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Abstract: At supercritical pressure, the physical properties of fluid change substantially and the heat transfer at a temperature
similar to the critical or pseudo-critical temperature improves considerably; however, the heat transfer may deteriorate due to a
sudden increase in the wall temperature at a certain condition of a mass and heat flux. In this study, the heat transfer rates in CO,
flowing vertically upward and downward in a circular tube with a diameter of 4.57 mm under various conditions were calculated
by measuring the temperature of the outer wall of the tube. The published heat transfer correlations®™ were analyzed by
comparing their prediction values with 7,250 experimental data. By introducing a buoyancy parameter, a heat transfer correlation,
which could be applied only to a normal heat transfer regime, was extended such that it can be applied to regime of heat transfer
deterioration. The published criteria for heat transfer deterioration®'? were evaluated against the conditions obtained from the

experiment in this study.
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Fig. 1 Schematic diagram of SPHINX for downward
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Table 1 Test section dimensions (mm)

a b c d e

Upward flow 250 | 50 | 200 | 500 | 2250

Downward flow | 500 | 200 50 250 | 2250

Table 2 Test conditions

Fluid CO,

Flow direction Vertical upward, downward

Pressure, P (MPa) (P/Pcr) | 7.75 (1.05), 8.12 (1.10)

Inlet temperature, T (°C) 5~38

Mass flux, G (kg/n’s) 100, 200, 400, 500, 600, 700,
800

Heat flux, q"/(kW/m?) 2~130

o Co, o IdE 54 25

E3 Y (mixing zone)2] MNES AAISH %= Sh=
o, o] F A BF A2 AAM AEHEAE
o] Aol EAstER K Ao o] F 7HA]
o U8 2% AgS st {5 W] uw
2 dAg 5EAS wusgly. mek A uRof
E3UF g e dAagd EAS vHustr] §
3l A 2T 7184t Table 2 o] o] 2] 3 A9
2715 T3 Yepld

23 Hpes o AL

Aoy Wuen: S48 A9 o
¥ oupera Ry A () ogse] 9 5 3
1;]_.(4)

A7IA AHZFAEE oFd A ()9 &t
: Q
=TT ]

[Z(Dg _Diz)Lh]

QHAEAFE A Add AF o] Uy
9} €o,°l MALE, T3 P 7}+aA|
frdrell ol obel 4 (3)o.= Atk

rlo

s
e

q

h=—t
(Tw,i - Tb)

3

Az5H2 4 (H2FH =
Z9 YHEE Yehyz A ¥9LexE
ERdith g3 ofy] 2] MEHS A )R
T HGATE VR AHe oAl A
oA AN ZAAUF g FE2 AIEEHE A
(4)°] Dittus-Boelter #2022 oS5 A S

£ vElth

_1

hD
Nu=-—= 0.023Rep®PrP4 4



Hasdnh o] AL A 3)lAM diFe TSR
B} HALwol Wgew 2 FrkEert ¢ A
o= AE ogusn. =5 df{FHo] AT H
Dittus-Boelter A32lo] A A= AEFS B
ola Ut} o] AL dAFEel o X Wt
A4 o7 Zolx A Dittus-Boelter 320 %

160 4

140

120 H " f

°
® 100 o
2
E 204
3 L 3
£ o = q"=50 kKWim®
2 A q'=TO0 kWM
= 40 *  q'=90 kWim’
= -— 4 q'=100 KW/m?
204
— 0 —
Tpc=33.27C , hy =340 Tklikg
o T T T T T T 1
200 250 300 350 400 450 500 550
15 4
—— Dittus-Boslter
m g"=50 kWim'
A @'=T0 kWi
10 & q'=80 kWim®
® q'=100 kWm®

Heat Transfer Coefficient [kWim*K]

T T T T T T
200 250 300 350 400 450 500 550

Bulk Fluid Enthalpy[kJ/kg]
(a) Upward flow
160 o
2
{ P _=7.75MPa, G=700kg/m’s
140 o
— 1204
‘© i
® 100 o
5 i
© 80
2 -
E 504 m g"=30 kWim®
e & g"=50 k\Wim'
] 4 q"=95 KWim’
20 4 o
f Tpc=332°C , hy =340 1kJlkg
o T T T T T T 1
200 250 300 350 400 450 500 550
15 -
—_ Dittus-Boelter
x| -: ® q'=30 kWim'
§ u A g'=50 kWim®
= *  Q'=70 kWim®
€ *  q'=95 kwWim'
@
g
e
@
o
[3)
&
w
c
g
=
®
@
T o

T T T T T T 1
200 250 300 350 400 450 500 550
Bulk Fluid Enthalpy[kJ/kg]

(b) Downward flow

Fig. 3 Effect of heat flux on the wall temperature and
heat transfer coefficient at a mass flux 700 kg/m’s
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Comparison upward flow with downward flow
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