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FImd Mechanics

Time: 3 hrs. Max. Marks: 80

Note: Answer any FIVE full questions, choosing ONE full question from each module.

Module-1
1 a Definethefollowing properties of fluid with their units:
i) Specific volume i) Viscosity iii) Vapour pressure
iv) Compressibility v) Newtonian fluid vi) Gauge pressure (06 Marks)
b. State and prove Pascal's law. (06 Marks)

c. A simple U-tube manometer containing mercury is connected to a pipe in which afluid of
specific gravity 0.80 and having vacuum pressure is flowing. The other end is open to
atmosphere. Estimate the vacuum pressure in pipe if the difference of mercury level in the
two limbs is 40 cm and the height of the fluid in the left limb from the center of pipeis

15 cm below. (04 Marks)
OR
2 a Define the following:
i) Center of pressure ii) Buoyancy
iii) Meta center iv) Metacentric height (04 Marks)
b. Develop an expression for total force and depth of center of pressure for an inclined surface
submerged in water. (08 Marks)

c. A solid cylinder of diameter 4.0 m has a height of 3m. Evaluate the meta centric height of
the cylinder when floating in water with its axis vertical. The specific gravity of the cylinder
is0.60. (04 Marks)

Module-2

3 a Compare:
i) Steady and unsteady flow
i) One dimensional and two dimensional flow

iii) Stream line and path line (06 Marks)
b. Derive continuity equation in 3-D Cartesian coordinates. (06 Marks)
c. Thevelocity potential function isgiven by 4) = 5(x*—y?) . Estimate the velocity components
at the point (4, 5). (04 Marks)
OR
4  a Explain impulse momentum equation. (02 Marks)
b. Derive an expression for Bernoulli's equation from first principles with assumptions made.
(10 Marks)

c. Determine the velocity of the flow of an oil through a pipe when the difference of mercury
level in adifferentia U-tube manometer connected to the two toppings of the pitot tubeis
100 mm. Take coefficient of pitot tube 0.98 and specific gravity of oil = (.80. (04 Marks)
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Module-3
a  Define Reynold's number. Explain its importance. (04 Mark'
b. Analyze couette flow of fluid between two parallel plates. (08 Marks
C. Anoil of viscosity 10 poise flow between two parallel fixed plateswhich arekept at a
distance of 50 mm apart. Estimate the rate of flow of oil between the plates. If the drop of
pressurein alength of 1.2 m be 3.0 N/cm™. The width of ail plate is 200 mm. (04 Marks)
OR
a. Differentiate between major loss and minor lossin pipes. (06 Marks)
b. What do you understand by (i) pipe in series (ii) pipesin paralel (iii) equivalent size of
the pipe? (06 Marks)
c. Estimate the head when a pipe of diameter 200 mm is suddenly enlarged to a diameter of
400 mm. The rate of flow of water through the pipeis 250 lit/s. (04 Marks)
Module-4
a. Explain: (i) Boundary layer thickness (ii) DisplaCement thickness (iii) Momentum
thickness. (06 Marks
Illustrate the method of preventing the separation of boundary layer. (04 Marks)

c. An airfoil of Chord length 2m and of span 15m has an angle of attack as 6°. The air foil is
moving with avelocity of 80 m/sin air where density is 1.25 kg/m ®. Estimate the weight of
the airfoil and the power required to driveit. The values of coefficient of drag and lift

corresponding to angle of attack are given as 0.03 and 0.5 respectively. (06 Marks)
OR
a. Explain dimensionless numbers: (i) Euler number ] Reynolds number
number (iv) Weber number (04 Marks
b. Analyzethe Rayleigh's method of dimensional anaysis. (06 Nlarks)

c. Thefrictional torque 't' of adisc-of diameter 'D -rotating at aspeed 'N° ina fluid at

viscosity 'l A" and density 13vin-aturbulent flow isgiven by T = D'INI *p(1) D,Np_. Provethis

by the method of dimensions. (06 Marks)
Module-5
a. List and explainthe basic thermodynamic relations of a perfect gas. (08 Marks)
b. What is Mach number? Explain its significance in compressible flow. (04 Marks)
G. A projectiletravelsin air of pressure 15 Nlem? at 10°C at speed of 1500 kmv/hr. Formulate
the Mach number and Mach angle. Assumev = 1.4 and R = 287 Jkg-K. (04 Marks)
OR
a List applications, advantages and limitations of CFD. (08 Marks)
b. Explain with neat sketch stagnation properties of compressible flows. (04 Marks)

c. Evauate the stagnation pressure, temperature, and density at the stagnation point on the nose
of aplanewhich isflying at 800 km/hour through still air having a pressure 8.0 N/cm 2 (abs)
and temperature 10°C. Take R =287 Jkgand K = 1.4. (04 Marks)
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