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Supercritical Heat Transfer Characteristics of a JP-8 Surrogate
Fuel in a Scramjet Regenerative Cooling Channel under

Different Heated-Wall Locations
Sangho Ko, Yuchang Gil”, Sungwoo Park™

ABSTRACT

Scramjet engines operating under hypersonic conditions require regenerative cooling using jet fuel to
mitigate severe thermal loads. Under supercritical conditions, pronounced variations in thermophysical
properties can significantly alter the flow and heat transfer behavior. In this study, the supercritical heat
transfer characteristics of JP-8 fuel in a scramjet regenerative cooling channel were numerically
investigated using a surrogate fuel formulated via a genetic algorithm. At an operating pressure of 3 MPa,
abrupt changes in density and specific heat near the pseudo-critical temperature induce buoyancy
effects, leading to buoyancy-driven rotational and secondary flows. The flow and heat transfer
characteristics were found to be highly dependent on the heated wall location. In the side-wall heating
case, asymmetric rotational flow and isolated dead zones were observed, which were associated with
locally unfavorable heat transfer performance. In contrast, the bottom- and top-wall heating cases
exhibited enhanced secondary flow development and improved flow mixing. Although the total heat
absorbed by the fuel remained similar across all cases, the wall temperature distributions varied markedly
depending on the heating configuration. These results demonstrate that buoyancy-driven flow structures
play a critical role in determining supercritical heat transfer behavior in regenerative cooling channels.

Key Words : Genetic Algorithm(f-4 €318]&), Surrogate Fuel(®AIR), Supercritical(ZYA),
Regenerative Cooling Channel(A1A Wzt ), Buovancy(F-2)

.M 2 S TH7MER A% A BY 2k A5 HEe] A

Ayl 4 Bl 3% #-5of o5 Azt dst

ATUAE ARG AL T4 HA= u|F ol h—_%%rf}(Han et al., 2025). °o]=et 1& &4
2 Q1A A Ak ofdEt 7= AT 28 o

Receivedi 28 Jan. 2026, Revisedi 19 Feb 2026, =z éOﬂE X]@X‘]O 0'532% D]i]EE ﬁﬂ'@.‘ﬂ %%a

Accepted: 10. Mar. 2026 °

* "?ﬁ@%‘ﬂi‘ﬂ 5] _1_0 zu]ﬂ;q] J,]_ 7]€°] ;(4__& .QL‘_rLHQ'(ZhLl et al., 2018) O]Q-

= Qg AvhEg Rk e 9ue BAE Es] A% P F sz A

e Zﬁ%%ﬂ@ﬂ f&%%%‘%lﬂ?%l%@-‘?— AWzt Ado) %1 H, AEATZ 914 o]Ao] Y
ST 2489 9 wad we 98 Sges
szagosh N Gl L&}OFE}(Bao et al 2010).



saggedets] AIWAE A3 APEA Aol sl Hel 910e] mE P8 malelno] 29 Aag =4 27

255 HE 2oA APz A iR A=
= 121 o] FolA =M, o|= Qs AR
zlsto] 290A AR M2 4= ok 2AA AdH
9] dE= 7|E IA A= UE f5 2 Y B4
= YUY, o= ¥7 5t A= 35 540 9F
< Ul 4 At Huang et al., 2016; Xie et al.,
2022). webA AEZ A W 294 A8 As=
olgfsl= A2 ATWAE X9 YA 283} 4l
B gEE 9o 85tk

SHH, AA| & oAM= ol Qsf Feo] WA
st ol dE #& 54 JFE vXtHHuang
and Li, 2018). dtidoz vt B2 Agrt A 4
R& olsstHA f5 BltiAde] A3kd 4= 9, o] I}
oA FHgo] Aot=lz Fo] YRt FHE |gt
(heat transfer deterioration, HTD)7} &g 4 Q1
THSun et al., 2019). E3, A= AF F5 A &
& 270 w97t e 24 g2 4 gleus
(Li et al., 2021), T}F3t 28 =S ek Ad Ui+
& 2 G EA gk AAAQ] £40] Zasich
& AFo)ME n-decaned} Zo] AEAZE thA|
T U T SRS I A = =
KL et al., 2019 Li et al.,, 2020; Chen et al.,
2021). 134 Jet-A 2 JP-83F £ AA| AEARE=
B3Rt SEEA 2% #slo] o G433 444 |
SHETE ofUel AmE Itk B@RleAal] SR 2
ol Wt 55 9 I E4do] IA E=H &= ]lo,
a4 sRkEte g AR du AsS FUsHA EAbet
< Holl= A7 i olofl met AAksAofl s 45
o] i HlpAas HEH EARIRE =Yste] 35t
S dedetiAE AR dR9] 38 B4 A
Hog AAsta, s Aol A==E AL = A
= o] "asttHDooley et al., 2010).

ERHAA ATFAE A7 G oAM= &
5 2485 oidE Ad I 2 71E 2ol 294
A Aol 383 FFE vt ATHAE A-
A Fig. 10 TZA|E HEeL o] ApzF gog
JEln], olE EuiXe Y A4 Hixof wet
Ad W 7HE #He] 9A7F eIt Luo et al.,
2021). =4 71E B9 91A] BisPF 294 5
Z 9 QA Fxo] vX= FFol| et AAHI A
T= opg] AgtHoltt. oo E JoA= JP-8 AL

A=E 8ot AYIZ A o 294 AL

N

et

S

&
o
g ‘\‘}\ :
o
o>
>
:““\
pOOO00000000000g
= I [=
ol- -lo
o Combustor | [
of- -[g
al- (heat source) -|3
o]+ |O)
Doooooooooooood

Fig. 1. Schematic of the regenerative cooling
channel
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Table 1. Objective functions used in genetic
algorithm optimization

Objective function 1 Objective function 2

MW

DCN

LHV 5 temperature points on
TSI the distillation curve

H/C ratio
Density (298.15K, 1 atm)
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Table 2. Chemical compositions of surrogate fuel

Species Mole fraction
n-Tetradecane 0.344
iso-Dodecane 0.244
Decalin 0.197
1,2,4-Trimethylbenzene 0.213

Table 3. Properties of jet fuels and surrogate

fuel
Properties JP-8 Surrogate fuel
MW [kg/kmol] 161.0 162.6
DCN 50.1 50.1
HV [MJ/kgl 43.3 43.3
TSI 23.0 22.9
H/C ratio 1.93 1.96
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Fig. 2. Thermophysical properties of JP-8
surrogate fuel
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domain

o] ¢ H o= derda gRlstglor, ol si4
o AT mEAe st HS Hw VK 24
off tsfiAet =25k =2Yatalct. deol 7] &
© YA o2 mE gl 2os AAsilal, o
AL SUS 304= A3t ofd M=ol daide wt
Gatoirt. EoF, AA AYEZ AlAFelA tho] A
do] ushs] Hix|Ee S4& st i g9
8 B AAllE F71(periodic) 274-& A&kt
9 a3E aHs] 9l 59 Ve v UL
= Ag3les Al

v. 2 2

4.1 z=A fHQl =4 Hat £

Fig. 20 Uehdl Hie} o], A5 dgo] 25 74|
9] AA 4 o]l A FARIARE (pseudo-criti-
cal temperature) $-2oA EAX7F G235 WSkt
ot SARIARE ols Mol = Ao w2 g
=t Fr 4oz Qg HAe fARKliquid-like)
A Hole B, fARIAIRE ol FtelA= 2
o H=rt Aast F719F fARKvapor-like) A
BOo= Holdrt. wEbA Yz Ad W faolA
e o] WskE EARCEN B4 FHo] YERt
= AAE g 5= Stk

Fig. 5& ok ¥d 712 27 (Case (b))oA A4
TYHUX=0)2] YZ BHoAY Hde & 2% BxE 1}
ERdt}. Fig. 59| Ao wi=d, JP-8 BAMIRS]
ARIAZES] 9F 710 K F2olA BH Q1Y 499
de7t F435] faste Fgo] vehdth X3, sk
H 71 2ol Etekal, HA| Mol o) A
5 HE QI §5 Al IR THdEE Aol TEE
o} o|2 Qs ¥H Q1 FYolA HA U=r} FAast
7] AlEst, shRE XgHl wet W fet S4



30 143,

, dHde Vol. 34, No. 1, Mar. 2026

0.001
(a)
0.0005

Y |m]
=

-0.0005

-0.001
Z |m]
0.001

900
0.0005 L

Y [m]
o

-0.0005

-0.001

E
0.6 07 08 09 Lo L1 TIK]

Z |m]

Fig. 5. YZ-plane contours for the bottom
heating case: (a) density, (b) temperature
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Table 5. Area fraction of mixing—limited region

Area fraction [%]
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