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Analysis for Operation Point Change in Mode Transition
at the Turbopump-Gas Generator Coupled Test

Chang Ho Nam* - Seung Han Kim* - Soon Young Park* - Cheul Woong Kim*

ABSTRACT

The characteristics at the intermediate operation point of the turbopump-gas generator(TP-GG)
coupled test were investigated by analytical method. The pump outlet pressure, gas generator mixture
ratio, gas generator pressure, and temperature were examined considering risk minimization of test.
The engine system shows different behavior from the TP-GG coupled test at the intermediate
operation point since the combustion pressure feeds back to the flow rate in the lines. The advanced

valve changes in the combustor line helps less risky mode transition.
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Fig. 2 TP-GG coupled test configuration
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Table 1. Operation points of TP-GG

coupled test

Dc | OD1 | OD2 | OD3 | OD4
Engine MR 2247 | 2.078 | 2.43 | 2.404 | 2.06
TP rotational 14,1 | 18356 | 18965 | 20518 | 19868
speed (rpm)

Pump flow |Ox| 63.97 | 589 | 62.77 | 69.52 | 65.25
rate Fu| 2847 | 2834 | 25.83 | 28.92 | 31.68
(kg/s)

Pump Ox| 96.15 | 87.68 | 91.85 |105.72]100.65
Outlet

Pressure  |Fu | 143.5 | 127.2 | 140.0 |161.87 | 146.53
(bar)

Turbine flow | 4 1761 5 6a5 | 3882 | 4776 | 4523
rate (kg/s)

cC 60 | 57 | 57 |6312]63.12
pressure(bar)

CC flow |Ox| 6291 | 57.95 | 61.77 | 68.3 | 64.1
rate (kg/s) |Fu | 2537 | 25.6 | 22.94 | 25.36 | 28.31
CC MR 248 | 2264 | 2.693 | 2.693 | 2.264
GG 4927 | 4348 | 45.8 | 56.35 | 53.38
pressure(bar)

GG flow |Ox|1.066 | 0.941 | 0.991 | 1.22 | 1.155
rate (kg/s) |Fu|3.109 | 2.744 | 2.89 | 3.556 | 3.368
GG MR 0.343 | 0.343 | 0.343 | 0.343 | 0.343
GG

Temperature(y| %0 | 900 | 900 | 900 | 900

MR : Mixture ratio

CC : Combustion Chamber
TP : Turbopump

GG : Gas Generator
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Table 2. Valve combinations

mode |mode transfer| CC valves GG valves

CC10 Dc OD1
OD1—Dc

GG10 OD1 Dc

CC12 OD2 OD1
OD1—0D2

GG12 OD1 OD2

CC13 OoD3 OD1
OD1—0D3

GG13 OD1 OoD3

CC14 OD4 OD1
OD1—0D4

GG14 OD1 OD4

CC23 OoD3 OoD2
OD2—0D3

GG23 OoD2 OoD3

CC24 OD4 OD2
OD2—0D4

GG24 OD2 OD4

CC43 OoD3 OD4
OD4—0D3

GG43 OD4 OoD3
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Fig. 3 Intermediate operation points (total flow
rate-mixture ratio domain) 1
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Table 3. Engine system and coupled test comparison

at the intermediate operation point

engin | TP-G | engie | engin | TP-G | engie
e G [n/TP| e G [n/TP
CC13|CC13 _(;Z?( GG13|GG13 _(;Z?(

Engine MR 23992436 | 98 |2.088]2.055| 102

TP rotational | a77r 1165351 101 20091 20381 99
speed (rpm)

Pump Ox | 61.836286| 98 |66.34|65.23| 102

flow
rate(kg/s) Fu | 25.78 | 25.8 | 100 |31.77 |31.75| 100

Pump Ox[90.31|87.12 | 104 |102.6 |106.7 | 96

Outlet
Pressure(b |Fu | 137 | 133 | 103 | 150 | 155 | 97
ar)

Turbine flow | 5 o505 | 3 755 | 102 4508 | 47 | 98
rate (kg/s)

CC flow |Ox|60.88|61.94| 98 |65.13)|63.99| 102

rate Fu | 229 [22.98| 100 |28.38|28.29| 100
(kg/s)
CC MR 2658 [2.695| 99 |2295|2262| 101
GG pressure | 4514 14407 | 102 |54.25|5545| 98
(bar)

GG flow |Ox[0.951|0.927 | 103 |1.207 [1.243| 97

rate
(kg/s) Fu (287412825 | 102 |3.391|3.457| 98

GG MR 0.3310.328 | 101 |0.356 | 0.359 | 99

GG
Temperature( | 889 | 886 | 100 | 913 | 916 | 100
K)

Total flow
rate (kg/s) 87.61(88.66 | 99 |98.11|96.98| 101
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Fig. 5 Intermediate operation point comparison (engine
system and TP-GG coupled test) 1
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Table 4. Variables range comparison at intermediate
operation point

LOx fuel GG
pump pump GG temperat
outlet outlet | pressure Ure

pressure | pressure
engi| TP- |engi| TP- |engi| TP- |engi| TP-
ne |GG | ne |GG | ne |GG | ne | GG
CC10 @] O @) O O O O O
CC12 ©] O O O O O O O
CC13 @] O @) O O O O O
CC14 v O V|V |V vV | A| O
CC23 ©] O @) O O O A O
CC24 @] O O v O v A | A
CC43 ©] O @) O O O O O
GG10 O|lo|lO|]O|O|O| A A
GG12 OO | O] O|O|O| A A
GG13 O|lo|lO|]O|O|O| A A
GG14 @] O O O O O O A
GG23 O| O | A | A | A A|O| A
GG24 @] O @) A @] A O O
GG43 O|O0O|O|O|O|O| A A

compared to o dperatlon range, O:n range, A
excess, V: un
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GG pressure (bar)

Fig. 9 Gas generator pressure range at intermediate
operation points
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