CP302 Separation Process Principles

Mass Transfer / Set 3 

1. (Diffusion of A through non-diffusing B) There is a 2 mm thick layer of water on the floor of a room. The water vapourizes and diffuses through a stagnant film of air of estimated thickness of 2.5 mm on the water surface. Under the condition of evaporation, the water temperature is essentially equal to its wet bulb temperature. If the ambient temperature is 28oC, calculate the time required for the water layer to disappear completely for the following cases: 
(a)
The ambient air has a relative humidity of 60%.

(b)
The floor has microspores and water penetrates the floor at a constant rate of 0.1 kg/m2.h, and the ambient air has the same humidity as in part (a).
Read the wet-bulb temperature from the humidity chart and calculate the vapour pressure of water using the Antoine equation given below. The diffusivity of water vapour in air is 0.2201 cm2/s at 1 atm and 0oC. Vapour pressure, pv (in bar), of water is given by: ln(pv) = 13.8573 – 5160.2/T, where T is the temperature in K.   

Solution: 
(a)
Calculate the time required for the water layer to disappear completely when the ambient air has a relative humidity of 60%.


[image: image13.bmp]
The temperature of the water film is the wet-bulb temperature. For air of 28oC dry-bulb temperature and 60% relative humidity, the psychrometric chart may be used to obtain the wet-bulb temperature which is 22.5oC. 

The given case corresponds to diffusion of water vapour (A) through a 2.5 mm thick stagnant layer or film of air (B) which is non-diffusing. The temperature in this gas film varies from 22.5oC at the water-air interface to 28oC at the other end of the film. So we take the mean film temperature in the calculations as (28+22.5)/2 = 25.2oC = 298.2 K

The steady-state flux of water vapour through the air can therefore be calculated using equation (18) from Lecture notes ppt - Set 1 as follows:
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The diffusivity of water vapour in air at 1 atm and 0oC as 0.220 cm2/h. Binary gas diffusivity is proportional to T1.75 at constant pressure (from Lecture notes ppt - Set 2). Therefore, diffusivity at 298.2 K will be the following: 





DAB = (0.2201 cm2/s)(298.2/273)1.75
=   0.2567 cm2/s

Vapour pressures in the bulk air (pA2) and at the interface (pA1) can be calculated as follows: 





pA2  = 0.6 x vapour pressure of water in the bulk air 

Using the Antoine equation, the vaopur pressures can be calculated as follows: 
Vapour pressure of water in the bulk air at 28oC:  



ln(pv) = 13.8573 – 5160.2/T = 13.8573 – 5160.2/(273+28) =  -3.2862



     pv  = exp(-3.2862) = 0.03739 bar

Vapour pressure of water in the water-air interface at 22.5oC:  


ln(pA1) = 13.8573 – 5160.2/T = 13.8573 – 5160.2/(273+22.5) =  -3.6053



     pA1  = exp(-3.6053) = 0.02718 bar

The steady-state flux of water vapour therefore becomes the following:
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The amount of water per m2 on floor area  
= (2 mm) (1 m2) = 0.002 m3 = 2 kg

Time for complete evaporation
=  2 kg/m2 / 3.623x10-5 kg/m2.s = 5.52 x 104 s = 15.3 h
(b)
Calculate the time required for the water layer to disappear completely when the floor has microspores and water penetrates the floor at a constant rate of 0.1 kg/m2.h, and the ambient air has the same humidity as in part (a).


The combined rate of loss of water by penetration in the floor and by vapourization




= 0.1 kg/m2.h (penetration) + 3.623x10-5 kg/m2.s (vapourization)




= 0.2304 kg/m2.h

Time for disappearance of water
=  2 kg/m2 / 0.2304 kg/m2.h = 8.68 h

2. (Calculation of flux and velocity) Ammonia (A) diffuses through a stagnant layer of air (B), 1 cm thick, at 25oC and 1 atm total pressure. The partial pressures of ammonia on the two sides of the air layer are 0.9 atm and 0.1 atm, respectively. Air is non-diffusing. DAB = 0.214 cm2/s. Calculate the following: 
(a)
The molar flux of ammonia.

(b) 
The velocities of the convective and diffusive fluxes of ammonia with respect to a stationary observer. 

Solution: 

(a)
Calculate the molar flux of ammonia.

The given case corresponds to diffusion of ammonia (A) through a 1 cm thick stagnant layer of air (B) which is non-diffusing. The temperature is 25oC, total pressure is 1 atm, and partial pressure are given as 0.9 atm and 0.1 atm. DAB = 0.214 cm2/s. The steady-state flux of ammonia through the air can therefore be calculated as follows:
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(b)
Calculate the convective and diffusive fluxes of ammonia with respect to a stationary observer. 

The velocity of the convective flux of A in B can be given (by equation (10) from Lecture notes ppt - Set 1) as follows:
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At the end where the partial pressure is 0.9 atm, 
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At the end where the partial pressure is 0.1 atm, 
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The velocity of the bulk motion can be given (by equation (11) from Lecture notes ppt - Set 1) as follows:
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since B is non-diffusing. 
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3. A test tube, 1.5 cm in diameter and 12 cm tall, is partly filled with a solution of alkaline pyrogallate. The depth of the empty space above the solution is 5 cm. The temperature is 25oC and the total pressure is 1 atm. Air may be assumed to contain 21% oxygen (A) and 79% nitrogen (B). DAB is taken as 0.21 cm2/s. Alkaline pyrogallate readily absorbs oxygen and nitrogen is virtually insoluble in it. Calculate the rate of absorption of oxygen (in mol/s) from air in alkaline pyrogallate at steady state if air flows gently over the open end of the test tube. 
Solution: 

The given case corresponds to diffusion of oxygen (A) through a 5 cm thick stagnant layer of air (B) which is non-diffusing. The temperature is 25oC and total pressure is 1 atm. Partial pressure of oxygen at the open end of the tube is 0.21 atm and it is zero at the liquid surface.  DAB = 0.21 cm2/s.

The steady-state flux of oxygen through the air can therefore be calculated using equation (18) from Lecture notes ppt - Set 1 as follows:
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Rate of absorption of oxygen by the liquid = NA (area of diffusion)

Area of diffusion 
= π (0.015/2)2 m2 
Therefore, rate of absorption of oxygen by the liquid 




= (0.00405 mol/m2.s) (π (0.015/2)2 m2)
= 7.16 x 10-7 mol/s
4. A reagent bottle containing 3 kg of iso-propanol is accidentally dropped on the floor of an empty room adjacent to a laboratory causing a spill of the entire liquid. The liquid quickly spreads on the floor of the room (3 m x 4 m, 3 m high), and starts vapourizing. Although the temperature of the vapourizing liquid will be lower than that of the ambient air, for simplicity it may be assumed that both are at the same temperature, 27oC. The pressure is 1 atm. Two exhaust fans are switched in immediately after the spill to ventilate the room. It takes 5 minutes for the liquid to vapourize completely. If it is assumed that the concentration of iso-propanol in the air of the room remain small (because of efficient ventilation), and the alcohol vapour diffuses out from the liquid surface through a stagnant film of air, calculate the thickness of the air-film. 

Data provided: Vapour pressure of iso-propanol at 27oC is 0.065 bar and its diffusivity in air is 0.0995 cm2/s.  Molecular mass of iso-propanol = 60. 

Solution: 


The given case corresponds to diffusion of iso-propanol (A) through a δ m thick stagnant layer of air (B) which is non-diffusing. The temperature is 27oC and total pressure is 1 atm. Partial pressure of A on one end of the air layer is 0.065 bar and it is zero on the other end. DAB = 0.0995 cm2/s.

The steady-state flux of oxygen through the air can therefore be calculated using equation (18) from Lecture notes ppt - Set 1 as follows:
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Mass of A evaporated
= 3 kg = 3000/60 mol = 50 mol
Area of evaporation 
= 3 m x 4 m 
= 12 m2 

Time of evaporation 
= 5 min 
= 300 s
Therefore, rate of evaporation of A is given as follows:



NA = 50 mol / (12 m2 x 300 s) = 0.013888 mol/m2.s
Combining the above two, we get the following:



δ = (2.67995 x 10-5 mol/m2.s) / 0.013888 mol/m2.s) = 0.001929 m = 1.93 mm
Source: Chapter 2 of Dutta BK, 2007, Principles of Mass Transfer and Separation Processes, Prentice-Hall of India (Pvt) Ltd.
RH = 60%; T = 28oC
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