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- WHY DO ?

- BATCH W/ REFILL

CLEAN our

- HOW LONG DO YOU

LET REACTION RUN

- MULTIPHASE FLOW IN

PACKED BED REACTORS



SOME BASIC ENGINEERING

CONSIDERATIONS

OXYGEN UPTAKE "
OFTEN LIMITING

FACTOR
"

IT IS POSSIBLE THAT Oz ABOVE
A-CERTAIN

CONCENTRATION IS TOXIC

OPTIMUM n 5 - 80% OF SATURATION(AIR
BUBBLES→ CAN BURST ICOALLESCE

AND A- CAUSE CELL

DAMAGE

→ CAN RISE TO

SURFACE AND

CARRY CELLS

WITHTHEM
.







VOLUME OF

GAS VOLUME

MINUTE



SENSITIVITY TO SHEAR

THE CELL MEMBRANE IS COMPOSED

OF PHOSPHOLIPIDS THAT BUILD

A DOUBLE LAYER

THIS CAN BE DISRUPTED BY

SHEAR STRESS PRESENT IN

FLUID FLOW

ALSO ! SOME CELLS DIFFERENTIATE
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SHEAR STRESS ON THE

WALL OF A CHANNEL

Twau = µ 242g
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WE HAVEN'T TALKED

ABOUT SEMI - BATCH . . .

WHY WOULD You DO IT ?

Atb → M
B

# Mis DESIRED

µ⑧ N' snort ! !

SLOWLY ADD B
,
KEEP

CONCENTRATION LOW

k
,

lez
ATB → MTB → N

k
,
> kz BUT NOT

BY MANY ORDERS

OF MAGNITUDE



REACTION T A ARE AT

HIGHER T
,
OR DIFFERENT

pH FROM B THUS

ALSO
B t B → S UNDESIRED

-

MAKING GRAVY

CORN STARCHYWATER WILL

MAKE LUMPS IF YOU ADD

IT TOO FAST ! !



At B → M
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✓= volt q
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LONG TERM
THIS DOESN'T
HELP

{
GOOD For

SHORT TIMES



CAN GET GOOD SELECTIVITY

AT w SHORTTIMES



FOR BATCH PROCESSING

MOLES

TIME
= Moires

BATCH
X
BATI
TIME

= Cmfxvtrs
THEN WE SAID SOMETHING

LIKE

expl- 4) E.02

SO BATCH TIME ( FIRST ORDER)

+ =
4-
k

THIS MAXIMIZES CONVERSION

BUT WHAT IF WE NEED

TO INCLUDE

DOWNTIME 7
-

.



NOW INCLUDE :

DRAIN
,
CLEAN OUT

,
REFILL -_ tf

0 ORDER KINETICS

RATE = be

A-MONT PRODUCES !

hot V

PRODUCTION =
kotb
fltftt )

LET GO TO

COMPLETION

MAX is :kU= to
~ T 7800

TIME
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A → M

Production =
Cao Li- expfht) V
-
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In
MAY

production *

M



WITH SOME WORK BEYOND

TAKING THE DERIVATIVE :

+ (MaxProduction)= bit)
k

expert's >k(ttts )

For SMALL k

tmax = WEk



GAS - LIQUID FLOW IN

A PACKED BED

"

TRICKLE FLOW
"

"
PULSING FLOW

"

MASS TRANSFER BEHAVIOR IS

DIFFERENT
,
CAN THIS

AFFECT REA CTCON OUTCOME?






