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Three Dimensional Analysis for the Performance of
the Corrugated Louver Fin for a Vehicle Heat Exchanger
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ABSTRACT: A three dimensional numerical analysis of the corrugated louver fin for a
vehicle heat exchanger was performed. The heat transfer rate and the air pressure drop of
the corrugated louver fins for a slim heater were compared with experimental results at the
same operating conditions. As for the slim heater fin, we found an optimum fin pitch at
certain operating conditions. As the fin pitch increased, the air pressure drop decreased. The
vertical or flat top fin was superior to the common declined fin in the aspect of heat transfer
performance. As the louver length increased, both the heat transfer rate and the air pressure
drop increased.

Key words: Corrugated louver fin(F82 %49 &), Slim heat exchanger(£#¥d ¥€i%7]), Fin
pitch(¥ 1)), Fin angle(3 Zt%E), Three dimensional numerical analysis(33+¢
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Table 1 Specification of heater fin

Fin |Louver{Louver| Fin
pitch | pitch | length | height
[mm] | [mm] | [mm] | [mm]

No. of
sample

Fig. 1 Geometry and design parameters of
traditional corrugated louver fin.

Fig. 2 Geometric model of corrugated louver
fin.
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~ Table 2 Specification of evaporator fin

Louver| Fin {Louver| Fin
length |pitch| pitch |height
[mm] |[mm]| [mm] | [mm]

No. of | Fin
sample |angle

E_casel| 30 8.7
E_case?2| 0O 87 (180 1.10 10
E_case3| 0O 9.0

Fin for
evaporator|

Table 3 Specification of tube

Width [mm] [Height [mm]| Thickness {mm]

Tube 18.5 2.03 0.33

X 4% Table 13 Table 29} Yeh} th Rl

A 5Hg 3 EE E casel® Zo] 3 x5t 0

T olA4el #S Al linclined fin)o)g} 21,

E_case2 =& E_case39l Az Zeol B Ztx7t 0

29 & 43 F(vertical fin or flat top fin)o]
2ar,

e g Zurle FAHM AEF FE AY
& Table 304 R ule} Zo] FYI AL
3, S Eg 3 uld] FiHez F Fo] & F
wrl g g XS 93t A 2 o A
ol dFate d9L Addgez Asith

Fig. 32 3€ & dugrle 44 987 24
2L E3le o)A F SHE dudre A&
g 2¥elx, Fig. 45 F27]4 Fugr| 9
AA o3 2dyYE 53 o)t FLvE
Idngtyje A4S vag agolrt.

AALS DEC 21164 CPUE A&3&+= 1zZ2H
ol Aol M F&IATt AdAAE 75l 3§}
U Ade FFA7E d e AE ¢ 10
ANzt AEst 2859 9 RFHAANY & A



A8 gngrle

Fig. 3 Comparison between real appearance
and geometric model of heater.
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Fig. 4 Comparison between real appearance
and geometric model of evaporator,
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Fig. 5 Face meshes of fin and tube.
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Table 4 Properties of water, air, tube and fin

Density [kg/m’] 998.2
Water- Specific heat [J/kg - K] 4182
liquid |Thermal conductivity [W/m - K} 06

Viscosity [kg/m - s] 0.001003
Density [kg/m’] 1.225
Air Specific heat [J/kg - K] 1006.43
Thermal conductivity (W/m - K]}  0.0242
Viscosity [kg/m - s] 1.7894X107°
E?,Ze Density [kg/m’] 2719
fin Specific heat [J/kg - K] 871

Thermal conductivity [W/m - K]| 2024
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Table 5 Boundary conditions of air side

Boundaries Given conditions
Velocity [m/s] |1, 2, 3, 4
Temperature [K] 293
Air outlet  [Pressure [kgf/cm’G] 0
Y-axis direction
of air side
Z-axis direction
of air side

Air inlet

Periodic condition

Periodic condition
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Table 6 Boundary conditions of water side

Boundaries

Given conditions

Water inlet | Velocity [m/s] Velocity profiles derived from numerical calculations for single tube
at tube |Temperature [K]| Temperature profiles derived from numerical calculations for single tube

Water outlet Pressure
at tube [kgf/cm’G]

0

Table 7 Boundary conditions for numerical analysis of single tube

Boundaries

Given conditions

Water inlet at | Velocity {m/s] 0.05785 (Average volumetric flow rate=6 L/min)
a single tube | Temperature [K]|Constant temperature (It depends on velocity inlet conditions of air)

Water outlet at Pressure
a single tube [kgf/cm’G]

0

Wall of tube |Heat flux [W/m?]| Constant heat flux (It depends on velocity inlet conditions of air)
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Fig. 6 Schematic diagram of heater experi-
mental apparatus.
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Fig. 8 Comparison between experimental pres-—
sure drop and calculated pressure drop.
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Fig. 9 Relative comparison of heat transfer
rate in various operating conditions.
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Table 8 Relative heat transfer area and re-
lative heat transfer coefficient with
variation of fin pitch

Relative | Relative heat | Relative heat
Fp heat transfer transfer
[mm]| transfer coefficient coefficient
area Re=71.86 Re=287.43

0.83 1 1 1

0.85 0.973 1.07 1.05

0.87 0.948 1.09 1.06

0.90 0.916 1.11 1.07

0.95 0.869 1.16 111

1.10 0.778 1.29 1.19
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Fig. 10 Comparison of pressure drop in vari~
ous operating conditions.
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Fig. 12 Comparison of heat transfer rate with
variation of evaporator fin.
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