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[1:1] Introduction 

Outline 
Syllabus 
Presentations 
Relevance 
 
Assignment 
Review past exams 

http://en.wikipedia.org/wiki/Supercritical_fluid 



EME 303 - FLUID MECHANICS   
SUMMARIZED EQUATIONS AND CONCEPTS 

Some Useful Conversion Factors  
 

 SI  BGS  EE   
Temperature:  273 15oK C= + .   459 67o oR F= + .   459 67o oR F= + .    
Force:  21 (1 )(1 )N kg m s= /   21 (1 )(1 )lb slug ft s= /   21 (1 )(32 2 )lbf lbm ft s= . /    
Mass:  kg   slug   lbm    
Density:  31kg m/   30.00194 slug ft/   30.06243 lbm ft/    

waterρ   31000kg m/   31 94slugs ft. /   362 4lbm ft. /    
Pressure:  21 1Pa N m= /   20.0209 lb ft/   20.0209 lbf ft/    
Work, energy:  1 1J N m= .   1 778 2ft lb Btu. = .   —   
Power:  1 1W N m s= . /   1 550hp ft lb s= . /   —   
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2. Fluid Statics [2,3]  
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 Compressible fluid:  and integrate w.r.t ( )
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3. Elementary Fluid Mechanics [4-5]  
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4. Reynolds’ Transport Theorem [6]  
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5. Conservation Laws [7,8]  
 Relative velocities: = + csV W V  
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6. Differential Analysis of Fluid Flow [7,8]   
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7. Dimensional Analysis [9]   
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8. Pipe Flow [10-11]   
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9. External Flows [12]  
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10. Open Channel Flow [13-14]   
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EME 303 - FLUID MECHANICS   
SUMMARIZED EQUATIONS AND CONCEPTS 

Some Useful Conversion Factors  
 

 SI  BGS  EE   
Temperature:  273 15oK C= + .   459 67o oR F= + .   459 67o oR F= + .    
Force:  21 (1 )(1 )N kg m s= /   21 (1 )(1 )lb slug ft s= /   21 (1 )(32 2 )lbf lbm ft s= . /    
Mass:  kg   slug   lbm    
Density:  31kg m/   30.00194 slug ft/   30.06243 lbm ft/    

water!   31000kg m/   31 94slugs ft. /   362 4lbm ft. /    
Pressure:  21 1Pa N m= /   20.0209 lb ft/   20.0209 lbf ft/    
Work, energy:  1 1J N m= .   1 778 2ft lb Btu. = .   —   
Power:  1 1W N m s= . /   1 550hp ft lb s= . /   —   

 
General [Topic:1]  
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[1:2] Fluid Properties 

Outline 
Fluid=liquid vs. gas 
Dimensional homogeneity 
Fluid Properties 
Mass and Weight  
Equations of State   
Compressibility 
 
Wave Speeds 
 
Viscosity 
Vapor pressure 
Surface tension (vinometer) 
 

   p = !RT
    M = !V ;W = Mg

    
Ev = !

dp
dV / V0

= +
dp

d! / !0

   
! = µ !vx

!y

http://en.wikipedia.org/wiki/Supercritical_fluid 

    c = gy or Ev / !

http://www.youtube.com/watch?v=629em0mPpUY 
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[1:3] Fluid Properties 

Recap 
Definitions 
Dimensional homogeneity 
Fluid properties 
Mass and Weight  
Equations of State   
Compressibility 

 
 
Outline 
Wave Speeds 
Viscosity 
Vapor pressure (airfoil) 
Surface tension (vinometer) 

 
Topic 2 Pressure  
Fluid pressure at a point 

 Incompressible (water) 
 Compressible (atmosphere) 

 
 

   p = ρRT
    M = ρV ;W = Mg

    
Ev = −

dp
dV / V0

= +
dp

dρ / ρ0

   
τ = µ ∂vx

∂y

http://en.wikipedia.org/wiki/Supercritical_fluid 

    c = gy or Ev / ρ
http://www.youtube.com/watch?v=629em0mPpUY 
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Wave Speeds 

Compressional wave  
 
 
Shear wave 
 
 
 
 
Celerity wave 

[Munson, Young, Okishi et al, 2012] 

cp =
K + 4

3G
!

cs =
G
!

c = gh0 (shallow)

c = g!
2"

(deep)
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Tohoku Earthquake – March 9, 2011 

3 Effects 
Earthquake 
Tsunami 
Fukushima meltdown 

Order of arrivals and civil 
defense 

P-wave arrivals ~50 s delay 
S-wave arrivals ~100 s delay 
Tsunami arrival ~ 20 min delay 

 

http://www.youtube.com/watch?v=629em0mPpUY 
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Fluid Statics [2,3]  
 x y zp p p p= = =  
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 0Incompressible fluid: p h p!= +  

 

 Compressible fluid:  and integrate w.r.t ( )
dp gp p z
dz RT
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[2:1] Fluid Statics 

Outline 
Fluid pressure at a point 

 Incompressible (water) 
 Compressible (atmosphere) 
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[2:2] Fluid Statics 

Recap 
Fluid pressure at a point (static) 
 
 
 
 

 Incompressible (water) 
 Compressible (atmosphere) 

Outline 
Pressure measurement (manometry) 
 
 

 
px = py = pz = p
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Simplifies when: ax = ay = az = 0 to 

dp
dx

= dp
dy

= 0 and 
dp
dz

= !"

  Incompressible fluid: p = ! h+ p0

  
Compressible fluid: 

dp
dz

= ! gp
RT

 and integrate w.r.t ( p, z).

  
Manometer rules: (! "ve)(# +ve); dp

dx
= dp

dy
= 0; pv  if evacuated; $ gas % 0.
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[2:3] Fluid Statics 

Recap 
Fluid pressure at a point (static) 
 

 Incompressible (water) 
 Compressible (atmosphere) 

Pressure measurement (manometry) 

 
Examples 

 Suction 
 Micromanometry 
 Mercury manometry 
 Uniform pressure – step 
 “Slightly” compressible fluids 

  
  

 
 

 
px = py = pz = p

  
When: ax = ay = az = 0 then dp

dx
= dp

dy
= 0 and dp

dz
= !"

  Incompressible fluid: p = ! h+ p0

  
Compressible fluid: 

dp
dz

= ! gp
RT

 and integrate w.r.t ( p, z).

  
Manometer rules: (! "ve)(# +ve); dp

dx
= dp

dy
= 0; pv  if evacuated; $ gas % 0.
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Fluid Statics [2,3]  
 x y zp p p p= = =  
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Rigid body rotation: 0 ;
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 0Incompressible fluid: p h p!= +  

 

 Compressible fluid:  and integrate w.r.t ( )
dp gp p z
dz RT

= ! , . 

 

 Manometer rules: ( )( ) 0  if evacuated; 0v gas
dp dp
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[3:1] Fluid Statics & Pressures 

Recap 
Pressure measurement (manometry) 
 
 

Outline 
Pressures on structures – why should we care? 
Disasters: Malpasset; Vaiont disasters; Dambusters 
Routine: Turbines (gas, liquid) – but not static 
How big are the forces? 
How do we resolve them? 
Where do they act? 
 
 
 

  
Manometer rules: (! "ve)(# +ve); dp

dx
= dp

dy
= 0; pv  if evacuated; $ gas % 0.

  

FR  acts through center of pressure 

yR =
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yc A
+ yc

xR=
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  FR = FH
2 + FV

2
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[3:2] Fluid Statics & Pressures 

Recap 
How big are the forces? 
How do we resolve them? 
Where do they act? 

Outline 
Buoyancy and stability 
 
 
 

  

FR  acts through center of pressure 

yR =
Ixc

yc A
+ yc

xR=
Ixyc

yc A
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FB = ! V
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[3:3] Fluid Statics & Pressures 

Recap 
How big are the forces? 
How do we resolve them? 
Where do they act? 

Outline 
Buoyancy and stability 
 
 
 

  

FR  acts through center of pressure 

yR =
Ixc

yc A
+ yc

xR=
Ixyc

yc A
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2

FB = ! V
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[4:1] Linear and Rotational Accelerations 

Outline 
Pressures in accelerating (static) fluids 
Linear 
 
 
 
 
Rotational 
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Simplifies when: ax = ay = az = 0 to 

dp
dx

= dp
dy

= 0 and 
dp
dz

= !" ;
dz
dx

= !
ax

g + az

  

Rigid body rotation: 
!p
!r

= "r# 2; !p
!$

= 0; !p
!z
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z = #r2
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Elementary Fluid Mechanics [4-5]  

 
21 ( )

0 (along streamline)
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0 (normal to streamline)
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constant (normal to streamline)
Vp dn z
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 2  Free jetsV gh= . 
 
 1 1 2 2  Conservation of massAV AV= . 
 

 
3
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2 12
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2 ( )  Sluice. 2  Sharp crested weir.
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[4:2] Fluid Dynamics 

Recap 
Pressures in accelerating (static) fluids 
Linear 
 
Rotational 
 
 

Outline 
Moving fluid accelerations 

 Along streamline 
 Normal to streamline 

 
 
 
 

  
Simplifies when: ax = ay = az = 0 to 

dp
dx

= dp
dy

= 0 and 
dp
dz

= !" ;
dz
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= !
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g + az

  

Rigid body rotation: 
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[4:3] Fluid Dynamics 

Recap 
Along streamline 

 
 
Outline 
Normal to streamline 
 
 
Use of “Bernoulli” 
Stagnation 
Pressure measurement 
Continuity 
 
 
 
 

  

dp
ds

+ 1
2
! d(V 2 )

ds
+ " dz

ds
= 0 (along streamline)

dp
!# + 1

2
V 2 + gz = constant (along streamline)

$

%
&
&

'
&
&

! dz
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[5:1] Fluid Dynamics 

Recap 
Along streamline 

   
 
  Normal to streamline 

 
Outline 
Pressure measurement 
Free jets 
Continuity 
 
 
 
 

  

p
!
+ V 2

2g
+ z = constant (along streamline)

p1

!
+

v1
2

2g
+ z1 + hP =

p2

!
+

v2
2

2g
+ z2 +"hL

major +"hL
minor

p + ! V 2

R" dn + # z = constant (normal to streamline)

  V = 2gh

  A1V1 = A2V2
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[5:2] Fluid Dynamics 

Recap 
Along streamline 

   
 
  Normal to streamline 
 
Pressure measurement 
Free jets 
 

Outline 
Continuity 
Compressible fluids 
Flow measurements 

 Confined (pipe) flows 
 Open-channel flows 

Spatial reference frame 
Unsteady flows 
 
 
 
 
 

  

p
!
+ V 2

2g
+ z = constant (along streamline)

p1

!
+

v1
2

2g
+ z1 + hP =

p2

!
+

v2
2

2g
+ z2 +"hL

major +"hL
minor

p + ! V 2

R" dn + # z = constant (normal to streamline)

  V = 2gh

  A1V1 = A2V2
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[5:3] Fluid Dynamics 

Recap 
Along streamline 

   
 
  Normal to streamline 
 
Pressure measurement 
Free jets 
Continuity 
 

Outline 
Flow measurements 

 Confined (pipe) flows 
 Open-channel flows 

Compressible fluids 
Spatial reference frame 
Unsteady flows 
 
 
 
 
 

  

p
!
+ V 2

2g
+ z = constant (along streamline)

p1

!
+

v1
2

2g
+ z1 + hP =

p2

!
+

v2
2

2g
+ z2 +"hL

major +"hL
minor

p + ! V 2

R" dn + # z = constant (normal to streamline)

  V = 2gh

  A1V1 = A2V2
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Reynolds’ Transport Theorem [6]  

 
() ()Material derivative: ( )()D
Dt t

!= + "#
!

V  

 

 
() () ()() u v w
x y z

! ! !"# = + +
! ! !

V  

 

 
2

ˆ ˆStreamline acceleration: 
V VV s n
s R

!= +
!

a  

 

 ˆTransport Theorem:  for sys

cv cs

DB BbdV b ndA b
Dt t m

! !"= #+ $ =
" % % V  
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[6:1] Control Volumes – Reference Frames 

Recap 
Along streamline 

   
 
  Normal to streamline 
 
Continuity 
 

Outline 
Control volumes 
Static and moving reference frames 
Reynolds’ transport theorem 
 
 
 
 
 

  

p
!
+ V 2

2g
+ z = constant (along streamline)

p1

!
+

v1
2

2g
+ z1 + hP =

p2

!
+

v2
2

2g
+ z2 +"hL

major +"hL
minor

p + ! V 2

R" dn + # z = constant (normal to streamline)

  A1V1 = A2V2
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[6:2] Fluid Dynamics 

Recap 
Control volumes 
Static and moving reference frames 

 
 
 
Outline 
Streamline acceleration 
 
Reynolds’ transport theorem 

 

   
Material derivative: D()

Dt
= !()

!t
+ (V "#)()

   

DBsys

Dt
= !
!t cv" #bdV +

cs" #bV $ n̂dA for b = B
m

   
a =V !V

!s
ŝ + V 2

R
n̂

   
V !"() = u

#()
#x

+ v
#()
#y

+ w
#()
#z
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[6:3] Control Volumes 

Recap 
Reynolds’ transport theorem 

Outline 
 
 
 
 
 

   

DBsys

Dt
= !
!t cv" #bdV +

cs" #bV $ n̂dA for b = B
m

Vcs dVol/dt 

Static – Non-deforming 0 0 Vstatic=W+Vcs 
 
W=Vstatic-Vcs Moving – Non-deforming Vcv 0 

Moving - Deforming Vcs Not 0 

    

!
!t

!dV + !W "ndA
cs
#

cv
# = 0

!
!t

(!V ) + !WA = 0$
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Conservation Laws [7,8]  
 Relative velocities: = + csV W V  

 

 Mass (continuity): 1 and sys sys

D Db M d V
Dt Dt

!= = " cv
d V

t
!#=

# " ˆ 0
cs

ndA!+ $ =" W  

 

 
Linear Momentum:

Static:  and sys sys

D Db F d V
Dt Dt

!= = "V V
cv

d V
t

!#=
# " V ˆ

cs
ndA!+ $ =%" V V F

 

 
 ˆMoving and steady: ( )

cs
ndA!+ " =#$ csW V W F  

 

 
Moment-of-Momentum:

ˆSteady: ( ) and ( ) ( )
cs

b ndA!= " " # = "$%r V r V V r F
 

 

 
  
Tshaft = ±rV! !m; shaft!W = Tshaft"; wshaft =

shaft!W
!m

 

  

 

    

First Law of Thermodynamics: b = e and
!
!t cv" e#d V +

cs" e#V $ n̂dA = netin
!Q + netin!W

 

 

 
2 2

2 2
out o out in i in

out L in P
p V p V

z h z h
g g

! !
" "

+ + + = + + +
 

  

     
!m[(
"
hout !

"
hin)+ 1

2
(vout

2!vin
2)+ g(zout !zin)] = !Qnetin + !Wnetin

   

   
hP =

wshaftin

g
; wshaftin =

shaftin!W
!m  

 
 1 for uniform flow! = .  
 
Differential Analysis of Fluid Flow [7,8]   
 

 Euler s Equation: [ ( ) ]p
t

! "# $% = + &%
"
Vg V V  

 

 
3 2(2 ) (2 )ˆParallel plate flow: 

12 12
b p b p

q U
x xµ µ
! != " ; = "
! !

 

 

 
4 2(2 ) (2 )ˆCircular pipe flow: 

128 32
R p R p

q U
x x

!
µ µ

" "= # ; = #
" "
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[7:1] Conservation of Momentum 

Recap 
Reynolds’ transport theorem 

 
 
 
Outline 
Linear momentum 

 Static 
 Moving 

 
 
 
 
 

   

DBsys

Dt
= !
!t cv" #bdV +

cs" #bV $ n̂dA for b = B
m

    

!
!t

!dV + !W "ndA
cs
#

cv
# = 0

!
!t

(!V ) + !WA = 0$ ; Vstatic =Vcs +W
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[7:2] Conservation of Momentum 

Recap 
 
 
Outline 
Undershot weir 
Vane 
Jet-pack 
Decapitated cylinder 

 
 
 
 

   
Moving and steady: 

cs! (W+ Vcs )"W # n̂dA =$F

   

Linear Momentum:

Static: b = V  and 
D
Dt

Bsys =
D
Dt sys! V"d V = #

#t cv! V"d V +
cs! V"V $ n̂dA =%F
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[7:3] Conservation of Momentum 

Recap 
 
Outline 
 
    

Moment-of-Momentum:

Steady: b = (r ! V) and 
cs" (r ! V)#V $ n̂dA =%(r !F)

  
Tshaft = ±rV! !m; shaft!W = Tshaft"; wshaft =

shaft!W
!m

   
Moving and steady: 

cs! (W+ Vcs )"W # n̂dA =$F
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Conservation Laws [7,8]  
 Relative velocities: = + csV W V  

 

 Mass (continuity): 1 and sys sys

D Db M d V
Dt Dt

!= = " cv
d V

t
!#=

# " ˆ 0
cs

ndA!+ $ =" W  

 

 
Linear Momentum:

Static:  and sys sys

D Db F d V
Dt Dt

!= = "V V
cv

d V
t

!#=
# " V ˆ

cs
ndA!+ $ =%" V V F

 

 
 ˆMoving and steady: ( )

cs
ndA!+ " =#$ csW V W F  

 

 
Moment-of-Momentum:

ˆSteady: ( ) and ( ) ( )
cs

b ndA!= " " # = "$%r V r V V r F
 

 

 
  
Tshaft = ±rV! !m; shaft!W = Tshaft"; wshaft =

shaft!W
!m

 

  

 

    

First Law of Thermodynamics: b = e and
!
!t cv" e#d V +

cs" e#V $ n̂dA = netin
!Q + netin!W

 

 

 
2 2

2 2
out o out in i in

out L in P
p V p V

z h z h
g g

! !
" "

+ + + = + + +
 

  

     
!m[(
"
hout !

"
hin)+ 1

2
(vout

2!vin
2)+ g(zout !zin)] = !Qnetin + !Wnetin

   

   
hP =

wshaftin

g
; wshaftin =

shaftin!W
!m  

 
 1 for uniform flow! = .  
 
Differential Analysis of Fluid Flow [7,8]   
 

 Euler s Equation: [ ( ) ]p
t

! "# $% = + &%
"
Vg V V  

 

 
3 2(2 ) (2 )ˆParallel plate flow: 

12 12
b p b p

q U
x xµ µ
! != " ; = "
! !

 

 

 
4 2(2 ) (2 )ˆCircular pipe flow: 

128 32
R p R p

q U
x x

!
µ µ

" "= # ; = #
" "
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[8:1] Thermodynamics and Energy 

Recap 
 
 
Outline 
 
 

   
Transport Theorem: 

DBsys

Dt
= !
!t cv" #bdV +

cs" #bV $ n̂dA for b = B
m

    

First Law of Thermodynamics: b = e and
!
!t cv" e#d V +

cs" e#V $ n̂dA = netin
!Q + netin!W

  

pout

!
+
" oVout

2

2g
+ zout + hL =

pin

!
+
" iVin

2

2g
+ zin + hP

    
!m[(
"
hout !

"
hin)+ 1

2
(vout

2!vin
2)+ g(zout !zin)] = !Qnetin + !Wnetin

  
hP =

wshaftin

g
; wshaftin =

shaftin!W
!m
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[8:2] Thermodynamics and Energy 

Recap 
 
 
Outline 
Examples 
Differential analysis 

Porous medium flow 
Flow between plates 
Flow in pipe 

 
 

  

p1

!
+
"1V1

2

2g
+ z1 + hP =

p2

!
+
" 2V2

2

2g
+ z2 + hL

    
!m[(
"
hout !

"
hin)+ 1

2
(vout

2!vin
2)+ g(zout !zin)] = !Qnetin + !Wnetin

   
hP = shaftin!W

!mg
=

wshaftin

g
; hL = KL

V 2

2g
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[8:3] Thermodynamics and Energy 

Recap 
Conservation of mass 

Outline 
Differential analysis 

Conservation of mass – kinematics 
Stream potentials 
Flow between plates 
Flow in pipe 

 
 

 

V !! + ! !V + !M = 0

V "!
"t

+ V !["vx
"x

+
"vy
"y

+
"vz
"z
] = 0
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Dimensional Analysis [9]   

 2

Vl V p
Vgl

!
µ !

= ; = ; =Re Fr Eu  
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[9:1] Dimensional Analysis 

Outline 
Buckingham Pi 
 

 

   
Re = !Vl

µ
; Fr = V

gl
; Eu = p

!V 2
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[9:2] Dimensional Analysis 

Outline 
Buckingham Pi 
 

 

   
Re = !Vl

µ
; Fr = V

gl
; Eu = p

!V 2
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[9:3] Dimensional Analysis 

Recap 
Buckingham Pi & 

Outline 
Relevance of dimensionless terms 
Use of models 
Similitude 

 Geometric 
 Kinematic 
 Dynamic 

 
 

 

   
Re = !Vl

µ
; Fr = V

gl
; Eu = p

!V 2
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Pipe Flow [10-11]   

 
2 2

( )
8 2

major
w L P

V l V Power
f h f h

D g Q
!"

#
= ; = ; =  

 

 
2 2

1 1 2 2
1 22 2

major minor
P L L

p v p v
z h z h h

g g! !
+ + + = + + + +" "  

 

 
2

21
22

minor minor L
L L eq L

K DV p
h K l K

g f V!
"= ; = ; =  

 

 
4

Non-circular: Laminar: [ ]     Turbulent: [Use Moody; ( )]h
h h

C Af D f
P D

!"= ; = =
Re

 

 
 

1 2 1 2
Series:           Parallel: 

n nL L L L L L Lh h h … h h h … h= + + + ; = = =  

 

 1 2 2
4

1

2( )
Flow meters: 

(1 )
p p DQ CA

D
!

" !
#= ; =
#
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[10:1] Pipe Flow 

Outline 
Open and closed flows 
Bernoulli/Energy equation 
Frictional losses 
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[10:2] Pipe Flow 

Recap 
Bernoulli/Energy equation 
Frictional losses 

Outline 
Moody chart 
Minor Losses 
Exit/Entry losses 
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[10:3] Pipe Flow 

Recap 
Bernoulli/Energy equation 
Moody chart 

Outline 
Minor Losses 
Exit/Entry losses 
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[11:1] Pipe Flow 

Outline 
Non-circular sections 
Turbulence 
Recap….. 
Examples 

 I  Pressure drop 
 II  Flow rate 
 III  Geometry 
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[11:2] Pipe Flow 

Outline 
Examples 

 II  Flow rate 
 III  Geometry 
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[11:3] Pipe Flow 

Outline 
Pipe networks 
Flowrate measurement 
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External Flows [12]  
 cos sinwx

D dF p dA dA! " != = +# # #  

 
 sin cosy wL dF p dA dA! " != = # +$ $ $  

 

 2 21 1
2 2

D L
D LC C
U A U A! !

= ; =  
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[12:1] External Flows 

Outline 
Drag and Lift 
 
 
 

 

  
D = dF! x

= p! cos"dA+ # w! sin"dA

  
L = dFy! = " psin# dA! + $ w! cos#dA

  
CD = D

1
2 !U 2 A

; CL =
L

1
2 !U 2 A
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[12:2] External Flows 

Outline 
Drag 

 Evaluation 
 Re dependence 
  Friction drag 
  Pressure drag 
 Shape dependence 
 Evaluating motion 
 Composite drag 

Lift   
 Evaluation 
 Rotating objects 

 
 
 

 

  
CD = D

1
2 !U 2 A

; CL =
L

1
2 !U 2 A
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[12:3] External Flows 

Outline 
Drag 

 Evaluating motion 
 Composite drag 

Lift   
 Evaluation 
 Rotating objects 

 
 
 

 

  
CD = D

1
2 !U 2 A

; CL =
L

1
2 !U 2 A
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Open Channel Flow [13-14]   

 h
h

VRA VR c gy
P gy

!
µ

= ; = ; = ; =Re Fr  

 

 
2 2 2

2Specific Energy:  Specific Momentum: 
2 2
q y qE y M
gy gy

= + ; = +  

 

 
2 2
1 2

1 1 2 2 1 2 02 2
1 2

Energy Equation:    ( )
2 2 f f
q qy z y z S l E E S S l
gy gy

+ + = + + + ! = + "  

 

 
3  at 1
2
c

min
yE = =Fr  

 

 0
21

fS Sdy
dx

!
=

!Fr
 

 

 
2 21 1
3 32 2

0 0Uniform Flow:   1( ) 1 49( )h hV R S Q AR S SI BGS
n n
! ! ! != = = = .  

 

 2 2 22 2 1
1 1

1 1 1 2

1 1Hydraulic Jump:   ( 1 1 8 ) 1 [1 ( ) ]
2 2

Ly h y yFr Fr
y y y y

= ! + + = ! + !  

 

 3 5 22 8Sharp-Crested Weir:     2 tan 2
3 15 2rectangular triangularQ C gh b Q C gH! /= ; = . 

 

 3 2 3 2
1 2

2 0 65
Broad-Crested Weir:     ( )

3 (1 )wb wb
w

Q C b g H C
H P

/ /
/

.= : = .
+ /

 

 
 1Underflow Gates:      2dq C a gy=  
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[13:1] Open Channel Flows 

Outline 
Flow classifications 

 Hydraulic radius 
Uniform Flows – Chezy/Manning formulae 
Gradually varying flows 

 Wave speeds   
 Specific energy  

 
 
 

 

  

dy
dx

= 0

  

dy
dx

<<1
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[13:2] Open Channel Flows 

Recap 
Flow classifications 

 Hydraulic radius 
Uniform Flows – Chezy/Manning formulae 

Outline 
Gradually varying flows  

 Wave speeds   
 Specific energy  

 
 
 

 

  

dy
dx

= 0

  

dy
dx

<<1
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[13:3] Open Channel Flows 

Recap 
Flow classifications 

 Uniform Flows – Chezy/Manning formulae 
 Gradually Varying Flows 

Outline 
Rapidly varying flows 

 Momentum and energy concepts 
 Hydraulic jumps 
  

 
 

 

  

dy
dx

= 0

  

dy
dx

<<1

  

dy
dx

~ 1



 


























