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Application of unsteady fluid network to air cooling
system in engine

HOU Sheng ping, TAO Zhi, HAN Shu jun, DING Shurting,
XU Gug qgiang;- WU Hong wei

(National Key Laboratory-on Aero-Engines, Schoolof Jet Propulsion,
Beijing U niversity of A eronautics and-Astronautics, Beijing 100191, China)

Abstract: A new, approach\ combining fluid network and unsteady simulation method
was developed to\ predict the unsteady-characteristic of pressure, temperature and mass flow
rate of the flow in)engine. The air cooling system was simplified into a fluid network com-
prised of nodes-and branches. Conservation equations were solved by a newly introduced
method to déal with the computational unstabilization problem. As a validation, the program
was applied to a model which had provided a correlation, and the computational results show
good agreement with the benchmark. Then the program was used to predict the unsteady

characteristic of flow in the cavities along the axis in the engine.
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Table2 Known conditions of inlet and outlet

p/ 10° Pa T/ K
1 8.0 510
2 8.0 510
11 1.0
12 1.0

3

Table 3 Designed pressurevalues of some nodes

p/10°-Pa p/ 10° Pa
3 6.0 6 3.0
4 5.0 10 2.0
5 4.0
6 7 3 4
( )
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Fig.6_Predicted) pressure history of node 3
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Fig.7 Predicted pressure history of node 4
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Fig.9 Predicted pressure history of node 6

10 10
10
010s
=
S
X

00100015

s

0 0.005 0.020

10 10
Fig.10 Predicted pressuré history of nodelO

, 3
0.0125s ,
, 0. 010s ,
3 4 ,
s 4 « ”» ,

UFSSP

[ 1]

[2]

[3]

[4]

[5]

[6]

498 24
0.010s
1)
& )
<
]
2)
2.86 NI R GFSSP ,
0 0.005  0.010 0015 0.020
/s
3
9 6 )

Majumdar A K, Steadman\T. Num erical modeling of pres
surization of \a propelant tank[ C] //_37th AIAA Aero
space Sciences Meeting Conferenceé and Exhibit. ATAA Pa
per 1999.0879;Reno, U SA: 1999.

M ajumdar A K. A\second law based unstructured finite
volumiie procedure for generalized flow simulation[ C]//
37th ATIAAX" Aerospace Sciences M eeting Conference and
Exhibit. ALAA Paper 199-0934, Reno, USA: 1999.
Schallhorn P A, Hass N E. Forward looking pressure regur
lator algorithm for improved modeling perform ance within
the generalized fluid system simulation program [ C]//

40th AIAA/ASME/SAE/ ASEE Joint Propulsion Confer

ence and Exhibit. ATAA Paper 20043667, Florida,
USA: 2004.
[J]. ,2005,22(4):5763.

LIU Xiaochi, LU Chongde. Study of model simplif ication
technology of dsitrict heating network[ J]. Com puter Simu
lation, 2005, 22(4) : 57 63. (in Chinese)

Reddy H P. Simulation and state estimation of transient
flow in gas pipeline networks using a transfer function
model [ J]. Ind. Chem. Res., 2006, 45 ( 11):
3853 3863.

Eng.

M erci B. One dimensional analysis of the global chimney
effect in the case of fire in an inclined tunnel[ J]. Fire Safe

ty Journal, 2008, 43:376 389.



