
Fundamental Concepts: Fundamental Concepts: 
Fluid MechanicsFluid Mechanics

Ann KenimerAnn Kenimer
Texas A & M UniversityTexas A & M University

University Curriculum Development for University Curriculum Development for 
Decentralized Wastewater Decentralized Wastewater 

ManagementManagement



NDWRCDP DisclaimerNDWRCDP Disclaimer
This work was supported by the National Decentralized Water This work was supported by the National Decentralized Water 
Resources Capacity Development Project (NDWRCDP) with Resources Capacity Development Project (NDWRCDP) with 

funding provided by the U.S. Environmental Protection Agency funding provided by the U.S. Environmental Protection Agency 
through a Cooperative Agreement (EPA No. CR827881through a Cooperative Agreement (EPA No. CR827881--0101--0) 0) 
with Washington University in St. Louis. These materials have with Washington University in St. Louis. These materials have 

not been reviewed by the U.S. Environmental Protection not been reviewed by the U.S. Environmental Protection 
Agency. These materials have been reviewed by Agency. These materials have been reviewed by 
representatives of the NDWRCDP. The contents representatives of the NDWRCDP. The contents 

of these materials do not necessarily reflect the views and of these materials do not necessarily reflect the views and 
policies of the NDWRCDP, Washington University, or the U.S. policies of the NDWRCDP, Washington University, or the U.S. 

Environmental Protection Agency, nor does the mention of trade Environmental Protection Agency, nor does the mention of trade 
names or commercial products constitute their endorsement or names or commercial products constitute their endorsement or 

recommendation for use.recommendation for use.



CIDWT/University DisclaimerCIDWT/University Disclaimer
These materials are the collective effort of individuals from These materials are the collective effort of individuals from 

academic, regulatory, and private sectors of the academic, regulatory, and private sectors of the 
onsite/decentralized wastewater industry. These materials have onsite/decentralized wastewater industry. These materials have 

been peerbeen peer--reviewed and represent the current state of reviewed and represent the current state of 
knowledge/science in this field. They were developed through a knowledge/science in this field. They were developed through a 
series of writing and review meetings with the goal of formulatiseries of writing and review meetings with the goal of formulating ng 
a consensus on the materials presented. These materials do not a consensus on the materials presented. These materials do not 

necessarily reflect the views and policies of University of necessarily reflect the views and policies of University of 
Arkansas, and/or the Consortium of Institutes for Decentralized Arkansas, and/or the Consortium of Institutes for Decentralized 

Wastewater Treatment (CIDWT). The mention of trade names or Wastewater Treatment (CIDWT). The mention of trade names or 
commercial products does not constitute an endorsement or commercial products does not constitute an endorsement or 

recommendation for use from these individuals or entities, nor recommendation for use from these individuals or entities, nor 
does it constitute criticism for similar ones not mentioned.does it constitute criticism for similar ones not mentioned.



CitationCitation

Kenimer, Ann L., J. Kenimer, Ann L., J. VilleneuveVilleneuve and S. and S. SheldenShelden. . 
2005. Fundamental Concepts: Fluids 2005. Fundamental Concepts: Fluids -- Power Power 
Point Presentation. Point Presentation. inin (M.A. Gross and N.E. (M.A. Gross and N.E. 
Deal, eds.)  University Curriculum Development Deal, eds.)  University Curriculum Development 
for Decentralized Wastewater Management.  for Decentralized Wastewater Management.  
National Decentralized Water Resources National Decentralized Water Resources 
Capacity Development Project. University of Capacity Development Project. University of 
Arkansas, Fayetteville, AR.Arkansas, Fayetteville, AR.



FluidFluid

A A fluidfluid is any nonis any non--solid material solid material 
They include both liquids and gasses They include both liquids and gasses 



Flow RateFlow Rate

The The flow rateflow rate is is 
the amount of the amount of 
fluid that will pass fluid that will pass 
through a plane through a plane 
over a unit of timeover a unit of time



Flow RateFlow Rate

Q = vaQ = va

Q = Flow Rate (lengthQ = Flow Rate (length33/time)/time)
v = Velocity (length/time)v = Velocity (length/time)
a = Area (lengtha = Area (length22))



Flow RateFlow Rate

Assuming equal Assuming equal 
velocities, more velocities, more 
fluid will flow fluid will flow 
through a pipe with through a pipe with 
a a larger arealarger area than than 
that of a smaller that of a smaller 
diameter pipediameter pipe



Flow RateFlow Rate

Assuming equal Assuming equal 
area, more fluid will area, more fluid will 
flow through a pipe flow through a pipe 
when the fluid has when the fluid has 
a a greater velocitygreater velocity



Flow Rate ExampleFlow Rate Example

Which pipe has the largest flow rate?Which pipe has the largest flow rate?

AA11 = 5 m= 5 m22

VV11 = .01 m/s= .01 m/s

AA2 2 = .01m= .01m22

VV2 2 = 5 m/s= 5 m/s



ContinuityContinuity

Flow through a pipe will follow the same mass Flow through a pipe will follow the same mass 
balance rules as other systems:balance rules as other systems:

What goes in, must go out What goes in, must go out ---- unless  material unless  material 
is stored in the systemis stored in the system

outin mm && =



ContinuityContinuity

The mass rate going into the system The mass rate going into the system 
depends on two things:depends on two things:

The volume of liquid entering over time (Q)The volume of liquid entering over time (Q)
The amount of matter present in a unit volume The amount of matter present in a unit volume 
of the fluid (of the fluid (ρρ))



ContinuityContinuity

Mass flow rate = Mass flow rate = 
Volumetric flow rate * densityVolumetric flow rate * density

ρ×=Qm&



ContinuityContinuity

Therefore:Therefore:

2211 ρρ ×=×
=

QQ
mm outin &&



ContinuityContinuity

Since the density of liquids remain constant, Since the density of liquids remain constant, 
ρρ falls out of the equation:falls out of the equation:

QQ11 = Q= Q22

AA11*v*v11 = A= A22*v*v22



HeadHead

The amount of mechanical energy per unit The amount of mechanical energy per unit 
weight of material being pumped weight of material being pumped 
The height water would be pumped to with The height water would be pumped to with 
a given amount of energya given amount of energy
Expressed in terms of that relative height Expressed in terms of that relative height 
of the liquid being consideredof the liquid being considered



Total HeadTotal Head

Static head plusStatic head plus
Velocity head plusVelocity head plus
Frictional headFrictional head



Static HeadStatic Head

The difference in height between the free The difference in height between the free 
surface of the source and the free surface surface of the source and the free surface 
of the receiving body of waterof the receiving body of water
From the free surface of the initial source From the free surface of the initial source 
to the height of the outlet pipeto the height of the outlet pipe



Velocity HeadVelocity Head

Energy of water movementEnergy of water movement
If water has three feet of velocity head, it If water has three feet of velocity head, it 
has enough energy to raise it three feethas enough energy to raise it three feet



Velocity HeadVelocity Head

g
vHv 2

2

=

wherewhere
HHvv = velocity head (m or ft)= velocity head (m or ft)
v = flow velocity (m/s or ft/s)v = flow velocity (m/s or ft/s)
g = gravitational acceleration (m/sg = gravitational acceleration (m/s22 or ft/sor ft/s22)  )  



Frictional HeadFrictional Head

Energy lost to frictionEnergy lost to friction
DarcyDarcy--WeisbachWeisbach equation:equation:

wherewhere
HHff = frictional head (m or ft)= frictional head (m or ft)
f = friction factor (dimensionless)f = friction factor (dimensionless)
L = length of the pipe (m or ft)L = length of the pipe (m or ft)
D = Inside diameter of pipe (m or ft)D = Inside diameter of pipe (m or ft)
v = flow velocity (m/s or ft/s)v = flow velocity (m/s or ft/s)
g = gravitational acceleration (m/sg = gravitational acceleration (m/s22 or ft/sor ft/s22))
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