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A Study on the Heat Transfer of Oil Flow

over Transverse Array of Offset Strip Fins

Seong Hak Shin

Department of Refrigeration and Air—Conditioning Engineering

Graduate School, Korea Maritime University

Abstract

In the present study, heat transfer characteristics of oil flow over
transverse array of offset strip fins are predicted by the numerical
methods. Oil flow in the plate-fin passage is idealized by three
dimensions. The governing equations are discretized by finite
volume method. The flow patterns and heat transfer characteristics
are predicted in details. The convective heat transfer coefficients
and friction factor are reduced from numerical results. The effect
of variable viscosity on the convective heat transfer coefficient and
friction factors 1is predicted and compared with the results of
constant viscosity. The characteristic length which represented the
flow situation 1s selected by comparing friction factors in the case
of constant viscosity. Therefore, the equivalence length is selected

to the characteristic length. Friction factor is 50% less than that of



constant viscosity. And also, convective heat transfer coefficient is
5096 more than that of constant viscosity. Correlation for convective

heat transfer coefficient is derived.
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Table 2.1 Boundary conditions.
Table 3.1 Calculation Conditions.

Table 3.2 Characteristic length of the present study.

Table 3.3 Chronological listing of friction factor correlation.
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Fig. 1.1 Configuration of offset strip fin

Fig. 2.1 Schematic diagram of a transverse fin array, coordinate and
geometric data.

Fig. 2.2 Control volumes and grid points for u, v, and
scalar variable.

Fig. 3.1 Pressure drops versus fin pitch ratio and inlet velocities

Fig. 3.2 The effect of fin pitches and characteristic length on friction
factor

Fig. 3.3 Schematic diagram of 3D figure.

Fig. 3.4 Speed distributions along the heat transfer surface (j=10).

Fig. 3.5 Temperature difference along
the heat transfer surface (j=10).

Fig. 3.6 Speed distributions along the heat transfer surface (7=30).

Fig. 3.7 Temperature difference along
the heat transfer surface (j=30).

Fig. 3.8 The effect of fin pitches on contours of %, comparing
the case of variable viscosity(upper part) and constant
viscosity(lower part). (x — 2 plane)

Fig. 3.9 Contours of velocity © and velocity vectors at
2nd fin rear zone.

Fig. 3.10 The effect of fin pitches on Isothermal lines, comparing
the case of variable viscosity(upper part) and constant
viscosity(lower part). (x — z plane).

Fig. 3.11 The effect of fin pitches on contours of %, comparing

the case of variable viscosity(upper part) and constant
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viscosity(lower part).( —¥ plane)

The effect of fin pitches on Isothermal lines, comparing
the case of variable viscosity(upper part) and constant
viscosity (lower part). (x — ¥y plane)

Contours of velocity u and velocity vectors at

1st fin rear face. (L/W = 5)

Contours of velocity u and velocity vectors at

Ist fin rear face. (L/W = 3.6)

Contours of velocity u and velocity vectors at

1st fin rear face. (L/W = 2.5)

Isothermal lines at 1st fin rear face. (L/W = 5)
Isothermal lines at lst fin rear face. (L/W = 3.6)

2.5)

Isothermal lines at 1st fin rear face. (L/W
The effect of variable viscosity friction factors.
The effect of variable viscosity on /~factor.

Deviations of correlation for heat transfer coefficients.
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Fig. 2.1 Schematic diagram of a transverse fin array,

coordinate and geometric data.
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¢ erid points
—p x—direction

velocity u
y—direction

? velocity v
z—direction

A velocity w

[7>7] main control

,A volume

control volume of
velocity u

control volume of

4] velocity v

E control volume of
velocity w

Fig. 2.2 Control volumes and grid points for u, v, w, and

scalar variable.
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Table 2.1 Boundary conditions.

Section Boundary conditions Remark
Inlet = wu;, v=w=1>_ Inlet
. condition
Left sid %jl/ i1 TN Symmetric
eft side
\: A 3 condition
oy oy
Right sid %ié R 0 Symmetric
1g side e
- — condition
0y oy
du podr | dw
Outlet dxr — or or = 0 Fully developed
— . condition
or
=l No slip
Bottom u=v=w=0
e condition
%ﬂ =0 %Q =0, Symmetric
Top z F e
w= condition
0z
Fin u=v=w=0

=T, wall

_13_
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Table 3.1 Calculation Conditions.

Oil Inlet Temperature Prandtl No.
30C 9345
180 CST 45C 3668
60°C 1610
A3 A\ (L/W) 2.5, 3.6, 5.0

Inlet Velocity

0.05, 0.1, 0.2, 0.5, 0.6, 0.8, 1.0 m/s

Viscosity

Constant, variable viscosity

Table 3.2 Characteristic length of the present study.

L/W L[m] [m] w[m]
25 | 4.88x107°? 1.815 < 1073

3.6 7.02<107° 2.182 < 107% | 1.95x10°°
5 9.75 X 107 2.471 <107

- 17 -




Pressure Drop[Pa]

80000 Constant Viscosity
Inlet Temperature 60°C
—m—L/W=2.5
70000 —e—L/W=3.6
—A—L/W=5 I
Inlet Temperature 45C i
—e—L/W=25
60000 —e—L/W=3.6
—*—L/W=5 ;
Inlet Temperature 30°C
50000 —v—L/W=2.5
—<—L/W=3.6
—»—L/W=5

 Variable Viscosity

Inlet Temperature 60°C

—o— L/W=2.5 >
—o—L/W=3.6

—a—L/W=5

Inlet Temperature 45C
—o—L/W=2.5
—o— L/W=3.6
—&—L/W=5 >
Inlet Temperature 30°C
—v— L/W=2.5
—J4— L/W=3.6
—b>— L/W=5
’ >

B ¢ *

30000 _ /.

20000 ‘?E
=

S

Fig. 3.1 Pressure

inlet velocities

Inlet Velocity[m/s]

drops versus fin pitch ratio and




Constant Viscosity
= | /W=25
e L/W=3.6
A | /W=5

Constant Viscosity
= | /W=25
e |/W=36
A | /W=5

Re,
(b)

et Constant Viscosity
A = | /W=25

10° |

10' |

10’

Fig. 3.2 The effect of fin pitches and characteristic

length on friction factor
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Fig. 3.3 Schematic diagram of 3D figure.
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0.20 L 180CST _
T=30[C]
L/W=3.6
Uin=0.2 [m/s]
0.15 | _
Speed
- —— Constant Viscosity
€ c | Variable Viscosity
= 0.10 | . ]
e
o D
o S
73]
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~S E N, . F
0.00 —
A B
" 1 " 1 L 1 " 1 " 1 " 1 " 1 " 1

-0.002 0.000 0.002 0.004 0.006[ ]0.008 0.010 0.012 0.014
X|m

Fig. 3.4 Speed distributions along the heat transfer
surface (j=10).

180 —— O - WARY.

160 |FT,=167 87 4 S RN e s

140 ATVanab\e |

c() -
o 120 -
é J
& 100 180CST .
Q T=30 [TC] J
E 80 I—/W:36 _
et Uin=0.2 [m/s] ]
60 Temperature ,
—— Constant Viscosity |

oL | Variable Viscosity [ _|

| L | L | L | L | L | L | L |
-0.002 0.000 0.002 0.004 0.006 0.008 0.010 0.012 0.014
x [m]

Fig. 3.5 Temperature difference along the heat transfer

surface (j=10).
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Variable viscosity
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Fig. 3.8 The effect of fin pitches on contours of %, comparing

the case of variable viscosity(upper part) and constant

(x — z plane)

viscosity(lower part).
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Fig. 3.9 Contours of velocity ¥ and velocity vectors at

2nd fin rear zone.
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Variable viscosity
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(a) L/'W =5

Fig. 3.10 The effect of fin pitches on Isothermal lines, comparing
the case of variable viscosity(upper part) and constant

viscosity(lower part). (x — z plane).
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Variable viscosity

Constant viscosity

L/W =5

(a)

(b) L/W =36

L/W =25

(c)

Fig. 3.11 The effect of fin pitches on contours of %, comparing

the case of variable viscosity(upper part) and constant

viscosity(lower part).(x — ¥y plane)
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Variable viscosity
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Fig. 3.13 Contours of velocity u and velocity vectors at

1st fin rear face. (L/W = 5)
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Fig. 3.14 Contours of velocity u and velocity vectors at

1st fin rear face. (L/W = 3.6)
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Fig. 3.19 The effect of variable viscosity friction factors.
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