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Effect of normal overload on convective heat transfer process of
working fluid in airborne thermoelectric conversion system

YANG Xuan, WANG Zhongwei, NIU Yaobin™®
(College of Aerospace Science and Engineering, National University of Defense Technology, Changsha 410073, China)

Abstract; To grasp the effect of normal overload on the airborne thermoelectric conversion system, the convective heat transfer process of
working fluid in heat exchange ducts was simulated on the basis of the computational fluid dynamics software. Results show that the growth of
normal overload makes the flow field structure inside the pipeline changed, which finally leads to the gradually decreasing wall temperature. Along
the duct, the formation of one wall temperature peak of the heat absorption channel is closely related to the change of turbulent heat flux near the
heated wall. When the normal overload increases from Og to 2g, the flow structure at the front end of the heat absorption channel changes from 8
vortexes converts to the two main vortexes structure and the influence of secondary flow is gradually increasing, the formation of the two main
vortexes makes turbulent heat flux of fluid near the heated wall increases gradually due to the thinner temperature boundary layer. Hence, local heat
transfer coefficient can be increased by 80% . With the enhancement of heat transfer in duct, the wall temperature of the heat absorption channel
decreases and the maximum of wall temperature drop can be up to 290 K.
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Fig.2 Schematic diagram of heat exchange duct
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Tab.1 Calculated cases for heat transfer process of working

fluid in heated duct with different normal overload

T n(g) m/(g/s)  Po/MPa T,/K
A 0 1.5 8 300
B 1 1.5 8 300
C 2 1.5 8 300
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Fig. 17  Effect of normal overload on wall temperature
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distribution of working fluid on the cross-section

Effect of normal overload on temperature

4 ZHig

AR SR AL A L A 46 3R 8 W HAGE 3 YA 54 T
T I sl G R HEAT T BE A B, AR T k1)
T ORI PN I I 4 A e A R A R 1) R
MR, BB UT .

1) 3k 3 2 Og B, 8738 4 Y IR 3 TR 4
SFSK 4544 . Bl i 1) i 2R3 i &8 2, B4k )y A%
fextishag s am ., WE Ky, EE NS
SEFY 22 1 N SFSK 45 kP 78 g X2 10 45 1 P 4
AR 58 SFSK ZE R B FE o WL E TR 45 44 1T B2 PR
T M0 S 30 3 A 114 8 R TSR AR, 224 G AR T
Wy 71 A AR R AR, 3 (A EE B 3 i 1R
FEAR ) LI Sl i

2) k) ik 4 Og B, 4 H 5% 4 28 498 I R
T T P R TR I VR A K T ) R B — N I A5 4
R T hah P35 A A A P T ol 5 3 A 3 A P i D A4
T DIAH G - ZE A B a0 B BRI, el T i e
IR Be s A28 55 320 8 188 o 1% it 20 R =2 (8] 14 5%
G, AR T TR SN B, X R BT R
WEEITE L. FEVEEES M Z )G IR E KT, T
AR Kb A it S A DA 10 el | R T I
SRR S B AR Ak

3) Bifi 5 T Ao A I, 2 A B R T2 I 4
A5 (AT I AR R 30 P L B 3 S 278 AR
TN TR I BIR , 3X 2 3 208 N IR AL T
T RE DO YA TR B AT 3k 80% ., B E N
o PRI |, RE [T R T R A, B KR TR R LY
290 K,

4) Wt % 1) A 2R T, SR VR O AL o A ik
PRI 25% , BT 45 K4 1) 52 1) 328 7 1 5, 3X 2%
il R T R BRI A 3 B i 2 R R 2
XA R B AR MY, [FE, b T RE
T X 37 e R 2R R A 2 S A B 2 L 3 TR 45 A A 14
¥ Mt 80h 1g B, 7€ v =0.20 m &b, |- BE
T O R A A R BN 29 2 T B TR s P R
11 50%

22 37k ( References)

(1] . T 5 — SR BR A B A A v s & S LA
R RGN D], Kb ERRHRE, 2021
MIAO H Y. Investigation on supercritical carbon dioxide cycle
based thermoelectric conversion system for scramjet [ D ].
Changsha; National University of Defense Technology, 2021.
(in Chinese)

[2] MIAOHY, WANG Z W, NIU Y B. Key issues and cooling
performance comparison of different closed Brayton cycle

based cooling systems for scramjet [ J ]. Applied Thermal



42 4

WL, 5 3 i 2o O WL A R e fe 2R 00 T o Wi A A ) R ) 77

(3]

[10]

[12]

[14]

Engineering, 2020, 179, 115751.
MAO S, ZHOU T, WEI D, et al

characteristics of supercritical water in channels: a systematic

Heat transfer
literature review of 20 years of research[ J]. Applied Thermal
Engineering, 2021, 197 117403.

CUI'Y L, WANG H X. Experimental study on convection
heat transfer of R134a at supercritical pressures in a vertical
tube for upward and downward flows[ J]. Applied Thermal
Engineering, 2018, 129 1414 - 1425.

LEI X L, LI H X, ZHANG W Q, et al. Experimental study
on the difference of heat transfer characteristics between
supercritical

2017,

vertical and horizontal flows of pressure

water[ J]. 113
609 - 620.

XU R N, LUO F, JIANG P X. Buoyancy effects on turbulent
heat transfer of supercritical CO, in a vertical mini-tube based
[J1
International Journal of Heat and Mass Transfer, 2017, 110
576 - 586.

HE J, TIAN R, JIANG P X, et al. Turbulence in a heated
pipe at of Fluid
Mechanics, 2021, 920, A45.

LIAO S M, ZHAO T S. An experimental investigation of

convection heat transfer to supercritical carbon dioxide in

Applied Thermal Engineering,

on continuous wall temperature measurements

supercritical pressure [ J ]. Journal

miniature tubes[ J]. International Journal of Heat and Mass
Transfer, 2002, 45(25) ; 5025 —5034.

YAMAGATA K, NISHIKAWA K, HASEGAWA S, et al.
Forced convective heat transfer to supercritical water flowing in
tubes[ J].
1972, 15(12) ; 2575 -2593.

CHENG H, ZHAO J Y, ROWINSKI M K. Study on two wall

temperature peaks of supercritical fluid mixed convective heat

International Journal of Heat and Mass Transfer,

transfer in circular tubes [ J]. International Journal of Heat
and Mass Transfer, 2017, 113, 257 —267.

YANG D, WU Q X, CHEN L, et al. Numerical investigation
on heat transfer to supercritical water flowing upward in a 4-m
long bare vertical circular tube [ C ]//Proceedings of the
International Conference on Nuclear Engineering Collocated
with the ASME 2020 Power Conference, 2020.

FsE, TA, XU, A v K E 454 S 80k SV R
TSR ()] E BRSO 2R, 2022, 44(4)
151 -157.

YIN L, DING J, LIU W Q. Effect of structural parameters of
regenerative cooling channels on hydrocarbon fuel flow
distribution[ J]. Journal of National University of Defense
Technology, 2022, 44(4) . 151 - 157. (in Chinese)
WILE, £, FiE, S SRS AR TR T4
SNy R R R IR o A I e N0 RS E PN e o
2021, 43(5) : 46 -52.

HU J Y, WANG N, ZHOU J, et al. Numerical simulation on
convective heat transfer between high-temperature gas and
regenerative cooling panels of different configurations [ J].
Journal of National University of Defense Technology, 2021,
43(5): 46 —52. (in Chinese)

XURRFT. ER vl & B AL 32 3 v S T8 P (I S 3l
Sl MBEBM D] K. EPBEHE AR
2, 2015.

LIU Z Q. Numerical simulation of flow and heat transfer in

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

cooling channels of active cooled scramjet engines [ D ].
Changsha: National University of Defense Technology, 2015.
(in Chinese)

LIANG J H, LIU Z Q, PAN Y. Flight acceleration effect on
heat transfer deterioration cooled

of actively scramjet

engines[ J]. Journal of Thermophysics and Heat Transfer,
2016, 30(2): 279 -287.

U, MRIE A, IR, . KRR S LR SR
WA PR S AR BRG] S RER,
2022(6) : 57 -66.

LIHW, LIN G W, FENG W J, et al. Review of flow and
heat transfer characteristics of hydrocarbon fuels and progress
in regenerative cooling technology in hydrocarbon-fueled
scramjet[ J]. Aerospace Technology, 2022(6) : 57 —-66. (in
Chinese)

T3 W EHRLAE A R 5 A g PR AL T FE S e AL o)
WIFEID]. BRIREE: ISR RY:, 2022

YU W L. Study on the mechanism and influences of heat
transfer enhancement with hydrocarbon fuel pyrolysis [ D ].
Harbin; Harbin Institute of Technology, 2022. (in Chinese)
. v HEAE AT s i Al 45 A DU RR I B HE T
HPGEM[ D], WK BRETIL R, 2022,

HAN Z X. Deposition characteristics of thermal oxidation
deposition of kerosene and the effects on heat transfer in
cooling channels [ D ]. Harbin: Harbin
Technology, 2022. (in Chinese)

TANG G L, SHI H, WU Y X, et al. A variable turbulent

Prandtl number model for simulating supercritical pressure

Institute  of

CO, heat transfer[ J]. International Journal of Heat and Mass
Transfer, 2016, 102, 1082 —1092.

CARLES P. A brief review of the thermophysical properties of
supercritical fluids[ J]. The Journal of Supercritical Fluids,
2010, 53(1/2/3): 2 -11.

GESSNER F B, JONES J B. On some aspects of fully-
developed turbulent flow in rectangular channels[ J]. Journal
of Fluid Mechanics, 1965, 23(4) . 689 —713.

KIM J K, JEON H K, LEE J S. Wall temperature
measurement and heat transfer correlation of turbulent
supercritical carbon dioxide flow in vertical circular/non-
circular tubes[ J]. Nuclear Engineering and Design, 2007,
237(15/16/17) ; 1795 - 1802.

KIM J K, JEON H K, LEE ] S.

measurements with turbulent flow in heated vertical circular/

Wall temperature

non-circular channels of supercritical ~pressure carbon-
dioxide[ J]. International Journal of Heat and Mass Transfer,
2007, 50(23/24) : 4908 —4911.

PIROZZOLI S, MODESTI D, ORLANDI P, et al
Turbulence and secondary motions in square duct flow [ J].
Journal of Fluid Mechanics, 2018, 840 631 —655.
VINUESA R, SCHLATTER P, NAGIB H M. On minimum
aspect ratio for duct flow facilities and the role of side walls in
generating secondary flows[ J]. Journal of Turbulence, 2015,
16(6) : 588 —606.

LVLL, WENJ, FUY C, et al. Numerical investigation on
convective heat transfer of supercritical aviation kerosene in a
horizontal tube under hyper gravity conditions[ J]. Aerospace

Science and Technology, 2020, 105 105962.



