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Rocket Engine Dynamic Simulator (REDS)*
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Keiichi HASEGAWA*®', Nobuhiro YAMANISHI*® Atsushi OSADA**

ABSTRACT

A simulator has been developed for the computer modeling of the hyclrodynamical and thermodynamical events
inside a rocket engine. Called REDS, for “rocket engine dynamic simulator,” it is a tool to simulate and examine
unsteady behavior in a rocket engine system. A rocket engine is modeled as a system of pipes with various hydraulic
elements such as turbopumps, turbines, valves, orifices, etc. Flows of fuel, oxidizer and combustion gas are simulat-
ed by solving conservation equations that take into account the materials’ phase changes and physical properties. The
physical properties of fuel and oxidizer are computed with GASP, a computer program that deals with the thermody-
namic and transport properties of rocket engine propellants. The motions of turbopumps and turbines are coupled to
the system with flow equations. The heat exchange between fluid and walls is also calculated and incorporated into
the energy state of fluids. In the present version of REDS, the code has been developed to simulate unsteady behav-
ior such as the startup and the shutdown of a staged combustion cycle engine, and has been applied to Japanese
launch vehicles H-II and H-ITA. The validity of REDS has been checked by comparing its output with combustion test
data. This showed that REDS does well at reproducing the unsteady responses seen at startup and shutdown, as well
as in the steady-state working condition. To reduce computation time, the code of REDS is parallelized and can be
run on a PC cluster. REDS has been constructed with sufficient flexibility to model any configuration of rocket engine
and is expected to contribute to the R&D of the next generation rocket engine.

Keywords: rocket engine, dynamic simulator, staged combustion cycle, LE-7A
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TEST A TEST B

err.[%] err.[%)
overall flow rate [kg/sec] —0.33 0.35
overall oxidizer flow rate [kg/sec] — 0.80 —0.16
chamber cooling flow rate fkg/sec] — 0.51 5.42
nozzle cooling flow rate [kg/sec] 3.59 2.89
FP & MCC film cooling [kg/sec] 6.48 6.93
fuel turbine flow rate [kg/sec] 6.64 9.92
oxidizer turbine flow rate [kg/sec] —0.93 1.31
MCC pressure [Mpa] 3.57 541
MCC oxid main injector press [Mpa] 3.11 4.64
MCC fuel main injector press {Mpa] 3.47 5.36
PB chamber press [Mpa] 5.08 6.81
PB oxid injector press [Mpa} 4.60 6.27
PB fuel injector press [Mpa] 8.01 9.47
fuel turbine inlet press [Mpa] 512 6.79
fuel turbine discharge press [Mpa] — 2.20 — {0.62
oxidizer turbine inlet press [Mpa] 5.76 7.85
oxidizer turbine discharge press [Mpa] 2.12 4.04
chamber cooling out terp K] 18.41 2.53
nozzle cooling out temp K} 17.14 21.34
combustion mixture ratio [O/F] — 5.29 — 7.90
preburner mixture ratio [O/F] — 6.70 —8.33
pump speed rpm 3.24 4.48
pump speed rpm 2.18 2.96
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START

Initializing MPI
call MPI_init
call MPI_comm_size
call MPI_comm_rank

T
H

Setting global parameters
call param_set
call ini_set_elements_position
call read_junvol
call jarea
call file_io_read_FTP
call file_io_read OTP
call tp_valve_read
call table_gasp_read

Setting local prameters
call ini_set_val
call set_visecmdl_h2_o02

i
Calculating local timestep
call timstp_H2

call exchg LH2

Calculating flows in hydrogen and combustion gas line
call solve_junction_H2Z
call solve_junction_G
call solve_volume_H2
call solve_volume_GH
call solve_volume_GG
call solve_volume_C

Yes

Time<tmax

ENO

Finalizing MPI
call MPI_finalize
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CPU2Z(rank 1)

START

Initializing MPI
call MPI_init
call MPI_comm_size
call MPI_comm_rank

l

Setting global parameters
call param_set

call ini_set_elements_position

call read_junvol

call jarea

call file_io_read _FTP
call file_io_read_OTP
call tp_valve_read
call table_gasp_read

l

Setting local prameters
call heat_noz_init
call set_viscmdl_h2_o02

L

Calculating local timestep
call timstp_02

Exchanging values between processes <_______d>

Exchanging values between processes

call exchg LOX

I

Calculating turbopump motion, heat conduction,

and oxygen flow
call subfip
call subotp
call heateqn_[h2
call heateqn_lox
call heategn_g
call solve_junction_02
call solve_volume_02

Yes
Time<tmax

No|

Finalizing MPI
call MPL_finalize
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