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Direct Numerical Simulation of Turbulent Mixed Convection
in Heated Vertical Annulus
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Abstract

Turbulent mixed convection in heated vertical annulus is investigated using Direct Numerical
Simulation (DNS) technique. The objective of this study is to find out the effect of buoyancy on
turbulent mixed convection in heated vertical annulus. Downward and upward flows with bulk Reynolds
number 8500, based on hydraulic diameter and mean velocity, have been simulated to investigate
turbulent mixed convection by gradually increasing the effect of buoyancy. With increased heat flux,
heat transfer coefficient first decreases and then increases in the upward flow due to the effect of
buoyancy, but it gradually increases in downward flow. The mean velocity and temperature profiles can
not be explained by the wall log laws due to the effect of buoyancy, too. All simulation results are in
good quantitative agreement with existing numerical results and in good qualitative agreement with
existing experimental results.
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Table 1 Summary of the grid resolution between

preceding and present studies

Chung et al. (2002) Present study
rxdxx| 26x0,5m6x188 | 26x0.5nExHnd
Grid (65, 128, 192 ) | (128, 128, 128)
ng 2605 2219.67
L 454.5 247.87
ngo 909.25 458.14
Ag t 13.6 17.34
(RAD) * 3.55 3.87
(RAD) * 7.10 7.16
Art 0.24 0.11
Ard 0.24 0.1
Art, 12.29 6.1

WA vy dEddtete] vag geke A4
ZA3 EAF 051581 A9 s AE )
stk Azdos % Wiy 9Fugon
F714Ql zgdo] RolHon], P wuc] Ao
Sre gazglel RelH

A AA 2L A% wolA] 44 A §5
A, wpE oAt gdzzio] FolArh oY
Z7-2 Neumann Z70] F-ol o}

Table 19 Az} AEEE AgPA9 B3}
T} NI, N2, N3 77 wbawel, 5w, =
Wkl Axas veiy, 5 uek) A5k
S2F Y AR, WA EFSZ= hyperbolic
tangent &5 o] &3 ELA AAE A

2.3 TRA Y
B oAgo s 2 (1) - 3)°] 27 FATEE
7IA 25 o|4Fs}sk & Fractional step methodE ©]
|3kl A A ZsATE e Ao Foo A
Seghe Aol AAWAA Aol Eg &
E2 9 AME A8 Akselvollz} Moin''” o 2] &)
= st o] W o
21e] spbe] Adatwho]l wldE
T3 AZIY Ao
Ael®l A2 3x 4 =5 7FA+ Runge - Kutta
W e AR&ste] ALbstelar, Aoz e
212 Crank - Nicolson WH-& AR&3to] A48

q_ 1)

i

—

Present DNS

Chung et al. (2002, DNS)
Xu (2002)

Nouri et al. (1993)

Nouri et al. (1993, rescaled)

ob o
0.2 0.4 0.6 0.8

*

R

Fig. 2 Mean velocity profiles for forced convection

207 ———

15F

U'=55Iny" +55

log-law i
————— inner wall
————————— outer wall

10° 10+' 10°

Fig. 3 Mean velocity profiles compared with the

law of the wall

L2 = AAe AR ASS flske] Al
F AN ge 5Us A & AF
2 DNS Z3}e} v|alsleleh A8 DNS o+Z2 3}

t}. 4, Nouri 5o
SRy 2 AL FA
4 ol 1S "SR &
= 7] wZel olE A
g 2 At vl 2 dAEkSl
th aga Xu”e AFAzete] mlmo e o
H A A SFEe] @ AE Holal 9l 9]
o
El_]:
e
2

o,
oy
i,
Ip
b
Mo
e
oL L
X
LS
=N

Fig. 3144 AATANA AW
o

ol R



52 B4 29D U URE
Table 2 Flow and heat transfer conditions
Case Bo x 10° Case Bo x 10°
UPI 1.8 DWI1 -1.8
UP2 5.5 DW2 -5.5
UP3 9.0 DW3 -9.0
UP4 13.0 DW4 -13.0
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