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Abstract:

This paper deals with process control,
generalized definition and modeling design of
flow systems and control it based on compare
to constant as principle of operation
approach. After reviewing the operation of
the plant, a compare system between water
level and desire level is formulated to control
flow rate. The scheme is then designed and
tested by Matlab and Simulink  Toolbox.
Simulation is presented and shown that on/off
switch with constraint is better and more
versatile compare with  conventional
approach.
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Notation:

R is the Resistivity which represent a parameter
due to pipe resistance, Sm?

Q isthe Volume flow rate, m*/s

C isthe Cross sectional area of the tank, m?

qi istheinflow rate, m¥s

0ois the outflow rate, m%/s

H isthewater level in the tank, m

1. Introduction

The liquid level control systems have been of
good interest to engineers for along time. In the
development this system has increased because
of studies expansion, methods multitude and
easier to implement this system in digita
computer. These ssimulations in the fluid system
with two tanks need a sensor to measure the
water level and contral it. In the simple model of
this system, it consists of valve, tank or more
tank, float, transducer and controller [1]. The
water will go to the two tanks interactive (in the
simple model) and its level will be measured by
float or any sensor and transducer in the
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conventional state [2,3] and then compare with
desired level to control input signal(inflow) as
shown infig.(1):

X 1 outflow
Input i !
Jrontroller | 3] Tankl 5| Tank2 >
A | ¥ 4 »
ifhlor
2is H1 H2
more
than A J Y
desired s measured is measured
level the by by
controller fransducer transducer
will eut
the water

Figure (1) Fluid system with two tank using transducer to

measure level.

In this paper, it designs a new scheme of two
tanks system. The purpose of it to present a new
approach is similar to the previous without using
any float or sensor if knowing the parameter of
pipe resistance (Resistivity) and cross section
area of the two tanks. Use a generalized
definition for modeling in designing it [4, 5]. It
can be designed and implemented by using
Matlab program simulation. Show that this
method is better and easier compared with
conventional approach. This approach of
simulation by Matlab alows us to solve more
complicate problems and developing the
measuring states to make better modeling and
analyzing of system and control allow more in
the designs [6].

The design of a two tanks fluid system can
control it according to the level without using
any transducer. And the effect of Resigtivity is
observed on the level of the two tanks and
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controller designs, and show that the controller
affects to the system performance. All simulation
is performed using Matlab / simulink. These
results are achieved for research and future
study.

2. Modéling of the Liquid System

The fluid flow system are very common in the
process control .It can be modeled by using
generalized definition and modeling of hydraulic
system [7].

2.1 Single Tank

For asingle tank liquid level systemisillustrated
in fig. (2). It must be known that, how to
simplify the design in the equation. This type of
the system consists of source inflow rate g; into
the tank. A drain valve in this to regulate the
water out flow rate (qo):

4
—*;\

Load valve

Cross section area

Resistance
C R

Figure (2) Single tank liquid level system

For the liquid level systemin Fig.(2). It can be
obtained a Mathematical Model to get the
relationship between g; and g, or between g; and
H.[8].

The turbulent flow resistance can be determined
by the following relationship:

Change the level
Change in the flow rate
_dh
g

in the steady state
It will use this equation

R= % if therelationship islinear

The system is modeled by using physical
principles .The physical equation governing the
accumulation water in the tank (ACC) or change
inliquid store [3, 9].

Accumulation water in the tank (ACC) = input -
output

Accumulabn wateiin tank

Cross section area(C) =

Changen theheight
Acc dh
= E = Acc = C.E
dt
C is constant

So that .Applied the balance equation

Acc=1/P-0O/P= C.@

dt
2.2 Two Tanks
Now design a hydraulic system with two tanks as
interaction network and use this equation in the
two tanks .It consists of source, two tanks and
pipe between them. q may represent a water
from motor to tank 1 as show in fig (3) :

—
I |
Load valve Load valve

I_II q, H 2

L/ A N A

J L —_—
/ i \
. . Cross section area .
Cross section area Resistance - Resistance
C R, <, R,

Figure (3) Liquid system in the two tanks as interaction network
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g: input flow rateto tank1

gz output flow rate from tank 1

g2: output flow rate from tank 2

H1: water level in tank1

H2: water level in tank1

R1: Resistivity in valve 1

R2: Resitivity in valve 2

C1: crosssection areain tank 1

C2: crosssection areain tank 2

In the tank 1

From fig (3), the accumulation water in tank
1(Accy) isthe difference between the input flow
rate to tank1 (q) and output flow rate from tank 1

(q1)

| Acci=In—Out=q-q 1 |

Change the leve

Change in the flow rate
In the steady state

—-h —-h
W hoh

o N

The Laplace domain can be used to solve this
equation:

org= HO-HO g

R

Modeling of system requires usto determine the
relationship between (h1-h2) and divided by R1
as show in the block diagram fig. (4):

Acc
dh
dt

Cross section area (C) =

dh
= Acc= C.—
dt
From equation 1
dh,

q-tu= C.—=
O G

Take Laplace domain yield

| Q9 Qig=CiSH; 4 |

H1(g) = 2O -AO
C.S
From the previous equation draw the second

block diagram by subtract Q — Q, and divided by
C,Sasshowninfig. (5).

q(s) + ~

1
_\r C,s
q,(s)

h,(s)

Figure (5

h(s) © 1
" — ——q,(s)
R, 4
h(s)
Figure (4)
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Theliquid inflow g(s) and gl as the flow out
from tank1 to tank2

In tank2

dh,

R= —= in the steady state
da,

R = i
Q

The third block diagram from dividing H, by R,
From fig(3), the accumulation water intank 2 is
the difference between the input flow rate to tank
2(g1) and output flow rate from tank 2 (g2)

Acc, (accumulation water intank 2) =in— Out =

ql-g2
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Cross section area of tank 2
Acc,
dh,
dt
In Laplace domain Acc2=C,SH,
Applying these equations obtain

dh,

= Acc,=C,. —=
277

(C2) =

[ Qu(9) — Qx(s) =C,SH, 5]

Ch(s) — Q2 (S)
C,S
This equation can be modeled by block diagram

by subtract Qy(s) — Q2(s) = and divided by C,s
andyield hy(s) asolp

H2:

hy(s)

Figure (6)

It can obtain the produce block diagram by
getting the component block diagram from the
previous shape, and putting al form pieces to
make the final block as show in fig. (7)
Diagram. It must determine what the input and
output for the block

It can obtain the produce block diagram by
getting the component block diagram from the
previous shape, and putting all form pieces to
make the final block as show in fig. (7)
Diagram. It must determine what the input and
output for the block

q,9)

o
i
i

Figure (7) Final block diagram

In thiswork, from simulation it can know the
level that used to control the input flow rate and
maintained the water with the desired level so as
not to overflow the water.

3. Simulation and Controller

3.1 Simulation
After al block diagram was completed for the
liquid level system. It can now be implemented

this diagram and system in a simulation model.
This block is used to represent the two tanks
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system. Matlab program was used to simulate
this system [6]. A step input in the simulink is
referred  to the process input as an inflow rate
(0i). The simulation in the system consists of a
function block of the cross section area(C) and
parameter resistivity (R) in atransfer function; it
can be obtained it from a block transfer function.
A scope is used to display output (g2) and
scopel to display the water level. In the two
tanks (h1, h2) this figure illustrates a simulation
of model of this system:

M uhasain 87




Scope

kY

Sooped

Figure (8) Simulation represents block diagram of the
Liquid level system with two tanks

In the simulink, simulate inflow rate to tank 1
(Q=2 m¥s) as a step input is 2 and step time is
zero. Let cross section areain tank 1 (C1) equals
0.785 m? and in tank 2 (C2) is equal 0.635 m?
(C1 and C2 is constant) in this design. Firstly
assume the Resigtivity parameters equa
(R1=100 ¢m? R2= 100 ¢/m?). It must be

changed a stop time 1000 (remember that
simulink used second as time unit). From
simulink scope monitors (q out), scopel
monitors water level in the two tanks hl and h2.
This figure below illustrates the trgjectory of
these scopes

water level in tank 1 {m}

gﬂ&-

1 in
T

water leve

I i
0 100 ) ) 40 a0 [} ™ 60D o
time {sec)

Figure (9) response of liquid level in the two tanks with time
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To know that the level in both tanks is less or
more than the desire level, A (Compare To
Constant) block from simulink is used for
implementing this and connect to the level (hl,
h2). In this design assume that the height (in both
tanks) is 13m and the water level must be less
than 10 m. It can implement by using a

(Compare To Constant) block from simulink and
go to the logic and bit operation. The constant
value is compared with hl, h2. If the level of the
water equals or less than 10m, The (Compare To
Constant) will give an o/p equals 1, else of this
(the water level is more than 10m) the o/p is
zero. Thefigureillustrates this process

h1
q ,(ﬁ N N 4Lt 1 1 ®
- "{ 0.785s \‘ 00 | o T W 7
P Transfer Fen Transfer Fent Transfer Fen2 Transfer Fen3 Scope
ht
™
h2
>
h2
+D compar 1
Compare -
To Constantt ﬁ F N
i Compare
ifH1<=10m then O"'p1=1 Tz Constant2 Scopet
else H1>10m then o/p1=0 if H2<=10m then o/p1=1
else H2>10m then o/p1=0
Figure (10) show the detection the level in the tank by using compare constant

From this design (Comparel) is shown from
scopel. Firstly Compare To Constant 1 equals 1
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depending on hl. If hl reaches to 10m, constant
compare will be zero. Also compare 2 is used for
h2 if h2 reaches to 10 m compare2 drops to zero,
it illustrates by scopel in fig. (11)
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water level in tanlc1{m})

water level in tandc Z{m})

Compare To Constant 1

“ : .
: : :
m ; ;
=] : :
2, . .
U . .
o ; ;
04 : :
g ; ;
1 S -
a8 : :
g : :
o i i i \ i
[ § 1 u ] E E

Figure (11) changing in the Compare to constant corresponding with the level in the two
tanks
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.2 Controller Design

After a (Compare To Constant) block is used in
the previous to detect if the water is less or more
than ten meters. A control system can be used to
open or close the i/p depending on (Compare To
Constant) block. The output signal from a
(Compare To Constant) block is back to the
input and multiplying by using Product from
simulink for implementing this controller as
show infig. (12):

L]]

Step 9

Compare To Constant! —— ]

Compare To Constantz2 -

Froduct

Figure (12) controller design by used product

This control will make the input close if water in
tank 1 is more than 10m; aso input is close if
water level in tank 2 is more than 10m. The table
below illustrates this process with

Q=i/p* Compare To Constant 1 * Compare To
Constant 1

Table (1) controller effect in thei/p
Ifhl<=10and h2<=10 = gisopen€eseq
is zero

Water | Water | Comp | Comp q

levelin | level in | areTo | areTo

Tank1l( | Tank2( | Const | Const

hl) h2) ant 1 ant 2

Lessor | Lessor 1 1 i/p(op
equal equal en)
10m 10m

More | Lessor 0 1 O(clos
than equa €)
10m 10m

Lessor | More 1 0 O(clos
equal than e)
10m 10m

More More 0 0 O(clos
than than e)
10 m 10 m

We conclude from this if the level of the water is
more than ten meter, the inflow will be closed
depending on the controller so as no to overflow
any tank of this system .The next simulation
show in fig. (13) lllustrates this control in the

system.

1
100
Transfer Fcn1

Step

Transfer Fcn

*V

Transfer Fcn2

Transfer Fen3

Sope

10

Compare
Te Constant1

if H1==10m then o/p1=1
else H1>10m then o/p1=C

h2

if H2<=10m then o/p1=1

else H2>10m then o/p1=0

Compare
To Constant2

it H1>10 or H2>10 then g is close
else qis open

Scape!

Figure (13) Simulation of the system with controller design
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4. Implementation and Result
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From fig.(13), after running the system the
scopel shows that the level in both tanks (h1, h2)
will increase with the time. The research finds
another way to control. The controller is close
the input and prevent any increase of the level of
the water so as not to overflow any tank. The
simulink  specification provides information

about the level with time and time of opening
and closing the input by the controller. The
system adjusted to control the water level. Firstly
assume that the resistivity parameters is R1=100
and R2=100 and stopping time is 50 seconds. A
scopel shows this process as show in the figure:

=

@

s

water level in tank1{m)

IS

ra w
o o

- o

n

water level in tank Z{m)

SR - N R

=

[
o

INPUT HOW Fate (HLss)
o -

=
b

[
iy

25 30
time (sec)

Figure (14) result of control of liquid level and inflow using controller design
R1=100 R2=100

From fig (14) one can notice that, the level in
tankl doesn’t increase of ten meters and the
input will be close from 2 to zero when the water
level will reach to 10m at 4 sec .A series of tests
using in the system by changing the parameters
R1, R2 and show the comparative result and
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efficiency of system and controller which
describe the output response.

In case 2 .We try to change this parameter by
increasing R2 and parameters will be R1 =100,

R2=200 to show the ability and effect in the
controller as show in fig. (15):
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water level in tank 1 {m}

water level in tank Z{m)

B e

input flow rate (m3/5)

=

Figure (15) System behavior and controller by changing Parameters to R1=100

R2=200

From fig (15), When a scopel trgjectory is
finished the change in the resistivity parameter
(increasing R2) from 100 to 200 in the system
will cause increasing of height in tank2 (R2)
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from 4 to 4.5 m. The tank 1 dtills in the same
height.

In case3, Change the resistivity parameters (by
decreasing R1) R1=50, R2 =200 in the system
and the test results are showed by scopel as
show in figure below:

M uhasain 93



water level in tank l{m}

water level in tank 2(m}

input flow rate (m3/s)

time (sec)

Figure (16) System behavior and efficiency by changing parameters to R1=50

R2=200
From fig.(16) (case3), The changing in the stop time to 1000 to show more effect of
parameters will cause change in the leved in controller with the time .This leads to the steady
tank2 which reach to 7 m and input will close state as show in the fig.(17).

and open more than time.
In the case 4 .Change the resistivity by
decreasing R1 , R1= 10 ,R2 = 200 and change
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Figure (17) Show resultsin the level in the two tanks and controller
efficiency
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amost to ten meter and doesn’t access this level.
The change in the parameters can be adjusted
the water level.

5. Comparison with other method:

This method gives alot of information about the
system also makes it test and easier to change the
parameter as compared with the conventional
approach. The parameter can be changed by
using the Matlab simulation as shown in the
block diagram Fig. ( 7,8 ) and the simulation
results is shown reverse of the conventional
method which is more difficult according to the
change of the parameter in addition to the change
of the parameter, the cross section area of each
tank and inputs can be also changed .

It is adso avoiding the disadvantage of the
conventional method that includes damage of the
sensor and the error in the measurement in
addition to the difficulty in the system insulation
and itsinstallation.

6. Conclusion:

The purpose of this paper is to present a
controller of the liquid system with two tanks
without using any float, sensor, transducer if we
know the parameters of pipe resistance. The
problem used to control level in the tanks by
adjusting flow rate of the liquid entering the
tank. After reviewing the operations of the
system, simulations are presented and showed
that the level of the water doesn’t accessed the
desired level athough of a little error of a few
acceding of the water from desire level because
of (Compare to Constant). this work shows high
efficiency, fast response and accuracy in the
controller. It can be concluded that the controller
yield better performance than the other
controller. The results of modeling can be
present an important means to measure and
control more instruments and support the studies
in the scientific laboratories. In the experiments
installation in Matlab program, we must interface
computer with electrical instruments that give
the facilities understanding.
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