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A Numerical Study on the Heat Transfer Characteristics
in an Internally Finned Circular Tube Flow

= 5

¢<J°_h

Pak, K.

2% H
[=]

]

= o
g
)
~
=
=
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Parabolized Navier-Stokes equation( £&43 N-S 8-34)), Forced convection(Z}Ait)

), Secondary flow (22} %)

Abstract

Steady, laminar, forced convection flow and heat transfer in the entrance region of an in-

ternally finned circular duct with a finite thermal conductivity has been analyzed numerical-

ly. The problem under investigation i1s a three-dimensional boundary layer problem, and is

solved by employing a marching-type procedure which involves solution of a series of 2-di-

mensional elliptic problems in the cross-stream plane. Two types of inlet hydrodynamic con-

ditions are considered . (a) uniform velocity flow and (b) fully developed flow. From the

above inlet conditions, the effects of the fin height(A), fin number(N) and conductivity ratio

(k) on the flow and thermal characteristics are investigated. The numerical results show

that the height and number of fins, and ratio of the solid to fluid thermal conductivity have

pronounced effect on the solution. Considering pressure drop, optimized dimensionless fin

height is 0.4.
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Table 4 Pressure drop and hydrodynamic en-
trance length for various fin heights

and numbers

f-Re |entrance length

h==0.0 8.10 0.183

h==0.2 12.74 0.260
N=17,

h==04 33.21 0.260
k=100

h=0.6 | 103.13 0.202

h=0.8 | 223.65 0.007

N=4 13.35 0.262

N:=8 19.84 0.260
h=0.4

N=12 27.76 0.256
k=100

N=16 33.22 0.260

N=20 37.35 0.201
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Table 5 Nusselt number and thermal entrance length for various fin heights, fin numbers and inlet

conditions
Nu thermal entrance length
(In fully developed region) | fully developed | uniform velocity

h=0.0 3.37 0.065 0.262
h=0.2 3.42 0.069 0.180

N=16
h=0.4 3.24 0.057 0.230

k=100
h=0.6 3.81 0.063 0.447
h=0.8 12.74 0.068 0.454
N=4 3.43 0.062 0.410
N=8 3.39 0.062 0.325

h=0.4
£=10 N=12 3.30 0.064 0.245
a N=16 3.23 0.064 0.230
N=20 3.23 0.065 0.174
k= =1 3.30 0.061 0.116
h=04 k= =10 3.23 0.060 0.205
N=16 k.= =100 3.23 0.058 0.230
k.= =1000 3.89 0.062 0.223
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