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Performance Evaluation of a Simulated High-Efficiency Dew Point
Cooling System in an Operational Live Data Centre

Zhong Jiang" Jiahao Xiao' Junhao Liang'
(‘Guangzhou Vocational University of Science and Technology , Guangzhou, Guangdong, China, 510550)

Abstract: The cooling system is a crucial component of the data centre, responsible for maintaining a consistently suitable
temperature and relative humidity for IT server operation, while cooling systems represent a substantial share
of the electricity consumption in data centres. This dissertation provides an overview of various cooling
systems for data centres. The super performance dew point cooler, with its innovative structural design, is one
of the most energy-efficient cooling systems. This research analyses the innovative structure and cooling
principles of dew point cooling systems, as well as the primary challenges they face. This research investigates
the operation of a live data centre at GK University, situated in a warm and humid region. The GK data centre
currently utilizes a traditional vapor compression air cooling system for IT server cooling. The analysis reveals
that this conventional cooling system results in a power usage effectiveness (PUE) of 1.87 due to its high energy
consumption. To address this issue, the study replaces the vapor compression air cooling system with a
simulated super performance dew point cooling system. A mathematical model of the dew point cooling system
was established using the Least Squares Method and Lasso Regression, with cross-validation confirming its
effectiveness. The predicted product air temperature from the model demonstrated significantly higher
efficiency compared to the traditional cooling system. To overcome the limitations of its cooling capacity
potential, a civilian dehumidifier was simulated as a supplementary component. The dehumidifier effectively
enhanced the performance of the dew point cooling system while consuming minimal energy, resulting in a

significant reduction in PUE.
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Dehumidifier
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W% 3 iR, BEHPOZEET 22 B IT IRSGH, BEER 15kW, HTEE IT IRSHIERAFHNIFE—
%A% 80%1t, 2 IT RS AR AKIIFER 26.4 kW, HEAKI 5 IFEFMMARE,

IT IT IT
Server || Server || Server
Rack Rack Rack

6*dkw
De'w e Closed passage
point
cooler
IT IT IT IT IT i
Server || Server || Server || Server Server Dﬁ"::ﬂo"
Rack Rack Rack Rack Rack e

B 15 BRRHARGS IT [R5 a2 R

FIEIT IRS5 A IIEIRIZTTRERE, BREUSHIRGME 6 & 4 kW FEHLEE FUREIHL, WN1E 15 R, HiEE Al
Pl (ARG E) REESX, DURATIT &4,
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2. B TR AR

21.0 5.00
20.5 4.80
20.0 460
O 195 4.40
Rl -t
o =3
o 19.0 420 Z
= e
2 185 4.00 2
2 S
8 180 380 ¥
2 3
E 175 3.60 ©
—= o
17.0 3.40
16.5 3.20
16.0 3.00
0.260 0.300 0.340 0.380 0.420 0.460

Working air ratio [-]

—a—Temperature drop —#—Cooling capacity

16 ARTTIEZSIL NHE AR QIR TH: T3k 37.8°C, RH=21.7%, F=@z<& 750 m*h, 51EHR15])

TAERILE SOTHER B RGN RZ b, 8%, TSR SR ARG =, (224
T RHIRRIRMEEZ G, REVIERFEMGESEREE TR, WE 16 R, XuFA (2017) fESRMH
WE T TR SRR E: S B RR AR TR ST 0.364 I, RAWLAEIR&EHIS R 4.76 kKW Hlfx
KipE 19.1°C (E16) o FXBFFUBIITAE N 0.364 I 8 RS AN BE,

5 AMARILES I THHMIRER (M= 0 750 m*/h, TEz/<EE 0.44, 31ESCHR[15))

i TERILIE(°C) TRERIE (CC) LiEpupiTyig 7R ARE (eC) kECC) HIRE (kW)
Coolerado 37.8 21.1 21.7% 20.8 17.1 4.25
FHEE 35.6 20.6 25.0% 20.7 14.9 3.66
FrHAE A 34.8 21.9 32.2% 20.4 14.5 3.56
WAt 32.1 21.0 36.9% 20.3 11.8 2.89
e 26.0 19.6 55.5% 19.8 6.1 1.5

b 30.5 26.2 71.5% 26.0 4.5 1.1
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6 BT 0.364 FHMIRZSR (=& 750 m®/h, 518 SCGE[15])

Hb s FERIE(CC) BRI (°C) Liibopira 7 s SRE (°C) iHBE(°C) % it (kW)
Coolerado 37.8 21.1 21.7% 18.7 19.1 4.8
AT 35.6 20.6 25.0% 19.0 16.6 4.2
R AE T 34.8 21.9 32.2% 20.2 14.6 3.7
I ft 32.1 21.0 36.9% 19.4 12.7 3.2
e 26.0 19.6 55.5% 19.7 6.3 1.8
et 30.5 26.2 71.5% 25.0 5.5 1.5

3. ETAEALS IR AR

XuFEA (2017) FE/NRHEXTOL T E QAT T SRR, DA RIR A SRR X
PN R T OURE [FI I AR PR R SR D IR, TRARTR I X, R TR X AN R BT b X, i T
DUEEERINER 5 R, R 0.364 FIRETIEZSSL, PR EE NS, WK 6 Fr.

AHFFER AR AR 5 75 TR EE RIS AN L, 22 B0 AR 2 BT XL A5 1 A F B I s B 37 () B~ A,
AWFFBIURIR 5 T35 6 AL BHRmE, T2 H R RIEEE R BRI R R IR s i R S PERE, 18I
IR IR MR GRINERE, W RN i R R R O T ERIRAE, AR, 75 A
RS S dhas RS TR S EE Ry, H % e XRS5 A TR AR, (A USRS 17 Ff
o

X i=Dry bulb
Temperature(intake air)

X j= Relative humidity Modeling system Y= product air Temperature
—

Input variable Y=f ( Xi, Xj ) I >

Output variable

17 BRSANII TR R S

(1) IEFLMEBIEGERILER, BT RRH ARG, FHERASMAR A RE & i R X
HEA G T E R ] A R L E RS, R [m )T 40 K (8),
y=a+bX:+b:Xz + ~ +bX, (®)
[ y IR HWU= s SERE; X Xoo v X WEXRESERINSHAZ R, N TERMmEsR, H
Peg5id I LA TNIZE S 5 B BRI, [EVIAER iR R PR FERRAN R n REARSS vonEBRIEE; ol
BB REAR T PN
SSE = X(yi — $)? )
A (9)H, SSE MIRZEFFHI,
MSE = (1/n)-2(y: — ,)? (10)
X(10)+, MSE J#/7iRz, HRGRImNES BE2 R R%E, MSE BN, SR EEEE BT,
RMSE = N[(1/n)-2(y; — ¥)?] (11)
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(A1), RMSE W HRIRZE, 5 MSE K01, HEBUV), ARSI,
MAE = (1/n)-X|y; — 3 (12)
X(12)%#, MAE REgRRZE, HERDN, BARIEHE; 5 RMSE MHE, MAE X3 EEKZAEK, R?
(PUEZRFD = EAZ ISR IIE LR, BUETEEDY 0~1, @R 1 RGBT, @R 0 RIAIE
ZE; AR RAE AR BEREXN RAITIBIE, 5 RPAFE, A% RPN 2 1R E A B iE,

(2) B3k (LSM) o X2k, AT GaF hELShZ) PIa—HEdEA,
ZEOR A IME 5 B FME 2 [ 75 2 2 M/, LSM EZEH FRRIMSEGT, STHATEE2 T, E8@
o B/ METITINE S SERRMEZ AR ZE, BRI R AT RENG I 204 [26],  LSM A% RIK A (13) IR Z Wi/ ML,

min X(y; — ¥y)? (13)
Ny SERRfat; goNBCEABRI TS e 17715 ARSI 77 5 22 2 Ml i/ MBI S8 (et [m]
IHFRRRERSEEE) o MR IR, HESEIECAERN(14),
Vp = —2.866 + 0.478xTD-in + 18.598xRH (14)
R v W mEBRIRE NI H; TD-in N XESIRE; RH XSS,

R T BEAETTRDER (n=6, FIEHR27]

B (JEFritEfk Beta (hrifE
TiH FrifEIR t P VIF R*/1%& R? F
250 LEED
W -2.866 3.076 — -0.932 0.420 —
IR R?=0.98;
0.478 0.076 0.859 6.258 0.008 2.76 F=71.79;
TD-in VEEES
P=0.003
FEXHR R*=0.966
18.598 1.668 1.53 11.148 0.002 2.76

RH

T WZEENy, P SIRE) ; P<0.05 FRIdA™, P<0.01ARIC N, AEFMEMRERE B T BV
Jit2(14); Beta MARMELEITRE, FREHZENRLE y MIEMEE, Beta [EBUR, ZLEXT y KRG
Ry FREIR=B/t; t N t RBAIRME, KRR KS H R XXt y A mXR, HHTIHR P; PEBE 15
2, PE/NT 0.05 REAMHR Xoof HZ R BA BEFR; VIF 77 ZWKET, HEKRT 5 fR g,
REAE RS, BHL 1 IE -, % REAVBIERHNIERS; FESAZDAE - IHINEENEREEAA

BRI, Mt EEOGE P E,
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|-Temperature

,/ -

18 B EPERE AT AL

FELMERIA AT, RABE RREIERIAER, S554ER 7 XURE (TD-in) SHEMNEE (RH) AKNAEERE
P EAIRE (TP-out) EZFEN, SHTRT R 6 iy 6 ANINEGE, WK 18 AR, BARISERE, R
VAL R*3HIIKE] 0.98 F1 0.966, RAFIZAET WS REN L BIVREEAEF (29 95%) o F{EHN 71.79, HHM P {E
E#E/NF 0.005 (P=0.003) , A HHEL T B RSN B2 RN FEXRRNEMIRE, WL T ERIRKE R
P[27],

BT S, HEWiN-2.866, HH t{H5 P1E (-0.932, 0.42) RAHAES EHAREE, XA HER b H R
RS B IG T RE i, AT BEZERE, HXGRE (TD-in) MARECH 0.478, FrifEiR 0.076, Beta 9 0.859,
t{H 6.258, P{E/hT 0.01 (0.008) , AERENGIHEEN, RIAEEHIHMTER, HXEESHS 13
fr, 7SR IS 0.478 N, HiZxREASH B,

K, RH MRECH 18.598, HRifEIR 1.668, Beta £%¢1.53, t{E 11.148, P {&H/NTF 0.005 (0.002) , F*
R XS T8 P 7= b 2 SR FE A M R A 4 s 3 EOMIE A XU SR SN 1 ANz, P s SR E
BIwit e 18.598 NEANL, SN R, EAN, WANEZREM VIF BN 2.76, K TIEHE TR N2 EILL
MR (G010) , RIABZEZ A BN S EILLMER, T A2 & 7 S DARRS,

(3) ERT (Lasso Regression) . ER[\IHZLME AN —F, eilids| AENL, EHTSEMT
SRARER I ER, s SB FeS 5 T ke t, EREIEX EIERE0EM L1 BNk, L1 E RN
TEST & T RN E[ 28], BRI BFrAEan R (15),

min { 2(yi — $)° + A-Z|Bj| } (15)

A yoSERRi Y gomBBIR It BBl RE MRS SR E I IENL S5, MK, RS

HERREZ
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0
]
!

0.5

) mm————

19 EREARZIGIERZ (DROVREILTTR%E MSE, SEROVARINEUE, 518 SCEk[27]

KEREAR T8 s AW U AL, 1K 19 FR, NEESTTRER/D, #EA=0.0, log(\)=—o, T
R v, =—2.86610.478 X TD-in+18.598 X RH, HITA=0.0, ER[EFHESIGRNNWEC A S /)
ZIRTEMAF,

* 8 BRMAMEER (318K [27)

A FEbRIEIL R EL PRI AR L R?
e -2.866 -2.866
HEXURE TD-in 0.478 0.478 0.98
FEXHRE RH 18.598 18.598

Temperature

B 20 EREFIEEE



BERSIFSHER | Journal of Transdisciplinary Innovation and Integration

MR 8RN, RABERMEFBEAS R EIEHITIIE ST E, SRERHR&ENIEMHRE (R*=0.98) , &
G SR T AR B AR 0 28 5, ANIE] 20 AR, AHXHEE (RH) AUPRIE(CR Bk 18.598, AEFRififL
FES M, = RH M EAZ R B ARIAY RN, X —FH @SR EUE AT RE M RH fEIZBURE X
HEZME, TR IR ERMINA, HEFERHAEAR K (14),

4. 4 kKW FEHUBBIPERERI PR T T

REALER RS AL PEREPEAN AT 0 iR, Ml &, COP, TRERRCRMIER MR, MmEAFRAR(16).

Tdrop = Tin — Tout (16)
P Tin AHERUREE; Tout /=i R, REAEE /e SIS & a] =X (17) %R,
Qcooling = M-Cp-(Tin — Tp) 17

XA Qcooling Wl R (kW) ; M ™SR RiE (kg/s) ; Cp AZEUEELAA; Tin itk
JIREE; Tp 7= dne IR, B SR ALE) COP iz (18)7E X,

COP = Qcooling / (Wfan + Wpump) (18)
i Qeooling NFE RUIRAWLIHIS &; Wian AXALIIFE;, Wpump NZKEIIFE, EERIERE ChK(19).
ewb = (Tin — Tout) / (Tin — Twb) (19)

28 RS EIN LR IXUTRL S e R 8 TR, 8 R O EK(20)
edp = (Tin — Tout) / (Tin — Tdp) (20)

4 11 (o) Bz, GK BdiirhOAE 7 A AN F H PRSI EE 72110 31.0°CH1 30.5°C, MAHEEE 725179 72.0%
f172.2%, S5EEHEAFOITSEFR A, T EASIX PRI 10 5 MR 52500 30.7°CH1 72.1%,  #R4E
HK(14): yp=—2.866+0.478x30.7 (TD-in) +18.598x0.721 (RH) .

HA 0.364 MR ME TR S, BHDIEE R AN BTN fh s SRR 25.2°C, ERINEUE 4 kKW 8 =28
RURHHLERELI % 9 F7R,

9 B 4 kW B8 QARSI e

| B
Hi AR RN
SRS FEK 30.7°C; K 26.4°C; #&xL25.0°C; RH 72.1%[29]
PR R 25.2°C
% 5.5°C
il 5t 1.36 kW
cop 15
TEBRRIR 127%
ARV ES 96%
AR SR 750 m*h
TRt 0.364
KA | KRR 89W/1.56 W

HTH19)MK(20), GK ALy N MM R AWLRI FITERRSCR 58 WA, 5 XuFA (2017) #
ALEE LTS B SR A5 IR (TEBREER 128%, #2mR0R 96%) 2, X 5 LRI 2 <A+ (B35 30.5°C,
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RH 71.5%) THISHR 8, RIATE IRHRGHILMERIBERZ G RAT,

RETMATEERECR 5 8 R IR S, TR COP HARRMERIIET; HFZEHE, #RR
HAGH COP BE M TERATM, RIERI AR, X AIHANEERRERRENHRBREE, Bl
HiZk5 Xu A (2017) RYSREESREEM &, BT GK #dErOrE IR RS, 5 RUQAWLRITERERZZ
RERRM; MO, PR REIHREE AT REANE S BHE T 0IBTT, BN HIEE T EZERE 40%~60%Z Al

7 EERENRESME L ANIERE

\\\\\\\\\ ~
N
9 4%
100280 2N 8070 S B0 SN 50 N 4 303 S8
PSYCHROMETRIC CHART AT AT 17 :
Atmospheric pressure: 1 atm (101.325 kPa) 1 \ Y A LY
Altitude: 0 (sea level) 90 0’89%36 ,{ 7 i ; \ ra \\ ?“\‘, 0.028
UNIVERSIDAD POLITECNICA DE MADRID Y Vi /AN 7 v
ETSI A y de i TAVNITA 5 3 . L 3\ S l\ 0.026
Thermodynamics course 80 0.88 7 Y. Ay 3 \ ; X )‘
7 1/ \[7 3
Y17 yA AN i 0.024
7 h =i
70 = L
0.87, - - -
3 a Pew/mA 74 \Y -
o T | AS : Y
25 Y { T
w80 0.86, vi S x " 0.020
@"@ 3 \ s sl i ; Y
& s 1 X \ y \ T
£ 50 - ~m .y : 17 Y o oots :
£ & N T T ) s
o I E A \ X £
§ \\\ & ! | Y 0ote §
F Fo 4 B N Y 016§
. & 08 0 p = n T Ay 2
& \\ S T X D i = g
R \\ oy il Ve 74 SR Y \ Y0014 8
T 08I PN 5K 1 AN A LAV . z
P
20 N A TR X { abisE
e S XA R Nama NZan . z
X al AR iy NEwa : T . s
20 0.81 % K 3 \ 0010
Ryl p LY Ay AN S I
580 I o ¥ \ ) \ 1}
- sk, i A X a \ y] a
0.7 e I \ AN Y Y T
D XK\ =\ \ K 0.006
: . =~ SESEy X \ ) ] \
ey 0 N T~ Y <y T AY T Y sl
e R L \ SE=E |
5 1 SR \ = v
N T e T e
N SRS = i \ X ¥ Y
NN 1 SRS % X Y Y
S N N S S N W A S| Y X 0,000
R e i L i :
-10 -5 0 5 10 15 20 2 30 35 40 45 50 56 60
Dry-bulb temperature (“C)

21 JHIRIRE RIS TR

anEl 21 R, OIS ZR &R TR e X, & AimERr 25°C, MeEkiRERIR 27°C, BT IXLERE
s, FEARHNLIEIRAE )22 BEMRE, ARIGX—E, FERRSSDE, STEEH O AE T
FETEREIN 40%~60%, AW GK RO ERIENL, FRIZFRIENL A SRR E B 72.1%% 2
55%,

(—) ZTEBSLINRERS

BRIGAL—A% 7 R BRIEALS TOLBRIEAIE : R4 BRIEN— A T RASUR, TEAIBRERSN F 2
RTINS E, HpERTEEAERIE RS AMEE R K N HAESIN S RRIE[30]; AT HFIBRIE RS AH
AR T BRI PRI, B ORI ERIE S B4R 7715, PITE S8 Al DL SEB S R BRIE[31],  E4aH1BRIE
MUE SRR, HENEAIREPEARCRER, H COPEHm T TEEARIEN, FEhmEEE&FE T tHmL, %
T GK IR LAl = RAE R, ARIFFRERIZ 2 R EGELBRIENL, DS RR RS,

GK #dE-h O R I ERIE & (D) #E,

W=12Vp(H2—- HI) /1000 (21)

KA WHFIRRIEE; 1.2 WARE; phEREE; Vo EdEH O EAE; H2 HERERTEEE; HL

HERIEE &0 E, RIBFRRIEE, %M 300 W i MSSHIMEIO (J£32) FRIEHL, 0% 10 FiR[32].



BERSIFSHER | Journal of Transdisciplinary Innovation and Integration

%10 BRIEERS5 MSSHIMEIORIEH S5

S| WA
Lz E AR 180 m?
BRI ATAR I & 72.1%
B RAE X T 55%
PRk R W=1.27 kg
FRIEHLES MS-930B (MS SHIMEI©)
FRITHIRZIES 300 W
A BRI 30L/d (FER 30°C, RH80%) ; 0.45kg/h (TFER27°C, RH 60%)
T IZATIN ] 1.5~2.8 h (¥ RH H 72.1%F& % 55%)

IR (21), W=60% 3 X 1.2 X (20.278-15.350) X 1.2/1000=1.27 kg, & GK iR CaszbRi = 45 55,

BRI SR THB1T4) 3 h, BIAT4ER A T K
(Z) HEXERE 55% R & m2 ANAVRIN 1% AE

W —E () PEARANIEEARRATR, X

PR, B2 RURATAR SR REUNR 11 R,

114 kW 2= AWLIIER

SR R e i e IR R H R, T4

€ (RH=55%%5 RH=72.1%)

PRSI
i g 1 f%(°C) 17 B (kW) cop TRERRCR EASLVE
(°C)

DB30.7°C;

9N (RH WB26.4°C;
25.2 55 1.36 15 127% 96%

72.1%) DP25.0°C;

RH72.1%

DB30.7°C;

M (FCERIE  WB23.5°C;
22.0 8.7 2 22 120% 86%

#Hl, RH55%)  DP20.6°C;

RH55%[29]

FE: s 750 mP/h, TAEZSSEE 0.364, XWLEIER 89 W, JKZEIIE 1.56 W, SIS AN
ATAIPEREAREL, YATRUUSSRAERRE, Hl | COP T mEI AT,
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% 12 GK #larf R HI RS UL RER AR AT L

F#rdIRgt (6 5, RH

EiEl Vertiv ZUEZHN#2 T RAHHBRIENL (RH 55%)
72.1%)
8 & 25 kW 8.16 kW 12 kW

UikE 7 kW 90.56 WX 6 90.56 WX 6+37.5W

COP 3.5 15 22

PUE 1.875 1.068 1.072
H ek R 97.8 kg CO, 7.6 kg CO, 8.1kg CO,
AR R 2933.3 kg CO, 228 kg CO, 243.7 kg CO,

T WA FHY 0.582 kg CO,/kWh (2023 4F) ; IT ARRS5#RSEFREEFE 8 kW, FAEEIRE 30.7°C. RH 72.1%);
KWLEIER 89 W, JKFEIIF 1.56 W; BRIEALLIR 300 W, & HI&1T 3 h (HIYIFEL) 300 WX 3/24=37.5W) ,

MR 12 R, #RS PUE REEGRIA, BRRMAGEERK T PUE, BT IT RS A ATFERRERE 085
iR, BRURHIRGIRIHIS BARERIE TR E A, (F GK BdEH0 PUE RIERES; PRIZHL SR
HMRERE, (HEXT PUE HIZHAFH RN

RE™ R A EAERRBHE GRS 7 B, Hlb TR SRR, E&ST RN
AR HEBCRAT = T BRI, s G5, 2023 4ErE sy B HE i) 0.582 kg CO,/kWh([33], &k
12 R, SZSUEGHNR ARG, 2R AHLEERERERER 90% A L, WRAFHEEZ 8> 90% A E; PRIEAL S
(EREFERS AT IR0, FKWETETH T 25 IR HI R GENITERE,

. BRRHAGHRATNI
13 4 KW S8 HIEENL 1 BB PE A ST

R et e TSR A
PV RN WFRANRE TAFLHIE 1

KL PRIV 5 4

KR FREA TN 5 1 FRIRAL2090; AN LRRAIH
JAGlEssE PRIV 5 1 EURAR) 20%; &H£2508
IKRFZE IS PR T 5 1

Hith — 1

R 13 5 T RIS ARG Z B AR, ML, ARSI T AL, HE AR
R s TR T LA, BRARSS . GK B OB MRS (6x4 kW RHIHL) HIEMEE A NE15,048,
SR I Vertiv ZZ RGN (25kW, £8,800) AHEL, FTERIRAIMAS S, AT, 1FHEERRENL
FERARIRI R ey (HMX) 5 REBS S AL NS, vl B RIRA, (RSO ETE T AR fho
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J\. £

OB BN IT AR B BRI, BRI AR GNZ 4R 1T RS 48IE BLIS TR il sl
RIS 7o ARG EER T DIR AR GUERHFERRBENR, 2UUE PUE HUREERIR, AWM 7 GK K% (FE
TN — BN RO HTR GENSERRIaT T 2B MBI 1T ARSTae i FIR BN, 1T ARSS as B SEPR H1 R
RO 8 kW, (BREGUE I SEREFE. & PUE, J8Id DUEIEE RS RSB R GR TR KL R
gt, mMERERE S, BdEH0 PUE H1 1.87 KiEREZE 1.07,

AR RN ZRIE S ER AR T AR ARG, AT AL RIS E R>=0.98, BRLIE
JER e (E TR O AL IR MR R X, AR e B Tt 2 IR EE ATy PR (i v 5 AR B A8 B D s i
s SR PR 22 s HIHL COP HUBR K HERIZR . JEIE AL ERRITH LR AR R 55%, TlHISRS CcoP &R
&5 T RARREALEERERIK, X PUE WA/, PUE 4ERFERHRAK

RUE F2 s/ @ JIN LR IR MR e X A PR AE A R RIRR,  (HATIRBRIGAL AT R T HAERE, JUHGEH T 1T %
FHEE PRI D, APRIER IR SRR, RERERIRAREHLE IR AR, AN TP,
HITAAC A A B R E AR, (EHACON T RS S Bk R,
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