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Effect of hyper-gravity on heat transfer of supercritical n-decane

flowing in horizontal circular tube

WANG Yanhong, LU Yingnan, LI Haoran, LIU Hao
(School of Energy and Power Engineering, Northeast Electric Power University, Jilin 132012, China)

Abstract;In order to deeply understand the thermal management problem in aircraft engines under
hyper-gravity conditions,a numerical investigation on supercritical heat transfer of n-decane in the hori-
zontal channel has been conducted. The heat transfer mechanism of pseudo-film layer was explored. The
heat conduction process, secondary flow characteristic and its effect on non-uniform deteriorated heat
transfer along the circumferential direction of tube were investigated. A prediction model of circumferen-
tial maximum heat transfer difference was proposed. A buoyancy criterion for horizontal tubes was estab-
lished. The research results indicate that the abnormal density stratification in the fluid domain is en-
hanced ,the circumferential unbalanced kinetic energy is increased,and the secondary flow is strengthened
with the increasing gravity acceleration. The abnormal temperature stratification in the solid domain is also
aggravated ,which enhances the circumferential distribution of heat flux. Increasing the pressure makes the
weaker fluid density variation,which can restrain the influence of hyper-gravity on the heat transfer process.
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Fig.1 Horizontal circular tube
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Fig.2 Thermo-physical properties variations with

temperature under supercritical condition
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Fig. 3 Mesh configuration in the tube cross section
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Fig. 4 Numerical model validation

2 HEERSSH

2.1 BENTHHRRSFEST

S 25 i 1 N BETRURE A PN BE BRI 2 B A
ZRCE R B oA O, BE F L B E D 600 K,
FTRGLH A 1 200 ke/(m’® - s) , SMEE PG 2 B
600 kW/m®, T S I FE G R 0 ~ 6. i AT LA
B BITESIN 3 MPa HE Jy Ik Og B, M
1=0.075 m {3 B T 4 ) BLAS BE I 2 G 498 148 B4 3%
TORIRE , RO R A A% RO AR TR, o 7 Hh A O
FEAMESE o ONICTETH AT, A8 TOUR A0S e 5 Y
B SHHR . EIIE R 2¢ I, A 16 1 BLRE
it AR AR 22 20 o3 A [ e, A7 TR B i e T A8 IR AR, X
VTR S = A PRI S Bl A i
B A RE R [, MR A T AR I ROCR
THURR M AE, JVE ¥0 F) B S 2 K, 1 W T 4 T
ol o AP AV 4 R e A TR, )t B T PRGA
W L VAR RIS EL, 1 PR 3 T 7 SO ] 1) R R 20

HC, 522 BAGAL Fh A TR A 336 2 A7 TG R e i A T .
JIINGEFESE TN, TF T¢I 38 5, B R T ri) 22 S
Ko ERE L BE M PRGAL 8 A o AR B 3L R S 2T
A TIU S  A i i P 1o P08 81 A7 TR 38 o 1 g B8 4
A, RV [ AN ST AR D F T d O 6
I, B AT 4 v, A8 RE R B | PO L R R A
(1 5 AL AU 8, AN A AR POE A 32 B MR, JH 1) A

950
900} 6¢

& 8501 = ==

&~ 800 4 MPa5 MPa6 MPa
750 Top

Yy Bottom —o0— —o0— ——

700 1 1 1 1 1 1 1 1 1 1
950
900} 3 MPa

% 850 A=

&~ 800} 0} 2g

4g 6
Top g 6g

750
Bottom —g——¢——p——y—

700 L L
0.000.050.100.150.200.250.30 0.350.40 0.45 0.50
I/m

(a) PN BE VL

1200
"21000
© 800
§/600-
= 400}

200 e
1200
"2 1000
© 800
i; 600
= 400

T0p4 MPa5 MPa6 MPa
Bottom —g— —o0— ——

Bottom —g— —0— —A— —
1 1 1 1 1 1 1 1 1

200 L
0.000.050.100.150.200.250.300.350.400.45 0.50
I/m
(b PN EE AR

v

. 8
\E 6 &

C o4+ 4 MPa5 MPa6 MPa
E Top—a— —o— —A—
=2 Bottom —g— —o0— —A—
= 0 L L L L L L L L L |
100
v
.8
= ok
T4
=
2 2
S, . . ., Botmo o a5

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50
I/m
(c) I R EL

ES #H#ASHHHEESHIER

Fig.5 Axial distribution of heat transfer parameters
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