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31
Classification
Single adiabatic bed

Radial flow

Adiahatic beds in series with
intermediate cooling or
heating

Maltitubular nonadiabatic

(packed bed reactor)

Use Typical Application
Moderately exothermic or Mild hydrogenation
endothermic noncquilibrium
limited
Where low A p is essential and  Styrene from ethylbenzene
useful where change in mole is

large

High conversion,equillibrium  -S020xidation

limited reactions -Catalytic reforming
-Ammonia synthesis
-Hydrocracking

Highly endothermic or -Many hydrogenations

exothermic reaction requiring  -Ethylene oxidation to

close temperature control o ethylene oxide, formaldehyde

ensure high selectivity by methanol oxidation,phthalic
anhydride production
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Classification Use Typical Application
Direct-fired nonadiabatic Highly endothermic,high Steam reforming
temperature reactions
33.2 Heterogenous
Heterogenous
L (bulk fluid)
2
3
4
B
6.
1 [ '(bulk fluid)
1-7
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surface
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Internal
6 diffusion

/ Catalytic surface

34 Heterogenous
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3-6 concentration profile

=MC4-CJ -(3.4)
Q = h(T0-T) (39)
) Heterogenous )
Rate limiting

(Dimensionless group)
(Fogler 1992)

Nusselt number, Nu H (3.6)

U



Reynolds number, Re Updp

p
: [ apl
Prandtl number, Pr ‘; S _ B, pCl :f

Nu =2+0.0Re'V5

Sherwood number, Sh \ga%
1 Schmidt number, Sc :T}!
Reynold number, Re Ugb
DA mass diffusivity)
(ko
Sh=2+0.6RelScl3
b.

.(3.10)

L(31)

.(312)

.(3.13)

(acked bed reactor)

Colburnj-factor

Reynolds Number(Yashida et al., 1962)



yI3

= Stpr .
" o \cb/l\Jcp.gKaJ
N (h\r
— m V
= Stm,Sc K )\ ,,aJ,

j-factor  Renolds Number
JH=j,n=" 0.84Re'05 :Re<50
JH=j = 057Re"™4 :Re>=50
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Effectiveness factor( )

(314)

R*

.(3.19)



Effectiveness factor ( )

a. Effectiveness Diffiisivity(De)
Dc , Diffusivity(Knudsen) ‘

D,= D,ecC ...(3.20)

Da: Diffusivity in bulk (masec)

Ep: void fraction (dimensionless)

(' constriction factor(Variation of cross-sectional area of pore) (dimensionless)
t tortuosity (dimensionless)

b. Thiele Modulus

rr+Ar

37 shell balance

d*c, 2(dc,) k,AC:
a +7( drA)— TRl 321



(Boundary Condition)
CA-= finite atr=0
CA=CA atr- R

(dimensionless equation)

(Thiele Modulus)
p=CACA
A=1R
(3.21)
d2 2 d(p KXS&P pCTS\ =0
741 ydA (0=
dip 2fdcp" { ik
-df  avaas 27 2

q -1 4 prsaR SexoncapPprar 7o u g
¢! [r;, fl«[( ’\-O)IIT{

Thiele Modulus (()) f,
{diffusion) fn

(Fogler 1992)
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RS =( It
=( ) )
)
=(-r'A(S4 (4136R%p) .(3.5)
-1'A=
(mol/g.sec)
3= (129)
Pp = (g/om3
R = (cm)
R*)
®) =( )
= (4TTR)(DCA9_ ) .(3.26)
!
Thiele Modulus
=1 \k\PpSa 62)
dp  =(q)ootn )]
&
= 4TiRDeCA(<)) coth <>-1)
(3.19)
= 3(({iCoth ) (3.29)




(sphere)

Effectiveness factor, ;)
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Sphere, zero order —

Sphere, first order —
a

Sphere, second order—

] ] 1 17 A ek
1 2 4, 6810 20 4Q

Thiele modulus, ¢,

Zero order 450 = Ryk0Sal p/Dectlo
First order 4%l = Ry~ s”p/Dp

Second order <52 = Ry k2Sa/0pCfl0/ De
@

Sphere b= (R/3)y k1l Qpp/De

Cylinder &= (R/2)yk 1 010p/De

Slabh &=Ly k, 0/>p/De
(b)
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