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A study on design for free cooling system using dry cooler
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Abstract: Free cooling system is used to reduce energy consumption of cooling system. Free cooling system is consisted of
cooling group and dry-cooler in which heat exchange of chilled water and out air is conducted. Although this system has an
excellent energy saving effect in place having cooling load regularly, data or material of design for free cooling system is
lacked. In this study, characteristics analysis of free cooling system is conducted through software HYSYS with changing some
facts. The main result is following as : Dry-cooler capacity is influenced by out air temperature, required chilled water temper-
ature and LMTD(Logarithmic Mean Temperature Difference) of heat exchanger. As out air 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 air temperature is below 0C, 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. When
compressor load of R22, R134a and R407C is compared, considering environmental regulation and energy consumption, R134a
is best working fluid.
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Figure 1: Schematic of free cooling system in this study
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Table 1: System condition of free cooling system

Reference value
Cooling load [kW] 32.56
Inlet chilled water temperature 0
of cooling load [TC]
Temperature difference between inlet
water of cooling load and 3
evaporation[ C]
Temperature difference between inlet
water and outlet water of cooling 5
load[C]
Chilled water mass flow [kg/h] 5,429
Scroll compressor efficiency [%] 75
Chilled water pump efficiency [%] 75
LMTD of drycooler [TC] 5
Volume flow rate of out air [m’/h] 16,300
3. v =
3.1 TR
QWS EE Axdle] el olel Wt Weg
LT PHE DR, WFE 08T F2E WS
W AEY BN dPLm WEE aTehs A%l
TR Qe WEeEE 5T B 10T AR gt
Tk 2k wef o] o]s 8k A= ok B
Al A LT 7 AAHE EdolE Y E o]
|3ot7] wiizel 975l wet =efelZEelE ek Wad
Fol 24HY e 7YF2ETt 5555 =olEdE
g W7ol 7hegh 2= S7F S7Het Figure 22 897
F2ieo mE =dholze]e] WAARS yehdl Zlolt
Figure 204 Q7257 5CY A%, 97]2% 0T
ojstell A= Al A JZH-EE 32.56kWE =2to]E e
dEgHow A7t shsskARt, 1 oo 2EolA=
HAp =efelZe o] We o] sy, erj® 5Tt
=2 A4S, sffolzEE B8 ¥4 EvbssiA @k

& 59 £ 497F BB e a7 dse
%o Jeuss, coelge] LAMNL ke A%
¥ & g

A EefolZele] WEsele Fdu duar]e Jsol B
b

e A aias

Chilled water temperature 5 °C
"""""""" Chilled water temperature 10 °C
e Chilled water temperature 15 °C
— — — — Chilled water temperature 20 °C
35
gs 30t . \
= v \
3 25 I \ \‘
g \ \
o 20 v \
o]
t \ )
3 15 | \ \
[=] H \
8 10} L \
= ' \
O 5t \ \
o . \ \
-5 0 5 10 15 20 25

Out-door Air Temperature [°C]
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Table 2: Freezing points of antifreeze

Ratio of mixture by volume Freezing Temperature

100% Water 0T
10 % Glycol Mixture 3T
20 % Glycol Mixture 8T
30 % Glycol Mixture -16T
34 % Glycol Mixture 20T
40 % Glycol Mixture 25T
50 % Glycol Mixture -37TC
60 % Glycol Mixture -50TC

Chilled water viscocity [N-s/mz]

10 20 30 40
Ethylene glycol concentration of antifreeze [%]

Figure 4: Chilled water viscosity with ethylene glycol

concentration of antifreeze
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