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100 FLUID FLOW THROUGH PACKED AND FLUIDIZED SYSTEMS

TasLe III.—Data of Oman and Watson

w, '@, 1b.
Ih. fhr. ft.Lhri-| Re

Ap, in, Ay,
H,0 p.s. ifth.

!

TasLE III.—Data of Oman and TT’az‘SO)z‘Con‘

Run a.—Cylinders Dp=0.333
CH*=0.66 ft., voids=36.1 percent

inch, D =4.026 inch

1958, i 2,217 | 1L.402 18.28 0.689 | 0.811
2185, . 2,418 1,530 21,57 .810 -804
23050 C e, 2,650 1,696 26.10 . 981 L7890
b2 L SR 2,790 | 1,787 28.05 1.051 . 782
CH=1.37 ft., voids=36.5 pereent
L2 | 1,103 25.60 0.447 0. 858
1,900 | 1,202 27.40 .520 .842
2,024 | 1,280 30.70 . 583 .833
CH=1.95 ft., voids=37.2 percent
6.2 L. 1,656 | 1,046 27.32 0.388 0. 834
Mis . L673 | 1,058 27.65 .303 . 827
i S, L7681 1,118 .15 444 .838
b Ui N 1,876 " 1,186 34,70 . 494 . 828
CH=0.77 ft., voids=45.5 percent
11.63 0.885 0.730
15,13 1.049 . 660
20, 53 1. 560 .611
19. 93 1.514 . 710
CH=161ft., voids=45.7 percent
2,162 | 1,370 17.07 0.633 0.778
2,390 1,512 19,66 .731 LT3R
2,652 1,678 23.95 .&89 .718
2,684 | 1,700 24.78 .920 L7358
CH=2.03 ft., voids=46.1 percent
2,075 [ 1,312 18.52 0. 566 0.758
2,230 1 1,412 21.60 .611 708
33 D 2,300 1,513 24.60 .754 736

Run b.—Raschig rings, Dh,,=0.400 inch, D.=4.026
inc|

Alir temperature=87.2° F.
CH=0.37 ft., voids=56.3 percent

3.060 | 2,985 9.06 3.37 | 1.3s2
3,490 | 2,605 11. 64 4311  1.360
3,860 | 2,850 14,31 5.30 | 1.365
4,405 | 3,205 18.41 6.841 1348
CH=0.77 ft., voids=55.3 percent
‘ 3 i
b L 2,675 | 1,088 14,89 i 2.56 | 1,433
p) SR 2,060 | 2210, 38,20 ! 3.13 | 1411
O8T e [ 3250 2830 92791 3.8l 1 1.4%
32 [N [ 3535 2,640 25.59 4.39[ 1.386
i .
CH=1.19{t., voids=53.55 percent
2,350 ! 1,778 ! 19.37 2.125 | 1508
2,620 1 1,857 2317 2,54 1.484
2,810 | 2,100 | 26.5) 2.91 1.470
3,040 1 2,250 | 30,83 3.38 1.460

*CH=column height=L.

Re Ag, (1)n Apy,

Run b—Raschig rings, Dp=0.400 |

inch—Continued

CH=1.60 ft., voids=55.55 pereent

1,642 22.62

1,948 30,93

1,792 26.65

1,048 11.50
1,132 14.03
1,245 16.48
1,371 19.45
1,456 21.81
1,516 23.50

26.90

, 63
1, 800 32.39

Alir temperature=59.5

CH=0.4161t., voids=61.35 percent

2,400 5.81
3,040 9.21
3,460 11.95

CH=0.804 ft., voids=62.07

2,950 | 10,0
2750 | 1401
3105 | 19,00

CH=1442 ft., voids=62.13

1,978 13.33
2,295 17.62
2,430 19. 61
2,750 24.73

CH=2 ft., voids=62.3 pereent

1,310 8.37
1,504 10. 90
1, 690 13.66
1,868 16.41

2,105 20,47
2,470 27.67

Run ¢.—Berl saddles, Dp=0.480 inch, D;=1.026

inches

Air temperature=87° F,
0.345 ft., voids=72.05 percent

3.240 3.29
3,675 4.26
4,150 5.46
4,610 6.69

Q1o ga
00 19 v &3

i

780 ft., voids=71.33 percent

2,950 6.88
3,550 9.90
4,055 12,77

p.s. i./t.
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TapLE 1I1.—Data of Oman and Watson—Con.
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Tasre 1I1.—Data of Oman and Watson—Con.

@, 1b. Re . Apin. . Ap.
ft-2hrot ‘ H:0 ‘ .S 1/l't

s

Run ¢.—Berl saddles, D,=0.480 inch, D,=4.026

inches—Continued

CH=1.403 ft., voids=71.05 percent

2,010 | 2,775 10,80 3.26 1.350
3,470 { 3,310 15.23 4.60 1,340
3,650 + 3,485 16,43 5.12 1.355
CH=1.96 ft., voids=T71.25 percent
1,980 | 1,870 7.03 154 | 1.3%0
2,495 | 2,3%0 11.25 2.47 1.396
3,010 | 2,870 16,20 3.56 1.378
3,350 | 3,200 20.08 4. 41 1.382
Air temperature=85° F.
CH=0.586 {t., voids=76.3 percent
3,310 3,160 3.32 3.58 1.118
3,850 3, 670 4.45 479 1.106
4,150 | 3,960 5.19 5. 59 1.112
4,778 | 4,555 6,57 7.42 1.118
CH=1.121 {t., voids=76.35 percent
3,190 { 3,045 5.72 3.24 1. 100
3,795 | 3,620 8.01 4.55 1.092
4,330 4,130 10. 46 5.95 1.102
CH=1,633 ft., voids=75.90 percent
3 060 | 2,920 .0 3,04 1.145
3,520 | 3,360 10.69 4.02 1,142
4 045 | 3,800 14.05 5.29 1.140
CH=2.115 {t., voids=76.15 percent
2,105 | 2,005 4.96 1.474 1.180
2,535 1 2,435 7.07 2.10 1.160
2,440 1 2,805 9.41 2.81 1.152
3,250 | 3,100 11. 44 3.42 1.144
3,500 1 3,425 13.96 4.15 1,134
3,020 1 3,740 16. 57 4.94 1.130°

Run d.—Celite <phero Dp=0.217 inch, D=

4.026 inches

Ajr temperature==83.7° F,
CH=0.326 {t., voids=37.85 percent

2,640 | 1,089 | 1567 1,417

0.901
3,128 | 1,202 21.29 1,928 .871
3.546 | 1,463 26, 43 2,432 .853
CII=0.641 ft., voids=37.90 percent
2,24 929 22,65 1.047 0.938
2 470 1,019 27.16 1.255 .922
2,630 | 1,086 30.43 1. 407 L9013
CH=0.963 {t., voids=37.75 purcent
1,948 805 26,20 0. 805 0.7
2,074 856 29, 51 .856 . 892
2,447 1, 009 39.72 1. 009 1.197

@, 1b. ap,in. | Apm,
ftnhr-t | € B0 | ps b,

4.026 inches—Continued

Run d. Celite sphres, D»=0.217 inch, D=

CH=1.235 ft., voids=37.85 percent

1,212, 501 14.30 0.340 1.039
1,390 , 574 18.90 . 450 1. 048
1, 552 641 22,90 546 1,020
1,655 684 25. 66 .612 1. 005
1,813 749 30. 80 . 735 1. 003
2,096 866 39.15 .931 .953
Air temperature=87.6° F.
CH=0.426 ft., voids=46.90 percent
2,85 | 1,172 12,13 1,882 1. 007
3,448 | 1,418 17.50 2.712 . 985
CH=0.767 ft., voids=46.80 percent
2, 538 : 1,041 16. 91 1.433 0.985
2,812 1,156 20. 63 1.753 . 980
3,290 ' 1,352 27.56 2.337 .948
CH=1.062 ft., voids=46.90 percent
2,358 971 20.02 1.249 0. 994
2,618 1 1,075 24, 53 1.532 . 998
2,946 | 1,212 30.45 1.808 .97l
CH=1.432 ft., voids=46.40 percent
H
1,473 606 11.44 0.504 1.030
1,768 728 15,79 695 087
1,938 798 18.86 830 . 980
2,107 868 21.93 966 .965
2,344 965 26.77 1.176 .945
2,472 | 1,015 209, 61 1.307 .946
2,763 1,137 36.48 1. 604 . 930

4.026 inches

Run e.~MgO granules, D,=0.217 inch, D=

Air temperature=84.5° F.
CH=0.265 {t., volds=43.45 percent

2,575 923 17.52 3.38 1.96
2,775 987 20.36 3.78 1.88
3,070 | 1,097 24.64 4,57 1.85
CH=0.546 ft., voids=43.30 percent
2,085 747 24.38 2,18 1,94
2,255 808 28. 84 2.66 2.4
2,415 866 32.38 2,87 1.92
CH=0.727 ft., voids=42.70 percent
1,802 645 26. 55 1.68 2.01
1,905 683 29. 50 1. 865 1.99
2,220 795 38.83 2.46 1.93
1,190 426 12,56 .798 2.19
1,328 475 15.46 . 983 2.16
1, 496 535 19.39 1.228 2,12
1. 610 576 22,49 1.423 2.12

=
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’ 102 FLUID FLOW THROUGH PACKED AND FLUIDIZED SYSTEMS
; TaBLE III.—Datg of Oman and Watson—Con.  Tapwg IV.—Data on prediction of voids in packed
g _— tubes—Continued
J! ' ]b‘t?'}'] ’f G’}}h' 1 Re Ag’ iou' Ap'm/'“; I B \\‘
g | JJhr, t.ma.hr,-! 2 P. s, Lfft. . Dh Packing CH, VP, Voi s,
: : P Run No. inches | D#/D: method | em. | eco, I perc'e:xr
ER I L Run e.—Mg0 granules, DCF=0"217 inch, D=
8 ' § 1 * 4.026 inches—Continued Packing “b”—0.228-inch glass spheres
R} |
R CH=0.197 1t., volds=42.5 percent A 2060 L3t| g,
| R A 2.1 1558 35,4
. 2502 | so7| 144 331 | 2.02 B o3| Lau e
Fo 30151 1,075 2037 4.68 | 1.95 A 5.0 137 355
R Oy 3,380 | 1,205 | 2513 5.78 1.95 A 461 1388 343
EolOAR 3,820 | 1,365 | 31.59 7.26 1.9 B 4411 1.374 347
: i i i B .0 1358 333
P Alr temperature=83.6° F, A 17:0 67 gé 2
’ Ak CH=0.230 ft., voids=50.8 percent E 323 675 36.2
. . 1 , . 7 3
| A 80.0 | gar 5
. 10.25 3.99 | 210 B 7.0 647 a7 b
* 12,89 5.01 L71 A 60.9 188 445
} 18 18.24 11 | L ry 623 107 432
R | .
[ CH=0.426 ft., voids=51.2 percent e 83 I s
P . —_— B .81 11 1
| 2,085 962 1445 814 1 163
; a ¢ g. g;g %, ggg ég gf g gg }gfa} : Packing “¢”"—(.388-inch glass spheres
i A 1§ SO , 52 , 258 , . . :
L LI - - — A 2.1 Loes| 3
| A i CH=0.686 ft., voids=51.§ percent A 21| 1om3 33:3
! —_— g 208 1L ocs 5.8
! A 1, 073 7.
iy 209 e 2,365 | 88| qrsr 235 | 162 A 35.91 108 sl
! ! 24 2,765 991 23,24 3.25 1.64 A 35.8| 1,073 37.2
g — B gy ke @
i . CH=0.903 {t., voids=51.4 percent A 30.8| o 0.3
/| {8 BB ow i |
i vy 1,530 548 1004 1055 | 174 B 77 01
; ; . 836 658 14,01 Ldrd ! 189 A 84 2 618 441 ¢
! , 08 749 17.80 1.87 1.66 B 83 2 818 i34
. V 2,280 817 21.31 2,24 1.66 A 51.6 140 51.4
t 2,480 889 24.75 2.60 1.64 A 60.0 161 51.9 )
t , 700 967 23.90 3.03 1.61 B 49.1 140 48.8
! . o . g . 5.4 107 ,
; e TasLE IV.—Datq on prediction of voids in packed B 6.0 107 514
! o tubes —
f { It ‘ Packing “d""—0.5075-inch porcelain spheres
L
| D, I Packing | CH, | Vp, | voids
; l s Run No, ,, irichos , Dl De | trothod cm, ce. | percent 0.2458 A 46.6 533 42.1
| ’ | 2458 [ A 445 557 | 42.3 ;
| Al (I T
F {1 Packing “a”—0.179-inch lass spheres . 245! 3 57 0.
1 oeene ! Fosssp 3152 | A 80.6 5% 45.0
it .3152 A 76.8 557 44.8
- A 21.9 | 1,133 37.1 .3152 B 8.8 53 436
ol A 2L8{ 1,147 36.3 3152 | B 4.6 537 43.4
' TH . B 20.9 | 1,133 34.1 . 484 A 6.1: 151 57.0
1 JHER B 09| U] 553 Mgt | A 633 13 53.5
| RE A 378 | 1,133 37.2 T481 B 1 15 50.8
s A 36.71 1,147 34.5 . 484 B 56.8 157 50.5
; e B 3b.7) 1,138 33.4 .616 A 67.2 80 65.3
! B 35.6 | 1,147 32.6 .616 A 65.2 78 65.1
T e A 40.6 562 36.1 .82¢4 1,616 B 62,0 80 62.4
oo A 38.7 546 349 824 | 618 B 59.6 78 61.8
e B 30.1| 562 33.5 : :
I B 82| 546 341 —
! ‘ % gig gig gg‘g Packing “e”—0.437-inch steel spheres
' vi A 7.4 15 41,2
R A 59.9 197 41.0 o] 2.5
‘i B 43.6 | 36.2 B-a...__._ 1.049 | 0.418 A 37.8 ! 100 52. .
i B 58.0 1 197 39.1 bl 1049 [ 415 A 30.7 ' 83 5L
‘THERE A 648 130 41.6 e T 1049 | 418 B 37.0 . 100 5L.5
- } I B 6.2 130 38.3 Aol L0491 (416 B 30.3 83 128
ﬁ il .
{
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rspLE IV.—Data on prediction of voids in packed ~ TaBLE IV.—Data on prediction of voids in packed :
ked tubes—Continued tubes—Continued .
—_— - K}
—_ . [ ¢ T8 Packing | CH, 1"p, Voids, 7 Dy, Packin CH, Ve, Voids, o f e
s Run No. ‘ inches | PPt | ‘method | em. ce. | percent Run No. inches | De/D: methoc% em. ce. | pereent
Sy . . ]
ont N !
— Packing “{""—0.73-inch porcelain spheres Packing “17—0.271-inch glass spheres
4,026 § 0,1818 A 20.6 !1, 436 41.0 A 56.9 | 115 41, f "
4,026 L1818 A 30.1 1,436 42,1 A 64.6 130 41.5 *
4,026+ L1818 B 20.1 1,436 40.1 B 55.3 | 115 39.6 4
4,026 | L1818 B 29,2 1,436 40.3 B 62.3 | 130 39.3 1
3068 ) L2 A 52.3 11,438 42,4
R,.068 A 62,4 1,426 42,5 A
3,068 B 50,9 i1 436 40.8 Packing “m’’—0.323-inch glass and porcelain spheres '
3,008 B 51.0 ;1,436 41.0 ;
2,067 A 45.4 17505 48.6 .
2,067 A 49.6 563 47.5 450 0.824 | 0.392 A 69.4 134 43.7 t
2,067 B 41.5 ; &05 43.9 L824 .392 A 68.7 | 134 43.2
2,087 B 47.2 563 44.8 .824 | .392 B 67.5 134 42.4 .
1610 | 454 A 814 | 505 52.7 L824 | .392 B 68.2 | 134 42.7 1
1.610 . 454 A 87.3 563 50.9 t 1
1.610 | 454 B 76.0 1 505 49.5 L.
1,610 | 454 B 85.0 | 563 49.6 Packing “‘n''—0.325-inch clay spheres T,
Packing “g"’—0.200-inch glass spheres F L o N 0.824 | 0.395 A 45,5 | 74 52.6 Ty
L824 | .395 A 65.7 | 108 52.1 .
. 395 B 43.5 | 74 50.4
4.026 1 0.0497 A 20.8 {1,144 33.2 . 395 B 60.6 | 108 48.0
4,028 0497 B 20,2 11,144 31.2 .310 A 66.7 | 181 51.3
3. (6% LGEL A 35.7 1,144 32.8 .310 A 43.7 | 122 50.0 ‘
2,068 1 065 B 34.6 1,144 30.7 310 B 61.5 | 181 47.2 i
267 | LOHG6 A 39.7 | &51 354 .310 B 41,6 | 122 47.4 '
2,067 | L0966 A 45.9 | 642 34.9 .202 A 39.8 | 289 4.8 B
2,067 | L0066 B 38.8 | 451 33.9 . 202 B 38.9 9 43.4 ia
2,067 LGanh B 44,9 | 642 33.4 , '
1. 610 L1242 A 67.0 551 37.8
1.610 | L1242 A 78, 642 37.9 Packing “0”—0.368-inch clay spheres o
1. 610 L1242 B 65,5 551 36,1 +"
1,610 L1242 B 6.5 | 642 36.0 B f
A 49,7 | 358 45.3
A 75.0 | 513 47.9 .
Packing *h’—0.298-inch glass spheres B 48.4 | 358 43.7 s
B 71.8 | 513 45.6 B
i A 28,9 | 358 42.8 . 408
4,026 0.0740 A 19.4 {1,070 33.2 A 43.1 | 513 45.1 ,
4.026 | .0740 B 19.1 11,070 32.0 B 27.9 | 358 40.8 W
2,067 | L1444 A 40.7 | 568 35.6 B 41.2 | 513 42.5 . r
2,067 | L1444 A 46,0 | 637 36.1 A 29,7 | 826 41.9 \
DT | L1444 B 40.3 508 34.9 A 43.7 (1215 41.8 t 5
2,067 L1444 B 45.0 637 34.7 B 28.2 | 825 38.7 .
1610 | L1853 A 70.6 | 68 38.9 B 41,6 {1215 39.0 '
1.610 L1883 A 7 637 38.7 A 16.8 | 825 40.3 2
1.410 . 1853 B 69.0 568 37.4 A 24,3 {1215 39.4 .
1.610 | L1833 B 76.8 | 637 36.9 B 16.5 | 825 39.3 R Els
B 23.7 1215 31.8 )
. 01 4
. Pucking “i"’—0.386-inch glass and porcelain spheres o i
Packing ‘‘p”—0.466-inch cobalt oxide eylinders q TPk
. e Rik
© 4025000k | A 19.8 [1,075 l 34.0 & 1
4,026 | 0938 B 19.4 1,075 32.8 A 9.8 | 515 36.3 ' b 5
3.008 | L1260 A 33.1 {1,075 34.0 B 9.4 | 5156 33.6
068 | L1200 B 32.6 11,075 33.0 A 17.1 | 516 37.0 4 h
24067 | L1808 A 50,2 | 706 35.0 B 16.1 | 515 33.0 ’ ;
2,067 | L1868 B 49.0 706 33.4 A 71.5 | 5156 45.3 I3
L6 | 240 A Sh.6 | 706 38.0 B 63.6 | 515 38.6 !
1,610 . 240 K 45.0 369 37.6 A 62.4 | 158 54, ¢
1. 610 .240 B 83.6 706 35.7 B 52,6 | 158 46.2 )
;o L610 | 240 B 4.7 | 369 37.1 A 70.1 | 86 64.3 . 3 i
! B 570 | 86 56.1 . |
Packing *j**—0.536-inch glass and porcelain spheres % ;gg g% g;(l) 0
Ll
4,026 | 0.1333 A 19.3 1,054 33.7 ‘ ,'" . '1
4020 1 L1333 B 18.6 {1,054 312 Packing “q"’—0.254-inch alundum cylinders e
2,068 A 32,5 11,054 32.0 .
R.06% B 31.8 1,054 30.5
e 2,067 A 45.9 | 616 38.1 A 21.0¢ 39 46.1 !
L 2067 A 316 | 438 36.1 B 2021 39 43.9 {
LE 2,067 B 44,81 616 36.6 A 42,9 | 39 53.5 1
L 2,067 B 30.6 | 438 34.1 B 38.3| 39 48.0 |
LR 1. 610 A 80.1 016 41.5 1
5 } ﬁ}g % ?gg ’é?g ggg Packing ‘‘r’’—0.274-inch copper cylinders
B 52,1 438 36.1 .
A 23.4 | 7 46.3 i
“k"—0.208-inch glass spheres ? ggg .:.8 g'g |
B 35.9 | 70 4.1 {
A 40.8 | 100 41.5 A 823 7 56.5 §
A 59,8 121 41.3 A 59.5 | 52 55.1 ! ]
B 48.6 | 100 40.1 B 70.2 | 70 49,0 z
B 58.5 1 121 39.9 B '50.0 | 52 46.9 ’ 3




R M L
i '
|
i i 104 FLUID FLOW THROUGH PACKED AND FLUIDIZED SYSTEMS
g
; Bl | TaBLE IV.—Data on prediction of voids in packed  TaBLE IV.—Dgtq on prediction of voids in Dackeg
il tubes—Continued tubes—Continued
¥ —— - o —_
e 1]
' | D, Packing’ CH, | Vp | Voids, D, Packing | CH, | v 7ol
R y » s i P,
! Run No inches | Po/Dt | prgipod ! em. ce. | percent Run No. | iicttes | Dol method em! | ee. pe?ég,s&
; ; ‘ B Packing “s"—0.239-inch chromium oxide cylinders Packing “v”'—0.397-inch Raschig rings
i1 -
¢ ] 1 _—
R 4.026 | 0.0594 A 10.7 | 585 33.8 T —
i A 4,026 | 0594 B 10.3 | 585 312 0.0992 A 18.6 | 635 5.9
i 1 1.049 | .9228 A 66.6 | 226 39.2 0992 B 181! 685 591
. S 1.049 | 298 B ' 60.6 (2% 33.1 1305 A .7 685 561
1 1. 622 | 384 A 645 66.9 47.0 1305 B 7] 685 547
' ' ' 622 | .384 A TNT| 815 46.4 1936 A .61 300 0.0
i | 622 | .384 B 572 66.9 40.1 1936 A .61 366 595
622 | .3s4 B | 685 8.5 39.2 1636 B .3 | 300 57.2
do t * . 1936 B .8 366 57‘6
18 . . .248 A .61 300 6l.8
, Packing *t'*—0.180-inch Alundum eylinders b . . 248 A 4.8 386 62 H
1 . 248 B .5 300 610
o . 248 B 7.3 . 366 611
R 3.068 | 0.0593 A 11.2 | 354 33.8 .382 A L2 57 700
’ 3.068 | 0503 B 11.0 | 354 32.5 .382 A .11 100 70,4
| 700819 A ' o593 36.8 1332 B 5 a1 god
i 0879 A 20.6 | 286 35.8 .382 B 66.4
i L0879 B ' 2531354 35.4 . A 5, 75.6 °
I L0879, B .4 | 286 35.3 485 A .8 39 76,1 -
: . A 354 36.4 B .4 57 72.4 -
A | 236 37.0 B .8 39 727
B | 5 35.7
} B 5 36.1
' A 45.3
S B 43.0 Packing “w-1"—0,1209-inch
P A 44,4
‘ B 41,8 )
i A 50.0 .
A .5 31.5 A A .2
| B 43.3 A 5. 3,
. B SR B S31 51, 07
. A .5 57.5 B 3.7 4.8 |
P A .5 55.3 A 121 69 47.9
; B .5 | 47.4 B 120 g9 47.4
B 5 | 461 | .
A 1406 | 62.1
A 13.13 62.2
B 14. 05 48.8 Packing « 7-2"—0.1511-inch Aloxite granules
B 13.13 46.7 .
Packing “u"~-0.252-inch Raschig rings A 42,6 33 60.5
B 346 33 5.2 |
A 235 33 50.2 -
4.026 | 0.0625 , A 2114 804 53.8 B 20.6 33 33.4 :
L0261 o635 | B .7 | 804 52.9 A 3.1, 33 55.1 ! I
3.068 | 0820 A .3 | 804 549 B 1261 33 53,2 y
30681 030! B 5.5 | 804 52.5 ; :
2067 ) 122 3 .21 208 56.0 .o
2.067 | .122 | A 6| 397 36.1 .
2,067 22 B .0 [ 298 541 Packing “w-3"—0.2224-inch Aloxite granules .8
2067 | .12 | B .70 307 53.9 :
Lew | 17| 4 27| 208 571 h
L6I0 | 1567 A 0.2 307 56. 4 7 R
L6I0 | (1567 ] B .2 208 55.8 A 56.0 1 39 6.5 g
L6l 15671 B .6 | 307 54.8 A 69 43 64,5 ! 4
Lo (200 | 231 88 62. 6 43.0, 39 53,7 i
Lo49) 290 @ B , 88 6.0 B 46.0 ' 43 52,2 ;
8241 (305 | W 2.9 1 60 67.0 A 33.6 1 44 62.0 |
S24) .30 | A 88 8.5 A 37.0 .50 60.7 ;
S24 [ 306 | B 60 64.2 214 44 53.4 i
824 .306 | B f 83 61.6 B 3.9 50 54.5 !
622 1 405 A 48 68.8 A 37.7 &8 58.2 ; 1
220 405 i B [ 67,4 A 457 10 58.4 2 T
493 | U511 A | 2 75.5 . B 3247 &8 5L2 ;
493 | U511 4 L1805 iT5 L0490 [212 B 3%.5 106 50.7
493 | J5U B Io25 71.6 97-a__ 1117 1469 | (152 A 33.8 164 55.5
493 | U511 B ! 18.5 7.1 | | 1. 469 | .152 B 30.3 151 50.5
¥ :
¢
¥
R '
N Al
. o
. i
oy s A
i 1
1, {
. . 3 = |
BN 1 2 J
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pante IV.—Data on prediction of voids in packed
tubes—Continued
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TasLe IV.—Data on prediction of voids in packed
tubes—Continued

CH,
em.

Ve,
e,

i
|
t
{
1

Voids,
percent

Run No.

Dy,

inches

Packing

D#lDe | method

CH,
cm.

Ve, Voids,
ce. percent

Packing “x-1""—0.0898-inch Fe30s granules

Dy, Packing
inches | 22Dt | “method
N.622 | 0,144 A
LR22 144 A
. 622 L1448 B
220 .44 B
2| ol 1 A
L824 0109 A
824 109 B
L824 108 B
1, 049 0857 A
1,049 | L0857 K.
1, (49 . (857
1. (49 0857 B
1. 409 0612 A
1, 469 0612 A
1,489 0612 B
1. 469 0612 B

©3 100212 €2 19125 10 60 19 03 08 L b O i
SHENDNSDPDNDIONDOD
O b 00 65 00 = s C) D 1D O 1 00 et ot O

e

—
HOHODODI GG

gwmmwo-&m»—mhmw
NN NNNDIOONO

—

Packing *“x-2"—0.1038-inch Fe;04 granules

0. 622 !

0.170 . A 6.0 | 45.6 49.4

220150 1 A 6L1| &9.2 50.5

150 ] B 42.4| 45.6 45.0

| B 55.1| 359.2 45,2

] A 23.1 33.0 52.2

A 36.8 60.2 52.5

! B 21.8 38.0 49.3

B 33.8 60.2 48,3

A 33.2| 942 49.2

. A 43.5 | 120.2 50.5

. B 31| 9.2 45.7

B 39.4 | 120.2 45,3

A 28.3| 1063.6 47.1

A 37.8 | 2ar 47.6

. B 26.5 | 163.6 47.5

L0721 i B 34.8 | 27 42.9
Packing *‘x-3"—0.1418-inch Fe30; granules

0.622 | 0,228 | A 43.3| 40.8 51.7

622 228 A 62.9 60. 2 510

,622 | 22 39.0 40.8 46. 5

L6221 228 B 5591 60,2 44.9

824|172 A 30,5 | 5L4 51,0

52400172 A 42,31 70.8 51.4

824 | 172 B 27.9 | 514 6.5

LR24 0172 B 30.21 70.8 7.5

L0491 .135 A 3.9} 026 45,0

L049 | 135 A 42,4 | 122.6 48.1

1.049 | .135 B 2071 92,6 4.2

1049 | .135 B 30.8 1 122.6 44.7

1469 | . 0966 27.3 | 163.4 5.1

1. 469 0966 | A 3501 207.2 45.7

1.469 | .0966 | B 2.4 | 163.4 41.1

L | .om6! B 32.8 | 207.2 2.1

Packing “x—4"—0.2034-inch Fe;04 granules

0.622 | 0.330 A
.622 {1 .330 A
L6221 .330 B
. 622 330 B
.824 1 249 A
L824 249 A
L824 249 B
L8241 .249 B

1.040 | .196 A

1.049 | .196 A

1.049 | .196 B

1.049 | .196 B

i

47.1 40.6 56.0
61.9 53.0 56.2
40.1 40.6 48.4
51.2 53.0 47.1
33.7 5.0 33.3
41.2 66.0 53.5
30.0 54.0 47.7
36.4 66.0 47.3
35.2| 100.8 48.7
47.5 1 134 49.4
33.3 | 100.8 45.7
44.0 1 134 46.5

Packing “y-1"—0.0732-inch Alundum granules

3.3 94.3 48.0
45.6 | 134.4 47.2
29.6 94.3 43.0
41.9 | 134.4 42.5
21.3 | 134.4 42,1
20.8 : 134.4 40.8

116-8 e emcmaaee L824
........... .824 122 B
b s F, 1. 049 0961 A
o 1. 049 0961 A
[ 1. 049 0961 B
[« 1. 049 0961 B
1182 ceei-es 1.469 | .0687 A
........... 1. 469 687 B

©
3
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005 O ~1 19 0a LT
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TaBLE V.—Pressure-drop

Run No.

FLUID FLOW THROUGH PACKED AND FLUIDIZED SYSTEMS

H

Ap,
cm. CCl,

data with round and sharp sands in 1-inch standard pipe

—
APy,
1b, ft.=2

ft.—CH-!

AP,
1b, ft.—2
! ft—CH-!

| o,
cm, He

| Round sand, D,=0.01505 inch, wt.=275 gm., R T*—73° F., BP=727 mm. Hg, D,=1049
: inches, CH*=31.6 cm., §=41.0 percent, air.

. 070
. 135
. 227
. 320
. 416
. 480
. 518
. 686
. 985
. 332

. 666
. 005
. 38
. 75
. 14
. 68

w
o

. 340
. 657
10
55
02
32
51
34
80
49
10
75
5

3

. 23

. 86

TNV O WL ~JOt D

334
306
457
523
613

ot
TR DO O NN

-t
~o

4.0 . 14
8.3 . 29

48.

6.

00.
105.
112
154
214
302
381
471
564
632
780
911

(=41

385

214

126
89. 5
69, 4
61

[S1R M ST SR

13.3

12,05

10. 55
8.9

ONNU DTN O =

807

Round sand, D,=0.01505 inch, wt.=275 gm, RT=73° ¥., BP=727 mm.Hg, D,=1.049

inches, CH=28.8 em., 5=35.4 percent, air.

0. 0701 |
136 |
. 2285
. 325
L 425
. 490
. 591
. 701
- 032
. 388
. 758

. 135
.29 !

!
11. 70
22. 6
38. 0
54.0
70.7
81. 4
98. 4
117
172
230
292
355
381

—
SMOOSOIWNNN= O

14 400
X 29, 213

83.3 40,
118 7L 90
147 88S.
165 98
204 122
245 147
378 226
511 306
656 393
801 480
888 531

21.3
17.0
14. 04
13. 54

0. 0170
. 0340
. 0464
. 0629
. 0699
. 0846
. 1066
. 1297
. 1525
L1745

l

0. 785
. 1565

. 323
. 301
. 491
. 897
. 705
. 806

1, 550
1, 057
© 570
418
410
283
232
- 198
i 149

236 142

3 Round sand, D,=0.01505 inch, wt.=250

inches, CH=26.0 em

gm., RT=76° F., BP=745 mm. Hg, D,=1.04
.y 6=34.9 percent, helium,

0. 0226
. 040
. 0661
. 1075
. 1339
. 1828

4
5

u
'1, 380
703
395
257
201 -

33. 8
113 62. §
173 96
294 166
352 199 X
464 262 i

,-\' .

5 mm. Hg, D,=1.040

-

3 o
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-
Run No.

v /’——— T

A . .
Lk .
.'..I;kwi’ " ;L‘H,‘. =y
g £ e s w17

i

ks bk

dang7e 51 g

Py R

w,
1b./hr.

APPENDIX

107

TasLE V. ~Pressure-drop data with round and sharp sands in 1-inch standard pipe—Continued

G | i AP APy
- [ Ap, o Ap, b, ft.—2 2
b, hr. Re | om Col | em. Hg é ft_)_'ctﬁ_l fﬂié&'{—l

ft.=2 ]

f

R
Round sand, D,=0.01268 inch, wt.=275 gm., RT="73 °F., BP="72

inches, CI7=30.3 cm., 6=38.6 percent, air.

7 mm. Hg, D,;=1.049

0. 0705
. 1334
. 193
. 230
. 271
. 360
. 461
. 530
. 613
. 709

1. 048

1. 41
1. 786

2. 06

i

|
|

1L77 {  0.288 | 87 . 28, 5 249
22,2 545 | 17.5 T 57. 3 50. 1
321 . 788 | 24.7 L. o 81.0 70. 9
38 3 910 | 20.5 |- "7 96. 8 81 6
15.0 1. 10 Y 35 |- 114. 5 100
59. 8 1165 oo _____ 51| 143 125
76. 7 .88 .1l 6.4 | 179 156
S8, 3 216 ._.._.___T 7.5 | 210 183
102 2.50 oo~ 86| 241 210
118 2.80 L lTlTlT 10.4 | 202 255
174 198 L_IITITTTT 15.5 | 431 379
234 576 7T 20.8 | 584 510
206 7.2 00T 25.7 | 721 i 631
342 g.42 . 1TTTTT 30 812 . 736

[M
w b
DO 0w

Round sand, D,=0.01268 inch, wt.=275 gm., RT="73° F., BP="727 mm. Hg, D,=1.049

inches, CH=28.6 cm., =35.0 percent, air.

0. 0706

i . 1340
i . 196

. 2315
. 273
. 314
. 465
. 337
. 624
. 722
1. 078
1. 460
1. 616

I
|
|
1
|

11. 79 0. 289 1.6 o ... | 40. 0 23.0
22.3 . 547 23.2 .. 80. 6 46.0
32. 6 . 800 33.3 3.7 113 64. 5
385 LO45 L 4.1 126 715
43, 4 11 5.0 148 83. 2
60. 5 1.48 .. 6.5 193 110
78 4 .92 . 85 252 143
89. 3 219 oo ... 9.8 291 166
104 2,55 feooooooao- 11. 2 332 189
120. 5 2.95  jo._______ 13. 4 397 226
179 440 . 20. 7 614 350
243 5.95 l_.o_____. 27.2 808 160
268 6. 58 jmmmm e 30 1 892 509
| | i

(=1}
4‘_ - -
WNWORDRH~IOWU

1.049 inches, CH=31.7 cm., §=41.4 percent, air.

* Round sand, D,=0.01062 inch, wt.=275 gm., RT=70° F., BP=728 mm. Hg, D=

0. 0701
. 1018
i . 1815
. 258
. 309
. 361
. 461
. A31
. 606

B
wal
o
13

11. 69 0. 241 9.5 |ocmemnas 20.7 345
16. 92 . 350 4.3 ... 1.9 52.1
30. 2 . 625 ! 240 | __.. 75. 5 87. 8
42. 9 . 888 | 35. 3 3.9 112 130
51. 4 LO6 L 4.6 112. 5 142
60. 0 L2t . 5.5 147 171
76. 7 | 1 VO 7.0 187 218
88.3 1.83 . _. 80 214 248
101 208 .. 9.1 243 282
118 A S 10. 7 286 332
175. 3 3.62 ________. 16. 4 439 510
236 4.8 . 21. 5 575 645
300 6.20 |_o.___. 27.1 1 726 845
340 7.0+ oo ___ 30.0 '+ 802 933

665
476

=

® L
n.
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FLUID FLOW THROUGH PACKED AND FLUIDIZED SYSTEMS

TaBLE V.—Pressure-drop data with round and sharp sands in 1-<inch standard pi pe—Continued

Gr : AP, l APGO)
Run No. W, b, hr. ! A APu b ftm |l froe
un o Ib./hr. ft.fi’ Re em. CCL | em. Hg ft.—CtH"l L f I) CthH—
i
Round sand, D,=0.01062 inch, wt.=275 gm RT=170° F., BP=728 mm. Hg, I)

inches, CH=29.0 cm.,

=35.8 percent air.

0. 0702 11. 71 0. 242 14 5
1022 17. 02 . 352 22. 4
. 1655 27.5 . 569 35.6
. 263 43. 8 L907 |
. 314 52. 2 108 ..
. 369 61. 4 L27 ..
. 474 78. 8 163 .. __
. 546 90. 8 1.88 .
. 626 104. 3 216 oo
. 738 123 2,64 ..
1. 105 184 380 (oo
1. 306 217 4. 48

—
: o
N YOO UKo

49. 7

76.-8
121. 5
176
220
264
323
372
422
507
749
887

311

48,1

76. 3
110
138
165
202
233
265
318
469
556

!

TTT——

=104 B

30. 8

Round sand,

D,=0.00818 inch, wt.=275 gm.,
1.049 mches CH=33.0 cmn., 6=43.5 percent air,

RT=73° F.,, BP=T747 mm.

Hg’ Dt= N

i

0. 0693 11. 56 0. 184 13. 4
. 131 21. 8 . 348 24 %
. 193 32,1 . 313 37.0
. 333 55. 4 .885 ..
. 432 71. 9 L1y
. 496 82. 3 131 L.
. 610 102 L63 j.o__o.._

. 731 122 L9

1. 082 180 2.87  |eccicee-

1. 49 245 3.41 ...

DO DD bt b
PO Do
TNOO—=HWO

40. 2

74. 5
107
175
221
260
309
376
546
735

58. 8
109
156
256
323
380
452
550
800

1, 065

880
456
302
167 .
125 -
112

86. 8
73.5
49,2
35.4

Round sand,

1 ,049 inches, "CH=29.1 cm., 5=36.7 percent air.

0.00818 inch, wt.=275 gm., RT=73° F., BP=T47 mm. Hg, D)=

0. 0710 11. 83 0. 189
. 0990 16. 5 . 263
L1674 27. 8 444
. 228 37.9 . 635
. 331 55. 1 . 880
. 429 71. 3 1.14
. 493 82.0 1.31
. 580 96. 5 1. 54
. 636 106 1. 61
. 737 121 1. 93
. 805 134 2. 14

-
LN O®mS
SO T O P IO UL GO

79. 6
114. 5
182
246
347
454
533
599
651
791
884

614

60.0 . B

Round sand,

D,=0.00632 inch, wt.=150 gm., RT=73° F., BP="747 mm. Hg, D:—-
1.049 inches, 'CH=18.1 cm., 5=44.6 percent air,

0. 0716 11. 92 0. 147 9.5
. 1353 22. 5 . 278 18. 6
. 200 33.3 L 411 27.2
. 328 54. 6 675 .
. 467 77.7 <960 |.Lo_oo...
. 606 101 1.25 . ..
. 730 122 151 ..

1. 065 177 2,18 jeo..

1. 432 238 2.9 .

1. 813 302 3.78 |-l

51.2

99. 6

146. 4
235
323
420
512
761
1, 027
1, 268

841

1, 246
2 078

932 . 4
510 *° "
342
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TspLE V.— Pressure-drop data with round and sharp sands in I -inch standard pipe—Continued

Run N w b, e R Ap 8, | e | B | g
un Nao. ! . hr,” e 3 T =
ib./br. Fr. 2 em. CCl; | em. Hg ft—CH-t | ft—CH-
Round sand, D,=0.00632 inch, wt.=150 gm., RT="73° F.,, BP=747 mm. Hg, D,=
1.049 inches, 'CH=16.3 cm., 5=38.1 perceut air.
PO 0.0715 11. 9 0. 147 178 foooo_._ 108 . 88.2 995
i . 132 22.0 . 272 33.9 |___..__ 206 168 556
. 238 39. 6 490 Lo 6.5 338 276 282
. 341 56. 7 L7001 o 9.1 474 387 193
. 485 80. 6 996 |ooooooeeo- 13.3 694 566 140
. 635 106 131 |eeooooaoo- 17.1 891 729 104
. 766 128 188 |- 21.1 | 1,095 895 87. 4
1. 14 190 2.834 oo 30.7 | 1,596 1, 300 57. 8
Round sand, D,=0.00488 inch, wt.=102.5 gm., RT="72° F., BP=747 mm. Hg, D,=
1.049 inches, CH=12.4 em., §=41.5 percent, air.
oo e 0. 0715 11. 92 0. 114 1.7 |- 94 152 1, 338
. 1355 22. 5 . 214 2.8l . 174 281 694
. 200 33.2 . 316 32.6 {oo_._- 260 420 475
. 3315 55. 1 1 T I 5.9 403 652 268
. 470 78. 1 L7460 L. 8.1 554 896 171
. 613 102. 4 L9879 . 10. 6 725 1,170 139
. 734 122 LI6 oo 13. 6 930 1, 502 126
1. 085 180. 5 1.72 .. 19.7 | 1, 346 2,173 83.2
1. 465 244 2.32 oo 26.0 | 1,776 2, 870 60. 2
1. 73 287 273 |ececmeooo 30. 4 | 2,077 3, 335 49. 0
Round sand, D,,—O 00488 inch, wt.==200 gm., RT=76° F., BP=745 mm. Hg, D,=
1.049 inches, ‘CH=22.2 em., §=239.1 percent, air.
O 0. 106 17. 63 0. 167 oo _._ 6. 0 229 208 815
. 289 48.0 R 721 T F 15. 8 60+ 548 290
. 389 64. 8 L6158 |- 22.5 860 780 227
. 501 83. 1 L7900 ol 26.2 | 1,000 908 159
. 526 87.6 L 831 oo 28.5 | 1,087 991 157
Round sand, D,=0.00488 inch, wt.=200 gm., RT=76° F., BP=745 mm. Hg, D,=
1.049 inches, Clr=22.2 en., 5=39.1 percent helium.
0. 265 4. 41 0.0399 | .. .____.. 13.0 496 450 3 910
. 292 4. 85 L0439 oo 15. 8 604 547 3 950
. 0465 7.73 L0698 [ .. 21. 2 811 736 2 078
. 0601 10. 0 L0905 oo 26.5 | 1,012 919 1, 550
. 0693 11. 54 L1042 L. 30.0 | 1,144 1,038 1, 318
Round sand, D,=0.00345 inch, wt.=77 gm., RT=72°F., BP=747 mm. Hg, D,=1.049
inches, CH=9.5 em., §=45.0 percent, air.
Rl - 0. 0711 11. 88 0. 079 13.8 oo 144. 6 245 1, 518
. 1357 22. 6 . 150 27.6 |ucaooo_- 290 493 845
. 235 390.1 0259 e _.. 5.0 446 758 438
. 335 55. 8 ¥ & R PO 7.0 625 i 1,058 298
Y 79. 3 526 jeeooooooos 10. 2 914 1, 547 215
. 621 103. 7 3.1 T N 13.0 | 1,158 1, 963 160
. 746 124. 5 .829 .. 17.0 | 1, 515 2, 570 145
1 11 183 05 S I 243 1 2,166 3, 670 96
1. 388 230 1.38 |- 30.0 | 2,678 4, 543 75. 2

P’y

L. —

g

s
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TaBLe V.—Pressure-drop data with round and sharp sands in 1

FLUID FLOW THROUGH PACKED AXD FLUIDIZED SYSTEMS

w,
1b./hr.

?
hr.—1
-2

1b.
ft.

Re

Ap, Ap,
em, CCly | em, Hg

AP,
lb. ft.—2
ft.-CH—!

\
APy, :
Ib. ft.~2 7

ft.-CH-1 ‘

Round sand, D,=0.00264 inch, wt.—=51

L)

gm., RT=71° F., BP=

-inch standard pipe—Continyeq

——
747 mm. Hg, D=

1.049 inches, CH=6.7 cm., §=48.5 percent, air.
0. 0711 11. 88 0. 604 184 . ____ 199 483 2, 284
. 1357 22. 6 . 1147 26.6 |._______ {895 957 11, 9255
. 236 39. 2 2199 Lol 4.6 584 1,412 gps
. 835 55. 8 2283 oo __ 6. 6 840 2, 035 | 435
. 476 79. 3 402 (LD 9.5 1,200 2,905 | 308
. 621 103. 7 .827 . 12. 4 1 1,572 3, 805 . 238
L7438 | 19 630 | ___11TTC 15.5 | 1, 968 4,760 | 907
1. 100 183 L9300 Lo __ 23.9 ! 3, 036 7, 360 147
1. 452 242 123 |CIDIITTTTT 80 {3810 9, 245 106
Sharp sand, D,=0.01505 ineh, wt.==250 gm., RT="77° F., BP=739 mm. Hg, D,=
1.049 inches, CH=32.9 ¢m., 6=48.6 percent, helium.
0. 0131 2.18 0. 0601 4.5 |aon_. 13. 6 33. 2 ‘3, 340
. 0232 3. 86 . 1062 9.0 |o._____ 27. 2 66.5 |2, 138
. 334 5. 55 . 1528 1.0 | __. 33. 2 811 1,262
. 519 8. 61 . 237 17.0 (o.___. - 51. 4 125 i 807
. 618 10. 3 . 284 2005 j.._.__ . 62. 0 151 ' 683
. 0827 13. 78 380 26.8 |._______ 8L 0 197. 5 500
. 1040 | 17. 30 477 | 3.7 98. 2 239. 5 383
- 278 | 21. 2 885 oo _._ 4.5 116 283 301
1488 | 24,7 .681 o __. 5.2 134 327 256
1722 ‘ 28. 65 LT91 (L. 6.0 154. 6 378 220
Sharp sand, D,=0.01505 ineh, wt.=2350 gm., RT=77° F., BP=739 mm. Hg,
D=1.049 inches, CH=32.9 em., 3=48.6 percent, air.
i I
1012 16. 82 0. 490 4.2 | . 12. 68 30. 95 509
. 1938 32. 2 . 938 83 |- ._. 25. 1 61. 3 275
. 2895 48.1 1. 40 12,3 | ____ 37.2 91.0 184
. 397 66. 0 1.92 16.9 oo ___._ 51.0 124 134
. 511 85. 0 2. 47 219 |o__.____ 66. 2 161. 5 105
. 574 95. 5 2. 78 249 (L _. 75.8 184 94.3
. 674 112. 3 3.27  |eo.____._ 3.3 85. 2 208 77.3
.987 | 164 5 4.79 5.1 131. 5 321 55. 4
1. 300 216 6. 29 6.9 178 435 43. 6
1.952 | 395 9. 46 10.8{ 279 681 30.1
2. 65 } 440 12. 78 15. 6 402 983 23.7
3.42 | 568 16. 52 21. 7 560 1,365 19.8
3.82 | 635 18.45 | ____.____ 23.7 613 1,494 [
419 | 698 20,8 |CTIIITT7T 26.3| 679 1, 635 15.9
4. 59 ’ 763 22.2 Lo .. 30 775 1, 890 15.2

7.4

TaBI

—
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{
ued TaBLE V.—Pressure-drop data with round and sharp sands in 1-inch standard pipe—Continued i
——— " T " 0 ',
3 y AP, AP(-m).
No. w, Ib. hr.~! R Any AP Ibft-2 | Ib. ft.-2 ‘
f Run No 1b./hr. ft.—rz | € em. CCly | em, Hg F#-CH-1 | ft.~CH-1 f .
. ’ : Sharp sand, D,=0.01268 inch, wt=230 gm., RT="77° F., BP=739 mm. Hg, el
= ‘ D,=1.049 inches, CH=33.4 cm., §=49.4 percent, air. ' .
T B e e 0. 0701 1.7 0. 290 4.0 |omooooo 11. 9 8L5 | 729 1
-’Sé . 1325 22. 1 . 946 8 T e 25. 9 68. 5 444 ‘
235 . 2276 37.8 . 933 13.0 |-2222000 38.7 102.4 | 227
'1_' . 320 53. 2 1. 32 18 4 | 54. 7 145 163
135 . 420 70.0 1. 73 241 oo 71.7 190 123 !
m‘§ . 515 85. 6 2.12 29.6 oo 88. 0 233 101
236 . 378 96. 0 2.37 |ecoeeeeoaa 3.7 94. 1 249 85. 5
207 . 684 114 2.82  feoaoooo-oo 4, 4 112 297 72. 7 '
147 . 994 165 4. 08  feeooooo__o 6.8 173 158 53
106 1. 317 219 5.41 faoaooooooC 9.3 263 696 45. 8 '
1. 975 329 812 oo 14. 5 369 976 28. 6
2. 73 454 11,2 e 20. 5 521 1, 380 21. 2
= 3. 11 518 128 oo 23. 6 600 1, 590 18. 8
3. 52 585 ) S 27. 5 700 1, 854 17. 2
— 3. 80 632 15,6 |occeeeeaoa 30 763 2,020 16. 1
340 .
138 Sharp sand, D,=0.01268 inch, wt=250 gm., RT=77° F., BP=739 mm. Hg, Al
249 D,=1.049 inches, CH=29.7 cm., §=43.1 percent, air. |
07
(38" 1)
_,-:03 N 0. 0702 1.70 | 0.286 6.6 oo 22 30.8 | 718 10
383 . 1720 28. 6 . 700 16.3 | . 54. 4 76. 2 294 '
301, . 286 47. 5 1. 16 .Y A 91 127. 5 179
256 ! . 488 8.1 1,98 |- 5.1 146 204 99
290 . 586 97. 5 2.38 fommmmeeooo 6.0 171. 5 240 80 L
. 696 116 2.84 |ooooaa 78 223 313 73.9 1.
1. 362 226 5. 84  |emmcmaoo-o 15. 7 450 631 30.1 Han
1. 746 290 710 |eoooooooao 19. 9 570 800 30. 2 ,
2. 110 350 867  |meaaa—- 24. 5 703 987 25. 5 b
2. 580 429 10.48 oo 30. 2 865 1, 210 20. 8 -
309 - . . . . , .
275 TasLe VI.—Pressure-drop data with large particles in I-inch standard pipe (downflow of air and
184 helium)
134 P
08 3 AP ;
[y . P 9 ] a4
% No. W] b fh-e R 4D, AP, 1b. ft.-2 .
Z'g} Run No 1b./hr. (A ¢ em, CCL | em. Hg | 4" cfa S
43. 6 s
30.1 .
3(3‘ 7 ) : D,=0.0779 inch lead shot, RT*="79° F., BP="743 mm, Hg, air, D,=1.049 inches,
10.8 CH*=32.3 cm., §=35.4 percent.
iz
}; 2 e 0. 256 42.6 6. 30 0.5 |ocmmm 1 54 8. 00
. 380 63. 1 9. 46 ¢ I 2.76 6. 57
— . 472 78. 5 11. 75 L2 |cemonan 3. 69 3. 69 k
. 544 90. 5 13. 5 O T 4. 61 3. 35 :
. 665 111 16. 6 L9 Jomoaaaaoo 5. 85 4, 52
. 958 160 24.0 34 | o 10. 43 3. 79
1. 253 208 31. 2 5,0 |ococmaceoa 15. 35 3. 27
1. 840 306 43. 9 88 |ooomaeeeo o 26. 1 2. 57
2, 44 405 60. 6 184 |- 41. 2 2. 32 ]
3. 04 505 75. 7 18,6 jocceeae 57.1 2. 07 ,
3. 66 609 91,3 24,05 | 75. 4 1. 88
4. 27 710 106 30.2 oo 93. 0 1L.71
4. 69 780 117 33.0 3.5 98. 0 1. 34
4. 90 815 122 e 4.1 108. 5 1. 36
5. 65 939 140 oo 5.2 137. 5 129 t
6.18 | 1,030 154 eeoooooooo 6.2 | 164 1. 28 T
6.85 1,140 171 oo 7.2 190. 5 1. 22
7. 53 1, 255 188 e 8.2 : 217 1. 14 {
h ! I
*CH= column height=1L; R T=temperature of gas. :
3 K
y ‘
i
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TABLE VI.—Pressure-drop data with large particles in I-inch standard pipe (downflow of qip and

helium)—Continued )
\ 4 C
G AP ; 8
N w, 2 -2 Ap, Ap, = P
Run No. Ib./hr, lbﬁr.ff‘l Re em. CCL | cm. Hg f]rb(%{ o f i
D,=0.0779 inch, lead shot, RT=79° F., BP=743 mmn. Hg, helium, Di=1049
inches, CH=32.3 cm., §=385.4 percent. .
)} 0. 0418 6. 95 0. 99 0.7 | __ 2. 15 65, 2 © 9a.
.0826 138 1. 96 L5 | __ 0T 4. 61 354 :
. 125 20. 8 2. 96 2.4 7. 39 249 .
. 168 27. 9 3. 97 3.2 | 9. 85 18. 5 :
. 230 38. 2 5. 4+ N . 15. 35 154
. 332 55. 1 7. 85 7.6 | 20000 23. 4 1.3 |
. 551 91. § 13.0 18.6 |_J°10T00T 41. 8 7.95 3
. 788 131 . 18. 6 2L 2 | ____ 65. 1 5. 56 . ‘
1. 036 173 24, 4 30,1 [_________ 92. 6 4 58 . L
1. 360 226 82.2 |_________. 4.3 113. 5 3
) . 2a.
D,=0.0779 inch, lead shot, RT=75° F,, BP="740 mm. Hg, air, D,=1,049 inch, -
CH=116.4 cm., 5=238.2 percent. .
Y. 0. 0703 1.7 1. 76 L2 .. 1. 02 9.5 - f
. 1945 32. 3 4. 85 ‘2. 5 2,12 27.5
. 319 53.0 7.97 3.8 | 3. 22 15.2 -,
. 508 84.5 12, 65 6.3 | _.__ 5. 35 992 -
. 620 111. 5 16. 7 88 |emmee 7.25 7.76
. 969 161. 5 24, 2 4.2 0 12. 05 5.75" .
1. 269 211 317 20.5 | __ 17. 4 4.85 S
1. 58 262 39, 4 27.3 |J2I770TTTT 23. 2 419" _8a.
1. 88 312 46.9 L __._____ 3.6 26. 2 2.84% . o
2. 20 366 55.0 . .______ 4.5 32. 8 2.58.° '
2.516 418 62.8 | ____ 57 41. 5 2517 &
2. 85 474 718 | _____ 7.0 511 2. 41: .
3. 18 529 79.5 | ___.___ 82 59. 8 2.261 .
D,=0.0779 inch, lead shot, RT=75° F., BP="740 mm. Hg, helium, D;=1.049
inches, CH=116.4 em., §=38.2 percent. s
_________________________ 0. 0419 6. 97 0. 996 861 ..______| 306 128 4 o
. 0830 13. 82 1. 97 Todl e 6. 05 64 . A
. 1268 21. 1 3. 00 lo.7 . _________ 9. 16 41.5 . [
171 28. 4 4. 05 4.8 | 12. 15 30.5 .
. 1325 22.0 3. 14 128 | ____ 10, 47 43.9 .
. 228 37. 8 5. 40 210 oo 17. 90 25.4 .
. . 340 56. 5 8. 08 32.0 |.o_______ 27. 2 17. 3 :
il Iy 2
gl D;=0.143 inch, glass beads, RT=83° F., BP=736 mm. Hg, helium, D,=1.049 - 3
e inches, CH=110.7 em., 5=37.8 percent. 1
] ‘ . A
D 0. 0612 10. 2 2. 64 18 e . 1. 165 21 .. %
J { : . 1236 20, 6 5. 32 27 | 2.42 | 16.4 i
I 177 29. 5 7. 63 39 __ 3. 50 115 < Lo
IR . 227 87.7 9.75 5.6 | 501 | 10 1. .
NER§ . 328 54 5 141 85 (. .1 7.62 | 7-34 '
i . 439 72. 9 18.8 1.9 |___ 177770 10. 66 | 5. 714’ -
1 . 554 92,0 23. 8 15.9 | ________ 14, 25 4. 87 . .
\ . 667 111 28.7 20.0 ____"°T7 17. 9 a1
f S . 786 131 33. 8 25.5 | _____ T 22, 84 3.8%
\ ;
| ,
i
|
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TapLE VI-—Pressure-drop data with large particles in 1 -inch standard pipe (downflow of air and 1Y
helium)—Continued S
G AP a2 :
N w, A Ap, Ap, ? :
. tun No. 1b./hr. lb]'lrft"l Re em. CCly | em. Hg fltb' é&{ _21 ! L
' D,=0.143-inch glass beads, RT=83° F., BP=736 mm. Hg, air, D,=1.049 AL
: inches, CH=110.5 cm., §==238.8 percent. 4 1
98 - e 1. 853 308 87. 6 12 |emoooooo. 10. 65 2. 91 R
1. 55 258 73. 7 9.1 | 8.10 3. 17 kI
1. 245 207 58. 8 6.6 |- 5. 87 3. 56 & N
. 681 113. 5 32.3 2.7 Jeeeeo o 2. 40 4. 85
. 566 94 26. 7 L8 |ocmemaooo 1. 60 4. 68 1f
D,=0.143-inch glass beads, RT=83° F., BP=-736 mm, Hg, air, D,;=1.049 ' I,
inches, CH=113.2 c¢m., §=38.2 percent. AL
08 e 0. 460 76. 5 21.7 1.6 | 1,453 5. 43 1
. 610 101. 6 28. 8 2.3 Jeooaaa 2. 09 4. 45 k?"‘
. 906 151 42. 9 42 3. 82 3. 69 15 5
1. 242 206. 5 58. 7 6.8 |-cemmamoas 6. 20 3.11 : j“
1. 728 287 81. 6 9.0 __.___ 8. 20 2.19 ol be T
1. 852 308 87. 6 12,7 |l 11. 55 2. 69 ' Rt
D,=0.172-inch glass beads, RT=79° F., BP="740 mm. Hg, air, D,=1.049 AR Rl
inches, CH=151 em., §=40.5 percent. N ALPE:
S TN 0.940 | 158 52.3 37 |oeeel 2. 52 3. 44 IR
1 . 665 111 36. 7 2.0 oo 1. 365 3. 84 N B
. 577 96 3L.7 1.6 fooemmmans 1. 09 4, 20 “
. 479 79. 6 26. 3 1.2 . 820 4. 41 '
. 383 63. 8 21.1 [ I PROSOEER ! . 614 5. 14 (3
. 289 48. 1 15.9 IR < T PR . 410 6. 01
. 1936 32.2 10. 6 [ J P . 205 6. 73 M
D,=0.172-inch glass beads, RT'="79° F., BP="740 mm, Hg, air, D,=1.049 . .: !
inches, CH=147 cm., §=239.1 percent. d1ed
W |
W
8. eeooo._.| 0.964 161 53.8 3.9 |ooomeeae 2.73 3.22 : .
. 673 112. 2 37. 5 2.3 oo 1. 61 3. 93 P
. 585 97. 4 32.5 L7 |acoceaao 1. 19 3. 82
. 486 80. 9 27. 0 1.2 . . 843 3. 94
. 388 64. 6 21. 6 [ ¢ 2 P . 631 4. 60 "
. 260 43. 1 1+ 5 I T P . 350 5. 68
D,=0.252-inch Raschig rings, R T=83° F., BP="736 mm. Hg, helium, . -;; 1 A
D,=1.049 inches, CH=141 em., §==56.6 percent. -
Bl 0. 135 22. 5 10. 3 1 0. 705 17. 4 Ve
. 127 21. 1 9. 67 1O | . 705 20. 3 T aHE
. 229 38.0 17. 3 1.6 | 1. 125 9. 93 KL
. 330 54. 8 25. 0 2.5 |l 1.76 7. 47 I H
. 439 72. 9 33.2 8.5 . 2. 46 5. 93 1A
. 548 91. 0 41. 5 4.8 oo 3. 38 5. 22 ! s
. 661 110. 0 50. 3 6.3 [-eocoooo 4. 54 4. 77 R 48
. 780 130 59. 4 A B P, 5. 56 4. 20 WHLE
. 901 150 68. 5 9.8 [ -___ 6. 91 3. 92 T -
1. 025 170 77. 8 1.7 e 8.27 3. 66 ‘r ’ 1
HE
W § l : t‘i‘i
AEER A
HL
[ N
B
jBss
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TasLE VI.—Pressure-drop data with large particles in 1-inch
helium)—Continued

standard pipe (downflow of gir and

4

§ vy
i

R
G aP
", w, 7 -2 Apv Apy ’_2 ' '
Run No. Ib./hr, Ibf,r_t_'i Re em. CCly | em. Hg fltb'cf% 1 s -
Dy=0.182-inch Alundum cvlinders, RT=83° ¥., BP=736 mm. Hg, helium, 5 B
D=1.049 inches, CH=140.4 cm., §==36.2 percent. :
3 0. 0238 3. 96 1. 32 0.8 [ccmo .. 0. 565 101 ;
. 0610 10. 16 3. 39 ) O I 1. 27 3L 5 E
. 1028 17. 1 5.70 3.0 | 2.12 204 3
. 1668 27. 7 9. 23 5.0 |-CIIIIIT 3. 53 129 4§
. 128 21.3 7. 09 - 2. 96 18. 2
. 224 37. 2 12. 4 7.8 | . 5.15 10.4
. 330 51 8 18.3 1.5 | .. .27 8. 12 7. 57
. 444 73.8 24. 6 16.4 (L ._______ 11. 56 5. 95
. 560 93. 0 31.0 21.4 (177777 15. 1 4. 90
. 688 114. 8 38. 2 27.0 (.- _1°° 19.0 4,03
774 129 43. 0 3L.6 (________._ 22.3 3.76 (
| !
! ’ D;=0.182-inch Alundum cylinders, R T=83° F., BP=736 mm. Hg, air,
3 ‘ D=1.049 inches, CH=140.4 em., §=36.2 percent.
. S 0. 665 111 39 8.5 oo ____. 2. 47 445 |
N .960 @ 160 56. 3 6.2 (. ___ 4. 39 3. 80 .
i 1. 258 210 73.9 9.8 | 6. 58 3.29
. 1. 57 263 92, 6 125 | 8. 84 2. 82
Iy | 1867 312 109. 5 16.3 oo ____ 1L 5 2. 61
o ' 2,187 363 127. 5 20.8 fo . 14. 7 2. 46
'y [ 2.490 414 145 26.3 | ______ 18. 5 2.39
i 1’ 2. 82 469 164. 5 3.3 | ___ . 22.1 2. 28
: Tasre VIL.—Fluidization data of uniform round sands in the 2.5-inch tube
it - w, G, Ap, ' AP, Gl /o
Run No. ) he. Ibofecthr— R em. CCL  IbJft2  percent L Ib,/hr.2 I
A
P D,=0.01505 inch, weight =756 gm., R 7%= y° F., BP=746 mm. Hg, air, D,=2.5 inches, CH*=15.4cm.
a-1_ . _. 0. 0712 2.05 0. 0673 0.3 - 0.975 42. 2 1. 00 ' __________ 1936
. 1665 479 . 1574 .6 1. 95 42. 2 .00 f._._______ 727
v . 324 9.33 | .313 1.0 3. 25 42, 2 1L00 __________ 320
E ‘ . 515 14. 83 . 487 1.8 5.85 42. 2 1.00 |_________. 227. 8
! . 787 22, 65 . 870 3.0 9.75 42. 2 1.00 |.____ . ___. 162. 5
VL 1. 148 33. 10 1. 087 4. 4 14. 3 42. 2 1. 00 111. 8
1. 50 43. 2 1,42 5. 8 18. 85 42. 2 1. .
1. 988 57. 3 1. 882 7.7 25. 02 42,2 1.
' 2. 35 67.7 2. 223 9.3 30. 02 42,2 1.
AR 2. 82 81. 2 2. 668 1.4 | 37.0 42, 2 1
’ 3. 42 98. 5 3. 232 1L 0 455 12. 2 1.
‘ 3. 66 105.4 1 3.46 147 47.75 42. 2 1.
! 3. 802 1100 iL__._____. 14. 5 47. 1 42. 3 1 3
L <. 045 116.5 . ____. ' 1+ 5 47.1 42. 9 1 2
: ¥ 4. 115 127.0  ________._ ! 1+ 5 471 43. 4 1 3
"h 4. 77 1837.4 | ____. ! L7 4775 44, 7 1 .
b 4. 95 42,5 149 484 , 455 1 .
‘ 5. 19 149.5 | ______. 149 1487 | 460 1 .
5. 49 158.0  |._________ 15,0 48 7 46. 5 1 2
‘ 5.79 166.8 |._____  _- 152 49.4 49.0 1 1 .
6. 10 175.6 | __._____ 15.25 49. 45 49. 3 | 1. i X
6. 70 193 L ____. 15. 1 49, 1 50. 3 - 1. 168 130.0 . ____._...-
| 7.30 . 210 e 15. 2 49. 4 52. 5 1. 217 148.0 . ___.__.
i i . f —
! * RT'=temperature of gas; CH=column height= 1.
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TasLE VII.—Fluidization data of uniform round sands in the 2.5-inch tube—Continued

1

w, } Gy " Re Ap, ; AP: s, 1 GI—‘It/P f
1b./hr. ‘lb.ft."2hr.‘1f em, CCly 1 h./ft.2  percent e 1b./hr.2
. D,=0.01505 inch, weight=1193 gm., RT=069° F., BP="746 mm. Hg, air, D,=2.5 inches, CH=23.9 em.
0. 2235 6. 76 1.4 1 440 41. 6 1.00 | _ 505
. 565 16. 27 3.3 10.7 41. 6 .00 |-
. 016 26. 38 54 177 41. 6 1.00 ...
1. 153 41. 90 9.1 29.6 41. 6 .00 oo -
2. 348 67. 6 4.7 475 41. 6 .00 oo ____
2. 048 84. 8 18.7 60.5 41. 6 .00 .-
3.78 108. 8 23.25 75.8 41. 8 1. 004 62. 2
4,02 115. 8 23.3 1760 42,1 1. 007 67.0
4. 39 126. 5 23.1 1750 43.0 1. 025 74. 8
4.77 187.3 23.65 | 76.8 447 1. 055 83. 5
5. 19 149. 5 241 | 78.2 45. 8 1. 076 93.0
5. 48 157. 8 24.15 . 78. 4 47.3 1. 107 100
5. 80 167.0 242 786 47. 8 1. 118 107
6. 10 175. 6 240 | 78.0 48.7 1. 140 115
6. 69 192. 6 241 | 782 50. 5 1. 182 132
7.31 210. 6 24.7 | 80.2 53. 2 1. 247 152
D,=0.01268 inch, weight=750 gm., RT="74° F., BP=739 mm. Hg, air, D,=2.5 inches, CH=14.0 em
\
0. 1336 3. 85 0.7 2. 38 41.0 .00 . 955
. 2582 7. 44 1.3 4. 35 41.0 100 jocmoocaaoo 468
. 510 14. 68 2.7 8. 70 41. 0 1L.OO oo 241
L779 22. 32 42 | 13.65 41. 0 100 oo __
1. 24 35. 7 6.7 | 218 41.0 1.00 .-
1. 848 53.2 10.2 | 33.2 41.0 1.00 oo
2. 138 61. 6 11.6 | 37.8 41.0 1.00 o ...
;2,46 70. 8 13.8 | 449 41. 0 1.00 -
2,59 74 6 145 | 47.2 41.0 .00 | ____.
i2.82 81. 2 13.7 1 445 41. 6 1.012 47. 4
b3.052 87. 9 13.9 | 45.3 41. 8 1.017 51. 3
3. 36 96. 8 14.2 | 46.2 43.1 1. 038 57.7
L 3.66 105. 4 141 | 459 440 1. 053 64.0
I 3.954 113. 8 1.0 | 45.5 44 2 1. 058 69. 1
4. 25 1224 |eoooo 143 | 46. 4 46. 4 1. 100 77.5
4. 56 18L4 | __ 144 | 46.7 46.7 1. 106 83. 6
4. 85 130. 6 Joeoeooo 143 | 46. 4 47.0 1. 115 89. 5
5. 23 150. 6 |-ccccenees 142 | 46.2 47. 3 1. 122 97. 3
5. 46 1578 ool 144 | 46.7 49.0 1. 157 105. 0
f
. D,=0.01268 inch, weight=1,150 gm., RT'=74° F., BP=739 mm. Hg, air, D,=2.5 inches, CH=23.0 em.
0. 1336 3.85 | 0.0938 0.7 | 298 | 44| woo .. 636
. 2582 7. 44 . 181 1.6 5.20 41. 4 1.00 . 420
. 510 14. 68 357 3.7 |12.0 41, 4 1.00 . 249
. 779 22. 32 544 57 1185 41,4 1L00 oo 166
1. 016 29. 28 713 84 {273 41, 4 100 . 142
1. 24 35.7 870 10.2 | 33.2 41, 4 L00 |oeoooooooo 116
1. 848 53. 2 1. 295 151 | 49.0 11, 4 LO00 emmoooo 77.3
2. 46 70. 8 1. 726 20.5 | 66.6 £1. 4 1L00 oo 59. 3
2. 77 79. 8 1. 945 22.5 | 73.0 41, 4 L00 |cceo o 51. 1
3.06 8.1  |eooooo-- 21.6 | 70.4 42. 5 1.018 5315 |oaecoaos
3. 37 97.0  foeeao__ 2.9 | 7.2 43.1 1. 03 57.5 |-
3. 67 105.6  |ooeeeonns 22.1 | 718 45. 0 1. 066 648 |-
3. 96 1140 femccmacooo 22.15 1 71.9 45. 0 1. 066 70.0 |eeooooo__-
4 40 126, 7  |eccceeacon 22.7 | 73.7 17, 2 111 8L.0 |oeeeeoao-
4. 70 135. 4 ooaemeooo 23.25 | 75. 4 48. 4 1. 137 88.5 |oceeceaaa
5.0 144 s 23.05 7+ 8 48. 6 1142 94 8 |ecccooooaa
5. 47 157.5  |occccoman- 22.9 | T+ 4 50 1175 ° 1070 |ooooaea
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Tapie VII—F, lwidization data of uniform round sands wn the 2.5-nch tube—Continyeq

| o
- w, G, Ap, AP, , Gul./p ]
Run No. | %%, lb.ft.-zhr.-ll Be | e Ceu, | 16 percent | L 1b./hr.2 7 g Rud
. oA
D,=0.01268 inch, weight=1,511 gm., RT=78° F. BP=739 mm. Hg, air, D,=2.5 inches, CH=3g 7 3
em. R
b-3.._____ 0. 1343 14 4. 55 40. 8 Lo0 [ .___ 986
. 2598 2.8 9. 11 40. 8 Loo j.______7" 514
. 512 5.2 | 16.9 40. 8 Loo |._____ 777 254 |
. 672 7.4 24, 0 40. 8 Loo _______7° 210
1. 246 13.7 44. 5 40. 8 oo [._______7" 112 ¢
1. 858 20, 3 66. 1 40. 8 100 |_____ oo 75. 4
2. 474 27. 4 89,1 40. 8 Lo0o |.______°°° 57 3 i
2. 776 29. 6 96. 3 41. 0 1. 004 46.1 | __° D
3.07 29,5 96. 0 42,1 1. 024 52,1 e
3.38 29.55 | 96,0 429 1. 087 58.1 |I1ITTTTe- ;
3. 68 30. 1 97. 6 44. 0 1. 06 5 3 R
4. 042 30.9 100. 3 45. 5 1. 087 73.0 S
4. 41 31. 2 101. 3 46. 3 1. 103 L O 4
4 88 3.8 | 103 2 47. 1 1. 122 90.8 (L.l 4
‘ D,=0.01268 inch, weight="750 gm., RT=72° ¥, BP=739 mm. Hg, CO,, D,~=2.5 inches, CH=14.9
i cm.
' ,
b~d_______| 0. 1646 4,74 0.7 2. 28
. 395 11. 38 1.4 4. 54
. 703 20. 3 2.1 6. 82
. 960 27. 64 3.2 10. 4
1. 924 55. 4 4.8 15. 6
2. 292 66. 0 6.8 22,1
3. 02 86. 8 9.2 30.0
| 3.748 108 11. 2 36. 4
| 4. 492 129. 4 12. 9 42,0
| 4, 782 137. 7 13. 8 44. 9
5. 09 146. 6 4.7 | 477
5. 22 150. 4 14,0 45. 5
I 559 161 46. 2
5. 95 171. 4 46. 9
6. 33 182, 2 46. 6
6. 69 192, 6 47. 2
7.43 214 46. 9
8. 16 235 46. 6
§. 88 255. 8 46. 9

D,=0.01268 inch, weight=1,150 gm., RT=70° T, BP="739 mm, Hg, CO;, D,=2.5 inches, CH=22.8
cm.

b-5.....__| 0. 1656 4. 77 0. 144 0.9 I 293 | 4l o0 -
. 3202 9, 22 . 278 1.5 | 4 89 41,0
. 632 18. 2 . 551 2.9 9. 45 41,0 |
. 966 27.8 . 843 5.0 | 16.3 41, 0 e,
1. 536 44. 25 1. 34 “T5 | 244 41.0 ;
2. 292 66. 0 1. 99 10.9 | 35 5 41. 0 i
3. 02 86. 8 2, 62 14,5 | 47 2 41, 0 ;
3. 782 109 3.30 18.0 | 58 6 41.0 9
4, 53 130. 5 3. 95 20.7 | 67 4 41. 0 ]
4. 90 141. 2 4. 28 22,3 | 726 41. 0 K
5. 26 1514 o 70 214 | 697 41. 7 4
5. 64 1625 | Tt 21.8 | 710 42. 2 4
8. 01 173, 2 1 7777 2.8 | 710 42,9 p
6. 39 L R I 71. 6 44,6
6. 75 o S R 71. 6 45, 3 4
7.13 205.4 [ ___TTTT oot 72. 2 46. 7 4
7. 51 216.2 717777 ..l 72.2 47. 8
8. 24 2872 1T | 74,2 50. 0 ;
1
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TasLE VII.—Fluidization data of uniform round sands in the 2.5-inch tube—Continued i
. T e | :
- ‘ w, ; G, Ap, AP, 85, Gul/p '
RunXNo. :1p iy Ilb.f’c.—ﬁhr.—1 Re em. CCly | 1b./ft.2 | percent e I 1b./hr,2 I X ,
— /_-‘
9.9 D, =0.01268 inch, weight=1,511 gm., RT=74° F., BP=739 mm. Hg, CO,, D,=2.5 inches, CH=29.8 "
cm.
5 I S 0. 1652 4,76 0. 142 1.2 3. 91 40. 7 1. 00 l __________ 831 41 '
i . 3192 9.18 . 273 2.1 6. 85 40.7 1Lo0 .. 395 T
1 . 630 18. 20 . 540 4.1 18 84 40. 7 .00 o _______ 197 o
0 . 825 23. 80 . 709 5.7 |18 55 40,7 .00 .l 159 ;
9 1. 184 34.1 1. 014 81 | 264 40. 7 .00 o _______ 109 »
5.4 1. 532 441 1. 315 10. 4 33.9 40. 7 .00 _______._. 84 .F’
7.3 1. 916 55. 2 1. 645 12. 6 40.0 40. 7 .00 ' _______. 63. 4 3
= 2. 282 65. 7 1. 955 151 | 49.2 40. 7 .00 | oo .. 55 , ;
o 3. 045 87.7 2. 61 19.8 [ 645 40. 7 1.00 | . 40. 5 :
0 3. 78 108. 8 3. 24 24, 5 79. 8 40. 7 LO0 32. 6 ' I
o 1. 53 130. 5 3.89 28.4 1925 40, 7 100 | .. 26. 4 by
oy 4. 975 143.83 el 30.9 {100.5 41.0 1. 004 440 | _._
— 5. 26 151.5 oo _.__-_ 29, 4 95. 8 41. 6 1. 016 47.4 L ___ ‘
5. 72 1648 | 30.0 | 97.6 42,3 1. 028 520 |oooooo___ |
6. 00 172,77  |eeea . 30.0 97. 6 43. 1 1. 043 0 T €
— 6. 31 181.6 | e 97. 5 44 4 1. 065 59.3 e y
6. 75 1944 b s 98. 8 44. 8 1, 073 641 o ____. . g
7.13 205.2  ececmeoo. R 99.9 46. 0 1. 098 69.0 |ooomoo__ PRI
7. 50 216 feemeooooos e 101 47.3 1,125 T4 7 ool S B
8. 23 237 feeee-- ; __________ |.105 49. 5 1. 175 85.5 |omooo_o__. v
it
D,=0.01062 inch, weight=874 gm., RT=72° F., BP=740 mm. Hg, air, D,=2.5 inches, CH=17.8 cm. i {"
F o-l........| 0.0705 2. 06 0. 0421 0.7 2,28 42,3 .00 .o _____._ 2, 790 AL .
] . 321 9. 24 . 189 3.0 9. 76 42.3 .00 'o__..._._. 596 : *3
572 16,48 | 337 52 | 169 3| oo IIIIIIITII 325 Il
. 779 22, 32 . 456 7.5 | 244 12.3 1.00 o ______. 256 -
1. 24 35.7 731 12.2 | 39.7 12.3 1.00 e _. 163 8 4k
1. 552 14,7 915 15.0 | 48.9 42. 3 1.00 . 127 i
1. 848 53.2 1. 188 17.8 | 58.0 12. 3 1.00 i_________. 107 <
2.16 62.2  feooooooo-- 17. 6 57.2 43. 8 1. 027 36.8 | ______._ J
2. 46 70.8  |oaoo. 17.62 | 57.3 15.1 1.05 42,8 |.________ ;
2,76 794 . 17.95 | 58. 2 16. 2 1. 072 49.0 |______.__. A8
3. 052 87.9  |owcocmonns 17.85 | 57.9 47.1 1. 09 55.1 o______.__ S
3. 36 96.8  joceiinnn 17.95 | 58.0 48,0 1. 108 61.6 | __.__ '
3, 66 1054 .. 18.1 | 584 48. 7 1. 123 68.3 | ___..__ I
3. 954 1138 lomoeos 18.0 | 581 19. 6 1. 146 75.0 .. ‘
1. 25 1224 oo . 18.1 | 58 4 49. 8 1. 152 81. 5 i __________ P
D,=0.01062 inch, weight=_3874 gm., RT'=76° F., BP="740 mm. Hg, COs, D,=2.5 inches, CH=17.8 cm. .
. 2. . 0. 0873 2.514 | 0.0642 0.7 2. 28 12. 3 1.00 fo_oeo ... 2, 950 ' )
H A . 3072 1L 45 . 292 2.9 9. 45 42. 3 1. 00 i __________ 590 SRR e
. 709 20. 4 . 523 141 1133 42. 3 .00 ' _______ 260 , s
.. . 828 23.8 . 609 5.4 | 17.6 42, 3 1.00 o _eo. 252 L HE
1. 187 342 . 874 7.2 | 23.4 42.3 LO0 . 164 - VI
3 1. 536 1413 1. 126 9.1 |20.6 42. 3 .00 .. 123 A
2 1. 923 35. 4 141 10.9 | 35. & 42. 3 1.00 e 94 i
2. 29 65. 9 1. 68 13. 1 42.6 42. 3 1.00 L. S0 ' "
2. 665 76. 8 1. 96 147 | 47.8 42.3 100 joecooono . 66. 3 - ‘\
3. 034 87. 4 2. 23 17.0 55. 3 42.3 .00 | ___ 58. 9 A
3. 404 98,1 ecmceoo- 17.7 | 57.6 43.1 1. 014 30,6 | .. THE
3. 765 108 4 fooaoo 17.7 | 57.6 43. 8 1. 026 342 oo ___ S 1IEY
4. 144 11004 oo 57.6 115 1. 038 | 38,2 | I .
1. 515 130 .. 57.6 45.1 1. 051 42,0 oo b
4. 875 140. 5 femeooeoae e ————— 58. 6 45. 6 1. 061 46.0 oo _ 4
5. 24 151 e o 57.3 46.9 1.086 i  50.4 |______.._. LI
L0562 16L8  fommmomooen b 57.9 48. 0 11100 551 oo o __ iR
Po5.00 1725 oo oo e 58.8 19. 7 1. 150 . 60.9 | 1 HE




118 FLUID FLOW THROUGH PACKED AND FLUIDIZED SYSTEMS

TasLE VII.-—Fluidization data of uniform round sends in the 2.5-inch tube—Continued A

— - R — ———— e —— - e e o e :

" w, G, Ap , AP! 1 | G/‘lt/p /i

Run No. Ib./hr.  |lb.ft.~2hr.~t Re em. dCl ' 1b./ft.2 | percent e 1b./hr.2 J ﬁ

, {

Dp=0.00818 inch, weight =650 gm., RT=72° F., BP="750 mm. Hg, air, D,=2.5 inches, CFL =187 e §

N 1

3 a1 0. 0696 2.01 | 0.0314 L0 | 82 | 44| 100 [_._______ 5, 340 ;

- . 1870 5. 38 . 0842 2.1 6. 82 44 4 .00 |ooo_.____ 1, 560 5

il . 2605 7.50 | 1175 2.8 | 90 4L4| 100 |TIIIITIIIC 1 089 o

T . 3742 10.76 | 1885 40 | 131 44 4 Loo |SIIIIITTT 4
- 1L i . 561 16. 15 . 253 5.7 18. 5 44 4 1. 00

10 . 688 19. 82 . 3104 71 23.1 441 4 1.
Y . 906 26. 1 . 409 9.8 31. 9 44 4 1.
. 1. 235 35. 58 . 557 13. 2 42. 9 44 4 1.
S 1. 362 39. 20 .6 45. 6 1.
" 1. 502 43. 28 .6 46. 3 1.
' 1. 848 53. 2 . 2 47. 3 1.
N 215 61.9 .9 48.9 1.
2. 433 70. 0 .7 49. 8 1.
2. 64 76.0 . 6 50. 9 1.
o | 20905 83. 6 6 51. 8 1
SN | 3.32 95. 6 . 6 52. 2 1
y, 3. 62 104. 3 -6 54 3 1.
e 4. 00 115. 3 -3 55. 0 1.
TR 4. 60 132. 5 .5 56. 4 1
A 4. 94 142, 3 . 2 57.6 1.

D;,=0.00818 inch, weight=1,116 gm., RT'=72° F., BP=750 mm. Hg, air, D,=2.5 inches, CH=23.6 ¢cm,
d2_ ... 0. 0696 2.01 . 0.0315 .60 5.20 44. 7 1.00 oo 4,950
. 1347 3.88 | .0608 2.50 | 8 12 44. 7 100 |ooo_ .- 2, 068 .
. 2656 7. 64 . 1197 45 | 14 63 44 7 .00 | . . 963
. 4078 11, 74 . 1838 6.7 | 2178 447 .00 | _______ 774
. 619 17. 83 . 2792 10.0 | 325 44 7 .00 | ... 393
. 688 19. 82 . 3103 1.6 | 37.7 44,7 1.
. 801 23. 08 . 3615 13.7 | 445 447 1.
. 912 26. 27 . 4112 16.1 | 52.3 447 1
1. 123 32. 35 507 19.8 | 64. 3 4L 7 1.
1. 235 35. 56 526 22.1 |78 44,7 1.
1. 395 40,16 oo 21.6 | 70.2 45. 3 1
1.72 40,52 [__I__ 21.9 | 712 46. 3 1.
1. 848 53.2 | . 22.3 1725 46.9 1.
2. 15 6L9 ... 72. 6 47.9 1.
2. 442 (00 T T 72. 8 49.7 1.
2.752 79.8 |l T 73.0 51. 1 1.
3. 046 87.7 | _jl_lllllTC 73. 1 52. 5 1.
3.32 95,6 | Il __TTTTC 73. 3 53.0 1
3. 62 1042 | i T | 73. 4 54. 3 1.
4. 238 122 T T [ 75. 4 56. 4 1.
484 | 1895 .. .. _. Lot 75.7 60. 3 L
. D,=0.00632 inch, weight=980 gm., RT'=72° F., BP="740 mm. Hg, air, D,=2.
ol P 0. 1338 3. 86 0. 0473 3.3 | 10.72 44, 5 1
v . 2586 7. 44 . 0013 5.9 |19.2 44. 5 1.
: . 510 147 @ .180 12.1 | 39. 4 44, 5 1.
1 779 22. 3 273 20.0 | 651 44. 5 1
o . 968 27.9 | ___ 19.3 | 62.8 45. 6 1.
; 1. 254 86.1 oot 10.6 | 63.7 46. 9 1.
C 1. 568 45.2 | .. 64. 1 48. 2 1.
% 1. 87 53.8 oo |l__.lTTTTC 64. 4 49. 8 1.
s 2. 16 62.2 oo | - 63. 8 50. 5 1.
‘ 2. 46 70.8 |\l oTTTT 64. 0 52.1 1.
. 2. 76 79.4 || TTTT 65. 7 52. 6 1.
; 3. 054 88.0  |oomem |l lT 65. 1 53. 6 1.
3.36 96.8 |oeoo_ o o TTTTC 66. 1 54. 5 1.
3. 66 105. 4 i _____|_ 00T 65. 3 54.9 1.
3. 954 18.8 .l _TTT 64 7 56. 4 1.
4, 63 183.4 | . ____|_._____°C 65. 1 57.1 1




Tan

J—
Run No.

—

P O

APPENDIX 119
£ VII.—Fluidization data of uniform round sands in the 2.5-inch tube—Continued
i '
w, 4 G: ! Re Ap, AP» 5, 1 Gule/p 7
1b./hr. ‘lb.ft."fhr.'lg em. CClL; | lb./ft.2 | percent ¢ 1b./hr.2
D,=000632 inch, weight=980 gm., RT= 72° F., BP="740 mm. Hg, CO,, D,=2.5 inches, CH=20.6 cm.
0. 1652 4. 76 0. 0722 3.0 9. 76 44. 3 .00 joaooo-o_o 2,220
3192 9.18 1386 5.5 17. 5 44 3 1.
630 18. 2 . 275 8.6 28. 0 44. 3 L
963 27.7 419 15.7 | 51.0 44. 3 1.
1. 532 441 Jaoaoooooa- 19.4 | 63. 1 45.9 L
1. 918 55.2  |ecmocamoa- 19. 8 64 4 46. 6 1.
2. 285 65.8 oo 19.6 | 63.8 47.3 1.
2. 662 T6.7 oo 63. 8 48.7 1.
3. 032 8783 oo |emmmam e 64, 8 49. 8 1.
3. 40 97.9 e 64 8 51. 6 1.
3. 762 108. 4 e 64 1 51. 6 1.
4 14 1192 oo 64. 8 52. 1 1.
4 51 130, 0 lecome oo 64 8 53.6 1.
4. 87 140. 83 o 67.0 54. 1 1.
5.24 151 | e 66. £ 54. 9 1.
5. 78 166.5 oo 641 55. 3 1.
6. 15 1772 e e e 65. 4 56. 4 1.
6. 72 193, 5 Jocmmcceee oo 68.0 58. 2 1.
D,=0.00632 inch, weight =930 gm., RT'=74° F., BP=787 mm. Hg, helium, D,=2.5 inches, CH=20.4 cm.
0. 01134 0. 327 0. 00384 2.2 7.16 43.6 L.OO |- 29, 200
. 0238 . 685 . 00807 49 15. 95 43.6 .00 oo 14, 800
L0442 1. 272 . 0150 82 26. 7 43. 6 LO0 | 7, 140
l . 0613 1. 766 . 0208 12.0 39.0 43. 6 .00 jocomeoeees 5, 430
L. 0823 2. 87 . 0279 16.1 | 52. 4 43. 6 1L.00 |ocmmooo- 4,035
P . 1042 3. 00 . 0353 20. 6 66. 8 43. 6 LOO | 3,120
L1254 3.6l oo 19. 9 6+ 2 45. 4 1. 034 156 |ooooooooa-
L1472 4248 - 20. 1 65. 4 45. 8 1. 037 183 eoo_a-
. 1685 485  leeeeeea- 20. 2 65. 7 46. 4 1. 052 2.2 o _la-
. 2281 6.57 |occmmccce|mmmmmee oo 65. 7 48.0 1. 087 29.8 e
. 3308 053  focmmmcceee |- 64. 5 51. 4 1. 163 46. 2 e
. 4418 12, 72 e 67.0 52. 8 1. 196 63.2 oo
. 550 15.85 oo mmm 66. 4 540 1. 226 80.6 oo
. 6635 1.1 e fmmme e 67.0 55. 7 1. 276 101 |eemoaeaaa

0. 1215 3.50 | 0.0334%
. 334 9. 61 - 0018
. 496 11 28
. 508 17. 22
L 675 10, 41
. 068 27. 87
1. 253 36. 06
1. 506 13. 81
1. 88 54 1
2 172 62. 6
2. 43 69. 9
2, 778 80. 0
3. 07 88, 4
| 3. 38 97.3
i 3. 682 106
1022 115. 8
1 168 128. 6
1 882 140. 6

[=2]

i1

O p 4 s s b s s e =T Q0 e s

O Ha ~I = Ha O O GO H= DD O+ D00 He o=

00

00

007
015
033
07

098
125
157
165
216
216
23

248
29

312
373
. 393

R R R R R R R R R R e R e
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FLUID FLOW THROUGH PACKED AND FLUIDIZED SYSTEMS

Tasre VIL—Fluidization data of uniform round sands in the 2.5-inch tube—Continued

.
- w, G, Ap, AP, s, Gul.lp
Run No. Ib./hr.  |Ib.ft.~2hr.—1 Re em. CClL | 1b./ft.2 | percent Lo Ib./hr.2 f
D;=0.00488 inch, weight=_858 gm., RT=69° F., BP="746 mm. Hg, air, D,=2.5 inches, CH= 18.2 ¢,
o
2 ... 0. 1740 5. 01 0. 0479 5.8 | 18.85 44. 5 L00 |eoo__.____ 2, 308 :
. 4065 11. 71 1072 14.1 | 45.8 44, 5 100 (L0770 Loz °
. 510 14.69 | ______ 16.0 | 52.0 45.0 1. 010 8. 52 ("
. 788 22+ | ____.___. 16. 8 54. 6 47. 3 1. 055 13. 6 mm——
1. 026 29.56 |o.__.____ 16. 9 54. 9 48.0 1. 068 18.2 [ ____ 77" 3
1. 254 86.1 |- _I1l1Il] 16.8 | 54. 6 48.7 1. 086 22.6 |11
1. 506 43.4 | . 16. 9 54. 9 50. 3 1. 120 280 |._____
1. 868 53.8  fao___.__ 16. 9 549 51. 8 1. 154 35.8 | . ___ " ‘
2. 176 62.7 | _. 16. 8 54. 6 53.0 1. 181 42,7 LT
2. 478 71.3 49 53. 5 1. 194 49.0 (LIt T
2. 78 80. 0 .1 54. 0 1. 208 85.7 4.__.__ .
3. 073 88. 5 . 2 55.0 1. 236 63.0 |._...._..7"
3. 384 97. 3 .4 55. 9 1. 263 71.0
3. 685 106 . 6 56. 8 1. 276 77. 8
4. 05 1166 (e e 55.7 57.0 1. 305 87.5
4. 47 128. 7 | 56. 0 58. 8 1. 346 100. 0 B
J 4. 89 140.8 | e _ 56. 2 61.0 1. 428 116 A
D,=0.00488 inch, weight =858 gm., RT=74°F, BP=739 mm. Hg, CO,, D,=2. 5 inches, CH=18.0 em,- i
K
8. 0. 0868 2. 50 0. 0288 2.5 815 44 2 100 . __._____ 5, 700 ‘
. 2405 6. 92 0797 6. 6 21.4 44, 2 1.00 . .. 1, 965
. 4735 13. 65 . 1455 1.9 | 38.7 44. 2 100 ... ____ 908
. 703 20. 3 . 238 14.6 | 47. 6 44, 2 100 oo ____ 505
. 960 27.64 | _______. 16. 5 53. 8 46. 3 1. 039 8.81 | ...
1. 252 36.08 |________._ 16. 8 54. 6 47. 5 1. 064 1.8 e .
1. 526 43. 94 | 54. 3 47. 8 1. 070 1L 5 ..
1. 924 5.4 || . 543 48. 7 1. 088 18.5 ..
2. 292 66.0 || 53.7 50. 1 1. 122 228 e .
2. 65 76.8 | 58.7 50. 9 1. 188 26.7 f_ ... .
3. 02 87.0 | __ 54. 7 51.1 1. 144 30.6 |._______.__
3. 388 17 T PO I 55.0 52.1 1. 166 349 ... ‘
3. 748 108 (.. 54.7 52,7 1. 178 39.0 oo
4. 124 us.7 54. 4 53. 3 1. 195 43.5 .. _____..
4. 492 129.4 || 54. 4 53. 3 1. 195 475 joeeoas
4. 85 130.6 || 54. 7 55. 4 1. 252 83,7 el
5. 22 150. 4 (o ___ | " 54. 7 557 1. 264 58.4 |-
575 185.6 1| . 54. 7 56. 9 1. 305 66.4 | ...
595 171.4 || ___ ..~ 540 56. 9 1. 305 68. 8 EESSTEREEE
D;=0.00345 inch, weight=898 gm., R T'=74° F., BP=739 mm. Hg, air, D,—2.5 inches, CH=20.0 cm.
g-1___.._...| 0.0705 2. 03 0. 0134 4.0 13.0 47. 4 .00 | .. , 6, 300
. 1357 3. 85 0256 8.1 26. 4 47. 4 .00 |o_..___.._ 4, 690
. 2584 7. 44 0493 15. 6 50. 9 47. 4 .00 | _______ 2, 410
. 3415 9.83 |a_._.___. 17. 2 56. 0 48. 4 1. 02 5.76 |ooanee
L 347 9.99 |___.____._ 17. 5 57.0 49,1 1. 035 5.95 | oa---
. 566 16.30 o _.__.___ 17.7 | 57. 6 50.0 1. 055 9.90 e
L779 22.42 | ___.___ 17.7 | 57.6 51. 1 1. 078 18.90 Joccneem-
1. 016 20.28 |oo.___.__ 17. 9 58. 3 51.6 1. 09 1840 Lo aaao--
1. 24 3570 |ocoae___ 17. 8 57.9 52. 6 111 ] |
1. 552 4.7 . 17. 9 58.3 53.9 1. 142 29.50 e
1. 867 53.8  feoo__.__ 17. 9 58. 3 54. 6 1. 162 36,10 | oee-
2. 160 62.2 . _______ 17.85 | 58. 1 56.0 1. 20 43.0 oooaooe--
2. 46 70.8  |eo . 18.4 | 59.9 56. 4 1.212 49.5 __o-a--
2,76 79.5 . 18. 3 59.6 57.9 1. 25 572 o _aaee--
3. 052 87.9 . ___..___ 18.5 | 60.3 58. 6 1. 275 646 -
3. 36 96.8 .. ____.__ 18.3 | 59.6 59.0 1. 286 TLT  emmeen-
3.78 1090 |.____..___ 18.5 | 60.3 60. 2 1. 325 831 meeemee
4. 25 1225 | ______ 18. 2 59.3 61.0 1. 350 95.0 _cmeeeaa--
4. 85 139.7 | ___. 18.05 | 58. 8 62. 4 1. 40 113 -

e T
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APPENDIX 121
TapLe VII.—Fluidization data of uniform round sands in the 2.5-inch tube—Continued
w, G, R Ap, AP, 5, 1 Gul./p i
. Ib./hr. ilb.ft.—zhr.-l € em. CCly | Ib./ft.2 | percent e Ib./hr.?
D, =0.00345 inch, weight=1,080 gm., RT'="70° F,, BP=740 mm. Hg, air, D,=2.5 inches, CH=23.5 cm.
0. 1102 3. 17 0. 0211 8. 4 27. 3 46. 1 1. 00
. 1585 4. 56 0303 12. 3 40.0 46. 1 1. 00
. 222 6. 39 0424 17. 3 56. 3 46. 1 1. 00
. 2976 856 | - 22.0 71.6 46. 3 1. 004
. 335 9.64 |- 22. 0 71. 6 46. 9 1. 016
. 308 11,46 - 21.1 68. 6 48. 4 1. 046
. 467 18.45 | |- 68. 4 48.9 1. 056
. 548 15,78 e 69. 4 49. 4 1. 068
. 592 17.06 | oo 69. 4 49. 4 1. 068
. 675 1945 |awcaooe e 70. 4 50.0 1. 08
. 915 26.34 |- 69. 4 50. 5 1. 092
1. 253 36,1  fecmmme—efocmcaaaao 70.7 51.0 1. 123
1. 567 45.6 e 68. 4 53.0 1. 148
1. 868 53.6 oo 69. 4 54. 6 1. 190
2,16 62.2 e 68. 6 55. 4 1. 212
2. 16 70.8 e e 71. 4 56. 1 1. 233
2. 76 79.4 oo 65. 8 56. 6 1. 256
3. 054 88. 0  fucmmme i o 70. 0 61. 7 1. 276
3. 36 96,8 oo 72.6 62. 3 1. 296
D,=0.00345 inch, weight =898 gm., RT=72°F., BP=739 mm. Hg, CO,, D;=2.5 inches, CH=20.0 cm.
0. 0868 | 2. 50 0. 0204 4.6 14. 95 47. 4 .00 |—ccomeoo- 9, 500
. 1646 4. 74 0386 6.3 20. 45 47. 4 .00 |occceeooo 3, 630
. 1355 9. 38 . 0766 11. 3 36. 8 47. 4 1.00 (oo ___ 1, 660
. 576 16.6 oo 17. 4 56. 8 48. 2 1. 016 5.19 oo ___
.713 20.54 | oeeo-. 17. 5 57.0 48.9 1. 03 6. 50 [
. 823 2 R A 17. 8 58.0 50. 1 1. 055 T.70 |oeaeeac o
. 960 27.64 oo |eameeea—- 58.0 50. 6 1. 066 9.05 [caoooo_o
1. 252 36.1 oo 58.6 51.3 1. 081 1200 oo
1. 626 4304 | 58.3 52.2 1. 10 14 95 oo
1. 824 85,4 ecmecemofemmmmee o 58. 9 52. 8 1. 115 190 |ocoocoooo
2, 292 66.0 || 59. 2 54.1 1. 145 23.3 |aemooooo_-
2. 65 76.8 oo | 59. 6 55. 4 1. 18 276 |acceeaooas
3.02 87.0 | ecmmm e 58. 9 56. 0 1. 20 82.2 |eweeoooo--
3. 338 7.5 | 59. 8 56. 5 1. 215 36.5 |ocoooo-__
3. 748 108 | 59. 2 57.5 1. 238 41,0 |oooaos
4124 1187 || 59. 8 59. 6 1. 274 46,5 |ooooeoas
4492 129. 4 |- 59. 2 59.6 1. 274 500 |oocooeeas
4. 85 130.6 | jeammmaaas 58. 9 59. 6 1. 274 547 |- ___
5. 22 1504 oo e 58. 9 60. 2 1. 325 61.2 |_________
A 95 1704 e 58.9 60. 9 1. 348 7LO jooeeo-

D,==0.00345 inch, weight=1,080

CH=23.5 cm.

gm., RT=70° F., BP=740 mm. Hg, helium, D,=2.5 inches,

0. 01582

el ek et
GINOOD W= O

0. 00290
. 00680

1

1

1

1

1

1

H

3

1

1

-~
. . b . v N - - b by b -
NWONOH B QOOOORRU

-
. © B - B .
H> 00 ~IH> U0 O DN OO

00

00

055
058
063
067
076
092
114
118
170
211
213
276
. 363

—— -

e e e N S e o
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FLUID FLOW THROUGH PACKED AND FLUIDIZED SYSTEMS

TasLe VII.—Fluidization data of uniform round sands in the 2.5-inch tube—Continued

I

- w, G, Ap, AP, 3 Gul/p
Run No. o b [ibgtoihesf  Be | el GCl | 1bJete | percent | b Ib./hrz |
D;=0.00310 inch, weight=1,865 gm., R7=78° F., BP=736 mm. Hg, air, D,=2.5 inches
CH=41.9 cm. !
h-1...___. 0. 1335 5. .84 0. 0252 19.0 61. 9 51.1 .00 | ... 7, 050
. 258 7.43 0490 34. 1 110. 8 51. 1 .00 | ___ 3, 37
. 322 9.26 .. 32. 3 105 52. 3 1. 029 5.63 {._______
. 448 12,92 .. ... 32. 9 107 53. 2 1. 042 797 | __
| .673 19.45 ... 33.1 107. 5 54. 3 1. 068 12.28 (. .___
- . 969 28.0 o 3140 110. 5 55. 3 1. 090 181 | ____
" 1,260 36.3  joo________ 34.0 110. 5 55. 9 1. 100 23.6 |.__.__.__
1. 558 44.8 || .. 112. 2 58.0 1. 165 30,9 . _.___
i 1.85 53.8 e e 112. 6 59.0 1. 191 37.6 .o._____
b2.162 62.0 oo 113. 8 59.7 1. 210 44. 4 1 _______
i 2,438 70.3 ool 115. 1 61. 4 1. 263 52.6 feeeo____
2.73 78.6 oo 117.8 61. 8 1. 282 59.7 _._.___
i Dp=0.00310 inch, weight=2376 gm., RT=75° F., BP=736 mm. Hg, air, D,=2.5 incheg
CH=57.7 cm. '
h-2_ .. __. 0. 1952 5. 63 ‘ 0. 0371 33.5 | 109 51. 6 100 ... 4,790
. 258 7.43 frmmeme oo 41. 2 134 52. 5 1. 019 4.36 _.o...__
. 511 1478 L. 42. 1 137 53. 2 1. 032 8.80 ___._._.
. 673 10045 . _. 42. 6 138. 5 54. 5 1. 063 1.9 . __
. 969 28.0  Loo__o... 42. 8 139 55.3 1. 081 174 ...
1. 26 36.3 | 141. 2 57. 6 1. 142 23.9 ...
1. 558 44. 8 .. 143. 2 58. 5 1. 166 29.5 .. ..
1. 85 53.3 e 146. 5 59.8 1. 204 37.0 ...
2,152 62,0 |l 147. 8 61.1 1. 241 44,4 ...
2. 438 70. 3 J ____________________ 147. 8 61.3 1. 250 50.6 ..o.__..
2.73 78. 6 PR [ —— 148. 8 62. 6 1. 293 58.56 ...
i
»=0.00310 inch, weight=2,376 gm., RT=75° F., BP=736 mm. Hg, helium, D,=2.5 inches,
CH=57.7 em.
h-3_..___. 0.01132 0. 326 I 0. 00205 14. 2 46. 1 51. 6 .00 f._____... 83, 900
. 0486 .40 . __. 42.3 | 137. 5 52. 9 1. 030 6.3+ ...
. 105 3. 02 ! __________ 43.1 140. 5 54. 9 1. 070 14.22 . _______
. 134 3.85 ooee.. 43. 6 142 56. 1 1,104 18.74 __o___.
. 232 6. 68 * __________ 44. 3 144 59. 5 1. 195 35.2 __o_.--
. 3835 9,65 |oeeoooo-. 46. 2 150 62. 2 1. 280 54.4 .. .-
. 448 12. 93 I __________ 45, 4 148 63. 8 1. 340 76.3 I ________
D;=0.00290 inch, weight =1,185 gm., RT=77° F., BP=736 mm. Hg, air, D,=2.5 inches., CH=28.0 cm.
=l Lo 0. 0706 2. 04 0.0114 7.0 22, 8 50. 8 1. 00
. 1952 5. 63 0314 20.0 65. 0 50. 8 1. 00
. 289 834 ... 20. 3 66. 1 52. 5 1. 040
. 385 1.1 . __. 20. 8 67. 5 53. 6 1. 063
. 511 1478 e, 20. 9 67. 9 54. 1 1. 075
. 673 19.45 | _._._ 21. 1 68. 5 54. 5 1. 084
. 969 28.0  jeooooo_.. 21.1 | 68.8 54. 9 1. 094
1. 26 36.8 e 1 69.0 56. 1 1. 127
1. 558 448 e _. 71. 0 57.1 1. 149
1. 850 538 e 70. 4 58. 1 1. 179
2. 152 62.0 oo ooifeoeel 70. 4 59.0 1. 202
2. 438 70,3 oo 71.6 60. 0 1. 230
2.73 8.6 e 72. 8 61.1 1. 265
3. 04 87.6 el .. 73.2 61. 7 1. 288
3. 63 1048 ol _L__ 75. 7 62. 5 1. 318

-

=T




) ll. '\,-‘-1
[
A
APPENDIX 123 N
i
ted TapLe VIL—Fluidization data of uniform round sands in the 2.5-inch tube—Continued
o o l
. L, G, Ap, AP, 3 Gul.fo
] Run No. e ot Be | om. GOL | Ibjit: | percent | Lo Ib./Rr.2 f
- . v
5 inche, ‘I)p=0.00290 ineh, weight =1,185 gm., RT=77° F., BP=736 mm. Hg, helium, D ,=2.5 inches, CH=28.0 em.
——— o 1 0. 01132 0.326 | 0.00173 7.2 | 23.4 50. 8 100 fueocoeooeo 67, 900 A
7.030 . 0237 . 683 . 00362 17.5 56. 9 50. 8 LO00 | ___ 37, 400 1s
X uTs . 0619 1785 |oceoee 20.8 |67.9 54. 7 1. 093 8. 85 |oCe .
o . 105 3.02 oo 21. 2 69. 0 54 4 1. 080 14.75 {______..__
T . 146 420 |__CTTII10 21.3 | 69.3 55. 1 1. 098 20.9 |-l .-
T . 232 6.68 |- 22. 0 7.5 57. 3 1. 154 349 |
o . 335 9.65 |oocomoooo 22. 2 72. 4 60. 0 1. 232 53,9 locweooo___
. 448 12,93 | o .. 28.0 | 747 62. 1 1. 300 76.1 |-l ..
oo . 551 15.90 | oo .. 24.6 | 80.0 63. 6 1. 357 97.6 |- . _
T 'D,=0.00202 inch, weight =920 gm., RT'=71° F., BP=736 mm. Hg, air, D ,=2.5 inches, CH=24.15 cm. !
e | .
e 0 P } 0. 0706 2. 04 0. 00795 9.4 30. 6 55.0 L00 oo 19, 720
2.5 ivches .. 1335 3. 84 0150 17. 5 56. 8 55.0 LO00 oo 10, 310
A . 1952 5,63 feeemoooon- 14. 9 48. 5 57. 4 1. 056 348 (. ______..
. 258 748 omeeeeeo 15. 3 49. 8 58. 2 1. 072 4.66 |.______.___
- L322 9.26 |-ooocneaa- 15. 3 49. 8 59.2 1. 101 5. 98 |oomomnao. !
1790 . 385 ) N P 15.6 | 50.7 59. 2 1. 101 716 [emoamaee o al it
o o L4488 12,902 |C__ T .. 15.7 | 5L1 59. 8 1. 119 8.46 |-
R L L5B1L 1478 |l .l 158 |5L4 58.7 1. 085 9.40 |L_CCI .- .
oo .. 574 16.55 |-coo.- 15.8 | 5L 4 53.7 1. 087 10.53 |-_C-.Ilo ",
. 673 19.45 | ol - 15.6 | 50.8 58.7 1. 087 12.88 L 1 .
. 897 25.8  |ooo o |emeeoo 50. 2 58. 9 1. 092 16.48 |- -l
__________ 1. 152 332 | Tl _.._|s0.5 59. 8 1. 119 21.7 |oilllIlC
1. 260 86,8 |- liil- 51. 2 60. 3 1. 130 24.0 |oooo.o . il
1. 558 448 ool 51. 2 61. 2 1. 160 30.4 | TTTTC -
e 1. 850 53.3 |eo e 51. 4 62. 5 1.198 378 oo "
S — 'D,==0.00202 inch, weight =1,339 gm., RT="71° F., BP=736 mm. Hg, air, D,=2.5 inches, CH=33.8 em. ¢
2.5 inches, ‘ ’.
] 2. 0. 0706 2. 04 0. 00795 14. 0 45. 5 53.3 1. 00 ' ’
] . 1335 2% S 21. 6 70. 1 54.9 1. 035 X
53, 900 ¢ . 1952 5. 63 joaceeoa- 22.0 71 4 55. 9 1. 059 L
L .258 748 |eoollll 22.4 | 72.9 56. 7 1. 077 x
| 1333 9.26 |- oao_.- 22.6 | 73.6 58. 7 1.125 K
. 385 LS 70 S O 74.3 58. 1 1. 112 1
. 448 12,02 Tl 74.3 58. 1 1112 ,
__________ . 511 1478 |llTIITTiC 736 57. 6 1. 097 :
[ . 574 Y T U I 74.0 57. 8 1. 104
. 673 19,45 |- 73.9 58.0 1. 109
— R . 969 28.0 | 73. 6 58. 7 1. 124 .
r=98,0 cle; 1. 268 36.3  |cmemcccfemmmmemae ;’g g 28 ? 1L 133 .
= 1. 558 . 448 | X 5 1. 16
— 1. 85 13 S I IR 74. 3 60. 8 1. 188
12, 265 2 2. 152 62.0 foceoecmameo - 75.5 61. 6 1. 216 Y
3' 380 2. 438 (VR J P RS 75. 5 62. 4 1. 238 L
o 2.73 78.6 | e 75.5 62.9 1. 258 b
:o‘ .
i
R
¥
MHangre__51— 9
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124 FLUID FLOW THROUGH PACKED AND FLUIDIZED SYSTEMS .
TasLe VIL—Fluidization data of uniform round sands in the 2.5-inch, tube—Continued
> w, G’ Ap, AP) 5, G,ul:/P
RunNo-  jplhe. ib.fethet|  Re | onBioy 1b./f2 | percent L Ib./lir.2 f
!
;Dp=0.00202 ineh, weight=1,389 gm., R7'=74° F., BP=7361mm. Hg, helium, D =25 inches, C'H = 33250y

8. 0.01132 0. 326 0. 00120 19. 5 63. 5 52. 8 L00 _____._.._ 128, 700
. 0155 N Lo 23. 6 76. 6 54. 1 1. 023 2.06 |.______
. 0237 L6883 | _ 23.1 75.0 57. 8 1. 113 343 1.7
. 0425 1.227 (. ____. 23. 4 76. 2 59. 2 1. 152 6.37 (7.
. 0619 L785 | ___ 23.5 76.5 58. 4 1. 132 Q.11 |____ "7~
. 0840 2,42 L __ 23. 5 76. 5 57. 8 1. 113 1221270
. 105 8.02 | Il T 76. 6 58. 0 1. 120 15.23 | 1177
. 126 8.63 e T 76.9 58. 2 1. 123 18. 87 ...
. 170 4.90 | JIIIITTIITTTIn 75. 6 59. 0 1. 143 23.2 11T
. 232 6.68 |.________l.______°°" 75. 6 60. 9 1. 202 36. 2 | S
. 336 9.63 || ______C 77.6 62. 5 1. 257 54, 5 e
. 448 1293 o~ 79. 4 64. 3 1. 323 (0 T S
. 551 15.90 | ______|._.___ " 78. 5 66. 8 1. 415 101 SR

TasLe VIIL.——Fluidization data of uniform sharp sands in the 2.5-inch tube
Run N l w 1, % Re Ap, AP, 5 ! Guldp
un No. oy thr ) em. CCL | Ib./ft.2 | percent o -Ib./hr.2 f

\D,=0.01268 inch, weight =755 gm., RT*=70°F

- BP=740 mm. Hg, air, D,=2.

0.
. 234
. 334
. 5045
. 872
. 668
. 957

£ 30 TG ke e e 00 00 00 00 IO RO DO pet 3 4t

1276

24

181.
190

DO DIDUTO - Ot OO WI~I~T

0. 0898
. 164
. 235
. 3565
. 401
. 470
. 672

PONIRO =t et 4 et et
w
[}
5]}

e b et pand
FRNODOND R WO, O
G@MO\IU\&O@WNHUJ@U\O’\]HW%

(313

b
N©Of S t
O =TV VOO T LT DI G 0D 09 O

oren
IS
00 W~

=

vtorg
NN

0)000)(9030!M\IHQOOOOOOOOOOOOOOOO

T P P e e e e e R R e e e e e e

*R T=temperature of gas; CH=column height=L.

mi
|

5 inches, CH*=0.580 ft. *
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APPENDIX

TasLE VIII.—Fluidization data of uniform sharp sands in the 2.5-inch tube—Continued

125 )

e . G
- w, G, Ap, AP, s, wlelp :
f Run Nn. Ih. hr. ilb.ft.-ihr.—1 Re ‘em. CCly | 1b./ft.2 | pereent e 1b./hr.2 I :
- 1
R - . . - o . -y - t
3325 n D,=0.01268 inch, weight=1,255 gm., RT="74° F., BP="740 mm. Hg, air, D,=2.5 inches, CH=0.945 ft. :
ag ¥ o 0. 188 5. 40 0. 132 1.0 3.25 | 49.0 .00 |oomoooooo- 866 ,
=%, 700 . . 400 11.5 . 280 2.1 6.84 | 49.0 .00 |- . .. 104 '
-------- : L5875 16.6 103 3.2 10.35 | 49.0 100 |oecuoeooos 297
SRR . R4 19,1 166 1.0 13.0 | 49.0 .00 | ____. 277
SEREE 1. 25 36.0 880 7.7 | 251 9.0 1.00 | ... 151
Seen 1. 85 53.2 1. 297 1.4 | 37.1 49.0 .00 o _._____. 102
i 2, 44 70. 2 1.712 15.5 | 50.5 | 49.0 .00 o emo- 79. 7
3. 02 $7.0 2,12 19.8 | 6£2 | 49.0 100 |- onoa- 66. 1
3. 62 104 2,52 23.4 | 76.1 '] 49.0 .00 |______ ... 5.7
3. 01 12,8 fewooooan 218 | 80.8 | 49.35 1. 006 I
4,20 5 A 24.8 | 80.8 | 50.5 1. 03 V- T I
4,50 180 |eme el 840 | 50.6 1. 032 7704 |oooee o
1. 80 VT S I N 84. 9 51. 4 1. 050 83.4 |.______.__
5. 10 147 | e $6.3 | 52.4 1. 070 90.5 |owomooo_-.
5, 33 - S R N 87.3 | 53.4 1. 095 A
5. 63 164 |omoo |l 86.9 | 541 1. 110 105 |ooo._ ..
5. 03 172.5 || T . 86.4 | 56.2 1. 165 116 |- .__
L6553 189 |l 90. 5 57.9 1. 220 138 fomooooi_o.
-D,,-:0,01021 inch, weight=1,150 gm., RT=72° F., BP=739 mm. Hg, air, D,=2.5 inches, CH=0.900 ft.
0. 706 2,04 0. 0403 1.0 3.25 | 51.0 .00 | ______. 6, 290
N . 322 9, 26 . 182 3.2 10.4 | 51.0 B 1 O I 985
=0.580ft. 398 . 673 19. 45 . 384 6.6 | 2L+ | 510 .00 | - . 159
—— . 469 23.0 . 553 9.6 | 3.2 | 510 .00 |- .. 322 s
Lo 1. 26 36. 3 716 12.5 | 40.7 | 5.0 .00 | 249 "
Las 1. 558 11.8 . 885 18.8 | 612 | 51.0 1Loo |-illlll 205 . :
502 E 1. 85 53.3 1. 05 21.8 | 70.8 | 510 .00 |oeooooo_. 174
M2 . 2. 152 62.0 21. 6 70. 4 51,6 1. 012 35.8 oo
g 2, 438 70. 3 73.6 | 52.4 1. 032 40.7 |
: 2,73 78. 6 70. 6 53. 1 1. 053 45.5 | ..
fo3.04 S7. 6 71. 6 513 1. 078 50.6 |._________
| 3.33 T S N IR 72. 6 55. 3 1. 092 55,8 | __
[ 3.63 1048 |ewow . 73.6 | 36.5 1. 128 60.5 | __
3.93 118.7  |eco oo 74.3 57. 1 1. 142 65.7 |ocoeea-.
4. 22 122 | . D749 | 58.3 1. 173 70.5 |ecoooo__-

D, =0.00818 inch,

weight=1,181 gm., RT=72° F., BP="739 mm.

0.

0706

. 1952
. 385
. 574
. 673
. 069

CORINI NI

26

558
85

152
438
73
04
35

1

. 63

2. 04

5. 63
111
16. 55

ot
1 B . w- - by
PARPRWOWRRWD

0. 0323
. 0802
. 176
. 262

(33

SO wE
DD I
14

DO DO+t 4

-~
b HeORN:
€0 00 €O €O €D CO He Hin e 33 00 t 00 O O

P MO W WU W OOV

Bt el e ot ket g et
=
—
T

7, $40
2, 740
1,342
910
795
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FLUID FLOW THROUGH PACKED AXND FLUIDIZED SYSTEMS

TasLE VIII.—Fluidization data of uniform sharp sands in the 2.6-inch tube—Continued

Run No.

w'
1b./hr.

G,
Ib. ft.~?hr.~1

Re

Ap’ i AP' E H
em. CClg # 1b./ft.2 !percent
]

!

6

L

Gul.lp
1b./hr.2 f

D,==0.00818 inch, weight=2,181 gm., RT=72° ., BP=739 mm. Hg, air, D,=2.5 inches, CH=1,747¢,

0. 0706

. 322
. 574
. 673

RN,

969
26
558
85
152
438
73

0. 0323

uirs

9. 13
38.

65
80
113
129
128
131

134,

138

140.

0

2

7

o
NOHRWHRODOOOO

(=]
13
p—

. 203

""""""" 81100

_________ 11640

---------- 878

---------- 784
218 |_._____ 284
26.9 |77
32.8 |11
40.5 17T
7.1 L2100
54. 5

D,=0.00488 inch, weight=_850 gm.,

RT=73° F., BP=740 mm.
CH=0.742 ft.

Hg, air, D;=2.5 inches,

LW ==

2.02
4. 68

0. 0191
. 0443
. 0585
. 0083
. 121

—
o
PR R NI O W

WONRNWONOOODONHE ~T— N

W

[
BN OOWINOOOOOVLD

B e b bt b ek bt b e b e et
Q
131
o

270

.......... 7,830
__________ 3, 500
__________ 2, 520
__________ 1, 520
__________ 1,220
__________ 974
__________ 885
16.3 |-
22.0 |.._....C
28.0 |-l
EYAE: S
418 |CDDoiI
48.0 |o_ooillllD
548 oo
[ G
70.0 |-_oTlll

D,=0.00488 inch, weight=1,150 gm., RT=73° F., BP=740 mm. Hg, air, D,=2.5 inches,

CH=1.00 ft.

090

. 165

. 262
. 355
. 434
. 560
. 672

WO =,

a70
27

2. 60
4. 74
7. 52

i
S oo
ONUVIOH~I—HOTOWH OTN

0. 0245
. 0447
. 0712
. 0968
. 118

WO O Hee DI = TR G =T D i (]}

(1]
NPOPONHDRODO DO DO ODD

U s e e e e R e e e
o
bY

__________ 5240 .
__________ 2, 900
__________ 1, 780
__________ 1, 326 -
__________ 1, 082
__________ 835
__________ 739 E
__________ 514
216 Joeeeeeene- 3
27.8 Jaccamoa--- £
3L 8 eemeee-- ‘
41, 4 joeemmeoee-
48,2 jaeaaenuee-
5485 loooeeme--- :
63.8 |_aaoa---- ;
711 jaecmcmem--

g-3.




APPENDIX 127

TapLE VIII.—Fluidization data of uniform sharp sands in the 2.5-inch tube—Continued

_ —_— ‘
\ : w, Ga Ap, AP) | 4, G#Ze./P
Run No-  phr, b.ft—throt|  B€ | em. CCL | Ibjft2 | percent | ¢ Ib./hr.2 s

_ S

17 1, D,=0.00345 inch, weight=630 gm., RT=72° F., BP=740 mm. Hg, air, D,=2.5 inches,

- ; CH=0.570 ft.

5 100 . _

, 610 J o N 0. 070 2. 02 0. 0134 1. 535 5.21 57. 2 1.00 |- 10, 170
878 . 133 4. 62 . 0307 3.5 11. 4 57. 2 L.O0 Joo________ 4, 240
784 i . 196 6. 81 . 0454 5.4 17. 5 57. 2 .00 oo 2, 980
534 . 260 9. 02 . 0601 7.3 23.8 57.2 .00 | 2, 320

.. 3 . 385 13. 4 . 0894 11. 2 36. 6 57.2 .00 |- 1, 620

I . 445 15,5  |oooeoooo-- 10. 1 32. 9 59, 2 1. 042 3 feamoooaao

—- . 507 176 oo 10. 2 33.2 59. 6 1. 055 10.7 foeeeeaoo

— . 570 1.8 o __._... 10. 2 33.2 60. 3 1. 070 12.2 |-

——e . 666 23.2  o____... 10. 2 33.2 60. 7 1. 080 144 (o

—— . 062 334 oo famceeeea 33.2 60. 9 1. 085 20.9 |-

1. 26 43,7 ool 33.2 61. 2 1. 096 27.6 |eeocaooo--

— 1. 56 541 oo |ecmeaeaaaa 32.9 61. 9 1. 114 4.7 |-

1. 85 64.2 | .. 33.5 62. 9 1. 150 42.5 |-
2,15 T4 T e 33. 5 63. 5 1. 166 50.0 |oecceoooon
_ 2. 45 85.0  |ooooealle 33.2 640 1. 200 58 8 |oo_-____.
2. 74 95. 0 feceommmao oo 33.9 64. 2 1. 210 66.1 |acoeooaoo-

’, 830 3. 04 105. 5 oo 34. 2 65. 5 1. 245 75.5 |_________

i, 500 3.33 116 |eo el 33.5 66. 6 1. 281 85,5 |ooooooon--

%, 520 3. 63 126 ool 34. 2 67.0 1. 299 940 |oeooaooo_-

1, 520

1,220 7R
a7 R D,=0.00345 inch, weight=981 gm., RT=73° F., BP=739 mm. Hg, air, D,=2.5 inches,

885 CH=0.868 ft.

———— - g2 . 0. 0706 2. 04 0. 0135 4.8 15. 6 56. 6 L.00 _____._____ 18, 650

----- o ! . 1335 3. 84 . 0254 8. 65 28 4 56. 6 1.00 ool 9, 530

e A . 1952 5. 63 . 0375 12. 9 41. 9 56. 6 1

S | . 258 7 17,7 57. 5 56. 6 L

-- . 322 9 16. 6 54.0 58. 3 1.

- ! 385 17. 2 56.0 58. 9 1.

----- . 448 17. 3 56. 2 59. 1 1

—_ 574 56. 2 59.7 1.

ot . 673 57.0 60. 2 1.

’ N 4 . 069 57.3 60. 5 1

. 1. 26 57.3 61. 2 1.

— 1. 558 57.9 62. 4 1.
1. 85 59. 9 63. 2 1

2,152 60. 5 64. 2 1.

2, 438 61. 8 65. 0 1.

2.73 62. 8 65. 7 1.

3. 04 63. 4 66. 8 1.

D,=0.00345 inch, weight==1,759 gm., RT="73° F., BP=739 mm.
CH=1.578 ft.

3 ]

e i BS3 ! 0. 0706 2. 04 0. 0135 7.6 24.7 57.0 1.00 |- 16, 920
s . 238 7. 43 L0494 | 90. 8 57.0 100 [-o-lil__C 4, 670
RO © . 385 ILY .. 30.9 | 100.5 58. 3 1. 029 6.60 [~-oo_noo_
o 3 I . 511 1478 ... 30.8 | 100 58. 3 1. 029 879 |oceoaooo.
g L6738 19.45 | ... 3.1 | 101 58. 3 1. 029 1157 | L
SRR 969 28.0 oIl .. 103. 8 59. 9 1. 070 16.7 oo 1C
—— : 01,26 36.3 o Ll_lC 104. 8 61. 2 1. 110 2383 o
I L 558 448 | jeiiooo 105 62. 5 1. 146 20,7 |occeccacos

1. 85 533 oo eeie]mmmmmcmens 107. 5 63. 4 1. 178 36.3 |oooaoaeeas

2,152 62.0 ol 109. 9 64. 7 1. 220 43.8 |-

2. 138 0.3 ol 112. 5 65. 3 1. 240 50.5 fo_______.

2,73 786 oL 112. 5 65. 6 - 1. 250 537.0 foceooooo_
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TA_}_EE VIII —Fluidi

FLUID FLOW THROUGH PACKED AND FLUIDIZED SYSTEMS

Run No.

w,
Ib./hr.

G,
Ib, ft."2hr.~1

Re

Ap’
em, CCly

AP, 8,
1b./ft.2 ' percent

le

Gul /o
Ib./hr.2

zation data of uniform sharp sands in the 2.5-inch tube—Continueq

!

D,=0.00845 inch, w: eight=1,759 gm.. RT=73° F., BP="739 mm. Hg,

CH=1.578 ft.

helium D,=

2.5 inches,

. \
g4 . 0. 01132 0.326 | 0.00206 8.5 27. 6 57.0 LO0 ... ___ 102,750 A A
. 0237 .683 [ .00431 21. 5 70. 0 57.0 L00 (._____ " 59, 40p - i
0425 1227 | _________ 30.9 | 100.5 57. 8 1. 017 547 .o . . 1
0619 1785 | ___ 11T 3L1 | 101 58. 2 1. 027 SN 4 i
146 420 |o_____ T | __ .7 101. 8 60. 0 1. 074 19.8 (IITTTee- g
134 3.85 |oeoao___|TTTTTm 102. 8 60. 3 1. 081 18.2 | 1777 i
232 6.68 [________ |- TT1TTmT 107. 2 62. 9 1. 161 383.9 |LIIlT-
335 9.63 ... _.__{_ITTTtm 110. 6 65. 0 1. 230 5L.9 | 11T 4
. 448 1298 oo ___IT|IITITTTT 113. 7 67.0 1. 300 78.6 11T B
| : I
D,=0.00229 inch, weight =900 gm.,, RT=67° F., BP=730 mm. Hg, air, D,=2.5 inches, : ] i
CH=0.820 ft. ;
i
(S T 0. 0706 2.04 | 0.00910 7.8 25. 4 57. 8 100 |oo__o_._ 23, 375 ¢
. 1335 3.84 . 0171 15. 5 50. 4 57. 8 Lo0 | - T 13, 080 :
. 1785 514 | . 1.5 50. 4 59. 3 1. 037 3.09 ...l :
. 1952 5.63 [___ - 14.6 47.5 59. 8 1. 050 .44 | _JTTTTTE 3
. 258 7.43 | 17T 15. 2 49. 3 61. 1 1. 083 468 (___JTTTTT B
. 322 9.26 (____ . " 15.5 50. 4 62. 1 1112 6.00 | 777 b
. 385 1.1 (DI 15. 5 50. 4 62. 5 1. 127 7.28 | TITT i
. 448 1229 |LI2IITT0TT 15. 5 50. 4 62. 6 1. 181 S.50 |17 o
. 511 48 oo Il Tt 51. 6 62. 2 1. 118 9.62 I _TTT i
. 574 16.55 oo |- TITTTTTT 51. 5 62. 2 1. 118 10,72 (100D !
. 673 19,45 | ZITTIT\TTIIIIITTT 51. 6 60. 6 1.072 12,11 (ZZ07TTTT ' B
. 969 28.0 | ___ I l7|TTITTTmmm 51. 0 61. 1 1. 080 17.60 |_____ 17 ;
1. 26 86.8 | _____ll|lTITTmmr 52. 3 61. 8 1. 103 238 |._IITTTTT : ‘
1. 558 44.8 | _IIT|TTIToTmmmm 53. 2 62. 4 1. 121 202|200 L
1. 708 49.% | ____CT|ITTToTmm 55. 1 62. 9 1. 138 32.5 |11l -
1. 850 22 T N 50. 0 63. 2 1. 149 35.6 |.______..: :
1. 984 57.1 | |IlITTTm 51. 5 63. 6 1. 161 38.6 |- 3
2. 172 62.5 (________JjTTTTmmmmm 51.5 64. 5 1. 190 43.3 |_Z2117C i
2. 298 66.1 | |ttt 51. 3 64. 8 1. 201 46.3 | 107T
2. 438 70.2 L __ljlTITTT 52,6 65. 3 1. 219 49.8 |__1° R ;
2. 633 75.8 | |IIITIITT 53. 5 65.7 1. 232 54.3 | 7] :
TasLe IX-—Fluidization data with uniform round and sharp sands in the 4~inch tube
| ‘
. w, G, Ap, AP, 3, Gl Jp .
Run No. 1b./hr, J!lb. ft.—2hr,~1 Re em. CCly | b /ft ® | percent Le Ib./hr.2 s
. i E
Dp=0.01100 inch, weight=3,239 gm., RPT%=80° F BP—730 mm. Hg, air, D,=4.00 inches, & B :
CH#*=0.891 K 3
A-1._ . 0. 3875 4.44 | 0.107 1L5] 488 ’ 44.7 LO0 ... 1, 23§ ; '
. 683 7. 84 . 189 27| 880 447 100 |.__TTT107T 7§5
1. 283 1478 357 57| 185 447 100 |.___llllC 50 1 -
1. 88 21. 55 . 521 8.4 27.3 41. 7 1.00 |._ZZ1TT1TT 3g9
2. 48 28, 4 638 1.4 371 14,7 100 |_ZIITTITT 26 i
3. 685 42,3 1. 02 17.3 | 56.3 447 L00 |._Zl-lIIC -139
4. 29 49.1 1. 185 19.7 | 641 44.7 100 |___ZTI1TTC %2-
4. 90 56. 2 1. 355 22.5| 73.3 44. 7 Loo |._oo_ll17C 0.
5. 51 63.3 | ___. 23. 4| 76.1 45. 8 1. 020 374 |ooooeeee
6.13 70.3 | Il T 76. 5 46. 5 1. 032 42,0 Joeocconeen
6. 71 770 |eeo_ o |oL_IlITTTT 78. 2 47.0 1. 042 L S B
7. 31 83.8 | _lljLITITTTmeo 79. 1 47. 6 1. 054 512 |oooeomeemr
8. 09 92.8 | ______l|lTIITTTTeT 80. 1 49,1 1. 093 38.9 |-comemem-n
10. 8 128.8 | ______|_CCITTTT 81. 5 51.3 1. 188 SLd focommmommn
13. 83 158.7 | _|ooIITITTeT 83.3 55. 5 L247 | 1142 |ooceoememn
16. 78 192.5 | _____TTT|TITITTTmm 84, 6 55. 8 1254] 1895 |ooeo-----"
23.0 264 | _____ll|CIITTTTmm 91. 2 60. 0 1.383 | 211  Joooiee-n-
*RT=temperature of gas; CH=column height =L, ’
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sands in the J~inch tube—Continued

p—
Y u, G1 Ap, APy %, GP-Z o/P
Run No. Ib./hr.  |ib.ft.~?hr.! Re em. CCl; | 1b./ft.2 | percent Le 1b./hr.2 f

—

D, =0.01100 inch, weight=5,508 gm., R 7'=80° F., BP=730 mm. Hg, air, D ,=4.00 inches, CH=1.554ft.

A2 0. 3875 4 44 0. 107 2.7 8. 80 45. 8 1L.00 |- 1, 520

. 683 7. 84 . 189 5.0 16. 2 45. 8 100 oo 901

1. 88 21. 33 . 521 4.2 46.2 45. 8 .00 joeooeooo__ 339

2. 48 28. 4 . 687 19.1 62. 2 45. 8 100 jooo_ooo___ 262

3.09 35.4 . 857 240 | 781 45. 8 1.00 foucoomoooo 212

4 29 49.1 1. 187 33.0 | 107. 2 45. 8 .00 |ooo_. 152

4. 90 56. 2 1. 355 38.0 | 120.2 45. 8 LO0 |- 135

5. 51 63.3 oo 42.0 | 136. 5 46. 0 1. 005 37.2 |ccoaoooan

6.13 70.3 |- 41.5 | 135 46. 8 1. 019 41,7 |occmeeee -

6. 71 7.0 ool 136 47.7 1. 034 46.6 |- ___--

7.31 83.8 | i]emmaaan 136. 7 48. 1 1. 044 S5L1 oo

8. 18 93,8 emamcee oo 139. 2 49. 5 1. 074 58,9 |ocamoooo-.

10. 95 1257 | e 144. 5 53. 4 1. 168 85.8 |acaaooooa-

14. 05 161 oo e 146. 3 56. 5 1. 251 1178 joeeo s

D ,=0.01062 inch, weight=2,487 gm., RT=81° F., BP="735 mm. Hg, air, D,=4.00 inches, CH=0.690 ft.

B-1...__._ 0. 452 5.19 0. 105 1.6 5. 21 45. 3 L0000 |aeooooaao- 1, 162

. 984 11. 32 . 230 4.0 13.0 45. 3 .00 |- 610

1. 283 14. 73 . 299 5.3 11. 3 45. 3 LO00 |aeooca-- 478

1. 88 21, 55 . 437 7.8 25. 4 45. 3 L0 |- 328

2. 48 28. 4 . 576 10. 5 34.1 45. 3 LO0 . 253

3.09 35. 4 719 13. 3 43.3 45. 3 1.00 | _______ 207

3. 685 42.3 . 859 15. 8 51. 4 45. 3 1.00 .- 172

4. 29 49,1 joeomeoaooo 17. 8 57.8 45. 9 1. 010 284 |ecoeoo___.

4. 90 56.2 e 56. 9 46. 5 1. 022 32.9 |ccoooaaoo-

5. 51 [ 70 T P N 58.2 47. 8 1. 046 87.0 _._._.__

6. 13 70,8 e 59. 5 48. 3 1. 056 42.5 |--coooooooo

6. 71 T7.0 Jemomeoco oo 59. 8 49.1 1. 075 47.4 |-

7.31 83.8 ool 60. 5 50.0 -1.095 52.6 |-___o-_.___

10. 78 123.7 |ocmce oo e 63. 1 54. 5 1. 202 85.3 jococeao-

13.70 157 e 64. 4 56. 3 1. 255 1128 oo __

16. 83 193 e 65. 7 58. 2 1. 313 145 . _______

19. 88 228 e 67.0 59. 4 1. 346 1756 feo_o____

23. 14 265  fememcemom e 68. 3 60. 3 1. 380 209 |eo-oooooaC

27. 30 813 |ee o mecfmmcee oo 70.0 63. 2 1. 493 267  |eceeooo-

D,=0.01062 inch, weight==2,487 gm., RT=81° F. BP=735 mm. Hg, helium, D,=4.00 inches,

CH=0.698 ft.

B2 0. 1010 1. 193 0. 0230 3.0 9. 76 145. 7 1,00 |aooooaoao 5, 865

. 1692 1. 940 . 0374 4.9 15.9 45. 7 1.00  |eeoeooaaas 3, 610

. 233 2. 67 0516 7.41 241 45.7 .00 fooooeaoo_- 2, 880

. 336 3. 86 L0745 10. 6 345 45. 7 1.00 | _______ 1, 975

. 554 6. 35 . 122 17.5 | 56.9 45.7 .00 |- 1, 208

. 671 7.70 |aeoooooo 17.5 56. 9 46. 8 1. 020 36.1 j__________

. 788 9.03 oo 57.9 47.9 1. 042 43.8 |oooooaoo_o

1. 035 1188 1. 60. 1 49. 8 1. 082 59.0 fooooooao-

1. 345 144 | 61. 1 51. 3 1. 118 74.0 |-

"
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TasLe IX.—Fluidization data with uniform round and sharp sands in the 4~inch z‘ube-—Continue d
q w, G: Ap, AP) s, G”lz/P !
RunNo | 1p0he. |b.getne-] Be | f COL | b.Jft2 | percent L Ib./Br.2 | s
D5=10.00415 inch, weight=2,545 gm., RT=73° F., BP=738 mm. Hg, air, D,=4.00 inches CH=0.737 ft
C-1_.._._. 0. 1330 1. 525 0. 01432 2.7 8. 78 47. 5 .00 |_.._______ 12, 475
. 2576 2. 95 . 02775 5.2 16. 9 47. 5 1.00 j._._______ 6 40
. 3875 4. 44 . 0417 7.7 25. 0 47. 5 1L00 .. ____. 4 200
. 509 5. 83 . 0548 10. 0 32.5 47. 5 100 . . ___ 3; 240
. 683 7. 84 . 0738 14. 2 46. 1 47. 5 .00 .. 2, 473
. 907 10. 4 . 0981 18. 2 59.1 47. 5 1L.00 | ________. 1, 800
. 983 1.3 .. _.__ 17. 8 57. 9 47. 9 1. 007 6.651 ____""
1. 283 1473 . ___.__ 18. 4 59.9 49.0 1. 029 8.87 | "
1. 585 18,2 L IIITTL 0T 60. 5 49. 6 1. 042 U N
1. 880 2165 oL _{____._.°" 61. 1 49.9 1. 050 182 T
o 2.19 25.2 o .l ____.°°°" 61. 8 50. 8 1. 068 .7 .7
2 18 28.4 | ___ITITTfmTmmmmmmes 61.8 51. 5 1. 085 180 (JJ1TTT
2.78 3L9 | __.__|.____.T°T 61. 8 51. 9 1. 096 2004 }____ ..
3. 085 3.4 | .. |.____ .77 61. 8 52.2 1. 104 22,8 |.._.__
3. 40 89.0 (LIIIIIIIIITTTooIs 62. 5 52. 6 1. 112 25.4 (11T
3. 685 42,3 oo |.______°° 62. 5 53. 2 1. 125 27.8 (...
4. 005 46.0 .. ______|.______°°" 62. 5 53. 2 1. 125 30.2 |______ 7
4. 29 491 | _lTT 62. 5 53. 4 1. 130 2.5 |._____ T
4. 63 53.0 o | .l 62. 5 54. 2 1. 150 35.6 |..._____
4. 90 1 R I 63. 1 54. 2 1. 150 37.8 .1
5. 51 63.3 1. . __|_____._°° 63. 1 54. 9 1. 170 43. 4 =
‘\ 6. 13 70.3 |l llTTT 63. 1 55.0 1. 173 48.2 . ]
| 7.33 84.0 ‘ ____________________ 63.4 | 56.2 1. 202 R S—
' Dy=0.00445 inch, weight=2,515 gm., RT=73° F. BP=738 mm. Hg, helium, D,=4.00 inches,
CH=0.737 ft. v
C2_ _..__. 0. 0236 0. 259 ! 0. 00232 3.5 11. 4 47. 5 1.00 |__________ 77, 250
. 0615 . 705 . 00631 9.2 20. 9 47. 5 1.00 .o .______ 27, 300
. 1040 1. 193 . 01067 15.7 51.1 47. 5 100 .. ___.__ 16, 350
. 1294 1. 18. 1 58.9 48. 4 1. 019 6. 77 (e ...
. 233 2. 18. 8 61. 2 49. 8 1. 046 1245 [ _____.__.
. 336 3. 18.9 61. 5 51. 2 1. 078 186 |._.__.._.
. 447 5. 62. 5 52. 2 1. 103 25.3
. 554 6. 63. 1 52. 9 1. 120 31.8
. 871 7. 63. 1 54. 5 1. 160 39.9
. 788 9. 63. 4 55. 3 1. 179 47. 6
. 920 10. 63. 8 55. 9 1. 193 56. 5
1. 035 11. 83 64 1 56. 5 1. 210 6L 1 |

e en e
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ined TarL IN.—Fluidization data with uniform round and sharp sands in the 4-inch tube—Continued
Y w, G: Ap, AP, d, Gul./p
i Run No. b, boftotheo| o Re em. CClL, | 1b./ft.2 | percent Le lb./hr.? I
787§ D,=0.00310 inch, weight=2,355 gm., RT=76° F., BP="740 mm. Hg, air, D,=4.00 inches,
et CH=0.786 ft. .
{
. Dloooe. 0. 1330 39| 12.7 545 | L00 |___..__.. 24, 000
5 200 . 2576 7.4 240 54. 5 100 {o.___ 1.l 12, 175
3 540 . 8875 1.0 | 35.8 545 100 |_.______C 7, 980
5 178 . 309 14.5 | 47.1 54 5 100 f.___._____ 6, 090
T 500 . 683 16.0 | 52.0 54,7 1. 005 4.65 [ __
’ . 083 16.8| 546 56. 2 1. 038 6.91 |- _.______
---- 1. 283 17.2 | 56.0 56. 9 1. 056 9.19 |______ I -
------ 1. 585 17.4 | 56.6 57. 7 1. 074 1L5 | . ,
------ 1. 88 17.4] 56.6 58. 2 1. 088 18.78 |- -
------ 2,19 .| 56.9 53. 9 1. 103 16,38 |.____ .~
------ 2. 48 | 56.9 59. 4 1. 118 18,75 fo .
------ 2.7 ] 56.9 59. 5 1. 121 21,1 |.___ll
----- 3.085 ceeeeeee | 56.6 59, 4 1. 118 23.3 |.___lllllT
------ 3. 40 eeeeeee__| 56.6 59. 5 1. 121 25.7 | ..
------ 3. 685 cmee___..| 56.6 59. 7 1. 130 28.2 |.___lllTTC ,
------ 4. 005 eemcee—eu| 56.6 60. 0 1. 138 30.8 |__________ ¥
------ 4. 29 ceceeeee--| 56.9 60. 2 1. 142 83.1 fewooo_____ L
------ 4. 63 .| 56.9 60. 3 1. 146 35.8 |o.___ll_
------ 1. 92 .| 56.9 60. 3 1. 146 38.0 j.______._. '
----- 5, 21 e | 56.9 60. 5 1. 152 10.6 | -
""""" 5. 51 e B6.6 61.0 1. 167 43.6 | .. " ‘
""" 5. 82 eeeeee_.| 56.6 61. 2 1. 172 46,1 |o___ .-
"""" . 6.13 o] 56.9 615 1. 182 49.1 . )
bo643 1 78.8 | 57.2 61. 8 1. 193 52,0 |-o___.__ A%
) 6.7 | 770 . |-l 57. 2 62, 1 1. 200 54.5 |-~
nehes, 702 | 80.5 || . 56. 9 62. 1 1. 202 57.0 | i
783 | 840 L . ___|.___T_ll% 56. 9 62. 8 1. 223 60.8 | . . __
)
7, 250 D;=0.00310 inch, weight=2,355 gm., RT=76° F., BP=740 mm. Hg, helium, D,=4.00 inches,
% 398 ‘ CH=0.775 ft.
y, OU
D2, ... 0. 0420 0.481 | 0.00303 56| 182 53. 8 L00 o . ... 53, 000 ‘
. 0615 .705 | . 00404 13.51 440 53. 8 1.00 |- ____C 51, 100
. 1258 16.8 | 54.8 55. 5 1. 038 6.75 |l ‘
L1204 17.0| 55.3 55. 7 1. 042 6.99 |.______1 ',
[ ,233 17.2| 56.0 57. 6 1. 088 13.05 |- -
| .336 17.3| 56.3 58. 7 1. 117 19.4 | _____C
. 447 17.3 | 56.3 59. 5 1. 140 26.8 |.__.___ .
| 554 56. 7 60. 0 1. 152 33.0 |______11- ‘
I .87l 57.0 60. 6 1. 172 40,7 eoooooo_ .
[ .88 57.0 61. 2 1. 190 484 j.________C
P .020 57.0 61. 7 1. 205 57.6 | ___._____
' 1,085 57.3 62. 1 1. 218 65.8 oo ___ .
| 1346 58.3 63. 9 1. 280 89.1
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sharp sands in the 4-inch tube—Continu.ed

- w, G, Ap, AP, 3, Gpl./p
Run No- | e Dbtedne—]  Be | ot CClL ! Ibjft2 | percent | L Ib. hir.?
D,=0.00715 inch, weight=2,168 gm., RT==81° F., BP=735 mm. Hg, air, D,=4.00 inches,
. CH=0.734 ft,
_\
o DI 0. 323 3.70 0. 0580 1.4 4. 55 55.0 1.00 |_____._._ 4, 160
. 576 6. 60 1. 035 2.6 - 8 46 55.0 1.00 . _________ 2, 440
. 983 11. 3 177 51| 166 55.0 1.00 (- _lII177C 1 625
1. 283 14. 73 . 231 6.7 21. 8 55.0 .00 J._________ 1, 262
1. 88 21. 55 . 338 10. 0 32. 5 55.0 .00 |.__..____. 878
2.19 25. 15 394 11. 6 37.7 55.0 100 (___.._.._ 746
2. 48 28. 4 . 445 13. 5 44.0 55.0 .00 |___.______ 682
2. 782 3L9 | ___._. 15.1 49.1 55. 4 1. 008 19.3 ..
3. 085 35,4 oL __. 15,3 49.8 55. 8 1. 017 2L6 . T
3. 685 428 51. 4 56. 5 1. 032 26.2 | ____ 77T
4,29 49.1 g _______ .. _...7T” 52.1 57.3 1. 050 3L0 ... _ 7T
4. 90 56.2 |  T|TIITTTmmme 52, 7 58. 2 1. 073 3.3 [L_ll1TT
5. 51 63.3 . ______|____.._ " 53.0 59.0 1. 095 416 | ___ 7T
6. 13 70.3 L TTmT 53.0 59. 4 1. 105 46.7 (...
6. 71 770 Ll ITTTTTr 53. 3 60. 0 1. 124 82.0 (_...___—"
L 7.32 8.0 L .__ e 53.7 60. 6 1. 141 878 (eae ..
|
! D,=0.00715 inch, weight=2,168 gm., R7=381° F., BP=735 mm. Hg, helium, D,=1.00 inches,
CH==0.727 ft, :
A2 _____ 0. 0421 0. 483 0. 00722 1.3 4. 23 54. 8 100 | ______ 28, 600
. 104 1. 193 . 0178 3.9 12. 7 54. 8 .00 o ___.__ 14, 150
. 1692 194 . 0289 6.5 21.2 54. 8 100 o . __._ 8, 910
. 233 2. 67 . 0398 9.8 3L9 54 8 .00 (__________ 7,110
. 336 3. 86 . 0576 140} 455 54 8 100 | _.______ 4, 840
. 447 512 oo _____ 15.3 | 49.8 56.0 1. 027 240 oo
. 554 6.35 | 51.1 56. 8 1. 044 30.2 feao______.
. 671 O (I S 52. 3 58. 2 1. 078 88.0 e .
. 788 9.03 (.. 52. 7 59.1 1. 103 449 | __ ...
1. 035 1L88 || T 53. 7 60. 6 1. 148 62. 4 ... ____
1. 345 44 |l T 54. 6 62. 1 1. 190 78.3 | ...
D,=0.00458 inch, weight=2,352 gm., RT=78° F., BP=740 mm. Hg, air, D,=1.00 inches,
CH=0.839 ft.
B-1____.__ 0. 1970 2.26 0. 0122 2.5 8. 15 57. 4 1.
. 3875 4. 44 . 0415 5.4 17.6 57. 4 1.
. 576 6. 60 . 0619 82 26.7 57. 4 1.
. 633 7. 84 . 0734 10.3 ] 33.5 57. 4 1.
. 983 11. 3 1058 1+ 8 48.1 57. 4 1.
1. 283 473 | .. 16. 4 53. 4 58.3 1.
1. 585 18.2 | _________ 16. 8 54. 8 58. 9 1.
1. 880 21.535 | ____._ 17.0 55. 4 590. 5 1.
248 28.4 oL _____. 17.1 55.7 60. 7 1.
3. 085 35 4" ool .. 17. 1 55. 7 61. 3 1.
3. 685 42.8 56. 0 62. 3 1.
4. 29 3. S N 56. 7 62. 5 L
4. 90 56.2 | L | _____TTT 56.7 62. 8 1.
5.51 63.8 .. __|.___l-TT0T 56.7 63. 3 1
6. 13 70.3 e __|.__lTTTTmT 57.0 64. 2 1.
6. 71 LA T 57.6 64 3 1

\

B/
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§
rape IX.—Fluidization data with uniform round and sharp sands in the 4-inch tube—Continued
o « @ ap | oap s Guld
- | 'y Ty S, s ) TR e
Y 4 Run No. l ./hr.  |Ib.ft.~?hr.~| Re em. CCly . Ib./ft.? ; percent L 1b./hr.? I
\ 4 /__.———‘ . I
, { D,=0.00458 inch, weight=2,352 gm., RT="78° F., BP="740 mm. Hg, helium, D,=1.00 inches, ]
’ CH=0.843 ft. %
s 1 N ! 0. 0420 0. 481 0. 00428 12 13. 7 57. 3 .00 |ecocooaao 60, 700 4!
. 1040 1. 193 . 0106 11. 3 36. 8 57. 3 .00 .. 26, 650
169 19035 | 15.6 | 50.7 | 57.6| 1005 879 |
. 233 2,67 |ooo._o__-. 16. 8 54. 7 58. 7 1. 031 12,4 .o ____
. 336 386 |- 17.0 55.3 60. 0 1. 068 18.6 |- __
. 447 5,12 oo o_ 17.0 53. 3 61. 4 1. 107 25.5 |o_o___._._
554 6.35 oo 56. 0 62. 5 1. 140 32.5 jeeooooo__-
788 9.03 oo .. 56. 6 63. 2 1. 162 478 oo
1. 035 11.88 . e 57. 9 64. 9 1. 217 65.2 [--o-_--_.C
I 1. 346 15,43 | oo cecaa e 58. 5 65. 8 1. 251 871 |- '
I
D,=0.00305 inch, weight=1,793 gm., RT=73° F., BP=738 mm. Hg, air, D,=4.00 inches,
CH=0.658 ft.
CH-1__ e 0. 1330 1. 525 0. 0102 3.2 10, ¢ 58. 7 .00 joo_o.. 35, 600
[ .2576 2.95 . 0197 6.0 19.5 58. 7 100 |-eoooeooo- 17, 800 ¥
‘ . 509 5. 83 . 0390 11. 5 37. 4 58.7 1.00 | -o-o___ 8, 740 !
. 675 7.73 oo L._ 12. 5 40. 6 59. 4 1. 018 4.64 oo .
. 973 1.2 . 13.0 | 42.3 60. 6 1. 049 ) N I '
1. 265 145 Jecmeooaooe 13. 2 12. 9 61. 5 1. 072 918 |eccaeeae
1. 562 179 e e e e 61. 8 1. 082 1L 42 .l
1. 858 21,25 e 62. 3 1. 096 13.72 oo ____
2. 16 25 78 | e el 62. 8 1. 112 16.20 oo _ :
2. 445 28,0 oo e 63. 4 1. 129 18.62 |- A0
2. 74 3L 4 e 63.9 1. 144 20. 88 |______.____ .
3. 045 - R N DS AR 640 1. 130 22.6 |ooooo___- m
! 3. 35 88 4 e e 64. 1 1. 154 26.0 loceann
------- s 3. 64 41. 7 [N SOUUIUIURI AU 64. 3 1. 159 284 - (4
------- 3. 95 45. 3 [ SR, S 64. 5 1. 163 3L.O0 oo __..
------- 4. 24 48. 5 e e 65. 0 1. 180 33.7 |ocooooo__
------- , 1. 84 130 S N A NN Y- 1. 188 38.9 |- ..
5. 44 62,4 oo 65. 5 1. 198 440 |ccimeeaoo
18, «
3 D,=0.00308 inch, weight=3,544 gm., RT=73° F., BP=738 mm. Hg, air, D,=-1.00 inches,
—_— CH=1.288 ft.
1?, 250", "4 ‘ :
5, ggg o C-2._____ 0. 1330 1.525 | 0.0102 60| 19.5 57.8 100 |-, 31, 400 ,
‘i' 180 3 . 2576 2. 95 . 0197 12. 0 39.0 57. 8 .00 |l 16, 750
o ‘60 b . 3875 4. 44 . 0297 17. 8 57. 2 57. 8 1.OO | 10, 875
28 3 . 633 7.84 | _.. 26.4| 86.0 58.9 1. 027 4.68 [ __
------ 3 983 11. 3 e 26. 0 84. 6 60. 3 1. 062 7.00 |- ___..
~~~~~~~ e . 1. 283 14 73 oo 26. 2 85.3 60. 7 1. 073 921 o
------- » 1. 585 18. 2 [ 26.4] 86.0 61. 2 1. 088 1.5 |ecomcmee o
""""" : 1. 8S0 21.55 |o_o_______ 26. 4 86.0 61.5 1. 095 1372 (e 5
el 2. 19 25.2  |ecaacaoo- 26. 4 86.0 61. 7 1. 103 16.2 oo
""""" = 2. 48 28. 4 [ 26. 4 86.0 61. 7 1. 100 18. 18 (...
''''' . 2.78 31. 9 ]| 86.3 61. 7 1. 105 20.5 oo i
"""" /] 3. 085 35. 4 || 86.3 62. 2 1. 118 23.0 oo i
i N 3. 40 39.0 oo |eemeaaa- 86.0 62. 3 1. 120 25,4 oo "
"""" 3. 685 42,3 | e[ 86.0 62. 6 1. 130 27.8 oo "
"""" E: 4. 29 49,1 memimmeaeaeae-—-| 86.3 63.0 1. 142 32.7 oo
—_— 4. 90 56.2 |l lemeoooo 86.6 63. 6 1. 164 381 |
5. 51 63.3 ool 87. 6 64. 2 1. 180 43.5 |eooo.
6.13 70,83 oo [mmemmeee 88. 6 64. 7 1. 200 49.83 oo ______
6. 73 T7.2 e caefeemceieem 88. 6 65. 1 1. 212 548 |ocmoomeas
"y 7.33 840 oo 89. 5 65. 9 1. 239 60. 5 |acocmmoa-o ,
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TasLe X.—Fluidization data with mived round and sharp sands in 2.5-inch and 4=inch tubeg

N ‘ w, Gy Ap, AP, 5, G/‘lf/P
Run No. Ib./hr.  {lb,ft.—2hr.—t Re em. CCly | 1b./ft.2 | percent e 1b./hr2 f
D,=0.00940 inch, weight=1,000 gm., RT*="74° F., BP=740 mm. Hg, air, D;,=2.5 inches
CH*=0.681 ft. !
IM-1______ 0. 0706 2. 04 0. 0374 0.8 2. 60 43. 7 Loo J___.._. _ 2, 880
. 1335 3.8+ | .0708 1.6 5. 20 43. 7 .00 | ._____. 1, 632
. 1952 5. 63 . 103 2.2 7.15 43. 7 1L.00 |_o_.__.__ 1,04
. 258 7. 43 . 136 2.7 8- 80 43. 7 1L00 joo.___.__._ 737
. 385 11. 1 . 204 4.0 13. 0 43.7 1.00 (. ._.___ 490
. 511 14. 78 . 271 5.3 17.2 43. 7 .00 .. .___. 366
. 673 19, 45 . 357 7.2 23. 4 43. 7 L00 | __ 286
. 969 28.0 514 11. 0 35. 8 43. 7 L00 | ______ 211
1. 26 36. 3 667 14 0 45. 5 43. 7 100 |_._.___.___ 159
1. 558 41, 8 823 17. 4 56. 6 43. 7 1.00 (_..______ 133
1. 85 53.3  ooL____.__ 17. 5 57.0 447 1. 016 214 oo T
2. 152 62.0 (._.__.__.__ 17. 6 57. 3 46. 0 1. 042 25. 6 SR
2. 438 70.3 ... 17. 7 57.6 46. 8 1. 062 20.6 .__..__T
2.73 78.6 . ___ 17. 8 57. 8 48. 3 1. 088 33.9 (_____.
3. 04 87.6 | e 57. 3 49. 3 1. 110 38.5 (eeeaoo_ T
3. 34 96.2 | . .. 57.3 50. 3 1.132 431 T
3. 63 1048 (o _______{ ________ 57. 3 51. 4 1. 160 480 \______ T
3. 93 1134 " 57. 3 52.3 1.186 53.1 . . ...
4. 22 122 57.3 53.7 1. 218 88.9 |..___._ ..~ ‘
4. 54 181 el 57. 3 547 1. 245 646 | .. .

‘ D5=0.00940 inch, weight= 1,000 gm., RT=74° F., BP="740 mm. Hg, helium, D,=2.5 inches

CH=0.681 ft,
1IM-2_____. 0.01132 0.326 | 0.0057 1.0 3.25 43.7 .00 | _______ 19, 650
. 0237 . 633 . 0118 2.0 6. 50 43. 7 .00 |- " 8, 940
. 0619 1. 785 . 0310 5.2 16. 9 43. 7 1.00 |.____ - 3, 400
. 105 3. 02 . 0525 8.7 28. 3 43. 7 .00 |- - . " 1, 995
. 170 4. 90 . 0852 13.6 41, 3 43. 7 .00 |- .. 7" 1,188
. 134 3.85 . 0670 11. 6 37.7 43. 7 .00 |- 277" 1,638..
. 232 6.68 | _._ 17. 4 56. 5 44, 5 1. 012 20,4 oo ...
. 335 9.65 |.._____ T 17. 5 57. 8 46. 9 1. 060 3L.0 foooeooo o
. 448 12,08 | __ - 17.9 58.2 49. 8 1. 110 3.4 fomooo o
. 551 15,90 | _________|._.._ 7. 58. 5 51.9 1. 170 56.4 | ___.__.
. 670 19.85 | |- 10T 58. 5 54 6 1. 241 727 oo
. 783 22.6 | _____ |l 58. 8 55. 9 1. 279 87.8 |- g
D, =0.00940 inch, weight =1,492 gm., RT=74° F., BP="740 mm. Hg, air, D,=2.5 inches, CH=0.989 ft.
1M-3..____ 0. 0706 2. 04 0. 0374 1.0 3.25 42, 3 100 | .____. 2,185
. 322 9. 26 . 169 5.1 16. 6 42, 3 .00 |o______ .- 540
. 512 14. 82 . 272 8.2 26. 7 42. 3 1.00 |.___ . " 341
. 673 19. 45 . 357 11. 2 36. 4 42 3 .00 |- .l T 313
. 969 28. 0 514 16. 6 540 423 1.
1.26 36. 8 666 217 70. 7 42.3 1.
1. 558 448 822 26. 6 86. 6 42 3 1.
I 1.85 53.8 oo _____. 26. 3 85. 5 43.9 1.
| 2 1352 62.0 |_______.° 26. 7 87.0 45. 5 1.
| 2,438 70.8 | |l 86. 2 46. 7 1.
P27 78.6 fo._ | .ttt 86. 8 48. 3 1.
l 3.04 87.6 | ____|__lTT0m 87.2 49. 3 1.
| 3.84 96.2 ... ___|___lTTTT 87.8 51. 0 1.
- I (10 N A 88. 1 52. 1 1.
3.93 | 1184 o ______|LITTmmmmm 87.5 52.7 1.
422 0 22 | _ITITTTTTTTTTmn 90.0 | 537 1. 248
i x

*RT =temperature of gas: ¢'H=column height=L.
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TaBLE X.—Fluidization data with mized round and sharp sands in 2.5-inch and 4-inch tubes—Con.

" i
|
i
i

- ’LU'
Run No. Dy ok

G,
|lb. ft.~2hr.”?

Re

Ap
em. dCl;

AP,
Ib.jft.2
{

67
percent

L.

Gulc/p
1b./hr.2

} D;=0.00940 inch, weight=1,492 gm., RT—74° F., BP=740 mm. Hg, helium, D,=2.5 inches, CH=

| 0.989 ft. v
PM—dooo . 0.824 2.88 | 0.0414 10.3 | 83.6 | 42.3| L00 |.___._.___ 2, 330
134 3. 85 0669 186 | 60.6 | 423] 100 |-l 177 1,610
| o3 6.68 |-wioomo- 2.3 | 8.5 | 32| Lol 2005 |l
1335 O 2.9 | 87.6 | 46.9| 1089 | 459 |Z_I17100
S 348 12,93 |-_T1ITC 2.8 | s7.2 | 49.4| 1142| ek5 | l1l10
551 15,90 |- oTTITTI Tl 8.6 | 527| L228| 8.1 |__17777C
. 670 19.85 |- __ITIITTIITIIIIT 82 | 47| 1279 108 |--IIITTTC

1), = 0.00838 inch, weight=1,000 gm., RT=79° F., BP=740 mm. Hg, air, D,=2.5 inches, CH=0.675 ft.

1
oM-1_..__.! 0.0706 2. 04 0. 0329 1.0 3.25 43.1 1.00 |_o_._ 3, 050
| .322 9. 26 . 149 5.0 16. 23 43.1 1.00 |oooooaoo_- 740
[ .574 16. 55 267 9.1 29. 6 43. 1 .00 [ooooaooo 423
I 673 19. 45 314 11. 5 37. 4 43.1 .00 | ... 387
. 969 28. 0 . 452 16.1 52. 4 43.1 1,00 |- __ 262
1. 26 36,3 jo.ooo_--C 17. 4 56. 8 44. 8 1. 030 21,5 |accoeoaao.
- 1.558 4.8 ... 17. 5 57.0 45.7 1. 050 271 il
. 1,85 53,8  ececmeoaa- 17.8 57.8 46. 8 1. 074 380 joo_o_
P2.152 62.0  |oeoooo|oieiaio 57. 3 48. 3 1. 100 839.8 |eeooooo___
2, 438 70.83 |eomeoolal 57. 6 149. 4 1.123 45.85 |ocoooooo-C
2.73 786 oo |eiooas 57.3 50. 4 1. 149 52.0 |eccoeaooo-
- 3. 04 87.6  |eameoo e |ecemaas 56. 7 51. 4 1.172 59.2 |eoooo___
3 3. 34 96.2  |oooofeeaoo- 57. 3 52. 1 1. 192 66.2 [______.
b 3. 63 1048 | e 57. 3 53. 4 1. 228 740 |-
3.93 113.4 | 58. 3 5+. 8 1. 233 SL5 |-
4. 22 122 e eiio- 58.3 55.7 1. 290 90.5 |-
D, =0.00838 inch, weight=1,000 gm., RT=79° F, If3P= 740 mm. Hg, helium, D,=2.5 inches, CH=
0.673 ft.
d -2 . 0,01132 0.326 | 0.00496 1.0 3.25 43.1 .00 .. 16, 570
k- . 0619 1. 785 . 0271 6.9 24. 4 43. 1 1,00 oo 4, 140
. . 146 4. 20 0639 17. 8 58. 0 43. 1 1.00 |- ____ 1, 790
e . 184 3. 85 0586 17. 8 58.0 43.1 .00 feeee.-ooao 2,120
; . 173 498 |o._a. 17.9 58. 4 44 4 1. 024 23. 1 |emoeeooo
E . 232 6.68 oo o|oooooos 57.3 46. 3 1. 060 320 |-l
. 335 0,65 jooeoomcoo|eiaa 57.9 48. 8 1. 112 484 .
. 448 12,03 oo 58. 2 50. 6 1. 155 67.5 |
. 351 15,9 |l 59. 2 53. 9 1. 239 88.8 ._._...._.
B . 670 1935 o leooals 59. 5 535.7 1. 288 118 ..
, D»=0.00888 inch, weight=1,500 gm., RT=’{'90° gtz BP=740 mm. Hg, air, D,=2.5 inches, CH==
it ‘ .008 ft.
Nea
3 0. 0706 2. 04 0. 0329 1.4 4. 55 42. 8 1.00 jooooo___ 1, 890
E | .322 9. 26 . 149 7.2 23. 4 42. 8 1.00 joo__.o___. 470
Y £ 16. 55 267 12. 7 41. 1 43.8 1.00 |-cooomno_ 260
; I . 673 19. 45 . 314 15. 6 50. 8 42. 8 100 oo 232
‘2 i . 969 28.0 . 452 22. 8 74.0 .42. 8 1,00 feceooooo-s 163
1. 26 36.6 oo ___-_ 26.0 84. 8 43.7 1. 019 213 |o___.._
2 1. 558 448 |- 26. 5 86. 3 45.1 1. 040 26.9 |___..___
5 1. 85 53.83  ooooo__- 26. 8 87. 3 46. 5 1. 070 33.0 ool
2,152 62.0 ool 86. 8 48.0 1. 101 39.3 |emeceoooo
s 2, 438 0.8 e 87. 6 49.3 1. 130 45,9 oo
: 2.73 78.6 ol 88. 5 50. 8 1. 165 52.7 |occmcaoaas
3. 04 87.6 ol 87. 8 52. 4 1. 207 61.0 |o__o_____
3. 34 96.2 e 87.3 53.3 1, 230 68.2 |_______.__
3. 63 1048 [eccceee e 89. 8 54. 5 1. 263 76.2 .

TR
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FLUID FLOW THROUGH PACKED AND FLUIDIZED SYSTEMS

TapLe X.—Fluidization data with mived round and sharp sands in 2.5-inch and 4-inch tubes—Con,

; | |
7 ! w, Gr Ap, ‘ AP: 5, G.UZ:'/P
Run No. Ib./hr. b fr.2hr.~t Re em. CCl;  1b./ft.2 | percent Le 1b./hr.2 f
i D,==0.00838 inch, weight=1,500 gm., RT=79° F., BP=740 mm. Hg, helium, D,=2.5 inches,
| CH=1.008 ft.
PAS CF S \ 0. 01132 0. 326 0. 00496 2.0 6. 51 42.§ 1.00 |ococeaoo-- 14, 609
;. 0824 2. 38 . 0362 15. 4 50.0 42. 8 1,00 jomoooceao- 2, 100
P 170 4.90 oo 26. 6 86. 6 43. 4 1. 011 22.4 |______
P.232 6,68 |oeceoc-a-- 27. 2 88. 5 45.9 1. 057 32.0 \.___.___~
. 335 9.65 lececoccu-a 27.9 90. 6 49. 4 1. 132 49.5 |_._____ "
. 448 12,03 oo 88. 8 51.7 1. 189 69.5 |o_._.___—"
. 551 15.90 |- cmcememem|emmm e 87. 6 53.5 1, 289 02,4 |._______~
. 256 7.88 i $6.3 46.7 1. 072 35.8 fo.______~
. 294 847 s 86. 8 47.7 1. 093 41.9 |..______ "
. 337 0. 70l 87.8 48. 7 1. 116 49.0 V._______—"
. 378 10. 90 joecocemmleme e 87.6 50. 1 1. 149 56.5 oo
D,=0.01163 inch, weight=1,362 gm., RT= 78° ¥., BP="740 mm, Hg, air, D,=2.5 inches, CH=0.884 ft.
3M-1.._._. 0. 0706 2. 04 0. 0455 1.0 3.25 40. 9 1,00 |acooeoooo 2,540 -
. 322 9. 26 . 207 4.1 13.3 40.9 100 |ommomooooo 505 -
574 16. 55 370 7.7 249 40. 9 1.00 joeeo--i_- 297
. B7: 19. 45 . 435 9.0 29. 2 40. 9 1,00 jooooeoo_aa 2592 °
. 969 28. 0 . 628 13. 4 43. 6 40.9 1.00 [-ocoooeaoo 181
1. 28 36. 8 813 17. 6 57.3 40. 9 1,00 joecoooaana 141
1. 558 44 8 1. 000 22 4 72.7 40. 9 1.00 oo 116
1. 850 53,8  fec-ceon--- 24.2 78. 6 41. 9 1. 015 320 fooeeooo_o-
2,152 62. 0 78. 4 42. 8 1. 032 38,0 |occocao-
2. 438 70. 3 79. 4 44,2 1. 060 44,2 N oo
2. 73 78.6 80. 4 45, 3 1. 080 50.2 loooooeoaoo
3. 04 87.6 81. 4 46. 9 1. 112 37.8 |ocaceaeo—o
3. 34 96. 2 82.0 47. 8 1. 130 644 |-
3. 63 104. 8 82.3 48.7 1. 151 76 jocmmeceae-
3. 93 113. 4 82.6 49. 4 1. 169 786 |occmccaae-
4, 22 122. 0 83. 6 50. 4 1.192 86.5 |-ocmcomoan-- .
\ .
| D,=0.01163 inch, weight=1,000 gm., RT= 78° 1., BP="740 mm. Hg, helium, D,=2.5 inches,
CII=0.655 ft.
3M-2._._-- 0.01132 0. 326 0. 00691 1.0 3.25 41. 4 1,00 |ecooooao- 19, 680
. 0824 2. 38 . 0504 6.3 20. 5 41. 4 1.00 deeoomaoas 2, 330
. 170 4. 90 . 1033 12. 4 40. 3 41. 4 1.00 fccmoomo— 1, 080
. 134 3. 85 10. 3 345 41. 4 1,00 jeeoooao- 1,495
. 232 6. 68 17.7 57. 6 41 4 1.00 faceooooo—- 830
. 3835 9. 65 18. 2 59. 2 44, 2 1. 050 45, 8 |eccmmmme-
. 359 10. 38 59. 8 44. 8 1. 062 49. 7 |occmmmmmm-
. 397 11. 47 59. 8 45. 8 1. 078 55.7 Jocmmammm-=-
. 440 12. 7 60. 2 46. 6 1. 100 63. 1 lecacamm=--
. 472 13. 64 . 60. 2 47. 2 1. 110 68. 8 |oaemmmmem=
. 510 14 72 59. 8 48. 3 1. 132 7o d |oceemmmm-
. 551 15. 9 60. 5 49. 6 1. 162 83.5 |---mm-----
.670 19. 35 62. 8 51.5 1. 213 106.0 |ocacmmemm-
. 783 ¢ 20 T T U 52.1 1. 225 125.0 j-w--e-=--"

e et e

4M-1..-
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i 4t -
Tanre X.—Iluidization datae with mired round and sharp sands in 2.5-inch and 4-inch tubes—Con. b1= )
_ ! ! ) 1)
g ‘ w, Gy Apy AP; s G/‘Zc/p ! ; ’ “ll
g Run No. Ib./hr.  lb.ft.~2hr,"? Re ecm. CCly | 1lb./ft.2 perc’ent Le lb./hr2 ! f e ,f
i i i N
D;=0.01163 inch, weight=1,000 gm., RT=78° F., BP=740 mm. Hg, air, D,=2.5 inches, CH=10.655 {t. . - 1
| Al
3N-3 o ee - 0. 0706 2. 04 0. 0455 0.7 2. 28 41. 4 100 ool 2, 440 P
C.322 9. 26 . 207 2.7 8 8 41. 4 .00 | ______. 458 1 e
© 5T 16. 53 . 369 5251 17.1 41. 4 .00 | o_____.__ 280 WE
. 673 19. 45 . 434 6.9 29, 4 41. 4 .00 | _._.. 265 i,
.969 28.0 . 625 9.85 | 32.0 41. 4 .00 |ooooooooo 183 AT
.26 36.3 810 12. 5 40. 7 41. 4 .00 | . 138 ! 4
1558 | 44.8 1. 00 15. 5 50. 5 41. 4 L.00 |o_o______ 113 ] N
.85 | 533 1.19 18.0 58. 7 41. 4 100 feeomo . 92 .
2,152 | 620 |oo___.._. 17.9 58. 4 41.8 1. 007 35.7 |ocooo____ T
2438 1 70.3 | e 58. 7 44. 5 1. 056 428 |ooeaol LAY
2,73 1 786 || 59. 3 45.6 1. 076 48.7 | __. o HER
3,04 | 876 oo |emmemaaol 60. 2 46. 4 1. 097 55.4 |ooo_____. L
338 1 96,2 ..o | o _ .. 60. 5 47.8 1. 122 62.2 | ____
3. 63 1048 || 60. 5 49. 1 1. 153 69.6 | _____.____ :
3. 93 1134 || 60. 5 49,8 1. 169 76.4 | _______
4,22 1220 oo 60. 5 50. 0 1. 176 82.6 | ..
P4 54 18,0 |- e 61. 8 51. 2 1. 202 90,7 oo
|
. "
g D,=0.00858 inch, weight=1,000 gm., RT'=67° ., BP="730 mm. Hg, air, D,==2.5 inches, CH=0.665 ft. '
‘ 0. 0706 2. 04 0. 0260 3.0 9.75 | 42.2 1. 00 I __________ 6, 000 :
. 1335 3. 84 . 0491 6.1 19.8 42.2 .00 | .. 3, 460
N . 258 7.43 . 0950 1.9 38.7 42,2 .00 to_________ 1, 802
i . 448 12,92 | ____. 17.9 58. 1 43.5 1. 022 7.69 | .. S
- . 511 1478 oo .. 17.2 56. 0 45. 2 1. 052 9.05 |.oo______. o
¥ . 673 19.45 | ___ 18.0 58. 6 46. 8 1. 083 1203 oo i
£ . 069 280 Joooo__. 18. 2 59. 2 47.3 1. 096 17.8 |ocooooo. v
! 1. 26 36.3 oo ____ 18.2 59. 2 18.3 1,116 28.5 oo :
1. 558 4.8 || 59. 3 49, 1 1. 135 20.6 |.________. ’
S SR & 1 S R N 59. 9 49. 8 1. 152 85,7 locomoooo_.
- 2,152 1 620 oo .. 61. 2 51. 2 1. 183 42.8 ________ .
2438 | 703 oo |eceoo 61. 8 52. 1 1. 210 49.4 L _______ ‘
, 2,73 786 ool .. 63. 2 52. 9 1. 235 56.5 | _______.. .
¥ 3.04 1 876 | ____ | _______.. 63. 5 54. 0 ‘ 1. 259 64.1 | ___. }
1 I . "' !
. D,=0.00658 inch, weight=1,972 gm., RT=67° ¥., BP=730 mm. Hg, air, D,=2.5 inches,
L CH=1.290 ft.
{ ? 1
M2 0. 0706 2.04 | 0.0260 6.2 | 20.2 41.0 100 |oeoeooooo. 6, 305
S . 1952 5. 63 . 0720 17. 4 56. 5 41.0 100 |oooooo__. 2, 330 ,
. 385 11. 1 . 142 342 | 111 41.0 L00 | ________ 1,177
.8 12,02 {_.________ 34.3 | 11l 5 42,2 1. 020 7.66 |oo_ ..
. 511 1478 | ... 342 | 111 43. 2 1. 037 890 |_ooo____.
. 673 1045 |ooomoo_ 35.4 | 115 .7 1. 067 1220 {oooo_o.
. 969 28,0 | o ... 35.7 | 116 46. 0 1. 091 178 Joooamns R
1. 26 TR T N I 116. 5 47.0 1. 111 23.4 |
1. 358 4.8 ool |l 117. 2 48. 8 1. 151 30,0 |o_________
1. 85 E 1 S N A 119. 0 50. 1 1. 180 36.6 |ooo____
2152 ¢ 620 ||l .. 121. 0 51. 6 1. 222 440 oo .
2, 438 70,8 e 122. 3 53. 7 1. 274 52.1 oo ___ -
4
: P
I
: B
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FLUID FLOW

THROUGH PACKED AND FLUIDIZED SYSTEMS

TasLe X—Fluidization data with mired round and sharp sands in 2.5-inch and

4-inch z‘ube’sk(‘,‘on‘

. w, , G) Ap’ AP: 57 G#I,-/p
Run No. Ib./br. 'Ib.ft.‘zhr.“’l Re em. CCL | Ib./ft.2 percent L Ib./hr 2 f
| ' |
D,=0.00658 inch, weight=2,975 gm., RT=73° F., BP=745 mm. Hg, air, D,=4.00 inches,
CH=0.761 ft.
BM-1._____ 0. 1330 1525 | 0. 0104 38 | 12,0 40. 6 Loo ! ... 10, 989 :
. 25186 2. 95 . 0375 7.5 24. 4 '40. 6 .00 . ____. 5, 950
. 3875 4. 44 . 0565 1.0 | 356 40. 6 100 | __II1TTT 3 840
. 515 5. 90 . 0751 14.6 | 47 5 40. 6 Loo | CTIITTTTT 2’ 880
. 683 7. 84 . 0998 18. 5 60. 3 40. 6 1.00 1o _______ 2, 080
1. 283 14.73 (o _______ 21. 2 69. 0 45. 4 1. 087 9.08 1 .
1. 88 2155 .. __ 21L. 8 70. 6 46. 8 1. 122 18.67 |...__ 117
I 2.48 28.4 L ___ 22.0 71.6 48. 3 1. 148 18.45 | ___ 777"
¢ 3.085 5.4 | . 71.9 49. 3 1171, 235 |
i 3.685 22 S S 72.2 49. 7 1.181 28.2 [ 1T
| 4.20 49.1 [T TTTTmmm 72. 5 50.1 1.192 33.2 (77T
| &0 56.2 |JLIIIIIIITITTTToeee 782 509 La1z| 88§ |IIIIIT
| b5.51 63.8 |_.______|._CTTmmmT 73. 8 5L 5 1. 228 440 |_______T7C
i 613 70.8 | _____ |l CTTTmm 73. 8 52. 3 1. 248 9.7 o .7
©o6.21 7L2 LTI 74. 3 517 1. 232 417 | TTTTT
1 | 820 N N 74. 9 54.3 1. 302 69.1 |.___11777"
! I 11. 10 127.5 | |LlITTTTr 78. 2 57. 4 1. 400 100.8 _______ 77T
e i 14. 08 11 R 78.2 59. 4 1. 463 3 7
L+ ©17.06 196 | ITTTTmTm 79. 8 61. 0 1. 528 170 " )
. N
’ W D,=0.01346 inch; weight=2,223 gm., RT=75° T, BP=746 mm. Hg, air, D,=4.00 inches, iy
, :} I CH=0.675 ft. 1
1S 6M"-1_____ 0. 3875 4, 44 0. 119 0.9 2. 93 49. 8 .00 ... ______ 1, 872
] MR . 683 7. 84 . 210 1.7 8. 57 49. 8 1.00 |.______._._ 1, 142
. 1. 283 14,73 . 345 3.6 11. 7 49. 8 100 [_________ 678
| | S 2. 48 28. 4 . 762 7.2 23. 4 49. 8 100 ... . 365
i1 7’ 3. 085 35. 4 930 8.9 29.0 49. 8 100 [.____._____ 291
f A 3. 685 42. 8 1. 135 10. 5 34 2 49. 8 1.00 [o__._____. 241
1 L 4. 29 49,1 1. 32 12. 0 39. 1 49. 8 100 [ ___.___ 204
't AR 4. 90 56. 2 1. 51 13.7 44. 6 49. 8 .00 | _____ . __ 177
4 R . 5. 51 63.3 oo ..____ 15.5 50. 4 50. 1 1. 005 36.4 |__.______.
: ,’ ! “ 6. 13 70.3 (oo _._. 16. 1 52. 4 50. 6 1. 017 40.8 | .
IR 6. 74 7.8 ol 53.3 51.1 1. 029 45.3 ).
P 7. 36 8&8 |ttt 53.3 51. 9 1. 044 50.2 .. ...
g 8. 20 9L 0 . _____|lTTToTmmm 54. 7 53.3 1. 079 579 | ...
J . 11. 10 127.5 | _.__{C 7Tt 57. 3 56. 6 1. 159 843 ' -
) FR 14 08 62 | ______(IITTTmm 58. 9 59.0 1. 225 113 -
6 1:[ " 17. 06 196 | Ittt 59.9 61. 4 1. 300 145 | ----------
g !
|
1.
i
15
[ .
3 ;
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N f
. . . ‘ a . . . i
mn, Tanre X1 —Fluidization data with iron Fischer-Tropsch catalyst in 4-inch tube L
N w, G: Ap, AP, s, Gul.fp
RuuNo. | ' bosehe|  Re | em. GOl | k2 |perdent | P Ib./fir.? f it
|
D,=0.01518 inch, weight=4%,262 gm., RT*==84° F., BP="740 mm. Hg, air, D,=4.00 inches, <.
CH#*=0.685 ft. L N
— 1 : .
q80 Y I 0. 352 4. 39 0. 126 0.7 2. 28 49. 9 .00 fcocoomooae 1, 648 ’ ’ .
50 . 667 7. 65 . 219 1.3 4. 22 49. 9 1L.00 {—ooo_a- 1,003 o
340 1. 252 14, 37 . 412 2.6 8 45 49. 9 LO0 oo 568 {
380 1. 837 211 . 607 4. 2 13. 65 49. 9 L00 fcacceaaaos 426
080 2. 42 27. 8 . 798 5.7 18. 5 49. 9 .00 jooceooaa o 333 :
. 3. 02 34.7 . 997 7.1 23.1 49. 9 .00 |- 266 L]
o 3. 65 41. 9 1. 20 8 4 27.3 49.9 LO0 |aoooeooooo 217 by
o 4. 25 48.7 1. 40 9.6 31.2 49. 9 L00 f._____ 183 i
4. 88 56. 0 1.61 1.2 36.4 | 49.9 100 |- .. 161 .
- 5. 51 63. 3 1. 82 12. 7 41. 3 49. 9 1,00 fecmeooooae 143 I\
ot 6. 15 70. 5 2. 02 14,3 46. 5 49. 9 .00 oo 130 o
. 6. 77 7.7 2.23 15. 8 51. 4 49. 9 .00 ... _____. 119 31BN
- 7. 37 84. 5 2. 42 17. 2 56. 0 49. 9 LO0 foommaooooe 109 g
- 8. 27 94. 8 2.71 20. 0 65. 1 49. 9 .00 |- 101 b
- 11. 07 127 3. 64 27. 8 90. 5 49. 9 .00 |- 77.5 a4
- 12, 4 142 |ecmmeeooae 31.4 | 102 50. 2 1. 005 79.8 Jeocommmn—- '}
141 162 |o-oioooo- 33.2 | 108 50. 6 1. 013 9.5 |omommaen P A
- 15. 45 177 jecceeea- 32.4 1 105. 3 52. 1 1. 046 103. 4 |occceee—- i it
- 17. 02 196 | 33.0 | 107. 3 52. 5 1. 058 116 |occeeeee . He
18. 5 212 e 33.5 1 109 53.5 1. 077 128 joecmmeaes '
- 20. 1 230 oo 33.8 | 110 543 1. 098 141 |oos : i
23. 6 271 e 34.8 | 113 56. 5 1. 152 174 |eceeceaaoo s
26. 5 304 Jecceoeee- 35.5 | 115 58. 5 1. 208 205  feooooooooo :
57. 6 316 |l 36.5 | 119 61 2 1205 | 228 |..llll11l1 IIER
: e s
— 1 T
D,=0.01215 inch, weight=>5,011 gm., RT=79° F., BP="740 mm. Hg, air, D,=1.00 inches, ' ]
CH=0.826 ft. o 1S
i
b-1..__.__ 0. 382 4. 39 0. 106 1.5 4. 89 50. 6 L00 feceamcono- 2, 650 . .f2
. 667 7. 65 . 185 2.4 7. 81 50. 6 .00 focoooomeo- 1, 400 \ S
1. 252 14. 37 . 347 5.0 16. 2 50. 6 1.00 |—cmeoooa- 820 {11 RN
1. 837 23.1 . 510 7.2 23. 4 50. 6 LO00 |ovcceeooo- 550 R BT
2. 42 27. 8 . 671 9.7 31.5 50. 6 1,00 [oceeooooa- 426 i i !
3. 02 34. 7 . 840 12. 2 39.7 50. 6 1.00 |occacaoaa- 345 l, J
3. 65 41,9 1. 01 14.5 47. 2 50. 6 L00 |aeooaooo 285 OF RN
425 48.7 1. 18 16.8| 546 | 30.6 .00 oo . 241 Y {?; '
4. 88 56. 0 1. 35 19. 2 €2. 6 50. 6 1.00 |- 209 : E3l
5. 51 63. 3 1. 53 22.0 | 7L7 | 30.6 LO0 {ocoommmnn- 187 <
6. 15 70. 5 1. 70 245 79. 8 50. 6 .00 |- 168 RIF IR
6, 77 77.7 1. 88 27. 1 88. 3 50. 6 1,00 focmaooaao- 154 ) ".L 1
7. 37 845 2. 04 29. 4 95. 8 50. 6 1,00 |- 140 . 1.
8. 27 94 8 2,29 340 | 111 50. 6 1.00 foeoo o 129 ‘ ;!Ei
9. 65 111 ecieaae 36,1 118 52. 3 1. 02 63.0 |oacooooan . Gl
11. 07 127 e oo fee e 53.6 1. 045 735 oo o b
12, 40 142 L PR 38. 1 [ 124 545 1. 066 84.8 Juocmeea N R
1410 162 |eccmeem e e m e e 56. 1 1. 105 99.2 oo~ et
17. 02 196 |oceemeao 39.8 | 129 58.0 1. 153 125,58 |ocmmomaaas " N it
20. 10 230 0 |emmmmmmme e a e 60. 3 1. 22 156 |ooo_ooao - B i
23. 60 271 41.4 | 134 62, 15 1. 283 198 |omoeoeeo . R
i ‘\1
“R T=temperature of gas; CH=column height=_L. o “
i ' X ’.f‘)
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FLUID FLOW THROUGH PACKED AND FLUIDIZED SYSTEMS

TasLe XL.—Fluidization data with iron Fischer-Tropsch catalyst in 4-inch tube—Continued

Run No.

w,
Ib./hr.

G,
Ib. ft.~%hr.~1

Re

Ap,
cm. CCly

AP,
1b./ft.2

67
percent

L

Gul./p
1b./hr.?

CH=0.809 ft.

D,=0.01215 inch, weight=>5,087 gm., RT="78° F., BP=740 mm. H

g, air, D;=4.00 inches,

HONNIR O,

162
196
230
271

HOTOIO W =

. 94

65

. 37

NN ONNONHROOODMIUO~IHMD

137

Ui NN NOH-HGRNMOON

[ R en)

W R €O = OT Q0 = D 00 QO Lo L0 L0 O O

R R R R R R R e R e R

D;=0.00823 inch, weight=4,650 gm., RT=77° T.

4

—

CNP U - COCONI NI N bt i |

CH=0.771f
5.7 18.6
10.5| 341
20.6 | 67.0
25.0 | 81.3
30.0| 97.6
33.5 | 109
32.0 | 104
32.0 | 104
32.0 | 104
33.2 1 108
33.8 | 110
343 112
3L 41125
348 | 114
35.0 114 5
35.2 | 115
36.5 | 119

NNONOHNNONOWOOOSO

P e e e e e e e
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ted TanLe XI.—Fluidization data with iron Fischer-Tropsch catalyst in 4-inch tube—Continued
y w, ‘ G; Ap, AP, 5, Gﬂ-l ele
! Run No. Ib./hr. b ft.~*hr."! Re em. CCl; | 1b.fft.2 | percent e 1b./hr.2 f
D,=0.00702 inch, weight=5,229 gm., ET=82° F., BP=743 mm. Hg, air, D,=4.00 inches,
™, CH=0.915 ft. ;
-1 -~ 0. 132 1. 51 0. 0199 2.0 6. 51 53. 6 L00 jocmeoas 20, 100 !
5. 930 . 255 2.92 | .0388 £0| 130 | 536 1.00 |--_-2117C 10, 750 i
2145 . 506 5. 80 . 0770 7.6 241 53. 6 1.00 { . _o._ 5, 160
2,015 . 667 7. 65 . 101 10.0 32.5 53. 6 100 | 3, 900
1. 090 . 959 11.0 14. 8 48.2 53.6 .00 | 2, 800
756 1. 252 14. 4 20. 0 65. 1 53. 6 1.OO |ecooo_= 2, 215 '
368 1. 55 17. 76 24. 2 78. 8 53.6 .00 | ___ 1, 760 i
377 1. 84 21. 1 29. 2 95. 2 53. 6 LO0 |acoeo—___ 1, 506 i
276 2. 14 24. 6 33.6 | 109 83.6 1.00 |- - 1, 270
2,12 27. 8 38.7 | 126 53. 8 1. 006 16.0 |acmmee .
_______ 3. 02 347 3.0 | 123. 7 54 2 1. 013 20.2 |0 l01C
______ 3. 65 41. 9 38.5 | 125 55.1 1. 035 24 8 facamaoaaos
_______ 4. 25 48. 7 39.0 | 127.7 56. 1 1. 057 290.5 |eomaoioooC
T 188 56. 0 39.5 | 128 56. 6 1. 070 313 |LIIIIIlII
_______ 5. 49 62. 9 39.6 [ 128. 3 57.3 1. 089 8391 |emimamas
_______ 6. 15 70. 5 39.8 | 129. 5 58. 2 1. 110 418 |DIITIIIIT
______ 7. 37 84 5 0.2 | 1305 59. 0 1. 130 547
_______ 8. 27 94. 8 40.8 | 133 59. 8 1. 157 57. 4 "
_______ 9. 68 111 41. 3 | 134 61. 2 1. 192 75. 8 '
11. 07 127 41.8 | 136 63. 0 1. 259 91. 3 )
14 15 162 42.3 1 137. 5 64. 9 1. 325 123
o5 17. 1 196 44. 4 | 144 65. 5 1. 395 156
=y
D,=0.00702 inch, weight=5,229 gm., RT=81° F., BP=742 mm. Hg, helium, D,=1.00 inches, .
CI{=0.885 ft. o
7,200 \
4, 350 1
2, 430 d-2___ .. __ 0. 0240 0. 275 0. 00348 2.5 8. 15 52. 3 L00 e 94, 200
1, 860 . 0610 . 700 . 00887 6.8 22. 1 52. 3 100 f-ooooooo-- 39, 400 ¢
1, 610 . 1038 1. 19 0151 12. 0 39.0 52. 3 .00 |- 24, 000
e . 145 1. 66 . 0210 17. 0 55.3 52. 3 .00 | 17, 600
....... . 232 2. 66 0336 28. 5 92. 8 52.3 LO0 |oecooo-- 11, 500
....... . 340 390 |-_o__o__.. 36.6 | 119 [SURUPRENE ISP 176 oo
_______ . 450 5,16 focaeaoaaoo 38.0 | 123 JESOUIEN PP 237 oo )
_______ . 564 6.46 o .._. 38.8 | 126 JRUUSUSIPIPI FIIPIIPIN 30.4+ o
_______ . 631 7.81 oo o__ 39.2 | 127 JO N PSPPI 37.7 Jecmaaea_ .
_______ L 797 9. 14 |eoceooao - 39.4 | 128 ORI PRI 45. 1 |oceoooo___
_______ ! 1. 045 12. 0 e 40.0 | 130 e 61.8 |ocoooaoaao
....... 1. 37 15.7 PR 40.6 | 132 PSS FE U 83.5 foeaoaoeoo .
- . ‘Dp=0.00430 inch, weight=3,986 gm., RT=80° F., BP="734 mm. Hg, air, D,=-.00 inches, CH=0.724ft.
R
el 0. 255 2. 92 0. 0240 8 4 27. 4 55. 5 LO00 |ecmoooao 20, 570
. 382 4. 39 . 0362 12. 3 40.0 55. 5 .00 oo 13, 300
. 506 5. 80 . 0477 16. 3 53.0 55. 5 .00 oo 10, 100 »
. 667 7. 65 . 0631 23.1 75. 1 55. 5 LO00 joeceooa-- 8, 230 ,
. 959 1.0 |eeceo - 21. 8 71.0 56.0 1. 010 (S Y A
1. 252 14 37 e _-- 24.0 78.2 56. 6 1. 025 869 |occ
1. 55 1776 |eceoeae oo 24.5 79. 4 57.6 1. 048 10.97 .
1. 837 21,1 o _______ 25.0 8L 5 58. 3 1. 064 18, 27 o
2. 42 278  Jecccmaaaoo 26. 6 86. 5 58.7 1. 078 17.68 |oc—e. 4
3.02 3L 7 .. 27. 8 89. 2 59. 8 1. 106 22,6 |aemeeao- ’
3. 65 41,9 . 28.0 91. 2 60. 6 1. 130 279 |ocmmeaea o
4. 85 56.0  |aaooooo_o 29. 0 94. 0 61. 1 1. 142 378 |
6. 15 70.5 oo ._ 29. 8 97. 1 62. 3 1. 180 49.1 (.
7.37 5 T I, 30.6 99. 5 63. 4 1. 216 60.7 |occeoooo_-
827 9L 8 e - 30. 5 99. 0 6+ 0 1. 237 69.2 |l NE
I a.97 45 | J 10T 31.8 | 1033 65. 1 1. 273 86.2 |- l110- :
i 11. 07 127 |eceoaeoo 32.2 | 104 7 65. 9 1. 307 98.0 |aeccmmooo wf !
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FLUID FLOW THROUGH PACKED AXD FLUIDIZED SYSTEMS

TarLe X1.—Fluidization data with iron Fischer-Tropsch catalyst in j~inch tube—Continyed

- w, G, Ap, ; AP, 5, Gul./p
Run No.  ypihr |ib.ft—thrt|  Re em. GCL | lb./ft.2 | percent Le 1b./br.2 b

D;=0.00430 inch, weight=6,019 gm., RT=80°F., BP="734 mm. Hg, air,D,=4.00 inches, CH=1.063 ft,
€62 0. 132 1. 51 0. 0124 7.3;l 25. 4 54 2 .00 fooooo_ 42, 600
. 255 2, 42 . 0240 15.0 | 48.8 54 2 1.00 oo 32, 00

. 382 4. 39 0362 22.41 72.8 54 2 100 |ooomo oo 14, 550
.506 |°  5.80 . 0477 20.7 | 06.7 54 2 .00 |oeooo 11, 050

. 667 7.65 |ocoeoee 40.6 ' 182 54 5 1. 005 dod7 |

. 059 1.0 oo 41.5 ¢ 135 54 8 1. 012 6.49 | "7

1. 252 14.87 | 41.0 | 133 55. 4 1. 027 8 57 i -

1. 837 2.1 | o 41.0 | 133 56. 7 1. 058 12.96 (. ___ 7T

2. 42 27.8 | ___ 41.5 1 135 57.7 1. 082 17,5 oo 1]
3.02 3L7 |l T 42.3 ] 137. 5 59. 0 1. 117 22.5 ...

3. 65 41,9 | . 43.8 | 142 59. 6 1.132 27.5 .11

4. 26 48.9 |-l T 445 | 144 50. 9 1. 140 32.4 .17

4. 88 56.0 oo 44 5 | 144 60. 2 1. 150 37.4 .77

6. 15 70.5 | __ 45.5 | 148 61. 1 1.178 48.2 ___ 777

6. 34 726 oo - 45.8 | 149 61. 9 1. 205 50.9 ._______2-

8. 27 948 oo 46.8 | 152 63. 4 1. 256 69.2 ...~

9. 47 108.8 (o ____ 47.5 | 154 6L 3 1. 287 81. 2 I _________
D, =0.00278 inch, weight = 5,580 gm., RT=80° F., BP="734mm. Hg, air, D,=4.00 inches, CH=1.061 ft,
o I 0. 0712 0.827 | ______ 12. 4| 40.4 57. 4 100 oo N
. 1033 1020 jooomoo o 19.0 | 619 57. 4 .00 oo DT

. 1348 1.46 | __ 25.6 | 83. 4 57. 4 100 oo T

. 1685 1.95 | ________C 31.0 | 100. 6 57. 4 1.00 ool T

. 197 2,28 __________ 37.0 | 120 57. 4 .00 |

. 228 265 | 42.7 ] 139 57. 4 100 ool

1. 252 1487 |- 32.0 | 104 59. 8 1. 059 8 87 oo

1. 837 2L 1 o 345 | 113 60. 7 1. 083 13.35 oo

2. 42 27.8 | ... 35 114 61. 1 1. 094 17.8
3.02 307 o __ 34 111 61.3 1. 100 2283 ol

3. 65 4.9 | . 32 104 62. 1 1. 125 27.5 ..
4925 48,7 e ___ 35.2 | 115 62. 4 1. 134 328 .

4. 88 56.0 | oo 37 120 63. 8 1. 180 38.5 joooiae-

5. 51 63.3 oo 41.8 ] 136 64 5 1. 200 44.3 o ..

6. 15 70.5 | . ____ 38 124 6+ 5 1. 200 49.4 __________
7.87 &5 | . . 30.8 | 130 65. 5 1. 236 6L.1 .

i

Dy;==0.01214inch, weight=7,234 gm., RT=91°F., BP="736 mm., Hg, air, D,=4.00 inches, C//=1.210 ft.
Py 0. 693 7.95 0. 190 3.5f 11. 4 51.7 .00 | .. . l 1, 428
1. 24 14 2 . 340 7.0 22.8 517 .00 |-l - ! 890

2. 40 27. 6 . 660 140 | 45.6 51. 7 1.00 |ocoooo__. , 471

3. 50 11. 2 . 987 2.0 67.5 51.7 1.00 oo 313

1. 82 55. 3 1. 32 27.8 1 90.6 517 .00 |._.__T°C 234

6. 03 69. 1 1. 65 35.5 ) 115.5 51.7 .00 oo~ 192
7. 922 82. 8 1. 98 42.0 | 137 51.7 1.00 |- - 157

8. 27 04 7 2. 26 51.0 | 166 51.7 .00 |.____l.TC 145

9. 50 109 oo . 55.0 | 179 52.2 1. 012 6L 0 ..o
11. 10 127 |CIIoDIo 55. 6 181 53. 4 1. 040 76.6 e
12, 4 42 DL TTTTTC 56.5 ' 184 54 5 1. 064 877 -
140 160.7 |- - 57.5 ' 187 56. 2 1. 104 1025 -
16. 92 104 ool 58.5 190 58. 3 1. 160 13004 -
19. 85 ‘ 228 | T 615 200 1. 2 1. 245 164 .-

h-1-

h-2
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TasLe XI.—Fluidization data with iron Fischer-Tropsch catalyst in 4-inch tube—Continued
Y w, Gr Ap, AP: ! 5, Gul./p
Run No. gy e b nes| Re em. CCL | 1b.jft2 : percent Le Ib./hr.? f
o
D,=0.01214inch, weight=7,284gm., RT=89°F., BP="736 mm, Hg, helium, D,=£.00 inches,
CH=1.1821t.
, [ S 0. 0604 0. 692 0. 0156 2.5 8.15 50. 4 .00 |- 16, 530
| ' 144 1. 65 . 0374 6.3 20. 5 50. ¢4 1.00 | ___._ 7, 265
\ . 230 2. 64 . 0597 111 36. 1 50. 4 LO00 |ecoomoon 5,010
| . 333 3. 82 . 0865 15. 5 50. 5 50. 4 .00 . 3, 350
. 549 6, 28 . 142 26.4| 86.0 50. 4 LO0 oo 2,120
. 786 9. 02 . 204 38.0 1 120 50. 4 L00 |eooooooeo 1, 425
1. 045 12. 0 . 272 50.8 | 165. 4 50. 4 1.00 |eocoooooo. 1,110
D,=0.00480 inch, weight="7,853 gm., RT=91°F., BP="738 mm. Hg, air, D;=4.00 inches, CH=-1.310 ft.
1 I 0. 0696 0.798 | 85 27.7 51.5 LO00 el
i . 1306 1L.499 [ _ 16. 0 52.1 51. 5 L00 ool
i . 253 2.90 |oo__oo-o. 30. 8 | 100.2 51. 5 LO0 | feaen
f . 376 431 |a___ 45.5 | 148, 51. 5 1L.00 | e
. 199 5.72 e 59.0 | 192 51.9 1. 007 I ¥ 2 P
1. 239 1420 ... 55.0 | 179. 1 56. 1 1. 103 9.39 oo
1. 821 20,9 . 56.7 | 184 5 57. 1 1. 129 14 13 |
2. 40 27.5 oo ____ 57.5 | 187. 2 57. 1 1. 129 186 |occooooo
R 2. 48 342 L. 58.0 ] 188. 8 57. 4 1. 138 23.8 |ocoooo-o-
S 3. 56 40.8 | _______ 59.0 | 192 58. 2 1. 160 28 4 |l
4. 14 YA T I 59.0 | 192 58. 7 1.171 33. 4 |ecocaaeaan
S T2 542 | .l 59.5 | 193.8 59. 2 1. 186 385 |oeocmnoas
‘,.”, [ 5. 31 61.0 o ____ 60. 5 | 197 59. 3 1. 190 48,5 |ocoeee-
. 5. 89 67.6 |oeoee. 60. 5 | 197 60. 2 1. 216 49.3 oo __
I 6.38 73.2 | ____ 61.0 | 198.3 60. 9 1. 241 5 N T P
' 7.85 90. 1 [oocoeo_o_o 61.5 | 200 61. 9 1. 272 68.8 |aceaoaao
0. 13 1048 o 63.0 | 205 63. 3 1. 323 83.2 |eeooaooo_.
: 10. 57 121.2 . 64.0 | 208. 5 64. 3 1. 361 99.0 [occcmnao-
D,=0,00480 inch, weight=5,637 gm., RT=91° F., BP=738 mm. Hg, air, D,=+4.00 inches, CH=0.945 ft.
’ =2 0. 0690 0.791 |ooooooon 5.7 | 18 56 51.7 100 |cooomoo el
e . 131 1.502 (oo 10. 6 315 51.7 LO00 [
3 . 253 2,90 j__________ 21. 2 69.0 51.7 .00 .
i 4 . 376 431 o 31.8 1 103. 5 51. 7 LO0 |2
! ; . 499 5,70 Jecceeeoas 41.6 | 135. 6 51.7 100 fe e
A . 655 751 oo 42.0 | 186. 5 52. 8 1. 025 4061 [
¥ 1. 237 1418 oL 39.0 [ 126. 8 54. 2 1. 055 895 oo
1. 82 AU 40.5 | 131. 6 55. 2 1. 069 13.38 |
2. 40 275 |oooaoooo__ 41.2 | 133. 8 55. 6 1. 088 179 e
3. 55 40.7 oo 41.5 | 13+ 9 58.5 1. 162 2883 |-
£ 71 540 ooo___._ 42.0 | 136. 5 59. 4 1. 188 384 ..
5. 88 G67.4 .. 42.5 1 138 1 61. 3 1. 236 49.9 |aceicacaan
6. 0S 69.7  Jecemooooo- 42,5 | 1381 61. 4 1. 250 52.1 oo
7. 86 90. 1 foemaeen 41,0 { 143 62. 5 1. 286 69. 4 |l
Q15 105 oo 45.0 | 146.2 63. 2 1. 310 82.4 |
10. 51 12007 o __ 45.5 | 149. 7 64. 8 1. 371 ¢ 1 A A

N S

. e ot - e o

S ——— = o I

s e e,

e

o am
T
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TaABLE XII.—Fluidization data
mired materials in 4-inch tube
(IroN Frscuer-Tropscn CATALYST—SHARP SAN
IN PROPORTIONS AS SHOWN)
Rrxs A 1o g, D,=0.0135 xcn
Rrys 4’ 1o E’, D»,=0.00633 rxcy

G I
- e o ap, 8
Run No. !bﬁrf_t'_, b./tt.2 | percent L

pertaining to

FLUID FLOW THROUGH PACKED AND FLUIDIZED SYSTEMS

TABLE XIT.—Fluidization data
mixed materials in 4=inch tube.—C

D MIXED
Run No.

—_——

G,
Ib. ft.—2

Z,
br.—t ‘

5,
percent

Ap,
I Ib.jit.2

weight=2,303 am.

Sharp sand, welght=2,241 em,; iron cat
welght=0gm.

................ 2,21 1.90 49.8 f
4.34 3.90 9.5 |
6. 45 5.83 40.8
7.54 AT 49.8 .
14,3 14,3 49,8 !
. 4 2.6 49.8 |
4.8 | 424 49.8
53.8 | a3g 49.§
66.7 | g2 50,0
79.6 1 71g 515 !
888 3 52.6 |
s | 7o 55.4 |
148 53,8 55.0
! 177 7.1 39.5
206 §9.9 60.5

Gud, i
lb’,’/h/f_’z 14.2 1.7 56.51 1
274 23,7 565 1
3.7 a1 B3l L
alyst, 3 7. 5.5, 1.
alyst 8.7 | 82 5690 1
7 102 sm3| 0
147 107. 2 59.91 1
175 1124 6101 1.
205 115 630 1.
232 127.8 613 12
307 1298 69.1] 1

weight=3,573 ¢

Sharp sand, weight=2,241 gm.; iron catalyst,

weight=200 gm,

14.2 13.6 5581 1.
274 23,3 5581 1.
30.7 42,9 558! 1.
53.5 56,8 55.8 1 1.
66.7 73.1 5581 1.
87.2 102.7 3.8 1.
144 1436 5741 1.
174 150. 4 59.8( 1.0
202 155.2 61.7{ 1.15
231 159.2 64.2 1.2
268 167.3 6.2 1342
!

pertaining

on.

Gul.'s,
| Ihhe

Sharp sand, welght=1,050 gm.; iron cntalyst: e

Sharp sand, weight=1,050 gm.; iron catul_v;t,
gm,

---------------- 3,;: 9 g;j g ; gg , Tommmmeee- Iron catalyst, woixi'ht=3,833 gm.; sharp sand,
0§ S5, 100 | 3373 Weight=0 gm.
35.2 37.8 1. 008 33,2
64.9 520 1013 3.5 [ 2.25 715 54.1
745 53.2 1040 55.2 4.31 14.9 54.1
8.1 55.8 ) 1102 78.3 6.45 2.2 541
85,6 %4 1188 104 7. 50 247 541
03.5 59.9 1 1.213 120.8 8.9 46,8 54.1
9%, 4 622 1259 160 20.7 69, 2 .1
0L 7 63.21 133 187 27,2 92.9 54,1
i 33.2 106 54,1
37. g 1?8'. 2 55.g
Sharp sand, weight=2,24] &m.; iron catalyst, 3. 10.5 55,
weight=400 gm, 53.2 112. 4 56.7
66.0 115. 4 58.4
63.3 116 58.7
________________ 14.2 14.0 513 [ 8.3 | 1is.s 60. 6
51,0 53.6 51.6 31.2 118 123.6 62.5
AT 62 4 516 ] 35.3 47 126.1 639
88,0 79,6 53.2 | 5.5
ﬂ‘i géf g;é i 16? 3 Iron catalyst, “:(‘xZg}lt:(l;,S.o?-'i gm.; sharp sand,
176 942 60.5 131.8 Welght=132 gm,
208 08,5 629 160. 5
232 108 645 193 2.15 6.18 54.5 1.00
‘ 4,18 12,4 515 1.00
o 6.24 18.5 54,5 1.00
Sharp sand, welght=2,241 em.; jron catalyst, 7.51 23.1 545 1.00
welght=3800 gm. 14,2 45.5 54.5 100
27.1 91,0 54.5 1.00
40.0 113.5 54.8 1,023
................ 7.52 747 51.3 { oo foo_. 45.4 115.8 56. 1 1. 060
14,2 15.2 L3 Loo (IITTTTTTCC 45.4 115.2 55.5 1.046
2.2 31,2 L3¢ Lop jIIlIITT 53.4 17.1 56. 5 1,070
40,5 46,8 5.8 LolL 248 65. 6 118.2 53,2 11
53.3 60, 4 320 Lo 32.8 87.6 122.8 60. 3 1.170
5.2 721 320 1.015 346 119 127 62.8 1,250
87,2 91.9 33,00 1.030 54.8 150 130 65.1 1.332
116 017 B0 Loes | wp
}:}é ‘ %I‘)’; 9 3{,2 ; } }J‘jg I }2'9‘-’ Iron catalyst, weight=3,833 gm.; sharp sand,
200 | qg 620] 12 158 Weight=430 gm.
23 1 1.8 644 1.37%0 193
! 2.12 7.8 53.2 1.00
4,45 16.3 53.2 1.00
Sharp sund, weight =2,241 gm.; iron catalyst, 6.38 2.7 53,2 1.00
weight=1,600 gm. 7.54 27.0 53.2 1.00
14,2 54 53.2 1.00
’ ' 7 2.7 81 53.2 100
................ ms |15 52.2 | 27,0 | 115 s2|  1oo
3.9 42,9 52.2 2.9 | 116 53.6 1.009 18.2
48,7 60, 4 522 1 29.9 1118 54.1 1.018 18.4
63.8 5.0 52.2 | 33.5 120.2 54. 4 1.026 29-3
57,6 112 524 | 40,3 1245 54.9 1.038 20.5
116 123.8 54.3 | 7.5 126, 1 55.8 1.059 30~5
147 1256 5.2 53.3 1%.8 56,3 1.070 | 34.5
174 133.2 59.2 65. 4 126 58.6 1128 44.{
203 138 6.9 88, 2 132.8 60. 4 1180 6«?6
231 143 63.1 ‘ 116 136, 6 62.9 1.262 &.

. )‘,

:‘ 8
-I

b.

?'

U
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TasLt NIL—Fluidization data pertaining to  Tasie XIII.—Oi-flow fluidization data of ! '1:‘4' :

miaed materials in g-inch tube.—Con. 0.00171-inch iron Fischer-Tropsch catalyst in i i

e e — 1.78-inch tube—Continued i Hed

Nt ! n ﬁ’_z ‘ AD, 3, 1 Gulelp, 1 ' »;.

Rum - | Thrt I Ibft.2 | percent ¢ 1h./hr.2 : I : ]

S ‘ G 1 AR

_ 5 Gul.! i fous

talve s =2 . che J 2 Hmelp 1y

- Iron eatulyst, ‘\:tig}ﬁ =;5‘7‘;3‘é§]m, sharp sand, Run No. lth:ft;l percent e lblhr.’z ' i ;

1Y S 2.19 5.9 : el

g A B9 Catalyst weight=628 gm. T ‘ :

- 751 3.9 : i
141 5.6 5.9 ! 1.

g 204 | 0.6 5.9 } ! i
: 26,8 105.9 5.9, Comee e 628 75.0 2. 53 93. 2 ; 1 g
{ w2 oS | e 06| 78.1| 201 138 | ks
1 B8 | 1M g 1, 047 81.0 3. 34 205 .y
¥ 654 | 136 1 1, 198 82. 3 3. 57 251 ! R

4 92,6 138.5 0.5 1, 512 84. 9 4. 18 371 .

} 3 P 1 i 1,886 | §7.6| 511 565 i
3 e 146 150 64.9 ? . e 4 b
= - 2003| S86]| 5 57 654 CHE
. 2, 122 89. 4 5. 98 745 ‘a
4 . Iron catalyst, weight =3,533 gm.; sh: q, g Y

4 | T et =080 g, D 2,244 | 89.6| 6.16 811 i

R, 2,19 7.8 5.1 1.00 1&
A | 432 166 541 100 . . . 8

S - 3 a1l Lo TasLe XIV.—Fluidization dafa pertaining fto ki

. 3 . . e . d N

,oms | ones al| Lo e water flow through silica sands in 1.32-inch ¥

Loar | 108 sal LTow| 250 glass tube A

52,8 144 56.5 1.054 34.4 d

; @0 | 148 56| 1307 149 L

92.3 | 148 60.6 1 1165 67.2 Run X w, b G e ; Gul, o

‘ 116 154 6.7 | 1231 89.2 un No. Tofhe. | 10t |percentt 2, | 3R :

t Tare XIIT.—Oilflow Auidization data of Round sand, Dy==0.0178 inch, weight=200 gm., o b
0.00171-ineh iron Fischer-Tropsch catalyst in ~ A
1.78-Incl tube e eeeee 35.7 | 3.780 5.0 | Lo78| 145 °

52.6 | 5370 5.5 | 1198 | 238 \
61.0 6, 460 61.4 1. 257 289
: oty g8 | 2% B ,
N - 8 ' lelp . 3 56.7 .12 §
) 2 [
Run Xo. n}'lrft_'l perc’ent Le 1b. /hr.é
* Round and sharp sands, Dp=0.00155 inch,
weight=105.5 gm., CI{=3.95 inches
Catalyst weight==157 gm. S 0.579 £1.3 57.4 | 1.062 2,32 "
929 98.4 66. 6 1.354 4.73 ]
» s )i EE
f.._._._ 1,188] s8i6| 421 281 ez | w0 | 604l 1479 7.3
: 1,408 87. 2 5. 06 418 1176 124 70.2 | 1.518 6.70 .
1, 765 90. 4 6. 75 699 !
2,123 95. 0 13.1 1, 632 Round sand, Dp=0.00415 inch, weight=122 ‘
2, 450 96. 7 10. 4 2,790 ] gm., CII=3.91 inches v
2, 635 97. 4 25.3 3, 900 ‘| L
; e 2.38 259 50.0 | 1.038 8.93 :
| - @ R iR u
] E 3 2 59, 2
. Catalyst weight=450 gm. 9.23 978 69.6 | 1.740 57
. 135 | 1,430 74.6 | 2,08 99.6
! 16 1, 607 7.3 | 2.33 132 B
b | 98 79. 4 2. 37 83. 2 Bs | T Bl e s '
LT 5 X : : . ,325 73.2 | 1€ 8r. i
; 026 | 77.5| 291 158 v | Mas | &6 sk B3 ‘.
= I 1,317 ] so.s8| 3.4l 263 ‘ R
] L 1,675 | St2| 415 40 n — .
» © 1,S10| 854 449 176 *CH=column height=L. i
' 2,182 S8. 3 5. 59 715 "1
2, 450 90. 2 6. 67 | 960 :
' 2, 635 91. 1 7. 34 1, 132
] 2, 752 92. 2 8 37 1, 350
) 2, 900 82. G 8. 89 1, 510
¥ ‘,
1 1R
%
o)
i ' ]
i
L
e
0
1
1L




TaBLE XV

FLUID FLOW THROUGH PACKED AND FLUIDIZED SYSTEMS

—Fluidization data with, anthracite in 4-inch tube

Run No.

w, Ib./hr.

G, b, hr.-t
ft.—2

Re

Ap, cm,
cay

AP, 1b./ft.2

Gul./p
Ib./hr 2

5:, per-
cent

le

Anthracite, D,=0.03819 inch, weight=4,375.5 gm

6(: Per-
cent

*RT=temperature of gas; CH=column height=1,.

i : 5 8lr, RT*=82° F., BP=740 mp, Hg
P CH*=1.605 ft, d
e . 1. 99 3.2 10.4 | 100 [.__.______ 41, 6 53,6
) 3. 92 5.9 19.2 [ 100 |22 7T7°C 44 6 53 ¢
. 4. 40 7.5 2441 1,00 |CDIT0TTTT 446 53 g
. ¢ 5. 85 9.1 20.6 | 1.00 |.____ 7T 44 6 53 ¢
. 6. 66 10. 5 8421 1.00 |-_CZ1TTT7C 44. 6 53¢
) 8. 90 15 48.8 | 1.00 |___ - T7C 44 6 53¢
. 14 19.5 63.5| Loo |- CTTTC 44 6 53 ¢
) 3.9 24 78.1 | 1.00 |..__ 7T 446 53,6
) 6.5 29.1 94.6 | 100 |____TCTT7C 44. 6 53§
) 264 | . 34 4 112 1. 005 146. 5 45, 0 539
26, 4 303 ...l 7T 38, 4 125 1. 014 170 45, 3 543
28 4 826 | TT°TT 40 130 1. 032 186 46. 3 55 1
, 20. 7 341 |l ITTTTm 40 130 1. 045 197 47.1 55 5
A 30. 95 355 .______ 40. 2 131 1. 059 208 47. 8 56. 1
0 32.2 369  |_____l°°” 40. 8 133 1.083 | 220 48.9 57.3
]
ity
i ! ‘ Anthracite, D,=0.02795 inch, weight =2 525 gm., air, RT=90° F., BP=743 mm. Hg,
g CH=0.903 ft,
. Y 1. 246 14 3 0. 756 L5 491 1.00 |._.______ 45. 9 52,3
! 2. 40 27. 5 1. 44 3.1 101 100 |______-7°" 45,9 52.3
3,58 41. 0 2.17 45 L7 roo |2 71007 45. 9 52,3
i 475 54 4 2. 88 5.9 19.2 | no00 (.- - "7 45.9 52,3
5. 92 67. 8 3. 58 7.6 247 100 [__ITTTTTTT 45. 9 52,3
7. 09 81. 3 4. 30 9.1 29.6 | 100 |____ITTTTT 45.9 52,3
8. 00 91.7 4. 84 10. 7 3L.8| 1.00 [_CTTTTC 45,9 52,8
; 9, 34 107 5. 65 12. 5 40.6 | 1.00 |[_CC0TTCC 45.9 52.3
‘ 10. 68 122 6. 45 147 47.9 | 100 |JZDCTTTTTT 45. 9 52,8
‘ 12. 4 142 7. 50 17. 3 56.21 1.00 |-____T°TTC 45.9 52.8"
- 14 1 161. 5 8. 54 19, 8 644 1.00 [C-C_TTTTTT 45.9 52.3,
S 16. 5 189 [ T .. 22.6 78.5 | 1.009 109 46. 3 52,9
R 18. 25 209 | _IlTTTTTT 23. 8 77.4( 1.029 123 47. 4 53.8
- 19. 3 P> S 24 78.1| 1.050 133 48.5 54.7
K 20. 75 b1 S 244 79.4 | 1.058 144 48.9 55.1
S 22. 25 255  |__ I 07T 248 80.6 | 1.079 157 49. 8 55.9
i 23, 65 271 |_CCITITTTT 25. 5 83 1. 090 169 50. 3 56. 4
S 25. 3 200 [ ... 26. 2 85.2 1. 146 191 52.7 58.6
' Anthracite, D,=0.02321 inch, weight=3, 287 gn., air, RT=88° I, BP=739 mm. Hg,
CH=1.259 ft. .
lt‘
o Commm e 5. 04 57. 8 2. 56 9.0 20.8| 100 |____._____ 49. 9 55.5
' 7. 99 91. 5 4. 06 13.7 446 | 1.00 |- T 49.9 55. 5
‘ 10. 73 123 5. 45 19 6.8 | 1.00 |-_2017TTTC ) 55. 6
12. 32 141 6. 24 21 6 70.1| 1.00 |- _-T°77C ¢ :
13. 8 158 7. 00 2.5 79.7| 1.00 |___ITTTTTT
17. 0 195 | __. 28 911 1.
. 18. 43 P70 N 28 9.1 1
> 19. 95 P B 28.6 93 1
o 21. 5 p X B I 29, 6 96.3 | 1
. 23.0 264 | 0TTTT 30 97.6 | 1

el e Pt e e
i et e

Tox
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APPENDIX

Tasre XV.—Fluidization data with anthracite in 4-inch tube—Continued

147

- . |
. | ‘G, 1. hr.1| Ap, em, 2 Gplelp 8., per- | &, per-
Run No, ey Ib./hr. £t.~1 Re ccl, AP, 1b./ft. I Ib./hr.2 et tent
Anthracite, D,=0.01646 inch, weight=2,015 gm., air, RT=88° F., BP=739 mm. Hg,
CH=0.778 ft.

. (PP, 1. 244 143 0. 448 2.8 9.1 LO0 |-oo--__l_. 49. 8 55. 9
2. 10 27.5 . 865 5.3 17. 2 .00 |- _._ 49. 8 55. 9
3. 57 40. 9 1. 29 7.8 25.3 .00 o ____ 49. 8 55. 9
1 74 54. 3 1.71 10. 3 33.5 .00 jo____.__- 49. 8 55. 9
5. 91 67. 8 2,13 13. 2 42.9 100 oo 49. 8 55.9
6. 40 73.3 2.30 15.0 48. 8 LO00 |.ooo___.__ 49. 8 55. 9
802 91,9  |o._-_____ 16 52 1. 025 53. 5 51.0 57.0
9, 06 104 oo 16. 5 53.6 | 1. 047 62 51.9 58.0
10. 18 116. 5 | 17 55.3 1. 063 70. 1 52.7 58. 6
1.3 129.5  |oooo__ 17.7 57. 2 1. 092 80. 3 53.9 59.7
12, 47 M43 s 18 58. 5 1. 116 90. 5 54. 9 60. 4
13. 72 157.8  |ooeooae- 18. 3 59.5 1. 147 102. 6 56. 1 61. 6
149 170. 6 oo 18. 7 60. 8 1. 163 112. 8 56. 8 62. 1
16, 62 190.5 |- 19. 2 62.5 | 1.191 129 57. 8 62. 9
10. 78 227 e 20 65 1. 265 163 60. 3 65. 1
23.0 264 oo 21 68. 3 1. 348 202 62. 6 67. 4
26. 3 302 oo 22 71.5 1. 457 250 65. 5 69. 7
30. 0 344 el 22.5 73.2 1. 603 314 68. 5 72.5

Anthracite, D,=0.01211 inch, weight=2,705 gm., air, RT=84° F.,, BP=T741 mm. Hg,

. CH=1.002 ft.
|

' @aeemceneee--]  0.193 2.19 | 0.0506 2.1 6.8 100 |o_________ 42.9 53.9
. 381 4. 32 0988 4.1 13. 3 LO0 jo____ 42. 9 53. 9
567 6. 43 . 149 5.9 1921 L00 |-——o___ 42. 9 53.9
. 666 7. 55 L174 7.0 22.81 100 |-oooo____ 42.9 53. 9
1. 252 142 . 328 12. 3 40 LO0 |- 12. 9 53.9
1. 547 17. 53 . 405 16. 3 53 100  |ecocemenoe 42. 9 53.9
1. 835 20,8 |eceeoa- 18. 6 60.5 | 1.006 12. 4 43.2 54 3
2,14 242 |ealaaas 19. 5 63. 4 1. 022 14 6 44. 0 54. 9
2,42 274 .. 19.3 62.9 | 1.028 16. 6 443 55.2
2.71 30.7 acaaeao- 19. 3 62. 9 1. 032 18. 8 44 7 55. 4
3. 01 3L 1 jaaaaoos 19. 9 648 | 1. 042 21.1 45. 2 55. 9
3. 59 40.7  |eecoes 20 65 1. 068 25.7 16. 5 56. 9
4 18 473 |aceeeeo-- 20. 4 66.4 | 1.100 30.7 481 58. 2
177 5L 1 .. 20.7 67.2 | 1.120 35.9 49. 0 58. 9
5. 35 60.6 |__________ 21.1 68. & 1. 137 40. 9 19. 7 59. 5
5. 94 67.6 || __ 1. 147 45. 9 50. 1 59. 9
6, 53 739 || |eeee oo 1. 152 50. 4 50. 4 60. 1
7.12 80.7 s oL__- 22 7L5 1. 157 55. 2 50. 7 60. 3
8 09 91.7 o ____ 22. 4 73 1. 188 64 5 5L. 8 61.3
c 930 105.5 oo __ 23 74 8 1. 211 75. 4 52.7 62.0
10,8 PoI22.4 Ll 23.5 76. 4 1. 271 91. 9 51,9 ! 63. 8
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FLUID FLOW THROU

TaBLE XV —Fluidization datq with anthracite in 4-tnch tube—Continued

GH PACKED AXD FLUIDIZED SYSTEMS

i B
- . G, b. hr,—1 Ap, em. . ‘ Gul,/p 3., per- ) |
Run No. w, Ib./hr. ft-2 Re dal, AP, Ib./ft. l. - Ib/hrr | celf‘@tr agegg{_,i‘ 5
i -
- < S
Anthracite, D,=0.00940 inch, weight=3,082 gm., air, RT=g5° F., BP=737 g
CH=1.129 ft. - By, ¥
foooo 0. 132 151 | 0.0273 6. 4 20.8 | 1.00 *53{
. 193 2. 21 . 0399 9.6 8L.2) 100 _II1107TC 34 4 53:..‘: £
. 256 2.93 . 0529 13. 8 4491 100 _CITTTTTTC 34 4 53 ¥
. 317 3. 63 0655 161 52.41 100 __JTTTTTC 3.4 RS
. 381 1. 37 0739 19. 6 63.8 1) 1Lo0 - T 1TTTT 34 4 '53-5\,
. 441 5. 05 0012 22. 5 73.2| 100 (11T 34 4 53“2,‘: i
. 669 767 | . 17. 8 57.9 | 1.018 | 168 | 334 e o
. 961 1L (LI JITTT 19, 4 63.1| 1.042 | 6.8 371 55, 5 R
1. 258 > N 20 65 1.070 | 2241 389 gl
1. 555 17.82 | J_Z17T0TT 20. 5 66.6 | 1119 12.0 AR Y] ¢
1. 842 2L 1 |L__CIT0TTT 21.5 70 1. 160 14,7 43.6 | - go o AR
2, 14 245 | _1TTTT 21. 8 70.9 | 1.178 17 4 414 | apo SN
2 42 27,7 |LIIIIITTC 218 2y Ll 190 | g5y 0 EEE
2,72 8L2 | _IITTTTC 23.2 75.5 | 1.203 22. 5 457 1o
3. 02 8.6 | _I1TT7C 22. 6 73.5 | 1.220 25. 3 46.3
3. 61 1.8 |___I1TTTTC 23.2 75.5 | 1217 30. 9 47. 5
4. 20 48.1 |10 23. 7 77.2 | 1.263 36.5 8.3 :
1.79 5L9 | 10T 23. 7 77.2 | 1277 43¢ 48.8 ;
Anthracite, D,=0.00844 inch, weight =2,250 gm., air, RT=89° F., BP=743 mm, Hg,
CH=0.862 ft. S
i
glooo 0. 132 L51 | 0.0254 4.3 L0 1.00 |__________ 37.8] ;
. 255 2.92 . 0469 8.2 26.7 100 |._C1TTTTC 37.8 85, §
. 504 5.78 0927 16.0 52.0 (1 1.00 | .- T77°C 37.8 1 &5 ;
. 667 7.65 . . 16. 0 52.0 [ 1.019 469 389 5 :
L TT4 8.88 | .. ll°° 14,2 46.2 | 1.039 5.55 | 40.1| 5 i
. 958 10. 96 15 48.7 | 1.073 .07 422 g v
1. 254 14, 15. 4 50 1. 092 9.45 | 43.0 504 {
1. 55 17. 16 52 1. 120 12.0 451 .6 ;
1. 84 . 16. 2 53 1. 139 4. 5 45.5 78l 3
2. 14 16,7 543 1. 158 17. 1 16. 3 61 ;
2. 42 17 55.3 | 1.177 19. 6 .2 0223
3.01 17 55.3 | 1.198 24,9 18.1 62, A
3. 60 17. 4 56.5 | 1,217 30. 2 48.9 6
4.77 17. 6 57.2 1 1.257 41. 5 50. 9 64,
5. 95 18 58.5 | 1.291 15. 6 51.8 1 656
6. 42 184 | . 1. 320 58. 5 52.7 8, g
S. 04 18.7 |______ 7 1. 369 65. 5 5+ 4 67.2 MRS
9. 36 18.8 611 1.408 78. 0 55.7| 687 NS !
Anthracite, D,=0.00844 inch, weight=4,332 gm., air, RT=89° F., BP="740 mm. Hg, .. A
CH=1.618 ft. o
P 0. 1325 L52 | 0.0244 8.2 26.6 | 1.00 |._________ 37.5 gj 4
" . 256 2,04 0472 16.0 520 | 100 |_ZTITTTTTT 37.5 4 g |
. 381 +.37 0701 24,6 80.0 1 100 (. ____T77C 87.5 | prg R
. 503 5.79 |l .. 29. 2 94 8 | 1.018 3.51| 38.6 oy
. 674 (O£ T 30 97.5 | 1.027 4.73 39.2 ;
. 967 IO 0 S 29. 5 95.8 | 1.072 7.10 | 418 o
1. 266 5 | 0 30 97.5 | 1.110 9.58 | 438) o
L. 562 7.9 T 30. 5 99.1 | 1.147 12.3 4.6 o %
1. 854 21,2 | __I107C 31.3 102 1. 162 14. 7 46. 3 621 S
2. 41 28,0 (L__I11T7C 32 104 1. 198 20,0 47.9 62 §
3. 04 349 . 11777 32.2 1048 | 1.215 25. 3 48.7 63 '
3. 63 3 O T 32. 5 105.8 | 1.235 30.7 49.5 63.6.
1, 82 55.3 |___ 17T 33 107.4 | 1.2355 L5 50.8 65.8 ’
6. 01 69.0 [_____°T°7C 33.3 108.3 | 1.308 53.9 1 521 65 i
6. 53 £6 0 S I 33.8 110 1.326 1 391 52,7 ¢ 3
8. 16 93.7 ... 34 110.7 | 1.847 75. 2 53. 4 : LA
10. 9 125 35.5 5. :
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APPENDIX 149
TasLe XV .—Fluidization data with anthracite in 4-inch tube—Continued
I
- G b, hr.! Ap, em. Gul./p 5., per- | 8, per-
Run No. | w, lb./hr. o Re CeL |AP b2 L b e c’:e%t b b
Anthracite, D;=0.00844 inch, weight=4,332 gm., helium, R7=87° F., BP=740 mm. Hg,

CH=1.613 ft.
g ammem 0. 0240 0. 265 0. 00-£05 12.0 39 .00 oo 36.9 54.3
L0611 . 700 . 0107 30. 6 99. 5 .00 oo 36. 9 54.3
. 146 1L.67 oo 29 94. 3 1. 039 7.94 39. 4 56. 2
. 166 1.90 .. 29 94.3 ] 1.122 9.76 43.9 59.3
. 261 T T 31 4 102 1. 132 13.7 44.3 59.7
L334 3.83 . 32.2 105 1. 162 20. 3 45. 9 60. 7
. 549 6.20 .. 33.0 107.5 | 1.210 348 48.0 62. 3
. 780 895 |ocooooooas 33.5 109 1. 239 50. 6 49. 2 63.0
1. 025 1L76 oo 34.2 111.5 1. 298 69. 7 51. 5 64 7
1. 335 15,8 |eccccmcaa- 33.8 109.8 | 1.332 93.0 52.6 65. 7

Anthracite, D,=0.00658 inch, weight=2,880 gm., air, RT'=72° F., BP=740 mm,. Hg,

CH=1.106 ft.
5 S 0.133 1. 53 0. 0194 15 48.8 1.00 oceoaoo oo 33.5 55.5
197 2. 26 0288 22 7L6 ] 100 |eeeee_oo.. 33.5 55.5
. 260 2.98 .. 17 55. 3 1. 022 1.83 35. 1 56. 5
)& 5,90 oo 17. 5 56.9 1. 049 3.71 36.6 57. 6
. 673 772 e 19.0 61. 8 1. 143 5. 30 42.0 61. 5
1. 27 14 57 oo 20. 3 66. 0 1. 188 10. £ 441 62. 5
1. 87 2145 oo 21. 4 69. 6 1. 272 16. 4 47.9 65. 0
2. 16 28,2 el 21. 8 70.9 1. 308 22.1 49. 3 66. 0
3.06 35,1 locooaooos 22,0 7.6 | 1.343 28.3 50. 6 67.0
3. 65 1.9 .o 22.3 72.6 | 1.358 341 51.1 67. 2
1, 85 55,0 |oceccaana 22. 4 72.9 | 1.368 45. 6 51. 5 67. 4
6. 01 69.2 ... . 22.5 73.2 | 1.360 56.9 51,2 67.3

Anthracite, D,=0.00658 inch, weight=2,830 gm., helium, RT=74° F., BP=743 mm. Hg,

CH=1.094 ft.
b2 . 0. 0134 0. 154 | 0.00186 13 42.3 [ 1.00 oo 33.6 55. 4
. 0299 . 343 . 00415 24 2 7861 100 |_.__...__. 33.6 55. 4
. 0639 LT32 | 18.5 60. 2 1. 030 3. 32 35.5 56. 8
. 105 120 oL 18. 5 60. 2 1. 060 5. 60 37.5 58.0
127 146 | 18. 8 61.1 | 1092 7.01 39.3 59.3
. 170 1L95 - 19. 2 62, 4 1. 117 9. 57 40. 5 60. 1
. 175 2,00 foceoeaoa . 20.0 65.0 | 1.176 10. 35 43. 6 62. 1
. 232 2.66 oo . 20. 5 66.6 | 1.228 14 4 46. 0 63.7
. 335 3.8% . 21.3 69.3 | 1.271 21. 6 47. 9 65. 0
443 511 | . 21. 6 70.3 | 1.292 29. 1 48.5 65. 5
. 852 6.3+ | 21. 8 70.9 | 1.311 36. 7 49. 4 66. 1
. 670 7.68 |- 22. 2 72.2 | 1.332 45.1 50. 2 66. 6
. 783 898 . 22. 5 73.2 1 1.350 53.3 50. 8 67.0
. 901 10.32 |- 22.5 73.2 1 1.340 61. 1 50. 5 66. 8
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