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Fig. 3.2 (a) Rateversus concentration
for a positive-order reaction. The PFR s
represented by an operating line while
the CSTR Is represented by an cperating
point. (b) Inverse of reaction rate versus
conversion for a positive-order reaction.
The shaded area under the curve is
proportionat to the volume of a PFR while
the total shaded area is proportlonai to

the volume ofa CSTR.
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Fig. 31 Convarsionversus residence
time fora PFR and fora CSTR (first-order
reaction kinetics).

Fig. 4.8 Concentrations (not to scale)
of species involved In a series reaction,
A—R—S8, inaPFRanda CSTR.
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Fig. 3.3 (a) Rateversus concentration
for a negative-order reaction. (b) Inverse
of reaction rate versus conversion fora
negative-order reaction. The total
shaded area under the curve is
proportional to the voiume of a PFR while
the lightly shaded area is proportional to
the voiume ofa CSTR.
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Fig. 44 Schematic representation of
advantageous reactor systems for
increasing selectivity when the desired
reaction is bimolecular.
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Fig. 3.7 Schematic showing N CSTRsin series.
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Fig. 38 Plotofinverse of reaction rate
versus conversion for four CSTRsin
series (all with approximately equal
conversions).

Fig. 3.5 Plotofinverse of reaction rate
versus conversion showing that the
volume oftwo CSTRsinseries isless that
required of one CSTR alone but more
than that of a PFR.
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Flg. 3.8 (a) For reactions with positive-order kinetics small CSTRs should beusedearly to

maximize conversion. (b) For reactions with negative-order kinetics large CSTRs should be used
early to maximize conversion.
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Fig. 3.9 Plotofinverse of reaction rate
versus conversion showing the volume
oftwo CSTRs in series; (a) thefirst
reactor is much smaller than the second;
(b) the reactors are of similar size; (c)
the second reactor is much smaller than
the first.
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Dimensioniess Numbers

Y momentunt transfer / momentum cond., (3nalog | =k, 1/79
to 3h and Nu numbers)
‘B’ mom.enium production/momenium cond. , =Fipnaul
(analog to St and £/ 2 numbers)
Bi Biot (heat transfer/thermal cond. of solid) = Nu(kJ/k,.,)
Bo Bodenstein (Pe number for mass} =34 l/D
B adiabatic temperature rise potential =C{-AH)pc T
Ca Carberry =11/ CKka
Dy Damkdhler number — 1 =rl/Cn
Dy Damkshler number - 11 l=rl*/CD
Day Damkghler number - 111 =r(-AH)WpcTu
Dap Damkéhier number - IV = ¢ {-AH) I/ k,
Day Damkohler number - V wr(-AHYI/hT
£/2 Fanning friction factor = kit
B momentum production/ conduction = Fip Ky u P
Fr Froud = }/Fa = I/Fanning = uip
Ha Hatta number = ‘\’{kD)!kgm »
I Colburn factor for mass (Sh S¢* ) = (k, I DY/
e Colburn factor for heat (St Pr*™) = (b /p ¢ u)(mya)’ ™
Le Lewis number =3 /1)
Nu Nusszit number =Rh1i/k,
P | Peclet number =yl/a
Pr Prandt] number =1/ 8 = oy
Re - Reynolds number =ul/n
Sec Schmidt number =1/D
Sh Sherwood number =k |1/D
St Stanton number =h/pcu
S Stanton number for mass =k, /u
We Weber number =pu'*/F

A, B, E are unnamed numbers results of the systematization by
L.asz1o (1964).

The unnamed number C is now called the Carberry number, and D is

identical with Dap-=Day.
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Fig. 51 Lines of constant rate of
reaction shown in conversion—
temperature space for a first-order
irrevaersible reaction.

(a)
A
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AL Q-‘Lineof
G\\ constant
conversion
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Flg. 5.3 Lines of constant rate of (b) B
reaction shown in conversion—~ Ta
temperature space for a reversibie At constant
endothermic reaction. conversian
A C
T

Fig. 5.4 (a) Lines of constant rate of
reaction shown in conversion—
temperature space for a reversible
exothermic reaction. Ailso shownis aline
at constant conversion. On this line the
rate will be zero at point A, wilireach a
maximum at point B, and will be zera at
point C. (b) Plot of rate versus
temperature oniine of constant
conversion.





