Calculations of the height of packing (Z)

For dilute mixtures :

Consider mass transfer occur in the column of cross sectional area equal to (S ) ( m* s
containing packing of specific surface area equalto (a), (m*/m’ )-

Specific surface area = total surface area / volume of the column

Total surface area = surface area of one pack * number of packing

Volume of column =S * dZ

Total mass transfer area in height dZ (Interfacial area for transfer)=a .S .dZ
The total no. of moles of (A) transfer per unit area per unit time = N,

Total moles of (A) transfer / time = N, *a * § * dZ

According to Whitman two-film theory:-

Na=Koc (Pa—P," ) ........ (1)

Na *a*S*dZ=Kog (PA-P, )*a*S*dZ ......... (2)

The equation is based on gas phase and is used in calculating the height of the packing
(Z) are applied only for dilute or weak solution which leads to the assumption that Lm

& G are constant through out the solution. Don't forget that the solutions can
Be considered dilute if the mole fraction of the solute in the inlet streams (gas & liquid)
are less than 0.1 (i.e. < 10%). The change in gas composition of (A) through the height

(dZ) equal to (dy,).



Total no. of moles of (A) transfer / time = Nir*a* S *dZ
Na*a*B* AL =G WYx  sesecosces 3)
Gn*dys = Kog (PA—Pi" ) *a*S*dZ ..........(4)

Divide the right hand side of the above equation by (Pr /Py):-

Gn*dys = Kog (Ya=Ya )Pr*a*S*dZ .......... 5)
Z Gm Yap  dya
fﬂ ol = (KOG *Prra* 5) YAT (Ya—Ya )

Integration eq.:-
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Z=(HTU)o * (NTU)oc [Height of packing for dilute solution for gas phase|
Where:- ( HTU) = height of transfer unit.
(NTU) = number of transfer unit.

Koc = is constant depends on the physical properties of gas
and hydrodynamic properties of fluid.

. " Gwp+GBotL
G = constant for dilute solution = | ———— ).

Py = constant, no friction losses.

Ko, Koy = volumetric overall mass transfer coefficient (Kmole/ sec. mole fraction. m® packing).

H.W :- Derive the (Z) equation for liquid phases:-

Z=(HTU)oL * (NTU)o,, [Height of packing for dilute solution for liquid phase].



Summary:-

For dilute solutions:-

For gases ( Overall Mass Transfer):-

Z=(HTU)oc * (NTU)oc [Height of packing for dilute solution for gas phase]

Gm

(HT)oc = G apreavs)

yas  dya

NT = s =
(NTU)og e (a=3a')

For liquids (Overall Mass Transfer):-

Z=(HTU)oL * (NTU)oL [Height of packing for dilute solution for liquid phase]
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For gases (Individual Mass Transfer):-

Z=(HTU)g * (NTU)¢ [Height of packing for dilute solution for gas phase]

(HTU)g = (__G’“__)
Kc*Pr*a*$
yaB  dya

NT = A

Stk (ya - ya)

For liquids (Individual Mass Transfer):-

Z=(HTU), * (NTU), [Height of packing for dilute solution for liquid phase]

HTU) = ()
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The integration of (NTU)g = f FREL N is :-

YAT (YA - yai)

(NTU)e= (

yB - yT (ye - y8) — (y1- ym)
———— ) where (v - v; =
v IO W = o
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Lm x
Notice: 1) = slope of operating line = g: = 13 from ( M. B.).
2) M =slope of equilibrium line = bE oyv) from ( equilibrium data ).

(xB - x71)



Relation between overall and individual mass transfer coefficient

1 1 H .

= + K e (1) (in gas phase)
| G | 1 2, S bes

Eo_u, =& + HRL e (2) (in liquid phase)

Multiply equation (1) by (G, /a.s. Py):-
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(HTU)og = (HTU)g + (HTU), .m.a— .............. (5) (For gas phase)

Same steps can be applied to equation (2) for liquid phase to get :

Lm

(HTU)o, = (HTU),, + (HTU); . it (6) (For liquid phase)

Lm
Where (m Gm) is the absorption factor (A).



