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CONSERVATION OF MASS 


Density and Volume are NOT constant! In general the density 
is NOT uniform!


( , , , )m dV x y z t dxdydz   


Control Mass (Closed Systems)
A control mass system does not exchange mass 
with its surroundings.


Mass is 
fixed/constant.
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If the density can be assumed uniform,
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Control Volume (Open Systems)
A control volume system does  exchange mass with 
its surroundings.
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MASS‐FLOW RATE


: ( cos ) ( / )Mass Flow Rate m v dA v dA kg s     



iv



idA



edA



ev




z


r
0: 0 ( 180 )


( ) : ( cos ) 0


i i


e e


Inlet m v dA


Exit Outlet m v dA


 


 


  


 












SPECIAL CASES


If the flow is normal (=0, 180o): ( , )m v r z dA 
Ad
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z)v(r,v 


If the flow is normal AND 1‐dimensional 
with Uniform density:
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z)v(r,v v = v(z)Convenient to define the average speed:
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Helpful for uniform density flows since m vA 








IN‐CLASS EXAMPLES


The axial velocity profile of steady flow of H2O  of 989.5kg/m3 through a cylindrical pipe is 
given by
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where R is the radius of the pipe and n is an integer,
6≤n≤10. Develop an expression for the mass‐flow rate.


Then calculate the value if R=0.1cm, vmx=0.2m/s, n=7.


MASS‐FLOW RATE EXAMPLE


MASS CONSERVATION EXAMPLE Study Example 3.12 


Study Examples 3.6, 3.7, 3.8 


(See Table 3.1, p193.)
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MASS CONSERVATION EXAMPLE
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Asymptote at 30/9ft=3.333ft


If H=2ft it will fill up in ~20s.


If H=4ft it will never fill up.
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Cartesian             coordinates


MASS CONSERVATION (REVISITED)
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           For 1‐D normal flow


[ ( )]e x xm v d v dydz  


Outlet right‐x:
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Applying the same approach for
all y‐ and z‐faces and since
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Continuity PDEquation (Assumption: no 
mass source/sinks, , v continuous 
functions)


i xm v dydz


Inlet left‐x: i xm v dydz
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Define the vector gradient operator: ˆˆ ˆi j k
x y z
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Example: An incompressible velocity vector field is given by
2 2 ˆˆ ˆ( ) where a,b are constants.yv a x y i v j bk   





What must the form for the velocity component, vy be to satisfy mass conservation? 












	Applied Sciences
	Architecture and Design
	Biology
	Business & Finance
	Chemistry
	Computer Science
	Geography
	Geology
	Education
	Engineering
	English
	Environmental science
	Spanish
	Government
	History
	Human Resource Management
	Information Systems
	Law
	Literature
	Mathematics
	Nursing
	Physics
	Political Science
	Psychology
	Reading
	Science
	Social Science
	Liberty University
	New Hampshire University
	Strayer University
	University Of Phoenix
	Walden University


	Home
	Homework Answers
	Archive
	Tags
	Reviews
	Contact
		[image: twitter][image: twitter] 
     
         
    
     
         
             
        
         
    





	[image: facebook][image: facebook] 
     









Copyright © 2024 SweetStudy.com (Step To Horizon LTD)




    
    
