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Heat transfer investigation for 5 kN regeneratively-cooled

engine thrust chamber
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(Shanghai Institute of Space Propulsion, Shanghai 201112, China)

Abstract; 5 kN gimbaled engine adopts the regenerative cooling technology in the thrust chamber
design. In order to validate the rationality of the cooling scheme of the thrust chamber, the heat trans-
fer calculation on the regenerative cooling thrust chamber was conducted, and the effects of excess
oxidizer coefficient and combustion chamber length on regenerative cooling were analyzed, and an
improvement approach for the engine design was put forward. The redesigned engine worked proper-
ly in the firing test. It indicates that the improvement approach is effective.
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Fig. 1 Schematic diagram of 5 kN

regeneratively—cooled thrust chamber
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Fig. 2 Schematic diagram of heat transfer in thrust chamber
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Fig. 3 Axial subsections of thrust chamber
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Fig. 4 Axial density distribution of heat flux
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Fig. 5 Axial temperature distribution on wall of thrust chamber
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Fig. 6 Mean flow velocity of coolant

-

1400 _ —— A HI SV
120+ L

100+ .
ot ",
60t

WE/C

40}
20+
0

fOO 130 2b0 2g0 360 330 460
7 BE B9/ mm
E 7 BAREEEE g

Fig. 7 Average temperature of coolant
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Fig. 8 Influence of different excess oxygen

coefficient on heat flow density
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Fig. 9 Influence of different excess oxygen

coefficient on temperature at coolant outlet
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Fig. 10 Curves for heat transfer density of redesigned engine
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Tab. 1 Influence of thrust chamber length on heat transfer

HERE  BARHRE hAMRER  BRERE PR MIBE T REIF O
mm (kWem?) (kW-m?) BEREC BERIBEC TR EEIC
500 4 096.9 40454 998.3 373.5 109.8
600 3783.1 4 069.6 923.0 356.3 118.1
700 3 300.6 4 089.2 823.1 328.5 125.3
800 2 780.0 4101.5 685.4 287.7 1323
900 2 247.1 4101.5 597.8 260.7 136.2




FIsEFH2H

7 2&, . 5 kN HARHRSIYHE ZERBISR

37

BEEFHERK BRI R, WA O E
IR, TRRGEE N BRI R R IR
HHER. AR 1ATLEL, RIMUERER
B, BUMSAERBE, AT LIRS 2050 6
HRE, HEAPREENRERARRRBES
Kig EFt, FHEREER/NE] 500 mm B, R
REECEENIERAREE, RIVELTEE
EFETAE. BLTTRIAE, FEENZERREK
B, W RARRRYS AR R, (EOvRIER B)
PLEGPEBERI AT S TAE, SRR EARES .

3 BB RIRERR

EFXT 5 kN & ShAL TAERHA 157 a7 88 1 3%
ALRIERE, AT AR RR AR REAT, R
PR R AR B R BN G8 5 1 1 BRE R E R
Hiti, XH&R BT T Bk,

BRI RS, #ITERITE, BREN
(EAIRFEE SR TR A RREE (A 10
Frs) , EIFIE ORER 70 C, KTHREHMY
WRAEE., ABER. ZIBENMRELE,
EEWLBIFRYIER, KIEHR, RERE,
A ERTEBESTSEAERRE,

PIRERBETH T 60 s TERFR, LI
BB ERE NI SR E, ERSIPLERT
YEBARIRRAME, M 69 C, SERITERBHN
HREAYE, ATLNEAFAR S EERT
5 D REHERA T VA E0 N AL 2 A B TE 9 AR THE

B, AN ERARHRE S,
4 it

SR K& R BIPLAAT AR A, HinRLE
BHRBEWRAE—E, WER B ERENE T R
MITEOLT , KR bess o B BEIR B 42 I FE AT RL SR F
AITEREI A . AS3CEE %t 5 kN RBIHLE AR E# S
EHTTHERGE, HEEMT TARKRERI
FRMER BEX FAE R AN IR, FEXF R SIPLEEAT
T, R E A R RRTIER I
S RREDES . By REHEE, &l
THEFSE, RUISTIHMEE EBEREHE EEH
BT 7 1 RE MR T & 2030 BRI K-

S 30wk :

[1] X ER. BHERASEHVEE M]. L5 FME AR,
1993.

[2] Fhgkk. A FHEMREIVKR LM, db5: EHH
2= AR, 1999.

[3] %A%, 10kN SURRIEFHAERH R SIVE AR R K&
ek, 2009, 10(5): 8-12.

[4] B=17 G P, tLAEHIz% O. K& ZIPLERM]. JLT: B2
Hi R4, 2003.

[5] #Ri%/R D K. WK & RSB TR M), Jbx: &
B S5 8 ARAL, 2004.

(6] #Aiit4h, MISCe. FfE (B=W). L REHFE HM
#t, 2002.

(RE: § X&)

R e A O U A A A A A A A A O U

(L8 mM)

[8] COOK Steve. Exploring the future—3rd generation and in—
space research and technology [C]/ Proceedings of 12th
Advanced Space Propulsion Workshop. [S.1.]: ASPW,
2001: 12-19.

[9] SIEBENHAAR Adam, BULMAN Mel. Development and
testing of the aerojet strutjet combustor, AIAA -99-4868
[R].USA: ATAA, 1999.

[10]SIEBENHAAR A , BUIMAN M J. The strutjet engine:the
overlooked option for space launch, AIAA 95-3124 [R].

USA: ATAA, 1995.

[11] FOELSCHE R O. Experiments on a RBCC ejector
scramjet with integrated, staged secondary—duel injection,
ATAA99-2242 [R]. USA: ATAA, 1999.

[12JROGACKI Row. Delivering the future: NASA’s integrated
space transportation plan [C]/ Proceedings of Fifth
International Symposium on Liquid Space Propulsion. [S.

L]: ISLSP, 2003: 23-29.

(44E: TBE)



