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NOMENCLATURE

inside radius of the sterage tank (m)

heat capacity ef the sterage fluid (Keal/Kg.°C)

inlet diameter of the sterage tank (m)

inner diameter of the sterage tank (m)

tetal energy stored in the storage fluid (Kcal)

extracted energy (Kecal)

initial temperature prefile ef the storage tank fluid °c)
inlet temperature ef the sterage tank fluid (°C)

Graghof number based en tank diameter, (gmﬂz/,uz )D?ﬁT
wall=te-water heat transfer ceefficient (Kcnl/mz.hr."c')
thermal comductivity ef sterage tank fluid (Kcal/m.hr.°C)
length of sterage tank (m)

function of © defined by equatien (12)

velumetric flow rate (1/min)

radial distance from the central axis of the storage tank (m)
Reynolds number based on inlet pipe diamoter,Jpvhd[u_
complex variable used in Iaplace transfermation

time (min)

the highest temperature of the sterage fluid (°C)

the lowest temperature of the sterage fluid °c)
temperature of sterage fluld (°c)

temperature of the tank wall (°C)



AT

®o o = ©

®

w

R 9 S
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temperature difference between the storage fluid and the tank
wall (OC)

volume of the storage tank (1)

average velocity of the storage fluid (m/sec)

z-component of the velocity (m/sec)

thermal diffusivity of storage fluid, k/cp (mz/hr)
2hL/a fe pvm

extraction efficlency of the storage tank

z/L , dimensionlesgs axial distance

t/r , dimensionless time

(P - Ti)/ AT, dimensionless fluid temperature

(r, = T,)/AT, dimensionless wall temperature
viscosity of storage fluid (Kg/m.hr)

density of storage fluid (Kg/mj)

varience

V/Q , mean residence time of the fluid in the storage tiw.c (hr)

Laplace transform

dimensionless quantity
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Experimental Data

Tank Size:

L = 1.524 m.’ D = 0-152 me

Flow Rate = 2.30 l./min.

Table 9.1

76

Time Temperature

oo | [ [ Lo [ [ [ [ o [
0 93 | 93 | 92| 92| 91 | 91 [ 9 | 90 [ 91| 93 | 90
0.50 [ 91 | 91 | 91| 91| 91 | 91|89 | 8 | 90| 40 | 90
1.00 50 91 91 91 91 91 90 88 90 35 90
1.50 [ 35 | 90 | 91| 91| 90 | 90 |8 | 88 | 90| 33 | 90
2,00 | 34 | 44 | 90| 90f{ 90 | 90 |89 | 88 | 90| 33 | 90
2,50 | 34 | 44 | 90| 90| 90 | 90 | 83 | 88 | 90| 33 | 90
3,00 [ 33 | 35 [ 46| 90| 90 | 90| 89 | 88 | 90| 33 [ 90
3.50 33 33 37 T4 90 90 89 88 90 33 90
4,00 | 33 | 33| 35| 44| 89 | 89| 89 | 87 | 89| 32 | 90
4.50 [ 33 | 33| 34| 37| 62 | 89| 89 | 89| 89| 32 | 90
5,00 | 33 | 33 | 33| 35| 41 | e8| 88 | 89 | 89| 32 | 90
5.50 [ 33 | 33 | 33| 34| 37 | 56 | 88 | 87 | 89| 32 | 89
6,00 [ 33 | 33 | 33| 34| 34 | 41| 70 | 87 | 89| 32 | 89
6.50 | 33 | 33 | 33| 34| 34 | 36| 46 | 86 | 88| 32 | 89
T.00 [ 33 | 33 | 33| 34| 34 | 36 | 40 | 66 | 88| 32 | 89




Table 9.1
(Continued)
Time Temperature
MRARERARRBBREE
7.50 33 ] 33 33 33| 34 34 37 | 45 88 32 | 89
8.00 33| 33 33 33| 34 34 36 | 39 88 32 | 89
8450 33 | 33 33 23\| 34 34 35 | 37 86 32 | 89
9.00 33| 33 33 33 | 34 24 3B | 35 56 32 [ 89
9.50 32 1 23 33 3| 34 34 35| 35 49 32 | 88
10.00 33 133 33 I3 34 34 3B | 35 44 32 | 88
10.50 33133 33 D] 34 4 35| 35 41 32 | 88
11.00 33 133 33 33 | 34 34 35| 35 39 32 | 88
11.50 33 | 33 33 33 1 % 34 35| 35 38 32 | 86
12.00 33 | 33 33| 33| 24 34 35 | 35 37 32 | 86
12.50 33 | 33 33 33| 34 34 25 | 35 36 32| N
13.00 33 | 33 33 33| 34 34 35 | 35 35 32 | 61
13.50 33 | 33 33 33 | 34 34 3| .35 35 j2 | 5
14.00 3133 33 33| 34 34 35| 35 35 32 | 49
15.00 23 1 3 33 33| 24 24 35| 35 35 32 | 45
16.00 33 | 33 33 33| 34 34 29 1 .25 35 32 | 43
17.00 33 | 33 33 33| 34 34 35 | 35 35 32 | 40
18.00 33 | 33 33 33 ] 34 34 35 | 35 35 32 | 38
19.00 33 | 33 33 33| 34 34 35| 35 35 32 | 37
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Table 9.1
(Continued)
Time Temperature
t T T T - 5 T T T T T T
1 2 3 4 5 6 7 8 9 1 o
min., | %c | % [|% | % |% |% |°%% (% |°% |% |[°
20,00 33 33| 33 33| 34 34 5| B 35 32| 36
21.00 33 33| 33 33| 34 34 35| 35 35 32| 35




Experimental Data

Tank Size:

L= 1.524 moe, D = 0,152 m,

Flow Rate = 4.45 lo/m.

Table 9.2
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Time Temperature
n. | | % [0 | o6t [og o0 | od” |o0® [ o6 | o' [o"
0 97 | 97 | 96 | 96| 96 | 95 [ 95 | 94 | 95 | 97 | 94
0,50 | 53| 95 | 95 | 95| 95 | 95 | 94 | 94 | 94 | 40 94
.00 | 39 | 74 | 94 | 94| 95 | 95 |95 | 93 | 94 | 36 94
1,50 | 37| 39 | 68 | 94{ 95 | 95| 95 [ 93 | 94 | 36| 94
2,00 | 36| 37 | 42| 75| 94 | 94 | 94 | 93 | 94| 35| 94
2,50 | 36| 37 | 37| 43| 69 | 93| 93 | 93 | 94 | 35| 94
3.00 | 36| 36 | 36| 38| 44 | T3 | 93 | 93 | 94| 35| 94
3.50 | 36| 36 | 36 [ 37| 38 | 44 | 80 92 93 35| 94
4,00 | 36| 36 | 36 | 37| 37 | 39|45 | 80 | 93| 35| 93
4.50 | 36| 36 | 36 | 37| 37 | 37 |40 | 76 | 48| 35| 93
5.00 | 36| 36 | 36| 37| 37 | 37T |40 | 40 | 48 35| 93
5025 | 36| 36 | 36| 37| 37 | 36|37 | 39 | 44| 35| 93
5.50 | 36| 36 | 36| 37| 37 | 36| 37T | 38| 4 35| 93
6.00 | 36| 36 | 36| 37| 37| 36|37 | 37| 38| 35| 9
6,25 | 36| 36 | 36| 31| 37| 36| 37 | 37| 38| 35| 68




Table 9,2

(Continued)

Time Temperature
t T T T b 4 T b 4 T T o T T
1 2 3 4 5 6 7 8 9 i o
min, | %¢ |% | % | %% | % | ® [ % [®% | % [% [°
6.50 | 36 36 36 | 37 37 | 36 37 37| 37 35 57
6.75 | 36 36 36 | 37 37 | 36 37 37 | 37 35 49
7.00 | 36 36 36 | 37 37 | 36 37 37 37 35 44
7.50 | 36 36 36| 37 37 | 36 36 36 | 36 35 40
8.00 | 36 36 36| 37 37 | 36 36 36 | 36 35 38
9.00 | 36 36 35| 36 36 | 36 36 36 | 36 35 36




Experiment Data

Tank Size:

Flo; Rate = 6043 lo/-ino

Table

93

L= 1524 Mey D = 0.152 m.
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Time Temperature

t IR N T % [ %] 1| %
min. % | % | %] % | % | % ]| %% | % | °]| %
0 96 | 96 96 95 | 95 95 | 9% 94 94 | 96 94
0450 42 | N 94 94 | 9% 94 | 93 92 93 | 37 94
1.00 39 | 45 69 94 | 94 94 | 93 92 93 | 35 94
1.50 36 | 38 41 52 | 91 93| 9 91 93 | 34 93
2,00 | 36| 38 | 36 | 40{ 46 | 73| 92 | 91 | 93 (34 [ 9D
2.50 36 | 38 36 37 | 38 44 | 59 90 92 | 34 93
3.00 36 | 38 36 1|29 38| # 50 82 | 34 92
3.50 36 | 38 36 37| 38 36 | 37 43 48 | 34 92
4.00 | 36| 38 | 36 | 37| 38| 36|36 | 37 | 38| 34 | 83
4.25 36 | 38 36 37| 38 36 | 36 7 3T | 34 52
4050 | 36| 38 | 36| 37| 38| 36| 35 | 36 | 37 | 34 | 48
4.75 36 | 38 36 37| 38 36 | 35 36 36 | 34 46
5400 36 | 38 36 37| 38 36 | 35 36 36 | 34 42
5.25 | 36| 38| 36| 37| 38| 36|35 | 36 | 36 34 | 39
5450 36 | 38 36 37| 38 36 | 35 35 35| 34 38
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Table 90 3
(Continued)
Time Temperature
t T T | T e, | T T | T
1 2 3 4 5 6 T 8 9 i °
min. | %¢ | % | % | ® [°% [®% [ %% |®° |°% | ° |°
5.75 | 36 | 38 | 36 (37 | 38| 36| 35 | 35 |35 | 3¢ [ 37
6.00 | 34 35 34 35 35 34 35 35 35 34 36
7.00 | 34 | 35 | 34 35 | 34| 35| 35|35 | 34 | 35

35




Table 9.4

Experimental Data

Tank Size: L = 1.524 m., D= 0.152 Mo

Flow Rate = 8.82 1l./min,

Time Temperature

t T1 2 Tj !4 T5 TB TT Ta Tg Ti T.
min, ¢ ° % °% | ° % | °% % °n o °n
0 97 97 | 97 96 96 | 96 95 95| 95 97 94
0.25 51 97 | 97 96 96 | 96 95 %1 95 41 94
0.50 44 56 | 97 96 | 96| 96 95 95 | 95 37 94
0.75 42 43 | 5 96 96 | 96 95 95 | 95 37 94
1.00 39 40 | 42 50 96 | 96 95 95 | 95 7 94
1.25 39 40 | 40 46 60 | 96 95 95 | 95 36 94
1.50 38 39| 39 | 42 | 47| 69 92 95 | 95 36 94
1.75 38 38| 39 42 4T | 47 80 92 | 95 36 94
2.00 37 38| 39 42 45 | 47 68 88| 93 36 94
2.25 a7 38| 39 41 44 | 46 46 58 | 90 36 93
2.50 36 37| 38 4 43 | 45 45 46 | 59 36 93
2.75 36 3T | 38 40 42 | 43 43 45 | 44 36 78
3.00 35 37| 38 40 41 40 40 42 | 42 36 51
3425 35 36| 38 39 40 | 39 39 40 | 41 36 45
3.50 35 36 | 37 39 39| 39 39 39| 38 36 44




Table 9.4
(Continued)
Time Temporature

t T T T T n ; i T T o T T
1 2 3 4 5 6 7 8 9 i o
min. c | % |% [%% | % |%% | % |°®c c |
3.75 35 36 | 37 38 38 | 38 37 38 37 36 42
4.00 35 35 | 36 37 3137 36 | 37 36 34 | 38
4.25 35 3% | 36 37 3T | 36 36 | 37 36 34 | 37
4,50 35 35 | 36 a7 37 | 36 36 | 37 36 34 | 37
4.75 35 35 | 36 36 36 | 36 36 | 36 36 34 | 37
5.00 35 35| 35 35 35 | 35 35 | 35 35 34 | 36
5+25 35 35| 35 35 5 | 35 35 | 35 35 34 | 36
5.50 35 3521235 35 35 105 % |3 35 34 | 35




Table 10.1

Experimental Data
Tenk Size: L = 1.524 meo, D = 0,203 m.

Flow Rate = 2,30 1l./min,
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Time Temperature

t T, | T2 T, _' T | %] Te T, | Tg | Tg T |2,
min. % ° % (4] oc o °C % % °q %

0 92 92 | 93 91 | 92 91 92 | 92 92 92 | N
1.00 91 91| 92 91 | 92 91 92 [ 92 92 52 | N
2.00 40 90 | 91 91 | 92 91 92 | 92 92 36 | 91
3.00 33 63 91 90 | 90 89 90 | 91 91 B3N
4.00 32 36 90 89 | 90 89 90 | 91 91 BN
5.00 32 33| 43 90 | 89 89 90| N 91 32 | 90
6,00 | 32| 32| 34| 62| 89 | 8 | 90| 90 | 90| 33| 90
7.00 | 32| 32| 34| 38| 88 | 89 | 90| 90 | 90| 33| 90
8.00 32 32 33 34 49 88 89| 90 90 23 90
9.00 32 32 33 34 37 72 89| 90 90 33 90
10.00 32| 32| 33| 34 | 34 41 88| 90 90 | 33 (| 90
11.00 32 32 33 33 33 35 52| 89 89 33 90
12.00 32| 32 33| 33| 33 33| 39 57 | 89| 33| 90
13.00 | 32 32 33| 33 33 33| 36 40 | 88 | 33 90
14,00 | 32 32 g5 i - s J 33| 34 35 52| 33 90
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Table 10.1
(Continued)

Time Temperature

t R A T;ﬁe el 2| % 2%
min, | % [ % [% |®° |[®% |% [®% | % |° °% | %
15,00 | 32 |32 | 33 | 33 |33 | 33 | 33 |34 | 48 | 33 | 89
16,00 | 32 |32 | 33 | 33|33 |33 | 33 |34 | 39 | 33 | 89
17.00| 32 |32 |33 | 33 |33 |33 | 33|33 |36 | 33| 89
18,00 | 32 (32 | 33 | 33 |33 [33 | 33|33 | 35 | 33| 89
19,00 | 33 (33 | 34 | 34 |34 | 34 | 34 |34 | 34 | 33 | 88
20,00 | 33 (33 | 34 | 34 [33 | 33 | 34 |34 | 34 | 33 | 87T
20,50 | 33 (33 | 34 [ 34 |33 | 33 | 34 |34 | 34 | 33| 8
21,00 | 33 [33 |34 | 34 {33 | 33 | 34 |34 | 34 | 33| 78
21,50 | 33 (33 |34 | 34 [33 | 33 | 34 |34 |34 | 33 | 65
22.00 | 33 [33 | 34 | 34 [33 | 33 | 34 |34 | 34 | 33| 56
22.50 | 33 (33 | 34 | 33 (33 |33 | 34 |34 |34 | 33| 50
23.00 | 33 (33 |34 | 33 |33 | 33 | 34 |34 | 34 | 33| 46
23.50 | 33 |33 | 34 | 33 (33 [ 33 | 34 [34 |34 | 33| 44
24,00 | 33 [33 | 34 | 33 [33 | 33 | 34 |34 | 34 | 33| 42
25.00 | 33 (33 |34 | 33 [33 | 33 | 34 |34 |34 | 33| 40
26,00 | 33 (33 |34 | 33 |33 |33 | 34 |34 |34 | 33| 39
27.00| 33 |33 |34 | 33|33 [ 33 | 38 [34 [34 | 33| 38
28,00 | 33 (33 |34 | 33 (33 [ 33 | 34 |34 |34 | 33| 36
25,00 | 33 |33 |34 | 33 |33 |33 | 34 |34 |34 | 33| 34




Experimental Data

Tank Size:

Flow Rate = 4.45 l1l./min.

L = 1.524 moy D = 0,203 m,

Table 10,2

Time Temperature

t Tl [0 N T T Y| Te| T "%
min. ° | *¢ °n °n oc e 'g °Q__ o ’Q %0

0 96 96 | 96 95 95 | 95 96 | 96 95 95 | 94
1.00 50 94 | 95 95 95 | 95 95 | 95 95 41 | 94
2,00 36 42 | 94 95 95 | 95 95 | 95 95 35 | 94
3.00 36 36 | 43 92 95 | 95 95 | 95 95 34 | 93
4,00 34 35 | 38 43 91 | 94 94 | 94 94 34 | 93
5.00 5 35| 35 36 41 | 85 93 | 93 93 34 | 93
6.00 35 35| 35 35 36 | 40 76 | 93 93 34 | 93
7.00 | 35| 35| 35 | 35| 34| 36 | 41| 8 | 92 | 34| 93
8.00 3% 35| 35 25 34| 35 37 | 45 82 34 | 93
9.00 35 35| 35 35 34| 35 36 | 35 65 34 | 92
10.00 35 35| 35 35 34| 35 35| 35 41 34 | 92
10.50 35 35| 35 35 34| 35 3% | 35 35 34 [ 83
oo | 35| 35| 35| | sa| 35| 35|35 | 35| 34| 60
11.50 35 351 35 35 34| 35 35| 35 2% 34 | 49
12,00 35 35| 35 35 34| 35 35 | 35 35 34 | 46




Table 10.2
(Continued)
Time Temperature
t T T ™| T | 7T T T T T
1 2 4 5 6 7 8 |9 i o
mn. | % | % |®% | % | ®c | % |° ° | °c 9
12.50 | 35 35 | 35 35 34 | 35 35 35 | 35 34 42
13.00 | 35 35 1= 5 =) 34 | 35 35 35 | 35 24 | 40
14,00 | 35 35135 35 34 | 35 35 35 35 34 | 38
14450 35 35 /39 35 34 | 35 35 35 35 34 36
15.00 | 35 35 | 35 35 34 | 35 35 35 | 35 34 | 35




Experimental Data

Tank Size:

Table 1

0.3

L = 1.524 Me D= 00203 e

Flow Rate = 6.43 1./Ilin.

89

Time Temperature

. | oo | %8 | o3 oot | o8 |06 e | o2 | 3 [ogt] o
0 97 | 97 | 98 | 91 |91 [ 96 | 91| 971 | 97 | 97 | 95
1,00 | 42 |82 | 96 | 95 | 96 | 95 | 96 | 96 | 96 | 38 | 95
2,00 | 37 | 40 | 47 | 94 | 95 | 94 | 96| 96 | 96 | 35 | 95
3.00 | 36 (37 [ 38 | 41 |65 | 94 | 95| 95 | 95 | 35 | 95
4.00 | 35 (36 | 36 | 36 {39 | 43 | 91| 95 | 95 | 35 | 94
5,00 [ 35 |36 | 36 | 35 |35 |37 | 42|68 | 90 | 35 | 94
6.00 | 35 (36 | 36 | 35 |35 |35 | 38| 41 | 64 | 35 | 93
6.50 | 35 (36 | 36 | 35 |35 |35 | 38|37 | 39 | 35 | 84
7.00 [ 35 |37 | 36 | 35 |35 |35 | 36|36 [ 37 | 35|59
7.50 | 35 |36 | 36 | 35 [35 |35 [ 36|36 [ 36 | 35 | 48
8.00 | 35 |36 | 36 | 35 [35 |35 | 36 [ 36 | 36 | 35 | 44
8.50 | 35 |36 | 36 | 35 |35 |35 [ 36|36 [ 36 [ 35 [ 4
9.00 | 35 |36 | 36 | 35 [35 |35 | 36 [ 36 | 36 | 35 | 40

10,00 | 35 (36 | 36 | 35 |35 | 35 | 36 |36 | 36 | 35 | 37

11.00 | 35 |36 | 36 | 35 |35 |35 | 36 | 36 | 36 | 35 | 36




Experimental Data

Tenk Size:

L = 1.524 may, D = 0,203 m,

Flow Rate = 8,82 1./min,

Table

10.4

Time Temperature ~

. T T [T %% | %] &% | ] %%
min. jeg 1% | % % [% |°% [°% |[°% | % |° |°

0 99 [99 | 98 | 97 | 97 | 97 | 97 | 97 | 97 | 98 | 96
1.00 | 41 |45 | 76 [ 95 (97T | 97 | 97| 97 | 96 | 37 | 96
2,00 | 38 (39 | 40 | 51 | 95 | 94 | 96| 96 | 96 | 35| 95
3.00 | 37 | 37 | 37T | 37| 42 | 44| 95| 95 | 96 | 35| 95
3.50 | 37 | 37 | 37T | 36| 37 | 38 45| 48 | 94 | 35| 94
4,00 | 36 | 37 | 36 | 36| 36 | 37T | 40| 43 | 51 35 | 91
4,50 | 36 | 37 | 36 | 36| 36 | 37 | 37| 38 | 42 | 35| 89
5,00 | 36 | 37 | 36| 36| 36 | 37| 37| 37 | 37 | 35| 50
5.50 [ 36| 37 | 36| 36| 36 | 36| 36| 37 | 36 | 35| 44
6,00 | 36| 37T | 36| 36| 36 | 36 | 36| 37 | 36 | 35| 43
7.00 | 36| 37 | 36| 36| 36 | 36| 36| 36 | 36 | 35| 40
8.00 | 36| 37 | 36| 36| 36 | 36| 36| 36 [ 36 | 35| 38
9,00 | 36| 37 | 36 | 36| 36 | 36| 36| 36 [ 36 | 35| 37
10.00 | 36| 37 | 36| 36| 36 [ 36| 36| 36 | 36 | 35| 36




Experimental Data

Tank Size:

Flow Rate = 2,30 1,./min.

Table 11.1

L= 1.524 M., D= 0.305 me

91

Time Temperature
wane | o0 | %8 | % [ogt [ o | o8 |odl | o8 [ %2 oct | %
0 95 | 96 94 94 | 94 93 93 | %4 94 94 | 94
1.00 94 | 96 93 94 | 94 92 93 | 93 93 33 | 94
2,00 58 | 96 93 94 | 94 92 93 | 93 93 33 | %4
3.00 41 | 96 93 94 | 94 92 93 193 93 33 | %4
4.00 36 | 95 93 94 | 94 92 93 1 93 93 33 | %4
5.00 36 | 68 93 94 | 94 92 93] 93 93 33 | %4
6.00 35 | 56 92 94 | 94 92 93 | 93 93 33 | %4
7.00 35 | 42 92 .94 94 92 93 | 93 29 33 | %4
8.00 34 | 38 91 94 | 94 92 92 | 93 93 33 | %4
9.00 34 | 35 57 94 | %4 92 92 | 93 93 33 | 94
10,00 34 | 35 39 94 | %4 92 92 | 93 93 33 | %4
11.00 34 | 35 35 93 | 94 92 92 | 93 93 33 | 94
12.00 34 | 35 35 65 | 94 92 92 | 93 93 34 | 94
13.00 35 | 35 35 43 | 93 93 92 | 92 92 34 | 94
14.00 35 | 35 35 39 | N 93 92 | 92 92 34 | 94
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Table 11+1
(Continued)

Time Temperature

t T1 T TJ T4 T5 ‘1‘6 ‘1‘7 TB 'I'9 Ti To
min. C % oc oc | % °n °- | 9% 0. o¢ 09_
15,00 | 35 |36 [ 35 | 38 | 60| 93 | 93 |92 | 92 | 34 | 94
16,00 | 35 [ 36 | 35 | 37 | 43| 93 | 93 |92 | 92 | 34 | 94
17.00 | 35 | 36 | 35 137 391 86 | 93|92 | 92 | 34| 94
18,00 | 35 [ 36 | 35 | 37 | 37| 51 | 92 (92 | 92 | 34 | 94
19.00 | 35 |36 | 35 | 36 | 37| 43 | 91|92 | 93 | 34 | 94
20,00 | 35 |36 | 35 .36 | 36| 41 | €6 [ 92 | 93 | 34 | o4
21.00 | 35 [36 [ 35 | 36 | 36| 38 | 47| 90 | 93 | 34| 94
22,00 | 35 | 36 | 35 | 36| 36| 38 | 41|58 | 92| 34| 94
23.00 | 35 [36 | 35 | 36| 36| 38 | 39| 42 | 92 | 34 94
24.00 [ 35 | 36 | 35 | 36| 36| 37 [ 38|39 | 91 | 34| 94
25.00 35 | 36 35 36 36| 37 37 | 38 84 34 | 94
26.00 | 35 | 36 | 35 | 36| 36| 36| 36| 37 | 72 | 34| 94
27.00 35 | 36 35 36 36| 36 | 36| 36 60 34 | 94
28.00 35 | 36 35 36 36| 36 36 | 36 54 34 | 94
29.00 | 35|36 | 35 | 36| 36| 36| 36| 36 | 45| 34| 94
30,00 | 35 36 | 35| 36| 36| 36| 36| 36 | 41| 34| 94
3200 | 35| 36 | 35| 36| 36| 36| 36| 36 | 38| 34 94
34.00 | 35| 36 | 35| 36| 36| 36| 36| 36 | 37| 34| 94
36.00 | 35| 36 | 35| 36| 36| 36| 36| 36 | 37| 34| 94
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Table 11.1
(Continued)
Time Temperature
t ol 5% %] % | T ol | T,
min. °C oc oc o .C o o4 % % °c °c
38.00 | 35 | 36 [ 35 [ 36 | 36 [36 | 36 | 36 | 36| 34 | 94
39,00 | 35 | 36 |35 | 36 | 36 |36 | 36 | 36 | 36| 34 [ 93
40.00 | 35 | 36 [ 35 | 36 | 36 |36 | 36 | 36 | 36 34 | 92
41.00 | 35 | 36 | 35 | 36 | 36 | 36 | 36 | 36 | 36| 34 | 90
42,00 | 35 36 | 35 36 36 | 36 36 36 36 | 34 85
43.00| 35 | 36| 35 | 36 | 36 |36 | 36 | 36| 36| 34 | T
44.00 | 35 36 | 35 | 36 | 36| 36 | 36 ( 36 36| 34 | 55
45.00| 35 | 36| 35 | 36 | 36| 36 | 36| 36| 36| 34 | 50
46.00| 35 36| 35 36 36 | 36 36 36 36| 34 | 47
47.00| 35 36| 35 36 36 | 36 36 36 36 | 34 44
48,00 35 | 36| 35 | 36| 36 36 [ 36| 36| 36| 34 | 43
49.00 | 35 | 36| 35 | 36| 36| 36 | 36| 36| 36| 34| 42
50.00 | 35 36| 35 36 36| 36 36 | 36| 36 34| 40
5,00 | 35| 36| 35 | 36| 36| 36| 36| 36 36| 34/ 39
52,00 35| 36| 35| 36| 36| 36| 36| 36| 36 | 34 | 38
53,00 35| 36| 35| 36| 36| 36| 36| 36| 36| 34 | 37
54,00| 35| 36| 35| 36| 36| 36| 36| 36| 36 | 34 | 35|
55000 35| 36| 35| 36| 36| 36| 36| 36| 36| 34| 34




Table 11.2

Experimental Data
Tank Size: L= 1.524 Mey D= 0.305

Flow Rate = 4,45 l./min.

94

Time Temperature
ain. | of | og2| o3 Lok |ags| a6 | o | a8 | o3| ot |
0 97 | 97| 97 | 91| 91| 97 | 91| 91| 97 | 97 | 96
.00 | 73 | 97 [ 97 | 96 | 96 | 97 | 94 | 95| 95 | 34 | 96
2,00 | 46 | 97| 95 | 96 | 96 | 95 | 94 | 95| 95 | 34 | 95
3.00 [ 39 | 71| 94 | 95 | 96 | 94 | 94 | 94| 94 | 34 | 95
4.00 | 37 | 41 {93 | 95 | 96| 92 | 94 | 93| 94 | 34 | 95
5.00 | 37 | 37 [ 50 [ 95 [ 95|91 | 94 | 93| 94 | 34 |95
6.00 36 36 | 36 65 95 | 91 93 93 | 94 34 | 95
7.00 | 36 | 36 | 35 | 50 | 95 |91 | 93| 93| 94 | 34 | 95
8.00 36 36 | 35 40 93 | N 93 93 | 94 34 | 95
9.00 | 36 | 36 |35 | 36 | 48 |91 | 94 | 93| 93 | 34 |95
10,00 | 36 | 36 |35 | 36 | 40 |66 | 94 | 93| 93 | 34 |95
17.00 | 36 | 36 | 35 | 36 | 38 |42 | 92 [ 93 ({93 | 34 |95
12,00 | 36 | 36 |35 | 35 | 37 [38 | 47 | 93| 93 | 34 [95
13.00 36 36 | 35 35 36 | 36 40 91 | 93 34 | 95
14.00 | 36 | 36 |35 | 35 | 36 |36 | 38 | 54 |93 | 34 |95
15.00 | 36 | 36 |36 | 36 | 36 |36 | 38 | 43|92 | 35 |95
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Table 11.2
(Centinued)

Time Temperature

N B B A A D B D D A
16.00 | 36 36 36 | 36 36 36 | 37 39 92 | 35 95
17.00 | 36 36 36 | 36 36 36 | 36 37 90 | 35 95
18,00 | 36 | 36 { 36| 36 | 36 | 36| 36 | 36| 52| 35 | 95
19.00 | 36 | 36 | 36| 36 | 36| 36| 36 | 36| 44| 35| oa
20.00 | 36 36 36 | 36 36 36 | 36 36 i 35 93
21,00 36 | 36 | 36| 36 | 36 | 36| 36 | 36| 37| 35 | 89
22.00 | 36 37 36 | 37 37 36 | 36 36 3T | 35 63
23.00 | 36 37 36 | 37 37 36 | 36 36 37| 35 50
24.00| 36 | 36| 36| 36 | 36| 36| 36| 36| 36| 35 | 44
25.00( 36 | 36 | 36| 36 | 36| 36 36 | 36| 36| 35 | 43
26,00 | 36 | 36 | 36| 36 | 36| 36| 36| 36| 36| 35 | 42
27.00 | 36 36 36| 36 36 36| 36 36 36| 35 41
28,00 36 | 36 | 36| 36 | 36 | 36| 36| 36 | 36| 35| 39
29.00( 36 | 36| 36| 36| 36 | 36| 36| 36| 36| 35| 38
30,00 36 | 36| 36| 36| 36 | 36| 36| 36 | 36| 35| 37
31.00| 36 36 36 | 36 | 36 36 36 36 36 35 36
32.00| 36 | 36| 36| 36| 36| 36| 36| 36 | 36| 35| 35
33.00| 36 | 36| 36 | 36| 36 | 36| 36| 36 | 36| 35| 34




Table 113

Experimental Data
ka Size' L = 10524 I‘l., D= 0-305 ...

Flow Rate = 6.43 1l./min.

96

Time 7 Temperature
MEIRE RERERRBE
0 97 97 | 96 96 96 | 94 95 951 95 93 95
1.00 57 96 | 95 95 95 | 94 95 9% | 95 33 95
2.00 43 58 | 95 95 96 | 94 94 95 | 95 33 95
3.00 39 40 | 88 95 95 | 94 94 9 | 94 33 94
4.00 38 8| 41 94 S5 | 93 94 94 | 94 33 94
5.00 37 37| 37 45 94 | 93 93 94 | 94 33 94
6.00 | 37 | 37| 35 | 38| 54| 92 | 93| 94| 94 | 34| 94
7.00 | 36 | 37| 35 | 36| 39|62 | 93| 94| 94 | 34| o4
8.00 36 36| 35 36 37 | 39 61 93 | 94 4 94
9.00 36 36| 35 36 3T | 37 40 93 | 94 34 94
10.00 36 36 | 35 35 35| 35 38 52 | 93 34 94
11.00 36 36| 35 35 %13 37 43| 93 34 94
12.00 36 36| 35 35 35| 35 36 39| 93 34 94
13.00 36 36| 35 35 35| 35 36 38| 51 34 94
14,00 36 36| 35 35 35 | 35 36 3 1 39 34 84
15.00 36 36| 35 35 35| 35 36 37| 38 34 55
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Table 11.3
(Continued)
Pime Temperature
t T,‘ Tz T3 T4 Ts ‘1‘6 TT TB T9 T:l. '.I!o
min. | °c °c *6ol®% | ] % | ®ci % | %
16,00 | 36 36 339 35 | 35 36 36 36 | 34 43
17.00 | 36 36 351 35 35— 35 36 36 36 | 34 40
18.00 | 36 36 351 35 35 | 35 36 36 36 | 34 39
19.00 | 36 36 35 135 35 | 35 36 36 36 | 34 38
20.00 | 36 36 35| 35 3% Ix39 36 36 36| 34 37
21.00 | 36 36 35| 35 35 | 35 36 36 36 | 24 36
22,00 | 36 36 3/ 35 351 35 36 36 36| 24 36
23.00 | 36 36 - 35—1-35 36 36 36| 34 35




Table 11.4

Experimental Data
Tank size: L= 1.524 Mey Dm 0.305 m,

Flo' Rite - 8-82 ll/nin-

98

Time Temperature

t T, T, | % T | T T, Tg kA _T:'
min, oc oc .G cc .0 ' .C oc oc °C °C

0 97 98 | 97 | 96 | 9T | 97 | 96 | 96 | 96 96 | 96
1.00 57 97 | 96 95 96 | 95 94 | 95 95 33 95
2,00 | 42 | 42 | 87 | 94 | 96 | 94 | 93 |95 | 95 | 33 [ 95
3.00 | 38 | 42| 43 | 93| 95| 94 | 93 |94 | 9% [ 33| 95
4.00 | 37 [ 37| 36 | 42 | 94| % 93 | 94 94 33 | 94
5.00 | 36 | 37 | 35 | 37 | 44 | 87 | 92 | 93 | 94 | 33 | 94
6.00 | 36 | 36| 35 | 35| 38| 4 61 | 93 | 94 | 33 94
7.00 ( 36 [ 36| 35 | 35 | 35| 37 | 40 | 93 | %4 | 33 94
8,00 ( 36 | 36| 35 | 35| 35| 35 | 37 (46 [ 93 | 33 | 94
9.00 36 36 | 35 35 35| 35 36 | 39 93 33 94
10.00 | 36 | 36 | 35 | 35 | 35| 35 | 36 |37 | 45 | 33 | 79
11.00 36 36 | 35 35 35| 35 36 | 36 38 33 51
12,00 | 36 | 36 35 | 35 | 35| 35 | 36 |36 | 36 [ 34 | 45
13.00 | 36 | 36| 35 | 35| 35| 35 | 36 | 36 | 36 | 34 [ 42
14.00 36 36| 35 35 35| 35 36 | 36 36 34 41
15.00 | 36 | 36| 35 | 36 | 35| 35 | 36 | 36 | 36 34 | 41
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Table 11.4
(Continued)
Time Temperature
t T1 T2 !3 T4 T5 TG T7 TB Tg T1 T.
min. % | °¢ ° ° | % °c °% | ° °c % |
16.00 | 36 | 36 35 35 35 | 35 36 | 36 36 34 | 39
17.00] 36 | 36 35 35 35 35 36 | 36 36 34 38
18.00| 36 [ 36 35 35 35| 35 36 | 36 36 34 | 37
19.00( 36 | 36 35 35 35| 35 36 | 36 36 34 | 36
20.00( 36 | 36 35 35 35| 35 36 | 36 36 34 | 35




Table 12.1

Experimental Data
Tank Size: L = 14524 ms, D = 0,356 m,

Flow Rate = 2.30 l./min.

100

Time Temperature
ine | %8 | | % [ ot | ool o8 | of| of|op | ot e
0 96 | 961 96 | 96 | 96| 96 | 96 | 96 | 96| 96 | 96
1,00 | 95 | 96| 96 | 96 | 96| 96 | 96 | 96| 96| 52 | 96
2,00 | 95 | 96| 96 | 96 | ‘96| 96 | 96 | 96| 96| 40 | 96
3.00 | 95 | 96| 96 | 96 | 96| 96 | 96 | 96| 96| 37 | 96
4,00 | 70 | 96| 96 | 96 | 96|96 | 96 | 96| 96| 35 | 96
5.00 | 43 | 96| 96 | 96 | 96 | 96 | 96 | 96 | 96| 35 | 96
6.00 | 38 | 96| 96 | 96 | 96| 96 | 96 | 96| 96| 35 | 96.
7.00 | 37 | 92| 96 | 96 | 96 | 96 | 96 | 96 | 96| 35 | 95
8.00 | 37 | 62| 96 | 96 | 96 [ 96 | 96 | 96| 96| 35| 95
9.00 | 36 | 46 | 95 | 95 | 96 [ 96 | 96 | 96 | 96| 35 | 95
10,00 | 36 | 39|93 | 95 | 95|95 | 95 | 95| 95| 35 | 95
17.00 | 36 | 38| 93 | 94 | 95|95 | 95 | 95| 95| 35 | 95
12,00 | 35 | 37| 92 | 94 | 94 | 94 | 94 | 94| 94| 35| 95
13,00 | 35 | 36| 64 | 94 | 94 | 94 | 94 | 94 | o9a| 35| 95
14.00 | 35 | 36|58 | 94 | 94 |93 | 94 | 94 | 94| 35| 95
15.00 | 35 | 36| 43 | 94 | 94 | 93 | 94 | 94 | 94| 35| 95




Table

1201

(Continued)

101

Time Temperature

t T1 T2 '.T.‘3 T4 T5 TG T7 T8 Tg T1 T.
min. .C Oc .C Oc Oc .c Oc C °C Dc OC
16.00 35 36 | 39 94 9 | 93 94 94 | 95 35 | 95
17.00 35 36 | 37 93 a1 93 94 94 | 95 35 | 95
18.00 35 36 | 36 85 91| 93 94 94 [ 95 35 | 95
19.00 35 36 | 36 66 91 | 93 94 94 | 95 29 95
20.00 35 36 | 36 47 91| 93 94 94 | 95 35 | 95
21.00 35 36 | 36 42 91| 93 94 94 | 95 35 | 95
22,00 35 36 | 36 39 84 | 93 94 9% | 95 35 | 95
23.00 35 36 | 36 38 66 | 94 94 94 | 95 35 95
24.00 35 36 | 36 38 49 | 94 94 94 | 95 35 | 95
25.00 35 36 | 36 37 42| 93 94 9 | 95 35 | 95
26.00 35 36| 36 37 39| N 93 9% | 95 35 | 95
27.00 35 36 | 36 37 8| 77 93 94 | 94 35 | 95
28.00 35 36 [ 36 37 38| 58 93 94 | 94 35 95
29.00 35 36 | 36 37 37| 46 94 94 | 94 35 | 95
30.00 35 36| 36 s L% - 14 42 92 93| 94 35 | 95
31.00 35 36| 36 i 37 41 81 93 94 35 95
32,00 35 36| 36 36 37| 40 63 93| 93 35| 95
33.00 35 36| 36 36 36| 39 51 93| 93 35 | 95
34.00 35 36| 36 36 36| 38 45 911 93 35 95




102

Table 12,1
(Continued)

Time Temperature

i | w2 [ oot | o2 [ o8 [ | W€ Joul | o8] 2 | a2 ]| o2
35.00 | 35 [ 36| 36| 36 | 36|37 | 43| 91| 93| 35| 95
36,00 | 35 | 36| 36| 36 | 36| 37 | 41 | 79| 92| 35| 95
37.00 | 35 | 36| 36| 36 | 36|37 | 39| 62| 92| 35 95
38,00 | 35 | 36| 36| 36| 36 (36 | 39| 50| 92| 35| 94
39.00 | 35 | 36| 36| 36| 36|36 | 38| 43| 91| 35 | 94
40.00 35 36 36| 36 36 | 36 38 39 79| 35 94
41.00 | 35 | 36| 36| 36 | 36| 36 | 38| 38| 64| 35| 94
42,00 | 35 | 36| 36| 36| 36|36 | 37| 38| 53| 35 | 94
43.00 | 35 | 36| 36| 36 | 36| 36 | 37| 38| 46| 35 | 94
44,00 | 35 | 36| 36| 36| 36| 36 | 37| 37| 44| 35| 94
45.00 | 35 | 36| 36| 36| 36| 36 | 37| 37| 41| 35| 93
46,00 | 35 | 36| 36| 36| 36| 36 | 36| 37| 40| 35| 93
47.00 | 35 | 36| 36| 36| 36| 36 | 36 36| 39| 35| 93
48.00 | 35 | 36| 36| 36| 36| 36 | 36| 36| 38| 35| 92
49.00 | 35| 36| 36| 36| 36| 36 | 36| 36| 37| 35| 92
50.00 | 35 | 36| 36| 36| 36| 36 | 36| 36 | 37| 35| 91
51.00 35 | 36 | 36| 35| 35 | 36 | 36 | 36 36| 35 91
52,00 | 35 | 35| 35| 35| 35| 36 [ 36 | 36 | 36| 35 | 9
53.00 | 35 [ 35 | 35| 35| 35 | 35 [ 35 | 36 | 36 | 35 | 88
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Table 12,1
(Continued)

Time Temperature

min, | o) |02 [ w3 ot | o3| 8 | aT [a® |02 | oo
54,00 | 35 35 | 35 35 35| 35 35 | 36 35 35 | 83
55.00 | 35 35 | 35 35 35| 35 35 | 36 35 35|75
56.00 | 35 35 | 35 35 35 | 35 35 | 35 35 35 | 67
57.00 | 35 35 | 35 35 35 25 35 | 35 35 35 | 59
58.00 | 35 35 | 35 35 35| 35 35 | 35 35 35 | 54
59.00 | 35 35 35 35 35| 35 35 | 35 35 35 | 51
60.00 | 35 35 | 35 35 35| 35 35 | 35 35 35 | 48
61.00 | 35 351 35 35 35 | 35 35 | 35 35 35 | 46
62.00 | 35 35 | 35 35 35| 35 35 | 35 35 35 | 44
63.00| 35 35| 35 35 35| 35 35 | 35 35 35| 43
64.00( 35 35| 35 35 35| 35 35 | 35 35 35 | 42
65,00 | 35 35| 35 35 35| 35 3% 35 35 35 | 41
66,00 35 35| 35 35 35| 35 »| 35 35 35| 40
67.00 | 35 35| 35 35 35| 35 35| 35 35 35 39
68.00 [ 35 3| 3 35 35| 35 351 35 35 35| 38
69,00 | 35 35| 35 35 35| 35 35| 35 35 35| 36
70.00 | 35 B 35 35 35| 35 35| 35 35 35 35
T1.00 | 35 35| 35 35 35| 35 35| 35 35 35| 34




Experimental Data

Tank Size:

Table

12,2

I = 1.524 ﬂo' D - 0-356 Re

Flow Rate = 4.45 1./min.

104

Time Temperature
i e LSS % ESL % | Y| T T i [ %
min. % °c pc _JEL 'G oq °c | o¢ o¢ °c °c
0 94 94 | 94| 95 93 | 94| 94 94 | 93 | 94 93
1.00 | 93 | 93| 94| 94 92 [ 93 93 | 93| 93 | 44 93
2,00 | 93 | 93| 94| 94 | 92| 93| 93 | 93| 93 38 | 93
3.00 | 44 | 92| 93] 94 | N 92| 93 | 93| 92 35 | 93
4.00 | 40 | 91 93-}-93 | 91 92| 93 ( 93| 92 35 | 92
5.00 | 38 | 56| 93| 93 { 91 92| 93 | 93| 92 35 92
6,00 [ 37 | 42| 90| 93 | M 92| 93 | 93| 92 35 | 92
7.00 | 36 | 38| 90| 93 | 9N 92| 92 | 92| 92 35 | 92
8,00 | 34 | 37| 51| 93| 91| 92| 92| 92| 92 | 35 | 92
9.00 | 34 | 36| 40| 92 | 9N 92| 92 | 92| 92 35 92
10.00 34 36| 36 | 84 91 92| 92 92 | 92 35 92
11.00 | 34 | 35| 35| 52| 89| 92| 92 | 92| 92 35 | 92
12,00 | 34 | 35| 35| 43| 89 | 92| 92 | 92| 92 [ 35 | 92
13.00 | 34| 35| 35| 40| 66 | 92| 92 | 92| 92 | 35 92
14,00 | 34| 35| 35 | 38| 44 | 92| 92| 92| 92 | 35| 92
15.00 | 34| 35| 35 | 36| 38| 81| 92| 92| 92 | 35| 92




Table 12.2

(Continued)

Time Temperature

" T T | % [T [ %] | T ] T T
min,. oc % % oc °0 oc °0 oc % ° °C
16.00 | 34 35 | 35 |36 | 37 54 | 93 92 92 | 35 92
17.00 | 34 | 35 [ 35 | 36 36 | 44 | 92 | 92 | 92| 35 | 92
18.00 | 34 | 35 | 35 |36 | 35 | 41|68 | 92 [ 92 35 | 92
19.00 | 34 35 35 | 36 35 38 | 48 91 92 | 35 92
20.00 | 34 35 35 | 36 35 a7 | 43 91 92 | 35 92
21,00 | 35 | 35 | 35 | 36 | 35| 36| 4 67 | 91| 35 | 92
22.00 | 35 35 35 | 36 35 36 | 39 51 7M1 3% 92
23.00 | 35 | 35 | 35 |36 | 35 | 36| 38 | 42 | 91| 35 | 9N
24.00 | 35 35 | 35| 36 | 35 | 36| 37 38 | 64| 35 [ 91
25,00 | 35 | 35 | 35| 36 | 35| 36| 36 | 37 | 53| 35 | 90
26.00 | 35 35 | 35| 36 | 35| 36| 36 | 37 42| 35 85
27.00| 35 | 35 | 35| 36 | 35| 36| 36 [ 36 | 39)| 35 | 83
28.00| 35 | 35 | 35| 36 [ 35| 36| 36 | 36| 38| 35 [ 68
29.00| 35 | 35| 35 | 36 | 35| 36| 36 | 36 37| 35 57
30,00| 35 | 35| 35 | 36| 35| 36| 36 ( 36| 36( 35 | 43
31.00] 35 | 35| 35 | 36| 35| 36| 36 | 36| 36| 35 | 46
32,00 | 35 35 | 35 36 35 36 | 36 36 36| 35 43
33,00 | 35 | 35| 35 | 36| 35| 36| 36 | 36| 36 35 | 42
34,00 | 35 35| 35 36 . 35 36 36 | 36 36 35 42
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\
Table 12.2 |
(Continued) /
Time Temperzture
t e 2| T3 | M| Ts| %] M| Ta| To| "i| T
min. | % | % | %[ % | %] %% | % | % | % | °c| °
35.00 35 35| 35 36 | 35 36 | 36 36 36 35 | 40
36.00 35 35 | 35 36 | 35 36 | 36 36 36 35| 39
37.00 35 35| 35 36 | 35 36 | 36 36 36 35| 238
38.00 | 35 35| 35 36 | 35 36 | 36 36 36 35 | 37
39.00 | 35 35| 35 36 | 35 | 36 | 36 | 36 | 36 35 | 36
40.00 35 35| 35 36 | 35 36 | 36 36 36 35| 35
41.00 35 35| 35 36 | 35 36 | 35 36 36 35| 34
42,00 35 IH1x35 36 | 35 36 | 35 36 36 35 | 24




Experimental Data

Tank Size:

Flow Rate = 6.43 1./min.

L - 1.524 III.. D = 0.356 Me

Table 12.3

107

Time Temperature
oin o' |05 | o3 | oh| o | | o8 | o2 o
0 96 96 96 97 | 95 96 | 96 96 99 95 | 94
1.00 | 80 96 96 96 | 95 94 | 94 94 94 38 | 94
2.00 | 52 92 95 95 | 95 94 | 94 94 94 3T | 94
3.00 | 45 75 94 95 | 94 94 | 94 94 94 36 | 94
4.00 | 41 48 94 94 | 94 94 | 94 94 94 36 | 94
5.00 | 40 41 83 94 | 94 94 | %4 94 94 35 | 9%
6.00 | 38 39 47 94 | %4 94 | 94 94 94 35 | 94
7.00 | 37 38 41 87 | 94 94 | 94 94 94 35 | 94
8.00 | 37 37 38 50 | 92 93 | %4 94 94 35 | 94
9.00 | 37 a7 36 44 | 73 93 | 94 94 94 35 | 94
10.00 | 37 a7 36 40 | 48 93 | %4 94 94 35 | 94
11.00 | 37 37 36 38 | 40 62 | 94 94 94 35 | 94
12.00 | 37 a7 36 38 | 38 46 | 93 94 94 35 | 94
13.00 | 37 37 36 38 | 37 41 57 93 94 35 | 94
14.00 | 37 37 36 38 | 37 39 | 48 91 94 35 | 94
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Table 12.3

(Continued)
Time Temperature
M R R RINEIEIE:
15.00 | 36 36 | 36 37 37 | 38 43 56 | 93 35 | 93
16.00 [ 36 36 | 36 36 3] 39 42 | 84 3% | 92
17.00 | 36 36 | 36 36 36 | 36 38 39 | 57 35 | 83
18.00 | 36 35| 35 36 36 | 36 37 37 | 47 35 | 60
19.00 | 36 35| 35 35 35| 35 36 36| 43 35 | 50
20.00 | 36 35| 35 35 B 35 36 35| 33 35 | 45
21.00 | 36 35 | 35 35 35| 35 36 35| 39 35 | 43
22.00 | 36 35 | 35 35 351 /25 36 351 39 35 | 40
23.00| 36 351 35 35 /1 2 36 35| 38 3| 39
24,00 | 36 35| 35 35 35| 35 35 35| 37 35 | 38
25,00 35 35| 35 35 35| 35 35 35| 35 35 | 37
26.00| 35 35| 35 35 Pl 5 35 351 35 35 | 36
27.00| 35 35| 35 35 35| 35 s i 35| 35 35 35
28.00| 35 35| 35 35 35| 35 35 35| 35 35| 35
29,00 35 35| 35 35 31 B 35 35| 35 35| 34




Experimental Data

Tank Size:

Flow Rate = 8,82 1./1!112-

L = 1,524 m., D = 0,356 m.

Table 12.4

109

Time Temperature
atns | o | og2 o2} @05 ogf | of | 02| o2 | o | o
0 97 96 | 96 97 95 | 97 96 | 96 96 96 94
1.00 64 95 | 95 96 94 | 96 95 | 95 95 41 94
2.00 48 94 | 95 95 94 | 95 95 | 95 95 38 94
3.00 41 58 | 90 94 94 | 95 95 | 95 95 37 94
4.00 40 43 | 60 94 94 | 94 94 | 94 94 36 94
5400 39 40 | 46 93 93 | %4 94 | 94 94 35 94
6.00 38 38 | 40 53 92 | 94 94 | 94 94 35 94
7.00 37 37| 38 44 56 | 92 94 | 94 94 35 94
8.00 37 T | 37 40 44 | T2 94 | 94 94 35 94
9.00 36 36 | 37 39 41 | 50 93 | %4 94 35 94
10.00 35 36| 36 38 39 | 43 56 | 93 94 35 94
11.00 35 35 | 36 37 37 | 40 46 | 64 92 35 91
12.00 k. 35| 36 36 37| 38 41 | 55 63 35 75
13.00 35 35| 36 36 36 | 37 38 | 42 47 35 54
14.00 35 35| 35 36 36 | 36 37 | 39 45 35 51
15.00 35 35| 35 36 36 | 36 35 1 37 42 35 50




110

Table 12.4

(Continued)
Time Temperature

" T % [ %S] % | %% | ™| %

min, % °% | % % % | °¢ °a % | °c % | °
16.00 | 35 35 | 35 36 36 | 36 35 36 | 40 35 46
17.00 | 35 35 | 35 35 35 | 36 35 36 | 38 35 44
18.00 ( 35 35 | 35 35 Iy 35 35 36 | 37 35 42
19.00 | 35 35 | 35 35 35 | 35 35 36 | 37 35 39
20.00 [ 35 35 |39 35 35| 35 5 36 | 36 35 38
21.00 | 35 39| 23 35 5. 35 35 36 | 26 34 37
22,00 | 35 35 | 35 35 35| 35 35 36 | 35 34 36
23.00| 35 3559 35 5179 35 36| 35 34 35
24.00 | 35 35 35 35 39725 35 36 [ 35 34 35
25.00 | 35 3% | 35 35 3% | 35 35 36 | 35 34 34




Experimental Data

Tank Size: L = 0,305 m,., Dh = hydraulic diameter = 0,508 m,

Flow Rate = 2,30 1./min,

Table 13.1

m

Time Temperature
MR HE R R BRI R IR
0 - - - - - - 93 | %4
1.00 42 | 94
4.00 36 | 94
18.00 35 | 94
12,00 35 | 94
13.00 35 93
16.00 35 | 93
16.50 35| 93
17.00 35 93
17.50 35| 93
18.00 35| 93
18.50 35| N
19.00 35 90
19.50 35| 89
20.00 35 88
20,50 35 87
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Table 1301

(Continued)

Time Temperature
t %, T | Ty T | T L8 s | To | T2 | To
min, c ?g %0 °a °g og og o¢ og O¢
21.00 - - - - - - - - 35 85
21.50 35 | 84
22,00 35 82
23.00 35 | 80
23.50 3B |77
24,00 35 | 74
24.50 35| 72
25.00 35| T
25.50 35 | 68
26,00 35 | 66
27.00 35 | 65
28.00 35 | 64
29.00 35 | 63
30.00 35 | 62
31.00 35 | 60
32.00 35| 58
33.00 35| 56
34,00 35| 54
35.00 35| 53
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Table 13.1
(Continued)
Time Temperature
t T T4 !5 TG T7 TB T9 Ti To
min. ¢ % % | °c % % | ° °¢ °g_{
36.00 - - - - - - - 35 51
37.00 35 50
39.00 35 49
40,00 35 48
41,00 35 47
42,00 35 46
43.00 39 45
44.00 35 43
45.00 35 42
46.00 35 39
47.00 35 39
48.00 35 | 39
49,00 35 38
5000 g5 38
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Table 13,2
Experimental Data
Tank Size: L = 0.305 m., Dh = 0,508 m,
Flow Rate = 4.45 l./min.
Time Temperature
t T, 7, ‘1‘3 T 4 '1'5 Te 1'7 Ty '.1'9 T, | T
min. % % | ° oa % | °% | °c °% | °¢ °% | %
0 - - - - - - - - - 99 (100
0.50 43 (100
1.00 39 100
2.00 38 100
3.00 38 100
5.00 38 | 100
5.50 38 99
6.00 38 99
8.00 38 98
9.00 383 7
9.50 33 95
10.00 33 92
10.50 38 90
11.00 33 87
11.50 38 | 82
12,00 38 | 19
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Table 1302

(Continued)

Time Temperature
& T, TG !1 !‘
min, .c .c °C °C
12.50 - - 38 76
13.00 38 T2
13.50 38 70
14.00 38 67
14.50 38 64
15.00 38 62
15.50 38 60
16.00 38 58
16.50 38 57
17.00 38 56
17.50 38 54
18,00 38 52
18.50 38 51
19.00 38 49
20,00 38 48
21,00 38 AT
22.00 38 | 46
23,00 38 45
25.00 38 44
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Table 13,2

(Continued)

Time Temperature
t T i o T T T T T T 7 T )
1 2 3 4 5 6 T 8 9 i o
min, | %¢{% | % | %|®% | %|% | % | ®%%]| °%| %
26400 - - - - - - - - - a8 43
27.00 38 42
30,00 38 41
31.00 38 40
32,00 38 39
33.00 38 38
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Table 13.3

Experimental Data
Tank Size: L = 0,305 m., Dh = 0,508 m,

Flow Rate = 6.43 l./min.

Time Temperature
in. | oo | o8 | o3| ok oe | o6 | o] o8| 3] ect| o
0 - | -« AR SN | -] -] - |99 |100
1.00 39 | 100
2,00 39 | 100
3.00 : 39 | 100
4.00 _ 39 | 99
5,00 39 | 99
5.50 _ 39 | 98
6.00 ; - 39 | 96
6.50 | 39 | os
7.00 - 39 | 90
7.50 39 | 86
8.00 39 | 79
8.50 39 | 75
9.00 39 | 70
9.50 39 | 65
10.00 | 39 | 64
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Table 133
(Continued)

Time Temperature

MBIBEHEHEEBIHBEE
10.50 - - = = = = " _ _ 39 61
11.00 39 57
11.50 39 56
12.00 39 55
12.50 39 54
13.00 39 53
13.50 39 52
14.00 39 51
14.50 39 50
15.00 39 49
16.00 39 48
17.00 39 47
18,00 39 45
19.00 39 44
20.00 19 44
21.00 39 43
23.00 39 43
24.00 39 42
25.00 39 41
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Table 1343

(Continued)

Time Temperature
t T T, | Ty s | 55| T | Ty il %
min. % ° °. ° | ¢ % 0 %
26.00 - - - - - - - 39 | 40
39 | 39

27.00




Table 1304

Experimental Data
Tank Size: L = 0,305 m., Dh. = 0,508 me.

120

Time Temperature
o | | | | ][] | o
0 - - - - - - - 101 | 101
1.00 40 101
2.00 39 101
3.00 39 1101
4.00 39 | 100
5.00 39 96
5.50 29 94
6.00 39 80
6.50 39 73
7.00 39 70
7.50 39 64
8.00 39 62
8.50 39 61
9.00 39 57
9.50 39 55
10.00 39 53
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Table 13.4
(Continued)
Time Temperature
t T1 T T3 T‘ T5 TG '!7 ‘1‘8 Ti To
min. ° o oq °Q og og oc % o | 9
10.50 - - - - - - - - 39 | 52
11.00 39 | 50
11.50 39 | 48
12,00 39 | 47
13.00 39 | 46
14.00 39 | 45
15.00 39 | 44
16.00 39 | 43
17.00 39 | 42
18.00 ) 41
19.00 39 | 40
20,00 39 39




o
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Table 14.1

Experimental Data for various AT
Tank Size: L = 1.524 m., D = 0.203 m.

Flow Rate = 4.45 1l./min,

Time Temperature

t T1 T3 T‘ T5 '1‘6 TT T8 T9 Ti To
min. Oc % % | % % 0 ° | ° °% | °¢

0 65 | 63 64 | 64 63 64 | 63 64 64 | 63 63
1.00 46 | 60 63 | 63 62 63 | 63 63 63 | 41 63
2,00 38 40 62 63 62 63 63 63 63 39 63
3.00 37T | 37 41 | 54 62 63 | 63 63 63 | 37 63
4.00 36 | 36 37 | 38 47 63 | 63 63 63 | 37 63
5400 36 | 36 36 | 36 39 47 | 62 63 63 | 37 62
6.00 36 | 36 36 | 36 36 39 | 44 63 63 | 37 62
7.00 36 | 36 36 | 36 36 37 | 38 44 62 | 37 60
7.50 36 | 36 36 | 36 36 37T | 37 41 50 [ 37 59
8.00 36 | 36 36 | 36 36 T | 37 39 42 | 37 53
8.5C 36 | 36 36 | 36 36 3T | 37 38 40 | 37 49
9.00 36| 36 36 | 36 36 37 | 37 37 38 | 37 43
9.50 36| 36 36 | 36 36 sy &8 O 1/ 37 37| 27 41
10.00 36| 36 36 | 36 36 31| 37 N 3T | 37 39
11.00 36| 36 36 | 36 36 37| 37 37 7| 37 38
12,00 36| 36 36| 36 36 37 | 37 37 37| 37 37




Table 14.2

Experimental Data
Tank Silaf L = 1.524 My, D = 0.203 Me

Flow Rate = 4045 lollin.

123

Time Temperature

t T1 T2 13 T4 TE Ts TT TB T9 Ti T.
min. oC oc .c .c .c .c Oc oc Uc Oc Oc

0 2| m |1 |m |72 | 12|72 | T
1,00 | 42|70 | 71 {71 J 10 [ 10 |70 [70 | 71 |43 | T
2,00 | 39 [40 [ 70 |71 |70 | 10 |70 [T | 77 |40 | 71
3.00 | 39 |39 | 42 /63 | 70 [ vo |70 |71 | 71 |40 | 71
4.00 | 39 [ 38 [ 39 |41 |55 | 70 [70 [71 | 71 |39 | 7
5.00 | 39 |38 | 38 |38 | 41 | 49|69 [71 | 71|39 | 71
6.00 | 39 |38 | 38|38 [ 38 | 40 |46 |70 [ 70 |39 | 71
7.00 | 39 |38 | 38|38 | 38 | 38|39 |46 | 69|39 | 7
8.00 | 3938 [ 38|38 | 38 | 38|38 | 41 | 46| 39 | €8
8.50 | 39 (38 | 38|38 | 38 | 38|38 | 20 | 43| 39 | 50
9.00 | 39| 38 | 38|38 | 38 | 38|38 | 39 [ 41| 39 [ 45
9.50 | 39| 38 | 38|38 | 38| 38|38 [ 38| 40| 38 | 42
10,00 | 39|38 | 38| 38 | 38| 38|38 | 38| 3938 | 41
11.00 39 38 38 38 38 38 a8 38 38 38 39
12.00 39 38 38 a8 a8 1:) a8 38 38 38 39
13.00 | 39| 38| 38| 38 | 38| 38| 38 [ 38| 38| 38 | 38




Experimental Data

Tank Size:

Flow Rate = 4.45 l./min.

Table 14.3

Il = 1.524 III.. D - 0.203 me
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Time Temperature
MBI S IRIEEEE
0 80 80 82 81 80 82 81 81 81 80 80
1,00 | 40 |79 | 80 | g1 | 8 | 81 |81 |81 | 81 | 37| 80
2,00 | 36 |39 | 43 |68 | 77 | 80 [79 |79 | 79| 35| 79
3,00 | 35 |36 | 36 |41 | 69 [ 79|79 |79 | 79| 35| 79
4.00 | 35 | 35| 36 |36 | 3.8 | 66 [T7T |79 | 79| 35| 79
5.00 | 35 | 35 | 36 |36 | 36 | 40 | 64 |79 | 79| 35| 79
6,00 | 35 | 35 | 36 | 36 | 36 | 37 |54 |78 | 78| 35| 79
7.00 | 35 | 35 | 36 | 36 | 36 | 36 [ 40 [ 51 | 78| 35| 79
8,00 | 35 | 35 | 36 |36 | 36 | 36|37 |41 | 55| 35| 78
850 | 35 | 35 | 36 |36 | 36 | 36| 36 | 39 | 44 | 35| T8
9,00 | 35| 35 | 36| 36 | 36 | 36| 36 37 | 41 Bl ™
9.50 | 35 | 35 | 36| 36 | 36 | 36| 36 | 37 | 39| 35| 73
10,00 | 35 |35 | 36| 36 | 36 | 36|36 | 36 | 37 | 35| 49
11,00 | 35| 35 | 36| 35 | 35 | 36| 36 [ 36 | 36 | 35| 42
1200 | 35| 35| 36| 35 | 35| 36| 36 | 36| 36| 35| 39
13.00 | 35| 35| 36| 35 | 35| 36| 36 | 36| 36| 35| 36
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Table 14.3

(Continued)

Time Temperature

t

i T T T ? - T T T T T
1 2 3 4 5 6 T 8 9 i o
min. % % L % oc °c % % °% | 9% %
14.00 35 35 36 | 36 35 36 | 36 36 36 | 35 36
15.00 35 35 36 | 36 35 36| 36 36 36| 35 35




Table 15

Experimental Data for Water entering at the top port
Tank Size: L = 1.524 m., D = 0,305 m,

Flow Rate = 4.90
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Time Temperature , T °c
m:n. Q=4.90_1 | Q= 7.29_1.|] Q = 9.60_1.(Q = 10.88_1
min. min min. =
0 95 ‘ 9 95 94
0.50 95 94 95 90
1.00 - 94 93 93 89
1.50 93 90 -89 85
2.00 91 88 87 83
2.50 - 86 84 80
3.00 89 84 82 78
3.50 87 81 79 75
4.00 86 81 78 73
4.50 85 79 76 72
5.00 84 78 74 71
6.00 81 73 70 67
7.00 79 72 67 65
8.00 76 69 65 63
9.00 74 66 62 ﬁP
/
/
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Table 15
(Continued)
Tine Temperature , T °
n:.n. Q= 4.90 1. |Q=7s29 1y | Q = 9.60_1, | Q = 10.88_1,
min min, min. min

10.00 T4 64 60 58
11.00 72 62 58 56
12,00 70 - 57 54
13400 69 59 54 53
14.00 67 58 53 51
15.00 66 56 51 50
16.00 65 55 49 49
17.00 63 - 48 48
18.00 62 53 - 47
19.00 61 51 AT 46
20,00 60 49 - 45
21,00 59 46 - -
22,00 58 - - -
23,00 - 43 - -
24,00 57 . - -
28.00 - 41 - 42
30.00 - 40 - -
32.00 - 39 % -
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Table 15
(Continued)
Time Temperatire , T °C
n:.n. Q= 4,90 1, | Q = Te29 1l,| Q = 9.60_1, |Q = 10.88_1.
min. min min. min
34400 - 38 41 -
35.00 49 - ~ -
364,00 - - 40 -
40,00 - - 39 -
47.00 - - & 40
49,00 45 > - 39
50,00 - - - 38
60400 43 - - -
65600 42 - - -
67 400 41 - o - -
68,00 40 - - -
69.00 39 - - -
T1.00 39 . - -
72.00 38 - | - -




APPERDIX 1I1I

TABULATED AND GRAPHICAL RESULTS



Results

1601

Tank Size: L = 1.524 m.; D= 0.152 m,

130

Volume = 27.80 1. ‘Re, = 3,215
Flow Rate = 2.30 1./min,
T, =9 %, 1 =35°%
min, o¢ Th =T z
0 0 ' 90 1.000 100,09 103.38
0.50 0.041 30 1.000
1.00 0.083 90 1.000
1.50 0.124 90 1.000
2.00 0.165 90 1.000
2.50 0.207 90 1.000
3.00 0.248 90 1.000
3.50 0.289 90 1.000
4,00 0.331 90 1.000
4.50 0.372 90 1.000
5.00 0.414 90 1.000
5.50 0.455 89 0.982
6.00 0.496 89 0,982
6.50 0.538 - 89 0.982
7.00 04579 89 0.982
7.50 10.620 89 0.982
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Table 161
(Continued)

t qt ? i P . £
min. v o =T 90 50
8.00 0.662 89 0.982 100,09 103.38
8.50 0.703 89 0.982
9.00 0.744 89 0.982
9.50 0.786 a8 0.964

10.00 0.827 38 0.964
10450 0.868 38 0.964
11,00 0.910 88 0.964
11.50 0.951 86 0.927
12.00 0,992 86 0.927
12.50 1.084 71 0.654
13.00 1.075 61 0.473
13.50 1.117 51 0.291
14.00 1.158 49 0.254
15.00 1.241 45 0.182
16.00 1.323 43 0.145
17.00 1.406 40 0.091
18.00 1.487 38 0.054
19.00 1.5T1 37 0.086
20.00 1.654 36 0.018




Table 161
(Centinued)
¢ at % i N | & £
21.00 1.736 35 0,000 100,09 103.38




Table 16.2

Results

ka Sizo: L = 1-524 lll., D L 00152 m.

Volume = 27.80 1. Red = 6,221
Flow Rate = 4.45 1l./min.
T, =9 %, 7 =36 °C
i, . > o= 3 3
oc T -1 90 50
0 0 94 1.000 95454 97.97
0.50 0.080 94 1.000
1.00 0.160 94 1.000
1.50 0.240 94 1,000
2.00 04320 94 1.000
2.50 0.400 94 1.000
3.00 0.480 94 1.000
3.50 0.560 94 1.000
4.00 0.640 93 0.983
4.50 0.720 93 0.983
5.00 0.800 93 0,983
5.25 0.840 93 0.983
5450 0,880 93 0.983
5425 0.840 93 0.983
5450 0.880 93 0.983
6.00 0.960 91 0.948




Table 1602
(Continued)
% b o T -7 -
s Qt o 1 £ 90 £ 50
min. v c Tp - T3
8.00 1.280 38 0.034 95.54 97.97
9.00 1.440 36 0.000




Table 16,3

Results

Tank Size: L = 1.524 m., D = 0.152
Volume = 27.80 1. Red - 8.993
Flow Rate = 6.43 1l./min.

(4] L]
Th-94 c, '!1-35 C

135

: ab o i | € 90 €50
min,. v op Th - Tl
0 0 94 1.000 90,37 92.06
0.50 0.116 94 1.000
1.00 0.231 94 1.000
1.50 0.347 93 0.983
2.00 0.462 93 0.983
2.50 0.578 93 0.983
3.00 0.694 92 04966
3450 0.809 92 0,966
4.00 0.925 89 0.915
4.25 0.983 52 0.288
4.50 1,040 48 0.220
4.75 1.098 46 0.186
500 1.156 42 0119
5425 1.214 39 0.068
5.50 1.272 38 0.051
5.75 1.329 37 0.034




136

Table 16.3
(Continued)
! 8L " e € 90 50
min. v o Th - ,1
6.00 1.387 36 0.019 90.37 92,06
7.00 1.624 35 0,000




Table 16.4

Resgults
Tank Size: L = 1.524 m.y, D = 0,152 m.

Volume = 27.80 1. Rad = 12,325
Flow Rate = 8.82 1./min.

T = 94 °C, T, =35 %
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h

t T -

min, Q% o; H ) 90 ) =
0 0 94 1.000 82,90 87.23

0.25 0.079 94 1.000

0.50 0.159 94 1.000

0.75 0.238 94 1.000

1.00 0317 94 1.000

1.25 0.396 94 1.000

1.50 0.476 94 1.000

1.75 0.555 9% 1.000

2.00 0.634 94 1.000

2,25 0.714 93 0.983

2.50 0.793 93 0.983

2.75 0.872 78 0.729

3.00 0.951 51 0.271

3.25 1.031 45 0.169

3.50 1.110 L2 0.152

3475 1.189 42 0.119




Table 16.4
(Continued)
4.00 1.269 38 0.051 82,90 87423
4.25 1.348 37 0.034
4.50 1.427 37 0.034
4.75 1.506 37 0.034
5.00 1.586 36 0.017
5.25 1.665 36 0.017
5.50 1.744 35 0.000
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171
Results
Tank Size: L = 1.524 m., D = 0.203 m.
Volume = 49.56 1. Red = 3,215
Flow Rate = 2,30 1l./min.
2, =91%, 7, =34"%
mIn. % E; ::—::1]* €90 €50
0 0 91 1,000 93456 97470
1.00 0.046 91 1.000
2,00 0.093 91 1.000
3.00 0.139 91 1.000
4,00 0.186 91 1.000
500 0,232 90 0.982
6.00 0.278 90 0.982
7.00 0.325 90 0.982
8.00 0.371 90 0.982
9.00 0.418 90 0.982
10.00 0.464 90 0.982
11.00 0.510 90 0.982
12,00 0.557 90 0.982
13.00 0.603 90 0.982
14.00 0.650 90 0.982
15.00 0.696 89 0.965
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Table 17.1
(Continued)

T =T
W R
16.00 0.743 89 0,965 93456 97.70
17.00 0.789 89 0,965
18.00 0.835 89 0.965
19.00 0.882 88 0.947
20,00 0.928 87 0.930
20,50 0.951 a5 0.895
21,00 0.975 78 0.772
21.50 0.998 65 0.544
22.00 14021 56 0.386
22,50 1.044 50 0.281
23,00 1.067 46 0.211
23.50 14091 44 0175
24,00 Te114 42 0,140
25,00 1.160 40 0.105
26.00 1.207 39 0.688
27.00 1.253 38 0,070
28.00 1.299 36 0.035
29,00 1.346 34 0.000




Table 17.2

141

Results
Tank Size: L = 1.524 m., D = 0,203 m,
Volume = 49.56 1. Re, = 6,221
Flow Rate = 4.45 1./min,
T, =9 %, 7 «3°%
T -7
-:.n. . :; %" 1 “90 50
0 0 94 1.000 91.68 95.50
1.00 0.090 94 1.000
2,00 0.180 94 1.000
3.00 0.269 93 0.983
4.00 0.359 93 0.983
5.00 0.449 93 0.983
6.00 0.539 . 0.983
7400 0.629 | 93 0.983
8.00 0.718 93 0.983
9.00 0.808 92 0.966
10.00 0.898 92 0,966
10,50 0.943 83 0,813
11.00 0.988 60 0,424
11.50 1.033 49 0,237
12.00 1.077 46 0.186
12.50 1.3122 42 0.119




Table 17.2

(Continued)
T - T
t T 1 i
Qt o - & &
min, v °c W 90 50
13.00 1.167 40 0.085 91.68 95.50
14.00 1.257 38 0.051
14.50 1.302 36 0.017
15.00 1.347 35 0.000




y
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Table 17.3
Results
Tank Size: L = 1.524 me, D = 0.203 m.
Volume = 49.56 1. Re, = 8,993
Flow Rate = 6.43 1./min.
T =95°, T =36°C
T -T
-:n. g; :; L, =% €90 "550
0 0 95 1.000 81.92 86.20
1.00 0.130 95 1.000
2.00 0.260 95 1.000
3.00 0.389 95 1.000
4.00 0.519 94 0.983
5.00 0.649 94 0.983
6.00 0.778 93 0.966
6.50 0.843 84 0.813
7.00 0.908 59 0.390
7.50 0.973 48 0.203
8.00 1.038 44 0.135
8.50 1.103 41 0.085
9.00 1.168 40 0.068
10,00 1.297 37 0.017
11.00 1.427 36 0,000




Results

Tank Size:

Velume = 49056 1.

Flow Rate = 8.82 1./min.

Table 17.4

L= 1.524 M., D= 0.203 me

Re, = 124325
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T = 96 °c, 1, =36°%
: et !. o~ " 690 650
min, v ¢ T, - T,
0 0 96 1.000 7664 81.50
1.00 0,178 96 1.000
2,00 0.356 95 0.983
3,00 0,534 95 0.983
3.50 04623 94 0,967
4.00 0,712 91 0,917
4.50 0.801 89 0,883
5.00 0,890 50 0.233
5.50 0,979 44 0,133
6.00 1.068 43 0.117
7.00 10246 40 0.067
8.00 1,424 38 0.033
9,00 14602 37 0,017
10,00 1,780 36 0,000




Table 18.1

Results

Tank Size: L = 1.524 m., D= 0-335 me.
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Volume = 111 1. nbd = 3,215
Flow Rate = 2.30 1./min.
T, = 94 °c, m =34 °c
w | $ IR | fe| =
c h ™ "1
o ° % 1,000 85476 88417
1.00 0.021 94 1.000
2.00 0.041 94 14000
3.00 0.062 94 1.000
4.00 0.083 94 1.000
5.00 0.104 94 1.000
6.00 0.124 | 94 14000
T7.00 0.145 94 1.000
8.00 0.166 94 1.000
9.00 0.186 94 1.000
10.00 0.207 9% 1.000
11.00 0.228 94 1.000
12,00 0.249 94 1,000
13.00 0.269 94 1.000
14.00 0.290 94 1.000
15.00 0.311 94 1.000
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Table 18.1

(Continued)
o | % || =R e | s

1

16.00 0.332 94 1.000 85.76 88.17
17.00 0.352 94 1.000
18.00 0.373 9% 1000
19.00 0.394 94 1.000
20,00 0.414 9% 1.000
21.00 0.435 94 1.000
22,00 0.456 9 1.000
23.00 0.477 94 1.000
24,00 0.497 94 1.000
25,00 0.518 94 1.000
27.00 0.559 94 1.000
29.00 0.601 94 1000
30.00 0.622 94 1.000
32.00 0.663 94 1000
34.00 0.705 94 1.000
36.00 0.746 94 1.000
38.00 0.787 94 1.000
39.00 0.808 93 0.983
40.00 0.829 92 0,967
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Table 18.1
(Continued)

.:n . Q.% |:. ‘:'.i—:';i‘ % 90 - 50
41.00 0.849 90 04933 85476 88417
42,00 0.870 85 0.850
43.00 0.891 71 04617
44,00 0.912 55 04350
45.00 0.932 50 04267
46.00 0.953 47 04217
47.00 0.974 44 04167
48,00 0.995 43 0,150
49.00 1.015 42 0«133
5Q.00 1.036 40 04100
51.00 14057 39 0.083
52400 1.077 38 0.067
53.00 1.098 37 0.050
54.00 1.119 35 0.017
55.00 1.140 34 0,000




Table 18.2

Results
Tank Size: L = 1.524 me, D= 0,305 m,
Volume = 111 1, Bed = 6,221
Flow kate = 4.45 1./min,.

o ) o
Th -9 C, Tl = 34 C
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1% [ole=] o] -

c b= T
0 0 96 1.000 82.38 86414

1,00 0,040 96 14000
2,00 0.080 95 0.984
3.00 0.120 95 0.984
4400 04160 95 0.984
5.00 0.200 95 0.984
6.00 04241 95 0.984
7.00 04281 95 0.984
8.00 0.321 95 0.984
9.00 0.361 95 0.984
10.00 0.401 95 0.984
11,00 0.441 95 0.984
12,00 0.481 95 0.984
13.00 0.521 95 0.984
14.00 0561 95 0.984
15.00 04601 95 0.984
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Table 18.2
(Continued)
t gt T. T = !] £ b 650
min, v o¢c W1
16,00 0.641 95 0.984 82,38 86.14
17.00 0.682 95 0.984
18.00 0.722 95 0.984
19.00 0.762 94 0,968
20,00 0.802 93 0.952
21.00 0.842 89 0.887
22.00 0.882 63 0.418
234,00 0.922 50 0.258
24,00 0.962 44 0,161
25.00 1.002 43 0.145
26,00 1.042 42 0.129
27.00 1.082 41 0.113
28.00 1.123 39 0.081
29.00 1.163 38 0.065
30,00 1.203 37 0.048
31.00 16243 36 0.032
32,00 1.283 35 0.016
33.00 1323 34 0.000




e

Table 1803

Resulte

Tank Size: L = 1.524 m., D = 0,305 m.
Volume = 111 1. Red = 8,993
Flow Rate = 6.43 1./min.

0 o
Th =9 C, Tl =135 C
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t Qt g -’—1: - : € 90 &50
min. v c h 1
0 0 95 1.000 78.40 82.38
1.00 0.058 95 14000
2.00 0.116 95 1.000
3.00 0.174 94 0,983
4,00 0.232 94 0.983
5.00 0.290 94 0.983
6.00 0.348 94 0.983
7.00 0.405 94 0.983
8.00 0.463 9% 0,983
9.00 0.521 94 0.983
10.00 0.579 9% 0.983
11.00 0.637 94 0.983
12.00 04695 9% 0.983
13.00 0;753 9 0.983
14.00 0.811 84 0.817
15.00 0.869 | 55 0333
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Table 18.3
(Continued)
¥ qt %o 2 3 3
min. v °c e 9 -9
16.00 04927 43 0.133 78440 82,38
17.00 0.985 40 0,083
18.00 1.043 39 0,067
19.00 14101 38 0,050
20.00 1.159 37 0.033
21.00 1216 36 0.017
22,00 10274 36 0.017
23.00 14332 35 0.000




v

Table 18.4

Results

Tank Size: L = 1.524 m., D = 0,305 m.
Volume = 111 1. Rad = 12,325
Flow Rate = 8,82 l1l./min.

] 0
T, =9 °%, 7 =35°

152

. a T, T =T . "

min. v oc !h - Tl 90 50
0 0 96 1,000 | 74453 79.06

1.00 0.079 95 0.984

2.00 0.159 95 0.984

3.00 0.238 95 0.984

4,00 0.318 94 0,967

5.00 0.397 94 0.967

6400 04477 94 04967

7.00 0,556 9% 0.967

8.00 0.636 9% 0,967

9.00 0.715 94 0.967

10.00 0.795 79 0.721

11.00 0.874 51 0.262

12,00 0.954 45 0,164

13.00 1.033 42 0.115

14,00 1112 41 0.098

15.00 1.192 41 0.098
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Table 18.4
(Continued)
t Qt T. T -7 £ £

min. v oc ‘!h - 1‘1 90 50
16.00 1.271 39 0.066 78453 79.06
17.00 14351 38 0.049
18.00 14430 37 0,033
19.00 1.510 36 0.016
20,00 1.590 35 0.000




Table 19.1

Results

Tank Size: L = 1.524 me, D = 0,356 m.
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Volume = 151.40 1. Bcd = 3,215
Flow Rate = 2.30 1,/min,.
T =96%, 1, =34°
o | %D 2R s | 5
c h 1
0 0 96 14000 76485 80427
1.00 0.015 96 1.000
2.00 0,030 96 1.000
3.00 0.045 96 1000
4,00 0,060 96 14000
5000 0,075 96 14000
6.00 0,090 96 1000
7.00 0,106 95 0.984
8.00 0.122 95 0.984
9,00 0.137 95 0.984
10.00 0,152 95 0.984
11.00 0.167 95 0.984
12.00 0,182 95 0,984
13.00 0,197 95 0.984
14.00 0.213 95 0.984
15.00 0.228 95 04984
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Table 19.1
(Continued)
¢ qt To T~ £ £
min, v °a !h - Tl 90 50
1600 0.243 95 0.984 76485 80.27
17.00 0.258 95 0.984
18.00 0.273 95 0.984
19.00 0.289 95 0.984
20,00 0.304 95 0.984
21,00 0,319 95 0.984
22,00 0.334 95 0.984
23.00 0349 95 0.984
24,00 0.365 95 0,984
25.00 0,380 95 0.984
26,00 0.395 95 0.984
28,00 0.425 95 0.984
30,00 0.456 95 0.984
32,00 0.486 95 0,984
34.00 0517 95 0,984
36.00 0.547 95 0.984
38400 04577 94 0.965
40.00 0.608 9 0.965
42.00 0.638 94 0.965




156

Table 19.1
(Continued)
: 5 o, Tl $90 ©50

min. v c L
44.00 0.668 94 0.965 T6485 80,27
46.00 0,679 93 04952
48,00 0,729 92 0.935
5000 0.760 91 0,919
52400 0.790 L3 04919
53.00 0.805 88 0.871
54400 0,820 a3 04790
5500 0.836 75 04661
56400 0.851 67 0.532
57«00 0.866 59 04403
58,00 0.881 54 04323
59.00 0.896 | 51 0.274
60,00 04991 48 0,226
61.00 0,927 46 0194
62.00 0.942 44 04161
63.00 04957 43 04145
64.00 0.972 42 0.129
6500 0.989 41 04113
66400 1.005 40 0.097
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Table 19.1
(Continued)
t Qt !. T = ‘.l'! g 5
min, v ° T, =Ty 90 50
67400 1.018 39 0,081 76485 80,27
68.00 1,033 38 0,065
69.00 1.048 36 0,032
70.00 1.063 35 0.016
71,00 1.079 34 0,000




Table 19,2

Results

Tank Size: L = 1.524 m., D = 0.356 m.
Volume = 151.40 1. R'd = 6,221
Flow Rate = 4.45 1./min,

7 = 93 °C, T, = 34 %
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h
T -7

m:n. a5 ':° =T “50 “50

0 0 93 1.000 7517 80.44
1.00 0.029 93 1.000
2,00 0.059 93 1000
3.00 0.088 93 1,000
4.00 0.118 92 0,983
5400 04147 92 0.983
6.00 0.176 92 0.983
7.00 | 0.206 92 0.983
8.00 0.235 92 0.983
9.00 0.265 92 0.983
10.00 04294 92 0.983
11.00 0.323 92 0.983
12.00 04353 92 0.983
13.00 0.382 92 0.983
14,00 0.419 92 0.983
15.00 0.441 92 0.983
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Table 19.2
(Continued)

t q 2 T =T g #
min. \J ¢ Th - Tl 90 50
16400 0.470 92 0.983 7517 80,44
17.00 0.450 92 0.983
18.00 0.529 92 0.983
19.00 0.558 92 0,983
20,00 0.588 92 0.983
21,00 0517 92 0,983
22.00 0.647 92 0.983
23,00 0.676 91 0,966
24.00 0.705 91 04966
25.00 0.735 90 04949
26.00 0,764 85 0.864
27.00 0.794 83 0.831
28400 0.823 68 0.576
29.00 0.852 57 0390
30.00 0.862 49 0.254
31.00 0.911 46 0.203
32,00 04941 43 0.153
33.00 0.970 42 0.136
34,00 0.999 42 0.136
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Table 19.2
(Continued)
: o r | o . .
ik, v °q Th - '!1 90 50
35.00 14029 40 04102 7517 80,44
36.00 1.058 39 0.,085
37.00 1.088 38 04068
38.00 1117 37 04051
39,07 14146 36 04034
40,00 14176 35 04017
41.00 14205 34 0,000

&




Table 19.3

Resgults

Tank Size: L = 1.524 m,, D = 0.356 m.
Volume = 151.40 l. Re, = 8,993
Flow Rate = 6.43 1l./min.

7. - 94 °C, T, = 34 °c

161

h

t st K Pl £ 3

min. v ° !h -7 90 50
0 0 94 1.000 70430 73.25

1.00 0,042 94 1.000

2,00 0.085 9% 1.000

3.00 0.127 94 1.000

4.00 0.170 94 1000

5400 0.212 94 1.000

6,00 0.255 . 94 1.000

7.00 0.297 9% 1.000

8.00 04340 9% 1.000

9.00 0,382 94 1.000

10.00 0.425 94 1.000

11.00 0.467 94 1.000

12.00 0,510 94 1.000

13.00 0.552 94 14000

14,00 0.595 9% 1000

15.00 0.637 94 1.000
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Table 19.3
(Continued)
¢ qt !. T. - T! ¢ €
min, v o rh - !‘1 90 50
16.00 0.680 92 0,967 70430 73425
17.CO 0.722 83 0.817
18,00 0.764 60 0.433
1900 0.807 50 0,267
20,00 0.849 45 0.183
21.00 0.892 43 0.150
22.00 0.934 40 0.100
23,00 0.977 39 0.083
24.00 1.019 38 0+967
25,00 1.062 37 0.050
26.00 10104 36 0.033
27.00 10147 35 0.017
28,00 1.189 35 0.017
29,00 1.232 34 0,000
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Table 19.4
Results
Tank Size: L = 1.524 m., D = 0,356 m.
Volume = 151.40 l. Rod = 12,325
Flow Rate = 8,82 l./min.
T, = 94 °c, T, =34 °c
m:n. Q% :0 :h - : E'90 E"5(}
0 0 94 1.000 66478 69.77
1.00 0.058 94 1.000
2,00 0,117 94 1.000
3.00 0.175 94 1,000
4.00 0.233 9% 14000
5400 0.291 94 1.000
6.00 0.350 94 1,000
7.00 0.408 9% 1.000
8.00 0.466 94 1000
9.00 0.524 94 1.000
10.00 0.583 94 1.000
11.00 0.641 91 0.950
12.00 0.699 75 0.683
13.00 0.757 54 0.333
14.00 0.816 51 0.283
15.00 0.874 50 0.267
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Table 19.4
(Continue)

t qt Ty T, -7 & g
min. v °g - 90 50
16.00 0.932 46 0.200 66478 69.77
17.00 0.990 44 0.167
18.00 1.049 42 0.133
19.00 1107 39 0.083
20.00 14165 38 0,067
21.00 1.223 37 0,050
22.00 14282 36 0.033
23.00 1.340 35 0,017
24.00 1.398 35 0.017
25.00 1.456 34 0,000
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Table 20.1

Kesults

Tank Size: L = 0.305 m., Dh. = hydraulic diameter = 0.508 m,

Volume = 111 1. R.d = 3,215
Flow Rate = 2.30 1,/min.
T, = 9% °C, T, =38 °C
t qt T T, =T B ¢
min, v ¢ T - T 90 50
0 0 94 1000 40,50 50482
1.00 0.021 94 1.000
4.00 0,083 94 1.000
8.00 0.166 9% 1.000
12.00 0.249 94 1000
13.00 0.269 93 0,982
16.00 0.332 93 0.982
16,50 0.342 93 0.982
17.00 0.352 93 0,982
17.50 0.363 93 0.982
18.00 0.373 93 0.982
18.50 0.383 91 0.946
19.00 0.394 90 0.929
19.50 0.404 89 04911
20.00 0.414 63 0.893
20450 0.425 87 0.875




166

Table 20.1
(Continued)
t 9% T Te = T; ¢ £
alin oC Th - !1 90 50
21.00 0.435 85 0.839 40450 50,82
21.50 0.445 84 0.821
22,00 0.456 82 0.786
23,00 0.477 80 0.750
23.50 0.487 77 0.696
24,00 0,497 74 0.643
24.50 0.508 72 0.607
25.00 0.518 7 0.589
25,50 0.528 68 04535
26.00 0.539 66 0.500
27.00 0,559 65 0.482
28.00 0.580 64 0.464
29.00 0,601 63 0.446
30.00 0.622 62 0.429
31,00 0,642 60 04393
32.00 0.663 58 0.357
33.00 0.684 56 0.321
34.00 04705 54 0.286
35.00 0.725 53 0.268
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Table 20,1
(Centinued)
: at . T, = e 8
-~ v °g o= 90 50
36.00 0.746 51 04232 40,50 50482
37.00 0.767 50 0.214
39.00 0.808 49 0,196
40,00 0.829 48 0.179
41.00 0.850 47 0,161
42,00 0.870 46 0,143 _'
43.00 0.891 45 0,125
44,00 0.912 43 0,089
45.00 0.932 42 0,071
46.00 0.953 39 0,018
47.00 0,974 39 0.018
48.00 0,995 39 0,018
49,00 14015 38 0.000




Table 20,2

Results

Tank Size: L = 0.305 m., Dh- 0.508 m,
Volume = 111 1. Rod = 6,227
Flow Rate = 4.45 1./min.

0 [
Th-100 C, TI.BB c

168

X L& " o €90 “50
min,. v ¢ Th - Tl
0 0 100 1.000 38,80 49,70
0,50 0,020 100 1.000
1.00 0,040 100 1.000
2,00 0,080 100 1.000
3.00 0.120 100 1.000
5400 0,200 100 1.000
5450 0.220 99 0.984
6.00 0.241 99 0.984
8400 04321 98 0,968
9.00 0.361 97 0,952
9.50 0.387 95 0,919
10.00 0.401 92 0.871
10.50 0.421 90 0.839
11.00 0.441 87 0.790
11.50 0.461 82 0.710
12.00 0-481_ 79 0.661
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Table 20.2
(Continued)
AR
12.50 0.501 76 0.613 38480 49,70
13.00 0.521 T2 0,548
13.50 0.541 70 0.516
14,00 0.561 67 0.468
14,50 0.581 64 0.419
15.00 0.601 62 0.387
15450 0.621 60 0,355
16.00 0.641 58 04323
16450 0,661 57 06306
17.00 0,682 56 0.290
17.50 0.702 54 0.258
18.00 0.722 52 0.226
18.50 0.742 51 0.210
19.00 0,762 49 0.177
20,00 0.802 48 0.161
21.00 0.842 47 0.145
22,00 0.882 46 0.129
23,00 0.922 45 0,113
25.00 1.002 44 0.097




170

Table 20.2
(Continued)
¢ qt To To ks | 690 6150
min. v °g Tg - !1
26.00 1.042 43 0,081 38,80 49,70
27 .00 1.082 42 0,065
30.00 1203 41 0,048
31.00 1.243 40 0,032
32,00 1.283 39 0.016
33.00 1.323 38 0.000




Results

Table 20.3

Tank Size: L = 0.305 m., Dh = 0,508 m.

171

Volume = 111 1, Rod = 8,993
Flow Rate = 6.43 1./min,
1, = 100 °c , T, =39 %
: 4 T T, - T . ]
min. L °c T =T 2 50
0 0 10Q 1.000 37450 42.37
1,00 0.058 100 1.000
2,00 0116 100 1,000
3400 0.174 100 1.000
4.00 0.232 99 0.984
5400 0.290 99 0.984
5.50 0319 98 04967
6.00 0.348 96 0,934
6050 0377 94 0,902
7.00 0.405 90 0.836
7.50 0.434 86 0.770
8.00 0.463 79 0.656
B.50 0.492 75 0.590
9.00 0.521 70 0.508
9.50 0.550 65 0.426
10.00 0.579 64 0.410
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Table 20.3
(Continued)
t Qt T s =% £ 3
min. % c =T %0 20
10.50 0.608 61 0.361 37.50 42,37
11.00 0.637 57 0.295
11.50 0.666 56 0.279
12,00 0.695 55 0.262
12.50 0.724 54 0.246
13.00 0.753 53 0.230
14.00 0.811 51 0,197
14.50 0.840 50 0.180
15.00 0.869 49 0. 164
16.00 0.927 48 0.148
17.00 0.985 - 47 0.131
18.00 1.043 45 0.098
19.00 1101 44 0.082
20,00 1.159 44 0.082
21.00 1.216 43 0.066
24.00 1.390 42 0.049
25.00 1.448 41 0.033
26.00 1.506 40 0.016
27.00 1.564 39 0.000
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Table 20.4
Results
Tank Size: L = 0.305 m., Dh = 0,508 m,
Volume = 111 1. Re, = 12,325
Flow Rate = 8,82 1./min.
T, =101 %, T =39 °%
’ |t "o o~ T 3 5
min, v % -7 90 50
0 0 101 1.000 35438 45,72
1.00 0.079 101 1.000
2,00 0.159 101 1.000
3.00 0.238 101 0.984
4.00 0.318 100 0.919
5.00 0.397 96 0.919
550 0.437 94 0.887
6.00 0.477 80 0,661
6.50 0.516 73 . 0.548
7.00 0.556 70 0.500
7.50 0.596 64 0.403
8.00 0.636 62 0.371
8.50 0.675 61 0.355
9.00 0.715 57 0.290
9.50 0.755 55 0.258
10.00 0.795 53 0.226
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Table 20.4
(Continued)
¢ k. % E!-:—El £ >
min., . o LA 90 50
10.50 0.834 52 0.210 35.38 45.72
11.00 0.874 50 0.177
11.50 0.914 48 0.145
12,00 0.954 47 0.129
13.00 1.033 46 0.113
14.00 1.112 45 0.097
15.00 1.192 44 0,081
16.00 1271 43 0,065
17.00 1351 42 0.048
18.00 1.430 41 0.032
19.00 1.501 - 40 0.016
20 1.589 39 0.000
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Table 21,1

Results fer Various AT

Tank Size: L = 1,524 m,, D = 0.203 m.
Volume = 49.56 1. Re = 6,221
Flow Rate = 4,45 1./min,

Th-63°C, 11-37°c (AT = 26 %)
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w | SRR | |t

c h ™~ "1
0 0 63 1.000 61470 -

1.00 0,090 63 1.000

2.00 0.180 63 1.000

3.00 0.269 63 1.000

4.00 04359 63 14000

5.00 00449 62 0.962

6.00 0.539 62 0.962

7.00 0.629 60 0.885

T.50 0.673 59 0.846

8.00 0.718 53 0.615

8,50 0.763 49 0,462

9.00 0.808 43 0.231

9.50 0,853 41 0.154

10.00 0.898 39 0.077

11.00 0.988 38 0.038

12.00 1.077 a7 0.000




Results

Tank Size:

Volume = 49.56 1.

Flow Rate = 4.45 1./min.

Table 21.2

Ip = 1.524 Il., D = 0.203 me
R.d - 6’221

T, =T1°C, T =38°% (AT~ 33 °)

176

t at - 8 O ™' Ty £ £
min, v °c =7 90 50
0 0 71 1.000 72410 -
1.00 0,090 T 1.000
2,00 0.180 — L 1.000
3.00 0.269 71 1.000
4,00 0.359 7 1.000
5.00 0.449 (& 1.000
6.00 0.539 T 1.000
T.00 0.629 (A 1000
8.00 0.718 68 0.909
8.50 0.763 50 0.364
9.00 0.808 45 0.212
9.50 0.853 42 0.121
10.00 0.898 41 0.091
11.00 0.988 39 0.030
12.00 1.077 39 0.030
13.00 1.167 38 0,000




Results

Tank Size:

Volllme = 49.56 1.

Flow Rate = 4.45 1./min,

Table 21.3

Il = 1.524 Itl., D = 0-203 ..

T = 90 °c, T, =35°% (AT 45 %)

177

t qt T B | £ €
min, L o T, -1 » 50
0 0 80 1.000 72452 -
1400 0.090 80 1.000

2.00 0.180 79 0.978

3.00 0.269 79 0.978

4,00 04359 79 0.978

5.00 04449 79 0.978

6400 04539 79 0.978

7.00 0.629 79 0.978

8.00 0.718 78 0.956

8.50 0.963 78 0.956

9.00 0.808 77 0.933

9.50 0.853 73 0.844

10.00 0.898 49 0.311

11.00 0.988 42 0.156

12,00 1,071 39 0.089

13.00 1.167 36 0.022
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Table 21,3
(Continued)
t Qt To o " N1 £ £
min. v °¢ =%y ® 20
14,00 1257 36 0.022 T2.52
15.00 1.302 35 0.000




Table 22.1

Results for the water entering at the top port
Tank Size: L = 1.524 m., D = 0.305 m.

Volume = 111 1.

Flow Rate = 4,90 1l./min.

4] 4]
Tb = 95 C, Tl - 38 C

179

me | % N EBE | te | s
min, c h 1
0 Y 95 1.000 11410

0.50 0,022 95 1,000

1.00 0.044 94 0,982

1.50 0.066 93 0.965

2000 0.088 9 0.930

3.00 0.132 89 0.895

3.50 0.155 .87 0.860

4.00 04177 86 0.842

4450 0.199 85 0.825

5.00 0.221 84 0.807

6.00 0.265 81 0.807

7.00 0.309 79 0.719

8,00 0.353 76 0.667

9.00 0.397 T4 0.632
10.00 0441 T4 0.632
11.00 0.486 72 0.596
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Table 22.1
(Continued)

Sl % | s | cw
min, h 1
12,00 0.530 70 0.561 1110
13.00 0.574 69 0.544
14.00 0.618 67 0.509
15,00 0.662 66 0.491
16,00 0.T06 65 0.474
17.00 0.750 63 0.439
18.00 0.795 62 0.421
19.00 0.839 67 0.404
20.00 0.883 60 0,386
21.00 0.927 59 0.368
22,00 0.971 58 0.351
24.00 1.059 57 0,228
35.00 1 «545 49 0.193
49.00 2,163 45 0.123
60,00 2.649 43 0.088
65.00 2.869 42 0.070
67.00 2,958 41 0,053
68.00 3.002 40 0.035
69.00 3.046 39 0.018
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Table 22.1
(Centinued)
Time T -7
t 9;- !o —'—l! = & 90 £ 8
¥iis °c .l 5
71.00 3134 39 0.018 11.10
72 3.17R° 38 0,000




Table 22

Results

Tank Size: L = 1.524 me, D = 0,305 m,
Volume = 111 1,

Flow Rate = 7,29 1l./min.

T, = 94 °c, T =38 °%

02

182

1
. 9t o0 ;'-;—:l €90 € o
min, v c h 1
0 Y 34 1.000 11.10
0450 0.033 94 1000
1.00 0.066 93 0,982
1.50 0.099 90 0.929
2.00 0.131 88 0.893
2.50 0.164 86 0.857
3.00 0.197 84 0,821
3.50 0.230 81 0.768
4,00 0.263 81 0.768
4.50 0.296 79 0.732
5400 0.328 78 0.714
5450 0.361 76 0.679
6400 0.394 73 0.625
7.00 0.460 72 0.607
8.00 0.525 69 0.554
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Table 22,2
(Continued)
HEIREEIRE
min, h 1
9.00 0.591 66 0.500 1110 -
10.00 0.657 64 0.464
11.00 0.722 62 0.429
13.00 0.854 59 06375
14.00 0.919 58 - 06357
15.00 0.985 56 04321
16,00 1.051 55 04304
18,00 1.182 53 0.268
19.00 1.248 51 04232
20.00 14314 49 04196
21.00 13719 | 46 04143
23,00 1511 43 0.089
28,00 1.839 4 0,054
30.00 1.970 40 04053
32.00 24102 39 0.026
34,00 24233 38 0.000
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Table 22.3
Results
Tank Size: L = 1.524 m., D = 0,305 m,
Volume = 111 1,
Flow Rate = 9.60 1./min,
T, =9 °c, 7 =39°%
Time Qt !; !‘ - !; B g
t v a !h - Tl 90 50
min, c
0 0 95 1.000 11.10 -
0.50 0.043 95 1.000
1.00 0.086 93 0.964
1450 0.129 a9 0.893
2.00 0.173 a7 0.857
2.50 0.216 a4 0.804
3.00 0.259 - 82 0.768
3.50 0.302 79 0.714
4.00 04345 78 0.696
4.50 0.388 76 0.661
5.00 0.432 T4 0.625
6.00 0.518 70 0.554
7.00 0.604 67 0.500
8.00 0.691 65 0.464
9.00 0.777 62 0.411
10.00 0.863 60 °f375
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Table 22.3
(Continued)
T:-. 9% :‘ : : : €90 ‘550
min c h 1
11.00 0.950 58 0.340 11.10 -
12.00 1.036 57 0.321
13.00 1.122 54 0.268
14.00 14209 53 0.250
15.00 1.295 51 0.214
16.00 1.381 49 0.179
17.00 1.468 48 0.161
19.00 1.640 47 0,143
34.00 2.935 41 0.036
36.00 30114 40 0.018
40,00 3.459 39 0.000




Table 22.4

Results

Tank Size: L = 1.524 mo, D = 0,305 m,
Volume = 111 1,

Flow Rate = 10.88 1./min,

4] o
Th - 94 C, Tl = 38 C
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Tino - !. T - TI c "
min v % .= T 90 50
0 0 94 | 1.000 11.10 -
0,50 0.049 90 0.929
1.00 0.098 89 0.911
1.50 0. 147 85 0.839
2.00 0.196 83 0.804
2,50 04245 80 0.750
3.00 0.294 78 0.714
3.50 0.342 75 0.661
4.00 04391 73 0.625
4.50 0.440 T2 0,607
5.00 0.489 7 0.589
'6.00 0.587 67 0.518
7.00 0.685 65 0.482
8.00 0.783 63 0.446
9,00 0.881 60 0.393
10,00 0.978 58 0.358
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Table 22.4
(Continued)
e qt To o Bl - Esp
min. ¥ ° =%
11.00 1.076 56 0.321 11.10 -
12,00 1.174 54 0.286
13,00 1.272 53 0.268
14400 10370 51 0,232
15400 1.468 50 0.214
16.00 1565 49 0.196
17.00 1.663 48 0.179
18.00 1.761 47 04161
19.00 1.859 46 0s143
20.00 1957 45 0.1 25
28.00 2,740 42 0.071
47.00 4.599 40 0,036
49.00 4,794 39 0.018
50,00 44901 38 0,000




Table 23.1

Experimental Data and Results

Storage Tank with Copper Iining ( I' = 0.3320)
Tank Size: L = 1.524 m., D = 0,203 m,

Flow Rate = 2,3 1./min., Volume = 27.80 1.

(T0 and T1 were measured at M= 14 T2 and '1‘3 at 1 = 0.50)
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: - T

e | % Lol @l 2] % |
0 96 95 96 95 0 1.000
1.00 96 95 96 95 0.046 1.000
2.00 96 95 96 95 0.093 1.000
3.00 96 95 96 95 0.139 1.000
4,00 96 95 96 95 0,186 1,000
5.00 96 95 96 95 0.232 1.000
6.00 96 95 95 94 0.278 1.000
7.00 96 95 94 94 0.325 1.000
8.00 96 94 89 89 0.371 1.000
9.00 96 94 76 75 0.418 1.000
10.00 96 94 64 66 0.464 1.000
11.00 96 94 48 52 0.510 1.000
12,00 96 94 42 45 0.557 1.000
13.00 95 94 39 41 0.603 0.984
14.00 95 93 37 39 0.650 0.984
15.00 95 9} 37 38 0.696 0.934
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Table 23.1
(Continued)
. T T, v, T qt T <%
min. °¢ °¢ °c °c y T~ Y
16.00 94 93 36 37 0.743 0.743
17.00 93 93 36 37 0.789 0.789
18.00 92 92 35 36 0.835 0.934
19,00 9 91 35 36 0.882 0.918
20.00 90 90 35 35 0.928 04902
21.00 82 83 35 35 0.975 0.775
22.00 65 68 1.021 0.492
23.00 46 48 1,067 0.180
24.00 40 42 1.114 0.082
25.00 37 38 1.160 0.033
264,00 36 38 1.207 0.016
27.00 36 37 1.253 0.016
28.00 35 36 1.299 0.000
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Table 23,2

Experimental Data and Results
Storage Tank with Copper Lining ( I" = 0,2929)

Tank Size: L = 1.524 m., D = 0,203 m.
Flow Rate = 4,45 1./min,, Volume = 27.80 1,

0 °
Th = 96 C, Tl = 36 C

190

e Byl | & | o
min, c c c c h

0 96 95 96 94 0 1,000
1,00 96 95 95 93 0.090 1.000
2.00 95 95 95 93 0.180 0.983
3.00 95 94 95 92 0.269 0.983
4,00 95 94 95 94 0.359 0.983
5400 95 94 91 90 0.449 0.983
6.00 95 94 54 57 0.539 0.983
7.00 95 93 42 46 0.629 0.983
8.00 94 93 -39 42 0.718 0.967
9.00 94 93 37 39 0.808 0.967
10.00 92 92 35 38 0.898 0.933
11.00 81 81 35 37 0.988 0.750
12,00 50 50 35 36 1.077 0.233
13.00 45 46 1.167 0.150
14.00 41 43 1.257 0.083
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Table 23.2
(Continued)

T -7
‘ :° :1 :2 R% F—T
min. () c c h 1
15.00 39 41 1347 0.050
16.00 38 40 14437 0.033
17.00 37 39 1.526 0.017
18,00 36 37 1.616 0.000




Table 23,3

Experimental Data and Results
Storage Tank with Copper Lingin (" = 0.2720)

Tank Size: L = 1.524 m., D = 0,203 m,

Flow Rat. = 6.43 l.fmi_n., volm. - 27.80 l.

T =95 °C, 11-34°c
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h

t T > % T, Qt &5

min. °¢ °c °¢ °¢ v Th =T
0 95 93 95 93 0 1.000
1.00 95 | 94 95 94 0.130 1.000
2.00 94 93 9% 93 .0.260 0.984
3.00 94 93 91 90 0.389 0.934
4.00 94 93 ™ 73 0.519 0.984
5400 93 92 43 48 0.649 0.967
6400 92 92 37 41 0.778 0.951
6450 72 73 34 38 0.843 0.623
7.00 60 61 34 36 0.908 0.426
8.00 45 46 1.038 0.180
9.00 40 42 1.168 0.098
10.00 36 38 1.297 0.033
11.00 35 38 1.427 0.011
12.00 35 37 1.557 0.016
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Table 23.4

Experimental Data and Results

Storage Tank with Copper Iining (M = 0.2543)
Tank Size: L = 1.524 me, D = 0,203 m,

Flocw Rate = 8,82 1./min., Volume = 27.80 1.

T = 92 ¢, -rl.34°c

193

T -7

O A 7 S A
0 92 91 92 90 0 1,000
1.00 92 9 91 90 0.178 1.000
2.00 92 91 90 89 0.356 1.000
3.00 92 90 53 57 0.534 1.000
4,00 91 90 39 44 0.712 0.983
4.50 78 79 36 40 0.801 0.759
5.00 50 54 34 38 0.890 0.276
5450 40 44 34 36 0,979 0.103
6.00 37 39 34 36 1.068 0.052
7.00 36 38 1.246 0.034
8.00 35 a7 1.424 0.017
9.00 35 37 1.602 0,017
10.00 34 36 | 1.780 0.000
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|

Density and Specific Heat of

Solid-Phase ﬁtorlgc Materials

Table 24
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Material Density Specific heat
Kg/u’ K3/°K-Kg
Aluminum 2700 0.88
Aluminum sulfate 2710 0.75
Brick 1698 0.84
Calcium chloride 2510 0.67
Earth dry 1698 0.84
Potassium chloride 1980 0.67
Sodium carbonate 2510 1.09
Cast iron 1754 0.46
River rocks 2245-2566 0.71=0.92




g

Physical Properties of Water

Table 25

02

Density Viscosity Heat Capacity

T P M A
o g/cm” op Cal/g.°C

0 0.,9999 1.7870 1.0080

8 0.9999 14730 1.0028
16 0,9990 11589 1.0002
24 0.9973 0.9321 0.9990
32 0.9951 0.7926 0.9986
40 00,9923 006530 0,9987
48 0.9890 0.5784 0.9991
56 0.9852 0.5038 0.9997
60 0.9832 004665 1.0001
64 009811 0e4442 1.0005
72 049767 063995 1.0016
80 0.9718 043548 10,0029
88 009667 063257 1.0046
96 0.9612 042966 1.0065
100 0.9584 0e2821 1.0076




Table 26

Hotameter Calibration

203

% Rotameter Flow Rate

l./min,
90 8.82
80 7«56
70 6043
60 537
50 4445
40 3.25
30 2423
20 125
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