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[ncknenmep, cnounep un np.

PocT sHepronoTtpebneHus — HexsaTKa sanekrpudyectsa/Poct Tapmndos
PocT TennosblaeneHna — HexsaTKa oxna*KaeHuA
[lonrni 3anycK npoekTa — 3a4eprKKa nosiy4eHus npmobiam

CHuxKeHne CAPEX n OPEX — YcKopeHUe oKynaemocTu

- CBME 3B




Bo3ayxa HegocTtaTto4vyHo 7
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Emergence and
Expansion of
Liquid Cooling in
Mainstream
Data Centers

White Paper Developed by
ASHRAE Technical Committee 9.9, Mission Critical Facilities,
Data Centers, Technology Spaces, and Electronic Equipment

ASHRAE

Peachtres Corners

- CBEBE—MM 3>

[TossBNeHne 1 pacnpocTpaHeHne XUOKOCTHOro
OXINaXkaeHUsi B TUMNOBbIX LIeHTpax 00paboTKn AaHHbIX.

2021r.

UcTouHuk:https://www.ashrae.org/file%20library/technical%20resources/bookstore/emer
gence-and-expansion-of-liquid-cooling-in-mainstream-data-centers_wp.pdf



...UN 4OCTaTO4YHO?

I | AMD EPYC 9965
1U Air-Cooled | -

Dense Air-Cooled

Air Cooling

ASHRAE A4

CPU Power

75W 120W 200W 300w | 400W 500W 600W+

ASHRAE W27
ASHRAE W45

I/ICTquvu(:https://www.ashrae.org/fiIe%20library/technical%20reSOL|Jrces/bookstore/emergence-and-expansion-of-liquid-cooling-in-
mainstream-data-centers_wp.pdf |
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Bo3ayx nepecrtaeT ObiTb 9O EKTUBHbLIM

15kBT X 4 = 60kBT

SUPERMICRO Networking

« NVIDIA Quantum-X800 InfiniBand or
NVIDIA Spectrum-X Ethernet for up to
800Gb/s compute fabric

« Ethernet leaf switches for in-band
management

« Out-of-band 1G/10G IPMI switch

« Non-blocking network

-~ Compute

+ 4x SYS-822GS-NB3RT or AS -8126GS-
NB3RT

« 32x NVIDIA Blackwell Ultra B300 GPUs
per rack

« 9.2TB HBM3e per rack

- Dedicated storage fabric options with
full NVIDIA GPUDirect RDMA and

Storage or RoCE support

UcTouHuk:https://www.supermicro.com/datasheet/datasheet _SuperCluster B300_ Front_|O.pdf
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N3 ~15 kBT Ha BeHTUNATOPLI nonaeTt ~3-4 kBT

UcTouHuk:https://www.gigabyte.com/de/Enterprise/GPU-Server/G893-ZD1-AAX3

B 3=
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Hy>XHO OorblLUe 36A0Fa TOKEHOB

@ Bbluncnexvs @ BenTtunatopsl @ OxnaxaeHue obbekTa

KBT
2000

1500
1000

500

Uunnep, PUE 2,0 Yunnep, PUE 1,8 ®pukynunr, PUE 1,4 Vimmepcua, PUE 1,07

Pacnpegenenve 2 MBT BbifgeneHHoli MoWHOCTA. BeHTunatopbl — 15% UT-Harpyskn Ha BO3AyLUHbIX naatgpopmax.

B3
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Hackonbko nnoTHble ctonkn B 2026 rogy?
no AaHHbIM AFCOM

KBT

- CBME 3B
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Hackonbko nnoTHble ctonkn B 2026 rogy?
no gaHHbIM Uptime Institute — ¢ yyuetom ctoek >30kBT

KBT

- CBME 3B




T

Hackonbko nnoTHble ctonkn B 2026 rogy?
no aaHHbIM Uptime Institute — 6e3 yyeTta ctoek >30kBT

KBT

- CBME 3B




OHepronotpebneHne ogHon ctomkn NVIDIA

Blackwell GB200 NVL72
Blackwell GB300 NVL72 (Ultra)
Vera Rubin NVL72

Vera Rubin NVL144 (CPX)
Rubin Ultra NVL576 (Kyber)

120 — 132 kBT
132 — 142 kBT
190 — 240 kBT
~370 kBT
600+ kBT
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Takoe yxe ObISo...
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IBM System/360 (cepen. 60-x)
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IBM System/370 (koHeL 70-x)




IBM Thermal Conduction Module (IBM System/370)

T

B UcTouHuK:https://www.ebay.com/itm/256564826711
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~150-190 kBT1. Kakon roa?

The CRAY-2 Computer System

|
I

Cray Research, Inc.
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XunNpKocCTthb

%

|

ECL

1965

Cray-1, 1976: dopeoH

~115 kBT

Cray-2, 1985: ummepcus

150-200 kBT

Tyna — ctopa — obpaTHo

Bo3ayx

XunpkKocrtb

%

|

CMOS

| oo mmep

eu

)90

CPU: ~5-130 BT
GPU: ~5-100 BT

B3

2005 20

CPU: ~65-280 BT
GPU: ~100-300 BT

20

CPU: no 500 BT
GPU: 400-1200 BT

H100: 700 BT

B200: 1 kBT+
" /
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[Touemy XnakocTb nyyiie?

™ — macca TennoHocutens (Kr)

Q=p-V-c- AT =) V:T

YnenbHas ObObeMHas
[1noTHOCTbL - !
Cpena /e TEMVIOEMKOCTb C, TEMoeMKOCTE
P KK/ (kr-°C) KK/ (M3-°C)
Bopa 1 000 4,19 4 190

Bo3ayx 1,2 1,005 1.206

OTHoweHue (Boda / Bosgyx) 833,33 4,17

B 3=




T

[1Ba Begpa BoAbl NPOTUB MOPCKOrO KOHTENHEepa Bo3ayxa
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Bce ewe ayete Ha anua?

2 KZ.M 1961

S

<

UctouHuk:https://design-mate.ru/read/news/rustam-usmanov-sozdal-podstavku-dlya-yayca-v-forme-sputnika
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DLC oaHoda3Hoe

XonoaHada nnacTUHa: TEMNJIOHOCUTENb HE KUMUT

XonopHas nnacTtuHa (Megb)

Bxon (xonoAHbINA) I I I I I I Bbixop (TENnbIN)
————— E———

TUM
Yun

MnaTta

NMmmMmepcua opHodaszHan
OV3NeKTPUK HE KUMWT, LUPKYINPYET HAaCOCOM

CepBsepbl > N
obmesn |

KOHTYpP

| 1 | T | T | .

|
o (5 s

—_—

BaHHa ¢ ON3NeKTPUYECKOR XULKOCTbIO

B3

DLC aByxcdasHoe

XonofgHasa naacTuHa: TenJIoHOCUTENb KUMUT

XonopHas nnactuHa (Megb)
Bxon: Beixon:

HKWNOKOCTb nap + XWAKoCTb
— O ) =s=0=co»

TUM
HYun

MnaTta

NmmMmepcus pByxdcdasHas
,ﬂ,lflaJ'IEKTpI/IK KWMWUT Ha YMnax M KOHOEHCAPYETCA

KounencaToB (Bopa)

——

napoI I I I I IKOHﬂ.eHcaT BEIXOA
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FepMeTUYHasa BaHHa, ANINEKTPUK KWAWT Ha Ynnax




T

DLC /DTC / Cold Plate ogHodrasHoe

DLC oapHoda3Hoe

XonogHasa nnacTUHa: TENJIOHOCUTENIb HE KUMAT

XonopHasa nnactuHa (Meab)

v

Bxon (xonoaHbIA) I I I I I I Bbixon (TENNbLIN)
>

TUM
m

MnaTa

B3
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CPU

B 3=

DLC / DTC / Cold Plate

GPU

MUcTo4YHUK: https://www.dcx.eu/blog/cold-plates-in-ai-ready-data-centers
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B 3=

DLC / DTC / Cold Plate

UcTouHuk: https://www.froresystems.com/products/liquidjet-nexus



KungkocTtblo oxnaxgaetcda He Bce. HacTb — BO3QyxXoMm.

T

B UctouHuk: https://www.gigabyte.com/de/Enterprise/High-Density-Server/H273-Z80-LAW1-rev-3x
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UTto 31O Takoe?

UcTouHuk: https://community.networking.hpe.com/blogs/riti-sharma/2026/06/17/industry-first-16t-liquid-cooled-sw-qfx5250-640e-I
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Juniper

Lo

HPE Juniper QFX5250 Switch

UcTtouHuKk: https://community.networking.hpe.com/blogs/riti-sharma/2026/06/17/industry-first-16t-liquid-cooled-sw-qfx5250-640e-|
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HPE Juniper QFX5250 Switch

Left manifold Right manifold
Return Side Supply Side
d
10
i
0
P
0
5
UQDB socket o y
e
d I <
};/

B3 UcTouHuk: https://www.juniper.net/documentation/us/en/hardware/qfx5250/topics/topic-map/cooling-system.html







T

urary

\' =
[ a0al
(14040 _'
figlial

<

T

glaliall

(alialalallalalal
|

faflafalafafiafal

|

B

SO—=

Maw3an ¢ DLC / Cold Plate
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Maw3an ¢ DLC / Cold Plate
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Growing Al workloads require increasingly high levels of speed and power.
TE Connectivity’s (TE) liquid cooled busbar assemblies allow for high current
capacities while maintaining lower temperatures and reducing the amount of
energy required to cool the data center.

Up to 5x more current than traditional air cooling
¢ Air-cooled busbars: limited to 140 kW max
* Liquid cooling busbars: scaling up to 200 kW, 400 kW, and 750 kW

Improves sustainability while reducing long-term cooling and energy costs

Increases overall power efficiency at the rack level

Fully compatible with Open Rack v3 (ORv3) standards

Maximum temperature rise: 30°C

Maximum voltage drop: 0.1 V

Custom designs available

Liquid Cooled Busbars

Power Capacity Rated Current Part Numbers

200kW 4166A 2477739-1
400kW 8333A 24957441
750kW 15625A 2489961-9
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TovHee - lumMHonpoBoa
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[1ntoCbl, MUHYCbI, HIOAHCbI
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DLC aByxdrasHoe

DLC aByxdasHoe

XonoaHasa naacTUHa: TenJIOHOCUTEeNlb KUMUT

Bxon:
XUOKOCTb

XonopHaa nnactuHa (Menb)

Bbixon:

v

nap + XUAKOCTb
°I°Oioolooi2) —0 o oy
t 11

TUM
Yun

MnaTa
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[1ntoCbl, MUHYCbI, HIOAHCbI
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Mmmepcua ogHodhasHas

NMMmmMmepcusa opgHodasHan
AV3NeKTPUK HE KUMAUT, ULMPKYINPYET HAaCcOCOM

CepBepbl —_— -_—

Tenno- | gyeiHuin

0OMEeHHWK KOHTYP

[ ] T [ ] T [ ] T [ ] L .
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BaHHa Cc AN3N1EeKTpUYeCKON XNAKOCTbIO



BHYyTpY MMMEPCMOHHOW CTOUKU
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MMmepcroHHbIN MaLu3arn (ogHodaska)

| ~15-20KBT1/BaHHYy
CLUA, XbtOCTOH

2,5 MBT
CLUA, Texac
2025

= Bk ~85-100 KBT/BaHHY
+ KaHapga, OHTapuo
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CneunanbHble cepBepHbIE MraTgopmbl

4x PCle Gen.4 x16 (16 nuHWit) ANSA KapT 4BOMHOM TONLMHbI

Mogynu nutanua
Mnata pacnpegeneHus nuTaHua

Mareputckas nnata

[ucku ropaveit 3ameHbl SATA/SAS/NVMe

CeTteBble KapTbl
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[TogkntoyYeHne BbICOKOCKOPOCTHbLIX NHTEPdENCOB
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MiMmmepcua aByxdgpasHas

NWMMmepcua aByxdasHas
,ﬂ,lflaJ'IEKTpMK KUTMKAT Ha Y1MNaxX U KOHOEHCUPYETCH

KoHpeHcaTop (Bopa)

BX0o.
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[epMeTn4Haa BaHHa, AMINEKTPUK KUMNUT Ha vYnnax
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[MpsaAM HaTyparnbHO KUMWUT...HO NpW

HM3KOWN TemMmnepar

e



dTOpUpoBaHHbIE XMNaKocTn oT 3M

3M™ Novec™ Engineered Fluids

Eormulation Methogggg;[]aeﬂuom- Metho:;}yurlgﬂgﬂuom-
Average Molecular Weight 200 230
Boiling Point, °C 34 61
Liquid Density, g/ml @ 25°C ’ 1.40 ’152_
Global Warming Potential’ 370 320
Low temperature Vapor degreasing,
process solvent thermal management

" GWP-100 year ITH, CO, =1.0

TH - CBA3es

Ethoxynonafluoro-
butane

264
76
1.43
55

Vapor degreasing,
movie film cleaning,
lubricant carrier,
thermal management

2-trifluoromethyl-
3-ethoxydodecofluorohexane

414

128

1.61

210
Thermal management,

reliability testing,
temperature calibration



UcTouHuk: https://liquidstack.com/about/legacy#timeline-y2018
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os Immersion
70% Cooling

Cooling

Rear Door

21% Heat Exchanger

Immersion

Cooling
Is growing 70%

faster than
other liquid
cooling
technologies

979M

112m -
204M

2023 2024

2,349M

555M

429M

2026 2027 2028

x5,3 x4,0

J\

DLC (nnun Cold Plate)
camoe
pacnpocTpaHeHHoe

Immersion
camoe
ObicTpopacTyLlee
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RDHXx (rear door heat exchanger)
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In-rack / In-row DX (dppeoHoBOEe oxnaxaeHue)
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MukpodniongHaa cuctema oxnaxgeHus
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CPU / GPU
5-10 kBT

A4

T

Nvidia Hopper
20-50 kBT

- CBEBE—MM 3>

BbiBOAbI

Nvidia Blackwell
Vera Rubin
100-250 kBT/ * &

Mbl rge-Tto TyT

Rubin Ultra
600+ -




Cnacunbo 3a BHMMaHue!

Bonpocukun?
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