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Abstract : It has been argued that the use of plastics can cause problems during design and manufacture owing to their
low strength, relatively poor thermal conductivity and large thermal expansion. However, the advantages of plastics
e.g., corrosion resistance, low cost, curtailment of weight, design flexibility etc., can compensate abundantly for the
disadvantages. This study analyzes and compares the heat transfer performance characteristics of automotive compact
oil cooler composed of plastic tube bundle with conventional metal oil cooler on the same core area basis as diameter,
tube thickness, number of tube or tube arrangement varies. The performance analyses are accomplished by use of
computational fluid dynamics program Fluent 6.2, which is verified and compared with the results of performance tests.
The result of analyses is coincided with that of experiments. Flow pattern at air side according to tube arrangement is
dominant factor which affects heat dissipation in case of similar total heat transfer surface area.

Key words : Plastic oil cooler(Zet2=8 2 d&2), Arrangement(¥1 <€), Tube bundle(#thd), Heat transfer
coefficient(d A & A147), CFD (A A4 9 81, Turbulence kinetic energy (7 -5l L #]), Uniformity(¥ < =)

Nomenclature m :flowrate, ¢/min
A aea, 2 P : pitch, mm
K :turbulence kinetic energy, m%/s” : : thickrless, mm
AP : pressure drop, kPa v V-GI?CIty, m/s
Q : heat dissipation, kcal/h arinflow angle, deg.
7 temperature, °C o : flow uniformity, [-]
U :overadl heat transfer coef., W/m?*K )
d : tube diameter, mm Subscripts
f :fouling factor, [-] ave :average
h - heat transfer coefficient, W/m*-K i inner
k : thermal conductivity, W/m-K i : refer to cell
l : longitudinal
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Fig. 2 Cross sectiond areaof tube bundle

Table 1 Tube arrangement characteristics of model

Model | Arrangement | Tube| Di S] P Pt
no. no. |(mm)|(deg.)| (mm) | (mm)
1 257 2 19 8 2.75
2 286 | 2 | 348|516 | 358
3 267 | 2 |362]| 52 38

Staggered
4 263 | 2 45 | 45 45
5 263 2 51.2 | 41 51
6 261 | 2 |554| 38 5.5
7 324 | 2 9 | 30 3.0
8 In-line 230 | 25 | 90 | 35 35
9 180 | 30 | 90 | 40 4.0

B ATl ARSE AE frAl 2 FE A Fe o
Table 2o VERAATE o] 7] A 2. 9]
& )
2|5t t) Za~E A= PAGES AFE
hel FHAA s vaE 98l 7eo®
g TR Aleoslolth e dE e WA Ko
Z71-2 Table 301 YERA w2} 2T},

1 ()7 (291 LFER nls) o)

DU
|
>

ne, o

p=812.8134—0.020175 X TA] @)
C, =847.0679+3.7751 X TIK] 2
Table 2 Physicd propertiesinvolved in the model
Material Oil Air |PA66|Al16061
Density(kg/m®) FT) | 11 |1120| 2700
Specific heat(Jkg-K) F(T) | 1013 |2200| 896
Thermal conductivity(W/m-K)| 0.158 [0.0255| 0.2 | 180
Viscosity(kg/m-s) 0.005712| 1.85¢”
Table 3 Input conditions
Input parameter Value
Ambient temperature(°C) 35
Inlet air velocity(m/s) 2,4,6,8
Inlet oil temperature(°C) 110
Oil flow rate( ¢ /min) 3,7,11,15
ool Fuol Og QY 54 nde 59 47
of thslA ¥ FAE 92 SheA A S
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Fig. 5 Thermd flow characteristics according to tube diameter
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Fig. 7 Thermal flow characteristics according to tube
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