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Part (3)*- It is Named here as Part-6 
 
 

Introduction to Compressible Flow (Gas Dynamics) 
 

  

 

Introduction: 
 

 

∗
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6.1.1  The Mach Number: 
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6.1.2   The Specific-Heat Ratio:
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

6.1.3  The Perfect Gas Relations:
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Heat Ratio: 

The Perfect Gas Relations: 
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6.1.4  The Isentropic Process:
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Example 6.1: 
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The Isentropic Process: 
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Example 6.2: 
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6.2 .1  The Mach Number and Speed of Sound:
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Number and Speed of Sound: 
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Example 6.4: 

 

 

 

 

 

 

Example 6.5: 
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6.2.2 Example on Compressibility Effects:
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xample on Compressibility Effects: 

****************************************** 
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6.2.3  Categories of Compressible Flow: 
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Example 6.6: 
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6.2.3  The Mach Cone and The 
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The Mach Cone and The Categories of Compressible Flow:Categories of Compressible Flow: 
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Example 6.7: 
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6.3  Adiabatic and Isentropic Steady Flow (Stagnation

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

6.3.1 The Mach Number-Stagnation Relations:
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6.3  Adiabatic and Isentropic Steady Flow (Stagnation-Reference Properties):

Stagnation Relations: 

Reference Properties): 
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6.3.2  The Relationship to Bernoulli’s Equation:
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6.3.2  The Relationship to Bernoulli’s Equation: 
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6.3.3 The Critical Reference Properties at Sonic Velocity:
 

 

 

 

 

 

 

 

 

 

 

 

 

 

6.3.4 Some Useful Numbers for Air:
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Example 6.8: 

  

Dr. Mohsen Soliman                                           - 23  - 
         

6.3.3 The Critical Reference Properties at Sonic Velocity: 

6.3.4 Some Useful Numbers for Air: 
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6.4  One-Dimensional Isentropic Flow With Area Changes: 
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Dimensional Isentropic Flow With Area Changes:  
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6.4.1 Example on Detailed Prove of Equations (6.57): 
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6.4.2 Analysis of Flow in a Converging
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Analysis of Flow in a Converging-Diverging Duct: 
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6.4.3 The T-S Diagram: 
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6.4.4 Further Analysis of  The Perfect
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6.4.4 Further Analysis of  The Perfect-Gas Isentropic- Relations:Relations:  
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6.4.5  The Choking: 

 

 

 

 

 

 

 

 

 

 

 

 

6.4.6  The Local Mass Flow Function:
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6.4.6  The Local Mass Flow Function: 
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Example 6.9: 
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Example 6.10: 
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Example 6.13: 
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Example 6.14: 
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Example 6.15: 

 

 

 

 

 

 

 

 

 

 

Dr. Mohsen Soliman                                           - 37  - 
         



 

Dr. Mohsen Soliman                                           

Example 6.16: 
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6.5 Normal Shock Waves: 
 

6.5.1 The Fixed Normal Shock Wave:
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6.5.1 The Fixed Normal Shock Wave: 
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6.5.2  The Moving Normal Shock Wave

 

 

 

 

 
 

Example 6.17: 
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The Moving Normal Shock Wave: 
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Example 6.18 (on moving shock wave):
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Example 6.18 (on moving shock wave): 
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6.6  Operation of Converging and Diverging Nozzles:

 
 

6.6.1 Operation of Converging No
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6.6  Operation of Converging and Diverging Nozzles: 

6.6.1 Operation of Converging Nozzles: 
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6.6.2 The operation of Converging
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6.6.2 The operation of Converging-Diverging Nozzles:  
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Example 6.20: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

6.6.3 The Isentropic Flow Tables:
Similar to fig.D-1, the equations E.17, E.20, E.21 and 6.62 of the isentropic flow of perfect

tabulated below in Table B6.1 (for the case of k=1.4):
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6.6.3 The Isentropic Flow Tables: 
1, the equations E.17, E.20, E.21 and 6.62 of the isentropic flow of perfect

tabulated below in Table B6.1 (for the case of k=1.4): 

1, the equations E.17, E.20, E.21 and 6.62 of the isentropic flow of perfect-gas are 
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6.6.4 The Normal Shock Wave Tables:
 

Similar to fig.6.17, all the various 

Shock Wave  are tabulated below in Table B6.
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The Normal Shock Wave Tables: 

various equations of the change of the flow properties across the Normal 

are tabulated below in Table B6.2 (for the case of a perfect gas with 

of the change of the flow properties across the Normal 

with k=1.4). 
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6.7  Flow in a Constant Area Duct (dA=0):
 

6.7.1 Isentropic Flow in a Constant Area Duct:  
 

 

 

 

 

*****************6.7 Compressible Flow in a Constant Area

  

 

 

 

 

 

 
 

 

6.7.2 Non- Isentropic Flow in a Constant Area Duct:  
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Flow in a Constant Area Duct (dA=0): 

6.7.1 Isentropic Flow in a Constant Area Duct:   

6.7 Compressible Flow in a Constant Area Duct with Friction:

Isentropic Flow in a Constant Area Duct:   

Duct with Friction: 
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6.7.3  Adiabatic Flow with Friction in a Constant Area Duct
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Dr. Mohsen Soliman                                           - 53  - 
         

Adiabatic Flow with Friction in a Constant Area Duct (Fanno(Fanno-Line Flow): 
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Example 6.21: 
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6.7.4  General Behavior of Fanno Flow:
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General Behavior of Fanno Flow: 
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Example 6.22: 
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Example 6.23: 

 

 

  

Dr. Mohsen Soliman                                           - 61  - 
         

************************************************************************************************************************************** 
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Example 6.24: 
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6.7.5 Further Analysis and Examples of Fanno
 

Let us consider only the length of the 

of the nozzle attached to it). S

starts at x =0 (i.e., l = 0). Equation 6.10
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***************************************************************************

6.7.5 Further Analysis and Examples of Fanno-Flow: 

length of the constant area duct in Fig.6.28 (i.e., without the 

. So in Eq.6.106 the lower limit of the integration on the R.H.S. 

= 0). Equation 6.106 now becomes: 

*************************************************************************** 

(i.e., without the length 

6.106 the lower limit of the integration on the R.H.S. 
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Example 6.25: 
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Example 6.26: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

6.7.6 Choking of Fanno-Flow Due to friction:
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********************************************

Flow Due to friction: 

******************************************** 
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Example 6.27: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Dr. Mohsen Soliman                                           - 68  - 
         



 

Dr. Mohsen Soliman                                           

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

6.8  Isothermal Flow with Friction:

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

6.8.1 Mass Flow for a Given Pressure Drop in Isothermal Flow:
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6.8  Isothermal Flow with Friction: 

6.8.1 Mass Flow for a Given Pressure Drop in Isothermal Flow:  
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================================================== 
 

6.9 Frictionless Flow with Heat Transfer (Rayliegh Flow): 
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Example 6.29: 
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Example 6.30: 
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===========================================
 

6.9.1 The Mach-Number Relations and Tables of The Rayleigh
 

Similar to the behavior of Fanno

Figs.6.31 and 6.32 where the value of Mach Number Ma)

point (a). If we consider point (a) as a reference point and 

relations of the Rayleigh-flow, we get:
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===========================================

Number Relations and Tables of The Rayleigh-Flow:

Similar to the behavior of Fanno-flow, we note that the maximum entropy is found at point (a) on 

Figs.6.31 and 6.32 where the value of Mach Number Ma)a= 1 (eq. 6.126). So the flow is sonic at 

consider point (a) as a reference point and write down a

flow, we get: 

=========================================== 

Flow: 

that the maximum entropy is found at point (a) on 

So the flow is sonic at 

write down all the Mach-Number 
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Example 6.31: 
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6.9.2 The Choking of Rayleigh
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Example 6.32: 
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6.9.2 The Choking of Rayleigh-Flow Due to Simple Heating: 

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
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6.9.3 Relation Between Normal Shock Wave and The Fanno and Rayleigh Flows: 
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6.9.3 Relation Between Normal Shock Wave and The Fanno and Rayleigh Flows: 

 

6.9.3 Relation Between Normal Shock Wave and The Fanno and Rayleigh Flows:  
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Example 6.33: 

 

 

 

 

 

Solution: 
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Example 6.34: 
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Example 6.35: 
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6.10 Two-Dimensional Supersonic 
 

 

 

 
 

6.10.1 The Mach Waves: 
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Supersonic Flow:  
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6.10.2 The Oblique shock Waves:
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Oblique shock Waves: 
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6.10.3 Very Weak Shock Waves:
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6.10.3 Very Weak Shock Waves: 
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6.10.4 Prandtl-Merer Expansion Waves:
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Expansion Waves: 
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6.10.5 The Prandtl-Merer Perfect
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Merer Perfect-Gas Function:  
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6.10.6 Applications to Supersonic Airfoils: 
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6.10.7 The Thin Airfoil Theory:
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6.10.7 The Thin Airfoil Theory: 
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6.10.8 Three-Dimensional Supersonic Flow:
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Dimensional Supersonic Flow: 
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Oral Exam Questions of Gas Dynamics 

 
   

1- Find what is wrong in each of the following statements and then re-write the full correct 

statement (you can also add a T-S diagram to show the correct meaning) : 

 

a) In Gas Dynamics, we define Mach number in a C-D nozzle as a constant thermodynamic 

property which is equal to (a/V) where a is the vector of the gas velocity. 

b) In Gas Dynamics, we have to assume that Mach number is ≥ 0.3 all the time and assume also 

that the speed of sound through all gases is equal to 342 m/s all the time. 

c) If air velocity in C-D nozzle is less than 0.3 speed of sound we must assume the flow is 

isentropic and incompressible and must assume also that the air is a thermal perfect gas. 

d) The speed of sound in a subsonic air flow in C-D nozzle remains constant if the flow is 

accelerated to a supersonic flow because we assume air is a thermal perfect gas. 

e) In Fanno-Line flow in a converging nozzle, the flow is isentropic and the exit properties must be 

sonic properties for any value of back pressure and any length of the nozzle. 

----------------------------------------------------------------------------------------------- 

2- Define the physical meaning and the mathematical equation for calculating the speed of sound, a, 

in any gas. What are the assumptions we make to get that equation?  Can we calculate the speed of 

sound for a gas if it is moving at M=1 or it is moving at M>1?  

--------------------------------------------------------------------------------------------  

3- Find what is wrong in each of the following statements and then re-write the full correct 

statement (you can also add a T-S diagram to show the correct meaning) : 

 

a) We can not define the speed of sound for any incompressible flow because the density is must 

assumed to be constant and because the Mach Number is less than 0.3. 

b) We can define the speed of sound, a, for air only and we have to assume the speed of sound a 

scalar quantity because it moves in the x-direction only. 

c) For an incompressible flow, the speed of sound is defined as propagation of huge pressure 

pulse through isothermal fluid where friction and heat transfer are neglected. 

d) All fluids at the same temperature must have the same speed of sound because the speed of 

sound is a function of the temperature only. 

e)  In Rayliegh-Line flow in a converging nozzle, the flow is isentropic and the exit properties must 

be sonic properties for any back pressure and any length of  the nozzle.       

----------------------------------------------------------------------------------------------- 

4- Given that dA/A = (1-M
2
)(dp/ρV2

) = - (1-M
2
)(dV/V), Show that the converging-diverging 

nozzle is the only possible shape though which a gas may be accelerated smoothly from subsonic 

flow to supersonic flow without violating any of the gas dynamics relations. (use any needed 

equations and sketches).   

-------------------------------------------------------------------------------------------------- 

5- Define the physical meaning of the speed sound. If we found that a
2
=(əp/əρ), show that the speed 

of sound in a thermally perfect gas is a = √γRT  (if  we assume that sound waves are propagating 

isntropically). Prove that the speed of sound in a thermally perfect gas is a = √RT  (if  we assume 

sound waves are propagating isothermally not isntropically). Which value is more accurate: (a = 

√γRT)  or (a = √RT)  ? why ? 

--------------------------------------------------------------------------------------------- 

6- What is the “Mach Cone”? Define the physical meaning and the mathematical equation for 

calculating the half angle, α, of that cone. Can we see the Mach cone in a liquid or in an 

incompressible fluid ? 
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7- Define the physical meaning and the mathematical equations for the total isentropic stagnation 

properties (Po, To, ho, etc) and the critical isentropic properties (P*, T* , h* ,etc). Show both types of  

properties on T-S chart if the flow is subsonic and if it is supersonic. 

---------------------------------------------------------------------------------------------------- 

8- Discuss, using the mass conservation, both the physical meaning and the mathematical relations 

which describe the chocking (ا�ختناق) in a variable area channel. Where may chocking take place? 

and How? What are the conditions that must exist to have a chocking? What are the possible flow 

conditions downstream of the chocked area? 

--------------------------------------------------------------------------------- 

9- Find what is wrong in each of the following statements and then re-write the full correct 

statement (you can also add a T-S diagram to show the correct meaning) : 

 

a) All stagnation isentropic conditions (Po, To, ho, etc) of any subsonic flow must change if the flow 

becomes sonic or supersonic through an isentropic process. 

b) All stagnation isentropic conditions (Po, To, ho, etc) of any subsonic flow must change if the flow 

becomes sonic or supersonic through a non-isentropic process. 

c) All critical isentropic conditions (P*, T*, h*, etc) of any subsonic flow must change if the flow 

becomes sonic or supersonic through an isentropic process. 

d) All critical isentropic conditions (P*, T*, h*, etc) of any subsonic flow must change if the flow 

becomes sonic or supersonic through a non-isentropic process. 

e) In Rayliegh-Line flow in a converging nozzle, the flow is isentropic and the exit properties must 

be sonic properties for any back pressure and any length of  the nozzle. 

---------------------------------------------------------------------------------------------------------- 

10- What is the temperature, density, ρ, pressure, p, and speed of sound, a, on the nose of a 

supersonic fighter flying at a Mach number of M=2 through air at 273K and 0.7 bar. 

-------------------------------------------------------------------------------------------------- 

11- Find what is wrong in each of the following statements and then re-write the full correct 

statement (you can also add a T-S diagram to show the correct meaning) : 

 

a) All perfect gases of the same value of γ will have the same stagnation  conditions (Po , To , ho , 

…etc) and also the same critical conditions (P* , T* , h* , …etc). 

b) Two perfect gases with different values of  γ  can not have the same  stagnation  conditions (Po , 

To , ho , …etc) and also the same critical conditions (P* , T* , h* , …etc). 

c) In calculating reference stagnation properties (Po, To, ho, etc) we get an adiabatic decrease in 

both of  gas temperature and density but we get an increase in the gas pressure. 

d) Inside the Mach Cone created by the subsonic flow of an airplane, the speed of sound must be 

constant because we assume air is a thermal perfect gas. 

e) In Fanno-Line flow in a converging nozzle, the flow is isentropic and the exit properties must be 

sonic properties for any back pressure and any length of  the nozzle. 

---------------------------------------------------------------------------------------------------------------- 

12- Air from a large tank flows at M=0.5 through a conduit of a cross-sectional area of 65cm
2
. The 

conditions in the tank are 340 kPa, abs. and 10 
o
C. Calculate the properties, P, T, ρ, a, and the mass 

flow rate through that cross-section of the conduit. 

----------------------------------------------------------------------------------------------- 

13- Find what is wrong in each of the following statements and then re-write the full correct 

statement (you can also add a T-S diagram to show the correct meaning) : 

 

a) During an isentropic subsonic expansion in a diffuser, the stagnation conditions (Po, To & ρo) and 

also the critical conditions (P*, T*, ρ*) must remain constant. 

b) During a non-isentropic subsonic expansion in a diffuser, the stagnation conditions (Po, To & ρo) 

and also the critical conditions (P*, T*, ρ*) must remain constant. 
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c) During an isentropic subsonic compression in a nozzle, the stagnation conditions (Po, To & ρo) 

and also the critical conditions (P*, T*, ρ*) must remain constant. 

d) During a non-isentropic subsonic compression in a nozzle, the stagnation conditions (Po, To & ρo 

) and also the critical conditions (P*, T*, ρ*) must remain constant. 

e) In Fanno-Line flow in a converging nozzle, the flow is isentropic and the exit properties must be 

sonic properties for any back pressure and any length of  the nozzle. 

------------------------------------------------------------------------------------------------------------ 

14- Air in a large reservoir at 8.5 bar abs. and 26 
o
C is allowed to escape through a channel at a rate 

of 2.25 kg/s. Find the Mach number, velocity and area at a point in the channel where the pressure 

is 5.8 bar abs. 

-------------------------------------------------------------------------------------------------- 

15- Find what is wrong in each of the following statements and then re-write the full correct 

statement (you can also add a T-S diagram to show the correct meaning) : 

 

a) During an isentropic compression in a converging nozzle, the flow must be subsonic along the 

nozzle but the exit conditions must be sonic conditions. 

b) During a non-isentropic expansion in a converging-diverging nozzle, the flow must be subsonic 

along all the nozzle length including the nozzle throat area. 

c) The only method to increase the flow rate through the nozzle throat after its chocking is to 

decrease the nozzle throat area. 

d) For a fixed nozzle throat area, the critical conditions (P*, T*, ρ*) will be fixed values which can 

not be changed. 

e) In Fanno-Line flow in a converging nozzle, the flow is isentropic and the exit properties must be 

sonic properties for any back pressure and any length of  the nozzle. 

------------------------------------------------------------------------------------------------------ 

16- At a certain point in a channel, Helium is flowing at M=2 and 2 bar abs. At a point further 

downstream, the pressure is 1 bar abs. Assuming isentropic flow through the channel, determine the 

Mach number at the second point (take γ=1.67). 

------------------------------------------------------------------------------------------- 

17- Discuss in details all the operation conditions for a converging nozzle for all the possible 

values of back pressure in the range from Po down to a back pressure less than the design one. Show 

the chocking case and the under expansion case on the T-S diagram and show the variation of the 

mass flow rate for all possible operation conditions. 

------------------------------------------------------------- 

18- At one point on a streamline in airflow the velocity, absolute pressure, and temperature are 30 

m/s, 35 kPa, and 150
 o

C resp. The process along the streamline is assumed isentropic; calculate the 

pressure and temperature at a second point where the velocity is 150 m/s. 

------------------------------------------------------------------------------------------------ 

19- Given that dA/A = (1-M
2
)(dp/ρV2

) = - (1-M
2
)(dV/V), show, using any needed equations and 

sketches, what is the relation between the value of the Mach number and both of the nozzle or the 

diffuser shape for the subsonic and supersonic flow regimes.  

Show that the converging-diverging nozzle is the only possible shape though which a gas may be 

accelerated smoothly from subsonic flow to supersonic flow without violating any of the gas 

dynamics relations.  

----------------------------------------------------------------------------------------------------- 

20- A bullet was shot at a speed of 280 m/s in a stagnant air at 273 K and 0.98 bar abs. Calculate 

the total pressure at the bullet tip if air is considered incompressible and if it is considered 

compressible. Do same if the bullet speed was 700m/s. Comment on results!  

------------------------------------------------------------------------------------------------------- 

21- Discuss in details how can chocking (ا�ختناق)  take place in a converging nozzle. What are all 

the flow properties at the exit plane of the nozzle? How can we increase the mass flow rate more 

than the maximum at the chocking conditions? (plot T-S for all cases). 
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22- Pitot tube in a wind tunnel gives a static reading of 0.6 bar vacuum and a stagnation pressure of 

0.1 bar gauge. If the stagnation temperature is 363 K, what will be the air velocity upstream of the 

Pitot tube. 

----------------------------------------------------------------------------------------------------- 

 

23- For the flow in a variable area duct, discuss and plot the relation between A/A
*
 and the Mach 

number M for any perfect gas and for γ=1.4. What is the origin of this relation? Show the physical 

meaning of A
*
 and where it is located in a variable area duct. How can we get, physically, two 

possible values for M for the same value of A/A
*
 ? 

------------------------------------------------------------------------------------------------ 

 

24- Atmospheric air at 101.3 kPa abs. and 15 
o
C is accelerated isentropically. What are its velocity, 

pressure, temperature, and density when the velocity reaches the speed of sound. 

------------------------------------------------------------------------------------------------ 

 

25- For the flow in a variable area duct, discuss and plot the relation between A
*
/A and the Mach 

number M for any perfect gas and for γ=1.4. What is the relation between A
*
/A and chocking of the 

flow. Show the physical meaning of A
*
 and where it is located in the duct ? How can we get, 

physically, two possible values for M for the same value of A
*
/A? 

------------------------------------------------------------------------------------------------ 

26- Air flows into a frictionless passage. The speed of the air increases in the direction of the flow. 

At station (1) the static temperature is 450K, static pressure is 2 bar abs., and the velocity is 200m/s. 

At station (2) the velocity is equal to the speed of sound. Calculate the static temperature, static 

pressure, velocity, and the density at station (2). 

----------------------------------------------------------------------------------------------- 

27- Plot and Discuss the mathematical meaning and physical meaning for these relations: 

 

 

 

 

 

 

 

 

------------------------------------------------------------------------------------------------ 

   28- Air flows isentropically in a channel. At section (1), M1=0.3, A1=0.001m
2
, P1=650 kPa, T1= 

62 
o
C. At section (2), M2=0.8. Sketch the channel shape, plot the T-S diagram and find A2, Po2, and 

all static properties at section (2). 

------------------------------------------------------------------------------------------------ 

29- Discuss in details the operation of a converging nozzle for all possible values of back pressure 

from Pb = Po to Pb < P
*
. Plot the T-S diagram and also all possible pressure distributions along the 

nozzle. Show how do the flow rate and exit pressure depend on Pb? 

---------------------------------------------------------------------------------------------------- 

30- It is required to expand air from Po=200 kPa and To=500K through a throat to an exit Mach 

number of 2.5. If the desired mass flow rate is 3 kg/s, Find the throat area A*, the exit conditions 

A2, P2, T2, and V2. Assume an isentropic flow. 

------------------------------------------------------------------------------------------------ 

31-Discuss in details the physical meaning of the Normal Shock Wave. Show where and 

How it may take place? What are the flow conditions that must exist for the N.S.W. to take 

place? What are the flow conditions upstream and downstream the N.S.W.? Plot the T-S 

diagram for the process of the N.S.W. 
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32- What is the temperature, density, ρ, pressure, p, and speed of sound, a, on the nose of a 

supersonic fighter flying at a Mach number of M=2 through air at 273K and 0.7 bar. 

-------------------------------------------------------------------------------------------------- 
33- Discuss in details the operation of a converging-diverging nozzle for all possible values 

of back pressure from Pb = Po to Pb < Pd, where Pd is the design pressure for supersonic exit. 

Plot the T-S diagram and also all possible pressure distributions along the nozzle. Show 

how do the flow rate and exit pressure depend on Pb? Show all possible locations of the 

Normal shock Wave as the back pressure is reduced. 

34- Air at 10 bar abs., and 300K issues from a reservoir through a converging nozzle of 10 

mm exit diameter. Assuming isentropic flow, calculate the mass flow rate and exit Mach 

number if the back pressure is 2 bar abs. 

------------------------------------------------------------------------------------------------- 

 (35) The Rayliegh Line flow has the following properties ( select  one statement only ): 
 

a- adiabatic frictionless flow in a constant area duct with subsonic inlet conditions. 

b- frictionless air flow in constant area duct with max. stagnation temperature at M=γ-0.5
  

c- isentropic flow in a constant area duct with heating at constant stagnation  temperature. 

d- Isothermal air flow in a duct with maximum stagnation temperature at M=1. 

e- Non of the above but the following: ( state five properties for Rayliegh Line flow ). 
--------------------------------------------------------------------------------- 

(36) Nitrogen (with γ = 1.35) flows subsonically in an adiabatic 2.54 cm diameter duct. 

The inlet conditions are: M1 =0.1, P1=2 bar and T1=350 K. The average friction factor 

may be assumed to be f = 0.024. (a) What type of flow is this? Find the length of the 

duct that is necessary to accelerate the flow to M2 =0.5, (b) Find the conditions P2  , T2 , 

V2 and Po2 at section (2). Plot the T-S diagram for this flow. (use the following equations): 

 

 

 

 

 

 

 

 
--------------------------------------------------------------------------------------------------------------- 

(37) The Fanno-Line flow has the following properties ( select  one statement only ): 

f- adiabatic frictionless flow in a constant area duct with subsonic inlet conditions. 

g- frictionless air flow in constant area duct with max. stagnation temperature at M=γ-0.5
  

h- isentropic flow in a constant area duct with heating at constant stagnation  temperature. 

i- Isothermal air flow in a duct with maximum stagnation temperature at M=1. 

j- Non of the above but the following: ( state five properties for Rayliegh Line flow ). 

--------------------------------------------------------------------------------- 

(38) An industrial gas (with γ=1.4 and R=350 J/kg.K) flows with a negligible friction through 

a 0.1 m2 consant area duct.  At the inlet section: V1= 53.7m/s, T1= 300 K, P1= 1.5 bar (abs.). 

The gas is heated along the duct so that the exit pressure is found to be P2 = 1.1175 bar (abs.) 

What type of flow is this? (a) Find stagnation conditions TO1 , PO1 & the Mach number M1 at 

the inlet section. (b) Without using any tables find the exit conditions: V2 , ρ2, T2 , M2 , and 

TO2 , PO2. (c)Find total amount of heat transferred to the gas in Kw,(Plot T-S diagram). 
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---------------------------------------------------------------------------------------------------------------

 (39) The Fanno-Line flow has the following properties ( 

k- adiabatic frictionless flow in a constant area duct with subsonic inlet conditions.

l- frictionless air flow in constant area duct with max. stagnation temperature at M=

m- isentropic flow in constant area duct with heating at constant stagnation  temperature.

n- Isothermal air flow in a duct with maximum stagnation temperature at M=1.

o- Non of the above but the following: ( 
---------------------------------------------------------------------------------

(40)   Natural gas of molecular weight 18 and 

cm internal diameter connecting two compressor stations 70 km apart. At the u

station, the pressure is 7 bar and at the downstream station, the pressure is 0.7 bar. Assuming 

that there is sufficient heat transfer through the pipe wall to keep the local static gas 

temperature at 40 oC everywhere along the flow, find:

the maximum mass flow rate in the pipe.

kg/sec. (c) the coefficient of friction associated with this pipe length.

*****************************************
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---------------------------------------------------------------------------------------------------------------

Line flow has the following properties ( select  one statement only

abatic frictionless flow in a constant area duct with subsonic inlet conditions.

frictionless air flow in constant area duct with max. stagnation temperature at M=

isentropic flow in constant area duct with heating at constant stagnation  temperature.

Isothermal air flow in a duct with maximum stagnation temperature at M=1.

Non of the above but the following: ( state five properties for Rayliegh Line flow
--------------------------------------------------------------------------------

Natural gas of molecular weight 18 and γ =1.35 is to be pumped through a pipe of 80 

cm internal diameter connecting two compressor stations 70 km apart. At the u

station, the pressure is 7 bar and at the downstream station, the pressure is 0.7 bar. Assuming 

that there is sufficient heat transfer through the pipe wall to keep the local static gas 

temperature at 40 oC everywhere along the flow, find: (a) the inlet and exit Mach number for 

the maximum mass flow rate in the pipe. (b) the maximum mass flow rate in the pipe in 

the coefficient of friction associated with this pipe length. Plot the T
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select  one statement only ): 

abatic frictionless flow in a constant area duct with subsonic inlet conditions. 

frictionless air flow in constant area duct with max. stagnation temperature at M= γ-0.5
  

isentropic flow in constant area duct with heating at constant stagnation  temperature. 

Isothermal air flow in a duct with maximum stagnation temperature at M=1. 

state five properties for Rayliegh Line flow ). 
--------------------------------------------------------------------------------        

 =1.35 is to be pumped through a pipe of 80 

cm internal diameter connecting two compressor stations 70 km apart. At the upstream 

station, the pressure is 7 bar and at the downstream station, the pressure is 0.7 bar. Assuming 

that there is sufficient heat transfer through the pipe wall to keep the local static gas 

inlet and exit Mach number for 

the maximum mass flow rate in the pipe in 

Plot the T-S diagram. 

************************** 
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Problems on Part (6) 
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