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INTRODUCT ION

The:gfbit ggneuvering‘gggine of the Space Shuttle will use a regeneratively
cooled thrust chamber. Present plans call for using MM as the fuel and
coolant for the engine with NTO as the oxidizer. Under Tasks I and II of
Contract NAS9-12802, Rocketdyne investigated, analytically, several thrust
chamber cooliﬁg concepts and fuel coolants., Using the criteria of performance,
reliability, safety, maintainability, cost, and develoﬁment risk, Rocketdyne
concluded that the regeneratively cooled chamber using amine fuel was a

superior combination.

Under Task IV of the contract, Rocketdyne fabricated a regeneratively cooled,
electroformed thrust chamber. The chamber simulated flight type hardware

in all areas except the inlet and outlet manifold configurations, which were
designed for test flexibility and low cost. The thrust chamber was tested
with two like-doublet element injectors in Tasks V and VIII, and the results
reported in Data Dump ASR73-349. The thrust chamber assembly demonstrated
safe, stable operation over a wide range of operating conditions at a

moderately high performance level.

Under Task X of the contract, an integrated thrust chamber was fabricated
which simulated the injector-end configuration of a flight type thrust
chamber assembly. This report describes the test program conducted to
characterize the steady state stability, thermal, and performance char-
acteristics of the integrated thrust chamber assembly, as well as limited
tests to investigate transient characteristics. Additional tests to be
performed on the engine to establish duty cycle constraints will be

published under separate cover.
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SUMMARY

A total of 40 tests were conducted on the integrated thrust chamber with
the like-doublet No. 1 injector and 72:1 area ratio solid nozzle. The

total duration accumulated during these tests was 445 seconds.

Vacuum specific impulse was 310 seconds at nomimal conditions, with a 14.7
inch combustor and 2.7 percent auxiliary film coolant, which is in agreement
with data obtained using the same injector in the demonstrator thrust chamber
on the previous test progtam at WSTF. Performance was relatively insensitive
to either saturation or temperature conditions of the propellants at the
thrust chamber inlet. Performance [IS) increased 1% seconds when chamberx
pressure was increased 25 psia, and decreased 2% seconds when chamber pressure
was decreased 25 psia. The total performance varijation was 5 seconds over

the entire OME operating range of mixture ratio (1.45 to 1.85) and chamber
pressure (110 to 140 psia).

The heat loads measured were approximately 11 percent higher than the loads
measured on the demonstrator thrust chamber. However, even at these higher
heat loads, the minimum safety factor was 2.4. The heat load was not sig-
nificantly affected by propellant saturation or inlet temperature. The fuel

injection temperature reached equilibrium in approximately 30 seconds.

Four rows of backwall temperatures were measured on the regeneratively
cooled chamber, The maximum circumferential variation occurred near the
injector end. The variation at this location at most severe conditions was

+20 F above the average value.

Three different valve sequences were employed resulting in oxidizer injection
leads ranging from 55 to 380 msec, The thrust overshoot correlation, although
weak, implied that minimum overshoots, of approximately 50 percent, would
result with oxidizer injection leads of 150-250 msec. The accelerometer
loads at start were less than 20 'g' except on first tests of each series

where loads as high as 43 'g' were recorded.
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Thirty minute soakout tests were performed after three of the test series.
Two of the soakout tests were preceded by one second purges to blow most
of the propellants out of the chamber in an attempt to simulate a zero 'g'
condition. Maximum wall temperatures in the regeneratively cooled thrust
chamber occurred near the injector-end at approximately 3 seconds after
shutdown and were less than 300 F. Pressure and temperature transients
indicated that the fuel downstream of the valve was depleted in approx-

imately 30-60 seconds.

The thrust chamber assembly was stable at all conditions tested (although

no bomb tests were made during this program). No instances of high or low
frequency instability occurred, even though thrust overshoots in excess

of 100 percent above nominal were sometimes encountered, which tend to
trigger combustion instability. The thrust chamber experienced very light
erosion on the acoustic cavity dams, but was otherwise in excellent condition.
The injector was dye penetrant inspected and showed no'signs of damage, The

assembly was prepared for another test program at WSTF.



ASR74-117
Page 4

TEST HARDWARE

The hardware used for the test program consisted of a regeneratively cooled
thrust chamber, a full size radiation cooled nozzle, and a like doublet
injector. The injector and chamber were designed to closely simulate the
thermal and dynamic characteristics of flight type hardware. All components
were bolted together and sealed with either metallic or elastomeric 0O-rings,

as appropriate.

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 area ratio of the
regeneratively cooled nozzle is 7:1. The inner wall and the lands of the
chamber are 321 CRES, and the channels are closed out with electroformed
nickel. The thrust chamber was designed for the heat flux profile shown
in Fig. 2. Channel sizes are such that the minimum safety factor is
approximately 1.5 at the most severe off design conditions, namely, the
fuel inlet temperature of 100 F, the chamber pressﬁre of 120 psia, and a
propellant mixture ratio of 1.85. The coolant jacket itself is flight-
weight with nickel closeout thicknesses as thin as 0.025 inches at the
throat. The fuel inlet manifold is a heavy weight configuration to reduce
cost, but simulates flight manifold volume, The coolant outlet manifold
is more critical thermally and represents a typical flight design. The
completed regeneratively cooled thrust chamber is sh6Wn in Fig., 3. The
thrust chamber was extensively instrumented to measure outside wall

temperatures as shown in Fig. 1.

The injector used was a like doublet (L/D Neo. 1), which had 186 elements
arranged in nine rows. Oxidizer orifice diameters ranged from 0,032 to
0.038 inches, while fuel orifice diameters ranged from 0.028 to 0.033 inches.
The injector included 68 orifices (0.020 inch diameter) to provide boundary
layer coclant amounting to 2.7 percent of the total propellant flow at

nominal mixture ratio. Injector characteristics are summarized in Table 2.
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TABLE 1. Demonstrator Thrust Chamber Design Characteristics

COMBUSTOR

Contraction Ratio 2:1

Length, in 14,7

Contour Tapered from 7 in.

upstream of throat

NOZZLE

Regen Section Expansioh Ratio to 7:1

Nozzle Extension Expansion Ratio 7:1 to 72:1

Cont our Flight parabolic
COOLANT |

Circuit Counterflow

Number of Regen Coolant Channels 126

Coolant Pressure Drop, psid : 15

Coolant Bulk Temperature,Rise, F 178

Auxiliary Film Coolant 2.7% Total Propellant

Channel Dimensions at throat, inches
Width, inches 0.114
Height, inches 0.068
Channel Dimensions mear injector, inches
" Width, inches 0.114
Length, inches 0.042

MATERIAL%
Hot Wall (0.030 in.) and lands CRES 321
Cold Wall (0.030 in.) Electroformed Nickel

Nozzle Extension CRES
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Fig. 3. Regeneratively Cooled Thrust Chamber
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TABLE 2. Injector L/D No. 1 Characteristics
Diameter, in. 8.200
Number of Elements 186
Number of Rows 9
Type of Elements Like Doublet
Oxidizer Element Diameter, in. 0.032/
(minimum/maximum) 0.038
Fuel Element Diameter, in. 0.028/
(min imum/maximum) 0.033
Pressure Drop @ Nominal Flows
Oxidizer, psi 56
Fuel, psi 62
Number of Acoustic Cavities*® 8/4
Mode Suppression 1st & 3rd
' Tangential
1st Radial

%Cavities formed by chamber and injector
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A flight contour radiation nozzle was used to eliminate the requirement
for an analytical correction of performance measured with a nozzle having

a contour other than that of a full nozzle,
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TEST FACILITY

The thrust chamber assembly was tested at the NASA White Sands Test Facility
at Las Cruces, New Mexico. The installation is shown schemétically in Fig. 4.
Figure 5 is a photograph of the installation in the White Sands Test Facility.
The ducting around the seolid nozzle was used for cooling between tests.
Facility pressure drops under rated flow conditions were 55 psi for the
oxidizer side, and 35 psi for the fuel side. Propellant tank capacities

were 2000 gallons for both the fuel and oxidizer. ‘Propellant tank pressures
were limited to 372 psia on the oxidizer and fuel sides. The altitude ejector
system was able to pump the capsule down to a pressure of 0.06 to 0.07 psia,

equivalent to an altitude in excess of 100,000 feet.

Thrust measurements were made using a multi-axis measuring system with
three axial dual bridge load cells for recording the main thrust. A complete
list of facility and engine instrumentation is given in Tables 3 and 4,

respectively.

The test operation at WSTF was initiated with a vacuum pump evacuation of
test stand 401, This operation was performed about 2-3 hours prior to the
actuval test operation. The engine test stand was then readied for operation
by pressurizing the propellant tanks to the required run pressures and
assuring that the engine stand and the engine instrumentation were in
readiness for the test. With this assurance that the emgine 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. Valve sequencing was varied to a limited

extent, by orificing the pneumatic valve which controlled the fuel valve.
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FACILITY AND INSTRUNENTATION SCHEMATIC

Regeneratively Cooled Engine
with BLC

aLEED

(®) PRESSURE
. (3) TEMPERATURE
B FroumeTER
() THRUST
(*) ACCELEROMETER

Figure 4
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TEST INSTRUMENTATION

PARAMETER UNITS RANGE RECORDER AESPONS

T " MM T MAX  PRECISION DIGR 0SC STRIP DIGIT  (CP3)

THRUST LB 5100 6000 /2 x 250

CHAMBER PRESSURE (2 EA) PSI 125 150 1/2 b ¢ X 20

OXID. INLET PRESSURE PSI 175 225 1/2 X X X 90

OXID. P/V INLET PRESS PSI 175 225 1/2 X X 100

FUEL INLET PRESSURE PSI 175 225 1/2 X X X 100

FUEL P/V INLET PRESS PSI 175 . 225 1/2' X X 100

BLC INLET PRESSURE PSI 175 . 225 1/2 X X X 90
" COOLANT INLET PRESS PSI 200 250 1/2' X X X 50

COOLANT OUTLET PRESS ST 275 225 1/2 X X X 100

OXID. TANK PRESSURE PS1 225 300 /2 X x 100

FUEL TANK PRESSURE PSI 225 300 1/2 b X 100

OXID. FLOW RATE (2 EA) LB/SEC 11.9T. 14,2 1/2 X X

FUEL FLOW RATE ' o

INJECTOR (2 EA) IB/SEC T.2 9.0 1/2 X X

OXID., TEMPERATURE F/M 3 8 100 3F b X

OXID, TEMPERATURE INLET  OF 8o 100 3F X X

FUEL TEMPERATURE F/M °F 8o 100 F X | b

FUEL TEMPERATURE INLET oF 200 250 3F - X X

BLC TEMPERATURE °p 200 250 3P X X

COOLANT TEMPERATURE INLET OF T0 150 3F X X

COOLANT TEMPERATURE OUTLET °F 200 . 250 3F x x

CHAMBER WALL TEMPERATURES

(SEE TABLE VI CHROMEL ALUMEL) °F 20F X X

OXID, VALVE TIMING X X

 FUEL VALVE TIMING X X

ALTITUDE CAPSULE PRESSURE (2) PSIA .5 2,0 1 X X

ACCUMJLATCR. FUEL TEMP, ©F 200 275 ar X X



ENGINE
{See Fig. 1 for

TABLE 4

INSTRUMENTATION LIST

Instrumentation Location on Engine)
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Location | Recorder
Temperature Degrees Range

TEBIN Fuel Temp - Inlet Manifold Entrance* @270 32-150F
TFB-1 Fuel Temp - T/C Outlet Manifold @Q 32-300F
TFB-2 Fuel Temp - T/C Outlet Manifold @30 32-300F
TFB-3 Fuel Temp - T/C Outlet Manifold @120 32-300F
TFB-4 Fuel Temp - T/C Inlet Manifold @300 32-150F
TFB-5 Fuel Temp - T/C Inlet Manifold @255 32-15QF
TFB-6 Fuel Temp - T/C Inlet Manifild @90 32-150F
T8 Ni Back Wall Temp @ STA-10.0 @0 32-500F
T9 Ni Back Wall Temp & STA-10.0 @90 32-500F
T10 Ni Back Wall Temp @STA-10.0 @180 32-500F
T1l Ni Back Wall Temp @STA-10.0 €270 32-500F
T12 Ni Back Wall Temp @STA-6.0 @o 32-500F
T13 Ni Back Wall Temp @ STA-6.0 @180 32~500F
T1l4 Ni Back Wall Temp 2 STA-.30 eQ 32-500F
‘Ti5 Ni Back Wall Temp @ STA-.30 @180 32-500F
T16 Ni Back Wall Temp @STA +3.0 20 32-500F
T17 Ni Back Wall Temp @ STA+3.0 @180 32-500F
T18 Skin Temp - T/C Inlet Manifold g0 32-500F
T19 Skin Temp ~ T/C Inlet Manifold 8180 32-500F
T20 Nozzle Flange - T/C Side a0 32-1000F
T21 Nozzle Clamp Ring l] 32-1000F
T22 Nozzle Back Wall & STA+8.3 &0 32-2500F
T23 Nozzle Back Wall @ STA+8.3 230 32-2500F
T24 Nozzle Back Wall @ STA+8.3 @180 32-2500F
T25 Nozzle Back Wall @STA+8.3 @270 32-2500F
T26 Nozzle Back Wall @STA+9.0 f0 32-2500F
T27 Nozzle Back Wall @STA+9.0 @90 32-2500F
T28 Nozzle Back Wall @STA+9.0 2180 32-2500F
T29 Nozzle Back Wall @STA+9.0 @z7o 32-2500F
T30 Nozzle Flange -~ T/C Side @180 32-1000F
T31 Nozzle Clamp Ring @130 32-1000F
T32 Skin Temp - Nozzle Web @90 32-2500F
133 Skin Temp - Nozzle Web 270 32-2500F
T34 Nickel Back Wall @STA+3.0 @se0 32-500F
T35 Nickel Back Wall @STA+3.0 @270 32-500F
T36 Nickel Back Wall @STA-0.3 @90 32-500F
T37 Nickel Back Wall @STA-0.3 @270 32-500F
T38 Nickel Back Wall @STA-2.0 @0 32-500F
T39 Nickel Back Wall @STA-2.0 @90 32-500F
T40 Nickel Back Wall @STA-2.0 2180 32-500F
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Table 4 (Continued)
Location [Recorder
Temperature Degrees Range
T41 Nickel Back Wall @STA-2.0 @270 32-500F
T48 Nickel Back Wall @STA-4.0 @eo 32-500F
T49 Nickel Back Wall @STA-4.0 @90 32-500F
TS0 Nickel Back Wall @S8TA-4.0 @180 32-500F
T51 Nickel Back Wall @STA-4.0 @270 32-500F
T4d6 Nickel Back Wall @STA-6.0 @90 32-500F
T47 Nickel Back Wall @STA-6.0 @270 32-500F
T42 Nickel Back Wall @STA-8.0 @o 32-500F
T43 Nickel Back Wall @STA-8.0 @90 32-50QF
T44 Nickel Back Wall @STA-8.0 @180 32-500F
T45 Nickel Back Wall &STA-8.0 @270 32-500F
T52 Nickel Back Wall @STA-13.0 @0 32-500F
T53 Nickel Back Wall @STA-13.0 @90 32-500F
T54 Nickel Back Wall @STA-13.0 @180 32-500F
TS5 Nickel Back Wall @STA-13.0 @270 32-500F -
T56 Nickel Back Wall @5TA-16.0 20 32-500F
T57 Nickel Back Wall @STA-16.0 @15 32-500F
T58 Nickel Back Wall @STA-16.0 @75 32-500F
T59 Nickel Back Wall @STA-16.0 @135 32-500F
T60 Nickel Back Wall @STA-16.0 2180 32-500F
T61 Nickel Back Wall @STA-16.0 @195 32-500F
T62 Nickel Back Wall @STA-16.0 @255 32-500F
T63 Nickel Back Wall @STA-16.0 - @315 32~500F
Pressure

PC-1 Chamber Pressure @75
PC-2 Chamber Pressure 2165
PO-1 Oxidizer Inlet Pressure, Injector
PF-11 Fuel Pr essure - T/C Outlet Manifold @255
PF-12 Fuel Pressure - T/C Inlet @210
PFIN Fuel Pressure - Inlet Manifold Entrance @270
Acc-1 Acelerometer - Axial
Acc-2 Accelerometer ~ Axial

Note: O degrees reference plane located 90 degrees clockwise from

inlet manifold looking aft.
0 degrees reference plane.
aft {+).

* Measurement adapter at inlet manifold flange supplied by WSTF

Locations noted are clockwise from
STA location (+) from throat with
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Following each test, the engine was purged with gaseous nitrogen. At 5
seconds after shutdown, the oxidizer side purge was turned on to empty

the oxidizer side of the injector. The, 5 seconds later, the fuel side
purge was activated to clear residual fuel from the thrust chamber coclant
passages and from the injector manifold. Then the two purges were alter-
nately cycled on and off at 5-second intervals until no propellant vapors
could be seen, usually about 20 to 25 seconds after test shutdown. During
this purge cycle, the propellant tank pressures were reset to the pre-
determined levels for the next test. The time required for each test was
between 30 and 120 seconds depending upon the extent of the pressure changes,
Following the last test of a sequence, the engine was purged as before,
except after series 3, when no purging was done and series 4 and 5, when
a one-second puige was accomplished prior to 30-mintue vacuum soaks. The

engine was purged for personnel safety after tne vacuum socaks.
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TEST PROGRAMS AND RESULTS

The objectives of the test program were three-fold: 1) to evaluate
performance, heat flux and operating characteristics of the OME thrust
chamber assembly over the entire anticipated rangeof OMS operating
conditions; 2) to provide a preliminary estimate of start characteristics
of an OME thrust chamber which has been shut down after achieving thermal

equilibrium conditions,
TEST PROGRAMS

To accomplish these objectives, the tests were broken down into groups of
tests called test sequences, having specific detailed objectives. The first
sequence consisted of three tests of increasing duration and mixed ratio.

The objective of this first test series was to check out the engine facility
and instrumentation. The objective of the second test series was to determine
tne engine operating characteristics with ambient temperature unsaturated

propellants. A relatively long oxidizer lead was used for these ten tests.

Sequence 3 consisted of ten tests conducted with ambient temperature pro-
pellants saturated with helium at 225 psia. A 30-minute vacuum soak was
conducted after the last test in this series. Sequence 4 was conducted
with uqsaturated propellants heated to 100 F. A vacuum soak was again
accomplished after the last of the ten tests in this sequence. The fifth
and final sequence consisted of four tests with unsaturated ambient temp-
erature propellants. The highest and lowest anticipated thrust levels were
tested during this sequence., A vacuum soak was accomplished after the first
test of this sequence. The test conditions are summarized in Table 5. A

total of 40 starts and 445 seconds duration were accumulated.

The test program was conducted without any major difficulties. Minor
difficulties arose during the second test series, when the extended oxidizer
lead programmed on that series resulted in triggering a safety device which
shut the engine down for failure to establish full chamber pressure within

specified time increment. The time increment was reset commensurate with



TABLE 5

TEST PROGRAM SUMMARY

No. of | Max. Duration Pc Range O/F Range Propellant 5 Propellant Oxid. Valve Post Sequence
Sequence ; Tests* Sec psia Temp. g Condition Lead Soak
1 {3 10 P 116-117 1.37 - 1.47 | Ambient Unsat. i Short No
? i i :
2 Y- 10 111-142 | 1.47 - 1.87 | Ambient | Unsat. , Long No
: i
3 § 10 10 110-140 1.44 - 1.87 Ambient ; Saturated : Intermed. Yes
4 710 10 109-138 | 1.44 - 1.87 100 F ' Unsat. | Intermed. Yes
| %
- - 44 100-151 1.64 - 1.66 Ambient i  Unsat. {  Intermed. Yes
; ! ;
| L {
*Includes short-duration tests with premature shutdowns (3).
o
B0y
tq A
o
iy
Londll}
0 =
—
~J]
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the valve lead and testing proceeded. Also during the fifth test sequence,
failure to reset the low-chamber-pressure safety device resulted in a pre-
mature shutdown on the test programmed for a low-chamber pressure. Again,
the device was reset and testing proceeded. All steady state data appeared
to be valid. However, the engine ports for measuring the fuel and oxidizer
injection pressures were undersized so that the transient data obtained for

these measurements is of limited value.

After the test program, the thrust chamber and injector were disassembled
and inspected and found to be in good condition. The injector was dye
penetrant chécked to verify the structural integrity of the ring/land welds.
The thrust chamber was water flowed and the emerging streams observed to
provide a visual estimation of uniformity of flow feed. The flow appeared
approximately uniform with a bias of approximately 5 to 10 percent higher
flow in the area opposite the coolant inlet manifold. (This agreen with
the circumferential variation in coolant outlet temperature observed in hot
firing data.) The acoustic cavity dams were very slightly eroded at a level
corresponding to just downstream of the injector face. Although the chamber
was useable without modification, the eroded portions of the dams were
machined clean in order to reduce the probability of future erosion and

to provide a surface upon which further erosion would be more clearly

visible if it occurred.
THRUST CHAMBER PERFORMANCE CHARACTERISTICS

The thrust chamber performance characteristics and operating parameters

are summarized in Table 6. More detailed data are presented in Appendix A.
The variation of specific impulse with chamber pressure and mixture ratio

is shown in Fig. 5 for both saturated and unsaturated propellants. Perfor-
mance peaks at a mixture ratio of approximately 1.8 and increases with chamber
pressure, Data from the first 10-second test of each series is not presented
on this plot as the performance tended to be lower than that measured on the
last (repeat) test of each series. Although not as drastic as was the

difference with the demonstrator thrust chamber, the lower performance is
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attributed to the hardware not reaching completely steady-state temperatures
during the first test. The data from the first test of Series 5, which was
a 44-second duration test at nominal cunditions, is presented in the figure

and shows good agreement with data from other tests.

The data curve from the demonstrator thrust chamber series is shown and
indicates 1 to 2 seconds lower performance at the higher'mixture ratios,

This curve represents data taken mostly on ten-second duration tests, and

it was concluded in the report summarizing that test program that the
performance could be low because of the nonequilibrium temperature conditions
in the hardware. In fact, based on the results of a long duration test with
the demonstrator thrust chamber, using an alternate fuel, the performance
under nominal conditions was predicted to be approximately 310 seconds.

The data shown for the demonstrator thrust chamber wére based upon analytic
extrapolations to € = 72 of data taken with a 9:1 expansion area ratio nozzle.

The good agreement affirms the validity of the analytical extrapolations.

A comparison of the performance with saturated and unsaturated propellants

is shown in Fig. 5. The data indicates that there is no discernible
difference in performance with the propellant in either condition. The
saturated propellant tests were conducted with both the fuel and the oxidizer
saturated with helium at 225 psia. Performance was only slightly improved
by heating propellants to 100 F, as indicated in Fig. 6. The performance
improvement appeared to be greater at the lower mixture ratios and was, at
most, one second. The effect of wider variations in chamber pressure on
performance were investigated during Sequence 5. Comparing the performance
of the last three tests in that series on which the chamber pressures were
149, 100, and 125 psia, respectively. It appears that the higher thrust
level results in a gain of approximately 1% seconds specific impulse, while
the lowest thrust level results in a loss of approximately 2% seconds.
Performance is plotted vs time for the longer duration test in Fig. 7, and
compared with transient taken with the demonstrator thrust chamber. Per-
formance is normalized to the value for each chamber at 31 seconds. The more

rapid response of the integrated thrust chamber is evident from these plots.



NOM DATA

DUR TIME
TEST SEC SEC
Checkout
1-1 3 2-3
1-2 5 L-g
1-3 10 9-10
Unsaturated Propellants
2-1 10 9-10
2-2 10 9-10
2-3 10 9-10
2-4 10 310
2-5 10 ?-10
2-6 10 9-10
2-7 10 9-10
2-8 10 9~10
2-9 10 §9-10
2-10 10 9-10
Saturated Propellants
3~1 10 9-10
3-2 10 9~-10
3-3 10 9-10
3-4 10 9~10
3-5 10 9-10
3-6 10 3-10
3-7 10 9-10
3-8 10 9-10
3-9 10 9-10
3-10% 10 g-10

*Fol lowed by ~.30 minute vacuum soak

TABLE 6.
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INTEGRATED THRUST CHAMBER TEST SUMMARY

p
CNS

PSI1A

117
17
116

124
126
14
142
142
1
12
P
126
126

125
124
140
139
140
109
110
109
125
126

wTOT-.AL
LB/SEC

18.
18.
8.

19.
19.
.90
.92
.96
17.
17.
17.
19.
19.

21
21
21

19.
19.
.82
.68
71
17.
17.
17.
19.
19.

21
21
21

Ll
46
38

61

66

4
L7
46

59
64

67
ko

20
23
19
55
72

e s T T o

0/F

i

372 .

46k
465

667
.858
466
656
.84k
485
670
871
470
671

.657

.865

52

.652

.843

439

.682
.864

460
654

FSITE
LBS

5498
5564

5563

5986 .

6013
6687
6747
6760
5261
5320
5307

5959

6005

6007
5951
6638
6648

6676 -

5101
5226
5214
5924
6018

FVAC

LBs

5602
S6L7
5631

6053
6090
6753
6811
6839
5326
5381
5381
6017

6082

6081
6035
6714
6729
6757
5177
5303
5291
5997
6098

5
slAC

303.2
305.7
306.2

308.7
309.6
308.1
310.77
311.4
305.6
308.0
308.0
307.0
309.6

309.1
309.6
307.5
310.4
311.2
300.9
307.8
307.7
306.6
303.3

NERE

97.
a7.
97.

96.
95.
97.
96.

97.
36.
95.
97.
96.

96.
35.
a7.
96.
95.
95.
96.
95.

96.

VioFE SN W N oV N

5

= B0 W W oWV N

c¥
SITE
FT/SEC

5421
5429
5397

5411
5469
5496
5521
5509
5462
sh67
5470
5479
5474

5440
5h46]
5491
5498
5503
L2
5465
54L8
5460
5469



TEST

Hot (100F) Propellants

*Followed by .30 minute vacuum soak

NOM
DUR
SEC

4-1 30
b-2 10
4-3 10
L-4 10
4-5 10
- b-6 10
4-7 10
4-8 i0
k-9 10
L-10% 10
Thrust Limits
5-1 Ly
5-2 33
5-3 40
G-k 10

TABLE 6 .

DATA
T IME
SEC

29-30
9-10
9-10
9-10
9-10
9-10

9-10 -

9-10
7-8

8-10

7-8
9-10
14-15
19-20
24-26
30-32
36-38
9-10
14-15
19-20
30-32
30-32
9-10

INTEGRATED THRUST CHAMBER TEST SUMMARY (Cont inued)

P
cNS

PSTA

122
128
138
137
109
110
109
124
124
126

126

- 126

125

RPT

124
125
124
151
150
149
149
100
125

MroTaL
LB/SEC

19.
.59
.48
a2
.08
17.
16.

21
21
17

19

19.
19.
19.
19.
19.
19.
19.
23.
23.
23.
23.
15.
19.

05

98
.31

19.
19.

30
ko

71
73
76
73
70
73
69
50
LY
53
53
85
55

0/F

658
b9
643
874
438
595
855
457
846
649

.651
.6hY
.667
.661
.649
. 668
.658
.643
. 6L
.650
.648
667
664

F

SITE

LBS

5915
6584
6589
6570
5165
5168
5160
5871

5909

5960

6002
6013

6039
6036

6026

6045
6033
7223
7238
7254
7255
4813
5970

FVAC

LBS

5965
6663
6679
6658
5238
5249
5242
5947
5997

6046

6079
6083
6098
6089
6076

- 6092

6078
7296
7300
7311
7306
4856
6044

ASR74-117
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SVAC

SEC

309.
308.
311,
311,
306.
308.
308.
307.
310,
310,

308.
308.
308.
308.
308,
308.
308.
310,
310,
310,
3o,
306.
309.

(Sa

M W W oo oo O

-—m.s:-www-..:ooqr.—mc\ww

"eRE

96.
97.
96.
95.
98.
97.
95.
97.
96.
96.

00 — WO WO O O WD WD

96.
96.
86.
96.
96.
96.
96.
96.
96.
96.
'96.4 -
86.2

96.3

Pl B U I R I L T S )

£

*sITE
FT/SEC

5408
5463
5492

- 5475

5473
5503
5501
5509
5475
5503

5474
5450
5417
5403
- 5392
539k

" 5395

5486
5445
5429
5420
5381
5473
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Figure 3. ‘Integrated Chamber Performance With Ambient Temperature Propellants
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FIRING TIME, SECONDS

WAWIXYW 40 LN3JY3d
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Figure ? .

Comparison of Performance Transients in Demonstrator and Integrated Chambers



ASR74-117
Page 27

Injector and jacket pressure drops are plotted in Fig. 8. The pressure
drops were determined by subtracting absolute pressure measurements so

that accuracy in the order of 1-2 psi might be expected. Excellent
correlation was shown on the oxidizer injector pressure drop clearly
defining the difference between data taken with ambient and with 104 F
oxidizer. The correlation on the fuel side was good, but the data had
slightly more scatter probably because of the effects of variations in the
fuel temperature rise in the coolant jacket. The effect of hot fuel at

the chamber inlet can still be seen clearly. Fuel jacket pressure drop
appeared consistent on the first test of each sequence (test 2-1B was
actually the 3rd test of the sequence, preceded by 2 tests of approximately
L-second duration), but was erratic thereafter. Oxidizer and fuel pressure
drops at nominal conditions were 56 and 61 psi, respectively. Injector
pressure drops for both propellants increase by approximately 4 psi when
the inlet temperatures are increased to 100 F. Coolant jacket pressure
drop was 15 psi at nominal conditions with no significant change at 100 F
inlet temperature. A pressure drop summary for the thrust chamber assembly

is shown in Fig. 9.
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OXIDIZER FUEL 208% PS|A

INLET P 188* Ps1 INLET P -
INLET
MANIFOLD AP 1 Ps]
TOTAL
CHANNEL AP 14 Psi CHAMBER
7 AP = 15 PS|
QUTLET
MAN(FOLD AP 0 PSH
INJECTOR INLET P ¢ 193* PS{A
INJECTOR EE [NJECTOR
MANIFOLD AP 4 Psl MANIFOLD AP 1 PsI
TOTAL
TOTAL
INJECTOR AP = 56 PSI INJECTOR AP = 6] PSI
ORIFICE AP 55 Psl| ORIFICE AP 60 PSI

INJECTOR END P

1324 PSIA
* MEASURED PRESSURES
COMBUSTOR AP 7 PSI

NOZZLE STAGNATION P = 125 PSIA

67 28ed
LIT-t2YSY

Figure 9. Integrated Thrust Chamber Assembly Pressure Drops
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THERMAL DATA

Thermal data taken during the tests at WSTF consisted of fuel bulk temp-
erature rise, regenerative chamber back wall temperature, and steel heat
sink nozzle temperature transients. These data, together with the data
pgenerated during the heated tube tests under this contract, were used to
provide an indication of the safety margin at which the thrust chamber was
operating. Nozzle equilibrium temperatures were predicted based on the heat
sink nozzle transients in conjunction with previcus columbium nozzle tests

‘with the demonstrator chamber.

Bulk Temperature Rise and Heat load

Coolant inlet and outlet temperatures, AT's, and the heat load are tabulated
in Table 7 for each of the 35 tests, which were of sufficient duration to
obtain thermal data. The operating conditions are also noted in this table.
Fuel inlet and outlet temperatures were each measured in three circumferential
locations. The inlet temperature measurements were made in the coolant inlet
manifold. The outlet temperatures were measured in the injector fuel dis-

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

Three bulk temperature rises were calculated based on the three outlet
temperature thermocouples. The inlet temperature thermocouple TFB-6 was

used as the reference temperature for all three AT's because of its proximity
to the inlet andgeneral agreement with the fuel flowmeter temperature measure-
ment. Temperature rises calculated in this manner generally agree within

g percent.

The response of the coolant outlet bulk temperature and coolant AT for a
typical cold-start test is presented in Fig. 10. The AT values achieve
nearly steady-state conditions in about 20-25 seconds. Ninety percent
of the final value is achieved in about 10 seconds. The long duration
to achieve final steady-state conditions is due primarily to the time
required for the massive (non-flight-weight) inlet manifold to reach
equilibrium with the fuel inlet temperature. Subsequent tests achieve
steady-state conditions in less than 10 seconds as noted in Fig. 11 for

a typical hot-start condition.



EOEIKNTT‘FRJﬂig* TABLE 7. THERMAL DATA SUMMARY FOR SS/OME INTEGRATED CHAMBER TESTQN}LDQQIEjﬁgﬁgiéL ﬁ@&xxﬂfggfgﬁﬁﬂm
/ 1 2 3 4 5 -1 7 8 9 10 1 12 13 14 15 16 1'7 18 19 20 21 22 23 24 25 26 27 28 29 30
i CHAMBER OUTER { SURFACE ITEMPERATURES (F)
o COQLANT OUTLET INLET | COOLANT [COOLANT ASR74-117
TEST P MIXTURE | TEST FUEL TEMPERATURE] F TEMP, F| AT AQ | X= -16' |- > X =[13" X =lo - o Page 31
NS RAT10 | DURAT ION |
psia o/t Seconds | {Ib/sec) TFB-I TFB-2 TFB-3 TFB-6 F BTU/SEC |8 DEG/O 15 75 135 180 195 255 315 g =0° 90° 180° 270° 0° 90° 180° 270° o
| 1-3 16 1.465 10 7.45 191 193 202 68 128 681 19k | 205 177 200 | 207 202 187 196 215 179 191 200 207 201 201 223
2] 2-] 124 1.667 10 7.35 192 200 201 67 131 688 171 214 130 208 | 203 208 102 193 224 184 199 201 214 207 211 222
s | 2-2 126 1.858 10 6.88 212 215 223 67 150 736 210 229 179 220 | 226 225 178 212 238 200 206 220 227 221 220 243 b
4| 2-3 141 1,466 10 8.88 190 193 200 67 127 810 190 202 172 195 | 202 199 184 196 206 175 179 193 197 195 192 218 § E
s | 2-4 142 1. 656 10 8.25 210 205 212 67 142 838 202 | 217 181 206 | 216 212 193 207 218 185 191 205 209 206 204 230 & &
6 | 2-5 142 1.844 10 7.72 223 215 224 67 154 849 214 11 227 190 218 | 228 223 199 216 232 196 204 213 221 216 216 237
7| 2-6 1 1. 485 10 7.01 209 199 207 68 138 690 197 | 214 181 200 | 210 205 198 203 217 183 187 203 209 204 205 228 _
s | 2-7 112 1.670 10 6.55 219 211 219 67 149 696 209 || 228 186 213 | 22 218 202 212 229 193 194 203 220 214 214 227 UJ 0
o | 2-8 112 1.871 10 6.08 228 223 23] 67 160 696 220 | 241 193 222 | 232 232 203 223 242 203 206 216 231 223 223 239 E
1w | 2-9 126 1.470 10 7:93 208 197 _206 67 136 773 200 210 185 196 209 204 206 203 211 179 183 199 202 201 199 226 Z f—_)
a | 2-10 126 1,671 10 7.36 218 209 217 67 147 775 208 223 187 208 | 221 216 207 212 223 130 133 210 214 210 210 235 ;ﬁ ;
iz | 371 125 1.657 10 7.40 194 199 205 66 133 703 171 217 135 204 | 200 206 108 190 220 186 184 205 212 208 206 225 <
s | 32 124 1.865 10 6.80 212 216 225 66 151 735 211 | 232 184 220 | 226 224 184 212 236 194 202 218 226 216 219 240 ‘: z
| 373 140 1.452 10 8.90 190 192 200 67 127 809 190 || 204 173 193 | 201 197 184 195 205 174 178 194 196 195 192 220 | 5
< | 3-4 139 1.652 10 8.17 202 205 214 67 140 819 204 220 189 205 | 216 211 196 206 218 183 189 205 209 203 204 228 E‘ s
6 | 35 140 1.843 10 7.64 213 216 224 67 151 824 214 1) 231 196 217 | 227 222 204 217 230 194 200 214 220 214 216 236 UJ <
17 | 36 110 1.439 10 7.08 194 197 205 67 132 666 198 || 208 187 197 | 207 202 203 201 213 180 183 201 205 202 201 226 E
e | 377 10 1.682 10 6.43 209 212 220 67 146 672 213 225 197 212 | 221 218 206 214 228 192 194 213 220 213 214 237 h‘ g
0 | 3-8 109 1.864 10 6.00 220 224 232 67 158 678 225 238 206 222 | 234 230 214 223 242 206 205 214 232 226 224 238 L
oo | 379 125 1.460 0 7.95 195 197 205 67 132 749 201 206 192 196 | 208 202 209 202 210 178 181 198 202 199 197 224 L) g
ey | 3-10% 126 1.654 10 7.43 206 209 216 67 143 759 210 222 200 208 | 220 215 212 271 222 188 191 207 213 208 208 232 <> %
ba | 4-1 122 1.658 30 7.25 237 241 249 104 139 721 235 253 219 243 | 255 245 195 240 256 223 240 239 243 238 239 261 ~
ba | 4-2 138 1,449 10 8.82 225 227 234 10k 124 782 220 237 211 228 | 235 230 209 229 236 208 212 227 226 228 221 248 n: 0
24 | 4-3 138 1.643 10 8.13 237 240 247 105 136 793 234 || 250 230 21§ 249 244 219 240 249 218 231 239 238 240 234 259 ¢
25 | 44 137 1.874 10 7.45 251 250 258 105 147 785 245 267 237 250 | 256 253 226 252 259 230 243 248 248 249 244 268
26 | 4-5 109 1.438 10 7.01 230 233 240 106 129 646 229 242 238 233 | 242 238 223 234 245 214 221 232 236 232 230 251
2o | 4-6 110 1.595 10 6.57 239 243 250 105 139 651 239 253 226 245 | 252 247 226 243 256 223 235 238 245 247 2 258
28 | W=7 109 1,855 10 5.95 253 258 265 105 153 651 249 266 233 262 | 26k 262 235 261 270 237 261 252 259 256 258 270
29 | 4-8 124 | 1.457 10 7.86 231 233 240 106 | 129 724 232 243 221 233 | 242 237 232 236 2h2 212 217 230 231 233 227 251
so | 4-9 124 1,846 10 6.80 252 255 262 106 15] 731 249 267 | 232 258 | 261 260 | 238 257 266 233 255 250 254 249 249 276
sy | 4-10% | 126 1.649 10 7.36 242 245 251 106 140 739 244 256 230 244 | 254 250 236 247 255 224 241 242 243 243 238 262 >
5-1 124 1.658 44 7.39 204 206 216 65 142 750 205 218 205 207 | 217 211 202 203 222 187 191 207 214 209 208 235 a
as | 5-2 149 1.648 33 8.89 202 203 212 68 138 875 203 217 203 203 | 216 207 200 202 214 183 188 202 206 204 202 230 5 a
34| 573 100 1.667 4o 5.94 214 216 227 68 150 637 221 231 216 215 | 228 221 214 216 234 196 198 214 227 217 219 243 ] § é Ly
35 5-4% 125 1.664 10 7. 34 207 210 218 69 143 750 205 225 209 208 | 216 216 209 209 223 190 192 209 215 211 210 233 S5 8
roRM R 782 *Followed hy 30 mintue vacuum soak. (




Etﬂ]D(ﬂTﬁ FRAMB' TABLE 7. THERMAL DATA SUMMARY FOR SS/OME INTEGRATED CHAMBER TESTS (cOntinJEQ§z”DE£§_F§{&}!E

|

¢ 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 J 18 9 20 21 22 23 24 25 26 27 28 29 30
CHAMBER OUTER | SURFACE [TEMPERATURES (F) ASR74-117
: Page 32
INLET MANIFOLD
TEST X =f-8" - X =|-6" - X=| -4 X = -2" s X =|-0.3" +301 SKIN TEMPERATURE
6 =0° 90° 180° 270° 0° 90° 180° 270° 0° 90° 180° | 270° 0° g0° | 180° 270° 0° 90° 180° 270° 0° 90° 180° | 270° 0° 180° 6
1 1-3 190 184 189 210 178 169 169 188 160 151 157 167 142 136 142 144 139 137 145 154 124 126 128 130 78 79
2| 2-1 194 189 197 212 183 173 170 191 166 154 162 169 147 139 148 145 143 140 151 157 126 128 132 132 65 65
s 2-2 207 201 205 228 194 183 182 205 175 164 171 | 182 155 148 155 156 150 147 157 166 134 136 138 140 70 69 5
. 2-3 182 178 183 205 170 163 164 183 153 146 152 || 162 136 131 138 139 133 131 140 149 13 121 124 125 72 7] ;s b
s | 2-4 192 189 193 216 180 172 174 193 162 153 160 | 172 144 138 146 148 140 137 147 158 126 128 131 133 72 72 £ &
s | 2-5 203 197 202 222 190 179 181 199 171 159 168 177 152 144 153 152 147 142 155 162 132 133 136 136 72 72
7| 2-6 191 187 193 214 178 171 172 192 160 151 160 170 142 137 145 146 141 137 147 156 125 127 129 131 76 75 _
s | 2-7 201 195 200 215 187 180 180 196 169 158 167 175 150 143 151 149 147 143 154 159 131 132 134 135 74 73 UJ 2
o | 2-8 212 204 209 226 197 186 186 207 177 165 173 185 157 150 158 157 154 149 160 167 137 137 133 th 74 72 z
o | 2-9 187 184 187 212 173 167 170 189 157 148 156 | | 167 139 134 14 143 136 133 143 153 122 124 126 128 75 13 i! 2
| 2710 | 196 192 197 220 183 175 177 | 197 165 155 164 174 146 141 148 160 143 133 151 160 128 131 132 | 134 73 73 ;ﬂ 3
2| 371 192 189 195 215 181 173 163 193 164 154 160 170 145 139 146 146 140 138 148 156 124 127 131 132 64 6L 2
s | 32 206 196 205 226 193 180 180 202 174 161 17 180 155 146 154 154 149 145 156 164 134 134 138 139 70 69 ‘: g
e | 33 181 178 182 206 168 162 163 184 152 145 15) 162 135 131 137 139 131 129 138 148 118 120 123 124 71 70 E‘ i
< | 3-4 192 186 192 21k 179 170 172 191 162 152 160 170 143 137 145 146 139 135 146 155 125 127 131 131 2 72 2
6| 35 201 195 202 222 188 178 180 199 170 159 169 177 151 144 152 15 146 142 154 161 131 133 136 136 74 74 UJ I
| 3-6 188 185 190 212 175 169 170 189 158 150 157 168 139 136 142 144 137 135 144 152 123 125 126 129 76 7h b
e | 37 201 195 201 222 187 178 179 199 168 158 167 176 149 143 151 151 145 142 152 160 130 131 134 135 74 73 u‘ 9
19 3-8 212 206 209 223 {197 188 186 201 177 167 174 179 157 151 157 155 152 149 158 163 137 138 139 139 75 73 c) %
2o | 3-9 185 182 186 210 172 166 168 187 156 148 156 165 137 134 140 141 135 132 142 151 121 124 125 127 Fi 74 z
; 3-10 195 191 195 216 182 174 176 194 164 154 163 172 146 140 47 148 142 138 149 157 127 130 131 133 75 74 c: g
22 -1 226 221 225 246 ‘211 204 206 223 195 187 193 203 178 172 179 180 170 168 176 184 157 157 162 162 96 98 >
Ls | 42 210 207 210 234 198 192 190 212 183 176 182 193 167 164 168 171 160 158 166 176 147 150 153 154 101 101 n: g
24 4-3 220 217 220 245 207 201 199 222 192 183 190 202 175 171 176 178 167 164 173 183 154 157 170 160 105 105
is .| 4-4 230 226 234 264 217 210 209 230 200 192 197 209 183 178 183 186 173 171 179 189 161 163 165 166 107 107
a6 4-5 218 214 217 238 204 198 197 216 188 181 187 197 172 169 173 176 166 163 172 181 153 156 157 159 109 110
27| 46 226 223 232 244 212 206 204 222 196 188 193 202 178 174 179 180 171 168 177 185 157 161 161 162 109 109
28 4-7 238 234 246 256 224 216 219 233 206 197 204 213 187 182 188 189 180 175 185 193 165 168 169 169 108 109
20 | 4-8 214 213 214 237 201 197 195 214 186 180 185 195 170 167 172 174 164 161 169 179 151 155 156 157 109 109
a0 |  4-9 236 230 239 270 221 213 214 234 204 194 199 1| 212 185 180 185 188 177 172 182 191 164 166 166 167 109 109
a1 4-10 225 223 228 247 211 206 206 225 195 187 192 || 204 178 174 178 181 171 167 175 185 157 162 161 163 108 109 >
5-1 198 191 196 220 184 174 180 196 165 154 164 173 147 140 148 149 143 140 151 160 128 130 133 134 6l 64 o
sa | 5-2 192 187 190 215 178 170 176 191 160 152 160 169 143 138 144 146 138 136 146 155 125 127 130 131 74 72 58
sa| 53 209 200 205 226 192 183 188 | 202 172 162 171 179 152 147 153 155 151 148 157 164 135 136 137 138 70 69 3 3 E
35| 54 197 193 | 198 | 219 184 177 177 | 197 166 158 165 175 147 143 149 15) 144 142 152 161 130 133 135 | 13% 80 78 8§35 8
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The majority of the tests were 10 seconds duration. The initial tests in
Series 2 and 3 have about 10 percent lower outlet temperatures than similar
tests later in the test series, since steady-state was not achieved for the
reason discussed. These two tests were not utilized in the heat load
determinations. The first tests in Series 4 and 5 were of sufficiently

long duration to assure that steady-state operation was obtained.

The average values of the AT's were multiplied by the fuel flowrate through
the jacket and the specific heat of the fuel to determine the heat absorbed
by the fuel. The heat loads for ambient propellants (both saturated and
unsaturated) are plotted versus chamber pressure in Fig. 12, with coded
symbols to denote approximate mixture ratio. These data follow the predicted
variation with Pc to the 0.8 power. The effect of mixture ratic on heat

load appears negligible, which is consistent with heat transfer theory for
the range of mixture ratios tested. Helium saturation also does not appear

to effect chamber heat load.

The best-fit line of the demonstrator heat load test results is also
presented in Fig. 12 for comparison with the ITC heat loads. The ITC heat
loads are about 12 percent higher than for the demonstrator chamber, even
though a siightly higher supplemental film coolant flbwrate (2.7 vs 2.0
percent) was utilized in the ITC. The primary reason for the increased heat
load is due to the less efficient, but much simpler, method of film coolant
injection employed in the ITC design. In the ITC design, the film coolant
is injected from the primary injector across thne acoustic cavities onto the
chamber wall. The demonstration chamber utilized a separate film coolant
ring, which injected the film coolant directly along the wall without having

to jump the acoustic cavities.

An additional factor in the ITC design is that the acoustic cavities are
regeneratively cooled. It is estimated that about one-third of the increased

ITC heat load can be attributed to regenerative cooling of the acoustic cavities.
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The effect of hot propellants (~100F) on chamber heat load is compared
with the ambient propellant test results in Fig. 13. There appears to
be a very slight reduction in head load, although the difference is

essentially insignificant.

Back Wall Temperatures

Back (outer surface) wall temperatures were measured in numerous locations
on the ITC {(see Fig. 1) to indicate steady-state operéting values, as well
as start and soakout temperature characteristics. The steady-state back-wall
temperatures are presented in Table 7 for each test of sufficient duration

(10 seconds or longer).

Typical back wall temperature response from a cold start (i.e., first in

a test series) is presented in Fig. 14. As would be expected, the response

is more rapid in the higher heat flux regions, such as the throat. An initial
apparent steady-state temperature level is achieved in less than ten seconds
for the various back-wall temperatures depicted, The back-wall temperatures
continue to rise slowly from this time as the fuel inlet temperature increases
due to inlet manifold heating and a rise in the propellant inlet temperature.
Final steady-state temperatures are achieved in about 30 seconds from start

of test.

Typical hot start back-wall temperature transients are presented in Fig. 15.
There is an initial cocling down of the back-wall as the coolant flows through
the channels before combustion gas heating diffuses through the walls into
the coolant and back-wall region. Steady-state back-wall temperatures are
readily achieved in about 5 seconds or less under hot-start conditions.
Maximum nickel back-wall temperatures after scakout and prior to restart

were, in general, less than 300 F.

Steady-state back-wall temperatures are utilized primarily as an indication
of circumferential heat load uniformity. These measurements are relatively
insensitive to local heat flux level and tend to reflect integrated heat

load along a channel in that back-wall temperatures are strongly influenced

by the local bulk temperature.
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In general, circumferential variation in back-wall temperatures were less
than 10 F, except at the throat and injector end/acoustic cavity regions,
where differentials of 15 to 20 F occurred. The injecfor end regioh is
strongly affected by film cooling impingement and surface coverage, and
resultant heat flux variation can affect back-wall measurements. In tne
case of liquid coverage, the heat flux is essentially zero, and the back-
wall temperature nearly equals the local bulk temperature., At nominal
heat flux levels of about 1 to 2 Btu/inz—sec, the back-wall temperature

is analytically predicted to be about 30 to 40 F abo#e coolant bulk temp-
erature. Acoustic cavity back-wall measurement locations varied; with

4 thermocouples located in the full length cavity regions, 2 thermocouples
in the short cavity length regions, and 2 thermocouples located in the dam

regions. The throat region will be discussed shertly.

Back-wall thermocouples were intended to be located at mid-channel in order

to minimize the effect of land condiction on temperature measurements. A
close visual post-test inspection indicated a portion (4 in. to 13 in. up-
stream of the throat) of one row of thermocouples located at 90° had
inadvertently been installed over mid-land rather than mid-channel. This
resulted in temperature measurements about 15 to 20 F higher than for mid-
channel values. These measurements were therefore not included in determining

circumferential back-wall temperature variatioms.

A plot of back wall temperature distirbutions is presented in Fig. 16 for a
typical test at nominal operatimg conditions. The maximum and minimum values
are denoted, as well as average back-wall temperatures. It is apparent

that the back—wall temperatures increase rather uniformly from slightly
upstream of the throat to a point 10 inches upstream of the throat. The
temperature thereafter remains essentially constant to the end of the chamber.
This latter factor implies a very low rate of heat input in this region as would
be accounted for by a liquid film coolant. It appears therefore that from
the point of film impingement on the wall (X = 13.7 in.}, the film liquid
length persists to a point approximately 10 in. to 11 in. upstream of the
throat. This is corroborated somewhat by visual posttest inspection, wherein

bright, clean metal surfaces existed for distances of about 2 in. to 4 in.
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downstream of the point of film coolant impingement. Such surfaces indicate

the likelihood of cool undecomposed liguid MMH along the wall.

The theoretical film coolant model was utilized with varying input liquid
lengths in order to match the total ITC measured heat load. The heat load
was matched assuming MMH decomposition at a point approximately 10.5 inches
upstream of the throat, which is consistent with the above observations.
The resulting analytical back wall (2-D analysis) and coolant bulk temp-
erature profiles are included in Fig. 16 for comparison with experimental

results.

In general the predicted back-wall temperatures are about 15 to 30 F higher
than experimental data in the combustion zone upstream of the throat. The
general slope of the experimental back-wall data and predicted bulk temper-
ature profile agree quite well in the combustor regidn. In the nozzle
region (X = +3 in.) the measured back-wall temperatures agree favorably
with the predicted value, although the fact that the measurement was made
near the region of the step change in channel width tends to complicate

the results.

In the throat regicn of the chamber, the average measured temperatures are
about 20 F higher than predicted. The data scatter of the four throat
measurements is also, in general, greater than for other chamber locations,
being about a 20 F maximum temperature difference, rather than 5 to 10 F.
These results are similar to those noted previocusly for the demonstrator
chamber tests. A detailed amalysis of the throat region was conducted pre-
viously based on the demonstrator chamber tests to .determine if a higher
throat heat flux could account for this discrepancy. An increase in heat
flux of 40 percent resulted in a one degree increase in the outer surface
temperature {(confirming the original analysis that back wall temperature

is relatively insensitive to heat flux level). In order to achieve back
wall temperatureé similar to those measured, the projected heat flux level
would have been considerably in excess of burn-out conditions. Posttest
inspection of the OME demonstrator and integrated throat chamber, however,
did not indicate any discoloration due to extensive overheating anywhere

in the chamber.
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The effect of longitudinal conduction was also determined to have a neg-
ligible (<1F) effect on outer surface temperature at the throat. The items
most strongly affecting the outer surface temperature are bulk temperature
and the coolant film coefficient in that order. The required increase in
bulk temperature at the throat would indicate a nozzle heat load about 60
percent higher than predicted. This is in contradiction to the regenera-
tively cooled nozzle data and radiation nozzle results where the low nozzle

temperatures indicate a lower than predicted heat flux level.

It appears at this time that the most likely reason for the higher throat
outer surface temperature is a discrepancy in the coolant film coefficient
distribution around the channel. The effect of the throat region curvature
on a forced convection nucleate boiling ligquid is not clearly understood.

A degradation of the film coefficient along the outer wall (convex side of
curved section) is possible. Further investigation in this area is needed
to better predict back wall temperaturcs in the throat region. Assuming,
however, that the inner wall (concave side of curved section) conditions
are wnaffected (i.e., ng is correct), the life of the throat region 1is
actually increased due to a decreased temperature differential between

inner and outer surfaces.

Posttest inspection of the ITC after the initial series of tests indicated
a longitudinal strip along the outer surface with a slightly brighter
appearance than the rest of the chamber. Prior to test series 5, an
additional back wall thermocouple was installed in the center of the strip
at a point 13 inches upstream of the throat. The resulting back wall temp-
erature was determined to be about 60 F higher than the average of the four
other thermocouples located at the same axial position. A 2-D thermal
analy.is was utilized to determine the approximate coolant bulk temperature

measurement.
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The results of this analysis indicate the possible existance of a hot-streak
in which the heat flux level is about 20 percent above that based on the
overall average coolant temperature rise. This hot-streak could result

from either a plugged (or misdirected) film coolant orifice and/or outer
ring primary orifice. (A maldistribution of the coolant flow could also
result in a localized increased coolant temperature. Preliminary evaluation
of later test data, however, in which the injector was rotated indicates
that this is not the case.) The originally proposed extreme off-design
operating limits were slightly exceeded in test 4-7 (PC = 109 psia,

MR = 1,86, Tin = 105 F), however, without hardware damage, indicating

satisfactory safety margin, even with the existance of a hot-streak.

The extended operating limits of the ITC were calculated in terms of the
local coolant safety factor based on the experimental heat loads and pre-
suming the existance of a hot-streak as discussed preivously. The local
coolant safety factor is defined as the ratio of coolant (MMH) burnout heat

flux to the local imposed heat flux.

The resulting 2-D safety factor variation with chamber pressure at selected
chamber locations is shown in Fig. 17 for nominal mixture ratio and inlet
temperature. The 2-D safety factor is based on detailed two-dimensional
thermal analysis indicating a concentration of heat in the corners of the
channels with resultant degradation of local safety factor as compared to

a one-dimensional analysis.

At reduced chamber pressure (<70 psia), the minimum safety factor occurs
near the injector end (X = -13 inches) where the coolant bulk temperaturc
is a maximum. In this region the reduced saturation temperature resulting
from reduced chamber pressure has a pronounced effect on sub-cooling and,

thereby, the coolant burnout heat flux level.

An operating map at nominal fuel inlet temperature (70 F) is shown in Fig. 18
for the injector end location. Using the same analytical technique, the min-
imum safety factor (=1.16) achieved to date was calculated for the test
conditions noted. Although the absolute value of this minimum safety factor

may not be strictly correct, it represents a sound basis for selection of
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minimum chamber pressure operating limits on a comparative safety factor
level. Using this approach, it is estimated that at a nominal mixture
ratio (o/f = 1.65) with 70 F fuel entering the chamber, the minimum

feasible chamber pressure is about 69 psia.

It should be further stressed that the foregoing analysis is conservative
in that the minimum safety factor imposed is based on the worst case tested
to date (Test 4-7). This test did not result in any hardware damage, and it
is quite probable that more severe testing could be accomplished, since

the safety factor may be in excess of the calculated value (1.16). 1In
particular, the use of a 2-D correction on the safety factor may be con-
servative, since electrically heated channel test results at low heat flux
levels appeared to match 1-D burnout results. If the 1-D safety factor
is, indeed, the correct value, then the injector end safety factors are
about 35 to 40 percent higher than shown. Furthermore, if the cause of

the hot-streak is eliminated, the resultant safety factors are increased

about 40 percent.

Heat Sink Nozzle

The ITC chamber tests were conducted with a full 72:1 area ratio CRES heat
sink nozzle to obtain accurate performance information. Wall temperature
measurements at various locations were recorded during the ITC tests. Typical
temperature response data for the CRES nozzle are presented in Fig., 19, Test

cut ~off was based on maximum nozzle temperatures of about 1400-1500 F.

At higher area ratios (36, 53 and 70), the two circumferential measurements
agree quite well., The lower area ratio positions indicate circumferential
temperature differences of 100 to 150 F at cut-off with the 909 location
consistently lower. With one exception, the lower the area ratio, the higher
the wall temperature at cut-off, as would be expected by theory (neglecting
conduction effects). At the 0° position, however, it is seen that the temp-
erature at an area ratio of 12 is about 40 F higher than the area ratio of

10 point. The reason for this discrepancy is unclear, although it may be
associated with distruption of the combustion gas flow .due to a discontinuity
at the attach point. 1In any event, the temperature differential is not

particularly significant,



TEMPERATURE, F

ASRT4-117
Page 49

1600 g
APPROX IMATE
~AREA RATIO
12
1400 |- 1o
10
TEST 5-1 712
< < 18
P_ = 124 PSIA Pt
- - e
1200~ § MR = 1.66 /j/
————— 90° 7 g ~18
y s //
1000 1— VS v
/7 y
/S 7 .
S /
/) 7 p 3
800 - _ f s // ; /s L
| 7/ / P
7 4 7 s
v/ / / /r’, /’/’
600 / / / Y ) 7
§ / / / // /70
(a4 s e
/ / / Ve y /’,’
/ / VA -
: ry /7 e -~
400 !— ~
- 1/ 7/ / z
24 s
I
S/ _"/ =
200 - -.--//
i 7A;
] ’{_l"-
0 Hhee ! | | | i
0 10 20 30 Lo 50

Figure 19.

TIME, SECONDS

Steel Nozzle Temperature Response



ASR74-117
Page 50

Of primary significance, however, is the fact that the nozzle heating rate
is considerably lower than initial predictions. These experimental results,
combined with the columbium radiation-cooled nozzle steady-state tests on
the demonstrator chamber indicate heat flux levels approximately one-half
the predicted value. This implies that either the combustion gas convective
film coefficient, hg’ and/or the local adiabatic wall temperature, Taw, is

lower than calcualted.

An attempt was made to match the heat sink nozzle temperature transient

using the Differential Equation Thermal Analyzer Program (DEAP). Various
constant h_ and Taw values were input without satisfactory results in
matching the shape of the temperature response curves. Using a variable

hg value, however, based on the Bartz type sigma correction for property
effects as a function of the ratio of wall to adiabatic wall temperature gave

an excellent fit of the experimental data.

The resulting comparison for the maximum temperature point is presented in
Fig. 20 for the duration of Test 5-1, as well as the initial soakout period.
The somewhat more rapid predicted chilldown indicates a probable slight
overestimation of either the surface emittance and/or inner surface view
factor. The projected equilibrium temperature based on the analytical

model is also shown. The predicted value of 1700 F compares favorably

with the measured columbium radiation nozzle equilibrium temperatures of
1600 F. The short coated columbium nozzle is estimated to have a higher
surface emittance (=0.9) and a higher inner surface view factor (approaching
unity) than the CRES nozzle and would be expected to operate at a lower

temperature than predicted for the CRES nozzle.

The projected adiabatic wall temperature of 3300 F used to achieve the
desired temperature response correlation is about 1000 F lower than predicted
by theory. It would appear, therefore, that there is a region of fuel rich
gas adjacent to the wall which persists some distance downstream of the
throat. Since the temperature of the gas is strongly affected by local
mixture ratio, it may indicate the reason for the circumferential variation

"of the wall temperature at lower area ratios. In essence, it appears that
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the effect of film cooling persists longer than the theoretical model
predicts. The primary defect in the film cooling model may be that it
was developed for a non-regeneratively cooled system. The heat removal
from the £ilm by the regenerative coolant may account for the greater

apparent efficiency of the film coolant.

The single most significant conclusion to be drawn from the heat sink nozzle
tests, in conjunction with the previous radiation cecoled columbium nozzle
tests, is that the use of a refracting material is unnecessary at the current
attach point. The use of an L-605 type nozzle extension appears quite
feasible which should result in considerable cost saving to the OME engine
concept. Alternatively, the columbium nozzle could be attached to a lower

area ratio with an attendant reduction in engine weight.
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START SEQUENCE VARIATIONS

Three different propellant valve opening sequences were used during the
program. The propellant contrel valves were set so that the oxidizer
propellant valve reached the full open position nominally 50 ms before the
fuel valve reached its full open position for test series 1-1. The oxidizer
valve lead was reset for approximately 250 ms on test series 1-Z and for

150 ms on test series 1-3, 1-4, and 1-5. Considerable variation in the

oxidizer valve lead (198-307 ms) occurred from test to test on series 1-2,

Oxidizer valve lead, oxidizer injection lead, thrust and Pc overshoots, and
maximum 'g' levels are summarized in Table 8. On the first two tests 1-1-1
and 1-1-2), the load cells were overloaded so that the actual value of the
overshoot cannot be specified. Figure 21 and 22 show a typical start transient
for the first test of a series. The fuel and oxidizer injection pressure
measurements had poor response. Injector priming was inferred from the engine
interface pressure measurements (upstream of the propellant valves) which were
quite responsive. This procedure was also justified by the good correlation
between oxidizer injection lead, determined in this manner, and oxidizer

valve lead shown in Fig. 23. Chamber pressure began to rise simultaneously
with thrust but the chamber pressure overshoot appears to be damped and did

not correlate well with thrust overshoot or 'g' level.

Accelerometers always indicated the highest 'g' level on the first test of
each series and the thrust overshoots were also the highest on these tests
(except series 1-4}. This‘phenomenon could be associated with incomplete
purging between tests or with cold hardware on the first test. The cold
hardware is most likely responsible because the purging procedures are quite
thorough. Furthermore, tests 1-2-~1A and 1-2-1B were very short duration
tests (<1 sec) on which the hardware did not have an opportunity to warm up
and the thrust overshoots and 'g' loads were relatively severe on tests
1-2-1B and 1-2-1, each of which was conducted within 1-3 minutes of the

previous test,
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TABLE 8
INTEGRATED THRUST CHAMBER TRANSIENT DATA

OXIDIZER

OX VALVE F. OVER- F OVER- .  ACCELER- INJECT ION

TEST NO. LEAD, MS SHOOT, % SHOOT, % OMETER, g LEAD, MS
1-1-1 50 37 >i10 - 43 132
1-1-2 b4 37 >110 18 108
1-1-3 L3 33 98 10 55
1-2-A - 198 35 ~ 90 37 258
1-2-8 218 23 ~ 90 29 248
1-2-1 248 24 84 37 293
1-2-2 250 25 70 ' 18 305
1-2-3 248 25 77 14 282
1-2-4 263 29 77 ©3 303
1-2-5 270 25 70 15 337
1-2-6 270 32 67 17 323
1-2-7 288 35 80 9 340
1-2-8 307 31 65 13 367
1-2-9 328 28 93 12 362
1-2-10 346 32 89 12 379
1-3-1 147 21 72 27 199
1-3-2 151 19 45 13 227
1-3-3 147 15 72 16 204
1-3-4 145 16 66 13 215
1-3-5 1 46 17 62 12 223
1-3-6 1k 17 43 19 212
1-3-7 147 25 54 16 219
1-3-8 146 22 Ly 16 227
1-3-9 142 19 58 9 202

1-3-10 141 23 61 14 205
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TABLE § (Continued)
INTEGRATED THRUST CHAMBER ~RANSIENT DATA
: OXIDIZER
0X VALVE P. OVER- F OVER- ACCELER~ INJECT | ON
TEST NO. LEAD, MS SHOOT, % SHOOT, % OMETER, g LEAD, MS
1-4-3 188 19 67 - 28 222
1-4-2 153 9 75 17 199
1-4-3 142 16 73 9 193
1-b-4 145 19 73 ' 10 207
1-4-5 150 22 61 _ 9 217
1-4-6 153 20 Sk 9 227
1-4-7 155 24 54 13 240
1-4-8 150 28 70 14 213
1-4-9 150 29 66 10 228
1-4-10 142 18 65 : 12 215
1-5-1 170 37 95 36 210
1-5-2 130 42 59 . 13 130
1-5-3 145 42 72 ' 6 24

1-5-4 145 26 86 12 223
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Start transients from test 5-4 are shown in Fig. 24 and 25 for comparison
with Fig. 21 and 22 . The oxidizer valve opening times for tests 1-5-1
and 1-5-4 were 40 and 50 milliseconds respectively, The fuel valve openings
for tests 1-5-1 and 1-5-4 were 140 and 95 milliseconds respectively. The
fuel and oxidizer interface pressure transients reflect these valve times.
The most significant differences between the traces for the first and fourth
tests are that the injection pressures and chamber pressure for the last
test are slightly higher than for the first tests during the low pressure
part of the transient tests, implying that the warm hardware has vaporized

some of the propellants entering the injector and chamber.

Thrust chamber temperatures for the first and last tests of each sequence
are summarized in Table 9, The included MMH saturation data indicates that
very little vapor pressure would be generated by the hardware heating the
fuel to the temperatures indicated for the first tests. However, vapor
pressures corresponding to the thrust chamber temperatures measured near
the injector end prior to the start of the last tests could be as high as
60 psia. These pressures could reduce the fuel flowrate somewhat. But
more significantly, the vaporized fuel could provide a smoother ignition
with the oxidizer. Corresponding temperature data were not measured on

the oxidizer side of the engine. However the higher injection pressures
imply that the oxidizer also was subject to vaporization on latter tests in

each sequence,

Although the correlation between the thrust overshoot and oxidizer injection
lead is only loosely defined by Fig, 25A it appears that the overshoot would

be minimized by an oxidizer lead of 150G tc 250 ms.
POST-FIRING THERMAL TRANSIENTS

The last tests of sequences 3, 4, and the first test of series 5 were
followed by thermal soakout in vacuum for a period of approximately one-half
hour. On sequence 3 the soakout was initiated without any purge after the

test. On sequences 4 and 5 a brief (1 second) purge of fuel and oxidizer
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Figure 24.

Oxidizer Transients on Test 1-5-4




Fuel Transients on Test 1-5-4

Figure 25.
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TABLE 9

PRETEST THRUST CHAMBER TEMPERATURES

< PRETEST AVERAGE TEMPERATURES, F
Metal Temperatures Located at - !
3 _ T Nozzle | Haz3le Coolant Coolant
Test | -16 In | -13 In{ -8 In -4 In 0.3 In § +3 In Flange { @7.2 Fn § @ Inlet €@ Injector
1-1 3 60 60 60 | 60 60 60 60 50 50 60 |
: ¢ :
1-2 90 90 70 | 60 70 70 i 80 ; 150 80 100
& ’ 4
E i i 3
1-3 | 200 180 130 % 130 130 130 ¢ 100 | 300 100 130
i i g
é 3 | { |
2-1B ! 50 50 | 60 60 60 60 | 70 70 i 60 50 |
‘ t i i
2-10 | 210 140 ¢ 120 ¢ 120 140 130 & 210 780 ; 90 130
]
! : 1 !
3-1 60 60 { 60 { 60 60 60 . 60 60 § 60 60
3-10 | 240 160 ¢ 120 ; 120 140 130 . 190 ; 1000 90 150 |
? ? : i : \
! : | ‘ | | -
i4-1 50 50 ¢ 50 ; 50 50 50 ;50 50 50 50
s ?' o
i 4-10 ; 270 200 § 160 i 170 160 160 ;210 810 100 210
Po5-1 40 | 40 40 40 40 40 50 40 40 a0 |
i ' i ; 5 . _ :
54 E 200 ! 170 | 140 150 140 150 100 500 i 100 180
i ; { B i
! 3 ;
i i H
NOTE: MMH Saturation Data
Tsat» F 270 200 90 40
Psat, psia 60 20 3 <1

7o 29¥g
LTT-pLUSY



4-11
63

ASR7
Page

ST _ L e e Coo T e T T T T T
|
]
|

e S g 0 . A -

1

.
R ! ;
“ - i - - , : _
: ' R i - e - b
H : : Do . R Ve -
i i i e b i ’
; i - — i — A — et e - . o .
o . | . _ P . e o e e o e
e ! m - - . S A S B
' . : e . 1 1
h ! L ¥ H [ 4 [ L]
. “ - R 4.
m ] N -
: - — i
T ] ! {
—~ ; d +——+
-t - - o — —— |,I.L!r:]|.,wllm!;|vvln

S S S

B B R R RIS &
[ PR Y A

b e S

T s f e

LR _ 1 | .
- P s %ETL.}.]\ R bt

_rrxﬂer\rTL\”’n -

;
= <
B
o, e
! .

!

R’
PR S .

v,

ok

|

1
i
]
i
|
|

00
!
P
4
L
|
w'gd -
I
10
|
|

o

rust
rg.
§




ASR74-117
Page 64

was accomplished in order to simulate the propellant depletion which would
occur under zero 'g! flight conditions. Three significant events occurred
during the transients. During the first two to five seconds after shutdown,
inside and outside wall temperatures equilibrate with the result that

certain backwall temperatures reach a maximum in this period and then decay.

At about 20 to 80 seconds propellant fuel depletion in the jacket is indicated.
In about 30 minutes all hardware temperatures have reached their maximum

soakout values.

Nickel backwall temperatures at the zero degree circumferential location

(90 degrees clockwise from the coolant inlet viewing aft) after test 1-3-10
{no purge) are shown in Fig. 26 and 27. The break in the data from 62 to

82 seconds is the result of instrumentation calibrations being taken at that
time. Cut-off occurred at 10 seconds. Wall temperatures generally peak

2 to 3 seconds after cut-off as a result of the inner and outer walls

reaching equilibrium. Wall temperatures at the injector-end peak more

slowly because of the influence of the acoustic cavity dams and the thicker
liner in this region. The maximum temperature recorded at this time period

on any of the soakout tests was less than 375 F. The thrust chamber can be
safely restarted at these temperatures based on the results of the electrically
heated tube tests conducted under Task IX of the contract. Under this task
starting conditions were simulated with tubes as hot as 1600 F with no adverse

effects.

After the inner and outer walls come to equilibrium, the wall {inner and
outer) is heated by soakback from the radiation-cooled nozzle and the

injector and is cooled by residual fuel in the jacket, inlet manifold, and
line. The volume of fuel in the injector and ccolant channels is approx-
imately 60 inches3 and the volume of tﬁe inlet manifold and line to the valve
is approximately the same. The shapes of the backwall temperature transients
do not indicate an orderly boiling down past each axial station in the jacket.
Either all the fuel in the jacket is discharged in the first few seconds or

violent boiling bathes the walls with froth independent of axial location.
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The fuel inlet manifold pressure transient for test 1-3-10 and associated
MMH boiling temperature are plotted in Fig. 28. The accuracy of the
pressure measurement is in the order of 1 psi which corresponds to a 10D F
accuracy in the boiling temperature at the lower pressures. The MMH
boiling temperature curve is superimposed on Fig. 26 and 27. After the
initial transient, the wall temperatures are generally 10 to 15 F above

the boiling temperature implying that any fuel in the channels would be
boiled at all locations. The divergence between the wall and boiling
temperature curves could be the result of decreasing quantities of MMH
percolating up the channels. A bias of 1 psi in the inlet manifold pressure
measurement could also cause the divergence. However, at 60 seconds (50
seconds after shutdown) some of the wall temperatures reach minimum values
and begin to rise indicating the onset of depletion of MMH. All wall
temperatures (except at station 16, the injector end) ﬁere rising by the
time calibrations were completed at 73 seconds after shutdown. This implies
essentially complete propellant depletion from the channels. Wall temp-
erature profiles at T = 83, 200, 600, and 1200 seconds plotted in Fig. 29
show the effects of thermal inputs from the injector and nozzle. The
nozzle is the primary heat source during the latter period of the soakout.
Regenerative chamber wall temperatures do not exceed the initial peak value
at 1200 seconds all the radiation nozzle temperatures are less than 300 F

and decreasing.

In Fig. 30 are plotted the temperature transients for the regenerative

chamber side of the chamber/nozzle flange, the inlet manifold skin and

the fuel in the inlet manifold. Comparison of the flange temperatures

with the chamber wall temperature at the +3 inch station indicates that

it is the flange (and nozzle) which mainly supply the heat to vaporize the

fuel in the inlet manifold. The flange temperatures peak 10-20 seconds

after shutdown when the heat rate from the radiation nozzle side of the

flange decays to equal the heat rate to the inlet manifold and regenerative
chamber wall. The inlet manifold itself is cooled quite well (75 F) during

the test by the fuel. Approximately 40-50 seconds after shutdown the manifold

temperatures peak at less than 110 F. Sometime during the calibration period
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the manifold temperatures reach minimum values and begin to rise again

indicating local propellant depletion.

The three fuel temperatures in the inlet manifold agreé well during the
firing. After shutdown, the fuel temperatures rise in response to local
wall and flange temperatures. The fuel temperature near the inlet is as
much as 50 F lower than at the other two locations, probably because of
mixing with the fuel from the inlet line and the influence of the cool
inlet duct. The MMH boiling temperature curve is again superimposed and
implies that bulk boiling does not commence in the inlet manifold until some
20 seconds. after shutdown. This implication, together with the alternative
conclusions previously drawn from the wall temperature transient curves,
lead to the conclusion that the fuel in the injector and jacket is probably
blown out of the chamber by boiling in the entire jacket before boiling
begins in the inlet manifold.

!
Propellant temperaturés eventually begin to decay along with the boiling
temperature curve. As the propellant boils off in the manifold, the closed
ﬁip thermocouples are uncovered and heated by the warm inlet manifold. The
minimum temperature which occurred during the calibration period (50-70
seconds afte? shutdown) indicates fuel depletion below tht thermocouples.
The exact time of'depletion cannot be determined in test 1-3-10 because of
the calibrations. On.the soakout after test 1-4-10 all three fuel thermo-
couples indicated depletion within 3 seconds of each other. On test 1-5-1,
two of the three thermocouples indicated 51mu1taneous depletion (the other
began on anomalous transient at that tlme) The inlet manifold consists of
a continuous torus from which the fuel exits through 0.18 inch diameter
holes into a lower torus. The 51mu1taneous indication of minimum values
by the three thermocouples, which are at different elevations above the
drilled plate, implieé that the boiling propellant splashes on and cools the
thermocouples at least until the level falls below the drilled plate. The
volume of the drilled holes and lower torus is 6—inch3 so that fuel depletion

is essentially complete when indicated by the fuel thermocouples.
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Propellant temperatures eventually begin to decay along wifh the boiling
.temperature cﬁrve. As the propellant boils off in the manifold, the closed
tipthermocouples are uncovered and heated by the warm inlet manifold. The
minimum temperature which occurred during the calibration period (50-70
seconds after shutdown) indicates fuel depletion below the thermocouples.

The exact time of depletion cannot be determined in test 1-3-10 because

of the calibratidns. On the soakout after test 1-4-10 all three fuel thermo-
couples indicated depletion within 3 seconds of each other. On test 1-5-1,
two of the three thermocouples indicated simultanedus depletion (the other
began on anomalous transient at that time). The inlet manifold consists

of a continuous torus from which the fuel exits through 0.18 inch diameter
holes into a lower torus. The simultaneous indication of minimum values by
the three thermocouples, which are at different elevations above the drilled
plate, implies that the boiling propellant splashes on and cools the '
thermocouples at least until the level falls below fhe drilled plate. The
volume of the drilled holes and lower torus is 6-inch3 so that fuel depletion

is essentially éomplgte when indicated by the fuel thermocouples.

Table 10 is a summary of the fuel depletion times based on the fuel inlet
temperature transient data for each of the soakout tests and the associated

significant conditions for each test.

TABLE 10. PROPELLANT DEPLETION SUMMARY

Test 1-3-10 1-4-10 1-5-1

Depletion Time, sec ~60 - 25 60
After Shutdown '

Fuel Inlet Temperature, F , 65 105 65
At Shutdown '

Regen Flange Temp, F 190 210 50

At Shutdown

Post-test Purge No Yes Yes
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The depletion time on test 1-4-10 was significantly shorter than on test
1-3-10 which can be attributed to the higher fuel température and the brief
post-test purge. Fuel depletion times were about the same for 1-3-10 and
1-5-1 despite the post-test purge on test 1-5-1. It appears that the effect.
of the purge waskoffset by the colder regenerative chamber flange temperature.
The flange temperature does not change significantly during the tests but

does increase between tests because of soakback from the nozzle as indicated
by the data in Table 11.

Temperatures after 20 minutes of vacuum soakout are tabulated in Table 12,
All temperatﬁres were less than 350 F at this time fdr all three tests. The
maximum temperature difference measured on the regenerative chamber wall

was 60 F. The regenerative chamber flange temperature on test 1-3-10 appears
low but is based on two measurements which agree within 4 F. The highest
temperature at this time was 340 F on the radiation nozzle. Although the
nozzle operating temperature for the flight hardware is greater than that
tested, the nozzle wall thickness of the flight hardware is significantly
less (.030 vs .125 inéhes} so that heat transfer to the regenerative chamber

should be no greater in the flight configuration.

i



TABLE 11.

METAL TEMPS AT 0 DEGREE LOCATION

Regen. Flange Nozzle & 7.2 In* Nozzle @ 7.8 In.

Test -1 Sec 10.5 Sec** ] -1 Sec 4 10.5 Sec { -1 Sec { 10.5 Sec

1-3-1 60 60 60 250 60 670

-2 80 81 ! 30 | 460 | 610 1010
-3 g5 95 *‘? 5200 570 750 1080

-4 115 116 g 640 | 680 930 1210

-5 1134 133 % 720 750 | 1030 1300-
-6 3137 135 650 670 % 890 1100 |
7 sz | 182 650 1 710 g 970 1190 é
-8 1170 169 740 760 ; 1050 1250 ?
-9 1173 171 E 700 720 E 960 j 1180 ?
10 (188 | 188 740 770 1050 | 1260
1-4-1 51 E 53 ;..50 é' 600 g' 50 | 11200' ;
-2 | 78 % 77 % 600 F 640 % 870 1160 j
-10 {214 . § 213 % 800 g 830 E 1140 1310 i
1-5-1 E 47 é 50 44 é 760 % 41 1360 |

_gresl 73 74 180 850 180 1280
i j 4 ? i

NOTES: *0.2" from flange of radiation nozzle
**x30 sec for test 1-4-10 § 43 sec for 1-5-1
#**Long delay § aborted test between 1-5-1 & 1-5-2

t2 2deg
LTIT-PLYSY
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TABLE 12
SOAKOUT TEMPERATURES AT 1200 SECONDS
Location Temperature*, F
8ty 1-5°30 1-8°]

-16 In 144 184 135
-13 In 145 190 127
-10 In 142 187 154
-8 In 141 184 155
-6 In 141 182 157
-4 In 142 181 157
-2 In 147 185 160
Throat 159 193 166
+3 In . 186 219 186
Inlet Manifold 208 233 187
Regen Flange 126 225 209 .
Near Rad. Flange (7.2 in)| 254 307 246
Radiation Nozzle (7.8 in) 265 324 256
Max. Rad. Noz:le Teép. 285 340 292
*Circumferentially averaged
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CONCLUSIONS

The results of the tests of the Rocketdyne integrated thrust chamber at
WSTF lead to the following conclusions.

The regeneratively cooled thrust chamber, radiation cooled nozzle and
like-doublet injector will operate safely over the design range of chamber
pressures (110-140 psia) and mixture ratios (1.45 to 1.85) with fuel inlet

temperatures up to 104 F.

Safe operation at nominal mixture ratio was also demonstrated at chamber
pressures as high as 151 psia and as low as 100 psia. Although no bomb tests
were conducted, the engine was stable over the operating ranges described

above.

Thermal data indicates heat transfer rates are lower than predicted, although
higher than measured in the demonstration chamber, The low heat load in the
regenerative chamber suggests that the combustion chamber can be lengthened

to improve performance. The low nozzle heat fluxes iﬁply two alternatives:
the regenerative/radiation attach point can be shifted to a lower area ratio
to reduce the weight of the regenerative chamber, inlet manifold and attach-
ment flange; or a radiation nozzle of more conventional material such as
uncoated L605 can be used compared to the present deéign which utilizes coated
columbium. The pressure drop of the integrated thrust chamber coolant jacket

and manifolds is 15 psi at nominal conditions.

Chamber backwall temperaturp measurements indicate that a substantial safety
factor exists at the circumferential location near the injector (which has

the maximum temperature) even under the most adverse‘cdnditions of low-chamber
pressure and high-mixture ratio and fuel-inlet temperature.

The vacuum performance (IS) of the integrated chamber with the L/D No. 1
injector is 310 seconds at nominal conditions and is virtually unaffected by

propellant inlet saturation and temperature over thé range tested. Sensi-
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tivity to chamber pressure is in the order of 0.1 sec/psia. A variation

of 0.11 units of mixture ratio results in,a 0.1 second variation in I . )
Steady-state performance is reached more rapidly than the demonstrator
chamber and agrees very well with the performance previously calculated
for the demonstrator chamber. The agreement alsc adds confidence to the
analytical extrapolation of the demonstrator performance data (taken with

a 9:1 expansion nozzle) to performance with a 72:1 nozzle.

The fact that the heat loads were lower than predicted implies that per-
formance can be increased by eliminating the boundary layer coolant,

although the safety factor would be marginal at off-design conditions, or

by increasing the combustor length. A specific impulse gain of approximately
2.5 seconds can be obtained by eliminating the boundary layer coolant. Based
on heat sink test data, a gain of 3 seconds could be achieved by lengthening
the combustion chamber to 16.2 inches. A 315 second impulse could therefore
be achieved with the like-doublet injector pattern employed in a 2:1 contrac-

tion ratio chamber.

Start transient data indicated moderate starts. Thrust overshoots indicated
a correlation with oxidizer injection lead while the maximum 'g' load depended

only on whether the test was the first of a sequence.

Thermal soakout tests revealed that maximum soakout temperature would not

be so high as to cause problems when the MMH enters the chamber for a restart,
i.e. there are no high temperature restart limits. The data implies that
fuel depletion of the jacket after a test occurs approximately one minute
after shutdown. The depletion time is affecte& by the temperature of the

regenerative chamber flange area (attachment to radiation nozzle) at shutdown.

1
i

The electroforming fabrication technique was demonstrated for an integrated
injector/thrust chamber assembly. The present configuration was bolted
together for test flexibility but can readily be modified to remove the

flange and weld the components together,
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APPENDIX

i

P }
TEST DATA SUMMARY

Summaries of test data compiled and printed at NASA/WSTF are presented
in this appendix. Data are presented for at least one slice on each
test and for multiple times on a few tests, A description of the parameters

is included together with the method of computing performance.

One discrepancy noted after the data was published is that the T/C surface

temperatures at -4 and -8 inches are reversed,



6K OMS ENGINE TECHNOLOGY
SUPPORT PROGRAM - TASK XIT
ROCKETDYNE INTEGRATED CHAMBER

" DATE : '
SERIES (1) SEQUENCE TEST
TEST DESCRIPTION: (2) ‘

TEST DURATION (3) 1
DATA SLICE TIME (4) ‘

; AVERAGE r
PARAMETER . UNITS MEASURED VALUE
FUEL TANK PRESSURE . PSIA (5}
OXIDIZER TANK PRESSURE PSIA (6)
FUEL INTERFACE PRESSURE PSIA . {7)
OXIDIZER INTERFACE PRESSURE PSIA (8)
T/C COOLANT INLET MAN. PRESSURE PSIaA {9)
FUEL INJECTOR PRESSURE - PSIA - (10)
OXIDIZER INJECTOR PRESSURE PSIA (11)
CHAMBER PRESSURE NO. 1 : PSIA (12)
CHAMBER PRESSURE NO. 2 : PSIA (13)
AXIAL THRUST, SYSTEM A LBF (14)
AXTAIL THRUST, SYSTEM B LBF ' (15)
Y-AXIS THRUST ' : LBF {16}
Z-AXIS THRUST LBF {17}
AVERAGE CELL PRESSURE PSIA - (18}
CELL PRESSURE AGREEMENT 3 - (19)
AVERAGE FUEL FLOWRATE GPM {20)
FUEL FM AGREEMENT % . (21)
AVERAGE OXIDIZER FLOWRATE ‘ GPM : (22)
OXIDIZER FM AGREEMENT % ® {23)
FUEL INTERFACE TEMPERATURE °F \ (24)
OXIDIZER INTERFACE TEMPERATURE | °F {(25)
T/C COOLANT IN TEMPERATURE °F (26)
T/C COOLANT QUT TEMPERATURE °F (27)
T/C SURFACE TEMP -16 IN °F {28)
T/C SURFACE TEMP -13 IN °F (29)
T/C SURFACE TEMP -10 IN op . (30)
T/C SURFACE TEMP ~ 8 IN o °F o (31)
T/C SURFACE TEMP - 6 IN °F , {32)
T/C SURFACE TEMP - 4 IN °F : (33)
T/C SURFACE TEMP - 2 IN , E °F : (34)
T/C SURFACE TEMP -0.3 IN °F : (35)
T/C SURFACE TEMP + 3 IN °F (36)

T/C-NOZZLE FLANGE TEMP °F ' (37)



AVERAGE

PARAMETER ., . UNITS | MEASURED VALUE
NOZZLE SURFACE TEMP +7.2 IN °F ' (38)
NOZZLE SURFACE TEMP +7.8 IN i {(39)
NOZZLE SURFACE TEMP +9.9 IN °F (40)
NOZZLE SURFACE TEMP +11.7 IN oF (41)
NOZZLE SURFACE TEMP +16.2 1IN °oF ' (42)
NOZZLE SURFACE TEMP +28.4 IN °F {43)
NOZZLE SURFACE TEMP +40.4 IN oF (44)

NOZZLE SURFACE TEMP +57.5 1IN °F (45)



6K OMS ENGINE TECHNOLOGY
SUPPORT PROGRAM - TASK XII
ROCKETDYNE INTEGRATED CHAMBER ;

DATE _
SERIES SEQUENCE TEST

PERFORMANCE DATA

CALCULATED |

PARAMETER UNITS VALUE
PC, INJECTOR END : PSIA (46)
PC, NOZZILE STAGNATION PSIA (47)
AXIAL THRUST, SITE LBF . (48)
AXIAL THRUST, VACUUM LBF (49)
NOZZLE EXIT PRESSURE PSIA (50)
FUEL DENSITY (MMH) ‘ LB/FT3. {51)
OXIDIZER DENSITY ‘ LB/FT3 (52)
FUEL FLOWRATE ‘ LB/SEC - (53)
OXIDIZER FLOWRATE LB/SEC (54) ‘
TOTAL PROPELLANT FLOWRATE LB/SEC. (55)
MIXTURE RATIO (OVERALL) O/F (56)
BLC FLOWRATE LB/SEC {(57)
BLC TOTAL PERCENT % {58)
CORE MIXTURE RATIO O/F {59)
FUEL INJECTOR DELTA~P PSID (60)
OXIDIZER INJECTOR DELTA=-P PSID (61).
T/C COOLANT DELTA-P : PSID (62)
T/C COOLANT DELTA-T °F (63)
THRUST CHAMBER HEAT FLUX i BTU/SEC {(64)
C*, SITE ‘ FT/SEC (65)
C*, UMR FT/SEC (66)
C* EFFICIENCY % (67)
¢F, SITE aees ' (68)"
CF SITE VACUUM ——— - {69)
CF, VAC 72 EXPECT : —— (70)
CF CORRELATION e C e L (71)
CrF, VAC 7?72  mcaa (72)
ISP, TEST SEC - - (73)
ISP, SITE VACUUM ! - SEC o (74)
1sp, VAC 72,. PREDICTED SEC (75)
I5P, ODK, TEST CONDITIONS SEC {(76)
ISP, TDK, TEST CONDITIONS SEC (77)
ISP EFFICIENCY % (78}

ENERGY RELEASE EFFICIENCY 2 - (79)
| '



ITEM INSTRUCTIONS

(1) (2) (4) Series, Sequence, and Test_nﬁmbers will be
supplied on a data reduction'input sheet
by NASA TPO. This sheet will also describe

the test and define data slice start~stop times.

(3) Test duration to be réad bfVDAG from FIII dati
(5) GXD535P '

(6) GXD537P

(7) ~ so01P

(8) 4002P

(9) 4003P

(10) ‘ 4009P

(11) 4010P

(12) 4011P

(13) , 4012p

(14)  XFA = (3001F + 3003F + 3005F) at data slice

minus (above) at prefire -4-2 sec interval

(15) XFB = similar to (14) above'using measurements

| |
3002F, 3004F, 3006F

(16) YF = similar to (14) using 3011F & 3012F
(17) ZF = ZFA + ZFB, where |
2 ) i

ZFA is calculated same as {14) above using

measurement numbers 3007F & 3009F; ZFB uses

P
meas. nos. 3008F & 3010F !



ITEM INSTRUCTIONS

(18) PCELL = EQ9511P + EQ9512P
. )
(19) CPRA = |EQ9511P - EQ9512P| X 200
(20)' FU%LOW = 1006R + 1007R
2
(21) - FUFMA = |[1006R - 1007R|
(22) | OXFLOW = 2006R + 2007R
; 3
(23) OXFMA =[2006R - 2007R|
(24) TFUINT = 1015T
(25) TOXINT = 2015T |
(26) TCHIN = 4007T + 4008T + 4013T
3 .
(27) TCHOUT = 4020T + 4021T + 40227
3
(28) TCHS-16 = 4030T + 4031T + 4032T + 4033T
: + 4034T + 4035T+ 4036T + 4037T
8
(29) TCHS-13 = 4038T + 4039T + 4040T + 4041T
4 .
(30) TCHS~10 = 4042T + 4043T + 4044T + 4045T
3
(31) TCHS-8 = 4046T + 4047T + 4048T + 4049T
o 4
{(32) TCHS-6 = 40507 + 4051T + 40527 + 4053T
. - 7
(33) TCHS-4 = 4054T + 4055T + 4056T + 4057T
. 3
= 4058T + 40597 + 4060T + 4061T

(34) TCHS-2
; ‘ 4



ITEM ' INSTRUCTIONS

(35) TCHS~0.3 = 4062T + 4063T + 4064T + 40657
g
(36) TCHS +3 = 4066T + 4067T + 4068T + 40697
4. .
(37) TNOZFL = 40727
(38) TNOZ7.2 = 4074T + 4075T
2
(39) TNOZ7.8 = 4076T + 4077T
: 2
(40) ' TNOZ9.9 = 4078T + 4079T
2
(41) ~ TNOZ1l.7 = 4080T + 4081T
| 2
(42) | TNOZ16.2 = 4082T + 4083T
| 2
(43) | TNOZ28.4 = 4084T + 4085T
' 2
(44) TNOZ40.4 = 4086T + 4087T
| 2
(45) TNOZ57.5 = 4088T + 4089T
. | p) ,
(46) - PCIE = (12) + (13)
I} I i2 :
(47) PCNS = 0.95(46)
(48) FSITE = (14) + (15)
Z
(49) FVAC = (48) + 2005.4(18)
(50) PNOZEX = 5001P + 5002P + 5003P
| _ : 3 aa

{51) - RHOFU = 56.86 - 0.0321 (1011T)



ITEM INSTRUCTIONS

(52) RHOX = 95.26 - [6.577 X 1072 (2011T)] - | e
| [1.1 X 107*(2011T)2 ] + [2.29 X 10~X

(2010P + 2013P) + 4.94 X 10~% X (2010P + 2013P)

2 7
{2011T)}
(53) WFU = (20) (51)
. 248.8311689
(54) WOX = (22) (52)
‘ 448.8311689
(55) ' WTOT = (53) + (54)
(56) O/FTOT = (54)
' (53)
(57) " WBLC = 0.0749(53)
(58) BLC% = (57) X 100
: {(55)
(59) O/FCORE = (54)
' ' ‘ (53) =" (57)
(60) DPFINJ = (10) - (46)
(61) | DPOINJ = (11) - (46)
(62) ~ DPCOOL = (9) =~ ((10)
(63) DTCOOL = (27) - (26)
} | |
(64) . QDOTCH = 0.715 (53) (63)
(65) . C*SITE = (47) 32.174 X 26.5291
(55)
(66) Q*UMR = (65) minus correctio__n from Table I
(67) C*EFF = (65) X 100
N 1oy |
(68) CFSITE = (48)
 (d7)26.5291
(69) CFVSITE = (49)

K (47)26.5291



ITEM

(70}
(71}

(72)
(73)

(74)

(75)

(76)
(77)
(78)

(79)

(80}
(81)

INSTRUCTIONS

CFVEXP = 1.783[1.0 + 0.0023(88)] + 0.12 [(56) =~ 1.65]
CFA = (69) X 100
(70)

CFV72 = (69) (1.0 - 0.0023(58)]

ISPTEST = (48)

{55)
ISPVAC = (49)
(55)
ISPV72P = (72) {(66) plus correction from Table II
32.174 or test BLC%; O/F
ISPODKT = linear double interpolation from Table III
ISPTDKT = linear double intérpolation from Table IV
ISPEFF = (74) X 100
(8L
ERE = (74) + 127
‘ {55) X 100
(77)

C*ODE = linear interpolation from Table V

ISPODET = linear interpolation from Table VI

i (. ‘ i i



TABLE I

STRATIFICATION C* LOSS, FT/SEC (MMH/NTO)

o/F BLC% 0 23 4%
¥ s6) (58) |
1.20 | 0 0 =1
1.55 ' 0 ~20 ~67
1.65 - | o -36 -85
1.75 | 0 - -49 -110
1.85 | 0 . -62. =130
2.20 0 | -83 ~169
Pl '

TABLE Il

P ;

STRATIFICATION Isp LOSS, SEC {MMH/NTO)

O/F BLC% 0 2 4
R

v (56) (58) |

1.20 0 +0.8 C+1.4

1.40 | 0 +0.2 +0.2

1.50 _ o ~0.1 -0.6

1.65 a | ~0.7- .. -l.9
1.80 0 1.5 ~3.8

2.00 I 3.3 -7.3

2.20 . o, 4.8 -10.8




TABLE III
THEORETICAL Isp, ODK, EPS=72

TEST PCNS and O/F

O/F PCNS =

, (56) (47) 100 - 125 150
1.35 ©322.1 322.7 323.0
1.45 | - 326.2 326.7 327.1
1.55 | - 329.5 . 330.0 330.5
1.65 ' 331.9 332.6 333.2
1.75 333.8 334.6 335.2
1.85 - 335.0 336.0 336.7
1.95 | 335.6 336.7 337.5
2.00 . 335.5 336.7 337.5

| ;
A TABLE IV
'THEORETICAL Isp, TDK, EPS=72
TEST PCNS and O/F f
0/F | PCNS' > o :

¥ (56) (473 100 __125° 150
1.35 317.5 317.9 318.2
1.45 - o 320.9 321.4 321.8
1.65 | 326.6 327.3 327.8
1.85 329.7 © 330.6 331.4
1.95 | 326.3 328.5 329.9




Table V

Theoretical C~STAR, ft/sec

O/F , ' C-STAR (ODE)
1.20 ' 5558
.1.25 5588
1.30 ' 5614
1.35 | 5638
1.40 5661
1.45 . 5680
1.50 . 5693
1.55 ' 5701
1.60 5707
1.65 5711
1.70 5712
1.75 -~ 5709
1.80 ' 5704
1.85 : 5697
1.90 5687
1.95 5676
2.00 5663
2.05 . 5649
2.10 © 2633
2.15 5616
2.20 - 5599

Table VI

Theoretical ISP

EPS = 72

O/F (56) | ODE

1.20 320.2
1.30 = .. 325.0
1.35 - -327.3
1.40 , . 329.4
1.45 C 331.4
1.50 333.2
1.55 - 334.8
1.60 ‘ . 336.4
1.65 _ . 337.9
1.70 339.3
1.75 S 340.5
1.80 - 341.6
1.85 . ' 342.6
1.90 o - S 343.5
1.95 © 344.4
2.00 | | | 345.1
2.10 : 7 346.5
2.15 . 347.0

2.20 o " 347.2



6K OMS ENGINE TECHNOLOGY
SUPPORT PROGRAM = TASK XII
ROCKETDYNE INTEGRATEU CHAMBER

DATE 13 NOVY 3
SERIES RD/ICT-)
TEST DESCRIPTION

SEOUENCt 1

TEST 1

FIRST SHAKEDOWN FIRING OF ROCKETDYNE INTEGRATEU CHAngsn wITH LIKE
DOUBLET INJECTOR S/NYe 72 TO 1 NOZZLE UNbATURATEa MMH/NTO

TARGET PCnS = 125, O/F = 1,49,

ACTUAL TEST DURATION .
DATA SLICE TIME

PARAME TER

FUEL TANK'?R&SSURE

OXIGIZER TANK PRESSURE

FUEL INTERFACE PRESSURE
OXIDIZER INTERFACE PRESSURE

T/C COOLANT INLET MAN, PRESSURE

LEUEL INJECTOR PRESSURE . .
OXIDIZER INJECTOR PRESSURE
CHAMBER PRESSURE nNO, 1
CHAMBER PRESSURE NO, 2
CARIAL THRUST: SYSTEM A

AXTAL THRUST. SYSTEM B
- X=AXIS THRUST.

L=AX1S THRUST :
AVERAGE CELL PRESSURF

cbiL PRESSURE AGREEMENT
 AVERAGE FUEL FLOWRATE
FUEL FM AGREEMENT
 AVERAGE OXIDIZER FLDwRAIE
OKIOIZER FM AGREEMENT
CFUEL INTERFACE TEMPERATURE
OXIGIZER INTERFACE TEMPERATURE
T/C COOLANT IN TEMPERATURE
T/C COOLANT QUT TEMPERATURE
T7C SURFACE TEMP =16 IN
T/C SURFACE TEMP =13 N
_1/C SURFACE TEMP «10 IN

T/C SURFACE TEMP = 8 IN

T/C SURFACE TEMP =« & IN

T/C SURFACE TEMP = & IN
T1/C SURFACE TEMP
T/7C SURFACE TEMP =0,3 IN

T/C SURFACE TEMP + 3 IN

T/C NOZZLE FLANGE TEMP
NOZZLE SURFACE TEMP ¢ 7.2 IN
NOZZLE SURFACE TEMP + T,8 IN
NOZLLE SURFACE TEMP + 9,9 IN
NGZZLE SURFACE TEMP +11,7 IN
NOZZILE SURFACE TEMP +16.2 IN
NOZZILE SURFACE TEMP +2B.,4 [N
NOZZLE SURFACE TEMP +60.4 [N
NOZZLE SURFACE TEMF 57,5 IN

-2IN

DEG

34216 SEC
2,000 SEC To

3.000 SEC
UNITS AVG, MEASURED VALUE
Psla 2444495
PSIA 210,078
PSIA 2114683
PSIA 1726739
PSIA ' 2084940
PSIA. . . L L 191.288
PSlA 1674636
Pslia 126,590
PSIA 123,331
- LBF 54944815
LAF §501,645
Laf . . 5e837
{.RF 23,364
PSIA + 051
% « 067
GPM §3J§99
% 0036
LGPM.. .. L. 52.861
% 2042
DEG. F .. 63417
DEG F 664302
DEG F 544379
DEG F 146,486
DEG F . . 10e,739
DEG F 152,377
DEG F 162,207
. DEG F. 132,385
DEG F 152,064
DEG F 1133193
DEG F 126,216
DEG F 80,707
"DEG F 64,015
DEG F 58,310
DEG F . 189,818
DEG F 158,124
DEG F 166,378
DEG F 117,060
DEG F 93,677
DEG F 92,325
¥ Bleols



&K OMS ENGINE TECHNOLOGY
"~ SUPPORT PROGRAM = TASK X1l
: ROCKETDYNE INTEGRATED CHAMBER
LDATE 13 NOVY. 3 . - _ e
SERIES Rp/ICT=} SFOUENc& 1 ' © TEST 1

PERFORMANCE DATA

PARAME TER

CALCULATED VALUE

UNITS
A . _ L. Gl W - T g P D g D g g 0 T o
PC,y INJECTOR END PSlA 123,331
PCy NOZZLE STAGNATION PSIA 117.164
AATAL THRUSTe SIETE LBF 5498,230
AKIAL THRUST. . VACUUM LaF 9600,657
NOZZLE EXIT PRESSURE PslA 054
FUEL DENSITY (MMH).  LB/FTI 54,803
OXINIZER DENSITY LRZFT3 90,619
FUEL FLOWRATE LB/SEC T.778
QKIUIZER FLOWRATE , LB/SEC 10,670
TOTAL PROPELLANT FLOWRATE LB/SEC 184447
MIXTURE RATIO (OVERALL) o/F 1,372
.BLC FLOWRATE LHZSEC #5813
BLC TOTAL PERCENT % . 3,158
. CORE MIXTURE RATIO Q/F. 1.483
FUEL INJECTOR DELTAP PSID 67,958
OXIDIZER INJECTOR DELTA=P. - PSID . 8ka20%
1/C COOLANT DELTA~P PsSID 17.652
.1/ COOLANT DELTA-T _ . _DEG.F. .. . L .82.107
THRUST CHAMBER MEAT FLUX BTU/SEC 456,597
L=STARs SITE FY/SEC 5421,153
C=STARs UMR FT/SEC $447,370
_C=STAR EFFICIENCY o _ 95,983
CF, SITE - 1,769
CF SITE vacuuM | mawme - le802 . .
CFy VAC 72 EXPECY . - 1.763
CF CORRELATION . - 102,229
CFy VAC T2 ———we 1,789
ISpy TEST _ sSEC. 298,052
15P. SITE VACUUM - §gC 303,604
Isps VAC 72 PREDICTED . = SgC . _ 303,190
ISPy ODK, TEST CONDITIONS SeC 323,392
ISPs TDKe TEST CONDITIONS SEC 318,832
1Sp EFFICIENCY % 92,501
ENERGY RELEASE EFFICIENCY % 97,475
C~5TAR, 0DE Fr/sEC 5648, 003
_15P, Opg, TESTY - 3EC...

. 3284217



6K OMS ENGINE TECHNOLOGY
SUPPORT PROGRAM = TASK X111
. ROCKETDYNE INTEGRATED CHAMBER

-DATE _13 NOV. .3 e . N
SERIES RD/ICT=) SEQUENCE 1
TEST DESCRIPTION
SECOND VERIFICATION FIRING OF Rocxzrgvuc INTEGRATED CHAMBER WITH
LIKE DOUBLET INJECTOR S/N1, 72 Tp ] NOZZLE. UNSATURATED MMH/NTOo
TARGEYT PUNS = 125,, O/F = 1,55, .

TESTY 2

ACTUAL TEST DURATION 5,175 SEC

DATA SLICE TIME 4,000 SEC TO $.000 SEC

PARAME TER UNITS ANG, MEASURED VALVE ..
FUEL TANK PRESSUKE e PSIA. 235,833
OXIDIZER TANK PRESSURE PSIA 215,287
FUEL INTERFACE PRESSURE. . . _ _ pslA 204,894
OAIDIZER INTERFACE PRESSURE PSIA 1764553
T/7C COOLANT INLET MAN. PRESSURE PSIA 202,074
FUEL INJECTOR PRESSURE PSIA 1874492
OAIDIZER INJECTOR PRESSURE PSla - 171102
CHAMBER PRESSURE NO, 1 PSIA . 124,348
-CHAMBER PRESSURE NO., 2 - e e PSIA e ] 234582
AXIAL THRUST, SYSTEM A LAF 556,542
AX1AL THRUST, SYSTEM 8 LBF 58568,416
Y=AXIS THRUST L6F Se.824
Z=AX1S THRUST . LBF . 22,087
AVERAGE CELL PRESSURE PSIA 2041
-CELL PRESSURE .AGREEMENT .. B o e .- S——
AVERAGE FUEL FLOWRATE GPM 61,392
FUEL -FM AGREEMENT % 035
AVERAGE OXIDIZER FLOWRATE GPM 544325
OXIDIZER FM AGREEMENT o « 040
FUEL INTERFACE TEMPERATURE - DEG F 64,436
"OXIDIZER INTERFACE TEMPERATURE _ _ DEG F 66642
T/C COOLANT IN TEMPERATURE DEG F 66,262
T/C COOLANT OUT TEMPERATURE DEG F 180,036
T/C SURFACE TEMP =16 IN DEG F 183,720
1/C SURFACE TEMP =13 IN DEG F 182,235
T/C SURFACE TEMP =10 IN DEG F 197,763
T/C SURFACE TEMP » 8. IN ... . DEG-F — 1814101
Y/C SURFACE TEMP - 6 IN DEG F - 165,200
1/C SURFACE TEMP ~ 4 IN DEG F 184,568
T/C SURFACE TEMP ~ 2 IN DEG F 134,950
1/C SURFACE TEMP =~0,3 IN DFG F - 139,436
T/C SURFACE TEMP + 3 IN DEG F 112,939
I/C NOZZLE FLANGE TEMP . . DEG.F - 83498
NOZZLE SURFACE TEMP ¢ 7.2 IN 0EG F 168,032
NOZZLE SURFACE TEMP + 7.8 IN DEG F 397.897
NOZZLE SURFACE TEMP + 9,9 IN DEG F 3864918
NOZZLE SURFACE TEMP +11.7 IN DEG F 3714359
NOZZLE SURFACE TEMP 16,2 IN DEG F 294,213
NUZZLE SURFACE TEMP +2B.4 IN DEG F 208,627
NOZZLE SURFACE TEMP +60,4 IN DEG F - 204,626
NUZZLE SURFACE TEMP #57.5 IN DEG F 163,765



6K OMS ENGINE TECHNOLOGY

SUPPORY PROGRAM = TASK XII

RDCKETQYNE INTEGRATED CHAMBER _

DATE 1A NOV 3. ST SUR
SERIES RD/ICT=] , sgnuawcs i R TEST 2

, PERFORMANCE DATA
" PARAME TER - UNITS CALCULATED VALUE

_1SPy OCEs TESY . SEC . _ ...

|

LA T L L UL Y i P Y= T T L., ARy Rk e YD O ey T e v 5w
CPCy INJECTOR END PSIA 123,582
FPCy NOZZLE STAGNATION PSIA 117.403
AXTAL THRUSY, SITE , L BF 5564,979
ARTAL THRUSTs VACUUM A LBF 5647,048
NOZZLE EXIT PRESSURE _ Psia 043
FUEL DENSITY (MMH) . o . LBIFTIZ 54,773
OXINTZER DENSITY . LR/FT3 90,594
FUEL FLOWRATE ‘ . LB/SEC Te49
ORIDIZER FLOWRATE - L.B/5EC 10,965
TOTAL PROPELLANT FLOWRATE LB/SEC 18,457
MIXTURE RATIO (OVERALL) o/F 1.464
BLC FLOWRATE . e .. . LB/SEC IR -9 §
BLC TOTAL PERCEN] % 3,040
CORE MIXTURE RATIO . QsF . 1582
FUEL INJECTOR pELTa-P PSID 63.910
ORIDIZER INJECTOR DELYA«P = . = PSID - AT 4520
T/C COOLANT DELTA=P PSID _14,582
- 1/7C COOLANT DELTA-Y . . . _..DEG F _ 113,774
THRUST CHAMBER HEAT FLUX BTU/SEC 609,456
C=STARs SITE : FT/SEC 5429,266
C~STARy UMR FT/SEC - 5466,507
C~STAR EFFICIENCY % 95,526
CF, sIit ————— 1,787
CF SITE VACUUM . o memee - 1.8123
CF’ VAC 72 EXPECT ’ - 4w 1.?73
CF CORRELATION —em—- 102,255
cFy VAC T2 . | meme - 1.800
1Spy TEST | SEC ' 301,508
I1SPe SITE VACUUM . . SEC 305,954
ISPy VAC 72 eREDICTED . .. . . msgcm e 308,742
15Ps OLKy TEST CONDITIONS " SEC 326,997
15P+ TDKy TEST CONUITIONS SEC - 321.645
1sp EFFICIENCY % 92,185
ENERGY RELEASE EFFICIENCY % o 97,261
c=STaR, QDE ‘ FT/S€C 5683.937

I 3;1.-890“ .



6K OMS ENGINE TECHNOLOGY
SUPPORT PROGRAM = TASK XI1 S
ROCKETDYNE INTEGRATED cHnMBER

SERIES ROZICT~) SEQUENCE 1 TEST 3
TEST DESCRIPTION

THRIU CHECKOUTY FIRING OF ROCKE TDYNE INTEGRATED - cHAHseﬂ WITH LIKE
DOUBLET INJECTOR S/Nis 72 TO 1 NOZZLEs UNSATURATED MMH/NTO.
TARGET PCNS = 129, O/F = 1,55,

'ACTUAL TEST DURATION

DATE 13 NQV. 3

104158 SEC

SURFACE TEMP

DATA SLICE TIME 9.000 SEC To 10,000 SEC
PARAMETER UNITS AVG, MEASURED VALUE
MRy WL N & P A i Y 1L . Q-n-?-!’-ﬂjln-_--?--.
FUEL TANK PRESSURE PSIA 233,098
QXIDIZER TANK PRESSURE - PslAa 213,867
FUEL INTERFACE PRESSURE PSIA 202.772
OX{DIZER INTERFALE PRESSURE PSIA 174,858
T/C COOLANT INLET MAN, PRESSURE PSIA 2004166
_FUEL INJECTOR PRESSURE. . e PslA _19) 668
OXIDIZER [NJECTOR PRESSURE PsIA 169947
.CHAMBER. PRESSURE NO, 1 PSIA 122,899
'CHAMBER PRESSURE NO, 2 - PSIA 1224326
ARIAL THRUST. SYSTEM A . LBF. . . 5550,403
AXIAL THRUST, SYSTEM B LBF - 5%68,427
1¥Y=AXIS THRUST. . . e = LBF o e L0266
Z=AX1S THRUST LBF 23,613
AVERAGE: CELL PRESSURE PSlA 034
CELL PRESSURE AGREEMENT % - 094
AVERAGE FUEL FLOWRATE GPM 614119
FUEL FM AGREEMENT - % e Q66
~AVERAGE ok IDLZEELIJ.O!RATE,__ 12 IR Y P 1 .- R —
OXIDIZER FM AGREEMENT % o «067
FUEL INTERFACE TEMPERATURE DEG F. 65,623
OXIDIZER INTERFACE TEMPERATURE DEG F 67.491
1/C COOLANY IN TEMPERATURE _DEG F 674768
T/C COOLANT QUT TEMPERATURE DEG F 195,557
_1/C_SURFACE TEMP =16 IN _ DEGF .. 196411}
T/C SURFACE TEMP =13 IN DEG F 196,466
T/C SURFACE TEMP =10 IN _ DEG F 207,810
1/¢C SURFACE TEMP = 8 IN DEG F 158,562
T/¢ SURFACE TEMP - 6 IN - DEG F 175,838
1/C SURFACE TEMP = & IN DEG F 193,027
T/C_SURFACE TEMP - 2 IN . = DEG.F . . __ o 14l,008
T/C SURFACE TEMP =0,3 IN DEG F - 143,796
1/C SURFACE TEMP 3 IN 0EG F_ 13@.69¢7
T/C NOZZLE FLANGE TEMP DEG F 105,040
NOZZLE SURFACE TEMP + T.2 IN DEG F . - 368,171
NOZZLE SURFACE TEMP + 7.8 IN DEG F 743,824
. NOZZLE SURFACE TEMP ¢ 9,9 IN _DEG F_ . 189,485
NOZZLE SURFACE TEMP «1).7 IN DEG F 748,422
NOZZLE SURFACE JEMP +J6.2 IN DEG F 596,970
NOZZLE SURFACE TEMP +28.4 IN OEG F 404,990
NOZZLE SURFACE TEMP +40,4 IN . DEG F 364,760
NOZZLE +57,5 1IN DFG F 294,633



6K OMS ENGINE TECHNOLOGY
SUPPORT. PROGRAM = TASK X111
' ROCKETDYNE INTEGRATED cHAMBER
DATE_ 13 NOV 3 - S
SERIES RD/ICT=1 SFQUENCE 1

L PFRFORHANCE DATA L

PARAMETER

15P» DDEs TESY '

{ UNITS CALCULATED VALUE

 mmmmesses e E—_———. . RRRSRRERRARTERe.
PCy INJECTOR END - PsSiA 122.326

PCy NOZZLE STAGNATION. . . . PSIA - 116,209
AXTAL THRUSTs SITE , LaF 5563,415
AXIAL THRUSTs VACUUM LAF . 863]1,19¢
NOZZLE EXIT PRESSURE PSIA_ - 0037
FUEL DENSITY (MMM) . S ABIFYII . . B4.T40 .
OXIDIZER DENSITY LR/FT3 90.526
FUEL FLOWRATE : ALB/SEC L 74454
OXIDIZER FLOWRATE LA/SEC 10,924
TOTAL PROPELLANT. FLounATE LB/SEC 18,1378
CMEIXTURE RATIO (OVERALL).. ... .. . O/F . . _1a%65
BLC FLOWRATE LB/SEC «558

8LC TOTAL PERCENT : % : _ 3.038
CURE MIXTURE RATIO osF - 14584
FUEL INJVECYOR DELTA=-pP .. . -PSlD. _ - 69,342
OXIDIZER INJECTOR DELTA~P PSIC 47,621

T/C -COOLANTY DELTAwP — - - PSID. - - Be49B
T/C COOLANT DELTA=T DEG F 127,789
_JHRUST CHAMBER HEAY FLUX BTU/SEC - 681,076
C=STARs SITE F1/SEC . $397,209
_C=STARe UMR FY/SEC . T 5434,608
-C*STAR EFFICIENGY % 94,954
CF, SISE L e “ 3

cF SITE VACUUM camon 1.827
CFs VAC 72 EXPECT. . . - ———— L. le123

CF CORRELATION ' S 103,003
CFy VAC .72 ————— % +814 .
I15P, TEST sEC 302, 721
J15pe SITE wACUUM - . SEC 306,409
18Py VAC T2 PREDICTED SEC 306,213
15Ps ODK, TEST CUNDITIONS . SEC 321,036
15Ps TOKy TEST CONDITIONS SEC 321.676
1Sp EFFICIENCY "g . 92,304
ENERGY RELEASE EFFICIENCY i 97,402
_C=STaR, ODE . , --FTASQCua - ..56844029

sec

' 3314958



_DATE 14 _NOV 3
SERIES RD/ICT»~1
. TEST DESCRIPTION

6K OMS ENGINE TECHNOLOGY
SUPPORT PROGRAM = TASK XII

. SEQUENCE 2
PERFORMANCE EVALUATION OF ROCKETDYNE INTESRATED cnnnezn ENGINE WITH

RDCKETDYNE INTEGRATED CHAMBER

- LIKE DOUBLET INJECTOR S/N2, 72 TO | NOZZLE, UNSAtuRATEﬂ,MMHINTO-

TARGET PCNS = 12599 o/F = 1,65,

10.213 sec

239,024

245,593

209,137
1974321

i?lo#??
. 189,976
130.372

130,870

-.—-5988,187 =

5984 ,449

.l|266
285,257
«033

09}

60,294

4089
60736
+189

65.326

o 672151

213,458

e 19T 2983
C 144,799

- 1624832
179,224

l*7.550
129,395
T1.192

225,793
589,734

595.646

. 5534040

411.026
278,946

247,866

" ACTUAL TEST DURATION | S _
_DATA SLICE TIME 9,000 SECc TO. 10,000 SEC..
PARAMETER UNITS
FUEL TANK PR£SSURE PSTA
COXIDIZER TANK PRESSURE . PSIA
FUEL INTERFACE PRESSURE PSIA
OXIDIZER INTERFACE PRESSURE PSIA
- 1/C CODLANT INLET MAM. PRESSURE _ . PSIA.
FUEL INJECTOR PRESSURE PSlA
OXIDIZER INJECTOR PRESSURE . _PSIA
CHAMBER PRESSURE NU, 1 PS1A
CHAMBER PRESSURE NO, 2 _. PSla .
AXIAL THRUST, SYSTEM A LBF
_AXYAL THRUST, SYSTEM B __  _ _ Lef. _ _
Y=AX1S THRUST LBF
Z=AXIS THRUST & e .. LBF
AVERAGE CELL PRESSURE PSIA
CELL PRESSURE AGREEMENT N
AVERAGE FUEL FLOWRATE GPM
_FUEL FM AGREEMENT . S ‘S
AVERAGE OXIDIZER FLouRATE GPM
_QAIDIZER FM Aﬁa$ I SO
FUEL INTERFACE EMPERATURE_ DEG F
OXIDIZER INTERFACE TEMPERATURE = DEG. F .
T/C COOLANT IN TEMPERATURE DEG F
_¥/C COOLANT QUT TVEMPERATURE = DFG F
T/C SURFACE TEMP ~16 IN DEG F
_I/C SURFACE TEMP =13 IN = DEG F
T/C SURFACE TEMP ~10 IN DEG F
_I/C SURFACE TEMP = a IN_ DEGF __ . .
T/7C SURFACE TEMP « & IN DEG F
T/C SURFACE TEWP - & IN . OFGF. . _
T/C SURFACE TEMP - 2 IN DEG F
T/C SURFACE TEMP -0,3 IN . DEG F_
T/C SURFACE TEMP + 3 IN DEG F
T/C NOZZLE FLANGE TEMP DEG.F
NOZZLE SURFACE TEMP o 7,2 IN 0EG F
NOZZLE SURFACE TEMP ¢ 7.8 IN  DEG F
NOZZLE SURFACE TEMP « 9,9 IN DEG F
NOZZLE SURFACE TEMP +11,7 IN DEG F_
NOZZLE SURFACE TEMP ¢16.2 IN DEG F
NOZZILE SURFACE TEMP +28,4 N DEG ¥
NOZZLE SURFACE TEMP +40,.,4 IN DEG F
_NOZZLE SURFACE TEMP +57.% IN . _ DEG.F.

199,969

AVG. MEASURED VALUE

2064270 .



6K OMS ENGINE TECHNOLQGY
ROGRAM

o SUPPORT P

AM. = TASK X11.

ROCKETDYNE INTEGRATED CHAMBER

DATE 14 NOV. 3
SERIES RD/ICTe)

SFGUENCE 2
PFRFORHANCE DATA _

TEST 1

N
CALCULATED VALUE

PARAMETER UNITS

o L L LT - T ——— P © L1 WS .g-sl_!qr-ggs_u---—_-n
Pc. INJECTOR ENO PSIA 130,870
PCy NOZZLE STAGNATION _PSIA . _ 124,326
AXIAL THRUST, SITE LRF . 5986,318
AXIAL THRUSTs VACUUM . LBF. .. 6083,115
NOZZLE EXIT PRESSURE PSIA ' o032

- FUEL DENSIYY (MMH) e LBZFT3. L B4,745
OXIDIZER DENSITY LB/FTY 90,587

_ FUEL FLOWRATE. L LB/SEC T35
OXIDIZER FLOWRATE L.B/SEC 12,258
TOTAL PROPELLANT FLOWRATE LB/SEC 19.6312
MIXTURE RATIO tovzaaLL) osf : 1,667

. BLC FLOWRAYE _ S WBZSEC o .®S81
BLC TOTAL PERCENT % ' 2,809
_CORE NlXTUﬂE RATIO o QrF _ 1,802
FUEL INJECTOR DELTA-P PSID 60,557

~OXIDIZER INJECTOR DELTA«P .. . Pl ... ... .59,106..

T/C COOLANT DELTA=P PslD 144843

. 1/C_COOLANT DELTA=T _w .mngghﬂ_ym_mA%AA,kl g,882
THRUST CHAMBER MEAT FLUX BTU/SEC 88,216
_C=5TARe SITE . e _F1/SEC 5¢LQ,IJQ
C=STARs UMR | FT/SEC 5469,590

. L=STAR EFFICIENCY A % R Qq,ias

CF, SEYE e 1.815

o CF SITE VACUUM . L eenem . ) R
CF| Vﬁc TZ ExPECT - !. ?97
CF CORRELATION wawm 102115*

cFy VAC 72 - 1,823
__15pys TESY . ... S§EC 305,23k _
15Ps SITE VACUUM SEC . 308,637
__1Sps VAC 72 PREDICTED SEC ~ - 308,65]
1SPs ODKs TEST CONDITIONS SEC - 332,917
ISPy TDKe TESY CONDITIONS SEC . ... . 1321.558
150 EFFICIENCY % S 91,213
ENERGY RELEASE EFFICIENCY % . 96,200
“¢=sTaR, ODE ~ FT/SEC © . 5711.,336

_I5Py ODE, YESY . SFC - 338,37) .

l



6K OMS ENGINE TECHNOLOGY

SUPPORT PROGRAM. = TASK XII =
RDCKETUYNE INTEGRATED CHAMBER

_DATE 14 NQV 3 .
SERIES RD/ICT=~1
_TEST DESCRIPTION

SEQUENCE 2

PERFORMANCE EVALUATION OF ROCKETHYNE INTEGRATED CH

TARGET PCNS = 125., O/F = ),85,

"ACTUAL TEST DURATION

.DATA SLICE TIME = 9.000 SeC Yo

PARAMETER UNITS AVG, MEASURED VALUE
e L L L L.l T e Mg WeeetateesmeeSeeeSe
FUEL TANK PRESSURE PSIA 225,804
OXIDIZER TANK PRESSURE _ _.PSIA - 2564010
FUEL INTERFACE PRESSURE PSIA © 1994378
QXIDIZER INTERFACE PRESSURE = PSIA - 2034255
T/C COOLANT IMLET MAN. PRESSURE PSIA . 197498
FUEL _INJECYOR PRESSURE _ _  _  @SIA_ . . 187635
OXIDIZER INJECTOR PRESSURE PSlA 195,368
_CHAMBER PRESSURE NO, 1 e PSIAL. . 132.556
CHAMBER PRESSURE NO, 2 PSIA 132.629
_AXIAL THRUST, SYSTEM A . _L8F . . 6009,921
AXTIAL THRUST, SYSTEM B ~ LBF 6016,819
Y=aXI$ THRUST R IR N | 24186
Z=AX1S THRUST ! LBF 24,500
_AYERAGE CELL PRESSURE _ el ... PS1A .._.a038
CELL PRESSURE AGREEMENT % 0113
AVERAGE FUEL FLOWRATYE - o GPM 56.398
FUEL FM AGREEMENT i % o141 :
AVERAGE OXIDIZER FLOWRATE _ @pM _ 630365
OXIDIZER FM AGREEMENT % : 0238
FUEL INTERFACE TEMPERATURE. .. DEGF 65,431
OXIDIZER INTERFACE TEMPERATURE DEG F 67.491
T/C COQLANT IN TEMPERATURE DEG F - _6T.015
T/C COOLANT OUT TEMPERATURE DEG F 216,581
J/C SURFACE TEMP -16 IN =~~~ DEGF 209,831
Y/C SURFACE TEMP =13 IN DEG F 216,089

T/C SURFACE TEMP.~10 IN DEG F 227,497

T/C SURFACE TEMP - 8 IN DEG F' 172.847

T/C SURFACE TEMP = 6 IN _DEG F ) 190,829
T/C SURFACE TEMP = 4 IN DEG F 219,202
1/C SURFACE TEMP = 2 IN _DEG-F 153,515
T/C SURFACE TEMP «0.3 IN DEG F 155,293

T/C SURFACE TEMP ¢ 3 IN DEG ¥ 137,170

T/C NOZZLE FLANGE TEMP DEG F 97.859
NOZZLE SURFACE TEMP ¢ 7.2 IN DEG F 445,413
NOZZLE SURFACE TEMP + 7.8 IN DEG F 923,388
NOZZLE SURFACE TEMP + 9,9 IN . DEG F . . 9T1.5790
NOZZLE SURFACE TEMP +11.7 IN DEG F 906,761
NOZZLE SURFACE TEMP +16.2 IN DEG F. 7271.810
NOZZLE SURFACE TEMP +28.4 IN DEG F ‘486,46
NOZZLE SURFACE TEMP +40.4 N DEG F 421,166
NOZZLE SURFACE TEMP #57.5 IN F 338.681

DEG

104202 SEC
10,000 SEC

TEST 2

AMBER ENGINE WITH
LIKE DOUBLET INJECTOR S/N2s 72 TO 1 NOZZLE, UNSATURATED MMH/NTO .



. - .

_ 6K OMS ENGINE TEQHNOLOGY
S— e SUPPORT PROGRAM = TASK XII . . . .
‘ ROCKETDYNE INTEGRATED CHAMBER
- DATE a4 NOVW 3 e e e ee
SERIES RO/ICT=1 'SEQUENCE 2 o TEST 2
| , PERFORNANCE DATA
e e e . e . L
PARAMETER ' umzrs CALCULATED VALUE
— e A ... . o SRR e e ARSI S WM e RN TN
PCy INJECTOR END | PSIA : 132,629
-.PCy NOZZLE STAGNATION e . PSTA - . 1850998
AATAL THRUSTe SITE LBF .. 6013.370
AXTAL THRUSTs VACUUM LaF 6090,010
~-NOZZLE EXIT PRESSURE. . PSIA . .. .03l .
FUEL DENSIYY (MMH) ' ce . LBFTA. . . _ 84,751
OXIDIZER DENSITY CLBAFT3 ... 90,566
FUEL FLOWRATE : LAB/SEC 6,880
_OKIDIZER FLOMRATE S . —LB/SEC .. ..____..._12.185,
TOTAL PROPELLANT FLOHRATE , LB/SEC ’ 19.666
- MIXTURE RATIO (OVERALL) _ . .. _QF e 14858
BLC FLOWRATE La/SEC A +515
~BLe TOTAL PERCENT . . L . % L 24820 . .
CURE MIXTURE RATIO o/f 2.009
—FUEL INJECTOR OELTA-P . . PSI0. . .. 55,006
OXIDIZER INJECTOR DELTA=P PS]0 62739
. T/C COOLANT DE| TA~P . —. PSID : 0.861
T/C COOLANT DELTA=-T OEG F 149,566
JHRUST CHAMBER HEAT FLUX = = BTU/SEC . . 735,718
C~STARy SITE _ FT/SEC 5468,6T0
C=STARs UMR . FT/SEC . 955852,404 _
c-STAR EFFICIENCY % T 964021
_CF, SITE T T I 4 )
CF SITE VACUU” gy p ' 1.822
_cFs VAC T2 EXPECT e mmmme 1e819
CF CORRELATION S 100,174
L CF VAC Y2 . o emmeww . 1.8}
15ps TEST S€C . 305,78}
_15py SITE VACUUM R - SEC_ . . 309.678
1Spy VAC 72 PREDICTED : SEC ' 309,631
_15Ps ODK, JEST CONDITIONS == = SEC 336,088
18Py TDK, TEST CONDITIONS SEC ' 330.456
__1Sp EFFICIENCY ST - S .. 90,350
ENERGY RELEASE EFFICIENCY % | 95,667
_ C=5TARy QDE = . ... .. FIsSEC . 569%,.393

1f, ODE, TEST SeC . 342.753



oK OHS ENGINE TECHNDLOGY

SUPPORT PROGRAM = TASK XI1. . .. .. .
RDCKETOYNE INTEGRATED CHAMBER
_DATE le NOVM 3 . R
SERTIES RD/ICT~1 SFOUENCE 2 TEST 3

JEST DESCBIPTION _

PERFORMANCE EVALUATION OF ROCKETDYNE INTEGRATED CHAMBER ENGINE WITH
LIKE DOUMLET INJECTOR S/N2, 72 T70.]1 NOZZLE, UNSAIURATED MMH/NTO .
TARGET PCNS = 14009 O/F ® 1.45,

TACTUAL TEST DURATION 10,1771 SEC .
DATA SLICE YIME  9.000 SEC_To.. 10,000 SEC.

. PARAMETER — e - UNITS. . AYG. MEASURKD VALVE
FUEL TANK BRESSURE .. opsiA .. 3024887
OXIDIZER TANK PRESSURE PSIA - 275.898

CFUEL INTERFACE PRESSURE _  pslA . . . 2584357 . _
OXIDIZER INTERFACE PRESSURE PSIA - 221.480

_X/C_COOLANT. INLET MANs PRESSURE == PSIA .. ... . 253,955
FUEL INJECTOR PRESSURE PSIA 2364930
_OXIDIZER INJECTOR PRESSURE _ - PSIA L 2136472
CHAMBER PRESSURE NG, 1 PSIA 147,717
. CHAMBER PRESSURE NO, z,,u__,,_;% o PSTA . 18BlASY
AXTAL THRUST, SYSTEM A L&F . 6684,113

_AXIAL THRUST, SYSTEM 8 = LAF = 6691.022
Y=aXIS THRUST Laf . 9.116
_Z=AX1S THRUST : ... _ABE 264382 B
AVERAGE CELL Pnsssuna : PSIA o «033

_CELL PRESSURE AGREEMENT _ L N e} BB
AVERAGE FUEL FLOWRATE . GPM , 72,810

_FUEL FM AGREEMENT. e S ___e\24
AYERAGE OXIDIZER FLOHRATE GPM 644515

CQXIDIZER Fi AGREEMENT S e1%0
FUEL INTERFACE T&MPERATUR; DEG ¥ 65, 326
_OXIDIZER INTERFACE TEMPERATURE  DEG F . 67,606
T/C COOLANT IN TEMPERATURE OEG F 664973
_1/C COOLANTY QUY TJEMPERATURE = DEG F_ 194,439
T/C SURFACE TEMP =156 IN DEG F 192,383
_Y/C SURFACE TEMP =13 IN - _ DF6 F 188,182
7/C SURFACE TEMP «10 IN  DEG F - 200,513

_¥/C SURFACE TEMP = 8 IM . DEGF__ 153,046 . . . ___
T/C SURFACE TEMP « 6 IN DEG F 170,035
1/C SURFAQE TEMP « 4 IN . DEGF . _ 186,985
T/C SURFACE TEMP = 2 IN. DEG F 136,075
I/C SURFACE TEMP =0.3 IN. . . DEGF _ .. __  _ 138,223
T/C SURFACE TEMP # 3 IN DEG F - 122.22)

T/C NOZZLE FLANGE TEMP ____ _ _ ___OEGF - yi&,30) _ _
NOZZLE SURFACE TEMP ¢ 7,2 1IN DEG F 570,480
NOZZLE SURFACE TEMP ¢ 7oB IN . _ DEG F_ 10284497
NOZZLE SURFACE TEMP + 9,9 IN DEG F 10 1.953

- NOZZLE SURFACE TEMP +11e7 IN._ . DEGF . . . 976.258
NOZZLE SURFACE TEMP ¢16.2 IN DEG F 880,010
NOZZLE SURFACE TEMP +28.4 IN_ = DEG F .W___,.'_..mu;uéq
NOZZLE SURFACE TEMP ¢60.4 IN NEG F 559.326

_NOZZLE SURFACE TEMP ¢57.5 IN DEG.F 4814257



SUPPORT .
ROCKETOYNE INTEGRATED CHAHBER

DATE 14 NOV 3

‘6K OMS ENGINE TECHNOLOGY
PROGRAM .= TASK X1l

SERIES RD/ICT=} SEGUENCE TEST 3

[ .PERFOFMANCE DATA E |
PARAMETER UNITS CALCULATED VALUE
YLD T Con SRR NSRS ARG S €N W SR
PC, INJECTOR €ND PSIA 148,461
PCy NOZZLE STAGNATION PSIA . 141,038
AMTAL THRUSTs SITE LaF 687,567
AXIAL THRUSTa_ VACUUM . LRF._ _.5753,880
NOZZLE EXIT PRESSURE PSia . 031
CFUFL DENSITY M) . . LA/FT3 A,‘.,,sggﬁa_ e
OXIDIZER DENSITY LR/FT3 90,590
FUEL FLOWRATE. . . LB/SEC. . Be882
OXIDIZER FLOWRATE LB/SEC 13.021
TOTAL PROPELLANY FLOWRATE LB/SEC - Rle904
MIXTURE RATIO (OVERALL) o/sf 1,466
_Bhe FLOWRATE . . . e ALRLSEC . _ o560%
BLC TOTAL PERCENT % . 3,037
CORE HIX'FUEE RAYIO ~ COF .~ 1585
FUEL INJECTOR DELTA=P PSID _ 88,469
_OXIDIZER INJECTOR DELTA=P PSID .. 65,010
T/C COOLANT DELYAwP PSID 17,025
X/C COOLANY DELYAeY __DEG.E . 121,466
THRUST CHAMBER HEAT FLUX BTU/SEC 809,505
C=STAR, SITE . FI/SEC . 5496,014
C=STARy UMR . FT/SEC : 5533, 533
C=STAR EFFICIENCY _ . % . 9M9u,
CFQ SITE - 1.787
CF _SITE VACUUM e w1489
CFI VAC 72 EXPECT . - ?73
_CF CORRELATION —amme _ _W121.187 .
cF! VAC 72 . gy - 0 o : 10792
ISPy YEST - .. _SEC - 308,317
ISPy SITE VACUUM ‘ SEC 308,345
15ps VAC 72 PREDICTED SEC 308,112
ISPs ODK, TEST CONDITIONS Sec - 327,498
ISPy TDK, TESY CONOITIONS == == _SEC 322,134
15p EFFICIENCY % | 92,881
_ENERGY RELEASE EFF!CIENCY I 97@;_9_
¢=STaRy ODE FT/SEC . 5684 ,165
_15pqe ODE. YESY == - — seC . 3316977 .



6K OMS ENGINE TEGHNOLOGY
SUPPORT PROGRAM. = TASK XII .

ROCKETOYNE INTEGRATED CHAMBER

- DATE 14 NOY 3 .
SERIES RO/ICT=]
_1EST DESCRIPTION.

SEOUENCE 2

PERF ORMANCE EVALUATION OF ROCKETDYNE INTEGRATED cugna:n ENGINE WITH
"1 IKE _DOUBLET INJECTOR S/N2, 72_To } unzzL£4,unsax TED MMH/NTQ._

YARGET PGN$ = ﬁ@ﬁe! Q/F = 1,65,

ACTUAL TEST DURATION 10,202 SEc
_DATA SLICE TIME  9.000 SEC TO. _"1n.ean.5gc
PARAMETER T units  ave. m

Doy

AVG + MEASURED VALUE

LT I QMQMQ R

FUEL TAWNK PRESSURE Psla . 282,332
_OXIDIZER TANK PRESSURE _PSIA L 290,104
FUEL INTERFACE PRESSURE PSIA - 243,930
 OXIDIZER INTERFACE PRESSURE _PSIA. . 229.533
T/C COOLANT INLET Man, PRESSURE PSIA 240,222
_FUEL_IMJECTOR PRESSURE . . ___ psiaA 22508885 -
ORIDIZER INJECTOR PRESSURE PSIA 2204405
CHAMBER PRESSURE NQ,_ ) _  _ PSIA. . _ 1484439
CHAMBER PRESSURE NO, 2 PSIA 149,215
—AXTAL THRUSYo SYSTEM A - AQF o 8T814361
AXIAL THRUSTs SYSTEM B LBF . 87%4,621
_Y=AX1S. THRUST . SOV 1 - ¢ 1 PR
Z=AX1S THRUST L8F - 2%,327
_AVERAGE CELL PRESSURE . _._PSIA_ . a032
CELL PRESSURE AGREEMENT % 0279
_AVERAGE FUEL PLOWRATE . GBM 67,650
FUEL FM AGREEMENT % «063
_AVERAGE OXIDIZER FLOWRATE aeM 67693
OXIDIZER FM AGREEMENT % « 209
_FUEL INTERFACE TEMPERATURE __DEG F . 68,411
OXIDIZER INTERFACE TEMPERATURE  DgG F 67406
_I/C COOLANY IN TEMPERATURE DEGF . 67.099.
T/C COOLANT OUT TEMPERATURE DEG F 209,153
T/C_SURFACE TEMP =16 IN ___ DEG 204,108
T/C SURFACE TEMP =13 IN DEG F 200,084
T/C SURFACE TEMP =10 IN . DEG F _ 212,306
T/C SURFACE TEMP - 8 IN DEG F - 161551
_J/C SURFACE TEMP = & IN ...DES F ... 179,588
T/C SURFACE TEMP = 4 IN DEG F 197,380
_T/C SURFACE TEMP « 2 IN __DEG F 143,830
"1/C SURFACE TEMP «0.3 IN DEG F 145,491
T/C SURFACE TEMP + 3 IN DEG F ) 129_,153
T/C NOZZLE FLANGE TEMP DEG F . 136,851
NOZZLE SURFACE TEMP ¢ 7,2 IN_ DEG F L _6TA.TM)
NOZZLE SURFACE TEMP + 7,8 IN DEG F - 1162,085 -
_NOZZLE SURFACE TEMP +_ 9,9 IN. CDEG.F. . 1191.440
NOZZLE SURFACE TEMP 11,7 IN DEG F 1112,746
 NOZZLE SURFACE YEMP ¢16,2 IN _DEQ F._. - 1020,652
NOZZLE SURFACE TEMP +28.4 IN DEG 784,920
_NOZZLE SURFACE TEMP +40.6 IN DEG F 691,766
NOZZLE SURFACE TEMP +57,.5 1IN DEG F 565,267



6K OMS analue TECHNOLOGY
SUPPORT PROGRAM = TASK XI1 .
nocxsrovua INTEGRATED CHAMBER |
~DATE _ la NOV 3 =
SERIES RD/ICT=]

séouancc 2

TTEST 4

PARAMETER

15, ODE, TEST

' PERFORHlNCE DATA

' CALCULATED VALUE

UNITS

e e _ S S e __‘-g'l-..,m..-p_g_uln-,. -
PCy INJECTOR END PSIA 149,215
PCo NOZZLE STAGNATION . pgla.. 141.754
AXIAL THRUSTs SITE LRF 6747.981
AXTAL THRUSTe. VACUUM - . LaF . 6811,850
NOZZLE EXIT PRESSURE PSIA ‘ «030
-EVEL DENSITY. jﬂﬁﬁl_”m;,“4Mm¢_“mmm__mgaxr13m_ﬁ_,__w__w““sA.tﬁl_
OXIDIZER DENSITY LB/FT3 90,604

. FUEL FLOWRATE i ABASEC - 0252
OXIDIZER FLGHRATE LB/SEC 134665
TOTAL PROPELLANT FLOWRATE . . LasSEC . . 21le917
MIXTURE RATIO (OVERALL! O/F 1,656 '
© BLC FLOWRATE Ls/szc 618
BLC_TOTAL PERCENT e M 2 |
CORE MIXTURE RATIO ‘  o/F 1,790
FUEL INJECTOR DELTA=P . ' PSip - 164339
OXIDIZER INJECTOR DELTA-P PSlD T1:190
—J/C COOLANT DELTA=P . .. .. .. PgID . Jhefb? .. —
T/C COOLANT DELTA=T DEG F 142,056
THRUST CHAMBER. HEAT FLUX _BIU/SEC . 838,192
C-STARy SIVE , FT/SEC 55204500
C=STARe UMR FY/SEC 55?1.649
C=STAR EFFICIENCY % 964662

- __CE_’_S.LIE N ——— Y T S __.4‘_,_19‘, S
CF SIIE VACUUM ‘ :-,'-- ‘ .sll
CF v MAC 72 EXPECT - R _]_._?95—
cF CORRELATION cevou 100,896
CF HAC. 7_2_ ———— _‘__‘___m.‘g--mp i s i .__*1.80&
15p, TEST SEC : 307,885
__I15p, SITE VACUUM . 1 1 » . 3134199 N
ISp, VAC 72 PREDICTED SEC 310,738 .
ISP, ODKs TEST CONDITIONS _8EC . 333,120
15p, TDK, TESY CDNDITIONS SEC - 327-138
_15p EFFICIENCY —% . 91,93% |
ENERGY RELEASE srslcxsucv % | 96,599
_Ce=sTAR, QDR FyssEC . . ST11,118

C SEC - 33B.465 |



. - 6K OMS ENGINE TE_HROLOGY
b SUPPORT PROGRAM = TASK

ROCKETDYNE INTEGRATED CHAHBER
_DATE__ 14 NOY 3 .. . S oS SO
SERIES RO/ZICT=1 SEQUENCE 2 S TEST S
TEST. DESCRIPTION
PERFORMANCE EVALUATION OF ROCKETHYNE INTEORATED CHAMBER ENGINE WITH
"LIKE DOUBLET INJECTOR S/N2,.72 Yo 1 uozzLEt UNSATURATED MMH/NTO
TARGET PCNS = 1404y O/F = l.as.
ACTUAL TEST OURATION 104200 SEC 7
DATA SLICE TIME 9,000 SEC TO . 10,000 SEC ..

PARAMETER - UN1ITS AVG, MEASURED VALUE
Ll L L LT . N _ Y Prr Y T _-cq!_-_p--_gbg--_..-ﬁﬂ-
FUEL TANK PRESSURE , PSIA . 265,921
QRIDIZER TANK PRESSURE .. PSIA ... 3024418
FUEL INTERFACE PRESSURE PSIA .  232.0590
OXIDIZER INTERFACE PRESSURE . . .PSIA o 237.162
T/C COOLANT INLET MANs PRESSURE PSIA  P29.159
FUEL INJECYOR PRESSURE. e PSIAL o 2164454 .
OXIDIZER INJECTOR PRESSURE PSIA . 2264568
CHAMBER PRESSURE NOo.) . CPSIA - 1484439
CHAMBER PRESSURE NO, 2 PSIA 149,215
_AXIAL THRUST,. SYSTEM A e e LBF L 8T5T4219..
AXIAL THRUST, SYSTEM B LBF  6T66,158
_XY=AX1S THRUST S e LBF e . AL@Y2. .
Z=AX1S THRUST LBF 284261
AVERAGE CELL PRESSURE .. pslA . . o039
CELL PRESSURE AGREEMENT ' % | <215
AVERAGE FUEL FLOWRATE . GPM . 63,313
FUEL FM A@REE§ENT ‘ % o 086
AYERAGE OXIDIZER FLOWRATE o GOM e T0e842 .
OXIDIZER FM AGREEMENT 'g_ _ o 262 -
_FUEL INVTERFACE TEMPERATURE. == ODEG F . = 65,495
ORIDIZER INTERFACE TEMPERATURE DEG F 7 GTe406
_I/C COOLANT IN TEMPERATURE = = DEB F . - 6Te224.
~ 7/C COOLANY QUT TEMPERATURE DEG F 220,940
_3/C SURFACE TEMP =16 IN ~ ~ DEGF 214,560
T/C SURFACE TEMP =13 IN DEG F - 210,828
1/C SURFACE TEMP =10 IN .. DEGF . .. 222,232
T/¢C SURFACE TEMP = 8 IN DEG F 168,771
T/C SURFACE TEMP = & IN OEG F . 187,202
T/C SURFACE TEMP « ¢ IN "DEG F b 206,087
_Y/C SURFACE YEMP = 2 IN . DEGF . 180,288
T/C SURFACE TEMP ~0,3 IN QEG F 151,543
C1/C SURFACE TEMP ¢ 3 IN DEG F . 134,82]
T/C NOZZLE FLANGE TEMP DEG F 153,272
NOZZLE SURFACE TEMP » Te2 IN . ..  DEG F . _TT13.566
NOZZLE SURFACE TEMP + 7.8 IN DEG F . 1284,625
_NOZZLE SURFACE TEMP ¢ 9,9 IN . OfG F 13214205
NOZZLE SURFACE TEMP +11.7 IN DEG F 1243,293
NOZZLE SURFACE TEMP 16,2 IN . DEG F_ . __ . ......1161.450
NOZZLE SURFACE TEMP +28.,4 IN DEG F - 974,286
NOZZLE SURFACE TEMP ¢40.4 IN . . DEG F___ . _ .__B08,189 .

nO22ZLE SURFACE TEMP +57.5 IN DEG F . 66T.216



' aK ons Ene!nz TEcHNOLOGv
. _ .. . _SUPPORT PROGRAM « TASK XII
_ ROCKETDYNE INTEGRATED CHAMBER
_DATE 14 NOV 3 e . A

SERIES RD/ICT=): SEQUENCE 2 , ' TEST S
penronaauce DATA
PARAME TER - UNITS CALCULATED VALUE
L i gy e e AW - o Ry A O g G N gy AR -
PC, INJECTOR END PSla 149,215
PCy NOZZLE STAGNATION .. PSIA RS T 5 P /-7 S
AXTAL THRUST. SITE LaF - 6760.,689
_ AXJAL THRUST, VACLUUM = LEF . 6B39,800
NOZZLE EXIT PRESSURE PSIA . +038
_FUEL DENSITY {MMH) = L8/FT3 . ... 54,75}
OXIDYZER DENSITY ' LB/FT3 90,611
FUEL FLOWRATE L LB/ZSEC . 7,723
ORIDIZER FLOWRATE , LA/SEC o 14,241
TOTAL PROPELLANT FLOWRATE . _LA/SEC - 21,964
MIXTURE RATIO (OVERALL) OsF 1,844
_BLC FLOWRATE . . . La/ssc,, . . ..e8T8_
BLC TOTAL PERCENT 2,634
GCORE MIXTURE RAYIO L HH.QJF , K 1,993
FUEL INJECTOR DELTA=P PS10 67239
OXIDIZER INJECTOR DELTAP - PSID 77393
T/C COOLANT DELTA=P pPsSID 12,705
1/C COOLANT DELTA=T .. . . DEGF . . 183,716
THRUST CHAMBER MEAT rLux BTU/SEC ' 848,841
C=STARy SITE . F1/SEC . 5508,662
C=STARs UMR ’ FY/SEC - 8559],281
_C=STAR EFFICIENCY R L 964680
CF, SITE . - | 1,798
_GL SITE vaCuuM . emess 1,819
cFe VAC 72 ExPECT B _ 1817
. CF CORRELATION . . i emeww . 100,09%
CFy VAC 72 - . le808
_1Sp» TEST .. SBEC . L. . ..307.803
15Ps SITE VACUUM sSrC 311,405
ISPy VAC 72 PREDICYED  _ SEC  3}1.4)8
15Ps ODKy TEST CONDITIONS SEC 336,380
ISP TDK, TEST CONDITIONS .. SEC L L. 331,030
ISP EFFICIENCY % ' 90,927
ENERGY RELEASE EFFICIENCY _ % T 95,918“
¢c*STAR, ODE rr/szc : 5697.853

_15Py ODE, TESY = — SEC 362478



6K OMS ENGINE TECHNOLOGY |

SUPPORY._PROGRAM = TASK XII _. . . .
Rocuafa?ua INTEGRATED CHAMBER.
DATE 36 NOV 3 . e B
SERIES RD/ICT=] ssnus~c5 2 : : TEST 6

TEST DESCRIPTION.

PERFORMANGE EVALUATION OF ROCKETHYNE INTESRATED cngnaza 'ENGINE WITH
LIKE DOUBLET INJECTOR S/N2y 72 TO 1 NOZZLE, UNSATURATED MMH/NTO.
TARGET PCNS = 1109 O/F = lqﬁsa

ACTUAL TEST DURATION 104200 SEC
0QATA SLICE TIME 9,000 SEC TO 10,000 SEC

PARAMETER  UNITS  AVG. MEASURED VALUE

= gy - T [ . T B B, Dy g 0 o N O O G TR M Wy
FUEL TANK PRESSURE PSIA - 2l2.r2n
OXIDIZER TANK PRESSURE PSIA . 1984240
FUEL INTERFACE PRESSURE PSIA . 184,951
OXIDLZER INTERFACE PRESSURE PSIA L 162.5867
T/C COOLANT INLET MAN. PRESSURE PSIA 182,237
FUEL INJECTOR PRESSURE . . . _PSIA. . __ - 172+468 ... . .
OXIDIZER INJECTOR PRESSURE PSlA 1584006
CHAMBER PRESSURE NO. 1 . PS1aA . 117,875
CHAMBER PRESSURE NO, 2 PSIA 1174299
AXIAL THRUST» SYSTEM A . LBF . 8286.231
AXIAL THRUST, SYSTEM B L&F - 5266,290
Y=aX18 THRUST e ABE L. . =4e305
Z=aX15% THRUST LafF 19,710
AVERAGE CELL PRESSURE PSla . . 032
CELL PRESSURE AGREEMENT % . 086
AVERAGE FUEL FLOWRATE GPM 570441
FUEL FM AGREEMENT - % - ¢063
AVERAGE OXIDIZER FLOWRATE . GPM_ . .514586 |
OXIDIZER FM AGREEMENT % 5 0091
FUEL INTERFACE TEMPERATURE DEG F 654580
OXIDIZER INTERFACE TEMPERATURE DEG F 67.321
T/C COOLANT IN TEMPERATURE == DEG F 872558
1/C COOLANT OUT TEMPERATURE DEG F 205,249
T/C_SURFACE TEMP =16 IN = === DEG F _ 200,958 -
T/C SURFACE TEMP =13 IN DEG F 197,283
T/C SURFACE TEMP =10 IN DEG F 211,368
T/C SURFACE TEMP = 8 IN DEG F C 160,270
T/C SURFACE TEMP - 6 IN = DEGF 178,134
T/C SURFACE TEMP = & IN NDEG F 196,412
T/C SURFACE TEMP « 2 JN_ = DEG F. 152,498
T/C SURFACE TEMP =0.3 IN _ DEG F 145,128
T/C SURFACE TEMP + 3 IN - 0EG F | 1274817
T/C NOZZLE FLANGE TEMP NEG F 155,325
NOZZLE SURFACE TEMP ¢ 7,2 IN - DEG F 666,833
NOZZLE SURFACE TEMP ¢ T,.8 IN DEG F - 1002.562
_NOZZLE SURFACE TEMP + 9,9 IN  DFG F __ . 1088,925
NOZZLE SURFACE TEMP #11.7 IN DEG F - 987,188
NOZZLE SURFACE TEMP ¢16.2 IN DEG F. . 976,260
NOZZLE SURFACE TEMP +28.4 [N DEG F . 881,256
NOZZLE SURFACE TEMP +40.4 IN DEG F © 780841
NOZZLE SURFACE TEMP +87,5 IN DEG F 663,088



6K OMS ENGINE TECHNOLOGY
SUPPORT PROGRAM = TASK XII
ROCKETDYNE INTEGRATED CHAMBER
- DATE 14 NOV 3 . o
SERIES RD/ICT=Y SEQUENCE 2 TEST 6

PERFORMANCE nDATA
PARAME TER | | UNITS CALCULATED VALUE

PCy, INJECTOR END : PSIA - 117,299
PCo NOZZLE STAGNAYION PslA  111.434
AXIAL THRUST» SITE LBF T 5261,261
AXRTAL THRUST, YACUUM LRF 53264095
NOZZLE EXIT PRESSURE . . PSlAa . L  #031
FUEL DENSITY (MMH) LB/FT3 | 54,751
OXILIZER DENSITY LB/FT3 T 90,561
- FUEL FLOWRATE .- LB/SEC . .. 7,007
OXIDIZER FLOWRATE LR/SEC 104409
TOTAL PROPELLANT FLOWRATE LR/SEC S 174415
MIXTURE RATIO (OVERALL) O/F _ 1485
BLC FLOWRATE . LBISEC- R 525
BLC TOTAL PERCENT | - 3,014
CORE MIXTURE RATLO b o;F - . les06
FUEL INJECTOR DELTA=P PSID . 55,168
ORIDIZER INJECTOR DELTA=P PSID 40,707
T/C COOLANY DELTA=P , PsS1ID L 9,769
T/C COOLANT DELTAwT : "DEG F _ 137,691
THRUST CHAMBER HEAT FLUX BTU/SEC 689,822
.. C=5TAKs SITE . . e - FTASEG ... . __5461,500
C=STARs UMR FY/SEC : ‘5501,234
C=STAR EFFICIENCY S % _ 95,997
CE, SITE | egwEw o 1.780
cF SITE VaCUUM - - o le802
CFe VAC 72 EXPECT , - i4176
. CF. CORRELATION e e epem— _lﬂ
CFe VAL 72 ————- 1,789
15Ps TEST SEC . 302,103
15py SITE VACUUM . SEC . 305,826
ISPs ¥AC 72 PREDICTED SEC - 305,642
ISP, ODK, TEST CONDITIONS seC - 327,599
ISPy TOK, TEST CONDIYIONS. . ..  SEC . - - . . ...322.156
1$p EFFICIENCY % . 91,929
EMERGY HELEASE EFFICIENCY % 97,195
¢=STaR, Opg FY/SEC : 56894223

[SPe ODEy TEST | | SEC 3324677



6K OMS ENGINE TECHNOLOGY
SUPPORT PROGRAM » TASK XII

ROCKETDYNE INTEGRATED CHAMBER
DATE. 14 NOV 3. L o o
SERIES RDZICT=} SEQUENCE 2
TEST DESCRIPTION
PERFORMANCE EVALUATION OF GOCKETDYNE INTEGRATED cuanaea ENGINE WITH
LIKE DOUBLET INJECTOR S/N2, 72 TO 1 NOZZLE, UNSATURATED MMH/NTO.
TARGET PCNS = 110.e O/F = } 65.

TEST 7

ACTUAL TEST DURATION 100174 SEC

DATA SLICE TIME 9,000 SEC TO 10 000 SEC

PARAMETER UNITS AVG, MEASURED VALUE
FUEL TANK PRESSURE PSIA - 201,187
CORIDIZER TANK PRESSURE . Psla 207,237
FUEL INTERFACE PRESSURE Psia - 177314
OXIDIZER INTERFACE PRESSURE PS1A 168.076
T/C COOLANT INLET MANs. PRESSURE PSIA 174,989
FUEL INJECTOR PRESSURE = ~ PSIA . 165402
OXIDIZER INJECTOR PRESSURE PSIA 163-01¢

. CHAMBER PRESSURE NO. 1 S PSIA - - - 117+635. _—
CHAMBER PRESSURE NQ. 2 PSIA 117.802
AXIAL THRUST, SYSTEM A LaF £316,759
AXIAL THRUST, SYSTEM 8 LRF $323,560
Y=AX1S THRUST LBF 64331
Z=-a%1S THRUSTY 4 L8F 13.564
AVERAGE CELL PRESSURE . . psla 031 .
CELL PRESSURE AGREEMENT % $173
 AVERAGE FUEL FLOWRATE . GPM. 53,653
FUEL FM AGREEMENT % +057
AVERAGE OXIDIZER FLOWRATE o GPM . Bha]b2
OXIDIZER FM AGREEMENT ‘ % | 067
FUEL INTERFACE TEMPERATURE DEB F ... .. . . 884880 . .
OXYDILER INTERFACE TEMPERATURE £G F 67,406

T/C COOLANT IN TEMPERATURE ! DEG F 67.391

T/C COOLANT OUT TEMPERATURE OEG F - 216,212

T/C SURFACE TEMP ~16 IN DEG F_ 211,056

7/C SURFACE TEMP -13 IN DEG F 204,640
T/C SURFACE TEMP «10 IN __ ' __ DEG F__ 218,599 _ . ___
T/C SURFACE TEMP - 8 IN DEG F ‘ 167,258

1/C SURFACE TEMP = 6 IN DEG F 185,388

T/C SURFACE TEMP = 4 IN DEG F L 202,941)

T7C SURFACE TEMP - 2 IN DEG_F.. -148,189

T/C SURFACE TEMP =0.3 IN DEG F 1504697
_Y/C SURFACE TEMP ¢ 3 IN DEG F. 133,042

T/C NOZILE FLANGE TEMP _ DEG F 176.880
NOZZLE SURFACE TEMP + 7.2 IN DEG F_ 733,963
NOZZLE SURFACE TEMP + 7.8 IN DEG F - 1098,318
NOZZLE SURFACE TEMP + 9,9 IN DEG F 12084104
NOZZLE SURFACE TEMP ¢11.7 IN DEG F 1123,.828
NOZZLE SURFACE TEMP +16.2 IN DEG F 1067,958
NOZZLE SURFACE TEMP +28.6 IN DEG F 953,851
NOZZLE SURFACE TEMP ¢40.4 IN DEG F . B4T.796
NOZZLE SURFACE TiMP +57,% IN DEG F © 7274511



6K OMS ENGINE TECHNOLOGY
SUPPORT PROGRAM = TASK XII
ROCKETDYNE INTE&RATED CHARBER
CDATE 14 NQV_3 , e I

SERIES RD/ICT=) SEQUENCE 2 , TEST 7
PERFORMANCE DATA
PARAME TER ' ‘ UNITS CALCULATED VALVE
PLy INJECTOR END psia 117,802
PLy NOZZLE STAGNATION - PSIA - 111.912
AXTAL THRUSTe SITE LaF 5320, 159
AXTAL THRUSTs VACUUM L8F. - 5381,572
NOZZLE EX1Y PRESSURE PSIA 2029
FUEL DENSITY {(MMH) LARFTI 54,751 _.
QAIDIZER DENSITY LB/FT3 90.559
FUEL FLOWRATE LB/SEC .. 62545
OXIDIZER FLOWRATE LR/SEC 10928
TOTAL PROPELLANT FLOWRATE LB/SEC 17.473
MIXTURE RATIO (OVERALL) o/F 1,670
BLC FLOWRAYE - LB/SEC. - ..»490
BLC TOTAL PERCENT % 2,806
CORE MIXTURE RATIO Os/F 1,809
FUEL INJECTOR DELTA=P PSID 474840
OAIDIZER INJECTOR DELTA=P . PSID . 45,212
1/C COOLANY DELTA=P PSID ' _ 94346
T/C COOLANY_DEL TA~T . DEG F. _ . ._..148,821
THRUST CHAMBER HEAT FLUX BTU/SEC 696,416
C=5TARy SITE - FI/SEC 5466,897
C=STARs UMR FT/SEC 5626,148
C=STAR EFFICIENCY % 95,719
CF' SlTE g 1.792
CF SITE vacuum e T . YaRl3
CF’ VAL 72 EXPECT - - . 1 79?
Ci“ CQRRELATION -__-_-"_""' 1000877
cFy VAC T2 cnmme 1,801
I5py TEST sSeC 304,482
15ps SITE VACUUM SEC 307.997
I3py VAC 72 PREDICTED SEC . o 307,979
[Sp, ODK, TEST CONDITIONS sec 332,617
15ps TDX, TEST CONDITIONS SgC 327.248
ISe EFFICIENCY % 91,002
ENERGY RELEASE EFFICIENCY %, N . 96,338
c=STaR, OpE FT/SEC 57114394
_ISPe ODEs TEST . SeC . _338.45%2



6K OMS ENGINE TECHNOLOG? L
SUPPORT PROGRAM = TASK X11
ROCKE TDYNE INTEGRATED CHAMBER .
_DATE_ . 14 NOV 23 . .
SERIES RD/ICT=) szauewca 2
TEST DESCRIPTION '
PERFORMANCE EVALUATION OF ROCKETHYNE INTEGRATED CHAMBER ENGINE WITH.
LIKE OOVBLET INJECTOR S/N2, 72 TO 1 NOZZLE, UNSATURATED MMH/NTO.
TARGET PCNS = 110Ger O/F = ]R8,

. TEST 8

ACTUAL TEST DURATION 104196 SEG

DATA SLICE TIME 9.000 SEC TO 10,000 SeC
- PARAMETER UnITS AV, MEASURED VALUE
FUEL TANK PRESSURE PSIA 189,334
OX10IZER TANK PRESSURE PSIA - 214,340
FUEL INTERFACE PRESSURE PS1A 168,403
QXIOUIZER INTERFACE PRESSURE PsIA 171.891
T/¢ COOLANT INLEY MAN, PRESSURE PSIA 166,977
- EVEL INJECTOR PRESSURE . - . Psla 3594196 0
QRIDIZER INJECTOR PRESSURE PS1A 166.095
CHAMBER PRESSURE NO, ) PsSlA 116,912
CHAMBER PRESSURE NO. 2 PSIA ~ 117.802
. AXTAL THRUST, SYSTEM A, LaF - 5304,017
AXRIAL THRUST. SYSTEM B LRF S310,834
Y=AX1S THMRUST ' - LRrF 3545 .
Z=AXIS THRUST - LRF 19,576
AVERAGE CELL PRESSURE PSIA « 037
CELL PRESSURE AGREEMENT % 0107
AVERAGE FUEL FLOWRATE GPM 49,865
FUEL FM AGREEMENT : % +050
_AVERAGE. OXIDIZFR FLOWRATE = GPM . 56,407 -
OXIDIZER FM AGREEMENT % . <001
FUFL INTERFACE TEMPERATURE OEG F 65,495
OR1DIZER INTERFACE TEMPERATURE DEG F 67406
T/C COOLANT IN TEMPERATURE DEG F 67,349
T/¢ COOLANT OUT TEMPERATURE DEG F 227442}
__T/C SURFACE TEMP =16 IN . VDEG F 220,874
. T/C SURFACE TEwMP =13 IN DFEG F 216,675
T/C SURFACE TEMP =10 IN DEG. ¥ 229,362
/¢ SURFACE TEMP - 8 1IN DEG F 175.059
T/C SURFACE TEMP = 6 IN _DEG F 193,853
T/C SURFACE TEMP - & IN DEG F 212,500
_1/C SURFACE TEMP . » 2 IN DEGF ",_1551209
T/C SURFACE TEMP =0,3 IN DEG F - 157.592
1/C SURFACE TEMP + 3 IN DEG F 138,749
T/C NOZZLE FLANGL TEMP DEG F 194,328
NOZZLE SURFACE TEMP « 7.2 IN DEG F 789,936
NUZZLE SURFACE TEMP + 7,8 IN DEG F 1170,934
NOZZLE SURFACE TEMP + 9,9 IN T B S N | 11
NOZZLE SURFACE TEMP +11,7 IN DEG F 1203,.35%
NOZZLE SURFACE TEMP 1642 IN DEG F _ ©.1132.525
NOZZLE SURFACE TEMP +28.4 IN DEG F '1019,263
NOZZLE SURFACE TEMP +40.4 IN DEG F - 902,2384
NOZZLE SURFACE TEMP +57.5 IN DEG F 783,544



6K OMS ENGINE TECHNOLOGY
SUPPORT PROGRAM = TASK XII
ROCKETDYNE INTEGRATED CHAMBER

_DATE 14 NOV 3 e

SERIES RO/1CTe}

PERFORMANCE DATA

PARAMETER

_ -“--”ﬂ'-- _

PCy INJECTOR END.

PCy NOZLZLE STAGNATION
AXIAL THRUST, SITE

AXIAL THRUSTy VACUUM
NOZZLE EXIT PRESSURE
_FUEL DENSITY (MMHM)
OXIDIZER DENSITY

FUEL FLOWRATE -
OXIDIZER FLOWRATE

TOTAL PROPELLANT FLOWRATE

MIXTURE RATIO (OVERALL)

BLC FLOWRATE

8LC TOTAL PERCENT

CORE MIXTURE RATIO

FUEL INJECTOR DELTA=P

OXIDIZER INJECTOR DELTA~P

.1/C COOLANT DELTA=P

T/C COOLANT UDELTA-T

. THRUST ‘CHAMBER HEAT FLUX

C=sTARe SITE

.. L=STARs UMR O
C=5TAR EFFICIENCY

CF, SITE _ _

cF *SITE VACUUM

CEy VAC 72 EXPECT |

CF CORRELATION

CF, VAC 72

1Spy TEST .

C15pPs SITE VACYUM i

1Spy VAL 72 PREDICTED

ISPy 00Ky TEST CONDITIONS

15Ps TDK, TEST CONDITIONS

1Se EFFICIENCY

ENERGY RELEASE EFFICIENCY

STQUENCE 2

UNITS

PSIA

- PSIA

. C=STaRy QpE__ . e

15P0 ODEo TEST

LRF
LBF
PsIA
La/F13
La/FT3
LB/SEC
LB/SEC
LB/SEC

osF

LR/SEC
%

0/F
PSID
PS1ID

N -T-3 {1 SR

DEG £
BTU/SEC
FT/SEC

 FT/SEC .

%

TN T

T gy T N

K PR b

SEC

8EC

SEC

SEC

3¢C
%

%,
FI/SEC. .

SeC

 TEST &

" CALCULATED VALUE

0900 0 ey B i 00 O 2 W

117.802
111,912
5307-425
53510107
.035

o . 54,751

904556

64083
11.381
17.463

2456
22609
2.022

T 814394
48,293
. TeI8L.
160.072
696,183
5‘69.@19
5554,108
96,083
o788
1.812
. 1l.820
99,579
1.802
' 303,916
. 3084135

307,983
_ 335,612

329,546

89,841

, 95,710

- 5692805
342.978



6K OMS ENGINE TE $HNOLOGY .
SUPPORY PROGRAM =

ROCKETDYNE INTEGRATED cHAMBEP”

TEST 9

DATE 14 NOY 3.
SERIES RD/ICTw=]
TEST DESCRIPTION
PERFORMANCE EVALUATION OF ROCKETRHYNE INTEGRATED CHAHBER ENGINE WITH
'LIKE DOUBLET INJLCTOR S/N2, 72 To.1 NOZZLE, UNSATURATEQ MMH/NTOQ.
'TARGET PCNS =2 125.4 O/F = 1,45,

SFOUENCE 2

ACTUAL TEST DURATION 104162 SEC

DATA SLICE TIME 9.00¢ SEC TO 10,000 SEC

PARAMETER uNITS AVG, MEASURED VALUE
FUEL TANK PRESSUKE PSIA 2554436

QX IUIZER TANK PRESSURE - PSIA 234.228

FUEL INTERFACE PRESSURE PSlA 219,320
OXIDIZER INTERFACE PRESSURE PSIA 190,116

T7C COOLANT INLET MAN. PRESSURE PStA 214,663

FUEL INJECTOR PRESSURE PSIA 2024045
OXIDIZER INJECTOR PRESSURE PS1A 183.813
CHAMBER PRESSURE NO. 1 PSIA 131,594
CHAMBER PRESSURE NO. 2 - PSIA -132.378

AXTAL THRUSTs SYSTEM A LAF 5955,913

AXIAL THRUSTs SYSTEM B . _ LRF. . . .. 5962,766 .
Y=AX1S THRUST LAF 13.928. ‘
Z=AXIS THRUST. : L8F 20,823
AVERAGE CELL PRESSURE PSIA +029

CELL PRESSURE AGREEMENT % _ 163
AVERAGE FUEL FLOWRATE GPM | 65,016

FUEL FM AGREEMENT . T ——— ) T Y
AVERAGE OXIDIZER FLOWRATE GPM - 57.377
OXIDIZER FM AGREEMENT . R _  e134

FUEL INTERFACE TEMPERATURE DEG F o 65,580
OXIDIZER INTERFACE TEMPERATURE = DEG F . . . _87.491

T/C COOLANT IN TEMPERATURE DEG F 67.265

J/C COOLANT. QUT YEMPERATURE _DEG.F __ 203,873
T/C SURFACE TEMP ~16 IN OFG F 201,661 :
T/C SURFACE TEMP «13 IN DEG F. 193,082

T/C SURFACE TEMP «10 1IN DEG F _ 206,934

T/C SURFACE TEMP = 8 IN DEG F.  ___. ... . 157.008

1/C SURFACE TEMP ~ 6 IN OEG F 174,749

_T/C SURFACE TEMP « 4 IN DEG.F .. .. . m,rmgea,azqm,”

T/C SURFACE TEMP ~ 2 IN DEG F. 139,105

T/C SURFACE TEMP «0,3 IN DEG F 1‘1,252

T/C SURFACE TEMP ¢ 3 IN DEG F - 125,020

T/C NOZZLE FLANGE TEMP OEG F 199,460

NOZZLE SURFACE TEMP » 7.2 IN DEG F 766,736
NOZZLE SURFACE TEMP « 7,8 IN. . DEG F.. _ ~112%,707 . e
NOZZLE SURFACE TeMP + 9,9 IN OFEG F 1223.273

NOZZLE SURFACE TEMP ¢11.7 IN DEG F 1141614

NOZZLE SURFACE TEMP ¢16.2 IN DEG F 10974462
NOZZLE SURFACE TEMP +28.4 IN DEG F. 994,729

NOZZLE SURFACE TEMP +40.4 IN DEG F' 899,655
NOZZLE SURFACE TEMP 57,5 IN . .. DEG F . __T91.73%  _.



6K OHS £NGINE TECHNOLOGY
SUPPORT PROGRAM = TASK X1l
ROCKETDYNE INTEGRATED CHAMBER
- DATE 14 NOV 3 -

SERIES RUOZICT=1 = " SEQUENCE 2 “'f C 7 TTEST 9

_ PERFORMANCE DATA , ,
PARAME TER : o ) UNITS  CALCULATED VALUE

e e o O8 . . . i e s, S - g . S g B 2y
PC, INJECTOR END . PpsIa 132,378
PCy NOZZLE STAGNATION . PSIA L 125.759
AXKTAL THRUSTs SITE LRF - 5959,340
AXIAL THRUSTs YACUUM o L8F . 6017.818
NOZZLE EXIT PRESSURE PsIA «027
. FUEL DENSITY (MMH) e e LBZFY3 . %4,751
OXIDIZER QENSITY LR/FT3 : 90.574
FUEL FLOWRATE o LB/SEC L L 1a93)
OKIDIZER FLOWRATE LB/SEC 11,659
CTOTAL PROPELLANT FLOWRATE LB/SEC _ . 19,590
MIXTURE RATIO (OVERALL} o/F ‘ 1,470
BLC FLOWRATE . e LBLSEC. .. .59
8LC TOTAL PERCENT % o 3,032
CURE MIXTURE RATIO : o oF L 1589
FUEL INJECTOR DELTA=P PSID \ 69.667
QXIDIZER 'INJECTOR DELTA=P .  _psID. . .. .%],.435
T/C COOLANT DELTA=P PSID _ - 124618
_T/C COOLANT DELTA-T .. DEGF . ... 136,308
THRUST CHAMBER KEAT FLUX BTU/SEC 772.958
C~STARy SITE FT/SEC ‘5479,256
C~S$TAfs UMR S FT/SEC 5517,243
C~STAR EFFICIENCY _ % S 964377
CF’ SITE -y - i l 736
LF SITE vaguuw. .~ eeees 14393_“m
.CE CORRELATION e e 101,686
CF. vAC 72 : - 1.291
ISP+ TESY _ . . ...SEC - 204,196
I15Py SITE VACUUM SEC 307,181
_15ps VAC T2 PREDICTED . s§fC o . 306,962
ISP ODK, TEST CONOITIONS 3SeC . 327,376
ISPe TDKy TEST CONDITIONS SeC S 322.005 .
ISP EFFICIENCY % : 92,4990
ENFROY RELEASE EFFICIENCY . % ~ o 97,409
¢=STAR. ODE FT/SEC - 5685,227

1SPo QULEs TEST - o SEC 3321246



6K OMS ENGINE TECHNOLOGY
-~~~ .. . .. SUPPORT PROGRAM = TASK XII.
ROCKETDYNE INTEGRATED CHAMBER
~DATE 1& NOV 3 . S B
SERIES RO/ZICT=) SEQUENCE 2 : TEST 1o

... TEST _DESCRIPTION . e R . ,
PERFORMANCE EVALUATION OF ROCKETDYNE INTEGRATED CHAMBER ENGINE WITH
LIKE DOVBLET INJECTOR S/N2, 72 TO 1 NOZZLE. UNSATURATED MMH/NTO.
TARGET PCNS = 125.s O/F = 1,65, _

ACTUAL TEST DURATION 10.197 SEC
—DATA SLICE TIME = 9.000 SEc To . 10,000 S¢C¢ .. _ .
PARAMETER UNITS AVG, MEASURED VALUE
o ESERRMERES e i EmERE | SeeatesesstesNesmee
FUEL TANK PRESSURE Psla 239,024
~ORIDIZER TANK PRESSURE - . . pgla . L 246,540
FUEL INTERFACE PRESSURE PSia 207,864
. ORIDIZER INTERFACE PRESSURE S RPSIa 0 197,.32)
T/C COOLANT INLET MANe PRESSURE PSIA - 203,981
~FMEL INJECTOR PRESSURE . ©SIA _._._ . 192.865 . _ ___
ORIDIZER INJECTOR PRESSURE PS1A 189,976
 CHAMBER PRESSURE NO. 1 . PSIA. . 132,075
CHAMBER PRESSURE NO, 2 PSIA 132,629
AKTAL THRUST, SYSTEM A Ci—ee . LBF e 6000,38]1
AXIAL THRUSTy SYSTEM B LBF - 6010,460
¥=AXIS THRUST. e BE s 3,039
Z=AX1S THRUST _ LBF 22,096
AVERAGE CELL PRESSURE PS1A . . «038
CELL PRESSURE AGREEMENT % : o113
LAVERAGE FyEl FLOWRATE S LLBRN 60294
FUEL FM AGREEMENT % . SRR .« 069
.AVERAGE OXIDIZFR FLOWRATE _  ___ GpM __ e 60899
OXIDIZER FM AGREEMENT % »083
_FUEL INTERFACE TEMPERATURE _ CDEG.E. . 65,580
OXIDIZER INTERFACE TEMPERATURE DEG F T 674491
- T/C COOLANY IN TEMPERATURE ... . DEG.E. . .. 67,140
T/C COOLANT OUT TEMPERATURE OEG F . 214,448
- T/C SURFACE TEMP =16 IN _ = _OEGF __ .. 210,239
T/C SURFACE TEMP =13 IN DEG F 203,937
- 1/C SURFACE TEMP =10 IN : DEG F L. 2174210
T/¢ SURFACE TEMP « & IN DEG F 164,463
. T/G SURFACE TEMP = & IN .. .. DEGF - 1824969
1/C SURFACE TEMP = & IN DEG F , 201,370
~1/C_SURFACE TEMP = 2 IN DEGF. 166,131
T/C SURFACE TEMP =0,3 IN DEG F 148,275
T/C SURFACE YEMP + 3 IN DEG F S 231,098
T/C NOZILE FLANGE TEMP , DEG F 213,828
NOZZLE SURFACE TEMP ¢ 7.2 IN OEG F S .809,029%
NOZZLE SURFACE TEMP + 7,8 IN DEG F 1208,016
NOZZLE SURFACE TEMP « 9,9 IN -DEQF . 1304,660
‘NOZZLE SURFACE TEMP «11,7 IN DEG F -123%,087
MOZZLE SURFACE TEMP #16.2 IN . DEGF . 163,170
NOZZLE SURFACE TEMP +28,4 IN DEG F - 108]1,546
 NOZZLE SURFACE TEMP +40,4 IN CDEGF . 948,039
NOZZLE SURFACE TEMP +57,5 IN DEG F - 83%,379



_QATE )
SERIES RD/ICT=-)

14 NOV 3

6K OMS ENGINE TECHNOLOGY
SUPPORT. PROGRAM = TASK XII.
ROCKETDYNE INTEGRATED CHAHBER

szausnce 2 |
" PERFORMANCE DATA

PARAMETER UNITS CALCULATED VALUE
_mfowneewmss 00000 — BT pe—_ T L___ SNSRI, L s Ll D s T
PC, INJECTOR END Psia 132,629
_PCy NOZZLE STAGNATION e PSIA_ 128,998
AR:AL THRUSTs SITE LaF . 6005,421
AXIAL THRUST. VACUUM LBF 6082.060
- MOZZLF EXIT PRESSURE . . _pglA . . o3& _ .
- FUEL DENSITY (mmMH) = __LBZFY3 . Ba, TS
_ORIDIZEA DENSITY . LBsFY3 _90,580
FUEL FLOWRATE LB8/SEC _Te355 ,
_QXIDIZER FLOWRATE = JLBASEC . 12a290
TOTAL PROPELLANT FLOWRATE LB/SEC 19,645
~MIXTURE RATIO (DVERALL) Q- . . leell
BLC FLOWRATE LB/SEC +551
_BLC TOTAL PERCENT % ] . 24808
CORE MIxTURE RATIO o/F 3 1.806 '
_FUEL INJECTOR DELTA=P. e PSID . 59,036 .
OXIDIZER INJECTOR DELTA=P PSID 576347
~X1/C CODLANY DELYA-P A . PSID. 1leale
T/C COOLANT OELTA~T DEG F T ]47,308
_THRUST CHAMBER HEAT FLUX BIU/SEC 7744667
C=5TARy SITE F1/SEC , 5474,316
L=STARs UMR e _FX/SEC  __ %%33,766
C=STAR EFFICIENCY % 95,849
_CF, SITE  mmmee 14797
CF SITE VACUUN mares 1'820
_cFs VAC 72 EXPECY. ) L mmees 14397
CF CORRELATION covme 101,254
_CEe VAC .72 e {808
15p, TESTY SEC 305,692
15ps SITE YACUUM SEC. . 309,593
1Sps YAC 72 PREDICTED SEC 309,580
I3Ps ODK, TEST CONDITIONS SEC , aaa.n¢#
ISPy TOX, YEST CONDITIONS SEC 327.668
_1Sp EFFICIENCY _ S " o
ERERGY RELEASE EFFICIENCY % 96.‘57
C=STARy ODE . - FyssEC . ST11.e20
159, oog, TEST SecC 338,489



. 6K_OMS ENGINE_TECHNOLOGY .
SUPPORT PROGRAM = TASK XII

. ROCKE DYNE INTEGRATED cHAMBER
DATE 1% NOV 3

_SERIES_RD/ICT=) . ... SEQUENCE 3 = _TESY
TEST DESCRIPTION
_ PERFORMANCE EVALUATION OF RD INTEGRATED REGEN cnﬂnazﬂpﬁ.w
LIKE DOUBLET INJECTOR S/Nly 75 To 1 NOZZLE, MMM/NTO
_HELIUM=SATURATED AT 225 PSIA. _ YARGET PCNS = lZE&j_QLE_- 1985,

. ACTUAL TEST DURATION - . 10.222 SEC_ ~ o
DATA SLICE TIME 9,000 SEC To 10,000 ssc

PARAMETER UNITS AVG. MEASURED VALUE
FUEL TANK PRESSURE PS1A - 240,841
_OXIDIZER YANK PRESSURE _  PpsIA __267.138
FUEL INTERFACE PRESSURE PSiA 2104147
_QXIDIZER INTERFACE PRESSURE. _._PSIA . .._.)984169
T/C COOLANT INLET MAN. PRESSURE PSIA 207,796
FUEL INJECTOR PRESSURE ___  psla . 192.186
OXIDIZER INJECTOR PRESSURE Psla - 191132
_CHAMBER PRESSURE NO, 1 e PSYA o 1314835
CHAMBER PRESSURE NO. PSIA - 132.126
_ARIAL THRUST, SYSTEM. A e LBF . 6001,263
AXIAL THRUST, SYSTEM & LBF " 6013,642
_Y=AXIS THRUST o ABF . _2eT86
Z=aX1S THRUST , LBF o 31.586
_AVERAGE CELL PRESSURE = . ___psia . « 037 _
CELL PRESSURE AGREEMENT % ' .089
_AVERAGE FUEL FLOWRATE = _ _ epM . . 60,679
FUEL FM AGREEMENT , % : : «053
_AVERAGE OXIDIZER FLOWRATE = G6PM_ 60899
ORIDIZER P4 AGREEMENT % o «083
_FUEL _INTERFACE. YEMPERATURE NEG_F _ 64,690
OXIOIZER INTERFACE TEMPERATURE DEG F | 684849
_1/¢ COOLANY_IN _TEMPERATURE, _DEG F . _66,22)
T7¢C COOLANT OUT TEMPERATURE DEG F 199,009
_Y/¢ SURFACE TEMP =16 IN . ... DEGF . 197,983
1/C SURFACE TEMP =13 IN DEG F 198,499
_T/C _SURFACE TEMP =10 IN - DEG ¥ 212,709
T/C SURFACE TEMP - 8 IN DEG ¥ 162,017
_Y/C SURFACE TEMP - & IN . . _ DEGF _ .177.288
T/C SURFACE TEMP = 4 IN DEG F 197,742
T/C SURFACE TEMP = 2 IN . DEGF .. 183,865
T/C SURFACE TEMP =0,3 IN DEG F , 1#5.577
_1/C SURFACE TEMP ¢ 3 IN DEGF
1/¢C NOZZLE FLANGE TEMP DEG F 59,914
_NOZZLE SURFACE TEMP ¢ 7.2 IN . C DEGF . .. 222917
NOZZLE SURFACE TEMP + 7.8 IN DEG F 591,473
 NQZILE SURFACE TEMP o 8,9 IN . . DEG F. __ .. . . 588,753
NUZZLE SURFACE TEMP +11.7 IN DEG F . 5464125
_NQZZLE SURFACE TEMP +16.2 IN. QEB.F . . 399,857 _ .
NOZZLE SURFACE TEMP <¢2B8.4 IN DEG F _ 264,650
_NOZZLE SURPACE TEMP #00.8 INM DEG F .. _233.482

NOZZLE SURFACE TEMP +57.5 IN DEG F 182,615



6K OMS ENGINE- TEGHNOLOGY e
' SUPPORT PROGRAM = TASK XII

- e . ROCKETOYNE. INTEGRATED CHAMBER —

UATE 15 NOV 3

- SERIES RDAICT=i] .-~ SEQUENCE 3

~ PERFORMANCE paTa
,,,PAQ,AMEIER e o

_TEST 1

o

UNITS ... CALCULATED VALUE
—PCy - INJECTOR ENO— - - - PSEA-- 31314980
PCy NOZZLE STAGNATION PSlaA . 125,381
~AXLAL THRUST, S1TE - - LABF- 6007.452
AATAL THRUST. VACUUNM LaF 6081.125
~-NOZZLE EXIT PRESSURE . . psiA. . .. S
FUEL DENSITY (mMMH) LB/FT3 54.764
--QXJDIZER DENSLITY. . SR .7 A & O e
FUEL FLOWRATE = ' LB/SEC . Te404
"QAIDIZER FLOWRATE __ABJSEC. _ .. . 12,270_
‘TOTAL PROPELLANT FLOWRATE LB/SEC o 1?-674
__MIXTURE RATIO (OVERALLY. . . . QOJF _ . 14697
8LC FLOWRATE \ 'Lalssc +558
.BLg. YOYAL PERCENT - & - - . - 24819 .
CORE MIXTURE RATIO 0/F 1.791
__FUgL INJECTOR pELTA«P.. . .. __._ PSID . - 504205
OXIDIZER INJECTOR DELTA=P PsID 594151
/¢ COOLANY QELYA-P . .. . .. psmd - 159610
T/C COOLANT DELTA=T DEG F 132,788
_THRUST CHAMBER HEAT FLUX BIU/SEC . 702,945
¢C-STARy SITE FY/SEC 5439,661
__C=STARs UMR . __ . . __ .. _FI/SEC _ . 5497,018
C~STAR EFFICIENCY % L 95,246
_CF,. sx_f_ﬁ S —— TP e e o ﬁ.l_..ﬂﬂ_@
CF SITE VACUUH ' ‘ - - S 1.828
9. VAC 12 EXPECYT . Mg h795
cF CORRELATION ——— 101.826
_.__CF;_ _VAC 72 . . . N it T 1.8 1 _
15p¢ TEST R SgC 305.352-
__15Py S1YE VACUUM . SfC 309,097
I5Ps VAC 72 PREDICTED SeC 309,080
__15Py OUK, TEST CONDITIONS . .8EC. . . . 332.,75%%
15P¢ TDKy TEST CONDITIONS SEC z 327.427
- 159 EFFICIENCY R, - S 9l.421 .
ERERGY RELE&SE EFFICIENCY % . 96,373
__C=STARy QDE _ s - ___FY/ssEC _ S711.145
~ 15P, ODE, TEST B - 338,103



. .6K. .QMS_ ENGINE TECHNOLOGY =
SUPPORYT PROGRAM = TASK XII

— ROCKETOYNE INTEGRATED CHAMBER o
_SERIES RD/ICT=)

- - SEQUENCE 3 ... ... . __TEST 2
jgg; DESCRIPTION

ORMANCE EVALUATION OF RD INTEGRATED REGEN. CAHMBERs _ . __
LIKE DOUBLET INJECTOR S/N1, 75 To 1 NOZZLE, HHH/NTO

_HEL IUN=SATURATED AT 225 ES.LA#AJARGEI _PCN§ = lziu__ﬂll’._!..h&&n

_AGTUAL TESY OURATION . .
DATA SLICE TIME

"DATE 15 NOV 3

10207 SEC .
94000 SEC TO lﬂiﬂﬂﬂ SEC

_UNITS - AVG. MEASURED VALUE

_PARAMETER o
_FUEL TANK PRESSURE - _ = _PSIA . 222,080
oxgnxzsﬁ TANK PRESSURE PSIA 2534309
FUEL INTERFACE PRESSURE _PSIA - 196,163
OXIDIZER INTERFACE PRESSURE PsiA 201.136
_J/c_COOLANY INLET MAN, PRESSURE.  PSIA - 198,207
FUEL INJECTOR PRESSURE Psia : 185,739
OXIDIZER INJECTOR PRESSURE O PSIA . . 193,443
‘CHAMBER PRESSURE NO, 1 PSIA 131,113
-CHAMBER PRESSURE NO, 2 o P&TA . . o
ARIAL THRUST. SYSTEM A LaF "§950,385
_AXIAL THRUST. SYSIEM B L8f ..5953,220
Y=AXIS$S THRUST LaF -0 ,506
_Z=aX1S _THRUST ABF . . Ra.T762 .
AVERAGE CELL PRESSURE PSIA $ 042
_CELL PRESSURE AGREEMENT R T D76
AVERAGE FUEL FLOWRATE GPM 85,739
FM AGREEMENT % 121
AVERASBE OXIDIZER FLOWRATE GPM 624981
_OXIDIZER FM_AGREEMENT o & _.+12)
FUEL INTERFACE TEMPERATURE DEG F 64,775
_OXIDIZER INTERFACE TEMPERATURE = DEGF - 6941359
1/¢ COOLANT IN TEMPERATURE DEG F 664430
1/C COOLANT OUY TEMPERATURE =~ DFG F 217,598
T/7¢C SURFACE TEMP ~16 IN opG F - 220,791
1/C SURFACE TEMP =13 IN DEGF . 2le.r52
T/C SURFACE TEMP =10 IN DEG F 225,100
T/C SURFACE YEMP = 8 IN __"_m_m".__nsewznm__“_m_."_mmill,gﬁg%ﬁWm
1/7¢ SURFACE TEMP = 6 IN DEG F 189,016
Y/C SURFACE TEMP = ¢ IN DEG F 208,386
/¢ SURFACE TEMP - 2 IN DEG F : 152,464
_1/C SURFACE TEMP ~0,3 IN DEGF . 183,320,
T/C SURFACE TEMP « 3 IN DEG F. : 135.195
_1/C NOZZLE FLANGE TEMP. DEG F_ . BDes21
NOZZLE SURFACE TEMP « 7.2 IN DEG § . 444,015
_NOZZLE SURFACE TEMP ¢ T,8 IN = _ DEGF _  _  918.455.
NOZZLE SURFACE TEMP ¢ 9,9 IN DEG F 963,404
_NOZZLE SURFACE TEMP +11.7 IN. _DEGF . 897,225
NOZZLE SURFACE TEMP e18.2 IN DEG F 719,678
 NOZZLE SURFACE TEMP 28.4 IN CDEG.F. . . .. _ 508,283
NOZZLE SURFACE TEMP +60.4 IN bErG F 40),666
_NOZZLE SURFACE YEMP o5T7.5 IN = DEG F 321,457



6K OMS ENGINE TECHNOLOGY = = _

SUPPORT PROGRAM = TASK XII
R, Rocxﬁlnxuﬁ,xalzﬁaAJEn,tiuﬁﬁuﬂi O
SEQUENCE 3
- PERFORMANCE  DATA.

____UNITS_ . . CALCULATED VALUE

DATE 15 NGV 3
SERIES RO/ICTw]

<94 o WD T

- TESTY 2

g U Ak aw A A S g g W O B o
~-PCo INJECTOR. END e - PSIA . _ 131.243
PCy NOZZLE STAGMATION PSiA 124,680
ARpAL THRUST., SITE. . LBF . e 5951,803
AXTAL THRUST: VACUUM LRF 6035,353
—MOZZVE EXRY PRESSURE .. ... pSTA._ ... 06T
FUEL DENSITY (MMH) LB/FT3 54,764
OXIDIZER DENSITY . . ___ . . L R/ET3. S—T, DY 2
FUEL PLONRATE LB/SEC 6,801
QAIDIZER FLOMRATE L LB/SEC . 126686
TOTAL PROPELLANT FLOWRATE LR/SEC 19,487
MIXTURE RATIO (OVERALL) o/F 1,865
_8Le FLOWRATE _ . e e LB SEC- e o509
BLC TOTAL PERCENT % : 2e614
~CORE MIXTURE RATIO _ .. ... ___Q4F - Re016 . .
FUEL INJECTOR DELTA=P PSID : 54,497
-OKIDIZER INJECTOR DELTA=P. . __PSID. ... 62,200 _
T/C COOLANT DELTA-P PSID . 9468
~X/C _COOLANT DELTA-T - DEG.F . 181,478 _
THRUST CHAMBER HREAT FLUX BTU/SEC 734,657
C=3TARs SETE : e . FTLSEC __5461.053
C sTARy UMR FT/SEC 5545, 091
Le=STAR EFFICIENCY % : el 0.
CFQ 517E gy 1.799
LCF SITE vaguum e mawew . 1,825
cyﬁ Vﬁc 72 EKPECT ;awmoe _ l.ezo
CF CORRELATION. .. . _  meses ... 100,280
CFe YAC 72 - o 0 : 1.814
_18p. TEST o .._._SEC 308,421
i1Sp. SITE YACUUM SEC 309,709
15po VAL 72 PREDICYED . _ SEC 309,619
159, ODK, TEST CONDITIONS SEC 336,094
15, IDK, TEST CONDITIONS msgcﬂﬂmm o wm.f,330.zb&“,,M“
13p EFFICIENCY 90,327
_ENFRGY RELEASE EFFICIENMCY _____cz,‘ S 95,749
CogTARy ODE Fy/sEC 569,936
18P, OpE, TESY - e 3424876



. 6K OMS_ENGINE TECHNOLOGY .
SUPPORT PROGRAM = TASK X1I

@ﬁTE 15 MOY 3
SERIES RDZICT=]
TEST DESCRIPTION

ACTVAL TEST DURATION
DATA SLICE TIME

.. .. ROCKETDYNE INTEGRATED CHAMBER

-  SEQUENCE 3

PERFORMANCE EVALUATION OF Bp INTEGRATED REGEN CAHMBERS
LIKE DOVBLET IMJECTOR S/MNiI, 75 To 1 NOZZLEs MMH/NTO
_HEL IUM=SATURATED AT 225 PSJae  TARGET POCNS = 140es O/F_ 2 1eadSe.

10154 SEC_.
9,000 SEC TO

10,000 ézc

~YEST 13

e UNITS AVG. MEASURED VALUE

 PARAMETER . .
FUEL TANx PRESSURE = .. -~ PsIA S .. 3024158
QAIDIZER TANK PRESSURE PsIa 273.722
FUEL INTERFACE PRESSURE psia 2574187
OAIDIZER INTERFACE PRESSURE PslA 219,785
_FfC COOLANT INLEY WAN. PRESSURE . PSIA ... . 253,574
FUBL INJECTOR PRESSURE PSIA 2374310
QAIDIZER IMJECTOR PRESSURE . O PSIA. - . 21le931
CHANBER PRESSURE NO, 1 PSiA 147,477
CHAMBER PRESSURE NO. 2. . _ . . __ PSIA . . . . 147.999 .
AXTAL THRUST, SYSTEM A Lef 6633,861
_AATAL THRUST. SYSTEM B _ _ _ABF_ . _ .. 6663.315
L Z=pX1S THRUST _. _ LBF . __ 26,017
AVERAGE CELL Pnassune PSIA « 038
CEEE PRESSURE % « 086 —_—
AVERAGE ?uEL FLOWRATE GpM 72920
_FURL FM AGREEMENT N S e e)2]
AVERABE @EE@§ZEﬁ FLOWRATE GPM . 64,4132
_OXIDIZER FH_AGREEMENTY - B . 292
FUEL INTERFACE TEMPERATURE DEG F 65,029
DAIDIZER INTERFACE TEMPERATURE L DEGF 69614
T/C COODLANT IM TEMPERATURE DEG F 66806
I/C COOLANT OUT TEMPERATURE DEG F  _ ___;g;;gzg
T/C SURFACE TEMP =16 IN DEG F 196,585
T4C SURFACE TEMP =13 IN DEG F 187,643
T/C SURFACE TEMP =10 IN DEG F 200,699
I4C SURFACE TEMP = B IM -
T/C SURFACE TEMP - & IN OEG F 169,430
_T/C SURFAGE TEMP « 6 IN  _DEGF . 186,743
T/C SURFAGE TEMP - 2 IN DEG F 135,379
 T/C SURFACE TEMP =03 IN DEG F 136,615 _
T/C SURFACE ?EMP ¢ 3 IN DEG F 121.262
/¢ _NDZZLE FLAMBE TEMP . . . __. A - T W
ﬁozZLE suawaca ?EMP * 7.2 IN %Eg*r ssx.fg%
NOZZLE SURFACE TEMP + 7.8 IN DEG F 99633
NOZZLE SURFACE TEMP ¢ 9,9 IN DEG F 1019.239
 NOZZLE SURFACE TEMP o]).7 IN DEG F_ - 9380107
NOZZLE SURFACE TEMP <16.2 IN DECG F 857,442
NOZZLE SURCACE TEMP 20,6 IM_. .. DEG.E_ . 671,192
NOZZLE SURFACE TEMP 240,464 IN DEG F 5300172
_NOZZLE SUAFACE TEMP oBT7.5 IN REG £ 62} 844



6K OMS ENGINE TECHNOLOGY .
SUPPORY PROGRAM = TASK XII

. ROCKETDYNE INTEGRATED CHAMBER
SEQUENCE 3. .- TEST 3

BATE 15 NOV 2
SERIES RD/ICT=)

- PERFORMANCE - DATA

_PARAMEYER . .. _UNETS  CALCULATED VALUE
_PL, INJECTOR END -T3 7Y - 147,718
PC, NOZZLE STAGNATION PSIA 140,332
ARTAL THRUSTe SITE . LBF. . 6638,878
AKTAL THRUST. VACUUM LBF . 6T16,2283
_MOZZLE EXEIT PRESSURE . . PSIA . . o083
FUEL DENSETY (MMM) ‘ LB/FT3 4,762
- DAIDIZER DEMSITY e LRZEII .. .. 90,812 .
FUEL FLOMRATE LB/SEC 8,897
_DXIDIZER FLONRATE . LB/SEC.. 124919
TOTAL PROPELLANT FLOWRATE LB/SEC - 21.816
,_m URE RALLY L D2F P o 1a452
BLC FLOWRATE LR/SEC +566
 BLC _TDYAL PERCENT . . 5 e 3,055
CORE MIXTURE RATIO OsF o 1,570
_FUgL INJECTOR DELTA=P _.PSID . B9.892 _ _
DXIDIZER INJECTOR DELTA=P PSID 64,213
_34¢. CODLANY DE{ TA=P R BT 3 1> SO 16,264
T/C COOLANT DELTA=T - DEG F 127,166
_THRUST CHAMBER MEAY FLUX = _BTU/SEC. = aoa.94l
C=5TAR. SITE FT/SEC 5490,559
_C=5TARe UNMR _ FY/SEC _5526,402
C=STAR EFFICIENCY % : 96.656
_CF. sITE L eaewe _________-__‘___J,,l__a_*
_cFe VAC T2 EXPECT . . memes 1.772.
¢F CORRELATION cnm=a 101,791
,ﬁ4 _MAC 72  wmm=- 1s7°%1
1Spe TEST SEC 304,304
__ISps SETE VACUMM SEC 307,772
I1Spo VAC 72 PREDICTED SEC aer,sis
_15Pe QDKo TEST CONDITIONS _ﬁgc“__wmmw¢mm”m_wazz,qlgm._"
ISPs TDR, TEST CONDITIONS SeC 3214706
_i%p EFFICTENCY _ & 92,850
ENERGY RELEASE EFFICIENCY % 97.478
_C=sTARe QDE . FI/SEC $680,530
159y ODE, TVEST SEC 331,473



6K OMS ENGINE TECHNOLOGY
SUPPORT PROGRAM = TASK XII
R e ROCKETOYNE IMTEGRATED CMAMBER . . .
néra 15 NOV 3 , ‘
SERIES RD/ZICT=) SEQUENCE 3 ; TEST 4
TEST DESCRIPTION -
PERFORMANCE EVALUATION OF RD INTEGRATED REGEN CAHMHBER
LIKE DOUBLET INJECTOR 5/Niy 75 TO 1 NOZZILE, MMH/NTO

_HEL TUM=SATURATED AT 225 PSIA, . TARGET PCNS. = _140s0 O/F = 1.65.

ACTUAL TEST DURATION 10204 SEC
DATA SLICE TIME 9,000 SEC To  10.000 SEC

_PARAMETER = . ol .. UNITS | AVG, HEASUBEQMIALUE
FUEL TANK PRESSURE } . PSIA 2774906
OXIDIZER TANK PRESSURE PSIA © - 2854119
FUEL INTERFACE PRESSURE _ PSIA _ 239.8)2
ORIDIZER ENTERFACE PRESSURE PSIA - 2264142

_¥/C COODLANT IMLEY MAN. PRESSURE = PSIA. ... _ . 237,170  _
FUEL INJECTOR PRESSURE PSIA 2234659
OKIDIZER INJECTOR PRESSURE PsSIA - .. 217326
CHAMBER PRESSURE NO. 1 PSIA 146,754
CHAMBER PRESSURE NQ. 2 . PSIA . . 147,205
AXTAL THRUST, SYSTEM A LafF 643,138
AXTAL THRUST. SYSTEM B _ L8F .. ... ... _._ 6652,853
Y=AXIS THRUST LRF : 4 ¢555
Z=AXIS THRUST o .. L8F . ] _ 28,267
AVERAGE CELL PRESSURE PSIA o041
CELL PRESSURE C EEMEN? L % L 077
TAVERAGE FUEL FLOWR GPM _ 66,99]
_FUEL FM AGREEMENT R, - SR : _+083
AVERAGE OXIDIZER FLOWRATE GPM 67035
_ORIDIZER PM AGREEMENY . % .. a1%97
FUsL INTERFACE TEMPERATURE DEG F 65.114
OXIDIZER IMTERFACE YEMPERATURE = DEG F. . _ _ . 69:699
T/C COOLANT IN TEMPERATURE DEG F ' 66.974
T/¢ COOLANT OUT TEMPERATURE _.__DFG F 97 A _
T/¢ SURFACE TEMP =16 IN DEG F 510
1/C SURFACE TEMP «13 IN , 0EG ¥ %8.614
T/C SURFACE TEMP ~10 IN DEG F 1,082

CY/C SURFACE TEMP - 8 IN DEG F o 160.85%2
T/C SURFACE TEMP = 6 IN DEG F : 178,013
T/C SURFACE TEMP - & IN. = DEGF _196.050
T/C SURFACE TEMP -« 2 IN DEG F 142,775

_T/C SURFACE TEMP =0.3 IN _~ DEGF . 143,519
T/C SURFACE TEMP + 3 IN DEG F . 128,309
Y/C NOZILE FLANGE TEMP . _ . _DEG F. . 115.3201
NOZZLE SURFACE TEMP + Y.2 IN DEG F : - 6T24.340

_ NOZZLE SURFACE YEMP o 7.8 IN = DEGF . 1133.894
NOZZLE SURFACE TEMP ¢ 9,9 IN DEG F 1168,074
WOZZLE SURFACE TEMP 11,7 IN DEG F e . _)093,504
NOZZLE SURFACE TEMP +16,2 IN DEG F 1006.281
NOZZLE SURFACE TEMP +28.4 IN DEG F . .. B3S.272
NOZZLE SURFACE TEMP +40.4 IN DEG F : 671,150

_ NOZILE SURFACE TEMP ¢57.5 IN.  DEG F._ .. _._._540.342



6K OMS ENGINE TECHNOLOGY
SUPPORT PROGRAM = TASK X1l

DATE 15 WOV 3
SERIES RD/ICT=}

SFQUENCE 3

PERFORMANCE DATA

_PARAMETER _

PL, INJECTOR END

PC, NOZZLE STAGNATION
AXIAL THRUST. SITE

AKIAL THRUSTs. VACUUM
NOZZLE EX1T PRESSURE

FUEL DENSITY (MMH)

OKIDIZER DEMSITY . . _ .

FUEL FLOXNRATE

ORIDIZER FLOWRATE

TOTAL PROPELLANT FLOWRATE
MIXTURE RATIO (OVERALL)
BLC FLOWRATE

_BLC TOTAL PERCENY

CORE MIXTURE RATIO
FUEL INJECTOR DELTA=P
OAIDIZER INJECTOR DELTA~P
1/7C COOLANT DELTA=P

17C COOLANT OELTAT

_THRUSY CHAMBER MEAT FLUX _

C-STARs SITE

_C=STARs UMR.

C=5TAR EFFICIENCY

CFo SITE

cF 517 VACUUM

CFo VAC 72 EXPECT _ = __
CFf CORRELATION

CFy YAC T2

1Sp, TEST

15p. SITE VACUUM ,
I1Sp. VAC 72 PREDICTED

150, DDK, TEST CONDITIONS . .

15p, TDX, TEST CONDITIONS
15p EFFICIENCY

ENERGY RELEASE EFFIC!ENCY
C=5TARe ODE

l?pa OpE, TEST

LUNETS

pPSIA
PSIA
LaF

LBF
PSIA

LB/FT3

LB/FTI

LB/SEC
LR/SEC
LB/SEC

osF

LB/SEC

0/F
PSID
PSIO

PSID

DEG F

FT/SEC
FT/SEC
%

SEC
SEC
SEC

SgC._.

SEC

% .

%‘-
Fr/sEC.
sgC

L YU

.BTU/SEC .

. .ROCKETDYNE INTEGRATED CHAMHER = _
TEST &

_CALCULATED VALUE

U gy O A A0 I 4 b qy WP Ny W o B oy

146,980
1390§31
6648,095

Lu.:.‘,;,,,_.ﬁ_zzgl.@b_r... ——-

¢ 65

54,759

. 90.41)

8.173
13,503
21.677

1,652

o612

-2 - -0 T

1786
T6467T9
T0+344

13,81}
140,134

S ¥ - PL- 1 £ S
© 5498,156

5554 ,735

96,272
1.795
1817

14795

101,220

1805

306,695

. 310,458

310,403

327.630
91,862
96, 547

5?11.9“3

337.961

332,994



6K OMS ENGINE TECHNOLOGY

SUPPORT PROGRAM -~ TASK XII
J PR ROCKETOYNE INTEGRATED CHAMBER
DATE 15 NOV 3 -
SERIES RDZICT=)
TEST DESCRIPTION
PERFORMANCE EVALUATION OF Rp INTFGRATED REGEN CAHHBEHa
LIKE DOUBLET INJECTOR S/Nl, 75 To 1 NOZZLE, MMH/NTO
 HEL TUM=SATURATED AT 225 PSJA. . TARGET PONS = J40es O/F 2 le85s

SEQUENCE 3 TEST S

NOZZLE

SURF ACE

¢87.5% IN

ACTUAL TEST DURATION 10,169 SEC .
DATA SLICE TIME 2,000 SeC ToO 10,000 SEC
PARAME TER UNITS AVG, MEASURED VALUE
FUEL TANK PRESSURE PSla 261,890
QAIDIZER TANK PRESSURE .. _ . . . PSIA _ . _  297.657
FUEL INTERFACE PRESSURE PSIA - 2284370
ORIDIZER INTERFACE PRESSURE pPsia 2334348
T/C COOLANT INLET MAN. PRESSURE PSIA . 2264107
FUEL INJECTOR PRESSURE. . PSIA 2144179
OXIDIZER INJECTOR PRESSURE PSIA . 223.486
LHAMBER PRESSURE NO. ) . . PSIA__ 1464995
CHAMBER PRESSURE NO, 2 PSIA 2 "~ 1474707
AATAL THRUSTs SYSTEM A . . LaF . 66714960
AXIAL THRUSY, SYSTEM B LBF 6681,474
Y=aX1S THRUST LBF . 44555
Z=aX1S THRUST LRF 274290
AVERAGE CELL PRESSURE _ esla . .040 . _
CELL PRESSURE AGREEMENT % ' w1706
AVERAGE FyUEL FLOWRATE . GpM 62,600
FUEL FM AGREEMENT % 0002
AVERAGE OXIDIZER FLOWRATE GPM 69.884
OXIDIZER FM AGREEMENT % _ «250
FUglL _INIERFACE TEMPERATURE . DEGF . 65,199
OXIDIZER INTERFACE TEMPERATURE DEG F 69.868
T/7¢C COOLANT IN TEMPERAYTURE DEG F - 67093
/¢ COOLANT QUT TEMPERATURE DEG F 217,973
T/C SURFACE TEMP =16 IN DEG F 221,180
T/7C SURFACE TEMP =13 IN DEG F - 209,594
T/C SURFACE TEMP ~10 IN CDEG F_ . 221,474
1/C SURFACE TEMP = 8 IN DEG F 168,655
T/C SURFACE TEMP - & IN DEG F . 186,355
T/7¢ SURFACE TEMP ~ 4 IN DEG ¥ - 206,877
T/C SURFACE TEMP « 2 IN DEG F 149,801
T/C SURFACE TEMP =0,3 IN DEG F 150,659
T/C_SURFACE TEMP ¢ 3 IN .. . .. DEGF.___ 134,133
T/C NOZILE FLANGEL TEMP DEG F 132.746
NOZZLE SURFACE TEMP + 7.2 IN DEG F . 146,259
NOZZLE SURFACE TEMP ¢ T.8 [N DEG ¥ o 1217.493
NOZZLE SURFACE TEMP +» 9,9 IN DEG F. . 12643,561)
NOZZLE SURFACE TEMP *11.7 IN DEG F 1170,180
NOZZLE SURFACE TEMP 2+16.2 IN ””.Dgﬁﬂfmgm-,g . 1093,806 .
NOZZLE SURFPACE TEMP «p28.6 IN DEG F 941,589
NOZZLE SURFACE TEMP s6D.4 IN DEG F._ 776,746
TEMP DEG F . 636,989



6Kk OMS ENGINE TECHNOLOGY

SUPPORT PROGRAM = TASK X1I

e . ROCKETDYNE  INTEGRATED CHAMBER
DATE 15 NOV 3
SERIES RD/ICT=)

SEQUENCE 3 TEST &

PERFORMANCE DATA

PAQAMETER e UNITS CALCULATED VALUE
PC, EINJECTOR END PSIA 147,351
PC, WOZZLE STAGNATION PSIA - 139,984
AXTAL THRUST. SITE L8F. 66T6H, 717
AXTAL THRUSTes VACUUM LRF 6757.791
_NOZZLE EXIT PRESSURE. . PSIA e e aD45
FUEL DENSITY {(MMH) LB/FT3 54,756
GAIDIZER DENSITY LB/FT3 20,405
FUEL FLOWRATE LR/SEC _Tes37
OXIDIZER FLOWRATE LB/SEC 14,076
TOTAL PROPELLANT FLOWRATE LR/SEC 21.713
MIXTURE RATIQ (OVERALL). . ._._. . . . o/f .. e 1aR43
ulC FLOWRATE LH/SEC 572
BLC TOTAL PERCENT 2,634
CORE MIXTURE RATIO 0/F 14992
FUEL INJECTOR DELTA-P o PSIO . 66,828
OXIDIZER INJECTOR DELTA=P Pslib . 764135
T/C COOLANT DELTA-P o e PSID L 114928 . .
T/C COOLANY OELTA-T DEG F 150,874
THRUST CHAMBER HMEAT FLUX BTU/SEC 823,850
C=STARy SITE FT/SEC 5502, 742
C=STARy UMR FY/SEC 5585 ,269
C~STAR EFFICIENCY % 96.574
CF, SITE i — o mmwew .. 1.798
CF SirE VACUUH -, W 1.820
Chs YAC 72 EXPECY mewm- . LeBLT
CF CORRELATION - 100,151
Cfg vAC TZ Wmm—— 1.509
15ps TEST sr¢C 307,494
1Sps SITE VACUUM e ... SEC . 3l)e.228
I5Pe VAC 72 PREDICTED SEC - 311,247
15Ps 0Dy TEST CONODITIONS SeC 336,319
1SPs TDKe, TEST COND]ITIONS SEC 3304960
152 EFFLICIENCY % 90,879
ENERGY RELEASE EFFICIENCY % 95,80%
C=STAR, ODE __ o _FT/5EC . 569T7.960.
iI5p¢ ODE, TEST SeC 342,463



. 6K _gMS ENGINE TECHNQLOGY
SUPPORT PROGRAM = TASK XII
- e ... . ROCKETDYNE INTEGRATED CHAMBER .
DATE 1S NOV 3
SERIES RO/ZICT=] SEQUENCE 3 B TEST 6
TEST DESCRIPTION
PLRFORMANCE EVALUATION OF Rp INTEGRATED REGEN CAHMBER.
LIKE DOUBLET INJECTOR S/N)s 75 TD 1 NOZILE, MMH/NTO
JHEL TUM-SATURATED AT 225 PSia, TARGET PCNS 5 11048 QjF B _1.45%,

ACTUAL TEST UURATION 104175 SEC
DATA SLICE TIME 9,000 SEC To 10,000 SEC

PARAMETER . . __.__ . _UNITS _ AVG. MEASURED VALUE

FUEL TANK PRESSURE . PpslA ©. 207,895
OXIDIZER TANK PRESSURE PSIA g 196819
FUEL INTERFACE PRESSURE PSIA © 180,483
OXIDIZER INTERFACE PRESSURE PsIA 151547
T/C COOLANT INLET MAN, PRESSURE . PSIA = . 180.329
FUEL INJECTOR PRESSURE PSIA . 1T73.984
OAIDIZER INJECTOR PRESSURE . PSIA C .. 151458
CHAMBER PRESSURE NO, 1 PSIA 113,541
CHAMBER PRESSURE NO, 2 . .. _psla ‘ 115,540
AXTAL THRUST, SYSTEM A LRF 5009,446
AATAL THRUSY., SYSTEM B . . _ . tafF. _ . - _85193.172
Y=AXIS THRUST Lrf : . =l.012
Z=AXIS THRUST. _ S LBF o 184705
AVERAGE CELL PRESSURE PSIA «038
ctLl PRESSURE AGREEMENT % : 1.09%
AVERAGE FUEL FLOWRATE GPM 57,071
Fi FM AGREEMENT e e S 1le8918
aVERAGE OXIDIZER FLOWRATE GPM = 50+820
oxxpgzgﬁ_FM AGREEMENT % o elle
FUEL INTERFACE TLMPERATURE OFEG F ' 65,284
OXIDIZER INTERFACE TEMPERATURE _DEG F 69.8l4
1/¢C COOLANT IN TEMPERATURE DEG F C T 6T4349
/¢ COOLANT OUY TEMPERATURE === DEG ¥ 199419 L
T/C SURFACE TEMP 16 IN DEG F , 201,951
1/C SURFACE TEMP ~13 IN DEG F 194,412
1/C SURFACE TEMP ~10 IN DEG F 208-631
1/C SURFACE TEMP « 8 [N . DEG F 158,173
1/C SURFACE TEMP ~ 6 IN DEG F : 175,716
_T/C SURFACE TEMP « &4 IN . _DFEG F 192,753
1/C SURFACE TEMP « 2 IN DEG F © 140,593
T/¢ SURFACE TEMP «0,3 IN DEG F 141,824
T/C SURFACE TEMP ¢ 3 IN DEG F 125,880
1/7¢ NOZZLE FLANGE TEMP . DEG F 134,798
NOZZLE SURFACE TEMP ¢ 7,2 IN DEG ¢ 650,377
NOZZLE SURFACE TEMP ¢ 7.8 IN = DEG F ... 1017.88)
NOZZLE SURFACE TEMP ¢ 9,9 IN DEG F 1024,691
NOZZLE SURFACE TEMP 11,7 IN DEG F 928,571
NOZZLE SURFACE TEMP ¢16.2 IN DEG F 941,984
 NOZZLE SURFACE TEMP 28,06 IN. .. 06 F_ ' 831.311
NOZZLE SURFACE TEMP +40.4 1IN DEG F o 758,954
NOZZLE SURFACE TEMP o57.% IN. . DEGF _ . . _639.740



6K OMS ENGINE TECHNOLOGY
SUPPORYT PROGRAM - TASK XII
... . ROCKETOYNE INTEGRATED CHAMBER _ _ _

DATE 15 NOV 3 R

SERIES ROZICT=) SEQUENCE 3 TEST 6

PERFORMANCE DATA

CPARAMETER 0 . .. . _UNITS ___  CALCULAYED VALUE
PCy INJECTOR END PSIa 1144541
PCy NOZZLE STAGNATION Psla 108,814
AKIAL THRUST» SITE Laf 51014309
ARTAL THRUSYT» VACLUM LBF 5177,014
NOZZLE EXIT PRESSURE _PSIA . L .03
FUEL DENSITY {(MMH) LR/FT3 544756
QALDIZER DENSITY LB/FT3 - 90,367
FUEL FLOWRATE LR/SEC 64962
OXIDIZER FLOWRATE LB/SEC 10,232
TUTAL PROPELLANT FLOWRATE LB/SEC 17+195
 MIXTURE RATIO (OVERALL) o8 . - 1470 .
BLC FLOWRATE tLR/SEC 521
BLC TOYAL PERCENT % 3,033
CORE MIXTURE RATIQ osF 14589
FUEL INJECYOR DELTA=P . PSID 59,444
OXIDIZER INJECTOR DELTA=P PSID 364918
4L COOLANT DELTA-P S PSID. ... = - . - - 6.345 .
t/C COOLANT DELTA=T DEG F 131 .846
THRUST CHAMBER HEAT FLUX BTU/SEC 6564348
C=STARs SITE FT/SEC " 5401,575
C=STARs UMR . . . FT/SEC. 5439,506
C=STAR EFFICIENCY % 95.013
F o SYYE . e mmew . . leT70T7 .
cF SITE VACUUM -—=- 1,793
CFe VAC 72 EXPECI ———— . 1e7T%
CF CORRELATION - 101,105
CF' VAL 72 . oo ... l1e7181
159. TEST sgC 296,682
_15pe SITE VACUUM SEC . .. ... .301.085
15p, VAC 72 PREDICTED SEC © - 300,896
15py ODK. TEST CONDITIONS SgC 327.023
15Ps TDK, TEST CONDITIONS SEC 3214642
15p EFFICIENCY % 90,659
ENERGY RELEASE EFFICIENCY % : 95,905
_C-5TaR, Q0 = S FT/7S8€EC. . BAAS 098

15ps ODEs YVESY SEC 31324106



6K_OMS ENGINE TECHNOLOGY.
SUPPORT PROGRAM = TASK XII

L o ﬂDCKETDYNE IN¥EQRATEO CHAMBER

DATE 15 NOV 3

SERIES RD/ICT=1 SEQUENCE 3

TEST DESCRIPTION

PERFORMANCE EVALUATION OF RD INTEGRATED REGEN CAMMBER,.

LIKE DOUBLET INJECTOR S/Nly 75 To 1 NOZZLE, MMH/NTO

HEp TUM=SATURATED AT 225 PSIA. TARGET PCNS = 110es O/F = 1469

ACTUAL TEST OURATION
DATA SLICE TIME

TEST 7

10202 SEC
9,000 SEC TO 10,000 SEC

AVG. MEASURED VALUE

PARAMETER | e . uWlTs
FUEL TaNK PRESSURt SR =13 ¥ 196,455
OXIDIZER TANK PRESSURE PSIaA o 204.414
FUEL INTERFACE PRESSURE Psia . 1724855
OXIDIZER INTERFACE PRESSURE psia 1660381
T/c COOLANI INLEI HAN. PRESSURE PSIA 1714555
 FUEL INJECTOR.PRESSURE o PSIA 163.367
ORIDIZER INJECTOR PRESSURE Psla 161088
CHAMBER PRESSURE NO. 1 - PSIA 115,949
_CHAMBER PRESSURE NO. 2 ) .. Psla 1164294 _
AXTAL THRUST. SYSTEM A LaF 5222.¢8¢
AXIAL THRUSTs SYSTEM B LBF . 5231.33¢0
Y=AXIS THRUST LaF “2,02%
Z=aX1S THRUST , LAF 20,975%
AVERAGE CELL PRESSURE PsIa . 2038
_CELL. PRESSURE AGREEMENT . . % . ... . .._,086
AVERAGE FUEL FLOWRATE GpM 52,664
FUEL FM AGREEMENT : % «026
AVERAGE QRIDIZER FLOWRATE GPM 53668
OXIDIZER FM AGREEMENT o % « 052
FUEL INTERFACE TEMPERATURE DEG F 65,284
OX1DIZER INTERFACE TEMPERATURE _ DEG F . _ _ 692784
T/C COOLANT IN TEMPERATURE DEG F 67.266
T/C COOLANT OUT TEMPERATURE DEG F 213.612
T/C SURFACE TEMP =16 IN DEG F 217,129
T/C SURFACE TEMP ~13 IN . DEG F 206,908
T/C SURFACE TEMP =10 IN DEG F . 221,243
_1/C SURFACE TEMP « 8 IN DEGF . . 167,374
T/C SURFACE TEMP = 6 IN DEG F : 185,750
C1/C SURFACE TEMP <« & [N DEG F 204,756
1/C SURFACE TEMP « 2 IN DEG F 148,589
T/C SURFACE TEMP =0,3 IN _ o DEG F - 149,933
1/C SURFACE TEMP + 3 IN DEG F 132.678
1/C NOZZLE FLANGE TEMP | ] . . DEG F. 1524246
NOZZLE SURFACE TEMP ¢ 7,2 IN OEG F T07.967
NOZZLE SURFACE TEMP + 7.8 IN DEG F © 11204208
NOZZLE SURFACE TEMP + 9,9 IN DEG F 1142,070
NUZZLE SURFACE TEMP 11,7 IN DEG F 1063,518
NOZZLE SURFACE TEMP ¢16.2 IN DEG ¥ 1026,.,492
NOZZLE SURFACE TEMP 28,6 IN . .. DEG F . 9224548
NOZZLE SURFACE TEMP +40.,6 IN DEG F . 821.858
- NOZZLE SURFACE TEMP o57.5 IN DEG F 704,250



6K OMS ENGINE TECHNOLOGY
SUPPORT PROrRAM « TASK XI1I

. ROCKETDYNE INTEGRATED CHAMBER SR

DATE 15 NOV 3 , |
SEGUENCE 3 TEST 7

SERIES RD/ICT=)
PERFORMANCE 0ATA =
CALCULATED VALUE

PARAMETER  _  _  _YNITS
LAy 1 11 T F - W - e am G we um O g b gn 0 WY O o W oy
PCy INJECTOR END. PSIA 116,122
PCy NOZZLE STAGNATION PSIA 110,316
AXIAL THRUSTs SITE LRF 52264907
AXEZAL THRUST. VACUUM LafF 5303.538
NOZZLE EXIT PRESSURE . PSIA L . a0%2
FUEL DENSITY (MMM) LB/FTY 544759
QXIDIZER DENSITY LB/FT3 904359
FUEL FLOWRATE LB/SEC 6,425
ORIDIZER FLOWRATE LB/SEC 10,804
TOTAL PROPELLANT FLOWRATE LB/SEC 17.230
_MIXTURE RATIO (OVERALLY osF Y682
BLC FLOWRATE LB/SEC o481
BLC TOTAL PERCENY % 2793
CORE MIXTURE RATIO O/F 1.818
FUEL INJECTOR DELTA-P PS1D 474,245
OXIDIZER INJECTOR DELTA=P PSID 44.966
.1/C COOLANT DELYA-P _.PSID. .. Be188.
T/C COOLANT DELTA-Y DEG F 166,347
THRUST CHAMBER HEAT FLUX _BTU/SEC 6724323
C=STARY SITE FT/SEC 5466 ,952
C~STARs UMR FY/SEC 5%25,991
C~sTAR EFFECIENCY % 95,481
CF, SETE T T C1.788
cF SITE VacUUM —m———- 1.812
cFy» VAC 72 EXPECT S 1,798
CF CORRELATION S 100,776
Qﬁ” [ VAC 72 —peee 1.301
159, TEST : SEC : 303,366
ISPy SITE VACUUM R _§gC 307,813
15p, VAC 72 PREDICYED sSeC 307,816
ISPy QDKy TEST CONDITIONS SEC. 332,802
I5ps TOK, TEST CONDITIONS SEC 327.391
ISP EFFICIENCY % 90,858
ERERGY RELEASE EFFICIENCY % 96,271
_C~STAR, ODE FT/SEC . _ . 57)11.631
ISPe QDE. FEST SFC 338794



6% OMS ENGINE TECHNOLOGY

SUPPORY PROGRAM = TASK XII :
] ROCKETDYNE INTEGRATED CHAMRER
DATE 15 NOV 3 '
SERIES RD/ICT=) SEQUENCE 3

TEST DESCRIPTION
PERF ORMANCE EVALUATION OF RD INTEGRATED REGEN CAHMBER’
LIKE DOUBLET INJECTOR S/Ni, 75 TO )] NOZZLE, MMH/NTO

HEL TUM=SATURATED AT 225 PSIA. . TARGET PCNS = 110se O/F = 1285

TEST 8

ACTUAL TEST DURATION 10,203 SEC

DATA SLICE TIME ©.000 SEC TO 10,000 SEC
PARAMETER. . . . _JMITS_ . AVG, MEASURED VALUE
FUEL TANK PRESSURE . PS1A 185,931
OXIDIZER TANK PRESSURE PSlA 2104585
FUEL INTERFACE PRESSURE PsiA 1684227
OXIDIZER INTERFACE PRESSURE PSIA 1694348
_T/C COOLANT IMLET MAN. PRESSURE = _PS1A 163,926 . .
FUEL INJECTOR PRESSURE PSIA 157.300
OXIDIZER INJECTOR PRESSURE PSla 1660169
CHAMBER PRESSURE NO, 1 PSIA 115,227
CHAMBER PRESSURE NG. 2 . PSlA T 1154792
AKTAL THRUST, SYSTEM A LBF 52124941
AXIAL THRUSTs SYSTEM B _ . .. . LBF . 5215,425
Y=aX1S THRUST LRF =1.772
2=AX1S THRUST L8F 20,219 .
AVERAGE CELL PRESSURE psla »039
ChLlL PRESSURE AGREEMENT % . _ <082
AVERAGE FUEL FLOWRATE GPM 49,206
FUEL FM AGREEMENT . % . #0300
AVERAGE OXIDIZER FLOWRATE GPM " 554586
OXIDIZER Fi AGREEMENT % . . «093
FUEL IMTERFACE TEMPERATURE DEG F 65199
OXICIZER INTERFACE TEMPERATURE . DEG F 694794
T/C COOLANT IN TEMPERATURE DEG F 6Te223
1/C COOLANT QUYT TEMPERATURE =~ = DEG F_ 225,198
T/C SURFACE YTEMP -16 IN DEG F 228,589
T/C SURFACE TEMP =13 IN OEG F 216,611
T/¢ SURFACE TEMP =10 IN DEG F L 230,118
1/¢C SURFACE TEMP = 8 N DEG F - 1744295
T/¢ SURFACE TEMP « & IN DEG F 193,128
1/¢ SURFACE TEMP = & IN CDES. F__ . 2124378
T/C SURFACE TEMP - 2 IN DEG F 154,884
T/C SURFACE TEMP =-0,3 IN  DEG F 155,617
T7Cc SURFACE TEMP + 3 IN DEG F 138,013
T/¢c NOZZLE FLANGE TEMP DEG F_. 168,668
NOZZLE SURFACE TEMP ¢ 7.2 IN OEG F = 758,553
' NOZZLE SURFACE TEMP o T.8 IN  DEGF __ _ _  1191,389
NOZZLE SURFACE TEMP + 9,9 IN DEG F - 1213,324
NOZZLE SURFACE TEMP ¢11,7 IN DEG F 1142,780
NOZZLE SURFACE TEMP +16.2 IN DEG F 1088.504
NOZZLE SURFACE TEMP 28,4 1IN DEG F 987,908
NOZZLE SURFACE TEMP 40,4 IN DEG F BT1,009
NOZZLE SURFACE TEMP +57.5 IN DEG F 756,246



6K OMS ENGINE TECHNOLOGY
SUPPORT PROGRAM = TASK XII
o _ ROCKETOYNE INTEGRATED CHAMBER

DATE 15 NOV 3 ,
SERIES AD/ICT=1 SEQUENCE 3 . TEST 8

PERFORMANCE DATA u
_PARAMETER _uNITS  CALCULATED VALUE

PCy INJECTOR END .. PSIA _ 115.509
PCy NOZZLE STAGNATION PSIA S 109.734
AKIAL THRUST. SITE ‘ - B - ' 5214,183
AXIAL THRUSTs VACUUM LaF - B5291,801
NOZZLE EXIT PRESSURE o PSIA L .42
FUEL DENSITY (MMH) LR/FT3 . 844759
ORIDIZER DENSITY LB/FT3 . 90,356
FUEL FLOWRAYTE = _ e e . LBISEC. . .. _._ 6,003 —
OXIUIZER FLOWRATE LB/SEC - 11,190
TOTAL PROPELLANT FLOWRATE. LB/SEC ) o 17.192
MIXTURE RATIO (OVERALL) O/F - 1.864
BLC FLOWRATE. . . LRJSEC. . .. . 445§
BLC TOTA_ PERCEN]T % ‘ : 2.615
_CORE MIXTURE RATIO = OsfF. _. e 240159
FUEL INJECTOR DELTAP PSI0 _ 41,791
OXIDIZER INJECTOR OELTA~F . Psl1D | 484660
T/C COOLANTY DELTA-P PsSID : .. 64626
J/C. COOLANY DELTA=T ] DEG F . . 1574975
THRUST CHAMBER HEAT FLUX BTU/SEC - 6784085
C=5TARy _SITE = e e — FTLSEC . . 5647,588
C~STARe UNMR FT/SEC ~ 8531,567
C~STAR EFFICIENCY . % S L 95,869
CF, SITE .- 1.791
CF SITE VACUUM L meeew - 1818
CF» VAC 72 EXPECT - ' 1.819
CF CORRELAYION e i emsmwe . 99,0)0)
CF’ VAC 72 e el 1.807
15py TEST SEC ~ - 303,265
15py SITE VACUUM SEC 307,780
ISP, VAC 72 PREDICTED SEC o 307.694
ISPy ODKy TEST CONDITIONS SeC ' 335,479
130y TOK. TEST CONUITIONS —. . SFC. C e e 32946485
15p EFFICIENCY % o 89,770
ENERGY RELEASE EFFICIENCY % 95,608
C=-STaR, ODE FT/SEC S 56944199

IsPps ODEs TEST SEC . 342.852



. bK OMS ENGINE TECHNOLOGY
SUPPORT PROGRAM = TASK XII

DATE 15 NOV 3
SERIES RD/ICT=)
TEST DESCRIPTION

_ROCKETDYNE INTEGRATED CHAMBFR

SEQUENCE 3

TESY 9

PERFORMANCE EVALUATION OF RD INTEGRATED REGEN CAHMBER,
LIKE DOUBLET INJECTOR S/Ni, 75 TO } NOZZLE, MHH/NTO

CHELIUN=SATURATED AT 225 PSIA.  TARGET PCNS = lzsgl 0/F = le&Se

ACTUAL TEST OURAYION . 10e202 SEC
DATA SLICE TIME 2,000 SEC TO 10,000 SEC
pARAME!ER, UNITS AVG, MEASURED VALVE
FUEL TANK PRESSURE PSIA 2564569
OAIDIZER TANK PRESSURE PSIA 2334846
FUEL INTERFACE PRESSURE PSia. 2194047
OXIDIZER INTERFACE PRESSURE PSIA 189,268
I/C COOLANT INLET MAN, PRESSURE = PSIA. . L 2lAl663. .
FUEL INJECTOR PRESSURE PSIA 202424
OAINIZER INJECTOR PRESSURE PSia 183.428
CHAMBER PRESSURE NO, 1 PSIA 131,113
CHAMBER PRESSURE NO. 2 psla 1324126
AXTAL THRUST, SYSTEM A LAF 5921.771
ARIAL THRUST, SYSTEM B R LBF . 59214777
Y=AXIS THRUST LBF 3,037
2=aX1S THRUST LBF 254645
AVERAGE CELL PRESSURE PSIA «036
_CELL PRESSURE AGREEMENT %.. «091
AVERAGE FUEL FLOWRATE GEM 65,126
_FUﬁL_fN AGREEMENT __ & . _e0T9
AVERAGE OXIDIZER FLOWRATE GPM S5Te612
ORIDIZER FM AGREEMENY % «021
FUEL INTERFACE TEMPERATURE DEG F 654256
QRIDIZER INTERFACE TEMPERATURE DEG F 69.784
T/C COOLANT IN TEMPERATURE DFG F 67.182
Y/C_COOLANT QUT TEMPERATURE . = _ DEG F 1992102
T/C SURFAGCE TEMP ~16 IN DEG F 202,419
T/C SURFACE TEMP «13 IN DEG F 191.961
T/C SURFACE TEMP =10 IN DEG F 205,481
I/C SURFACE TEMP. - 8 IN _DEG F -155.960
T/C SURFACE TEMP « 6 IN DEG F ) 173.419
1/C SURFACE TEMP = 4 IN DEG F . __190.852
T/C SURFACE TEMP = 2 IN DEG F 138,047
T/7C SURFACE TEMP «0,3 IN DEG F . 139,886
T/7C SURFACE TEMP + 3 IN NEG F 124,301
T/¢ NOZZLE FLANGE TEMP. i DEG F 170.721
NOZZLE SURFACE TEMP + 7.2 IN DEG F 712.073
 NOZZLE SURFACE JEMP ¢ 7.8 IN = DEG F _ - 1197,917
NOZZLE SURFACE TEMP ¢ 9,9 IN DEG F 1117.468
_NQZZLE SURFACE TEMP #l1.7 IN. DEG F 1033,500
MOZZLE SURFACE TEMP ¢16,2 IN DEG F 1021,239
NQZILE SURFACE TEMP ¢28.46 IN DEG F . 932.090
NOZZLE SURFACE TEMP ¢40.4 1IN DEG ¥ - B54.631



6K OMS ENGINE TECHNOLOGY
SUPPORT PROGRAM = TASK XI1

DATE 15 NOV 3
SERIES RDZICT=1

__ _ROCKETDYNE INTEGRATED CHAMBER
SEQUENCE 3 '

TEST 9

. . _ _ _PERFORMANCE DATA

__CALCULATED VALUE

_PARAMEYER _ ... UNITS
- PCs INJVECTOR END C PSIA . . 1314620
PC, NOZZLE STAGNATION PSIA 125,039
_AXIAL THRUST. SITE LAF . B924.774
ARIAL THRUST, VACUUM LRF G589 T4461
NOZZLE EXIT PRESSURE =~ == = pslA. QEQMHWﬂ”
FUEL DENSITY {MMH) LB/FT3 54,759
QAIDIZER DENSITY o LB/FI3 . 904375
FUEL FLOWRATE LB/SEC TeS66
QAIDIZER FLOWRATE LB/SEC 11801
TOTAL PROPELLANT FLOWRATE LB/SEC 19,546
_MEIRTURE RATIO (OVERALL) _QsF 1,460
BLC FLOWRATE La/sec L +595
_BLc TovaL PERCENY %o e 34065
CORE MIXTURE RAYIO o/F 1.578
FUEL XINJECTOR DELTA=P ...PslD ,mrtn‘aue
OXIDIZER INJECTOR DELTA=P PSID S1.808
_X/¢ COOLANY DELTA«P = PpPsiD e .)2e239
T/7C COOLANT DELTA=TY DEG F 131.920
THRUST CHAMBER HEAT FLUX BTU/SEC .. T89,452
C=5TARy SITE FT/SEC - 5460,182
 C=5TARy UMR - _FT/SEC - 5497,009
C=STAR EFFICIENCY % 96,086
CFy SITE L . 14786
CF SITE VACUUM - 1.808
Fo YAC 72 EXPECT cemme o laT13
CF CORRELATION ~amwe 101,993
_CF. WAL T2 . . - i 1a79%
15p, TEST SEC : 303,115
_18ps SITE VACUUM ) SEC | 206,834
1Sp, VAC 72 PREDICTED SEC | ‘536*303
ISP, ODK,. TEST CONDITIONS seC : 327,031
15p, TDXs TEST CONDITIONS SEC 3214696
_15p EFFICIENCY o % . B2.,487
TENERGY RELEASE EFFICIENCY % ” 97,400
_C=SYaR, ODE mm.._muummumummmefszcﬁ,Mwm%mmm;.ﬁﬁazlgna____m

15P¢s ODE» TEST

SEC

331760



DATE 15 NOV 3
SERIES ROZ1CT=)
TESY DESCRIETION

. . BK_OMS ENGINE TECﬁNOLOGv
SUPPORT PROGRAM - TASK XII

SEQUENCE 3

PERFORMANCE EVALUATION OF RD INTEGRATED REGEN CAHMBER
LIKE DOUBLEY INJECTOR S/Ni, 75 To 1 NOZZLE, MMH/NTO

_ ACTUAL TEST DURATION 10020) SEC

DATA SLICE Tlﬂi 9.000 SEC TO

. PARAMETER .

FUEL TANK PRESSURE =
OXIDIZER TANK PRESSURE

FUEL INTERFACE PRESSURE
OXIDIZER INTERFACE PRESSURE

v COOLANT INLET MAN. PRESSURE

FUEL INJECTOR PRESSURE .

OXIDIZER INJECTOR PRESSURE

_ CHAMBER PRESSURE NO. 1.

CHAMBER PRESSURE NO,
__ARJAL THRUST. SYSTEM

AKTAL THRUST, SYSTEM
. Y=AXIS THRUST o

Z=AXIS THRUST

_AVERAGE CELL PRESSURE

CELL PRESSURE AGREEMENT

T2 A =

_ AVERAGE FyEL FLOWRATE e

FUEL FM AGREEMENT
__AVERAGE OXIDIZER FLOWRATE
ox;nxzzm FM AGREEMENT
__FUEL INTERFACE TEMPERATURE

OKIDIZER INTERFACE TEMPERATURE

_3/C COOLANY IN TEMPERATURE
T/7C COOLANT OUT TEMPERATURE

. T/C SURFACE TEMP =16 IN
T/C SURFACE TEMP 13 IN
T/C SURFACE TEMP =10 IN
7/¢ SURFACE TEMP « 8 IN
T/C SURFACE TEMP - 6 IN
T/€ SURFACE TEMP = & IN

_I/C SURFACE TEMP « 2 IN

1/C SURFACE TEMP ~0,3 IN
_Y/C SURFACE TEMP + 3 IN
T/C NOZZILE FLANGE TEMP

_NOZZLE SURFACE TEMP ¢ Ta2 IN .

NOZZLE SURFACE TEMP + 7.8 IN

NOZZLE SURFACE TEMP + 9,9 IN

NOZZLE SURFACE TEMP ¢11.7 IN
_NOZZLE SURFACE TEMP +16.2 IN
NOZZLE SURFACE TEMP +2B.4 IN
_NOZZLE SURFACE TEMP ¢60,.6 IN
NozzLi SURFACE TEMP 57,5 IN

HEL1UM=SATURATED AT 225 PSIA. TARGET PCNS = 125y O/F 8 1.65¢

802,671

10.000 SEC
Mwmumllﬁq_._A!ﬁ4.MEASHBEDﬁ!ALQE___
PslA. . 261,299

PSIA . 24T.613
_.Psla _ 7 209.724

Psla 197.745

PSI& 206270

Psia . “195;219

PSIA 191132
_Psla 132,556

eI ’ 133,383

o RBE 60136950

LafF ‘ 6023,180

Lef 3543

LaF 23,879

PSIa ¢ 040

% 177

GpM 60,899

%. +059
@M 61009

% . « 085

DEGF = . 65.284

DEG F : 694699

DEGF R

DEG F 209,991

DEG F _3_19_. 47

DEG F 2?2.901

DEG F 215,168

DEG F 163,182
_DEG_F o _.._181.,398

DEG F 199,314

DEG_F. - 144,9%6

DEG F 146,182

DEG F 130,251

DEG F 188.170
.. DEG F e 1622690

OEG F - 1192763

DEG F 1216.070

DEG F 1149,628

DEG E_ . . 3097.404

DEG F K 101]1.006

.DEG F 910,573



. 6% _OMS ENGINE TECHMNOLOGY -~
SUPPORT PROGRAM = TASK XXl

.. ROCKEYDYNE INTEGRATED CHAMBER .
DATE 15 NOV 3 , . _
-SERIES ROZICT=1 .. _..SEQUENCE 3 = . . _TEST 10
S . .PERFORMANCE DATA = __ . .
_PARAMETER . WUNITS____ CALCULATED VALUE
_PCy INJECTOR END. . oesla . 132.970
PCy NOZZLE STAGNATION Psla - 126,321
AXTAL THRUST. SITE .. . . LBF L 6018,565
AXIAL THRUSTs YACUUM LBF . '6098,650
_NOZZLE EXET PRESSURE = PSIA  _ __ e0%3
FUEL DENSITY (MMM) LB/FT3 - 544759
_ORIDIZER DENSITY . LBR/FT2 . 90,3%0
FUEL FLOWRATE LB/SEC _ 74430
OXIDIZER FLOWRATE L . . LB/SEC 12287
TOTAL PROPELLANT FLOWRATE LB/SEC © . 194716
_MIXTURE RATIO (OVERALLY = o/F —— 1e654
BLC FLOWRATE LB/ SEC 556
_BLC ToYAL PERCENTY % ... 2,883
CORE MIXTURE RATIO o/sF 1.788
_FUEL INJECTOR DELTA-P PSID . _ . 62250
OXIDIZER INJECTOR DELTA=-P PSID . 58,4162
_T/C COOLANT DELTA=P  __psip . _1le0S)
Y/C COOLANT DELTA=T DEG F . 142,509
_THRUSY CHAMBER MEAT FLUX = BTU/SEC = 758,656
C=STARy SITE F1/SEC 5468,583
 CvSTARs UMR ... Fyssec 0 5525,392
C=STAR EFFICIENCY % 95,754
~ CF xTE o e - 1;796
“¢F'SITE VACUUM cemee - 1,820
_CFy YAC 72 EXPECY e 1aT95
CF CORRELATION B 101,383
CFy VAC T2 o mwmem . 1.808
ISPy TEST SEC 305,256
18ps SITE VACUUM SEC_ N 309,318
15ps VAC 72 PREDICTED seC | 309,278
18Py ODKy TESY CONDITIONS SgC = 332,705
ISPy TDK, TEST CONDITIONS SEC 3%}.2?;
FFICIENCY . ..81,.,813
méggﬁgvﬁRg ASE EFFICIENCY ”“%;'”” ' 96,448
C=STARy 0DE e FY/SEC o 5711.073

ISP, OCE, TEST X VL



L 6K_OMS_ENGINE  TECHNOLOGY
SUBPORT PROGRAM = ?ﬂ' ?

DATE 16 NOV 3
.§§njzsugn/1ctkl ) .
rést DESCRIPYION

Wdﬂgﬁﬁglﬂlﬂgmlﬂﬂﬁﬁﬂﬁlﬁﬂuﬂﬂaﬁﬂﬁ;__m_mn
_____ SEQUENCE & .. .. . _.____ TEST 1

_HOT-PROPELLANT PERFORM PnS R R 10N OF
ﬁlugro LAl ‘Auggménn a,r“51¢£_ Hg,HAL EVALUAT

YNE INTEGRATED EN

INJECTOR L/D

UNSAT MMH/NTO AT 103 DEG P, TARGET PCNS = 125, O/F = 1,65,
ACTUAL TEST DURATION 30.203 SEC

"DATA SLICE TIME =~ 29,000 SEC TO

PARAMETER
oy Ty W8 X X0 0N O g

FUEL TaNgk PRESSURE B
OXIDIZER TANK PRESSURE

FUEL INTERFACE PRESSURE
OXIDIZER INTERFACE PRESSURE
T/C COOLANT INLET MANe PRESSURE

FUEL INJECTOR PRESSURE
QRIDIZER INJECYOR PRESSURE

CHAMBER PRESSURE NO, 1
CHAMBER PRESSURE NO. 2

'AXIAL'THRUQTj SYSTEM A
AXIAL THRUST, SYSTEM B _
Y=AXIS THRUST

Z=AX1S THRUST

AVERAGE CELL PRESSURE

CELL PRESSURE AGREEMENT
&?ERAGE FuEL FLOWRATE

FUEL FM AGREEMENT )
"AVERAGE ORIDIZER FLOWRATE
OXIDIZER Fit AGREEMENT

FUEL INTERFACE TEMPERATURE

OXIDIZER INTERFACE TEMPERATURE
T/¢C COOLANT IN TEMPERATURE

T/C COOLANT OUT TEMPERATURE
T/¢ SURFACE TEMP =16 IN

T/¢ SURFACE TEMP =13 IN

T/¢ SURFACE TEMP =10 IN

/¢ SURFACE TEMP = 8 IN

T/7¢C SURFACE TEMP - & IN
_I{g,SURFACE TEMP - 4 IN
T/¢ SURFACE TEMP « 2 IN

T/C SURFACE TEMP =0,3 IN

t/c SURFACE TEMP o 3 IN

T/C NOZZLE FLANGE TEMmP o
NOZZLE SURFACE YEMP ¢ 7,2 IN
NOZZLE SURFACE TEMP ¢ 7.8 IN
NOZZLE SURFACE TEMP ¢ 9.9 IN
NOZZLE SURFACE TEMP #131,7 IN
NOZZLE SURFACE TEMP ¢16,2 IN
NOZZLE SURFACE TEMP 28,4 IN
NOZZLE SURFACE TEMP ¢60,4 IN

NOZZLE SURFACE TEMP #S57.5 IN

30. 053 sec

/Nly 75 1O 1| NOZZLEs

A__Lyﬂila, , AVG. MEASURED VALUE¢_

- - Sranw
PslA . 236.723
PSIﬁ, B . 207,015
PSIA , 195.202
_PSIA  205.126
PSIA ~ 189.911
pPsln 188820
PSiA S .- 128.2285
CPS1A L 188,608
LBF: o 5915.&23
_Lgf_k e e __é?;lsGQOB _—
LRF. _ -1@.129
__L8F . 314442
PSiA : 0025
% o , o127
GPM 604733
% e05%
GPM- . 61857
B L _...e095
DEG F 101866
_DEG.F o 102.598 N
DEG: F 103,521
DEG'F 242,57
DEG F ' 268,272
DEG. F L ..239.205
DEG: F o 245,330
QEG, ¥ lg4-393
DEG F _ 0,981
_.Qﬁﬁiﬁm_____mmm“ 229.588
DEG ¢ 177339
_DEG F St 1740398
DEG F 159,401
_DESF  _ 52,738
DEG F 603,598
DEG F  _ _  1135,283
DEG F - 1218,.,808
CDEGF_ . 1201,.844
DEG F : 972,173
_DEG F . L. 6584602
DEG F : 545,140

_DEG F . 439.8le



6X_OMS ENGINE TECHNQLOGY
SUPPORY PROGRAM = TASK XII

ROCKETDYNE _ lmTEﬁRAIED_cHAMBER
SEQUENCE 4

CDATE 16 NOV 3

SERIES RD/ICT=) TEST 1

. PERFORMANCE DATA

SEC

_PARAMETER 0 _UNITS _ CALCULATED VALUE
PCs INJECTOR Eun . PSIA. - 128,417
PC, NOZZLE STAGNATION pslia 1214996
AXIaL THRUST. SITE - _LBF 5815,464

_AXIAL THRUSY, VACUUM = ___LBF__ . 5965,369
NOZZLE EXIT PRESSURE PSIA ' o031
FUEL DENSITY {(MMH) LB/FI3 - 53,561
OXIDIZER DENSITY LB/FT3 87.542
FUEL FLOWRATE LR/SEC Te248
_OXIDIZER BLOWRATE _ Lp/SEC 124006 .
TOTAL PROPELLANT FLOWRATE LB/SEC 19.254
MIXTURE RAYIO (OVERALL) LO/F. . 14657
BLC FLOWRATE LB/SEC 543
BLC TOTAL PERCENT % . 2e8l9.
CORE MIXTURE RATIO osF 1.791
_ FUEL INJECTOR DELTA=P = PSID. . __  6l.494
OXIDIZER INJECTOR OELTA=P PsIO 60.404
T/C COOLANT DELTA=P N __ PsIp . o LA5.21%
Y/C COOLANT DELTA=T DEG F 139,053
_THRUST CHAMBER MEAT FLUX _BTU/SEC 720,576
C=STARs SITE F1/SEC 5408,210
_C=STARs UMR_ N _ FY/SEC = 5465,466
C=STAR EFFICIENCY % 94,4696
_CF, SITE L e emeew . 1.828

_CFy VAC T2 ExPEcT . s _.1s795
CF CORRELATION - 102.664

CFe ¥AC T2 .. meewes 14831
15p, TEST SEC 307,245
15Ps SITE VACUUM SEC 309.327
15p, VAC 72 PREDICTED sgC 309,830
I5P. ODKy TEST CONOITIONS SEC. 332,647
ISPy TDKy TEST CONDITIONS SEC 3274324
ISP EFFICIENCY L % 9,642
ENERGY RELEASE EFFICIENCY % 96,670
C=5TARy OQE FT/SEC S7T11.132
ISPs ODE TEST 338.08%



e 6K_OMS ENGINE TECHNOLOGY. -
SUPPORT PROGRAM = TASK XII

e ROCKETDYNE INTEGRATED CHAMBER .
DATE 16 NOV 3 ‘ . _
SERIES RD/ZICT=1 .. SEQUENCE ¢ - _ __TEST 2

TEST DESCRIPTION L. o o
HOY-PROPELILANT PERFORMANCE AND POST=FIRE. THERMAL EVALVATION OF
ROCKETOYNE INTEGRATED ENGINE, INJECTOR L/D S/N)y 75 TO | NOZZLE
-UNSAT MMM/NTO AT 103 DEG F.  TARGET PCNS = 140, O/F = 1,85,

_ACTUAL TEST OURATION  10.208 SEC . . . __
DATA SLICE TIME 9,000 SEC TO 10,000 S¢£C

 PARAMETER T UNITS  AVG. MEASURED VALUE

bt Ll L R L eenas | ecessssessssesecems
FUEL TANK PRESSURE PSIA . 303,531
_OXIDIZER VTANK PRESSURE = PSIA 2744196 __
FUEL INTERFACE PRESSURE  PSIA . 258,357
- QXIDIZER INTERFACE PRESSURE = PslIA e ... 2190785
T/C COOLANT INLET MAN., PRESSURE PSIA . 2554862
FUEL _ INJECTOR PRESSURE == PSIA . . 241860
OXIDIZER INJECTOR PRESSURE - PSIA o 216,242
CHAMBER PRESSURE NO, 1 . . _ PSIA _ .. . .~ 145,070
CHAMBER PRESSURE NO, 2 PSIA 145,697
CARIAL THRUSTe SYSTEM A o ABF L 6579787
AXTAL THRUSTs SYSTEM B " LAF 6589,828
_XY=AXIS THRUST e e o LBF . 3,545
£=AX1S THRUST LBF 30,790
_AYERAGE CELL PRESSURE = === PslA . 2039
CELL PRESSURE AGREEMENT L% - +018
_AVERAGE FyEL FLOWRATE ==~ GPM_ _ i . 13,908
FUEL FM AGREEMENT ' % : 090
_AYERAGE OXIDIZER FLOWRATE = GBM _  _ __  65s446
OXIDIZER FM AGREEMENT %  «058
_FUEL INTERFACE TEMPERATURE _DEG £ 102,256
OXIDIZER INTVERFACE TEMPERATURE DEG F 1024943
JI/C COOLANT IN TEMPERATURE = = DES F 104,466
7/C COOLANT OUT TEMPERATURE DEG F . 228,545

CT/C SURFACE TEMP 16 IN . D6 F. - 229,721

T/C SURFACE TEMP =13 IN " DEG F " T220,581
L T/C SURFACE TEMP =10 IN = =~ DEGF - 230,907
T/C SURFACE TEMP - 8 IN DEG F - -183,211
_Y/C SURFACE TEMP ~ 6 IN === DEGF . 197,811
T/C SURFACE TEMP ~ & IN DEG F : 215,287
Y/C SURFACE TEMP = 2 IN = = == DFEG8 F 167,665
T/C SURFACE TEMP =0.3 IN DEG F 165,090
_T/C SURFACE YEMP + 3 IN = DEG F - 150,934
1/¢ Nozgte FL2N$§ ;EMP7 2 OEG F ‘ ;;,332
0z2 SURFACE TEMP < 7.2 IN 6 F _ _ _633.,885
ﬁﬁ%ik% §UHF§%E TEMP o 7.8 IN 3%6 F 10714063
NOZZLE SURFACE TEMP o 9,9 IN = DEGF . . .1096.247
NOZZLE SURFACE TEMP 11,7 IN DEG ¢ '1013.,052
_NOZZLE SURFACE TEMP o16.2 IN . DEG F . ... 963,152
NOZZLE SURTACE TEMP 228.6 IN DEG F - 787,153
_MOZZLE SURFACE TEMP +80.4 IN =~ DEGF 632,888

NOZZLE SURFACE TEMP +57.5 IN  DEG F . 822,014



aK_OMS ENGINE JECHNOLOGY . . . .
SUPPORY PROGRAM = TASK XI1

_ROCKETOYNE 1NI£§EAT£Q_CHA!§BE&__.

OATE 16 NOV 3 ]
- SERIES AD/ICT=) _SEQUENCE: &  TEST 2
e . ... _PERFORMANCE DATA e
_PARAMETER =~ B CUNITS  CALCULATED VALUE
PC, INJECTOR_END. - PSIA 145,383
PCy NOZZLE STAGNATION Psia - 138,114
 AXJAL THRUST. SITE L&F . 6584,807
AXIAL THRUSTe VACUUM LBF - 6663,911
NOZZLE EXIT PRESSURE L PSIA .04
FUEL DENSITY (MMH) LB/FT3 53,547
OAIDIZER DENSITY o _LB/ET3 . B87.%23
FUEL FLOWRATE LB/SEC 8,sl8
CQAIDIZER FLOWRATE . LBR/SEC - _12.762
TOTAL PROPELLANT FLOWRATE LR/SFEC 21,580
_MIXTURE RAT1IO (OVERALL) RN + 7; SR 1Y 1 S
BLC FLOWRAYE LB/SEC 0660
CBLC TOTAL PERCENT % 3,060
CORE MIXTURE RATIO osF - 1,585
FUEL INJECTOR DELTA=-P LPSID. . 964477
OAIDIZER INJECTOR DELTA~P . PSID 68559
_T1/C COOLANT DELIACP . __ _ _  __ __PSIDB_._. ... . . ,%g_noam“_.m,
T/7C COOLANY DELTA=T DEG F 124,080
THRUST CHAMBER HEAT FLUX = BIU/SEC _ 782.265
Ce5TARy SITE FY/SEC '8462,880
C=STARy UMR . FY/SEC - 5498,237
C=STAR EFFICIENCY T 96,194
CF, S1TE e e 1,797
CF SITE VACUUM ———— 1.819
_CFy VAC 72 EXPECY | mwee- L _leT?l
CF CORRELATION S 102,682
CFy VAC T2 .  mewee . laB06
15pe TEST 5gC T 30%,140
_1Spy SITE VACUUM SEC 308,806
1Spe VAC 72 PREDICTED 5eC 308,549
15P» ODKe TEST CONDITIONS _ SEC ' 3264803
ISPy TOK, TEST CONDITIONS SEC 321,816
15p EFFICIENCY 5% .. 93,212
ENERGY RELEASE EFFICIENCY % . 9T,.817
C-sTAme ODE FI/sEC  __ _5678,995
15Ps ODEs TEST SEC 331,294



6X._0OMS ENgINg TECHNOLOGY
SUPPORT PROGRAM = TASK XII
B . . . ROCKETDYNE INTEGRATED CHAMBER .
DATE 16 NOV 2 _

SERIES RD/ZICT~=} . SEQUENCE . 4 . ' » TEST 3
;g;vpgggczlPT%og R STwFIRE THERM VALUATION OF

- ELLANT PERFORMAN ND POST=FIR L N
R“CKEYDYNih%NTEﬁﬂATED éN Né- !NgthgR EIOHEJN?o %5‘#0 {INOZZLE'
- UNSAY MMM/NTO AT 103 DEG fuw_IAREEI.PQNS 3 140, O/F = 1,65,

CACTUAL TEST DURATION 10.163 S€c o
CDATA SLICE TIME e.ooo sgc 1o 10.000 SEC

_PARAMEYER UNITS = AVG, MEASURED VALUE
FUEL TANK_PRESSURE . PSIA 279,736
OXIDIZEH TANK PRESSURE : PSIA B 285,589
_FUEL INTERFACE PRESSURE e PSEIA . 2414809
OXIDIZER INTERFACE PRESSURE PSIA 2264142

_1/C COOLANT INLEY MAN. PRESSURE = PSIA  239,8%0
FUEL INJECTOR PRESSURE PS1A - 2284588
_OXIDIZER INJECTOR PRESSURE o PSIA . 219.249
CHAMBER PRESSURE NO, 1 PS1A 148,551
_CHAMBER PRESSURE NOo 2 . PSIA " 14%.194
AXIAL THRUST, SYSTEM A LBF - 6586,153

_AKIAL THRUST, SYSTEM B ; LBF _“wmA“mm_Qﬁzgtgp?ﬁﬁ%qﬁﬁ
Y~AXIS THRUST , LBF 3,545
_Z=aX1S THRUSY . LBF L. 294,812
AVERAGE CELL PRESSURE PSIA e 005
%VLL PRESSURE AGREEMENT = & - .128

RAGE L FLOWRATE GPM 68,144
EVEL“EQ_AﬁﬂﬁzﬂEBI DR, 3 S 2157
[ERAGE OXIDIZER FLOWRATE GPM 680404
oiIQIZQR FM AGREEMENT % R S © %
FUEL INTERFACE TEMPERATURE DEG F 102,687
OXIDIZER INTERFACE TEMPERATURE ~ pEG F 103,460
“T#C COOLANT IN TEMPERATURE DEG F 1044917
T/C COOLANT QUT TEMPERATURE = DEBF . 261,284
Y/¢ SURFACE TEMP =186 IN DEG F 242,923

_T/C SURFACE TEMP =13 IN DES F ,ﬁ”mizaigléi_m"
T/¢c SURFACE TEMP =10 IN DEG ¥ 292,520
T/C SURFACE YEMP - 8 IN ~  DFGF 191.481
T/C SURFACE TEMP = & IN DEG F 207,108
1/C SURFACE TEMP « & IN y DEG F 229,344
T/C SURFACE TEMP ~« 2 IN DEG F 175,041
T/C SURFACE TEMP «0.3 IN ) NEGF  1T1.739
“Y/C SURFACE TEMP ¢ 3 IN DEGF 157,828
Y/C NOZZLE FLANGE TEMP O DESF 101,092 .
"NOZZLE SURFACE TEMP o 7.2 IN DEG F | 735,326
NOZZLE SURFACE TEMPﬁe T8 IN DEGF . _1190,064
NOZZLE SURFACE TEMP & 9,9 IN DEG F T 1229.81%
 NOZZLE SURFACE TEMP 11,7 IN DEG F  1163,338
NOZZLE SURFACE TEMP ¢16.2 IN NEG F " 1086,264
NOZZLE SURFACE TEMP +28.6 IN = ODEG F = 932,915
NOZZLE SURFACE TEMP +40.4 IN DEG F 770,829

NOZZLE SURFACE TEMP ¢57.,5 IM  DEG F o 629,75)




_6K_OMS ENGINE TECHNOLOGY _ .

. SUPPORT PROGRAM = TASK XIT

"DATE 16 NOV 3
SERIES RD/ICT~} SEQUENCE 4
- PERFORMANCE DATA

- PARAMETER U

__ ROCKETDYNE INTEGRATED CHAMBER
 {EST 3.

UNITS  CALCULATED VALUE

PC, INJECTOR END. B PSIA 145,373
PCy NOZZLE STAGNATION : PSIA 138,104
_ARIAL THRUST, SITE . _ LBF __6589,580
ARIAL THRUST. YACUUM LBF 6679,081
NOZZLE EXET PRESSURE _ PSIA . . _a9%9
FUEL DENSITY (MMH) Le/F13 ‘ 53,536
OXIDXZER DENSYTY . . .. .. .. LALFT3I__ _ __ BT.50% . __
FUEL FLOWRATE LA/SEC - 84128
OXIDIZER FLOWRATE . LB/SEC . _13.336
TOTAL PROPELLANT FLOWRATE LB/SEC 2144064
MIXTURE RATIO (OVERALLY  ___ Q/F — 14641
BLC FLOWRATE L.B/SEC , »609

BLC _TOTAL PERCENT . . & .. .. ... 24836 _ _
CORE MIXTURE RATIO - osF ' 1e774
CFUEL _INJECTOR DELTAP ... PSIb . B83a.2195
OAIDIZER INJECTOR OELTA=P 430 - T3,.877
Y/C COOLANY DELTA-P . PsID o _Jl1.2%2 __ .
T/C COOLANT DELTA-Y DEG F - 136,367
THRUST CHAMBER HEAT FLUX _ _ _ _  _BIU/SEC . 7924510
C=STARs SITE FY/SEC . %5491,839
C=5TARe UMA L . FY/SEC 5547,256
C=STAR EFFICIENCY % 964175
CF, SI1TE_ i emmes S
CF SITE vACUUM . namwe 1,823

CFe VAC 72 EXPECT = . eewm=e L le194. .
cf CORRELATION : - - 101,444

CFa MAC 72 . .. i . mmews o _leBlY
15p, TEST ' SeC 307,¢02
L%g SITE VACUUM e R _SEC 3,172
15p, VAC 72 PREDICTED SEC - 3114115

159, ODK, TEST CONDITIONS = SEC. . 332,659

ISPy TDKe TEST CONDITIONS SEC 327,287

_1Sp EFFICIENCY % - . 92,166
ENERGY RELEASE EFFICIENCY % _ 96,864
_C=sTARe OPE . FY/SEC | 5110.2 Q.

159, OpE, YEST SEC © 337.622



DATE

16 NOV 3
SERIES RD/ICT=1

YEST DESCRIPTION
HOT=PROPELLANT PERFORMANCE AND PoST-fIRE THERMAL EVALUATION OF
ROCKETDYNE INTEGRATED ENGINEs INJECTOR L/D S/Nly 75 TO 1 NOZZLEs
UNSAT MMH/NTQ AT 103 DEG F,

6K OMS ENGINE TECHNOLOGY
SUPPORT PROGRAM = TASK XII

ROCKETOYNE INTEGRATED CHAMRER

SEQUENCE 4

ACTUAL TEST DURATION 10202 SEC
DATA SLICE TIME 9.000 SEC TO 10,000 SEC
_PARAMETER _ __ LNITS
FUEL TANK PRESSURE =~ PSIA
OAIDIZER TANK PRESSURE PSIA
FUEL INTERFACE PRESSURE . = PSIA
OXIDIZER INTERFACE PRESSURE PSIA
_T/C COOLANT INLEY MAN. PRESSURE = _ PSIA .
FUEL INJECTOR PRESSURE Pslia
LOXIDIZER INJECTOR PRESSURE Psia
CHAMBER PRESSURE NO, 1 PSIA
CHAMBER PRESSURE NQ. 2. PSIA
AXTAL THRUST» SYSTEM A LBF
AXIAL THRUST. SYSTEM B _ o LaF
Y=aXIS THRUST LBF
- Z=AX1S THRUST _ LBF.
AVERAGE CELL PRESSURE PSIA
. CELL PRESSURE AGREEMENT -
AVERAGE FUEL FLOWRATE GEM
FUEL FM AGREEMENT . . S
AVERAGE OXIDIZER FLOWRATE GPM
. QRIDIZER FM AGREEMENT %
FUEL INTERFACE TEMPERATURE DEG F
OAIDIZER INTERFACE TEMPERATURE DEG F
T/C COOLANT IN TEMPERATURE DEG F
_T/C COOLANY QUY TEMPERATURE == QEG §
T/C SURFACE TEMP =16 IN DEG F
T/C SURFACE YEMP <13 IN DEG F
T/C SURFACE TEMP =10 IN DEG F
T/C SURFACE TEMP =~ g IN _.DEG F
T/C SURFACE TEMP = 6 IN DEG F
_Y/C SURFACE TEMP = & IN _QEG F_
T/C SURFACE TEMP - 2 IN DEB ¢
T/ SURFACE TEMP =0,3 IN DEG F
T/7¢ SURFACE TEMP ¢ 3 IN DES ¥
/€ NOZZLE FLANGE TEMP ... DEG F.
NOZZLE SURFACE TEMP ¢ Te2 IN DEG F
 NOZZLE SURFACE TEMP ¢ 7.8 IN  DEG F
NOZZLE SURFACE TEMP + 9,9 IN 0EG F
NOZZLE SURFACE TEMP ¢}1,.7 IN DEG F
NOZZLE SURFACE TEMP +16.2 IN DEG F
NOZZLE SURFACE TEMP 28,4 IN DEG F
NOZZLE SURFACE TEMP ¢4D.4 IN NEG F
 NOZZLE SURFACE TEMP 57,5 IM DEG F

261,433
297 4457
229928
232,924

_2R8.TTT.

219-}03
2254027
14‘.558

S 164,440
656T.170
.. B5T73.928

14,941
26,760
«Ohh

_ +028
62,491

T1.582
.172
1030032
103-805

1054409
252,792

253 880

264,954

1994520
- 216,552
..... 2389455

182,416

178,024

163.511

131.720

B00,853

hwﬁ,,.ﬁVﬁm_“_lZIJ;jL_ﬁwm

1302.843
. 1237,475
1159,.016

1025.516
862,321

723,009

252,15%6

TEST 4

Y1 ) S

JARGET PCNS = 140.9 O/F = 1,85,

AVG, MEASURED VALUE



6K OMS ENGINE TEQHNOLOGY
SUPPORT PROGRAM = TASK XI1

- ROCKETDYNE INTEGRATEQ CHAMBER . . .
TEST 4

DATE 16 NOV 3

SERIES RDPZICT=) SEQUENCE 4

PERFORMANCE DATA S

PARAMETER _UNITS CALCULATED VALUE
PCs, INJECTOR END PSlia 144,514
PCy NOZZLE STAGNATION PSIA 137.289
AXTAL THRUST. SITE LpF 6570549
AXIAL THRUST, VACUUM LBF 6658,561
NOZZLE EXIT PRESSURE __.psla . a0%9
FUEL DENSITY (MMH) LB/FT3 53,525
OXIDIZER DENSITY LB/FT3 874679
FUEL FLOWRATE LR/SEC 7652
QXIDIZER PLOWRATE L.B/SEC 13952
TOTAL PROPELLANT FLOWRATE LR/SEC 214404
MIXTURE RATIO (OVERALL) 0/F 1,872
BLC FLOWRATE LB/SEC +558
8LC TOTAL PERCENT % 24608
CORE MIXTURE RATIO o/F 24024
FUEL INJECTOR DELTAP , PSID.. T4aE9%
OXIDIZER INJECTOR DELTA«P PSID 80513
1/¢C COQLANTY DELTA-P PSID .. .. 9.669
T/C COOLANTY DELTA-T DEG F 147,382
THRUST CHAMBER HEAT FLUX BIU/SEC 785,307
C=5TARs SITE FT/SEC . 5474,831
C=5TARs UMR , FT/SEC 5559.171
C=5TAR EFFICIENCY % 96,175
CF, SITE ) . wgmee - L 1.B04
CFa VAC 72 EXPECT mmmn- _.. 1820

CF CORRELATION e 100,431
cFy vVAC 72 it 14817
15pe TEST SEC 306,980
15Py SITE VACUUM T < 3111992___ ]
1Sps VAC 72 PREDICTED SEC 310,955
I15Ps ODKs TEST CONDITIONS SEC 336,510
15Ps TOK, TEST CONDITIONS SEC . 3304594
ISP EFFICIENCY - oy 90,698
ENERGY RELEASE EFFICIENCY % 95,296
C=STARs ODE e EY/SEC ] 5692-576_.m,
15F, O0DE, TEST SEC 342,998



6K OMS_ENGINE TECHNOLOGY
SUPPORY PROGRAM = TASK XII

ROCKETDYNE INTEGRATED CHAMBRER =

DATE 16 NOV 3 ,
SERIES RO/ZICT=] SEQUENCE 4 : TEST 5
TEST DESCRIPTION .

HOT=PROPELLANT PERFORMANCE_ AND PnST=rlRE THERMAL EVALUATION OF

ROCKETOYNE INTEGRATED ENGINEs INJECTOR L/0 S/N1y 75 TO 1 NOZZLEe
UNSAT MMH/NTO AT 103 DEG . TARGET PCNS 3 1104y O/F = 1,45,

ACTUAL TEST DURATION 10154 SEC ,
DATA SLICE TIME 9,000 SEC TO 10,000 SEC

PARAME TER _ CUNITS  AVG, MEASURED VALUE

FUEL TANK PRESSURE PSlA . 213,844
OXIDIZER TANX PRESSURE . PSIA 193,970
FUEL INTERFACE PRESSURE PSIA 185.800
OAJDIZER INTERFACE PRESSURE . PSIA 160447
_1/C COOLANT INLET MANs PRESSURE . PSIA . .. . . 184.14%¢
FUEL INJECTOR PRESSURE PSIA O 1TTe776
OXIDIZER INJECTOR PRESSURE psla . 1574236
CHAMBER PRESSURE NO,. 1 PSIA - 115,708
CHaMBER PRESSURE NO, 2 . ... PsIa S 114.786
AXTAL THRUST, SYSTEM A L8F 51614911
_AXJAL THRUST. SYSTEM B _  _  _  _4BF . _5168,878
Y=AXIS THRUST LaF . -18,739
Z=AXIS THRUST LRF 274199
AVERAGE CELL Paggsune PSIA R .93;
ELL PRESSURE A MENT : L .
KVERAGE FOEL FLOWRATE W - S o salisa
FUEL FM AGREEMENT . % . _._al0&
AVERAGE OXIDIZER FLOWRATE GPM : Sleg4l
_OXIDIZER FM AGREEMENT B R . e020
FUEL INTERFACE TEMPERATURE DEG F 1024946
OXIDIZER INTERFACE TEMPERATURE pgG F 1034374
T/C COOLANT IN TEMPERATURE OEG F " 105696
__1/¢ COOLANT QUY TEMPERATURE = 0BG F 2344891
T/¢C SURFACE TEMP =16 IN DEG F . 236,280
1/C SURFACE TEMP =13 IN DEG F 2274839
T/C SURFACE TEMP <10 IN DEG F 237,347
¥/C SURFACE TEMP - g IN DEG ¥ . 188,482
T/C SURFACE TEMP - & IN DEG f 203,961
1/C SURFACE TEMP - & IN , DEG F 221,585
7/C SURFACE TEMP = 2 IN DEG F 172,260
1/C SURFACE TEMP ~0,3 IN DEG F 170,288
f/¢C SURFACE YEMP + 3 IN DEG F 156,015
T/C MOZZLE FLANGE TEMP DES F 7 1364851
NOZZLE SURFACE TEMP + 7,2 IN DEG F - _6T5,082
NOZZLE SURFACE TEMP » 7,8 IN =~ DE6 F - 1015,174
NOZZLE SURFACE TEMP ¢ 9,9 IN DEG F T1042.414
NOZZLE SURFACE TEMP ¢11.7 IN DEG F 947,643
NOZZLE SURFACE TEMP 41642 IN DEG F 961,542
NOZZLE SURFACE TEMP ¢28.4 IN DEG F B862.159
NOZZLE SURFACE TEMP +40.4 IN DEG F 804,997
NUZZLE SURFACE TEMP 57,5 IN DEG F 697,005



6K _OMS ENGINE TECHNOLOGY

SUPPORT PROGRAM = TASK XII.
_____ o . ROCKETDYNE INTVEGRATED cuanngn o
CDATE 16 NOV 3
SLRIES RD/ZICT=]

SEQUENCE 4 o TEST S
PERFORMANCE DATA

PARAMETER = e . . UNITS _CALCULATED VALVE
PC, INJECTOR END PS1A 1154247
PC, NOZZLE STAGNATION PSIA 109,485
AX[AL THRUST, SITE LBF 5165,394
AXIAL THRUSTs VACUUM _ LBF. .5238,092
NOZZLE EXIT PRESSURE PSIA LY
FUEL DENSITY (MMH) LB/FT3 53,528
OXIDIZER DENSITY LB/FT3 B7.a94
FUEL FLOWRATE LB/SEC 7.008
OXIDIZER FLOWRATE B . LB/SEC 10,067
TOTAL PROPELLANT FLOWRATE LR/SEC 17074
MIXTURE RATIO (OVERALL) /F 1e437
BLC FLOWRATE LB/SEC 525
BLC TOTAL PERCENT % 3074
CORE MIXTURE RATIO osF 1553
 FYEL IMJECTOR DELTA=P _ _PSID . 62e529 .
OXIDIZER INJECTOR DELTA=P PSID 41,989
_T/C COOLANT DELTAP PSIh. . | 6e1368
T/C COOLANT DELTA-T DEG F 128,855
. THRUST CHAMBER HEAT FLUX BTUZSEC . 6454616
C=STARe SITE F1/8EC 5473,145
GeSTARs UMR. . _ FT/SEC . . ____5507,23%
C=STAR EFFICIENCY % L 964445
CF, 81 TE —mm 1,778
cFe VAC 72 EXPECT oo . le770
CF CORRELATION ———— 101,888
_CF, vAC 72 . i _ - _le79)
ISPy TEST SEC 302, 523
C15p, SITE WACUUM SEC ,306,781
15p, VAC T2 PREDICTED S£C - 306,501
18Py ODK, TEST CONDITIONS - SEC 325,844
ISPy TDK, TEST CONDITIONS 58C - 320,628
._15p EFFICIENCY . ; S %o ... %92.72)
ENERGY RELEASE EFFICIENCY % 96,901
c=5TaR, ODE _ FT/SEC 56744895
1SP» ODE. TEST SEC 330+863



6K OMS ENGINE . TEcHNoLdev
SUPPORT PROGRAM = TASK ﬁxl
o o ROCKETDYNE INTEGRATED cn&maen )
DAYE 16 NOV 3
SERIES RD/ICT=] SEQUENCE &
TEST DESCRIPTION

|
HOT=PROPELLANT PERFORMANCE AND POST=FIRE. TH&RMAL EVALUATION OF

YEST 6

RUCKETOYNE INTEGRATED ENGINES INJECTQR L/70 S/N1y 75 TO 1 NOZZLE»

UNSAT MMH/NTO AT 103 DEG F, TARGET PCNS = Ehﬂov O/F = 1,65.,_

ACTUAL TEST DURATION 104198 SEC o

DATA SLICE TIME 2,000 SEC TOo 10,000 SEC
i
PARAMETER UNITS AVG. MEASURED VALUE
_ FUEL TANK PRESSURE e PSIA 2014947
OXIDIZER TANK PRESSURE PSIA . 200.616
FUEL INTERFACE PRESSURE psla . 177.314
OAIDIZER INTERFACE PRESSURE PSIA 163.838
T/C COOLANT INLEY MANs, PRESSURE  PSIA . . 17%.752
FUEL INJECTOR PRESSURE PSIA L. 1684676
_ QXIDIZER INJECTOR PRESSURE = PsIa P .- 1600307
CHAMBER PRESSURE NO, ) PSIA 115,468
CHAMBER PRESSURE nNO, 2 PSIA . 115,792
AXIAL THRUSTs SYSTEM A Laf 5165,253
_ ARIAL THRUST, SYSTEM B . LaF - 51T2«048
Y=aX1S THRUST LBF =6,584
_2=aX1S THRUST e e ABF . R2a89T
AVERAGE CELL PRESSURE PSIa 080
CELL PRESSURE AGREEMENT % . .a119
AVERAGE FUEL FLOWRAYE GPM 55,080
FUEL FM_ AGREEMENT % +100
AVERAGE OXIDIZER FLOWRATE GPM . 53,723
_QXIDIZER FM AGREEMENT S, - DU Py 1-1- B
FUEL INTERFACE TEMPERATURE OEG ¥ 102,774
OXIDIZER INTERFACE TEMPERATURE DEG F . 103,832
1/C COOLANT IN TEMPERATURE DEG F 105264
_T/C COOLANY QUY TEMPERATURE DEG F . 243,778
"T/C SURFACE TEMP =16 IN DEG F - 266,287
__T/C _SURFACE TEMP =13 IN = DEGF_ L _._238,15%0
T/C SURFACE TEMP =10 IN DEG ¥ 247,563
_¥/C_SURFACE TEMP - 8 IN DEG F. ,: 1964742
T/C SURFACE TEMP - 6 N DEG § L 211,102
T/C SURFACE TEMP = 4 IN DEG F ‘ . 231.162
T/C SURFACE TEMP =~ 2 IN 0FG F 177,701
_T/C SURFACE TEMP =0.3 IN DEG F 1754486
T/C SURFACE TEMP + 3 IN DEG ¥ . 16D.488
7/¢C NOZZLE FLANGE TEMP ) DEG F | 159,431
NOZZLE SURFACE TEMP ¢ 7.2 IN DEG F : 1284490
NOZZLE SURFACE TEMP + T.8 IN DEG F ' 1082,058
NOZZLE SURFACE TEMP + 9,9 IN DEG F C 1146,1 79
NUZZLE SURFACE TEMP 11,7 IN 0FG F . 10T1.701
NOZZLE SURFACE TEMP ¢16.2 IN DEG F , 1037.019
NOZZLE SURFACE TEMP +28.4 IN NEG F ? 945,166
NOZZLE SURFACE TEMP «40.6 IN DEG F L 854,136
NOZZLE SURFACE TEMP +57.5 IN DEG F | - T48.98%



6K OMS ENGINE TECHNOLOGY
SUPPORT PROGRAM = TASK XIY

ROCKETDYNE. IHTEQBATEDﬁﬂﬁAMdER e

" DATE 16 NOV 3
.  SERIES RD/ICT=]

PARAMETER

PC, INJECTOR EnD

PCy NOZZLE STAGNATION
AXIAL THRUSTs SITE
AXTAL THRUST, YACUUM
NOZZLE EXIT PRESSURE
FUEL DENSITY (MMH)
OXIDIZER DENSITY

FUEL FLOWRATE
ORIDIZEH FLOWRATE
TOTAL PROPELLANT FLOWRATE
L MIXTURE RATIO (OVERALL)
BLC FLOWRATE

- 8LC TOTAL PERCENT

CORE MIXTURE RATIO

C FUEL INJECTOR DELTA=P

OXIDIZER INJECTOR OELTA=P

_T/C COOLANT DELTA=P

T/¢ COOLANT DELTA~T
THRUST CHAMBER MEAT FLUX
C~$TARy SITE

C=STARs UMR

Cc=sTAR EFFICIENCY

_CF, sITE

CF SITE vacuuw

CFe VAC T2 EXPECT

CF CORRELATION

_CFy vAC 72

1SP» TEST
15ps SITE VACUUM

1SPs VAC 72 PREDICYED
ISPy ODKy TEST CONDITIONS
1SPy TDKy TEST CONDITIONS
15 EFFICIENCY

"ENERGY RELEASE EFFICIENCY

C=STaRy ODE

1Sf ODEs YEST

TEST &

SEQUENCE 4
_ PERFORMANCE DATA '
_ _UNITS CALCULATED VALUE
F'S 1A 115,630
PSIA 109,848
LR¥ C 5168465)
LRF 5249,240
PSIA YL
LR/FT3 53,536
LB/FT3 B87.466
LB/SEC 6,570
LB/SEC 10.469
LB/SEC 17,039
_OLF e 1,594
LB/SEC 0692
% 2.888
o/F 14723
- PS1D 853046 _
PSID 44,688
_ . PSIL ce . 14076
DEG F ~ 138,528
ATU/SEC 650,737
FY/SEC 5502,620
FT/S5EC H55§3-66§
% 96.432
mmmwe 1,774
- l'BOI
ot _.1a788
bt kel 100,739
 eamww 1.789
SEC 203,338
_SEC_ bh,_éogmpﬁl_m__“
SEc 307,970
. SEC - 330,776
SEC 3254244
B S - 91,634
% 97,011
FY/SEC . 5706,222
SEC 336.193



. 6K OMS ENGINE TECHNOLOGY
SUPPORT PROGRAM = TASK XII
... ROCKETOYNE INTEGRATED CHAMBER __

DATE 16 NOV 3 _ B _
SERIES RD/ICT=) i . . SEQUENMCE & . ... . . TEST 7
TEST DESCRIPTION
HOT=-PROPELLANT PERFQRMANCE AND PaSTeFIRE THMERMAL EVALUATION OF
ROCKETDYNE INTEGRATED ENGINE. INJECTOR L/D S/N)y 75 TO | NOZZLgs
UNSAT MMH/NYO AT 103 DEG F. TARGET pCNS = 130es O/F = 1,85

_ACTUAL TEST DURATION 10196 SEC
DATA sSLICE TIME 9,000 SEC TO 10,000 Sec

PARAMETER . __ _UNITS _ _AVG, MEASURED VALUE
U ey e 0 g 0 S N -y - A e o . N ol S vl Rl e gy S O O R 0
FUEL TANK PRESSURE esla  185,93]
OXIDIZER TANK PRESSURE PSIA : 209,161
FUEL INTERFACE PRESSURE . PSIA . .. .. 165,858
OXIDIZER INTERFACE PRESSURE PSIA - 1684500

J/C_COOLANT INLET MAN. PRESSURE = PsJA _ . 6S.070 .
FUEL INJECTOR PRESSURE PslaA . 1594196
OXIDIZER INJECTOR PRESSURE = PSIA . . . 1644169
CHAMBER PRESSURE NO. 1 PSIA - 114,988
. CHAMBER PRESSURE NO. 2 ... __.. . PSIA ___ _ 1152289
AXTAL THRUST» SYSTEM A LRF . 5158.887
CAXIAL THRUSY, SYSYTEM B _ \8F . __._ ... 5162.,512
Y=AK1IS THRUST LaF . =3,039
_Z=AX15 THRUST . WBF. . 21.58%
AVERAGE CELL PRESSURE PSIA , o041
CELL PRESSURE AGREEMENT _ = % Y -2
AVERAGE FUEL FLOWRATE GPM 49,865
_FUEL FM &GMHENL . e w090
AVERAGE OXIDIZER FLOWRATE GPM _ 36.572
OXIDIZER FM AGREEMENT N o apl2
FUEL TNTERFACE TEMPERATURE. DEG F o 102.946
 OXIDIZER INTERFACE YEMPERATURE DEGF 103,718
T/C COOLANT IN TEMPERATURE DEG F . 10854367
T/C COOLANT QUT TEMPERATURE _.DEGF . 258,398
T/C SURFACE TEMP =16 IN DEG F 260,699
T/C SURFACE TEMP ~13 IN .. .REGF _  256,9%%
7/C SURFACE TEMP =10 1IN DEG F - 260,732
Y/C SURFACE TEMP - 8 IN = DEGF “m__,m,ﬂ;_aﬂﬁg 83
T/7C SURFACE TEMP =~ 6 1IN DEG F . 2224915
1/C SURFACE TEMP = & IN _ DEG F _ . 243,185

“Y¥/C SURFACE TEMP - 2 IN oESG F o 186-649
T/C SURFACE TEMP =0,3 IN = DEGF . 182,989

CT/C SURFACE TEMP ¢ 3 IN DEG F © 167.621
¥/C NOZZLE FLANGE TEMP . DESF . 175.853
NOZZLE SURFACE TEMP ¢ 7.2 IN DEG F 776,301

_NOZZLE SURFACE YEMP » 7.8 IN  DEG F O 1195,.527
NOZZLE SURFACE TEMP + 9,9 IN DEG F - 1222.9%]
NOZZLE SURFACE TEMP +11.7 IN = DEG F. C1155.106
NOZZLE SURFACE TEMP +16,2 IN DEG P : 1098,772

_NOZZLE SURFACE TEMP +28,46 IN = DEG F__ ° 1009.140
NOZZLE SURFACE TEMP ¢40.4 IN DEG F 899,139

MOZZLE SURFACE TEMP +B5Y¢5 IM = DEGF 794,031




6K OMS_ENGINE TECHNOLOGY _ =
SUPPORT PROGRAM = TASK XI1I

__ROCKETOYNE INTEGRATED CHAMBER ___

DATE 16 NOV 3 , _ ]
- SERIES RD/ZICT=) . . _SEQUENCE & . _YEST 7
o . PERFQRMANCE DATA
_PapaMgyER 0 UNITS =~ CALCULATED VALUE
PC, INJECTOR END . o.Psla_ L .)156137
PCy NOZZLE STAGNATION PSIA 109,381
AATAL THRUST, SITE = _ _ LBF  _ __ . 5160.699
ARIAL THRUST. VACULUM LBF 5262.769
NOZZLE EXXY PRESSURE ~  eSIA_ . oo 2048
FUEL DENSITY (MMH) _ LB/FT3 . B3,533
031933£ﬂ DENSITY . _  _im/FTI3 ~ BT.469
FUEL FLONRATE LR/SEC 3 5,948
 OXIDIZER FLOWRATE LBR/SEC . 11e025
TOTAL PROPELLANT FLOWRATE LB/SEC ‘ 164972
_MIXTURE RATIO (OVERALL) U 04F 1,854
BLC FLOWRATE LB/SEC ’ 0445
_BLC TOTAL PERCENY = = . % . 2:625
CORE MIXTURE RAYiO 0/F , 2.004
FUEL INJECTOR DELTA~P . PSID 84,059
OXIDIZER INJECTOR DELTA-P PS1ID 49,032
_J/C COOLANY DEAYA=P  psID . S.aTe
T/C COOLANY DELTA=T DEG F 183,031
_ THRUST CHAMBER MEAT FLUX BTU/SEC 6504761
C~5TARy SITE FY/SEC 8500,790
C~STARy UNR e e . . FI/SEC  5584,309
C=STAR EFFICIENCY % , . 96568
CF, SYIYE L e JaTI8
CF SITE VACUUM e N 1.807
j’.‘%! VAC 72 EXPECT__  _ eewes o 1.818
¢F CORRELATION ———e- 99,370
“cg. VAC 12 . e e 14796
Py TEST SEC . 304,069
xSp, SITE VACUUM e SEC _ - 308,900
ISPy VAC 72 PREDICTED SgC B 308,853
_15P, ODK, TEST CONDITIONS SEC_ . . 335,399
1SPe TDK, TEST CONDITIONS SeC 329.920
_1Sp EFFICIENCY . mku_”wmm_,ﬁmm,m“_;_mm“mgﬂAlﬁéw_ o
ENERGY RELEASE EFFICIENCY .. 95,894
CwSYTAR, QOE f:/sﬁcﬁvdhm . 56%6,262 @

15P, OpE, TEST SEC 34240666



6K OMS ENGINE TECHNOLOGY
SUPPORT PROGRAM = TASK XII

__ROCKETDYNE INTEGRATED CHAMBER

TEST 8

DATE 16 NOV 3 .
SERIES RO/ICT=] SEQUENCE 4

TEST DESCRIPTION

HOT=PROPELLANT PERFORMANCE AND POSTeFIRE Igggggg_ngLqulou OF
ROCKETDYNE INTEGRATED ENGINE, INJECTOR L/D S/N1ly 75 TO ]| NOZZLE+
L UNSAT MMM/NTO AT 103 DEG F, TARGET PCNS = 125,y O/F ® 1,45,

ACTUAL TEST ODURATION 104196 SEC B

DATA SLICE YIME 9,000 sec To 10,000 Sec
PARAMETER . ug;u_ts . AYG, MEASURED VALVE

e X arn o 85 > o oy B gy W 0 E_ LT I L T O P 1 J 1N L 1 T ¢ f™)
FUEL _TANK PﬁgSSURE e _Psla 254,569
OXIDIZER TANK PRESSURE PSIA 233.371
FUEL INTERFACE BRESSURE. . = PsSIA . 218.8%6
OKIDIZER INTERFACE PRESSURE PSIA 189,692
T/C COOLANT INLET MAN, paassuns PSIA 215.807
CFUEL INJECTOR PRESSURE - . PSIA_. . .. 208,078
OXIDIZER INJECTOR PRESSURE PSIA - 184,584
_CHAMBER PRESSURE NO. ). . _ . . psia L131.3113
CHAMBER PRESSURE NO, 2 PSia 131.121
_ARIAL THRUST, SYSTEM A  _ __ \8F . S867.7046 __
AXRIAL THRUSY, SYSTEM B LBF - 874,582
Y=aX1S THRUST . _ LaF _ .= ,684
Z=aX1S THRUST LBF 284655
AVERAGE CELAL PRESSURE = PSIa_ .. _ . . __ .038
CELL PRESSURE AGREEMENT % R e113
AVERAGE FUEL FLOWRATE spn ... 65,893
FUEL FM AQGREEMENT - 0117
_AVERAGE OXIDIZER FLOWRATE . BEMA_NA“WWW wsa.;oa_“
OXIDIZER Fi AGREEMENT 562
FUEL !Nvﬁa_sgﬁ_TEMPEBATUREW DEG E,_Mﬁ_“w__m__lgagzos L
OXIDIZER INTERFACE TEMPERATURE DEG F 103,632
Y/C COOLANT IN TEMPERATURE DEG F . 10%5.655
T/C COOLANT OUY TEMPERATURE OES F - 234,458

T/¢ SURFACE TEMP ~16 IN _ DEG F 236,982

1/C SURFACE TEMP =13 IN DEG F 225,263

T/C SURFACE TEMP =10 IN  DEG F _ 235,477

1/¢ sunfacz TEMP = & IN DEG F 1864239
_Y/C SURFACE TEMP ~ 6 IN _  _DEGF ﬁawl.39¢ .
T/C SURFACE TEMP « 4 IN DEG F : 219,405
_T/C SURFACE TEMP = 2 IN . DEG F. . 170,567

T/C SURFACE TEMP =0.3 IN DEG F 168,354
T/C SURFACE TEMP ¢ 3 IN _ _ DEG F_ 1544563

T/C NOZZLE FLANGE TEMP ‘ DEG F 174.827
MOZZLE SURFACE TEMP ¢ T,2 IN = DEGF 113,441
NOZZLE SURFACE TEMP + 7,8 IN DEG F 946,981
NOZZLE SURFACE TEMP + 9,9 IN DEG F . 11082177
NOZZLE SURFACE TEMP +311.7 1IN DEG F T 1021.230
NOZZLE SURFACE TEMP 616.2 IN CDEG.F. _ . .. ._1016,073
NOZZLE SURFACE TEMP +2B.4 IN DEG ¥ : 931,560
NOZZLE SURFACE TEMP 06004 IN __  DEGF =~ B65,069
NOZZLE SURFACE TEMP 57,5 IN DEG F 768,106



6K OMS ENGINE TEQHNQLOGY
SUPPORT PROGRAM = TaSK X1l
_ ROCKETDYNE INTEGRATED CHAMBER

JEST 8

DATE 16 NOV 3 | _
SERIES RD/ICT=1 SEQUENCE 4
_PERFORMANCE DATA

CALCULATED VALUE

_PARAMETER . __bnlts
PCy INJECTOR END _Psla 131.117
PCe NOZZLE STAGNATION PSIA . 124,561
ARIAL THRUSTy SITE - LBF 5871143
AX1AL THRUSTs VACUUM LBF 5947.743
_NOZZLE EXIT PRESSURE _PS1A Y LY
FUEL DENSITY {MMM) LB/FTS 53,525
OAIDIZER DENSITY B LE/FT3 874478
FUEL FLOWRATE LA/SEC 7.858
OXIDIZER FLOWRATE o LB/SEC LlJ,4¢2
TOTAL PROPELLANT FLOWRATE LB/SEC 19,300
MIXTURE RATIQ (OVERALL) o/ 1,456
BLC FLOWRATE LR/SEC «589
BLC TOTAL PERCENT Y 3,050
CORE MIXTURE RATIO o/F 1574
FUEL INJECTOR DELTAP - PSID 73,961
OAIDIZER INJECTOR DELTA=P PsS1L . 534467
T/7C COOLANTY DELTA=P . PSI1D e XDaTR9 .
T/C COOLANT DELTAY DEG F 128,803
THRUST CHAMBER HEAT FLUX BTU/SEC - 723,684
C=$TARy SITE FT1/SEC 5508 ,643
C=STARs UMR = FT/SEC . 5545,020
C=sTak EFFICIENCY % 96,956
__CF, iITE e o ewmmm. ) ___1J_7_?... e
CF SITE VACUUM - 1,800
_CFy VAC 72 EXPECT - o L leTTR2
cf CORRELATION - 101,561
.(;Fg val 72 - . Walemes _ ._l 1187. -
1Spe TEST $EC 306,199
1%3» SITE VACUUM o 8¢ - 308,170 '
15ps VAC 72 PREDICTED SEC 307,913
15ps ODKos TEST CONOITIONS . SEC - 326,893
ISPy TDK, rtsr CONDITIONS 5¢C A21.572
15p EFFICIENCY % } 92,928
ENERGY RELEASE EFFICIENTY - % ' 97.879
_C~sTARy ODE FY/SEC _-_MQQLgﬁﬁz
ISPQ NDE, TEST SeC 331.620



6K _OMS_ENGINE TECHNOLOGY
SUPPORT PROGRAM = TASK XIT

_ ROCKETDYNE INTEGRATED CHAMBER

"DATE 16 NOV 3
SERIES Rp/ZICT=]
TEST DESCRIPTION

SEQUENCE 4

CTEST 9

HOT-PROPELLANT PERFORMANCE AND POSTFIRE THERMAL EVALUAIION OF
ROCKETOYNE INTEGRATED ENGINE, INJECTOR L/D S/Nly 75 TO 1 NOZZLE
UNSAT MMM/NTO AT 103 DEG F, TARGEY PCNS = 125,y O/F = },8%. =

ACTUAL TEST DURATION
DATA SLECE TIME

 PARAMETER
FUEL TANK PRESSURE
OAIDIZER TANK PRESSURE
CFUgL INTERFACE PRESSURE
Oxlﬂﬁlﬁﬂ !NTE%FACE PRESSURE

.I/C COOLANT INLET MAN. PRESSURE

FUEL INJECTOR PRESSURE
OXIDLZER INJECTOR PRESSURE
CHAMBER PRESSURE NO, )
CHAMBER PRESSURE nNO, 2
AXYTAL THRUSTy SYSTEM A
_AXIAL THRUST, SYSTEM 8B
Y=AX1S THRUST
Z=aX15 THRUST
AVERAGE CELL PRESSURE
CELL PRESSURE AGREEMENT
"AVERAGE FUEL FLOWRATE
 FUEL FM AGREEMENT
AVERAGE OXIDIZER FLOWRATE
OKLDXZER FM AGREEMENT
"FUEL INTERFACE TEMPERATURE
 OXIDIZER INTERFACE TEMPERATURE
1/C COOLANT IN TEMPERATURE

T/C COOLANT QUT TEMPERATURE =

T/C SURFACE TEMP =16 IN
T/C SURFACE TEMP ~13 IN
1/¢ SURFACE TEMP =10 IN
1/C SURFACE TEMP - 8 IN
7/C SURFACE TEMP = 6 IN

WIAQ_SURFAQEATﬁﬂF - & IN
T/¢C SURFACE TEMP - 2 IN
T/C SURFACE TEMP ~0,3 IN
T/C SURFACE TEMP ¢+ 2 IN

'C NOZZLE FLANGE TEMP

1/ .
NOZZLE SURFACE TEMP ¢ T.2 IN
NOZZLE SURFACE TEMP ¢ To8 IN

"NOZZLE SURFACE TEMP ¢ 9,9 IN
 NOZZLE SURFACE TEMP #11.7 IN
"NOZZLE SURFACE TEMP ¢16.2 IN

NOZZLE SURFACE TEMP 28,4 IN

"NOZZLE SURFACE YEMP +40.4 N

 NOZZLE SURFACE TEMP o35T.5 IN

_ UNITS_ AVG, MEASURED VALUE

.. 10170 SEC
9.000 SEC TO

pPslia ) . 223911
PSIA 253.309
PSIA L 19T.256
PSla 201.136
PSIA __mg_”125;2Q] ——
PSIA 187256
PSIA , 194,598
Psla 129.909
PRIA . _130.619
LRF 5905-862
wBF .. .5912,730
LBF ; ’ -30039
LBF . . 23,483
PSIA ‘ 2004
%o . el2T
GPM 56,892
B S ST 1 * & .- SE
GPM : 6&0137
Rl . _.sl8%
DEG F 103,291
prﬁG Foo 103|805
OgG F © 105,573
MQEQ_E_“__d_“__“ 236,285 .
DEG F 258,582
DEG F 250,828
DEG F . 257,095
DEG F. . 202,201
DEG F 220,430
.. DEG F . 283,441
DEG F 184,472
DEG F 180,321
DEG F 165,687
~DEG F 195,355
DEG ¥ . TT6.301
DEG ¥ o ‘1180, 559 o
DEG F 1231.192
DEG F - 1164,698
DEG F ‘ Llﬂ?oﬂ36
DEG F . 10244118
DEG F 919,585
DEG F_ _B26,746



£=5TAR, ODE
ISP ODEs TEST

16 NOV 3
SERIES RpsICT=1

 6K_OMS_ENGINE TECHNOLOGY
SUPPORT PROGRAM = TASK XII

_SEQUENCE &

_PERFORMANCE DATA . .

TEST 9

_FI/3EC

- 5697.877

3424475

PARAMETER o ___UNITS __ CALCULATED VALVE
PCy INJECTOR END . _pPsla_ 1;0.264“

PC, MOZZLE STAGNATION PSTA 123,791
.ﬁEAéLWTﬁﬂgﬁTi_§LI§. e _ABF 59094296
_AXTAL THRUST, VACUUM LsF 996,813
NOZZLE £X1Y PRESSURE psia o7

CFUEL DENSETY (MNM) . AB/FT3 5§1§?5m _
OXIDIZER DENSITY LR/FT3 BY.470

FUEL FLOWRATE LB/SEC 6,785
QXIDIZER FPLOWRATE ) _ LB/SEC 124809
TOTAL PROPELLANT FLOWRATE LR/SEC 19,294

MIXTURE RATIO (OVERALL)Y = O/f . l.,8%¢

BLC FLOWRATE LR/SEC «508

_8BLC TOTAL PERCENT % 2e634

"CORE MIXTURE RATIO O/F 1,993

FUEL INJECTOR DELYA.P = PsiD ...B6.992
OXIDIZER INJECTOR ODELTA=P PSID 64,334

Y/€ COOLANT DELTA=P _PsSID. Ta951

T/C COOLANT DELTA=TY DEG F - 1%0,712

THRUST CHAMBER HEAT FLUX BTU/SEC 731,101

C=5TARy SITE FT/SEC 5474,752
C=STARy UMR FTI/SEC 5957,350
C-STAR EFFICIENCY % 96,084

¢F, SITE i _ gty N _— __l.800
CF SITE VACUUM —— 1.827
CFs VAC 72 EXPECT i mmee . 1a8)7

cF CORRELATION - 100,527
_CFy VAL 72 i mpee. 1.816
IS¢, TEST seC 306,284

I5pPs SITE vACUUM — SEC .. ,“_n_mm_alo,azo_m_"m
15Fy VAC 72 PREDICTED’ SEC 310,858

5Py ODK, TEST CONDITIONS .. ..5eC : 335.8&3“ N
ISPe TDKp, TEST CONDITIONS SeC ' 330.452

_ISP EFFICIENCY = S __90,7157 . . _
ENERGY RELEASE EFFICIENCY % 96,551



I 6K OMS ENBIHE_TECBNQLOGY
: SUPPGRY PROGRAM = TASK X11

~ ROCKETDYNE INTEGRATED CHAMBER

CDATE le NOV 3 T T o -
SERIES RD/ICT=) SEQUENCE ¢ - TEST 19
TEST DESCRIPTION

HOT=PROPELLANT PERFORMANCE. AND PnSTefIRE THERMAL gyALUATION OF

ROCKETDYNE INTEGRATED ENGINE, INJECTOR L/D S/N1y 75 TO 1 NOZZLEs
UNSAT MMH/NTO AT 103 DEG F, TARGET PCNS = 125, O/F = 1,65.

ACTUAL TEST DURATION 10:196 SEC_
DAYA SLICE TIME 9,000 SEC TO 10,000 SEC

PARAMETER UNETS ~ AVG. MEASURED VALUE

FUEL TANK PRESSURE PSIA 241,299
OXRIOIZER TANK PRESSURE ~ PSIA _ — __248T7.613
FUEL INTERFACE PRESSURE PSIA " 209,986
OXIDIZER INTERFACE PRESSURE . PsIA 19@.5?3
T/C COOLANT INLET MAN. PRESSURE PSIA 207.033
FUEL INJECTOR PRESSURE , .. PSIA B 1974874
OXIDIZER INJECTOR PRESSURE PSIA 1924672
CHAMBER PRESSURE NO. 1 . . PSIA . _ . 131,835
CHAMBER PRESSURE NG, 2 PSIA 132,629
AXIAL THRUSTs SYSTEM & _ iL.AF L - 9954,T739
AXTAL THRUST, SYSTEM B LBF 859634590
Y=AXIS THRUST ) L.BF o =4 o052
2=AX1S THRUSTY LaF [ 254626
_AYERAGE CELL PRESSURE . . .. .. _ _PSIA .. .. .. . 083 __
CELL PRESSURE AGHREEMENT % . 0125
AVERAGE FUEL FILOWRATE _ GpM o @1.?22
FUEL FiM AGREEMEN1 % _ 025
AVERAGE OXIDIZER FLOWRATE GPM _ L. ..62e214
OXIDIZER FM AGREEMENT % _ «107
CFUVEL INTERFACE TEMPERATURE = DEG.F.___ . _ 103468
OXIDIZER INTERFACE TEMPERATURE DEG F 103,891
Y/C COOLANT IN TEMPERATURE DEG F 1084696
/¢ COOLANT QUT TEMPERATURE DEG F 246,167
T/C SURFACE TEMP «16 1IN .. _DFG F - 249,104
T/C SURFACE TEMP ~13 IN OFG F 240,377
_I/C SURFACE YEMP =10 IN _DEG F . _ 246,277
T/C SURFACE TEMP « 8 IN OFG ¥ 194.509
Y/C SURFACE TEMP ~ 6 IN _DEG F 211,586
T/C SURFACE TEMP = & IN DEG ¥ 230,679
T/C SURFACE TEMP = 2 IN . DEG E C1T1.821
T/C SURFACE TEMP =0.3 IN DEG F i 174,398
_T/C SURFACE TEMP ¢« 3 IN . . DEGF .. . . 160,609
T/¢C NOZZLE FLANGE TEMP DEG F 212,802
NUZZLE SURFACE TEMP ¢ 7.2 IN DEG ¥ " A2%.388
NOZZLE SURFACE TEMP « 7.8 IN DEG F 1141.188
NOZZLE SURFACE TEMP + 9.9 IN DEG. F - 12T76+625
NOZZLE SURFACE TEMP #1147 IN DEG F 1213,221
NO7ZLE SURFACE TEMP 216.2 IN_. .. __DEG F. _ ..1158,089%
NOZZLE SURFACE TEMP ¢28+4 IN DEG F 1074,5590
 NOZZLE SURFACE TEMP ¢40,4 IN DEG_F 960,476

NOZZILE SURFACE TEMP +57.5 IN DEG F 898,890



6K OMS ENGINE TECHNOLOGY.
‘SUPPORT PROGRAM = TASK XIT
el __... ROCKETDYNE INTEGRATED CHAMBER . .
UATE 16 NOV 3 -
SERIES RO/ICT=3 = SEQUENCE & : . TEST 1o

PERFORMANCE DATA

_PARaMETER ~ unNlTS CALCULATED VALUE

 PCy INJECTOR END L PSla . 132.232
PL, NOZZLE STAGNATION PSIA _ 125,620
AXTAL THRUSTs SITE . L8F T . 59604)64
AXTAL THRUSY. VACUUM LAF 6045,700

_ NOZZLE EXIT PRESSURE . PSIA_ . e046
FUEL DENSITY (MMH) LR/FT3 53,522

. OXIDIZER DENSITY . _LB/FT3 . ] ) 81.460
FUEL FLOWRATE |.8/SEC 74360
QAIDIZER FLOWRATE o LB/SEC ~ 12,123
TOTAL PROPELLANT FLOWRATE LBR/SEC 19.483

_ MIXTURE RATIO (OVERALL)  ~  — o/F  1.68T
BLC FLOWRATE LR/SEC . 551
BLC TOTAL PERCENT , o % o 2.829
CORE MIXTURE RaTlo osF , 1.780
FUEL INJECTOR DELTA=P . PSID . 85,682
OXIDIZER INJECTOR DELTA=P PSID 604440

L I4C COOLANT DELTA=-P __ _  _ PsID_ . _ . 20199
T/C COOLANT DELTA=T DEG F : - 140,472
THRUST CHAMBER MEAT FLUX - BTU/SEC 739,240
C=STARy SITVE F1/SEC 5503,269
C=STARs UMR . . Fissec - 8559.259
C=STAR EFFICIENCY % ' 964366
_CF, SITE i w0 788
cF SITE VACUUM R 14814

- CFy VAC 72 EXPECT L memes 14794
CF CORRELATION e : 101,107
CFy VAC 7 L memee 1,802

- Y58, et SEC o 5ent505
_1Spe SITE VACULM sgC . 310,299
1Spe VAL 72 PREDICTED " SEC . 310,235
ISPy ODKy TEST CONDITIONS SEC . 332,540
18P, TOKy TEST CONDITIONS SEC 327.228
15p EFFICIENCY % 91,855
ENERGY RELEASE EFFICIENCY % 96,819
¢=STAR, ODE o e EY/SEC ____ 8T10.7T2
15Ps ODEy TEST 56C 337.814



6K OMS ENGINE TECHNOLOGY

SUPPORT PROGRAM = TASK X1 o

] . .. ROCKETDYNE INTEGRATED CHAnazﬂ o
DATE 2} NOV 3 -

SERIES RDZICT=1 SEQUENCE & S TEST 1
TEST DESCRIPYION
50-SECOND PERFORMANCE SURVEY AND 30=MIN.. POST-FIRE THERAMAL
EVALUATION OF RD INTEGRATED ENGINE., NORMAL SHUTDOWN AT 1500

- DEG F REOLINE NQLZLE TEMP. _TARGEY PCMS = 12%.0 O/F = 1,65

_ACTUAL TEST DURATION 460224 SEC

DATA SLICE TIME 7.000 3£¢ TO 8,000 SEC

PARAME TER UNITS AVG, MEASURED VALUE
W Oy (0 O 0 0 P R gy P Ao e i A P O s D Ay S U e O o
FUEL TANK PRESSURE PslA - 239,926
OKIpI2ZER TANK PRESSURE PSIA 246188
FUEL INTERFACE PRESSURE PSIA _ 209.561
OXIDIZER INTERFACE PRESSURE PSIA S 197,745

T/C COOLANT INLET MAN, PRESSURE PSIA . 207,796
FUEL INJECTOR PRESSURE psla . 192186
OXIDIZER INJECTOR PRESSURE PSIA . 191.132
_CHAMBER PRESSURE NO, 1 . PSIA. . .. . 133,218
CHAMBER PRESSURE NO. 2 PSIA . 132,880
_ARTAL THRUST, SYSTEM A . LBF - 6000,013
AXIAL THRUST, SYSTEM B LaF  6004,917
_Y=aX1S THRUST LBF _ -0,506
2=AX318 THRUST LBF _ 30,811
_AVERAGE CELL PRESSURE = PSIA . . .. . e038
CELL PRESSURE AGREEMENT % _ o113
_AVERAGE FUEL Fi OWRATE . GPM ... 60,681

Fug FM AGREEMENT % «070
_AVERAGE OXIDIZER FLOWRATE @pM = . 60+561
OXIDIZER FM AGREEMENT ® +076
_FUeL INTERFPACE TEMPERATURE .. DEG F . 56879
OXIDIZER INTERFACE TEMPERATURE DEG F 6l.127

T/C COOLANT IN TEMPERATURE DEG F T _ 58,030

T/C COOLANT OUT TEMPERATURE DEG F . 186,904

T/C SURFACE TEMP «16 IN DEG F - 181,174

T/C SURFACE TEMP =13 IN DEG F . 1B6,945
 YT/C _SURFACE TEMP -0 IN = DEGF . = 204,290
T/C SURFACE TEMP =~ 8 IN DEG F 1544560

T/C SURFACE TEMP - & IN , . DEG F 170,474

7/C SURFACE TEMP ~ 4 IN DEG F . 190.558

T/C SURFACE TEMP « 2 IN DEG F 136,042

T/¢ SURFACE TEMP =0,3 IN DEG F . 141,498
_1/C SURFACE TEMP + 3 IN ~ DEG F ,,xﬁ__119.§??

1/C NOZZLE FLANGE TEMP DEG F . 46,569
NOZZLE SURFACE TEMP ¢ T.2 IN DEG F - 156,421
NOZZLE SURFACE TEMP + 7.8 IN DEG F  4B4,454
NOZZLE SURFACE TEMP ¢ 9,9 1IN DEG F 463,828
NOZZLE SURFACE TEMP +11.7 IN DEG F S 30,441
NOZZLE SURFACE TEMP +16,2 IN . DEG F = . . _ 311.23) _
NOZZLE SURFACE TEMP +28.4 IN DEG F 202,749
NOZZLE SURFACE TEMP ¢40,4 IN DEG F 177,096

NOZZLE SURFACE TEMP ¢57.% IN DEG ¥ _ 1384895



6K OMS ENGINE TECHNOLOGY
~ SUPPORT PROGRAM ~ TASK XII =
e i e .. ROCKETDYNE INTEGRATED CHAMBER
DATE 21 NOV 2 )
SERIES RD/ZICT=} - SEQUENCE 5 - .TEST 1

. PERFORMANCE DATA

__PARAMETER . .. uUNITS_ cm.cumm VALUE

. PCy INJECTOR END . . eslA . 133.979“_
PCg NOZZLE STAGMATION PSIA L 126,425
AXIAL THRUSTs SI7E LBF L 6002 4465
AKIAL THRUSTs YACUUM X:14 '6079,]05
NOZZLE EXIY PRESSURE MA,AgsxA_“_m_”_WWWW” a0%%
FUEL DENSITY (MMH) LB/FT3 . 86,999
OXIDIZER OENSITY o LB/FT3 ) 91000
FUEL FLOWRATE LB/SEC  7.436
OXIDIZER FLOWRAYE L8/ SEC L 12.279
TOTAL PROPELLANT FLOWRATE LB/SEC 19,714

© MIXTURE RATIO (OVERALL) . oOsF . . 1.85)
BLC FLOWRATE LB/ SEC o 0557
_BLC TOTAL PERCENT 0y . 2,885
CORE MIXTURE RATIO osFf : 1,785
FUEL INJECTOR OELTA-P . PSiL ... . . . .59.]06
OXIDIZER INJECTOR DELTA-P PSID = 58,052

_ X/C. CODLANT DELTA=P R esiID . . 1560
T/C COOLANY OELTA-T DEG F -~ 128.874
THRUST CHAMBER MEAT FLUX . BTIU/SEC . _ABS54158
C=STAR, SITE F1/SEC ‘BAT3,464
C=STARy UMR , . FI/SEC 5530,115
C~STAR EFFICIENCY % ' 95,844

_CF, SITE i} e epwne _ L 147%
CF SITE VACUUM - . 1,813
F;_i&(: T2 EXPECT . . .. .. | mewws 1795

CORRELATION - 100,990

o cfg VAC 12 .. .. L ™ T T S o V%’Bgl
18ps TEST seC . 204,471
13p, SITE VACUUM "“m_,mm__“mwwgggwwukﬂ“mnﬂ_m_nngglaiim_,__
15p, VAC T2 PREDICYED sEC 308,308
15p, DDK, TEST CONDEIVIONS = = SEC 332,66}
ISPy TLK, ?ssr CONDITIONS SgC - 3a7.35g

_ 1%p EFFICIE E R 1 ] L &7
ERERGY RELEASE EFFICIENCY % _ aa.léa
_c=STaR, Opg . . FI/SEc. . . 8711027 _

1SPo ODE» ?ES? : SEC o 33?0937



. 6K OMS_ENGINE TEE
SUBPORT PROGRAN -

DATE 21 NOV 3
SERIES RD/ICT=]
TEST DESCRIPTION

SEQUENCE S

{NOLOGY
ASK XII

ROCKETDYNE INTEGRATED CHAMBER

TEST 1

S0=SECOND PERFORMANCE SURVEY AND 30=MIN.. PQSJ-FIRE THERMAL.

EVALUATION OF RD INTEGRATED ENGINE,

NORMAL SHUTDOWN AT 1500

OEG ¢ REDLINE NOZILE TEMP, TARGET PENS = 125... QLE = 1465,

,&Vﬁ;_MEASURlﬂﬂynLHEﬂ“

e am e W o e o TG gl gl TV TR O 0 o

- 260,.84)

- 2464188
21044190
198,169
. 208,559 ..
192+944
191.132
;320556
132.629

... 58009,557
- 6017 .632

w,218
31,443

ACTUAL TEST DURATION . 444224 SEC
DATA SLICE TIME 9,000 SEc To 10,000 ssc
PARAMETER . . e UNITS
FUEL TANK PRESSURE psia
OXIDIZER TANK PRESSURE PSIA
FUEL INTERFACE PRESSURE PSIA
OXIDIZER INTERFACE PRESSURE PSIA
T/C COOLANT INLET MAN. PRESSURE = PSIA
FUEL INJECTOR PRESSURE psla
ORIDIZER INJECTOR PRESSURE PSIa
CHAMBER PRESSURE NO, ) pgIA
CHAMBER PRESSURE NO, 2 T3P
CAALAL THRUST, SYSTEM A =~~~ W8F
AXIAL THRUST, SYSTEM B LAF
Y=ALIS THRUST : , LBF,
2=aX15 THAUST LBF
AVERABE CELL PRESSURE . PS1A

CELL PRESSURE AGREEMENTY %

AVERAGE FUEL FLOWRATE =
AGREEMENY toy
h&ﬂi OXYDIZER FLOWRATE  GEM

OK!DKZER FM ASREEMENT %

FUEL INTERFACE YEMPERAYURE =~ DpEG ¢
OXIDIZER INTERFACE TEMPERATURE DEG F

_T/C COOLANT IN TEMPERATURE = DeG B
7/C COOLANT QUT TEMPERATURg DEG F

_I/C SURFACE TEMP ~l6 IN .DEG F

T/¢ SURFACE TEMP =13 IN DEG 7 -
1/C SURFACE TEMP <10 IN DEG F
T/¢ SURFACE TEMP = & IN DEG ¥
T/C SURFACE TEMP - 6 IN DEGF
YT/C SURFACE TEMP - 6 IN DEG F

1/C SURFACE TEMP - 2 IN DEG ¥

7/C SURFACE TEMP =0,3 IN DEG F

_r/c SURFACE YEMP + 3 IN DEG €

C NOZZILE FLANGE TEMP . DEG F

‘Noz_ngsuavacg TEMP ¢ Te2 IN  DEG F_
NOZZLE SURPACE TEMP o 7.8 IN DEG F

NOZZLE SURFACE TEMR « 9,9 IN DEG F

NOZZLE BURFPACE TEMP o11,7 IN DEG F

NOZZLE SURFACE TEMP ¢316.2 IN DEG F

NOZZLE SURPACE TEMP »28.4 IN DEG F _
NOZZLE SURFACE TEMP 06046 IN DEC F .
NOZZLE SURFACE TEMP 57,5 In DEG IF

GPM.

»035
«099
60,90)
076
602861
_»076
 57.428
52-230
190 829
187,766
189,279
206,044
159-725
L AN3.033
NI
137,497
14],4983
. 122,176
. 464569
. 208,817
$T3,207
569,414
529,473
3&5;311
250,19
2149739

167,948



6K OMS ENGINE TECHNOLOGY
SUPPORT PROGRAM - TASK X1l

DATE 21 NOV 3
SERIES RD/ICT=1

PARAMETER

PC, INJECTOR END
PLy, NOZZLE STAGNATION

AXTAL THRUSY, SITE
AXTAL THRUST, VACUUM
NOZZLE EXIT PRESSURE
FUEL DENSITY (MMM)
OAIONZER DENSITY
FUEL FLOWRATE
OXIDIZER FLOWRATE
TOTAL PROPELLANT FLOWRATE
_MIXTURE RATIO (OVERALL)
BLC FLOWRATE
BLC TOTAL PERCENT
CORE MIXTURE RATIO
FUEL INJECTOR pDELT AP

OXIDIZER INJECTOR DELTA-P

T/C COOLANT DELTA-P
1/C COOLANT DELTA=Y
THRUST CHAMBER HEAT FLUX
C~STARy SITE

C=STAR: UMR )

C*3TAR EFFICIENCY

CF, SITE o

cF SITE VACUUM

CFe VAC 12_EXPECT

CF CORRELATION

CFe VAC T2

ISp, TEST
- 19Pe SITE YACUUH

15p, VAC 12 PREDICTED

I15Py ODK, TEST CONDITIONS

152, TO®, TEST CONDITIONS
15p EFFICIENCY

ENFRGY RELEASE EFFICIENCY
u6257&_;_°ﬂﬁ_ .
15ps ODE, TEST

SEQUENCE 5§
PERFORMANCE DATA _

~_ UNITS

PSIA
PSIA
LBf
LBF

e PSIA_

LR/FTS
LB/FT3
L8/SEC
LB/SEC
L8/SEC
Q.
LB/SEC
%
0/F
PSIO0
PSID

L PSID_

DEG F
8TU/SEC
FT/SEC

. FT/SEC
%

e

L

.SEC.

seC
SEC.
SEC
%

SgC

®_
FY/3%gc

_ROCKETDYNE. INTEGRATED CHAMBER 

TEST }

_mgﬁLﬂuLAIED.V&LHE

" A PR A g T D T R v

132.593
125,963
6013,595
6083,340
040

54,985

90,914
. Te461
. 120267
19,728
SR 7Y 1.3
r

Qa8
1,777
6504351
$8.539

. 7030&91_
S449,926
8508, 655

954436

1.820
1.724
101:473

- 1eB09
304 a8zt
308,363

- 308,321
_ 332.473

32{ %

96.225

e BT1045
~ T337.727

,mm . &l5 . . .
| i§5:915

— 1800 _ . .

38 ..



CDATE 21 NOV 3

SERIES Rp/ICT=)
TEST DESCRIPTION
59~SECOND PERFORMANCE SURVEY AND 30-MINa. PQQT-FIRE THERMAL

EVALUATION OF RD INTEGRATED ENGINE,

QHS

SUPPORT P

NGINE TEC

OGRAM =

OLOGY
ASK XII

_ ROCKETOYNE INTEGRATED CHMAMBER

SEQUENCE S

 JEST }

MORMAL SHUTDOWN AT 1500

_DEG F REDLINE NOZZLE VEMP. TARGEY PeNS = 12Bes O/F 8 1e65.

ACTUAL TEST DURATION
DATA SLECE TIME

PARAMETER

0 55, . 5 M0 4 S 20

14,000 SEC YO

" FUEL YANK PHESSURE

L ORIDIZER TANK PRESSURE
FUEL INTERFACE PRESSURE
QAIDIZER INTERFACE PRESSURE

T/C COOLANT INLET MAN. PRESSURE

444224 SEC.

FUEL INJECTOR PRESSURE
ORIDIZER INJECTOR PRESSURE:

. CHAMBER PRESSURE NO, X

CHAMBKR PRESSURE MO, 2
_AKIAL THRUSTs SYSTEM A
AXJAL THRU&T; SYSTEM B
C ¥Y=aXIS THRUST.
Z=aX1S THRUST :
| AVERAGE CELL PRESSURE

Kve

FUEka

L PRE
RAGE "

SERE AGREEMENT
L FLOWRATE

FM AGREEMENT
GE oXIDIZER FiLOWRATE

OXIDKZER FM AGREEMENT

‘F’

1
T/C
1/C
T/¢C
_¥/¢
T/¢C
1/¢
T/¢C
/€
T/C

_1/C_

1/¢

NOZZLE SURFACE TEMP
NOZZLE SURFACE TEMP
NOZZLE SURFACE TEMP
NOZZLE SURFACE YEMP

_NOZZLE SURFACE TEMP
NOZZLE SURFACE TEMP

NOZZLE SURFACE TEMP

COOLANT
COOLANY
SURFACE

SURFACE
SURFACE

SURF ACE
SURFACE
SURFACE
SURFACE
SUBFACE
SURFACE

L, INTERFACE TEMPERATURE
OXIDIZER INTERFACE TEMPERATURE

IN TEMPERATURE.
QUT TEMPERATURE

TEMP
TEMP

TEMP

TEMP
TEMP

TEMP

TEMP
TEMP
TEMP

10 3N

~16 IN
~13 IN

-~ 8 IN
- 6 IN
- 4 IN
-2 IN

0,3 IN

¢« 3 IN

NOZZLE FLANGE TEMP

+ Ta
¢ 7.8 IN
¢ 9,9 IN
+11.7 IN
*16.2 IN_
2Bed TN
*H8edr IN
9‘5705 Ik

IN

15,000 SEC
UNITS AVG, MEASURED VALUE
= pm- B 0 0D s O D g R - 0
PSIA 239,926
L PSIA . 268,087
PSIA 269.561
PSIa .. 199017
PSIA 297-796
PSIA 192565
PSIA 1924287
. PSEA_
PSIA 132.126
. LBF _ - 6035,000
LBF 6043 063
Laf . =2.53]
LeF . 32,075
_._PpsIa
%,. k '067
GPM . 60,461
% . e
GPM 61001
% + 085

___peG ¥ ____ns_l_:i
DEG F . 634502
DEG F 59,082
NEG F 196, 333
DEG F 196,867
DEG F 193,247

DEG F 209,433
DEG ¢ B 158,057
DEG F __176 155
DEG F 194,890
DEG F _. 139,193
OEG F 143.43&

... DEG F 124,796
DEG F . 464569
DEG F 321,483
DEG ¥ 762,601
DEG ¢ 793,118
DEG F 7520523

.. DEGFE_ . _ S60.182
DEG F 399,041
DgEG F - 307,965
DEG F 260,028

__131.83%

029



6K OMS ENGINE TECHNOLOGY
SUPPORT PROGRAM = TASK XII
.. ROCKETDYNE INYEQRATED CHAMBER
" DATE 21 NOY 3

SERIES RD/ICT=] ) .  SEQUENCE S .. .. TEST 1
S ___PERFORMANCE DATA . ,
- PARAMETER . uNITS. _ _ CALCULATED VALUE
- A 0y 908 S0 0 - iy S 0N -0 o SR e o B A5 SR A0 O a
_PCa INJECTOR END , . psia . .131,.98¢0
PCy NOZ2LE STAGMATION PSIA T 125,38)
ARIAL THRUST. SITE ) LRF ) . £5039,032
AXTAL THRUST. YACUUN Laf 6097.9%0
NOZZLE EX1V PRESSURE = pelA i a035% _
FUEL DENSITY (MMH) LB/FT3 - 54,993
OXIDIZER DENSITY ) § LB/ZFYY . 90.868
FUEL FLOWRATE LA/SEC Te008
OXID1ZER FLOWRATE LR/SEC 124350
- TOTAL, PROPELLANT FLOWRATE LB/SEC o 19,758
 MIXTURE RATEO COVERALLY osF L Lee6T
8LC PLOWRATE LB/SEC o ¢ 555
- 8Lc T0TAL PERCENT _ o % . o 2,808
CORE MIXTURE RATIO o/F . 1.802
FUgl INJECTOR DELTAP N _PStD . __60a586
o;mzm zwsgga geua-p PS1D 604307
_X/G COOMANT DEAYA=P . . psID._ . . i8.23) .
1/C COOLANT DELTA-T DEG F , 1 ?.zg%
THRUST CHAMBER MEAT FLUX aTU/SEC 726,981
C-STARs SITE - FT/SEC , 5416,516
C~STARs UMR , FT/SEC . 5475,370
C~STAR EFFICIENCY % o 94.838
CF, sit e e B 1.B16
_CFs ¥ L>) ————e 14197
cF conﬂszﬁvxon ' camaw - 102,044
GFs VAL 12 — . Mg o .
?s&. TESY SEC :mé.g%l
_15ps SITE VACUUM .. 8EC 308,635 e
ISp, VAC 72 pREDICTED sEC C 308,647
18P, ODK, TEST CONDITIONE SEC . 332.951
1597 TDK o ?EST CONDITIONS SEC | 321.590
EFFIC &E E i L% . %1,210
ﬁa@? RELEASE EFFICIENCY % » 96._76
e=STARy OQE  EYssge G7ils382

I15P: ODEo TEST SeC ' 338.379



TE HNOLOGY .
suspdgr P! oeﬁﬁﬁ ASK XI1
ROCKETOYNE INTEGRATED CHAMBER =
SERIES HD/ICT=) SEQUENCE & CTEST 1
TEST DESCRIPTION

50~SECOND PERFORMANCE SURVEY AND 30-MIN, POST=FIRE THERMAL
EVALUATION OF RD INTEGRATED ENGINE, NORMAL SHUTDOWN AT 1500

_DEG F REDLINE NOZZLE TEMP, TARGET PENS = 125.0 O/F = 1,65,

DATE 21 NOV 3

ACTUAL TEST DURATION ) 444228 SEC
DATA SLICE TIME 19,000 SEC To 20,000 SEC
PARAMETER . .. ... . .. .. UNITS  AVG. MEASURED VALUE
FQEL TANK PRESSURE psIa 239.926
OXKIDIZER TANK PRESSURE Psla 2470138
FUEL INTERPACE PRESSURE PSIA 209.561
OKIDIZER INTERFACE PRESSURE PSIA 198,593
1/C COOLANT INLET MAN, PRESSURE = PSiA - 207.796.
FUEL INJECTOR PRESSURE PSIA 192565
QXIDIZER INJECTOH PRESSURE PSIA _ 191.902
CHAMBER PRESSURE NO, ) PSIA . 13].353
CHAMBER PRESSURE NO. 2 pPsla L .13).824
_ARTAL THRUST, SYSTEM A =~ LRF . 6028,047
AXIAL THRUSTs SYSTEM B8 LBF 6043,063
Y~AX1S THRUST. . L . LaF =3.037
2=-aXIS THRUST LBF . 30,812
AVERAGE CELL PRESSURE PsIA 9026
CELL PRESSURE AGREEMENT % : » 045
_AVERAGE FyEL FLOWRATE = 6pM =~ = 6p,68)]
ruz FM AGREEME % 070
ha@; oxxoLZzE FLOWRATE  cpM el ... 60835
°S’°‘§§:? AFACE TEWPERATURE. DS # 69:355
FUEL ERFAC HMPERA’ . DEG F
OXIDIZER INTERFALE TEMPERATURE DEG'F &3.217
_J/C COOLANTY IM TEMPERATURE == DFGF 8%'5
T/C COOLANT OMT TEMPER&TURE DEG F 48
T/C SURFACE TEMP «l& IN DEG F - 200,310
T/C SURFACE TEMP -13 IN DEG ¥ 1?6.047
T/C SURFACE TEMP 10 IN ~ DEG F 210,141
T/C SURFACE TEMP = 8 IN DEG F 159.98
_J/C SURFACE YEMP - 6 IN = DFOF _ 171,847
Y/C SURFACE TEMP = 4 IN DEG F 196,946
Y/ SURFACE TEWP =~ 2 IN DEG § 141,252
T/C SURFACE TEMP =0,3 IN DEG F 145,010
T/7C SURFACE TEMP « 3 IN DEG F 126,616
1/C NOZZLE FLANGE TEMP DEG F T 46,569
NOZZLE SURFACE TEMP « 7.2 IN . DEG F ~ 4le,000
NOZZLE SURFACE TEMP ¢ 7.8 IN DEG ¢ - 922.031
NOZZLE SURFACE TEMP o 9,9 N DEG £ 971,574
NOZZLE SURFACE TEMP «11.7 IN DEG ¥ 935,380
NOZZLE SURFACE TEMP «16,2 IN DEG F T14.430
NOZZLE SUAFACE TEMP 28,4 INM DEG F 552,088
NOZZLE SURFACE TEMP +60,4 1IN DEG F B 390,169
NOZZLE SURFACE TEMP #57,5 IN DEB F 308,531



DATE 21 WNOV 3

SERIES RD/ICTe]

6K OMS ENGINE TECHNOLOGY
SUPPORT PROGRAM « TASK XII
ROCKETOYNE INTEGRATED CHAMBER & .

TEST )

PERFORMANCE: DATA

SEQUENCE S

PARAMETER . _ JUNITS . _CALCULATED VALUE
PCy INJECTOR END . pPSIA 13L.,4?9
PCy NOZZLE STAGNATION psla 124,914
AXIAL THRUSTs SITE LBF 635,855
AXIAL THRUST. VACUUM LBF 6088,957
NOZZ2LE EXIT PRESSURE PSIA . B} ; 1033
FUEL DENSITY (MMH) LB/FT3 54,85
OXIDIZER DENSITY LB/FT3 90.874
FUEL FLOWRATE LB/SEC Teélb
 QXIDIZER FLOWRATE LB/SEC 12,317
TOTAL PROPELLANT FLOWRATE LB/SEC 19,733
_MIXTURE RATIO (OVERALL) = g8 .. Y12
BLC FLOWRATE LF/SEC + 555
BLC TOTAL PERCENT 2,815
CORE MIXYURE RATIO Q/F 1,795
FUEL INJECTOR DELTA-P PSID . 814076 .
ORIDIZER INJECTOR DELTA=P PSID 60413
_1/C COOLANT DELTAwP . . o PSID_ . ... 15¢23) . ..
T/C COOLANT DELTA=T DEG F 138.955
THRUST CHAMBER HEAT FLUX BTU/SEC 7324043
C~STARs SITE FI/SEC 5403,014
C=STARy UMR . . ET/SEC - 5460,922
C=sTAR EFFICIENCY % 94,604
CF, sITE e e . mmmsw. . . 1,821
CF SITE VACUUM e 1837
CFs VAC 72 EXPECT - 1796
CF CORRELATION - 102,315
. LFy VAL 72 - leB286
1Sp, TEST - SEC 305,869
_15p, SITE VACUUM __SEC. 308,560
1Sp, VAC 72 PREDICTED SEC 308,569
159, ODK, TEST CONDITIONS SEC 4_332.315
15Ps TDK, ?EST CONDITIONS SEC 327417
ISP EFHE % . 91,235
ENERGY R LEASE EFFICIENCY % 96,189
_¢=STaR, Opg e FT/SEC . 8711a2)7
1SPe ODEs TESY SEC 338+204



NG INE TECHNOLOGY
SUPPGR? PROG&AM = TASK XII

... ROCKETDYNE INTEGRATED CHAMBER
DATE 21 WOV 3

SERIES RD/ICT=] _ SEQUENCE 5 - TEST 1
TEST DESCRIPTION

%50=SELQND pgavoamhn$g SURVEY AND 30<MINe POST=FIRE THERMaAL
EVALUATION OF RD INTEGRATED ENGINE. NORMAL SHUTDOWN AT 1500
DEG F REOLINE NOZZLE TEMP, TARGET PCNS = 125,06 O/F = 1,65.

ACYUAL TEST DURATION 56,224 SEC
DATA SLICE TIME 26,000 SEC ToO 26,000 SEC

PARAMETER UNITS AVG, MEASURED VALUE
8 WS en e We gD T o ' - ’ -;“*“- ‘----ﬁ;_-'-;-;u;.-n-nn-
FUEL TANK PRESSURE PSIA 240,384
OXIDIZER TAMK PRESSURE = PSIA .. 266,188
FUEL INTERFACE PRESSURE PSIA ‘ - 209,986
OXIDIZER INTERFACE PRESSURE pslA - 1974745

T/C COOLANT INLET MAN. PRESSURE PSIA 207.796
FUEL INJECTOR PRESSURE @ PSIA . 192565
OXIDIZER INJECTOR PRESSURE PSIA . 1904746
CHAMBER PRESSURE NO, 1. . . ... _ PSIA_ . . __ . -.130.872 _
CHAMBER PRESSURE NO, 2 PSIA 131,121
AXIAL THRUST, SYSTEM A LAaF 6022,293
AXIAL THRUSTe SYSTEM B L&F - 6030,347
Y~aX1S THRUST B Le8F . m3,543
Z=4X1S THRUST Laf 30,939
AVERAGE CELL PRESSURE =~ PSIA. _ ... ....._._s025%
Cﬁ%L PQE?SURE AGREEMENT % 127
_ RAGE FUEL FLOWRATE _ GpM o 60,901
FUEL FM AGREEMENT % «076
_AVERAGE oXIDXZER FLOWRAYE GPM. . _ . eD0e726
ORIDIZER FM AGREEMENT % : *030
FUEL INTEAFACE TEMPERATURE ==~ DEGF = 624607
O0X1DIZER INTERFACE TEMPERATURE DEG F L 65,963
1/C COOLANT IN TEMPERATURE DEGF 64,376
T/C COOLANY OUT TEMPERATURE DEG F 204,157

T/C SURFACE TEMP =16 IN o NEG F . 204,046

T/C SURFACE TEMP ~13 IN DEG F 198,265
1/C SURFACE TEMP =10 IN = DEG F. . __ 213,876
1/C SURFACE TEMP = 8 IN DEG F . 161.668

T/C SURFACE TEMP = 6 IN DEG F - 180,022

T/C SURFACE TEMP = 4 IN DEG F 198,397
T/C SURFACE TEMP = 2 IN . DEGF 143,069

1/C SURFACE TEMP =0,3 IN DEG F . 1#5.342
1/C_SURFACE TEMP ¢« 3 IN =~ DEGF 128,919

/ NOZZLE FLANGh TEHP £G F 47.593
;OEZLE ACE TEMP & 7,2 IN 859_5" 518, ETB
NOZZLE SURFACE TEMP + T.8 1IN OEG F : 943.314
NOZZLE SURFACE TEMP + 9,9 IN DEG F - 1117,458
NOZZLE SURFACE TEMP ol1.7 IN DEG F 1090,896
NOZZLE SURFACE TEMP +16,2 IN Q8 F _ 899,422
NOZZILE SURFACE TEMP ¢2B.6 IW DEG F 678,735
NOZZLE SURFACE TEMP 060,64 IN  DEG F 475,820
NOZZLE SURFACE TEMP ¢37,5 Iwn DEG F AT79,237



6K OMS ENGINE TECHNOLOGY

SUPPORT PROGRAM -~ TASK XII

o .. _ROCKETDYNE INTEGRATED CMAMHER
DATE 21 w~OV 3 _

SERIES Rp/ICT=) SEQUENCE S . TEST 1
T . PERFORMANCE DATA _

- PARAMETER - . .. UNITS == CALCULAYED VALUE _
A g o O £ 88 e - e - T e T Tk N gy O S
PCy INJECTOR END , pslia 130997
PG, NOZZLE STAGNATION PSlA L 1284447
CARTAL THAUST, SITE : LBF - 6026,320
AXIAL THRUSY, VACUUM LBF - 6076,025

_NOZZLE EXIT PRESSURE e PSIA w03}
FUEL DENSITY (MMH) LB/FT3 : 544813
QXIDIZER DENSITY S LasfTa . M.634
FUEL FLOWRATE LB/SEC ' Te637
QAIDIZER FLOWRATE - LR/SEC : 124263
TOTAL PROPELLANT FLOWRATE LB/SEC 19,700

JMIXTURE RATIO (OVERALLY . O/F . le6%%
BLe FLOWRATE ' LB/SEC 557
BLC TOYaL PERCENT % .. 24828
CORE MIXTURE RATIO osF - 1.782
FUEL INJECTOR DELTA=P PSID  6la568
OXIDIZER [NJECTOR DELTA=P PS1D . 59,750

_T/C COOLAMY OELTAP . P8ID. . . _1%.231
T/7C COOLANY DELTA=-Y DEG F 139,780
THAUST CHAMBER MEAT FLUX . BYU/SEC i . 743,323
C~5T4Rs SITE F1/SEC | 391,939

 C=STARy UMR _ ... . FT/SEC - 54484074
C-STAR EFFICIENCY. % . 944415

CF, S1YE mewes 1.82%

CF SIYE vaCuum e 14840

CFs VAC 72 EXPECT = mwmm— S . 1a7194
CF CORRELATTON wasae 102,561
CFs YAC T2 _ L emmee .. ._.1e828
1Sp, TESTY SEC . 395,905
1SPs SITE VACUUM o SEC 308,428

1Spy VAC 72 pREDICTED  ~  ggC 308,823

 15P, ODK, TEST CONDITIONS $EC . 332,582
15Ps TDK, TEST CONDITIONS SEC 3274248
ISp EFFICIENCY oo %, . . 91,288
ENEROY RELEASE EFFICIENCY % | 96,219

€*8TaRy ODE . FVISEC. .. 6710.900
1Spe ODEs TEST SEC 7337 .062



DATE 21 NOV 3

SERIES

RO/ZICT=~1

TEST DESCRIPTION
S0-SECOND PERFORMANCE SURVEY AND 30=MIN, POST~FIRE THERMAL.

EVALUATION OF RD INTEGRATED ENGINE,

6K OMS ENGINE TECHNOLOGY
SUPPORT PROGRAM = TASK XII

ROCKETDYNE INTEGRATED CHAMBER
| TEST 1

_DEG F REOLINE NOZZLE TEMP.

ACTUAL

DATA SLICE TIME

TEST OURATION

PARAMETER = . .

A 0L p T O (I W i

FUEL TANK PRESSURE
OXIDIZER TANK PRESSURE

FUEL INTERPACE PRESSURE
OXIDIZER INTERFACE PRESSURE

_J/C COOLANY INLET MAN. PRESSURE = PSIa

4

30,000 SEC TO

SEQUENCE &

TARGEY PCNS = 128,40 O/F = 1.65.

4.224 SEC

. UNITS.
FEIA
PSIA
PSiA
PSIA

32,000 SEC

239,926
268,087

209,561

199,017
192+186

NORMAL SHUTOOWN AT 1500

AVG. MEASURED VALUE

1 A A oA A AT g T U D O

2074416

. 191.902

131,113

.131.373
6041, 390
6049,619
‘50568

_ 31,950
0023

ﬂ”,aQQQIIT
- 216,097

_ 163,415
182 fo%?

FUEL INJECTOR PRESSURE PSIA
QAIDIZER INJECTOR PRESSURE . . PsSla
CHAMBER PRESSURE NO, ) PSIA _
~ CHAMBER PRESSURE NO. 2 esia_
ARIAL THRUSTs SYSTEM A LEF
_AXTAL THRUST, SYSTEM B e ABF
Y=AXIS THRUST LBF
_Z=AX1S THARUST LBF
AVERAGE CELL PRESSURE PSlA
CELL PRESSURE AGREEMENT %
- AVERASE FUEL FLOWRAT! GpM
_F Eh FM Agﬁsﬂgzg o %
AGE 0AIDI FLOWRATE GPM
oxxnxzzﬂ r AGREEMENT %
FUEL INTERFACE TEMPERATURE OEG F
__OXIDIZER INTERFACE TEMPERATURE = OFEG ¥
T/C COOLANT IN TEMPERATURE DEG &
/¢ CODLANT OQUT TEMPERATURE = pg6 §f
T/C SURFACE TEMP -16 1IN DEGC F
_1/C SURFACE TEMP ~13 IN DES F
T/C SURFACE TEMP «10 IN DEG F
_Y/C SURFACE TEMP - 8 N _DEG F
T7C SURFACE TEMP - 6 IN DEG F
__1/C SURFACE TEMP = & IN _DEG F
T/C SURFACE TﬂnP - 2 IN DEG F
T/C SURFACE TEMP =043 IN DEG ¥
" ¥/¢ SURFACE TEMP + 3 IN DEG F
/C NOZZLE FLANGE TEMP DEG F
LogzLE su%racé TE HPE o2 IN 356 F
_ NOZZLE SURFACE TEMP + 7.8 IN
T NOZZLE SURFACE TEMP ¢ 9,9 IN DEG F
__NOZZLE SURFACE TEMP o11,7 IN DEG F
NOZZLE SURFACE TEMP 1642 IN DEG F
NOZZLE SURFACE YEMP +28.4 IN DEG F
NOZZLE SURFACE TEMP +40.4 IN DEG F
NOZZLE SURFACE TEMP 57,5 IN _ DEG F

_QE_G ‘E:_.__, —_— .:___.‘_..

200,574
145-%?WHW”_W___

' 147.915
130,616

1235.30‘
12190717
995,719

- 61S5.072

. 563,485

450,748

o047

1047,621



DATE 21 WOV 3
SERIES RD/ICT=1

PARAMETER.

A gy mm P W O 03 g

PCo INJECTOR END

__ROCKETDYNE INTEGRATED CHAMBER

PC, NOZZLE STAGNATION
AXIAL THRUSTe SITE

AXTAL THRUST, YACUUM
NOZZLE EXIT PRESSURE

FUEL DENSITY (MmH)

OXIDIZER DENSITY
FUEL FLOWRATE

OXIDIZER FLOWRATE
TOTAL PROPELLANT FLOWRATE

MIXTURE RATIO (OVERALL)

6K. OMS ENGINE TECHNOLOGY
SUPPORT PROGRAM = TASK XII

BLE FLOWRATE

BLC TOTAL PERCENT
CORE MIXTURE RATIO

FUpL INJECTOR pELTA-P
OXIDIZER INJECTOR D{LT&-P

_X/C. CODLANT DELTA«P
¥/C COOLANY DELTA=T

JHRUST CHAMBER MEAT FLUX

C=-5TARs SITE
C=5TARs UMR

C=STAR EFFICIENCY

CF, sITE

CF_SITE VACUUM

CFa VAC 72 EXPECT

CF CORRELATION
!SP TESY
ISPO SITE VACUUM

15p, VAC 72 PREDICTED
15P, ODK, TESY CONDITIONS

15Ps TDK, TEST CONDITIONS

Sp EFFICIENCY
éﬂgns?'nzLaasé-Eﬁrzcxeucv

c=5TaR, Opg

1SPs ODEs TEST

SEQUENCE 5
_PERFORMANCE DATA

e UNITS

PSIA
PSIA
LAf.
LBF

i PSIA

LR/FT3
LB/FT3
LB/SEC
LB/SEC
LB/SEC

F

L8/SEC
. T
0s¥
. PSID
PS1D

_PS8ID__

DEG F

TEST 1

CALCULATED VALUE

. BIU/SEC

FT/SEC

_ FI/SEC

%
)L L _
gy O
. Wmmoes
R

-..--*, L .

__SEC S

131,243
124,680

- 6045,405
- 6092,.195
o ._a029

84,792

. 90.521
T,394
124336
19,730

. 1668

+«554

24807

1803

. 60943

60.659
141,833

749,863

5393,825
$452,860
944640
1828
1.862

14797
102,512

1.830

306,405
. lﬂg,ITT

308,805
332.957

0593
96.22!

57114366 .
338412

o 18e229



6K OMS _ENGINE TECHNOLOGY
SUPFDRT ﬁﬁgs AM = TASK XII

... ROCKEYDYNE INTEGRATED CHAMBER =

" DATE 21 WOV 3 _ | ] ,
SERIES RD/ICT~) SEQUENCE 5 TEST 1
TEST DESCRIPTION

50=SECOND PERFORMANCE SURVEY AND 30-MIN. POST<FIRE THERMZL
EVALUATION OF RD INTEGRATED ENGINE. R ;

NORMAL SHUTDOWN AT 1500

088 F REOLIMNE NOZZLE TEMP, TARGET PCNS = 12B49 O/F = 1,65,

ACTUAL TEST DURATION 44,224 SEC
DATA SLICE TIME 36,000 SEc TO 38,000 SEC

PARAMETER UNITS AVG, MEASURED VALUE
-U-;n--u-- -y Y .------.--.----‘-'b"
FUEL TANK PRESSURE PSTIA 239,926
COXIDIZER VANK PRESSURE  PSIA. . . .. _P4Bag63
FUEL INTERFACE PRESSURE PSIA 209,137
_OAIDIZER INTERFACE PRESSURE . . pSIA 198,169
T/C COOLANT IMLET MANe PRESSURE PSIA 207.414
FUEL INJECTOR PRESSURE . . . PSIA 19243186 .
OXIDIZER INJECTOR PRESSURE. PSIA -~ 191.132
_CHAMBER PRESSURE NO, 3. pslA .130.872
CHAMBER PRESSURE NO. 2 PSIA 131,121
ARTAL THRUST, SYSTEM A L8F  6028.672
AXIAL THRUST. SYSTEM B LRF - 6036,704
Y=aXIS THRUST LEBF =h,327
I=-AX1S THRUST LAF o 324202
_AVERAGE CELL PRESSURE = esia . .~ .083
CELL PRESSURE AGREEMENT %. +009
_AVERAGE FUEL FLOWRATE . GpM - 60,68}
FUEL F¥ AGREEMENT o »070
AVERAGE OXIDIZER FLOWRATE GPM 60945
OXIDIZER FM AGREEMENT % , 0026
FUEL INTERFACE YEMPERATURE .. _DEG F ... 634966
OXIDIZER INTERFACE TEMPERATURE DEG F 684764
1/7¢C COOLANT IN TEMPERATURE DEG F _65,928
T7C COOLANT QUT TEMPERATURE DEG F 208,432
T/C SURFACE TEMP =16 IN DEG F 208,600
T/C SURFACE TEMP =13 IN DEG ¥ 201,183
T/7C SURFACE TEMP =10 IN = DEGF . 218,745
SURFACE TEMP = g IN EG F 1 99
17€ SURFACE TEWP - & IN OEG F 183:200
T/C SURFACE TEMP ~ 4 IN UEG F 200,453
T/C SURFACE TEMP ~ 2 IN DEG F 145,127
T/C SURFACE TEMP «0,3 IN DEG F 147,915
T/C SURFACE TEMP ¢ 3 IN . DEG.F Lo 131,101
/C NOZZLE FLANGE TEMP ) 6 f . 49.6%0
NOSZLE SURFACE TEMP o 7.2 IN DEG F 108:526
NOZZLE SURFACE TEMP + 7.8 IN OEG F 11%8,321
NOZZLE SURFACE TEMP + 9,9 IN OEG F 1320,824
n0ZZLE SURFACE TEMP +11,7 1IN DEG F  1316,308
NOZZLE SURFACE TEMP +16.2 IN DEG F_ 11105.755
NOZZLE SURFACE TEMP ¢28.4 IN DEG F 768,105
NOZZLE SURFACE TEMP <4046 XM DES F. 646,378
NOZZLE SURPACE TEMP 37,5 In DEG 7 523,105




6K OMS ENGINE IEQHNOLOGY
SUPPORY PROGRAM = TASK X1l
. ROCKETOYNE IMTEGRATED cHAMBER e
DATE 21 NOV 3

SERIES RD/ICT=) SEQUENCE S _ TEST 1
PERFOAMANCE DATA
_PARAMETER . UNITS _ . CALCULATED VALUE
FCo INJECTOR , . psIA . - 130.9%7
pC, NOZZLE §f§§RATION PSIA 124,647
AXBAL THRUST. SITE _ LBF 5032,688
AXIAL THRUST, vACUUNM L8F 1 6078,011
NOZZLE EXIT PRESSURE  psla - 4029
FUEL DENSITY (#MM) LR/FT3 . 84,778
OXIDIZER DENSITY LB/FTI © 90,453
FUEL FLOWRATE LB/SEC : Te006
OXIDIZER FLOWRATE LR/SEC 12,282
TOTAL PROPELLANT FLOMWRATE LB/SEC , 19,688
CMIXTURE RATIO (OVERALLY . . ozF . 1,658
BLC FLOWRATE LR/SEC «555
BLC TOTAL PERCENT . % . . 2817
CORE MIXTURE RATIOQ osF ' 1,793
FUEL INJECTOR DELTA=P - PSID L 612189
OXIDIZER INJECTOR DELTA~P - PSID . 60.135
T_Lc AGQQL&NLD.ELIA“P e -_ES.ID e s T L T 2&9_.. U
1/C COOLANY OELYA=T DEG F 142,504
_ THRUST CHAMBER MEAY FLUX _ . BTU/SEC . 754,587
C=STARe SITVE FI/SEC 5395,183
- C=S5TARy UMA , ,  FY/SEC . 5452,724
CeSTAR EFF!CIENCT % - 94.4&7
(CF, SIYE L mmwew o 14827
cF SITE VACUUM S—p— ' 1.841
;g,e VAC 72 EXPECT. . . . wewes o _.1e796
CORRELATION - 102,531
_CFe MAC T2 L Ll wmmwes 1 BP9
I15p, TEST . SEC 306,412
1Spy SITE VACUUM &€ 308,714
15p, YAC 72 pREDICTED SEC © T 77308,72%
ISPy, ODKy YEST CONDITIONS . SEC - 332,753
1SPs TDXe TEST CONDITIONS SEC 321.424
15p EFFICIENCY _ P . 91,299
ENERGY RELEASE EFFICIENCY % . 86,256
_¢=STaR, OpDE e FX/SEC . . 87112169

1Sps ODE» TEST seC  338+137



D - 6K GMS ENGINE TEGHNOLOGY
SUPPORT PROGRAM = TASK XII

DATE 21 NOV 3
SERIES RD/1CT-1
TEST DESCRIPTION

SEQUENCE 5

ROCKETDYNE INTEGRATED CHAMBER _m";_“”

TEST 2

H1GH-PERFORMANCE EVALVATION OF RocxzrnvuszNIEeRAran,ENG!NE.
SHUTDOWN DUE TO

TARGET PCuS o 152,94 O/F ® 19655

1500 DEG ¥ NOZZLE TEMP. .

ACTUAL TEST OURATION
DATA SLICE TIME

. PARAMETER = . o
FUEL TANK PRESSURE L
OAIDIZER TANK PRESSURE
FUEL INTERFACE PRESSURE
OXIDIZER INTERFACE PRESSURE

_.J/C _COOLANT IMLET MAN., PRESSURE .

FUEL INJECTOR PRESSURE
_ ORIDIZER IMJECTOR PRESSURE =
CHAMBER PRESSURE NO, )
CHAMBER PRESSURE NO. 2
AKTAL THRUSY, SYSTEM A
. AXIAL THRUST, SYSTEM B
Yoo XIS THRUST
Z=AXIS THRUST. _
AVERAGE CELL PRESSURE
CELL PRESSURE AGREEMENT
AVERAGE FyEL FLOWRATE

FUEL_FM_ AGREEMENT e

AVERAGE OXIDIZER FLOWRATE
. OKIDIZER FM AGREEMENT
FUEL INTERFACE TEMPERATURE
OXIDIZER INTERFACE TEMPERATURE
T/C COOLANT IN TEMPERATURE
_1/¢C COOLANT QUT TaﬁfgﬁﬂTURﬁ_
T/C SURFACE TEMP ~16 IN
1/C SURFACE TEMP ~13 IN
T/7C SURFACE TEMP =10 IN
T/C SURFACE TEMP = 8 IN L
T/¢ SURFACE TEMP - 6 IN
Y/C SURFACE TEMP = &
T/C SURFACE TEMP = 2 IN
1/C SURFACE TEMP =0,3 IN
T/C SURFACE TEMP + 3 IN
Y/C NOZZLE FLANGE TEMP
NOZZLE SURFACE TEMP o 7,2
_NOZZLE SURFACE TEMP + 7.8
NOZZLE SURFACE TEMP + 9,9
NOZZLE SURFACE TEMP #11.7
NGZZLE SURFACE TEMP ¢16,2
NOZZLE SURFACE TEMP +28.4 IN
NOZZLE SURFACE TEMP +60.4 IN
_ NQZZLE SURFACE TEMP +5T7.5 IN

IN

IN
IN

IN

9,000 SEC TO

AN

IN

33.290 SEC

10,000 S&c

CuUNIT

S

PSiA

PSIA
PSIA

PSIA

Psla

PSIA

PsIA

PSIA

LBF

. LeE.

LaF
LBF.
PSIA

%

GPM

_.%
GPM
%
DEG
REG
DEG

¥
£

¥

PSIA . ...

. DEG.F__

DEG
DEG
DEG
DEG
DEG

_DEG

DgG
DEG
DEG
DEG
DEG

- -DEG..

0EG
DEG
DEG
DEG
DEG

. _ DEG

F
F
F.
F
F
F
E

A A B B B H B T B

,Agﬁl_gzhsuazn_xagggmw

314,513
3214667
269.813
253,268

. 260,440

250.581

2434516

158,793

: 1594261
7218,470
. 1228,788

'20?34

- 34,465

206,515

1584057
175,914

192,955 _
. 140,400

142,224
127,341
. T8e214
321 483

,M_k,133046ﬂz -

7120476

. 6680929
513.654

366,762
329,311

2714503



. gu OMS_ENGINE TECHNOLDGY
SUPPORT PROGRAM = TASK XI1
_ ROCKETOYNE INTEGRATED CHAMMER

"DATE 21 NOV 3

SERIES RD/1CT=1 SEQUENCE & _TEST 2
_ PERFORMANCE DaTa . _
PARAMETER UNITS _ CALCULATED VALUE
e e 99 O 0580 o By — T i oy T
PG, INJECTOR PSIA 159.030
PC, NOZZLE sr%gg&rlou PSIA 151,079
CAXJAL THRUSTs SITE LBF 7223,629
AXIAL THRUST. vACUUM L8F 71296 ,326
NOZZLE EXIY PRESSURE . PsIa 2040
FUEL DERSEITY (MMW) LB/FT3 54,868
QXIDIZER RENSITY . . _ Le/FYI3 20,635
FUEL FLOWRATE LB/SEC 8.89%
OXIDIZER FLOWRATE _ LB/SEC 144012
TOTAL PROPELLANY FLOWRATE LR/SEC 23,506
MIXTURE RATIO (OVERALL) o/F 1,643
B8LC FLOWRAYE e LB/SEC . 666
gLc ToTaL PERCENT % 2+B34
_ ggz MIXTURE RATIO COsF. i,IT?

L INJECTOR DELTAeP PSID 91,55
_ORIDIZER JINJECTOR DELYA=P . PsiD. 84,5685
T/C COOLANT DELTA=P PSID . 9.859
_I/C _COOLANT DELYA=T "DEG_F 132,530
THRUSY CHAMBER HEAYT FLUX BTU/SEC 42,821
_C=STARy SITE FI/SEC - %485,907
C=STARs UMR F1/SEC 5541, 511
C=STAR EFFICIENCY N | M _ 96,068
CF siTE L ' ) 1.802
CF SLTE VAGQUUKW eawmee _1.820
cFo VAC 72 EXPECT —emm— . 1e79%
A(;TF CORRELATION I  mmeee 101,488

y VAC T2 ———— 1.809
_;%a, _____ TESY i &F€ ey, 307

Ps SITE VACUUM SEC 310,400
gSp. VAC 72 PREDICTED SEC 310,344
“15py ODK, TEST CONDITIONS sgC 333,032
1SPs TDK, TEST CONDITIONS SEC "337'638
150 EFFICIENCY % -

ENERGY RELEASE EFFICIENCY % o 96,337
“c=5TaR, Ope FT/SEC 87100426
15Ps ODEs TEST SEC 337685



DATE 21 NOV 3

SERIES RDZICT=1
TEST DESCRIPTION

6K OMS ENGINE TECHNOLOGY
SUPPORT PROGRAM - TASK

. ROCKETDYNE INTEGRATED CHAMBER

SEQUENCE 5

HIGH=PERFORMANCE EVALUATION OF ROCKETOYNE INTEGRATED ENGINE,
TARGEY PENS = 152.9 O/F = ) ,65,
1500 DEG ¥ NOZZLE TEMP._

ACTUAL TEST OURATION 33,290 SEC

SHUTDOWN DUE TO

X1l

TEST 2

DATA SLICE TIME 14,000 SEC TO 15,000 SEC
_PARAMETER _UNITS  AVG. MEASUREDN VALUE
FUEL TANK PRESSURE psia 314,513
OXIDIZER TANK PRESSURE pPsla 32) 0667
FUEL INTERFACE PRESSURE pPslA 2T70.237
OXIDIZER INTERFACE PRESSURE PSIA T 283,692
T/C_ COOLANT INLEY MAN. PRESSURE  PsiA ... . 262.329
FUEL INJECTOR PRESSURE PSIA 2490823
OXIDIZER INJECTOR PRESSURE . Psla = 243,516
CHAMBER PRESSURE NO, 1} PSIA 1574589
_CHAMBER PRESSURE NO. 2 psla. . 188,262
AXIAL THRUST, SYSTEM A LaF - 7231.181
_AXIAL THRUSY. SYSTEM B .. LBF - T7260,683
Y=AXIS THRUST LBF -6 4327
Z=aAX1S THAUST o _WBF. 33,454
A§ERAE§ECELL Pnzsggne r PSIA . .ag%
CELL URE AGR N %, . _a077
AVERAGE %UELEFLO&HA¥E GeM 72.313
FM_ AQGREEMENT [ S
AVERAGE oxxoxzza FLOWRATE GPM 120414
QRIDIZER FM AGREEMENT AR S 077
FUEL INTERFACE TEMPERATURE OFEG F 81,873
ORIDIZER INVERFACE TEMPERATURE  DFG P __6T.e61
T/C COOLANT IN TEMPERATURE DEG F 65213
T/C COOLANT OUT TEMPERATURE . D8 ¢ 199,596
T/C SURFACE TEMP <16 IN DEG F 200,602
T/C SURFACE TEMP ~13 IN DEG F 192,311
Y/C SURFACE TEMP =10 IN DFG F 205,820
1/C SURFACE TEMP - 8 [N _ DEG F. “151.241
1/€ SURFACE TEMP = 6 IN DEG F 175,430
1/7C SURFACE TEMP = 4 IN OES F 192,351
T/C SURFACE TEMP - 2 IN DEG ¢ 139,193
_1/¢C SUBFACE TEMP =03 IN DEG F_ 1413134
"7/C SURFACE TEMP + 3 In DEG F 126,008
T/C NOZZLE FLANGE VEMP DEG F Th4214
'NOZZLE SURFACE TEMP + T.2 IN OFG F 430,019
NOZZLE SURFACE TEMP + 7.8 IN  DEGF ____  1986,860 _
NOZZLE SURFACE TEMP + 9,9 IN DEG F 936,181
NOZZLE SURFACE TEMP #11.7 IN DEG F 8934132
NOZZLE SURFACE TEMP +316.2 IN DEG F 692.78)
NOZZLE SURFACE TEMP 28,4 IN DEG E 550,897
NOZZLE SURFACE TEMP +40.4 IN DEG F 423,976
NOZZLE SURFACE TEMP 5%,5 IN _ DEG F — 345,377



K .OMS ENGINE TE NOLOGI
sugPQRY ngaﬂhﬁ - %ﬂSK X1t

.. ROCKETDYNE INTEGRATED CHAMBER =
DATE 21 NOV 3 ]
SERIES RD/ZICT~1 SEQUENCE S - TEST 2
PERFORMANCE DATA
_PARAMETER el UNITS  CALCULATED VALUE
PGy INJECTOR END ... _eslA. . .- .. 187.926
PCy, NOZIZLE STAGNATION PSIA : 150,029
AXIAL THRUSTe SITE - LBF . 7237,932
_AREAL THRUST. vACUUM L BF . .1299.,826
NOZZLE EX2T PRESSURE pPSIA . 035
FUEL DENSITY {(MMKH) LB/FT2 . 54,832
OXIDIZER DENSITY LB/FT3 o 90,662
TFUEL FLOWRATE LB/SEC . 8,89
OXIDJIZER FLOWRATE LA/SEC - 14,624
TOTAL PROPELLANT FLOWRATE LR/SEC 23,519
MIXTURE RATIQ (OVERALL)Y CQ/F . l.6%4
BLC FLOWRATE L.B/SEC N 2660
BLC TOYAL PERCENY e 2,833
CORE MIXTURE RATIO o/F o 1. 777
FUeL INJECTOR DELTA-P o PsSiD o . 91897
OXIDIZER INJECTOR DELTA~P PSID S 856590
7/C COOLANT DELTA=P . PSID_ . _12.990 g
T/¢ COOLANT DELTA=T DEG F T 134,38
_THRUST CHAMBER MEAT FLUX  BTU/SEC 856,707
C=$TARs SITE FT/SEC © 5444,750
C=SYARe UMR _ . ... . .. . _ _FI/SEC ' 5500,459
£~STAR EFFICIENCY 8 95.346
_C_i ,51 E o U, .~ Joihoghon: SRR 19_819,,,
cF $E?E VACUUM - S 1.834
YAC 12 EXPECY . Mmeew_3aT9%%
F CORRELA?ION samne - 102,239
cFo VAC T2 _ L L meme= a
15p, TEST sgC - 30%J g%
15ps S1TE VACUUM . sgC 310,378
15ps VAC 72 PREDICTED SEC T 310,344
1Sp, ODK, VESY CONDITIONS  sec 333, 039
15®, TDXo TEST CONDITIONS ssc o 327,620
15 EFFICIENCY R 91,903
ENERBY RELEASE EFFICIENCY %, 96,3088
c=STaR, Opg - - FT/SEC 5710, 519
ISPs ODEs TEST SEC - 337720




4X_0OMS ENGINE TECHNOLOGY
SUPPORT PROGRAM = TASK XII-
e ROCKETDYNE INTEGRATED QHAMB£R
DATE 21 KOV 3 )
SERIES RD/ICT=1 SEQUENCE 5 . TESY
TEST DESCRIPTION '

2

HIGHPERFORMANCE EVALUATION OF ROCKETDYNE INTEGRATED ENGINE.

TARGEY PCNS = 15249 O/F o 1,65, SHUTDOWN DUE To.
1300 DEG F NOZZLE TEMP, I

ACTUAL TEZT DURATION 334290 SEC '
DATA SLICE TIME 19,000 SEC TO 20,000 SEC

____m“““_wmmmm_“;aalamw AVGs MEASURED VALUE

PARAMETER
FUEL TANK PRESSURE ——— PSIA _ . 314.05%
OXIDIZER TANK PRESSURE PSIA 322,617
FUEL INTERFACE PRESSURE PSIA | o 262813
OXIDIZER INTERFACE PRESSURE PSIA 256,116
J/7C COOLANY INLET MAN. PRESSURE _  PSIA = .. . 263.492
FUEL INJECTOR PRESSURE PSIA 2484685
OQXIDIZER INJECTOR PRESSURE .  _ psia. e . 263.90)
CHAMBER PRESSURE NO, 1 rpsia 1574348
CHAMBER PRESSURE NOs 2 = . .. ... .PsIa _ . 187,760
AX1AL THRUSTs SYSTEM A Laf 7247.088
AKIAL THRUST. SYSTEM. B . \8F . . T260,577
Y=aX1S THRUST LaF =6e327
2=aX15 THRUST. - . . L®F L _ . 233,455
AVERAGE CELL Pnzssuaz PSIA : . 028
CELL PRESSURE AGREEMENT = = g L 060
AVERAGE FUEL FLOWRATE GPM T2.758
FUFL FM AGREEMENT & . o039
AVERAGE OXIDIZER FLOWRATE GPM - 724633
OXIDIZER FM AGREEMENT e B .. 08
FUEL INTERFACE TEMPERATURE DEG ¥ 84,306
OXIDIZER INTERFACE TEMPERATURE = DEG F . . 68,085
T/¢ COOLANT IN TEMPERATURE DEG F | 670436
I/C COOLANT QUT TEMPERATURE = DEG F 203,785
T/C SURFACE TEMP =16 IN DEG ¥ 204,104
T/7C SURFACE TEMP =13 IN ) " DEG F . _ 195,578
T/C SURFACE TEMP «10 IM DEG ¢ - 208,74)
T/C SURFACE TEMP = 8 IN CBEG F L 159.455
1/C SURFACE TEMP = 6 INM DEB F 177,605
1/C SURFACE TEMP - & IN = DEG F. : 19&.&90 _______________
1/¢ SURFACE TEMP - 2 IN DEG ¥ o 141,737
1/C SURFACE TEMP =0,3 IN = DEG.F 183,315
T/c SURFACE TEMP + 3 IN DEG F 127,343

¢ NOZZILE FLANGE TEMP .. . DEGF. . __Te.214
NOZZLE SURFACE TEMP ¢ 7.2 IN DEG F 537,271
NOZZLE SURFACE TEMP ¢ 7,8 IN = DFG F 1145.488 .
NQZZLE SURFACE TEMP ¢ 9,9 IN DEG ¥ 1;05.524
NOZZLE SURFACE YEMP ¢11.7 IN_ . QFEG F _ _ - 107¢,384
NOZZLE SURPACE TEMP ¢16.2 IN OEG F 852,533
NOZZLE SURFACE TEMP 428449 IN DEG F .. . . . _56B9.846
NOZZLE SURFACE TEMP +40.4 IN DEG F ) 8134478

NOZZLE SUAFACE TEMP eS¥.3 IN _DEGF . 517.169



% NE TECHNOLOGY .
“suBBoRY “BROGARN +~ TASRX11
ROCKETOYNE INTEGRATED CHAMBER _

CDATE ™ 21 %OV 3

SERJES RO/JCT=1. . SEQUENCE 5 ... _TEST 2
L .. . PERFORMANCE DATA ) _ .
PAmAMETER 00 uNBTS = CALCULATED VALUE
Mo M e £ W8 O EDT o gy W - --M“--“--
PCa INJECTOR EnND ... PSYa 187,
:i,ﬂaaﬁst %v&ewarxou PSIA . I;gg 33
AL THRUSTe SITE . LBF . 8
AXIAL THRUST, VACUUM LBF ) 7310,336
NOZZLE EX1V PRESSURE . PSIA ' 032
FUEL DENSITY (mMMn) LB/FY3 84,773
ORIDIZER QENSITY . . _ . am/FT3 . 90.549
FUEL FLOWRATE LB/SEC 8,879
OXIDIZER FLOWRATE - . _LB/SEC T 186653
TOTAL PROPELLANT FLOWRATE LB/SEC : 23.532
MIXTURE RATIO (OVERALL) o/  1.688
8lL.C FLOWRATE LR/SEC S 1655
BLC YOTAL PERCENT 0 & 24826
CORE MIXTURE RATIO Q/F : 1.784
FUEL INJECTOR DELTA=P PSID ... . 91.13}
OXIDIZER INJECTOR DELTA=P PSID S B8e3eT
_1/C COOLANT QELTA-P .. PSYID . 18,807
7/7C COOLANY DELTA-T DEG F 136,350
THRUST CHAMBER HEAT FLUX BIUsSEC . _g@ﬁ;gos
C'ST&R! SZTE FY/SEC . %5428 ,989
C=STARs UMR . _FI/8EC  Sa85,289
C~STAR EFFICIENCY % 95,062
c__l _S_I.I e e -y 4 - : i 1-827
cf SITE vVacUUM ' ————= - 1.841
CFe YAC 72 EXPECT . = epees . 1a279%
CF CORRELATION P 102,593
CFe VAC Y2 B — T L~ S Y - -4 S
15ps TEST SgC o 308,252
15ps SITE VACUUM . 8FC 310,875
1Sp, VAC 72 PREDICTED SEC | 310,658
15Py ODKp TEST CONDITIONS . U8SEC. . _ L 333,199
I1SPs TDK, YTEST CONDITIONS SEC _ 327.800
15p EFFICIENCY % 91,940
ENERGY RELEASE EFFICIENCY % . 96,822
c=STaRy ODE _ _  _FI/SEC . __._ &

L ST11a007_
{Sps ODEs TEST SEC | 3374910



6X_OMS_ENGINE TECHNOLOGY
SUPPORY PROGRAM = TASK XII.

ROCK&_QINE;jﬂ_EﬁﬁﬁTQQ_ghAng__ e
__SERIES RD/ICT-] _ SEQUENCE S __TESY 2
TEST DESCRIPTION

_ HIGH-PERFORMANCE EVALUATION OF ROCKEIOYNE INTEGRATED ENGINE,
TARGET #CNS = 15260 O/F B 1,65, SHUTOOWN DUE To

1500 DEG ¥ MOZZ\E TEMP. . _

. ACTUAL TeEST DURATION 33+290 SEC
DATA SLICE TIME 30,000 SEC TO 32,000 SEC

C DATE 21 NOV 3

__E&aaxﬁlﬂawﬁqﬂ___q_m.m"mmghﬁ““,,___”uﬂxlsfl ,AMGJ“HEASHEEQ_!&LQE__“w
gy 8 9T 0 48 WO -y it dw e A% 3 iy oy W b o D G cn T T Gr Wi TR o

. FUEL TANK_PRESSURE PsiA 314.970
OXIDIZER TANK PRESSURE PSIA : 322:617

FUsL INTERFACE PRESSURE . psla .. 26%9.813
OXKIDIZER IMTERFACE PRESSURE PSlA 254,116

__Ich5auu4uitﬂlﬁLﬁﬁuﬂsﬂl_EﬁisSUBz;ﬁ“_5aslaw__m___A;;f_""aﬂslggan_wﬁ,,m__
FUEL INJECYOR PRESSURE PSIA 2670169
~OXIDIZER INJECTOR PRESSURE .. PSIA__ ... 243,516
CHAMBER PRESSURE NO, 1 PSIA 1574107

_CHAMBER PRESSURE NQ, 2 L .. -PS3A 157,508
AXIAL THRUST, SYSTEM A Lafr . 7250,293

_AMIAL THRUST. SYSYEM B Laf_ e T7260,576
Y=AX1S THRUST LBF -8, 098

L 2=ARIS THRUST — LBE. ... . .. 34,213
AVERAGE cELL PRESSURE pPsia .ggg

. CELL PRESSURE AGREEMENT _ S | -3
fa%ﬁasz FugL FLawRATE GPM P T2.867

_FUFL FM AGREEMENT IS Y . ¥ T S
AVERAGE OX3IDIZER FLOWRATE GPM - 72743
_OXIDIZER FM AGREEMENT e e B L e0Ba
FUEL INTERFPACE TEMPERATURE DEG ¥ 65,611
_OXIDIZER INTERFACE TEMPERATURE. = DEG F . . . 70,803 _
/¢ COOLANTY IN TEMPERATURE DEG F 68065

_¥/C COOLA EMPERATURE pEG 205,738
T/C s'mﬁmunr CE TEMP =16 IN DEG F 206,264

Y/ SURFACE YEmMP 13 IN  pEG F 196,862
T/C SURFACE TEMP -10 IN DEG F 210,491

_J/C SURFAGE YEMP - B IN oEGF ... 503
%ﬁ% SURFACE TEMP » & IN gge F %%g;eas

_1/C SURFACE TEMP = & IN DEG — ~.195.887
T/C SURFAGE YEMP » 2 IN DEG F L 102,403
_Y/7¢ SURFACE TEMP =0.3 IN = pDFG R 5439557

CY/C SURFALE TEMP o 3 IN DES § '.‘- {%&.313

Y AEQZELE‘ELAﬁﬁE TEMP . __DEGEF G238

zng&a su@ﬁaca TEMP o 7.2 IN gzs‘% o 7540457
_NOZZLE SURFACE TEMP ¢ 7.8 1IN DES F 2 1093.2%90
NOZZLE SURFACE TEMP o 949 IN DEG F 1345.754
_NOZILE sammce: TEMP o3io? IN.  _DEOF ym@a
SRy B prRe

& 8! e S o

MOzzLE ﬁﬂﬁPACE TEMP 94804 IN DEG F ' a?a.gas

_NOZZLE SUATACE TEMR o575 TN DES F 628,177 _




GINE TEL
Oeﬂm -

QG6Y

' ASK X1I
.*“mﬁogﬁﬁzuyng INTEGRATED CMAMBER ——
DATE 21 NOV 3 )
SERIES RO/ICT=) . SEGUENCE S . .. . . . TEST 2

PARAMETER

_. PERFORMANCE DATA

e _UNITS CALCULATED VALUE
200y 1 D £ 0 O gy i S i P e AR S A iy T U A
,mg INJECTOR _ psia 157,308
oL, NoZL Lﬂfm@ “‘nou PSIA T 169,442
_AXZAL THAUST. SITE \@F . 7255,434
AXIAL THRUST. vACUUM LBF 730&.352
NOZZLE EXIT PREGSURE =~ PsSIA 0029
FU€L DENSETY (MMH) LB/FT3 54,743
_OXIDIZER DENSETY LB/FT3 . 90,38}
FUEL FLOWRATE LB/ SEC o _8.887
,iné&gﬂ PLOYRATE . _ LB/SEC. . ____ 14,648
TOTAL PROPELLANY FLOWRATE LB/SEC 23.536
MIXTURE RATZIO (OVERALL} 0/F - 1648
BLC FLOYRATE LB/SEC 666
_BLC TOTA) GERCENT = % Y
CORE MIXTUAE RATIO a/F N 1,782
FUgL INUECTOR pRLTA«P PSiD .. . B9.861
OXIOIZER INJECTOR DELTA~P PSID qa.goa
_T/C COOLANT DELJA=P . __psio .,_%a
T/C COOLANT DELTA~Y ’ DEG F 137,673
_THRUST CHAMBER NEAY FLUX  __ _ BTU/SEC 874,842
C=5TAR, SI1TE rstc 419,711
_C=5TARe UMR e _FIZISEC  B478,797
C~STAR EFFICIENCY % 940902
. CF, SITE e e e, L T 1830
CF SETE VACUUM R o 1.843
_CFy VAL 12 EXPECY . . mewwe= o YeT7%%%
CF CORRELATION - 102,701
CFe MAC 2 wmwww 1,83}
ISPy TEST sgC 308,275
15ps SITE VACUUM ... sgC 310,628
E§P9 \fﬁg 72 PR&QICTED SEC 310.41‘
sz ODK, TEST CONDITIONS _ SgC . 333,138
o TOK, TEST CONDITIONS seC , 3&{.735
g% EFNC EnNCY % C.._91,885
" ENgREY namasa EFFICIENCY % - 96,356
c=STARy ODE _PY/SEC T
337+846

ISpe ODEs TEST



. OMs_ ENGINE TECHMNOLOGY
SUPPORT PROGRAM = ?2$K X11
e ROCKETDYNE INTEGRATED CHAMBER
DATE 21 NOV 3 . ‘ ,
 SERIES RD/ICT=)  _ SFQUENCE S - _ TEST 3a
TEST DESCRIPTION _ . L
ﬂ_@EgﬁﬁgﬁﬁyﬁzwEEREQRMAﬁcE”EMALMAILQNWQE_EQCEEIDI. INTEGRATED
ENGINE, AUTOMATIC LOWFLOW SHUTDOWN ON FIRST ATTEMPT AT PCNS a
_ 98,0 O/F = 10650 INCREASED TANK PRESSURES 10 PSI AND RECYCLED,

_ACYUAL TEST DURATION = 40,196 SEC_ _

DATA SLICE TIME  ©.000 SEc To 10,000 Se¢ T
PARANETER o UNITS  AVG. MEASURED VALUE
JatSeswEncomede o . . Mg | SN OEMGeSE OO0

CFUEL TANK PRESSURE - pgiA B 4 L
OXIDXZER TANK PRESSURE =~ PsRa  18l.e28
FUEL INTERFACE PRESSURE PSIA 1560947

_OXIDIZER INTERFACE PRESSURE  BSIA . 149,428
T/7C COOLANT INLET MANs. PRESSURE PSA | 152.863

FUBL INJECTOR DRESSURE _  ®efA . - 167244l
OXIDIZER IMJECTOR PRESSURE PSIA 145681

R e

HANBI SURE NO, 2 PSIA - 10649

(AKTAL THAUST, SYSTEM &4 waF | 4882,007
axiAL THRuST, SYSTEM B L5 -—4ais

YeAXiS® THRUGY = \8F 7 wa.a8s4
z-m%ﬂ AUST LBF. | Eg.a .

S PEEGLNE AGABERGNT T — 0%
Ll PR RE MEN N - o0

AVERAGE TUUL PLOWRATE T S a9iges
FUZL P ABREEMENMT : SN ' »089

_AYERAGE ORIDIZEN FLOWRATE ~ @fM R -27- 1 S
L S

_FUBL ENTERPACE TEMPERAYURE =~ Q@ P  8Bes4il
OXIGIIER INTERFACE TEMPERATURE oeeF To.548

/¢ COOLANT IN TEMPERATURE DEG F. . .. _G8.482
%?c COOLANT OUT TEMPERATURE oé@ F - a.fiégg

 T/C SURFACE TEMP ~l6 IN _DEGF 209,882
7/¢ SURFACE TEMP ~13 IN DEG F 206,793
1/¢C SURFACE TEMP «30 IN _DES F 283,925
1/C SURFACE TEMP = 8 1IN DES € Laaafga

J/C SURFALE TEMP - 6 IN  DEGF 188,120
T/C SURFARE TEMP = 4 IN DEG ¢ - 207.592
T/C SURFACE TEMP - 2 IN  DE@F ,,,m,,ag_m .
T/C SURFACE TEMP «0,3 IN D6 F 156,30
T/C SURFACE TEMP ¢ 3 IN ___DEG F 134,978
1/C NDZZLE FLANGE TEMP . pEG F 884555
NOZZLE SURFACE TEMP ¢ Te2 IN 2 DEG F __ 467,756
NOZZLE SURFACE TEMP o 7.8 IN DEG ¥ 771.982

 NOZZLE SURFACE TEMP ¢ 9,8 IN DEG F 820,349
NOZZLE SURFACE TEMP o11.7 IN DEG F 721,008

_NOZZLE SURRACE TEMP 036.2 IM DEG B 146,770
NOZZLE SURFACE TEMP <20.5 IN gg@ ¥  66B.217

 NOZILE SURPACE VEMP ©00.4 IN ~  DFEF = 6GP%.183

NOZZLE SURFACE TEMP +B7,5 IN DES F 825,801



6K OMS ENGINE TECHNOLOGY
SUPPORT PROGRAM = TASK XI1

ROCKETDYNE INTEGRATED CHAMBER

DATE 21 NOV 3

SERIES RD/ICT=1 SEQUENCE 5 TEST 3A
. PERFORMANCE DATA ) D
CPARAMETER o UNITS . CALCULATED VALUE
PCy INJECTOR END . _PsIA 107.257
PCy NOZZLE STAGNATION PslIA 101 .89
AXIAL THRUSTe. SIJE N A 4827,408
AXTAL THRUSTs VACUUM LBF _ 4893.708
_NOZZLE EXIT PRESSURE = __ _PSIA . a036
FUEL DENSITY (midH) LBa/FT3 5644743
OAIDIZER DENSITY ... . LB/FI3 204315
FUEL FLOWRATE LB/SEC 6,002
OXIDIZER FLOWRATE , LR/SEC. 9,97&
TOTAL PROPELLANT FLOWRATE LA/SEC 15,960
_MIXTURE RATIO (OVERALL) = OffF ... De@®3
BLC FLOWRATE LB/SEC 0450
BLC TOTAL PERCENT | .. 2.813
CORE MIXTURE RATIO o/F ' 1,797
_FUEL _INJECTOR pELTA@P. ~  PSID . _40.184
OXIDIZER INJECTOR DELTA=P PsS10 38,424
__Y/C COOLANT DE| TA=P e ...wp,sm_...___ ., . Be422
/C COOLANT DELTA«T DEG § 142,924
_YHRUST CHAMBER HEAT FLUX  BTU/SEC 6134316
C~sTAR, SITE F1/SEC 5442,646
C=STARy UMR . FT/SEC 5500,806
c~srAn EFFICIENCY % ' 95.397
. CF [ SITE — e . Wam——- w.l_g___
CF SITE VACUUM - 1,810
Q;ﬁ YAC T2 EXPECT _ wemwer . 1a796
CF CORRELATION mawm 100.798
_CFe WAC T2 . - e wmmew 1399
1Sps TEST ~ geC 54% ., 098
 15Ps SITE vACUUM 8¢ 306,267
15p, VAC 72 PREDICTED sgC 306,2
15P, ODK, TEST CONDITIONS SEC 332 192
15p0 TDK, rasr CONDITIONS sgc 33@.3&&
ISsp EFFiCY % , % .
ENERGY RELEAS EFFICIENCY % - 6@, 129
_c~5TaR, Opp e FXSSEC L 8711280
1Sps DDEs TEST sec 3380250




6K _OMS ENGINE TECHNOLOGY
SUPPORT PROGRAM -~ TASK X1I .
~ ROCKETDYNE INTEGRATED CHAMBER

DATE 21 NOV 3

SERIES HD/ICT=] . SEQUENCE S TEST 3a
TEST DESCRIPTION

LOW~PRESSURE PERFORMANCE EVALUATION OF ROCKETDYNE INTEGRATED
ENGINE, AUTOMATIC LOW=FLOW SHUTDOWN ON FIRST ATTEMPT AT PCNS =
98,5 O/F o 1065, INCREASED VTANK PRESSURES io PS1 AND RECYCLED,

ACTUAL TEST DURATION 404196 SEC o
DATA SLICE TIME 30,000 SEC TO 32,000 SEC

PARAMETER _UNITS  AVG. MEASURED VALUE

a0 N gy . 400 S0 o N g S B o o A A0 W g TR i O D TR N e
FUEL Tanx PRESSURE _ - psia C 3754407
OXIDIZER TANK PRESSURE PSIA 179,729
FUEL INTERFACE PRESSURE PSEA 158,230
OKIDIZER INTERFACE PRESSURE PSIA o 18Te732
T/C COOLANT INLET MANe PRESSURE PSIA 153,620 _
FUEL INJECTOR PRESSURE PSIA 104787
QXIDIZER INJECTOR PRESSURE ~  PSIA _ 164+160
CHAMBER PRESSURE NO, ) PSIA 108,107
. xgmmﬁﬂ PRESSURE NOo 2 _ . PSIA_ . __ 108,237
AXTAL YHRUST, SYSTEM A LBF . 4806,984
CAXIAL THAYST, SYSTEM B mF . 4819,19¢
Y=AX]E THRAMST LaF =9,111
Z=AXIS THRUST o LeF. - 21.968
AVERAGE CELL PRESSURE PSla D22
CELL PRESSURE AOGREEMENT ¢ 4,001
AVER&GE'FEGL FLOWRATE GPM 48,718
_FUEL FM zg§§% , %_ L __e182
A ERAGE %ﬁ 101 FLOYRATE GPM 49257

OXIDIZER ¥M AGREEMENT — B R 5 1. N

FUgl, INTERAFACE TEMPERATURE 0EG F 65,665
 OXKIDIZER INTERFACE TEMPERATURE DG F . _T1.058
T/C COOLANT IN ?EMPERA?UHE DEG F 67.897
T/C COOLANT OUT TEMPERATURE = DEG F 217.898
T/7¢ SURFACE TEMP °§§ I DEG F g%s.agg
T/C SURFACE TEMP «13 IN = DFG F .. 210,297
1/¢ sun?ﬁgg TEMP «18 IN Qge F 226,154
_1/¢ SURF JEMP - 2 IN ] __DEG F ; © 170.985
v?ﬁ SUﬂFﬁgE TEMP - 6 IN nge F i%%.gﬁﬁ
1/C SURFACE TEMP « & IN . . DEGF_ . 209,771

T/C SURFACE TEMP - 2 IN DEG F - 181,782
T/C SURFACE TEMP =0,3 IN = bEG ¥ 186,449
T/C SURFACE TEMP ¢ 3 IN DEG F T 136,310
T/C NOZZLE FLANGE TEMP DEG F o B9.8Y9
NOZZLE SURFACE TEMP ¢ 7,2 IN ~  DEG F 7360693
_NOZZLE SURFACE YEMP ¢ 7.8 IN CDEGF_ . 1066.792
NUZZLE SURFACE TEMP » 9,9 IN DEG F 1257.352
NQZZLE SURPACE TEMP o1),.7 IN DEG P © . 12Bl.073
NOZZLE SURFACE TEMP *16.2 IN DEG F 10?78,906
NOZZLE SURFACE TEMP e28.4 IN DEG F . 9BT.389
NOZZLE SURFACE TEMP 60,4 IN DEG ¥ . B31.419

 NOZZLE SNRFACE TEMP ¢5¥.8 IN  __ DEGF 707,538 _



sffodiS RS Iopeaey

. __ROCKETDYNE INTEGRATED CHAMBER

DATE 21 NOV 3

__SERIES RD/ZICY~=1 _.. . SEQUENCE.S . . . __ TESY 3A
- PERFORMANCE DATA = = =
_PARAMETER _ unITS CALCULATED VALUE
PCs INJECTOR END PSIA 105,172
PC, NOZZLE STAGNATION PSIA 99,913
AXTAL THRUSTy SITE LBF 48l3,089
AXTAL THRUSTs VACUUM LBF 485%6,473
_ NOZZLE EXIT PRESSURE .. PSRA_ ._GES -
FUEL DENSITY (MMH) LB/FT3 84,740
OXIDIZER DENSITY o LasFT3 90,207
FUEL FLOWRATE LB/SEC S.94]
__OXIDIZER FLOWRATE _LB/SEC 94906
TOTAL PROPELLANT FLOWRATE LR/SEC 15,848
MIXTURE RATIO (OVERALL) OsF 1,687
- 8Lc FLOwWRATE LR/SEC 0545
_BLC TOTAL PERCENT = % . 24808
CORE MIXTURE RATIO osF , 1.802
FUEL INJECTOR DELTA=P .. PBSID . 394615
ORIDIZER INJECTOR DELTA=P PSID C 38.968
- 3/C COCLANY DELTA=F e PSID o BeR3d9
T/C COOLANT OELTA=Y - DEG F 150,001
THRUSY CHAMBER MEAT wa o BTU/SEC . 837.200
" C=STAR, SITE FT/SEC - 8381,33%
 C~5TARy UMR . FI/SEC.. . B460,233
c-sma EFFICIENCY % 94,222
3§13 a— s 14816
F S!!E VAGUUH g 0 1 <832
c? VAC 72 EXPECT L e _1a79T .
CORRELATION wawen . 101.982
Fa MAGC T2 i mwmon o
s TESTY SEC 33%:23%
’ 1ACUUM _SfC e
*% A v SEC 061478
_I5Ps ODXs YEST CONDITIONS _SEC_ _ 332,228
T15pe TDK, ?Es? CONDITIONS s¢ 3264867
_18p EFFICIENC % . 90,562
ENERBY Rﬁwﬁﬁ EFFICIENCY % 96,205
_C=STAR, - R _m,,‘__t:_rfse:g 87114248
1SPe ODEe TESY sre 3380387



.. 6K OMS_ENgINE TECHNOLOGY
SUPPDRT PROGRAM = TASK XII
ROCKETDYNE INTEGRATED CHAMBER

DATE 21 NOV 3
_SERIES RD/ICT=)
TEST DESCRIPTION

. LOu=-PRESSURE PERFORMANCE g
ENGINE, AUTOMATIC LOW=FLOW

98,0 O/F 2 1.6Be

SEQUENCE 5

VALUATION OF ROC
SKUTDOWN ON F!ﬁ%

TESY 3a

TDYNE INTEGRATED
T ATTeEMPT A
INCREASED TANK PRESSURES 10 pSt Aya RECYCLED,

ACTUAL TEST DURATION 404196 SEC

30,000 SEC

PCNS =

DATA SLICE TiMe = 38,000 SEC To
__PARAMETER e UNIT& AVG, MEASURED VALVE
A0 g T Y S -..-” - o iy B s G g o R e s A O e W g
_FUsl TANK PRESSURE = . _  _ = Psia 178,481
ORIDIZER TANK PRESSURE PslA 1794254
_FUEL INTEAPACE PRESSURE PSIA . 184,326
0X3DIZER INTERFACE PRESSURE PSIA 147,398
_ /¢ _COOLANY INLET MANe PRESSURE  PSIA 153,626
FUEL INJECTOR PRESSURE PSIA 1664028
_OXIDIZER INJECTOR PRESSURE _. . PSia. .. 163.370 .
CHAMBER PRESSURE NO, 1 Psia 104,625
.. CHAMBER PRESSURE NO, 2 - Psla 106,734
AXIAL THRUST, SYSTEM A LBF 4794 ,259
AXJAL THRUBT, SYSTEM B 18F 4803,299
Y=aX15 TWMAUST LoF 9,617
CZ=AX1S THRUST . L8E 21,969
AVERABE CELL PRESSURE PSIA o021
_CELL PRESSURE AGREEMENY = % i} o011 )
AVERAGE FyEL FLOWRATE opM 48,604
EgEL FM gﬂiz %, 2179
AVERAGE 0. !0!"§§ FLOWRATE GPM ¢9f%37
OXIDXZER FM AGREEMENT % T 9136
FUEL INTERFACE TEMPERATURE QES F 65,839
__QXIDIZER INTERFACE TEMPERATURE DEG_F o Tl.398
T/C COOLANT IN TEMPERATURE DEG F 67,856
T/C COOLANT OUT TEMPERATURE ___DEG F 218,917
T/C SURFACE TEMP <16 IN DEG § 220,111
_ T/C SURFACE TEWP =13 IN DEG F 210,765
1/¢ SURFACE TEMP -ao IN DEG F zze.aza
I/C SURFACE TEMP = 8 IN = pE6 ¥ 1IN
T ¥/C SURFACE TEMP - e IN DEG F 191,2 4
1/¢C SURFACE TEMP = & IN ___DEG F 209,892
T/C SURFACE TEMP = 2 IN DEG F 151,904
 T/C SURFACE TEMP =0,3 IN ) _DEG F 154,811
T¥/C SURFACE TEMP + 3 IN Dgé F 136,552
_T/C NOZZLE FLANGE TEMP . _DEG_F 90608
" NOZZLE SURFACE TEMP + 7.2 IN ‘DEG F 803.581
_NOZZLE SURFACE TEMP ¢ 7.8 IN = DFGF  ~  ]148,857
NOZZLE SURFACE TEMP ¢ 9.9 N DEG F 1336078
_ NOZZLE SURFACE TEMP +11,7 IN  OFG F ) Y.L
uozzLE_ggagacEr;igg ©1642 IN DEG ¥ 1183,572
__NOZZL RFAC 286 IN_ _DEGF___ 1018,944
NOZZLE SURFACE TEMP +40.4 IN DEG § 898,296
_ NOZZLE SURFACE TEMP_ 57,5 IN DEG F 815,346




TEST 3A

G&EEQQATEQ VALUE
T S p———
ffd.e00
09,406
4?@@,}?@
- 6BG0.228
22845
545726

IOk THRUBT. uum
NO2Z0E GERT ORESSURE
,ffﬁnﬁﬁﬂﬁsﬁ?_emmﬁs

TOTAL PRg SLLANT FLOWRATE

10 (OVERALL)Y




SUPEDNY PitiaRan - TASK xzx
ROLRET: vw@ E%?E@ﬁﬁ?@@ gnanaga
@A?E ag %av e . ,
$? @g@g@ ?géw SFOUBNEE & 000 TEST & -
%Fmg& ?E@gﬁ@ ar aocmmwav%ggs TeoRaTED REGEN CRAMBER ENAI
ING LIn7 DOUSLEY zmgge ToR ﬁiﬁg 9s_ f@-g .:;Lag
umgavuﬁaﬁgm HAs/NT0.  TARGEY ﬁgﬂs__ 8. ot = 3g%“£

ACTUAL TEST DURATION 10,173 SEC .
DAYA 2LICE TIMZ 9,000 SEC Yo 10.060 $EC

-

M‘!‘?ﬁ

@&gﬁﬁgaﬁ o8 ACUIEMENY

?WE' gm i '”;! g;:« : ‘

pRAGA FT
@@@@@&Wf‘
D0QLENY




akfg 31 H@‘V ~ fdi m‘ "7- &1 RIS :‘!‘. (R by T )
SERTES Ro/lGTel BEOMENEE S . TEST &

W T

ARRAL THELGTs BITE

NOZZLE GHIT PARSSURZ “sia Y .
Pzl @msm? e%tm T

iR
A RN
T0TAL, PRODELLAYY PLONR
_MIATURE [A7T0 (OVERALL
ahe ‘?w%m |

CORE M "w RATIO .
_gUgl IMJEETOR pELTAP Psin

OXIDIZER TRJECTOR DELTA-P PS1D S GP.38h
_3/0 COOLANT O .:- . ' B -

/C COOLANT DELY e P
TG ST CRANGER NEAT FLUX B/ SEC
C=5TARy SITE F1/8EC
_CogTARy UMR FY/SEC
g-smg éﬁsmmw -3

E ) Ly
QF m—_g VA@UUN -q?—w
p T M

cF vaa ﬁg | eawen
§SAy TEST | szt
ws-; smmm T St

c-stgﬁ,m S EFFICIENDY
ISPy ODE» TEST 353






