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SUMMARY

The dynamic proporties of the continuous-flow agitated tank were investigated with the
step change which was given to the input variables. In this part of the research, different
concentration of the glycerin-water solutions were send as feed and the dynamic proporties of
the tank in these conditions were investigated. Theoretical results obtained from solution of
related mathematical models with Laplace transform were compared with the experimental
data.

INTRODUCTION

Alpbaz and Erdogan (1,2), have developed mathematical model for
dynamic characteristics of a continuous-flow agitated tank. Firstly
they have linearized this developed models and than solved with Lap-
lace transform. Theoretical results were compared with the experimental
data.

MATHEMATICAL MODEL

The unsteady-state energy balance for inside of the tank having
water and glycerin inputs. ‘

Q + MpCppThg® + M'pCpn'Trg'® = (Mp 4+ Myp') CpeTye

. Tge0+ T dT
+ UA (Tgc - *’Eg’*;_ SQ) 4+ MyCpg ‘a’g{c’ (1)
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The unsteady-state energy balance for coolant (1)

ol T dT
Mscpsngo = MscpsTsc— UA (Tb(} - &%S'g) -+ Mccpc 4{15_9 (2)

The steady-state energy balance for tank and coolant,

Q + Mp°CppThe® + My 0Cpp'T'ng® = (MpO+ Mp'0) CpTge®

08 (10 - T T .

o 0
MoCpsTse° = MgoCpsTse0— UA (Tbgo - _Tig_:g_TSQ_) (4)

The continuous flow-agitated tank cocled by jacked having water
and glycerin inputs is shown in Fig. 1.

Necessary assumptions for developing this models have been given
in the previous work of Alpbaz and Erdogan (1)

Tbg
Mb W
Cpb § Tbc
My
/ RN Cpb
Tsc
e
Q Cps
- -,
Mc
ng MT
Mg ——=
Cps

Fig. 1. The continuous flow-agitated tank cooled by jacket having water and glycerin inpr..

Similar procedure and caleulation can be done as before and b+
defining perturbation vatiables, (1)
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dTg, _ (CprbgO - Cpngco) M, + (Cpb'Tbg'O—CpngQO) My (5)

dt M1Cpe M1Cpg
MgCpg + UA UA
‘ ( MTCpg ) Tgc _{— 2MTCpg TSC
and than k
dT _ _ _ _
dfc = K;Mp, + KMy’ - KT + K, Ts, (6)

For coolant energy balance (1),

UA
_ M.C —
dec _ ngo—ngo M _ s“ps -+ ) T (7)
dt Mc s McCps s¢
UA
T
dT, " = ~ .
G- = Kl - KTy + KT (8)

The Laplace transform of the equations (6,7) were evaluated and
than putting in order they become,

Tel) = Srae M0+ i W) + Tl ()
Tult) = i M) + i Tocld) (10)

For obtaining Ty, equation (10) is put into equation (9) and arrain-
ging,

— Ky(s+Ksy)
Tl =3 + (K5 + K9; s + (%SKQ - KK o) () an

Ky(s+Ks) ,
4 8 5 M
s2 + (Ks+ Kg) s + (KsKg -~ KKpg)  ° =)
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. K,/ K _
i &y W
' 52“" (K5+ Ko) s + (KsKo- KgKy) «(e)

For coolant temperature, Tsc

— 1{4(S+K9) M (S)
s2 (K5 + Ko s + (KKg - KgKyg) °

TSQ(S)

Kok,

T F (K, T Ky) s T (KsKy— KeKyp)

Mb(s)

K6K8 . . cn '_. I,

M
t IR+ (KK, - KKy

If the step change was given to the feed and coolant flow rates,

MB (S) = —j:—
MB’(S) = j:,
Ms (s) = B‘

s

(12)

Equation (13) can be put intoyéquations (11,12) and than solved

Wlth the Laplace transform.

The nvmerical solutlon was obtained for output and coolant tem-

perature with specific conditions taken from experimental work. The nu-

merical example is given below.

For this calculation, the input and operating condition glven in
Table. 1. were chosen as typical example. Step change was given to the
coolant flow rate and 80 9, glycerin concentration in mixture was used

as an input.

- If related parameters are put in to equation (5),
Mrp=31535g '
Me=4922.8 ¢

and than,
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dTy 0.66x60-0.66x65 - 1x60-0.66x65

T = a0 66 o 31538x0.66
14x1.19x60x0.66-}-8.4x60 =~ 8.4x60 —
31535%0.66 Teot 5315350066 ¢ (%)
8.4x60
dTye _ 1837 o TR0 T 8.4x60 .
dt ~ 4922.8 ° 4922 .8x1 se 4922.8 "¢ (15)
Step change for feed and cooling flow rates
M, — 417.24
S
My = 2 (16)
s
M, — 4320

S

The solution for output temperature with inverse Laplace trans-
form,

Tg(t) = — 0.019 (18.48 — 0.0024 ¢0.943t —18.48 70.0541)
~0.202 (19.64 -+ 1.1900 e~0.943t —20.83 0.054t)  (17)
— - 4.318 (1.00 -+ 0.061 0943t —1,108 e-0-054t)
For coolant temperature,
Tee(t) = — 16.680 ( 1.100 - 1.060 e0.943t —0.042 ¢70.054t)
~ 0.0133 (19.700 - 1.220 e0.943t —20.900 e70.054t)  (18)
— - 18.610 ( 1.000 - 0.940 e=0.943t —0.051 ¢70.054t)

These results were compared with experimental results obtained
from same conditions.

COMPARISON OF THE EXPERIMENTAI. RESPONSE WITH
THEORETICAL RESULTS

Description of equipment and experimental work for this research
were explained in the previous work of Alpbaz and Erdegan (1). But
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additional data for this work was necessary. The physical properties
of mixture of glycerin and water can be found in the literature (2).
The variation of heat transfer coefficient, UA, with concentration
of glycerin is given in Table. 2, and it is shown in Fig. 2. Because the
heat transfer coefficient changes with operating conditions, related va-
lues for UA are given seperetly for each experimental work.

Table. 2. The variation of UA with glycerin concentration

% ¢ UA (ﬂ)
OCsec

95 5.57 )
80 8.40 :
60 10.85 '
50 12.48
40 13.77
30 15.17
25 14.58

0 18.19

In this part of this work, water and glycerin were given seperatly
to the tank to get the mixture of them. Also, the aim of this work is
to investigate the effect of the viscosity change on the transient beha-
vior of the tank. In this research, the concentration for glycerin was
taken between the values of 95 %, and 25 9, . Related steady-state and
transient conditions are given in Table. 1.

The concentrations of 80 9, and 35 9%, glyserin were taken as an
typical example for investigation of transient response of the tank.

When the system was in the steady-state conditions shown in Tab-
le. 1, the step change was given to the feed flow rate (Vo= 7 ml /sec,
Vb= 14 ml sec). The change of output variables as a results of expe-
rimental response and theoretical calculation are given in Figs. 3-7.

Similarly when the system was in the steady-state, the step change
was given to the coolant flow rate (Mo = 17 g/sec, Mg= 89 g/sec).
The transient response of the tank and coolant temperature are given
in Fig. 7-11.

On the dynamic works related with the step change given to the
feed flow rate, using concentration of glycerin between the values
of 95 %, ~ 80 %, the temperature of the tank and coolant came to the sec-
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Fig. 2. The variation of UA with glycerin concentration

ond steady-state lower than first one. Beside of them, in lower con-
centration of glycerin the related temperatures came to the second steady
state higher than first one. From these results it was observed that
the change‘ of viscosity affected the heat transfer coefficient zmd than
dynamic response of the tank. Firstly UA affected the first and second
steady-state and than affected the transient period of the vessel. But
this effect was not observed when the step change was given to the

coolant flow rate.

In Figs. 2-11, there is litle descripincies between the experimen-
tal’ and theoretical results. It was concluded that the tank was well
agitated and there was no temperature and concentration distributions:
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Fig. 3. The time response of the output and coolant temperature
(C;= 95 % Glycerin, M% = 8.61 g/ sec, M= 17.22 g/sec)
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M= 6.44 g/sec, M °= 1.3 g/sec. M= 12.88 g/sec, M'y= 2.6 g/sec)

63



64

Tee (€) o

MUSTAFA ALPBAZ - SABAHAT ERDOGAN (YUCEER)

6 1 1 i L | ! 1 1 i 1 ] L 1 1
> 10 i 30

Time,t (min) ——

— — — Theoretical results
45—
Expertmental results i
Wl e e ——
T
”’X x—X LS
43 ‘x;x___x_/
42 L i i ! 1 1 - I I\ ! 1 | 1 1 1 !
10 20 30
Time ,t {min) -

Fig. 6. The time response of the output and coolant temperature (C;= 25 9, Glycerin,
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“EXPERIMENTAL AND THEORETICAL WORK. .. 65

72
— — — Theoretical results
: e —— Experimental results
ok X ~§~§~§~-
X -_“§_‘—'—~
.,: \\\x ———
= X
9p8 |-
[ o '\xx\x_x
56 I S | (RPN UREVAE NENCUN TS WS WANN (AN NI N N I S
g 2 L 6 8 10 12 % 16 18 20 22 24 26 28 3
4 Time,t { min) —_—
32
28
\
o 24 -1
e \ l
& \x
W
\
NN
\~—?§_~'.:§_.,_Y X X X X,
16 1 ! L 1 ] 1 1 ] 1 L1 ] 1 1 1
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

Time ,t {min) ——

Fig. 7. The .ime response of the output and coolant temperature

(Cy= 95 9 Glycerin, M® == 17 g/sec, M= 89 g/sec)



66

! 1 | I 1
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

17 N B L
0

MUSTAFA ALPBAZ - SABAHATERDOGAN (YUCEER)

S — — —Theoretical results
e N
- o~ -——=Experimental results
Ny S~
x\ ~ ~
X~ ~—
)(\ S~ —
- x ~———
\§~

X\x\k -~ . s‘*\~~
1 l 1 1 ] i ] 1 ! ]

Time,t (min) _—

] |

i i | i | { | I
2 L 6 8 10 12 14 16 18 20 22 24 26 28 30
Time,t {min) —=
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NOMENCLATURE
A Heat transfer surface (cm?2)
Cob Specific heat of tank content (cal | go{
Cops Specific heat of coolent (cal | goC)
My Mass flow rate of water (g / sec)
M’y Mass tlow rate of glycerin (g | sec)
M¢ Mass hold up in the cooling jacket (g)
M; 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)
Ty Output temperature for water (°C)
The Feed temperature for water (°C)
T be Feed temperature for glycerin (°C)
Tge Output temperature for glycerin (°C)
Tse Coolant output temperature (°C)
Tse Coolant input temperature (°C)
t Time
U Overall heat transfer coefficient (cal / cm2 sec °C)
g Density (g |/ cm3)

1 Viscosity (g / cm- sec)
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OZET

Tam kanstirmah akim tankinin dinainik 6zellikleri, sistemin giris degiskenlerine kademe
degisimi verilmesi ile incelenmistir. Cahsmane bu kismnda su ile gliserinin farkl derisimierinin
besleme olarak verildigi hal icin, tankin dinamik szellikler arastirnustir, Tlgili matematik mo-
dellerin Laplace doniisiimleri ile yapilan coziimlerden elde edilen teorik sonuclar deneysel ve-
riler ile kargilagtinlmiglardar.
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