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Note: Attempt ALL the questions and make necessary suitable assumptions

Course Outcomes

Identify the terms involved in inventory rate equation of mass, energy and momentum

Recall the basic concepts involved in modeling and simulation

. Develop model equations for chemical engineering systems

1
2
3. Apply conservation of mass, momentum and energy equations to engineering problems.
4
5

Solve the model equations and chemical engineering problens using numerical techniques

—_—

a. Express the rate of quantity interms of (i) Inlet/outlet rate (ii) 02

Generation rate (iii) Accumulation rate.

Dust evolves at a rate of 0.3 kg/ h in a foundry which has the dimensions
of 20 m x 8 m x 4 m. According to ILO (International Labor
Organization) standards, the dust concentration should not exceed 20
mg/ m® to protect workers' health. Determine the volumetric flow rate of

ventilating air to meet the standards of ILO.

Air at atmospheric pressure and 95 °C flows at 20 m/s over a flat plate of
naphthalene 80 cm long in the direction of flow and 60 cm wide.
Experimental measurements report the molar concentration of
naphthalene in the air, Ca, as a function of distance x from the plate as

follows:

X, (cm) 0 10 |20 |30 |40 |50

Ca, (mol/m’) | 0.127] 0.094 | 0.078 | 0.064 | 0.056 | 0.044

Determine the molar flux of naphthalene from the plate surface under
steady conditions by using least squares method. (Data: Diffusion

coefficient of naphthalene (A) in air (B) at 25°C= 0.52 x 107 m?/s)

ChBC-84: Modeling and Simulation in Chemical Engineering 25/04/2019

[CO1]

02
[CO2, CO3]

06
[CO2, COS5]

(1)



List and discuss the basic steps involved in the development of steady-
state macroscopic balances.
Derive the momentum generation as a result of pressure force for steady
state flow in a pipe.
Thefollowing parallel reactions takeplace inan isothermal constant volume
CSTR A—>2B r=kCs ki=13s"

3A>C r=kC kr=045"

Pure A is fed to the reactor at a concentrationof 350 mol/m?

(1). Determine the residence time required to achieve 85% convection of
species A under steady conditions

(i1). Determine the concentration of species Band C

It is required to cool a gas composed of 75 mole % N2, 15 mole % CO»
and 10 mole % O> from 800 °C to 200 °C. Determine the cooling duty of
the heat exchanger if the heat capacity expressions are in the form.

C, (J/(mol* K)) =a+ bT +CT?* +dT?

Species

A

bX 10°

cX 10°

dx 10°

N>

28.882

-0.1570

0.8075

-2.8706

(0))

25.460

1.5192

-0.7150

1.3108

CO,

21.489

5.9768

-3.4987

7.4643

02
[CO2]

03
[CO1, CO2]

05
[CO3]

05
[CO2, CO3]

b. A liquid feed to a jacketed CSTR consists of 2000 mol/m® of A and 05
2400 mol/n’ of B. A second-order irreversible reaction takes place as [CO1, CO3]

A+B —2C. The rate of reaction is given by r= kC,Cp, where the

reaction rate constant at 298 K is k = 9.15 x10°> m®/ (mol " min). The

reactor operates isothermally at 65°C. (i) Calculate the residence time

required to obtain 80% conversion of species A. (i1) What should be the

volume of the reactor if species C are to be produced at a rate of

820 mol/min?
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