L-3/T-2/CHE Date : 18/02/2018
BANGLADESH UNIVERSITY OF ENGINEERING AND TECHNOLOGY, DHAKA
L-3/T-2 B. Sc. Engineering Examinations 2016-2017
sub: CHE 311 (Special Topics in Unit Operation)

Full Marks: 280 Time : 3 Hours
USE SEPARATE SCRIPTS FOR EACH SECTION

The figures in the margin indicate full marks.

SECTION - A
There are FOUR questions in this section. Answer any THREE.
Attach diagram with Answer scripts.

1. (a) Discuss briefly the different performance characteristics of reciprocating

compressor.
(b) For three stage compression, what should be pressure across the cylinder if the
intercooler and piping pressure is 3 psi? Discharge from last stage is at 165 psia and

suction to the first stage is at 0 psig.

(c) How surge is controlled in centrifugal compressors?

- (22)

(16)

(8%

2. (a) Write a short note on any two of the following;:- (12x2=24)

- (i) Entrainment separator
(i) Optimum operation time of Evaporator.
(iii) Effect at boiling point elevation on capacity of evaporators.
(b) With help of schematic diagram, discuss the working principle of backward feed

multiple effect evaporator.

(c) A triple effect evaporator is concentrating a liquid that has no appreciable elevation
in boiling point. The temperature of the first effect is 108° C and boiling point of
solution in the last effect is 52° C. The overall heat transfer coefficients in W/m?*C are
2500 in the first, 2000 in the second and 1500 in the third effect. At what temperatures

will the liquid boil in the first and second effect?

3. (a) Write down the steps of crystallization and discuss with the help of concentration vs

temperature graph.

(b) Prove that Power number is a function of Reynold’s Number for mechanically
agitated adequately baffled vessel.

(c) Write different shape factors for turbine.

(d) A flat blade turbine with six blades is installed centrally in a vertical tank. The tank
is 6 ft in diameter, the turbine is 2 ft in diameter and is positioned at 2 ft from the
bottom of the tank. The turbine blades are 5 in wide. The tank is filled to a depth of 6 ft
with a solution of 50 percent caustic soda at 150° F, which has a viscosity of 12 ¢P and
density of 93.5 It/ ft’. The turbine is operated at 90 r/min. The tank is baffled. What

power will be required to operate the mixer?
(e) Discuss the working principle of draft tube baffled vacuum crystallizer with the

~ help of schematic diagram.

(10%3)

(12)

(624)

(12)
(6)

(12)

(10)
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4. (a) In a chemical industry you have been assigned to select an industrial dryer. Discuss
the general guidelines for selecting such dryers. (18)

(b) It is necessary to pump a liquid with properties similar to water at a rate of 300
gal/min against a head of 70 ft. Recommend a pump type and size. Make necessary

assumptions. (12)

(c) Write the advantages of spray drying. (10)

(d) “An increase in steam pressure over design will not increase vapor handling

capacity for a fixed capacity ejector — why? Explain. 4 (6 %)
SECTION-B

There are FOUR questions in this section. Answer any THREE questions.
Number of extra item/s included in this manuscript in the form of chart, table, etc. (one).

5. (a) Use the sylvan chart supplied to select mechanical separation equipment for the
following.

(1) Material leaving a chemical process varies between 20 and 40 grains/ cu. ft.

with 60 to 80 micron range of mass mean diameter of particles. A low resistance

cyclone followed by a high efficiency by a high efficiency cyclone would be

used. What will be the final concentration and mean particle size of the gaseous

stream? : , (9 % )

(if) Flue gas leaving a kiln chimney has a particle concentration of 50 grains/ cu.
ft and a mean size of 8 microns. What is the cheapest equipment that can be used
to achieve 70% collection efficiency? What equipment can be used to achieve

98% collection efficiency? (5 % +5 % )
(®)
(i) How does electrostatic precipitator work? —Explain with a neat sketch. (7

(i) Propose mechanical separator configurations suitable for particle separation
from gaseous emission in cement manufacturing industry and coal fired power

plant. Why do you propose such configurations for these industries? —Explain. (6)
(c) With P-V diagram explain the basic working principles of two types of turbines
used in industry. _ (13)
6.  (a) How is the applied energy utilized in size reduction operation? State briefly. (6)

(b) A certain crusher accepts a rock feed having a volume-surface mean diameter of 19
mm and discharges a product of volume-surface mean diameter of 5 mm. The power
required to crush 3 kg/s is 7 kW. What should be the power consumption if the
capacity of the crusher is reduced to 2.5 kg/s and the volume-surface mean diameter to

3.5 mm? Assume that the mechanical efficiency of the crusher remains constant. (16)
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(c) What is the speed beyond which grinding action in a ball mill is negligible?
Establish the mathematical relationship of that speed and hence comment on the

variable parameters of the relationship. - (12)
@ |
(i) What is the separation principle of a plate type zig-zag impingement
separator?- Explain briefly with a neat sketch. (6 %)
(it) What are the major limitations of a normal belt conveyor? How can you
overcome these limitations in case of a normal belt conveyor? . (6)
7. (a) What will be your inspection criteria for final acceptance of rupture disc?- Explain. 10)
(b) Balance safety valve is advantages to offset back-pressure effect.” — Justify the
statement with some mathematical proof. (14)
(c) What are the requirements for installing pressure relieving devices as per codes
such as ASME section VIII, Div. 1 or 2? (8)
(d) How does a fabric filter separate particulate for gaseous emission? — Explain. (9%)
(¢) Explain ‘Set pressure’ and ‘operating pressure’ of a non-fired and a fired vessel. 5
8. (a) What are the factors that influence the selection of a steam turbine. (12)

(b) How can you convert a belt conveyor into a vertical elevator?- Explain with a

schematic diagram. (7)
(c) What will be the specification of a screw used for conveying free flowing

materials? A screw used for conveying free flowing materials? A screw conveyor has

the following specification: | (5+8)
Screw dia: 1 foot; shaft dia: 0.5 foot; Screw pitch: 1 foot; Trough loading: 50%; the

screw rotates at a speed of 30 rpm. Determine the capacity of the screw conveyor.

(d) What types of the pressure relieving devices are used for low-pressure storage tank

in refinery? — Show their working mechanism with diagram. (14 % )
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ATTACH THIS SHEET WITH YOUR ANSWER SCRIPTS

Table 21.1 - PUMP CHARACTERISTICS
Centrifugal
Standard " Turbine Propeller ’ Roiary Reciprocating.
- {Radial Flow) {Mixed Flow) (Axial Flow} {Gear or Screw) (Piston or Plunged,
Head - . High, single stage — Intermediate, upto Low, tp-to 60 ft Intermediate up Highest availabie
. lor discharge up to 800 ft; 200 ft to 600 psi up to 100,008
pressure} multistage — psi
_ . up to 6000 psi
Capacity ) Low (100 gal/min) " Intermediste, up to High, up to 100,000 Low {1 gal/min} Intermediate up .
_ {or delivered to very high 16,000'gal/ gal/min to intermediate to 500 gal/mi :
flow rate} {200,000 gat/ min . {500 gal/min} L
min} . !
Liquids handled  Clean or dirty High solids Abrasive Up to high Clean; no sotids |
contents - viscosity: .
' i nonabrasive
Metering or flow- ~ No No - No Yes Yes
control ' :
capability

Ar————

160

140

100
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20

0

120

l !
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Figure 21.23. ‘Operating ranges of a series of centrifugal pumps. Each labeled area
represents the head/capacity region in which a specific size pump can operate. The
model number is given for each size, where the first number is the diameter of the
discharge line, the second is the diameter of the suction line, and the third is the
maximum diameter of impeller that will fit in the pump casing. All diameters are in
inches. Figure 21.17a gives detailed operating characteristics of one size pump in_
this series. This pump’s range overlaps the ranges of several smaller-size pumps in
this series, as can be seen by comparing the figures. {Courtesy Goulds Pumps, Inc.)
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SECTION -
There are FOUR questions in this section. Answer any THREE questions.

1. (a) Describe the different mechanisms of mass transfer across porous and non porous
membranes in case of gas separation. (15)
(b) Calculate the membrane area required for the single stage RO desalination system
given below: (20)
Water permeability is 2.05 x 10° m*/( m? s kPa)
Salt permeability is 2.03 x 10° m*/( m? s kPa)
Feed salinity is 42,000 ppm, Feed flow rate: 2.5 kg/s; Permeate flow rate: 1 kg/s
Average feed side pressure: 8000 kPa; Permeate pressure: 101 kPa.

2. (a) “Regeneration of adsorbent often is achieved by an increase in temperature-

explain with the help of adsorption isotherms. , (10)
(b) A waste stream of alcohol vapor in air from a process was absorbed by activated

- carbon particles in a packed bed having a diameter of 4 cm and length of 14 cm
containing 79.2 g of carbon. The inlet gas stream having a concentration C, of 600
ppm and a density of 0.00115 g/cm’® enter the bed at a flow rate of 754 cm®/s. The
concentrations of the breakthrough curve are given in Table for Q. No 2(b). Set the
breaking concentration at 0.1 of C,. Calculate the (i) breaking time ty; (ii) length of the

unused bed and (iii) saturation loading capacity of the carbon. (25)
Table for Q. No. 2(b)

Time (h) | 0 3 3.5 4 45 5
C/C, 0 0 |[0002 003 | 0.155 | 0.396
Time (h) | 5.5 6 62 | 65 | 68
C/C, 0.658 | 0.903 | 0.933 | 0.975 | 0.993

3. (a) Explain the following terms in relation to cooling tower operation: (15)
(1) drift, (ii) make-up (iii) approach
(b) A cooling tower is to cool 20000 1b/h of water from 120 °F to 80 °F. Inlet air will
have a dry bulb temperature of 60 °F and a wet bulb temperature of S0 °F
(h =20.3 Btw/lb). A height of transfer unit 10 ft is expected.
Mass flux of air is 800 1b/(hr-ft?). Cross sectional area of the tower is 20 ft. Estimate

the height of the tower. Enthalpies of saturated air-water vapor mixtures are given in
the table for Q. N. 3 (b). 20)
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Table for Q. No. 3 (b)

Temp, t °F | H*/(Btw/I1b)
80 43.7
85 49
90 56
95 63.3
100 72
105 81.3
110 92.3
115 105
120 119.3
4.  (a) Write short notes on the following: (5x7=35)

(1) Irreversible adsorption

(i1) Langmuir isotherm

(iii) Asymmetric membrane

(iv) Membrane selectivity

(v) Analogy among heat, mass and momentum transfer.

SECTION-B
There are FOUR questions in this section. Answer any THREE questions.

5. (a) Write a short notes on Relative vitality. (5)
(b) A distillation column with total condenser and partial reboiler is used to separate
methanol -water mixture. The feed rate is 152 kg moles/hr with - composition of
40 mol% methanol. The feed is mixture of 60% liquid and 40% vapor by mole and is
fed on the optimum plate which is Nr = 10. The distillate composition is 0.92 and
bottom is 0.08 mole fraction of methanol. ‘
The optimum feed stage at total reflux, Nf min = 4 (30)
Find: '
(1) Relative volatility of the mixture.
(1) Minimum Reflux Ratio.
(iii) External Reflux Ratio.
(iv) Number of stages at total reflux.
Given: The Gilliland correlation

NNy =1.0-18.571x

N +1
L
L/ _|=
/D (D]
Where,x = ————-min.
L
1+—
D
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6.  (a) An absorption column is used to absorb ammonia from air by using pure water as

solvent. Calculate the percentage changes of absorption rate if the total pressure is

changed from 100 to 200 kN/m? in the following cases: - @17
(i) The feed stream contains 10% ammonia. Assume that all the resistance to
mass transfer lies within the gas phase. l
(ii) Same as above but the absorbing solution exerts a partial vapor pressure of
ammonia of 5 kN/m?.

[The diffusivity can be assumed to be inversely proportional to the absolute pressure]

(b) Solute A is being absorbed from a gas mixture of A and B in a wetted-column

tower. At a certain point in the tower the bulk concentrations are Yag = 0.38 and

XaL = 0.10. Solute A diffuses through stagnant B in the gas phase and then through a
non-diffusing liquid. The film mass transfer coefficients for A are K, = 1.465 x 107

kgmol A/s.m*molfr. and K, = 1.967x 102 kgmol A/s.m%molfr. Calculate the interface
concentration and mass flux of A. ~ (18)
The equilibrium data is: ‘

Xa | 0] 005 0.10 0.15 0.20 0.25 030 | 035
Ya | O | 0.022 | 0.052 | 0.087 | 0.131 { 0.187 | 0.265 | 0.385

7. (a) An open bowl of 0.3 m diameter contains water at 350 K evaporating into the
atmosphere. If the air currents are sufficiently strong to remove the water vapor as it is
formed and if the resistance to its mass transfer in air is equivalent to that of a 1 mm
layer for conditions of molecular diffusion, what will be the rate of cooling in KW
due to evaporation? Diffusivity of water vapor in air may be taken as 0.2 cm%/s. (20)
Given that:
Vapor pressure of water at 350 K = 41.8 KN/ m?
Latent heat of vaporization = 2318 KJ/kg.
(b) A liquid containing small amount of suspended solid particles is fed at a high rate
into a large dia distillation column. What type of column is to be used and why? (5)

(c) Explain different types of packings. A(l 0)

8. (a) A distillation column has only an enriching section with 5ft. of packing. A saturated
vapor containing 23.5 mole% water and remainder acetone is fed into the column at a

rate of 10 kmoles/hr. An ]/V of 0.8 is required. Acetone is the more volatile

component and the relative volatility of acetone-water system is 2.5. Acetone
concentrations in the top vapor and bottoms liquid are 0.914 and 0.086, respectively. (20)
(1) Find HETP of the column.
(ii) Suppose you try to operate the column with 3.0 ft of packings (same HETP).
What will happen?
(b) Briefly explain the mass transfer theories that you have learned. Write their
limitations. 13)
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SECTION - A
There are FOUR questions in this section. Answer any THREE questions. ,

1.  (a) What are the different processes available for pulping? According to you, what is

the most versatile pulping process? Describe the process using a block diagram.  (3+2+15=20)

(b) What is the function of a “Hydrapulper”?
(c) Describe the qualities of chemical pulp to distinguish from mechanical pulp.

(d) What are the implications of high pulp viscosity?

2. (a) If excess black liquor is available at a pulp mill, how are you going to utilize this?
Describe the utilization process in brief.

(b) Describe the cooking liquor regeneration (Causticizing process) process using a

block diagram. What are the most critical factors for this process? (16+4=20)

(c) What is pulp consistency? Why is it important to maintain a certain pulp

consistency in different stages of paper making process?

3. (a) What is H-factor? Write the equation for H-factor. Determine the H-factor for up to

200 min in a digester from Figure 3a (attached). (3+2+5=10)

(b) What is the most critical issue with operating a recovery boiler? How can it be
mitigated?

(c) What are the major steps of paper making process from pulp? Describe using a

block diagram. (3+12=15)

(d) What is the function of fillers for paper as finished product?

4.  (a) A recovery boiler shall deliver 300 MW of useful heat. The fuel (black liquor)
analysis is as follows: '
C =30.7 wt%, H = 3.7 wt%, S = 5.7 wt%, O = 35.9 wt%, N = 0.07 wt%, and Ash =
23.93 wt%.
The heating value of the fuel is 12.9 Ml/kg (reference temperature 25 °C). The gas
temperature after the last exchanger is chosen to be 130 °C. Air comes at 30 °C and the
fuel enters the boiler at 120 °C.
On the basis of previous experience the following design data have been selected:

Air equivalence ratio, A — 1.25
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Combustion efficiency — 100%
Heat losses to surroundings — 1.5% of fuel energy
Solid residue — 20 % of fuel flow
Temperature of solid residue — 300 °C
C, for solid residue — 1.2 kl/kg K
C, for fuel - 3.1 kJ/kg K
For air and flue (exit) gas, use 29 x 10~ kJ/mol K and 28.6 x 102 kJ/mol K as the
average C, values respectively. (15+7=22)
(i) Calculate the required fuel, air flow and flow of combustion gases.
(ii) Calculate the rate of energy lost from the system with hot combustion (flue)
gas.
(b) For liquid efficient treatment for a pulp and paper mill, what are different stages of
treatment? What is the main purpose of last stage of the treatment? (3+4=7)

(c) What are the main pollutants resulting from pulp bleaching process? How can you

minimize their release? (3+3=6)
10007
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SECTION-B
There are FOUR questions in this section. Answer any THREE questions.

5. (a) Write a short note on “impact of fertilizers on human beings”. )
(b) What is liquid fertilizer? Give comparison between liquid and solid fertilizer. (7)
(c) Justify the reason of applying mineral fertilizers in soil instead of applying organic '

fertilizers? Give comparison between organic and mineral fertilizers. (7)
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(d) Phosphate rock itself contains P as a nutrient source. Explain why phosphatic

fertilizers are applied in soil instead of applying phosphate rock. )

(e) Explain why two shift converters are used to convert CO to CO; in ammonia

production process. (7
6.  (a) Write a short note on Ammonia-Urea industries in Bangladesh (10)

(b) What considerations should be accounted for designing a primary reformer? Give a
neat sketch of primary reformer that used in Halder-Topsoe ammonia production

process. : (12)

(¢) Describe briefly the distinguishing features of ammonia synthesis reactors. Point

out the factors affecting ammonia synthesis reaction. (13)

7.  (a) What are the environmental, safety and health consideration of ammonia storage,

handling and transport? , (11)
(b) What are the important features of the hydrogen recovery process during ammonia
synthesis? . 6)
(c) Write down the reactions that take place after applying urea in soil. - (6)
(d) Describe the Stamicarbon urea manufacturing process with a block diagram. (12)
8.  (a) Describe any urea granulation process in detail along with a neat sketch. (12)
(b) Outline some of the factors affecting phosphate rock quality. 8
(c) Write a short note on potash fertilizer manufacturing process. | )

(d) Explain the terms: complex fertilizers and mixed fertilizers. Point out their

distinguishing features. 8)
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SECTION - A
There are FOUR questions in this section. Answer any THREE questions.

1.  (a) Explain configuration and conformation based on texture of polymers. - (10)
(b) Write distinguishing features of chain and step polymerization mechanism. (10)
(c) Describe the kinetics and statistics of linear stepwise polymerization. | (15)

2. (a) Derive the relationship for number-distribution function for a linear stepwise

poiymerization at extent of reaction P. 9
(b) Explain the different steps for polymerization of Ethylene to polythene. (12)
(c) For conversion of monomer to polymer, deduce the following relationship
describing different steps of initiation, propagation and termination: (14)
b
[M]= (fkd[l]]
kl
3. (a) Explain the term thermoplasts, thermosets and ealstomers. (15)

(b) With net sketches, describe the five basic processes to form polymer products or

parts. (20)
4.  (a) Writea comf)'arig,on of polymer processing techniques. 8

(b) What are crystailization, melting and glass transitions? (12)
(c) Write short notes on: , - (15)

(i) Polypropylene (PP)

(ii) Rayon

(iii) Polyester

SECTION-B

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

w

(a) Explain briefly the commonly accepted theory and history of crude oil formation. (8

(b) What are the fundamental factors for classifying crude oils? List and define all the

commercially available crude oils of various classes. = . o (4+5)
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(c) With the help of appropriate roadmap, elaborate the importance of crude oil in the
context of polymers and petrochemicals. 8
(d) Describe shortly the findings of the studies of structural geology, sedimentary basis

analysis and reservoir characterization. (10)

6. In the context of refining and processing natural gas and crude oil, discuss the
) principle, importance and limitation of the following processes: (5x7=35)
(i) Hydro cracking
(it) Merox Process
(ii1) Molecular Sieves
(iv) Amine Gas Treating Process

(v) Reforming Process.

7. (a) Almost all petrochemicals are derived from three sources — elaborate the statement. )
(b) Discuss the significance of ethylene as the feedstock for petrochemicals. - (13)
(c) Benzene, toluene and xylenes, BTX are important precursors for plastics — explain

with examples. (13)

8.  (a) Write a technical note on the production of aniline from benzene via nitrobenzene. (10)
(b) Discuss the commercial application and importance of the following
petrochemicals: : (3x6=18)

(i) Methanol
(ii) Detergent
(iii) Waxes.
(c) What conclusions can be drawn from characterization factor (KW) and correlation

index (CI) regarding the chParacteristics of crude oil? 7
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SECTION — A
There are FOUR questions in this section. Answer any THREE questions.

1.  (a) The following equations can be derived from the Carman Kozeny Equation:
1av (APl

Ado  awV
A
ld_Vz(—AR)gc(B)
A do wrl

(1) Both o and r are defined as specific cake resistance and are considered to be
constant for incompressible cakes. State the formulae for o and write down its
dimensions. . 3
(ii) Derive equation (B) from Carfnan Kozeny Equation, clearly showing the
various steps and derive a formula for » during your derivation. Write down the v
dimensions for . (16)
(iii) How are calculations for filtration equipment modified when the cakes are
compressible? (6)
(b) “Sphericity has no effect on porosity” Do you agree? Why or why not? (You may '
include a sketch/plot/graph to illustrate your answer) ' 8

2. (a) Explain the following terms in context of bin design (Use diagrams and/or formulae

where applicable): o, oum, 1, K'. 8)
(b) In a crystallizer the suspension density was 335 g/L and the retention time was
fixed at 2.0 hr. Determine the predominant crystal length, crystal nucleation rate and

growth rates. ~ (18)
. . . Population density at crystal
Mesh Size | Cumulative percent retained (%) ) 3
size, n (10°/mmL)

14 3 18.87
20 16 211.02
28 40 1221.75
35 63 3661.40
48 83 94788.88
65 93 17647.09

(c) Give the suitable filtration equipment for following situations, giving the reasons

for you answer? (3x3=9)
(i) Removal of dust particles from air
(ii) High filtration rates are required but filtration floor space is limited
(iii) Batch filtration is desired but manual labor is cost intensive
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5.

(a) Derive the expression for total mass of crystals in unit volume of liquid m.. Prove
that mass production rate of crystals C is 6apc(G‘c)4Qno.

(b) Trisodium phosphate is to be recovered as Na;PO4.12H,0 from a 35 weight percent
solution originally at 90°C by cooling and seeding in a Swenson-Walker crystallizer.
From 10,000 kg/h of feed, 3500 kg/h of product crystals are to be obtained. Seed

crystals are fed at a rate of 250 kg/h and have the following size range:

Weight fraction, percent  Size range, mm

10 -0.589+0.417
20 -0.417+0.295
40 -0.295+0.208
30 -0.208+0.147

Estimate the product particle-size distribution. Draw the corresponding graphs for
product and seed crystal distribution.

(a) A slurry, at 20°C, containing 0.2 kg of solid per kilogram of water, is fed to a rotary
drum filter 0.6 m long and 0.6 m diameter. The drum rotates at one revolution in 360 s
and 20 per cent of the filtering surface is in contact with the slurry at any instant. If
filtrate is produced at the rate of 0.125 kg/s and the cake has a void age of 0.5, what
thickness of cake is produced when filtering with a pressure difference of 65 kN/m??
Calculate the specific resistance of the cake. The density of the solids is 3000 kg/m’.
Assume at 20°C, viscosity of the filtrate is 1.1 cP. and density of water is 1000 kg/m3 .

(b) Show that the ratio of specific surfaces (n) and the sphericity (w) may be related by
the following equation.

D, 1

n=—"x—

D, v
SECTION-B

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

A single batch settling test was made on limestone slurry. The interface between clear

liquid and suspended solids was observed as a function of time, and the results are

tabulated below. The test was made using 236 gm of solid particle per liter of slurry.

Time, hr | Height of interface, cm
0.00 36.0
0.25 324
0.50 28.6
1.00 21.0
1.75 14.7
3.00 12.3
4,75 11.6
8.00 10.0
12.00 9.8

20.00 8.8

(10)

25)

25)

(10)

(395)
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Feed rate of the slurry is 3.785 x 10° L/day. The underflow velocity is to be 500
cm/day. Calculate the total flux for the thickener and represent the relation of total flux
with concentration graphically. Determine Solid Handling Capacity (SHC) of the
thickener from the graph. Draw the operating line for SHC and determine the
maximum underflow concentration (C,). Also calculate the length of the square shape

thickener. Data for batch flux is given below.

Time, hr | Batch flux, g/cm®.hr
0.5 15.71
1.0 17.30
1.5 17.90
1.8 15.00
2.0 11.80

2.20 9.00
2.50 5.00
2.70 2.00
3 0.67
4 0.39
5 0.37
6.5 0.28
8 0.11

6. (a) With a neat and clean schematic diagram of a cyclone separator show the
significant design dimensions. ‘ (7)

(b) The following table gives the size distribution of a dust as measured by microscope.

Convert these figures to obtain the distribution on a weight basis and calculate specific

surface, assuming spherical particles of SG 2.65. (28)
Size range in um | Number of particles in range

0-2 2000
2-4 600
4-8 140

8-12 40

12-16 , 15

16-20 5

20-24 2

7.  (a) A packed bed of solid particles of density 2500 kg/m>, occupies a depth of 1 min a
vessel of cross-sectional area 0.04m”. The mass of solids in the bed is 50 kg and the

surface-volume mean diameter of the particles is 1 mm. A liquid of density 800 kg/m?

and viscosity 0.002 Pas flows upwards through the bed. (20)
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(i) Calculate the voidage (vblume fraction occupied by voids) of the bed
(i) Calculate the pressure drop across the bed when the volume flow rate of liquid
is 1.44 m’/h,
(iii) Calculate the pressure drop across the bed when it becomes fluidized.
(b) Define the following terms — Super Colloids Lyophilic, Sol and Peptizing. Discuss

the mechanism of Coagulation and Flocculation. Give one practicle application of

each. : : ' as)

8. (a) 50 kg of 500 um Copper particles (p, = 8.8 gm/cc) is fluidized using water at
ordinary conditions in a column of diameter 20 cm. What is the bed height when the
velocity is 4.2 cm/s. : | 15)
(b) state four characteristics of the Normal Distribution, and write on its usefulness by
including a discussion on the z-test. (12)
(c) Derive the formulas for Linear Mean and Mean Linear Diameters (All symbols and

parameters used must be FULLY defined). t))
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SECTION - A
There are FOUR questions in this section. Answer any THREE questions.
Graph paper will be required.

1. (a) Briefly discuss the evolution of Biochemical Engineering as a new discipline. ' (10)
(b) Compare the key characteristics of Prokaryotic cells and Eukaryotic cells with
appropriate images. (12)
(c) Briefly discuss Nucleic Acids and Nucleotides. Write down the characteristic

comparison between DNA and RNA. (13)

2. (a) Briefly explain the roles of carbohydrates in cells. Give appropriate examples of |
disaccharides and polysaccharides (names and chemical structures). (10)

(b) Briefly discuss Steroids and their applications? Give examples of different Steroids. (10)
(c) Briefly explain Enzyme Inhibition and Inhibited Enzyme Kinetics. Differentiate
between competitive inhibitors, non-competitive inhibitors, and uncompetitive

inhibitors with respect to kinetic schemes and characteristic plots. (15)

3. | (a) What is Food preservation and spoilage? Briefly explain the primary‘ sources of

microorganisms in foods. (13)
(b) Briefly explain irradiation techniques and processes to preserve food items. (12)
(c) Explain the nature and function of microorganisms in nitrogen cycle. (10)

4.  (a) Explain pH and temperature effects on Enzyme Denaturation with appropriate
equations and graphical representation. - (14)
(b) Briefly explain Enzymatic function based on Activation energy and molecular
aspects. ' (6)
(c) Scientists have studied the hydrolysis of sucrose at pH = 4.5 and 25°C using crude
invertase obtained from baker’s yeast in free and immobilized form. The following
initial velocity data were obtained with 4.8 units of crude enzyme ( 1 unit = quantity of
enzyme hydrolyzing 1 pmol of sucrose/min when incubated with 0.29 M sucrose in a

buffer at pH 4.5 and 25 °C). A (15)
Vo (mmol hydrolyzed/1-min
Free Enzyme %lmmobilized Enzyme So (mol/1)
0.083 . 0.056 0.010
0.143 0.098 0.020
0.188 0.127 0.030
0.222 0.149 0.040
0.250 0.168 0.050
0.330 0.227 0.100
0.408 0.290 0.290

Contd .......... P2
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(i) Determine K, and V,, for this reaction using both free and immobilized

Enzyme.
(ii) What kind of inhibitor is this? Substantiate the answer.

SECTION-B
There are FOUR questions in this section. Answer any THREE questions.

5. (a) Define D-value, z-value and F-value during sterilization. Briefly explain with

relevant plots and equations. ' (10)
(b) Write down few important characteristics of a good filter medium used for
sterilization. 5)
(c) For a yeast fermentation reaction, initial sugar concentration is 80 g/l. The
following cell optical density (OD) was measured at wavelength 610 nm. If OD is
linear in cell density with a value of 0.15 equal to 0.1 mg cell dry weight per milliliter,
evaluate the specific growth rate, doubling time. lag time, specific death rate and yield

of biomass. (20)
Time(h) OD Time(h) OD
0 0.09 6 0.98
0.5 0.1 6.5 0.99
1.0 0.1 7.0 0.9
1.5 0.15 7.5 0.8
2 0.2 8 0.69
3 0.4 9 0.45
4 0.71 10 0.32
5 0.98 11 0.25 -
5.5 0.98

6. (a) What are the methods of biomass measurement? Draw typical biomass growth
curves for different methods. : (5)
(b) Draw typical product formation and substrate consumption curves for the following
reactions: 5)
(i)S»> R—> P;
(i) S R;R—> P
(c) List the benefits of fermentation reaction over regular chemical reaction. Draw the

activation energy plots for the same reaction following two routes and explain the
differences. (5+5=10)

(d) What are the basic requirements of a clean room? List five major types of

sterilization methods used in the industries. (4+5=9)

(e) Draw temperature profile and viable cell numbei with time during thermal batch

sterilization. Label different regions. (6)
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7. (a) List 5 major ELISA techniques and state one situation for each technique where that

technique is preferable over others. (10)

| (b) With the help of neat sketch, explain the principles of direct and indirect ELISA
techniques. ' ' (10)

(¢) A 15-m’ chemostat is operated with dilution rate of 0.1 h'. A continuous sterilizer
‘with steam injection and flash cooling delivers sterilized medium to the fermenter.
Medium in the holding section of the sterilizer is maintained at 130°C. The
concentration of contaminants in the raw medium is 10° ml™'; an acceptable
contamination risk is one organism every 3 months. The Arrhenius constant and
activation energy for thermal death are estimated to be 7.5 x 10* h' and 288.5 kJ

gmol ™, respectively. The sterilizer pipe inner diameter is 12 cm. At 130 °C the liquid
density is 1000 kg m™ and the viscosity is 4 kgm™ h™'. (15)
(i) What is the holding time for sterilization? '

(ii) Determine the length of the holding section.

8.  (a) With the hélp of relevant sketcheé, explain the working principle of the Moving
Bed Bioreactor for wastewater treatment. List some of the advantages of this type of
bioreactors. (8+6=14)
(b) Draw a schematic of typical activated sludge (AS) process and label the impoftant
sections. What are the possible disturbances that could occur in AS process? Suggest
some modification that could improve the performance of AS process. (6+3+5=14)
(c) With the help of appropriate reactions, discuss the differences between BOD and

COD. Why BOD is not preferable in some cases? : (4+3=7)
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SECTION - A
There are FOUR questions in this section. Answer any THREE questions.

1.  (a) List at least five major paraméters and their typical standard values that are
considered for the disposal of industrial wastewater in inland surface water according
to ECR 1997. &)
(b) A city discharges 25 million gallons per day of domestic sewage into a stream
whose typical rate of flow is 250 cubic feet per second. The velocity of the-stream is
approximately 3 miles per hour. The temperature of the sewage is 21 °C, while the
~ temperature of the stream is 15 °C. The 20 °C BODs of the sewage is. 180 mg/l, while
that of the stream is 1.0 mg/l. The sewage contains no DO, but the stream is 90%
saturated at upstream of the discharge. At 20 °C, deaeration constant (the BOD rate
constant) k; is estimated to be 0.34 per day while reaeration constant & is 0.65 per day. 30)
(1) Determine D, and its location '
(i1) Estimate the 20 °C BODs of a sample taken at x..

Derive all necessary equations. Assume a reasonable value for any data missing.

2. (a) Write short notes on “anaerobic fermentation” and “anaerobic respiration”. | @)
(b) How much methane gas can be generated through complete anaerobic degradation
of 1 kg of COD at STP? N
(c) Discuss the limitations of anaerobic process. (D
(d) List the factors that can affect the activated sludge process performance for the
treatment of wastewater. | (7)
(e) Why is nutrient removal important? Explain phosphorous removal mechanism from

EBPR process. | (7)

3. (a) Explain the kjeldahl nitrogen removal mechanism from wastewater. (6)
(b) Define coagulation and flocculation. Describe electrical double layer theory of
coagulation with a neat sketch. A - (10)
(c) A square rapid mixing basin with a depth-of water equal to 1.25 times the width is
to be designed for a flow of 7570 m*/d. The velocity gradient (G) is to be 790 s™', the
detention time is 40 s, the operating temperature is 10° C and the turbine shaft speec.l‘is

100 rpm. Determine: ' ‘ 19)
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(1) The basin dimensions

(i1) Power required. Select the motor needed for the impeller if the efficiency of
the motor and gearbox is 70%. Aséume motors come in sizes of 1, 2.5, 5
and 7.5 hp. 1 hp=745.7 W or J/s.

(iii) Impeller diameter. '

(Hint: P =G*Vp and P = 6.3 pD5N3). All symbols have their usual meanings.

4.  (a) Write a short note on Environmental Ethics. 6)
(b) Define the followings in context of wastewater characteristics: )
() VSS and FSS ' '
(i) BODvs COD
(iii) TOC vs DOC
(iv) Hardness and alkalinity.
(c) How can you obtain environmental clearance certificate for red category industries
according to ECR 19977 9)
(d) Describe a conventional activated sludge process for wastewater treatment with a

. neat sketch. . (12)

SECTION-B

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

5. (a) How can you classify air pollutants on the basis of their origin? — Explain their
formation behavior with examples. (15)
(b) Why does USEPA consider some air pollutants as hazardous air pollutants (HAPs)?
- State briefly with examples and their sources? - (12)
(c) Stratospheric ozone is beneficial to living beings whereas ground level ozone is

detrimental to living beings — Clarify the statement in terms of air pollution science. . (8)

6. (a) Why airborne PM having aerodynamic diameters of < 10um is hazardous for
human health? — Explain with examples. (10)
(b) How can you characterize a polluting source a point source? Is emission from point

source higher than area source? Give justification'to your answer. (18)

(c) Name some sources of inorganic Arsenic and Lead in the air of Bangladesh. (7
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7.

(a) How does airborne PM affect the visibility? - Explain the matter with scientific
phenomena. ‘

(b) For a cyclone separator, derive the relationship of separation efficiency for mixed
flow. List all the assumptions you make to derive this relationship.

(c) Compute the separation efficiency of a gravity settler that has a height (H) = 2 m,
Length (L) = 8 m and the emission stream average velocity of (Vavg) = 0.8 m/s. The
average particle diameter of the emission stream is 10 pm. Assume stokes’ law for both

the block and mixed flow models.

(a) Why does thermal turbulence take place in the atmosphere? Explain the phenomena
in terms of temperature and pressure profiles in the troposphere.

(b) Theoretically, why is the environmental lapse rate smaller than dry adiabetic lapse
rate? What may be the fate of ground level pollutant at around 11 PM after a shiny day
if the wind speed remains very low? — Explain your answer with the help of
atmospheric stability.

(c) Fumigation and trapping type plums are considered to be the most polluting type
plumes in ground level poliution. Justify your answer with necessary temperature,
velocity and plume dispersion diagram.

(d) What are the possible health hazards due to exposure to different levels of noise

(db)?

Physical Properties of Water (SI Units)°

: I Table C-1

. 9.805 999.8 _

" 5 9807 © 10000 205 1518 1519 00749 0.87
o, 100 9804 - 9997 210 . 1307 1306 - 00742 123
- 15 9.798 999.1 - 215 1.139 1139 - 00735 . 170
20 9789 . 9982 217 1002 1.003 0.0728 2.34
25 9.777 997.0 222 089 0893 - 00720 3.17
30 9764 - 9957 . 2.25 0798 0800, 00712 - 424
40 9730 992.2 228 - 0653 0.658 0.0696 7.38

5 . 9689 v 9880 229 0.547 0.553 0.0679 1233
. &0 9.642 © 9832 2.28 0466 0474 . 00662 < 1997
. 770 9.589 9778 1 225 0.404 04137 00644 316
v, 80 9530 . 9718 1220 0354 . 0364 00626 47.34
90 9.466 .. 9653 2.14 0315 0.326 0.0608. 70.10
100 9.399 958.4 2.07 0.282 . 0.294 0.0589 101.33

°Adapted from Vennard and Street (1975).
bAt atmosphéric pressure. . .
¢In contact with air. : ) . =

(10)

(15)

(10)

(M

@®)

13)

(7
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'| Dissolved-oxygen concentrchon in woter as a funchon of’temperoture cmd baromemc pressure
(sahnlty O'pptle. |

0 1412 1422 1431 1441 1451 1460 1470 1480 1489 1499 |
11373 1382 1392 1401 1410 1420 1429 1439 1448 1457
2 1336 1345 1354 1363 - 1372 1381 . 1390 . 1400 1409, 14.18
31300 1109 1318 1327 1336 1145 1353 1362 1371 . 1380 -
41266 1275 . 1283 0 71292 1301 13.09 13181327 1335 T 13.44.. |
51233 1242 1250 1259 1267 1276 1284 1293 1301  13,10- |
6 1202 1241 1219 1227 1235 1244 1252 1260 . 1268 1277
7 1172 1180 1189 1197 1205 1213 1221 '
8 . 1144 1152 11:60~ -11.67 ~“TL75 =11.83- -~ 11.91 1
9

e 1M24 0 NB2 1140 A7 1185 L1163 1186

101050 1098 1105 11137 1120 1128 1135 - 11.58.
111065 1072 1080° 1087 1094 © 11.02 11.09 ns !
12 1041 1048 - 1055 1062 1069 1077  10.84 11.05
j 131017 - 1024 1031 1038 1046 1053  10.60 1081
L 14 995 1002 1009 1006 1023-. 1029 1036 10.57..
15 973 980 987 . 994 1000 1007  10.14 1034 |
16, 953 - 959 9.66 973 979 . 9.86 9.92° 1012 |
17 933 939 - 946 952 - 959 945 972 991 |
18 - -914 920 926 933 . 939 945 952 9.71
19 895 901 907 914 9200 926 . 932 9.51
20 877 88 . 889 89 902 908 - 9.4 9.32
21 860" 866 872 878 .884 - B890 896 9.14,
220 843 849 - 855 - . B84l . 867 873 ° 879 8.96
23 827. 833 839 844 850 856 - 8.62 8.79
24 811 817 © 823 - 829 834 840 846 8.63
25 796 802 808 813 819 824 B30 8.47
26 782 787 .793. 798 . 804 ° 809 815 831" .
27 768 773 7.79 7.84 7.89 7.95. .8.00 817 .
8 754 759 765 770 - 775 781 . 7.86 802 !
29 7.4 746 751 757 762 . 767 772 7.88
775

30 728 733 738 744 749 754 . 759

(continued)- R
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