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On the Utility of Hold Back for the
Design of Flow Reactors

Haruo KOBAYASHI
Fukashi ARral

Abstract

To take into account the effect of the spread in residence time on reactor perform-
ance, many computational models have been proposed. The value of hold back, which
was defined by Dankwerts, is rather simple to evaluate but the extent of reaction is not
solely dependent on its value. Comparisons are made between hold back and the rest of
the models and it is found that the higher the degree of conversion or the higher the
order of reaction the more serious is the difference between them.

The restrictions with which the hold back can be used without serious errors are
discussed and a devic eis proposed to extend the validity of hold back to design procedure.
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model

E(g)

C/Co

(first-order irreversible reaction)

Dispersion model

5 Anvn exp (—vng)

7=l

Yagi & Miyauchi (1953)

4da exp (Bo/2)
(1+apP exp (B,-a/2)
—(l—afexp (—

Bo-a/?)

a=y1+4Dq/B,

Da=kVIF Bo=ul/E

NNgN-1Lexp (— NgJ/(N—1)1

Tanks in series . 1/(1+ Do/N)N¥
MacMulin & Weber (1935)
o o 0<p<I: 0
PC series combination I<#: expl—(g—DL—D1—1I) exp {— De- 1)

model

Gilliland, Mason & Oliver (1953)

1+(1—=1) Dy

PC parallel combination
model

(L—1) exp [—(1—1)¢]
+15(g)8=1/2—1)
Nagata & Eguchi (1953)

(1P

=1+ Du +lexp [—De/(2-1)]

Velocity distribution
model (parabolic)

0<g<1/2: O
12£¢: #32
Taylor (1953)

(l - 1)11/2) exp ("1)(1/2)
+(Da/2) E; (— Da/2)

P: piston flow

C: complete mixing

3(g): delta function

Fi(y)=— S: exp (—a)/x dx
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Fig. 1. Damkoshler number necessary for various
conversion bevels versus Hold Back for
first-order irreversible reaction.
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Nomenclature

Bodenstein number =u«l/E [dimensionless]

concentration [g-mole-cm 3]
Damkohler number =kCy»~1V/F (n-order) [dimensionless]
diffusivity [cm? sec™]

residence time distribution function
indicial sesponse
volume flow rate

holdback defined by equation (2)

reaction rate constant (g-mole-cm 3t~ 7 gec™!
reactor length [em]

linear velocity [em sec—t]

reactor volume [em?®]

time [sec]

mean residence time =V/F [sec]

dimensionless time=6§/07
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