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Abstract : Since electric vehicles cannot use the mechanical water pump of existing internal combustion engine vehicles, an
electric water pump is essential. In this study, the heat dissipation characteristics of the electric water pump, which are
directly connected to the durability of the motor, were studied. The temperature distribution and residence time were
measured over the variation of the flow rate of the pump, the temperature of the coolant, and the power load. Results showed
that the steady state temperature of the electric water pump increased as the flow rate and cooling water temperature
increased, and the maximum temperature of each component increased rapidly as the load increased. Applying an extended
surface to the motor housing helps reveal local hot spots.
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Fig. 1 Schematic diagram of experimental system

Table 1 The specification of the IR camera

Parameters Range Units

Wavelength 7.5~13.0 m
Pixel resolution 320x240
Detector pitch 25 um
NETD <50 mk
Response speed <12 ms
Frame rate 60 Hz
-20~120, v

Standard temperature range 0~350 C
Accuracy +2 °C
Lens 18 mm
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Fig. 2 The EWP used in the experiment and measuring

location

Table 2 Range of the equipment used in the experiment

Parameters Model Range Units
Flowmeter F2S05IGLLDA 3.8~56.8 | LPM
Graphtec GL 820 Midi Logger
Thermo-couple K-type -100~650 | °C
Pressure transmitter SL20 0~2 bar
Control valve HSE SC-P 0~2 bar
DC power supply TOYOTECH 0~30 Vv
TDP-3030B 0~30 A
Function generator RIGOL DGBI11 i ? 0~ Nl ? 0 Ag
22 A8 YUY Ao A
EWP s H7H8 23l ¥ dHolH= NI

Compact RIO™E 143} 5 31912, LabVIEWE
g vlEAlol W A L 7k 22 S AlojEgih.
3-8 EWPE LA F{ &3S WAsH] S8l Aol E &
A = Aeke] 70~80 % Ty ¢17Fske] BEO] &
?54— el 3R sk o] HlES Dutya}zs}

™ gk 7)ol tha H7F ON el A7k H]

6&4.%‘5?01]*1 7HA el AeS ffel
2 3} 100 HZ, 213 A9 10 Vel A}Z%ﬁ}
6H DutyE Alojah= W28 dAskglar,

T PWM 228 A g3to], AgE <rtst
EWP®] 3] 55 #loja3lh

It

r>«
Olﬂ I-()[r

. Il ﬂl1ﬂi

l‘lF 4
o
41z

HUEOFOiX

[Oozlﬂo;:

}-

A3}At 72} =4 A7 ResearchlR™ Z 2 738

T8l shelstsick A shdlEke] S 91X

Fig. 21l

Uehlgich Ewpe] el e 2 Wizt Auhs B

F-E A3 BH - (Motor Housing), PCB
7] 9] (Connector or Motor head)ol| 4] ) g},

Ao 2 & By Hy &5 9 A L5

i] ]/\

—_

=
=)
we,
&
|

> oox, o
o

4 0>'

filo &

darAt skgl o o

79 9
Z—} =

=
=

ﬂl

1000% E¢te] 2= H3}7} 1 °C

ek gelsgieh v 49
=
=

A YEFEET 512y WY 54 AY

=0 @2 AATF 16t} 2 WE AT 5 9l
g gelalan, of 4-53] e oA W A
35+ Th Table 2= 2380 AFEE x| o] md
& HERALE.

rﬁ:irko

(e]

wa s rf o
> tlo N fuj

O

9’

A Ay

31 = 8H U R U WAL mE2 I

B AFS Assly] Aol Hre] 7|z A HrtE 5
3Tk Fig. 30l X A% J7 A9E BT 9l
o, A 12 VE 143tk HE A Ad S 9l
E% WH 2 B Y2 PES PFEelal, WHE A3

A g 2eh 2 AFS SASA Aol ok A

o}b oF 80 kpa©] ™, H o) 22 24 LPMo| ™, HZ F&
& 2 (1) o] Ak,

_APQ
"= o)
EWPS] §-3F 2 2 Ez7l0] uhlAl s, B

Aol Ae] £} HalA Ak 2 AT B4 )
oA L BE BAL 18] S131A, Z2ke] Hej

40

gl ? P : : —a—PW)
i i —o— aP(kpa)

—A— (%)

T T T T
0 5 10 15 20 25
Flow rate (LPM)

Fig. 3 Pump performance curve in 12 V condition

80

70

60

Temperature (°C)

| —PCB cover
Motor head
Housing

20 1 1 I
[ 1000 2000 3000 4000

Times (s)

Fig. 4 Temperature settle down at flow rate 24 LPM,
coolant 40 °C

Transactions of the Korean Society of Automotive Engineers, Vol. 29, No.3, 2021 245



Yoora Choi + Younghyeon Kim - Sangseok Yu

5 I
S
=]
0o
:[o
T“#
o
=
%
Z =
BNCC
Y
=2
>
L >

fo dlo
b
fr
g~}
@)
oo}
_ﬂ
5
_\,L
_\‘L
o
PF

41—41 -8—;7} %%#
A] Eas}% *1&01 < 7kste] PCB 71
&l =42 3,500%, 8H--4 ©F 3,000
7IEE SR 2 HXH 3783

ol
o
o,
)
2

N fop
W)
o
o b
41
}l

S
it
td
i

ox
>
w =

i)
BN
)
)
4
i
_Orlr‘
é
ﬂ
oy
o
Olﬂ O_A.,

Fig. 5% 20 °C W7}
FIHA] ANALE] eEE =
LPMol| A 22 LPM7}HA] &=
Ay}, 31¢-AL 2271 dAs
Hib e ﬁ7} Al 2 257} A4 3

7] whze] Gl 92l Sos LasE 9Ue
w3k Fol57) W9l Ao R wolHeh Y Ao
1 PeBel A2 A1 Fig 6 o eIz, 4% A

9 Qe w0t AR A% GejE ol

N H

‘FOT o] 4 LPM £ 7+A o2 Z7}3t wjujr), 4 ;<1—}\]7
& 9k 2,400 4 200, 400, 6002 M2} 2 Lo ZF
7}t et

Fig. 7% %% 24 LPMCO 2 1 slal, Yz 21 &
WA sl] AF 3 dujo|t) Wzbo] L2 20, 30, 40,
50 °C2 W3IA| 7| AAA e &5 8 A5 W
744=0] %7110 °C 7HA o2 S71E o], B 9] X] ol A
Pae] 217} ok 2~5 C kel WA et
1 e E] Alo] 2291 40~50 °C Ao A = =
785 T Eehs AL B ik ol @

2o o= FES S 5 qlen of
wE| wredo] BAaA ool Aol FFE
Asl7) grA = 5= 9lu)

L5 XA w= pCB A3 A
A7 et SRR 4
001 4] 3,885% Abo] = vhebgtet. A
DE}}\]{LQ] 1% A X x}o] &, Fig, 62 7
2 A skeh vl w g u), Yrhee
HR QIS T4 Fevkal & 5 vk ol
=4 %011*1 Wzt As =R 5
R AGZ A ] 2 S

I

o
O:

:

T
Y

N oo BN R S oX
o = rlo
off —{E o

i

N
>

32

)
o
tlo
21
aQ
(o)
=2

L ooL K oo
>
2
ol o

o

ox £
rlo
bt

N
N
=
H ooz

UJ
00
()]
24 o>

B

fu =

fooo Horlr &

D olN
>

nTm
1o oy
2

rr [‘E%
ot @ Jo
o X 3

d
—
(
=

246 s=R2E238E =28 A29A AB3E, 2021

70

=
//
65 [
60 - -/
2 _—
. 55 _e
£ = =
& — B i
o 50— - e
% L g A
Z a5 e e
3 — il
Z b A
a0 [ e
A —m— PCB cover
A,,,,//’ @ Motor head
95, —A— Housin,
L L L L | I 1

Flow rate (LPM)

Fig. 5 Steady-state temperature over various flow rate

3800

3600 | /

3200 -

w

g

S

s
T

3000

2800 |-

Settle down of steady state (s)

2600
/

2400 |-

—m— Coolant 20°C
2200 L L L
8 10 12 14 16 18 20 22 24

Flow rate (LPM)
Fig. 6 Settle down of steady state in terms of flow rate

920

o | /

80 | - L

75
70
65 - SR

60 |- S

Steady-state Temp. (°C)
\

50 i R

b —m— PCB cover

45 —®— Motor head
—A—Tlousin

40 I I I 1 1

Coolant Temperture (°C)
Fig. 7 Steady-state temperature over various coolant temperature

4000

[ ] | N N S— |
3800 [

2 3600 [

2

s

Z 3400 |-

>

=1

S

2 3200 |

k]

£ 3000 |

k=3

=

2 2800 |-

ot !

2 :
2600 [ :
2400 f 1 1 i i i

15 20 25 30 35 40 45 50 55

coolant Temperature (°C)

Fig. 8 Settle down of steady state in terms of coolant
temperature



Experiment on Heat Dissipation Characteristics of Electric Water Pump Housing Under Various Loads

32 B30 mE =5 g4 §4

7hA Fat A AR s JEHEIE 135V
77 kol A Duty 70 %, 6,000 rppm &2 2Hg-FT}, 213
of AIgE EHIFAZTE E AFoAE ddalr] o
DutyE 30~70 %= 7 g o} oA A& 118y
s

Table 32] 7PH F-&}o] U.']—%— 325 Nipm)= 2 (5)9}
o] FA4sIGlnk. BH dHgkr]e] Lnjd s FA
&35, 9= A9 P, 2 % Pous &2 o}E} e}
A B 9] slATE A vl vl g de
o] A K (635)ul 0] a1, BB ] BEA%] BT ko)

P55 o [rad/sec]oll A 214 NO.2o] whej i Slol]
&8k gholth?

P =VxI @
P, =Txw=(kyx1) &)
V=k, X w “
N=KxV ®)

W7H4 52 40 °C ), Duty 40, 50, 60, 70 %°] 71
3l 204 A L% BEE Fig. 9ol VERISL

|=]

0

Cf HIL, HE5 A, PO, M A A
Z

v} PCB, 74L“E14 %Et B glo] =7}o) wha} 2
Fow 57}0}"3 om, 7} F-Ro] {3 L%=E Fig. 109]
LHERA AT Duty 70 %01]*1 ﬂH‘EH 257} 130 °Co]
TFEPHA Duty 40 %5 tF °F 80 °C 71 S713HS B
U}, TEF-9-4-8 70 °C, PCB 78] =93 °C7HA] AH45319ich

dshd 7hrlets Sl A AHEE BHe 2
7h dshA 2 i A F]lskelal, o] & Fig 11
off YehH it Aol A8 EWPS] BESHy-4-2 W]
Ko M|z wsko = Aekst AA7} Hol gt Aeksli=
o1 3(Air gap) 2= 4-8-5]0] K| px 9] do] 5197
S Bl AEHE AS Walstt)k PCB AW el A= PCB
o] 91x& 147 913k 7ol =7} PCB} 5517
Zoll Sl o] 2= b A vgkom, 11 9o AV
9 PCB 350l 9] gk w4 A4S gelskelh

Table 3 Motor rotation speed under duty
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Fig. 9 Steady-state temperature distribution under operating
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Fig. 11 Local heat spot of electric water pump
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