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B.E.

2516

2517

2518

2519

2520

2521

Gelatin
Gelatin
Gelatin
Gelatin
Gelatin
Gelatin
Gelatin
Gelatin
Gelatin
Gelatin
Gelatin

Gelatin

APPENDIX A

Foreign Trade Statistics of Gelatin * (12)

Edible Coloured or not
and Gelatin derivatives
Edible Coloured or not
and Gelatin derivatives
Edible Coloured or not
and Gelatin derivatives
Edible Coloured or not
and Gelatin derivatives
Edible Coloured or not
and Gelatin derivatives
Edible Coloured or not

and Gelatin derivatives

Quantity

(kg)

33,221
39,530
67,690
30,278
79,539
3,084
-93,659
9,648
171,665
11,434
133,894
60

C.I.F Value

(Baht)

1,076,442
1,189,500
4,190,654
1,092,450
5,188,032
235,391
5,084,299
327,460
7,612,299
486,717
7,355,055
14,716



WEIGHT OF IMPORTED GELATIN, kg
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Figure A.1 Foreign Trade Statistics of Gelatin Quantity v.s B.E
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Table B.1q

Experimental Data and Results for Run Ho.1

Drying conditiona:

92

Temp. of air = 76.0 % Air flow rate = 2,16 m/sec
Dry bulb temp. = 30.5 °¢ Thi

ckness of 80l == 2.2 mm

Wet bulb temp. = 27 % Surface area = 040317 g°
Bone dry s=solid = 12.91 gm
¢ Experimental Data Calculated Data
W [P X W ' R
[+ [+
0 69.35 1.0000 .37
10 62.75 0.9048 3.86 1.1432
30 50,90 0,7348 2.94 1.1432
50 39.15 0.5645 2.03 1.1432
70 30,10 0.4340 133 51.02 1.40 0.6234
90 24,60 0.3547 0.90 25.47 0.97 0.4330
110 21.65 0.3122 0.67 21.70 0.68 0.2867
130 19.35 0.2790 0.50 19,28 0.49 0.1789
150 18.25 0.2632 0.41 17.81 0.38 0.1043
160 17.80 0.2567 0.38 17.33 0.34 0.0777
245 15.25 0.2199 0.18
270 14,95 0.2156 0,16
28s 14,85 0.2141 0415
310 14,70 0.2120 O.14
* by equation; ' .
W= 72,000 - 0.907t + 0.55?:10-2ta- o.151:1o‘4t3+ 0.151x1o"?t



Table B. 2

Experimental Data and Results for Run HNo.2

Drying conditions:

93

Temp. of air &  96,0% . aix flow rate = 3,86 m/sec
Dry bulb temp., = 28.5 °G Thickness of sol = 2.2 mm
Wet bulb temp., = 24,0 % Surface area = 0.0317 42
Bone dry solid = 13.29 gm
& Experimental Data Calculated Data
W v, X W X R
[+] C

0 69.30 1.0000 4,21

10 63.40 0.9149 3.77 1.0883
20 57.60 0.8312 3.33 1.0883
50 40,55 0.5851 2.05 1.0883
105 22,20 0.3203 0.67 22,85 0.72 0,374k
120 20,25 0.2922 0.52 20,26 0.52 0.2824
140 17.80 0.2568 034 17.82 0.34 0.1839
160 16.60 0.2395 0.25 16,29 0.22 0.110%
200 15.20 0.2193 0.14 14,99 0.13 0.,0247
240 14,70 0.2121 0.11
290 14.30 0.2063 0,08
320 14,20 0.2049 0.07

* by equation; w ik
W= 71,800 - 0.828t + o.4k3x1o‘2t2- 0.103x10" 't”+ 0.857x10 "¢



Table B. !

Experimental Data and Results for Run No.3

Drying conditions:

94

Temp. of air = 76.0 ° Air flow rate = 4,39 m/sec
Dry bulb temp. = 31,0 °C  Thickness of sol = 2.2 mm
Weat ‘bulb temp. a 2500 oC Surface area as 00031? mz
Bone dry solid = 13.36 gn
. J
¢ Experimental Data Calculated Data
. "] lf X "] X R
(o] c
0 67.20 1.,0000 4,03 1.1025
20 54.90 0.8170 3.11 1.1025
4o 43,90 0.6533 2.29 1.1025
60 33.70 0.5015 1.52 33.80 1.53 0.9777
80 26.40 0.3928 0.98 25.56 0.91 0.6012
110- 20430 0.3021 0.52 19.20 0.4k 0.2335
140 17.80 0.2649 0.33 17.17 0.28 0.0526
160 16.90 0.2515 0.26 16.89 0,26
180 16.20 0.2411 0.21
210 15.75 0.2344 0.18
250 15,20 0.2262 0.14
295 14.95 0.2225 0.12
320 14,75 0.2195 0.10
* by equation;
1 1.2 4

W = 92,000 - 0.154x10"

t + 0.117x10°

t = 0.383x10"

3+ 0.455x10"7¢"



Table B.4

E{porimontnl_gigg and Results for Run No.ly

Drying oonditions:

Tempe. of air = 98.0 %

Dry bulb temp. = 29.5 °C

Wet bulb temp. = 23.0 %

Alr flow rate = 2.7
Thickness of sol = 2e2
Surface area = 0.0

Bone dry solid = 13.3

95

2 m/sec
mm

317 o°

0] gm

Experimental Data

]
Calculated Data

t
W If X wc xc R
0 70.85 1.0000 .33
10 64,50 0,9104 3.85 1.1183
30 51,90 0.7325 2.90 1.1183
4o k6,30 0.6535 2.48 1.1183
60 35.40 0.4996 1.66 1.1183
80 27.80 0.3924 1.09 29.00 1.18 0.5501
90 2530 0.3571 0.90 26,33 0.98 0.4611
120 21.50 043034 0.62 20.79 0.56 0.2526
150 18,80 0.2653 O.41 17.94 0.35 0.1194
180 16.90 0.2385 0.27 16,69 0.25 0.0462
240 15.25 0.2152 0.15 15.98 0.20 0.0176
300 14,60 0.,2061 0.10
360 14,20 0.2004 0.07
390 .10 | 0.1990 0.06
* by equation;
W= 73,500 - 0,985t + 0.523x10"2t° 43 27x10" 78"

- 0.135x10° 't”+ 0.1
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&
Table B.5
EXperimental‘Duta and Rosults for Run No.5
Drying conditions;
Temp. of air = 98.0 % Air flow rate =  3.37 m/sec
Dry bulb temp, = 30.5 %G Thickness of sol = 2.2 mm
Wet bulb temp. = 25.0 oc Surface area = 0.0317 ma
Bone dry solid = 14.39 gn
'
. Experimental Data Calculated Data
"] 'f X ] X R
c c
0 72.70 1.0000 4,05
10 65.20 0.8968 3453 1.3319
20 58.19 0.8004 3.04 1.3319
4o Ly, 55 0.6128 2.10 1.3319
_ 60 33.60 0. 4622 133 33.56 1.33 0.7724
* 75 28.75 0.3955 1.00 28.64 0.99 0.4862
120 22.00 0.3109 0.57 22.41 0.56 0.1409
150 20.30 0.2792 0.41 20.29 0.41 0.1399
170 19.05 0.2620 0.32 18.74 0.30 0.1478
180 18.20 0.2503 0.26 17.99 0.25 0.1367
215 17.20 0.2366 0.20
220 17.05 0.2345 0.18
™
* by equation;
- - -6 4
W= 91,400 -« 1,740t + 0.174x10 1t2— 0.775x10 “t3+ 0.129x10 't
pal
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v
Table B.§
Experimental_}ntu and Results for Run No.g
Drying conditionas:
Temp. of air = 98.0 °c Alr flow rate = 3.84 m/sec
Dry bulb temp. = 30,0 °C  Thickness of 80l = 2.2 mm
Wet buld temp.' = 25.0 oC Surface area = 0.0317 m?
Bone dry solid = 13,77 gnm
«
. Experimental Data Calculated Data'
W If x wc Xc R
(o} 70.80 1.0000 4,14
10 62.70 0.8856 3.55 1.4442
25 50.20 0.7090 2,64 1.4442
bo 39.20 0.5537 1,85 1.4442
50 32.65 0.k612 1.37 14442
60 27.50 0.3884 1,00 28,41 1.06 0.7787
70 2440 0.3446 0.77 24,76 0.80 0.6079
80 22,45 0.3171 0.63 21.95 0.59 0.4583
120 17.40 0.2458 0,26 16.91 0.23 0.0790
130 16.90 0.2387 0.23 16.60 0.20 0.0413
140 16.25 0.2309 0.19 16.43 0.19 - 0.0274
150 15655 0.2196 0.13
180 14.70 0.2076 0.07
-
* by equation;
- = -8 4
W= 74,100 - 1.170t + 0.784x10 2t,a- 0.158x10 4t3- 0.978x10 8t



Table B.7

Experimental Data and Results for Run [lo.7

Drying conditions:

98

Temp. of air = 98.0 % Air flow rate = 4,39  m/sec
Dry bulb temp. = 32,0 °¢c Thickness of sol = o 00 ) mm
Wat bulb tecap. = 26.0 oC Surface area = 0.0317 ma
Bone dry solid = 13.51 gm
—pasn -
Experimental Data Calculated Data
t m > X C i R
c C

0, 69.70 1.0000 L,16

10 624.50 0.8967 X B3 1.2997
20 55.50 0.7963 3,11 1.2997
30 49,00 0,7030 2.63 1.2997
Lo 42,20 0.6054 2.12 1.2997
50 35450 0.5093 1.63 1.2997
60 28.50 0.4088 1.11 28.64 1.12 1.0378
70 25,00 0.3578 0.85 24,99 0.85 0.5803
90 19.50 0.2798 0.4k 19.59 0.45 0.3015
130 15.40 . 0.2209 0.14 1553 0,15 0.1185
200 14,00 | 0.2009 0.04

* by equation;
W =

84,600 = 1.530t + 0.126x10"

1

ta- 0.455:10-ut3+ O.610x10-?t

4



Table B.8

Experimental Data and Results for Run No.8

Drying conditions:

99

Temp. of air = 35,9 % Air flow rate = 4.39 m/sec
Dry buldb temp. = 30.0 °C Thickness of so0l = 2.2 mm
Wet bulb temp., = 4,0 % Surface area = 0.0317 @

Bone dry solid = 13.47  gp
¢ Experimental Data Calculated Data
] W, X W WL R
(o] [+
1

0 71.30 1.0000 4,29

Lo 67.60 0.9481 4,02 0.2140
80 63455 0.8913 3.72 0.2140
140 564,60 0.7938 3,20 0.2140
180 51.60 0.7237 2.853 0.2140
220 46,50 0.6522 2.45 0.2140
240 L4, 50 0.6241 2430 0.2140
320 35.10 0.4923 1.60 0.2140
340 3310 O 4642 1.46 34,10 1¢53 0.1609
380 29.25 0.4102 137 30.87 1.29 0.1440
4oo 27.80 0.3899 1.06 29.39 1.18 0.1360
600 21.80 0.3058 0.62 19.30 0.43 0.0571
800 17 .00 0.2384 0.26
900 16.00 0.2244 0.19

1]

* by equation;

. -4 2 -7
"= 75.000 - 0151t + 0.738x10 t 4 0.678x10 ' ¢

0.470x10~ 104"
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x
Table B.9
Experimental Data and Results for Run No.9
Drying conditions:
Temp. of air = 57,0 °¢  Air flow rate = 439  m/sec
Dry bulb temp. = 31.0 °¢ Thickness of 8ol = 2.2 mm
Wet bulb temp. = 25,0 °%¢  Surface area - 0.0317 g2
» Bone dry solid = 12.60 gnm
; Experimental Data Calculated Data.
. W (] X W X R
f c c
0 67.60 1.0000 4,36
20 59.70 0.8831 3. 74 0.7066
45 50410 0.74%11 2.98 0.7066
60 k4,20 0.6538 2451 0.7066
90 34,00 0.5029 1.70 0.7066
135 23415 0.3424 0.84 2k,08 0.91 0.3171
160 19.80 0.2929 0.57 20.50 0.63 0.2273
180 18.45 0.2729 0.46 1843 0.46 0.1663
210 16.90 0.2500 0.34 16.41 0.30 0.0920
2ko 164,25 0.2404 0.29
300 15.45 0.2286 0.23
330 15420 0.2248 0.21
Loo 14,95 0.2211 0.19
>
* by equation;
_ -2,2 -5,3 -9 4
¥ = 21,300 = 0.577t + 0.203x10 “t“- 0.273x10"°t”+ 0.935x10"°t
E ]
. TR




Experimental Data and Results

Tab

1‘ B. 10

for Run No.10

Drying conditions:

Temp, of air = 98.0 °c

Dry bulb temp,
Wat bulb temp .

98.0 °¢
48.0 %%

101

Air flow pate = k.39 m/sec
Thickrness of sol = 2.2 mm
Surface area = 0.0317 5
Bone dry solid = 13.53 gnm

Experimental Data

Calculated Data®

] W, X W xc R
0 68.20 1.0000 L.o4
20 51.70 0.7581 2.82 1.4764
4o 37.00 0.5425 1.73 1.4764
60 27.60 0.4047 1.04 28,62 1.12 0.6981
90 21.10 0.3094 0.56 20,67 0.53 0.3335
110 18.90 0.2771 0.40 18,03 0,33 0.1779
185 15,20 0.2229 o2 15.99 0.18
220 14470 0.2155 0.09
260 14,30 0.2097 0.06
280 14,15 0.2075 0.04
290 14,10 042067 0.04
* by equation;
W = 69.600 - 1,080t + 0.802x10™%¢°- 0.261:10-4t3+ 0.308:10-?t4



Table B.11

Experimental Data and Results for Run HNo.11

Drying conditions:

102

Temp. of air = 98.0 °c Air flow rate = 3.86 m/sec
Dry bulb temp. = 98,0 °C  Thickness of sol = 2.2 mm
Wet bulb temp. = 43,0 oC Surface area = 0.0317 mz
Bone dry solid = 13,12 gm
Experimental Data Calculated Data;
L W W, X W X R
c c
0 67.70 1.0000 4,16
20 47,95 0.7083 2.65 1.5794
ks 30.15 0.4453 1430 1.5794
75 20,10 0.2969 0.53 20,37 0455 0. 4074
105 17.20 0.2541 0.31 16 .. 44 0.20 0.0350
120 15.80 0.233h4 0.20 15,74 0.14 0.0454
170 14,15 0.2090 0.08 14,96 0.12
180 13.95 0.2060 0.06
200 13.85 0.2046 0.06
220 13.75 0.,203%1 0.05
260 13.65 0.2016 0.04

* by equation;

W=

69.100 = 1.280t + 0.114x10"

1.8

t°- 0.449x10'4t3

+ 0.646x10" "¢

4



Table B,12
22940 dele

Experimental Data and Results for Run No,.12

Drying conditions:

103

¥= 48,300 - 0.637x10" Ty - 0.489x10~>

t2+ 0.151x10

t7= 0.114x10"

Temp. of air = 33,09 % Air flow rate = 4.39 m/sec
Dry buld temp. = 32,0 9 Thickness of 80l - 1.5 mm
Wet bulb temp. = 26.0 % Surface area = 0.0317 ;2
Bone dry solid = 9401  p
Experimental Data Calculated pata
k W W X W X R
@ c c ~°N
0 49,60 1.0000 k.50
20 | 47,25 0.9526 4,24 0.2160
4o by, 85 0.9042 3.98 0.2160
60 42,85 0.8629 3.75 0.2160
90 39.30 0.7923 3.36 0.2160
130 34,90 0.7036 2.87 0.2160
155 32415 0.6482 2,57 0.2160
265 19.35 0.3901 1.15 0.2160
255 13.00 0.2621 Okl 13.28 Ool47 0.0879
435 11.10 0.2238 0.23 11.05 0.23 0.0214
455 10.90 0.2198 0.21 10.89 0.21 0.0009
470 10.80 0.2177 0.20 10.8% 0.20 0.0002
* by equation; :
-5.3 8 4

t



Table B.13

Experimental Data and Results for Run No.13

Drying conditions:

104

Temp. of air = 32,0 °¢C  Air flow rate = 439 m/sec

Dry bulb temp. = 32.0 °C Thickness of sol = 3.5 ma

Wet bulb temp. = 27.0 C Surface area = 0.0320 g°

Bone dry solid = 20.27 gm
Experimental Data Calculated Data
¢ ¥ v X W X R
[ Cc

0 109.45 1.0000 k.40

40 10533 0.9625 4,20 0.2082
90 100.50 0.9182 3.96 042082
110 98.30 0.8981 3.85 0.2082
150 94,25 0.8611 365 0.2082
180 90.65 0.,8282 3.47 0.,2082
240 844,25 0.7698 3,16 0.2082
300 7725 0.7058 2.81 0.2082
390 66.65 0.6090 2.29 0.2082
450 59.95 05477 1.96 0.2082
530 51450 0.4705 1.54 51077 1.55 0.1869
590 46.35 0.4235 1.29 k6.10 Teed . 0.1705
685 38.45 063513 0.90 38.29 0.89 041397
830 29.55 0.2700 0.46 29.62 0.46 0.0859

* by equation; 1 > 63 1
i = 109,000 - 0.822x10" 1t - 0.126x10"2t%+ 0.175x10" t°- 0.499x10™

C
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Table _Bc ljf

Experimental Data ang Results for Run Ko. 14

Drying conditions;

Temp. of air =  32.0 % Air flow rate = 439 m/sec
Dry bulb temp, = 32.0 % Thickness of so1 - 4,5 mm
Wet bulb temp. = 23.5 °c Surface area = 0.0320 ma
o Bone dry solid = 26,54 gm
Experimental Data Calculated Data"
t W W, X W z R
0 146,35 1.0000 4.51
30 141.55 0.9672 b,33 0.3052
100 131.40 0.8978 3.95 0.3052
120 128.45 0.8777 3.84 0.3052
150 123,50 0.8439 3.65 0.3052
240 108.10 0.7386 3.07 0.3052
305 96.80 00,6614 2.65 0.3052
360 8?.?5 0.5996 231 0.3052
Lo ?6.05 0.5196 1.86 7646 1.88 0.2699
530 65.15 O. 4452 1.45 64.9? 1.45 0.2171
650 53.60 0.3662 1.02 53.09 1.00 0.1544
770 44,60 0.3047 0.68 45,02 0.70 0.1003
890 39.20 0.2678 0,48 39,78 0.50 0.,0680

* by equation;

W =

146,000 - 0.126t - 0.220!10-3t2+ 0.#15x10-6t3

= 0.109x1o'9t“



Table B.15

Experimental Data and Results for Run No.15

Drying conditions:

106

Temp. of air = 57.0 % Air flow rate = Lb.39 m/sec
Dry bulb temp, = 28.5 °C  Thickness of sol = 1.5 oo
Wet bulb temp. = 24.0 ¢ Surface area = 040317 g°
Bone dry solid = 9.17 gm
W
¢ Experimental Data Calculated Data
W ’ W £ X Wc Xc R
0 47,20 1.0000 k.15
20 40,60 0.8602 3.43 0.6516
4o 32490 0.6970 2+59 0.6516
70 23,10 0.4894 1.52 0.6516
100 15.80 0.3347 0.72 16.33 0.78 0.2991
120 13.10 0.2775 0.43 13.70 0.49 0.2018
150 11.50 0.2436 0.25 11.40 0.24 0.0956
185 10,96 0.2309 0.19 10.39 0,13 0.0225
215 10.60 0.2246 0.16
246 10.45 0.2214 0.14
306 10,10 0.2140 0.10
340 995 0.2108 0.08
* by equation; > 2 8 4

W = 524400 = 0,628t + 0,339x10

t - 0.??8:10-5t3+ 0.633x10"

t



Table 3.16

Experimental Data and Results for Run No.16

Drying conditions:

107

Temp. of air = 57.0 °C  Air flow rate = U439 m/sec
Dry bulb temp., = 30.0 °C Thicknees of 8ol = 35 mm
Wet bulb temp. = 24.0 % Surface area = 040320 p°
Bone dry solid = 19.82 gnm
= &
Experimental Data Calculated Data
b W W, X W 3 R
[+ [+

0 103.45 1.0000 4,22

40 89.85 0.8685 3453 0.6249
100 68430 0.6602 2.45 0.6249
150 53445 045167 1,70 0.6249
180 45.65 O.U4k13 1.30 46.99 1437 0.3674
210 39.65 0.3833 1.00 41,68 1410 0.2989
220 33.15 03204 0.6 33.9 0.72 0.1863
360 28,65 0.2769 Ok 28.0 0.41 0.0717
420 26495 042605 0.36
450 26,35 0.2547 0e33
480 25.85 0.2499 0.30
600 23.80 0.2301 0.20
800 22.00 0.2127 0.11

* by equation; L
1094000 = 0.522t + 0.119x10"2t%= 0.113x10™ 4+ 0.372x10"°t

W=



108

Table B. 17

Experimental Data and Results for Run No. 17
Drying conditions:

Temp. of air 57.0 oc Air flew pate 4439 m/sec
Dry bulb temp, = 30.0 ©¢ Thickness of sol 4,s mm
Wet bulb temp, 25.5 oC Surface area = 0.0320 m2

n

Bone dry solid = 27.58 gm
& Experimental Data Calculated Data*
W v, X L xc & R
0 145.93 1.0000 k.29
105 106.05 0.7266 2.84 0.6724
180 81.40 0.5577 1.95 0.6724
2ho 63,75 0.4368 1.31 62,99 1.28 0.4173
270 57.05 0. %909 1.07 56.85 1.06 0.3510
300 52.00 0.356% 0.88 51471 0.87 0.2929
360 45.70 43131 0.66 43,94 0.59 0.1972
290 41,10 0.2316 0.49 k1,09 0.49 0.1589
430 39.05 0.2676 0.42 38.17 0.38 0.1169
490 36.80 0.2521 0.33 55¢21 0.28 0.0769
540 35.65 0.2443 0.29
660 3%.10 0.2268 0.20
785 31.85 0.2182 0.15
8L4o 31.75 0.2175 0.15
I

* by equation;

W = 165.000 - 0.681t . 0.133%107°t%- 0,117x 10=5¢3, 0.383x10~ ¢
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Table B.18

Experimental Data and Results for Run No.418

Drying conditions:

Temp. of air = 96,0 °c  Air flow rate = k.39 m/sec
Dry bulb temp. = 31,0 °¢ Thickness of ol = 1.5 mm
Wet bulb temp. = 25.0 oc Surface area = 0,0317 mz

Bone dry solid = 9.74 gm

"
Experimental Data Calculated Data*
t m W X W X 4 R
 § c c
0 47,00 1.0000 3.82
20 35420 0.7489 2.61 1.0410
Lo 25.00 0.5319 1.57 1.0410
60 18.10 0.3351 0.86 18.73 0.92 0.4789
80 14.85 0.3160 0,52 © 14,86 0.53 0.2632
100 13.55 0.2886 0.39 12.96 0.33 0.1074
120 12.80 0.272% 0.31
140 12. 30 0.2617 0.26
180 11.55 0.2457 0.18
200 1315 0.2372 0.14
‘ ]

* by equation;
W = 48.400 - 0.785t + 0.562x10"%¢2- 0.132::10'1*1:3
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Table B.19

Experimental Data and Results for Run No. 19

Drying conditionas;

Temp. of air = 76.0 °¢  Air flow rate = 439  m/sec
Dry buldb temp, = 31.0 % Thickness of sol = 3.5 mm
Wet buldb temp. = 26.0 oc Surface area = 0.0320 ma
Bone dry solid = 18,80 gnm
¢ Experimental Data Calculated Data *
"] W X W X * R
E 4 c c
0 102.40 1. 0000 4,45
10 96.00 0.9375 4,11 1.0688
30 84.40 0.6242 3,49 1.0688
50 71.60 0.6992 2.81 1.0688
80 54,20 0.529% 1.88 1.0688
100 45,40 0. 4434 1.4 45.91 1.44 0.6653
135 33.85 0.3306 0.80 35.78 0.90 0.4309
165 29.40 0.2371 0.56 30.15 0.60 0.2790
200 26.20 0.2559 0.39 26.21 0.39 0.1515
240 25.05 O.2446 0.33 2L, 04 0.28 0.0607
270 24,30 0.2373 0.29
320 22.95 0.2241 0.22
L20 21.70 0.2112 0.15
520 20.90 0.2041 O, 11

* by equation; I
W = 107.000 - 0.934t + 0.38hx10'2t2- 0.688x1o'5t3+ 0.450x1o'8t



Experimental Data and Results for Run No.20

Drying conditions:

Temp. of air
Dry bulb temp,
Wet bulb temp.

76.0 °c
31.0 °C
25.5 %

Air flow rate
Thickness of sol

Surface area
Bone dry solid

11

= 4,39 m/sec
= L.5 mm
= 0.0320 p2
s 27.51 gm

Experimental Data Calculated Data *
¢ W P X W X R
[+ [+]

0 145,75 1.0000 4,34

20 134.75 0.9245 3493 1.0181
60 111.65 0.7660 3,09 1.0181
100 91.45 0.6274 2.35 : 1.0181
155 67.35 0.4621 1.47 67.89 1.48 0.6369
180 58.45 0.4010 1.14 60.06 1.20 0.5386
210 51.10 0. 3506 V.87 52.33 0.92 0.4296
240 L6.35 0.3%186 0.70 46.25 0.69 0.3315
270 42,75 0.2933% 0.56 k1,66 0.52 0.2452
305 38.25 0.2624 0.40 37.90 0.3%9 0.1600
360 34,95 0.2398 0.28 34,75 Q.27 0.0681
400 33.75 0.2316 0.24
480 32.05 0.2199 0.17

* by equation;

W = 150 - 0.734t + 0.243x10%t%- 0.540x10043- 0:628x10~ %2



Table B, 21

Experimental Data and Results for Run No. 21

Drying conditions:

Temp. of air
Dry bulb temp,
Wet bulb temp,

98.0 °¢
33.0 ¢
23.5 %

Air flow rate
Thickness of sol

Surface area
Bone dry solid

112

= 4.39 m/sec
= 1.5 mm
2
= 0.031? m
= 8.96 gm

Experimental Data

Calculated Dpata*

t
W W, X W xc R
0 47,40 1.0000 4,29
j 10 29.30 0.8291 3.39 1.3816
; 30 25.50 0.5380 1.84 1.3816
4s 18.00 0. 3797 1,01 18,52 1.07 0.6942
60 14,20 0.2996 0.58 14,47 0.61 0.3346
80 12.45 0.2626 0.39 0.1640
150 10.20 0.2152 0.14 0.0603

* by equation;

48.000 - 0.908t + 0.431x10™242

+ 0.415x1o‘4t3-'o.a?1x1o“6t4
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Table B, 22

Experimental Data and Results for Run No.22
Drying conditions:

Temp. of air = 98.0 % Air flow rate = 439 m/sec
Dry bulb temp., = 31.0 °C Thickness of 8ol = 3,5 mm
Wet bulb temp. = 24,8 % Surface area = 0.0320 - @°

Bone dry solid = 20.16 gm

Experimental Data Calculated Data %
t W W, X W X R
C [+

0 102.95 1.0000 4,11

10 93.80 0.9111 3.65 1.4515
20 85.75 0.8329 3.25 1.4515
Lo 70.25 0.6824 2.48 1.4515
60 56450 0.5488 1.80 , 1.4515
80 45,15 0.4386 1.24 46.10 1.29 0.7981
105 35.80 0.3477 0.78 37.26 0.85 0.5393
140 30,00 0.2914 0.49 29.79 0.48 0.2800
160 27.85 0.2705 0.38 27.37 0.36 0.1786
180 26.35 0.2559 0.31 25.87 0.28 0.1064
200 25.45 0.2472 0.26 '
260 23.20 0.2254 0.15
320 22,45 0.2181 0.11

* by equation;
-2,2 -4 3 =74
W = 106,000 - 1.140t + 04595x10 "t"= 0.135x 10" 't7+ 0.111%10" "¢
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Table B.2§
*
Experimental Data and Results for Run No.23
Drying conditions:
Temp. of air a2 98,0 9 Air flow rate = 4,39 m/sec
Dry bulb temp, = 30,0 °¢ Thickness of sol = 4,5 mm
Wet bulb temp., = 25.5 % Surface area = 0.0320 p°
- ' Bone dry solid = 2524 gm
¢ Experimental Data Calculated Data*
W If X W X R
c [
0 142.45 1.0000 L,64
10 132,75 0.9319 L.64 1.7352
55 91.55 0.6472 2.63 1.7352
80 75.60 0.5307 2,00 77.01 2.05 1.0336
100 65.65 0.4609 1.60 67.00 1.66 0.8299
135 55.00 043961 1.18 54,41 1416 0.5437
160 49,70 0.3489 0,97 48,24 0.91 0. 3882
190 Ly 60 0.3131 0.77 43,21 0721 0.2489
235 39.40 0.2766 0.56 38.93 0.54 0.1219
285 35.75 0.2510 0.42
360 31.65 0.2222 0.25
450 28.75 0.2018 O.14
620 27.55 0.1934 0.09

* by equation;
W= 144,000 - 1,120t + 0.484x10"242. 0.896x 10™7t34 0,59x10=844
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Tabl. B'ZI’

Experimental Data and Results for Run No.2k

Drying conditiona:
Temp. of air = 98.0 ° Air flow rate = 4,39 m/sec
Dry bulb temp. = %1.0 °C Thickness of s0l = 2,2 mm
Wet bulb temp. = 25:5 Ub Surface area = 0.0320 m2
% Bone dry solid = 13,00 gm
. Experimental Data Calculated Data [
W !f X wc Xc R
0 67.50 1.0000 4,19
22 48.85 0.7237 2.76 1.4791
L5 32.00 0. 4741 1.46 1.4791
70 22.70 0.3363 0.75 22.64 0.74 0.4978
90 19.15 0.2837 0.47 18.77 0.b4 0.2487
120 16.25 0.2407 0.25 16.49 0.27 0.0690
150 15:25 0.2259 0.17 15.75 0.21 0.0400
190 14,40 0.2133% 0.11
255 13.80 0.2044 0.06
* by equation;
W = 73.800 = 1.390t + 0.127x10" 2= 0.513x10™ "3+ 0.758x10~ "¢ "
v
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Table B.
Experimental Data and Results for Run No.25
Drying conditions:
Temp. of air = . 98.0 °c Air flow rate = 439  m/sec
Dry bulb temp. = 31,0 °¢  Thickness of sol = 2.2 mm
Wet bulb temp. = 26.5 % Surface area = 0,0320 mz

Bone dry solid = 1252 gm

¢ Experimental Data Calculated Data +
u 'f 2 wo xc 8

0 69.40 1.0000 | "4,53

10 61.10 0.8804 3.87 1.5750
4o 35.80 0.5158 1.85 1.5750
85 1?7.45 0.2514 0.39 17.71 0.41 0.3886
130 13.70 0.1974 "0.09 13.49 0,08 0.0298
155 13.05 0.1880 0,04
190 12.80 | 0.1844 0.02

* by equation;
W= 72.800 - 1.260t + 0.934x10"2t2- 0.273x10~ %43, 0.227x10~ "¢ %



Table B.26

Experimental Data and Results for Run No. 26
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Drying conditions:
Temp. of air 98.0 oc Air flow rate = k.39 wm/sec
Dry bulb temp., 31.0 °%¢ Thickness of sol = 2.2 mm
Wet bulb temp. 26.5 % Surface area = 0.0320 42
Bone dry solid = 13.74%  gnm
. Experimental Data Calculated Data 9
] . = W X R
c c
0 69.50 1.0000 4.06
10 60.35 0.8683 3.39 1.7156
50 37.14 0. 5344 1470 1.7156
70 21.10 0.3036 0.54 21.10 0.54 0.5357
110 16.05 0.2309 0.17 16.05 0.17 0.2021
220 14.70 0.2115 0.07 14,07 0.07 0.0532

* by equation;

W = 72.200 - 1.280t + 0.937x10"

- 0.215)(10;#'&3



Table B.27

Experimental Data and Results for Run No.27

Drying conditions:

118

Temp. of air = 98.0 °¢ Air flow rate = 4,39 m/sec
Dry buldb temp. = 98.0 °c Thickness of sol = 2.2 mm
Wet buldb temp., = 55.0 ob Surface area = 0,0317 ua
Bone dry solid = 13,83 gm
. Experimental Data Calculated Data*
W W £ ' \lc Xc R
0 68.70 1.0000 3.97
10 62.50 0.9097 3652 1.2050
30 47.95 0.6930 2.47 1.2050
45 37.90 05517 1. 74 1.2050
60 30, 50 0.4439 1.20 30.80 1.23 0.7848
80 23.30 0.3392 0.68 24,01 0.74 0.5082
120 18.50 0.2693 0,34 17.72 0.28 0.1276
140 16.90 0.2460 0.22 16.93 0.22 0.0332
180 15.90 0.2314 0.15
- 200 1545 0.2249 0.12

* by equation; 5
¥ = 72.300 - 1.000t + 0.574x10"%t2~ 0,808x105¢>- 0.132x10"74
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Table B. 28

Experimental Data and Results for Run No. 28
Drying conditions;:

Temp. of air =  98,0°C  Air flow rate =  4.39 mn/sec
Dry bulb temp, = 98.0°C Thickness of sol = oL mm
Wet bulb temp., = 64.0 % Surface area = 0,0317 n°
Bone dry solid = 13,85 gm
¢ Experimental Data Calculated Data «
W v, X wc xc R
0 69.40 1.0000 4,01
10 63.00 0.9078 %e25 1.0562
20 56.70 0.8170 3.09 1.0562
50 41,50 0.5980 2.00 . 1.0562
60 36.80 0.5303 1.66 36.81 1.66 0.8068
80 29,20 0.4207 3 29.20 1:19 0.6316
100 - 23,55 0.3393 0.70 23,48 0.70 0.4514
130 18.20 0.2622 0.31 18. %3 0.3%2 0.2073
" 160 16.65 0.2399 0.20 16,49 0.19 0.0434
180 16.25 0.2341 0:132

* by equation;
W= 68.800 - 0.603t + 0.416x10~3t2+ 0.153x10~%t3- 0. b45x10-7¢k
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Table B.29
Experimental Data and Results for Run No.pg
Drying conditions:
Temp. of air = 25,0 % Air flow rate = 439 w/sec
Dry bulb temp. = 21.0 °C Thickness of sol = 2,2 mm
Wet bulb temp. = 14.5 ob Surface area = 0,0317 ma
Bone dry solid = 13,27 gm
¢ Experimental Data Calculated_gatn »
'} If b ¢ _Wc xc R
o} 67.92 1.0000 b.12
30 59.72 0.8793 3.50 0.5142
60 50.72 0.7468 2.82 0.5142
90 k2,62 0.6275 2.21 0.5142
120 354 32 0.5200 1.66 0.5142
150 29.52 0.4346 1.22 29.75 1.24 0.3215
210 21.92 0.3%227 0.65 21.89 0.65 0.1780
270 18.42 0.2712 0.39 18.08 0.36 0.0705
300 17.42 0.2565 0. 31 17.25 0.30 0.0377
330 16.72 0.2462 0.26 16.79 0.26 0.0230
360 16.22 0.2388 0.22
2390 16.02 0.2359 0.21

* by equation;
W = 70.200 - 0,360t + 0.480x102t2+ 0.117%102t>- 0.24k4x10~Otk
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. APPENDIX C

COMPUTER PROGRAM

EE——

LS FLFTRAN oV 3LIn-F0-47S 3-f LT EYRTRY
( C METHOD OF LEAST SQU/KE FOR CUZVE FITTTNG
¢ M=UMBER CF PLCTIED
L N=1=DLGRZIE UF PCLYMUM] AL
t C MS=NU4BER (F SET CF D/ TA .
0001 DIMENS ION X(22)4Y(30), SUM(QD) 4A120,21),8(20),C(37)
0002 READ(1,39€)N,MS
( S E IS0 FURMAT(2]2)
0004 DO10TM=1,MS
QUI5 READ(1,$97)IM
f JUUb 97 FORMAT(12)
0ou? READ(1,S528)(X(1),Y()),1=1,H)
008 993 FORMATIBIF5.0,F5.2))
J [ COMPUTE SUMS FOR MATRI] X
C SUMS=STGHAI X*%[K=1) )
0009 NN=2%N=-]
( 0Ul0 DO&K=1 , NN
0011 KK=K=1
0012 ] SUM(K)=0.0
0013 DO6JI=1, M
Wl4g. 6 SUHIK!=SUHIKI¢X(JI*11KKI_
C COMPUTE SUMS FOR LAST COLUMN
Quis -~ L=N+)
oule DO18I=1,w
2047 AlL,L)=0.0
0013 Xi=1-]
019 DO9J=1,M -
0029 FACTIL)=ALY L) +YIDD*X(J )00 )]
C PUT SUMS INTO MATRIX
ouzl DO16J=1,N
Jo22 IK=Jeg-]
~ Qu23 18 ALY J)=SumMiJk}
C APPLY GAUSS JOF DAN METHOD FOR SOLVING UNKNOWN®
QU2+ CALL SOLEQNEA,N,L)
d COMPARE THE VALUE BETWECN CALCULATED AND EXPERIMENTAL VALUE .
0025 D015J=1,M
V026 BlJ)=0.0
27 DO151=1,N
ov23 15 BUJI=BOIISALT,LIwX(J)e()-1)
C FIND THE SLOPEL OF THE GIVEN VALUE
JU292 DO351=1,M "
VU330 C(1)=0.0
wo sl DO35J2,N
Vu. 2 Z:J~1
Juz s 35 CLII=CUI)eZ%ALI,LI*X(T)®e(J=2)
ODuls WR1TF(3,190)
ou_ 5 LOO FORMAT(///7,710,°DATA SET NUMBER* , 10X, *N* ,10X,' ™' ,//)
Uuio WRITE(3,101 )IM, N, M
0u37 104 FORMATIYN5,13,15X,13,8X,13,/////7)
Uus} WRITE(3,102) _
YNEX 102 FORMAT(T25,*DATA*,12X, *CALCULATED VALUE ', 12X, 'SLOPE?, / /)
(VIVE ] DOlDOll‘ltH
VU4 ) LOOL WRITE(3,0030X(10,¥01),1(14,2(1)
004 L03 FORMATI10X,4(E12.5,5X))
% QU ) HRi"EtZB.IOhHA(I.’lI.bI.Nl
Uu e 194 FDRHATIIIII,TZH,'COLFFICIENTS‘af/.GlE12a31)
W5 10 CONTInUE
VL4 sTor

u4aTl END



Q0SS FLITRAN Lv JOIN-FLU=4T7C 3-% SCLEQI
0wo1 SULROUTINE SOLEQN{AsN,L)
oouv2 DIMENSION A(20,21)

0003 DO25K=1 N

QUL 4 ) IFLALK,K))20,50,20
0005 20 DU25S1=1,4

0000 IF(Y-K})8,25,8

Quo7v 3 FACT=AI1,KII:!K,K!
0u08 J030J=1,L

0009 SO AL 2Jd)=A0T,J)0~A0h,d)*ACT
Jula 25 CONTINUE

0011 JOe0I=]1,N

0012 IFCALT,1).EQ.D.0)STUP
0013 60 All.LlrhllnLlIA(lall
0014 RETURN /

0015 50 STOP

JOle END
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Table E.1
-“

APPENDIX E

[ ]
Normalized Data, X and xcr

Thickness of s0l =

1.5 mm

124

Temp. 32% 57°¢ 76°¢C 98°¢
x* 0.125 0.100 0.085 04075
x;r 1.000 1.525 1.575 1.850
r
£ ) £ 0} £ ® £ 0

1.00 L,70 1.00 2.84 1.00 2¢51 1.00 2.37
1.00 4,40 1.00 2e3k 1.00 1.69 1.00 1.87
1.00 L,14 1.00 1.75 1.00 1.10 1.00 0.99
1.00 3,70 1.00 0.10 0.46 0.52 0.59 0453
1.00 3.14 0.46 0. 44 0.25 0.29 0.24 0.28
1.00 2.79 0.31 0.23 0.10 0.20 0.20 0.18
1.00 1.%7 0.15 0.10
0441 0.36 0.02 0,06
0.10 0.12
0.04 0.10




Table E.2 Thickness of 801l = 2.2 mm
Temp. 3200 57°c
x* 0.125 0.100 0.085 0.075
xbr 1.550 1.700 1.650 1.650
£ ) ) f ) 4 ¢
'!
1.00 2.92 1.00 2.66 1,00 2¢52 1.00 2.59
1.00 2.73 1.00 2.28 1.00 1.93 1.00 2.26
1.00 2452 1.00 1.80 1.00 141 1.00 1.93
1.00 2.16 1.00 1¢51 0,89 0.92 1.00 1.62
1.00 1.90 1.00 1.00 O k1 0.57 1.00 1.30
1.00 1.63 0.45 0.46 0.26 0.28 1.00 0.99
1.00 1.53 0.32 0,29 0.17 0.16 0.80 0.66
1.00 1.04 0.24 0,22 0.16 0.11 0.45 0.49
0.75 0.9% 0.13 0,15 0.23 0,23
0.67 0.73 0.09 0.04
0.63 0.66
0.24 0.35




Table E. 3

Thickness

of @ol = 3,5 mm

126

Temp. 32% 57°¢c 76°¢ 98°%
x* 0.125 0.100 0.085 0.075
xcr 1.550 1.700 1.875 0.183
£ 0] 4 ) t ) t ®
/

1.00 3.00 1.00 2.56 1.00 2.44 1.00 2+30
1.00 2.86 1.00 2.14 1.00 2.25 1.00 2.04
1.00 2.69 1000 1““’7 1-00 1.90 1.00 1.81
1,00 2.61 1.00 1.00 1.00 1¢52 1.00 1.37
1.00 2,47 0.59 0475 1.00 1,00 1,00 0.98
1.00 2.35 0,48 0.56 0.62 0.79 0.55 0.66
1.00 2413 0.30 0.36 0.40 0.40 0,37 0.40
1.00 1.88 0411 0.21 0.26 0.26 0.19 0.24
1.00 1.52 O.14 0.17 0.12 0.17
1.00 1.29 0.07 0.14 0.07 0.13
0.90 0.99
0.82 0.82
0.67 0.54
Ool41 0.24




Table E.4

Thickness of sol =

4,5 mm

127

Temp. 329 57%¢ 76°¢ 98°¢
x* 0.125 0.100 0.085 0.075
X . 1.825 1.950 2.350 2.625
£ ) ? 4 ® )
/

1.00 2.58 1.00 2.26 1.00 1.88 1.7
1.00 2.47 1,00 1.48 1.00 1.70 1.6
1.00 2.38 1.00 1.00 1.00 1633 1,50
1.00 2.25 0.62 0.65 1.00 1.00 .00 1.00
1.00 2.18 0.52 0,52 0.62 0.61 0.75
1.00 2,07 O.h44 0.42 0,53 0.46 0.60
1.00 1.73 0.29 0.30 0.42 0.35 O.43
1.00 1.48 0,24 0.21 0.32 0.27 0.22 0.35
1,00 1.28 0.17 0.17 0.24 0.21 i 0.27
0485 1.02 0.10 0.12 0.16 O.14 7 0.19
0.71 0.78 0.06 0.09
051 0.52
0.33 0-33
0.22 0.21
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APPENDIX F

Nomenclature

Surface area of gelatin ; m2

The surface area of the drying gelatin

per unit volume : mt
Bloom strength y &m
Bloom strength at percent moisture

t M
content b ——
Diffusivity ) emzlsec

Hef;tive drying rate

Mass transfer coefficient characterising
the operating of the drying ‘equipment |,
kg/mzs

Percent moisture content g %

Drying rate , kg water/hr.m2
Constant drying rate , kg water/hr'.m2
Percent reiative humidity

One - half slab thickness y Cm

Air temperature . °e

Elapse drying time y hr

time of constant rate drying , hr

Weight of sample , &m

Weight of dry gelatin y &m

Weight fraction

Weight fraction from calculated equation y gm



X#*

cr

SR

w

K1 DL @ o,
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Average moisture content )

kg water/kg dry gelatin

Equilibrium moisture content ,

kg water/kg dry gelatin

Initial moisture content at start of
drying when t = 0

Average moisture (water) content from
calculated equation -

kg water/kg dry gelatin

Average moisture content at the end of
the constant rate period -

kg water/kg dry geiatin

Wet - bulb humidity ,

kg water/kg dry air

Bulb - gas humidity ’

kg water/kg dry air

Slab thickness y CI
Viscosity of gelatin solution , cp
Viscosity at moisture content Ml s CD
bulk density of the bone-dry gelatin , kg/m3
Time s hr
humidity potential coefficient

characteristic moisture content
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