


MOMENTUM	EQUATION	APPLIED	TO	PROPELLERS	
	
Consider	the	propeller	with	the	streamlines	shown	forming	the	surface	of	a	control	
volume	 in	 which	 the	 fluid	 enters	 with	 a	 uniform	 velocity	 	𝑉! 		 and	 exits	 with	 a	
uniform	velocity		𝑉"	.		
	
The	outer	streamlines	just	touch	the	tips	of	the	propeller.	This	flow	situation	can	
be	seen	to	be	identical	to	that	of	a	propeller	moving	with	velocity		𝑉!		in	a	stagnant	
fluid	by	adding		𝑉!		to	the	left	(as	shown	in	the	figure).	The	momentum	equation,	
applied	to	the	large	control	volume	shown,	gives:	
	

𝐹 = 𝑚̇(𝑉" − 𝑉!)	
	
	
	 	



	
	

	
	
	 	



This	 control	 volume	 is	 not	 sufficient,	 however,	 since	 the	 areas	𝐴! 	and	𝐴" 	are	
unknown.	We	know	the	flow	area	𝐴	of	the	propeller.		
	
So	a	control	volume	is	drawn	close	to	the	propeller	such	that	𝑉# ≅ 𝑉$		and	
𝑉# ≅ 𝑉$ = 𝐴.		
	
The	momentum	equation	in	the	x-direction	gives:	
	

𝐹 + 𝑃#𝐴 − 𝑃$𝐴 = 0	
	

𝐹 = (𝑃$ − 𝑃#)𝐴	
	
	 	



Now,	since	viscous	effects	would	be	quite	small	in	this	flow	situation	the	energy	
equation	up	to	the	propeller	and	then	downstream	from	the	propeller	is	used	to	
obtain	
	

𝑉!" − 𝑉#"
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= 0	

	
	

𝑉$" − 𝑉""
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𝑃! = 𝑃" = 𝑃%&'	

	
So,	we	have,	
	

(𝑉"" − 𝑉!")
𝜌
2
= 𝑃$ − 𝑃#	

	
	 	



From	all	the	equations,	we	could	determine:	
	

𝑉# =
1
2
(𝑉" − 𝑉!)	

	
where	we	have	used		𝑚̇ = 𝜌𝐴𝑉#		since	the	propeller	area	is	the	only	area	known.	
	
This	result	shows	that	the	velocity	of	the	fluid	moving	through	the	propeller	is	the	
average	of	the	upstream	and	downstream	velocities.	
	
The	 input	power	needed	 to	produce	 this	 effect	 is	 found	by	applying	 the	energy	
equation	between	sections	1	and	2,	where	the	pressures	are	atmospheric	pressure	
and	neglecting	losses.		
	

Power	input =
𝑉"" − 𝑉!"

2
(𝑚̇)	

	
	 	



The	moving	propeller	requires	power	given	by:	
	

Power	propeller = 𝐹 × 𝑉! = 𝑚̇𝑉!(𝑉" − 𝑉!)	

	
	
The	theoretical	propeller	efficiency	is	then:	
	

Efficiency, 𝜂( =
power	propeller
power	input

=
𝑉!
𝑉#
	

	
	
In	contrast	to	the	propeller,	a	wind	machine	extracts	energy	from	the	airflow;	the	
downstream	velocity	is	reduced	and	the	diameter	is	increased.	
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