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* Derivation of the Continuity Equation in cylindrical coordinates
e Conservation of mass for fluid flow

* CFD programs e.g., Axisymmetric Flow Differential Volume
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Continuity Equation in Cylindrical Coordinates Metropolitan

University

* Velocity vector field in cylindrical co-ords: V(r,z,6,t)

e Cylindrical coordinates for analyzing flow in pipes
(e.g. Hagen—Poiseuille flow)

* Wall boundary conditions specified at fixed radius:

v =V, =vg =0

| = fr=r |
= |

 Spherical coordinates = round geometries ;




Continuity Equation in Cylindrical Coordinates

 Mass balance for a differential control volume
* Located in a velocity field V(r,z,0,t)
* With density field p(7,z,0,t)

Consider mass flows in the ‘
r-direction: dr
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Continuity Equation in Cylindrical Coordinates

* Consider the O-direction (swirl):




Continuity Equation in Cylindrical Coordinates

 Consider the z-direction:




Continuity Equation in Cylindrical Coordinates

 Summary of mass inflow and outflow rates on all faces:

Face Inlet Mass Flow Outlet Mass Flow
0
r pv, rdOdz pv,rd0dz + 5 (pv,r)drdOdz
0
7, pVg drdz pvgdrdz + EY (pvy)dl drdz

9,
A pv, rd@dr pv,rdldr + 3, (pv,)dz rdOdr




Continuity Equation in Cylindrical Coordinates

* From Chapter 3 (Control Volume Analysis), conservation of mass:

d
a pdV = z Pin AinVin _z Pout AoutVour
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Continuity Equation in Cylindrical Coordinates

dp
E rd0 dr dz = z Pin AinVin _z Pout Aoutvout
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Face Inlet Mass Flow Outlet Mass Flow
0
r pv, rdBdz pv,rddz + E (pv,r)drdfdz
d
6 prg drdz pvgdrdz + ET (pvy)de drdz
d
Z pv, rd@dr pv,rdodr + Ep (pv,)dz rdOdr
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Inlet - Outlet Mass Flow

0
—3 (pv,r)drdfdz
g (pvg)dO drd
89 pvg raz
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Continuity Equation in Cylindrical Coordinates dr Tj
dz -
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Face Inlet Mass Flow Outlet Mass Flow Inlet - Outlet Mass Flow /
0
r pv, rdBdz pv,rddz + E (pv,r)drdfdz
d
6 prg drdz pvgdrdz + ET (pvy)de drdz
d
Z pv, rd@dr pv,rdodr + Ep (pv,)dz rdOdr

ap d d 0
F rdf dr dz = — o (pv,r)drdfdz — 38 (pvg)dO drdz — 5 (pv,)dz rd6dr

dp 10 10 d . .
— +——(rpv,) + —=—= (pvg) + — (pv,) =0 General Continuity Equation
at  ror " roe oz~ in Cylindrical Coordinates




Continuity Equation in Cylindrical Coordinates

dp 10 10

0
3t + o (rpvy) + =38 (pvg) + 37 (pv,) =0

* For the most general case: Unsteady, viscous (or inviscid) compressible flows

. i ]
* For incompressible flows: p = constant - a—‘z =0

10 10

;5 (rv,) + ;% (vg) + E (v,) =0 (Gases, Mach Number Ma =

* For steady and unsteady flow
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