Chapter IV
EXPERIMENTAL RESULTS

4e1 Determination of Fluidizing Air Velocities

The minimum fluidizing velocitiy for each particle size is
calibreated as described in 3.3.1 and data is shown in table 4.1« TFor
each particle size, we can find a curve rclated the pressure drop across
the bed and air velocity for one heizhi of fixed bed, so, for the advantaze
of reliability, three curves of such relation are found and it obsecrved
that each maximum pressure drop of a heicht of fixed bed gives the valuve
of minimum fluidizing velocity guite close to each othere For counvenient
keeping up, table 4.1 oonsists of %three paris of data,: each part is
data for one particle size aud will be followed by fhe figure showing
curves ploited from the data in, that part., Therefore, fis 4.1 shows
how U_. for d -0-33°m A8’ determined and so do fig 42,443 for a, = 0451
Qs 64. chia respéctlvely,' All U obtained will be compared to uhose
calculated by different eqﬁa&iﬁns from theory and the fitness is
clarified in the next chaptgn The minimum fluidizing velocities for
dp = 0433,0.,51 and 0,64 oms fron ealibration are 4¢9 , S5¢1 and5»7 m./min
correspondingly. :

The superfﬂ&iél aﬁihvelocity for each particle size is measured
at the enlarged part of fluidizing column by cnaemometier. The air velocity
observed is stronz enouzh to fluidize the fixed bed of 2.5 cme height to
the fluidized bed of 5.0 cme height approximately. Date recorded is
shown in table 4.2 which consists of 3 paris, each part for one particle
size. For dp = 0e¢33 cm the first or prior avers;e of air velocities are
1301313041302 m/min. so gives the final averaze 13.1m/h1n, which is to
be reimbursted to the actual velocity ot the pervious bed as 31.4 m/min
or 52«4 cm/sec. Similarly, the superficial air velocity for dp,= 0.51
and 0464 om are found to be 66.8 and 105.7 cm/sec. resoeetively,
besides that, in order to observe the wniformity of flu1d1z1np air, the
degree of wniformity is expressed in term of deviation percentase which

shows how much different is between the averaze value and the nearest,



Iable 4.1 Determination of Minimum Fluidizing Velocity (Umf%
Fluidizing Colum of 3.75 in diameter or 0.0767ft“cross

sectional area.

dp Height | Pressure{ Volume of Air Floiv Air Velocity
of bed | drop |.__ (107 £t3/min)
(em)| (em) (mmi'-'Héb] 124 nd }Ld av (£t /min)

0433 28 1.0 6.0/ /6.0| 6.0{ 6.0 T8
240 340[-849} 8,0 8.3 10.8

245 11.0f11.0{11.0 [11.0 1443

3¢ 1240]12.0{ 12,0 [12.0 1546

4.0 123112450 12,3 }12.4 1642

440 1340413.0{ 13.0 |13,0 1649

440 2125{2145] 2145 [2145 28,0

440 2645]26,5] 26,5 [26.5 3445

475 | 15 Tl Ted 7.7] 707 10,0

3.0 1055110:511045 [10.5 1347

360 1 10,8110.81048 [10.8 | 1441

560 11071 11e7] 1171117 1543

540 12.0{12,0] 1240 12,0 1547

640 13.2[13.2[13.1]13.2 1742

640 1946[19.8}19.8 [19.5 2545

640 2549}26.0] 25.8 ]25.9 3349

61 140 4¢3] 3.3| 3.8] 4 542

2.0 6e6] 546] 647! 646 8.6

4.0 1063} 10.9] 10.56[10.8 1441

6.5 11e4111.61 11,2114 148

8.0 12,0012.0{ 12.2 11241 5.8

9.0 130} 130[ 13.013.0 1649

940 18.1}18.0} 18.0}18.0 23,7




Table 4¢1 (Continued)

dp Height| Pressure| Volume of Air Flow | Air Velocity
of bed| drop [ (107! £t3/min) |
(cm) (em) (mme ) 185 B4 Sfe oy (£t/min)

D.51 28 145 8.7] 848] 8.8 3.8 11+5

25 10.5{10.5[10.5{10.5 13.7

345 12¢8112.3]13.0}12.9 16.8

400 136011360} 13,0{13,0 1649

440 1440{1347{14.0]13.9 1841

224622, 4122.T]22.6 2945

4765 245 T+5] 8.0] 8.0} 7.9 1063

4.0 10:51115]1 1051068 14.1

6.0/ /| 11:5112,5[ 1242} 1241 1547

Te0 13e1}13:0{ 12.6]12.9 16.8

7.0 1340413.0{ 13.0(13.0 1649

Te0 1341134 1344134 $ie s

F9e4119:8119.T}12.6 25.6

65 2,0 640 5.0] 5.0] 5.0 768

460 12604110 11:5]11.5 1449

5e0 126011201 12,0120 157

545 12:0§12.0] 12.0112,0 15eT

Te5 12:4{12.7] 12:1{12.4 16.2

9.0 1269112 T| 12.1]12.9 16.8

1.0 184011749/ 18.0]17.9 23e4

1.0 215121641 2140}2763 278




Table 4.1 (Continued)

8%

dp Height |Pressure| Volume of Ai_r Flow |Air Velocity
of bed | drop (107" £43 /uig) -

(em) | (om) [(mmomy0)| +S% 2d[ m] 7 (£5/min)
0464 28 045 5¢5{ 56| 5¢5] 5.5 7.8
1.0 8+4] 8.0} 8.5 8.3 1043
- 1067} 1065/ 10461065 13.7
2.2 12671 120211265{12.5 1542
22 15.0] 15.0445.0]15.0 19.6
e 23091 22:2123.4]23.8 31.0
54 0.5 6sT| ' 6.9| 6.8 6.8 849
2.0 1252)12:3112.3]1263 16,0
4,0 1246}1249112.8:12.8 1646

6.0 13:5{130511345{13:5 1746 .
8.0 58114421 1443[ 1443 18.6
940 Aedt 14ebd 143411404 18.8
90 1640} 1650416,0( 16,0 2049
9.0 2303123.3]23,3|23.3 30.4
65 0.5 6.9} 6.9 6.9} 6.9 9.0
2.0 12.0}12.0{12,0{12.0 1546
= 12:7}12.6]12.6}12.6 1604
2.5 13.0{13.0}13.0{%3.0 1649
4e5 1369{ 14.0[1348[13.9 1841
75 1446]15+0{15.0{15.0 19.0
9.0 14eTH 14TV 146T[ 14T 1941
90 19511945[19:5{19.5 2544




58

Air Velocity (ft/min.)

1
: ‘ =
3. A : i i
b & e e N —— i .
jas} L4 !
» :
E° 7 7
~~ oA I
o 4 £ =
4 1
= jr : 1
a3 ' o
| g =
£,
3 i !
o / =
& A :
A, T,
e
4 "'
1
9 =
o8 :
L3 2 i
J :
o6
) ’
U.p = 163 £t/min.
od = 4.9 m/mino
o3 @ me = 28.0 Che I‘
X = . :
! me 47.5 cm
_ AL, = 61.0cm
o]
Y b o 20 o 40 50 60 70 80 D loo

FIG.4.1 MINIMUM FLUIDIZING AIR VELOCITY DETERMINATION FOR d'p = 0433 cme




59

Ipo:
= e :
Lo £ , i
,87ﬁ - i
|
e
.
5 _ v ;
g U, = 17.0 ft/min.
p— .
0,4¢: = 5.1 n/min.
-3
L = 28,0 cm
p‘a (0] mf . ClMe
8 A me = 4705 CMe
a
F13] me = 65.0 CMe
¥ i
0
w & -
8 |
Ay ,‘ ﬁ
1
1
16 It
9 EEERE
@ — = t
o '( |= : -
. b Sy =t 8 BusaE N == 1 " 5;
/ =+ ~ . s » = .
. == T i
ke T = ¥ - - I
y A 1 t
14 L' ol
Vi
4 X :
+ é—;—l‘ 1 = HH 1 THT
=1 i
3 =27 , i
s
i "
2 N
y ALY
]
1
Y < 4 5 ) 758 910 0 0 40 50 6O 70 80 P 100
i Air Velocity (ft/min.)

FIG.4.2 MINIMUM FLUIDIZING AIR VELOCITY DETERMINATION FOR dp = 0.51 cme




60

SHES T EREE BEea

TSN 00 W v

L=2]

n

SEELYRS

(&

=

w

~n

Pressure Drop Ap (mm.HZO)

=~

~
..~“

“F

Q
Y

0.
1)

e

L

i

&

.

S S

Ry

(0] me
A me

X me

= 19.0 ft/min. |

= 5.7 m/min.

= 28.0 ClMe

= 5400 Cle

= 65.0 cm.

ol

lo

>

(] 40 50 70 80 %

Air Velocity (ft/min.)

00

FIG.4.3 MINIMUM FLUIDIZING AIR VELOCITY DETERMINATION FOR dp = 0.64 cm.




\ Table 4.2 Superficial Air Velocity Calibration (Ub)
me = 2,5 om Lf 2 5.0 cm

D | Scale Anaemometer Readin
¢ on bed Deviation I Deviation Deviation
abso abso : abso
(om) (m/min)|1lute [% |l o/2nin} lute |% |l m/3min|lute |%

¢35y 0 1059 1.2 f 2401 1.8 36.3 | 3.4 [846
20 I 13.1 040 | 0.0 2543 0s6 24313965 | 042 0.5
305 181 1.0 l 2444 145 37.2 | 2.5
40 § 1343 0.2 | 2745 1.6 424 | 2.7
50 I 14.5 | 1.4 | 28,2 243 428 | 3.1
60 | 14.8 | 1.7 h2.9f 28.4 2¢5 |97 1 42.3 | 246
70 1 13.4 { 043 | 26,8 0.9 39.4 | 0.3
80 § 12.4 | 047 | 2445 1.4 4045 | 0.8
90 I 11.6 | 145 1 23.4 245 [9e7 |t 3648 | 0.9

Reading Av. || 13.1 { 25.9 T

‘Prior Av. Y
(m/min) 1341 - §13.0. - 13.2

Final Av.

(m/min) 131

Av.Super.
Vel.(m/min) 3144

(em/sec) 5244




Table 4¢2 (Continued).
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r—
dp Scale Anaemometer Reading
on bhed Deviation Deviation Deviation
axbéo abso abso
(em)} , (m/min) | lute] % |Im/2min | lute| % | m/3min | lute {%
0451 10 154 | 145 3195 T1e¢3 4642 | 445
20 1648 | 041|045 13242 | 046 195 12 |"2adf
30 1508 11 2947 3e1 . 460T 4,0
40 17.1 | 0.2 3342 | 0.4 [1322] 5825 | 1.8 J
50 18.9 2.0 37.0 4:2 |12,8 1 5548 | 541 1061
60 19¢4 | 245|145 [136.3 3¢5 55¢6 | 449 1
70 1147 £048 3446 148 54¢3 | 3e6
80 15.7 |12 311 | 16T 49+4 | 13
90 15-4 1.5 2908 3.0 4604- 4.3
Reading Av. 16,9 32.8 5047
Prior Av.
(m/min) 16,9 16.4 1649
Final Ave
(1/min) 16.7 %
AV-SupeI’.
Vele(m/min) 40.1 ‘
(om/sec) 6648 !




Table 4.2 (Continued)
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dp Scale Apacmometer Reading
on bed Deviation Deviation Deviation
abso abso abso
(cm) lute | % |Im/2min|lute |5 m/3min |lute {%
0664 10 2e7 B 4648 | 6o4 6843 1063
20 2.2 48.3 | 449 78.8 0e2 | 063
30 2e8 11046l 4744 | 5.8 [10.9 7543 3.3
40 2.0 5T« 1 3.9 89.0 10.4
50 2+4 5849 1 5.7 90.4 1148 [15.0
60 2.571 5940 | 5.8 [10.9 856 Ts0
70 0ot | Ol 5867 | 545 30.2 146
80 163 532 | 0¢O | 0.0 7561 15
90 241 45431 469 T4.8 3.8
Reading Av. 530 786
Prior Av.
(m/min) 2636 78.6
Final Av.
(m/min) a5kl
Av.duper.
Vele(m/min) 6344
(em/sec) 105,7
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or the average and the farthest. For dp = 0433, the nearest to

average deviates 0,0% and the farthest 12.9% which means the uniformity
of the superficial air velocity for dp = 0e33 cme deviates at most
12¢9%e. Meanwhile for dp = 0451 and 0464 cm the air velocity deviates
at most 14.8% and. 15.0% respectively., Hence the maximun deviation of
the superficial air velocity in this experiment might not exceed 15.0%

from averaze.

4e2 Determination of PFD Feed Rabe (F), Voidaze and Bulk Density

The measurement was degcribed in 3.3.2s. Table 4.3 showed
all the measuring datas Iri details; feed rates for each speed are
averased from the amopnt:of wagzlomerate shown in table 4.6 to 4611
The feed rate F1 was’avera@ed from table 4.6 to 4.8 and F2 from table
449 t0 4e11. For the First vate F1, it is averaged 6.9 gm/min and

the second rate F, = 10.8 gm/min,

4¢3 Determination of Surface Tensione.

The determined surface tensiorof PFD solution used in this
experiment is observed from data relatiyé the surface tension of PFD
in gasoline of variéus PED concentratidn as illustrated by fig 4.4
from which shows that higher concentration of PFD in gacoline increascs
the surface tension in a decreasing rate with an asymtote at the scale
reading 1645 on the mecter. The scale reading on the surface tensiometer
is then calibrated by relating the scale reading and the known values
of surface tension ® shown in table 4.5 and fige 4¢5. The scale
reading of the asymtote presented the surface tension at 28 dyne/cm
and this value would be used in this experiment. It should be remarked
that the surface tension characteristic of polystyrene shown has a sharp
deviation or bending point at the PFD weight = 900 mg/34 gm gasoline
which corresponds to = 23 dyne/cme Therefore, it is reasonable to
anticipate that an individual sticky foam drop will attach to the other

when its surface tension is at least 23 dyne/om.
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Table 4¢3 PFD Characteristics and Feed Rate Determination,

IS o o

‘Particle Weight: Bulk Hater
size of PFD Density filled Voidage
1500m1
(om) (em) (gm/m1)  (m1)
0,33 16455 583
' 18440 617
18420 605
SO ek : 15485 599
17410 603
18450 608
17465 ‘ 595
16445 605
1900 591
16465 603

1Te44 0,0116 60144 04401




Table 4.3 (Continued)

66

Particle Weight Bulk Water

size of PFD Density filled Voidage
1500m1

(em)  (em) (gm/ml)  (ml)

0.51 20450 576
18475 588
18415 597
16,65 586
1775 563
19435 587
17440 564
18435 562
18410 570
1950 532
18445 57649 04385

040123
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Table 4.3 (Continued)

Particle Weight: Bulk Tater
size of PFD Density filled Voidage
1500m1L
(o) () (e/m) (m)
0664 19480 566
21345 569
1735 581
1755 575
18470 570
17295 58
16¢55 530
20030 5 4
1725 56T
18480 : 504,

18457 0.0124 57365 0s382
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Table 4+4 Surface Tension Determination of Polystyrene Solution
in gasoline.

Basis : Gasoline high octane 50 ml. = 34 gm

PFD added Reading Ratio
(mg) (gmPFD/gmegasoline)

0 13¢1 04000

.800 1523 0024
1,800 1545 0,053
24800 1547 0,082
3,800 1548 0e112
44800 1548 0.141
54300 1546 04156
64300 1643 06185
74300 1645 04215
7,800 1645 0.229
9,000 : 1745 04265
10, 500 174 00309
119500 1361 R i Bk 38

Table 4.5 Surface Tensiometer Calibration

T

System Tensiometer Actual
Reading Surface Tension
- dyne/bm.
1e Air Ethanol 1444 2246
2¢ Air CGL4 167 2648
3¢ Air Benzene 1720 289

de Air Water 2711 T19




Surface. Tensiometer Heading
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A4 The Relationships of the Fecd of Agslomerating A,f;e;p‘jc.(c) 3 the
Number of Agzlomerates(N), PFD Feed Rate(RF) and PFD Qi-,?f_‘:i.(dp)

The experiments were conducted ot the fixed two PID feed
rates so there should be two different feed rates of PFD for a group
of different PFD sizes. For ecach PFD size, various amount of gasoline
fed was spreyed through the inlet duct of the distribuitor. The number
of agglomerates (N) occured during travellins along the bed lensth
was counted as details shomm in table 4.6 to 4.11 and the relationships
between gesoline fed (C) and number of agplomerates occured (IN) are
presented in fig 446 to 4+11+ , The overall result is also shown in
fig 4412 which brought the curves from the foreconing fiz 4.0 to 4+11
so that the effect of 4he Ao feed rate on different PFD size could be
inspeciede Fig 412 infoi"med that the lower PFD feed rate (F) more
agclomerates (N) wes obtaineds The slope and intersection of the -straight
line that related I versus C in Fig 4.6 to fiz 4.11 were evaluated by
computer by means of Lc gt Sguare Jlethod, The result run by computer
was shown in table 4.12 i% 8howed two evaluations, the exponential and
linear regression s}\n& -by-eonsidering the sum of siuare error, the

. i & : ; 5 s
linearts is sma.llerfrqnd, determined tofgitisfy the datas



- Table 4:6 Bffect of gasoline on number of agglpmérates
PFD diameter = 3.3 m.m.
PFD feed rate = 7.8 gm/min

" S

Agglomerate Unagglomerwbe ;
Gasoline lumber of- drops in Total Weight Volume
ul/5 min an agglomerate cluster Cluster| (gm) (ml)
2 (3-/!) (a_f\'r-g\(m_od\)?o ;
150 b 3 7 39 |- 3500 ﬁ
160 $ 8 2 - £5 39 1 3500
150 78 S 39 | 3500
150 § o b 39 | 3500
155 s & </ /k 9 39 | 3500 ;
165 7 1 8 ¥ 3500
150 - G B BT 13 38 3400 |
150 8 & 4 12 38 3400 |
150 7 et g 38 | 3400
150 5 | 5 39 | %0 |
150 ¥ .3 - 2 1 14 39 3500
160 5 $ 3 4 1 40 3500
155 B GIULE 15 42 3600 1}
160 17 2 = = 1 20 39 3500 }
250 voa8. 3 15 ' 38 | 3500 |
25 B - & - s 1 B 400 |
245 ¥y 5.3 W | 39§ 3500
2445 g s 3 16 Lo 3500 |
250 s 9 & 3 17 41 3500 {
250 el e G S 39 | 3500 |
254 9 6 - 2 17 ' 38 | 3400 §
260 e s 3 2 T 18 | 40 3500




Table 4.6 (Continued)
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R T —

Agglomerate Unagglomerate
Gasoline Number of drops in Total Weight | Valume
nl/5 min an agglomerate cluster Cluster (gm) (m1)
’ 2 (3-4)(5-68(7-9)(10~20) > B
250 i T 38 3400
260 g% 39 3500
250 M4 15 42 3600
L 250 g A 16 42 3600
250 5 3 10 42 3600
250 Bd /A D NN 19 2 3100
260 3 3 38 3400
{5 0. 2 /7% 1 39 3520
} 2h5 G R 6 39 3500
1 245 . 8 20K 18 39 3500
250 10 7 17 40 3500
420 8 6ml 3 3 ga 1. 4o 3500
420 A B S 62 40 3500
420 ey 8 2l 42 3600
420 R, R RO 33 39 3400
420 A Tkl . 4 38 3400
420 By LT SR 26 | 42 3600
| u2s w9 28 [ETI 3600
{ w30 e SO AR 27 M| 3500 "
w30 oW on S 35T 43 700 F
425 N TR 89 jiag 3400
Y, N Ty g 20 38 3400
| 435 & Biia 26 36 3300
435 T gl e 18 38 3400
435 5 4 - 8 17 29 3500




Table 4.6 (Continued)

74

Agglomerate Unagglomerafe
Gasoline Number of ‘drops in Total Weight Volumé
nl/5 min an agglomerate sluster Cluster (gm) (ml)
2 (3-2Y5=6)(7-2),(10=20) » ®
425 o 2 9 40 3600
425 - A SN 25 41 3700
L25 10° 11 =14 28 39 3500
525 @4 TS 7 N b2 39 3500
540 25 11 M ///8. ) 28 65 39 3500
540 16 12 4 8 31 4s 3900
540 ae 17 17/ /W 51 40 3600
530 DT AR |\ @ & s
520 B0 2 3 1 Lé 38 3400
520 12 & 5 == 2 26 42 3600
520 - * = = = @; e -
520 S S SR - 1 29 40 3500
520 R R T 35 39 3400
620 27 24 18 - - 3 72 38 3400
520 15 VsILALPNLIg 33 39 3500
520 R R . ® b “
520 g s % 18 4y 3600
520 w9 o 2 - 2 34 L2 3600
530 » 0 i v T iy LY @ I ¥
520 . - = - = e ® 3 y




70 PFD particle size, dp = 0433 cm.

PFD feed rate, F, = Te8  gm/mink
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FIG. 4.6 EFFECT OF GASOLINE ON THE PFD AGGLOMERATION FOR dp=0.33 cme AT F1




= 5.1 m.m,

PFD feed rate = 6.6 gn/uin

Table 4.7 Effect of gasoline on number of agglonerates
PFD diameter

Agglomerate Unagglomerate
Gasoline Humber of drops in Total Weight Volumé
n1/5 min an agglomerate cluster ] Bruster (gn) (n1)
2 (3-4(-6)(7-9)(10-20)> 20
150 7 b 1 12 30 3300
155 6 2 8 1 32 | 3400
140 7 - y’ 9 31 3400
150 b 5 9 33 3500
150 5.3 6 32 3400
155 -8 1 9 33 3500
155 6 3 1 10 35 3600
165 b 2 3 9 32 3400
165 7 1 2 10 30 3300
165 L 7} 3 ] 3600
165 e TR 2 it 233§ 860
L7V - i 2 » . 0 35 § 3700
155 3 5 8 32 3500
155 7 . 1 8 33 3600
155 5 5 30 3500
155 6 4 16 32 3400
155 7 4 1 12 34 3600
250 e 5 :: 32 { 3500
250 7 8 2 2 18 30 1 3400
250 B9 20 29 3300
250 5 6 - 2 13 32 4 3600
250 & 10 1 - 17 34 3700
: {




Table 4.7 (Continued)

o~
-3

~3

Agglomerate [ Unagglomerate
Gasoline Number of drops in Total Weight; Volume
n1/5 min an agglomerate cluster Dbk ey (an) (nl)
2 (3~4(-5(-9)(10-20) 5 B
250 15 2 1 g 1 19 30 3300
250 6 3 - 1 2 12 33 V.3600
245 8 - & 1 13 30 3400
255 = 4 5 1 10 34 3700
250 L 11 1 16 32 3600
255 3 1 o 1 5 33 3600
255 10 3 2 15 33 3600
255 13 17 o 2 22 34 3700
250 9 v it 11 35 3700
250 . L - 1 12 32 3500
255 8 3 1 3 18 33 3600
255 11 9 3 = 1 24 34 3600
250 8 - 2 1 11 32 3500
420 R | 9 34 3300
420 13 14 1 3 31 34 3300
420 8 L 3 1 2 18 34 3300
420 18 10 1 2 ~ 26 34 3300
435 7 3 8 18 34 3300
4ho R T A 2k 34 3300
k35 7 3 2 20 34 3300
435 25 3% 12 L 3 62 34 3300
435 8 amgs " 1 17 34 3300
435 7 3 5 1 3 14 34 3300
420 g oas s - 2 16 34 3300
425 RS A D 7 34 3300




Table 4.7 (Continued)

Agglomerate Unagglomerate
Gascline fumber of drops in Total Weight | Volume
mi/5 i an agglomerate cluster ¥ cruster (gn) (i)
2 (3-4(-6) (-A10-29 >20
425 DT 3 3 18 34 3300
420 10 2 2 19 34 3300
420 8 L 1 2 15 34 3300
420 6 6 3 1 16 34 3300
420 10 13 MA 5 1 2 42 34 3300
420 14 5 - 1 20 34 3300
420 6 6 3 1 1 17 34 3300
525 - - # \: A ¥ ® -~ -
525 8 2 L & 2 1 24 34 3300
545 7 8 1 b 5 3 23 34 3300
540 10 5 3 i 1 1 24 35 3400
540 - - - - - - ® - -
525 11 5 3 L 23 35 3400
525 35 _16 7 1 5 4 68 35 3400
540 6 5 Ly - - 20 34 3300
530 817 19 3 b 72 34 3300
530 207%'13 2 1 2 L2 34 3300
525 9 3 3 2 21 34 3300
530 5l ET R R S S ® - -
525 11 5 - » 2 1 19 34 3300
540 8 6 4 - 3 oz 35 3400
545 o g e R e T £ - -
525 ke R RS 1 22 34 3300
o ¥ 4 6 3 6 1 2 2 20 34 3300
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FIG. 4.7 EFFECT OF GASOLINE ON THE PFD AGGLOMERATION FOR dp=0.51 cme AT F
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PFD diameter = 6.4 m.m.
PFD feed rate = 6.3 gm/min

Table 4.8 Effect of gasoline on number of agglomerates

Agglomerate Unagglomerate g
Gasoline MNumber of drops in Total Wedight | Volune
i an agglomerate cluster
ml/5 min Cluster (gm) (ml)
2 (-806=9(-9) 10-20) » ©
150 - - - - - 0 33 3500
160 - R P P77 1t B - 0 30 3300
160 b2 LSk - - 6 32 3400
160 = = ==L - 0 32 3400
160 3 3 33 3500
160 B - - - - - 0 34 3600
160 2 2 23 3600
160 5 5 33 3500
150 - - - - - - 0 32 3500
150 3 3 34 3600
160 3 3 33 3500
150 - - - - - - 0 34 3600
255 8 6 MR TTN 19 33 3500
265 3 3 2 7 32 3400
255 6 3 4 2 2 18 34 3600
265 9 3 1 13 30 3200
265 b 3 2 ) 32 3400
255 7 L 3 - 1 15 32 3400
255 5 1 - 1 7 35 3700
255 7 L - 2 13 34 3600
255 b b 33 3500
255 5 3 2 10 33 3500
265 L - 2 6 32 3400




Table 4.8 (Continued)

Agglomerate Unagglomerate
Gasoline Sumber of dxops in 5 Total Weight | Volume
an agglomerate cluster |
nl/5 min - Cluster (gn) (m1)
2 (-4)(5-6) (7-9(10-20>D
255 2 < 33 3500
255 6 it - 1 9 34 3600
255 3 4 - 8 32 3400
270 3 73 6 34 3600
270 2 , 2 33 3500
265 b S 8 32 3400
255 § SR 7 32 3400
420 ; 4 v _ 12 30 3300
425 6 68 VT 18 30 3300
420 ol L 15 30 3300
420 8 3Ne=x i 13 30 3300
420 L 5 9 30 3400
435 6. B3l g 10 30 3400
435 i & - 1 10 30 3300
L0 3 V% 5 30 3300
435 AT 14 32 3400
435 6 i g 13 32 3400
420 L1 1 16 32 3400
420 B & 1 11 32 3400
L2s 7 b 1 12 30 3300
435 A R g 21 30 3300
L25 10 58 11 30 3300
420 ESNE LR 13 30 3300
L20 8 L 2 2 19 30 3300
420 2 7 32 3400




Table 4.8 (Continued)

5
0L

Agglomerate Unagglomerate
Gasoline ggmzzglgieizzgsciﬁster Total Weight | Volume
ml/5 min } 4 Cluster (gn) (m1)
2 (3=46-6)(7-9)(10-20>D
30 AT e 1h 30 3400
510 6 9 - 1 16 30 3400
515 7 3 10 30 3400
515 4 8. 3 15 30 3400
525 SRR L E Y 22 32 3600
525 g £y 15 32 3600
525 9 . 3 12 30 3400
525 4 5 9 30 3400
525 §oe o UERL b 13 30 3400
530 5 2 = : 8 30 3300
540 6 5 48 13 30 3300
540 3 oxad 5 30 3300
540 2. 6 32 3600
540 10 43 1 2 16 31 3500
540 9 5 - 1 15 30 3400
515 y S 1 12 30 3400
515 5 8 1 14 31 3500
515 11 g 3 5 20 30 3400
538 18- - 1 16 30 3400
630 N - 1 14 32 3600
630 - R 1 | 9 32 3600
630 .- L o 13 32 3600
635 . B 8 17 32 3600
640 - - - - ® = -




Table 4.8 (Continued)

Agglomerate Unagglomerate
Gasoline | Humber of drops in Total Weight | Volume
7 o9 an agglomerate cluster _‘_Cluster (il (m1)
2 (3-006-6) (7-9)10-20) >20
630 - - - - - - " - -
600 - - - = - - ® - -
630 8 &5 g N SE 16 30 3400
630 - - 4,v '3; - - ® - -
6o e viw. T 15 31 3500
630 706 A/ /AR 1 15 30 3500
635 3 ol 8 12 31 3500
630 B Fe8 g e 20 31 3500
672 e G, @ © . «
630 - = Qg - - - ® - -
@0 513 WG 2 42 30 3300
g0 Siie4 L 47 8 8 51 30 3300
630 o pIWY 15 30 3300
630 19 «GHURR 7 i 3 65 30 3300
650 - - - - - - ® — -

(Se]

A UL]
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Table 4.2 Effect of gasoline on number of agglomerates
PFD diameter = 3.3 m.nm.
PFD feed rate = 11,3 gn/min

Agglomerate Jnagglomerate
Gasoline gzngélgﬁeizgzscigster Total Weight | Volume
nl/5 min e @ ETOETRT — Cluster (gm) (m1)
L O R 10 60 5100
150 = & 3 7 60 5100
155 " » 5 2 7 €0 5100
165 TR Y e — - 0 60 5100
150 ™ - 1. 1 62 5400
150 = 2 2 64 5500
150 ¢ - 4 4 6 64 5500
155 £ 0 27 4 7 62 5400
165 " e N— 6 60 5100
wo |- 5 4 5 57 4900
155 3 1292 1 7 57 4900
150 2 5 1 2 10 64 5500
150 6 2 b 1 9 56 4800
150 - 3 1 b 62 5400
150 . 64t 11 57 4900
150 1 3 2 6 54 4700
254 1 & 4 1 6 60 5100
255 R T TR 15 57 | 4900
260 - 4 2ty 10 54 k700
255 o 2 3 5 10 61 5300
260 o g L 8 57 4900
254 - L 2 6 12 63 5400
i i




Table 4.9 (Continued)
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Agglomerate Unagglomerate
Gasoline z;mzzglgiegizzscigster Total Height | Volume
nl/5 min 1 Cluster - (gn) (ml1)
2 G-06-6)(7-9)(10-29 > 20
260 e T | 12 62 5300
260 .0 = N 9 60 5100
260 2 4 3. 9 61 5300
270 . b 6 62 5300
270 Q8 SRS 11 57 4900
260 o el 9 60 5100
254 Bk Oy 15 60 5100
260 R NS YN 7 62 5300
260 A S 13 61 5300
270 U A ———— - 10 57 4900
260 5L I R 11 57 4900
254 8 3w 13 57 4900
270 B o ey 9 57 5100
260 ) 5 1 12 54 4700
420 7 4 1 3 1 16 54 4900
420 L e R 12 54 4800
433 e TN e | 10 57 5100
420 L s O | 12 54 4900
418 6 3 L 2 15 57 5200
425 i e R 1 13 54 4800
420 8 3 2 16 54 4900
420 il e G N T S | 20 55 5000
420 6 8.8 .5 1 18 54 4900
420 i R TR 22 54 4900
120 £ syt 1 19 5l 4900
}




Table 4.9 (Continued)
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Agglomerate Unagglomerate
Gasoline iﬁm§§§1§£e3§3580§§5ter Total | Weight | Volum
T CGataye | Gster| @ | )
L25 12 1 LSy 23 56 5000
433 PeLH . 82 3 1 19 57 5100
L18 8 L 6 3 21 57 5100
42o oS N gl 28 54 4900
420 A R 1 1 18 52 - 4600
425 b ' 8 W8 1 19 54 4900
420 11 7 1 3 - 23 54 4800
420 7 5 3 1 16 54 4900
420 8 6 /1 2 18 57 5100
L20 6 6 3 2 1 18 07 5100
523 102 W 22 59 4800
520 9 6. =LA 17 57 5100
530 11 58S 20 56 4900
520 18 5 Mlla—s 26 56 4900
515 14 8 1 1 24 56 4900
520 gk | . R - 28 57 5100
520 19 08 % 1 1 31 57 5100
520 14 8 A 1 26 57 5100
515 7 5 1 3 1 17 54 4800
530 9. 8B -4 1 28 57 5100
515 B L7 g U 21 54 4900
520 B2 T3 1 - 24 54 4900
520 17 o 1 20 54 4900
520 10 B0 gl g 28 54 4900
520 6. .2 3 1 2 24 54 4900




Table 4.9 (Continued)
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Agglomerate Unagglomerate
Gasoline aﬁulgzziogiriigp 2liu2‘ter Total Weight | Volume
nl/5 min ~ Cluster (gm) (m1)
2 (3-4)(5-9(-9)(10-29> 20
520 7 38 4 8 1 28 57 5100
520 11 é 3 2 - 1 23 57 5100
520 - e RS 30 55 4900
628 8 6 8 4 26 53 4800
630 35 18 <= 5O Z 2 68 57 5100
605 9 7 6 1 32 53 4900
610 12 9. 8////5 1 30 53 4800
630 8 19 2 7 = 2 L5 52 4600
630 - - - - - - ® - -
650 gt 17 - B3 1 54 52 4600
630 g8 5§ A T 2 32 54 4900
630 17 13 6TV F 2. 2 46 54 4900
630 8. . i1 E——=——8—3 32 54 4900
630 6 S5m@My—8 - —7 30 55 5900
€50 8 18 7 33 5k 4900
630 A - L ® f 2
620 = W % " ” ¥ ® % &
630 Y . 32° Ab RN 8 82 53 4800
630 o e Y R ® ;- %
630 U U TS TR | 32 54 4900
630 vactd B8 L 5 ¢ 28 Sk 4900
635 * o " = : 7 ® g E;
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FIG. 4.9 EFFECT OF GASOLINE ON THE PFD AGGLOMERATION FOR dp=b;}3 cme AT F2



90

Table 4.10 Effect of gasoline on number of agslomerates
PFD diameter = 5.1 m.m

PFD feed r.ve =10.7 gm ain

Agzlomerate Unagglomerate
Gasoline Number of drops in : Total Teight | Volume
ml/5 min an agglomerate cluster (zm) (m1)
& MR ot 3_‘_4)(_;5:.5!7.-.2) (10=20) » 20 | Cluster
150 2 2 4 55 5500
155 s 2 2 55 5500
140 - 0 55 - 5500
150 4 2 1 T 54 5400
150 5 5+ 3 1 10 54 5400
140 37 2l 6 54 5400
165 2 4 6 53 5300
150 5 2 7 53 5300
150 5 5 54 5500
150 4 1 5 53 5300
150 g . 3 4 51 | 5100
140 6 1 8 52 5200
140 3 1 2 6 55 5500
150 3 & 54 5400
165 UG R ER R 9 53 5300
139 5 0 55 5400
150 3 3 54 5400
260 CARE SN 6 55 5500
255 5 2 T 54 5400
255 3 3 1 9 73 5300
260 44 8 52 5200
260 2 3 2 T 52 5200
“_m_.,,,.m"i,“w,,,wt_g,mq,m$.,,h*“.,,*mM”,w,w1ﬁn.,_,,TW,*W,WH,J,HH“MT”,A-
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Table 4410 (Continued)
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Azzlomerates Unagolomerate
Gasoline | Number of drops in Total * Weisht Volume
m1/5 min an aszlomerate cluster (&m) (ml)
2 (3-A(-6)-9)(10-20) > 20 | Cluster

260 4 1 2 7 54 5400
255 1 4 - 1 6 54 5400
270 Ry 3 54 5400
260 L B S PP 1 15 55 5400
260 85 My 9 52 5200
255 5 Vi 5 52 5200
255 ey e 10 54 5400
260 s ey 4 54 5400
60 3 8 53 #99
260 5 ‘ 5 54 5600
5 3 S 6 58 5700
260 4 2 ) B 8 54 5400
420 4 2 9 54 5300
420 8 2 10 53 5300
430 3 3 1 2 9 53 5300
440 4 Sy 10 53 5300
420 SO 8 53 5300
420 Lo R T 18 53 5300
440 $T 2 9 52 5100
420 o e R 12 52 5200
420 6 & 1 1 1 51 5100
420 4 1 1 6 53 5300
420 p SRR SR 7 51 5100




Table 4.10 (Continued)
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Unagglomerate :

Agglomerate
Gasoiine ;gngglgiegzzgsciﬁster Total Weight. Volume
ml/5 min -~ Cluster (gm) (ml)
2 (3-4)(5-6)(7-9)(10-20% 20
Ly &5 2 8 51 5100
440 8 - 3 1 12 53 5300
410 - 3 * 2 1% 53 5300
420 L 3 1 8 53 5300
L0 2 Ure R 10 54 5400
420 8 5 2 1 17 55 5500
520 B 0 B - 19 52 5100
520 6 W A 21 53 5300
520 8 6 3 - 19 53 5300
520 v B 7 16 53 5300
450 11 2 2 1 17 54 5400
k50 B 5.5 1/° siR 15 51 5100
450 BT 3 - — - 10 53 5400
520 S s 18 54 5400
520 3 . SNV 14 53 5300
520 N T2 s 14 53 5300
520 9 3 AN 17 53 5300
570 11 p2 13 52 5200
520 6 1 15 51 5100
520 5 3 1 16 51 5200
520 13 =8 < BREC 25 51 5200
520 & . &b i 18 50 5100
520 8 Lig Y 17 50 5100
450 Y. M3 L 20 53 5300
450 - 7 19 51 5100




Table 4.10 (Continued)

Agglomerate Unagglomerate
Gasoline ;gmggglgicgzg Sciﬁs R Total Weight | Volume
nl/5 min Cluster (gm) (ml)
2 (3=4)(5-6)(7-9) (10=20)> 20
630 - - - - - ® - -
£30 gt s o T 16 53 | 5300
605 - B\ 19 52 5100
605 - - - - - ® - -
640 % ; S PP - - b5 52 5300
640 7. 5.7 K//]B 1 20 52 5100
640 3 .18/ KL T 17 54 5500
630 gt g " 12 51 5100
630 L .7 3 - 1 15 53 5300
630 6 3 A=A 14 53 5300
605 - - - - - ® - -
605 Bt ——: - 5 18 60 5400
605 L 2.3 =t 10 53 5300
630 Bt HaaD 20 55 5500
630 6. 5™ vk Ay 1 3 17 53 5300
630 - - =T - ® - -
605 6 7 2 - b 25 55 5600
630 8fiMe- 8- 18 - 6 67 54 5600
640 g 2 1 1 19 55 5600
630 7 3 * & 20 53 5300
640 il B8 1 33 4 53 5300




Number of Agglomerate Cluster, N
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70 }— PFD particle size, dp = 0.51 cm.
PFD feed rate, F, =10.7 gm/min.
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Table 4.11 Effect of zasoline on number of agglomerates
Py diameter = 644 mm.
PFD feed rate= 10.5 gm/min.

Agglomerate Lo Udagglomeratd
Gasoline Iumber of drops in Total Height{ Volume
m1/5 min an aggglomerste cluster (Sm) (ml)
2 (3=4) (5=6)(7-9){10-20) > 20 | Cluster
150 - L= LSS - 0 52 5300
150 AN 52| 5300
160 12T S P 3 52 | 5400
165 - e:/ 7// AR = & 0 52 5400
150 2 W 3 e > 50 5400
150 - e L SREH - 0 54 5500
150 e g o A 50 | 5500
155 - R | 54 | 5500
150 LA -N - = ~ 0 54 5500
150 Lo N TR - 0 52 5400
255 s 7 52 5400
255 = UGHULALONGKORN LU - 0 54 5400
255 2 2 52 5400
255 4 1 5 53 5400
255 4 4 52 5400
265 e 3 52 5400
265 B 6 52 5400
265 2 5 3 12 52 5400
265 1 3 4 54 5500
270 g Hi 1 9 52 5300
255 4 2 6 52 5400
255 3 2 a 52 5400




Table 411 (Continued)

Agglomerate Unaggl ome—rat e
Gasoline Number of drops in Total Weight |Volume
ml/5 min an agglomerate cluster (egm) (ml)
. 1 sl
2 (3_4)(5;6)(7_9)(1(’;_20) > 20 Cluster
255 R Sl N 5 52 5400
255 Bt iiﬂ; 4 52 5400
265 W / ¢ 7 o 52 5100
270 3 ,//f}"/ / 3 52 5400
265 B %,///'*{ = 8 52 5400
255 e L 0 52 5400
270 - 4 0 52 5400
265 - /I 0 50 5400
255 N 0 52 5400
i C T 0 52 5400
420 5 dll— 8 52 5400
425 L - 1 14 52 5400
420 5 1 6 52 5400
420 4 3 - 2 9 55 5600
420 2 2 52 5300
420 5 2 1 8 52 5500
420 3 4 1 1 9 52 5400
420 & 8 1 - 1 12 52 5400
425 3 5 - 2 1 11 52 5400
425 5 1 3 52 5400
435 3 2 - 2 7 52 5400
420 il 1 8 52 5400
425 8 2 10 52 5400




Table 4411 (Coutinued)

~

R

Gasoline
ml/5 min

425
420
420
420
420

S e r

e R RR—— S

Agglomerate Unagglomerate

Number of drops in Total Weizht Volume
an ezglomerate oluster (m) (m1)
2 B-4(6-6) 1-9(10-20) > 20 |cluster

5 5 oe 5400
4 t8 12 55 5600
6 ';}“ ha 5500
) // Y 5 >4 5600
6 = /Y PEEA 7 52 5400
4 5/ I 13 52 | 5400
5 2 ¥ = 7 e 5400
3o 4 Ty e 9 54 | 5400
2 el 2 58 5700
9 1 Bl 1 10 52 5300
& > S 14 e 5400
3 3 52 5300
9 5 3 - 4 21 52 5300
T 8 1 2 18 D 5300
6 6 12 52 5300
8 8 52 5300
4 5 e 1 10 )4 5300
3 T 1 11 52 5300
8 3 11 52 5400
T 2 13 52 5400
L 1 12 52 5400
8 4 3 2 17 5e 5300
3 6 - .- 1 10 55 5600




Table 4.11 (Continued)

Azglomerate Ungpglomerate
Gasoline Number of drops in Total [Weizht [Volume
ml/5 min an agglomerate cluster (cm) (ml1)
24 13-4 (5=7)(7-2)(10=-"0) » . 20}Cluster
- SIS RE— —
540 (] - 2 9 53 5400
525 5 5 52 5300
525 7 2 3 3 - 1 16 52 5300
628 2 v p) 52 5300
600 e AL w o &
615 4 25/ /5K 11 53 5500
600 - A s ® 2 -
630 6 &) ABONL 3 14 52 5300
600 7 ke T 1 13 52 5300
630 R W, Sl e 12 52 5300
635 ¥ e 10 54 5500
642 R S 14 53 5500
630 6 1 2 9 52 5300
640 18 6 “0ORN? 25 52 5300
630 6 6 52 5300
630 s MR U R p) 65 52 5300
630 5 - 3 8 52 5300
630 12 4 19 53 5400
630 6 5 12 52 5400
630 3 3 52 5400
530 T - .y 2 10 52 5300
642 (A 2 13 52 5300
718 5 3 - 2 10 52 5300
22 b =




Table 4.11 (Continued)

Azglomerate | Unasgglomerate
Gasoline | Number of dro Ps in Total Weizht | Volume
ml/5 min | an agglomerate cluster {gm) (m1)
AR o 7 <s—4><>6> <7—9><19:§0,>_z_20 Jwt wmonl Aull &
720 < Z © . &
730 23 e -S = 65 52 5300
735 5. 5 F LN 18 52 5300
760 148 ./, 22 52 5300
718 - 7 ; ® - -
17 - / ! o I $
730 - (o' - -
730 7 Bo. 5 18 52 5300
748 29 22,13~ 1 1 70 58 5800
730 1 ¥ 50 52 5300
730 - | ——— %0 - i
740 3 11 52 5300
730 9 a8 wannl 1 20 52 5300
724 14 2 - 3 10 52 5300
755 87 B3y 11 54 5400
730 193 1@ 2 41 53 5300
718 188 B0 24 52 5300
740 6. & A5 15 52 4500
730 - ® -8 o
e T e e e R At o - e e e e —

99




Number of Agsglomerate Cluster, N

100
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FIG. 4.11 EFFECT OF GASOLINE ON THE PFD AGGLOMERATION FOR dp=0.64 CcMme A’I"F‘2
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Table /.12 Least Square Method determines the curves related between

number of agglomerates and gasoline amovat

x = gasoline amount
= number of agglomerates
Data Exponential Evaluation y = axb
fz*og
Table a b Sum Square of Error
4.6 .0902792 +9992660 / |/ 69888870000
4.7 1359477 | 8975495, |~ 767645100000
| 4.8 10936514 | 8562108 9152.8460000
49 : «0158632 | 1,2568840 5767 +8240000
410 0548151 | 49593638 430645690000
4e11 20031731 | 143953610 1803244300000
Data Linear BEvaluation ¥y = a+bx
from ' :
Table a b Sum Square of Error
4.6 ~241759240 1082384 6527 « 1840000
“4eT 5.0715720 «0464540 20016,9500000
4.8 4.1822870 .0343760 8746.6670000
4.9 ~6.3432640 «( 967683 5657 8770000
4.10 ~105557520 +0533321 405845350000
4e11 - we5595392 «0315607 88085250000




Number of Agglomerate Cluster, N
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" — — —— Average PFD feed rate F, = 649 gm/mine
R RO SN Average PFD feed rate F, =10.8 gm/min,.
a = PFD particle size, dp = 0e¢33cme
5 b = PFD particle size, dp = 0.51cme
¢ = PFD particle size, dp = 0es64cm.
50

ofi EF | e

@ —
pd - g |—
” —_ s
20 #: - ;z -
7 " - —
Foals /// 7 7
— s /‘//
10 //‘f// —”’
/////’ /”’
/// ”,
rd /’/
; | | | | e
0 100 200 300 400 500 600

Gasoline, C (ml/5min,)

FIGe #+12 EFFECT OF GASOLINE ON THE AGGLOMERATION OF PFD DIFFERENT
SIZE AND FEED RATE
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