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CHAPTER 8 : NON IDEAL FLOW

IN REACTORS

THE OVERARCHING ISSUE IS TO

MAKE SURE THAT YOU KNOW

"WHERE
"

THE (SUPPOSEDLY)

MOVING FLUIDS ARE IN YOUR

REACTOR OR ANY PROCESS

DEVICE .
.
-

BLOOD (FLUID FLOW

IN PHYSIOLOGICAL SITUATION

AND "
WHEN

"

THE FLUID HAS

BEEN THERE . - . How LONLHAS

FLUID BE IN DE VICE



Outline

REVIEW OF

1) EFFECT OF NON UNIFORM

VELOCITY PROFILE

2) RESIDENTTIME
DISTRIBUTION FUNCTION

CONVERSION IN CSTR FROM3)
RTD

4) TRAVELING DISTURBANCE

AND DISPERSION IN

TUBULAR REACTOR

5) DISPERSION W/ REACTION



A SIMPLE CASE THAT

CAN BE QUANTIFIED

PIPE REACTOR

?
If

" PLUG FLOW
"
THEN

IF LAMINAR FLOW,
CENTER

OF PIPE WOULD EXIT

FIRST

HOW DOES THIS AFFECT THE

CONCENTRATION OF OUR

FAVORITE AS M

REACTION
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REACTION AND DIFFUSION IN A

FLOWING SYSTEM
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FOR OWN FLOW SITUATION

LAMINAR FLOW IN A TUBE
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POWER-LAW VELOCITY PROFILES
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HOW TO QUANTIFY

" IDEALITY
"

RESISIDFRNCE TIME DISTRIBUTION
-

F- (t)- EXIT TIMES OF

TRACER SPECIES

= NOMINAL FLUID( ELEMENTS )
SPIKE OF A
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BUILT INTO STANDARD
CSTR ANALYSIS
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HOW DOES A-N RTD

DISTRIBUTION ACTALLY

AFFECT CONVERSION ?

-

MEAN CONCENTAARON

OF REACTANT AT[REACTOR OUTLET] =
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SCA> = {Eni exec- ht) Ettdt

INSERT EXPRESSION FOR
E (t )

(CA> = Ci f!exploit) exist It

-

- t fo :p fleet⇒E)IE

WE INTEGRATE :

Ennio .

-tf@÷⇒e*pfkt¥H)!
<CA> I w u
-
=

CAO l th T r
e



THIS DOESN'T work for

A 2ND ORDER REACTION

BATCH 2ND ORDER REACTION

ddct = - KCA
'

,
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o -- g #
- Ca ) - kciv

CA = -ltI
2b T

TRY THE INTEGRAL

Ef"⇐aoa.ie/expfI)dt



=
-t expfcaote) f.ie?mC-tHtdt
-

Cao k

f EXPONENTIAL
INTEGRAL

PICK b. =L ,
C- =/
,
(n→= I

{If, = .
596 ( = . 201 IF 1=10 )

FOR ACTUAL 2ND ORDER

C. STR :

CI = .
618 (= .

or IF to )
CAO



FOR D- FIRST ORDER PROCESS A FLUID

ELEMENT "

DEPENDS
" ONLY ON ITSELF

SO ONLY REACTION TIME IS NEEDED

TO GET FINAL CONCENTRATION

For 2ND ORDER
,
CONCENTRATION AROUND IT

MATTERS

SO LOCATION INSIDE REACTOR AS WELL

AS TIME MATTERS



LET 'S LOOK AT WHAT ELSE

REALLY COULD HAPPEN IN

A FLOW l N G TUBULAR

REACTOR

PICK PLUG FLOW FOR NOW

-

It
• A TRACER SIMPLY TRAVERSES

BED OR PARTICLES

-

t.IS
• MORE LIKELY SIGNIFICANT

DISPERSION WILL OCCUR



IF WE FOLLOW THE SPIKE

DOWN THE BED WE WOULD

SEE THE SPREAD AS A CHANGE

IN TIME
11=0

+
! Iff ! 'o¥÷:*

.

"

t
ch)

THE APPARENT GOVERNING

EQUATION FOR CONCENTRATION :
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IS THIS CONSISTENT WITH A

GENERAL EQUATION For A

FLOWING
,
REACTING SYSTEM ?
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IN THIS EQUATION D

IS MOLECULAR DIFFUSIVITY

BUT WE CAN GENERALIZE
THIS

TO (A) TURBULENT FLOW

D + Rely)

( D ) PACKED BED FLOW

Da = AXIAL
DISPERSION

COEFFICIENT

SO WE WRITE For A

1 DIMENSIONAL FLOW :
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DISPERSION
TRAVELING WAVE

THESE TOGETHER TRACK A DISTURBANCE

THROUGH REACTOR

INITIAL

CONDITION

SOLVE WITH NO DISPERSION
,
Da-0

PULSE
JUST

TRAVELS

DOWN

BED WITH

NO

CHANGE OF

SHAPE

"TRAVELINh WAVE
"



NOW SOLVE INCLUDING DISPERSION !

DISTURBANCE SPREADS AS

IT TRAVELS

NOW CONSIDER OUR EQUATION !
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NON DIMENSIONAL LEE .

'
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WE CAN WRITE !
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IN A FRAME OF REFERENCE
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CONVECTIVE FLOW
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DISPERSION WITH REACTION

-

WE PICK THE EQUATION !
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L = Sdp

L-- 50 dp


