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Investigation on heat transfer characteristics of LRE

self-ejecting process

ZHANG Zhong-li, ZHOU Li-xin, ZHANG Meng-zheng
(Xi’an Aerospace Propulsion Institute, Xian 710100, China)

Abstract: An analytical model for convective and radiate heat transfer between the hot gas and
the ejector structure was established. The variation of wall temperature and heat flow of the cylindri-
cal and secondary-throat ejectors in the case of different cooling water flow is analyzed. The range of
mass flow rate of the cooling water needed for heat protection of the ejector was determined on the
basis of detailed heat transfer analysis. The computational results show that the simulation results are
consistent with the experimental measurements obtained in the vacuum cabin.
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Fig. 2 Analytical model of heat transfer
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Fig. 3 Cooling structure of cylindrical ejector
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Tab. 1 Flux parameters of ejector

YRE Bl
md(kg*s™) 44.615
BMIANH
wo T, /K 3 100.0
B
p,/MPa 5.72
my(kg*s™) 300.0,450.0,600.0
BHAKAD K )
SR v 93.0
p/MPa 2.5
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Tab. 2 Analysis results of heat transfer of cylindrical ejector

my Nkges™) 300.0 450.0 600.0
Tl C 20.0 20.0 20.0
Ty C 38.20 32.16 29.13
T,/ C 289.49 284.19 28134
Tl C 306.68 295.68 289.97
Tl C 40.22 34.64 31.64
T/ C 58.33 46.74 40.73

Gu/kW-m?)  817.60 818.53 819.03

Guwd/ kW m?) 81459 816.52 817.52
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Fig. 6 Cooling structure of secondary—throat ejector

WA 1 TR, NOAE 6 i 1 %K
W, HHERR KRB RS SRR Twe. W
BEIR T, REHUKIRE T, SRR g.. TS
Wi q. BT g R T WAL R, ot
SR 7~8 ik 3, EENMEIRHAKHAL,

ME 7~8 183, FIHRIERHKMERT,
FEE R HKIR BRI, <RER T, ZEAEE,
TREETR T, WAEREIEN, WAKH DRE G A
AW BPIRTEARTIE . AL B g R
KE, %75 HIKIR B TE 300~600 kg/s i
N TAER R 20,

(1) MM TN RN INITINE IS SRR S|
0 1000 2000 3000 4000 5000 6000 7000
x/mm

a) BHUKFHE R 300 ke/s

0 PATR! BRI FETATErE ETRTATES AR ATErS SNSRI I
0 1000 2000 3000 4000 5000 6000 7000
x/mm

b) BHIKREN 450 kg/s

0 T NN RIS SR IR A I
0 1000 2000 3000 4000 5000 6000 7000
x/mm

-

o) BHKFER 600 kg/s
Bl 7 RMEERS | SE AR IR B A AL i 2R

Fig. 7 Temperature variation of secondary—throat

ejector along axis



36 kP HE

20124E 2 H

—
[
(=3
[=

1

+qto|
1000 —a—q.,
N —v—q,
o 800%‘"4*—‘-&‘**‘&“-‘“*%*
£ B
2 600
< [
~ [
S W
400

200@

1] NI NN ST INIIIVES IENSTIr AN WA |
0 1000 2000 3000 4000 5000 6000 7000
x/mm

(a) VHEIKIRED 300 kg/s

—
[\
(=
(=

1

. —a
1000} i
I —v—q,
o SOOW
£ [
2 600f
2 r
= A A
400LE

200:—

[1] SN SN NPT GYATIVIY IENITE INIEPIIS SR |
0 1000 2000 3000 4000 5000 6000 7000
x/mm

(b) VeHIKHER 450 kg/s

)| TEFEFEFS NGNS NIV ENNINTE WA NI e |
0 1000 2000 3000 4000 5000 6000 7000
x/mm

(c) RHIKFLER 600 kefs

Bl 8 5] IRMERIES | S AR AT AR {2
Fig. 8 Heat flux variation of secondary—throat

ejector along axis

R 3 ZRMEEE G SRR
Tab. 3 Analytical results of heat transfer of

secondary—throat ejector

g /(kg*s™) 300.0 450.0 600.0
T/ C 20.0 20.0 20.0
Tl C 38.43 32.24 29.30
T/ C 289.52 284.2 281.35
Tipodd C 418.45 407.37 401.74
Tl C 4025 34.65 31.65
Tooad C 60.35 48.14 4195
Gun/kW-m?)  817.6 818.5 819.02
Jund KW-m?) 11746 11783 1180.1

3 AEHR

- RN K R BIPLR IETE ORI 89 — % K 3
B, ZERSPBERR . BERARLER, HOE
IREARFRARE, PIITE s s 4 i 75 3 5 1 4
Mo TR, WABESA, KERRA
TEERG . ROSHSRERESRER,
51 A 2R T LA 9,

O 28 A £ ]

AHKH B
9 BT ERE

Fig. 9 Installation diagram of ejector
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Tab. 4 Tested values of cooling water

HEMRS 001 002 003

BHKKE qu /kg's?) 6020 5995 601.8
BHIKABRE T, /C 20.3 11.5 19.5
BB ORE T,../°C 305 23.5 30.1

BHAKBRFC 10.2 12.0 10.6
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Fig. 10 Variation of cooling water temperature

with hot fire time
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