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AR [ P2 AF B (2018 - A 3R B PO i AT ML Kk e 3 K i 1 A
Ty (1], EREE S ER M 2016 FF1 16.1 ZB HK 2 2025 4 163 ZB (&
£ 18014 GB) o THEEIHER = E 10 5K, SEMEKEN 26%. FEEXT
HATRMFFEEIGK, RO e 2 f g s AT KT BRI YT AR R L T
Ml T AR ] R

OB T ERFEERS, g, BdE oI REIEEFE O A ARk
SBEVRTHFER) 2% [2], HOPIVEFER LR EIN A E ) 30 /245 [3]. B
ER AR LR PN, HaEREIE A FAER — R LT [4-6],
B 2015 4, BEREE O RS REFE S RS REFERI LA 2] 4.5%, T
2030 NGB R 8% [7]. B 1 IRARE AW, & B O S RERE R R RE
FLHE HBEAR R UMK . PUE &1 0 O e IR R G I A e br, HE X
NEHE LRSS HEIIEAERS IT A HEERIE, BEBEET 16
e (8] FUEHLORIH AR IT W&, KR RS, MHARS. BN R
G5, HAHARSE IT e RGReFE R N3 78 PUE{EA 1.8 #1 3.0 B,
HIA R G H R L 35%F1 55% [9], FRAKHIA RS REFER BLHE /N PUE
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B O P BB HIIA BT R RAIE W 4% I8 TAEM B4, HAMASNE
PR BEFEACT- 2 K . AR FURE, HARNLE A& HE A R 2 REBWLE N
SRMALUREL, 7AEIE 60% A RIS [10]. Fit, &ML MALE
TF, WD R, O LT R AR B B . B O A SR
AT ARG LR AR KA T N KB A AR A A . o RIS
1, AR R BR A MR BY i Tz X 7 SO PL 5 25 (computer room air
conditioner, CRAC) B iHH M5 =K (computer room air handler,
CRAH) F=A[7A E1 2B S A FLAR HIAR LR AEHUE AN 5 418, & imkt
RO SENUHLAE EAT S e, T e 385 H IS SRR AEIE,  AH N HG 24 [ 3]
CRAC (8 CRAH) . X F4EEEAH, CRAC (8 CRAH) &4 S5HUAERE B
ROk (g A2 , WA LTI IR B OOR SRR, A s i B
SEIER, AHBERE.

BEZS H R I 2 B AT SO L B A EIE KT 3 [11]. T4
TAENEFE R, WAL R 2R 2R R R, RO SRS
4 J7 2l F S IE SR AR SRR, AMUE RS REGRERER . AEL
%, 1M H2 DGR RIS st # [12] (eky “JRdlfios” ), CPU I E T
e WFYIS, CPUREAR| % AREER Lt 2°C, MTEEMERK 10%, &
IR [13]. Bk, ARAREEE A O HLE B GUN RIE IR S SR PERE .
ML B2 L [14],

P O R SRAREBEIE =7 1D WA mAEE; 2) A
s 3) KRBT A M. I A AR AR E ALY, @ EE
KES A HIAY) . CRAC SHUEATHIALE . Hub & R 46 0 s FE DA R 5 FLAH AR 11
FFFLR S FER R R R . A XU 56 AR T S 40 [15-18]. FFAL
HUBR I FFFLE [19-26]56 77 SN AT H&FHIE K3 S M o 4 v iff IR A VR B2 mT DAFRAIG
KRB E AIRERE, TR TR R S0, (B KIREEAFAEAR IR, 38
F5 (R HH 06 R R AR VR TS ZE 600 mm 1 1080 mm 2 [d] . 2% RS K J145
R SR HAR P FLAR BOR B, 25% T FL 2 P R T LR AR 328 KU1 3515
PE [27], SeARE AT e KU 0 77 Sk o FLHL AR OZE i SR 3 S P 28],
EFGHS BRI i), ] R IR ] GRS SE L, SR A T
FERI UL PRAS 8.8%—47% [29,30]. i S E i Hh Lo ML 5 IR A 7 AN~ Jo [R] 3 22
52 BT 92 bRtk AHLRE A B FIALAE A 5 75 SR B 2 TR A T4 S 8. 24 (ke X
BRTHRNE, ZRAANEZRE CRAC ERAMER 311, HBTFFFL
bR Ak )AL DARR v ) T B BRI, A T 2RSS AR A FE 1K P A
AN, RGBS N RS, B N HIRSHERNEAS L, RS A G
BOAH .. MEA RE/DNT TR E, SR [32], BVUE LRSS 2B T
A 3B /N TCER TR SRR, s A TR Z LA [33].

TESEbriz g, K2 HMLE FIIRS 20 E THUAE R T, &2 BBk T
A E AL R AN VT AL IR S IR . Alkharabsheh B 5E4E H, JR%5 4%
D 6.8% % F RS 4 BRI LEH AL 4 10 *CHYIRT [34], ™ H 20 i)k
Z a5 S RS AT AR RE . 1T H RO T EAE LS RVE BRI R 2 o8 5
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N7 EARURA, A PR T SR KT, R R SRR
TR A S E BRI SLIR IR, AR T AF T SRR ) i
B SR RATE I, IFE G SRR 5 i N RCR R B, A 1 223
SPURBORALRE RUE Ve J R B S IR R, VRS 1 HLp 2R H R4
RERLAITRT o A SCIIAR IS5 18 PR B T LB R 4 0 s SR 4R S A
W

2. L6 5% THRNESK

2.1. LB FEE5RE

NSEPLSR G IAEE () A e R T AR, SR N IR ML I 445k
B E GRS LU . IREEARA, T R K A B i A i =, Wil 1 By
TNe MEEMAIR SN 4100 mm (KD x 4000 mm (5D x 4000 mm (&) ,
TR BEN 3.25 me FAEEAR AL TR FH SR E FEvik, RIEZEWR, SME & A
B RIFFIRIEREAMERE . RSN A RS I, TSI MR X

B

& 1. N\ LI

Figure 1. Artificial environment cabin.

DUERAE JE K L 5 B A 6 XA A7 36 VIS VoL, ZE PR ESEAG A PN B 44 2 —
AN, HUMERESELE . S AR FmEoE 2 s, #HehEd
THTFREA SR EER, KRN 700 mm. SEI6 A RS S ML IEH 600
mm (K) x800mm (%) x 2000 mm (i) FrUER 420 R, AUHE RH 2 g B
600 mm, HHEPURE 450 mm, ZEUEE AR A EVSOE B XWLE N B EAE T, 7EX
T8 R ity 308 3 LA I H 9 T IR &5 2R e # . ML SR S ) SE b A B AN 3 B
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Figure 2. Floor plan for airflow organization experiment.
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Figure 3. Laboratory layout of cabinet.

2.2. RES A LR A

9t 7 IR 55 AR AEATUAE A A [R A7 S5 77 20 R 70 A B s MR, A SRt IR]
— MG HR AN [RS8 A 45 s 60 FH k20 DX SOk XUl B kAT AR e &5 IR 55 2R 1
RN IR 55 a8 R TEOR R, 8 A EFTHUHE T B) &£+
FHUAEFES, C FEFRTFHAME LE. D) LA ENMER, B4R,
ARG R nK 1R, HP A-OMREE. C-O. D-OMRSS 28 Tk 1% H X &
/N, M54 182.77 m¥/h. 192.26 m*/h. 189.89 m¥/h. Kk, UiBANLME A )7
A B IR 225 5 I S X EA R E L. oA, MRS B RS 4%
(VA H A AS A2 2 B A ) bl B S st i, AT DAd ik $E T d e FL AR
(PR R o ATUAE T 77 AR 55 2 Bl T b o XU 3 B e i K, /Kl o
N, FECENEZERS SR EA L. RIS ARE, BRE - efEEY
HIOHUAE 2 MR 254 ik iR, (H [ I — 0 3 A SR T B, 38
JEE 70 AR 55 8 KB AN JE 1) 1) LB N SR 25 . SR R HLAE A 204 200 I AL 75
7, KT AN AL AT ZAR AR T 2RSS 25 XA 2 1 i)
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Figure 4. Different server layouts in the cabinet.
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Table 1. Server airflow rates under different server layouts.

EPHAETE  £HoESRE  SEHHVWEERE EHRTHE
BERORE m¥h  208.88 198.20 192.26 189.89
BEBORNE mYh  213.63 205.32 194.64 199.38
BEBORE m¥h  182.77 207.69 195.82 197.01
HXE m¥h 605.28 611.21 582.72 586.28

FURBGE — 5] SR B T T

I, AR PR 2 AT R A 5 PR

100mm

100mm - 30°
86.6mm

! :50mm
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260mm

300mm : 150mm

100mm - 45°

100mm - 60°

B TR A E SR R (1) b
BREIRNEA LW, BRI GRIEH, DUARE2FGBENEBEIAER . i
BRALFEATUAE T AR FIE T8 20 TR, LA AL 2% S Int AR AR 4t 7 B A B AN [
BFENUE AT F IR SRS 285 SR . SURMR I 22235 A BT RT i <
B FROR BB R R . R, v 78 A R 3 AR 58 B AT X AUAE b A R
s WE TR FR R, Ao R B R 58 28 100 mm, 200 mm, 300
mm, S5HFFLHARIE N 300, 45°F1 60°HIANFILA T, FFIESBUUs M s
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Figure 5. Deflector layouts.
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B = AR RS A e MU A DL B A B AR B, RIS
Hi'mg N E-O. F-@. -G, S KOG B X RS G RS 2% 1R
AT = AN AR SS 2% R E AT IR, KR 45 B iR 2 Fows. SRAFA
HUAE o 85 R 55 2% (10328 AR b Z2 VPN IR 35 28 16 KR I3 511 . R W B S
BEEE BT, SREH[RNESELAFRHEZER 1028, HE T2 T HRS
HWOMRRACFEEZ LN, FEHNESCIT DT SRS RERNFE, #
HBURAME, GRS HGT . BRI R R SRR, & N2k
NELSBRAEREE . WIER 2 7T, SHRERHEE 100 mm, 575
RIS N 45°m), FIRSHNE S TR HEZ RN, SRsNEA . Fik,
T4 KA T RIS 28 R DL s LA X2 LI SR 5 08, 5 B AL 3%
KAEFZAS 96 100 mm, 5 FFFLIAR I A1 4501 TR -

R 2AFFHRBEAT, RS HENEDBLIRLER .

Table 2. Experimental result of server airflow rate distribution under different deflector layouts.

RE TEFKR 100mm 100mm 100mm 200mm 200mm 200 mm 300 mm 300 mm 300 mm

m3/h 30° 45° 60° 30° 45° 60° 30° 45° 60°

IRS2D 208.88 187.52 199.38 193.45 194.64 195.82 194.64 199.38 198.20 193.45

IR&G#@ 208.88 195.82 197.01 201.75 201.76 202.94 199.38 207.69 208.88 199.38

IR%S2@ 191.08 195.82 204.13 198.20 192.26 197.01 202.95 189.89 193.45 187.52

priEE 10.28 4.80 3.63 4.17 4.94 3.82 4.17 8.91 7.90 5.93
3. EREEMA

NHE— DI iR BAE 2 AN A 5 AU R A B ROR,
ASCESL T ANSYS ZhATHER, JHRE T 2 TOU0 EAH . ST Sein it i
ANSY'S SR ALGUER, A B AT 0 B U ATLAR 3 XA S 5675 58 400 i XU 2
HURIE R BA T, IRl 2 R 545 R ST SLHAR T Al J= 72
KA T -

3.0. SMA RS BRI E A K IIE

FIH ANSYS BRAFF#A B SE = F SN 6 P, STk s
B PR AS MR AR S J1 24 B, ANSYS Hraf $E T AH N 1 A s B, A
RT3 N AR R B ) BRI IR 3 BT . A AR AL D b AN [ ) Ak
oA R N SRS A R E, IR SR 1P sEIe AR T L .
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Figure 6. Laboratory simulation model.

R 3. LR = AL AT BE .

Table 3. Laboratory simulation model’s boundary condition settings.

2R B FS
BEXA HEREN
HR H
FFFLHAR EZINNTS
IR 55 25 AU R
HUAETT ] SR}
MUAEST] P8 T

B 7 B TGS IR S ab 4 AR 2. ATRLE H, 1 BRI SR IR iR
ERZNT 5%, REWHALH FER-7.12%FM 10.59%, &SR 2 K JERK—
T ARAN RS R ZE, A RGEACREEN 0.1, Rk, BFACERERE, KGR
WA —EIRE; B HHREERZE, BT e XGRS S HS
TURILTT 1A] A0 FE S NN R R IE iR 22, (HJE AT UG R0 25 SR AN S0
SRR ENE TRERERTFMTEEZA (<15%) [35]. Kk, KM
ANSYS J7iE gL 4 BB ERA 1), AN 2 Ja /N o R BT L
ANSYS BRI e 2 T O, b S B0 SR 2 s .



TEEREIRR S 51K 2024, 2(1), 97

12

10 | EHFHIETH
B YA 8
8 LR B3
LTFHAE

BEBOAR  BEEONE  MEBOAE
B 7 M SER A AR ZENT EE .

Figure 7. Error comparison between simulation and experimental results.

3.2. BHUAE AR () 0 B R

FE IS E A 07 BRI B, A SORE SI8 S IO LA R 7 Ji pl iR 55 2 i AT
FIa, AL T B UR AR PO 0 MR T EERE L, IR R &
237N EME R ERGIR BRI E 8 ror, ATRUREL, RAITEE
N 100 mm, 5 FLIAR A EE AR 4540 BRI, HLIE P9 R 20 A i o8 50
PIRAR G RGP E R LIER . FFENSRRAE T, SRR
R, HUERAIA SRR . seAh, R NERBABNHRELT, BT
MR, ERERSSPEANEL D, =5 TiERRSRERNTE. ERMR
R H LS B A T = IR 55 A AN B DL, AT REAZ T30 XU AR A
Ny B SRR A S B R R R IR SS #s

/

/ / 300mm-60°

R i B L OO

5
L iy Fuks
B 8. AT, AP IR 55 &8 X 2 07 45
Figure 8. Simulation result of airflow rate distribution in a single cabinet full of
servers under different deflector layouts.
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3.3. XUHLAE 7 () 05 EAR R

AT IR A — R R TN, BUE SR @ BIHLE - X T KL
G5, T AMHURE 28 R T 2088 i . [RIE, e PR (G EAR AL 2l |, A
SR EE T AT LAE 36 XU AR Y, 326 KU o7 TAURE R e, anfd 9 Fow. EFxd
RUMIE R RRLER, AN T 9 FORFRI FRMOER, %5 & RIPUE &R
5 WA BRI RRME, AN THCR, FEFLHAR BT S A A R — 8, BAR SR
B 10 Frox.

B 9. BUHLAE A HAR A

Figure 9. Dual-cabinet simulation model.
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Figure 10. Layouts of deflector under the floor for dual cabinet.

BT ANSYS BERY, ASSCRHI 1 PR LEAN RS IR AT 5 1 30 LR X
BB . BMAE R 11 o, ATLUEH, 3T P BLEIE X
X, TR 100 mm, S5FFFLHAR IS A 3001 IR IR MR L, B
oA A N R S5 3 R A R R, HLREWS PRIERT 1) 231k
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Figure 11. Simulation result of airflow rate distribution of dual cabinets full of
servers under different deflector layouts.
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iR LA seas A g AR, SR T ASFRE R 3T S 1 S iROE .
N T BAEIRAFRIEE R, A SO NSRRIl o O3 EAT AR R R wE A
H AR o S RO SR AT R L A, SR

4.1. SEBRNLGS A B fl AR B 57

FEEENLG SN 35598 m? (K 349 m, FE 102 m) , FmEAN 5.1
m. HLEIEH 14 51, 150 MHUE. BRI K/ NISE AN, B FHRHE R
PN 600mm (5D x 1000 mm (KD x2200mm (F) o ZHUAE AR S 28 A5
BEMNB K. LKA TR ERMRMALTER, EXE 20 MEEEREE
fil, Horh 2 GRTURNIA. HLEHHMS 5% E 8 SR%SIHIEATHR, WA
R A Ja, W T FLHAR L 3k K. A SR A e T S BR A , AYSN
P2100GC2MSIR, #ii5E #4824 100 kW. #IEFERIEE N 700 mm. KH RS
N 600 mm x 600 mm, FFFLEA 45%HIFFFLHAR . HUAE R A AT EE G H % R
o ZMLE I A AL AN 12 Fos.

B 12, SLPRbLpE 0 AR A

Figure 12. Simulation model of data center.
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4.2. SEFRHL A B ELEHIE

NESIE ANSYS B HERAYE, FENLD Bt 1.5 m A E T 24 DNIREIR L
MW, ARG EWE 13 fron. LG 24 A IR p 000 e I 1 A v it 1
KrIe bRitE, 0 EC A B AR R, Wl 14 FR.
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Figure 13. Layout of ambient temperature measurement points in computer room.
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Figure 14. Comparison of results for model verification.
AT LA RN AR 228N T 13%. SR ASHRAE 14-2014 Arif e

WHE— A FE M E 1% % (normalized mean bias error, NMBE) 1375 1% 7%
AR 5¢ 20 (coefficient of variation of mean square error, CVRMSE) PFAfifR 5%
Z2, WEITELAL (D AKX (2 .

Yie1(Esi — Emi)
(n—p) X Ep,
[% (B~ End?/ (- )] o

Em
Horh, Eq RS, Ep20i BENEEE, N 28R E8E, E, 2 SR m
FEME, p=1.

NMBE = 100 X

(D

CVRMSE =100 x
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Z 3kt E, 24 AN A NMBE A-2.74% (<5%) , CVRMSE X 5.87%
(<15%) , ik T ASHRAE SN IR EH . UIHESL) ANSYS FR7 &
AT A2, FERENE N T R BI IR AL TT o

4.3. FHAR AL

ML R4 K2 7 A THUE T R ES, B 38 1 A LR % XU
B, BT - R, RESFHREEN 100 mm, SHitRIEAH
R 30°H) ST 246 W IR SRR AT B BEAWLS AT A AT S SCR
Xtk BRI GnE 15 Bis o

(b) LR UL R
& 15. SLERHLbE SRR .
Figure 15. Models of data center with and without deflectors.

2307 FAS RN FE AU R A E R B, 2B 16 FIR 4 Ffor.
ATUE M, KA SRR G, SEANUERREE N T 16.98%, HZHRAS
i 5 EEX RS R I JFER . ML IR ME 17, FTUEH, 2SR
JENLs BRI -1 250 B AN I s, (R IR SR A 4T, ML RIS
RALGR] T M. P EES s 18 Pron, wE FiHikE ik
S5as N FRERGE B R 39K, HAUEA A7 B AR R B 5. e s
PR AL 8 S5 37, 2 28 T AR RT s/ BIL 55 o JRg S DX et K 1 X B B 3
P, o ER AT ASE AT R 5 e 5% A B, AT B R PR IR ROR - Bk
Gk, A 19 HATLAE AR 3 IR T P52 A RT LA HH SR FH 0 AR S LA TS R e
55 4% B E B BIGE T, A7 AR HUNE T 05 IR 55 4% 1h 36 AU JAL B P2 ik
Ko AP I3 BT /N 5| KA A2 ] L
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Figure 16. Impact on temperature in data center before and after installing
deflectors.

R 4. 2 U A AU A S R

Table 4. Mass flow rate of air in cabinets before and after deflectors were installed.

K& REIL TR ZHFUR

FRERE (kg/s) 63.427 74.200

(@) R 2 T U (b) %% TR
B 17. 52 bRs b AL b5 22 2 SRR AT 5 TR .«
Figure 17. Temperature fields before and after installation of deflectors in data
center.

@K 4 F U (b) %% i
B 18. 5L PRl b O HLs 28 ST R R -

Figure 18. Air inlet surface velocity field in cabinets.
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Figure 19. Air inlet surface velocity field in data center computer room’s cabinets.

ZRFWMGE, KRS 5R RS SN HRER I, B, EME RS
e R EE TS, R SR HA R AT A B St AT LReRE. R 2R S
TRARCHT I ) RO SR 22 e, ARk S5 4 1 tH KGR 9 45 °C [12], HiHEE
AR 3 AHEMFE B KR FE T, 2238 SRS 1 IR 55 28328 XU FE 7T LA EE
KB PR AIERIRE & 0.46 °Co JET KM IT [36], 1 XKIRE &
1 °C, Hud ook 2% = R REFE T 1T RE 4.3%, %% SR T T+ = A R A RERL
1.98%.
t2-t1 == 3)

H, 0, MEBIE, kw; 2, REHFEFEIREE, °C; t1, MRS HERR
FE, °C; ¢, LA, kIkeK: m, TR ERE, kg/s.

5. 45k

S B 0o B TR LSS R T 5 850 PUB S ), ASCHR T F
FT SRR ARG AR T 5. S E BRI SRR, T T 2T
BUR, AURE T BT R AT IR . TR 16 B0 526 S5 U6 KUK AR [ B, A
T SRR 5% B M. SasebREl, A4 T SRBTHLE RS
T RERRFR TR . A B ARSI I

1) RS RERAR S YA SR A L g AR ARAER

2) KRR, EUCRH SRR 100 mm, 5T LIy 450
A . R KT E RS KGR IR, $Em 7 AUE N X 2 BE Y
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Abstract: The airflow organization of the data center directly affects the temperature control performance and the energy efficiency
of the cooling equipment. The servers at the bottom of the rack usually suffer from insufficient airflow rate and poor cooling effect
due to the limited distance from the perforated floor and the corresponding small horizontal velocity of the supply airflow. This
study aims to improve the uniformity of the cooling airflow in the vertical direction of the rack by the air deflectors, thereby further
improving the overall airflow organization in the data center. The size and installation of the deflectors in the data center were
optimized according to both the experiment and numerical simulation results concerning various working situations. From the results,
it is recommended to install the deflector with a width of 100 mm at an angle of 45° under the perforated floor for the rack with the
single-side airflow supply. For the rack with the double-side airflow supply, the width of the deflector should be 100 mm and
installed at an angle of 30° to the perforated floor to achieve the best airflow distribution. Consequently, the intake airflow rate for
the bottom servers significantly increased, and the occurrence of the local hot spots was effectively reduced. The numerical
simulation of the airflow organization with and without the deflector was conducted by ANSYS. By comparing the performances
of the two scenarios, the installation of the deflectors increased the inlet airflow rate for the rack by 16.98% and improved the energy
efficiency of the computer room air conditioners by 1.98%.

Keywords: data center; airflow organization; ANSYS simulation; deflector; energy efficiency improvement
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