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Improvement of Air Cooling System through Analysis
of Heat Generation Characteristics of Power Transducer Module
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Abstract The global response to combat the severe climate change crisis involves a swift transition from
fossil fuels and the significant adoption of eco-friendly energy sources. As electric vehicles (EVs) gain
popularity, their power and battery capacity are improving, and there is a growing need to enhance the
EV charger charging power. On the other hand, an increase in charging power generates heat,
necessitating effective thermal management within the chargers for safety. This study measured the
module cooling fan flow rates and temperatures to determine the heat characteristics of power
conversion modules in rapid-charging EV chargers. The cooling system efficiency was also evaluated
based on fan capacity and guide vane angles. This research considered seasonal temperature variations
and identified overheating during summer, prompting further study to improve cooling under these
conditions. Increasing the fan flow rate by 10% and 20% led to 4.45% and 15.82% improvements in the
cooling performance, respectively, compared to the baseline, with the best enhancement of 9.06%
observed at a 35° inlet duct guide vane angle.
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Fig. 1. The results of measuring thermal infrared
temperature data
(a) Surface of the inlet section of the module
(b) Surface of the outlet section of the module
(c) Outlet duct
(d) Surface of the power conversion module
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Fig. 2. The results of measuring temperature data
on the surface of the power conversion
module
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Fig. 3. Cooling fan at the outlet of the EV charger

Table 1. The results of measuring the airflow of the
cooling fan at the outlet section of the EV
charger

Outlet velocity (m/s) Measuring point

6.10 [ 6.13 | 5.98 | 6.13 | 6.25 | 6.82

6.52 | 6.14 | 5.92 | 5.25 | 6.41

5.13
5.89

6.52

6.15(5.28 | 5.33

5.46

5.71 | 5.85

5.7515.91 4.51|5.98

2.63 | 4.21 597 | 6.83 | 5.66 | 5.61

4.46

3.82 4.11

4.36

4.2514.98 | 5.22

5.11 | 4.72 | 5.78 | 496 | 5.91

3.98 | 4.19 | 429 | 531 5.27

6.87

5.01

4.1211 4.03 | 5.96 5.73 | 433

5.35
40.5

Average velocity (m/s)

Average temperature (°C)
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Fig. 4. Modeling geometry and generated mesh of
EV charger
(a) Modeling geometry (b) Mesh

Table 2. The detailed explanation of modeling of EV

charger
Cooling fan at . Power
X Cooling fan at .
Category | power conversion . conversion
outlet section
module module
Quantity 20 15 10
Specificati B B 284 x84 460
on
Cooling fan
at module Module
|:] - Outlet duct
O
B ]
Inlet duct -
Cooling fan

at outlet section
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Table 3.1. Boundary conditions of the cooling fan

Categor Module cooling| Cooling fan at
0Ty fan outlet section
Ap?li.ed Massflow inlet | Massflow outlet
conditions
Cooling fan ——
an flow
rate (m?/s) 244 6.09

Table 3.2. Boundary conditions of the module

Boundary condition

Applied
conditions

Source term

Module Heat
generation

per module
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Table 6. Boundary conditions of seasonal outdoor
air temperature

Category Air inflow temperature ()
Spring/Autumn 10.0

Summer 35.0

Winter -10.0
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Table 7.1. The analysis results of EV charger heating
characteristics based on outdoor air
inflow temperature (Spring/Autumn)

Table 7.3. The analysis results of EV charger heating
characteristics based on outdoor air
inflow temperature (Winter)

Cat Spring/Autumn Cat Winter
ategory (Air inflow temperature : 10.0 ) ategory (Air inflow temperature : -10.0 C)
10.00 z 1000
I:::
3y 9.00
poes [ I o0
7.50 ¥ k7 T 8.00
7.00 } £ 120
650 Dk G i e - 7.00
Velocity om e | Veloci o
vector . o o ; y OtCltY :gg
vector
[m/s) = [m/s] B
::Z 3.50
2.00 3.00
1.50 250
1.00 200
0.00 1.00
0.50
gt
;zz 70.00
56,00 66.50
52.50 I 63.00
49.00 59.50
4550 56.00
Temp. £9 5250
contour l ;?:z :zg
el Temp. o
21.00 contour . ;fx
I e [c] 2600
1050 24.50
7.00 21.00
350 17.50
0.00 14.00
Average 299 € I
temp.
Average 6.98 T
temp.
Table 7.2. The analysis results of EV charger heating
characteristics based on outdoor air
inflow temperature (Summer) 3.3 Wzt Ms SkAHor 2
Catesory i e AR SAAAT B2 A5E 10 % ol
ir i t ture : 35. _ B
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8.50
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Velocity EEE
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Temp P 20& 71Eos YA 78S 10 %, 20 %= S7H
corz(t:our N 7 B4t o A¥E ol Table 9o YR AT
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Table 8. Case differentiation for cooling characteristic
analysis based on cooling fan flow rate

Cooling fan
Category flow rate (m?®/s) Note
Case 0 6.09 Original cooling fan
Case 1-1 6.69 10 % increase
Case 1-2 7.31 20 % increase

Table 9.1. The analysis results of cooling characteristic
analysis based on cooling fan flow rate
(Average temperature and status of goal achievement)

Average
Improvement
Average | femperature Status of ratio of
Category | temper: Eiure change achievement coolin;
ategory p[t]a compared to (below f &
the original 55 ©) per Olz)mance
[l bl
Case 0 56.8 - - -
Case 1-1 54.3 -2.53 O 4.45
Case 1-2 47.9 -8.99 O 15.8

Table 9.2. The results of cooling characteristic
analysis based on cooling fan flow rate
(Velocity vector and temperature contour)

Category | Velocity vector [m/s] Temp. contour [C]
1000 7000
9.50 66.50
9.00 63.00
8.50 59.50
8.00 56.00
750 5250
700 900
6.50 45.50
6.00 - 42,00
5.50 38.50
so0 3500

Case 0\ 55 [
4.00 28.00
3.50 2450
3.00 21.00
250 17.50
200 1000
150 1050
100 700
0.50 350
0.00 0.00
1000 7000
9.50 66.50
9.00 63.00
8.50 59.50
8.00 56.00
750 5250
700 900
6.50 45.50
6.00 42,00
5.50 38.50

Case 1-1 ! 59 |
450 | 5150
4.00 28.00
3.50 2450
3.00 21.00
250 17.50
200 1000
150 1050
100 700
0.50 350
0.00 0.00
1000 7000
9.50 66.50
9.00 63.00
8.50 59.50
8.00 56.00
750 5250
700 900
6.50 45.50
6.00 42,00
5.50 38.50

Case 1-2 ! 500 |
450 | 5150
4.00 28.00
3.50 2450
3.00 21.00
250 17.50
200 1000
150 1050
100 700
0.50 350
0.00 0.00
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Table 10. Case differentiation for heating characteristics
analysis based on guide vane angle

Guide vane |Cooling fan| Modelin
Category angle flow rate of guide Vine
© (m*/s)
Case 0 -
Case 2-1 35
~ 6.09 Guide vane angle
Case 2-2 45 (Original) ’
Inlet —
Case 2-3 55 '
Case 2-4 65

Table 11.1. The analysis results of cooling characteristic
analysis based on guide vane angle
(Average temperature and status of goal achievement)

Average
Improvement
Average temperature | Status of ratio of
Category [temperature change jachievement coolin
gory p[oc] compared to | (below erformaice
the original 55¢0) [P o
(] Vi
Case 0 56.8 - - -
Case 2-1 51.7 -5.15 @) 9.06
Case 2-2 54.4 -2.41 O 4.24
Case 2-3 54.8 -2.01 (@] 3.54
Case 2-4 59.2 +2.35 X 4.13
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Table 11.2. The results of cooling characteristic
analysis based on guide vane angle
(Velocity vector and temperature contour)

Category | Velocity vector [m/s] Temp. contour [C]

Case 0

Case 2-1

Y N N

Case 2-2

Case 2-3

Case 2-4
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