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Abstract : The cooling module needs enough space (or distance) from hood to absorb the energy from any pedestrian
collision. Downsized cooling module for pedestrian protection is important to reduce the severity of pedestrian injury.
When a vehicle collision happens, the downsized cooling module is required to reduce the risk of injury to the upper
legs of adults and the heads of children. In this study, the performance of cooling module to cool the engine was
investigated under 25% height reduction. The heat dissipation and pressure drop characteristics have been experi-
mentally studied with the variation of coolant flow rate, air inlet velocity and A/C operation ON/OFF for the downsized
cooling module. The results indicated that the cooling performance was about 94% level compared to that of the
conventional cooling module. Therefore, we checked that the cooling module had good performance, and expected that
the cooling module could meet the same cooling performance as conventional cooling module through optimization of
components efficiency.

Key words : Pedestrian protect(}23§ %} X %), Downsized cooling module(¥°] 43 WZIEE), Cooling
performance(*d Z+ /3 &), Radiator(2} ©] ol ©] €]), Condenser(-3-571), Fan module( N =&)
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Fig. 1 The photo of cooling module performance tester

Table 1 The specifications of cooling module performance

tester
Item Value
Outside
dimensions (W18 mx[D]13 mx[H]3 m
Temp.
Environment emp -35°C ~ 65°C
control range
chamber -
Cooling system 114 kW
Water supply | Max.100°C(@Max.300 I/min),
system 60 kW
. Push type Max. 333 CMM
Wind tunnel blower

Test core size

[W]1,900 mmx[H]800 mm

Wztn g a2l girjoole - &+ & 2529
TS St AREAa, 37 TE5E L B FF
o W& Wztn g 4H s 44 A5tk
A3 21L& KS 747 2As L, 2 7E %
oMol g7 T, B fod w4 rge Wy
A5S H71819d ) Table 30 LFERA Hle} 7bo], Wl
AR E Ao e F4£S 7|0 722 4,6,8misE
WA 7] 3L & FFe] 790l = 20, 40, 60, 80 L/min
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Table 2 The specifications of cooling module components

Table 3 Cooling module performance test conditions

Downsized | Fin pitch: 75
Number of tube: 47

Component Specification Item Conditions
Conven Core size(mm): 636x480x14 Frontal air velocity [m/s] 2,4,6,8*
i Fin pitch: 75 Air inlet temp. [°C] 20
ional £ tube: 65
Radiator Numbe‘r of tube: Engine coolant inlet temp. [°C] 80 (ITD: 60)
Core Size(mm): 636x357x18.5 Engine coolant flow rate [I/min] 20, 40%, 60, 80

Core Size(mm): 679x383.6x12

C(?nven- Fin pitch: 83
tional
Number of tube: 54
Condenser -
Core Size(mm): 679%355.6x16
Downsized | Fin pitch: 75
Number of tube: 50
Conven Diameter(mm): 460
tional Number of blade: 7
F Motor power(W): 170
an
Diameter(mm): 370
Downsized | Number of blade: 7
Motor power(W): 170
70
Coolant Flow Rate : 40 Ipm
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(c) Pressure drop with the variation of frontal air velocity
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Fig. 3 Cooling performance of cooling module (conventional model and downsized model)
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W A5 Fig. 30 YERNATE Fig. 3(a)oll A & Temnerature[“cl
T 5= vke) o], T4 & {7 40 L/min 2719 Lrrvrrerrererd
A &7] AW FEol Sl whel dA o] 7Has
sho] e Srtek=d], A F 174«] A &
21 8 m/soll A= 7] Al B o] Ao Eﬂo}oﬂl
543 kW, 50.9 kW o] W =ks 74z} L‘rEM% et ol
= AR A 7155 HiE] 520 25% Sl =
ok, WA E AARESe) A7) AN 2 de) ->
ob el ef 3l 71 et mlanake] 04% (a) Conventional model ouT
AS & 4 AT Fig. 3(b)= Y T 8m/s =71
N f#FE TN Aol E wh wo] F7te} e perature (6
L, B o] 80 L/mingl - 7] A% & o] — ‘““’6”“‘
Sagol ko] Hoh ¥A = 63.8kW, 60.3 kW]
A3E 242k Jegieh. 4, Fig. 3(c), (@014
2% 27 Aol W WwEe] 4 3eE U
eliglon, S&3 fifol S/ E ' A% >
o] FA5] Awshs A% o 4 slth 53l 7)F 4 . ouT
o] 2791 T4 8 m/s, 73 40 L/minol| A 7] thH] _ @ I}owgslzed m.odel |
o] 280 A9 T7] 2O 16% Z7FaFda, b Fig. 4 (Tén;p;rzujz f;;t;l;unon behind radiator
A E 2 38% Ak Ao et o=
7] &9 A5 F5 ST tlEo] W ddw A St Tkt AA A o2 V)& RERT & S
EolaL, & 59 Ffole = 72 g A o] i FEE Hol= Ao r AAZG
71kl 7] Wit o2 Azt ek Table 40 A= o] 49 ghr]d ol @37 Y
Fig. 4% 37 3% 8 m/s, & 3 40 L/min 2 & ZtR gl tiste] s 7t'JJr Hl gk Ao =, &
ze A grjeoly $He] 2= EXE UEhl 7 40 Limin 2304 &7] 5 Wkl w2
Qo elololEsl Ak B ol AR AT G FHRIE A% eI, eiolold
A ET YToR ALH LW YLAN, A BESL wstel, JR2FL PH 7] T W
P GO Belols 2 Gl F ol WAL~ 8mis)ol A WAL oF 5% s, W
Do 8% REE RO oW AT F ] W ¢ Fahs 35u) hF Foehe o vhehy
A S Ao w gt o] 4y Kdo th ol gollolH o} WA E dolM ] 75
ol B olH 0] 25% AR WD WETE o] TUF 2o, WARE] A4 FEAcd
Table 4 Performance comparison of radiator and cooling module for downsized model at 40 I/min
Performanac; Heat dissipation (kW) Heat disspaton Air-side [();Zs)sure drop Water—sidz:k;;r:)ssure drop
decrement
Velocity Radiator Cooling (%) Radiator Cooling Radiator Cooling
(m/s) module module module
2 24.7 23.8 3.5 349 108.9 3.1 2.9
4 39.1 37.1 49 98.3 310.5 - -
6 477 452 52 183.5 605.8 - -
8 53.7 50.9 5.0 290.1 987.7 - -
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