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Convective heat transfer characteristics of rocket kerosene in

circular mini-tubes at ultra-high parameter conditions
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Abstract; The regenerative cooling process using rocket kerosene has the specifications of high pressure,
high temperature, high heat flux and high mass flow rate. Under the condition of ultra-high parameters,
the low-voltage and high-current electrical heating method was used to simulate the thermal environment

of the thrust chamber in the rocket engine, and the heat transfer characteristics of rocket kerosene are
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studied in the high-temperature alloy steel ¢2 mm x 0.5 mm round tube. The parameter ranges are of
pressure 25 —65 MPa, mass flow rate 8 500 ~51 000 kg/(m’
and heat flux up to 35 MW/m’. The results indicate that under the tested conditions, the rocket kerosene

+s), fluid temperature up to ~ 500 °C

is in a single-phase liquid forced convection heat transfer mechanism. The heat transfer performance is
mainly affected by the fluid temperature and mass flow rate. As the fluid temperature increased, the heat
transfer coefficient increases. As the mass flow rate increased, the heat transfer coefficient increases. The
pressure in the range of 25 — 65 MPa has no significant effect on the heat transfer performance. With the
increase of heat flux, the inner wall temperature increases significantly, but the variation of heat flux has
no significant effect on the heat transfer coefficient. Under the influence of the heat transfer enhance

effect at the inlet, the heat transfer coefficient increases, and the higher the heat flux, the more obvious
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the inlet effect is.
especially under ultra-high pressure conditions,
cooling technology in the rocket engine.
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high heat flux

0 517

ﬁﬂﬁﬂF%%%ﬁﬁ%%ﬁﬁ%%%@i
U R S R R B HLIE SR
BERYER BT o M I I SR R
J11890.8 YRITE ™ . HE TSR S 25. 8 MPa,

LIS R B BT 41,5 MW/m* ™ | %%%ﬂ%ﬁ
JyEBEREE 3 000 K'Y DL JCEREI R A HIA

fkmmﬂﬁM¢LLmﬁmﬁmME¢%ﬂﬁ
2, AT LA SR I ) 2 B TR R R AR kBT &
L B BRI AR

KRB EE TR T — MR T 10 MPa'® | i 25
P ] H AR T H R ) W SR I KO A sh ALY AN
W % J2 I8 AR V8 H) 3 G A R T WA AR W R T
KT R 2 A A WL A Y AL IR A, I
SR 7 R R BE 4> 3149 2.5 MPa 677 K71,
I B0 T2V 0 AR — /N L I
AN = =BT T L Sl N O R
DI

[l b 0 SR S BT 2, WF R T — s
PR AHEIN R S B PR BRI 415 MW/m®
JEJI A3k 31 MPa, >Rk iz B9 T RP-2 B9 sl
PRPEE: o HIMERAE B T AT BRI, AT T R
FR I Shat PR M I, N B N9 . Liang 25 7R
2.2 mm x0.25 mm BN E S NREE T H LN
ot RIS A T sl OGN 3K, S 3235 1 TR

regenerative cooling; rocket kerosene;

The heat transfer characteristics of rocket kerosene under ultra-high parameters,

provide a reference for the application of regenerative
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Fig.1 Schematic of flow heat transfer experimental system and test section for rocket kerosene at pressure up to 70 MPa

TR B A e R 28 ) A U AR S
AR, T2t R S AR WA . B A
1A 30 ok 8 R B I R ) R e T 2
T e B B A I e e A A ZE A L AL
AR g . R GEE T e 70 MPa, 5T & i
0~7.5 kg/min,

R BRI B 62 mm x 0.5 mm &l A
S, K 122 mm AR 100 mm, 1555 B
Tt AT B 6 AN IR A, F A AR A MEE I |
T AR 62 mm 1 K BIEALAE AR 1 (b) FTR,
TR B ) 1 A IR B RN 7 430l R K R4 4
FRH R ) A% R T i fin B F, R R R T
FUARUE HL AR 26 2% R O BRSO UE
A AR, W S G EL R B A R
25 ~65 MPa; i &7 # 8 500 ~51 000 kg/(m* - s);
PR B A K 30 MW/m” 5 256 B 1 98 A i B e
5500 °C,

1.2 #HELE
BB s IE E A, SR (1) 31050 BeA &%
Ul

wdL (1)

qeff,x - qloss,x

U g s s T oI 5 d R IE AR 5 L
A BN L 5 G, A HORAR o

FICEARE B A5 4 3 A/ BE T AR G | R AR A A
HY S B IO K, 7 X 20 31 30 e e vk A A
AT AEATARE o

B A A B 24 A EL 220 068 Jl 1 3 8, by [0 A A
A AR B — 4 37 FE AT B A BE TR A T
AW

D 1
-t d T ?) (2)

AT, B IMEIRE b 08 R SRR E
Pl B OGS o A S MEE TR P2 48 D N A IS ME

SEH R e AR 2 AR BRI DT A K0, =
SCT,) R )5 s FADUIE Al SRS 28 PN 45 A A 114 )
WRLAIREE T, Ry

fl [ Qeff,x

m

r, =T

wi,x W0 ,x

(2

T, = +Q,.(T)] (3)

0, = [ o M TRV x A0 0
AN s m R



5550 55

X SIREE < o 2 MK i S /N T [ A A O sl PR 1 117

SRR A ZR R AR 0 SR 2, B

efr
h, = et 4
! Twi,x - Th,;\ ( )

S AN A B 0 AT, A 8 S v A% T 2 R
RIANIE B, W3R 1 B

x1 KBSHLHEE

Tab.1 Uncertainties of experimental parameters
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Fig.2 Profiles of external wall temperature during increasing

heat flux and constant heat flux processes
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heat flux and constant heat flux processes
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