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Answer : 

1.(b),2(c),3(b),4(a),5(a),6(c),7(b),8(b),9(c),10(b),11(a), 
12(c),13(c),14(b),15(a),16(d),17(b),18(c),19(c) & 20(c) 
 
Q.2  Write short note on any 06 of the following : 

(i) Full lift safety valve 
(ii) IBR Steam pipe 
(iii) Hoop stress 
(iv) Gross & Net calorific value of a fuel 
(v) Thermodynamic steam trap 
(vi) Cavitation in a pumping system 
(vii) Types of Centrifugal fans 
(viii) Reverse osmosis 

 
Answer : 

(i) Full lift safety valve  : A safety valve which, after commencement of lift, opens rapidly 
within a 5% pressure rise up to the full lift as limited by the design. The amount of lift 
up to the rapid opening (proportional range) shall not be more than 20%. 
A full lift safety valve is one in which the disc lifts sufficiently, so that the curtain area 
no longer influences the discharge area. The discharge area, and therefore the 
capacity of the valve are subsequently determined by the bore area. This occurs 
when the disc lifts a distance of at least a quarter of the bore diameter. A full lift 
conventional safety valve is often the best choice for general steam applications. 
 
(ii) IBR Steam pipe : 

 

 

(iii) Hoop stress : The hoop stress is the force exerted circumferentially (perpendicular 
both to the axis and to the radius of the object) in both directions on every particle in the 
cylinder wall. It can be described as: 
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where: 

 F is the force exerted circumferentially on an area of the cylinder wall that has the 

following two lengths as sides: 

 t is the radial thickness of the cylinder 

 l is the axial length of the cylinder 

 
(iv) Gross & Net calorific value of a fuel 
 
Gross Calorific Value (G.C.V.) or Higher Heating Value :  
It is the total heat that is liberated by complete combustion of unit weight of fuel at 
constant volume in Bomb Calorimeter. The products of combustion are cooled to 25°C 
and water vapour generated condenses. So GCV includes of condensation of water 
vapour.  
 
Net Calorific Value or Lower Heating Value:  
This is concerned with fuels containing hydrogen. In practice like in boilers, water vapour 
leaves the system and so its sensible heat and latent heat of vaporization is not available 
for use. Net C.V. is Gross C.V. minus this unavailable heat being 1055 BTU/Lb.  

 
(v) Thermodynamic steam trap : It is actuated by kinetic flow. It consists of a disc that 
normally lies on a flat seat and covers both the inlet and discharge orifices. Cool 
condensate under process pressure readily flows through the orifice, lifts the disc and 
flows over the seat to the discharge orifice. 
When the condensate is near steam temperature, it flashes generating high velocity 
flash steam which creates a low pressure area on the bottom of the disc. This low 
pressure between the disc and the seat, combined with a pressure increase above the 
disc during flow forces the disc down onto the seat and seal the orifices. 
 
 (vi) Cavitation in a pumping system :  
Liquid entering the impeller eye turns and is split into separate streams by the leading 
edges of the impeller vanes, an action which locally drops the pressure below that in the 
inlet pipe to the pump. 
If the incoming liquid is at a pressure with insufficient margin above its vapour pressure, 
then vapour cavities or bubbles appear along the impeller vanes just behind the inlet 
edges. This phenomenon is known as cavitation and has three undesirable effects: 
1) The collapsing cavitation bubbles can erode the vane surface, especially when 
pumping water-based liquids. 
2) Noise and vibration are increased, with possible shortened seal and bearing life. 
3) The cavity areas will initially partially choke the impeller passages and reduce the 
pump performance. 
 
During suction of the Boiler feed pump(BFP), some of the saturated feed water may 
flash into vapour due to reduction in pressure causing vapour lock and cavitations 
problems in the pump. To prevent this from occurring the deaerator is located at a 
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sufficient height (H) from the basement where the pump is installed so that the pressure 
before suction is (Psat + ρfgH). When this water is sucked by the pump, the pressure 
does not fall below Psat and there is no flashing of any water into vapour, which protects 
the BFP from any damage due to vapour lock and cavitations. 
 
 
(vii) Types of Centrifugal fans : The major types of centrifugal fan are:  

1. Radial fans are industrial workhorses because of their high static pressures 
(upto 1400 mm WC) and ability to handle heavily contaminated airstreams. 
Because of their simple design.radial fans are well suited for high temperatures 
and medium blade tip speeds. 

2. Forward-curved fans are used in clean environments and operate at lower 
temperatures. They are well suited for low tip speed and high-airflow work - they 
are best suited for moving large volumes of air against relatively low pressures. 

3. Backward-inclined fans are more efficient than forward-curved fans. Backward-
inclined fans reach their peak power consumption and then power demand drops 
off well within their useable airflow range. Backward-inclined fans are known as 
"non-overloading" because changes in static pressure do not overload the motor. 

 
(viii) Reverse osmosis : Reverse osmosis uses the fact that when solutions of differing 
concentrations are separated by a semi-permeable membrane, water from less 
concentrated solution passes through the membrane to dilute the liquid of high 
concentration. If the solution of high concentration is pressurized, the process is 
reversed and the water from the solution of high concentration flows to the weaker 
solution. This is known as reverse osmosis. The quality of water produced depends upon 
the concentration of the solution on the high-pressure side and pressure differential 
ascross the membrane.This process is suitable for waters with very high TDS, such as 
sea water. 
 
Q.3  (i) A steel rod 25mm in diameter and 2 meter long is subjected to an axial pull 
of 15kN. Find 
(a) Intensity of stress 
(b) The strain 
© Elongation, Take E=2x105 N/mm2 
 
Solution :  

(a) Intensity of stress δ =Load/Area=P/A 
=(15x1000)(π/4x25x25) 
=15000/490.625 
=30.57 N/mm2 (Answer) 

(b) Strain(e) =Intensity of stress/Modulas of Elasticity= δ/E 
=30.57/2x105 

=0.000153 (No unit) (Answer) 
© Elongation   =(Pxl)/(AxE) 

=(15000x2000)/( π/4x25x25x2x105) 
=30000000/(490.625x200000) 
=0.3057mm (Answer) 
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Q.3  (ii) The temperature of a 2 meter long rod is raised from 10*C to 80*C. Find the 
expansion of the rod. If the expansion of the rod is prevented, find stress 
developed in the material. Take E=1x105 N/mm2, α=0.000012/*C 
 
Solution :   
Given that ,  Length of rod L=2meter=2000mm 
  Initial temperature T1=10*C 
  Final temperature T2=80*C 
  Youngs modulus E=1x105 N/mm2 
  Co-efficient of linear expansion α=0.000012/*C  
Rise in temperature T= T2-T1=80-10=70*C 

(i) Expansion in rod is given by = αxTxL 
=0.000012x70x2000 
=1.68mm (Answer) 

(ii) Thermal stress δ  = αxTxE 
=0.000012x70x1x105 

     =84 N/mm2 (Answer) 
 
Q.3  (iii) Find the power that can be transmitted by a shaft 60mm diameter at 
180rpm. The permissible shear stress is 85 N/mm2. 
 
Solution : 
Given that, d=60mm ,N=180rpm ,fs= 85 N/mm2 
Power is given by.P=2*3.14*N*T/60000  
Where T=fs*0.196*d*d*d  
=85*0.196*60*60*60  
= 3598560 Nmm  
Power transmitted by shaft “P”=2*3.14*180*3598560/60000 
=67796.8704 watt 
P=67.797KW (Answer) 
 
Q.3  (iv) Calculate the blow down rate (kg/hr) for a boiler with an evaporation rate 
20TPH. If the maximum permissible TDS in boiler water is 2000ppm and with 10% 
make-up water addition. The feed water TDS is 100ppm. 
 
Solution : 
 % Blow down =  
=TDS of feed waterX100/(TDS of max permissible-TDS of feed water)  
=100X100/(2000-100) ==5.26%  
Blow down rate  
= Blowdown %ageX(Evaporation rate of Boiler+(Makeup flow rate))  
=0.0526X{20+(20X0.10)}  
= 1.1572 TPH =1157.2 kg/hr (Answer) 
 
Q.3  (v) A process requires 6TPH of dry saturated steam at 7 kg/cm2(g). Determine 
the size of pipe line specific volume of steam at 7 kg/cm2(g) is 0.24 m3/kg.(Take 
velocity of steam as 30m/sec). 
 
Solution : 
Total volume of the steam 
=Flow rate of steam per second x specific volume of steam 
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=(6x1000/3600)x0.24 
=0.399 m3/sec 
Total volume of the steam =Area of the pipe line x velocity of the steam 
or Area= Volume/velocity 
Area=0.399/30=0.0133m2 
πxr2=0.0133 
r2=0.0133/π=0.0133/3.14=0.00424 
r=√0.00424 
r=0.065 meter 
diameter of the pipe line 
=2xr=2x0.065 
=0.13 meter Answer 
 
Q.3  (vi) A pump is delivering 50m3/hr of water with a discharge pressure of 
3.5kg/cm2 . The water is drawn from a sump where water level is 5 meter below the 
pump centre line. The power drawn by the motor is 9.5KW at 90% motor efficiency. 
Find out the efficiency of the pump. 
 
Solution : 
Hydraulic power Ph = Q (m3/s) x Total head, hd - hs (m) x δ (kg/m3) x g (m/s2) / 1000 
Where hd – discharge head, hs – suction head, δ – density of the fluid, g – acceleration 
due to gravity 
Ph =(50/3600)x(35-5)x1000x9.81/1000 

=4.09KW 
Efficiency of the pump= Hydraulic power Ph/ Pump shaft power Ps  

=4.09/(9.5x0.9) 
=4.09/8.55 
=47.84%(Answer) 

 
Q. 4 (i) 

 
 
Answer   : 
Available & Required NPSH(Net positive suction head) in pumping system : 
The value, by which the pressure in the pump suction exceeds the liquid vapour 
pressure, is expressed as a head of liquid and referred to as Net Positive Suction Head 
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Available (NPSHA). This is a characteristic of the system design. The value of NPSH 
needed at the pump suction to prevent the pump from cavitating is known as Net positive 
suction head required (NPSHR). This is a characteristic of the pump design. 
The three undesirable effects of cavitation described above begin at different values of 
NPSHA and generally there will be cavitation erosion before there is a noticeable loss of 

pump head. However for a consistent approach, manufacturers and industry 
standards, usually define the onset of cavitation as the value of NPSHR when 
there is a head drop of 3% compared with the head with cavitation free 
performance. At this point cavitation is present and prolonged operation at this 
point will usually lead to damage. It is usual therefore to apply a margin by 
which NPSHA should exceed NPSHR. 

As would be expected, the NPSHR increases as the flow through the pump increases,  
In addition, as flow increases in the suction pipe work, friction losses also increase, 
giving a lower NPSHA at the pump suction, both of which give a greater chance that 
cavitation will occur. NPSHR also varies approximately with the square of speed in the 
same way as pump head and conversion of NPSHR from one speed to another can be 
made using the following equations. 
Q α N 
NPSHR α N2 
It should be noted however that at very low speeds there is a minimum NPSHR allow, 
NPSHR does not tend to zero at zero speed It is therefore essential to carefully consider 
NPSH in variable speed pumping. 
Solution : 
Absolute pressure over liquid=0.9+0.5=1.4 kg/cm2 
Effective available NPSH available of pump= 
= Absolute pressure over liquid + Height pr of liquid -Vapour pressure-friction loss 
=1.4+(0.2x0.8/10.8)-0.45-(1.5x0.8/10.8) 
=1.4+0.0148-0.45-0.1111 
=0.8569 kg/cm2 (Answer) 
 
Q. 4 (ii) The percentage composition of a sample of a liquid fuel by weight is 

carbon-84.8% and hydrogen-15.2%. Calculate  
 (a) The weight of air required for the combustion of 1kg of fuel. 
 (b) The volumetric composition of the product of combustion if 15% 

excess air is supplied. 
Solution : 

(a) Weight of air required to burn 1 kg of fuel 
= 4.35 x {(2.67x0.848)+(8x0.152)} 
=4.35x{2.26416+1.216} 
=15.14 Kg/Kg of coal  

 
(b) Flue gas %composition on mass basis 
Mass of dry flue gas liberated from 1 kg coal burnt  
= ( 1+EA/100)x theoretical air+ 1kg of coal  
= [(1+15/100)x15.14]+1  
=18.411 kg/kg of coal  
 
Composition of flue gas on the basis of mass 
(i) CO2 by mass = (44/12)x0.848=3.109 Kg/kg of fuel 

% CO2 = 3.109/18.411 = 16.87%  
(ii) H2O by mass = (36/4)x0.152 =1.368 Kg/kg of fuel 
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% H2O = 1.368/18.411= 7.43%  
(iii)  O2 by mass=(23/100)x(AAS-TAS) 

=0.23x(17.411-15.14)=0.522 Kg/kg of fuel 
% O2=0.522/18.411=2.83% 

(iv)  N2 by mass=(77/100)xAAS=0.77x17.411=13.41 Kg/kg of fuel 
  %N2=13.41/18.411=72.84% 
 
Calculation of flue gas on the basis of Volume 

Constitu
ents 

% Mass of 
F/G(a) 

Atomic 
weight(b) 

Specific 
volume c=(a/b) 

c/£ M %  Volume 

CO2 16.87 44 0.38 0.38/3.48 10.92% 

H2O 7.43 18 0.41 0.41/3.48 11.78% 

O2 2.83 32 0.09 0.09/3.48 2.59% 

N2 72.84 28 2.6 2.6/3.48 74.71% 

  £ M 3.48   

 
Answer : Flue gas composition on volume basis ; 
CO2=10.92%,H2O=11.78%,O2=2.59% & N2=74.71% 
 
Q. 4 (iii) (a) Define boiler efficiency. Describe the indirect method of calculating the 
boiler efficiency. 
 
Answer : 

 

Boiler Efficiency : Thermal efficiency of boiler is defined as the percentage of heat input 

that is effectively utilised to generate steam. There are two methods of assessing boiler 

efficiency. 

1) The Direct Method: Where the energy gain of the working fluid (water and steam) is 

compared with the energy content of the boiler fuel. 

2) The Indirect Method: Where the efficiency is the difference between the losses and 

the energy input. 

 

Boiler Efficiency by Indirect Method 

Indirect method is also called as heat loss method. The efficiency can be arrived at, by 

subtracting the heat loss fractions from 100. The standards do not include blow down loss 

in the efficiency determination process.  

The principle losses that occur in a boiler are: 

i. Percentage heat loss due to dry flue gas 

ii. Percentage heat loss due to evaporation of water formed due to H2 in fuel 

iii. Percentage heat loss due to evaporation of moisture present in fuel 

iv. Percentage heat loss due to moisture present in air 

v. Percentage heat loss due to unburnt in fly ash 

vi. Percentage heat loss due to unburnt in bottom ash 

vii. Percentage heat loss due to radiation and other unaccounted loss 

 

Efficiency(%) of boiler by indirect method = 100 - (i + ii + iii + iv + v + vi + vii) 
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Q. 4 (iii) (b) Find out the efficiency and evaporation ratio of a coal fired boiler by 
direct method with the data given below: 
Quantity of steam(dry saturated) generated  8 TPH 
Steam pressure/ temperature    10 kg/cm2(g)/180*C 
Quantity of coal consumed     1.8 TPH 
Feed water temperature     85*C 
GCV of coal       3200 Kcal/kg 
Enthalpy of steam at 10kg/cm2 pressure   665 Kcal/kg 
 
Solution : 
Efficiency of boiler by direct method 
={(8x1000)x(665-85)}x100/{1.8x1000x3200} 
=464000000/5760000 
=80.56%  Answer 
Evaporation ratio  
= Quantity of steam generated/quantity of fuel consumption 
=8/1.8 
=4.44  Answer 
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