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A Study on Energy Reduction and Characteristic of Free

Cooling System Using Dry Cooler

Jeong Ho Heo

Department of Refrigeration and Air—-conditioning Engineering,
The Graduate School

Pukyong National University

Abstract

Recently, the | buildings requiring air-conditiong in winter season
have increased. Using ' low temperature of out—-door, Free cooling
system is used to. reduce. energy-consumption of cooling. Because
free cooling system is. able to prevent pollutant inflow and control
temperature stably, this system mainly is used in a data center and
industrial process. These days, some official buildings use this
system due to cooling load in winter season. Many case of free
cooling system adopt cooling tower to cool chilled water and

condensation heat of refrigerator, but cooling tower has some
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shortcomings such as freeze and burst, difficult maintenance so on.
To solve such problems, free cooling system using dry—cooler was
proposed and performance characteristic and national adaptability of
south Korea were analyzed in this study.

The main results were summarized as follows. Dry-cooler
capacity 1is influenced by out-door temperature, required chilled
water temperature and LMTD(Logarithmic Mean Temperature
Difference) of dry-cooler. As out-door temperature is more low,
dry-cooler capacity become increased. in addition, as required chilled
water temperature is more high and LMTD is more low, the out
air temperature range is widened for using dry-cooler:-If out—door
temperature is below 0T, antifreeze need to be used because freeze
and burst can be occurred. In case of South Korea, antifreeze of
34% of ethylene glycol concentration is ‘proper. For selection of
compatible working fliud, compressor load of R22, R134a, R407C,
R404 and R410C is compared. Considering environmental regulation
and energy consumption, R134a is best working fluid.

When comparing compressor load of existing refrigeration system
and free cooling system, the-region where energy saving effect is
greatest is Chuncheon. Energy reduction amount of Seoul is 11%,
Chuncheon is 17.5%, Deajeon is 15%, Ulsan is 14%. In case of
large scale of air-conditioning, it is reasonable to use free cooling

system although the system is used in Seoul.
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NOMENCLATURE

SYMBOLS
U Oevrall coefficiennt of heat transfer [W/m*K]
A Heat exchange area [m?
AT, Logarithmic mean temperature difference T
c Low temperature fluid
h High temperature fluid
h convective heat transfer coefficient [W/m®-K]
My fin efficiency
P Pressure [kPa]
R Universal gas constant
T Absolute temperature [K]
Ter Absolute temperature at the critical point (K]
Per Pressure at the critical point [kPa]
T; Reduced temperature
a Attraction parameter
b repulsion parameter

Greek symbols

a Parameter of equation (2.4)
w Acentric factor of the species
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Table 2.1 : Operation type of free cooling system with out—door

temperature

Out-door temperature

Operation  type

Below low reference temperature [C]

Dry cooler isolated operation

From low reference temperature to high

Reference temperature [C]

Dry cooler &

refrigerator parallel operation

Above high Reference temperature [C]

Refrigerator isolated operation
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Table 2.2 : Freezing points of antifreeze

2 afopatu}.

Ratio of mixture by volume Freezing Temperature

100% Water 0C
90% water + 10 % Glycol Mixture 3T
80% water + 20 % Glycol Mixture 8T
70% water '+ 30 % Glycol Mixture -16T
66% water + 34 % Glycol Mixture 20T
60% water + 40 % Glycol Mixture 25T
50% water + 50 % Glycol Mixture -37C
40% water + 60 % Glycol Mixture -50TC
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Table 3.1 : Operation conditions of free cooling system in this study

Reference Value
Dry cooler & condenser LMTD [TC] 5*, 10, 15
Inlet volume flow rate of
3 16,800
dry cooler & condenser [m’/h]
Range of out-door temperature [C] -10 ~ 40
Cooling load [kW] 38.06 (33,200kcal/h)
Scroll compressor efficiency [%] 75
Required chilled water temperature [TC] 5, 10* 15, 20
Difference between required chilled water s
temperature and evaporation temperature [ C]
Difference between condensing temperature and s
out-door temperature [TC]
Temperature difference between-inlet and outlet !

chilled water of cooling load[C]

2 dyolAe =l ZFele] LMTDS} 2 7HFeEel kg Wakasly 2]
2wl we ZelFe Alzgel 45e Basgon, Table 31e] Setolze
IMIDS} 27U ghe] = AjZzgle) 7)) s g ot 2 a7

o xelEy Axge selelZe $571 g TRAN Qe Frelw

fand §& =Y 16300m/hE A4 g FAsE ow 44
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Figure 3.3 : Comparison of dry-cooler capacity with LMTD
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Table 3.2 : Operation type of free cooling system with LMTD

Operation type Dry cooler LMTD Out-door temperature
5C below 4T
Dry cooler - F
) ; 10C below -1TC
isolated operation
15C below -6C
5C From 5T to 9T
Dry cooler & refrigerator . . =
: 10C From 0C to 4C
parallel operation
15C From -5TC to -1TC
5C above 10C
Refrigerator - 5
) ) 10C above 5C
isolated operation
15C above 0C

Table 3204 Yepd A3} o] LMTDO] ol whe} -dm2le] 85

rr
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Table 3.4 : Chamber and System condition in experiment

Chamber
Reference Value
Temperature rage [C] 0~40
Maximum heater capacity [kW] 115.81. (30RT)
Relative humidity rage [%] 10~70
System features & condition
Reference Value
Power supply type 3 phase power system
System voltage [V] 380
System frequency [Hz] 60
Chilled water mass flow rate [kg/s] 1.55
Fan capacity [m3/h] (2 fans) 16,800
Target cooling capacity [kW] 32.5 (28,000kcal/h)
Target temperature of chilled water[ C] 15
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Table 3.5 : Power consumption and refrigeration capacity of

experiment with out-door temperature

Chamber Inlet water ~ Outlet water  Refrigeration Power
temperature temperature  temperature capacity consumption
[C] [C] [C] [kW] (kW]

35 16.61 22.024 10.279
7 16.03 25.077 6.905
3 15.98 25.987 6.466
7 20

15.55 28.197 1.103

(Proposed system)
3
(Proposed system)

14.15 38.135 1.110
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Figure 4.6 : Comparison of compressor load of existing system and

free cooling with regions of south Korea
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