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Abstract — Demands for fresh water are increasing due to industrialization and population increase. Therefore,
research and developments on desalination plant are actively implemented. Currently, RO technique is dominant
(over 60%) in desalination technology due to its energy saving benefit, while demands for MSF and MED are
decreasing. Nonetheless, demands for MED desalination using waste heat are consistently emerging, and its energy
efficiency is augmented by applying TVC. In this paper, performance characteristics of TVC and waste heat (steam)
using desalination module are examined using simulation tool. 6 stage MED is designed with temperature data of
20 to 28 °C (seawater temperature in the middle east sea), Maximum concentrated water production and GOR are
examined by comparing the rate of TVC and seawater heating rate by steam produced from 6 stage evaporator. For
result, maximum desalinated water product was 1.696 kg/s with 5.65 GOR at 28 °C seawater, TVC and seawater heater
input ratio of 4:6. In this case, salinity of concentrated water showed 79,300PPM at maximum. Such byproduct can
be used as raw water for higher concentration.
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Fig. 1. Schematic diagram of MED-TVC based seawater desalination plant.



Feed seawater Fi, Tt, Xt

¢ _,‘/VT'% \"‘vu T
/ N S AN
-
Vi1, Twin D, Ta
2 @ k----- >
1 B

Effect i

Fig. 2. Design of MED evaporator.

A1 Fig. 25 MED 2§ $27]9) 7jdiwolch,
A 13 o] FREE ) AFFEDS Sl T2 nefI
(B BV F AR} FAS, ) 201419} o] Tt
£ a0 ARBFRDE MEE Helolo] PRIt FAHt,
e, 4 38 FWI B F719) gAnske sl L

ol W @} 3] A wo] FeS ek,

?‘m

Zlodak
= =

2} Zu)eA) BASHE 3719) AL 4 a9t g, 4 st
3719 AFE B 9 WAe) REAS B WS ¢

7] R 7)) 8% Ame e,

F;=V,*+B, (D
Xsz = X;B; 2
Vioihiog = FC(Ti =T+ Viky )
0. = Vik; 4)
Vi = (Fi+ Fo, ) C(T—T,,) (%)

AN F,= a5
V, = 571 A%k (Steam generation rate)
B, = Al 2 57| %) B2kl (2nd evaporator inlet brine)
C, = 3all5 H
Xf= 3|5=2] ¥I=(Salinity of seawater)
;= B2}l A% (Salinity of brine)

X- = ¥3%719 S5 (Latent heat of evaporation of

3] (Seawater inflow rate)

< (Seawater specific heat)

supply steam)
M., = Y25 5= (Coolant flow rate)
Q ; ZBemé"éﬁ(Evaporation heat)
= (Seawater temperature)
Ti =57 ] Hldr X (Temperature inside the evaporator)

T, = 47+ &% (Coolant temperature)

P, = 7] U5 942 (Pressure inside the evaporator)
D, = A3k 2= 5 (Produced water mass flow rate)

§ WA B FEETW] 48 A 45 %

Pm. ).Im \‘vm ):I:l \‘vd

Es, Ad

Fig. 3. Design of MED-TVC desalination ejector.
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Table 1. Specifications of MED and seawater components

A dolg s

2" 2E(°0) 170

¥ 98 (kPa) 500

A8 §-3H(kg/s) 0.3

& &5(0) 20, 22, 24, 26, 28
3l 2 (kPa) 101

B4 FF(kg/s) 3.7
S7) L 29 3}He0) 5

7] e A (kPa) 15

TVC 32/ Wzhy] A8 23 u]8 4:6,4.5:5.5,5:5,5.5:4.56:4
7] AL (%) 0,1,2,3,4,5
HE 1 24 %k
AL 58 75%

g ET 88 75%
rE T Hoky 10

g BT JYA 10
AT vl&
E(H,0) 96.5%

A= 3.5%

19 21 24 27 30 35
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63 2830 tH(Kaplan e al[2017]). ZF @2 £ Hil= A7
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31311, Ruth Kaplan® 10 °C2] 253315 1216l{tH(Dastgerdi
et al[2016]). B =HolM= 5°c 2% WslE Fgsigion ¢
& 71t 15kPaS 288191} 3, T g fR 2.7 kehs
ot} 6 Tl WAE 2HE] 60%= TVCO 55", 40%=
g W2 FFE ] A dgE 7thehe S 5E E-8-Ert
AR TVC 3+ 259 Bl&-S WislshaA] Wshs s Halks

T3 4:6, 4.5:5.5, 5:5, 5.5:4.5 6:49] v]E W3}E ALale] T
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712 f150) SEHEEA DS AT (V-101)E FF3haL
S 9re BARRAV-106)E FHE A 6 SHI1(V-105)
oA BAAE F7] AF-= g ADVI(E-1040)E FHE ] slTE
71dahn | AR FF Ago] TVC(MIX-100)2 F¢lE =2 uhay
sh= Egae] gt 7] WR-e] 2 S717F TVCE 78l
Ho] EE3719] 9 S7M7IA "tk B A 3aE
e HEE &8 TEEY, 7wl dge =yele o
e T slFE SEE LAl 6 T AA HE sFE
AD Ei= 7iAslo| Eglo] Es) o] 31k 50| Vheeh Wrs) A
H= FHE)

320 M2 A

slell g3l | o]0 7 o] Q= AL YEFR, dsh, vt
147, A 9 24 o]th(Michael[2010]). 1 Hell= e
o 2 mje]FZ= 0] WA AR} FES] opu|AkS T8l ARkl
T E7lo] WA 11 Qlth(Dickson and Goyet[1994]). SFA 9 -
A EYo|Ael AgEE di 2AL AXT]F 35,000 ppme A&

3}Ith(Kaye and Laby[1995]).

3.3 oA ME WAl

3l el g3llE]o] Qe Aa ARt 7e FEAAS AlEE
o] el &3] Sisle] teket B4 o] 7 7hedt siX Al e
Agaflof stct. o] AlEd o] 48 UNIQUAC Zd
BHE, Nall-a2A4), AN Hx= HA-Z7] B3] 22 iAo =}

F 4-8-dr}h. UNIQUACTH &2 R2g &3l 318} diA Yoy &
ofellM v 3 skt el 4 7w o, & 8

o
=
Aol 8% Aspench HYSYS V109 ¥g] 2]
A= 7% (Balanceys AXFsh=tl] AR-EtH Maurer and Prausnitz
[1978]; Jiménez et al.[2000]; Mufioz et al.[2006]).
oie] 2o 74 B} w7 R UNIQUACE 23 Gibbs
A olluA)E 23 9 ZHF(Combinatorial and Residual) 71912
il =
G" = (G +(G"' %)
TS i WA 9 Q40] At ¥ s Al (Activity Coefficients )=
oS3 o] g
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Fig. 5. Schematics of 6 stage MED model using HYSYS.
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Fig. 6. Desalination water production and salinity in accordance to MED-TVC evaporator stage.
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Fig. 7. Desalination water production and salinity in according to the evaporator heat loss.
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7} A= Q). 20 °C2] HA Sl Z7elAl= TVC *l%ﬂ Wk At SAsAl 28°Call 2217 4:69] TVC 3 X
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Table 2. Data of 6 stage MED model using HYSYS (at 28 °C seawater)
Name 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
Vapour Fraction 00 10 00 10 00 00 10 00 00 10 00 00 10 00 00 1.0 02
Temperature [C] 48.0 129.9 95.6 956 73.4 90.6 90.4 904 854 851 851 80.1 79.7 79.7 734 746 73.4
Pressure [kPa] 201.0 36.1 84.0 84.0 36.1 84.0 69.0 69.0 69.0 56.0 56.0 56.0 45.0 45.0 36.0 36.0 36.0
Molar Flow [kgmole/h] 685.5 103.9 635.6 49.9 103.9 49.9 56.5 579.1 56.5 62.6 516.5 62.6 68.0 448.4 339.0 29.3 29.3
Mass Flow [kg/s] 37 05 35 02 05 02 03 32 03 03 29 03 03 25 1.7 01 0.l
Liquid Volume Flow [m*h] 12.7 19 11.8 09 19 09 10 107 1.0 1.1 96 11 12 84 61 05 05
Heat Flow [MW] 545 69 500 33 81 39 38 456 44 42 408 49 45 355 265 20 22
Name 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33

Vapour Fraction 1.0 00 10 10 00 10 00 00 10 00 00 1.0 00 00 1.0 0.0
Temperature [C] 170.0 28.0 129.9 129.9 74.7 744 744 69.4 74.6 746 28.0 74.6 73.4 734 734 74.6
Pressure [kPa] 500.0 101.0 36.0 36.0 45.0 36.0 36.0 36.0 36.0 36.0 201.0 36.0 136.0 36.0 36.0 136.0

Molar Flow [kgmole/h] 59.9 685.5 103.9 103.9 68.0 72.6 375.8 72.6 73.2 302.6 685.5 43.9 330.5 330.5 8.5 302.6

Mass Flow [kg/s] 03 37 05 05 03 04 22 04 04 18 37 02 17 17 0.0 18

Liquid Volume Flow [m*h] 1.1 127 19 19 12 13 71 13 13 58 127 08 60 6.0 02 58

Heat Flow [kW] 39 548 69 69 12 13 71 13 13 58 127 08 60 6.0 02 58

n(kgls)

1.6

Desalinaion water productio

' 45:55

4

. 6
(:Inﬂopvrate

Fig. 8. Desalination water production rate in accordance to seawater

temperature and TVC inflow rate.
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Fig. 9. Salinity gradient of concentrated water in accordance to sea-
water temperature and TVC inflow rate.

e

o] ¥HAE | 28 °C S5 TVC Wslel we} Ao

517} 45.4%7F Zpol7} HANBAL 4:69] TVC &9 %

3l 2= Wslel] whe} 22.3%2] xjol7} vyt
At} o] TVC 3330 AAESSE od7]dr e 4

3Rk ST HH, a4 deo] =2 AS 13 TR &

e 2] ddgo] TUEERE HE At Al

o

ZAN=

pd -]

42.3 GOR W3}

Fig. 107} o] GOR®| Wiglg=2 &+ 2| ]
oJulsh, 0.3 kg/sE LGS FEEE ~
TVC 22| Htf GORS 5.65° 2a}i}.
91 20°C Z71oA1= GOR 3t 23307 A )

T W ARl Wl v AR o A=k

o] YR grass Hehli= GORol T7FsHl #

o,

Fig. 10. GOR gradient in accordance to seawater temperature and
TVC inflow rate change.
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and TVC inflow rate change.
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