
SPEED OF SOUND, a  AS A NONDIMENSIONALIZING PARAMETER
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SPEED OF SOUND IN AN IDEAL GAS
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STAGNATION PROPERTIES AS NONDIMENSIONALIZING PARAMETERS
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1-D ISENTROPIC FLOW OF AN IDEAL GAS
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REAL GAS AND IDEAL GAS PROPERTY MODELSREAL GAS AND IDEAL GAS PROPERTY MODELS
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1-D ISENTROPIC FLOW OF AN IDEAL GAS
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SHOCK WAVE FORMATION
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SHOCK WAVE FORMATION
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NORMAL SHOCKNORMAL SHOCK
sonic velocity change across a sonic velocity change across a noramalnoramal shock
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NORMAL SHOCK NORMAL SHOCK 
Mach Number change across a normal shockMach Number change across a normal shock
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ENTROPY CHANGE ACROSS A NORMAL SHOCKENTROPY CHANGE ACROSS A NORMAL SHOCK
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REAL SHOCK BOUNDARY LAYER INTERACTIONREAL SHOCK BOUNDARY LAYER INTERACTION
Actual deceleration in a duct occurs through a series of obActual deceleration in a duct occurs through a series of oblique and normal shockslique and normal shocks
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SUBSONIC - SUPERSONIC FLOW

0
du
dA          0

dp
dA       1M

FLOW SUPERSONIC

0
du
dA         0

dp
dA       1M

FLOW SUBSONIC

><>

<><

( )
2

2

ρu
M1A

dp
dA −

=

0
du
dp                                 0

du
dp

diffuser                                 nozzle
flow ngdecelerati               flow ngaccelerati

><

General conclusion.  Not limited to an ideal gas.



AREA CHANGE IN ISENTROPIC QUASI-1D FLOW OF AN IDEAL GAS
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CONVERGING-DIVERGING NOZZLE – Flow Regimes
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