Module 4, Lecture VII 4/17/2021

CM3120: Module 4

Diffusion and Mass Transfer Il

I.  Classic diffusion and mass transfer: d) EMCD

Il. Classic diffusion and mass transfer: e) Penetration model

Ill.  Unsteady macroscopic species A mass balances (Intro)

IV. Interphase species A mass transfers—To an interface—k,, k¢, k,,

V. Unsteady macroscopic species A mass balances (Redux)

VI. Interphase species A mass transfers—Across multiple
resistances—K;, K;

VII. Dimensional analysis

VIII. Data correlations
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CM3120: Module 4

Module 4 Lecture VII

Dimensional Analysis
in Mass Transfer

Professor Faith A. Morrison

Department of Chemical Engineering
Michigan Technological University

www.chem.mtu.edu/~fmorriso/cm3120/cm3120.html
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Module 4, Lecture VII

Unsteady Macroscopic Species A Mass Balance

CM3110
Transport Il
Part II: Diffusion and Mass Transfer

Unsteady State
Microscopic Solutions to
Diffusion Problems

Professor Faith A. Morrison

Department of Chemical Engineering
Michigan Technological University

dcy a%c,
E?’D“<Eﬁ

t=0 c¢=c4 Vz
Boundary conditions

Initial condition:

x=0 c=cs £>0

x=om

4= Cho vt

il Michigan Tech

i T
Unsteady State Diffusion in a %
Semi-Infinite Slab =
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Unsteady State Mass Transport

Example 14: A very long, very wide tank of water is suddenly exposed to
oxygen atmosphere. Oxygen diffuses into the water. What is the
concentration profile of the oxygen in the water as a function of time?

4
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Module 4, Lecture VII

Unsteady State Mass Transport

Example 14: A very long, very wide tank of water is suddenly exposed to
oxygen atmosphere. Oxygen diffuses into the water. What is the
concentration profile of the oxygen in the water as a function of time?

0,

H,0
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Unsteady State Mass Transport

Which microscopic species
A mass balance is best for
solving the model?

/Various forms of Fick’s Law i tne spedes mass baisnces that smpioy hem)

Mass flux

Ja = —PDapVay

Molar flux

Ja=—cDypVxy

[Cormbined molar flux
Ny = x4(Ng + Np) — cDapPxs
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Module 4, Lecture VII

Unsteady State Mass Transport

[a————
Unsteady State Diffusion in a —

Semi-Infinite Slab

Initial condition: t=0 c,4=cy
Boundary conditions:
x=0 Cq = Cys
X =00 Ca= Cao

t>0
vVt

7
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The “diffusion
equation”

Unsteady State Heat Transfer: Lecture 6

We’ve seen this mathematics
problem before.

Earlier ....

Example:
When will my
pipes freeze?

chill the ground to this

feet below the surface.

are 8 ft under ground?

temperature for many tens of

Suddenly the temperature

drops to -20°F, How long will it
take for freezing temperatures
(32°F) to reach my pipes, which

The temperature has been 35°F &l
for a while now, sufficient to

© Faith A.
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Module 4, Lecture VII

Unsteady State Heat Transfer: Lecture 6

Earlier ....

Example:
When will my
pipes freeze?

Develop a model:

— The temperature has been 35°F
SR for a while now, sufficientto
chill the ground to this
temperature for many tens of
feet below the surface.

M T Suddenly the temperature
/ D drops to -20°F. How long will it
take for freezing temperatures
—77,,,,,,Jl {32°F) to reach my pipes, which

are 8 ft under ground?

dependent temperature profile in the slab?

Example 1: Unsteady Heat Conduction in a Semi-infinite solid

A very long, very wide, very tall slab is initially at a temperature
T,. Attimet = 0, the left face of the slab is exposed to a
vigorously mixed gas at temperature T;. What is the time-

© Faith A. Morrison, Michigan féech u.

Unsteady State Heat Transfer: Lecture 6

Unsteady State Heat
Conduction in a Semi-Infinite
Slab

fri
i
o chyi
et

I
et
ettt

0%T 0%T

or  k
at ~ pC,\ox2) ~ “\ox?

Initial condition: t=0 T=T, Vx
Boundary conditions:

qx ar
= k= h(T = T)

X = T=T,

&
I
(@]
|
I
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t>0

Vit

thermal
diffusivity

k
pCy

a
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Module 4, Lecture VII 4/17/2021

Unsteady State Mass Transport

The mathematics of unsteady state mass transfer is, in many cases,
directly analogous to problems in unsteady state heat transfer.

We do not need to solve the differential equations again; just re-use the
solutions, including Heissler charts. Pprovided BC and IC are the same.

Unsteady State Mass Transport

Unsteady State Heat Transfer: Lecture 6
i

T Unsteady State Heat
Unsteady State Diffusion in a n Conduction in a Semi-Infinite
Semi-Infinite Slab — Slab
2 2 th |
ey, (]
ot = Pas\ 52 ot pC, \0x? 0x? ek

Initial condition: t=0 ci=cp Vz Initial condition: t=0 T=T, Vx
Boundary conditions: Boundary conditions:

x=0 Ca = Cps t>0

X =0 C4= Cap vt

(For the pipe-freezing problem we did the Newton’s law of cooling
BC case, but the soln with temperature BCs is in the literature too.)

11
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Unsteady State Mass Transport

The mathematics of unsteady state mass
transfer is, in many cases, directly analogous

= "
to problems in unsteady state heat transfer. (J()llfllICtl()ll
"Heat 1n
We do not need to solve the differential 0[ H( at
equations again; we can just re-use the S()lldb

solutions (including Heisler charts).

SECOND EDITION

1. S. CARSLAW and
J. C. JAEGER

From Geankpolis, 4 edition, page 374

12
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Module 4, Lecture VII

Unsteady State Mass Transport

O, Diffusion
Solution:

The oxygen concentration as a function of
time and depth into the water is given by
(adapted from the heat-transfer solution,

Unsteady State Mass Transport

by analogy):
Cas — Cy Z
——  =erfc[ ———) = erfc(
Cas — Cao (2,/DABt>

V4

¢

Unsteady State Diffusion in a

Semi-Infinite Slab

{ Example 14 L—

dcy
at

a?c
= (52)

Initial condition:

Boundary conditions:

t=0 cp=cyp YV 2z

x= Cp = Cys t>0
x =00 Ca= Cao vt
Oxygen Diffusion
012 time, s:
= 010 —
£
=
g o008
= 0
2 0.06 —
c
=] —s0
c
§ 0.04 Das=  0.001 cm/s —100
S = mol/cm® —200
8 002 4 Chs 0.1 mol/ :
Cpo=  0.005 mol/cm’
0.00 + + + + t

0.0 1.0

2.0

3.0 4.0 5.0

depth, cm

13
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Unsteady State Mass Transport

species A mass transfer

Summary of Unsteady Diffusion:

=) The microscopic balances of energy and mass of species A are
quite similar mathematically:

L
ot Y

Jdwy
W‘l‘y'va =

=) Some of the boundary conditions are also similar, e.g.:

aV?T +S,

DAB VZ(IJA + Ty

t=0 T or w4 = known value
z=0,00 T or wy = known value
oT dw
z=0,00 Z— or 222 = known value
dz 0z
z=2 9T or 924
- A 0z 0z

=) |jterature results for heat transfer can be
repurposed for species A mass transfer

== |ntuition for heat transfer is plausible to use for

= linear driving force expression (h or k)

Conduction
of Heat in
Solids

14
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Module 4, Lecture VII

Dimensional analysis and data correlations

Now that we have solved an idealized problem of a
system of interest (mass transfer of species Ain a
semi-infinite slab) we can pursue the dimensionless

groups to use in creating data correlations

15
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mass transfer?

What do we do to understand complex flows?-

flows

heat transfer

Same strategy as:

(e

A

Turbulent tube flow
Noncircular conduits
Drag on obstacles
Boundary Layers

Forced-convection heat
transfer coefficients

Natural-convection heat

transfer coefficients

Problems with multiple
kinds of physics

N

J

1. Find a simple problem that
allows us to identify the physics

Nondimensionalize
Explore that problem
Take data and correlate

IR RN CORIID

Solve real problems

Solve Real Problems.

Powerful.

16
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Module 4, Lecture VII

Solve Real Problems. Powerful.

-heat-transfer?
What do we do to understand complex flows?-

mass transfer?

Same strategy as:

(e

A

flows

k.
(e

heat transfer
Al

Turbulent tube flow
Noncircular conduits
Drag on obstacles
Boundary Layers

Forced-convection heat
transfer coefficients
Natural-convection heat
transfer coefficients
Problems with multiple
kinds of physics

Mass transfer

-

A

From fluid to plate

To a falling film

In pipes and ducts

Past submerged objects
To/from bubbles, drops

In agitated systems

In fixed and fluidized beds

In packed 2-phase
contactors (absorption,
distillation, cooling
towers)

17
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Dimensional Analysis in Mass Transfer

Let’s review our review of dimensional analysis...

18
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Module 4, Lecture VII

Dimensional Analysis in Mass Transfer

!

Review of dimensional analysis
CM3120 module 2

Choose “typical” or “characteristic” values; can only know if they
are the right choices if the D.A. works.

ror

0z

|
..9 Forced Convection

2 Heat Transfer

© | Pipe flow

: z-component of the Navier-Stoke:
8 Ov, ov, v, 0v,

c P +v,—=+-L—E4y,

ot or r 060

>

©

©

O

e

(7]

Choose:

D/V = characteristic time
pV? = characteristic pressure

oP (1 a( av_j 1 0%, azv_]
=——+pul —— raL +— +—= |+ pg.
r

1
« Choose “typical” values (scale factors)

D = characteristic length ' * Use them to scale the equations
V = characteristic velocity '* Deduce which terms dominate

CM3110
REVIEW

s Equation:

ov,
oz

rt 06*  oz°

Choose
“characteristic”
values

19
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Dimensional Analysis in Mass Transfer

Review of dimensional analysis
CM3120 module 2

Choose “typical” or “characteristic” values; can only know if they

are the right choices

if the D.A. works.

—
Q@ Forced Convection Cm3110
2 Heat Transfer REVIEW
(G | Pipeflow . ) .
: non-dimensional variables:
o= ..
© driving
[} time: position: velocity: force:
-
> * tV * r * Vz % P
o] t =— r =— v, == P = >
© D D 14 Yl
3
n Z* = i v* = & g* = &
D r V z g
* V
]
Vy=—
V
- Choose
« Choose “typical” values (scale factors) _ “ch e
* Use them to scale the equations characteristic
« Deduce which terms dominate values

20
© Faith A. Morrison, Michigan Tech U.

4/17/2021

10



Module 4, Lecture VII

Dimensional Analysis in Mass Transfer

Review of dimensional analysis
CM3120 module 2

wuxn

Oops, re-used the notation; here
it is dimensionless variable, not
molar average velocity

-
Q Forced C CM3110
[72] REVIEW
&
Pipe fl
= pe flow non-dimensio
Tu' ) driving
[} time: force:
. V P
* t r v *
%‘ t =— — =\ P =—7
8 D D V pV
e * z * v *
w z =— vr = _r gz = &
D V g
Yo
V
Choose

« Choose “typical” values (scale factors)
« Use them to scale the equations
« Deduce which terms dominate values

“characteristic”

J
21
© Faith A. Morrison, Michigan Tech U.

Dimensional Analysis in Mass Transfer

Review of dimensional analysis
CM3120 module 2

Choose “typical” or “characteristic” values; can only know if they
are the right choices if the D.A. works.

—
Q@ Forced Convection cM3110
2 Heat Transfer REVIEW
© | Energy
hd
TB' Microscopic energy balance:
o e (9T, 9T vedT 9T\ _, (10 ( 9T\ 10°T o°T\
S| P\ o T a8 T 20z) T\ ar\"ar ) T 1292 T 922
=
© non-dimensional variables: Choose:
2 T —use a
) position: temperature: source: characteristic
interval (since
* = 2 *_ T - 7:) . _ N distance from T =
r = D T = St = 5 0K is not part of this
7 Ti - -’To 0 physics)
7t =— S — use a reference
D source, S,

22
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Module 4, Lecture VII

Dimensional Analysis in Mass Transfer

Micro E-Balance produces Pe = PrRe

Review of dimensional analysis

CM3120 module 2

Complex Heat Transfer — Dimensional Analysis

Non-dimensional Energy Equation

CM3110
REVIEW

Non-dimensional Continuity Equation

* * *
ov, Ov, ov
L+—2+—=<+=0

[

L

(2]

c

o

S| (or, oTt wpart T\ A1 9 (a1 1@

wl o " T T %027 ) TR "or') v 90z T o2

(<)

< C,u pVD

% Non-dimensional Navier-Stokes Equation Pe =PrRe = ; D
* + - - H

© Dv oP ‘ <

2 L=—— : Cot

s Dt*~ & ==

Oox

oy

0z

23
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Dimensional Analysis in Mass Transfer

Review of dimensional analysis

The D.A. goes CM3120 module 2
with a particular
problem (a

particular physics) \ Here, the
. “engineering
Q@ Forced Convection property of
2 Heat Transfer interest” is the
® | Lineardrivingforce £ heat transferred
] Al hiTy = Tol across the
fre) .
8 Apply at the interface: boundary, Q.
- PO
S emumm-m=o=[[le-d, .
o S
©
2 2w L
* oT

(2mRL T, —Ty)=Q = —ka— Rdzd6
0 0 "lr=r

Now, non-dimensionalize
this expression as well.

Yields correlations for nondimensional
heat transfer coefficient, Nu

24
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Module 4, Lecture VII

Dimensional Analysis in Mass Transfer

Review of dimensional analysis
CM3120 module 2

[
C lex Heat Ti fer — Di i | Analysi
‘9 omplex Heat Iranster Imensional Analysis CM3110
(2} REVIEW
&
= 271/D * O
] oT *
- h(;hQL)(g,/o)z | |-+ Mgdz do
© or |. B2
_qc', 00 =12 This is a function of Re and
- y Pr through fluid v distribution
L/D d energy balance
WY LY f and energy
2 27{— == dz'do
e k \D) % i
(2]
Nusselt number, Nu " L
(dimensionless heat- _
transfer coefficient) Nu=NuT 35
bl
one additional /
The engineering quantity of dimensionless group

interest produces Nu
25
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Dimensional Analysis in Mass Transfer

Review of dimensional analysis
CM3120 module 2
The D.A. produces:

L
= Re, Pr,—
Nu Nu( e rD)

15
Ci lex Heat T fer — Di i | Analysi
“q_’ omplex Heat Transfer Imensional Analysis CM3110
2] REVIEW
c
© According to our dimensional analysis calculations, the
- dimensionless heat transfer coefficient should be found to
8 be a function of fodr dimensionless groups:
e three
> no free surfaces
©
8 Peclet number Nu=N (R p L
-’ _ pCyVD _ Cou pvD u=1mnu C, I'r, ¥r,—
0| | Pe=fE=<RER D
Prandtl number Can onIy know
pr = G i . . .
== Now, do the experiments if the D.A. is

right, if the
D.A. works.

26
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Module 4, Lecture VII

Dimensional Analysis in Mass Transfer
Liquid in
Returning to our question:
tributor. — Gas
What do we do to understand Pt AQEF* out
complex mass transfer?

1. Find a simple problem that allows us to identify the
physics

2. Non-dimensionalize:
a. Choose characteristic values

b. Produce a non-dimensional governing
equation

c. Produce a non-dimensional engineering
quantity of interest

3. Explore that problem

4. Take data and correlate (confirm D.A. for chosen
problem)

5. Solve real problems with the correlation

27
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Dimensional Analysis in Mass Transfer

Example 15: What is the mass transfer through the walls of a permeable tube
(laminar or turbulent flow)?

47 L 4> Assumptions:
\ ' 1. Isothermal
__mass flux 1 2. Steady flow
— IRIRIRA * . . 3. Uniform inlet composition x4
i : — 4. Constant interfacial liquid
frht ettt - A
s flux ; composition of x4,
; t 5. p,u,c,Dyp all constant
Xwall = X40 6. Radial mass flux (negative)
bulk: Xa1 X2
L 2m 3
X
TOta! =ff +cDABa—A Rd6dz
mass in 5 b LA

= kx(2mRL) (x40 — Xa1)

28
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4/17/2021

14



Module 4, Lecture VII

Dimensional Analysis in Mass Transfer

Pipe flow

H mass flux '
Forced Convection Mass Transfer SEERERREE — ‘
trtt ettt =
mass flux 4
L 21
dx,
kx(ZT[RL)(xAO - xAl) = f +CDABW Rd@dz
00 =R

Example 15

-~

Dimensional Analysis in Mass Transfer
Retuming & our question

What do we do to understand
complex mass transfer?

Next? ;-

Find a simple problem that allows usto identify the

physics
Non-dimension alize:

a. Choose characteristic values
b Produce a non-dimensional governing

equation

¢ Produce a non-dimensional engineering

quantity of interest
Explore that problem

Take data and correlate (confirm D A for chosen

problem)

Solve real problems with the correlation

29
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Dimensional Analysis in Mass Transfer

Example 15

mass flux v

Forced Convection Mass Transfer AR =,

. trit ettt =

Pipe flow . . . . mass flux

non-dimensional variables: t

driving

time: position: velocity: force:

[ =— ro= v, = P =

N
If

Oln O~

» Choose “typical” values (scale factors)

<
I1l

<
D %
1l

V |¢c< ‘ |\:< w |N<

=8z
g

PV’

Use them to scale the equations
Deduce which terms dominate

30
© Faith A. Morrison, Michigan Tech U.

4/17/2021

15



Module 4, Lecture VII

Dimensional Analysis in Mass Transfer Example 15

mass flux v
Forced Convection Mass Transfer AR =, ’
i EE LR S
Species A Mass mass flux 4

Microscopic species A mass balance (no reaction):

0x, 0x, Vg 0xy 0xq\ 10 ( 0x4 19%x, 0%x4
C(F”fWJrT%”ZE =Pas\75:\"or ) T2 902 T o2

non-dimensional variables:

position: composition Choose:
x, —use a
=L (x4 — %a0) characteristic
" =D xj = A0 interval
7 (xa1 — Xa0)
Z’l< —_— —
D

31
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Dimensional Analysis in Mass Transfer—Forced Convection mass flux ¥

IR A EEEEEE] — ‘

trhrtrre s
mass flux 4

Non-dimensional Species A Mass Equation
((?x/’; L0x) vy 0x; :

1 9%x; 62x2>

v r*2 002 0z2

at* ' Tort  r* a6

Non-dimensional Navier-Stokes Equation Pe;;; = ReSc = Dun
*
Dy,
= U
Dt” Sc=
PDap
Non-dimensional Continuity Equation Schmidt number
* * * (a material property)
Ov,  Ov, Ov,
r+—+—+=0
ox oy Oz

Oops! This is dimensionless v, NOT
molar average velocity; sorry! 32

© Faith A. Morrison, Michigan Tech U.
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Module 4, Lecture VII

Dimensional Analysis in Mass Transfer
Example 15

‘v

Forced Convection Mass Transfer : +Tafsf“i"+ — -
Pipe flow  Now, non-dimensionalize St 11444 > ‘
this expression as well. mass flux 4
L 2w
XA
kyx(2RL) (x40 — Xa1) = f f +cDAB Rd6dz
00 =R Thisis a
function of Re
k D L2m and Sc through
— * fluid v
Sh_NuAB - cD ff 1 dfdz distribution
AB 0 0 =5 and species A

mass balance

Sherwood number, Sh
(dimensionless mass-
transfer coefficient)

L
Sh = Sh (x;;,B)

one additional /

dimensionless group

33
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Dimensional Analysis in Mass Transfer mass flux ¥
R EEEARERE = ‘ Example 15

trhtrtttee =
massflux¢

According to our dimensional analysis calculations, the
dimensionless mass-transfer coefficient Sh should be
found to be a function of three dimensionless groups:

Peclet number Sh Sh (R S L)
_ Rese= /2. = e Sc,—
Pe,, = ReSc = D D
Schmidt number
Sc= & Now, do the experiments.
PDyp

34
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Module 4, Lecture VII

Dimensional Analysis in Mass Transfer

Example 15

Note this development has been exactly the
same as a related heat transfer development:

heat flux
bbb by byl }

mass flux
IS EEEEEER = ‘
Erte e sttt =
trrrrtrt et
heat flux mass flux 4
Complex Heat Transfer - Dimensional Analysis

CM3110 Dimensional Analysis in IMass Transfer am B 2 . E
REVIEW _

According to our dimensional analysis calculations, the
dimensionless heat transfer coefficient should be found to
be a function of fodr dimensionless groups:

three

According to our dimensional analysis calculations, the
dimensionless mass-transfer coefficient Sh should be
found to be a function of three dimensionless groups:

Peclet number

vD
Pen = ReSc =77

Peclet number

pe = 26oV0 _ Cotpv
Tk k u

L
Sh = Sh (Re, Sc,E)

no free surfaces
Schmidt number

Nu = Nu(Re, Pr,y(,£]
D
13

Pr s% Now, do the experiments. Scm——

Prandtl number

Now, do the experments

some
In many cases, heat transfer and

mass transfer are analogous 35

© Faith A. Morrison, Michigan Tech U.

These numbers tell us about
the relative importance of the
terms they precede in the
governing equations.

Dimensional

Analysis

Dimensionless numbers from the
Equations of Change (microscopic balances)

g Non-dimensional Navier-Stokes Equation
S | [(ov v ap* Re — Reynolds
Evrt AN A e
§ \aew ™~ z 9z Fr — Froude :
€ )
e
[8}
@
- Non-dimensional Energy Equation I=
s (or* — pé — S
5 < oy V*T*> _ Pe — Péclet, = RePr 2
o \ot Pr — Prandtl 2
c
[e]
Non-dimensional Continuity Equation (species A) g
2 (ax;; Pe — Péclet,, = ReSc S
©
£ * — i :
ot Sc — Schmidt <
s
‘©
36 L
©
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Module 4, Lecture VII

momentum

energy

mass

These numbers tell us about
the relative importance of the

Analysis terms they precede in the
governing equations.

Dimensional

Dimensionless numbers from the
Equations of Change (microscopic balances)

Non-dimensional Navier-Stokes Equation

ov, . _. . oP*
—tv -V | =— +

Re — Reynolds
Fr — Froude

at* daz*

Non-dimensional Energy Equation
o

o ¢

Pe — Péclet, = RePr
Pr — Prandtl

Pe — Péclet,, = ReSc
Sc — Schmidt

Oops! This is dimensionless v, NOT 37
molar average velocity; sorry!

© Faith A. Morrison, Michigan Tech U.

Dimensionless Numbers

Dimensionless numbers from the
Equations of Change

pVD VD N

Re — Reynolds = — = —
st v These numbers tell us about
Fr — Froude = 9 the relative importance of
. ¢ppVD _ VD the terms they precede in the
Pe — Péclet, = RePr = = microscopic balances
Pe — Péclet.. = ReSc = 22 (scenario properties).
m Das
/
Cpu
Pr — Prandtl = == = 5 These numbers compare the
Sc — Schmidt = LePr = -*— = ¥ magnitudes of the diffusive
] @ PPap  Dap transport coefficients
Le — Lewis = - v, a, Dap (material properties).

38
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Module 4, Lecture VII

Dimensionless Numbers

Dimensionless numbers from the
Equations of Change
Re — Reynolds = % = % )

2

Fr — Froude = r
gD

Pe — Péclet, = RePr = CoPVD _ %
Pe — Péclet,, = ReSc = ;—D
AB /
ép v
Pr — Prandtl = =—
k a u v
Sc — Schmidt = LePr = Dan = Dum

. a
Le — Lewis = —
Da

These numbers tell us about
the relative importance of
the terms they precede in the
microscopic balances
(scenario properties).

These numbers compare the
magnitudes of the diffusive
transport coefficients
v, a, D5 (Material properties).

Transport coefficients

V= % = kinematic viscosity

39
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These numbers are defined to
help us build transport data
correlations based on the
fewest number of grouped
(dimensionless) variables

Dimensionless numbers from the (scenario properties).
Engineering Quantities of Interest
€ Dimensionless Force on the Wall (Drag) (Fanning) :F
=} . .
S | e 1B o f — Friction Factor f= _ Jdrag
£ |k f 1 Z _ Aspect Ratio 1 v2)a '
€ - = D 79 c 2
[§]
@
c
=) . Nu — Nusselt hD g
2 dz’do L ] Nu = — 2
@ e — — Aspect Ratio k S
D st = h  Nu =
h= A = -
. Dimensionless Mass Transfer Coefficient pVCp RePr §
5 2
S| sl Sh — Sherwood k.D 5
2 ‘:ib\,— %g‘.ff( ax,,> dbdz’ L_a ¢ Rati Sh = =< 2
o ot 5 spect Ratio k. sh Dap <
St = V ~ ReSc %
40 w
St — Stanton o

4/17/2021
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Module 4, Lecture VII

momentum

energy Dimensionless Numbers

mass

__pVvD _ VD
Re = Reynolds = === These numbers from the governing
equations tell us about the relative
importance of the terms they precede
in the microscopic balances

(scenario properties).

VZ
Fr — Froude = —
gD
CppVD _Vvp

Pe — Péclet, = RePr = "

VD

Pe — Péclet,, = ReSc =
Das

These numbers compare the
magnitudes of the diffusive
transport coefficients v, @, D5
(material properties).

Pr — Prandtl = okt _ v
k a v
Sc — Schmidt = LePr = £ = 2~
PDaB AB

. a
Le — Lewis = —
DaB

. s Tdrag
— Friction Factor = ———
d G

2

These numbers are defined to help
us build transport data correlations
based on the fewest number of
grouped (dimensionless) variables
(scenario properties).

Nu — Nusselt = hTD

Sh — Sherwood = X2

Das

W_JKVJL_Y__J

41

St;, = Nu/Pey, St,,, = Sh/Pe,,, — Stanton
" /Pen, St /Pem © Faith A. Morrison, Michigan Tech U.
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SRR N — '- L [Eample1s |
Next? = ==
ex [ ] According to our dimensional analysis calculations, the

dimensionless mass-transfer coefficient Sh should be
found to be a function of three dimensionless groups:

Peclet number
Pep = ReSc = 22
Das

L
Sh =Sh(R , S ,—)
eS¢

Schmidt number
3

Sc=
< PDas

Now, do the experiments.

Tour the world of data correlations in
mass transfer:

L
Sh(Re, Sc,—
(Re,S¢, )
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