PROBLEMS FOR CHAPTER 1
1-1
A sphere 1.4 cm in diameter is placed in a freestream of 18 m/s at 20°C and 1 atm. Compute the
diameter Reynolds number of the sphere if the fluid is (a) air, (b) water and (c) hydrogen.
1-2
A telephone wire 8 mm in diameter is subjected to a crossflow wind and begins to shed vortices.
From figure, what wind velocity in m/s will cause the wire to “sing” at middle C (or 256 Hz)?
1-3
If the wire in Problem 1-2 is subjected to a crossflow wind of 12 m/s, use Figure 1-9 to estimate its
drag force (in N/m)
1-4
For oil flow in a pipe far downstream of the entrance (Figure 1-10 and 1-11), the axial velocity
profile is a function of r only and is given by:
𝐶
𝑢=
𝑅b − 𝑟 b
𝜇
where C is a constant and R is the pipe radius. Suppose the pipe 1 cm in diameter and 𝑢efg is 30
m/s. Compute the wall shear stress in Pa if 𝜇=0.3 kg/m.s.
1-5
A tornado may be simulated as two-part circulating flow in cylindrical coordinates, with:
𝑣j = 𝑣k = 0
𝑣l = 𝑟𝜔
𝑣l =

𝜔𝑅 b
𝑟

𝑖𝑓

𝑟≤𝑅

𝑖𝑓

𝑟>𝑅

Determine:
(a) the vorticity and
(b) the strain rates in each part of the flow.
1-7
A two-dimensional unsteady flow has the velocity components:
𝑢=

𝑥
1+𝑡

𝑣=

𝑦
1 + 2𝑡

Find the equation of the streamlines of this flow which pass through the point (𝑥y , 𝑦y ) at time 𝑡 = 0.
1-8
Using Eq.(1-2) for inviscid flow past a cylinder, consider the flow along the streamline approaching
the forward stagnation point 𝑟, 𝜃 = 𝑅, 𝜋 . Compute (a) the distribution of strain rates 𝜖jj and
𝜖jl along this streamline and (b) the time required for a particle to move from the point 2𝑅, 𝜋 to
the stagnation point.

1-9
A commonly used equation of state for water is approximately independent of temperature:
𝑝
≈ 𝐴+1
𝑝y

𝜌
𝜌y

‚

−𝐴

where 𝐴 ≈ 3000, 𝑛 ≈ 7, 𝑝y ≈ 1 𝑎𝑡𝑚, 𝜌y ≈ 998 𝑘𝑔/𝑚 ˆ . From this formula, compute (a) the
pressure (in atm) required to double the density of water, (b) the bulk modulus of water at 1 atm,
and (c) the speed of sound in water at 1 atm.
1-10
As shown below, a 0.3×0.4 (m2) plate slides down a long 30° incline on which there is a film of oil
0.5 mm thick with viscosity µ=0.1 kg/m.s. Assuming that the plate does not deform the oil film,
estimate:
(a)
The terminal sliding velocity (in m/s)
(b)
The time required for the plate to accelerate from rest to 99% of the terminal velocity.

1-11
Estimate the viscosity of nitrogen at 86 MPa and 49°C and compare with the measured value of 45
µPa.s.
(86 MPa is high pressure, cannot use “low-density” method)

1-12
Estimate the thermal conductivity of air at 400°C and 1 atm and compare with the measured value
of 0.05015 W/(m.K).

1-13
It is desired to form a gas mixture of 23% CO2, 14% O2 and 63% N2 at 1 atm and 20°C. Estimate the
viscosity and thermal conductivity of this mixture.
The constituent properties are as follows:
Constituent

Mole fraction (𝑥)

µ (Pa.s)

K (W/m.K)

CO2 (44)

0.23

1.37 × 10-5

0.0146

O2 (32)

0.14

1.92 × 10-5

0.0244

N2 (28)

0.63

1.66 × 10-5

0.0242

1-14
Some measured values for the viscosity of ammonia gas are as follows:
Temp (K)

300

400

500

600

700

800

µ (Pa.s)

1.03 × 10-5

1.39 × 10-5

1.76 × 10-5

2.10 × 10-5

2.51 × 10-5

2.88 × 10-5

1-15
Analyze the flow between to plates of Figure 1-15 by assuming the fluid is a de Waele power-law
fluid as in Eq. 1-31a.
Compute:
(a) The velocity profile 𝑢(𝑦) with the power n as a parameter
(b) The velocity at the midpoint ℎ/2 for n=0.5, 1.0 and 2.0

1-16
Repeat the analysis of the velocity profile between two plates (Figure 1-15) for a Newtonian fluid
but allow for a slip velocity 𝛿𝑢 at both walls. Compute the shear stress at both walls. The slip
velocity is:
𝑑𝑢
𝛿𝑢 ≈ ℓ
𝑑𝑦
and shear stress at top wall is
𝜏“ =

𝜇𝑉
ℎ + 2ℓ

1-19
From the previous problem, if the temperature, sphere size and velocity remain the same for airflow,
at what air pressure will the Reynolds number be equal to 10,000.
1-20
A solid cylinder of mass m, radius R and length L, falls concentrically through a vertical tube of
radius R+∆R, where ∆R≪R. The tubes is filled with gas of viscosity µ and mean free path ℓ . Neglect
fluid forces on the front and back faces of the cylinder and consider only shear stress in the annular
region, assuming a linear velocity profile. Find an analytical expression for the terminal velocity of
fall, V, of the cylinder (a) for no slip, (b) with slip (Eq.1-91).
1-21
Oxygen at 20°C and approximately 1200 Pa(abs) flows through a 35 µm diameter smooth capillary
tube at an average velocity of 10 cm/s. Estimate the Knudsen number of the flow and whether slip
flow will be important.
1-22
A disk rotates steadily inside a disk-shaped container filled with oil of viscosity µ. Assume linear
velocity profiles with no slip and neglect stress on the outer edges of the disk. Find a formula for
the torque M required to drive the disk.

1-23
˜
Show from Eq.1-86, that the coefficient of thermal expansion of a perfect gas is given by 𝛽 = .
™
Use this approximation to estimate 𝛽 of ammonia gas (NH3) at 20°C and 1 atm and compare with
the accepted value from a data reference.

1-24
The rotating-cylinder viscometer shears the fluid in a narrow clearance ∆r, as shown. Assuming a
linear velocity distribution in the gaps, if the driving torque M is measured, find an expression for
µ by (a) neglecting the bottom friction and (b) including the bottom friction.

1-25
Consider 1 m3 of a fluid at 20°C and 1 atm. For an isothermal process, calculate the final density and
the energy, in joules, required to compress the fluid until the pressure is 10 atm, for (a) air and (b)
water. Discuss the difference in results.

1-26
Equal layers of two immiscible fluids are being sheared between a moving and a fixed plate.
Assuming linear velocity profiles, find an expression for the interface velocity U as a function of V,
µ1 and µ2.

1-27
Use the inviscid-flow solution of flow past a cylinder, Eq.1-3, to:
(a) Find the location and value of the maximum fluid acceleration along the cylinder surface.
Is your result valid for gases and liquids?
(b) Apply your formula for amax to airflow at 10 m/s past a cylinder of diameter 1 cm and
express your result as a ratio compared to the acceleration of gravity. Discuss what your
result implies about the ability of fluids to withstand acceleration.

