11/2/2024

Mass Transfer

Fall 2024

Lecture #3

Dr. Haydar Aljaafari

Molecular Diffusion

c) Diffusion through varying path length Nl

A is diffusing through a constant cross-sectional area, Jiladl e WEM PSS I
component B is non-diffusing, and A level is changing with time. sl 5 Vs () sy GEUSNT i+

B aslae aladil jloie s asbea ) Ay LAY o

Notes

* Adiffuse in Stagnant B (N = 0)

* The Cross section area is constant
Z;- Z, , L
* The surface level of is changing with time
p * The diffusion is starting from the surface
A
~ — * P4 = P (Point 1is the Surface)
Att=0sec Att =ty sec * Py =0
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Molecular Diffusion
c) Diffusion through varying path length
For Non-diffusing (B) (N = 0)

DAB( Py ) Ppa—Pyq

N,=— .
4 R.T \Ppy) (22 -2y)

Z is changing with time (t)
Time can be found from N4

NA=CA.uA

CA_—WhenAlsGases v Ca=

u, = is the velocity of the molecules of A = %

N,=-Pa_  4__ DAB Pt \ Pp2—Pm
A7 Mwe,* at Pgm) (22 -Z1)
0]

Z; - Z,
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Molecular Diffusion
c) Diffusion through varying path length

For Non-diffusing (B) (N = 0)

Pa az _ DAB( Py ) Paz—Pyg1
’ Ppu/) (Z2-Z1)

lets put Z,—Z, =72

Pa az DAB( Py ) Pp2—Pgq

MWty dt  RT \Pgu/)' 2

t
— Py . [ dt

_Pa_ (% =_ Dap( Pt
MWtA'onZdZ R.T \Pgy Paz

This equation is used to determine the time required
to drop the level of liquid to a certain height

Att= tf sec
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Molecular Diffusion

Example 8: A small diameter tube closed at one end was filled with acetone to within 18 mm of the top and
maintained at 290 K with a gentle stream of air blowing across the top. After 15000 sec, the liquid level fell to
27.5 mm, the vapor pressure of acetone was 21.95 kPa, and the atmospheric pressure was 99.75 kPa. Calculate
the diffusivity of acetone in air. Given: the density of acetone is 790 kg/m?3 and the molecular weight of acetone
is 58 kg/kmol.

Solution

Pa Dpp [ Pt ty
—Pa_ =— AB(L) Py — Py 18
MWtA fn dZ RT <PBM> PAZ PAl fo dt | mm
27.5mm
2 2
_Pa (% _ Zi\_ _ Dap( P _
MWtA‘<2 2) R.T<P3M>'PAZ Pai -ty

2
_ _pa Z_f _z (_ &)
MWty : 2 ) ty Pi.(Pg2—Pa1)
=
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Molecular Diffusion

Example 8
Dan = —PA Z_;% _Z5 _ R.T.Ppy
AB MWty "\ 2 2 ty P.(Pg2—Pa1)
Mwt= 58 kg/kmol ; pa =790 kg/m?3
P, = 99.75 kPa; T=290K B
R =g314 KPaxm3 /—\'
kmolx K D
Z,=18 mm = 0.018 m; Z;=27.5mm =0.0275m
ty = 15000 sec 18 mm

Py =21.95kPa; P, =0kPa; >

— v 27.5mm

—_— . — . v
PBl_Pt_PAll PBZ_Pt_PAZ'
A
Pay = PTZP;Bl 88.321 kPa =
n—-
PB1

D = 1.9 *107° m?/sec
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Molecular Diffusion

Example 9: A Metal tube of (3mm) diameter is filled with toluene up to (18mm) from the top. Toluene
diffusing in air which passes across the top of the tube. The temperature is 40 °C and the pressure is (0.95 atm).
The vapor press of toluene is 200 mm Hg. Calculate the time required drop the toluene level by 3 cm. Given:

Toluene Mwt is 92 kg/kmol, toluene density is 0.86 gm/cm3, D4p =0.086 cmz/sec.

Solution
B
pa_ (Zf - _ Dap( P — U
o [ 7 a7 =~ P () Py = Pay )t —
[18mm
2 < >
pa Zf _Z5\_ _ Da( P _
MWty (2 2) RT (Hm)'PAZ Par -ty ‘ 30 mm
oot (Do) (- ke ) n
f~ mwey\ 2 2 ) Dpp Pt.(Pa2—Pa1)

Molecular Diffusion
Example 9
t,— _Pa Z_? _Z _ R.T.Ppy
P~ mwey o\ 2 2 [ Dgp -P¢.(Pa2—Pa1)
Mwt= 92 kg/kmol ; pa = 860 kg/m?3
P, = 0.95 atm; T=313K
atm * m3
R =0.082 Kmolx K 5
Z,=18 mm = 0.018 m; Z;=18+30 mm =0.048 m G
P4y = 29— 0.26 atm; P4, =0 atm; —
760 18 mm
Pgy = Py — Pyy; Pgy = P — Pyy; -
Pam = “22,7B1= 0.81 atm ‘ 30 mm
nEB2z
PB1 -
D g = 0.086 cm?/sec = 0.0000086 m?/sec A
90486 sec —
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Molecular Diffusion

d) Diffusion through varying area

following.

The cross - sectional area varies with Z (the direction of diffusion) such
as sphere sublimation, diffusion in conical container.

In the previous cases N4 was assumed constant because the area of
diffusion is constant. For the varying cross-section area, we will use the

Ny = % Where N4 is not constant; and N, is constant at steady state

aylad)

Llas 8 alud o

bgha A L) .

Molecular Diffusion
d) Diffusion through varying area

- Diffusion in a conical container
Diffusion of A in non-diffusing B

. —_ Dag (P dP,
47" R.T \Pgy) dz
No __ Dup (P dpP,
area R.T \Ppy/) dZ
— (% 4z D P Paz
N = 148 < t ) dp,
7, area R.T \Pgu) Jp,,

Area is changing with Z, so we need to correlate them

. d?

area =

total diameter at any heigh

d=d1+2m
K(L-2)
d=d;+2 L—

D,

__ (& dz
N*‘f ( i+ ZK(L Z))

TTRT

g
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HW 4: Due date Saturday, Nov 2nd

Q1 An open conical vessel is filled with water up to 1 cm from its top, as shown in the figure below.
Calculate the time required to drop the level to 2 cm from its top, given that the diffusivity of water in air at
25°C & 1 atm is 0.256 cm? /sec, and the vapor pressure of water at 25 °C is 0.0313 atm.

2cm 20 cm 2cm

I~

Q2 Solve Q8 and Q9 and check the final results

>




