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ABSTRACT 
Seawater desalination is considered as the only available solution that can cope with the increas-
ing demand for freshwater around the world. Improving the desalination techniques may help to 
cut off the cost and increase sustainability. In this paper, a mathematical model describing the 
MED process is developed within gPROMs software. The model includes all the necessary mass 
and energy balance equations together with thermodynamic and physical properties equations. 
The model predictions are validated against the actual plant data before using the model for opti-
mizing the process to achieve minimum heat transfer area. For two different operating conditions 
(summer and winter) and a fixed production demand, the heat transfer area is minimised while 
optimising different parameters of the MED process. The results showed that a 10.4% reduction in 
the heat transfer area can be achieved under summer operating conditions and around 26% de-
crease in the heat transfer area can be met under winter operating conditions. 
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INTRODUCTION 
The improvement in the living standard and increas-

ing abstraction of available freshwater put more stress 
on the desalination industries to cope with the increasing 
demand for freshwater. Unfortunately, seawater desali-
nation is the last and maybe the only available option to 
produce freshwater by removing the salt from the sea-
water. However, with the increasing world population and 
improved standard of living, freshwater production pro-
cesses face the challenge of producing freshwater at 
higher quality and lower cost. The most known tech-
niques for water desalination are thermal techniques 
such as Multistage Flash desalination (MSF) and Multiple 
Effect desalination (MED) and membrane techniques 
such as Reverse Osmosis (RO). Although the installed ca-
pacity of (RO) remarkably surpasses the MSF and MED 
[1], the MED process, operating considerably at a much 
lower temperature, is more preferred option for new con-
struction plants in different locations around the world 
where waste heat is available [2]. However, the MED de-
salination technology is highly energy intensive (ranging 
from 5.5 to 20 kW h/m3) [3]. In addition, the product cost 

of freshwater from the MED process may vary between 
0.27 and 1.49 USD/m3 [4]. It is still quite expensive and 
hence, it is believed that more work is required to cut off 
the costs and increase the profitability by operating the 
plant at minimal energy consumption. Some previous 
studies in the literature have been carried out to reduce 
the cost of freshwater by hybrid MED process with other 
desalination techniques. Al-hotmani et al. [5] integrated 
the MED process with the RO process to find more room 
for improvement. With a slight reduction of the consumed 
energy, the results showed that 9% increase in produc-
tion rate and a 5% reduction in the brine flow rate. Others 
attempt to reduce the cost by powering the MED process 
with renewable sources of energy such as wind and solar 
energy. Kaabinejadian et al. [6] investigated the ad-
vantages of integration of MED with a humidification-de-
humidification (HDH) unit powered by solar energy. The 
optimised total cost is found to be 0.548 $/s. Moreover, 
integrating the HDH unit with the MED process resulted 
in an increase in the freshwater production and the cost 
by 0.5% and 0.1%, respectively. However, the main draw-
backs of renewable energies are their dependencies on 
climate conditions (available sunshine, wind power). The 
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optimization of a single MED process can be classified 
into two categories; finding the optimal operating condi-
tions that result in minimum energy consumption and 
maximum production rate and/or finding the optimum de-
sign configuration that results in minimum fixed cost of 
the plant. Al-Mutaz and Wazeer [7] optimized the number 
of effects that result in minimum capital cost and steam 
cost. The results showed that increasing the number of 
effects from 11 to 15 would result in a reduction of water 
cost by 0.029 $/m3. With the aid of solar energy as sup-
plied heat, Talebbeydokhti, et al. [8] carried out a perfor-
mance analysis to investigate the feasibility of finding the 
optimum operating conditions at different numbers of ef-
fects and different heat sources. Processes with differ-
ent number of effects (7, 9 and 11 effects) were investi-
gated and obtained optimum operating conditions for 
each case. Sadri et al. [9] conducted multi-objective op-
timization to increase the gain output ratio (GOR) and 
minimise the heat transfer area. For the fixed mass flow 
rate of the seawater, the results showed an increase of 
11.32 % in the GOR and a 17.29 % reduction in the heat 
transfer area. Harandi et al. [10] performed multi-objec-
tive optimization for the MED process integrated with a 
gas power plant using nondominated sorting genetic al-
gorithm II. Considering GOR and annual cost as objective 
functions, it was found that higher GOR can be obtained 
for 9 effects MED and lower annual cost can be obtained 
for 4 effects MED. Rivera et al. [11] carried out multi-ob-
jective optimization for two different-sized MED plants 
one with 9 effects and the second with 12 effects. The 
objective of the study was to find optimum operating 
conditions that minimise the thermal energy and the cost 
of produced water and maximize the production rate. The 
authors claimed that different optimal solutions can be 
found depending on the objectives of the optimization.  

Most of the previous studies consider the MED pro-
cess in one single mode (Summer/Winter) and a typical 
MED configuration. In this paper, a mathematical model 
for MED is developed and solved using gPROMs soft-
ware. For a fixed production rate, several operating pa-
rameters are optimized to minimise the heat transfer area 
of the MED process. Unlike most of the previous works, 
the optimization procedure is conducted for two different 
seasons (summer and winter). Further, the MED plant un-
der investigation interestingly has a different design con-
figuration with two large effects and two small effects 
combined together in a single MED process which makes 
it unique to other types of MED plants around the world. 

MED PROCESS DESCRIPTION 
The MED process, as presented in Figure 1, consists 

of two large effects, two small effects and a condenser. 
The heating steam coming from the ejector flows inside 
the tubes of the first effect while a portion of the feed 

seawater is sprayed around the outside surface of the 
tubes of the first effect. The other seawater portion is di-
vided over the rest of the effect based on the size of each 
effect. The release of the latent heat of the steam causes 
an increase in the temperature of the seawater resulting 
in the evaporation of some water. The evaporated water 
then flows through the channel into the tubes of the sec-
ond effect and the process is repeated until the fourth 
effect. In most configurations of the MED, part of the low-
pressure entrained vapour is taken from the last effect 
and introduced to high-pressure motive steam through 
the ejector. However, in the MED process considered 
here, the part of the low-pressure-entrained vapour is 
taken from the second effect leading to a smaller amount 
of vapour entering the third and fourth effects. As a re-
sult, the installed third and the fourth effects have a 
smaller area. More details of the process can be found in 
the literature. 

MATHEMATICAL MODEL OF MED 
PROCESS 

A steady-state mathematical model is developed to 
simulate the MED process. The model is built based on 
mass and energy balance equations, and it is supported 
with physical and thermodynamic properties correla-
tions. The developed model is divided into three parts: 
evaporators, a steam ejector and a down condenser. The 
two plate heat exchangers are also modelled as a simple 
heat exchanger, but their model equations are not in-
cluded here. More details of the model equations and 
physical properties correlations can be obtained from Al-
Mutaz and Wazeer [12]. For the sake of simplicity and to 
obtain reasonable results from the model, the following 
assumptions are made: 

1. The distillate product is salt-free. 

2. There are no heat losses to the surroundings as 
the equipment is well insulated. 

3. The release of non-condensable gases is 
neglected. 

4. The heat of mixing is neglected. 

The following are the governing equations of the 
process including the physical properties correlations. 

Evaporator 
∆𝑇𝑇 = �𝑇𝑇𝑏𝑏_𝑜𝑜𝑜𝑜𝑜𝑜(1) − 𝑇𝑇𝑏𝑏_𝑜𝑜𝑜𝑜𝑜𝑜(𝑛𝑛)�/[𝑛𝑛 − 1]  (1) 

𝑇𝑇𝑏𝑏_𝑜𝑜𝑜𝑜𝑜𝑜(1) =  𝑇𝑇𝑠𝑠 − ∆𝑇𝑇    (2) 

𝑇𝑇𝑏𝑏_𝑜𝑜𝑜𝑜𝑜𝑜 = 𝑇𝑇𝑏𝑏_𝑖𝑖𝑖𝑖 − ∆𝑇𝑇    (3) 

𝑇𝑇𝑣𝑣_𝑜𝑜𝑜𝑜𝑜𝑜(1) = 𝑇𝑇𝑏𝑏_𝑜𝑜𝑜𝑜𝑜𝑜(1) − 𝐵𝐵𝐵𝐵𝐵𝐵   (4) 

𝐹𝐹 + 𝐵𝐵𝑖𝑖𝑖𝑖 = 𝑉𝑉𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 + 𝑉𝑉𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 + 𝑉𝑉𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 + 𝐵𝐵𝑜𝑜𝑜𝑜𝑜𝑜  (5) 
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𝑋𝑋𝐹𝐹  𝐹𝐹 + 𝑋𝑋𝑏𝑏_𝑖𝑖𝑖𝑖𝐵𝐵𝑖𝑖𝑖𝑖 = 𝑋𝑋𝑏𝑏_𝑜𝑜𝑜𝑜𝑜𝑜𝐵𝐵𝑜𝑜𝑜𝑜𝑜𝑜   (6) 

𝑉𝑉_𝑖𝑖𝑖𝑖𝜆𝜆𝑖𝑖𝑖𝑖 = 𝐹𝐹 𝐶𝐶𝐶𝐶𝑤𝑤�𝑇𝑇𝑏𝑏_𝑜𝑜𝑜𝑜𝑜𝑜 − 𝑇𝑇𝑓𝑓� + 𝑉𝑉𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝜆𝜆𝑜𝑜𝑜𝑜𝑜𝑜 (7) 

𝑉𝑉_𝑖𝑖𝑖𝑖 𝜆𝜆𝑖𝑖𝑖𝑖 = 𝐴𝐴𝑒𝑒  𝑈𝑈 (𝑇𝑇𝑣𝑣−𝑖𝑖𝑖𝑖 − 𝑇𝑇𝑣𝑣−𝑜𝑜𝑜𝑜𝑜𝑜)  (8) 

𝑉𝑉𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 = �𝐵𝐵𝑖𝑖𝑖𝑖𝐶𝐶𝑝𝑝𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏(𝑇𝑇𝑏𝑏𝑖𝑖𝑖𝑖 − 𝑇𝑇̓)�/[𝜆𝜆𝑖𝑖𝑖𝑖]  (9) 

𝑇𝑇̓ =  𝑇𝑇𝑏𝑏_𝑜𝑜𝑜𝑜𝑜𝑜 − 𝑁𝑁𝑁𝑁𝑁𝑁    (10) 

𝑁𝑁𝑁𝑁𝑁𝑁 = �33�𝑇𝑇𝑏𝑏𝑖𝑖𝑖𝑖 −  𝑇𝑇𝑏𝑏_𝑜𝑜𝑜𝑜𝑜𝑜�
0.55� /�𝑇𝑇𝑣𝑣_𝑜𝑜𝑜𝑜𝑜𝑜�  (11) 

𝑉𝑉𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 = �𝐷𝐷𝑖𝑖𝑖𝑖𝐶𝐶𝐶𝐶𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 (𝑇𝑇𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 − 𝑇𝑇̋)�/[𝜆𝜆𝑜𝑜𝑜𝑜𝑜𝑜]  (12) 

𝑇𝑇" =  𝑇𝑇𝑣𝑣_𝑜𝑜𝑜𝑜𝑜𝑜 + 𝑁𝑁𝑁𝑁𝑁𝑁′    (13) 

𝑁𝑁𝑁𝑁𝐴𝐴′ = �33�𝑇𝑇𝐶𝐶𝑖𝑖𝑖𝑖 −  𝑇𝑇𝑣𝑣_𝑜𝑜𝑜𝑜𝑜𝑜�
0.55� /�𝑇𝑇𝑣𝑣_𝑜𝑜𝑜𝑜𝑜𝑜�  (14) 

𝑇𝑇𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 =  𝑇𝑇𝑣𝑣−𝑖𝑖𝑖𝑖 − 𝛥𝛥𝑇𝑇𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙   (15) 

𝑉𝑉𝑜𝑜𝑜𝑜𝑜𝑜 =  𝑉𝑉𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 + 𝑉𝑉𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 + 𝑉𝑉𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑   (16) 

Down Condenser 
𝑉𝑉𝑜𝑜𝑜𝑜𝑜𝑜(𝑛𝑛)𝜆𝜆𝑜𝑜𝑜𝑜𝑜𝑜(𝑛𝑛) = 𝐹𝐹 𝐶𝐶𝐶𝐶𝑐𝑐𝑐𝑐 (𝑇𝑇𝐹𝐹 − 𝑇𝑇𝑐𝑐𝑐𝑐)  (17) 

𝑉𝑉𝑜𝑜𝑜𝑜𝑜𝑜(𝑛𝑛)𝜆𝜆𝑜𝑜𝑜𝑜𝑜𝑜(𝑛𝑛) = 𝐴𝐴𝑐𝑐𝑈𝑈𝑐𝑐𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐶𝐶   (18) 

𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐶𝐶 = �(𝑇𝑇𝑓𝑓 − 𝑇𝑇𝑐𝑐𝑐𝑐)�/ �ln (𝑇𝑇𝑣𝑣−𝑜𝑜𝑜𝑜𝑜𝑜 − 𝑇𝑇𝑐𝑐𝑐𝑐
𝑇𝑇𝑣𝑣−𝑜𝑜𝑜𝑜𝑜𝑜 − 𝑇𝑇𝑓𝑓

)�  (19) 

Steam Injector 

𝑀𝑀𝑠𝑠 = 𝑀𝑀𝑒𝑒𝑒𝑒 +  𝑀𝑀𝑢𝑢    (20) 

𝑅𝑅𝑎𝑎 = 0.296 𝑃𝑃𝑆𝑆
1.19

𝑃𝑃𝑒𝑒𝑒𝑒1.04 (𝑃𝑃𝑚𝑚
𝑃𝑃𝑒𝑒𝑒𝑒

)0.015 (𝑃𝑃𝑃𝑃𝑃𝑃
𝑇𝑇𝑇𝑇𝑇𝑇

)  (21) 

𝑃𝑃𝑃𝑃𝑃𝑃 = 3 × 10−7�𝑃𝑃𝑚𝑚2� − 0.0009 𝑃𝑃𝑚𝑚 + 1.6101 (22) 

𝑇𝑇𝑇𝑇𝑇𝑇 = 2 × 10−8(𝑇𝑇𝑒𝑒𝑒𝑒
2) − 0.0009 𝑇𝑇𝑒𝑒𝑒𝑒 + 1.0047 (23) 

𝐶𝐶𝐶𝐶 = 𝑃𝑃𝑠𝑠/𝑃𝑃𝑒𝑒𝑒𝑒     (24) 

𝑃𝑃𝑠𝑠 = 1000 × exp ( −3892.7
𝑇𝑇𝑠𝑠+273.15−42.6776

+ 9.5)  (25) 

𝑃𝑃𝑒𝑒𝑒𝑒 = 1000 × exp ( −3892.7
𝑇𝑇𝑒𝑒𝑒𝑒+273.15−42.6776

+ 9.5) (26) 

𝐺𝐺𝐺𝐺𝐺𝐺 = 𝐷𝐷𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡/𝑀𝑀𝑆𝑆    (27) 

Physical properties correlations 

Specific Heat Capacity (Cp) 

Cp = (a + bT + cT2 + dT3) × 10−3                    

Where: 

a = 4206.8 − 6.6197 S + 1.2288 × 10−2S2 

b =  −1.1262 + 5.4178 × 10−2 S − 2.2719 × 10−4S2 

c = 1.2026 × 10−2 − 5.3566 × 10−4 S − 1.8906 × 10−6S2 

d = 6.877 × 10−7 + 10517 × 10−6 S − 404268 × 10−9S2 

 

Figure 1. Schematic of MED desalination process 
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Boiling Point Elevation 

BPE = Xb × ((A + B × Xb) + (C × Xb2)) 

A = 8.325 × 10−2 + 1.883 × 10−4Tb−out + 4.02 × 10−6Tb−out2 

B = −7.625 × 10−4 + 9.02 × 10−5Tb−out − 5.02 × 10−7Tb−out2 

C = 1.522 × 10−4 − 3 × 10−6Tb−out − 3 × 10−8(Tb−out)2 

Boiling Point Elevation 

𝜆𝜆𝑖𝑖𝑖𝑖 = 2499.5689− 2.20486 𝑇𝑇𝑠𝑠 − 0.00176 𝑇𝑇𝑠𝑠2 

𝜆𝜆𝑜𝑜𝑜𝑜𝑜𝑜 = 2499.5689− 2.20486 𝑇𝑇𝑣𝑣−𝑜𝑜𝑜𝑜𝑜𝑜 − 0.00176 𝑇𝑇𝑣𝑣−𝑜𝑜𝑜𝑜𝑜𝑜2 

In the above two equations, the temperature is in °C, 
and latent heat is in kJ/kg.  

Simulation and Validation 
The MED plant under this investigation is located in 

Sirte, Libya. It was installed in 2010 and got into actual 
operation after 2016. Table 1 presents input operating 
parameters for two different modes: summer mode and 
winter mode. The accuracy of the model predictions is 
very important in any simulation. Hence, the model is val-
idated against actual data for the summer mode. The ac-
tual plant data and the simulation results are shown in 
Table 2. As can be seen, good agreement against actual 
data has been obtained.  Normally in winter mode, the 
plant operates in different conditions. However, due to 
the lack of full actual winter operating data from the plant, 
the validation is carried out only against summer operat-
ing data. 

Table 1: Input parameters of 4 effects MED process for 
summer and winter modes 

Parameters Summer 
mode 

Winter 
mode 

Motive steam pressure (bar)   
Motive steam flowrate (kg/s)   
Inlet steam temperature to the 
first effect (oC)   

Mass flow of the seawater to the 
effects (kg/s) 


 


 

Intake seawater temperature (oC)   
Recycle brine flowrate (kg/s)   
Last stage brine outlet tempera-
ture (oC)   

Optimization Problem 

To obtain the optimal operating conditions that re-
sult in a minimum heat transfer area, an optimization ap-
proach is carried out to minimize the heat transfer area at 
a fixed demand of freshwater. Motive steam flowrate, en-
trained vapour to the ejector, last effect’s brine tempera-

ture, feed flowrate and intake seawater flowrate are op-
timized to achieve the objective. For winter mode, the re-
cycle brine flow rate is also optimized. To maintain the 
feasible operating conditions, the optimised parameters 
are controlled by introducing equality and inequality con-
straints including lower and upper desalination plant lim-
its. 

Table 2: Validation of the simulation results against actual 
operating parameters. 

Parameters Values 
 Actual Model Error 

Top Boiling Temp (oC)   % 
Distillate flowrate (kg/s)   -% 

Distillate water temp (oC)   -% 
The feed seawater temp 

(oC)   % 

Heat transfer area Ae (m) 
First effect   -% 

Second effect   -% 
Third effect   -% 

Fourth effect   -% 
Gain Output Ratio (GOR)   -% 

  
 The optimization problem can be described as fol-
lows: 

Optimization Problem 

Minimize  Optimize 

 Ae          Mev, Mu, Tb(n), F, seawater intake 
and brine recycle for winter mode 
only 

Subject to: 

Equality constraints: the fixed demand for freshwa-
ter (DTOTAL = 45.89 kg/s) 

 Inequality constraints: the lower and upper limits of 
some constraints are different between summer and win-
ter. 

Table 2 

Summer conditions Winter conditions 
Lower    Parameter       upper Lower    Parameter      upper 
   <   RW (kg/s)    <   
   <       CR           <   
    <    Tf (oC)       <   
    <      Td* (oC)  <   
    <   Tb** (oC)   <   

   <  RW (kg/s)    <    
   <      CR           <    
    <    Tf (oC)      <    
    <    Td* (oC)   <    
    <    Tb** (oC)  <    

 * Temperature of the distillate leaving the distillate plate heat 
exchanger 
** Temperature of the brine leaving the brine plate heat ex-
changer 
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Table 3 shows the new values of the optimized pa-
rameters for summer and winter conditions. The flow rate 
of the main source of energy which is the motive steam 
slightly decreased by 1.5 % in summer and increased by 
3.6 % in winter. In addition, table 4 depicts the results of 
the optimization process.  As can be seen, the values of 
the constraints in the optimization problem did not violate 
the constraints’ limits. Table 5 shows the results of the 
optimization process. Interestingly, the total heat transfer 
area for the 4 effects has been reduced by 10.4% in sum-
mer and by 26% in winter. Hence, the new design of the 
MED process should be based on summer conditions 
which require more available area. If the MED process is 
designed based on winter conditions, the available area 
can not meet the demand for freshwater in the summer 
season. Other parameters are in the feasible values and 
the MED process can operate at the new conditions com-
fortably. 

Table 3: Optimized parameters and the optimization re-
sults for the two seasons 

Optimized parameters 
Parameters Summer Winter 
Motive steam flowrate (kg/s) 
Entrained vapour flowrate 
kg/s 
Last effect temperature oC 
Feed flowrate kg/s 
Seawater intake flowrate kg/s 
Brine recycle flowrate kg/s 

 
 

 
 

 
 

- 

 
 

 
 
 
 

 

Table 4: optimization results for the two seasons. 

Optimization results 
Parameters Summer Winter 
Rejected water (RW) (kg/s) 
CR 
Tf (oC) 
Td* (oC) 
Tb** (oC) 

 
 
 
 
 

 
 

 
 
 

Table 5: Objective function of the optimization process. 

Summer Winter 
st effect   =  m 
nd effect  =  m 
rd effect  =  m 
th effect  =  m 

     st effect  =  m 
     nd effect =  m 
     rd effect =  m 
     th effect =  m 

Total area =   m Total area =  m 
Total area reduction is 10.4% in summer mode and 26% in winter 
mode. 

CONCLUSIONS 
The optimization problem to minimize the heat 

transfer area has been solved and the minimum required 
heat transfer area has been achieved. To accomplish this 
goal, a detailed mathematical model for the MED process 
was developed and validated against actual plant data. 
For a fixed freshwater demand, the results showed the 
possibility of designing the MED process with less heat 
transfer area. Moreover, the results depicted that the 
MED process should be designed based on the summer 
conditions due to a higher available area and lower mo-
tive steam. Moreover, the demand for the freshwater is 
higher in the summer than in the winter. 

NOMENCLATURE 
Ac  Heat transfer area of the condenser (m2) 
Ae  Heat transfer area of the effect (m2) 
Bin  Brine flow rate entering the effect (kg/s) 
Bout  Brine flow rate leaving the effect (kg/s) 
BPE  Boiling Point Elevation (OC) 
Cpbrine Heat capacity of the brine (kJ/kg.0C) 
Cpdist Heat capacity of the distillate (kJ/kg.0C) 
Cpw  Heat capacity of seawater (kJ/kg.0C) 
CR  Pressure ratio of compressed steam and en-
trained steam.                                
Din  Distillate flow rate entering the flash box (kg/s) 
DTotal Total product flowrate (kg/s) 
F  Seawater feed flow rate to the effect (kg/s) 
GOR  gain output ratio (kg distillate/kg stem) 
LMTD Logarithmic mean temperature difference 
Mev  Mass flow rate of the entrained steam (kg/s) 
Ms  Mass flow rate of the compressed steam (kg/s) 
Mu  Motive steam (kg/s)                                    
n  Number of effects 
NEA  Non-Equilibrium Allowance. 
PCF  The motive steam pressure correction factor 
Pev  Pressures of the entrained steam (kPa) 
Pm  Pressures of the motive steam (kPa) 
Ps  Pressures of the compressed steam (kPa) 
Ra  Mass ratio of motive steam to entrained steam 
RW  Rejected cooling water flow rate (kg/s). 
T’  Temperature to which the brine cools down as it 
enters the next effect (OC). 
T”  Temperature of the condensing vapour as it en-
ters the flash box (OC) 
Tb_in Brine inlet temperature (OC) 
Tb_out Outlet temperature of brine (OC) 
Tc_in Inlet temperature of the distillate entering the ef-
fect (OC) 
TCF  The motive steam temperature correction factor 
Tcond The temperature of the distillate vapour (OC) 
Tcw  Temperature of intake seawater (OC) 
Tf  Temperature of feed seawater (OC) 
Ts  Inlet steam temperature (OC) 
Tv_in Inlet temperature of the vapour (OC) 
Tv_out The outlet temperature of the vapour (OC) 
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U  The overall heat transfer coefficient (Kw/m2.oC) 
Uc  The overall heat transfer coefficient of the con-
denser (Kw/m2.oC) 
Vbrine Flow rate of the released vapour from the brine 
pool (kg/s) 
V_in  Input vapour flow rate (kg/s) 
Vout  Outlet vapour flow rate (kg/s) 
Vvapour  Vapour evaporated over the surface of the tubes 
(kg/s) 
Xb  Salinity (ppm) 
Xb_in Inlet brine salinity (ppm) 
Xb_out Outlet brine salinity (ppm) 
Vbrine Flow rate of the released vapour from the brine 
pool (kg/s) 
Vdist Flow rate of the released vapour from the distil-
late pool (kg/s) 
Xf  Feed salinity (ppm) 

Greek letters 
λin  Latent heat of the entering vapour at the inlet va-
pour temperature (kJ/kg.0C) 
λout  Latent heat of the released vapour at the outlet 
vapour temperature (kJ/kg.0C) 
Δt  Temperature difference (OC) 
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