
Homework 7
ME 225: Introduction to Fluid Dynamics • D. H. Kelley

Each item counts 4 points.

1. An inward flow radial turbine, as shown in Fig. 1 involves a nozzle angle α1 = 60◦ and
an inlet rotor tip speed U1 = 6 m/s. The ratio of rotor inlet to outlet diameters is 2.
The absolute velocity leaving the rotor at section (2) is radial with magnitude 12 m/s.
Determine the energy transfer per unit of mass flowing through this turbine if the fluid
is

(a) air.

(b) water.

Figure 1: Problem 1.

Figure 2: Problem 2.

2. A water siphon having a constant inside diameter of 3 in. is arranged as shown in
Fig. 2. If the friction loss between A and B is 0.6V 2/2, where V is the velocity of flow
in the siphon, determine the flowrate involved.

3. A flow is described by the velocity field

u = ay + by2,

v = 0,

w = 0,

where a and b are constants. Is the flow irrotational? For what combination of con-
stants (if any) will the rate of angular deformation as given by

γ̇ =
∂v

∂x
+

∂u

∂y



be zero?

4. The three components of velocity in a flow field are

u = x2 + y2 + z2,

v = xy + yz + z2,

w = −3xz − z2/2 + 4,

where (x, y, z) are Cartesian coordinates.

(a) Determine the volumetric dilatation rate.

(b) Determine the rotation vector. Is the flow irrotational?

5. A velocity field is given by u = 0 and v = V , where u and v are the components in the
Cartesian x and y directions, respectively, and V is a constant.

(a) What are the corresponding radial and tangential velocity components?

(b) Determine the corresponding stream function, expressed in both Cartesian and
cylindrical coordinates.
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