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Modeling of Space Shuttle Main Engine heat exchanger
using Volume-Junction Method

Jihyoung Cha* - Sangho Ko**"

ABSTRACT

Since more than 30% of the liquid rocket engine failures occur during the start-up process, and the
Space Shuttle Main Engine (SSME) is especially sensitive to small changes in propellant conditions, a
2% error in the valve position or a 0.1sec timing error could lead to significant damage of the engine,
simulation modeling of start-up process is important. However, there are many difficulties associated
with engine start-up process caused by nonlinear mass flow and heat transfer characteristics associated
with filling an unconditioned engine system with cryogenic propellants. In this paper, we modelled a
SSME simulation model using partially Computational Fluid Dynamics (CFD) method to solve these
problems and checked the performance by comparing with the performance of the simulation model

using the lumped method under the state of normal condition.
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Fig. 2 Schematic of SSME [10-12, 16]

Fig. 3 Non-Linear Simulation model of SSME
[10-12]

Figure 4= Lumped Method& ©|§3 3%
A AAZANT AGGE AEHOIA 2
Volume-Junction Method& AF&3F AlEZ oA
malo] e AlEdHold ARE JEA A
o7 HAZANAYL A 2="dA FaoF 57FA] W
T AAAEHEHPZ IAELE(0,), LA
AEERFEZ IAEE(0,), 944 d4(P), &

2 AAE FF(my), ASA BE FFH(m,,, )
Hl w3 TH10-12]. Fig. 49 2o F WS o
&3 AddE AEE el Zé_ﬁre Hlﬂ% 53l

Lumped Method& ©]&% %
AR AdE =2dg e % OPUE Volume
-Junction Method& AF8-3 Al E#H oA =AH
o] & HASS AL & Utk

3648
LUMP result
3647 CFDresult
3646
3645
0 1 2 3 4 5 6 7 8 9 10
Time[sec]
2724
LUMP result
es CFDresult
2722
2721
0 1 2 3 4 5 6 7 8 9 10
Time[sec]
2921
LUMP result
2320 CFDresult
2919
2918
0 1 2 3 4 5 6 7 8 9 10
Time[sec]
223
LUMP result
222 CFDresult
221
220
0 1 2 3 4 5 6 7 8 9 10
Time[sec]
759
LUMP result
758 CFDresult
757
756
0 1 2 3 4 5 6 7 8 9 10
Time[sec]

Fig. 4 Steady state results comparison of two

types of simulation modelings
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