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SUMMARY

In this work, the dynamic characteristics of a continnous-flow agitated tank, showing
a lump-parameter system proporties were studied both experimentally and theoretically.

In this research, the mathematical models of a continuous-flow agitated tank cooled b);
jacked were developed. This developed models were linearised and then solved with Laplace
transform, The dynamic proporties of the continuous-flow agitated tank were investigated with
the step change which was given to the input variables. In the first part of this research, for
the case in which water was fed to the agitated tank, the dynamic proporties of the tank were
investigated and also the best operating conditions for the experimental work were found.

INTRODUCTION

Alpbaz and Erdogan (1) have investigated the dynamic properties
of a well stirred tank cooled by jacked experimentally. They also have
developed the mathematical models for this vessel and solved linearised
models with the aid of Laplace Transform.

Ozdemir (2) has presented a set of analytical solutions for a well
stirred tank cooled by jacked dynamics and control. He performed to
provide guidance in the analysis of the results obtained from the com-
puter tests. ‘

MATHEMATICAL MODEL

The unsteady-state energy balance for inside of the tank,
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| iy
Q - MConTog? = Moo + UA (Tpg — 255200 )

dTy,

+ MTCpb dt ) (1)

The unsteady-state energy balance for coolant,

o L
MCpsTsg® == MsCpsTse® — UA (Tbc - "I“‘ig'z—Tsc)

dT
+ MoCpe  —% (@)

The steady-state energy balance for tank and coolant,

Tyo? + Tso?
Q + Mp°CppThe® = Mp°CppTy® + UA (Tbgo — S—g—_zti) (3)

. [o] 0
MSOCpsngO = MSOCpsTs(_;0 _— UA (Tbgo - hizT_sc_ ) . (4)

The related continuous-flow agitated tank ccoled by jacked having
water input is shown in Fig. 1. '

Assumptions for developing the mathematical models were shown
below,

1- The value of heat transfer coefficient is constant dvring the
transient time

2— The physical properties for the tank content are constant

3— While there was perfect mixing in the tank and jacked, there
was not temperature and concentration profile

4~ There was negligible heat loss to the surroundings and the vessel

shell

THE ANALITICAL SOLUTION OF MATHEMATICAL MODEL

The Laplace transform was used to solve mathematical model.
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Fig. 1. A continuous-flow agitated tank cooled by jacked having water input.

For this purpose, steady-state energy balance (3) was substracted from
the unsteady-state balance (1)

dt )

UA (59—?'1_‘8_9) -+ MrCpp

Since the equation (5) has term, MpTy, it becomes non-linear.
This related term. MyTh¢, was linearized with Taylor theorem. Suitab-
le results coult not be obtained for the solution of differential equati-
ons with the Laplace transform using Taylor linearization theorem. For
this reason, different mathematical manipulation was applied to the
equation (5). If the term, MpCppTh©, was added to the both side of the
equation (5),

(Mp — Mp®) CppThe® = MpCppTog — Mp°CppTne? + UA (Tpe — Ty )

Tse—Ts0 dT '
— UA <J3—2—i) -+ MTCpb —l— MbCprbg Mbcpb Tbco (6)

Defining perturbation variables and arranging,
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My, = Mp — Mp?, Tpe = Tpre — T Tee = Tse — Ts¢® and becomes,

UA |\ _ ‘
+ ( 2MTCpb ) TSC (7)
d};f@ — KMy — KTy, + KiTs, (8)

The similar procedure was repeated for coolant energy balance,
When equation (2) was substracted from equation (4),

(Ms bt MSO) Cpsngo - MSCI}STS(} —_— MSOCpsTS QO - UA (Tbc _ Tb co) +

[} 0o o )
UA (_——T“;ng ) — UA (————T“ szng )+ McCops dgf‘} 9)

If the term, MgCpgTs 0, was added to the both side of equation  (9)
(MS _— MSO) CpsngO = MSCDSTS(} — MSOCpsTS(} _ UA (Tbc i Tbco)

UA dT
+ 9 (TSQ - Tsco) + Mccps __dtiC_ + MstsTsco - MstsTsco
(10)
Arranging,

(Mg — M%) CpsTsg® = MCps (Tsg — TO¢) + TscCps (Ms — Ms?)
Ty,

UA .
— UA (Tpe — Tpe®) + —5 (Tse — Tse® + McCps Tt (11)
With perturbation variables,
’N—[s = Mg — My°, r_I_‘s = Tsc - Tscoa Tbg = Tbg - Tbgo
UA

_ 4=
dTSC . ngO . TSGO M— B MstS ] 2 T"

de ( Mg ) ’ ( McCops > *

UA =

M¢Cps
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dT, o = - .
dtf:sc = KMy — KSng + KGTbg . (13)

Laplace transform of the equation (8) was evaluated and than put-
ting in order, it becomes,

K; K,
S+K2 —!—-K

If similar procedure is repeated for equation (13) and Laplace trans-
form of this equation is become,

The(s) = Fin(s) -+ Tsq(s) (14)

K,

T Toss) (15)

Tse(s) = My(s) +

—}—K

For obtaining Ty, equation (15) is put into equation (14) and arra-
inging,

—_— K] (S + KS)
Toe () = [ s2 + (K2 + Ks) s + (K2Ks — K;3Ks) ] W)

K:iK4 =
M
M e v orea v e v vl KD
If the step change was given to the feed and coolant flow rate

My(s) = —
(16)

Equation (16) was put into equation (15) and than taking inverse

Laplace transform, the solution of Tg, can be found,

With similar procedure, the solution of ng can be obtained,

el __ 4(S -1 K )
Togls) = [ s2 + (K2 + Ks)'s + (K:Ks — K;K,) ] MS(S)

KK
T [ s2 - (Kz + Ks) s + (K:K; — K:Kg) ] M) (17)
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The numerical solution was obtained for output and coolant temp-
erature with spesific conditicns taken from experimental work.

DESCRIPTION OF EQUIPMENT AND EXPERIMENTAL
WORK

The results obtained from the linearized mathematical model sol-
ved by Laplace transform were compared with the experimental data
of the continuous-flow agitated tank cooled by jacked. For this purpose,
a transient response of the tank output and coolent temperatures to
a step change given to the feed flow rate was investigated.

i~ Desing of agitated tank cooled by jacked,
The related apparatus for this work were shown below,
Agitated tank

The agitated tank has a velume of 0.0265 m2, inside diameter of 30
cm and outside diameter of 31 cm. The material used to construct the
tank is iron having a thickness of 0.4 em. Out side of the vessel was cons-
tructed with jacked for cooling purpose. Jacked has a outside diameter
of 34 cm and height of 31 cm. Also jacked was isolated to protect from
heat losses.

The type of flow in an agitated vessel depends on the type of im-
peller, the characteristics of the fluid, the size of the tank and agitator.
The agitator with propeller used in the vessel mounted centrally and it
was made of steel. The agitator turns at speed between 45-2000 rpm.
The diameter of propeller is 8.9 cm.

The tank was heated with 30 Q cupper heater resistance adjusted
with variac. The plant components used in this work is shown in Fig. 2.

ii- Experimental Procedure.

The experimental procedure used in this work is summarized below.
Initially the vessel was full with water and than it was heated with cup-
per heater to rise the average tank temperature. Beside of them, inlet
water was agitated in the speed cf 300 rpm to get the homogen tempera-
ture distribution. After the temperature of the tank reached to a defined
constant value, a feed and coolent having defined temperatures and flow
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rates were introduced into the tank. The tank was allowed to reach the
first steady-state. When the temperatures of the tank and coolant re-
ached the constant values, the tank was considered in the first steady-
state. A step change in feed was than introduced and temperature me-
asurements were taken during the transient period and the attainment
of a new steady-state conditions.

COMPARISON OF THE EXPERIMENTAL RESPONSE WITH
THE THEORETICAL RESULT

When the vessel came to the steady-state, related input conditions,
the values of output and coolant temperatures are shown in Table 1.
When the system was in the steady-state condition given in Table 1.
the step changes with different values were given to the feed and coolant
flow rate.

Table 1. Steady-state and input conditions

Mb"(g/sec) M, °(g [sec) Tbg"("C) ng°(°C) UA( Cal ) M (g/sn) | Mg(g/sec)

°(C sec
16.25 17.0 56.5 32 15.98 29.75 17.0
, 16.25 65.0 56.5 13 16.46 16.25 138.5

In Figs. 3, 4., the experimental temperature response are compared
with the calculated results from the solution of the mathematical mo-
del of the vessel.

Some discrepancies can be seen between the experimental data
and the theoretical results both at the output and cooland temperatu-
res.

It is concluded that the discrepancies came from the heat losess
from the vessel and linearization of the mathematical models. Despide
of them, the developed mathematical model represent the dynamics of
a well agitated tank cooled by jacked.

NOMENCLATURE
A Heat transfer surface (cm?)
Cob Specific heat of tank content (cal [ g°C)
Cps Spesific heat of coolant (cal/ g°C)
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Fig. 3. The time response of the output and coolant temperatures. (M® = 65 g [sec, Ms = 138.5 g [sec)

M, Mass flow rate of feed (g / sec)

M¢ Mass hold up in the cooling jacked (g)

Mg Mass flow rate of coolant (g] sec)

My "Mass hold “up in the tank (g)

8 Laplace operator

Q Heat output from immertion heaters (cal] sec)
Tpe Output temperature (°C)

Tse Feed temperature (°C)

Tse Coolant output temp(erature (oC)

t Time
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Fig. 4. The time response of the output and coolant temperatures.
(M° = 16.25 g/ sec, Mg = 29.75 g/ sec)

Overall heat transfer coefficient (cal/em sec °C)
Density (g/cm?)
Viscosity (g/ em sec)
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OZET

Bu ¢alismada, bir kademeli-parametreli sistem 5zelligi gosteren tam kargitirmals akim tan-

kimn dinamik §zellikleri, teorik ve deneysel olarak aragtirlmigtir,

Bu arastirmada, digardan ceketle sogutulan tam kangtirmah akim tank i¢in, matematik-

sel model geligtirilmistir. Gelistirilen modeller dogrusallastarlarak Laplace déniisiimii ile ¢oziil-

miigtiir.

Tam kangtirmah akin tankimn dinamik ézellikleri, sistemin giris degiskenlerine kademe

degisimi verilmesi ile incelenmistir. Yapilan calismalarnn birinci kisminda, suyun besleme ola-
rak girdigi hal i¢in dinamik ézellikler incelenmis ve kangtirma tank i¢in en uygun sartlar sap-

tanmgtir,



