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APPENDIX A

DENSITY OF STYRENE-BUTADIENE

In this work the density of styrene-butadiene is measured at room’
temperature (25°C) usmg water dlsplacement principle as follows: the dry
~empty pyconometer is weighed: [ ellets of styrene-butadiene of known
filled pyconometer and the water
- which over flowed from the
an“towel. the final weight of the

d water is determined. The
;7‘"‘ llows

pyconometer is wiped-of
pyconometer wi
density value can

I Weight of esfptf ofiipty pye om0 =62.1362g

2 Weight of pyghometes 'f- rater; my = 73.3245 g.

3 Weight of twenfs 3 & epellets, m;  =1.0197 g.

4 Weight of pynome ,.;:; # rene-butadiene | |
pellets, T Y A = 72.9340 g.
Density 95w ) =1.00000 gec.

vater dlsp&ement

: Demwaﬁﬁ’ Wi T
ARIAIN T um'mmam"%

B —07231 g/cc.

6. Volume of solid part
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-APPENDIX B

SOLUBILITY vs TEMPERATURE

FT-IRspectrometer model 2000 1s used to detect Styrene-Butadiene
concentraton at a wave length 700cm™. The mass needed to saturate the
liquid(Ws) at a specific temiperatute is measured as Yotransmitance and
converted to %wt by cali \:\} ,’ o(ldgure B1)

Accurate valuewof saturation conee ation (solubility) are essential
 for a proper calculation.efmass diffiisic bility of styrene-butadiene vs
temperature

NI
" Temperature , ,J' ﬁh\‘ ‘%\\ 00 cm’ of mineral oil)

(°C) 4 N k“\ Solute,Ws (g)
95 231.5087
100 330.2958
105 411.7386
110 459.2469
115 528.6200
120 542.9520
125 : ) . 565.5750
B0 G LRI AN ANEZND | 5753788
135 4 17.21, . 7.63 |, 5753783

M1 AINTR UUIIW | £ 5829193
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FFigure B : kﬂibruﬂ(nlcurVC(ﬂ'”olrunsnlhuncczuulconvcruxlu)Qévvlof

solid
CHRVE EQUATTON=-TORM A B8 R=-SQUARED ADJ. RA2
I Y = AdpaXx +87.992561 -9.276540 0.999996 0.999996
X=VALUE
12,0000 43.2000  +A.4000  +5.6000 +6.8000  +8.0000
R e B T g bmm e bmmmmm e dmm e +
¥ 60,0000 - *0

Y= #48.0000 -

Y= +24.0000

0%

T R

o+

Y= +12.0000 Bo
Yy

L |

. ﬂ’uﬂ-ﬁ.ﬂﬂﬂ’i ﬂﬂﬂ.ﬂ'ﬁ ......... *

2.0000 +3. 2000 +6.4000  +5.6000 +6. 8000 +8.0000

XVA

CURVE EQUATION-FORM A B R-SQUARED ADJ. RA2
i Y = A+BxX . +87.992561 =9.276540 0.999996 0.999996
0BSN X g Y FITTED-Y RESID.ERROR ZERROR

17 3.0700 59.5200 59.5136 0.0064 0.01

2 4.3800 47.3900 47.3613 0.0287 0.06

3 5.4600 37.3100 3T 3427 -0.0327 . 0.09

4 6.0900 31.4400 31.4984 -0.0584 0.19

5 7.0100 22.9900 22.9640 0.0260 0.11

6 7.2000 , 21.2300 21.2015 0.0285 0.13

7 7.5000 18.4500 18.4185 0.0315 0. 17

8 7.6300 17.2400 17.2126 0.0274 0.16

9 7.6300 17.2100 17.2126 -0.0026 0.01

10 '7.7300 16.2300 16.2849 -0.0549 0.34

MEAN ABSOLUTE % ERROR  .1275128
MEAN SQUARE ERROR . 1.159968E-03



APPENDIX C

VISCOSITY OF MINERAL OIL vs TEMPERATURE

Temperature Viscosity
(°C) ( Poise ) x10?
11.5838
7.2864 -
5.5640
4.4357
3.4722
3.2009
3.1070
2.9970
2.9765
A D
DENSIS 733 ERATURE
Temperature Density x10’
-——ﬂﬂiﬁﬁﬂﬁﬁﬂ%ﬂﬁ“ﬁm’
- %0.8632
. o 0.6591
ama&nim WY INY ah
110 0.6315
115 0.6215
120 0.6205
125 0.6205
130 0.6198
135 | 0.6145
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APPENDIX E
VISCOSITY OF STYRENE - BUTADIENE vs TEMPERATURE

E.1 Viscosity of 2wt% Styrene-Butadiene in Mineral Oil vs Temperature

Temperature.( // Viscosity (Poise)x10?

28.4105
18.4795
11.8033

© 8.1951
6.6801
6.2819
6.1382

. 6.0749
6.0402
6.0206
6.0076

ﬂ‘lJEI’JVIEWﬁWEI’]ﬂ’i
awm\mimumwmaa
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APPENDIX E
VISCOSITY OF STYRENE - BUTADIENE vs TEMPERATURE

E2  Viscosity of 3wt% Styrene-Butadiene in Mineral Oil vs Temperature

Viscosity (Poise)x10?

52,5201
31.8203
18.7933
12.7466
10.0105
9.3706
8.9004
8.6131
8.4956
T8 8.3911
l' T 8.2474
8.1625

AUYINENINGINS
ARIAATUAMINYAE
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- APPENDIX E
VISCOSITY OF STYRENE - BUTADIENE vs TEMPERATURE

E3 Viscosity of 4wt% Styrene-Butadiene in Mineral Oil vs Temperature

Temperature (.2 H‘*M'f// Viscosity (Poise)

83.7192
50.8971
29.3542
18.4995
16.4360
11.0161
10.5459
10.2978
10.0170
] 9.8276
13 | 9.6840
140, | 9.5338

ﬂ‘IJEI’J‘VIEWlﬁWEI’m‘i
’Qﬁ?ﬂﬁﬂ‘imﬂﬁﬂﬂﬁﬂaﬂ
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APPENDIX F

DENSITY OF STYRENE - BUTADIENE vs TEMPERATURE

F.1  Density of 2wt% Styrene-Butadiene in Mineral Oil vs Temperature

Density (g/cm®)

Temperature ( °C ‘_ﬂ \

0.8582
0.8356
0.8334
0.8012
0.7611
0.7030
0.6530
0.6530
0.6530
0.6530
0.6530

— el
s
-
[
L

0 “+ 0.6530

AULINENINeINg
- QWIANNINNNINGAY
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APPENDIX F

DENSITY OF STYRENE - BUTADIENE vs TEMPERATURE
F.2  Density of 3wt% Styrene-Butadiene in Mineral Oil vs Temperature

X s ﬁ / P Density (g/cm’

Temperatur \\”/ 2 (gfem’)
. | - 0.8656
0.8412
0.8010
0.7605
0.7029
0.6530
0.6530
0.6530
272% ©0.6530
] 06530
2h ) o 0.6530

AULINENININT
QRAIN TN
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APPENDIX F

DENSITY OF STYRENE - BUTADIENE vs TEMPERATURE
F.3  Density of 4wt% Styrene-Butadiene in Mineral Oil vs Temperature

_ . 3
Temperature ( °C) Density (gfom’)

0.8623
0.8378
0.8060

' 0.7656
0.7075
0.6530
0.6530
0.6530
0.6530
0.6530
0.6530

Ui | -
AULINENINeINg
RN TUAMINGAY



APPENDIX G

Diffusion coefﬁcient. vs Temperature.
G1 : Diffusivity Coefficient of Styrene - Butadiene of 2 wt % in

Mineral Qil vs Temperature

87

- Temp (C°) \V/ // D, (cm?/s)

-
11 \*"& 1.5149x1012

1 1.4629x10712

RS
AN S s

0 ///ﬁﬁ"\\\\ 1.3559x10712

Ilﬁ '&\\ 1.3380x10712

M?Ef |
MF
G2 : lefusmty Coeffidient 6f Sty

;'::"— ]
Mineral Qil vs Tenip AU

- Butadiene of 3 wt % in -

-
. Dy (cm?%s)

1.5149x10712

‘F]lrj629x10'12

1.4057x10712

BN VB Soko-12

. 1.3380x10712
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APPENDIX G

G3 : Diffusion Coefficient of S’tvrene - Butadiene of 4 wt % in Mineral

Oil vs Temperature

Temperature (C°) D, (cm?/s)
115 | 1.3922x10712
1207 . 1.4015x10712

1.4041x10"12

1.4037x10712

1.4022x10-12

AU INLNINEINS
MR TUAMINYAE
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APPENDIX H

Dissolution Rate Coefficient of Styrene-Butadiene

In Mineral Qil vs Temperature.
H1 : Dissolution Rate Coefficient of 2wt%of Styrene - Butadiene of
in Mineral Oil vs Temperature (120°C

=\

Speed of standard 6 ‘-‘: rb,pe 7 K (cm/s)

(™7 x102

: ////‘\\‘\\ 4.1910
AL L)

ﬁ\;\\\ 4.7430
W\ :

7&@“\
o m e

",_‘el‘;" — :

H2 - Dissolutici_.x_}1Il %0 S rene - Butadiene of
\

in_Mineral &

Speed of standard 6-blade turbine Q’L K (cm/s)

ﬂ%ﬁb’lﬂﬂﬂ‘ﬁ‘w&ﬂﬂ‘ixw

qwqé” AT TR

450 , : 2.7389

500 AD34]

550 . 3.2497
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APPENDIX H

Dissolution Rate Coefficient of Styrene-Butadiene

in Mineral Oil vs Temperature.

H3 : Dissolution Rate Coefficient of 4wt%of Styrene - Butadiene of
e (120°C

in Mineral Oil vs Temperg

Speed of standard 6 "\o- K (cm/s)
(e, | x10°
U ////‘\W\\\ 2.2940
0/ /1L N \\\\;\ 2259
/1L 72 ) 2.5349
'.II % 'B« \ 2.9771
ssof J “ S | 3.0787
H4 Dlssolut u-.czzia-g.ita;zra.:..::, ........ %of Sig brene - Butadiene of
in Mmera I >
J
o
ﬁﬂ%ﬂ’%‘flﬂﬂm )T 3% ey
- Y (pm) - ﬁg
) 400 - | 3.1648
450 3.6237
500 | 4.3856
550 | 5.8371




APPENDIX H

Dissolution Rate Coefficient of Styrene-Butadiene

In Mineral Qil vs Temperature. |
H5 : Dissolution Rate Coefficient of 3wt%oof Styrene - Butadiene of
in_Mineral Qil vs Tempérs ure (120°C

91

=~ -

Speed of paddie K (cm/s)

(rpﬂ"’ x10%

' 0////‘\\Q\\< 21397

VT NN

SLLLETRANNS 560
FTREZ N

29509

2.7316

550

H6 -;%,f.;-j:_-,,‘—_'f:—é ------ nit of rene - Butadiene of

C)I_f]

in Mineral l‘»[

(rpm)

9 400

450

500

550
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APPENDIX H

Dissolution Rate Coefficient of Styrene-Butadiene

in Mineral Oil vs Temperature.
H7: Dlssolutlon Rate Coefﬁ ient of 2wt%of Styrene - Butadiene of

K (cm/s)
x10?

2.3901

2.6908

2.8284

21970

3.4783

H8 : Dissolution "'AJ* 001 Styrene - Butadiene of
| in Mineral Qil vs Temperature for Standard 6-Blade turbine

‘——“ﬂ)uﬂ’ﬂ‘lflﬂﬂ‘ﬁwmﬂ‘ﬁ

ﬂﬂﬁﬁgﬂ“ﬁm Y W?ﬂﬂ”fﬂn@

x10°

2.5971
130 | 2.8175
125 3.2638
120 3.3861

115 3.8369
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APPENDIX H

Dissolution Rate Coefficient of Styrene-Butadiene

In Mineral Oil vs Temperature.
H9 : Dissblution Rate Coefficient of 4wt%of Styrene - Butadiene of
in Mineral Oil vs Température for Standard 6-Blade Turbine
(550rpm) N Z/"

K (cm/s)
x10?

Tempeta

N
///ﬁmz\\\ 27293

50 Ilﬁ D\\\ 3.2551
13 , I k\.\\ 3.5906

115 ‘ Sl 4.1695

H10: Dissolutio@{ ’ %(ﬂiyrene Butadiene of
in_Mineral Qil ys Temperatuze for Paddle (550rpm)

ﬂﬂﬂjﬂﬂ_ﬂiﬂﬂﬂﬂ‘ﬁ

?emperature {em/s)
A Mﬂjﬂiﬂiﬂﬂ NYIaE
1.7446
400 25221
450 22513
500 2.2900
550 ' 2.7443
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APPENDIX H

Dissolution Rate Coefficient of Styrene-Butadiene

in Mineral Oil vs Temperature.

kil ; Dissolution Rate Coefﬁcient of 3wt%of Styrene - Butadiene of

in_Mineral Qil vs Tempenature for Paddle ( SSOmrh)

")

Temperature = " K (cm/s)

Cm——r x10%

“ 1 ////‘\\Q\\\\ 2.6173

: Illﬁm\\\\‘ \ 29505
J/KEI N

11172

o JL A 32632
115 % 3.63818
D
H12: ,4..=;;';.:;<:=-- styrene - Butadiene of
in Minera _L_Cf;! 550rpm

Fr'rg;;"mw%”wawwm
ARG EATA Y IR e

q 130 3.1442
125 3.4677
120 -3.4902

115 4.0948




APPENDIX I

SOLID CONCENTRATION DISSOLVED IN MINERAL OIL
MEASURED BY FT-IR spectrophotometer

FT-IRspectrometer model 2000 is used to detect %transmitance of
Styrene-Butadiene at a wave length 700cm™ . The calibration curve is shown
in Figure I1 . The Styrene-Butadiene transmitance (%) is converted to mass

of solid particles dissolved(/) b; on curve data (Figure 12) of each
experiment. At the and of eael the calibration data of various
can. :

For example,to find il particles dissolved (W) of the
experiment data at the t 120°C, the rotation speed of 350,400
and 450 rpm and the atal period 30 mins,they are shown in table I1
and Figure 13 . ‘

Table I1: Calibration ddta 5 g0 ;' ¥ 50-88¢ o] of Styrene-Butadiene

0BSN .ERROR ZERROR
1 0 .0008 0.00
s 0 .0036 . 0.00
3 0: .0021 0.00
L © Okt 4 .0023 0.00
5 018 o — BT .0033 0.00
6 1 ; .0010 0.00
& 1 " .0046 0.01
8 1. 75.0100 ' 75.0098 0.0002 0.00
9 1. oo 73 1500 73,1541 0.0041 0.01
10 .0015 0.00
n ﬂﬁ SHEh inngss ik
12 .0028 ©0.00
13 9 2.4000 65 7300 65.7316 0016 0.00
14 2.6000 63 .8%60 0.01
iSB:EJ 0.00
11 4 318
o 0010 0.00
1 3.4000 56. 4500 56 5534 , -0.0034 0.01
19 3.6000  54.6000 54,5978 0.0022 0.00
20 3.8000 52.7400 52.7421 -0.0021 0.00
21 4.0000 50.8900 50.8865 0.0035 0.01

- MEAN ABSOLUTE % ERROR  3.702068E-03
MEAN SQUARE ERROR 7.940325E-06

95
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Figure I1: Calibration Curve of 0-4wt% of Styrene-Butadiéne :
vs % transmitance are measured by FT-IR

96

992
© 950- ' ' . : == =

90.0 - /

85.0 1

80.0

75.0 4

\
700 \\
' \ +45TD 24%
65.0
e , XX X x STD 3.0%
Ill
t - ; o i
55.0 Y )
& . . §TD 4.0%
s004 ' -
: ‘a o/
45.5 N . - ala - LT ] L 'q
o Y = ; r r T T —
724 7120 | ' 7 J ' a e . 91 d 680 671

M .

o/

QMBI INGIAY

D of



Figure I2 : Calibration Curve of 0-4wt% of Styrene-Butadiene are
Calculated by Least-Square Method

+90.

+82.

74 .

+66 .

+58 .

50

0000

0000

0000

+0.0000

v

. <

+1.2000

X-VALUE
+2.4000 +3.6000

+4.8000

ﬂ‘LJEl’JVIEWI?WEJ"Iﬂ‘i

ammmmumaﬂmaa

+0.0000

+1.2000

+2.4000 +3 6000
X-VALUE

+4 8000

6., 0000

©+6.0000

97T



Table 12: Example data of 2wt% of Styrene-Butadiene in}mine‘ral oil at
350,400 and 450 rpm,120°C are measured by FT-IR
spectrophometer and converted by calibration curve (Figure 12)

i

RN A
350rpm }\\ V/

w o
9 1/d76 | oored

TIME
(min) |© %T
5 38 0.015
10 86.6 | 0.15
15 84.6 0.335
20 83.1 Q.565 |4
25 82.2 0.650
30 31.0 0.750
35 78.1 I_.OpO
40 3.5
.45 713
50 68.8
55 | 68.7 |

450rpm

" %T Jowt W(g)
82.8 | 0.0214 | 1.6164
752 | 0.530 |39.9673
72.1 | 0.780 |58.8198
71.9 | 0.950 |71.6395

© 713 | 1150 |86.7215].
70.8 | 1.340 |101.049
704 | 1.580 |119.147
76.1 1.880 141.770
69.7 | 1.900 |143.279
69.5 | 1.910 |144.033

|| e

ANNTUURIINYRY

98



_ 99
Figure I3 : Example Data of 2wt% of Styrene-Butadiene in mineral oil
of the experiment are measured by FT-IR spectrophotometer
at 120°C, 350, 400 and 450 rpm.

113

105.0 -

e
JAugInen$neng

705.0 " 700.0 6950 680.0

RN TN INMAY
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APPENDIX J
DIMENSIONAL ANALYSIS OF SOLID DISSOLUTION
CORRELATION

In solid - liquid agitation the entire solid dissolution relation can be
expressed by five independent variables as follows -

K = /TR
Where D, is thesdiffusic CO fasolid in liquid
wist Atic .s'e%tor.

Let K TR0\ e

‘Sv 2 _we

in term of Mass M

D > L ydllC - N
Equate the®€xp6 s.fot m ?\\\\‘\
ar) foa

therefore,

10ns of ach term may be expressed

AdllCla] ]

d time, respectively to give.
(LZT-I)d (1-1)c

b+c

a-b-3c+2d

-b-d-c

s

therefore ‘:*,=:_—=1 ]

m I+Je g
Expﬁljjﬁ ﬁt?:a‘m—i}ﬂﬁqeﬂﬁabove to give.

u< pf D,(I+c-e) e
therefore,

RN 7&%3@9]3%;@% (pD,)e

Rearrahge the term to give

KT/D, = C(T?wp/ e (u/pD,)e-c
Let p = ¢ 'q = e-c and rewrite equation as
KT/ID, = C(Twpli? (WpD,yf
or KT /D, = C(Diwp/i? (w/pD,)?

therefore, }Shr = J(Rer,Sc) or Shr = j(Re, ,Sc)
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APPENDIX K
SAMPLE CALCULATION FOR Sk Re, Sc

2wt% styrene-butadiene dissolution in mineral oil on speed 350 rpm
at temperature 120°C

1. Sherwood number , Sk, KT/D,
1.1 Calculation of disselution fage coefficient (X)

issoluti e coeff /: ‘/ € ealculated from the equation (2.2)
sample of dissolutiof'rateca i ion:

13_pyit3
7 \‘p}*@,\ /3"_m"/73' )"!

1.1513logMmd 95 "1 D “

/:

i -m /
444 1 0
A
"y o, 4 1
E - r 1
- 1
rd \
ot
1 ‘; o
i 0

where or relating the surface area with mass

- o saturate the liquid [g]
355 charged [g]

A Et"i q{iiontact %pfﬁe ilreﬁoﬁc%d and liquid
Y B o o/
K= Sifla ax 'nhfc ' T Ttetro .
m(800) (424.5583)"° " 3(424.5583)%°+(2(150.82)""-(424 5583)'2

1.1513l0g[(424.5583)"+(150.82)" px [(424.5583)%3-(424.5583)""
(424.5583)""+(1.1312)'"  (424.5583)%3-(424. 5583)%3

x (1.1312)"3+(1.1312)3 ] | |
x (150. 82)’/3+(15Q. 87y - K=31162x107 cm/sec
(Appendix H)
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1.2 Calculation of diffusion coefficient D, )
The diffusion coefficients are calculated from the equation (4.8)

Dy = 7 R (4.8)
3n *v6/nWinp,)

where : K Bo ‘- }/4 onstant = 1.38 x 10 ™° ergs/K.
' 7 ,,; ) ep adius [cm]
By Solvent viseosityfeSt]
T
07/ m
w "" 5ol i (2
n ) \ d particles

\\\}\~$~\ ess [g/cm’]

{ﬁ'"
oeflicie \ e
EE38x] *& 3)/2.9970x107 ]

40)/(728)(0.7231))

Ps

Sample of dif

_ Y]
E (0.03116 (25)/(4 558@10"2)

2 Schmldtﬂuugj iﬁ% ﬁmﬁ)ﬁ
. ARARIDIPHRII NN

p = 06145 g/cm’ (Appendix....F1....)
= (6.1382x107%)/(0.6205 )(4.5588x10™'2)
= 1.0595x10'"°
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3. Reynolds number,Re, = D pN/u |

D = (8333 cm?®

p (2.9970x10%) P (Appendix....E1.....)

p = (0.6205g/cm®) . (Appendix...F1....)

N = 350rpm Il.]

Re, = (8.333)2(006205) (350) =-8:3864x10° (Table 5.1)

.....
LJ
| {3 KO

]

AULINENINYINS
ARIAINTAUNM TN



- APPENDIX L

REPEATABILITY OF DATA

104

To find the repeatability of the experiment data are collected at the
same condition i.e. at constant speed, temperature,solid-liquid system -
and time. The maximum relative error is calculated. Data of the system of

“styrene-butadiene - mineral oi

Run no. -

Average

i & .d' ;
i (O Eaf (s
3 - i

L
Ll

ite; collected at the temperature of 120°C

Weight of dissolved

Styrene-Butadiene

€))

L 11
=Ml
g i

NINENT
- 199

'148.44
147.69
©150.71
148.44
147.69

as 149.95

d

1975

148.82

The maximum relative error of repeatability in this experiment is

r(150.71-147.69 )/( 147.69)]x100 = 2.05 %



APPENDIX M
CURVE FITTING

To draw the curve in order to correlate two variables the Least-
Square methed is used. The logarithmic functions of Sherwood number
and Reynolds number or Schmidt number are obtained as straight lines.
The slope of each line indicates whether the variable has influence on
the Sherwood number or not

1. The Influene of Reynolds'!

o
Figures 5.1-5.4 and 5,925 flonstiate-the influence of Reynolds
number on for Standard™6-& urbine andwPaddle respectively. The

curves are drawn by, JefS(sGue eth Yata, from table 5.1-5.3 and
5.7-5.9 are plotted. Eagh'sg algaves straight line. Table M1 is a
summary of the slope erceptsiof ea 1ght line. The average
slope is 1.35 This isfthg’ eXpc ent(p) of the Reynolds number in the
correlation. This average slope‘is;used to \‘; 1 curves again as shown

number and Sherws '

.For standard 6-blac“1§tg§m ine” "~ ¢
Data from table\i‘-ﬁ\" " m Intercept
e <100
" AUBRNEINENA T
s " | ¢1238 o 6.7552x10"°
YWIANMNIUNRINYINEY
5.3 . 1.647 | 5.4699x10

Average=1.35
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Table M2: Slopes and intercepts for relation between the Reynolds
number and Sherwood number

For paddle
Data From Tables - Slope Intercept
5.7 0.625 8.7707x10"
5.8 9.0406x10"
5.9 9.4091x10"
d}\\ g
. N5 . |
All Least-Square s oftat ie8yl - 5.6 and5.7-5.9,5.10-5.12
have the average slopesl 5, .20,0.57 2.22 respectively.
2. The Influence of SehimiidtNuft n.Sherwood Number

Figures 5.5 58 T he influence of the
Schmidt number. The curves are drawn by Leas -Square method. Data
* from Tables5.4-5.6 aqd 5.10-5.12 arg p lotted the same as above. The

fitted curves m ﬂ ni and2.22 . This is
the exponentq m r m qr n for standard 6-
blade disc turbinie and paddle respectively. .,

ARIANN TN NM’TW]EH&] d
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Table M3 : Slope and intercepts method for the relation betweer the -

Schmidt number and Sherwood number

For standard 6-blade disc turbine

Data from tables Slope ~ Intercept
5.4 -18.2419x10"
5.5 -22.9581x10°
5.6

-17.6784x10°

The calculation of lines b pe,are not shown here

Table M4 : Slope and i he relation between

the -------------------------------------
For paddle ‘
Data from tables ‘ Intercept
SR INASY
5.10 gy = = L14.7466x10™
: =S v/
AWTANN IR E IR b

512 2.632 -3.723x10°

Average = 2.22
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APPENDIX N

DETERMINATION OF THE CONSTANT, » IN THE
CORRELATIONS

From the results the correlations are expressed in the from

Shry = r Re}l Sc? for Standard 6-Blade Turbine

Shy = r Ref Sc ' for Paddle
»\

The value of » de u1d systems. To determine
the constant, r the r~ — /S¢’ are plotted on log-log
scales,see Figure: N1+ i 0 gl line having same slope
1.35 The constants, j8res0k / ‘*Q“""h fing the values of anti-
logarithmic of the inte . ‘- oV e tesults by least-squares
method as described 1n A péuldix ML \x\ e value of Ao, are the

intercepts of least-sgfiar; " e ok \ -N6 the constant, r
-W 2l
GG 4

obtained as follows:
~ Syste A Constant, r

P ere

i

Staridard 6—Blade Turbine

I 2wt% ofStyren ........ ene——— 910769x10

mz 6008x107%

oot HEMGN YY) TN Ao

II. 3wt% of Styrene-ﬂtadiene

ajggﬂnimwﬁwmaa

V. 2wt% rene-Butadiene 4.1153x107"?

V. 3wt% of Styrene-Butadiene | 2.8897x10°"

VI. 4wt% of sfyrene-Butadiene 2.0053x107"
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Table N1 Calculation of Least-Square Line to Evaluate the Constant, »

Data from Table 5.1 |

STANDARD 6-BLADE. FUI
The constant,r is Anti-lse,

¥ Y
RPM S¢ Log(Re) Log(cRe)
x10" ’
350 1.059: 39236 | 207189
400 1.0595 3.9816 -20.6652
450 1.0595 7 613 4.0327 -20.5749
500 10595 |4 e | 2.7503 4.0327 -20.5606
550 1.0595 4.1199 -20.4896
Least-Squares Method ; 4o oblained by calculating g the value of anti-

logarithmic of i V o
4 ]

AULINENINYINT
"R " SRR TN TN B s

0BSN FITTED-Y RESID.ERROR ZERROR
1 1.010’ =20 7189 . ~2D.7116 -0.0073 0.04
2 2.1618 -20.6652 ~20.6681 0.0029 0.01
3 2.6613 -20.5749 . -20.5816 0.0067 0.03
4 2o 9103 -20.5606  -20£5662 0.0056 0.05
5 3.2390 -20.489% =20. 6817 -0.0079 0.04

MEAN ABSOLUTE % ERROR 2.957979€E-02
MEAN SQUARE ERROR 4L.028L4L1E-05
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Table N2: Calculation of Least-Square Line to Evaluate the Constant, r

Data from Table 5.2

STANDARD 6-BLADE TURBINE
The constant,- is Anti-Log A =3.6008x10™

cRe = X G
RPM Log(Re) Log(cRe)
350 34873 | -22.1151
400 39816 | -22.0600
450 40327 | 219790
500 4.0785 | -21.9567
550 41199 | -21.8857
Least-Squares Metliod Hf@ - alculating the value of anti-
" i 3 L iy L .
logarithmic of intercept as belos

7 T
lﬁfﬂpﬁkfﬁ

7

)

CURVE EQUATION-FOR‘& U ; B R-SQUARED ADJ. RA2
T vy = ﬁuﬂf; Qﬂﬁﬂ:?tw H’Tﬂ%’m 0.993585 0.991447
0OBSN % Y FITTED-Y RESID.ERROR %ZERROR )
. 1 7.6727  -22.1151¢  -22.1096s,  -0.00550  0.02
- I 6832 . , a1 ' : 0.00
BQ .44 q 1. l]z 9783 0 0.04
4 1.04 LA M Ioehy .006 0.03
5 8 13.0098 -21.8857 -21.877% -0.0084 0.04

MEAN ABSOLUTE % ERROR 2.604159E-02
MEAN SQUARE ERROR 4.123193E-0§



Tablé N3: Calculation of Least-Square Line to Evaluate the Constant, r

Data from Table 5.3

STANDARD 6-BLADE TURBINE

RPM

The constant,r is Anti-L' A #,1.1397x10%

'?

350
400
450
500

550

X ¥
Log(Re) Log(cRe)
3.4097 -22.6250
3.4677 -22.5826
3.5188 -22.4947
3.5646 -22.4386
3.6071 -22.3846

Least-Squares Meth

logarith mic ¢ LlRtercept as petow

)

R 505‘*;@%&?’3 Qﬂﬂ yl,lj:w E’J@?‘;&s’

" 0BSN

IS NN —

30N

-22.4940 ~22,.5030
5.6427 -22.4386 =22+ k30
“4.1246 -22.3846 - -22.3769

MEAN ABSOLUTE % ERROR 2.683513€-02
MEAN SQUARE ERROR 4.346569E-05

0.0090 04
"0.0C44 0.02
=05 0077 0.03

11

ulating the value of anti-

3

R-SQUARED ADJ. R~2
0::991785

sl g ER ey

0.989047



Table N4 :Calculation of Least-Square Line to Evaluate the Constant, r

Data from Table 5.7

PADDLE ,The constant, is Anti-Log A =4.1153x10™"2

RPM Sc
x1010

350 1.0485

400 10485

450 1.0485

500 1.048

550 1.048

Least-Squares Methoel are"dbtais ]

logarithmic of intercep

CURVE EQUATIO& Form € o

ﬂ"‘lJEl’J‘VIEI’WJW

4
1

03SN

AV I o S Y I A

076.), =11 <

ITTED-Y
C129 g -11.0109

913.0012 -10.8860 -0, 6837

MEAN ABSOLUTE % ERROR
MEAN SQUARE ERROR

1.810022£-02
4L.398562E-06

X Y
%)
Log(Re) Log(cRe)
3.9236 -11.0129
3.9815 -11.0021
4.0327 -10.9474
4.0785 -10.9470
4.1189 -10.8860

RES

I I % E
ID ERROR

RN IR H}’

-0 0023

cﬁlating the value of anti-

SQUARED ADJ.
0.990610

/ERROR
.02

02

112

R~2
0.987430



113

Table N5 :Calculation of Least-Square Line to Evaluate the Constant, r

Data from Table 5.8

PADDLE ,The constant r is Anti-Log A =2.8897x10™"

cRe = .4 Y
RPM shise™ Lop(Re) | Log(cRe)
350 3.4873 -12.1548
400 3.5453 -12.1419
450 3.5964 -12.0896
500 36416 | -12.0718
550 3.6836 -12.0488
a

-

Least-Squares Me o« it ‘i\ alculating the value of anti-
logarithmic of intércgptas bel

9
U

CURVE EQUATION- ﬂﬁ
i

£ A . 8 R-SQUARED ADJ. R"2
Y = A+BxX =2k 5)9|A1 +0.055045 0.996682 0.995575
" R ‘HiEl ’J FbE) Naneangy o
1 0.01
2 21419 =12.7145271 0. 0002 0.00
.1391 —12 089¢" -12.09 1, 0.001¢s 0.07

5] WA AT SR el ) o8

MEAN A SOLUTE 7% ERROR 8.778679E- 03
MEAN SQUARE ERROR 1.459701€-06



Table N6 :Calculation of Least-Square Line to Evaluate the Constant, r

Data from Table 5.9

PADDLE  ,The constant,r is Anti-Log A =2.0053x10™"3
‘ cRe = X Y
RPM Se Re /se™ ™ Log(Re) | Log(cRe)
0 12
x10 xl
350 34592 | 980 8076 3.4097 -12.3181
400 3.4592 | 3.4678 -12.2807
450 3.4592 k | 3.5188 -12.2659
500 3.4592 J J PG I 3.5646 -12.2538
550 3.4592 3 £ 153 1 3.6059 -12.2110
) y
Least-Squares Method ag€ o alculating the value of anti-
logarithmic of intercept‘as fe= i
AN
CURVE EQUATION-FORM E A 7 B R-SQUARED ADJ. Rp~2
"1 Y = A¥BxX £.12.697830 +0.079420 0.996725 0.995634
oL AUYY wmwmm
1 4.807 31 o 02
2 2390‘“ "12.2807  -12.2817  _ 0.0010
3 6208 -12.2659 673
: ’TJM '1
5

MEAN ABSOLUiE % ERROR

MEAN SQUARE ERROR

1.235881€-02

2.42L69E-06
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