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1-D Isentropic Compressible Flow
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Basic Equations:

Ideal gas law:
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where
P = pressure

[Pa]







( = density

[kg/m3]







R = gas constant
[J/(kg*K)]







T = temperature
[K]

Speed of sound:

[image: image2.wmf]kRT

c

=


where
k = specific heat ratio

Mach number:
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Compressible Flow:

· Isentropic compressible flow

· Compressible flow with shock wave

· 2 reference conditions:

· Sonic condition (denoted by superscript *): 
Ma = 1

· Stagnation condition (denoted by subscript o):
Ma = 0

Isentropic Compressible Flow Table (Table B.1):

	Ma
	P/Po
	(/(o
	T/To
	A/A*

	0.98
	0.5407
	0.6445
	0.8389
	1.0003

	1.0
	0.5283
	0.6339
	0.8333
	1.0000

	1.02
	0.5160
	0.6234
	0.8278
	1.0003



· With the same area, the table gives two different Mach numbers and stagnation conditions (one is for subsonic and another one is for supersonic).

· Choose the right one carefully when use the table.

Mass Flow Rate:

· 
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Converging-Diverging Duct:


· 
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(derived from continuity and momentum equation)

	Inlet flow condition
	Converging duct (dA < 0)
	Diverging duct (dA >0)

	Subsonic (Ma <1):

dV ~ (dA
	dV > 0 

(Acceleration)
	dV < 0 

(Deceleration)

	Supersonic (Ma >1):

dV ~ dA
	dV < 0 

(Deceleration)
	dV > 0 

(Acceleration)


· Note: Sonic condition (Ma = 1) can only occur at throat where Athroat = Amin
Pressure Distribution Along a Converging-Diverging Duct:

Depends on the back pressure (Pback), we will have one of the following curves for isentropic compressible flows:

· Curve A: subsonic flow (Athroat = A*)

· Curve B: supersonic flow (Athroat = A*)

· Curve C: subsonic flow (Athroat ( A*)

Note:

· Pexit = Pback for curves A, B and C

· Curves A and B are the reference curves used to determine the flow conditions within the duct

Choked Flow:

· For given stagnation conditions, the maximum possible mass flow rate occurs when its throat is at sonic condition.
· Once flow reaches sonic condition, any further reduced pressure won’t increase mass flow rate.
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Summary:

	Curve
	Exit Condition
	Athroat = A*
	Pexit = Pback
	Choked Flow

	A
	Subsonic
	Y
	Y
	Y

	B
	Supersonic
	Y
	Y
	Y

	C
	Subsonic
	N
	Y
	N


Solution Procedure for Solving Converging/Diverging Duct in Isentropic Condition:

· A(x) and Po is given

Step 1: Find Aexit and Athroat
· Aexit = A(x = xexit)

· Athroat = A(x = xthroat) = Amin
Step 2: Find exit (back) pressure for curves A and B

· A* = Athroat for curves A and B

· From 
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 (supersonic) from isentropic table (Table B.1)

Step 3: Find A* for curve C
· From 
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· Notice that A* ( Athroat for curve C

Step 4: Find mass flow rate
· 
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Example:

Air flows isentropically through a converging-diverging duct, where the cross-sectional area of the duct is given as:
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To = 500K, Po = 1000 kPa, k = 1.4 and R = 287 J/(kg*K).

a) Compute the back pressures and mass flow rates for curves A and B.

b) If Pback = 990 kPa, find the Mach number at the throat and mass flow rate.
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