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Abstract

The ex :
Xpert C s ‘
the essz -mem. objective is to determine the kinetics and
th m.la“-y irreversible reaction between cthyl acetate
ec . o )
apacity flow method and to measure the residence tim

effluent stream.

In this experiment the reaction of S
tank reactor or commonly known as CST
order to investigate the rate of reaction orde
rate if reaction with final concentration of so

Finally,

e BT Eh
Sadis Snsigain L0 e

odium Hydroxide w
R, is obtained with different rcactants flow rates in
r, rate constant and the reaction mo

Titration of NaOH and CH;COOC:Hs is done in o

reaction rate constant of e
and sodium hydroxide by

¢ density function of the

ith Ethyl acctate in continuous stirred

del, response of
dium hydroxide is obtained from the plot.

rder to ensure their concentrations.
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~ Result

Table 1:Data

Titrants

i Conc.of HCI (M)
I Conc.of NaOH (M)
Reactants

0.03
0.03

Vol. of NaOH sample (ml)
Vol. of HCl need for titration (ml)
Vol. of ethyl acetate sample (ml)
Vol. of NaOH need (ml)
Vol. of HCl need for titration (ml) .
Vol. of reacted NaOH
initial conc. of re'actantuethyl
- acetate (M)
initial conc. of NaOH V(l\h)d o

Table 2:Reaction information

10
11
10
30
16.5
13.5
© 0.0405

e
1%

0.033

il Flov:t:);'e of Flow rate of Vol. flow rate of Flottr:;‘eof Flowrateof =« Residence
acetate(ml/s) NaOH(mi/s) Reactant(L/min) acetate(mol/s) NaOH(mol/s) (min) ~ Time(min)
T 7 7 . 08 | 00002835 0.000231 3214  16.071
2 8 6 0.84 ~0.000324 0.000198 3214  16.071
3 6 8 | 0.84 | 0.000243 0.000264 3214  16.071
Table 3:Data from Titration
Volume Volume Volume of .
el Sample 1: Sample 2: Avg. Volume ofoexcess of samile Final
Vol. of NaOH Vol.of NaOH Volume of of HCl conc. of
| (o | sample of reacted from NaOH (M)
(mi) (ml) NaOH (ml) - {left} (ml) HCl (ml) HCl(ml) reactor (ml)
1 8 8 8 s 15 . 7 | 10 oo
2 8.4 86 85 g5 15 65 10 001%
3 10 10.1 10.05 105 | 15 45 | 10 0.0135
v
Table 4:Reaction Kinetics
R X Rate of reaction  Bcuycooc,Hs K Temp.
" rwod o)
0.36 3.11E-05 1.227 0.05198 20
0.41 3.00E-05 1.636 '0.03739 7 20
0\.57 | 5.78E-05 0.920 0‘39355‘ 20
P i
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When d i
v eterminant t : ;
he concentration of reactants with time in experiment yoh céh‘-;’cdt‘ g2 1

investigate ther i ;
eac ; ) ;
tion kinetics, and reaction rate. In this experiment we do a reaction betwee

Ethyl Acetate

and NaOH and this i i

; sa : ; £ TR
high — nirreversible reaction, also its takes a long time to achieve

NaOH + CH;CO0C,Hs —» CH;COONa + C,H;OH

The first part in this experiment it's to check the Concentration of a feed tank is if it equals to
0.04M. we take NaOH sample from a feed tank and is titrated with 0.035M from HCL and use
phenolphthalein indicator. then take Ethyl Acetate sample also from freed tank and is mixed
with excess NaOH, and is left to set overnight before titrating against 0.03M HCL.

Then for a set of flow rates we take a sample from CSRT tank at steady state condition to
determination the concentration where excess HCL is added to each sample, and then is titrated
against standardized NaOH, using phenolphthalein as an indicator.

the second part, the reaction is assumed to be elementary: -r, = k C; Cv. Due to changing the
reactants flow rates, rat of reaction and rate constant changes. NaOH is supplied to the reaction

as limiting reactant. The reaction order is second order. .
LS
: : o o \O“QWL \&X
The plot of reaction rate with N.aOH concentration is polynomial with order = 2. & s ?
The reason behind the change in molarity of Ethyl Acetate can be a result of dissolution of this
weak acid with time and being affected by the ambient conditions since the feed tank isn't
completely insulated.
The value of conversion of NaOH was discovered at various flow rate its:
run conversion j
1 0.36 |
2 0.41 j
3 0.59 A
the value of K was discover s :
run K
0.05198
0.03799
0.39355
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g clusion and Recommendation
R : n
Conclusion: el

-

The experi i . ; Rk
rimen S : . : s

- P tis F0n51dcred to be successfully done since all the objectives 15 achieved, the

ction rate equation (n, K) is determined A

In C -1 = 4 M £

STR experiment. the order of reaction is second order reaction. For the experiment the
concentrati sy N—
oncentration of reactants must be kept constant and the samples must be taken when

residence time spent accurately.

Recommendations:

There are several recommendations can be made to improve the experiment for a better

result:

1- Make sure reactor does not have any leaks and valve closed and opened as
needed, controlled the valve carefully and slowly when adjusting the flow rate

9. Make sure the flow rates of NaOH and ethyl acetate are stable during each run of

the experiment.
3. We may Repeat the tit
from titration.

rations for two or three times because a lot of error comes
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Appendix

= Sample of calculation for first run:

" Initial concentration of NaOH:

MyaonVyaon = MuctVyc
Myaoy *10 = 0.03 * 11

Myaon = 0.033M l/

" Initial concentration of CH;C00C, H::

Volume of excess NaOH:
MNaOH VNaOH = MycrVier
0.03 = I/NQOH(&\.C@SS) = (.03 % 16.5

VNaOH(excess) = 16.5ml

Volume of reacted NaOH: P
Vnaoy =30—165=135ml V7

MNaOHVNaOH = MCH3C0062H5VCH3COOC2H5
0.03+13.5= IWCH3COOC2H5 * 10
Mctycoocyns = 0.0405M

» Final concentration of NaOH:

Myaon Vvaon = MyctVie
0.03 * 8 = 0.03 * VHC(

Vet (excess) = 8l
Volume of HCl reacted with NaOH:

Vya =15 -8 = 7ml (//

Final concentration of NaOH:

' s e
MyaonVvaon = MuciVuer

Myaon *+ 10=.03+7  /
Myaon = 021M
(n
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Conversion X:

X = MNaOHO — MN‘?OHfinal
MNaOHO
0.033 —-0.021
= . _
0.033 = 0.364 (/

Initial molar Flow rate:
MN(‘LOH * V’ _ 0033 * 7

FNaOH -

1000~ 1000 = 0.000321mol/s
F _ MCH3COOC2H5 * V, 0.0405 + 7
CH3C00C,Hg = 1000 = oo - 0.0002835mol/s

Rate constant:

NaOH + CH,CO0C,H; = CH,COONa + C,H;OH
=vaon = KMpyaouMen,cooc. s
Myaon = Myqon,(1 — x)

MCH3COOC2HS = MNaOHU(QCHBw(JCZH5 - X)
XFrnaon 0.363 +0.000321

— =3.11%10">mol/L.s
—T — I
NaoH Vreactor 2'7 35
F 0.00028
P _ CH3C00CHs _ — 1227
CH3C00C Hs S — 0.000321
o —TNaOH
a MNQOHOZ(I - x)(QCH3COOCzH5 —)
3.11+107°

= = 0.05198 L.s/mol
= 0.0332x (1 - 0.363) — (1.227 — 0.363)

Preparation of the feed solutions:

NaOH solution:
NaOH is solid materials
A“!NHUH = 0.04 ?NO’/L

Volume=40L

Mwt=40 g/mol
mol 9 - 469 we need from NaOH
0.04——" 40L + 40 mol gwEELe)
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Ethyl acetate solution
M=0.04 mol/|
Volume=40 |
Mwt=88 g/mol
Density=0.9 g/ml

y
' . Mo A
0.0 —— « 401 = 58

L mol 00g

CIS0sbmbwe need from ethvl acetate

o°’

L /
‘(.

Scanned with CamScanner



i

" Continuo }
Continuous Stirred Tank Reactor's datq Sheet

Titrants:
Conc. of HCL
0.03 M
Conc. of NaOH
o> M
Reactants:
Volume of NaOH sample
\O wml
Volume of HCI needed for titration
W\ mL
Volume of ethyl acetate sample \o mlL
Volume of NaOH added 20 m|
__ |- Volume of HCl needed for titration | ‘(= ., |
Ttem Run 1 ] Run 2 Run 3
Flow rate of ethyl acetate - Csm lles g cm7’( e 6 ¢ [sec
Flow rate of sodium - 3 oo g cw[seC
hydroxide ki C: e ¢ :C !
Residence time g{l’\’,\ min 3‘?,\1 min 2.2\t van
Sample 1: D m\ M L \o mL
Volume of NaOH g !
Sample 2: gwmL 3 \o.\ mL
Volume of NaOH 8:6ml
Sample 3:
Volume of NaOH
Temperature 2.0 C QOLC o T

" ' v oJo M uﬂj’ﬁ
4 L%‘) (& AP

l {a]ﬂoll
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1

In temperature measurement experiment
applied in order to comp

electric effect and seebe

» different methods of me
are their efficiency, sensitivity,
ck effect is studied d
using direct measure compared with theoreti
connections and the purpose of using

and accuracy. Perltier thermo _
ue to specific connections, voltage calibration

cal data, effect of using intermediate met

al in
parallel and series connections.

>
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Result

Partl: The temperature of the water by

) ; using Glass thermometer, Vapor pressure, Bi-
metallic expansion device,

Thermistor & Thermocouple.

Table 1:Readings for different measuring device for water at boiling point
Measuring device Temperature (°C) Explanation ]
Glass thermometer 97

The temperature read is /
accurate and fast
Vapor pressure 96 The vapor pressure and bi-
metallic response more
Bi-metallic 98 slowly Bi than glass
thermometer and read
inaccurately.
Temperature reading is faster
than glass thermometer;
Reading is more accurate
than bi-metallic and vapour
pressure
Thermocouple 96.6 Even though the reading is less
accurate than thermistor, it is
the fastest device in
temperature reading,

Thermistor

98.5

Part2: The response of each temperature measuring device as temperature change with
time

Table 2:Measuring device response

Time(min) | Glass thermometer | Thermocouple | Thermistor | Vapor pressure | Bi-metallic
. 1 15.5 17.4 16 =
= 19 16.6 183 16 o
2 21 19.1 20.6 ig 12 J]
204 23.9
.i 52 23,5 26.8 16 o
5 30 27.3 30.6 ig ié \1
30,6 34,5
B S 23 34 37.6 25 0
8 40 37.5 40.9 30 |
— 207 | 447 2 I
R O AR R 28.2 24 T
10 51 47.6 51.2 39 | 5 \
i 54 50.9 54.6 80 R
12 57 53.8 57.6 46 ! 0 |
L S — 60 56.8 60.5 48 I 5 |
14 | 64 60.1 64 52 56 J
N R T M| ) 2 -
T 16 s 68 65.9 69.9 58 » 2. |
17 T TS 2 68.7 727 0 # T “
B R o 712 74.8 | e
T il TS TR OB ;i
T 78 76.4 79.4 68 e J
20 | T
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24
25
26
27
28
29
30
31
32
33
34
35
120
100
g
J v 80
= |
L
| g 60
| E a0
g
| =
20
0
0
I Time(min)
}
— Glass thermometer Thermocouple Thermistor
E —\apor pessure Bi-metallic
e ————————————————

Figure 1:Measuring device response as temp. change with time

Part 3: Readings of millivolt
I. Peltier thermo-electric

Ambient temperature=16 °C
Table 3:Voltage reading with temperature

[ Time(min) MILIVOLT volt/ao |
0 5.7 -0.143 |
1 -3.8 - 0095 : !
2 0.5 0.013 1
3 67 | 0168 !
5 Y W T IR ] o 20,985 o] i
5 186 | 0465 8
o ae gl it 208 0.608
7 , 288 | 0720
s RS e T 0.853
9 395 | 0988 1
g ] Rl Ty 1.115
1 - 50 1250 r {
i 545 1.363 v :
B 593 | 1483 | /
kLt S TR ST 610 3
s | 697 | 174 | :
g
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5 16 75.2 ] 1,850
17 79.3 1.983 ]
ERRAY ki L B E 83.6 2090 |
19 87.6 2190 |
20 923 2308 |
S 96.1 2.403 j
pocn 22 99.3 2483 |
23 103.4 2585 |
24 107.4 2685 |
25 110.1 2.753
E 26 114.3 2.858 ;[
27 1423 3.558 |
28 146.1 3653 |
29 151 3.775
cil s ey
31 1755 4.388
32 176 4.400
33 173.6 4.340 #
38 173.8 4.345
33 ] 174.5 4.363 1

r————

Voltage (mV)

temperature (C)

Figure 2:Voltage reading with temperature

=> Ifthe temperature reading below ambient temperature, voltage reading will be

negative
II. Seebeck effect
B Voltage Volt/40
Both thermocouple in cold 0 e
water
Thermocouple (1) in cold and 160 4
(2) in hot :

“Thermocouple (2) in cold and

160

(1) in hot

=> Iftow thermocouple put in hot or cold water (same container) the reading of
millivolt will be zero because there is no temperature gradient.
=>» When we switch between thermocouple the voltage sign reversed.

e

Scanned with CamScanner




Part 4: Calibration of type k thermocouple

Table 4:comparing between voltage from table and from measuring device

Voltage (mV)

Type k Thermocouple ‘Voltage Voltage
reading °C (Experimental) | Tabulated
15.5 -0,143 0.617
16.6 -0.095 0.661
19.1 0.013 0.758
20.4 0.168 0.814
23,5 0.335 0.9395
27.3 0.465 1.093
30.6 0.608 1.228
34 0.720 1.366
37.5 0.853 1.5095
40.7 0.988 1.6407
44.2 1.115 1.7842
47.6 1.250 1.9242
50.9 1.363 2.06
53.8 1.483 2.1798
56.8 1.610 . 2.304
60.1 1.743 2.436
63.1 1.880 2.561
65.9 1.983 2,681
3.000
2.500 // T
2,000 / L~
1.500 /

-

1.000 —_

7

P
0.500 /

0.000 7~
9 - -

P

00 7 /

L

-0.500

temperature(C)

«--715‘-’;3_}“;5;];};]5"(1 experimental voltage with temperature
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Part 5: The effect of intermediate metals and intermediate temperature on reading of

millivolt

Intermediate metal:

L. Voltage for the junction without intermediate metal: the reading of millivolt didn't change
between hot water and ice for three junctions.

IT. Yoltage for the junction with intermediate metal: the reading of millivolt in hot water
different from reading in ice for junction B because of resistance.

Intermediate temperature:

"The. intermediate is hand. The reading of millivolt when thermocouple put in hot water and
ice is equal to the summation of first reading (thermocouple between hand and ice) and

second reading (thermocouple between hot water and hand).

Voltage
Epot — Ejce 160
Ehot — Ehand 97.7
Ehand =3 Eice -62.3

} 97.7+62.3=160

Part 6: parallel and series connection

A. Parallel connection

Table 5:Temp. for cold, tap and hot when depress individual switch and when deoressina them at the same time

Temp by depress switch#1(cold)

Temp by depress switch#2(tap)

Temp by depress switch#3(hot)

Temp by depress switch#tl+2
Temp by depress switch#1+2+3

;-36 ] Averag temp.—7'6;r23 =153 ; NQC\” |
98.2 Averag temp. ==t B2 _ 42

5.8 | g
38.6

e As we see from above table

temperature is equal t

B. Series connection

The reading will amplify by number

it was 2.

o the average value when depress switch individually.

when depressing switch at the same time the value of

of thermocouples that inside water in our experiment

L]
L —
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Discussion

L. Part one of experiment shows:
> comparison of the accuracy of each device with reference to the original boiling point

100c.

»  The most accurate device is the thermistor since it has the closest value to the original
boiling point.

> The least accurate device is vapor pressure since it has the farthest value to the original
boiling point.

2. Part two of experiment shows study of response for different measuring device uses:

According to precision

> Thermistor > glass thermometer >thermocouple

3. Part three of experiment shows the Peltier and Seebeck effect where:
» When the temperature is less than the ambient temperature the millivolt reading will
be in negative and this is known as Peltier effect.
> From seebeck effect we see that when the two couples are in the same place the
reading of millivolt will be zero or almost zero since there is not any temperature
gradient. A
» When the thermocouple has each part in cold and hot water, there will be a
temperature gradient so the millivolt reading will not be zero, it will have a value and
the negative sign due to the direction.
4. Part four of the experiment studies the Voltage calibration of different thermometer types
using water-ice reference:
> A comparison between tabulated data of millivolt reading with experimental data of
millivolt
5. Part five of the experiment shows the effect of intermediate metal and intermediate
temperature:
» Reading of millivolt changed after adding an intermediate metal which means that this
metal is different than the original metal used in thermocouple.
> When removing any of the thermocouples from hot or cold water to hand the reading of
millivolt will be affected. If we add the value of millivolt for cold water and hand, to the
value of millivolt of hot water and hand, the final value will be the millivolt value for hot
and cold.
6. Part six of the experiment studies the effect of parallel and series connection in thermocouples:
» parallel connecting, give average the millivolt reading while connecting in series,
amplified reading by the number of

e
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Conclusion
This work has discussed the temperature measurement and calibration procedure for

various sensors, and their response and characteristics are fully observed during the
experiment.

As we see the most accurate device is thermistor, connecting thermocouple in parallel
will give an average reading, while by connecting it in series the reading will not change.

The source of error in this experiment come over reading the scale which is human factor
and there is technical issue from the measuring devices.
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Temperature Measurement

a

T | 22X |

1bh'(.‘c,.l\'0|’\

] Cou
/’ part # 1 pe
- Temperature (°C)
Glass thermometer q71 >3
Vapor pressure 94 » 5
Bi-metallic a8 I 2
Platinum resistance —— _
Thermistor Q8.5 dy
Thermocouple 94 6 by
Part #2
@ @
Temperature (°C)
R T e
\ min) glass therrl'lrtzznwitfé -
o "7 (5.5 17:4
~ 4 \ <y 66 | 183
2 21 w4 |2a.p
3 757 20 Y 23.9
Y 26 23.5 2638
5 30 | 73 | 36 | 20 1l -
é 2 3 306|345 |
T 3F 3u 316 | D
2 yo |/ 31:5 | YoiHd
q udy | qo# Hy. ¥
10 y3 o/ Y L{:?T ue-2
1 7l W16 | 5L
2 . 34 Hed | BUé
3 [ sz | 28 |57:°
1y 60 663 o5 |
15 44 Lo | ) 6 Y
14 / 5 6‘7»’ g = e
17 6% 65.4 JC};C\
F ¢80 | 72| 6s |
L2 23 Fu2 | M8 | 62 | 63
% 5 T | 3| de  d2
12 76 1 19: 4 £ T
21 78) 189 Y el I8
2% L Bo- 11 g2, 4 8o
;31 XY ) 65 EX<) g2
25 B 86 ¥5.4 89}1 Bo —
ey o o S B2 e
- o Gol | Q24 | 22 g8
7 L o5 4.6 bé 0|
3 i T B3 | qvg | €8 oz
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p 4

I‘}tqr_gggiate metal:
yoltage for the junction without intermediate metal:

W

Voltagei
\ Junction Aj hot water B 66 - |
L Junction B in hot water - \40
L Junction Ciin hot water \4»\
\ Junction A in ice 6o
\ Junction Binice \ (O
\ Junction Cinice \ A0

Voltage for the junction with intermediate metal:

_ . Voltage |
l F Junction B in hot water — %0
\ \* ~ Junction B’ inice: - 12%.8
) —
L Intermediate Temperature:
Voltage
: &Y

E hot — E ice X j .'j_j\ Y/ Z/

1:5 hot-E hand At 1

E hand~ E ice —  DLED

Part#6 -

,’.«J"v(""r

Parallel connéction: / —
—r:\ o Temp by depress switch #1 3.8

% Tempby depress switch #2 23 -

ho b Temp by depress switch # 3| 4§-2

Temp by depress switch # 1+2 15 8 .
Temp by depress switch # 1+2+3 38. 0
MY
E e Page 11 ///

P =
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Art#3

/ a- Peltier thermo-electric:
p

£

(@]
Ambient temperature: ]6 '

T s Temperature °C)
- Time mV Drwe (v
s Glass thermometer | o \ |
ik : ’:r-:;:ihocouPle ‘7— |
o 2T5F 53 2! a6 |
' — 2 F 22 9.3
; 23 | losd
y 4.3 zv | bl
l/ | "1 21 | |O . I
— o 7 ames
‘ L 27 Y23
- ,’—’y /‘(. -:E fr‘_:_q_“ \ L{é .\
o 2 50
15 3 ils 5,
s L \#5.5
— — 2 | 1780
Lo 33 736
i M| 133
A _ﬁ 577 Y, =
A : 24
3 +4.2 ) 3¢
12 A2 o i} >q
}g( ‘9 o5 L,{O
2o G 2.3 ] y| |
[7’9 |
b- Seebeck effect:
1 Voltage )
Both thermocouples in cold water 0
Thermocoulpe (1) in cold and (2) in hot | 40 0
Thermocoulpe (2) in cold and (1) in hot _ \ ()O 0
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Abstract

In tubular reactor experiment, rate of reaction order is estimated as a function of concentre_ltion. also
rate constant is estimated as a function of temperature from Arrhenius equation, K valL.Jes s
graphically estimated or calculated by the integration of residence time equation, reaction order is

second order reaction
i/

Scanned with CamScanner



Result & Discussion
Tabulated result

run #
: 1 2 3
concentration of ethyl acetate 0.06 0.06 0.06 j
concentration of NaoH (CA) 0.06 0l06 0.06 j
flowrate of ethyl acetate - \ &y 50 éO %0
flow rate of NaoH 3 \(\'~ 50 60 70
residence time (x) 20 16.5 14.3
current concentration of NaoH (CA) 0.00998 0 016687 0 009.318
conversion% 67 : 64 ' 69
. T(Cl 14 14 14
(L/rr/izA mol) 1.670675 1.268923 1.296334
o 0.1002 0.093571 0.107319
- 0.513228 0.238169 0.25954
/T 0.05 0.060606 0.06993
0.0108
0.0106
0.0104
0.0102
g oo1
0.0098
0.0096
0.0094
0.0092 ‘ ’ ‘
63 64 65 66 67 68 B . \
XA J
| ——

Figure 1: NAOH concentration with Conversion.

t be second order reaction.
A tubular flow reactor is a vessel which the flow is continuous, steady state and prgaq@d so that the

l\l/c:rs‘ion of the chemicals and other dependant variables are functions of position within the reactor
con

than the time. There is no axial mixing in a tubular reactor.
%

Rate of reaction mus

his experiment We study the effect of reactant flowrate on residence time and conversion, as shown
!n tl“S t;olzre table when the flowrate of the reactant increases the residence time W‘lll decrease as well as
"11 e dvcrﬂio;l thus higher reactants flow rates are not always desirable for practical application.

t ]e C()n S ) o

— i .
version must be less than the conversion i the second run, maybe the reason we've

e third run the cot ! / .
g:cpqred another solution of NaOH and that’s call personal etror.

L ———
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Conclusion

e The Rate of reaction must be second order reaction.

« A tubular flow reactor is steady state so the variables are functions of position within the reactor
than the time. There is no axial mixing in a tubular reactor.

There is an inversely relation between flowrate of the reactant and the residence time when
flowrate of the reactant increases the residence time the will decrease as well as the conversion.

e higher reactants flow rates are not always desirable.

o personal error Couse the third run the conversion lower than the conversion in the second run

References
e Fogler, S.H., ‘Elemets of Chemical Reaction Engineering’, 3" Edition, Prentice Hall, (1999).

~

o'd
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Appendix
Sample of calculations

Run number 1 is taken :

e ]C(IO dCa
ca KCa?

¢ Estimation of K value by integral method:

We Integrate equation (1):

11 1
" K ‘Ca Cao)
20« K = : ( L L
" T 1000 0.00998_0.06)

k= 1.670675 L/mol min

2) Reaction rate as a function of temperature is obtained in Arrhenius equation as below:

8

—E \\..
—-rA=K CAnCBrn = Koeﬁ CAnCBm

o
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T “Tubul"ﬂYDataSbeeL,_v_ I S S s e
\
— ltem Runl | Run2 Run3 Run4
Ethyl acerat cenc. In feed tank 6.0 é—%l,% 0.0€ ? '
mhy&omde conc. Infeedtank |o.0O 6:‘% 0.06
HCI concentration (titrant) oot~
NaOH conc. (titrant) ) Q.06
Flow rate of ethylacetate :‘30 milag & e
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Abstract

The aim of this experiment is to use hydraulic analog approaches to develop kinetic rate
equations for different reaction types, which is reversible and irreversible reactions, and c?rde.rs
in batch reactors and study a first order series reaction. Also, it represents first order reaction in

a batch reactor in which the volume readings in burette in cn% is to be considered as a
. . 3
concentration of reactant in mole/m3.
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Result

1) First order irreversible reaction

A->R
—1A=KCA
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Figure 1concentration profile for irreversible first order reaction

After linearization (integration) equation become:

“4—dCA f‘
— — dt
fCAO CA 0

ICAO-kt
N =k

Then Plot In (Ca0/CA) vs. time, if linear curve is obtained so the reaction is surely first order

and value of k is the slop.

first order irreversable
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Figure 2linearization for irreversible first order reaction.
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So the reaction rate constant K equal 0.0033 1/sec.

—rA =0.0033 CcA

2) First order reversable reaction

ASR
—rA=k1CA—-K2R

conc. Vs time reversahle first order

wefee coNE. Vs time

1} 230 400 590 200 1000
Figure 3concentration profile for first order reverseble reaction.

Now, from the concentration profile, we choose an equilibrium concentration equal 15 ml. From the
integration equation

CA— CAe
n{——— ) =In(k) — (K1+K2) =t
( CAe ) (k) = ( )
Whereas; K is the equilibrium rate constant and equal k1/k2. |
P4
first order reversible
2.5 s
2
1.5
= 1 . .
z s first ardar reversible
>
§ 0% e Linear (first arder raversible)
? 0 A
g 800
057 |y =-0.0061x + 1.9888
1 - RY=0.9993
-1.5

,’.
|

{

|

2 time

Figure 4linearization for reversible first order reaction
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Table 1: the reaction rate constants for irreversible reaction

Slope -0.0061 [
[ntercept 1.9888 l
Keq 731 l
K1 0.000734 ]
K2 0.000537

—74 = 0.000734 CA — 0.000537 R

3) Irreversible reaction with order not equal one.
a. Reaction ordern>1

A-SR

—?"A — KCAn

L
ConC vs time
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~10 ) o
time{zec)

Figure 5 :concentration profile for irreversible reaction with order n>1

After linearization:

ln:j—fi = In(k) + nIn(CA)

Slope =n

Intercept = In (K)
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Figure 6linearization for irreversible reaction with order n>1.

Table 2constant rate and order for reaction order>1

Slope -0.9259
Intercept -2.592
N 0.9259

k 0.0797

—rA = 0.0797 CA%9259

b. Reactionordern<1

A->R
—rA =K CA™

CONc vs time

&V
1280
¢ f 400 600 800 1000
» :\ ~

Figure 7 concentration profile for irreversible reaction with order n<1
igur :
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After linearization:

—dCA
In = In(k) + nIn(CA)
dt
Slope =n
Intercept = In (K)
order n>1
5 =1 2325¢+ 18235
R = 0556 o=
2 s 5 3.8 3 15

Figure 8:linearization for irreversible reaction with order n<1.

Table 3constant rate and order for reaction order<1

Slope 1.2325
Intercept 1.9389
N 1.2325
k 6.9511

—rA = 6.9511 CAL3%5

4)First order series reaction

A-R-S

—ra = K1CA AND —rs = K2CR
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—rs = K2CR

—rs = 0.0107CR

-ra
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Figure 10: reaction in series In(v2/v0) vs time
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Discussion

* The rate equation for a chemical reaction shows the change in concentration over time, and
the constant parameters can be derived from theoretical considerations or empirical curve

fitting.

° T.he value of the constants of the equation can only be found by experiment. By which the
disappearance of reactants and the appearance of products are observed over time.

- : .
;l'he hydraulic analog approach is used to show the generation of kinetic rate equations from

aboratory data, Since the derivation of liquid discharge is the same for reactions equations.

o T e . . :
Figure 1, concentration profile for irreversible first order reaction, Where the reactants react
to form. the products and can’t reverse back into reactants. Reactant concentration is
decreasing with time until there are no more reactants left.

. & . o . :
Figure 2, linearization for irreversible first order reaction, to find the reaction rate constant
(k) and because of the appearance of linear curve then the reaction is first order.

[ ]

Figure 3, concentration protfile for first order reversible reaction, reactant concentration is
decreasing with time until there are no more reactants left. And figure 4 is to find the
equilibrium rate constants.

e Nonlinear irreversible reactions are characterized by having reaction order not equal to 1.

e First order series reaction, in series reaction reactant A is converted into product R which in
turns is converted into product S.

e Figure 9, shows concentration profile for first order series reaction for the reactant R.
Concentration of R reaches a maximum value when A is totally consumed, after that the
second reaction begins where R begins to be consumed and its concentration decreases

producing product S.

Figure 10, shows the linearization for first order series reaction, was constructed to find K1
of the series reaction. And to find K2 of the series reaction.

Conclusion o .
Hydraulic system analogy is used to represent batch reactors with difterent reaction

. . .
types and orders (reversible, irreversible, and series reactions),

e The calculation of reaction rate parameters is done by utilizing the slope and intercept of
the data. .

o The rate of the reaction depends on the concentration of the reactants.

« The rate constant is a function of temperature.
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Appendix

Sample of calculations
First Order Irreversible Reaction

CAO= soﬂ"—‘

CA=48 m—Ol t=14s

CA—dCA

- [a
CAQ
| CAO_k
n A =K.t
1 50—00408
l’i48— .

CAQ .
Plot In— vs time
CA

Slope = -k =0.9963

First Order Reversible Rea ction

mol

CAe= 14-—- t=840s

mol

CA= 49 —  t=l4s

—rA=k1CA—K2R

In (M) = In(k) — (K1 + K2) +t
CAe

Plot Ln CA(:,- A(':‘e) vst

Intercept=1. 9888, k=7.31

Slope= .0.0061 =-(k1+k2) |
K1=k2*kl \//
K1=0.000734

K2=0.000537
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reaction order less than 1
volume  tme deltav CA2-  ca2-callt2-ti In(caz-cat)/t2-t1  Inca
CA1

50 0 0 1

49 15 1 1 0.066666667 -2.708050201 0
48 23 7 1 0.043478261 3135494216 0.693147
47 32 3 1 003125  -3.465735903 1.098612
46 50 4 1 0.02 3.912023005 1.386294
45 58 5 1 0.017241379 _ -4.060443011 1.609438
44 67 6 T 0.014925373 _ -4.204692619 1.791759
43 75 7 10013333333 4.317488114 _ 1.94591
42 85 8 T 0011764706  4.442651256 2.079442
41 o4 9 1 0.010638298  -4.543204782 2.197225
40 102 10 1 0.000803922  -4.624972813 2.302585
39 110 11 1 0.009090909  -4.700480366 2.397895
38 120 12 1 0.008333333  4.787491743 2.484907
37 129 13 1 0.007751938  -4.859812404 2.564949
36 138 14 1 0.007246377 -4.927253685 2.639057
35 147 15 10006802721  -4.990432587  2.70805
34 156 16 1 0.006410256  -5.049856007 2.772589
33 165 17 1 0.006060606  -5.105945474 2.833213
32 175 18 1 0.005714286 -5.164785974 2.890372
31 184 19 1 0.005434783 -5.214935758 2.944439
30 193 20 1 0.005181347 -5.262690189 2.995732
29 203 21 1 0.004926108  -5.313205979 3.044522
28 212 22 1 0.004716981 -5.356586275 3.091042
27 223 23 1 0.004484305  -5.407171771 3.135494
26 234 24 1 0.004273504 -5.455321115 3.178054
25 243 25 T 0004115226  -5.493061443 3.218876
24 253 26 1 0.003952560  -5.533389489 3.258097
23 262 27 T 0003816794  -5.568344504 3.295837
22 270 28 1 0.003703704  -5.598421959 3.332205
21 281 29 1 0.003558719  -5.638354669 3.367296
20 291 30 1 0.003436426  -5.673323267 3.401197
19 300 31 1 0003333333 -5.703782475 3.433987
18 310 32 1 0.003225806  -5.736572297 3.465736
17 320 33 1 0.003125 _ -5.768320996 3.496508
16 330 34 1 0.003030303 _ -5.799092654 3.526361
15 340 35 1 0002941176 -5.828945618 3.555348
14 351 36 1 0.002849003  -5.860786223 3.583519
13 360 37 1 0002777778  -5.886104031 3.610918
12 371 38 1 0.002695418  -5.916202063 3.637586
11 380 39 1 0.002631579  -5.940171253 3.663562
10 392 40 1 0.00255102 -5.97126184 3.688879
9 402 41 1 0.002487562  -5.996452089 3.713572
8 412 42 1 0.002427184  -6.021023349  3.73767
7 423 43 1 0.002364066  -6.047372179  3.7612
6 434 44 1 0.002304147  -6.073044534  3.78419
5 444 45 1 0.002252252  -6.095824562 3.806662
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§ :22 46 1 0002197802 -6.120297419 _3.828641
2 47 z 1 0.002145923  -6.144185634 3.850148
1 487 75 1 0.002096436  -6.167516491 3.871201

1_0.002053388  -6.188264123  3.89182

reaction order more than 1

volume time deltav Int(1/2)  In(v0)
50 0 0 0
49 8 1 2.079442 0
48 18 2 2.890372 0.693147
47 28 3 3.332205 1.098612
46 4 4 3713572 1.386294
45 51 5 3.931826 1.609438
44 65 6 4.174387 1.791759
43 77 7 4.343805 1.94591
42 89 8 4.488636 2.079442
41 102 9 4.624973 2.197225
40 115 10 4.744932 2.302585
39 128 11 4.85203 2.397895
38 142 12 4.955827 2.484907
37 155 13 5.043425 2.564949
36 171 14 5.141664 2.639057
35 181 15 5.198497 2.70805
34 197 16 5.283204 2.772589
33 212 17 5.356586 2.833213
32 227 18 5.42495 2.890372
31 241 19 5484797 2.944439
30 257 20 5549076 2.995732
29 273 21 5.609472 3.044522
28 288 22 5.66296 3.091042
27 308 23 5.7301 3.135494
26 325 24 5783825 3.178054
25 343 25 583773 3.218876
24 360 26 5.886104 3.258097
23 379 27 5.937536 3.295837
22 397 28 5.983936 3.332205
21 418 29 6.035481 3.367296
20 437 30 6.079933 3.401197
19 456 31 6.122493 3.433987
18 499 32 6.212606 3.465736
17 517 33 6.248043 3.496508
16 544 34 6.208049 3.526361
15 506 35  6.338594 3.555348
14 590 36 6.380123 3.583519
13 615 37 6.421622 3.610918
12 640 38 6.461468 3.637586
11 660 30  6.49224 3.663562

o 10 690 40 6.536692 3.688879

o 9 717 41 6.575076 3.713572
8 740 42 6.60665 3.73767
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7 773 43 6.650279 3.7612

_6 803 44 6.688355 3.78419

5 832 45 6.723832 3.806662

4 863 46 6.760415 3.828641

3 899 47 6.801283 3.850148

2 930 48 6.835185 3.871201

1 964 49 6.871091 3.80182

first order reaction in: series a
] Vs 50-
time V1 V2 VR50-v2 Vﬁ po ln(v2/v0): In(vi/v0)
: 10 1 13 37 12 1.347074 391'202
18 2 12 38 10 1.427116 321'888
27 3 11 39 8 1.514128 281‘341
36 4 10 40 6 1.609438 252'573
45 5 9 41 4 1714798, 500sg
55 6 8 42 2 1.832581 212'026
67 7 7 43 0 1.966113 1'9é611
79 8 6 44 -2 2.120264 1.8?:258
94 9 5 45 4 2.302585 -1.7148
112 10 4 46 6 2525729 4 60944
s 11 3 47 8 2813411 4 59443
170 12 2 48 10 3218876 4 40712
262 13 1 49 -12 3.912023 4 44707
./

e
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First part of experiment we made calibr

and voltage, second part study the perf
parameter.

ation of the pump by find the relation between flowrate
ormance of the controller at different value of its

v
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Result
Tabulated result

Part a : Depth Sensor Calibration

Gd=0.0004 volt/cm

_Partb :Pump Calibration

| Gp=2.188 ml/volt.s

Part c: Dynamic Characteristics

0.34

(251.04S + 1)(31.655 + 1)
0.5995 + 26.41S

~ (251.045 + 1)(31.655 + 1)

G2 =

G1

_Part D: Steady State Operating Levels

 HO e =126 0m

Design of the proportional and proportional
plus integral controllers

71 + 12 _
2\/T1T2(KPG +1)

s

= underdamped

Graphical result

H2 ()
[
fon)
¥
£

¢

[
f

8 & 10 12

voltage (v)

/‘

Figure 1 Relation between H2 (cm) vs. voltage (v) /
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Figure 2 Relation between Flowrate (ml/min) vs. voltage (V)

Scanned with CamScanner




p coniroller

1z

o
e s B A T SEUREC RO R R R R e o3 i
b U | " & ? G g K 100%

g Hp3 SO%

voltage {v)

4 | i K B0

S8t

[=]
o
fondt
3
5
[
P2
f i 4

a 20 ap &0
tims (secl

Figure 3 The effect of different values of kp on the tank transmitted voltages (V) related to the tank level vs. time (s)
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Figure 4 The effect of different values of 1ion the tank transmitted voltages (V) relatgd to the tank level vs. time {s)
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/ Discussion

In the Figure 1 we see a plot of the voltage against the level, we can see that level is probational to
voltage as the level is decreased, the corresponding voltage is decreased as well. Measuring Device
characteristic = Gd (V/cm) = 0.0004

S:]eady state characteristics of final control element (Pump) Figure 2 shows a plot of the voltage against
the flow, we can see that as the voltage applied is increased, the corresponding flowrate increases as
well. Pump characteristic: Gp (ml/(s.V)) = slope = 2.188.

The physical system can be represented by second-arder transfer function, which arises when two first-
order processes are connected in series. Transfer functions obtained.
Transfer Function for first system:

0.5995 + 26.41S

(251048 + 1)(31.655 + 1)
Transfer Function for second system:

0.34

2 =
(251.045 + 1)(3L.655S + 1)
So, We nate that 71 is greater than 72

The steady state level in tank 1is (H 1s,th = 12.5cm), while the experimental level is (H,1s,exp =17 cm)
There is a deviation that results in 26% error.

P-controller is a type of linear feedback control system in which a correction is applied to the controlled
variable which is proportional to the difference between the desired value (set point) and the
measured value (process variable, PV)

From Figure 3 we note that experimental and theoretical errors (of voltage) have very close values for
Kp=100, Kp=50 and Kp=30.

A P.1 Controller is a feedback control loop that calculates an error signal by taking the difference
between the output of a system
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Conclusion

* InControl systems there are the three requirements, stability, accuracy, and speed of response.

* PID controller is an instrument used in industrial control applications to regulate temperature,
flow, pressure, speed and other process variables. It has three parameters: Proportional (P),
Integral (T), and Derivative (D).

® P controller is used in chemical industry plants and it is the simplest and fastest, while PI and
PID are much complicated controllers.

®

This experiment is used to prevent fluids level in the tank from being overflow or under specific
level determined as process conditions required.
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Appendix

Sample of calculations
Measurements of System characteristics:

Part (A): Depth Sensor Calibration:

The relation between voltage (

at outlet stream from the pump) and the heights (inlet stream to the
Pump) is linear and the followi

Ng equations represent this case:

Voltage= 1 m x height = ) =1
X(S) m

Where; (m) is the slope of the straight line in (Figure (1)):

d = d G — = 0.3334
= X(s) = 299 = O (volt/cm)

Part (B): Pump Calibration:
The relation between voltage (inlet stream to the pump) and the flowrate (outlet stream from the
pump) is linear and the following equations represent this case:

-
Flowrate = m x voltage :.s-X—((% = m

Where; (m) is the slope of the straight line in (Figure (2)):

‘ .38
GP = Y(s) = fao = 2.188 (ml/volt.s) o
X(5) 60 o

Part (C): Dynamic Characteristics:

When the flowrate of the water equals 2800 ml/min, the steady state value for both tanks is: The first
tank (Hs1) = 17 cm and the second tank (Hs2) =11 cm

Qi 2800/60

, 2800
Qi _ 60 = 16.499

cd2a2y29 = o=z T I1-3

sdiaty2g _ 1995 _ 3 89 (cm2/s)

2/2g _ 16499 _ 2/s

A2 300

_ " = 7923.37sec?
172 = TR7 T 3.89 + 2.92

7923.37
1= 72
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K1K2‘ = &U0L.0
7l = 251.04 sec

T2 = 31.65sec

The transfer function of the second tank is given by the equation:

1
G2 = K2 0.34

(STl + (512 + 1) (251.04S + 1)(31.65S + 1)

The transfer function of the first tank is given by the equation:

K1+K2 4
Kisk2 t KiKZS 0.5995 + 26.41S

Gl=
(StL+1)(St2+1) ~ (251 045 + 1)(31.655 + 1)
Part (D): Steady State Operating Levels: /
The experimental steady state level when the water flow rate equals 2800ml/min, Hs1 = 17cm and Hs2
=1licm

nD*  7(0.95)?

al = = —
2 n 0.709 cm
nD? 7(0.635)2
az = 2 = ( y ) = 0.317 cm

The theoretical steady state level for tank 1 is related to

az _.
Hsi theo. = Hsz [1+( ) 1- H _l)z = 11 % [1+(-0—7]-(-)-§-) i- (-(')-77-0—9-)2 = 12.6cm

The experimental height is found to be 17cm

To calculate the error:

H1,exp.— H1,theo. 17 —-12.6 )
Error = 4 = 7 = 0.26 /

Hs1, exp.

e Design of the proportional and integral controllers:
Part (a): Steady State errors using proportional controller:

Experimental steady state error:

ess,exp = required level —H2s,exp = Yr —H2s,exp = 27 -11 =16cm

The theoretical height of the second tank can be calculated with the followiwtions:

a2 a2\?
Hls,th - HZS,Ul (1 + ("a—l)z) - H3 (a_l') = Hls.th = 1'199H28.th - 0.599
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CdlalyZg = % _ 2800
Froen — owgr 0.6 % 0.709 * V2 + 980.66 + / 1.199Hy,cn — 0.599 = —5~
2800
g0 )"
18.883% 0599

Hasn = = 27.68cm

Theoretical steady state error:
ess,theo. =27 — 27.68 = -0.68 cm

e The transfer function of the process is:

G4G, 0.3334+2.188
G - L = = (J,
K, 2.92 0:25

The damping factor:

71 + 72 _ 251.04 + 31.65 -
= 2. JT1r2(KpG + 1)  2,/251.04 31.65(8.4 * 0.25) ’

— underdamped

The natural frequency

_ |kpG+1_ £48+025+1 _ o
wn= 1T 2 251.04 * 31.65

Resonant frequency:
oy = = 0.14
1-2x 8
Fractional overshoot: /
FO = exp-—:-_—g-t—' = 0,05
1 — (;2
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#  Jtjpration:
/ pcallbla

Cm V
[ Flowrate{nlfmin) Tr—
225 \o: 3M
== 2 4
26 2 2.5
LS: _______ *_’é“go SEe s toanes s
2\ < <o
23 « .Q0
2.9 WO
20 ¢, Ol
La 2. ZO
[ 2.4z
e I o A
6 2 .05
3 2.9
| % (5,
/12 2 .90
R 260
| | ) 9 SY
i0 2.4z
q 2.40
' /% 2.2
Lt
3 (W 2. 0q
5 2 .0
Y 2.0
2 S 1.a3
Dynamic chracter1stics: { g
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A
oportional and Integral Controller:
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OStract

There are two ways to generate a d
empirical m

€thods. The aim of thi
based on inpu

ynamic model of a process, either by theoretical or

. . it is are
S €Xperiment to generate an empirical model it is a

t/output data. The empirical model is not of high accuracy.

In this SXperiment we make different change on set point (impulse ch.angfz, step up and ;
step down), the Iesponse of the process of each change is recorded with time and plotte
as process curve,

There are different methods to calculate, to and Kp? they are shown in detaﬂ ,l,n\ tllis le/poft.

—
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Result
Part 1: Step up change

#Method 1
Method1l
tp 19.7
t0 0.6
Ky 1.090909

Step up Method 1
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Time (min}
ciy ———
#Method 2

Method2

123 |
0o | 38 |
2

conductivity at T1= 0.2

g3 * AC = 129685~ T1= 7.9 min

conductivity at Tz = 0.632 * AC = 115445 > T2= 16.1 min
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Part 2: Step down change

#Method 1

Method1
te 6.2
t0 0
ke | 1.020747 |

Step down Method 3
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#Method 3

Method2
tp 6.5
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500
450 R
200 \

250 \_
200 ‘\
250 \

200
152
100
050 e .
CG:I [ e "
250 e e ettt s
S0
850
&o0 _

O 1 2 3 4 5 6 7 8 9 1911 12 i3 14 15 16 17 1g 15 20 /f‘/?/ 23 Z4 25 26 27 28 29 30

mmeneme S CELE] - Mocel
g\l
methodl method 2 method 3

Bt | 62 11.25 e (A

t0 0 -1.25 0

1.020747 1020747 | 1.020747 J

Part 3: Impulse change
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Discussion

Empirical dynamic models are not of high accuracy since they are considered as
linear approximations of non-linear processes. Besides, the data may be influenced
by unmeasured disturbances, and noises, which may result in errors in sensor
measurements,

The magnitude of the change is large enough for the consequent change in the
transmitter signal to be detected, but it isn't so large that will cause disturbances.
The magnitude of the change is large enough for the consequent change in the
transmitter signal to be detected, but it isn't so large that will cause disturbances.

AC
: Kp = e— " . .
1. Am 1. to and Tp are determine using three different
graphical methods.

The parameters of step up change, figures 1, 2 and 3, are difference in the values of
to and Tp while the value of K p remain constant.

The parameters of step down change, figures 4, 5 and 6, are difference in the values
of to and Tp while the value of K, remain constant.

The parameters of the response to the pulse change, figure 7, coyldn't be estimated
since the three methods aren't applicable in this case.
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Conclusion and Recommendation

Empirical models are based on input/output data and only describes the
relationship between the measured input output data for the process.

The model described by method 1 is subjected to large errors, due to calculation
of maximum slope.

The dynamic empirical models skip the physical characteristics of the system,
when describing the nature of the system, and the way it responds to change.
Large errors are expected, especially if the nature of the physical properties is
described by non-linear behavior. ;

Step change results in a very rapid change so that t0 (Dead time) is approximately
around zero. While Pulse change is a brief sudden change due to sudden change
in the input variable within the system.
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Appendix
For step up change:

* AC = final value of conductivity — initial value of conductivity
= 1447 — 1039 = 408

* Am= final value of conducivity — initial pure water conductivity

= 1447 — 1073 = 374
=22 =28 _ 109
37

» Method (1):

fromplot shown in figure(1),1p=19.7, 70= 0.6
k =1.09

» Method (2):
conductivity at T, = 0.283 * AC = 1296.85 —» 7, = 7.9 min conductivity

at 7.= 0.632 x AC = 115445 = 2= 16.1 min
- 1= 7.9 min (from diagram).
- T,= 16.1 min (from diagram).

v k=109
s =1+ (n—n)=;(161-79) =123 min 4 1120

v To=T;— Tp=16.1 —4335=3.8min

»> Method (3):
from plot shown in figure(3),tp=20min, 0= 16 min. k=19

To find the actual data for example at time= 1 min,

t—Tp
c(t)=k-+Am*(1—exp(— o ))

1-06

= 5 A o - | = 8.2
= ].09 374 * (1 exp 19.7 )

R oM
ct) = c(t) + ) =82+ 1073 = 1091.22 —

The same calculations aré done for step down change .
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.//”- Empirical Dynamic Models Data Sheet:
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Abstract

The main objectives to this experiment are to understand the working principle for the diaphragm
Pump, draw characteristic curve of the flow, to understand the effect of hysteresis on the level control,
to represent the dynamic curve of the system using the P, Pl and the PID controller of the level control.
The experiment was carried out using the process control system and the control done also the result
show up via computer software. The system is a rig consisting a tank of water where the water level in
a process vessel tank was used a PV to be controlled. The aim of the experiment was to control the
water level in the process vessel tank by using the different control systems which were mentioned
earlier. The on/off controller alternates between 2 different output which was completely switched on
or completely switched off. A PID controller continuously minimize the calculated error value.
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Result

Part1: Characteristics of the pump
Table I:characteristics of the pump

f_q% B a_ mgz 45

| ek
;r-~»-u~«.._4 . 56 | 72

-;‘“5_« "g e 49“:-_..M 84 W— .

20

2333

- Yoltge | time(s) | flow (L/hr) | flow (Cmn3/sec)  volume(cmn3)

— T

28.33

34.44

L8 | 29 | T
blac 9 b5 26 s o Egea

~38.89

42.57%:

ao.dd

ninuu v u v

characteristics of the pump

50 ;-
40
30?
20
10 |

flow ( CmA3/sec)

voltage

Figure 1

Part 2: ON -Off control of the level
Table 2:0n-Off control level

" Hysteresis% | O
rset.point = 5
lower limit set point (»cm) . 4.8

’up"-r_aiéiﬁgﬂme of level(sec) _ 342 34

’uppéi‘bluiliﬁi'tsét'bolnt(cm)‘_ | 5l
" lowering time of the level(sec) 3.58

3.5
34

\ 37

d

10 12

64

3
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Figure 2: upper and lower limit /

Part 3: P-controller of the level.
Table 3:P-controller set point (10v)

— ETE R R N TR
| K=100% | 1 24 49 66 83 99 99
 K=50% 04 13 19 24 31 39 45

P controller

250

time

—@— Kp=100% —&—Kp=50%

70

G T

B R AT
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Part 4. Pl-controller of the level.
Table 4:Pi-controller

“"”"“'*“WE—"«‘?“-*:_W_,_;ém 0 ' 10 . 20
g..A-..’.S:!F}QQ.‘.’._‘;-@?}QQfé}#1 0472 iy
- Ke=100% ki=s0% =2 | 04 18 25

Pl controller

Level
O B N W Sh Ut O NN D

0 10 20 30 40 50 / 60 70
time LA ;’\\-’\B /;

Figure 3:Kp=100% Ki=100% t1=1

Pl controller

Level

70

Figure 4:Kp=100% ki=50% 1=2
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Figure 5:Kp=100%, ti=1,1d=1

PID controller
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Discussion

® First objective of this experiment is drawing the characteristic of the pump. The characteristic
curve of a pump is the interaction of two variables that describe its performance:
1. The Voltage. .
2. Volumetric flowrate: the quantity of fluid that goes through a section in a certain period
of time.
svl:]r:r? ;Z: \r,';TtChan_icz?l element that is driven by an electric motor, so as we see in figure one
In addition inaegviis Increase the quantity of flu.id'that increase. 3 , .
one we Car; nc,ﬁcer:'hrun thg pump sucks up fluid in f‘lxed volum'e (5cm?) ar-1d from table num
at the increase of voltage the time to suction 5cm3 will decrease.

* Second objective to study the effect of hysteresis on on-off control :
The' ?n-off control is the simplest form of a controller, which switches ON when the error is
Posntlve a.nd switches OFF when the error is zero or negative. An on-off controller doesn’t have
Intermediate states but only fully ON or fully OFF states. Due to the switching logic, an on-off
controller is often called a bang-bang controller or a two-step controller.

Hysteresis is the measurement of the difference in offset of the values generated by the
transducer as it measures in a positive going direction, and the same values as the transducer
measures back down toward zero (the negative going values).

The higher the hysterasis value, the lower the switching frequency and the higher the overshoot.
For our experiment, if the level is set to Scm and the hysteresis percent is 15%, the on-off

controller will switch OFF when the level is 6.6cm and switch ON when it is 3.5cm on the other
hand when the hysteresis percent is 30%, OFF when the level is 8.1cm and switch ON when it is

2cm,also the rising and lowering time will increase according to increasing in hysteresis.

Finally, understanding the theoretical aspect of the operation of closed loop system with
proportional action(P), proportional-integral (Pl), proportional-integral-derivative (PID):

- proportional action(P): increasing the proportional gain will increase the speed of the control

ponse and decrease the offset, as we see in table 3 when Kc is 100% the controller to

system res ‘
b:lacome closer to the set point in time less than when the Kc is 50%.

ction (Pl): Once P has been set to obtain a desired fast response, the

= ional-integral a it
Rrapone the offeset. Increasing the t will increase the speed of the control

integral term to decrease

e. : P
system r e.SPOTS‘. tegral-derivative action (PID): Increasing derivative term decreases overshoot
- proportion e with stability but would cause the system to be highly sensitive to noise.

and yields higher gain
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COnClusiOH

€ chara
Cterist‘
man ofa u - .
When v - VDltage and Vo:) P I.s the interaction of two variables that describe its
Oltage Increase th umetric flowrate
e i o
An on quantity of fluid increase and time to suction 5cm?will decrease.
0”9[’ do ’ i

called 5 bang-ba ng COntesr:lt have intermediate states but only fully ON or fully OFF states. often
The higher roller or a two-step controller.

the hyst i
ysteresis value, the lower the switching frequency and the higher the overshoot.

When st
udy the ;
- prOmeOzal 5 S_pEFatlo.n of closed loop system with deferent controller see that :
system ction(P): increasing the proportional gain will increase the speed of the control
response and decrease the offset
- pro i i .
Proportional-integral action (PI): Increasing the i will increase the speed of the control system
response.
5 prOPOrtional-integral-derivative action (PID): Increasing derivative term decreases overshoot
and yields higher gain with stability but would cause the system to be highly sensitive to noise.
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