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Characteristics of Solar Desalination System Using
Refrigerant As a Heating Source

IL-YOUNG JEONG

Department of Refrigeration and Air—-Conditioning Engineering
Graduate School of

Korea Maritime University

Abstract

The evaporative desalination system using solar thermal energy
would be very efficient and attractive method to get fresh water
from brine due to low carbon dioxide generation. In this research
the solar desalination system as a heating source of refrigerant
R123 and R141b in the evaporator was considered. The circulation
of refrigerant in the evaporator can reduce the energy
consumption of the system, through using the latent heat of the
refrigerant instead of the sensible heat of present warm water.

The system was composed of the single-stage fresh water
production unit of 1 ton/day capacity with shell and tube type
evaporator, heaters instead of solar collector for supplying
proper heat to refrigerant, and refrigerant circulation system.
Various operating flow rate and temperature ranges were imposed

on the experiments to get the optimum design data. The



experimental results showed that the optimum flow rate of brine
feed to evaporator was 1.2Liter/min of R123 and 1.0Liter/min of
R141b, and the yield of fresh water increased with brine
temperature rise.

It was confirmed that the flow rate of heating source of
refrigerant as heating source decreased down to one fifth that of
the present warm water system, and it was proven to be very

efficient system for solar desalination.
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Table 2.2 Object refrigerants

R11
R123
HFC, HCFC, CFC®] =24 dul R141b
R113
R30
R610
R611
R1130
Methanol
Ethanol
Aceton

Table 2.3 Freon origin application for possible refrigerant

Refrigerant R123 R141b

at 1lbar

Evaporate |(absolute pressure) 27.8C 39C

temperature at 3bar

(absolute pressure) 61.8C 67.2C

100

80

60 /
0 _/ —R123

20 "R141b

Evaporating Temperature
(Q)

o 0.1 0.2 0.3 0.4 0.5

Pressure(MPa)

Fig. 2.7 Evaporation temperature with the gage pressure of

R141b/R123
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Table 2.4 + Z}7] 5 7FA] Wrjeo] %o W& ¥ 3ol v 34/
Ty GAoAe LS Bt R141b7F R123 Bul AL 309, dFL

15%2§§_ = AL o}

o]
T oAaA=g = AN

4

Table 2.4 Latent heat and sensible heat of R123 and R141b

Refrigerant R123 R141b
1bar
Latent |absolute pressure 170.3 kJ/kg 223.1 kl/kg
heat 4bar
absolute pressure 149.6 kJ/kg 198.9 kJ/kg
Sensible | Overheat vapor 0.7958 kJ/kgK 0.914 kJ/kgK
heat
(at 4 bar)| Overheat liquid 1.085 kJ/kgK 1.243 kJ/kgK
243 2%

Qrle) WEE w9 ked o8 gl AP

1

o
[&l

S =

o g vk
Qe WEst Fow % wsl AFmIY APl AW B NN+
ZHm/min)e] AP FAFI/kgo] AAE Holth, et BE #FY
el Aol AAmE 9ste] FEzest ZrhsA Hu Dwsk v)e T 7]

5 T AYE dut Hx2 ddst #3to] o]y A Hu}k Table 2.5 R123%
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Table 2.5 Proper refrigerant temperature

Refrigerant R123 R141b

Density(kg/m®) 1,457 1,221
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Table 3.1 Standards of evaporator design

Evaporator heating quantity 26 kW ( 93,600 kJ/h )
Refrigerant flow rate Liquid 6.7 L/min
Refrigerant temperature 60C ~ 70C

Seawater flow rate 1~3 L/min
Heating surface 0.62m>

Table 3.2 Standards of condenser design

Condenser total heat 26 kW
Condenser flow rate 35 L/min
Condenser inlet temperature 25T
Temperature difference 11C
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Table 3.3 Velocity distribution of wedge type

A type of wedge | @ type of wedge | ¥ type of wedge
(m/s) (m/s) (m/s)
Fluid path 1 0.67 0.672 0.60
Fluid path 2 1.08 1.08 1.03
Fluid path 3 1.19 1.23 1.19
Fluid path 4 1.08 1.04 1.15
Fluid path 5 0.78 0.76 0.74

Fig. 3.6. Photograph of wedge established in condenser entrance
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Fig. 3.17 Photograph of the apparatus

Fig. 3.18 Evaporator and Condenser
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Fig. 3.21 Ejector pump

Fig. 3.22 Sea water tank
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Fig. 3.24 Heater
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Fig. 4.9 Fresh water production with brine flow rate of 0.8~2.51./min
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