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ABSTRACT

The increasing of population needs safe, reliable and consistent supply of water had made many
manufacturing industries and water treatment plants to look for efficient desalination plants.There are two major
types of desalination technologies around the world, namely membrane desalination and thermal desalination .
MEE is one of the types of thermal desalination. MED process operates in a series of evaporator condenser
vessels called effects and uses the principle of reducing the ambient pressurein the various effects. A novel
algorithm to solve the steady state analysis problem of three effects feed forward multi effect evaporator (FF
MEE) for water desalination is investigated. A dynamic model is derived for MEE. FF MEE dynamic model is
controlled using a Proportional-Integral (PI) controller that designed to improve its performance against the
variation of the cold water temperature. Simulation results show the effectiveness of the proposed design and
calculation has been presented using MATLAB®.

Keywords: Feed forward multi effect evaporator- Water desalination-Steady state analysis-Dynamic model-PI
controller

1. INTRODUCTION

Shortage of fresh water is a major problem efficiency, heat transfer coefficient, lower energy
affecting many countries. One of the ways to get an used and good performance ratio that is higher than
additional source of drinking water in places where other thermal desalination techniques like MSF[2] .
there are much seawater resources is seawater There are four different possible configurations
desalination plants[1]. Population growth and for the MEE desalting systems, which differ in the flow
industrial development have caused water shortage directions of the heating steam and the evaporating
as a comprehensive crisis in many countries brine, backward feed (BF), forward feed (FF), parallel

feed (PF) and parallel/cross feed (PCF)[4]Transient
modeling for different feed multi-effect evaporator
(MEE)was investigated by a few researchers. For
example, Miranda and Simpson [5] described a

especially in the Middle East and North Africa [2].
Seawater desalination is very important technology
to efficiently produce water for human use and

irrigation  from wastewater and seawater. Main stationary and dynamic lumped model of backward feed
desalination techniques are currently Multistage MEE for tomato concentration. Tonelli et al. [6]
Flash Distillation (MSF), Multi-effect Distillation presented an open-loop dynamic response model of
(MED) and Reverse osmosis(RO) [3]. Multi-effect triple effect evaporatorsfor apple juice concentrators
desalination (MED) is the common technique that with backward feed configuration.

provides considerable quantity of potable water. Kumar et al. [7] modeled transient characteristics of
This type of thermal desalination methods has been mixed feed MEEsystem for paper industry based on the
used recently because of its advantages such as low work in [8]. Their results showthat the effects

temperature has a faster response compared to the solid

capital requirements, low operating costs, simple . . )
P g P g P concentration. The dynamic behavior of four effects

operating and maintenance procedures, thermal

parallel/cross MEDsystems was done by Aly and
Marwan [8] which allowed the study ofsystem start-up,
shutdown and load changes using lumped model ofmass,
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energy and salt balance equations. EI-Nashar and
Qamhiyeh [9]. The backward feed arrangement is not
suitable for application in sea water desalination. The
parallel feed layout is by no means the most economical
and is efficient only when the feed brine is nearly
saturated to boil inside the effects. The salt concentration
reaches the maximum permissible value in all effects
[10]. The aim of this paper is developing a dynamic
modeling of MEE and improving its performance by
using PI controller to eliminate the effect of disturbance.

2. SYSTEM DESCRIPTION

MED process operates in a series of
evaporator condenser vessels called effects and uses
the principle of reducing the ambient pressure in
the various effects[2] . Sea water is fed to
condenser then it is preheated to required
temperature and then is forwarded to two streams;
portion of the heated water is used as feed of
evaporators and the other as cooling seawater is
rejected back to the sea. The feed seawater is
entered to the first effect and the steam also does
that as a source of energy.

Part of the feed is evaporated and the
produced vapor is used to evaporate feed in the next
effect, the un-evaporated brine is fed to the next
effect [11].Same change occurs in the
2"evaporator. Also, the process is repeated in
3"evaporator as shown in figure 1.
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Figure 1: Three Effect Feed Forward MEE

3. STEADY STATE ANALYSIS
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Brine solution has a boiling point greater than
pure water depending in salt content and the
difference between these two boiling points is
called the Boiling Point Elevation (BPE). The
variation of the boiling of saline solution with
sodium chloride concentration can be estimated by
an approximate relation

T, =T+ aX (1)

Where,

T, : Boiling temperature of brine.
T : Boiling temperature of water (Given in steam
tables)

X : Salt concentration in percent %. (kg/kg)

a : Coefficient = 0.05 [12]

A recent formula for the saturation pressure of
steam is given by [13] and results is shown in in
figure 2.

(A-BT+CT?)T

|@
T+273
Where T is temperature in °C with parameters

A =19.846, B =8.97x10°, C =1.248x10"° and

Po = 611.21 MPa for temperature range from 0 °C
to 110 °C.

A formula for latent heat of vaporization of water as

a function of temperature is given by [14] and
results is shown in in figure 4.

P = Pyexp

A=1l—mT
| =2500.82 2,
Kg
T is temperature in °C.

This equation is valid for 0 °C to 50 °C but
we shall use it up to 120 °C with negligible error
(15/2200)*100 % less than 1% as obtained from
Figure 4. Table 1 gives the variation of saturation
pressure and latent heat with temperature.

The effect of salt concentration X on P and latent
heat was neglected. The partial derivatives of Ty, P
and 4 are

(3)
m = 2.358
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The vapor density p, is calculated from pressure and
temeprature by

p,=% @

At:_m

where P is calcualed from Eq. (2) and R, is the gas
constant for steam (= 461.52 J/kg/K). The partial
deriavtive of p, is
_0p, P P
Pt =31 TR,T R,TZ

Maximum error <1% at 120°C for three evaporators
arranged as shown in Figure (4).

where the temperatures and pressures are Ty, Tp, Tg,
and P;, P, P3 respectively, in each effect, if brine
has noboiling point rise, then the heat transmitted
per unit time across each effect is:

Effect 1:

Q: =UiAiAT;, where AT; =(To — T9),

Effect 2:

Qz =U2AAT;, where AT, = ( T; — Tz),

Effect 3:

03 = U3A3A T3, where A T3 = ( Tz — Tg),

Neglecting the heat required to heat the feed from
T#oT, , the heat Q: transferred
across Aj, assuming that the heat transferred is
equal So :

Q:r=0Q2=0s

So that: UA/AT; = U2AAT> = Us3A3ATs
If, as commonly the case, the individual effects are
identical, 4; = A2 = A3, and:

UATi= UANT= Us;AT3

The water evaporated in each effect is proportional

to Q, since the latent heat is
approximately constant. Thus the total capacity is:
Q= Q1+ Q=+ Qs

= U1A:ATH U2AATAH UzA3A T3

If an average value of the coefficients U,, is taken,
then:

Q=UATHATAHAT3A

Assuming the area of each effect is the same. At a
pressure of PskN/m? , the boiling point of water is
T3 K, so that the total temperature difference
TAT=To-T3K

37

The latent heats Aq, 41, 42 and 43, are givenin steam
tables where :

0 KJ/Kqgis the latent heat at Ty

J1KJ/Kgis the latent heat at T,

/2 KJ/Kqgis the latent heat at T,

A3 KJ/Kgis the latent heat at T3

Assuming that the condensate leaves at the steam
temperature, and then heat balances across each
effect may be made as follows:

Effect 1:

Dodo = GriCp(T1 — TP+ Dids

Effect 2:

DiAi+(Gr— D7) C(T1— T2)= D24z,

Effect 3:

DA (Gr— D1 — D2) C( T2 — T3)= D33,

Where Gyis the mass flow rate of brine fed to the
system, and Cyis the specific heat capacity of the
liquid, which is assumed to be constant.

The material balance of sodium chloride gives
GXr= (GrD1-D2-D3) X3

That can put in the following matrix form:

U, -U, 0 1[ATy 0
0 U, -Us||AT:|= 0 )
| 1 1 1 AT; Ty —T;
A 1 0 0
0 —Cy(Ty-Ts) Ap— Cp(Ty - Ts) —As
0 X; X; X;
Do1 | GrGp(Ty = Tf)]
Dl — I _Gpr(Tl - Tz) |
D2 l_Gpr(Tz - T3)J
Dy Gr (X3 — X¢)

First matrix equation gives ATy, AT, and 4T3 from
which

T:=Tp-ATy, To=T:;-ATrand T3=T>-AT3

The second matrix equation gives Dy, D, D, and D3
To find X; and X, make material balance at the first
effect and at the first and second effect respectively
GXr= (GrD1) X1

GXr= (GrD1-D2)X>

The heat balance at the condenser is:

D3d3 = (Gr#+Mew)Co(TeT¢)

Having obtained X, and X3 update the brine
temperatures Tp3,Tpy and Ty
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Ty =T5; +aXs

sz = Tz + aXszl = T]_ + aXl
As a check to the assumption of equal heat transfer
area calculate
A1 =Dodo/ UiA T,
Az =DiA1/U2AT>
Az =D2A2/U34T3
In the first iteration use Ty, T, and T3 in the second
matrix Eq. In the subsequent iterations use Thy, Th,
and Tbs in the second matrix Eg. Iterations are
necessary to force A;=A-=As approximately. T,
update ATy, AT,, and ATj3 as follows

AT1y = ATy + (A1 — A2)/9
ATz = AToy + (A2 — A3)/g (7)

ATy = ATy + (A3 —A1)/9

Table 1: Saturation steam pressure and latent heat
from steam table

T°C | P MPa | 1KJ/Kg | V, m/Kg | p, Kg/m®
20 | 0.002339 | 24535 57.76 0.0173
25 | 0.003170 | 2441.7 43.34 0.0231
30 | 0.004247 | 242938 32.88 0.0304
35 | 0.005629 | 2417.9 25.21 0.0397
40 | 0.007385 | 2406.0 19.52 0.0512
45 | 0.009595 | 2394.0 15.25 0.0656
50 | 0.01235 | 2382.0 12.03 0.0831
55 | 0.01576 | 2369.8 9.564 0.1046
60 | 0.01995 | 2357.6 7.667 0.1304
65 | 0.02504 | 23454 6.194 0.1614
70 | 0.03120 | 2333.0 5.040 0.1984
75 | 0.03860 | 2320.6 4.129 0.2422
80 | 0.04741 | 2308.0 3.405 0.2937
85 | 0.05787 | 22953 2.826 0.3539
90 | 0.07018 | 22825 2.359 0.4239
95 | 0.08461 | 22695 1.981 0.5048
100 | 0.1014 2256.4 1.672 0.5981
110 | 0.1434 2229.7 1.209 0.8271
120 | 0.1987 2202.1 0.8912 1.1221
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Whereg is an adjustable parameter dependent on X
and Xs. The sum of ATy, AT,, and AT3 is Tp -Ts
.Also no change in ATy, AT,, and AT3 occurs when
A1:A2:A3.

Pressures P, and P, are calculated using Eg. 2. The
performance of the three effects MEE is the ratio
between the output steam to the input steam.

D1+D,+D3
J === (8)

To calculate the brine rejected Mg,. Carry out
energy balance at the condenser

My = Ds /13/Cp(Tf —To) - Gy

The input data are Po, To, P3, Ty, T¢, G, X, and X3
(brine concentration in the third effect).

5
10 . 5

+ Steam labe-al /
18 —Equation 1
16 / 1
1.4 T
; /
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Figure 2: Variation of the Saturation Pressure with
Temperature Eq. (2) and Measurements from Table (1)
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Figure 3: Measured and Calulated Vapor Density Eq. (4)
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Figure 4: Latent Heat Variation with Temperature
Eqg. (3) and Calculations from Table (1)

4. DYNAMIC MODEL OF THREE
EFFECTS FEED FORWARD MEE

—

D1,T1

Vi

Gf, Tf

—>

Gf-D1, Thl
l—

Figure 5: Fluid Components of First Effect
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M; : Brine mass in effect 1 M, =

p1li

v1 : Vapor mass in from M; to V; effect 1

Vi: vapor mass ineffectl V; = p, (L — L)«
L: is the length of the effect

a:is the effective area of the effect

L,: is the brine level in the effect

The enthalpy of My :isp; Ly aCy, (Tpy — Tr)

The enthalpy of Vi :is py1 (L — L) a(Cp(Tpr —
Tr) + 41)

Tg: Is a reference temperature

cicoefficient of liquid discharge due to difference in

liquid height
Material and Energy balance of the first effect
Liquid:
aM; d(p,L,a)
dt  dt
=G —v; — (Gf — Dy) — c;(Ly — L)
Vapor:
avy  d(pyi(L—Ly)a) _D
dt — dt R
Salt:
dX:M d X,p1L1x
o= 15; — = X;G; — X,(G; — Dy):
Energy
d (P1L1an(Tb1 —Tr) + pri(L — Ll)a(cp(Tbl —Tr) + /11))

dt
= DAy — D14, — Cp(Gf = D)(Tp1 — Tf)

Adding first and second equations

d(ap;L, + L—L
(apiLq dfm( 1))= —e(Ly — L)

dpyr _ pr1dTy
dt dt

Where

dLqy dT;
(p1 — pvl)aE + prra(L —Lq) E

= —¢(Ly — Ly)
Third Eq.
dL, Xi
plea’W + plLlaE = Xfo —_ Xl(Gf —_ Dl)
Fourth Egq.

dL,
{(o1 = Pv1)Cp(Tpr — Tg) + Pv1/11}0—’E +

dx,
{(p1L1 + pp1 (L — L1))C, a}aE +
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{ (p1L1 + pp1(L — L1))Cp + (L — L) Cp(Tyy — TP

— py1(L — Ly)m}a ar
= DoAo — D14, — Cp(Gf = D) (Tp1 — Tf)
In matrix form

€11 C12 C13
C21 (22 C33

C31 C32 C33

L,
dt
dX,
dt
aT,

—c(Ly — Ly)

_ X:Gy — X,(Gy — Dy)

DoAg — D1Ay — Cp(Gy — D1)(Tpy — Tf)

c11 = (p1— pr)a

ClZ = 0
c13=(L—L1) apy
C21 = X1p1 @,

€22 = p1lqia
cy3 = 0.
c31 = (p1 — pvl)Cp(Tbl —Tr)a — pyidsia,
C3p = (,01L1 + pp1 (L — L1))a * Cp x a,
¢33 = ((P1L1 + pprr (L — L1))aC,
+ (L - L) Cpa(Ty,
— Tr)per — (@py1 (L — Ly)m

Calculated at T (Steady state Temperature of first
effect)
Eq. Can be written as
_dLl_
dt
dX,
Ei|—|=F
1 dt 1
dT,
o L dt -
Similarly for the second effect

_dLZ_
Ci11 C12 (i3 dd;
€21 Ca2 Caz|| 2| =
dt
dT,
L dt

40

ci(Ly — Ly) — ¢ (Ly — L3)
X,(Gf — D1) — Xo(Gs — Dy — D)
D121 = DyA; = Cp(Gy — Dy — D2)(Tp2 — Tp1)

(10)

C11,...c33 are the same as in Eqgs.(9) but calculated at
Toss (Steady state Temperature of second effect)
For the third effect

_dL3_
[C11 C12 (13 d%?
C21 Ca2 (23 d—3
[C31 C32 (33 d7€

3

L dt A
a(ly —L3) — ¢l

X,(G; — Dy — D,) — X3(Gy — D, — D, — Ds)

| DyAy — D3A3 = Cp(Gr — Dy — Dy — D3) (T3 — Tha)

(11)

C11,...C33 are the same as above but calculated at
Tsss(steady state Temperature of third effect).
Condenser dynamics
de
CoppVe—l = D3ds = (Gp + Moy )(Tr = T) - (12)
V.,P. are the condenser volume and pressure
respectively. Eqg.(9) Can be written as
_dLl_
dt
dX,
E,|—|=F
1 dt 1
dT,
- - B dt N
Similarly for Eq. (10) and Eq. (11)
Let
X" = [L1 = L1sXy = XasT1 = Tas Ly = LpsXy — Xos
Ty — Tpslz — L3sX3 — X35T3 — T35Tf - Tfs]

A relationship between Dy, D, and D3 and the
temperatures T, To, T3

Dy = y1(Py — P;),D; = y,(P, — P3),

] D; =y3(P; — )
Pc is the condenser pressure andGs and X; are
constant. To find y4
Yy = Dls
! Pis — Py

Xx=Ax+bu+bd (13)
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d: Disturbance; change of T from steady state
d: Tc' TCS

El_l 0 0 0 ]
a=| 0 B0 S
o o Et 0 |
l o 0 0 CopfVe)™ 1]
_Cl 0 Cl 0
0o Dis—¢G Y1X1sPt1 0 0
0 —Cpa —V1Pe1[As — Co(Tois — Trs)] 0 0
* (Gf - Dls) +Dygm — Cp(Gf - Dls)
o 0 0 -2G, 0
0 Gf—Dys Y1(X2s — X15)Pra 0 Dis+ D25 =Gy
0 0 fe
o o Jes ¢ 0
0 0 Y1 (X35 — X25) Pty G (Gf = Dy DZS)
0 0 fos 0 fos
0 0 0 0 0
0 0 0 0 0
Y1X15Pe2 0 0 0 0
0 0 0 0 Cy(Gr — Dig)
0 ¢ 0 0 0
Py * (1 X15 — 0 0 V2Xas 0
Y1Xas + V2 X2s) * Py3
f66 0 0 feg 0
0 —2¢, 0 0 0
Py % (V1Xps — ¥1X3s 0 Dis+ Do Pz * (Y3X3s 0
+y2 X35 — V2 X2s) D35 = Gr  —y, X35 + ¥2X35)
fos 0 fos foo 0
0 0 -m _Gf - Mcws i
foz = Cp(Gf — D15 — Dy5)a
fez = —Digm + (A5 + C(Tpz — Tp1) V1P
+ Cp(Gf - Dls - DZS)
fos = —fe2
fee = Dasm — Cp(Gf — D15 — Dys)
+ (—Ags — Cp(Tpz — Tp1) V1
- (/125 - Cp(sz - Tb1)V2Pt2
foo = (Aas = Cp(Toa — Tp1) )¥2Pea
foz = Cp(Tpz — Tp2) V1P
fos = Cp(Gf — Dyis — Dys — D35)a
foe = —Dsm + Cp(Gf — Dy5 — Dys — Dsy)

+ (/125 + Cp (Tb3s - TbZS)) V2
— Cp (Tpzs — Tr2s)V1)Pe2

fos = —fos
fo9g = Dggm — Cp(Gf — Dis — Dy — Dss)
+(—v33

41

+(Cp (Tpzs — TbZS)Yz)Pt3

0
oo o o]
lo E o o |

_ 2 .
b_|0 0 E; 0 || 0 |(15)

Lo 0 0 el O
les_Tch

5. PERFORMANCE ENHACEMENT
USING PI CONTROL

A state feedback PI controller is used to
eliminate the effect of disturbance d (=Tcws-Tew)
Choose an output of the system as the pressure of
third effect y=~P3

y =Cx
C=[0 0 0 0 0 0O O 0 P53 0],
The third effect pressure P3 is affected by the u
(u=Mcw-M:ws).D is selected as a small number.
Let yr=P3r be desired pressure of third effect

p= @ Pwyde= [0 -yo de

Hence

bl = [c

At steady state x =

p=Cx—yg

ollol+ o1+ 15 S]]

p=0

o=[¢ ol ] o+l 21
Subtract these two equations
X X — Xg
bl =1e oll=pl+ [ple-w
Let
u—us =~k (x —x5) — ky(p — ps)

ki and k; are selected to make the closed loop
matrix have negative eigenvalues

A 0 b
7 ol = lo) ke kel
The gain [4; k2] can be obtained using Igr command

The steady state terms in Eq. cancel and can be
written as

u=—kix —kyp=—kix—k, [(y —yr) dt (16)
Which is PI controller. Use Igr MATLAB command
to design feedback controller.
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6. SIMULATION RESULTS

Two sub sections (static analysis section and
closed loop analysis with feedback controller
section) are considered here. In static analysis the
design point that necessary to study the effect of
deviation of the external input (e.g. Tc) on the
performance is calculated. This is carried out in
subsection 2. Subsection 3 shows how the feedback
Controller restores the performance using feedback
control.

a) Static analysis

Table 2: The flowing data are used

To T P; U; U,

K K KN/m? | KW/m?K | KW/m?K
394 294 |13 3.1 2

Us X X3 Cp Gy
KW/m’K | % % KJ/Kg K | Kgls

1.1 10 50 4.18 4

T,: is saturation temperature at P3=13 kN/m? which
equals 325 K

Solving Eqg. (1) with To- T3=394 — 325 = 69 K,
Results of first iteration

AT, =12.8535, AT,=19.9229, AT3;=36.2235

A; =91.7003, A, =55.1322, A3 =61.4478
Results of the 4™ iteration

A;=63.7015, A,=65.1540, A3 = 66.5189

The vapor flow rates are

Do =1.6275, D;= 0.9914,

D, =1.0680, Ds;=1.1406,

D;=0.9782

D,=1.0679

D3=1.1539

The performance is J= 1.9662

A1 =91.7003, A,=55.1322, A3=61.4478

Since areas are not equal increase 4T;and decrease
AT, and AT5 To calculate the brine rejected M, for
T.= 288, =104.1583

Another run

Gi=4; Ti= 320; To=394; T3= 325; T.= 298
A1=61.9185, A,=63.1129, As=64.1984
AT=16.6170, AT,=17.6679, AT5=34.7151
Do=1.4397, D;=0.9891, D,=1.0676, D3=1.1433
J=2.2227, M,=25.5674

42

b) Closed Loop Performance

The closed loop gain is obtained using Igr
command of MATLAB®. Figure (6) shows the
closed loop response for step input. The output is
chosen to be the pressure of the third effect.

Response to Initial Conditions

Amplitude

40 ol B0
Time (seconds)

Figure 1: Closed Loop Response with QOutput Pressure of the
Third Effect

7. CONCLUSION

Novel algorithm for steady state calculation
has been presented using MATLAB. At steady
state, it was known the temperatures, pressures and
flow rates of the three effects and performance of
them. A dynamic model is derived for single effect
then for MEE. PI controller has been designed to
reject the effect of disturbance due to cold water
temperature  variation which  degrades the
performance of MEE system. Simulation part
contains results of static analysis and feedback
controller which restores the performance of the
system.
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Appendix A MATLAB script for steadystate

clc
clear all
% data file name statichasmaFF

Gi=4;T=294;T;=394,;T3=325;C,=4.18;1=2500.82;m
=2.358;
U,=3.1;U,=2.0;U3=1.1;a=0.05;X5=50;X=10;
M1:[U1 -U, 0,0 U,-Uzl1 1];81:[0;0;T0-T3];
dT=inv(My)*By;

% first iteration

T1:To-dT(1);T2:T1-dT(2);T3:T2-dT(3);
Ito:I-m*(T0-273);Itlzl-m*(T1-273);It2=l-m*(T2-
273);1t3=1-m*(T5-273);

M2:[|to -|t1 0 0,0 |t1-Cp*(T1-T2) -|t2 0;

0 -Cp*(Tz-T3) |t2-Cp*(T2-T3) -|t3;0 X3X3 Xg];
Bo=[G*Cp*(T1-T#);-Gr*Cp*(T1-T2);-Ge*Cp*(T2-
T3);G*(Xz-X9)];
D=inv(M2)*B2;Do=D1);D1=D2);D2=D3);D5=D(a);
X1:Gf*Xf/(Gf-D1);X2:Gf*Xf/(Gf-D1-D2);
Tb1:T1+a*X1;TbZ:T2+a*X2;Tb3:T3+a*X3;
dT;

J=(D1+D3+D3)/Dy;
A1=Do*Ito/U1/d T (1), A2=D1*It:/Uo/dT 2),As=Dy*It,/
Us/dT
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%Iloop iteration

fori=1:3

9=10;

dTy=dT @) +(A1-A2)/g;dT =0T ) +(A2-As)/g

,dT(3)=dT(3)+(As-A1)/g;

T1:To-dT(1);T2:T1-dT(2);T3:T2-dT(3);

Ito:I-m*(To-273);Itlzl-m*(T1-273);It2:I-m*(T2-

273);It3=I-m*(T3-273);

0M2:[|t0 -|t1 00:0 |t1-Cp*(Tb1-sz) -|t2 0;0-

Cp*(sz-Tb3) |t2-Cp*(Tb2-Tb3) -It3;0 X3X35 X3];

B2=[Gr"Cy*(T1-T1):-Gr*Cy*(Tor-Tea):-Gr*Co* (Tiz-

Th3); Gr*(Xs-Xp)];

D=inv(M2)*B2;Do=D1);D1=D(2);D2=D3); D3=Da);

X1:Gf*Xf/(Gf-D1);X2:Gf*Xf/(Gf-D1-D2);

Tp1=T1+a* Xy Too=To+a* X, Tpa=Tz+a*Xs;

dT;

J=(D1+D3+D3)/Dy;
A1=Do*to/U1/d T (2),A2=D1*It:/Uo/dT 2), A3=Dy*It,/
Us/dT (3),

end



Vol.40, No.2. July 2021

Pl aSaill alai aladiiuly olbsall 4l il jAall Jal ya dania sl )oY Cpaas

e DN

2id ALY 3 lagad bl dallall o Ladl 3500 g adledl agal s Lad )l
d}AJ\ O _)_JL\S_“ cJJ Lea :\.A_LA_‘\} 4._\‘)_5)4:_‘\ CLIL_.)_LA.R_‘\ (e a‘;n‘\ 2“\‘\"’\ L"‘\;mi
b oshiy o Ladl dpdand 35k e Gl )

) )L_| 51.3A“ 3\;‘\'\ 3.3‘M‘ H dal )_A_H Az ol \'\;n‘\ eLE_'a Jae :L».n\JJ (:;’ Jjj
o e lanll i, 48 4yea ‘r‘\_“t_‘\_aj ahe LaS 5 Jadaendy L,.r“ S A5 LF‘J\
@l ymna gl sl palay o aaey PT aSan alas e Alag @l yhsall
a1l aldl At ladl s 1_.)_4_“ 5y %JJ Jhae 4l Las ‘r\s Hm‘ ‘zr” Lﬁdjil 21\;)1;
Tl o Bl oty 2] e Ll 5 o] fb a2 Jo deh oo gm Aol )
3e La< ) 3 2 Ll &r” G5y Laa GIWLTL 5300 1) Lain Lous Lr“ % lan dlaall

A W et 8 A dle 3. LS jela) ad

o) s alaill dhen nl)l eV aleadl da e oSanll MATLABY za Ui,y 40 laow) a0
Jue s PI aSanll alas apaeat e oSenll 4, aliyall ) A< nlawy) sl
Al i dlea) ol ge gelanll s dnlle 5. WS ol Jpandl ge oSanll ;5 WS e

5odtealdl Adlad) 1) aUWaslly g oyl Al sy

45



