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ABSTRACT

This project aims at developing a dynamic simulator for the MSF plant that is able
to mimic the real plant dynamic behavior under possible changes in the plant resources,
load variables and environment. The plant simulator is based on previously developed
semi-empirical model for the MSF process. The developed model is validated using
steady state plant data and further with dynamic plant data. The simulator considers
most of the plant key-input variables such as the steam flow rates and its properties, and
the seawater feed rate and its properties. The simulator considers most of the plant
outputs such as the brine level in all stages, the brine and condenser temperature in all

stages, the blow-down flow rate and the distillate production rate.

A graphical user interface is developed using MATLAB/SIMULINK environment
to make the simulator user-friendly and easy to use. In this case, the user can run the
program with simple mouse operation without any programming effort. The developed
simulator will be useful for all desalination plants in the kingdom that are based on MSF
technology. The plant simulator will be able to train operators and inexpert engineers to
understand the MSF operation and its dynamic behavior. Analyze and investigate the
sources of the abnormal or irregular dynamic behavior of the MSF operation.
Furthermore, the simulator can be utilized to determine the regions of un-desirable
operating conditions that may lead to blow through or overflow of brine in the stage
and/or low performance ratio. In addition, the program is useful to test the effect of
different operating condition or design configuration/modification on the plant dynamic

behavior by simple computer simulations.
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1. INTRODUCTION

It is well known that fresh water is not available in every part around the world.
Moreover, some of the available water resources require special form of treatment. This
situation created water shortages in many nations around the world. As a result, MSF
desalination became the main source of fresh water for domestic, industrial and
agricultural consumption. Some statistics on the world capacity of desalinated water and

the growing number of MSF desalination units can be found elsewhere [1].

The major advantage of MSF is that evaporation occurs due to pressure vacuum
in the bulk fluid away from the surface of hot tubes. Therefore, loss of efficiency and
material due to scale and corrosion is avoided. The paramount importance of
desalination in producing potable water, draw the attention of many engineers and
researchers to enhance the operation of such plants in the most efficient manner
possible. For this reason, several research efforts were devoted for the modeling and
simulation of MSF plants. Steady state and dynamic modeling were reported [2].
Similarly many researchers studied the empirical modeling of MSF plants using real

time process data [3]-[6].

MSF plant is notorious of being prone to instability [7]. Disturbances in steam
supply, seawater temperature or process load can lead to instability of the brine level in
the evaporator. Instability can cause undesirable carry over of brine into distillate or
blow-through of brine in stages. This situation can lead to loss of efficiency or frequent
shutdown. In addition, there is a high potential to improve the MSF operation in order to
enhance its performance ratio. Several attempts were reported to properly understand
the MSF operation. Hussain et. al [8] used their validated process model to study the
effect of operation parameter on the brine level dynamics. They also carried steady state
analysis to develop operating envelope and locate the conditions for carryover or blow-
through. Similarly, Thomas et. al. [2] also simulated the brine level dynamics to
changes in steam flow in an attempt to understand its behavior. They concluded that
large step changes in steam flow should be avoided because they may lead carryover or
blow-through situations. Bodendieck et. al. [9] studied the effect of orifice design and
configuration on the stability of brine level. They also defined the permissible operation
range for each orifice type. Analysis was also conducted to demonstrate the effect of



operation parameters on the brine level at steady state. In practice, the instability of the
brine level is handled by controlling the brine level of the last stage [7]. Nevertheless,
the brine level instability is not yet properly tackled through systematic and theoretical
analysis. The origin of this instability is not yet well understood. Moreover, besides
generating safe operation, potential for optimal operation of the MSF plants also exists.
The MSF plant consists of many stages with several numbers of states with overlapping
effects, which makes understanding its behavior more complex. Therefore it is essential
to understand the steady state and the transient behavior of the process in the open-loop
and closed-loop modes. This work focuses on this issue. The obtained information can
be useful to define which operation parameter has the most positive effect on the plant

economic, and which has the most adverse effect on the brine level.

On the other hand, the MSF process passes through transient response due to
severe disturbance or excessive set point changes. The MSF dynamic is complex due to
nonlinearity and to the large number of stages. The effect of a perturbation that occurs
upstream on the process dynamic is transmitted progressively from one stage to another.
Each flash evaporator introduces a capacitance to the process dynamic, which presents a
time lag. The time lag accumulates progressively with the train of stages creating a
larger time delay at the down stream stages. Because of time delay, the process states
especially the brine levels may exhibit serious overshoot or inverse response. Therefore,
it is important to examine the dynamic behavior of the process states during step
changes in the process operation parameters. The dynamic analysis will be conducted
in open-loop and closed-loop modes of operation. The information provided by the
dynamic analysis serves as useful tool for engineers and operators. For example, an
engineer can utilize the results in this work to select most profitable conditions and
avoid hazardous operation. Such systematic analysis enables the engineer to make

sound decisions.

Recent research work includes using gPROMS software to optimize the MSF
operation over the seasonal variation in Seawater temperature [10]. Transform the MSF
state equations into algebraic variable and solve them using heuristic selection is
proposed by Tarifa et al [11]. Tarifa and Scenna [12] have developed a dynamic
simulator that capture most of the process dynamic, however their simulator is based on

Delphi software and does not provide a graphical user interface that makes the program



interactive and user-friendly. Schausberger et al. [13] used the commercial tool
IPSEpro to simulate the MSF power plant and to balance the cogeneration of power and
desalinated water. Shivayyanamath and Tewari [14] have developed their own model to
simulate the startup operation of a typical MSF plant in India. Majalli et al, [15]
investigated the use of neural and genetic based techniques to solve large scale MSF
models. Fault detection in MSF plants has recently attracted the attention of researchers
[16]-[18].
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Fig. 1: Schematic of industrial MSF Plant

2. PROCESS DESCRIPTION

In a typical MSF plant shown in Fig. 1 we can distinguish between three basic
sections: heat rejection section, heat recovery section and the brine heater. On leaving
the first (warmest) rejection stage the feed stream is split into two parts, reject sea water
which passes back to the sea and a make up stream, which is then recycled back to the
flash section of the last stage. A recycle stream, which is drawn from the last stage,
passes through a series of heat exchangers, its temperature rises as it proceeds towards
the heat input section of the plant. Passing through the brine heater the brine
temperature is raised from the feed temperature at the inlet of the brine heater to a
maximum value approximately equals to the saturation temperature at the system
pressure. The brine then enters the first heat recovery stage through an orifice thus
reducing the pressure. As the brine was already at its saturation temperature it will
become superheated for a lower pressure and flashes to give off water vapor. The vapor
then passes through a wire mesh (demister) to remove any entertainment brine droplets

and onto a heat exchanger where the vapor is condensed and drips into a distillate tray.
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The process is then repeated all the way through the plant as both brine and distillate
enter the next stage which is at a lower pressure. The concentrated brine is divided into
two parts as it leaves the plant, a blow-down, which is pumped back to the sea and the

recycle stream.

A
A

—> —»

Fig. 2: Schematic of a single stage of a typical MSF plant

3. PROCESS MODEL TCJ

The design and analysis of process operation requires the use of a rigorous
model of the MSF plant. A first principle model for a 22 stages MSF plant was
developed and validated [10]. The specific plant consists of 3 rejection section stages
and 19 recover section stages. In the following a s@m_':l[]y of the developed model is
given. Each plant stage is shown in Fig. 2. The pregess is therefore defined by nine
variables: brine pool height (L;), brine flow rate ( ,-)Ddlali] mass fraction (XXj), brine
temperature (Tg;), distillate flow rate (D;), distillate temperature (Tp;), coolant
temperature (Tc;), vaporization rate (Vj) and stage pressure (P;). Furthermore and in
order to minimize the size of the model the liquid levels, except that for the last stage,
and the temperature dynamics in the distillate tray are not included in the modeling. The
dynamics for the salt concentration is also excluded be(BsE: {hey have no direct effect
on the other process states except through physical erties of the brine such as
density and heat capacity. Our simulations revealed tha B&- ﬂhysical properties vary
between +1 and -1 % over the plant temperature %};61 due to changes in salt

concentration. The mass holdup of the cooling brine inside the condenser tubes is

11
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assumed constant. The following mass and energy equations are written for each stage
[14]:

Stage j (except the last stage)

Mass balance of brine pool

) @)

Energy balance of brine pool

dTg;
Pe,jAsLiCpg,j sz B;1Cpg,j(Ts,j-1 —Ts,j) —Vj(re,j —Cpg,j(Ts,j —To))

)
Mass balance in distillate tray
Dj:Dj—l+Vj (3)
Energy balance of condenser tubes
dTc ;
Mc,iCpc, P BoCpc,j(Tc,j+1 —Tc,j) +U jAHCAT; %)

(for the rejection section the sea water feed W is used instead of B, in the last equation)

Last stage, N
Mass balance in brine pool

dL
PB,jABd—tN=BN—1—BN —Vn +Wp — By ©)

Energy balance in brine pool

dTB,N

Pe,jAsLnCPs j =Bn21Cpg,j(Ten-1 —Ta.N)

~Vn (tn —Cpg j(Ten —To)) +WinkCPs i (Tc 3 ~Ta ) (7

Mass balance in distillate tray
Dy =Dy +Vy (8)

Energy balance of condenser tubes
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dTC,N

Mc.nCPe, N =WeCpe n (TE —Te n) +UnARRATY )
UnNARRATN =VNAy (10)
Splitter
WE = Rej + Wik (11)
Brine Heater
Energy Balance equation
dTgo (12)

MgHCpg, j T Bo(CpciTc1 —CPeoTro) +Wshs

In the above model equations the brine flow and the brine level in each stage are

correlated as follows:

similarly, the distillate flow is correlated to the distillate level as follows:

DJ :CD,jﬂlpD,ngD,j (14)

The temperature difference used in the above energy balances is defined as follows:

ATi :TB,i _O'S(TC,i +Tc,i+1)

Note that ; is computed at Tg; while A¢j is computed at the distillate temperature, which
Is assumed to be equal Tgj minus the boiling point rise at the j" stage (BPRj). In the
original model [14], the physical properties for each stage in the above model, i.e.
p,Cp,A,U,M.,Mpy,BPR and the vapor pressure (P) are estimated through empirical
correlation.. Industrial values were used for the plant design parameters such as C, h,
As, Anc, Anr and w. Moreover, realistic values for the size and number of tubes were
used in computing U, M. and Mgy. The definition of all parameters of the model

equations is given in the nomenclature. The nominal operating condition for the plant
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upon which the model is validated is given in Table 1. The model output is validated
against available plant steady state data such as Brine temperature, Condenser
temperature, inter-stage brine flow and inter-stage distillate flow rates. The latter flow
rates where used also to verify the level-flow correlation, i.e. Egns. (13) and (14).
Although the overall heat transfer coefficient (U) can be computed from a given
correlation, some degree of uncertainty still exists. Therefore, its value was adjusted so
that exact matching of the plant data is obtained. In a typical MSF plant, the upstream
distillate flashes back to the tube bundle when it enters the new stage at lower
temperature. However, this amount is assumed very small and thus it is ignored in (3)
above. Note that the symbols L and Lg denote the same variable and they will be used

interchangeably hereafter.

Table 1: Nominal plant conditions
Wi Ts Bo WEe Rej Tk Wb Bp

(tone/hr)  (°C)  (tone/hr)  (ton/hr)  (ton/hr)  (°C)  (ton/hr)  (ton/hr)
139.16 96 5581 11250 5419 28 979.92 4851.1

Table 2: Plant Tube characteristics

Plant section Outside tube Tube length Stage width Fouling factor

Diameter, m m m m2K/Wx107
Brine heater 0.022 10.58 - 0.16
Heat recovery 0.022 12.186 13.2 0.12
Heat rejection 0.022 12.186 13.2 0.12

4. PLANT OPERATING CONDITION AND MODEL VALIDATION
The MSF model has been validated with steady state data for Aljubail plant [14].
This plant consists of 22 stages. Here, we further validate the model using data collected
from Alkhobar phase 1l plant which consists of 16 stages. A typical operating condition
for the Alkhobar plant is given in Table 1. Plant design specifications are listed in Table
2. Stage to stage profile of the brine flow, distillate flow, brine temperature and
condenser temperature at steady state is generated by alnamlah [19] for the same plant.

The results are listed in Table 3.
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Table 3: Stage to stage profile for major MSF variables

Condenser
Brine Distillate Brine tube
Flowrate flowrate Temperature Temperature
Stage Tone/hr  Tone/hr C C
1 11344000 67645 85.53 81.89
2 11277000 135290 82.17 78.47
3 11209000 202930 78.78 74.97
4 11141000 270580 75.35 71.45
5 11074000 338220 71.89 67.89
6 11006000 405870 68.39 64.31
7 10938000 373510 64.86 60.69
8 10871000 541160 61.29 57.06
9 10803000 608800 57.68 53.38
10 10736000 676450 54.04 49.67
11 10668000 744090 50.36 45.94
12 10600000 811740 46.64 42.16
13 10533000 879380 42.89 38.36
14 10499000 912900 40.55 33.14
15 10466000 946410 38.21 30.72
16 10432000 979930 35.85 28.29
100 100
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Fig. 3: Steady state profile for stage-to-stage brine and distillate flow and brine and
condenser temperature, dashed: model, solid: plant data
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The steady state validation is shown in Fig. 3. The simulated brine and
condenser temperature and flow are compared to the estimated values of Alnamlah [19]
at steady state. The figure illustrated acceptable model accuracy. In this work we further
validate the model against actual dynamic data for the plant. The dynamic data is made
available from the Alkhobar plant. Fig. 4 shows a typical transient profile for the
process major inputs. Fig. 5 compares the model dynamic response for the given input
profile in Fig. 4 with the corresponding plant response. Despite initial mismatch the
model provides excellent track of the dynamic behavior of the distillate production rate
and the top brine temperature. The plant brine temperature in each stage of the same
input profile shown in Fig. 4 is also made available. Thus, the model response for the

brine temperature is compared to the actual one for the whole 16 stages as illustrated in

Fig.6and 7.
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Fig. 4: Input profile for start up operation
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Fig. 5: Output profile for start up, dashed: model, solid: plant data

It is obvious that the developed model can provide satisfactory overall prediction
of the plant dynamic behavior. Minor plant-model mismatch is observed in the early
portion of the dynamic response. The plant data shows slow initial response for the
upstream stages and faster initial response for the downstream stages. Moreover, the
temperature response in the downstream stages (specifically stages 13 to 16) suffers
from overshoot. However, the model delivered the opposite behavior. Nevertheless, the
model performance coincides with the natural dynamic behavior of storage tanks in
series. As the number of stages increases, the dynamic of the process resembles that of a
high order system. The dynamic of high order systems is characterized by slow under-
damped reaction similar to the one delivered by the model. Anyhow, the measurement
of stage properties is associated with high uncertainty. For this reason and the excellent
validation results, the process model is considered acceptable and we switch to

developing the process simulator.
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Fig. 7: Brine Temperature for stages 9 to 16, dashed: model, solid: plant data
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5. THE MSF SIMULATOR

The set of differential equations describing the MSF is compiled in
MATLAB/SIMUINK environment to develop the MSF dynamic simulator. MATLAB
has become a standard among academic and industrial users alike for use as both an
educational tool as well as a research utility. Moreover, MATLAB allows putting the
simulator in an easy to use environment without getting involved in programming.
Therefore, student can run many simulations without worrying about writing a single

code.

"B MsF MENU =2

Quit ClearWark Space A

MSF Process Menu
Chemical Engineering Department
L\@ King Saud University
- MSF
MSF with level cartrol
Zingletoop Cantrol - MEF weith LC
Feed Fqﬁwarc_i-lifnmrml L MSF Wit LT
Cascade Cortrol - MSF with LC
Steady State Disturbance Analysiz -
Process ldentification - MSF
[

Return to Mainmenu I

Fig. 8: MSF simulator main menu

Access of the MSF simulator is through its main menu shown in Fig. 8 which can be
easily launched in MATALB Command window. The menu shows the various
simulation options that can be carried out. Open-loop simulation with and without last

stage level controller is possible. Typical feedback PI controller and different common
configuration such as cascade and feed forward are other existing options. The program
allows for conducting steady state disturbance sensitivity analysis and process dynamic
identification. These tools are unique and useful advance topics in process dynamic and

control.
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Demonstration of how to navigate and utilize the simulator will be presented in
the following. Specific detailed application depends on the user requirements and
analysis. Clicking on “MSF” button shown in the main menu launches the MSF module
shown in Fig. 9. The module has four major process inputs namely, the seawater feed
temperature, the steam feed temperature and flow rate, and the recycle brine flow rate.
The module has six outputs namely, the blow down and distillate flow rates, liquid level
in last stage or the distillate tray and brine chamber, top brine temperature, and brine
temperature in last stage. The input block allows the user to perturb the input value
while the output scope block allows for visualizing the output trend. Simulation
parameters such as the simulation time, the sampling time and ODE solver type can e
adjusted through the “simulation” menu in the toolbar.

LR S e

| File= Edit View Simulation Format Tools
DemEd@| sl |2z » | &

Multi Stage Flash Desalination

[ ) of vl co
(without level control)

LB22, (m)
_,. TB22. (C)
= 1]
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¥ . 4.. LD22, (m)
W, (kg/'min) EBD. (ton'min) .

Multi Stage Flash Desalination Wa. (tonmin)
cl

Zeanglm: sz

Henleng Bic. 2 .

Ready B3% ' ' [odeds

Fig. 9: MSF module for open-loop analysis without last stage level controller

The standard MSF process parameters can be accessed via clicking on the block
diagram of the process. By doing so, the dialog box shown in Fig. 10 appears. This
block parameter allows for varying the process variables such as the heat transfer
coefficient, seawater and reject flow rates, the number of stages, the initial values of the
process states and noise variances. The latter can be used to simulate noises in the
measurement to mimic realistic operation. The difference between the input variables

listed in Fig. 10 and those presented by block boxes in Fig. 9 is as follows. The inputs
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in Fig. 10 can only be changed by fixed value whereas those in Fig. 9 can be perturbed

as fixed value or transient value.

Block Parameters: Multi Stage Flash D:Esalingﬁqn @
Simple Mésk [maszk]
[1] Ihzert the file name that containg the initial condition for the states

[2] Inzert the physical parameter values: Uz LW Rep. Tz, MREJ.
MRELC

Far defintion and nomiinal values far the process states and parameters,
click orthe Help bar

- Parameters
File name for Initial condition of the states

LBEinc]
Hesat transfer coeff. of Brine Heater, kJ/min CmZ
{49,767

Heat transfer coeff. of tube, kd/min Cm2

{35.0

Sea Water feed rate. fonhr)
[143.8167

Feject flow rate; tondhr)
1953500

Steam Temperature, {C)
198.10

Mumber of rejection and recoven stages
I319]

Moise varance
[iD.001 00000]

| oK | Cancel Help ‘

Fig. 10: Block parameters for open-loop MSF without level controller

To start simulation, one can double click one of the input boxes say the steam
flow rate. By doing so, the dialog box shown in Fig. 11 pops up. In this dialog box, one
can enter the new value of the input, which is 5 for our case, and the starting time at
which the action should take place, which is 1 for example. Next, the user can click on
the start simulation button in the menu toolbar. When simulation ends, the user can
click on any of the output scope blocks to visualize the output transient response. Fig.
12 illustrates, for example, the time response of the last stage’s level. The simulation
plot indicates how the level in the last stages varies with time due to the small step
change in the steam flow rate. Obviously, the liquid level in the brine chamber will

decrease and the liquid level in the distillate will increase because increasing the steam
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amount will propagate vaporization. In addition to the scope blocks that show the major
output trends, the program plots the interior states of the process in a separate plotting
window. These states include the brine liquid level and the brine temperature in all
stages. Typical plot is shown in Fig. 13. The default plot is for the first stage, whereas
the user can look at the state of another stage by inserting the stage number in the
“signal selection” dialog as shown in Fig. 13. For example, the stage number 13 is
selected.

Block Parameters: Step on
Step

-

Output & step:
Parameters -
Step time:

]
Imitial value:

o

Final value:

{5

Sample time:
o

ok | Cancel J Heo | ey |

Fig. 11: Dialog box for Ws input
B 52z [ l=|E] 2 |Fpg o2 (m) E=iieif )

Typical MSF operation require level controller for the last stage to ensure the
product flow and guarantee stability. The MSF simulator is also designed to mimic this
configuration. This type of configuration can be accessed by clicking on “MSF with
level control” in Fig. 8. A window similar to that in Fig. 9 will show up. The module for
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this case is not shown for similarity. The level controllers will not show up in the
module because they are interior control loops. To check the existence and to adjust the
corresponding parameters for the level controllers, one can double click on the MSF
module. A dialog box for the process parameter will pop up as shown in Fig. 14, which
Is exactly similar to that in Fig. 10, however, the new block allows the user to adjust the
parameters, set point, controller gain and controller integral time, etc. Simulating the
MSF process with level controllers gives the results shown in Fig. 15. It is clear that the
levels are affected by the change in Ws, but the response is different than that in Fig. 12
because in the current case the level controller are active and trying to bring the liquid
height back to its normal value. We can observe that the controller is not doing well,

thus, it requires retuning. This can be a good exercise for students.
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Fig. 13: Simulation of the interior states for open-loop mode without level control'ler-.-

Minutes
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Block Parameters: Multi Stage Flazh Desalination

Simple Mk [fazk]
[1] Inzert the file name that containz the initial condition for the states

[2] | nzert the phyvsical parameter values:

=z, 1, W5, Rej, T, Widzs Bdss, LBzp, ke, kil, LDzp, ko2 ki2, MREL,
HEEC

For defintion: and nominal values far the process states and parameters,
chck on the Help bar

Parameters -
File mamie for Initial condition of the states

Heat transfer coeff, of Bine Heater, kd/min Cm2
43,767

Heat transfer coeff. of tube, kJ/min T m2
135.0

Sea Water feed rate, fton/hr)
|143.8167

Reject flow rate, fon/hr)
{95.3500

Steam Temperature, (C)
{98.10

Imitial condition for Distilate product and Blowdown
{119.1826 25.2841]

Setpoint, proporional gain, integral time for Brine level control
|10.556818 -50 0.001]

Setpoint, proportional gain, integral time for distillate level control
[10.3394 5 0.01]

Mumber of rejection and recovery stages
3 19]

Moise vanance
[moooo0.01]

| ] 4 | Cancel Help Appl

Fig. 14”" Block parameter for MSF simulator with level controller

Further, the student can design and test conventional feedback controller. To do
so, the user can click on “single loop control” in the main menu. The result is the
module shown in Fig. 16. The new module shows the MSF process with an external Pl
control loop that links the top brine temperature with the steam flow rate. This is a
typical control loop in MSF plants. To access the Pl parameters, the user can simply
click on the “PI controller” subsystem. This will open the related dialog box (Fig. 17)
that allows the user to insert the necessary values for the controller gain, integral time

and derivative time. One can simply run the simulation and observe the effect of the
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control loop for the given parameter values. Innovative user can change the input-output
pairing by redirecting the control-loop lines. This can be easily achieved by effortless
mouse actions. Moreover, a second PI control loop can be added to the system by
simple cut and past operations. Note that the Pl subsystem can be duplicated by copy
and paste operation or can be dragged from the SIMULINK built-in library. The rest of
the simulator options shown in the main menu can be accessed and utilized in the same
uncomplicated fashion discussed previously. Further creative ideas can be implemented
in straightforward manner utilizing the MATLAB and SIMULINK resourceful tools.

[=]E=] 3 | LB22 (m) _31:.:'|'1‘E].i iR
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B Msclose *

| File Edit View Simulstion Format Tools

BTy

|
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Multi Stage Flash Dezalination
= [ Closed Loop

(with last-stage level control)

Eg; i

30, (tonmin) S g TEIL )
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|
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Fig. 16: MSF simulator for the case of sigle feedback controller

Block Parameters: PID controflerm
— Simple Mazk [mazk]

|hzert the values of the PID achtrallers

— Parameters
Proportional gain

E]

Integral time:
|10

Denvative time
o

ITI Cancel | Help I Apply |

Fig. 17: Block parameter for the Pl subsystem block
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6. NOMENCLATURE
Ag Cross sectional area for the brine chamber, m?
AHR, Axc Heat transfer area for condenser tube at the rejection and recover

sections respectively

B Inter stage Brine flow rate, ton/min

Bo, Bo Recycle brine and blow-down flow rates respectively, ton/min
C Orifice contraction coefficient

Co Discharge coefficient for the distillate tray

Cpc, Cps Heat capacity for the brine in the condenser tube and flash chamber,
kJ/kg °C

D Distillate flow rate, ton/min

g Gravitational constant

h Orifice height

J As index denotes stage number

K Orifice discharge coefficient

L, Lp Brine and distillate height respectively, m

Mc, Mgn Liquid holdup for the condenser tube and brine heater respectively
N Total number of stages

P Vapor pressure, bar

Rej Reject flow rate, ton/min

t Time, min

To, TE Reference and feed temperature respectively, °C

Te, Tc, Ts Brine, condenser and steam temperature respectively, °C

Tro Top brine temperature, °C

To Distillate Temperature, °C

U Overall heat transfer coefficient, ki/min °C m?

\Y Vapor rate, ton/min

X Salt concentration, kg/m?®

We, Wp Seawater feed and distillate product flow rate respectively, ton/min
Wik Make up flow rate, ton/min

W, Steam flow rate, kg/min

W Orifice width, m

27



Greek letters

0B Density of brine, kg/m®

A Latent heat for vaporization, ki/kg

Ac Latent heat for vaporization at the distillate temperature, ki/kg
As Latent heat for steam, kJ/kg

28



[1].

2]

3]

[4]

5]

[6].

[7]1

[8].

[9].

[10].

[11].

. REFERENCES

H. Ettouney, H. El-Dessouky and 1. Alatigi, “Qualifying manpower for the
desalination industry”, Desalination, 123, 55-70, 1999.

P.J. Thomas, S. Bhattacharyya, A., Patra, and G.P., Rao, “Steady state and dynamic
simulation of multi-stage flash desalination plants: A case study*, Comp. Chem.
Eng., 22, 1515-1529, 1998.

A. Woldai, D.M.K, Al-Gobaisi, A.T, Johns, R.W., Dunn, and G.P. Rao, “Data
Reconciliation for Control of MSF Desalination Processes “, IDA, 3, 181-189, 1997.
M. Bourouis, L., Pibouleau, P., Floquet, S. Domenech, and D.M.K, Al-Gobaisi,
“Data Reconciliation and Gross Error Detection in Multistage Flash Desalination
Plants “, IDA, 3, 167-181, 1997.

K. Al-Shayji, and Y.A., Liu, “Neural Networks for Predictive Modeling and
Optimization of Large-Scale Commercial Water Desalination Plants *, IDA, 3, 91-
103, 1997.

M.E. ElHawary, Proceeding of DESAL’ 92, Arabian Gulf Regional Water
Desalination Symposium, 15-17 November, 1992, UAE.

D. M. Al-Gobaisi, A., Hassan, G.P., Rao, A., Sattar, A. Woldai, and R., Borsani,
“Towards improved automation for desalination processes, Part I: Advanced
control*“, Desalination, 97, 469-506, 1994.

A. Hussain, A., Woldai, A., Al-Radif, A., Kesou, R., Borsani, H. Sultan, and P.
B., Deshpande, “Modelling and simulation of a multistage flash (MSF)
desalination plant “, Proceeding of the IDA and WRPC World Conference on
Desalination and Water Treatment, Nov. 1993, Japan, 111, 119-125.

F. Bodendieck, K. Genthner, and A. Gregorzewski, “The Effect of Brine Orifice
Design on the Operation Field and Operation Stability of MSF Distiller “, IDA, 3,
179-198, 1997.

M.S. Tanvir, and .M. Mujtaba “Optimisation of design and operation of MSF
desalination process using MINLP technique in gPROMS”, Desalination 222 ,419—
430, 2008

E. Tarifa, D. Humana, S. Franco, J. Scenna “A new method to process algebraic
equation systems used to model a MSF desalination plant”, Desalination 166, 113-
121, 2004

29



[12]. E. Tarlfa, and J. Scenna “A dynamic simulator for MSF plants”s Desalination 138,
349-364, 2001

[13]. P. Schausberger”, G. Rheina-Wolbeck, A. Friedl, M. Harasek, E.W. Perzb,
“Enhancement of an object-oriented power plant simulator by seawater desalination
topics” ,Desalination 156, 355-360, 2003

[14]. S. Shivayyanamath, and P.K. Tewari, “Simulation of start-up characteristics of multi-
stage flash desalination plants”, Desalination 155, 277-286, 2003.

[15]. F. Mjalli, N. Abdel-Jabbar, H. Qiblawey and H. Ettouney, “Neural and genetic based
techniques for solving the MSF model as opposed to conventional numerical
methods”, Computer Aided Chemical Engineering, 24, 297-302, 2007

[16]. E.E. Tarifa, S. F. Dominguez, D. Humana, S.L. Martinez, A.F. Nufez and N.J.
Scenna “Faults analysis for MSF plants” Desalination, 182, 1-3, 131-142, 2005

[17]. E. E. Tarifa and J. Scenna “Fault diagnosis for MSF dynamic states using a SDG and
fuzzy logic” Desalination, 166, 93-101, 2004.

[18]. E. E. Tarifa, D. Humana, S. Franco, S. L. Martinez, A. F. Nufiez and J. Scenna “Fault
diagnosis for MSF dynamic states using neural networks” Desalination, 166, 103-
111, 2004.

[19]. A. Alnamlah, “Optimum production of water and power in MSF plants”, Msc thesis,
Chemical Engineering Department, King Saud University, 2005.

30



