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Hiyn femperature Environment lemperature Low Temperature

Heat pipe thermal cycle

1) Working fluid evaporates to vapour absorbing thermal energy.

2) Vapour migrates along cavity to lower temperature end.

3) Vapour condenses back to fluid and is absorbed by the wick,
releasing thermal energy

4) Working fluid flows back to higher temperature end.
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Rear Door Cooler
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BB : http://www.chilleddoor.com/files/uploads/
2016/10/MOT_chilledDoorHR_11-2016_REVnoflap.pdf
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7 K772 —S—&hY — Data Center Topology

Data Center Mechanical Space

Coaling
Tower

Condenser Water System
(CWS)

Chiller

Data Center ITE Space

ITE Rack + ITE Rack +

RDHX

RDHX

Facility Water System
(FWS)

Technology Cooling
System (TCS)

1) FERBHERIVEAL

NVENT#E & # KLU 44

Shinohara Confidential



U7 77 Z2 3R E

STliEEES
IYIHEEDSKWOT —At>4-J07([CBWT, BRERIVIZREULWEE. U7 RV ZEFZHETD
E30kWHS50kWDEEfRIZMNTDTEN BIREE 12D B 13T R7 22 ZRENISE 5L TEKW DT —

A A-JOVDEBIRRECTBENTED, EFROFEIERERT —F T,

D7 RPZEFR (I T R7 (K EMEIRS B BETRIEXTEDS, U7 RV ([CER R Do WEEINTLS,
D7 NSTUERIBRZFF O TWS, IOV D7 R7MEBEUEIZS (EmAIOUT7 R THIN-TE3L5
(L_jt-:Lj_CL\éo

SEEEEIR) 20kW/ v S HEREURIBE . BUI T2 (CBENTESRN, Ry P ILOEE SN
93, JO7EARORSINIBEE NN HINEENERE CTEEITINENDD. V7 RVZEADH THER T
2707 DiHEF IFTAIAD NIARBTIRTI-ILRIAIVETBIENBIRETHD.

1. BaFTRELI20kWIHL B H)

65.00

ZE MR TESupply AIBRE : 25°C
Fan Tmax : 60°C

0.00

/0N REMBET- VR AL/ NTAL

/ \w$ig prlia
45.00 - -

ISl =R BHECRTINS L ' 45

Shinohara Confidential



JTRTZE

£ — UTRPH-3

==

4

AWl ovigel

=

wr

nvent

SCHROFF

e, ML, BNKDRTIERLDL.

o AT AT DL, MRS T AR TN

o MR TL— BT A D, ST S s — — D DR L
e (R

s PRy OREWOEE. N R T T TS e

= nventR e By R THRDE — R i - D
o L It ]

= ModsTCRE ATFSNMPVE T 29— T T—3,

« WBS00mmME ST/B00mm. M&A2 U 47 W0, S2UTHRER

WS (TR R LR

1

S 3eren BAL MM BRI PLC

. 2 mim, BerEEal Mo MENSRED
B L SRR AT L ISR A. 14570
AW} . Vaister, Probnelo- L S 2 e

EDH AT

2 1 EPOROREL S, 13 mm FERRRAL 1 MEE
—80 RILLY

2 1 I e W - L P m LN IS [orusr &3

5d |

FET DD T Ay AT S T
FoOUT/ERENTECEENRLET

EOREIL—5

I FO—#&d=w | (AT a2
Lagng ot

A —

A

[LiF, S

&N

AFeaz)

el RS e Laliilng vl |
f—2

W@ o

1) FERBHERIVEAL

Vs
vent
e e
i i ) F I.le 2 '-:-"'_._-"_ SCHROFE
[ ey e sy Rl e e
EE s ]
a2 20 s00 11 1 Z1130-B00
A3 2000 80 it 1 F1130-801
a7 21300 560 1t 1 21130-602
43 2700 B0 114 1 21190-803
(7] Fro B 181 i 1130-B04
a2 2450 B8O i1t 1 F1130-808
P
AT

DN F L TR — -2 2 Am, TGN RG | e TR ST S -
E—UZA (BTSN . I LG LM SRRSO Sy e
AT S AERT PSS =0 O . N - TN —AFEF [T
LEEIRTSAFT—0a—4) . A—20U— RATTFE. 1%

23130-503

H—HAE—F—Hw I O—
F

AL
T—FHVDC, BAELS bar, IHRMA—IULT. RP1 " BT, =T
T Fa A RplA 2 FGlR o F, BATTTHEE. 12X

ZI130-607

3% POy FOF . AT LT
132 1 P FEAF 4 2T L DRSS, ERlOTE 72 x 36 mm; 3 0
—iLd T FETL RN, SRS, v, D950 BATTRAE. 16

23130-5u9

e 2 R — L t"ﬂ% :" 200N
TI1I0-553E LT FO— LW UL 231 30 607 TmR D HIH ‘H""."".:I -3
AT FELTFEFI— s . TR, 15 i
T rO—
I D —La s AL S mm, —— 5t 1.0 mm RALIDE;
BT T F AT N S WebGUEF T 2 TR T B 80 1y RIS 5 |-
SHMPE LT Modus T 29— T T —. : R
1x MAIES . 260 VAC; « *

1y MRS — ILIECC AR S SN,
1x B O TESAE,
15t

46

Shinohara Confidential



7. BN AT LADODFE

ISl FRBHEARNESL 47

Shinohara Confidential



AL BBUBERILE

_ an — DLC/1phasel@Z(HiZ)
N = — 1> /t:jlgu A
sHosmissmEery BOERIREE o oo
HEERMLL | - /
% 25 7|:|"J-J-— ™ e () /

. | | /

5 A AIRICE B ABRHESH]

mg b ¥4 A{&R2000~3000

I0UF— ik
X
IOUF— p W(?f

h 4
L

2 7 ,
xt /| 2Va—m
| 3 « o hS YR
L T0UF— h™ ik
| A
l | | |
il ' | =]
fite 7003 k™ B X
& — | | x| FRKTHENTESRE
1 10 100 1000 1;1000 ¥8000N' B EE
I RERIER € € >——- -

A3 M” 70— 7vERFFERET HET

ARFEANCI BT ZEROD
WHRBMEZERANBTERUTHD,
IS FEREEARIV=FT 48

Shinohara Confidential



V)BT DL BN TN

HPC}EH
191>F3vI(3ME60cm. m2m-42UDHAZIA 7o
H000EED H‘Lo) %‘%Efbpl\ ’
PPy TR P T
POEEE : E;'E{E_g ELAE(E:

KBUT7RT

[ Fa‘i};;ﬂ ]
K .

: 174 /z(, N
; oo A 1254 /P(/l\ i‘ i . '

:ZkWE 4kW 8kW 12kW 20kW 30kW S0KW 100KWLLL :

% o
--------------------------------------------------------------------------------------------

Shinohara Confidential



IDCCOBENDIZE: - - INHSEZARIAEN I

1OOKW7J“5
1IMWA]&E

e

powe ooy . - G B
{ 2000880 L= g m B0 S A Nl T — )| R —N/DLCAT

DCH B :
g 100KW/Sy LA EhaIgeE o
MT t"‘? . _Cg_Cl/\éo

ToRz=W (KB)

TRl (29)

H—) (=)= L TR EFE | B =)= —LATK(EE)ENA

2kw  4kw  8kw  12kw  20kw  30kw S5Okw 100kw~ 700

4. SHOBRBISAH AR HE: AET—F VI —HR
B FEREBRERIN=TTL 50

Shinohara Confidential



TSR ENEEFRE (IRBWWEED) BRARAR

BISENEE VR RS

[EFERIE
Z55  AHU+U—9-U>4

-G8~ FILRIT—
BRI - F5— JREATA>
ﬂ/\ )(

=2 e
KR
REEED W | ume
i 7= I
1

O~ 3EmETL— b

2Phasei RS /RN AT
1PhasefiZ/BiI> AT -

BIRE— N TR 2R 2 CO0L

1) FERBHERIVEHL

Shinohara Confidential



FHEMAA R

Comparison to other cooling methods

= Forced Air Cooling

— Power density is constrained.

— Energy efficiency degrades as density increases.

— Infrastructure cost can be high.
= Direct Water Cooling
— Hardware is costly and complex.

— Efficiency constrained by single phase heat
transfer and need to isolate the computer water
from facility water.

= Single Phase Immersion

— Density and efficiency constrained by inferior
transport properties of all dielectric coolants.

1) FERBHERIVEAL

The cost of developing, qualifying and manufacturing an
air-cooled thermal management solution is substantial.

Jirect water cooling requires a
complex network of cold plates,
manifolds, quick disconnects
fed by pumps with redundancy.
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Why liquid cooling?

P VRT BUNR o Evolution of processor heat density
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CoolIT Systems Liquid Cooling

The CoollT solution consists of a high-performance hardware configuration that
includes a micro-channel cold plate and pump

Liquid
CDU (iquid!Liquid pll?r::, \ Rotameter Flow
heat exchanger j Meter :l_}l/ |\7°|/_ I\/DLC/\“JQ_

Thermocouple Coolant_in

_ |c— Insulated heat source

Thermocouple Heater_Block

........ =4 Thermocouple Coolant_out

= B LA KEBSHL TRIRK
ZBKIHDTI—)LETL—hk
EFEETZLDLCORIBM L LY,

+ ==
Micro-channel cold plate: CoollT R3 MicroChannel Cold Plate ﬁ‘ﬂ Eﬁo)l}ﬁi:&lﬁ)éo
Coolant: CoollT A2 Coolant
Pump: D5 Bronze - Strong (720B) by Laing Thermotech 3|\/|*j:J: UAF

KRERHNGTLDICEELHD.

Micro-channel cold plate
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Measured Temperatures vs Power

o Measured Temperatures
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Relative Measured Temperatures vs Power

Measured Temperatures Relative to Coolant Inlet Temperature
100
90
a0
D e ettt s s s S e s s s s
()N S R L Copper Block Relative A W W S il
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S D e e s
0 +—F——T—TT—"
20 e -
10 ------------- [ =il
0 :__ 1 1 1 I | 1 ! 1
0 200 400 600 800 1000 1200 1400 1600
Power (W)
[— A\ Qe . A\ — L
ZDY5TT(1.39L/minhBRFREL TRENTULS, SMALEYAF

NVIDIA H200Fv(31.33L/minELHNTUVBHIELNRE TrD.
AYS—DTRTEHELEIFARZEIBIEETH D,

SREIEET ate=g 67

Shinohara Confidential



DLCHAOEARRIE

CoolIT - Thermal Resistance

The graph below shows the thermal resistance as a function of the coolant flow rate at different power
levels. Thermal resistance for the 2.54 cm x 2.54 cm copper block is calculated by:

[T_copper block - T_water in]/Power

Thermal Resistance vs. Flow Rate
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R 2phase = A7 LhEH

OVERVIEW Pumped 2—phase cooling technology

In recent years a cooling technology called "pumped 2-phase cooling" has been trying to be applied to
generative Al cooling and the like.

Considering that the purpose of TR is to allow users to choose their cooling technology, we believe
that pumped 2-phase cooling should be featured at this time.

Vapor/liquid

Heat source / electronics Condenser

il

reference from BOYD website
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D-2-C Loop : RDHX Pro + CDU 800 — Maximum Performance

FAL—TF A TRA b

maEiaE [=C] 24
EOHE[°C 36
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EERE (Y (—HER [°C] 40
EHRE (US—2)[°C] 28
reiEES Tkw] SHEs 100kw / Swa 10
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Liquid Cooling

Direct to Chip I o ;
(Cold Plate) Liquid Immersion

Single-phase < Single-phase
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Datacom Equipment Center

External CDU
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CDU In rack &Rack CDU

CDU Design Options

SyPITIVRCDUIE. FYTADEBERANEELHAT:
1~35vP%HR—F
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Air-Assist Liquid Cooling — Liquid-To-Air (LTA) K& +ZSHEES AT A (5%)

y ZERRT A 5—T. FYIADEFERSZRIEECT D Row Sidecar LTA

» KEDIZHDHEME - BEHNAFAET. BEEFEOCRAC/CRAHI =Y M@ T
T EREGIL

y BENSDUS—2KESHNTBHIC, J—-I)LRI7—-HMERENS

» S2ONSYILTA R TI 2w b (RPU) &V R7RAGTIHER 7 IEiE
e RS e =

» A 20O—LTA : AROT RSB ERI LI > O—-0—-5— IS

— Compiite s

= Compuie ==

et Corpule s—t—
e COMpLIE  —_——

Cold Alsle L it Hot Alsle

Air Air
et COMPLITE  S—— = :
> 1= Cumpule = : 3

e ST —— X -
- -

Coolant return

= Compute == (Ffrom equipment}

Single-Rack Rear Door LTA

Pump/CoU Coolant supply
{te equipment)

N
| 19

IS FERBIERNSAT NVENT# & $ KLU 76

Shinohara Confidential



LTABA Rh— 9-U>)

LTA B+ RH— it —4

Hi%

ThenVemtdi@tAZs (LTa) B Fh—bE—HFUZiz o230 —w b (HRU) (d, §E
|OA AT L (FWS) BRI TERVMESC, BEsHETomiEo s v OERA
DFTCHBECEEIREMEBOBFES - FUDT I3 ATATY, LTAY

-« FA—IE ET4UDS v OT, @eoomm (241 >F) . B4T1200mm (481 -F)
DTy FFI FEREET. TAY A BAO—(ClE. N+UBRO1aBORy FRTw T
D72 N+NEEBSEHR > TR s U — ) (=R T3 —w | (RPU) . sRw AT
WA By 20y FO—-5—. BEESaRERE =20 I LY — 25

I, EDONNTTEEREE, fiSRIEH A7 40 BNOELR— U85, BL0
LEDZ 1 NIRRT AR FILHEEEmEN T LET,

T
- vy FADw THRON+NTEEREE
- 14EOy R D TIGON+LITE 77 >
-y B ADW IR0 AT A FO—5—
- PSR TIEE N+ NTTER >
- BB EERTIE D 1LY —
- ERORNES LUNESRIIEH S A7 A
JEESCOR., D)L JO-—1EE

AUw b

- ZELIRIE DO BEITRER DS E 7 FIR

- MRS OO TEAA 2 75 (CHTF Liduy, BRRREIL — IS T L
- Rl IR B

AEENR4EU TSV I I A— AT 7 79—

- ITHESEA D FES LU T BMaigismni-r > -

< FEIIN— AIERC L DEBOZEEIRM
CIATOTIF ¢ JIAM—32 FERFICH—EZAlEE

IS FERBIERNSAT NVENT# & $ KLU 77

Shinohara Confidential



AEELX LTA B1Rh—5917

IF7 73R BMES - Liquid To Air (LTA)
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giﬁjji)lga— Eﬁé??i);&— Eiﬁgillga— Eiﬁgillg&—
F AHEH
FEERTENS 0 36.2°C
HERAIZEATRIRE(C, SYIRRSA N
-2 AWTI> TR LIZBEDTY, -
DLCO/SENEIN T 2 EIZEE ANTIL ?
I7-5)NeFBWTHEBICEET S, 22 s
BEbEICRACEZRAWTSRENT B,
INROW SEITELL,
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HFRAICEKRAIZEAITBIHE(C, SYIEIRS
1) =S FAWTERLIZEDTY . DLCOMENE:

N[EEIEERDANTIINI -5 M FELT
INEBICEZET B, Z2/5ER (FCRACEZFHWNT
5193, INROWSEITEL. e
oo ase.2oc | A
7 v
Attt
5 A — A Vi
A
U FEAMME
10kW X 4=40KW 200N =40k
—sle—»|
700 700
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TR 7 &R ETHET7UDOECHEALI LFMD A THELNHD, LizA>To7aY
MUICO7 2B ENH D, LOLGALEENKRENHICTAVMIEFRET HEMNT
SV BEXNRALEBLTI7UEXRHFITHRET HILELTLVD,
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DLCXt: ZERAIT—/\

EMAIY-/N 118 0.8GH 3SYIHEDHISEM

4U NVIDIA HGX B200 8-GPU SYS-422GA-NBRT-LCC s

Highest Density NVIDIA HGX B200 Key Features

8-GPU Liquid Cooling System * Modular Design TOF'F|e>(IbII‘Ity and Serviceability
* Most Compact Liquid-Cooling Technology
* Doubles the Computing Density Per Rack @D!

NVIDIA.
Key Applications
» Deep Learning
+ Data Analytics and HPC
» Data Center Infrastructure

CPU - Dual Socket Memory - 24 DIMM Slots
Dual Intel® Xeon® 6 Processor, P-Core CPU TDP up to 24x DIMM slots, ECC DDRS up to 6400MT/s at 1DPC
S00W (5200MT/s at 2DPC),
MCR DIMM up to 8800MT/s at 1DPC
Drives — 8 Hot-Swap Bays Expansion —12 PCle Slots
8x 2.5" NVMe U.2 Via PCle Switches or 8x PCle 5.0 x16 LP
8x 2.5" SATA 2x PCle 5.0 x16 FHHL
ERR N Additional 2x PCle 5.0 x16 FHHL (Option)
IO ports Power Supply .
1x VGA, 2x USB 3.0, and 1x Dedicated IPMI 4x GO0OW (3+1) Titanium Level Efficiency Power Supplies i

12612024 2 Belter Fasler Greener™ © 2024 Su

ISl FRBHEARNESL 89
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LIy

ERRAITFDLCSEN AYAY—EY—TJA—JLR

Supermicro Liquid Cooling Solution €&

X13 CPU Cooler H13 CPU Cooler
for Intel for AMD

H100 Delta-Next Cooler
for NVIDIA

112612024 Better Faster Greener™ © 2074 Supermicro )

ISl FRBHEARNESL 90
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. IKDONRNIEWMEE ST O TLNVD,
FBIIAEEBNET N IBET
BEN)YLFTII @M AFEEE
TY o CDA—HDBAYTFILA—H,

DLCAYS —& 7§
BT AOOF Y RILEDI RN H S,

STAUBLI#t
HP: www.staubli.com
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4 %Al Cloud Park

HPC Cloud Park #42stiteg e

. TR A-EET
« JEEMEAE | FP64 21.76PFLOPS (GPU) BRI F 40 F18
: FP16 Tensord” 968PFLOPS ER{EE TR AR

« GPUY—/U: NVIDIA H100 4E#E&HY—/{ 1608 . GPU#:%1 : 6408
GPUY — )\ —#3a{t4x
- CPU : 517237 (A7)l Xeon 8452Y 36C x2&)
- JAEY-BE : 512TB (64GB DDR5-4800XF!— x324%)
- ANL—PFE : §161.2TB (NVMe SSDAM—215.3TB x41&)
- OSEE : NVMe SSD 800GB 3DWPD x21&

o FwbhDJ=2: 142>24=Z)\> K NDR 400Gbps FatTree Non-Blocking
OSrwhJ—%4: 10GbE, J7A1vF 400GbE
IPMIzy ~J—% : 1GbE

|

L B
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nVent RackChiller CDU100 >S5 w2 CDU - itk

— cDhu
Sl=3 4U / 177 mm
L= 430 mm
=T 974 mm
B& (F7-r) 64 kg
=8 (RiER) 74 kg
h AL 15.6 L
EREE 100V - 240V 50/60 Hz
&7 70 W (BX)
i 2.47 - 4.44A (E18), 9.7 A (BX) et e B
MR ITE N+1BETE2EHR T a1 : ; E s B E T
Eh{ERBER
RATLEE S EEE 10°C to 70°C "
SHEED (64 LPM TS U) 100kW (6KFPTO—FE) g
BA—RE 100 LPM 15%
Ay FOR (K64 LPMODIBS) 13 psi E
BA—RIL-TEN 50 psi S
Bt H S USR 115 LPM (single pump) / 130 LPM (dual 2
nEh TER pump)} 130 LPM at 7 psi (dual pump) o
|AtUHLSUL—TEN* 40 psi (276kPa) W B e s ey e
i — )R 40pSTME . - FLvSe— - JULTs0psiTIL Dot Fumi e —Masimum Peformance Mode
'/_'q nvent
5 FERBERINSAL 98
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nVent RackChiller CDU40 1> 5 WY 2 CDU - Bilfftx

—BEHiE CDU
[T 4U / 177 mm
15 430 mm
BEST 994 mm
58 (F34) 64 kg
ER (FiEs) 74 kg
vH ST 9.5L
BRERE 100V - 240V 50/60 Hz
&7 670 W (FEH). 970 W (8X) Secondary P-0, Curve {Watar, Tri-Clamp)
EC¥in 2.47 - 4.44A (FE18). 9.7 A (EX) _ oot w15 - ) _
A TE N+1ETTESEA T - —— =220
EhfEaEENn b S
mATCRE e e 10°C to 70°C 2

SHIEES] (64 LPM JTS7U)
mA— R

40kwW (10KFZ70O0—FE)
80 LPM

B~ FOZ (ked LPMOIES) 2 psi (13.8kPa) T
BA—RIL—TEN 55 psi (379kPa) o \
BAEHSURE 60 LPM (dual pump) / 75 LPM (triple pump) 03
g =S 55 LPM at 13 psi (triple pump) ag -

mALTLYUIL—TEN* 20 psi (138kPa)
m nvent

Heho AU — . AR 20psi TS, A—0 - Ty S — - JULTIE30pS TH <
5 FERBERINSAL 99
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nVent RackChiller CDUS00O

—RE R cDu
me 42U / 2152 mm
(= 811 mm
BT 1216 mm
BE (F71) 1135 kg
EE (RIER) 1285 kg
thSL—7 100 L
EREF 380V — 480V 50/60 Hz
EN 22.2 kW (X))
B 47.5 A (BRR)
R TRE N+1ETTR2ER S
Eh{E & BED
AR E fEENEEE 20°C to 70°C
ASHIBES] (64 LPM TS5 7L)) 800kW (6KF7JO—FH)
BA—RE 1200 LPM
HB¥FAw FOA (K64 LPMODIES) 19 psi
F|A—RIL—TEN 150 psi
J|ATHAUNR 1100 LPM
NEA S TER 1100 LPM at 38 psi (single pump)
Bt h A UIL—TTEN* 125 psi

tEHULU—)0ULTE 130 psi TEBLET

1) FERBHERIVEAL

=
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DLCHHIER=

Liquid Cooling

Direct to Chip | o ;
(Cold Plate) Liquid Immersion

-

Single-phase

G [I I I[ B :
i 2.3 = E
: ‘I::'- - C% :
23 = Sro—UikiR
i A 52 3 ¢ D—SUMRERAZY UF—N—BLURLT1ZUrE
s EAZRAENERANDEZHER :
: - BERT7EFNEIMNDKADHI S :
* JvY.PDU. B

|k HE AT L

nVenttt &5
I FERE R o
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DLC/AE1ECDU

DIRECT TO CHIP COOLING LAYOUT

P — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — p—

I
| l Secondary Side

Coolant
Distribution
Unit (CDU)

Server with

I Cold Plate

H—yi—

CPU / GPU
TBHEHI—ILETL—RHt
AVRAP—=ILENTILVET,
A—H—ORIE- YR~

[l
L 3

Primary Plumbing

Dry Cooler, Chiller Vertically-mounted

T =h—JLF
LIPS I EE DN
2k BA—IETL—hADEE
KOHE

or Adiabatic and Rack Manifold

Pumps

cbhu
SYOI I MERIARZFTOY
FEOVUR—RUMEREL S BEHEADBZHRE. KT, avb0—5—

1) FERBHERIVEAL

nVenttt & $l 10
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CDU Inrack &Satand alone

CDU Design Options

SyPITIVRCDUIE. FYTADEBERANEELHAT:
1~35vP%HR—F

2= LK <
<
<
&
:
s > — R
B -—r7— st i a
}\ F
) FREBEARNESL

-

RAVREFOVOCDUIE, FyIA
DEZESHNEEZHBA-EHO
SyuoEHR—k

EHDSYY

a
5

FYYVYYYYYYN

L
[ YYVYYVVVVYY

[ YYVVVVVVVY

N

— | AALAAAALAA

P
—==

P
L —]
—

S

nVenttt & #} 10
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BB RT LB

RackChiller CDU100

—iig itz chu
5= 4U /6.97 in. / 177 mm
& 16.93 in. / 430 mm
Wi 37.4in. / 950 mm
BE- Poa 137 1b / 62 kg
E=E-FlEEH 167 Ib / 76 kg

= (27R4)

RO T DR

BNENF

PR

R
BERENI AT

4.12 gallons / 15.6 liters

2 Pumps for N+1 Redundancy
100V - 240V 50/60 Hz

15A - 10A

1 x 2500W

MMERE(T7—=> 1)
mHEEN

URERE

LREIWESEIESD

2R

2R EIFENT S *

BN IO-TRE
2RI —= MMitiaER

23R 1) CRF40psi CRIEE.

10°C to 70°C
125 kW at 6°C approach
170 Ipm maximum
232 psi maximum
115 Ipm / 125 Ipm maximum
40 psi
4K
ASHRAE W17 to W45 (previous W1 to W4)

B/ UL 1350psi CRASET

2REBIEDFEH (ASHRAE2014) Table 6.2

I-Eth‘iﬂi 1 BEFLASLIUBEERTORESLI-K
s SRR 2 FREL T I—ILORELNBRINORPCGES]

ipH 8.0 to 9.5

wm =1 ppm

I-Fﬁ&ﬁ <10 ppm

i5{E <5 ppm
FRORE - =100 CFUs/mL

%E (CaCO3&L s

I;i?f: 02 to 20 plfem

fszsoman  |sopmm

I}'ﬂ}! =20 NTU

1) FERBHERIVEAL

nVenttt & #} 10

4
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Outrack CDU

RackChiller CDU800

— L H
ST 42U/ 78.7 in. / 2000 mm
& 31.5inches/ 800 mm
BT 47 2 inches / 1200 mm
LREE 2650 Ib / 1200 kg
ME (2R 13.5 gallons / 51 liters
BREE 208V, 50/60Hz, 3 Ph, 11A—22A
380V — 480V, 50/60 Hz, 3 Ph, 10A— 20A
fiaEiR Hardwired Input, optional ATS
Bi{E R U%ERE
BERE ASHRAE A4 = 5°C to 45°C
AAIEE D 800 kW maximum
1RAIFRE 913 Ipm maximum
1RBIEMEE R 150 psi maximum
2HRARE 850 Ipm
QB ENEE D 46 psi
ST IO—FEE Temperature 4K

2RAIA R ASHRAE W4 — 2°C to 45°C w/ dew point control

nVenttt & ¥
1) RN 1
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DLCAY=JA-=JLR

%7 Al RE B

s SESERRARICHETDIHAZLSFA X
» S R— RO S |XRETRE

uQbD¥J) —X
f8F SCG &5 L UXNSP #1 X

E— o e
BEBRYE—RAD
E— R
HEB/REYFR—RD R—RARA T
) ot
)
~HE . TFIH
= 42U, 47U, 52U 7 v 7 (Zxtis m ——NSP06
"—REAvTD » B F18MEEAT. K427 — b m AXrv7 1) SCGO6*
— &< s EETBE 7ML =15"x15" m FEfE
]
]

nVenttt ¥}
1§ E RS Rt 10
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DLCARI®RI>3>Fvh

Aryavxyk (BER—MIET=/R—ILFH)

» OARVARE H—IN—DOBFDEATIZLY NSPO6 R USCGO6 74 v 7R I2—IZ L TLVET

» EX/N\YI—32 305mm. 457mm. 610mmDIBEEEDF—RAFE/LTLVET,

réent HOFFMANTIRZ 2.3 babw B SRR RD T Th — L = L TR 0
RNETBICLET. VentD IR I 8=hSEEROORSS—FT. B BRI HE
LET,

i

*  EEEO T b CITREHORRSTT L ES R T &

»  OFRFFEA-AOBSCEMETREE. A9 0EETEICI0

= AECEICnentEEOR IS EERL. o BRRE D T S E ERTE

Standard Product

G WA EF—
Y1k 2

RCHIZ007 ‘Connocten i, NSPOG 0 USPD6 2 05 NSPUE, Barbed Socket EPDA, Barned 50cke
RCHi 2002 Connecion it NSPDG 10 50606 12 s 15R06, Baed Socket 50606, Barnad Socket
RCHIE001 ‘Coonecion it NSPDG 10 UEP0E 18 457 ‘N5POK, Bared Socket N5PD5, Barbed Socket
REHIB002 Conrechon it NSPD6 10 30006 18 57 HISP06, Barbed Socket 5008, Berned Sockes
RCHZ4007 Conreciion it KSPDG g HEPD6 2 810 NSPOE, Batbed Socket NSPU Berbed Societ
RCH24002 Gommeckon int, NSPDB 10 SLGLS M L] M5HUG, armed Sooket 0GR, Bardad Societ

STAUBLI:
https://www.staubli.com/jp/ja/home.html

1) FERBHERIVEAL

485, NSPOB R UFSCGO6 LS D
ARIEANDORABORIENLET

Viw b-TS33CaREE/ UL RRA TWSO TS /UL FEL. RiboR
HENERSEN | B, BISRUVERT COEECRETY.

LRI TOEIERA

AN

nVenttt & #} 10
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HALLINFITI=U>J(DLC) DB IR D RhilR%

DICOZER AT LEHEBLIIET HEEEMAIBY—/\EHRELT
Oy a U RBREFITIC LIS,

LOLEDD, EY—/NTIITOIZEIETELLY, $50008 38T B H—/\
[CEERZENTTHERT O LI KRESMTHLSCEELGHIENERIZE
REMNTHENTEL, TLZEZRDFIEASELLMLELEEIZIETH—
INFEHIESE B EELD,

AT TFTEHBIIZT S E 10KWD S8 & LT-1B4 . 15¢/min
202 T T4Y—/N/TvY 80U —/\hELLLS, &fo)zk&u.ﬁfz\;b%& |
MEYH—/N\ORFTEZAL40ERNELLS, 182 DRRHWELTIE, 1202/min

N : SR T EN S N g
808 M HERAIRY /\*ﬁﬁ HRENNETHD, 7:771__.»“%%%7](;%%:*79

102/min
QEE‘I,A|H§#_/{*§¢§E¥&}~E*§%1:I:*§ / S/upermicroﬁ%DLC/\\y’jf—
FEE FI10KW  4U RPN w— ® R

DLCO)7J< AAYRDFEE(E 700W/1000W 81E r
ZmlE7oow At=10°c1®@ 0000 | -------
KDEE(E32°CTHAOEEIX42°CTEZ S,

gt \ I
[ 1
N4

11 AU
700W E—%
700W /1000WE—458{E Snws
B HEas FO—S 77
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VN
EIIU:/TJ \

FALREIS AT

KmssstaTE (Stepl)

MEBLREECLIBREBE(LDOFRICONT

Kii5v9 (CDUAIER)

k34 9—5—
1 |

w2 Vw [ £/min]
w7 Twin
— 5=
Two
47

ITERFEHME Qw [W]

BEIZK

REZIL

BEZEIOVTE. KREBOCREZEICLDHE (Stepl) &
TFRRAEOREEICLIHAE (Step2) LBM=ICLD
RHBENHRFT,

1) FERBHERIVEAL

7K

Qw =pw * Vw * CPw (Twin-Two) / (60 * 1000)
Qw : KRICEDREZL(W) 50000

pw : JKZE (kg/m) 994

Vw : JKFEIERZ (£ /min) 60

Cpw : KEEEY (3/kgk) 4180

Twin : KARE (°C) 18

Twout : KHTEE (C) 30

111
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SANZETLE

HRRALSEIS AT LA ZES. IKME%E

sTH (Step2)

RELBEEECLIAZER(EDEEICONT EEERE[M/h]

K&5v9 (CDUAEL)

w7
()

RE Vw [£/minl

5_‘{{?__:,‘_T Taout [C]

| | | ]

A\

ITEEFEHE Qw [W]

ie%f@% Q = k(Va) A T

k (Va) - BEEH7-Y ORMEEE(W/K)

ATLMTD @ EFREZE (k)

ATimTp- (Twin-Taout)-(Twout-Tain)
In((Twin-Taout)/(Twout-Tain))

K (Va) = — 2
ATLMTD
5 FERBERINSAL

Tain [C
Twin [C] [Cl
— g
Twout [C]
47
l

=5
#HEZM Qa= pa*(Va/3600) *Cpa (Tain-Tao)

Qa: ZRICL Z2HEZ(W) 24839

pa:Z[EE (kg/m) 1.184

Va : Z5AERE (m/h) 5000

Cpa: ZXLLEY (J/kgk) 1007

Tain : K ARE (°C) 25

Taout : KHELEE (°C) 40
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ERCALREIS AT A 224, 7K

mixataTH® (Step3)

| OEF-#Z8HSHEEHETD

TE ERERNT T A NS,
i fo. BT RIS ML i Es e ranE 7.

REEORENHBRKAREOEN

BEEOENBEXROERE. LRTRUEOSILIT — - D14 X/N v/ \OE

; EICEATVWEFET,
oE (0w P
> (FIL2— - DA Z)Cw\DR]  EHiE%Ah = ,15 = (1)
- E—R ‘ 2.83 m/s (za)
anE |08 ‘ | m®h v‘
SRR M S S AR E AL T, h:EAE. (m), MBERGRH, LEERESE (m) . viBERE
(m/s) . D:EEEMNE (m)
= [ @ # BEHt b
| OB AEBORBEIEIS STEDOFEELUTE, ST0L1 JIILAHMAEL L. FNORES, BR
b\fLmL Vel LED. TUTC. QZOEFICLHEEEFHNZER
OfF - soE AT 0 A 050, - e - e
T E T Sy CBAIILE—DA )\ )\D (F1) TERISIECRDET.
iz ‘ 10 ‘mm HEOFM
D4/ Z8BoNE
ioE ‘3 ‘m/s WA, AFoRE
IFEFBER A O
v DAERAL. EHBEEHETS ﬁ
#
| D (28

e

3 I‘

HEADBERAT S,

i

SHERER I e B T FEER AL DT,

https://www.shimadzu.co.jp/sss/flow/calc.html
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FT A

ERNALG RIS AT A

/T3

IKGESE

=& (Step4)

KBERETI2Im3a(E
SETCHE DT
BROIEEETHIWMEBERDET,

—EHAlOCDUDSEDY —)NDEfEICELD.

MEZHIEHT2ENDDET . FIT
CDUD ZRAIDREHZENICITIEULT
ZEHENRELRDET,
ZRBIDKITREZ(ICLDKDIEEZ
ZRUEARIIZRET D, 3RS
>FIKDRDIKDIEE(IEU THER
RsRIDEELE T, BLERETEN
TWBAAEEBEDIETINKIBHENE
UCIEERERETIRRERDE T,

1) FERBHERIVEAL

-0

®

1@

1L®

@® v27LgH0 B TREMER © #EC-L) O EAH (€ ENHA/NT Ffﬂh\
o )
2 ®
= B .
R =
= )L%Q@ E :|:
= | ¥ b
e SR =
< @ @ @
[ERREES IEEIA— vk ]
i S
4
2025/2/1
B Y ER | CAia s |EEEuTs ]

1. fRiEA ERAOR EHRA

2. SR AT UL RBOR

3. VRATFLEKE

140

TR 850%
HKEDFLEFLUBOTRTOERE MBI
BREKBEEFFLTROET,

BHIZH=DTIE, 10%DRBER TS,

LRFLKMEEAE [ o |c

£ VATLBRERERE [ e Jc
R BRIKEN 008 |MPa-G
Tas LES WERADEE
" % T - sl VAT LKREEETOEE HIm] + 100
r‘} £rl ¥ + BEICRELESN
Ll ke T (/& 0. 07MPa)
I7astn Ty 4 =mmoss

RATLKERERETOES Hm] + 100
+ ERIREICREREAD

(R1E 0. 03MPa)
7. EERARUTHE [ 10 ]m
8. R&FEYMNE [ 04 |mPa-G

S ——————————————————————— ]
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— R DORIE

— AR —HRRRIRE RN AT L5l
= Single Phase
— “Sensible” heat transfer - Fluid does not change state from liquid to vapor
— Pump Required

Coolant
Distribution
Unit (CDU)

Heat

Exchanger Facility Water

Dielectric Fluid

Pump

ISl FRBHEARNESL 116
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—HHRROEARRIE

HPRR=ERE AT A
Single-Phase Oil Immersion Cooling

A sketch of the setup used to investigate the performance of the single-phase oil
immersion solution is shown below:

Tank

Flow
Liquid-Liquid heat exchanger \/

Oil bath

Heater Module

Pin Fin heat sink

Oil cooling pump Coolant pump

The coolant pump delivers the mineral oil to a nozzle manifold, which creates impingement
jets on a pin fin heat sink.

COXT(ECoolant pumpZaxlTTLVB 3t LY AF
I R BRI 117
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B=AHIDME

2SR (Z8xEE) | confidential

1. &E8AH{k
H—){-AADOCPUFANTPSUFANZ PR 2=/ #E5h1E
=>Y—/-BEOHEEEZH%10~20%H|i

2. J\JA-IX>AEL
CPUS ERIEGRFOREZZESLETEURTS
=S BRMARRTOMGE H RI5E

3. B=N\-OUR-22  OBIERIET

IIFE% E#O)B -U-_} \“_ﬁil}gg%j&‘c}gﬂz’% Aﬁ)ffﬁé;!j:ﬁ) A:gfﬁz;g;iif;?’&l:ﬁtu FEERED
(1)FANODIRENCL B EPE Eﬁ%‘)lﬂ‘“f
=2 THDBRVWTVBZHIREINFEE LW
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Single-Phase Oil Immersion — Results —}f3%552 FE\WEE
Forced Convection !

Forced convection measurement results show that power dissipations up to 400 watts can
be supported with a 10.6 mm distance between the nozzle manifold and the heat sink and
power dissipations up to 450 watts can be supported with a 2.6 mm distance.

Single Phase Oil Immersion
120 T
|
110 ‘—hwmngrﬂm c !
ok %4 b 450 watts at 100°C
4 x — AB752 2 EN B EF
S g “HERE RRORE
2 7 ~#~Horizontal with
[*] "5 i =
S ég ! mezementt. Two-Phase Immersion - Temperature vs Power
' S | .
- %
>0 7 2-Phase Immersion Cooling
40 1 T |~ Horizontal with
30 + I | 1 Impingement (2 110
20 l . . ! | 100
0 100 200 300 400 500 600 '\.\
740 watts at 100 °C
Power (W) 90 {in horizontal position)
== Horizontal Test 1
80 %

P X == Horizontal Test 2
, ¥ e b Vertical Test 1
70 ,% == Vertical Test 2

-
60 "

50
100 200 300 400 500 600 700 800
Power (W)

Copper Block Temperature (C)
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ISl FRBHEARNESL 119

Shinohara Confidential



W THEE

5157

Pump Power Consumption 7> T DEHEE N
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The pump power as a function of the flow rate is presented in the graph above.
Note that for high power, the pump will deliver the max. flow rate => max pump power is 30
watts. The flow rate can be adjusted according to the heat load. The cold plate performance

is improved at higher flow rate.

8GPU+2CPU=10T1KWOFEELLTL.3L/MIinDIZFE13L/minEL TR TE ARG
25Wx10T250WinE, 85— /(KK IT2ET—/NEHEBOKW TR TEHE2.5KWILE
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Summary — Resistance Comparison iEfotE

The chart below shows a comparison of the best case performance for the three technologies

Optimal Resistance Comparison
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Resistances have been calculated as before 3*:]: J: L ) ]\%’:
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single-phase immersion cooling two-phase immersion cooling
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Brief history of 3M and passive 2-phase immersion cooling

(P2PIC)

= Like all dielectric liquids, PFCs have
inferior liquid phase heat transfer
properties compared with water. Water
has high specific heat and thermal
conductivity.

= However, the more volatile (lower boiling
point) PFCs could be made to boil from
the electronics to overcome the
otherwise limited thermal properties.

= The inertness of PFCs made them
preferable to the very aggressive
chlorofluorocarbons also being used.

Vapor condenses on coil
or lid condenser

The Passive 2-Phase
Immersion Cooling Cycle

Fluid recirculates
passively to bath

Vapor rises to top

Heat generated on chip
and fluid turns into vapor

Courtesy of Allied Control

The process within a P2PIC enclosure is entirely passive

AR TIEAEICPFCAEON TV -FRODEH THS, WIEIFHFORD
KSURELTEDIZEDH-TULNS, BERIEZRIMGWP=10EELLT
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POWER OFF POWER OFF

= After the system is filled with fluid and sealed, the top portion
of the system saturates with vapor.

= This causes air to eject and 4379 of fluid is lost with it.

Total Fluid Loss

BIENSEL TZER(CHE
2 A
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I (X0, SEEHIEANETHD,

FreeboardBfMEE I 7/ \UT7Z#EE+5S

Heat Exchanger

IO Conduit Desiccant
Temperature
s — HEADSPACE
.- VAPOR
Vapor ZRNEAMNEE
— LIQUID
P —— 3MtE LY AF
Organic Filtration
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INSERTION LOSS AND RETURN LOSS MEASUREMENTS ON AGILENT
TECHNOLOGIES BALANCED MICROSTRIP TRANSMISSION LINE TEST BOARD
IMMERSED IN FK-C,F,,O0 AND HFE-C,F;,OH, ENGINEERED FLUIDS

0
B AN |, N\ '
. m ] = %
S g —— FK-C,F,,0
g 20 g 0 ———HFE-C4F4OH,
. \ 5
£ .30 £ .60
: Ik =
[ —— FK-C4F;,0 E
40 l' —— HFE-C¢F,OH, | .80
-y 5 10 15 20 4%
Frequency, GHz Frequency, GHz
SEP_02/ 201.0 ! SCP I. 42011
LEFEEERELTII2ZUTAE XLV DN TLNVS, BIFE[E£20Ghz
3MfE LY AF
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Optical Link Bit Error Rate Test Setup Using Engineered Fluids
(Use Fiber Breakout Cable and FC Connector to Loop Back From
Laser Transmitter to Photodetector In the Same Module)

Advantest Bit Error Rate Tester

Fujitsu 4-Channel o-microGiGaCN™ 850 nm
Transceiver Provides 6.25 Gbps x 4 Channel
Bi-directional Data Transfer

- ) : 12-Fiber Ribbon Cable
Fujitsu microGiGaCN™ (Only 8 Fibers Used)

Evaluation Board With MPO Connector 3 M*i J: U j'\ qa

SEP_03 /2010 / NEH / 42029

MAYO CLINIC
SPPDG

AEICEOETROEEN D, HIEABE,
B, EDARYMVILEHE T CEDOMEZEE T H5A—HnH 5,
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Energy Efficiency

Simple PUE = (Fans + Pump + Server) / Server

Server Cluster Experimental Data — Fluid 1 boiling point 61°C
Control i Water Efficiency Immersion-
Fan Pump i Tw,o |liter/min-kw PUE cooled server
Med | Med 56.1 1.47 1.008 4 i (chuster
Hi Hi 38.3 3.40 1.023
Hi Hi 56.3 3.40 1.023
Lo Hi 56.1

liter/min-kw
1.47
3.40

Experimental Data
Projected

3MfE KUY AF
EREHO R EREEEEM TEHPpueld1. O3FEE
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L7 )RR

9% (0.7%X1.2X2.2m) iR eE H 1.1X2.0m)

1.40 1.04

ppUE.gﬁE%jJ SE 20kW S 2kW

H—/s— 50kW 7O0kW H#—/x— 50kW I52kw
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2. Application examples and required specifications of liquid immersion cooling

Japan
(a) Examples of equipment that uses liquid immersion cooling

2-Phase immersion

There are two types of immersion 1-Phase immersion
cooling: one-phase and two-phase. The - condenser
figure shows the operation diagram of liquid warm coolant  warm water (coolant) \A f’“f“} -
{coalant) . o “;;F:nq L L il

each method and a photograph of the A liquid i sl B i
inside of the equipment. h , ih l 1 (coolant}-._|

inert liquid ;_%th%arfgerj [Eﬂummg"l | inertiquid

| [pumefl | pump|
— p= L —

mother board coolant cold water  mother board

warm water

cooling
equipmeant

| pump|

cold water

Inside of 1-phase immersion equipment Inside of 2-phase immersion equipment

NVENTO EZE ¥l LKL
15 FEREB AR DEHKIY
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2. Application examples and required specifications of liquid immersion cooling

Japan
con'd (a) Examples of equipment that uses liquid immersion cooling

2-Phase immersion cooling overview

The following points should be noted when using two-phase
immersion.

Coolant temperature adjustment | |
Do not lower the temperature of the coolant. The temperature
of the coolant in the two-phase liquid immersion bath is always
constant and maintained close to the boiling point. It varies
depending on the coolant used, but it is around 50 deg.C.
Alrtightness of the immersion bath

Evaporated coolant must always be confined in an immersion coolant (liquid
bath. Do not open the lid during operation.

Air pressure control of liquid immersion bath

Inside the immersion bath, the air pressure changes as the

coolant evaporates. It is necessary to consider the structure to

adjust the intemal air pressure. immersion bath dry cooler

Coolant quality control

A filter is installed in the immersion bath to maintain the
coolant's original performance. Since the manufacturer has not
clearly announced the value, it will be necessary to closely
examine the quality control of the coolant in the future.

5] FE R R T AL o
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2Phase Liquid Immersion Cooling System
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2Phase Liquid Immersion Cooling System
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Dry Cooler 22KWilk 255 S1#&1550KWHE]EE
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1A NIVED

Cost Comparison O X MELER

$4.8M per MW less expensive than
traditional Air-Cooled Server Data
Center

« $195M Immersion v.
$348M Air-cooled

* No need for PDUs, RPPs, Busway or

~ N=| S
WUR pisge
Fricing Rocap IMMERSION COOLED AIR COOLED .}
[sit=, Core & Shall $16,387,369 §20.751,095
Fnish Out $4,817,698 smm.ml
chanical §54,298,079 §77.131,315
¥e Protecsion $623,705 1423644 )
lectrical & Fire Alarm $112,109,766 $197 416,000
aw Voltage $4,707 B08 $22 312,241
quipment Racks & Smart PDUs 30 §$17.852 446
Uty $935 464 §1,000,335
le $134, 470,879 sua,no,usl

30MW Data Center Comparison

35{ERIL

CRAH/CRACs in Data Center Space s -
ik 385{EH
» Tanks eiimincfxte traditional cabirjets i R P  Security
and reduce fiber & copper cabling . B Equipment Racks & Smart PDUS
needs E 5250 21'E‘I~ % M Low Voltage
= £o3
e . - s 5200 220 E'\Fq 5 7 % B Electrical & Fire Alarm
» Better Utilization & Efficiency of B Fire Protection
Electrical & Mechanical systems S15 - = Mechanical
Reduce Equipment Counts without $100 B Finish Out
sacrificing Redundancy W Site, Core & Shell
$50 |—— —
$u A
IMMERSION COOLED AIR COOLED
Datacenter Dynamics 2017 Cloud + Colo | Dallas 733F /KW 1.282FF/kW
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1000
800 /' Bottom —T 7
= 600 (Heated) :
=400 - _// Surface - to air-cooled
L 'y condenser
glass tube |
25mm I.D. i
T, groove 1x2— & T
——7 o~ ||
- 30 BEC test |
(Wetted) disk }
Surface /TE
heater ~ A
‘ this coating not ideal thickness ‘ wetted area, _A; E Q

FIGURE 3 - Temperature profile for fusing the BEC and the

coating that results. FIGURE 4 - Standard BEC test disk and schematic of the

functional elements of the system used to test disks.

3MfE KLY AF
ISl FRBHEARNESL 169

Shinohara Confidential



AT _ARBERISZ—/(-10E1-5

RiE HIEREF

DAT7 MDD ERAIZRIRTHEDELT
FR. AR N\T—21—FRIFICHAFEF T,

ISl FRBHEARNESL 170

Shinohara Confidential



FRDE R

FHmIISEECPUL4GPU/8GPUEEH L =7 74T |
PC& ZtH#E SIS AT LICK ) ELHTEWVWPUETEE S
T53HLDTHD, RATIRINFA 7 —FTHHATHILD
T&%, FFA4/—FR@BTv*FYMFFIIRETSHILTED
LIBRIETH, BREETEEBIESILHPTE S,
ERAIZFSHFRFR, MR, BB, N7 —21—YmlFic
REVCEANETHESI LN TESZHBDTHS, FF7347—7
FORENVDEL-OHIBRENHBHILETHY ., RELZO
eV ATLIREETHHLDTT,

1) FERBHERIVEAL

Shinohara Confidential



SKWHRERNRAIRATAI NI EERI AT A

— A A—(3ZADY -\ ZIRE T D2ENGHDIN.
TR, EEREACTVIRDEF. MECOEFTIEZDT—/\ZUX
BIDIMENRVNEEZIBND,
DUAEREGFIIEEFE DA — /- 1 -2 EERKR I FREN
Z\EEZBND,
S RRAITFAZRET/INEDISA 7> NRZRFHEDOPICRL,
CNBORARICCIZADE mMZXA—1— U THET %,

1) FERBHERIVEAL 172

Shinohara Confidential



L > R

OCPH=wRh2024hBaESN. /BENO R > REI-IVRTL - SDLCSENER THolc. H
EDLCHEIN K EEONTU . KERMNBREHNGB200 DVL72THD. ERRAIDE
R Td. OCPVIZR—RELTHIAREZENTLE M THD. Supermicrottt 1z AN
[AAE
UDURNSNVIDIAOFY I OFEEN700W B X T<BEDLCHENDOREFRNK B LTS,
PEFR (3 K4K1.5L/MIN T1KWT&Hd, BER5. DLCOSENIREAmIEL K DEMEIZE
Tflﬂiéo ERE( BV EVEZESCENTED, UthHO TKDHRERE EIFTENZADT
BENBENNEETLBUICRD, CNZRETBIC(T. IWEAVEBZERCH ., BIRICLDiHE
AEOHAFENDENRELERD,
—7'3_INTEL (FE%ET)IL—)LZ2nm FAB18AZFEIR. SHICINNEEH2029FLA(C(X
0.7nmELERIIB I BdEEZAHND.
A7#8610007 %7 BZ3EENND. 0.7nTIF50007Z B R DEHTULVB,
,%IXE}J@E}:T:(iéB(Z"FD“D1V7<it)J<79tUT)h<790 DDR5(%1.2V—1.1V &R0l
BBEEILEERBEOMANMEDHETERE FEEELRD, BEMIENZEREER
TL\3, TDP=1200WI(IBZ3ELEZ ZHBN5. VRMPAEUERE EFEH
Z0U< DLCYFY R U I IRARER D, — RS AHHE RSN B e LNR GRS
MeLNAEL, 357_4_;2:!1_}[/ IVOHEIMET., FER. PHEFRFOXZENBBE TEIRRBL
EZZ5N5. TDGHE. BEEIEFITHD. RICDFBETHEFIROBRNTETIEE RS
na.

1) FERBHERIVEAL

Shinohara Confidential



NATURRIR/NY)AVDIRET

IR 7E MNVIDIA H200/B200Id 5l 9= TGAFAMIE] [T TLAVELY,

E-ATXDIH —FR—KERTX5090 4MEZE L TNA IV RERKAID R—/8—/8—YF)LavE 1—
BERAFET D, FTOBEIZ/IN—YFILIZT BIZIEXEZULINAEDLZLY,

g g HA/NNILA—ERAO0—X
3KW%&:;E.‘ME%§\ KSAH—S~ P
P _ nl [ - FryF o)V TEE
VRS [
INYAA A= ] Jl
r HAA/N)LA—E
AV E DY
gL
3KW FAX
POWER  155-7
%2 //
AMD
CABLE TRESEA | Gpy CPU
- = -~ —
B57ka+x44%4 S E-ATY{ RTX5090 AvbA—=5
) i AR T4 L

Shinohara Confidential



BARMLRR

IRE
WRBHER
BHIEED
RS>
PCIREZR

R E
atieds - R51J-3
ZERAI

R=1>h0—35

WEBER> AT /A
AITFIAIAT
FhiE{EE S TV
[E3REERAR
TRAMEINE TR, BE
RIAI-35M~TE BE

ARSI AT L
3KWik GPU 700Wx4+CPU 350W=3150W
PMMAZEERS >

AMD Ryzen Threadrippeer 796021 &
GPUFEEZR 509073 R4MELLIE8MER
A RAIST LYY —R— R E-ATX

F2EHPFAS REGWP 20LLF
J4>F1—-THERIMERS AT 1

SR VAV 57 VIR Z 20
SURRNBL LEEB AL h—RIAO- X EEE

LOYTECSZFLr

EBRE. £H. REFDTZHUJ EAKCRATHH
LGEEHL, SRSy MU RER R
L-WEB> 2T L$rEY

SRS IRARIIERELR

LOTUSE R F&&

ANO-X™. My ITAE,

700Hx5000 70KgFE

KWKk AR T, BEARA>2E> MO—3 12y MISEEE
BHH200V RAHEEES SKW

1) FERBHERIVEAL

1%

EIRBHEAVSFIV

500 FE

HAF>TSS-7(HFPD)%#E
hEpiRLER AU T
UEALYRESER

JE—RNEZHUH

BANIL -

175

Shinohara Confidential



SKW~6KWIRRIZS AT A

5000 D AEEFFE

H=700
W=500  D=150 ARIE3E DY — \ERELIBE
’f)‘—‘/L/—CL\éo 176
1) FERBIEEARIVESL

Shinohara Confidential



SKW~6KWIREIRSATL AX—=S

IS iR BRERIVERT 177 .

Shinohara Confidential



18. ZHHBE R AN AT LDBYIR

ISl FRBHEARNESL 178

Shinohara Confidential



—HERROSBIRICSSKHENDED

1. GWPHMEWLARL 20U THEEELL): - - /RN LEIE TS TIERGWP
(&7?

2. #B=(d - -50°C~60C
- FULY SVEREINE, EETHRIAI-STHEPED,
UHhUIA7RE ([ EHD. RWEDTRE > THS. UNURSAI-SEEDHER

 EEREERR(I2.0LATHEFULL, AIE(F20Ghz T

TV AYINTEBIEIRVCE., PVCE

. MRORIIEZE S
DERBENNEWVEDIIIK D ZE TS « - FRHNNE

BEAEIRE . - BRI TENFIS5KI/KgELFARRLLY

. PFAS[EIRE - - - PFOA/PFOSE—$E(CIEE Z R0\, /BIE(F4700FE%EH D,
PFOA,PFOS(EENRIAERINIFENHDE T,
REEBNCDFREDEDHH B,
RIENRNRVEERE

ol b W

N O

1) FERBHERIVEAL

Shinohara Confidential



D E R

BESATLAORIEIE
> DCOBHPIRIBCIGUT, Y- N—5i1> 2T ANNEIRENS
HERPIREAEIR - TR - OME) L - DCOEFRMHERDIZHIC
RIS AT ©AeE b E
> CNETEZESH AR THO N, T-F=2DRIE, IR0 HEE - SEE/LICED
INBEIROBVIKS - REBEND_—-IHhE &"')T%Tb‘%
I VR T

SS=E o PR il PR %Uﬂﬂﬁ I OEECES |
1 i
WHBAN—R /J\ X th : o :
i &(\ :
1
= \ v \ A \ I
= 24V fEEEYEE L LEERENESL .i (=F LresEnL) |
o o ] e e
: REIZHE 0% 85% : 90%
1 1
| PUE*1 2.08 £91.1 : £91.05
| 1
| EEsARE KIRELICKL MIELPTL 1 BERLIKKL
‘f)‘_:/ »"__r f
httDS3/1‘WWW-takenak§-CO»1 https://japan.zdnet.com/a https://www.nttdata.com/
p/news/2016/03/01/index. rticle/35137418/ global/ja/news/release/20
btml 23/061600/
+ 1 PUE(Power Usage Effectiveness. = —45 9 —2#mEEED/ITHGOHEEEN)  DCOENERMEERIBETHD, 1.0(0RVENENCERTHEBL TWS 220D

ENEOS“EEH Copyright © ENEOS Corporation All Rights Reserved. 1

ISl FRBHEARNESL 180

Shinohara Confidential



IR DENE

SR ABNIERREZENE LEBNTED DA, EREREZLOLEZEDENTY.

REEE

42° 41-

=5

=)

TREN=

EE

EAE

s

FRER (@RS

i

HMEEE

KDERE

HHEE (@1kHz) -
ERRIZERE (@2.54mm gap) Ky
R Q-m
slk= °C
oDP =
GWP 100 vears ITH

1) FERBHERIVEAL

N -IMA0h-i" A
a7t
BT

I -IhATI-7h N -7hA0n-5"> B
Bt ot
Bir? BEF

55 57
-90

1.8(estimated)
&3(1mm)

1.88(12GHz)

78.9 (3mm)
3.1x10'

7L
0
20

SHAERIES BT DUMTHRRDET, 181

Shinohara Confidential



FAX B A TSS-7

DAISAVES U —X([FENZERIEZERE, -9 —sHABEL UTHFTEET,

EBncisisiEae
| =/ —BERREEIBRET ST LN EIRE

ENrzHEESE

| #i35. BBHAANDREH DAY

m\WZ2E
| BINSERT. Rk

{EGWP
| HHERSEIELRMNEL T v BRI —S>

BiEDLC —#8DLC
(KBI-M7°-M) a-nk72°v-M
BRI - ; I% (<60°C) B (= 100°C) {£(40-60°C)
B2 (BINR) = ISR L BN L BN L
_ & = =
RIS (H—)—3E1Eh) ([BEY—)—% =) ([EEY—)(—%i2H)
o _ e K e K e
EHE (A>T * % K A1 B * A Kk
HEEA — & a5 =
ISl FEREBERTN=1T 182

Shinohara Confidential



FAxZT B A TSS-7

DAISAVE
DAISAVE S5-110

ver, 240706

151%/Properties B {ii/Unit DAISAVE SS-54

(LTHH)

(LETHH)

#Em/Boiling Point [ 54 110 49
#EE=/Pour Point [degC] 92 <-130 < -90
51N s3/Flash Point [degC] None None None
#FB#/Heat of Vaporization [ki/kg] 174 94 .« 9B
BUEERE/Liquid Density [TV 1.39 575 1.61
Eh¥&FE/Kinetic Viscosity at 25[degC] [mm2/s] 0.4 0.95 0.36
Et&8/Specific Heat JN/CRY| 1.30 1.03 1.10
LB E /Thermal Conductivity [W/mK] 0.081 0.064 0.064
#4351/ Dielectric Strength [kV] 26 > 40 TBD
{EEERREY/ Coefficient of Expansion [KA-1] 0.0017 0.0014 <0.002
{ATSIEI2E /Volume Resistivity [(6lile11) 10° 19«"5 >1016
LEE5 & ® /Dielectric Constant@ 1kHz [-] 8.9 2.0 1.8
KDEREE/ Water solubility [ppm] 630 <34 <30
RER{LRE/GWP -] 101(AR4) < 150" 4 <20
A TERI&/Possible Applications [-] —#EDLC HE®S \ / —HBRE /
ChLOMIERHICREALMES Z25°CTOMEMBTY , FERRPO0, MEFSHED T ITEENHILECTREVES, —F —
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458 AR
faihs ABS, AS, Epoxy glass, PA6, PA66, PBT, PC, PE, PET, PF, POM, PP, PPE, PPS, PS, PVC, PTFE, FEP, PFA
ISAKT— CR, CSM, NBR, EPDM, 1R, NR
JORT I FPILEZDO L, FH>, #K. Zwoil, i, B, EUIFT>. 8. XX, 9>249)L.
Sl il _
AT, 8. BB D, SUS 304, SUS 316
I55-110 (17557
%8 A% oaE ] Eop!
ABS, AS, Epoxy glass, PA6, PA66, PBT, PC, PE, PET, ABS, AS, Epoxy, PA6, PA66, PBT, PC, PE, PET,
Ll PMMA, PF, POM, PP, PPE, PPS, PVC,PTFE, FEP, PFA, i PMMA, PF, POM, PP, PPE,PPS, PS, PVC, FEP, PFA,
ETFE, 7= J 71 , PVDF, ECTFE ECTFE, S J 71 b
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TSAM= I mas gl TSAM= | mas gl N]
2B if, E51p S, SUS 304, SUS 316 i i1, E5 1 S, SUS 304, SUS 316
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LOTUS SOLUTION

EEEEERICEACHFRA L LTS

Lotus Thermal Solutic

« 300W/cm2Z 8 X D5 Hila (428 T i

® Chen Li, G. P. Peterson, Pore 120um, 360W/cm?

. Microporous Coating (sintered wire screen),

. Jour. of Therm. and Heat Trans., 24, 3, 2010.

® Calvin H. Li, G.P. Peterson et al., dp=250pm, 435W/cm? Cu mesh screen  Multiscale porous
. Multiscale modulated porous structures (Cu particle) = ‘
. Int. Jour. of Heat and Mass Trans. 54, 3146, 2011. |

@ A.Jaikumar and S. G. Kandlikar et al., 500pm, 394W/cm?

. Different pathways using Feeder microchannels

. Applied Physics Letters, 108, 041604 (2016)

® Lizhan Bai, G. P. Peterson et al., ~300um, 610W/cm2

. Porous Artery Structure, % 2

. Applied Physics Letters, 108, 233901 (2016)

® Shoji Mori et al., Pore: order of 0.1 pum, 310W/cm?2

. Honeycomb Porous Structure, % EULF /> 2OH#HE

. Int. Jour. of Heat and Mass Trans., 115, 969 (2017).

»> BENICEEMERRCIDBZEZSRE FBEDH'200W/ cm2LAJL) .
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2> EEUR-SMICREEVNVR < BKIEHLET (RENFHX)
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Liquidstack#t

Two-Phase Immersion Liquid Cooling

- iidstacy
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Liquidstackttwebdb
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Liquid Cooling One-Phase Liquid Cooling+DLC

One-Phase Liquid Cooling
SmartPod EXO

SmartPod Ex0

Enduring Performance
to Rely On

Enabling the path to the

1000W+TDP |
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Asperitastt —HB&RES AT

Immersion cooling

for any workload
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Liquid Cooling One-Phase Liquid Cooling+DLC

Strategic Collaboration nVent + Iceotope
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New Strategic
Investment in Iceotope
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Munters and ZutaCore waterless direct-to-chip data center cooling

Munters O EREDHDZE/HHEIIRAEGEIS AT s SyCool Split & ZutaCore OEAKRASEIVI1—23
SEMHENEBET, TOyShSBEERDRRE. IT URVZHERT BCETT -4 o 7—-(CEaaEEIcbLETD,
Munters & ZutaCore M9 3CET. IDE1—F42 I BENE LU, BIERSHNEIRSN. ZEIUHY
R— K&, T4 £249—(CEHTHRD OPEX $1EOFWVWWY1—3a N ERUED,
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L

ET. o a 500 KW liguid cooling ¢ =43 If
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Liguid cooling solution

N)Y L) —=DTARELTND,
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Thermal management quick disconnect
couplings

Features and benefits

« N
.
elium leak tested

« 100
+ Unlimited configuration options
Applications

= Battery cooling

-leak, no drip designs

ow and low pressure drap

Converter cooling

Data centers

IT thermal management

Thermal management hose and tubing

Features and benefits

+ Compatibility with push-on crimp fittings

e and color options

tance dand lght d radiuc

pirys and LILS4 Vi

» Industry-l€ading spec

Applications

ptocurrency min

+ Electranic component coaling

e Ttk

1al management

1) FERBHERIVEAL

Solutions to your liquid cooling challenges.

Danless UQD
Universal gquick disconnect
coupling

Dasigned fior high flow rate and
na splllage, the UGD coupling s
perfact for in-rack applications
with smaller hoe lines.

Boston by Danfoss
Emperer EHWD94 [FU hose
Royal EHW 194 EPDM hose

Engineered for durability and
ease of use, EHWDSM/EHW194
hoses feature industry-laading
safety ratings, superior kink
resistance and long-lasting
performance.

Danfess Blind Mate =
Hands-free seff-centering
fuilck disconnect couplin

Rack
manifeld

The Blind Mate's sefl-centering
deskgn offers misalignment
compensation, ensuring simple
and secure connection between
thie blade and rack mianifold.

Danfoss 4246 Synflex” Eclipse
Thermoformable tuksng

Server hlade
irrtesiar hose

Mylon-based tubing that can
be formed to match a specific
rauting. Multiple color options
available for easy identification.

199

Shinohara Confidential



Liquid Spray cooling Pilot Program

Liquid Spray Cooling Pilot Program

Experience HyprCool’s Direct to Server Spraying Jet Impingement Liquid
Cooling systems for Data Centers and Enterprises.

Precision liquid cooling performance for your demanding Al, Machine
Learning and HPC needs

The Pilot Program enable customers to get hands on experience with the
technology. This help customers to fully understand how simple it is integrating
such a system into their environment and extrapolate the benefit and risks
associated with deploying liquid cooling technologies.

HyprEdge is a next generation liquid spray cooling system capable of providing
precision cooling for high density servers for general Al, Machine Learning and
Image Processing. Starting with a single chassis all the way up to a 5 racks,

75 server modular block. The system caters to both new and existing data
centers and is designed to make the transition from air-cooling to liquid-
cooling seamless.

1) FERBIEEARIVESL
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CPU Package Terminology cpu/twsr—<mH:E

The primary (internal to CPU) thermal interface can be solder
(usually indium) or grease.

At one time, 3M discouraged the use of grease for immersion
cooling. Field data have since revealed that the performance

of at least some thermal interface greases will not deteriorate
with time.

FER (CPUDRER) BA>A-TJ1—R(E. FATE (BEEA>DULN)
FI2(3J)—-ATH %,

MO T3MIE., RICTY—-REESEZENDIRD DI,

2D, EERT—AICLD, D RKEE—EBOEAA > A—T1— AT — A (BFREN
FEOTEMHEEIR T URLCEN DO,

1B ] Thermal Interface Adhesive

Chip Substrate  PCB
Bl FRBIEARASAL BHag 202
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Lidded CPU =DDWCPU

ENELESEBDICTDRESHDDIHEES (BFE. CPUENN100WLLTOD
1558)  BECBRRILERZ/\WI—J(CEEEALMITTES (FASITF
JE(E3Mh IR ] EE

If the lid is thick enough to provide adequate heat spreading (usually the case if

CPU power is 100W or less), BEC foil or coupon can be soldered directly to the
package (soldering procedure available from 3M)

CPU/T— D+ BB A, FIEULEENRTA 7 NLRNESIC.
ENOBILEN BB BB AN D
COE, BECE— MATLyI— 2B IFARITES.

* |f the CPU power is high enough, additional heat spreading may be needed to
ensure that the boiling surface does not dry out. In this case, a BEC heat spreader

| he lid. . s .
can be soldered to the id EOFFLEERBIEETER0

e BECHULIZLOTUSD S SBZRIE
ENMETHD. S E D,
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GPUEETREDFE

Training Compute (petaFLOPs)

<2027 Rubin Ultra
s X??? TDP2000?

L4

“Rubin X??? TDP2000?

SELENE
2.8 EF

TRANSFORMER :
ENGINE
SATURN YV
0.6PF
B200/B300
“|” vorre /- TDP1200
10,000,000,000
AMPERE
L]
TENSOR CORE
[
100,000,000
VOLTA NVIDIA Blackwell
NVLINK ® Flr-uEENaGoRYA
HGX .
HBM °
1,000,000 PASCAL EMEDATA—E—EH DA FL—=SDf-HIZR%
GPU 13 T 20 PetaFLOPS (FP4) D al PEBE
4 Training | 30X Inference | 25X Energy Efficiency & TCO
L]
KEPLER A T—8 15 —% 10 75 GPU I~ X
10,000
100
2012 2014 2016 2018 2020 2022 2024

NVIDIAERLLD
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Blackwell
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CUDA (Compute Unified Device Architecture : 7—4) &
| (F. NVIDIANGIFE - 32£LTLV3. GPUEIF OS] I E1—
CUDADLEDFih DD ?4>\’7“7°5\y\l\77r—A (SN E1—-FT4TT7—FF9Fv) HBLU

—_ J0J3Z>JFF7 I THBBI6, ERDC/C++1>/W45 (nvce)
P©54735Y (API) REMRMEENTVS,

ISl FRBHEARNESL 209

Shinohara Confidential


https://ja.wikipedia.org/wiki/NVIDIA
https://ja.wikipedia.org/wiki/Graphics_Processing_Unit
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https://ja.wikipedia.org/wiki/%E4%B8%A6%E5%88%97%E3%82%B3%E3%83%B3%E3%83%94%E3%83%A5%E3%83%BC%E3%83%86%E3%82%A3%E3%83%B3%E3%82%B0
https://ja.wikipedia.org/wiki/CUDA#cite_note-5
https://ja.wikipedia.org/wiki/CUDA#cite_note-6
https://ja.wikipedia.org/wiki/CUDA#cite_note-7
https://ja.wikipedia.org/wiki/C%E8%A8%80%E8%AA%9E
https://ja.wikipedia.org/wiki/C%2B%2B
https://ja.wikipedia.org/wiki/%E3%82%B3%E3%83%B3%E3%83%91%E3%82%A4%E3%83%A9
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ERFAIORE NVIDIA CES2025 HiiE

CDTAANYZATlE. DRy NITZEICAIET
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6. Physical Al and Robotics 1 g caxit rosmsiiar 1
IR TIRIZEITUET . COTTET M.
ORY hTEORFERBENTVET,
The discussion explored the potential of using Al models for robotics, where
action tokens replace text tokens to perform tasks in the physical world. This

concept is seen as the future of robotics.
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Kubernetes centric DCOS
for radical energy savings in data center

N

-Workload allocation optimization by generic power consumption models

OSAKA UNIVERSITY

with static pressure difference of server-

Matsuoka

Yasun

Abstrici— As 8 easure o curh powet
scalable Data Center Operating System (DCOS) for data centens runming
Kuberiscies, We demonatraied a 30% encrry sevings fist microservice apesation by
wsing Warldaad Allocation Optimdzation (WA) algorithm as a funceion of the
DCOS, Waekdosds ire sequentially placed at sites with lowest pawer conssmpring
Increase predicied by gpenedc (noe she-speciiic) puwer consumption modcl
consisting of explanatary variables including state pressure difference of server.
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Container-type data center configuration

Ambient Temperature Sensors(Server Inside servers)

Indoor Fan
Cold Aisle / Static

— = e D W Pressure
Wate H chahger ;] h’;] Seryer Ragks %‘ Difference

Tank e Gauges
HotAisle N\
\
Chiller Back Plane Temperature Sensors
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In door FAN(with heat exchanger)

Four types of air flow
Cold Aisle
Rack| Rack| Rack| Rack| Rack| Rack| Rack

Cold Aisle
g. Rack | Rack| Rack| Rack| Rack| Rack| Rack
112131 4(5[6]7 1121314[5]1617

L Hot Aisle L Hot Aisle

a. Parallel supply to aisle direction b. Vertical supply to aisle direction
Codmse N - A( Cold Aisle
FA Rack| Rack| Rack| Rack| Rack| Rack| Rack Rack [ Rack| Rack| Rack| Rack| Rack| Rack
L 1121 3[14[(5[6]7 1121 314[5]16]7
K Hot Aisle / &= Hot Aisle

c. Vertical supply to aisle direction with round air-rectitieparaliel supply emulating vertical air supply with facing air-rectifiers
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Four types of CFD model

a. Parallel supply to aisle direction

Air Rectifier

 Air Rectifier W/

"7 Air Rectifier

FAN

Air Rectifier

b. Vertical supply to aisle direction

Air Rectifier

" Air Rectifier

Y E
| FAI\E‘

,-..r,_q.r’

c. Vertical supply to aisle direction with rOdnda&IIéirﬁﬁﬂSIfleﬁulatlng vertical air supply with facing air-rectifiers
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