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PART A 

                                                                       (Maximum marks: 10)      

I.  Answer all questions in one or two sentences. Each question carries 2 marks 

1. Define Pascal’s law? 
Pascal’s law states the pressure applied to an enclosed fluid transmitted equally in all 
directions and to all parts of the enclosing vessel, if pressure changes due to the weight of 
fluid can be replaced. 
 

2. Define Laminar and Turbulent flow? 
Laminar flow: Fluid Particles move in layers and move along a well defined path (stream 
lines) and all the stream lines are straight and parallel. Their paths do not cross each other 
Turbulent Flow: Characterized by random, erratic, unpredictable, zig0zag motion of fluid 
particles which are responsible for high energy loss 
 

3. What is vena contracta? 
The jet comes out from the orifice gets contracted at a distance of about half the diameter 
of orifice. The section at which max contraction of jet is reached is known as vena contracta 
 

4. Define Flash point & Fire point? 
Flash point: The temperature at which a liquid vaporizes in sufficient quantity to ignite 
momentarily or flash when a flame is applied  
Fire point: The minimum temperature at which the hydraulic & fluid will catch fire and 
continues burning is called the fire point. 
 

5. List the Main components of pneumatic system? 
 Air Filter 
 Air compressor 
 Air pressure regulator 
 Air lubricator 
 FRL Unit 
 Muffler 
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                                                                                            PART B 

                                                                             (Maximum marks: 30)   

II. Answer any five of the following questions. Each question carries 6 marks. 

1. Explain Capillarity and Surface tension? 
Capillarity 

 

 Liquid surface in a small tube relative to the adjacent general level of liquid when the tube is 
held vertically in the liquid.  

 The term used is capillary rise or capillary fall. Its value depends upon specific weight of the 
liquid, diameter of the tube and surface tension of the liquid.  

Surface Tension 

 

 
 
 
 
The tension of the surface film of a liquid caused by the attraction of the particles in the surface 
layer by the bulk of the liquid, which tends to minimize surface area it is known as Surface 
tension. It is expressed in force per unit length 
 

2. Explain Differential manometer? 
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 Differential U-Tube manometer is used to measure the difference in pressure between two 
points in a pipe or in two different pipes carrying different liquids. 

 In this arrangement of manometer we connect the two ends with different liquids whose 
pressure we want to measure.  

                       Let; 

                              ρ1 = Density of Liquid A 

                              ρ2= Density of Liquid B 

                              ρm= Density of Manometric Liquid  

                              h1 = Height of liquid in the left limb above datum Z-Z. 

                              h2 = Height of liquid in the right limb above the heavy liquid. 

                              h3 = Difference in levels of heavy liquid in the left and right limbs. 

                              Equating the pressures at ZZ in the both limbs,  

                             Pressure in left limb at Z-Z = Pressure in right limb at Z-Z 

               PA + ρ1.g.h1 = ρm.g.h3 + ρ2.g.h2 + PB  

                             Assume Pressure at a is greater than pressure at B, PA > PB  

              PA - PB = ρm.g.h3 + ρ2.g.h2 – ρ1.g.h1  

3. List the assumptions of Bernoulli’s theorem? 

                    ASSUMPTIONS IN BERNOULLI’S THEOREM 
 

 The fluid is ideal, i.e. viscosity is zero. 
 The flow is study. 
 The flow is incompressible. 
 The flow is rotational. 
 The flow is one dimensional. 

4. What are the advantages of triangular notch over rectangular notch? 
 In a right angled v notch the expression for the computation of discharge is very simple 

to remember(Q = 1.417 H^5/2 
 For measuring more accurate results for low discharge, triangular notch is preferred 

than rectangular notch 
 In triangular notch only one reading is needed to be taken for the computation 

discharge. 
 No need for ventilation of triangular notch. 
 The same triangular notch can measure a wide range of flows accurately. 
 The head over the crest of triangular notch is independent of wetted edge. In case of 

rectangular notch the width or length of notch crest is constant for all heads with which 
the results are effected. 
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5. Illustrate the working of a Vane Pump? 
Vane Pump 

 
 
    When the prime mover rotates the rotor, the vanes are thrown outward due to centrifugal 
force. The vanes track along the ring. It provides a tight hydraulic seal to the fluid which is more 
at the higher rotation speed due to higher centrifugal force. This produces a suction cavity in the 
ring as the rotor rotates. It creates vacuum at the inlet and therefore, the fluid is pushed into 
the pump through the inlet. The fluid is carried around to the outlet by the vanes whose 
retraction causes the fluid to be expelled. 
 

6. Explain weight Loaded Accumulator? 
 
Weight Loaded Accumulator 
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                  The weight loaded accumulator is historically the oldest. This type consists of a vertical, heavy 
wall steel cylinder, which incorporates a piston with packing to prevent leakage. A dead weight is 
attached to the top of the piston. The force of gravity of the dead weight provides the potential energy 
in the accumulator. This type of accumulator creates a constant fluid pressure throughout the full 
volume output of the unit regardless of the rate and quantity of output. In the types of accumulator, the 
fluid pressure decrease as a function of the volume output of the accumulator. The main disadvantage 
of this type of accumulator is its extremely large size and heavy weight, which makes it unsuitable for 
mobile equipment. 

7. List the Advantages of Pneumatic system? 
 Air available in unlimited supply  
 Compressibility of air  
 Compressed air can be stored and moved through pipes and hoses 
 Fire proof and explosion proof characteristics 
 Simple construction and easy handling 
 Easy maintenance 
 Comparatively cheaper 
 Non polluting & renewable resource 
 Compact, light weight, and simple to construct 

 

PART C 

III. (a)  Calculate the specific weight, mass density and specific gravity of a liquid having a volume of 5 
cubic meter and weighing 40 KN. 

          Specific weight (w) = W/V =   ³ = 8000 N/m³ 

          Mass Density (ρ) = w/g = 
.

 = 815.49 kg/m³ 

           Specific volume = 1/ ρ = 1/815.49 = 1.226 x 10¯³ 

      (b) Explain the total pressure acting on a vertically immersed surface in a liquid? 
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         Force on immersed plane surface vertical to free surface.  

Let A = Area or surface (m²)  

b = Width of the surface  

h = Distance of centroid of immersed area from 00' 

 ρ = Density of the  

Force on surface or total pressure = . . .  
OR 

Total pressure = w.X.A 
Where w = specific weight (N/m3)    

           

IV (a)  Explain Bourden tube pressure gauge? 

              BOURDON-TUBE PRESSURE GAUGE 

                          

   The bourdon-tube gauge, invented about 1850, is still one of the most widely used instruments 
for measuring the pressure of liquids and gases of all kinds, including steam, water, and air up to 
pressures of 700MPa.  

 The pressure, above or below the atmospheric pressure, may be easily measured with the help 
of a bourdon tube pressure gauge. 

  As shown in the Fig a flattened circular tube (cross-section in C-C) is coiled into a circular arc;  
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 one end is soldered to the central block B and is open to the fluid the pressure of which is to be 
measured;  

 The other end is sealed and coupled to the pointer spindle. 
  If the pressure inside the tube is greater than the outside pressure, the tube tends to straighten 

out, thus operates a simple pinion and sector arrangement and thus turning the pointer.  
 So the pointer on the circular scale indicates the pressure of the fluid.                                                                    

  IV (b) A differential U-tube manometer connects two pressure pipes A and B. The pipe A contains 
carbon tetrachloride having a specific gravity 1.6 under a pressure of 130 KPa. The pipe B contains oil of 
sp.gravity 0.7 under a pressure of 220 KPa. The Pipe A lies 3m above pipe B. Find the difference in 
mercury level in the manometers when assuming the left limb mercury level is coinciding with the 
centre of the pipe B. 

 

 

 

       Given data 

             Specific gravity of carbon tetrachloride SA= 1.6 

             Density of carbon tetrachloride = ρA = SA X 1000 = 1.6 x 1000 = 1600 kg/m³ 

            Sp.gravity of oil at B SB = 0.7 
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             Density of oil at B(ρB) =SB X 1000 =  0.7 X 1000 = 700 kg/m³ 

              Sp.gravity of Hg = 13.6 

             Density of Hg (ρhg) = 13.6 x 1000 = 13600 kg/m³ 

             Pressure above x-x in left limb = PA + ρA g x 3 + ρhg x g x h 

                                                                    = 13000 + 1000 x 9.81 x h` 

                                                                     = 177088 + 133416 h 

             Pressure above x-x in right limb = PB + ρB g h 

                                                                       = 22000 + 700 x 9.81 x h 

                                                                        = 22000 + 6867 h 

                        Equating left and right limb 

                                   177088 + 133416 h = 22000 + 6867 h 

                                            126549 h = 42912 

                                                h = 0.339 m 

               

             V (a) Explain pitot tube? 

                     PITOT TUBE 

 

                             

 

 It is used to find the velocity of flow at any point in a pipe line or a channel. 
 The lower end of the tube faces the direction of flow. The liquid rises up in the tube due to the 

conversion of          kinetic energy into pressure energy. 
 The velocity of fluid is determined by measuring the rise of fluid in the tube 
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V (b) A  venturimeter is placed in a horizontal pipe 0f 60 mm diameter through which water is flowing. 
The diameter of the throat is 30 mm. Determine the discharge through the pipe in litres per minute 
when the venture head is 450 mm of water. Take Cd = 0.98 

               Venturi head = 0.45 m  

                Cd = 0.98  

                Diameter of pipe, d1 = 60 mm 0.06 m 

               Diameter of throat d2 = 30 mm = 0.03 m 

                Area of throat a2 =  ( . )² = 0.00071 

                   K = a1/a2 = d1
2/ d2

2 

                                                        = 0.062/0.032 

                                                        = 4 

                  Discharge through venture meter = Cd a1 a2 √2 g h/ a1² − 2² 

                                                                                 = Cd x a1 x 2 ℎ/ ² − 1 

                                                                                   = 0.98 x 0.003 x √2  9.81  0.45/√4 − 1 

                                                                                    = 5.044 x 10-3 m3/s 

                                                                                     = 5.044 litres/s 

                                                                                    =  302.61 litres/min 

VI (a) Explain the loss of head in pipe 

         LOSS OF ENERGY IN PIPIES 

 When a liquid runs under pressure in a pipe, there will be some losses of head (energy). These losses are 
broadly classified as Major or primary losses and minor or secondary losses. 

MAJOR / PRIMARY LOSSES 
 

 This loss is due to friction and known is as head loss due to friction. 
 It can be evaluated by using 

a) Darcy-Weisbach formula 
b) Chezy’s formula. 

MINOR / SECONDARY LOSSES 

 This loss is due some other reasons rather than friction  
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 Minor losses in case of long pipes are negligible compared to frictional losses. However, in case of 
short pipes minor losses are of appreciable amount. 

 Various minor losses are: 

• Losses at inlet or entry to a pipe line. 
• Losses due to sudden enlargement of pipe cross section. 
• Losses due to sudden contraction of pipe cross section 
• Losses due to change of direction (Due to bends, elbows etc.,) 
• Losses due to obstruction in path of flow. 
• Losses at exit or outlet.   

 
DARCY – WEISBACH FORMULA 

 Due to frictional force in the pipe flow, the available head (total energy) gradually reduces implying 
loss of head. 

 Darcy’s equation gives head lost due to frictional or turbulent flow through a pipe in terms of velocity 
of flow of fluid, friction factor and diameter of pipe. 

 ℎ =    

ℎ   = Head lost due to friction (m) 
f  = Darcy’s friction factor 
l  = Length of pipe (m) 
v  = Velocity of flow (m/s) 
d  = Diameter of pipe (m)  
 In terms of Discharge, Q (rate of flow), 

 ℎ =     

ℎ   = Head lost due to friction (m) 
f  = Darcy’s friction factor 
l  = Length of pipe (m) 
Q  = Discharge (m /s) 
d  = Diameter of pipe (m)  
 
CHEZY’S FORMULA 
 

Velocity of flow (v) = C.√  (Chezy’s formula) 

C  = Chezy’s constant 
M  = Hydraulic mean depth   
i  = Loss of head per unit length = (hf / l) 
hf  = Head loss due to friction  
  l  = length of pipe (m) 
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The value of ‘m’ for a uniform circular pipe is always equal to     
 
This formula is used to determine the head loss due to friction if the mean velocity through the pipe and 
also the value of Chezy’s constant C is known. 

VI (b) A Pipe 600m long is conveying water with a velocity of 1.3 m/s. find the suitable diameter of the 
pipe, if the loss of head due to friction is 3.5 m.Take Cd = 0.98 

               Length of pipe l = 600 m 

               Velocity v = 1.3 m/s 

               hf = 3.5 

                 f = 0.01 

                    hf =   ²
  

  

                     d = ² =  × .  ×  × . ²
 × .  × .

 

                                      = 0.591 m 

                        d = 591 mm 

VII (a) Explain the advantages of fluid Power? 

1.  Higher pressures can be operated 

2. Transmission of motion is less noisy than that of mechanical devices like belt and Pulley, gears, 

rack and pinion etc. 

3. Accurate speeds are possible 

4. Vibration and shock load can be reduced. 

5. Maintenance is simple and less costly. . 

6. It does not require complicated mechanisms involving link motions, motion by gears, rack 

and pinion etc. 

7. The parts of the machine can be automatically lubricated by the fluid (liquid) itself. 

8. Fluids (liquids) ensure easy control of speed of the moving parts of a machine. 

9. Infinite number of speeds of the moving parts can be achieved by using fluid power system. 

10. It has more uniform torque. 

11. This is cheaper than pneumatic system. 
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VII (b) Illustrate the working of external gear pump? 

 

 

External Gear pump 

            One of the gears is coupled with a prime mover. The rotating gear carries the fluid from the tank 
to the outlet pipe. The suction side is towards the portion whereas the gear teeth come out of the mesh. 
When the gears rotate, volume of the chamber expands leading to pressure drop below atmospheric 
value. Therefore the vacuum is created and the fluid is pushed into the void due to atmospheric 
pressure. 

VII (a) Explain the working of a pilot operated check valve? 

        

 

These are unidirectional valves and permit the free flow in one direction only. These valves have two 
ports: one for the entry of fluid and the other for the discharge. They are consists of a housing bore in 
which ball or poppet is held by a small spring force When the closing member is not a ball but a poppet 
energized by a spring is known as poppet valve. The function of the pilot operated check valve is similar 
to a normal check valve unless it gets an extra pressure signal through a pilot line. 

mad
inpoly.

co
m



SOLVED QUESTION PAPER 
 

14 
                                                                                                                                               Anand.r (Lecturer in ME) 

VII (b) Explain the hydraulic circuit for robotic arm with a neat sketch? 

 

           A robot has to move its arm to the desired position to reach the work space. The robot A arm can 
be moved to the desired location by providing a hydraulic power actuator. This can be used in 
hazardous, volatile and explosive environments. When solenoid energized, the oil goes into the blank 
end of the cylinder and the arm extends to the desired position. At the end of the extension stroke, the 
arm touches a limit switch and a signal sent back to energize, causing the arm to retract. The 
accumulator helps the system to send additional fluid to the cylinder if there is a demand for the fluid 
and it also acts as a shock absorber. 

IX (a) explain Air filters? 

 

Filters are used to condition the compressed air before leaving into various pneumatic components. The 
air to be filtered is allowed downward with a swirling motion that forces the moisture and the heavier 
particles to fall down. The deflector used in the filter mechanically separates the contaminants before 
they pass through the cartridge filter. The filter cartridge provides random zigzag passage for the 
airflow. This  type of air flow arrests the solid particles in the cartridge passage. The water vapour gets 
condensed inside the filter and is collected at the bottom of the filter bowl. These particles are drained 
off with the use of an on-off drain valve located at the bottom of the filter bowl. 
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IX (b) Illustrate wedge operated clamp? 
 

 
The Fig shows the basic wedge operated mechanism the clamp is attached to the lower end of a plunger 
moving through a guide. Top end of the plunger is provided with a roller follower. The wedge is 
connected to the free end of the piston rod. On the top of the wedge cam antifriction roller bearings are 
provided as shown in figure. The roller follower provided on the top of the plunger is in contact with the 
wedge cam. During the outward stroke of the piston, clamping takes place. Unclamping takes place due 
to the returns 

X (a)  What are the advantages of pneumatic system? 

1. The weight density of gas is many times lesser than liquid, therefore effect of pneumatic 
components are lesser than hydraulic system components. Thus the force required to accelerate 
gas (air) is much lesser than that required to accelerate an equal volume of oil. 
 

2. Since viscosity of air is much lesser than that of oil, therefore the pneumatic systems experience 
lesser frictional pressure and power losses than hydraulic  
 

3. Pneumatic systems are comparatively cheaper in cost than the hydraulic systems. 
 

4. Pneumatic systems provide better operational advantages when compared to hydraulic systems 
 

5. Compared to hydraulic systems, pneumatic systems are lesser in weight. 
 

6. Unlike in hydraulic systems, leakage of air in pneumatic systems will not affect the system 
performance very much (because the air compressor supplies the pressurised air continuously). 

7. Unlimitted supply of air 
8. Compressibility of air 

 
 
X (b) Explain hydro pneumatic system and its applications? 
         
ADVANTAGES OF HYDROPNEUMATIC SYSTEM 
 
1. Hydro pneumatic system possesses the advantage of both the hydraulic and pneumatic systems. 
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2. Constant speed can be maintained with variable or constant load. 
 
3. It possesses high speed than that of hydraulic system. 
 
4. It requires no pump; but a small oil reservoir is sufficient. 
 
5. Systems rigidity is good 
 
6. Very low operating cost 
 
7. Suitable for feed movement in machine tools 
 
8.  Control of cylinder stroke is easily attainable and precise. 
 
9. It requires simple maintenance 
 
10. Overall cost is low to moderate 
 
APPLICATION OF HYDROPNEUMATIC SYSTEM 

1. Automobile elevators 
 
2. High pressure clamping devices 
 
3. Presswork 
 
4. Trace controlled lathes 
 
5. Milling machine. 
 
6. Induction heating equipment 
 
7. Moulding machines 
 
8. Ren1OtecOt1lI in mining 
 
9. Shaping and planning machines. 
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