Motion and Dynamics of Fluids

Motion
Velocity vector V=V (x, y,2,1)
x,y and z = coordinates in a fixed reference frame
Eulerian formulation

Basic laws written for a system which moves with the fluid:
V=V[xy+X(®),yo +Y(®),zg + Z(),1)]
X(1),Y(t) and Z(t) = coordinates of the moving fluid
Initial position = x, v,z
where X(0)=0, Y(0)=0 and Z(0)=0.
Lagrangian formulation

The equations for the basic laws require the evaluation of
the rate of change D/Dt of a fluid property for the moving
system. Difficult to use the Lagragian formulation, with its
moving coordinates X(t),Y(t) and Z(t).
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Ax,av,Az represents a small displacement in time Az from the
position x,y,z where the fluid point passed at time t.

Taylor series for one independent variable
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For space and time
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Advective part Unsteady part

Similar to Reynolds Transport Theorem

Two dimensional steady acceleration
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Applies to other quantities

Density: Dp _ o, 0P 0P 0Op
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Example: Steady velocity field given by v =axand v=—-ay
Determine the acceleration from both the Eulerian and

Lagrangian formulations.
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X = xge” and Y =yje

Lagrangian form of the velocity field

u=0X =axge® and v=-a¥f =-ayje™®
Particle path: ¥ =x4y,/X
Components of acceleration:
a, = % = azxoe“t =a’X and a, = % = azyoe_a’ =a’Y

Flow path in Eulerian coordinates: y = xqy,/x

Acceleration components from Eulerian Formulation:
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Conservation of Matter
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Control Volume with Mass Flows

Mass inside CV = pdV = pdxdydz
Mass flow left side face = pV - fidA = — pudydz
Mass flow right side face = [pu + (8pu/ 0x)dx]dydz
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Conservation of mass in differential form
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Constant density (incompressible): ou + o + ow_ 0
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Steady flow:
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