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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
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FOR REACTORS :

WHAT IS IDEAL ?

( STR →
COMPOSITION T

TEMPERATURE ARE

UNIFORM IN

REACTOR

→
EACH FLUID ELEMENT

MIXED DOWN TO

MOLECULAR SCALE

→ NEXT MOLECULE OUT

IS IN NO WAY

TRACER
CORRELATED TO

N WHEN IT ENTERED

÷
i
'

'

i giorno
"
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PF R - A PACKET OF FLUID

ENTERS AT A SPECIFIC

TIME AND DOES NOT

MIX with FLUID AHEAD

OR BEHIND IT

COMPOSITIONT POSSIBLY

TEMPERATURE CHANGES

ALONG REACTOR

NEXT MOLECULE OUT , s

DETER Mr NED BY

Tracer
IN TIME OF

ENTRY

In
:

He



THESE IDEALIZATIONS LEAD TO

VERY DIFFERENT PREDICTIONS

OF REACTION OUT COME

A → M r
-

- KCA

E =L
CA
t

q
- =

I the[STR CAD

PLUG Ertz = expC- ke)FLOW

FOR 1ST ORDER
,
JUST I REACTION,

THE DIFFERENCE JUST THE

AMOUNTS OF A t M .

FOR SEQUENTIAL OR PARALLEL

REACTCONS . THE DIFFERNCE

COO LD BE PRODUCT MIX ,



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

FLOW I NG SYSTEM

d FA
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BUT NONE GENERALLY :

2ft t T.EC
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FOR OWN FLOW SITUATION

LAMINAR FLOW IN A TUBE

Tci ) -- au ( i - ⇐5)
T
AVERAGE VELOCITY

uz DIA = - KCA

device)dCa
⇒ = - RCA

Cali ) - Cao ex.pt
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CI = f%a⇐JIli)axi
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POWER-LAW VELOCITY PROFILES

LAMINAR

g) SHEAR
p
THINNING

PLUG
FLOW

Ucr) =

it =



For 2=1
,
k = I
,

expc- LE ) = . 368

FOR FLOW REACTOR
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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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G- Ct )
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exec I↳
CAN SHOW( pp 264 - 265 ) THAT

I = MEAN
FOR PERFECT MIXING RESIDENCE

Ect ) =
exp (

-¥) TIME

I



BUILT INTO STANDARD
CSTR ANALYSIS
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MORE LIKE LY
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HOW DOES A-N RTD

DISTRIBUTION ACTALLY

AFFECT CONVERSION ?

-

MEAN CONCENTAARON
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( FOR AN IDEALIZEDpick 1ST ORDER FLUID ELEMENT
)

doffs = - kca
,
Ca lol- Cri

CA -
- Cao exp E-ht]



SCA> = {Eni exec- ht) Ettdt

INSERT EXPRESSION FOR
E (t )
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EFFECT OF AXIAL

DISPERSION
-

WE KNOW THAT IDEA IZATION

OF SPIKE IN → SPIKE OUT

WILL NOT OCCUR EVEN FOR

A FLAT VELOCITY PROFILE

D
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if no:*::*Nfnow
'

fun+
'
- O

C
,

fat ,

⇐ DE2 2×2



AS NOTED ABOVE For

A FLOWING SYSTEM

2Gt
- tu.EC =D Oka - ratedIt

IN THIS EQUATION DA
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 :

3tu¥=DaE¥.



NON DIMENSIONAL IZE .

'

-

⑦ = = the

Z --- E

Pea I ⇒ P E CLET

NUMBER

W E CA N W R IT E :
-

z÷+zEz=p÷z÷
Ci
-

- ¥4.1
"
:* f"7÷I]

= eco) = Ikexp [-4-9,512]




