AlC|O|H MEHE CPU 'dZf H= A0 ¢
Hl2{d 7|8k O[3 ZXE S|EAA Z=[A

——
iE
1.
1
- =

Multiphysics Analysis and KJ Koxkuk

A A LTA I R Design Optimlzation Laboratory




TABLE OF CONTENTS

02

ofo|a Y s|EAITT}
Aotz CPUINZ | € 856
S

- Oo|mAZ2xY s|EAATL

ZE CPU II7|X| 2

(@)

= e
- R[H A
- 93t as o
T L Exe
- sjM Zat

f

OAl2| S B3
00|32 Z2ME &3 Zot 248t
RPN

(=)
- OEZE 7|2 £

22 2A
- 7| HEFRE Z]g =N Ao EXMF

7
- H|O[X[2 x[H=
f

- A% a7 An

=

2\ ALTAIR

Multiphysics Analysis and K o

Design Optimlzation Laboratory




TABLE OF CONTENTS

A Mult] Analysls and [T
ALTAIR ’ hﬂmﬂptm;:ﬁa;m KU




Al MH Aol U4S7] =2l M=

HIO|H lEfe| 2& &5 Al CPU/GPU d& X5t

Ol 2
TRAIN 0] 0f2{S2 JH Aol Y AN

‘ P S \\\—\‘\\\\\\>
™ O
N o

SXHE 012(0] DREA| 242,
. CHTHE W AIES 23S 2 O OfLjRt WS

FAISH=H|0 E& HE = 2{sioret,

Ok

mmmfﬁ AMIHJS m KL"’ KONELUK
Design Optimization Laboratory J rvamsen




e

—

8 T B COlE ME HE AU S7t0) T2 W2 MY 2

o O O 1 — /71 14

- HO|e dE= 22 HIolHE ME- Me|- B&ot= A2 Y.

- 22 25X, Yol 28 2o hE H0|H dE =27t S7tg

« HIO|E W T3 2H&2 20307 T MA H& 2B|F 13% =2 S7te A= OdE [1].
« HO|E] dEQ &8 H & dZt0| 2H|E|= HEHO0| 40%2 f¢ 2 HISS XX,

« Ol0f B2} d5& SEISGBME Y oH 285 =0/ E4 A[2H #=0] S23X12 AS.

13%

e

2%
20224 20304
Glo|Ef et  Holef e Rt Bt colef HE| 21 20l B
A

A

M

A ALTAIR 5 Multiphysics Analysis and [FresTes

Design Optimization Laboratory

i
=

Q-




oI b

8 o1 i TOlE ME| W2t s | cPU W2t

"7t A|AEIS B3] CPUO| oS WS R|0f sHe 0| G|O|E| ME| Wzto)

A1

A

W VAW

-
L4
-
-
>
L3
-
L
-

L) Y

0|0 & AMIE] =A A H CPU
@ @ @
HIO|Ef ME{S| 2= HOJE HEHe| = ZEX & 20 2ot HOo|H dH 2= &5
HO|H ME= =8 ~=0I1o| o2 J14d - AMH W20 EXiE 2ds Z2MAM= g2 Muet 3E SO HAML7HH
W2 MHZF HBEO A= 7= HIOJE] ME HA 2H| HHOl 40%E ZEHO 2 MOy ME TH S| 2
KpX[ot, Mo i F=0] E= T2t 2] k)

A ALTAIR ) Design Optimivation Latoratory ISUIS



N EE RIS =
o Jd2fLt 22 MEo AV[&= W A HEH

O
. EZslo| 7t Wzto| BR Bmo| £3 SIS opy|a

0=
il
rir
18%
b
Ot
ORI
I
=2
>

sNEERNEEEITE CoverBlee

Microchannels

oI O @Hg N | 52 820 o 0 My
S w7t Hs -EECES] |

Area for calenlating wall heat flux
@ Area for calenlating base heat flux

MHHM&JMMS and K] Kowkux

\ ALTAIR ! Deston Opamsaction Laborators




A
o

| 28

2 = 242

2

CPU OO|A

LHAI
O 1

3
~O
_|_I
g8

100

= A A 0] M A0 oF.

St=

=
=

L —
= 25 ot

2\ ALTAIR



rQ &
-
0
H

Oro|3=XHE 9
=0 otz 7t510]
ofgt Hef w4

GlO|E MIE{E CPU
LHZF M2 XA B2

Al, 2lH[0|E 2 =tTHof
[ oY M2 =2 5
7t

e
ot

7
DFOIELEXH"* Z| A=}

)\ ALTAIR i Deston Optumvation Laborators I8




ME

o AT 24

01 02 03

CPU TH7|X| LS 34 BIEFR S 7|t x| Ao} 7|7 DIEFZE 7|5t A Ao}
OjAel'd= 280t Uial=le= iz
vl BE MY A ESIES Y IES XM AA H|w
creEeEeTE v 2[R 47 Al e
v g 73S oA v GPR 7|t H|Ef 2 & AHA v Z[Mot A H|W
v ols 2l a A v H[O|X|Ot 2| K3} S S5t
AN £
- A2 @« = e A2
CREO Simlab Python Hyperstudy  Alstudio Python Simlab Al studio

10 Multiphysics Analysis and [FPaTmes
A ALTAIR Design Optmization Laboratory o




TABLE OF CONTENTS

02

NEENEEIZNER
AE CPUTINZ|E E RS S

Multi) Ana. and ETa gt
\ ALTAIR : Design Optinization Laboratory AU



00|22 E S| EL A7t 2REl CPULHZ|E € RS Sl

02 DfOIEEXH"E* S|E4 A7 A-E CPU 7 |X| 22

£
U
Ral
rc
ORI
N
=
qr
ORI
d
r
i
r|o
OH
2
x
>
|.|-|
g
ﬁ
r_>'L
un
2
ujo
k1
Iy
Ot
L®
Kl
2t
HU
o
>
oot

< Intel Af0| Xeon 678OE >

p <

)\ ALTAIR “ Design Optimvation Latoratory I



£ Solder Bump®} Substratee S7t 232 M85 S[4].

NB/AE Ty agm)  OkehKD
(1) Coolant / Water 0.6 998.2 4182
(2) Heat sink / Cu 202.4 2719 871
3 TIM 2/ Grease 5 2000 1000
@ IHS / Cu 385 8950 385
G TIM 1/ Indium 86 731 230
® CPU / Si 150 2329 712
@  Solder Bump 18.2 10100 167
Air 0.025 12 1005
©), Substrate 6.5 1800 12540
13 Multiphysics Analysls and K Koxeu

Design Optimlzation Laboratory



02 D|-0|-__-'_EXH'—E-'| '5|EAI:7|_ 73"C'>'|'E| —

« OtO|Z2AfHO| AY'E THE HAS HALZLY
- Opo[3 =X 2 dolof el 2F x{ 22

14

Multiphysies Analysis and
Design Optimization Laboratory




—_
T.I._
o

9
+ 3
[ L)
. i g
= =r
L. > S $3
o0 + s < g3
alo —~ T %_ 4 mm
Vil B~ 70 = E
K > K — = s
ol = 10 R $
T > o S m
KO + H__.AI I Jof
70 Q& = I &
m —
- D_D oK LH
< 515 &l
o/ Bl
o S
! Q
_ll_H o
oo
i
=
% -
oF > ar
~N —+ LH
o Q ar =r
< + ol I
o S < = =
_W .._Alﬂ OF w
oft KO = O
.__AMm a__ i mﬁ LU o
h S W =g
44 o LHO %0
= D ~ ar o
10 = + 37 -
= ol 51
LHO = LS qr
O_H =_._o Q of
ol il o
RO - :
o ok
(=] -
) N
5 T
e o
jol K 3T
Rl M 1
L M -
N — o o i
1 <[ 2 I i}
<0 O — T ]
“__I_ ofn g KO o
O e
o mﬁ . 10 I
= . T U
H 0 S|& B Kl
ol SIAS ol
E = 0 =
< S o oF
O D
o
]

2\ ALTAIR



O0| 32X E 3| ELT7L 28

rin
(D
J)
C
El
~
o
e
0
ol
o
1

@x OE M2 O|s x
= oA = flet A =7
o
[
! o '
Vintet = 0.495 LPM
Tinjer = 40°C

H
2ol K7

Intel Xeon 6780E & 2| *TDP 4} 330 W=

HETOE HE[4]

o
SEE=d

ASHARE (0| 23EYS383) BY 24 Y
1.5 LPM/KWE & P =

d2+ 7 2805

7| & =1
ASHARE Of| M HM|A|ot D2 H|O|H ME &
Q7|2 E 7|22 A6

*TDP (Thermal Design Power): 7 |2 221 7|& CPUS| P& T30 EMdSHAENO| TR T2 A @O LHIF A| AR M| J|Z=OZ AR E

16

2\ ALTAIR

Multiphysics Analysis and [FTeqE
Design Optimization Laboratory




Ploss:ApXV

ol
oI
o
S

T

ml
<d

K

<
=]
=]

—r

jod
1o
o

Ho

4

T

ml
<d

K

H|
=]

=457t HIolE MH

ol
oI
ol

AP = 5296.8 Pa

121 245 368 492 61

=

T = 70.6°C

| o
461 522 584 645 70.6/

QO_ .

—_
[
K,

o

Multiphysics Analysls and
Design Optimization Laboratory

17

2\ ALTAIR



TABLE OF CONTENTS

03

- AR g7 YAt

- 7|E HEIRE 7|8 =X 2

- 7|E HEtRE (gt XY A Q] 2H1H
- HO[X| 2 =AMz} 7|Hh &[X 24

- A ZA ZaH|u

MHHM&JMMS and K] Kowkux

\ ALTAIR “ Deston Opamsaction Laborators




[XI;XZ, Y, L] \

AP

0.1mm<X; <09mm
0.1mm < X, <0.9mm
0.1lmm<Y <04mm

25mm <L <50mm

Tmax < Tmax,initial
Tavg = Tavg,initial /

Trnax : CPUZ|D R
T * CPUBT 2
AP : 42 25t

Multiphysies Analysls and KU Kok
Design Optimization Laboratory J cavmsrs




20
Ho
I
N
T,
i)
1A
I
N

|[EtZ o] ZZ 7= R20] 0.9 O] &2l RBF 7|2 HEtZES B9 3=.
(=1

O
|51l GA(Genetic Algorithm) XX 3} S-S 28510 %| X3S Fldst
i A5 20, HLSIe X120 527%=E HEZH| 2 A 4= RVt =HEE X2 & DAY = Q82 oy

J|=D|EFRE 7|8 A/ K2 EPST‘
,, |

BaeWapuonnjos
GC#9
JA
L :-
mu . M
(=) *e 5
2 -
l.
L b
L
7]
e

w,
O
S
M|
0
el
0z
e
Hl
ro
Im
Jtot
din
0=
MH
Hel
ro
Im
Hu
=
m
Hd
M
>

A A ‘ GA |X{3} 2 12|58 0|23+ |X{%}

_—

2| oAk EHEA oSk
Tmax(°C) Tapg(°C)  AP(PaQ) | Trpax(°C) Taug(°C) AP(Pa) Trax ETavg
7| HEf 2=
7|80 = H 2 A 69.4 63.83 2005.5 69.2 63.7 1313 0.29% 0.20%
41t

Multiphysics Analysls and [T T
A ALTAIR 0 m;moptmgnmﬁ:wy KU S




[H2A 12 =X &

K
aip

]

=l |
HEFZLE 7
HHo =z 7|E HEZE V|8 XY 2
oLt RO MY F27 gHEtE

ki

L
—

ol
=
-1

. 0

olo
oR

—t

KO

|

T

oIl

FAH

MY X0

A

J

o2 7H7F E X

L
—

of

o/
o
=l

B CERE

)

KIr
£ =y
ol =
M o
E Ty
0 =

-
-
-

>

Output 4

Design variable

U
H

Multiphysics Analysls and

Design Optimlzation Laboratory

21

2\ ALTAIR



- H|O[X]|

7|=0| &.

—
—

P

£ ME2 2AES HAIS

(=13
=

- S =
e 25

| &t

A

ldyoz

-
==

—r

CH !

of

ol

ofr

| =71 2AHE NA = 7| SEED

o
i -

nik-x-

0|

=
[S)

Jlo

objective fn (7))

¥ acquisition max

observation (x)

N

acquisition function (u

new observation (x,)

=
e e m- T

]

posterior mean (u(

posterior uncertainty

(p( <) £a())

E
o
<] .
=
<
Ny %0
=] T
— il
=
<N P
xr
pay

al \
ol <
ur RO
=
—| = wal
M.__ ol =
v I L) I O
q = - fo |ﬂ >
= [5] [y [uo* i
= =] x| | <+
iR n0 =) ._o_“_ K O
at Al =] Yz ™ o
ca) I ) I B I ] e
or| B N B I S <k
= ol |&| |w X
rox B L OH
_ LLl _._._._
Eo) 0 = K|o
T
K
E_ﬂ
0
— M / ol
_ <L
< 10l o)
X *_M_*m 1o
-
Kr =1 ojru
] K|o K
= |H )
~ [E [ U _
=l 12 on KM
= o K
> o R 1
=| | ¥
M K
~ ~N

/{

Design Optimization Laboratory

2D
[

/\ ALTAIR



1. 278 ME HE

2. GPR 7|dt | Ef 2 &

5. M2 2AEH =
Ciot sifAdgr 2t
3. 2HE 44l 8l
4. 7|1F AE M EO| M2 HAE |
M2 2AHE =7t Al
23 Multiphysies Analysils and
Design Optimlzation Laboratory

2\ ALTAIR




7180 =N 2|

P

S )

K

SOt /%

n

« 10| HAEXMQI |teratio

ol
—

oIl

29
=

69H1 9| iteration &
« X7| GPR 7|Et HEIR

=
)

off =7t=l A 6971 = 8974

O O
=9

FAH
~

E
]

PSP
-/ a

A™ 2070 + %

T o L

4=

10 Iterationm!,

.
- O S S S S S S e e e .

lteration

H.FO
o
o] c i <
Fl1.©Hlo
O T 2< O
— rl_/MO/

e|1

L=

SN\

-
ol cnad X
Tl .m._x.:ﬂ
© ©x T

@

+

Multiphysics Analysls and

Design Optimization Laboratory

2\ ALTAIR



71E HIEfRE 7|8 =X 24 2

o| X|OF %x| =% 7h||_+g.t_x-u-|
kbag 1« kbag 1« kbag 1«
4.92 4.92 4.92
LY Zb — 368 — 368 — 368
(O =F | 5'__
S o 245 245 245

121 121 121

0

X1 =05mm X1=046mm X1 =09mm
L4 ChOH &4 At X, =05mm Xo =09mm X, =
= L L. OO
Y = 025mm| Y =04mm 0.76 mm
L =375mm L = 293 mm Y =04mm

t="261mm

2\ ALTAIR

25

Multiphysics Analysls and [FFeS
Design Optimization Laboratory




40.0

A 3
A 2A 24 =
% 7| ol 71F HIEL2 R T\ XM MAH 2 | HO|X|Qt X[ HF} 7|8 x| M LA
70.6 C 70.6 L 70.6
64.5 64.5 64.5
CPU — 584 — 584 — 584

2 &2
52.2 52.2 52.2
46.1 46.1 46.1

40.0

1

L=
=

THH

X; =05mm

X, =05mm
Y =025mm
L =375mm

40.0

X;= 046mm

X5 =09mm
Y =04mm
L = 293 mm

.\ ALTAIR

26




— —
oiaiE Soll A3t £1f, B 2= 10 22 7| GE HO[X|eh 72 EE ZF 1%U2 LAuUE B
Qf2i st HE0|A H|O|X|Q 7|E XX A HHo| 7|E HEIR Y S fH] @Xt7F 509% ZASIAD XX =B A2 46% CHEE
|;|-|010|-7CI-I§ Z|89F X| XA Ad
_$_7IE'§|_I 7|_=I._<_ ﬂilEl'E'fé-_' 7||:|L|. _;Elx I I II_ -I-I—l I' II_ -I-I—|E

Output Tmax(oc) Tavg (OC) AP(Pa) Tmax(oc) Tavg (OC)

- - - 69.20 63.71

70.60 64.08 5296.8 69.41 63.83

- - - 0.29% 0.20%

oF 3 112t OF 1 & 20A[ZE
( 166 points) (89points)

0.057% 0.14%

Multiphyslcs Analysis and K Koxsuk

\ ALTAIR 7 Design Optimssation Lasoratory




TABLE OF CONTENTS

R

rh

Mult Ana and BTt
/\ ALTAIR “ Design Optinization Laboratory 1SS



CPU 7| X| & 7=

2=

1.

ol
or

IHO

7|E MEtRE 78 =N A0 =N

3.

=
=

s

L5 OF 51 9% JHM, A|E A AlIZH46 %

K

M|

Al StudioE

4,

K

0
0

ol

U
K

Multiphysics Analysls and
Design Optimlzation Laboratory

29

2\ ALTAIR



ST

1. Zhijun Wu, Guanyu Zhang, Shaoan Lu, Pengfei Leng, Yang Yu, Jun Deng, Weidi Huang, A comprehensive review of cold plate liquid cooling technology for
data centers, Chemical Engineering Science, Volume 310, 2025, 121525, ISSN 0009-2509

2. B. Ramakrishnan et al., "CPU Overclocking: A Performance Assessment of Air, Cold Plates, and Two-Phase Immersion Cooling," in IEEE Transactions on

Components, Packaging and Manufacturing Technology, vol. 11, no. 10, pp. 1703-1715, Oct. 2021

3. 9IE® N2® 6780E == MIA M€, https://www.intel.co.kr/content/www/kr/ko/products/sku/240362/intel-xeon-6780e-processor-108m-cache-2-20-

ghz/specifications.html

4.  Zi-Xing Wang, Wen-Quan Tao, Heat transfer and pressure drop characteristics of microchannel cold plate in commercial CPU-package cooling system,
International Journal of Heat and Mass Transfer, Volume 246, 2025, 127060, ISSN 0017-9310

5.  Berhanu Wondimu et al, Liquid to Liquid CDU test methodology and performance rating, OPEN Compute Project, August 2024

6. ASHRAE Technical Committee (TC) 9.9 Mission Critical Facilities, Data Centers, Technology Spaces, and Electronic Equipment Data center power equipment
thermal guidelines and best practices, Whitepaper Created By ASHRAE Technical Committee (TC) 9.9 Mission Critical Facilities, Data Centers, Technology
Spaces, and Electronic Equipment, ASHRAE (White paper) (2016)

7. Xiaojin Wei and Y. Joshi, "Optimization study of stacked micro-channel heat sinks for micro-electronic cooling," in IEEE Transactions on Components and

Packaging Technologies, vol. 26, no. 1, pp. 55-61, March 2003

Multi s Analyvsls and T T KONKEUK
A ALTAIR * mrmﬂptﬁﬂinmﬁ:tw KU e


https://www.intel.co.kr/content/www/kr/ko/products/sku/240362/intel-xeon-6780e-processor-108m-cache-2-20-ghz/specifications.html
https://www.intel.co.kr/content/www/kr/ko/products/sku/240362/intel-xeon-6780e-processor-108m-cache-2-20-ghz/specifications.html
https://www.intel.co.kr/content/www/kr/ko/products/sku/240362/intel-xeon-6780e-processor-108m-cache-2-20-ghz/specifications.html
https://www.intel.co.kr/content/www/kr/ko/products/sku/240362/intel-xeon-6780e-processor-108m-cache-2-20-ghz/specifications.html
https://www.intel.co.kr/content/www/kr/ko/products/sku/240362/intel-xeon-6780e-processor-108m-cache-2-20-ghz/specifications.html
https://www.intel.co.kr/content/www/kr/ko/products/sku/240362/intel-xeon-6780e-processor-108m-cache-2-20-ghz/specifications.html
https://www.intel.co.kr/content/www/kr/ko/products/sku/240362/intel-xeon-6780e-processor-108m-cache-2-20-ghz/specifications.html
https://www.intel.co.kr/content/www/kr/ko/products/sku/240362/intel-xeon-6780e-processor-108m-cache-2-20-ghz/specifications.html
https://www.intel.co.kr/content/www/kr/ko/products/sku/240362/intel-xeon-6780e-processor-108m-cache-2-20-ghz/specifications.html
https://www.intel.co.kr/content/www/kr/ko/products/sku/240362/intel-xeon-6780e-processor-108m-cache-2-20-ghz/specifications.html
https://www.intel.co.kr/content/www/kr/ko/products/sku/240362/intel-xeon-6780e-processor-108m-cache-2-20-ghz/specifications.html
https://www.intel.co.kr/content/www/kr/ko/products/sku/240362/intel-xeon-6780e-processor-108m-cache-2-20-ghz/specifications.html
https://www.intel.co.kr/content/www/kr/ko/products/sku/240362/intel-xeon-6780e-processor-108m-cache-2-20-ghz/specifications.html
https://www.intel.co.kr/content/www/kr/ko/products/sku/240362/intel-xeon-6780e-processor-108m-cache-2-20-ghz/specifications.html
https://www.intel.co.kr/content/www/kr/ko/products/sku/240362/intel-xeon-6780e-processor-108m-cache-2-20-ghz/specifications.html
https://www.intel.co.kr/content/www/kr/ko/products/sku/240362/intel-xeon-6780e-processor-108m-cache-2-20-ghz/specifications.html
https://www.intel.co.kr/content/www/kr/ko/products/sku/240362/intel-xeon-6780e-processor-108m-cache-2-20-ghz/specifications.html

ZH 438 ol AL
Ct

Multiphysies Analysis and K Koveux

\ ALTAIR : Design Optmsation Laboratory




	슬라이드 번호 1
	슬라이드 번호 2
	슬라이드 번호 3
	슬라이드 번호 4
	슬라이드 번호 5
	슬라이드 번호 6
	슬라이드 번호 7
	슬라이드 번호 8
	슬라이드 번호 9
	슬라이드 번호 10
	슬라이드 번호 11
	슬라이드 번호 12
	슬라이드 번호 13
	슬라이드 번호 14
	슬라이드 번호 15
	슬라이드 번호 16
	슬라이드 번호 17
	슬라이드 번호 18
	슬라이드 번호 19
	슬라이드 번호 20
	슬라이드 번호 21
	슬라이드 번호 22
	슬라이드 번호 23
	슬라이드 번호 24
	슬라이드 번호 25
	슬라이드 번호 26
	슬라이드 번호 27
	슬라이드 번호 28
	슬라이드 번호 29
	슬라이드 번호 30
	슬라이드 번호 31

