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SUMMARY

Three actions of feedback control system was included to the tank for the control work.
The approaches of the measured output temperature to the desired value was calculated with
the Laplace transform and digital computer using linearized models. Also for the same porpuse,
models were solved without linearization on the digital computer.

INTRODUCTION

Alpbaz and Erdogan (1,2) have investigated the dynamic proporties
of a well mixed tank. They have developed related mathematical models
and solved linearized models with Laplace Transfrom

Alpbaz, Erdogan and Kogkar (3) have solved mathematical models
with Runge Kutta integration method and also linearized models were
solved with matrisis. Comparisons have been done between calculated
and experimental resulis

Alpbaz and Kogkar (4) have applied the Routh stability test to

the same system which was under the effect of the feedback control.
Suitable control parameters were calculated with this method.

MATHEMATICAL MODEL

The control work has been done when the glyserin was given to
the system as an input. The related models were given in the work of
Alpbaz, Erdogan and Kogkar (3).
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Energy balance for mixing tanlk,

Unsteady-state energy balance for tank and coolant,

1 To .
Q_l_MpCpTopi = NIDCPTDO + UA [Tp{) - (_—TCO ! T Cl )]

2
+ MyGp d'(Il‘fO M
4+ Mc, e @

Steady-state energy balance.

o 0 .
Q 4 Mo,C,TO = MOLCyTO + UA [T"po _ ( T J; T >] 3)

o L o .
MO,CoTO%; == MCcT% o — UA [Topo _ (lﬂ#_[l (4)

Linearized unsteady-state energy balance (1,2) with perturbation
variables,

dT’ _ < Ty — T ) W, _( UA + MGy )T'po

dt M, M,Cop
UA ,
+ () T ®
UA
AT (Mo —Togq M,_<M“C“+ z )T,
dt M;Ce ) ¢ M;Ce €0
TA ,
+ (e ) o (6)

CONTROL SOLUTIONS

The linearized mathematical model having feedback control system
were solved with Laplace transform and state variable approach. Two
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different feedback control systems were used in the present work Figs.
1,2. The control soluticn with Laplace transform has been shown below.

When the system was in the steady-state conditions shown in
Table. 1. the step change was given to the feed flow rate (M°, = 8.20
g /sec, Mp == 5.22 g/sec) and than time response of the output tempe-
rature was calculated. The numerical values and Laplace transform of
equations (5,0) were given below. S

= 3.292x10-3 =, 1.218x10-3 =,
Teo =— ( s -+ 4.062x10-3 ) Mo + ( s + 4.062x1073 ) T'po (7)

= | 2.297x10—4 \ 1.394x10-4 =
== —— -
Teo ( s -+ 4.392x10~4 ) W ( s + 4.392x10-4 ) Teo ®)

Using three term feedback controller, the control parameters were
chosen according to the stability analysis (4).

- [5 +0.02s + 0.02 T] T 00 )
o 3.292x10-3 - , 1M %
T —— ( AV ) [0 + 0.025 + 0.02 T] T'po (10)

, 1.218x10-3 T
T (‘5—1—4.062)(10’3 ) PO

Step change in feed flow rate,

o, 2.98
My =— (11)

- s

and than taking inverse of the Laplace transform,
T'po = — 1.276x1073 7409 ¢3¢ | 1.28x103 72035 x10—4!
(12)
cos 1.492x10-3 ¢ 4 0.459 ¢~2:035%1074¢ 5ip 1.492x10-3¢
For the analysis and design of linear control systems, they can be
represented in state variable from as (3),

X () =AX®)+BU® 1)
U@ =K [r@®) —kX (1] (14)
Y@ =CX (1)

If related mathematical models (5,6) are described as state variable
form,
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Figure. 2. Feedback control of the tank for which step change was given to the coolant flow rate.

Table. 1. The operating conditions and control parameters for feedback control of the tank

Mp (&} | Me ( —8_)| Tpi () | Tei (co)|UA &) Ke | Ki | Kd

No. sec sec sec °C
8.20 17.0 5.0 | 17.0 6.00 S| -] —
1 5 |-0.02| —
5.92 17.0 54.0 | 17.0 6.00 5 |-0.02[-0.02
8.51 17.0 54.0 | 17.0 6.06 5| = | —
2 5 |0.02| —
8.61 89.6 560 | 17.0 606 |||
5 |-0.02/-0.02
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and for proportional control,

We =K [r(9) — [100] [ T'po ]
T'eo (18)
My,
Y () =117 Tpo -
T'eo (19)
My,

With introducing three term feedback control system, the equation
(18) become,

M, =—K [T’ | T’i] (20)
t
T, = j T, dt (21)
0
T'e =T'po ‘ (22)
and than,
[ Ka T T, ,
M, =—K [T po g ( — ) M
UA-M,C, -
( M,C, ) po T ( MG, ) ‘eo ‘] (23)

(1 T ) (U1K (T s Ko

M.C, K ) \3M.C, © M, K

(SN =i

K TCO (24)
M,

_Ty
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- - T -
K; po
fo , 26
M, — K[IOO K] T'o (26)
M,
_ T

If the numerical values of the state form are written with the same
operating conditions given in Table. 1.

“T'po7|  |7-0.000439 0.0001394 —0.000229 | [ T'zc7| |7 0.0 -
Teo |=| 0.0012188 -0.004062 0.0 Teo |+ | -0.00329 | M'c (27)
_M, | |.0.0 0.0 0.0 LM, | 0

Introducing T,

“TpeT|  |T-0.000439  0.0001394 —0.000229  0.07| | T'pg~
T'eo 0.0012188 —0.004062 0.0 0.0 T'eo 8)
w, | | 0.0 0.0 0.0 0.0 || My
I/ R T T Y 0.0 0.0 0.0 || T _
-~ 0.0 -
~0.00329
+ M
0.0
0.0 ~
and also,
k=1[L0 0.0 0.0 0.004] (29)
With three term feedback controller,
M, :-K[<1-0.0004392 Kq ) (0.0001304 4 )
K ~ K
v | oo ™
0.0002207 S0 (L T
K \ K co (30)
M,
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The Rational Time Response (RTRESP) program was used to solve
the equation (5,6) describing the mathematical models and control of
the mixing tank and calculated the time response of the output tem-
perature. In this program r (t) shows the change of the set point or
desired value. In the present work there wasn’t set point change and
than r (t) = 0.0 was taken, (5).

Also for similar purposes, calculation has been done with 4th order
Runge Kutta integration method for solving the nonlinear differantial
equations. Feedback, measurement and valve subrotines were intro-
duced to the main digital computer program.

RESULTS

In the work of Alpbaz, Erdogan, and Kogkar (3), the effect of the
step change given to the feed flow rate of the continuous flow agitated
tank to the output temperature was investigated. In the present work
the feedback control system was introduced to the same tank for control
of the output temperature. The time response of the output and coolant
temperature were calculated with Laplace Transform, Runge Kutta
integration method and multivariable approaches. The stability analysis
for this system has been done in the work of Alpbaz and Kogkar (4) and
than suitable control parameters have been calculated with Routh
stability analysis

In the first part of the work, when the system was in the steady-
state having input and operating conditions shown in Table. 1. the step
change was given to the feed flow rate and than feedback controler
dedected the output temperature and adjusted cooling flow rate. The
output temperature could come to the first steady-state value. The
time response of the output variables were calculated with three dif-
ferent methods as described before. Related diagrams are shown in
Figs. 3-5. with different control parameters.

In the second part of the work, when the system was in the same
steady-state condition, step change was given to the cooling flow rate
and feedback controller dedected and controlled the output tempera-
ture with adjusting feed flow rate. Similar calculations have been done
and related diagrams are shown in Figs. 6-8.
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Figure. 3. The feedback control of the output temperature calculated with Runge Kutta integ-
ration method (M"P = 8.20 g/sec, Mp = 5.22 g/sec)
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Figure. 4. The feedback control of the output temperature calculated with Laplace transfrom
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Figure. 5. The feedback control of the output temperature calculated with multivariable app-
roaches (M°P = 8.20 g/sec, Mp = 5.22 g/sec)

CONCLUSION

Comparisons have been done between results obtained from. the solu-
tien of linear and nonlinear models. This comparisons show some devi-
ation. While the results taken from Laplace transformation and multi-
variable approaches give similar trends, the solution of nolinear equati-
ons with Runge Kutta integration method gives some deviation from
others.
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Figure. 6. The feedback control of the output temperature calculated with Runge Kutta inter-
ration method (M®, = 17.0 g/sec, Mc = 89.6 g/sec)
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Figure. 7. The feedback control of the output temparature calculated with Laplace transform
(M°, = 17.0 g[sec, Mc = 89.6 g/sec)
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Figure. 8. The feedback control of the output temperature calculated with multivariable app-
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NOMENCLATURE

Heat transfer surface (cm2)

Plant matrix

Control vector

Output vector

Specific heat of coolant (cal/g °C)
Specific heat of tank content (cal/g °C)
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K The controller gain

K, Proportionol acting factor

Kq Derivative action factor

K Integral acting factor

k Feedback coefficient

M, Coolant mass flow rate (g/sec)
M, Feed mass flow rate (g/sec)
NM; Mass hold up in the jacked (g)
M, Mass hold up in the tank (g)
r (t) Input function

8 Laplace operature

Ty Feed temperature (°C)

Tpo Output temperature (°C)

Teo Output coolant temperature (°C)

t Time
U Overall heat transfer coofficient (cal/cm2 sec °C), Controller
output

System output
Density (g /cm3)
Viscosity (g/cm sec)

System state variable

W R o2 R

OZET

Kontro! cahgmalar: igin, digardan ceketle sogutulan tam kamgtirmah akim tankina ii¢
terimli geri beslemeli kontrol sistemi ilave edilmistir. Tankmn dl¢iilen gikig sicaklifimin istenen
dejgere yaklagmm dogrusallagtirlan modeller yardimi ile sayisal bilgisayarda matris kullanumi
ve Laplace doniigiimii ile hesaplanmsg, aynea modeller aym gaye i¢in dogrusallagtinlmadan say:-

sal bilgisayarda coziilmiigtiir.
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