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Instructions: Answer any FIVEquestions. All questions carry equal marks. Make reasonable assumption,
wherever necessaryby declaring the same clearly.

1. Total solid in orange juice is to be increased from 17% to 22% in the first effect, 22% to 26% in
the second effect and 26% to 29% in the last effect of a triple effect evaporator. Feed rate to
the first effect is 350 kg h -1.Obtain the quantity of line steam to be mixed with vapour coming
out of the second effect for thermal vapour recompression and steam economy. The
evaporation temperatures in the three effects are 85°C (0.58 bar), 73°C (0.35 bar) and 60 °c
(0.20 bar) with efficiencies ell e2and e3being 0.95, 0.86 and 0.89, respectively. The temperature
gradient across the evaporator walls are 10°, 12 0 and 13°C, respectively. Also obtain the ratio
of expansion vs. compression enthalpy differences in recompression. There are fifteen tubes in
the first two effects each and twenty tubes in the last effect. The tubes are of 3 cm ID and 4 m
length. Calculate the overall heat transfer coefficients for each effect. [4+3+3J

2. A spray dryer is fed 60 urn actual diameter spherical droplets of 50%TSskim milk. The droplets
are to be of only 8%moisture content on wet basis upon exhaust from the spray dryer. Obtain
the droplet drying time basedon heat transfer principle only. Density of droplet at the inlet of
the dryer is 1075 kg m -3and the same for dried powder is 790 kg m -3.Use NNU= 2 + 0.6..{ii;;
~ and properties of dried air at 180°C are: p = 0.78 kg m -3, Cp= 1.043 kJ kg -1 K-1, k = 0.033
W m -1 K-1and ~ = 2.3 x 10 -5 kg m -1S-l. Wet bulb temperature of drying air may be assumed as
48°C.

3. Minimum fluidization velocity in a fluid bed finish dryer was estimated to be 0.16 m s -1. If the
agglomerates are of mean diameter of 500 urn and air properties at 60 I>Ctemperature are: p =
1.05 kg m -3,Cp;; 1.01 kJ kg -1 K-1, k;; 0.030 W m -1 K -1 and J.l = 2.0 x 10 -5 kg m -1s-\ then obtain
the drying time for the agglomerates from 8% moisture content on wet basis to 2% moisture
content on wet basis.Bulk density of the powder is450 kgm -3. Usethe folJowing relationship:
Emfh ( )067 2.876 0.3023 _ _-c-'- NPr . = -- + ---0:35' Bedvoidage IS to be taken as 35%and the agglomerates are at
P pVmf NRe NRe
a temperature of 50 0c.

4. (a) Determine the collector area for a domestic solar water heater delivering 180 litres day-1hot
.water at 6rC. The average available solar radiation intensity is 5 kWh m-2and the ambient air
temperature is 20°C.Assume the collector efficiency to be 40% and specific heat of water as
4.18 kJ kg-1K-1.
(b) Discussabout circulating magma vacuum crystallizer with a neat labeled sketch.
(c) Calculate the overall heat loss coefficient of a 80 mm thick flat plate collector with the
following information: Top loss coefficient is 6.2 Wm-2K-1,back and edge insulation thicknesses
are 42 mm and 18 mm respectively, insulation conductivity is 0.035 Wm-1K-1,collector bank
length and width are 7.5 m and 2.5 m respectively.
(d) Define sensible heat factor and state its significance with respect to air conditioning
system. If the sensible heat factor for a cooling and dehumidification process is 0.75, then find



out the slope of the process line. [2.5x4=10]

5. (a) Enlist different ways of achieving supersaturated solution with regard to nucleation by the
help of a neat labeled solubility diagram.
Explain the nucleation drive in terms of Gibb's free energy and derive the expression for critical
sizeof a newly formed crystal during the processof nucleation
(b) An evaporator-crystallizer is to produce 13,000 kg dry salt h-1from a feed solution having
200" NaCI. The salt removed carries 200" of its weight of brine containing 27% NaCI (all
compositions in wt%). Calculate the feed rate in kg h", [7+3=10]

6. (a) Discussthe different type of oil fractions and pore structures encountered during deep fat
frying of potato with the help of schematic sketch.
(b) A meatloaf (moisture content=85%; density=1020 kg m-3) in the form of an infinite slab is
frozen in an air-blast freezer from an initial temperature of 10°C to a required final frozen
temperature of -18°C. The convective heat transfer coefficient is 40 Wm-2 K-l and the air
temperature is -40°C.The initial freezing temperature is -1.8°C. The thermal conductivity and
specific heat of the frozen meat is 1.5 Wm-ll("l and 1.9 kJ kg-ll("l, respectively while the specific
heat of the unfrozen meat is 3.4 kJ kg-1K-1.Calculate the time for freezing the meatloaf using
Pham's method. [4+6=10]


