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(5%) 1. What is the continuum hypothesis in fluid mechanics? Explain it in microscopic and macroscopic
point of view. Sketch a plot to show the variation of density with respect to volume.

(10%) 2. Derive a formula showing the capillary rise or fall (Ah) of a column of a liquid with its surface
tension ¢ as a function of the tube diameter D. The liquid contact angle on the surface is 0.

(15%) 3. A flow field is given by V = AxT + 24yj in Cartesian coordinate system. At time t=0, the fluid
particle is located at x=2 and y=2. Find the equation for both pathline and streamline (10%). Are the
two lines identical to each other? Why? (5%).

(20%) 4. Given the incompressible momentum equations: p [%Z— +V- VV] =—-VP + uVZI_i + pg, from this

equation find four important dimensionless parameters.

(20%) 5. A small object is tested in a 2D wind tunnel. The object is located and fixed in the center of the tunnel.
Assume the flow field is incompressible and steady shown_below (Fig.1). The in-flow has uniform

velocity V, density p and pressure P;. The out-flow has uniform pressure P,, linear velocity with
zero velocity at center and maximum velocity V4, at top and bottom surfaces. Find (a) the maximum
velocity Vg =? (5%), and (b) the drag of the object (15%). Neglect viscous resistance at the tunnel

walls.
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(20%) 6. A flow has velocity given by V = ax? + byj (a and b are constants) and fluid density is p.
(a) Assume the flow is incompressible, what is the relation between a and b? (2%)
(b) Evaluate the volume flow rate through five surfaces shown above (Fig.2), namely, BEC (2%),
ODA (2%), OABE (2%), OECD (2%) and ABCD (4%), respectively.
(c) Calculate the circulation for each surface of the above five surfaces. (2%)
(d) Is the flow rotational? Why? (4%).
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(10%) 7. A 2-D steady incompressible uniform flow U with zero pressure gradient over a ﬂgt plate. It is known
that the boundary is very thin when compared to its distance from the leading edge of the plate. Derive
the boundary layer equations for this flow. You should do this with an order-of-magnitude analysis.




