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1. A fluid flows in the x direction, if τyx is the shear stress as the y-axis; and the negative of 

velocity gradient, -dvx/dy, as the x-axis. Please plot the relationship between τyx and -dvx/dy for 

the respective following fluid: (a) Newtonian fluid, (b) Bingham fluid, (c) shear-thinning fluid, 

and (d) shear-thickening fluid. (20%) 

2. In the calculation of fluid dynamics and heat transfer, the hydraulic radius (rh) and equivalent 

diameter (De) are usually calculated. Please explain: (a) hydraulic radius (rh), (b) equivalent 

diameter (De), and (c) if a fluid flows annular space between outer diameter of D1 and inner 

diameter of D2 in an annular tube, how to express the rh and De. (20%) 

3. A Newtonian fluid has density of ρ and viscosity of μ. This fluid performs laminar flows of a 

falling film with a moving boundary. The maximum thickness of this film is h. Find (a) vertical 

velocity profile (vy) of this film and (b) volumetric flow rate (Q). (20%) 

4. Consider a hollow spherical heat-transfer medium having inner and outer radii of Ri and Ro with 

the individual surface temperatures of Ti and To. Thermal conductivity is a function of 

temperature as follows: k=ko(1+αT), where ko and α are constants. Calculate the heat-transfer 

rate in the radial direction at steady state. (20%) 

5. A naphthalene (A) particle of diameter d sublimes into a stagnant gas B. (a) Derive the equation 

for sublimation rate, (b) derive the equation for particle diameter as a function of time. 

<Notation> DAB: diffusivity; total pressure: P; radius: r        (20%) 

 




