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Supercritical fluids have substituted non-super critical fluids in some areas of industry because of their
unique characteristics and have been the subject of numerous experimental, numerical and analytic
studies since their discovery. In this study laminar natural convection between a hot vertical tube with
constant temperature and supercritical carbon dioxide with uniform temperature at inlet is simulated by
utilizing a numerical model. The simulation is a two-dimensional, pseudo-transient numerical model
based on finite volume method. The main objective of this study is to investigate and analyze the effect
of severe property variations of supercritical carbon dioxide on the flow and temperature field of natural
convection that ultimately affect heat transfer rates with respect to non-critical natural convection.
Numerical simulations have been carried out for temperature and pressure ranges of 305K to 312K and
7.5MPa to 9MPa respectively. Span and Wagner’s multi-parameter equation of state have been used
directly to determine carbon dioxide properties around pseudo critical temperature for the first time.
Results indicate an increased rate of total heat transfer up to 160% near pseudo-critical temperature and
118% in other temperatures for supercritical natural convection with respect to ideal gas assumption.
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Fig. 10 Nusselt numbers for a tube of 0.4mm diameter and temperature
difference of 1 degree at 9MPa
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Fig. 13 Calculated Nusselt numbers for a tube of 0.3mm diameter and
temperature difference of 2 degrees at 8MPa
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Fig. 14 Calculated Nusselt numbers for a tube of 0.3mm diameter and
temperature difference of 3 degree at 8MPa
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Fig. 12 Nusselt numbers for a tube of 0.4mm diameter and temperature
difference of 1 degree at 7.5MPa
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Fig. 15 Calculated Nusselt numbers for various temperature differences
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Fig. 26 Calculated contour of temperature for carbon dioxide, AT=3,
p=8MPa, Ta,=308.25, D =0.3mm
AT=3, p=8MPa .y, 0uSlso slos @j55 51y odwlcamsay ,guls 26 S
Tay=308.25, D =0.3mm

led K305 Tag b > o sl olss cslo sl 25 b 21 gla ISt
Ot 00 45 290 odalin aitus JSEM Sepu Jdgn 5 (Sl acd
Ot s 5l Lol s (Sl S¥las (o Jlews (5> bl
2 sl e (005 50 el aghe &l > il Rl BYS 5 cae s
OGS ply de Lapl a5 w00 995 At e 4 ()l bl
Sl oghiss olpd (905 50 S RlPl coge ol Gal sl jlade
$3pl Joo g 28Ly0 Sl oy olo S Sl pad aiiy K05 Bk
2 bz oy b blie 4l opl @dlgys oS o yiden | Jbow (2lo)S
Sl acd glos plp dlgd Jles sles a5 Gloy 5 ool Gl 2é Sl
Gk ol JEsl g 0dls 25 lnd g9y » Bz acd oy il
ey g0 09> didon e 4156 9 sla IS
I et &)l JUl Gl osas s cggd90 (nl 4 4z g b
53 4398y (RalS ALl sl ole)F Cd)b lagte ke (09 S5
e g e g I 50 o)l 520 (S0

11 o plass 16 0,53 1395 ars o yw)e Sple L diico

60

S8 k(W/mK)
0.103
0.1025
0.102
0.101
0.1
0.099
0.098

40t

30}

YR

20f

L5
X/R
Fig. 22 Calculated contour of thermal conductivity for carbon dioxide,
AT=3, p=8MPa, T.;=308.25, D =0.3mm
AT=3 ()5 aSlss obeS iile, Gl odnlcwsa ,euls 22 s
p=8MPa, Ta,,=308.25, D =0.3mm

60
501 # (m?kg/s)
: 3.02E-05
40 —— 2.99E-05
2.96E-05
= 30! 2.93E-05
2.89E-05
2.86E-05
20 2.83E-05
2.80E-05

10}
ol —
1.5

X/R
Fig. 23 Calculated contour of viscosity for carbon dioxide, AT=3,
p=8MPa, Ta,s=308.25, D =0.3mm
AT=3, p=8MPa (s, 0uSl63 4555 s (5l odnliasds ,guls 23 S
Tay=308.25, D =0.3mm

60
50
A(1/K)
40 0.28
| 0.22
S 30 0.19
0.16
5 0.13
20 0.1
10
0 n . 1
0.5 1 1.5

XR
Fig. 24 Calculated contour of thermal expansion coefficient for carbon
dioxide, AT=3, p=8MPa, T,,,=308.25, D =0.3mm
AT=3 )8 aSliso &yl blawsl oy sl ssslowsa gl 24 S
p=8MPa, Ta,=308.25, D =0.3mm

78


https://dorl.net/dor/20.1001.1.10275940.1395.16.11.12.5
https://mme.modares.ac.ir/article-15-2644-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-10 ]

[ DOR: 20.1001.1.10275940.1395.16.11.12.5 ]

Uhlogesi Ld pule 9 Slegl lgSael g yiuds

s Adlao jlosliiwl by (s3gec algd O (SR B9 ()2)F IS8 b (Bl )l JUil g e anlloo

60
Co(k] /kgK)
50
‘ 19000
17500
40 | 16000
14500
30 13000
11500
10000
20 8500
T000
10
0

0.5 1:5
X/R

Fig. 29 Contour of special heat capacity at constant pressure for carbon

dioxide, AT=3, p=8MPa, Ta,;=305.5, D =0.3mm
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Fig. 27 Contour of special heat capacity at constant pressure for carbon
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