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1) MULTIPLE STEADY

STATES

MORE or LESS JUST
A

CURIOSITY ! l .

2) MORE DETAILS ABOUT

REACTOR INTERNALS







FOR A CS TR THAT HAS

AN EXOTHERMIC REACTION

TO BE AT STEADY STATE

HEAT PRODUCED BY REACTION =

HEAT REMOVED BY COOLING

SO IF k -- Aapl- ETE)

TEMP WILL INCREASE UNTIL

SOMETHING HAPPENS !
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WHERE DOES BALANCE

occur ?

YOU COULD CONTROL THIS

BY ADJUSTING EITHER

FA
,
or mi

MIGHT EXPECT THAT COULD

PICK WHAT YOU WANT -

IT TURNS OUT THAT FOR FIXED

in
,
IT IS POSSIBLE THAT

THE BALANCE COULD BE

AT A LOW ⇐KID or

A HIGH
-Tn) IF SO :

3 STEADY STATES



LOOK AT JUST THE COOLING

JACKET
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COOLING PROVIDES A FAMILY

OF LINES
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INTERSECTION OF Qnt Qa IS

A SOLUTION TO T FOR REACTOR



1 SOLUTION
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3 INTERSECTIONS ? !

( SOLUTION

LOW COOLING CAPACITY LOW COOLING
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F-REACTION
IS

HI HER COOLING CAPACITY *ffct

CAN MATCH LOWT
ENOUGH

OR HIGHT
3 STEADY STATES

I S SLIGHT INCREASE INT Qq > Qg SO IT

GOES BACK

3 SAME

2 → SLIGHT ING. OLFASE INT, Qg > Q SO IT

GETS HOTTER
,



HYSTERESIS IN BOILING
-



COOLING !

( ltd , IT - (To -tic)
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ANY OF

THESE COULD HAVE

MULTIPLE STEADY

STATES



PLUG BACK IN

'

Q =
U Aafc Cpc
¥t(T - Tco)

=X×Ci
NOW BACK TO E - BALANCE

For C STR

÷::÷÷÷÷÷: "⇒O= Falco - Sa) - LCAV
=

WE GET

Q' = Attn kcavtqgcp(T -To)

g÷Gi-E) =hCasE! E -T)



USING SLIGHTLY SIMPLER

NOT AMON

4. =
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ADDITIONAL DETAILS ABOUT

THE
"

INSIDE
"

OF CHEMICAL

REACTORS

→ PACKED BED FLOW t

PRESSURE DROP EFFECTIVENESS

£

TRADE OFF WITH Mo

→ EFFECT OF CHANGE OF

MOLES FOR GAS REACTIONS

→ RADIAL CONCENTRATION

EFFECTS

- DIFFERENT CONFIGURATIONS

FOR REACTORS



EFFECT OF CATALYST

PARTICLE SIZE ON

REACTOR PERFORMANCE
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For SAME

GEOMETRY OF

PACKING
,

THE FRACTION OF

VOLUME THAT IS

CATALYST
DOESN'T CHANGE

E n 0.37 FOR RANDOM

SPHERES

→ WITH A DISTRIBUTION OF SIZES

E WILL GO WAY DOWN

→ FOL FIGURES AS SHOWN

M WILL GO DOWN AS R t
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process
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For LOW Re
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PRESSURE DROP IS LINEAR IN

-

u -- get:*:*:*:VELOCITY
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BUT DI T as 1-
L dp "

COULD BE THAT M N I°

do

¢o = dish
THUS AS YOU REDUCE Ip ,

LINEAR

GAIN IN EFFECTIVENESS BUT A

QUADRATIC PENALTY IN And



" COMPLETE
" '

EQUATIONS For

PLUG FLOW REACTORS
-

- Uddtzi = y . es C-y.) n
mass

ENERGY

uscpddtz-C-s.HN/io)MofBtvi)n-4qIfT-T*)-ddIz=ffSUZMOMENTUM

go dp

Jc Ethan
N S2

ga
-

- 32.1741kg ft
lbf S2

WE ARE FAMILIAR WITH MASS f-ENERGY

WOULD NEED TO ALSOSOLVE MOMENTUM

SIMULTANEOUSLY IF U CHANGED

SIGNIFICANTLY
.



EXAMPLE 10.2
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SUCH PHENOMENA

CAN BE FOUND IN

LABORATORIES

-


