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Energy Consumption Analysis based on Filter Differential Pressure when Adopting
an Air-side Economizer System for a Data Center
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Abstract Recently, many studies related to reducing the energy consumption in data centers have been conducted. These
studies have mainly focused on the air intake and exhaust system of a computer room air handling unit (CRAH) in the
server room, diffuser type, suppression and discharge of the heat generated from the server, and the air-side economizer
system. In this study, the energy consumption of the conventional central chilled water cooling system is compared with
the energy consumption of the air-side economizer system. We also examined how changes of differential pressure by each
filter have influenced energy consumption, using the power usage effectiveness (PUE). Results show that the PUE was
improved, and energy consumption decreased, by applying the air-side economizer system.
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Table 1 Boundary conditions of simulation

Converted value of server heat
2,880 kWx9(floor)

Applied for each hour

IT equipment
heat load

Server operation

schedule Load of each hour is 0.7~1.0
Lighting load 16 W/m2><2,250 mz(ﬂoor area)
People load Personnel/daily schedule of 20

residing personnel
Seoul, Korea(obtained from TRNSYS)

Weather data

Table 2 Outline of HVAC system

Equipment Specification Unit Power_
system consumption
Chiller Qr = 4,567, COP =6 | 8 765 kW
Cooling Forced draft cooling
tower tower, Qr = 6,345 8 120 kw

mcHw = 56,400, 8 110 KW
pchw = 4.19
Pump 93,600
mcow = s ,
poow = 4.19 8 160 kw
Number of rows : 5

c Cooling | Number of tubes : 60

R coil Tube outside d : 12 mm |324| 7.5 kW

ﬁ Tube inside d : 11 mm
Capacity v = 22,800

Outdoor air v = 26,450 748| 11 kW

supply fan
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Fig. 1 Monthly energy consumption of HVAC system.
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Fig. 2 Proportion of annual electric consumption of
HVAC system.
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Operating time for air-side
economizer system 3,438 h/year

34.3 kJ/Kkg
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Fig. 3 Outdoor air conditions for operation of the
air-side economizer system.
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Fig. 4 Comparison of monthly energy consumption.
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Table 3 Overview for each filter

il Air Pressure Renai
t)I/peer Merv Size Volume| Drop(Pa) (l;z?ll)r
(CMM) [ nitial | Final
Pre
. 8 |610x610x292 | 59 | 69 | 128 | 250
filter
Medium| o | 61oxg10x202 | 56 | 137 | 343 | 200
filter
"f'iEIt:f\ 16 | 610x610x292 | 56.6 | 249 | 498 | 140

Table 4 Conversion factor for each operating hour

Operating time of air-side | Conversion factor of day
economizer system(Hour) about operating hour(-)
0 0
1~6 0.25
7~12 0.5
13~18 0.75

19~24 1
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Fig. 5 Pressure drop of each filter with elapsed time.
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Fig. 6 Inverter rotating of supply fan.
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Fig. 8 Annual electric consumption for supply fan.
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® Centeral chilled water cooling system O Aur-side economizer system
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Fig. 9 Total yearly power consumption of each
cooling system.
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Fig. 10 PUE values of each cooling system.
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