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Chapter 14: Fluids
 Density: mass per unit volume for a fluid
 ρ = ∆m/∆V ρ = m/V ( for uniform fluids)
 unit : kg/m3 (Density is a scalar)
 air: 1.21 kg/m3 (20oC, 1atm), 60.5 kg/m3 (20oC, 50atm)
 water: 1.0x103 kg/m3
 • Fluids include both liquids and gases.
 • Fluid is a substance that can flow. Fluids conform to the boundaries of any container in which we put them.
 • Properties of fluid: densityand pressure
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Chapter 14: Devices
 Devices that use Chapter 14:Ships (buoyancy)Hydraulic Lifts (Pascal)Barometer (Pascal)Airplanes (Bernoulli)gasoline automatic shut-off valves (Bernoulli)
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Pressure: force per unit area in a fluid
 P = ∆F/∆A
 P = F/A (if the force is uniform over a flat area)
 Pressure of atmosphere at sea level:
 1 atm= 1.01 x 105 Pa = 760 torr (mm Hg)
 = 14.7 lb/in2 (psi)
 units: 1 Pascal (Pa) = 1 N/m2
 Pressure is a scalar. (same value no matter how the pressure sensor is oriented)
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Fluids at Rest
 Hydrostatic pressure– pressure of fluids at rest
 F2 = F1 + mg
 since F = PA, m = ρV = ρA(y1−y2)
 p2A = P1A + ρAg(y1−y2)
 yields:
 p2 = p1 + ρ ρ ρ ρ g ( y1 −−−− y2 ) = p1 + ρ ρ ρ ρ g h
 The deeper in the liquid, the higher the pressure, does not depend on any horizontal dimension of the fluid or its container.
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• Pressure of fluid: p2 = p1 + ρ ρ ρ ρ g h– Level 1 is above level 2
 • Pressure at depth h in the liquid:p1 = p0, h = h, p2 = pthen p = p0 + ρ g h
 • Atmospheric pressure of a distance d above sea level
 p1 = p, h = d, p2 = p0
 then p0 = p + ρ g dp = p0 – ρ g d
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Measuring Pressure
 The mercury barometer -- a device to measure the pressure of the atmosphere
 h = h, p1 = 0, p2 = p0
 then p0 = 0 + ρ g h
 p0 = ρ g h
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Absolute pressure= total pressure
 Gauge pressure= absolute pressure – atmospheric pressure (e.g. The pressure meter for the car tire)
 The open-tube manometer – a device to measure the gauge pressure of a gas
 p1 = p0, p2 = pa , h = h
 then pa = p0 + ρ g h
 pg = pa − p0 = ρ g h
 Pressure Measurements
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Pascal’s Principle
 Pascal’s principle: a change in the pressure applied to an enclosed incompressible fluid is transmitted undiminished to every portion of the fluid and to the walls of its container.
 e. g. squeeze toothpaste, balloon

Page 9
                        

Pascal’s Principle and the Hydraulic Level
 ∆pi = ∆po Fi/A i = Fo/Ao
 Fo = Fi (Ao/A i)
 If A o = 100Ai, Fo = 100Fi
 Small force lifts heavy things…
 V = Aidi = Aodo
 do = di (A i/Ao)
 If A o = 100Ai, di = 100do…. by moving longer distance.
 Wo = Fodo = (FiAo/A i) (diA i/Ao) = Fidi=Wi
 Work input equals work output.
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Achimedes’Principle
 When a body is fully or partially submerged in a fluid, a buoyant forceFb from the surrounding fluid acts on the body.
 direction: upwardmagnitude: the weight of the fluid that has been
 displaced by the body.
 Fb = mf g = ρf Vf g
 – stone in water
 – wooden block in water
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For a floating object
 Fg = Fb = ρf Vf g
 the magnitudes of the gravity and the buoyant force are equal.
 Apparent weight in a fluid Wapparent= Wactual– Fb
 The object will sink until it displaces equal mass of liquid as its mass
 If the object has a greater density than the liquid, then it will sink.
 However,
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Sample ProblemWhat fraction of the iceberg is above water?
 V i = total volume of icebergVf = volume of displaced
 water
 Key point: Forces balance since the iceberg is at rest.
 i
 f
 i
 fi
 V
 V1
 V
 VVfrac −=−=
 m = ρV (density x volume)=> mg = ρVgmi g = ρiV i g = mf g = ρfVf g
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Sample Problem What fraction of the iceberg is above water?
 V i = total volume of icebergVf = volume of displaced water
 Key point: Forces balance since the iceberg is at rest.
 mi = ρiV i = mf = ρfVf
 ρiV i = ρfVf
 10.0m/kg1024
 m/kg9171
 1V
 V1frac
 3
 3
 f
 i
 i
 f
 =−=
 ρρ−=−=
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Checkpoint
 1) Depends on the initial ratio of water to ice
 2) Falls
 3) Rises and overflow will occur
 4) Depends on the shape of the block of ice
 5) Remains the same
 A block of ice at 0oC is floating on the surface of ice water in a beaker. The surface of the water just comes to the top of the beaker. When the ice melts the water level will:
 ρwater= 1000 kg/m3 ρice = 917 kg/m3
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Checkpointρwater= 1000 kg/m3 ρice = 917 kg/m3
 A block of ice at 0oC is floating on the surface of ice water in a beaker. The surface of the water just comes to the top of the beaker. When the ice melts the water level will:
 1. Depends on water/ice ratio
 2. fall
 3. rise & overflow
 4. depends on shape of ice
 5. remain the same
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Checkpoint
 1) Depends on the initial ratio of water to ice
 2) Fall
 3) Rise and overflow will occur
 4) Depends on the shape of the block of ice
 5) Remains the same
 A block of ice at 0oC is floating on the surface of ice water in a beaker. The surface of the water just comes to the top of the beaker. When the ice melts the water level will:
 ρwater= 1000 kg/m3 ρice = 917 kg/m3
 Ice displaces equal weight of water => floating part “fills in” the submersed part as it melts.
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Problem 14-35
 A block of wood floats in water with 2/3 of its volume submerged and in oil with 9/10 of its volume submerged.
 A) Find the density of the wood.
 B) Find the density of the oil.
 ρwaterVwaterg = ρwoodVwoodg where Vwater is the water displaced
 3water
 wood
 waterwaterwood m/kg667
 3
 2
 V
 V =
 ρ=
 ρ=ρ
 ρoilVoil g = ρwoodVwoodg where Voil is the oil displaced
 3waterwood
 oil
 woodwoodoil m/kg741
 9
 10
 3
 2
 9
 10
 V
 V =
 ρ=
 ρ=
 ρ=ρ
 FB
 mg
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The U – tube contains two liquids in static equilibrium. Water of density ρw = 998 kg/m3
 is in the right arm, and oil of unknown density ρx is in the left. l = 135 mm, d = 12.3 mm.
 Sample problem 14-3
 What is the density of the oil?
 Key point: Pressures must be equal at interface
 ( ) ll gppdgpp woright,erfaceintxoleft,erfaceint ρ+==+ρ+=
 +ρ=ρ⇒
 dwxl
 l
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• Check point 14-1: The figure shows four containers of olive oil. Rank them according to the pressure at depth h, greatest first.
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Ideal fluid in motion
 • Steady flow
 • Incompressible flow• Nonviscous flow• Irrotational flow
 • Next, we will discuss two principles related to ideal fluid in motion.
 Mechanical Energy will be conserved under these restrictions.
 }
 The Continuity Equation andBernoulli’s equation
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The Continuity Equation
 ∆V = A ∆x = A v ∆t
 ∆V = A1v1∆t = A2v2∆t
 Water running from a vertical faucet.
 A1v1 = A2v2 (equation of continuity)
 or Av = constant (volume flow rate)

Page 22
                        

Problem 14-62
 v1 = 15m/s d1 = 3.0 cm d2 = 5.0 cm
 A) Find the volume of water exiting in 10 minutes.
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Problem 14-62
 v1 = 15m/s d1 = 3.0 cm d2 = 5.0 cm
 B) Find the speed v2 in the larger pipe section.
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Problem 14-62
 v1 = 15m/s d1 = 3.0 cm d2 = 5.0 cm
 C) Find the pressure p2 in the larger pipe section.
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Bernoulli’s equation
 Bernoulli’s equation is based on Conservation of Mechanical Energy
 p + ½ρρρρv2 + ρρρρgy = constant
 Pre
 ssur
 e
 Kin
 etic
 ene
 rgy
 per
 volu
 me
 Pot
 entia
 l ene
 rgy
 per
 volu
 me
 Con
 serv
 ed
 p1 + ½ ρρρρv12 + ρρρρgy1 = p2 + ½ ρρρρv2
 2 + ρρρρgy2 = constant
 =
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Bernoulli’s equationBernoulli’s equation
 based on Conservation of Mechanical Energy
 p + ½ρρρρv2 + ρρρρgy = constant
 For fluid at rest, v = 0
 p + ρgy = constant
 p2 = p1 + ρg(y1−y2)
 For y = constant,
 p + ½ρv2 = constant
 if v increases, then p decreases
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