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Abstract: Heat transfer characteristics of hydrocarbons under supercritical pressure are
experimentally studied to solve the heat transfer problem of regenerative active cooling technology
used in the thermal protection of a new generation engine. The bulk temperature, inner wall
temperature and heat transfer coefficient are used as indicators to quantify the interval division of
three stages: normal heat transfer, heat transfer enhancement, and heat transfer weakening. The
heat flux corresponding to heat transfer weakening under supercritical pressure is defined as the
ultimate heat flux (g.), and its variation law is studied. It is found that the higher the pressure,
or the greater the mass flow, or the lower the heating inlet temperature, the higher the ultimate
heat flux. The pseudo-boiling number (SBo) is used to characterize g., and it is found that SBo is
correlated with the inlet temperature and pressure, and is weakly correlated with the Reynolds

number. Based on the experimental data, the dimensional analysis method is used to obtain a
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prediction formula of ¢., and the data prediction deviation is within ==10%. The research result

can be used to predict the occurrence of heat transfer weakening.

Keywords: supercritical pressures; heat transfer characteristics; hydrocarbon; ultimate heat flux
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Fig. 1 Schematic diagram of supercritical fluid heat

transfer test system
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Fig. 2 Thermocouple distribution in experimental section
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Table 1 Critical parameters of experimental working fluids
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BEw1 70/30 3.90 252. 59
REW 2 50/50 3.75 235.15
REY 3 30/70 3. 60 218. 45
1E G 0/100 3. 37 196. 60
A2 FHI LM
Table 2 Experimental conditions
K4 N AR/ mm 2.0
REES p/MPa 2.3~5.3
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JREHE m/(g+s D) 1.84,2.47,3.10,3. 73

PR ¢/ (kW m %) 50~550
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AR/ (KW e m ? « K 1) 3.56 Fig. 3 Reliability verification of experimental results of
cyclohexane as p=4. 28 MPa and m=3. 10 g/s
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Fig. 4 Repeatability verification of experimental results of

cyclohexane as p=05.3 MPa and m=3.73 g/s
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Fig. 5 Heat transfer coefficient curves of cyclohexane as

p/pe=1.3 and p=5.3 MPa
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Fig. 10 Variation trend of g. of different working medium
with mass flux under different pressure ratio as T,

=30C
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inlet temperature as m=3. 73 g/s

KR A SAE S TR 4 PR,
A4 BBRAAFTETMNX RAXAENER TR
Table 4 Prediction formulas of ultimate heat flux and

applicable experimental working fluids

e A =X PRIEN T )&
Styrikovich'!? 4.=0.58G 7k
Ogatal®?’ ge=0. 034 (% )O' ' %{ 5
oy q.=0.001 354 (%o K
Petuhkov'?"! q.=0.187f Cé—c, CO,

K 13 0 g SEH0 45 55 PO 2 2T H 545 28 B X
Foo ATLAA H - RIS T 52 06 45 55 3000 AR X 8 4 1
Ogata JeHE A, WALA 5276 (B s ¥ 16 + 20011
TRZEAMT AL T HAL 4 A2 R B0 25 2R O 22 B9 AR O

Styrikovich S R % 38 T B i i A R
AT S R A 52 i L2 P S R AR R AN HL A
W T 5 H A 3 b G0 A i e 4 AH [ L 7 5
SR B LA 1T R 5 AR R B R R R B B
FR A0 W BRSO R Y 5 o 2% a0 o L i B R
Fe A 5 TR Ik 2R B md HE 15Ok (B 00 1 52 0
{EL[R) R FE0ORG B2 AN o+ oK 25 S8 2 R A 11 L8 X
e BIR R 85 B2 4 R
2.4 MERRAREELENHN XK

i B SCRT A, 75 B LR B R 1 AR A TR
JEE o Y R T T ) A DR R R A R RO R 5
W] o g St ] o 0 0 AR BIR BA O R B ) I A 8
1 FI A [] TG ik 40 2 0k RAE 22 58 2 8O 1 5 1 it
2 LA B AR IR A R e L RS 1 R AN 43 T 7

http: // zkxb. xjtu. edu. cn

100 300 500 700 900 1100
g5

0 100 200 300 400 500

9. KW
K13 g SESe(E -5 U o =0 5048 1 % L
Fig. 13 A comparison of ¢. values between experiment and

prediction

A5 3 AT f T 0 A BIR AR 3 25 BE 1 G B AN A 35 I
YR I 22 02k B IH () 5 5 AR 15 AR 1 R 4K

HR A b SCHE 5% e R 2R 2R AT o 4N 40 AT, T
A 1055 Ak RS G a5 Ak A PR A I 4 B 0 A AT R

F(q.G.d Hy o AH pposuspep) =0 (4)

Kb od FoREWNAR; Hy 3R LRI 5 B Ak XF
IE RS T NIST %l b 48 A (e R AR SCik
HUE R 20 CXF R RS S 0 FEHfE A0 AH RO BLIE 5t
T FE AL FUI A 1k FE AR B 2 25 5w RN 5 o
TR L 5 0 TR IR

MR o LB du Flp fEREEARSH T
REILIT 6 > Tm i

m= i
Ty, — MI_LI;;
_ AH
i ud?
()]
G
Ty — —
ou
S O
s oud
T — ﬁ
XFUL S5 AL, a] 15
m o q
= 6
T 7T GH,. 6
L _Re 0
US]
T3 AH
—= = 8
o H, (8)




72 W% s E k% % M % 56 %
— i (9 551 -
Do 5.0 ‘ L] l
HApTTEM N (¢/GH,HO LISl AE T LE 45k 7 v
Wil B (Bo=q/Gy) & I, & X R I 5 03 15 Lo .
B, SBo 80 e 25 I, BUI A B8 AL A2 1 R YR
©“ L N 3
b BR AR 5 5 1 3l oL SEam
i N A v BE&Y3
4 (Re AT P _ I ¢ < ERE
GH,. f< “'H,. pcr> SBo (D fg ' . . . .
K 14 % Re % SBo M5 m. & 14 7] L& 1.0 1.1 1.2 _11.3 14 15
p'pcr
JAEVE B RE AR TR i 4% ,SBo % SN
Hh L A T IR AR 60 4 08 F © SBo BUL PR B T

Re B2 AL 284k s 48 Re BOM AT 1M 38 4R A 1138
AR B R » SBo BBl A 11 RE A 389 i I
HI L Y Re % SBo HH 52 0 AR A0 R A 1 B2 %
SBo 52 WA B35

550 =30
5.0 PUEL Ly § ~——a
K'{v‘: '¢I:‘=ﬁ N ALY
] A IS
L IR T,=00C'®
3350 "HZH RN
] o RE M1 3 IR Y
C30F A BAEYR T,=150 Cor g
v RES N
2.51 * E&ﬁ ‘\\‘ A .

/A \\‘\ "\\‘.
2.0+ T=210C iyl o )
1.5 1 1 1 1 _ 1

1.0 L5 20 25 30 35

Re/10*

14 Re X% SBo %) 5 i
Fig. 14 Influence of Reynolds on SBo number

Toi AL AH/ H o RAE T J A FRBE X B R
PO RS L 18 15 45 T AH/H, A SBo %Y
. al LLE N AH/H, % SBo B 52 Wi AF W 2
% »SBo ¥l AH/H . B3N R PRI K

58
TR
SOF  wszs !
45k ° BAE N v
: A BEW2 A
4.0 Y IREW3 -
|2 » ERK N
§3.5 I .
2] *
K3 0F o
2.5 R
2.0F &
3
1.5 1 1 1 1 1 1 ]
03 04 05 06 07 08 09 1.0
AH-H,
15 AH/H, % SBo (1) 5

Fig. 15 Influence of AH/H,.on SBo number

F16 25 T B HNEL p/ po Xt SBo B,
HIPE 16 7T LU th . p/ po Xt SBo B B0 AS AT 200
SBo BBt p/ pe W3 2518 5

http: // zkxb. xjtu. edu. cn

Fig. 16 Influence of p/p.on SBo number
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