Elementary Fluid Mechanics and Lab (’08 Fall)

Mid-Term Exam

(Closed book and note, but with one-page self-made summary; 1 hr 40 min)

1. (20) Derive a relation for the capillary rise 
[image: image1.wmf]h

 of a liquid between two large parallel plates a distance 
[image: image2.wmf]t

 apart inserted into the liquid vertically. Take the contact angle to be 
[image: image3.wmf]q

. The density and surface tension of the liquid are 
[image: image4.wmf]r

 and 
[image: image5.wmf]s

, respectively.
2. (20) Intravenous(정맥의) infusions are usually driven by gravity by hanging the fluid bottle at sufficient height to counteract the blood pressure in the vein and to force the fluid into the body. The higher the bottle is raised, the higher the flow rate of the fluid will be. (a) If it is observed that the fluid and the blood pressures balance each other when the bottle is 1.2 m above the arm level, determine the gage pressure of the blood. (b) If the gage pressure of the fluid at the arm level needs to be 20 kPa for sufficient flow rate, determine how high the bottle must be placed. Take the density of the fluid to be 1020 kg/m3.
3. (20) Consider fully developed two-dimensional Poiseuille flow－flow between two infinite parallel plates separated by distance 
[image: image6.wmf]h

, with both top plate and bottom plate stationary, and a forced pressure gradient 
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 driving the flow as shown below. (
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 is constant and negative.) The flow is steady, incompressible, and two-dimensional in the 
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-plane. The velocity components are given by
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where 
[image: image12.wmf]m

 is the fluid’s viscosity. Is this flow rotational or irrotational? If it is rotational, calculate the vorticity component in the 
[image: image13.wmf]z

-direction. Do fluid particles in this flow rotate clockwise or counterclockwise?
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4. (20) Consider the general form of the Reynolds transport theorem given by
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Let 
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 be the linear momentum 
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 of a system of fluid particles. We know that for a system, Newton’s second law is
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Using these equations, derive the equation of conservation of linear momentum for a control volume.

5. (20) Water is pumped from a large lake into an irrigation canal of rectangular cross section 3 m wide, producing the flow situation shown below. Calculate the required pump power assuming ideal fluid.
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