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Special Instructions (if any) :

A dairy homogenizer develops 350 atmospheric pressure in the first stage and 100 atmospheric 5
1. pressure in the second stage. Density and viscosity of milk serum are 1030 kg m -3 and 0.3 cP,

respectively. If the ratio of outer and inner radii ofthe valve seat is 2 and the Reynolds number
for the flow through the valve seat is 2000, then obtain the maximum lift of the valve in the first
stage and the flow capacity of the homogenizer.

2. A cylindrical basket centrifuge has an outer diameter of 30 em, Obtain the maximum allowable 5
rpm, if the centrifuge wall thickness is 5 mm. Densities of milk serum and the centrifuge material
(SS304) are 1030 and 7850 kg m -3, respectively. Maximum allowable stress for SS 304 is 200
MPa.

3 a. What is composition overrun and Churning efficiency? 2

b. Milk flowing in a pipe at a rate of 540 kg h-I is heated from 10 to 60°C. If the mean heat capacity 2
of milk is 3.90 kJ kg-I K-', what flow of heat is required? The heat is provided by hot water
which cools from 75 to 2rC. What flow of water is necessary?

c. Milk is to be cooled from 90 to 15°C at a rate of9.72 t h-'. A single-pass shell and tube heat 6
exchanger with the following specification is available:

Number of tubes 250
Tube length 1.0 m
Internal tube diameter 23.5 mm
External tube diameter 25mm
Thermal conductivity of tube wall IS W mO.'K-'

Chilled water is supplied at 4 "C and is normally discharged at 10°C. From experience it is
assumed that the film heat transfer coefficients for the tube side (water) and the shell side will be
2500 and 3000 W m-2 K-', respectively. Is the exchanger adequate? After some time of operation
the tubes become scaled and a fouling factor of 2 x 10-4 m2KW' can be assumed. What is the
new overall heat transfer coefficient and, assuming that the inlet and outlet temperatures remain
unchanged, what is the reduction in capacity of the exchanger? Take the mean heat capacity of
milk to be 3.90 kJ kg-' K·'.

4 a. Fresh milk containing 11.5% solids is fed to an evaporator, operating under vacuum at 0.30 bar, 4
at the rate of 0.50 kg s-' after being pre-heated to the evaporator temperature. The evaporated
milk leaves with a solids content of 31%. The steam in the calandria is at a pressure of 3 bar.
Calculate the flow rate of vapour leaving the evaporator and the steam consumption.

b. A conventional cyclone with diameter 0.5 m handles 4.0 m3/s of standard air (ug=Lx l X 10-5 3
kg/m-s and Ps being negligible with respect to pp) carrying particles with a density of2500 kg/m'.
For effective number of turns =6, inlet width (b)=0.25 m, inlet height (a)=0.5 m, determine the
cut size of particle diameter.



c. Match the following: 3
Alkaline detergent a butter

II Phosphatase b staphylococci
111 Quaternary ammonium compounds c enzyme
iv Churning d pasteurisation
v Ageing e Phase inversion
VI plasmin f bactericidal

5 a. Calculate the terminal falling velocity of liquid milk droplets of density 1350 kg m-3 faIling in air 5
through the chamber of a spray drier at 227oC. The droplet diameter is 150 urn, At 2270C the
density and viscosity of air are 0.706 kg m-·3and 2.67 x 10-5 Pa s, respectively.

b. It is desired to compute the specific energy consumption and the energy consumption efficiency 5
of a spray dryer for milk, according to the following data:
a. Feed: pre-concentrated milk, 35% w/w dry matter, 30°C, 3600 kglh
b. Product: milk powder, 2.5% residual moisture, 90°C
c. Drying air: ambient air at 22°C, 40% RH is heated indirectly by fuel burners to 180°C
d. Spent air: leaves the dryer at 90°C.
The specific heat of the feed and the product: 3.1 and l.2 kJ/kg. K respectively Heat losses are
negligible. Given: C p of air is I kJ/kg.K

6 a. What is the reason of Initial rise in numbers followed by first-order inactivation in case of a 1+3
microbial inactivation curve?
Draw the inactivation curve for a mixed culture with appropriate labelling and find the final
microbial count.

b. Sealed tubes containing equal numbers of spores of an isolate from a spoiled can of condensed 4
milk were heated for 10 and 15 minutes at lI5.5oC. The survivors were, respectively, 4600 and
160. Calculate the D value. The lag time for heating the tubes to 115.5oC was established in prior
experiments to be 0.5 minutes.

c. For the flash sterilization of milk, a thermal treatment of2 seconds at 131°C is recommended. 2
Calculate the Fo value of the process.


