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Discussion on Application of Row-based Cooling Used in High Power-density Data Center
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Abstract ; In this paper, two kinds of cooling solutions for data center are studied and analyzed from the comparison of the theoretical

and practical aspects of the advantages, cost and power consumption. In the end, the paper expounds that the row-oriented cooling

will be the optimal solution for the high power-density data center through comparative analysis.
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Fig. 1 Room-based Cooling System Architecture Diagram
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Fig. 2 Row-based Cooling System Architecture Diagram
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Fig. 3 Room Layout Design for a Data Center Computer Room105 kW,



W)

B, & ATHHRIe—mh

BB bV AL R 175

2) T 1 Bl Hip

FRHEHAT, AL A B eV N, JC
T MR e 2R A k3% 1] JRUAE STt ol v, 3 a5 % T
e AR B I P AR L LA O 3 3 7 s Gl v B =X
T, R AR N ), FF 13T 1 000 mm
o T A AR R B, SXORAIL 2 A TR
ML

3 ZEBISH

PAT N A Al B8t o AL R, L
L 74 m*, HLEEEZ 4.5 m, BCE 16 MRS
PLAE AT 1 A G ELZ AR, HLAE R SF 48— 600 x
1100 x2 000 mm, M &% W% iEE, ks asLE
Ui Bl 5 kW/HUE, ZIERIHLE MRS 4% I
BB BRI HGA IR S A A 2, LD R
T A HE R L B AR 1 Bk UPS, BRARER 40
KVA, DB 3 +1 JURECE, &HAR)E %
FE] 15 min Bt &, EF%F LIATRR, EHE SR T
P il AT IR T 6 (S WL 3) HEAT I
R, R A A SRR TR AL G 1 AR
T, BB, RBRE. W BCREIAT T arxt b,
3.1 CAPEX. OPEX #1 TCO Xftt

F1 HEEMZEEEFR(BRFL VS, ITREIR)
Table 1 Comparison of two Infrastructure Construction Schemes
for a Data Center Computer Room ( Room-based Cooling vs.
Row-based Cooling )

LR % B TP
e T ML BEBKEARAREE, K Mo, BB K B R A
2k /2 =] N N ’ ~ N
RETE e psmr W
A 2 B 3
mﬁmm&%m@@ﬁ,ﬁﬂﬁﬁﬁaggﬁ
BURRSE b 16 MRS AR T o
A4 iR 2 LA i TRREA
B f UPS, RS B ASH:fb UPS, A4
B 25 40KVA, THHEBH 3 +1 JT 40KVA, KR 3 +1
PELEATE NEOE, HhAlE 15 4 TURME, b
i 15 43T B
spzy  TCH 105KW FENK B O SSKW kP2 MAT

RSP, 1 +1 TR
LEAALR ARG SR E R —

HasW, 3 +1 TUAREE

SRS
PUESHHEERE—E

AR O HLE TR B A S A £ 8a
(ER/ 0L UNN

®2 NMBEZEHEAMIH(BRHEIL VS, ITHHIL)
Table 2 CAPEX Comparison of a Data Center Computer
Room Infrastructure Construction ( Room-based Cooling vs.

Row-based Cooling )

SRS HEBE R AE T /o0
(e (AT
TR 133 200 185 000
HAE RS 184 000 192 000
ML R 5T 700 000 700 000
RS 440 000 600 000
AL RS 80 000 80 000
GHWERS 120 000 120 000
A1 1657 200 1 877 000

Pz s D HLE H R B8RS, 1T &%
TR 80% , 105 kW ik KUK il |53 2 25 ] B
MLH B ITFER 29 19. 5 kW (& JUE 45 LA EC X
Hl), 35 kW fTas B 5231 H W i8R 2 5. 5
KW (A5 FE 4 HL A BC WML ) o $4FE 1 as 1T
KE365 K, HAMIEHE 0.8 Ju/kWh IT5, 15
PIFPHI AR AF B AT A T

#3 WBFEEIEITHRAITLL (BRHIL VS, TREE)
Table 3 OPEX Comparison of a Data Center Computer
Room Infrastructure Construction ( Room-based Cooling vs.
Row-based Cooling )

Ay B, FEERER A REIBAT
R kW H/kWh %
P il 103 902 280 721 824
TR 86 753 360 602 688

Zi LRTA, ML 1R MRl ) 7% R G0 e BT
BB BB AT B AR «

x4 HMBERBIZBEITEHRAEILL (BRFL VS, ITREIR)
Table 4 TCO Comparison of a Data Center Computer Room
Infrastructure Construction ( Room-based Cooling vs.

Row-based Cooling )

2 Bl TR A9 B/ %
AL /G 1657 200 1 877 000 113
HERBE /T 721 824 602 688 83
BT 0F)/JC 1657 200 1 877 000 113
BB 4E) /6 2379 024 2 479 688 104
MRS 24E) /06 3100 848 3082 376 99

i 4 Bli aprnl g, A5 9 BT HLG



176 5 RelR A ik

BERAE S I 5 iR 1 113% , BAT A B
KT BIHLGHAEEE B AT A B il 3 14 83% , TE
BB AT IE R RS 2 RTINS R iR as T
SUEAS BV TR F Bl R i Sl Bl 21T
AEBRAIG I, PR AR 0 B S AT AN 15
R, FTIRIA T RE L B R B

3.2 HIAKELL

TERIRROR A b, G bR, 5 il v B
AN, I E A LA A B (LR T
1 900 mm AL FIHLAE FEHE 100 mm 4b) & B 22 35 3]
2.0 K, MIZEFTHHA BN, LA 3 B R
EIERE2ZUN 0.8 Ko 1 FREHEIESS, RAT
G AT LASRAS AR S S IR B S, A AR
P AR R

A R Gi e £ B RSt 2R N IT B
R & PO R LA R 1998 KR, IR IR IE B s 1%
A BB AS 42 R B Y B A8 06 A MILAE PN FH LA 03
o MWAE AL, FRATAT LU R] IT e
A,

QW) =1.232 xL/S x(T, —=T,) € (1)
A, L/S MR EERGE; T, -T, Aifild%
B [ XREE 2

XTIZZER, AFEHRET, 1T &5
RUSWH KA, 1T s A4, (R H T ik
ABEAR TR AR, PR A BT 28 IR 1AL )
6 KR BEAEAE 2200, ARIEZ E A AL AL D7 i3 245 22
IMEELR, 855817 IT WA MR ER, E8171R
JEYaRE 5 ~35 C, MHXTEE 10% ~90% (LR EE) ,
ARG HIZE G T HL RS IR B T O 24 T,
PR R 23 P8 B XGRS 24 °C, 2R
FER 14 €, (T, -T))fEHN 10 T; F7HHIREAT
23 8] XU BE R 24 €, 3R XUR EEAL K 16 C,
(T, -T)HEN S T, FT9a ML R ELT N
FrR S NI 80% Ll BUHEIESS, 76 1T &%
g —E WAL T, AR FEAE IR BETREE , 1T
AT 25 PR XML KU AR T 5 i B =, XUAL
IHFEREAR, BEFEAHN FREAR; Sl k] DU AR A
PRI T, 28 JEHLAL I A 850% K — B,
ATV Rl LLA 3 5 i A R0R
3.3 1THRHNALNMABR

SR TR HEA AR 15 T i PO B B
O, AFERARMIE S, A LS E T

2 4%
EAMER
1) BB S5 A BT s

AT P SCRF A B OR BRI AR ¥4 AR T P 1A 4 25
], SR AT G v I 22 7 2 0 22 i (i 2 IR AL AL,
23 VRTSCR R, PR AR e A T 20 O I U AT
REVE FHA 22 B 2 44 T R LG™ i

2) B RGBT AR

RHIKR BT R = LA R, PT84 &
FENVAEATZ 18], 2SRV R . W BERTINR KA T 51 A
FATEANUEST T 7, TKERAR, 1057 e 2=
PR PR A 2 A B AL DU A, AT LR B 7K e
2SR E WK BB AENL S HUAR X SR 2 41, A e
Fr s PRI T AU 25 el 7K 0, i 583 R A R ]
PRI, —RAR MK I e, 0
S K AN 22 5 B HAB AT 28

4 it

SEEIE AT S Ve R GERY Ve ROR B vy, w)
DI SET P 8E hbas AT AR, B B honas 4y
ARERALIE DR R AW T, 179 R
R B AT PR SR AT, T B ok
Ui, AMLSEH IR AL, R MG H AT S v &
%,

S 3k

(1] XV . P EEHLAE Y IT LG a5 R i ReRs it [1].
W E2sYH, 2013(2): 84-87.
LIU Tingting. Energy Conservation Measures of Air-conditioner
for IT Computer Room with High Heat Density Cabinets[]J].
Refrigeration and Air-condition, 2013(2): 84-87.

(2] BR®. HLD B EENUE S AR 58 [J]. TErE SRl
2010(8): 47-49.
CHEN Gang. Room Air Conditioning Solution for High Heat
Density Cabinet [ J].
(8): 47-49.

[3] 4. WERENLEZ M MREOT A (1] fesiEy
B BB, 2010(2) : 30-34.
HUA Song. Two Design Methods of High Heat Density Data

Financial Computer of Huanan, 2010

Room Air Condition [J]. Refrigeration Air Conditioning & E-
lectric Power Machinery, 2010(2) : 30-34.

(4] HF, k7R RPEEEEIGMZERRRITE [1]. 18
BB, 2008(5): 61-64.
CHENG Xu, ZHANG Wanli. Solutions on Air Conditioning
System of High Heat Density Communication Equipment Room

[J]. Designing Techniques of Posts and Telecommunications,



W)

B, A ATRIS— A

2 B R L A B 1k 177

2008(5); 61-64.

[5] JOHN Bean, KEVIN Dunlap. Energy Efficient Cooling for Data
Centers; A Close-Coupled Row Solution [ J]. American Society
of Heating Refrigerating and Air conditioning Engineers
(ASHRAE) White Paper, 2008 (10) ; 36-42.

[6]  JOHN Niemann, KEVIN Brown, VICTOR Avelar. #iif 5%
8 TE AL X O T i 52 M [ EB/OL ). APC 1B 4358
135 %5, 2008.

[7]  NEIL Rasmussen. Cooling Strategies for Ultra-High Density
Racks and Blade Servers [ EB/OL]. American Power Conver-
sion White Paper 46, 2005.

[8]  HANNAFORD P. Ten Steps to Solve Cooling Problem Caused
by High Density Server Deployment [ EB/OL]. American Pow-
er Conversion White Paper 42, 2007.

[9] KEVIN Dunlap, NEIL Rasmussen. $#irfC M %%, 175M
DUZLHI % J7 LAY % £ [ EB/OL]. APC 454 130 %7,
2014.

IO ZOVOVAVAVAVAVAVOVAVAVAVAVOVAVAVAVAVAVOVAVAVAVAVAVOVAVAVAVAVAVOVAVAVAVAVOVOVAVAVAVAVOVAVAVOVAN

(E4% 146 W Continued from Page 146)

PSR G0 R AP 20 e 2 S S A7
SRJE IR Ak B A B LA, e TEE T, ik
K FHAE AL S A 18] P sl b A 6

fashied i Tie TRINEtT, 8HERE shib b
DU AZ ] 5 IR S IRTE I PE N R

ZHLT R BD A R AR R s L BT A EHE” Y
BCENSE B, Uk IR 1O Ak B 4 8] 4% i ) ( BOP
K I G5 Z 51, e AR S B 42 1R i s 4T
IR, HER o 5 BITHLA A DY A B R G
Hil#RAESE Hh BICHLAL DCS R GEak DCS & 4 la] i 2
FM ], R ITHLAL s 1T EBE L R BT g, il
5 BOP ¥ 45 1) W 4% Y0 [l 4 /0N, /0 44l By 4 1] 4 g
EATEYE B W R T, 22 5025 B 3 0 R 1Y i o 2

S
o

4 8

b B 2 1) R B &R G M 4 T R B AL
BRER D MU AR B, b w2 ) 5%
AR KRR SEAT B 0 A7 A B S, AR A i ik
TP, e R AT R e A, R
JUATLZEL 05 Bly 4= 18] B 428 ) ) 268 45 4 B 58 42 93 0T
DA 5 By 4 18] 42 o) I 205 ) ] R BB 4 Sz
anlEE, BRR IR B A s KRR T —

[10] GB50174—2008, HFFEERGEHNF I [S].

[11] =Fafe. FRMALURAE ARG D.OPLET REHEZ
O[3 TABEEHAR, 2015(2) ; 49-54, 59.

[12]  #PRI . MIEHLG RERETEAL iR Q45 AL A AE HIBL 57 PUE
i [T]. MR, 2015(1) ; 12-15.

[13] FBBEVE, BB . % B B0 o0 WO e o Rk
[J]. BFRiE, 2015(8): 35-37, 41.

[14] APC. FIH InRow 5 il ¥ ff ey 28 e R IR EE SR THA0% [T].
WA, 2009(23): Bl4.

[15] DTS4 sa B A R A) . B8 rpocs 8 i ol R
[J]. Beeds S5umifE a4k, 2013(11) : 35-36.

[16] JIMV G, WENDY T. {ffi 1474 J7 2%t 8 A s s
7% [EB/OL]. APC HE 55 139 5, 2014.

(FEBE HAT)

A, SR ZE AR T RAE, REAAHL) AR AL
R Pkss, Frigdtk ok 7efiiBh 4= 18 A
TS

SE Lk

[1]  FhHr, Sk&FE, XUUIM:, %5 . E7= DCS 7E 600 MW il 5

HUAAS B A ) s il — kAL b R [77. Rl 7, 2008,
41(8) . 76-79.
SUN Yu, ZHANG linxiang, LIU Mingjia, et al. Application of
Domestic DCS in the Integrated BOP Control System of 600 MW
Supercritical Power Units [ J]. Electric Power, 2008, 41(8):
76-79.

(2] #&d5, skEM, WEE. Kbl — g b = m

IR NBCE [T]. Bt 2012(4) ; 33-37.
YANG lJinfang, ZHANG Yuzhu, XU Tongshe. Network Plan
and Assignment of Integrative Centralized Control of Auxiliary
Control in Heat-Engine Units [ J]. Electric Power Survey & De-
sign, 2012(4) . 33-37.

(3]  ERF . 300 MW K EHLAHK B RGN [1]. )
fRHLTT, 2005(2): 30-35.

[4]  ERERIR . WEIG FULAL 353 — R b g SRS (1],
MEIRHL ST, 2010(7) ; 21-25.

(5]  Mkmeud, XITLE . %l Bl 2 ) 48 s il 07 4 v T i 9 2
[J]. WL gy, 2010(11) : 36-39.

(WiEHmBE KAL)



