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ABSTRACT

The studied oil cooler consists of 14 wave-patterned oil channels, resulting in a complex internal geometry. It is necessary
to examine the internal flow characteristics that could directly affect the performance of the oil cooler. In this study, the internal
flow characteristics such as velocity, flow distribution, pressure drop, and recirculation zones within the oil cooler were analyzed
using the ANSYS FLUENT solver. Mesh convergence study was successfully conducted by comparing the results of analyses
with grid sizes 2.2 times, 1.42 times, and 1 times mesh. The analysis results of two turbulence models, Realizable k- and SST
k-0, were compared, and the SST k-w model was found to be more suitable. Recirculation phenomena near the walls, inlet,
and outlet were observed. Initially, oil was slightly concentrated in the 4th channel of the 1st pass, but it was evenly distributed
into all channels from the 2™ pass onward. At the oil path 1% inlet, non-uniform velocity distribution due to impingement,
recirculation, and transition was observed. The largest pressure drop occurred when passing through the 1% pass and 2™ pass,
with each causing a pressure decrease of 0.85% relative to the oil inlet pressure. The oil outlet pressure was 2.3% lower than

the oil inlet pressure.
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Fig. 2 Schematic diagram of oil cooler channels
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Table 1 Specific dimensions of an oil cooler
H(mm) B(mm) L(mm) h(mm)
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Table 3 Constants for SST k—w model
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1.176 2.0 1.0 1.168 0.31 0.075 0.0828

Table 4 Properties of oil (MIL—PRF—23699)

Parameter Value
Oil density 904.388 kg/m’
Oil viscosity 0.00238 kg/(m*s)
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Table 5 Surface mesh size, and total cell counts
according to case

Parameter Case 1 Case 2 Case 3

Global surface mesh size

. . 0.6 mm 0.5 mm 0.4 mm
oil density

Cell counts excluding a

. . 11,535,440 | 16,411,037 | 25,371,796
laminar region

Cell count ratio excluding

. . 1 1.42 22
a laminar region

Total cell counts 47,976,462 | 52,829,602 | 58,547,211

Table 6 Maximum Y+ value according to case

Location Case 1 Case 2 Case 3

Oil in header 4.048 3.959 4.044
Oil out header 3232 3.231 3217
Oil return header 1.605 1.542 1.541
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Table 7 Area—weighted average velocity and pressure

according to the turbulent model

Velocity Pressure
. [mvs] [kPa]
Location
Case Case Case Case Case Case
1 2 3 | 2 3
Oil inlet | 1.690 | 1.690 | 1.689 | 409.514 | 409.442 | 409.428
Oil path | ¢ | 0799 | 0.805 | 409.232 | 409.161 | 409.147
1% inlet
Oil path 1 261 | 0281 | 0281 | 405729 | 405675 | 405.661
1% outlet
O path 1 309 | 0309 | 0309 | 405.690 | 405.637 | 405.623
2" inlet
Ol path | 6> | 0282 | 0282 | 402,196 | 402165 | 402.154
2" outlet
Oil outlet | 1.691 | 1.690 | 1.689 | 400.000 | 400.000 | 400.000
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Fig. 13 Velocity, velocity vector, pressure contours for (A) Case 1, (B) Case 2, and (C) Case 3
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Table 8 Maximum Y+ values according to turbulent models

Location Realizable k-¢ SST k-0
Oil in header 4.166 4.044
Oil out header 3.500 3.217
Oil return header 1.456 1.541
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Table 9 Area—weighted average velocity and pressure

according to the turbulent model

Velocity Pressure
) [m/s] [kPa]
Location Realizabl Realizabl
L calizable | oo\
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In 1.689 1.689 409.360 409.428
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Table 10 Maximum Y+ values according to turbulent models

Location Maximum Y+ Average Y+
Oil in header 4.044 0.704
Oil out header 3.217 0.298
Oil return header 1.541 0.210
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Location Pressure(kPa) Percentage(%o)
Oil inlet 409.428 0

Oil path st inlet 409.147 0.069

Oil path 1% outlet 405.661 0.92

Oil path 2nd inlet 405.623 0.93

Oil path 2™ outlet 402.154 1.78
Oil outlet 400.000 2.30
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o2t} Fig. 17 (b)2} Fig, 18 (a)&= oil 2nd pass outlet2
2HE GYH edo] edyzr] E4& &2 W, oil out
header & 8 2 TF0A Z2|H L2do] Ae2lsts A
< UEdt}, Fig, 17 (b= L9977 S42 =54 *
gk 2.0 oil out header®] 7PgAte] 2 EejH & WAsl=
Q&S HojEth Fig, 18 ()&= 299 oil path 2nd
outletS AU} oil out header® §UE | oil path 2nd
outlet, AoloA] 2k ©olo] AR S MolEeh
Fig. 18 (b)ol|A] oil—path 1st outleto] A G-J% 2 AU0] oil
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Table 11 Mass flow rate, and mass flow rate distribution percentage on each channel at inlet and outlet

Oil path 1% inlet Oil path 1% outlet Oil path 2™ inlet Oil path 2™ outlet
Channel Mass flow Percentage Mass flow Percentage Mass flow Percentage Mass flow Percentage

rate(kg/s) (%) rate(kg/s) (%) rate(kg/s) (%) rate(kg/s) (%)
Ist channel 0.0272 14.06 0.0272 14.05 0.0275 14.25 0.0275 14.25
2nd channel 0.0270 13.99 0.0271 14.00 0.0275 14.25 0.0275 14.25
3rd channel 0.0283 14.62 0.0283 14.65 0.0276 14.29 0.0276 14.29
4th channel 0.0291 15.06 0.0290 15.01 0.0276 14.30 0.0276 14.30
5th channel 0.0276 14.26 0.0276 14.28 0.0277 14.32 0.0277 14.32
6th channel 0.0269 13.90 0.0269 13.92 0.0276 1431 0.0276 14.31
7th channel 0.0273 14.11 0.0272 14.09 0.0276 14.28 0.0276 14.28
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Fig. 18 Recirculation in oil pass 2nd outlet and return header

Fig. 19 Detail Streamlines of Qil in header

path 2nd inlet® 2 -ZE]HA] return header A XA E]
FAollA dF edo] o=l IS HolEth Fig. 19
= oil in header FYGoA 9 §-4 ExE Yepdict 2dy
] A2 wmEA S5 2 UL il path 1st inlet?] &
J SE5HA ok o 292 oil path 1st inlet &
1st passS SWSIARE, AE 222 oil in header?] ¥
2 Elal A3 1A Frk Fig. 19+ oil in header ¥
oAl Aj=gho] WS AS HojEt,

Fig, 203} 21:2 217} 244|291 @ ddz7]9] A} A&
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ig. 21 Streamlines of Qil inside the Qil Cooler
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Fig. 22 Area weighted average velocity according to
distance from oil path 1% inlet

Fig. 22+ oil path 1st inlet TH2] x FHEE x=022 X
AWS 0, oil in header®} 1st passolA] x =of &8t YZ
Sl WA 7k Wt S5 Uit x ) 091 F92 Ist
pass, x { 021 YL oil in header?] YZ @ H &£ &
oJulgltt, Oil in header PYollA Xt B4t &H= 0,926
m/soll = $, oil path 1st inlet o Jst7] A +
ASHA &7} 74T} o)== x=00]|4] oil path 1st inletO]
ol MRTIe] SR AT S o, AeE 2 Hol 4o
o8 Qg EQMtt f59 dFE HojEth Bol] ofd
oil path Ist inlet2 E38l= SA152 £ 0,805 m/sE
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