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Chemical Engineering GATE 2016 Solution

General Aptitude

Q.17 Q. 5 carry one mark each.

Q.1  The volume of a sphere of diameter 1 unit is than the volume of a cube of side 1 unit.

(A) least (B) less (C) lesser (D) low
Ans: (B) less

Q.2 The unruly crowd demanded that the accused be without trial.

(A) hanged (B) hanging (C) hankering(D) hung
Ans: (A) hanged

Q.3 Choose the statement(s) where the underlined word is used correctly:
0] A proneis a dried plum.
(i) He was lyingoroneon the floor.
(iii) People who eat a lot of fat goeoneto heart disease.

(A) (i) and (iii)y only (B) (iii) only (C) (i) and (ii) only (D) (ii) and (iii) only
Ans: (D) (ii) and (iii) only

Q.4 Fact: If it rains, then the field is wet.
Read the following statements:
0] It rains
(i) The field is not wet
(iii) The field is wet
(iv) It did not rain

Which one of the options given belowN©T logically possible, based on the given fact?

(A) If (iii), then (iv). (B) If (i), then (iii).

(C) If (i), then (ii). (D)
Ans: (C) if (i) then (ii)

If (ii), then (iv).
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Q.5 A window is made up of aquare portion and an equilateral triangle portion above it. The base of
the triangular portion coincides with the upper side of the square. If the perimeter of the window
is 6 m, the area of the window irf is

(A) 143 (B) 2,06 (C) 268 (D) 2.88

Ans: (B) 2.06
Solution:
side=—=
J3 J336 6 5 ,\03 36 & 365
total area= |-— & +&| = =3 - = 5
4 48 59 % 9 25 Fos 9

Q.67 Q. 10 carry two marks each.

Q.6  Students taking an exam are divided into two groB@EmdQ such that each group has the same
number of students. The performance of each of the stuiteattest was evaluated out of 200
marks. It was observed that the mean of grBupas 105, while that of grou@ was 85. The
standard deviation of groupwas 25, while that of group was 5. Assuming that the marks were
distributed on a normal distribution, which of the following statements will have the highest
probability of beingTRUE?

(A) No student in groug scored less marks than any student in gfeup

(B) No student in grou scorel less marks than any student in gr&up

(C) Most students of grou@ scored marks in a narrower range than students in gtoup
(D) The median of the marks of groéys 100.

Ans: (C) Most students of group Q scored marks in a narrower range than students in group P.
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Q.7 A smart city integrates all modes of transport, uses clean energy and promotes sustainable use of
resources. It also uses technology to ensure safety and security of the city, something which critics
argue, will lead to a surveillance state.

Which of thefollowing can be logically inferred from the above paragraph?

(0 All smart cities encourage the formation of surveillance states.
(i) Surveillance is an integral part of a smart city.
(iii) Sustainability and surveillance go hand in hand in a smart city.
(iv) There & a perception that smart cities promote surveillance.
(A) (i) and (iv) only (B) (i) and (iii) only
(C) (iv) only (D) (i) only
Ans: (B) (ii) and (iii) only

Q.8 Find the missing sequence in the letter series.
B, FH,LNP, _

(A) Suwy (B) TUVW (C) TvxXZz (D) TWXZ
Ans: (C) TVXZ

Q9 The binary oper altbizat(ath), whesea ahdbfaie any tivo read numbers.
The value of the identity element of this operation, defined as the nunsieh thae | x = a,
for anya, is

A 0 B) 1 C) 2 (D) 10
Ans: (A) 0
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Q.10 Which of the following curves represents the funct? = In(Jels® D) or x| < 2n2

Here,X represents the abscissa and represents the ordinate.

1.5

(A) -1.5

(B) =35

-2n -n n 2r

(®)

Ans: (C)

Visit us atvww.thegatecoach.coin NewBatches are starting f€BATE 2017 from Feb %4 March 5"



http://www.thegatecoach.com|/

Chemical Engineering GATE 2016 Solution

Chemical Engineering

Q. 17 Q. 25 carry one mark each.

Q.1 Which one of the following is an iterative technique for solving a system of simwultaneous linear
algebraic equations?

(A) Gauss elimination (B) Gauss-Jordan
(C) Gauss-Seidel (D) LU decomposition

Ans: (C) Gauss- Seidel

Q2 The Laplace transform of & sin(br)is

(A) 'EZ - (B) s—a)
(s—a) +b° (s—a) +b’
(S—a} b
C - ®) :
( ){S—u}'—bg (s=a) -&°
Ans: (A)
Solution:
t oo — b
L{&" sinb} = oo 1 [By first shifting property]

Q3 What are the modulus (?‘) and argument (H] of the complex number 3+41 7

(A) J"=\.E;, 6'=ta_u'1(§] fﬁ)?.:ﬁj H=taﬂ'1[%]

©r=>5, f"=fﬂﬂ"[3} ®) r=5, 9=tan-l[i]
4 3
Ans: (D)
Solution:
r=|4 s/a ¥ 5 and c7=tan‘1§lb 8~-:tan'1 ﬂg
g = 3¢
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Q4 A liquid mixture of ethanol and water 15 flowing as inlet stream P into a stream splitter. It 15 splat
into two streams, Q and E_ as shown in the figure below.

e/

R

The flowrate of P. contaimng 30 mass% of ethanol. 15 100 kg/h. What is the least number of
additional specification(s) required to deternune the mass flowrates and compositions (mass%) of
the two exat streams?

(A0 (B) 1 ) 2 D) 3
Ans: (B)
Solution:
Stream P is splitting into Q & R, hence their composition will be same
Overall masbalance
P=Q+R
Q+R =100 (1)
Doing component mass balance:
Ethanol in P = Ethanol in Q th&hol in R
PX0.3€ X0.3+RX.08
P=Q+R (2)

So it is obviousve cannot use component balance over splitter, so least
parameter required is flow rate of any of 2 exit streams

So,i.e.=1

Q.3 The partial molar enthalpy (mm kl/mol) of species 1 in a binary muxture 1s given by
h; =2 —60x3 + 100x,x3, where x; and x, are the mole fractions of species 1 and 2.
respectively. The partial molar enthalpy (in kI/mol. rounded off to the first decimal place) of
species 1 at infinite dilution 1s

Ans: T 58kJ/ mol
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Solution:
For infinitely dilutesolution of component (1)
X - 0&x- 1
So,hi =2 -60x (1f 400x Ox (B
h.= 58
Q.6  For a flow through a smooth pipe, the Fanning friction factor (f) is given by f = mRe % in the
turbulent flow regime. where Re 1s the Eeynolds number and m 1s a constant. Water flowing

through a section of this pipe with a velocity 1 m/s results i a frictional pressure drop of 10 kPa.
What will be the pressure drop across this section (in kPa). when the velocity of water 15 2 m/s?

(A) 115 (B) 20 (C) 348 (D) 40
Ans: (C) 34.8
Solution: Weknow that
DR _4fng
rg 29d
2
DR _A.r 0V
2d
nar\vd o \2
DR_t¥ _&m 277
DRV arvd 6 .,
Mg~ § -V
o m =
RV
av, 8
DR = E@E{/—z 6 34.8 Kpa
2 Y, 2
Aspirants sc“.llnsnll

6. March 2016
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Q.7 In a cyclone separator used for separation of solid particles from a dust laden gas, the separation
factor is defined as the ratio of the centrifugal force to the gravitational force acting on the paRicle.
denotes the separation factor at a location (near the wall) that is at a radial distdnme the centre of

the cyclone. Which one of the following statements is INCORRECT?

(A) S depends on mass of the particle

(B) S depends on the acceleration due to gravity
(C) S depends on tangential velocity of the particle
(D) S depends on the radial locatiorr () of the particle

Ans: (A) S depends on mass of the particle

Q.8 A vertical cylindrical vessel has a layeeobsene (of density 800 kgAnover a layer of water (of
density 1000 kg/rf). l-shaped glass tubes are connected to the column 30 cm apart. The interface
between the two layers lies between the two points at which theles are connected. The leveis (
cm) to which the liquids rise in the respective tubes are shown in the figure below.

20 A

30 42

Water

The distancexin cm, rounded off to the first decimal place) of the interface from the point at
which the lower Hube is connected is

Ans: 10cm
Solution:
We know that

R=F 1)
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Where
R=r,.0[20 430 X)] f. 9X
=800 39.81 20 (30 x }} 1060 9.8ix
=800 39.81]50 x] 981&x
=392400 - 784& 9818
P =392400 +196X

And

Po=r waterX g X 42
=1000x9.81 x 42

=412 020 Pa.

Putting R and R in equation (1)
412020 = 392400+1962 x
1962 x = 19620

X =1@&m

Q.9 A composite wall is made of four different materials of construction in the fashion shown below.
The resistance (in K/W) of each of the sections of the wall is indicated in the diagram.

Direction of heat flow >

0.25

0.7

Directionof heat flow >
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The overall resistance (in K/W, rounded off to the first decimal place) of the composite wall, in the
direction of heat flow, is

Ans: (A) 3.9
Solution:  Overall resistance =3 + 0.2 + 0.7 = 3.9 K/IW

Q.10 Steam at 10C iscondensing on a vertical steel plate. The condensate flow is laminar. The average
Nusselt numbers are Nand Nu, when the plate temperatures are 4D and 5%C, respectively. Assume

the physical properties of the fluid and steel to remain constant withentemperature range of interest.
Using Nusselt equations for fittgpe condensation, what is the value of the rati@/ Nu.—_?

(A)0.5 (B) 0.84 (C) 1.19 (D) 1.41
Ans: (C) 1.19
Solution: We know that
4 1
Nu=hE 004980 (1" IO K BL 0 0 &7 -r)oh, b
h & M(T-T) gk 6 MK -]
1
Y Nu’ g# 4'3
e~ T) g
S 1 . 1
N’ %(100- 10)A§ N’ 2(1001- 55)A§
. and )
N g Ny g
o 1,..
N% :%i% 9219

Q.11A binary liguid mixture of benzene and toluene contains 20 mol% of benzene. At 350 K the vapour
pressures of pure benzene and pure toluene are 92 kPa

and35kPA NBaLISOGA@Sted ¢KS ] A 0.7 f 0Qa
law. The equilibrium vapour phase mole fraction PAVAVA A
Y
3 : 0.7
AN AP, AN,
1x0.25 .
1+0.25
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(rounded off to the second decimal place) of benzene in contact with this liquid mixture at 350 K is

Ans: 0.396
Solution:
FromRouli Qa f I &
p=x%.H
s spol =P
P ap
Mol fraction of benzene in vapor phagegiven by
- D V 3
Yy, = P _ X3P _ 0.2892 0396

Ap P +xg 02392 68 35
Q.12Match the dimensionless numbers@roup-1 with the ratios inGroup-2.

Group-1 Group-2

i buoyancy force
P Biot number Juoyancy foree

viscous force
internal thermal resistance of a solid

Schmidt b
Q Se — boundary layer thermal resistance

momentum diffusivity

B Grashof number I mass diffusivity
Ay P-IL QI R-III (B) P-1. Q-III. R-II
C©) PILQ-LR-II (D) P-IL Q-III. R-I

Ans: D)PT ILQ T LR T I

Q.13For what value of Lewis number, the waalb temperature and adiabatic saturation temperature
are nearly equal?

(A) 0.33 (B) 0.5 (O] (D) 2
Ans: (C)1
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Q.14 For a non-catalytic homogeneous reaction A — B. the rate expression at 300 K 1s
10C,

1+5C4"
upper limit for the magnitude of the reaction rate (-7, n mol m—*s~!, rounded off to the first
decimal place) at 300 K 1s

-7 (molm™3s71) =

where C, is the concentration of A (in mol/n’). Theoretically. the

Ans: 2
Solution: Upper limit of readbn of reaction rate will be at
Ca= Go
v - =10G  _ G0 -,

A o
1+5C a
A0 C 1

+5
AOE?E;@

O: O

Q.15The variations of the concentrationS4 Crand Cg) for three species (A, R and S) with time, in an
isothermal homogeneous batch reactor are shown in the figure below.

1
E
>~
(@]
E
c
R L R
o
c CR: CS
Q
Q
5
»] CA

0

t(s)

Select the reaction scheme that correctly reprefsetine above plot. The numbers in the reaction
schemes shown below, represent the first order rate constants in unitof s
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(&) (B)
=" 2z
4 V4
X S % S
(C) D)
v 7R ».* R
A/ A/
\ q \ .

Ans: (C)

Q.16 Hydrogen iodide decomposes through the reaction 2HH; + b. The value of the universal gas
constantRis 8.314 J molK %. The activation energy for the forward reaction is 184000 Jixibhe ratio
(rounded off to the first decimal place) of the forward reaction rate at 600 K to that at 550 K is

Ans: 285

Solution:;

From Arheniuslaw,

O

o8k O_E 141
ﬁ{ R T
where T =550 K& J %00 |

ol 018400081 1
ok 2 8.314 F550 600

AnsY k =285k
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Q.17 Match the instruments in Group-1 with process vanables in Group-2.

Group-1 Group-2
P Conductivity meter I Flow
Q Turbine meter I Pressure
R Piezoresistivity element I Composition
(A) P-II Q-1 R-II (B) P-II, Q-III. R-I
(C) P-IIL Q-II, R-I (D) P-II Q-I R-II

Ans: D)PTlLQ T 1,RTII

Q.18What is the order of response exhibited by dulle manometer?
(A)Zero order (B) First order

(C) Second order (D) Third order
Ans: (C) Second Order

Q.19A system exhibits inverse response for a unit step change in the input. Which one of the following
statement must necessarily be satisfied?

(A) The transfer function of the system hatsleast one negative pole
(B)The transfer function of the system has at least one positive pole
(C)The transfer function of the system has at least one negative zero
(D) The transfer function of the system has at least one positive zero

Ans: (D) The transfer function of the system has at least one positive zero.

Q.20Two design options for a distillation system are being compared based on the total annual cost.
Information available is as follows:

Option P Option Q
Installed cost of thesystem (Rs in lakhs) 150 120
Cost of cooling water for condenser (Rs in lakhs/year6 8
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Cost of steam for reboiler (Rs in lakhs/year) 16 20

The annual fixed charge amounts to 12% of the installed cost. Based on theiafooretion, what is
the total annual cost (Rs in lakhs /year) of the better option?

(A)40 (B) 42.4 (C) 92 (D) 128
Ans:  (A) 40

Q.21Standard pipes of different schedule numbers and standard tubes of different BWG numbers are
available in the market. For a pipe / tube of a given nominal diameter, which one of the following
statements is TRUE?

(A)Wall thickness increases with increas both the schedule number and the BWG number

(B)Wall thickness increases with increase in the schedule nuiheidecreases with increase
inthe BWG number

(C)Wall thickness decreases with increase in both the schedule number and the BWG number

(D) Neither the schedule number, nor the BWG number has any relation to wall thickness

Ans: (B)

Q.22Terms used in engineering economics have standard definitions and interpretations. Which one of
the following statements is INCORRECT?

(AVCKS LINPBFAGEFEOAEAGRE YSIFAdZNB WNBGdzNY 2y Ay@SaiyYs

(B)A cost index is an index value for a given time showing the cost at that time relative to a
certain base time

(C)¢ KS-GByNEKa T Ol 2 Nimatdie 8d3t of\ad eqdigmBrik froth the Bst df a
similar equipment with a different capacity

(D)Payback period is calculated based on the payback time for the sum of the fixed and the
working capital investment

Ans: (D)

Q.23India has no elementalulphur deposits that can be economically exploited. In India, which one of
the following industries produces elemental sulphur as golpduct?

(A)Coal carbonisation plants (B) Petroleum refineries

(C) Paper and pulp industries (D) Iron and steel making plants
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Ans: (B)

Q.24Two paper pulp plants P and Q use the same quality of bamboo as a raw material. The chemicals
used intheir digester are as follows:

Plant P Plant Q

NaOH Yes No
NaS Yes No
NaCQ Yes Yes
NaHC® No Yes
NaSQ No Yes

Which one of the following statements is CORRECT?

(A)Plant P and Plant Q both use the Sulfite process
(B)Plant P and Plant Q both use the Kraft process
(C)Plant P uses Sulfite process
(D)Plant P uses Kraft process
Ans: (D)
Q.25Match the industrial processes @roup-1, with the catalyst materials iGroup-2.

Group-1 Group-2
P Ethylene polymerisation | Nickel

Q Petroleum feedstock cracking Il Vanadium pentoxide

R  Oxidation of SeXo SQ [l Zeolite

S Hydrogenation of oll IV Aluminium triethyl with titanium chloride
promoter

(A) PV, QllI, RII, S (B) P, QIV, Rl SlI

(C) R, QlI, R, SIV (D) P, QlIl, RIV, SI

Ans: (A)PTIV,QT LR TI,SiI
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2671 Q. 55 carry two marks each.

Q.26 A set of simultaneous linear algebraic equations is represented in a matrix form as shown below.

0 00 4 13]x] [46
2 55 2 10(x,| 161
0025 3|x|= 6l
000 4 5|x| |30
2 3 2 1 5|[x]| [81]

The value (rounded off to the nearest integer) of X; 1s

Ans: x3=15
Solution:
4x+ 13 x=46
4x+5x%=30

2x%+5%+ 3%=061
By solving we getsx 15

Q.27 2
What 15 the solution for the second order differential equation E;T ;P + ¥ =0, with the imtial
2

cmmmmym¢=5mdﬂi =10 ?

dx|,_,
(A) y=5+10sinx (B) y=S5cosx—S5sinx
(C) y=S5cosx+10x (D) y=5cosx+10sinx
Ans: (D)
Solution:
D’+1=0
D=°

Y =G cos X + £sinx

By using the boundary condition

y=5cosx +10sirx
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Q28  The model y = mx" is to be fit to the data given below.

(1A

yo| 2 3 8

Using linear regression, the value (rounded off to the second decimal place) of m 1s

Ans: 2.55

Q29  The Lagrange mean-value theorem is satisfied for ¥ (x] =x" +5._in the mtmfal(lﬂét] at a value

{rounded off to the second decimal place) of x equal to
Ans: 265

Solution:

f(x)=R+5 Intefidzad]
By applying mean value theorem

TLAL

X=2.65

Q.30 Values of f (I) in the mterval [0, 4] are given below.

x 0[1 [2 [3 |4
f(x) [3]10]|21]36]55

Using Simpson’s 1/3 rule with a step size of 1. the numernical approximation (rounded off to the
4

second decimal place) of I f (Jr}dx 15
)

Ans: (A) 94.67

Solution:
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A =J}(x)dx

2T {(Vo* Yok AYr+ Yo+ Voood) + 2002+ Vit Yot ..}

Puth=1a=0,b=4
Yo=3, =55, =10,p=21, y = 36,

Q.31 A jacketed stured tank with a provision for heat remowval 1s used to nux sulphuric acid and water 1
a steady state flow process. H,5Q, () enters at a rate of 4 kg/h at 25°C and H,O (/) enters at a rate
of 6 kg/h at 10°C. The following data are available:

Specific heat capacity of water = 4.2 kT kg 'K

Specific heat capacity of aqueous solution of 40 mass% H,S04 = 2.8 kJ (kg solution) ™ K.

Assume the specific heat capacities to be independent of temperature.

Based on reference states of HoSO4 (1) and H;O () at 25°C. the heat of mixing for aqueous solution
of 40 mass% H,SO, =— 650 kJ (kg H,SO4)™.

If the mixed stream leaves at 40°C, what 1s the rate of heat removal (1n kJ/h)?
(A) 1802 (B) 2538 (C) 5702 (D) 6458

Ans: (A) 1802
Solution: At steady state energy balance equaticem be written as:
Energy IN; Energy OUT = heat solution + energy removed

Y Energy removed heat of solution + energy OWdTenergy IN

We have:
Heat of solution =- 650kJ X 4koH SO = 2600&]
kgH, SQ h s
Energy out =10 kg solutior? Lk‘] 40 25K 42(59
kg solutionOK h

2.8kJ é&]
Energy In 6 k o —— 925 10K H
ay gH kg H, OOK g ) h
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Sq Energyemoved
=- 2600 + 378 + 420

=- 1802ﬁJ
h

Energy removed = 02 %]
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