Flow of Fluids Through Granular
Beds and Packed Columns
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Absorption column “lab experiment”

Solid particles
‘Packing bed’




Absorption column

Solid particles
‘Packing bed’

Laboratory absorber
(1a): CO, Inlet;

(1b): H,O inlet;
(2).outlet;

(3): absorption column;
(4): packing.




Introduction

* The presence of solid particles in a bed or a
column will cause a pressure drop when the
fluid passes through it.

e Examples: Dryers used solid material, Gas
absorption columns using different types of
packing, Sand filters, packed bed reactors.

 Formulating the pressure drop in terms of the
controlling properties and parameters will lead
to an important design formula.



Introduction
Finding the pressure drop through a bed is
also a one method used to measure the
surface area and the pagticle size of a powder
material as mentioned a the beginning of
the course. Q

This is called Permeability




Flow of a single fluid through a
granular bed

Packed bed /




Darcy’s Law and Permeability

* Darcy observed that the flow of water through a
packed bed of sand was governed by the relationship:

- pressure |

gradient

Where

' liquid

velocity |

or (—IAp)a u

-Ap : pressure drop across the bed

[: bed depth

u : superficial velocity= fluid volumetric flow
rate/cross sectional area, (1/A4) (dv/dt)

A :cross sectional area of the bed.



e ()4

K : proportionality constant that
depends on the properties of bed and
fluid = B/p.

B : permeability coeff. of the bed ‘depends
on the properties of solid particles’.

L : viscosity of the fluid.



Specific surface and voidage

(i) specific surface area of the bed, S; =
‘surface area of the bed which is available to
hold the fluid per unit volume of the bed’
m2/m3 or [length].

(ii) fractional voidage of the bed, e =’fraction
of volume of bed that not occupied by solid
material’. (1-e) represents the fraction of bed
volume that occupied by solid material.



Notes
S : sp. Surface area of particles. For a sphere;
S=6/d
S #S; ‘due to voidage, €’
S; = S(1-e)
As e /s increased, flow through the bed becomes

easier and so the permeability coefficient B
/ncreases.

If the particles are randomly packed, then e
should be approximately constant throughout
the bed and the resistance to flow is the same in
all directions.



the properties of beds (S, e, B) of some common

regular-shaped materials.

Solid Constituents

Porous Mass

Fractional Voidage,

No. Description Specific Surface Area S(mzlm"') e(—) Permeability Coefficient B (m’)
Spheres
1 0.794mm diam. (55 in.) 7600 0.393 6.2x107'°
2 1.588mm diam. (75 in.) 3759 0.405 2.8x107°
4 6.35mm diam. (1in.) 948 0.405 49108 to the
- - —8
5 7.94mm diam. (< in.) 756 0416 9.4x 10 laminar
Cubes flow
6 3.175mm (3 in.) 1860 0.190 4.6 x107'° regime.
7 3.1775Smm (§in.) 1860 0.425 1.5x107%
8 6.35mm (% in.) 1078 0.318 1.4x1078
9 6.35mm (Lin.) 1078 0.455 6.9 <1078
Hexagonal prisms
10 4.76 mm x 4.76 mm thick 1262 0.355 1.3x107%
(Zin. x &in.)
1 4.76 mm x 4.76 mm thick 1262 0.472 5.9x107®
(Zin. x £in.)
Triangular pyramids
12 6.35mm length x 2.87mm ht. 2410 0.361 6.0<10°
(in. x 0.113in.)
13 6.35mm length x 2.87mm ht. 2410 0.518 1.9x107%
(xin. x 0.113in.)
Cylinders
14 3.175 mm % 3.175mm diam. 1840 0.401 1.1 <1078
(zin. x zin.)
15 3.175mm x 6.35 mm diam. 1585 0.397 1.2x 1078
(in. x 1in.)
16 6.35mm x 6.35mm diam. 945 0.410 4.6x107®

1 1;
zIn. X zin.)




Properties of beds of some regular-shaped matenals—Cont’d

Solid Constituents Porous Mass
Fractional Voidage,
No. Description Specific Surface Area S(m’/m’) e (=) Permeability Coefficient B (m?)
Plates
17 | 6.35mm x6.35mm x 0.794 mm 3033 0.410 50x107°
($in. x Lin. x J5in.)
18 | 6.35mm x6.35mm x 1.59mm 1984 0.409 1.1x107%
(3in. X $in. X 5=in.)
Discs
19 3.175mm diam. x 1.59mm 2540 0.398 6.3x107°
(3in. x Lin.)
Porcelain Berl saddles
20 6mm (0.236in.) 2450 0.685 9.8x10°°
21 6mm (0.236in.) 2450 0.750 1.73x1077
22 6mm (0.236in.) 2450 0.790 2.94x1077
23 6mm (0.236in.) 2450 0.832 3.94x107
24 Lessing rings (6 mm) 5950 0.870 1.71 x1077
25 Lessing rings (6 mm) 5950 0.889 2.79x1077




Table 4.3, Design data for various packings

Fre
Size Wl thickness Number Bed density  Contact surface S space % Packing factor F
(in) (mm) (n) (mm) (fF) () (b)) (gm') @H) @) (1006 (#F) (mi)

Ceramic Raschig Rings 025 6 003 08 BS600 3020000 60 960 M2 TW 62 1600 320
03 9 0 13 4700 &m0 6 e 157 57 67 1000 320
050 12 om L& 10700 N0 85 B0 112 36 B4 60 2100
075 19 0 23 Wm0 e S0 B0 T M 1 3 M
% 0 1380 4150 4 60 B 1% 1l 160 52
IR | ol A0 4 T 1l 125 40

5 B W 1380 43 6l £ 95 310
A 0 023 b4 164 90 41 60 X 03 4 65 210
T l 1765 3§ 560 T8 12
Metal Raschig Rings 025 6 003 08 88000 3100000 133 213 o 0
03 9 0 08 27000 953000 94 1500 Bl 90 1280

050 120 08 11400 4200 7% 12 117 4N RS W 90
075 19 008 08 340 700 81 B B4 276 19 185 608




Raschig rings

Raschig rings are
pieces of tube
(approximately equal in
length and diameter)
used in large numbers
as a packed bed within
columns for distillations
and other chemical
engineering processes



http://en.wikipedia.org/wiki/File:RaschigRings005.JPG
http://en.wikipedia.org/wiki/File:RaschigRings005.JPG
http://en.wikipedia.org/wiki/Packed_bed
http://en.wikipedia.org/wiki/Distillation_column
http://en.wikipedia.org/wiki/Chemical_engineering

Structured packing

Structured packing
refers to a range of
specially designed
materials for use In
absorption, distillation
columns , chemical
reactors and cooling
towers.



http://en.wikipedia.org/wiki/File:Riempimento_strutturato.jpg
http://en.wikipedia.org/wiki/File:Riempimento_strutturato.jpg

Pall rings
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General Expressions for Flow
Through Beds in Terms
of Carman—Kozeny Equations

Streamline flow—Carman—Kozeny equation



General expressions for flow

through Beds

* The flow of fluid through a bed can be

analyzed in terms of the fluid flow through
tubes.

e Streamline flow

Start with the Hagen-Poiseuille equation for
laminar flow through a circular tube
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B <)

u.=Q/A

the free space can be assumed

to form of a series of tortuous (twist) channels arranged in

parallel, as shown schematically in fig. A and its idealization
in fig. B . Therefore, the previous eq. can be modified as

But in case of a packed bed,
follows:
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fig. B
The capillary model
idealization

Flow through a bed of uniform
spheres



Where

dm’ -equivalent diam of the pore channels

K’:dimensionless cons. depends on the bed structure.
|":average length of Tortuous path of Capillaries.
ul:averagevelocity through the pore channels.

u = u, : superficial velocity based on empty cross sectional
area



Note

Dupuit related v.and u, by the following argument

[n a cube of side X, the volume of free space is eX * 50 that the mean cross-sectional area
for flow is the free volume divided by the height, or eX*. The volume flow rate through this
cube s X", so that the average linear velocity through the pores, uy, is given by:

-
H['XH H['

— =
exX -~ ¢

23




Since the equivalent diameter = flow area/wetted
perimeter

For a packed bed; flow area =e A4

Wetted perimeter = surface area of bed//

=SALl/l=5A
- dm’ flow area e e

wetted perimeter Sg T S(—e)

average velocity,u, =u/e

and, ] '0: |



Equation (3) becomes
1 g3 1 (—4P)

U=

This equation is called Carman-Kozeny equation.

The constant K" depends on porosity, particle shape
and other factors.

In general, K" =5.0 .



Note 1

Compare Carman-Kozeny equation with
Darcy equation, you can deduce that

B_ 1” 63 UZE”] (elq"j 1(—4P)
K 82(1—6)2

H= —
K g2(1-¢2# 1

Note 2
For spherical particle S = 6/4d

342
1 evd= 1(-4P)
[ e (5)

180 (1-¢)2 1




Note3

For non-spherical particle, the surface mean
diameter, d,, can be substituted instead of d




Streamline and Turbulent Flow

Modified Reynolds number, Re; :

RL] ( e ) S(l-e)ju  ull—e)S

|
Vol of particles in bed =/ A (I-e¢) = (1-¢) | I
total surface=S A [ (1-¢) =S [ (1-¢) - 4‘1

the friction factor= ’5:;-.. A=T/um'l
pu,

u
where R, is the component of the drag force per unit area of

particle surface in the direction of motion



The resistance force or drag force =R,;S [ (1-¢)
This force equals to the force resulting from a pressure

difference AP across the bed.

(-AP)(A)(e) = R, S | (I-¢
(-AP) (e) =R;S [ (1-e)
R, =e(-AP)/ S(1-¢)l

C ,: RI _— € -(—AP)- 1
D pui S(1-¢) 1 p(g)z
3 (-4P) 1

SI-g T 2



C, against Re,

-
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Carman curve can be approximated by this eq.:

R
—L =5Re7! +0.4Re7 0!
pus

The I term 5/Re; represents friction coefficient For
streamline flow Re;<I.0.

For intermediate flow through a packed bed, the
friction coefficient is the sum of the two terms
5/Re;+0.4/Re,"" .

For turbulent regime Re;>100, the friction coefficient

IS
0.4/Re;"!



R;

LS(1-e)pu?

2
1

pu

1.0
0.1
0.01
e a O Solid particles
x Rings
0.001
0.01 0.1 1.0 10 100 1000 10000
Ucp
Rei= Su(1-e)

Fi1G. 4.1. Carman’s graph of R, /pu} against Re,



Note:

e The constant K is usually dependent on
the structure of the bed, the shape of the
cross-section of a channel, solid size and
voidage. In general, K'=(l'/l]K, see the
text’

e Wall effect’ £,/

f, = (1+0.55./S)

where S, is the surface of the container

per unit volume of bed.

This correction factor ' f,/ must be

multiplied by Kozeny equation.
where (/ 7/)is the tortuosity and is a measure of the fluid path length

through the bed compared with the actual depth of the bed,

K?”, is a factor which depends on the shape of the cross-
section of a channel/through which fluid is passing.

v



Ergun Equation

For flow through ring packings which as described later are often used in industrial

packed columns, Ercun'!” obtained a good semi-empirical correlation for pressure drop
as follows:

—AP (1 —e)? pu, (I —e) pug

— = 5 2
i 150 T + 1.7 3 (4.20)
Writing d = 6/§ (from equation 4.3):
—AP ¢ S(I —e
=417t 129 4 509
Slouz1—e pU,
R] —1
or: > =4.17TRe;” 4+ 0.29 (4.21)
Pu;

Compare with

"1_-5Re7!+0.4Re70!
Carman Expression P“IQ 1 1



Use of Carman—Kozeny equation for
measurement of particle surface area

The Carman—Kozeny equation relates the drop
in pressure through a bed to the specific surface
of the material and can, therefore, be used as a
means of calculating S from measurements of
the drop in pressure. This method is strictly only
suitable for beds of uniformly packed particles,
and it is not a suitable method for measuring
the size distribution of particles in the sub sieve
range.



The permeability apparatus

* |In this apparatus, air or another suitable gas flows
through the bed contained in a cell (25mm diameter,
87mm deep), and the pressure drop is obtained from
h,, and the gas flow rate from h.,.

air =—

 The method has been
successfully developed for
measurement of the surface
area of cement and for such
materials as pigments, fine
metal powders, pulverized
coal, and fine fibers




Example 1

* |[n a contact sulfuric acid plant the secondary
converter is a tray type converter, 2.3 m in
diameter with the catalyst arranged in three
layers, each 0.45 m thick. The catalyst is in the
form of cylindrical pellets 9.5 mm in diameter
and 9.5 mm long. The void fraction is 0.35.
The gas enters the converter at 675 K and
leaves at 720 K. Its inlet composition is:

SO;3 6.6, SO, 1.7, O, 10.0, N, 81.7 mole per cent



and its exit composition is:
SOz 8.2, SO, 0.2, O; 9.3, N, 82.3 mole per cent

The gas flowrate is 0.68 kg/m?s. Calculate the
pressure drop through the converter. The
viscosity of the gas is 0.032 mNs/m?2.



Solution

* Find the density by assuming ideal gas, hence
use ideal gas law to obtain the density.

p = PM/RT
* Find S S= surface area of pellet/volume

e From the Carman equation:

R & (-AP) |
pu?  S(l—e) | pu?

R
~ =5/Re; +0.4/Re}"’
puy




Flow rate, kg/m?.s=p u

G
and: Re, =
S(1 —e)u
S=6/d=6/(9.5x 107°) = 631 m*/m’
Hence: Re; = 0.68/(631 x 0.65 x 0.032 x 107%) =51.8
d° R 5 + 0.4 O ';66 From the Carman equation:
ane oz \518) T\ Grgpr) T L
From equation 4.15: pu 2R+ 04
Total length

~AP =0.366 x 631 x 0.65 x (3 X0.45) x 0.569 (‘}.20)2 /(0.35)°
= 3.87 x 10° N/m* or 3.9 kN/m’

Flow rate, G'=p u
0.68 = 0.569 u
u = 0.68/0.569 = 1.2 m/s




Table A Comparison between packed bed &
packed column

Packed bed

Packed column

Single flow through bed

Usually, two flows(liquid
+gas)

Size of packing: small

Size of packing: large

Packing element:
usually solid

Packing element:
usually hollow with
large internal surface
area and small pressure
gradient.

Regime of flow:
Laminar

Regime of flow:
Turbulent




Types of Packing

1. Particulate: dumped or stacked
Raschig Rings, Lessing rings, Ber|
Saddles, Stoneware, Porcelain,
Carbon, Metal.

2. Grid Packings: wood, metal, carbon,
plastic.

3. Wire-Mesh & Knit-mesh packing
* See the Text for detalls’



Stacked
Raschig
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Raschig Berl

saddle

</

Intalox
saddle

Top-Pak

Hedgehog




it mesh columns

i kn

Mult

Stainless steel knitted wire mesh




TABLE 4.1. Properties of Beds of Some Regular-shaped M aterials‘®’

Solid constituents

|

Porous mass

Specific

Permeability

surface area Fractional coefficient B
No. Description S(m?/m?) voidage, e (m?)
Spheres
1 J5 in. diam. (0.794 mm) 7600 0.393 6210~ '°
2 % in. diam. (1.588 mm) 3759 0.405 28x 10 °
3 % in. diam. (3.175 mm) 1895 0.393 94 x 10 °
4 1 in. diam. (6.35 mm) 948 0.405 49 x10 ¥
5 +% in. diam. (7.94 mm) 756 0416 9.4 x 10 *®
Cubes
6 1 in. (3.175 mm) 1860 0.190 46x10 '°
7 1 in. (3.175 mm) 1860 0425 1.5% 10 %
8 1 in. (6.35 mm) 1078 0318 14x10° 8
9 % in. (6.35 mm) 1078 0455 69 %10 %
Hexagonal prisms
10 £ in. x 7% in. thick (4.76 mm x 4.76 mm) 1262 0.355 1.3x 10
11 = in. % +% in. thick (4.76 mm x 4.76 mm) 1262 0472 S9x 10 °®
Triangular pyramids
12 1 in. length x0.113 in. ht. (6.35 mm x 2.87 mm) 2410 0.361 60x 10 °
13 1 in. length x0.113 in. ht. (6.35 mm x 2.87 mm) 2410 0.518 19x 108
Cylinders
14 1in. diam. x § in. (3.175 mm x 3.175 mm) 1840 0.401 1.1 <10 %
15 1 in. diam. x } in. (3.175 mm X 6.35 mm) 1585 0.397 1.2x10° 8%
16 1 in. diam. x } in. (6.35 mm x 6.35 mm) 945 0.410 46x10 "%
Plates
17 1in. x % in. x 3% in. (6.35 mm x 6.35 mm x 0.794 mm) 3033 0410 S0x10 *
18 1 in. x4 in. x ¥ in. (6.35 mm x 6.35 mm X 1.59 mm) 1984 0.409 { 5 1575 16 Faac
Discs
19 4 in. diam. x 2 in. (3.175 mm x 1.59 mm) 2540 0.398 63x10°
Porcelain Berl saddles
20 0.236 in. (6 mm) 2450 0.685 98x10"*®
21 0.236 in. (6 mm) 2450 0.750 1.73 <107
22 0.236 in. (6 mm) 2450 0.790 294 <107
23 0.236 in. (6 mm) 2450 0.832 394 <10 °
24 Lessing rings (6 mm) 5950 0.870 1.71 x 107
25 Lessing rings (6 mm) 5950 0.889 279 %< 107




Metal, Ceramic and carbon Raschig and Lessing
rings

FiG. 4.13. Metal, ceramic and carbon Raschig and Lessing rnings



Plastic, Ceramic and metal Pall rings

FIG. 4.14. Plastics, ceramic and metal Pall rings




Ceramic Intalox Berl Saddles and Intalox Metal

FIG. 4.15. Ceramic Intalox and Berl saddles and Intalox Metal




Design Data For Various Packings

Size Wall thickness Number
in. mm in. mm /ft3 /m?

Ceramic Raschig Rings 0.25 6 0.03 0.8 85,600 3,020,000
0.38 9 0.05 1.3 24,700 872,000

0.50 12 0.07 1.8 10,700 377,000

0.75 19 0.09 2.3 3090 109,000

1.0 25 0.14 3.6 1350 47,600

1.25 31 670 23,600

1.5 38 387 13,600

2.0 50 0.25 6.4 164 5790

3.0 76 50 1765

Metal Raschig Rings 0.25 6 0.03 0.8 88,000 3,100,000
0.38 9 0.03 0.8 27,000 953,000

0.50 12 0.03 0.8 11,400 402,000

0.75 19 0.03 0.8 3340 117,000

(N.B. Bed densities 0.75 19 0.06 1.6 3140 110,000
are for mild 1.0 25 0.03 0.8 1430 50,000
steel; multiply 1.0 25 0.06 1.6 1310 46,200
by 1.108, 1.12. 1.37, 1.25 31 0.06 1.6 725 25,600
1.115 for stainless 15 38 0.06 1.6 400 14,100
steel, copper, aluminium, 2.0 50 0.06 1.6 168 5930
and monel respectively) 3.0 76 0.06 1.6 51 1800



Free Packing factor F
Bed density Contact surface S, space %
b/t kgm® (/¢ mim®*  (100e) 40 mim?

Ceramic Raschig Rings 60 960 242 794 62 1600 5250
61 970 157 575 67 1000 3280

55 880 112 368 64 640 2100

50 800 13 240 72 255 840

42 670 58 190 71 160 525

46 730 71 125 410

43 680 73 95 310

41 650 29 95 74 65 210

35 560 8 36 120

Metal Raschig Rings 133 2130 7 700 9300
94 1500 81 390 1280

75 1200 127 417 85 300 980

m 52 830 84 276 89 185 603

(N.B. Bed densities o4 1500 80 130 75()
dresior, mild ¥ 60 6 201 9 s 375
jtesl, ciuluply 1130 86 137 450
byiL109, .14, Loy, Q9% 87 o 360
I.115 for stainless 49 780 90 83 170
stesl coper albmimiucs, 43 gy g ey R 719
and monel respectively) 25 400 7 7 95 1) 105

The packing factor Freplaces the term S €. Use of the given value of Fin Figure 4.18 permits more predictable
performance of designs incorporating packed beds since the values quoted are derived from operating
characteristics of the packings rather than from their physical dimensions.



Table 7.3 Design data for various packings

(in.) (mm) (n.) (mm) UR) (/o) (1b/fe) (g/m’)  (RYR)  (mYm’)  (100¢) (R/R%)  (m*/m’)
Ceramic Raschig 0.25 6 0.03 0.8 85,600 3,020,000 60 960 242 794 62 1600 5250
Rings 0.38 9 0.05 1.3 24,700 872,000 61 970 157 575 67 1000 3280
0.50 12 0.07 1.8 10,700 377,000 55 880 112 368 64 640 2100
0.75 19 0.09 23 3090 109,000 50 800 73 240 72 255 840
1.0 25 0.14 3.6 1350 47,600 42 670 58 190 n 160 525
1.25 3 670 23,600 46 730 n 125 410
1.5 38 g7 13,600 43 680 73 95 310
2.0 50 0.25 6.4 164 5790 41 650 29 95 74 65 210
30 76 50 1765 3s 560 78 36 120
Metal Raschig 0.25 6 0.03 0.8 88,000 3,100,000 133 2130 72 700 2300
Rings 0.38 9 0.03 0.8 27,000 953,000 94 1500 81 390 1280
0.50 12 0.03 0.8 11,400 402,000 75 1200 127 417 85 300 980
0.75 19 0.03 0.8 3340 117,000 52 830 84 276 89 185 605
(Bed densities are 0.75 19 0.06 1.6 3140 110,000 94 1500 80 230 750
for mild steel; 1.0 25 0.03 0.8 1430 50,000 39 620 63 207 92 115 a7s
multiply by 1.105, 1.0 25 0.06 1.6 1310 46,200 71 1130 86 137 450
1.12,1.37,1.115 1.25 n 0.06 1.6 725 25,600 62 99 87 110 360
for stainless steel, 1.5 38 0.06 1.6 400 14,100 49 780 90 83 270
copper, 2.0 50 0.06 1.6 168 5930 37 590 3 102 92 57 190
aluminium, and 3.0 76 0.06 1.6 51 1800 25 400 22 72 95 32 105
monel
respectively)
Carbon Raschig 0.25 6 0.06 1.6 85,000 3,000,000 46 730 212 696 55 1600 5250
Rings 0.50 12 0.06 1.6 10,600 374,000 27 430 114 374 74 410 1350
0.75 19 0.12 3.2 3140 110,000 34 540 75 246 67 280 920
1.0 25 0.12 3.2 1325 46,000 27 430 57 187 74 160 525
1.25 3 678 23,000 31 490 69 125 410
1.5 38 392 13,800 34 540 67 130 425
2.0 50 0.25 6.4 166 5860 27 430 29 95 74 65 210
30 76 0.31 8.0 49 1730 23 370 19 62 78 36 120
Metal Pall Rings 0.62 15 0.02 0.5 5950 210,000 37 590 104 3N 93 70 230
(Bed densities are 1.0 25 0025 0.6 1400 49,000 30 480 64 210 94 48 160
for mild steel) 1.25 n 0.03 0.8 375 13,000 24 380 39 128 95 28 92
2.0 50 0.035 0.9 170 6000 22 350 3 102 9% 20 66
s 76 0.05 1.2 EE] 1160 17 270 20 65 97 16 52




Flow Through Packed Towers

Gas flow through packed tower in presence of liquid flow

Gas
t

—t=— Liquid in
Distribut
(log)
plate T
g
|
Gas Velocity Ug (log) F,ng
1’:3515 — support

Liguid
0



(AP/pasg UZ

U superficial gas velocity < 1m/s

| bed height

L mass flow rate of liquid ‘L’ [liquid
mass velocity’

In general, [ >1 kg/s.m?tower




G mass flow rate of gas ‘G’ Gas mass
velocity’

e voidage

nindex; 1.6 <n>2.0 = ..n=~I1.8

In general,

AP 1.8
T g



tower
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d
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Types of towers

e Dry tower = Single gas flow (-AP/l); use

modified Reynolds number, Re; . ‘Re>30’ -

e Wet Drained Tower L=0.0
(-AP,) = (1 + k/d,) AP4

Where .

AP,, : pressure drop across the wet drained
tower
AP, : Pressure drop across the dry tower
d, : size of solids ‘normal size of element in
mm’
k,: constant, for broken solids: k; = 5.5, d, = 100mm
For Raschig rings : k; = 3.3




o Irrigated Tower L > 0.0
In this case we have different apprpaches:

(a)  (-AP;)=(1+kL/d,) AP; ‘See Perry’







Loading & Flooding Points

B

Flooding pt.

wet -

drained -~
column
L=0.0

Transparent
column




Pressure drops in wet packings (logarithmic axes

Fressure drop




In general, the pressure drop of a packed

column is influenced by both gas and liquid flow
rates as shown above.

For a constant gas velocity AP 7 asLT lineG.

Each type of packing has a certain void fraction
available for liquid passage; as L T the voids or
e since part of it will be filled by liquid, hence
reducing the cross-sectional area available for

gas flow.

Consider transparent column and line A or B.



Flooding Rates in Packed columns
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Symbol system
o H,0-Air
g HZO—HZ
o H,0—CO, R
s Glycerol—Air = —
»n Butyric acid—Air
o CH3OH-AIr

0.01 v Turbine oil—Air

A Transformer oil—Air
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F|g 4.17 Generalised correlation for flooding rates in packed towers



Generalized pressure drop correlation Fig 4.18
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Notes

Most of the data on which it is based are obtained for cases
where the liquid is water and the correction factor

(/1) p./P, )l inwhich i, and p,, refer to water at 293 K,
is introduced to enable it to be used for other liquids.

The packing factor F which is employed in the correlation is a
modiification of the specific surface of the packing S; which is
used in Figure 4.17.

In practice, a pressure drop is selected for a given duty and
use is made of the correlation to determine the gas flow rate
per unit area G from which the tower diameter may be
calculated for the required flows.






Example 2

A column 0.6 m diameter and 4 m high is, packed
with 25 mm ceramic Raschig rings and used in a gas
absorption process carried out at 101.3 kN/m? and
293 K. If the liguid and gas properties approximate to
those of water and air respectively and their flow
rates are 2.5 and 0.6 kg/m?s, what is the pressure
drop across the column? In making calculations,
Carman’s method should be used. By how much may

the liquid flow rate be increased before the column
floods?









