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This research is to investigate the augmentation of cooling performance of water-cooling in the electric vehicle secondary
battery. The research focused on the numerical study of heat transfer coefficients for cooling performance augmentation. To
improve the water-cooling performance with three different inlet sections of water-cooling and five different mass flow rates,
air-cooling, and water-cooling were compared. To compare the water-cooling performance, selected local positions for
various temperature distributions were marked on the battery cell surface. The normalized local Nusselt number of the
cooling area at the normalized height position indicated that the heat transfer coefficient of the combined section was
averaging at 77.95 and 58.33% higher than that of the circle and square, respectively. The heat transfer coefficient with the
normalized width by water-cooling at combined section was averaging at 5.15 times higher than that of the air-cooling. At
the normalized height, the cooling performance at the water flow rates of 10 Lpm was averaging at 68-74% higher than
that of 5 Lpm and 35-39% lower than that of 25 Lpm. Ultimately, the best cooling performance existed with the combined
section, and the water flow rate of 10 Lpm was most appropriate, given the temperature difference and power consumption.
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(a) Battery pack

(b) Battery cell

Fig. 1 Actual geometry of battery pack and cell

d Z2F Ao ZH AR o]ojR= BEAIFEE 7RI 9l
uhebA i 2jel o] LAY MY HEE a&AQl %1?4
71 A7 AFsAelA s s & Fatt HAolal &
w5 flel 71 ST 2 sk Qe A B
Aglog Aye|7h o|FA|aL ik oo gt 7]E ALES W
A% wiEl2ol tisto] antAQl olf2 dAo JaFs Tt
7] $1gt A7 2528 wiE ] B 2919] 57 a4, A7)
AEAE v e H@o] agFgl Wrks 9

o

bR |

Of

2 glste] WAME ol
sl A $% Alo] $FF] BE W A5 v BE
Q7 Al wek ) A AT B AW ol 8 A

% g A2slol ) A dlojobel ntel Wzt A wlms)
LA Fo) Y4 A7t a4 A e
) LGN YA ol gsto] HjEele] Alarhe] A
A AR ST S gAE L el

|

ok ©
RS
r'l
L
-
jx

d %
22 ol gstel §F WA fgol W SAel mlAE G
Bholahis ¢ Stolnels ulele] AlLge LAkl e
WiEle] Bl A AR AQIS e el Alswe] e
Sl 7 424 vEle] o) A W AEE Sashs !
A e e gz wele pa opueE Aol Yeg
AEshe A7 Fol g %leﬂ SR PR A
TUA I U A 2 QT vhelo] T wE Wy A
% AT Ao SawA ekort

B AL A o] g3k Wk ALgld A4 e A
2 Tefsle] A4 B WA 294 YAS 92 AT BEe
2, PAZR, B T, R BRste] SE0t 2R 44
Hom dHste] o AALL B W %S wlaat Aol
m, 0% W2 Aol M 94 HAe] 92 4T gwe Al
Gistel T4l W2 ALY B2 Aol Aolg A AL
2 Ul EE 0] §2 T ThHllA WA S S
A WBHAA W2 A Bl meka ol B3l AHY fee

Table 1 Physical dimensions of battery module
Width (L) Thickness (T) Height (H)

[mm] [mm] [mm] EA
Battery cell 275 17 105 12
Battery pack 285 219.5 120 1
Cooling channel 285 219.5 10 1
Inlet Circle @5 @5
section of Square 5 2195 5 5
cooling - -
water Combined 10 5
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(a) Entire flow field
(b) Circle (c) Square (d) Combined

Fig. 2 Imported geometries of battery module and three different
inlet sections of water-cooling channel

Table 2 Boundary conditions of numerical simulation

Boundary conditions Value

Water

Air
Circle Square Combined

Inlet Mass flow rate

0.00001 0.166 0.212  0.378
[kgs]
Temperature [K] 298.15
Pressure [Pa] 0
Outlet
Temperature [K] 298.15
Cell  Heat flux [W/m?] 500
Turbulence model k-0
Fluid Incompressible air, water
Material Battery cell surface Graphite
Cooling channel Aluminum
surface
Density  Viscosity T}Cllem.@
Thermo- Ik g/m3] [ke/ms] conductivity
physical [W/mK]
property Air 1.2 1.8 x10° 0.025
Water 998  1.003 x 107 0.6
sl o w2 AlAbE skl s Aake] FeeE A7

7] €3} Standard k-0 =g % A8}
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(a) Entire flow field

(b) Simple battery cells

Fig. 3 Grid of flow field and battery cells at entire battery module
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Fig. 4 Velocity vectors at three different cooling water inlet sections of battery module
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(a) Circle
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(c) Combined

Fig. 5 Cell surface temperature at three different cooling water inlet sections of battery module
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Fig. 6 Cell surface temperature with vertical axis at three different cooling water inlet sections of battery module
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Fig. 7 Temperature difference vs. Vertical position (Z) at three
different cooling water inlet sections
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(b) Water-cooling with combined inlet section

Fig. 9 Cell surface temperature with horizontal axis at between air and water-cooling

(d) 20 Lpm

(e) 25 Lpm

Fig. 10 Cell surface temperature with vertical axis at five different flow rates of cooling water
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Table 3 Numerical data of temperature difference and maximum temperature for vertical position (Z) on the battery cell surface at five

different flow rates of cooling water

Mass flow 0.189 0.378 0.576 0.756 0.945
rate [kg/s] (5 Lpm) (10 Lpm) (15 Lpm) (20 Lpm) (25 Lpm)
VA AT Tinax AT Tinax AT Tinax AT Tnax AT Tinax
[Normalized height] (K] (K] (K] (K] (K] (K] (K] (K] (K] (K]

0 9.60 307.75 5.51 303.66 5.51 302.82 4.22 302.37 3.94 302.09
0.1 9.71 307.86 5.64 303.79 5.64 302.96 4.34 302.51 4.08 302.23
0.2 9.78 307.93 5.72 303.87 5.72 303.04 4.44 302.59 4.17 302.32
0.3 9.84 307.99 5.79 303.94 5.79 303.10 4.50 302.65 4.23 302.38
04 9.89 308.04 5.84 303.99 5.84 303.15 4.55 302.70 4.28 302.43
0.5 9.93 308.08 5.88 304.03 5.88 303.19 4.60 302.75 4.32 302.47
0.6 9.96 308.11 591 304.06 591 303.22 4.63 302.78 4.35 302.50
0.7 9.98 308.13 5.94 304.09 5.94 303.24 4.66 302.81 4.38 302.53
0.8 10.00 308.15 5.95 304.10 5.95 303.26 4.67 302.82 4.40 302.55
0.9 10.01 308.16 5.97 304.11 5.96 303.27 4.69 302.83 4.41 302.56

1 10.02 308.17 5.97 304.12 5.97 303.28 4.69 302.84 4.42 302.57
6 25
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