
Homework 11
ME 225: Introduction to Fluid Dynamics • D. H. Kelley

Each item counts 4 points.

1. Water flows over a dam as illustrated in Fig. 1. Assume the flowrate, q, per unit length
along the dam depends on the head H, width b, acceleration of gravity g, fluid density
ρ, and fluid viscosity µ. Develop a suitable set of dimensionless parameters for this
problem using b, g, and ρ as repeating variables.

Figure 1: Problem 1.

Figure 2: Problem 4.

2. The drag D on a washer-shaped plate normal to a stream of fluid can be expressed as
D = f(d1, d2, V, µ, ρ), where d1 is the outer diameter, d2 is the inner diameter, V is the
fluid velocity, µ is the fluid viscosity, and ρ is the fluid density. Some experiments are to
be performed in a wind tunnel to determine the drag. What dimensionless parameters
would you use to organize these data?

3. The velocity c at which pressure pulses travel through arteries (pulse-wave velocity) is
a function of the artery diameter D, wall thickness h, blood density ρ, and modulus
of elasticity E. Determine a set of non-dimensional parameters that can be used to
study experimentally the relationship between the pulse-wave velocity and the variables
listed. Form the non-dimensional parameters by inspection.

4. As shown in Fig. 2 and Video V5.13, a jet of liquid directed against a block can tip
over the block. Assume that the velocity V needed to tip over the block is a function
of the fluid density ρ, the diameter D of the jet, the weight W of the block, the width
b of the block, and the distance d between the jet and the bottom of the block.

(a) Determine a set of dimensionless parameters for this problem. Form them by
inspection.

(b) Use the momentum equation to determine an equation for V in terms of the other
variables. How does it compare to your earlier result?



5. Water flowing under the obstacle shown in Fig. 3 puts a vertical force Fv on the obstacle.
This force is assumed to be a function of the flowrate Q, the water density ρ, the
gravitational acceleration g, and a length l that characterizes the size of the obstacle.
A 1/20 scale model is to be used to predict the vertical force on the prototype.

(a) Perform a dimensional analysis for this problem.

(b) If the prototype flowrate is 1000 ft3/s, determine the water flowrate for the model
if the flows are to be similar.

(c) If the model force is measured as (Fv)m = 20 lb, predict the corresponding force
on the prototype.

Figure 3: Problem 5.
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