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PCCH 4303

Fifth Semester Examination — 2011

PROCESS EQUIPMENT DESIGN (OPEN BOOK)
Full Marks —70

Time : 3-Hours

Answer Group — A which is compulsory. Any two from Group — B
and any two from Group - C.
~ Proper assumptions may be taken if necessary.
The figures in the right-hand margin indicate marks.
FOLLOWING BOOKS ARE ALLOWED :

1. PROCESS EQUIPMENT DESIGN - M V JOSHI

2. CHEMICAL ENGINEERING VOLUME-VI - COULSON AND RICHARDSON
3. INDIAN STANDARD CODE (IS: 803-1976)

4. STEAM TABLE

5. DATA TABLE (APPENDIX- PROCESSS HEAT TRANSFER - D Q KERN)

Group-A
1. Answer the following questions : 2x10
(i)~ Which materials are used for cladding and bonding for low cost materials ?

(ii) Is the corrosion allowance necessary, if no then when and if yes how
much ?

(i) Which standards are used for steel and plate or strips used in storage
tank construction ?

(iv) What are the different types of reactor used in chemical industries? -

(v) Why rotary dryers are operated in slightly inclined position ? What is
the job of lifting device (flights) inside the rotary dryer ?

(vi) Differentiate between weeping and dumping in plate tower.
(vii) What is channeling and how to minimize it in a packed tower?

(viii) Which are the lower limit and upper limit for distillation operation in
Mc-Cabe Thiele graph ?
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(ix) Name the different parts of hair pin heat exchanger.
(x)  When backward feed is employed in multi-effect evaporators ?

Group - B
2. Design a storage vessel with column supported Roof.
Data:
Tank diameter 18m
Tank height 12m
Sp. Gr. of liquid 1.0
Material Carbon Steel (structural)
Permissible stress- 142 N/mm?
Density 7.7
Modulus of elasticity 2105 .

Use only 40 mm, 10 mm, 8 mm, 6 mm and 5 mm standard plates for this

purpose. Design :

(a) Shell

(b) Bottom

(c) Column supported roof 15
3. A methanol (A)-water(B) solution containing 50 wt % methanol at 26.7°C is

to be continuously rectified at 1 std. atm. pressure in a sieve tray distillation

column, at a rate of 5000 kg/hr to provide a distillate containing 95 wt %

methanol and a residue containing 1.0 wt% methanol. Feed is saturated liquid.

The distillate is totally condensed to a liquid and the reflux returned at the

bubble point. A reflux ratio of 1.5 times the minimum will be used. Vapour

velocity Tm/sec will be used. Overall tray efficiency 60% can be taken. Boiling

point of methanol is 65°C.
03 0. E : 7 |08 [09 |10
067 |073 Jo75 [0.77 [081 086 [092 [10 |

Equilibrium data :

[x [00 |01
[y |oo [os7
Calculate :
(a) Height of the tower
(b) Diameter of the tower
(c) Number of actual plate used 15
4. Crude oil at the rate of 150,000 kg/hr is to be heated from 20°C to 57°C by

heat exchange with the bottom product from a distillation unit. The product at
129,000 kg/hr is to be cooled from 146°C to 107°C. There is available a

0.2
0.56
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tubular exchanger with steel tubes with an inside shell diameter of 23'Zin,
having one pass on the shell side and two passes on the tube side. It has

3
324 tubes, Zin 0.d., having BWG 14, 12ft long arranged on a 1in square pitch

and supported by baffles with a 25% cut, spaced at 9in interval. Would this
exchanger be suitable i. e. what is the allowable fouling factor ? Comment on

your answer. The average properties are 15
Product (outside the Crude (inside the
tube), “hot” tube) “cold”
C&kJ/kg °C 2.20 1.99
i, cP 5.2 2.9

867
0.119

825

p, kg/m?
k, W/m °C

A double effect calendria type evaporator has to concentrate 10,000 kg/hr of
caustic soda solution from 9% to 47% solids concentration by weight. For this
purpose backward feed is used. The feed enters the evaporator at 36°C.
Process steam at 7 kg/cm? (g) is available and in the second effect a vacuum
of 65cm Hg is maintained.

Calculate the heating surface area needed for each evaporator when the
areas of both the evaporators are within 10% range. Both the evaporators are
identical. )

Calculate the height and diameter of the evaporator. Also calculate the
number of tubes, down-take diameter (down take area is 50% of total tube
cross sectionalarea)

Data : tube 0.d.=1.25 in, length of tube =1.5m, pitch =1.25d,, (square pitch)

Group - C

Draw a neat diagram of distillation column (plate tower), showing all the
necessary accessories. 10
Draw a neat diagram of Absorption tower (packed tower) with specifications.

10
Draw a neat diagram of 1-2, shell and tube heat exchanger (fixed head),
showing all parts with specifications. 10
Draw a neat diagram of single effect vertical tube evaporator with specifications.

10
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