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Simulation of flow characteristics and performance of

vortex cooling thrust chamber

LI Gong-nan, YU Nan-jias LU Qiang

(School of Astronautics,

Beijing University of Aeronautics and Astronattics, Beijing 100191, China)

Abstract: Numerical simulation of3=D full=size model was conducted for 2000N gas hy-
drogen/gas-oxygen vortex cooling thrust chamber. Velocity distribution characteristics of
the flow [ield were obtained\ and\existence of the bidirectional vortex structure was verified.
The interface of inner and outer vortexes~accounted for 86% of the thrust chamber cylinder
radius, and the combustion zone-took up 70% of the thrust chamber cylinder radius. Analy-
sis showed that the’outer vortex cooling layer was mainly influenced by incoming stream ve-
locity and geometrie”parameters of thrust chamber. The pressure and density of the inner
vortex maintained stable due to the viscosity and combustion. The average temperature of
the thrust chamber sidewall was 388 K. The specific efficiency was above 92%. The results

of computation were consistent with the experiment results.
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Table 1 Geometric parameters of thrust chamber
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Fig.1 Assembly drawing of thrust chamber
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Fig. 2 Geometric model and mesh division

of thrust chamber
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Fig. 3 Contrast of swirl veloeity distribution

for three meshes
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Fig.4 Axial velocity distribution in

thrust chamber (unit:m/s)
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Fig. 5 -Distribution of streamlines/in

thrust chamber
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Table 2 Comparison of vortex interface position

SCHRL12-14 )R SCHk[ 101 i AR TR
A RS G T A A3 ST A
70. 7%R. 80.6% R, 86 % R,

THRRIITES BT =44 R B8 S0 ]
Fe SR FAL 2R b8 25 2 1R T 3 0 3 A IR BUZ
R 245 F 1) R a5 R BRI L DT 630 1 25 5
ol 52 24k A5 PR A TSR Y A 4 0 5 05 HH 5 ep g )
Frik.

R B HE T %8 Kk R A [ A B S 52 4 2 7 >R
U3 W A B RO AR AR A 4 g & b i 2006 ~
8006 Y 4 AT 7 B, 38 i 48 T 48 Th R L R T
RS ) B B AR A SR AL, DU T TR A
TS mi. T 6 2 A% AT Y Bl 1) L AR 1) L BE (V)
lie) ) 3 J&E 53 A1 o P 7 2 5 AT B J A7 L B O A
bR 5 5R FTH — A B P 6,181 7 v Z D I8 A B
N AR VATE

P 6 Ca) 745 th T N A1 I8 AL 43 BT A



el

200
[ —e— ZIL=20.8%
A ZIL=41.7%
150 | — ZHJZGZS%
; —o— ZIL.=833%
) I
£ 100
B
E sof
of
50 2
R
() fhy )
10
i B“‘\E{
sk % \
I i e [ 4
i F‘ 9 im[...l}'?i‘"
-
— ofehk
3 ?MQ
= [/
o _s4
= SR é
1ok \ \ —a— 7/, =20.8%
10 \a f b/ :
Vq?( \y | ——Zi=417%
RV § —v—ZIL=625%
-I5F \ A ez =833%
o £
0 i i i 1 i 3 i L i i 1 i I L 1 I L I 1
205 0.2 0.4 06 08 1.0
R
{b) F ] i R
150 e i-208%
—a— 7/ 241.7% y
[ 2L =62.5% -
100  —e—ZIL=833% M [
= S0 STV /
= | g4 J
| S mdﬁj
_-...I...I...I..I...I
Wy 02 04 06 08 10

/R
(c) it i it i

NS R R M MG R SRR B 423
0P —e—zi=208% P
35F —=—ZIL=41.7%

L ———ZIL=625%
30F  —e— 711, -833%
25F
& 20F
,i‘ 1.5 -
1L.0F ?
05 - FABEAr 7 L
0§
& 1 - J
03, 02 04 06 08 10
IR
(a) iR
12 -
—a— Z/L =20.8%
ok T ZL=41.7%
- o ZIL =62.5%
o o— ZIL =83.3%
£ 6L
= | K S g
4T i
‘EE:E s
2t
0'F
=% i 1 | o 1 J
0 0.2 0.4 0.6 0.8 1.0
r/R
(b) 5

Bl 6 W ) B AR Bl AR A 1) A 1] AR 36 T S R 4 AT
Fig. 6 Axial,radial and swirl velocity distributions

along the thrust chamber cylinder radius
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Fig. 7 Pressure and density distributions along

the thrust chamber cylinder radius
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F & 8 1, Sk 50l DA S W 3 A B Ol B
FERR L A R A T 500 K, rfc Ak i R A
FREE IR 2323 K. 5B E 4 F 5 e = SRk
JEE 43 A0 S < 4 0 S S I 0 AU Il g X 3 T i A 3
R A HE AR TR 1 s R R e 2 i MR R ORI
AR SR T R R W K R SR R S8
1) Sk FB A% A, s ARy R v TR A B 36 Sk A A
A EN.

AR H IR AT S R A R T
G301 9~ 12 .

B9 B, AAE R AR T ™ AR T R i

K9 HEHENETIAHLEEL
Fig. 9

TIK

3225

2494

1762 |

1031

300 !! > =

H, pathline in thrust chamber

B 10 Al Ty i o A

Fig. 10 Temperature distribution of thrust chamber
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H; mass fraction distribution of
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Fig. 13 Thrust chamber pressure,wall temperature

and thrust curves in the test
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Table 3 Parameters for nozzle outlet section
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MiieE m/ (kg/s) 0.4981
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EET) p./MPa 0.07029
WEE R p./MPa 0.1000
AT A fm® 0. 004301
MR A /m’ 0.001018
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Table 4 Performance estimates of thrust chamber
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