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Heat trander characteristics of expander cycle thrust
chamber with different cooling routing

HAN Fei, LIU Yu
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Beijing University of Aeronautics and Astronautics, Beijing 100083, China)

Abstract : _To study the heat trander characteristics of expander cycle regeneratively -
cooled thrust chamber , three dimenson computational model s of a referenced thrust chamber
and two expander cycle thrust chambers with different area ratio were established. The cool-
ant heat pick-up , pressure lossin the cooling circuit , wall temperature and heat flux distri-
bution were calculated by numerical s mulation. Influence of increased length of chamber cyl-
inder , different cooling routing and area ratio were investigated. Governing equations were
discrete with two order upstream scheme. Numerical results show that when a conver se cool-
ing istaken, the areaof hot gaswall surface of chamber isincreased 70 % by increased length
of chamber cylinder and the coolant heat pick-up is increased about as much as one time;
while the selected co-flow cooling routing is employed , the pressure lossis decreased in cool-
ing circuit but the coolant heat pick-up isless than the converse cooling and this cooling rou-
ting leads higher wall temperature at the throat.
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Table 1 Dimension of reference and expander cycle thrust chamber
/ mm / mm / mm / mm
206 160 7 08 13 144/ 288
€=7 206 480 7 08 11 300/ 150/ 300
€=14 206 480 14 08 11 300/ 150/ 300
41 2 )
(1) , ( 2a) ; (4)
; (2) ( 2b)

; (3)
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Fig 2 Different cooling routing
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Table 2 Characterigtics of thrust chamber (
70 %)

Pc Te Cp/
/[ (MPa) [ (K) (K kg K/ (kg9

20 K

3 668 3400 3 831 2 611 '
1 )
3 85 3423 3771 2 718
4.2 ' *
421 . ’
3 b
, 0.2MPa, ’ ’
85K:
€=7, 0. 2415MPa,
3

Table 3 Simulated results of reference and expander cycle thrust chamber

A Po:/ MPa A Teel K T/ K
0 20 85 0 613 2
0. 2415 169. 2 641 7
0 2110 143 3 695 1
€=7 0 3426 173 8 588 5
0 5421 133 6 643 2
0. 280 173 9 644 5
0. 2170 152 5 707. 6
€=14 0 357 178 1 649. 7

0 6033 143 5 705 3
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Level P/P10Pa Lewed P/P10'Pa
15 12033 15 12085
14 12012 14 12047
13 14991 13 12009
12 14971 12 14972
11 14950 11 11934
10 14929 10 11896
3 14909 9 11858
8 11888 8 11821
7 11868 7 14783
6 14847 8 11745
5 11826 5 11707
4 14808 4 11870
3 14785 3 14632
2 1474 2 14594
1 11744 1 115656
(b) PZXH7_1h_co (a) PZXH7_1h_con (b) PZXH7_1h_co
n 8 1
| 1
Level PIP10P Le 10'Pa
1 58 15 031
’ Y 14 12033 1-1322
? g 8 :
(¢) PZXH14_1h_con 12 11984 ] 11917
11 14 A 1 11879
g AR 1934 10 11841
; ‘ 9 11910 9 11804
L 4 13 | 8 885 3 dires
-1 1 11860 7, N
6 11436 6 1.1690
5 181 5 1.1652
1. 4 11614
/\ 3 1762 3 141576
V 2 11737 2 11538
' \ 1 11713 1 1.1500
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( )
.5 Pressure contour of expander cycle thrust chamber cooling channel
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