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COMPARISON OF THE TREATMENTS OF TURBULENT HEAT FLUX
FOR NATURAL CONVECTION WITH THE ELLIPTIC BLENDING SECOND MOMENT CLOSURE

Seok-Ki Choi' and Seong-O Kim'

A comparative study on the treatment of the turbulent heat flux with the elliptic mlending second moment
closure for a natural convection is performed. Four cases of different treating the turbulent heat flux are considered.
Those are the generalized gradient diffusion hypothesis (GGDH), the algebraic flux model (AFM) and the differential
heat flux model (DFM). These models are implemented in the computer code specially designed for evaluation of
turbulent models. Calculations are performed for a turbulent natural convection in the 1:5 rectangular cavity and
the calculated results are compared with the experimental data. The results show that three models produce nearly

the same accuracy of solutions.
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Fig.1 Mean vertical velocity profiles at y/H=0.5.
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(a) Vertical turbulent heat flux

Fig.4 Turbulent heat fluxes profiles at y/H=0.5

Wi AL Wo exxb= 458Koitk AAAY FolE 7|FL

A

2 & Rayleigh & Ra=4.5x1010 o] TFE

Pr=0.7 o]c}. King[1]o} #a s 282

Fig. 12 AXtE 23 S48 RIS 499} 2
o] BeJF I Itk AFMI} DFIME A9 2 $F9 AL
£ ¥ 931, GGDHE ozt 27 =3t 9tk GGDH
o] 3= Choi%} Kim[5]e] s1E olvdt) olE 1folA #F
& & Qe v 2ol B BAY & 9 ADE(shear
flow)l X GGDHE 4 &3t g Hedhe 22T + gt

Prandt]

H

Fig. 2= AXME $abgie) £50% &<, Fig 32 W
A ;e APAG A BeFT ok )4 AuA
2 H]Lok’% o FAuEe] $E8% ghe o4 ksl



1
| ————— DDGH
= BEM
L DEM
King(1989)H ot Wall
08 King (1989).Cold Wall
086 -
T |
>- -
04
02
[ S i T

1 " oo ralli S T n
0 0.001 0002 0003 0004 0005
Wall Shear Stress {N/m~2)

Fig.5 Wall shear stress profile along the hot wall

a King (1969)-H ot Wal
A King(1989)-Cold Wl

YH

. L P " .‘. d L
DD 20 40 80 80 oo 120 140

Local Nusselt Number

Fig.6 Local Nusselt number along the hot wall

2
s
o %)
ol
i
e
iz
2
a0
olo
i)
o
48
=
i)
B
ot
=
2
B
adk
fijo
f)
By

2,
e
rlo
o
iny)
It
Mo
o
2
Ol
ok
3
al ﬂl

,,
N,
—>:£ Py
P
ot e
o
-,

g
net oy

oA

offl
Q [o]
P

4 =
Hiﬂ
ol
o T
OZ‘LHH_E’,NQL'

Jet g
i1
o
i
A

v
L PRGN YT SELFY RS
[o]

1l
1 9lek. Fig. 294 GGDH 292 Zotojdo)

=2
-E-‘ |

ek
o off oL &
2 pO X

Rayleigh-Benard®] -3-&
T Aes FHE F drk
Fig. 47 ARtd ek g :‘I:Z}Hc}ﬁc}: B
=
=

o
T2 YA 9 BT

hid

2 ®

o o
42
N
N,
i)
B>
o
=X,
2
i
ol
rr
pois
rlo
i)
ue
A
2
o
O
=
'—!1
=
L

€ a2 k!

ks %M E»LT Nusselt 49% TEE 2325499 P 2o
A e A9 g HETe nAF
At DFMO] o o e 5 AE, Aol AY
S B2 T 5 glek o SolA 3T upet 2o) &
t & o S E

B dpde Holl pgso] Had J&rst srin
#|Z! Elliptic Blending Model& AME-3te] AR 14 A
5 Aqel Adddl Belel A7E FAAAG. HHEY
F9 99 s sl gl Adaie o nael 45
& Wkstgth A 2

FRA FAES FAgEg aH, 71 o] 48% O}Wﬂ
23}, AFM3} DFM& 71-4 7o 72 AE AEsgon,
GGDH:= AE AHEetoint & A9 2ol
lets X*“*"E?l GRS GGDH“ TAH BAEEE FoA
orgkor), Rayleigh-Benard®] §-53lAo)As X3 BelgA

S doz & 98 FAE 4 9lUch Rayleigh-Benarde] -

P

rir
>

Coox Y b mg
T
}‘U a

r l

MM G RS Aol #E A77t Fasolof
& Ao|tt.
UAtel 2

B dye gevleie] 98 S47] A7 Ay
2| ¢lol] ojsleq —?335121‘4 w3k o] de KISTIY A 83
Aol s ATste wHITE & ARSl d4E 53
s, ofoll TAR 71] —l—u}ﬁ“— A g



@ 176 M4 2BY A gt
EXEE] T
Ho2s

(1

3]

3]

(7

(8]

King, K.V, 1989, "Turbulent natural convection in
rectangular air cavityies," Ph.D Thesis, Queen Mary College,
University of London, UK.

Thielen, L., Hanjalic, K, Jonker, H. and Manceau, 2005,
"Predictions of fow and heat transfer in multiple impinging
jets with an elliptic-blending second-moment closure,"
Vol .48, pp.1583-1598.

Ince, N.Z. and Launder, B.E., 1989, "On the computation of
buoyancy-driven turbulent flows in rectangular enclosures,”
Int. J. Heat Fluid Flow, 10, pp.110-117.

Launder, B.E. and Sharma, B.I, 1974, "Application of the
energy dissipation model of turbulence to the calculation of
flow near spinning disc,” Leit. In Heat and Mass Transfer,
1, pp.131-138.

Choi, SK. and Kim, S.0., 2006, "Computation of a
turbulent natural convection in a rectangular cavity with the
elliptic blending second moment closure,”" Int. Comm. Heat
Mass Transfer., Vol.33, pp.1217-1224.

Kenjeres, S. and Hanjalic, K., 1995, "Prediction of turbulent
thermal convection in concentric and eccentric annuli,” Int.
J. Heat Fluid Flow, Vol.16, pp.428-439.

Shin, JK., An, JS. and Choi, Y.D., 2005, "Elliptic
relaxation second moment closure for turbulent heat Flux"
Proceedings of 4th Int. Symp. Turbulence and Shear Flow
Phenomenon, Williasburg, VA USA, pp.271-277.

Kenjeres, S., Gunarjo, SB. and Hanjalic, K., 2005,
"Contribution to -elliptic relaxation modelling of turbulent
natural and mixed convection,”" Int. J. Heat Fluid Flow,
Vol.26, pp.569-586.5



