
 

I Conservation ofMass
A Wewillfind a continuity equation for an elementoffluidflowingthrough
a fixed differentialcontrol volumethathasonlyopencontrolsurfaces

B Assume threedimensionalflow wherevelocityfield hascomponents
UsVfxy z A V V xy z t W Wix y z t

C Point x y t isthecenterofcontrolvolume anddensity isdefinedbysealor
field s P x y z t
D Convectivechanges are only considered inthe x direction
E If we applycontinuityequation inthe x direction
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F Dividingby oxy or weget
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GIncluding Convectivechanges in yand z directiongives us37 32 JIM JIM O
H Using gradientoperator 8 8 1 8 J t K and F ve vi wk weget
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I Two DimensionalSteadyFlowof an Ideal Fluid
I Often the continuity equation isused for two dimensional
steadystate flow of an ideal fluid Thisgives us theequation
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2 This is same as saying Volumetricdilatation rate mustbe zero

or Volumerateofchange offluidelement m st be zero because
density is constant

J Cylindrical Coordinates
1 Continuity equation intermsof cylindrical coordinates r O Z is
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2 For incompressible fluidsteadyflow in two dimensions
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II TheNavier StokesEquations
A Realfluidsare viscous so we shouldincludeviscousforces in our equations todese
flow
BWemustwrite our equation in termsofvelocitycomponentsbyrelatingstress
componentsto theviscosity ofthefluidandthevelocitygradients



C Fortheseequations weobtain
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DTerms on leftrepresent ma whileterms on rightrepresent EF causedbyweight
pressure andviscosity
ETheequationsaboveareknown as NavierStokesEquations andapplyuniform
nonuniform steady or nunsteadyflow ofan incompressible Newtonian fluid
F Togetherwith continuityequation thefourequationsprovide a means of
obtaining thevelocity components U VW and thepressure p within the flow


