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Numerical simulation for tank pressurization system of L RE test-bed
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Abstract : '"A dmple model of propellant tank was established by neglecting mass and
heat tranger between the propellant and pressurant. Then by employing the modularization
modeling and smulation software for liquid rocket engine(L RE) test-bed gas system(L RET-
BMMSS GS) , blowdown of a tank and pressurization of a L O. tank pressurization system
during engine firing were smulated. The smulation results are in good agreement with the
analytical solution and test data. Accordingly, the software is validated to be effective and
versatile. The progress of modeling two systems shows that the method of MM S is suitable
for modeling complicated L RE system and can be used to smulate all kinds of working
processes of L RE system. The smulation of L O: tank pressurization system indicates that
PID control parameters should be set reasonably and the initial opening of pneumatic dia
phragm control valve should be adjusted to nominal pressurant mass rate, which is effective
to improve stability of pressurization starting transent.

Key words: aerospace propulsion system;liquid rocket engine(L RE) ;tank pressurization
system of L RE test-bed;numerical smulation;PID control
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Fig. 4 Numerical smulation model of L O tank pressurization system
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Table 1 Initialization and PID control parameters of L O tank pressurization system
pi/MPa  p/MPa ps/MPa ps/ MPa Ko Ki K T/'s p(0)/MPa  h(0)/ mm
1 14 1.705 0. 467 2.049 1.2 0.012 0 0.1 0.020 0.00
2 14 2.032 0.464 2.421 2 0.05 0 0.1 0.035 3.00
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Fg. 5 Comparison between smulation and test data of L O, tank pressurization system



22

100
, 0.21s , Tullage ,
, PID [5] 180 K,
( ) : 6(a) (b)
, 1.57s ,
( :
) , 1.97s ,
) 0. 49
M Pa . .
7 GPRR1 PDCV 1
7(a) (b)
, PID
6 ( ),
[5.6]
/ y
0.3 200
4 Casel 180
PR S, e FeT TR T
L= e O :Ptﬂ
- 02f rreert "-%’mt T={ R S
ﬁ; /;1- :(T'. RAK T=180K 1 hzo\g v
ég 0.15F s A gjnﬁiuu;m:ﬂ o 100 g& \\\\ ;S'
< ,ALI:L‘-W.‘.:AJ.\-L‘?‘\',’.'.’-' AL AR abr o] 8\\ : ~
01F 7" \\¥, AW g
0.05 140
\ ) 420
bl PO NP P PR | =) ()| PP U | L N LAY D 0
% ST NS/ 020 125 30 0 5 10 15 025
- —~ 45 1's
£ AR) (b)
6
Fig. 6 Comparison between smulation result of tank inlet pressurant mass rate
and prediction by experiential formula
0.2 5
s Casel ]
0.18¢ GPRRI *
0.16 st G T TV $a
A ¢ Nif g, T i o
0.14f / Tt —— e
g 0.2 | e £
' 9 = E
5 O/ 1 i
£ 4 % £
> 0.08 f’ .-2 < -
i ]
/ E
. I
1o 10
0 5 10 15 20 25 30 0 5 10 15 20 25 30
t/s t/s
(a) (b)
7

Fig. 7 Smulation results of valve core opening for GPRR1and PDCV1



101

(1)

(2)

(3
PID

(4)

(5)

[1]

LRETBMMSS GS

(2]

(3]

[4]

(5]

[6]

[7]

[8]

(9]

[10]

[11]

[M]. : ,2005.

Holt K,Maumdar A. Numericad modeling and test data
comparison of propulson test article helium pressurization
System[ R]. AIAA 2000-3719.

Majumdar A ,Steadman T. Numerical modeling of pressuri-
zation of a propellant tank. AIAA 99-0879.

Zlliac G, Karabeyoglu M A. Modeling of propelant tank

pressurization. AIAA 2005-3549.
[J]. ,
2005, (5) :22-25.
QU Qian. An intelligence pressurization technology of high
pressure and small ullage at low temperature tank[J]. Cryo-
genics,2005 , (5) :22-25.
[M]. : ,
1990:284-286.
[J]. ,2005 ,20(2) :339-344.
CHEN Yang,GAO Fang,ZHAN G Zhenpeng ,et a. Modu-
lar smulation for_tank pressurization system of L RE test-
bed[J].Journal‘\of Aerospace Power ,2005 ,20(2) :339-344.
[J]: ,2006 ,27(1) :9-14:
CHEN Yang.,GAO Fang,ZHANG Lihui ,et a. Finite vol-
ume model for numerical smulation on dynamic process of
pressure reducing regulator[Jd].Journa of Propulson Tech-
nology ,2006 ,27 (1) :9-14.
[A].
[C], : ,2005:316-324.

Majumdar A ,BaileyJ W ,Schallhorn P et a. A generalized
fluid system smulation program to model flow distribution
influid networks[ R]. AIAA 98-3682.

[M].
,2002.



