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This is a summary of conservation equations (continuity, Navier—Stokes, and energy) that govern
the flow of a Newtonian fluid. Equations in various forms, including vector, indicial, Cartesian

coordinates, and cylindrical coordinates are provided. The nomenclature is listed at the end.

I Equations in vector form

e Compressible flow:
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where the viscous dissipation rate ® is
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The foregoing equations (1), (2), and (3) represent the continuity, Navier-Stokes, and energy
respectively.

e Incompressible flow with constant fluid properties:
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The foregoing equations (4), (5), and (6) represent the continuity, Navier-Stokes, and energy
respectively.



II Equations in indicial form

e Compressible flow:
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where the viscous dissipation rate @ is
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The foregoing equations (7), (8), and (9) represent the continuity, Navier-Stokes, and energy

respectively.

e Incompressible flow with constant fluid properties:
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where the viscous dissipation rate @ is
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The foregoing equations (10), (11), and (12) represent the continuity, Navier-Stokes, and energy

respectively.

III Equations in Cartesian coordinates

e Compressible flow:
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where the viscous dissipation rate @ is
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The foregoing equations (13), (14), and (15) represent the continuity, Navier—Stokes, and energy
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respectively.

e Incompressible flow with constant fluid properties:
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where the viscous dissipation rate ® is
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The foregoing equations (16), (17), and (18) represent the continuity, Navier—-Stokes, and energy
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respectively.

IV Equations in cylindrical coordinates

e Compressible flow:
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where the viscous dissipation rate is
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The foregoing equations (19), (20), and (21) represent the continuity, Navier-Stokes, and energy
respectively.
e Incompressible flow with constant fluid properties:

1d(ru;)  1dug = du;
o rae "oz ! 22)

&ur+ %4_“_9%4_ aur_@ — _a_p
o o T o8 "o ) TP T o
+ 10 aur +l@+@_z%_&
H ror\'ar r? 062 02 r2do 2
dug dug  ug dug 8149 Uyl 1dp
(7”7* ae TG )—Pge“% o)
o aug 1 82u9 9%ug N 3% U
rar 2 892 azz 200 r?
du, du, ug 8uz
p (W L TR I

ror\"ar ) TRae2 T

2 2
i(ra_T> 19°T ar]+q> o

T 9T wpdT  OT 4
=241 +I’_2&92+8Z2 pe,

10 8u 1 9%u 32u
| ( Z) ——”—4
o T"ar T a0 T T o, [

where the viscous dissipation rate is
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The foregoing equations (22), (23), and (24) represent the continuity, Navier—Stokes, and energy
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respectively.



V Navier-Stokes equations in stress form

It is sometimes convenient to write the Navier—Stokes equations in terms of stresses. Below we

give the stress form of the Navier-Stokes equations in both Cartesian and cylindrical coordinates.

e Cartesian coordinates:
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where the deviatoric stress components are given by Stokes’ law of viscosity

¢ Cylindrical coordinates:
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where the deviatoric stress components are given by Stokes' law of viscosity
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Nomenclature
o — thermal diffusivity
B — thermal expansion coefficient
u  — dynamic viscosity
v — kinematic viscosity
p — density
® — viscous dissipation rate
cp — specific heat at constant pressure
k  — thermal conductivity
p — pressure
gg — rate of heat generation per unit volume
r,0,z — cylindrical coordinate variables
t — time
T — temperature
u,v,w — cartesian velocity components
ur, ug,u, — cylindrical velocity components
X,y,Z — cartesian coordinate variables
0;;i — Kronecker delta
7;  — (ij)™component of stress tensor
g — it"component of gravitational acceleration
Vi — ithcomponent of velocity vector
xXi — ithcartesian coordinate variable
g — gravitational acceleration
V  — velocity vector
T — deviatoric stress tensor
T — unit tensor
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