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SECTION - A GENERAL APTITUDE
Q.1 “You are delaying the completion of the task. Send contributions at the earliest.”
(a) you are (o) your
(c) you're (d) yore
Ans. (b)
Q.2 References : : : Guidelines : Implement (By word meaning)
(a) Sight (o) Site
(c) Cite (d) Plagiarise
Ans. (c)
Q.3 In the given figure, PQRS is a parallelogram with PS=7 cm, PT=4 cmand PV =5 cm.
What is the length of RS in cm? (The diagram is representative.)
7cm
5cm f
4 cm 90/ x
"/
20 28
(a) Ea (b) 5
9 35
© 3 @ 3
Ans. (b)
Area of parallelogram = Base x Height
So, 4x7 =5xx
28
X = —cm
5
Alternate Method:
7cm
0 /T
5cm
4 cm 90°/ x
90°
M /
e 5.4
sin 6 = —=—
_ 8
= X = 5 cm
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Q.4 In 2022, June Huh was awarded the Fields medal, which is the highest prize in Mathematics.

When he was younger, he was also a poet. He did not win any medals in the International
Mathematics Olympiads. He dropped out of college.

Based only on the above information, which one of the following statements can be
logically inferred with certainty?

(a) Every Fields medalist has won a medal in an International Mathematics Olympiad.
(o) Everyone who has dropped out of college has won the Fields medal.

(c) All Fields medalists are part-time poets.

(d) Some Fields medalists have dropped out of college.

Ans. (d)

Q.5 A line of symmetry is defined as a line that divides a figure into two parts in a way
such that each part is a mirror image of the other part about that line.

The given figure consists of 16 unit squares arranged as shown. In addition to the three
black squares, what is the minimum number of squares that must be coloured black,
such that both PQ and MN form lines of symmetry? (The figure is representative)

P N
M Q
(@ 3 (b) 4
() 5 (d) 6
Ans. (c)
P N
M Q

End of Solution
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Q.6 Human beings are one among many creatures that inhabit an imagined world. In this
imagined world, some creatures are cruel. If in this imagined world, it is given that the
statement “Some human beings are not cruel creatures” is FALSE, then which of the
following set of statement(s) can be logically inferred with certainty?

(i) All human beings are cruel creatures.

(i) Some human beings are cruel creatures.

(iiiy Some creatures that are cruel are human beings.
(iv) No human beings are cruel creatures.

(@) only (i) (o) only (iii) and (iv)
(c) only (i) and (ii) (d) (i), (ii)y and (iii)
Ans. (d)

End of Solution

Q.7 To construct a wall, sand and cement are mixed in the ratio of 3 : 1. The cost of sand
and that of cement are in the ratio of 1 : 2.
If the total cost of sand and cement to construct the wall is 1000 rupees, then what
is the cost (in rupees) of cement used?

(a) 400 (b) 600
(c) 800 (d) 200
Ans. (a)
Sand Cement
Quantity 3x X
Cost y 2y
Total cost 3xy 2xy =1000

S 3y 3 600

C 2xy 2 400

4
= —x1000
¢ 10

Cost of cement 400

End of Solution
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Q.8 The World Bank has declared that it does not plan to offer new financing to Sri Lanka,
which is battling its worst economic crisis in decades, until the country has an adequate
macroeconomic policy framework in place. In a statement, the World Bank said Sri Lanka
needed to adopt structural reforms that focus on economic stabilisation and tackle the
root causes of its crisis. The latter has starved it of foreign exchange and led to shortages
of food, fuel, and medicines. The bank is repurposing resources under existing loans
to help alleviate shortages of essential items such as medicine, cooking gas, fertiliser,
meals for children, and cash for vulnerable households.

Based only on the above passage, which one of the following statements can be inferred

with certainty?

(a) According to the World Bank, the root cause of Sri Lanka’s economic crisis is that
it does not have enough foreign exchange.

(o) The World Bank has stated that it will advise the Sri Lankan government about how
to tackle the root causes of its economic crisis.

(c) According tothe World Bank, Sri Lanka does not yet have an adequate macroeconomic
policy framework.

(d) The World Bank has stated that it will provide Sri Lanka with additional funds for
essentials such as food, fuel, and medicines.

Ans. (c)

Q.9  The coefficient of x* in the polynomial (x — 1) (x — 2)3 is equal to
(a) 33 (b) -3
(c) 30 (d) 21

Ans. (a)

Q.10 Which one of the following shapes can be used to tile (completely cover by repeating)
a flat plane, extending to infinity in all directions, without leaving any empty spaces in
between them? The copies of the shape used to tile are identical and are not allowed

to overlap.
(a) circle (b) regular octagon
(c) regular pentagon (d) rhombus

Ans. (d)

End of Solution
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SECTION - B TECHNICAL

Q.11 Which one of the following is the CORRECT value of y, as defined by the expression
given below?

y = lim 2x
0" —1

(a) 1 (b) 2
© 0 (d) e

Ans. (b)

0
s ltisin 0 form so, using L-Hospital’s rule
im{-2) = im[&]=2-2_»
x—0\ g -1 x—0\ g* e 1

Q.12 The vector v is defined as

End of Solution

V=2zxi+2xy]+3yzk
Which one of the following is the CORRECT value of divergence of v, evaluated at the
point (x, v, 2) = (3, 2, 1)?

(@ O (b) 3

(c) 14 (d) 13
Ans. (d)

Given: vV o= fo+2xyj+3y2/%

For divergence, we know

) ) )
Vv = g(Zx)+@(ny)+£(Zyx)
V.V = z+2x+ 3yat[3, 2, 1]
Vv =1+2x3+3x2=13

End of Solution
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Q.13 Given that
_ ’Z1+22‘
21|+ 22|

where z, =2 + 3iand z,= -2 + 3i with i = J-1 which one of the following options

is CORRECT?
(@ F<O (b) F< 1
() F>0 (dy F=1
Ans. (b)
|Z| = Ja+9=4\13
1Zo] = (=22 +9=\13
Z1 + Z2 = O+61A
= Iz, + Z| < 1Z] + 1Z,)]
Hence, F<1

End of Solution

Q.14 For atwo-dimensional plane, the unit vectors, (ér,ée) of the polar coordinate system and

(Z]) of the cartesian coordinate system, are related by the following two equations.

& = Cos0i +singj

& = —SiN6i +cose
' o I(E +6&)
Which one of the following is the CORRECT value of T?
(@) 1 (b) &
Ans. (d)
Given: & = Ccos6i +singj
&, = —sindi +Cose;

& +8, = (cos®—sin)i +(sin6+cose)] = f(2)

= —sindi —cosi +cose; —sing/

I= —(cosbi +sin6j) = &,

I = —sinei +cosej = &,

End of Solution
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Q.15 Which one of the following statements related to octane number is NOT correct?
(a) Linear alkanes with higher carbon number have higher octane number.
(o) Branching in linear alkanes increases their octane number.

(c) Catalytic reforming of hydrocarbons increases their octane number.

(d) Gasoline quality is measured in terms of octane number.

Ans. (a)

Q.16  Which one of the following options represents the major components of oleum?
(a) Sulfuric acid and nitric acid
(o) Concentrated sulfuric acid and petroleum jelly
c
)

(c) Sulfuric acid and hydrochloric acid

(d) Sulfuric acid and sulfur trioxide

Ans. (d)
Oleum is a term referring to solutions of various compositions of SO, in H,S0, having
chemical formula of H,S,0.

End of Solution

Q.17 For a reversible endothermic chemical reaction with constant heat of reaction over the
operating temperature range, K is the thermodynamic equilibrium constant. Which one
of the following figures shows the CORRECT dependence of K on temperature 77

T T
<
@ T (0) =
AT — AT —
T T
<
© T @ T
1T — 1T —=
Ans. (a)

For reversible endothermic reactions, the value of equilibrium constant (K) increases
as the value of operating temperature increases, thus
K increases, as T increases

_ 1
K increases, as ? decreases

Thus, option (a) is the correct one.

End of Solution
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Q.18 Nitrile rubber is manufactured via polymerization process. Which one of the following
options is the CORRECT pair of monomers used in this process?

(a) Acrylonitrile and styrene (b) Acrylonitrile and butadiene
(c) Butadiene and styrene (d) Butadiene and isoprene
Ans. (b)

Nitrile rubber is manufactured via polymerization, the correct monomers are acrylonitrile
and butadiene.

Nitrile rubber also known as nitrile butadiene rubber i.e. (BUNA-N) which is composed
of acrylonitrile and butadiene.

End of Solution

Q.19 John and Jane independently performed a thermodynamic experiment, in which X and
Y represent the initial and final thermodynamic states of the system, respectively. John
performed the experiment under reversible conditions, for which the change in entropy
of the system was AS, . Jane performed the experiment under irreversible conditions,
for which the change in entropy of the system was AS, . Which one of the following
relationships is CORRECT?.

(a) ASrev = ASirr (b) ASrev > ASirr
(C) ASrev < ASirr (d) ASrev = 2ASirr
Ans. (a)

Since entropy is a point function so that is why, it only depends on the initial and final
state either performed by reversible path or irreversible path. Therefore the change in
entropy in both the cases will be same.

End of Solution

Q.20 For a packed-bed comprising of uniform-sized spherical particles of diameter Dp, the
pressure drop across the bed is given by the Kozeny-Carman equation when the particle
Reynolds number Rep < 1. Under this condition, minimum fluidization velocity is proportional

to Dg. Which one of the following is the CORRECT value of exponent n?

(@) 2 (b) 1
() -2 (d) 1
Ans. (a)

From Carman-Kozeny equation, we have

AP —e)?
— = w {when Rep < 1}
L (0sd,)” €
V, = Fluidization velocity
Under minimum fluidization condition, we have
150,V (1—€)®

— 1 - =
olp, ~p) (1 =) = =20

End of Solution

Corporate Office: 44-A/1, Kalu Sarai, New Delhi- 110016 | Ph:9021300500
DK info@madeeasy.in | @) www.madeeasy.in

Delhi | Hyderabad | Bhopal | Jaipur | Lucknow | Pune | Bhubaneswar | Kolkata




Announcing

FOUNDATION COURSES

for ESE 2024 - GATE 2024

The Foundation Batches are taught comprehensively
which cover the requirements of all technical-syllabus
based examinations.

@ Classes by experienced & renowned faculties.

@ Exam oriented learning ecosystem.

@ Systematic subject sequence & timely completion of syllabus.
@ Result oriented teaching with comprehensive coverage.

& Comprehensive & updated study material.

@ Concept of problems solving through workbooks.

@& Regular performance assessment through class tests.

@ Similar teaching pedagogy in online and offline classes.

OFFLINE BATCHES LIVE-ONLINE
AT DELHI BATCHES
Commencing from Commencing from
* 14" Mar, 2023 « 11" April, 2023 * 15" Feb, 2023 * 14" Mar, 2023
* 4" May, 2023 ¢ 25" May, 2023 * 15" Apr, 2023 ¢ 15" May, 2023

Admissions open

Delhi Centre : 44 - A/1, Kalu Sarai, Near Hauz Khas Metro Station, New Delhi- 110016 | Ph:9021300500

MADE EASY Centres: Delhi | Hyderabad | Jaipur | Bhopal | Lucknow | Bhubaneswar | Pune | Kolkata




sz GATE 2023 b
MADE EASY CH CHEMICAL (11-02-2023 |

India’s Best Institute for IES, GATE & PSUs ENGINEERING Afternoon Session

Q.21 Match the quantities in Group 1 with their units in Group 2 listed in the table below.

Group 1 Group-2
P.  Thermal conductivity . Wm?2K
Q. Convective heat transfer coefficient . Wm' K1
R. Stefan-Boltzmann constant M. W.K-1
S. Heat capacity rate V. Wm=2 K+
@ P-1,Q-1,R-1V,S-1 o) P-1,Q-1, R-1I,S-1IV
© P-I,Q-IVR-I,S-| d P-IVQ-L,R-IIS-IV

Ans. (a)

End of Solution

Q.22 A slab of thickness L, as shown in the figure below, has cross-sectional area A and
constant thermal conductivity k. T, and T, are the temperatures at x = 0 and x = L,
respectively. Which one of the following options is the CORRECT expression of the
thermal resistance for steady-state one-dimensional heat conduction?

T, T,
0 L
—_— X
L k
(a) P (b) A
KA(T = Ty) A
© — @
Ans. (a)
k
A
X=0 X=L
From, conduction we have
b
R = —
2 kA
R = L where R = Resistance
= =
k = Thermal conductivity
A = Cross-sectional area
L = Thickness of slab

End of Solution
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Q.23 Spray dryers have many advantages. Which one of the following is NOT an advantage
of a typical spray dryer?

(a) Has short drying time (b) Produces hollow spherical particles
(c) Has high heat efficiency (d) Is suitable for heat sensitive materials
Ans. (c)
Q.24 Which one of the following quantities of a flowing fluid is measured using a rotameter?
(a) Static pressure (o) Dynamic pressure
(c) Volumetric flow rate (d) Viscosity
Ans. (c)

Q.25 A liquid surge tank has F, and £, as the inlet and outlet flow rates respectively, as
shown in the figure below. F_  is proportional to the square root of the liquid level h.
The cross-sectional area of the tank is 20 cm?. Density of the liquid is constant everywhere
in the system. At steady state, F,, = F_, = 10 cm3s~" and h = 16 cm. The variation
of hwith £, is approximated as a first order transfer function. Which one of the following

is the CORRECT value of the time constant (in seconds) of this system?
F

I

h
Fout
(@ 20 (b) 32
(c) 64 (d) 128
Ans. (c)
ah
Fm Fout_ AE
ah
Fin kvh = AE
Jho . h dh
Fo—k| X2 —— | _ 49" ;
n ( 2 2 hOJ = A (0
kyh kh
F/‘n_—o_ A%
2 2.ho at
k
2\ho at 2
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ot
flx) = s flx) +(x = xo)axxo
1
Jh = \/an(h—ho)xm
ho
ROy ey
h hy % /g
_ /h -
Vb=t o T
5,
F =P
% h
Jh = 2\/7
At S.S.
o b ohs _
(F)ss — k = [72% A O
(i) — (i)
k(h-hs) d(h—-h)
[Fin - (F/‘n)SS] -2 ho = A at
in = 2\/%
As S.S, F,=F,, =10 cm3sec
h,= 16 cm = h, \/%:4
At S.S, F., =10
khs =10
k=25
kh(s)
Fil®) = 2.0k, = Ash(s)
Kk h(s)
Fi() = ASh(9)+2 T
F.(s) = h(s) As+L
in - 2\/%
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h(s) 1 3 1 3 1
in(S) - k h 25 - 25
As+—— 20s 20s+——
+ 5 \/% + 2776 + 5

h(s) B 1 _1/0.3125 kp
Fin(s) ~ 20s+0.3125 20 +1_‘CpS+1

0.3125s
P 0.3125

End of Solution

Q.26 A packed distillation column, with vapor having an average molecular weight of 45
kg.kmol™!, density of 2 kg.m™2 and a molar flow rate of 0.1 kmol.s™!, has a flooding
velocity of 0.15 m.s™". The column is designed to operate at 60% of the flooding velocity.
Which one of the following is the CORRECT value for the column diameter (in m)?

5
@ = (b) 5Jn
5 9
() 4= (d) I
Ans. (d)
Given: m, = 0.1 kmol/s
M = 45 kg/kmol, V; = 0.15 m/s
Py, = 2 kg/ms' Voperating = 60% of Vflooding
Diameter of column = ?
NOW' mv = pAVoperating
P
pvoperating
Since, m, is in kmol/s, thus expression becomes
a M
pvoperating
nd2 B 0.1x45
4~ 2x0.60x0.15
d = JE =564 m
3.14
10
d= —
Jn
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Q.27 Anisothermal jacketed continous stirred tank reactor (CSTR) operating at 150°C is shown
in the figure below. The cold feed entering the system at 30°C is preheated to a
temperature T (T < 150°C) using a heat exchanger HX,. This preheated feed is further
heated to 150°C using the utility heater HX,. The mass flow rate and heat capacity are
same for all the process streams, and the overall heat transfer coefficient is independent
of temperature. Which one of the following statements is the CORRECT action to take

if it is desired to increase the value of T7?
@TR

(@) Increase both heat transfer area of HX, and heat duty of HX,.
(b) Decrease both heat transfer area of HX, and heat duty of HX..
(c) Increase the heat transfer area of HX, and decrease the heat duty of HX,.
(d) Decrease the heat transfer area of HX, and increase the heat duty of HX,.

Cold 30°C
feed

150°C

Ans. (c)

Q.28 Consider a system where a Carnot engine is operating between a source and a sink.

Which of the following statements about this system is/are NOT correct?

(a) This engine is reversible.

(o) The engine efficiency is independent of the source and sink temperatures.

(c) This engine has the highest efficiency among all engines that operate between the
same source and sink.

(d) The total entropy of this system increases at the completion of each cycle of the
engine.

Ans. (b, d)

Q.29 For a fully developed turbulent flow of an incompressible Newtonian fluid through a pipe
of constant diameter, which of the following statements is/are CORRECT?
(a) Reynolds stress, averaged over a sufficiently long time, is zero everywhere inside
the pipe.
(b) Reynolds stress at the pipe wall is zero.
(c) Average velocity of the fluid is half of its center-line velocity.
(d) Average pressure gradient in the flow direction is constant.

Ans. (b, d)
For the case of fully developed turbulent flow,
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Vayg is found to be 0.817 times of the centre line velocity.
Q.30 Giventhat £ (in W.m.?) is the total hemispherical emissive power of a surface maintained
at a certain temperature, which of the following statements is/are CORRECT?
(a) E does not depend on the direction of the emission.
(o) E depends on the viewfactor.
(c) E depends on the wavelength of the emission.
(d) E does not depend on the frequency of the emission.
Ans. (a, d)
Q.31 The position x(#) of a particle, at constant m, is described by the equation
2
at
o . dx " . 3n
The initial conditions are x(t=0) = 1 and ar =0 then position of particle at { = o
is (in integer). t=0
Ans. (-1)
2
d—;+—W2x =0
at
(D?+w?) =0
D= +wi
i = C, cos wt+ C, cos wt
ax = -C, wcos wt + C, w cos wt
at
Using Boundary conditions, we get
x=1att=0
[ =C)
dx
and — =0att=0
at
0 = CJ
Therefore, x = cos wt
Now, at t = (S_n)
w
3n
X = cosw-— =—1
w

Corporate Office: 44-A/1, Kalu Sarai, New Delhi- 110016 | Ph:9021300500
DK info@madeeasy.in | @) www.madeeasy.in

Delhi | Hyderabad | Bhopal | Jaipur | Lucknow | Pune | Bhubaneswar | Kolkata




Conventional Questions
Practice Programme

for ESE & State Services Exams
OFFLINE

: : & ONLINE
Commencing from | Teaching Hours: ‘ Course Duration: COURSE

1* March, 2023 300 to 350 hours 100 days

Streams:
CE, ME, EE, EC

In-depth discussion on conventional questions.

Beneficial to develop numerical question-solving techniques.
Helps to improve answer writing & presentation skills.
Discussion on probable questions.

Updated Mains workbook with wide range of practice questions.

Q Q@ @ @ @ ¢

ESE Mains test series will be conducted on every Sunday in
synchronization with the subjects.

Note : Offline classes will be conducted at Delhi Centre.

Delhi Centre : 44 - A/1, Kalu Sarai, Near Hauz Khas Metro Station, New Delhi- 110016 | Ph:9021300500

MADE EASY Centres: Delhi | Hyderabad | Jaipur | Bhopal | Lucknow | Bhubaneswar | Pune | Kolkata




sz GATE 2023 b
MADE EASY CH CHEMICAL (11-02-2023 |

India’s Best Institute for IES, GATE & PSUs ENGINEERING Afternoon Session

Q.32 Burning of methane in a combustor yields carbon monoxide, carbon dioxide, and water
vapor. Methane is fed to the combustor at 100 mol.hr™!, of which 50% reacts. The
theoretical oxygen requirement (in mol.hr ') is (rounded off to one decimal
place).

Ans. (200)
CH, + 2C0O, — CO, + 2H,0

3
CH, + 50, = CO + 2H,0

Given: CH, supply = 100 mol/hr
For theoretical oxygen requirement, complete combustion is only considered, i.e.
For 100 mole CH, — 200 mole O, is require.

End of Solution

Q.33 The viscosity of an incompressible Newtonian fluid is measured using a capillary tube
of diameter 0.5 mm and length 1.5 m. The fluid flow is laminar, steady and fully
developed. For a flow rate of 1 cm3s™', the pressure drop across the length of the tube
is 1 MPa. If the viscosity of the fluid is k x 1073 Pa.s, the value of kis _____ (rounded
off to two decimal places).

Ans. (1.02)
Given: d=05mm, L=15m
AP = 1 MPa, Q=1cmds
uw = kx 102 Pa.s
Given the flow is laminar, steady and fully developed, thus we have
AP 128uQ
L ndt
_ APnd’
H = Jo8xaxL

Putting values, we get

6 -3\4
W= 10° x3.14x(0.5x1077) - 1022 x 10-3 Pa.s

128x10°x1.5

Thus, the value of k is 1.02.

End of Solution
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Q.34 Aliquid L containing a dissolved gas S is stripped in a countercurrent operation using
a pure carrier gas V. The liquid phase inlet and outlet mole fractions of S are 0.1 and
0.01, respectively. The equilibrium distribution of S between V and L is governed by
¥, = x,, where y, and x_ are the mole fractions of Sin Vand L, respectively. The molar
feed rate of the carrier gas stream is twice as that of the liquid stream. Under dilute
solution conditions, the minimum number of ideal stages required is _____ (in integer).

Ans. (3)

T lL,x0=o.1
1

N

T l Xy=0.01
v

14
Yoo =0 (pure gas), L=~ ¥, =7,

Now, for stripping, we have

XO _ YN+1
|n . m_ (1_1)+1
Xy - Ynt S S
N, = m
Ins
where, S = Stripping factor = 2

Putting values, we get

In[(m)ﬁ -0.5)+ 0.5]
0.01

P In2
N, = 2.46 = 3 stage

End of Solution

Q.35 In a binary gas-liquid system, Ny gyp 1S the molar flux of a gas A for equimolar counter
diffusion with aliquid B. N, ., is the molar flux of Afor steady one-component diffusion
through stagnant B. Using the mole fraction of A in the bulk of the gas phase as 0.2
and that at the gas-liquid interface as 0.1 for both the modes of diffusion, the ratio of
Nyomp 10 Nygyp s equal to (rounded off to two decimal places).

Ans. (1.17)
Now (Noans DasPr(ya, = Ya,)Rraz
l (Naemco RrAZ Ygim - DagPr(Va, —Ya,)
(Na)ang 1 _ 1
(Na)emeo Yem Y ~ Vs,
In Yo,
YB,
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Y = 1-02=08
Y = 1-01 =09
0.8-0.9
YB/m = T:O85
Inl—=
‘0.9
(NA)ANB — 1 =1.176

(NA)EMCD 0.85
End of Solution

Q.36 An exhibition was held in a hall on 15 August 2022 between 3 PM and 4 PM during
which any person was allowed to enter only once. Visitors who entered before 3:40 PM
exited the hall exactly after 20 minutes from their time of entry. Visitors who entered at
or after 3:40 PM, exited exactly at 4 PM. The probability distribution of the arrival time
of any visitor is uniform between 3 PM and 4 PM. Two persons X and Y entered the
exhibition hall independent of each other. Which one of the following values is the
probability that their visits to the exhibition overlapped with each other?

5 4
@ 3 ® 3
2 7
© g @
Ans. (a)
y
(0,60) | 40 (40, 60) (60, 60)
40
(0, 20) (60, 40)
40
X
(0,0) (20,0) 40
(60, 0)
Let arrival time of two persons be x and y then according to question |x — y| < 20
or 20<x-y< 20
Shaded area is favourable area
Total area = 60 x 60 = 3600

Unfavourable area

ZX% Base x Height = 40 x 40 = 1600

3600 — 1600 = 2000

Favourable area _ 2000 _ 5
Total area 3600 9

So, Favourable area

Hence P(|x - y| <20) =

End of Solution
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Q.37 Simpson’s one-third rule is used to estimate the definite integral

1= J._11\](1—x2)dx

with an interval length of 0.5. Which one of the following is the CORRECT estimate of
I obtained using this rule?

11 12
@ 3773 b) 3773
11 12
© 373 d 3773

Ans. (b)

1
fx) = [V1-2°dx, h=05
-1

_ 1
From Simpson’s grd rule, we have

J'f(x)dx = g[y0 +Y, +2[even terms] + 4 (odd terms)]

x |[-1[-05]0] 05 [1
fx)| 0 |o.87|1]087 0

Yo Y1 Yo VY3 Va

1
[f(x)ax = %5 [2x, +4[0.87 +0.87]]

= 149=15

Q.38 Match the products in Group 1 with the manufacturing processes in Group 2 listed in
the table below.

Group 1 Group 2

P. Acetaldehyde I. Sulfate process

Q. Sulfuric acid Il. Electric furnace process

R. Pulp I1l. Wacker process

S. Phosphorous IV. Contact process

Codes:

@ P-1,Q-1V,R-1,S-1 o) P-1I,Q-1,R-1IV,S-1

) P-IvV,Q-1,R-1I,S-1l dP-1IvQ-1,R-1,S-Il
Ans. (a)

End of Solution
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Q.39 Match the reactions in Group 1 with the catalysts in Group 2 listed in the table below.

Group 1 Group 1
P. C,Hg + Cl, — Chlorobenzene + HCI I. Mixed oxide of Mo and Fe
1
Q. H,C =CH, + 502 — Ethylene oxide . V,0q
1
R. CH,OH + 502 — Formaldehyde + H,0O . FeCl,

9
S. Naphthalene + §O2e Phthalic anhydride IV. Ag,0O

+2H,0 + 2C0O,
Codes:
(@ P-1I,L,Q-1V,R-I,S-2l by P-1lI,Q-1V,R-1,S-1
) P-Iv,Q-1Il,R-1,S-1l dP-1vaQ-Ul,R-1,S-I
Ans. (b)

End of Solution

Q.40 Water in a container at 290 K is exposed to air containing 3 % CO? by volume. Air behaves
like an ideal gas and is maintained at 100 kPa pressure. The liquid phase comprising
of dissolved CO, in water behaves like an ideal solution. Use Henry's constant of CO,
dissolved in water at 290 K as 12 MPa. Under equilibrium conditions, which one of the
following is the CORRECT value of the mole fraction of CO, dissolved in water?

(a) 2.9 x 104 (b) 0.9 x 10
(c) 25 x 104 (d) 05 x 10
Ans. (c)

End of Solution

Q.41 The enthalpy (H, in J.mol.”") of a binary liquid system at constant temperature and
pressure is given as

H = 40x, + 60x, + xx,(4x, + 2x,),
where x, and x, represent the mole fractions of species 1 and 2 in the liquid, respectively.
Which one of the following is the CORRECT value of the partial molar enthalpy of species
1 at infinite dilution, A (in J.mol-") ?

(@ 100 (b) 42
(c) 64 (d) 40
Ans. (b)

For Hi , we have

— aH

= H+ X, —

H 23X,
H = 40X, + 60X, + X, X, [4X, + 2X]
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H = -20X, + 60 + 2X, - 2X3 {In terms of X,}
Now,
— aH
Hqy = 40X, + 60X, + X\ X, [4X, + 2X,] + X, X,
|
ﬂ 20 + 2 - 6X,? 18 - 6X.,2
ax, ~ T ETIe T
Hi = 60-18 = 42 (X, >0, X, > 1}
Hi = 42

End of Solution

Q.42 Which one of the following represents the CORRECT effects of concentration polarization
in a reverse osmMosis process?
(a) Reduced water flux and reduced solute rejection
(o) Increased water flux and increased solute rejection
(c) Reduced water flux and increased solute rejection
(d) Increased water flux and reduced solute rejection

= = O

Ans. (a)
Concentration polarization reduces the flux of water because the increase in osmotic
pressure reduces the driving force for water transport and the solute rejection decreases
because of lower water flux.

End of Solution

Q.43 COandH, participate in a catalytic reaction. The partial pressures (in atm) of the reacting
species CO and H, in the feed stream are p, and p,,,, respectively. While CO undergoes
molecular adsorption, H, adsorbs via dissociative adsorption, that is, as hydrogen atoms.
The equilibrium constants (in atm-) corresponding to adsorption of CO and H, to the
catalyst sites are K., and K,,,, respectively. Total molar concentration of active sites
per unit mass of the catalyst is C, (in mol.(g cat)™"). Both the adsorption steps are at
equilibrium. Which one of the following expressions is the CORRECT ratio of the
concentration of catalyst sites occupied by CO to that by hydrogen atoms?

KcoPco Kco
(a) ’KHQ sz (b) ,KHZ

Pco KcoPco
©  Jon, Ky, Ph,

Ans. (a)
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Q.44 A cascade control strategy is shown in the figure below. The transfer function between
the output (y) and the secondary disturbance (y,) is defined as

y(s)
GdZ(S) = O'2 (S)

Which one of the following is the CORRECT expression for the transfer function G_,(s)?

dy(s) dy(s)
1 1
0.1s+1 2s+1
+ +

+
Q1] @? [ =@ s [~

1

@ ([{1s+21)(0.1s+1) ©) s+ n(01s+1)
(s+1) (s+1)
© (s+2)(0.1s+1) (d) (s+1)(0.1s+1)
Ans. (a)
1 .
[(ysp—y)(1)—a]10+ds(s).m = a (i)
1 1 B
a(m)+d1(3)7(28+1) =Yy (i)
1
(Ysp—Y)10—103+d2(3)-0.13+1 = a
()
(Voo =9)10+ (g 75,7y = 11
10, () _ Y
(ysp_}/)ﬂ"'m = a GdZ(S)_dz(s)

10 ah(s) 1 1
[(ysp‘y)T11(0.1s+1>}<s+1>+d1(3’m =Yy

10 1 dy(s).1 1
Fx(s+1)+11(0.1s+1)(s+1)+d1(s)(2s+1) =Y

(Ysp—Y)

Corporate Office: 44-A/1, Kalu Sarai, New Delhi- 110016 | Ph:9021300500
DK info@madeeasy.in | @) www.madeeasy.in

Delhi | Hyderabad | Bhopal | Jaipur | Lucknow | Pune | Bhubaneswar | Kolkata




N=
[ ]

MARDE
ERSYH

Detailed Solutions
Exam held on:

GATE 202

CHEMICAL

India’'s Best Institute for [ES, GATE & PSUs

CH

ENGINEERING

Afternoon Session

Y 1 ds(s)
Oy v THoAs+ oD = 7
dy(s) 10 1
1015+ )(s+D = Y"1V G+
dy(s) 10 1
11(01s+1)(s+1 = Y(S)(Hﬁ'(sﬂ))
dy(s) (11(s+1)+10)
1105 +196+0 = "N s
ds(s)
O 1s+] = NS [11s+ 11+ 10]
ds(s)
(O.1S+1) = y(s) [11s + 21]
ds(s)
(01s+1) = y(s) [11s + 21]
y(s) 1
dg(s) T (0.1s+1)(11s+21)

Q.45 Level (h) in a steam boiler is controlled by manipulating the flow rate (F) of the make-
up (fresh) water using a proportional (P) controller. The transfer function between the
output and the manipulated input is

his)  0.25(1-5)

Fs) = s(2s+1)

The measurement and valve transfer functions are both equal to 1. A process engineer
wants to tune the controller so that the closed-loop response gives decaying oscillations
under servo mode. Which one of the following is the CORRECT value of the controller
gain to be used by the engineer?

(@) 0.25 (b) 2
() 4 (d 6
Ans. (b)
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Q.46  Which of the following statements is/are CORRECT?
(a) Bond number includes surface tension.
(b) Jakob number includes latent heat.

(©
(d)

Ans. (a, b)

Prandtl number includes liquid-vapor density difference.
Biot number includes gravity.

End of Solution

Q.47

to (in integer).

Ans. (4160)

For eigen values, we have
| A=A

10-A 6
’ 6 10—%’
(10 - 1)? - 36
100 + A% — 20\ — 36
A2 — 20\ + 64

A

A
7\’3
Sum of eigen values

If a matrix M is defined as M=

10 6
[6 10], the sum of all the eigenvalues of M is equal

10 6
6 10

0
0
0

20+ 400-4x 64
2

16, 4
(16)% and (4)3
(16)2 + (4)2 = 4160

Q.48

evaluated at r = 1 is

Ans. (-24)

Given:

ur

au
ar

The first derivative of the function

-1 (Y]

(in integer).

End of Solution

-]

4[-12r 18 + 6r77]
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At, r=1

au
dar

= 4[-12 + 6] = —24

End of Solution

Q.49 Wetair containing 10 mole percent water vapor is dried by continuously passing it through
a column of CaCl, pellets. The pellets remove 50 percent of water from wet air entering
the column. The mole percent of water vapor in the product stream exiting the column
is (rounded off to two decimal places).

Ans. (5.26%)
Basis 100 mole of wet air
Thus, 10 mol = H,0
90 mol = Dry air
After 50% H,O removal, at exit we have
5 mol H,0
90 mol dry air

5 [e)
Xer = g5 =0063=5.3%

End of Solution

Q.50 Orsat analysis showing the composition (in mol %, on a dry basis) of a stack gas is
given in the table below. The humidity measurement reveals that the mole fraction of
H,O in the stack gas is 0.07. The mole fraction of N, calculated on a wet basisis ____
(rounded off to two decimal places).

Species [N, | CO, | CO | O,
mol% [65] 15 | 10 | 10

Ans. (0.61)
Let Moles = 100
N, = 65%
O, = 10%
CO, = 15%
CO = 10%
Moles of N, = 65
CO, = 15
CO = 10
0, =10
Let m = moles of H,O
m
100+m 0.07

m = 7.527 moles
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on wet bases

Z
Il

65
100 +7.527

0.6045 = 0.61

End of Solution

A pump draws water (density =1000 kg.m2) at a steady rate of 10 kg.s™'. The pressures
at the suction and discharge sides of the pump are —20 kPa (gauge) and 350 kPa (gauge),
respectively. The pipe diameters at the suction and discharge side are 70 mm and 50
mm, respectively. The suction and discharge lines are at the same elevation, and the
pump operates at an efficiency of 80 %. Neglecting frictional losses in the system, the
power (in kW) required to drive the pumpis _____ (rounded off to two decimal places).

Q.51

Ans. (4.74)

Given:

LN T3

Now, from continuity, we have

m o= pAV, AV, = AV,
10
= — = . 1 3
Q 1000 0.01 m3/s
001 = g(om)2 V, >V, = 2.6 m/s
001 = %(0.05)2 V>V, = 5.1mfs

Now, applying Bernoulli’s theorem between suction and discharge, we get

= -20 kPa (gauge),

10 kg/s, p, = 1000 kg/m?3

P, = 350 kPa (gauge)
Z,(same), g = 9.81 m/s?

70 mm, dp=50mm, n =280%

2 2
&+V—S+Z1+HP = P—D+V—D+Zz+hf
Pg 29 P9 29
h, = 0 (given)
(Z1 = Zg)
Putting values, we get
_ 3 2 3 2
203><1O +(2.6) “Hp - 35x10 +(5.1)
10°xg 2xg 10°xg 2xg
2 2
—20+@+QHP = 350+ﬂ
2 2
2
gHy = 383.005—@=379.625
Power — pgHp-Q _ 1000x379.625x0.01
n 1000 % 0.8
P = 474 kW
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Q.52 A cylindrical tank with a diameter of 500 mm contains water (density =1 g.cm=3) upto
a height h. A 5 mm diameter round nozzle, whose center is 1 cm above the base of
the tank, has its exit open to the atmosphere as shown in the schematic below. The
pressure above the water level in the tank is maintained at 2 bar (absolute). Neglect
all frictional and entry/exit losses. Use acceleration due to gravity as 10 m.s? and

ah
atmospheric pressure as 1 bar. The absolute value of initial ar (in mm.s™") when h =

51 cm is equal to (rounded off to two decimal places).

2 bar (abs)

hcm

Not to scale

Ans. (1.45)
From mass balance, we get
am adh
2 oA —
PAVI = G =P
A, _
A )N T at
2
dh dy
— — 1V
at (dTJ N (i)
where, dy = Nozzle diameter, d; = Tank diameter
Vy, = Nozzle velocity

Applying Bernoulli’s between tank water surface and nozzle exit, we get
2 2
AW, b _ B W, 1

pg 2g 100 pg 2g 100

V, = 0 (surface velocity)
2x10°  h 10° (V)2 1
—_—t— = —+ +—
10°x10 100  10* 20 100
h 1 (V)
20+ —-— =10
100 100 " 20
h-1 Vg
10+—— = —
100 20
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v, = [20[104+ =1
100

Putting V), in equation (i), we get

2
an_ (i) 20[10+—51"1]
at 500 100
ah
at

1.45 x 107 m/s = 1.45 mm/sec

End of Solution

Q.53 A large tank is filled with water (density =1 g.cm™3) upto a height of 5 m. A 100 fEm
diameter solid spherical particle (density = 0.8 g.cm™) is released at the bottom of the
tank. The particle attains its terminal velocity (v,) after traveling to a certain height in
the tank. Use acceleration due to gravity as 10 m.s2 and water viscosity as 10.3 Pa.s.
Neglect wall effects on the particle. If Stokes law is applicable, the absolute value of
v, (in mm.s™") is (rounded off to two decimal places).

Ans. (1.11)
Given: p;=1g/cm3
p, = 0.8 g/cm®
Rep < 1 (Stokes regime)
d, = 100 um
u= 1073 Pas
V=7

t
From Stokes regime, we have

, _ 9olpp—p1)g

: 181y
V- (100x 107°)2(1000 — 800) x 9.81
! 18x1073
1078 x 200% 9.81
V= =220 100 mmjs = 1.1 mm/s
18x10

End of Solution

Q.54 A fluid is flowing steadily under laminar conditions over a thin rectangular plate at
temperature T  as shown in the figure below. The velocity and temperature of the free
stream are u_ and T_, respectively. When the fluid flow is only in the x-direction, h_is
the local heat transfer coefficient. Similarly, when the fluid flow is only in the y-direction,
h, is the corresponding local heat transfer coefficient. Use the correlation Nu = 0.332
(Re)"2 (Pr )8 for the local heat transfer coefficient, where, Nu, Re, and Pr, respectively
are the appropriate Nusselt, Reynolds and Prandtl numbers. The average heat transfer

o ) — 1! — 1 ew
coefficients are defined as h; = fjohx dx and h, = W—[O hydy. Ifw=1and|=4m,

the value of the ratio of A, is (in integer).
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y _w T,
T
L |
Ans. (2)
P
nmmmmm
L |
Steady flow

Laminar flow
Nu, = 0.332 Re "2 Pr'/3

h 1/2
- 0.332(‘/“;’6) Pr'/®
\%

k
h constant
U
RSC
* = Jx
_ 1 X 1 XC
hx = ; Ohxdx = ; Oﬁdx
1/2
= GC r l><20><x”2
X 1/ X
C
_ 2=
o Ux
w=1m
/=5
3 2><£:2><C
h = \/Z J4
oy C 2xC
hy = M J4
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B 2xC

A h

h — 2xC
N

End of Solution

Q.55 A perfectly insulated, concentric tube countercurrent heat exchanger is used to cool
lubricating oil using water as a coolant (see figure below). Oil enters the outer annulus
at a mass flow rate of 2 kg.s™! with a temperature of 100 °C and leaves at 40 °C. Water
enters the inner tube at a mass flow rate of 1 kg.s™! with a temperature of 20 °C and
leaves at 80 °C. Use specific heats of oil and water as 2089 J.kg~'K-' and 4178 J kg~
K-, respectively. There is no phase change in both the streams. Under steady-state

conditions, the number of transfer units (NTU) is (in integer).
40°C 100°C
~— Oil
Water 20°C W

Ans. (3)
100°C (oil) \ / 40°C
80°C > ) ( < 20°C (water)

Given: m, = 1 kg/s

Cow = 4178 Jkg K
For NTU, we have,

NU = LA

(mcp)min

From energy balance,

(MC, )hot [100 - 40]

(mcp)CoI ,[80-20]

(mcp)hot - (mcp)cold
Again, 1 x 4178 x (80 -20) = U- A AT, 4
AT 4 = 20°C {AT, = AT, = 20°C}
UA = 4178 x 60
20
(NTU) = UA  4178x60

(MC)mn 20x1x 4178

End of Solution
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Q.56 Partially saturated air at 1 bar and 50 °C is contacted with water in an adiabatic saturator.
The air is cooled and humidified to saturation, and exits at 25 °C with an absolute humidity
of 0.02 kg water per kg dry air. Use latent heat of vaporization of water as 2450 kJ.kg~
1, and average specific heat capacity for dry air and water, respectively as 1.01 kd.kg~
K- and 4.18 kd.kg K", If the absolute humidity of air entering the adiabatic saturator

is Hx 1073 water per kg dry air, the value of His (rounded off to two decimal
places).
Ans. (9.3)
Given:
Thg = 50°C
T, =25C
L = 2450 kd/kg
Cp,, = 4.18 kd/kgK
(Cplyr = 1.01 kJ/kgK

1, = 0.02 kg H,O/kg dry air
For the humid heat, we have

Ce = [( CP)air + Y(CP)Water:|

Ce=101+418Y (i)

From the energy balance, we have

Ay =)

TD - TW = CS
2450[0.02 —v’]
(50 =25 = 01418y

Solving, we get Y =929 x 1073
Thus, H=9.29

End of Solution

Q.57 Distillation of a non-reactive binary mixture with components A and B is carried out in
a batch still as shown in the figure below. The initial charge of the mixture in the still
is 1 kmol. The initial and final amounts of A in the still are 0.1 kmol and 0.01 kmol,
respectively. Use a constant relative volatility of 4.5. The mole fraction of B remaining
in the vessel is (rounded off to three decimal places).

Product receiver

Batch still
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Ans. (0.982)
Given:
F=1 kmol
Xz = 0.1 kmol
X, = 0.01 kmole
O, =45

From batch distillation, we have

F(1-X
AFXel o F)
WX W w(1-X,)
0.1 1x0.9
In—| = 4.5In‘ ’
‘0.01 w—-0.01
2.3026 | 09 |
45 ~ |lw-001
T w-0.01
w — 0.01 = 0.539
w = 0.549
wx X, = 0.01
0.01
XW= @ = 0.0182

Xz=1-X,=0982

Q.58 Fresh catalyst is loaded into a reactor before the start of the following catalytic reaction.
A — products
The catalyst gets deactivated over time. The instantaneous activity a(f), at time ¢, is
defined as the ratio of the rate of reaction —r,’() (mol.(g cat)™" hr'") to the rate of reaction
with fresh catalyst. Controlled experimental measurements led to an empirical correlation
-r/(f) =- 05t + 10

where tis in hours. The activity of the catalyst at t = 10 hr is
one decimal place).

(rounded off to

Ans. (0.5)
Given: A - DP
-r,, =—0.5t+ 10 mol.(g cat)" hr')

-ry’  +-0.5t+10
a= _ 10
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, -ry =10 {at t = 0}
Thus activity of catalyst at time t = 10 hr

_ -05x10+10_5 .
a= 10 "0 T

End of Solution

Q.59 A unimolecular, irreversible liquid-phase reaction
A—> P
was carried out in an ideal batch reactor at temperature T. The rate of the reaction
(-r,) measured at different conversions X,. is given in the table below. This reaction is
also carried out in an ideal continuous stirred tank reactor (CSTR) at the same temperature
Twith a feed concentration of 1 mol.m=3, under steady-state conditions. For a conversion
of 0.8, the space time (in s) of the CSTR is (in integer).

X4 0 [o1]o02][0406]08
—ra(mol.m3s7") | 0.45 | 0.35|0.31| 0.18 | 0.11] 0.05

Ans. (16)
For CSTR we have,
T Vo Xy
Cao ~ Fao —Taley
C,o = 1 mol/ms
X, =08
Since in CSTR the rate at exit conversion is only considered, therefore we have,

T 0.8
1~ 0.05
T=16

End of Solution
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Q.60 Anirreversible liquid-phase second-order reaction
A—X B
with rate constant k = 0.2 liter.mol-"'min~", is carried out in an isothermal non-ideal reactor.
A tracer experiment conducted on this reactor resulted in a residence time distribution
(E-curve) as shown in the figure below. The areas of the rectangles (i), (ii), and (iii) are
equal. Pure A at a concentration of 1.5 mol.liter' is fed to the reactor. The segregated

model mimics the nonideality of this reactor. The percentage conversion of A at the exit
of the reactor is (rounded off to the nearest integer).

E(®) (min™")

Ans. (72)

T Xy foeo
1

E(t)
(min™")  Xq peo-mpoo---

N
w

t(in min) ——

Il
-

Area under E-curve
3x(10-5) x x, =

|
—

|
—_

3 x5 xx, = or X, = 3¢

15
2
x2 = E
For second-order,
13\@\ = kC,ot
or X, =(1-X,) kC,,t

X, = kC ot — X, kC ot
X, + X,kC,ot = kC ot
X,(1 + KCyof) = KC
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0.3t
Xa= 1503t
KCht  0.2x15t
Xa= T4 kChot  140.2x15xt
X = [ X0).Et)at
0
_ 0.3t 99 03t
- 1 ot
X j15 1403t +£15X1+0.3t
t 0.3t
o _ [2x002—t qt+
X-j X eI 03t J15 1403t
o gf t L 17 03t
X =735 "15)1-03t
_ 2903t+1-41 1 20.3t+1-1

5L 1-03t 155

210 1 1% 1
e Nt [[1e ot
15 ( 1+O.3t) +151{)( 1+O.3t)

I
I
|
—

5 04T 1
- __| 1 ———=In[1
X 15[t | +03t]] 5[1‘ S| +03t]]10
X = 3[5.38—1.945]+i[9.32—5-38]

15 15

X = 0.7206 = 72%
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Q.61 The outlet concentration C, of a plug flow reactor (PFR) is controlled by manipulating
the inlet concentration C,,. The following transfer function describes the dynamics of
this PFR.

Cals) _ exp[—(z)(k + s)}

Cao(s) F
In the above equation, V=1m3, F=0.1 m®min~" and k = 0.5 min~'. The measurement
and valve transfer functions are both equal to 1. The ultimate gain, defined as the

proportional controller gain that produces sustained oscillations, for this system is
(rounded off to one decimal place).

Ans. (148.4)

Q.62 The transfer function of a measuring instrument is
1.05
G,(s) = exp(-s
m(S) . p(=s)

At time t = 0, a step change of +1 unit is introduced in the input of this instrument.
The time taken by the instrument to show an increase of 1 unit in its output is
(rounded off to two decimal places).

Ans. (7.1)
Als K, kA —e )
‘EpS+1
1.05
G, (s) = 59 +18Xp(—8)
¥s)  1.05
x(s) (25+1)eXp( S)

1105

y(s) = s (2s+1)
y() = kA[T - e

1=105x1x[1- e‘“‘”/z]

exp(-s)

1

S ()

105~ 1€

0952 = 1 — gt
e (12 = 0,048
(-1

=D _ 0048
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—(t-1)
= - 3.0365
2
t—1=6.073
t=1+ 6.073
t=7073

End of Solution

Q.63 A design engineer needs to purchase a membrane module (M) for a plant. Details about
the two available options, M1 and M2, are given in the table below. The overall plant
has an expected life of 7 years. If the interest rate is 8% per annum, compounded
annually, the difference in the net present value (NPV) of these two options, in lakhs

of rupees, is (rounded off to one decimal place).
M1 | M2
Purchase cost (in lakhs of rupees) | 10 | 5
Expected life (years) 5|3

Ans. (4.7) [4.6 to 4.8]

10+ 10 16.80
— 7 =16 0 3 6
(1+008)5 | 1 1 | | | |
1 2 4 5 l
5+ 53+ 56:12.12 l
(1.08)° (1.08) 5 5 5
NPV, - NPV, = 4.67

Q.64 The purchase cost of a new distillation column is Rs.10 lakhs with an installation factor
of 5.8. The cost of the capital is to be annualized over a period of 6 years at a fixed
rate of interest of 5 % per annum, compounded annually. The annual cost (in lakhs of
rupees) of the installed capital is (rounded off to one decimal place).

Ans. (11.4) [11.0 to 11.9]
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Q.65 Pumps A and B are being considered for purchase in a chemical plant. Cost details
for these two pumps are given in the table below. The interest rate is 10% per annum,
compounded annually. For both the pumps to have the same capitalized cost, the
salvage value (in Rs.) of pump B should be (rounded off to the nearest integer).

Item Pump A | Pump B

Installed cost (Rs.) 16000 32000

Uniform end of year maintenance (Rs.) 2400 1600

Salvage value (Rs.) 1000 ?
Service life (years) 1 2
Ans. (2180)
A B

Installed cost | 16000 Rs. | 32000 Rs.
Maintenance | 2400 Rs. | 1600 Rs.
Salvage value | 1000 Rs. ?
Service life 1 2

Salvage of instrument (B) = ?

i = 10% per year
Now, given [both the instrument have equal capitalized cost], therefore

{VO+—VO_VS +V—m} v+  Vm
(0" =1 i ], A -1 i,

16000 -1000 N 2400 32000-V; 1600

16000 + = 32000+ +
.0 =1 0.1 1.2 -1 0.1
142000 = —32003_‘/3
(11?2 -1
V, = 2180 Rs.
EEEN
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