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20 FUNDAMENTALS OF FLUID MECHANICS

upper surface is in contact with air, which offers almost no resistance to the flow. Using Newton's
law of viscosity, decide what the value of du/dy, y measured normal to the inclined plane, must be
at the upper surface. Would a linear variation of « with y be expected?

1.4 What kinds of rheological materials are paint and grease?

1.5 A Newtonian fluid is in the clearance between a shaft and a concentric sleeve. When a force of
500 N is applied to the sleeve parallel to the shaft, the sleeve attains a speed of 1 m/s. If a 1500-N
force is applied, what speed will the sleeve attain? The temperature of the sleeve remains constant.

1.6 Determine the gravity force in newtons of 3 kg mass at a place where g = 9.7 m/s2

1.7 When standard scale masses and a balance are used, a body is found to be equivalent in force
of gravity to two of the 1-kg scale masses at a location where ¢ = 9.7 m/s% Calculate the gravity
force on a correctly calibrated spring balance (for sea level) at this location.

1.8 Determine the unit gravity force y for water at 25° C and ¢ = 9.75 m/s%
i 1.9 On another planet, where gravity is 3 m/s?, find the force of gravity on 400 L of material
' p = 800 keg/m",
1.10 A correctly calibrated spring scale records the gravity force of a 2-kg body as 17.0 N at a
location away from the earth. What is the value of g at this location?

1.11 The gravity force on a bag of flour at sea level is 20 N. What is its mass at a location where
g = 9.6 m/s??

1.12 What is the kinematic viscosity of liquid of viscosity 0.002 Pa s and a relative density of 0.87

1.13 A shear stress of 4 mPa causes a Newtonian fluid to have an angular deformation of 1 rad/s.
What is its viscosity?

x L.14 A plate, 0.5 mm distant from a fixed plate, moves at 0.25 m/s and requires a force per unit area
of 2 Pa to maintain this speed. Determine the viscosity of the substance between the plates.

K 1.15 Determine the viscosity of fluid between shaft and sleeve in Fig. 1.6.

75 mm diam

o = 0.1 m/s
_— e

Figure 1.6 Problem 1.15. :

L.16 A flywheel weighing 600 N has a radius of gyration of 300 mm. When it is rotating 600 rpm, its
speed reduces 1 rpm/s owing to fluid viscosity between sleeve and shaft. The sleeve length is 50
mm; shaft diameter is 20 mm: and radial clearance is 0.05 mm. Determine the fluid viscosity.

“1.17 A 25mm diameter steel cylinder 300 mm long falls, because of its own gravity force at a

uniform rate of 0.1 m/s inside a tube of slightly larger diameter. A castor-oil film of constant
I thickness is between the cylinder and the tube. Determine the clearance between the tube and the
i cylinder. The temperature is 38°C. Relative density of steel = 7.85.

#1.18 A piston of diameter 50.00 mm moves within a cylinder of 50.10 mm. Determine the percent
degreaae in force necessary to move the piston when the lubricant warms up from 0 to 120°C. Use
peat ""Erude-oil viscosity from Fig. C.1, Appendix C.
-2 %% 119 How much greater is the viscosity of water at 0°C than at 100°C? How much greater is its
kinematic viscosity for the same temperature range?
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1.20 A fluid has a viscosity of 0.6 Pa-s and a relative density of 0.7. Deterfaine its kinematic
viSCOSItY.

1.21 A fluid has a relative density of 0.78. For a kinematic viscosity of 1.0 x 10°% m%/s determine
the viscosity.

1.22 A body with gravity force of 500 N with a flat surface area of 0.2 m® slides down a lubricated
inclined plane making a 30° angle with the horizontal. For viscosity of 0.1 Pa s and body speed of 1
m/s determine the lubricant film thickness.

1.23 What is the viscosity of gasoline at 25°C?

1.24 Determine the kinematic viscosity of benzene at 27°C.

1.25 Calculate the value of the gas constant R for relative molecular mass of 44.

1.26 What is the specific volume of a substance of relative density 0.757

1.27 What is the relation between specific volume and unit gravity force?

1.28 The density of a substance is 2900 ke/m®. What is its (a) relative density, (5) specific volume,
and (¢) unit gravity foree?

1.29 A force, expressed by F = 4i + 3j + 9k, acts upon a square area, 2 by 2 cm, in the ry plane.
Resolve this force into a normal-force and a shear-force component. What are the pressure and the
shear stress? Repeat the calculations for F = —4i + 3j — %k

1.30 A gas a1 20°C and 0.2 MPa abs has a volume of 40 L and a gas constant R = 210 m -N/kg - K.
Determine the density and mass of the gas.

1.31 What is the density of air at 400 kPa abs and 30°C?

1.32 What is the density of water vapor at 0.3 kPa abs and 30°C?

1.33 A gas with relative molecular mass 28 has a volume of 100 L and a pressure and temperature
of 80 kPa abs and 330 K, respectively. What are its specific volume and density?

1.34 One kilogram of hydrogen is confined in a volume of 150 L at —40°C, What is the pressure?
1.35 Express the bulk modulus of elasticity in terms of density change rather than volume change.
1.36 For constant bulk modulus of elasticity, how does the density of a liquid vary with the
pressure?

1.37 What is the bulk modulus of a liquid that has a density increase of (.02 percent for a pressure
increase of 0.6 MPa?

1.38 For K = 2.2 GPa for bulk modulus of elasticity of water what pressure is required to reduce
its volume by 0.5 percent?

1.39 A steel container expands in volume 1 percent when the pressure within it is increased by 70
MPa. At standard pressure, P = 101.3 kPa it holds 450 kg water, p = 1000 kg/m®. For K = 2.06 GPa
when it is filled, how many kilograms mass water need be added to increase the pressure to 70
MPa?

1.40 What is the isothermal bulk modulus for air at 0.4 MPa abs?

1.41 At what pressure can cavitation be expected at the inlet of a pump that is handling water at
20°C?

1.42 What is the pressure within a droplet of water of 0.05 mm diameter at 20°C if the pressure
outside the droplet is standard atmospheric pressure of 101.3 kPa?

1.43 A small circular jet of mercury 0.1 mm in diameter issues from an opening. What is the
pressure difference between the inside and outside of the jet when at 20°C?

1.44 Determine the capillary rise for distilled water at 40°C in a circular 6 mm diameter glass tube,
1.45 What diameter of glass tube is required if the capillary effects on the water within are not to
exceed (.5 mm?

1.46 Using the data given in Fig. 1.4, estimate the capillary rise of tap water between two parallel
glass plates 5 mm apart.

1.47 A method of determining the surface tension of a liquid is to find the force needed to pull a
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