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Appendix A
EXPERIMENTAL DATA

part | Calibration of Meters:
Triplicated data were obtained and only the average values
were reported here.

1« Calibration of hot-water orifice meter

Trial Manometer reading Average time to collect certain
No. cm.Hg amount of water, min/sec
1 0.k 9/30.25
2 .8 512.7
3 15 3137.85
k 2.1 3/2.9
5 2.7 21" .8
6 3.5 2122.5
7 A2 2111.0
8 5.1 1/59.15
9 6,6 1A 3.65
10 8.3 1/33.05
1 9 A 1/ 27.7
12 10.7 1/21.5
13 11.7 1/ 17.75
k 12.9 1/IA.T5
15 A.o 1/11.8
Weight of empty container 1.8 kg

Weight of container filled with water 3A 7 kg
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2 0 Calibration of cold-water orifice moter

...... R M1 ——-1 »

Trial Manometer reading Average time to' collect cer-
NO, cm.Hg tain .amount of water min./sec
1 0.85 4/14.3
2 1.3 3/32.6
3 2.15 2148.7
4 3.1 2121.7
5 4.05 216.0
6 5.5 1147.6
7 6.4 1/40.75
8 7.35 1/34.25
9 8.4 1/28 .4
10 9.4 1/123.75
11 10.1 1/20.8
12 11.3 1/15.9
13 11.8 1/14 .5

Weight of empty container 1.8 kg

Weight of container filled with water 34.7 ¥j
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3. Calibration of rotameter

Rotameter reading Average cCo of fruit juice collected in

1 rain»

1 10
2 37.5

3 62

4 87
5 115
6 140
7 168
8 196
9 215
10 240
11 265
12 291
13 320
14- 341

15 370
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Part Il Physical Pr-'porties of Orange Juice Determination

1. Determination of density at various concentration at

room temperature

conen Bx wt. of'bottle wt. of bottle + sample
gin. 25 ml, , gm.
0 25.1562 50.0759
5 20.6434 45.9914-
10 26.6652 52.5862
15 24.0045 50.2544
20 29.0276 55.7814
25 25.1562 52.6311
30 32.6967 60.5164
35 25.1602 53.6954
4o 20.1559 49.3649
45 26.8785 56.4916

k8.5 31.4570 61.1114



2. Determination of viscosity at various concentration

at room température

Average reading

concn Bx
spood 60 speed 30

0

5 0.4 0.2
10 0.6 0.4
15 0.7 0.35
20 1.0 0.43
25 1.3 0.6
30 1.8 1.2
35 3.7 2.3
to 6.8 3.9
to 11.3 6.9
to .5 16.2 9.6

" the average reading was obtained from triplicated data
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3. Determination of specific heat at various concentration

ConenBXo .fru it"juice o | hot water o temp, ajter mixing

weights,gi1 temp9 C weightsym temp, C C
0 4-10 29.0 170 55 36.5
5 500 37.6 130 62 42.8
10 500 39.0 132.5 65 44.6
15 500 36.4 127.5 68.2 43.2
20 500 31.2 117.5 70 39.2
25 500 27.2 92.5 52.5 31.6
30 315 29.0 122.5 67 40.5
35 360 28.0 100 60 02 36.5
40 450 26.5 100 61 34-.0
45 420 18.6 90 62.8 28.5

4. Determination of Brix concentration of sugar solution

concn. |/ 5 10 15 20 25 30 3 40 45 50

Bx,reading 5 10 152 1958 249 301 349 40 449 0.1



Time

15:60

15:75
15:50
15:55
16:00
16:05
16:10
16:15
16:20
16:50

16:35
16:60

Feed

coNe)enser co

in

65
66
67
68
69
52.5
53.0
53.0
53.5
53.5
53.5

9

Part 111 Experimental Runs
Experimental run NO.1
Steam Hot water
temp. manome-
O temp. fer
I out in out from to
88 75 16.5 16.5
102 96 f .5 f A
t ft ff 75 ff tf
o ff ft ff
ffo i f 78 ffft
ot ot g ff
It 995
t f 90 g5 ff
T g0 355
nmft ft gg It f
tif tf g ff If
ffooft 86 o
Feed temp.  60°c B rix
Product temp. 66°C B rix

Total time consumed 1 hr.

6

rate 0.26 |/m, steam pressure 3 psi.
Vapor temps Cooling water
- temp. t
serr]dﬁl?).z Cohd 2 CoRy.. manometer
out in - out in out in out from to
25 25 25 25 10 20.5
65 66 26 T o5 10 9p5
66 66 26 T ff o7 10 905
63 63 26 ft fF f 975 10 205
36 26 26 0 M R A 10 205
21 26 26 ff f 10 9205
26 255 o5 M f 10 205
5 ff ff ft ft If ft 10 205
26 LI N A A L
26 t & & & f 10 205
26 fL £ R f10 205
Feed quantity 16.7 kg
Product quantity 3.2 kg
Condensate quantity 6.5 kg

Vac.
mm. Hg

680

680
680
680
660
650
660
660
660
660
660
660

607



Experimental run NO.2 Feed rate 0.265 I/m 1 steam pressure 3 psi

Stetgmp Hot water Vapor tempo Cooling water v

Time o temp.  Manon. C?”?\le.nfer .con(li\ker.wzser tgmp cond? .tec'BRd.l magome m;Cg

in out frorr to inout in out . in  out- in  out from to g
14.3C ; — — o1 88 13 18— - — — 255 255 255 255 102 20.2 680
435 102 935 o 88 004545 o4 55 UMt g
14.40 H 90 g5 ' ' 46 42 4 M U 680
1445 1 0 ges | L1 47 33 335 255 255 ' 26125 1 1 e
14 50 1 o1 88 It 49 34 3 It It 1 It It t It 660
14.55 | I 9p g7 0t 5 3 o3 ot bt 1L esg
15.00 It H o1 87 ! It 53 37 29 It It It o555 28 1 H 640
15.05 o0 g I U535 og75 285 U t o ! U e
15.10 t w 90 07 It 54 38 ft It It It I 29.5 . t ot 635
T L R Sy Sy R S S S S T
520 0 1 g0 gs M B ogps 25 t Rk K g
s 1 g g M tmg otttk kb Lk gy
15 30 I 4 g7s t b 5 g5 >t R Rkttt e
15.35 | % 87 t 54.5 3% 275 t t ot t T 630

Feed temp.  50°C Brix 9 Feed quantity  14.72. kg
Product temp. 35°C Brix 26 Product quantity  5»0 kg

Condensate quantity 9*7 leg
Total time consumed 1 hr. 6 min,.

907



Time

Experimental run

steam
temp.

i in out iy,
- — 89
102 92 90
ti 90
» 89

915 88

f i 89

1 It 89

It W g9

b ft 90

« Il 89

« 90

| If 90
Feed temp.

NO.3 Feed rate 0.29 1/m, Steam pressure 3 psi
Hot water Vapor temp. Cooling water
temp. manometer c_onNdS.nlser co“g'egser temp. . MWD, . manometer
out from to in out in out in out in out from to
8 12 19 — - — 255 255 26 26 10.5 19.8
g8t Mt 43 4 38 955 | 26 26 o7 Mt
86.5 1 45 46 It « 27 27 29 f ft
g5 L 0 g 47 45 0 265 26 5 M
85 H o« 555 49 19 280 | 26 26 305 | I
86 I !t 52 51 50 25.5 26 255 30 12 19
ggs 0 52 49 49 H I 26 255 31 13 175
86 L 51 51 285 | 265 2555 325 13 175
85.5 53.5 495 49 28 26 26 32 15 175
87 I 54 52 525 I I 26 26 325 14 16.5
87 t 54 525 52 I 26 26 325 14 165
50°C Brix 11 Feed quantity 13%2- kg
B rix 28.5 Product quantity 4.8 kg

Product temp.37.5 0

Total time consumed

58 rain.

Condensate quantity 8.4

kg

VctCe
mm.Hg

670
670
650
640
640
640
640
640
640
640

L0OT



Tine

13*40
13*45
13*50
13*55
14.00
14.05
14,10

14.15
14.20

Experimental run

steam
temp.
in out
102 96
T o
t g3
92
92
I g
t o
« 92
Feed temp.

Product temp

in out
94 88
92 88
90 88
69 87
88 835
g9 86
69 87
89 87
89 87
60°C
40°0
consumed

Total tine

Hat water

1

NO .4

from

Feed

to

B rix

B rix

42 min

= = = = = o

rate

in
=

47
49
51.5
54
54.5
54
54.5
54.5

10

25

0.318 I/m

Vapor temp.
femp. - manometer CONGGRET copegser tengy, ,

out

46.5
46
41

46.5
45
42
38
38

in out in
- «3  26.5
47 28  26.5
48 29 t
41 28 t
455 28 t
33 27 U
32,5 27 It
305 26.5 U
305 265 U

Feed quantity

Product quantity

Condensate quantity

Steam pressure 3 psi

Cooling water
temp, . . manoreter

out in
26 26
26 26
21 27
27 27
27 27
26.5 27
26.5 27
26.5 27
26.5 27
9.65
3.5

6.1

kg
kg

out

27
29.0
30
30.5
30.5
30.5
30.5
30.5
30.5

kg

from

9.5

= = = = = = = =

to

20.5

Vac.
mn.Hg

670
660
650
630
630
630
630
630



Expérimenta,! run No.g Fwed rate 03%" I/n » Stean pressure 3 psi

Stetam Hot water Vapor temp. Cootling water

. emp. congenser temp. emp,

Tme P temp. nanometer CMENSer conggnser teMmp, - NP, manometer
N out in out from to in out in out in  out in out from .t3--

» >

Vac.
rmn.Hy

—
oo

16.30 1 5 o0 88 _ 28 2
b TR g P s omopog TR st W
s U1 owo gt B 135 3§ o boLoB LB
16.50 94.5 gg PE % 50 46.5 30.5 E 28 28 31 % Ft 650
16.55 1 88 f | 525 52.5 505 305 i 8 28 315 § f 040
17.00 Mo % 885 | 52 525 305 i 28 28 2 ¥ 650
17.05 i §§ it hH 51 49.5 23 5 28 2B 315 it 63Q
17.10 i H 55 50 455 8 g 275 8 315 i 650
17.15 I gg 86 1 55 50 47.5 30 i 275 28 315 i H 650
17.20 9§/|5 85 H [ 555 52 415 30.5 275 28 32 | | 650
17.25 89 & - 5 45 ¥ 305 lttt 2§ 5 20 30%5 Itt tE 630
17.30 i Eg gg H ot 54 %g 31 305 i 8 28 295 TN
17.35 « M A 5 31 30.5 i 2§ 5 28 2905 i i 630
17.40 gg 8251 i gzl g; 3305 8 %g 295 { 630
L LI A A B

Feed temp. 50°c  Brix 10 Feed quantity 16.35 K@

Product temp. 40°c Brix 2k Product quantity 7.1 kg

Total time consumed 1hr 20 mip. condensate quantity o.2s kg

60T



Time

14.50
14.55
15.00
15.05
15.10
15.15
15.20
15.25
15.30
15.35
15.40

Experimental run No, e

steam Hot water
temp.
nout i out from  to
102 8 o 80 152 16
97.5 o1 8l 1 1
9 o 8 1 3
1 o g 1 1
I 1 4 & 1
I 1 9 19 1
:ﬂ' 90 79.5 :ﬂ.
o1 82 1 I
:ﬂ' 91 83.5 :[]' :ﬂ.
1 1 o ¢ 1
1 1 , g 1 1
Feed temp. 70°C B rix
Product temp. 46°c  Brix

To-taiL tine comsumed

8 min.

~

In

49
49

50
51

55
56

55.5

55.5

56
56

10.5

16.

8

Vapor tenpo
| temp.  manometer conﬂgpier co'r\llggznser tecrgﬁdl2

out

«

46
46
49
50
42
3
3
34.5
34.5
34.5

In
N

45
46.5
48.5

50
45.5

30
29.5
29.5
29.5

Feed gquantity
Product quantity
Condensate quantity 5»3

out in  out
8 285 285
29 :ﬂ. 29
29 :ﬂ' 30
30 ]]' 30
31 :ﬂ' 30
30 ]Al 30
30 1 30
20 1 23,5
28 28.5
8 1 285
23 1 985

1

Feed rate 0.37 I/m , Steam pressure 3 psi

1

to

N N 2

=

5

Cooling ter
temp. 41 nanOineter
in  out from
20.5 29 13.5
29 31 :“'
29 32.5
305 33.5 1
205 A 1
29 33.5 ]]'
% 3 1
20.5 31.5 :ﬂ'
285 a2 1
285 325 1
285 325
4,55 kg
8.975 kg

Vac.

mm.H"

660
660
660
650
650
630
620
650

620
620

620

011



Experimental run No.7 Feed rate Q265 1/m, steam pressure 3 psi

stet%rrp] Hot water Vapor temp (Cooling water Y
Tine P temp. . manometer conlt\jlgp%er colqgegser tecrgﬁ’d.z erap. 4 1 manometer ac.
M OUL in outiron to in out in out in out in out from HAA0 g
1340 120 905 80 3 125 165 — — — 27 r28,5 28 o9 105 20 660
13.45 b g7 86 t 45 0 o 6 t 9 285 595 t 660
1350 L o0 88 o O 49 3 a5 26 00 05 2 o o es0
13.55 U o 86 g45 U 50 45 ass 265 0B o t t 650
400 0 oo 86 g5 N U5 50 505 B N 26 B 505 T T 660
14.05 t 87 o045 1 U 53 49 45 27 U 26 75305 U 640
14.10 t g9 8 g5 t I 545 39 & 27 U % . a0 « f 630
14.15 o05 06 83 L U 5 45 435 2 U 2 2 305 t T 630
20 0 g5 83 g55 5509 w21 U o265 27 a0 b0 gy
a5 Uogs 80 g b U 55 405 5,5 7 U 265 5 0 U T g
14.30 t 015 8 g5 t 55 42 w 2 U 265 5 s U b 650
14.35 2 80 g55 U f 555 44 335 .27 t 5 27 305 | U 630
14.40 Ut o 88 o t U 555 44 335 27 U 5 27 305 U T es0
Feed temp. s0°C  Brix 122 Feed quantity 144 kg
Product temp. 38° Brix 28 Product quantity 6.25 kg

Total time consumed  hr Condensate quantity s.os kg
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Part. IV Analysis of Orange Juice

lo Total titratable acidity

a. Juice before processings 10 ml8juice titrate with 0.102N,NaOH

Exp,run N 1 2 3 9 5 6 7
moNaOH 165 75 96  69- 69 55 =86

bo Juice after processing; 10 mI8 concentrate juice diluted to
20 mlo and pipetted 10 mlo to titrate with 0.10211, NaOH

Exp,run N 1 2 3 9 5 6 7
mo NaOH 155 108 199 93 78 96 107

20 Vitamin C content
ac Juice hefore processing;
lodine solution.

10 ml, juice titrate with 0,0080s:N.

Exp,un N0 1 2 9 5 6 7
mI,Ié)Od”i]ne 9,15 9060 395 530 380 330 570

bo Juice after processing; 2s ml, concentrate ljuice was
titrated with the same lodine solution, but no present of blue color

occurred.*

*ml, reported here was obtained from triplicated data



Appondix B

SAMPLE OF CALCULATIONS

Part | Calibration of Meters

1. Calibration of hot-water, cold-water orifice meter
(Trial NO.1 for hot-water orifice meter was illustrated here)

wt. of water flowed during the recorded time = 327 - 1.8
= 329 kg
the time recordod = 9run 303 sec
Therefore, the flow rate of water =(9"60t30"3) = 3.76
2, Calibration of rotameter (Trial NO.|)
flow of juice = 10 «cc
time 1 min
Therefore the flow rate of juice 1%80 = 001 lite rymin

Part II Physical Properties of Orange Juice Determination

1. Determination of density (for concn 5 Bx,)

wt. of bottle = 206434
wt, of bottle + sample 2sml. = 45,9010
The wt. of sample 2sml. = 25.3%80
Then, the density of  juice = 25.3"80/25

= 10139  g/ml



2. Determination of viscosity (for concn 5 Bx)
For speed 6o

average reading = 04

factor for speed eo rpra = 1

Thens the viscosity = 0.4x1 = 0.4 centipoise
For speed so

average reading = 0.2

factor for speed so rpm = 2

Then9 the viscosity = 0.2X2 = 0,4 centipoise

3. Determination of specific heat ()
3.1 To find the hoat capacity of thermos

wt. of water 410  gm
specific heat of water 1
Lot the heat capacity of the thormos be m
The temp, increase of water and thermos 36.5 - 29
1.5°C
The temp.of hot water used = 170 gm and
its temp. = 55°%
The temp, decrease of hot water = 55- 365
= 18.5°C

The hoat balance of the mixing is

(410 X1+ m)(7.5) = 170X1X18.5
m = 9322 Call°c
3.2 To find the specific heat of orange juice at each

concentration (For the sample of concn 5 Bx)



Lot bo the specific heat of the sample

wto of sample 500
temp, of sample 37.6°c
wt. of hot water 130 ¢
temp, of hot water 62°C

temp, after mixing 42.8°C

The heat balance is
(500s + 9.322)(42.8 - 37.6) 130(62 - 42.8)
[1305(.129'2)- 9.322 /500

= 0.9413 Callg°Q
Part I11  Experimental Run (sample shown here was for exp. run no.l)

1. The mass balance
1.1 Overall mass balance
Feed 147 kg
Product 8.2 kg
The overall mass balance around the evaporating chamber yields,

calculated condensate - = 147 -82=65 kg
But the measured condensate = 6.5 kg
Therefore, the percentage less = 0/6

1.2 Component mass balance
1.2.1 solid content balance
Feed was 14.7 kg with 9° Brix
Therefore, the solid content in foed iylé0 9 1.323 kg



Product was 8.2 kg with 16° Brix

Therefore, the solid content in product = 8.2Xie 131 kg
Hence, the solid content loss = 1.323°- 1.31
= 0.031 kg

= 0.013(100) = 098 $
1323

1.2.2 water content balance

Water in feed = 147 - 1.323 = 13.377 kg
water in product = 82- 113 =689 kg
Therefore, the water in condensate = 13377 - 6.89 = 6.487 kg

> Bocation/ CDCaatration ratio
The evaporation/concentration ratio, e cV/cF
16/9 = 1.78
or e FIP
14.7/8.2 = 1.79
3. The heat balance
Overall heat balance around the evaporating chambor
Let the reference temp, be 0°C
According to the definition of specific heat
q = mAt
The enthalpy of feed, gl = 14.7X1000X0.96(40-0)
= 558.6 X103 Cal.
The enthalpy of concentrate juice, 0 = 8.2%1000%0.91(46-0)

= 342.7* 103 Cal
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From the vacuum readingss the temperatures were correlated,
the mean temp, was then calculated as;

min.vacuum 640 mmHg = 47°

max. vacuum 680 mmHg 55«h°C

Then, the average saturated vapor temp.(Tv) = 555 - 47 = 5I»5°C
la A

From the steam table, the enthalpy of saturated steam is
619, 502 Callkg
Therefore, the enthalpy of satd. water vapor,

g3 = 6.5X619,502
= 4026.7 X10" Cal

The enthalpy transferred from the hot water to the evaporating chamber,
(4026.7t342.7-558.6) X 103
3810.8 X103 Cal
1 hr
3810.8X 103/ 3600
1.059% 103 Callsec

q4

Total time consumption
Then, the rate of enthalpy transferred

4o To find heat transfer coefficient of hot-water
According to the Soban and Shinnzoki' correlation equation’, for
flow in closed conduit with constant the heat transfer coeff. is

expressed as: NocD = o one (RePr)O'

For rectangular conduit, ‘ rH

hydraulic radius
LR filghoy 088 O

where



8

k = thermal conductivity of water at ™
= 1.646x103 Callsec cnn°C (Kern)
qh - average temp, <f hot water
=64.6° ¢
Re  =Reynold's number =pudD =
:.‘.UH . fx /M-
Jii- ~A

= viscosity of water at ™
= 0.3375 X 10-2 poise (g/cm sec) (Perry)

Therefore, Re =4 X088 X105 X 1000
0.3375 X 102X 60 xl4.b X 2.0

r

= 6250
Pr =Prandt'" number = ‘OEIA

G, = specific heat at 1]
1.00383 Callg°C  (Perry)

Therefore, Pr = 1.00383 X 0.3375 X 10~2
1.646 X 103
= 2.06
Consequently,nD =5+ 0.025(6250 X 2.06)0.8
=5+485 = 535
Therefore, the heat transfer coefficient,
h =535 X 1646 X 10-3
4 X 0.88

= 0.025 Callsec cm2°C



5. To find the temperature difference within the hot-Tvater region
Referring to Fig,29 P.27 »o the rate of heat transfer from the
hot water to the evaporating chamber,

g4 = hAat = hA(Th- T}
The total surface area for heat transfer,
A = 146x175 - 2555 om2
Then, Th- Tk = l,06x103 = le.6%C
0.025X 2555
6. To find the temperature difference within the heated plate

According to the Fourier0 equation, the rate of heat transfer
from the hot water to the evaporating chamber,
= kAt = kA (Ts - Ty
A X

where = thermal conductivity of the heated plate
= 9,4 Btulhr ft °F
= 0.039 Callsec am °c

= 2555 (M2
X = thickness of the plate = 0,64 ea
Therefore, Ts- Ts

106X 10\ 0.64 = 6.8°C
0.039X 2555
7+ Temperature difference between the plate surface (Ts) and
the vaporization t empr (Tv)
From the experimental data,
Th - Tv
Therefore, Ts - Tv

846 - 515 = 31
(Th- Tv) - (Th- Ts) - (Ts - Ts)
= 331-166- 68 = 9.7°



120

8, The theoretical mass flow-rate of concentrate . jeG

According to the theoretically derived equation as shown in
chapter 3 the relationship between the initial mass flow rate and the
final mass flow rate is expressed ass

( E/3" 01/3) *0.925 (Ts-*Tv)(lpk\coA30)"

where Q is the initial mass flow rate per unit width, calculated from
data of rotameter reading and feed densityo

Hence, Q = 0.24x 1000 X1.032
60 X 14.6
= 0.2827 Ufsec om
and Q 13 = (0.1856

I is the final mass flow rate per unit width.
It was calculated from the collected weight of concentrate juice divided
by the total time consumed and the plate width.
therefore, experimental mass flow rate of concentrate juice
8.2 x1000 = 0.1560 s;

10 3 0 ISGC cm
Ts - Tv - 90.7°
< = 6.195X102 Callg
: = 1.045 (from average concn) Vil
k = 1534 X10-3 Cal/s30 Omoc {Fa‘ly)

(based on the assumption that the therm,al conductivity of orange juice
was equal to that of water)

g = 0981 csech
s 0 = (0S 60° = 2
//ft = 0.55x10 M glem sec
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ihen, > - = 0«®25(9.7) | (1.075)2(1.53710~3)3931 j 1b
6.195X102  2x0.55Xl0"2
= 0,1785
[ 3 , I1b3-.01785 = 0.856 - 0.1785
0,0071

Therefoi'e the theoretical mass flow-rate per unit width of concentrate
juice.

C = 0,02/\5 g/ SeC aM
Part IV Analysis of Juice

1. Total titra table acidity (example a of run no.l)
Normality of NaCH 0,102
mI3 of NaOH used M 165
Molecular wt. of citric
Therefore,citric content

2 OePeni=)

0. 102616. 6) X19212X10
10 3

- 108 glaoml

@Vitamin c content (example a. of run no.l)
Normality cf lodine solution = 0.00808
From standard lodine solution
ImloO.OIN = 0.88 ng ascorbic acid
which is equal to 1,2376 ml of Odd0B08 N\o
rill.of lodine solution used = A.15

Therefore, vitamin ¢ content - rQB8X4.l5 ngascorbic/,, "
~2376 .

= 295 “S100 ml
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