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Numerical Analysis of Heat Dissipation Performance of Heat Sink
for IGBT with Sinusoidal Flow Shape
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Abstract This study analyzed the efficient heat loss emission of an insulated gate bipolar transistor as
an element used in a power conversion device. The heat sinks of sinusoidal flow paths with different
amplitude values were manufactured to analyze their heat dissipation performance. The effect of the
operating conditions was assessed by controlling the temperature and the flow rate of the cooling water.
This study was conducted by flow analysis using computational fluid dynamics, and the results were
analyzed using ANSYS FLUENT. The heat discharge performance of the sinusoidal heat sink was
effectively improved. It was higher by 17.3% ~ 23% than that of the heat sink with a straight flow path.
Low inlet temperature and large flow rate of cooling water improved heat dissipation performance.
However, the large flow rate of the cooling water and the amplitude of the sinusoidal shape affected
the higher pressure drop , which induced a parasitic loss at the pump of cooling water. The rise in the
amplitude of the sinusoidal channel caused a 1.2 ~ 2.4-fold increase in the pressure drop. The

discharged heat per 1 Pa pressure drop was calculated to measure the efficiency of heat dissipation.

Keywords : Heatsink, IGBT, CFD, Sinusoidal Flow, Water Cooling

o] AT 20209 % HRATATAR YT Yo FHor A 7|&7HE o] A(20203030020200, HEFFHE BE 3 AHEE Alo]
71% izt 20219 % X*H(‘P‘ﬁE*JXP o] ALoR FHaouA]|7|ey 7] AU vof £ AT, (20213030030190, A=A
A&F O] ATELA A2 M 2 EHE L)

*Corresponding Author : Young-Beom Kim(Hanyang Univ.)

email: ybkim@hanyang.ac.kr

Received December 7, 2022 Revised January 30, 2023

Accepted February 3, 2023 Published February 28, 2023

501



SHARSH/| &8585 R #1243 A2%, 2023

=

—

1. M

A AAZLE o|JA] AHlE= 7okl 9lon, £
H] OECD =7}ol| A LAY st= A 473, ol|qA] Al
g 371 AFS7IE sl oA 48| 7t
oL w2A dojuhal SITHIL olEk oA 4]
371 4 oA L2 SRt I8y AR
9] Al&HE AMEOE QIS 2AI7EA HIER A 2H3let
22 4 A diFE §loH, 20159 |71
3l3]oofA= 2A7EA HiEE W0l A+ HiT|2S
w27] 91 g@Ago] AZEUTH2). AR o]
23 X&H 4 E4 wiEdt 99 W i
o AL 4= = W H o X &7hsTt Aol
dgsict. e T, ST 22 AovA=
LAEAE &S gom X&7hsgt o| Aol
=y o33t AR A 9 FFS wol
vttt ek AU AE B6f ik A71E Ao
St AAE 4= Qlojof sict. o] gt IHAofA QIHEfL}
22 A7 Aol FAE0] ARgE. olHE AR Ao]
2o AMREE HEHR] AR APE | QX A
o]Z]AE(GTO : Gate Turn-off Thyristor), 2 A
ol g=4 EWMAAH(GBT Insulated Gate
Bipolar Transistor, ©|3} IGBT) 5°] SItt. o]g3st A
A AAEL AR AFE Alofsks IAA E£4o]
A olgeh &4 49| FHE EAYsH, o] I
2 A7 9 FH ALY RLEE o 52 ASHAT

A} 5 BHATIE BAZ R 944 A

e

L

.

ES
Bl

i
R

2% R PEAI)E Aol AL AAe] 9lo] e
Z3 aa0ln o2 93] 5E Y7t ALgELt =
A Aol wE 9 Wow Agshd, B
of Mg I W F9E 52 4AS B AAd

oz HiEd

SE gt FEP o] A2, Aol= 5 Be
Aefo] glo, Tefet 2 Yol L W A5 7H

r
=

F3 U} Joo B3]

880 F2 5|E 435 wE7] A d7-E0l 1Y

golE Fejo] A(Fin)¥} A

e

(Pin) B9 W(Fin)S HHs}6to] AA FGoA &4
°lE ¥ SIE At § £& 5 Hole AS st

ot Jeon 54l EF°1E WO EolAE st &
‘d5S vlaskaL, We] oAt E55F B A9

o] Fobde Bl Kim SI51e AU 9%

S o] 20] FAo] WekE Fof Ho|Ad] FAVE SR

502

I

o

ol
<
Yo
A,

o 1R
(o |m o
(e}

ol
&)

flo

Hu
Lo

A

Mo
.

]

o,
R

5

k.

O

2

4
Lu_g.ﬂllo
19 o
iéﬂlﬂ

o)
R

5

L

—

al
o

WA ol A
, H, §29 HIE 5%
g E 24dste] f20
Ate A

AtolMe E= WESH] AT AR AAE AL
B3l 4] S|E A9 HlolA JAE Aofskt
F29] FHol mE U d5S 459 Y 2= 4
FEFE gEote] £4S APttt A AARAY
SHComputational Fluid Dynamics, ©|3} CFD)& &
o AP=glon, 48 AXLEL0IQ] Fluent 2019 R1&
ARESESITE. SlE A9 Wawk, 4 AR, 4Y AokE
EA5t5.0m, AgkE 2704 BE84Q S|IEYIE A
Asr] Hgt HHS 2R} skt

=

ox

o]

roob (m of

o xR

o
5
ol

0
r

4 25X 30, 40, 50 TE ZHz 4A5to] 3
S|EAA] AFEE AL6063S AHES.eH HIE-2 900
J/kg'K, SAEEE 218 W/m*K, W&+ 2700 kg/m®
oltH7]. W2 e ogdZEE 50 % FEHE AR
stgom, HE2 3580.5 J/kg*K, EAEEE 0.4107
W/meK, =X 1058 kg/m’ o|tH8l. Z7] th2 X4
o] Hdut AL 7 FEATS] HIAES SH|
FJsto] SIEAALL Y Ale] AW 255 80 T A
gsto] siAstglct. Ay & o2 A dFS Al
olsty YZg B3t wadvke 1Stk Finite
volume methodE &5t /e oS APstg e
o, ANSYS 19 FLUENTE AR&3}9th.  Solution
Methods 2+ Coupled ¥ AHEsto] A4LE 11
SF3iTt.



SAAAE B

Hdt B4 928 7 IGBT SEAY Wads B4

2.2 GAl AL

B o)L 150 mm X 312.5 mm 9 X$E 7}
A FE 43 Hel2g Agste] APsisich. e
ol ge IR /=29 71 3L Fig 13 &
t}. Fig. 1) Fig. 1(02 Z2 Front Viewt Top
Viewol A Htg ufe] Brtolr).

ogt

Top

|

Fig. 1. Default case geometry
(a) Isometric view of default model, (b) Front view,
(c) Top view
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Table 1. Parameters and value of heatsink dimensions

Parameter Value Unit
Length 312.5
Heatsink Width 150
Height 40
Length 50
Width 1 mm
Fin Height 20
x direction Gap 3
y direction Gap 12.5
Wall Width 1.56

(o)
EATAAA

(d
Fig. 2. Models with various amplitudes
(a) Model with amplitude 2.5 mm, (b) Model with

amplitude 5 mm, (c) Model with amplitude 7.5 mm,
(d) Model with amplitude 10 mm
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Where, Q denotes dissipated heat, p denotes

density of fluid, Cp denotes specific heat

capacity, m denotes mass flow rate of fluid,

T, ut.ae denotes average temperature at outlet,

T..ae denotes average temperature at inlet.
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Fig. 3. Temperature Contour
(a) Temperature contour of no amplitude model
(b) Temperature Contour of amplitude 10 mm model

Velocity
Vector 1
0.14

Inlet—|

0.00
[ms*1]

Fig. 4. Vector of cooling water, amplitude 10 mm model
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Table 2. Discharged heat under cooling water
temperature, 30 C condition

Operating condition Value Unit
4 L/min 4090.717
8 L/min 4793.297
AO 12 L/min 5136.757
16 L/min 5323.64
20 L/min 5429.709
4 L/min 4797.842
8 L/min 5525.676
A2.5 12 L/min 5939.849
16 L/min 6273.208
20 L/min 6490.396
4 L/min 4873.353
8 L/min 5742.864
A5 12 L/min 6129.257 W
16 L/min 6374.226
20 L/min 6503.023
4 1/min 4975.634
8 L/min 5919.645
A75 12 L/min 6318.666
16 L/min 6556.058
20 L/min 6742.941
4 L/min 5047.356
8 L/min 5988.843
Al10 12 L/min 6440.645
16 L/min 6701.524
20 L/min 6864.162
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Where Qmm, denotes heat flow rate by convection,
h denotes heat convection coefficient, 4, denotes
interface area, 7, denotes temperature of surface
of solid, 7., denotes temperature of fluid.
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Table 3. Pressure drop under cooling water temperature, A A, E Aol ¥islol=s AS 1T 4= St
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Where, R,;, denotes thermal resistance of convection,
h denotes heat convection coefficient, A, denotes

interface area.
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Table 4. Value of each model CFD analysis at 4L/min and 30T inlet condition

AO A2.5 A5 A7.5 A10 unit

Interface Area 0.221 0.265 0.268 0.273 0.280 m2

Average Velocity 0.054 0.056 0.058 0.062 0.067 m/s

Thermal transfer Coefficient 1530.097 2094.595 2176.804 2284.996 2360.230 W/m2-C

Thermal Resistance 0.00296 0.00180 0.00171 0.00160 0.00151 /W

Pressure Drop 32.788 41.565 48.665 61.869 79.891 Pa

Discharged Heat 4090.717 4797.842 4873.353 4975.634 5047.356 w
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= A2 Table 204 &l 4= k. At A A Z=0] 2= vlFsH] 2ol Aget 2%z & 5
%0] 25 mm oW AU4F WA Gagol WY Ych Heo] S71UE W Ho] Frlei, B B
A 2 SEYOIN 2.5 mm AF SEHAR YA 218 L/min © 93 olgoRE Y] 2 Wshh gl

I

u]e] Wolde o 4 gick. of 9hA el
vl Mgl OxlE RS Hol= AL & S ot

Fig. 72 7t 5|EA]Z Y] o 7t & 1 P

S Yehjs gjmolr}, o] ke S|EAA

I E 9 vlgEke &410] o 7(;_ ]_

=g Thermal resistance

Amplitudefmm]

Thermal resistance of heatsink with each
amplitude at 4 L/min and 30 T inlet condition

Fig. 6.

—e—Discharged heat per pressure drop

Amplitode[mm]

Fig. 7. Discharged heat per pressure drop of
heatsink with each amplitude
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