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A Study on the Turbulent Heat Flux Model in a Square Sectioned 180° Bend
S. J. Yang, J. K. Shin and Y. D. Chot

Key Words : Nusselt Number (-4l € 4, Turbulent Prandtl Number (x}# =Zzl%4), Eddy
Diffusivity Model (9} 3tAbA|4= x.8),  Algebraic Heat Flux Model(AHFM ; o 4

od 40 )
Abstract

A numerical simulation of temperature fields and Nusselt number distributions is performed by
using the eddy diffusivity model and the algebraic heat flux model for turbulent heat transfer in
al 180° bend with a costant wall heat flux. In the low Reynolds number k-¢ model, turbulent
Prandt! number is modified by considering the streamline curvature effect and the non-
equilibrium effect between turbulent kinetic energy production and dissipation rate. The low
Reynolds number k- e model with turbulent Prandt! number modification gives a closer agreement
with experimetal data than the results from k -¢ model. Every heat flux term presented in the
transport equation of turbulent heat flux is reduced to algebraic expressions in a way similar to
algebraic stress model. Also, in the wall region, low Reynolds number algebraic heat flux
modeHAHFM) is applied. Compared with the eddy diffusivty model, AHFM brings out good
agreement with experimental data in the region where turbulent Reynolds stresses are well

predicted.
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Comparison of Nusselt number
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Fig. 5 Comparison of Nusselt number
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Fig. 7 (a) Comparison of Nusselt number
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O @ A :Measurement at outer wall, inner
wall, bottom wall, Johnson(1984)
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Reynolds number k¢ model

Fig. 8 (a) Comparison of Nusselt number
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O @ A :Measurement at outer wall, inner
wall, bottom wall, Johnson(1984)
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Fig. 11 Comparision of temperature, non-dimen siona-
lized with respect to wall temperature Ty on
the outer wall at 2X/Dy=1 and the bulk
temperature T,

ST

o

of

- 2oy E

el

=

vhEb oL Rlont B k-cn @2 7o iy A
W vReR O oleh, 90tol Aol 7 o] gkl o] %
o . wlzahAl vhebubaL Qle] Eldk AL AR
aodgE ok 4 sl
135° -6 off59 M3 2Eor Qiled }i
ozl Andol ANl Frlslel FAES
Todubd o7 vlelzlm ik, 90%) wld) st
g sl AN 230 FEol olE BAEE o 2o
7]oldt Aor ®olrh, T ¥y nE aldloi vt
2 g dER =] o] & 90%oll A o) obF-ol F A
T A cFEe] Ao nEY R oA
7b ol Wit Fo] o] sk Haln Wwlez o
ek FrAlol HH EZelrdd o] Fsled el e
Ao 2 oddukg a7 wlye ek I8
ol o) dAwrs Sl Aoz Halel ofg
gk 743k 180°7HR] ool wlw it Wiuol 4 i
Follv =l 7} Aedslz] ofe} $b& FAEL£E e

Z=

45,00 DEGREES
: Measurements, Johnson(1984)
: Computations, Johnson(1984)
: Computations, modified low
Reynolds number k-¢ model
: Computations, low Reynolds
number AHFM
Fig. 12 Comparision of temperature, non-dimen siona-
lized with respect to wall temperature Ty on
the outer wall at 2X/Dy=1 and the bulk
temperature T,

[ 1P: 168.188.11.%** | Accessed 2016/09/27 16:35(KST)



Qb & b 180° < Aol

W ok, AHFME 2 k-cu 3ol nls) olzigh
Aol G4 wIAHeA dehg e woln gle,
Figs. 11~15% %#x19] £x 2725 Johnsone 4
Hoal AT 2 AdANES T 48 Fo|o)
325 ken¥S 424 Johnson2) 6H*47é_11}‘— 0

+ Aldstne %

Bolx glm £3 90°31 413 z,}-g sa]u_d,gi 7314.%
Z7bsbedl dbel sl A sbe el gjio g
5 Zhasta glo] Al X F RedFa ok
olofl HFsll 2 h-eR¥ I AHFME 45°7tx A
fAFEE AR HolF o glew 90l M 2X/Du
=0.125 0.25¢] 41+ AHFMeo| 2 f-en 32} ¢
43 ZAE o Estgon] £33 AN =

SelE e 2 BodFan gl 135°c] &2} 7 ol
4= 2X/Du=0.57x+ AHFMo] $43h 2X/

Dy=0.75 olabol 4 Z, Al ¥elME ¥
]

k-e2¥ o] AHFMY. o} Adzdziel A odxsdle
D =1.000
T Tw 0,750
To-Tw
0.500
100 0.50
] 0.250
1 o0
i 0.125
0.504 0.50
1 oso
0.00d 0.0

innas uter

Z=  90.00 DEGREES
[ ] : Measurements, Johnson(1984)
---- :Computations, Johnson(1984)
: Computations, modified low
Reynolds number k-¢ model
: Computations, low Reynolds
number AHFM

Fig. 13 Comparision of temperature, non-dimen siona-
lized with respect to wall temperature T\ on
the outer wall at 2X/Dy=1 and the bulk
temperature T,

LIl st

2983

ool 90°7hAl wlmd ek

°l ol AsbEzye ¥ oadeld dgd F v
°

180° F2e) A whel ol 4 B AU
a dEe wau Folovt dlojrage Sl v

ol %% 7ol AHFMo] &
weh emk-:;fou T QAT Aoz wo

}_
WM FAE Wsla el 9

e

2X _
2L =1.000
T -Tw 0.750
To ~Tw

0.500

.00  0.50
0. 250

1 o.s0
1 0.125

0.50 { 0.50

Z= 135.00 DEGREES

[ ] : Measurements, Johnson(1984)
---- :Computations, Johnson(1984)
—+— :Computations, modified low
Reynolds number k-¢ model
——— :Computations, low Reynolds
number AHFM

Fig. 14 Comparision of temperature, non-dimen siona-
lized with respect to wall temperature Ty on
the outer wall at 2X/Dy=1 and the bulk
temperature T,

10 [1P: 168.188.11.%*x | Accessed 2016/09/27 16:35(KST)



2984 FAF - AlFT

0.750

0.500

0.250

0.125

Z = 180.00 DEGREES

[ ) : Measurements, Johnson(1984)

: Computations, Johnson(1984)

: Computations, modified low

Reynolds number 4 & model

: Computations, low Reynolds

number AHFM

Fig. 156 Comparision of temperature, non-dimen siona-
lized with respect to wall temperature Ty on
the outer wall at 2X/Dy=1 and the bulk
temperature T,

A 22k wele b udeel gabdol gk o
T7b v easlioha Shaleh o # el e
S5 o E FAls et o)

5o dzlvte] el Fabgol iz ohg
walep, wtapol 4 o
ol fralaz x7h Fotebnis] o] Aol

o WA 29 5o 7ol ek
Q
A

W% Aol &

2
rlo 2 a
J‘Y

oA

O
=

sl uehd ez

Ao ml

=
1

A
]

ok
|

1
i
i

L2y

2

i

——t

2

oL

oL

oX,

o>

)

M

Ho

ol

4

)

T

3

2 o

>

t

)

r2 oy

= o Fo
o
Lu

~
=
N
N

Bl
°
i
i
b

.
£ o k!

o
o
2
2
2 1.
_Lo_rio .
e

AHFMe g

ndgdog H pend
4 &l A1 7 2}

&) 4 0}04 2 7 #% Johnsonol 4y W

o} wlmdlo] ofFaf FE HES Ao
(1) wtuboll A ol Ax-E Asbx] gz AA
# afolf g% AL&3¢k Johnsone] & 47 #h= ¥
kel 23k f5o g a-s Hsbe] ghebelx] Xl
FAe gt Fahel Exfzeld A £ ol
iRl
) AHFM& 90°7t=]+= 2 k-ex@ol vla] A

wbH e g pAESe Faky REAZO o Fol 4
gsbe Aubs v ot 135°9 18079 A F
FEAtE oSl M AR A S cha Aol
Bgich ol dh flql ?—j o] Fatell 4ol olE
dakdh ol 2o flale] gleka ¥
Goocielh S SRl Aadel wgsHE
shirwgol Jfubsisd AHFMe} 2o

GaalA opehabAl g 2ol wis) WS A stk @
7

dow}AHFw<L%w 489 4% Han Ans

LhEb 4kl e,

7] o @
o 47

21z

(1) Launder, B. E, 1988, “On the Computation of
Convectiove Heat Transfer in Complex Turbu-
lent Flows,” J. Heat Transfer, pp. 1112~1128.

) Johnson, R. W. and Launder, B. E., 1985,
“Local Heat Transfer Behavior in Turbulent
Flow Around a 180° Bend of Square Cross Sec-
tion,” ASME Paper 85-GT-68, 30th International
Gas Turbine Conference and Exhibit, Hauston.

(3) lIacovides, H. and Launder, B. E., 1984, “The
Computation of Momentum and Heat Transfer
in Turbulent Flow around Pipe Bends,” Proc. Ist
UK Pational Heat Conference, Vol. 2, 1. Chem.

Engrs. Symp. Series 86.

4) HEa, 1991, “AHelelyaay bRy Afubol
Ak ol T et jebel whabehe) =

(5% Johson, R. W., 1984, “Turbulent Convecting



Aapzbeled & sb= 180° S 3buf e

Flow in a Square Duct with a 180° Bend : Experi-

mental and Numerical Study,” PhD. Thesis,
UMIST.

(6) Leschziner, M. A. and Rodi, W, 1981, “Calcula-
tion Annular and Twin Parallel Jets using Vari-

ous Discritization Schemes and Turbulent Model
Variation,” J. Fluid Eng. Vol. 103, pp. 352~ 360.

(7} o, FHAE, 1986, “F71H o2 thuio]
shol st &gl i AESdwea brd s
of a4, " gzl Agtsl=d, A0, 4
%, pp. 138~149,

(8) Kreyzig, E,, 1972, Advanced Engineering Math-

ematics, Willy.

(9) Daly, B. J. and Harlow, F. M., 1970, “Trans-
port Equation in Turbulence,” Phys. Fluids, Vol.
13, p. 2634

(10)Monin, A. S, 1965, “On the Symmetry Prop-
erties of Turbulence in the Surface Layer of
Air,” Isve. Atmos. Ocean, Phys., pp. 85~94.

(11)Owen, R. G., 1973, “An Analytical Turbulent
Transport Model Applied to Non-isothermal
Fully-developed Duct Flows,” PhD Thesis, The
Penn. State University.

{12) Launder, B. E., 1975, “On the Effects of a
Gravitational Field on the Turbulent Transport
of heat and Momentum,” J. Fluid Mech., Vol. 67,
pp. 569~ 581.

(13)Gibson, M. M. and Launder, B. E. 1978,
“Ground Effects on Pressure Fluctuations in the

:{ru

AhEuol 3a of 2985

Atmospheric Boundary Layer,” J. Fluid Mech.,
Vol. 86, pp. 491~511.

(14)Gibson, M. M. and Launder, B. E., 1976, “On
the Calculation of Horizontal Turbulent Free
Shear Flow under Gravitational Influence,” J.
Heatr Transfer, 96C, pp. 81 ~87.

(15)AlF2, 24 E, o735, 1993, "“AMulolez4
27 BollE o RF dfEuy sfuto] Hel ofp,”

dabrlAlstsl =84, A17d, #12%, pp. 3196
~3207.

(16)Kays, W. M. and Crawford, M. E., 1980,
Convective Heat and Mass Transfer, p. 228,
Mcgraw-Hill.

(17 Laufer, J., 1954, “The Structure of Turbulence
in Fully Developed Pipe Flow,” NACA Rept.
1174.

(18) Hishida, M., Nagano, Y. and Tagawa, M, 1986,
“Transport Process of Heat and Momentum in
the Wall Region of Turbulent Pipe Flow,” Proc.
8th Int. Heat Transfer Conf., Vol. 3, pp. 925
~930, Hemisphere, Washington, DC.

(199Koo, H. M. and Park, S. O., 1991, “Extension
and Application of the QUICKER Scheme to a
Non-uniform Rectangular Grid System,” Com-
muni, Appl. Number. Methods, Vol. 7, pp. 111
~121.

(201 Melling, A. and Whitelaw, J. H., 1976, “Turbu-

lent Flow in a Rectangular Duct,” J. Fluid Mech.,
Vol. 78, p. 289.

SEOHE | IP: 168.188.11.%** | Accessed 2016/09/27 16:35(KST)



