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B.TECH. AUTUMN (V SEMESTER) EXAMINATION ( )
(CHEMICAL ENGINEERING)
NUMERICAL METHODS & OPTIMIZATION
(CH-—311)
Credits: 04 :
Maximum Marks : 60 Durration @ Three Hours

Notes  Answer all questions. #

i (a) (1) Differentiate between “accuracy™ and precision and explain them through [03]
An example.

(i)  Find the round-off error in storing the number 642.5316 using a four digit 03]
miantissa.

(iii)  'T'he Stefan-Bolzmann law can be employed to estimate the rate of radiation [04]

of energy ‘H' from a surface as

H=Aegl*
Where °II' is in Watts
A = surface area (m’)
£ = emissivity {dimensionless)

5
o = Stefan Boltzrmann constant [: 5.67x107 lﬁj
m

T = absolute temperature (K}
Determine the error in the estimation of ‘H’ for steel plate with A = 0.2m’,
e =0.90 and T = 650 + 50. Compare your results with the exact value.

OR
(a") Use secant method to estimate the root of equation X* — 4x — 10 = 0 with an initial [10}]

estimates of x; = 4 and %; = 2. Make 3-iterations correct upto 4-decimal places.
What are the limitations of the secant method?
Derive the secant method on the basis of geometrical interpretation.
(h) Derive the Newton-Raphson iterative formula from Taylor Series expansion and [05]
show that the Newton-Raphson method converges to solution quadratically.

b

{a) What is curve fitting? What is the difference between interpolation and regression? [10]
The velocity distribution of a fluid near a flat surface is given below:

x|01 103 |05 |07
0.72 | L81]2.73 | 3.47

v
where ‘x° is the distance from the surface (cm) and ‘v is the velocity (cm/s).

Using the third Order Newton interpolation polynomial obtain the velocity at
x = (.6 How is Newton’s interpolation better than Lagrange interpolation?
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OR
(a’) An investigator has reported following data tabulated for an experiment to
determine the growth rate of bacteria ‘k” (per day), as a function of oxygen

concentration ‘¢’ (mg/l). It is known that such a data can be modelled by the
following equation:

= e ©
Ce +C ]
where Cg and kng are parameters. use Linear Regression o estimate Cy and Ko

and predict growth rate at C =2 mg/l. Derive the equation used.

C(mgM) |05]|08]15[24]40
K(perday) | 1.1 [24]53]7.6|89

(b)  Solve the given system of equations using Gauss-Jordan method.

3x,—x,+3x, =8

(a) Current through a capacitor is given b}r

I{t)=C—=Cv'(t)

Where, v(1) is the voltage across the capacitor at time ‘1’ and *C’ is the capacitance
value of the capacitor. Estimate the current through the capacitor at t = (.5 using
two point forward difference formula with the step size, h = 0.2 Assume the
following :
v{t)=(t+ {].l}e"T volts
C=32F
Deerive the formula used with its error term.

(b} Why Heun’s method is classified as one step predictor-corrector methed? Solve
the pair of simullancous equations,

dy

d i : l(n']

d

_d};; =Yy, +x 41 ; ?z[ﬂ)=ﬂ

to estimate y(0.2) and y,{0.2) using Heun's method. Take h = 0.1.

OR
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(b') Ewvaluate the integral using composite '| rapezoidal rule using n = 2

(@)

(b}

1
[= f e" dx
1
Derive the equation used, starting from Newton’s forward difference formula.

Wrile down the methods used for un constrained multivariable optimization. Draw
the flow chart for the Steepest Descent method.
Find the maximum of the function,
f{x)—x(1.5-x)
(i) By using accelerated step size unrestricted search, find the initial interval
of uncertainty with x; (initial guess) = 0.0 and S(step sizc) =0.1.
(iiy ~ Use Region of uncertainty obtained in part (i) and isolate the design
variable ‘X’ to within 10% by Golden Section search.
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B.TECH. AUTUMN (V SEMESTIR) EXAMINATION
(CLIEMICAL/PETROCHEMICAL ENGINEERING) O
MASS TRANSFER OPERATIONS
(CH-313/PK-313N)
CREDIT : 04

Note: (i) Symbols have their usual meanings unless otherwise specified.

(ii) Use of araph paper is allowed.
(1) Start each questions and its part thereof from fresh page.
(iv) Be precise in vour answer and underline the final answer of the numerical problems.

1(a) . An gpen beaker, 0.06 m in height, is filled with Hguid benzene at 25 °C to within 0.005

()

1@

)

- m of the top. A gentle breeze of dry air at 25 °C and 1 atm is blown by a fan across the
moutlt of the beaker so that ¢vaporated benzene is carried away by convection after it
transters through a stagnant air fayer in the beaker. The vapor pressure of benzene at
25 °Cis 0.131 atm. The mutual diffusion coefficient for benzene in air at 25 °C and 1
atm is 9.05x10r mé/s. Compute

(1) [nitial rate of evaporation of benzene as molar fux in kmol/m?-s

(1) The time in hours for the benzene level to drop 0.02 m from the injtfal level if the
specific gravity of liquid benzene s 0.674. Neglect the accumulation of benzene
and air in the stagnant layer as it increases in height.

Sulfur dioxide (4) Is absorbed into water in a packed column, At a certain location, the
bulk conditivns are 50°C, 2 atm, Ya, = 0.085, and x,, = 0.001. Equilibrium data for
S02 between air and water at 50°C are given as

Yso, = 291?41552 i ﬁ.?ESI_%Dz.

Experimental values of the mass transfer coefficients are as follows,
Liquid phase:lr. = 0.18 m/h
Gas phase: kg = 0.047 kmol/h-m?-kPa

() Using mole-fraction driving forces, compute the mass-transfer fux by Assuming
- an average Henry s-law constant and a negligible bulle-Bow affect: _

(i) Determine the relative magnitude of the two resistances and the values of the
" .mole fractions at the interface

orR
Derive the following form of Fick’s first faw

4. p? 2
= — D
Ja cM My 28" Wi

Water (8) at 25 °C in contact with pure CO; (4) at 1 atm, Hows as a film dowir a

Duration ;: Three Hours

vertical wall 1 m wide and 3 m high at Reynolds number of 25, Using the following

properties, estimate the rate of absorption of COz into water in km ol/s |

(07}

(08)

(06)
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Dap= 196 X 107°m?/s;  p = 1000kg/m*; py = 0.89cP

Solubility of CO: in water at 1 atm and 25 °C = 3.4x102 kmol/m?
For stripping operation, derive the following expression for the number of overall
liquid transfer unit for Jdifute sofution
' A1 — 1z
N = e
LTz = X)L
Ningty five percent of the acetone vapor in an 85 vol% air stream is to be absorbed by
a countercurrent contact with pure water in a valve-tray column with an overall tray
arnd
efficiency of 50%. The column will operate essentially at 20 "E/j 01 kPa pressure.
Equilibrium data for acetone-water at these conditions are:
| Mole percent aceione in water 330 |7zo0 |i1170 | 1710
| Acetone partial pressure in air, mm Hg | 30.00 | 62.80 | 8540 | 103.00
Calcuiate:
(1) Minimum value ofLg/Gs at -
(ii) The number of equilibrium stages required using a water flow rate, 1.25 times the
minimum
(iii) The concentration of acetone in the exit water
OR

Solute A fs to be stripped from a Jignid stream by contacting with a pure gas. The |

liguid enters the tower at an A-free rate of 2.5 kimol/s and contains 30 mol% A, The
Zas enters the column counter currently at a rate equals to 1.5 times the minimum.
Determine the number of theoretical stages required to reduce the concentration of A
in the exiting liguid ‘o 1.0 mol%. The distribution of A in the gas and liguid is
expressed by v = 0.4xy.

Define the terms relative saturation and percentage saturation related to
humidification operation and obtain a relationship between them. Show that the
relative saturation is always greater than the percentage saturation except for the
extreme conditions of dry gas (0% humidity) and saturated gas (100% humidity).

It is desired to dehumidify 1.2 m3 /s of air, available at 38 °C dry bulb, 30 °C wet bulb
temperatures, to a wet bulb temperature of 15 °C in a countercurrent tower using
water chilled to 10 °C. The packing will be 50-mm Raschi g rings for the overall
volumetric mass transfer coefficient Kya is 3.40 kg/mP-s. To keep entrainment
minimum, G; will be 1.25 kg air/m?-s, and a liguid flow rate of 1.5 times the minimum
will be used. Determize the temperature of the outlet water,.  cross section and
height of the packed section of the tower.

OR
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b

A horizontal spray chamber with recirculated water is used for adiabatic
humidification and cooling of air. The active part of the chamber s 2 m long and has
cross section of 2 m?, With an air flow rate 3.5 mi/s at dry bulb temperature 65 °C and
humidity 0.017 kg water/kg dry air, the air is cooled and humidified to a dry buib
temperature 42 °C. Ifa duplicate spray chamber operates in the same manner, were to
be added in series with the eXisting chamber, what outlet conditions eould be
expected for the air?

What do you mean by constant arying condition? Briefly discuss the effect of the
varying dryving conditfon with respect fo the gas velocity, gas temperature, gas
humidity, and thickness of drying solid on the rate of, dryTng in constant rate period,

Show that specific interfacial arez in a sparged vessel is given by
®c

g ==
d
At P |
Where @ is the fraction| gas holdup and dp is the sautér mean diameter of gas
bubbles,

Fi,. Arracyes
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B = humitd volume, m*fxg doy alr.
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' = enthalpy, &l kg dry air
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CHEMICAL REACTION ENGINCERING
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Note: Draw Labelled and self explanatory diagrams whenever necessary,
Symbols have their usual meaning unless specified otherwizse. Be systematic.
Start new problem from a fresh page.
I. (a) The thermal decomposition of ethane to ethylene and other products is belicved io [19]

proceed in the following sequences:

L,
Initiation : C;Hy ——= 2CH;
k?.
Propagation : CHy+CoHg  —— CH,+ €, Hj
k3
C;H; — > C,H, + H'
e _
H+CH, —— C,HI+ H,
ks
Termination : 2Cy Hs —— C Hy,

Use pseudo steady-state hypothesis to derive the rate laws [or the disappearance of
ethane and formation of ethylene,
OR
(a’) To explain the kinetics of enzyme-subsirate reactions, Michaelis and Menten [10]
(1913) came up with the following mechanism that uses an equilibrium

assumpton

A+ESX | K= ]

e ik F""][ﬂ il
d k3
X—RB g 1 [e]s
Where [E,] represents tolal enzyme and [E| represent the free un attached enzyme.
Briggs :md Haldane (1925) on the other hand employed a steady-state

assumption in planc of the equilibrium assumption.

a+pd&x 1 oEl_,
1% dt

B R B

What final rate form (—v,) in terms of [A}.[Ee ], ki, k; and k; do the above two

mechanism give? Comment on your results,

, and

Contd.._..2
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(a)

(b)

(b)

oy ek
When concentrated urea solution iz stored, it slowly condenses to biurete by the
Tollowing chemistry reaction:

2NH,- CO .NHy —= N, + CO-NH* CO - NH, + NH,
To study the rate of condensation of the solution, a sample of urea (20 mol/liter) is
stored at 100°C. After 7 hr 40 min il was found that 1 mole% has turned into

biurcte. Find the rate equation for this condensation reaction.

A high molecular weight hydrocarbon gas is fed continuously to a heated high
temperature mixed flow reactor where it thermally. cracks (a homogeneous gas
reaction) into lower molecular weight materials (colledively called R) by a
stoichimetry approximated by A — 5R.

By changing the feed rate, different extents of cracking are obtained as follows:

F, . millimol/hr 300 1000 | 3000 5000 |

C, ., millimol/liter 16 30 50 60

The internal void volume of the reactor is V = 0.1 liter, and at the temperature of

the reactor the feed concentration is C, =100 millimol/liter. Find a rate equation

to represent the cracking reactions.
Congider the trambouze reactions (parallel decomposition ofA of dilferent

orders);
R, TR=1
Al rg—2Ca

b T, rr=Ca

Determine the maximum conceniration of the desired product S (for a feed
concentration of C, =4 mol/liter) in (i} PFR (ii) MFR.

OR
At present 90% of reactant A is converted into product (A — R) by a second

.order reaction in a single mixed flow reactor. [t is planned to place a second

reactor similar to the one being used in scrics with it.

(i) For the same treatment rate as that used at present, how will this addition
affect the conversion of reactant?

(11) Tor the same 90% conversion, by how much can the treatment rate be
increased?

(iii) How would the treatment rate be affected if the reactor is hooked up in
parallel instcad of in series?

You may like to use Figure | in your solution o the problem (Te figure must be

attached with the Answer Book).
Contd.....3

3229

[05]

[08]

[07]

[07]



(@)

(b)

3129

Find the elementary aqueous reaction 08|
A—R
AGh, = 14,130 J/mol
AHY,, =-75.300 J/mol
C, =C, = constant

C,. = 1000 cal’kgK

P

1 Cal = 4.1842 J, 0.239 cal/s = lw
Based on kinetic experiments, in a batch reactor, the conversion temperature
chart with reaction rate as parameter has been prepared alongwith equilibrium
conversion. The resull, for C, =1 mol/liter and C, = 0is presented in Figure-2.

Using the locus of maximum rates, determine the volume of the mixed

flow reactor needed for 80% conversion of a feed of F, = 1000 mal/min,
C. = | mol/liter. What is the heat duty if feed enters at 25°C and the product is

to be withdrawn at this temperature?

OR
For the parallel first order decomposition of A [0E]

1 R desired

.R
8
Oceurring in a8 mixed flow reactor, with a specified space time 7, find the
lemperature level which maximizes the production of R.
k-|= k]ﬂ E Fl.' RT
ky=kpy e ™
E; < E..
The accepted mechanism for the highly exothermic solid catalyzed gas phase [07]
oxidation of naphthalene to product phthalic anhydride is

R
1/ 3
e
A~ >SS ——= T
where
Kk, —k, =2*10" exp (—159,000/RT ) hr™
ks —B.15%10" exp (— 209,000/ RT )b
k, =2.1%10" exp (~83,600/RT ) hr™

R=8314

mol K

Contd.....4
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A = naphthalene (reactant)

R = naphthaguinone (postulated inter mediate)
§ = Phthalic anhydride (desired product)

1= COy + HyO (waste products)

The Arrhenius activation energy is given in units of J/mol. This reaction is to be

run somewhere between 900 1200 K,

(1) What kind of Tow reactor would vou suggest.

(i)  If you could keep the whole of your reactors at whatever temperature and
T value desired, what would be the vield of phathalie anhydride per mole
of the naphthalene reacted?

(ii)  What operating (emperature have suggested?

(8) The flow through a reactor is 10 liter/min. A pulse tracer test conducted with the [d+4+1]
vessel gave the following outlet concentration in an arbitrary units:

| T(min) |cx10°! i (min) Cx10°
0 o6 [ 15 238
0.4 329 20 136

1.0 622 25 7|

2 812 30 4 |
3 831 35 25
4 | 785 40 14
5 720 45 R
6 650 50 5

8 523 60 N

10 | 418 - - |

(i} Tabulate and plot the exit age distribution E(t) for the vessel.
{ii} Determine the mean residence time (ty,) and the variance (o).
(ili)  What is the reactor volume?

(b)  Briefly explain the problem relating to the stability of Mixed flow reactors during [03]
exothermic reactions.

QR
(b) A pulse of concenirated NaCl solution is introduced as a tracer inlo the fluid [03]

entering a vessel (V = 1m°, v = Im’/min) and the concentration of tracer is
measured in the fluid leaving the vessel. The tracer output data is sketched in
Figure 3. Develop a flow model to represent the vessel.

(¢) Derive the conversation-time expression for the reaction of a spherical particle [03]
with a fluid

Afg) + bB(s) — Products
When chemical reaciion controls under SCM.

[Figure Attached |
Contd.. 5



I
N

Second order |
lpactlun |

ey e o T T P I

f{f:ﬂ'ﬁl- Va"l IEI'.If’;.l‘.l,:| i reactors
(C 'ZIEVJ'Ir P;'njprug

—

s

Ci

= A0

il

= T ]
sy Tt ]| y
_-_'_‘,?‘———-_-—-__ N:lﬂ /C_ihﬁ_!_-_‘-#_‘\j
¥ - :
[T a——— ABREELr o B oA & 10
fall

IGURE I Comparison of performance of a series of N equal-size mixed
eactors with a plug flow reactor for elementary second-order reactions

2A —» products b
A 4 B <> products, Cao = Cuo

Eputd ven &




















































































































































































































































































	B.Tech. Chemical V Semester.pdf (p.1-101)
	B.Tech. Chemical V Semester.pdf (p.1-68)
	B.Tech. Chemical V Semester.pdf (p.1-33)
	CH - 311 - A.pdf (p.1)
	CH - 311 - B.pdf (p.2)
	CH - 311 - C.pdf (p.3)
	CH - 313 OR PK - 313N - A.pdf (p.4)
	CH - 313 OR PK - 313N - B.pdf (p.5)
	CH - 313 OR PK - 313N - C.pdf (p.6)
	CH - 313 OR PK - 313N - D.pdf (p.7)
	CH - 314N - A.pdf (p.8)
	CH - 314N - B.pdf (p.9)
	CH - 314N - C.pdf (p.10)
	CH - 314N - D.pdf (p.11)
	CH - 314N - E.pdf (p.12)
	CH - 314N - F.pdf (p.13)
	CH - 336N - A.pdf (p.14)
	CH - 336N - B.pdf (p.15)
	CH - 338 (O.E).pdf (p.16)
	ME - 340 - A.pdf (p.17)
	ME - 340 - B.pdf (p.18)
	ME - 340 - C.pdf (p.19)
	PK - 312N OR CH - 312 - A.pdf (p.20)
	PK - 312N OR CH - 312 - B.pdf (p.21)
	PK - 312N OR CH - 312 - C.pdf (p.22)
	AM - 351 - A.pdf (p.23)
	AM - 351 - B.pdf (p.24)
	AM - 351 - C.pdf (p.25)
	AP - 308 - A II.pdf (p.26)
	AP - 308 - B II.pdf (p.27)
	AP - 308 - I.pdf (p.28)
	EE - 301 - A.pdf (p.29)
	EE - 301 - B.pdf (p.30)
	ME - 437 - A.pdf (p.31)
	ME - 437 - B.pdf (p.32)
	AC - 308.pdf (p.33)

	CH - 311 - A.pdf (p.34)
	CH - 311 - B.pdf (p.35)
	CH - 311 - C.pdf (p.36)
	CH - 313 OR PK - 313N - A.pdf (p.37)
	CH - 313 OR PK - 313N - B.pdf (p.38)
	CH - 313 OR PK - 313N - C.pdf (p.39)
	CH - 313 OR PK - 313N - D.pdf (p.40)
	CH - 314 - A.pdf (p.41)
	CH - 314 - B.pdf (p.42)
	CH - 314 - C.pdf (p.43)
	CH - 314 - D.pdf (p.44)
	CH - 314N - A.pdf (p.45)
	CH - 314N - B.pdf (p.46)
	CH - 314N - C.pdf (p.47)
	CH - 322 - A.pdf (p.48)
	CH - 322 - B.pdf (p.49)
	CH - 322 - C.pdf (p.50)
	CH - 322 - D.pdf (p.51)
	CH - 336N - A.pdf (p.52)
	CH - 336N - B.pdf (p.53)
	CH - 361N - A.pdf (p.54)
	CH - 361N - B.pdf (p.55)
	CH - 361N - C.pdf (p.56)
	ME - 340 - A.pdf (p.57)
	ME - 340 - B.pdf (p.58)
	PK - 312N - CH - 312 - A.pdf (p.59)
	PK - 312N - CH - 312 - B.pdf (p.60)
	PK - 312N - CH - 312 - C.pdf (p.61)
	PK - 312N - CH - 312 - D.pdf (p.62)
	AM - 351 - A.pdf (p.63)
	AM - 351 - B.pdf (p.64)
	AM - 351 - C.pdf (p.65)
	AP - 308 - A II.pdf (p.66)
	AP - 308 - B II.pdf (p.67)
	AC - 308.pdf (p.68)

	CH - 312 OR PK - 312N - A.pdf (p.69)
	CH - 312 OR PK - 312N - B.pdf (p.70)
	CH - 312 OR PK - 312N - C.pdf (p.71)
	CH - 312 OR PK - 312N - D.pdf (p.72)
	CH - 312 OR PK - 312N - E.pdf (p.73)
	CH - 312 OR PK - 312N - F.pdf (p.74)
	CH - 313 OR PK - 313N - A.pdf (p.75)
	CH - 313 OR PK - 313N - B.pdf (p.76)
	CH - 313 OR PK - 313N - C.pdf (p.77)
	CH - 313 OR PK - 313N - D.pdf (p.78)
	CH - 314 - A.pdf (p.79)
	CH - 314 - B.pdf (p.80)
	CH - 314 - C.pdf (p.81)
	CH - 314 - D.pdf (p.82)
	CH - 314 - E.pdf (p.83)
	CH - 314N - A.pdf (p.84)
	CH - 314N - B.pdf (p.85)
	CH - 314N - C.pdf (p.86)
	CH - 336N - A.pdf (p.87)
	CH - 336N - B.pdf (p.88)
	ME - 340 - 240 - A.pdf (p.89)
	ME - 340 - 240 - B.pdf (p.90)
	CH - 337 - A.pdf (p.91)
	CH - 337 - B.pdf (p.92)
	CH - 337 - C.pdf (p.93)
	EE - 301 - A.pdf (p.94)
	EE - 301 - B.pdf (p.95)
	AM - 351 - A.pdf (p.96)
	AM - 351 - B.pdf (p.97)
	AM - 351 - C.pdf (p.98)
	AC - 308.pdf (p.99)
	AP - 308 - A.pdf (p.100)
	AP - 308 - B.pdf (p.101)

	CH - 312 OR PK - 312N - A.pdf (p.102)
	CH - 312 OR PK - 312N - B.pdf (p.103)
	CH - 312 OR PK - 312N - C.pdf (p.104)
	CH - 312 OR PK - 312N - D.pdf (p.105)
	CH - 313 OR PK - 313N - A.pdf (p.106)
	CH - 313 OR PK - 313N - B.pdf (p.107)
	CH - 313 OR PK - 313N - C.pdf (p.108)
	CH - 313 OR PK - 313N - D.pdf (p.109)
	CH - 314 - A.pdf (p.110)
	CH - 314 - B.pdf (p.111)
	CH - 314 - C.pdf (p.112)
	CH - 314 - D.pdf (p.113)
	CH - 314 - E.pdf (p.114)
	CH - 314 - F.pdf (p.115)
	CH - 314N - A.pdf (p.116)
	CH - 314N - B.pdf (p.117)
	CH - 314N - C.pdf (p.118)
	CH - 314N - D.pdf (p.119)
	CH - 322 - A.pdf (p.120)
	CH - 322 - B.pdf (p.121)
	CH - 322 - C.pdf (p.122)
	CH - 323 OR PK - 323 - A.pdf (p.123)
	CH - 323 OR PK - 323 - B.pdf (p.124)
	CH - 323 OR PK - 323 - C.pdf (p.125)
	CH - 323 OR PK - 323 - D.pdf (p.126)
	CH - 323 OR PK - 323 - E.pdf (p.127)
	ME - 340 - A.pdf (p.128)
	ME - 340 - B.pdf (p.129)
	AC - 308 - A.pdf (p.130)
	AC - 308 - B.pdf (p.131)
	AM - 351 - A.pdf (p.132)
	AM - 351 - B.pdf (p.133)

