TUTORIAL SHEET -2007-08
ME 332
Fluid Mechanics –II

Potential Flow
1. Prove that the streamlines ( (r, () are orthogonal to potential lines ( (r, (). 
2. For an irrotational flow, show that Bernoulli’s equation holds between any points in the flow, not just along a streamline.
3. Using Cartesian coordinate system show that each velocity component of an incompressible potential flow satisfies Laplace equation as well as Navier Stokes equation. Comment on the results.
4. Show that a source flow is a physically possible incompressible flow everywhere except at the origin. Also show that it is irrotational everywhere.
5. The Kutta-Joukowski theorem was derived for the case of the lifting cylinder. This also applies in general for any 2D body of arbitrary shape. Make a physical argument to prove that Kutta-Joukowski theorem applies in for any 2D body of arbitrary shape by drawing a closed curve around the body where the closed curve is very far away from the body, so far away that in perspective the body becomes a very small speck in the middle of the domain enclosed by the closed curve.
6. A tornado may be modeled with vr = 0, vz = 0 and v((r) such that 
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Determine whether this flow pattern is irrotational in either the inner or outer region. Using the r- momentum equation, determine the pressure distribution p(r) in the tornado assuming p = p∞ as r(∞. Find the location and magnitude of the lowest pressure. 
7. A line vortex of circulation ( is located at x = 1, y = 1. It is bounded by walls at  x = 0.0 and y = 0.0, forming a right angle corner, the vortex flow being confined to the first quadrant of the x,y-plane 

(a) Write the stream function of this vortex flow and sketch the streamlines. 

(b) Derive an expression for the lift force per unit length ‘L’ exerted on the line vortex by its proximity to the wall.

8. A plane, inviscid, constant-density flow of circular streamlines centered about an axis normal to the plane of the flow, shown in figure below. There is no radial component of the velocity and the tangential component (V() is proportional to the radius ‘r’ when 0 < r < R and inversely proportional to r when R < r < ∞;
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 if 0 < r < R then n = 1 otherwise n = -1.
(a) Is the flow for R < r < ∞ an irrotational flow. How?

(b) Is the flow for 0 < r <  R an irrotational flow. How?

(c) At r = ∞, the pressure is p∞ Find pR at r = R in terms of the density (, Vm and p∞.


9. An unsteady, irrotational flow of constant density ( is established between two parallel flat plates separated by a distance h(t) that varies with time ‘t’. As shown in figure given below, the upper plate moves vertically up or down but remains parallel to the lower plate y = 0. The stream function describing this flow is said to be: 
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(a) Derive expression for the velocity components u and v.

(b) Prove that this stream function will satisfy the velocity boundary conditions at the surface of the two plates.
(c) Derive an expression for the pressure difference p{x, y, t} – p {0, 0 ,t} between any point in the fluid and the point x = 0 and y = 0.







10. Plot the streamlines and potential lines of the flow due to 

(a) a line source of strength m at (a,0) plus a source 3m at (-a,0).

(b) a line source of strength 3m at (a,0) plus a sink -m at (-a,0).
What is the pattern viewed from afar?
11. Plot the streamlines of a uniform stream 
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plus a clockwise line vortex –K located at the origin. Are there any stagnation point?
12. Find the resultant velocity vector induced at any point A in figure given below by the uniform stream, vortex, and line source.

13. Find the resultant velocity vector induced at any point A in figure given below by the uniform stream, vortex, a line sink and a line source.


14. Consider a uniform flow U∞ plus a line sources +m at (x, y) = (+a, 0) and (-a, 0) and a single line sink -2m at the origin. Does a closed body shape appear? If so, plot its shape for m/( U∞ a) equal to (a) 1.0 and (b) 5.0.
15. Consider water at 200C flowing at 6ms-1 past a 1 m dia circular cylinder. What doublet strength ( in m3s-1 is required to simulate this flow? If the stream pressure is 200 k Pa, use inviscid theory to estimate surface pressure at ( equal to (a) 180o (b) 135o and (c) 90o. If circulation K is added to the cylinder flow, (a) for what value of K will the flow begin to cavitate at the surface? (b)? Where on the surface will the cavitation begin? (c) In this case estimate stagnation points.
16. Consider the non-lifting flow over a cylinder of U∞ of a given radius. If U∞ is doubled does the shape of the streamline change? Explain

17. Consider the lifting flow over a cylinder of U∞ of a given radius and fixed circulation. If U∞ is doubled, keeping the circulation same, does the shape of the streamline change? Explain

18. The lift on a spinning circular cylinder in a free-stream with a velocity of 30ms-1 and at standard sea level 6 N/m of span. Calculate the circulation around the cylinder.
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