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PROCESS EQUIPMENT DESIGN & PLANT UTILITIES

frgifa a9 . A ER) : [ATtremem 37 : 70

Time allowed : Three Hours] [Maximum Marks : 70

P () ¥YHFH I E, AT H @ Fee g F I o 1
Note : Question No. 1 is compulsory, answer any TWO questions from the remaining.
(ii) Yo% F9 F G 7T F) FHAR U G §F Hord |
Solve all parts of a question consecutively together.
(iii) ¥ F97 F1 79 Y8 8 IRE FIfd |
Start each question on fresh page.
(iv) g1 91Tt 7 1= g7 #1 3 7 A srqare @ A= 2 1

Only English version is valid in case of difference in both the languages.

1. (a) T 3usmn & vt @i -
Draw symbols of following equipments :
(i) TA-fedara

Non-Return Valve
(i) & TEEER
Heat Exchanger
(iii) TETger
Reboiler
(iv) 3riTfea e
Orifice Meter
(v) i

Venturimeter (1x5)
(10f4) P.T.O.
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(b) T % fore wefiemtor / Trey ferfgu

Write equations / relations for following :
(i) 3THE HicH & foTT w7 v FeF Y IETS AT TOMAT GHiHT
Equations to calculate steam and water requirement for distillation column.
(i) HTUT& NTU &1 391 HTd U 39 e h1 S8 1 93
~ Formula for height of packed tower using HTU & NTU.
(i) Teferfarferdt aderor o1 war areadf & 7 Twemsw |
What is meant by feasibility survey ? Explain. (242%3)
(c) (i) e et < foTT Foau™ U wTedt e frfam |
Write material and énthalpy balance for distillation column. 3

(i) T-aTeT WSROl UF UGN W Hitwe e forfgw |

Write brief note on storage and treatment of raw water. ®
(iii) ¥fFa 6 ATEe a yehR W witrw e fafeu |
Write short note on size and types of packings. ' (7%)

2. U IS # 5000 kg/hr T 10% WR a1, 997 91a1 R | 61 40 °C W R TF 40% ¥R
ferct oeh @ fee fopan 91 @ | W T € 1.03 kg/em? 8 | W WY 3 SRYAVSE 9
€ W IUSA 2 | MY 1 GG T 134 °C 2 | G €2 TEH N 1500 Keal/hr m?-C
? | T SRR

() & TR STH
(i) W9 HAET
fafir= arasrnl W aTS wE ga & fore wrenedt arfeRd f €
a9 °C e Kcal/kg
91 ad
40 61_3.5 46._5 )
100 639.2 100.0

134 651.4 134.4
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An evaporator is to be fed with 5000 kg/hr of solution containing 10% solute by weight.
The feed at 40 °C is to be concentrated to a solution containing 40% by weight of
the solute under an abs. pressure of 1.03 kg/cm?2. Steam is available at an abs. pressure
of 3 atm; saturation temperature 134 °C. The overall heat transfer coefficient is
1500 Kcal/hr m?-C. Calculate :
(i) Heat transfer area
(1) Steam required
Enthalpy data at various temperatures for liquid and vapour are as below :

Temp. °C Enthalpy Kcal/kg

Vapour Liquid
40 613.5 40.5
100 639.2 100.0
134 651.4 1344

17)

3. U Had ArEE e feas form s R, Tt 350 om-wiver /e Y @ @ frsor 400
YR 911 T 60% W 3 1 qug-Jureh e e } | 2 3erg F 979 wR A=l T
SlieH 3G H 98% WR ey 2 | ReTed 31T 3.5 2 | e 39% F9eis W2 |
(a) T el T TEAT A HIT |
(b) ¥ TS Hiew Iearg i AT Hiet |
A=A T IR 78, e T AR 92
x 0 0100 020 030 0.40 050 0.60 0.70 0.80 0.90 1.0
y 0 0185 036 050 0.61 0.70 0.78 0.84 090 0.95 1.0

A continuous fractionating column is to separate 350 g-mole/min. of a binary mixture
containing 40%w benzene & 60% w toluene. The top product contains 97%w benzene
and bottom product contains 98%w toluene. A reflux ratio of 3.5 and feed is at b.p.

(a) Determine No. of ideal plates
(b) Calculate the moles of overhead and bottom product
Mol. Wt. benzene 78, Toluene 92
Eqbm data are as follow :
x 0 0100 020 030 040 050 0.60 0.70 0.80 0.90 1.0
y 0 0.185 036 0.50 0.61 0.70 0.78 0.84 0.90A 095 1.0
a7
P.T.O.
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4, T 1-1 forotia yaE Wit wE T e THES A SR T (C, = 4.2 kI/kgK) B 450 °K
¥ 350 °K % 300 °K 9 <A (cp=4.2kJ/kg-K)ﬁéng%|9ﬁam;xﬂn@ﬂﬁ1
foRm /4. G @ vaTRa Bt & wE e Afert F 5 fopm /. it A yanfea @ 1 @ o Aot |
e giaet Y- ReR—E I 1000 W/m2K TE 1500 W/m?K & | TTOrHT <1 :
(a) ¥ gt AHt
(b) afe vaTE HElesia € dt &Fwet § Wi TREdT

In a 1-1 counter flow shell and tube heat exchanger a process stream (C »= 4.2 kJ/kg-K)
is cooled from 450 °K to 350 °K using water at 300 °K (Cp = 4.2 kJ/kg-K). The process

stream flows on shell side at a rate of 1 kg/sec. and water on tube side at a rate of 5
kg/sec. If the heat transfer coefficients on shell and tube side are 1000 W/m?K & 1500
W/m?K respectively. Find :

(a) Heat transfer area

(b) Percent change in area if flow is co-current an

5. Ygiferm sEed Hiem A T N9 Rl H,S $ F15[1 0.03 Kmol H,S per Kmol fifera
TREIHTE N 1 3 1% 7 B B & | 59 1w 7.79 . I3 e, TEA foems &
JURNT R ST R | TSI 300 °K A1Y Ud STYAUSEd g W EeTford @ | W W

Kmol H,S Kmol H,S
Y=2X Y=Rmolinert gas - Kmol Solvent
97 Fetrers 2t i i e & e et fremaeh # 0.013 Kmol H,S/Kmol Solvent 2 |

a1t ifSra aeEe | 1 0.015 Kmol/m? sec &, T &l Hid A HIfGRHE< K,
Y 7T IS |

Gas from a petroleum distillation column has its concentration of H,S reduced from
0.03 Kmol H,S per Kmol inert hydrocarbon gas to 1% of this value by scrubbing with

TEA solvent in a counter current tower of height 7.79 metre operating at 300 °K and

atm. pressure. The eqbm. relation is
Kmol H,S Kmol H,S

Kmol inert gas X= Kmol Solvent
Pure solvent enters the tower and leaves containing 0.013 Kmol H,S/Kmol Solvent. If

Y=2X Y=

the rate of inert hydro carbon gas is 0.015 kmol/m?2-sec. Calculate overall mass transfer
coefficient K. an



