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Abstract

This study aims to investigate the effects of airflow impact angles on the flow behavior and heat
transfer performance of an intercooler using Computational Fluid Dynamics (CFD) combined with a
multi-scale coupling method and a porous media model. The accuracy of the porous media model
in predicting heat transfer performance was validated against an explicit fin model, yielding Mean
Absolute Errors (MAE) of 0.193% and 2.445% for fin pitches of 1 mm and 2 mm, respectively. Four
impact angles—15°, 30°, 45°, and 90°—were analyzed. The results indicate that the impact angle
significantly influences the turbulent kinetic energy (TKE), pressure drop (AP), and cooling air mass
flow rate, which are the primary factors affecting heat transfer performance. Higher impact angles
lead to increased heat transfer rates (Q), with the maximum value of 78.29 kW observed at 90°.
However, effectiveness analysis shows that the 15° case achieves the highest thermal effectiveness
(& = 0.97), whereas the 90° case exhibits the lowest effectiveness (€ = 0.69).

Keywords: intercooler, airflow impact angle, porous media model, multi-scale coupling method
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Oy
o(pe) B I
5 +Ve(pug)=V {['LH-O',( Ve
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nsnszanenduaatinmduau (diffusion of k)
wardmsnsaatewdsnueaaudutau (diffusion
of &) mudwiu nemvualy C,, =1.44, C,, =1.92,
C;.=0.09, 0,=1.00 uag o,=1.30 (Jones &

Launder, 1972)

NIANTIVINTUATINE DA W Te
atuinermansuazinalulad

U 20 atUT 1 Uszdufon UnsIAL-LUwIEU 2569

5. wuusaesdangu (Porous Media Model)
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Tunsdumiigs filudumieanuduazinanly
ATAIUIN

Tumsfnuiaslduuusrassionsu (porous
media model) 1ldUNuUN1T1a0IUNUATUVDS
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al. (2017), Li et al. (2021) wag Zhang et al. (2016)
Iiiuvudraesdonsusnliunuiidgmidudounislu
\esuaniasumuieuduiandifienuwsu (porous
zone) Faau130ans1UILEEE WlAW LTINS a0
Tuwaziinadnsvasnisiauarnisaiemanusouds
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Anuouresveudiviedonsu (W/m-K)

6. 52 U8UTONMIATUIAULUU SIMPLE Algorithm
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ASIATIZHAUDEIZV9N3A (Grid Independent
Study)
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ﬁﬂmmﬁmﬁuhmﬁjLﬁﬁwmwaé’wéﬁmﬁuﬁ'amm
asiBoavaawadnInfintu Failvldnstuuas o
wadnsafmnzailutuneunissiass weannisld
ninenslunisirassnniuanus iy Inenadns

o w

Laiunnensfusgsiidodfgy

AN 4 ANUFURUSTENINIUIULAANSANUAUAUR N
ASDNFINSUTIBTINDINA

(1) 1 mm

(@) 2 mm

a o [

AW 5 ANUEUNUSTENINUIULAANSATUAIUA
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TneiruanIUSIveseInAvasidu 5 10 35 50 65
waz 80 M/s LAYAIUIUNIAIUAUANATBUTENIN
maduazeenvesusuasy wandlifanm 6 aantu
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M99 2

AMITIlmeITa M ULUUTIANFeNTY

Case Exponential equation G, a
Fin pitch = 1 mm AP =1.211v2 +19.606v 24.710 7.305x10°
Fin pitch = 2 mm 9.047 1.992x10”

AP = 0.443v* +7.190v
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NAN13IVY
1 N19A5IAFIUAINUYNADIVINTTLABTUUY
davsdongy

WoUssiummis s weuUUaesdeTitsngu
FegnihantfunuiinuudaesuruaiuiiineasBendy
@oau (explicit fin model) ladin1sUTsuLisunanis
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Vlzammmﬁumm'amLLazqzu‘wqﬁﬁmaaﬂﬁuaqmmﬁma'a
W iloUszifiuanuannsavesnuudtaswgulunis
Airsevinginssunisivauasnisuaniudsuanuiou
Tasgnuiuduavaenndosiuluuitaesnuaty
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