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ABSTRACT

KEYW ORD

Purpose: This paper introduces trends of data center air conditioning systems and control methods. Investigation and
analysis of examples presented the limitations of existing data center control strategies, thus, the advanced technologies
are required to properly control the air conditioning systems in data center. Method: Reviewing the various literatures
and data, the research was designed to identify problems of existing air conditioning system and control methods.
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Result: Currently, researches on air conditioning system control method using latest technology such as artificial ~ Artificial Intelligence Control System

intelligence are actively conducted and it is found that the cooling energy consumption could be saved up to 40%.

Based on the preceding research outcomes, the potential of the intelligent strategies was proven and the necessity of the

further study on the development of optimal algorithm is presented.
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Fig. 1. Composition of Data Center
*UPS: Uninterruptible Power Supply, *PDU: Power Distribution Unit
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Table 1. Cooling Unit of Datacenter

Cooling Plan

Unit Features

- CRAC works for entire room

- CRAC responses to every heat
source

- As the range increases, there is
a problem with prediction and
uniformity

Room
Unit

(T TTTTT]

- CRAC works for a row

- Efficiency is improved because
of short air flow

- Provides cooling that meets the
requirements of the row

- Prediction is easy and effective
when power density is high

Row
Unit

- CRAC works for a rack

- The CRAC is integrated with
the rack for high power density
and reduces the power required
by the fan

- Free from room types and other
constraints

Rack
Unit

\‘I’\‘\'\'\‘\‘\‘\‘\
\‘I'\‘\‘\‘\‘\‘\‘\‘\
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Table 2. Case of Domestic Data Center

Location Figure Feature
Completed 2009
é?r]loz% Cold/Hot isle
S Kg > Water-cooled system
-horea PUE 1.70
Completed 2010
SK Telecom, Containment
Ilsan, Water-cooled chilled
S.Korea water system
PUE 1.70
- Completed 2012
- Containment
LG, - Partly Direct Air side
Busan, Economizer
S.Korea - Water-cooled chilled
water system
- PUE 1.40
- Completed 2013
- Containment
Naver, - Direct Air side
Chuncheon, Economizer
S.Korea - Water-cooled chilled
water system
- PUE 1.30
- Completed 2015
Samsung - Containment
Seoul. - Indlrect.AJr side
S .Kor e’a Economizer
’ - Use local cold water
- PUE 1.38
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Table 3. Case of Worldwide Data Center

Table 4. Trends of Data Center Thermal Control

Location Figure Feature Researcher Outcomes
- 8omp]eted 2009 Tobias Van In this paper, an optimization method is sug-
- Containment. Damme, gested which optimizes the supply temperature of
Wyl—ge’lr 4 h Eé;?ém/?;rer“de et al., air conditioner aqd workload distribution based on

Australia - Cold climate, without 2017 temperature setpoint [17]

_ ;e[i}régelreggr The purpose of this paper is to propose an air
: ; : conditioning system of green date center based

Qiang Liu, loud techniques. Algorithm which includ
- Completed 2009 et al, ?:mpcer%liure eccontlrg;lesr;etwo%l?nof senvglorcand fcrz:lmgs

MS, - Containment A0 work of monitoring’ system was designed and im-
Dublin, - Direct Air side lemented [14]

Ireland Economizer p

- PUE 1.25 5H
I—II ai'lun A Method of deriving the optimum operation al-
- Completed 2011 er,alg’ gorithm by seasonal effect analysis according to
- Containment 2015 blower design capacity was suggested [15]
Facebook, - Direct Air side
Oregon, Economizer .
United States - Cold climate, without ] This paper presents pros and cons about data
refrigerator Qiu Fang, center energy control methods by adjusting ther-
- PUE 1.07 et al., mal dynamics and provisioning of server. MPC
. 2014 was used for optimization of data center energy
- Completed 2011 usage [16]
- Containment

Google, - Direct Air side In this paper, a predictive thermal and energy
Hamina, Economizer Jinzhu Chen, control (PTEC) model was suggested. The set
Finland - Cold climate, seawater et al., point of temperature, cold air supply rates, and

use 2014 the fan speed inside server were defined by the
- PUE 1.22 model [17]
- Completed 2011 . . .

Sakur B Contginment Mi Lin, Br.lt. this papert, a stzategy 0:;1 controlling atlr con-
Salaura " Direct Air side ctal, | ditioning systems during the power ouge is
pnternet, Economizer 2014 | juseested. The simulation was performed by us-

Japan s - Cold climate, without ing real-time transient thermal model [18]

frigerat . . .
_ ;eUégelre; ;)r Baptiste This paper suggests a new method of modeling
. Durand Estebe, | data center server in CFD. PID algorithm was
et al., used to control the fan speed and simulation was
2013 implemented [19]
] =
4. HO[E{{HIE] S=HO 7|EHT Cullen E. Bash
Chandrakant D. . . s
Patel This paper suggests a air conditioning control
31z :'LE;]: > system based on network of distributed sensor
4.1 FxA 0] 757 R%tﬁl;rsr];aK' which applies on exsisting CRAC units [12]
dlolEAlE oA FxAIAH0] AA|shs ofl|A] 4H[Fo| H] 2006
&0] 2 g AAA SHM d& 4 Sl= PUE A4 9o &
7H4Q) PUE 27 24S SohAE G20l Aol ado] Bast 42, ABAS 71 FEA
o}, 7] wlo[EAE o Y2t Al A]2 S A 7| 2 S5 = = AFAS-& 4514 BElS 7|uto 2 dlo]el o] frug $4t &)
5719 2E AAE ol & A=A F W7 Il A 2 S AR HA0| ATt ZS T2 Wi o] Ao A AEe
B 2= FAATIE Aol B4 F= ARgekalt [12]. 2=y =3}, dE2HL e Bt Qs LA AH Aol 2 B 7849l
Eahr= + o] =214 Fe o] 0]F] L — _ t5
R & Aof, B7 o] A 2 ol oJste] A7) oY =] 4HZ 7153814 sHof ThoFgt Hoko] o Fol| A S5 T Q)
A oy Ao FHIE 28 d ez, o2 7iAdsk] fisto] & o
oo A 25 F5 dojAl= dlolHE 285kl B =S 7] olgjat olTAo] AHL sest o ME ZRA A A
Hro 2 o 22 Ao} 4| Sa Hdshe A7t o] FofA| L 9l ge 2 Folo gits) A7 9 AHgE

™ o] Table 4.9} Zo [12~19].

G F0] EE Alof 71 FAH 7]&o] ofste] AFE L
8it}. Baptiste Durand Estebe(2013)-2 PID (Proportional Integral
Derivative) @11 2]52 Z-8oto] o] £=5 2Hste 45 4
AT [19]. Jinzhu Chen(2014)= PTEC (Predictive Thermal
and Energy Control)2 &85t HAlgdS 53 2% =3}
CPUAMEZ H UIF 2 545 7|WFo 2 gh il £ o] e
2 55to] of 34%0] W o | x| 9F 30%2] 571 =gk o2& A
2 4= At [17]. Qiu Fang(2014)2 MPC (Model Predictive
Control)E &8 ©A1A A|o1E &-&sto] Algdolda Fall +7t
PUE A& o] F3itk[16].
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