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Renewable and Sustainable Energy Reviews, Mar. 2023.



I—- 1G
Etat de I’art des Centre de Données L - N - 2 |

T M dlide 4/17

PUE — Etotal Piotar(t)dt PUE : Power Unit Efficiency
B - IT : Information Technolo

Err =0 Prr(t)dt gy

autres
35%

2.5

2.3

2.1

1.9

1.7

Average Annual PUE

1.5
2006 2008 2010 2012 2014 2016 2018 2020 2022 2024

[1] “Global trends, performance metrics, and energy reduction measures in datacom facilities,”
Renewable and Sustainable Energy Reviews, Mar. 2023.



Etat de I’art des Centre de Données

GROLLEAU

% o
S Slide 5/17

Table 2.1 2021 Thermal Guidelines for Air Cooling—

Sl Version (I-P Version in Appendix B) Evacuation de Ilair

chaud

Equipment Environment Specifications for Air Cooling

Product
Product Operation®*® Power
offc-d
Max.
Max. Rate Dry-
Dry-Bulb Humidity Dew Max. of Bulb
Temp.®9, Range, Point®, Elev.®™, Change', Temp., RHX,
Class® IR NoncondMkkLn  o¢ m °C/h °C %

Recommended (suitable for Classes A1 to A4; explore data center metrics in this
book for conditions outside this range.)

9°C DP 59 PP

Atto @ C DP to 15°C DI
A4

70% rh" or 50% rh"

Allowable

12°C DP and 8% rh
FIYE 151032 to 17 3050 520 151045 8to 80K
17°C DP and 80% rh¥

12°C DP and 8% rh
FVE 101035 to 21 3050 520 |51045 8 to 80%
21°C DP and 80% rh*

—12°C DP and 8% rh
FYl S to40 to 24 3050 5720 |51t045 8to 80
24°C DP and 85% rh¥

12°C DP and 8% rh

FY® 5to45 to 24 3050 520 151045 8 to 80
24°C DP and 90% rh*
* For potentially greater energy savings, refer 1o Appendix C for the process needed to account for mul- .
tiple server metnics that impact overall TCO. ZO n e frOI d e

Source ASHRAE [2]
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Table 2.1 2021 Thermal Guidelines for Air Cooling—

Sl Version (I-P Version in Appendix B) E'vacuation de I’air

chaud

Equipment Environment Specifications for Air Cooling

Product
Product Operation®*® Power
offc-d
Max.
Max. Rate Dry-
Dry-Bulb Humidity Dew Max. of Bulb
Temp.®9, Range, Point®, Elev.®™, Change', Temp., RHX,
Class® IR Noncond -k k.1.n °©C m °C/h °C %

Recommended (suitable for Classes A1 to A4; explore data center metrics in this
book for conditions outside this range.)

9°C DP to 15°C DP
Atto C DP to 15°C DI
A4

70% rh" or 50% rh"

Allowable

12°C DP and 8% rh
Al 151032 to 17 3050
17°C DP and 80% rh¥

120 151045 8 to 80K

N

12°C DP and 8% rh
FVE 101035 to 21 3050 520 |51045 8 to 80%
21°C DP and 80% rh*

—12°C DP and 8% rh
FYl S to40 to 24 3050 5720 |51t045 8to 80
24°C DP and 85% rh*

12°C DP and 8% rh
FYE StodS to 24 3050 520 |5t045 8 to 80
24°C DP and 90% rh*

* For potentially greater cncrgy savings, refer to Appendix C for the process needed to account for mul-

tiple server metnics that impact overall TCO. Zon e fro i de
Source ASHRAE [2]
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Ne plus se baser uniquement sur les recommandations ASHRAE,
mais controler la climatisation en fonction de la température des processeurs.

N AR
»

Evaporator
Model thermique

Compressor §.

. Expansion valve
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CFD Method
Computational Fluid Dynamics Method

Paramétrage : -
Vitesse d’exécution : - -
Sens physique : ++
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Lumped Capacitance Method Zone Model Method
, Topinterface T, m, Py, interfece
[_l Parametrage : + 1 , rs:",,.h."_,.’r_.
Vitesse d’exécution : + Westtefe |
l-c Sens physique : + il eIy
‘—IE-,;IEIH 40 srnriy
Heat flow direction rt) B beon Riscen Pocea
CFD Method

|

Computational Fluid Dynamics Method

Paramétrage :

Sens physique :

Vitesse d’exécution : - -

++
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A
Lumped Capacitance Method Zone Model Method
] Para métrage : + T e
Vitesse d’exécution : + Wetiterfce
l-c Sens physique : + Tt Rt e eIy
o_m-P-TILTL’—o Tt wewchy .
Heat flow direction ) Botpm iterfuce| Tdon Micen Piotin

CFD Method

Computational Fluid Dynamics Method

Paramétrage :

Sens physique :

Vitesse d’exécution : - -
++

Data-Driven Method

Input layer  Hidden layer Output layer

"w

a0 0000

Paramétrage :

L

w Sens physique :

++
Vitesse d’exécution : ++

— Boilte « noire »
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a) Notre banc de test.

_ 13 Serveurs Informatiques :
- | 70GPU —
4 26 CPU

Consommation maximale de 20kW pr T . T
Consommation passive de 5kW ' '
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a) Notre banc de test.

Température, usage et consommation du processeur.
Etat des Serveurs Possibilité de stresser le processeur individuellement.

position  Capteurs

Lo A0
Z o
. CPU Temperature C
Puissance W
Temp: 32°C Temp: 339C Temgp: 729C Termp: 63°C Temp: 50°C Temp: NjA Temp: N/A Temp: N/A Ternp: NfA Termnp: NfA
servaur-grl 00 Load: 4% Load: 4% Load: 36% Load: 37% Load: 37% Load: NfA Load: M/A Load: N/A Load: NfA Load: NfA
Power: 30W Power: 30W Power: 105W Power: 94W Power: 91W Power: MfA Powver: NfA Power: N/A Paower: NJA Power: NjA o . 0
Utilisation %
Temp: 39°C Temp: 39°C Temp: 70°C Temp: B1°C Temp: 53°C Temp: MjfA Temp: N/A Temp: N/A Temp: Nf& Temp: NfA
serveur-grl02 Load: 22% Load: 24% Load: 39% Load: 45% Load: 37% Load: NfA Load: M/A Load: N/A Load: MfA Load: NfA , °
Ponerer: 65N Power: 63W Power: 138W Powrer: 141W Po 1 105W P T NfA P T NfA Power: NJ/A Power: NJA Po T MfA
. - e | vt e e e GPU Température C
Temp: 37°C Temp: 339C Temp: 66°C Temp: 8379C Temp: 54°C Temp: M/A Temp: N/A Temp: N/A Temp: NfA Temp: MfA
serveur-griD& Load: 24% Load: 22% Load: 37% Load: 42% Load: 38% Load: M/& Load: M/& Load: N/A Load: MfA Load: KA .
Power: G4W Poeer: 6IW Power: 118W Powar: 124W Pawer: 100W Power: NjA Power: NjA Power: NjA Pawear: NjA Pawear: MjA P u | S S a n Ce W
Temp: 54°%C Temp: 50°C Temp: 50°C Temp: 479C Temp: 40°C Temp: 51°C Temp: 529C Temp: 40°C Temp: 42°C Temp: 48°C
serveur-grili Load: 28% Load: 18% Load: 33% Load: 35% Laoad: 32% Load: 35% Load: 34% Load: 23% Load: 32% Load: 32% Ut' | 8 t' 0/
Power: 71W Power: STW Power: 92W Power: 83W Power: 78W Power: 114W Power: 85W Power: 80W Power: 79W Power: 37W
lisation ()
Temp: 3850 Temp: 449C Temp: 589C Temp: 60°C Temp: 70°C Temp: 61°C Temp: N/A Temp: N/A Ternp: NfA Temnp: NfA . .
serveur-grids Load: 20% Load: 28% Load: 33% Load: 35% Load: 38% Load: 38% Load: M/& Load: N/A Load: MIA Load: NfA Ve ntl Iat I O n %
Power; BZW Power: 71W Power: S8W Power: B5W Power: 96W Power: 130W Power: NfA Power: N/A Power: NJA Pawer: N/A
Temp: 32°C Temp: 329C Temp: 56°C Temp: 69°C Temp: 745C Temp: 43°C Temp: N/A Temp: N/A Temp: NfA Temp: NfA £
servaur-grl07 Load: 26% Load: 21% Load: 25% Load: 39% Load: 36% Load: 36% Load: M/A Load: N/A Load: NfA Load: NfA F req u e n Ce H Z
Power: B4W Power: 64W Power: SEW Power: 131W Power: 120W Power: 31W Power: NfA Power: N/A Power: N/A Power: N/A
Temp: 40°C Temp: 39°C Temp: 59°C Temp: 64°C Temp: 76°C Temp: 53°C Temp: N/A Temp: NfA Temp: NfA Temp: NjA CI 1 I 1 (y
servaur-grl05 Load: 21% Load: 17% Load: 34% Load: 29% Load: 37% Load: 31% Load: MN/& Load: N/A Load: NfA Load: NfA I m Ve ntl at I O n ()
Power: BEW Power: S7W Power: SEW Power: 92W Power: 108W Power: 36W Powver: NfA Power: N/A Power: NJA Power: NjA
& o
Temp: 52°C Temp: 52°C Temp: 50°C Temp: 48°C Temp: 50°C Temp: 68°C Temp: 49°C Temp: 54°C Temp: 44°C Temp: NfA Te m p erature C
serveur-grl09 Load: 21% Load: 25% Load: 36% Load: 37% Load: 36% Load: 37% Load: 28% Load: 40%: Load: 32% Load: NfA
Ponerar: 67N Power: S59W Power: 96W Porar: B7W Power: B5W Power: 115W Power: 83W Power: 126W Powrar: B2W Pawer: NJA hd
7 . (y
L. Hygrometrie 0
Lancer un scénario
Conso eau L/s
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Evolution des données au fil du temps

Worker, physical, Core, 5onde
509

(serveur-gri02, CPU 0, 0, Power W) ; ™
— iserveur-grl0Z, CFU 1, 1, Power W)
= (serveur-gri02, GPU 0, 0, Power W)
= [=zerveur-grid2, GFU 1, 1, Power W)
— [serveur-grid2, GFU 2, 2, Power W)

P

=]

=
i

th
=

=
=

WP
el e L 'IH'«I'-.

Consommation électrique du processeur en W

Scénario construit a la suite d'une précédente étude [4]
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Donnée d'entré : 26 x 3

W {125=20=3)
B {128}

Consommation (proc)

Ventilateur (proc)

Ventilateur (Clim)

Test data: 22%, 1h

Tempeérature (Clim) Volumes donnés :

8 x 10%éléments

Température (proc)

Ly T (5] s Iy

Données a predire : 10 x 1
A
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Test data: 22%, 1h
Volumes donnés :

8 x 10%éléments
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Test data: 22%, 1h
Volumes donnés :

8 x 10%éléments
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b) Méthodologie de prédiction. WWSIide 13/17

W {125=20=3)
B {128}

Test data: 22%, 1h
Volumes donnés :

8 x 10%éléments

. Input Layer . Hiden Layers . Output Layer
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b) Méthodologie de prédiction. Wiide 13/17

Donnée d’entré : 26 x 3

W {125=20=3)
B {128}

Consommation (proc)

Ventilateur (proc)

Ventilateur (Clim)

Test data: 22%, 1h

Tempeéerature (Clim) Volumes donnés :

8 x 10%éléments

Température (proc)

ty T t s Iy

Données a prédire : 10 x 1
A

Nombre de parametres : 42166
Réaliser sur un : i5-8500

Entrainement = 10 minutes
Inférence = 5 secondes (pour 1h de prédiction)
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b) Résultat

Prediction VS real measurement
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20 30 40 50 60 70 80 90
real measurement values

Errer (RMSE, #C})

RMSE: 3.57°C
Erreur maximale: 26.02°C
Erreur inferieure a la précision de sondes: 94%
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+5 °C pour une plage de températures de 50 °C a 110 °C.

+7 °C pour une plage de températures de 30 °C a 50 °C.
+10 °C pour une plage de températures de -10 °C a 30 °C.
[5] Intel

Error between Predicted and Valid Values

temperature of core N*1 Error
temperature of core N*2 Error
temperature of core N3 Error
temperature of core N*4 Error
temperature of core N*5 Error
temperature of core N*& Error
temperature of core N*7 Error
temperature of core N*8 Error
temperature of core N*9 Error
temperature of core N*10 Ermor

0 500 1000 1500 2000
Time Step (second)

Document interne | 1923



Conclusion

* Introduction a une problématique du refroidissement des centres de données.
* Description de notre banc de test et de l'outil RedGrape.

* Présentation d’'une méthode précise de prédiction de température.
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