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Numerical study on heat transfer deterioration of hydrocarbon
fuel in transcritical process under influence of
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Abstract: In order to deeply understand the heat transfer characteristics of supercritical
hydrocarbon fuel in the process of active regeneration cooling, the heat transfer characteris-
tics of supercritical RP-3 were numerically calculated based on the open source software
OpenFOAM. The SST (shear stress transport) k- turbulence model was used and the
physical properties of aviation kerosene alternative fuels were calculated by the generalized
corresponding state law. Comparative analyses between numerical and experimental results
were used to evaluate the reliability of calculation method, the average error of wall tempera-
ture was less than 3% with the heat flux ranging from 300kW/m? to 400kW/m?. The mech-
anism of heat transfer deterioration was analyzed, the effects of pressure, inlet temperature

and the ratio of heat flux and mass flow rate on the flow and heat transfer were discussed. It

W75 H 89 : 2018-03-30
TEF TN 2 B A (1993 —) . 5 LB 2B . T2 BEWF 5 7 1) g 8 s S Tk SRR 2l 4 A

SIABNK RN, T, RGIZE, 45 L2 H 3 AR T i SRS IR 3 R 0 OB AL B B 9 [0, s 8h 12831, 2019, 34(2)
387-395. LI Liangwei, WANG Chang,ZHU Jiangin, et al. Numerical study on heat transfer deterioration of hydrocarbon
fuel in transcritical process under influence of multiple influencing factors[ J]. Journal of Aerospace Power,2019,34(2)

387-395.



388 i o= 3

no iR % 34 %

indicated that the dramatic changes of hydrocarbon fuel physical properties near the pseudo

critical temperature were the main cause of heat transfer deterioration under forced convec-

tion. Improving the pressure and the ratio of heat flux and mass flow rate or decreasing the

inlet temperature were effective measures to avoid the heat transfer deterioration near the

pseudo critical temperature. The predictive correlation formula of heat transfer deterioration

had been proposed, providing a reference for the regeneration cooling technology.
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423 4 0.991926
473 3 0.674001
473 3.5 0.801171
473 4 0. 839322
523 3 0.592612
523 3.5 0. 719782
523 4 0.818975
573 3 0. 483246
573 3.5 0. 584982
623 3 0. 254340
623 3.5 0. 330642
623 1 0. 457812

I DataFit 9. 0 #fFxf 2 1 i 8l #1475
SR C RSP E W R

q./G=a+beT,+ceTHh+d+p (1)

A a=—0.4903,6=14. 039X 10 *,c=—6. 562X
107°,d=0.2059, p(Hfii MPa) T, (Fifii K) J
q/GCAAL k] /kg) I BUE T [ 3<<p<<4,323<C
T.,<<623,0.25<q,/G<1.05, E ¥l % 2 R* =
0.983922108 5, Ik X 5 BE 0L 5 45 R AT

Rt R 1 p 34K, WM A A i R B B ) TR
G2 AN Ty R AR PO AY B v PR R B )N
FT e SR HCRA I G kA . i DR
S | W N Bl R e X A 2 R L
PR EINESIE 5 2% X R -2 AEPZOE R
KAF G LBRIE

T AR SCAR 25 T ) 6 Ik Bl 4 B 52 e [
I AR DGR N 17 Dy 400 fnb 2 T ) 3 I P
7 2 b — 2L B E AT AR Ry 4 POE AL R If 2109 PR 5F
flitt =%, [m] B G BE 2 B B )0z A o PR AT o
S 6 3 I

4 & ®B

ARICHEF IR CFD i+ H#H A+ OpenFOAM
X B SRR i SR R A e PR R AT T B
A S8 A PR AR R T e LA e 1537 ik ml S AR
FIIUEA L AL b R TRy R R RRE i A
UL s R o I e 2 L 22 5 0 PR 30T U Bl A A Y
SR I A S T e A B SC TR L AR
FIEIBWE

1) fBLIl 538 88 B 3 e Sk 4 1 el 20 A
e FEUESRH T A HAOEAL I T 2N

2) (eI SRS R e s BE
i v B T ARG S SRR Z R, &
BORE T Ab A e G AL s 48 8 R GE TR T R AR A
LR LA R ek /I BE THTARGAL 5 R 5 o A A L
S i O T I 0L I S IR B G0 A A PG AL B A K
Fti it o

3) MR BE AU R USR] T —
LS PO RN R SN E VST S c R TRIUES
/S

Sk

[1] 5% 7, ar M. KR RP-3 iz Sim e o i LT . et 4
A 2006,27(2) :187-192.
FAN Xuejun, YU Gang. Thermal property analysis of
Daqing RP-3 aviation kerosene[ ]J]. Journal of Propulsion
Technology,2006,27(2) :187-192. (in Chinese)

[ 2] SHIRALKAR B S, GRIFFITH P. Deterioration in heat

transfer to fluids at supercritical pressure and high heat



5% 2 3

7 R ABAF - 2 K BAE AT e SRR 6 I 5 o A 46 B4R A i BB 395

4]

[10]

[11]

[12]

[13]

[14]

fluxes[ ] ]. Journal of Heat Transfer,1969,91(1):27-36.
BOURKE P J, PULLING D J.GILL L E. et al. Forced
convective heat transfer to turbulent CO; in the supercriti-
cal region [ J]. International Journal of Heat and Mass
Transfer,1970,13(8) :1339-1348.

TR B A LS R R O IR BHR D CO: 1R
Ik Re T X i #e #h o5 (1], TR AW B4 42, 2008,29 (1)«
118-120.

ZHANG Yu, JIANG Peixue, SHI Runfu, et al. Study on
convective heat transfer of supercritical pressure CO; in
vertical tubes at low Re[ J]. Journal of Engineering Ther-
mophysics,2008,29(1) :118-120. (in Chinese)
MCELIGOT D M, COON C W, PERKINS H C. Relami-
narization in tubes[ J]. International Journal of Heat and
Mass Transfer,1970,13(2):431-433.

PR A BT . RIS CO, 7KF- 4N N 2 i 3h 5 e
P BUE R ], R 5 4R, 2005,4(2) 1 113-117.
RAO Zhenghua, MIU Shengming. Numerical simulation of
laminar flow and heat transfer in microtubes with super-
critical COy level [ J]. Journal of Thermal Science and
Technology,2005,4(2) :113-117. (in Chinese)

ZHONG Fengquan, FAN Xuejun, YU Gong, et al. Heat
transfer of aviation kerosene at supercritical conditions
[J]. Journal of Thermophysics and Heat Transfer, 2009,
23(3):543-550.

LIU Bo,ZHU Yinhai, YAN Junjie, et al. Experimental in-
vestigation of convection heat transfer of n-decane at su-
percritical pressures in small vertical tubes[]]. Interna-
tional Journal of Heat and Mass Transfer, 2015, 91 (1) :
734-746.

JACKSON J D,COTTON M A, AXCELL B P. Studies of
mixed convection in vertical tubes[ J]. International Jour-
nal of Heat and Fluid Flow,1989,10(1) :2-15.

XA BRI A A A A B A N IR s S N I e A O
[D]. deat . iK%, 2011,

ZHAO Chenru. Study on flow and convection heat transfer
of supercritical pressure fluid in a circular tube[ D]. Bei-
jing: Tsinghua University,2011. (in Chinese)

DANG Guoxin, ZHONG Fengquan, CHEN Lihong, et al.
Numerical investigation on flow and convective heat trans-
fer of aviation kerosene at supercritical conditions[J]. Sci-
ence China Technological Sciences,2013,56(2) :416-422.
ZHU Kun, XU Guogiang, JIA Zhouxia, et al. Pressure
effect on the heat transfer characteristics of hydrocarbon
fuel in the horizontal circular tube at supercritical pressures
[J7]. Journal of Aerospace Power,2016,31(6) :1289-1296.
ZHOU Weixing, BAO Wen, QIN Jiang.et al. Deterioration
in heat transfer of endothermal hydrocarbon fuel[ J]. Jour-
nal of Thermal Science,2011,20(2).:173-180.
FELLAERIF AR WL T T 1 X KT8 PR I B 2
RGBT L) ], K% BT K= %4, 2013, 53(6)

[15]

[16]

[17]

(18]

(191

[20]

[21]

[22]

[23]

[24]

816-823.

WANG Yanhong, LI Sufen, DONG Ming. Numerical study
on the effect of floating force on heat transfer of supercriti-
cal aviation kerosene in horizontal pipe [ ] ]. Journal of
Dalian University of Technology, 2013, 53 (6):816-823.
(in Chinese)

ZHU Jiangin, TAO Zhi, DENG Hongwu, et al. Numerical
investigation of heat transfer characteristics and flow re-
sistance of kerosene RP-3 under supercritical pressure[ J].
International Journal of Heat and Mass Transfer,2015,91
(1):330-341.

ZHAO Guozhu, SONG Wenyan ZHANG Ruoling, et al.
Numerical simulation on flow and heat transfer of n-decane
under supercritical pressure [ J]. Journal of Propulsion
Technology,2014,35(4) :537-543.

MOHSENI M, BAZARGAN M. The effect of the low
Reynolds number k- turbulence models on simulation of
the enhanced and deteriorated convective heat transfer to
the supercritical fluid flows[J]. Heat and Mass Transfer,
2011,47(5):609-619.

MENTER F R. Two-equation eddy-viscosity turbulence
models for engineering applications [ J ]. AIAA Journal,
1994,32(8) :1598-1605.

ANSYS Incorporation. Fluent 14, 5 user guide[ M]. Leba-
non: Fluent Incorporation,2013.

FEFEUR RGBT, 4 5. W B0 B UK RP-3 5 R AR 1Y ff
FELI. A7 3 H1 54, 2016,31(2) :391-398.

CHENG Zeyuan,ZHU Jiangin,JIN Zhao. Study on the re-
placement model of endothermic hydrocarbon fuel RP-3
[J]. Journal of Aerospace Power, 2016, 31(2);391-398.
(in Chinese)

DENG Hongwu, ZHANG Chunben, XU Guogqiang, et al.
Visualization experiments of a specific fuel flow through
quartz-glass tubes under both sub-and supercritical condi-
tions[ J ]. Chinese Journal of Aeronautics, 2012, 25 (3):
372-380.

TRARAS B B 1R Rk SURORE G I 3 5 e PR T O
[D]. dt5t db st & At K K%, 2011,

ZHANG Chunben. Study on flow and heat transfer charac-
teristics of hydrocarbon fuel under supercritical pressure
[D]. Beijing : Beijing University of Aeronautics and Astro-
nautics, 2011, (in Chinese)

URBANO A, NASUTI F. On the onset of heat transfer
deterioration in supercritical coolant flow channels[ RJ.
ATAA-2012-2880,2012.

KA, SRAR AR A BRI T )R Rk SR 8 LR
A AR L] A2 8l ) 2441 2012, 27(3) £ 595-603.
ZHANG Bin, ZHANG Chunben, DENG Hongwu, et al.
Heat transfer characteristics of hydrocarbon fuel in vertical
tube under supercritical pressure[ J]. Journal of Aerospace

Power,2012,27(3) :595-603. (in Chinese)
(% .2 2E)





