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1) Newtonian and non-Newtonian fluids: (20 points)

a) Describe each of the following fluids: Shear thickening, Thixotropic, Rheopectic,

Bingham, Magnetorheological. Give an example for each one. (5 points)

b) Explain why the dynamic viscosity of low-density gases increases with increasing

temperature, however that of liquids decreases. (4 points)

c) What is the state of a Newtonian fluid (liquid, gas or solid!) at a reduced temperature
Tr = T/Tc >1.0? (T is the critical temperature of the fluid). Under this condition, what is

the effect of increasing the pressure? (4 points)

d) What are the two mechanisms of momentum transport during the flow of Newtonian

fluids? Give a brief description of each one of these two mechanisms. (4 points)

e) Two immiscible Newtonian liquids, 1 and 2, are flowing in laminar flow between two
parallel plates (sketch below). Is it possible that the velocity profiles would be of the

following form? Explain. (3 points)
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2) Slow rotation of a cylinder in a Newtonian fluid: (30 points)

A cylindrical mixer (radius: R;; length: L) is rotating at a slow rotational speed (2 (rad/s)

inside an incompressible Newtonian fluid of dynamic viscosity £ contained in a large tank of

radius R, >R, (i.e., &zo) (see sketch below).
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a) What are the two boundary conditions needed to calculate the fluid velocity and the
shearing stress profiles during the steady-state rotation of the inner cylinder? (4 points)

b) Under steady-state conditions, simplify the continuity equation and the three components
of the Navier-Stokes equation given in the appendix. Consider that, for a slow rotational

speed, the centrifugal forces are neglected. (6 points)

c) Demonstrate that the tangential velocity profile is given by the following relation
2
Vg = -QTl where I' is the radial position from the rotational axis. (12 points)

d) Get the expression of the torque required to rotate the cylinder at a constant speed (2.

(8 points)
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3) Hydraulic power generation from a Dam: (20 points)

In a hydraulic power plant, water (p = 1000kg/m?) flows at a rate of 100m?/s from an upper

reservoir (elevation of 120 m) to a turbine, where electric power is generated. The total
irreversible head loss N, in the piping system from point 1 to point 2 (excluding the turbine

unit) is determined to be 35 m.

a) Use the macroscopic energy equation to calculate the extracted turbine head ;...

(10 points)

b) Deduce the perfect turbine-generator electric power output Vvturbine and if its overall

efficiency is 80%, estimate its real electric power output. (10 points)




4) Hydraulic jump: (30 points)
Consider the flow of water (p = 1000kg/m?) in a 10-m-wide channel at a rate of 70 m*/s and a

flow depth Y; of 0.50 m. The water undergoes a hydraulic jump, and the flow depth Y, after

the jump is measured to be 4 m.

a) Determine the velocity V, after the hydraulic jump. (7 points)

b) Determine the head loss, hL , from the energy equation. (7 points)

c) Determine the specific energy of water before the jump and the energy dissipation ratio.

(8 points)

d) Determine the mechanical power wasted during this jump. (8 points)




APPENDIX

1. Generalized Newtonian Law of Viscosity:

[+ = —u(Vv + (Vv)) + @P« — k)(V - v)d]

Cylindrical coordinates (r, 6, z):
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2. Continuity Equation:
Cartesian coordinates (x, y, z):
ap
= T ar (pv ) + o (pv ) + = (p'uz) =0 (B.4-1)
Cylindrical coordinates (r, 6, z):
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3. Navier-Stokes Equation:

[pDv/Dt = —Vp + uV?v + pgl

Cylindrical coordinates (r, 0, z):
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