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Appendix A

CALTIBRATION DATA

Calibration of Rotameter for Lmmonia

102

4 rotameter of "Brooks'" No.7 was calibrated. Triplicated

data of air were obtained and the' average wvalues were reported.

Volumetric flow rate of ammoria were calculated and also reported

here.

Table A4=1
T = 301° K
Rotameter Volumetric flow Volumetric flow
reading\ rafe cf -a3ir rate of NH3
‘ (cm3/sec) (cmj/sec)
10 115 149
20 241 312
30 327 L
40 i Lt 536
50 hon 636
60 . 555 719
70. 588 762




Rotameter reading

1001

80}

60

40}

20}

AUL INYPINEINS
RIATUNRIINGA Y

1 1 i

200 ' 400 . 600

volumetric flowrate of ammonia (cm?/sec)

Fig.A.l Calibration curve of ammonia rotameter



Rotameter reading

100

80

60

40

20

Calibration of Rotameter for Water

Table A-2

e

0 10

20 30

* volumetric flow rate of water (cm3/sec)

Fig.A.2 Calibration curve of water ratameter

Rotameter
reading 18 | 25 | 38 |so |e3 |75 | 87 | 100
Volumetric flow
rate of water 11.0} 15.4 l23.2 30.9] 39.4] 47.6] 54.2 63.3
{(cm3/sec)
[ §
i 1 3 1 4 d A
40 50 60 70




Calibration of C_)rifice meter

Table A-3

T = 301 %k

Manometer Superficial gas | Gas mass velocity
reading (mm) velocity (em/sec) _ ' (gm/sec cma)

3 50 0,05863

6 77 0.09029

10 108 0. 12664
16 142 0.16650
20 157 0 .18409
30, 200 0.23451
e 232 0427203
50 258 0430252
60 283 0.33183
70 300 0.35176

. 8o 322 0.37756
90 342 0440101
110 = 372 0.43618
130 4o3 0.47253
150 Llz 0 «51943
170 k20 0.+55109
190 507 0+ 59448
210 533 0 .62496
250 576 066830
250 627 0.73513

105
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Appendix B
SOME PROPERTIES OF GAS AND LIQUID

Partial pressure of ammonia at the interface is the
pressure of ammonia that is in equildbrium with ammonia solution,
Partial pressure of ammonia that used in this experiment have
been obtained from Intermational Critical Tables (23) as shown in

’ / ‘
Figure B-1

Various physdicalidate of water, gas ammonia and air that

used in this experiment have been cbtained from Perry (24)

Diffusivity of Ammonia in Water

The theory of diffusiecn in liquid is less well dé&eloped
than for gases. There are fcw measuremeﬁts of liquid diffusivi-
ties outside the temperature'range 0% to Lo° ¢y Wilke and Chang
{25) had proposed the relation for estimation of diffusivities
of non-electrolytes insliquids at lew concentratipns of the

diffusing component ' as below: ’

DL/“ < 7uxao'8(m)o'5
i vO-O‘G



wt NH

1 PR | g i S B |

¢] : 4 8 12 .1é 20

) ‘P mm Hy  Hy
Fig.B.1 Partial pressure of ammonia at the interface

in equilibrium with ammonia solution



SXPERIMENTLL DATA AND NUMERICALL RESULTS

Appendix C

‘Static packing height 5 cm

Table =1

T = 301

°x

Hydreulic resistance of bed(mm.H,0)

108

0,0906 0.1820 0.2807 0.3728
50 2 40 2.0 3.5 3.5
77 5.5 6.0 8.5 10.0
102 £ - - -
18 1.0 34.0 14,0 17,0
109 4 - 15,0 -
111 12.5 158 15.0 17.0
114 135 ~ - -
142 STk L 14,0 1640 18.0
157 13.5 14.0 16,0 18.0
200 1345 T5e0 16.0 18.0
232 1345 15,0 16,0 18.0 }
283 1345 150 1640 18.0
322 13,5 15,0 16.0 18.0
360 4.0 16,0 17 .0 18.0
390 4k, 0 16.0 17.0 18.5
L2o 14,0 16.0 17.0 19,0




b, Btatic packing height 20 cm

Table C-2

T

301

K

109

Hydraulic resistance of bed(mm.H,0)

S T, 7.
-““-.‘. cm\“"'f
Uy elemy

(cm/sech™. 7| 0,0906 | 0.1820 # | 0.2807 0.3728
50 2.0 2.0 3.5 3.5
77 575 6.0 8.5 10.0

102 e - - -
108 .0 +*0 14,0 1740
109 - - 1540 -
111 1245 1340 15.0 17.0
114 15.5 - k- -
142 1385 1440 16,0 18.0
157 133 14,0 16.0 18.0
200 13.5 158 16.0 18.0
232 1345 15.0 1640 18,0
283 1345 15.0 16,0 18.0
322 13,5 158€ 16,0 18.0
360 14,0 16,0 17.0 18,0
390 14,0 1640 17,0 18,5
420 1440 16105 1740 19.0
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Table C-3

4ir velocity 283 cm/sec,’

\\<::f\7T\“‘-H Hydraulic resistance of bed(mm.H?O)
U -

L (em)

(em/sec) 10 15 20
00,0906 20 32 43
0.1820 22 s ke
0.2807 25 | 38 . b9
043728 29 Lo 52

Taple C=4

air vellogity 283  icm/sec.

Hydraulic resistance of bed(mm.HEO')

0.0906 0.2807 , 0.3728
5 13.5 16 18
10 20.0 - 25 29
15 : 5240 338 4o
20 ) 43,0 49 52




Table C-5

Height of fluidized bed (cm)
S i 1
vL‘°m’ 5 10 15 20
(g 17 ' | _
(gm/cocem eqﬂo9o6§,182or2807.3728 050641820 | 28071 . 3728].0906 {1827 |.280713728 |.0906 1827 |,2807|3728
. P ! , _ .

0.1665. 7.0 | 7.5 1 8.0 8.5 12.58[13.0 | 13.5(15.0 | 19.0{20.0 20.5|21.0 | 25.5{26.5 | 27.5}28.0
0.1841 8.0 | 8.5 9.0] 9.5] 13,8] 1#.5]15.0[15.5] 20.0[21.0 | 22.0{22.5 | 27.5 28,0 | 29.0130.0
0.2345 9.5 11040 {10.5{11.0| 46.5117.0] 17.518.0 | 24.0}25.01 25.0[{26.0 | 31.5{33.0 | 33.0 34.0
062720 ’10.5 1150 11145/ 12,5 192011940 | 20,0022.0 | 27.0128.0 | 28.5{29.0 36.5 37.0 | 38.0139.0
0.3318 h2.5 13,5 113,5(14.51 22.0123,01 25.0125.5 | 31.0|31.5| 32.0}33.0 | 42.0|43.0 L4 ,0l45.0
0.3776 4.5 115.5 | 15.5{16.0 | 25.0{25.51 26.0§26.5 | 34.0|35.0 | 36.0}36.0 47,0i48.0 | 48.,0}50,0
0.4221 16.0 17;0 | 17.5 18,01 27.5129.01 28.0{28.5 1 37.0}39.0 | 39,5{40.0 | 50.0[50.0 | 51.0|53.0
0.4573 18,0 117.5 218.5 19.0 | 30,0(31:50} 31.0{31.5 | 42.0}41,5 | 42,0/ 43.0 | 53.053.0 | 55.0 5640
.0.4950 rg.o %19.0 an.o 20. 5% 52 00132.5 34.0F34-0 L5, 014%5.,0 | 45,0{46.0 | - - - -

LEL



Table C-6

H

Minimum fluidizatienivelocity (gm/sec cmz)

'S(cm) Cal.from Chen and Dauglas's

_ _ ' 5 10 15 <0 correlation 38 !

L{gn/sec cm®) G, =0.0604D 112 40=03812L
af P
- 040907 0.112 O M5 0108 0,106 0,106
0.1813. 0.100 0.100 Q.097 0.097 - 0.098
0.2795 0,092 0.093% @090 0.088 0,090
0.3713 04080 - 0.083 0082 0,082 0.083

cLi



Table C-7

Height of ‘clear liquid (em)

H , S(cm
b ¢ U ) Seﬁ)
(em) | L (on/se) 157 232 283 390
. 4 - ‘ . :
1 0.1820 . 1.3 143 1.2
5 0.2807 Ty 1.9 1.9 1.8
0.,3728 247 e 2.0 2.1
0.1820 1.3 1.8 1.8 147
10 002807 2;7 2.6 207 2.7
0.3728 2.3 2.8 2.9 2.9
0.1820° 245 246 | 2.6 2.
20 0.2807 3.5 3.6 _ 3.5 3
0.3728 4.2 b1 i 4.1 4,1

cLL



Table C-8

Gas hold-up/from experiment (I_-I%)

' VG
HS UL (Cm) e
(com) (cm) T e 283 390
0.1820 0. 541 0.636 0,703 0.777
5 0.2807 0.489 G600 0.659 0.757
0.3728 9L 495 0.624 0.676 Q747
0.1820 0, 504 04620 0.690 0,770
10 042807 0dh60 0.600 0.650 0,740
0.3728 0.470 0:630 0.650 0,740
0.1820 0.530 0.640 0.690 0.750
20 0.2807 0.510 ° 04640 0,680 0,740
043728 0,500 0.620 0.670 0.730
Gas hold-up calculated
from Kito,et al.'s 051 0.61 0.67 0.77

correlation (228)

HLL



Table C-9

SAN ] ] Hy,
Liquid hold-up from experiment (ﬁ_)

U .
5 g G(cm/éec)
(em) L B 232 283 390
7 (cm/sec) ,
0.1820 @ 144 0,118 0,096 0,069
5 0.2807 o241 | 0.165 0e k1 0.097
0,3728 0422 04160 0.138 0.111
0.1820 ok12h 0.095 0.078 0.055
10 0.2807 70,180 0.130 0.117 0,087
 0.3728 0.181 0.127 0.123 0.092
0.1820 0,089 0.570 0,060 0.049
20 0.2807 0,121 0.095 0.080 " 0.06k
0.3728 0.140 0.105 04091 0.073

SLL



Table C-10

Liquid hold-up base on stétic bed

Ea

Hr. ~Us | height €s1) from éxperiment :
s UL (CT/ N ; ; Calculated from
(cm) sec 532 28 390 Kito,et al.'s
em/sec 157 / % 2 correlation (2,31)]
_ 10.1820 0.20L0 0e 260 Q260 2.240 0.250
5 0.2807 0,380 J0L380 0.380 04360 0.340
0.3728 0.420 0,400 0,400 0.420 0.400
0.1820 . 0.180 0180 0.480 0.170 0.190
10 042807 0,270 Oe 260 0.270 0.270 04250
0.3728 0.280 0=280 04290 0.290 0.300
0.1820 0125 0+130 0+130 0.130 0.150
20 0,2807 ' 0.175 0.180 0.180 0,175 04190
0.3728 0.210 0.205 0,205 0.205 0.230

gL



Table GC-11

Liquid hold-up celculated from equation (2.34)

HS
{cm) (em/sec) 157 | 252 283 390
0.1820 Q52 | 0.125 0.106 0,074
5 0.2807 0.491 DA, N, 0129 0,090
0.3728 0.240 : 0.168 0.142 ' 0.099
0.1820 0.129 0.103 0,087 0.061
10 0,2807 0e157 02125 0.106 0,074
0.3728 0177 0.140 0.119 0.083
0.1820 0+108 0,086 0.073 0.051
20 0.2807 0,129 0.103 0.087 0,061
0.3728 0.148 04118 04100 0.070

FARY



. Table C-12

Height of static packing 8.9 cm.

Over all mass transgfer coefficient(gm-mole/sec cmﬁatm)x10“)
L yx’lo-j
(em/sec) Fr 6Tt 8410 9.6 10.86
. - * 7,.' ~

1.307 4 0.50 4 0.90 0.83 _ 0,82
1.931 ] %11 1.04 i 1.03 | 0498
0.1820 | 2.3k | 1.27 1,21 : . 1415 117
' 2,667 1426 1.%5 - 1425 1.26
2.982 - 1.39 1.36 : 1.33 1441

+ : 4 , _ — ' .
1.307 0.96 /1.02 : 0.9k ] 1408
1.931 | 1e12 . 1.20 | 1.13 _ 1420
0.2322 24344 1.25" 1.29 5 1.20 , 1.35
2. 667 1430 1ok ; 1.35 { 143
2.982 1430 1443 ] 1.ko ‘ 1.67
14307 T.14 1,546 1.08 : Te13
1.931 1.""1 1.38 1 1.25 1-21
0.2807 24304 . 1.47 1,48 ' 1.1 1.43
24667 1454 © .1.63 1.58 j 1,60
2,982 1469 1 61 1.57 1.81
1.307 1.02 1.23 1.1 1,00
1,931 1elt6 133 1428 1430
0.3196 1 2.34%4 Tab7 1o 54 143 | 1450
| 2,667 1.58 1.68 1.47 4 1.61
2.982 1453 1.70 1.55 1487

gLL



Table C-13

Height of Statid Packing 15 cm.

_ Over a2ll mass transier coefficient(gm-mol/sec Cm3atM)X1O“3
UL ) yx'lO'-3 ,
F 3
(en/sec) i . B 8210 9.61 10.86
1307 0,72 - 0.74 0.73 _ 0474
14931 odS2 0.91 0.9 0.82
041820 243k : 0.85 ! 1,08 0.96 0499
2.667 1615 o 1.16 1.4 1.05
2,982 , 1.09 | 1.1& 1420 | 1.25
1,307 0e 30 | 0.93 ‘ 0.95 0.95
1.931 0.94 1.05 1.03 1.12
0.2322 2.3544 0.97 T 1.13 1421
2.667 1.19 RN o] 1.24 1¢26
2,982 ' e tlt 1.20 1.23 135
1.307 0.74 0.86 . 0.90 0.91
: 1.931 0.3 s 1.05 1.10
0.2807 2.344 1,03 1.15 1017 1.15
2.667 1.09 , 1621 1e31 1436
2,982 120 14525 134 1,38
14307 0.80 0.87 0493 0.97
1.931 0490 106 1.06 1,06
0.3196 2,3k 0493 1.08 1.16 1,17
: 2667 . 1407 1.18 1.27 1423
2.982 1ol 1.18 1433 1e31

6LL



Table C-14

Height of static packing 8.9 cm.

"

| Over all mass transfesscoefficient (gu-mol/sec cm}atm)XTO-B

U "'3 . i
G Re yx10

(cm/sec) L 0. ltd 8410 9,61 10.86
'3433 0.80 C.90 0.83 0.82
L, 24 [0Tgele 1.02 0.94 1,08
156.92 5,13 g 1.10 1,08 1413
' 5.85 1#o2 1.23 1.11 1,00
6,82 1 .26 1.30 1.33 1.26
3.33% 111 1,04 1.03 1.98
4, 24 1.12 1420 1.13 1.20
231.88 513 181 138 1,25 1420
5.85 1.46 1633 1.28 1430
6.82 1455 1.61 1.33 1e 54
3.33 1e21 1,21 115 1.17
L, 24 1.25 1.29 1.20 1.35
282.86. %.13 1.47 Tett8 1e41 1.43
5.85 1.47 1.54 1.43 1450
6.82 1455 1.67 1.47 1456
3.33 1.26 1.35 1.25 1426
L 24 1430 1.4 1435 1.43
321.84 5.13 g 163 1¢58 1.60
5.85 1.58 1.68 1447 1461
6.82 1.58 1.75 1¢59 1.73

1747



Table C-15

Superficial, ldguid velocity 0.2807 , om/sec’,

Over all mass transfEp€oefficient (gm-mol/sec cmBatm)x1O~3
U “ :
G
yx‘lO"J
(cm/sec) £ ‘\\\\ 6,43 . 8.10 9.61 10.86
Hg _ ‘ .
| 1,652 T. W £r 1,10 1.08 " 1.13
156,92 0.980 foF L 0.86 0.99 0.91
1.652 1.47 1.48 1.4 . 1.4%
282,86 0.980 1.0% 15 1.17 ' 1.15
) 0.735 oF 518 0,89 0.88 0.90
1,652 1,54 : 1.63% 1.58 ‘ 1,60
321,84 0,980 1409 P 131 ‘ 1.36
0.735 0.81 0.92 ' 0.93 0.99
1;652 1.69 1.61 1457 - 1.81
359,82 0.980 1.20 1.25 1434 | 1.38
0.735 0.92 1402 _ 1.00 | 1.05

et



Table C-16

Superficial liguid/velocity 0.3196 cm/sec

U

Over all mass transfer coefficient (gm-mol/sec cmz’ad:m)><‘lOm3

G i | |

D 6. i 8410 9,61 10,86

(em/sec) | ﬁ; . |
1.652 1.46 I 1033 1.28 R 1430
231.88 0.980 0490 1.06 _ 1,06 1.06
0,735 0.76 0.80 0.86 _ 0.91
1.652 1,47 ' 1454 143 | 1,50
282,86 0.980 0,93 1+08 1¢16 1417
0.735 0.79 0+88 ‘ 0,88 0.89
1,652 1.58 ‘ 1.68 1.47 1461
321.84 0.980 1.07 Ll 1.27 1.23
0.735 0.87 0.88 ‘ 0.94% , 1.05
' 1.652 1e53 ' 4.70 1«55 - 1.87
359.82 0.980 T.14 1.18 1033 1¢31
0.735 0.98 1,02 0499 1413

cel



Table C-17

Superficial liguid velocity 0.3728 cm/sec

Over all mass transfer coefficient (gm-mol/sec cmsatm)x10"3

U
G |

5 3 ' o6 10.86

(on/sec) 6.4 8.10 _ 9.61 B
14652 1855 1.67 1.47 1.57
282.86 0,930 0.99 1410 1.2k 1.17
0.735 0.56 0.86 0.93 0.9h
1.652 1.58 T.75 159 1.75
321.84 0.980 1411 1e25 1.28 1637
0.735 0,97 1.03 0.98 0.98
1.652 1.58 .74 1.66 1.89
359.82 0,980 1419 1421 1435 1.40
0.785 1402 1 1,05 _ 1e14

¢cl
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Appendix D

SAMPLE OF CALCULATIONS

1. Calculation of G

correlation
mf

For H
]
L ec cm2
G 5 =0.3812L
mf

-1510~0.3812(o,0907)
gm/sec om”

2, Calculation of i

O. 1820

cm/sec

ﬂﬁﬂ?ﬂﬂﬂﬁﬂﬂﬂﬁ?
qumnmﬂmgﬂmaﬂ

= 3 -—g——p . 163

1



S

125

= 8.5 = 2.7 = 1.2

8.5
= 0,5k
from Kito, et al's correlation
[ 2o L 0.1/ 0.22
E,G - Q19 DpUG /L - / U
£ kcgn >°'5/i
N 011 0.22
g -o.19<1i75x157x.996) 157
7248 (981x1.75)°%?
- 0151
Calculation of éT
from experimental result
For HS = 5 cm
U = 0.1820  cm/sec
Uy = 157 em/sec
é - ._H.E_.
J 1t [ H
~ 1.2
8.5
= O.,ILI'

from Kito, et al's correlation

D —————— e ———
p/ P ‘
2



SP

If

1l

free opening of supporting grid for mesh 6

equivalent diameter of slot

equivalent diameter of free

]

sectional area

12.8(6368%0395 705 38 0.4
- 129865 1e 75

/

(?81x1.753x0.2382 0.09
0,856 2 !

1+75x0,. 1320504996 -0.34
QR 836

04254

9_1§§9__
9811475

1.75x0.18202x0.99

126

0,684
0.3295 cm

12.15 cnm

7248

volume of bed-volume of particle

volume of bed

169.7%x5 -~ 163 x % | —

1.75

4 69.7X5

348,5 & 457.6
848,5

0.46

ST (12 &4 5
1 & éESL -

0.254(1-0.51)

1+0.25-0.460

04157

é)-o.zu



te Calculation of over 2ll mass transfer coefficient (KGa)

For HS = 8.9 c¢m
UL =  0.1820 cm/sec (QL = 30.89 cm3/sec)
U, = 159 . cm/sec
¥y = 6.l1x107"
Kea = Gy (vy- 73
HP Ay
9, (02" 61)
or K a =
G H, A PA
s Tim
Ny
€, = ———
25x1000

= 0,1002, x 32.37
25 x 1000

=  0,0001297 = 1.30><10‘LF

Mass flow rate of ammonia in water outlet

Volumetric flow rate, of afmonia.in gas, inlet

Mass flow rate of ammonia in gas inlet

Ammonia in air outlet

Mole fraction of ammonia cutlet (ya)

gm-mol/cm3

il

127

17x30.89x1.30x1o"4gm/sec

= 0,06811 "
= 124 cma/sec
= 171x7 .0kx 107 ~ gn/sec
= 104612035 gin/sec
0.12035-0,06811 -gm/sec
0.05224 "o
74,70 cm3/sec
26643

2.81x1o”3



Mole fraction of ammonia inlet Y, = 6.41x107>
p; determine from Figure B-1 Co= 1915 mm H
y1* = 2.52)(10-3

- L

-3

)} -..A('-2 . 81:23:0'73-

0)

‘%@h\?ﬁgﬁm;o
| 2.52x10~3
e

Hence X

3

gm-mol/sec cm” atm

5. Calculation of &

from Table C- 1;Bat Uy =  0.1820 Eﬁ cm/sec

ﬂuﬂaﬂﬂwgﬂﬂanﬁ
ammnwumwmaa

b2y
i
oo
\¥
O
o
o
et
=4
O
g8

128



?.4x1o'8(2.6x18)0'5ﬁg~ 301
25,80 0.836x100

i

2.59x10™7

So Sh x 82,06 x 301

Re

Fr

1

ﬂUEJ’JVIﬁW]?WEJ’]ﬂ‘i

QW’]Mﬂifmﬂﬂﬂﬂmaﬂ

= 0.1841/28.8
0.80x10=7x 1

129
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