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1.
Two horizontal parallel plates are separated by a distance of 8 mm. The space between the plates is filled by two immiscible liquids of viscosities 4.5 poise and 1.2 poise with the interface at a distance of 5 mm from the bottom plate. The liquid with higher viscosity is at the top. A lamina of negligible thickness and of area 4.0 m2 is placed at the interface. With what velocity it can move if a force of 200 N is applied to it.

2. a)
Distinguish between (i) standard and local atmospheric pressures, (ii) barometric pressure and absolute pressure and (iii)absolute pressure and gauge pressure.

   b) 
A diver is working at a depth of 20 m below the surface of sea water 
(specific weight = 10 KN/m3). Calculate the pressure intensity at this depth. What would be the absolute pressure if barometer reads 760 mm of mercury column at the sea level?
3. a)
Distinguish between rotational and irrotational flow.




b)
Show that the velocity components given by u = 2x/t, v = -y/t and w = z/t represent a possible fluid flow.  Mention whether the flow is rotational or not.

4. a)
A pipe line, 600 mm diameter carrying oil of sp.gr. 0.85 at the flow rate of 1800 lit/s has a 900 bend in the horizontal plane.  The pressure at the entrance to the bend is 1.471 bar and loss of head in the bend is 2 m of oil.  Find the magnitude and direction of the force exerted by the oil on the bend and show the direction of the force on a sketch of the bend.








     b)
At a point in the pipe line where diameter is 20 cm, the velocity of water is 4 m/s and the pressure is 343 kN/m2.  At a point 15 cm downstream, the diameter reduces to 10cm.  Calculate the pressure at this point, if the pipe is vertical with flow downward. Neglect the losses.

5. a)
What are the boundary conditions that must be satisfied by a given velocity profile in laminar boundary layer flows. Also explain why boundary layer increase with distance from the upstream edge.



   b)
A smooth flat plate of length 5m and width 2m is moving with a velocity of 4m/sec in stationary air of density as 1.25 kg/m3 and kinematic viscosity             1.5 x 10-5 m2/sec. Determine thickness of the boundary layer at the trailing edge of the smooth plate. Find the total drag on one side of the plate assuming that the boundary layer is turbulent from the very beginning.
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6. a)
Prove that the velocity distribution for viscous flow between two parallel plates when both plates are fixed across a section is parabolic in nature. Also prove that maximum velocity is equal to half the average velocity. 
b)
Water is flowing between two large parallel plates which are 2mm apart. Determine maximum velocity, the pressure drop per unit length and shear stress at walls of the plate if the average velocity is 0.4 m/sec. Take viscosity of water      as 0.01 poise.

7. 
A liquid of specific gravity 0.88 and absolute viscosity 6.533 X 10-4 N.s/m2 flows through a pipe of diameter 0.15 m at the rate of 60 liters per second.  If the loss of head in 100m, length of pipe is 4.56, find whether the pipe is rough or smooth.

8. a)
What will be the ratio of the  area of the supply pipe to the area of the nozzle for maximum transmission of power through nozzle.                                   8marks

b) 
A nozzle is fitted at the end of a pipe of length 300 m and of diameter 10 cm . For the maximum transmission of power through the nozzle, find the diameter of nozzle.  Take f= 0.009.

###
Code No: NR/RR-210106
II B.Tech I-Semester Regular Examinations, November 2004

FLUID MECHANICS

 (Civil Engineering)
Time: 3 hours





Max. Marks: 80

Answer any FIVE questions

All questions carry equal marks

---
1.
A thin plate is placed between two flat surfaces kept h cm apart, such that the viscosities on top and bottom of the plates are µ1 and µ2 respectively. Determine the position of the thin plate such that the viscous resistance to uniform motion of the thin plate is minimum. Assume h to be very small.
2. a)
Find the total pressure force and the depth of center of pressure on an inclined plane surface submerged in a liquid.

 b)
At a certain location in the flow field, pressure equals 50 m of water column. Obtain the equivalent pressure head in terms of (a) Kerosene of specific gravity 0.8 (b)carbon tetrachloride of specific gravity 1.5.

3. a)
The velocity at a point is given by V = (4t + 3x2 + 2y)i + (t2 + 2xy + 3y2)j.  Determine the local acceleration and total acceleration at a point (2,3) for t = 1.5 seconds.

b)
Define a stream line and obtain an equation for it.  Enumerate the properties of streamlines.

4. 
Water flows at the rate of 0.71 m3/s through the horizontal pipe transition from   90 cm dia to 60 cm dia.  If the pressure intensity at the center line of 90 cm section is 9810 N/m2, what will be the center line pressure in the 60 cm section?  What force will be required to produce the change in momentum of water as it passes through the transition?

5. a)
How does the drag coefficient change with

(i) surface roughness 
(ii) turbulence level





b)
Explain under what conditions will roughening of the surface of a body               (i) increase 
(ii) decrease its drag coefficient.


c)
A plate of size 1m x 1.2m moves at 12 m/sec in still air at an angle of 12o with the horizontal. Using a coefficient of drag of 0.17 and coefficient of lift of 0.72, determine (i) the resultant force exerted by air on the plate
(ii) the frictional force and 
(iii) the power required to keep the plate moving. The specific weight of the air is 12.15 N/m3.
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6. a)
Derive an expression for the difference of pressure head for a given length of the two parallel plates which are fixed and through which viscous fluid is flowing. 
 b)
Calculate the pressure gradient along the flow, the average velocity and the discharge for an oil of viscosity 0.02 NS/m2 flowing between two stationary plates 1m wide maintained 1cm apart. The velocity midway between the plates is 2.5 m/sec.

7.
A pipe line of 0.6 m diameter is 1.5 km long.  To increase the discharge, another line of the same diameter is introduced parallel to the first in the second half of the length.  Neglecting minor losses, find the increase in discharge if f= 0.04.  The head at inlet is 30 m.

8. a)
A ventrimeter having a diameter of 75 mm at the throat and 150 mm diameter at the enlarged end is installed in a horizontal pipeline 150 mm in diameter carrying an oil of specific gravity 0.9. The difference of pressure head between the enlarged end and the throat recorded by a U-tube is 175 mm of mercury.  Find the discharge through the pipe assume cd = 0.97




b) 
A ventrimeter has its axis vertical, the inlet and throat diameters being 150 mm and 75 mm respectively. The throat is 225 mm above inlet and cd – 0.96. Petrol of specific gravity 0.78 flows up through the meter at a rate of 0.029 m3/s.  Find the pressure difference between the inlet and the throat.
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1.
Two discs of 20 cm diameter are placed 1 mm apart and the gap is filled with an oil of viscosity 0.8 poise. Determine the power required to rotate upper disc at 600 R.P.M., while holding the lower disc stationary.
2. a)
A U-tube mercury differential manometer has been used to measure the pressure differential across the inlet and throat of a venturimeter that conveys water. Calculate the pressure difference when (i) venturimeter is laid horizontally and the manometer reads 25 cm (ii) venturimeter is laid vertically, the inlet lies 20 cm above the throat and the manometer reads 10cm . 

    b)
A u-tube differential manometer has been arranged to measure the pressure difference between two points A  and  B in a sloping pipeline conveying water. The point B lies 20 cm higher than point A. If the difference in the level of mercury in limbs of U-tube is 60 cm, calculate the pressure difference(pA_pB).

3. a)
A certain flow pattern has a velocity potential (=7(y2-x2)+8x+12y.  Determine the 
velocity components.








    b)
What is a flownet?  Explain its use.  What are its limitations?
4.
A pipeline is 15 cm in diameter and is at an elevation of 100 m at section A.  At section B, it is at an elevation of 107.0 m and has a diameter of 30 cm.  When a discharge of 50 lit/sec of water is passed through this pipe, the pressure at section A is observed to be 30 KPa.  The energy loss in the pipe is 2 m.  Calculate the pressure at B when the flow is (i) from A to B, (ii) from B to A.

5. a)
What is Magnus effect. Why it is known as Magnus effect. 



b)
Why is the streamlining of automobiles is of less practical importance than that of subsonic airplanes.








c)
Find the drag force difference on a flat plate of size 1.5m x 1.5m when the plate is moving at a speed of 5m/sec normal to its plate first in water and second in air of density 1.24 kg/m3. Coefficient of drag is given as 1.10.

6. a)
Show that discharge per unit width between two parallel plates distance b apart, when one plate is moving at velocity U while the other one is held stationary, for the condition of zero shear stress at the fixed plate is q = bu/3.


b)
A horizontal pipe line 20cm in diameter, 70m long conveys oil of specific gravity 0.95 and viscosity 0.23 NS/m2. If the velocity of the oil is 1.38 m/sec, find the difference in pressure between the two ends of the pipe.
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7.
Three pipes of the same length L, diameter D, and friction factor f are connected in parallel.  Find the diameter of the pipe of length L and friction factor f which will carry the same discharge for the same head loss. Use the formula hf = fLV2/2gD.
8. 
215 liters of gasoline (specific gravity = 0.82) flows per second upwards in an inclined venturimeter fitted to a 300mm diameter pipe.  The venturimeter is inclined at 60o to the vertical and its 150 mm diameter throat is 1.2 m from the entrance along its length.  Pressure gages inserted at entrance and throat show pressures of 0.141 N/mm2 and 0.077 N/mm2 respectively. Calculate cd of vernturimeter.  If instead of pressure gages the entrance and the throat of the venturimeter are connected to the two limbs of a U-tube mercury manometer, find its reading in mm of differential mercury column.
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1.
A metal plate of size 0.6 m x 0.6 m and 1mm thick and weighing 25 N is to be lifted up edgewise with a uniform velocity of 200 mm/Sec in the gap between the two flat surfaces. The plate is in the middle of width 2 mm and the gap contains oil of relative density 0.85 and viscosity of 1.6 poise. Calculate the vertical force required to lift the plate.
2. 
A U-tube manomer is used to measure the pressure of an oil of specific gravity  0.85 flowing in a pipeline. Its left end is connected to the pipe and right limb is opened to the atmosphere . If the center of the pipe is 100mm below the level of mercury in the right limb. If the difference of mercury level in the two limbs is 160mm, determine the absolute pressure of the oil in the pipe

3. a)
Under What conditions a stream line coincides with a streak line.

    

    b)
Flow of water in a river during floods varies with time.  How is the flow described?

    c)
A stream function is given by the expression ( = 2x2 + y3.  Find the components of velocity, as well as the resultant velocity at a point (3,1).


4.
Gasoline which has a vapour pressure of 5.5 x 104 Pa (abs) and density ( = 680 kg/m3 flows through a constriction in a pipe where diameter is reduced from 20 cm to 10 cm.  The pressure in the 20 cm pipe just upstream of the constriction is 50 KPa.  If the atmospheric pressure is 75 cm of mercury, calculate the maximum discharge that can be passed through this constriction without cavitation occurring.

5. a)
Draw and explain the approximate flow pattern and the pressure distribution around a flat plate placed perpendicularly in a stream flow.


    b)
Calculate the total drag, shear drag and the pressure drag exerted on 1m length of an infinite circular cylinder which has a diameter equal to 3cm, air of density   1.26 kg/m3 flowing past the cylinder with velocity 3.6m/min. Take total drag coefficient equal to 1.4 and shear drag coefficient equal to 0.185.
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6. a)
Determine (i) the pressure gradient
(ii) the shear stress at the two horizontal parallel plates and (iii) the discharge per metre width for the laminar flow of oil with a maximum velocity of 1.5m/sec between two horizontal parallel fixed plates which are 8cm apart. Take viscosity of oil as 1.962 NS/m2.


   b)
For laminar flow of an oil having dynamic viscosity of 1.8Pa-s in a 30cm diameter pipe, the velocity distribution is parabolic with a maximum point velocity of 3m/sec at the centre of the pipe. Calculate the shearing stresses at the pipe wall and within the fluid 5cm from the pipe wall.

7.
Two sharp ended pipes of diameters 50 mm and 100mm respectively, each of length 100m are connected in parallel between two reservoirs which have a difference of level of 10 m. If the coefficient of friction for each pipe is 4f=0.32, find the rate of flow for each pipe and also the diameter of a  single pipe 100 m long which would  give the same discharge, if it were substituted for the original two pipes.

8. a)
Water flows at the rate of 0.147m3/s through a 150mm diameter orifice inserted in a 300mm diameter pipe .  If the pressure gages fitted upstream and downstream of the orifice plate have shown readings of 176.58KN/m2 and 88.29 KN/m2 respectively, find cd of the orifice meter.





    b) 
A venturimeter is to be fitted in a pipe 0.25 m diameter where the pressure head is 7.6 m of flowing liquid and the maximum flow is 8.1 m3 per minute. Find the least diameter of the throat to ensure that the pressure head does not become negative.  Take cd = 0.96.
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