SNS COLLEGE OF TECHNOLOGY, coIMBATORE-35

DEPARTMENT OF MECHANICAL ENGINEERING, 19MEB302/ Heat and Mass Transfer —
UNIT V - MASS TRANSFER
Topic - Convective Mass Transfer —Pipe flow

In a mass transfer spray column, a houd 15 sprayed mte a gas stream. and mass 13
transferred between the hqud and gas phases. The mass of the drops that are formed

from a spray nozzle i1s considered a finchon of the nozzle diameter. acceleration of

gravity, and surface tension of the hquid agamst the gas, flwd density, flmd viscosity,
flmd velocity, and the viscosity and density of the gas medmm Amange these vanables

n dimensionless groups. Should any other vanables have been mcluded?

Note: surface tension has a umt of force per umt length or

Solution:
1. Identify the important variables in the svstem
The mmportant vanables are:m, d. g, 0. py, 15, V. pge Mg

1. List all the problem variables and parameters, along with their dimensions

Cuantity | Dimensional expression
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The mmnber of dimensionless sToaps = mumyber
dimenssons

The mnmmber of dimenszionless groups =9 —3=4§
3. Choose a set of referemce variables

of variables — mumber of findamendal

[n thi=s case the reference vamables will e d. W and o

d — L

V=L;t

F3¥

Ay = MJFL

4 Saoblve the dimensiomal equoations for the dimensions: (I m and t) im terms of the

reference variables

L=d4d
£t=d;V
M = pd*

£, Wrnte the dimen=iomnal equations for each of the remaining variables in terms of

the referemce variables

In term= of the reference vamables

Chaaniiny Thmencional expression
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6. The resunlimz eguabons are each a dimenzional identity, so dividimg ome =3de by
the other resolts: in one dimemsionlbes: eroop from each egquation
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Dry amr, flowing at a velocsty of 1.5 m's, emters a 6-m- long, 0.15-m-diameter tube at 310
E and 1013 x 10° Pa The mper suriace of the mbe 5 Imed with a felt materal
diameter-fo- roughness ratio, % of 10,000 that is confimeusly saturated with water at

290 K. Assumimg comstant temperaturs of the air and the pipe wall, determine the exit

concentration of water in the ext ms stream

Civen that:
Diffusivity of waterin air at 30K = 26 x 107
Kinematic viscosiry of air at 300 . = 1.569 x 10 5“7‘
The vaper pressurs of water at 00K =175 mm He
The gas constant = 0,08206 ~=—

el K

The Fanning friction facter is given by: f = 0.00791 Rets2

Soluton:

Y

By makmg material balance on water over a control volums of air of a thickness Ax
Water mput with air + water transferred to air from the wall by convection = water out

with ar
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Take the lomits as Ax approaches mero
dea _ 4 ke
dx —a ¥ S
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d = 15 m 1_-:1__5;
L=6m Cy, = O(dry air)
. Pe _ 143 _ e k. =777 [om anlogy)
Ca = HT — 00BI06 = 290 0 oo melfL

From Chilton — Caolthom analozy-

::'- P ) p— £
w,or . T =
F = DLD7F91 Re=z
Ve 1.5 » 015
Be—m— =22 5434 10S

v~ LE55T = 10-=

F =07 el (L4434 = 1071 = LOFZEE

- L - - L
€= D Dam . ZE=10= - 0603
i;'{n.anz]*ﬂ = ""—M;M
k.
= 3
Substinite in eguation (1) we can get ¢,, — 0.716 mol/L
MNotes aboat this problem:

a) If the eguation f = QLOO791 K™ is pot given. the ficton factor can be obtained
from Moody chart by using the valoe of the given surface rounghmess.
by The diffusion coefficient may be not ziven. In this cass you have to wuse the
Hischielder equation to caloulats it
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