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Abstract tems is gaining more acceptance as a result of their
lower energy requirements, higher heat transfer coef-
This paper describes a model which simulates the digients, compactness, high product water quality and
namics of a multi-effect distillation system in differentow pre-treatmentd, 7]. In the literature there is a
operating conditions. It has been designed to improwie variety of steady-sate models for MED plants
the operation of the process and develop a contf8) 5, 6, 9]. One of the last works is the one developed
strategy which optimizes the distillate production. Tha [13], which shows a hybrid system that combines a
physical models are based on conservation equatidesalination system with solar and wind energies. In
of mass and energy. They also include experimentiaat paper, the model includes the distillation unit, the
correlations for heat transfer coefficients. Conservéat-plat collectors and the wind system. Regarding dy-
tion laws are applied in different components, such aamic models, the literature about multi-effect distil-
the heater, the effects and the preheaters. The resullatidn systems is scarcég,[8].
the mathematical model simulation of the whole pr@he innovation of the present paper is that the dynamic

cess show promising outcomes. model has been developed with the object-oriented
Keywords: solar desalination, multi-effect distillaModelica language using the Dymola tool and the
tion, modeling Modelica.Thermallibrary. This framework has al-

lowed us to develop new libraries to make simulations
easier and improve the operating procedure.
1 Introduction

One of the challenges today is the production of fresB- Description of the system
water for those population areas with high water stress.
For places close to the sea, the desalination procEee AQUASOL system (Figurel) at CIEMAT-
provides an excellent way to tackle this problem. Th#dataforma Solar de Almeria (PSA), located in the
use of desalination plants in these regions with ple@euth of Spain, proposes a solar distillation technol-
tiful seawater resources is becoming a technologicay that consists of a compound parabolic collector
way to produce freshwater. Since large-scale desali@PC) solar field, two 12fhwater storage tanks, a
tion typically requires large amounts of energy, a sowlti-effect distillation unit with a 3ryh nominal dis-
lution is coupling desalination plants with renewabldlate production, and a double effect (LiBr-B) ab-
energies 10]. This process can be performed in vasorption heat pump (DEAHPY].
ious ways, for instance, using solar energy in whichThe desalination plant at CIEMAT-PSA is a
the source that provides the heat for the desalinati@mward-feed multi-effect distillation unit manufac-
process is collected in a solar field. tured and delivered by Weir ENTROPIE (Paris,
Multi-effect distillation plants (MED) raise a greatrance) in 1987. It has 14 cells, or effects, in a vertical
interest in industry due to its efficiency when they a@rangement. The original first cell that worked with
coupled with a solar thermal system. This kind of sykw-pressure saturated steam (70 °C, 0.31 Kdai)[
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v ;—‘ * the preheater-14 is considered as the final con-
Effect]

ccondanter | primary ( denser.
1 " Each component of the plant (the heater, the effects
i and the preheaters) has been modeled inMbeel-

CPC SOLAR Seawater

FIELD MED

] ica language using/lodelica.Thermalibrary. Figure
(GasBoller)...;  DEAHP Bine Disilate 2 shows the final model of the MED unit, which in-
cludes the heater, 13 effects and 14 preheaters.
Figure 1: AQUASOL diagram The inputs of the model are the feedwater mass flow

rate to the heatenny, the inlet temperature to the

) ) heater,Tiv, the salt concentration of the seawater com-
was replaced in the AQUASOL project by a new On%g into the heateCgg, the pressure in each effect, the

which works with hot water coming directly from & eawater mass flow raten,, and the inlet seawater
thermal storage tank. Fgr optimal operation, the in perature to the preheaters 14 and 13. The outputs
feed-water_temper_ature in the f|rst_ cell must be arou_ijthe model are the outlet temperature from the heater,
66.5°C. It is possible to reach this temperature Wit o the distillate productiomy. The correlations
heat from f"‘_ solar field "?‘S well as with steam genera he heat transfer coefficients included in the models
by an auxiliary gas boiler coupled to a double effeglo o ontained from experiments carried out in the real

absorption heat pump that can work at variable steg: 17]. Nomenclature and subscripts are shown in
loads (from 30% to 100%). Tablesl, 2

Seawater is preheated on its way toward the first

cell of the plant, which is at the top of the desalina- Table 1: Nomenclature
tion tower. Vapour is produced in this first effect (o _ _
heater) using the hot water from the storage systepfYame | Description Units
This vapour flows to the preheater-1 and part of the A Surface area m’
latent heat is transferred to the seawater that flows |nBPE | Boiling Point Elevation K
side this preheater, increasing the temperature of the C Concentration %
seawater. The steam produced in the first effect gdesCp | Specific heat capacity J/kgK
to the effect-2, where it is condensed in a tube bup- dT | Temperature difference
dle sprayed with the more concentrated brine which between successive effects K
falls by gravity from the previous effect. The latent N | Specific entalphy J/kg
heat released by condensation of the vapour allows M | Mass flow rate kg/s
part of the seawater entering the second effect to evap-M Mass kg
orate at a lower temperature/pressure. This condensa- P Pressure Pa
tion/evaporation process is repeated in the successiveQ@ | Heat transfer rate W
effects. Finally, the vapour produced in the effect-14 T Temperature K
is condensed in a final condenser cooled by seawater. U | Overall heat trasfer coefficienytw /mPK

A Latent heat of vaporization J/kg
3 Thedynamic mode Table 2: Subscripts
The model of the MED unit is based on the following Name greiicerlptlon
assumptions: Distillate

* no heat losses with the atmosphere, Effect
Heater
Inlet

« no flash vapour is produced, ] o
Effect identification number

« the final distillate production is the sum of the dis- MED heating water

o< x—Soaw

tillate produced in each effect, Outlet
Preheater
« the temperature drop in each effect is equal to the
temperature difference in the preheaters,
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Figure 2: Modelica model of the MED unit

sw | Seawater Distillate mass flow produced in the heater can be
v | Saturated vapou estimated using the latent heat of vaporizatidn,
O
3.1 Theheater Mdh = —~ C)

The first effect of the MED plant is the heater. Hot Since the vapour pressure of the aqueous solution is
water coming from a storage system enters the heatieyver than that of pure water at the same temperature,
changer and produces the first evaporation of the sgg boiling point of the solution will be higher than

water. Fig3 shows the model of the heater. that of the water. Therefore, the temperature of the

The heat transfer rate for the first effect can be carine can be obtained using the boiling point elevation,
culated from the MED heating water mass flow ratBPE:

my, and the MED heating water temperature differ-
ence in stationary conditions as follows: Tg1 = Ty + BPE (4)

. The BPE is a brine property and depends on the
Qn = -Cp- (T —Tom) @ brine salinity and temperature.

Using the log-mean temperature and the overall heairhe mass flow rate and concentration of the brine

transfer coefficiently, the heat transfer rate can bean be obtained applying mass and energy balances.

written as: Mass balance:
(T — Tur) — (Tom — Toa) d e
Qh=Up- Ay M I"lT oM v ) a(MBD = My — M1 — My1 (5)
iM— vl
Tom—Ty
we Salt mass balance:
whereT,; is the saturation temperature of the vapour d _ _
generated in the heater. a(Mm-CBl) = sy Cgo — Mgy - Cp1 (6)
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Using the overall heat transfer coefficient:

CBO Ton 1) — Tud) — (Tok—Th
lTswl msw ka:Upk’Ap’( p(k—1) Tvk) 75 ok — Tvk) ©)
In p(k=1)— vk
TiM mM Toi—Tuk

3.3 Theeffects

--->  The vapour that has not been condensed in the pre-

vl mdl heater flows to the following effect, where the seawa-
ter with a higher brine concentration flows by gravity
from the previous effect. Then, the vapour condenses
and transfers its latent heat to the seawater producing a

TB1 mB1 new evaporation. Fi§.shows the model of one effect.

ToM mM

CBl CB(k-1) TB(k-1) mB(k-1)
Figure 3: Modelica model of the heater

Energy balance:

d ) ) .
E(Msl' hg1) = Mew- hsw— M1 - g1 — Ma1-hva  (7)

CB(k) TB(k) mB(k)

3.2 Thepreheaters

The vapour produced in the heater flows to the
preheater-1 located besides, where it condenses as the
temperature of the seawater that flows inside the PréThe heat transfer rate equation for edckffect
heater tubes increases. This process is repeated irb%orator is:
successive effects and preheaters. Figusaows the

model of the preheater. Qek = Uek- Ac- (dTi + BPE) (10)

wheredT is the temperature difference between suc-
Tp(k-1) msw cessive effects, which is calculated in the prehetear
- component.
The distillate mass flow rate in theeffect is:

P . Qek
o= 3
Tp(k) msw The model of each cell or effect is based on mass
and energy balances taking into account the distillate
produced and the brine mass flow rate from the previ-

ous cell:

Figure 5: Modelica model of the effect

dr

(11)
Tvk mdk

Figure 4: Modelica model of the preheater dE(MBk) = Mg_1) — Mek— Mk (12)
: -
The heat transfer rate for eakpreheater was cal-
culated using the measured seawater mass flow rateg- (Mgk-Csk) = Mg(_1) - Cak-1) — Mek-Cak  (13)
Msw, and the temperature difference between the out-

let and the inlet: d
gt Meic i) = Megc1) - e(k-1) — Meic- Mk — M- huk
Qpk = Mow: Cp(Tpk—1) — Tpk) 8) (14)
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The final distillate production will be the sum of the
amounts of vapour produced in each effect as follows:
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Figure 6: Simulation results of the MED unit model
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