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Abstract: An experimental investigation of turbulent heat transfer during the vertical upward flow of supercritical CO2
was conducted in a circular tube with inner diameter of 4.5 mm. The experiments were conducted at bulk fluid
temperatures ranging from 29 to 115 °C, pressures from 74.6 to 102.6 bar, local wall heat fluxes from 38 to 234 kW/m?,
and mass fluxes from 208 to 874 kg/m?s. At moderate wall heat and low mass fluxes, the wall temperature had a
noticeable peak value. For observing the buoyancy and flow acceleration effects on heat transfer, the ratios of Nusselt
numbers from the experimental data and a reference correlation were compared with the Bo* and q" distributions. The
flow acceleration parameter q  appropriately represented the heat transfer phenomena in the experiments. A new heat
transfer correlation for the vertical upward flow of the supercritical pressure fluid was developed, and was found to
agree with the experimental data with an error margin of +30 %.
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Fig. 8 Ratio of Nusselt numbers from the experimental
data (Nugxp) and the reference correlation (Nugp),
and q" distributions along the test section; (32 P=
76.21 bar, G = 238 kg/m’s, gym = 52 kW/m’, (b
P =84.19 bar, G =230 kg/m S, Qup = 83 kW/rn
(c) P =90.87 bar, G = 873 kg/m’s, qum = = 216

kW/m®
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B Experimental data

Correlation (Fewster and Jackson“q))
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Fig. 9 Comparison of ratio of Nusselt numbers from the
experimental data (Nugxp) and the reference
correlation (Nugp) and correlation of Fewster and

Jackson'"
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Table 1 Selected experimental data of heat transfer to
fluids at supercritical pressure

. D G P q, .
Literature " Fluids
(mm) |(kg/m’s) | (bar) | (kW/m?)

I;‘Eﬂ?;{ 10 | 200 | 250 | 88-375 | H,0

CRL 880— |82.4-
exp.?” 8 3000 | 839 4337 | €O
Kim’s

. 208— | 74.6-
exp. (this | 4.5 R74 102.6 38-234 | CO,
study)

Table 2 Selected correlations of heat transfer to fluids at
supercritical pressure

Authors Correlation
Nu —00069Re,,°°Pr,ﬂb6(p )21+ 2/‘;)
Bishop et al.”) T
Pr, = el
b
— 0.00459Re, ¥ Pr " (Layrzt Ko
Py k,
Swenson et al.!? —
5 MG
Pr, = 2
kW
. : 8 Py \0.
Miropolsky and u, =0.023Re, " Pr, ;" (=4)"
Pikus"® P

Pr . = Min(Pr,,Pr, )

4, Gr 207, Cp
N = 0.354Re,"* Pr,( i )57 (&)\ 297 Ep_yome
Re, Py Cob

for vertical upward flow

Gr, Pun2isa c, 0.751
. 1 Nu, = 0.643Re,"* Pr," ()18 (B> 3 (1)
Liao and Zhao"® ’ "R T ey,

for vertical downward flow

)n m(ﬂ )ux4z( Sp )n 384

Nu, =0.124Re,”* Pr,"* (— ar
Reh Py Cph

for horizontal flow

Ao Mz e Faa e A#AS Frhst
71 9lsle] Aol A o= Nusselt 5 ¥ A
T-oF 71Ee e A9 = o]
B (Table 1)9}2] HlalE 35l o2t 213
OHES 7|EY & AFAECd 98 JEE
A Al e 3245 (Table 2) 2= H]
&) ®okeh., 1 A} Fig 10(a)oll A K= wpep 2+
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Table 3 The lstgndagi deviations o’lf dthe selected o] M2 AT Ay olEE +30 %o 23}
correlations from experimental data S - .
ool Al Z o FEFSUTE. 18] Fig. 10b, ¢ 2 d
Correlations Standard deviation (%) ol E 4= gl%o] Bishop 5,” Swenson !9 %
. ; dePo]l AlFlAl o ®W A F] )
Eq. (17) (New correlation) 11.0 Miropolsky ¢} Pikus"¥9] 3242 & o)A <]
Bishop et al.” 45.7 dlo]Bl(Kim’s data) 3! CRLY”9] AFdo]Ele} v}
S [0 al 2> Zpol7h A
wenson et al. . .
oA olggt AF#AEo] 2UA E(Supercritical
. . (14) N _ _
Miropolsky and Pikus 34.0 water) 23S 7|22 ALE7] WEd o7 F
. 17 18
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