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3. Students must check if the components, instruments and machinery are in working condition before setting up the experiment.

4. Power supply to the experimental set up/ equipment/ machine must be switched on only after the faculty checks and gives approval for doing the experiment. Students must start to the experiment. Students must start doing the experiments only after getting permissions from the faculty.
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7. The apparatus used for the experiments must be cleaned and returned to the technicians, safely without any damage.
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EXPERIMENT NO. 01

LOSSES IN PIPE FRICTION

AIM 

               To Study the variation of friction factor for pipe flow.

THEORY

             When a fluid flowing through the pipe, it is subjected to resistance to flow due to shear forces between the wall and fluid particles and between the fluid particles also. This resistance is generally called frictional resistance. This resistance is depends upon the velocity of flow and area of surface in contact. It also depends upon type of flow, i.e. laminar or turbulent. This frictional resistance causes loss of pressure in the direction of flow.  

 PROCEDURE
1. Fill up water in the sump tank. (This water should be free of any oil content.)

2. Open all the outlet valves and start the pump.

3. Check for leakages by closing three of outlet valves, for each pipe, and correct the leaks, if any.

4. Open the outlet valves of the pipe to be tested.

5. Remove all the air bubbles from manometer and connecting pipes.

6. Reduce the flow. Adjust outlet valves, so that water heads in manometer are to the readable height.

7. Note down the heads and flow rate.

8. Now, increase the flow and accordingly adjust the outlet valve, so that water will not overflow. Note down heads and flow.

9. Repeat the procedure for other pipes.

(Note –during measuring the heads, slight variation may occur due to voltage change, valves etc. In such cases, average reading may be taken. )   

OBSERVATION TABLE

PIPE -21 mm. G.I.

	Sl. no.
	                   Head drop
	 Flow rate t sec time for 10 lt in Sec.

	
	
	

	
	
	

	
	
	


1] Ǿ 21 mm. G.I. pipe-

Area of pipe, A=     π\ 4 x D2 m2
                           =   π\ 4 x (0.021)2  m2    

                                = .000346 m2
Discharge, Q =0.01/t m3/sec.

Velocity of water, v=Q/A m/sec.

Let f be the coefficient of friction. Test length of pipe is 1 meter.

For 1 meter length, drop of head, hf 

hf =manometer difference.

According to Darcy-Weisbach equation,

      hf = f.L. v2/2.g.d

Where, f = coefficient of friction.

L = length of pipe.

v = velocity of water m/sec

g = gravitational acceleration =9.81 m/sec2.

d = inside diameter of pipe, m

Then,

             f = 2.hf.g.d/L.v²
The value of coefficient of friction is not constant and depends upon roughness of pipe inside surface and Reynolds Number. Any oil content in water also affects value of f.

RESULT
1] Loss of head due to friction is proportional to length of pipe and square of velocity.

2] Loss of head is inversely proportional to inside diameter of pipe.

3] Average value of f for-

                               a) 21 mm. G.I. -

                               b) 17 mm. G.I. -

                               c) 14.5 mm. Copper pipe. - 

                               d) 12.5 mm. Aluminum pipe. -

VIVA QUESTIONS 

1. In what way does the flow through a rough pipe differ from that in a smooth pipe?

2. Why do pipes behave as a hydrodynamically smooth or rough when turbulant flow takes place through them?

3. What do you understand by aging of pipes?

4. What is the mean by a smooth boundary and a rough boundary?

5. Distigunish between efeective and actual roughness of a conduit boundary?

*************
EXPERIMENT NO. 02

IMPACT OF JET APPARATUS

AIM

            To verify Impulse Momentum Principle.

THEORY

             The apparatus consists of a chamber provided with Perspex sheets. A floating vane fixing rod is provided over the chamber to which the vane is fixed. An initial balance weight is provided for balancing the vane. Another sliding weight is provided to balance the vane-fixing rod while the jet is striking the vane. A nozzle is fixed below the vane through which a vertical jet issues. A control valve provided controls the pressure at the pressure at the jet and hence the flow rate and velocity of the jet.

         Flat and hemispherical vanes are provided. The vanes can be inter changeably fixed to the rod. By adjusting the sliding weight, rod is balanced when the jet is striking the vane. By taking the moment about the fulcrum, impact force can be calculated. A nozzle of diameter 6.5mm and 8mm is provided.

EXPERIMENTAL PROCEDURE

1. Fix the required vane to the fixing rod. Adjust the balancing weight so that vane-fixing rod is in horizontal position.

2. Fill up sufficient water in the sump tank.

3. Open the control valve fully and start the pump. The jet strikes the vane.

4. Put the sliding weight over the rod and adjust its distance such that the vane-fixing rod is balanced.

5. Note down the discharge and distance of the sliding weight.

6. Repeat the procedure by changing the control valve position.

7. Repeat the procedure for another vane. 

OBSERVATION TABLE

	Sl No.
	Nozzle diameter
	Type of vane
	Time for 10lit discharge   t(Sec) 
	Weight added (Kg)

m
	Distance of sliding weight

L

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


CALCULATIONS

 Taking the nozzle of 8mm diameter.

1) Diameter of jet, d = 8 x 10-3 m.

     (Cross sectional area of jet, a = 5 x 10-5 m2.

2) Let time required for 10 lit level rise in measuring tank be ‘t’ sec.

     (Discharge, Q = 0.01  m 3 /sec.






                                     t    

  Velocity of jet,

                                   Q

                          V = ------  m/sec.

                                    a

3) Force exerted by vane,

a) For Flat vane, 

                              FTheo  = wa V2  

                                               g

  Where, w = Specific weight of water = 1000 kg/m3

              g = Gravitational acceleration = 9.81 m/sec2

          b) For Curved vane,

                               FTheo = 2waV2
                                                g

4) Experimentally, taking moments about the fulcrum,

Distance of vane from the fulcrum is 0.35m (along the beam)

                                  Fexp x 0.35 = m x L

                                 Fexp = (m x L) / 0.135

Where, m = Mass of sliding weight Kg

             L = Distance of sliding weight from fulcrum,

Fexp is observed to be slightly different than theoretical because of pivot friction and fluid friction.

  VIVA QUESTIONS      

1. Explain the impulse-momentum principle?
2. Describe the nature of various forces normally included in the momentum equation?
3. Briefly comment on the condition under which energy theorem and momentum theorem are applicable?
*************

EXPERIMENT NO. 03

FLOW THROUGH ORIFICE

AIM

              To determine the hydraulic coefficients (CC, CV, &Cd) of a orifice

THEORY

               An orifice is an opening made in the side or bottom of tank, having a closed parameter, through which the fluid may be discharged. A mouthpiece is short tube fitted to a same size circular opening provided in a tank so that fluid may be discharged through it. Orifice and mouthpiece are used to measure the rate of flow of liquid. The apparatus is to designed to measure the coefficient of discharge of orifice 
the apparatus consists of a supply tank at the side of which a universal fixture for mounting orifice. A centrifugal pump supplies the water to supply tank. Head over the orifice is controlled by a by pass valve provided at pump discharge. A measuring tank is provided to measure the discharge. A measuring tank is provided to measure the discharge. A gauge for measuring X and Y coordinates of jet from the orifice is provided which is used to calculate Cv of orifice.

Specification

· Supply tank-0.3x0.3mx1 m, height
Orifice-(8mm&(10mm orifice (brass)-one each. The    orifices        are small circular orifices running free.

· X-Y gauges for orifice jet coordinates.

· Measuring tank 0.3x0.3x0.3m height.
· Sump tank of suitable capacity

                    0.5 pump with valve

PROCEDURE

1) Orifice:

1. Fill up sufficient water in sump tank & supply tank, up to the level of orifice fixture.

2. Fit the required orifice to the tank.

3. Start the pump, adjust the supply valve. Wait for sometime for water level in supply tank to become steady.

4. When water level becomes steady, note down time required for 10 liters level rise in measuring tank.

5. Measure X and Y coordinates of two points in jet,one of which should be closer to orifice & the other away from the orifice.

6. Repeat the procedure for different heads and for the other orifice.

OBSERVATION TABLE

	Sl no.
	Head (m)
	Time for 10 litres level rise in measuring tank, t(sec)
	X1
(cm)
	Y1
(cm)
	X2
(cm)
	Y2
(cm)

	
	
	
	
	
	
	

	
	
	
	
	
	
	


CALCULATION

Orifice:

1) dia of orifice d=-----  mm =       m

(Area of orifice, A((/4)d2 =     m2
Head over orifice, h =      m

(Theoretical discharge ,Qth = A.[2gh]0.5   m3/sec

2) Actual discharge

                            Qact  = 0.01/t m3/sec

3) Coefficient of discharge,

                                          Cd = Qact /Qth
4) Coefficient of velocity, 

         Let, X = X2 –X1,m & Y = Y2—Y1  ,m

Then 

      Cv = (X 2/4.h.y   --------------------,h = head over the orifice, m.

5) Coefficient of contraction-

            (CC = Cd /CV
VIVA QUESTIONS 

1. Define Orifice?

2. Give the complete classification of orifices.

3. Explain the phenomenon of jet contraction in orifice flow?

4. Define CC, CV, Cd of a small orifice.

5. Discuss the factors that offset the values of the orifice coefficient.

EXPERIMENT NO. 04

FLOW THROUGH MOUTHPIECE

AIM  

                To determine the coefficient of discharge of mouthpiece.

THEORY 

                  An orifice is an opening made in the side or bottom of tank, having a closed perimeter, through which fluid may be discharged. A mouthpiece is a short tube fitted to a same size circular opening provided in a tank so that fluid may flow through it. Orifice and mouthpiece are used to measure the rate of flow of liquid. The apparatus is designed to measure the co-efficient of discharge of orifice and mouthpiece.

                     The apparatus consists of a supply tank, at the side of which universal fixture for mounting orifice or mouthpiece is attached. A centrifugal pump supplies the water to supply tank. A pass valve provided at pump discharge controls head over the orifice/mouthpiece. A gauge for measuring tank is provided to measure the discharge. A gauge for measuring X and Y co-ordinates of jet from the orifice is provided, which is used to calculate Cv of orifice.

SPECIFICATION
1. Supply tank – 0.3 X 0.3 X 1 m height.

2. Mouthpiece – ( 12 X 48 – 1no.

· (12 X12  –1no.

· (12 X 12L, Borda's mouthpiece – 1no.

· (12 exit dia. Convergent mouthpiece – 1no.

3. Measuring tank 0.3 X 1.3 X 0.3 m height.

4. Sump tank of suitable capacity.

5. 0.5HP pump with valve.

EXPERIMENTAL PROCEDURE 
1. Fit the required mouthpiece.

2. When water level in supply tank becomes steady, note down the time required for 10 liters level rise in measuring tank.

3. Repeat the procedure for different heads and different mouthpieces and complete the observation table.

OBSERVATION TABLE
	Sl. No.
	Mouth piece used
	Head

   (m)
	Time for 10 liters level rise in

 measuring tank, t(sec)

	
	
	
	

	
	
	
	


CALCULATIONS 

1. Dia of mouthpiece, d =       m.

2. Area of mouthpiece, A = ((/4).d2    m2
3. Head over mouthpiece, h =          m.

4. Theoretical discharge –

                       Qth = A [2gh]0.5  m3/sec.

5. Actual discharge - 

                      Qact = 0.01/t   m3/sec.

6. Coefficient of discharge -

                      Cd = Qact/Qth.

Determine the coefficient of discharge of different mouthpieces.

VIVA QUESTIONS 

1. Define Mouthpiece?

2. Derive the discharge equation of an external mouthpiece.

3. What is the maximum possible head of water that this type of mouthpiece can sustain?

4. What is the difference between orifice and mouthpiece?

*************

EXPERIMENT NO. 05

VERIFICATION OF BERNOULLI’S THEOREM 
AIM
           To verify Bernoulli’s theorem.

THEORY

           When an incompressible fluid is flowing through a closed conduit, it may be subjected to various forces, which cause change of velocity, and acceleration or energies involved. The major forces involved are pressure and body forces. Due to elevation of conduits, pressure may change or due to change of cross section, velocity of fluid may change or there is change of velocity, pressure also change accordingly. In other words, if velocity energy of fluid is raised, its pressure will drop, i.e. total energy of fluid is constant at any two points in the path of flow. The theorem is known as Bernoulli’s theorem. Hence, when applied to steady irrotational flow of in compressible fluids,

                               P            V2                

                            -------  +  ------  + Z   = C

                              w            2g

Where, 

              P = pressure

              V = velocity at the point

              Z = potential head from datum

APPARATUS

       The apparatus consists of a rectangular flow channel, which is tapered along the length. Flow area at inlet is maximum and it goes on reducing towards outlet. Water is fed to flow channel through a supply tank. Outlet is also collected through outlet tank. A collector fitted can be directed either in drain or flow measurement tank.

EXPERIMENTAL PROCEDURE

1. Connect the water pipe to the inlet valve

      2.  Reduce flow by inlet gate valve, so that there is only a small rise of                    

           water in the last pressure tapping.              

3. Allow the levels to stabilize and note down the heads.

4. Close outlet valve of the measuring tank, put the collector in the                  

     measuring tank and measure the time to raise water level by 10 litres.

5   Now repeat the procedure by changing the discharge and note the                                                      

    drop of head towards outlet for each observation

.

OBSERVATIONS TABLE

	Sl No.
	Head in cms

Tappings 1, 2, 3, 4, ----------------------14
	Discharge time for 10 litres of water flow

	
	
	

	
	
	


CALCULATIONS

           (Consider section at 1st tapping)

       1. Area of flow channel, A =     m2
           Discharge, Q =  0.01  m3/sec 

                                        t 

  

Q

         Velocity of water, V  = ------ m/sec

                                                   A

    Hence                                V2
Velocity energy or head = ------

                                              2g

2. Pressure head,

                           P

                 H = -------

                          w      

               or  H = h + h1
    Where,

           h = Water rise from top channel, m 

           h1 = Distance from top of channel to its centre

3.      Now, datum line is same at inlet and outlet.

Hence, Z1 = Z2 = Z3 = 0

According to Bernoulli’s equation,

     P1   
   V12                         P2         V22   

   ----- +   ------ + Z1  =         -----   + -------+ Z2
     w         2g                          w         2g

Or,

                V12                                 V22  

    H1   + ------ + Z1    =      H2  +  ------- + Z2
                2g                                   2g

As, Z1 =  Z 2  for the channel,

                V12                    V22  

      H1  + ----- = H2   +    ------ =  C

                2g                      2g

Find out the value of C for each section (at same flow rate). It is same for all sections.

Note: Practically, value of ‘C’ goes on reducing slightly towards outlet, due to various factors which are not considered, e.g. friction, turbulence etc.

CONCLUSIONS

As value of ‘C’ is fairly constant, total energy of flow is same over the entire length.

1. As velocity of flow increases, pressure head drops.

2. Bernoulli’s equation, i.e.

           P         V2                       

        -----  +  ------  +  Z     =  C

          w        2g      

PRECAUTIONS

1. Note down the head readings after the level has been stabilized.

2. After noting the discharge, drain the measuring tank.
3. After completion of experiment, drain all the water from the equipment.
VIVA QUESTIONS 

1. All the term of Bernoulli’s equation: p/w +V2./2g + z = C have the units: Joules per Newton. In this true? Explain?

2. What are the limitations of Bernoulli’s equation?

3. How is the Bernoulli’s equation related to the first law of thermodynamics?

4. Which form of the Bernoulli’s equation will be more suitable for application to flow of gases?

5. Explain how Bernoulli’s equation which is valid for irrotational flows, can be used to solve real fluid flow problems. 

EXPERIMENT NO. 06
FLOW OVER NOTCH & WEIR APPARATUS

AIM
         To find Cd for the flow through notches & weir apparatus.

THEORY
         The notch is hydraulically defined as an opening provided in the side of tank liquid level in tank is below the top edge of the opening. Notches are generally used for measuring the flow of liquid in channels.

The Unit is provided with following notches:-

1) Triangular notch

2) Rectangular notch

3) Sharp crested weir

In the Unit a centrifugal pump sucks the water from the sump tank, and discharges it to a small flow channel. The notch is fitted at the end of channel. All the notches are interchangeable. The water flowing over the notch falls in the collector.

Water coming from the collector can be directed to the sump tank or to the measuring tank for the measurement of flow.

EXPERIMENTAL PROCEDURE
     1) Fit the required notch in the flow channel

     2) Fill up the water in the sump tank.

     3) Close the water supply gate valve to the channel and fill up the water                              in the channel up to sill level.

      4) See that water does not leak from the notch.

      5) Check the leakage of hose pipes also and keep the collector diverted in the sump tank.

      6) Take down the initial reading of crest level (sill tank) by the sliding depth gauge.

      7) Now start the pump and open the gate valve slowly so that water starts flowing over the notch.

8) Let the water level become stable and note down the height of water surface at the upstream side by the sliding depth gauge.                                                                                                                                                                                                                                                                  

9) Close the drain valve of measuring tank, direct the collector into     measuring tank.                                                                                                                                                                            10) Take the readings for different flow rates.

     11) Repeat the same procedure for other notch also.

OBSERVATION TABLE

NOTCH TYPE: - Triangular / Rectangular

	Sl No
	Sill level reading ‘s’ mts
	Water height on upstream side ‘h’ mtr
	Discharge time for 10 litres  ‘t’ sec

	
	
	
	

	
	
	
	

	
	
	
	


CALCULATION
1] RECTANGULAR NOTCH-

       1. Head over the weir, H = (h-s) m

       2. Actual Discharge, Qa = 0.01 /T m3 /sec

                  Crest length of notch = 0.075

        3. Now theoretical discharge 

                  Therefore Qth = 2/3 (2.g)0.5 .L.H3/2
        4. Coefficient of discharge.

              Cd =
Qa\Qth
2] TRIANGULAR NOTCH –

       1. Head over the weir, H = (h-s) m

       2. Actual Discharge, Qa = 0.01/t m3/sec

       3. Now theoretical discharge 

Therefore   Qth = 8/15 (2.g)0.5  tan 60/2 (H)5/2
      4. Coefficient of discharge. Cd = Qa/Qth
3] SHARP CRESTED WEIR-

      1. Head over the weir, H =  (h-s) m

      2. Actual discharge, Qa = 0.01/ t m3|/sec

      Crest length of sharp weir 242 mm = 0.242 m

 3. Now theoretical discharge 

        Qth = 2/3 . (2.g)0.5 .L. H3/2
4. Coefficient of discharge 


Cd =Qa/Qth
RESULTS
1. Average Cd of the triangular notch is……………….

   2. Average Cd of rectangular notch is………………….

VIVA QUESTIONS 
1. Explain Notches and Weirs?

2. What is it that is suppressed in a suppressed weir.

3. Why is it necessary to ventilate the nappe in the case of a suppressed weir?

4. List out the advantages and limitation of various notches and weirs?

5. How will you classify weirs?

*************

EXPERIMENT NO. 07

PIPE FITTING APPARATUS

AIM


To determine head losses in various pipe fittings.

THEORY


While installing a pipeline for conveying a fluid, it is generally not possible to install a long pipeline of same size all over and straight for various reasons, like space restrictions, aesthetics, location of outlet etc. Hence, the pipe size varies and it changes its direction. Also, various fittings are required to be used. All these variations of sizes and the fittings cause the loss of fluid head. The apparatus is designed to demonstrate the loss due to following fittings- 

1) Pipe bend (large bend)

2) Pipe elbow (small bend)

3) Sudden expansion of the flow.

4) Sudden contraction of the flow.

The set up consist of 15mm basic piping, in which the above fittings are installed. A pressure tapping is provided at inlet and outlet of each fitting, which is connected to a common differential manometer. A gate valve at outlet and a bypass valve at pump discharge control the flow of water.

EXPERIMENTAL PROCEDURE

1) Fill up sufficient clean water in the sump tank.

2) Fill up mercury in the manometer.

3) Connect the electrical supply. See that the flow control valve and bypass valve are fully opened and all the manometer cocks are closed. Keep the water-collecting funnel in the sump tank side.

4) Start the pump and adjust the floe rate. Now, slowly open the manometer tapping connection of small bend. Open both the cocks simultaneously.

5) Open air vent cocks. Remove air bubbles and slowly & simultaneously close the cocks. Note down the manometer readings and flow rate.    

6) Close the cocks and similarly, note down the readings for other fittings. Repeat the procedure for different flow rates.

OBSERVATION TABLE
Types of fittings- Elbow

	Sl. No. 
	Manometer difference cms. of Hg
	Flow rate ( Time for 10 lits. Of water) t, sec.

	
	
	

	
	
	



Use similar table for other fittings.

CALCULATIONS

1) ELBOW 

 
In elbow, there is no change in the magnitude of velocity of water, but there is change in direction of water, hence head losses exist. 

For elbow, mean area,
A =((/4)d2. =2.83x10-4 m2
Diameter of the elbow,
d = 19mm = 0.019m.

Mean velocity of flow,
V = Q/A  m/s.


Where, Q = 0.01/time required for 10 lit. m3/sec.

(Loss of head at elbow, 


h expt   = K (V2/2.g  ) m of water.

Actual head loss,
h expt   = Manometer diff.(m) x 12.6

 2) PIPE BEND 

	Sl. No. 
	Manometer difference cms. of Hg
	Flow rate ( Time for 10 lits. Of water) t, sec.

	
	
	

	
	
	


Similar to elbow, loss of head at bend is due to change in the direction of water. but unlike the elbow, change of direction is not abrupt, hence loss of head is less as compared to elbow.

For bend, mean area,
A = =((/4)d2. = 1.54 x 10-4 m2

Diameter of bend,

d = 14mm =0.014 m 

Mean velocity of flow,
V = Q/A m/sec.

Where, Q = 0.01/time required for 10 lit. m3/sec.

(Loss of head at bend,
h expt = K (V2/2.g)

Actual head loss,

h expt  = manometer diff. (m) x 12.6
3) SUDDEN CONTRACTION 

	Sl. No. 
	Manometer difference cms. of Hg
	Flow rate ( Time for 10 lits. Of water) t, sec.

	
	
	

	
	
	


At sudden contraction, velocity of water increases which causes pressure head to drop (according to Bernoulli’s theorem), in addition to this there is loss of head due to sudden contraction. Hence,

Manometer reading = (head drop due to increment of velocity) + (head loss due to sudden contraction.)

Assuming no loss to be there due to contraction and applying Bernoulli’s theorem at inlet and outlet of the section, 

  Pi         Vi 2         Po       Vo 2
 ------ + ------  =  ----- + ------

  w       2.g            w         2.g

  Pi         Vi 2          Po            Vo 2
 ------  -  ------  =  -----  -      ------

  w       2.g             w             2.g

Inlet size = ( 27.5mm = 0.0275 m.


( Ai = 5.94 x 10-4 m2

Outlet size = ( 16mm = 0.016 m. 


( Ao = 2.01 x 10-4 m2



Vi = Q / Ai m/s.




Vo = Q/ Ao m/s.

Where, Q = discharge, m3/s.


 Q = (0.01)/ time required for 10 lit. m3/sec.

Ai and Ao = inlet and outlet area respectively2.

Drop of head due to velocity increment,



hv = (Vo 2 / 2.g) – (Vi 2 /2.g)

Actual drop, h = [(manometer reading x 12.6) – head drop due to velocity rise]

Loss of head due to sudden contraction 



hc = h – hv.

Theoretically, hc = k (Vo 2 / 2.g)

Actually value of K depends upon inside diameter, curvature radius, turbulence surface roughness and many other factors. Hence it is better to determine the value of k experimentally.

5) SUDDEN EXPANSION

	Sl. No. 
	Manometer difference cms. of Hg
	Flow rate (Time for 10 lits. Of water) t, sec.

	
	
	

	
	
	


 At sudden expansion of flow, pressure increases due to reduction in velocity, but there is pressure drop due to sudden expansion also. Hence, at sudden expansion one get rise of pressure lesser than that predicted theoretically.


Assuming no loss of head and applying Bernoulli’s equation at inlet and outlet, Similar to equation used for sudden contraction,


Rise of pressure,




hv =  (Vi 2 / 2.g) – (Vo 2 /2.g)

Loss of head due to sudden expansion,


Actual, 
 
he = hv – (manometer reading (m) x 12.6)


Theoretically,
he = k. (Vi – Vo )2 /2.g

CONCLUSION   

1) For any type of fitting, there is a loss of head, but its magnitude depends upon the type of fitting.

2) Loss of head occurs due to changes in magnitude or direction of the fluid velocity.

PRECAUTION  

1) Open both the manometer cocks slowly and simultaneously, otherwise the mercury will run away from the manometer.

2) Operate the valve gently. Do not force rotate them.

3) Always use clean water for the experiment.
 

VIVA QUESTIONS

1. What are the different types of head losses in pipes?

2. How does the head loss affect the pipe flow?

3. What is the reason for head losses?

4. How the head losses can be minimized?

5. What is the formula for head loss for sudden contraction and sudden expansions?

EXPERIMENT NO. 08

REYNOLD’S APPARATUS

AIM

To study the transition from laminar to turbulent flow and to determine the lower critical Reynolds number. 

THEORY

Whenever a fluid flowing through the pipe, the flow is either laminar or turbulent.

When fluid flowing in parallel layer or lamina sliding past adjustment lamina, its called laminar flow. When the fluid does not flow in parallel layers and there is intermingling of fluid particles then the fluid said to be turbulent. OSBORN REYNOLDS first demonstrated existence of these two types in 1883.

              The dynamic apparatus consist of constant head supply tank supplied with water. This tank provided with the bell mouth outlet to which a transparent tube is fitted.

At outlet of the tube a regulating valve provided. a dye tank containing coloured dye is fitted above the supply tank. The water is flow through the pipe and dye is injected at the center of the pipe. When the velocity of flow is low, (i.e. flow is laminar) then dye is remaining in the form of straight filament as the velocity of water 

(i.e. flow of water) is increased, a state is rejected when the dye filament becomes irregular  and water. With further increase of velocity of water through the pipe, dye filament becomes more and more irregular and ultimately the dye diffuse over the entire cross section of the tube.

                           The velocity at which the flow changes from to turbulent for the case of given fluid at given temperature and in a given pipe is known as critical velocity. The state of flow between these two types of flow is known as transition state or flow is transition. 

                         The occurrence of laminar and turbulent flow is governed by relative magnitude of inertia and viscous forces. Reynolds related the inertia forces the inertia forces to viscous forces and arrived at a dimensionless parameter now called Reynolds number.

CALCULATION      

1. I.D. of pipe = 25 mm cross section area of pipe 

                         A=4.9x 10-4m2
  Let time required for 1m measuring flask be t Sec .

             Then, the flow, Q = .001/ t m3/ sec

                      Velocity,   V =Q/A m/sec 

             Then, Reynolds number, 

                          Re = ρVD/μ

                               = VD/ν

Where, V = velocity, m/sec 

             L =characteristics linear dimension 

             D = diameter of pipe =0. 025m 

             ν  = kinematics viscosity of pipe = 0.085 x 10-6 m2/s

 Re = V x   31055.9 

While increasing the velocity, laminar flow is distributed at slightly higher velocity. But at the time of decreasing velocity, the flow does not turn  to laminar at this velocity, but laminar at still lower velocity is called lower critical velocity.


Lower critical Reynolds number flow is always laminar and above upper critical Reynolds number flow is always turbulent. Practically, upper critical Reynolds number lies between 2700 to 4000 and lower critical Reynolds, number is approximately 2000.between Reynolds number 2000 and 4000 the transition region exists.

PROCEDURE

1. Fill up sufficient water in the dye tank and put a small amount of potassium per magnet in water.

2. Start water flow. Adjust the water flow to about 2 lpm starts the dye injection. 

3. Wait for some time. Steady line of dye will be observed. Adjust dye flow, if required.

4. Slowly increases the water flow see that water level in the supply tank remains constant. At particular flow rate, dye line will be disturbed note down this flow rate.

5. Further increase the flow. The disturbances of dye line will go on increasing and at certain flow, the dye line diffuses over the entire cross section. Note down this flow.

6. Slightly increase the flow and then slowly reduce the flow. Note the flow at which diffused dye tends to become steady, (beginning of transition zone while reducing velocity.)

7. Further reduce the flow and note the flow at which dye line becomes straight and steady.

OBSERVATION

1. Increasing velocity 

a) Flow at beginning of transition.

b) Flow at beginning of turbulence.

  2.     Decreasing velocity 
 

                 a) Flow at beginning of transition.

                 b) Flow at beginning of laminar region.

VIVA QUESTIONS 

1. Define Reynolds number?

2. What is the formula of a Reynolds number for pipe flow?

3. What is the value of Reynolds number for laminar flow?

4. What is the significant of Reynolds number?

5. Differentiate laminar and turbulent flow in terms of Reynolds number?


*************

EXPERIMENT NO. 09

METACENTRIC HEIGHT MODEL

AIM 

         To determine the metacentric height of a ship model.

THEORY 

            When metacentre lies below the centre of gravity, then slight angular displacement of body causes to form a couple that tends to increase the angular displacement further. This is called unstable equilibrium. When metacentre lies exactly on the center of gravity then slight angular displacement does not create any couple, hence body remains in its new position. This is called neutral equilibrium. Hence, in a design of ship, care has to be taken to keep the metacentre well above the center of gravity, so that the ship is in stable equilibrium.


The apparatus consists of a ship model, which is made of rectangular shape for the purpose of simplicity. A movable weight slides in a guide bar at the deck. An upright is provided at the center of the ship from which is hung a plumb. When the weight is shifted from the center position, the ship tilts slightly. The angle of tilt (or angle of heel) is determined with the help of plumb. The position of the metacentre is then determined by displacement of weight and angle of heel.

PROCEDURE

1.) Fill up water in the floating tank.

2.) Keep the ship floating over the water.

3.) See that plumb indicates zero reading.

4.) Displace the weight on the deck.

5.) Measure the displacement of weight and distance indicated by plumb.

6.) Repeat the procedure for different displacement of weight.

OBSERVATIONS TABLE

	Sl No.
	Weight displacement

x cm
	Plumb displacement

d cm

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


CALCULATIONS

1. Weight of the ship, W = 4.2 Kg.

2. Sliding weight on the deck, w = 0.17 Kg.

3. Vertical distance of plumb scale from plumb suspension point,

               L = 0.21 Mtr. Let distance moved by the weight w at the deck be x.

               Let angle of heel (through which the ship is tilted) be (.

               Then, metacentric height,

                                                     wx

                                       GM = ----------

                                                  W tan(
                If ‘L’ is vertical distance from plumb suspension and ‘d’ is horizontal distance moved by                            

             By plumb, then 

                                          d

                    tan( =    ----------------

                                           L

                                          wx                 L                

                   GM  =         ----------     x     -------

                                           W                 d

                            =    (8.5 x 10-3 ). x

                                 --------------------

                                           d

  Since the point corresponds to metacentre for small angles of heel only, the true metacentric height is limiting value of GM ((. For this, plot a graph of values of Gm for various values of ( and take the metacentric height of GM at ( = 0o.

 VIVA QUESTIONS 

1. Define metacentric height of a floating body?

2. Which factor the Metacentric height depends?

3. Define metacentre of a floating body.

4. What are the criteria of stability of a floating body?

5. Explain how the metacentric height of a ship model is determined in the laboratory?

*************
EXPERIMENT NO. 10

AIM– Study and comparative analysis of various flow measuring devices. (Venturimeter, Orifice meter, Pitot tube & Nozzle.)

FLOW CHARACTERISTICS

               When fluids move through uniform conduits at very low velocities, the motions of individual particles are generally along lines paralleling the conduit walls. Actual particle velocity is greatest at the center and theoretically zero at the wall, with the velocity distribution. Plots of individual loci are called streamlines, and the flow is called laminar or viscous.

               As the flow rate is increased, a point is reached when the particle motion becomes more random and complex. Although this change in the nature of flow may appear to occur at a definite velocity, careful observation will show that the change is somewhat gradual over a relatively narrow range of velocities. The approximate velocity at which the change occurs is called the critical velocity, and the flow at higher rates is referred to as turbulent. The corresponding velocity distribution across a circular tube.
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It has been shown by many investigators [1] that below the critical-velocity range, friction loss in pipes is a function of RP only, while for turbulent flow, the Reynolds number combined with surface roughness determines the losses. The critical Reynolds number for pipes is usually between 2000 and 2300.
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OBSTRUCTION METERS

                        Figure shows three common forms of obstruction meters: the venturi, the flow nozzle, and the orifice. In each case the basic meter acts as an obstacle placed in the path of the flowing fluid causing localized changes in velocity. Concurrently with velocity change there will be change. At points of maximum restriction hence maximum velocity minimum pressure are found. A certain portion of this pressure drop becomes irrecoverable therefore the output pressure will always be less than the input pressure.
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Fig. (a)  A Venturi   (b) Flow nozzle     (c) Orifice flow meter
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ORIFICE CHARACTERISTIC
                   The primary variables in the use of flat-plate orifices are the ratio of orifice to pipe diameter, tap locations, and characteristics of orifice sections. Various configurations of bevel and rounded edges are used in seeking particular performance characteristics, especially constant coefficients at low Reynolds numbers. Figure illustrates typical orifice installations. Three tap locations are indicated: (1) flange taps, (2) "ID" and taps, and (3) vena contracta taps. These are all shown in composite fashion however; only one set would be used for a given installation. As fluid flows through an orifice, the necessary transverse velocity components imparted to the fluid as it approaches the obstruction carry through to the downstream side. As a result, the minimum stream section occurs not in the plane of the orifice, but somewhat downstream.

                   The term "vena contracta" is applied to the location and conditions of this minimum stream dimension. This is also the location of minimum pressure; hence it explains the interest in the vena contracta tap location. A guide for the location of the vena contracta tap.
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Relative merits of the venturi, flow nozzle and orifice

High accuracy, good pressure recovery and resistance to abrasion are the primary advantages of the venturi. These are offset, however by the considerably grater cost and space requirement than with the orifice and nozzle. The orifice is inexpensive and may open be installed between existing pipe flanges. However, its pressure recovery is poor and it is especially susceptible to in accuracies resulting from wear and abrasion. It may also be damaged by pressure transient because of its lower physically strength. The flow nozzle possesses the advantages of the venturi except that it has lower pressure recovery plus the added advantage of shorter physical length. It is expensive compared with the orifice and is relatively difficult to installed properly.

VIVA QUESTIONS

1. Define Venturimeter?

2. Differentiate between venturimeter and orifice meter?

3. Define laminar and turbulent flow?

4. Explain flow nozzles and pitot tube?

5. Where the venturimeter, orifice meter and nozzles are used?

6. What do you mean by obstruction meter?

*************

