Module 4, Lecture VI 4/24/2021

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—ky, 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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Module 4, Lecture VI

Modeling practical devices involving mass transfer

Example 6: Height of a packed bed absorber

How can we use mass transfer to design a packed bed gas
absorber to achieve a desired separation?

Example 6 is presented as a series of linked examples that navigate
around apparent “dead ends” in modeling mass-transfer units

LECTURES

Identify a question

% How can we model a large,
practical device dependent
on mass transfer? 11

0./ How an we account for A
going between phases? IV

Invent something

9./ Apply the species A mass
balance to a macroscopic
C.V.

f Invent k, through linear
driving force (LDF) model

3. How can we improve LDF
model to cross the
boundary (bulk-to-bulk
transfer)? \/|

3. Write LDF in both phases
and combine to create
overall effect of multiple
resistances

4. Can we model a large,
practical device,
incorporating K, K; to
account for mass xfer

between phases? \Y/|

4. Yes

v

Vi
Vi

Try to use it

{/ Lack a system to account
for A going between
phases PAUSE Il

{ Gets A to the boundary,
but not across PAUSE V

3. Working, but can we
devise a convenient

shorthand?
PAUSE VI

© Faith A. Morrison, Michigan Tech U.

Modeling Mass Transfer Equipment—Overall Mass-Transfer Coefficient

Modeling Mass Transfer Equipment with the

Overall Mass-Transfer Coefficient

We have concerned ourselves
with mass transfer to and from the
bulk region of a phase and the
interface with another phase

Bulk

tion present-—Linear-driving:force model

For mass transfer:

Linear-driving-force model: the
flux of A from the bulk in the gas is
Gas proportional to the difference
LA between the bulk composition and
the composition at the interface.

This is the defining equation for
the mass-transfer coefficient, k,

(Vapus = Vai)
[y 7ai )

—
* nterface

Na = ky(Yaputk — Yai) ‘

bulk bulk
R We seek a combined model that allows us to describe

g mass transfer to/from bulk gas and bulk liquid.
> rogton”” This will help us to design and optimize chemical
5 engineering mass-transfer units.
‘; o QOur solution is inspired by how
2 LETT heat exchangers are modeled
% e with overall heat transfer
8 4 coefficient, U ...
c
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Module 4, Lecture VI

Modeling Mass Transfer Equipment—Overall Mass-Transfer Coefficient Heat Transfer

review
Heat exchangers are
modeled with overall heat Q — ATl
- . - m
transfer coefficient, U:
Applied Heat Transfer
The Simplest Heat Exchanger: @eat transfer coefficient, U
7{, less hot 5 T, oute buktemperture Analysis of double-pipe_heat exchanger T} tesor
T, inner bulk temperature FINAL RESULT: ;
T'-T)-(T-T, L
ij Q=U(27IRL)( 1 1),(; 2)
—— ln( 1'_ 1)
A ( 27 Tz)
beianceon o ifrnatsecionte =AT,
e e v 0= Uf(A 1, og-mean tempersture
difference

Overall driving force AT ;¢for
heat transfer (bulk to bulk)

5
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Modeling Mass Transfer Equipment—Overall Mass-Transfer Coefficient

Heat exchangers are modeled with
overall heat transfer coefficient, U:

T stz Q = UAATdf

I,

2

Jess cold ATdr‘iving force = (Tbulkl - Tbulkz)lm av

Overall driving force (df) for
heat transfer (bulk to bulk)

Gas absorbers and distillation
columns are modeled with overall
mass transfer coefficient, K:

Will
this
work?

NA = KACdf
7

ACdr'iving force = (Chutkr — Chuikz) av

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

Modeling Mass Transfer Equipment—Overall Mass-Transfer Coefficient

Yes, but there are
differences between
heat and mass transfer
that need to be
established.

What is Acdf?

There are some
subtleties in
mass transfer
driving force.

Heat exchangers are modeled with
overall heat transfer coefficient, U:

0 = UAAT 4

T, —_
less cols ATdriving force — (Tbulkl - Tbulkz)lm av

Overall driving force (df) for
heat transfer (bulk to bulk)

Gas absorbers and distillation
columns are modeled with overall
mass transfer coefficient, K:

. Ny = KAc
Will :; a4
this ACqriving force = (Chutk1 = Coutkz) av
work?

© Faith A. Morrison, Michigan Tech U.

Modeling Mass Transfer Equipment—Overall Mass-Transfer Coefficient

Yes, but there are
differences between
heat and mass transfer
that need to be
established.

What is Acdf?

There are some
subtleties in
mass transfer
driving force.

What is K?

Heat exchangers are modeled with
overall heat transfer coefficient, U:

0 = UAAT 4

ATdriving force = (Tbulkl - Tbulkz)lm av

Overall driving force (df) for
heat transfer (bulk to bulk)

Gas absorbers and distillation
columns are modeled with overall
mass transfer coefficient, K:

will Na "f

. ?
this ACqriving force = (Coutkr — Chuikz) av
work?

We seek to write this in terms of our previous discussions of mass
transfer (film coefficients ky, k,, k., diffusion coefficients D ,p).

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

Modeling Mass Transfer Equipment—Overall Mass-Transfer Coefficient

Yes, but there are
differences between
heat and mass transfer
that need to be
established.

There are some
subtleties in
mass transfer
driving force.

o 2

What is K?

We seek to write this in terms of our previous discussions of mass
transfer (film coefficients k, k,, k., diffusion coefficients D ,p).

Heat exchangers are modeled with
overall heat transfer coefficient, U:

0 = UAAT 4

eolt ATdriving force = (Tbulkl - Tbulkz)lm av

n

Overall driving force (df) for
heat transfer (bulk to bulk)

mass transfer coefficient, K:

Gas absorbers and distillation
columns are modeled with overall

. Ny = KAc
Will :; a4
this ACqriving force = (Chutk1 = Coutkz) av
work?

© Faith A. Morrison, Michigan Tech U.

Modeling Mass Transfer Equipment—Overall Mass-Transfer Coefficient

Driving Force for Mass Transfer

Thought experiment

e

(bulk to bulk)

Bromine has a higher affinity for benzene than for water and benzene is lighter

than water.

Two solutions are prepared: bromine in benzene and bromine in water. The
concentrations ¢4 moles bromine/volume solution are the same in both

solutions.

The two solutions are put into contact, with the benzene solution floating on

top of the water solution.

What happens? Is there mass transfer?

© Faith A. Morrison, Michigan Tech U.
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Module 4, Lecture VI 4/24/2021

Modeling Mass Transfer Equipment—Overall Mass-Transfer Coefficient

e

(bulk to bulk)

Driving Force for Mass Transfer

Thought experiment @
Bromine has a higher

affinity for benzene
than for water

bromine in benzene
Ca = C4bulk

bromine in water {

Cqp = CA,bulk v

Na = K(capuik — Capuir)

© Faith A. Morrison, Michigan Tech U.

Modeling Mass Transfer Equipment—Overall Mass-Transfer Coefficient

e

(bulk to bulk)

Driving Force for Mass Transfer

Thought experiment @
Bromine has a higher
affinity for benzene

than for water

bromine in benzene
Ca = C4bulk

bromine in water {

Cqp = CA,bulk v

Na = K (capuik — Capuir) = 0

© Faith A. Morrison, Michigan Tech U.




Module 4, Lecture VI

Modeling Mass Transfer Equipment—Overall Mass-Transfer Coefficient

e

(bulk to bulk)

Driving Force for Mass Transfer

Thought experiment @
Bromine has a higher

affinity for benzene
than for water

bromine in benzene
Ca = C4bulk

bromine in water {

Ca = Cabuik
v Not correct:

Species A does

5
! move between
Na = K(Mk ) =0 phases

Ny#0

© Faith A. Morrison, Michigan Tech U.

Modeling Mass Transfer Equipment—Overall Mass-Transfer Coefficient

e

(bulk to bulk)

bromine in benzene
Ca = Ca0

Driving Force for Mass Transfer
What drives the motion?

The two phases are
not in equilibrium

bromine in water

Cyp = CA,O

The two phases are brought into contact, and mass transfer occurs,
moving bromine (A) from the AW phase to the A,B phase

When equilibrium is reached, the concentrations
of the two phases are on the equilibrium curve,

~k *
¢y (cy)
in benzene in water

© Faith A. Morrison, Michigan Tech U.
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Module 4, Lecture VI 4/24/2021

Modeling Mass Transfer Equipment—Overall Mass-Transfer Coefficient

e

The driving force for mass transfer is not only concentration (Pulk to bulk)
differences; rather it’s differences in chemical nature that an include
concentration, but includes other “preferences” that are linked to the

species’ chemical structures.

What drives the motion?

Scientists have u n ified the energetic Modeling Mass Transfer Equipment—Overall Mass-Transfer Coefficient
effects Of species moving around in Overall Mass Transfer of Species A: Bromine
mixtures through the definition of the The two phases

are not in

chemical potential. it

Mass transfer occurs in the bromine

The two phases are brought into contact, and mass transfer

thought experiment beca use Of the occurs, moving bromine (A) from the AW phase to the A,B phase
higher afflnlty bromine has fOr benzene- When equilibrium is reached, the concentrations

of the two phases are on the equilibrium curve,
(AGY)
in benzene in water

The driving force for mass
transfer is distance from
chemical equilibrium

© Faith A. Morrison, Michigan Tech U.

Modeling Mass Transfer Equipment—Overall Mass-Transfer Coefficient

e

(bulk to bulk)

Driving Force for Mass Transfer

. ,
AB bromine in benzene

Ca = Cao

o ————
- =~ ~

bromine in water {
e

In the A,B bromine in benzene phase:

Mass transfer

t>0 Ny = Kyp(Ty(cq) — En) driving force
related to distance
In the AW bromine in water phase: from chemical
. e equilibrium
t=0 Ny = Kaw(ca — c4(€0))

© Faith A. Morrison, Michigan Tech U.




Module 4, Lecture VI

Modeling Mass Transfer Equipment—Overall Mass-Transfer Coefficient

Yes, but there
are differences
that need to be
established.

!
Progress! | yatis acy?

driving force

Now,

coefficients Dyp)?

Heat exchangers are modeled with
overall heat transfer coefficient, U:

0 = UAAT 4

ATgriving force = (Toutker = Tputk2)im av

Overall driving force (df) for
heat transfer (bulk to bulk)

Gas absorbers and distillation
columns are modeled with overall
mass transfer coefficient, K:

. N4 = KAc,
Will 4 af
this Acariving force = (Coutir = Coutz) av
work?

What is K in terms of our previous
discussions mass transfer (film
coefficients k,, kp, k., diffusion

=

© Faith A. Morrison, Michigan Tech U.

Modeling Mass Transfer Equipment—Overall Mass-Transfer Coefficient

We return to modeling a gas
absorption column

(bulk to bulk)

Example 6: Height of a packed bed absorber

absorber to achieve a desired separation?

How can we use mass transfer to design a packed bed gas

Example 6—
Revisited, again

(started in Module 4, Lecture IlI)

Liquid in

Liquid out

Model of Gas Lixa  Gym
Absorption in U
a Column top of column . Py
liquid, gas
Liquid B attracts A; B.A LA

the concentration
of A increases as
the liquid passes

through the
column Modeling

4 region
liquid | gas

Gas contains
A, which
depletes as
the gas
passes
through the

liquid gas column

g
bottom of column

Lxpy~ Gy

18
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Module 4, Lecture VI

Modeling practical devices involving mass transfer

Example 6: Height of a packed bed absorber

How can we use mass transfer to design a packed bed gas
absorber to achieve a desired separation?

Example 6 is presented as a series of linked examples that navigate

around apparent “dead ends”
LECTURES

in modeling mass-transfer units

Identify a question

% How can we model a large,
practical device dependent

on mass transfer? 1] C.V.

0./ How an we account for A
going between phases? IV

Invent something
9./ Apply the species A mass
balance to a macroscopic

f Invent k, through linear
driving force (LDF) model IV

Try to use it

1] phases

« How can we improve LDF &,
model to cross the
boundary (bulk-to-bulk
transfer)? \/|

Write

and combine to create
overall effect of multiple
resistances Vi

LDF in both phases 3.

shorthand?

4. Can we model a large, 4. Yes
practical device,
incorporating K, K; to
account for mass xfer
between phases? \Y/|

Vi

{/ Lack a system to account
for A going between

PAUSE Il

{ Gets A to the boundary,
but not across PAUSE V

Working, but can we
devise a convenient

PAUSE VI

19 © Faith A. Morrison, Michigan Tech U.

Applied Heat Transfer

In a previous course, we developed a model
so that we can characterize heat exchangers

We divided the heat
exchanger into slices
with bulk temperatures T
and T' at location x and
applied Newton’s law of
cooling (h4, hy) and
Fourier’s law (k)

We integrated over
0 < x < L to obtain
the total heat
transferred Q.

This allowed us to define overall
heat transfer coefficient U, giving
heat transfer at location x:

The Simplest Heat Exchanger:

Tl, less hot

!

‘j( i

T , outer bulk temperature
T ,inner bulk temperature
/

0=U,4,AT
1
R, .
= 1 1. R, 1 (2 TI.'RZL)(T - T)
T+ TIn 2 +
LR, kR, TRER,

20

(bulk to bulk)

© Faith A. Morrison, Michigan Tech U.
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Module 4, Lecture VI 4/24/2021

Applied Mass Transfer [

| Example 6—Revisited, again ‘
Example 6: Height of a
packed bed absorber

(bulk to bulk)

Liquid in

l In Lectures lll and V, we began to model
a gas absorber, using the same slicing

Distributor =, Gas strategy, but we needed a concept of how
to model the mass transfer in the slice

We need to apply the film mass transfer
coefficients to the slice of the gas
absorber column

(*spoiler: This will lead to the overall
mass transfer coefficient)

Liguid out

21
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Modeling Mass Transfer Equipment—Overall Mass-Transfer Coefficient
Example 6: Height of a Bulk gas well mixed, @
packed bed absorber bulk liquid well mixed
A | (bulk to bulk)
bulk gas | bulk liquid s
! |
|
Distributor. = Gas
| )Q:; out
| .
I z
: !
1 z
1 z+ 4z
|
| i
Pabulk : XA, bulk e
: Liguid out
|
| The mass
I transfer in a
: slice of the
1 column can be
: modeled with
7+ Az . film coefficients
interface 2
© Faith A. Morrison, Michigan Tech U.
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Module 4, Lecture VI

Modeling Mass Transfer Equipment—Overall Mass-Transfer Coefficient

Example 6: Height of a
packed bed absorber

bulk gas

XA

Bulk gas well mixed, @
bulk liquid well mixed

(bulk to bulk)
bulk liquid

Interface: species
in the two phases

XA bulk . e
are in equilibrium

Pa
Pa,bulk

Pa,i

Equilibrium is
characterized by H,
the Henry’s law
constant:

z+ Az 1

interface

pa = Hxy

23
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Overall Mass-Transfer Coefficient

Example 6: Height of a
packed bed absorber

Gas: Linear driving force model:

(Na)g = kg(pa

(moles A transferred)

k-[=
6[=] (time - area - pressure)

Liquid: Linear driving force model:

(Na)L, = k— xa)

(moles A transferred)
k. [=]

(time - area - conc)

Use the linear driving force model

(film coefficients)

(bulk to bulk)

N Bulk gas well mixed,
Gas Absorption bulk liquid well mixed

bulk gas bulk liquid

Species in the two
phases at in
equilibrium at the
1 interface

Equilibrium is
characterized by H,

Pabutk
the Henry’s law
constant:

u P = Hx;
—.

At steady state:
(NA)G = (N4)y

24
© Faith A. Morrison, Michigan Tech U.

4/24/2021

12



Module 4, Lecture VI

Overall Mass-Transfer Coefficient

Example 6: Height of a
packed bed absorber

Use the linear driving force model
(film coefficients)
(bulk to bulk)

Bulk gas well mixed,
bulk liquid well mixed

(x4,p4) = bulk conditions
("operating point")

Gas Absorption

bulk gas

(x4i,p4i) = interface point i/_\

at steady state: Species in the two
Ko Xt phases atin
H equilibrium at the
(NA)G = (NA)L 1 interface
I
Pabulk ~ Equilibrium is
characterized by H,
i the Henry's law

In terms of film coefficients: —) e g
ky(Pa — Dai) = kx(xa; — x4) :

k, Aline of slope (—k,/k,) connects the

(pa — pPai)= — (x4 — x41) operating point (bulk conditions x, ;, D)
ky and the interface point

bulk liquid

25
© Faith A. Morrison, Michigan Tech U.

Overall Mass-Transfer Coefficient

Example 6: Height of a
packed bed absorber

Use the linear driving force model
(film coefficients)
(bulk to bulk)

Bulk gas well mixed,
bulk liquid well mixed

(x4,p4) = bulk conditions
("operating point")

Gas Absorption

bulk gas

(x4i,p4i) = interface point i/_\

at steady state:

bulk liquid

X, Species in the two
: Xapul phases at in
1 oy
equilibrium at the

(NDg = (N, |
1
Pabulk ~u Equilibrium is
Paiy characterized by H,
the Henry's law

1
——) Copstars
L pa=Hxj
1
H

In terms of film coefficients:
ky(Pa — Pai) = kx(xa; — x4)

Aline of slope (—k,/k,) connects the
operating point (bulk conditions x4 ;,pap)
and the interface point

We need to determine the
interface conditions

(which is at equilibrium) 2

—k
(P4 — Pai)= k_x (xA - xA,i)
p

© Faith A. Morrison, Michigan Tech U.

4/24/2021

13



Module 4, Lecture VI

Overall Mass-Transfer Coefficient

We PAUSE
Example 6 for the
third time to pursue
the relationship
between overall
mass transfer
coefficient K and
the interface film
mass transfer
coefficients k, and
ky

Example 6: Height of a
packed bed absorber

(x4,pa) = bulk conditions
("operating point")
(%41, pai) = interface point

at steady state:

(NA)G = (NA)L

In terms of film coefficie!
kp(pa —pai) =k

—k
(pa— PAi)=—k < (XA - XA,i)
13

H

Use the linear driving force model
(film coefficients)

(bulk to bulk)

| mixea.

Gas Absorption

buk gas.

Species in the two.
phases atin
equibrium at the
interface

by,

Aline of slope (—k/k;) connects the
operating point (bulk conditions x4, p4)
and the interface point

We need to determine the
interface conditions

(which is at equilibrium)

© Faith A. Morrison, Michigan Tech U.

27

Modeling practical devices involving mass transfer

LECTURES

Example 6: Height of a packed bed absorber

How can we use mass transfer to design a packed bed gas

absorber to achieve a desired separation?

Example 6 is a part of a series of linked examples that navigate
around apparent “dead ends” in modeling mass-transfer units

Identify a question

% How can we model a large,
practical device dependent
on mass transfer? 11

0./ How an we account for A
going between phases? IV

” How can we improve LDF
model to cross the
boundary (bulk-to-bulk
transfer)? \/|

4. Can we model a large,
practical device,
incorporating K;, K; to
account for mass xfer
between phases? Vi

Invent something

9./ Apply the species A mass
balance to a macroscopic
C.V.

f Invent k, through linear
driving force (LDF) model

f Write LDF in both phases
and combine to create
overall effect of multiple
resistances

4. Yes

Try to use it

{/ Lack a system to account
for A going between

1} phases PAUSE Il
{ Gets A to the boundary,
v but not across PAUSE V

3. Working, but can we
devise a convenient

shorthand?
Vi PAUSE VI

Vi

28
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Module 4, Lecture VI

Overall Mass-Transfer Coefficient

Phase Equilibrium Data
(material function)

(bulk to bulk)

0.40
Phase equilibrium data
are published in the
literature 0.30
In the dilute regime, the
equilibrium curve is 0.20
linear (Henry’s law):

* *
= Hx
Pa 4 0.10

In the non-dilute
(concentrated)

NH; partial pressure in gas phase, p, (atm)

0.00

WRF Ch29, Fig 29.2

concentrated regime, the
equilibrium curve is not
linear

0.0

2.0 4.0 6.0 8.0 10.0

Dissolved NH; concentration, ¢4, (kgmole/m?)

(there is no resistance at the interface,
equilibrium is established)

29
© Faith A. Morrison, Michigan Tech U.

Overall Mass-Transfer Coefficient

Example 11: What are the liquid and gas

concentrations at the interface?

Equilibrium in
mixtures dilute in
A is characterized
by H, the Henry’s
law constant:
pa = Hx,
dilute regime

Let’s
try

(bulk to bulk)

. Bulk gas well mixed,
Gas Absorption bulk liquid well mixed
bulk gas i bulk liquid
'
'
'
'
:/—\
I Xai Species in the two
™~ Xabutk Zha_s_es_a( n
H quilibrium at the
1 interface
'
Pauie ~! Equilibrium is
~ characterized by H,
f the Henry's law
1 constant:
—) EAS
I
'

Np = k(04 = Pai) = k(4 — Xa)

30
© Faith A. Morrison, Michigan Tech U.
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Module 4, Lecture VI

Overall Mass-Transfer Coefficient

Example 11: What are the liquid and gas

concentrations at the interface?
Equilibrium in
mixtures dilute in
A is characterized
by H, the Henry’s
law constant:
pa = Hx)
dilute regime

(bulk to bulk)

. Bulk gas well mixed,
Gas Absorption bulk liquid well mixed

bulk gas bulk liquid

:

Species in the two
phases at in
equilibrium at the
interface

Xai
Xabulk

Equilibrium is
characterized by H,
the Henry's law

Pabulk N

Pai

Answer: ——
Pai _ v = kppa + kyxxa
—— =X =
H Y kpH +ky
(Henry’s law regime)
31

© Faith A. Morrison, Michigan Tech U.

Overall Mass-Transfer Coefficient

Example 12: What is the flux from gas to liquid?

Equilibrium in
mixtures dilute in
A is characterized
by H, the Henry’s
law constant:
pa = Hx,
dilute regime

Let's
try

(bulk to bulk)

. Bulk gas well mixed,
Gas Absorption bulk liquid well mixed

bulk gas bulk liquid

:

Species in the two
phases at in
equilibrium at the
interface

Xaji
Xabulk

Equilibrium is
characterized by H,
the Henry's law
constant:

—— GRS

Pabulk N

Pai

Ny =kp(0a — Dai) = kx(xa; — x4)

32
© Faith A. Morrison, Michigan Tech U.
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Module 4, Lecture VI

Overall Mass-Transfer Coefficient

Example 12: What is the flux from gas to liquid?

(bulk to bulk)

Equilibrium in I
mixtures dilute in Gas Absorption bulk liquid well mixed
A is characterized bulk gas
by H, the Henry’s
law constant:

pz =H XZ X Species in the two

Xabulk phases at in
dilute regime

bulk liquid

:

equilibrium at the
interface

Pabulk Equilibrium is
Py characterized by H,
the Henry's law
constant:

Answer: ——

Na = |[Pa — Hx4l inoludes

+ k_ resistances
p

(Henry’s law regime)

H
K

33
© Faith A. Morrison, Michigan Tech U.

Overall Mass-Transfer Coefficient

Modeling Mass Transfer i t—Overall Mass-Transfer Coefficient

Heat exchangers are modeled with

overall heat transfer coefficient, U: n
What was 0 = UAAT,
f
o u r g Oa I ? ATdriving force = (Tbulkl - Tbulkz)lm av

Overall driving force (df) for
heat transfer (bulk to bulk)

Gas absorbers and distillation
columns are modeled with overall
mass transfer coefficient, K:

NA = KACdf

e

34
© Faith A. Morrison, Michigan Tech U.
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Module 4, Lecture VI

Overall Mass-Transfer Coefficient

What was
our goal?

Develop a mass-
transfer device
analog to U in heat
exchangers

Modeling Mass Transfer t—Overall Mass-Transfer Coefficient

Heat exchangers are modeled with
overall heat transfer coefficient, U:

Q Tqf
ATdriving force = (Tbulkl - Tbulkz)lm av

Overall driving force (df) for
heat transfer (bulk to bulk)

Gas absorbers and distillation
columns are modeled with overall
mass transfer coefficient, K:

35

© Faith A. Morrison, Michigan Tech U.

Overall Mass-Transfer Coefficient

What was
our goal?

Develop a mass-
transfer device
analog to U in heat
exchangers

Done.

pa = bulk concentration
(partial pressure) of
the gas

x4 = bulk concentration mole
fraction) of the liquid

Modeling Mass Transfer t—Overall Mass-Transfer Coefficient

Heat exchangers are modeled with
overall heat transfer coefficient, U:

Q Tqf
ATdriving force = (Tbulkl - Tbulkz)lm av

Overall driving force (df) for
heat transfer (bulk to bulk)

Gas absorbers and distillation
columns are modeled with overall
mass transfer coefficient, K:

Ny Caf
KG Acdf
Gas side units /—M
1
Ny = [pa — Hxyl
H, 1
ke 'k,

dilute regime

36

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

Overall Mass-Transfer Coefficient

Overall Mass-Transfer Coefficient it
e
Heat exchangers are modeled with
overall heat transfer coefficient, U: <
What was 0 = UAAT4;
our goal? aring pree = Tt~ o

Gas absorbers and distillation

Ov
he

force (df) for
(bulk to bulk)

Henry’s law:
Ny = KAcys pa=Hx,

pa = bulk concentration
(partial pressure)

dilute regime

1
of the gas Ny =<H 1>[pA_HxA]
_+_
x4 = bulk concentration fex " lep Includes
mole fraction) of
the liquid both L & G

resistances

K; is the gas-side-units
overall mass transfer
coefficient

37
© Faith A. Morrison, Michigan Tech U.

Overall Mass-Transfer Coefficient

Alternatively, focusing on the liquid side: ‘é‘ﬁ‘ra;;':‘j 0= uanty
1 l Ny = KAcqp
— _ ﬂ uu\‘ktgoru;»«,:n".:au?n
NA = i N i [pA HXA] l (par Ldlp essure) NA:(ﬁ)[M—Hm
oo Ky H s cmaen IR
1 Da Henry’s law:
M= (T |7l vi = Haj
w Includes
both L & G
K, Acyy resistances
Liquid side
Pa
O o
AT Ly 4 K, is the liquid-side-units
K = 1 overall mass transfer
L= . .
1 + 1 coefficient
k. " Hk,

38
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Overall Mass-Transfer Coefficient

‘Overall Mass-Transfer Coefficient

What was

The Overall Mass-Transfer Coefficients our goal?
equivalently describe the steady state

relationship between the bulk

0 = UAAT,,

Ny =Kacyy

concentrations (gas and liquid) of a
composite scenario (slice of gas absorber)

Ny = Kg[pa — Hx,]
A Al ! K is the gas-side-

Ke =771 units overall mass
Ky + ky transfer coefficient

N, =K, [PA—x ]

A — DL |7 — 4
H L K is the liquid-side-

K =[5 i units overall mass
— + 57— transfer coefficient
k. ' Hk,

Henry’s law:

pa =Hx,
dilute regime

Both
include
both
resistances

Driving
forces
written
differently,
but are
equivalent

39
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Overall Mass-Transfer Coefficient dilute regime

We can visualize the various driving forces graphically:

(x4,p4) = operating point
(bulk phase compositions)

pa(xa) W
DAt et T B >

(%40, Pai)
I

dilute regime

Dy | (x2,02)

If film coefficients
k¢, ki, known
from data
correlations
(dimensional
analysis,
literature), the
operating point
and the interface
point may be
linked.

| _(x4i,p4;) = interface point

(interface phase

gas phase composition
|
Tl
{’
/
'/
1
U
!
/

T [
XA Xai

x4 (pa)

compositions;
in equilibrium)

liquid phase composition

—k
Pa— PAi)=k—x(xA — xA,i)
P

40
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Module 4, Lecture VI

Overall Mass-Transfer Coefficient

dilute regime

We can visualize the gas-phase-units driving force

as a vertical segment:

(x2,P4)

p};(x};)m

/ L (x40, P20
|

Pa
Gas-phase-units: -
Overall Linear driving
force model: s (xa)

Ny = Kg(pg — Hxy)

X X X,
Acys A Ai A(Pa)
41
© Faith A. Morrison, Michigan Tech U.
Overall Mass-Transfer Coefficient dilute regime
We can visualize the gas-phase-units driving force
as a vertical segment:
pa(xa)
ke
Pa (x4.P4) ky
Gas-phase-units: Pai ‘é
Overall Linear driving L CainPad)
force model: pi(xa) |
Ny = Kc(pa —
| X x1 i X,
Acys A Ai A(Pa)
Hx, = py(x4) = The gas partial pressure that a

It turns out:

dilute regime

© Faith A. Morrison, Michigan Tech U.

liquid of concentration x4 (the
liquid bulk mole fraction) would
be in equilibrium with

42
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Overall Mass-Transfer Coefficient

dilute regime

Liquid-phase-units
Overall Linear driving
force model:

Cdf

We can visualize the liquid-phase-units driving force

NA=KL(p—A—xA)

WH 7y .
X4 Xai x3(pa)
A

as a horizontal segment:

pa(xa)

Pa (xa,pa) 7

Pai
/ (xa0Pa1)
pa(xa) !

43
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Overall Mass-Transfer Coefficient dilute regime
We can visualize the liquid-phase-units driving force
as a horizontal segment:
pa(xa)
Pa (xXa,pa) 7 7
N
Liquid-phase-units - oS
q A Al
Overall Linear driving oo Pad)
force model: AED) 3
Ny = K} — xA)
X ' *
4 x4 Xai x1(Pa)
Acdf
. p—A = XZ (pA) = The liquid mole fraction that a gas of
It turns out: H partial pressure p, (the gas bulk partial
. . pressure) would be in equilibrium with
dilute regime
44
© Faith A. Morrison, Michigan Tech U.
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Overall Mass-Transfer Coefficient dilute regime
Overall Mass Transfer Coefficients » g
e .
Two equivalent versions of K and Acgys; one based on gas- 9//77@
phase customary units, one based on liquid-phase
customary units
Liquid-phase-units Gas-phase-units:
Overall Linear driving Overall Linear driving
force model: force model:
Pa,b
NA - KL( H _xA,b) NA = KG(pA,b _HxA,b)

The expressions relate steady state bulk both versions
concentrations in the liquid and gas phases, include
reflecting the net effect of multiple (two) resistances  both resistances

45
© Faith A. Morrison, Michigan Tech U.

Overall Mass-Transfer Coefficient concentrated and dilute regimes
. Cone,
Overall Mass Transfer Coefficients - e’"’a
Qo la
Two equivalent versions of K and Acgy; one based on gas- @009{’77@ q
. - 0'//(/
phase customary units, one based on liquid-phase %)
customary units
Liquid-phase-units Gas-phase-units:
Overall Linear driving Overall Linear driving
force model: force model:
Na = K (xa(Pap) — *ap) Ny = Kg (pA,b - PZ(XA,b))

We can choose to use the driving-force both versions
relationships that resulted from the dilute include
regime to define overall mass-transfer both resistances
coefficients for the concentrated regime

46
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Overall Mass-Transfer Coefficient concentrated and dilute regimes

Many concentration units may be used

K, K¢
Liquid-phase-units Gas-phase-units:
Overall Linear driving Overall Linear driving
force model, defined: force model, defined:
Np = K (5 ) = %) Ny = Ky (pan —PaC )
Na = Kau (i ()= cae) Ny = Keg (CAG,b — ca6( ))

Ny =K, (YA,b — ya( ))
()= Pab OT Cqp OT Yap ()= Xa,p OT CaL b

47
© Faith A. Morrison, Michigan Tech U.

Overall Mass-Transfer Coefficient concentrated and dilute regimes

But, how do we relate these overall
mass-transfer coefficients back to
the film coefficients?

Liquid-phase-units Gas-phase-units:
Overall Linear driving Overall Linear driving
force model: force model:
Na = Ky (x5 (Yap) — xa) Ny =K, ()’A,b - YZ(XA,b))

Let’s return to the graphical representation |:>

48
© Faith A. Morrison, Michigan Tech U.
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Overall Mass-Transfer Coefficient

Co,

Gas-phase-units :ce"fr
Na _ i} B b= b 99/',,,@‘9’@0
K (Vap = ¥a(xap)) = a+ b = (Yap — yai) +
rise b
run  (xa; — Xap) z
Na _ ! i)
= = ap = yai) +m'(xa; — x4p) <
y o
N N N kS
Na_Nay o (_A) - g
Ky ky , fex ya(xa) g
1 1 m 2
Lo _ky :
Ky ky = kx ky <§,:'
yAb B " g
1 a i t&\\m V i u“.,
— . . ©
Ky T 7 Yai o
T + T b [
y X p
ya(xap) =
¢ d 49
XAb Xai Xa(Vap)
Overall Mass-Transfer Coefficient
- - - C,
Liquid-phase-units °')ce,7
reg; ”a[e
Na _ * _ d = d "’7e q
X (caap) —xap) = ¢ +d = (x4 — xgp) +
_rise  yap = Yai
( r)un d =
Ng _ _ YAb—YAi 3
K_x - (xAi xAb) + m'! E
2
Na_Na, 1 (N_A) 5
Koo de Ty e .
1 1 1 5
e T e £
Ky kxy m'ky - S
k,, <§c‘
yAb B " g
1 a { G MY 5
Kx = ﬁ yAi \:‘ ©
— m'—=/" |
e tmE, byt "7
ya(xap) . =
¢ d 50
XAb Xai Xa(Vap)
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Overall Mass-Transfer Coefficient

concentrated and dilute regimes

Liquid-phase-units
Film Linear driving
force model:

NA = kx(xA,i - xA,b)
Nj = ker(Cari — Carp)

Liquid-phase-units
Overall Linear driving
force model:

Ny = Kx(x;( )= xA,b)

Ny = KCL(C.:L( )= CAL,b)

() =Dap 0T Cap OT Yap

Gas-phase-units:
Film Linear driving force
model:

Ny = kp(PA,b - PA,i)
Ny = ke (CAG,b - CA,L’)
Ny = ky(Yap — Yai)

Gas-phase-units:
Overall Linear driving
force model:

Na = Ky (pap = pi( )

Ny =K (CAa,b — ca6( ))

Ny =K, (yA,b —ya( ))

( )=xap0rcay

1
K, 1

|
ot

rn
m ky

K

y m'’

X

_ 1
-
Lt e

Let’s take these
tools out for a spin!

, etc.

51
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Overall Mass-Transfer Coefficient

Example 13: Liquid stripping process _|

Overall Mass
Transfer
Coefficients

Example 13:

(remove H,S from water)

A liquid stripping process (20°C, 1.5 atm) is used to transfer hydrogen
sulfide (H,S = species A) dissolved in water into an air stream. At a
particular elevation in the column, the mole fraction of H,S in the gas phase
is 0.010 and the mole fraction of H,S in the liquid phase is 6.0 x 107>.
Calculate the flux, the overall mass transfer coefficients, and the interface

composition.

Film coefficients: k, = 0.30
(obtained from data correlations).

Equilibrium relationship: p;(atm) = H c; (
where H = 8.8 x 1073 m3

kmol _ _3 kmol
—s ky = 45x 10732
‘mol HpS
m3 )’
atm/mol.

52
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Module 4, Lecture VI

Overall Mass-Transfer Coefficient

Example 13: Liquid stripping process _|

(remove H,S from water)

Overall Mass
Transfer
Coefficients

Example 13:

composition.

A liquid stripping process (20°C, 1.5 atm) is used to transfer hydrogen
sulfide (H,S = species A) dissolved in water into an air stream. Ata
particular elevation in the column, the mole fraction of H,S in the gas phase
is 0.010 and the mole fraction of H,S in the liquid phase is 6.0 x 1075.
Calculate the flux, the overall mass transfer coefficients, and the interface

1. Film coefficients: k,, = 0.30
(obtained from data correlations).
- . . =« (Mol HyS'
2. Equilibrium relationship: pj(atm) = H c; (T)
where H = 8.8 x 1073 m3atm/mol.

kmol _ _3 kmol
s ky = 45x 107355

Let's
try

53
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Overall Mass-Transfer Coefficient Example 13: Liquid stripping process _|
(remove H,S from water)
0.04
——Equilibrium curve
O operating point
0.03 +
£ L
® 002+
I
o
0.01 +
slope H = 8.8 x 1073 m3atm/mol
000 1 1 i 1 1 : 1 1 : 1 1 : 1 : 1 1 : 1 1 I 1 I
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
¢, mol A/m3
54
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Overall Mass-Transfer Coefficient

» Choose units: liquid

H,S in water, air

Example 13: Liquid stripping process —|
(remove H,S from water)

Ca, 93S Py 0.04
« Convert units
» Plot equilibrium L
curve, operating point 0.03 +

—— Equilibrium curve

- = =Interface line

. . operating
interface point .
oint (¢4, p4)
(cavpa) L % P
——--a te]
slope —k; /k¢

slope H = 8.8 x 1073 m3atm/mol

I S S T SR I SR SR S S |

) £
. < 002 T
Q
For mass transfer
from liquid to gas 001 T
(stripping), the
operating point is 0.00 <
below the 0.0

equilibrium line

1.0 2.0 3.0 4.0
c,, mol A/m3

55
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Overall Mass-Transfer Coefficient

Example 13: Liquid stripping process _|

(remove H,S from water)

Many concentration units may be used

K;

Liquid-phase-units
Overall Linear driving

force model:

Ny =K (Kal )= 3uz)
Ny = KCL(C;L( ) - CAL,b)

In the chosen

( ) =paporcaporyap

K¢
Gas-phase-units:

Overall Linear driving
force model:

Ny =K, (PA,b —pa( ))
Ny = (f‘,;a,z, — a6 ))

Na = Ky (740 = vi( )

( )=x4p07rcarp

units: slope H = 8.8 x
1 kmol 1073 m3atm/mol
K¢ =K, == =51x107*—
i+i atms
ke " ky
ke e,

56
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Overall Mass-Transfer Coefficient

Example 13: Liquid stripping process —|

» Choose units: liquid

C4, 9aS Py 0.04
» Convert units
* Plot equilibrium

curve, operating point 0.03
» Calculate interface

point (convert units of g
ky, ky © 002
» Calculate K, K, a
» Calculate N4
0.01
See hand notes
for start
0.00

N, = —7.2 x 10~ %kmol/m?s

Homework 4,
problem 4.15

(remove H,S from water)

H,S in water, air

Equilibrium curve
- = =Interface line
. . operatin
interface point pgint (c gp )
+4 A VA
(cavpad) L &
—_—--- o
slope —k; /k¢
slope H = 8.8 x 1073 m3atm/mol
e e B e |
0.0 1.0 2.0 3.0 4.0

C,, Mol A/m3

We must use
care with units!

57
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Overall Mass-Transfer Coefficient

Now, what can we do with this new

tool, overall mass transfer
coefficient K, in a device?

Unsteady Species A Mass Balance

Let’s try a practical problem

Example 6 : Height of a packed bed absorber

How can we use mass transfer to design a packed bed gas
absorber to achieve a desired separation?

58
© Faith A. Morrison, Michigan Tech U.
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Module 4, Lecture VI

Modeling practical devices involving mass transfer

Example 6: Height of a packed bed absorber

How can we use mass transfer to design a packed bed gas
absorber to achieve a desired separation?

Example 6 is presented as a series of linked examples that navigate
around apparent “dead ends” in modeling mass-transfer units

LECTURES

Identify a question

% How can we model a large,
practical device dependent
on mass transfer? 11

0./ How an we account for A
going between phases? IV

« How can we improve LDF
model to cross the
boundary (bulk-to-bulk
transfer)? \/|

4. Can we model a large,
practical device,
incorporating K, K; to
account for mass xfer
between phases? \Y/|

Invent something

9./ Apply the species A mass
balance to a macroscopic
C.V.

f Invent k, through linear
driving force (LDF) model

{ Write LDF in both phases
and combine to create
overall effect of multiple
resistances

4. Yes \"/|

Try to use it

{/ Lack a system to account
for A going between

1} phases PAUSE Il
{ Gets A to the boundary,
v but not across PAUSE V

Q/Working, but can we
devise a convenient
shorthand?

Vi PAUSE VI

59
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Unsteady Macroscopic Species A Mass Balance—Gas Absorption
Example 6—
Continued
Unsteady Macroscopic Species A Mass Balance—Gas Absormption
Unstcady Macrescopc Spedes A MassBalance—intro

Liauid in

Distributor.

Liquid out

— _, Gas
C out

accumulation = net flow in + production + introduction

d .
e (Masss) = —000 + Ry = )" (015);

My sys = Callys = total moles of A in

ANy = Fjoues Maj = Zpins Moy =

C. by reaction, per unit volume

Viys = system volume

the i C.5.

Ry = net rate of production of moles of A in the

Ny, = K(Acqr) =molar flux of 4 out through

the C.

bulk out

€. = control surface
CV. = control volume

?

You try.

60
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Unsteady Macroscopic Species A Mass Balance—Gas Absorption

We paused, most recently, because we did not

Example 6—
Continued

have a tool to account for the bulk-to-bulk mass
transfer between the phases in the apparatus

Now, we do.

Unsteady Macroscopic Species A Mass Bdlance—Gas Absorption

interfacial area

. a=
Liguid in volume

Gas Liguid
LA ( Ny ) B.A
V)

>
<
3
@
' c
: ©
N I ,,,, N A Az = area _%q
Liquid out for mass 2
Jﬁs‘"m ;ransfc(, 2
- . . . d
Liquid-phase-units Gas-phase-units: 2
Overall Linear driving Overall Linear driving =
force model: force model: §
<
K (i (yap) — *ap) Ky (}’A,b - YZ(xA,b)) <
61 it
[©)
Unsteady Macroscopic Species A Mass Balance
y pIcop Example 6—
concluded

Now, let’s finish our practical

problem

Example 6: Height of a packed bed absorber

How can we use mass transfer to design a packed bed gas
absorber to achieve a desired separation? We assume dilute
concentrations in both gas and liquid.

62
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Unsteady Macroscopic Species A Mass Balance—Gas Absorption
Y pic op P Example 6—concluded
Liquid in interfacial area A property of the
a= 1— column and packing,
l volume in operation
Distributor Gas Combined molar flux
of species A = NA 5 Ays = column
from gas to liquid ’ cross section
My
___________ CV. 2
td Q
’ N @
: Gas Liquid g
! NAZ g |
1 ILA : B,A S
! =
1 R
1 c
] t [e]
t 1 Rz
\ =
\_____I ______ -/ /anSAZ=area S
Liquid out formass
M transfer, £
AG S 63 L
z+Az o
Unsteady Macroscopic Species A Mass Balance—Intro
Y el MOLES

accumulation = net flow in + production + introduction

d .
% (MA,sys) = —AMy + RAVsys - Z _(NAS)j
]

R4 = net rate of production
of moles of 4 in the CV. by
reaction, per unit volume

g RaliysAt

My At == CV. o M, At

moles of A that flows out of the
control volume between t and
t+At

moles of A that flows into
the control volume
between tand t + At

—(NaS);

introduction of moles of A
. . . into the C.V. by mass transfer
A]‘/[A = Zj outs MA]' - Zj ins MA]' = bulk out across the jt" bounding
B ’ ) )

control surface S; (C.S.)

My,sys = €aVsys = total moles of A in the C.V.

R4 = net rate of production of moles of 4 in the
C.V. by reaction, per unit volume We now have  Ssys = z:j Sj
Vo = expressions for A s “out”- “in”
sys = System volume _
K and Acdf C.S. = control surface

mcdf) =molar flux of 4 out throug C.V. = control volume
~~—_the /™ CsS.

64
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Overall Mass-Transfer Coefficient concentrated and dilute regimes

Gas-phase-units:

Film ear ariving force

Liquid-phase-units
Film Linear driving
force model: model:

Ny = kp(PA,b - pA,i)
[ y

Let’s take-these
tools-outfora-spin!
choose our mass
transfer units
(our tools)

Liquid-phase-units
Overall Linear driving
force model:

Ny = Kx(x;( )= xA,b)
Ny = KCL(C.:L( )= CAL,b)

Gas-phase-units:
Overall Linear driving
force model:

Ny =Ky (PA,b —pa( ))
Np = Keg (Cagp — Cag( ))
Ny = K, (yap — ya( )

() =Dap 0T Cap OT Yap

1
K, -
m”ky : ky  Ka , etc.

|
ot

65
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Unsteady Macroscopic Species A Mass Balance—Gas Absorption Example 6—
q concluded
(¢ .
2 (Mysys) = —AM, + RyViagys — Z (N4S);
J
moles
LG = -
column area - time
Ay = column
N.S = (K. Ac aA..Az cross section
4 ( y 1df)( xs ) __ interfacial area
=g (y4 — Hxy)(aA,sAz) ¢ =""Volume
kK, %
X y .
___________ CV. 2
_ z "
MAG| ‘Az GAxs yA|Z+AZ ! Gas Liquid {,%q
LA Na B,A 5
MAG| = GAys }’A| ! =
z z I N
| ) 5
z+ Az t ] / Z
[N -7 CahA,Az= area g
See for mass <
" transfer, £
Handnotes 46| eaz s o«
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Unsteady Macroscopic Species A Mass Balance—Absorption Liouid in
m:ﬁhuon!E‘E}- uGa_;tS
i
N
\QO‘
oo
Liquid out
=)
<
(%]
2
c
©
o
column column mol 5
top bottom Gl=]—— =
mzls =
mo 2
e 5
=
<
Ays[=] m? <
67 £
©)
Unsteady Macroscopic Species A Mass Balance—Gas Absorption Example 6—
concluded
Example 6 Solution:
Liouid in
_rate equ_atlon dy Kya
(gas-side, species A mass — =——(y — Hx)
balance ) dz G
“operating line” equation L
(overall, species A mass y=¢ (x—x1)+y1
balance )
“equilibrium line” equation = i ot ]
(thermodynamic equilibrium, y = Ags[=Im? 5
dilute mixtures) E
od
S
Column height, B . G 1 i <y2 — y2*> p
(result) Kya\; _Gp) \yi—vi =y §
L yi=y) %
mol 2
G[Z —2 <C
mes <
See Handnotes L= ™ HW 4.16 e B
m2s
©)
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Modeling practical devices involving mass transfer

Example 6 is presented as a series of linked examples that navigate
around apparent “dead ends” in modeling mass-transfer units

Example 6: Height of a packed bed absorber

How can we use mass transfer to design a packed bed gas
absorber to achieve a desired separation?

tran ?
7~ Can we model a large,
M

practical device,
incorporating K;, K to
account for mass xfer
between phases?

Identify a question Invent something

M How can we model a large, 9/ Apply the species A mass

practical device dependent balance to a macroscopic
on mass transfer? C.V.
O./ How an we account for A 9/ Invent k, through linear
going between phases? driving force (LDF) model
{ How can we improve LDF f Write LDF in both phases
model to cross the and combine to create
boundary (bulk-to-bulk overall effect of multiple

Try to use it

{/ Lack a system to account
for A going between
phases

{ Gets A to the boundary,
but not across

Q/Working, but can we
devise a convenient
shorthand?

© Faith A. Morrison, Michigan Tech U.

Unsteady Macroscopic Species A Mass Balance—Absorption

Liquid in

Mass Transfer in an Absorption Column:

Species A from gas to liquid = Gas

* operating line is above the equilibrium line

scrubbing

Species A from liquid to gas = Liquid stripping

» operating line is below the equilibrium line

Column height, B
(result)

Liquid out
Yod-------mmmmm oo x
e —
%\\(\ i e S mol
O 1 QW =]—
S 1 WO 2 .
Q?/ | 0\\)\ mes S
*(xy) c ! e mol =
B2 il el LI=l—5 @
H mes =
c
Yid{--«1 — vy | o
: i Ays [:] m? 'gc_)
* 1 1 =
y G- | 2
T - 2
X1 X g
=
<
S
K<
[©)

70
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Unsteady Macroscopic Species A Mass Balance—Absorption

Mass Transfer in an Absorption Column:

- L
* operating line slope = .

* equilibrium lineslope=H =m

Liquid in

L=

|

Gas
out

Operating line
slope L/G decreases — uquxm;ut
£ i AT .
e@&\&" . : Minimum slope,
() oS T | minimum L/G ratio,
g i 1 results when exit liquid
yido_ W E : condition x5 is in
! \i\\@\“ ! ! equilibrium with the
: e E | entering gas condition y,
X M X (cannot go lower)

© Faith A. Morrison, Michigan Tech U.
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Unsteady Macroscopic Species A Mass Balance—Absorption

Column Performance: HTU/NT

Column height, B

“rate” equation

. . dy Kya
(gas-side, species A mass —=——(y — Hx) y*=y*(x) = Hx
balance ) dz G
dy Kya .
- Y
HTU = fyz dy fBKyad NTU= s
. — — Z E
height of a w 0=y Jy G numberof g
. . j
el transfer unit . ifyz dy transfer units %4
T’QZS A measure of K30 Jy, A measure of 5
LI=1-; the efficiency of difficulty of S
the equipment B = separation g
Ars[=] m? =
<
E=
©)

72
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Column Performance: HTU/NTU
2
+ As the gap between the B = ( G ) Y dy
ope.rétlr?g Img and the Kya . (y—yvy%
equilibrium line narrows, NTU
increases (B « integral of B = HTU - NTU
1/gap) -
_ ( column ) ( difficulty )
y — \efficiency/ \ of separation
(5
» e
l ‘?;{’\(\% X < AN
mo A\ .
Gl=1— & oo 2
_ mol | _____ @
=hzs \Cap” §
: 4
Ars[=Im? : HW 4.17 £
! g
X 5
=
* Both operating and equilibrium lines are straight for dilute <
systems; When not dilute, both lines may be curved; integration %
then is done numerically (Excel) 73 5

Overall Mass-Transfer Coefficient

Overall Mass Transfer Coefficients Summary

» The driving force for species A mass transfer is distance from equilibrium
(not bulk concentration difference)

» Both overall mass transfer coefficients K, K;, are the aggregation of all the
resistances (gas side and liquid side)

* Film and overall mass transfer coefficients may be expressed in many
equivalent units

* K;, K are specific to a scenario or device (not a material property, not a
detailed model of interphase mass transfer)

 Individual film mass transfer coefficients are needed to predict the overall
transfer coefficients (obtain from literature); K;, K; may also be measured

» The correct average mass transfer driving force is determined by
integrating over the entire column

» The efficiency of the column is reflected in the HTU

» The difficulty of the separation is reflected by the NTU

74
© Faith A. Morrison, Michigan Tech U.

4/24/2021

37



