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Optimization Design of Liquid Desiccant Cooling System

Dong-Scon Jeon, Sang-Jae Lee, Seon-Chang Kim’, Young-Lyoul Kim, Chang-Jun Lee
Korea Institute of Industrial Technology, Chung-nam, 331-825, Korea
*Korea District Heating Corporation, Seoul 135-886, Korea

(Received November 12, 2009; revision received April 13, 2010)

ABSTRACT: This paper presents the optimization process of liquid desiccant cooling system
using LiCl aqueous solution as a working fluid. Operating conditions(mass flow rate, conditioner
outlet concentration, difference concentration) and design factors for heat exchangers{(difference
temperature of the district heating water, leaving temperature difference of the conditioner, leaving
temperature difference of the regenerator, air temperature difference of the conditioner, air
temperature difference of the regenerator) were optimized by response surface method. As a result,
we obtained the 7.297 kW of cooling capacity and 0.788 of COP at optimized condition. Effect of
difference temperature of hot water on System performances was also examined. As difference

temperature of the district heating water increases, the cooling capacity increases and COP
decreases.

Key words: Liquid desiccant cooling system(& A A &4 W% Al2=), Response surface
method(¥-8 F# ¥), LiCl Aqueous solution(LiCl 8 <)
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cooling system.
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Fig. 2 Liquid desiccant cycle on the Diirhing
diagram for LiCl aqueous solution.
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Table 1 Validation of cycle analysis program

Unit Reference [ Cycle Analysis

Ambient Temperature T 25.39
Absolute Humidity of Ambient Air kg/kg' 0.0123
Supply Air Temperature ) 26.06
Absoclute Humidity of Supply Air kg/kg’ 0.0057
Conditioner Inlet Concentration %/100 0.403
Conditioner Outlet Concentration %/100 0.377
Effectiveness of Solution H.X. %/100 0.557

Hot Water Inlet Temperature T 98.9 97.0

Mass Flowrate of LiCl Solution LPM 12.08 12.03

Air Flowrate of Conditioner CMM 135.0 136.7

Cooling Capacity kW 49.92 581

Water Removal kg/h 64.05 62.07

cop %/100 0.699 0.656
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Table 2 1" Step : RSM Table(at Tu=327C, dTCW =5C, Tz =97C)

No Factor Response No Factor Response

my G ac Ti5 Qur | COP my & ac T5 @oir | COP
0.037 | 0.382 | 0.036 | 2146 | 7512 | 0.7098 | 8 | 0.043 | 0.418 | 0.054 | 1854 | 1294 | 0.7126
0.043 | 0.382 | 0.036 | 21.46 | 8731 | 0.7098 | 9 | 0.035 | 0.400 | 0.045 | 19.88 | 8946 | 0.7314
0.037 | 0418 | 0.036 | 1941 | 7.315 | 0.7197 | 10 | 0.045 | 0.400 | 0.045 | 1988 | 115 | 0.7314

1
2
3
4 | 0043 | 0418 | 0.036 | 1941 | 8501 | 0.7197 | 11 | 0.040 | 0.370 | 0.045 | 21.65 | 10.38 | 0.7024
5
6
7

0.037 | 0382 | 0.0564 | 20.38 | 11.73 | 0.7315 | 12 { 0.040 | 0.430 | 0.045 | 1841 | 9.773 | 0.6854
0.043 | 0.382 | 0.054 | 20.38 | 1363 | 0.7315 | 13 | 0.040 | 0.400 | 0.030 | 20.72 | 6.655 | 0.7255
0.037 | 0.418 | 0.054 | 1854 | 11.14 | 0.7126 | 14 | 0.040 | 0.400 | 0.060 | 19.11 | 13.85 | 0.7346
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Fig. 3 3-D surface plot of 7j5(at m; = 0.04).
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my  10.0350 | kg/s
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Table 4 2™ Step : RSM Table(Factors and Responses)
Factor Response

Y TTLTDC | LIDR | dTwe | dTwn | T, Ty Qu COP

1 2.0 2.0 20 20 35.0 18.72 7415 0.7312

2 40 2.0 2.0 2.0 25.0 19.69 7.324 0.8196

3 2.0 40 20 2.0 25.0 18.99 7.393 0.8229

4 40 40 20 20 35.0 19.26 7.368 0.6622

5 2.0 2.0 40 2.0 25.0 19.72 6.675 0.748

6 40 2.0 40 2.0 35.0 19.99 6.621 0.6569

7 2.0 40 40 2.0 35.0 19.33 6.745 05838

8 40 40 40 2.0 25.0 20.27 6.559 0.7244

9 2.0 2.0 2.0 40 25.0 19.05 7.387 0.7914

10 40 2.0 2.0 40 35.0 19.33 7.361 0.6368

11 2.0 40 2.0 40 35.0 18.65 7.42 0.5097

12 40 40 2.0 40 25.0 19.62 7.332 0.7696

13 2.0 2.0 40 40 35.0 19.39 6.734 0.5684

14 40 2.0 40 40 © 250 20.34 6.542 0.6962

15 20 40 40 4.0 25.0 19.65 6.688 0.7007

16 40 40 40 40 35.0 19.65 6.683 0.7007

17 1.0 3.0 3.0 3.0 30.0 189 7.094 0.7283

18 5.0 30 30 30 30.0 20.13 6.914 0.7118

19 30 1.0 3.0 30 30.0 19.56 7.006 0.741

20 3.0 5.0 30 30 30.0 19.42 7026 0.6931

21 30 3.0 10 30 30.0 18.82 7.739 0.7987

22 3.0 30 50 30 30.0 20.14 6.294 0.6451

23 30 3.0 30 1.0 30.0 19.49 7.016 0.7878

24 30 30 30 5.0 30.0 19.49 7016 0.6663

25 30 30 30 3.0 20.0 19.84 6.963 0.7757
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