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1. (a) Fit a polynomial of second degree to the data points given in the following
table:
x| 0 |10 2.0
Y |[1.0]6.0|170

(b) Certain experimental values of x and y are given below:

x[0 2[5 7
v |-1]5]12]20

If y = ap+a,x, find approximate values of

g least square method.
[8+8]

STR in which a “simultaneous

reaction” (first- order, isotdser es'place A RNy LN
(b) Write component continuiy equation for the same above system in which re-
versible reaction télkes placeSmstead of simultaneous reaction. [8+8]
to

2. (a) Write the component continuit ti

3. Explain the pr the bubble point temperature (BUBL T) of a binary
vapour-li X mExplain the algorithm by block diagram. [16]
1

ation of Batch reactor using Runge-kutta Method. [16]

5. Suppose awmixture of gases is fed into a Gas-phase, pressurized CSTR, Gases are
perfectly mixed. A reversible reaction occurs. The forward reaction is 1.5 order
in A; the reverse reaction is 1%* order in B. The mole fraction of A in the reactor
is y. The pressure in the vessel is P. The volume of the reactor V is constant.
Assume isothermal system and perfect gases. The feed stream has a density ¢, mole
fraction yy & flow rate Fy. The flow out of the reactor passes through a valve into
another vessel which is held at a constant pressure Pp. Derive the mass balance
and component continuity equations for the system. [16]

6. Consider the following non-linear algebraic equation to find the roots of
[ (z) = 2* — 5a? 4+ 62 — 1, using secant method. [16]

7. The height ‘h’ of a liquid in a gravity flow tank & the liquid velocity ‘v’ leaving
gllrough the outlet of the tank are given by the following equations ‘2—1’ = ph — qv?,

S = 1 — sv, where p, ¢, r, s are constants. Explain the procedure to solve these

equations for v and h by Runge-Kutta 4" order method. 16]

8. Write the model equations involved in a Batch reactor when it is in the cooling
phase with a neat diagram. [16]
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1. (a) In a gas phase reversible reaction V. moles of C react and form V; moles of
D. Derive an expression for chemical equilibrium and define the value of the
equilibrium constant.

(b) Briefly discuss about Raoult’s law and its applications. 8+8]
2. Derive the equations describing the Batch distillation col stant hold
up. [16]

ate of oil passing through
of 1% tank is V4 and 2"
il entering 1% tank is 7,. The
A heating coil in the 1 tank uses
ces for both the tanks. [16]

3. Consider a two perfectly mixed tanks in series,
the tanks is F, density ¢, heat capacity C,
tank is V5, which are constant. The t er
temperatures in the two tanks ar Ty
steam to heat the oil. Write

4. Develop a mathematic a simple gravity flow tank into which an incom-
pressible liquid is p Varlable flow rate of Fy (m3/s). This inflow rate can

vary with time Jo€ ges in operatlons upstream. The height of the liquid

in the verticdl c e tank is h (m). The flow rate out of the tank is F (m?/s).
Raphson algonthm for solving the modeled equations.  [16]

5. Gi following f (z) = 2* — x — 10, 2y = 2, Find the roots corrected to 3
decimal places using Newton-Raphson method. [16]

6. Using Euler’s Method, solve the differential equations:

(a) %42y =0,y(0) =

(b) % —1=y%y(0) =0, Take h=0.1 and obtain y(0.1), y(0.2), y(0.3). [16]
7. Discuss the simulation of Non-isothermal CSTR using Euler’s Method. [16]

8. Using Lagrange’s Interpolation, obtain an appropriate third degree polynomial
for the vapor pressure of acetone shown in table below, which could be used for
259.2K < T < 320.5K. [16]
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T(K) [ P (bar)
259.2 | 0.04267
2734 |  0.0949
290.1 0.2152
320.5 0.7444
350.9 2.015
390.3 5.65
464 17.68
1706 | 26.62
508.1 | 47.00
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1. Explain the following methods:

(a) Bisection Method.

(b) False Position Method. [8+8]
2. An irreversible exothermic reaction is carried out in a sin e% ixed non-

isothermal CSTR. The reaction is A LS B. The reac

s n in reactant
A and has heat of reaction ‘N (energy units/mole acted). Negligible heat
losses and constant densities are assumed. To re h@at of reaction, a cooling
jacket surrounds the reactor. Cooling wat@fis added t0 the jacket at a constant

a el for the system considering

volumetric flow rate. Develop a math
the assumptions made and explain the
[16]

cooling jacket as lumped one. St -@
notations scheme used clearl
3. Explain the convergencgprocedurgto find the bubble point temperature of a binary

vapour-liquid mixtuze. [16]

4. Simulate th G@ee isothermal CSTRs using Runge-Kutta method.  [16]

5. Explai@r nce procedure to find the bubble point temperature of a binary
i

vapour-liguid mixture. [16]

1
6. Evaluate I = [ H%dx, correct to three decimal places. Solve this using trapezoidal

0
rule with h=0.5, 0.25, 0.125 [16]

7. Derive the equation for the time required to achieve desired conversion in Batch
reactor for Non-isothermal operation and Adiabatic operation. [16]

8. The reaction rate constant for the decomposition of a substituted dibasic acid has
been determined at various temperatures as follows:

T (°C) 50 | 70.1|89.4 | 101.0
Kx10% (hr) | 1.08 | 7.34 | 45.4 | 138

Use the method of least squares to determine the activation energy (E) in the
equation k = Ae ¥R where T is measured in degree Kelvin. [16]

* Kk k kK
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1. (a) Simulate the series of open loop three isothermal CSTRs using first order
explicit Euler integration method.

(b) Simulate the series of closed loop three isothermal CSTRs u t order
explicit Euler integration method. 8+8]
2. Compare approximate values of ‘p” at L=0.1 and L=0.2 f ntial quatlon

dp = p+ L% with p = 1 at L=0 using Euler’s Method

3. (a) Define the terms “Modeling” and “Simula

(b) Discuss the “Principles of formulatio
for a process.

eloping a mathematical model
[6+10]

4. An irreversible exothermic rea@tion occurs in a series of three perfectly
mixed CSTRs as shown in figur enters the first reactor and product leaves
the third reactor. Ass reagtion is n'* order in reactant A. Derive the mass

balance and com ity equations considering variable holdups. Assume
constant dengi !@

em, which is a binary mixture of A and B. [16]

Fa
CAo Fy F
2
. | & ] % 3
Ky % ::
Figure 1:

5. (a) Illustrate “Mass-transfer Limited” and “Chemical-rate Limited reactors” phe-
nomena with an example.

(b) Derive the model equations involved in the “reactor with mass transfer”.
[6410]

6. Hot oil is cooled in a counter current heat exchanger, using cooling water as shown
shown in figure 2:
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Cooling Water
T.

Hot o1l Hotoil

Iy

[, i TI}:

Cooling Water
T,

Figure 2:

The inlet temperatures of oil and cooling swater, flow rates, heat transfer coeffi-
cients, and the heat transfer area are known. Describe the iteration steps for the
calculation of steady state outlet témperatures of both the streams and the heat
transfer rate. Give the relevantrequations: [16]

7. Solve the following system by the,Gauss Elimination Method:
20 + 2y + 2 4+ 2u =7
T—2y—u=2
! 16
3r —y =22z —u =3
r—2u=0
8. The following table gives the effect of the aromatics concentration, C 4, on the rate,

r4, of coke formation on a metal plate during pyrolysis of naphtha in a jet stirred
reactor, at 1083K.

10* C4 Kmol/m? | 1.79 | 2.03 | 2.22 | 2.47 | 2.97 | 3.39 | 4.95 | 7.37 | 9.01 | 9.83 | 10.07

10* r4 Kg/m? hr | 0.28 | 0.32 [ 0.36 | 0.4 [ 0.49 [ 0.59 | 0.99 | 1.55 | 2.0 | 2.25 | 2.6

Determine the order of the reaction using the expression r4 = £C’} and least square
fit (Inry =Ink+nlnCy = ap + a12) [16]

* ok Kk ok ok
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