
Ql(a) Explain 
I. External Shoe Brake 
2. Uniform Wear Theory 

(b) Explain 
1. Epicyclic Gear Train 
2. Gyroscopic effect on rolling of Ship 

(c) Explain 
I. Hunting of Governor 
2. Stability of an automobile while moving from a curved path 

(d) Explain 
1. Conditions of Balancing of mass 
2. Centrifugal clutch 

	

Q2(a) 	A cone clutch with semi cone angle is 12.5 degree transmits 15 KW at 500 
rpm. The width of the friction surface is 40 % of mean diameter. If the normal 

• 
pressure between the surface in contact is not to exceed 120 KN/m2, determine (i) The inner and outer radii of the cone 

(ii) The axial force required to engage the clutch. 

	

(b) 	100 KW is transmitted at 3000 rpm by a multiplate disc friction clutch. The 
plates in oil has a friction surface of steel and phosphor bronze alternatively, ft 
= 0.07 and the axial intensity of pressure not to exceed 1.5 bar. External radius 
is 1.25 times the internal radius, and the external radius is 12.5 cm. Determine 
number of plates needed to transmit the required torque. Assume uniform 
wear. 

3(a) 	A car moving on a rough inclined plane is having the following data: 
Angle of inclination of the plane = 15 dpgree 
Wheel base of the car = 2m 
Height of centre of gravity of car above inclined plane = 1 m Perpendicular distance of CG from rear axle = 0.9 m 
Speed of car = 54 Km/hr 
Co efficient of friction between tyre and road = 0.6 
Brakes are applied to all four wheels. Determine: 

1. Distance travelled by the car before coming to rest 
2. Time taken in doing so if 
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1. The car is moving up the plane 
2. The car is moving down the plane. 

(b) 	Explain 1. Prony Brake Dynamometer 	 05 	1 	3 
2. Rope and Brake Dynamometer 

Q4(a) 	In a Porter Governor the links and arms are each 300 mm long. Each ball 16 	2 	4 
weights 2.5 kg and the central load is 250 N. For the highest and the lowest 
position of the sleeve , the arms are inclined at 40 degree and 30 degree 
respectively to the vertical. The friction at the governor and the mechanism 
connected to the valve is equivalent to a force of 25 N at the sleeve. Assuming 
that the links and arms intersect on the axis, find: 

1. The travel of the sleeve 
2. Minimum ascending speed 
3. Maximum descending speed 
4. Range of speed of the governor. 

(b) Difference between Porter and Proell governor. 

(c) Define the following terms relating to governors: 
1. Sensitiveness 
2. Isochronism 

Q5 

	

	A ship is propelled by a turbine rotor having a mass of 6000 kg and speed of 
2400 rpm. The direction of rotation of rotor is anticlockwise when viewed 
from the bow end. The radius of gyration of rotor is 450 mm. Determine the 
gyroscopic effect when: 

1 

	

	Ship is steering to the left in a curve of 60 in radius at a speed of 18 
knots (1 knot = 1860 mihr ). 

2. Ship is pitching in SHM with bow descending (falling ) with 
maximum velocity. The_ time period of pitching is 1,8 seconds and the 
ship pitches 7.5 degree above and 7.5 degree below the normal 
position. 

3. Ship is rolling and at the instant, its .angular velocity is 0.035 rad / sec 
counter clockwise when viewed from stern 

4. Also find the maximum angular acceleration during pitching. 
10 2 6 

04 2 6 

06 2 6 

15 3 7 

02 1,3 4 

02 1,3 4 

20 2,3 5 

Q6(a) 	Two parallel shafts are to be connected by spur gearing. The approximate 
distance between the shafts is 600 mm. If one shafts runs at 120 rpm and the 
other at 360 rpm, find the number of teeth on each wheel if the module is 8 
mm. Also determine the exact distance apart of shafts. 

(b) Draw a neat sketch of compound gear train involving six gears and calculate 
the reduction ratio assuming suitable number of teeth. 

(c) In an epicyclic gear train, an arm carries two gears A and B having 36 and 45 
teeth respectively. If the arm rotates at 150 rpm in the anticlockwise direction 
about the centre of gear A which is fixed, determine the speed of gear B. If the 
gear A instead of being fixed makes 300 rpm in the clockwise direction, What 
will be the speed of gear B? 

Q7(a) 	Three masses M I, M2 and M3 which rotate in transverse planes 1 ,2,and 3 are 
to be balanced by the addition of two rotating masses mA  in plane A and m5  in 
plane B at a radius of 250 mm each. Given that M1  = 4.0 kg, M2 = 6.4 kg and 
M3 = 2.0 kg. The location of centre of gravity of masses MI, M2 and M3 are 
150 mm, 100mm and 225 mm respectively, from the rotor axis. Also, the 
angular location of masses MI, M2 and M3 from x axis are 300, 3000  and 135°  
respectively as shown in figure: 



The distance of transverse planes of masses MI. M2, M3 and plane B from the 
reference transverse plane A, are 75 mm, 200mm, 500 mm and 625 mm 
respectively. Determine m -A and mB  and show their angular positions for 

explain 
balance of motor. 

(b)Wxplain Balancing of 	 05 	3 	7 

1. In Line Engine 
2. V Engine 

• 



• 
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Instructions:  
• Use of Steam Table and Heat Transfer Data Book are allowed. 

• Attempt any Five questions out of Seven questions. 

• Answers to all sub questions should be grouped together. 

• Figures to the right indicate full marks. 

• Make suitable assumptions with proper explanations. 
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• Draw the suitable sketches wherever necessary 

  

    

     

CO IM 
NO No. 

• 1- 

Q1 	
(A) What is Fourier's law of conduction? State also the assumptions on 

(B) Explain briefly the terms thermal conductivity and thermal diffusivity of 
which this law is based. 	 - 

a material.  
(C) What is meant by transient heat conduction? What are the assumptions 

to be considered for lumped capacity analysis?  

(D) What is Newton's law of viscosity? What is the relation between 

kinematic viscosity and 44ynamic viscosity?  

(E) What is dimensional analysis and state the uses of dimensional analysis? 

Calculate the rate of heat flow per m2  through a furnace wall consisting of 200 10 

mm thick inner laye.r _of chrome brick, a centre of kaolin brick 100 min thick 
and an outer layer of masonry brick 100 mm thick. The unit surface 

conductance at the inner surface is 74 W/m2K and the outer surface temperature 

is 70°C. The temperature of the gases inside the furnace is 1670°C. What 
temperatures prevail at the inner and outer surfaces of the centre layer?  
A steel ball 50 mm in diameter and at 900°C is placed in still atmosphere of 10 

30°C. Calculate the initial rate of cooling of the ball in °C/min. 

Take p = 7800 kg/m3, Cp = 2 kJ/kgK (for Steel), 

h = 30 W/m2K and Neglect internal thermal resistance. 

Q2  
(A)  

(B)  

No 
Answer the following questions (any five) 

Ma 
rks 

20 

2 

Water is heated while flowing through a 1.5 cm x 3.5 cm rectangular tube at a 
Q3 	velocity of 1.2 m/s. The entering water temperature is 40°Cand tube wall is 
(A) ( maintained at 85°C. Determine the length of the tube required to raise the 

10 13 



Ir! 

temperature of water by 35°C. 
Use the following properties of water: 
p = 985.5 kg/m3, K = 0.653 W/mK, v = 0.517 x 10-6  m2/s, Cp  = 4.19 kJ/kgK 

 	Use correlation: Nu = 0.023 (Re)° 8  (Pr)° 33  

( B) 

Determine the rate of heat loss by radiation from a steel tube of outside 
diameter 70 mm and 3 m long at a temperature of 227°C if the tube is located 
within a square brick conduit of 0.3 m side and at 27°C. 

 	Take c (Steel) = 0.79 and e (brick) = 0.93 

10 3 5 

•  

Q4 
(A) 

A cylindrical body of 300 mm diameter and 1.6 m height is maintained at a 
constant temperature of 36.5°C. The surrounding temperature is 13.5°C. Find out 
the amount of heat to be generated by the body per hour. 
Take: p = 1.025 kg/m3, K = 0.0892 kJ/m-h.K, v = 15.06 x le m2/s, C, = 0.96 
kJ/kgK 

_— ____ 	__ _ 	._ 

10 3 

-.-+ 

4 

_ 

(B) 

In a certain double pipe heat exchanger hot water flows at a rate of 5000 kg/h 
and gets cooled from 95°C to 65°C. At the same time 50000 kg/h of cooling 
water at a 30°C enters the heat exchanger. The flow conditions are such that 
overall heat transfer coefficient remains constant at 2270 W/m2K. Determine 
the heat transfer area required and the effectiveness, assuming two streams are 
	 in parallel flow. Assume Cp = 4.2 kJ/kgK for both streams, 

10 3 J  6 

Q5 
(A)  

Pin fins are provided to increase the heat transfer rate from a hot surface. Which 
of the following arrangement will give higher heat transfer rate? 
6 numbers of fins of 10 cm length, 12 numbers of fins of 5 cm length, K (fin) = 
200 W/mK, h = 20 Wm2K, cross-sectional area of fin = 2 cm2, perimeter of fin 
	= 4 cm, fin base temperature = 230°C, surrounding air temperature = 30°C 

10 3 2 

(B)  

Air is contained in a tyre tube of surface area of 0.5 m2  and wall thickness 10 
mm. The pressure of air drops from 2.2 bar to 2.18 bar in a period of 6 days. 
The solubility of air in the rubber is 0.072 m3  of air per m3 of rubber at 1 bar. 
Determine the diffusivity of air in rubber at the operating temperature of 300 K 
	if the volume of air in the tube is 0.028 m3  

10 

Q6 

(A) State Fick's law of diffusion. What are its limitations? 
(B) Explain the radiation shield with its applications. 
(C) How are heat exchanger classified? Define effectiveness of heat 

exchanger. 
—(13)E-xplairrthe differences-between free 	-forced 

20 1 
& 
2 

. 

4- 
6- 
7 

_ ---i- andconvection. 

Q7 
Write Short Notes on Following (Any Four) 20 

& 
2 A) Critical thickness of insulation 

B) Applications of different types of fins 
C) Different types of non-dimensional numbers used in free and forced 

convection 
D) Thermal and Velocity boundary layers 
E) Different Fouling observed in heat exchangers 



e&c() 

9-2—IWOC 

Bharatiya Vidya Bhavan's 

Sardar Patel College of Engineerin 
(A Government Aided Autonomous Institute) 

Munshi Nagar, Andheri (West), Mumbai — 400058. 
Re-IF,x, am  
June 2016  

     

Max. Marks: 100 
	

Duration: 311ours 
Class: T Y BTech 
	

Program: Mechanical Engineering 
Semester: V 
	

Course Code : ME 304 
Name of the Course: Thermal Systems 

Instructions: 	 rics A-elf 41-  e • 
1) Question number 1 is compulsory and solve any four questions out of remaining six. 
2) Use of steam table and Mollier chart is permitted. 
3) Answers of sub questions should be grouped together. 
4) Assume suitable data and justify the same. 

Question 
No 

Maximum 
Marks 

f  Course 
Outcome 
Number 

Module 
No. 

Q1  Solve any Four of the followings. 

20 1  

(a) Explain ideal cycle used for steam power plants. 1 

II 

IV 

VI 
L 

VII 

(b) Discuss various applications of compressed air. 

(c) Explain the working of fusible plug with neat sketch. 

(d) Explain pressure compounding for steam turbine with neat 
sketch. 

(e) Write applications of gas turbines. 

Q2(a) Derive expression for ideal intercooling pressure ratio for two 
stage compressor with perfect intercooling for minimum work 
input. 

08 1 11 

(b) A single-stage double-acting air compressor delivers air at 7 bar. 
The pressure and temperature at the end of suction stroke are 1 
bar and 27 C. It delivers 2 TTI3  of free air per minute when the 
compressor is running at 300 r.p.m. The clearance volume is 5% 
of the stroke volume. The pressure and temperature of ambient 
air are 1.03 bar and 20 C. Take index of compression 1.3 and 
index of re-expansion 1.35 and find followings. 
(i) Volumetric efficiency of the compressor. 
(ii) Indicated power of the compressor. 
(iii) Diameter and stroke of the cylinder if both are equal. 

12 3 II 

Q3(a) Explain advantages and limitations of rotary verses reciprocating 
compressors and axial verses centrifugal compressors. 10 2 III 

(b) Explain with neat sketch jet type condenser. 10 2 V 
Q4(a) Differentiate between fire tube and water tube boiler. 08 I IV 

(b) Why boiler mountings and accessories are used in the boiler? 
Explain with neat sketch Feed check valve and blow off cock 12 2 IV 



used in boiler. 

Q5(a) Prove that condition for maximum blade efficiency of a reaction 
turbine is given by relation: 

— 
2 cos2a 

08 1 VI 

rib 	Cosa 
(b) The following data refer to one stage of an impulse turbine: 

Isentropic nozzle heat drop = 185 kJ/kg 
Reheat of steam due to blade friction = 10% of isentropic drop 
Nozzle angle = 200. 
Ratio of blade speed to whirl component of steam speed = 0.5 
Velocity coefficient for the blades = 0.95 
Take this velocity of steam at the entry of nozzle = 30 m/sec. 
Find (i) blade angle if the steam leaves axially, (b) work done 
per kg and (c) friction loss over the blades and K.E. loss. 

12 3 VI 

Q6(a) Dry saturated steam at a pressure of 8 bar absolute enters a 
convergent-divergent nozzle and leaves at 1.5 bars absolute. If 
the flow is isentropic and corresponding expansion index is 
1.135 find the ratio of cross-sectional area at exit and throat for 
maximum dischar:e 

08 3 VI 

(b) Derive equation for general relationship between area, velocity 
and pressure in a nozzle flow and explain when flow will be 
subsonic and supersonic for accelerated and decelerated flow. 

12 1 VI 

Q7(a) What are the methods of improving efficiency of open cycle gas 
turbine? Explain open cycle gas turbine with reheating. 

08 I VI I 

VII 

(b) In a gas turbine installation, air is taken in L.P. compressor at 
288K and 1.1 bar and after compression, it is passed through 
intercooler where its temperature is reduced to 295K. The cooled 
air is further compressed in H.P compressor and then passed in 
the combustion chamber where its temperature is increased to 
950°C by burning the fuel. The combustion products expand in 
H.P. turbine which runs the compressor and further expansion is 
continued in L.P. turbine which runs the alternator. The gases 
coming out from L.P. turbine are used for heating the incoming 
air from H.P. compressor and then exhausted to atmosphere. 
Taking the following data determine the power output, specific 
fuel consumption and thermal efficiency. Pressure ratio in each 
compressor = 2, Isentropic efficiency of each compressor stage = 
85%, Isentropic efficiency of each turbine stage — 85 %, 
Effectiveness of heat exchanger = 0.75, Air flow — 15 Kg/Sec, 
C.V. of fuel = 45000 kJ/Kg. Cp (for air) = 1 Id/kg-K, Cp (for gas) 
= 1.15 kJ/kg-K, y = 1.4 (for air) and y = 1.33 (for gas). Neglect 
the mechanical, pressure and heat losses of the system and fuel 
mass also. 

12 3 
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Explain negative slip with the help of indicator diagram. (0_. ) 2 5 
1. (a) 

Write 	note on selection of turbine. short (05) 3 
(b) 6 

(c)  Write short note on pressure recuperating devices in centrifugal (05) 2 
_ _pump. 

(d)  Explain need of governing of turbine (05) 

2. (a) A centrifugal pump lifts water under a static head of 36 m of water 
of which 4 m is suction lift. Suction and delivery pipes are both 150 
mm in diameter. The head loss in suction pipe is 1.8 m and in 
delivery pipe 7m. The impeller is 380 mm in diameter and 25 mm 
wide at mouth and revolves at 1200 rpm. Its exit blade angle is 35

0  . 
If the manometric efficiency of the pump is 82% determine: 

(i) 	The discharge through the pump, and 
the suction and delivery branches of the pump ii 	The eressure at 

(10) 

(b) A single jet Peltonturbine is required to drive a generator to develop 
10000 KW. The available heat at the nozzle is 760 m. Assuming 
electric generation efficiency 95%, Pelton wheel efficiency 87%, 
coefficient of velocity for nozzle 0.97, mean bucket velocity 0.46 of 
jet velocity, outlet angle of bucket 15°  and the relative velocity of 
water leaving the buckets 0.85 of that inlet, find: 

(i) The flow in m3/s, 
(ii) The diameter of jet, 
(iii) The force exerted by the jet on the buckets, and 
(iv) The best synchronous speed for generation at 50Hz and 

the corresponding mean diameter if the ratio of the mean 
bucket circle diameter to the jet diameter is not to be less 
than 10. 

(10) 

Page 1 of 3 
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3 (a) 

(b) 

In an inward flow reaction turbine the diameter of the outer (10) 

periphery is two times the diameter of inner one, and the turbine 
operates under a head of 20 m. The turbine has radial tips at the 
inlet while at the exit the blades make an angle of 30°  with the 

forward tangent. Assuming a constant radial velocity of flow and 
that the blade friction accounts for a dissipation of energy 
equivalent to 10% of kinetic energy at the outlet, determine: 

(i) Runner velocity at the rim, and 
(ii) Hydraulic efficiency of the turbine. 
Assume the turbine dischar es radiall at the outlet. 

A centrifugal pump has a suction pipeline of 12.5 ern diameter and 	(10) 

10 m length. The static suction lift is 2m. Friction factor for pipe is 
0.02. The pump delivers oil of specific gravity 0.8, the vapour 
pressure for oil at ambient temperature being 0.015 kg/cm2  absolute. 

The NPSH characteristic of the pump is given by the equation 

15Q+65Q2  where NPSH is in meters of water column absolute and 

Q is in m3/s. If the ambient pressure is 1 bar (abs) determine the 
maximum dischar e the sum. can handle without cavitating. 
A single acting reciprocating pump has a stroke length of 150 mm, 	(10) 

suction pipe is 7m long and ratio of suction pipe diameter to piston 
diameter is %. The water level in the sump is 2.5 m below the axis 
of the pump cylinder and the pipe connecting the sump and pump 
cylinder is 75 mm in diameter. If the crank is running at 75 rpm, 
determine the pressure head on the piston at the beginning, middle 
and end of the suction stroke. Take coefficient of friction as 0.01. 
Use equation 4f1v2/(2g) for calculating friction head.  

(b) 	A Kaplan turbine installation develops 18 MW under a net head of (10) 

14 m. The peripheral speed of the runner at the outermost radius is 
40 m/s. The Thoma's cavitation parameter o is related to the 
specific speed (power in KW) as given below:  
	 0.5 	0.75 	1.25 	I 1.8  

Ns 	385 	515 	685 	I 857  
What should be the minimum outer diameter of the runner if the 

turbine is set at Om, 3 m from the tail water level? 
Vapour pressure of water at ambient temperature is 0.026 kg/cm2  

(abs) and the atmospheric pressure is 1.03 kg/cm2. [Extrapolate the 

graph if required]. 
Diameters are to be calculated for the nearest synchronous speed. 

5 (a) 	Head discharge characteristics of a centrifugal pump is given by the 	(10) 	1,3 

equation: 
H=20+15Q-600Q2  
Where H is in m and Q is in m3/s. System curve •for a typical 

installation is estimated as 900Q2  (Q is in m3/s). Pump is worked 
against a head of 10m. If the NPSH characteristics of the pump is 

given by equation: 
NPSH=20Q+60Q2  
Where Q is in m3/s, determine how high the pump can be safely 
Installed above the sum if suction pipe diameter is 15 cm, pipe._ 

3 



length on suction side is 1.5 times static suction lift and 'f' for the 
pipe is 0.016. Calculate the cavitation parameter 'a' if pump runs at 
1440 rpm and operates at duty point. Calculate the specific speed 
and suction specific speed. 

(b) A model turbine constructed at a scale of 1:10 when tested under a 1,3 
head of 8 m at 400 rpm gave an efficiency of 77%. Determine the 
rpm of the prototype and the ratio of powers developed by the 
model and prototype if the prototype works under a head of 100 m. (10) 
What will be the efficiency of the prototype if scale effect is 
considered? 

6 (a) A vertical shaft Francis turbine runs at 420 rpm while discharge is (10) 2 3 
15 m3/s. The velocity and pressure head at entrance of the runner 
are 10 m/s and 230 m respectively. The elevation above the tail race 
is 5m. The diameter of the runner is 2 m and the width at the inlet is 
270 mm. The overall and hydraulic efficiencies are 92% and 98% 
respectively. Calculate: 

(i) 	Total head across the turbine (ii) Power output; (iii)The 
guide vane angle; (iv) Vane angle at the inlet. 

Ab) Write short note on (i) Cavitation in turbines (ii) Vane Pump 10 4, 5 
7 (a) In water power site, the available discharge is 340 m3/s under a net (10) 2, 3 1,2,3 

head of 30 m. Assuming a turbine efficiency of 88% and rotational 
speed of 166.7 rpm, determine the least number of machines, all of 
the same size, that may be installed if the selection rests with- 
(i) Francis turbine with Ns not greater than 230. 
(ii) Kaplan turbine with Ns not greater than 685, 
What will be the output of each unit? Which of the two installations 
will be more economical? 

(b) Test on single stage centrifugal pump at constant speed 	gave the 
followin: results:- 

(10) 1,2,3 7 

Q (lit/s) 0 12 18 24 30 36 42 

H (m) 22.6 21.3 19.4 16.2 6.5 0.6 

1  (%) 74 86 85 70 46 

The pump is used to lift water over a vertical distance of 6.5 m by 
means of 10 cm diameter pipe, 65 m long, for which the friction 
factor is 0.02. 

(i) Determine the rate of flow and power supplied to the 
pump 

(ii) If it is required to increase the rate of flow by addition of 
a second iden tical pump (running at the same speed) 
which is connected in parallel with the original pump. 
Determine the rate of flow from both the pumps and the 
power supplied to both the pumps. 	 J 

Page 3 of 3 
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