
 

Fluid Statics

I Pressure
A Fluids can exert normalandshearforces on surface of contact
however if fluid is at rest relative to surface then viscosity will
have no shearing effect
B Pressure Forceacting normal to an area divided by this area

Poko in I
C Units are Pascals PasNmd Psf 1342 or Psi blind

D Pascal's Law
I Pascal'sLaw Intensity of Pressure acting at a point in a fluid
is the same in all directions

2 Since pressure at a point is transmitted throughout the fluidby
action equal but oppositeforce reaction any pressure increase
at one point influid will cause same increase at all otherpoints
within fluid

II Absolute and Gage Pressure
A Zero Absolute Pressure A container with nothing inside Perfectrace
B AbsolutePressureAny pressurethat is measuredabove zero absolute
pressure

C StandardAtmosphericPressure Absolute pressuremeasured at sea level
and at a temperature 150C Patm 101.3kPa 14.7psi
DGage PressureAnypressuremeasuredabove or belowatmosphericpressu
PabstPatmtPg

III Static PressureVariation
A Pressure varies in staticfluidsdueto theweight of the fluid
B Pressure does not change in the x and y directions Pressure remains constant
inthe horizontalplane

C Pressure willonlybe a function Z
D dps ydz Negativesign indicatespressurewilldecreaseas onemovesupward
E Applies to bothincompressible and compressiblefluids

II PressureVariation for incompressible fluids
A 8 is constant for incompressiblefluids sincevolumedoesn'tchange

Spidp 85dz
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B Reference level is usually established at the free surface oftheliquidZo
and coordinate 2 is directedpositivedownward

P Po t 8h where L is distancefrom surface
C If Su facepressure equals atmospheric pressurethan 8h represents gage
pressure D yh

DWeight of water causes gayepressure to increase linearly as yougo deeper
E PressureHead
I PressureHead1h Indicates theheightof a columnof liquidthatproduces t
gagepressure p

h f
I PressureVariation forCompressiblefluids
A SpecificWeight 8 is not consistentthroughout a gas
BTo integrate dps 8dz wemustexpress 8as a function of p Wedothisusing
D ART V Pg giving 8 PS

dps sdz Rfdz or
Rt
did It dz

C Constant Temperature
I If temperaturethroughoutgasremains constant We have

ftp.df s S It dz
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2 Thisequation is usedto calculatepressurewithinthe lowestregion
of the stratosphere

VI Measurement ofstatic Pressure
A Barometer
1 MeasuresAtmosphericpressure
2 Closed end glass tube isfilledwithmercuryandthensubmerged in adish of
mercury andturnedupsidedown

3 Pressure at C equals pressure at B
P PatTigh PatmsOtfightHgh



BManometer
I Consistsof transparenttubethat isusedtodeterminegage pressurein a liquid
2 Simplesttypeofmanometer is calledpiezometer

3 Pressure at pointA equals pasth
4 Piezometersdo notworkwellfor measuringlargegagepressuressincehwouldbela
and notgood at measuringlargenegative pressuresas air might leak intothe container

5 U tubemanometers are usefulwhenmeasuring negativegags pressure or
moderatelyhigh pressures
6 Oneend oftube is connected to the vesselcontaining a fluid ofspecifiweight
andotherendis open to atmosphere
7 To measure relativelyhighpressures a liquidwith ahighspecifin weighty
such as mercury is placed in the U tube

8 Pressure at A equalsPressure at B
9 Pressure at C equalsP Pa tha
10Pressure at CequalsPressure at D
11 Pe Ppsy hpe thus yhpe Patthis or PA 8 hDe thB

C Manometer Rule
I Manometer Rule Start at a point in the fluidwherethe pressure isto be
determinedandproceedto add to it the pressuresalgebraicallyfrom oneVert
fluid interface to the next untilyoureachthe liquidsurface at the othere
of the manometer

2 Pressureterms are positive if it is below a point
D DifferentialManometer
I Usedto determine the difference in pressure betweentwopoints in a closed

fluidsystem
2 Summingpressures as outlinedbymanometer rule

PaShap Jhp then P
UP p PA yhap Yhee tha

3 Since hisc har ha
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4Small differences in pressure can also be detectedbyusing an inverted
U tubemanometer Amanometer fluidwith a smallerspecifi weight y

Pa thar t hB the P
up P pas thar t t h ithad

5 Since hBeharsh'D
op ly 8thB

E BourdonGage
I Used for veryhighgage pressures
2 Consists of a coiledmetaltube that is connected at oneendto the vessel
wherethepressure isto bemeasuredTheotherend is closedso that when
thepressure inthevessel is increasedthe tubebeginsto uncoilandrespondelastica

FPressureTransducers
I Electromechanical devicethat can beusedto measurepressure as a digital
readout

2 Produces a quickresponseto changes inpressureand provides a continuous

readout over time
G Other Pressure Gages
I Fusedquartzforce balanceBourdontube A more accurategage pressure cause
elastic deformation of a coiledtube that is detectedopticallyTube isrestoredt
originalpositionby magnetic field that is measuredand correlatedto pressure

2 Piezoelectricgages Change electric potential whensubjected to smallpressu
changes sopressure can be correlatedtothischange and presentedas a digitalreadou

VII Hydrostatic Force on a planeSurface FormulaMethod
A Resultantforce
I Resultantforce is found by consideringdifferential area da at depthhi
pressure at depth is p th

df pdas yhda 8lysinedA
Fr ysinoSayda kino FA

2 Integral Sayda representsmomentof Area about the x axis
3 T represents distancefrom X axis tothe Centroid C
4 Depthofcentroid I Ising

Fr tht
5Above equationshowsthat magnitude ofresultantforce on plate is product ofpressu
acting at plates centroid 8handarea A of theplate



B Location ofResultantForce
I Resultantforce ofpressuredistribution acts through a pointcalledcenter ofpres
2 TheYpCoordinate

a Werequire Me EM Ypf Saydf
bSinceFr ysinOlya and de rysinOda then

yp8sinOctA Say 8lysineda

YpYA yadA
C Theintegral representsthe area momentof inertia I for area about x axis

Yp FId Values for area moment ofinertia are normally referencedfrom an axis

passingthrough the CentroidofArea
e we use parallel axis theorem to obtain I withthis equation

Y É I
3 ThexpCoordinate

a Weusethe samestrategytofindtheXp Coordinate

Xp 85in0 JA S x HysinOldA
XpJA Sada

bTheaboveintegralgives us the productof Inertia Ixyforthe area
xp FA

c We canapplyparallelplanetheorem toget
xp FIT I

d If either axis passesthroughthecentroid Iyo and 5 0 making Xp o wh
means the center ofpressurewill lie onthe f centroidal axis

VIII Hydrostatic force on a planesurface GeometricalMethod
A Resultantforce
1 ThemagnitudeoftheresultantforceisequaltothetotalVolume of thepressureprism
Fr EF FifaPda Edt f

BLocation
I Tolocateresultantforcewerequirethemoment of resultantforceaboutthe x andy axie
equalthemoment createdbytheentirepressuredistribution abouttheseaxes

xpFr SxdF Ypf SydF
2 SinceFastanddfsdt wehave
Xp pff Sadf tospit Sgt



3 Thelineofactionoftheresultantforcewillpassthrough boththecentroidCy ofthevolumeo
thepressureprismandthecenterofpressure P onthe plate

C PlatehavingConstantWidth
I If a platehasconstantwidth thenpressureloadingalongthe width at depth h a
ha is constant

2 IntensityW ofdistributed load is measuredas forcelength andvarieslinearlyfrom
W pb th b to waspab18hab where b width

3MagnitudeFr is thenequivalent tothetrapezoidal area definingthedistributed loading
II Hydrostaticforce on a planeSurface IntegrationMethod
A ResultantForce
I Considering a differentialAreadA at a depthh wherepressure is P theresult
force is Fr SaPda

B Location
I Moment ofFrabout x andy axes mustequalmomentof
pressuredistributionaboutthese axes

Xp
SAPda
Pda Yp

SATPda
Pda

I Hydrostatin Force on an inclined plane orcurvedsurfacedeterminedbyprojection
A HorizontalComponent
I Forceactingon dais df pdt sothehorizontalcomponentwill
be dfi pdA sin0 Weintegratetofindresultanthorizontalcomponent

F fpsinodA
2 Theresultanthorizontal forcecomponentacting on the
plate isequalto the resultantforce of the pressureloading
acting on the area of thevertical projection ofthe plate

BVerticalComponent
I Verticalcomponent ofresultantforceacting onda is
dFv pdtcos0 so df pldtcoso yhdacos0

2 VerticalColumnabove dahas a volumeof dt h dacos0 thendFusVdtThus
E frat gu

3 ResultantVerticalForceacting ontheplate is equivalenttotheweightoftheVolume of
the liquid actingabovetheplate
4OnceVerticalandhorizontal components offorce are known the magnitude direction
and line ofaction can be establishedforthe resultantforcewhichactsthroughcenterofpress



C Gas
I Forgasesweight can generally be neglected andso the pressurethroughout is constan

XI Buoyancy
A Archimedes discoveredtheprincipal ofbuoyancywhichis whena bodyis placed in a staticfluid
is buoyedupby a forcethat isequaltotheweightofthefluid
thatisdisplacedbythebody
B The resultantforceactingupwardonthebottomsurfaceABC of a
submergedbodyequals theweight of thefluid abovethe surface ABCEFA
C Thedownwardforceacting on thetopsurface Abc ofthebodyequals theweight of
thefluidabove it ADCEFA

D Difference inthesetwoforces is known as the Buoyantforcewhichactsthroughthe
Centerof BuoyancyCB which is locatedat theCentroidof theVolume of liquiddisplaced
by the body
E Hydrometer
I Usesbuoyancyto measurespecifirgravityof a liquid
2 Thehydrometerwillfloatinequilibrium in waterandwillbemarkedspecificgravity1.0a
thewaterlevelsince Sw 8 1 1.0

3Whenthe hydrometer is placed in anotherliquidit willflouthigheror lower dependingon the
liquidsspecific gravity compared to water
a it willsink lower in lighterfluids

XII Stability
A A bodycan float in a liquid or a gas
B Stable Equilibrium
I If center ofGravity is below an objects center ofBuoyancy a momentwill
be created which keepsthe object upright

C UnstableEquilibrium
I IF center ofgravity is above centerofBuoyancy a moment is created which

moves theobjectfurtherfromequilibrium
DNeutralEquilibrium
I Center of gravityandcenterofBuoyancy coincide no matterthe objectsorientation
a moment will not becreated

EMetacenter thepoint on the centerlineof a body that intersects the lineofaction
ofFb

F If themetacenter is abovethecenter of gravity thebodywill be in stableequilibrium



G If metacenter is belowcenter of gravity thebody willbe in unstableequilibrium
Constant TranslationalAcceleration ofa liquid
AConstantHorizontalAcceleration
I If a container of liquid has a constantvelocity thenthe Surfaceofthe liquid
will remainhorizontal

2 If a containerundergoes a constant acceleration the liquidsurface will begintorotate
clockwise aboutthecenterofthecontainer andwilleventually maintain a fixedtilted
position O

3 Vertical Element
a Equilibriumexists in verticaldirection since

no accelerationoccurs inthis direction

Fy O pot g hoa O
p th

b Pressure atanydepthfromthe inclinedliquidsurface isthe same as if the
liquidwere static

4 Horizontal Element
a Onlyhorizontalforce is caused bythe pressure oftheadjacent liquidon eachofits
ends

b sincemass is am of
81nA
g

EE Max Pasa p bas goA a

Pa p Bac t yh s go
tanO g

BConstantVerticalAcceleration
1 Whenaccelerated upward liquidsurfacemaintains horizontalposition howeverpressurecha
2 HorizontalElement
a Pressure is thesame forpointsthat lie in thesame horizontalplane
EF 0 part pWA O

Pa p
3VerticalElement
a Forcesactingon verticalelementconsist of elements weightand pressureforceon
its bottom

b mass is om only
RhoA
g

Fymay pot RhoA gotta
p 8h11



c If freefalloccurs then a s g andgagepressure throughout
liquidwill bezero

XII Steady Rotation of Liquid
AWhen a liquid is placedwithin a cylindricalcontainerrotating with constantangular

velocity w the liquidwillrotate as well eventually movingwith no relativemotion to itself
Particles that are closer tothe axis willmove slower than those furtheraway causing
the liquidsurface toform aforced vortex
B Constantangularrotation w produces a pressuregradientinthe radialdirection dueto
radial acceleration of liquidparticles

A war
C To studypressuregradient we look at a ringelementhaving a radius r thickness or
andheight oh Pressures on innerandouter sides ofring are pandpt ft orrespect

D mass ofring is oms y s 84 812org
or oh

Fr ma p Flor zeroh plant oh s 812151oohwar

II og
Integrating we obtain psKy 2 C

Since p th hs Ey r

E Thisequationrepresents a parabola Specifically the liquid as a wholeformsa surface
that describes a paraboloid of revolution


