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Abstract Commercial buildings account for significant portions of the total building energy in Korea, and thus, a variety
of research on chiller operation has been carried out. However, most of the studies were carried out on the chiller itself,
i.e., the part load ratio characteristics and the corresponding electricity energy consumption patterns were not analyzed in
existing studies. In this study, the part load ratio and the operating characteristics of the vapor compression chiller were
analyzed within an office building equipped with the conventional variable air volume system. As a result, significant portions
of total operating hours, cooling load, and energy consumption turned out to be in the part load ratio range of O through
50%. Thus, energy consumption was significantly affected by the chiller COP at low part load conditions, indicating that
chiller operation at the part load is an important factor in commercial buildings.
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Fig. 2 Simulation office model.

Table 1 Input condition of simulation

Division Content

Program EnergyPlus v.6.0
73(m)x48(m)
Site/Weather location  Incheon(South Korea)

Chiller Schedule From 05 : 00 Until 18 : 00

Floorplate area

Model - -
System Chiller Capacity 850 kW
Terminal Unit Conventional VAV Box
Cooling/Heating Cooling : 24°C
Setpoint(C) Heating : 21°C
AHU supply 13°C
temperature

AHU fan design

HVAC static pressure 750 Pa

Value —

AHU fan efficiency 75%
Mlnlm_um outside 7 62E-04 1/s/
air rate
Chiller design COP 5.0
Plant - -

Value BO|Ie_r_de5|gn 80%

efficiency
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Table 2 Simulation input related to part load ratio

Field Input
Minimum Part Load Ratio 0.1
Maximum Part Load Ratio 1
Optimum Part Load Ratio 1
Minimum Unloading Ratio 0.1
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3.1.1 Cooling Capacity Function of Temperature

Curve
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3.1.2 Electric Input to Cooling Output Ratio
Function of Temperature Curve
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3.1.3 Electric Input to Cooling Output Ratio
Function of Part Load Ratio Curve
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4.1 Analysis of Qutdoor Air Temperature
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Fig. 3 Outdoor air temperature of Incheon city.

—a=Intermediate Season Outdoor Air
—@—Intermediate Season Cooling Rate —4—Cooling Season Cooling Rate
35 600

--#-- Cooling Season Qutdoor Air

P ag
_w /'r' \ * e 500
o .. =
g g T, =
_325 B ey * -
a i ke ATA i
20 =
a8 ,‘-r‘ ‘/.\. \\"""i—‘—‘—g 300 2
CETRY X Y P £
g ./ \- \ 00 O
210 :
5
°© 5 ’ -/./‘ \\ 100
_.,.’
[ Lo

1 2 3 4 5 6 7 8B 9 101112 13 14 15 16 17 18 19 20 21 22 23 24
Hour

Fig. 4 Representing day AHU cooling coil cooling
rate and outdoor air temperature variations.
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4.2 Cooling Load of Chiller on the
Representative Days
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4.4 Part load ratio variations
Fig. 6 3% Part Load RatioZ YelWlth W7
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Fig. 5 Representing day condenser supply water
outlet temperature and volume flow rate.
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Fig. 6 Representing day part load ratio variations.
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Fig. 7 Representing day chiller COP variations.
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4.6 Chiller Electric Consumption
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4.7 Detailed analysis on annual data
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Fig. 8 Representing day chiller electric consumption.

mmm Chiller Electric Consumption [kW] @ Cumulative hours of Operation [h]

Consumption of Electricity [MW]
Cumulative hours of operation
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Part Load Ratio [%]
Fig. 9 Cumulative operation hours, electricity in
each PLR.

Table 3 Annual chiller operation data

Cumulative Chiller Total

Part Load Ratio hours Electric Cooling
[%] of Operation Consumption Coil Rate

[h] [kwh] [kw]

0 < PLR < 10 951 60.4 83.3
10 < PLR < 20 800 27489.9 59130.2
20 < PLR < 30 222 11773.1 49375.9
30 < PLR < 40 217 12409.0 67833.2
40 < PLR < 50 295 19773.3  116886.2
50 < PLR < 60 166 13087.0 79347.8
60 < PLR < 70 57 5288.4 32009.9
70 < PLR < 80 34 3806.5 224225
80 < PLR < 90 14 1869.4 10556.8
90 < PLR < 100 7 1060.8 5764.6
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Fig. 10 Chiller COP in each PLR.
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