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Governing Equations

• Flow inside Nozzle and Diffuser
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Governing Equations

• Enthalpy

• Stagnation Properties
• Stagnation Enthalpy

• Stagnation Pressure 𝑃𝑜
• Stagnation Temperature

𝑇𝑜
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Governing Equations
Consider the steady flow of a fluid through a duct such as a nozzle, diffuser, or some other 
flow passage where the flow takes place adiabatically and with no shaft or electrical work, 
as shown in Fig

Assuming the fluid experiences little or no change in its elevation
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Governing Equations
When the fluid is approximated as an ideal gas with constant specific heats, its enthalpy 
can be replaced by
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For ideal gases with constant specific heats



Governing Equations
Then the energy balance for a single-stream, steady-flow device can be expressed as

where

ℎ𝑜 = 𝐶𝑝𝑇𝑜
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Speed of sound
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An important parameter in the study of compressible flow is the speed of

sound c

For an ideal gas it simplifies to

where k is the specific heat ratio of the gas and R is the specific gas constant. The 
ratio of the speed of the flow to the speed of sound is the dimensionless Mach 
number M

𝑀 =
𝑉

𝑐

During fluid flow through many devices such as nozzles, diffusers, and
turbine blade passages, flow quantities vary primarily in the flow direction
only, and the flow can be approximated as one-dimensional isentropic flow
with good accuracy.

𝑐 =
𝑑𝑃

𝑑𝜌
= 𝑘𝑅𝑇



Example Gas Flow through a Converging–Diverging Duct
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Example Gas Flow through a Converging–Diverging Duct
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Example Gas Flow through a Converging–Diverging Duct
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Example Gas Flow through a Converging–Diverging Duct
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Example Gas Flow through a Converging–Diverging Duct
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Variation of Fluid Velocity with Flow Area

We will study couplings among the velocity, density, and flow areas for 
isentropic duct flow.
Consider the mass balance for a steady-flow process:

ሶ𝑚 = 𝜌𝐴𝑉
Differentiating and dividing the resultant equation by the mass flow rate, 
we obtain 

𝑑𝜌

𝜌
+
𝑑𝐴

𝐴
+
𝑑𝑉

𝑉
= 0

Consider the conservation of Energy for a steady isentropic flow process, 
and by Neglecting the potential energy, the energy balance for an 
isentropic flow with no work interactions is expressed:

ℎ1 +
𝑉1
2

2
= ℎ2 +

𝑉2
2

2

ℎ +
𝑉2

2
= 𝑐𝑜𝑛𝑠𝑡.

Differentiate 𝑑ℎ + 𝑉 𝑑𝑉 = 0
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Variation of Fluid Velocity with Flow Area

The Second law of thermodynamic:
𝑇 𝑑𝑠 = 𝑑ℎ − 𝑣 𝑑𝑃

For isentropic flow 𝑑𝑠 = 0,

𝑑ℎ = 𝑣 𝑑𝑃 =
1

𝜌
𝑑𝑃

Substitute in Eq 𝑑ℎ + 𝑉 𝑑𝑉 = 0
𝑑𝑃

𝜌
+ 𝑉 𝑑𝑉 = 0

Combine with Eq and rearrange
𝑑𝐴

𝐴
=
𝑑𝑃

𝜌

1

𝑉2
−
𝑑𝜌

𝑑𝑃

𝑑𝐴

𝐴
=
𝑑𝑃

𝜌𝑉2
1 − 𝑉2

𝑑𝜌

𝑑𝑃

𝑐 =
𝑑𝑃

𝑑𝜌
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Variation of Fluid Velocity with Flow Area

𝑑𝐴

𝐴
=
𝑑𝑃

𝜌𝑉2
1 −𝑀2

This is an important relation for isentropic flow in ducts since it describes
the variation of pressure with flow area. We note that A, r, and V are positive
quantities. For subsonic flow (M <1), the term 1 − 𝑀2 is positive; and
thus dA and dP must have the same sign. That is, the pressure of the fluid
must increase as the flow area of the duct increases and must decrease as the
flow area of the duct decreases. Thus, at subsonic velocities, the pressure
decreases in converging ducts (subsonic nozzles) and increases in diverging
ducts (subsonic diffusers).
In supersonic flow (M >1), the term 1 −𝑀2 is negative, and thus dA
and dP must have opposite signs. That is, the pressure of the fluid must
increase as the flow area of the duct decreases and must decrease as the
flow area of the duct increases. Thus, at supersonic velocities, the pressure
decreases in diverging ducts (supersonic nozzles) and increases in converging
ducts (supersonic diffusers).
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Variation of Fluid Velocity with Flow Area

Another important relation for the isentropic flow of a fluid is obtained by 

substituting 𝜌𝑉 = −
𝑑𝑃

𝑑𝑉

𝑑𝐴

𝐴
= −

𝑑𝑉

𝑉
1 −𝑀2

This equation governs the shape of a nozzle or a diffuser in subsonic or 
supersonic isentropic flow. Noting that A and V are positive quantities, we 
conclude the following:

For subsonic flow (Ma < 1),                         
𝑑𝐴

𝑑𝑉
<0

For supersonic flow (M > 1),                        
𝑑𝐴

𝑑𝑉
<0
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Property Relations for Isentropic Flow
of Ideal Gases
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Property Relations for Isentropic Flow
of Ideal Gases
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ISENTROPIC FLOW THROUGH NOZZLES
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The effect of back pressure on the pressure distribution along a 

converging nozzle:



ISENTROPIC FLOW THROUGH NOZZLES
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ISENTROPIC FLOW THROUGH NOZZLES
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The effect of back pressure 𝑃𝑏 on the mass flow rate ሶ𝑚 and the exit pressure 
𝑃𝑒 of a converging nozzle.



ISENTROPIC FLOW THROUGH NOZZLES
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The variation of the mass flow rate through a nozzle with inlet stagnation
properties.
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Example: Effect of Back Pressure on Mass Flow 
Rate
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Example: Effect of Back Pressure on Mass Flow 
Rate
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Example: Effect of Back Pressure on Mass Flow 
Rate
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Example: Effect of Back Pressure on Mass Flow 
Rate
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Example: Effect of Back Pressure on Mass Flow 
Rate
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ISENTROPIC FLOW THROUGH NOZZLES
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The effect of back pressure on the pressure distribution along a 

converging divergent nozzle:



ISENTROPIC FLOW THROUGH NOZZLES
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The effect of back pressure on the pressure distribution along a 

converging divergent nozzle:



Example 12-6 : Airflow through a Converging–
Diverging Nozzle
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Example 12-6 : Airflow through a Converging–
Diverging Nozzle
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Example 12-6 : Airflow through a Converging–
Diverging Nozzle
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Example 12-6 : Airflow through a Converging–
Diverging Nozzle
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Example 12-6 : Airflow through a Converging–
Diverging Nozzle
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SHOCK WAVES AND EXPANSION WAVES
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