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CONTINUITY	EQUATION	IN	CYLINDRICAL	(POLAR)	COORDINATES.	

	

By	 consideration	of	 the	 cylindrical	 elemental	 control	 volume	 as	 shown	below,	 use	 the	

conservation	of	mass	to	derive	the	continuity	equation	in	cylindrical	coordinates.	

	

	

	 	



C23 CLASSROOM CHANNEL – Subscribe us 

	

	

	 	



C23 CLASSROOM CHANNEL – Subscribe us 

	

	 	



C23 CLASSROOM CHANNEL – Subscribe us 

	

	

	 	



C23 CLASSROOM CHANNEL – Subscribe us 

CONTINUITY	EQUATION	

The	net	flux	of	mass	entering	the	element	equal	to	the	rate	of	change	of	the	mass	of	the	

element.	

	

L̇!" − L̇#$% =
P

PQ

L&'&(&"%	

	

L̇ = mass	flow	rate = RST	

	

T = velocity	of	fluid	
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(a) Mass	flow	rate,	direction	of		V) 	:	
	

!̇!" − !̇#$%	 = &(()*)+)(-&) − .&-& +
0
0(
(&-&))(1 (( + )())*)+	 	

	 = &(()*)+)(-&) − 2&-&( + &-&)( +
0
0(
(&-&)()( +

0
0(
(&-&))()(3 )*)+	 	

	 ()()( = 0,			too	small)	 	
	

	

	 = &-&()*)+ − 2&-&( + &-&)( +
0
0(
(&)()(3 )*)+	 	

	 = &-&()*)+ − 2&-&( +
0
0(
(&-&())(3 )*)+	 	

	 = −
0
0(
(&-&())()*)+	 	
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(b) Mass	flow	rate,	direction	of		V*:	
	

!̇!" − !̇#$%	 = &-'()*)( − .&-' +
0
0+
(&-'))+1 ()*)(	 	

	 = −
0
0+
(&-')()*)()+	 	

	

(c) Mass	flow	rate,	direction	of		V+ 	:	
	

!̇!" − !̇#$%	 = &-()+)( − .&-( +
0
0*
(&-())*1 )()+	 	

	 = −
0
0*
(&-())*)()+	 	
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(d) 	

!<==	 = &∀																							(	∀	= Volume	)	 	

	 = &(()*)()+)	 	

0
0B!	 =

0
0B
(&()*)()+)	 	

	

!̇!" − !̇#$%	 =
0
0B!)*)+)"%	 	

−
0
0(
(&-&())()*)+ −

0
0+
(&-')()*)()+ −

0
0*

(&-())*)()+	 =
0
0B
(&()*)()+)	 	

	 (divide	with					)*)()+)	 	

−
0
0(
(&-&() −

0
0+
(&-')( −

0
0*

(&-()	 =
0
0B
(&()	 	

 = &
0(
0B + (

0&
0B	
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.
0(
0B = 0,		No	changes	of			(			regarding	to	the	time1 	

	

0	 = (
0&
0B +

0
0(
(&-&() +

0
0+
(&-')( +

0
0*

(&-()	 	

	 atau	 	
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1
(
0
0(
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1
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0
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1
(
0
0*

(&-()	 	

0	 =
0&
0B +

1
(
0
0(
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0
0+
(&-') +

1
(
0
0*
(&-()	 	

	 This	is	the	compressible	equation	of	continuity	in	cylindrical	polar	coordinates.	 	
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For	2-D	incompressible	fluid,	there	is	no	changes	in	density	and	velocity	for	z-direction	

is	zero.	

Thus,	continuity	equation	becomes;	

	

0 =
0&
0B +

1
(
0
0(
(&-&() +

0
0+
(&-') +

1
(
0
0*
(&-()	

	

0 =
1
(
0
0(
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0
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1
(
0
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(-()	

	

0 =
-&
( +

0(-&)
0( +

1
(
0(-()
0* 	

	

Sometimes,	it	can	be	written	as;	

	

0 =
U′
( +

0U′
0( +

1
(
0-′
0* 	
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EQUATION	OF	CONTINUITY	
	
Cartesian	coordinates:	
	

0 =
0&
0B +

0(&U)
0a +

0(&-)
0b +

0(&c)
0+ 	

	
Polar	coordinates:	
	

0 =
0&
0B +

1
(
0
0(
(&U&() +

0
0+
(&U') +

1
(
0
0*

(&U()	
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Navier-Stokes	equation	(constant	properties)	for	cylindrical	(polar)	coordinates	is:	
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A − FGHI:	 	
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B − FGHI:	 	
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Note:	
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