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Please read each of the following instructions carefully before attempting questions.
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1. There are 08 (eight) questions in all, out of which FIVE are to be attempted.
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2. Question Nos.1 and 5 are compulsory. Out of the remaining SIX questions, THREE are to be
attempted selecting at least ONE question from each of the two Sections I and II.
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3. All questions carry equal marks. The number of marks carried by a question / part is indicated
against it.
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4. Answers must be written in legible handwriting. Each part of the question must be answered in
sequence and in the same continuation.
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5. Assume suitable data, if necessary, and indicate the same clearly. Unless otherwise mentioned,
symbols and notations carry their usual standard meanings.
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6. Neat sketches may be drawn, wherever required.
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7. Attempts of questions shall be counted in sequential order. Unless struck off, attempt of a question
shall be counted even if attempted partly. Any page or portion of the page left blank in the Answer
Booklet must be clearly struck off.
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7. Re-evaluation / Re-checking of answer book of candidate is not allowed.
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Data: (R = 0.0821 liter-atm/mol-K = 8.3145 J/mol-K = 8.2057 m’-atm/mol-K) |

. ()

(b)

(©)

(d)
(2)

(b)

(©)

(d)

- ()

(b)

(c)
(d)

SECTION-I
HTATT-

Heat flux at the surface of an electric heater is 5000 W/m?”. The heater temperature is 140° C
when it is cooled by surrounding air at 60° C. What is the average heat-transfer coefficient?
What will be heater temperature if the power is reduced to 2000 W/m?. (10)

The gas having 0.02 moles/mole dry gas of impurities is to be cleaned to remove 95% of the
impurities by using a pure solvent. Determine minimum solvent required per mole of dry gas.

The equilibrium data are as following:- (10)
X 0.0111 0.0406 0.0811 0.1236 0.1905 0.2500
Y 0.0012 0.0043 0.0083 0.0122 0.0179 0.0225

What are differential and cumulative screen analyses? How does the particle-size distribution

of fines behave?

Discuss frequency response of a PID controller with help of Bode diagram.

(10)
(10)

Udh Tolfdsd BleX HI Ide TR ST BT Tl 5000 W/m> 2 | 99 60°C TR d18¥ &I gaT 9
3usT fhdT ST BT 2 Al BIex &I diIAE 140° C 2| 3 HSIGROT [0 a7 BRT? EIex
BT ATGHE T 8N IfS 2Ifd TeT B) 2000 W/m® B & ST | (10)

U I TS JufHsor &1 /a1 0.02 Hiel Ui diel &b A 7, F 95 % 3(ufdsror &1 A,
P g [Aas & TN ¥, R e Yg PR & | U Al aedsd <Aad [Aads &

AT S0 HRY | ArITERe] SIel 39 UK T | (10)

X 0.0111 0.0406 0.0811 0.1236 0.1905 0.2500

Y 0.0012 0.0043 0.0083 0.0122 0.0179 0.0225
R Td REfelfed ol gRT fa&Ivor @1 8l 8° dRI$ $Yl &bl fdavvl f6d JaR
BT BT B | (10)
Jre—3Meld &I FEIdT | Nense! s & gfed ufafhar o1 w9y | (10)
Describe various properties used for characterization of membranes. (10)
With neat diagrams, discuss two types of supports, one for vertical vessels and another for

horizontal vessel. (10)
Discuss basics of e-NTU method of design of a heat exchanger? (10)

Discuss characteristics of a pump. How are these useful while selecting an appropriate pump?
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forfoeral (F9ie) & aefiareT & o) ugad fafs=t Jon &1 9uie S | (10)

oo I @ ¥8dl 9 &1 UBR & IMYURI, T Ieder 9 TORT Afasl difgdl & for), &1
quie HRY | (10)

ST AR & Aifdeds @ e-NTU faf & smemya Rigeidr @ ==t wR3 | (10)

o ) ARl &1 goid SR | v S o9 & g1a 4§ 3 fHd JbR Fe-d o7
(10)

It is desired to measure pressure in a tank, for data acquisition purpose. Describe a suitable
device. (10)

Describe construction and operation of a crystallizer. How to control crystal size in it?  (10)
Describe the construction of any extraction column with help of a sketch. (10)

Water is pumped to roof of a building at a height of 10 m. It is flowing in a pipe (length 10
m) with internal diameter = 55 mm with velocity 0.8 m/s. If £=0.004, estimate the power of
the pump. The efficiency of pump is 30%. (10)

TICT Uha R Dl GiC ¥, Yeb Tl H Td AU B 3MaeIhall 27 [l b I IuDhRT
HT qU HRY | (10)

fohee eI SUBRYT BY GRAAT TG BIIYS BT IuiF B | 399 fohved & AR BT
foa yeR T wa €7 (10)
Uh Weo o &l A8dl 9 BT U shyu1 IUBRT BT IARIAT Td BIRIYTl b g
P | (10)

STl BT 10 HIex $d TP ¥d= &I Bd IR U fhar ST I@8T 8| I8 Uh 55 Aelier 3ndRa®
NI dTel UTSY (SHTs 10 Hex) # 0.8 Hiex Ul Adhvs &I 9 | ydrfed &1 <& 2 afe
£=0.004 81 o7 U9 &F Ifdd BT 70T BRA | T7 B eTHAT 30 TAerd B | (10)

A gas diffuses across an air film of 0.001 m thickness. The partial pressure of the gas on one
side of the film is 0.075 atm and zero on the other side. Estimate the rate of diffusion if the
total pressure is 0.2 atm. The diffusivity of gas is 1.0 x 10 kg mol/m”s. (10)

With the help of stress-strain behaviour of a metal, explain ultimate strength and elastic
behaviour. Can it be used to know about brittle nature of the material? (10)

What is reverse osmosis? Give few applications of reverse osmosis. What are its limitations?
(10)
Draw block diagram for a feed-back control of second order system with PI controller.

Transfer function of control element is K,/(zs+1). Give its closed loop transfer function.

(10)
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Tdh I 9 B 0.001 Hiex AT fhen # SIS @1 J@ 2| 19 @ i I@ e 3R
0.075 atm 3R I YA AR 7 | fAER0 & R @1 701 BRI AT Bl @ 0.2 atm &7 |

T B RIS 1.0 x 10 kg mol/m’s B | (10)

g & TH— & JGeR B ARl ¥ AcchHe UMM T gARed JdeR FHsISY | a1

S99 YT & WIR BF & WG BT Ul Il o ° (10)

T IRTARYT @RI BT 27 fAud WNRY & R ISRl RH | 396! R W 87
(10)

fgda ooft &1 ufhar & PI fFo=ve gRT Wieds fFa=or & ol <-4y |
Heldd YelHe BT SFAHR HaRM K /(w5+1) B | SAPBT Fallos od SFAHR HaRM darsd |

(10)

SECTION-II
ATATT-11

Discuss importance of biomass gasification. What are main constituents of gas produced by
anaerobic fermentation of agricultural waste? (10)

What is effectiveness factor for a catalytic reaction? How does it vary with Thiele modulus
for an isothermal reaction? (10)

A natural gas has the following composition: (10)
CH4 (80%); C,Hg (12%); C,Hg (1%)
How many m’ will be occupied by 80.0 kg of the gas at 9°C and 600 kPa?

Discuss the behaviour of pure gases with the help of PV diagram. (10)
IR BRI & Hew @l ol HRY | (Y Al UlRTe & fargdy fhvad § I
N & = a1 57 (10)
IART TAfHAT BT gATRAAdT Hharex FT BT ©° I8 FAAT AAfhar 7 ofiel Arger &
e fh gapR aRafdd gar 87 (10)
U ~gRel N & J&g 3qYd [ § |

CH4 (80%); C2H6(12%); CzHg(l%)

9°C 3R 600 kPa TR 80.0 fohum T faba v+ier STE oRAf1? (10)
TE—3ITT (PV) & &1 Feraar 9 € ¥l & FaeR &l 94l Bivy | (10)
Calculate adiabatic flame temperature for complete combustion of methane. (10)

Air is in 50 % excess of required amount. Standard Heat of combustion of methane at 298 K:-
1559.9 kJ/gmol. Molar heat capacity (J/(gmol.K) of methane, oxygen, nitrogen and water
vapour are given below.

CH,: 34.31+5.4869x10T+0.3661x10°T>-1.1x10°T>
N»: 29.0+0.2199x1072T-0.5723x107°T%-2.87x10°T>
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0,: 29.10+1.158x10T+0.607x10°T>+1.31x10°T>
CO>: 36.11+4.233x107T+2.887x107°T>-7.464x10°T*
H,0(g) : 33.46+0.688x107T+0.760x 10 T>-3.59x10°T°

Give Maxwell’s equations? (10)
Which factors should be considered to prepare plant layout, at the stage of plant design? (10)
With help of a neat sketch, describe the working of cyclone separator. (10)

AT & Tl g8 & ford Ufeamdfcsd Sarar a1 o &R | (10)

IRy BT AT AEAID AET W 50 Uferd 3Afde 2 298 K O WR S8 Bl HAMD HWAT -
1559.9 kJ/gmol B | MRS, TSSO d S aT &1 AR AT &1RaT (J/(gmol.K) =
EUKIERSY

CHy: 34.31+5.4869x107T+0.3661x10°T%-1.1x10™T°
Na: 29.040.2199x107°T-0.5723x10°T*-2.87x10™°T

05: 29.10+1.158x107°T+0.607x10°T*+1.31x10°T?
CO,: 36.11+4.233x107°T+2.887x10°T>-7.464x 10 T°
H,0(g) : 33.46+0.688x107°T+0.760x10°T*-3.59x10°°T°

Frgdol FHART forfRay | (10)

e o o 89T fhdl wiic &7 odise g9 § fhd el R faar fhar orar 87
(10)

Th W o & A8l | A [OUed (FIRER) ®1 BRIV &I auie HIfvH |
(10)

What is Portland cement and how is it classified? Explain the manufacturing of Portland
cement using a neat flow sheet. (10)

For a pulse input into the vessel the following output signal was obtained:

t,s 1 3 5 7 9 11 13 15
C4, mol/lit 0 10 12 15 15 10 2 0
Determine the average residence time. (10)

A plant involves Rs.20,00,000 and Rs.5,00,000 as fixed investment and working capital
respectively. Annual expected income and expenditure are Rs.10,00,000 and Rs.5,00,000
respectively. A return of minimum of 20 % before income tax (33%) is required for a feasible
investment.
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Determine (1) annual percent return before and after income tax (ii) minimum profit required
per year before income based on capital recovery with minimum profit. (10)

Which facilities should be available to fight fire hazards in a chemical process industry? (10)

Urdels WAFe @1 BT ® U9 s¥ o yeR aiffgd fear S 27 ue wee o @
TEIAT ¥ $9d Scared 3 Ay &1 9oi= iy | (10)

U qIfgdT ¥ Ued Y & ford 7 1 Riee urd g4 |

t, ADUE 1 3 5 7 9 11 13 15

C,, AT / lTeR 0 10 12 15 15 10 2 0

AT Nole~T 9 31 B | (10)

UEh NG e # Rer e @ik wriefiar goil 99t % 20,00,000 Ud % 5,00,000 2 |
e SUfeTd o Td ¥ HHY: ¥/ 10,00,000 UG % 500,000 2| R e & foR
MR (33 UFeId) & 9d o &H & HH 20 FRerd g1 aTy |

ST BRI (i) qTS URTRIT o™ SIAR & Yd Ud 9ard (i) F1aa @™ W Yol &f a¥gell

® IMUR W, AIR & Yd B H HH IMUfET aiiiies o | (10)

IR MifIe & e & fordy faoet gidemall &1 87 =nf2a? (10)
What are recycle and purge? Why are these used in industry? Substantiate your point through
example. (10)
Draw a neat flow diagram for coal based ammonia production plant. Give operating
conditions. Which grade of coal is preferred for this plant? (10)
Describe vapour compression cycle. (10)
A plug flow reactor (PFR) and a completely stirred tank reactor (CSTR), are arranged in a

series. Reactant (inlet concentration, C4y=1) enters in the PFR, the outlet of which enters the
CSTR. The reactor system is used to carry out a process with rate equation, -r,=2.4 C,4. Find

the allowable residence time if the conversion is 96%. (10)
Imafre @R ool T BT 87 ST H §9dT AR T fhar S 27 e fammRi @l
SeTERY gRT g @Ifor | (10)
PIIS TR IMITRT IMAAT & IR AU BT Udh W@eo [0F q18Y | AMRfST gRRedt
(BUSITE) IR | 39 HIF H fHH UBR & DRI BT YART BT FATd BT ? (10)
qIe HUTed (BRINF) Agdhe & g HRY | (10)

UH W Ul 3fWdHE (PFR) Ud U gUi fAads iffeHe (CSTR) o # ol €|
AMABRS (IRMH AT=dl, Cyo=1) PFR #§ TdT Tl & STaf A dd & 98 CSTR H waer




BT © | JAWBHD YoTell H B9 dTell UfhdT Bl &R B AHBRY -,=2.4 C4 & | Tla gl
96 Uferd &1 dl Wi Yoie 9T 1 Bk | (10)
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