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Appendix A

CALIBRATION DATA

l. Calibration of Rotameter

A rotameter of "BROOKS" tube size R,6.,15,B with
ruby spherical float was calibrated. Triplicated data

were obtained and only the average values were repcrted

here,
Table A-l
E Conc® of sucrose sol® (Brix)
Rotameter 0 i i 5 10 15
reading wt_of 7rx WE. OF 1/ %A wt.off n |wt.of r\m
sol o Boln 10 ln o so]_n o
(1v/ k1b/ {(1v/ | (1v/ | {6/ [(1b/ | (1b/ | (1b/
hr) | hr£t}. hr) | hrft)| hr) [hrft) hr)| hrft)
5 8 4,0 30
2 8.6 66
3 15.8 | 120 18:0 115 14.2 | 208 1L3:5 103
4 24,6 | 188
5 2967 1. 227 29,9 | 228 2843 1257 12547 207
6 3.0 [ 282
7 46,2 | 253 45,1 | 344 43,8 | 334 | 43,0 330
8 54,5 | 416
9 62,0 | 474 60,5 | 461 58,0 450 | 59,0 450
10 0.0 | 535
11 78.7 | 600 76.29 | 587 76.6 | 585 | 75.1 577
12 87.8 | 670
13 95,0 | 726 95,0 | 726 95,1 | 726 | 91,8 702




Flow rate (1b/hr)

100
Bo-r
60
40— ;
concentration of
sucrose solution
0 Brix
20—
] | | |
0 4 8 12 16

Rotameter reading

Fig. A.1 Calibration of rotameter

Flow rate (1b/hr)

100

60—

40~

concentration of
sucrose solution
5 Brix

20

| l r
0 4 8 12 16

Rotameter reading

Fig. A.2 Calibration of rotameter



Flow rate (1b/nr)

100

80

60

40

20

concentration of
sucrose solution
10 Brix

| I | |

4 8 i 16

Rotameter reading

Fig. A.3 Calibration of rotameter

Flow rate (1b/hr)

100

80

60

40

20

concentration of
sucrose solution
15 Brix

| | | |

4 8 12 16

Rotameter reading

Fig. A.4 Calibration of rotameter



Emf. reading (mv).

Temp. (°F)

68

86 | 104

122

140

176

203

Emnf.reading (mv)| 0.80

1.23 | 1.65

2.07

2.50

3.33

3.95

l

]

32 80 120

Fig. A.5 Calibration

160

200

240

Temperature (°F)

of chromel - alumel thermocouple




Brix reading (Brix)

35

30

25 Conc® Brix
% w/w reading

5 5
15 15.1
20 19.9
25 24.9
30 30

15 35 34.9

10

5

l [ 1 | | l E
0 10 15 20 25 30 35 40

Concentration of sucrose solution (%w/w)

Fig. A.6 Calibration of Brix refractometer




Appendix B

SOME PROPERTIES OF SUCROSE SOLUTION

1., Specific Heat and Thermal Conductivity of Sucrose

Solution

Hugot(zz) cites the equation c=1-0,006B, where

B is the Brix of the solution., For an 80 Brix molasses
this fiqures to a specific heat (c) of about 0,5,
The heat conductivity of 60 percent sucrose

solution at SOOC is about 0.37(22).

2. Viscosity of Sucrose Solution

The viscosity of any sugar liquor will be
reduced sharply by dilution i.e. by changing in Brix.
Triplicated data were obtained in measurement of vis-
cosity of sucrose solutions at concentration of 5, 10,
15 and 20 Brix and only the average values were reported

here.



4

20

Table B-1
‘ viscosity (centipoise)
Temperature Concentration of sucrose solution(Brix)
(°c) 5 10 15 20
30 0.939 1.060 1,295 T o 5E1
40 0.780 0.86° 1.038 1,214
50 0.658 0.721 0.858 1.005
60 0.581 0.616 0.726 0.851
70 0.512 0.529 0.628 0,730

From the following form

A and B were found for sucrose solE

+ B

=Rl

log ‘)’1 o

shown in Table B-2

Table B=2

0-40 Brix and were

sol® (Brix)

conc? of sucrose

A =00, +[31cni B=o%+)82cn2

0

5
10
13
20
30
40

17.29 0.6168
16.04 0.505
17.74 0.507
18.50 0,446
18.48 0.3780
19,25 0.2406
20,70 0.0488

Hence, for sucrose sol 0-40 Brix

109’71 (Vél‘l' ﬁlcnl)- (o(z'l'/"zc 2)

O<’1 = 17-3’ dlz
Ny = 0,71, 1,

conc®? of

0
il

t
= 0:62, /51 « 0.184, ﬁz = 0,04

= 1.09

gucrose soln, Brix, t = temperature,

¢



Appendix C

1. Measurement of heated wall temperature

characteristic of feed : water

length of heated tube : 1 ft
Table C=-1
Steam

inlet Wall temp.

temp (°F) (°F)
235 232475
259 256,75
272 269,75
284 281.75
293 290,75

for all feed rates




2. Measurement of vapor phase temperature

characteristic of feed : water

feed rate

: 46.2 lb/hr

a) length of heated tube s 1 ft

Table C=2

Vapor phase temp.(oF)

Steam
inlet Distance from the lower end of the
temp heated tube (in.)
(°F) 1 2 3 ;
4 5 6 7 8 S 10 2L 12
259 184.5 |197.1 202.1] 205 207 207 208 210 210 210,8/210.8]210.8
272 209.,3 | 210,2 210.2| 211 211 212 212 232 2125} 222 212 212

(4]



b) Length of heated tube : 2 ft

Table C=3

93

Distance from the
lower end of the
heated tube (in.)

Vapor temperature (°F)

Steam inlet temperature (°F)

259 272

=
HFOoOwmNoudwn-

[
(o))

NNNNNFEHEPE P
BWNFOOONOUIAWN

210 212
"

n n
n n
" L

" 232

208 "

L] 21 3




a) Length of heated tube 2 ft

Part I Experiments Using Water

Appendux D

NUMERICAL RESULTS

as Feed

Table D=1
Steam inlet] Feed Feed Concentrate Condensate Vapor Evapg- h,
- temp.| rate |plow |Temp. | Plow | Temp. temp. ;i;i_ Btu/hr
temp.( F { 1b/hr rate o rate o) o o
LE) | p/hr) el B dmban | O | Cr) tion | £2%
15.8 4,82 [(204.8 12,1 204,8 212 0.695 718
29,7 19,03 R 13.5 p " 0.359 7i1
272 108 | 46.2 35,05 " 13.5 " " 0.241 | 758
62,0 50.75 " 13.8 " " 0.182 779
78.7 68.64 " 13.8 . " 0,127 717
95,0 86.66 L 13.8 " - 0.087 623
15,8 4,0 204.8 16.2 204.8 210 0.750 730
29,7 18.9 " 14,6 " " 0.364 768
) 93 46,2 33.9 “ 15,5 A . 0.265 854
62,0 53.9 206.6 1543 " . 0,132 934
78.7 72.9 207.5 14,6 - . 0.073 826
95,0 92.9 " 15,0 v " 0,021 730
284
15.8 1,0 206,.,6 15.4 204,8 212 0.936 798
29,7 16.7 " " ® " 0.436 714
108 46,2 32,1 . 15,2 " » 0,305 784
62.0 46,7 . 15,8 " . 0.247 860
78.7 66.5 " 15.8 " " 0.155 708
95,0 85.1 o 15,7 . % 0,102 598




Table D=2

Length of heated tube 2 ft

Feed | gteam Concentrate - [h
temp | temp {Rex10™] /L 8"
o exp theo ,
°r) | (°m) (1b/hr£4) (1b/hry) \.
0.7 - -
1.3 - —
o3 | 284 370 | = .
3.4 - =
4,0 N &
0.7 36.9 0.0
1.3 137.9 142,7
198 272 | 7%& - -
2.6 - -
3.4 — -
4.0 - _
07 Tel 0.0
T3 . | 2282 ] 134,40
l 2.0 - -
o8 264" V52 . .
3.4 - &
4,0 o -




b) Length of heated tube s 2 ft

: Steam inlet temperatu}e ¢ 284°F

‘Table D-3
' Concentrate | Condensate | vapor | Evapo- | h
Feed rate Feed | . teﬁp. rgz;d "
temp. Flow | Tempe Flow Tempe ‘frace |Btu/hr
(1b/hr) o rate ; o rate i o (°F) | tion| _ 20
(F) (1b/hr)| ( F) (1b/hr)| ( F) FE
93 33.9 204.8 13.9 204.8 212 0.265 954
126 33.6 " . " " 0.272 887
148 33.3 " . " n 0,279 847
46.20 163 33.0 " 13.2 0 " 0.286 825
18l 32.6 u 13.5 n " 0.254 801
108 321 . . " . 0.305 785
93 92,9 | 204.8 14,5 | 204.8 100 0.021 730
111 92,7 | 206.6 " n n 0.024 647
133 91.9 | 206.6 13.9 n " 0.032 575
95,00 149 90.4 | 208.4 g y " 0.047 572
163 89.8 | 208.4 " ", " 0.054 531
180 89.1 206.6 " " " 0.061 428
198 88.5 | 206.6 " " " 0.067 401

L6




¢) Feed rate 29.70 1lb/hr-

Table -4

Length of | Feed Steam Concentrate Condensate Vapor , Evapo-|{ h_

temp. | inlet rate |_.
heated tube . Flow [moo/tBA0¥ | \gemp, | &P+ | frac- |Btu/br
& o tgmp. rate rate 3 > ok e
(£t) CF) | (°p) | (u/no) | (Op) J(apme) (m) | CF) £t° F
235 29,7 |166.1 3.7 | 199.4 - - 760

259 29,0 |183.2 4.4 | 203.9 210 | 0.022 573

1 93 272 28,1 |203.9 57 " " 0.053 | 628
284 27.1 [205.7 6.4 " u 0.088 | 649

293 26.4 |[207.5 7.0 " n 0.111 690

235 28.6 |204.8 5.3 | 204.8 | 210 | 0.071 974

259 24.4 |206.6 ©.9 " " 0.177 886

23 272 20,1 [204.8| 13.5 4 . 0.324 826

284 18.9 " 14.6 " " 0.364 | 715

5 293 17.0 " 14.5 " n 0.428 | 1760
235 26,0 |206.6| 14.5| 204.8 | 212. | 0,145 737

259 23:4 " " n " 0.257 665

198 272 19,0 " 13.5 u " 0.359 714

284 16.8 " 15.4 " " 0.436 | 708

293 15.2 " 15,2 " n 0.487 | 702

86

e sl et



Table D=5

99

1

i Concentrate
(£t) (°F) (°F) (1b/hrft) | (1b/hrft)
235 221,.,8 2332
259 21545 198,3
i I 93 > M 272 206,8 189,1
284 199,3 182,0
293 194,0 179,7
235 202,9 199,8
259 179,.,5 169.2
g3 1,3 272 152.4 149,.,4
284 137.9 134,0
293 125,0 128.7
2
235 202,3 199,8
259 165.0 l169,2
198 e 292 144.6 149,4
284 128.2 134.0
293 116.5 128,7




_di Feed rate 46.20 1lb/hr

Table D-6

Length of Steam Concentrate Condensate Vapor | Evapo- hy
heated tube izzd inlet! riow |« Flow remn. | temp. | T2%°%|Btu/nr
o Pe toemp. rate gmp. rate " 5 o frac- 2 o

(£t) (°r) | (°F) | (io/hr)] (°F) | (1b/hr)] (F) | (F) | tion |[ft °F
235 46,2 154.4 4,2 203.9 - o l10l8

259 45,3 164,3 4,7 . 210 0.020 . 726

1l 93 272 44,5 |186.8 6.1 " " 0.037| 784
284 43.6 |[199.4 6.0 " " 0.057| 825

293 ' | ‘42,9 [203.0 71 u u 0.072| -868

235 45,1 |185,9 6e7 204.8 | 210 0,023 | 965

259 40,1 204,.8 9.6 " " 0,131 851

93 272 38,0 . 13,7 » o 0,177 855

284 33.9 » 15.5 » u 0,265 867

293 33.5 205,7 |- 17.0 . . 0.274 917

2

235 4247 204.8 14,5 204.8 212 0,074 744

259 38.1 » » N . 0.176 - 726

198 272 35.1 " 13,5 " L 0,241 755

284 32,1 " 15,2 " " 0,305 785
293 30.3 " 15.8 " " 0.344 779

00T



Part II Experiments Using Sucrose Solution as Feed

Length of heated tube

s 2 £t

: o
Steam inlet temperature 1 284 F

Table D-7" -

Conc® of | Feed Concentrate Condensate Vapor hy
s rate |Flow rate|Conc® | Temp. |Flow rate|Temp. tﬁmp' Bt%/hr
; 4 o
e0l® | (1b/mr) |(1b/mr) | (Brix) | (°F) | (ib/hr) | (°F) (°F) | £t7 °F
S 15,03 3.1 21.4 204.8 13,8 204.8 212 732
29.9 20,6 7.0 = 13.9 » " - 732

45,1 35.7 6.3 _ 15.3 s n 791

60.5 51,3 5.8 " 15.4 " " 896

76.9 71.4 5.3 - 15,5 a 8 847

95.0 95.0 5.0 - 15.7 . " 600

10 28,3 17.9 14.8 . 13.9 " " 730
43,8 34,1 12.4 " 14.3 " " 793

5942 5047 11,4 u 14.6 " " 816

7646 695 10.8 . 14.9 . “ 855

95,0 87.9 10.4 » 15.8 " . 719

i3 25.7 17.2 22.0 . 13.6 . . 664
43,0 33.9 18,8 ¥ 14.3 " . 735

59,0 50,0 17.6 L 14.5 a " 835

75.1 69.2 16.3 - 14,6 " . 852

91,9 8645 15,8 . 15.4 - " 653

0T



Table D-8 The Component mass balance

102

|
Concn of Feed Concentrate solid o
sucrose aoln Flow Solid Flow Solid loss
rate [ontent| rate |content loss
(Brix) (1b/hr){ (1b) | (1b/hr)| (1b)
185.0 0.75 X, 0.69 0,06 8,70
29,9 1,49 20,6 1.42 0,07 3. 50
5 45,1 2425 35.7 2.25 0,01 0,44
60.5 3,01 51.3 2,98 0,03 488
76,9 3.85 714 e lB 0,07 1,82
95-0 4.75 95.0 4.75 -
28,3 2.83 17.9 2,65 0,18 6.36
43.8 4.38 34,1 4,23 0,15 3.42
11 59,2 5,92 | 50,7 5,79 | 0,13 2.19
76.6 7606 69.5 W 0.15 1,96
92,8 9.28 87.9 9.15 0.13 1,40
27,7 4,06 | 17.2 3.78 | 0.28 €.90
43,0 6.38 33.9 6.37 0,01 0.15
15 58,0 8.85 50,0 8.80 0,05 0.56
5.1 : = = 69,2 11,28 0,04 0,35
o1 ,9 13,77 86.5 13,67 0.10 0,73




i
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{

Table D-9¢
Length of heated tube 2 ft

Steam temperature 284°F

' W Concentrate

‘ Conc® of Re X10 7 hy, /‘(2 )
n 3

sucrose sol L oxp rE'theo J

(Brix) (1b/hrft)|(1b/hrit) e

0.4 24,7 18.3 0150

0.8 165,2 139,0 0,150

5 1.3 - - 0.170

1,8 - e 0.157-

2,2 - - 0,168

2,8 - - 0,130

1.4 - - 0,170

10 1,7 - - 0,174

2:1 - - 0,179

2,7 - & 0.152

0.6 140.8 114,4 0,165

1.1 259.4 260,0 0,175

15 1,5 - - 0.196

1.8 — - 0.199_

2.3 - - 02218




Appendix E

SAMPLE OF CALCULATIONS
For 5 degree Brix Sucrose Solution

1, Calculation of ['o and Re

feed rate is 29.9 1lb/hr
Ne = mass flow rate per unit width calculated

from feed rate and tube perimeter.

Hence B = 29,9 = 29,9 = 227 1b
° 22 X1 X 2,54 0.13 /hrge
7 2 30.48
Re = 4P
A

Where /ﬁ( = viscosity of sucrose solution at

average concentration and saturation temperature, 212°F.

0.45 centipoise

0.45 X 2.42 1b/hr ft

4 X 227 = 0.8 %1067

0.45 X 2.42

sO Re



2. The Component Mass Balance

105

Feed ( w,) was 29,9 1b/hr at concentration of 5 Brix

Therefore, the solid content in feed =

(29.9)(0,05) 1b
1.495 1b

Concentrate was 20.5 1lb/hr at concentration of i Brix

Therefore, the solid content in concentrate

Solid content loss

% loss

wt. of concentrate loss

total wt. of concentrate (wy,)

(20.6)(0,07) 1b
1,442 1b
1,495-1,442 1b
0,053 1b

0,053 X 100

1.495
3.5 %

100 X 0,053
7

0,75 1b/hr
206 4+ 0.75
21,35 1b/hr
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3. The Mean Film Heat Transfor Coefficient

Hence,
6 "h
m

From the equation of

a = h TDL(T,-T,) = wocp, (Ty=Tp) + A(wy=-w,)

nee wocpm(Tv—TF)-l-(wo-WL)?\

ﬁ'DL(TS- Tv)

c = mean heat capacity of sucrose solution
at average concentration and temperaturec

0.8/ Btu/lb °F

A = heat of vaporization at 212°F = 970.3 Btu/lb
W, = feed rate = 2%2.9 1lb/hr
W, = concentrate rate = 21,35 1b/hr
D = inside diameter of tube = 1 X 2,54 ft
2 X 30,48

s 416 X 1072 g
L = Jlength of tube = 2 ft
Tp = feed temperature = 93°%
Ty = wall temperature = 281.750F
T, = evaporating tempcrature = 212

29.9(0.8)(212~93)4(970.3) (29.,9-21,35)
22 X 4,16 X 10° X 2(281,75-212)

7
732 Btu/hr £t° OF
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4, Calculation of r\:L Theoretical
From the equation of
/3 . 4/3 5% /3
A i

FPhysical properties [, k, /* is determined from average

concentration at saturation temperation

@ L 68.57 1b/£t>
g = 32,174 X 3600° ft/hr?
k = 0,393 Btu/hr ft F (from Perry)

(based on the assumption that the thermal conductivity of

sucrose solution was equal to that of water)

(227)4/3_ PL 4/3

(0.925)(2)(281,75=-212)

570.3
(se.svzx

0.3933X 32,174 X 36002

139 1b/hr ft

2
]

T
Y
n

165 1b/hr ft

0,45 X 2,42

)

3/4
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