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" strikes a fixed wall inclined at 20° with respect to the jef

Assuming frictionless flow, find the normal force on
meter of depth, and the widths of the sheet deflected
downstream along the wall.
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channel with smooth surfaces. Now the mean velocity o £
doubled. Determine the change in the head loss of the fluid“Assum
the flow regime remains unchanged. What will be the head loss for

fully turbulent flow in a rough pipe? (10)
Discuss on various minor losses in pipe flow. (6)
Or

Two tanks of fluid (p = 998 kg/m? and = 0.001 kg/ms.) at 20°C

are connected by a capillary tube 4 mm in diameter and 3.5 m long.
The surface of tank 1 is 30 em higher than the surface of tank 2.
Estimate the flow rate in m%h. Is the flow laminar? For what tube

diameter will Reynolds number be 500? N (10)
Explain the concept of boundary layer in pipes for both laminar and
turbulent flows with neat sketches. ; (6)

Derive an expression for the shear stress at the pipe wall when an
incompressible fluid flows through a pipe under pressure. Use
dimensional analysis with the following significant parameters:
pipe diameter D, flow velocity V, and viscosity x and density p of

the fluid. / (10)

Use dimensional analysis and the MLT system to arrange the

following into a dimensionless number: L, p, ¢ and o. (6)
Or

Consider viscous flow over a very small object. Analysis of the
equations of motion shows that the inertial terms are much smaller
than viscous and pressure terms. Fluid density drops out, and these
are called creeping flows. The only important parameters are
velocity U, viscosity #, and body length scale d. For three-
dimensional bodies, like spheres, creeping flow analysis yields very
good results. It is uncertain, however, if creeping flow applies to
two-dimensional bodies, such as cylinders, since even though the
diameter may be very small, the length of the cylinder is infinite.
Let us see if dimensional analysis can help. (1) Apply the 19
theorem to two-dimensional drag force F, pas a function of the
other parameters. Be careful: two-dimensional drag has dimensions
of force per unit length, not simply force. (2) Is your analysis in part
(1) physically plausible? If not, explain why not. (3) It turns out that
fluid density p cannot be neglected in analysis of creeping flow
over two dimensional bodies. Repeat the dimensional analysis, this
time including p as a variable, and find the resulting non-
dimensional relation between the parameters in this problem. (10)
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