Diffusion and Mass Transfer, lecture 11
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Last time...

QUICK START
Example 1: Water (40°C, 1.0 atm) slowly and steadily evaporates into
nitrogen (40°C, 1.0 atm) from the bottom of a cylindrical tank as shown in the
figure below. A stream of dry nitrogen flows slowly past the open tank. The
mole fraction of water in the gas at the top opening of the tank is 0.02. What
is the rate of water evaporation?
Ny
- - | z=2,=10m
Me< 11—
I I
‘ !
l—0.25m—» l— 2R —f
I
| |
T !
N A i z=2; =03m
| VA
/‘T’\ H,0
,,,,, ; - z=0
N_
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Last time...

o 1.0 am
Interrogating the Examle: Wate (10°C,1.0atm) lowy and stcadi svaporaes ntoirogen
(40°C, 1.0 atm) from the bottom of a cylindrical tank as shown in the figure
prObI em: below. Astream of dry nitrogen flows slowly past the open tank. The mole
fraction of water in the gas at the top opening of the tank is 0.02. What is the
rate of water evaporation?
We sought to "
. s _" z=12,=10m
com plete thlS Why does the water ! :
evaporate? !
0.25m f— 2 —
problem. » ; :
What limits the rate of = L coam
evaporation? ~ 5
. o
The primary goal D
P Y9 ’ What could be done to

however, was (is) | acceleratetne
A evaporation?
to grow our ability

What could be done to What is the
to troubleshoot slow down the driving physics?
. . evaporation?
engineering
problems.

We take note of the questions that were
productive in leading us to the solution.

4
© Faith A. Morrison, Michigan Tech U.




Diffusion and Mass Transfer, lecture 11

€

- Equation of Species Mass Balance in Terms of ESHBINGd

Last time...
QUICK START
. Example 1: Water (40°C, 1.0 atm) slowly and steadily evaporates into
The queStlonS nitrogen (40°C, 1.0 atm) from the bottom of a cylindrical tank as shown in the
|ed us tO figure below. A stream of dry nitrogen flows slowly past the open tank. The
mole fraction of water in the gas at the top opening of the tank is 0.02. The
i geometry is as shown in the figure. What is water mole fraction as a function
refl ne the of vertical position in the tank? You may assume ideal gas properties. What
problem; to is the rate of water evaporation? .
2
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/
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Example 1
M’(I_X4'\ == (—-ni- d'yi Q\ Z Srieds Aals i
P St BE et a; % :Zv.;.'j' r:/’ 2 rardpame D 75
R A N, X A sl e
= S e - ol dw G, 0
V=5 e
/'& e “\/'—r-d;q (6’? «Dye e /=%, \
gENE = ol Rl ")(m_)
i et
GETAClL 2 S | GabatixN- E g [
B e N L @"‘"i‘ Cimxgy )
Bc: 2z, )Q:Ooz_‘“k % Sk Lok . Fidad epspun;: —
ERR R Y A = = Y. [ =X\ @2V |
i Y no [ Vi=xe,) " [ 1 %2) |~
— _

~

First, we obtained the flux N, ,
and the concentration
distribution x,(2).
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Example 1
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Then, we answered the cDyp 1— x4
. NAZ = C1 = In
question: ’ (z1 —2z3)  \1— x4

The rate of evaporation N ,
is 0.026 mol/s.
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Example 1

rate of water evaporation?

Example: Water (40°C, 1.0 atm) slowly and steadily evaporates into nitrogen
(40°C, 1.0 atm) from the bottom of a cylindrical tank as shown in the figure
below. Astream of dry nitrogen flows slowly past the open tank. The mole
fraction of water in the gas at the top opening of the tank is 0.02. What is the
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The primary goal is to grow our ability to troubleshoot

engineering problems.

QUICK START

Let’'s do another problem

Example 2: A water mist forms in an industrial printing operation. Spherical
water droplets slowly and steadily evaporate into the air (mostly nitrogen).
What is the rate of evaporation and how does the water concentration vary in

the gas?

2R,

Ver 1
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QUICK START

Example 2: A water mist forms in an industrial printing operation. Spherical
water droplets slowly and steadily evaporate into the air (mostly nitrogen).
What is the rate of evaporation and how does the water concentration vary in
the gas?

N,

Let’s Interrogate
the problem. Ver 1
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QUICK START

Example 2: A water mist forms in an industrial printing operation. Spherical
water droplets slowly and steadily evaporate into the air (mostly nitrogen).
What is the rate of evaporation and how does the water concentration vary in

the gas?
N,
2R,
Why does the water l
evaporate? 00 2~——"

What limits the rate of
evaporation?

What could be done to

accelerate the evaporation? What is the driving physics?

What could be done to slow Can we use any ideas from Ver 1
down the evaporation? previous experience?
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N,

QUICK START

Example 2: A water mist forms in an industrial printing operation. Spherical
water droplets slowly and steadily evaporate into the air (mostly nitrogen).
The evaporation creates a film around the droplets through which the
evaporating water diffuses. What is the rate of evaporation and how does the
water concentration vary as a function distance from the droplet? You may
assume ideal gas properties for air.

N, and H,0

Ver 2
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SOLVE

QUICK START

Example 2: A water mist forms in an industrial printing operation. Spherical
water droplets slowly and steadily evaporate into the air (mostly nitrogen).
The evaporation creates a film around the droplets through which the
evaporating water diffuses. What is the rate of evaporation and how does the
water concentration vary as a function distance from the droplet? You may
assume ideal gas properties for air.

Ny

2R, 2R,

N, and Hy0

Ver 2
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SOLUTION:

QUICK START

N,

Example 2: A water mist forms in an industrial printing operation. Spherical
water droplets slowly and steadily evaporate into the air (mostly nitrogen).
The evaporation creates a film around the droplets through which the
evaporating water diffuses. What is the rate of evaporation and how does the
water concentration vary as a function distance from the droplet? You may
assume ideal gas properties for air.

Nyand H,0

I

2R, 2R,

l

Ver 2

See hand slides
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Ver 2

Assumptions:
* Film surrounds droplet
* |deal gas

» Constant temperature

QUICK START

Example 2: A water mist forms in an industrial printing operation. Spherical
water droplets slowly and steadily evaporate into the air (mostly nitrogen).
The evaporation creates a film around the droplets through which the
evaporating water diffuses. What is the rate of evaporation and how does the
water concentration vary as a function distance from the droplet? You may
assume ideal gas properties for air.

N

2R, 2R,

Solution:
xX4(T)

1—x4

Ver 2

1— x4
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More (and varied)
problems

Continuing...
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