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Department of Mechanical Engineering

Graduate School, Korea Maritime University

Abstract

Global resources of freshwater are scarce, unevenly distributed and, in
many cases, may require some form of treatment and handing. There are
many types of desalination systems multi-effect desalination(MED),
multi-stage flash desalination(MSF), reverse osmosis desalination(RO)
and electro-dialysis(ED). Each type of desalination is limited and
different according to surroundings, environments and conditions. With
advanced technologies 1in scale control and material selection,
Multi-effect 1is now playing a major role in seawater desalination
systems. Multi-effect is inherently superior in economy, low specific
electricity consumption, and embraces the possibilities of using lower

grade materials to a better effect.



In the present paper, safe operating conditions of the duel effect
desalination system were examined by varying the temperatures of the hot
water and the feed water. The duel effect desalination system was made by
modifying a fresh water generator used in the ship. Pressures and
temperatures were kept at a steady state. The effect of the feed water
and hot water temperatures on fresh water generating rates were
explained. The overall heat transfer rates of heat exchangers were
reduced from raw data and the effect of inlet conditions on the overall

heat transfer rates were described.
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Table 2.1 Description of evaporator in 1st stage

Table 2.2 Description of evaporative condenser in 2nd stage

Table 2.3 Description of condenser in 2nd stage

Table 2.4 Experiment conditions

Table 3.1 Fresh water generated

Table 3.2 Temperature differences between inlet temperature of hot water

and saturated temperature of the 1% stage
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1.1 3D modeling of Double effect desalination system

2.1 Photograph of water ejector

2.2 P & ID of experiment apparatus and related facilities

2.3 Schematic diagram of double effect desalination

2.4 Photograph of turbine flow meter

2.5 Photograph of mass flow meter

2.6 Photograph of flow meter

2.7 Photograph of manometer

2.8 Photograph of T-type thermo couple

2.9 Photograph of data acquisition system

2.10 Photograph of double effect desalination and PC system

3.1 Schematic diagram for theoretical analysis of Double effect



desalination

Fig 3.2 T-S diagram for flash phenomena

Fig 3.3 Variations of absolute pressures at each stage and inlet of stage with

the temperatures of feed water

Fig 3.4 Variations of Temperature at each stage with the temperatures of feed

water

Fig 3.5 The impacts of hot water temperature on heat transfer rates

Fig 3.6 Overall heat transfer coefficient in each case of hot water temperature
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desalination

Fig 1.1 3D modeling of Double effect

system
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Fig 2.1 Photograph of water ejector
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Table 2.1 Description of evaporator in 1st stage

Description Value
Effective tube length(mm) 400
Number of tubes 105
Tube outdiameter(mm) 16
Tube thickness(mm) 1
Heated area(m?) 2.11
Tube pitch(mm) 20
Number of baffles 5
Baffle cut(%) 17
Central baffle spacing(mm) 65
Inlet baffle spacing(mm) 59
Outlet baffle spacing(mm) 61.5

Table 2.2 Description of evaporative condenser in 2nd stage

Description Value
Effective tube length(mm) 400
Number of tubes 105
Tube outdiameter(mm) 16
Tube thickness(mm) 1
Heated area(m?) 2.11

_11_




Table 2.3 Description of condenser in 2nd stage

Description Value
Effective tube length in condenser(mm) 810
Number of tubes in condensing section 160
Pass of condensing section 2
Tube outdiameter of condensing section(mm) 11
Tube thickness of condensing section(mm) 1
Heated area of condensing section(m?) 4.48
Number of tubes in preheating section 30
Pass of preheating section 2
Tube outdiameter of preheating section(mm) 11
Tube thickness of preheating section(m) 1
Heated area of condensing section(m?) 0.84
Total area of condenser(m? 5.32

_12_
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Fig 2.2 P & ID of experiment apparatus and related facilities
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Fig 2.3 Schematic diagram of double effect desalination
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Fig 2.4 Photograph of turbine flow meter

Fig 2.5 Photograph of mass flow meter
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Fig 2.6 Photograph of flow meter

Fig 2.7 Photograph of manometer
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Fig 2.8 Photograph of T-type thermo couple

Fig 2.9 Photograph of data acquisition system
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Table 2.4 Experiment conditions

Description Values
Flow rate of hot water(¢/min) 95
Flow rate of feed water (¢/min) 238
Total feed rate(¢/hr) 280
Feed rate of each stage(¢/hr) 140
Temperatures of feed water(C) 20, 22, 24, 26, 28, 30, 32
\C))V(;ltl;(()%%d temperatures of hot 79, 81, 83, 85
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Fig 2.10 Photograph of double effect desalination and

PC system
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myx C, x (Ty— Ty) = mgh, (2)

My= M+ ms (3)
Ty=T,= Ty (hy=hy=hy) (4)
ms= Mg+ my (5)
mshs + Q= mghg + mghs (6)
ma= my+ me= mg+my, (7)
mohy = myhy + mghe (8)
m-h + mghg +mohg = my1hyy (9)
Mgt me= My, (10)
myhy = myhyy + myghs (11)
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Fig 3.1 Schematic diagram for theoretical analysis of Double effect

desalination
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Fig 3.2 T-S diagram for flash phenomena
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Table 3.1 Fresh water generated(ton/day)

Controlled temperature of hot water(C)
(Operated temperature of hot water)

77 79

(75.2~76.5)

81 83 85
(77.1~78.3) | (80.1~81.1) | (81.7~83.2)

1.085

(c3)191eM PadJ Jo aunmjetaduia [,
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Table 3.2 Temperature differences between inlet
temperature of hot water and saturated temperature of
the 1% stage(C)

Controlled temperature of hot water(C)
(Operated temperature of hot water)
81 83 85
(77.1~78.3) (80.1~81.1) (81.7~83.2)
N 14.9 ¥4 13.9
—
@
3
S
] o 14.8 15.5 12.7
o
=
3
= 0 14
mh 3 o) 14.2 12.4
o
(¢))
[N
3 w
= = 12.1 14.2 11.4
=
E
< 10.6 12.5 11.7
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Fig 3.5 The impacts of hot water temperature on heat transfer
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