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1 Kinetic energy equation in Cartesian coordinates

In Ref. [1] we derived the continuity equation for a three-dimensional unsteady compressible fluid flow
in Cartesian coordinates:
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In Ref. [2] we derived the equations for the three components of momentum in a three-dimensional
unsteady compressible fluid flow in Cartesian coordinates. When written in terms of stress, the
equations are
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The kinetic energy per unit mass of the fluid flow K is (u? + v? + w?)/2. We can derive an equation
for K from the continuity equation and the three momentum equations. The left-hand side of the
x-component momentum equation (1.2) can be expanded to give
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From the continuity equation (1.1) the last four terms on the left-hand side of this equation are zero, so

ou ou ou ou  Op 00y, 00y, 00y,

Pt TP TPy PP, = "o T ax Yoy Yoz TPk

By multiplying through by u, we have
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Similarly, for the y- and z-component momentum equations:
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By summing (1.5), (1.6) and (1.7), we obtain
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Multiplying the continuity equation (1.1) by K gives
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and adding this equation to the left-hand side of (1.8) gives
d(pK) 4 d(puk) 4 d(pvK) +5(pr)
at dx dy 0z
[ dp  Jp ap]
=—|lu—+v—+w—
0x dy 0z
00y, 00y, 00y, 00y, 00y, 0doy, 00, 00, 00,
T x Ty "oz ax " ay T 9 ax T ay oz

pufy + pvfy, + pwf, [Jm=3s71]  (1.9)

which is the equation for the conservation of kinetic energy K in Cartesian coordinates.
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2 Kinetic energy equation in cylindrical coordinates

In Ref. [1] we derived the continuity equation for a three-dimensional unsteady compressible fluid flow

in cylindrical coordinates:
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In Ref. [3] we derived the equations for the three components of momentum in a three-dimensional
unsteady compressible fluid flow in cylindrical coordinates. When written in terms of stress, the
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equations are
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The kinetic energy per unit mass of the fluid flow K is (17,? +vi+ 1722) /2. We can derive an equation
for K from the continuity equation and the three momentum equations. The left-hand side of the

r-component momentum equation (2.2) can be expanded to give
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From the continuity equation (2.1) the last four terms on the left-hand side of this equation are zero, so

av, v,  pvg O, N av,
90 "z

Poe TP

0 do; 100, do o o
___p+ rr , 2007 rz+£_ﬁ+pfr
dor Or r 00 0z T T



AKINSON SCIENCE LIMITED THEORY GUIDE

By multiplying through by v,, we have
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Similarly, for the 8- and z-component momentum equations:
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By summing (2.5), (2.6) and (2.7), we obtain
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Multiplying the continuity equation (2.1) by K gives
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and adding this equation to the left-hand side of (2.8) gives
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which is the equation for the conservation of kinetic energy K in cylindrical coordinates.
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