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Abstract: The, coupled radiation and convection heat transfer of a high temperature

participating medium in a tube is investigated by numerical simulation.The medium with constant

properties is gray and flows in a developing lamiar status. The conservation equations governing

the convection heat transfer are discretized by the control volume method (CVM) and solved by

the SIMPLEC algorithm. The radiation transfer in medium is solved by the discrete ordinate

method (DOM) and its contribution to the coupled heat transfer is dealt with as the source term in

the energy equation. With different optical thickness of the medium and different tube wall

temperatures, the numerical results of the temperature distribution in medium, the local radiation

and convection heat fluxes at wall as well as the corresponding local Nusselt numbers are presented

and discussed. The reliability of the numerical results is validated by comparing with the previous

investigation and by analyzing the influence of discrete grid number.The results and analysis show

that the thermal radiation of high temperature medium plays an important role in the coupled heat

transfer of a developing laminar flow in the tube. It has a significant effect on the temperature

distribution and influences the convection heat transfer. In addition, the tube wall temperature also

influences the actions of radiation and convection in the coupled heat transfer.
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Fig-1 Physical model and coordinate system

?

1
p[u%+ v%]=— %+
1 0| a
u[gi—uﬁ r—g[rg]} (2
p[u%+ v%]:— %+
(e 1445
pcp[u%C—T+ 1;%]:
1 0| )
(2 L2l o
u,v ip, T
s Poer, A
3 Qv
Q)= ka I4nIdQ— 40T‘ﬂ (5)
¥ Q ,0  ka

I
Xdrl) La—)‘g§9+’g’a—l Bl +

roa r & -
ar’ ke - -
he Tt 4Trl,P(Q L QIdQ”  (6)
:B k,s‘ ’

B: kot ks; (X, r’, g)
’ 2 ’



117

o -
x
2
Fig.2 Systemic coordinate and local coordinate
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Table 1 Ordinate directions for the S— 4 model
i & Xi Wi
1 - 0.9082 - 0.2959 3
2 - 0.9082 0.2959 ™3
3 - 0.2959 - 0.9082 ™3
4 - 0.2959 - 0.2959 3
5 - 0.2959 0.2959 ™3
6 - 0.2959 0.9082 ™3
7 0.2959 - 0.9082 ™3
8 0.2959 - 0.2959 3
9 0.2959 - 0.2959 ™3
10 0.2959 0.9082 ™3
11 0.9082 - 0.2959 ™3
12 0.9082 0.2959 3
372
SIMPLLEC
D
r S
. () (4
A Pud N Adrov®
o o

¢ (. j+1)
3 e
r |
w | o Ve
v T 1
- [ L)
e 3 — 1
Y
(——A’“—)I
(I’J_l)'
3

Fig-3 Nodes and the control volume

s CoWH N S



118 17

4 [ 6] ;

(11) : O=T(x,r)/Tu

(lqulj = az'ﬁijD+ Lj + (lﬁ’j@— Lj + tpcu(adr
avi®j+ 1+ a1+ St (12 ® 4 5 ®

- 9
P E w NS P ipcudr
aij= aij+ aij+ aijai;— SijAV,

[ 14] 0 D=0.1m,B=5
3.3 m™ ', P= 2. 0kg/m’, Tu= 600 K, Tw= 1000 K, P
=R.-P:.=200 4 5 ,
[6] ,
N N o
2 2 , ( 4
2 1,
o (5 2 1)
W= uwn ,0=0 ; T=Ta, €= 1 1.0 ==
O0< x< L
D 0.9} 2
r= E,uzO,vzo,TzTuv,Ezl
d ar
r=0,53=0,0=0,3=0 (13 o D& 1
(x=1), P=0 €= ,
E 0.7f — &
1, an.j= O(M * (6]
) ADI
s 00 02 04 06 08 1.0
, x/L
4 5
41 1—N=0.1,2—N= 0.02
) Fig.5 Axial distribution of dimensionaless
? sect ion—averaged temperat ure
2
Nue
Nu:
2 Nu. Nu,
@ Table 2 Effect of grid number on the results
of Nu. and N u,
x/D=5 x/D= 10 x/D= 15
: . 4 ’ (x ><r) Nuc Nw | Nue Nur | Nue Nus
0.0 02 0.4 0.6 0.8 1.0
r/R 120=<30 | 5.62 2.33 |4.26 1.695(3.68 1.439
60>=<20 |5.71 2.35|4.34 1.692(3.75 1.438
4 x/D=5
1—N=0.1,2—N= 0.02
Fig-4 Dimensionaless temperature profile N ue N ur
for x/D= 5 section N e = queD Nur = queD
YT ONTe - Ty 0 YT XNTu- Ta)



| : 119

T , que= — )\( aT/ a') | r=R = 0. 05 N

qur = ZuiW:’]i ( 7
" 120><30
60 ><20 , Nue
2% , N ur 1% :.E\
: 12030 =
4.2 <
X
=
6 )
; 7
, D=
7

0.1m,L=3.0m,Tu= 2000 K, Tw= 1000 K, P=
0.5kg/m’,u=0.4%<10"*kg/m - s, cr= 1200 J/ , , S
Fig-7 Effect of medium optical thickness on
kg =K, A= 0.12 W/ m -K,un= 2. 0 m/s . -
convective and-radiative heat fluxes at wall
1—T= 0.05 2—1= 0.5

2.0
by ™= 0.57, ( 3
18 )
( 7 2)
M 16
= 473
xX
\E 1.4f
B
, 8 10
1.2F
1.0 ! L A I ”1
0.0 0.5 1.0 1}5 20 25 3.0 :D=0.1m,L=2.0m, Tw= 2000 K,
X/ m
p=2.0kg/m’, u= 0.4>< 10" kg/m - s, B= 2.0
6 m ', er= 1200 J/kg K, A= 0.12W/m - K, uin=

1. 0 / 8 » qut= wet  qur
Fig-6 Effect of medium optical thickness on mes = q 1

section-averaged temperature 1—no radiation 8 ’ T.=
2—Ty= 0.05 3—%=0.1 4—p=0.5 00K .
e qurs
’ Tw= 1300 K , que
> , qur ,
o= 0.5 T. Nu. s Nur (
(30 ) ( 6 9) 10 ., Tw=900K
4), , ( 2.5 ),
( Nud/Nuw 1.3 1.25; T.

6 1) ) I1300K ,Nu/Nuwu 0.8 0.5

B



17

120
s (Nuet Nur) ,
10.0 2.0
15}
& .
2 =
- 5.0F ~.
x =
o
2.5F
0.0 . N N
00 05 10 15 20 0.0 5 s G 20
x/m x/m
(a)
10.0 10 Nue! Nur
Fig.10 Effect of wall temperature on Nu./Nu,
T=1300 K
‘:‘g 75. (q1t‘t‘+ qu)
2
‘s sof 5
X
>
2.5F
0.0
0.0 0.5 1.0 1.5 2.0 >
x/m ( 1)
(b) S , o= 0. 05
8 (2 ,

Fig-8 Effect of tube walltemperature on convective

and radiative heat fluxes at wall

4017

S
0 , ; .
0.0 0.5 1.0 1.5 2.0
x/m
9 Nue Nour
Fig.9 Axial distributions of Nu.and Nu,
(NLLr ), N

(Nu’” ) ’

0. 05

)

B

0.5

(3)
, T=0.2

900 K Nuec Nw 1.3
1300 K Nu. Nu:

50%  80%

(1

[3]

Viskanta R- Overview of Convection and Radiation in High
T em perature Gas Flows[J]. Int. J. Engineering Science,
1998, 36: 1667— 1699.

Claudio M, Bakhitier F. Convection = Non-gray Gas
Radiation Interactions in a Channel Flow [J]. ASM E HTD
- 325(3):103- 113, 1996.

Anghaie S, Chen G- A Computational Fluid Dynamics and
Heat Transfer Model for Gaseous Core and Very High

T em perature Gas-Cooled Reactors[J]. Nuclear Science and



121

[ 4]

[5]

[6]

[8]

[9]

Engineering., 1998, 130: 361- 373.

Park S H, Kim S S. Thermophoretic Deposition of
Absorbing, Emitting and Isotropically Scattering Particles
in Laminar Tube Flow with High Particle Mass Loading
[J].Int.J.Heat Mass Transfer, 1993, 36(14): 3477— 3485.
Chawla T C, Chan S H. Combined Radiation and Convection
in Thermally Developing Poiseuille Flow with Scattering
[J].ASME J. Heat Transfer, 1980, 102(2):297- 302.

Baek S W, Yu M J, Kim T Y. Thermally Developing
Poiseuille Flow A ffected by Radiation[ JI- Numerical Heat
Transfer. Part A, 1999, 35: 681- 694.

[R].
, No. 20003091, 2000.
Seo T, Kaminski D A, Tensen M K. Combined Convection
and Radiation in Simultaneously Developing Flow and Heat
Transfer with Nongray Gas Mixtures[]J]. Numerical Heat
T ransfer, 1994, Part A, 26: 49— 66.

Kamiuto K. Combined Laminar Forced Convection and

Nongray - Radiation Heat Transfer to Carbon Dioxide

Flowing in a Nonbalck, Plane—Parallel Ductl JI. Numerical

[10]

[ 11]

[12]

[ 13]

[ 14]

Heat Transfer, 1995, Part A, 28: 575- 587.

Martin A R, Saltiel C, Chai J, Shyy W. Convective and
Radiative Internal Heat
Fiber Arrays[J]. Int. J. Heat Mass Transfer, 1998, 41:
3431- 3440.

Transfer Augmentation with

Rousse D R. Numerical Predictions of Two-Dimensional
Conduction, Convection, and Radiation Heat T ransfer. 1.
Formulation[ J]. Int. J. Therm. Sci. , 2000, 39: 315—- 331.

Rousse D R, Gautier G, Sacadura J F. Numerical
Predictions of TwoDimensional Conduction, Convection,
and Radiation Heat Transfer- 2. Validation[ J]. Int. J.
Therm. Sci. , 2000, 39: 332— 353.
Howell L H, Beckner V E. Discrete Ordinates Algorithm
for Domains with Embedded Boundaries[ J]. ATAA .
Themophysics and Heat Transfer, 1997, 11(3): 549-
555.

S V. M.
, 1992.



