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Cooling Cycle for Energy Saving
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Hung Joo Lee, Yong Ku Kim

ABSTRACT

Research on reheating cooling cycle and its practical application have been made to prevent
unequalized distribution of temperature and humidity of room due to lack of supply air volume
and dewdrops on supply diffusers to be taken place as a result of lower temperature of supply
air than that of dew point of room air in cooling cycle of constant air volume, single duct, single
zone and draw-through fan type.

In view of the fact that human body is insensitive to humidity, it is possible not only to
construct the complete non-reheating cooling cycle by increasing the humidity point allowable
with the deduction of occupant’s sense of pleasantness minimizing, but also to get cooling
cycle decreasing the reheating quantity if the humidity exceeds the point allowable.

In addition, it is possible to save maximum 8% in electric energy for cooling in cooling
system by constructing non-reheating cooling cycle instead of reheating cooling cycle and by
increasing the relative humidity of room from 50% to 65% in case efficiency and air pressure of
cooling system are low.

It is also possible to get an optimum cooling cycle by determining the room humidity in
consideration of pleasantness of occupants and conservation rate of electric energy if the cooling
capacity, efficiency and total pressure of cooling equipment are fixed.
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Symbol
Description | Room Room cooling Before After
cooling load load factor increasing increasing
of room of room
humidity humidit y
Sensible Constant Convection, sun shine, | SHG SHG *
heat gain infiltration, person,
equipment, lighting
fixture
Latent " Person, equipment LHGc LHG¢
heat gain Variance Infiltration air LHGy LHGY'
Total Variance Above all factor THG THG
heat gain
Note ; 1 Sensible heat gain of convection, sunshine, infiltration, person,

equipment and latent heat gain of person and equipment in room

cooling load 1s constant.

i. e, SHG = SHG' and LHGc =LHG (.
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Table2. Design factor for optimum cooling system

Nomenclature Value Description
€ Yem 5.0~5.5 Coefficiency of performance X
Efficiency of compressor in water chiller
Yo 0.1~05 Efficiencyof prpopeller fan in condenser
NSk 0.45~0.85 Efficiency of fan in air handling unit.
(Multibrade and air foil type).
Poo 150 ~ 200 .
Total pressure of fan in condenser
(Pa)
P 400 ~ 1,200 Total pressure of fan in air handling unit
(Pa)

4 tve 47T Logarithm mean temperature difference
(=40C—3.3C=47Tin Seoul Korea)
between inlet air and out air in condenser
coil .

Table 3. Design factor in the five selected cases A ¢ AzA AUGE S0%E £4low
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Table 4. Governing factor for equation (16), (RSHF=10.737; constant)

Factor of| Supply air volume | Mixture qRrs qec’ &I/kg)
equation air dry (kJ/kg)
(16) (m’/h) bulb
()
Relative | | Supply- Supply Entering | Leaving | Cooling
humidity|| air air air air air
%) dry volume specific specific | specific
of room || bulb enthalpy | enthalpy | enthalpy
air (D] (m*/h) (kd/kg) | (kd/k) | (kd/kg)
35 93 14, 790 29.0 16.7 65.0 18.6 46. 4
40 1.5 17. 030 28.6 14.5 63.5 25.1 38.4
45 13.0 19, 000 2.4 13.0 63.5 0.6 32.9
50 14.6 21, 670 8.1 11. 4 64.0 35.8 78,2
55 16.0 24. 700 27.8 10.0 64.2 41.0 23.2
60 17.8 30. 120 27.5 82 65.1 47.0 18.1
b2 18.7 38, 000 21.2 6.5 65.8 52.1 13.7
70 21.0 49, 400 26.9 50 67.2 57.0 10. 2
75 222 65, 000 26. 7 3.8 68. 6 61.5 71
80 : 235 98, 800 26.5 2.5 0.5 65. 7 4.8
Note : I. Basic value is room humidity 0%
2 qrs=114 gqec=2482
Table 5. Electric reheating energy (RSHF =0.737 ; constant)
Factor of Specific electrical Rhi} ;
equation (i6) reheating energy Total
Supply air Specific reheating Remarks
Relative specific reheating energy
humidity (%) enthalpy energy (kJ / kg)
of room air (kd/ kg ) (kd /kg)
35 22.0 3.4 60, 340
40 27.17 2.6 53, 100
45 2.5 L9 43, 320
50 37.0 1.2 31, 200 Basic value
55 41. 5 0.5 14, 820
60 47.0 0 0
65 o921 0 0
70 57.0 0 0
75 6. 5 0 0
80 65. 7 0 0
Note : 1 Ref. )Tahle 4
2. Rht = 3l. 200
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Table 6. Optimum energy saving cooling cycles in the selected cases
(basic cooling cycle reheating of 50% rh)

T Case Case 1 Case II Case [ Case V Case V
Descriptjon
Room relative 65 60 55 45 15
humidity (%)
Energy saving 8 3 9 9 3
ratio (%)
Comfort ratio I
of person (%) 65 75 85 95 95
(Ref, ASHRAE)(%) |
Consumption of
total electric 2.6x108 1.5x108 1L.17x10% L0IX10® + 0.909x10°
energy * (kJ/kg) __J
* ; Basic cooling cycle with rehcating of 50 % rh.
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