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Base Case&HEZE{l PUE = 2.0
50000 Servers * Annual Power = 157,680,000
Pak=1i e kWh
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SAIRSEFIYER180W . $0.10/kWh (RMB 0.64/kWh)
* IT Power = 9,000 Kw BEBE0.64TARM
iif':F—/l\lTﬁﬁ IT SFEERE=9kK « Annual Power Cost = $15.8
IMWAJZELIEH Million
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= $4.0 $3.2
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1.6
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Table 1. AGHEAFE 2005 Thermal Guidelines
Equipment Ervironnent Specifications

Produc t Op eration *© Product Power Off = -
DryBub Temperature Humidity Range, -
) Non Condensing B g |= E s | B
£o =% Eo| B Es
E<|ET gu Bl 2 | %
. -4
A@v&hlﬁmﬂmyﬂﬂ Allbvwahle| Revommended E 5 E - E
( T FIY |3
| d . 5.5C DF to 6% BH r
1 I151J:|32 181027 201020 |l and 15°C TF 17 | 3050 | 55207 | 5tod5| Etos0 | 2T
d - 5.5C DF to 0% BH r
2 1035 18 10 27 20 to 20 and 15 TOF 21 | 3050 | 5/20" | 5t0d45 | Et0B0 | T
3 Tt S Bl B ot e B H& 28 | 3050 | HA |St0d5 | 2t0s0| 29
4 Stodlsr HA £ to 80 M & 28 | 3050 | WA |5t0d5|2t0E0| 2

EHRNBREREIR , REXEREIR , ASHRAE 2008HEBTRHIE
TITiZFENAHNEEE18R)27RKE 26,
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Server Inlet Ambient vs. Server Power

400.0

/
// ] REK:
— ~ |/ * HP c3000 blade:
350.0 — \\/ ]
m L 1035°C, 20-80%
g / N J/ RH
5 000 / // * IBM Blade Center
% Bandsrepresent min and | y I S
c max- between p] :
A ASHRAE min and max /, //
recommended temperatures | ‘{\ ~N— 10_35°C’ 8-80%
250.0 \L L
' N RH
o1t  Dell Power Edge:
——Server 3
—sners 10-35°C, 8-80%
50 52 54 56 58 60 62 64 66 68 70 72 74 76 78 80 82 84 86 88 90 92 94 RH

System Inlet Temperature [°F]
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Misc Losses
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Lighting
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UPS Losses
UPS #35%
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HVAC Fans
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Air-Side Economizer Systems Fluid-Side Economizer Systems
Driven by Dry-Bulb Temperature Driven by Wet-Bulb Temperature
XMT5EER F 7MLJT5‘H*E§2}§
FRTEk; }'“ Xz EE;&LEka'" IX=h

Direct Indirect Hybrid Approach Evaporative Air Heat- Hybrid
Outside Air Outside Air BREFR Heat- Rejection Approach
BEENES EIEENER Rejection ESEER Rah
AT R
iDKIR, 8
-Utilize OA directly -Utilize OA -Couple with direct -Open -Closed Tower Closed KR, #87K
into data center indirectly with a & indirect evap Cooling or Dry Cooler Tower with  iBHELISHR
heat exchanger cooling Tower with Spray
Flat-Plate HX
FINSFTEEAN AL ENE i
#HEF _ ANmEiEas e mEE&IET_H% F=LENLE T2 AL ENE
EEFFREINTS EER DR DOmEH
ez
DX B [E48H Air-Cooled Chillers [X;5157K1122
Air-Cooled Chillers/X;£/&7K#14E Water Cooled Chillers 7K/&1&7K 148

Water Cooled Chillers7K;2187K#148




SERGE - WS tER @ ~ @

5| Above ceiling return air 2)
m plenum r 39°C m -
p : R
A 3 Dampe
i i r
| = . :
“=lola = 0
- um g
- > N
Ra Ra Ra o [VIP ~ 39° v
ck ck ck |27°Clele . C e
Direct |COilFilt
e=Irirl " Fan Evap | ler r

Full Mechanical Cooling Mode £tk SHED,




s 1111

D
Above ceiling return air
plenum ﬂ 39°C
Dampe
- ~ ' -
e i1t =f° g =
- um g u -
< = <
Ra Ra Ra2 == VP ~ 2(7:0 V| ¢
7°C g
de de) =|CC Direct CoilFilt €| -
e=Ir'r " Fan Evap | |er r| o=
Outsi
de
Air
. . == -4 SAGHEE—
Full Economizer Cooling Mode 5=2£&3Rg4 o=



[EHEZEINTFTHEERSTE - PSR

e
i
(o
)
<

D
Above ceiling return |3
air plenum 39°C 1 )
- ; |
|e - Heat-
- [D Pipe | Pipe R ]
[1[1] = »f
- um 211G
Il u
- Vv % J % v
Rack Rack Racki27oc®=["|P . >
S NS Filt DirectFilt|€
=T Fan Coil| er Fan Evap |er|"

Full Mechanical Cooling Mode &SR



EE=EINTS[OEER T

0 | Relief

Above ceiling return E —
air plenum39°C m ) r 370C —
r P j =
E _Heat-—|Heat-—, —
I I I - [D Pipe | Pipe R ] -
- 27°C | 25°C > )il
-0 >0
£ e
Rack Rack Rack 27°c*==|" P | s (Y] -
e=|ee N CoiFilt "\ Direct/Filt|| *=
e=Ir"" Fan | ler Fan Evap | er || =

utside
Air

Full Economizer Cooling Mode 5E TEeHISTRT



XU

+—-4b

TIBbB

RELDEXNE D

Direct Outside Air with
Direct Evaporative Cooling
BEE=EINES
INEEEETULH

Indirect Outside Air with
Air-to-air Heat Exchanger
[EfEE=EITS
SSRGS

Indirect Outside Air with
Heat Transfer Wheel
Exchanger
[EE=EHTS
DIFGEHREC R

Direct/ Indirect Outside Air

with Indirect Evaporative
Cooling
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Most efficient in cold to moderate
temperature environments with low to
moderate humidity levels fE{KHIE.
EPEERNERM TRENE

Provides separation between
environments with high levels of air

pollution. EBETSISHRAIIMESR

HTEMRE=EIN =SRIRE

Provides separation between
environments with high levels of air
pollution. FEEESHIIMERMT
REREEITSRIRE

Most efficient in cold to moderate
temperature environments with low to
moderate humidity levels TE{[EFIE.
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Performance based on low wet-bulb
MR E T REEEE

Chilled water interacts directly with air
stream

;/?\;/ \Zkgj:i Iil:‘l;ﬁ}ﬁl (€%

Large water consumption

Warm
Moist
Air

LLL

Fill Material

KIKEiR#E Flat-Plate Heat
Best in cool dry climate Exchanger
TFRREFE TRIE >
Chilled Y
Water Air In
to <
Air Handling
Unit Bypassed
Cooling Chiller
Coils

| Y-
| Comdwater |

Basin
Open Cooling Tower

=

Dry
Air In
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* Performance based on dry-bulb = — '

3 [ CondenserCoil |
MEAEET TR
* No water consumption Compressors
A =
Air Cooled

* Bestin cooler climate
RSSIEFE TTRIE

Chilled — i —
Water o1

to & from M

Air H%nncglmg Dry Cooler

Cooling
Coils <« i

Chiller
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Performance based on dry-bulb in winter and
wet-bulb in summer MHEEETXE=FIKEE
FIEZEEEE

Chilled water in closed heat exchange and Warm
interacts indirectly with air stream &HKE&5 “i,:OC'JSt
R A S S <[><3>
Water spray on outside of heat exchanger Water Spfay
Azt B Y MR 7K
Lower water consumption Ej&{EEﬂ(g,E%%
Best in cool dry climate Fi&5[&5% 14:_FB,—1='= ﬂ m
< ed Heat
Chilled hang
Water N Drv [ l
to Bypassed Air In |
Air Handling  _ Chiller ¥
Unit ]
Cooling Closed Cooling Tower

Coils with Spray
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