Korean Journal of Air-Conditioning and Refrigeration Engineering

Vol. 29, No. 1 (2017), pp.015-020
ISSN 1229-6422(Print), 2465-7611(Online)
https://doi.org/10.6110/KJACR.2017.29.1.015

=2l MEes=AlLEe HEFSH Madrn oS
Prediction of Latent Heat Load Reduction Effect of the Dehumidifying

Air-Conditioning System with Membrane
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Abstract The summer climate is very hot and humid in Korea. The humidity is an important factor in determining thermal
comfort. Recently, the research for dehumidification device development has been attempted to save energy that is required
for the operation of the current dehumidifiers on the market. Existing dehumidification systems have disadvantages such
as wasting energy to drive a compressor. Meanwhile, dehumidification systems with membranes can dehumidify humid air

without increasing the dry bulb temperature so it doesn’t have to consume cooling energy. In this paper, the cooling energy

savings was studied when a dehumidification system was applied in a model building instead of a chiller. The sensible

heat load was almost the same result, but the latent heat load was decreased by 38.9% and the total heat load was decreased

by 8.5%. As a result, electric energy used to drive the compressor in a chiller was saved by applying a membrane air-

conditioning system instead.

Key words Membrane(i= 2] %}), Dehumidifying air-conditioner(#]s5 &), Energy saving(olU X A7),
Energy simulation(l| ] %] A]E&#] o] A), Latent load(Z<-3})
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Fig. 1 Dehumidification methods in psychometric chart.”
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Table 1 Membrane cartridge system description

Parameter Value
Size 536 Wx320 Dx396 H
Number of modules 13 EA
Number of membranes per module 1,200 EA
Inner diameter of membrane 450 pm
Outer diameter of membrane 685 ym
Porosity of membrane 60%
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p |
.11 \\
lll
s

Fig. 2 Membrane cartridge system.
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Table 2 Measurement conditions for Membrane cartridge system

Case Temperature Humidity dfi’;;:rsel:se
Case 1 30 C 80 % 0.1 bar(a)
Case 2 30T 60 % 0.1 bar(a)
Case_3 30T 80 % 0.2 bar(a)
Case 4 30T 80 % 0.3 bar(a)

R
- - -

Fig. 4 Automatic moisture acquisition device.

Fig. 5 Detail of dehumidification membrane part.
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Fig. 6 Dehumidification performance test result.
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Fig. 7 Conventional dehumidification system.
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el Zlojth 71E FRA|AHA = 78 agE &
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eyl A4 2 AGH S804 A F Case 1S
71Z0=2 £997] 1,000 m’/h(1,200 ke/h)Z 0.28 kg/h
2 S AFFS A48t 97| Fst gasEE A
O = Tmsysoll A AR ES Akl AlEdolds A

Al5FSt). Table 5, Table 6, Table 7= 232} A| =¥ A&
go]deo] Aew WEr) 7| EALE, WaE 9 dga

™) Qo] 712 AFES LEbd Rolth WEAE A71E of
— % 3 HFA P57E VI em dAelal CoPE 4.5
Tepebth Rmrma % X—] —9_ O]— o ‘jl_.
s AAHow AFE B o] &3 AFFEA
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w,v,,m ) :f,?+ Table 5 The chiller description
i £ Quantity 1 EA
Fig. 8 Membrane dehumidifying system. Capacity(USRT) 33
Flow rate[LPM] 362
Table 3 The parameter of cooling load Evaporator Temperature S
The parameter of Cooling load value difference[ C]
Person 1,050x0.2 = 210 210xschedule Flow rate[LPM] 452
Radiation-13.5 Condenser Temperature
Equipment 15 W/m’ = 54 kJ/m’ Convection difference[ C] 3
-40.5xschedule Power(kW) 314
Radiation-36
Lighting 20 W/m* = 72 kJ/m’ Convection ) o
_36xschedule Table 6 The cooling tower description
Quantity 1 EA
Control 15 961, RH 60%  POWER-unlimited :
condition Capacity(USRT) 35
:00~18:
Schedule  June I~August 31 M8 %0 iqg . Flow rate[LPM|] 362
onday~rnday Cooling water Temperature 5
difference[ C]
Table 4 The parameter of dehumidifying process Flow rate[LPM] 504
The parameter of dehumidifying Blower
value Power[kW] 5.52
process
Absolute humidity reduction exist-Outair Table 7 The cooling coil description
0.00023 kg/kg’ -
Quantity 1 EA
Inlet flow rate 37,926 kg/h
Flow rate[LPM] 362
Fraction of flow to 08 N
Divider outlet 1-RA . Chilled water Inlet temperature[ C] 7
Fraction of flow to o Onlet temperature[ C] 12
outlet 2-OA ’ Outlet air Temperature[ C] 16
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Fig. 9 Latent heat load of conventional system.

120000

100000

80000

60000

Latene load(kJ/h)

40000 l | '

[ Ll

o Ml ] il .M |

1 301 601 901 1201 1501 1801 2101
Time(h)

Fig. 10 Latent heat load of dehumidifying system.
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Fig. 11 Total cooling load.
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Fig. 12 Power consumed by electric chiller.
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