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, USE SEPARA TE SCRIPTS FOR EACH SECTION

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

1. (a) A racing motor cyclist travels at 140 km/h round a curve of 120 m radius (measured
horizontally). The cycle and rider have mass 150 kg and their mass center is 0.7 m above

the ground level when the cycle is vertical. Each wheel is 0.6 m diameter and has

moment of inertia about its axis of rotation 1.5 kg_m2. The engine has rotating parts

whose moment of inertia about their axis of rotation is 0.25 kg_m2, and it rotates at five

times the wheel speed in the same direction. Find (i) the correct angle of banking of the
track so that there will be no tendency to side slip (ii) the correct angle of inclination of

the cycle and rider to the vertical. (23)
(b) Figure for Q. 1(b) shows a block of mass 18 kg whose lower face CD is horizontal
and rests on two rollers A and B. The center of gravity of the block is at G and a

horizontal spring of stiffness 900 N/m is attached to the block as shown and may act in
either tension or compression. The two rollers are revolved in opposite directions at such.
a speed as to ensure that slipping always takes place between the block and the rollers.

The coefficient of friction is equal to 0.2 for each contact line. When G is midway

between A and B, the spring is unstressed. Calculate the periodic time of free vibration. (2373' )
~ _e....... .- -. ------~--------=---=-.--

Fig. for Q. l(b)
2. (a) A compound epicyclic gear is shown in Fig. for Q. 2(a). If the shaft R rotates at

1000 rev/min while the annulus AI rotates at 1000 rev/min in the opposite direction,

determine the speed and direction of rotation on the shaft Q. The numbers of teeth on the

wheels are: sun-wheel SI = 35, sun-wheel S2 = 20, annulus AI = 105, annulus A2 = 60. (23)

Fig. for Q. 2(a)
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(b) The details of an externally applied brake are given in Fig. for Q. 2(b). The brake is

pivoted about the fixed pin at C and is operated by the force F which acts at right angles

to OD. The brake lining is of uniform width, it subtends an angle of 75° at the drum shaft

o and it obeys Hooke's law in compression. The coefficient of friction is 0.2. The drum

has a diameter of 200 mm. When the drum is rotating clock-wise, the brake is applied

with the force F = 135 N. Determine the braking torque on the drum.

Fig. for Q. 2(b)

3. (a) The armature of an electric motor, 1= 40 kg_m2
, is connected to a flywheel, 1= 80 kg-

m2, by a shaft 1.0 m long and 80 mm diameter. A shaft, 40 mm diameter and 2.0 m long,

connects the flywheel to a pulley, I = 20 kg_m2. Find the frequencies of the two

fundamental modes of torsional vibration.

(23%)

(23)

(b) Two flywheels A and B are keyed to two shafts in line which can be coupled together

by a friction clutch, during the engagement of which the friction moment increases from

zero uniformly with time. The moments of inertia of the flywheels are A = 1.2 kg~m2,

B = 2.0 kg_m2, and initially A revolves freely at 600 revlmin which B is at rest. The

clutch is then engaged and slipping ceases after 3 sec. Find (i) the final speed of

revolution and (ii) the frictional torque ofthe clutch at the final instant of slipping. (23%)

4. (a) A mass of 100 kg is suspended from a vertical coil spring of stiffness 20 kN/m and

also attached to a viscous damper. It is observed that the vibration amplitude is reduced to

0.10 of the original in four complete oscillations. Determine the frequency of the damped

oscillation and the value of the damping force. (23)
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(b) In a forced-damped vibrating system, the suspended body has a mass of 70 kg and the

stiffuess of the suspension is 9 kN/m. The damping coefficient is 300 Ns/m. An external

force of magnitude 180 cos(pt) N is applied directly to the suspended body, p being variable.

Determine the maximum possible value of the vibration amplitude and the frequency at

which it occurs.

SECTION -B

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

Assume any reasonable value for the missing data if there is any.

(23%)

5. In a mechanism as shown in Fig. for Q. NO.5, the link OA rotates with constant 150 rpm
clockwise. The length of various links and the angles between links are shown in the

figure. Determine the velocity and acceleration of G for the given configuration. (46%)
- I

I

---
I

Fig. for Q. NO.5

6. A cam rotating clockwise at a uniform velocity of200 rpm is required to move an offset

roller follower with uniform and equal acceleration and retardation on both the outward

and return strokes. The valve operated by this follower must remain in the fully open

position for 45° of cam rotation. The angle of ascent and the angle of descent is 120° and

90° respectively. The follower dwells for the rest of cam rotation. The radius of the base

circle of the cam is 50 mm, the lift of the follower is 20 mm and the diameter of the roller

is 10 mm. The line of stroke of the follower is offset by 20 mm from the axis of the cam.

Draw the cam profile and find the maximum velocity and acceleration of the follower

during the out stroke and return stroke. (46%)

7. (a) A, B, C and D are four masses carried by a rotating shaft at radii 100 mm, 150 mm,

150 mm and 200 mm respectively. The planes in which the masses rotate are spaced at

500 mm apart. The magnitude of the masses B, C and Dare 9 kg, 5 kg and 4 kg

respectively. Find the required mass A and the relative angular settings of the four masses

so that the shaft shall be in complete balance.

Contd P/4
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(b) A four cylinder engine has the two outer cranks at 120° to each other and their

reciprocating masses are each 300 kg. The distance between the planes of rotation of

adjacent cranks are 300 mm, 600 mm and 500 mm. Find the reciprocating mass of other

two cranks and the relative angular position for each of the inner cranks, if the engine is

in complete primary balance. Also find the maximum unbalanced secondary force. Given

that the length of each cranks is 300 mm, the length of each connecting rod is 1800 mm

and the engine speed is 600 rpm. (30)

8. (a) The torque exerted on the crank shaft of a two stroke engine is given by the equation:

T (N - m) = 14500 + 2300 sin2e - 1900 cos2e

where e is the crank angle displacement from the inner dead center. Assuming the

resisting torque to be constant, determine (i) the power of the engine when the speed is

150 rpm, (ii) the moment of inertia of the flywheel if the speed variation is not to exceed

::1:0.5%of the mean speed and (iii) the angular acceleration of the fly wheel when the

crank has turned through 30° from the inner dead center.

(b) Two shafts whose centers are 1 m apart are connected by a V-belt drive. The driving

pulley is supplied with 100 kW and has an effective diameter of 300 mm. It runs at

1000 rpm which the driver pulley runs at 375 rpm. The angle of groove on the pulleys is

40°. The permissible stress in the belt of cross,.sectional area of 400 mm2 is 2.1 MPa. The

density of the belt is 1100 kg/m3
. The coefficient of friction between the belt and pulley

is 0.28. Estimate the number of belts required.

(23X)

(23)
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USE SEPARATE SCRIPTS FOR EACH SECTION

SECTION -A

There are FOUR questions in this section. Answer any THREE.
A,ssume any data if necessary. Symbols used have their usual meaning and interpretation.

1. (a) What do you mean by the response of a measuring system? Discuss various response

characteristics of a measuring system using proper diagrams. (15)
(b) For a harmonically excited first order system, find out the expression of amplification

ratio. Also prove that 'Phase response of a first order system are best when the time

constant of the system is small compared to the period of forcing'. (20)

2. (a)

Giu~n 1

ltiF'
,RNJ:
':t.W

--
Fig.2a

I'.,'
, ,

--'

Assume the red LED turns on with a forward voltage of 2.0 V, and that the green LED

turns on with a forward voltage of3.5 V. (see Fig. 2a). (15)
(i) Sketch a plot of 2 cycles of a +/- 10 V square wave from the AC wave generator.

(ii) Sketch a plot of the voltage measured between points A and Ground below your

plot from Question 2(a)(i).

(iii) Sketch a plot of the voltage measured between points B and Ground below your

plot from Question 2(a)(i).

(b) Do you agree with the statement that 'Capacitors block AC voltage and pass the DC

voltage'? If no, explain your position. (5)
(c) Briefly state the basic difference between active and passive elements with 2

examples of each type of element. Consider 4 color bands of a resistor are Orange, Blue,

Brown and No color for the 4th band. Calculate the value of the resistance of the resistor. (15)
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3. (a) Apply De Morgan's law to simplify the following gate circuit. Show your final

findings using gate circuit,g. (see Fig. 3a). (15)

A

B

c

Fig.: 3a

Q

(b) With proper circuit diagrams, discuss the following types ofOp-Amps: (20)
(i) Non-inverting amplifier

(ii) Summing amplifier

(iii) Differential amplifier

(iv) Integrator.

4. (a) Describe the characteristics of the following filters by calculating the equivalent

imped.-fuce: (15)
(i) Band-pass filter

(ii) Notch-pass filter.

(b) With proper circuit diagrams, find out the expression of cutoff frequency and phase

shift of: (15)
(i) RC low pass filter

(ii) RL low pass filter.

(c) Show that voltage across an inductor leads the current passing through it by 90

degrees. (5)

SECTION -B

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

5. (a) Give sketches of venturi, orifice and flow-nozzle. Describe their competitive

advantage and application. (15)
(b) Briefly describe the working principle of turbine type flow-meter with its advantages

and application. (10)
(c) Describe the application of pitot-static tube in measuring the velocity of an air-craft. (6)

(d) Describe the working principle of an ultrasonic flow-meter. (4)
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6. (a) What are the differences among absolute, gauge and barometric pressure? Describe

with sketches. (6)

(b) With a sketch, describe the working principle of a dead-weight tester for static

calibration. What might be sources of errors in such a device? (12)

(c) Give sketches of some elastic elements used as pressure sensors and describe. (7)

(d) What are the factors that one should consider during selection of pressure gauge for a

specific purpose? (10)

7. (a) Describe with a sketch the working principle of a seismic instrument. Mention its

characteristics. (12)

(b) What do you mean by metallic resistance strain gauges? Derive an expression of

gauge factor and explain its physical meanings. (12)

(c) Describe common methods of strain measuremen( (6)

(d) What are the differences between hydraulic and pneumatic load cells? Describe with

sketches. (5)

8. (a) Write down the laws of thermocouples and describe. (10)

(b) What do you mean by LVDT? Mention its working principle, advantages and

application. (10)

(c) What do you mean by Proving ring? Describe its application. (7)

(d) Mention the types of dynamometers used in practice nowadays. Illustrate the working

principle of one of them. (8)
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SECTION-A

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

1. (a) How can a node on an insulated boundary be treated as an interior node in the finite

difference fommlation of a plane wall? Explain. (10)
(b) Consider a slab of thickness 0.15 m with a thermal conductivity k = 40 W1m.°C in

which energy is generated at a constant rate of 106 W/m3
• The boundary surface at x = a

is insulated, and the other end at x = 0.15 m is subjected to convection with a heat

transfer coefficient of 300 W/m2.oC into an ambient at a temperature of 250°C. The slab

is subdivided into five equal subregions. Develop the finite-difference equations for the

~W~. ~~

2. (a) Show that the view factor reciprocity relation regarding thermal radiation is: AIF 12=

A2F21.

(b) The spectral emissivity of an opaque surface at 1000 K is given by

81= 0.1 for AQ= a to AI = 0.5 ~m
82= 0.5 for AI = 0.5 to 11.2= 6 ~m

83= 0.7 for 11.2= 6 to 11.3= 15 ~m

84= 0.8 for 11.3> 15 ~m

Determine the average emissivity over the entire range of wavelengths and the radiation

flux emitted by the material at 1000 K.

(18)

(17)

(17)

3. (a) Draw the radiation network circuit for two parallel surfaces, where, in between them

there is a radiation shield. Also, derive the expression for radiation heat transfer between

the surfaces. (18)

(b) Consider two large parallel plates, one at T( K with emissivity 8) = 0.8 and the other

at T2 K with emissivity 82 = 0.4. An aluminum radiation shield with emissivity on both

sides 83 = 0.05 is placed between the plates. Calculate percentage reduction in the heat

transfer rate resulting from the radiation shield.
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4. (a) "The solar radiation undergoes considerable attenuation as it passes' through the

atmosphere as a result of absorption and scattering." - Describe this phenomena with the

help of spectral irradiation variation with wave length. (15)
(b) A furnace is of cylindrical shape with a diameter of 1.2 m and a length of 1.2 m. The

top surface has an emissivity of 0.70 and is maintained at 500 K. The bottom surface has

an emissivity of 0.50 and is maintained at 650 K. The side surface has an emissivity of

1.0. Heat is supplied from the base surface at a net rate of 1400 W. Determine the

temperature of the side surface and the net rates of heat transfer between the top and the

bottom surfaces. (20)

SECTION-B

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

5. (a) Starting with an energy balance on spherical shell volume element, obtain the general

heat conduction equation for spherical co-ordinate system for an isotropic medium with

constant thermal properties and uniform constant volumetric heat generation. (23)
(b) The temperature distribution across a wall of 0.3 m thickness at a certain instant of

time can be given as T(x) = a + bx + ci, where T is in °C and x is in meters, a = 200°C,

b = -200 °C/m and c = 30 °C/m2
. The wall has a thermal conductivity of 5 W/m.K. (12)

(i) On unit surface area basis, determine the rate of heat transfer into and out of the wall.

(ii) The rate of change of energy stored by the wall.

6. (a) Referring to Fig. for Q. 6(a), consider a long resistance wire of radius r1 = 0.2 cm and

thermal conductivity, kwire= 15 W/m.K in which heat is being generated uniformly as a

result of resistance heating at a constant rate of 5 x 107 W1m3
. The wire is embedded in a

0.5 cm thick ceramic (r2 = 0.25 cm) whose thermal conductivity is kceramic= 1.2 W/m.K.

If the outer surface temperature of the ceramic layer is measured to be Ts = 45°C,

determine the temperatures at the center of the resistance wire and at the interface of the

wire and ceramic layer at steady state condition.

Ceramic layer

Fig. for Q. 6(a)

Contd P13

(20)



..

=3=

ME 301
Contd ... Q. No.6

(b) A stainless steel (AISI 304; k = 14.9 WIm.K) tube used to transport chilled

pharmaceuticals has an inner diameter of 35 mm and a wall thickness of 3 mm. The

pharmaceutical and ambient air temperature is at 6°C and 25°C respectively, while the

inner and the outer convection coefficients are 400 W/m2.K and 10 W/m2.K respectively. (15)
(i) What is the rate of heat gain per unit tube length?

(ii) What is the rate of heat gain per unit tube length if a 10 mm thick insulation

(kins= 0.05 WIm.K) is applied to the tube?

7. (a) What do you understand by lumped system? For a lumped system, show that

T(t)~ Ta _ e-U~~.}
Ii -Ia

where, the symbols have their usual meaning. Also discuss about the applicability of

Lumped system for heat conduction analysis.

(b) In an annealing process, a 50-mm-thick stainless steel plate (p = 8238 kg/m3
,

ep = 468 J/kg.K, k = 13.4 W/m.K and a = 3.48 x 10-6 m2 Is) was reheated in a furnace

from an initial uniform temperature of 230°C. The ambient temperature inside the

furnace is 10000e and has a convection heat transfer coefficient of 215 W1m2.K. If the

entire stainless steel plate is to be heated to at least 600°C, determine the time that the

plate should be heated in the furnace. Use attached Heisler chart.

8. (a) Explain the term "Semi-infinite Solid" in context to heat conduction. Using the

similarity variable (11), obtain the following equation for non-dimensional temperature

distribution in a semi-infinite solid having an uniform initial temperature, Ii (at t = 0) and

then subjected to a constant temperature, Is at the boundary (x = 0) when t > 0

_I_-_I_i = 1- erfc(ll)
Ii -Is

(b) Ihe ground at a particular location on earth is covered with snow pack at -10°C for a

continuous period of 45 days. Average soil property might be assumed as: k = 0.40

W/m.K; a = 0.15 x 10-6 m2/s. Assuming an initial uniform temperature of 8°C for the

ground, determine the minimum burial depth of underground water pipes to avoid

freezing in this condition. For your calculation, use enclosed table of complementary

error function values.

(18)

(17)

(25)

(10)
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Table: For Complementary Error Function

The complementap error function
1'/ erfc (1'/) 1'/ erfc (1'/) 1'/ erfc (1'/) T/ erfc ('lJ) 11 eric ('11) T/ erfc (7])

0.00 1.00000 0.38 0.5910 0.76 0.2825 1.14 0.1069 1.52 0.03159 1.90 0.00721
0.02 0.9774 0.40 0.5716 0.78 0.2700 1.16 0.10090 1.54 0.02941 1.92 0.00662
0.04 0.9549 0.42 0.5525 0.80 0.2579 1.18 0.09516 1.56 0.02737 1.94 0.00608
0.06 0.9324 0.44 0.5338 0.82 0.2462 1.20 0.08969 1.58 0.02545 1.96 0.00557
0.08' 0.9099 0.46 0.5153 0.84 0.2349 1.22 0.08447 1.60 0.02365 1.98 0.00511
0.10 0.8875 0.48 0.4973 0,86 0.2239 1.24 0.07950 1.62 0.02196 2.00 0.00468
0.12 0.8652 0.50 0.4795 0.88 0.2133 1.26 0.07476 1.64 0.02038 2.10 0.00298
0.14 0.8431 0.52 0.4621 0.90 0.2031 1.28 0.07027 1.66 0.01890 2.20 0.00186
0.16 0.8210 0.54 0.4451 0.92 0.1932 1.30 0.06599 1.68 0.01751 2.30 0.00114
0.18 0.7991 0.56 0.4284 0.94 0.1837 1.32 0.06194 1.70 0.01612 2.40 0.00069
0.20 0.7773 0.5~ 0.4121 0.96 0.1746 1.34 0.05809 1.72 0.01500 2.50 0.00041
0.22 0.7557 0.60 0.3961 0.98 0.1658 1.36 0.05444 1.74 0.01387 2.60 0.00024
0.24 0.7343 0.62 0.3806 1.00 0.1573 1.38 0.05098 1.76 0.01281 2.70 0.00013
0.26 0.7131 0.64 0.3654 1.02 0.1492 lAO 0.04772 1.78 0.01183 2.80 0.00008
0.28 0.6921 0.66 0.3506 1.04 0.1413 1.42'- 0.04462 1.80 0.01091 2.90 0.00004
0.30 0.6714 0.68 0.3362 1.06 0.1339 1.44 0.04170 1.82 0.01006 3.00 0.00002
0.32 0.6509 0.70 0.3222 1.08 0.1267 1046 0.03895 1.84 0.00926 3.20 0.00001
0.34 0.6306 0.72 0.3086 1.10 0.1198 1.48 0.03635 1.86 0.00853 3.40 0.00000
0.36 0.6107 0.74 0.2953 1.12 0.1132 1.50 0.03390 1.88 0.00784 3.60 0.00000

.f

---r. ---
--_.- --------------~--~

I

Fig.: Heisler Chart

(0) Midplane temperature (from M. P. Heisler)
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SECTION -A
There are FOUR questions in this section. Answer any THREE.

1. (a) An AISI 1018 steel ball with 40 mm diameter is used as a roller between a flat plate

made from 2024 T3 aluminum and a flat table surface made from ASTM No. 30 cast

iron. Determine the maximum amount of weight that can be stacked on the aluminum

plate without exceeding a maximum shear stress of 140 MPa in any of the three pieces. . (18)

(b) Two cylindrical pipes are to be used to make a medium drive fit. The nominal

diameter of the assembly is 200 mm. The outer diameter of the outer pipe is 230 mm and

the inner diameter of the inner pipe is 150 mm. Both the inner and outer pipes are made

or aluminum. Assume that both the members have dimensions according to the

prescribed tolerances for the kind of fit, determine the maximum and the minimum

possible tangential stress in the outer cylinder. (17)

2. (a) The cantilever beam as shown in Fig. Q. No. 2(a) has a square cross section. If the

material of the beam is AISI 1015 HR steel, and the maximum allowable deflection at the

free end is 2 mm, find the dimensions of the cross section. Use Castigliano's theorem. (18)

(b) Consider the steel LPG tank as shown in Fig. Q. No. 2(b). The full weight of the tank

(acting at the center of the tank) is 5000 kg. The yield strength of the tank material is

250 MPa, and the internal tank pressure is 5 MPa. The weight of the tank is equally

supported by the supports at A and B. Using the distortion energy theory, calculate the

factor of safety of the tank. (17)

3. A machine part is loaded as shown in Fig. for Q. NO.3. The moment, M varies

from -10 kN-m to +20 kN-m and the force, F varies from 0 to 10 kN. The material is

AISI 1040 annealed steel. Consider, machined surface, 100° Celsius temperature

operation, 95% reliability. Determine the minimum factor of safety for this part based on

Soderberg equation. Given that, d = 50 mm and thickness of the partt = 20 mm. (35)

4. (a) An aluminum 7178 plate with thickness of 20 mm is loaded as shown in Fig. for Q.

No. 4(a). Calculate the maximum allowable force, F if the original length of crack at the

edge of the hole is 3 mm. Use a factor of safety 1.8 in your design. (17)
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(b) A thick walled cylinder is subjected to a fluctuating internal pressure of 0 to 100 MPa.

The outer and inner diameters of the cylinder are 250 mm and 150 mm, respectively. The

material is Ferritic-pearlitic steel with Sut = 800 MPa and Sy = 600 MPa. The fracture

toughness of the material is 50 MPa.J;;;. A nick of 0.2 mm is detected (as shown in Fig.

for Q. No. 4(b)) by the ultrasonic detector. Estimate the No. of cycles life remaining of

this cylinder.

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

5. (a) Suppose, theoretical buckling load of a both ends clamped, slender Euler column is

1 kN. Is it possible that the actual buckling load of the same column in real field

application will be more than 1 kN? Justify your answer with the aid of equations and

(18)

plots. (7)

(b) Design data of a centrally and axially loaded column are as follows: E = 207 GPa,

material: G10300CD, slenderness ratio = 40, design load = 90 kN, safety factor = 4,

end-condition: Fixed-free. (28)

(i) Identify the column type (Euler or Johnson).

(ii) Calculate the required cross-sectional area.

(iii) From Table A-7, specify the most economic channel section that can be used for

the column.

(iv) Hence, find the required length of the column.

(v) Identify the direction of buckling W.r.t. column's cross-section specified in (iii).

(vi) Sketch the buckled shape of the column's elastic curve.

6. (a) A square thread power screw is to carry a load of 3 kN. Given: double threaded screw

and pitch = 4 mm, pitch dia = mean dia = 32 mm, collar dia = 80 mm. (20)

(i) Calculate the minimum value of friction coefficient if the screw must be self-

locked in the absence of collar friction.

(ii) Assume, friction coefficient found in (i) applies between all surfaces of contact.

Hence, find the torque and mechanical advantage if the load must be raised in

absence of collar friction.

(iii) Torque required to overcome collar friction when the load is lowered.

(b) A close running fit is specified as 105 mm H8/f7. Assume normal distribution. (15)

(i) Neatly sketch the assembly and label all pertinent dimensions.

(ii) Given, natural spread (N.S.) and tolerance (T) are both symmetric about mean for

pin and hole. And, N.S. = 2.5 times T for hole; N.S. = 3 times T for pin.

If25% of the assembly was rejected being too loose, what is the minimum clearance

that was accepted?
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7. (a) A single steel bolt (E = 207 GPa) connects two C.l. plates (t = 35 mm, Em= 80 GPa)

as shown in Fig for Q. 7(a). Given: M12, fine pitch bolt, total bolt length (L) = 85 mm.

After snug fit, the nut is turned ~ rd of a full rotation to induce pre-tension in the bolt.

Assume the bolt to be single threaded. Calculate: .(20)

(i) Joint constant (ii) pretension in the bolt (iii) Corresponding torque applied on the

nut if bolt is lubricated. (iv) Clamping force or the members if the assembly is

subjected to an external tension exactly equal to pre-tension.

(b) The cylinder head of an IC engine is fastened by six identical bolts (M 12, fine pitch,

property class 8.8). Gasket is used in between members fastened by bolts. Take gasket

area as thrice the nominal area of each bolt. Joint constant is 0.24. Separation starts when

TOTAL external force on the head is 400 kN. For EACH bolt, calculate: (15)

(i) Pre tension (ii) factor of safety guarding against bolt material failure at separation.

(iii) corresponding gasket pressure and clamping force at separation.

8. (a) (i) List five possible modes of failure of a riveted joint.

Fig. for Q. 8(a) shows a bolted joint. Each bolt has a nominal major diameter of 14

mm and placed symmetrically about bolt group centroid, G. Centre distance of each

bolt is 40 mm from G. (20)

(ii) With a free hand sketch show forces due to direct and torsional shear stresses

acting on each bolt.

(iii) Identify the most critically stressed bolt. And, calculate the shear stress acting on

it.

(iv) Given, plate thickness = 10 mm. Find the maximum bearing stress on the plate.

Given, the line of action ofP is 70 mm from G.

(b) The welded cantilever is subjected to a cyclic torsional load of Tmax= 2 kN-m and

Tmin= 1 kN-m. The material is AISI 1018 CD.

Calculate: Fatigue safety factor according to Gerber criterion. Consider 90% reliability

and stress concentratIon at end of parallel fillet weld. (See Figure for Q. No. 8(b)). (15)

"'
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Sub: ME 321 (Fluid Mechanics I)

Full Marks: 210 Time: 3 Hours

The figures 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.

1. (a) Distinguish between pathlines and streaklines.

(b) Show that the difference in the values of stream function of two streamlines gives the

flow rate between those streamlines.

(c) Derive the stream function and the potential function for a line source at the origin.

Draw the corresponding flow net.

(d) How is a Rankine half body formed? Show that the streamline forming the Rankine

half body is given by, \If = :!:: 1tm and the nose is located at (-mlU, 0). The notations have

their usual meanings.

2. (a) What is doublet? Derive the stream function for a doublet.

(b) Using potential flow theory, derive an expression for pressure distribution on the

surface of a circular cylinder placed in a uniform stream of fluid. Why does this pressure

distribution not match with experimental results?

(c) Write a short note on Magnus effect.

3. (a) Water flows through the elbow in Fig. Q. 3(a) and exits to the atmosphere. The pipe

diameter is D} = 10 cm, while D2 = 3 cm. At a weight flow rate of 150 N/s, the pressure

PI = 2.3 atm (gage). Neglecting the weight of water and elbow, estimate the force on the

flange bolts at section 1.

Fig. for Q3.a

Contd P12

(4)

(9)

(9)

(13)

(13)

(17)

(5)

(15)



=2=

ME 321
Contd ... Q. No.3

(b) In Fig. Q. 3(b), the jet strikes a vane that moves to the right at constant velocity Vcon

a frictionless cart. Compute (i) the force Fx required to restrain the cart and (ii) the power

P delivered to the cart. Also find the cart velocity for which (iii) the force Fx is a

maximum and (iv) the power P is a maximum. (20)

Fig.forQ3.b

4. (a) If the velocity component u is given by (12)

u(x, y) = 10 + 2 5x 2
. x + y

in an incompressible plane flow, determine vex, y). Let vex, 0) = o.
(b) For the system shown in Fig. 4(b), the average velocity in the pipe is 10 m/s. Up to

point A, K = 1.5, from B to C, K = 6.2, and the pump is 80% efficient. If Pc = 200 kPa,

find PA and PB and the power required by the pump. (18)

}10m
30m

lOcm dia.
.•_w .••..>_"; p .•......

A B

Fig. for Q4.b

(c) What is material derivative or substantial derivative? Explain.

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

(5)

5. (a) Define density at a point. Show its variation as a function of volume and discuss. (8)
(b) Prove that pressure acts equally in all directions in a stationary fluid. (8)
(c) Using the basic equation for fluid statics, find the pressure distribution at isothermal

atmospheric layer. (7)
Contd P/3
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(d) Water flows downward along an inclined pipe as shown in Fig. for 5(d). Pressure

difference along the pipe is due partly to gravity and partly to friction. Derive an

algebraic expression for the pressure difference PA - PB' Calculate the pressure difference

ifL = 1.5 m and h = 15 em.

6. (a) Derive the expression for the location of resultant hydrostatic force on a submerged

plane surface.

(b) A rectangular gate shown in Fig. for 6(b) opens automatically as the water level rises.

At what value ofD, the gate opens? Neglect the mass of the gate.

(12)

(20)

(15)

(20)

7. (a) Prove that the condition of stable equilibrium of a partially submerged body is (I/V -

BG) > 0 where I, V and BG are the moment of inertia, submerged volume and distance

between the centers of buoyancy and gravity of the body, respectively. (15)

(b) A cylindrical container 0.3 m diameter, 0.6 m height and % filled with water is

rotated about vertical axis. Determine the speed of rotation for (i) the water just spilling

over the brim, (ii) the center of the base just exposes. Also determine the percentage of

water left in the container for the center of the base just exposes.

8. (a) Deduce the Bernoulli's equation usmg streamline coordinates and list up the

restrictions of the equation. (20)

(b) Water flows from a very large tank through a 5 em diameter pipe as shown in

Fig. for 8(b). Estimate the velocity in the pipe and the rate of discharge from the tank. (15)

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