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Instructions: Answer any FIVE questions. All questions carry equal marks. Make reasonable 
assumptions with clear declaration, wherever necessary. 

Ql. For a centrifugal pump operating with vane angle of 50 °, obtain the theoretical total head, 
pressure developed and power consumed, if rpm of the priming motor is 1440 at a discharge 
volume of 150 L min -l of water (density 980 kg m - 3

). The exit diameter of vane is 12. 5 em 
and the vane width is 5 mm. Assume no pre-rotation of flow. [5+3+2] 

Q2. In a cross flow heat exchanger used in a water tube boiler, 10 m 3 s - 1 inlet flue gas 

temperature is 900 °C. Boiler steam is generated at 180 °C temperature at the rate of 5000 kg 

h - 1
• If overall heat transfer coefficient is 13 7 W m - 2 K - \ then obtain the exhaust gas 

temperature and the heat exchanger surface area. Air properties are given as: 

Temperature (0C) 300 400 500 600 700 
Density (kg m - 3

) 0.617 0.524 0.457 0.404 0.362 
Specific heat Capacity 1.0465 1.0688 1.0912. 1.1148 1.1365 
(kJ kg - l K - I) 

[6+4] 

Q3. (a) Explain the importance of material balances in food processing plant. [2] 

(b) Sugar beet contains 76% of water and 17.5% of sugar. Of the remaining material, 22% is 
soluble and 78% insoluble. Calculate the sugar content of the expressible juice assumed 
to contain water and all soluble solids pro rata. [4] 

(c) The beets (with composition as in 'a' above) are to be extracted by addition of water equal 
to 80% of their own weight. After mixing the water, the soluble constituents get evenly 
distributed throughout the water present. Assuming that the beet cells (insoluble) after the 
extraction have the same quantity of water associated with them as they did in the original 
beet, calculate the percentage of total sugar extracted and the percentage of total sugar left 
in the beet residue. [ 4] 

Q4. a) Draw a neat flow diagram of a Modern Rice Mill showing various operations performed in 
parboiling, drying and milling sections. [2] 

b) Draw the layout of appropriate equipment needed in the above rice mill. [ 6] 

c) In a modern rice mill, polished rice delivered by the final polisher contains 710 kg polished 
head rice, 235 kg big brokens and 55 kg fine brokens. A plansifter is used for separating 
the fine brokens and an indented cylinder grader for removing the big brokens. Analyzing 
the effectiveness of grain flow through the two machines as well as the energy 
consumption involved, recommend whether the plansifter should be placed before or after 
the cylinder grader. [4] 



QS. a) Discuss various designs of plenum chambers used in grain dryers. [4] 

b) Detennine the height of a bucket elevator for feeding paddy to a recirculatory PHTC dryer 
with holding capacity of 500 kg (at 14% m.c., wb). Process/dryer parameters are as 
follows: 

Ambient air 32 °C; 
Grain moisture content Initial- 33% wb; 
Grain temperature Inlet- 30 °C; 
Heated air temperature 75 °C 
Exhaust air temperature 42 oc 
Latent heat of water vapour 600 kcal/kg 

74%RH 
Final- 14% wb 
Outlet - 42 °C 

Specific heat (kcal/kg-0C) of: a. Grain: 0.4; b. Air: 0.24; c. Water vapour: 0.45 

Thickness of grain bed to be dried: 20 em 
Bulk density of paddy at 14% MC: 600 kg/m3 

Diameter of the plenum chamber : 120 em 
Diameter of dryer 40 em 
Angle of repose 45° 
Angle of conical portion of plenum chamber : 45° 
Hopper angle 50° 
Diameter of grain outlet 15 em 
Distance between top of dtyer and top of plenum chamber: 15 em 
Drying time 3 Ius 

Calculate the quantities of air and saturated steam for heating the air. 

Q6. a) Explain Mohr stress circle and Mohr rupture envelope. 

[6] 

[2] 

b) Describing the stresses and forces in granular solids, derive an expression for the angle of 
internal friction of the grains. · [ 4] 

c) A packed absorption tower 1.82 min diameter and 15.24 m high is to be filled with grains. 
Compute the vertical and lateral pressures at the base caused by the grains. Compare with 
the pressure that would be exerted by a liquid of the same density. Bulk density and angle 
of repose are 580 kg/m3 and 33° respectively. [4] 




