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A study on Performance Characteristic and Energy Saving of Free
Cooling System according to outdoor temperature.

Hee Min Kim

Department of Refrigeration and Air—conditioning Engineering,
The Graduate school,

Pukyong National University

Abstract

With growing the industry, the case that requires the cooling load in winter
is increasing. therefore, the demand for energy is rapidly increased in the
winter as well as summer. To solve the this problem the free cooling system
is develop. The free cooling system use the cooled outdoor temperature to cool
the water. Usually it uses the cooling tower in order to cool the water. But
the cooling tower has problems that are installation for cooling tower, freeze
and burst. In order to solve the problem, the free cooling system with
dry—cooler is suggested. In case of the foreign country the study for the free
cooling system with dry-cooler is active but in case of the domesticity the
study for it is deficient. Thus, in this study the free cooling system with
dry—cooler is analyzed. Also, the national adaptability for the free cooling
system is examined using economic analysis base on the outdoor temperature

in the domesticity.



The free cooling system has the three cases which are explained in the
body of the study. Through the experiment, the electric power, outlet water
temperature and cooling load are measured with the tree cases. In the result of
the experiment, the measuring efficiency is about 10 percent between
experiment data and simulation data. Through the experiment, the credibility of
simulation is checked. When the free cooling system is used for the data
center and industrial process, the energy saving rate is approximately 38
percents. Using the previous result, the economic evaluation based on free
cooling system is conducted. Through the evaluation, the free cooling system
has a refund before a year. Thus, when the existing cooler have used for 10

years, the free cooling system is better than existing cooler.
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Table 3.1 Simulation condition in HYSYS

Variable Value

Working fluid R407C
Refrigeration load (kW) 81
Required cooling water (C) 8
Outlet cooling water temperature (C) 12

Air volume flow of dry cooler (m?/h) 40.800
Compressor efficiency (%) 75
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Table 3.3 Comparison simulation with test result in -2T

Variable Simulation Test

Inlet temperature (C) 12 11.85
Outlet temperature (C) 8 791
AT (TC) 4 3.94

Total power (kW) 3 39
Cooling capacity (kW) 81.81 80.58
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Table 3.4 Comparison simulation with test result in 2C

Variable Simulation Test

Inlet temperature (TC) 12 12.28
Outlet temperature (TC) 8 85
AT (T) 4 3.78

Total power (kW) 25.4 29.9
Cooling capacity (kW) 31.81 77.32
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Table 3.5 Comparison simulation with test result in 35T

Variable Simulation Test

Inlet temperature (C) 12 11.98
Outlet temperature (C) 8 8.09
AT 4 3.89

Total power 37.83 41.8
Cooling capacity 81.81 79.4
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Table 4.1 Real rate of interest during 7 years

Electricity charge

Deposit
- rate Price index Real rate of
volatility interest
2008 5.9 0 5.9
2009 3.8 0 38
2010 35 o8 37
2011 39 2 19
2012 3.4 21 13
2013 2.8 38 0.9
2014 2.4 5 2 0.2
Ave 3.9 11 28
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Figure 4.2 Energy consumption according to month (Tcw=13)
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4.3.1 o5 AH

Table 4.2 Economic evaluation of free cooling system for

industrial process

(unit: ten thousand one)

Annual energy consumption Real
Co discount
8°C Ft 13°C Ft rate (%)
General
1,884 1,884
Cooler | 400 238 398 2.8
Drycooler 1,646 1,486
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Figure 4.5 NPV according to year (Tcw=8)
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Figure 4.6 NPV according to year (Tcw=13)
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Figure 4.7 NPV according to year and real discount rate (Tcw=8)
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432 A3+ A

Table 4.3 Economic evaluation of free cooling system for data
center

(unit: ten thousand one)

Annual energy consumption Real
Co discount
18°C Ft 23°C Ft rate (%)
General
960 960
Cooler | 409 228 343 2.8
Drycooler 732 617
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Figure 4.9 NPV according to year (Tcw=18)
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