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ABSTRACT: In this study, a cold aisle containment system was proposed among various strate-
gies to reduce the energy waste by recirculation air from the hot aisle. To verify the effectiveness
of the cold aisle containment system, a test bed which is similar to an actually existing server
room was set up in the Internet Data Center(IDC) building. Comparative experiments, conventional
open type cooling system and cold aisle containment system were carried out under actual
conditions. The result revealed that the range of inlet temperature of the server system was 20~
25T in an existing cooling system and the range of inlet temperature dropped below 20C by the
cold aisle containment system. After all, cold aisle containment system was proved to be the

solution for energy saving cooling system.
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2. RCI(Rack Cooling Index)
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3. Cold Aisle Containment System
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Fig. 3 Cold aisle containment system.



Fig. 4¢l Yehd vhe} o] 7]E o] Wi e}

Q8
7 AgE Geel 45 dume) g7 9%
hYA

tainment systems % &3l= A5 AF9 Adws
717 AegeEe As

ol g3te] AREI e
WA s BaE AA fo.

Fig. 50l Yeld vle} 222 cold aisle containment
system?] 74]'1_—1‘_ A R 2] wjE oA Yo =
71 W77t AolA FEE sto] IT | 479
225 U4 0}741 FABES st 4TS o IT
dule] F717 SRE FEIFI|NAM EEHE W
719l &xef & AolE HolA| A Hol §L3
719 EET 258 Ao Fr]2xe}

S

E i o 11_5: 73%
FeF7)e WAL Fadtn, 97192 9
WB5zre) A g Tbs s AEe, gole] &

-— -— -— - <
Herkémmliches ‘ =22..24C
Rechenzentrum - - <+ <+

Conventional
data center

Server-Rack

Server-Rack

12°18°C = 16.. zo C — — — — —
igh volume flow | hoher Volumenstrom = 4,0....6,0 m/s hoher Druck = 40...80Pa High pressure
— — — —

Fig. 4 Recirculation of hot and Cold aisle.

r -« -— -— -—

Kniirr CoolFlex®

Server-Rack Server-Rack

H

Alr dirc. cooling unit
Umluft-Kiihlgerat

adodadod
CoCS

o
o &
I_I =20... 25(A
—
vy T
28~ 20, 25c—> — — —
volume flow [ niedriger =1..2mfs iiedriger Druck ~ < 10 Pa
— — e

Fig. 5 Blocking the recirculation by closing

panel.

Fig. 62 & Aol A A1
de AR HAE

& vepan,

E

AR —
AW LEREE E
HYe 4459 %E‘-ﬂr

A AHEAS wolat
7

542 &7k

ol
oft
ol
)
>
“

AsE&Ao AbgE =AM Aygte 558 7t
o= EMSA Aﬂuqoﬂ/q A=A o7 71%5]%

4 oy Mg
i ks (}:é ol ox

o
o
s
!
oy o Hi
N

H] = 9]
17} Table 2= 212} B ~EH
A A, qwae] ew

i)
=R

o
il

rﬂ
N_l_&
I
1401' q o
ol
e A -

=

o
G
)
)
[HUNNE

= o
=

_,d
o,
& oZ
I
nY

U
0
o

N

N
fol 12
_Y\_l‘

SLIDING DOOR

SLIDING DOOR

1= =
SLIDING DOOR

SLIDING DOOR

Cold—Alsle
Containment

]

Fig. 6 The server rack

CRAC #2

CRAC #1

plan in test-bed.



82 Qe - 4AA - AEF
Table 1 Structural condition of test-bed 5. &3 Z1 &4
Items Contents Reference
Story height 4800 mm Fig. 8& H|~EW =9 & #3¢]4] 12¢ 29 &4
Plenum heignt 1200 mm  Ceiling to Slab 102158 218 cold aisle containment &%=271
Access floor 600 mm ¢hstA g A3E vebd Aojth 2] vERd bt
height o} o] 124] 2058 HEE=E 2.5 kW/Rackel
Cooling system Cold Water A 5.0 kW/Rack®e. 2 Z7}A171 749 hot aisle?] &
CRAC 30 USRT 2EA =7 T oldor FUEE Aom vEhwon
Air supply Down flow v e =Ry e AW QYT 2EREYE
Hot Air Return  Ceiling return P 193TAA 32T AE Z713F 225C AE9]
25 YER I ATt o] F AmA o] 2=
Table 2 Measurement case of heat source AXF 24T, 26CE F7HA R A= d719 A
and room temperature condition H AT SEAHE 2dE FA8HL e o=
Containment Temperature HER cold aisle containment& 482 4 -
CASE = ondition 1168t SOWCe . dition enE #AGA Ho Lnaye X8 5 Qe
CASE_1 Close 2.5 kW/Rack 227C Ao g et Fig. 9= & #4404 2 #80] A4 9
CASE 2  Close 50 kW/Rack 22T 273 £I5 Ao0] =4 A ek Aolok A
CASE 3 Close 50 kW/Rack 24T mA o7 @ ggo] Ao A Yo ex AA
CASE 4  Close 50 kW/Rack 26 A2 24T, 6T 27470 A9 7)o A1 219
T SRAHE IR fAS L e Ao= e
v A SREAXE G AsiedtE A A e
el YA HAA FeE Ao E UEY

Fig. 102 ®Hl2E #|=9] open typed ¥4 &<
U 25 kW/rack?! 749 129 279 18A] 00+ 4-E
18A] 30&7HA], Al HEdW % 50 kW/rack?l 745
1249 27 204] 00EH-¥ 204 30& 714, close type
o g HgAE 25 kW/rackel 7% 12¢€ 29¢
11A] 20858 114 50871, 9 ddU= 50
kW/rack?l 74-9- 12€ 294 134]

20758 1324] 508

7hA 9] 1 L= EE YERA Aot Fig. 109

LFER uho} Zro] Anje] 19T Lk AT A

I+ ¥ gle] open type®] A-§ AWHA o= 20~25C

Fig. 7 Measurement in test—bed. ! %i% e 9 vhd % oshdd Fiel
WHASHE B o2 YERSTE o]l H]E close typed]

o= 2011 12¢ 270 17 : 0058 21 : 0071 Ay AA RIS Smel 7 20T ol s]l
S dolE et 129 299 10 : 205-E] 18 : 2074 2 yeh el godoll JEFS vRA] G Fag
F35 HolHE sFoz BAs A Fefolut, dhlel] ok oA m&o Attt uf
S 2719 8413 Table 20 UEbd vl 2 2 Atell A A ek Aot open typedll vldhed
9} o] cold aisle containment -8 A] A= & close type?] 75 AUl 2EHAAE FSAA A
3 29 2HoRA §YF BEUE 50 kW/Rack Hel sy 2EE diHen dAef 2x
M Aer HAAE 2CAM B6C7AA 2CH B E FEoR fAske] WA LR a8 S
2= A 7)1H A cold aisle 3 B o] ol¢]Er|ew S7HA71E Blo] 7hsdhe FE & Al @A
2 2437 93 20|t} Fig. 7 BAEM = o 2k FEE A AT A T2V BEE2
o] 244WS Ve Aol EE dsA7lE Aol hestar o weEh 27



WEE daA s 283 A Aeezx] 83
50 : : : 20
‘ mmm Air velocity {1— Cold aisle_Bottom —©— Cold aisle_Top —A— Hot aisle_Top ‘
| | |
SET=22C ‘ SET=22C | SET=24TC . SET=26C
40— — e P S *— == 15 CRAC
2.5kW/R | 5.0kW/R | 5.0kW/R 5.0kW /R
— : | | 4 2
O] | » 13 13
w ~ 12 12
O 30 i 12 S [ T
h = 0 0
o = 5 5
E ‘ PO .,.00“000000000.0000000000000400¢0¢00¢0¢¢0000;000,,‘¢.0‘0..¢‘ 6 A a Ey | 8
< 20 0‘0“““0“0“0‘00004‘Q‘CQQ‘ . s - 8 g
E ! w 7 7
a | | | > 5 &
= : - : | B s
B0 fomm ool ! e < 3 5
‘ ‘ ‘ ‘ 2 2
! 1 1
| ES =
0 ‘ 0
10:00 12:00 14:00 16:00 18:00
TIME
Fig. 8 Variation of vertical temperature at #8 rack for the temperature condition.
50 : : : 20
B Air velocity {1 Cold aisle_Bottom —&— Cold aisle_Top —A— Hot aisle_Top
| | |
40 | |
| 14 14
- SET=22C — e SET= 22 T * SET=247C * SET=26T
— - - _— 13 13
D 25KW/R | 5OKW/R | 5.0kW/R 5.0kW/R 2 T 12
o 30 | | | 12 e [ 1
o ‘ ‘ ‘ bt 0 10
@ ! 0“‘“00““"0"Q‘QQQ“QQ““"0““““00“““0‘00“ ’: 3 S
) | SO | ] 3
= XOOXRXEIIIIXRIIIRIIIXIHIFS | | o
<< 20 [Tt T T O T O T T O 8 9
% - g 7 i
a 6 B
S o 5 5
w < al @ |om 7
~ 10 4 . -
B 2
i T
E =
0 0
10:00 12:00 14:00 16:00 18:00
TIME
Fig. 9 Variation of vertical temperature at #4 rack for the temperature condition.
35 35
©2.5kW/RACK_OPEN TYPE 5.0kW/RACK_OPEN TYPE ;:'g:mgigi gg ﬁémgggggg - zjggg
©2.5kW/RACK_CLOSE TYPE A 5.0kW/RACK_CLOSE TYPE oo Ao OKW/RAGK SET TEMPERATURE = 22DEG
.30 s 30 -
O] oo’ —
| oooed P34 0]
&
o oot &
c ?® EeeE 000 = 25
D fam[ul] 9 %
[ o9 00
< ooooo E BBB
5 20 oogot %}00000 < BB
o o= 00 Y o 20
= £000°¢ a P
= poooatH DEEDD eeéééoooco = @aaﬂﬁﬁﬁﬂﬁﬁ AAAA
" 15 B 060000°° AAAAAAAAMA% = ﬁﬁﬁﬁGQDDDDGGDDDDGGGQBBGGD VT
oéégéééééooococooooooooooooooooooooo 15 [axnssasa
10 10
0 10 20 30 40 50 60 0 10 20 30 40 50 60
AIR INTAKE NUMBER(EA) AIR INTAKE NUMBER(EA)
Fig. 10 Distribution of inlet temperature in Fig. 11 Distribution of inlet temperature in
conventional system. relaxation condition.
o W4 FEHW L LER A3} ez LERLE e Rolth 2 20 L 9g 2
WE719] COP 7lAde] 7hsd Ao =Z A=At WE 50 kW/raCkQ‘ 129 299 134] 20-2-H 134]
Fig. 112 2=x31& &3tst= 459 An I 50l & = 22T 2 AAs o 154 20



3
o
-~
2,
O,
o
o
N
)
e
-111
y T
o o
o L
o K
hach
o
STIKY
r)d
(L
o B o N o N

T %17 TEE 20C o] o}i ‘7%74] FrA =]
&

off i

ol A= dlolEAlE 2] A

tﬂ/x] it. /K—]7(417

-

5
i
oz
Y
>

o

M

1

ol

2

Ruigp
oo o

Hﬂ_
_L4
W)

=E

1) Cold aisle Y52
typed] A AWz o7 20~25Ce] &
o} close typee] A9 AA AT =
20C o]l H = vERY el o]k o=
&9 Astrt e EojoF stEE close type]
AU SEAHAFAE FSAIA AW AT = EE
A 2% FERY ¥ FToE A5t 4
ZhAjz~dlel 88 T/HIAE Zavt 9
LHERS T

(2) Cold aisle containment >%=%7 ¢+3}2d 2
I, dEUEE 25 kW/Rackol A 5.0 kW/Rack 2.
2 Z7HA 1 749 hot aisle?] 2=7F 32T o]do
2 S7MEE Ao E YEY oY vty AHe 2k
BEEo A Qdte] 2=EEE Hat 193ToA
32C A% F7hek 225C A& £x & vehlx
AR

(3) AWA o 2% A=A
7N AL = ]
= FAstL A=
tainmentZ 483t
A A e A

zAse Aol 7}

— oﬁ

8y Jo
il
2
ne,
T
T
2 A
0,
i)
o
>,
o

olr
i
posy
o
fr
el
ue)
)
)

B oi= 0129 % FEIHGE M A ALY
o] AU A D12 G E=A|14 : IAHF 12CHUD-
C062125-01-000000) 1 €] & <=3 = A5t

SNy

1. ASHRAE, 2012, High density data centers case
studies and best practices, Datacom series, Vol.
7, pp. 26-28.

2. Cho, J. K., 2008, The Planning and Design of
the Optimal Cooling System for IT Environ-
ments in (Internet) Data Centers, Journal of
the Architectural Institute of Korea, Vol. 24,
No. 12, pp. 313-320.

3. ASHRAE, 2009, Design considerations for da-
tacom equipment centers second edition, Data—
com series, Vol. 3, pp. 82-96.

4. Chang, H. J, Jung, Y. H,, and Seo, J. H., 2012,
Analysis of Cooling Energy Saving by Cold Ai-
sle Containment System in Internet Data Cen—
ter Server Room, Journal of Korean Institute
of Architectural Sustainable Environment and
Building Systems, Vol. 6, No. 3, pp. 181-190.

5. ASHRAE, 2005, Transactions, Vol. 111, No. 2.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


