Shear stress in laminar flow



elastic solid =Gy

dv

Newtonian fluid T=U—

dy

viscosity is the property of a fluid to resist the rate at which
deformation takes place when the fluid is acted upon by shear forces
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Solid Like ---------- Liquid Like

ldeal Solid ----- Most Materials ----- ldeal Fluid
Purely Elastic ----- Viscoelastic ----- Purely Viscous
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non-Newtonian fluid
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Rate of strain
no-slip condition;

when the boundary is a stationary wall, the layer of fluid
next to the wall is at rest

if the boundary is moving, the fluid moves at the
velocity of the boundary

when viscous effects are neglected (inviscid fluid), the
velocity component normal to the boundary is zero

; result of experimental observation



viscosity; a resistance to deformation rate

kinematic viscosity V= £
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shear stress 7

/; direction of plane

/; direction of force
positive when both
positive or both negative
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shear stress
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analysis of a differential fluid element



flow In a circular conduit

laminar, —
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Hagen-Poiseuille equation
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flow down an inclined plane surface

incompressible,
laminar,
fully developed,

ZF, =[] (v moas L f]T,, pvav

Y F =PAyAz| —PAYyAz| . +7,AXAz

— 7, AXAZ| + pgAXAYAzSIing
yX y IO

y+4Ay
T, AXAZ| - ryXAxAz\y + pGAXAYAZSING =0
Tyx y+Ay_TyX‘y ) d .
= —7,,+p00singd=0
Ay +pgsind =0 ay fols)

T, =—pPgsindy+C, BC; shear stress is zero at free surface

dv .
Ty =M er = pgLsin 9[1—%} BC; no slip at surface

y :ngzsinH X_l(ljz
" U L 2(L




differential equations of fluid flow
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mass flux through a differential
control volume
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Navier-Stokes equations

time rate of change |

sum of the external net rate of linear
forces acting >=< momentum + < of linear momentum ¢
on the c.v. efflux within the c.v.
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Bernoulli equation
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inviscid flow

steady flow

incompressible flow

the equation applies along a streamline
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flow between two vertical plates
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inviscid fluid flow



vorticity (rotation at a point)
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irrotational flow; when the rotation at a point is zero
stream function; for two dimensional incompressible flow
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2 for irrotational flow



irrotational flow around a cylinder
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for irrotational flow v=V¢ velocity potential
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orthogonal

v = constant
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