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Turbopump System Performance Design for Conceptual
Design of Separate Flow Cycle LRE System

Hee-Sung Yang* - Byung-Hoon Park* - Won-Ho Kim* - Dae-Sung Ju*™* - Woong-Sup Yoon*

ABSTRACT

In this study, perfomance design programs for components of a turbopump unit (TPU) in a
Liquid Rocket Engine (LRE), that has non-cryogenic centrifugal pumps and 1-stage impulse
turbine with partial admission nozzle, were developed. The programs were integrated in a TPU
module by balancing the mass flow rate for pump-turbine power, and the module was inserted
into the LRE system conceptual design program. The fundamental design conditions, satisfying
LRE system requirements and minimum mass flow rate condition of gasgenerator, were found

and compared with data from a Russian liquid rocket engine.
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Fig. 1 Pump design program flow chart
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Table 1. Spec of Russian LRE for validation

A CeHisN/HNO;
F ¥ (ton) 18
F84d E3u(O/F) 3.75
A2 A (atm) 126.2
=2 734 (atm) 0.84
B = /e Hl 3] A (rpm) 29350.0
AE/AASAEE Y7atm) 4/7
AE/ASAYE 27 Hatm)) 217 / 206
7h2b Al 7] E3u1(O/F) 0.602
7h2=d A 7] A2 E(K) 1073
Zh2@ A8 7] A48 (atm) 126

Table 2. Program output of fuel pump

32} E ALk | delE | err(%)
A7 H(kg/s) 15.183 16.2 -6.28
L7EZHKW) | 5938 - -
v & e 70.23 B -
Y=gt (atm) | 1389 - N

ESESHatm) | 1561 - -
FHxz7Hatm) | 2169 | 2170 | 004

A8 AAm) | 01528 | 0129 | 17.83
# A F 7 (m) 0.003 - -
W <1 A(0) 5 6 -16.6
vindsdAF | 0747 -
e 63 63 0
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Table 3. Program output of oxidizer pump

wete g Algtgr | HlolE | err(%)
A4Fkg/s) | 51624 | 55271 | -6.6
275 KW) | 10022 - -
H & T 168.31 - -

At (atm) | 1603 -
BFESHatm) | 1944 - -
HEZEFY(atm)| 2059 206.0 | -0.04

dF98A(m) | 01113 | 0.098 | 1361
] 1 5 7} (m) 0.003 - -

# Q1 AEN) 6 7 -14.3
vnHPEHdAE | 0752 - -
358 69 69 0

Table 4. Program output of turbine

=} 2hv] E Alatgk | dle]¥ | err(%)
A4 (kg/s) 2.70 266 | 166
FEEANE 0.29 - -
E - 492 62 | -2063
Az g?—ia(kW) 1596.07 | 14400 | 8.3
ElRIZ kW) | 15972 | 14400 | 10.92
=Z 714 (EA) 17 - -
= 9 2 64668 | 6.88 -6
2= 2alas 2.70 2.97 9
IVR 0248 | 0235 | 55
BYETeE(K) | 73677 | 6800 | 8.34
¥ & F o34 1.13 - -
5 AFEN) 149 - -
A+ AdAEA()| 2243 | 236 | -499
27 AusEZ()| 3829 | 244 | 5656
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