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Study on application of fluid network into the design of
air system in engine

TAO Zhi, HOU Shengping, HAN Shurjun, DING Shur ting,
XU Guo-giang;~WU Hong wei

(National, Key, Laboratory-en Aero Engines, School of Jet Propulsion,
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Abstract: A new program was-developed to predict the pressure, temperature and mass
flow rate of the flow in engine. The air system was simplified into a fluid network com prised
of nodes and elements. One dimensional conservation equations were solved by a method of
combination ‘of pressure correction method, fluidthermal coupled method and coefficient
correction method. The program was validated through a model with an empirical formula,
and the results showed good agreement with the empirical formula. Then the program was
used to verify and improve the preliminary design scheme of a jet engine. Results show that

the adjusted design parameters obtained with the help of simulation results are satisfactory.
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’ 3 5 8. 61 7.59 11.85
Am = 1 Apin + - Ap out ( 14)
ap in ap out
(14) (\3)
3
[amu . omix N amn] Api+ Omiy Ap s+ 3
Op: = Op: Ops ©oopy , 20 (3 .17
omu AN & amUApl -~ Ami (15) ) 20 , 6280rad/s.
op Op! )
) (
(3) . 19)
b, , 2.0x 10 Pa. 3
A[) b= 0 ( 16) .
n ) : ( 10 18)
¥ amg] Ap + 3/4~ 1, (
it Pi 19 20 5K.
S Om _ _ 2
[,-; apj] bpj == Ami (17) Table 2 Known conditions of inlet and outlet
i
(17) /10° Pa /K
A i
P 1 2.6 430
pi= pit Ap; (13)
( 17) ’ 19 2.0

20 1.9




24

(i) Bt i

i e

i WEMNE  RICASE

bt Ao

1] B¢
i

o
[ B3t

fi] Bt
i e fit [1] B¢
il e il it

i) Bt i

I

B ALY
it

3

Fig.3 Fluid network-ef the computational model
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Fig. 4 Comparisons of the calculated and

’ designed pressures

19 ,

5 ) , ) 10 19

0. 380 9kg/ s, 9 ( 19) 488. 57K,
( 10 (20 490. 65K,



2.09K, 5K,
2.10
’ m Wit B
2.05} A R
0.40
- - L 200f
0.35¢ -g
< 195 By,
030 . = 5
2 025} | .
’2 D) | 3 3 1.85}
= 020
= 0.15 \.'.'
o R B S R T R VR TR T
0.10} B M WS
0.05 L;...;. L (: 1.;{.14110.1.‘1_;| 114““‘6. l‘x‘“‘)() 7
- o ,‘,_ - Fig.7 Comparisons of the newly calculated pressures
and designed pressures
5
Fig.5 Predicted mass flow rates of branches s
045 L ﬁ Zg jJ i
—A- )R
- 0.40% o
~ 035
490 2 .30}
I / o EEEEEE
| ] 2= 0.25
488} o
':':E 020 “ﬂ - A-A-A-A-D-A ﬂ
% as6} ﬁ = .15} s fad
= v, 0.10 ! '
484} o 0.05 AT . N
) )\.} 274 6 8 10 1214 16 18 20
482 x TR S
48()%‘
8
2 4 6\ 8 10 12\14 16 18 20 Fig.8 Comparisons of the pressures calculated before
6 1 £ and after parameter adjustment
Fig.6 Predicted temperatures of nodes 494
, sl [m- BWITE A
L —A- AT R /A/
, ( 19) 490} A/A
195 OOOPa, . 488: A/a/.’
: L
. 17, 18 B sl a9
. 2.9.10.13 M v
: 0.07%, 0. 23%, asopy @
0.16%,0.21%. p e PSPPI RIS ST A ST TE o
8 2 4 6 8 10 12 14 16 18 20
1 25 5
9
, 0.3806kg/s,
Fig. 9 Comparisons of the temperatures calculated
( 10 18) .
before and after parameter adjustment
0.1698kg/s  0.2108kg/ s,
4/, 3/4~ 1. 19) 486. 82K, (
9 20) 492. 80K, 5.98K,

( 5K . 9



24

[1]

Majumdar A K. Numerical modeling of pressurization of-a
propelant 4ank [ C]// 37th ATAA Aerospace Seiences
M eeting Conference and Ex hibit. AIAA Paper 1999 0879,

[2]

[3]

[4]

[5]

Reno, USA: ATAA, 1999.
Holt K, M gjumdar A K. Numerical modeling and test data
com parison of propulsion test article helium pressurization
system[ C]//36th AIAA/ASME/SAE/ASEE Joint Pro
pulsion Conference and Exhibit. AIAA Paper 2006 3719,
Huntsville, USA: ATAA, 2000.
Schallhorn P A. Forward looking pressure regulator algs
rithm for im proved modeling performance within the ger
eralized fluid system simulation program [ C]// 40th
ATAA/ASM E/SAE/ASEE Joint Propulsion Conference
and Exhibit. AIAA Paper 20043667, Florida, USA:
ATA A, 2004.
[J]. ,2005,20(5): 83F 835.
GUO Wen, JI Honghu. Com putational analysis of the HP
turbine nozzle guide vane internal flow characteristics| J].
Journal of Aerospace Power, 2005, 20( 5): 831-835. (in
Chinese)

[J]. ,2006,31(2): 59 62.
LIU Jian, ZHANG Weizheng. Study and application on
graphic modeling techniques of engine”lubrication system
based on nodal network theory[J]. Lubrication Engineer
ing, 2006;31(2) 759 62 (in Chinese)

[J]. ,2007,26(2):5558

WANG _Shugang; SUN Jinpeng. An incremental network
approach fot the differential sensitivity of steady fluid pip
ing networks[ J]. Building Energy & Environment, 2007,
26(2):55 58. (in Chinese)



