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S'12:5 FN: MC 404 (1497) 

MECHANICS OF FLUIDS 

nme : Three hours 

Maximum Marks : I 00 

Answer FIVE questions, taking ANY TWO from Group A, 
ANY TWO from Group B and ALL from Group C. 

All parts of a question ( a, b, etc. ) should be 
answered at one place. 

Answer should be brief and to-the-point and be supple
mented with neat sketches. Unnecessary long answer may 

result in loss of marks. 

Any missing or wrong data may be assumed suitably 
giving proper justification. 

Figures on the right-hand side margin indicate full marks 

GroupA 

1. (a) Definethefollowingtenns: 3 x 2 

(i) Specific gravity 

(ii) Viscosity 

(iii) Surface tension 

( b) Explain the condition of equilibrium of submerged 
bodies with neat sketches. 6 

(c) Find the total pressure and position of centre of 
pressure on a tnangular plate ofbase 2 m and height 
3 m which is immersed in water in such a way that 
the plan of the plate makes an angle of 60° with the 
free surface of the water. The base of the plate is 
parallel to water surface and at a depth of 2.5 m 
from water surface. 8 

( Turn Over) 
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2. (a) Define the following: 2+2 

(i) Steadyandunsteadyflow 

(ii) Laminar and turbulent flow 

( b) Derive Euler's equation of motion along a stream
line for an ideal fluid and obtain from it Bernoulli's 
equation. State all the assumptions made. 10 

(c) The following cases represent the two velocity 
components. Determine the third component of 
velocity such that they satisfy the continuity equa-
tion: 3+3 

(1) u = x2 + y2 + z2 , v = .xy2-yz2 + xy 

(iz) V = 2y2 , W = 2xyz 

3. (a) Derive an expression for shear stress and velocity 
distribution for a flow of viscous fluid through a 
circular pipe. 8 

(b) An oil of viscosity 0.1 Ns/m2 and relative density 
0.9 is flowing through a circular pipe of diameter 
50 mm and of length 300 m. The rate of flow of 
fluid through the pipe is 3.5 Iitre/s. Find the pressure 
drop in a length of300 m and also the shear stress 
at the pipe wall. 6 

( c) Determine the (z) pressure gradient, (iz) shear stress 
at the two horizontal parallel plates, and (iiz) discharge 
per meter width for the laminar flow of oil with a 
maximum velocity of 2 rn/s between two horizontal 
parallel fixed plates which are 100 mm apart. Given 
viscosity, µ = 2.4525 Ns/m~ · . 6 

4. (a) Define (l) boundary layer, (ii) boundary layer thick
ness, (iii) displacement thickness, and (iv) momen-
tum thickness~ 4 x 2 

S'l2: 5 FN :MC404 (1497) ( 2 ) ( Conti~uecl ) 

( b) Find the displacement thickness, the momentum 
thickness and energy thickness for the velocity dis
tribution in the boundary layer given by u/V = yl o , 
where u is the velocity at a distance y from the plate 
and u = U at y = 0 , where O = boundary layer 
thickness. Also, calculate the value of o· /0. 6 

(c) A thin plate is moving in still atmospheric air at a 
velocity of 5 rn/s. The length of the plate is 0.6 m 
and width 0.5 m. Calculate the (i) thickness of the 
boundary layer at the end of the plate, and (ii) drag 
force on one side of the plate. Take density of air 
as 1.24 kg/m3 and kinematic viscosity 0.15 stokrs. 6 

GroupB 

5. (a) Derive Darcy-Weisbach equation for loss of head 
due to :friction in pipes. 10 

(b) A smooth pipe of diameter 80 mm and 800 mm long 
carries water at the rate of 0.480 m3/min. Cal
culate the loss of head, wall shearing stress, centre 
line velocity, velocity and shear stress at 30 mm from 
pipe wall. Take kinematic viscosity of water as 0.015 
stokes. Take the value of coefficient of friction 'f 
fromtherelationgivenas f = 0.0791/(Re)1'4, where 
Re is the Reynold number. l O 

6. (a) Derive an expression for area velocity relationship 
for a compressible fluid flowing through the nozzle in 
the form dAI A= dV IV[M 2 -I], whereA =area, v= 
velocity, and M = Mach number. Using the above 
equation, sketch the shape of nozzle and diffuser. 12 

(b) Determine the exit velocity and.mass flow rate for 
isentropic flow of air through a nozzle from inlet 
stagnation condition of 7 bar and 320 °C to an exit 
pressure of 1.05 bar. The exit area is 6.25 cm2• Also, 
determi.11e the throat area. Assume r= 1.4. 

8 
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7. (a) Explain, with examples, (i) vortex flow, (ii) forced 
vortex flow, and (iii) free vortex flow. 3 x 2 

(b) Define velocity potential function and stream func-
tion. 2+2 

(c) A point P (0.5, l) is situated in the flow field of a 
doublet of strength 5 m2/s. Calculate the velocity at 
this point and also the value of the stream func-
tion. 10 

8. (a) What is a venturimeter ? Derive an expression 
for the rate of flow of fluid through it. 10 

(b) An orifice meter, with orifice diameter 10 cm, is 
inserted in a pipe of 20 cm diameter. The pres-
sure gauges fitted upstream and downstream of 
the orifice meter gave readings of 19.62 N/cm2 

and 9.81 N/cm2, respectively. Coefficient of 
discharge for the meter is given as 0.6. Find the 
discharge of water through pipe. 10 

.Groupe 

9. Writethecorrectanswerforthefollowing: 20 X 1 

(i) Poise is the unit of 

(a) massdensity. 

( b) kinemati~ viscosity. 

( c) viscosity. 

(d) velocitygradient. 

(ii) Pitottube is used for measurement of 

(a) pressure. 

(b) flow. 

S'l2: 5 FN :MC 404 (1497) ( 4) ( Continu:ed) 

( c) velocity at a point. 

( d) discharge. 

(iiz) The point about which a floating body starts oscilla
ting, when the body is tilted, is called 

(a) centre of pressure. 

(b) centre ofbuoyancy. 

(c) centreofgravity. 

(d) metacentre. 

(iv) The local acceleration in the direction of x is given 
by 

au au 
(a) u-+-ax a, 

(b) 
au -a, 

(c) 
au 

u-ax 
(d) None of the three above. 

( v) The rate offlow through a venturimeter varies as 

(a) H 

(b) .Jii 

(c) H½ 

(d) H½ 
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( vi) The ratio of inertia force to viscous force is known 
as 

(a) Reynold number. 

(b) Froudenumber. 

( c) Mach number. 

(d) Eulernumber. 

(vii) For supersonic flow, if the area of flow increa
ses then 

(a) velocitydecreases. 

( b) velocity increases. 

( c) velocity is constant. 

(a) None of the three above. 

( viii) The boundary layer takes place 

(a) forideal fluids. 

( b) for pipe flow only. 

( c) for real fluids. 

(d) forflowoverflatplateonly. 

(ix) Dynamic viscosity(µ) has the dimensions as 

(a) MLr-2 

(b) MI;1T"1 

(c) MI:1T-2 

(d) M-1L-1T"1 

S'l2: 5 FN :MC 404 (1497) ( 6) ( c~ntinued) 

(x) Atmospheric pressure held in terms of water 
column is 

(a) 7.5 m 

(b) 8.5 m 

(c) 9.81 m 

(d) 10.30m 

(xi) The pressure difference between inside and out
side of a droplet of water is given by 

(a) 2 cr/d 

(b)4cr/d 

(c) 8 cr/d 

(d) None of the three above. 

(xii) Stream 1.ines and path lines always coincide in 

(a) steady flow. 

(b) uniform flow. 

(c) non-unifo~ flow. 

(d) laminarflow. 

(xiii) When a static· liquid is subjected to uniform 
rotation in a container, the free surface assumes a 
shape of 

(a) ellipsoid of revolution. 

(b) circular cylinder. 

S'l2: 5 FN :MC 404 (1497) ( 7 ) ( Turn Over) 
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W'12: 5 FN: MC 404 (14971 

MECHANICS OF FLUIDS 

Time : Three hours 

Maximum Marks : I 00 

Answer FIVE questions, taking ANY TWO from Group A, 
ANYTWOfrom Group Band ALL from Group C. 

All parts of a question ( a, b, etc. ) should be 
answered at one place. 

Answer should be brief and to-the-point and be supple
mented with neat sketches. Unnecessary long answer may 

result in loss of marks. 

Any missing or wrong data may be assumed suitably 
giving proper justification. 

Figures on the right-hand side margin indicate full marks 

GroupA 

1. (a) Define the following: (i) Specific mass, (ii) specific 
weight, (iii) specific volume, (iv) surface tension, 
and (v) Newton's law of viscosity. 5 x 2 

(b) A cone of wood floats in a fluid of specific gravity 
0.9 with its apex downwards. If the specific gravity 
of the wood is 0.6 and the cone weighs 290 N, 
find the weight of steel of specific gravity 7 .6 which 
should be suspended with the help of a string tied 
to the apex of the cone so as to just submerge it. 10 

2. (a) Distinguish between the following: 

(z) Steady and unsteady flow 

5x2 
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(ii) Unifom1 and non-unifonn flow (b) A plate 3 m x 1.5 m is held in water moving at 1.25 
m/s parallel to its length. If the flow in the boundary 

(iii) Laminar and turbulent flow layer is laminar at the leading edge of the plate, find 
the (i) distance from the leading edge where the 

(iv) Free and forced vortex flow boundary layer flow changes from laminar to tur-
bulent flow, (ii) thickness of the boundary layer at 

( v) Compressible and incompressible flow. this section, and (iii) frictional drag on the plate 
considering both its ends. 10 

(b) State few engineering applications of momentum 
equation. 3 GroupB 

(c) A 30 cm diameter horizontal pipe terminates in a 5. (a) What do you mean by separation of boundary 
nozzle with the exit diameter of7 .5 cm. If the water layer ? What is the effect of pressure gradient on 
flows through the pipe ata rate of0.15 m3/s, what boundary layer separation ? 6 
force will be exerted by the fluid on the nozzle? 7 

(b) Derive an expression ofloss of head due to sudden 
3. (a) Water flows through a 150 mm diameter pipcAB contraction of pipe. 6 

of 400 m long. The point B is 20 m above A. The dis-
charge is 0.02 cumec from A to B. Find the pre- (c) Examine the following velocity profiles to state whe-
ssure at A, if the pressure at Bis 200 kPa. Take ther the flow is attached or detached : 8 
f= 0.006. Suppose after 12 years of service, the 

(i) ul v0 =2 (y I 8)-(y I 8)2 
friction factor is doubled. what would then be the 
rate of flow if the pressures at /,. and B re-

10 (iz)ulvo=-2 (y/o)+(y/8)2+2 (ylo)4 main unchanged'? 

(b) Two fixed parallel plates, kept 8 cm apart, have 
(iii) u I Vo= 2 (vl 0)2 +(yl 0)3-2 (yl 0)4 

laminar flow of oil between them with a maximum 6. (a) Explain Prandtl mixing length theory. How is the velocity of 1.5 m/s. Take dynamic viscosity of oi I mixing length dependent on the distance from the 
to beµ= 2.0Ns/m 2 . Compute the (i) discharge pipe wall? 6 
per metre width, (ii) shear stress at the plates, 
(iii) pressure difference between two points 25 m (b) Water flows through a pipe of diameter 250 mm. 
apart, (iv) velocity at 2 cm from plate, and The local velocities at the centre and mid-radius are 
(v) velocity gradient at the plates end. 10 2.31 m/sec and 2.09 m/sec. Find the discharge and 

the pipe roughness. 8 
4. (a) Explain the essential features of Blasius method of 

solving laminar boundazy layer equations for a flat (c) Obtain an expression for velocity. distribution in 
plate. Derive expressions for boundary layer thick- tenns of average velocity for (i) smooth pipes, and 
ness and local skin friction coefficient from this (il) rough pipes. 3+3 
solution. 10 
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S'13: 5 FN : MC 404 (1497) 

MECHANICS OF FLUIDS 

Tzme : Three hours 

Maximum Marks : I 00 

Answer FIVE questions, taking ANY TWO from Group A, 
ANY TWO from Group Band ALL from Group C. 

All parts of a question ( a, b, etc. ) should be 
answered at one place. 

Answer should be brief and to-the-point and be supple
mented with neat sketches. Unnecessary long answer may 

result in loss of marks. 

Any missing or wrong data may be assumed suitably 
giving proper justification. 

Figures on the right-hand side margin indicate full marks. 

GroupA 

1. (a) Define and distinguish between the following set of 
fluid properties : {i) Specific weight a...,d mass den
sity, (iz) cohesion and adhesion, (iii) surface tension 
and capillarity, and (iv) dynamic viscosity and kine-
matic viscosity. 10 

(b) A rectangular plate is submerged in water verti
cally with its upper edge parallel to and at a depth 
'a' below the free surface of water. The lower edge 
is at a distance 'd' from the upper edge. The breadth 
of the plate is 'b'. Find the total pressure on the 
plate and the depth of centre of pressure. 10 

2. (a) From energy consideration, what is the important 
significance of potential head, datum head, and kinetic 
energy head. What is their relationship to total head? 6 
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(b) Derive Euler's equation of motion along a stream- parallel to the direction of motion. Calculate the 
line and hence derive the Bernoulli's theorem. 6 friction drag on one side of plate. Also, find the 

thickness of the boundary layer and the shear 
(c) The rate of water through a vertical conical draft stress at the trailing edge of the plate. 8 

tube ofa Kaplan tube is 17.5 m3/s. The diameter of 
the draft tube on the side connected to the outlet of GroupB 
the turbine runner is 2.5 m and the average velocity 

5. (a) Starting with the Navier-Stokes equations of mo-at exit is 1.5 m/s. If the press:ure at inlet to the tube 
is not to be less than --0.7 bar, how far the tube tion for two-dimensional incompressible flow, ob-
should extend above the tail race. Neglect frictional tain the Prandtl's boundary layer equations. Give a 

briefoutlineoftheBlasiussolutionoflaminarboundary effects and pressume that exit of the draft tube lies 
layer for flow over a flat plate. 10 1.2 m below the tail water level. 8 

3. (a) Establish a relation for the average_ and maxirnuni (b) A plate of0.3 m lonf is placed at zero angle of inci-
dence in a stream o 15 °C water moving at 1 m/s. velocity for one-dimensional viscous flow of fluid Find the stteamwise velocity.component at the mid-between two fixed parallel plates. 8 ~intofthe boundary layer, the maximum boundary 

(b) What do you mean by momentum correction factor yer thickness _and. the maximum value of the 
normal component of velocity at the trailic:!: and kinetic energy correction factor? 4 edge of the · ~late. Given· : For water at 15 ° , 

10 
(c) A straight stretch of horizontal pipe of 5 cm dia- p= lOOOkg'm and µ = 4.16 kg/hr. 

meter was used in the laboratory to measure the vis- 6. (a) Find an expression for mass rate of flow of corn-
cosity of a crude oil of specific weight 9000 N/m3• pressible fluid through an orifice or nozzle fitted to a 
During the test run, a pressure differential of 18000 large tank. What is the condition for maximum rate 
N/m2 was recorded from two pressure gauges of flow? 6 
located 6 m apart on the pipe. The oil was allowed 
to discharge into a weighing tank and 5000 N of oil (b) Write basic equations ( continuity, momentum and 
was collected in 3 min duration. Work out dynamic energy) for a control volume having normal shock 
viscosity of the oil. ;..' 8 wave. 6 • ,. (a) Show, for viscous flow through a circular pipe. the (c) A large tank contains air at 28.449 N/cm2 gauge 
velocity distribution across the section is parabolic. pressure and 24 °C temperature. The airflows from 
Also, show that the mean velocity is equal to the the tank to the atmosphere throurm an orifice. If the 
one-balf themaximwn velocity. 8 diameter of the orifice is 2 cm, md the maximum 

(b) Explain the concept of boundary layer and define 
rate of flow of air. Take R = 287 J/kf K, k = 1.4, 

8 atmospheric pressure= 10.104 N/cm . 
thickness of boundary layer. 4 

7. (a) Analyse the flow dlast a source-sinkJair in a uni-
(c) In a stream of oil of specific gravity 0.95 and kine- form flow. Extern the analysis to stu ythe limiting 

matic viscosity 0.92 stoke moving at 5.75 m/s, a case of a doublet in uniform flow. What is the cngi-
plate of 500 mm length and 250 mm width is placed neering significance of the whole analysis? 10 
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W'13: 5 FN: MC 404 (1497) 

MECHANICS OF FLUIDS 

nme : Three hours 

Maximum Marks : J 00 

Answer FIVE questions, taking ANY'IWOfrom Group A, 
ANYTWO/rom Group Band ALL from Group C. 

All parts of a question ( a, b, etc. ) should be 
answered at one place. 

Answer should be brief and to-the-point and be supplemented 
with neat sketches. Unnecessary long answer may result in 

loss of marks. 

Any missing or wrong data may be assumed suitably 
giving proper justification. 

Figures on the right-hand side margin indicate full marks. 

GroupA 

1. (o) Distinguishbetweenthefollowing: 

(1) Density and relative density 

(ii) Adhesion and cohesion 

(ii) Dynamicandkinematicviscosity 

(iv) Ideal and real fluid 

5.x2 

(b) Explain the phenomena of surface tension and capi-
llari~ 10 

2. (a) Explain the phenomenaofbuoyancy. 5 
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(b) Discuss the limitations ofBemoulli's equation. .5 

(c) A horiz.ontal bend in pipeline conveying water gradu-
ally reduces from o:6 m to 0.3 m diameter and 
deflects the flow through an angle of 6()0. At the larger 
end, the gauge pressure is 171.675 k:N/m2• Deter-
mine the magnitude and direction of force exerted on 
the bend when the flow is 0.875 m3 Is. 10 

3. (a) Derive Navier-Strokes equation of motion fora steady, 
incompressible, constant viscosity fluid. 10 

(b) Derive; by the first principle, an expression for the 
average velocity in Couette flow with a pressure 
gradient. 10 

4. (a) ~t is a boundary layer ? Explain, with a neat 
sketch. the development of boundary layer over a 
smooth flat plate. · 10 

(b) Explain boundary layer thickness, wall shear stress 
and also the methods of controlling the boundary 
layer. 10 

GroupB 

5. (a) How are laminar and turbulent boundary layers 
formed and distinguish between their characteristics? 10 

(b) Explain the phenomenon ofboundary layer separation 
and its influence on the drag of an immersed body. 10 

6. (a) Define mixing length and explain its importance in the 
analysisofturbulentflowthroughpipes. 10 

(b) Derive an expression for the velocity distribution for 
turbulent flow in smooth pipes. 10 

7. (a) Explain the tenns 'Mach angle', 'Mach line' and 
'Machcone'. 3 x 2 

(b) Explain briefly the theory ofoblique shoclc;. 4 

(c) How is shock wave produced in a compressible 
fluid ? What do you mean by the term 'shock 
strength'? 10 

8. (a) Describe, with a neat sketch. the working of a pitot -
static tube. 10 

(b) The pressurized tank shown in Fig.1 has a circular 
cross-section 2 m in diameter. Oil is drained through 
a nozzle 0.08 m in diameter in the side of the tank. 
Assuming that the air pressure is maintained con
stant, how long does it 4lke to lower the oil surface in 
the tank by 2 m? The specific weight of the oil in the 
tank is 0.75 t/m3 and that-of mercury is 13.6 t/m3• 10 

A 
Compressed air 

Sc~ B 
-- - -- --------- - - dh 

Mercury_/ Oil 

Fig. I I .... .,.,------ 2 m ___ __, .. -1 

j 
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S'14: 5 FN: MC 404 (1497) 

MECHANICS OF FLUIDS 

Time : Three hours 

Maximum Marks : J 00 

Answer FIVE questions, taking ANY TWO fro_m Group A, 
ANYTWojrom Group Band ALL from Group C. 

All parts of a question ( a, b, etc. ) should be 
answered at one place. 

Answer should be brief and to-the-point and be supple
mented with neat sketcnes. Unnecessary long answer may 

result in loss of marh. 

Any missing or wrong data may be assumed suitably 
giving proper justification. 

Figures on the right-hand side margin indicate full marks. 

GroupA 

1. .(a) De:finethefollowingtenns: (z) ~density, (iz) 
specific weight, (iii) specific volume, {iv) com-
pressibility, (v) surface tension. 5 x 2 

(b) The velocity distribution of flow over a plate is para
bolic with vertex 30 cm from the plate, where the 
velocity is 1.80 mis. If the viscosity of the fluid is 
0.9 Ns/m2, find the velocity gradients and shear 
stresses at distances of 0.15 cm and 30 cm from 
the plate. I 0 

2. ( a) Distinguish between the following: 

(z) Two- and three-dimensional flow 

(iz) Uniform and non-uniform flow 

5x2 
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(iii) Path line an<l streamlin~ 
Groupe 

(iv) Rotational and irrotational flow 
s. (a) Explain what is meant by separation of boundary 

(v) Compressible and incompressible flow layer. Describe with the methods to control separa-
6 tion. 

(b) State and prove Bernoulli's equation. 7 
(b) Derive an expression ofloss of head due to sudden 

(c) Brine of specific gravity 1.15 is draining from the expansion of pipe. 6 
battom of a large open tank through a 80 mm pipe. 

(c) The velocity distribution in the boundary layer is given The drain pipe ends at a point 10 m below the sur-
face of the brine in the tank. Considering a stream- by 
line starting at the surface of the brine in the tank and 

~ =2(~)-(~J passing through the centre of the drain line to the 
point of discharge and assuming the fiiction is negli-
gible, calculate the velocity of flow along the stream-

3 o being boundary layer thickness. Calculate the line at the point of discharge from the pipe. 
following: 8 

3. (a) Show that the momentum correction factor and (z) Displacement thickness ; 
energy correction factor for laminar flow through a 

(ii) Momentum thickness; and circular pipe are 4/3 and 2, respectively. I 0 

(b) An oil of viscosity 9 poise and specific gravity 0.9 is 
( iii) Energy thickness. 

flowing throu~ a horizontal pipe of 60,mm dia- 6. (a) Explain Prandtl 's mixing length theocy. How is the 
meter. If the pressure drop in 100 m length of the mixing length dependent on the distance from the 
pipe is 1800 kN/m2, determine the (z) rate of flow pipe wall? 6 
of oil; (ii) centre line velocity; (iii) total frictional 
drag-over 100 m length; (iv) power required to (b) Show that the velocity distribution for turbulent flow 
maintain the flow; ( v) velocity gradient at the pipe through a rough pipe is given as 
wall; and (vi) velocity and shear stress at 8 mm 

ulu1 = 5.75 log10 (y! k) + 8.5 from the wall. 10 
where u I is the shear velocity ;y, the distance from 

4. (a) Explain the development and characteristics of pipe wall and k, the roughness factor. 6 
laminar and turbulent boundacy layer over a flat plate. 10 

A smooth plate, 2 m wide and 2.5 m long, is towed 
(c) In a pipe of diameter 300 mm, the centre line velo-

(b) city at a point 100 mm from the centre, as measured 
in oil (specific gravity= 0.8) at a velocity of 1.5 m/s by a pitot tube, are 2.4 m/s and 2.0 m/s, respec-
along the length. Find the thickness of boundacy tively. Assuming the flow in the pipe to be turbulent, 
layer and shear stress at the trailing edge of the plate. find (,) discharge through the pipe; (ii) coefficient 
y0 ;1 = 10-4m2/s. 10 of friction; and (iii) height of the roughness projec-

tions. 8 ~·u., J;"l\l. ur 41\4 l1A07\ ' 1 \ . I r""tirmo,/ '\ 
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W'14: 5 FN: MC 404 (1497) 

MECHANICS OF FLUIDS 

Time : Three hours 

Maximum Marks : 100 

Answer FIVE questions, taking ANY TWO.from Group A, 
ANYTWO}rOm Group Band ALL from Group C. 

All parts of a question ( a, b, etc. ) should be 
answered at one place. 

Answer should be brief and to-the-point and be supple
mented with neat sketches. Unnecessary long answer may 

result in loss of marks. 

Any missing or wrong data may be assumed suitably 
giving proper justification. 

Figures on the right-hand side margin indicate full marks. 

GroupA 

1. · (a) Definethefollowingtenns: 

(z) Ideal and real fluids 

(ii) Newtonian fluid 

(iii) Adhesion and cohesion 

(iv) Relative density 

( V) Capillarify 

Sx2 

(b) Explain the practical significance of following liquid 
properties : Surface tension, capillarity and vapour 
pre$ure. 5 
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(Cl Derive an expression for variation of density ofa . (ii) Equivalent sand grain roughness of a corn· 
lluid in termsofits buJk modulus and pressure change. 5 mercial pipe. How is it evaluated? 

2. (a) l·:xplain the phenomenon of buoyancy, 5 (b) Derive Karman·Prandtl velocity distribution law. In 
what respec\ is this equation defective? How are 

(b) Explain, with the help of a diagram, three states of these inadequacjes overcome? 10 
equilibrium of a floating body. 5 

7. (a) Explain the terms 'mach angle', 'mach line' and 
(c) Distinguish between (r) unifonnand non·wtlform flow 'rnachcone'. 3 x 2 

und (ii) absolute pressure and gauge pressure. 
_ 2x5 (b) Define Rayleigh and Fanno flows. Derive the 

]. (a) Distinguish between surface and body forces. 5 temperature-entropy relation which define these two 
types of flow. 6 

(h) Discuss the limitation of Bemoulli's equation.. 5 
(c} Explain briefly oblique shocks. 4 

(c) Derive the momentum equation for a steady incom· 
pressible fluid flow. lO (d) Write a brief note on 'hotwire anemometer' and 

'pitometer'. 4 
4. (a) Explain the use of Moody's diagram. s 

8. (a) Describe, with a neat sketch, the working of a pitot-
(h) What is a boundary layer ? Explain, with a neat static tube. 10 

sketch; the development of boundary layer over a 
(b) Explain the phenomenon of jet contraction in orifice smooth flat plate. 10 

flow. 10 
<.c) Derive Prandtl's boundary layer equations. 5 

Groupe 
GroupB 

9 • Explain the following in brief: 5x4 
5. (a) .Explain the phenomenon of boundary layer separa· 

tiori and its intlucnce on the drag of an immersed (z) Venturimeter 
body. 10 

(il) Potential flows 
(b) Explain Couette flow and Poiseuille flow. 5 

(iiz) Nozzles and diffusers 
(c) Discuss Prandtl 's mixing length theory of turbulence. 5 

(iv) Notches and weirs 
6. (a) Explain the following: 5+5 

(v) Rotameter 
(1) Reynolds ~eory of turbulence 
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S'15: 5 FN: MC 404(1497) 

MECHANICS OF FLUIDS 

Tzme : Three hours 

Maximum Marks : J 00 

Answer FIVE questions, taking ANY TWO from Group A, 
ANY TWO jrom Group B and ALL from Group C. 

All parts of a question ( a, b, etc. ) should be 
answered at one place. 

Answer should be brief and to-the-point and be supple
mented with neat sketches. Unnecessary long answer may 

result in loss of marks. 

Any missing or wrong data may be assumed suitably 
giving proper jstification. 

Figures on the right-hand side margin indicate full marks. 

Group A 

1. ·(a) Explain brieflytheterms (z) surmcetension; (ii)vis
cosity; (iii) bulk modulus and (iv) capillarity. 

3+3+2+2 
(b) What are the characteristics of an ideal fluid? The 

general relation between shear stress and velocity 
gradient of a fluid can be written as 

't = A ( du )n + B 
. dy 

where A, Band n are constants that depend upon 
the type of fluid and conditions imposed on the flow. 
Comment on the value of these constants so that the 
fluid may behave as an ideal fluid, a newtonian fluid 
and a non-newtonian fluid. Indicate whether the fluid 
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with the following characteristics is a Newtonian or 
non-newtonian: 10 

(1) -r = A y + B and u = c1 + c2y + c3y 2 

(ii) -r = A yncn-•> and u = cyn 

2. (a) Derive the continuity equation in cartesian co-
ordinates. 10 

( b) What is the irrotational velocity field associated with 
the potential function 

cl> =3x2 -3x+3y2 +16!2 +12zt 
Does the flow field satisfy the incompressible conti-
nuity equation? 10 

3. (a) For flow of viscous fluid through an annulus, derive 
anexpressionforthefollowing: 3 + 3 + 4 

(z) Discharge through the annulus 

(iz) Averagevelocityofflow 

(iii) Shear stress distribution 

(b) Two parallel plates, kept 100 mm apart, have 
laminar flow of oil between them with a maximum 
velocityofl.5 m/s. Calculate the following: 5 x 2 

(1) Discharge per metre width 

(iz) Shear stress at the plates 

(iii) Difference in pressure between two points 
20mapart 

(iv) Velocity gradient at the plates 

( v) Velocity at 20 mm from the plate 

4. (a) Provethatthemomentumthickness (8)andenergy 
thickness ( o ~) for boundary layer flows are given 
by 

and 

0= f ~(1-~) dy 
0 U U 

6, = (; ( I - ;: ) dy 

where u and U are fluid velocity and free stream 
velocity, respectively. 10 

(b) The velocity distribution in the bolllldmy layer is given 

by; =(~r 
Calculate the following: 5x2 

(1) Displacement thickness 

(iz) Momentum thickness 

(iii) Shape factor 

(iv) Energythickness 

(v) Energy loss due to boundary layer, if at a 
particular section, the boundary layer thick
ness is 25 mm and the free stream velocity is 
15 m/s. If the discharge through the bound
ary layer region is 6 m3/s per meter width, 
express this energy loss in terms of metre of 
head. Given : p = 1.2 kg/m3• 

Group B 

5. (a) Explain separation of boundary layer with a neat 
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W'15: 5 FN: MC 404 (1497) 

MECHANICS OF FLUIDS 

Time : Three hours 

Maximum Marks : J 00 

Answer FIVE questions, taking ANY Two from Group A, 
ANY TWO jrom Group B and ALL from Group C. 

All parts of a question ( a. b, etc. ) should be 
answered at one place. 

An,)wer should be brief and to-the-point and be supple
mented with neat sketches. Unnecessary long answer may 

result in loss of marks. 

Any missing or wrong data rr.ay be assumed suitably 
giving proper justification. 

Figures on the right-hand side margin indicate full marks. 

Group A 

1. (a) Define and distinguish between the following set of 
fluid properties: 4 X 3 

(i) Specific weight and mass density 

(ii) Cohesion and adhesion 

(iiz1 Surface tension and capillarity 

(iv) Dynamic viscosity and kinematic viscosity 

(b) State the principle of floatation ? How does it 
differ from the principle of buoyancy? 4 

(c) Derive an expression for the depth of centre of 
pressure from the surface ofliquid of an inclined 

4 plane surface sub-merged in the liquid. 

AMIE Study Material & Admission Packages AMIE(I) Study Circle, Roorkee www.amiestudycircle.com

62



AMIE(I) STUDY CIRCLE, SECOND FLOOR, SULTAN TOWER, ROORKEE - 247667 (UTTARAKHAND)      EMAIL: pcourses@hotmail.com    Ph: (01332) 266328    Web: www.amiestudycircle.com 

2. (a) State Reynold transport theorem. Also, explain 
application of this theorem. 6 

( b) Define surface tension. Prove that the relationship 
between surf ace tension ( cr) and difference of 
pressure (p) between the inside and outside of a 
liquid drop is given by p = 4cr/ d, where dis the 
diameter of droplet. 7 

(c) With a neat sketches, explain the conditions of 
equilibrium for floating and sub-merged bodies. 7 

3. (a) Derive Bernoulli's equation for the flow of an 
incompressible frictionless fluid from consideration 
of momentum. 10 

(b) Set-up the Navier-Stroke equations and make 
suitable assumptions to prove that, for a hydraulic 
mass of fluid, the pressure intensity at a depth to 
below the ~ surf~~e is equal to the product of 
specific weight, w, and the depth, h. 1 O 

4. ( a) Prove thatthe velocity distribution for viscous flow 
between two parallel plates, when both ate fixed 
across a sectio11, is parabolic in nature. Also, prove 
that maximum.velocity is equaho one-and-a-half 
times the average velocity. 1 O 

( b) Explain the essential features of Blasius method of 
solving laminar boundary layer equations for a flat 
plate. Derive expressions for boundary layer 
thickness and local skin friction coefficient from this 
solution. I O 

Group B 

5. (a) Derive Karman-Prandtl velocity distribution law. 
In what respect is this equation defective ? How 
are these inadequacies overcome ? 10 

( b) Explain Prandtl mixitig 'length theory. How is this 
,:nixing length dependent on the distance from the 
pipe wall? I 0 

6. (a) What is a normal shock and how is it obtained ? 4 

( b) Write the basic equations ( continuity, momentum and 
energy equations) for a control volume having 
normal shock wave. 6 

( c) Establish the following relations for one-dimensional 
compressible flow through ducts of varying area: 

dA dp( 2) 
(i) A= pr2 1-M 

dA 1 dp(l-M2
) 

(ii) A=-;-; Ml 

The symbols have their usual meanings. 10 

7. (a) Sketch and describe a pitot;..static probe and how 
it is used to measure the flow through a pipeline ? 10 

(b) Define Rayleigh and Fanno laws. Derive the 
temperature-entropy relation which define these 10 two types of flow. 

8. ( a) Compare anq contrast the~ of venturimeter, flow 
nozzfe and onfice meter as pnmary element for flow 6 measurement. 

( b) Explain Reynold theory of turbulence. 6 

( c) Explain the phenomenon of boundary layer separa
tion and its mfluence on the drag of an immersed 
body. . 8 

Group C 

9. Explain the following in brief: 5x4 

(z) Momentum theorem 

AMIE Study Material & Admission Packages AMIE(I) Study Circle, Roorkee www.amiestudycircle.com

63



AMIE(I) STUDY CIRCLE, SECOND FLOOR, SULTAN TOWER, ROORKEE - 247667 (UTTARAKHAND)      EMAIL: pcourses@hotmail.com    Ph: (01332) 266328    Web: www.amiestudycircle.com 

 

AMIE Study Material & Admission Packages AMIE(I) Study Circle, Roorkee www.amiestudycircle.com

64



S'16: 5 FN: MC 404 (1497) 

MECHANICS OF FLUIDS 

Time : Three hours 

Maximum l.Jarks: JOO 

Answer FIVE questioi7s, taking ANY Twofi·om Group A, 
t,.NYTWOJrom Group Band ALL .from Group C. 

All ports of a que:,tion ( a, b, etc. ) should be 
answered at one place. 

Answer should be hriefand to-the-point and be supple
mented with neat sketches. Unnecessary long answer may 

result in loss a/marks. 

Any missing or wrong daw mdy be assumed suitahly 
givingproperjust[fication. 

Figures on the right-hand side margin indicate full nwr/:s 

Group A 

1. (a) What is meant by stability of a floating body ? 
Explain the stability of a floating body with reference 
to its meta centric height. 6 

( b) Name different types of manometers and explain, 
with a neat sketch, how the pressure is measured by 
a diflerential manometer. 6 

(c) Two large fixed planes (parallel) are 12 mm apart. 
The space between the smiaces is filled with an oi I 
of viscosity 0.9 Ns/m2 • A flat thin plate, 0.2 m' 
area, moves through the oil at a velocity of0.25 m/s. 
Calculate the drag force when the (i) plate is equi-

' dist,mt from both the planes and (ii) thin plate is at a 
distance of3.5 mm from one of the plane surfaces. 8 
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2. (a) Derive the Euler's equation for steady flow along 
a stream. 6 

(b) Define and explain the significance of the kinetic 
energy correction factor and the momentum 
correction factor. Suggest their practical values for 
laminar and turbulent flows. 6 

(c) What is an orifice meter? Derive an expression for 
the discharge through an orifice meter. 8 

3. (a~ What is the relationship between the average velo-
city and maximum velocity in case of parallel flow 
between two fixed parallel plates ? Give your 
answerwithproo£ 10 

(b) Show that, in case of Couette flow, the shear stress 
at a horizontal mid-plane of the channel is indepen-
dent of the pressure gradient imposed on the flow. 10 

4. (a) How can an exact solution of the laminar boundary 
layer be obtained by the Blasius technique ? I 0 

(b) Atmospheric air at 25 °C flows parallel to a flat plate 
at a velocity of3 m/s. Use the exact Blasius solution 
to estimate the boundary layer thickness and the 
local skin :friction coefficient atx = Im from leading 
edge of the plate. Compare these values with those 
obtained from approximate van-Karman integral 
techniques. Assume cubic velocity profile. 10 

Group B 

5. (a) Obtain von-Karman momentum integral equation. 8 

(b) What are the different methods of preventing the 
separation ofboundary layers ? 6 

(c) For the given velocity profiles, determine whether 

S'l6: 5 FN: MC 404 (1497) ( 2 ) (Continued) 

the flow has separated or is on the verge of separa-
tion or will attach with the surface. 6 

(i) ; =¾(t)-½(~J 
(iz) ; =-2(;)+(~J 
(iiz) ;=-2(:J-(tJ 
where u is the velocity at a height y above the 
surface; U, the free stream velocity and o the nomi-
nal boundary layer thickness. ' 

6. (a) What are the semi-empirical theories of turbu
lence? Explain the concept of mixing length intro
du.ced by Prandtl and state the relationship that 
exists between the turbulent shearing stress and mixing 
length. 10 

(b) J\ turbulent flow of ~ater occurs in a pipe of0.5 m 
diameter. The velocity profile is measured experi
mentally and found to be closely approximated by 
the equation 

1 
u =3+-logy 

3 
where u is in m/s and the distance y from the wall is 
measured in meter. The shear stress at a point 0.1 m 
from the wall has been determined analytically and 
found to be 9 N/m 2 • Calculate the values for the 
turbulent viscosity, mixing length and turbulent 
constant. 10 

S'l6: 5 FN: MC 404 (1497) ( 3 ) ( Turn Over) 
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7. (a) Derivethecontinuityequationforthree-dimensional 
flowindifferentialform. 10 

(b) A gas is flowing through a horizontal pipe that is 
having an area of cross-section as 50 x 10-4 m2 , 

where gauge pressure is 50x l04 N/m2 and tem
perature is 15 °C. At another section, the area of 
cross-section is 25 x 104 m 2 and the gauge pres
sure is 30x l 04 N/m2 • If the mass rate of flow of 
gas through the pipe is 0.8 kg/s, find velocities of the 
gas at these sections, assuming an isotheimal change. 
Assume R ,= 292 Nm/kgK and atmospheric 
pressure as l 00 kNt'.m 2 • · . . I O 

8. (a) Derive an equation to measure the quantity of water 
flowing through a venturimeter. 10 

(b) A horizontal venturimeter20 cm x I O cm is used to 
measure the flow of oil of specific gravity 0.7. 
Determine the deflection of the oil mercury gauge, if 
the discharge of oil is 60 I.ls. Assume coefficient of 
discharge as 1.0. If the deflection of mercury gauge 
is 0.2 cm, find coefficient of the venturi meter. 10 

. Group C 

9. Explain the following in brief: 

(1) Stagnation pressure in compressible fluid 

(i1) Unifo1m flow with source and sink 

(iit) Turbulent bow1dm:y layer 

(iv) Falling sphere-type viscometer 

( v) Impulse momentum theorem 

S'l6: 5 FN: MC 404 tl497) ( 4 ) 

5x4 

AG-2800 
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W'16: 5 FN: MC 404 (1497) 

MECHANICS OF FLUIDS 

'lzme : Three hours 

A1aximum 1\farks: 100 

Answer FIVE questi(!ns, taking ANYTWOfrom Group A, 
AN_YT\VOJrom Group Band ALL from Group C. 

All parts of a question ( a, h, etc. ) should be 
answered at one place. 

Answer shoi,ld be brief and to-the-point and be supple
mented with neat sketcfzes. Unnecessary long an.nver may 

result in loss of mark~. 

Any missing or wrong data may be assumed suitably 
giving proper justification. 

Figures on the right-hand side margin indicate full marks. 

Group A 

1. (a) What is capillarity ? Derive the expression to 
determine capillarity rise ? 5 

(b) State the difference between Newtonian fluid and 
non-Newtonian fluid with a graph. Give two examples 
for each. 4 

(c) Derive expression for total pressure and centre of 
pressure for a vertically immersed surface. 6 

(d) What is metacentric height? Explain the different 
equilibrium concepts with metacentric height ? 5 

2. (a) A 2 m long pipeline tapers uniformly from 10 cm 
diameter to 20 cm diameter at its upper end. The 
pipe is fitted inclined so that the axis of the pipe makes 

( Turn Over) 
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30° angle with the horizontal line and water flows up 
from smaller end to bigger end. If the pressure gauges 
installed at the smaller end and upper ends of the 
pipeline read 200 kPa and 230 kPa respectively, 
determine the flow rate and the fluid pressure at the 
mid-length of the pipeline where the diameter is 
15 cm. 10 

( b) Velocity for a two dimensional flow field is given by 

V = ( 3+ 2xy+ 4t2 )i +(xi + 3t )J . . Find the 

velocity and acceleration at a point (1,2) after 2 
seconds. 10 

3. (a) Prove that the velocity distribution for a steady 
laminar flow through a circular pipe is parabolic in 
nature and average velocity is half of the maximum 
local velocity.Also derive the expression to find out 
the friction head loss between two sections. 15 

(b) Prove that the coefficient of friction for a viscous 
flov, through a circular pipe is given by f = 16/Re, 
where Re is Reynolds number. 5 

4. (a) A pipe of diameter225 mm is attached to a 150 mm 
diameter pipe by means of a flange in such a manner 
that axes of the two pipes are in a straight line. 
Water flows through the arra1wcment at the rate of 
50 liters per second. The press~rc loss at the transi
tion as indicated by dit1crcniial gauge length on a 
,vatermercurymanometerconnected between tvm 
pipes equals 35 mm. Calculate 1.he loss of bend due 
to contraction and co-efficient of contraction. 10 

(b) A plate 450 mm x 150 mm has been placed longitu
dinally in a stream of cmde oil (specific gravity 0.925 
and kinematic viscosity of0.9 stoke) which flows 
with velocityof6 m/s. Calcualte (i) the friction drag 
on the plate (ii) thickness of the boundary layer at 

W'l6: 5 FN: MC 404 (1497) ( 2 ) ( 7ztrn Over) 

the trailing edge and (iii) shear stress at the trailing 
edge. · · , 10 

· Group B 

5. Derive the Von Kannan momentum integral equation for 
the growth of boundary layer along a flat plate? Also 
determine the thickness of the boundary layer, shear stress 
and the drag force by using the momentum equation. 20 

6. (a) Derive the expression for the Prandtl 's universal 
velocity distribution for turbulent flow in pipes. 15 

(b) A pipe of 100 mm diameter is carrying water. If 
the v~locities atthe pipe centre and 30 mm from the 
pipe centre are 2 m/s and 1.5 m/s respectively and 
flow in the pipe is turbulent, calculate the wall 
shear stress. 5 

7. (a) Obtain the ~xpression for one-dimensional 
compressible flow through varying cross sectional 

area : dP = pV2 l-1
-

2 
J dA. Also formulate the 

l-M A 

same for the nozzle and diffuser for different 
Mach number. 12 

(b) A supersonic plane flies at 200 kilometer per hour 
at an altitude of 9 kilorneter above sea level in 
standard atmosphere. If the pressure and density of 
air at this altitude are stated to be 30 kPa absolute 
and 0.45 kg/m3

, make calculations for the 
pressure, temperature and density at the stagnation 
point on the nose of the plane. Take R = 287 J/kg K 
and specific heat ratio of 1.4. 8 

8. (a) Sketch and describe a venturimeter probe and how 
it is used to measure the flow through a pipeline ? 
Derive the expression to find the actual discharge of 
pipe flow. 10 

W'l6: 5 FN: MC 40'4 (1497) ( 3 ) ( Turn Over) 

AMIE Study Material & Admission Packages AMIE(I) Study Circle, Roorkee www.amiestudycircle.com

69



( b) Determine the rate of flow of water through a pipe 
300 mm diameter placed in an inclined position 
where a venturimeter is inserted, having a throat 
diameter of 150 mm. The difference of pressure 
between the main and throat is measured by a liquid 
of specific gravity0.7 in an inverted U-tube which 
gives a reading of 260 mm. The loss of head 
between the main and throat is 0.3 times the kinetic 
head of pipe.- 10 

Group C 

9. Briefly explain the follo"ing : 

(1) Bulle modulus and compressibility 3 

(if) Bernoulli's theorem and assumptions 3 

(iii) Pitot static probe 3 

(iv) Turbine flow meter 3 

( v) Boundary layer and boundary layer separation 3 

( vi) Displacement thickness, momentwn thickness, 
energy thickness 5 

W'l6: 5 FN: MC 404 (1497) ( 4 ) AG-2,600 
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