- Ref. No. : Ex/PHARM/T/325/2019
Naine of the Examination: B. PHARMACY THIRD YEAR SECOND SEMESTER - 2019
Subject : PHARMACEUTICAL ENGINEERING -1 Time: Three hours |

'Full.r Marks 00 : '

. Answer any five ‘questions taking atleast two questions from each group.)

Gr‘oup A
Ql (a)(iy Derlve the expresswn ef Rate of heat flow by conduction through a metallic cylinder .

: [(11) A cylmdrlcal pipe of- neghglble :th'ckness contammg a hot fluid at 150" C -and having an euter
- .diameter of 0.4 m is insulated with. thiree layers &f each 60/ mm thick fngulation of thermal conductivities
of ki-=0.02 kg—O 06, k=0.16 WimK. (starting from’ inside). The out51de surface temperature is 30°C.
-Determxne (1) heat loss by conduction per- umt length of pipe. and (ii) intetface temperature of msulatmg

layers :

R Calculate the overall heat transfer coefﬁments based on both inside and outsude areas for the follewmg
caSes

Case (i): water at 10°C flowingin a cendenser tube (msuie dlameter D1w0;'6-2. inch, thickness of tube
aO 065 mch) and saturated steam at 105°C condensmg on the outside. '

h1"-12 YWim® °C, ho= 14 KW/m? "¢, km=120W/m *C.

‘Case (if) Benzene eondensmg at atrnosphenc pressure (80 C) on the outs1de wall of a stee] plpe
(outs1de diameter, Do=1. 315 meh thickness of tube =0.133 inch). and air at 15°C flowing within the
pipe at 6 m/s. hi=20 KW/in? 7 C, ho=1200 kW/m’ °C

and km=45 W/m . C.
Marks (34-'5)+(t6+6) _

Q2.(a) An aqueous solution of NaNO3 (M. W 85) 1s fed to.a contmuous crysta.lltzer at a rate of

15000 kg/hr ‘The solution is cooled from 90 to 40°C. "The coohng agent is water. Loss of water
from feed due to evaporation in the crystallizer is 3% of the feed solution. Determine the

" quantity of heat (kilo watt) that must be w1thdrawn by the eoollng agent ' '

Data: -

- Mass fraction: of NaNO3 in feed (xF), mother (xL) 11quor and crystal (xc) are 0. 5763 0 5111 and "™
0.5941 respectively.

- Heat capacity of feed solutlon (cp) 2469 57 J/kg K Latent
‘heat (A) of Vaporlzauon of water 2345000 Jkg
Heat of crystalhzauon of NaNO3 the) = 248235 3 I/kg

. Solve by mass balance techmque




-+ wviscosity of 11 poise and- & density ‘of 80

" agitating liquid i in both baffied and unb:

| Na3P94 at temperature 298 K- 15°13:42%, and the rate»of product--fermatten .1s 0. 063 per second
‘The mean heat capacity of the solution is 3.2 k¥/kg K and the heat of crystallization is 146.5

- klkgof crystal, If cooling water eniters and leaves at 288 and 293 K respectlvely, and the overall

heat transfer coefficient is 0.14 kW/m?K. What length of crystalhzer is requlred‘? Area of heat
transfer per one meter fs one square megter.
Selve by mass balance techuigire.

Marks 10+10

. @B, (a) Discuss va:rtous effects of system geometry (shape factors )on power number (Np) or power
requn'ement :

(b) A tank 1.2 min, dtameter and 2m hxgh whlch IS ﬁlled te a depth of 1 2 m. w1th a l1qu1d hang a
, Hot of dismieter 360 s i fnstalled in the
ator retates at 800 rpm What are the powst requirement for
Ted tanks fitted with (iypropeller (a—l T.b=1 8) and: (11) turbme
(a=1, b=40) type 1mpellers‘7 Selve by graphlcal plettmg of. leg log graph papers. ‘

tarik 360 mm from the bottom . The

‘-Data for Propeller mtpellor ' f, ' ' o Data for Turbine type impellor

N 250 1400 | 107 _2*‘1;03‘ 0 [Ne [ 200 ]300 [10° 3107 [ 107 .
| Unbaffled,Np {095 | 0.9 |08 |07 |06 | UnbaffledNp |37 |38 |27 175 |14

 [Baffled,Np_[095 0.9 |09 {09 [09 | Baffled, Np 37 138 |45 153 |6

Marks 4+ 8*2 '
Q4. Wrtte short notes on.any fuur of the fellowmg; ' )
{i)Meirs Supersaturatlon theory,(u) cakmg of crystal durmg storage (111) L 2 Heat exchanger
(iv) Vortex in liquid mlxmg, (v) Rlbb'on blender, (vi) Turbine nn—pellor_sy_stem. )
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GROUP-B B
- (Use graph paper if required) -

A 6% aqueous solutxon ofa. h1gh molecular welght solute has to be concentrated to 35%
in a forward-feed double effect evaporator at the rate of 8000 kg.h"'. The feed temperature
is 40°C. Saturated steam at 4.5 kg.cm™? is available for heating. A vacuum of 600 mm Hg
is maintained in the second effect. Calculate the area requirements, if calandna of equal
area are used. The overall heat transfer coefficients are 650 and 470 kcal.h™'m °C*! in the
first and the last effect respectively. The specxﬁc heat of the concentrated liquor is 0.84
kealkg'eC, . [20 marks]

a. A material is crushed.in a Blake jaw crusher such that the average size of particle is

b.

-

reduced from 40 mm to 10 mm with the consumption of energy of 13.0 kW/(kg/s).
What would be the consump‘uon of energy needed to crush the same materlal of average
size 75 mm to an average size of 25 mm:

a) assuming Rittinger’s law applies?

b) assuming Kick’s law applies?

Which of these results would be regarded as being more reliable and why?

The screen analysis shown in the table-1 below, applies to a sample of crushed quartz.
The density of the particle is 3000 kg/m?, and the shape factor are a=1.5, and ®=0.6.
for the material between 4-mesh and 200 mesh in particle size, calculate a) Aw, and Nw

b) DV c)v Ds d) DW )_-N,. for the 150/200 mesh increment. f) What fraction of the

total number of particles is in the 150/200-mesh increment?

Write short on any three: a. Ball Mill, b. RoHer Mill, c. Hammer Mill, d. Fluid Energy
Mill.

If crushing rolls, 1m in diameter, are set so that the crushing surfaces are 12.5mm apart
and the angle of nip is 31°, what is the maximum size of particle which should be fed
to the rolls? If the actual capacity of the machine is 20 per cent of the theoretical,
calculate the throughout in kg/s when running at 3.0 Hz if the working face of the rolls
is 0.4 m long and the bulk density of the feed is 2500 kg/m>. [5+10+3+2=20 marks]

a. Answer any three
Explain the advantages and disadvantages of the following:
i. Cyclone Separator
ii. Dynamic Scrubbers
iii. Short-Tube Vertical Evaporator
iv. Gasketed Plate Evaporator
b. Derive the design equation of filtration. Using Sperry correlation derive the
condition at constant pressire and incompressible sludge. Drive the filtration time
cycle




¢. A quartz mixture having the screen analysis shown in the table-2 below is screened

through a standard 10-mesh screen. The cumulative screen analysis of the overflow

and underflow are also provided. Calculate the mass ratios of the” overﬂow and
underflow to feed and the overall effectiveness of the screen.

- [4x3=12 44 —20 marks]

a. An evaporator is used to concentrate 5000 kg/hofa 15% solution 6f NaOH in-
water entering at 65°C:to-asproduct of 55% Solids. The pressure of the saturated
steam used is 25 psia and the pressure in the vapour space of the evaporator is 12

~ kPa. The overall heat transfer coefficient is 1600 W/m? K. Calculate the steam
used, the steatti economy m kg vaponzed/kg steam used, and the heatmg surface
aréa in km?:-

b. Designa liguid Ilqu1d gravxty separalor whlch can'handle a two phase hquld stream
of 0.5 m*/min. The feed contains 45% by Volume of light phase and 55% by volume
of a heavy phase. Densities of light (p1) and’ heavy phase (pr) are 900 and 1150
kg/m” respectively. Required settling time of light phase is 5 min while the settling
time for heavy phase is 4 min. __ ) .. [10+10=20 marks]

T T A
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Figure. 1 Duhring lines for aqueous solutions of sodium hydroxide.




Figure.2 Enthalpy -éoncentratioﬁrchart for the system NaOH water.




