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USE SEPARATE SCRIPTS FOR EACH SECTION

SECTION -A
There are FOUR questions in this section. Answer arty THREE.

1. (a) What is finance? What are the two objectives of financial management? Explain with

examples.

(b) What are different types of financial analysis? Explain each with examples.

(c) BlueMan, Inc. wants to purchase a new ice cream truck with a cost $58,000. BlueMan
has a required rate of return of 12%. The acquisition is proposed for January 1, 2018.

BlueMan expects zero salvage value at end of its of 4 years. Buleman expects zero
salvage value at end of its useful life of 4 years. Blueman predicts the new truck will

generate net income of $6,000 and operating cash flows of $18,000 during 2018, with an
increase in net income and operating cash flow of $500 in each subsequent year.
Calculate the payback period, the accounting rate of return, internal rate of return (IRR),
and net present value (NPV). What will be the decision for each method i.e. to purchase

or not to purchase the truck?

2. (a) The following data ( in thousand of BDT) have been taken from the accounting

records of Agro Corporation 2016

Sales 900

Purchases of raw materials 200

Direct labor 200

Indirect labor and indirect material 250

Office managers salary 170

Salary for marketing force 150

Raw materials inventory, December 31, 2015 30

Raw materials inventory, January 1, 2017 20

Work in process inventory, December 31, 2015 10

Work in process inventory, January 1, 2017 60

Finished goods inventory, December 31, 2015 100

Finished goods inventory, January 1,2017 120

Required:

(i) Prepare a Schedule of Cost Goods Manufactured.

(ii) Compute the Cost of Goods Sold.

(iii) Prepare an Income Statement. ·
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(b) Explain with examples the following terms and their significance in decision making:

(i) Opportunity cost (5)
(ii) Sunk cost (5)
(iii) Differential cost (5)
(iv) Differential revenue (5)

3. (a) A Jewelry Corporation manufactures custom jewelry. In the past, it has been using a
traditional overhead allocation system based solely on direct labor hours. Sensing that
this system was distorting costs and selling prices. The corporation has decided to switch
to an activity-based coasting system using three activity cost pools. Information on these

activity cost pools are as follows:

Activity cost pool Estimated Activity Estimated Overhead Cost

Labor related 5000 direct labor hours 40,000 BDT

Machine related 6,250 machine hours 25,000 BDT

Quality control 800 number of inspection 16,000 BDT

Job # 101 incurred $800 of direct material, 50 hours of direct labor at $40 per hour, 90

machine hours, and 9 inspections.

Required:

(i) What is the cost of the job under the activity-based costing system?

(ii) Relative to the activity-based costing system, would Job # 101 have been over-

costed or under-costed under the traditional system and by how much?

(13/j )

(13/j)

(b) Fraser Company, which has only one product,
concerning its most recent month of operations:

Selling price
Units in beginning inventory
Units produced
Units sold
Units in ending inventory

Variable costs per unit:
Direct materials
Direct labor
Variable manufacturing overhead
Variable selling and administrative

Fixed costs:
Fixed manufacturing overhead

Fixed selling and administrative

has provided the following data

145 BDT
o

1,200 units
1,000 units

200 units

33 BDT

52 BDT
1 BDT
7BDT

$38,400 BDT

$4,000 BDT
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Required:
(i) Prepare an income statement for the month using the contribution format and the

variable costing method. (8)
(ii) Prepare an income statement for the month using the absorption costing method. (8)
(iii) Is there an income difference between the above methods? If yes, how much and

why? (4)

4. (a) Cash budget by quarters is given below for a company (000 omitted). The company
requires minimum cash balance of at least $5,000 to start each quarter.

Quarter

I 2 3 4 Year

Cash balance, beginning 6 ? ? ? ?
Add collections from customers ? ? 96 92 323
Total cash available 71 ? ? 97 ?
Less disbursements:

Purchase of inventory 35 45 ? 35 ?
Operating expenses ? 30 30 ? 113
Equipment purchases 6 6 8 ? 36
Dividends 4 4 2 2 ?
Total disbursements ? 85 ? 72 ?
Excess (deficiency) of cash available over disbursements (2) ? II ? ?
Financing:

Borrowings ? 15 0 0 ?
Repayments (including interest) 0 0 (?) (17) (?)
Total financing ? ? ? ? ?
Cash balance, ending ? ? ? ? ?

Interest expense amounts 1000 for the year

Required:
Fill in the missing amounts in the above table. (34)
(b) Marks Company is the exclusive distributor for an automotive product that sells for

$50 per unit and has a CM ratio of 40%. The company's fixed expenses are $200,000 per
year.

Required:
Using the contribution margin method:

(i) What is the break-even point in units and sales dollars? (4)
(ii) What sales level in units and in sales dollars is required to earn an annual profit of

$80,000? (4)
(iii) Assume that by using a more efficient shipper, the company is able to reduce its

variable expenses by $4 per unit. What is'the company's new break-even point in

units and sales dollars?
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SECTION -B

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

5. (a) Define management. Explain the four basic functions of management.

(b) What is innovation cycle? Describe different stages of S-curve for technological progress.

(c) Mention different roles of managers according to Henry Mintzberg.

6. (a) Explain different elements of bureaucracy model of Max Weber.

(b) Briefly explain the advantages of delegation process.

(c) Mention the relative advantages and disadvantages of different performance appraisal

methods.

7. (a) Depict the functions of human resource management in a neat flow chart.

(b) Explain the expectancy theory of motivation.

(c) Mention the factors which determine the width of span for an organizational structure.

Differentiate functional organizational structure from the dedicated structure along with

their relative advantages and disadvantages.

8. (a) Explain the factors which influence the consumer behavior.

(b) What are the critical factors of management of technology? How does the knowledge

gap affect the price of the technology?

(c) Why demographic "environment is crucial in marketing analysis? Describe.
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USE SEPARATE SCRIPTS FOR EACH SECTION

SECTION -A

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

Symbols have their usual meanings.

1. (a) Discuss the current status of electricity industry in the world. Also discuss the present

position and possible future prospects of electricity industry in Bangladesh. (15)

(b) What is meant by generation mix? Why is it important for power industry? Describe in

detail the potentiality of renewable energies in Bangladesh. (10)

(c) How is the LDC constructed? Explain its uses in detail. (10)

2. (a) A proposed station has the following daily load cycle: (15)

Time of day: 6-8 8-11 11-16 16-19 19-22 22-24 24-6

Load in MW: 20 40 50 35 70 40 20

Draw the load curve and the load duration curve and select suitable generator units from 8,

16, 20 and 24 MW units. Prepare the operation schedule for the machines selected and

determine the load factor from the curve.

(b) What is the rank of coal? How are coals ranked? Explain the main commercial

characteristics of coals. (10)

(c) Discuss the various ways of feeding coal to the furnaces in a thermal power plant. (10)

3. (a) Describe coal burning technologies with their relative merits and demerits. (15)

(b) What is a thermal power plant? Discuss its advantages and disadvantages over other types

of power plants. Also state the types offuel used in TPP. (10)

(c) What is meant by boiler slagging and fouling? Why and how are they caused? Explain

briefly the ways to prevent boiler slagging and fouling. (l0)

4. (a) What are the functions of condensers in thermal power plants? Briefly explain the various

parameters to be considered for designing a condenser. (15)

(b) Draw and label a high-pressure closed feedwater heater and explain its working principle. (10)
,

(c) List and explain the emission control'technologies used in modem coal thermal power

plants. (10)
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There are FOUR questions in this section. Answer any THREE.

5. (a) Make brief comparisons between

(i) U - 235 and U - 238.

(ii) gas-turbine and steam turbine. (10)

(b) With schematic diagrams, briefly explain the working principle and characteristics of

BWR nuclear reactors. (15)

(c) Write short notes on

(i) PWR reactor

(ii) Generation IV nuclear reactors. (10)

6. (a) Briefly explain the effects of intercooling in a gas turbine unit. (10)

(b) Briefly present the key factors affecting the gas turbine performance. (15)

(c) Draw a schematic diagram of a practical ICRHR cycle and present a typical performance

map. (10)

7. (a) Explain the effects of ambient parameters on the performance of combined-cycle power

plants. (10)

(b) With schematic diagrams, explain CC Technology and the integration ofGT and ASU. (15)

(c) Explain the methods to reduce C02 from GT units. (10)

8. (a) Briefly explain 'captive power plant technologies' widely used in Bangladesh. (10)

(b) With neat sketches, explain the working principle and characteristics of hydro-electric

power plants. (15)

(c) Explain environmental and social impacts of hydro electric power plants. (10)
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USE SEPARATE SCRIPTS FOR EACH SECTION .

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

Assume any missing data if necessary.

1. (a) What is meant by the term 'Laminate'? Briefly describe how laminates are formed and

what their advantages are. Mention three applications where laminates are used. (12)
(b) Explain the physical orientation of the plies in the laminate with code

[0°, -45°, 45°, 90°]s. (6)
(c) Derive the general strain-displacement relations for a laminate. List the necessary

assumptions. (17)

2. (a) Write down the general expressions of the extensional stiffness coefficients Aij, and

coupling coefficients Bij. Show that Bij have to be zero for a symmetric laminate. (12)
(b) A three-ply graphite/epoxy laminate [0°, 45°, 90°] with thickness of each ply as 5 mm has

the following stiffness matrix (23)

[

181.8 2.897 0]
[Q]= 2.897 10.35 0 GPa

o 0 7.17

Calculate the [A], [B] and [D] matrices for this laminate.

3. (a) State and explain the Tsai-Hill failure theory for a composite lamina. For a lamina
under plane stress condition, derive the expression of this failure criterion in terms of the

ultimate tensile strengths (a))ult> (a2)u)t> and (t12)ult of the lamina. (18)
(b) A 60° lamina of graphite/epoxy is subjected to the following stress condition. ax =

2S, ay = -4S, 1"xy = 2S (S > 0). Use the Tsai-Wu failure theory to find the maximum

allowable value of S. (17)

For graphite/epoxy, use E) = 181 GPa, E2 = 10.30 GPa, V)2 =0.28, (a] )St = (a] )~lt

1500 MPa, (0'2 )St = 246 MPa, and (1" 12)ult= 68 MPa.

4. (a) For a unidirectionallan1ina, show that the ultimate tensile strength can be expressed as, (15)

(a] )~lt = (af )ult Vf + (Ef )ult Em (1 - Vf)

(b) Find the ultimate tensile strength for a graphite/epoxy lamina with a 65% fiber

volume fraction. Also, find the minimum fiber volume fraction (Vf)minand the critical
,

fiber volume fraction (Vf)critica!'Properties of graphite and epoxy are given in Tables for

Q. No. 4(b).
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SECTION -B

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

Expressions for stiffness and compliance components are attached.

5. (a) Identify the true and the false statements given below: (30)

(i) An alloy is considered as a composite material.

(ii) An anisotropic material has the propeliies which are same in all directions at a point.

(iii) The specific stiffness of composite materials is the ratio of the stiffness to the volume

.of composite materials.

(iv) A lamina consists of several laminates which are bonded together by means of an

adhesive and applied pressure.

(v) An interply hybrid laminate consists of two or more different kinds of fibers in the

same lamina.

(vi) The larger the diameters, the higher the strength of fibers.

(vii) The E in E-glass and C in C-glass stand for electrical and combustion, respectively.

(viii) The GFRP and PMC, respectively, stand for graphite fiber-reinforced polymer and

polymer matrix composite, respectively.

(ix) One of the functions of matrix materials is to protect the reinforcements from

enviromnental attack.

(x) The properties pf a nonhomogeneous isotropic material vary from point to point but

remain same in all directions at a point.

(xi) A bidirectional lamina may have the same properties III the longitudinal and

transverse directions.

(xii) Polyacrylonitrile (PAN) is a precursor for manufacturing glass fibers.

(xiii) Kevlar is the trade name of aramid fibers which are developed from aromatic

polyamides.

(xiv) Carbon and Kevlar fibers have negative coefficients of thermal expansion.

(xv) Prepregs wider than 457 mm are called broadgoods.

(b) "Fibers are manufactured with smaller diameter" - Explain why? (5)

6. (a) Show that the stiffness matrix is symmetric for a unidirectional composite lamina with

on-axis orientation. (15)

(b) A graphite/epoxy unidirectional lamina is loaded as shown in Fig. for Q. No. 6(b).

Following properties of the lamina are known: (20)

E] = 180 GPa, E2 = 10 GPa, Vl2= 0.28, G12= 7 GPa.

Determine the off-axis strain components for the angle shown in the figure.
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- i

Figure for Q. No. 6(b)

7. (a) For a composite, show that the volume fraction of voids can be given by

Vv = Pet - Pee , where Vv = volume fraction of voids, Pet
Pet

theoretical density of

(15)

(20)

composite, and Pee = experimental density of composite.

(b) A hybrid lamina uses glass and graphite fibers ill a matrix of epoxy for its

construction. The fiber volume fractions of glass and graphite are 40% and 20%,

respectively. The specific gravities of glass, graphite, and epoxy are 2.6, 1.8, and 1.2,

respectively. Find (i) mass fractions of the constituents, (ii) density of the composite. (20)

8. (a) Derive the expression for transverse Young's modulus of a unidirectional composite

lamina and justify that the transverse Young's modulus is matrix dominated. (15)

(b) A unidirectional glass/epoxy lamina with a fiber volume fraction of 70% is replaced

by a graphite/epoxy lamina with the same longitudinal Young's modulus. Find the fiber

volume fraction required in the graphite/epoxy lamina. Use properties of glass fibers,

graphite fibers, and epoxy from Tables for Q. No. 8(b).
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Expressions for Stiffness and Compliance

QII = QIlC4 +Q22S4 + 2(QIl + 2Q;6)S2C2

Q2 = (QIl +Q22 - 4Q66)S2C2 +QJ2(c4 + S4)

Q22 = QIlS4 +Q22C4+ 2(Q12 + 2Q;6)S2C2
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4
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, 22
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_____ 22 12 66

866 = 2(2s11 + 2S22 - 4S12 - S66)S2C2 + S66(S4 + c4)
---'--- t\

II



L-4/T -21ME Date: 13108/2017
BANGLADESH UNIVERSITY OF ENGINEERING AND TECHNOLOGY, DHAKA

L-4/T-2 B. Sc. Engineering Examinations 2015-2016

Sub: ME 425 (Aerodynamics)

Full Marks: 210 Time : 3 Hours

The figures in the margin indicate full marks.

Symbols used have their usual meaning and interpretation.

USE SEPARATE SCRIPTS FOR EACH SECTION

SECTION -A

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

1. (a) A wind tunnel experiment has been performed for flow over a NACA 0015 airfoil at

angle of attack (ADA) of 5° with free-streanl velocity, VCIJ of 60 m/s as shown in Fig. for Q.

l(a). The chord length of the airfoil is 400 mm. The experiment has been carried out at free-

stream pressure and temperature of 105 Pa and 25°C, respectively. (20)

Flow

Fig. for Q. l(a)

The expelimental pressure measurement along the airfoil surfaces are given as follows:

xlc 0 0.1 0.2 OJ 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Pupper 102.1 96.2 97.1 98.2 98J 98.5 99.2 99J 99.6 100.0 100.2
(kPa)

Plower 102.1 101.4 100.8 100.6 100.4 100.2 100.0 100.0 100J 100J 100.2
(kPa)

Using the above measured data

(i) Draw the distribution of Cpo

(ii) Estimate the lift coefficient, c, for the above flow condition.

Hints: The formula for numerical integration is given as:

No. of Points Integration method Formula

3 Simpson's 113 rule (b _ a) j(XQ) + 4j(xJ)+ j(X2)
6

4 Simpson's 3/8 rule (b _ a) j(xQ) + 3j(xJ ) + 3j(X2) + j(X3)
8

(b) Derive the expressions for 'stall velocity' for an airplane? Show the variation of lift

coefficient and angle of attack (ADA) with flight velocity for an airplane of given weight

and wing area.

(c) Draw the typical distribution of velocity inside a turbulent boundary layer over a plain

surface.

Contd P/2
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2. (a) In recent years, a new regional jet namely Mitsubishi Regional Jet (MRJ) is being

developed by Mitsubishi Aircraft Corporation, Japan. MRJ is a twin-engine regional jet

having seating capacity of 70-90 passengers. It is scheduled to appear in the aircraft

market in mid-2020. (20)

The aircraft has the following characteristics:

Wing span

Wing area

Gross weight of the aircraft

No. of engine (Pratt & Whitney; PW1215G)

Thrust per unit Engine (Pratt & Whitney; PW1215G)

Parasite drag coefficient at zero lift

Oswald efficiency factor

Fuel tank capacity (in weight)

29.2m

87.6 m2

36,850 kg

2

69.3 kN

0.Oi2

0.88

21.5 kN

If aircraft is flying in steady, level flight conditions, draw-

(i) The power-required curve at sea-level (assume Psea-Ievel = 1.225 kg/m\

(ii) If the airplane is flying at 3000 m altitude from the sea-level (P3000 m = 0.90 kg/m\

draw the power-required curve at this altitude in the same plot as found from (i).

Consider velocity from 50 to 400 mls with an interval of 50 mls to plot the curves.

Discuss your findings.

(b) Determine the aerodynamic condition for which the power requirement will be

minimum in case of steady, level flight. Is it complying the findings of Q. 2(a)? (l0)
(c) What do you mean by excess power in context to flight operation? How does it vary

with flight velocity at a particular altitude? (5)

3. (a) Show that the maximum climb angle of an airplane for steady climbing can be

approximated by the following relation - (10)

e . -] T
max = SIn W

where the symbols have their usual meaning.

(b) Draw the RIC curve for MRJ airplane at (i) sea-level condition and (ii) 3000 m

altitude from the sea-level. Determine the velocities for which the RIC will be maximum.

Necessary data should be taken from Q. 2(a). (15)

(c) Graphically show the variation of a~rodynamic forces which are acting during take-

off and landing of an airplane. (10)
Contd P/3
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4. (a) What is TSFC? Derive a formula to estimate the range of a jet-airplane.

CI/2
(b) Show that the maximum of the aerodynamic ratio, _L_ can be expressed by the

CD

following expression:

(
1 )J;;

(cr] = 3"CD,oneAR
CD 4 C

max 3" D,O

where the symbols have their usual meaning.

(c) Estimate the landing ground-roll distance for the given MRJ aircraft as described Q.

2(a) at sea-level condition. Consider a paved runway (/-lr = 0.4) in your calculation.

Further, assume spoilers are deployed during landing such that the lift becomes zero.

However, the spoilers increase the parasite drag coefficient by 15 percent. The fuel tanks

are essentially empty during landing. The CL,maxwith flaps fully employed at touch down

point is 2.0. Other necessary data should be taken from Q. 2(a).

SECTION -B

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

Assume any data if necessary.

5. (a) What is the relationship between the stream function and the velocity potential

function for a 2D incompressible inviscid flow? Show the typical streamlines and

equipotential lines around an airfoil for such a flow.

(b) A 2D, incompressible flow has the following velocity vector,

V =&i - x2 - x) i + Y (2x + I)J .
Check, (i) if the flow satisfies the conservation of mass, (ii) if the flow possesses a

velocity potential function, and if yes, (iii) find the velocity potential function, ~.

(c) A 2D, incompressible flow has the following stream function,

\jJ = 3x2y-l
Sketch (i) the streamlines of the flow passing through the origin (0, 0), (ii) the volumetric

flowrate per unit depth through the line surface AB as shown in Fig. for Q. No. 5(c).

Points A and B reside on two different streamlines obtained from the same stream

function as given above.
\- -. '-j'-. -.,-. -,
\ i!?')' Pi I

\

• 0 A
(p/J) U7P) . ~.

-----~-------
Fig. for Q. No. 5(c)
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6. (a) Prove that the circulation of a fluid element in a free line vortex along a closed

circular path at any radius is constant.

(b) Using the stream function and velocity potential function for a line source and a line

sink, derive the stream function and velocity potential function for a doublet. Sketch the

streamlines.

(c) As shown in Fig. for Q. No. 6(c), a tornado can be approximated by a free vortex of

strength K for r > Rc, where Rc is the radius of the core. Velocity measurements at points

(9)

(14)

A and B indicate that VA = 40 mls and VB = 20 m/s. Determine (i) the distance of the

center of the tornado from point A and (ii) the strength of the tornado.

l-
f
I
\
\
\

"- ,,-... _.

"- ,:
I ..'\

..tt \
\ \.

, \

J'~ . R

/~.I 30m
j

. .. /~.,. .

I

,
I

I

(12)

Fig. for Q. No. 6(c)

7. (a) With a neat sketch illustrate the symmetry of the surface pressure distribution along

both x and y axes for a stationary cylinder under potential flow without circulation. Hence

state and explain "D' Alembert's paradox".'

(b) For the free stream velocity and the body dimension of a Rankine half-body as shown

in Fig. for Q. No. 7(b), compute, (i) the source strength Fin m2/s, (ii) the distance a, (ii)

the distance h, and (iv) the total velocity at point A.

(9)

(10)

7 m/s

I
,

Fig. for Q. No. 7(b)

Contd PIS
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(c) Consider water (p = 1000 kg/m3) is flowing at 6 mls past aIm diameter circular

cylinder which is subjected to a circulation r of strength 21tK to place the stagnation

points at e equal to 500 and 1300 clockwise. (i) What is the required vortex strength K in

nl Is? Compute the resulting pressure and surface velocity at (ii) stagnation points and

(iii) the upper and lower shoulders (points at the top and the bottom surfaces), (iv) What

will be the lift per meter of cylinder width (depth)?

For a cylinder subjected to a circulation [ (positive counterclockwise), the following

formulas can be used for the calculation:

Surface velocity at an angle e (positive counterclockwise) :

ve = - 2V sine - ~
00 21tR

Surface pressure coefficient at an angle e (positive counterclockwise),

C 1 r4 . 2e 2[sine ( [ J2]p = - sm + .+ ---
1tRV00 21tRV 00

8. (a) Show the typical LID vs. ex curve for symmetric and asymmetric airfoils.

(b) Describe briefly the influence of (i) chordline and camberline of an airfoil and

(ii) slats and flaps of a wing, on the resulting lift.

(c) Using the classical thin airfoil theory, derive the expression for the determination of

the lift coefficient of an asymmetric airfoil.

(16)

(5)

(10)

(20)
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USE SEPARA TE SCRIPTS FOR EACH SECTION

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

Assume reasonable value for missing data~The symbols have their usual meaning.

1. (a) Describe with neat sketches the super critical-water-cooled reactor used in nuclear

power plant. What are its benefits over other reactors? (20)
(b) Describe the advantages and disadvantages between pressurized water reactor

2.

3.

(PWR) and boiling water reactor (BWR).

(a) The extrapolated dimensions of a certain pressurized water reactor are R = 70 inch

and H = 150 inch. The reactor operates at the thermal power of 2000 MW. It contains

190 fuel assemblies, each consists of 200 nos. of U02 fuel rods 0.40 inch in diameter.

Assuming that the assemblies are uniformly distributed throughout the reactor,

calculate the total energy production rate and the maximum energy production rate per

fe in rods located (i) at the axis of the reactor, (ii) 18 inch from the axis. Use standard

values for Ed, ER and Bessel functions value from the attached chart.

(b) Derive the expression for the total thermal resistance of a cladded cylindrical fuel

rod used in a nuclear reactor.

(a) Describe with proper diagram the temperature distribution for a non-metallic

coolant and for a liquid metal coolant undergoing turbulent flow inside a reactor

channel.

(15)

(25)

(10)

(17)

(b) Describe the situation "boiling crisis" in regard to nuclear reactor. Explain this

situation with flow boiling phenomena. (18)

4. (a) Derive the expression for the temperature distribution and heat flow of a plate type

fuel element. Also plot and explain this temperature distribution along with cladding

over the fuel. (15)
(b) Describe the evolution for the generation of nuclear power 'reactors (NPR) in

chronological order. (20)

Contd P/2
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SECTION-B

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

5. (a) Describe the role and challenges of Nuclear Power in Bangladesh. (10)
(b) Mention some important historical milestones in the development of nuclear power

reactors. (10)
(c) Name the components of a nuclear power reactor with sketches and describe the

working principle of a fission nuclear reactor. (15)

6. (a) Name the basic types of commercial nuclear power reactors. Classify from various

view points and describe their basic characteristics. (20)
(b) What do you mean by neutron cross-section of uranium and plutonium? Describe

with sketches. (8)
(c) What are the differences between Four factor and Six factors formula? Explain the

basic terms used with definition. (7)

7. (a) What is the neutron life cycle? Describe with sketches and examples. (10)

(b) What do you mean by nuclear fuel cycle? Describe with a block diagram. (10)

(c) What is fuel pellet? Describe the microstructural evolution in LWR fuel during

irradiation. (15)

8. (a) Give a sketch of binding energy curve and explain. (10)

(b) What do you mean by criticality of nuclear power reactor? Describe subcritical and

supercritical reactor. (7)

(c) What do you mean by fission product yields for thermal and 14-MeV fission in

235 U? Describe with sketches. Also mention its importance. (8)

(d) Write short note on Chernobyl accident and Fukushima accident. (10)
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Assume reasonable value for any missing data. Symbols used have their usual meaning.
USE SEPARATE SCRIPTS FOR EACH SECTION

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

1. (a) Define Mechatronics. Show the relationship between Mechatronics and other

branches of Engineering. (10)
(b) What are the benefits of using Mechatronics systems? Give some examples of our

daily-life products that have Mechatronics systems built-in. (12)
(c) Why are the ADCs and DACs required in mechatronics systems? An 8-bit ADC

has a reference voltage of 5 V and analog input of 3.5 V. Find its binary output. (13)

(13)
(10)(c) List different types of electric, hydraulic and pneumatic actuators.

2. (a) Make a brief comparison between sensors and actuators. In a block diagram of a
typical mechatronics systems, show where these components/modules function and

describe how. (12)
(b) Differentiate between sensors and transducers. Mention some typical sensors used
for Temperature, Force/Pressure, Position, Acceleration and Light intensity
measurements, classify them as active/passive and differentiate their output as voltage,

current, resistance, capacitance, etc.

3. (a) With a block diagram describe the internal construction of a typical PLC. Also

describe the working sequences of a PLC. (12)
(b) A MOTOR and a LIGHT are to be operated using a PLC. There are also two field
input devices. One is a push START_BUTTON which is wired for normally-closed
operation. Another push STOP_BUTTON is wired for normally-open operation. The
operation of the system should be such that an operator can start the MOTOR by
momentarily pressing the push START_BUTTON and the operator can stop the
MOTOR by momentarily pressing the push STOP_BUTTON. While the MOTOR is

running, the LIGHT should be ON. Draw the required Ladder Logic Diagram for the

intended operation. (13)
(c) Differentiate between microprocessors and microcontrollers. (10)

4. (a) What do you understand by 'computing platform'? Give examples. Why is the
concept of 'computing platform' necessary for a microprocessor/microcontroller

programmer? (9)
(b) What is a hardware or software 'emulator'? Differentiate between an 'emulator'

and a 'simulator'. (6)
Contd P/2
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(c) Write short notes on: (any four)

(i) HAL.
(ii) ClSC vs RISC Architecture.
(iii) 32-bit vs 64 bit Architecture.
(iv) EEPROM vs Flash- EEPROM.
(v) Watchdog Timer.
(vi) Arduino.

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

(20)

5. (a) What are the advantages and the disadvantages of digital system over analog

system? (10)
(b) Draw the logic circuit for the Boolean equation (10)

(i) Q = AB + BC (B+C)

(ii) Q =XZ + Z (X+XY)
Simplify the equation and draw the simplified logic circuit.
(c) What is mapping? Mention some possible ways to simplify Boolean logic. Using k-
map, find the Boolean expression for the following motor-control circuits based on

three sensors' input as shown below: (15)
(i)

Thermal Sensor Front Sensor Rear Sensor Drive Motor

OFF OFF OFF OFF

OFF OFF ON OFF

OFF ON OFF OFF

OFF ON ON ON

ON OFF OFF ON

ON OFF ON ON

ON ON OFF ON

ON ON ON ON
(ii)

Thermal Sensor Front Sensor Rear Sensor Drive Motor

OFF OFF OFF OFF

OFF OFF ON OFF

OFF ON OFF OFF

OFF ON ON ON

ON OFF OFF OFF

ON OFF ON OFF

ON ON OFF OFF

ON ON ON ON

Contd P/3
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6. (a) Distinguish between the following:

(i) Inverting and Non-inverting amplifier

(ii) Low-pass and high pass filter.

(b) What are the basic characteristics of an op-amp?

(c) Draw a circuit diagram to implement 'Square-Wave Generator' using op-amps.

(d) Draw a differential gain amplifier circuit using op-amps which has high input

impedance and high common mode rejection ratio. Write down its response equation

and the expression of total differential gain.

(10)

(5)

(5)

(15)

(10)

7. (a) Explain the operating principle of a DC power supply circuit using bridge rectifier. (l0)

(b) Write short notes on (any five): (25)
(i) Active components of electrical/electronics circuit.

(ii) Optocoupler.

(iii) Electro-mechanical relay switch.

(iv) Operation ofMOSFET.

(v) 'Class D' amplifier.

(vi) Operation ofBJT.

8. (a) Explain in short what happens in the following cases: (9)
(i) Implementation of narrow dead band in a two-position controller.

(ii) Proportional controller used at high gain in a spring-mass-damper system.

(iii) Use of integral controller alone in a feed-back control system.

(b) Consider a proportional controller, which is to be used to control the temperature of

a hot water bath where the water temperature can vary from 50° to 150°C. What are the

propOliional band and the transfer function that will be required if the required

temperature of water is 100°C? The controller completely shuts down the heater when

the temperature of water rises to 110°C. The water heater is fully in operation when the

water temperature falls to 90°C.

(c) Draw the block diagram of a PID controller. Write down the corresponding transfer

function and hence, define the term 'integral time constant' and 'derivative time

constant' .

(d) Show the dynamic response of a PI controller.

(10)

(6)



L-4/T -2/ME Date: 08/08/2017
BANGLADESH UNIVERSITY OF ENGINEERING AND TECHNOLOGY, DHAKA

L-4/T-2 B. Sc. Engineering Examinations 2015-2016

Sub: ME 427 (Applied Engineering Mathematics)

Full Marks : 210 Time: 3 Hours
The figures in the margin indicate full marks.

Symbols have their usual meaning. Assume any relevant data, if necessary.
USE SEPARATE SCRIPTS FOR EACH SECTION

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

1. (a) With necessary transformation equations, give details of the standard coordinate systems

used to describe the geometry of engineering problems. (17)
For a particular physical phenomenon of engineering interest, give the governing DEQ in

various coordinate systems.
(b) Following problems are described in tenus of Functionals and associated boundary
conditions. Find the corresponding governing DEQ using the principles of variational

calculus. (18)

(i) i(y)~ lH:~r-(X2x-i}2 -4X2+X

y(l) = 0, y(2) = 0

(ii)I(W)=~ wf(:r +(:r+(:r -2wf z:y2] dxdydz

subject to w(x, y, z) being prescribed along the boundaries.

2. (a) Determine the necessary differential equations of equilibrium for the following

structural problems using energy approach. (18)

.f'LX)'. ,-. '...... .
~ ~ ~ --=::0- ~ --:::::... -==-. ~--:::.. ~

• /. J>. .-..F<
L/2- 4~ L/2- .

...

. "-

l/2- ..

';e:.u. I

. I
Fig. for Q. No. 2(a)
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(b) With reference to an example problem, describe the Galerkin's residual method for
obtaining approximate analytical solutions to engineering problems. Compare and

contrast the method with other approximate methods. (17)

(") b 3 ("') 2 d 311 Y= x, III Y= cx + X.

3. Evaluate the performancelaccuracy of the following trial functions to determine the

complete solution of the cantilever beam in Fig. for Q. No. 3 using Rayleigh-Ritz

method.

(i)y=ai,

(35)

--------~--~--..-----:--~, -_.- .~-

• 'r .. " t-;"

Fig. for Q. NO.3

" ' . .'

l'P..

4. A 14 cm diameter steel sphere having thermal conductivity 40 W1m.°C is heated

electrically by the passage of electric current which generates energy within the sphere of

a rate 40 x 106 W/m3
. Heat is dissipated from the surface of the sphere by convection

with a coefficient of 400 W/m2.oC into an ambient of 20°C. (35)
(i) Give the details of mathematical modeling of the problem.

(ii) By dividing the radius into equal seven segments, develop the complete finite-

difference modeling for numerical solution.

(iii) Construct the global coefficient matrix equation for determining temperature

distribution in the sphere.

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

5. (a) Consider that the equation for the x-component of strain in a body is given by,

00 1 [(00)2 (OvJ2 (800)2]ax -"2 ax + By + az =F(x,y,z)

(i) Determine the order and degree of the differential equation.

(ii) Comment on the homogeneity and linearity of the differential equation.

Contd P13
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(b) Discuss how a second order PDE can be classified based on the values of the

coefficients of the equation. Give suitable examples for each type of classification.

(c) Explain the differences between IVP and BVP.

(10)

(10)

(10)

(10)

O<t<oo0< x < 1;

6. (a) What are the different types of boundary conditions that are used for boundary value

problems? Give suitable examples.

(b) Give the physical interpretation of the following boundary value problems:

au 2 a2u
-=<X -'at ax2 '

u(O, t) = 0, u(l, t) = 5, u(x, 0) = cos (1tx).

(c) Find the solution of the following system of equations using Newton's method.
2 2

X -y =4
2 2x + Y = 16

Use the starting guess as Xo = Yo = 2.828 and show the first two steps of the solution.

(15)

7. (a) Solve the following IVP for a step size of 0.1. Use 4th order RK method.

x', = y } x(O) = 0, yeO)= 1
y =-x O~t~ 1

(18)

(b) Describe the detail numerical procedure for solving the following BVP by using

linear shooting method. (17)

d2y 2 dy 2y sin (lnx)-=---+-+-~~
dx2 x dx x2 x2

with, y(l) = 1 }. [1 ~ x ~ 2]
y(2) = 2

8. (a) What is FDM? Briefly discuss the basic steps required to solve a BVP using FDM. (15)
(b) The vertical deflection of a cantilever beam for its self weight is governed by the

formula: (20)

Suppose the beam span, L = 1 m, mass density p = 8 kg/m3
, and the flexural rigidity of

the beam is 2400 kg_m3/s2, calculate the maximum deflection of the beam. Take a step

size h = 0.25 m.
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SECTION -A

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

1. (a) "The Sun is considered as the source of all forms of energy" - explain. Considering

the Sun as a black body and average solar radiation incident on the earth as 1353'

W/m2, determine the surface temperature of the Sun. Given that the Sun's radius is

6.96 x 108 m and the mean Ealih-Sun distance is 1.5 x lOll m. (15)

(b) Draw a free hand sketch of the equation of time (EOT). What are the approximate

maximum and minimum values of EOT? Find the time of sunset, sunrise and the

number of daylight hours on September 10 for an observer at New York City (Latitude

= 41ON;Longitude = 74°W). Use the Table for the EOT as given below. (20)
r - ,-~-,-,---, . - - '.' ", ---r;.ABLE 2.1 The Equation of. Time in Minutes:':::"(,:'} ", .'

. .' .-; ..... '... ".....

;. Day of
, .' Month' January

t-. " -4'
--l -5

--"7 -6,
10 -8

c 13 -9
.16 -10
19 -II
22 -.12

.' .25 "':12
28 -: 13

'".", '

February March April May':-June July August,

-14 -13 -4 +3,' +~. -3 -6
-14 -12 .-3 +3' '+2 . -4 -6
':'14 -11 -2 +3 .'::+2.; -5. -Ii
-14 :-10 ' -I +,4 :,+1 -5 ~5
-.14 -10 -I +4' 0 -6 -5
-14 -9 0 :+4 '0 -6 -4
-14 -8 +1 .+4 '.,.1 -6 -4
-14 -.7 +1 +4' -2 -6 -3
-13 -6 +2 ,,+3 -2 -6 -2
-13 -5 +2 +3 -3 -6. -1

se~I~~~f~~i.~;~~~.;:/~o~~mkr. .•:.:?:~~4~~~1
,0
+1

. +2 .
'+3
+4
+.5
+6
+7
+8
+9+.16 .. ' -+12' -2

, '.

-e~" .

2. (a) With a neat sketch show the important energy gains and losses that occur in a

single-glazed (one cover) solar energy collector. Define solar energy collector

efficiency.

(b) For a black body at 5950 K, calculate the energy fraction by the body between the

following: (i) Green and Orange color range. (ii) Infra-red range of wavelengths.

Use Figure 1.1 and Table 1.1 as follows:

(15)

(20)

-or-- ------~_=:..,......__~ ..."'__. __ ._. , ._~ __ ,

Wavelength in miCtometers' .(pml

. 0.45 . 0.49-0.001 0.:38

.~~",WM ',"Om, B••

, Highest intensity of sunligh.t

0.560.59. 0.63

. ,Green VellowOrange . Red

. ";" ...
, :-•A micr~ete.- lItml is a miilionth 0; a tnetllr. or l' ~ lO~m.

: .' . . ". .~',' :. '. '.' . .

. Flg~'1;1 'wavelengths of viSible,.~tiaviole~. and infrared light.
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TABLE.Ll The function:f(~) defined by.Equationl.14 .
.,.

x(ILm-K) f(x) , x(ILm-K) f(x) x(ILm-K) f(x)

1100 , 0.001 4600 0.580 . 8100. 0.860
1200 0:002 4700 0.594 . 8200 . 0.864'
1300 0.004 4800., 0.608 8300 '0.868
1400 0.008 4900 0.621. 8400 0.,871
1500 0.013 5000 0.634 8500 0.875
1600 0.020 ' 5100 0.646. ,8600 , 0.878
1700 0.029 " 5200 ' 0.658'. 8700 0.881
1800 . 0.040 .5300 ,0.669" .8800 .0.884
,1900 0.052, 5400 0.680 8900 O,8R7'
2000 " 0:067 ' --5500 0.691' 9000 0.890'
2100 " 0.083 5600 0.701 9100 ' 0.893
2200 0,101 5700 ,0.711 9200 0.895
2300 0.120 5800 0.720 9300 0.898
2400 0.140 5900 0.730 9400 0.901
2500 0.161 6000 0.738 9500 0.903
2600 0.183 6100 0.746 9600 . 0.905
2700 0:.205 6200 0.754 9700 0.908
2800 0.228 6300 0.762 9800 . 0.910'
2900 0.251 . 6400 . 0:770 .. ,9900 ',0.912
3000 0.273 ,6500 0:776 10000 .-

0.914
3100 0.296 6600 0.783 11000 0.932 '
3200 0.318,,' 6700 0;790 12000 0.945
3300 0.340 6800. 0.796 . 13000. 0.955
3400 ' 0.362 6900 . 0.802 ' 14000 0.963
3500 ,0.383 7000 0.808 15000 ' 0.969
3600 0.404 ' 7100 0.814 16000 '0.974
3700 ,0.424 7200 0.819 17000 0.978
3800 0.443 7300 . 0.824 18000 0.981
3900 0.462 7400 0.830 19000 0.983
4000 0.483 7500 0.834 20000 0.986
4100 0.499 7600 0.840 30000 0.995
4200 0.516 7700 0.844 ,40000 . 0.998
4300 0.533 7800 0.848 50000 ~' . 0.999
4400 0.549 7900 0.852 ,
4500 0.564 8000 0.856

3. (a) What is geothermal energy and how it is used? With a neat sketch describe the

working principle of a Binary type geothermal power plant. Mention 3 names of

organic fluids which could be used in such plant's heat exchanger.

(b) Classify various sources of energy. With neat sketches of 3 different modes of

operation, show how to design a room heating system using a renewable energy

source, a backup furnace using conventional fossil fuel and a heat storage device.

4. (a) "It is quite difficult to predict the exact amount of reserves of any particular fuel

or its future demand" - explain.

(b) When was the Renewable Policy of Bangladesh finalized and which ministry did

this? As mentioned in this policy, make a brief account of the major renewable

energy sources of Bangladesh with their respective installed capacity.

(c) Write down the full meanings of the following abbreviated words: BERC, CDM,

MPEMR, NEP and REB.

(d) How many groups were formed for the renewable energy "case study"? Mention

the keywords for their project titles. Mention 4 main faults of the presenter during

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

5.

6.

(a) Classify biogas digesters according to the size.

(b) With neat sketch, describe bag biogas digester. Also write the advantages and

disadvantages of this type of digester.

(c) What is biomass? Explain the origin of biomass energy. What is the difference

between biomass resources and fossil fuels?

(a) What is Fuel Cell? How does it differ from a battery? With neat sketch, describe

Proton Exchange Membrane Fuel Cell (PEMFC).

(b) Define solidity and tip speed ratio of a wind turbine. How do torque and power

coefficients of a wind turbine depend on solidity and tip speed ratio?

(c) With a schematic diagram, show how the pumping head is estimated when a wind

mill is used.

(8)

(15)

(12)

(17)

(10)

(8)

7. (a) What is wave power? On which parameters does the effectiveness of a float

depend? With a neat sketch, describe the working principle of wave energy conversion

device. (17) .

(b) What is tidal power? Explain with diagrams, the operating modes of the double

basin installation with a power house in a separating dam. (12)

(c) Describe the limitations of ocean wave power. (6)

8. (a) What do you understand by economic and financial assessment?

(b) A pump has to be set up to supply water for a typical village having the following

data:

Present Population: 400 people, 300 cattle, 390 goats, 500 chickens, 400 sheeps and

160 horses.

Carry out economic assessment in real terms to compare the system of (A) Wind Pump

and (B) Diesel pump with the data given below to calculate:

(i)) Capital cost.

(ii) Recurrent cost.

(iii) Life cycle cost.

(iv) Annualized life cycle cost.

Contd P/4
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1. Period of Financial Assessment 10 yeas

2. Storage tank safety factor 1.5

3. Discount rate 12%

4. Inflation rate 0%

5. Longest lull period 5 days

6. Max, period required doe Diesel engine R & M 3 days

7. Life of delivery pipe 3 years

8. Fuel consumption 3 liters/day

9. Cost of construction of storage tank Tk. 200 per m3

10. Cost of borehole construction Tk.40,000

11. Cost of delivery pipe Tk.3,000

12. Cost of foundation Tk.4,OOO

13. Price of Wind Pump Tk.75,000

14. Cost of Wind pump installation" Tk.12,000

15. Price of Diesel pump Tk. 45,000

16. Cost of Diesel pump installation Tk. 7,000

17. Cost of Fuel Tk. 25 per liter

18. Wind Pump Repair and Maintenance (R & M) Tk. 1,500 per year

19. Diesel Pump Repair and Maintenance (R & M) Tk. 3,000 per year

(Use WHO recommended water demand/person/day = 40 liter)

(c) Is wind pump the best option? (5)



Table-I: Daily water requirement of farm animals.

Daily water need in U.tres

Horse 50

cattle 40
Pig \ 20
Goat 5

Sheep 5

Chicken' 0.1

I
i

I
I

Table 2: Discount factors for various discount rates and number of years (zero inflation)
£ •••• • •. '.

,

IiI'SCOUN'f
.l._.

" RATS ,
,. . ,

Z 4 .•. . ti "8,': .10 . ~; -~. 12 14.' .J.ti la 20',
,~ ,~

1 ,0.98 0.96 0.94 O.9J O.~l g~l:l~ U.l:l8 0.86" O.S, o .aJ'
2 O.U 0.•92 o.n. 0 .•Bfi .. 0.83 0'.80 0.•77 0.74 0.72 ,O.6,9,'~

' ... . \
::0.75 ' '0 ~'?,l":' - 1"") 0.94 cha,ll "0.84 0,;71' .. , 0.67 0.64 (J.El 0.58 ..

,..4 0.92 o .BS 0.79 0.74 0.68 0.64 0.59 " '0.55 0.52 0.48. ':- oje .. , o '~'S7"~:"::O~~S2 i :5 0.91;
.. o~a2' 0.75 '0.62' '.' , o .4'S ''0.44 0'.40'"~

~:g! 6 0.89 '0.79 0.70 0.63. 0.S6 o .$-1;'0.t; LO,.46.. 0.41 0.37 '. 0':3';3w,". . .
~ 7 , 0.87. o .76 _ 0.67 0.58 0.51 '. ,. 0.45 0.40 0.35 0.31 0.28'o.' -: ";'

"
.' ..... ..;.~.~~. .. . -:. :. ~.•..•':, ..:gf ... , "

" 8 0.85 0.• 73 o ~63': 0.,54: . .0.47 0.40'. , ....:0.•35. 0.3.1 " 0.27 0,;,2,3,.';. ..
i).SO'~' 0.42" . r' ," "•.' . .~ ' .

9 0.B4 0.70 .. '0.'59 •:.::9.':36. O'''3'L "0'.~6 O.2~ 0.];9, .. , .' , ," .~..•..:.
'" " ,. ..•

10 0.82 0.68 0.56 ''0.46 .. 0.39.,1:: 0:;32: .\..0..27 > ,'.0.23 0.19 0,.16
lS 0.74 () '-56 0.42 0 .•32 0.24 o 18' o:~r 0.11 0.08 0.06 ,• . , .' . - . < ~'.' ..
20 0.67 0.46 0.31 0.21 0.15 0.10, 0.07 0.05 0.04 0.03

Table 3: Discount factors for recurrent costs which have to be paid annually over a number of years, for
various discount rates (zero inflation).. .

, '. DISOOONT RATB , ..' . . '. .. ~... .. .',', ...•..
2 4. '" ,

~"J 10 12 14 : '-16 19 :20\

... " .~-~".---~--~-~1 0.98 0.9'6 0.94 0.93 0.91 0.89 0.808 , ,0 .•86 .o.8S 0.83

2 1. .'4 1.IJ:& l.;f)~ 1 •..79 .1.7-4 1 •.69: 1.6:5 1.60 1.5,' 1.52,
;. -

:2.88 2.17 2.67 2.58 2.49 2~40
. ,

2.3:2 2.24 :L1s LIt}3 ,

4 ;3.80 3.62 3. 46 .3.32 3.17 j .04 2:.U LH 2:.70 ~.S6

~

5 .4.71 4.'• .•• 2.1 4.00 3.79 :3.61 3.43 3..21 3.14 2.98

6 .s.60 5 ••23 L9l- " .63 4.35 •••.12 3.89 J .•6B 3.51 3.31
~ 7 6.U 5. !l9 S .sa 5 •.21 4.86 4.57 4'.29 4.03 L82 .3.59

.- ' .

! ." ~-'..•
S 7.32 6.72 -6.21 5.75 5.33 4 .•97 (4 •.69 4.34 .••t'!9> -:.:3.82

\....,_ ..' " '.1''''

9 8.16 7.42 6.80 6.25 5.7$ S .33 4.95 4.60 4.32 4.01.:

lO 8.96 8.10, 7.3i I 6.n 6.1-4 S.6S S.ZZ 4.83 4.U .•• 1.7~::: '
11.1 9.7 . 8.6 7.6 6.8 6.2 S ~6 5.1 .•••6is 12.8 !

20 16.3 13.6 11.5 9 •.9 lJ.S 7.5 .6.6 5.'9 5.4 4.8
, ,

v
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USE SEPARATE SCRIPTS FOR EACH SECTION

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

1. (a) What are "Break Points" or "Corner frequency"? What are their importance in

frequency response analysis?

(b) Construct a Bode plot for a ::nty feedback system with G(s) = (200~ +3
) )'

s s + 1 s + 20

Determine:

(i) the gain margin, (ii) the phase margin, (iii) 0 dB frequency, (iv) 1800 frequency.

2. (a) Define break-away and break-in points of root locus.

(b) Consider a unity feedback system where G(s) = ( X ) .
s s+1 s+2

Do the following:

(i) Sketch the root locus, (ii) Find the asymptotes, (iii) Find the range ofK for stability.

3. (a) Derive an expression for steady state error for a unity feedback system with.a forward

transfer function, G(s).

(b) For the unity feedback system with G(s)= t(s X 10Xx+15) )'
s s + 3 s + 7 s + 20

find -

(i) the system type and (ii) the value of K to yield a steady error of 0.1 to a ramp input

of 25tu(t) and a step input of 25u(t).

(c) Fora non-unity feedback system with G(s) = 1°18+1)) and H(s) ~ s + 4, fmd the
ss+2

system type and the appropriate error constant associated with the system type.

4. (a) What are the usefulness of frequency response analysis? Explain the terms

"magnitude ratio" and "phase shift" with necessary sketches.

1
(b) Sketch the polar plot of a system G(s) = -- .

. s+2

(c) Plot both magnitude and phase diagrams of the above system.
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SECTION -B
There are FOUR questions in this section. Answer any THREE.

5. (a) Suppose you have to design a control system. What are the general requirements to be '

met in designing your system? Explain each requirements with practical example.

(b) If the mass of the suspension model in Fig. 5(b) is negligible, determine the
" ,

corresponding differential equation and the transfer function. The model can be assumed

to be moving with a constant speed U = x/t on a sinusoidal bumping road.

(13).

(14)

;',, .
~ v:

t ~.

y(x) :' '
0: "

: 0,

" ....•~.. -

J'"

Fig, 5(b) ,

\z •

'"I.'
, ,

(c) With appropriate example, discuss the differences between open loop' and closed loop

control systems. (8)

6. (a) Given the system .and torque-speed curve m Fig. 6(a), find the transfer .

function, eL ((S )) . (15)
Eo s

(b) The model of the landing wheel of an airplane shown in Fig. 6(b) can be simplified as

a spring-mass-damper system. The corresponding transfer function of the system can be

t,

./
1
j

I

found as,

Fig. 6(a) , '

1 '
G(s) = t' )30 S2 +11s+33

. '

(5+10+5=20)

(i) Determine spring constant, viscous-coefficient and the mass of the model.

(ii) For a unit step input, determine the rise time, peak time, settling time and %OS of

the system.

Contd P/3
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(iii) Draw the response graph of the system. Does the system represent a safe and

comfort landing? Explain.

Fig.6(b)
7. (a) Reduce the system shown in Fig. 7(a) to a unity feedback system and determine the

corresponding transfer function. (18)

R(s) + yes)

i'ig. 7(a)

(b) Redraw the block diagram in Fig. 7(b) in the form used for investigating a disturbance

U(s). Assume that R(s) remains unchanged. Then determinate the transfer function

t::.C(s)/U(s). Finally obtain the appropriate system differential equation from the transfer

function. ' (17)

R(s) + r + 1
8(18 + b)

c{s)

Fig.7(b)

8. (a) Discuss the relative individual advantages and disadvantages of P controller, I

controller and D controller.

(b) Determine a range of values of a system parameter K for which the system is stable.

q(S)=s3 +2s2 +4s+K

What will happen if (i) K = 8, (ii) K = O?
Contd P/4
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(c) By proper graphical representation, explain what happens to the system response if . (10)

(i) a pole is moved with a constant imaginary part,

(ii) a pole is moved with a constant real part,

(iii) a pole is moved along a radial line extending from the origin.
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USE SEPARATE SCRIPTS FOR EACH SECTION

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

1. (a) Detelmine the .discharge that will occur in a 450 mm diameter pipe that is 1000 m long

connecting two reservoirs with a difference in water surface elevations of 25 m. The wall

roughness of the pipe is e = 0.12 mm, and v = 1.31 x 10-6 m2/s. How much head must a

pump supply to reverse the flow,ie., cause the same discharge to flow from the lower to the
upper reservoir? What power must be supplied by electricity to this pump if the combined

efficiency of the pump and motor is 75%? (15)
(b) Design a pipe line for a fanner which will carry 0.2 m3/s of water from a lake on a

mountainside at elevation 1905 m to a fann sprinkler system 6 km away at elevation 1795 m.
The sprinklers require a pressure of 400 kPa to operate properly. PVC pipe is to be used. Use

Darcy-Weisbach equation. (20)

2. (a) A single-stage Ingersoll-Dresser 15H277 pump, outfitted with the largest impeller (Refer
to Figure for Q2.a for the pump characteristics curves), is used to pump water from a
reservoir at elevation 1350 ft to another reservoir at elevation 1425 ft. The pipe line is 6000 ft
long and 18 in. in diameter with an equivalent sand grain roughness e = 0.015 in. Take

v = 1.14 x 10-5 ft2/s. Neglecting local losses, compute the discharge in the pipeline. (17)
(b) The three reservoirs in Figure for Q. No. 2(b) are connected by three pipes with an

extemal demand at the common junction of the pipes. The highest reservoir has a water
surface elevation of 100 m; the middle reservoir water surface elevation is 85 m; and the

lowest reservoir has a water surface elevation of60 m. Determine the discharge in each pipe. (18)

Pfoe K -it
1 1469 1.974
2 2432 1.927
3 5646- 1.971

e=O.OOO5m
v = 1.31 X 10-6 m2/s

85m

60m

Fig. for Q. No. 2(b)
Contd P12
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3. (a) The coefficients K and n for the exponential fonnula are given in the table for each of the

three pipes in this branched piping system (see Figure for Q. No. 3(a)). Find the discharge in

each pipe and the pressure at each node. The elevation of the HGL at node 1 is HI = 100 ft. (17)
~---~-----,~._- ~--- --------_.-

2.5 ft3/s

[1] 20' (1)

HGL} = 100 15' 0.8 ft3/s
[4]

Pipe K II

1 3.772 1.944
2 5.730 1.926

I

3 16.29 1.889 I

-_ .. - !

Fig. for Q. No. 3(a)

(b) Write the systems of both Q-equations and H-equations for the network shown in Figure

for Q. No. 3(b). In these equations, use the parameters Kj and ni, in which i is the pipe

number.
----------~----------~. ~~--- --~----

QJ'3--------~~----'-_ ..•--_.__ ._--._.- -... _-' '-'_.-

Fig. for Q. No. 3(b)

(18)

4. (a) What are the functions of pressure reducing valves and back pressure valves in a pipeline

~~ 00
(b) ,The following network in Figure for Q. 4(b) contains a pressure reducing valve (PRV)

that is set so it will produce a HGL of 145 m on its downstream side. This valve is 800 ill

downstream from node 1. Do the followings: (i) write the system of Q-equations; (ii) write

the system ofH-equations. (14)

AUe =0.15 mm
All elev. = 100 m

140m

Pioe 1 2 3 4 5

K 196, 3520 2380 4130 192

" 1.819 1.955 1.895 1.892 1.834'

Fig. for Q. No. 4(b)
Contd P/3
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(c) In the piping system of Figure for Q. No. 4(c), determine the diameter of pipe 2 so the

discharge to node 2 is 0.6 ft3Is. Use Hazen-Williams equation (15)

Q = KC HwARZ.63 SO.54 with CHW= 145 and K = 1.318.

----------,-----:----~ '- .._- ---~-_. -- ..-

H=J6S' (1)

8" - 3000'
el = O.OOS"

v = 1.2 xlO~s ft2/s

(2)

.6" - 3S00'
e2.=O.OOS"qJ1'= O.S ft2/s

Fig. for Q. No. 4(c)

'P2 = 40 Ib/in2
.-or

E1ev.~ 0', .'H2 = 92.3 ft

.'QJ2=.,1 ...•.~

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

5. (a) What do you mean by transient flow in context to hydraulics of pipeline system? Give

some typical examples. (5)
(b) Derive the general expression of time for rigid-column flow problems to become
established in a hydraulic pipeline system when a valve is suddenly opened as shown in

Figure for Q. No. 5(b). Neglect viscous effect in your derivation. (15)

,I." •

L

Reservoir

Fig. for Q. No. 5(b)

)'V=V(t)
Valve ---'- -

(c) A horizontal pipe 24 inches in diameter and 10,000 ft long leaves a reservoir 100 ft

below its surface and ends at a valve (reference figure is shown in Fig. for Q. No. 5(b)). (15)
(i) If the valve is suddenly opened completely, how long will it require attaining 99% of
the steady-state velocity? Neglect frictional loss and local losses in this part.
(ii) Estimate the time to reach 99.99% of steady-state velocity. Compare with the findings
in part (i).

(iii) Estimate the time to reach 99% of steady-state velocity considering the viscous

effect. Assume that the steady-state friction factor is 0.018 and it remains constant during

the establishment of flow.

Contd P/4
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6. (a) What do you mean by water hammer in a pipeline system? Derive an expression for

change of pressure head resulted from a sudden change in flow velocity?

(b) Water flows in a 24 inch steel pipeline at a velocity of 6 ft/s as shown in Fig. for Q.

No. 6(b). The pipe line has a wall thickness of 0.25 inch. Determine the change of

pressure head resulting from sudden valve closure for the following cases of restraint: (10)

(i) full pipe restraint from axial movement,

(ii) longitudinal expansion joints along the pipeline.

Take Ksteel = 3 x 1051b/in2, Esteel = 3 x 107lb/in2 and J.!steel = 0.30.

"

.=- .

2001

!-

___ ' '.EL- HGL .
...••. -.iIIiIiro7 ..--.- •....• ;.; _

_. -, - -- --'.'- ..."

_..._~"1W""'.

Fig. for Q. No. 6(b)

(c) Calculate the pseudo-critical temperature and the pseudo-critical pressure of a natural

gas mixture' consisting of 83% methane, 12% ethane, and 5% propane. The critical

properties ofC" C2 and C3 components are as follows:

Components Critical Critical
Temperature, OR Pressure, psia

C] 343 666

C2 550 707

C3 666 617

If the temperature of the gas mixture is 70°F and the average gas pressure is 1200 psig,

what are the pseudo-reduced temperature and pseudo-reduced pressure of this gas

mixture? Use 14.7 psi a for base pressure.

7. (a) A gas pipeline, NPS 16 with 0.250 in. wall thickness, 50 mi long, transports natural

gas (specific gravity = 0.6 and viscosity = 0.000008 lb/ft-s) at a flow rate of 100

MMSCFD at an inlet temperature of 60°F. Assuming isothermal flow, calculate the inlet

pressure if the required delivery pressure at the pipeline terminus is 870 psig.

The base pressure and temperature are 14.7 psi a and 60°F, respectively. Consider no

elevation changes along the pipeline length. Use Colebrook equation with pipe roughness

of 0.0007 in.

Contd P/5
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Following standard relations are given for your calculation.

General Flow equation: Q = 38.77 F (Tb J (P? - p} JO.5 D2.5 (USCS units)
Pb GTfLZ

Colebrook equation: ~ = = -210g10 (_e_ + 2'OJ for Re > 4000
vi 3.7D Re f

Reynolds number, Re ~ 0.0004778 ( ~ J ( ~ ) (USeS units)

Compressibility factor, Z = [( 1 ]] (CNGA method)
P 344 400(10)1.785Gavg )

1+ T3.825
f

Average gas pressure, Pavg = ~ (PI + P2 - PIP2 J
3 11 + P2

(b) A natural gas distribution piping system consists of NPS 12 with 0.250 in. wall
thickness, 24 mi long, as shown in Fig. for Q. No. 7(b). At station A, an inlet flow rate of

65 MMSCFD of natural gas enters the pipeline at 60°F. At the terminus D, gas must be

supplied at a flow rate of 30 MMCFD at a minimum pressure of 600 psig. There are

intermediate deliveries of 15 MMSCFD at point B and 20 MMSCFD at point C. What is

the required inlet pressure at station A? (15)
Use a constant friction factor of 0.01 throughout the pipeline. The compressibility factor
can be assumed to be constant of 0.94. The gas specific gravity and viscosity are 0.6 and

7 x 106Ib/ft-s, respectively. The base pressure and temperature are 14.7 psia and 60°F,

respectively. Assume isothermal flow at 60oP. Neglect elevation differences along the

pipeline.

-_ ..._- --.

NPS12. 0.250 in. waUthickness65 MMSCFD

~
m.p.O.O

A
B Imp. 100.

15MMSCFD

30 MMSCFD 600 psig
.-0' /

CI-m-.p-. -1.8-.0-.--- 240'.;;t; ~.m.p..
D ••1"

20 MMSCFD
I

'1'

Fig. for Q. No. 7(b)

(c) lfthe delivery volume at point B of Fig. for Q. No. 7(b) is increased to 30 MMSCFD

and other deliveries remain the same, what increased pressure is required at station A to

maintain the same flow rate and delivery pressure at station D? (5)
Contd P/6
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8. (a) A natural gas pipeline, NPS 16, 0.250 in. wall thickness, 50 mi long, with a branch

pipe (NPS 8, 0.250 in. wall thickness, 15 mi long) as shown ion Fig. for Q. No. 8(a) is
used to transport 100 MMSCFD gas (specific gravity = 0.6 and viscosity = 0.000008

lb/ft-s) from A to B. At B, a delivery of 30 MMSCFD occurs into the branch pipe BE.

The delivery pressure at E must be maintained at 300 psig. The remaining volume is

shipped to the terminus C at a delivery pressure of 600 psig. Assume a constant gas

temperature of 60°F and a pipeline efficiency of 0.95. The base pressure and temperature

are 14.7 psia and 60°F, respectively. The compressibility factor, Z can be assumed as

0.88. (20)

(i) Using Panhandle A equation, calculate the inlet pressure required at A.

(ii) Is a pressure regulator required at E?

(iii) If the inlet flow at station A drops to 60 MMSCFD, what is the impact in the branch

pipeline BE if the flow rate of30 MMSCFD is maintained?

Neglect elevation effects in your calculations.

Panhandle A equation:

1.0788 ( 2 S 2 )0.5394
Q = 435.87 E(Tb J Pi - e P2 D2.6i82

Pb GO.839 T L Zf e

(USCS units)

300 psig
E

C '600.psig'''''',

8NPS 16A
,1200 psig
----------- - -~~---- ---~------~., ..--~.=-:..:.:::-

Fig. for Q. No. 8(a)

(b) A natural gas pipeline, 140 miles long from A to B is constructed ofNPS 16, 0.250 in.

wall thickness pipe, with an MOP (Maximum Operating Pressure) of 1200 psig. The gas

specific gravity and viscosity are 0.6 and 8 x 10-6 lb/ft-s, respectively. The pipe

roughness can be assumed to be 700 /-L in., and the base pressure and base temperature are

14.7 psia and 60°F, respectively. The gas flow rate is 175 MMSCFD at 80°F, and the

delivery pressure required at B is 800 psig. Determine the number and locations of

compressor stations required.

Neglect elevation difference along the pipeline. Assume Z = 0.85.

Necessary equations can be used as given in Q. No. 7(a).

(15)
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. SECTION-A
There are FOUR questions in this section. Answer any THREE.
Symbols indicate their usual meaning. Assume any missing data.

1. (a) Distinguish between developed and lU1developedproved reserves of fossil fuels. (5)
(b) What do you understand by the economics of fossil fuels? How can coal be considered as

a renewable energy from the economics point of view? (10)
(c) "Hubbert's Peak theory model is essentially correct under constant price and constant

technology scenario" - explain with clear exan1ples. (10)
(d) How does the monopoly in the market change Hotelling's model of depletion of finite

resources? (10)

2. (a) What are the sources and effects of thelma I pollution in a city? (5)
(b) What do you understand by secondary pollutants? Why is it so difficult to control

secondary pollutants? (10)

(c) Write a short note on S02 (Sulphur dioxide) as a criteria of air pollutant. (8)
(d) What do you understand by PM2.5 and PM1O?How are they made? Why is PM2.5

considered more dangerous thanPM1O? (12)

3. (a) What is the 'Pyramids of Effects" of air pollution? (5)
(b) What do you understand by Global Wanning Potential (GWP) and Ozone Depletion

Potential (ODP)? Explain with examples. (7)
(c) Explain the effects of air pollution on atmospheric properties such as fog formation,

reduction of visibility, and the formation of heat islands. (15)
(d) What are the six main greenhouse gases? How do these six gases cause the greenhouse

effect? (8)

4. (a) Describe the working principle of ice core measurement technique of greenhouse gases.

What are the information about the past that we can get from this measurement technique? (15)
(b) How do aerosols calise direct and indirect radiative forcing? Why do different aerosols

have different radiative forcing (positive and negative)? (10)
(c) As an air pollution control technique, how is cyclone different from fluidized bed

combustion? Compare their advantages and disadvantages. (10)

Contd P/2
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SECTION-B
There are FOUR questions in this section. Answer any THREE.

5. (a) Write down the most comprehensive algorithm to mathematically represent

sustainability and explain how ittakes into account the different impacting factors. (10)

(b) For sustainable development, which alternate proposal (response strategy) gives less

reliance upon low technology unless enviromnentally preferable? Briefly explain about

the implications of this strategy. (13)

(c) With a suitable example, briefly discuss about the different components of technical

efficiency of energy use along the energy conversion chain. (12)

6. (a) Classify ecosystems. Briefly explain about the basic structure of ecosystem. (15)

(b) Differentiate between energy efficiency and energy intensity. With necessary

diagrams, make a brief comparison of world C02 emission per capita and total world

C02 emission between OECD and non-OECD nations. (13)

(c) Mention the factors responsible for creating the differences In national energy

systems. (7)

7. (a) Draw the power transmission diagram for conventional and hybrid cars. (6)

(b) Give some ideas of reducing power consumption in compressed air system. (8)

(c) Briefly explain how regenerative braking helps to increase energy efficiency of

automobiles. (8)

(d) Why electricity is the highest-value energy carrier? "Energy-saving compact

fluorescent light bulbs reduce fuel consumption significantly" - Discuss with typical

values. (13)

8. (a) Why renewable energy is encouraged for industrialized countries? Mention some

market failures and economic barriers for renewable energy deployment. (8)

(b) With a neat sketch, describe the principle of photo voltaic electricity generation. (12)

(c) Make a comparative study between the geothermal energy and hydropower energy

based on environmental and social impacts. (15)



L-4/T -21ME Date: 02/08/2017
BANGLADESH UNIVERSITY OF ENGINEERING AND TECHNOLOGY, DHAKA

L-4/T-2. B. Sc. Engineering Examinations 2015-2016

Sub: ME 433 (Fluidics)
"

Full Marks: 210 Time: 3 Hours

T~e figure's in the margin indicate full marks.

USE SEPARA TE SCRIPTS FOR EACH SECTION

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

(8)1. (a) Compare the salient features of a hydraulic system and a pneumatic system.

(b) What are the primary' functions of hydraulic fluid? What are its desirable

properties? (8)
(c) Name the most common causes of hydraulic system breakdown. To what source

has over half of all hydraulic system problems been traced? What are the measures

recommended to avoid system breakdown? (8)
(d) What is viscosity' index? What is its usefulness in the operation of a hydraulic

system? (5)

(e) What is fire resistant fluid? What are its four different types? (6)

2. (a) With necessary sketches, discuss the design and construction features of reservoirs

in hydraulic systems; (17)

(b) What is accumulator? ,What are the three basic types of accumulators? (6)
(c) Differentiate among oxidation, corrosion and rust. What should be done to prevent

these? (6)
(d) Differentiate between strainers and filters. What are the three different types of

filters? (6)

(5)3. (a) What are the functions of the FRL unit in a pneumatic circuit?

(b) With a sketch discuss the function of a compressor starting unloader control

system. (8)
(c) A downstream pressure of the 53% of the upstream pressure is the limiting factor

for passing air through a pneumatic valve to an actuator. Why? (5)
(d) How is the construction of pneumatic cylinders different from that of the hydraulic

cylinders? (5)
(e) Identify different components and narrate the operation of the circuit shown in

,"'." , .

figure for Q3.e. Discuss the characteristic features of this circuit. (12)
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Figure for Q3.e

(a) Differentiate between fluidic devices and the moving part logic devices.

(b) What is Coanda Effect? Explain with a neat sketch its application in a wall

attachment flip-flop ..

(c) Write short notes on (i) Turbulence amplifier, (ii) Vortex flow amplifier and

(iii) Cone jet sensor.

(d) Characterize the following two symbols:

(8)

(9) .

(12)

(6)

(i) I

&~.

(V~

SECTION-B

(ii)

I~.

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

Assume reasonable values for any missing data if necessary.

5. (a) Briefly explain the differences between a fixed displacement pump and a variable

displacementptirrip: Why most positive displacement pumps can be protected by relief

valves?

(b) With neat sketch briefly discuss cylinder cushion. What is its purpose?

(c) Describe the purpose, construction and operation of hydraulic shock absorbers.

6. (a) For a limited rotation hydraulic motor containing a single rotating vane, derive the

expression of its torque capacity in terms of hydraulic pressure and volumetric

displacement.

Contd P/3
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(b) A hycira~lic ~otor has a"5 in3 volumetric displacement. If it has a pressure rating of

1000 psi and it receives oil from a 10 gpm theoretical flow-rate pump, find the motor (10)
(i) Speed, (ii) Theoretical torque and theoretical horsepower.

(c) With neat sketches describe different center flow path configurations of three-

position, four-way valves. What is the difference between an open-center and closed-

center type of directional control valve?

7. (a) With proper circuit diagram, describe the operation of a double-acting hydraulic

cylinder. (10)
(b) With proper circuit diagram, describe how to lock a hydraulic cylinder using pilot

check valves. (10)
(c) A double acting cylinder is:hooked up in the regenerative circuit as shown in Figure

for Q. No. 7(c). The cracking pressure for the relief valve is 1000 psi. The piston area

is 25 in2 and the rod area is 7 'in2. The pump flow is 20 gpm. Find the cylinder speed,

load-carrying capacity and power delivered to the load (assuming the load "equals the

cylinder load-carrying capacity) during the

(i) Extending stroke, (ii) Retracting stroke.

=~:...--------------

Figure for Q. No. 7(c)

8. (a) With neat sketches, describe the operation of pressure reducing valve and

differentiate with pressure compensated valve.

(b) Relative to flow control valves, define the term capacity coefficient. Also mention

its English and Metric units.

(c) Write short notes on (i) Shuttle valves, (ii) Cartridge valves, (iii) Proportional

Control valves. '

(15)

(5)

(15)
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SECTION-A
There are FOUR questions in this section. Answer any THREE.

1. (a) Briefly describe different types of drilling rigs suitable for offshore drilling. (15)
(b) Discuss five different stages of drilling operation. (20)

2. (a) Briefly describe "Power System" of modern drilling rig. (15)
(b) Differentiate between "Mast" and "Derrick". (8)
(c) With neat sketch, describe the "Circulation System" of modern drilling rig. (12)

3. (a) Define the terni. "Drilling Fluid/Mud". Mention its functions. Describe important

drilling Fluid/Mud properties related to its functionality. (15)
(b) What do you understand by "Over Balanced Drilling" and "Under Balanced
Drilling"? Briefly note down the merits and demerits of "Under Balanced Drilling"

over "Over Balanced Drilling". (10)
(c) Describe different techniques used for Reservoir Stimulation. (10)

4. (a) What is meant by "Wireline Logging"? Describe "Spontaneous Potential Logging"

and "Resistivity Loggirig". (15)
(b) Define arid describe "Directional Drilling" along with its application. (12)
(c) Define "Build Rate" in context to drilling. Classify horizontal wells on the basis of

"Build Rate".

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

(8)

5. (a) Define the term "Well Completion". What are the purposes of having "Well

Completion"? (10)
(b) Briefly describe the "Case Hole Completion" along with its merits and demerits. (10)
(c) Write short notes on: (15)

(i) Wellhead, (ii) Productivity Index, (iii) Loss of circulation problem.

6. (a) What is porosity? Define primary, secondary, absolute and total porosity.

Determine the porosity of uniform spheres in the following packings: (15)

Rhombohedral Cubic

Contd P/2 o
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(b) Derive Daray's equation for radial flow system. (5)

(c) Derive an equation for gas formation volume factor (Bg) and show its variation with

pressure. (5)

(d) Show th~t the gas compressibilitycg =!_.!( 8z) . (10)
P z apr

7. (a) Differentiate between probabilistic and deterministic methods of reserve estimation.

Justify their respective usages.

(b) With the help of a diagram indicate possible, probable and proven reserve. Also

show the mean, mode and median in a probabilistic distribution curve of reserve

estimation.

(c) Draw a tree diagram showing all types of resources and reserves.

(d) The following data are read from a contour map. It shows area as a function of the

depth of a production, zone. Calculate the reservoir volume using both trapezoidal and

pyramidal rule.

Depth, ft Area, acre
2900 20
2925 35
2950 50
2975 70,

3000 95
3025 110

; 3050 130

8. (a) What are the principle assumptions for material balance calculation? Expand the

following short form of MB equation into its long form and explain each term.

F = N(Eo +mEg + Er,w)+ WeBw

(b) How will you determine the unknowns (N, m, We) for (i) Solution gas drive alone,

(ii) Solution gas arid water drive, (iii) Solution gas and gas cap drive.

(c) What are drive Indices? How can you determine the contribution of different drives

in a combination drive reservoir?

(10)

(5)

(10)

(10)

(15)

(10)

(10)
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