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TEMPERATURE-EXPLICIT FORMULATION OF ENERGY EQUATION
FOR A HEAT TRANSFER ANALYSIS

Jongtae Kim™" and Sang-Baik Kim’

A temperature equation which is derived from an enthalpy transport equation by using an assumption of a
constant specific heat is very attractive for analyses of heat and fluid flows. It can be used for an analysis of a
solid-fluid conjugate heat transfer, and it does not need a numerical method to find temperature from a
temperature-enthalpy relation. But its application is limited because of the assumption. A new method is derived in
this study, which is a temperature-explicit formulation of the energy equation. The enthalpy form of the energy
equation is used in the method. But the final discrete form of the equation is expressed with temperature. It can be
used for a solid-fluid conjugate heat transfer and multiphase flows. It is found by numerical tests that it is very
efficient and as accurate as the standard enthalpy formulation.
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Fig. 1 Schematic of cavity with centered solid body
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Fig. 2 Isotherms for W/L=0.5, Pr=0.71, Ra=10, (a)k*=5. (b)k*=0.2
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(b)

Fig. 3 Calculation of the flashing in a 2-D channel (a) 2-D mesh,
(b) distribution of the liquid velocity
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Fig. 4 Boiling in a 2-D channel, comparison of time-histories of
the water velocity at the channel exit.

ESREETHA] eI oAl EellA Y] S
olxe] &rmel FAsth 7270l HlTel o3 FA3
7 BB FT719) AFEEe] SUF
o 2o £t A8 s &
Ui &9 $EE Aodor oo,
olFth Fig 5 AEAEE A F Al
Boll =dslgle wiel Ade] Aol W
& HATH 47 oF 02 m7He
o2 Hol Hlgo] o] e
ySKe)

Wﬂm g
> &
zﬁﬁi@mc{oml
ot Lo
£
5o, ¥ o
=
[N}
> g

o
=
o
&
>
sy
o -
ol
1z
o

A @ 5 g%l exd @AHOE
71ES] WA BAT AnE wEe] Uln
Fig 62 4eel =2a98 wel )
e EEEECCIEER LS
ol AAHQ ot 7]

i) &

e
lo o
ot

e 10

N
X,
2
ol
ol
2
=
El I
o
2
)

= ot rE B o2 2oy
= E)
o2 Y
oX, M
ox o o
= fo
1o,
il
XN
= )
X ol
ofx
N
o
o
ol
o
N
N
:)g
i
lo,

o
=)
2
r_ﬁg
>
)
rO
>
e
o
oX
1> r
o
s
-
o
2
n
=)
N
L
1
_QL_',
>
)

Table 1 Nusselt numbers, W/L=0.5, Pr=0.71, Ra=10°

k* Present House et al.
0.2 4.6286 4.6257
1.0 4.5086 4.5061
5.0 4.3251 43221
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—— Enthalpy form
o Temperature form
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Fig. 5 Boiling in a 2-D channel, comparison of distributions of the
water velocity along the channel
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Fig. 6 Boiling in a 2-D channel, comparison of distributions of the
water and vapor volume fractions along the channel
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