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( Institution of Refrigeration and Cryogenies Engineering, Universily of Shanghai for Science and Technology , Shanghai, China,

Post Code: 200093)

Abstract: The cooling convective heat transfer characteristics of supereritical carbon dioxide in spiral
fluted tubes under various inclined angles of —90°, —45° 0°,45° and 90° were numerically simulated,
in order to enhance the heat exchange efficiency of air cooler. The variation trends of the turbulent kinetic
energy and the fluid velocity distribution in each fluted tube with the inclined angles were analyzed, and
the influence of the inclined angle on the heat transfer characteristics under the different helix angles was
studied. The results show that the components of the buoyancy force along the flow direction and perpen-
dicular to the flow direction have different effects on the flow characteristics. In the gas-like region, the
fluid velocity plays the main role on flow characteristics, and the heat transfer coefficient increases with
the decrease of inclined angles. In the liquid-like region,the dominant impact factor of flow characteristics
is the velocity gradient,and the variation of the heat transfer coefficient with the inclined angle is opposite
to that in the gas-like region. The bigger the helix angle is,the smaller the helix degree is. The buoyancy

effect will be more significant when the fluid inclines to flow upwards. The optimal inclined angle is —45°
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when the helix angle is 0. 70 rad; The optimal inclined angle is 45° when the helix angle is 0. 94 rad.

Key words: supercritical CO, ,spiral fluted tube,cooling heat transfer,inclined angle , buoyancy force
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1 H2AMBTEHSE
Tab. | The components of the gravity under various

inclined angles

fagtf (2) & gy
-90 9.81 0
_45 6.94 -6.94
0 0 -9.81
45 -6.94 —6.94
90 -9.81 0

2 BREEEITEEREER
Fig. 2 Schematic diagram of spiral fluted tube

in computational domain

1.3 aREH

N T B BB MR A BE X I S PR Y
W, AN RSN REER: T, =323.15 K, p,, =
8.0 MPa,Re, =35 000, #igitt, a LAS i e a5 09 9 sh
MESH SR, d S A, HE SO

(6)

A A, — R L, —IR R

Wi 1438 i Solidworks I & T H15 4, HAA %
{E 43514 264. 26 mm® il 146.36 mm. [H b, 11875
thd.}7.22 mm, EERHE G HHERXR:

Min =f(Tin’pin) (7)
= % =99.24 ke/(m” - ) (8)

KA o, — ARG, Pa - s,

AR FA B RN FRREA D, IO H%
FAFENEAAL, EAOURER 1 T E .
XTI, HMEE T O 28 AT, AR B BN
PR RE THT A 000 28 2 0 4 35 0 ¢ =55 000 W/m’, i T
CO, 7 i bR 285 el JH it I B2 1 728 Ak o e 221, 1A
IR ] FLUENT SR &7 A #EH9 NIST AR, A 1L
ARG R A B R T s CO MR
1.4 HiEsE

AT AE T oA i sl ad B b i e R v R A
BoP- 35 B, W e i AR R B b A

i Tb.i,in F Th.i‘uul
Tb,i = f =

i L“mcppquAl. L
i 5

¢,puTdA,

©,i,0ut

2 Lc‘ivmcppudAc J'Ac‘ivmcppudAl.

(9)
h, = —1— (10)
T T

Ty s T o — 505 1 B3 H 1T TR AL OF- 1) 36
B T, —5 i B A R T RIS R B
[, e AR R b UK -

h=—9 11
Th = Tw ( )

KA T, — IR EERE T, — NS RE YR E
2 MR MEMEEREIEUE

KT BIG A CO, 7E IR TERE A e H i
SCIGRFIE R R LA K S SR RS A O AT T 5
UE, VEHOCCHR] 17 | M S2 g0 25 R kA7 Hh e . AR ah
WE 3 .



12 #

B, 5 I S COLMURMEBHENS 4 A & H A PERIF 5 - 105 -

B3 MR E ( MAgEL 2,37 x10°)

Fig. 3 Structural diagram of mesh( mesh number
of 2.37 x 10°)
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Fig. 7 Turbulent kinetic energy distributions in each side of the groove under various inclined angles
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with and without gravity under different helix angles
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