Topic 8: Flow in Packed Beds
Class Notes - Chapter 6.4 (Transport

Phenomena)

Friction factor correlations are available for a
variety of systems. One complex system of
considerable interest in chemical engineering is
the packed column. There are two approaches
for developing friction factor expressions for
packed columns:

Packed column visualized as a bundle of tangled
tubes of variable cross section (more successful
theory).
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Packed column regarded as a collection of
submerged objects.

The pressure drop is obtained by adding up the resistances
of the submerged objects (above figure).

Assumptions

Packing is statistically uniform, so that there is
o “channeling”.

Diameter of the packing particles is small in

comparison to the diameter of the column in

which the packing is contained.

Column diameter uniform.

Definition of friction factor for the packed

column
' '1' f. st
Where;
L=length of the packed column
D,= effective particle diameter
vp =superficial velocity
v =w/ps

w= volume flow rate
pS=empty column cross section

Correlations

Pressure drop through a representative tube in
the tube bundle model:
L
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In which the friction factor for a single tube is a
function of the Reynolds number:

P-P, =
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By substituting the pressure drop into the
friction factor correlation we get:
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Where;
€2 = (i)z =A/S

<v>
€ =void fraction = fraction of space in the column not
occupied by the packing
A= available flow area
S=empty column area



The hydraulic radius can be expressed in terms
of the void fraction and the wetted surface area
per unit volume of bed as follows:

R, = [Cross sechion available for flow
. wetted perimeter

volume available for flow
total wetted surface

(volumc of v_o_id_s)
volume of hed &

wetted surface d
volume of bed

Where;
a= wetted surface area

and is related to the “specific surface” by:

a, is the “specific surface” (total particles
surface per volume of particles) and is used to
define the mean particle diameter by:

and
R, = D,e/6(1 — &),

By substituting this equation (hydraulic radius)
into the friction factor correlation we get;
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We now adapt this result to laminar and
turbulent flows by inserting appropriate
expressions fipe.
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A. Laminar flow

ftube: 1 6/Reh

Experimentally f;,,.=100/(3Re})

By substituting this equation ( fi.. ) into the
friction factor correlation we get;
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Where;
Gy=pv,y= mass flux to the system and

1-e= (2/3) DpG()/p.

When this expression for fis substituted into its
initial expression we get
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This is known as the Blake-Kozeny equation.

The last two equations do not apply to any
system. They are physically limited for:

e £<05

e D,Go/[H(1-€)] <10

B. Highly Turbulent Flow

For highly turbulent flow in tubes with any
appreciable roughness, the friction factor is a
function of the roughness only, and is
independent of the Reynolds number.

Ftube= 7/12

By substituting this equation into the friction
factor correlation we get;
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When this expression for fis substituted into its
initial expression we get
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This is the Burke-Plummer equation and is valid
for:

(D,Gp/pll — £)) = 1000,



Note that the dependence on the void fraction
is different from that for laminar flow.

C. Transition Region

By superposing the two expressions for
pressure drop for the case A and B we get
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For very small v, this simplifies to the Blake-
Kozeny equation and for very large vyto the
Burke-Plummer equation.

The above equation may be rearranged to form
dimensionless groups:

" i) - (o)
( G 0, Y e D,Gu/nl ' d

This is the Ergun equation. The Ergun equation
is but one of many that have been proposed for
describing packed columns.

The Tallmadge equation is reported to give

good agreement with experimental data over
the range

0.1< W,Go/ ptl = £ 108

Tallmadge equation:
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Problems

6A-6) Estimation of void fraction of a
packed column. A tube of 146 sq in cross
section and 73 in height is packed with
spherical particles of diameter 2mm. When
a pressure difference of 158 psi is
maintained across the column, a 60%
aqueous sucrose solution at 20 C flows
through the bed at a rate of 244 Ib/min. At
this temperature, the viscosity of the
solution is 56.5 cp and its density is
1.2865g/cm®. What is the void fraction of
the bed? Discuss the usefulness of this
method of obtaining the void fraction.

Data:

D =146 in” ()2 = 941.93 cm’
L=73in (:2) = 185.42 cm
Dp=2x10°m (=) = 0.2 cm

AP = 158 psi (6.8947 x 10*) = 1.09 x 10'g/
cm.s?

_ . 453.59 g\ ,1min
w =244 Ib/min (5222 (22) = 1844.60
g/s pu=56.5 cp

p=1.2865 g/ cm®
First we obtain the vq
Vo =W/ pS

1844.60%

5 =1.522cm/s
(1.2865m)(941.93cm2)

Vo=



Then we obtain void fraction

e 150uLv0
(1—¢)2  Dp2AP
e*  150(0.565)(185.42)(1.522)
(1-¢)2 (0.2)2(1.09 x 107)
3
£ =0.2997 =0.30

6A.9) Flow of gas through a packed
column. A horizontal tube with a diameter
4 in. and length 5.5 ft is packed with glass
spheres of diameter 1/16 in., and the void
fraction is 0.41. Carbon dioxide is to be
pumped through the tube at 300K, at which
temperature its viscosity is known to be
1.495 x 10™ g/cm s. What will be the mass
flow rate through the column when the inlet
and outlet pressures are25 atm and 3 atm,
respectively?

Data:
D= 4.0 in(*™) = 10.16 cm Po =
1.0133 x 10° \ /10004 1m \_
25atm( 1 atm ) ( 1kg ) (1006m)_ 2533 x
10" g/cm.s?
_ 12in | ,2.54cm\ _

L= 55 ft (1ft )( ™ ) = 167.64 cm
n=1.495x 10" g/cm.s

_ 1.0133 x 10° \ /1000g 1m \_
PL - 3atm( 1 atm ) ( 1kg ) (IOOcm)_
3.0400 x 10° g/cm.s? e=0.41
D, = 1/16 in(:22™)= 0.15875¢m
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Equation:
Po—PL uvoy (1 —¢)?
L 150<D_pZ>< ) >
7 (pvo?®\ /1 —¢
+Z< Dp >( &3 )

Applying differentiation:

AndZVo:Go/p
dp uGo \ (1 —¢)?
_5_150<pr2>< (e®) )
7(Go*\ (1—¢
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Then we assume CO,-is an ideal gas

PF

P=ﬁ

Integrating
N uGo \ ((1—¢)?
) dp_fO <150(pr2)< & )
7(Go?*\ /1—¢
+z<m>( &3 ))dz
B uGo \ ((1 — €)?
~(po® —pl? =150 <(pr2)< () )
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Multiplying by p we obtain:
—0(po? — pl2) = @) a-e?
p(po pL?) = 150 <<Dp2 ( )
+7 Go? (1—s> L

4\ Dp &3

To do it simple, we do the calculation by
terms

150(

_ s <1.495 x 10-4Go> ((1 —0.41)?
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First Term

uGo\ ((1 —¢)?
prZ)( (%) ) g

0.158752

uGo \ [((1 —¢)?
150(pr2)< &) >L

= 753.42

Second Term

7 (Go? (1—5)L
4\pDp)\ &3

7 Go? (1 —0.41
"~ 4\0.15875)\ 0.413

Go?
pDp

(0.413)

1_
)( 8)L=15819.85 Goz[ 9
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Third Term

2
g
Go [s cm4]

) (167.64)

2

>(167.64)

scm

(po = pL) = o (po? — p12)
pLpo —p ~RT po p

PF
RT (po?® — pL?)

R
44.01

~ (8.3145 x107)300
— (3.0400x105)2)

((2.533x107)?

|

PF ) )
RT (po”® — pL?)

gZ
=1.116x10° [ 4]
scm
Now we obtain:

—1.116x10% = 753.42 Go
+ 15819.85 Go?

Then we use the Quadratic Formula

Go
—753.42 + \/753.422 + 4(15819.85)(1.116x10°)
2(15819.85)

—753.42 4+ 26574495
31639.7

Go =

The positive root is:

2
Go=8.375[ g 4]
scm

Then we obtain the mass flow rate w

_T[DZG
W—4 (0]

W= %(10.16)2(8.375)

w = 679.0g
s
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