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1) The drag force, FD , that acts on a ship is a function of the forward speed, V , the fluid density, ρ, the
fluid viscosity, µ, gravitational acceleration, g , the ship’s length, L, as well as its width, W . A new ship
being developed has a length of 20m, a width of 5m, and is expected to travel in fresh water at 20m/s.

a) Find suitable non-dimensional groups for the problem.

b) The expected drag on a proposed ship design is to be studied using a scale model in a tank full of
fresh water. It is hoped that a model of length 0.5m can be used. Is this possible?

c) If the experiment is possible, what is the expected ratio between the measured drag on the model and
the drag on the real boat? If the experiment is not possible, what could be changed to make such a
study feasible?
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2) For laminar viscous flow in a circular conduit, the velocity, vx(r), has a parabolic profile.

a) Find an expression for the velocity profile, vx, as a function of volumetric flow rate, Q, pipe diameter,
D, and distance from the pipe centre, r .

b) A small Pitot tube is used to measure the flow rate of a laminar, incompressible, viscous flow in a
circular pipe. The Pitot tube is very small and is placed exactly in the centre of the pipe. Find an
expression for the volumetric flow rate, Q, as a function of the difference between the static and
stagnation pressures measured by the Pitot tube, ∆p, the density of the fluid, ρ, and the diameter of
the pipe, D .
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3) The gate shown below has a width of 2m. It’s shape is described by the expression y =
√
x. What

moment does the pressure force generate around the hinge?

xy
1m

1m

H2Oy =
√
x

hinge
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4) Two tanks are connected by a piping system made of commercial steel. The system is composed of pipes
with diameters of 0.1m and 0.05m. The viscosity of the water is µ = 1.2× 10−3Pa s. When the gate
valve is opened completely, what is the expected volumetric flow rate and in which direction will the flow
be?

10m

0.1m

30m

25m

0.05m
20m

20m

50m

gate valve

H2O

p1 = 250kPa

p2 = 100kPa

Not to scale
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5) A cart is partially filled with water. A jet of water is sprayed horizontally from the cart through the use of
a pump. The jet has a speed of 20m/s and a diameter of 5 cm. The water level within the cart changes
slowly enough that the liquid in the cart can be considered a static fluid. All forms of friction may be
neglected. At the instant when the cart has a mass of 200 kg, what is the slope of the water surface
within the cart?

H2O
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Ẇpompe

ṁ
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Table 1: Typical roughness of common engineering materials

Material Roughness, ε (mm)

Riveted steel 0.9–9
Concrete 0.3–3
Wood stave 0.2–0.9
Cast iron 0.26
Galvanized iron 0.15
Asphalted cast iron 0.12
Commercial steel or wrought iron 0.046
Drawn tubing 0.0015

Figure 1: Equivalent lengths for certain geometries; Pritchard (2011).
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Figure 2: Loss coefficients for certain geometries; Pritchard (2011).
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