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Q.1(a) A feed of 500 kg aqueous solution of acetone containing 50 mass% acetone(C) has 

been extracted with 400 kg of chlorobenzene(B) containing 0.5 mass% acetone in 
a mixer-settler unit, followed by separation into extract and raffinate. The solute 
concentration in the raffinate is found as 0.236 mass fraction. The weight of 
extract and raffinate phases are 600 kg and 300 kg, respectively. Calculate the 
percent of acetone extracted. 

[3] 1 3 

Q.1(b) A 2000 kg/h of meal containing 26 mass% oil(C) has been extracted with 2100 
kg/h of benzene(B). The final underflow leaving the countercurrent cascade 
contains 0.015 mass fraction of oil and 0.3175 mass fraction of solvent. The 
solvent benzene has 0.005 mass fraction oil in it. The overflow is solid free. 
Compute the mass fraction of overflow leaving the cascade and the number of 
ideal stages required by using Ponchon-Savarit diagram. The equilibrium data are 
given as follows: 

YC ZV' XC ZL' 

0 0 0 2.030303 

0.1 0 0.100119 1.978546 

0.2 0 0.20047 1.940035 

0.3 0 0.300376 1.891009 

0.4 0 0.399831 1.817695 

0.5 0 0.5 1.751789 

0.6 0 0.600214 1.679528 

0.7 0 0.700104 1.61233 
 

[7] 1 3 

     
     

Q.2(a) A wet solid of 28% moisture is to be dried to 0.5 % moisture in a tray dryer. A 
laboratory test shows that it requires 8 hrs to reduce the moisture content of the 
same solid to 2 %. The critical moisture content is 6 % and the equilibrium 
moisture is 0.2 %. The falling rate of drying is linear in the free moisture content. 
Calculate the drying time of the solid if the drying conditions similar to those in 
the laboratory test are maintained. All moistures are expressed as percent of 
bone-dry mass of the solid. 

[4] 2 3 

Q.2(b) A granular wet solid is taken on a tray (1 m × 0.6 m) and dried in a stream of hot 
air (120 oC; humidity = 0.02 kg/kg dry air; velocity, u = 4.5 m/s). The initial 
moisture content of 28% (dry basis) is to be reduced to 0.5 %. From laboratory 
tests it is known that the critical moisture content is 12% and the equilibrium 
moisture is negligible. The falling rate of drying is linear in the moisture content. 
If the solid loading (dry basis) is 35 kg/m2, calculate the drying time. Assume 
that the air flow is large, and its temperature drop across the tray is small. 
(Assume that the heat transfer and drying occur at the top open surface only) 
Given: / 0.80.0204( )ch G , TW = 41.5 oC, saturation humidity at 41.5 oC = 0.0545 

kg/kg dry air. 

[6] 2 4 
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Q.3(a) Why natural draft cooling towers are in hyperbolic shape? Mention the advantages 
and disadvantages of forced draft cooling tower. 

[1.5+2.5] 2 2 

Q.3(b) A cooling tower is to be designed to cool water from 45 oC to 30 oC by 
countercurrent contact with air of dry bulb temperature 30 oC and wet bulb 
temperature of 25 oC. The water rate is 5000 kg/m2.h and the air rate is 1.3 times 
the minimum. Determine the tower height and wet bulb depression if the 

individual gas-phase mass transfer coefficient (
/
Yk a ) is 5700 kg/m3h ( /Y ). The 

volumetric water side heat transfer coefficient is given by 
0.510.059L Sh a L G , 

in Kcal/m3h K, where L and Gs are mass flow rates of water and air (dry basis). 
Absolute humidity and Enthalpy at DBT= 30 oC & WBT= 25 oC is 0.019 and 78.7 
kJ/kg. 
Antoine Equation: ln ( ) 11.96481 3984.923 /( 39.724)v

AP bar T    

 

[6] 2 5 

Q.4(a) i) Compare physical and chemical adsorption. 
ii) Describe the steps involved to determine the number of stages needed for a 
cross-current adsorption. 

[2+3] 3 2 

Q.4(b) i) Mention the assumptions and equation of Langmuir isotherm.  
ii) In a desulphurization unit of natural gas H2S is adsorbed on ZnO bed. H2S 
adsorbed on ZnO bed as 0.25 kg/kg of ZnO at partial pressure 20 kg/cm2 and 0.85 
kg H2S/kg ZnO at partial pressure 200 kg/cm2. Assuming Langmuir isotherm is 
applicable, find the amount of H2S (in kg) adsorbed on 100 kg ZnO bed at partial 
pressure 50 kg/cm2. 

[2.5+2.5] 3 2, 4 

     
Q.5(a) A salt solution weighing 10000 kg with 30 wt% Na2CO3 is cooled to 293 K. The salt 

crystallizes as decahydrate. 
i)What will be the yield of Na2CO3.10H2O crystals if the solubility is 21.5 kg of 
anhydrous Na2CO3/100 kg of total water if no water is evaporated? 
ii) What will be the yield if 3% of total weight of the solution is lost by evaporation 
in cooling? 

[5] 4 3 

Q.5(b) Illustrate the mechanism of electrodialysis and reverse osmosis. Cite their 
industrial applications. 

[5] 5 2 
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