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ABSTRACT: Due to the high use of thermal desalination plants, there is a great tendency to simulate
their behavior. Most of the research is focused on modeling steady behavior, but to design control
systems and evaluate their performance, we also need to study unsteady behavior. Also, few researchers
have studied the system shutdown. In this paper, steady and unsteady modeling of an industrial multi-
effect desalination plant with four effects, one condenser, and a Thermo compressor has been studied.
The variable-step, variable-order method has been used to solve differential equations. Each evaporator
is divided into three phases of vapor, tubes, and brine then the equations of mass and energy conservation
are used. Results have been validated with real plant data. The variables of temperature, vapor flow rate,
brine flow rate and brine level were studied in unsteady modeling in starting, shutting down, and steady-
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state conditions. It was found that the largest change in the brine flow rate after shutting down is in the

last effect, which increases by 42%. Also, the biggest change in the level of the brine is in the first effect,
which after 800 seconds will reach 11 times the steady state that will cause the flooding phenomenon.

Shut down
Variable-step and variable-order

Flooding phenomenon

1- Introduction

Modeling and simulation of the desalination process
simplify the design and operation of the Multi-Effect
Desalination with Thermal Vapor Compression (MED-TVC)
device and gives us a better view of the optimal operation
and process control. Dynamic modeling will be very useful
for solving problems related to unsteady behavior such as
start-up and shutdown and the effects of disturbances. There
are many studies on modeling in the steady state, but in the
transient state, the studies obtained have been very limited
due to the complexity of the equations obtained. Cipollina
et al. [1] presented a dynamic model for the transient
operation of a multi-effect desalination plant with a Thermo
compressor in 2017. Elsayed et al. In 2018 [2, 3] investigated
the dynamic performance of the multi-effect desalination
process in different forms of feed water into the system and
the effect of the perturbation on the MED-TVC. In 2019,
Guimard et al. [4] considered new considerations along with
a control strategy for modeling a multi-effect desalination
plant with an ejector under dynamic conditions. In 2019,
Dong et al. [S] connected an integrated pressurized water
reactor with a multi-effect desalination process with thermal
vapor compression. They developed a dynamic model for
the design and optimization of control devices for nuclear
desalination plants. In 2020, Hakim et al. [6] proposed a new
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algorithm to solve the problem of steady-state analysis of a
multi-effect evaporator with forward feed, which consists
of three effects. In 2021, Hua et al. [7] studied the dynamic
response of state variables in the multi-effect desalination
process. These variables include evaporation temperature,
salinity, evaporation mass flow rate, and brine level.
According to the research on multi-effect desalination
plants with ejectors, it is clear that most studies in this field
have focused on modeling the steady-state behavior of this
system and very little research has been done on the transient
state model. However, in order to design control devices
and especially principled planning with the least amount of
losses and stress to the desalination system and its ancillary
devices including ejector, pumps, and heating supply system
during start-up and shutdown, we need to model the transient
behavior of desalination plant. In this study, the unsteady
behavior of four-effect thermal desalination with an ejector is
modeled. This modeling has been implemented by obtaining
governing differential equations of evaporators, condensers,
and ejectors, in order to obtain the relationship between the
outputs and inputs of the system by using the thermophysical
properties of water. One of the main differences between
current modeling and others, especially the Elsayed model
[3], is in the dynamic model of the condenser, which is able
to report the water level of the condenser. Also, the modeling
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Fig. 1. Output Brine mass flow rate changes from all
effects

of the ejector is based on gas dynamics equations in two
algorithms of design and evaluation, which most articles use
only one empirical equation. This type of ejector modeling
makes it possible to use the design algorithm to obtain the
geometrical characteristics of the ejector and then by using
evaluate algorithm the reaction of the same ejector to start-
up and shutdown of the system can be studied. While the
existing experimental equations for the ejector examine the
reaction of a general ejector under the new conditions. Also,
most of the experimental equations of the ejector, by changing
the input and output conditions, offer a new ejector suitable
for the new conditions, which is not suitable for unsteady
modeling at all. In the end, with the results of the unsteady
behavior of the four-effect thermal desalination plant with an
ejector, it is possible to observe the course of changes in the
thermophysical properties of the device from the start-up to
stability and then shutting down the system.

2- Methodology

In this research, the first-order nonlinear ordinary
differential equations for the condenser and each evaporator
are solved simultaneously through MATLAB Simulink using
the variable-order, variable-step method. First, the steady state
response is obtained through the steady model and the results
are placed in the required coefficients of the unsteady model.
In the unsteady model, all variables are calculated at each
time step for each effect, and the suction ratio of the thermal
compressor at each time step is adjusted using the pressure
values at the last effect and the motive vapor pressure through
the ejector evaluation algorithm. To validate the steady and
unsteady model of the MED-TVC, the experimental data of
Tripoli MED-TVC plant located in Libya [8] have been used
which indicates a very good agreement between the present
modeling and experimental data.

3- Results and Discussion

The desalination plant is simulated in both start-up and
shutdown modes, first, the system is turned on so that the
thermodynamic parameters reach their steady values from
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Fig. 2. Vapor temperature changes in all effects in
mode of on and off

the ambient condition, then the ejector motive steam closes
after 15000 seconds, so the thermodynamic parameters return
to their ambient condition. At the start-up, the heating steam
enters the first effect tubes, and gradually as the tubes heat up,
the feed water begins to evaporate and the steam temperature
rises (Fig. 1), then the generated steam enters the next effect
and this process continues until the final effect. At this time,
all steam flow and brine flow reach their steady state from
zero and the level of brine will increase from zero to its
steady state (Figs. 2, 3).

Then the shutdown occurs and the effects temperature
returns to ambient temperature (Fig. 1). As shown in Figs. 2
and 3, during the shutdown, the flow rate and the level of the
brine increase in each effect, and the device can face flooding.
The reason for this phenomenon is the reaction of the transient
state of the system to the decrease of the saturation pressure
in the effects and the lack of sufficient pressure for the brine
to pass through the orifices. Therefore, the system provides
the necessary pressure for the passage of brine flow through
the orifices by increasing the brine level in the first effects
compared to the last effects.

As shown in Fig. 4 in the condenser section, the level
of the condensed water, feed water temperature, and GOR
start to increase with the start-up of the system, and after
applying the shutdown, the temperature decreases to ambient
temperature and GOR becomes zero. But the level of the
condensed water reaches zero with a delay of 2000 seconds.
The reason for this delay is that after applying the shutdown
in the system, there is still a small amount of steam left in the
effects and the condenser, and enough time is needed for the
condenser to drain completely.

4- Conclusions

From MED-TVC simulation during start-up to complete
shutdown, the following results are obtained:

In the event of a sudden shutdown in the motive steam, the
control system has a limited time (400 seconds) depending on
the height of the effect to shut down the entire system without
damage to the device, otherwise, flooding occurs.
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Fig. 3. Brine level changes in all effects in mode of on
and off

The time required for the device to reach a steady state
after start-up is longer than the time required for the device to
reach ambient mode after shutdown.

Only in the unsteady model is possible to compute
the exact level of the brine, and this can help to select the
appropriate orifice and tube diameter for the design of the
desalination plant, as well as the type of operation of the
control valve (according to the control system and Bernoulli
equations used for the flow).

References

[1] A. Cipollina, M. Agnello, A. Piacentino, A. Tamburini, B.
Ortega, P. Palenzuela, D. Alarcon, G. Micale, A dynamic
model for MED-TVC transient operation, Desalination,
413 (2017) 234-257.

[2] M.L. Elsayed, O. Mesalhy, R.H. Mohammed, L.C. Chow,
Transient performance of MED processes with different
feed configurations, Desalination, 438 (2018) 37-53.

[3]M.L. Elsayed, O. Mesalhy, R.H. Mohammed, L.C.
Chow, Effect of disturbances on MED-TVC plant
characteristics: Dynamic modeling and simulation,

Lcon

==Tf ==GOR
T

\

-~
@

©
=]

B 8
\

Tf (deg c) : GOR
- ] n
o =] o

-
o

2]

L/ A\

0 0.5 1 15 2
Time (seconds)

25 3
x10*

Fig. 4. Phase velocity dispersion curves for a steel pipe
with outer diameter of 220 mm and wall thickness of
4.8 mm

Desalination, 443 (2018) 99-109.

[4] L. Guimard, A. Cipollina, B. Ortega-Delgado, G. Micale,
F. Couenne, P. Bandelier, C. Jallut, New considerations
for modelling a MED-TVC plant under dynamic
conditions, Desalination, 452 (2019) 94-113.

[5S1Z. Dong, M. Liu, X. Huang, Y. Zhang, Z. Zhang, Y.
Dong, Dynamical modeling and simulation analysis of
a nuclear desalination plant based on the MED-TVC
process, Desalination, 456 (2019) 121-135.

[6] A.E. Hakim, A. Abouelsoud, R. Abobeah, E.E. Ebrahiem,
Enhancement of Feed Forward Multi Effect Evaporator
Performance for Water Desalination Using PI Control,
Journal of Advanced Engineering Trends, (2020).

[71J. Hua, L. Wua, Y. Wangb, W. Zhanga, Y. Hua, Dynamic
modeling and simulation of the multi-effect distillation
desalination process, DESALINATION AND WATER
TREATMENT, 217 (2021) 31-41.

[8] M.M. Ashour, Steady state analysis of the Tripoli West
LT-HT-MED plant, Desalination, 152(1-3) (2003) 191-
194.

HOW TO CITE THIS ARTICLE

Mech Eng., 54(7) (2022) 333-336.

DOI: 10.22060/me;j.2022.20921.7337

S. Khajeh Namaghi, M. Nazari , M. Nazari, O. Pilevar, Investigation of Unsteady Thermal
Performance of Multi-Effect Desalination with Thermal Vapor Compression , Amirkabir J.

335






75 ool SlSo (owigee g pui

VEFE B ASYY Glao AF+) Jlo &V o)loss DF 0,93 ¢S puel SilSo pusiigen s
DOI: 10.22060/me;j.2022.20921.7337

29305505 b ol yod 0,51 Wi (0 (1 pend O LU (5155 3 Shas (o 5

1891 au )b

A RRVARVES ERIT
VENYIYS 16,553k
VNIV 1 il
V¥ A 2o ST )

1605 Clols
OS ]
LLL LS,

O heels
e 45 y0 g plS

olsb enny

Sudar 45 205 g molSid (l ) (gilsnnd 4 93b5 hled il sl pedc] ol 08 & g | raYS
28y (il as Sl bl o Shos (g0 (I35 sloolSis (Sl (gl Ll o3y 35 5020 bl S8, (o3 Je 55y sty
5 Lk o (il Ghmgly ol )3 Iy (S il (b (Bsels 090 4y (oS Sl Slillas (i (o) LU
el 0145 &85 1,3 )13 390 y3u0 0 905 3 g 9SSy oy b gtaio olidio 3 oo 031 iz (58 T UL
oA s il g ) 5 56 s 55T ls) 52 ol o o0litol il yiyd S ¥oleo o (sl o 450 5 pIS s, 5
sl ord (i el (075 (Slaodld LLLL 9 bl Jas .conl ondanys LLU Ll b 3 (5l g oy sl Y0las s 9 o]
Uhsels 5 o L el plSim 5 LLL el (gae (gl Je 3 i 6l 5 a0 By o3 dod claalyo
e 485 el 31 5155 bgels 3l da CKedl (03 yuss o it 457 A o )5 ol 58,5 )18 anllland yge olKiwd s
Sy 38l55 LUl 1l V) o 4l Av el o ol Jol 31 33 s glisyl 3y 0 s izads bl go i3 ¥V

b lgs lab sl Corge oS

o5l iz (S ol 20l 8 )38 5 Sles sy 4 [F 5 Y] YA Lo
9y 2 1y OPLEEEL Bl g s & (9399 sgbo] Gl sla JS
Ol g 3)laS SIABI 3 s aS 505 L olyam 0 3l diz o oy bl
DS iyl SO b olyen 1) onis cllesMe [0] ¥4V Jlo
Co% ym 0S50 5 L olyam 0 3l diz (S (el o595 g3l S sl
FIV Jlo pn o hlKes 5 Sy a5 b Seelod byls
L olyen 0l Wiz oljSes slp Ly ey bSo Jlideos ol 8],
iy (Seolid Jao S ol oS Juate )l B (sjloe uid
Sibe et oy S ol iluae 5 b
S V] VY Jlo p ollKen 5 muSodlie 63505 2l T gldiun
Loyl iz ygilnlsl Lhcdl Jlodsa o0 JSite o (sl s> o )55l
OlSan g 9 STl 253505 ) el il Jols &S glodyg pdis
23S aul B s el ola e (Suelud LiiSTg [A] Y-V Jlo ,

s (slod g o Wb pusio Cpl dles il 03l )3 w050 0,5 i

1  Integral Pressurized Water Reactor (IPWR)
2 Nuclear Desalination Plants (NDP)

dodlo -

5 b 8 amy g ojlel o bl A0l (3l g (s5lo e
Aulys S g a5yl e e Sl sy 23 9 008 esle (50 e
LLL kb, & bayye oMo > (sl (Siolod (il Jdo ouily ails
Dy dled de Hlww clilazel all g (3,8 (5505 g (silulel,y dlos
1,38 cdls o Lol ojls 539 LLcdls jo (g5lwJde diejpd (oob) Y lhe
sl 0391 39350 Hlan Slalllas el s SVolxe  Saomg b 4
250050 & Olgicee LLL dinej 15 485 00 syl oy ingee dlo il
23,5 oLl

Slr )3 Jae G VYN Jlo > sl 5 2 esisle
oS ol iz S p sl lp sy 435 g ilge wis el
oo g Ldgpuw 00,5 &l Cowl ate (gauiyed 089y SO &
oS cppwiol 1,35 5 Slee (glyp (Seolin Jao SO [V] YAV Jlo o
2 OhlSen g dpdl daze 03,8 D) 5 paT 905 b ol 01 i

mnazari@shahroodut.ac.ir :olsle Jboge oriug ™

(Creative Commons License) _edpe (Sl ule cov dlio cpl ol oad odly pu pal oSty @)l & 156 Gois 5 (Bsimng 4 cuilpe Goi>
BY NC

Asleyd s https:/www.creativecommons.org/licenses/by-nc/4.0/legalcode sl jl (uilud ol Slija (sl ool 48,5 )5 las yoy2ud )

V\EYY



& jsbler iy oo )8 HeuiliS S Lolal > IS ilates L
o1baz LSy Sl Sl b gupaSge s sl sddosloplis \ IS
3y Ol amgo S5 1) g yaSg05 b olyon o] i s
(lo3l) I3l o a8 jLzd ()il Sl (glallis & jgudlaiS” jlosds p )5 Sy
23S 2l 45 > Ol 5l (glosas ity b0 i g e el
g J3h 4 5l 5l (298 Clagde Culin b)d Cua 4 250
o)l el 3 SHL mle wld S g0 5 358 00 020l S ]
g 03,8 b b plpr Bl ©ppod sndcual sbady) (o
b ol S odsl Glady B 4 g paSse i ) (Syoee JB)
B b gl g0 4 ol aly (Seumdol Bl ] 3 saduly by
90 03Se ygwpeS g0y bawgi by gl ede s S Glon
o3litul jguiliS’ )3 L) 0allS Bl (35 £ )5 (4l 0kl Bl S
s aS535 3y 35 s o e L5 b S e B 0y S9en
o 885565 54 B g8 b o <S03 51 Vgans S o 5 5500
B L g d9d 0 03,85 jguyraS g0y bwgs 0dd 0ASe Hlu 900
IS dgden Colan Sl gl adss jlas b g ordeuS 5 S e
Comd Sy )50 ol €5 4 Sl s3] 3l s oaSe o 2 €9
oI B3k ) gwpeSge s wly 1l by 2gdoe sael S
slod a8 33 hes clod 41y by Ol glod 31 gl (cladlg) J8Is s
3 Shg by Ol 5l s ams il g o sdwel 'Sl (YL
Cond S Pl slod 9 )Lid 53 o g Sl )50 9095 0 s Sl ]
lylo)S @i plyiss pod Sl )3 5150l b by el Jl Sl
S5 259y b 295 o0 o3lil po> 51 4y (6399 by Ol I (S s
3l Jgl B 51 oads yoes Sl oo dald] B (316 g 205 0
oMl g5 (53,0l 5 a8 Li8 )5 Tgylondl Bl b B g e pgd ]
ol ey ol liee 4ol 31 AT 55 Sl la g, 8
3,5 Olgieds g ol oadodhlis V S » Seiol § wds o
255 b om B B pod Bl S1s Ju 29 0 4l dolitel 515
s3uiliiS g Bl o ) s Ol s oe Sl (ool ShBL L om
Soiol kg g0 wh & (B ©yg0bs g s o 015 sy bawsgs
& oy b 0950 @B Sl 3l Ul ©jg0a o 0ns Ll

Do oo Jae byd

1 Top Brine Temperature (TBT)
2 Flashing

25 ol ) S a5 50 o2 ol S )5
ofl Lz (Soumdl gy g 4B Oygo Sliies 4 a2y L
S5 dizej ol > Sllllas jiie & Cul pasiie jow S ge 5 b ol yen
(505 sloan Cliios g 0392 35 pote i (nl bbls )15 (g5lo e
Slp &S cal Jbjn ol il 485 Oy 1,08 b Jio g9 4
0255 b Jgol ppteliy Logaies 5 JyiS slonlSius sl
ol ol ool o (Sl plupw 4 L8 5 Sl e
3bly oo 3 koS (el iams g Wy ¢ 900 y0aS 905 | el
OS] oSty (IS 8, (silwre 4 Sl (2,5 (hgels
b olyan o5l ez (Il oS ool LU SIS, (g cul 53 el
SWoleo (y9] Cowd a4 b ilo s opl sl o e jgm peS g0 )3
WS Oygo swpeSsary g pliS dayglplgl p @Sl Jeuil i
b gy o sy o (Sojudgny lusgas | oslizal b b el
b ilodre ol odes clacgles 1] Cond @ piamw slas9)s
Jde 0 [F] e 5 dudl dllis ogasay OYle sla gl Jio S50
ol 035 S T i) 135 4y 005 &S sl yuailaS Saolivd
9 2 sgeeSsey S Seelid @¥oleo (olul p (gilo e inen
Dilee Sy ) s SVlis 181 1 oS canl bjl 5 Lol syl
dgdie el ypupeSeeys Gilwre g nl sl ordoslital (o)20
4 g peSgey pwdin glaasie (Hhb piySll i edlitl b oS
4 s s S50 5 o (2Sly (23l p2ag RN b s 9 ]
Sl dg2se (225 OYdlao oS (Jby3 398 (a5 (B9l 5 (359,
oo e balyd 3 1) IS g peSge s o GiSTy jgw ppeS g0
bl i3 L 53 jgm S g0 5 (255 SYdlae 25T (pimens S (0
drge baulpd b cuslio M jgupaSse 5 o ool 4 (295 5 9299
o b Colesyd o LLL (31800 cnlio dogzupey oS iad o 1)l
e s yeS 905  olyar 5] ez (il oS bl LG B,
daxd U (gjluiloly loj 5l 1) oliws (Su5dge 5 Cluogad Ol yess oo

gad odnldio |y o 9,8 (bsal e 5 145 L

Silwdae w0 Y
29 eS 90y L olyom 03l sz oS bl -1 Y

030zl b ygus e 5055 L oo 031 di 5 ] pofsns Sl Les
ol dina S, 2 125 5 393 50l o Jgese slaces, §

VSYY



VEES BASYY dorao VY ) Jlo oV ojlasd Y 090 ¢ pusS yuol SOl uwiins 4 puis

Motive

[_;/ - Steam
- -— T— T— Ejector
Tube bundle 1 w 1
Condenser
1 N i

Condensed Pipe T Pipe 2 Pipe3y Effect4 »Produd

Steam back =

to boiler Effect 1 Effect 2 Effect 3

293005305 b ol yod 51 s 0 (3 ped O S Sl ) JSUS

Fig. 1. Schematic of a multi-effect desalination plant with a TVC

T (i)=T,, ()~BPE(T, (). X, (i))

()

290305 505 30005 905 L olye 03 W oS il (el —F
Ly asd buly 53 5 35 ) 00 b dulin )3 (55 (SSanias Gl
Lol odd (gl e

ki 53 oadodlaiol polie b duslie S5 50 Liule)S )by (slod -V
Wl 005,SD ol sixiuo

Al e Sadjl JB snbalgr el o 4log —A

OS o] b glag34y5 =Y =Y =Y

gy ygu e g0 5y olya 0 51 di (S bl ol slogdg g

(Tcw ) sousliS 4y (63959 by o slos 1-

T, ) Jo 5 oo wsls 2
Th .

e’ Jol ¥l sled 3-

(TeN ) Sl gl 4

(N) gl sl 5-

VEY0

Lhedls (il Jaa —Y —Y
bhads 3 ol ar (Seppmio] (Seoladgey silore sl

spuiliiS g ooSp S S (o) layglalyl (ise aw 4y oS bl
A Slesy pe S LA 3 iledle Sl Dedee s

Ored Dgd o 43y bl zud 4 debl 0 &Sl sndas S
OYolro awyp s dobdl )0 5 Wilodd lo e ol Slles (sla ol )y

ol oddbaidlyy yisw dw jo Ll

Slasyd =) =Y =¥

g S 905 b olyam 051 iz (S bl (3leas Sl b

3 5lplsl cladgd GlLbl )3 oni ges Sl (6550 9 py> 5 )
ol 0 Jaidyo B 53 Sl el (6550 5 oy b duslie

5 i sl oSlas y o Sy (slaf 1 -
s VI

@ (15 (Sobbal (ol Gl ©)ygods Saicl by Y
Do Oly g il
JEl oy dusbro gl wwlio blgy .l sabas § jlas o clale
ol 0330555 5 3 S 5 5l s S S

il g oddadgr b o sled M) ¢ idgy dad glay)) -0
(V) Wslee) ol gl J3ls Sas]



ot oS 305 U 0l yod 8,51 K S oyt pei] (gl LLCls iy ©¥lee Y Jgoa

Table 1. Steady state conservation equations for multi-effect desalination with TVC
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Table 3. Coefficients of condenser equations
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Fig. 3. Simplified design of TVC
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Fig. 4. Flowchart for solving the unsteady model of a multi-effect desalination plant
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Table 4. Validation of multi-effect desalination modeling results with TVC against real data results of
Tripoli power plant
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Table 5. Initial conditions of modeling

Hlado adgl bl Hlade adgl bl slade adgl bl plo
YA/B (°C) wiws ol gles o/ (M) jpuilas mloglis,l  ¥VO (°C) ygumilass sloo
YA/B (°C) Jol 51 o les 1+ #) (m) Jol 5t ST glis,l YO/ Jol 51 SwiosT 6y
/0 (°C) oo I b gles +/+2) (M) s il ST glis,l Yo/ £33 ¥l Saicsl (55
/O (°C) pgw 51 5w glos  #/o 2N (M) psu jl ST glis,l YO pgw 1 ST (6 g
A (°C) ez 5l bw sbos o/ (M) plez 5l ST glis,l YO/ oolez S Swiol (g g

e bulpd bl (Sealindge s (sl yiel)l B39 o (389 ianses
slayiehly U g oo (geld piumw s w395 sbl jlde &
293,55l 395 (ame bl Sl 4y (Sialinge 5
g oxd Jol Sl sladlgd 3)ly iale)S )Bu cpianw (05 by L
Slod 9 WS o 5 & £9yd 4d8 Ol dadlg (43 5 b @y
Sgy onl g 0dd dm Sl 3)ly eadadys B e il Gl b
5 Ss] b g B b ples plSin gl 5> e asl ST 1L
ko ) 55 Saicl gyl g )0 08 (bl 4 jao i
Crpia Ve B A Gl S @ dagi bl il ag3 bl ol
Jol Al bgye Ll Cons oty 9510 (03 (i b0 slod
Wb Ll (58 Glie 4 polie cnl BT S L i 4 g
o i O9diee dn Sl o)ly Sl e Saicl Sl 4 g b Ll
a Jol BIU ey g cul B 5l a by Kool glis,l § i
ATE sl 3By slos M) 5V (el JSK) 5500 L (528 ol
5 duy 0 )8 Bl dx 0 ¥O 4 ¥ OF DV & iy 4 Lbadls
2 (A JS5) dawy 0 3,8 (5l a3 FAD 4 4385 Of (slod e
Sjiso 4l p)SolS WY 4 bhedl s Jol 3155 oadadys )b
ps> A9 W10 plea 1 5B (o3 Olilm 5 col i ity oS
HBu (90 (D5l | am &S .l A5l p S LS AYIY o (315 WYY

(Ve JSb)ay s jho 4 Sl oy ordady

s e psie w3 (jpwpeSgey Sypxe (23 (il Hho )
gl b bod)s ials @ g9pd Sl o (slod g oadadgs jlo (o
gl P 3 35 o Sl Ll 25 358 ae Ll
o 5] (G dlio cpl () p3y90 (Sl o 93 125) 395503 gl
ably Giolesl pa 3 .cdl sald Bl Bloe o ol g S
3 Sl paw gld5)] 5 Sl (o3 0riadgr jlu o s ole pite
b dalgd jasuie lojl S

kulyd 5 0 Joio ilae G515 adgl Lulyd (olos o B0
235 (0 )3 adllandyge S5 (Solns Fuwly eblondidy poi Jaee

290305 905 42 (§39)9 S e )50 (b > s )3 (SS90l Jlosl
25 lon D98 0 3y i 4 ()50 AgS g 4)d gd e alad
agl ADe e ploj 5 Lobsels Jlasl b 48 o oanlite £ IS5 45 oS
P ooy S e sl by jlade

AlotleS 5w gl g o1 (186 o ol w4 ol el «
Ll 338 5l dsy ey go yhio e a4l VBe e e ploj 53 5 gl
G sles Swi] glis) lyueis ol dawms Llyds cdls > 4yl
435 Ol glod (298 Saicl (2 (295 B 2 Saicl 598
bausgs )5l (W 31) Loyl plsl (siloannsd j1 g oles Jsb 53 53909
O O] eiltends (ol ol ol LB lio J158lp 5 Sl g

Jol &5 lg5 ey Conl 485113 gy 3)90 b9y 9 Jhgels > 93 )

VEYA



et it
£ (=)}

—
(]
T

Mev

[Mp

VEES BASYY dorao VY ) Jlo oV ojlasd Y 090 ¢ pusS yuol SOl uwiins 4 puis

m==Mp ===Mev Mhs

Mhs] (kg/s)
& o ® o
T I I I

(5]
I

(=]
T

2.5

Fig. 7. Brine level changes in all effects in mode of on and off

1514

5000 10000 15000 20000 25000 30000
Time (seconds)
SB s poS 5053 (Flidos (51 ol by Ol i & S
Fig. 6. Changes in the operating parameters of the TVC
I T
—1st effect -
==2nd effect
3rd effect | °3
——4th effect N ]
0.2
0
4 0 1000 2000 3000 4000 5000 |
7777777777 J | | | |
0 0.5 1 1.5 2 2.5 3
Time (seconds) x10*



I
60 - —1st effect | ]
==2nd effect
55 3rd effect | |
== 4th effect
. 50 - .
o
<
s 45 - .
|—
40 - N
35 7
30 | | | | | |
0 0.5 1 1.5 2 2.5
Time (seconds) %104
Pl g gy Sl p3 ST eled 3 B (slod Sl ks A JSu
Fig. 8. Vapor temperature changes in all effects in mode of on and off
I I
56~ ___ m
| | — 1 st effect
; =—=2nd effect
S 3rd effect
51 N ——4th effect | |
Ta
S
045 .
X
4 f 1
2000 4000 6000 8000 10000
3.5
| | | | | |
0 0.5 1 1.5 2 25 3
Time (seconds) <104

B 531 solod jd U0 O Kod il O g A JSW

Fig. 9. Changes in seawater salt concentration in all effects

VSF-



VEES BASYY dorao VY ) Jlo oV ojlasd Y 090 ¢ pusS yuol SOl uwiins 4 puis

T

- 1st effect

\\
N
N
N
—_
(2]
—
(o]
4
—
> 6 135
s //:
13 : : :
3 0 2000 4000 6000 8000 10000
0 |-

==2nd effect
3rd effect | |
== 4th effect

‘ l \ ]

Time (second)

1.5 2 2.5 3
%104

L 31 oolod 3l g s HlBu o0 Ol pedd Y e JSUS

Fig. 10. Output vapor mass flow rate changes from all effects

b B ) am el sy o 055 Jldo i 4 BT 16 gl e
4 by Sl eyl pliee ooty @Bd 43 3909 Sle)S )
odody ol S sy o0 398 i (e84 BT ST 5l gl
JUE8 3955 9 a3l ) ledl jlid (b o8 & e LIS b STy
s 58l U s 1 ol Uiy 5 Sl e (sl 3
i1y 5Lid 3908wl 3T (gl il e s Jol sl il 53 S ¢l
S o ol B oy 1 p3Y Sail (23 s

dgse b lod G ) s (Bgels daxd > )Bu (sled
2 g iy 0gdoe 3y Jol S sy 4 )l s (2
B g (EalsT L g Ll Sl 3 ol 4k )3 ol b 4y g gl
Eroge ol SOl Ve g A G S S o0 g RS 5 T gle
@ ohgeld Lulyd 53 48 o0 odaldia & JS5 )3 o pbplen aitus
Clale JalS Cage g 395 00 )50 L) OF 505 By sl Sals s
g g Sl

sy bgels pla > a5 Cuwl dapuie Ve U A sla S5 40
Al @y )by slod g Sad cldale 5 205 oy e Cls @y Smyw
syt 018203 sl 31 plas 48 sl 3l ol ol L3 iy o 365 4y

V2FY

@ g Sl 20> OIVARlp 5 Job 31 & by Lardis Cas o iy
Coms (Bgal 5l am (A JS5) b o (S OVF @ BT 16 Cp
CadS Salgs Sl e gl Mo YO dm 363 adsl e 4 Lals
S sl cnl pow g pgd Sl 4 s p)lea STl (25 Gl
g g Casl S35 S o] gludl (slod & plaz 5l 4 (6399 o (sled
3 ol debee glsl slod a4 O (lod by (clp S (g5l o
Ll s plenly Gials cde 4 ol 15 aw sl 31 )5 o canl Js
Do yieS B Mg
Sasol (23 (3,5 hgels plKim )3 a5 395 g0 0233 VY 9V JSC5
b iy 23 S92 )3 5 o Rl S g > Seil e £l
olan b ol (e JSe b 1) ol Wl 0 51 pm 4y (03955
Ol 2oy Yo (oBgels Jlam ol 51 Saiol (9 05 g9, "l
Sl Sl glis)) el 3o )d Y 3T 5155 oo Gial8l cpl g Wb e
Ayse LLedls ol VY 4 BT 516 by med 4 5 il VY gl
o s s e s 1 5] s ygne Sl (23 Ll eyl 09Dl
by Of clale & ) b 3 o Seol cbale jials Coge ais

1 Flooding



200 \
—1st effect
175 | —2nd effect i
150 - 3rd effect ]
50 =—=4th effect
E 125 |- =
o)
=100 - |
Q
= 75- -
50 - B
25 ‘./ :
0 | | | | |
0 0.5 1 1.5 2 25 3
Time (seconds) %104
1 solod j1 g s il o33 Ol puads VY S5
Fig. 11. Output Brine mass flow rate changes from all effects
=—Tf —=GOR Lcon
45 T
40
357
14 -
8 30
- 251
M)
o220
S
T15F
-
10
| \
0 L 1 1 | 1 1
0 0.5 1 1.5 2 25 3
Time (seconds) «10%

Fig. 12. Changes in inlet feed temperature to effects, condenser fluid level and GOR ratio

Lhedls 4 5 am3 Giliél 1y gl ples (slod yivle,S o b wbisa delsl b LialesS )l b gy plSin 55 Lol oS so 3y oy |y il
Dy ol s Sas ) gl 63 piaw 2 p,5 1 by Colesy b amd il oya |y gl o slod (glals yo &g

Slod et (b (g plEn j3 dS Dad o sl VY S ) B cpl g b LRl 0l Ol clod g ot HeudliS 4 I oyl

\SFY



VEES BASYY dorao VY ) Jlo oV ojlasd Y 090 ¢ pusS yuol SOl uwiins 4 puis

b bl ekl ysuyaSs0 5 b oler 03l dix oS b
2 i g3y loj 5l Jae (Seolnd Fwl & e o lis e
s Ll oo sl b gl e & ey elind b o byl
ogels b ashl > ppiomen g el (b b lad (gl 5 55
B9 (B (Jae jlade 4 dlie (Seelindge s (slopuiie s (35
O (CuliS Amled il (S sdalin gl Cuwd (3 a5 joblen
B lid aile JpuS slajesie 59y p &5 w3 ojle] Lok 4y Jas
Ol g a8 Jleel i joumslisS 4 (0399 byd O (0 oS yme
S sl |y @l puss
B Canl o3 agb YA+ dgas 3 Sloj &S 25 0 odaliie guls )

Opmen oy 395 bbb 4 bae s Sl (g3luilel) S sy i
ot cdls 4 0)lgd i bigels | dn asl Ave lojiie )
dob 5 mls o8 isels b giluibly ploj Jsb 53 3,5 o0
ol 033,85

e ool plus 3 GRSL Byl Sy jop Spse > @
a5 b (Al Fee) 09000 ylojcite (J S pitums lStwd 45 (5345
Uigels olSiwd dy jLid oy 1) i JST U 3yl HLas ] o eS8l gla )l oy
5 )Lid cel o5 35 el Glib ony dald ©jgo cpl e 3 S
A dalgs olSiwd ol coled )y

piY lojcude | i olStwd s LU (sl g3V lojcote °
ol (Jare cls 4 ol (yduwy (gly

OSee LLL Jse )5 Lo Sl 8 gls)) pdaw 1 eMb] °
b sl cuslio dlgl jlad g unisjl Ll 4 Slgi e cnl g 29800
4 g L) LS b 3Sles g5 Gizmen 5 O O] oS
S ol S8 (00 sl oasoslatnl Jgi s JyuS Yolee

O il Aedgw Hlows (J S e gl Blg o cleMbl ]

J?;.cdg odddllyl Juo glacud b onimdlis Sledde Judouseds iz
IS solKiwd sl gl 9 )38 Glles (okas Lo ol (o)l3]
o)i‘\ > dlmufu:)wui plos d‘).g Jdly‘f (30 og.l (e Lol
s 383 Sl ol a4 wmd o ol |5 sl Aedgw il
sols 5 Ollwg Jlosl @yao jd 4l sl LLL (g5lo Jas 4 5L
&) ly 4wl sy & i lyy (M sl (San LS
IS s B 395 (oo LG Jao )3 55550 olStsd &l 5l

Ab asly ol 4 s wlio gl Sl

VSFY

St g dwyiso 295 Ll e 4y laome bl 5l e Sl 4y (0399 405 G
&S oo b il 4 (0399 4385 O (slod cuinmmmw > g0l Jlos! ]
2 oddag glaylou WS o Ty ialS cusy 398 aoce Lod lade &
OIS 1515 5 oslial | bl e S §) B a5 s ol 4 5 o
ot Sl (l gezme &5 Wigd g i o3l BB (b O &
295 s ol s S (b O e 1 g 5l el
D9 oo oanlie VY IS5 )3 55 wiaw odelCanday

)l 39 o0 odmlin VY JSU5 )3 &S psb e jguil S’ s 5
Jam g S e Bl @ g9y s s3]y b osd (uiliS” e
e 4 g Wb o ialS (lagl Yeor L3b L o] e 3ges Jlas!
i 3 90l Jlosl jl am &S ol ol 23l ) e sy o a0
S Sl g cul oxle Bl jeuiliS g Sl )3 By (o8 ke joia
sl o3V yguiliiS Lol a5 gl

& 75 ot =

S ool K 0,Slas Ly (gilodend sl pol 9 3 Jo S
Sly 2By il (Bl (Sllos (rodl> b g aS'g0 5 Lol o 0 31 o
b (e sl g Ll (o) ekl 5

Jlail wile ooy plbotly oy Jold o (gin g0
il sy s dnalg) 5550 vy 52 IS ol e Sl
Gl (glod 5 i Soi Clile 1o wondag By clod puis
09,5 SaS b atsly Jao cpl cplplo sl il 4 (6395 by
Bgels g illoly oy dinej ol 5> oadplodl (LS Clidss
cs3lely alasd 31 g aS 505 L ol o 01 Atz S bl G 0,8
) e (555 Bgels sl 3 g ol s Sy 4 iy daxd b
as ] dl.m\]agl) )'| odlasiwl le?dq Q}.’.\ » 55)4:— V-5 uL“*-’ o @
5,Shas 5l (65885 Jdo el oas35] Yo (505 BT 1 Jgexe yoboas
Ll D..\M:l)>‘ Lg:l;))l 4».19] Jyo] SYoleo u»l.wl » )lDU )9»»)—«)559):

ol ol sl o]yl dlis )5 JolS jobods Jae (gais Jgo b
5l el 51 ode 0iS o ol b 1) c¥las plo ) Lol b S0
lg D)Jl W L?"'))&N LngJblg dl).v ‘) ui Lg)wa.)Lu cJ_\.c J‘)AM
bl 05l ais 155Ked o8 g 45 cilisen (sla JS5 b calise (gla il lass
XS e

6’5]9 (S0 olfﬁ).u )l S Lgl.bo.)l.) L (T )L.a.CI )‘ o Pl?u]).w



VEEE B ASYY doio VF ) Jlo oY 0yled OF 093 ¢y pwol CSilSin bies &yt

Sei]

Sy
T
sgmilasS” alade

(ouls U,...a‘dj @Lo) )}“JU.ZS

9,5 0l wilass mle
oS Siol

Bt

COBTEL

ol UMSA )L'iq
G HelRll

4is ol

s o

£S5

e

Lo 31 0 Lot
W) u,wld.S é’L"
Jib

adgl b >

S Skol

OWF )

cc

con
con,o

cw

di

ev

feed

hs

L,con

re

Tube

vg
oYl

s

re-;yl-" C’-wv).e‘.é—v

eSS @i3he
mY b A
“C i iyrals 3 BPE
B ol slpalss e G
Sl ol sl adss oo Cp

ke .oe L .
o e e ez oz g Dey

kg . N
5 B s b ol e Dyt
yolplel s s E
m . P =
T oeyee M8
m sl H
kJ -
g s A
m gyl [
kg o> M
tlooss  Ma
kg .
S ez okzes o m
kPa s P
kW oyl Jasl g5 Q0
kJ _
Te°C o Sl e R
°C s T
S o Jl e U
m'.°C
% wol S e X

g oM

=LY
NS A

m' eV
SrdpSly Cad Y
obendl, n



VEES BASYY dorao VY ) Jlo oV ojlasd Y 090 ¢ pusS yuol SOl uwiins 4 puis

Dong, Dynamical modeling and simulation analysis of
a nuclear desalination plant based on the MED-TVC
process, Desalination, 456 (2019) 121-135.

[71A.E. Hakim, A. Abouelsoud, R. Abobeah, E.E. Ebrahiem,
Enhancement of Feed Forward Multi Effect Evaporator
Performance for Water Desalination Using PI Control,

Journal of Advanced Engineering Trends, (2020).

[8]J. Hua, L. Wua, Y. Wangb, W. Zhanga, Y. Hua, Dynamic
modeling and simulation of the multi-effect distillation
desalination process, DESALINATION AND WATER
TREATMENT, 217 (2021) 31-41.

[9] H. El-Dessouky, H. Ettouney, 1. Alatiqi, G. Al-Nuwaibit,
Evaluation of steam jet ejectors, Chemical Engineering
and Processing: Process Intensification, 41(6) (2002)
551-561.

[10] M.M. Ashour, Steady state analysis of the Tripoli West

LT-HT-MED plant, Desalination, 152(1-3) (2003) 191-
194.

[11]7H.-J. Joo, H.-Y. Kwak, Performance evaluation of multi-
effect distiller for optimized solar thermal desalination,

Applied thermal engineering, 61(2) (2013) 491-499.

&be

[1] M.C. Georgiou, A.M. Bonanos, A transient model for

forward and parallel feed MED, Desalination and Water
Treatment, 57(48-49) (2016) 23119-23131.

[2] A. Cipollina, M. Agnello, A. Piacentino, A. Tamburini, B.
Ortega, P. Palenzuela, D. Alarcon, G. Micale, A dynamic
model for MED-TVC transient operation, Desalination,
413 (2017) 234-257.

[3] M.L. Elsayed, O. Mesalhy, R.H. Mohammed, L.C.
Chow, Effect of disturbances on MED-TVC plant
characteristics: Dynamic modeling and simulation,

Desalination, 443 (2018) 99-109.

[4] M.L. Elsayed, O. Mesalhy, R.H. Mohammed, L.C. Chow,
Transient performance of MED processes with different

feed configurations, Desalination, 438 (2018) 37-53.

[5] L. Guimard, A. Cipollina, B. Ortega-Delgado, G. Micale,
F. Couenne, P. Bandelier, C. Jallut, New considerations
for modelling a MED-TVC plant under dynamic
conditions, Desalination, 452 (2019) 94-113.

[6] Z. Dong, M. Liu, X. Huang, Y. Zhang, Z. Zhang, Y.

Mech Eng., 54(7) (2022) 1623-1646.

DOI: 10.22060/mej.2022.20921.7337

S. Khajeh Namaghi, M. Nazari , M. Nazari, O. Pilevar, Investigation of Unsteady Thermal
Performance of Multi-Effect Desalination with Thermal Vapor Compression , Amirkabir J.

o3 gl | o opl 4 g

VEY0






	Blank Page - EN.pdf
	Blank Page - FA.pdf

