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1. Derive, by analytical method, approximate expressions, for the velocity and acceleration of piston in a reciprocating engine in terms of angular velocity of the cranks (, radius of the crankpin circle r, angle of the crank from inner dead centre e and ratio of length of the connecting rod to the radius of the crank n. 

If for a certain reciprocating engine (= 25 rad/sec, r=300 mm, n=4, determine the maximum velocity of the piston. 

2. A connecting rod of a diesel engine has a mass of 10 kg. and the distance between the big and small end centres is 450 mm; the centre of gravity of the rod is 150 mm from the big end centre and the moment of inertia is 0.405 kg m2 about an axis perpendicular to the rod and through the centre of gravity. If the rod is to be replaced by a three-mass system, one at each of the end centres and one at the centre of gravity, determine the masses of these, particles. If the rod is to be replaced by two masses, one at each of the end centres, determine the correction to be made to the moment of inertia of the two masses. 

3. A mass of 250 kg is lifted out of a ship's hold by a rope from a winch drum with an acceleration of 0.2M/s2. The diameter of the drum is 600 mm and the diameter of the rope is 30 mm. The equivalent mass and radius of gyration of the rotating parts are 275 kg and 240 mm respectively. Find the tension in the rope and the torque in the drum shaft. 

4. The webs and pin of a marine engine crank are equivalent to a mass of 0.7 tonne situated at a radius of 0.6 m from the centre line of the crank shaft. 

The main bearings are 1.5 metre apart centre to centre and the centre line of the cylinder is 0.6 metre from the centre of the forward bearing. Calculate the power required in kilowatt to over come the frictional resistance created by the centrifugal force at

(a) the forward bearing and 

(b) the after bearing, when the shaft which is 0. 35 metre in diameter, is revolving at 115 r.p.m. taking the coefficient of friction at each bearing to be 0.05. 

5. A cottered stay  “d ” cm in diameter is enlarged to a diameter of 10 cm at the end where the cotter passes through it. The depth of the cotter is six times its thickness, and the shearing strength of the material of which it is made is 4.1 ( 108 N/m2. The tensile strength of the material of the stay is 4.4 ( 108 N/m2. Find the diameter of the stay and the depth and thickness of the cotter, using the same factor of safety throughout. An allowance of 1.8 should be made for double shear. 

6. A bar of brass 25 mm diameter is enclosed in a steel tube 50 mm external diameter and 25 mm internal diameter. The bar and the tube are both initially 1 metre long and are rigidly fastened together at both ends. Find the stresses in the two materials when the temperature rises from 15' to 95'C.

 E steel   200 GN/m2,

 E brass    100 GN/m2, 

( steel 11. 6 ( 10-6 /deg. C 

(rass     18. 7 x 10-6 /deg. C. 

7. A bar of a certain material 40 mm in diameter. 1.2 m in length has a collar fitted to one end. A mass of  2000 kg. is gradually lowered onto the collar giving an extension of 0.25 mm. Find the height from which the load could be dropped if the stress in the bar is not to exceed 100 MN/m2. 

8. A jet of water 60 mm in diameter, moving with a velocity of 12 m/s, strikes a smooth flat plate, inclined to the axis of the jet at an angle of 500. The plate is moving away from the jet with a velocity of 3 m/s parallel to itself and in the direction of the normal to its surface. Find the work done per second and the efficiency. 

9. By using Bernoulli's equation, derive an expression for the theoretical discharge through a horizontal venturi meter and show how it must be modified to obtain the actual discharge. 

A venturi tube tapers from 300 mm in diam at the entrance to 10 mm in diameter. at the throat, and the discharge coefficient is 0.98. A differential mercury U-tube gauge is connected between pressure tappings at the entrance and the throat. If the meter is used to measure the flow of water and the water fills the leads to the U-tube and is in contact with the mercury, calculate the discharge when the difference of level in the U-tube is 55 MM.
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Answers

Answer for Question No.1

7.719

Answer for Question No. 2

0.042 kg /m2
Answer for Question No. 3

798.35 Nm

Answer for Question No. 4

3.8511 kw

2.5674 kw

Answer for Question No. 5

T = 23.4 mm

D= 140.4 mm

Stay = 83.78 mm

Answer for Question No. 6

16.23 MN/m2
48.69 MN/m2
Answer for Question No. 7

3.529 mm

Answer for Question No. 8

424.61 watts

17.38 %

Answer for Question No. 9

102.81 m2/kN
