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Abstract

A Data center houses a large number of server computers, storage and etc in racks. With the
rapid increase of heat generation rates per rack in a data center, energy consumption rates for
cooling have been increased year by year. In this study, energy conservation effects of a MOA
(multi-stage outdoor air enabled) cooling system in a data center has been investigated when it is
applied to 5 different locations, Korea. As results, Energy conservation effects of the MOA
cooling system was achieved at about 20% to 30%. Humidifier operation time was 40 to 55 days
when supply air temperature was maintained at 13, and humidity condition was kept within the
allowed range even though humidifier was off. Furthermore, humidification was not needed
when supply air temperature was maintained at 25°C. In selected 5 locations in Korea, the
difference of regional climatic conditions affected no more than 5% in cooling energy
consumption rates.
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MOA : Multi-stage outdoor air

SAT  : Supply air temperature (C)

LWT : Leaving water temperature ('C)

SH : Sensible heat (W)

[H : Latent heat (W)
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CRAC : Gomputer room air conditioner
WBT  : Wet—bulb temperature (C)

DP  : Dew—point temperature ('C)
DBT  : Dry—bulb temperature (C)

RH  : Relative humidity (%)

Alt.  : Altitude (m)

SD ! Standard deviation
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Table 1 Thermal guidelines for data processing environments

Product operation Product power off
. . Maximum .
Class Dry-bulb Humidity range, Max1m1.1m Mameum rate of Dry-bulb RH Max1m1.1m
temperature noncondensing dew point  elevation change temperature %) dew point
0, e} 0, ° O,
C) C) m oo €O C)
Recommended (Suitable for all 4 classes; explore data center metrics in this paper for conditions outside this range.)
Al to A4 18t027 0.029 43 1,220
Allowable
Al 15t0 32 20% to 80%RH 17 3050 5/20 5to45 810 80 27
A2 10 to 32 20% to 80%RH 21 3050 5/20 5to 45 8to 80 27
-12°C DP and
A3 5t040 89%RH to 85%RH 24 3050 5/20 5to45 8to 80 27
-12°C DP and 8%
A4 5to45 RH to 90RH 24 3050 5/20 5to45 8to 80 27
B 5t035 8% to 80%RH 28 3050 N/A 5to45 810 80 29
C 5to 40 8% to 80%RH 28 3050 N/A 5to45 8 to 80 29
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Fig. 1 Schematic of the Multi-stage outdoor air enabled (MOA) cooling system‘”

PIYY AARR oPIE A3 e T ERiste] AUE ek ALE R A, ol87 s ARTO] o [y
Alrllof] Bl 2t oA %] o arao] e 0 2 w2 ook, T 2P 15 2 EUske At 7 IR S el met
7ReRSP T GRSt A EECE 28] A- 47 9leny, @ @Eo] Rl tieh-$aiw QIrh. E1Q o] oisiiAg
=MERV 1155 oV3] BEIS ARSI EAA] HR] oferie B gick

HE| 2P0k F AT e [t Al o [ AR 0] B0 M= k= ol 2ijteted, A

2B 23R A slo|ck(Fig, 1 42Y). 5, 21018 Aol ZAIRT 2719 AR qle] w2 9eir} ghs o s
B AR A1 0 & ARBSTAL, QP[RR ALRIREC 2= RIS AT RS R ol Hfe 17 198 Al
LRES HEA B AdHA 02 FEShE AlLHolH. of5 F9l @S olert olFkmo A Alofge Hrt mae

2 AHEEHS QLS A0 gt 9)7] Z730] wh2 He] 9)7]o}§ WAl o] 27 RS Fg, 270 viepdick

[¢]
e

Journal of the Korean Solar Energy Society Vol. 37, No. 1, 2017 73



=Ll e =2y

0035

0025

0015

Absolute Humidity(kg/kg)

0005

* Zone “W”: Water-side economizer operates.

* Zone “WA”: Water-side economizer operates first, and is compensated by air-side economizer.

* Zone “A1”: Air-side econimozer operates when the enthalpy and the temperature of outside air are lower than those of the
supply air.

* Zone “A2”: Air-side economizer operates with the aid of mechanical cooling system when the enthalpy and the temperature
of outdoor air are lower than those of the return air.

* Zone “M”: Mechanical cooling system operates.

Fig. 2 Operation modes of multi-stage outdoor air enabled (MOA) cooling system‘”
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Fig. 3 Chiller efficiency as a function of leaving chilled water temperature
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Table 2 Climate conditions of 5 cities

g=27| 2

Cities Alt. Temperature (°C) Enthalpy (kJ/kg)
(m) Avg Max Min SD Avg Max Min SD
Seoul 85 12.7 30.8 -8.2 10.4 30.5 76.2 -5.5 22.7
Jansu 406 10.8 29.7 -10.3 10.2 28.5 69.8 -6.9 21.5
Jecheon 263 10.5 30.6 -12.1 10.7 27.2 72.2 -9.3 21.6
Bongwha 319 9.9 304 -14.3 10.6 26.5 72 -11.9 21.9
Taeback 712 8.9 284 -12.1 9.9 234 64 -9.6 19.8

Table 3 Configurations of the target data center

Items Specifications
Floor area 2,250 m2X9story
No. of server computer racks 720 EA/floor x 9 story
Server computers 2,880 kW/floor x 9 story
Heat gains Lighting 49.5 kW/floor x 9 story

from SH : 60 W/p x 20 p/floor x 9 story

People LH : 40 W/p x 20 p/floor x 9 story

Table 4 Heat generation schedule of server computers

Time Weekday (%) Weekend (%)
00:00 — 09:00 90 80
09:00 — 21:00 100 90
21:00 — 24:00 90 80
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Table 5 Specifications of mechanical cooling system

Equipment Quantity Capacity Power Control mode

Chillers 8 1,300 USRT 765 kW Multiple units control
Cooling towers 8 1,400 USRT 37x3 kW Multiple units control
Chilled water pumps 8 9,400 LPM 110 kW Full operation/ OFF in air-side mode
Condenser water pumps 8 15,600 LPM 160 kW Multiple units control
CRAH unit 324 105 kW 7.5 kW CAV
Exhaust fan 81 912 CMH 30 kW VAV
Humidifier (mist spray type) 324 113 kg/h 1 kW ON/OFF control
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Table 6 Conditions of the cooling system (1)

Items Temperature
Supply air temperature 13°C
Leaving water temperature of chiller 5°C
Cooling water temperature in mechanical cooling mode 32°C

Table 7 Operating conditions of the MOA cooling system (when LWT is 5°C and SAT is 13°C)

Operating mode Outdoor air conditions
W WBT < 3°C
WA 3°C<WBT < 7°C
Al Enthalpy < 34.3 kl/kg, and DBT < 13°C, and DP < 10.5°C
A2 34.3 kl/kg < Enthalpy < 43.8 klJ/kg, and DBT < 21.5°C, and DP < 10.5°C
M 43.8 kJ/kg < Enthalpy, or 21.5°C <DBT, or 10.5°C <DP
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Fig. 4 Energy consumption rates in each cities and in operating modes (Supply air temp. 13°C)
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Fig. 5 Humidifier operation time (Supply air temp. 13°C)

Table 8 Operating conditions of each operating mode®

Operating mode

Operating conditions

A2 M

MOALI

MOA2

Mechanical cooling operates alone throughout the whole outdoor air conditions zones.

Water-side economizer operates when wet-bulb temperature of outside air is low enough in zone “W”, and
mechanical cooling operates under the other outside air conditions.

Air-side economizer operates in zone “W”, “WA” and “A1”. In the other outside air conditions zones,
mechanical cooling operates alone.

Air-side economizer operates in zone “W”, “WA” and “A1”, and air-side economizer operates with the aid of
mechanical cooling in zone “A2”. In the other outside air condition zone, mechanical cooling operates alone.

Water-side economizer operates in zone “W”, water-side economizer operates with the aid of air-side
economizer in xone “WA”. and air-side economizer operates in zone “A1”. In the other outside air conditions
zones, mechanical cooling operates alone.

Water-side economizer operates in zone “W”, water-side economizer operates with the aid of air-side
economizer in xone “WA”. air-side economizer operates in zone “A1”, air-side economizer operates with the
aid of mechanical cooling in A2. In the other outside air conditions zones, mechanical cooling operates alone.
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Table 9 Conditions of the cooling system (2)

Items Temperature
Supply air temperature 25°C
Leaving water temperature of chiller 17°C
Cooling water temperature in mechanical cooling mode 32°C

Table 10 Operating conditions of the MOA cooling system (when LWT is 17°C and SAT is 25°C)

Operating mode Outdoor air conditions
w WBT < 15°C
WA 15°C < WBT < 19°C, and DP < 15°C
Al Enthalpy < 52.1 kl/kg, and DBT < 25°C, and DP < 15°C
A2 52.1 kl/kg < Enthalpy < 61.8 kl/kg, and 25°C <DBT < 33.5°C, and DP < 15°C
M 61.8 kl/kg < Enthalpy, or 33.5°C <DBT, or 15°C <DP

Wseoul Mlangsu Wlecheon 1Bongwha MTaeback

gmow L 80.3%

] w_M ALM AZM MOAL MOAZ

Operating modes

Fig. 6 Energy consumption rates in each cities and in operating modes (Supply air temp. 25°C)
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Fig. 7 Humidifier operation time (Supply air temp. 25°C)
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Table 11 The difference of energy conservation effects between in Taebaek and in Seoul

Supply air temp. ~ Mode “M” Mode “W_M”  Mode “Al M” Mode “A2 M” Mode “MOA1” Mode “MOA2”
13°C 0.7 % 2.6% 3.8% 3.6 % 24 % 2.4 %
25°C 0.9 % 32% 4.7 % 4.4 % 2.9 % 29 %
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