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Finite volume modelfor_quasi.one-dimensional compressible
transient pipe flow
(. )\ Finite volume model of temperature field

CHEN'\Yang, GAO Fang, ZHAN G Zhen-peng, WAN G Hai-xing, CAIl Guo-biao

(School of Astronautics,
Beijing \University of Aeronautics and A stronautics ,Beijing 100083 ,China)

Abstract :-Based'on the flow field model , a finite volume model suitable for smulating
pipe wall trangent heat trander was established by employing two-dimensional finite control
volume gridsin axisymmetric cylindrical coordinates which can deal with two boundary heat
trander conditions including convection and radiation. Variable thermophysical properties of
wall material and multilayer or vacuum sandwich structure of pipe wall were al 0 consdered.
The temperature field model is a natural extenson of flow field modeling method. The union
of both forms the finite volume model (FVM) of quas one-dimensional compressible trans-
ent pipe flow , which isa uniform numerical system of flow and heat tranger. Furthermore,
combing with throttling model of valve core,the model can be further developed to establish
the flow field and temperature field model sof common componentsin pipe system. The mod-
eling and smulation of a certain liquid rocket engine test-bed L O: tank pressurization system
shows that the FVM has a wide scope of application and good smulation precison.

Key words: aerospace propulson system; one-dimensional compressibleflow ; transent
pipe flow; heat trander of pipe wall; finite volume method; system dy-
namic s mulation
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Fig.1 Finite control volume grids of two-dimensional axial symmetric pipe wall heat transer
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Fig.2 Numerica smulation model of L O tank pressurization system
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Fig.3 Comparison between smulation results and test

data of L Oz tank pressurization system

4
[13]
[13]
Tuitage 180 K™,
0.30f 1°™
T e R [
---0,0) gé - B BRI
) L. i (),.(0) -
} 0.20 —Q.0) 25 T=180K 20 53
Fousf TO ik J1s0 3
> 0.10F T e 7100
0.05F 1%
1 1 1 1 L 0
0 5 10 15 20 25 30
tls
4

Fig.4 Comparison between smulation results of
tank inlet pressurant mass rate and
experiential correlation prediction
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Fig.5 Thermal stratification of flow field and

temperature field in Tankl
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