatlon over a ‘wide range ‘of operatlng conditions at a

moderately hlgh performance level

Under Task X of the contract, an integrated thrust chamber was fabricated _
uhich simulated theiinjector-end configuration dfua flight type thrust chamber
assembly. A test pfqgramrwas conduCted under Task XiI to characterize the
steadyQStafe stability,-thermal, and-performance characteristics of the
integrated thrust chamber assembly, as well es limited tests to investigate
transient characteristics. The results of these tests were published as
Data Dump ASR74-117. |

Task XII was continued to experimentally investigate: 1) the start, shutdown,
and restart characteristics of the integratedrthrust chamber; and 2) perform-

ance and thermal conditions for blowdown operation and for operation without
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supplementary boupdary lfgz_}‘r‘t_ar‘,fc_ool_ing. The results of this test program
are described in this report. ‘
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SUMMARY

A total of 116 tests and 744 seconds were accumulated_during Phase II of

the Integrated Thrust Chamber Test Prograﬁ. All of the tests wcce conducted
with the electroformed regeneratively cooled thrust chamber and the like-
doublet No. 1 injector. The injector diameter is 8 inches and the injector-
to-throat distance is 14.7 inches, Most of‘the tests were conducted with

the heat sink/radiation cooled nozzle hafing an area ratio of 72 to 1,

Tests at low chamber pressure and tests with zero boundary layer coolant

were conducted with a radiation cooled noiile-havihg'an area ratio of 9 to 1.
Including previous tests, the integrated thrust chamber has been fired 156
times for a total duration of 1190 seconds and thg.No. 1 like-doublet injector

has been fired 284 times for a'total of duration of 1695 seconds.

A series 6f tests were conducted with various pésttest purge and flush
sequences to determine how the engine might be‘retUrned to ambient tempera-
ture between‘mﬁltiple tests. It was decided that no flush or purge would
be used between tests in order to avoid'possibility of contaminating the
engine. A brief series of tests were conducted wherein the fuel valve
signal delay time (relative to the oxidizer valve signal) was varied from
100 milliseconds to 0 milliseconds. No significant change in pressure or

thrust‘overshoots or 'g' level at start resulted from these variations.

Hot engine restart tests were.édnducted.by firing the engine until it reached
thermal eqﬁilibripm and then shutting down for various coast periods ranging
from 1 to 180 seconds. These tests were conducted with ambient temperature
propeilanis and with cold (approximately 45F) propellants. This series of
Ednditions-resulted in starting the engine with no propellants in the manifold,

residual fuel only in the engine, and both residual oxidizer and fuel in the
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engine. One 1500 g spike was recorded at oxidizer prime with no engine
damage. A 530 g start was also recorded but could not be repeated. All
other starts had acceleration spikes of less than 130 g. Accelerations
of 15-40 g's were recorded with normally operating valves at ignition.
Thrust overshoots es high as 160% were recorded. No damage was done to

the thrust chember.

A series of tests was conducted with coast times ranging from 0.3 to 180
seconds ﬁherein the engine was fired 1 second each time between coast
periods. This was termed a warm-engine start and represents the minimum
firing duration required of the OME. Maximum 'g' levels at start and
thrust. overshoots were only 20 g's and 120 percent, respectively. These

tests were conducted with ambient temperature propellants.

A final series of restart tests was conducted with the engine being fired
for a duration of only 0.2 seconds between coast periods. The coast periods
ranged from 2 5 seconds to I4- 1/4 mlnutes ‘ Maximum 'g' levels were

about 20 g S at 1gn1t10n for all coast times. However, acceleration 5p1kes
as hlgh as 180 g s occurred at ox1dlzerpr1me(before ignition} for long
coasttlmes. The maximum thrust overshoot of 150 percent occurred at a coast
time of 2.5-second5 but there was considerable scatter in the data. Ambient

temperature propellants were used.

.] No hardware damage was incurred as a result of any of these tests which
indicated that the OME can be safely restarted without any limit on the
~ coast time. -

" A series of tests of 5-second durations were conducted with uhsaturated
-propellanf at lower than nominai chamber pressure to investigate engine
operating characteristics under propellant tank blowdown conditions. Tests
at 80 and 75 psia chamber pressure resulted in chugging at start which

damped out during the tests. At 65 psia chamber pressure, the chug persisted
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throughout the test. The chugging occurred ét frequencies of 115 to 310 Hz
and did not appear to be detrimental to the engine. The tests results
indicate that under conditions of smoothly decaying tank pressures and
unsaturated propellants the engine could probably blowdown to approximately
65 to 75 psia chamber. pressure without chugging.

s
A fuel depletion test was conducted for a duration of 4.5 seconds. The
test was started with very little fuel in the fuel tank and ended with an
indicated mixture ratio of 4.4 although assessment of the mixture ratio
is difficult because the test data indicate that slugs of helium were also
entering the thrust chamber. After the test, the thrust chamber was
observed to have a number of blue streaks in the combustion zone particularly
in the converging section. A dye penetrant test on the thrust chamber did

not indicate any cracks or leaks and testing was continued.

Supplementary boundary layer coolant is supplied to the thrust chamber by
orlflces in the periphery of the injector. These orifices were plugged

for one sequence of tests which were conducted over a range of chamber
pressures and mixture ratios. Comparison of these test results with results
of the Phase 1 testé indicate that at nominal conditions a performance gain
of approximately 1.5 seconds Is results from the elimination of the BLC.
Ccncurrently, the heat load to the regeneratively cooled chamber increased
by approximately 26 percent which would resuit in a safety factor of 1.2

at off-design conditions (P, = 120 psia, O/F = 1.73, T¢ = 100F).
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TEST HARDWARE

The hdrdware used for the test program consisted of a regeneratively cooled

thrust chamber, full size and truﬁcated radiation cooled nézzles, and a

like-doublet injector; The injector and chamber were designed to closely

simulate the thermal and dynamic characteristics of flight type nardware.

All componenpé were holted goéether and sealed with either metallic or

elastomeric O-rings, as aﬁpiopriate.

A drawing of the thrust’chamber assembly is shown. in Fig. 1. Table 1 provides

a summary of the regenerative cooled chamber design characteristics. The

combustion chamber has a length of 14.7 inches and a contraction ratio of 2:1

with a throat diameter of 5.820. The expansion érea ratio of the regenera-

tively cooled nozzle is 7:1. The inner wall and the lands of the chamber

are 321 CRE8; and the cﬁannels are closed out with electroformed nickel.

The ﬁhrust chamber was designed for the heat flux profile shown in Fig. 2.

Channel sizes are such that the miniﬁum safety factor is approximately 1.5

at a fuel inlet. temperature of 100 F, chambgf pressure of 120 psia, and
propellant mixture ratio of 1.85. The cbolant jackef itself is flightweight

with nickel closeout fhicknesées as thin as 0.025 inches at the throat. The

fuel inlet manifold is a heavyweight configuration to reduce cost, but

simulates flight manifold volume. The coolant oufietﬁmanifold is more critical

thermally and represents a typical flight design.

The completed regeneratively cooled thrust chamber is shown in Fig. 3. The
thrust chamber was extensively instrumented to measure outside wall tempera-
tures as described in Table II and shown in Fig. 1. Additional engine instru-
mentation for Phase II tests is described in Table ITTI and shown in Figs. 4,
5, and 6. | |

Accelerometers were initially mounted as described in Table 111 but were

relocated after Test IHT 1-1-4 onto a diameter line oriented in the 30°-210°
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TABLE 1. Demonstrator Thrust Chamber Design Characteristics

COMBUSTOR
Contraction Ratio
Length, in
Contour

NOZZLE
i

Regen Section Expansion Ratio
Nozzle Extension Expansion Ratio
Contour |

COOLANT
i Circuit

N#ﬁbeflof Regen Coolant Chamnels -

Coolant Pressure Drop, psid
Coolant Bulk Temperature,Rise, F
Auxiliary Film Coolant

J Channel Dimensions at throat, inches

Width, inches 0.114
Height, inches 0.068

Channel Dimensions near injector, inches

Width, inches 0.114

Length, incﬁes 0.042

MATERIALS

_ Hot Wall (0.030 in.} and lands
' Cold Wall (0.030 in.)

) Nozzle Extension

2:1
14.7

Tapered from 7 in.
upstream of throat

“to 7:1

7:1 to 72:1
Flight parabolic

Counterflow
120

. 15 PN

178 ‘
2.7% Total Propellant

CRES 321 |
Electroformed Nickel
CRES
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Fig. 3. Regeneratively Cooled Thrust Chamber
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TABLE II
ENGINE- TEMPERATURE INSTRUMENTATION LIST
Location,
Temperature Deprees
TFB-1 Fuel Temp - T/C Outlet Manifold 300
TFB-2 Fuel Temp - T/C Outlet Manifold 30
TFB-3 Fuel Temp -~ T/C Outlet Manifold 120
TFB-4 Fuel Temp - T/C Inlet Manifold 0
TFB-5 Fuel Temp - T/C Inlet Manifold 255
TFB-6 Fuel Temp - T/C Inlet Manifold 90
TFB-7 Fuel Temp - T/C Inlet Manifold (Top) 260
TFB-8 Fuel Temp - T/C Inlet Manifold (Bottom) 260
TINJ Injector Body : _ : 45, 75, 155
T34, Ni Back Wall @STA+3.0 90
T35 Ni Back Wall @STA+3.0 270
T36 Ni Back Wall @STA-Q.3 90
T37 . Ni Back Wall @STA-0.3 270
T38 Ni Back Wall @STA-2.0 0
T39 Ni Back Wall @STA-2.0 90
T40 Ni Back Wall &STA-2.0 180
T8 Ni Back Wall &STA-10.0 0
T9 Ni Back Wall @STA-10.0 90
T10 Ni Back Wall @STA-10.0 180
T11 Ni Back Wall @STA-10.0 270
T12 Ni Back Wall @STA-6.0 0
T13 Ni Back Wall @STA-6.0 180
Ti4 Ni Back Wall @5TA-.30 0
T13 Ni Back Wall @STA-.30 18
T16 Ni Back Wall @STA +3.0 0
17 Ni Back Wall @STA +3.0 180
r18 - 8kin Temp - T/C Inlet Manifold 0
T19 Skin Temp - T/C Inlet Manifold i 180
T20 Nozzle Flange - T/C Side : o
T30 ' Nozzle Flange - T/C Side’ 180
T41 - ! Ni Back Wall @STA-2.0 270
T42 :{  Ni Back Wall @STA-4.0 0
- T43 f Ni Back Wall @STA-4.0 {90
T44 ! Ni Back Wall @STA-4.0 - 180
T45 | NiBack Wall eSTA-4.0 270
- T46 - ' Ni Back Wall @STA-6.0 ; 90 B!
T47 ?  NieBack Wall @STA-6.0 E 270 !
T48 i Ni Back Wall @STA-8.0 0
‘T49 [ Ni Back Wall eSTA-8.0 G 80
- T50 { Ni Back Wall @€STA-8.0 [ 180
T51 . ! Ni Back Wall @STA-8.0 ' 270
- T52 ; Ni Back Wall @STA-13.0 0
TS3 {  Ni Back Wall @STA-13.0 90
g 3.0 180
{-

—— e n
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TABLE II
{Continued)
| | -
i Location, :
{ Temperature ; Degrees i
5 _ o i
| ;
T55 ; Ni Back Wall @STA-13.0 ! 270 ]
T56 | Ni Back Wall @5TA-16.0 0 {
T57 | Ni Back Wall €STA-16.0 : 15 ,
T58 ! Ni Back Wall @STA-16.0 { 75 :
T59 | Ni Back Wall @STA-16.0 : 135 ;
T60 {  Ni Back Wall @STA-16.0 ; 180
T61 i Ni BAck Wall @STA-16.0 : 195
©T62 ; Ni Back Wall @8TA-16.0 E 255 i
- T63 . Ni Back Wall @STA-16.0 r 315 ;
| Nozzle Back Wall €STA-7.2 ! 0
. . 7.2 ; 90
; 7.8 ; 0
: ; 7.8 ; 90
; ! 9.9 i 0
! ! 9.9 5 90
i i 11.7 { 0
g ; 11.7 i 90
; ; 16.2 ; 0
% ! 16.2 | 90
: ; 28.4 S0 L
; : 28.4 i 90 ;
? z 40.4 = 0 5
g 40.4 90 ’
: 57.5 0
57.5 90

P

NOTE: O degrees reference plane located 90 degrees clockwise from

manifold looking aft.

inlet

Locations noted are clockwise from O degrees
reference plane. STA location (+) from throat with aft (+).
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TABLE 111

LOCATIONS OF MODIFIED INSTRUMENTATION FOR ROCKETDYNE

Acceleration
GA-0, GA-1, GA-2

GA-3

. Temperatures
TFV (TOV)

TFD (TOD)

TINJ
TFB-7
TFB-8

Pressures
PF1L*

PF2L*

PDIL*

P01 (high pressure,
high response)

PF2 (high pressure,
: High response)

INTEGRATED T/C RESTART TESTS

On thrust mount as close to engine mounting bolt circle
as possible.

On injector oxidizer dome. Tapped hoie fui.aished.

Tack weld to engine fuel (oxidizer) valve outlet adapter
approximately l-inch from valve flange. -1 and -2 refer
to top and bottom sides respectively of adapters.

Tack weld to fuel (oxidizer) duct approximately l-inch
from engine connector. -1 and -2 refer to top and
bottom sides of the ducts.

On injector at radial location shown in Fig. 5 (45, 75,
and 1559).

In boss shown in Fig. 6.

In boss shown in Fig. 6. Bottom out thermocouple then
retract 0.l-inch. '

In drain port in coolant inlet manifold 909 CCW from
inlet flange (leoking aft)

Use tee in TFB-2Z2 port to measure both temperature and
pressure.

P01 port and 1/8 tubing.

In port shown in Fig. 7 using drilled out fitting
furnished.

Onto special fitting welded onto PFZ boss on dome shown
in Fig. 5.

*These parameters require isolation valves to prevent transducer damage during
mainstage operation. Sequence the valves to open 5 seconds after the cutoff

signal.



ASR74-229
Page 14

DRILL .209 THRU.

MACHINE PER MS33656E4
EXCEPT AS SHOWN,
MAT'L: 321 CRES, OR

‘ MAKE FROM AN815-4S UNION,
.625 DIA

BOSS FOR INJECTOR

MANIFOLD FUEL PRESSURE (PF-2)

REF: SECT B-B, DWG. #AP72-275
. & DWG.. #R5006095X

FIGURE 4. BOSS MODIFICATION - OME THRUST CHAMBER,
EWR #R214638  SCALE: 2/1 MW 1-8-7k
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INSTALL 005 ROSS..
THRU.

\ MACHINE PORT PER MS33649-4.
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direction (coolant inlet duct at 270°) as follows:
Accelerometer Location Range 'g! Output
4006 Thrust Ring *2,000 Analog
4007 Ox. DPome 200 Analog, Oscillograph
4008 Thrust Ring - %200 - Analog, Brush
4097 0x. Dome +1,000 Analog, Oscilloscope, CSM

After test IHT 1-3-6 accelerometers 4006 and 4008 were relocated to the
injector/chamber flange and accelerometers 4006, 4007, and 4097 outputs were

recorded directly on oscillograph as well as the other formats shown above.

The TFD 2 thermocouple was actually welded to the bottom of the fuel duct at
the low p01nt in the system about 5 1nches upstream of the inlet. The TFB-7
and -8 thermocouple bosses wers added at the same circumferential location

as TFB-5 to record fuel boilout during posttest vacuum soaks Low-level
pressure (15 psid) transducers were added to provide vapor pressure/saturation
temperature correlations with the fuel temperatures and to indicate propellant
depletion. Close coupled high-pressure transducers were used to record the
transients in fuel and oxidizer injection pressures and fuel coolant jacket
1nletApressure. Chamber pressure instrumentation was not configured to provide

high response transient data.

- The injector used was a like-doublet (L/D No. 1), which had 186 elements
arrénged in nine rows. Oxidizer orifice diameterg ranged froh‘0.032 to 0.038
inches, while fuel-brifice diamefers‘ranged from 0. 028 to 0'033 inches. The
injector included 68 orifices (0.020-inch diameter) to provide b0undar) layer
‘coolant amounting to 2.7 percent of the total propellant flow at nominal mixture

ratio, InJector characteristics are summarized in Table IV.

‘A flight' contoured, radiation cooled CRES nozzle with € = 72 was used to

provide reallstlc thrust overshoot and sideload data for the restart tests.
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TABLE TV  Injector L/D No. 1 Characteristics

Diameter, in.
Number of Elements
Number 6f Rows

Type of Elements

Oxidizer Element Diameter, in.

{minimum/maximum)

Fuel Element Diameter, in.

(min imum/maximum)

Pressure Drop € Nominal F)ows

Oxidizer, psi

Fuel, psi

Number of Acoustic Cavities#®

Mode Suppression’

*Cavities:fqrhed by chamber and inje@tbr

8.200

136

9

Like Doublet
0.032/

0.038

0.028/
0.033

56
62 -
/4
Ist & 3rd

Tangential | -
Ist Radial
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A radiation cooled Columbium nozzle with € = 9 used for the tests at low

chamber pressure and no film cooling to eliminate the chance of chamber
damage from high side loads.
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TEST FACILITY

The_thrust'chamber assembly was tested at thé White Sands Test Facility

at Las Cruces, New Mexico. Figure 7 is a phdtograph of the installation
which is shown sbhematically in Figure?a. Fuel (MMH) and oxidizer (NTO)

was stored and conditioned in 2000- -gallon propellant tanks external to the
vacuum cell. The propellant was pumped from the external tanks to the two
60-gallon tanks inside the vacuum cell simulating the OMS tankage exits-
Line sizeé and lengths from_ihe'pfopellant tanks to the OME interface were
configured so0 as to simulate OMS ductiﬁg A flow meter was located in
each propellant feedline between the tanks and the englne interface. A
COMmMOT pressure Source was used to pressurize both the internal and external

fuel tanks.

The fuel sides of two LMdescent engine valves were used as the engine pro-
pellant control valves. Fuel valves were used for both‘fuel and oxidizer
sides because these valves contalned the actuators and the position indicators.
Each valve was series and parallel redundant 1nc1ud1ng upstream isolation
valves and downstream shutoff valves. P051t10ns were measured on cne of the
isolation valves and one of the shuttle valves for each propellant. The
valves were located so as to provide a slight positive drain into fhe engine
inlets in an attempt to simulate the depletion which would occur after shut-
doWn under zero 'g' conditions. The ducting between the valves and the
“engines was conflgured to simulate typical line volumes and sizes for the
fllght OME as. shown in F1g 8.

Provisions fbf GN2 burges were made downstream of the valves. Provision for
an isopropyl alcohol flush was also made downstream of the fuel valve. A
water 5prayriﬁg was provided at the radiation side of the regen/radiation
nozzle'inferface. Finally, a high volume air cpoling purge of the radiation

nozzle was provided to cool the nozzle after testing. The steam ejector was
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able to pump the capsule down to a pressure of approximately 0.06 psia equiva-
lent to an altitude in excess of 100,000 feet. A complete list of facility

instrumentation is given in Table V.

The test operation at WSTF was initiated with a vacudm pump evacu. ion of
test stand-401. This operation was performgd about 2-3 hours prior to the
actual test operétion.' Thé engine test stand was then readied for operation
by pressurizing the propellant tanks to the required run pressures and assur-
ing that the engine stand and the engine instrumentation were in readiness
for the test. With this assurance that the engine was ready for testing, the
hyperflow gas generator system was started and brought up to full operation.
At this time, the altitude capsule isolation valve was opened to permit the
hyperflow action to pump down the altitude cell to the final run pressure;
The cell pressure was continuously monitored, and when it reached 0.1 psia,
engine test activity commenced. The first'event, at sequence time equals
zero, was activation of the “fire switch." At this time, the electrical
signal was simultaneously applied to both fuel and oxidizer main propellant
valves. For tests in the first part of Phase II, the signal to the fuel valve

was delayed by as much as 100 msec to assure a definite oxidizer lead.
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TABLE V
TEST INSTRUMENTATION
§ Recorder
é Parameter Range 0SC Brush Digit
: .
i
| Thrust 1A 0-5000 Lbs X
! Thrust 1B 0-5000 Lbs X |
Thrust 2A 0-5000 Lbs X |
Thrust 2B 0-5000 Lbs X i
. Thrust 3A 0-5000 Lbs ! X
; Thrust 3B 0-5000 Lbs ' ! X
! Total Vertical Thrust 0-15000 Lbs X | X fX !
i _ i i 1
} Horizontal Force 1A +1000 Lbs FX PX
. Horizontal Force 1B +1000 Lbs : j X ;
; Horizontal Force 2A +1000 Lbs ; X : X §
' Horizontal Force ZB +1000 Lbs g ; X
. Horizontal Force 3A +1000 Lbs I X X
¢ Horizontal Force 3B #1000 Lbs I § X i
L ‘ . : ! ;
. Axial Acceleration GA-1 0-3000G X i ox
i Axial Acceleration GA-2 0-200G (CSM) X X ;
i Axial Acceleration GA-3 0-200G § X
;. Fuel Valve Position 0-100% ] X | X
: Fuel Valve Position Open/Closed | X | :
! Oxid. Valve Position 0-100% 7 X X !
: Oxid. Valve Position Open/Closed X
{ Fuel Flow 1 0-100 GPM Poox X
: Fuel Flow 2 ‘ 0-100 GPM : : X {
| oxidizer Flow 1. 0-100 GPM ¢ X
; Oxidizer Flow 2 0-100 GPM ; M X !
I . P : |
! Fire Switch Signal ' On/Off X 1 X X
| - o
. Fuel Tank Press. 0-300 PSIA ' L ¢
© Oxid. Tank Press. 0-300 PSIA | ; PX
| Fuel Valve Inlet Press. ~0-300 PSIA i D POX
{ Oxid. Valve Inlet Press. 0-300 PSIA ; ! X o X
{ Cell Press, HIgh .0-15 PSIA - : i i X
i Cell Press, Low 0-1/2 PSIA : : PX
N .
i
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TABLE V
(Continued)
_ Recorder -
Parameter Range T™P 0sC Brush Digit
Fuel Inlet Manifold Press PF1 0-300 PSIA X X X
Fuel Inlet Manifold Press PFIL 0-15 PSIA X
Fuel Injection Press PF2 _ 0-300 PSIA X X X
Fuel Injection Press PF2L 0-15 PSIA X
Oxid Injection Press P01 0-300 PSIA X X X
Oxid Injection Press POIL 0-15 PSIA : X
Chamber Press 1 0-200 PSIA : X
Chamber Press 2 0-200 PSIA X X X X
Fuel Temp, Tank 32-150 F X X
Oxid Temp, Tank- 32-150 F X X
Fuel Temp, F/M ° 32-150 F X
Oxid Temp, F/M - 32-150 F X X
Ox Temp,EVglve Inlet - -50-150 F X X
Fuel Valye Outlet Temp TFV-1 -50-300 F X
Fuel Valve Outlet Temp TFV-2 -50-300 F X X
~ 0x. -Valve Outlet Temp. TOV-1 - -50-300 F X
Ox. Valve Outlet Temp. TOV-2 - -50-300 F X X
T/C Fuel Inlet Duct Temp TFD-1 -50-300 F : X
~T/C Fuel Inlet Duct Temp TFD-2 -50-300 F X X
T/C Ox. Inlet Duct Temp. TOD-1 -50-300 F X
T/C 0x. Inlet Duct Temp. TOD-2 ~50-300 F X X
All Englne Propellant Temps -50-300 F -
‘All Nickel Backwell Temps -50-300 F b
All Nozzle Temps 52-2500 F .
Eﬁgine‘Temps 6n'TMP= A ' é
T9-Nickel Backwall @ STA-10 § 90° ; X
- T19-Inlet Manifold Skin @ 180° X L
. Nozile Backwall @ STA' +.9.9 § 0 X ;
- .Nozzle Backwall @ STA + 7.8 § 0° X |
" TFB4- Jacket Coolant Inlet ¢ %.’
X !
|
I
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TEST PROGRAM AND RESULTS

The primary objective of the test program was to investigate the OME start,
shutdown, and restart characteristics to determine if restrictions of the
mission-duty cycle exists for the current configuration of the OM.. Secondary
objective was the investigation of OME thrust chamber operating characteristics
at very low chamber pressures typical of propellant tank blowdown operation

and without supplementary boundary layer coolant.

TEST SEQUENCES

To accomplish these_ébjectives, the tests were broken down into groups of
tests caiied test sequences .each having specific detailed oﬁjectives or test
conditions. The number of tests in each sequence and the objectives of the
sequence are shown in Table VI. A summéry of the most significant condition;
for each test is presented in Table VII. As noted, all tests of sequence 1
‘through 6 (except 1-1 and 1- 2) yere conducted at apprDX1mate1y nomlnal chamber

pressure and propellant mlxture ratio.

Twelve tests were conducted in the first test sequence to check out the
facility instrumentation and engine and to determine the effects of posttest
purge and flushing operations; Ail tests for sequence 1 were conduéte@ with
a2 100 millisecond oxidizér valve opéning'signai lead relative to the fuel
vélve signai The first test was a l-second duratlon firing followed by water
spray, flush, and purging operations which brought the engine to temperatures
approachlng,OOF. After these procedures,_the engine was restarted and fired
for three ééconds foriTest 1-2. Data from this test was used to reset the
tank:pressures'during"the S-minute posttest soak period. Following this
vacuum sdak, the engine was purged-éhd restarted for another l1-second firing.
After Test.1-3, a briefer sequence of pufging and flushing was followed again

_cooiing‘the éngine down to low temperatures, The purpose of these proccdures



TABLE VI

INTEGRATED CHANBER TEST PROGRAM SUMMARY - PHASE 11

12  CHECKOUT, POSTTEST PURGE AND FLUSH EFFECTS,
o PERFORMANCE
3 ~ VALVE SEQUENCING, HOT ENGINE RESTART, SOAKOUT,
- - FUEL DEPLETION
B WARM ENGINE RESTART, SOAKOUT
15 * HOT ENGINE RESTART WITH COLD PROPELLANTS, SOAKOUT
17 * AMBIENT ENGINE RESTART, SOAKOUT
TR PERFORMANCE, THERMAL LOW Pc OPERATION
0 PERFORMANCE AND THERMAL WITHOUT BLC

gz afeyg
62Z-Y.L4¥SY

TOTAL 116 745 SEC DURATION
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TABLE VII
TEST CONDITIONS

Test

3-4

Ox. Valve Duration
Seq. No. lead, msec sec. Comments
1-1+ 100 1.0 Targeted P_ and o/F 125 psia and 1.5
respectively for tests 1-1 and 1-2;
125 psia and 1.65 for subsequent tests.
Posttest water spray (38 sec) alcohol
flushing (42 sec) and GN2 purge.
1-2 100 3.1 Restarted immediately after above
‘ procedures. Five-minute posttest soak.
1-3* 100 1.0 Restarted without purges after soak.
o Posttest water spray, alcohol flush,
and CGN, purge to cool engine.
1-4 100 0.14 Restarted after above procedures. Hard
start and CSM shutdown,
1-5* 100 0.3 One minute of purge (cycling) posttest,
then restart. '
1-6 100 0.3 One minute posttest purges, then restart.
1-7 100 0.3 One minute of posttest purge, then restart.
1-8 100 0.3 One‘minute_of-posttest purge, then restart.
1-9 100 - 1.3 One minute:of posttest purge, then restart.
1-10 100 . ~ 0.3 One minute of posttest purge, then restart,
1-11 100 0,3 15 sec. posttést purge, 8 sec. alcohol
flush, 100 sec GN2 purge, then restart,
1-12 - 100 ~35.6 18 sec. posttest GN, purge, 30 sec. alcohol
' - flush, 40 sec. purge, 5 min. soak,
3_1*‘ ' 100 Q.3 One-minute posttest purge.
3-2 100 - 0.3 One-minute posttest purge. |
. : . ]
3-3 50 - 0.3 One-minute posttest purge. 5
29,3 Simultaneous-propelléﬁt valve signals for

this and subsequent tests. No posttest purge.

*First test of a vacuum period.
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TABLE yi1. TEST CONDITIONS (Continued)

Duration

'3-29

Test Pretest Coast
Seq. No. Sec. Time, Sec. Comments
35 14.3 180 No posttest purge.
3-6 4.3 120 2 min. posttest purge fincluding upper
nozzle external purge).
3-7* 32.0. No posttest purge after this and following
tests, except each day's testing or as noted.
3-8 14.7 60.1 |
3-8 9.9 30.0
3-10 - 9.8 . 35.5
3-11 4.8 21.1
3-11A 4.8 53.6
3-12 4.8 9.9 Hard start. .
3-13 4.8 10.0
3-14 4.8 4.9
3-15 4.8 2,0
3-16 4.8 1.1
3-17 4.8 1.2 30 min., vacuum soak. .
5-18* 0.1% No tape data during posttest soak.
3-18A* 0.15‘ Pretest purge. Hard start at Ox. injector
, prime. 10 min. posttest soak.
3-18B* - Injector rotated. 6 Ox. valve on-off cycles.
3-18C - 0.94 30 min. posttest soak. | 7
3-19* 31,7 - Ox. vélve'changed.
3-20 9.8 25.2 |
3-21 9.8 24.4
3-22 4.8 18.1 -
3-23 :4.3 12.5 | Fuel depletion and helium injestion.
324+ 31.8 | - |
3-25 4.8 16.0
3-26 4.8 16.3
3-27 4.8 11.3
3-28 4.8 11.3
- 4.8 29.2

*First test of a vacuum period.
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TABLE VII. TEST CONDITIONS (Continued)

Test buration | Pretest Coast

Seq. No. Sec. Time, Sec. Comments
3-30 4.8 3.4

3-31 4.8 5.0

3-32 4.8 2.0

3-33 4.1 2.0 3 minutes posttest soak
4-1% 1.0

4-2 1.0 179.8

4-3 1.0 120.8

4-4 1.0 61.2

4-5 1.0 31.2

4-6 1.0 16.1

4-7 1.0 9.0

4-8 2.9 4.6

4-9 1.1 0.3

4-10 1.1 0.7

4-11 1.0 13.8

4-12 1.0 30.1

4-13 0.4 44.8 30 min. posttest soak.
5-1* 31.8 Cold propellants for sequence 5.
5-2 17.7 181.0 | |

5-3 14.7 121.2

5-4 11,8 - 6L.3

5-5 8.7 31,3

5-6 4.8 ©15.5

5-7 4.8 9.9

5-8 4.8 4.4

5-9 4.8 2.0

5-10 4,8 1.6 -

5-11 4.8 20.3

5-12 10.8 - 46.3

5-13 13.8 - 91.2.

5-14 4.8 31.1

5-15%* 0.15 ' Posttest soak.

6-1% 0.16 Ambient propellants for sequence 6.
6-2 0.18 1180.7 |

*First test of a vacuum period.
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TABLE VII TEST CONDITIONS (Continued)

Test Duration Pretest Coast - f{W : ;ﬁgf
Seq. No. Sec. Time, Sec. Comment s L oE
6-3 0.20 119.7

6-3A 0.18 55.9

6-4A 0.20 15.7

6-5 0.20 60.8

6-6 0.20 3.1

6-7 0.25 6.3

6-7A 0.26 5.1

6-8 0.27 ' 2.5

6-9 0.16 (14 min.16 sec.)

6-10 0.23 5.2

6-11 0.20 45.4

6-12 0.16 2.7
6-12A 0.17 3.1

6-12B 0.16 7.6

6-13 0.04 | -~45.9 10 minute posttest soak.

P, psia | O/F Comment s

7-1% 5.7 125 © 1.45 | Cold fuel, ambient ox., 9:1
_ ) _ nozzle for seq. 7 § 8.

7-2% 9.7 125 1.65

7-3 9.7 100 1.65

7-4 9.7 100 . 1.45

7-5 ‘9.8 125 1.45

7-6 9.8 125 1.85 { Posttest purges on tests 6-13|
7-7 34.7 125 1.65 :

7-8 4.7 80 1.65

7-9 4.7 70 1.65

7-10 4.7 60. 1.65

7-104A 4.7 70 | 1.45

7-12 . 4.7 60 1.45

7-13 4,7 60 1.65

7-14 9.7 1256 1.65 | 30 min, posttest coast.
B-1%* 33 125 1.8 Injector BLC orifices plugged

! : for sequence 8.

§-2 10 : : 140 1.75

§-3 10 S 140 1.55

8-4 10 125 1.55

8-5 10 - 110 2.0

8-6 10 . 109 1.6

-7 10 ‘ ‘ 135 2.0

8-8 10 109 1.5

8-9 10 106 2.0 : ,

8-10 10 126 1.8 30 min. posttest soak,

* First test of a vacuum period.
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was to determine the response of various portioﬁs of the engine to flushing
and purging in order that the proper procedures might be specified later in
the test program to return the'engine to near ambient temperatures during
multiple tests in a given steam period. Test 1-4 experlenced a premature

CSM shutdown and testlng was termlnated for the day

The flushing and purging procedures after Tests 1-1 and 1-3 had sighificantly
" cooled the engine down and significant ice formations were observed in the
region of the fuel inlet manifold after these teste. At the start of Test 4
temperatures of 25 F oﬂ‘the regen chamber wall and 17 F near the coolant
inlet were measured. Tests 1-2 and 1-4 exhibited relatively hard starts
although posttest 1nspect10n 1nd1cated no damage to the englne Tests 1-5
through 1-11 were brief (0 3 to 1.3 seconds of 90% or greater thrusts) tests

- followed by l-minute purges to determine the effects of engine temperature

on start transient characteristics. Alcohol flush end purgeAprocedures were
followed after Tests 1-11 and 1-12, the latter test being a 35-second duration
test to obtain thrust chamber performance and thermal data. Propellant tank
pressurlzatlon dlfflcu1t1es on this test resulted in varying mixture ratio

throughout the test.

Test sequence 2, initially intended to be an extensive investigation of
propellant valve sequencing was deleted and an abbreviated valve sequencihg
brogram was incorporated into sequence 3. Previous testing‘had indicated
that the first test of a vacuum period had unusual starting eharacteristics
so the second-test of sequence 3 was arduplicate of the first to provide a
baseline for subsequent valve sequenc1ng tests, Both tests were conducted
with the fuel valve electrlcal 51gna1 delayed 100 milliseconds after the
oxidizer valve ‘'opening signal. On Tests 3-3 and 3-4 the delay time was reduced
to 50 and 0 mllllseconds, respeetively. The engine was purged after'eech'of
the first‘three tests so that each test would simulate a first start on an
engine. No posttest pﬁrging was conducted after Tests 3-4 and 3-5 since

tests 3-5 and 3-6 were the first of the hot engine restart evaluation tests.
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The engine was fired for 23 seconds on Test 3-4 to bring it to thermal
eqU111br1um prior to the 180- second coast period which preceded Test 3-5.
Test 3- 5 was f1red for 14 seconds to reheat the engine to equ111br1um

conditions prior to the 120- second coast perlod-whlch preceded Test 3-6.

During the next test day, Tests 3-7 through 3-17 of Sequence 3 were conducted
to evaluate the hot engine restarting characterlstlcs. No purges were used
between these tests and each test was fired long enough to heat the engine

to equilibrium conditions. Coast durations ranged'from 1 to 60 seconds.

, To evaluate engine soakout character15t1cs after a very br1ef flrlng, Teet

3-18 was conducted with a mainstage duration of 0. 15 seconds. Approx1mate1y

7 minutes into the soak period it was observed that data was not being properly
acquired. The engine was purged for approximately 1 minute and the 0.15- second
duration firing repeated (3- 18A) followed by a 10- ~minute soak An unusually
high ?g' level was experlenced at ox1d1zer injector prime which occurs before
ignition. Testing was terminated for the day and the engine inspected and
found to be in good condltlon.

Six cycles of the oxidizer valve were programmed to chill down the oxidizer
feed system and determlne if the temperature was factor in the hard start.
No hard starts were encountered and it was concluded that the hard start on
Test 3-18A was the result of contamlnatlon, either from the facility or from
the fuel side of the engine. Test 3-18C was: conducted to determine vacuum -

soakout characterlstlcs after a l-second flrlng

During checkouts before Test 3-19, the operation of the' ox1d12er valve was
erratic and 1nd1cated c1051ng without be1ng 51gnaled to do ‘so. The valve

was changed
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A fairly high 'g’ level was enceuﬁfered at start on Test 3-12 but was not
repeated on Test 3-13 although the coast times were approximately equal

(10 seconds). Tests 3- 19 through 34 were therefore undertaken to explore

hot engine restarts with coast times of approx1mate1y 10 seconds. Testing
proceeded satisfactorily.through Test 3-22 with coast times ranging between

18 and 25 seconds. After a coast of 12 seconds, Test 3-23 was initiated.
However, the OMS simulating fuel tank was almost empty at the start of this
test and was completely depleted during the 4.5 second'test. Test data
indicated slugs of helium were probably also being ingested into the fuel
system. The indicated propellant.miiture ratio was approximately 4.4 at the
end of this test. However, the value is questionable because of presence of
helium. Chamber pressure was down to 65 psia. Subsequent to shutdown external
wall tempefatures en the regeneratively cooled thrust chamber exceeded 500 F,
the maximum recording capability of the instrumentation. Posttest inspection
of the thrust chamber indicated a number of blue streaks in the converging
section of the‘combustion chamber. A dye penetrant check of the combustion
chamber indicated no leaks. The hot engine restart tests with ambient tempera-
ture propellants were concluded the next test day with Tests 3-24 through 33
explorlng coast. perlods ranging from 2 to 29 seconds. The high 'g’ level

experienced at ignition on Test 3-12 was not repeated during any of these tests.

'The minimum flrlng t1me requlred of the OME is- currently 1 second. Test
Sequence 4 was conducted to determine the restart capability of the engine
after flrlng for this period and coasting for various times. Test Sequence

4 was conducted without any dlfflcultles Coast periods ranged from 0.3 to
180 seconds. No unuSually high 'g' levels were encountered dering this series.
The final ‘test in this series was for a 0.4-second duration and followed by a

posttest vacuum soakout..
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Cold propellant will remain in the engine for a longer period after shutdown
than ambient temperature propellants. The effect of this variable on restart

charactreristics was investigated in Test Sequence 5 by chilling the propellants
to approximately 45 F and conducting a series of hot engine restarts. Coast
periddé for this test sequence ranged from 1.6 to 180 seconds with no unusually
high 'g' levels being encountered on any.df the starts. A final test in this
sequence was conducted later with engine at an ambient temperature. The engine
was fired for 0.15 seconds and allowed to soakout in vacuum to determine the
minimum temperatures which would result if the engine were signalled to shut
down prématurely before heating up. This'test provided the data upon which

was based the scheduling of the tests in the next test sequence.

Sequence 6 was scheduled to investigéte restart characteristics of the engine
after a premature shutdown involving a ﬁery short firiﬁg. Firing durations
for this sequence were approximately 0.2 seconds with coast times ranging

from 2.5 seconds to 14 minutes, 16 seconds. No high 'g' levels were
encountered at start during this test sequence. The last test of the sequence
was conducted for the shortest duration of any of the tests in this program,

0.04 seconds, and was followed by a 1l0-minute posttest vacuum soak.

The purposes of Sequence 7 testing were two-fold: 1) to provide baseline perform-
ance and thermal data with the engine in its nominal configuration for comparison
with subsequent tests in Sequence 8 which would be conducted without boundary
layer coolant; and 2) to investigate OME operation-at very low chamber pressures
'typical of propellant tank blowdown operation. In order to prevent excessive

side loads which might be associated with very low pressure operation, the

72:1 nozzle waé replaced with the 9:1 nozzle. To provide a higher safety factor,
the fuel tgmpérature was reduced to approximately 45 F. To provide mbre.accurate
flow data, two additional flow meters were installed in each propellant feedline

under ideal.ducting conditions between the outside propellant tanks gnd‘the tee



ASR74-229
Page 37

which branches to the engine and to the OMS simulating tanks. The OMS

tanks were valved closed for the first 7 tests of the sequence and

propellant flowed from the'ekternal tanks to the engine, Tests were
conducted in this cenfiguration for propellant mixture ratios of 1.45, 1.65,
and 1,85 at nominal chamber pressure and for the two lower propeliant mixture

ratios at 100 psia chamber pressure.

The boundary layer coolant (BLC) orifices in the 1nJect0r were plugged with
short wires prior to Sequence 8 to 1nvest1gate the effects of BLC on perform-
ance and heat transfer. Ten tests were conducted at chamber pressures
ranging from 106 to 140 psia andpropellant mixture ratios of 1.5 to 2.0. All
tests were of 10 seconds duration except the first which was fired for 33
seconds to assure complete heating of the regeﬁeratively cooled hardware.
Cold fuel (~ 45 F) was used for this sequence to enhance the regenerative
cooling safety factor because of the off-nominal conditions being tested.
Sequences 7 and 8 were terminated with a 30-minute vacuum soak to compare

the soakout characterlstlcs of the columblum radiation cooled nozzle with
those of the CRES nozzle.

Sequence 8 completed this phase of the test program. The injector and chamber
were inspected and found to be usable if required for future testing. The
-1ntegrated thrust chamber has’ accumulated 156 starts and 1189 seconds of

operation. The L/D #1 injector has accumulated 284 starts and 1695 seconds.
START TRANSIENTS

Facility and engine ducfing-were configured to Simulate,,as far as possible,
the volumes and lengths of the current Orbit Maneuvering System propellant
feed system. A brief investigation of the effects of propellant valve
sequenciné on start transient characteristics was made during the first

four tests of Sequence 3. These tésts also provide a comparison'of the first
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start transient of a vacuum period with subsequent starts. Previous
experience had indicated, in general, slightiy higher g-loads at start

on the first tests. Therefore; the first and second tests were both
conducted with the fuel valve opening signal delayed 100 msec relative to
the oxidizer valve signal. The delay was reduced to 50 msec on the third
test and to 0 msec (51mu1taneous signals) on the fourth test. Figures 9,
10, and 11 are reproductlons of osc1llographs derlved £rom the analog tape
for Tests 1, 2, and 4 respectively of Sequence 3, Comparison of the start
transieﬁts for Tests i and 2 indicates a more gradual oxidizer injection
pressure rise‘atroxidizer prime and a compléte‘absence of pressure surges
at ignition in the oxidizer injection pressure on the first test. The data
indicates a hérd liquid éystem for the second test and the presence of some
gas in the System for the f1rst test. {Test 3-18B consisted of a series of
cyclings of the oxldlzer valve only The same diffefence between oxidizer
injection pressure transients for the first test and subséquent tests was

noted.)

- The fuel injection pressure tran51ents also indicate a more gas-free system
on the second test by virtue of the more regular and hlgher frequency
oscillation which occur durlng the prlmlng tran51ent. .Gases in the fuel at
1gn1t10n would lead to the smoother tran51ent indicated in. thrust for the
first test. ~Note that the thrust transient on the first test indicates a
more rapid rise to a low thrﬁst value than on the second test. This rise

is accompanied by accelerometer activity not present on . the second test.

The engine was purged completely before each of these tests so it is presumed
that no propellants existed downstream of the propellant valves in either
case. It therefore appears that small amounts of gas existed in the _propellant
feed system upstream of the valves on the flrst test and that the second test

is therefore a more typical start.

A comparison of the start transients of Tests 2 and 4 (Figs. 10 and 11).
indicates that simultaneous signalling of the propellant valves on Test 4
has moved the oxidizer injection prime point much closer to the fuel injector

prime point but the effect on the ignition characteristics is not.
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FIGURE 10 START TRANSIENT FOR TEST iHT1-3-2
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significant for this range of oxidizer leads. The reason for this can be
seen in Fig. 11. The oxidizer injection prime transient is completed by
the time the‘fuellinjection transient and ignition occurs even with
simultaneous valve signals. In fact. the shape . of the transient indicates
that fuel injector prime could occur 20 to 30 milliseconds- carlle without
significantly affecting the 1gn1t10n characterlstlcs. However, restart
character1st1cs could be affected because short coast times tend to reduce
the ox1dlzer lead even further. Thrust overshoot and accelerometer data-
tabulated in Appendix A indicate that these characteristics did not vary

much between Tests 3-2 through 3-4.

The start transient for Test 3~18A is shown in Fig. 12. The high accelera-
tion spike on this test occurred not at ignition but at the time the oxidizer
injector primed. The *2000 g accelercmeter (not recorded in Fig. 12)
indicated 1500 g at that time. The high value of the spike in oxidizer
injection pressure at przme 1mp11es a detonation in the oxidizer dome at

this time. (The 1nstrumentat;on is nearly saturated so that the actual

value of the spike is even higher than indicated.) It is suspected that the

dome was contaminated even though the injector was purged before the test.

An accelerometer spike of lesser magnitude occurred at ‘ignitien. The

‘magnitude of this spike was more typical of -values recorded at the start of

a first test of a vacuum period. Note the wide variation in accelerations L
recorded by accelerometers at different locationson the chamber. As an

indication.of the physical significance of the magnltudes of these accelera-

tion, it is noted that a light tap with a hammer on the 1nJector dome resulted

in acceleratlons of up to 500 g's,
ENGINE SHUTDOWN AND SOAKOUT CHARACTERISTICS

A typlcal shutdown tran51ent after a long duration test without posttest
purges is shown in Fig. 13. Approxlmately 0.6 seconds after the shutdown



START &1GNAL : A&ﬂyn-ziﬁ é
| TEST 1HT1-3-18A ' ' ‘

ﬂHa"’\MBEW pR“E‘S?s(}Rﬁ . | ey e s -

! BT e LR e N e B T e T o L T T T PR A R S ! .
f : ‘

- ! g TEST 1M ; |

= s o e §l‘ e B b

H
i

: e 5& ] . : : o ‘ : ‘ : : ‘ W%m‘“ﬁumﬁ%w*&.ﬂ
R B SR ) T (O ‘; . . i : ) ) - i . . : N ; )

AL 3 P

¢ : ; H i i

o e T T J'«‘j}w"»“% 5 s o S it v
= :
: _ ‘ i ! | ; i
: ﬁCﬁE&E%GMET&R QBOSB *zao *g' FLANGE ; : : < ! ‘ j
o T R e A e s " s R S e o " "ngm“% s gl T DRt R e o R R i
i " : ¥ %
| ! i . i
{ ‘i ; . ; |
V ; ot } ) \ ) : é
; uxtn 1&JEﬁTiGM PRESS o : gy |
B
y,:.‘:“”"‘:q

¢ . : R i E . 3

DRV PP - S S —

G C iﬁ&&LE&OMﬁTES nae7n +200 1g" pomE |

‘Iw e %%&m"«“&‘"ﬁm:.ﬁm iEgy L

R LS wwm&v S G e Rl

g v

%2»‘%’}&’;1““&* W“'?}?«”W e

] H R
f : L e T SR

E St St s A o

[ SR ——

s

L

2
“’fﬁ“’ e

g v o B, e W T

e i S B

4 m, PRI g lm u.uy ey . m, ;,.ww»m: stk
3 ws?awsuw i el i B ot

R R T

a Xt0. SHUTOFF VALVE 'POSITION AR F 4
f -
: | ol N T | d
‘ . ; L Sl SERTI A, ¥
FUEL FLOW ; N 2L ugﬂ S | |
baglihy

?

i
ﬁwﬁ%%@wﬁ&wmﬁwx%ﬂ“JaW&fmﬁﬁﬂn&wuwwm%ﬁ
L

H . ;)
. fwww
b

XD, FLOM : “}
foe A S R AT R i R R B A

fﬂ
mw#«tf"g‘

%#W : - ‘ %ﬁ e %”@‘FMVM j R

REPRODUCEBILITX OF THE

: ; 4 AR o L
| . ORIGINAL PAgF 1S 13@03, BT EEET e TURRE .
4 ' i 1. ¥ i . H
4 BN e P
o PRI i ey I g g S R e RS N M




ASRTd-200
Page 44

g o FIGURE 13. SHUTDOWN TRANSIENT FOR TEST tHTI-3-4
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signal considerable accelerometer activity begins and lasts for up to

several seconds. Because of this phenomenon, it was difficult to evaluate
g-loads at restart for test with coast duraticns less than 5 seconds.
Posttest accelerometef readings of several hundredeg's were occasionally
recorded. 'Football' type oscillation of 2400 Hz were frequently ~ncountered
on one of the accelerometers whereas the data from the other 3 accelerometers

was fairly random.

Fuel and oxidizer injection pressures at the-beginning of the accelerometer
activity were in the order of 40 and 20 psia respectively, which corresponds
to a saturation temperature of 240 F for MMH and 60 F for NTO. On short

duration tests such as 3-18 and 3-18A which were of 0.15-second duration no.

posttest accelerometer activity occurred

On Test 3-18C, whichlwas 0.9-second duratien, accelerometer activity did not
occur until approximately 1.2 seconds after-shutdown and -was significantly

less severe than that following long-duration tests. Sequence 4 was a series
of l-second duratlon tests w1th varying coast tlmes Accelerometer activity
- began 1.4 seconds after shutdown for the first tests and occurred at progress-
ively shorter times, such that, at ‘the latter tests the activity was commencing

at 0.5 seconds after the shutdown signal.

Sequence 6 included a series of 16 tests of abproximately 0.2-second duration.
The only posttest accelerometer act1v1ty recorded during this test sequence
Was after Test 8 which was the longest duration (0.27 sec) test of the series.
The activity was quite mild and occurred 1.7 secouds after the shutdown signal.
The posttest value of the regeneratlve thrust chamber wall temperature was

the highest on Test.S; At the time the acceierometer activity occurred, the
highest‘temperatufe was 235 F measured at the -8 inch station on the chamber.
Fuel injection pressure at this time was approximately.°0 psia corresponding
to a saturation tempereture of 200 F. Coolant inlet manlfold temperatures

‘Were qulte cool averaging approximately 50 F.
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Thus, it appears that the posttest accelerometer activity depends upon the
engine temperature at shutdown which, in turn, is a function of the test

duration.

The accelerometer activity may be due to violent boiling of MMH in the regener-
ative coolant jacket or NTO in the injector. However, a more probable source
of the effect is.suggested by the followlng data (all times referred to the
shutdewn signal},

Test Time of Accelerometer Time of Purge Initiation, Sec

IHT 1~ Activity, Sec. Oxidizer . Fuel
3-4 0.6 to 4.6 - None None
3-5 0.7 to 4.6 . None None
3-6 0.7 to 3.6 ' 2 7
1-12 07t 2.7 2 oy
7-6, 7-7 . - None S S -1

These tests were all of sufficiently-long duration (:>S:§éc)‘t6 heat the
engine. When the oxidizer purge only was initiated manually approximately

2 seconds after the shutdown signal, the duration of the accelerometer activity
was significantly reduced. When the purgés were initiated during’the shutdown
 transient [byﬂsetting the purge pressures lower than steady-state injection
pressures pridr to the shutdown signalj the characteristic accelerométer
activity did not occur. 'This suggests that for an unpurged hot englne
“shutdown, the oxidizer dralns out of the duct while fuel boils out of the
chamber jacket giving rise to sporadlc low-level combustlon and popping. The
oxidizer purge blows the NTO- out of the duct rapidly and eliminates the low-
level combustlon. W1th a cold chamber (firing times 5 0.2 sec) the fuel comes
out of the Jacket very slowly so that the oxidizer simply drains out of the
injector and éhamber without combusting. Althoughrthé acéelerqmetér activity

is quite pronounced after cutoff the effects are not manifested in either
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thrust or injector pressures (the chamber pressure measurement did not have

rapid response characteristics) and are probably not harmful to the engine,

Figures 14 through 23 represent typical soakout transients for an engine
which has been fired long enough to have reached thermal equilibrium. The
test shown was a 5-second test after a hot engine restart. Regenerative
chamber outer wall temperatures at the -16 inch location, behind accoustic
cavities, are shown in Fig. 14.. The wall at this point reéeives heat inputs
from the accoustic cavity dams and the injector and is cooled by MM being
boiled in the jacket. The heat inputs at first predominate and the tempera-
ture rises for approxlmately 40 seconds, after which the cooling injector
and cavity dams cannot keep up with the cooling capability of the MMH and
the temperature again decays. When the MMH is depleted to the point that
liquid can no longer percolate up the channel to cool this region, the
temperature again rises in response to the injector heat input.reaches a’
maximum and decays as heat is transfered to the rest of the chamber and the
environment. The maximum temperature at this location was less than 300 F,
well below the decomposition tempergture of.MMH.

_The back wall temperatures af'the -13 inch location are plotted in Fig. 15.
The upper two curves indicate that the cooling effect of the MMH is not
being félt at these locations. The maximum temperature reached on this test
at this location was 445 F, the highest on the regenerative chamber wall.

| That the chamber can be safely started with channel wall temperatures much

higher than thls value has been demonstrated in the heated tube test program

of Task IX.-

Back wall temperature profiles at floniﬁches are shown in Fig, 16.

- These curves peak at a maximum value of 370 F. The temperature transients

reached their first maximum sooner at the -13 inch location and locations
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FIGURE 1&4. NICKEL WALL TEMPERATURE AT X = -16 INCHES
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j FIGURE 15, NICKEL WALL TEMPERATURE AT X = =13 INCHES
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FIGURE 17. NICKEL WALL TEMPERATURE AT X = -8 INCHES
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! | FIGURE 19 . NICKEL WALL TEMPERATURE AT X = ~h INCHES
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FIGURE 20 . NICKEL WALL TEMPERATURE AT X = -2 [|NCHES
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FIGURE 21 . NICKEL WALL TEMPERATURE AT THROAT
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FIGURE 22 . NICKEL WALL TEMPERATURE AT X = +3 INCHES
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further aft compared to the -16 inch locatlon because of the 1elat1ve1}
thin walls of the chamber compared to the greater masses involved with
the acoustic cav1ty dams. The second peak occurs later because of the
time required for the heat to diffuse down from the injector. The time
at which the minimum value occurs does not appear to be strongly .. fected
by location, implying that the fuel does not boil down in the channels in
an orderly fashion, but rather percolates through the channels cooling

them until fuel is virtually exhausted in the inlet manifold.

. Temperatures at thé coolant inlet are plotted in Fig. 23. After shutdown the
temperatures generally indicate a constant temperature value until approxi-
mately 60 seconds éfter which they decay at the same rate. As the coolant

is exhausted at each thermocouple the thermocouple is heated by the
surroundlng metal and indicates an increasing ‘temperature. The minimum values
therefore indicate the time of fuel depletion at each thermocouple location.
The thermoéouple measuring the temperature indicated by the curve coded with
a triangle is near the top of the inlet manifold and is depleted very soon.
The other thermdcouples are further down in the manifold. One thermocouple,
indicated by the data coded with a diamond‘is fairly close to the lowest
point in the 1n1et manifold and thus, its turnaround point indicates

'nearly complete depletion of fuel in the manifold. This occurs at 95 seconds

or approximately 90 seconds after cutoff.

A summary of'proﬁeliant depletion times and conditions for typical vacuum
soakout tests is given in Table VIII. The fuel and oxidizer interface tempera-
tures are measured upstream of the valves and are given at the start of the
flrlng as 1nd1cat10ns of propellant temperatures during the test. Test dura-
tions quoted are the durations during which the thrust exceeded approximately
90% of the steady-state value. The fuelfinIEt thermocouples measure the
témperature of the fuel at the lowest eléevation in the system. The fuel

depletion times were determined as the time when inlet thermocouples indicated



- -TABLE VIIT

PROPELLAMT DEPLETION TIMES

_ Gonditions at Fuel Depletion Meas. Cx
Test Fuel : - : Ox. Interface Ox, - Min. Dx. Press. @
Duration interface Time, | Inlet . PSAT, Measured Temp., F Depletion |[Duct Temp. | Depletion,
Test Sec Temp., F Sec, | Temp., F PSIA | Press, (@ t =0 sec) Time, Sec, F psia
: , "Psia
3-17 4.8+ 74 50 82 1.3 0.7 74 12 4o 4.5
3-18C | 1.0 70 180 80 0.6 0.3 68 e 29 3.9
7-14 10 44 300 65 0.7 | 0.7
3-18A | 0.15 54 600 47 0.4 0.2 66 12 2k 0.9
5-15 Q.IS bl - 37007 38 0.3 0.3 45 12 13 4.0
6-13 0. Q’-i 73 - Bhnn 0.7 0.3 78 10 13 1.0
6-4A 0.20 78 12 11 3.1
*Ehgine hot from previousszringsl
*\ery shallow minimums .
©owERAL end of T0-minute socak s 5
. |
e
[ 2 T )
wou
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a minimum in temperature. That minimum temperature and its corresponding

saturation pressure are also tabulated. For comparison the actual measured
pressure, determined by averaging the low-pressure-range fuel inlet and

fuel injection pressures at that time, is also presented.

The lowest elevation in the oxidizer system is in the inlet duct n.ur the
engine inlet. The oxidizer inlet duct generally'drains down from the valve
inte the engine with a very small puddling capability at the above mentioned
location. Thermocouples are welded to the top and bottom of the duct at
this location. The oxidizer depletion time is taken as the time at which
the bottom thermocouple indicates a minimum value. The value of that
minimum and_the injection pressure measured at that time are also tabulated,

Tests 3-17 and 3-18C were conducted with nearly ambient-temperature propellants.
Test 3-16 was the last of series of hot—enging restarp tests so that the
engine was aithermal equilibrium after this test. Test 3-18C was a single
one-second duration test corresponding to the current minimum required burn
time of the OME. The fuel inlet temperature transients afe shown in Fig. 24
for Test 3-18C. A comparison of the fuel depletioﬁ times of these two tests
indicates that there is a factor of two in depletion times between the
curfently specified conditions which lead to the engine at its hottest and
coldest temperatures. When a hot-engine soakout was conducted with cold fuel
(Test 7-14) 300 seconds were required to deplete the fuel as indicated by

the temperature transients of Fig. 25. No vacuum soakout tests were conducted
after the engine had been fired for one second with cold fuel. However, using
the previously noted factor of two in fuel depletion times for hot-engine

and one-secand tests with ambient fuel, it is estimated that fuel depletion
will occur within 10 minutes after a one-second firing with cold fuel.

Test 3-18A, 5-15 and 6-4A were typical of short-firing bursts which might
be the result of a premature shutdown signal. The posttest fuel temperature

transients associated with these tests were very gradual because of the cold
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fuel and engine hardware making the actual depletion time difficult to
determine. It appears that under these conditions, fuel can be retained
in the engine for periods of 10 minutes to an hour after shutdown. The
longer depletion time on Test 5-15 is probably the result of the colder

fuel even though the engine hardware was somewhat colder on Test 7 -18A.

One test (6-13) was conducted for an extremely short-firing time of 0.04
seconds in order to determine whether freezing of the propellants would
occur with a firing duration so short as to input practically no heat into,
the chamber. The 10 minute vacuum soak period was not sufficiently long
to deté;mine minimum fuel temperatures. However, the temperatures were
sﬁfficiently high (70 F) and failing at so slow a rate as to indicate that

freezing of the fuel was not a likelihood.

In all cases, the measured pressures at the fuel inlet and injector were
lower than saturation pressure at the time of depletion. This provided

additional evidence of the absence of fuel in the system at that time.

Very little oxidizer accumulates in the system as is evidence& by the 10-
tb 12-second oxidizer depletion times for ali of these tests. The relative
depletion times of the fuel and oxidizer indicate that engine restarts be-
tween approximately 10 and 100 seconds after shutdown would result in a

. start with residual fuel only in the engine. A series of oxidizer valve
only cycling tests were conducted during the program with 70 F oxidizer.
The duct temperatures always remained above 17 F during the ﬁost flow
soakout periods. Oxidizer duct temperature transients after Test 3-17 are

shown in Fig.'26.

Test Sequence 5 was conducted with cold (approximately 40 F) NTO. On all
‘tests except 5-14 the minimum oxidizer duct temperature was 17 F or greater,
which is above the freezing point of NTO (12 F). After Test 5-14, the duct
temperature dropped to a minimum of 7 F. This was the last test of a vacuum

period.
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Test Sequence 6 was conducted with ambient propellants but consisted of
very short (approximately 0.2 seconds) engine firings. Some of the coast
periods were less than 10 seconds duration. Where long posttest duration
data was available, the minimum oxidizer duct temperatures occuyred at

approximately 10 seconds after shutdown.

Fuel duct temperature transients after Test 3-17 are shown in Fig. 27.

The transients are somewhat difficult tﬁ evaluate because of the thermal
input from the radiation cooled nozzle. The well-defined minimums and the
temperatures of the bottoms of the fuel duct near the valve and near the
chamber inlet imply the presence of fuel in the duct for as long as 170
seconds after the firing.

The regenerative coolant inlet manifold is cooled during thé soakout by
vaporizing MMH and is heated primérily by the radiafion cooled nozzle through
the connecting flange. Comparison of Figs;ze and 29 indicates that these
locafions_reach thermal equilibrium after approximafely 30 minutes of

vacuum soazk after a hot-engine shutdown. The equilibrium temperatures at

the zero and 902 circumferential locations is approximately 225 F. The
‘equilibrium temperature at the 180° location is approximately 190 F. The
minimum in the temperature transient of the fuel inlet manifold is related

to fuel depletion but cannot be used to define the exact time of fuel deple-

tion because of the massive nature of the inlet manifold.

Test Sequences 1 through 6 were yun with the full length, € = 72, nozzle in
order that the thrust overshoot might Be correctly simulated. This nozzle

is more.massive than the flight type nozzle. The colymbium nozzle, although
only an € = 9 nozzle, was designed by thickness control to simulate the early
soakout transients of a flight type nozzle. Test Sequences 7 and 8 were

conducted with. this columbium nozzle.
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FIGURE 27 . FUEL DUCT TEMPERATURE
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FIGURE 28. REGEN NOZZLE FLANGE TEMPERATURE
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; FIGURE 29. NOZZLE AND FUEL INLET MANIFOLD TEMPERATURES
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The nozzle surface and fuel inlet manifold skin temperature soakout
transients are shown in Fig. 30 for Test 7-14. In compariéon with Fig. 29,
for the steel nozzle, the nozzle temperature decay is much more rapid.
However, the affect onlthe fuel inlet manifold skin temperature for the
first 100 to 200 seconds is quite similar. For the steel ﬁozzle, ‘he
average inlet manifold temperature at 150 seconds is approximately 25 F
higher than the pretest value;' For the columbium nozzle, the posttest
value is approximately 15 F higﬁer than the pretest value, Thus, the
thermal inputs from the steel‘nozzle to the fuel inlet manifold are similar
to thermal inputs which may be expected from a flight type nozzle during

the early socakout transient.

The steel nozzle and fuel inlet manifold skin temperature soakout transients
after a l-second firing are shown in Fig. 31. The nozzle does not heat up
significantly and causes very little temperature‘rise in the inlet manifold

during the socakout transient.

Injecteor dome témperatureé are shown in Fig. 32. The temperatures during
the early part of.the transient reflect the propellant temperatures at
shutdown. All the injector'femperatures reach equilibrium within 30
minutes aftér_shutdown at a value approximately hglfway between the fuel

and qxidiier temperatures.
RESTARTS
The objective\of this phase of the testing was primarily to evaluate the’

restart capabilities of the OME and determine whether any limitations of

the presently specified duty cycle exist,

Potential Problems

Conditions which were determined to be potential problem areas before the
test program were high and low propellant and hardware temperatures, and

an inversion of the nominal oxidizer lead start sequence.
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Stagnant fuel in the regenerative chamber after shutdown could have been
heated to the decomposition peint by the hot hardware. It is also possible
that the hot regenerative chamber could have heated the incoming fuel for

a restart to the decomposition point. However, this latter condition was
deemed to be quite unlikely because of the reéu}ts of the heated tube test
program of Task IX wherein MMH was flowed through nickel and CRES tubes heated
to 1600 F at nominal starting flow rates. No iﬁstande 0f rapid decomposition
was noted in that phase of the heated tube test program. Potential low
temperature problems could arise as the propellﬁnts evaporated in the engine
after a firing, thereby, locally cooling to their freezing points. This
would be a much more'significant problem with the NTO because of its higher
freezing point (12 F) compared to that of MMH (-62 F).

With simultaneous signals to the propellant valves, the oxidizer nominally
enters the chamber approximately .15 to .20'éeconds before the fuel because
of the additional time required for the fuei to pass through the regenerative
coolant jacket. This same resistance would result in the oxidizer drain-
ing out of the engine after a firing more rapidly than the fuel. The result
is that a resfaft after a particular coast period could result in a fuel

lead (or, at least, a shorter oxidizer lead) because of the residual MMH in.
the coolant jacket. The relationship between the propellant lead and the
ccast period would be strongly dependent upon the regenerative coolant jacket
temperature,,i;e., upon the previous firing duration. The effect of the

- propellant lead on thrust and pressure overshoots and acceleration spikes

had not been determined for the OME.

The test program was therefore accomplished with engine and propellant tempera-
tures and coast times selected to generate those conditions which would be

most conducive to the aforementioned potential problems.

Potential Freezing and Overheating Conditions

The oxidizer cooling effects were alluded to in the discussion of the posttest

shutdown transients. The most severe conditions tested to aggravate this
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potential problem were the tests conducted in Sequence 6. These tests
were approximately of 0.2 seconds duration so that very little heat was
added to the engine and the hardware was cooled by evaporation. The test
conditions and effects on the oxidizer system and chamber pressu = are
tabulated for Sequence 6 tests in Table IX. As previopsly noted, the mini-
mum oxidizer duct temperature occurs at approximately 10 seconds after
shutdown. Therefore, those tests which have shorter coast durations than
10 seconds do not reach the minimum duct temperature. The data indicates
that the duct temperature reaches the freezing peoint of NTO between some

of the tests. However, no significant‘effect on oxidizer injection pressure
or chamber pressure for the subsequent test was noted indicating that very
little freezing of the NTO occurs during the coast period. Figure 33 is a
plot of the oxidizer duct temperature tran51ent after a l6-second coast
period. The short per1od of oxidizer Flow {approximately 0.2 seconds) is
sufficient to warm the duct to 50 F,

From. these data it appears that repetltlve tests of even 0.2 seconds dura-
tion (the currently required minimum firing durat1on is 1.0 seconds) would
not result in significant icing of the ox1d12er‘system with amblent tempera-
ture propellants énd >1 second between tests. The only tests of greater
severity which could have been imposed would be to have conducted the cycling
test with 40 F oxidizer at higher simulated altltudes., However, the data

in Table VIII indicates that oxidizer temperature had little effect on
oxidizer depletion time or minimum duct temperature as can be seen by compaf—
iﬁg the values tabulated for Tests 5-15 and 6-4A. It thgrefoie appears that
repeated cyéling even with 40 F oxidizer would not cause significant frégzing
of the NTO. - o '

Freezing of MMH betweén‘firings does not appeér to be a problem at all. The
data in Table VIII indicate that for engine firings ranging from 1 second to
maximum burn durations the MMH soakout temperature will be approxihately
ambient. The MMH soakout temperatures even after vefy short dufation

firings are very far removed from the freezing point.
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It was demonstrated that the thrﬁst éhamber could start with a hot régenera-
tively cooled jacket on Sequence 3. Refereﬁc¢ to Table X indicates that the
engine was started qith‘chamber_wall temperatures approaching 400 F several
times., This substantiates the results of the heated tube tests coﬁducted
under Task IX of this contract. Test 3-23 was fuel deplétion'test on which
wall temperatures soaked ouf té values excéeding 500 F (the inst; mentation
limit) with no indication of explosive‘decomposition or fouling of the

channels.

Restart Transients

Pretest values of engine and prdpellant temperatures and pressures are
summarlzed in Table X for the restart test sequences. ‘The consistent values
of the propellant 1nterface pressures indicate that the facility was always
setup to dellver the same englne inlet conditions. The most significant
deviations in the 1nterface pressures occur durlng the very short coast times
when the system was still experiencing some pressure transients from the
previous shutdown. Tank pressures were more neérly constant even for these
conditions. _The'resfart tests may be grouped into'Hot engine restarts,
where the engine is at equilibrium temperature.at shutdown; warm engine
restarts, where the engine has beeh fired to 1 second priqr-to shutdown; and
near—émbient'engine restarts where the engine has béen fired only a few

tenths of a second prior to shutdown.

Idealiy,the tesf program would,be_éonducted by bringing the engine and all -
comﬁdnents-to a ﬁniform témpérature firing the engine, codsting the préscribed
time period, restarting the englne, and returning the complete engine to the
required temperature prior to the next test. Returnlng the engine to a
specified temperature involves considerable time. The purglng and flushlng
operations conducted in Sequence 1 indicated that the purges were not very

effective in bringing the hardware rapidly to a uniform temperature and
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1 2 3 4 s 8 __T 7 8 ] 10 11 12 13 14 15 16 17 If 18 19 20 21 22 J 23 24
FUEL 0X1D. | FUEL 0X10. INLET | REGEN A
PRETEST | PRESS.| PRESS. TEMP. TEHP.J FUEL .| OXID.| FUEL OX1D MANIFOL) NOZZLE HAMBER wALL TEMPERATURE, F | INJECTOR fyeL 0X1D.
resy | COMST| INTER-| INTERT INTER-|  INTERY VALYVE VALVE) BUCT | OUCT | SN | FLANG S T T T T e | | T | N | s,
. . . . « = = £ PRESS. | peia
NUMBER SEC PSIA PSTA F F F : F F F F F -16" -13" -10" -8 -6 -4 -2 -0,3" 3 PSIA

. | SEQUENCE 3: HOT [ENGINE WITH AMBIENT PROPELUANTS

2| 1 222 218 60 62 57 55 55 46 53 53 52 52 52 52 51 53 53 52 53 52 0.8 oL
s | 2 % 221 218 68 73 49 39 hs 36 53 52 50 37 hs 47 48 hs 45 47 b9 54 0.4 -4
! 3 i 221 218 70 76 48 32 46 32 51 53 54 L2 47 49 51 47 47 k9 5l 55 0 -k
s | & #ok 221 218 72 79 48 31 48 Lo 50 55 58 4 50 5L 57 48 49 52 51 56 0.4 -4
el 5 180 220 218 76 82 59 62 63 52 102 139 167 176 122 97 82 94 93 103 107 105 0.4 -5
21 6 - 120 221 217 77 82 N 0O DATA N O DATA 0.4 -5
s| 7 * 220 215 68 67 55 60 53 60 57 61 61 61 61 61 61 61 61 60 61 57 0.8 -4
o | 8 60 221 215 74 75 74 58 87 45 85 91 199 299 263 235 157 104 104 114 105 105 3 -5
10| 9 30 220 212 75 7h | 76 57 90 b5 85 90 229 325 | 249 246 194 123 122 135 122 116 4 -4
i | 10 36 221 211 76 75 76 56 104 43 82 94 191 282 220 130 122 118 119 133 125 117 4 -4
2| N 21 220 214 76 76 77 55 91 b4 80 99 222 319 265 269 220 141 137 152 137 122 5 -4
s | 1A 54 220 214 79 80 78 53 96 46 116 145 152 131 114 110 110 100 107 121 110 113 1.5 -4
1« | 12 10 220 213 75 82 78 60 100 48 11 139 212 324 285 265 205 173 170 175 168 121 8 -3
s | 13 10 219 212 76 76 78 61 106 42 112 140 240 339 296 257 202 175 172 18] 172 126 9 -3
R 4.9 215 217 75 86 N DIATA 131 225 331 299 NOUDATA| 231 NQg DAT 16 4
7| 15 2.0 223 214 74 75 80 74 105 77 97 127 228 273 271 266 271 243 233 218 19 137 35 ]
.l 16 1.1 226 214 7k 74 80 76 103 76 90 19 224 243 261 260 267 229 214 214 172 130 18 2
9] 17 .2 221 217 74 74 80 78 102 78 85 113 22) 239 257 259 269 225 209 217 171 132 36 2
ko | 18 * 221 215 53 63 58 60 62 58 60 60 60 60 60 60 60 60 60 60 60 60 0.1 o4

+ 1 18A * 221 215 54 _66 4 57 50 51 53 48 39 33 30 30 30 30 30 30 32 45 0.1 -4
22 | 19 * 220 215 72 - 70 59 67 57 65 70 68 69 71 64 72 73 73 72 72 72 69 1 -5
23 | 20 25 221 218 74 77 7h 59 84 47 76 82 266 353 214 197 128 126 125 123 117 114 4 -5
24 | 21 24 220 216 74 77 74 57 89 b 80 86 250 374 297 261 180 128 126 125 120 120 4 -5
2s | 22 18 220 214 74 76 75 56 93 Ly 79 86 227 326 334 318 322 248 14] 136 13] 126 5 -5 B
.6 | 23 13 220 214 75 77 76 54 9] 4 82 92 239 367 314 . 290 213 148 141 138 134 127 6 -5
2y | 24 % 220 216 56 63 59 61 62 47 55 59 116 61 53 62 62 62 61 61 61 61 0.8 -5
28 | 25 16 220 214 71 73 74 57 . 89 h3 72 80 244 385 296 265 237 159 140 138 133 111 6 -5
0 | 26 16 220 213 71 74 74 51 91 39 77 82 252 385 301 263 221 143 140 136 132 115 6 -5
s | 27 1 219 212 72 73 74 57 97 83 74 81 234 397 317 305 306 238 158 150 146 119 9 =3
| 28 1 220 211 72 78 75 58 97 49 76 83 248 381 294 [ 266 206 167 162 159 153 123 9 -3
-~ | 29 29 220 214 75 76 75 49 9k 4 117 140 195 198 140 150 140 136 132 139 143 120 5 -5
|23 :

FOLDOUT FRAME, SFIRST|TEST OF YACUUM PERIOD ; FOLD UT FRAM..
/ 3s *kVALVE |SEQUENCING SERIES | - 2
s

ASR7L~229

FORG R TIY. N

F

ten ]



FOLDOUT

/

: ASR74-229
" TABLE X “PRETEST CONDITIONS {(Continued) Page 79
1 \ 2 3 4 L 6 7 8 bd 10 11 12 ! 13 14 15 16 17 8 19 20 21 22 23 24
b FUEL | OXID. | FUEL | OXID. : INLET | REGEN/
.. «|PRETEST.{-PRESS.-| PRESS. TEMP. | TEMP.| FUEL | 0OXID.| FUEL OXID MANIFOLG NOZZLE HAMBER WAL L TEMPERATURE, F | INECTOR FygL 0X1D.
TEST COAST | INTER-| ENTER-| INTER-| INTERY VALVE | VALVE| DUCT pucT SKIN | FLANGE *;; _ ~ ~ — . - —a- | TEMP NG ENJ.
? - TIME | -FACE FACE | FACE FACE | TEMP..| TEMP.| TEMP. | TEMP.| TEMP | _TEMP{ X = = = = = X= = - pRESS. | PRESS.
NUMBER | SEC | PSIA | PSIA F F Fo F F F F F -16" | -13" | -10" | -8 6" | -y~ 20 | —0.30 | 3w psia | FSIA
1 | 30 5.k 219 212 74 74 78 | 67 107 70 101 125 231 322 253 261 251 240 226 213 205 125 22 4
2| 31 5.0 220 211 74 74 79 74 112 75 98 122 238 328 268 274 256 246 234 220 208 130 2l 6
s | 32 2.0 227 216 74 74 81 78 112 78 98 123 243 285 279 299 277 266 256 246 195 134 43 13
4] 33 2.0 223 210 74 74 81 81 112 78 96 118 244 287 281 301 277 | 266 256 243 221 137 41 12
5 SEQUENCE 4: |WARM ENGINE WITH AMBIENT PROPELLANTS
6 ] % 221 215 75 73 75 71 65 66 - 72 70 80 79 67 77 77 76 75 73 72 82 1 _5
7 2 180 220 214 75 75 69 58 67 50 80 71 85 62 54 62 63 61 58 59 60 87 1 -5
o | 3 121 220 AT 76 71 51 76 45 86 76 87 70 60 68 72 72 72 72 72 91 2 —c
9 4 61 220 215 77 76 74 46 79 42 87 72 122 92 17 77 85 83 81 86 90 95 2 -5
o] 5 3t 220 214 77 77 76 43 81 57 74 75 186 181 101 97 109 112 108 107 103 101 3 -5
11 6 16 220 214 76 77 77 b 84 43 79 80 216 262 183 134 135 137 135 131 127 107 5 -5
12 7 9.0 220 213 76 78 - 77 48 87 52 82 84 225 256 182 162 178 174 169 165 161 113 | 1 -2
.| 8 L6 219 212 75 77 78 55 91 68 90 85 225 267 | 233 227 244 | 231 | 218 206 187 ne | 23 3
w1l 9 0.3 222 216 75 79 78 61 82 74 91 86 221 216 214 194 194 179 156 159 135 118 65 28
15 10 0.7 222 213 75 77 79 67 91 74 90 83 227 233 237 219 221 209 175 181 147 120 sl o1
5 11 14 218 212 78 78 78 . 51 91 by 83 85 261 366 289 216 166 135 133 130 126 123 5 -5
17 12 30 220 213 79 78 78 b5 86 b1 83 8L 259 293 134 165 102 117 115 114 112 119 4 -5
18 13 45 220 213 80 79 80 43 90 39 97 87 216 151 102 96 1) 113 111 110 111 113 2 -5
19 SEQUENCE 5: | HOT ENGYNE WITH qOLD PROPYLLANTS
ko | 1 " 221 215 46 L6 ) 47 51 50 48 5 54 53 52 53 53 52 52 - 52 52 55 0.8 -5
) 2 181 221 215 bt 46 45 32 63 3 67 107 215 24T 125 67 77 74 73 74 79 96 . 0.4 -5
2 3 121 221 216 45 52 45 31 76 31 74 111 229 207 152 79 94 93 93 9k 94 99 5 _5
s 4 6l 221 216 b 46 43 32 64 4o 66 78 249 314 253 162 96 91 89 89 83 101 1.5 -5
|;4 5 31 220 214 b3 45 42 32 56 33 64 81 261 332 266 203 194 115 93 98 ‘gl 105 2 -5
ks | 6 16 220 214 41 45 42 34 64 30 66 81 251 3h2 | 279 227 |i 216 | 161 128 125 122 109 | & 3
26 7 10 219 213 39 b 42 38 64 38 68 80 235 320 268 192 é 191 180 170 164 158 11 9.9 -1.8
27 8 b, 4 220 212 38 k2 43 | b2 69 48 63 87 217 260 247 237 |1 232 218 204 194 170 112 2] 5
28 | 9 2.0 218 211 38 41 45 | 46 66 4o 61 88 213 227 238 243 |} 232 213 198 198 155 110 31 18
29 10 1.6 219 212 38 43 4y 45 58 42 53 82 199 198 217 212 j 194 174 150 160 125 114 43 16
30 11 20 219 212 b L5 42 36 67 | 31 72 84 285 352 257 167 || 134 126 125 124 121 113 2 -5
» 12 46 221 215 49 49 b 31 85 32 79 90 268 315 229 180 | 115 98 97 98 95 104 2 -5
~2 13 91 220 215 53 50 47 31 93 31 93 119 241 248 193 97 |, 102 101 101 101 102 10) 2 -5
23 14 3) 219 214 47 L7 42 | 33 60 33 77 90 260 354 290 245 ﬁ 186 105 101 101 98 106 2 -5
15 * 220 2ik b 45 k2 1| 48 54 53 53 60 59 53 57 ji 58 57 56 56 55 62 1 -5
ﬁ“'@ *First|Test of VACUUM PERIOD FOLDOUT FRAM. - ‘ [ FPLDOUT yRAME

FORM R 7B-Y.3

69,,__.,_
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TABLE X  PRETEST CONDITIONS (Continued) Page 80
1 2 3 4 s -] 7 8 ° 10 W 12 : 13 14 _; 15 16 5 17 18 19 20 21 22 23 24
FUEL OXID. | FUEL ox1tD. INLET | REGEN. ! L
PRETEST| pRESS.! PRESS. TEMP. { TEMP.| FUEL| | 0xID.| FUEL OXID MANIFOLD NOZZLt HAMBER WALL TEMPERATURE, F | INJECTOR FygL 0x10.
EsT COAST | INTER-! INTER-| INTER-| INTER{ VALVE | VALVE| DUCT DUCT SKIN FLANGT - 7 | —w- | TEMP INJ. INJ.
CeEa gézs ggfi l i?fi FAgE FA§E TE?P. TE?P. TE?P. TE?P. T§HP TgHP X—” X—” i X= = = = = X= = F PRESS. ggfis.
e -16" 1 -13 i -10" -8" -6" L -4 -2" 1 -0,3" b PSIA
1 | _SEQUENGE 6:  AMBIENT ENGINE WITH|AMBIENT PROPELLANTS |
2] ) * 222 | 215 57 58 53 52 52 48 48 48 48 48 4g. 5o |49 50 49 49 48 47 ‘ >
a |l 2 181 221 215 6l 65 53 bi 53 32 g3 50 30 26 21 ag Lo32 32 26 24 .38 46 ! -5
4] 3 | 120 221 214 66 55 37 56 29 55 46 32 31 31 3 |1 30 30 27 28 39 47 i -5
s | 3A 56 220 215 67 57 33 57 244 56 54 38 29 29 37 33 28 19 21 43 47 0.4 -5
(6 | 4A 16 221 213 69 61 31 68 23 46 45 65 48 54 59 |! &5 53 52 60 70 51 i.5 -5
7] 5 61 221 215 69 63 28 66 24 59 50 45 38 34 51| 37 35 33 42 60 50 0. -5
(a | 6 31 221 215 69 64 27 67 23 51 L9 52 39 30 36 | 33 32 26 24 47 52 ] -5
o | 7 6.3 220 214 70 66 34 75. A 52 46 93 99 95 109 |' 106 101 99 93 93 53 2 -2
12‘r 7A g,1 219 213 70 68 f 3s 78° 4e 48 k6 123 134 130 148 155 141 133 127 102 56 ) -1
|8 2.5 219 213 70 69 .| & 83 59 49 49 143 164 160 189 | 194 177 172 164 120 60 1 3
2|9 * 22} 215 7 ‘” he 24 4o 7] 71 66 64 61 60 || 60 59 58 57 57 66 0.8 -5
3| 10 5.2 220 214 70 L7 5) 64 49 72 71 103 117 113 121§l 22 116 11 101 84 66 3 -1
2 | 11 45 221 215 7 55 ud 68 30 67 5h 59 36 41 46 |l 50 51 49 51 66 70 0.8 >
15 |12 2.7 225 216 7! 57 | 46 76 ol 69 56 94 126 134 i 4 145 145 134 132 89 70 4 2
5| 12A 3.1 228 215 71 ] 61 | 50 80 58 68 57 134 153 147 172 178 | 164 159 152 120 72 8 |
17 | 128 7.6 219 212 71 6h || 49 8o 46 69 59 143 131 151 152 147 138 129 125 128 . 79 5 -3
s | 13 46 221 215 73 66 ' | 37 75 32 74 60 74 61 64 64 54 47 52 55 67 78 0.4 -5
19 -
;;,— ®FJRST TEST OF ) VACUUM PERIOD
21 _|
22
23 ¢
24
25 i
26 ‘
27
28
29
30
31 |
33 ; -
e 5 Toeou;
- ; FOLDOUT 7
T T i ot N

3



ASR74-229
Page 81

that the flushes could be a source of contamination. It was decided,

therefore, not to condition the engine between tests.

The propellant interfacé and valve temperatures may be expected to be
reasonably independent of coast period and therefore would.be nomi- 111y
expected to be the same for each test. The hot engine restarts were conducted
during Test Sequences 3 and S,Htﬁe former being with ambient temperature
propellants ahd the latter béing with-cqld pr0peliants. For Sequence 3,
these:temperatures Qe:e always within the nominal spec limit and were,
generally, within the range of 50 to 80 F. For Sequence 5, the temperature
range was nafrower,.generally between 30 and 50 F. The remaining temperatures
reflect; for the most part, the true effects of thermal soakout with some

lesser effect of cumulative testing.

Relatively high'vglues of propellahf injection pressures indicate the présence
of propellants in the enginé'prior to test. Thervalues presented are
measurgd by the high range injection pressure instrumentation and are

subject to some zero shift. Therefore, the values should be compared within
a given vacuum period.. For example,lTesﬁs 3-7 through 3-17 were conducted

in the same vacuum pefiod;' The oxidizer injection pressure indicates a bias
of approximately.minus 4 psi which is indicated for all tests with coast -
periods in excess of 10 seconds. For coast periods of 5 seconds or léss, the
pretest oxidizer injector pressure becomes positive indicating the preéence
-of oxidizer in the system. This is in agreement with'the breViOusiy noted
oxidizer depletion time of approximately 10 seconds. On the fuel side for 
rlong'soak periods, the pretest fuel injection pressure indicates a bias of

1 psi. As the coaét period decreased below 60 seconds, the pretest value

of the fuel injection pressure increases up to a value of almost 40 psia for

the one-second coast.

Thrust overshoot data and the data from the four accelerometers are shown in

Appendix A. Accelerometer 4006D was a +2000 g accelerometer and was used
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only for Test 3-18A where an acceleration of approximately 1500 g's was
indicated. ‘Accelerometer 4097D, a *1000 g accelerometer located on the
dome, was used only for comparison with the data from accelercmeter 4007D,

a 200 ¢ accelerometer also located on the dome, when the latter indicated
g-loads in excess of 50 g's. Accelerometer 4008D was a 200 g accelerometer
located on the injector flange. This accelerometer gave very erratic data

and was not used for the correlations.

An attempt to correlate the thrust overshoots and accelerations at start

with the pretest coast time was'not successful for'Sequenée 3. The reason
for this is evident in Fig. 34 where the iniectbr prime times are plotted
against pretest coast time. The fuel side correlates quite well but
considefable scatter eiists on-the oxidizer.side The oxidizer priming data
falls into two sets correspondlng to the original oxidizer valve which
became erratic and was replaced and the data correspondlng to the replacement
valve Each propellant valve is quad redundant, i.e., there are two parallel
flow paths each of which contains two valves in serles. The p051t10ns of
only the two valves in one parallel path were recorded for each propellant
Thus, the recorded valve actuation times deflne only the latest time at

which flow could start. These values are tabulated 1n Appendlx Al

An- approach to deduce the correlation of starfing charactefistics with
coast time was as follows. The acceleration and thrust overshoot were
plotted against the injector prime oxidizer lead in Fig. 35. Very good
correlation of acceleration and a fair correlatlon of thrust overshoot
resulted. The difference between the pr1m1ng times for the oxidizer side
for the new valve. and for the fuel side were determined from the data of
Fig. 34 for coast times from 0 to 40 seconds, the range over which data

. was, taken with the second 0x1d1zer valve, This oxidizer lead-tlme versus
coast time relationship together with the acceleration and overshoot

verus oxidizer lead time relationships were used to relate the acceleration
and thrust overshoot to coast time for coast times ranging from 0 to 40
seconds. For the test preceded by a 180-second coast time, the oxidizer
injection pressure transient was completed before the fuel prime even with
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the slow acting oxidizer valve. This data point is therefore felt to be
valid and was used with the derived correlatioﬁs to produce the acceleration

and thrust overshoot versus coast time curves shown in Fig. 36.

It shoﬁld be noted that the derived injector oxidizer lead time versus coast
time curve indicates that‘no matter what the coas; time, the oxid zer lead
would be 25 milliseconds or greatere_ This is the result of the rapid priming
of the oxidizer system relative to the priming of_the fUEIJSYStem. Even for
the case of a 10-second coast period where the propeilant depietidn data
indicated that no 0x1dlzer remalned in the system while significant amounts
of fuel did exlst, the oxidizer system refilled completely in a shorter time
.than that required to fill the fuel side. Thus, the higher accelerations
related to the short oxidizer leads experieneed duriﬁg Test Sequence 3 would
not exist in a systemiwﬁerein the valves operated simultaneously.'_Accelera-

tions in the ofder of 15 g's would result for a‘a114cbast times,

Thrust overshoots shown in Fig. 36 vary from 70 ﬁercent'for'ehoft-eoast time

to 130 percent for long -coast times. These values can be reduced possibly

by reduc1ng the valve openlng rates. On the prev1ous (Phase I ‘test program
with the same thrust chamber assembly, using fac111ty valves, thrust overshoots

were in the order of 70 percent for a 200 msec oxidizer injectioh‘pressure lead.

The injector priming characteristics for hot engine test with cold propellants
are shown in Fig. 37. Oxidizer priﬁing characteristiés aﬁe similar to the
characteristics with ambient temperature propellénts. Fuel injector priming
characteristiCS‘are also-similer except that _fdr leng_coaet'times the system
‘primes more rapidly with cold fuel as is-tq be expected because of the greater
quantity of residual fuel with cold propeIlants, Since the injector pfiming
times correlated well with coast times,. the acceleratlons and thrust over-
_shoots were correlated directly with the coast times and presented in Flg 38.
Accelerations were similar to those experienced. with ambient pr0pe11ants

... except for sllghtly higher accelerations for very short coast tlmes.
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Data for the test preceded by a 180-second coast period was not valid

because of an unusuaily low oxidizer flow rate and injection pressure at

the time of fuel prime because of a ﬁomentary decay of oxidizer tank

pressure. The thrust overshoot versus coast time curves for the cold prdpellants
is within 20 percent of the curve for ambi.ent temperature propellants for

all coast times. 'Considering the data scatter and the assumptions involved
generating the curve for the ambient propellants, it may be said that thrust

overshoot is not significantly affected by propellant temperature.

Warm Engine Restarts

Injector prlmlng times and the resultant ox1dlzer lead are plotted agalnst
coast time in Fig. 39 for engine flrlng times of one second. The curves are
fairly similar to those of the data for the hot engine fired with cold
propellants (Fig. 37). . Oxidizérrleads were always greater than 30 msec.

Accelerations and thrust overshoots at start .are plotted in Fig. 40. The
curves are similar to the curves obtained with the hot ehgine except that

the accelerations become even lower for very short coast times.

Ambient Engine Restarts

Injeétor priming times aﬁe plotted versus coast times in Fig.-41 for fhe _
tests in which the engine was fired for approximately 0.2 seconds duration.

The fuel priming times are’ slightly lower than on any other sequence as |

would be expected because of the greater fuel retention by the colder hardware.
-Oxidizer priming times are about the same.as those for the warm engine restarts.
at the longer coast periods but are peculiar in this case in that the priﬁiﬁg
times do not fall off very répidly_fqr the very short coast times. Oxidizer
leads agéin exceeded 30 msec for all conditions tested.

The accelerations and thrust overshoots are shown in Fig. 42 for the ambient

engine restarts. There is considerable scatter in the overshoot data for
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the short coast times., This may be because of the small quantities of
propellant used during the firings [approxlmately one quart of each
propellant is consumed during the firing). The maximum thrust over-
shoots for the amblent engine Testarts do not greatly exceed the maximum
values recorded for the hot engine restarts. The accelerations at
ignition were sllghtly greater than those measured on the hot engine
restart tests. | Slgnlflcantly higher accelerations (wh1ch were also harm-
less to the engine) were recorded at oxidizer prime on some tests. These

accelerations may be the result of residual fuel in the cool engine hardware.
THROTTLING TESTS

Test Sequence 7 included a series of tests ‘the purpose of which was to
determine the level to which chamber pressure could be ‘reduced before
chugging would occur and the effect of mlxture ratio on this minimum
pressure level. Dlscrete 5-second tests were conducted (as opposed to
continuous blowdown tests) to minimizé facility hyperflow time, Cold
fuel {40 F) was used'to.enhance the regenerative coclant safety factor

at low chamber pressures. Propellanté were not saturated with helium for

Sequences 7 and 8.

These tests (7-7 through 7-14) were conducted with unsaturated propellant
using the facility-feedASYStém configuration which simulates the OMS.

Tests 7-2 and 7-4 were moderately low-pressure tests conducted with the
external facility propellént tanks. Basedon the stiffness factor, VZ&P/& '
(where AP is the difference between propellant tank and chamber pressures,
and w is the propellant flowrate) the feed system using external oxldlzer
tanks is 3% stiffer than the OMS simulated system and the feed system using

external fuel tanks is 8% stiffer than the corresponding OMS system.

The range of chamber pressures, propellant flow rates, and mixture ratios
tested is shown in Table XI. Measured and predicted injector pressure drops
are tabulated. The measured pressure drops are the values recorded when no



TABLE XI

INTEGRATED CHAMBER LCW-PRESSURE TESTS

7-3 7-4 7-7 7-8 7-9 7-10 7-1DA 7-11 7-12 7-14

CHAMBER PR., PSIA 99 100 - 126 | 84 176 68 73 66 68 126
MIXTURE RATIO, O/F 1.67 | 1.46 1.68 1.7 1.8 1.8 1.5 1.6 1.9 1.66
FLOWRATE, LB/SEC

0X 5.79 { 9.32 12.4 | 8.29 7.41 6.34 6.78 6.02 6.57 i2.2

FUEL 5.86 | 6.41 7.39 | 4.72 4.10 3.48 4.53 3.79 3.40 7.39
MEASURED INJ. AP,*

PSI OX 31 26 56 19 11 1 - - - - 151 .

FUEL - 41 48 57 18 10 - - - - 52
PREDICTED INJ. AP, . . _

PSI OX 36 i 32 S6** 24 20 15 17 13 16 54

FUEL. 38 45 57%% 1 23 17 12 21 15 12 57
PREDICTED AP/Pc 0OX .36 .32 .44 .29 .26 .22 .23 .20 .24 .47

FUEL .38 . 45 .45 .28 .22 .19 .29 .23 18 .43
CHUG DURATION, SEC 0 0 0 0.6 2.1 4.7 1.6%%% 4.7 4,7 0
FREQUENCY, HZ - - - 310 270 115/230 |280 230/280 240/270| -
PK/PK AMPLITUDE,

PSI 0Ox - - - 290 370 200 250 180 160 -

PSI FUEL - - - 80 60 100 80 70 100 -

LB THRUST - - - 1400 1700 3300 1300 3500 3500 -

*DURING STABLE PART

OF TEST

**REFERENCE

***SPORADIC THROUGHOUT TEST

g5 adey
62Z-FLUSY
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significant oscillations were occurring during the test. Predicted values
are all referred to the measured values of Test 7-7 and ratioed according
to the square of the flow rates. The difference between the measured and
predicted pressure drops particularly at lower pressures may be the result
of subtracting two high pressure measurements (injection and chamber
pressures) to obtain a AP although the discrepancy is greater than would
be expected from instrumentation inaccuracies. Values of injecto. AP
divided by Pc are also tabulated based on the predicted pressure drops.
Tests were conducted with values as low as .approximately 0.2 on each side

of the injector.

Chugging was not evident as the chamber pressure was reduced from test-to-test
until Test 7-8 where a chamber pressure of 84 p51a was obtained for steady
state, On this test, chugging occurred for approximately 0. 6 seconds after
1gn1t1on at a frequency of about 300 Hz as shown in Fig. 43. ~As the chamber
pressure was reduced. on the suece551ve tests, the duration of the chugging
increased until at a chamber pressure of 68 psia chugging continued through-
out the test. . When the chamber pressure was increased on the next test to

73 psia and the mikture ratio was decreased to 1.5, continuous chugging
occurred for 1.6 seconds but continued'sporadically throughout the remaining
duration of the test. Variation of the mixture ratio to 1.6 and 1.9 at ~67 psia
chamber pressure on the next two tests resulted in small changes in the chug

amplitude.

Based on the results of these tests it may be concluded that the chamber can
be started to a chamber pressure of approximately 90 Ppsi without chugglng
However,  in the blowdown mode qf operation (where chamber.pressure decays
graduaily) if no external disturbances occur, the-engine may be throttled

to perhaps 65-75 psia without chugging. The chugging did not appear.to be
'detrimental to the engine over the several 5-second duration tests conducted.

in this program.
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Chug frequencies of 200-300 Hz were noted. Oscillations at two frequencies
were indicated during the early portions of some of the tests as shown in

Fig. 44. The lower frequency persisted for less than a second after start.

Additional chugging tests conducted in the blowdown mode and starting at
about 100 psia chamber pressure should be conducted to further defiqe the
chugging limit in this mode. The tests should also be conducted at various

mixture ratios.

Heat load data for the throttling tests are shown in Fig. 45. The data
taken on the 10-second duration tests at nominal pressure agree quite well
with the data from the previous Phase I test effort. The data from the
10-second tests indicated that the value of the heat load measured at 10
seconds was approximately 60 BTU per second higher than the value measured
at 5 seconds. The throftling-tests were of S5-second duration. The values
recorded at this time are plotted in Fig. 45. Raising the plotted values
by 60 BTU per second results in very good agreement with the Phase I data.
Therefore it appear$ that no adverse thermal effects occur during chugging
operation. The chug frequencieé are high enough éo that cyciip effects
almost completely damp out across the chamber wall. "Cycle life is probably
degraded to a small extent by the chugging. | '

BOUNDARY LAYER COOLANT EFFECTS

Tests were conducted to determine the effects of elimination of boundary

. layer coolant, BLC, on performance and heat transfer. The first seven tests

of Sequence 7 and all the tests of Sequence 8 were conducted with the feed

system configured to provide precise flow data. Less precision of flow |
‘measurement was required for the other tests conducted to determine restart . -

and throttling characteristics wherein it was more important to simulate the
~OMS‘ducting. Sequence 7 was also conducted to evalﬁafe.throttling_éharaéteristids;

Therefore, the high area ratio radiation cooled nozzle was replaced by the
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shorter, € = 9, nozzle to prevent chamber damage resulting from vibrations
during deep throttling. The same nozzle configuration was retained for

Sequence 8.

The fuel temperatﬁre was reduced to 40 F for Sequences 7 and‘S to enhance
the cooling safety factor dufing the throttling tests and the te-ts without
BLC. Prior to Sequence 8, the injector was modified by inserting pins into
the 68 BLC orifices eround the periphery of the injector. Ten of these pins
were found to be missing after the Sequence 8 tests. Eight of these were in
the sector of the chamber defined by 8 = 70 to llooe(the fuel inlet is at

8 = 270%).  Theta is measured clockwise viewing from the injector end of

the chamber.
Performance

Perfofmance data for applicable tests in Sequenees 7 and 8 is tabulated in
Appendix B. The injector used in this program, L/D #1, had been previously
tested at Rocketdyne in the demonstrator regeneratively cooled thrust chamber
with a nozzle haviﬁg a 9:1 expension area ratio, at WSTF‘with the same hard-
ware-configuratioﬁ, and at WSTF with the integrated thrust chamber with a
72:1 nozzle. All of these test programs indicated a vacuum specific 1mpulse]
with a 72:1 nozzle of 309-310 seconds. The baseline performance tests on
Sequence 7 indicated a 2-3 second lower performance, the reason for which
could not be determined- However, the objective of determining the effect

of eliminating BLC on performance was obtained by comparing the performance
data Sequences 7 and 8. Performance data for these two test series is
presented graphically in Fig. 46.

The peffermance_penalty for operating with 40 F fuel (instead of 70 F) was
cdlculated to be 0.3 seconds. The data indicates a performance gain of
approximately 1.5 seconds at nominal -chamber pressure and mixture ratio by

eliminating BLC.
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Based on previous test data, the projected effects of.lengthenging the

chamber (injector-to-throat distance) and eliminating BLC are shown in Fig. 47,
The thermal safety factors determined by two-dimensional and by one-dimensional
analyses and the coolant bulk temperature rise values are tabulated on the
figure for nominal mixture ratio at each condition. A specific i..pulse of

313 seconds at nominal conditions results from lengthenlng the chamber and

eliminating BLC.

Thermal Data

Thermal data taken during the Phase II test series at WSTF consisted of fuel bulk
temperature rise, regenerative chamber back wall temperature, and steel heat

sink nozzle temperature transients or columbium radiation cooled nozzle tempera-
ture response and equilibrium values. These data, together with the data
generated dur1ng the heated tube tests under this contract, were used to

provide an indication of the safety margin at which the OME Integrated Thrust
Chamber (ITC) was operating both with and without supplemental boundary layer
cooling (BLC). Radiation equilibrium temperatures for a full size (€ = 72:1)
columbium nozzle with and without BLC were predicted- based on the results of
tests with the short demonstrator columbium nozzle {(7<€<9) in conjunction

‘with the full size steel heat sink nozzle temperature transients.

_ Bulk Temperature Rise and Heat Load. Coolant inlet and outlet temperatures,
,,AJ" s, and the heat load are tabulated in Table XIT for each of the 36 tests,
wh1ch were of sufficient duration to obtain thermal data. The operating

conditions are alsoc noted in this table. Five inlet temperature measurements
were made in the coolant inlet manifold. Coolant jacket outlet temperatures
were measured in three circumferential locations in the injector fuel distri-

- bution passages (see Fig. 1, ITC Installation Assembly).

Three bulk temperature rises were calculated based on the three outlet tempera—

ture thermocouples. The inlet temperat&re thermocouple TFB-6 was used as the
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TABLE XII - PHASE II STEADY-STATE THERMAL DATA 1 . Page 105

CO0LANT OUTLET NLET e CHAMBER OUTER SURFACE TEHPERATURES}EF) : -

Du;ﬁ?onﬂ “;ﬂ%‘ﬁ Pcus VoL TEMPERATURE, F TEMP, F CONANT C°§§A"T e — i = ~16 ‘ 7:,...; X =130 1 X = 10" -

TEST SEC 0/F PSIA |(LB/SEC)} TFB-} TFB-2 TFB-3 TFB-6 F BTU/SEC |B, DEG/0 15 75 135 180 195 255 315 | AVERAGE g=0° 90° 180° 270° | AVERAGE | § 0° 90° 180° 270° |AVERAGE

1 1-12 35.6 1.59 124 7.45 -1 188 201 217 72 130 691 206 213 181 202 | 202 205 203 208 203 224 176 191 213 201 |] 216 192 185 236 207
o 3k 29.3 1.67 125 '7.32 196 209 222 75 134 699 204 218 187 211 213 215 216 209 - 209 228 - 183 196 204 203 219 200 189 224 208
[;L 3-5 14.3 1.62 125 7.53 187 205 217 76 127 685 203 | 218 184 198 202 210 217 207 205 226 178 185 202 198 216 193 163 222 199
4| 37 32.0 1.76 124 7.131 202 214 226 74 140 715 210 | 227 189 217 218 220 220 215 215 232 187 201 207 207 221 203 198 229 213
s| 3-8 14,7 1.62 124 7.47 191 207 226 75 134 713 208 218 188 204 211 214 215 208 208 223 180 - 201 203 202 214 197 226 231 217

s | 3°9 9.9 1.67 126 7.39 191 209 222 75j 133 702 | 217 B 223 188 201 219 209 218 213 211 227 179 214 203 206 215 191 207 233 212 |
- 3-10 9.8 1.64 126 7.43 185 209 218 75 128 681 213 213 175 194 218 209 216 210 206 225 178 211 199 203 |1 233 193 189 227 206

s| 3-19 | 31.7 | 1.59 123 7.82 | 214 216 222 74 121 | 679 182 229 205 214 229 216 227 209 214 218 196 227 | 22 216 190 213 205 | 240 212__|
® 3~20 9.8 1.70 126 7.33 216 218 223 74 145 760 224 229 212 215 229 218 216 213 220 220 198 235 218 218 189 212 208 24 213
wo | 3-21 9.8 1.82 126 7.29 | 216 218 223 73 145 755 223 228 211 215 226 217 223 219 220 221 199 235 224 220 193 213 243 247 224
11 3-24 31.8 1.76 126 | 7.2 216 219 226 73 - 148 762 185 230 212 219 231 506 226 220 218 221 196 229 224 218 194 213 201 239 212
2 | 51 31.8 1.66 125 7.43 181 182 189 38 145 771 188 196 177 180 193 182 188 183 185 189 158 192 188 182 196 180 184 214 194
s | 52 17.7 1.68 127 7.39 180 181 188 39 143 757 189 198 178 180 i71 179 190 183 184 189 158 165 ]92 .176E 196 180 149 217 186
" 5-3 4.7 1.66 127 7.48 180 182 187 39. 143 764 190 196 178 180 171 179 191 185 184 189 149 160 184 174 195 163 147 211 179
is 5-4 11.8 1.65 128 7.45 179 182 190 38 1 44 767 196 194 183 180 171 181 194 188 186 193 149 167 194 176 199 155 ) 84 223 190
16 5-5 8.7 1.68 128 7.38 179 182 190 38. 144 760 198 199 184 | 180 172 181 194 189 187 193 151 167 187 175 196 159 172 220 187
7 5-12 10.8 1.69 127 7.37 180 183 191 37 146 770 188 212 184 181 172 18] 192 190 188 179 148 166 192 171 182 154 172 221 182
18 { 513 13.8 1.67 127 7.35 168 183 190 37 142 746 198 197 18} 167 198 184 193 188 188 210 162 200 192 191 199 184 177 219 195
19 7-1 9.7 1.52 131 8.15 i71 173 177 46 127 742 167 187 170 176 173 173 175 171 17k 187 158 183 217 186 190 178 171 224 191
20 | 7-2 9.7 1.66 127 7.43 185 186 192 48 138 735 | 180 203 183 189 189 189 194 183 189 200 171 199 197 192 203 190 179 219 198
- 7-3 9.7 1.67 99 5.86 194 196 206 50 149 623 202 213 197 197 208 202 203 202 ZQB 208 174 222 214 205 210 193 2h4 244 223
b | 774 9.7 1.46 100 6.41 181 182 192 b7, 138 633 194 197 184 {{ 180 196 185 188 189 189 193 166 208 197 191 198 186 233 231 212
ba | 7-5 9.8 1.46 125 7.89 176 175 188 48 133 751 189 191 179 177 170 176 188 188 182 188 146 171 190 174 . 189 149 220 227 196
24| 7-6 3.8 1.84 124 6.81 197 197 210 48 155 756 210 216 201 198 197 199 212 208 205 210 168 195 213 REY] 210 181 234 245 218
2s | 7-7 34.7 1.68 126 7.39 188 188 196 bl 147 777 197 204 191 187 200 130 139 193 195 198 168 204 193 191 200 187 229 226 231
a6 | 7-14 9.7 1.65 127 7.39 176 181 201 48 141 7h4 182 196 185 179 164 180 196 199 185 193 165 161 191 178 197 185 180 220 196
27 | 8-1 33.0 1.81 124 6.9] 231 237 256 bk 198 978 24 248 233 234 258 237 251 239 243 266 231 28] 282 265 232 213 270 298 253
28 8-2 9.7 1,76 139 7.66 | 227 229 256 u5§ 193 1060 228 242 233 227 240 223 257 243 237 243 229 266 266 251 2n 209 289 277 247
26 { 8-3 9.7 1.54 138 8.32 215 214 236 45 178 1061 206 222 221 || 213 223 208 235 235 220 219 216 - 247 262 236 192 197 266 254 227
20 8-4 9.7 1.55 123 7.45 217 217 238 Ly 180 960 210 218 226 216 225 213 242 246 225 224 221 250 265 240 198 202 254 255 227
31 8-5 9.7 1.95 123 6.45 242 243 265 45, 206 949 219 238 247 || 244 258 242 260 257 246 217 244 285 282 257 215 223 266 284 247
ap | B-6 9.7 1.57 109 6.56 22} 22) 243 b 184 | B65 120) 218 233 220 229 221 248 254 228 196 225 254 273 237 197 206 272 265 235
as | 87 9.7 1.97 138 7.15 240 240 254 6. 200 1022 219 239 251 ] 24t 254 238 267 258 246 218 241 284 277 255 212 220 . 294 285 253
sa| 8-8 9.7 1.78 .| 109 6.07 232 234 247 46, 193 839 211 233 247 |1 235 242 236 258 258 240 210 238 268 274 248 209 217 282 279 247
FOLDOUT{¥RAMB-3 9.7 1.98 109 5.67 | 247 248 261 45, 208, .| 843 220 246 253 249 262 252 266 252 250 216 252 | 286 286 | 260 | | 218 23] 267 | 230 252
7 Formn7s. B-10 9.7 1.77 126 7.0} 233 230 233 ' ’ ,fwj—;‘ 942 201 242 245 232 239 227 257 247?0133@51@ gﬁm%éﬁ 236 267 269 242 190 214 277 276 239
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| TABLE XI| - PHASE || STEADY-STATE THERMAL DATA __ (Continued) Page 106 -
- ' _ — : ‘ CHAMBEIR OUTER JURFACE Tq;MPERATumls (F) =
rest | ] gl Ea R | X = 4" e S R ——————X = -0.3" - —] X =+3" -
' g=0° 90° 180° 270° | Average 0° 90° 180° 270° | Average 0° ap® 180° 270° Aver]age 0° 50° 180° | 270° [Average - 0° 90° 180° 270° Average 0° 90° 180° 270° [(Average
1 1-12 198 184 154 223 190 | 147 129 182 199 | 16k 166 154 164 176 16 148 141 149 151 VA7 14k 141 126 161 143 130 129 134 136 132 o
2| 34 202 189 153 214 190 145 128 187 194 164 171 159 169 174 168 154 146 154 152 152 148 146 125 |- 163 146 135 133 139 139 137
s | 35 196 186 148 214 186 144 126 183 | 193 | 162 169 157 166 171 166 151 Vi 152 150 149 145 147 134 163 147 135 132 138 138 136 e
a| 37 204 193 149 217 191 196 179 191 197 | 19 173 162 173 176 1 155 148 157 | 154 154 149 148 123 165 146 136 135 14 141 138
5 | 38 200 187 163 214 191 184 174 185 193. | 184 167 157 166 171 1655 150 144 152 150 149 145 T4 138 160 147 132 131 [ 137 137 | 134 -
e | 39 204 186 192 215 199 | 175 174 188 94 | 183 168 157 169 172 167 151 145 153 151 150 | 146 145 157 162 153 133 132 138 138 135
7| 310 194 185 206 211 199 190 173 186 191 { 185 165 157 167 169 1655 149 Ihh 152 149 g [ 145 144 167 159 154 131 131 137 136 134 B
s 319 202 196 153 229 195 | 194 180 193 207 194 171 160 173 183 | 172 153 147 156 160 15k | g 147 158 168 156 135 135 140 143 138
o | 3-20 201 195 147 226 192 193 179 190 204 192 171 160 170 | 181 170 153 147 152 158 | 153 | 148 147 143 167 153 134 135 13 142 133
10 3-21 207 196 149 230 196 195 180 190 208 | 193 171 160 169 184 171l 153 147 150 160 153 |, 149 147 149 168 153 135 135 122 143 134
1 | 3-24 205 196 148 230 195 | 197 180 195 209 195 173 162 175 184 171 155 147 157 161 155 | 150 148 159 170 157 . 137 135 141 143 139
12 | 51 180 165 183 203 183 171 15 166 182 | 168 145 131 145 156 1l 125 17 126 131 125 | 127 125 135 | 147 133 199 109 112 118 112
s | 272 176 | 166 126 206 169 170 15 162 184 167 145 131 w3 | sy 14l 125 17 126 132 125 | 126 125 134 149 | 13k 109 108 110 118 il
1a | 573 | 176 163 125 199 166 169 150 162 178 165 Th 131 142 152 142 124 118 124 129 126 | 126 125 134 145 133 168 109 11 116 1
s | 5-4 186 161 118 208 170 172 149 161 185 167 146 130 134 157 142 127 117 122 133 125 |, 127 125 128 149 132 1 109 | 105 118 111
16 | 270 189 163 114 203 167 171 150 160 181 1 166 145 13 136 155 142 125 117 120 129 123 | 126 125 128 145 131 109 109 102 115 109
vz | 2712 173 159 165 207 176 160 149 160 184 163 136 129 137 156 140 118 116 119 f32 12t | a2 124 127 | 147 130 103 109 103 118 108
s | 5713 181 169 165 206 180 170 155 169 183 169 145 134 146 157 146 125 119 125 133 126 126 126 134 147 133 108 111 111 118 112
o | 77} 185 165 186 217 188 169 152 163 197 | 170 1hh 133 145 172 149 126 120 127 R 129 127 126 133 152 135 , 108 112 115 126 15
leo | 772 194 175 184 211 195 180 { 161 175 190 | 177 154 142 155 166 154 135 | 128 137 143 136 134 133 142 152 140 118 121 123 126 122
[z., 7-3 203 182 215 224 206 185 167 180 200 | 183 158 147 152 173 158 138 132 136 149 139 139 138 | 139 158 144 120 123 113 130 122
22 | 7°H 189 171 234 210 201 172 156 168 188 171 149 | 136 145 166 149 128 122 126 139 129 | 130 127 | 128 148 133 e 113 - 104 121 113
23 | 775 188 154 228 205 198 166 146 156 182 163 143 129 135 159 142 124 17 119 135 126 126 122 123 143 129 106 110 99 118 108
aq | 776 205 178 278 224 22} 184 165 177 200 | 182 159 - 146 1‘53 178 159 138 129 210 150 157 | 140 137 137 158 143 1201 125 109 131 122
s | 777 199 171 298 208 219 176 159 172 186 173 151 138 153 | 167 152 132 124 230 143 157 137 131 140 151 140 1! 121 121 125 121
26 | 7714 192 170 229 206 199 174 213 163 184 | 184 149 137 148 164 150 131 123 129 139 131 134 129 137 149 137 112 118 116 124 | 118
27 | 81 227 195 220 294 234 203 178 199 269 | 212 172 156 180 221 180 151 142 208 175 169 153 145 | 160 154 153 13p 127 137 140 134
28 8-2 210 190 202 251 213 186 173 182 217 | 190 159 152 151 190 163 140 138 220 158 164 14] 14) 14] 143 142 11 128 115 130 123
20 [ 8-3 192 179 189 924 196 168 162 171 197 175 143 142 141 177 151 126 129 221 151 157 . 128 132 131 153 136 106 118 109 127 115
leo | 8-4 197 184 191 228 200 173 167 173 201 179 148 146 14 178 153 128 131 225 150 159 | 131 136 133 157 139 110 120 11] 127 117
31 8-5 212 203 217 263 224 190 186 196 230 201 164 164 162 200 173 142 147 237 168 174 | 145 151 151 153 150 124 134 19 138 129
32 | 8-6 197 188 196 236 204 174 171 178 208 183 150 149 150 184 158 131 134 184 155 151 ° 133 141 140 161 144 12 122 113 131 120
as | 87 215 201 219 260 224 187 183 197 226 | 198 160 162 169 198 172 140 146 148 161 149 | 143 149 155 151 150 12 133 125 135 129
se| 88 | 21 200 208 255 218 185 182 190 22y | 195 158 159 170 195 17 138 143 142 160 | ke | 12 149 153 147 148 12} 130 123 134 127
| ss | 89 208 212 217 266 226 191 193 | 197 212 1 203 164 169 158 | 203 174 143 5] 145 78, 152 | 147 156 152 | 158 152 126 135 122 140 131
FOLDOLE;&EHMED 196 196 204 250 212 172 178 185 FOLDOGTIFRAMSS 147 157 156 190 162 129 141 247 1%8"‘99%6‘9“@@133 146 144 145 142 113 128 118 131 123
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reference'temperature_for all three AT's because of its proximity to the
inlet and general agreement with the fuel flowmetér temperature measurement,
Temperature rises calculated in this ménncr generaliy agree within 8 percent

to 10 percent.

The response of the cqoiantroutlet bulk ﬁemperéturé.with and with ut film
- cooling is‘comparéd.in Fig.‘48 for fypidél gold.stafts: Steady—state outlet
temperatufes without film cooling are achieved in abbutfls'to 20 seconds.
. Ninety percent of the final value is achigﬁed in about.nine secondé: The
cold start test with film coolant appears to reach equiiibriﬁm‘in about 9 to

10 secondsi#lthough;hetest was not of sufficient duration ;o y¢rify this.

“:The long'ﬂﬁ#ation_to achieve final'steady—state,Eonditions is due primafily
| to the time fequired for thernon-flighfweightlinlet manifoid to

‘reach equilib:ium opefating‘;emperdtures.‘ Subsequent tests achievé.steadyw
‘State conditions in less than 10 seconds ‘as noted in Fig. 49 fof%typical

HVhot-starthéonditions.

* The majority of the tests were 10 seconds duration with'the'iniital_test of

most of the test séries'about 30 to 35 seconds to assure -achievément of

'ffthermal eqﬁilibrium. ‘The resulting average valués-of coolant bQik temﬁera—'

ture rise were muitiplied by the fuel coolanf floﬁrate through thé jacket

" and the épééific heat of the fuel to“determinpjthe heat absorbeéxby-the fuel, .
The result{né“heat loads for the tests without BLC are.presentediéﬁ'Fig. 50

. as a functiQﬁfbf_phambef pressure'with.cdded:‘symbols to denote’aﬁbréximate--
,mix;ure‘ratiézj'These data follow tﬁe”predictéd'variation with Pc %o,éhe

i,ﬁo;s power. . Tﬁé effeétrqf mixture ratio on heat load.appeérs negligibie,

'ﬁ]‘which,is consi'stent with heat transfer theory for the range of mixture ratios

-:; tested.
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The best—fit:line obtained from the earlier ITC tests with a nominal 2.7
percentlflowrate'is-also presented in Fig. 50. The heat load for the ITC
“without BLC is about 26 .percent higher than for the nominal film cooled
design. The actual heat loads at nominal operatlng conditions ("¢ = 125
psia, MR ='1.65) are about 750 BTU/sec and 950 BIU/sec with and without
BLC, respectively ’As will be shown later, most of the increased heat
‘load occurs in the cyllndrlcal section of the combustor near the injector
end. These results agree favorably w1th the or1g1na1 theoretical predic-
tions of a 23 percent hlgher heat load wlthout BLC.

Back Wall Temperature. ‘ Back (outer surface) wall temperatures were measured

\"1n numerous locations' on the ITC (See Flg 1) to indicate steady state

operat1ng values, as well as start and soakout temperature characteristics.
The steady-state. back wall temperatures are presented in Table XII for each

"test of suff1c1ent duration (-10 seconds or longer)

nypicallback wall temperature response.from a cold start (i.e., first in a
test serles) is presented in Fig. 51 for, a test w1thout BLC. As would be
-expected the response 15 more rapld in the higher heat flux throat and
combustor reglons as compared to the nozzle (X = +3 1nches) Thermal equlli-
brium is achleved in about 15 seconds or less except at the injector end
location (X = 13 inches) where about 20 seconds is requlred The throat
region temperature reaches 90_percent of its fipal value in about 3 seconds.

'ﬁ,Typlcal hot start back wall temperature tran51ents are presented in Fig. 52
for a test w1thout BLC; There is an initial cooling down of the baekwall
as the coolant flows through ‘the channels before combustion gas heating
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diffuses. through the walls into the'coolant and back wall region. Steady-
state back wall temperatures are generally achieved in about 5 seconds
except at the injector end (X = -13 inches) where about 10 seconds is

required. .

A notaﬁle*difference between the tests with and without'BLC is :hat the
soakout temperatures prior to restart are in excess of 500 F at the x = -13
inch locatlon without BLC. ThlS compares to a value of about 300 F when

‘supplemental BLC is ut111zed The head end obviously operates hotter

_ w1thout BLC as would be expected due to higher operating back wall tempera;
tures (due'to higher bulk temperature] and hot-gas wall temperature (due to
1ncreased local heat flux). The acoustlc cav1ty and dams probably also

operate at hlgher temperatures and contrlbute to the higher soakout temperatures.

Steady4stete-badcwalltemperatures are utilized primarily as an indication
of axialiﬁeet load distribution and circumferential heat,lped uniformity.

- These meesurements are relatively insensitive to local heat flﬁk variations
and tend: to reflect integrated heat load. along-a channel in that back wall

temperatures are strongly influenced by the local bulk temperature.

A compa;ison of the average back wall temperature profile with and without
BLC is presented in Fig. 53. The effect of BLC is seen to be small from

_ the regeneratlve coolant inlet to a point about 8 inches upstrean of the
throat." The primary effect of BLC occurs in the region extend1ng from the
injector to about 10 inches upstream of the throat.

In the case of film cooling, the back wall temperatures are relatively flat or
decreasingein going from X = 8 inches to the injector end. This would
indicate a comblnatlon of reduced heat flux level and relatlvely constant
bulk temperature resultlng from-the lower heat flux. Without BLC, however,
the backﬁﬂall temperatures continue to increase right up to injector end

and dec;é§§é1on1y in the acoustic cavity region. This would indicate a
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relatively‘constant heat flux and increasing regenerative coolant bulk
temperature in the oylindrical regioh. Reduced heat flux level in the
acoustic cavity accounts for the reduced back wall temperature in that
region. '

The effect of filmAcoolant on tﬁfoet and injectot end is also hown in
Fig. 54 as a function of chamber‘pressure for various maxture ratios as
noted. It is apparent that BLC effeotiveness is minimal in the throat
region. A marked effect is noted at the injector end due primarily to the
hlgher 1ntegrated ‘heat load occurring w1thout BLC. The difference in back
wall temperatures at the injector end are greater than can be accounted
for just with coolant temperature dlfferences however, indicating a

hlgher local heat flux as well,

In general, ciroumferential ﬁariations'in back wall temperatures were less
than 10 F in the nozzle and throat region. The variation appears to increase
significantly to.about 30 to 40 F in the combustor/1n3ector end region both

- with and without f11m coollng ~This variation would amount to about 10

percent dlfference in heat load to the regeneratlve coolant.

:Comparison of the average acoustic cavity back wall temperatures (measured
at 8 circumferential Iocatione) with the average outlet bulk temperature
give agreement within about 1 to 2 F in most cases. This would indicate
that these acoustic cavity region measurements are essentially equivalent
to local coolant bulk temperatures (due to very. low heat flux levels) and
can be utilized_to indicate nonuniformity of circumferential heat load.

- Based on the results of the 10 nonfilm cooled tests, the average circum-

ferential variation range in heat load was +10 percent and -12 percent.

A typical plot of back wall temperature distribution without BLC is
presented in Fig. 55 for the test conditions as noted. (Thermocouples at

‘the 270 degree location 4 inches to 13 inches upstream of the throat were
inadvertently installed over mid-land rather than mid-channel and are not
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1nc1uded due to the resultlng hlgher recorded temperatures ) The predlcted
back wall and hot gas wall temperature profiles are also presented for
comparison. The predicted values are based on a boundary layer analysis
{without film coollng) w1th a slight adJustment (~4 percent reduction) in
order to match the total integrated heat load. The experiment- ' and predicted
back wall temperature profiles appear to be in relatively good agreement,

The predicted maximum hot gas wall temperature rs about'780 F without BLC
compared to about 740 F with BLC. o |

Radiation Cooled Nozzle, Test Sequences 7 and B were conducted using the

columblum radiation cooled nozzle The nozzle attaches to the ITC at an
area ratio of 7:1 and extends to an area ratio 9:1. The latter dimension
was selected based on compatlblllty Wlth the dlffuser utilized during
earlier tests at Rocketdyne s fac111ty The 0. 050-inch wall thickness was
selected to simulate soakback conditions after shutdown.  The wall thick-
ness has a negllglble effect on radiation equilibrium temperature. Typical
temperature response data for tests with and without BLC are presented in
‘ Flg 56 It is apparent that there is a definite increase in equilibrium
wall temperature for. the test with no supplemental film coolant. .This.
essentlally proves: that there - 15 film coolant carry-over downstream of the
“throat.

: , ‘ .
The maximum temperature dlfference (w1th and without BLC} is about 240 F
‘based on thermocouple #28, The predlcted temperature d1fference is about .
1260 F based on the thermal model dlscussed in the Phase 1 data dump
(ASR74 117) The maxrmum measured temperature is about 1710. F without BLC
for the short columbium nozzle, ‘This compares to a max1mum measured teémpera-
ture of about 1540 F when supplemental film cooling was utlllzed

‘'The use of full—size.columbium nozzle (6"72 1) would result in a wall
temperature increase of about 90 F in each case due to a reduced view factor

out of the nozzle exit plane. The resulting maximum equilibrium temperature
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for a full-size columbium nozzle are, therefore, 1800 F and 1630 F without
and with BLC, respectively. The latter value compares favorably with the
1700 F predicted baéed on theoretical extrapolation of the CRES heat sink
nozzle test results as discussed in the Phase 1 data dump. The slightly
lower temperature achieved by the columbium. nozzle is due to t e high

emittance (=0.9) coating utilized for oxidation protection.

The most significant conclusion to be drawn from the columbium radiation
‘cooled nozzle‘tests, in conjunction with the previous CRES heat sink nozzle
tests, is that the use of a refractory material is umnecessary at the

_ current attach point with or without supplemental BLC. The use of an

L-605 type nozzle extension appears quite feasible which should result

in considerable cost saving. Alternatievely, the columbium nozzle could

be attached at a lower area ratio (=3:1) with an attendant reduction in

engine weight and regenerative coolant bulk temperature rise (=20 F).
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Safety Factor and Fatigue Life.

A primary purpose of the OME Reusable Thrust Chamber Test program (both
chamber and heated tube tests) was to obtain data which would improve
estimation of the OME regenerative coolant safety factor profile and,
indirectly, fatigue life capability This was accomplished t modifying

. the analytical models to fit the thermal data and ‘then ut111z1ng these models
to predict heat flux and wall temperature. prolees

The resulting predicted heat flux profiles at nominal operating conditions
are presented in Fig. 57 with and without BLC. The f11m cooling model
indicates a liquid film persists about 3 1nches downstream of the p01nt of
1mp1ngement on the wall. The heat flux in thlS region is negligible since
the film and regenerative coolant temperatures are nearly the same. The
~case without BLC indicates a nominal heat flux of 2 BTU/in~sec throughout

the cylindrical combustor reg1on

The resultlng safety factor proflles based on 2- D conductlon effects 1s
presented in F1g 58 for current off- de51gn cond1t1ons (Pc = 120 p51a, 7

MR = 1.73 and Tin = 100 F). The coolant safety factors are similar in the
throat and noetle region, There is.a marked dlfference in safety factor

e in the combustor region, partlcularly near the injector end. The case

w1thout BLC results in a minimum. safety factor of about 1.2 due to a combin-
ation of high coolant bulk temperature (reduced subcoollng) and comparatlvely

f.hlgh heat flux level. The use of fllm coolant markedly increases the safety

wf_factor at the injector end due to greatly reduced heat flux lTevel 1n the

reglon of minimum subcoollng In. addltlon, the max1mum coglant bulk

 Atemperature is decreased which further enhances the safety margin.

it should be pointed out that the ITC‘was-hot:origiﬁally designed to -
_7'0perate without BLC. The minimum‘safety'fa;ter'cduld be raised to a value
of about 1.5 simply by increasing the coelant velocity in about the last

-
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2 inches of the cylindricai section. This would result in an increased
pressure drop of about 2 psi. Another consideration of interest is that

" limited electrically heated channel tests using a similar channel.geometry ‘
indicated bétter aéreement with 1-D burnout analysis.- A 1-D an lysis

indicates a local minimum safety factor of about 1.6.

The cyclic fatigue life profiles were calculated at minimal operafing
conditions using the predicted wall temperatures. The results, with and
without BLC- are presented in Fig S9. The minimum predicted life occurs
in the reglon sllghtly upstream of the throat and is about 4800 and 4400
cycles for operation with and without BLC, respect1ve1y Application of
a life safety factor of 4 would indicate a life capablllty in excess of

the required 1000 cycles for either operating condition.

The life cycle capability of the two operating conditions differs the most
in the combustor region due primarily to the difference in hot wall

temperatures.

" It should be mentioned that a major restriction to the ITC fatigue life

is due to the extremely high strength nickel (x66,000 psi yield) as electro-
deposited at Rocketdyne. By simply annealing the nickel, the chamber

fatigue life_can be increased since the thermal load would be divided more
~equally between the CRES liner and nickel closeout. Life can also be

inéreésed'by reducing the thickneés‘of the nickel closeout and/or CRES liner.
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LIMITATIONS OF SIMULATION

The test configurations and conditions were made to simulate, as closely

as feasible, the Space Shuttle Orbit Maneuverlng System and its environment.
The results of the test program glve valuable insights as to wl.t might

~ be expected in actual OMS operatlon However the simulations were limited
in ways Whlch might cause the test results to vary from f11ght results.

Some of the limitations could be removed by'addltlonal ‘tests, some by

maJor fac111ty mod1f1cat10ns, and others only by conducting actual

f11ght tests. ‘

The purpose of thls sectlon is to point out these limitations and quallta-
tively estimate thelr 1mpact on the agreement between test and flight

results
GRAVITY

The testing was, -of necessity, conducted in.a l—g grav1ty fleld whereas

the flight englne will experience 0- -g coast periods. The oxidizer duct

‘was arranged to prov1de a2 slight positive drain from the valve to the
1n3ector whlch was felt to be closest to 0-g 51mulat10n although no or1enta-
tion can completely simulate 0-g with fluid coating the walls and draining

- by gas evolution and b0111ng Little difference between test and flight

', results 1s expected although the oxidizer may be retained slightly longer 7
-and get colder in fllght

The. eng1ne flred vertlcally down during the test program so that fuelrwas
retalned by grav1ty in the coolant Jacket, inlet manifold and 1n1et duct,
after the test. Under 0-g flight condltlons, complete dep;etlon of the

fuel could be-con51derab1y more rapid than after the test firings. This

is particularly true for the low-heat input cases where the firing duration
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was 1 second or less. The effect would be - . Flight

to compress the acceleration and thrust

overshoot vs codst time curves along the . T
. thax \\\_g
coast t1me axis as 111ustrated here schemat- = - F Test

1ca11y for a typ1ca1 thrust overshoot curve.

The end-p01nts of. the curves would probably .
not be significantly affected. Coest Time

Accelerometer activity recorded after shutdown would be affected by the

- different propellant expulsion rates. The specific effect is not clear.

However, slnce the posttest activity does not appear at all in thrust or
injection pressures, it is likely that no problem would be encountered in

this respect with the flight conflguratlon
AMBI_ENfl‘ P.Rsssuma

Amblent pressure was approx1mate1y 0 1l psia durlng the posttest vacuum
soakouts and coast periods as opposed to the hard vacuum of space for

the flight condltlon ~This should have a small effect on propellant
boiloff rates since the saturation pressures of the fuelandox1d1zer at
depletion were in excess of 0.3 and 3 psia respectively. Longer retention
--of the. ‘oxidizer due to gravity effécts could increase the sensitivity to
-ambient pressure. |

PROPELLANT SATURATION

Propellants will probably be saturated w1th he11um during most of the OMS ‘
mlsslon The restart tests were conducted with helium saturated propellants
The throttl1ng tests, however, were conducted with unsaturated propellants

- to provide baseline data. Saturatlng the propellants would probably limit
the throttling capab111ty although the extent of the. effect 1is unknown.
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CONCLUSIONS AND RECOMMENDATIONS

The follewing conclusions are made based on the;results of the Phase II
tests. ' “

1. Delaying the oxldlzer valve opening 51gna1 from 0 to 100 msec after
the fuel valve opening signal does not apprec1ab1y affect the start
characteristics. The fuel valve signal could be delayed at least

20 msec without significant effects.

2. . Unusual accelerations noted on the starts of first tests ina vacuum
period are probably the result of small quantities of gas in the feed

lines.

3. Oxidizer depletion occurs within 10 seconds after engine shutdown for
all anticipated peratlng conditions. Fuel depletion times depend |
strongly on hardware and- propellant temperatures Over. the nominal

 ranges of operating cond1t10ns fuel depletion. may occur from approx1-
mately 1 minute after shutdown of a long-duration test with hot fuel
to 10 minutes after shutdown of a I-Secend‘test with cold fuel. Even
longer depletion times result from shorfer firing durations,

4.  Posttest accelerations with spikes in the order of 200-300 g's can
result from low-level combustion as oxidizer dribbles out of the

‘duct and fuel boils out of the engine. Theee accelerations are not
harmful to the engine but can be avoided by a brief ox1dlzer purge

at shutdown

5. The engine does not impose any limitations on restart times. Accelero-
meter spikes are low for all conditions tested with simultaneously

operatihg propellant valves . Thrust overshoots become less severe
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~ (Continued)

for shorter coast periods The overshoots exceed 100 percent of

nominal thrust for restarts after long coast periods, and can

:probably be reduced by lengthenlng the propellant valve opening times.

The engine can probably be throttled in the blondown mode (o0 65-75
psia chamber pressure with uhsaturated propellants before experiencing
feed system coupled instabilities _ These instabilities did not
enhance the heat transfer to the coolant and appear to be harmless

to the engine for short term operation '

Operatuon without boundary 1ayer coolant, -BLC, results in a 1 5 second
increase in vacuum specific impulse and reduct1on of the regenerative
cooling safety factor from 2.8 to 1,6 at nominal conditions. The

engine can be operated over.the entire anticipated PC-O/F range

- without BLC with a minimum safety‘factor of 1.2 (@ P. = 120, O/F = 1.74,

= 100 F}. Based on previous test results, 51mu1taneou51y lengthening

,the chamber to 16 inches and e11m1nat1ng BLC would result in a vacuum Ig
'(G 72) of 313 sec and a safety factor of 1.4 at nominal conditions.

- The test program resnlts lead to the following recommendations.
_Conduct further tests controling the valves (with all valves instrumented)

‘to determine the effects of valve operating times and fuel valve signal
- delay on acceleration and thrust overshoot.and start.’

Verify that lower acceleratlons on the start of first tests can be

achieved by thoroughly bleeding gases from the feed system.

Verify the projected 10-m1nute fuel depletion time for a one-second
firing with 40 F fuel. '
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Determine experimentally the oxidizer purge requirements to suppress
the posttest accelerations. - Determine also the effects of varying

the volume of the oxidizer duct between the valve and injector.

Verlfy pro;ected blowdown throttllng capabllltles while mi imizing
fac111ty operating time by startlng tests at 100 p51a chamber pressure.
Determmine the effects of hellum saturatlon.

Analytiéally optimize the BLC floﬁrate, chamber length and coolant
passage geometries based on the results of this and previous test

programs with the L/D #1 injector.
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APPENDIX. A
TRANSIENT DATA

This appendix contains the pretest and start transient data recorded at
|
WSTF. In general, the titles are self-explanatory. The following specific

titles are further described.

Start Conditions

Test duration is the time between the start and the shutdown signals. The
injector surface temperature is measured at three places on the outside of
the propellant manifolds. The chamber top temperature is the value on the
outside wall near the injector flange. The nozzle‘flange top refers to
the régenerativaly cooled chamber side of fhe régen/radiation interface
flanges, The pretest temperature values may differ slightly from values
presented as part of Table X in the text because of time differences when

the data were taken.

Start Transient

1

The fire switch is the primary start signal. All times are referred to

this signal, which is sometimes called out as FS1 in the table. To obtain-
maximum values, the analog data was sampled at the rate of 10,000 samples/sec
which is certainly adequate for the pressure and thrust data but could
‘reSult:in maximum accelerations which are 20 percent below the actual peak
value. This accuracy is adequate to'indicate'the trends resulting from
various operating conditions. '

i
i
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PAR IMGM SIOLLOAD =yy LBF : 2114352 232,614 2644457 258,93 23711y
] MAXIMUM SIDELOAD <24 LoF 198708 276,89 278.152 3684195 231,985 |
)
B L P T L e e s



— —— — —— -.H_..__.__'_...._m\_._v-—--—__W——.u_n__p—m_a_._._-.“_s_m_._____wh_,_____uq_m_..‘,.__‘. ———

T T T ’ I Ay
L @(5{ |
' - ' ROCKETOYNE INTEORATED OMs ENOINE o
L - TN STARY TRANSYENT CHARAGTERISTICS &g
' T B TS 2
_ A =
. CDATE BLMARG o SERIES ek OME RO/INT | SEQUENCE o 6 a4
--’“ """" TESY DESCRIPTION ' o ' : &?Q
b T TTTT T EOLL ENGINE AESTART EVALUATION WITH 70 Fi SATURATED MMH/NTO, ROCKETDYNE REGEN CHAMBERY &/D INJECTOR $/N Ly A, - |
b 12.10 1 NOZZLE.  COAST PEAI0DS FROM 3 MINUTES 10 ) SECOND, NO POST-FIRg PURES: . . &3 ]
) START CONDITIONS (T0e3 SEC) TEST no, C‘:?%
i e e . b - .t . - - - B - — . Q R ——
T s 6 T 7A VS e
1 ’ . . . sagrie Srardared: i gy - R o o T o agas @ e
1EST OURATION o it L ob20 M8 W 422 l
T TTBREVIOUS COAST PERIOD, SEC 60,617 30,91% 6,162 4,725 - 2,083 7
- FULL INLET PRESSUREY PSIA 220,869 N 225,869 21917 218,745 218:745 _|
. GA1D INLET PRESSUREs pSIA 214699 : 2144899 213485y 212.59¢ 212+58¢ .
Y FUEL INLET TEMPERATURE, £ “g8u113 . 63,452 69,878 04219 1pe219
i Oxlp INLET TEMREHATOHE, F 89,3 Tie554 117278 764558 764558
‘ IMJECTOR SURFACE TEMP, ¥ BQe2b8 82,887 - Bj.68y BE.236 e SBae30 |
T CHAKGER TOPTTEMPy F 422955 584873 11.8p 102+)26 102+126
.  COOLANT MANIFOLO TEMP, F . %9.438 _ 54,168 si.gz 53.633 53-_633 |
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INJECTOR SUAF ACE TEMPy F 65,435 . B&,929 66029 bBe029 55.$z I
ST LHARGER TORTTERP, P IR 3,700 T3.700 Ti,700 Tg. 00
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y T bXIp VALVE-COMMAND, SEC 0 v00t s002 : 0 9
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‘ PEAK ACCELEHATION: 40970y 0 ja3.978 53.939 40,331 .;?; 32.::; l
TIME OF 497D MAX © 1193 «187
P MAXTMUN AQIAL THRUST. LBF 10731.113 1z&~z.31i 13180.383 150373 14053.911 o
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APPENDIX B

STEADY-STATE DATA

Summaries of test data compiled and printed at NASA/WSTF are presented
in this appendix. Data are presented for the 9-10 second slice on each
testfand for multiple times on tests ofm35-second’ duration.



=K. OMS ENGINE TECHNOLOGY
SUPPORT PROGR M |

: RUCKETOYNE INTEGHATED HARDWARE TESTu
DATE 37 MAR 4 : |
S&QIES H’f,«/!ﬂ"u SFWEMCE s ?ti? )
TESY Gﬁacﬁ!PIIQN

PEAPORMANCE SURVLY OF RO INTEOHATED HARDWARE PRIOR 15 CHUG
TLSTSe BASELINE BEFGRE GLC PLUGGING TESTS: 9 T0 | NOZZLES

4 UEG FUELe 75 DEG OX1012€R.  TaRGET PONS & (2840 Mt 3 ] edi,

ACTUAL TEST DURATION 164007 SEC
DATA SLICE TImE 9000 SEC To 19,800 SEC

PARAMETER UnliTs AV&. NEASURED Val JE

L L E T T o e . ' oy L D SNY R R e—
FUEL TaNK PRESSURE P5la 257445)
CRIUTZER TARK PRESSURE FRLA 23%.719
FUEL INTEAFACE PRESSURE pala 364588
GXIDIZER INTERFACE PRESSURE PS1A 214,005
1/¢ COOLANT (NLET MaN, PRESSURE PSlA 2274199
FUEL INJETTOR PRESSURE BsTA 206,431
OXTUIZER INJECTOR PRESSURE BT ¥ 1962909
CHAMBER PRESSURE nNO, | Pala 137,813
CHARRER PRESSURE NO, @ PSIA 138,512
- KRLAL THWUST, SYSTEN a LBF 5325, 785
ARTAL THRUST, &vsrﬁm a L &F 534040457
Y=AXTS THRUST - LuF - wZB5IT
(=AXLS THAUST | ' L aF | 22,771
CAVERAGE CELL PRESSURE F5IA - e HT%
GELL PRESSURE AGREEMENT % , . .713
FUtL FLOWRATE . GpM 55+ R69
GKLDLLER FLOWRATE GPM L 6l.788
FUEL INTEAFRCE TEMPERATURE - OES %] ,303
DATGIZER INTERFALE 1£HP£HATURE T ODEG F T4 o628
T/C COOLANT IN TEWMPERAYURE UES F 4%, 980
T/¢ COOLANY OUT TEMPERATURE 0EG £ 173,374
INJECTOR SURF ACE TEMPERATURE DEG F Tag,zTs
17¢ SURFACE TEMP =16 [N ; DEG € IT3e93v
T/C SURFALE TEwP =13 IN S 0FG F 186,485
T/7C SURFACE YEMP =1¢ IN ngS F 1904732
T7¢C SUSFACE TEMP « 8 N - DEG F 1#&.&87
T7¢ SURFACE YEMP » 4 IN oeEG F 110.05
17C SURFACE TEMP « & IN. - DEGF 188,228
1/C SURFACE TEMP =~ 2 IN UES F 1294422
T7C SURPACE TERP =g, IN IR F 134 4586
T/C SURFACE TEMP ¢ 3 IN DEG & 118,076
COOLANT "IN MANIFOLD SKIN DEG F 554386
NUZZLE FLANGE TOP. TEMPERATURE OEG F 83,720
NUZZLE SURFACE TEWP o 8,0 N . DFG F 9] 4 P89
F 1337o69b

NOZZLE SURFACE TEMP + 9,0 IN DES



6K OMS ENGINE TECHNOLOGY
. SUPPORT PROGRAM
: ROCKETOYNE INTEGRATED HARODWARE Yszb
DAYE 2T MAR 4
SeRIES Kp/Infey SEQUENCE 7 CTESsT )

PERFORMANCE DATS

PARAME TER UlTs CALCULATED VALUE
A iy O g OB . - g SO 2 - T g A W gy A S - o
PLe INJECTOR END By A T138,103
PCe NOZZLE STAGNATION PSIA 1314255
AXTAL THRUST, SITE L5 5333,)21
AX1al. THRUST. VaCpuM L5F 515140062
NOZILE £X]1T PHESSURE PSIA e 8%
FUEL DENSITY (MM} La/F Ty 86,837
ORIOIZEN DENSITY LE/FTS B94870
FUEL FLOWRATE LY/SEC 8,198
DATOIZEH FLOWRATE Lu/SFC 124372
TOTAL PROPELLANT FLOWRATE LA/SEC 204522
RIXTURE RATIO lnvaRALL! o/F : 1e5ld
BLT FLOWRETE Lia/S5EC o610
3LC TOYAL PERCENT W Zea T4
Cort. mixtunre Ratio O/F li641
FUEL INJECTOR DELTA=p Pl 68, 76
ﬁktﬁirtﬂ INJECTOR DELTA~P P10 564746
T/C COOLANT DELTA=P #5lb 20768
T/C COOUANT DELTa~T orG F 127394
THaUST CHAMBEW HEAT FLUX BTU/SEC T42+33¢
CeSTaARs SITE FT/SEC 54544767
Co5TaRe UMK FT/5EC R49Tenl7
Ces5Tsrk EFFICIENCY % F5.7548
cf v BTE it o 1533
FTTE YaCuus i 1.5
Lf. V“‘u 1,- LKP‘E‘;T . - - . 1"51“
1014 cbﬂﬂﬁLa?ION - 101,240
C"g VA(. 1‘{" o Wi v 1.?9&5
I5¢e TEST | wEC 259,877
150y SITE VaCuum 5¢C 260,75}
t3pi vAL T2 PREOICTED _ - BFC - 308,76]
159, Tﬂx TEST CONDITIONS S5 C 27349758
:sp—&#ﬁtclﬁnt? ' % C TH. 121
ENERGY RELEASE KP¥ICIEch ) _ V64205
CosTARy QDE | FY/BEC 569%,894
158, m‘ho T&ST 333,77y

B
REPRODIKHBHJTY OF TH
ORIGINAL PAGE IS POOR

. %LC



6K oMY ENGINE TECHNDLOGY
SUPPORY FROGRAM
HOCKETDYNE INTEGRATED HAROWARE TESTS
GATE 77 HAR & - \
QERTES HE/ IHT =) SEJEMCE 7 TEST ¢
TEST DESCRIPTION
PLHF ORMANCE SURVEY OF RD INTEGRATED HARDWARE PRIOR T4 (UG
TESTSe WASELINE UEFORE BLC PLUGGING TESTS. 9 TO 3 NOZZLee
40 DEG FUELs To UED ORIDIZER, TARGET PCNS & 1254y MU = 12053,

AgtuaL TEST UURATION 190010 SEC
DaTA SLICE TIME 9800 SEC TO 10,000 SEC

PARAMETER . : CUNETS . AVG, MEASUREQ VALUE
e me RS s [F——" D T 4 VR U N 8 S s
FUEL Talik PRESSURE PSIA 7264199
GRIOTZER TANK PRESSURE ) PEIA 2254029
FUEL INVERFACE PRESSURE FS1A z14,921
ORTGIZER INTERFACE PRESSURE PSIA _ 2084502
1/C COOLANT INLET MaN, PRESSURE PS1A 20T o263
FUEL INJECTOR PRESSURE PETA 5. {89.324
ORIDIZER INJECTOR PRESSURE P51y 1A&, 313
CHAMBER PRESSURE NO, 1 PsIA 132,124
CHAMBER PRESSURE NO, 2 PS4 133,511
AXTAL THRUSTs SYSTEM a LEF 5135.5ﬁ1
ARLAL THRUST. SYSTEM & i  5150,631
Y*AXIS THRUST . LAF w27, 578
ZeaK]S THRUST LisF 214382
AVERAGE CELL PRESSURE ‘ ~ P31A Y ) &
CELL PRESSURE AGHEEMENT ' .y _ o671
FUEL FLUWRATE ' GPM 69,0066
OXjUIFER FLOWRATL B L Blebla
FUEL  IRYERFACE TERPERATURE OFG F SR 3 7% i 4
OAJUIZER INTERFACE TEMPERATURE GED F Tashidl
T/C COOLANT IN TEMPERATURE OEG F 49, (188
1/7¢ COOLANT QuT TENPERATURE DEG F 187,497
INJECTUR SURFACE Ttsvzﬂafunz DEG F 104,340
1/7C SURFACE TENP ~i6 [N L NEG F 198,75}
17C *Uﬁ*&t& TEMP 13 IN ‘ OFG F 1916399
T/7¢ SURFACE TEMP =}p IN DEG F 197 4597
Y/¢ SURFACE TEMP « § IN DEG F 156,295
t/¢ SURFACE TEMP = 5 IN DeEG ¥ 1T6.288
17¢ SURFACE TEMP « & IN DEG F 190,756
ysC SURFACE TEMP « & IN pEG F 138,964
TG SURPACE TEwWP «gey TR CDEG F LI Py e-E R
1/¢ SURFACE TEMP ¢ 3 IN , oré F o 121+ 785
CUDLANT 1N MaNTFOLO SKIN : - DEG F 63 ,/%9
NOZILE FLANGE TOP TEWPERATURE OFEG F &1 8395
ROLILE SURFACE TEmMP o 646 IN et F Sla.a8s
¥ o 1226,605

NOZZLE SURFACE rﬁmw ¢+ 9,06 In  DEG



sk OHS ENGINE TEHNOLOGY
SUPPORY pROGRAM

OATE 7 MAR &
SERIES Sp/IMTe

SEGUELCE T

PERFORSANCE DATA

ROCKETOYNE INTEGRATED HAROWARE TESTS

1657

PARAMETER UMt CALCULATED ValLug
o i e i i [Pa— 0 D 0 S s (00 I W
PLe INJECTOR END PSTA 133,107
FlLe NOYZLE STAGNATION P&IA 1 264%09
ARTAL THRUST. SITE LiF 51434106
AXTAL THRUST. valuuwm 12 516].588
NOZZLE EXIT PRESSURE PGEA - YL
FUEL DENSITY (MMH) LEIFTY %4524
DATGEZER QENSITY LE/FT] B RT
FUEL, FLOWRATE LI/SEC Teh31
OATUIZER FLOWRATE Lu/SEC 1243%0
TOTAL PROPELLANT FLOWRATE L/ SEC 19,776
MIXTURE RaTIQ zovERaLLI OrsF C lebbld
BLL FLOWRATE LHIREC o557
BLC TOTaL PERCENT % : Zenild
CURE MIXTURE RaVio 0/F 1e795
Full INJECTOR DELTawp psli Biye 1B
DATDIZER INJECTOR QELYA=P PalD H5¢§ 46
T/7¢ COULANT DELTawp pell 174939
T/C COOLANY DELTASY DEG ¥ 138,430
TriRUST CHaMBE# HEAYT FLUX ﬁrUfsgt T35, 360
CC*STARY SITE FI7SEC BeR6,880
CosTaks UnR FT/5EC 5514, 75%
CosTar EFFICIERNCY % 55T
CFy SITE ———— 1e334
“CF S1TE vattum - g T+53%
CFe VAL T2 txwiet p—— _ TeBEb
C? CORRELATIOR - - 100,901
‘ {f‘, VAL ) I . - i'gae
TFsY ‘ SEL 260414%
Ctipe SITE vacuum $eC 26legT?
thp, VAl 12 PREDICTED SFC gt 207
150, TOK, TEST CONDITIONS %ﬁc 216299
150 EFFigtEnGY T 197
ERERGY RELEASE ﬁfrtcxkncv_ '_w o 95.&53
cesTaft, GDE , - FT/SEC 57112302
fopy Oty TESY SEC

33&0197



S OMS ENGINE TECHNOLOGY
SUPPORY PROGK aM
ROCKETDYNE INTEGRATED HARDWARE ?ESTa
JAYE 3T HAR & o
SERIES Hi/IHTey : SEWUENCE 7 TEST
TESY u&ﬁrﬁl#!tsw
PERFORMANCE SUKRVEY OF RD 18T GRATED maaawﬁﬂﬁ PRIOR T9 CHUG
TESTS, ﬁﬁﬁELiNt-dEFﬂﬁE L.t PLUBGING tz&fsc 9 T0 § NOZILEe
At L FUEL. 7o w&ﬁ QXIGI?QH. TAalGET PCNS 8 100es MR 3 Jabbe

ACTUAL TEST DURATION 1640087 SEC
DATA SLICE TINE 9,000 SEC To !e 050 SEC

Bastait TER le?ﬁ AVG, MEASURED VALUE
A ’ [P —— - A A A g W O Y o
FUEL Taiik PRESSURE | PSIA 1614679
ORIGIZEN TANK PRESSURE PelA 161884
FUEL IRTERFACE PHESSURE PSIA 1545169
OXIDIZER INTERFACE PRESSUHE #51A 151255
I/¢ COOLANT [nNLET MaN, PRESSURE PUTA 151,289
FUEL TRJECTOR PRESSURE PLIA 145,406
ORJOIZER [NJECTOR PRESSURE psfa 1364324
CHAMBER PRESSUNRE NO, | Pgla 164,005
CrakibER PRAESSURE NO. 2 Psia 1044956
AXRTAL THRUST» SYSTEH A LafF ' 49194686
ARTAL THRUSTy SYSTEM B - LaF 4926,326
YeaX TS TRRUST LaF 26, 166
L=Ak1S% THRUST LaF 144287
AVERAGE CELL PRESSURE : PSIA , o 366
CELL PRESSURE AGREEMENMT _ . o SH4
FUEL FLOWRATE . G 47,350
VATDIZER PLOYHATE GeM -  4B4BTH
FUpL INTERFACE YERPERATURE DEG ¥ S 414617
OATRIZER INTERFACE TEWPERATURE DEG F Tae 288
T7¢ COOUANY IN TEMPERATURE OREG F A9 e% 3}
T/C COOLANT OUY TEMPERATURE DEG F 198,197
INJECTOR SURFACE fENﬂtR#TUﬂE DEG ¥ 117,443
T/7¢ SURFACE TEWMP =16 IN . nEG F 243,107

- T/C SURFaCE TERP il IN OFG ¥ Pk G407
/0 SURFACE TEMP «1¢ IN DEG F 2224728
T/C SULFACE TEMP « & IN DEG F (5T 825
T7c SURFACE TeMP = o IN ' DEG ¥ 183179
1/7C SURFACE TERP « & IN - DEG F 205,750
T/7¢ SURFACE TEMP = & IN _ REG F 138,747
1#C SURFACE TEMP “0.3 IN - DEG F L 143,875
1/7¢ SURFACE TEMP « 3 IN EG F C 121en30
COOLANT TN MaNIFOLO SKIN COEG F 60,786
NOZILE. FLAKGE TOP TEMPERATURE DEG F 534230
NOZZIE SURFACE TEMP ¢ &,0 IN OEG F _§T0,955

F 1203,239

WOZ2LE $uﬁFA(£ TEHP » 9.0 In DEG

REPR@DUGIBILIW oF HE
ORIGINAL PAGE I8 PO?);R

Y



6K OM5 ENGINE TECHNOLOGY
%UP#OﬁT PROGRAM

RncKtTuYNy INTEGRATED AARDWARE TESTS

GATE 27 MAR 4
SERIES Rp/THTe)

PARAME TER

00 s Ao A N 2

PL,y INJECTOR END

PCy NOZZLE STAGNATION
aAXJaL THAUST, SITE

ARTAL THRUST, vALUUM

NOZILE EXIT 9ﬂasﬁuﬂ£

FUEL ﬂENEI?Y (MM}

OALL1LER DENSITY

FUEL FLG%RATE

OXTDIZER FLONRATE

TUTAL PROPELLANT FLOWRATE

AIXTURE RATLO c&vERaLLl

BLC FLOWRATE :

BLC TOYAL PERCEN]

CURE MIATURE RATIG

FUFL INJECTOR DEL TAwp

ﬁxlﬂttiﬁ INJECTOR DELTAwp
T/¢C CODLANT DELTawP

T/C COOLANT OELTA=T
THRUST UHAMBER HEAT FLUX

C‘S?AW; SITE

c-staw. Ui

C=STAR EFVICIERCY

[l"' &ITE

rV'STTE VAU

cFy VAL 72 EXPECT

CF CORRELATION

t" vAC 7£

IS5 TEST

15ps SITE vacuum

I5p« VACTT2 PREGICTED
{90 TBKQ TEs?Y CQNQITIGNS
1Sp EFFIgIENCY

ENERIY RELEASE &FFICIhNCV

tesTaky, ODE _

ISPy GOEy TEST

SEQUENCE 7

UNITS
Q-'--
PSla
PGIa
LiF
LaF
PEIA
LAAFTY S
La/ZF T3
LB7SEC
L5/ SEC
LeE/SEL
OsF
Lﬁ/SFC

6/?
Psin
Ps10
P10
DEG F

PERFORMANCE 0ATA

BYU/SEC

FT/3EC
FT/SEC
%

e E
g W AR
Sem—
5gC
SEC
SEC
G

%

Y
_ FY/SEC
sec

- CALCULATED VALUE

- R v o D A 0o W e

1€5T 3

LYY Y 3
99e2%7
4522005
43370484
074
S5.524
HY 48459
SebH
FTEn
15443
1eaTl
A3
24805
1,806
4!0!25
3104‘3
56813
148,306
£234483
54108866
54704247
94,738
lene9
1453%
1083&
,100:559
1e79%
#ﬁfglﬁﬁr
&58.&93
333.719
“750&?‘
T6,252
9#.%&1
5711»ﬁ1£
338,876



6K OMS ENGINE TECHNOLOGY
. SUPPORY PROGRAM

nucnztnvwr INTEGRATED WARDWARE TgS8Ts
CATE 27 MAR &
SERIES R/ INTey SEOUENC£‘1
11241 UESCRIPYION
PLAE ORMANCE SURVEY QF Rp INTEﬂRA7£n HARDWARE PRIOR To LHUG
TESTS, HABELINE BEFORE oLC PLUGGTNG TESTSe ¢ TO { NOZZLEY
4y DEG FUELs To (EG OXI01Z€R. TARGET PONS ® JoQee ME = (o485,

TEST &

ACTUAL TEST DURATION 166004 SEC

DATA SLECE Tinmg 94000 SEC TO 10,000 SEC
PARANE TER - unITS AVE, MEASURED Vi JE
Y e S ' “--- AR Y T R 0 AR .y S AR iy
FUEL TANK PRESSURE : PSIA 1734574
OATOIZER TANK PRESSURE PEIA 1654808
PUEL INTERFPACE PRESSURE PEYA 164 ¢ 166
ORINTZER INTERFALE PRESSURE F514 14642T6
1/C COOLANY INLET ManN, PRESSURE PSiA 1604107
FUEL IWJECTOR PRESSURE FETA 1540369
ORIDIZER INJECTOR PRESSURE P54 C132.n32

- CHAMUER PRESSURE MO, 1 F4IA 164,369
CraMBER PRESSURE NO, 2 Ps1a 105,710
BATAL THRUSTs SYSTEM A LnF 40194704
AKTAL THRUST ¢ 5Y51iu G LuF 4536 4.981
Y=AX1S THAUST LHF 29,867
2=ak1S THHUST LHF - 134649

AVERAGE CELL PﬂﬁSSQRE PSTaA o067
chit PRESSURE AQREEMENT % : o580
FUEL FLOWRATE GPM Bl 4801
OXTOLZER FLOWRATE GPM 4G 561
FUEL INTERFACE ?tnwaﬂnfuﬁx _ 6 F afeslr
DAIOTZEN INTERFACE TEMPERATURE BEG F Taeptl
V7¢ COULANY IN VENPERATURE DEG F 464 TTh
1/C COOLANT OUT TEMPERATURY OEG F 1&¢.aﬁ¢
1JECTOR SURF aCE tﬁm#&ﬂntuaa OFG ¥ 18240637
T/7¢ SURFACE TEdP «ie IN DEG F 189 4220

S TAC SURFACE TEwP w13 IN LYo F 190,803
Y7¢ SURFACE TEmP =)lg IN oreG ¥ - FlienBa
T/C SURFACE TEMP « 5 IN DEG ¢ CLARLTST
T7¢C SURFACE TEMP = ¢ IN DEG F 1714093
Trc SURFACE TERP « ¢ IN OFEG ¥ . 2004817
1/7¢ SURFACE TEMP « 2 IN OFG F 128,580
T/C SURFACE temP wgyy IN DEG F - L 133437%
1/¢ 5URFACE TEmpP « 3 IN HDEG F 112552
COOLANT TN MANIFULD SKIN DEG F GIe§9G
NUZ/LE FLANGE TOF TEMPERATURE DEG ¥ . 59.a88(
aOZZLE SURFACE TEWP ¢ 0,0 N DE¥G F. 15264438
nOZ7LE SURFACE TEwe o 9.0 IN 0EG ¥ 1215,542



6K OMS ENblN£ TECHNOLOGY
SUPPORT PROGRAM
HOCKE TDYNE IMTEGHATED MAKDWARE TEsSTs

DATE 57 #AR 4
SERIES Rp/IMYe;

VARAAXE TER
ud--.uwﬁv
PCy INJECTOR EnD
PL, NOZILE STAGNATION
ARYAL THRUST, SIYE
ARYTAL THRUST, VACUUM
NUZZLE EXIT PRESHURE

FUEL MENSITY (MMi)
Ollﬁlttﬂ DENSITY
FUFL FLOSRATE

QATGULIZER FLOWRATE

TUTAL ﬁﬂopﬁL{ANT FLONRATE
MIXTURE RaTio (UVCﬂALL) ’
HLC FLOWRAYE

L€ TOTAL PEMCENT

CURE MIXTURE RaTiO
FUEL INJECTOR VELTAep
OXIDIZER INJECTOR OELT AP
T/C CUDLANT DELTawp
T/C COOLANT DELTA=Y
THRUST CHAMBEN HEAY FLux
C*ST&R. srﬂ:

=s5TARe UNit

C*S?AR EFFICIENCY
E L;' 5!7&

eF SHTE“Yacuun
CFy VAC T2 Expect
oF CORRELATION
er VAL T2

1%p, TEST

L15p SlTE VACUUM
TSpy V#ﬁ“?z“?ﬁﬁbic?ﬁn
IS0y TOK, TESY CﬁNDITIﬂNS
150 EFFIgIERCY
ENERGY RELEASE: kFFlcxtﬂcv
C'ﬁiaﬁv agE

Iape ODEy TESY '

"-ﬁgc

SEQUENCE T
PERFORMuNCE DATA

ynles
-,
PELA
pela

) wF

i, aF
PolA
LE/FT Y
Ln/FYy
LA SEC
{.BSSEC
Lr/SEC
Q/rF
LHIQFC

G/F
PS1
P&ID

- PSlG

Oge F

BTU/SEL -

FI/SEC
FT/56C

P

i
---‘..
gy -
SEC
SEL
SEC
SEL

%

%
FT/SEC

TEST 4

CALCULATED VALUE

g S e P

109,039
99,188
428,162
4744 ,482
.Y A
BEehdd
BI.863
Het4(8
9e322
167130
1 e4D%

« 480
3e051
1573
AR, 30
2Te 192
-TYi1i
138.983
632,701
5409, 681
Baes, 599
954220
1,423
1.529

_ 1e8]%
1004978
1,787
2564087
?57.]1)
02k 14
TRTEa3TS
TT.564
P50 751

B6R] . P28
. 331.*’0



nROOMS ENGINE TECHNOLOGY
SUPPORT PROGR M ,
ROCKETOYNE INTEORATED HARDWARE TESTS
OSTE 57 MAR & _ _ ,
SEMIES Hu/ DT =) SEAQUECE 7 TEST
TEST DESCRIPTION
PLRFORMANCE SUAVEY OF Rp INTEGRATED wARDWLRE PRIVR Tu Crus
TESYS, HaSELINE EEFDHE BLC PLUGGTING TE&T%. o TO { NDZ2LS Y
0 UEG FUELY 7 kS OXIDIZER, TAHGET PCNS = 125 ¢ Mi = jeaba

ACTUAL TEST DURATION 15000 SEC
UATA bLlCE txna 9,088 SFC To 10,000 SEC

PARAMETER B BNVINE & £ AVG, MEASURED VAL JE

A e e 4 ’ Wk A W A0 4 s W A S0 g 4O S B T R 0 rvl e
FUEL TaNk PHESSURE PSlA 233,978
OXIDIZER TANK PRESSURE BSla ' 2154332
FUEL INTERFACE PRESSURE PRLA - 220869
ONIDIZER INTERFALE PRESSURE Psla 195,387
T/¢ COOLANT |NLET MAN, PRESSURE Pula Rl 267
FUEL INJECTOR PRESSURE 33 194,786
ORINTZEN INJECTOK PRESSURE Paia 1TTe068
CHAMBER PRESSURE ND, ) PslaA : ' 131,633
CHAMBER PRESSURE NO. 7 PSIA 135 e 344
ARYTAL THRUST. SYSTEM A | L HF 5002.42%
ARIAL THRUST, SYSTE™ g LaF 50244076
Y*AXIS THRUST LaF =30 4365
I=aX15 THRUST Lok €%4303
AVEFAGE CELL ﬂﬂzﬁsvﬁﬁ PSla o372
CELL PRESSURE AﬁREhMENT % : o6 T4
FUEL FLOWRATE GpM . 63,743
OMIGIZEN FLOWRATE ‘ GPRR -  BTes19
FUEL IRTERFACE  TEMPERRTURE DEG F T al.r02
OXTOLIER INVERFACE YEMPERATURE DEL F T4o54a3
T/C CODLANT IN TEMPERETURE OFG F 454497
17¢ COOLANT QUT TEMPERATURE oG P 119,740
INJECTOR SURFACE TEﬂFEﬂATUNE DEG F 180,280
T/¢ SURFACE TEMP =io IN . LEGF 181,089
17¢ SURPACE TEMP «13 IN ' DEG F 173,528
t/7¢ SURFACE TEMP «1g IN BEG F 196,232
T7¢C SURFACE TEMP & & 1IN DEG F 141,168
T/¢ %URFAGE TEMP = 5 IN ' EG ¥ 1&2483¢
17¢ SURFACE TEmP = & IN DEG F 1934583
T/C SURFACE TEWP -« 2 IN DEG F 133,490
T3 SURPACE TEwP wp.3 IN L FG F 128,279
T/C SURFACE TEMP o 3 IN ‘ DEG F 108,102
COOLART "IN HANIFOULD SKIN DEGF 662110
NUZZLE FLANGE TOP TEMPERATURE DEG |F 584,751
NOZZLE SURFACE TEMP o 2,0 IN . DEGF 9914418
NOZZLE SURF ACE TLuP + ﬂ.o IN CDEG F 1230619




68 OMS% ENGINE TECHNOLOGY

SUPBIRT PROGRAM

ROCKETUYNE INTEGRATED HAROWARE TESTS

DATE 2T HAR &
5&&1&5 AR/ IHTw)

PARAME TER

-i--o-;-

PL, INJECTOR E£ND

PCy NOZZLE STAGNATION
ARLAL THRUST. SITE

ARTAL THRUST, VACUUM
NOZILE EXIT PRESSURE
FUEL GERSITY (HNH)
QKILILER DENSITY

FUEL FLOWRATE

OxlﬁldER FLOWRATE

TGTAL PROPELLARY FLOWRATE
MIXTURE RATIO (oV£ﬂaLL! i
ELC FLOWRATE

BLC TOTAL PERCENT

CORE MEiXTURE RATIO
FUpl IMJECTOR OELTAwP
oxxﬂtitﬁ INJECTOR DELTA-P
T/C COOLANT OELTAwP

T7/C COOUANT DELTAT
THRUST CHAMBER MEAT FLUX
Ce*STARG SITE

c-s?sﬂ; UrR

CestaR EFFICIENCY

&P. “!Ift .

of STTE vacuoy

CFy VAC 72 EXPECT

CF CORRLLATION

CFy VAC T2 '

15p. TEST

15p, SITE VaCuum

fap ““““ vtt“13'#ntbi€ftﬂ“'”
[Se,
15 eFFLCIENTY

ENERGY RELEASE afrlcxaﬂcv
c=5Ta/y obE : .
laﬂ; ﬂﬁtg 't&f

REPRODUCIBILITY GF Tj
‘ H
ORIGINAL PAGE IS PooRE

run. TESY LﬁNDI?IGN&

SEUUENCE T

PERFOUMANCE DATA

uUniTs
- -
pPsla
Piia
LsF
i ¥
pPalA
LE/AFT]
Lia/FTa
L&ZSEC
La/%EC
LR/SEC
o/f
LHISED
H
/¥

. sz !D
PsID
Pall
oFG ¢
#TU/SEC
FT/SEL
FY/SEL
5
g - ol
e
e

aPIG-
5¢C
3EC

TESY &

CALCULATED VaLUE

D D - o g R B S A

131,491
134191&
Sa13.251)
" Bn304%31
1053
55,521
B?.ﬁﬁ%
T'HH&
114936
19423
1e663
S
34041
1,581
CBRLTTS
454571
17,981
133,743
91319
5484,570
B921eT23
95,502
letsl4
165}9
Y15
190,302
1.775
?58.‘1?
289,902
3044520
712923
?3.0‘5

95,993

- 8683,339

331,862



6K (ME ENGINE TECHNOLOGY
SUPPORT PROGRAM

u ROCKETOYNE INTESHATED HARDWARE TESTS
DATE 27 MaR 4
SERIES WHO/ZJHT=) SEQUENCE 7
TEST DESCRIPTION
PLHF ORMANCE SURVEY OF RD INTEGRATED HARDWARE PRIOR YO CHUG
TESTSs BASELINE BEFORE BLC PLUGGBING TESTSs © TO } W0ZZ2Lpy
40 VES FUELs Tg UES OXIDIZER, TARGET PCNS 3 12549 Mz ® | e85,

1aa010 SEr

TESY &

ACTUAL TEST suURATION

Lpa

DATA SLICE TIME V000 SEE Tor 10,000 Sk¢
PARAHE TER UNITS  AVG, MEASURED VAL JE
L O R - - ..-..- A -0 NS e N 0 g S e i iy
FUFL TANK PRESSURE PSIA 2074438
DAIDSZER TANK PRESSURE - PEIA 2254029
FUEL INTERFACE PRESSURE PSIA 197.503
oRIDIZER " INTERFACE PRESSURE Psla 20% 98¢
176 COOLANY ITNLET MAN, PRESSURE PELA 192,311
- FUEL INJECTOR PRESSURE PSTIA 180,700
OATOLIZER INJECTOR PRESSURE Psla 18%, 944
CHAMBER PRESSURE NO, 1 PSIA 130,543
CHANBER PRESSURE N0, 2 PS1A 138,97
- BKTAL THRUST. SYSTEHM 2 LHF 5008,77T9
CaKJAL THRUST, SYSTEN H LuF 5024,07%
YSEXTS TRAUST LOF 3R 548
Zead18 TruRust : LiF 194350
AVERAGE CELL PHESSURE - BSlA ' 8
chil PHESSURE sGREEMENT % | 067
FUEL FLOWRATE ‘ GPM 55,074
QAJUICER FLOWRATE GPM b62472)
FUEL INTERFACE TthERa?UﬂE orG F R Y134
GXILLLER IRTERFACE TEMPEMATURE DEG F Tae543
T/C COOLANT [N TLRPERATURE , OFG F 464,278
T7¢ COOLANT QUY TEMPERATURE OEG F 2014558
INJECTOR SURFACE YEMPERATURE DEG F 126,980
P/C SURFACE TEMP wia §N OFG F 2054030
T/C SURFAQE TEMP =13 IN DEG F 196,286
1/¢ SURFACE TEMP wlp IN DEG F 2T, 107
T/C SURFACE TEWP & & IN DEG F 148,793
1/7¢ SURFACE TEMP « 4 IN oG F 161.43&
T7c SURFACE TEMP - & IN g6 F. 2204909
17C SURPACE TEMP » 2 IN NEG F 156,578
T/C SURFRCE TEMP w3y IN - - DEG F 43,19
17¢ SURFACE TEMP + 3 IN CDEG F 1214697
COOLART IN mANIFOLD SKIN DEG F 65,421
NOZZLE FLANGE TOP TEMPERATURE DEG ¥ 58,349
HUZZLE SUNFACE TEMP & 7,0 IN M'E F 1I3V 402 .
wﬂ&ftﬁ SURF ACE TErP « Q.G INn OEG F

1568,377



6k OMS zNalNgﬁTaquﬂLObY
SUPPORY pROG

A M

ROUKETOYNE INTEQRATED HARDWARE TESTS

DATE 57 uamR 4
Shﬂlﬁb ML IH T,

PARAME TER

‘.ﬁhﬂ“'-

Phy INJECTOR EnD

PLy NOIZLE STASNATION
AXTAL THRUSTs SITE
4KTAL THRUST, VACUUH
NOLELE EALT PRESSURE
FUEL DENSITY (#MH)
QALDLIZER NENSITY

FUEL ﬁnuwnart

~ ORJDIZER FLOWRATE

TUTAL PROPELLANT FLOWRATE
MIXTURE AATIO lovﬂﬂaLLl
BLE FLOWRZTE

6L.¢ TOTaL PERCENT

CURE HilTUﬂﬁ thlﬂ :

‘ FUEL lndﬁcfa“ GELfA-P _
a*lotltﬂ INJECTOR DELTAP
T/¢ COOLANT DELTawP
17C COOLARY UELTAST
THAUST CHaMBES: HEAT LUK
CosTARy SITE
CmsTaRe UMR
C“ﬁTAR EFFICIENCY
cF, SITE

oF SITE ¥aCuuw -
Ci. VAL 12 E&PhtT
CF tﬂﬁﬁELaTlnﬂ
Cft VAL Tz
150, TEST

‘xﬁw. sxtﬁ VaCUUNM

e

15P TUK, TEST connzflnns

15p eFFIQIENCY
ENMERGY HELEASE EFFICIENCY
CegTaRy OOE
1390 Uﬁ&, TES‘

SPQUECE T

PERFORMANCE DaTa

UnlTs
-‘“-
PalA
Pela
LaF

L aF
P14
Lar/FT3
Las/FT3
Lu/3SEC
LU/SEC
Lu/SEC
O/F
Lia/SEC

Grs¥
P30
Pl
Pl
OFG F
ATU/SEC
FY/SEC
Frrz%ECQ
]
L Ll ]
gy -
-?bi-
Mﬁd
SEC
SE£C
g€
SgC
%

% :
. FYZSEC
5EC

L3

TESY -«

CALCULATED VALUE

D g T -G g T T S e

130,757
124,219
Sn16ea7
5ﬁ351?§9
EB.5Z4
B9,873
6e813
120559
19,372
le43
o510
208634
14993
434443
Sh.p28
124111
195,283
1564 436
5468, %6
5959,751
99,968
1e824
1+529
j+530
09,400
1,789
358 ,94%
‘59.?‘7
305,853
(;Toﬁab
5,004
PaeT45%
B697,924
3420405



4K OMS ENGINE TEcHNQLOGY
SUPPORT PROGRAM
ROCXETOYNE INTEGHATID HAROWARE TESTS
DETE 27 WAR 4

SERIES AU/ IHT -y SEGuUECE 7 TEST 7
TESY DESCRIPTION

PEREGRHANCE SURVEY OF RO INTEGRATED HARDWARE PRIOR TO CHUG
TESTSs BASELINE WEFORE BLC PLUGBING TESTSe @ 10 1 NOZILE»

L UEG FUELe T UEG ORIOIZER, TARGET PCNS ® [25es M2 ® {654

ACTUAL TEST LURATION 384008 SEC
DATA SLICE TIME 94000 SEC To  10.060 Sec

PARAM&TEH _ o UHIT& AVGe MEASURED VﬁLJE

i S e T [E— R A A 5w 10 gy S
FUEL TANK PRESSURE psla - 22%. 741
OAINIZER TANK PRESSURE : P&l1A -4 T3 1 &4
FUEL INTERFACE PRESSURE PSIA « 214e012
UAJUTZER INTEWFACE PRESSURE PSla 2094349
17C COOLANT [NLET Man, #Rﬁssuuz PR1A 206,880
" FUEL IRJECTOR PRESSURE - PETA {BT 423
OALOIZER INJECTOR PRESSURE BS1a 1874925
CHAMBER PRESSURE RO, 1 psla - 333.&15
CHAMBER PRESSURE NO, 2 PSiA 134, 36%
AXTAt THRUSTy SYSTEM A - LRF 5141.931
ARTAL 1HﬂU$T, bV&ThM B LaF . 51%6,46]
TEAXTS THRUST . LEF - =34,a17
2=aXlS THRUST ooLiF T 18,073
AVERAGL CELL PRESSURE ‘ psla o QG
CELt PR&sSUﬂE Aﬁﬂtintuf ' : % - ohb8
FUEL FLOWRATE G4 59,741
ORINIZER PLOWRATE , et ] 62,4063
FUEL INYERPACE YEMPERRTURE DES ¥ R 3 ¥ 454
OKIDIZER INTERFACE f&nﬁgaarURﬁ DEG F Tae54
T/7C COOLANT IR TEMPERATURE DEG F AS4978
T/7C COOLANT OUT TEMPERATURE DEG F 188,817
INJECTUR SURFACE TEMPERATURE DEG F 129,789
T/C SURFACE TEMP «16 IN . DEGF 198 o 544
17 SURFACE TEmP =13 IN " DEG F 187,750
1/C SURFACE TEMP =l IN : pEG F 201,801
T/C SURPACE TEMP « § IN ‘ DEG F 150,860
T7¢ SURFACE TEMP - o IN - DEG F 172,189
17¢ SURFACE TERP & & W . DEG F 208,269
1/C SURFACE TEMP =~ 2 IN : DEG ¥ 138,842
AT SURFACE TERP wayzmtw'¢ - pFEG F ‘13&.5tﬂ-
1/¢ SURFACE TEMP « 31 IN | PEG F 118,069
" COOLANT IN MaNIFULD SKIN HnEG F 604458
NUZZLE FLANGE TOP TEMPERATURE DEG F 58,3358
© WOZZLE SURFACE TEMP & #,0 TN DEG F 1138.704
- NOZZLE 3UHFACE YEnP . 9.& I DEG F 1358.€16



6K OMS ENGINE TECMNOLOGY

SUPPORT PROGHIAM
‘ ROCKETDYNE INTEGRATED HAHOWARE TtSTB
DATE 27 HAR 4 :
SERIES RO/ IMTe) SEQUENCE 7 TESY 7

PERFORMANCE DATA

By

PARAMETER UHlTS CALCULATID VALUE
P RPRS A—— [P - i - o P P g W
PLy THJECTOR END fy A 1344090
PLy NDZZLE STAGNATION FslA ] 27+ 385
AXEAL THRUST, SITE ) F 5180 ,406
ARTAL THRUSY, VACUUM LaF 51684649
CNOZZLE EXIY PHESIURE PSlA il
FUEL DENSITY (MM} LEZFT] 5G.%81
ORI LZER DENSITY LAAF TS B94874 -
FUEL FLOWRATE LA/SEC T390
GALOTZER FLOWRATE LR/SEC 12,827
TUYal, PROPELLANT FLOWRATE LA/SEC 19,918
HIXTUKRE RATIO tovtﬂnLL! OsF 1e682
HLEL FLOWRATE L1 /SEC - +5h
RLE TOTAaL PERCENT % 2eT¥93
CORE MIXTURE RATIO orF o815
Fug) THJECTOR DELTA~P P&ID 53,233
ORTUTZER INJECTOR DELTA-P Pl 534830
T/C COBLANY DELTawP psiD 19euBT
T7C COUCANT DEL Tast OFG ¥ 142,639
THRUST CHAMBER HbaT FLUX afU/SEC 7534687
C=sTaity SITE FT/5EC 54814556
=S Take UMR FY/SEC 4954724606
C=5Tak EFFICIENCY % 954972
Cf' “111& Wy ‘ 145&"
mt?'ﬁfTE Yatuua ‘ e T.531
CF N Vﬁc 2 Fxf’ﬁsCI . - 1’52?
CF CORRELATION ' e 10842065
¢k, VAC T2 ettt 1790
152, TEST 56€ 259,.R43
13py SITE VaAGUUM SEC 2604812
thpe VAL TE PREDICHED SEC TG IO
!SPQ TOR, TEST COND!TIBN!S 5¢C T6.4681
1Sp EFFICIENCY % Ta,9845
LNERGY RELEASE Efrxc:hncv % 94,4398
cesTak, oGk ‘ FI/SEC | S 8711.633
19Pe 0OEs TEST SEC 338,786



sk OM% ENGINE TECHNOLOGY
SUPPORT PROGRAM

80§N£EOYN€ INTEGRATED HARQWARE TESTS
DATE 27 WAR & o

SERIES WO/ TMTwy SEQUEANCE 7 TEST ¢
TLSY nEScﬂIFTIGN

PERKQRMANCE SURVEY OF RD INTEGRATED HARDWARE PRIUR Tu CHyb
TESYSe @aSELINE BLFORE BlC PLUGGING YESTSs o TO | NOZZLg»

40 DEG FUELs To VEG OXIDIZER. TARDET FONS ® 1254y iz 2 | ebbe

ACTUAL TEST OURATION INeb0s SEC
DATA SLZCE TIHE 14,000 SEC T 19,000 Sg¢

PARAMETER ' Ul ts AVGy MEASURED VALJE

’ -«-.-n““ ‘ P p— A o WA A s W A g S N
G&IDIIER Tﬁﬂu PRtSSURE ‘ s lA ?26.#51 : .
FUEL INTERFACE PRESSURE P3iA 2144072 |
ORTGIZER INTERFACE PRESSURE P3IA 209349
[P g CBGLAN? INLET HAN. PRESSURE PELA £0T,203
FUFL INJECTOR PRESSUHE PETA 188,183
OXIDILER INJECTOR PRESSURE PEla IB8e313
CHAMBER PRESSURE NO, | PAIA 133,088
CHAMBER PRESSURE NO. 7 PGl A 1334011
ARTAL THRUSY, SYSTEM A - Laf | 148,267
ARTAL ruaust. s?&?&m B Liaf 5163, 2487
Y*ix1S' TARUSY _ LEF 33,409

d=AK1S THRUST iaF ' 18,326
AVERAGE CELL PRESSURE Psta - W78
CeLl PRFSSURt AGREEMENY ' Y s
FUSL FLOWRATE -~ | - 59,T%e
QAN ZER rLawRatt _ B 10 2.}l
FUEL INTERFACE “tEMPERATURE . CUES F 41,788
OKIUIZER INTERFACE TEMPERATURE DEG ¥ Ta, 543
T/C CODLANT 1IN TEMPERATURE DEG F 45,340
T/C COOLANT QUT TEMPERATURE . DEG F 189,443
[NJECTOR SURFACE TEMPERATURE DFEG F 1244023
T/7¢ 3URFACE TEMP «lé IN . nEg F 19464236
T7¢ SURFACE TEMP w13 IN LEG F 189,833
T/¢ SUﬁ*&c¢ T&MP =10 IN neEG Fo 20%ea)9
T7¢C SUBFAﬁt TEMP = 5 IN PEG F . 151 4677
T/¢ SURFACE TEMP « o IN ' DEG F 17de783 .

. 1/¢ SURFACE TEMP « & 1IN , DEG F 211,281 _ o
T/¢ SURFACE TEMP « 2 IN . EGQ F 148,625 %
17¢ SURFACE TErP w3 IN . - w6 F 137861 .
T/C SURFACE TEMP o 3 IN DEG F - 119,432
COCLANT IN MANTFOLD SKIN CGES 58,132
NOZZLE FLANGE TOP TEMPERATURE DES F 55,777
NOZZLE SURFATE TEmMp + 8.0 IN DEG F 1226.981

F l al94.0 i1

mOi?LL SURFACE Thnﬁ . Q.Q In PEG

s



&K nnﬁ ENGINE TiCHNGLOQY
UPPORT PROCRAM
RHQKETDYNg IﬂTEGﬂaTﬁB HARDUARE TESTS
DATE 27 MaAR &
MHIES RO/INT=) SEUUENCE 7 TRSY 7

PEHFORMANGCE pala

PARAMEYER unlrh CALCUH.ATEY VALGE
WA o Vol A B0 g gy W g 0 R g U e P S v S
Ply (RJECTOR END psla 1334344
Vi, NOZILE STAGNATION PRTIA 1264682
akial THRUST, SITE LiF 5199777
ARTAL THRUST, VAGUUM CuF o 51 Tde 620
NOZZLE tRIT PHESSUKE Pyla ~ B3l
FUEL DENSTTY (m8K) LRZFTS 554%179
OMIULZER DENS]ITY LigZF T BYuTls
FUEL FLOWRATE ‘ L&/SEC | 7397
ORICIZER FLOWRATE LE/SEC ' 124436
TUTAL PROPELLANT FLOWRATE Lt /SEC 196435
HIXTURE RATIO (O¥ERALL) 0/F LabB2
HLC FLOWRATE ' Lis/SET o554
gl YOTAL PERCENT % D193
CURE KIXTURE R&TIO . QsF 1,518
FUEL THJECTOR DE(Ta=p PSID ' ? S4 4834
S ORIDIZER INJECTOR DELTAP PEID Bd o 964
r/C {ZOOLANT U!I{.T»t'p el . l‘?oﬁaﬁ'
T/C COOUANY OF{ Ti=1 DEG F ‘ 184,257
THAUST CHaMisti WEAT FLUK HTU/SEC TazZe902
c=S5Tary SITE FY/SEC LTY YY1
C‘Sf.&ﬂo Unit : FY/SEC BHGT B85
C=STAR EFFITCIENCY ' % . 95, 8
GF o SITE : waman 1ea36
of STTE vaCuuy o  Te541
C,F’ \MC Tf‘ ERS‘LCT W g W 1'52?
TF CORRELATION - 100041
oFy VAC ¥z ' : cures ‘ 1,802
i3py TEST , o 4%C ‘ 2594934
19p, 511€ vacuux SEC | 260,884
t5p. VAC 12 PREGICTED sg¢ 3076011
150y TOKy TEST saﬂﬂltlcns L OREG  PT6.A%0
150 EFFIpIENCY : & - TT.00%
ENERGY uxtenﬁﬁ EFFICIENCY % PG, 487 :
C«5TaRy GOE o . FY/5EC S BTi1.833

jhp. ﬂuh, esy o R L ?38_737

. é?m/?7



8K M5 &ﬁ4!uﬁ TECHMOLOGY
SUPPORT PROGRAM

: HOCKETOYNE INTEGRATED HARDWARE TESTS
UATE 27 uAR & |
SLOLES Up/lHTe) SEQUENCE T

TESY DESCRIPTION

PLRFORMANGE SURVEY OF RD INTEGRATED 'HARDWARE PRIOR TO CHub
TEulSe DASELINE BEFORE BLC PLUGGTING TESTSs % TO | NOZZLp s

&y UEG FUELs Tu GEG OXIDIZFER, Tnﬂﬁtt PONS & 2549 MR = 1.&%.

ACTUAL TEST DURATION
DATA SLICE Tiug

Te4T 7

350006 SEC
24,000 SEC To 25,000 SEC

CAVG. MEASURED VAL JE

s

PAMAME TER SniTs
st e 0 e i oy L1 S e A 4
FUEL TaWy ﬁﬂkﬁh“ﬂﬁ PLEA 22%.7%)
ORIUTZEN TANK PHRESSURE. ﬁﬁ%i 2E5.403
FUEL INTERFACE PRESSURE Py 2Ya.nT2
ORTOTELR INTLRFACE PRESSURE P51A 2H8.026
¥/C COOUANT IHLET MAN, PRESSURE P5IA 2OTe203
FUEL INJERTOR PRESSURE PSTA 188 56%
OAIGIZER INJEC TOR PRESSURE. Paia 1884313
CHARBER PRESSURE NO, ) PeIa 132,361
CHAMBLR PRESSURE NO. 2 PS1A 1330234
ARTAL THRUST, SYSTEM & LaF B129 249
ARTAL THRUSTy SYSTEH ¢ LufF S 46,304
TeaXls THRUST | L&F 37,393
I=AKLS THAUST _ 1 0F 184453
AYERAGE CELL PRESSURE PSia : 378
Chil PHRESSURE AGHEEMENT % 0 eaTh
FUEL FLOWRATE GPEM ‘ 39o796
QRO ILER FLOWRATE GBm 61,3953
CHUEL CINTERPACE TEMPERA TURE C ES ¥ 41,7856
ONIGIZEN INTERFACE VEMPERATURE beG F Theha
T/C COOLANT IN TCHPERA TURE DEG ¥ 44,0hé
T7¢ COOLANT OUT TEMPERATURE OEG F JA9,T36
INJECTOR SURF aCE TEMPERATURE DEG F 13 est2
1/7¢ SURFACE TEmP wig IN DEG F 198,479
170 SURFACE TENP =13 IN UEG ¥ 18%,067
T/C SURFACE TEMP «)10 IN DEQ F 2084092
T/C SURFACE TEMP « o IN DEG ¥ 13514676
T/C SURFACE TEMP » & IN DEG ¥ 1124561
T/C SURFACE TEMP = & IN DEG F 2le.818
T7¢ SURFACE TENP « 2 IN G ¥ 142,46]
T SURFACE TEMP wo, 3 TN DES ¥ ©yag,s88
Y/7¢ SURFACE TEMP o 3 IN DEG ¥ 1204056
COQLANT IN MaNIFOLD SKIN DEG F - BEa469
NOZZLE FLANGE TOF TEMPERATURE DES F S5, 264
NUZZLE SURFACE TEMP + ®.0 IN DEG F 1298,102
NCGZZLE SURFACE TEwmP « 98 N 0Es F 1449.73!



6K OMS ENGINE TECHMOLOGY

UATE 77 MaR &
SERTIES Hu/IkTe]

_ SUPPORT PROGRAM .
ROCKETOYNE INTEGRATED HARDWARE TESTs

PEAFORMANCE DATA

SEUUENCE 7

PiraMETER UNITs
A s e W v g o -
PC, INJECTOR END LS EY
PLC, NOZELE STAGNASTION PalA
ARI4L THRUST, SITE LF
AKIﬁL THRUST. VACUUH LeF
NOZILE EXIT PRESSURE HSTA:
FUEL DENSITY (HMNH) LAFFTS
UKIGIZER DENSITY LEAFTS
FUEL FLOWRATE L /SEC
QAIDIZER FLOWRATE LA/SEC
TOYAL PROPELLANT FLUWRATE {LA/SEC
MIXTURE RATIO (OVERALL) iy
BLC FLOWRATE LSISEQ
B¢ TOTAL PERCENT ",
CURE RMIXTURE RaYIQ QsF
FUEL !NJECTOR OELThwp B0
URIDIZEN INJECTOR DELTA=P CES 1Y
YT/C COOLANT UELTAP PEIL
T/C COULART DELTA=T mgs F
THRUSY CHamaer Mest FLUX B TU/SEC
C*STﬁRo SITE FT/%EC
C=5TaRy UNR FT/SEC
Cestak EFFICIENCY %
LF| ﬁl‘é +9'““
CP’ VAC 1z E‘I£G1 i o o
CF_ CQR%LQTE"ON -
l"f [ ‘J‘A(: ?? _un-.lﬁﬁ
8%y TEST '%?C
15pe SYTE VaLUUH SEC
18y VACT1Z PREDICTED 1AM
{98y lﬁﬁ. TESY aouulvzaus S£L
t5p EFF{CEENCY %
ENERSY a&utnaﬁ EFFICIENCY B
CmgTaR, ODE - FT/SEC
I&Pq ODke TEST 1 A
¢ i
_ »
Ezp : ’
& o
(BQGDVDCQQE 
AL Ly
'4Q@486Ejny

TESY ¢

. CALCULATED VALUE

AT T - o T OF NP a0

132,797
126.ib?
5]360’75
515%.137
+ 087
5845315
49,874
14997
124005
19.892
10&?7
o554
2,798
lei2l3

C BR,THS
58eu516
18,700
145.&82
TTOeds2
5432,980
B4P 30362
95,123
1.335
FeH%2
10527
130995
len0J

| 2594407

260234

- 366,352

-?7&.@1@
Ya.a?2
950?*4

B711,564
338,662



o QBN Jectposo

ROCKETOYNE INTEGRATED HARDWARE TESTS
DATE DT WAR &

SERIES RpZlMTw, SEQUERCE 7 ESTY ¥
tts? DESCRIPTION
PERFORMANCE SURVEY OF Ry INTEGHATED HAROWARE PRIOR 1O CHUG

TESYS. BASELINE HEFORE BlLC PLUGGING TESTSs 9 10 | NOZZLys
s GEG FUELY 70 DEG OXI0IZER. TARGET PCNS ® [2B,4 Mi @ e65,

ACTUAL TEST DURATION 394006 SEC
BATA SLICE TIME 34,000 SEC Tn 35,000 SEC

PARAMETER UnlTS AVG, MEASURED VaLUJE

wHameemed - - A A 0 2 A S T S
FUEL Tank FNLSSUﬁE : - PslA 2264199
OKIDTZERN TANK PRESSURE PSIA 2264451
FUEL INTERFACE PRESSURE PslA 214402
UXIGIZER INTERFACE PRESSURE PSTA ' 2084926
T7¢ COOLANT INLET Man, PRESSURE PSIA 207,263
'FUEL INJETTOR PRESSURE - FSsTA 7 {8a,9%%
OXDIZER INJE(TOR PHESSURE PSls 189,069
CHAMBER PRESSURE NO, | psla 1324361
CHAMBER PRESSUNE NO. 2 PSIA 133,234
ARTAL "TRAUST: SYSTEM A LAF . S}4l49l3
Ar1aL THRUSTs SYSTEM @ LaF . 5) 56,950
Y=EX TS TRAUST LHF ﬂ w3l o634
L=aX1S THAausY LafF - _ 184386
AVERAGE CELL FRESSURE ' PsiA L)
CeLl PRESSURE AGREEMENT B ' ) Cenll
FUEL FLOWRATE GPM o 59,741
OXIGIZER FLOWRATE . GPM | b2.063
FUEL - tﬁ*mﬂrxct“f&nvzﬁu?uﬂa CUUDES B o 412786
OXIDIZER INTERFACE TEMPERATURE 0Ee T4e543
T7¢ COOLANT 1N TEMPERATURE - DEGF #3,683
T/C COOLANT QUT TEMPERATURE DEG F 190,668
INJECTOR SURFACE TEWPERATURE - DEG F 133.876
T/C SURFACE TenP =le IN DEB F 195,053
T7C SURFACE TEMP =73 N . T OOEG F 190,801
/¢ bUR?#CE YEMP =14 IN DEG F 2100448
T7C SURFACE TEMP « © IN DEG F 152,376
1/7¢ SURFACE TEMP « 4 N neES ¥ 1734266
74T SURFACE TEWMP = & IN . orG F 218,989
Y/¢C SURFACE TEMP « 2 IN CDEG F 1574172
T7CSURPACE TERP =p 3 IN T DE@ ¥ 139,558
T/¢ SURFACE TEMP + 3 IN GEG F 120,438
CUDLANT IN MaNIFOLD SKIN ; DEG F 55,29V
NOZILE FLANGE TOP TEMPERATURE DEG F . 99,203
NOZZLE SURFACE TEHP ¢ @40 [N OEG F 13224985
F 145T,4%2

NOZILE SURFACE TENP ¢ 940 IN . OFG



6K OMS ENGINE TECHNOLDGY
SUPPORT PROGRAM
ROCKETDYNE [NTEGHATED HAROWARE TESTS

SERTES ROZIHTw)

PARAMEfﬁﬂ
el
PCy IMJECTOR END
L, NOLZLE STAGNATION
ARlal THAUST, SITE
AXIAL THRUST, VALYUM
NOZZLE EXTY PRESBURE
FUEL DENSTITY (HNH)
OXIDIZER QENSITY
FUEL FLOWRAATE
ORIOIZER FLOWRATE
TOTAL PROPELLANT FULOWRATE
ﬁl;TURE RATIO tOVEﬂALL
LG FLUONMRATE - :
BLC TOTAL PERCENT
CORE MIATURE RATIO
FUB)L. INJECTOR DELTawp
Oilﬁtith INJECTOR DELTAWP
1/7¢ COOLANT OELTA=P
v#¢ CODUANT DELTAST
THRUST CHAMGER HEAT FLUK
CwgTaRe SITE
C=5TAis UMR
C‘S?AﬁrgrrtttﬁﬂtY
}
P oSTTEVaCYUR- o
CF, VAC T2 EXPECT
ﬁcf”tﬂﬁﬁttaftﬂu o
c?. VAL 172
ISPy TEST
Jpe SITE vaguuM
TSPy VAC T2 PREDICTED -

15ps TOK, resr CONDITIONS

1S5 EFF T

ENERGY K LEA&ﬁ EFFICIﬁﬁcv
cestafy GOE :

E&Pl DHEO TEST

SEQUENCE 7

PERFORMANCE DATA

UNITS
P3IA
PSlA
LaF
L14F
P41A
Lu/FT§
LH/FTS
LI/SEC
L4/ SEC
LN/SEC
0/F
LAZSEC

']
O/F
P30
PEID
' #319
OEG F

BYU/SEC

F{/SEC
,rr/aec

%
L LT ]

i W
'ﬁi—d-
e
Eif '
SEC
BEC
SEC
g

s’% R )
F{/SEC
SEC

18T ¢

CALCULATED VALUE

Wy W A g W -y

132.797
1264197
51494435
5167076
« 086
59519
BYLuT4
Te 190
24428
19.817
lonHd
S 3k
3.?9‘
ie ﬁlﬁ
5&«1‘7
56292
18,319
1464385
YT6hetslb
Ba28.4804
5489.R067
U5, )48
1540
1.58%
loﬁ?’
lﬂlo?as
1e807
TEP,, 64T
'?Gﬁ.Tﬁr
: ?ﬁ&oga&
C2THedad ]
Th.9T0
9%-369
§7111335
334,789



oK OMS aﬂslui TECHNOLOGY
SUPPORY PROGH M

ROCKETOYNE INTEGRATED HMARODNWARE TEST&
DATE 51 APR 4
SERIES Rp/InYe
TESTY OESCRIPTION
ENGINE PEHFQORMaMNCE AND HEAT TRANSFER EVALUATION WITHOUT LG,
L/70 INJECTOR S/Ni (RLC PLUGGED)y 9 T | NOZZLE. UNSATURATED
MMH/RTO (a6 F FUEL) s TARGEY PONS ® ;25,9 1R m | .88,

SEQUEHCE & TEST 3

&L -2z

ACTual TEST LURATION. 35004 SEC '

uara SLICE TiMme 9,000 SEC YO 10,000 SFC

ﬂnﬁnﬁ§fﬁﬂ uNITS AVG, MEABURED Val E
i i : [ — AR T Ay WS G Y AR
FUEL  TaNK PRESSURE psia 226 489
VRIDIZER TANK PRESSURE PE1A 225,709
FUEL INTERFACE PRESSURE PSlA 2184765
CRIDLZER INTERFACE PRESSURE PSla 208,986
1/C COOLANT iNLET MAN. PRESSURE PS 1A ZML 797
FUEL INJETTOR PRESSURE PETa 194,266
u&lDIZtR INJECTOR PRESSURE Psla 189,089
CHAMBER PRESSURE NO, | PSIA 131,633
CHAMBER PRESSURE NO, & PSIA 1324 206
ARTAL THRUSTs SYSTEM & LiF 50844855
AXLAL THRUST 5?31EM B LaF 5101996

YEAXTS THRUST . LaF - w33 29T

I=ARIS THAUST LaF 35,060
AVERAGE CELL PREﬁSUﬁﬁ Psla 079
Ctll PRESSURE AGREEMENT % : Y1
FUEL FLOWHATE - GpH - BS,TIB
DRIDI2ER FLOWRATE GPM. &2.0&3
rUEL INTERFRCE TEMPERATURE DEGF

ORI0IZER INTERFACE txnﬂtﬁaYUﬂa pEO F ‘ a
1/C COOLANT IN TEMPEARATURE DEG F 454087
17¢ COOLANT OUT TEMPERATURE DEG F 2314715
TRJECTOR SURFACE TEMPERATURE DEG F TTen8R
1/¢ SURFACE TEMP =ig IN LEG F 2214938
AT SURFACE TENP w13 -IN DEG ¥ 257,538
T/C SURFACE TEMP =10 IN DEG F 22T, 186
T/¢ SURFACE TEMP « 8 IN DEG F 178,389
Y7c SURFACE TEMP « 5 IN  DEG F 211295
/¢ SURFACE TEWP = & N OEG P . 28T .840
T/¢ SURFACE TEMP = 2 IM LEG F 1514349
~1#¢ SURFACE ~TEmP =053 IN DEG § 153,397
T/C SURFACE TEMP + 3 IN HEG F o 132,450
COOLANT IN MANIFOLU SKIN OEG F - - 54,196
NOZZLE FiANGE TOP TEMPERATURE DEG F © 52.711
NUZZLE SURFACE TEMP & 8,0 IN Ure F 99610
NOZZLE hUﬂF&LE TtuP + 90 N DEG F 12864070



6K OMS ENGINE TECHNOLOGY
SUPPORT PROGIAM o1s
ROCKETOYNE INTEGHATED HAROWARE TE

“PRYE UL APR & - FEST §
SERIES AD/IHT=) o SEQUENCE & At
PERFORMANCE DATA
SR : CULATED VALUE
PARAMETER o o ) :{':.l.z o 2‘;.“._“—--“-
PGy INGECTOR END PSiA ‘3%'3?3
P, NOZILE STAGNATION PIIA . hEReane
AKIAL THRUST. SIVE }“F _ sii2.284
ARIAL THRUST, VACUUM Pela g 00
NOZZLE £ XIT PRESSURE o CAZFTY - T Y
TFUEL UERSTTY THRHY LasFT3 90,307
OAIDIZER DENSITY LA/SEC 64492
oi;otzsn FLOWRATL L&/SEC - 19.388
“TOTAL PROPELLANT FLOWRATE 3}9 " lesld
MEXTURE RATIO (QVERALL) G7SEC S
Bl ?annngécanr La L 0
¢ TOTAL ) : . RS % & K
(TORE NIXTURE RATID - g;iu - T e2e3lé
FUEL INJECTOR DELTAWP Paip 57139
oslolzen ’?“E?I?f EELTA-F PS50 - 144531
T/¢ COOLAN - \ pEB F C 1énGEEs
/T COOLANT OEL Tawt - o gﬁu,qﬁc 919.726
THRUST CHANBER th! FiL  Firsee %513.550
C*3TAH SITE ' FI/SEC : 85134550
C=5TARy UMA - 5 - 96 4692
C3TaR ﬁ;F’_'ICIW“ : : - ‘ 1,539
cF. vuc 12 &KWECYI_W,, . , .130:551
cg'tuﬂnﬁgtttnﬂ nmo B 1806
Cky VAC T2 . . ) T 2624709
o EE?I‘VACUUK 1 f09.509
(3P, . . &FL - 30950
TSP VALT7Z PREOICTED ggg 2TTe36T
150, TOK, TEST LﬁNﬁff!ONS _ Y , . 170y32
OIS EFFIEIENCY - 6151
ENERGY HELEASE EFFICIENCY ??ISEC o s102.189
C~STaR, ODE _ SEC 34 ] (859
1>py OUE, TESY . SEL e |
: A CIB}
ORIGINA; o ILITY o
L "1
AGR PG B

l' 4‘;;2.5'.



ﬁK OMS ENGEINE TECHNOLOGY
SUPPORT PROGRAM

uﬂakg;pvui INTEORATED HARQWARE TESTs
DATE 7] APR & -

SENYES RO/ INTw) SEQUENCE » TEST )
TESY DESCRIPTION

ENGINE PERFORMANCE AND HEAT TRANSFER EVALUATION WITHOUT 4LCe
L70 INJECTOR S/N3 (BLC PLUGGED) s @ TO | NOZILEe UNSATURATEU
MRM/NTO 140 F FUELY,  TARGEY PCNS @ 12%5,¢ MR ® 1485,

ACTUAL TEST DURATION 35,004 S€C
unrn 5L1C£ TiME 14,060 SEC To 15,000 SEC

PARAMETER ' : UnITs AVie MEASUKED VAL UE
whaseewsd : B Y Traur T SRS b P
FUEL Tank PﬂE&SURE ' PS1A C 2244892
OXTUTZER TANK PRESSURE PSTA 2254231
FUEL INTERFACE PRESSURE P3IA 21447065
OX[UTZER INTERFACE PRESSURE PS1A 2084502
T/C COOLANT (NLET MAN, PRESSURE PSIA 20a,413
FUEL INJECTOR PRESSURE PYTA 194,646
ORTOLLER INJECTOR PRESSURE PlA 188,701
CHAMBER PRESSURE NO, 1 PElA 136,543
CHAMBER PRESSURE NO, 2 Psia 1314511
AKTAL THRUST+ SYSTEW & LaF 53724166
ARTAL THRUST, 57$TEM B La¥ 5095670
TAXIS THRRUST LAF wZ] 4HES
L=~ARIS THRUST LEF 35,412
AVERAGE CELL PRESSURE: B5IA CWbTR
CELL PRESSURE AGREEHEN? Y 6B

. FUEL FLORRATE _ GPM = 55,883
ﬁllﬂltﬂ? FLOWRATE GPM 52,008
FUpL-INTERFACE ATURE: . DEG F K
CATOLZEN INYERFACE Tunﬁgﬂaruna 3%3 F .
T/C COOLANT IN TEMPERATURE DEG F 44,421
T/¢ COOLANT QUYT TEMPERATURE LEG F 236,415
INJECTOR SURFACE TEMPERATURE OEG F FO+544
T/7¢ SURFACE TEwP =16 IN HED F 2344108
T/C SURFACE TERP <13 IN DEG F 261,902
T7¢ SURFACE TEMP =1¢ [N OEG F 241,134
T/7€ SURFACE TEMP = B IN . OEG F 182,362
17¢ SURFACE TEMP « & IN OES F 211,982
T/C SURPACE TEMP = 4 IN oG ¥ 232,808
1/C SURFACE TEMP = 2 IN 0Fo ¥ 156,290
T7C SURFACE TERP »0,3 1IN~ - (g8 F 150,493
T/C SURFAGE TEMP » 3 IN . DEG ¥ 132.459
COOLANY TH MANIFOLD SKIN GE8 F 53,488
NOZZLE FL&NGE TOP TEMPEﬂATUR& : NEG F Slel76"
NOZZLE SURFACE TEMP o 44,0 IN DEG F i221 . 220
NOZELE SURFACE TEMP + 9,0 IN G F ta60,7v6



6K OMS ENGINE TECHNOLOGY
SUPPORY PROGRAM
| ROCKETOYNE INTEGRATID HARDWARE TESTS
OATE ©1 APR & -
SLRIES RO/INT=)

H H
SEGUENCE 8 TLST )

PERFORMANCE DATA

PARAME TER UNITS CALCULATED VALUE
et - T g P 1 - e D AW
PLy INJECTOR END PslA Y PET4
PCy NOZELE BSTAGNATION PSTA 126ealH
AKIAL THRUSTs SITE LaF Ba83.918
AXTAL THAUST, VACUUY LsF 51024452
NOZZLE EX1Y PRESSURE PSlA 0 090
FUEL OENSIYY (MRF) LA/FTY 56,489
OXJUTZEN DENSITY LEZFTS 08265
FUEL FLOWRATE LB/SEC - Ben(Y
OXJUT1ZER FLOWRATE LR/SEC 124aT1
TOUTAL PROPELLANT FLOWRATE  LRISEC 196179
HIXTURE RATIO ¢ovzﬁALL3 Q/F 1480%
LT FLOWRATE LHISEC 9
8LE TOTAL PERCENT " _ &
CORE MIXTURE RATiO O/F 19 80%
FUEL INJECTOR DELTA=P PSlp 6le619
OKIDTLER TWJECTOR DELTVAeP PSID 57674
T/C COOLANT UELTAwP PsIL 13,707
TIC COULANY DELTA=T BEG F 191 995
THRUST CHaMptR WEaY FLUX BTU/SEC 94lenl’
C-sTAR. SITE | FYISEC %4TT.400
CeSTake UMR FY/SEC 56776469
C=4TER EPFICIENCY % 964 1410
cF, SITE | - 1.541

CCFSITE VAGUUS T wmawe 12547
cF, vAC 2 Exptci e T le523
¢F CORNELATION " - 101.229
CF, VAC ¥2 . S le#lY
Ig'iﬁ ¢ YEST seC 282,336
I8p, SITE VacyuM SEC #2534 203
IﬁP- VAT 2 PREﬁIC?EU stC 395 . 965
150, YDK. TESY CGNﬂlTIONs SEC 2T 208
15¢ EFFIRIENCY ‘ : % 11,057
ENEROY ﬂELEaﬁt EFF ICIENCY % , 960043
c=5TAR. ODE . : FT/SEC BT03.2%8
15Ps ODEs TEST SEC

3e).700



6k OMs ENGINE TECHNOLOGY
' SU'Fbag PRQGRAM
ROCKETDYNE INTEGRATED HAROWARE TESTS

DATE 0§61 APR &

SERIES RP/IHTw; SEQUENCE 8 | TEST |
EﬁéIngiﬁéﬂégﬁéﬁnga AND MEAT THANSFER EVALUATION ﬂltﬂgﬁé $Egy
L/0 INJECTOR S/N; tHLC PLUGBED) s 9 Y0 § uOZ%;E, u:ga ATE
MMM/NTO (80 F FMEL) s  TARGET FCNS ® 12%,9 MH 1065,

ACTUAL TEST DURATION ISe004 SEC
DATA SLICE YIME  24.000 SEC To 28,006 SEC

' LASURED VaLVE
ﬁgﬂnﬂiﬂt‘iﬂ . . . UH:IS ::f;"ﬂm‘s t'{}----o-
sesSasnsd , PSLA Not92
FUEL TANK PRESSURE ?s%a 535:2::
ORIDFZEN TANK PRESSURE 9$tﬂ St e 05
FUEL INTERFACE PRESSURE PSIA 3 e d) b4
UATOTZER INTERFACE PRESSURE PSIA ey
V/C COOLANT {MLE] MANs PRESSURE ﬁﬁ%ﬁ | f96 58T
PNl IaECTOR FRLSIURE gsln 188313
QRIUIZER INJECTOR PRESSURE ﬁﬁlA 130,179
CHARBER PRESSURE NO, | e 1314134
CHaMuER PRESSURE NQ, 2 P-_"-p,ﬂ 5672.166
ARTAL TRAUST, SYSTEM 4 LﬂF 5102.001
AKIAL THRUST, 5“”&“ B tgr _ «22,031
L=AX15 THRUST \ be1a 377
AVERAGE CELL PRESSURE i t651
Ckil PRESSURE AGHEEMENT Epp  g5oa8l
FUEL PLOWRATE 2 62,008
OXIOIZEN FLOWRATE DO P 0
CFUEL INTERFACE TEMPERATURE DEG ¥ 0
OXTDTZER INTERFACE TEMPERATURE o+ el {99
T/C COOLANT IN TEMPERATURE Dga i nd 4
T/C COOLANT OUT TEMPERATURE OEG £ peisred
IRJECTOR SURF ACE TERPERATURE QE;; ¥ 2814608
T/¢ SURFACE TEMP =16 LN oLe . a5 6te
T/C SURFACE TEWP w13 IN o r 2524071
T/C SURFACE TEWP = & N bEe F 214.176
T/¢ SURFAGE TEWP = 6 IN -4 535,641
T/C SURFACE “TEMP = 4 IN €o F. 1897
ESUMACE 1B =aca IN o bee b - is3eTie
/G SURFACE TEWP w233 Tn ol 33012
T/¢ SURFACE TEMP ¢ 3 IN - bev ¢ 40312
COOLANT™ IN MANIFOLD SKIN oEe 510688
NOZILE FLANGE TOP TEMPERATURE o6 § 1430080
NOZILE SURFACE Tewd s 2.8 I ngg_# 1567,.902
NOZILE SURFACE TEMP ¢ 9.0 IN OES F. "6
, R@Ro
ORIGDV

o .

LBy 3

4y, p, Ly
”RaGQ?AQE%;EHE

/':7?4



6K OMS ENGINE TECHNOLOGY
SUPPORT PROGRAM _
| | ROCKETDYNE INTEGRATED HAKNMARE TESTS
CATE (1 APR & ' C
LRIES Hp/lnT=) SEQUENCE 8 TEST |

PERFORMANCE DATA

FARAME YEM UNMETS CALCULATED VaLuE
—-’----4--’- ] Fp—— -y 0 o S A e AP A o
Hle INJECTOR END PSLA, 1304557
Fos NOZZ2LE STAGNATION ESTA 124,124
ARTAL THRUST. S1TE LiF Bea7T, 084
AX1AL THRUST, vaCyum Laf : §510%,57H
NUZILE EXIT PRESHURE PSLA ‘ o 88
FUEL CENSITY (HRR) ‘ LasFT 55,554
DATDIZER DENSITY Li/F13 904183
FUEL FLOWRATE LE/SEC 64917
URIDIZER FLOWRATE. LHISEC 124459
TUTAL PRUPELLANT FLOWRATE LR/SEC 19776
HIXYURE narlo tOVERaLL1 OsF 1801
WL FLOWHATE - LsVSFC ' &
aLe TOTAL PERCEN] - %
CORE MEXTURE ®ATIO : ozr 1,401
FUEL INJECTOR DELYAwP PSIC 654890
ORIDIZER INJECTOR DELTA=P 218§ ' 574857
1/C COOLANTY DELTA=P PsiU 124250
Y7C COOLANT UELTA=T o OFG F 196 4457
THRUST CHaAMBEK HEAT FLUX BTU/SEC 9714572
C=8TaRs SITE FI/SEC 5462,936
C=STARy UMR FT/SEC 84624736
C=$TAR EFFICIENCY % Y5,777
CFe SITE . — | 1s546
CFSITE VACUUM ~ ~ | mewee ' 1,952
cf, VAl T2 expttf —— B %
eF [ Vﬂc 7{’ - ———- . l .322
136, TEST . £ € 2024546
18p, SITE VACUUN SEC - 2634401
CTOF vac T2 PREﬁTC?EO s5rC 309,597
15p, TOKy TESY cUNuirxous $¢C . 211230
150 EFFIATENCY W Lo 11131
ENERGY HELEaaﬁ EFFICIENCY B 984127
Cs5TaR, OOk . FT/SEC , H5T03.815%

Asey ObE, TEST seC 341.820



AK aMS ENGINE l!CHNﬁLﬂGY
SUPPDRY PROGRAM
) ROCKETOYNE INTEGRATED HARDWARE TESTS

DATE 01 APR 4 o
SLRIES HD/IHT = SEQUENCE 2 65T
Tisr DESCRIPTION
ERGINE FEHFOHﬂnNCE AND HEAT THANSFER EVALUATION WITHOUT 4LC.
L70 !thcToﬁ S/NL (BLEC PLUGGELD) s 9 To 1 ROZILEs UNSATURATED
MME/NTO (a0 F FUEL) e TARGEY PUNS = 125,y R @ 1465,

AGTUAL TEST OURATION 352704 SEC
DATA SLlCh TIME 4,800 SEC T 35,000 SfC

PARAHETtR _ uNiTs AVGe MEABURED VAILJE
T ' -”- e I e VI vias D 0 win-ap O
FUEL Tang PRESSURE PyiA 228409
OXTOTLEH TANK PRESSURE | P5SIA 22597105
FUEL INTERFACE PRESSURE Psia 213,918
DRTDIZER INTERFACE PRESSURE Psla 2084579
1/7¢C COOLANT NLET MAN, PRESSUNE PSIA 2084797
FUEL INJECYOR ﬁnﬁssuﬁﬁ 3T 196,587
GRIOIZER INJECTOR PRESSURE pela 188,701
CHAMBER PRESSUKRE NG, PSiA : 1304179
CHAMBER PRESSURE NO, 2 | PSLA 1314134
AXTAL THRUST. SYSTEM A LaF ' BaTR24166
AXYAl THRUSTs SYSTEM B LiF $102,001
YoAXIS THAUST : - LaF ~19.499
Z=aX1% THRUST LGF ' 33,294
AVERAGE CELL PRESSURE | PSIA o ThH
CELL PRESSURE AGREEMENT 5 592
FUEL FLﬁHRlTE E B3P - LTV AL
GATDIZER FLOWHATL GPM : 624118
Fugt IRTERFACE TEMPERATURE - CEG. ¥ 6
GALDIZER INTERFACE TEMPERATURE DEG F 0
T/C COOLANT 1IN TERPERATURE DEG F 434455
Y7C COOLANTY OUT TEMPERATURE DEG F #h1.578
IRJECTOR SURFACE TEMPERATURE PEG F 118,974
T/¢ SURFACE TEMP »j6 IN EG F 2424486
YT SURFACE TENP <13 1IN - DEG F ELT YN 4
17¢ SURFACE TEMP =)0 IN . DEG F 2534010
T7¢C SUKFACE TEAP = § IN DEG F 182,360
T/7¢ SURFACE TEMP « & IN OEG F 212,224
17¢ SURFATE TERP = & N . GEG F 738,173
T/¢ SURFACE TEMP « 2 IN : 0EG F 169,492
T7C SURPACE YEWNP w5,3 IN T LEG F 193,114
1/¢ SURFACE TEMP « 3 IN DEG F 133,319
CUGLART TN MANIFOLD SKIN . DEG F LT 3
NOZELE Fi,ANGE {04 VEMPERATURE e F 3,735
HOZZLE SURFACE YEMP o B.8 TN 0EG F i502.180
NOZZLE SURFACE TEMP ¢ 9.0 IN (G F 1593 4548



6K OMS ENGINE TECHNOLOGY
SUPPORT PROGRAM
ROCKETDYNE lﬂfaﬁﬂatrﬁ HARDWARE TESTS

DATE o1 APR 4 R
TEST 1

SERIES HO/IMT=) SEQUENCE 8
PERFORMANCE GATA
FARAME €] UNITS CALCULATED VAL UE
L L T TSI ) ' [FPP—— P S w———
PLy INJECTOR END PslA 1304657
#Ly NOZILE STAGNATION Psla 28,124
aX[AL THAUST, SITE LAF - 5p87,086
ARTAL THRUST, vaACUYUM LiF B10% 457
NOZZLE €X1T PRy SSURE #51a 088
FUEL DENSITY MMMy © LBSFTS _ HEe57T1
ORIDIZER DENSITY Lu/FT3 904115
FUEL FLOWRATE LB/SEC 6,905
ORIOIZER PLOWHATE LAZSEC 124472
TOTAL ?ﬂGﬁELLANT FLOWRATE LBR/SEC 19377
MIXKTURE RAYIO tovtﬂALL3 0/F 1006
8L FLOSRATE ‘La/src ' 0
BLC TOTAL PERCENY i
CURE REXTURE RaTio . o;r 1,705
FUEL INJECTOR OELTa=P PSID 65890
TORIBIZER INJECTOR DELTA=P P§1D 58,45
1/C COOLANY DELTAwP =3 {\] 1242%0
TTFC COOLANT UELTAST — - DES F “Y9R. 120
THRUST CHAMBER MEAT FLUX #TU/8EC G781 7%
C=5TARs ‘SITE F1/S€C 54624601
CmsTaRe UMR FT/5EC %4620601
CoSTAR EFFICIENCY Y 95,782
LF. SITE - , leseb
CF STTE VACUUW ~ T | wmmme T 1.552
{,F ’ v&t‘: s &XPE{:' ot o C1eB28
CF CORAELAYION = - 101,568
Cty VAC T2 it 1e522
150, TESTY - SEC - RBZ24530
15Py SITE vaCuum SEC 2634478
tSF. VIC“T? PHE#TUTQD 5&C 9771
158, TOK, vEST Laubttxons $eC ATY s 264
15P EFFIETENCY % 77403
ENERGY ﬁﬂLEAﬁF EFFICLENCY % 9608
C«3STARG ODE , . FYT/5EQ 3703.1‘1
150 CUEy TEST s5£C 3'“»723



6K OMS ﬁNGINE T@GHNOLOBY

' SUPPORT PROGR '
nocnatovug INTEGRATED HARD!ARE tgsrs
UATE DY APR K T )
SERIES RQ/IWT=} sEuU£NCE ~ TEST 2

TESY OEsCﬂrP?lau :

ENGINE PERFORMANCE aND MEAT TRANSFER EVALUaTION Wi Tsout aLc-
L70 INJECTOR S/Ni (BLC PLUGBED)s & Yo i NOZILE. uwsntunarza
MHH/NTO ¢¢n F FUEL) . vanazt PCNS & 4040 MR = 1465,

ACTUAL TEST DURATION 1040810 ssr
§l1l ﬁtlcﬁ TIME G000 SEC YO lﬁ eaa 350

PARANE TER umtrs AVG, MEASURED VALJE

’ .m-".. e T o ’ . 'q.n“ T R i Ay A A iy - S
FUEL. TaNxk ?ﬁ&!SURi pgia 2972259
OXJOTLER TANK PRESSURE PSIA 2544590
FUEL INTERFACE PRESSURE - P 1A . 246.456)
SRIBILER INTERFACE PRESSURE - PSIA o 7334477
T/C COOLANT INLET MAN. PRESSURE FSIA 237,167
FUEL INJECTOR PRESSURE T OPSTA S 231,902
OXIDIZER INJECTOR Pngssua; - PSlA 211204
- CHARBER PRESSURE NO. PS4 : 165,611
cHAuaEﬁ PRESSURE NOo 2 PSIA 145,857
“ARTAL THARUST. SYSTEM A LiEF 85844013
ARYAL THAYSY, svavam LI LoF . 55644101
Y*RX TS TRRUST T e T w3T,g8s
ZaX16 Tawust LBF 29,0568
AVERAGE CELL PRESSURE . PS1A 086
CELL PRESSUREL aﬁﬁttuauf % R TS
FUEL FLOWRATE S GPM 61.852
GRIDIZER FLOWRATE : GpM ﬁ?.lbﬂ
FOrL INTEAFACE TERPERATURE: T ODEG ¥R
OXIOIZER INTERFACE fﬁuﬁaaaruua DES F ) a
T7C COOLANT IN TEMPERATURE DEG F 43,753
f/7¢ COOLANT OUT TEMBERATURE 0e6 F 237,242
INJECTOR SUREACE TEMPERATURE DEG F 1214950
Y/¢ SUWFACE TEMP =16 IN nEG b 737,334
17¢ SURFACE TEMP *13 IN OFEG F 251.071
1/C SURFACE TisP =}g IN 0EG F 244 4336
T/C suxvaca TEMP & & IN 0EG F 163,109
1/C SURFACE TEMP = o 1IN 0EG F 1894521
1/7C SURFACE TEMP w & IN DEG F C R13l.19%2
T/C SURFACE TEMP « 2 IN DEG F 16389
TYC SURFACE TEMP %743 IN - pEGF 181,372
1/C SURFACE TEMP » 3 IN 0NEG F 1234084
COGLANT IN MANIFOLD SKIN G F Ebe918
NUZZLE FLANGE YOP TEMPERATURE oEG F 57324
NOZZLE SURFACE TEWP & 8,0 [N DEG ¥ 1342 694
HOZILE SURPACE tnwv * G40 IN oFl ¥

1540,499

REPRODUCIBILITY ¢ X
-‘ | | @RIGINAL PAGE 18 If‘oogE |



&K OMS FNGINE TtCHNGLOﬁY
SILIPPORT PROGRAM
uqcnernvur INTEGRATED HARDWARE TESTS
DATE Gl APR & . ey
SERIES KO/ IRTwy SFRUENCE A TEST -

PERFOBR“ANCE DATA

FARAVETER yrilrs . CALCULATED YalLu¥
R T S - ; - D O s D iy T R AU
Pls IRJECTOR £ME ‘ PLla {45834
Ply NOZALE STAGNATION psIA 138,542
AKTAL THARUST, SITE LBF C . B5BY, 056
AXTAL THRUST, VALUUM LiF 3579,654
NUZZLE ERXTT PRESSURE PSIA : 0GP
FUEL CENSITY (MKH) Lu/ZFT) L1
OXIUVIZER pENSLYY LA T L PERE
FUEL FLOWRATE LBISEC T o658
OXJLIZER FLOWHATE L4/SEC 134486
TUTAL PROPELLANT FLOWRATE L/ SEC 21,145
MIXTURE RATIO to*tﬂhLL! OsF -l.?#l
"8l FLOWRATE ' La/szc ‘ g
Bi.C TOTAL PERCENT ' ' -9
CORE MIATURE RaTlo ‘ n;r \ le761
FUEL INJECTOR UELTA~P Psli B, n6H

© OMIDIZER INJECTOR DELTA=P Pﬁ!ﬁ 65,371
1/C COOLANT UELTawh s10 ' S, 286

' "Y7C CODLANT CEUTA-T nps F . 193,489

: THAUST CHAMBER HEAT FLUX HTUISﬁC ' 17594490
C*5TaARy SITE : FY/5EC BRE8T 44956
Co5TARe UMR ' CFT/SEC . 5587 ,496
CwSTAR EFFICIENCY : & ' 97,491

" CFy SITE ' e o e : 1.53a
o StTE “vacuur o T aeew ' 14519
cF vl VAC 72 EXPECT | RS B 1525
cF cnﬁnﬁLATxun ' — : 394617
cFy vAC 72 E wonew 1,784
iSe. YEST 5€C 262,907
i&#' SITE vacyus _ $£C o 263, 931
189y ¥al 1z PREDICTIEDS SEC : 33?.7##
15P, TQK’ TESY CONMHON& ' , seL £TTe284
I15p EFFIRIENCY T - T TTa403
ENEROY “RELERSE arrtcxencv R R T §
C=$TaRy ODE _ S FT/SEC _ 5707.90)

I8Py ODEy TESY . gc L 340,742



oF OM<, ENGINE TECHNOLOGY
SUPPORT PROGRAM

HOCKETDYNE THYEGRATED HMARDWARE TESTS
DATE @1 APA &
SERIES RO/ LHTw; SEQUE ACE B
TEST DESCRIPTYION
ENGINE PERFORMANCE AND HEAT YTRANSFER EVALUATION #ITHOUT LC.
L/ INJECTOR S/Ni (3lC PLUGGED)s 9 T | NOZZLEs UNSATURATEC
MMH/ZNTO (40 ¢ Fukl)e TARGEY PCNS = 14c.o MR ® 1,85,

TEST

ACTUAL TEST OURATION loe0ls SEC.

DATA SLICE TIME 9000 SEC TO 16,000 S€C

FARAMETLR UnITs A¥Ge MEASURED VALJE
- Pt Y o P A e g A A o T S e S
FUEL TANK PRESSUKRE Psla 2764406
OXIDTLER TANK PRESSURE PSIA 2444]T2
FUEL INTEWFACE PRESSURE PSlA 726141306
OXIDIZER INTERFACE PRESSURE Péla 2244588

T/C COOLANT INLET MAN, PRESSURE PSIA 251,352
FUFL INJECTYOR PRESSURE PSTA 2349.12%

- OMLDIZER INJECTOR PRESSURE PsSia 2044221
CHANBER PRESSURE NO, | PsiA 145,084
CRAMBER PRESSURE NO, 2 PSIA 1654479
ARTAL THRUSTy SYSTEM & LaF BG4 58%
ARIAL THRUST» SYSTEM B L&F 5545010

YSAXTS THRUSY Laf 42 038
Z=aX1S THRYS?Y LaF P%4308
AVERAGE CELL PRESSURE PSIA o186
ChLL PRESSURE AGREEMENT % 13!
FUEL FLOWRATE GPM 67,230
QATOI2ER FLOWRATE GhM 63,983
FUEL TRTERFATE  TEMPERATURE COEG F o
QRIDTLER INTERFACE TEMPERATURE DEG F o
1/¢C COULANTY IN TEMPERATURE DEG F 434605
1/¢ COOLANT OUT TEMPERATURE DEG F 721,92%
INJECTOR SURFACE TEMPERATURE LEG F Ci26.1T8
T/¢ SURFACE TEMP =)s N BEG F 2204352
T/C SURFACE TEwMP <13 IN DEG F. P¥5.939
1/¢ SURFACE TEMP =16 IN DEG F 7264876
T/C SURFACE TEMP - & IN UEG F 150,856
T/¢ SURFACE TEMP « 5 IN e F 1Tae s -
17¢ SURFACE TEMP = & IN. oFs F 195,958
17C SURFACE TEMP « 7 IN UEG F 158, 384
T/7C SURFACE TEMP =0,3 IN C DEG F 1364041
17¢ SURFACE TEMP ¢ 3 IN G F 114,935
CQOLANT TN MANIFOLD SKIN HEG F Tiae6l0
NOZ/LE FLANGE TOP TEMPERATURE DEG F 62,603
NOZILE SURFACE TENMP & 5.0 IN OrG f 13064427
NU&ILE SURFACE TEMﬁ ¢ 9,0 1IN BEG F . 1578,443

BT ‘



6K OMS EN$2NE
SURPORT PROGRAM
ROCKLYDYNE INTEGRATED HARDWARE TESTS

SEQUENCE 8

DATE o0} aPR &
3ERIE$ RU/IHT=1

PERFORMANCE DATA

T CHNOLOGY

TESY 3

P&ﬂnﬁﬁrhﬂ uNniTS CALCULATED VAL UF

’ T YN R q.-pq WA S Pl P S A
PLy INJECTOR END : Psia 145,282
PCy NOZZLE $7n6NA110~ PSIA. 1384017
ARTAL THRUSTs SITE LrF 5540, 098
AXTAL THRUSYs VACUUM LuF. 5460, 786
NOLZLE EXLY MRESSURE PSla )97
FUEL DENSITY (MMH} La/ZF T3 §5571
ORTOTZER DENS]TY Lu/f1) 20,004
FUEL FLOWRATE LEBZSEC B 24
ORIDIZER FLOWRATE L3/ SEC 124842
TUTAL PROPELLANT FLOWRATE tL4/SEC 21166
HIKTURE RATIO tovzﬂALL! - OsF 1ehbd
L FLOWRATE - T LB/SEC 3
slC TOTAL PERCENT % 1
CORE MIKTURE RaTio o/ l.543
FUEL InJECTOR DELTAwp #8110 93,543
. OKIUTIZER INJECTOR DELTAwP PSID 58,939
1/C COOLANY DELTA=P 53 [ 12.228
/¢ COOUART pELTawT DEG F 1784320
- THRUST CHaMBER th! FLUX sTU/SEC 1061286
C*STaAR SITE FY/sec $556904 720
C=sTake UMR FI/S5EC 55600720
| CeSTAR EFFICIENCY % 97,557
cFo S1TE - lesila
CF SITE VATUUW - ———— 14820
: (," 4 "7 14 ?E lxwﬁCT - ] 1 0613
CF CURRELaTION e 100.475
CFy VAC P2 - | 1784
5P TEST SEC 2614784
L3Py SITE VACUUM SEC PH2a722
159, VAGT12 PREUICTED ‘ Lt X © 3084354
Iase TOK, TEST touaxfIONs S£C 274,504
15p EFFIE 1ENCY % 18,526
ENERGY RELQASE ﬁFFlC!ENC? % ' P&, 700
CaSTARG OUE FF/SEC 5699,848
I3y OBEs TEST 5C 336,570

. B - ‘ ,
ﬁﬁﬂéﬁgbvr -
| AL pprtY O g

O o THE
B pogy



AR OMS ENGINE TECHNOLOBG Y
SUPPORYT PROGRAM _ _
| ROCKETOYNE INTEGRATED HARDWARE TESTS
TDATE 1 APR 4
SERIES ROZIHTw}
TEST DESCRIPTION
ENGINE PERFORMANCE AND HEAT TRANSFER EVALUATION WITHOUT ulC.

L0 INJECTOR S/NI (BLC PLUGGED)y 9 TO | NOZZLEs UNSATURATED

SEUUENCE R TEST %

s

MMH/NTO (40 F FUEL), TARGEY PCNS @ 128,¢ MR @ 1edSe
ACTUAL TEST OLURATION 10006 SEC
DATA SLICE TIMg 94000 SEC TO 10,000 SEC
PARAMETER unliTs AVG, MEASURED ValLug
A —— ——te i o TP G e a0 09 % e B e
FUEL TANK PR&SSURL PG IA 234 4465
OAIDIZER TaNk PRESSURE P41A 2094609
FUEL INTERFACE PRESSURE FsIa PR2e022
ORIDIZER INTERFAGE PRESSURE FSIA 1944533
T/¢ CODLANT (NLET MAN. PRESSURE PSIA- 214,931
FUEL IRJECTOR PRESBURE PETA 203,770
OXIDIZER INJECTOR PRESSURE PSIA- 1784286
CHAMBER PRESSURE NO, - PSlA 129,816
CHAMBER PRESSURE NO, 7 p5la 1304090
AKTAL THRUST, SYSTEM 2 Ln¥ 495084989
AKTAL THRUST, SYSTEw a . Lef 49694 0Ts
YSEXTS THAUST = CLaF =36,%71
Z=aX1S THAUST L&F 274290
AVERAQRE CELL #Htﬁsunﬁ ‘ PIIA o276
ChLL PRESSURE oGREEMENY % o 79)
FUEL FLOWRATE GPM 60,171
OXJOLZER FLOwﬂaTE GPM 5?.&13
CFUEL ;tﬁfftnﬂtna?unz T TR ‘
OXIUIZER INTERFACE T MPﬁﬂatUwE DEG F '
T7C CODLANT IN TEMPERATURE - : DEG F ¢3.¢01
Y/7¢ COOLANT OUT TEMPERATURE DEG ¥ 2244145
THJECTON SURFACE TEMPERATURE "O§G F 126 e482
T/C SURFACE TENP «16 IN DEG F 2244194
/T SURFACE TERP i3 IN DEG F 239,589
1/¢ SURFACE TEMP ~1li IN DES F 2264985
17¢ SURFACE TEMP « & IN (EG F - 193,07
T/7¢ SURFAGE TEMP = ¢ IN DEG F 1784513
T7¢ SURFACE YENP » & IN . oEG ¥ ?ou.ués |
1/0 SURFAGE TEMP « 2 IN DEG F 158,867
T7C SURFACE TERP 0,3 IN OFG F R EL Pl
T/C SURFACE TEWP + 3 IN CUEG P 117,156
COOLANT N MaNIFOLD 5KIN - DEG ¥ 84129
NOZZLE FLANGE TOP thPERATuuf 0EG F 584351
NOZZLE SURFACE TEMP & B0 [N orG F 1222,992
NOZLLE SURFACE TEWP o 9,0 IN DEG F 1420,574



6K OmS ENalﬂﬁ TECHNOLOGY
SUPPORT PROGHAM

ROCRETOYNE INTEGRATED H&“ﬂ‘ﬁﬂﬁ YE$T$
SrOUENCE B
PERFORMANCE DATA

'ﬁﬁYE £} APR 4
SERIES HOZINTmy

PARAMETER
e iR e ’ )
PLy INJECTOR EHD
PCy NOZZLE STAGNATION
ARLAL THRUST, SITE
AXTAL THRUST. VACUUM
HOZZLE EXIY ﬂntssuuz
FUEL GERSTTY (MWH}
UAIDIZER DENSITY
FUEL FLOWRATE
CORIDIZER PLOWRATE
YUTAL ”RGPELLlNT FLONRATE
HEIXTURE RATIO iﬂVEﬂALLi
BhC FLOWRATE ~
bt TOYAL PERCENT
CURE MIXTURE RaTIO
FUEL. INJECTOR DELTAwP
OATOIZER INJECTOR DELTA=P
17¢ COOLANT UELTa=P
T7C CUOLANY DELTAST
THRUST CHAMBER HEAY FLUX
C‘sTﬁﬁv 5I?f
C=5TARs UM
c-siaﬂ EFFICIENGY
“CFSTTE VacuuR c
GFe VAG 72 EXPECT
cF CORRECATION
GF o VAC 72
158, TESY
15p, SITE vacuun
15p v VAC T2 PREDICTED -
18p, fﬁﬂg TEST fﬁﬂﬁlfioﬂﬁ
ISP EFFICIENCY

eﬁtne? HELEASE EFFICIENCY

CosTARy 0OE
1spy o0k, TEST .

uniTs
".
PSlA -
PSIA
LAF
LuF
Psla
La/FT3
LAa/F T2
LA/SEC
La/SEC
LA/SEC
OsF

-~ CG7SEC

%
orsF
psiD
Ps10

- psiv o

Bfursec

FY/SEC

FY/5EC
%
0
e T
g A
-
-
SEC -
SEC
5FC

SEC

-
%

" FY/3EC
SEC

T{;ﬁ ‘ &)

CALCULATED VAL uk

R i 0 - il g P D W P

129,909
123,413
QQb}.BSl
4981, 740
87
58,473
90.08&
74459
110515
19,026
1&5&5
B

9
14554
73,861

' ‘ﬁ.ﬁTT
1ls161

] qu;z‘

960,145
5%31.567

- 533]1.567

FT 020
letal?
leBl 4

1004625
"~ 14788

260,883
2610839
107.3‘&

2744486

T8.179
. P6.504
ST01.450



X OMS anelugotecHNOLOGV
HUPP.

ROCKETDYNE INTEGRATED HARDWARE TESTS
DATE 0] APR o . _ )
SERIES R /INTw; Sy QUENCE 8 _ YRS
TESY DESCRIPTION
ENGINE PERFORMANCE aNh MHEAT TRANSFER EVALUATION WITHOUT ﬁLLt ,
L/ INJECTOR S/N; (oLl PLUGBED)s ¢ TO } NOZZLE, UHSATunaTEQ
MMH/NTO (A6 F FURL)w  TARGET PUNS m 126,90 MR 8 | o@%,

ACTUAL TEST DURATION 10015 $EC
ODATA SLICE TIME G.000 SFC TO 19, ona ﬁzc
PARAME TER UniTS AVG, MEASURED Vi UE
-----ﬁ.. s U T O s S N g O T A0 o

PUEL TaNk anassURE PSA 208,481
OXIVIZER TANK PRESSURE PETA - 224,284
FUEL INTERFACE PRESSURE P5laA 1994452
OXTUIZER INTERFACE PRESSURE PSIaA 20%%39
T/C COOLANT INLET MAN, PRESSURE PSIA 194,999
“FUEL INJETTOR PRESSURE Fsla 185,902
OAIDILER INJECTOR PRESSURE P3lA 185,597
CTHAMBER PRESSURE NO, | PslA ‘ 129,452
CHAMBER PRESSURE NO, 7 PSlA 1304001
CARTAL THRUST, SYSTEM A LaF. 4964, 287
ANIAL THRUST. sYSTtu 4 LuF 49754407
T YwEXTS THRUST o LaF ' ~32,687
2=AX1S THRUST LAF 26.513
- AVERAGE CELL PRESSURE PSTA o H81
CELL PRESSURE AGﬁEEMENT - EN Y L X4
FUEL FLOWRATE GRM 52,118
OKIQIlEﬂ FLOWRATE GPM 62,456
FUEL INTERPACE TEMPERAT T O ‘ g
OXTOTZEN INTEWFACE TEHﬁEﬁﬁTUﬁh DEG F 0
~Y7C COOLANT IN TEWMPERATURE DEG ¥ $4,2710
T7C CoOLant Gul TEMPERATURE OEG F 249,948
tﬂJEbTaﬂ SURF ACE TEMPERATURE DEG F 138,267
Y/ SURFACE TEMP w~i6 IN NEG F 245,485)
IR ACE TENP <13 IN ' DEG F 756,764
T/¢ SURFACE TEMP =14 IN : DEG F 266,657
1/¢C SURPALE TEWP & 5 IN .~ DEG F - 1724091
17¢ SURFACE TEMP = 4 IN OEG F 200,172
T7¢ SURFALE TEWP « & N . DEG F 223,927
Y/C SURFACE YEMP - 2 IN : . DEG F. 173,561
~t7C SURFACE TEMF =03 IN° . DEG F 150,088
Y/C SURFACE TEMP + 3 IN DEG F 1284872
~ GUOLANT IN WANIFOLD SKIN ' DEG F 87,166
NOZZLE FLANOGE TOP TEMPERATURE  DEG F 60,400
“ROZILE SURFACE TEMP & Be0 [N . DEG F 1294 597
NOZZLE SVURFACE TEMP o 9,0 IN - DEG ¥ 1509.1&a

REPROD UCI_BILITY
OF T

/«_%



e J%wg_WWh: ] U’MJl”tnz agﬂﬁNOLOBV ‘
ROCKEY m‘msanzn HAROWARE ?rsm -

. seweice s TEsT 3
e PERFORMANGE DATA |
PARAME TER | unNiTs &Awuurm VALUE

- < e e e VR T ALVE
. PGy INJECTOR END ?sla | 29,727
T PGy NOZELE SYAUNK R | ’ %u.zw
ARuL rhnuah st"tt 4969, 894
| 49!9.350
tﬁ92
B, 568
90-013
b."j
'12'575
'Iqam
' lo?*g

mnuaﬁ un w 10 .ﬁﬂALM? ]

slc ?nfaL iaﬂ&gﬂ?
- csgf'?iﬁtnﬂt ati

: ]
S T Io?“

50017‘
Py v v e L L 55.3?1

tuausr cﬂauaza ntﬁl PLUX AT/ SEC 94&.9:9 .
TC*SYART SITE T T RZSER T T T BAET. 006
c-shm Unl FY/SEC | ,ssza.as;

r—wn mxcmv e e L R n

ﬁr. Vic 12 ﬂKPch ~prow
CF_ cmmﬁtraﬂ. e e e e et et e eemmes ot ae ey e e . . PR
| aF. VAC T2 L mwewe

i TEBT.
%ggyﬁlfi

| m. _Tme. ns? mm'mw . s

e:ﬂmv R mm@ gﬁnczmevg -
~GeyTARy QOE o st —

REDC 0 R S 3,,,,392“ T

Bz



6K MY ENGEINE TECHNOLOGY
SUPPORT PROGRAM ,

, ROCKETUYHE INTEGRATED WHARDWARE TESTS
DATE §J] APR 4
SERIES AD/IHT) SEUURNCE @
TEST DESCRIPTION :
eNGINE PERFORMANCE AND HEAT TRANSFER EVALUATION WlTHOUT ali.
L INJECTOR S/N) (BLC PLUGGED) e & TQ 1 NOZZLE« UNSATURATED
MHﬂINTO (40 F FUEL) . TARGET PUNS ® jliies MR = led%,

104015 SEC :
T 000 SEC TG 16,000 3FC

TEST &

ACTUAL TEST DURATION
DAYA SLICE TINE

PAﬁAMEIEn unlYy AVUO, MEASURED YALUE

- U S A iy S . gy 0 1 - 9

L zp

--ﬁ--.-‘-- Wyt 90—
FUEL Tank PRESSURE Psla 195,260
ORTDTZER TANK PRESSURE PSIA 1760932
FULL INTERFACE PRESSURE PSIA 185,888
ORTOILER INTERFACE PRESSURY PS1A 1690325
T/C COOLANT InLET MAN., PRESSURE PSTA 1604810
FUEL 'INJECTOR PRESSURE P3TA 1T1eA37
OX[UI2ER [NJECTOR PRESSURE PSIA 1494515
CHAMBER PRESSURE NO. | PRiA yia, a2
CHAMHER PAESSURE NO, 2 pPala 114,901
AXTAL THRUST, SYSTEM A Lk 435@.430
aklat THRUST, SYarﬁn.s Lok 436] 4396
YSRXTS TRRUST : LaF 29,628
£eaX1S THRUST L RF 2156
AVERAGE CELL paEﬁﬁUﬁﬁ F5ia + 389
CELL PRESSURE ABREEMENT . % - +502
FUEL FLOWRATE : GPH 524993
OXEDIZER FLOWRATE GPM- 5] 4358
“FUEL INTERFACE YEMPERATURE B F e
OATLIZER INTERFACE TEMPERATURE nEG F 0
T/7C COOLANT IN TENPERATURE 0EG F 43,753
T/¢ COOLANT QUT TEMPERATURE OFG F 228117
INJECTON SURFACE TEMPERATUNE 0EG F 1344120
1/¢ SURFACE TEMP wle IN 0EG F RET4973
T7C SURFACE TEMP <13 IN DEG F 736, TG
17¢ SURFACE TEMP «ip IN NEG F 234,862
17¢ SURFACE TEMP = 8 IN UEG F 158,326
T/7C SURFACE YEMP » 5 IN 0EG F 182,748
T/¢ SURFACE TENP = & IN . DEG F 204,182
T/7C SURFACE TEMP = 2 IN DEG F 180,712
T Y7C SURFACE TEMP 0,3 TN - DEG F 143,573
1/¢ SURFACE TEMP » 3 N - DEG F 1194372
CUOLANT IN RANIFOLD SKIN , GEG F 95,599
NOZZLE FLANGE TOP TEMPERATURE DEG F . Theled
NOZZLE SURFACE TENF & Bes IN DEG F 11184184
WOZZLE sunvact TEMP + 9,0 IN uEG F 1318,820



- 6K OMS ENGEINE TECHNOLOGY
SUPFORY PROGRAM
ROCKETOYNE INTEAMATED HAkOWARE TESTS
DATE 5] APR & | | .
SLRIES Rp/LiTe SFAUERCE & TEST &

PERFORMANCE AT a

.‘ ﬁf?izif?

PARAME TER TR £ CALCULATED VALUE
- . . - W A~ A A - e g A S
Ply INJECTOR ERD fsla 114,361
PCy ROZZLE SYAGNATTON pslA 108,643
ARTAL THRUST . 51K LAF 4364.897
AXTAL TARUST. vaCuum LF 4381,407
NOZZLE ©XIT PRESSUNE PSIA « 289
FUEL CENSITY (MMH) LH/ZFT3 55,571
CXIDIZER GENSTTY LB/FT3 e 087
FUEL FLOWRATE LALSEC Be561
OAJDIZEN FLOWRATE LE/SEC 104303
TOTal. PROPELLANT FLOWRATE La/3EC 1645865
MIXTURE RATIG (OVERALL) O/F 1.870
“ELC FLOVRATE - LE/SEG ¢
HLC TOTAL PERCENT % , g
CORE MIXTURE RiTiD - O/F 1570
FUEL INJECTOR DELYRep poli BT ,4TH
VXICIZER INJECTOR DELTRZeP P10 394154
T/C COOLANT UELTawP es10 - PL L
T7C COOUANT DECTAST DEG F 184,36
THRUST CHaMBiERk HEAT FLUX BTU/SEC 2644897
CwgTaks SITE FY/5€6C 5693 ,0%%
C=sTake UMR FT/%EC 54971,485
C*STﬁR EFFItiENCY % : 964322
CFe SITE - 1e51&
- cF S1TE vaCuum Lo [T | T ¢4
Cf‘ N Vﬁ(. T2 EXSECT - 1514
CF COWRELRTIOH [Sp— 100,468
\'_ . vAC ‘?‘n T . la "“
15p, TEST 5¢C 298.R82)
18P, SiTt Vil UuM SEC 59,800
139, val 12 PREDICTED SEC 108,49
18P. TDK, TEST cONDITIONS SeC TR e 464
I1Sp EPFLelEnCY % TT . 4%8
ENERGY HﬁLE&Sh EFFICIENCY % 954910
CwsTaRy 00F FI/75EC 57034441
l&?c GGE; TESY $FC 335.45)



TOATE Bl APR R T T T '
s%ytms G/ IKT = asauuucg 8 TEST ¢
| Son - — ,
tﬁwinu ﬁmunuﬁl nut ana HEAT THANSPER EVALUATION utrnaut abCe
L70 INJECTOR ;?NI TBLE PLUGSEU) s 9 TO 1| NOZILE. UNSATURATED
MMN/NTO (40 F PUEL), TARGEY PCNS m 1404s MR & {485,

ACTUAL TEST DURATION 10006 SEC
DATA SLICE TINE VW00 SEC TG {0, uoo SgC

PARAMETER UniTs AVG,. ME&%Uﬂaa VAL JE

FUEL TANK Pﬂﬁssw}g | L L e
OXTOTZEN TANK PRESSURE PSIA 85 4 48]
N “¥ al o
' pg§A 2244518
- PET EIQ.@V3"
351, - 217.4)2
~BSIA Tae 38
.—_ 1A 1&5.4.79
TTWEET T 48664496
LaF . HE98, T49
o e
IF 20.? &
BEIA 082
» ‘ +H45
TGN 57,783
PM | ?&.353
m@uﬂgmiM” , a
ﬁ,, Loid ) g%ﬁ“t | Mhebh]
?/c coatant nu YENPERAY DEG P 2844437
INJECTOR SURFACE TR #%na!uwa DEG ¥ 12#.?13
h flg sun?aem Tﬂuﬁ -14 ui o &,gggwgm _gggaggﬁ
Qéu F ' 2&3.;&%
DES P ’ I?E.EGT
OEG F ’1¢a.vﬂﬁ |
TTESF 189,382
ORGP 1284795
'ﬁEG V \66a&°2.
DEG F CToelR2
- BEG F gzxv.ava
DEG F 514,363
R g
T T ”““"RFPRODLKHBHJTY
OF
- R ORKHN&LPAGEISPOggE



6K OM% ﬂu.;ﬁaargCHNeLﬂﬁv
suppon? PROGRAM ,
ROCKETDYNE INTEGRATED HAROWARE TESTS
DATE 01 APR & o ] |
SERIES RO/INT} SEAuENCE 8 TEST 7

PERFORMANCE DATA

PARAME TER unlts CALCULATED VALUE

- - ’ : o T WA iy N U A5 w-ae S5 A5 A
PLy INJECTOR END PSlA. 144,914
PC, NOZZLE STAGNAYION P5lA : 137,672
AKgal THRUST. SIVE LaF 8541 ,223
AXJAL THRUSTy VACUUM b 56000919
NOZZLE EX1T PRESSURE #51a +G93
FUEL "DENSTTY “(MMM) LA/FTY 5Ss 565
OXIDILER DENSITY La/ZF 13 90,10
FUEL FLOWRATE LN/SEC 74153
ORIDIZER PLOWRATE LB/SEC 14,184
TOYAL PROPELLANT FLOWRATE - LR/SEC 21278
MIXTURE RATIO tﬂVERALL! Q/F 1.974
ALE FLOWRATE = ‘ " LAJSEC 9
BLC TOTag PERCENT : % . ) ¢
CURE MIXTURE RaTIO O/F 1,974
FUEL IMJECTOR DELTawP psin - 66,075
ORIGIZER INJECTOR DELTA=P PO 724494
1/C CODLANY DELTa=P psID 131,523
17 COOUANT DELFasT DES F 994,796
THRUST CHAMBER HEAT rLux ATU/ZSEC 10210903
C=5TaRe SITE FT/SEC £5{Tes30
C~3TARy UNR : FT/7%6C 55174630
 CeSTAR EFFICIENCY o ' % : 97,319
CEy SITE _ m—m——— 1e430
eF ST vaCou - T ’ = R 14535
CV; vAC 73 EKPﬁCf : - 1537
CF CORRELATION = , “wmme . 99,832
CF v YAC T2 : : " : 1 u.ﬁm-’
1359, TEST - : SEC 262.302
1500 SI1TE vaCuyum : $EC 283,228
“thpy VACT1TZ PREDICTEO - SEE Aga,et?
lbﬂg YUKQ TEST ﬁﬁNﬂlf‘ﬂNﬁ 5Ec3 - 2T6 4922
180 EFFIETIENCY % 76,395
ERERGY aegsasg EFFICIENCY A W T 86,039
t=5TAl; O0E ‘ . FTssec S569,636

19py OLLy TEST S 304,743

A



6K OMS ENGINE TECHNOLOGY
SUPPORT PROGRAM

, ﬁacuetuvue INTEGRATED HAROQWARE TESTS
- DATE (1 APH &
SERIES NU/IMT=}
TEST DESCRIPTION
ENGINE PERFORMANCE AND HEAT TRANSFER EVALUATION WITHOUT abCe
L7 INJECTOR S/NL (6LC PLUGGED) s 9 To | NOZZLEs UNSATURATED
MMH/NTO (40 F FUEL) s  TARGEY PUNS 2 1iGes HR ® Jeb6S.

SFQUENCE 8 TEST o

DATA sLxge TIMNE 94000 SEC TO 16.00& SEC
PARAME TER uwlrs AYG, MEASURED Valug
mm- - I 0 gy gy A s 4
FUEL TANK PﬂLsSUk PS4 184,19
ORTUIZER TANK PRESSURE PYIA 183,461
FUEL INTEAPACE PHESSURE = PS1IA 176.086
ORIUTZER INTERFACE PRESSURE PLiA 170828
T/C COOLANT INLET MAN. PRESSURE PSIA 171992
FUEL INJECTTOR PRESSURE  PETA 160,432
OXIDIZER INJECTOR PRESSURE PSIA 1534783
CHAMBER PRESSURE NO, 1 \ Psla 113,821
CHAMBER PRESSURE N0, 2 PS1A 1154656
CARIAL THRUST. SYSTEM A L#F. 4381489
AATaL THRUST, SYSTEM & LiF 43934002
Y*AXTS THRUST L#F 264589
Z=AX1S THHU&T LafF 2) 607
AVERAGE CELL PRESSURE PSIA o367
CELL PRESSURE &GﬂﬁﬁvﬁﬂT % 663
FUEL FLOWRATE - , Gk 494045
OXTO1ZER FLOWRATE GPM 534940
FUEL THIERFACE TEWPERATURE: DEG F | o
OAIDRZER INTERFACE TEMPERATURE DEG F : 0
T/C GOOLANY IN TEMPERATURE DEG ¥ A4, 385
T7¢ CODLANT OUT TEMPERAYURE ngEos F 23TeTlé
INJECTOR SUHFACE TEMPERATURE OEG F 139912
T/¢ SURFACE TEMP «fe IN - DEG F 239,923 -
TIT SURFACE TERP w13 IN - DES F 24T, 387
T/¢ SURFACE TEMP =10 IN DEG F 246,505
T/C SURFACE TEWP » & IN DEG ¥ 170,457
T/C SURFACE TEMP « & IN DEG F 194,502
T7C SURFACE TERP = & IN OrG F 21B.40T
T7¢ SURFACE TEMP » 2 IN DES F 145,895
CYIC SURFACE TEWMP <333 IN DES F 147,787
1/7¢ SURFACE YEMP ¢ 3 1IN QEG ¢ 126,808
CUDLANT "IN WANIFOLD SKIN OEB ¥ 107 0664
NOZZLE FLANGE TOP TEMPERATURE 0EG F _ T1e802
NUZZLE SURFACE TeMP o H,0 [N DEG F 1099152
NOZZLE SURFACE TEMP ¢ 9,8 IN  DEG F 1338,872
Rep
D
ORIGmAECII,iILITY OF 135



&R OMS ENGINE TﬁtHNOL‘QGY
SUPPRRT PROGH
ROCKETOYNE INTEGHATED uaaawanz TESTS
OATE &1 APR & N , )
SERTES Ry/ZIHTe SFrIUEMCE B TEST +

PERFOR“ANCE DATA

PARAME 1ER URITs, CALCULATED ValLuE

g - g W i P A Ty T -
PLy INJECTOR LAD PSTA 114,738
Ply NOZILE STAGNATION FglaA 109,001
akjAl THRUST, S1TE Laf 4387,006
ARTAL THRUST, VACUUM L&F 4403,275
NOZZLE EXIT PRESSURE Psi1a 0Ty
FUEL DENSTITY (Mp09) ' ‘ LuZFTy B85 4565
ORIDTZER GENSITY : LasFT3 G0e Bl
FUEL FLOWRATE LB/SEC 64072
OXIOIZER FLOWRATE LU/SEC 10,822
TOTAL PROPELLANT FLOWNRATE La/S5EC 180594
HMIXTURE RATIO (OVERALL) - OfF ‘ - ler82
"BLEC FLOWRATE - ' LwISFc ' 0
BLC TOTAL PERCENT 0
- CURE MIXTURE RATIO » ﬁlF : 1.782
CFUEL INJECTOR DELTAwP pslp: A%,4694
. ORTUIZER INJECTOR™ DEL TASP - PRI 19,4045
T/C COOLANT JELTAwP PSI0 o 1leB6D
T7C COULANT OELTAST UEG F 193,372
TARUST CHAMBER HEAT FLUX BYW/SEC ‘ B3P, 440
Cw§TaRky SITE FT/SEC : 5502,209
CosTARY UMR FY/SEC 8502,209
CoSTAR EFFICIENCY % : e 433
' CF. 5]1& - 1.518
T StTE vaguus o L emees - 1528
CF CORRELATION - ' 99,0940
CF,y VAL T2 o ‘ o~ l o789
156, Tt SEC | 259,584
[$p» SITE vacuum SEC 260,642
‘tS‘P, vwe LEA an:ftb ' : 5¢C 305,941
5P, TOR, TEST cﬁnnttlows sgc : 2184616
158 EFFIGIENCY 5 : T6.387
ENERDY RELEASE Erflclencv | o 954407
Ceg5TaRke QUE , S FT/%EQ o BT05,761

h13¥p ﬁbt¢ T?aT e c SEC o 341.213



sk OM5 ENoINE TECHNOLOGY
. SUPPORT BROGR.M
ROCKETDYNE INYEGRATED Hﬁﬂnﬂhﬂt TESTS

DAYE Bl ABPR & . .
SERIES Ap/inTmy SFQUEHCE 2 TEST =
TEST DESCRIPTION
ENGINE PERFORMANCE AND HEAT TﬂaﬂsF&ﬂ EVALUATION ®ITHOUT 4LC.
L/0 INJECTOR S/NI (BLC PLUGGFDYy 9 To 1 NOZILE, UNSATURATED
HMHH/NTD t¢a F FUEL)s TARGEY PCNS @ J]13sv MR B Jeithe

ACTUAL TEST LURATION 10008 §Eﬁ‘
DATA SLICE TIME 9,000 SEC TC 18,000 SFC

PARAMETER UNITS AV, MEASURED VAaLUE
o o . . e T A Al T AU O P S WA O
FUEL Tang pnessuaa RS1A 175,202
QXIDIZER TARK PRESSURE BElA 188,770
FUEL YNTEAPACE PRESSUNE Pg1A 167974
OXIUIZER INTERFACE PRESSURE PSIA 173,791
T/C CODLANT IMNLET MAN, PRESSURE PsiaA 1654091
FUEL INJECTOR PRESEU&E PEIA © 158,490
OXIDLZER INJECTOR PRESSURE , PEIA 1564499
CHANBER PRESSURE NO, | Psla ' 113,457
CRAMBER PRESSURE NO, 2 PSIA 1i4%.278
AXTAL THRUST, SYSTEM A LGF 47368,400
AX{al THRUST,. svstﬁm B : Lif 4380,384
CYSEXTS THRUST LBF «27 4602
£=pk 15 tHAUSY 1L2F 19,837
AVERAGE CELL PRESSURE PSIA eltH
CELL PRESSURE Aﬁntsnan? : % . o652
Fort FLOWRATE ‘ GPH . 45,78)
a*tulthﬂ FLOWRATE GPM B%.917
UL INTERPACE TERPERKTURE - DEG F o 0
OR{OIZER INTERFACE TEMPERATURE QEG F D
 T/T COOLANTY IN TEMPERATURE UEG F 444271
17C COOLANT OUY TEMPERATURF DES F- 252,291
INJECTOR SUKRFACE TEMPERATURE DEG F 1664842
Y/¢ SURFACE TEMP =16 IN EG F 250014
TG SURFACE TEWP 19 TN  DEG'F 299,947
1/¢ SURFAGE TEMP =10 IN nEG F 251,586
T7¢ SURFACE TEWP « & IN DEG F 173,287
T/ SURFACE TEMP « & IN DES ¥ 203,076
T/¢ SURFACE TewP « 4 In DEG F 254627
1/¢ SURFACE TEMP « 2 IN , DEG ¥ 15243059
St SURPACE  TEWP =g 3 IN - OEG P 1924209
T/¢ SURFACE TEMP « 3 IN DEG F- 1304966
CUOLANT TN MANIFOLD SKIN DEG F 1684465
NOZZLE FLANGE TOP TEMPERATURE = ©0FG F 65,008
NOZZLE SURFACE TEMP ¢ 8,0 IN DEG F 1249,775
NOZZLE SuaFacE tan « 9.0 N DEG F 14%0,787
ORIGIvA L CBILITY o
L Pag F THE

B -5



6K OMS ENGINE 7ECHNGLOGY

SUPPORT PROGKAM

HRQCKETUVN% INTEGRATED HAMDWARE TESTS

" DATE GI APR §
Sﬁﬂltﬁ ﬂﬁ/!ﬂf—l

PARAMETER
‘---u-n-'

PCy !Ndhcioﬂ EnD

PCy NOZILE STAGNATION
AXIAL THRUST. SITE

ARTAL THRUST. VACUUM
NOZZLE EX1T PRESSUNE
FUEL DENSTTY "(MNH)
OXIDIZER DENSITY

FUEL FLOWRATE

ORTDILER FLOMRATE

TOTAL PROPELLANT FLOWRATE
" MIXTURE RATIO tovﬁﬂaLLi
 BLE FLOWRATE -

gLc TOVAL PERCENT

coRt MEIXTURE RaTlo

FUFL INUECYOR uﬁlthcﬂ
OAID1ZER INJECTOR OELTA=P
T/C COOLANY DELTAwP
T7C COOLANT DELTAST
THRUST CHAMBER Hhat FLUX
CoSTARY SITE

CmsTARy UMR

Te§TAR EFFICIENCY

CFe SITE
o '3TT€TYICUUﬁ‘ T
CF, VAC T2 €XP£CT

cF CORPELATION

gf. VAC 12

150, S11E vacuus
'Iﬁps vué“vz FREDICYED -

15ps TOK, TEST cawoxvxous_

ISF EFFIETENCY

ENERGY ﬂtLEas& E#Flclencv

CﬁETtﬁo GOE
_18pe 0OEy TEST

SEQUENCE B

PERFORMANCE DATA

UMITS
Prsln
PS1A
LBF
LaF
PSLA
LA/JFTS
Lie/FT S
LA/SEC
LH/SEC
La/SEC
OrF
‘ LﬁISFE

OIF
PSID
P310
P50
9&6 ¥
BTU/SEC
FY/SEC
FT/S6C
3
gy WA
Cmm
g O A
SEC
sEC
oFC
5¢C
5

% .
- FT/8EC
- 3EC

TEST v

CALCULATED VAaLUE

T gl S A g T -

PR TR
108.649
4374.392
43924649
- 087
554457
904033
1YL 14
11e217
16883
14919

tH

. g
18732
410}22
42,131
Vo0l
207,980
ELY- XY
548T.827
S487,.827
P6.615
bol®
1.525
ln533
99,192
14790
7594093
250-11$
30%,393
PT5,%93
15,454
95,652
36468,37T0
344,811

&t



6K OMS ENGINE TECHNGOLOGY
SUPFORT PROGRAM
ROCKETDYNE INTEGRATED MAROWARE TESTS
CORIE GYVAPR S _
-sﬁﬂles RO/ IHT=} SEQUENCE & TESY 1o
TEST DESCRIPTION
ENGINE PERFORMANCE AND HEAT TRANSFER EVALUATION W1THOUT at.Ce
Lo lﬂdﬁtToa S/081 (BLC PLUGGED) s 9 To ) NGZZLEs UNSATURATED
NNH/Nfﬁ tae ¥ FUELY e  TARGET PCONS = ;25., ﬁﬁ " jefhf,

AGTUAL TEST uURAtion 10+008 SEC
DATA SLIGE TIME 9,080 SEC TO 10,000 SEC

PARAMETER unIte AVO, MEASURED VAL -

""-ﬁ;.--wa o o - "I T 0 ) O Sl B e W
FUEL TANK ﬂagssuna P51A 225348
airb:Zﬁﬂ TANK PRESSURR  PSIA 225231
EL INTERFACE PRESSURE PSTA 214,340
c' OYZER INTERFACE PRESSURE PSTA 208,809
T/C CODLANT INLET MaN, Fﬂcssuat PSIA 2074640
TFUEL TNJECTOR PRESSURE PYTIA 192,365
OXIDIZER INJECTOR PRESSURE Psia 1864373
"CHAMBER PRESSURE NO, 1 Psla 131,997
CRAMBEN PRESSURE NO. 2 PRlA 133,399
CRATAL THRUSTY SVYSTEM A LEF 53650827
ALTAL THRUST, ﬁv&ftm a LeF 3083.019
CYEEXTS THRUSY - o Lar -29, 881
Z=3X15 THAUST L5F 23.121
TAVERAGE CELL PRESSURE T OPSIA o077
CELL PRESSURE aaﬁsaﬁznt % LY
FUEL FLOWRATE - . - GPM 56 ¢ 642
QAIO1IER FLOWRATE GpMm 624008
P INTERFACE - CTDESF * o
OXIBIZER :Nfﬁﬂracs ?Enﬂﬁﬂatuaa DEG F 0
T/T COOLANY TN TEMPERA ' 0g6 H& oy THE
T7¢ COOLANT OQUTY tEu#ﬁﬂ&fUﬁg DEG 232.187

INJECTOR SURFACE TEWMPERATURE DEG 14645673
T’C SURF ACE 7‘:MP -1& 1“ f}ﬁa 236,406
“T7C SURPACE TERP w13 IN DEG 2HT 493
1/C SUKFACE TEMP =)o IN DEG 239324
1/¢ SURPACE TESP » B IN DES 1624292
17¢ SURFACE TENP » 4 IN DEG I 187.95*
T/C SURFACE TEMP « & IN nDEs 211,452
T/¢ SURFACE TEMP = 2 IN Ded ¥ 168,789
. T4 W WT‘Q‘G‘J “IN DES R 18] ¢B5%
17¢ 5uﬁFact TENP » 3 IN e ¥ 1229383
TUBLANT IN MaANIFOLU SKIN DEG ¥ 112.927
NUGZZLE FLANGE TOP TEMPERATURE DEG 1 _ TGeb3H
CNUZEILE BURFACE TENP + P40 TN DEG 1) 123%5,.519
NOZZLE SURFACE TEMP o 9,0 1N DEG i [471,903¢
Rep ,
i RO

GRIG DUC’]B

‘QVAL I3 IL]TY




L Yo
- 5&“!ES R/ IHT =,

PARAME TER
T il oitaw "
PG, :nutcrOﬂ ewn

PLy, NOIZILE STAGNATION
AilnL THRUST, SITE
AKTAL YHRUSYT, VACUUN

OLIGIZER DENSYITY
TUEL FLOWRA -

OXIDIZEN #ngﬁnfﬁ
”“TUTIL PﬂBFE Liﬂf

aLc ?G?AL rsﬂoaur
T CORE RIXTURE R4iTio
FUgiL INJECTOR atgta«p
““ﬂﬁtntiﬁﬁ N ﬂﬁu?;

1/¢ COOLANT Of

TARs SITE
c'ﬂ?ﬁﬂg uﬂﬂ

NOZZLE EXIT PRESSURE
FUEL DENSTTY (WMHY —

FLOWRATE
,Lu?l

—1rE ‘ -
ﬁnuSr CHANBER utgf FLUI

oK OMS ENGINE TECHNOLOGY
SUPPCRY PRAGRAM

SEUUENCE B
PERFORMANGCE DATA
uniTs

e
pgla
PS1A
LisF
LiufF
p51A

LB/FTS
LA/seEC -
LH/SEC

TLE/SEC
OsF.

OIF

- pslD

s - PsID
FSIB

- DEG F A
E?UIQEC
F{/SEQ
F1/58C -
" _

é 5 sxrf

Tﬁw' TES '
i3p, S1TE VACUUN
18P AL

CwSTARY ODE
i3F1 ﬁﬂ&f TESY

o 2 PREOICTED
7K$Pc oKy TEST cﬂﬂﬁlflﬁﬂﬂ
Eﬁmuev ﬂgtgn&a EFFICIENCY

W Wiy
o
m*ﬂ
Sec
sgl
SEC
seC
%

- |
. FY/SET
seC

Bz

LasFty —

-mmwtﬁisztwwwwamwmw“w

ROCKETDYNE INTEGRATED WAROWARE TESTS .
TEST 1o

CALCULATED VALUE

‘NS SenEaaPaeeRe

13206’8

64063
5n$ :423

5&9@;?15
« 089
”gg‘gfg
'Y
T.013
12,440
19-#53
S 1e774

lti?&
"59Qﬁ$?
53!675

941.35&

552503}
5526 318

5,881

1526

99,879
1,789
260 8506
i

GTe

a?7.0H7
73.7*0
?ﬁ!ﬁﬁl
5?06q5§2

3#10037 ‘

1.&}9®Vhwn.

U,H”MWMMWW,A





