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Air flow in a typical data center


https://docs.google.com/document/d/1xEGhY0A2IoMiK2L57w_E9PgnLi3eLJkt/edit#bookmark=id.5j9mqcjqk7al
https://docs.google.com/document/d/1xEGhY0A2IoMiK2L57w_E9PgnLi3eLJkt/edit#bookmark=id.3bi1vcltkvsz

KENA
OLER

HoleHAE = A AA AH &
2pA Bk, o] = B ZE Al 2~ Ell o] A FtS xpA| gkt
IT ] el A @AY 5h= G2t F4 85T | whke] A
#H <E (Low- grade waste heat) FE| 2, o] gy} ¥ o7
3] g=3FaL A &-8-5F= 7l ©] DC (Direct Current)ol] L #|
2aE49] 7—5”” FAolth. g2l HolEAlH
g7k 57]%}'—?” Fx71719 o & gkt shA| vk
ol ATHF 24 A W FHo = Q13 A
A8 7} o et 3

olglgt wLAE  sAdstyl s HZAd=
ol X3 ZF(Immersion Cooling)? #2 1g& AA
W7y "krlo] FEukg 011:} M Jzte F7)
Wno 453t e g 85 A5 Bk oy},
45 Coll A 60°C Abo] o] H] A 131 WAL g$§$

UA Bt G A L8O A S A w35
J% & &3t A A E AAE XH/\]-%EHE

WA T g A7 W keh A o R v,

fi
?{_‘,
i
rlr
=
fr
Mo

2do] T3t 200 kW FEQ IT F¥] ZES
7IRbo 2 gk AAle A, el 7bAd F2 A S A5k
53C9] wld & =2 A AAF(CoP)E 23 sh ¥zt
e 93 FAPL o Axge I
B-5H200 kW) 9]0l %= F=7F=2 18 kW 2] 5134 ]
Fets ¥4g ¢ des How, 1.064 9
PUE.cooling(Power Usage Effectiveness)®} 1.367 <]
TUEcooling (Total Usage Effectiveness) A F-Aa=
221 o FRESFE g £5S ov|3t-E
gastel Hde AR Yo ABE H5HS

)3 Ak,

AN

9, iTae) Thel Aol A B A7 £ W)
Ao 5ot A A UAE Py A 289 A<
Ao B8 P, dolHAY Fx79 7%
A5 Sur} g0l BAlam A4 Aoy 4o
Fo4e Aaw

Aol A7 wE JERE §7 97

A}o] = (Organic  Rankine Cycle, ORC)Z} <
Z~AK(Thermoelectric Generator, TEG)7} 31t} ORC &=
ARA f7] P E AbRSte] Hd® BHES T,
A71E Adbste 7lselth SHARE ol H Al
HL(60CT~85C)S ORC & 53170 &= 'Z?ﬂ '
dhox FEFHo, dadol 2%-8% ol
&35t} o= ORC =918 7Hd & A4 7]’“’“
Ao 2 223ttt TEG & A= }?LJJr(Seebeck
effectyt 5 o] &3l &% 2ol & 23 M7= Wdel=

7ot} FHE 3P EO]/\Eﬂ(halfHeusler) Elp=s
22 A ATE Fal 15%e] W 58 94
7bFsAdel Hawdonv, A dHolHAYH A&
At M= 2 HE w2 Ay Ak oib]
284 wAEF 5% Ao =dsith)yt A=
AFEn. WA dolHAlHE Y AR E
=7 913 Al _,,};q]‘:_ ORC 9} #Z& A= WHsh
7l FE a8 TAE S5 JAAA Al2E
AA A&

(404, SENGM & IR XN H SR A
SIB XN RN

- SIS JIE Al M2NSW )
- BWHUQUT W WX 29 #E \( uﬁ A
BAE M

Aol 258 88 N “‘. ‘ - B MM B T
. \ r .
I |

‘‘‘‘‘‘

golgAE e ouyx a&AALS w3 dzt
A& (PUE)S 9o, IT A4 Ao &9 a4y

WA AvRTh AEHA A g Azwe
BMC(Baseboard Management Controller),

IPMlI(Intelligent Platform Management Interface), Red-
fish ZEEZF & AMEIATL ol—t— SAE
HE(08)sh AlzRH o B Ho] glo] AFH 9l
RHESSRS Bt vty

L Age olest FAE SHESH] 9IE
KCS(Keyboard Controller Style) Z 2 E &5 7|HFo 2
T Aed AMH dY ARES ARG o

A 2~Ele S AE Ao 912 A HE BMC/IPMI
Az AFAA, U% SFA oA A7 4
TF&at) A A o7 F 7hA] ;A A ;NS AFL-F)

A= sk 7= Intel Management Engine &
550l CPU AR B A7 2t AEo] et
2018 FaeE Eqo2 ATHAL, A¥ 0]
HE g A A e Al R A
KSR Sl

2~vulE # 2% (Smart Fan Cooling)> A] 228l %]-73
Hsl dolHE 8t53k 'On-Device Al EEl'S
7|RkS. 2 3= LFC(Lookahead Fan Control)

2


https://docs.google.com/document/d/1xEGhY0A2IoMiK2L57w_E9PgnLi3eLJkt/edit#bookmark=id.3bi1vcltkvsz
https://docs.google.com/document/d/1xEGhY0A2IoMiK2L57w_E9PgnLi3eLJkt/edit#bookmark=id.wmhiulmzip9w

G Fe AEHT ot T AN LEE
sl W A HEF e 2AFowN Wn
e HAgPT M AFaol, WA
$AH AAE AgEE AUAE AA A
awe 2 MEe AAHmm, W7 Ay

HA sk ARbAQl ol yA] a8 /Rl = Fonl
ol fr.

o] 2] &+ Al EMS(Energy Management System) 7l { <=
NE Ae @S dol, dlolElAlE A oA
Jxets  #HEshe vle]dRTEE EMS 2
SHk] ik AL 719 EMS &= B3, 39 2
A iAo 784, Wisshs de 7, oS
7% H8l 5 5SS delske v 2dA <l
EA =M ZgakaL olek. ol | Al 7]k EMS €] 34
HAst dugFoRE B 45 Ao(MPC)S}
7L§}6L§(RL)0] 9l

24 oS Alo] (MPC, Model Predictive Control)<-
tolga e e AlAHe] F2 Rda Bah 2 A
AUA HHF, dE 7HF T 45 dHolHE
ZIgro &2 m e o] I AIZE 5ol - HlE F A3}
e a8 HAgsE 51 E sk 547‘4 21101 dE =
Axbgket, o= 53] tlolB Al o a3 AR =
A4 A 7Hs g Al A FohS e gk g4
HA s} mdlo] g4 o7 A8H 3l

A% 7+3}sks (DRL, Deep Reinforcement Learn-
ing) & Al~Elo] thdl A3 B 7Y glo]k,
A delE el e RS Bo A A9
AUA #e] FAE shFate dlolE Wk H
WAlolty, <t DRL 7[Rk EMS ﬂ-&ﬂﬂi
do|HAlE o] A-&¥ AFdA=, 71E WA iy
AA H-E2 38% AL ©BA WES 45%
=0l &Aldl, SLA(Service Level Agreement)
ArES WA FAE= ‘ﬂrZ 53 H A sH(Multi-
objective optimization) *d 5= Y & Ft}.2

AeA oz, wge AgASE dHolHAH=
145 AFE AL o] &3 2 rfnfo] 2~ AT ¢ Al
A wlolmazag] =5 #3s= MPC/DRL 7]t
EMS 7} f71 4 o8 AFE = AlSA AL Ao 325
g9 = 3}

. 22

- I.dely AlgolAe] Y 3] =] 35
Al 2] A

B2 A= dolg AE AW F+5 Al WA=
A #HEs 3t drquyuAE ddeke
A28 A 7]E dlolE AlEE A

M2 o] oF 40~50%2 Y ztol AL-g-3HH, o] T} o) A
60~85C <] do] oF- 2 w=wrr) uahr] ¢ AF+=
oligt A& 7] W7l ’\} 1= (ORC, Organic Rankine
Cycle)s &3l WHate & Albsith

Q) 48 =494

(1 Q): dlo] ¥ AE Y2h wkek2 % 50~85TC
SHETF(EAE): 10T (H QD 7R 32t 7HY)
Z2}-& 2| : Pentane, Isopentane (4 H] 3 7] 1l})
HE §5:08, EIR G£8:0.85

&%%%10km

oFe] =A: 512 0.3~0.9 MPa, 2% 13 0.1 MPa
9ol A& vt o Z AlEd o] S X 3teltt

AR LO4D com

-
@ 12 Messages [0 Errors |1, 0 Wammings || X%

DWSIM 8.0 % Fk AlE Yol A

z}@qmqowbw}wegﬂblﬁﬂﬂ ]

& Xﬂ 7] ‘%L%


https://docs.google.com/document/d/1xEGhY0A2IoMiK2L57w_E9PgnLi3eLJkt/edit#bookmark=id.hdmtpcpxnon9

A28 F & AALA
(3) 23

DWSIM A4t A3, dU2% 80TlA Pentane
714FORC = 2F7.1%2] A|2=Hl 8, 60C 2710 A=
47% a&< HY.$FT 255 10C= AT
A9, A duglo] o]FojH o, IMW =
dlolg Al 7ls A%+ 43,000 kWh ©]42]
sl o] o E S ol = T PR 2] Ui
20%9] ol q =] A3k g ate sdstH, Co, WMEHFS
Az oF 5 E A 5 AS H] g

M-10. AHA] 2cjulo] ~ Al S &-8-3F EMS 7|

Hd 3] A2Ee] B84 T 27F A EH AT,
I s 9AE olE Axtew Aot
H A gkst= AL 7|9 | A] ] A ~EI(EMS)o| th

(1) A 2= 7] e

71 EMS = AT W7 2AEnS A eetn g,
A B sl Wgolu 97 2= ®istel wet o | A
Fuj7E At oo 2 AFolA =
2] H}o] ~(On-device) Al EEE& 7z AW
BMC(Baseboard Management Controller)®l] ]%3}]
== de o] Hatg ~nm -2 A
EMS 725 A A8t

Al 222 7}3}85(Deep Reinforcement Learning)
5o BARTE S8 Ay
ARSI & AAE sAlYl HAslele:

sk gt}

N
E
o
fru
-
oX,
A,
%

() AlEd o)A 74

AL EMS 9] Alo] a3E A Z317] 913l Python 7| HE
TensorFlow $H7 oA AlEH oS 33T
50 70 AW =B 7hA kAL, 7t e o] Hal Hs S
0.3~0.9 ool M F-29 = A3t} 2Hnpo] =

o] e sutouis 7)o Wasrgl on,

71 PID 7IWF W7} Alojel Al EMS Ao E

H] 1L 3}l ot
D> o

1o

/ total it power

ooling_pid * 100

A8 A3, Al EMS & A83 45 374 A9
AR-E-RFol it 31% A3 1.9, PUE(Power Usage
Effectiveness)”7} 1.32 — 1.22 2 7] & A T}

o] A= Al 7} AW B3} eSS 561
Bh0¢ As FolaHA RIE #F
vl e A 7 585 9 A S dEn

-1 A4 o7 9] 41 %

mpero®, B QT Hd 55 2 AlEMS &
Estel AN JNE AFAEF AL Hole]
4B wEle A Qbehel .




[ ]

TR = vtol A2 FE ERI(100kW 7) 2 A E
W A 2EE AFEgith ORC A Z=H oA
slardl A9 ESS(lUAl A7 Aol A= o
b eko] B3 w B AE o &8yr)

(2) ALEMS & 7] A o]

ALEMS = 71’ APL & &3l Bl 3-32 Hd=s
A3k, #HAE IFEY FIHS THHR
aHste] duA] EuE X}E Aoy gk}, o Aleko]
=2 f\]Z_PﬂM]L ORC K= EO]E W7zt g 82

de AEs ¢4

B3 FE5eE Al ol AlHEY oy XA
Tl dgat7] flal, A 34 Al =" Al 7]
o= #Ha] Alz=El 1ela A4 URE B3
AF A5 doly AlE RS Aljbeinh. e
Al A al= ohe-u) 7o)

A7), DWSIM 8.0 7|8t 4} 8} Al & o] S 53
71 W AFO]ZF(ORC)S &3 HdI 3|4
/\]/\15414 NEH o) 741 }93\1:]. 80T OE:L%_ 27401]/\1

7.1%2] A|2~Hl § 8-S A o IMW =t o] E
AE 7]F AzF 43,000kWh o] Ake] del 359} oF
5E9 CO; W& 5 adE gRlstqlt) o= d Al

tlol Bl AlE ol A ©h=38] M #]aL QL= #ldol o]

g duAgen Aesd o Ues 439

Aol

=4, Astehs 71 2rulolx Al & 83t
2 EMS 325 A AISEaL, Python Al & 8| o] A&
=3l 7] PID Aol tiv] 31%<] Wd2F A= A7y}
PUE 1.32 94 1.22 &2 9] 7HH S Y=3F ) o)== 7+
AW AAAH o= RSt JHE* < gEeta
_,JXJQ,ET—OE}H Zolx]z/u Zﬂo%_q -5].7;”3’ %%@’

T Ues HolErh

AR, B, T8, AE T A o= 4
3|4 Al~E Al EMS & #7]38o=
stelH = o X F2E AASST ol&
o8 AlE 7} T gl ol %] AB] Aol A '°ﬂ
A 2 FArpR g Qe Tt
A A 3F A T

2030 W7} ol ¥ AlE 2] A= 41| 7} 945TWh o]
943t Ao = oy st A, B A7 Al A g

ol-m i)
)

O_ufuol'fﬂm

(
—

o X, S o @

=
eR wEE UlE dHgel oiEh oEns
7Moo m s o vk ol = AE o -5 A=

93} Wik op}, ol Ui Qb SHAHE FaB
n| & zZt=t) upx] A Eo] FIAAS EF A
Al s Aatskx, dlelH AE Eek ZpAH <)
oA £ A =ES 5 e A 15}. o] o] §
AE e IS ARY A 2989
2tjulo]~ Al EMS £ AI 7} Z}ﬂ% sk
A E 2w et 7] AAs A28
7S Bt o] = &% AGI(Artificial General
Intelligence) Althell 321 A& 7HsA 7|HHES
slEshs Ha 97 §rkE 5 ke

Aol A Al Jﬂ"ﬂ 3ok A oA T
e dole AlE AHHel ®©aATy 24
17\17@?_] EEUI—]O zﬂoéyl_q_ u}.o] /\]/\40]]/\1 017}

E ol Co, 5ol 7hsslthe e, A Al
41}7114 o] Bl A Efe]] 2 %275‘% 717 & Tt e
%i@zozﬂﬂz$1°QQM@w

T3 B Aol e dHely AlHE ¥ 4|
Al A oﬂ/q 28 o ] x191(DER)C. & ] A o] 3T}
o= 7] E 0] FAREA A AN AN A BALE
AA HEYIR S 7h&EstE Zlo)H,
2~utEOg =gl mo]lag s Vs WA E
FO7 A AT AL

g R Qre Agdeld e
TFRAHATG= AV AT FF AA deoly AlE
FAA e Id= E—“AE% %gﬂ 7311]@ ERSEE

xL7] O}XJH AZo] Qi) =3
fﬂxH 71%N A 10% ©]/de
%’4?‘5 A ATk He Aast Al o]
ﬁ?%ﬁ‘r.

ﬁo

O = Btslar, At AAE B3
AL AL A eUdA wAE sk
Ad Aol FA A %%g AN k= Aol A
olo)7} Atk A AL 7} Q1B B o] A 29 2 o]
ﬂ”ﬂtﬂﬂl,l%%%?ﬂ*ﬂ A GA = AL
714 Aol A FelA AQdolrt. E AUt L

oA o] e o] A H 7 ¥7] % 7] e gk

CEER
1. "Al dHlolgAlE A" drn AA...E
saaold, AA Hd AEA 5F - upge
ZRICERDEISY)
https://www.g-enews.com/article/Global-
Biz/2025/10/202510181916243031fbbec65dfb 1

1. https://newsletter.semianalysis.com/p/datacen-
ter-anatomy-part-2-cooling-systems



https://docs.google.com/document/d/1xEGhY0A2IoMiK2L57w_E9PgnLi3eLJkt/edit#bookmark=id.b4qt57g16on7
https://www.g-enews.com/article/Global-Biz/2025/10/202510181916243031fbbec65dfb_1
https://www.g-enews.com/article/Global-Biz/2025/10/202510181916243031fbbec65dfb_1
https://newsletter.semianalysis.com/p/datacenter-anatomy-part-2-cooling-systems?utm_source=chatgpt.com
https://newsletter.semianalysis.com/p/datacenter-anatomy-part-2-cooling-systems?utm_source=chatgpt.com

“Turning Data Center Waste Heat into Energy: A
Guide to Organic Rankine Cycle System Design
and Performance Evaluation” by Orlando
Corigliano
https://www.mdpi.com/2076-3417/14/14/6046
1. A=A a3 (Seebeck Effect)ol]l #3}o]
https://www.sciencedirect.com/topics/engineer-
ing/seebeck-effect
1. https://ideas.repec.org/a/eee/ap-
pene/v389y2025ics0306261925004647 . html
1. https://contents.pre-

mium.naver.com/sprinsite/spr/con-
tents/250606134232966vh



https://www.mdpi.com/2076-3417/14/14/6046
https://www.sciencedirect.com/topics/engineering/seebeck-effect
https://www.sciencedirect.com/topics/engineering/seebeck-effect
https://ideas.repec.org/a/eee/appene/v389y2025ics0306261925004647.html
https://ideas.repec.org/a/eee/appene/v389y2025ics0306261925004647.html
https://contents.premium.naver.com/sprinsite/spr/contents/250606134232966vh
https://contents.premium.naver.com/sprinsite/spr/contents/250606134232966vh
https://contents.premium.naver.com/sprinsite/spr/contents/250606134232966vh

