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This Week
• Cover two topics and students choose 

which one they want to follow
– Open channel flows for CE students
– Compressible flow for ME students

• Brief overview of both subjects today
• Group work on Thursday will use 

homework problems in place of 
additional exercises
– Quiz May 5 will have choice of problems
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Some Similarities
• Compressible

– Wave speed for ideal 
gases c = (kRT)1/2

– Mach number = V/c
– Flow is subsonic, 

sonic and supersonic 
for Ma < 1, Ma = 1, 
and Ma > 1

– Can have shock 
wave from Ma > 1 to 
Ma < 1 with increase 
in pressure

• Open channel
– Wave speed for 

small y, c = (gy)1/2

– Froude number = V/c
– Flow is subcritical, 

critical, and 
supercritical for Fr < 
1, Fr = 1, and Fr > 1

– Can have hydraulic 
jump from Fr > 1 to 
Fr < 1 with increase 
in height
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Open Channel Flow Types

Fundamentals of Fluid Mechanics, 5/E by Bruce Munson, Donald Young, and 
Theodore Okiishi, Copyright © 2005 by John Wiley & Sons, Inc.  All rights reserved.
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Open Channel Geometry

Fundamentals of Fluid Mechanics, 5/E by Bruce Munson, Donald Young, and 
Theodore Okiishi, Copyright © 2005 by John Wiley & Sons, Inc.  All rights reserved.
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Energy Equation
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• z1 – z2 = S0ℓ hL = Sfℓ
• p1/γ = y1 and p2/γ = y2
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• Depth versus 
energy

• Three solutions
– Negative depth 

not possible
– One subcritical 

solution
– Other is 

supercritical

Fundamentals of Fluid Mechanics, 
5/E by Bruce Munson, Donald Young, 
and Theodore Okiishi, Copyright ©
2005 by John Wiley & Sons, Inc.  All 
rights reserved.

Specific Energy
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Chezy-Manning
• Equation for flow velocity considering 

head loss
n
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• Rh = A/P is hydraulic radius
– A is cross sectional area of flow
– Wetted perimeter P does not include area 

of open surface
– Coefficient n has units of s⋅m-1/3

• Multiply result for V by 1.4859 ft1/3/m1/3 to get V 
in ft/s when Rh is in ft
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Units: s⋅m-1/3

Fundamentals of Fluid Mechanics, 5/E by Bruce Munson, Donald Young, and 
Theodore Okiishi, Copyright © 2005 by John Wiley & Sons, Inc.  All rights reserved.

10Fundamentals of Fluid Mechanics, 5/E by Bruce Munson, Donald Young, and 
Theodore Okiishi, Copyright © 2005 by John Wiley & Sons, Inc.  All rights reserved.

Hydraulic Jump
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Jump
• Hydraulic 

jump vs. 
upstream 
Froude 
number, 
Fr1 (eqns
10.24 and 
10.25)

Fundamentals of Fluid Mechanics, 5/E 
by Bruce Munson, Donald Young, and 
Theodore Okiishi, Copyright © 2005 by 
John Wiley & Sons, Inc.  All rights 
reserved.
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Open Channel Flow Problems
• Determine allowable depths from 

energy equation for given flow rate
– q = Q/b substituted for V = Q/(by) = q/y

• Plot E = y + (q/y)2/(2g) for given Q and b
• Find allowed y values for given E
• Relate y and Emin = (3/2)yc = (3/2)(q2/g)1/3

• Use Chezy-Manning equation to find 
velocities and flow rates 
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Compressible Flow Topics
• Frictionless flow with no heat transfer 

(isentropic flow)
– Area must change

• Constant area with heat transfer but no 
friction (Fanno flow)

• Constant area with friction but no heat 
transfer (Rayleigh flow)

• Normal shock
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Compressible Equations
• Based on ideal gas with sound speed, c2

= kRT and Mach number Ma = V/c
• Specific heat ratio k = cp/cv (= 1.4 for air)

– Equations apply to any substance
– Charts for air with k = 1.4

• Reference point is stagnation point with V 
= 0

• T0 = stagnation temperature = T + V2/2cp

15

More Compressible Flow
• For low pressure ratios flow cannot 

have velocity greater than sonic velocity 
without a converging-diverging nozzle

• Pressure ratios less than PRcrit will not 
accelerate flow beyond sonic velocity

• See diagrams for isentropic flow and 
normal shock waves
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Isentropic Flow Equations
• Stagnation point (“0”) in large tank 

where V = 0
– Variables change with flow through duct 

based on duct area

( )k
Mak −

⎟
⎠
⎞

⎜
⎝
⎛ −
+ρ=ρ

11
2

0 2
11

( )kk
Makpp

−

⎟
⎠
⎞

⎜
⎝
⎛ −
+=

1
2

0 2
11

1
2

0 2
11

−

⎟
⎠
⎞

⎜
⎝
⎛ −
+= MakTT

( )
1

2
1*

1

0 =⎟
⎠
⎞

⎜
⎝
⎛ +

=
−

Maforkpp
kk

Different from incompressible 
flow definition po = p + ρV2/2
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Area Ratio A/A*
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• Flow is sonic at A/A* = 1, but area, A*, 
may not exist in flow
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• No heat 
transfer or 
friction

• Area must 
vary

• Sonic flow 
at throat 
(minimum 
area)

Isentropic
Fundamentals of 
Fluid Mechanics, 5/E 
by Bruce Munson, 
Donald Young, and 
Theodore Okiishi, 
Copyright © 2005 by 
John Wiley & Sons, 
Inc.  All rights 
reserved.
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Shock
• Normal 

shock
– x is 

upstream 
(into shock)

– y is 
downstream 
(leaving 
shock)

Fundamentals of Fluid Mechanics, 5/E by Bruce Munson, Donald Young, and 
Theodore Okiishi, Copyright © 2005 by John Wiley & Sons, Inc.  All rights reserved.
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Nozzle with Shock

Different 
possible 
paths as 
pressure 
decreases 
from pI

Fundamentals of Fluid Mechanics, 5/E by Bruce Munson, Donald Young, and 
Theodore Okiishi, Copyright © 2005 by John Wiley & Sons, Inc.  All rights reserved.
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Mass Flow at Exit Pressure
• Problem using isentropic flow equations

– Flow is sonic only at throat in a converging-
diverging duct and only if pout < p*

– For converging duct, use normal flow 
relations if pout > p*; Maout = 1 for pout < p*
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