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	Attentions：
1. There are 6 questions in this test sheet. Please choose 5 questions only to write all your answers on the answer sheet. Each question gets 20 points.
2. Please answer the questions by order. Don’t need to copy the questions on the answer sheet. 
3. Write all your answers on the answer sheet. 
4. (   )open book    (V )close book


1) A 25-mm-diameter shaft is pulled through a cylindrical bearing as shown in Fig. 1. The lubricant that fills the 0.3-mm gap between the shaft and bearing is an oil having a kinematic viscosity of 8.0×10-4 m2/s and a specific gravity of 0.91. Please determine the force required to pull the shaft at a velocity of 3 m/s. Assume the velocity distribution in the gap is linear.  
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2) A conical plug is used to regulate the air flow from the pipe (with the inner diameter of 0.23 m) shown in Fig. 2. The air leaves the edge of the cone with a uniform thickness of 0.02 m. If viscous effects are negligible and the flowrate is 0.5 m3/s, please determine the pressure within the pipe. (The ambient pressure is set to be zero.)                                     
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A vertical jet of water leaves a nozzle at a speed of 10 m/s and a diameter of 20 mm. It suspends a plate having a mass of 1.5 kg as depicted in Fig. 3. What is vertical length h? 
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Fig.4
4) Considering the developing Couette flow－flow between two infinite parallel plates with the top plate moving and the bottom plate fixed as shown in Fig. 4, the flow is unsteady, incompressible, and two-dimensional in the xy-plane. Please perform a dimensional analysis by the method of repeating variables to generate a dimensionless relationship for the x-component of fluid velocity u as a function of time t, fluid viscosity μ, top plate speed V, distance h, fluid densityρ, and distance y (i.e. u= f(t,μ, V, h,ρ, y)). Show details of your work. 
5) An incompressible, viscous fluid is placed between two horizontal, infinite, parallel plates as is shown in Fig. 5. The two plates move in opposite directions with constant velocities, U1 and U2 as shown. The pressure gradient in the x direction is zero and the only body force is the gravity force along the –y axis. In addition, there is no flow velocity in the y or z direction (v= 0, w= 0). Assuming laminar flow, please use the Navier-Stokes equations to determine the velocity distribution between the plates.   


[image: image5][image: image6.emf]Fig.5  
6) Carbon dioxide at a temperature of 0 oC and a pressure of 600 kPa (abs) flows through a horizontal 40-mm-diameter pipe with an average velocity of 2 m/s. Please determine the friction factor if the pressure drop is 235 N/m2 per 10-m length of pipe. Note that the gas constant of Carbon dioxide is 188.9 N-m/kg-K.  
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