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So‌‌we‌‌are‌‌looking‌‌at‌‌1D‌‌flow‌‌with‌‌heat‌‌addition‌‌which‌‌is‌‌Rayleigh‌‌flow.‌‌The‌‌previous‌‌class‌‌                                 

we‌ ‌looked‌ ‌at‌ ‌the‌ ‌Rayleigh‌ ‌line‌ ‌or‌ ‌Rayleigh‌‌curves.‌‌So,‌‌in‌‌a‌‌P‌ diagram‌‌it‌‌is‌‌a‌‌straight‌‌line‌‌                         v            

while‌ ‌in‌ ‌a‌ ‌Ts‌ ‌diagram‌ ‌it‌ ‌has‌ ‌a‌ ‌curve.‌ ‌ 

(Refer‌ ‌Slide‌ ‌Time:‌ ‌00:42)‌ ‌ 

‌ 

And‌ ‌it‌‌is‌‌very‌‌good‌‌to‌‌know‌‌the‌‌nature‌‌of‌‌this‌‌curve,‌‌it‌‌has‌‌2‌‌branches‌‌and‌‌2‌‌critical‌‌points.‌‌                                       

So,‌ ‌this‌ ‌point‌ ‌is‌ ‌where‌ ‌temperature‌ ‌is‌ ‌maximum‌ ‌and‌ ‌this‌ ‌is‌ ‌a‌ ‌point‌ ‌where‌ ‌entropy‌ ‌is‌‌                               

maximum.‌ ‌So,‌‌this‌‌corresponds‌‌to‌‌a‌‌Rayleigh‌‌curve‌‌and‌‌this‌‌is‌‌for‌‌static‌‌conditions‌‌you‌‌can‌‌                               

also‌‌draw‌‌the‌‌corresponding‌‌stagnation‌‌conditions‌‌and‌‌at‌‌the‌‌point‌‌of‌‌maximum‌‌entropy‌‌you‌‌                           

have‌ ‌maximum‌ ‌heat‌ ‌addition‌ ‌also.‌ ‌ 

‌ 

These‌‌are‌‌stagnation‌‌lines‌‌T‌0‌ ‌lines,‌‌T‌0‌ ‌each‌‌is‌‌a‌‌maximum.‌‌So,‌‌the‌‌maximum‌‌amount‌‌of‌‌heat‌‌                                 

that‌‌can‌‌be‌‌added‌‌corresponds‌‌to‌‌the‌‌location‌‌of‌‌s‌‌maximum‌‌that‌‌is‌‌the‌‌entropy‌‌maximum‌‌and‌‌                                 

this‌‌corresponds‌‌to‌‌Mach‌‌number‌‌equal‌‌to‌‌1.‌‌So,‌‌all‌‌these‌‌upper‌‌branch‌‌cases‌‌are‌‌of‌‌subsonic‌‌                                 

conditions‌‌while‌‌lower‌‌branch‌‌corresponds‌‌to‌‌supersonic‌‌conditions.‌‌So,‌‌when‌‌heat‌‌is‌‌getting‌‌                         

added‌ ‌in‌ ‌a‌ ‌subsonic‌‌flow‌‌the‌‌velocity‌‌increases,‌‌Mach‌‌number‌‌increases‌‌it‌‌drives‌‌it‌‌towards‌‌                             

sonic‌ ‌conditions.‌‌ ‌  



‌ 

This‌ ‌is‌ ‌the‌ ‌subsonic‌ ‌branch‌ ‌for‌ ‌the‌ ‌stagnation‌ ‌conditions‌ ‌and‌ ‌supersonic‌ ‌branch‌ ‌for‌ ‌the‌‌                           

stagnation‌‌conditions.‌‌Now‌‌in‌‌the‌‌subsonic‌‌flow‌‌you‌‌also‌‌have‌‌the‌‌maximum‌‌enthalpy‌‌point‌‌                           

or‌ ‌maximum‌ ‌temperature‌ ‌point.‌ ‌So,‌ ‌the‌ ‌temperature‌ ‌initially‌ ‌increases‌ ‌until‌ ‌T‌max‌ ‌and‌‌                       

thereafter‌ ‌it‌ ‌decreases‌ ‌to‌ ‌s‌ma‌x‌ ‌that‌ ‌is‌ ‌to‌ ‌the‌‌max‌‌critical‌‌point.‌‌While‌‌in‌‌supersonic‌‌flow‌‌the‌‌                                 

temperature‌‌keeps‌‌increasing,‌‌pressure‌‌keeps‌‌increasing,‌‌velocity‌‌and‌‌Mach‌‌number‌‌decrease‌‌                     

in‌ ‌the‌ ‌supersonic‌ ‌flow.‌‌ ‌  

‌ 

So,‌ ‌being‌ ‌able‌ ‌to‌ ‌draw‌ ‌these‌ ‌curves‌ ‌effectively‌ ‌will‌ ‌be‌ ‌a‌ ‌nice‌ ‌way‌ ‌to‌ ‌look‌ ‌at‌ ‌problems‌ ‌in‌‌                                   

Rayleigh‌ ‌flow‌ ‌and‌ ‌then‌ ‌also‌ ‌understand‌ ‌them‌ ‌properly.‌‌ ‌  

(Refer‌ ‌Slide‌ ‌Time:‌ ‌03:02)‌ ‌ 

‌ 

So,‌‌now‌‌we‌‌go‌‌to‌‌the‌‌equations‌‌and‌‌see‌‌how‌‌we‌‌can‌‌get‌‌various‌‌quantities‌‌for‌‌a‌‌flow.‌‌So,‌‌if‌‌                                       

there‌‌is‌‌a‌‌1‌‌Dimensional‌‌flow‌‌and‌‌the‌‌heat‌‌is‌‌getting‌‌added‌‌to‌‌this‌‌at‌‌a‌‌certain‌‌rate‌‌and‌‌flow‌‌is‌‌                                         

occurring.‌‌So,‌‌it‌‌is‌‌having‌‌M‌1‌ ‌at‌‌this‌‌point,‌‌M‌2‌ ‌after‌‌a‌‌certain‌‌point.‌‌So,‌‌pressure‌‌temperature‌‌                                 

similar.‌ ‌So,‌ ‌just‌ ‌as‌ ‌we‌ ‌did‌ ‌for‌‌other‌‌flows‌‌for‌‌Fanno‌‌flow‌‌we‌‌are‌‌looking‌‌at‌‌ratios,‌‌ ,‌ ‌                                   ,P 1

P 2
T 1

T 2  

and‌ ‌so‌ ‌on.‌ ‌ 

‌ 

In‌ ‌this‌ ‌case‌ ‌we‌ ‌directly‌ ‌go‌ ‌and‌ ‌look‌ ‌at‌ ‌the‌ ‌momentum‌ ‌equation‌ ‌it‌ ‌is‌ ‌an‌ ‌inviscid‌ ‌flow.‌‌ ‌  

So,‌ ‌‌P‌ ‌+‌ ‌ ‌ ‌  ‌=‌ ‌constant,‌‌ ‌ρ u2   

P‌1‌‌  ‌+‌ ‌  ‌   ‌=‌ ‌P‌2‌‌ ‌+‌  ‌ ‌ρ1 u2
1 ρ2 u2

2  

 ‌  ‌=‌ ‌  ‌  ‌=‌ ‌  ‌  ‌=‌  ‌ ‌ρ u2 ρ Ma2 2 ρ Mρ
γP 2 PMγ 2  

Now‌ ‌if‌ ‌you‌ ‌take‌ ‌out‌ ‌P‌ ‌as‌ ‌common.‌ ‌this‌ ‌will‌ ‌be,‌ ‌ 



P(1+‌ ‌γ‌ )‌ ‌=‌ ‌constant‌ ‌M 2  

P‌2‌‌ ‌-‌ ‌P‌1‌  ‌‌=‌ ‌  ‌-‌  ‌ ‌P Mγ 1
2
1 P Mγ 2

2
2  

‌ 

From‌ ‌this‌ ‌you‌ ‌can‌ ‌easily‌ ‌get‌ ‌what‌ ‌is‌ ‌ ‌ ‌P 1

P 2   

‌P 1

P 2 =  
1+ γM 2

2

1+ γM 2
1  

‌ 

‌ 

So,‌‌we‌‌get‌‌ ‌.Now‌‌we‌‌are‌‌looking‌‌once‌‌ ‌is‌‌got,‌‌we‌‌can‌‌look‌‌at‌‌ ‌and‌‌for‌‌ ‌we‌‌use‌‌      P 1

P 2             P 1

P 2               T 1

T 2       T 1

T 2      

the‌ ‌continuity‌ ‌equation‌ ‌and‌ ‌equation‌ ‌of‌ ‌state‌ ‌together.‌ ‌So,‌ ‌because‌‌ ‌=‌‌ ‌ ‌and‌‌we‌‌                    uρ1 1     ρ2   u2      

also‌‌use‌‌P‌‌=‌‌ρ‌‌RT‌‌combine‌‌them‌‌together.‌‌So,‌‌that‌‌the‌‌continuity‌‌equation‌‌can‌‌be‌‌expressed‌‌in‌‌                                   

terms‌ ‌of‌ ‌pressure‌ ‌and‌ ‌temperature‌ ‌rho‌ ‌is‌ ‌ρ‌  ‌=‌ ‌ .‌‌ ‌P
RT   

 ‌=‌  ‌ ‌RT 1

P v1 1
RT 2

P v2 2  

‌ 

So,‌ ‌from‌ ‌here‌ ‌we‌ ‌can‌ ‌get‌ ‌  ‌as‌‌ ‌T 1

T 2   

‌ T 1

T 2 =  P 1

P 2
v1

v2 =   u1

u2  

‌ ‌  ‌=‌ ‌ ‌u1

u2 =  M 1

M 2
a1

a2  M 1

M 2√T 1

T 2  

‌ 

 ‌So,‌ ‌we‌ ‌use‌ ‌all‌ ‌these‌ ‌here.‌‌ ‌  

So,‌ ‌finally‌ ‌  ‌can‌ ‌be‌ ‌expressed‌ ‌,‌‌ ‌T 1

T 2   

 ‌  ‌=‌ ‌  ‌    ‌→‌  ‌  ‌=‌ ‌  ‌  ‌=‌ ‌  ‌ ‌T 1

T 2
P 1

P 2  M 1

M 2√T 1

T 2
T 1

T 2  (P 1

P 2 )2
 (M 1

M 2 )2
 ( 1+ γM 2

2

1+ γM 2
1 )

2
 (M 1

M 2 )2
 

So,‌ ‌once‌ ‌we‌ ‌know‌ ‌both‌ ‌ and‌ ‌ ,‌    ‌  ‌can‌ ‌be‌ ‌easily‌ ‌got‌ ‌by‌ ‌equation‌ ‌of‌ ‌state.‌‌ ‌P 1

P 2
T 1

T 2     ρ1

ρ2 =   P 1

P 2
T 2

T 1   

(Refer‌ ‌Slide‌ ‌Time:‌ ‌06:17)‌ ‌ 



‌ 

So,‌ ‌you‌ ‌can‌ ‌get‌ ‌ ,‌‌ ‌ρ1

ρ2   

‌    ρ1

ρ2 =
1+ γM 2

1

1+ γM 2
2 (M 2

M 1 )2
  

‌ 

Now‌ ‌what‌ ‌about‌ ‌stagnation‌ ‌quantities‌ ‌?‌ ‌ 

‌ 

 ‌P‌02‌‌ ‌and‌ ‌  ‌and‌ ‌  ‌that‌ ‌you‌ ‌can‌ ‌couple‌ ‌it‌ ‌along‌ ‌with‌ ‌the‌ ‌  ‌.‌‌ ‌P 01

 P  02
T 01

 T  02
P 1

P 2   

‌P 01

 P  02 =  
P1

 P  01

   P2

 P  02

P 1

 P  2  

‌ 

So‌ ‌this‌ ‌is‌ ‌what‌ ‌we‌ ‌will‌ ‌we‌ ‌need‌ ‌to‌ ‌get.‌ ‌So,‌ ‌this‌ ‌you‌ ‌will‌ ‌get‌ .‌‌ ‌P 01

 P  02   

 ‌=‌  ‌  ‌ ‌P 01

 P  02  ( 1+   M2
γ 1− 2

1

 1+   M  2
γ 1− 2

2 )
γ

γ 1−

1+ γM 2
2

1+ γM 2
1  

‌ 

So‌ ‌that‌ ‌is‌ ‌how‌ ‌we‌ ‌get.‌‌ ‌  

(Refer‌ ‌Slide‌ ‌Time:‌ ‌07:47)‌ ‌ 



‌ 

Here,‌ ‌next‌ ‌we‌ ‌look‌ ‌at‌ ‌  ‌it‌ ‌is‌ ‌a‌ ‌same‌ ‌principle.‌‌ ‌T 01

 T  02   

  ‌=‌  ‌  ‌  ‌ ‌T 01

 T  02 =  
T1

 T  01

   T2

 T  02

T 1

 T  2  
1+   M2

γ 1− 2
1

 1+   M  2
γ 1− 2

2  ( 1+ γM 2
2

1+ γM 2
1 )

2
 (M 1

M 2 )2
 

‌ 

So,‌ ‌we‌‌can‌‌now‌‌write‌‌the‌‌expression‌‌for‌‌ .‌‌So,‌‌using‌‌these‌‌set‌‌of‌‌equations‌‌we‌‌get‌‌ ,‌‌                T 01

 T  02                   P 1

 P  2  

,‌‌ ‌and‌‌ ,‌‌ .‌‌So,‌‌but‌‌the‌‌main‌‌principle‌‌here‌‌when‌‌we‌‌look‌‌at‌‌Rayleigh‌‌flows‌‌is‌‌T 1

 T  2   ρ1

ρ2     P 01

 P  02   T 01

 T  02                            

that‌‌the‌‌heat‌‌added‌‌q‌‌=‌‌Cp(T‌02‌ ‌-‌‌T‌01‌).‌‌So,‌‌when‌‌we‌‌solve‌‌some‌‌problems‌‌this‌‌connection‌‌will‌‌                                   

become‌ ‌clear.‌‌ ‌  

‌ 

But‌ ‌now‌ ‌if‌‌you‌‌look‌‌at‌‌these‌‌equations‌‌it‌‌must‌‌be‌‌clear‌‌the‌‌suppose‌‌all‌‌the‌‌initial‌‌values‌‌are‌‌                                     

given‌‌you‌‌know‌‌M‌1‌,‌‌T‌1‌ ‌and‌‌you‌‌know‌‌the‌‌amount‌‌of‌‌heat‌‌added‌‌q‌‌then‌‌T‌02‌ ‌can‌‌be‌‌found‌‌out.‌‌                                       

Then‌ ‌can‌‌be‌‌evaluated.‌‌M‌1‌ ‌is‌‌known.‌‌So,‌‌we‌‌need‌‌to‌‌find‌‌M‌2‌ ‌but‌‌we‌‌get‌‌an‌‌equation‌‌T 01

 T  02 =                                      

which‌ ‌is‌ ‌not‌ ‌easily‌ ‌solvable,‌ ‌is‌ ‌analytically‌ ‌difficult‌ ‌to‌ ‌solve‌ ‌this‌ ‌in‌ ‌directly.‌ ‌So,‌ ‌the‌ ‌way‌‌                               

ahead‌ ‌is‌ ‌similar‌ ‌to‌ ‌what‌ ‌was‌ ‌done‌ ‌in‌ ‌Fanno‌ ‌flows.‌ ‌ 

(Refer‌ ‌Slide‌ ‌Time:‌ ‌10:10)‌ ‌ 



‌ 

You‌ ‌look‌ ‌for‌ ‌a‌ ‌reference‌ ‌condition‌ ‌and‌ ‌for‌ ‌a‌ ‌Rayleigh‌ ‌flow‌ ‌there‌ ‌exists‌ ‌such‌ ‌a‌ ‌reference‌‌                               

condition‌‌in‌‌the‌‌maximum‌‌entropy‌‌point‌‌s‌‌max‌‌which‌‌corresponds‌‌to‌‌Mach‌‌number‌‌equal‌‌to‌‌                             

1.‌ ‌So,‌ ‌for‌ ‌Rayleigh‌ ‌flow‌ ‌it‌ ‌is‌‌possible‌‌to‌‌take‌‌the‌‌reference‌‌as‌‌the‌‌condition‌‌where‌‌the‌‌flow‌‌                                   

goes‌‌to‌‌supersonic‌‌values‌‌but‌‌what‌‌we‌‌should‌‌really‌‌underline‌‌very‌‌much‌‌underline‌‌is‌‌that‌‌the‌‌                               

sonic‌ ‌values‌ ‌that‌ ‌is‌ ‌referred‌ ‌to‌ ‌in‌ ‌Rayleigh‌ ‌flow‌ ‌is‌ ‌fundamentally‌ ‌different‌ ‌from‌ ‌adiabatic‌‌                           

sonic‌ ‌conditions.‌‌ ‌  

‌ 

So,‌ ‌this‌ ‌what‌ ‌was‌ ‌earlier‌ ‌referred‌ ‌to‌ ‌if‌ ‌you‌ ‌had‌ ‌taken‌ ‌ ‌for‌ ‌an‌ ‌isentropic‌ ‌flow‌ ‌or‌ ‌an‌‌                      T *
T  0              

adiabatic‌‌flow‌‌they‌‌would‌‌remain‌‌the‌‌constant‌‌because‌‌flow‌‌is‌‌adiabatic‌‌there‌‌is‌‌no‌‌heat‌‌being‌‌                               

added.‌ ‌But‌ ‌if‌ ‌you‌ ‌look‌ ‌at‌ ‌the‌ ‌Rayleigh‌ ‌flow‌ ‌this‌ ‌ is‌ ‌not‌ ‌a‌ ‌constant‌ ‌it‌‌keeps‌‌varying‌‌it‌‌is‌‌                    T *                  

different‌‌at‌‌different‌‌conditions.‌‌So,‌‌it‌‌is‌‌different‌‌from‌‌the‌‌adiabatic‌‌case‌‌but‌‌what‌‌you‌‌should‌‌                               

understand‌‌here‌‌is‌‌that‌‌for‌‌a‌‌given‌‌Rayleigh‌‌curve‌‌or‌‌for‌‌a‌‌given‌‌Rayleigh‌‌flow‌‌which‌‌implies‌‌                                 

that‌ ‌G‌ ‌is‌ ‌a‌ ‌constant‌ ‌which‌ ‌is‌ ‌true‌ ‌with‌ ‌a‌ ‌1D‌ ‌flow,‌ ‌steady‌ ‌1D‌ ‌flow‌ ‌the‌ ‌mass‌ ‌flux‌ ‌will‌ ‌be‌‌                                       

constant.‌ ‌ 

‌ 

And‌ ‌‌P‌ ‌+‌ ‌ ‌ ‌=‌ ‌‌constant‌ ‌.‌ ‌So,‌ ‌these‌ ‌are‌ ‌the‌ ‌2‌ ‌conditions‌ ‌which‌ ‌goes‌ ‌in‌ ‌evaluating‌ ‌this‌‌      ρ   u2                              

Rayleigh‌ ‌curve.‌ ‌So,‌ ‌for‌‌a‌‌given‌‌Rayleigh‌‌curve,‌‌this‌‌point‌‌is‌‌a‌‌unique‌‌point.‌‌So,‌‌that‌‌should‌‌                                 

be‌ ‌understood.‌ ‌So,‌ ‌if‌ ‌a‌ ‌flow‌ ‌process‌ ‌in‌ ‌a‌ ‌duct‌ ‌falls‌ ‌in‌ ‌a‌ ‌Rayleigh‌ ‌curve‌ ‌then‌‌it‌‌will‌‌have‌‌a‌‌                                       

unique‌ ‌start‌ ‌point‌ ‌or‌ ‌a‌ ‌sonic‌ ‌point.‌‌ ‌  

(Refer‌ ‌Slide‌ ‌Time:‌ ‌12:21)‌ ‌ 



‌ 

So,‌‌how‌‌do‌‌we‌‌evaluate‌‌it‌‌take‌‌the‌‌Rayleigh‌‌flow‌‌equations‌‌that‌‌you‌‌already‌‌have‌‌found‌‌out‌‌                                 

which‌‌is‌‌ ,‌‌ ,‌‌ ‌and‌‌in‌‌that‌‌you‌‌substitute‌‌P2‌‌=‌‌P,‌‌T2‌‌=‌‌T‌‌and‌‌P1‌‌=‌‌P*‌‌and‌‌T1‌‌=‌‌T*‌‌    P 1

 P  2   T 1

 T  2   ρ1

ρ2                                        

then‌ ‌we‌ ‌get‌‌  

 ‌=‌ ‌    ‌;‌  ‌  ‌=‌ ‌     ‌  ‌  ‌;‌   ‌ ‌ ‌P
P *

1+ γ
1+ γM 2

T
T *

1+ γ
1+ γM 2  ( 1+ γ

1+ γM 2 )2
M 2  ρ1

ρ2 = 1+ γ
1+ γM 2 1

M 2   

‌ 

So,‌ ‌if‌ ‌you‌ ‌want‌ ‌to‌ ‌express‌ ‌ ,‌ ‌this‌ ‌can‌ ‌be‌ ‌represented‌ ‌as‌ ‌,‌ ‌P 1

 P  2  

‌P 1

 P  2 =  
P*
P1

   P*
P2

 

where‌ ‌the‌ ‌P*‌ ‌is‌ ‌the‌ ‌same‌ ‌for‌ ‌a‌ ‌Rayleigh‌ ‌curve.‌‌ ‌  

Similarly‌ ‌ ‌ ‌T 1

 T  2   

‌T 1

 T  2 =  
T*
T1

   T*
T2

 

So,‌‌once‌‌this‌‌T*‌‌this‌‌evaluation‌‌is‌‌done‌‌then‌‌we‌‌can‌‌represent‌‌any‌‌ratios‌‌in‌‌terms‌‌of‌‌the‌‌sonic‌‌                                     

conditions.‌‌And‌‌the‌‌advantage‌‌here‌‌again‌‌we‌‌are‌‌able‌‌to,‌‌we‌‌plot‌‌all‌‌these‌‌values‌‌in‌‌terms‌‌of‌‌                                   

tables‌ ‌or‌ ‌they‌ ‌are‌ ‌available‌ ‌through‌ ‌calculators.‌ ‌ 

‌ 

So,‌ ‌that‌ ‌is‌‌the‌‌ease‌‌of‌‌using‌‌these‌‌reference‌‌conditions.‌‌So,‌‌always‌‌the‌‌flow‌‌drives‌‌the‌‌thing‌‌                                 

towards‌‌in‌‌Rayleigh‌‌flow‌‌it‌‌flies‌‌drives‌‌it‌‌towards‌‌a‌‌sonic‌‌condition.‌‌So,‌‌always‌‌heat‌‌addition‌‌                               

achieves‌ ‌sonic‌ ‌conditions.‌ ‌So,‌ ‌how‌ ‌do‌ ‌we‌ ‌go‌ ‌about‌‌solving‌‌this‌‌problem‌‌suppose‌‌we‌‌know‌‌                             

the‌ ‌conditions‌ ‌initial‌ ‌conditions‌ ‌pressure‌ ‌P‌1‌ ‌,‌ ‌T‌1‌ ‌and‌ ‌M‌1‌ ‌are‌ ‌known‌ ‌then‌ ‌and‌ ‌heat‌‌added‌‌is‌‌                                 

known‌ ‌q‌ ‌is‌ ‌known.‌‌ ‌  



‌ 

So,‌ ‌the‌ ‌basic‌ ‌equation‌ ‌is‌ ‌q‌‌=‌‌Cp(T‌02‌ ‌-‌‌T‌01‌)..‌‌Then‌‌if‌‌we‌‌know‌‌the‌‌pressure,‌‌temperature‌‌and‌‌                                   

Mach‌ ‌number‌ ‌we‌ ‌can‌ ‌find‌ ‌the‌ ‌stagnation‌ ‌properties‌ ‌T‌0‌ ‌using‌ ‌the‌ ‌expression‌ ‌ ‌or‌ ‌ ‌                        T 1

 T  0     P 1

 P  0  

Similarly‌‌you‌‌can‌‌find‌‌stagnation‌‌conditions‌‌at‌‌initial.‌‌So,‌‌P‌01‌ ‌and‌‌T‌01‌ ‌can‌‌be‌‌found.‌‌Then‌‌T‌02‌ ‌                                 

can‌ ‌be‌ ‌found‌ ‌by‌ ‌using‌ ‌this‌ ‌particular‌ ‌equation‌ ‌relating‌ ‌heat‌ ‌added‌ ‌to‌ ‌the‌ ‌change‌ ‌in‌ ‌total‌‌                               

enthalpy.‌ ‌ 

‌ 

Then‌ ‌  ‌can‌ ‌be‌ ‌expressed.‌ ‌And‌ ‌this‌ ‌can‌ ‌be,‌ ‌T 01

 T  02  

‌ T 01

 T  02 =
T*
T01

   T*
T02

 

‌and‌‌once‌‌we‌‌are‌‌able‌‌to‌‌find‌‌ ‌,we‌‌can‌‌use‌‌tables‌‌or‌‌calculators‌‌to‌‌find‌‌value‌‌of‌‌M‌2‌.‌‌So,‌                 T *
T02                          

once‌‌M‌2‌ ‌is‌‌known‌‌all‌‌other‌‌quantities‌‌can‌‌be‌‌determined.‌‌So,‌‌that‌‌is‌‌how‌‌the‌‌algorithm‌‌or‌‌the‌‌                                   

recipe‌ ‌to‌ ‌solve‌ ‌these‌ ‌problems.‌ ‌ 

(Refer‌ ‌Slide‌ ‌Time:‌ ‌15:53)‌ ‌ 

‌ 

Now‌ ‌we‌ ‌go‌ ‌to‌ ‌the‌ ‌discussions‌ ‌where‌ ‌we‌ ‌look‌ ‌at‌ ‌it‌ ‌is‌ ‌a‌ ‌1D‌ ‌flow‌ ‌similar‌ ‌to‌ ‌Fanno‌ ‌flow‌ ‌in‌‌                                       

Fanno‌‌flow‌‌we‌‌looked‌‌at‌‌if‌‌the‌‌inlet‌‌flow‌‌is‌‌supersonic.‌‌Then‌‌is‌‌there‌‌a‌‌possibility‌‌that‌‌shocks‌‌                                   

can‌ ‌occur‌ ‌in‌ ‌the‌ ‌context‌ ‌of‌ ‌Fanno‌ ‌flow‌ ‌similarly‌ ‌we‌ ‌look‌ ‌at‌ ‌the‌ ‌point‌ ‌whether‌ ‌shocks‌ ‌can‌‌                                 

occur‌ ‌in‌ ‌a‌ ‌Rayleigh‌ ‌flow‌ ‌and‌ ‌the‌ ‌analysis‌ ‌is‌ ‌also‌ ‌very‌ ‌similar‌ ‌.‌ ‌ 

Shock‌ ‌equations‌ ‌are,‌ ‌ 

 ‌  ‌=‌ ‌  ‌  ‌=‌ ‌G‌ ‌uρ1 1 ρ2 u2  

 ‌And‌ ‌ 

P‌1‌‌  ‌+‌ ‌  ‌   ‌=‌ ‌P‌2‌‌ ‌+‌  ‌ ‌ρ1 u2
1 ρ2 u2

2  



‌ 

So,‌ ‌this‌ ‌is‌ ‌G‌ ‌and‌ ‌this‌ ‌is‌ ‌a‌ ‌constant‌ ‌this‌ ‌is‌ ‌true‌ ‌for‌ ‌Rayleigh‌ ‌flow‌ ‌also‌ ‌and‌ ‌of‌ ‌course‌ ‌h‌0‌ ‌is‌‌                                         

constant‌ ‌for‌ ‌a‌ ‌shock.‌‌ ‌  

So,‌‌ ‌  

‌constanth +   2
u 

2

=     

but‌ ‌can‌ ‌this‌ ‌be‌ ‌located‌ ‌on‌ ‌a‌ ‌Rayleigh‌ ‌curve‌ ‌?‌ ‌Yes‌ ‌its‌ ‌all‌ ‌the‌ ‌first‌ ‌2‌ ‌it‌ ‌satisfies‌ ‌the‌ ‌first‌ ‌2‌‌                                         

equations‌ ‌which‌‌are‌‌the‌‌ones‌‌with‌‌which‌‌actually‌‌plot‌‌the‌‌Rayleigh‌‌curve.‌‌So,‌‌it‌‌will‌‌satisfy‌‌                               

the‌ ‌Rayleigh‌ ‌curve.‌ ‌Now‌ ‌what‌ ‌one‌ ‌has‌ ‌to‌ ‌do‌ ‌if‌ ‌we‌ ‌have‌ ‌look‌ ‌at‌ ‌locating‌ ‌a‌ ‌shock‌ ‌on‌ ‌a‌‌                                     

Rayleigh‌ ‌curve‌ ‌is‌ ‌to‌ ‌look‌ ‌at‌ ‌not‌ ‌just‌ ‌the‌ ‌static‌ ‌conditions‌ ‌but‌ ‌also‌ ‌the‌ ‌stagnation‌ ‌curves.‌‌ ‌  

‌ 

Here‌‌you‌‌can‌‌see‌‌the‌‌stagnation‌‌curves‌‌there‌‌is‌‌a‌‌lower‌‌branch‌‌and‌‌an‌‌upper‌‌branch.‌‌The‌‌scale‌‌                                   

makes‌‌it‌‌look‌‌almost‌‌similar‌‌but‌‌they‌‌are‌‌slightly‌‌apart‌‌and‌‌what‌‌we‌‌look‌‌at‌‌is‌‌draw‌‌a‌‌constant‌‌                                     

h‌‌curve‌‌because‌‌that‌‌is‌‌what‌‌satisfies‌‌a‌‌shock‌‌,constant‌‌h.‌‌So,‌‌one‌‌constant‌‌h‌‌curve‌‌is‌‌drawn‌‌it‌‌                                     

cuts‌ ‌the‌ ‌lower‌‌and‌‌upper‌‌branches‌‌at‌‌particular‌‌points‌‌on‌‌the‌‌stagnation‌‌lines.‌‌So,‌‌they‌‌have‌‌                               

the‌ ‌same‌ ‌stagnation‌ ‌temperatures,‌ ‌stagnation‌ ‌enthalpy‌ ‌and‌ ‌look‌‌at‌‌the‌‌corresponding‌‌points‌‌                       

on‌ ‌the‌ ‌Rayleigh‌ ‌curve.‌‌ ‌  

‌ 

So,‌‌they‌‌will‌‌correspond‌‌to‌‌the‌‌shock‌‌points‌‌on‌‌a‌‌Rayleigh‌‌curve.‌‌So,‌‌this‌‌is‌‌point‌‌before‌‌the‌‌                                   

shock‌ ‌that‌ ‌is‌ ‌one‌ ‌and‌ ‌this‌ ‌is‌ ‌point‌ ‌after‌ ‌the‌ ‌shock.‌ ‌So,‌ ‌if‌ ‌you‌‌correspond‌‌to‌‌this‌‌one‌‌this‌‌is‌‌                                       

point‌ ‌2‌ ‌and‌ ‌this‌ ‌is‌ ‌point‌ ‌3‌ ‌.‌ ‌So,‌ ‌that‌ ‌is‌ ‌the‌ ‌point.‌ ‌So,‌ ‌you‌‌can‌‌locate‌‌a‌‌shock‌‌in‌‌a‌‌Rayleigh‌‌                                           

curve.‌‌This‌‌also‌‌brings‌‌about‌‌an‌‌interesting‌‌point‌‌in‌‌Fanno‌‌curve,‌‌we‌‌have‌‌seen‌‌that‌‌in‌‌case‌‌a‌‌                                   

shock‌‌appeared‌‌in‌‌a‌‌Fanno‌‌curve‌‌then‌‌it‌‌had‌‌an‌‌effect‌‌on‌‌the‌‌maximum‌‌length‌‌of‌‌the‌‌duct‌‌that‌‌                                     

can‌ ‌we‌ ‌had‌ ‌for‌ ‌achieving‌ ‌sonic‌ ‌conditions‌ ‌and‌ ‌that‌ ‌was‌ ‌achieved.‌ ‌ 

‌ 

So,‌‌there‌‌in‌‌the‌‌Rayleigh‌‌curve,‌‌what‌‌you‌‌were‌‌in‌‌the‌‌Fanno‌‌curve‌‌the‌‌appearance‌‌of‌‌a‌‌shock‌‌                                   

actually‌‌increased‌‌the‌‌maximum‌‌length‌‌.‌‌So,‌‌if‌‌you‌‌sort‌‌of‌‌look‌‌at‌‌that‌‌and‌‌remember‌‌it.‌‌So,‌‌it‌‌                                     

will‌ ‌be‌ ‌that‌ ‌is‌ ‌wrong.‌ ‌So,‌ ‌T‌ ‌s‌ ‌for‌ ‌a‌ ‌Fanno‌ ‌is‌ ‌like‌ ‌this‌ ‌and‌ ‌if‌ ‌a‌ ‌shock‌ ‌appears‌ ‌then‌ ‌the‌‌                                         

maximum‌ ‌length‌ ‌it‌ ‌included‌ ‌a‌ ‌supersonic‌ ‌length‌ ‌and‌ ‌a‌ ‌subsonic‌ ‌length‌ ‌and‌ ‌that‌ ‌was‌ ‌total‌‌                             

length‌ ‌could‌ ‌be‌ ‌higher.‌ ‌ 

‌ 

But‌‌what‌‌about‌‌in‌‌the‌‌case‌‌of‌‌a‌‌Rayleigh‌‌curve‌‌will‌‌it‌‌change‌‌the‌‌maximum‌‌heat‌‌that‌‌can‌‌be‌‌                                     

added‌‌which‌‌corresponds‌‌to‌‌this‌‌particular‌‌point.‌‌So,‌‌if‌‌you‌‌take‌‌any‌‌point‌‌from‌‌a‌‌supersonic‌‌                               

solution‌‌say‌‌point‌‌1‌‌and‌‌this‌‌corresponds‌‌to‌ ‌point‌‌4‌‌and‌‌this‌‌is‌‌the‌‌maximum‌‌heat‌‌that‌‌can‌‌be‌‌                                     



added.‌‌If‌‌a‌‌shock‌‌appears‌‌anywhere‌‌in‌‌between,‌‌will‌‌it‌‌change‌‌the‌‌maximum‌‌heat‌‌that‌‌can‌‌be‌‌                                 

added‌ ‌and‌ ‌that‌ ‌undergoes‌ ‌no‌ ‌change‌ ‌because‌ ‌a‌ ‌shock‌ ‌does‌ ‌not‌ ‌affect‌ ‌the‌ ‌enthalpy,‌ ‌the‌‌                             

enthalpy‌ ‌is‌ ‌constant‌ ‌across‌ ‌the‌ ‌shock.‌‌ ‌  

‌ 

So,‌ ‌you‌ ‌take‌ ‌at‌ ‌any‌‌location‌‌it‌‌just‌‌changes‌‌the‌‌flow‌‌from‌‌supersonic‌‌condition‌‌to‌‌subsonic.‌‌                               

So,‌ ‌it‌ ‌moves‌‌like‌‌this.‌‌So,‌‌it‌‌goes‌‌up‌‌and‌‌goes‌‌over‌‌like‌‌that‌‌but‌‌it‌‌does‌‌not‌‌change‌‌the‌‌total‌‌                                         

heat‌ ‌that‌ ‌is‌ ‌getting‌ ‌added.‌‌ ‌  

(Refer‌ ‌Slide‌ ‌Time:‌ ‌20:51)‌ ‌ 

‌ 

So,‌‌now‌‌if‌‌you‌‌look‌‌at‌‌the‌‌point‌‌that‌‌if‌‌you‌‌consider‌‌both‌‌a‌‌Fanno‌‌occur‌‌and‌‌a‌‌Rayleigh‌‌curve‌‌                                       

Fanno‌ ‌curve‌ ‌also‌ ‌has‌ ‌shocks‌ ‌associated‌ ‌with‌ ‌it‌ ‌and‌ ‌Rayleigh‌ ‌curve‌ ‌also‌ ‌has‌ ‌a‌ ‌shock‌‌                             

associated‌‌with‌‌it,‌‌is‌‌there‌‌any‌‌correlation‌‌between‌‌these‌‌2‌‌is‌‌there‌‌any‌‌connection‌‌between‌‌2?‌‌                               

If‌ ‌you‌ ‌look‌ ‌at‌ ‌Fanno‌ ‌curve‌ ‌what‌ ‌it‌ ‌considers‌ ‌is‌ ‌  ‌=‌ ‌  ‌   ‌and‌ ‌adiabatic‌ ‌flow‌ ‌uρ1 1 ρ2 u2  

‌hh1 +   2
u2

1  =   2 +   2
u2

2   

‌ 

This‌ ‌is‌ ‌Fanno‌ ‌flow.‌ 

‌ 

While‌ ‌Rayleigh‌ ‌considers‌ ‌  ‌=‌ ‌  ‌ and‌ ‌P‌1‌‌  ‌+‌ ‌  ‌   ‌=‌ ‌P‌2‌‌ ‌+‌  ‌ ‌uρ1 1 ρ2  u2 ρ1 u2
1 ρ2 u2

2  

‌Now‌‌if‌‌you‌‌take‌‌them‌‌together‌‌both‌‌satisfy‌‌ ‌=‌‌ ‌ ‌and‌‌also‌‌it‌‌satisfies‌‌total‌‌enthalpy‌‌                  uρ1 1     ρ2   u2              

remaining‌‌constant‌‌and‌‌momentum‌‌also‌‌remaining‌‌constant,‌‌P‌1‌ ‌+‌‌ ‌ ‌=‌‌P‌2‌ ‌+‌ ‌ ‌So,‌‌if‌‌                  ρ1   u2
1       ρ2   u2

2      

you‌ ‌take‌ ‌all‌ ‌of‌ ‌them‌ ‌together‌ ‌it‌ ‌satisfies‌ ‌all‌ ‌the‌ ‌conditions‌ ‌of‌ ‌the‌ ‌shock.‌ ‌ 

‌ 



So,‌‌an‌‌intersection‌‌of‌‌a‌‌Fanno‌‌curve‌‌with‌‌a‌‌Rayleigh‌‌curve‌‌is‌‌nothing‌‌but‌‌the‌‌shock.‌‌So,‌‌you‌‌                                   

can‌ ‌locate‌ ‌a‌‌shock‌‌at‌‌intersections‌‌of‌‌Fanno‌‌curve‌‌and‌‌the‌‌Rayleigh‌‌curve.‌‌And‌‌for‌‌a‌‌Fanno‌‌                                 

curve‌‌the‌‌stagnation‌‌temperature‌‌remains‌‌a‌‌constant.‌‌So,‌‌the‌‌stagnation‌‌temperature‌‌reference‌‌                       

for‌‌both‌‌the‌‌Fanno‌‌and‌‌the‌‌shock‌‌are‌‌the‌‌same.‌‌While‌‌in‌‌the‌‌Rayleigh‌‌it‌‌actually‌‌cuts‌‌across‌‌                                   

the‌‌2‌‌branches.‌‌So,‌‌if‌‌you‌‌consider‌‌Fanno‌‌curve,‌‌Rayleigh‌‌curve‌‌and‌‌the‌‌shock‌‌all‌‌of‌‌them‌‌can‌‌                                   

appear‌ ‌as‌ ‌intersections‌ ‌of‌ ‌each‌ ‌other.‌‌ ‌  

(Refer‌ ‌Slide‌ ‌Time:‌ ‌23:15)‌ ‌ 

‌ 

So,‌ ‌now‌ ‌we‌ ‌come‌ ‌to‌ ‌another‌ ‌important‌ ‌point‌ ‌which‌ ‌is‌ ‌that‌ ‌there‌ ‌is‌ ‌there‌ ‌.‌ ‌So,‌ ‌there‌ ‌is‌ ‌a‌‌                                     

location‌ ‌of‌ ‌maximum‌ ‌temperature‌ ‌or‌ ‌maximum‌ ‌heat‌ ‌added‌ ‌which‌ ‌is‌ ‌maximum‌ ‌heat‌ ‌added‌‌                         

can‌ ‌be‌ ‌located‌ ‌along‌ ‌the‌ ‌stagnation‌ ‌curves.‌ ‌So,‌‌it‌‌will‌‌correspond‌‌to‌‌this‌‌particular‌‌point‌‌of‌‌                               

maximum‌ ‌entropy‌ ‌,‌ ‌corresponds‌ ‌to‌ ‌that.‌ ‌So,‌ ‌we‌ ‌are‌ ‌considering.‌ ‌So,‌ ‌let‌ ‌us‌‌take‌‌a‌‌subsonic‌‌                               

flow‌ ‌in‌ ‌the‌ ‌subsonic‌ ‌flow‌ ‌that‌ ‌is‌ ‌the‌ ‌point‌ ‌here‌ ‌2,0‌ ‌that‌ ‌is‌ ‌the‌ ‌stagnation‌ ‌point‌ ‌and‌ ‌heat‌‌is‌‌                                     

being‌ ‌added.‌‌ ‌  

‌ 

So,‌ ‌as‌ ‌heat‌ ‌gets‌ ‌added‌ ‌it‌ ‌is‌ ‌driven‌ ‌towards‌ ‌sonic‌‌conditions‌‌and‌‌if‌‌it‌‌gets‌‌it‌‌continues‌‌to‌‌be‌‌                                     

added‌‌and‌‌reaches‌‌the‌‌maximum‌‌heat‌‌addition‌‌point‌‌which‌‌is‌‌T‌0‌ ‌maximum‌‌then‌‌you‌‌cannot‌‌                             

add‌ ‌any‌ ‌more‌ ‌heat‌ ‌beyond‌ ‌this‌ ‌point.‌ ‌So,‌ ‌that‌ ‌is‌ ‌known‌ ‌as‌ ‌thermal‌ ‌choking.‌ ‌So,‌ ‌we‌ ‌have‌‌                                 

discussed‌ ‌mass‌ ‌flow‌ ‌rate‌ ‌choking‌ ‌in‌ ‌the‌ ‌context‌‌of‌‌variable‌‌area‌‌ducts‌‌and‌‌friction‌‌choking‌‌                             

which‌ ‌relates‌ ‌to‌ ‌the‌ ‌length‌ ‌of‌ ‌the‌ ‌pipe‌ ‌that‌ ‌in‌ ‌frictional‌ ‌flows‌ ‌or‌ ‌Fanno‌ ‌flows.‌ ‌ 

‌ 

Now‌‌we‌‌come‌‌to‌‌in‌‌the‌‌case‌‌of‌‌thermal‌‌Rayleigh‌‌flows‌‌you‌‌have‌‌thermal‌‌choking‌‌where‌‌flow‌‌                                 

achieves‌ ‌Mach‌ ‌number‌ ‌1‌ ‌due‌ ‌to‌ ‌heat‌ ‌being‌‌added‌‌and‌‌that‌‌is‌‌the‌‌maximum‌‌amount‌‌of‌‌heat‌‌                                 

that‌‌can‌‌be‌‌added.‌‌Suppose‌‌you‌‌want‌‌to‌‌add‌‌more‌‌in‌‌the‌‌case‌‌of‌‌a‌‌subsonic‌‌flow.‌‌Then‌‌exactly‌‌                                     



similar‌ ‌to‌ ‌what‌ ‌happens‌ ‌in‌ ‌a‌ ‌Fanno‌ ‌flow‌‌condition‌‌you‌‌can‌‌have‌‌2‌‌cases‌‌one‌‌is‌‌that‌‌if‌‌you‌‌                                     

want‌ ‌the‌ ‌flow‌ ‌to‌ ‌remain‌ ‌on‌ ‌the‌ ‌same‌ ‌Rayleigh‌ ‌curve.‌ ‌ 

‌ 

Then‌ ‌the‌ ‌point‌ ‌2‌ ‌should‌ ‌be‌ ‌shifted‌ ‌to‌ ‌some‌ ‌other‌ ‌location‌ ‌ ‌where‌ ‌now‌ ‌there‌ ‌is‌ ‌scope‌‌                       2′′            

available‌ ‌for‌ ‌adding‌ ‌more‌ ‌heat‌ ‌but‌ ‌this‌ ‌implies‌ ‌greater‌‌pressures,‌‌so,‌‌more‌‌pumping‌‌and‌‌so‌‌                             

on.‌ ‌The‌ ‌other‌ ‌solution‌ ‌that‌ ‌can‌ ‌occur‌ ‌is‌‌simply‌‌the‌‌flow‌‌just‌‌shifts‌‌to‌‌another‌‌Rayleigh‌‌line‌‌                                 

where‌‌G‌‌is‌‌smaller,‌‌G‌‌decreases‌‌that‌‌means‌‌mass‌‌flow‌‌decreases.‌‌So,‌‌this‌‌is‌‌a‌‌ ‌here‌‌where‌‌                               2′      

mass‌ ‌flow‌ ‌rate‌ ‌has‌ ‌decreased‌ ‌but‌ ‌now‌ ‌it‌ ‌can‌ ‌allow‌ ‌larger‌ ‌heat‌ ‌to‌ ‌be‌ ‌added.‌ ‌ 

‌ 

So,‌ ‌basically‌ ‌when‌ ‌choking‌ ‌happens‌ ‌if‌ ‌you‌ ‌try‌ ‌to‌ ‌change‌ ‌anything‌ ‌at‌ ‌a‌ ‌choking‌ ‌point‌ ‌it‌‌                               

always‌ ‌affects‌ ‌the‌ ‌upstream.‌ ‌ 

(Refer‌ ‌Slide‌ ‌Time:‌ ‌26:05)‌ ‌ 

‌ 

Now‌‌what‌‌happens‌‌if‌‌it‌‌happens‌‌in‌‌a‌‌supersonic‌‌case,‌‌then‌‌in‌‌the‌‌supersonic‌‌case‌‌can‌‌a‌‌shock‌‌                                   

change‌ ‌the‌ ‌location‌ ‌of‌ ‌the‌ ‌maximum‌ ‌heat‌ ‌transfer,‌ ‌it‌ ‌cannot‌ ‌change‌ ‌because‌ ‌shock‌ ‌is‌ ‌a‌‌                             

constant‌ ‌total‌ ‌enthalpy‌ ‌process‌ ‌or‌ ‌constant‌ ‌stagnation‌ ‌enthalpy‌ ‌process.‌ ‌So,‌ ‌that‌ ‌would‌‌not‌‌                         

change,‌ ‌location‌ ‌of‌ ‌a‌ ‌shock‌ ‌would‌‌not‌‌change‌‌the‌‌maximum‌‌heat‌‌being‌‌added‌‌it‌‌still‌‌has‌‌to‌‌                                 

change‌ ‌upstream‌ ‌conditions‌ ‌in‌ ‌order‌ ‌to‌ ‌change‌ ‌the‌ ‌total‌ ‌amount‌ ‌of‌ ‌heat‌ ‌that‌ ‌is‌ ‌being‌ ‌added.‌ ‌ 

‌ 

But‌ ‌the‌ ‌appearance‌ ‌of‌ ‌a‌ ‌shock‌ ‌allows‌ ‌upstream‌ ‌propagation‌ ‌of‌ ‌information.‌ ‌So,‌ ‌that‌ ‌can‌‌                           

change‌ ‌things.‌ ‌So,‌ ‌once‌ ‌the‌ ‌subsonic‌ ‌flow‌ ‌appears‌ ‌then‌ ‌it‌ ‌can‌ ‌change‌ ‌things‌ ‌regarding‌‌                           

pressures‌ ‌and‌ ‌how‌ ‌they‌ ‌are‌ ‌felt‌ ‌upstream.‌ ‌So,‌ ‌that‌ ‌can‌ ‌happen‌ ‌.‌‌ ‌  

(Refer‌ ‌Slide‌ ‌Time:‌ ‌27:15)‌ ‌ 



‌ 

So,‌ ‌now‌ ‌again‌ ‌we‌ ‌can‌ ‌look‌ ‌at‌ ‌influence‌ ‌coefficients‌ ‌here‌‌the‌‌driver‌‌is‌‌change‌‌in‌‌stagnation‌‌                               

temperature‌ ‌dT‌0‌ ‌which‌ ‌is‌ ‌related‌ ‌to‌‌function‌‌of‌‌the‌‌amount‌‌of‌‌heat‌‌added.‌‌So,‌‌ ‌is‌‌the‌‌                            T 0

 dT  0      

driver‌‌here‌‌based‌‌on‌‌this‌‌we‌‌can‌‌look‌‌at‌‌what‌‌happens‌‌to‌ ‌ ,‌ ‌,‌‌ ‌and‌‌the‌‌procedure‌‌                        M
 dM     P

 dP        ρ
 dρ         

for‌ ‌getting‌ ‌these‌ ‌influence‌ ‌coefficients‌ ‌is‌ ‌the‌ ‌same‌ ‌you‌ ‌write‌ ‌down‌ ‌all‌ ‌the‌ ‌equations‌‌                           

corresponding‌ ‌to‌ ‌the‌ ‌conservation‌ ‌of‌ ‌equations‌ ‌as‌ ‌well‌ ‌as‌ ‌the‌ ‌ideal‌ ‌gas‌ ‌law‌ ‌P‌ ‌=ρ‌ ‌RT.‌‌ ‌  

‌ 

What‌ ‌is‌ ‌Mach‌ ‌number?‌ ‌M‌ ‌=‌ ‌ ‌and‌‌so‌‌on.‌‌And‌‌then‌‌club‌‌all‌‌of‌‌them‌‌together‌‌take‌‌them‌‌             a
 V                            

simultaneously‌ ‌in‌ ‌a‌ ‌matrix‌‌form‌‌and‌‌from‌‌there‌‌you‌‌can‌‌express‌‌every‌‌other‌‌function‌‌in‌‌the‌‌                               

with‌ ‌respect‌ ‌to‌ ‌only‌ ‌  ‌as‌ ‌the‌ ‌driving‌ ‌potential‌ ‌or‌ ‌driver.‌‌ ‌T 0

 dT  0   

(Refer‌ ‌Slide‌ ‌Time:‌ ‌28:30)‌ ‌ 

‌ 



So,‌‌if‌‌you‌‌look‌‌at‌‌that‌‌then‌‌how‌‌do,‌‌these‌‌properties‌‌change?‌‌We‌‌have‌‌already‌‌gone‌‌through‌‌                                 

them.‌‌If‌‌heat‌‌is‌‌getting‌‌added‌‌in‌‌subsonic,‌‌flow‌‌Mach‌‌number‌‌increases‌‌in‌‌a‌‌supersonic‌‌flow‌‌                               

Mach‌ ‌number‌ ‌decreases‌ ‌,pressure‌ ‌decreases‌‌in‌‌a‌‌subsonic‌‌flow‌‌temperature‌‌will‌‌increase‌‌as‌‌                         

long‌ ‌as‌ ‌Mach‌ ‌number‌ ‌is‌ ‌less‌ ‌than‌ .‌‌ ‌ 1
√γ   

‌ 

But‌‌then‌‌after‌‌ ‌,‌‌for‌‌Mach‌‌numbers‌‌greater‌‌than‌‌ ‌temperature‌‌will‌‌decrease‌‌but‌‌in‌‌the‌‌       1
√γ                1

√γ              

case‌ ‌of‌ ‌a‌ ‌supersonic‌ ‌flow‌ ‌the‌ ‌temperature‌ ‌will‌ ‌always‌ ‌increase.‌ ‌So,‌ ‌it‌ ‌will‌ ‌continuously‌‌                           

increase,‌‌pressures‌‌will‌‌increase‌‌and‌‌velocity‌‌decreases‌‌in‌‌a‌‌supersonic‌‌flow‌‌but‌‌increases‌‌in‌‌a‌‌                             

subsonic‌ ‌flow.‌ ‌So,‌ ‌and‌ ‌always‌ ‌entropy‌ ‌increases‌ ‌in‌ ‌this‌ ‌when‌ ‌we‌ ‌consider‌ ‌heat‌ ‌addition.‌ ‌ 

‌ 

And‌ ‌nothing‌ ‌stops‌ ‌us‌ ‌from‌ ‌removing‌ ‌heat‌ ‌if‌ ‌you‌ ‌remove‌ ‌heat‌ ‌then‌ ‌all‌ ‌the‌ ‌processes‌ ‌get‌‌                               

reversed.‌‌So,‌‌with‌‌that‌‌we‌‌come‌‌to‌‌an‌‌end‌‌of‌‌the‌‌discussions‌‌on‌‌Rayleigh‌‌flow.‌‌So,‌‌we‌‌will‌‌do‌‌                                     

a‌ ‌couple‌ ‌of‌ ‌numericals‌ ‌in‌ ‌order‌ ‌to‌ ‌get‌ ‌a‌‌really‌‌clear‌‌understanding‌‌of‌‌them‌‌and‌‌apply‌‌these‌‌                                 

principles.‌‌And‌‌with‌‌that‌‌we‌‌come‌‌towards‌‌the‌‌end‌‌of‌‌discussions‌‌of‌‌1Dimensional‌‌flows.‌‌So,‌‌                             

next‌ ‌class‌ ‌we‌ ‌will‌ ‌look‌ ‌at‌ ‌a‌ ‌couple‌ ‌of‌ ‌numericals.‌ ‌ 

‌ 

‌ 


