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Abstract : In this study, we have carried out development and performance evaluation of optimized
MEMS (Multi-Effect-Multi-Stage) fresh water generator with 7m'/day for solar thermal desalination system.

The developed MEMS was composed of high temperature part and low temperature part. This arrangement has
the advantage of increasing the availability of solar thermal energy. The MEMS consists of 2 steam generators,
5 evaporators, and 1 condenser. Tubes of heat exchanger used for steam generators, evaporators and condenser
were manufactured by corrugated tubes.

The performance of the MEMS was tested through in-door experiments, using an electric heater as heat source.
The experimental conditions for each parameters were 20°C for sea water inlet temperature to condenser, 8.16m’
/hour sea water inlet volume flow rate, 70 C for hot water inlet temperature to generator of high temperature
part, 3.6 4.8, 6.0 m'/hour for hot water inlet volume flow rate.

As a result, The developed MEMS was required about 8 kW heating source to produce 7m'/day of fresh water.
It was analyzed that the performance ratio of MEMS was about 2.6.
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G, : Specific heat of water(k]/kg)

GOR : Gained Output Ratio

h fg : Heat of vaporization of water(k]/kg)

My . Fresh water flow rate(kg/s)

Mg . Steam flow rate(kg/s)

M D : kg of distillate

m : Flow rate(kg/s)

PR ¢ Performance ratio

Q ¢ Thermal heat input(kW)

T, ¢ Inlet temperature of hot water(C)

T, : Outlet temperature of hot water(C)

5t Xt

BR ¢ Brine

CON  : Condenser

FSW  : Feed sea water

GH : High generator

GL : Low generator

H : High

L : Low

NCG  : Noncondesable gas

ST : Steam

SW : Sea water

1H : High part 1st evaporator

2H : High part 2nd evaporator

3H : High part 3rd evaporator

1L . Low part 1st evaporator

2L : Low part 2nd evaporator
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Table 1. Analysis conditions for mass and energy balance
Condenser Mgwin = MsWout 5)
M gwin G ( Towour— Towin ) = Mgraph 1o TMgrah T myeg 6)
Distribution M stwour = Mpsw T Mswrin )
of Msweout = Mswein T Mprsg TMprar T Myce ®)
Condenser Towrout = Trsw + Towgin (r Vswrout = Mpsw 1 I‘SI'VEin) (€)
High generator | 44= Mprerlpren ™ Msrenlsran (10)
Low generator | 4= Mprahprer Merarlsrar (1
giggorg?gﬁ Ist Mprenlsren + Msranhsren = Msrialsrin ¥ Mpriaherin + Mewin ewin (12)
eH\jggorz?gi 2nd Mppiglprig + MsriaPsmn = Msranhsron + MpranPpron T Mpwan Mewan 13)
gjggorg?(ﬁ drd Mypophpron T Msronlsran = Msranhsran + Mpranlpron + Mpwon + Ppwan 14)
gg;z)orgg Ist Mprathsrer T Msrerltsrar = Msrihsrie Y Mprichsri + Mpwir M (15)
Low part 2nd | h + Mgy hop s = Maro, Mo, +m h + My ooy (16)
evaporator BR1LIVBRIL sT1L'tsTIL sr21"tsT2L BR2L'BR2L rw2rL Ewar
Feed Mpew = Mppant Mprar, t Msran T Merar T Msri g T Maran T Mars, T Merip T Merar +Myeq A7)
Sea Water Mpgy = MppsgT Mppop T MyceT My (18)
Mgy = Mpswy— Mprsg — Mpror — MNce (19)
Fresh water Mpw =Mgrar+ Merar ¥ Mo+ Maroy T Mgps, T Mgy TMgrop (20)
Mpw = Mpwrg T M ewer ¥ Mpwsg T Msrsg T Mpwnr T Mewar T Msrap @D

94

S=Ef ORISR =& Vol. 33, No. 3, 2013



DA 2EA(ILE, A), TE7] SEA(LE & 19 FE7]e] 48 X3 = 5528C oF
3EA, A& 2EA), $%7] IEAR TAHT 2 15kPa, & 2% F97]e dde xHew
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e oR wEs e ddo] BT o] X3k 45T oF 950kPa® AAF Lo, 11
23t Ao LAEE= mass balance & & SV IR R A2 19 279 ¢
energy balanceE 3% 13 #Zo] Yepd 4 9l #HE ¥32% 50T oF 12.34kPa, A< 29 =
oh 3 139 22 Mass& Energy balance® F  #7]9] ¢Fel& ¥ 3l2% 45T oF 959kPas A
H MEMS 5224 &719 Ao 2 @22)9F Al #4 & d=s A4 HAAvk 1
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:
7 o] MEMS #4:7]1¢] PR @2 o] &4 2

2 942 tte=g 283 oA E A AL Table 2. Designed operating conditions
a = 7r
&¥ oUAR e flos vehdth Latent Sat | Feed |Sensible
Steam Pressure
(kg/day) heat (kPa) Temp| water heat
(kJ/s) (C) | @wp™m) | kJ/s)
PR— Distillate flow rate (Kg/s) %2326 (K.J/Kg) 2) GH | 1,440 [38.767| 19.93 60 25 6.096

Power Input (KW) 1H | 1152 |3L.013] 157 | 55 | 20 | 418

2H 922 |24.811| 12.34 50 16 | 2.787

2.3 MEMS =4 937 A7 3H 737 [19.849] 9.59 45 128 | 1.723
GL | 1,152 [31.013| 15.75 55 2.0 4.18
1L 922 |24.811| 12.34 50 16 | 2.787
2L 737 [19.849] 9.59 45 1.28 | 1.783
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Table 3. Measured operating conditions

Hot GH GL GL Sea | CON | CON
water Inlet Inlet Out water Inlet |Outlet
P | (T) | (C) | (C) | wpw | (T) | ()

6045 | 695 | 623 | 561 | 135 208 | 248

7962 | 692 | 635 | 584 | 135 213 | 255

99.75 | 694 | 646 | 602 | 135 209 | 256
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Fig 3. The pressure profiles & Hot water flow rate
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Table 4. Evaporating & Condensing capacity

iong | Pt | T | T S| Ersh |y

60 | 30.29 | 2584 | 56.13 | 38.34 | 3.195 | 292.8

80 | 31.58 | 2821 | 59.79 | 41.16 | 3.42 |291.37
100 | 32.90 | 30.30 | 63.20 | 44.36 | 3.66 |288.19
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