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“ July 15, 1968
5-9350-H-120

To: National Aeronautics and Space Administration
George C. Marshall Space Flight (enter
Huntsvillc, Alabama 25812

Attention: R-P&VE-PPE, Mr. P. E. Black

Subject: S-11/503 and S-1VB/503 Final Propulsion
System Performance Prediction Update for
the SA-503 Manned Mission, SSR-207

Reference: Contract NA58¥5608, Schedule 11, Part V,
Exhibit AA, Task 1.0, Special Support
Requést No. 207

1. This memo transmits the results of the S-11/503 and S-I1VB/503
Final Propu1s1on System Performance Prediction Update for the
SA-503 Manned #Mission in accordance with the referenced Spec1a1
Support Request No. 207.

2. The results of this study completely revise and replace Boeing
documents D5-15530-3, Volumes Il of III and II1I of IIT dated
February 2, 1968.

3. The purpose of this study is to provide compatible 5-117503
and S-IVB/503 propulsion data for use in the final operational
trajectory for the SA-503 manned mission.

4. The attached documents, in conjunction with magnetic data
tapes and weights cards that were delivered on July 1, 1968,
fulfill the requirements of the referenced contract.
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SECTICON 4
S-IT STAGE
4.0 GENERAL

ihis section presents the Bceing S-1I final provulsion system perfermance
orediction for the 503 manned mission. This prediction was made with

the MARK IX - MOD 4, S-TI Propulsior Performance Computation Frozodure
and is based on the final S-II stage hardware confiquration, and the
results of the S-il stage Final Static Test No. 203532.

A comparison of the Boeing and stage contractor propulsieon system
performance predictions for the 503 manned mission is given in

Arrendix AL The data tapes of both the Boeing and stage contractor
predictions are on file in the MSFC Computation Laboratcry and the
Boeing Simulation Center under the tape identificatien numbers listed
Lilow,  The R-P3VE Laboretory of MSFC will recommend the predicticn that
is to te used for the 503 final operational trajectory for the marned
wission and provide the users with the appropriate tape numbers.

TASLE 4-7 S-11 DATA TAPE IDENTIFICATION NUMRERS

[5-11 303 MANNTL FINAL PREDICTION R-COMP NO. | BOEING SIM. CTR. N0,
seeing daturn ¥ Prediction Data ' * H-2651
Stane Contractor Prediction Data . 0-6942 *

*haot fwvailable

< S-11 STAGE PERFORMANCE

L Vehicle Performance

wre S-10 propulsion sysiem performance prediction was based on the flight
seilenca, stage weights and engine characteristics given in Table 4-11

theovgh 6-¥Doand References 8 through 10, The flight sequence of events

oy otre Z03 manned mission is given in Table 4-]1 for flight times
r2feverced to both mainstage time and J-2 engine start command. A stage »
voi15nt Mistory for various flight times is given in Table 4-111. The c¢rgine
“C-izl nutters for the S-11/503 mission and their relative positicns with
reference to the vehicle pitch and yaw planes are shown in Figure 4-1.
crilaiied engine data are given in paragraph 4.1.2. :

The oressurizatien system performance was calculated using the MK TY
sressurizetion subreutine, assuming initial LOX ullage and fuel ulleje
semitvetures of Z02,0°R and 100.0°R, respectively. Table 4-1V liste the

Tain orescurization system constants and charactersitics. '
vy rorbormaton dnercotoriction ara cnoa in 7 "

CedDAeT TR e tere ape omnave S v ULl Ihsone contranh
sev o ranfied mission final prediction in Appendix A. The remainder of tne

4-1



et

T T AT T g [ o e e, w3 e 4% T Ty TR o ) TR T g " T

D5-15530-3A

4.1.1 (Continued)

vehicle performance characteristics predicted by Boeing are shown in
Figures 4-9 through 4-22, and 4-40 through 4-42,

The vehicle thrust of Figure 4-2 and the vehicle specific impulse of

Figure 4-3 do not include engine clustering effects at altitude.. Figure
4-6 also illustrates the effect of the fuel tank pressurization flowrate
step at 297.0 seconds. The two irregularities in Figure 4-4 represent the
effects of the S-IC/S-I1 interstage and LES weight drops on overall vehicle
performance.

4.1.2 Engine Performance

. .
This section provides individual engine performance data, at standard inlet
cenditions, that were used in the final propulsion system performance predic-
tion for the 503 manned flight. Single engine and stage static firing
performance histories are presented in Tables 4-Va through 4-Ve.

The first column in these tables contains the average performance of the
single engine acceptance data from the Rocketdyne J-2 engine log books.
These data differ from the stage static firing values shown in columns

2, 3 and 4 in part, because the LOX pump on each engine was changed after
the singie engine acceptance tests were completed. The data in column

2 are the performance values of the final stage static test calculated by
the stage contractor. The data in columns 3 and 4 are values from the two
stage static tests calculated by Boeing.

The engine performance presented in column 3 were obtained from test 203531
data by Towering the chamber pressure so that the calculated specific
Impulse would be within the desired limit of 1 LBF-SEC/LBM when comparing
single engine and stage test performance. The engine performance presented
in column 4 from test 203523 did not require any adjustment because the
czlculated specific impulse was within the desired limit. Since the data
from test 203523 did not require any adjustment, it was used as the basis

to deveiop engine tag values for this prediction. )

Predicted flight performaznce for J-2 engines number 1 and 5 are shown in
Figures 4-23 through 4-40. These plots represent typical S-I1 stage
engine performance for the 503 vehicle. The predicted performance
ievels of thrust {Figure 4-23), specific impulse (Figure 4-28), chamber
pressure (Figure 4-26), and mixture ratio (Figure 4-33) for these two
engines are higher than the final stage test performance at standard
irlet conditions (at altitude) given in Tables 4-Va through 4-Ve. ,These
¢itferences are due to higher inlet conditions and the use of less then
rominal auxiliary horsepower for the prediciion.

ihe predicted available NPSH data for the fuel and LOX pumps are shown

In Figures 4-38 and 4-39, respectfully. Values fowr fuel pump NPSH are

abeve the required value by at least 100 feet at any mixture ratic level. '
The valtues for LOX pump NPSH are higher than required, but engine 5 shows

3 2iiferonce of only one font et the high mixturs ratio ctap. Higher

- - ] - L - 1 - i . Ly e . [ - . .- N v
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4,1.3 Propellant Loading and Residuals =

The total propellant loads for optimum S-II stage performance for the 503
manned mission are 792,623 LBM LOX and 152,149 LBM fuel. These loads
represent the liquid propellant masses in the tanks only and were determined
in accordance with the criteria of burning 930,000 LBM of propeilants

during mainstage, achieving a P.U. valve step at 246 seconds after

g0+ J-2 engine thrust is achieved, and terminating engire burn by a LOX
depletion, The 920,000 LBy mainstage loading includes only cropellants

used for propulsion purpcses, that is propellants burned in the thrust
chamber and gas qenerator, and does not include the propellarts vented or
used to pressurize the LOX and fuel tank ullage. Table 4-VI lists a weight
breakdown of usable and unusable propellants and shows a total of 785,304 LBM
of usable LOX and 147,876 LBM of usable fuel. Totals of both the usable

and unusable LCX and fuel are equal to the initial tank liquid loads plus
the initial trapped propellants.

J-2 engine cutoff is ‘initiated by a propellant depletion when any two of
the five cutoff sensors in either tank are activated. The cutoff levels
for the 503 mission are 4,200 LBM LOX and 2,610 LBM fuel. Since

a fuel rich cutoff is desired, a 530 LBM fuel bhias was added to insure a
i.0X depletion cutoff. The predicted cutoff masses were 4,200 LBM LOX

cand 3,709 LBy fuel,

4.1.4 Prcpellant Utilization System.

The Propellant Utilization (P.U.) system is activated at 5.5 seconds
after J-2 engire start signal. Previous to this time, the control valves
are locked in the null pesition (0°) which corresponds to a mixture ratio
cf 5.0, After activation, the control valves move to the fully closed
position (60°) and obtain a mixture ratio of 5.48 in about 2.5 seconds.

Tre P.U. valves move from the high mixfure ratio stop at 246 seconds as
snown in Figure 4-40. The mixture ratio shift occurs about 15 seconds
later for the parameters of thrust, fuel flowrate and LCX flowrate
(Figures 4-2, 4-6, and 4-7) due to the nature of the P.U. system.

The first 15 degrees of PU valve movement takes about 16 seconds and
produces no appreciable change in bypass flowrate; therefore, all pro-
pulsion parameters remain relatively constant. After step time, the P.U.
valves partially open to obtain the desired reference mixture ratio of

.6.65 for the remeinder of the burn. This reference mixture ratio is the

ratio of LOX to fuel in the tanks, and does not include the fuel bias.

The curves of probe-to-tank mismatch, plotted in Figures 4-41 and 4-42,

w2re derived from the second Stage Static Test 203532, Due to the
crote-to-tenk mismatch nonlinearities, the mess sensing probes do not
indicate the true tank mass. To derive the probe sensed mass for

tnis prodiction, the probe error (Figures 4-41 and 4-42) was added tc the
true tark mess.  The effect of the probe-to-tenk non-linearities on the P.U.

svatem rezay the oend of burn iz shown in Fiqure &-40,

4-3
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4.2 S-11 FINAL PREDIGTION RESULTS .

The Boeing propulsion system performance prediction data presented in
this document reflect the bcst engineering estimate of the S-11/503
flight. A comparison of the Boeing and stage contractor final pre-
dictions is given in Appendix A.

. The Boeing S-11 stage final propulsion prediction results are shown in

Figures 4-2 through 4-42," and are based on the data in Tables 4-I through
4-¥1. Vehicle parameters are presented in Figures 4-2 through 4-22;
engine parameter data are shown in Figures 4-23 through 4-40; and the
probe-to-tank propellant mismatch curves are given in Figures 4-41 and
4-42.

A comparison of the predicted propulsion performance parameters for the
manned flight presented in this document revision and the estimate for the
vnmanned flight indicate that the overall vehicle performance levels are
generally higher for the manned prediction. This higher performance can
be primarily attributed to the revised J-2 engine performance which is
based on the second S-11-503 acceptance test rather than an average of

the two acceptance tests.

It should be noted that this prediction does not include an engine per-
formance degradation due to engine clustering effect.

4-4
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TABLE 4-11
S-11 SEQUENCE OF EVENTS

EVENT J-2 ENGINE S-1T MAINSTAGE
BURN TIME (SEC) TIME (SEC)
Ullage Rocket Ignition _ -0.90 -3.90
S-1C/S-11 Stage Separation -0.70 -3.70
S-I11 Engine Start Command ) 0.00 , -3.00
Ullage Rocket Cutoff 2.49 -0.51
907 J-2 Engine Thrust (Mainstage) 3.00 0.00
PU System Initial Activation 5.50 2.50
Interstage Hardware Jettison 29.25 26.25
Launch Escape System Jettison 35.25 32.25
Fuel Tank Pressurization Flowrate Step 300.00 297.00
Programmed Mixture Ratio Shift 245,00 246.00
J-2 Engine Cutoff Signal 362.83 359.83
Thrust Decay Termination ) 363.22 360.22

4-5
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TABLE 4-1V

S-11 PRESSURIZATION SYSTEM DATA

SPECIFICATION URITS VALUE
LOX Ullage Pressure Upper Control Pressure PSIA 37.5
LOX Ullage Pressure Lower Control Pressure PSIA 36.0
fuel Ullage Pressure Upper Control Pressure PSIA 30.0
Fuel Uilege Pressurc Lower Control Pressure PSTA 28.5
LOX Ullage Pressure Prior to Prepressurization PSITA 15.0
Fuel Ullage Pressure Prior to Prepressurization PSIA 15.0
LOX Ullage Pressure at J-2 Ignition PSIA 37.5
Fuel Ullage Pressure at J-2 Ignition PSTA 31.1
LOX Vent Valve Upper Control Pressure PSIA 42.0
Fuel Vent Valve Upper Control Pressure PSIA 33.0
LOX Vent Valve Cracking Pressure PSIA 4G.0
Fuel Vent Valve Cracking Pressure PSIA 30.5
Maximum 10X Vent Rate (2 Valves) LBM/SEC 24.3
Maximum-Fuel Vent Rate (2 Valves) . LBM/SEC 10.5
initial Helium Mass in LOX Tank LBM 78.9
Initial Helium Mass in Fuel Tank LBM 303.0
In1tial GOX Mass in LOX Ullage LBM 420.7
Initial GH2 Mass in Fuel Ullage LBM 128.7
Total Mass of GOX Vented LBM 0.0
Total Mass of GH2 Vented LBM 92.6

4-7
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S-JI-503 LIQUID PROPELLANT WEIGHTS

D5-15530-3A

TABLE 4-VI

PROPELLANT WEIGHTS FUEL (LBM) LOX (LBM)
Usable Propellant;
Mainstage 146 ,603.2 783,540.8
Bias | 530.0 0.0
Thrust Buildup 624.7 1,576.0
Thrust Decay 117.8 186.7
bTota1 U;able Propellant 147,875.7 785,303.5
Unusable Propellant:
Trapped
Engine 48.0 490.0
*Line 186.0 843.0
*Recirculation * 10.0 230.0
*Initial Ullage Mass 138.7 420.7
Tank and Sump 3,061.4 1 4,013.3
Pressurization Gas 1,071.3 2,816.7
Vented . 92.6 0.C
ijiotal Unusable Prbpe]lant 4,608.0 8,813.7

* INITIAL TRAPPED PROPELLANT
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APPENDIX A
S-11/503 FINAL PREDICTION COMPARISON

1.0 GENERAL

This appendix presents a comparison of the Boeing and stage contractor
(North American Rockwell, Space Division) final propulsion system per-
formance predictions for the S-11/503 manned mission. The comparison is
given for the major vehicle propulsion performance parameters only.
Possible reasons for the deviations between the two predictions are given.

2.0 COMPARISON OF BOEING AND NAR-SD S-11/503 FINAL PREDICTIONS

A comparison of the Boeing and NAR-SD major vehicle propulsion performance
parameters for the 503 manned mission are given in Figures A-1 through

A-5. A1l of the data shown indicate that the vehicle performance parameters
for the two predictions are in close agreemant for the high mixture ratio
portion of the burn. The drop in vehicle performance at 297 seconds (Boeing
prediction) reflects the effects of a step in the fuel tank pressurization
flowrate. The pressurization step in the NAR-SD prediction occurs at

294 seconds and does not have as profound an effect on vehicle performance.

The Boeing prediction shows the P.U. valve step occurs at 246 seconds as
compared to 247 for the NAR-SD prediction, The differences in the level
and shape of the performance parameters after the mixture ratio stop
indicate differences in both the Propellant Utilization (P.U.)

system response and the probe error characteristics.
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