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SECTION-A

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

Assume any reasonable data if missing.

1. (a) Briefly describe the Blow Out Prevention (BOP) system of a drilling rig along with its

function. (13)

(b) Write short notes on: (i) Swivel (ii) Rotary Table (iii) Kelly (iv) Drill Collar (12)
(c) What is "Top Drive Drilling"? Discuss the advantages of top drive drilling over rotary

table drilling. (10)

2. (a) Define drilling mud/fluid. Note down the functions of drilling mud/fluid. Describe four

important properties of drilling fluid related to its functionally. (15)
(b) Describe Case Hole Completion along with its merits and demerits. Schematically show

conventional single, double and triple tubing completion. (10)

(c) Classify drilling process on the basis of bore-hole pressure. Also mention their respective

advantages and disadvantages. (10)

3. (a) Define well logging along with its objectives. Briefly describe the "Radioactivity

Logging" process with neat sketch. (15)

(b) Drilling program is designed based on the anticipation of potential hole problems rather

than on the caution and containment-why? Briefly describe the following drilling problem: (10)

(i) Pipe Sticking (ii) Loss of Circulation (iii) Formation Damage

(c) Define horizontal well along with its classification. Mention its advantages over vertically

drilled well. (10)

4. (a) Define unconventional petroleum' resource. Mention major unconventional petroleum

resources that bear great potential for near future extraction. (10)

(b) Briefly describe the shale gas extraction process- "Fracking", along with its advantages

and disadvantages. (15)

(c) What is Mud Pulse Telemetry? Briefly describe different pulsation systems used for mud
. t.'

pulse system. (10)
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SECTION -B

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

5. (a) Briefly describe how hydrocarbons are created according to the organic theory.

(b) With a neat sketch illustrate the rock cycle.

(c) An exploration well was drilled which went through both gas and oil zones, but missed

the water zone. However, following information was available:

Gas-Oil contact is at 5,200 ft

Oil-Water contact is at 5,500 ft

Oil pressure gradient = 0.35 psi/ft.

Water pressure gradient = 0.45 psi/ft
Gas pressure gradient = 0.08 psi/ft

From pressure test at 5,250 ft, oil pressure is 2,402 psia.

(i) Develop the pressure equations for oil and gas phases.

(ii) Determine the pressures at Oil-Water contact, and at Gas-Oil contact.

(iii) Suppose the top of the structure is at 5,000 ft. What is the pressure difference

between water and gas columns at that depth? Do you expect a kick while penetrating

the structure? Why or why not?

6. (a) With the help of a phase diagram explain why we get gas from an oil reservoir and liquids

(10)

(10)
.,

from a gas reservoir.

(b) Define and explain the following terms:

(i) Formation volume factor for oil, Bo

(ii) Gas compressibility factor, z

(c) PVT test data are given in Table Q. 6(c)

(i) Identify the test type with due reasoning

(ii) Find the Solution Gas Oil Ratio at 1600 psia

(iii) Find Bo at 1600 psia

(iv) Find z factor at 1600 psia

(v) Find Bg at 1600 psia

(7)

(2x4=8)

(5x4=20)
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Table Q6C

Pressure~ Gas Gas Removed** . Oil Volume,Removed*.pSlg SCI" ec-ce .i- 2620 -- -- 63.316
I 2350 4.396 I 0.02265 61.496
I 2100 4.292 I 0.01966 I 59.952
I 1850 4.478 0.01792 I 58.528

1600 4.96 001693 57.182
1350 5.705 0.01618 55.876
1100 6.891 0.01568 54.689

I 850 8.925 0.01543 53.462I

600 12.814 0.01543 52.236
350 24.646 0.01717 50.771
159 50.492 0.01643 49.228
0 .. I 0.03908 42.54

I 0 0.21256 39.572 at..
601"

* at 2201" and cell prcssure
** at 601"and 14.65 psia. .

1 ce - 6.29 X 10'0 bbl = 35.315 X 10'0 nJ

I

I
I

I
I.,

7. (a) Define porosity. Mention the controlling factors of porosity. What are the methods of

porosity determination?

(b) With a neat sketch explain the concept of relative permeability.

(c) Calculate the average permeability of the composite rock layer shown in the figure below.

The flow direction is indicated by the arrow.

(10)

(10)

(15)

- ~- -~ ~_. ~---.
100 mD

.
200 mD 250 mD,

20 ft 10ft

100 mD

4ft

12 ft

4ft

i 30 ft
Figurc for qucstion 7 c
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8. (a) What is meant by Proven Reserve?

(b) Discuss briefly the importance of sand stone with regards to petroleum industry.

(c) The cross sectional view of a dome-shaped gas reservoir is shown in the figure below.

The base of the structure is approximately circular. More information about the geometry is

given in Table Q. 8(c). The average porosity is 14%, while the initial water saturation was

estimated as 23%. The initial reservoir pressure is 3,250 psia. The projected abandonment

pressure is 500 psia. The gas formation volume factors are 0.00533 ft3/SCF and 0.03623 ft31

SCF respectively corresponding to the initial and abandonment pressure. Answer the

(5)

(10)

following

(i) Draw the contour map of the reservoir

(ii) Calculate the bulk volume of the reservoir using trapezoidal rule.

(iii) Estimate the Gas initially in Place (GIIP).

(iv) Estimate the recovery factor (RF) form this reservoir.

Table Q. 8(c)

Elevation (ft) Radius (ft)
0 2,000
5 1,900
10 1,800
IS 17,00
18 0

5 ft (water-oil contact)

Oft (datum sea level)

~ -,-,Figurcfor gucstion 8 c.--------------

(4x5=20)

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

1. (a) Discuss the benefits and drawbacks of fluid power system in comparison with electrical

(6)power system.

(b) Explain the terms "viscosity grade" and "viscosity index" of hydraulic oil. Discuss their

usefulness in selecting the appropriate oil for a hydraulic system. (7)

(c) Select the proper size steel tube for a flow rate of 30 gpm and an operating pressure of

1000 psi. The maximum recommended velocity is 20 fils, and the tube material is SAE 1010

dead soft cold-drawn steel having a tensile strength of 55,000 psi. (8)

'--1Table for Q I.e: Common tube sizes
- ------------

I TUBE WALL TUBE TUBE WAll TUBE TUBE WAll TUBE _I,-,- DO THICKNESS 10 00 THICKNESS 10 00 THICKNESS 10

I i (in.) lin.l lin,1 (in.1 lin. I (in.! lin.) lin.) lin.l i
'IB 0.035 0,055 ,n 0.035 0.430 71B 0.049 0.777 -I

1_-
0.049 0.402 0.065 0.745",. ,0.035 0.118 0.065 0.370 0.109 0.657

1- 0.095 0.310 I'/4 0.036 0.180 1 0.049 0.902

'1_'_ O.OU 0.152 SIB 0.035 0.555 0.065 0.870 I
0,065 0.120 0.04g 0.521 0.120 0.760 I

0,065 0.495 -l
I 6/'. 0.035 0.243 0,095 0.435 '.114 0.065 1.120

i- 0.04g 0.215 0.095 '.060

~0.065 0.183 ,,< 0.049 0.652 0,120 1.010
. 0.065 0.620

1_ JIB 0.035 0.305 0,109 0.532 '-112 0,065 1.370 -J0.049 0.277 I. 0.095 1.310
0.065 0.245

(d) For the hydraulic system shown in Figure Q. I(d), the following data are given. Pump

hydraulic horse power = 5 HP, Pump flow rate = 30 gpm, Pipe inside diameter = I inch.

Specific gravity of the oil = 0.9 and the kinematic viscosity of the oil is 100 cSt. Find the

pressure available at the inlet to the hydraulic motor (station 2). The pressure at station I in

the hydraulic tank is atmospheric (0 psig). Take K factor for standard elbow = 0.9.
-~-- -I

(14)

, .

1

HN.
STD. ELBOW

!

!

I

~ HYDRAULIC
I MOTOR

1
20.F f

ELEVATION

I

Figure Ql.d Contd P/2
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2. (a) With neat sketches, briefly describe the working principle of a vane pump. Drive an

expression of its displacement in terms of eccentricity.

(b) What is pressure compensated pump? Explain with necessary sketches, the operation of a

pressure compensated vane pump.

(c) Compare between a vane pump and a radial piston pump.

(d) Write short notes on (i) cylinder cushion and (ii) double rod cylinder

3. (a) What is torque motor? Show that the torque capacity of a torque motor is function of its

volumetric displacement and supplied fluid pressure.

(b) Consider a single vane rotary actuator with outer radius of the rotor = 1.5 in, inner radius

of the rotor = 0.5 in imd width ofvane = I in.

(i) What pressure must be developed to overcome 1000 in-Ib torque load?

(ii) What will be the motor rpm if oil is supplied at 10 gpm?

(iii) What is theoretical output power of the motor?

(c) Distinguish between hydrostatic transmission and hydrodynamic transmission.

(d) A hydraulic pump operates at 1000 psi and delivers oil at 20 gpm to a hydraulic actuator.

Oil discharges through the pressure relief valve (PRV) during 50% of the cycle time. The

pump has an overall efficiency of 85% and 10% of the power is lost due to frictional pressure

losses in the hydraulic lines. Heat exchanger of what rating is required to dissipate all the

generated heat?

4. (a) Differentiate between strainers and filters. What are the three different types of filters?

(b) Explain the following terms in connection to filters: (i) nominal rating (ii) Absolute

rating, (iii) Beta ratio and (iv) Beta efficiency.

(c) Why are air-dryers required in a pneumatic system? What are the common types of air

dryers?

(d) Write short notes on: (i) Ladder diagrams (ii) Moving part logic devices (iii) Fluidic

(8+4)

(8)

(7)

(4+4)

(10)

(7)

(6)

(12)

(6)

(8)

(6)

devices.

SECTION-B

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

Symbols have their usual meaning. Assume reasonable values for missing data, if any.

(3x5=15)

5. (a) With neat sketches, explain the terms position, way, port and envelop in directional

control valves.

(b) Compare the functions of a pressure relief valve, a hydraulic fuse and an unloading

valve.

Contd P/3
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(c) A 3 position 4 way directional control valve (DCY) is connected to a hydraulic cylinder.

Discuss what will happen to the cylinder if the DCY is a (i) Open center type, (ii) Tandem

center type, and (iii) Closed center type. (9)

(d) What is a servo valve? Compare the salient features of an electrohydraulic servo valve

with those of a proportional control valve. (9)

6. (a) Briefly describe the operation of a double acting cylinder connected in a regenerative

circuit. Give an example of its application. (10)
(b) Show that in a regenerative circuit, the extension speed and the retraction speed of a

double acting cylinder will be exactly equal if the rod area is made half of the piston area.

How will the load carrying capacity be affected in such a circuit? (10)
(c) The system shown in figure Q. 6(c) contains a pump delivering high pressure oil to a

hydraulic motor, which drives an external load via a rotating shaft. The following data are

given.

Pump: mechanical efficiency = 95%, volumetric efficiency = 90%, displacement

volume = 10 in3, speed = 1000 rpm, inlet pressure = - 4 psi

Hydraulic motor: mechanical efficiency = 93%, volumetric efficiency = 90%,

displacement volume = 8 in3, motor discharge pressure = 5 psi, inlet pressure P2 required

to drive load = 500 psi.

Pump discharge pipeline: 1 inch schedule 40 (ID = 1.040 in), 50 ft long (point 1 to point

2) two 90° elbows (k = 0.75 for each elbow), one check valve (k = 4.0)

Oil: viscosity = 125 cSt and specific gravity = 0.9

If the hydraulic motor is 20 ft above the pump, determine the

(i) pump flow rate, discharge pressure (PI) and input power

(ii) motor speed, output torque and output hp

(iii) overall efficiency ofthe system.

7. (a) What is fail-safe circuit? Discuss the operation and peculiarity of the failsafe circuit

(15)

shown in Figure Q. 7(a). (12)
(b) Draw a typical meter-out circuit for speed control of a double acting cylinder. What are

the advantages and limitations ofthe meter-out circuit when compared with meter-in circuit? (13)

(c) Write short notes on (i) air-over-oil circuit (il) compressor starting unloader control. (10)

8. (a) Draw the symbol of a 3 position 4 way spring centered solenoid actuated directional

control valve for pneumatic system with all ports blocked in center position. Mention the key

difference of this symbol ifthe valve was 'for hydraulic system. (9)
Contd P/4
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(b) What are the special features of a pneumatic circuit diagram when compared with a

hydraulic circuit diagram? (9)
(c) What does the circuit of Figure Q. S(c) accomplish when the manual shutoff valve VI is

opened? (12)

(d) What are the reasons of using silencers in the exhaust line of pneumatic cylinders? (5)
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SECTION-A
There are FOUR questions in this section. Answer any THREE. '
Symbols have their usual meaning. Assume any data if necessary.

I. (a) Explain the concept of isoparametric formulation with reference to FEM. Show that

FE formulation related to quadratic bar element satisfies -the requirements of

isoparametric formulation. (17)
(b) For the stepped axially loaded bar shown in Fig. QI (b), (18)

(i) show the details of FE modeling of the problem.
(ii) determine the 'nodal displacements, element stresses, and support reactions by

FEM.

r-3.5 mm

600 kN
o---l>

400 mm2

• 200 mm .1. 200 mm '1

250 mm2

150 mm 150 mm

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

E = 200 X 109 N/m2

~il' to'/' G... No.

2. (a) Demonstrate the application of a variational method to determine the element property

matrix equation for a bar element with Linear shape functions with reference to the

natural coordinate system. (17)
(b) Heat conduction in a bar of unit length with an initial heat source is modeled by the

following ODE (18)

d2r 2--+IOOOx =0
dx2

The quantify T denotes steady-state temperature in the bar, which reduces to zero at the

bar ends.
If the temperature distribution in the bar is approximated by

T (x) = C. x.(I_x2)

Find the analytical expression oftemperature by

(i) Collocation method

(ii) Galerkin's method
Comment on the accuracy of the solutions obtained.

Contd PI2
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3. (a) With reference to a both-ends fixed beam under a distributed lateral loading,

mathematically examine the Equivalence of Rayleigh-Ritz method and Galerkin's

residual method. (17)
(b) Give a neat sketch of a propped cantilever beam on an elastic foundation, subjected to

a full-span uniform loading. (18)
Deduce the functional for the beam, and then use the functional to obtain the DEQ that

governs the deflection ofthe beam using variational calculus.

4. (a) For a given data set, (Xi, Yi), i = I, 2, 3, ..... n, derive the least-squares matrix

formulation for establishing relationships of general nonlinear forms given by (18)
y = f (x, C), C2 C3, ..... cm)

(b) Based on the sources of nonlinearity, give a classification of nonlinear engineering

problems. Describe them with suitable examples. (17)

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

5. (a) With reference to practical examples, distinguish the following types of engineering

problems (15)
(i) Initial-value problem

(ii) Boundary-value problem

(iii) Initial-boundary-value problem.

(b) The mathematical model of an engineering problem is given below:

U,=dUxx [
0 :S:XQOO]
O<t<u

Ux (0. t) = 0
Ux (200, t)+ fJ [U(200-t)-20] = 0

U (x, 0) = 0 (10)
With a neat sketch, give the physical interpretation of the model to characterize the

problem.

(c) What is Robin boundary condition? Explain the concept with at least two physical

examples. (10)

6. (a) What do you understand by 'Scalar Field problems'? Give the mathematical details of

a scalar field problem for each of the following fields of engineering: (15)
(i) Mechanics of material

(ii) Ground water flow

(iii) Magnetic field problem.

(b) Find the free-end deflection of the cantilever beam as shown in Fig. for Q. 6(b) by

direct numerical integration method. (20)
Contd P/3
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Contd. to Q. 6(b)

Given: L = 36", W = 6", Thickness, t = I"

E = 30xl06 psi. P = 5000 lb

Taka step size, tlx = 12"

______ . , . .._.. - -_.~--- - -------.--. ,-------------.-- - --1

..... 1

- . I

~-:::::~-::"k.i
_L!'2-_~a -L/1.~' _.~\, n~"_!1

_____..__. .. --_.- ~----_._---~-- ..-- -----------.'-1

-~ ... --- -~~. ~~- ~~~~

7. (a) For the cantilever beam as shown in Fig. for Q.7(a), following parameters are given: (25)
L = 6m , q = 4 kN/m

EI = 30xl04 N-m2

~it~OVQ.. "JO. 1-l~r
(i) Give the mathematical model for solving the deflection curve of the beam.

(ii) Show finite-difference discretization of the beam by dividing the span into equal

six segments.

(iii) Give the finite-difference modeling of the governing equation and the necessary

boundary conditions.

(iv) Construct the global coefficient matrix equation for solving the nodal deflections

of the beam. (10)
(b) Give the numerical details of modeling when the free end of the cantilever beam ofQ.

7(a) is replaced by the following types

(i) Guided end

(ii) Simply-supported end

8. (a) With neat sketches give the details of the following coordinate systems with necessary

transformation equations:

(i) Polar coordinate system

(ii) Cylindrical coordinate system

(ii) Spherical coordinate system

(15)

Contd P/4



.'
•

=4=
ME 427
Contd. to Q. 8(a)

Also write the general heat-conduction equation for solids in the above coordinate

systems.

(b) A 10 cm diameter steel sphere of thermal conductivity 40 W/(m. 0c) is heated

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

a rate 40xl06 W/m3. Heat is dissipated from the surface of the sphere by convection with

a coefficient of 400 W/(m2.0C) into an ambient of 20°C. (20)
By dividing the radius into equal five segments, describe the complete finite- difference

scheme for determining the radial temperature distribution in the sphere.
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SECTION-A

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

Assume reasonable value for any missing data. The symbols have their usual meanings.

Necessary charts are attached here.

I. (a) Derive the expression of total heat flow through one side of the fuel element (plate type)

to the coolant fluid for a nuclear reactor. Also derive the same expression for cylindrical fuel

element.

(b) Describe an equivalent cooling channel in a square fuel lattice with necess.ary illustration,

where the fuel rod is typically circular. Derive the expression for equivalent hydraulic

diameter, where the fuel rod radius is "a" and the square array pitch is "s".

2. (a) Derive an expression for the temperature distribution and heat flow inside a plate type

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

(18)

(17)

~1.(I~

(b) The extrapolated dimensions of a certain pressurized water reactor are R = 66 inch and

fj = 142 inch. The reactor operates at the thermal power of 1800 MW. It contains 192 fuel

assemblies; each consists of 205 nos. of U02 fuel rods 0.41 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 at (i) 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. (17)

3. (a) How are solid, liquid and gaseous radioactive wastes generated by the operation of a

nuclear power plant? Describe these with a flow diagram of a power plant system. (18)

(b) Describe a spent fuel pool with necessary schematic diagram. Hence, sketch and label a

horizontal storage module (HSM) with shielded canister. (17)

4. (a) Write short notes 011:

(i) High-level radioactive waste repository
(ii) Boiling crisis in nuclear reactor

(ii) Liquid metal coolant in nuclear rea~tor

(8%x4=35)
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SECTION -B

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

5. (a) Give a generic layout ofa nuclear power plant and label its components. (15)

(b) Give a sketch of PWR and compare a BWR with that of PWR. (10)

(c) Give a sketch of Fast Breeder reactor. Compare a PWR with Fast Breedeueactor. (10)

6. (a) What is nuclear fuel cycle? Describe with sketch. (15)

(b) What do you mean by fuel cladding interactions? Describe. (10)

(c) What is the multiplication factor? Describe its importance. (5)

(d) Give a sketch of a hexagonal fuel assembly and describe. (5)

7. (a) Describe the root causes of Fukushima nuclear accident. Write a short note on lessons

learned from this accident. (20)
(b) What do you mean by DBC (Design basis condition)? Describe DEC (Design extension

condition) with sketches and examples. (8)

(c) Describe fundamental safety functions in relation to VVER -1200. (7)

8. (a) Give a general sketch of safety systems ofVVER 1200 Reactor. (10)

(b) What are the differences between active and passive safety system? (10)

(c) With a sketch describe passive heat removal from steam generator and the containment. (15)
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SECTION-A

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

I. (a) Akhter Furnitures make home office furniture from fine hardwoods. The company uses a

job-order costing system and predetermined overhead rates to apply manufacturing overhead

cost to jobs. The predetermined overhead rate in the Preparation Dept. is based on machine-

hours, and the rate in the Fabrication Dept. is based on direct materials cost. At the beginning

of the year, the company's management made the following estimates for the year; (20)

Department
Preparation Fabrication I

Machine-hours .
Directlabor.hours .
Directmaterials cost .
Directlabor cost .

~anufacturing overhead cost

80,000
35,000

$190,000
$280,000
$416,000

21,000
65,000

$400,000
$530,000
$720,000

Job 127 was started on April I and completed onMay 12, The company's cost records show

the following information concerning the job:

Department
Preparation Fabrication

Machine.hours .
.Directlabor.hours. . . .

i 'D' ,I Irectmatenals cosl .. , , .
I~rec:~abor cost .

350
80

$940
$710

70
130

$1,200
$980

Required:

(i) Compute the predetermined overhead rate used during the year In the Preparation

Department and the Fabrication Department.

(ii) Compute the total overhead cost applied to Job 127.

(iii) What would be the total cost recorded for Job 1277 If the job contained 25 units, what

would be the unit product cost?

(iv) At the end of the year, the records of Akhter Furnitures revealed the following actual

cost and operating data for all jobs worked on duting the year:
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Department

Preparation Fabrication

Machine-hours. 73.000 24.000
Direct labor-hours 30.000 68.000
Direct materials cost .. 5165.000 $420.000 I

Manufacturing overhead cost 5390.000 $~40.~~L.... " ---'- _

What the amount was of under-applied or over-applied overhead in each department at the

end of the year?

(b) The following selected account balances for the year ended December 31 are provided for

SMC Inc. Company:

, Advertising expense '_':' $215,000
. Insurance. factory equipment. .'>" ...",.$8,000

Depreciation. sales equipment. . . . . . . . . . . $40-,000.
Rent. factory building .' . . . . . . . $90.000
Utilities. factory. . . . . . . . . . . . . . $52.000

i Sales commissions . . . . . . . . . . . . . . . . . . . $35.000
Cleaning supplies. factory. . . . $6.000

I Depreciation, factory equipment . . . . . . $110,000
Selling and administrative salaries. . . . . . . . $85,000

. Maintenance, factory. . . . . . . . .. . . . . . . . . $74,000
Direct labor. . . . . . . . . . . . . . . . . . . . . . . . . . . ?

, Purchases of raw materials _ ' $260,000

//.
;'

I
I

(26%)

Inventory balances at the beginning and end of the year were as follows:

~- --_._-_. ----------------_.
Beginning End of
ofYear Year

'.
• Raw materials .
Work in pfocess .

. Finished goods .

$50,000
?

$30,000

$40,000
$33,000

?

The total manufacturing costs for the year were $675,000; the goods available for sale totaled

$720,000; and the cost of goods sold totaled $635,000.

Required:

(i) Prepare a schedule of cost of goods manufactured and the cost of goods sold section of

the company's income statement for the year.

(ii) Assume that the dollar amounts given above are for the equivalent of 30,000 units

produced during the year. Compute the average cost per unit for direct materials used,

and compute the average cost per unit, for rent on the factory building.
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(iii) Assume that in the following year the company expects to produce 50,000 units.

What average cost per unit and total cost would you expect to be incurred for direct

materials? For rent on the factory building? (Assume that direct materials is a variable

cost and that rent is a fixed cost.)

(iv) As the manager in charge of production costs, explain to the president the reason for

any difference in the average costs per unit between (ii) and (iii) above.

2. (a) What types of costs should not be assigned to products In an activity-based costing

system?

(b) Performance Products Corporation makes two products, titanium Rims and Posts. Data

regarding the two products follow:
________________ T,.

(6)

(20)

Direct
labor-Hours
per.Unit'

, .
Rims\ .._. . . . . . . 0.40

c • '~.,.'~, ••,~ ,,< \,.-:,(;.: 0:20

->, Annual
- 'ProduCtion

20,000 units '
80,000 units

Rims require $17 in direct materials per unit, and Posts require $10. The direct labor wage

rate is $16 per hour. Rims are more complex to manufacture than Posts, and they require

special equipment. The ABC system has the following activity cost pools:

~ < ---
i. ':. Estimated
1.". '; Overhead Activity
I ActivityCost Pool ActivityMeasure Cost Rims Posts Total,

f-
Machine'setups ............ , Number of setups $21.600 100 80' 180

I Special processing .-: ........ Machine.hours $180,000 4,000 0 4,000
Genera'! factory ............ Direct labor.hours $288.000 8,000 16.000 24.000 :

I~.~

Required:

(i) Compare the activity rate for each activity cost pool.

(ii) Determine the unit cost of each product according to the ABC system, including

direct materials and direct labor.

(c) Olympus Products manufactures recreational equipment One of the company's products,

a skateboard, sells for $37.50. The skateboards are manufactured in an antiquated plant that

relies heavily on direct labor workers. Thus variable costs are high, totaling $22.50 per

skateboard. Over the past year the company sold 40,000 skateboards, with the following

operating results: (20%)
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• Sales (40,000 skateboards) .
Variable expenses.

, Contribution margin ..
, Fixed.expenses .

Net operating income. . .

$1,500,000 I
900,000.

600,000
480,000

S' 120,000

Required:
(i) Compute (a) the CM ratio and the break-even point in skateboards, and (b) the degree

of operating leverage at last year's level of sales,

(ii) The company estimates that variable costs will increase by $3 per skateboard next

year. If this change takes place and the selling price per skateboard remains constant at

$37,50, what will be the new CM ratio and the new break-even point in skateboards?

(iii) Refer to the data in (ii) above, If the expected change in variable costs take place,

how many skateboards will have to be sold next year to earn the same net operating

income ($120,000) as last year?

(iv) Refer again to the data in (ii) above, The president has decided that the Olympus may

have to raise the selling price of its skateboards. If Olympus Products wants to maintain

the same CM ratio as last year, what selling price per skateboard must it charge next year

to cover the increased labor costs?

(v) Refer to the original data, The company is considering the construction of a new,

automated plant. The new plant would slash variable costs by 40%, but it would cause

fixed costs to increase by 90%, If the new plant is built, what would be the company's

new CM ratio and new breakeven point in skateboards?

3, (a) Mega Feed Company manufactures and sells single product. Cost data for the product

$ 6
12
4
3

$25

follow:

Variable costs per unit:
Direct materials , , . , .. , .
Direct labor , .. , , , , .
Variable factory overhead , . , .
Variable selling and administrative .

Total variable costs per unit , , .

; Fixed costs per month:
Fixed manufacturing overhead. . . . . . . . . . . .. $240,000
Fixed selling and administrative. . . . . . . . . . . . 180,000

. '-.
Totai fixed cost per month .: :, .. ' . . . . . . . . . . .. $420,000 i----------------_._---===~

(26%)

The product sells for $40 per unit. Production and sales data for May and June, the first two

months of operations, are as follows:
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c~
Units Units. '

Produced Sold

May... 30,000 26,000
June ~.. ~.... ~. 30,000 34,000

Income statements prepared by the Accounting Department, using absorption costing, are

presented below:

Sales ~ ~ , ~ , ..
Costofgoods sold:
Beginninginventory.... ~..... , ~..
Addcost ofgoods manufactured .
Goodsavailableforsale ~.. , .. ~~..
Less endinginventory.~ ~ ~ ~~..

Costofgoods sold . ~ ~~.. ~ ~ .
Grossmargin ~. ~~ ~~~.. ~. ~ .

! Sellingand administrativeexpenses ~ .
: Netoperatingincome ~ ~~~.. ~

May June--------- ---
$1,040:000 $1,360,000

0 120,000
900,000 900,000

900,000 1,020,000
120,000 0

780,000 1,020,000

260,000 340.000
. 258,000 282,000

$ 2,000 $ 58,000

Required:

(i) Determine the unit product cost under absorption and variable costing.

(ii) Prepare variable costing income statements for May and June using the contribution

approach.

(iii) Reconcile the variable costing and absorption costing net operating income figures.

(iv) Explain the reason behind a profit ($2,000) in the month of May, in spite of selling

less than the breakeven quantity (28,000 units).

(b) The Production Department of Walton has submitted the following forecast of units to be

produced by quarter for the upcoming fiscal year. (20)
----_._._-

1st Quarter 2nd Quarter . 3rd Quarter 4th Quarter'

15,00014,00015,00016.000Units to be produced .....----~_.- ------------------ ---

Each unit requires 0.80 direct labor-hours and direct labor-hour workers are paid $11.50 per

hour. In addition, the variable manufacturing overhead rate is $2.50 per direct labor-hour.

The fixed manufacturing overhead is $90,000 per quarter~ The only noncash element of

manufacturing overhead is depreciation, which is $34,000 per quarter.

Required:

(i) Prepare the company's direct labor budget for the upcoming fiscal year, assuming that

the direct labor workforce is adjusted each quarter to match the number of hours required

to product the forecasted number of units produced.

(ii) Prepare the company's manufactu~ing ov~rhead budget.
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4. (a) What is meant by the term management by exception? (6)

(b) Explain the S-curve of technological progress. (10)

(c) What is SWOT analysis? How it can be used for analysis of the overall strategic position

of the business and its environment.

(d) Describe the steps involved in the decision-making process with suitable example.

(10)

(20%)

SECTION - B

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

5. (a) Describe Taylor's four principles of scientific management. What were the problems

associated with implementation scientific management of Taylor? (18)
(b) Discuss the environmental changes to be considered in management, as per contingency

theory. (10)
(c) Describe the management functions in an organization. What are the management skills

related to different managerial levels? Discuss in brief. (18%)

(10)

(18)(b) Write a short note on any three of the following core marketing concepts:

(i) Value and Satisfaction

(ii) Marketing Channels

(iii) Marketing Environment

(iv) Market Segmentation, Market Targeting, and Market Positioning

(c) What are the requirements for successful co-branding? Describe different types of product

mix pricing with an appropriate example. (18 %)

6. (a) Write down the differences between the characteristics of the mechanistic and organic

organizational design.

(18)

(16)

(12%)

(b) What are the seven traits associated with leadership? Discuss elaborately.

(c) Answer the following questions in the light of "Reinforcement theory":

(i) How can engineering students be motivated to secure good grades?

(ii) How can public transport drivers be motivated to drive safely?

7. (a) Discuss the six steps of appraisal program according to management by objectives

(MBa) strategy.

8. (a) What should be rated in the performance appraisal process? Discuss briefly. (18)
(b) What are the employee responses to perceived inequities? Discuss according to "Equity

theory". (10 %)
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(c) A company has received two alternative projects - "X" and "Y". The related cash-flows

corresponding to the projects are summarized as follows: (18)

Project "X" Project "Y"

Year Cash-flow
0 -2,80,000
1 80,000
2 1,00,000
3 1,20,000

, 4 I 30,000

Year Cash-flow
0 -2,00,000
1 72,000

. 2 82,000
3 36,000
4 ., 60,000

I
i
l~ ------,

(i) Select the preferable project usmg net present value method. Show necessary

calculations.

(ii) Determine the payback period for the selected project.
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USE SEPARATE SCRIPTS FOR EACH SECTION

SECTION-A

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

I. (a) With examples, discuss the differences between regulator and follow up system of

feedback control.

(b) A system is represented by the following mathematical model:

d2 (t)M Y +ky(t)=F(t)
dt2

du(t)C]--+C2u(t)= F(t)
dt

Write down the transfer function of the system, where yet) is the output deformation and u(t)

is the input displacement.

(c) For the liquid level system shown in Fig. Q. No. I(c), write down its differential equation

and the corresponding transfer function, G(s) =H(s)/Q,nCs). Here, the input q'n(t) is the inflow

of water to the tank, qout(t) is the outflow of water from the tank and the output h is the water

level height (head).

(5)

(7)

(10)

••

'--~=:-. f h
A=C R

Fig. for Q. No. ICc)
~- -~-~--- -------------_.~-

(d) If the inflow q'n = St for t > 0, determine the expression of the response of the liquid level

in the tank, h(t) for the above system as obtained in Q. No. I(c). Assume the tank is empty

initially and R = C = I. (13)

2. (a) Find the equivalent transfer function, T(s) = C(s)/R(s) for the system shown in Fig. for Q.

No. 2(a). Simplify it for G] = I, G2 = lis, '03 = S, H] = S, H2 = i,H3 = S3 and H4 = I. (17)
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R(s) +

H2(s)

Fig. for Q. No. 2(a)

(b) Find the following for the simplified system obtained in Q. No. 2(a): (i) the damping
ratio, (ii) natural frequency; (iii) percent overshoot, (iv) settling time; (v) peak time, (vi) rise

time, and (vii) damped frequency of oscillation.

(c) Write down the differential equation and the type of the mathematical model obtained in

Q. No. 2(a).

3. (a) Using Ziegler-Nichols tuning rule of second method, determine the values of the

proportional gain Kp, integral time constant Ti and derivative time constant Td for the system

shown in Fig. for Q. No. 3(a).

(14)

(4)

(25)

---~ ~~ ---'-- ----------

F(s)

+
'1

s(s+1)(s+5)
X(s)

Fig. for Q. No. 3(a)
---- ~------------------------ ------ -------

(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 50cC to 150cC. What is the

proportional band and transfer function that will be required if the required temperature of

water is IOOCC?The controller completely shuts down the heater when the temperature of

water rises to IIOCC. The water heater is fully in operation when the water temperature falls
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4. (a) Establish in terms of static error constants the expressions for steady state error for a unity

feedback system with step, ramp and parabolic inputs. (12)
(b) What information is contained in the specification, Kv = 50 and Ka = = 1000 during

steady-state analysis? (5)
(c) Consider a hydraulic cylinder used to operate an inertial load. Drive the mathematical

model, draw the block diagram and obtain the simplified transfer function, Y(s)/Q(s) for the

system shown in Fig. for Q. No. 4(c): (18)

q
•••

I ..y

V, p

Tank ..••

Fig. for Q. No. 4(c)

SECTION -B

M tiC
/

,,

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

5. (a) What are the advantages of using Bode plot for frequency response analysis?

(b) What are "break points" or "corner frequency"? What are their significance in frequency

response analysis?

(c) Plot the asymptotic attenuation and phase angle diagram for the open-loop transfer

function,

G(s) = 20(s + 1)/(s2 + 10.5s + 5)

(6)

(5)

(24)

6. (a) Explain the terns "gain margin" and "phase margin". Discuss their significance In

stability analysis of a control system. (6)

(b) With neat sketches define the gain crossover frequency and phase crossover frequency. (5)
(c) Draw the Bode plots for a unity feedback system with

G(s) = K(s + 3)/s(s+I)(s + 20). (24)

(i) Find the range of K for stability

(ii) Evaluate gain margin, phase margin, 0 dB frequency and 1800 frequency for K = 200.
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7. (a) Discuss the usefulness of the root locus method for studying the stability of a control

system.

(b) Make an accurate plot of the root locus of a unity feedback system with

O(s) = K(s + 8)/(S3 + 4s2 + 3s).

Calculate the gain, K for at least four points and find

- the asymptotes

- the breakaway point

- the jw axis crossing point, and

- the range of gain for stability.

(8)

(27)

)

8. (a) Explain the tenns "pole" and "zero". (6)

(b) By proper graphical representation, explain what will happen to the system response if (12)
(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.

(c) The characteristic equation q(s) of a system is q(s) = S3 + 2s2 + 4s + K, where K is an

adjustable loop gain. Use Routh criteria to determine the range of K for the system to be

stable. Discuss the changes in the condition of stability of the system as value of K changes. (17)
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SECTION-A

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

I. (a) Schematically draw a low-.speed closed-circuit wind tunnel and briefly explain its

working principle. What are the basic experimental flow diagnostic equipment used in a wind

tunnel?

Consider an airship 5 m in diameter and 60 m in length moves in air at 5 m/s. What air speed

be required in a wind tunnel test of a 1/8 scale model of the airship? It may be assumed that

the standard air temperature and pressure exist for both the airship operation and model

testing. What will be the power requirement of the wind tunnel fan if the model is tested in a

test section size of 2 m x 2 m? Assume the overall efficiency of the tunnel is 60%. (15)

(b) Define pressure coefficient and lift coefficient. Show that the sectional lift coefficient of

an airfoil can be predicted from the pressure coefficient in case oflow angle of attack (AOA)

according to following relation: (10)

where the symbols have their usual meaning.

(c) What are the basic features of a modern low-speed (for example - NASA LS(l) -04xx)

airfoil? Draw lift curves of such airfoil for different flow Reynolds numbers. In what context

the modern low-speed airfoil is superior than the standard NACA airfoil? (10)

2. (a) Sukhoi Superjet 100 (SSJI 00) is a regional jet designed by Sukhoi - a division of the

United Aircraft Corporation, Russia. Until 2018, the jet liner had logged 300,000 flights in

460,000 hours since its commercial operations debuted in 201 I. The aircraft has the

following characteristics: (15)

27.8m
83.8 m
450 kN
0.011

.
\
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Oswald efficienc factor
No. of en ines SaM146-IS17
Thrust er engine
TSFC of the aircraft
Fuel (Jet fuel) tank capacity

becomes minimum when the aerodynamic

Consider the aircraft is in steady, level flight condition; draw-

(i) The power-required curve at sea-level (assume psca-Icvel = 1.225 kg/m3)

(ii) If the airplane is flying at 5,000 m altitude from the sea-level (Paltilude = 0.80 kg/m3),

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) Show that for a given airplane in steady, level flight operation, the power requirement

Cl12
ratio, _L - is maximum. Is this condition

CD
correspond with the results found in Q. 2(a)?

(c) Formulate a relation for maximum flight velocity, Ymax considering the thrust-to-weight

ratio, wing-loading and zero-lift drag coefficient.

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

approximated by the following relation:

(15)

(10)

(10)

(10)

e . -I
max = Sin

where symbols have their usual meaning.

T
W

(b) What do you mean by specific excess power in context to flight operation? Develop and

draw the specific excess power curve (Ps vs. Yoo) for subsonic flight ofSSJIOO at an altitude

of 5,000 m. Necessary data and results can be taken from Q. 2(a).

(c) Graphically show the variation of aerodynamic forces which are acting during take-off

and landing.

(15)

(10)

4. (a) Show that the maximum of the aerodynamic ratio,

following expression:

can be expressed by the
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[~f'J
D max

GCD.oJreAR r
= ic3 D.O

where symbols have their usual meaning.

(b) Estimate the maximum range of the SSJlOO as given in Q. 2(a) for steady, level flight at

an altitude of 5,000 m. (10)
(c) What do you mean by downwash? How does it affect the aerodynamic performance of

airplane? (10)

(d) Draw a typical v-n diagram in context of flight operation. (5)

SECTION-B

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

Assume reasonable value for missing data.

5. (a) Define vorticity in fluid motion. Using the concept of angular velocity of fluid particle,

show that vorticity is the curl of velocity vector. (10)

(b) For the velocity field given by u = a(x2 - i), v = -2axy, W = 0, (15)

find (i) the stream function, (ii) the velocity potential, (iii) Plot them and interpret. Here 'a'

is constant.

(c) A flow field is defined by u = 4x2 + 4; mls and v = - 8xy m/s. Determine if the flow is

irrotationa1. Also compute the circulation around the block'as shown in Fig. for Q. No. 5(c). (10)

6. (a) Derive an expression of resultant velocity of any point of the flow field when a unifornl

flow is superimposed on a source flow. Determine the location of the stagnation point of this

flow field. Also explain the physical significance of the formation of this kind of flowfield. (15)

(b) The bottom of a river has a 4.0 m high bump which approximates a Rankine half body as

,shown in Fig. for Q. No. 6(b). The pressure at point B on the bottom is 130 kPa, and the river

velocity is 2.8 mls. Using inviscid theory, estimate the water pressure at point A on the

bump. Take density of water at 20°C as 998 kg/m3
. (15)

(c) State and explain the formation of flow net of doublet. (5)

Contd P/4
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7. (a) What is Rankine oval? Write the potential function of Rankine oval and using this

function determine the full length and width of it. (15)

(b) A Rankine oval of2.0 m long and 1.0 m high is immersed in a stream of 10 mls as shown

in Fig. for Q. No. 7(b). Determine - (i) the velocity at point A, and (ii) the location of point B

where a particle approaching the stagnation point achieves the maximum deceleration. (15)

(c) Briefly explain the Kutta-Joukowski lift theorem for a rotating cylinder. (5)

8. (a) With proper sketch, explain the characteristic features of low speed flow over an airfoil. (5)

(b) In a tornado as shown in Fig. for Q. No. 8(b) the circulation is 8500 m2/s and the

pressure at r = 40 m is 2200 Pa which is less than the far field pressure, Assuming sea-level
density of air, calculate (i) the sink strength, (ii) the pressures at r = 15 m, and (iii) the angle

f3 at which the streamlines cross the circle at r = 40 m. (15)

(c) What is the impact of circulation on the lift of airfoil? Derive an expression of lift force of

a cambered airfoil using thin airfoil theory. (15)
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USE SEPARATE SCRIPTS FOR EACH SECTION

SECTION-A

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

I. (a) What do you understand by "Hydraulic Testing of a CNG Cylinder"? Briefly explain why

it is recommended after every 5 yea~s.

(b) What is an "Emulator" ? Briefly explain why we need to use it for CNG conversion of

some modem automobiles.

(c) List the safety devices recommended to be fitted with CNG cylinders.

(d) What do you understand by VIN? Briefly explain.

2. (a) Distinguish between HYBRID and ELETRIC vehicles. Give an example of each.

(b) Under which conditions mayan electric vehicle be more "fuel efficient" compared to its

IC engine operated counterpart? Briefly explain.

(c) Distinguish between "Push Start" and "Jump Start" of an automobile. Briefly explain how

their application is related to the type of transmission system used in the vehicle.

(d) What is the specific gravity of a fully charged automotive battery electrolyte? Briefly

explain why it is so.

3. (a) Identify two passenger safety features used in modern automobiles. Briefly explain how

an SRS can save passenger lives during an accident.

(b) Distinguish between MIL and OBD. How can they be used for diagnosis of system

defects in an automobile?

(c) Briefly state the factors on which a car air-conditioning load may vary. Briefly explain

how the variation in load is addressed by a car air-conditioning system.

(d) Briefly explain the common methods practiced for refrigerant leakage detection in a

typical automobile air-conditioning circuit.

Contd P/2
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4. (a) What do you understand by tube less tyres? What are their advantages? (9)

(b) An automotive tyre is specified as - 180/75 R 14 V TWI. What do you understand from

i~ 00
(c) What are "Rear Spoiler" and "Air Dams"? Why are they incorporated in an automobile? (8)

(d) What do you understand by "Overturning Speed"? A car weighing 800 kg with only the

driver is taking a left turn at a radius of7.5 m. The vehicle has a wheel base of2.5 m, track

width of 1.6 m and the height of the CG is 0.7 m above the road. (12)

(i) Calculate the car velocity (km/h) to prevent overturning while taking this tum.

(ii) How will this speed be affected if 2 passengers are onboard?

SECTION-B

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

Assume reasonable value for missing data.

5. (a) How does a vehicle with four-wheel drive differ from a vehicle with all-wheel drive? (6)

(b) Describe how a multiple disc clutch engages and disengages. (9)

(c) Name the basic parts in a gear box and describe the purpose of each. (20)

6. (a) Compare 'Rac~ and Pinion' steering system and 'Pitman Arm' steering system used for

vehicle steering. (12)

(b) What do you understand by 'Power Assisted Steering' and explain briefly how it works? (8)

(c) What is meant by 'Toe'? Draw figures and explain Toe angle of wheel steering. (9)

(d) Give two examples where 4-wheel steering ofa vehicle is used. (6)

7. (a) What are the advantages of disc brakes over drum brakes? (6)

(b) Briefly discuss the different types of materials used for the brake pad and brake shoe

linings. (10)

(c) Explain the different schemes used by ABS systems. (15)

(d) Mention the different standards and characteristics of brake fluids. (4)

8. (a) List different types of automotive suspension system. Draw and explain the operation of a

torsion-bar suspension system. (20)

(b) With a schematic diagram, describe the working principle of a shock absorber. (15)
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USE SEPARATE SCRIPTS FOR EACH SECTION

SECTION-A

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

I. (a) Show that the compliance matrix for a unidirectional orthotropic lamina is symmetric. (10)

(b) The reduced stiffness matrix [Q] for a unidirectional lamina is given as follows:

180 10

[Q]= 10 50

o 0

o
o MPa

20
(10)What are the engineering constants EI, E2, V12, v21,and 012 of the lamina?

(c) Find the strains in the 1-2 coordinate system (local axes) in a unidirectional boron/epoxy

lamina, if the stresses applied in the 1-2 coordinate system are (JI = 4 MPa, (J2= 2 Mpa, and

'12 = -3 MPa. Use the properties of a unidirectional boron/epoxy lamina from Table 2.1. (15)

2. (a) A uniaxial load is applied to a 10° ply. The linear stress-strain curve along the line of load

is related as (Jx = 123Ex, where the stress is measured in GPa and strain in m/m. Given

E1 = 180 GPa, E2 = 10 GPa and Vl2 = 0.25, find the value of (i) shear modulus, 012 and

(ii) modulus E" for a 60° ply.

(b) For a 60° angle lamina of boron/epoxy under stresses in global axes (Jx = 4 MPa,

(Jy = 2 MPa, 'x)' = -3 MPa, and using the properties of a unidirectional boron/epoxy lamina

from Table 2.1, find the following:

(i) Global strains

(ii) Local stresses and strains

(iii) Verify the first order stress invariant

3. (a) (i) Condense the following laminate codes:

[0/90/60/60/90/0], [0/45/60/45/0], [45/-45/45/-45/-45/45/-45/45]'

(ii) Expand the following laminate codes:

[45/-452/90]" [45/:t 30]
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(b) The global strains at the top surface of a [0/45/60], laminate are given as

5x 1.686 x 10-4

5y = -6.500 X 10-8

rxy -2.143 x 10-7

and the midplane strains in this laminate are given as

(10)

50
x

o
By =

orx).

8.388 X 10-6

4.762 X 10-4

-3.129 X 10-3

If each ply is 0.13 mm thick, what are the global strains at the top surface of the bottom layer

of this laminate?

(c) Find the extensional stiffness matrix [A] for a symmetric laminate [0/90/0] if the stiffness

of a unidirectional lamina of the above laminate is (20)

150 10

[Q]= 10 50

o 0

o
o GPa.

70

(5)

(10)

Hence compute the engineering constants of the above laminate.

4. (a) With the help of curves, show the stress distribution around a hole in a unidirectional

lamina loaded in principal material direction.

(b) What is symmetric laminate? For a symmetric laminate, show that the coupling stiffness

matrix [B] is zero.

(c) Find the residual stresses at the top and bottom surfaces of the 90° ply in a [90/0/60/45]

carbon/epoxy laminate subjected to a temperature change of -100°C. Each lamina IS

0.127 mm thick. Use the following properties of the unidirectional carbon/epoxy lamina: (20)

141

[Q]= 3

o

3 0
10 0 GPa;a,=-0.9xlO-6/'C;a2=27x10-

6;oC.

o 5

The midplane strains and curvatures are

- 2 X 10-6

-3 X 10-4

4 X 10-3

kx 1.2 x 10-4
mm d ky 1.5 10-4 lImm--an = x
mm

kz 2.6 x 10-4

Contd P/3
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SECTION-B

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

5. (a) What is a composite? How are composites classified? Mention the limitations of modem

composites. (12)

(b) Describe how the fiber diameter influences the mechanical properties ofa composite. (5)
(c) A resin hybrid lamina is made by reinforcing graphite fibers in two matrices: resin A and

resin B. The fiber weight fraction is 40%; the weight fraction for resin A and resin B is 30%

each. The specific gravity of fiber, resin A, and resin B are 1.2, 2.6, and 1.7, respectively.

Find (i) fiber volume fraction, (ii) Density of composite. (18)

6. (a) Assume that fibers in a unidirectional lamina are circularly shaped and in a square array.

Calculate the ratio of fiber diameter to fiber center to center spacing ratio in terms of the fiber

volume fraction. (12)
(b) Do high fiber volume fractions Increase the transverse strength of a unidirectional

lamina? Justify your answer. (8)
(c) For a unidirectional glass/epoxy with 40% fiber volume fraction, find the longitudinal

tensile and compressive strengths, the transverse tensile and compressive strengths, and in-

plane shear strength. Use the properties of glass and epoxy from the Table given for

properties. (15)

7. (a) 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, epoxy, and graphite

from the Tables. (18)
(b) Find the coefficients of thermal expansion for a 60% unidirectional glass/epoxy lamina

with a 50% fiber volume fraction. Use properties of glass and epoxy from Tables. (17)

8. (a) Find the maximum biaxial stress, crx = - 6, cry = - cr, cr > 0, that can be applied to a 60°

lamina of graphite/epoxy. Use the properties of graphite/epoxy lamina from the Table for

properties. Consider the Tsai-Hill failure theory in your calculation.

(b) Deduce the Tsai- Wu failure theory for an isotropic material with equal ultimate tensile

and compressive strengths and a shear strength that is 40% of the ultimate tensile strength. (10)

(c) Give one advantage of the Tsai-Wu failure theory over the maximum stress failure theory.

Is there any advantage to mention of the maximum stress failure theory over the Tsai- Wu

theory? (5)



=4=

... _.". -_..__.._ -.0-

Typical Mechanical Properties of a Unidirectional Lamina (51 System of Units)
"

Glass/ Boronl Graphitel

Property Symbol Units epoxy epoxy' epoxy

Fiber volume fraction V, 0,45 •0.50 0,70

'Longitudinal elas?C modulus E, CPa 38.6 204 ,181

Transverse elastic modulus E, ,CPa 8.27 18.50 10.30

Major poisson's ratio v12
0.26 0.23 0.28

Shear modulus G'2 CPa 4.14 ' 5.59 7.17

Ultimate longitudinal tensile (a;),,11 MPa 1062 1260 J500

strength
(a~\dJUltimate longitudinal

' Ml'a 610 2500 . 1500

compressive strength'
(a~),dlUltimate transverse tensile

MFa' 31 61 40

st1:cngth
(ai)",Ultimate transverse

MFa 118 202 246

compressive strength
Ultimate in-plane shear ('t12) ••I

MPa 72 67 68

strength
Longitudinal coefficient of <Y.t p;mlm/"C 8.6 6.1 0.02

thermal expansion

;

Transverse coefficient of a, p;m/m/"C 22.1 30.3 22.5
. ,

t11C1'malexpansion
.. Longitudinal coefficient of ~, m/n1/kg/kg 0.00 0.00 0.00

moisture expansion
Transverse coefficient of ~2

m/m/kg/kg 0.60 0.60 0.60

moisture expansion

TABLE 2.1
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QIl =QIlC' + Q,;s' + 2(Q1l + 2{2..)s'c'
Q, =(Q,; +Q" -4Q..)s'c' +Q,;(c' +s')

Q" =QIlS', + Q"c"+ 2(QI2+ 2Q••)s'c'

Q16=(QIl -:-Q,i - 2Q..)c's - (Q" - Q, ~2Q..)s'c

Q" = (Q1l- QI2-2Q..)cs' - (Q" - QI2- 2Q..)c's .

. Q.. = (QII + Q" - 2Q12-:-2Q••)s'c' +Q..(s' + c')
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Tables for properties of fiber and matrix materia1s

Typical Properties of Fibers (Sl System of Units)

Property Units Graphite GI.1::;s Ar<1l1\id

Axial modulus GF'd 230 85 124
Transverse rnodu1us CPa 22 85 8
Axial Poisson's ratio 0.30 0.20 0.36
TrallSVC'fSC' Poisson's ratio 0.35 0.20 0.37
Axinl shci)]' modulus CPa 22 . 35.42 3
AxiJI coe.Hkjcl1t of thermal expnnsion pm/1l1j0C -1.3 5 -5.0
Tr8.nsvcrsE' cocffjcient of thetlll::11 expnnsiQn pm/m/"C 7.0 5 4.1
Axia'l tensile strength MPa 2067 1550 1379
Ax.ial comprE'5s'ive strength MPa 1999 155O 276
Tr,lnSVCI'SE' tcnsi'le strength MPa 77 1550 7
Transverse compressive strength MPJ 42 1550 7
Shc;:lI" strength 'MPa 36 0- 21~")-)

Specific gravity 1.8 2.5 1.4

Typical Properties of Matrices (51 System of Units)

Property 'Units Epoxy A IIIm il1'll111 Polyamide

Axial modulus CPa 3-4 71 35
Transve.rse modulus CPa 3.4 71 3.5
Axial Poisson!s ratio' 0.30 0.30 0.35
Tral,lSVerSE' 'Poisson/s ratio 0.30 0.30 IUS

Axial shear modulus CPa '1.308 27 1.3
C()(~.fficient of thermal expansion ~"l1/m/oC 63 23 90
Coefficient of 11100isturc expansion m/m/kO'/kO' 033 0,00 0.33o 0
Axial tens'ilc strength tvlP" 72 276 S4
Axial c0I11,prcssiv<:' strength Ml'a 102 276 lOS
Transverse tensile strength JVtP(l 72 276 S4
Transverse compressivE' &trength pAPa 102 276 lOS
Shear strength j\;I.Pa 34 138 54
Specif.ic gravity '1.2 2.7 1.2
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SECTION-A

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

Necessary charts and graphs are provided. Assume reasonable values for missing data, if any.
Symbols and abbreviations have their usual meanings.

I. (a) Explain the terms - load factor, use factor, capacity factor, diversity factor, and reserve

capacity. Also state their effects on the generation cost of electricity. (10)

(b) What is meant by LCGE? Elaborate how it is determined along with its merits and

limitations. (10)

(c) (i) A power plant has an installed capacity of35 MW, reserve over peak 3 MW, hours out

of service per year 410, and a load factor of 0.48. Find the capacity and use factors of the

power plant. (6)

(ii) A 60 MW thermal power plant has an annual load factor of 50%. The maximum

demand on the plant is 50 MW. The loads having maximum demands of 25 MW, 20

MW, 8 MW, and 5 MW are connected to the power station. Determine: average load on

power station, energy generated pcr year, and diversity factor. (9)

2. (a) What are the types of coal analysis? What are the important coal and ash properties

relevant to steam generators? What are their effects on the performance of steam generators? (10)

(b) Using h-s diagrams, describe the effects (both individually and combined) of inlet steam

conditions (temperature and pressure) upon available energy. (10)

(c) Compare the merits and demerits of circulating FBC and PF furnaces. Also discuss their

suitability of use in USC steam generators. (15)

3. (a) What are the functions of a condenser in a steam power plant? Draw the schematic of a

condenser and explain the importance of tube arrangement in the condenser shell as well as

the air suction zone. (10)

(b) Why are FWH used in a TPP? Where on a TPP are LP and HP heaters located? Explain

the factors that need be considered to design an open FWH. (10)

(c) Design a condenser that would handle 2 xl06 tbm/h of 92.6 percent quality steam at J

psia. Consider a two- pass surface condenser with 45 ft long 3/4-in J 8 BWG type 70-30 Cu-

Ni tubes. Cooling water enters the tubes at 70°F and 7.5 [lIs. Use a suitable TTD. What may

happen when the cooling water inlet temperature is changed from 70°F to 60°F? (15)

Contd P/2
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4. (a) Discuss, using suitable graphs, the effects of pressure ratio and TIT on the performance of

simple cycle gas turbine power plants. State also the effects of water injection. (10)

(b) Discuss, with appropriate diagrams, pre-and post-combustion carbon capture methods. (10)

(c) Draw the schematic of STAG, CCPP and IGCC and compare their relative advantages

and disadvantages. (15)

SECTION -B

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

5. (a) What is PSMP-2016? Briefly discuss its view points along with respective targets in

context to present power scenario in Bangladesh. (15)

(b) Briefly describe Hydraulic Turbine Digital Speed Governing System. (15)

(c) Write a short note on "Surge Tank" of hydro power station. (5)

6. (a) Write short notes on "Mass defect" and "Binding energy". Also correlate them in context

to nuclear reactions. (10)
(b) What do you understand by "Nuclear Chain Reaction"? Briefly describe the factors that

affect the sustainability of nuclear chain reaction. (10)

(c) Write short notes on: (15)
(i) Moderator (ii) Reactor Cooling (iii) Fast Breeder Reactor

7. (a) With neat sketch, briefly describe the working principle of"CANDU" reactor. (15)

(b) Describe Uranium Enrichment and Fuel Fabrication processes from "Yellow Cake". (10)
(c) Briefly summarize the important features of thermal fission reactor currently undergoing

construction at Rooppur Nuclear Power plant, Bangladesh. (10)

8. (a) Describe the fuel handling system ofHFO based engine power plant. (10)

(b) Briefly describe different types of engine cooling systems employed in engine based

power plants. (10)

(c) Mention important considerations for exhaust system of engine based power plants. (8)

(d) Write a short note on "CHPC". (7)
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.Table 6-2 Constants in Eq. (6-7)

C, 18&'"&' 0.58 1.00 0.96 0.90
)78'"&' 0.56 0.98 0.94 0.87
16&'"&' 0.54 0.96 0.91 0.&4

C. 0.85 (or clean rubes, less for algae covered or sl~dgcd rubes

Aluminum-
bronze,
90-10 Cu-Ni

718 1.0
263 251
2705 2582

50 55 60

0.79 0.86 0.92

AlunUnum-
brass,
Muntz metal

3/4

270
2777

Tube outer diameter. in
Cl {V in (tis, U in Bru/(h . ft' .. ~)
'C. (V in mis, U in W/(m'. K»)
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• 'Table A~I Saturated steam: pressure table (English uolls).

SpeCific volume, Specific enthalpy. Specific entropy,
ft'lIb", 8tu11b., Btullb., 'FPYessu~. Tempemture •• Psia 'F "," '" " ",. h, " 'h '.

0.0886 32.018 0.01602 3302.4 3302.4 0.00 1075:5 1075.5 0 2.1872 2.1872
0.10 35.023 0.01602 2945.5 2945.5 3.03 1073.8 1076.8 0.0061 2.1705 2.17660.15 45.453 0.01602 2004.7 2004.7 13.50 1067.9 1081.4 0.0271 2.1140 2.14110.20 53.160 0.01603 1526.3 1526,3 21.22 1063:5 1084.7 0.0422 2.0738 2.11600.30 64.484 0.01604 1039.7 1039.7 32.54 1057.1 1089.7 0.0641 2.0168 2.08090.40 72.869 0.01606 792.0 792.1 40.92 1052.4 1093.3 0.0799 1.9762 2.0562
0.5 79.586 0.01607 641.5 641.5 47.62 1048.6 1096.3 0.0925 1.9446 2.03700.6 85.218 0.01609 540.0 540.1 53.25 1045.S 1098.7 0.1028 1.9186 2.02J50.7 90.09 0.01610 446.93 466.94 58.10 1042.7 1100.8 0.3 1.8966 2.0083 .0.8 94.38 -0.01611 411.67 411.69 62.39 1040:3 1102.6 0.1117 1.8775 1.99700.9 98.24 0.01612 368.41 368.43 66.24 1038.1 1104.3 0.1264 1.8606 . 1.9870
1.0 101.74 0.01614 . 333.59 333.60 69.73 1036.1 1105.8 0.1326 1.8455 1.97812.0 126.07 0.01623 173.74 173.76 94.03 1022.1 1116.2 0.1750 1.7450 . 1.92003.0 141.47 0.01630 118.71 118.73 109.42 1013.2 1122.6 0.2009 1.6854 1.88644.0 152.96 0.01636 90.63 90.64 120.92 1006.4 1127.3 0.2199 1.6428 1.86265.0 162.24 0.01641 73.515 73.53 130.20 1000.9 1131.1 . 0.2349 1.6094 1.844)
6.0 1.7.0.05 0,01645 61.967 61.98 138.03 996.2 1134.2 0.2474 1.5820 1.82947.0 176.84 0.01649 53.634 53.65 144.83 992.1 JI36.9 . 0.2581 1.'587 1.81688.0 182.86 0.01653 47.328 47.3' 150.87 988.5 1139.3 0.2676 1.5384 1.8060.9.0 188.27 0.01656 42.385 . 42.40 156.30 985.1 i141.4 0.2760 1.5204 1.796410 193.21 0.01659 38.404 38.42 161.26 982.1 1143.3 0.2836 1.5043 . 1.7879

.:14.696 212.00 0.01672'. 26.782' "26.80. "180.17~' 970.3'," 1150.5 . 0.3121. ,'. 1.4447 .tI:7568 i
." .' :"15.0~1".. ' '.213~03. ,.'. ~.O.OJ~726 :.~ '. : i6:f;7n -' ,.~'."2~:;2J9~, ::..')81.~1~:'. :~~.7:f~.' ~i~o:?~~"O.;3)3t ~>'.t.41~":'~.ti~~~g~~\1~>~~~7~:~~;:i~~/:i

~~•.•.,;;, .•,20.".$.~ .,'.22'.~";H~ .• ~~,O~ •.!!.34i..;' 20;.O~~.~~ .•.~.~87'~il;.,:,!26-2'.''_..,"!"l'.'.'f ...-l.l~:3.l..> .':.O.J3S~-.L3~2", >1"3t~)j;f;('.'~';- "
- ••••• ".')-lOot: • ';0;:";"- ;' >'i,3:4?;!"- ,isjt",~,w '.4' '1r{;:':1- 4"0-,y; ..1"::-' •. ..,...tlL>et"iSf:clt'Vi '4't~1~~~tk'1.it"''':"g,'.> > :"M"~ " _;'-J.oJ-. "t!.' 11-. , . < 1:M, .<J.-.
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