Exercise walk-through

Fluid properties and statics

University Mechanical Engineering



Fluid Mechanics

Statics: pressure grows with depth

surface flow 5 pipe
hc=25m
Ah =
120 mm
gate §
2m X 1.2 M fe————
mercury (SG 13.6)
p = pgh

= 14.8 kPa

Gate 2 m x 1.2 m, top 1.5 m down: F = pghcA = 58.7 kN, acting at yp
ye+ Ic/(ycA) = 2.633 m - below the centroid.
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Fluid Mechanics

Manometers and viscosity

Manometer Mercury (SG 13.6), Ah =120 mm: Ap = (pm — p)gAh = 14.8 kPa.
Using pm alone overstates it by 8%.

Viscosity Plate at 2 m/s on a 0.5 mm oil film, x = 0.29 Pa - s:
T = pdu/dy = 1160 Pa.

Kinematic v = ;1/p = 1.004 x 107% m?/s for water - the viscosity that enters
every Reynolds number.



University Mechanical Engineering

Exercise 2.1

2.1 A U-tube manometer with mercury under water shows a level difference of 150 mm.
Find the pressure difference between its two connections (at the same height). 2]

water

1150 mm

mercury
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University Mechanical Engineering

Exercise 2.1

2.1 A U-tube manometer with mercury under water shows a level difference of 150 mm.
Find the pressure difference between its two connections (at the same height). 2]

water

1150 mm

mercury

2.1
Ap = (prg — puw)gAh = 12600 x 9.81 x 0.150 = 18.5 kPa
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University Mechanical Engineering

Exercises 2.2:2.3

2.2 A mercury barometer reads 760 mm. Find the atmospheric pressure, and the height
a water barometer would need. 2]

vacuum

760 mm

2.3 A plate of area 0.50 m? slides at 2.0 m/s on a 0.50 mm oil film with z = 0.10 Pa s.
Find the shear stress, the force and the power lost. 3]

/) ——s20m/s

P/ oil, 0.50 mm

///////////////////////////////////
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University Mechanical Engineering

Exercises 2.2:2.3
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2.2 A mercury barometer reads 760 mm. Find the atmospheric pressure, and the height

a water barometer would need. 2]
760 mm
2.2
101.4 x 103
= 13600 x 9.81 x 0.760 = 101.4 kPa; water: h= —— =10.3 far too tall t
P X X a; water 1000 % 9.81 m, far too tall to

be practical

2.3 A plate of area 0.50 m? slides at 2.0 m/s on a 0.50 mm oil film with g = 0.10 Pa s.
Find the shear stress, the force and the power lost. 3]

o ——>20m)s

P/ oil, 0.50 mm

///////////////////////////////////

=400 Pa; F =400 x 0.50 =200 N; P = FU =400 W

0.0005



University Mechanical Engineering

Exercise 2.4

2.4 Give the SI units of dynamic viscosity p and kinematic viscosity v, and find v for an
oil with 4 = 0.10 Pa s and p = 880 kg/m?. [2]

oil

<«—Q
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University Mechanical Engineering

Exercise 2.4

2.4 Give the ST units of dynamic viscosity 4 and kinematic viscosity v, and find v for an

oil with 4 = 0.10 Pa s and p = 880 kg/m?. [2]
oil
@)
v
24
| ey 0.10 e
pin Pa s = kg/(m s); v in m?/s; 1/:%:1.14x10 m-/s
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University Mechanical Engineering

Exercise 3.1

3.1 A vertical rectangular gate 1.5 m wide and 2.0 m tall is hinged along its top edge,
which is 2.0 m below the water surface. A stop at the bottom edge holds it shut.

Find the water force, the depth of the centre of pressure, and the force on the stop. [5]

2.0 m

2.0m

///////////////////////////
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University Mechanical Engineering

Exercise 3.1

3.1 A vertical rectangular gate 1.5 m wide and 2.0 m tall is hinged along its top edge,
which is 2.0 m below the water surface. A stop at the bottom edge holds it shut.

Find the water force, the depth of the centre of pressure, and the force on the stop. [5]

2.0 m
) hinge
20m
rstop
3.1
he=30m, A=23.0m? F =1000 x 9.81 x 3.0 x 3.0 = 88.3 kKN
1.5 x 2.03/12
Yep = 3.0 + 3; > 3.é =3.11 m, so 1.11 m below the hinge

moments about the hinge: 2.0Fy,, = 83.3 x 1.11, Fy,, = 49.1 kN
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University Mechanical Engineering

Exercise 3.2

3.2 A manometer joins pipe A (water) to pipe B (oil, p = 850 kg/m?). From A the water
goes down 0.30 m to the mercury. The mercury on the B side stands 0.20 m higher, and

the oil above it rises 0.40 m to B.

Find psa — pp. [4]

mercury
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University Mechanical Engineering

Exercise 3.2

3.2 A manometer joins pipe A (water) to pipe B (oil, p = 850 kg/m?). From A the water
goes down 0.30 m to the mercury. The mercury on the B side stands 0.20 m higher, and

the oil above it rises 0.40 m to B.

Find ps — ps. [4]

mercury

3.2
walk from A: pa + pug(0.30) — prgg(0.20) — pog(0.40) = pp
pa —pp = —2.94+ 26.68 + 3.34 = 27.1 kPa

® exercises.lol exercises.com.cn



University Mechanical Engineering

Exercise 3.3 (a)

3.3 A steel pontoon is a box 6.0 m long, 2.5 m wide and 1.2 m deep. With its deck load
its mass is 8000 kg, and its centre of gravity is KG = 0.90 m above the keel. It floats in
fresh water.

(a) Find the draft and the freeboard. 2]
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University Mechanical Engineering

Exercise 3.3 (a)

3.3 A steel pontoon is a box 6.0 m long, 2.5 m wide and 1.2 m deep. With its deck load
its mass is 8000 kg, and its centre of gravity is KG = 0.90 m above the keel. It floats in
fresh water.

(a) Find the draft and the freeboard. 2]

a) draft = oy = 0.533 m; freeboard = 1.2 — 0.533 = 0.67 m
(a)
1000 x 6.0 x 2.5
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University Mechanical Engineering

Exercise 3.3 (b)

3.3 A steel pontoon is a box 6.0 m long, 2.5 m wide and 1.2 m deep. With its deck load
its mass is 8000 kg, and its centre of gravity is KG = 0.90 m above the keel. It floats in
fresh water.

(b) Find KB, BM and the metacentric height GM. Decide whether the pontoon is

stable. (4]
Ge
vl | [1.2m
Be
=
2.5 m wide
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University Mechanical Engineering

Exercise 3.3 (b)

3.3 A steel pontoon is a box 6.0 m long, 2.5 m wide and 1.2 m deep. With its deck load
its mass is 8000 kg, and its centre of gravity is KG = 0.90 m above the keel. It floats in
fresh water.

(b) Find KB, BM and the metacentric height GM. Decide whether the pontoon is

stable. 4]
Ge
Al [ |1.2m
Be
—e
2.5 m wide
0.533 6.0 x 2.53/12

= 0977 m

(b) KB = —>2 = 0.267 m; BM =
2 8.0

GM = 0.267+ 0.977 —0.90 = 0.34 m; GM > 0: stable
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University Mechanical Engineering

Exercise 3.3 (¢)

3.3 A steel pontoon is a box 6.0 m long, 2.5 m wide and 1.2 m deep. With its deck load
its mass is 8000 kg, and its centre of gravity is KG = 0.90 m above the keel. It floats in
fresh water.

(¢) A crane is to be mounted on the deck without changing the mass much. Find the
highest KG allowed for a margin of GM > 0.15 m. 2]
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University Mechanical Engineering

Exercise 3.3 (¢)

3.3 A steel pontoon is a box 6.0 m long, 2.5 m wide and 1.2 m deep. With its deck load
its mass is 8000 kg, and its centre of gravity is KG = 0.90 m above the keel. It floats in
fresh water.

(¢) A crane is to be mounted on the deck without changing the mass much. Find the
highest KG allowed for a margin of GM > 0.15 m. 2]

(¢c) KG < 0.267 4+ 0.977 — 0.15 = 1.09 m
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