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Instructions: Attempt all questions. Symbols have their usual meanings. Please explain your work 
carefully. Clearly indicate the coordinate system used in your analysis. Make suitable assumptions 
wherever necessary. Please state your assumptions clearly. If you use the global or integral forms of the 
conservation laws, clearly indicate your choice of control volume using dotted lines. 
The following information may be useful: The density of water is 1000 kg/m3

• The acceleration due to 
gravity is 9.8 m/s2

• 

The divergence and curl of a vector field, v = vrer + v8e8 + vzez, in cylindrical coordinates are given by 
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The Navier-Stokes equations for a constant-property fluid may be expressed in cylindrical coordinates as 
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where P = p- pg · r, g is the gravitational·acceleration, r = re. + zez is the position vector, 
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1. One end of a pond has a shore line that resembles a Rankine half-body as shown in Fig. 1. This may be 

treated as a combination of a uniform flow in the negative x-direction with speed U and a line sink. A 
vertical porous pipe of length 3 m is located near the end of the pond so that water can be pumped out. 

Water is pumped at the rate of 0.08 m3 Is through the pipe. The stagnation point lies at a distance of 5m at 

an angle e =i' 1t • 

(a) Find out the speed of the uniform flow, U, in mm/s. 

(b) What will be the velocity at point A, in mm/s? [10+10 = 20 marks} 
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Fig.l (for Question 1) 

2. A Pelton wheel vane directs a horizontal, circular cross~sectional jet of water (density 1000 kg/m3
) 

symmetrically as indicated in Fig. 2. The figure is shown on a horizontal plane. The jet leaves the nozzle 
with a velocity of 30 m/s. The diameter of the jet is 2.5 em. Determine the component of the anchoring 
force in the x-direction required (a) to hold the vane stationary, (b) to confine the speed of the vane to a 
value of 3 m/s to the right. The magnitude of the fluid velocity relative to the vane remains constant along 
the vane surface. [10+10 = 20 marks) 
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Fig.2 (for Question 2) 

3. A long solid circular cylinder of radius R, immersed in a constant-property Newtonian fluid of infinite 
extent, is rotated about its axis at a constant angular speed n . The flow induced by the rotation of the 
cylinder may be modeled as a two-dimensional flow, with circular streamlines, as the length of the 
cylinder in the axial direction is large compared to the radius ofthe cylinder. The torque per unit length in 
the axial direction, T', required to turn the cylinder at constant angular speed depends on R, n, and the 
viscosity, f1 , of the fluid. 
(a) Determine the number of independent non-dimensional parameters characterizing the problem. 
(b) Determine the relevant non-dimensional parameters. 
(c) What happens to the torque per unit length if both Rand n are doubled? Give reasons to justify your 
answer. [3+6+6 = 15 marks) 



4. Consider steady laminar two-dimensional incompressible flow of a constant-property Newtonian fluid 
of density p and viscosity J1 in the entrance region of a parallel-plate channel (see Fig. 3). The distance 

between the two large parallel plates is H. The fluid enters the channel with uniform speed Uin (at X = 0). 

The flow field in the entrance region of the channel may be divided into three regions, a central 'inviscid' 
core region and boundary layers near each of the two walls. The flow is symmetric about the centerline of 
the channel. Thus, the thickness of the boundary layer near each wall is the same at a given axial location 
x. At distance x from the entrance, the boundary-layer thickness near each wall is o(x), and the core 

flow has a speed U(x). Assume that the velocity profile in the boundary layer varies linearly with 

normal distance from the wall and that body forces are negligible. 
(a) Apply global or integral conservation of mass to determine the non-dimensional core velocity 
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(b) Can Bernoulli's equation be applied along a streamline in the central core region of the channel? Give 
reasons to justify your answer. 
(c) Can Bernoulli's equation be applied along a streamline in the boundary-layer region near each wall? 
Give reasons to justify your answer. 

(d) Determine the pressure drop coefficient 
p(x)- P;n 
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as a function of o(x)' where p(x) is the 
H 

pressure at location x and P;n is the pressure at the channel inlet ( x = 0) . 
• 
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(e) Apply global or integral balance of momentum to determine the drag coefficient as a 

function of o(x), where D(x) is the drag force per unit depth in the z direction (that is, direction 
H 

perpendicular to the plane of the paper) on each plate between the entrance ( x = 0) and the location x. 
Use the control volume shown in Fig. 3 in your analysis. Clearly show the forces acting on the fluid 
inside the control system. Note that the drag D(x) is the same for both the plates as the flow is 

symmetric about the centerline. (5+2+2+4+12 = 25 marks] 

' 
U(.,t.) 

·:;; 
I I I I I I I I ,- ---

\ I 
P. I ' H 
L'i\ y ,_ -

' ' ,, ' X 

Fig 3 (for question 4) 



Sa. For laminar flow of a Newtonian fluid through a pipe of diameter D show usinf? Navier-

Stokes equation that the fully developed profile is (12 marks) 
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Sb. For laminar flow a fluid Qf density p and viscosity J.L ina pipe of diameter D, length Land 

slanted 45° downward as in figure show the following (8+8=16 marks) 

i) Find wall shear stress r w in ~terms of average velocity Uavg 

2 2 2 
pl ul p2 u2 L Uavg 

ii) For -+-+ghl = -+-+gh2+ f--
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Sc. Water is pumped through a 600m long cast iron pipe from reservoir 1 to reservoir 2 at a 

flow rate of 0.03 ";
3

• If the pipe diameter is 150mm find the pressure rise across the pump 

neglecting all minor losses in fittings, bend,s and valves. For water J.L= 7 x 10-3 ~f and p= 

1000 ~. For turbulent flow (Ren> 2300)the friction factor is /=0;025 (12 marks) 

g 
23m 

total pipe length = 600m 

pump 




