Fluid Mechanics 4 (Mechanical)
Formula Sheet

When necessary assume the following values

e Air density: p=1kg m™®

e Air kinematic viscosity: v = 1.5 x 1075 m?s~ 1.

Speed of sound in air: ¢; = 3.4 x 10°m s~ 1.

Water density: p = 10%kg m >

Water kinematic viscosity: v = 1.0 x 1078 m?s~!.

e Transition Reynolds number for a smooth airfoil boundary layer: 5 x 10° —

Fundamental Theorem of Calculus
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Stokes’ Theorem
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Acceleration
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Velocity gradient decomposition

u)l+ E +Q

Transition Reynolds number for a smooth sphere: 5 x 10°.
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Transition Reynolds number for a smooth pipe: 3 x 103 — 5 x 10%.
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Reynolds Transport Theorem
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Continuity Equation
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Momentum Equation
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Constitutive equation
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Navier-Stokes Equation (with the Stokes assumption)
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Navier-Stokes Equation for incompressible flow with constant viscosity
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1 dp 9 ¢p=Ux+Vy and ¢ =-Va+Uy
ux(y):T T dr (yfy)
H Source/Sink
Couette flow U b= q In(r) and o = Qie
Uz (y) = Ey g
Potential vortex
Bernoulli equation r r
¢p=—0 and ¢ =——In(r)
w2 p 27 27
9 + ; + 9% = constant Potential Flow Past a Rotating Cylinder
. R?\ | r
Stream function o - o W ="Ur (1 - r2> sinf — o In(r)
Oy - Ox R2 r
¢o=Ur <1+2> cosf + —0
1 31/) _ 3¢ r 2
Ur = r 00 o = Or Kutta-Joukowski’s Theorem
Velocity Potential L =—pUT.
_ 9 09
T o v= aiy Ensemble average and fluctuations
06 100 RS
L= L (U)y==>» wu; and u'(x,t)=u(x,t)—(U)
ar T o0 N zzzl
Laplace Equation Variance, standard deviation, and root mean square
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Mean continuity equation
V-(u)=0
Mean Navier-Stokes equation
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Kinetic energy of the mean flow
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Turbulent kinetic energy
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Turbulent viscosity hypothesis
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Prandtl’s Mixing Length Turbulence Model
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Mean kinetic energy equation
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Turbulent kinetic energy
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Two point, one time covariance
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Spectra
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Energy spectrum in isotropic flow
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Turbulent kinetic energy in wavenumber space
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Kolmogorov variables
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Ratio between the largest and the smallest scales of turbulence
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Kolmogorov spectrum in the inertial range
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Boundary layer thickness
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Wall shear stress in boundary layer Blasius solution for the laminar boundary layer
ou u U 0 5.0 6 1.721 52 0.665
~H oy SRS TR Feq Y o L 12 P
Yly=o z z Re T Re €T Re
Local skin friction coefficient in boundary layer
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Turbulent boundary layer equation Boundary layer growth (laminar and turbulent)
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