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SECTION-A.
There are FOUR questions in this section. Ans~er any THREE.

1. (a) Draw proper P&I diagram of the following processes (18)
(i) Reactants enter ajacketed.CSTR where a reaction takes place and the products

exit. The reactor is cooled via a coolant water stream. The temperature inside

the reactor vessel is monitored with a temperature controller (also contained in

the controller is a sensor, indicator and transmitter), which electrically controls

a valve. The valve can alter the flowrate of the coolant water stream, thereby

controlling the temperature inside the reactor. A pressure controller is also

present which feeds back to an inlet valve. The reaction occurs most likely in

gas phase and if the CSTR becomes too full (high pressure) the inlet valve will

close.

(ii) A storage tank is filled with condensed products formed via the CSTR in above

question. The tank contains a l<::velcontroller at a set point on the top of the

tank. If this tank were to fill, materials would g,~t clogged up in the teastor.

Therefore, if the tank reaches 90% of its total capacity, the level controller will

send an electric signal, which opens an emergency drainage line located at the

bottom of the tank. The level controller will also activate an alarm alerting

plant engineers that there is a problem with the storage tank. Finally, the level

controller will also close the inlet valve to the storage tank.

(b) Why do we use Laplace Transform for analyzing process control systems? Elaborate

on your answer.

(c) Apply the initial and final value theorems to the following transfer function,

(S+I) ~ -d,C;5>
-~-~-e~
S(S +2)(S +3)

2. (a) Describe the steps that are followed to develop dynamic models for process control

purpose.

(b) An exothermic reaction, A72B, takes place adiabatically in a stirred-tank reactor.

This liquid reaction occurs at constant volume in a 1000':'gal reactor. The reaction can be

considered to be first order and irreversible with the rate constant given by

K = 2.4 x 1015 i20000/T (min -) ); where T is in oR.

Contd P/2

(10)

(7)

(10)

(25)

, .....•.•



=2=

CHE 403/CHE.
Contd ... Q. No. 2(b)

Using the information below, derive a transfer function relating the exit temperature T

to the inlet concentration CAi • State all assumptions that you make.

Available information

(i) Nominal steady state canditians are:
- 0 -- 3T =150 F, CAi =0.8 mal/ft

q = 20 gal/min = flow in and out of the reactor

(ii) Physical property data for the mixture at steady state:

BTU'
C = 0.8-. -, p = 52 Ib/ft3, - Ml R = 500 klima I

Ibo F

3. (a) A step change from 15 to 31 psi in actual pressure results in the measured response

from a pressure indicating element show in Figure for Question 3(a). Assuming second

.order dynamics, calculate all impartant parameters and write anappraximate transfer

function in the farm.

R'(s)_ k
p'(s) - r2s2 +2~n'+1

where, R' is the instrument .output deviatian (mm), P' is the actual pressure deviation

(psi).

(b) For the process described by the exact transfer function
. 5

G(s) = (lOs + 1)(4s+ l)(s + I)(O.2s +1)
./

Use Skogestad's methad ta derive twa approximate madels

(i) A first order-plus-time-delay model.

(ii) A second-order-plus-time-delay model in the form

4.. (a) A heat exchanger is used to heat and glycal solution with a hot oil. A thermocouple

is placed 3 m downstream from the outlet of the heat exchanger. Data from a unit step

test in Q' on the complete system are shown in Figure for Question 4(a). Where T' is,

(18)

(17)

the outiet temperature deviation. Q' is the hot oil flow rate deviation. Using Smith's

method calculate the time constants of this process from the step response and develop

the overall transfer function. For required information see Figure-2 for Question 4(a). (17)

Cantd P/3
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(b) A process instrumentation diagram of a flash drum is shown in Figure for Question

4(b). Steam is condensed in a steam coil to vaporize a portion of the liquid feed, and the

liquid product is removed by a pump. There are control valves for the steam ~ow~ vapor

product, liquid product, feed flow, and the steam chest (which allows the steam chest to

be rapidly evacuated in emergency situations). Determine which of the five valves

should be fail-close (F/C) or fail-open (FlO) for safe operation, for each of three cases: (18)
(i) The safest conditions are achieved by the lowest temperature and pressure in

the flash vessel.

(ii) Vapor flow to downstream equipment can cause a hazardous situation.

(iii) Liquid flow to downstream equipment can cause a hazardous situation.

SECTION-B

There are FOUR questions in this section. Answer any THREE.

Symbols have their usual meanings.

5. (a) Describe general guidelines for tuning flow loops and level control loops. (7)
(b) Starting from the equation of an analog PID controller, derive the velocity form of a

digital PID controller. State three advantages of velocity form over position form ofPID

controllers. (8)
(c) Describe the Ziegler-Nichols method of tuning PID controllers. What are its

characteristies?' ~':'" ad'\1C"Jn-\-e.-~-eti) ~. (10)
(d) The equation of PI controller is given by (10)

Kt

p,(t) = Kce(t) + _c f e(t )dt
T1 0

The expression of e(t) for a particular case is given by

e(t) = {2 , t ~o
o , t <0

For this case, if p'(t) is given by Fig. Sed), find value of Kc and 'rI.

Contd P/4
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6. (a) Write short notes with examples on (7x3=21)
(i)' Cascade Control
(ii) Selective Control
(iii) Feedforward Control

(b) What do you understand by a lag-dominant process? How would you design PI

controllers for such processes? . . (2+12=14)

. 7. (a) Consider the block diagram given in Fig. Q 7(a). Find the relation Y I/Ysp1' .

- I

(20)

._-'~,.__ ._.._'-_.~---~----

Fjo 0,& "1-(0)

. "1-\9-)
(b) For Fig. Q ~s1he following information are given:

5 4G =--, G 1 =---- G =0 =1
v s+1 P (4s + 1)(2s +1) P2 P3

Gd =1, Gm =0.05, Gm =0.2, Gd =_1_
2 I 2 I 38 +1

Gc = K c and Gc =K c = 4
I I 2 2

Find the stability limit or maximum values of kC1 using Routh array.

(15)

8.. (a) The Bode plot of the open loop transfer function of a low-order process,
Gl = GpGmGTGvis shown in Fig. Q 8(a).
Find the following:

(i) The steady-state gain. (2)
(ii) The cross-over frequency. (2)
(iii). The ultimate gain, Kcu' (3)

(iv) The gain margin and phase margin. (5)
(v) >How much additional de~ay, the process can tolerate before it becomes

unstable? (8)
(b) What do understand by reset wind-up? Explain. (10)
(c) Sketch the Bode diagram of a pure time delay process. (5)
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SECTION-A
There are FOUR questions in this section. Answer any THREE.

Notations indicate their usual meanings.

Assume reasonable value if additional data is required.

1. (a) Explain briefly the followings:

(i) Reaction order,

(ii) Reaction rate constant.

(b) List the techniques used for the interpretation of reaction rate data.

(c) What would be your decision if there is a deviation from linearity (by integral

method) with an assumed order of a reaction?

(d)'Svirbley and Rath have reported the following data for the reaction between HeN

and C3H7CHO in aqueous solution at 25°C.

Time, t(sec) HCN (moles/m3
) C3H7CHO (moles/m3

)

166.8 .99.0 56.6

319.8 90.6 48.2

490.2 83.0 40.6

913.8 70.6 28.2

1188.0 65.3 22.9

a 42.4 0

Determine the order of the reaction and the reaction rate constant.

2; (a) What do you understand by reaction mechanism? Write down the preliminary

criteria for testing a proposed reaction mechanism.

(b) State the four basic assumptions involved in the derivation of a rate expression from

a proposed reaction mechanism.

(c) The following mechanism has been proposed for the oxidation of nitric oxide,

Coutd P/2

(4x2=8)
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Mechanism:

NO+ O2 ~N03 equilibrium constant ke

~N03 + NO x-;---- N03 . NO
k2

N03 +NO kJ) 2N02

NO+N03.NO k. )2N02 +NO

02+N03.NO ks )2NO+202

Derive a rate expression that is consistent with this mechanism.

3. k •(a) For the opposing first order reaction A; I) B find the expression; = 1-e-(k,+kl)t .
k2 Ge

(b) Define relaxation time for a reversible reaction. Deduce the expression of relaxation

k
time for first order reaction, A ~B .

If,

(c) Write down the differential equation for the following cases:

(i) Reversible first order parallel reaction

(ii) Irreversible first order parallel reaction.

(12)

(15)

(4+4)

4. (a) For the set of first order consecutive reactions

Determine the expression for the maximum concentration of R that can be obtained.

How long does it take to achieve this maximum for (i) k, =F- k2 and (ii) kl = k2 ?
(b) A coupled enzyme assay system may be represented as

(20)

(15)

k1 .B
A--=---) B

Primary auxiliary
enzyme enzyme

)

If the first reaction is regarded as zero-order irreversible, and the second reaction is first-

order in the product B, determine the time-dependent behavior of the concentration of

species B if no B is present initially. How long does it take to reach 98% of the steady-

state value if k1 = 0.833 mole/m3 -ksec and k2 = 0.767 sec-I? What is this steady-state

value?

Contd P/3
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SECTION-B

There are FOUR questions in this section. Answer any THREE.

5. (a) Discuss the role of physical and chemical characterization in assessing the properties

of heterogeneous catalyst.

(b) Compare the Langmuir Adsorption Isotherm with the BET Isotherm.

(c) Point out the distinguished features of heterogeneous catalyst preparation methods.

Discuss the role of difference components of heterogeneous catalysts.

(d) Explain the following terms:

(i) Intrinsic and global rates

(ii) Poisoning of heterogeneous catalysts.

(iii) Chemical and Physical Adsorption.

6. (a) Write down the different forms of rate expressions for heterogeneous catalytic

reactions limited by the rates of chemical processes.

(b) Some investigators have studied the decomposition of ammonia over a heated

platinum filament at 1200oC. The reaction stoichiometry is

2NH3 ~N2 +3H2

Initially, pure NH3 was present in the reaction vessel. The reactor volume is a constant.

The data presented below are representative of the kinetics of the reaction.

Time, (t (sec) Total pressure (kPa)

0 26.7

60 34.1

. 240 38.5

720 42.7

P
It has been postulated that the rate expression for the reaction is of the form r = k NH].

PH
2

Is the experimental data consistent with this rate expression? If so, what is the value of

the rate constant?

(c) What are the points to be considered in designing a heterogeneous reactors?

(b) Discuss the advantages and disadvantages of the reactors used in chemical

industries.

Contd P/4
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7. (a) Explain the impact of material and energy balances on design of industrial reactors. (8)
(b) Discuss the graphical approach to the analysis of batteries of stirred tank reactors

operating at steady state.

(c) The rate of a chemical reaction is given by r = k C~ where, r = -.!.- d;l .
V dt

If 90% of the reactant A is converted to products in a reactor, and if one obtains a

second reactor that is one half the size of the first, determine the increase in feed

capacity that results from the following types of operations:

(i) n = 1 two plug flow reactors in series

(ii) n = 1 two plug flow reactors in parallel.
Assume that the exit composition from the last reactor remains unchanged in all cases

and that none of A has been converted to products prior to entering the reactor. Do not

assume 8 = O. Obtain a general solution. In series operation the small reactor precedes

the large reactor in the sequence.

8. (a) The total volume of a cascade of equalized CSTR'sapproach the volume of plug

flow reactor as the number of reactors is increased for the same overall conversion if the

(10)

(17)

reaction is assumed to be first order - Explain. (10+3=13)
(b) Highlight the main features of one and two dimensional pseudo homogeneous

models of fixed bed reactors. (10+3=13)

(c) Explain the following terms: (9)

(i) Bulk and Knudsen diffusion

(ii) Effectiveness factor and Effective diffusivity

(iii) Thiele Modulus
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SECTION -A

There are FOUR questions in this section. Answer any THREE.

1. (a) Estimate the viscosity of N2 at 6SoF and 1000psig. The critiCal pressure for N2 is

33.5 atm and critical temperature is 126.2 K. The viscosity at the critical condition can

be evaluated from the following correlation: (10)

(b) Calculate the required torque' to turn the shaft in the friction bearing as shown in

Fig. 1(b). You may assume the length of the bearing ~urface on the shaft is 2 inch, the .

shaft is turning at 200 rpm, the viscosity of the lubricant is 200 cp and density is 50

Ibmft-3, (15)

(i) State the assumption and find the momentum and velocity distribution, in the

lubricant film

(ii) Calculate the required torque in lbf"ft to turn the ~haft

(c) A cylindrical rod is being moved with a velocity in system showing in Fig. l(c). The

rod and the cylinder are coaxial. Find the steady state velocity distribution.

2. (a) Develop the Navier-Stokes equation from the following form of equatiortofmotion

(x-component) by making appropriate assumption,

Dvx ap (aT xx aT yx aT zx)p--=--- --+--+-- +pg
Dt ax ax By az. x

(10)

(10)

(15)

(b) Find the dimensionless form of the Navier-Stokes equation. . (10)

(c) Determine the velocity distribution of two coaxial cylinders of radii R and kR,

(0 ~ k ~ 1) rotating at angular velocity no and n1 respectively (in opposite direction) ..

Assume that the space between the cylinders is filled. with an incompressible fluid in

laminar flow.

3. (a) Distinguish between laminar and turbulent flow. Draw the laminar and turbulent

velocity distributions for tube flow.

(b) Define the term "time-smooth velocity" and "eddy viscosity" for turbulent flow.

Contd P/2
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(c) Discuss Von Karman's equation of momentum flux for turbulent flow. Which

relationship of momentum. flux you should use to calculate velocity profile in the

viscous sub-layer and in the buffer region? (7)

(d) Derive the. velocity distribution (near the wall) for flow through a cylindrical tube

using appropriate semi empirical expression for the Reynolds stresses. (10)

4. (a) What are conditions required to be maintained between two systems to make it

dynamically similar? (5)

(b) State the comparison of momentum, mass and heat transport process in laminar

regIOn. (8)

(c) Explain Taylor-Prandtl analogy for heat and momentum transport and show that (22)

.lC
Sf = 2 f

h l+~(Pr-l)
Um

Extend the analogy for mass transfer in turbulent flow and find the. Taylor-Prandtl

analogy for mass transfer.

SECTION-B

There are FOUR questions in this section. Answer any THREE.

Contd P/3



6. (a) Derive the Bridgman's equ.ation of th(;3rrn.aJ c.on.ductivity of liquids. Write down the

assumption considered in deriving the equation. (10)
(b)' The density of liquid CC14 at 20°C and 1 atm is 1.595 gm/cm~, and its

compressibility -~(~~ I is 90 ..7 x lO--6/atm. w~at is the thermal conductivity? (12)
p aP.JT

,
(c) Write down the: mathematical formulation of one ..d.imensional, steady-state heat

conduction for a hol1ow sphere with. c91lstant thermal conductively In the region

a$: r $: b , \II/henheat is supplied to the'sphen; at a rate .01' q{) It;f / 'J from the boundary
m"

surface at i = b into a medium inside the sphere at zero d'~greetemperature with a heat

transfer coefficient h. (13)

7. A heated 'sphere of radius R is suspended in a large, motionless body of fluid. It is

desired to study the heat conduction in the fluid surrounding the sphere. It is assumed in

this probiem that free Gonvection effects can be neglected.

(a) Setup the differential equation describing the temperature T in the surrounding

fluid as a function of r, the distance. from the center of the sphere. The them1a1

conductivity of the fluid k is constant. (13)

(b) Integrate the differential equation and use the boundary conditions (12)

B.C. 1: at r == R, T = TH

RC. 2: at r = 00, T = Too

To determine the constants of integra.tion.

(c) From the temperature profile, obtairi an expression for the heat flux at the surface. (10)

8. Consider two concen.tric porous spherical shells of radii kR and R, as shown in the

figure for Question NO.8. The inner surface oftht~ ou.ter one is at T = T1, and the outer
,

surfac.e of the inner one is to be maintained at a lower temperature, 1\. Dry air at

temperature T = Tk is blown outward radially from the inner shell. into the intervening

space and out through the outer shell. Develop an expression for the required'rate of

heat removal from the inner sphere as a function. of the mass rate of flow of gas. Assume

steady iaminar flow, and low gas velocity. (35)
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T~e Equations of Change In Curvilinear Coordinates

TABLE 3.4.;.3
• THE EQUATION OF MOTION IN CYLINDRICAL COORDINATES (r, 6, z)

In terms of 'r:

O-componentb

+ pg". (A)

+ PKB (B)

z-component

z-componen/

(
av. aV.VB av. av.) ap

p - + v - + -- + v - = - -at T ar r ao • (Jz az

(
I a 1 aTo. aT,,)

- - - (rT ) + - - + -r ar TZ r ao az + Pg.

+ Pg.

(C)

(D)

(E)

(F)

,',

a The term pI'02/J, is the centrifugal force. It gives the effective force in the ,-direction
resulting from, fluid '11otion in the O-direction. 'This term arises automatically on trans-
formation from rectangular to cylindrical coordinates; it does not have to be added on
physical grounds. Two problems in which this term arises are discussed in Examples 3.5-1
and 3.5-2, ,

-b The term pvrvo/r is the CarioUs force. It is ari effective force in the O-direction when
there is flow in both the r- and O-direclions. This term also arises automatically in the
coordinate transformation. The Coriolis force arises in 'the problem of flow near a rotating
disk (see, for example, H. Schlichting, Boundary-Loyer Theory, McGraw-Hili, New York
(1955), Chapter 5, 910. '



The Equations 01 Motion for Nonisothermal Flow The Equations of Change for Nonisothermal Systems

TABLE 10.2-3
THE EQUATION OF ENERGY IN TERMS OF THE TRANSPORT PROPERTIES

(for Newtonian fluids o/constant p and k)
(Eq. 10.1-25 with viscous dissipation terms included),

(OU,OU
T)2 [lOUT 0 (VO)J2)+-+-+--+r--or OZ r 00 or r

(A)

(B) -

_ { (' AU'" O~'y)
T"'II , +,

uy vX

(aT aT aT OT) [oq", 0911 oq,]pCt. - + v" - + Vv - + t', _ = _ _ +~ + _- at O.t 0,1/ OZ O.l; 0.'1 OZ

( OP) (aPr, Ol'v at,,) {OU;r 01'11 01',1
- T oT p ax + oy +a; - T:r.r 02' + TVV 0,11 + 'T •• a;j

( OU", aU,) (OVv aU,)}+T", -;- + -0 + TV' -a. +-;-
uZ ,r. ,4 ",II.

Rectangular coordinates_:

Cylindrical coordinates:

- (aT aT ua aT aT) [I a 1 oqo oq,]pC - + U - + - - + t' - = _ __ (rg ) +__ +_
v at r or r 00 ' OZ r or ' r 00 OZ

(OP) (I 0 I OVOOV') {at'r 1('Ol'8 ).~ T - - - (n'T) + - - + - - T,., - .+ 'T - _' + V
TaT r ar r 00 OZ or 00 r ao

p . .

ell,} { [ 0 (t'e) 1 OUr] . (at', OUr)'+ T - - 'T r- - +__ + T _ +_
z, oZ TO or r r 00 T, or oz

(
1 au, OUo)} .+ TO, ~ aa +0;; .

Spherical coordinates:

• (aT aT l'o oT v", OT) [1 a
pCl' - + Vr - + - - + ~ - = __ -:- (r2qT),at or r 00 r Sin 0 o</> r2 or

1 O. 1 oq~J (OP) (1 0 2+ ;:sTilO ~ (qo Sin 0) + ~ at/> - T aT p ;:2 or (r vr)

1 ,a,. I Oll~) {OVr (I avo L'r)+ ~ ao (va Sin 0) + ;:srn-o at/>. - TrTa;: + TOO ~ ail + ;:

(I ov'" t'T vocotf))} { (Ove lovr Ve)+T --+-+ __ 'T _+ _
"'~ r sin 0 or/> r r ro or r 00 r

(OVq, I oUr V~) (I OU~ laue cot 0 )}+'T -+---- +T--+------v
r</> or r sin 0 at/> r - o</> r iJO r sin 0 at/> r '"

(C)

TABLE 10.2-2
THE EQUATION OF ENERGY IN TERMS OF ENERGY AND MOMENTUM FLUXES

(Eq. 10./-19)

(A)

(B)

(C)

1 o2T 02TJ
+ ;:2 002 +. oz2

= k[2. ~(r2 OT)
r2 or Or

;, {(OVT)2 [1 (OUo )J2 , (ou,)2)+ -,1.1 a;: + -; ao + uT + a;

[
sin 0 0 ( V",). 1 OVOJ2j+ -- - +---r 00 sin 0 r sin 0 ot/>

Cylindrical coordinates:

(aT aT Uo aT aT) '[I a (' aT)pCp - + UT - + - - + v - = k - _ r-
. ot or r 00 ' OZ r or Or

( (
cVo 1 Ov,)2

+,1.1 -+--
OZ r 00

Rectangular coordinates:

(
aT aT aT aT) [02T 02T 02TJ

pCp at + U", oX + Vv oy + v, ~ = k ox2 + iJy2 + Oz2

f~(OV:z)'2 ('OVv')'
2

('Ov,)21 ((ill'", OVlI)'2+ 211l - + - + - f + JI - + -ox oy . , OZ ily ox

. ('O~':z 01;,)2 (ot'v Ou,)2)+-+-+-+-oz ax oz oy

Spherical coordinates:

- (aT oT ve aT v~. OT)
pC" ~ + VT a;: + -; 00 + r sin 0 at/>

1 a ( . aT) 1 02TJ {(OVr)2
+r2 sin 0 of! Sin 0 iJf)/ + r2 sin2 f) ot/>2 + 2,1.1 , a;:

(1 avo Vr)' 2 ( lou", Vr ve cot O)2}+-- +- + -.-- +- +--r 00 r r SIn f! 04> r . r

([ O(Uo) l'OVrJ2 [ 1 OUT' O(V~)J2+/-1 r- - +-- + - __ +r-_
or \ r r 00 r sin 0 or/> or r

\; .
~:.:.,

Note: The terms co~tained in braces { } are associated with viscous dissipation
and may usually be neglected, except for systems with large velocity gradients.

Note: The terms contained in braces { } are associated with viscous dissipation
and may usually be neglected, except for systems with large velocity gradients.
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SECTION -A

There are FOUR questions in this section. Answer any THREE.

I. (a) Consider a reaction A ~ B carried out in a batch reactor. The differential equation

forspecies A is dCA = -kC A (18)
m 1

The initial condition is at t = 0, CA = 1mol/m3• The rate constant of reaction ~ 1~-
Using the Runge-kutta fourth order method determine the concentration of A at 2s.

(b) Derive the ,explicit Euler method using interpolation formula. (17)

2. (a) Derive the general solution of Riccati equation.

(b) Derive the general solution of an extraction process, using analytical method.

(c) Find the particular soluti~n of the equation below:

Yn+l-2Yn -3Yn-l = (n+l)-----'-- . ---.,-

(12)

(12)

(11)

(20)

"""l-M"~"

...............m5.\~.....'~'D\~; ,".Q ."
..... '.................. ., ~~~j V

~lc\ ~
...., " , " v .." " .. ~ ..

Fig: Counter Current Heat Exchanger

The heat exchanger can be modeled by:

Hot stream Energy balance: mhc; (T2h - T\h)= q
Cold stream Energy balance: mC c~ (T{ _ ~c )= q

3. (a)

C; = al +bl * Th +Cl * (ThY

C~= a2+b2*Tc +C2*(Tc)2

where Th = (T2h+1jh)/2 and Tc = (T2c+1jc)/2

Contd P/2.' .
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Given: mh = 100 kg/hr mC = 110 kg/hr q = 35000 kJ/hr, Tr = 350 K TIc= 300 K ,

al =5.05

az = 7.70

bl =1.7E-2

bz = 4.6E-4
cI =6.0E-6

Cz =2.5E-6

Convert the equations into a single variable form. Convert the model equations in

function form. Convert the set of nonlinear equation to a set of linear equations

(1.. . Q. = -f). Write the 1.. of system.

(b) Compare the merits and demerits of White box model & Black box model.

(c) Describe the role of First principle model.

4. (a) Solve the following linear algebric equations using the Gauss - Seidel method

4xl +2xz +x3 = 11
-Xl +2X2 =3

2xl +x2 +4x3 =16

Note that for Gauss - Seidel to converge the equations are expressed in the form:

n+l 11-2x; -x;
XI =

4

(b) A liquid-liquid extraction process conducted III the Electrochemical Materials

Laboratory involved the extraction of nickel from the aqueous phase into an organic

phase. A typical set of experimental data:

Ni aqueous phase, a(g / I) 2 2.5 3

Ni organic phase, g(g / z) 8.57 10 12

Assume, g is the amount ofNi in organic phase

a is the amount ofNi in aqueous phase

g = xlaz +x2a + x3, 25: a 5: 3

The solution for the unknowns Xl' X2, x3 is given by

[
4 2 1] [Xl] [8.57]
6.25 2.5 1 x2 = 10
9 3 1 x3 12

Find the values of Xl, X2, x3 using Gauss Elimination method.

(8)

(7)

(17)

(18)

.. Contd P/3
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SECTION-B
There are FOUR questions in this section. Answer any THREE.

5. (a) Write down the steps used to solve optimization problems. Also show the hierarchy

of levels of optimization.

(b) Find the volume of the largest right circular cylinder that can be inscribed inside a

sphere of radius R.

(c) A trucking. company has borrowed $600,000 for. new equipment and is

contemplating three kinds of trucks. Truck A costs $10,000, truck B ~~iOOO and truck

C $23,000. How many trucks of each kind should be ordered to obtain the greatest

capacity in ton-miles per day based on the following data?

Truck A requires one driver per day and produces 2100 ton-miles per day.

Truck B requires two drivers per day and produces 3600 ton-miles per day ..

wck C requires two drivers per day and produces 3786 ton-miles per day.

There isa limit of30 trucks and 145 drivers.

Formulate a complete mathematical statement of the problem, and label each individual

part, identifying the objective function and constraints with the correct units ($, days,

etc.). Make a list of the variables by names and symbol plus units.

6. (a) Write the general form of a NLP problem statement and mention the usual meaning

of the symbols you used. State the conditions when it becomes unconstrained, bound-

constrained and linearly constrained.

(b) How will you define continuity of a function? Also write a short note on Hessian

(6+4=10)

(15)

(10)

(9)

(r,
I

matrix. (6)

(c) Determine the convexity or concavity of the following objective functions: (any two) (12)

(i) f(x(,x2)=(x( -X2)2 +x~

(iii) f(xJ, X2) = eX, + eX2

(d) The total annual cost of operating a pump and motor C in a particular piece of

equipment is a function of x, the size (horsepower) of the motor, namely

C = $500 + $0.9x + $0.03 (150,000)
x

Find the motor size that minimizes the total annual cost.

Contd P/4
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7. (a) You are given the following LP equation sets:

Xl - 2x2 +x3 = 7

Xl -3x2 +x4 ='4

Xl +3x2 + / =0

Is the problem that leads to the preceding formulation solvable? How do you interpret

this problem geometrically?

(b) Apply simplex rule to minimize/for the following LP equation sets.

4xl + 2x2 + X3 = 6
6xl +3x2 +x4 = 9
Xl +3X2 + / =0

8. (a) Write some name of the methods that can be used to solve nonlinear programming

problems. What will you do ifNLP Algorithm does not work?

(b) Prepare a graph of the following constraints and objective function, and solve the

following linear programming problem.

Minimize: / = Xl + X2

Subject to: Xl +3X2 ~ 12
Xl -X2 ~1
2xl -X2 ::;;4

2xl +x2 ::;;8

Xl ~ 0 X2 ~O

(12)

(23)

(10)

(15)

(c) Feed to three units is split into three streams: FA, FB and Fe. Two products are

produced: PI and P2 (see the following figure), and the yield in weight percent by unit is (10)

Yield (wt%) Unit A Unit B Unit C

PI 40 30 50
.

P2 60 70 50

Each stream has values in $/lb as follows:

Stream

Values

F

0.4

Because of capacity limitations, certain constraints exists in the stream flows:

(i) The total input feed must not exceed 10,000 Ib/day

(ii) The feed to each of the units A, B and C must not exceed 5000 lb/day

(iii) No more than 4000 lb/day of PI can be used, and not more than $7000 lb/day

of P2 can be used.

Contd P/5
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In order to determine the values of FA, FB and Fe that maximize the daily profit, prepare

a mathematical statement of this problem as a linear programming problem.
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USE SEPARATE SCRIPTS FOR EACH SECTION

SECTION-A
There are FOUR questions in this Section.' Answer any TRHEE..

1. (a) The purchased-equipment cost for a plant which produces Butanol is $ 220 million.

The following information is supplied - (20)
-The plant is highly instrumented
- Requires a low level of service facilities
- Because of several uncertainties a high contingency in recoriunended.

Since the plant is an addition to an existing chemical complex, many facilities are

common and built on the same compound. Using the supplied Table estimate the

Total Capital Investment. What is the ratio of Direct and Indirect Costs?

(b) Estimate by the turnover ratio method the fixed-capital investment required in 2000

for a proposed phosphoric acid plant (battery-limit) which has an annual capacity of 0.5

million tones of 100% phosphoric acid, using the data supplied in Table where the selling

price of the acid is $ 120 per metric ton. The plant will operate for 330 days/year. Repeat

the calculation, using the cost capacity exponent method with data from the same Table.

Using the cost indexes Table supplied update the calculated values to the year 2010. (5+'5+2.5+2.~

2. (a) Write a note on "Noxious Gas Removal" showing ten typical gaseous pollutants and

their sources. (15)
(b) List 6 (six) factors of Plant Location. Discuss 2(two) of these factors. (10)
(c) List the factors that need to be considered in selecting materials-handling equipment. (5)

(d) Why PATENTS need to be considered in designing a chemical plant. (5)

3. (a) A condenser for a distillation unit must be designed to condense 2300 kg of vapor per
hour. The effective condensation temperature for the vapor is 78°C. The heat of

condensation for the vapor is 420 kJ/kg. The cost of the cooling water at 21°C is $ 2.66
per 100 m3. The overall heat-transfer coefficient at the optimum condition may be taken

as 0.284 kJ/(m2-s-K). The cost for the installed heat exchanger is $ 375 per square meter
of heat transfer area, and annual fixed charges including maintenance are 22 percent of
the initial investment. The heat capacity of the water may be assumed to be constant at

4.2 kJ(kg-K). If the condenser is to oper~te 5800 h/year, detenpine the cooling water flow

rate in kg per hout:' for optimum economic conditions. DEVELOP THE FORMULA

USED.

(b) Briefly explain the "Pinch" Technology Analysis.
eontd P/2
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4. (a) "Improvement of personal safety does not mean automatic improvement in process

safety" - do you agree with this statement? Elaborate your answer with examples. (35)

(b) Figure for Question No. 4(b) shows storage tank blanketed with nitrogen. This

configuration resulted in an explosion and fire because ofloss of inert material. Perform a

HAZOP study on the tank to find out the possible causes of the incident and recommend

possible modifications to improve the safety of the tank.

SECTION -B

There are FOUR questions in this Section. Answer any THREE.

5. (a) Write the general design consideration necessary for ferrous and non-ferrous metals

and alloys. (10)

(b) What should be your considerations while designing a piping system? (5)
(c) Power requirement for the pump shown in Fig. for Q. No. 5(c) is to be found for the

following operating conditions: (20)

Fluid flow rate 108.5 m3/h

Fluid viscosity, }l = 10 cp and S.G. = 1.35

ID of pipe =9.75 inch

Length of pipe including fittings = 70 m

Fluid is to be delivered into the column maintained at 28 m.

Efficiency of pump 52%

j= 0.079 R;O.25 Turbulent flow

f =]i Laminar flow
Re

6. (a) Write general design features of different types of heat-exchangers. (9)
(b) List the stresses that you would consider while designing a large and tall packed

column during hydrostatic test. (5)

(c) Explain the following with respect to mass transfer operations. (9)

(i) HETP and NTU

(ii) Flooding and loading of a column

(iii) Maximum allowable vapor velocity

(d) Explain the factors that influence plate and column efficiency. (6)

eontd P/3
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7. (a) A shell and tube heat exchanger with one shell pass and one tube pass is being used as

a cooler. The column medium is water on the shell side of the exchanger. Five segmental

baffles with a 25% cut used on the shell side, and the baffles are spaced equally 2 ft apart.

The safety factor for use in evaluating the shell side film coefficient is 1.6. The inside

diameter of the shell is 23 inch. The OD of the tube 0.75 inch and the tubes are staggered

(ao = 0.33). Clearance between the tubes is 0.25 inch. There is a total 384 tubes in the

exchanger. Water flows through the shell side. at a rate of 9000 lb/h. The average water

temperature is 90°F and the average wall temperature on the water side is 100°F. Under

this conditions, estimate the heat transfer coefficient for the water on the shell side of the

exchanger.

(b) Discuss the factors to be considered while selection of heat exchanger types.

8. A distillation column is separating a feed that is 50 mol% n-hexane and 50 mol%

n-heptane. Feed is a saturated liquid. Average column pressure is I atm. Distillate

composition is XD = 0.99 (mol fraction of n-hexane) and XB = 0.001. Feed rate is 1000 Ib

mole/hr internal reflux ratio L/V = 0.8. The column has a total reboiler and a total

condenser. Determine the diameter and packing height of the column if random packing

is used. Physical properties for pure n-hexane at 69°C are given below:

Liquid sp.gr = 0.659

Surface tension, G = 13.2 dynes/em

Saturated vapor de~sity = 0.1917Ib/ft3

V
nj
= 0.38(!!-)0.2 (PL - Pv JO.5

20., . Pv .

{

D for D$0.5m

HETP = O.5Do.3 for D > 0.5m .

DO.3 for absorption column with D > 0.5m

Relative volatility = 2.5.

(29)

(6)

(35)



600

500

400

x
Q.)
'"0
C 300~
III
0u

200

...._-----------._ .._.__ ._----_._--_.--_ ...

Chemical tngineering Plant Cost Index (averaged over year)

Year '.cEp.el
201J585.7
2010550.8
200952L9
2008575.4
2007 525.4
2006499;6
200? 468.2
2004 444.2
2003 402.b
2002 395.6
2001 394.3
2000 394.1
1999 390.6
1998 389.5
1997 386.5
1996 381.7
1995 381.1

1960 1970 1980 1990
Year

2000 2010 2020

--_ .._--------

Estimation of capital investment cost (showing individual components)

",,'oges if/dicmet! in the/ollOll'ing $UI»I/1(//,' (~fthe I'ariou.\'cnst.~conslituting the capital investment {Ireapproximalions
I'. e 10 ordinary chemicalpn.I('essinK plan Is, II ,\'hnuldbe r(!ali:.edIhm the mluesgil'en vary depending on nlany/aclor,\',
"plant location. 1)pe of process, (/luI complexil)' of instrumenlation.

'rect costs = material and labor involved in actual installation of complete facility (65-85% of fixed-capital
~'estment)
Equipment + installation + instrumentation + piping + electrical + insulation + painting (50-60% of fixed-
capital investment)
I. ' Purchased equipment ( 15-40% of fixed-capital investment)
2. Installation. including insulation and painting (25-55% of purchased-equipment cost)
3. Instrumentation and controls. installed (8-50% of purchased-equipment cost)
4. Piping. installed ( 10-80% of pun:hased-equipment cost)
5. Electrical, installed (lQ-..40% of purchased-equipment cost)
Buildings, process. and auxiliary (J 0-70% of purchased-equipment cost)
Service facilities and yard improvements (40-100% of purchased-equipment cost)
Land (1-2% of fixed-capital investment or 4-8% of purchased-equipment cost)
ct costs = expenses whir", are not directly involved with material and labor of actual installation of com-
facility (15-35% offixed-~~.I-'ital investment)
Engineering and supervision (5-30% of direct costs)
Legal expenses (1-3% of fixed-capital investment)
Construction expense and contractor's fee (10-20% of fixed.capital investment)
Contingency (5-15% of fixed-capital investment)
-capital investment = direct costs + indirect costs
'ng capital (l0-20% of total capital investment)
capital investment = fixed-capital inve.~tment + working capital
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loJ kg/yr (loJ tonlyr)
Acetic acid CHJOH arid CO-catalytic 9 x 103 (10) 8 0.68
Acetone Propylene-copper chloride catalyst 9 x 104 (tOO) 33 0.45
Ammonia Steam reforming 9 x 104 (100) 29 0.53
Ammonium nitrate Ammonia and nitric acid 9xI04(100) 6 0.65
Butanol Propylene, CO, and H2O-catalytic 4.5 x 10" (50) 48 0.40
Chlorine Eledrolysis of NaCI 4.5 x lot (50) 33 0.45
Ethylene Refinery gases 4.5 x 10" (50) 16 0.83
Ethylene ox.ide Elhy1ene--catalytic 4.5 x 104 (50) 59 0.78
Formaldehyde (37%) Methanol-catalytic 9x1(}'(10) 19 0.55
Glycol . Ethylene and chlorine 4.5 x 103 (5) 18 0.75
-Hydrofluoric aeid Hydrogen fluoride and H2O 9x 10:1(10) 10 0.68
Methanol CO2• natural ga.o,;.,tIld steam 5.5 x 104(60) 15 0.60
Nitric acid (high-strc'ngth) AmmOllia-catalytic 9 x 104(100) 8 0.60
Phosphoric 'acit! Calcium phosphate and H2SO4 4.5 x 103(5) 4 0.60
Polyethylene (high-density) Elhylene-catalytic 4.5 x 10' (5) 19 0.65
Propylene Refinery gases 9 x 103 (10) 4 0.70
Sulfuric acid Sulfur-contact catalytic 9 x 104 (100) 4 0.65 .
Urea Ammonia and CO2 5.5 x 104 (60) 10 0.70

f{ 103 m3/day (103 bbllday)
Alkylation (H2SO4) Catalytic 1.6 (10) 23 0.60
Coking (delayed) Thermal 1.6 (10) 31 0.38
Coking (fluid) Thermal 1.6 (10) 19 0.42
Cracking (fluid) Catalytic 1.6 (10) 19 0.70
Cracking Thermal 1.6 (10) 6 0.70
Distillation (atm.) 65% vapori7-cd 16 (100) 38 0.90
Distillation (vac.) 65'7" vaporized 16 (IOO) 23 0.70
Hydrolreating Calalytic desulfurization 1.6 (10) 3.5 0.65
Reforming ., . Catalytic 1.6 (10) 34 0.60
Polymerization Ca:alytic 1.6 (10) 6 0.58

tAdapted from K. M. Guthrie. Chan. Eng., 77i 13): 140 (1970); and K. M. Gutluie, Pmcess PICIIII ESlinwling. Evaluation. and COn/mI. Craftsman Book Company of
America, Solana Beach, CA. 1974. See also J. E. Haselbarth. Chern. Eng .• 74(25): 214 (1967). and D. E. Drayer, Petm. Chem. Eng .. 42(5): 10 (1970).
'These power factors apply within roughly a 3-fold ratio extending either way from the plant size as given.

oa
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40 psi lpsi

Figure for Question No." L-f l.b)
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\
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120 '61.71 0.559 O.37l

I

130 61.55 0.511 I .0.:n5
140 . 61.38 0.470 I 0.378

\ 150 61.20 0.433 I
0.:18l

160 61.00 0.401 0.:18-1
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USE SEPARA TE SCRIPTS FOR EACH SECTION

SECTION-A

There are FOUR questions in this section. Answer any THREE.

1. (a) With the help of a schematic, briefly describe the antibody production process by

fermentation. (10)
(b) What are the methods of quantify biomass growth? Draw the typical biomass growtb

curves observed in different methods. (6)
(c) Write down the equation for oxygen transfer rate. Draw a concentration profile

showing different steps of oxygen transport from a gas bubble to microorganism. List

some factors that can affect the oxygen transfer rate. (2+6+5=13)

(d) Define the following terms: Chemotaxis, Haptotaxis and Durotaxis. (6)

2. (a) Write short notes on the following bioreactor configurations with properly labelled

schematics. (i) stirred tank reactor, (ii) packed-bed reactor. (6+6=12)
(b) Starting from the mass balance, derive volumetric rate of biomass production in a

CSTR. Show hoW you can calculate the _optimum dilution rate for maximum production,

, Dopt in aCSTR. (8+3= 11)
(c) What is aseptic operation?' What are the major sources of contamination in a

bioprocess plant? Write down the value control sequence you should follow during'

aseptic inoculation in the system shown in Fig. 2(c). (2+2+8=12)

3. (a) Write down the equation for oxygen transfer rate. Draw a concentration profile

showing different steps of oxygen transport from a gas bubble to microorganism. List

some factors that can affect the oxygen transfer rate. (2+6+5=13)
(b) A pharmaceutical company produces active component of an ointment by enzymatic

reaction. Michaelis constant, Km and maximum rate Vmax are 8.9 mM and 2.5 mmol m-3 s-I,

. respectively. Initial substrate concentration in 12 mM. How much time is required for

60% substrate conversion in a batch reactor? Substrate molecular weight is 1667 glmo!. (6+6=12)

If the same reaction is performed in a 5 m3 continuo~ reactor, c~lculate the feed rate

required to achieve 90% substrate conversion. The microorganism cultivated during the

reaction has maximum growth rate, J.!m = 0.45 h-I, half saturation constant, Ks = 0.8 Kg m-3

and yield Yx/s = 0.55 Kg Kg-I.

(c) Briefly discuss four different levels of a protein structure and mention the stabilizing

interactions during each level. (10)
Contd PI2
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4. (a) What is downstream processing? Draw typical flow diagrams of downstream

processing plant when the product is (i) inside the cell, (ii) outside of the cell. (2+3+ 3=8)
(b) What is filter aid? What are the merits and demerits of filter aid? List at least six unit

operations used during downstream processing and briefly discuss any two. (3+3+6=12)
(c) An engineer is designing a biomaterial (density p, elasticity E, Poisson's ratio y) and

.performed some protein (spherical with diameter D) binding experiment that made a

complex of radius d at the binding site. Protein solution was flown at velocity V. It is

known that dimensionless length diD is a function of one or more dimensionless number. (10)

diD = f(V, y, p, E)
Do a dimensional analysis to predict the dimensi~n less number(s). Elasticity has a

d. . fML-1T-2ImenSlOn 0 .

(d) What is fluorescent microscopy? Draw a schematic showing the path of fluorescent

light during microscopy. (1+4=5)

SECTION -B

There are FOUR questions in this section. Answer any THREE.

"j.

5. (a) What are the medical applications of the biomaterials?- Write down the names and

categories of the traditional and advanced biomaterials.

(b) As a biomaterial engineer what would be the various factors that you would consider

for designing a new biomaterial?

(c) Briefly describe different means of biomaterial failure.

(d) What is polymerization? Write down the polymerization mechanism to produce Nylon

66 with proper chemical equation? What are the biomedical applications of Nylon?

6. (a) Briefly discuss the important dimensionless numbers for microfluidic systems.

(b) What are isotropic and anisotropic etching techniques? Explain isotropic wet etching

for 'Glass' based materials.

(c) What is surface tension? Write down the significance of surface tension in Biotechnology.

(d) Briefly describe the temperature effect and surfactant effect on surface tension.

7. (a) What is Laplace Pressure? Using Laplace Pressure equation, describe capillary rise in

a capilrary tube.

(b) Briefly discuss the major categories of waste.

(c) What is compost? Describe different phases of the compositing process.

(d) Discuss compost maturity and stability. Explain maturity assessment process of

compost fertilizer using proper flow diagram.
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8. (a) Write short notes on (i) Okazaki fragments, (ii) Restriction Endonucleases, (iii) DIC
,

mIcroscopy. (3+3+3)

(b) What is the difference between cloning vector and expression vector? Write down

few properties of the expression vectors you should look for during protein production by

recombinant DNA technologies. (2+3)
'-

(c) What are the basic sequential steps in signal transduction ir. a cell? Discuss the benefits of

microscopy over traditional approaches during quantification of signal transduction. (3+6)

(d) Aspergillus niger is grown in a 10 m3 fermenter, where the aeration capacity is 0.34 s-1

and oxygen solubility is 8.0 g m3. If the specific rate of oxygen uptake is 25 mmol g-l h-I,

what is the maximum possible cell concentration? (6)

(e) Design a set of 12-nucleotide long forward and reverse primers to amplify the

following sequence in a peR machine. Write down the primer sequence in' proper

convention. Underlined region represent the gene of interest to be amplified. (6)

5' CGT CCT TGT GCA ATG GCG TGC CTA TAT CAA CGC GCG GTG GAT

CGA TGG CCA AAT 3'

Sterile air

D

E
A H

Steam
trap

G

I

lnocuJwn
vessel

Fennenter

Figure for the problem 2(c)
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USE SEPARATE SCRIPTS FOR EACH SECTION
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SECTION-A

There are FOUR questions in this section. Answer any THREE.

1. (a) Discuss the theories of origin of petroleum. (15)

(b) Give a detailed classification of petroleum. What are the major constituents of

natural gas? (5+5=10)
(c) Calculate the value of the formation volume factor of a dry gas with a specific

gravity of 0.818 at reservoir temperature of 220°F and reservoir pressure of2100 Psi. (5)

(d) Starting from the definition of isothermal compressibility derive an expression of Cg

for both ideal and non ideal gas. (5)

2. (a) Explain retrograde phenomena with the help of a P-T and a P-V diagram. What type

of retrograde phenomena you can observe in a gas reservoir and why? (10+5=15)

(b) With- the help of a den~ity-temperature diagram, explain the law of rectilinear

diameter. What are the uses of density-temperature diagram? (5+5=10)

(c) Explain Z-factor. Show the variations in the values of Z factor with pressure at

different temperature and gas gravity. (10)

3. (a) Why is gas processing necessary? (5)

(b) What are gas hydrates? Explain. Discuss the potential of gas hydrates as a source of

energy. (5+5=10)

(c) What is dew point depression? (5)
(d) What is Joule Thomson effect? How can this method be used for natural gas liquid

extraction? (5)

(e) What are the uses.ofnatural gas liquids? What is LNG. Expl,ain. (5+5=10)

4. (a) What are the different types of gas well deliverability tests? Explain each of the tests

with appropriate diagrams. (20)
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(b) The data in table below were reported for an isochronal test. Estimate AOF of the

well and the stabilized deliverability equation.

Test
Duration Pwsor Pwf q

(hr) (Ps.) (mmscfd)

Initial shut in 48 1952

First flow 12 1761 2.6

First shut in 15 1952

Second flow 12 1694 3.3

Second shut in 17 1952

Third flow 12 1510 5.0

Third shut in 18 1952

Fourth flow 12 1320 6.3

Extended flow 72 1151 6.0

Final shut in 100 1952

SECTION-B

There are FOUR questions in this section. Answer any THREE.

The symbols used in the equation represent their usual meaning.

5. (a) Develop an equation for the size of the smallest droplet that can be remo'red by the

centrifugal action.

(b) What are the minimum functional requirement of a well designed separator?

(c) Design a vertical separator with a mist extractor that can handle 6.66 mmscfd of a

0.80 gravity gas at a GLR = 10.040 bbllmscf. The oil gravity is 45° API, operating

pressure is 400 psia, the operating temperature is 60°F, retentiontime is 3 min.

(d) Write a short note on "Low temperature separation".

6. (a) Why must H2S and C02 be removed from natural gas? Give at least three rea:mns for

each separation.
. \

(b) Compare the iron sponge and molecular sieve desulfurization processes.

(c) Write down the name of the sources of petroleum wastes. List the associated wastes

that are found from the petroleum.

(d) Describe the environmental impact of petroleum wastes.

Contd P/3
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7. (a) Write down the assumptions of steady state isothermal flow of gas. through

horizontal pipe.

. (b) For a gas flow measuring device define "Accuracy" with example.

(c) Suppose a natural gas pipeline is LA mile long with diameter DA in. The length is

paralleled with a new DBinch internal diameter line oflength LB, where the two lengths

are not equal. What would be the resulting increase in capacity?

(d) Write a short note on "Natural gas storage".

(e) For the figure shown below, calculate the percent change in flow rate.

(6)
(6)

(10)

(8)

(5)

4-,

,,

Weymouth evaluation for steady state isothermal flow of gas through a horizontal pipe

is as follows-

8. (a) Write down the names of the companies under "Petrobangla", indicating their role. (12)

(b) Write down the names of the producing gas fields in Bangladesh along with their

operating companies.

(c) What is meant by

(i) NGL

(ii) LNG

(iii) LPG

(iv) eNG

mention their uses.

(c) Write down the name of the consumption sector of Natural gas in Bangladesh.

-----------------------------------

(10)

(8)

(5)
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Symbols represent their usual meaning

Gas capacity (MMscfd) of a separator at standard condition

2.40D2 Kp(Pl _ Pg )0.5
qsc= Z(T+460)pr.
K values for separators
Vertical separator, K= 0.167 with mist extractor
Horizontal Separator, K = 0.382 with mist extractor
Spherical Separator, K = 0.35 with mist extractor.

Liquid Capacity
w::: 1440~,

t

y~.= 3.1399D2h; Forvertical separators

V,.= 0.1399D2 (7i); For horizontal single-tube separators

~. :::O.1399D2L; For horizontal double.tube separators

Y;.:::0.0466D3
(%t;For spherical separators
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