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So‌ ‌we‌ ‌are‌ ‌looking‌ ‌at‌ ‌flow‌ ‌through‌ ‌ducts‌ ‌and‌ ‌various‌ ‌different‌ ‌drivers‌ ‌which‌ ‌affect‌ ‌the‌‌                             

compressible‌ ‌flow‌ ‌through‌ ‌ducts.‌ ‌One‌ ‌change‌‌that‌‌was‌‌we‌‌started‌‌with‌‌was‌‌the‌‌variation‌‌of‌‌                             

area‌ ‌which‌ ‌is‌ ‌variable‌ ‌area‌ ‌ducts.‌ ‌Then‌ ‌we‌ ‌looked‌ ‌at‌ ‌friction,‌ ‌effect‌ ‌of‌ ‌friction‌ ‌separately,‌‌                             

constant‌‌area‌‌duct‌‌with‌‌friction‌‌which‌‌was‌‌Fanno‌‌flow.‌‌And‌‌now‌‌we‌‌come‌‌to‌‌the‌‌case‌‌where‌‌                                 

we‌ ‌are‌ ‌taking‌ ‌a‌ ‌constant‌ ‌area‌ ‌duct‌ ‌and‌ ‌there‌ ‌is‌ ‌a‌ ‌heat‌ ‌transfer‌ ‌across‌ ‌the‌ ‌duct.‌ ‌ 

‌ 

So,‌‌the‌‌duct‌‌is‌‌no‌‌longer‌‌adiabatic,‌‌in‌‌the‌‌previous‌‌cases‌‌there‌‌was‌‌no‌‌heat‌‌transfer.‌‌Now‌‌we‌‌                                   

take‌ ‌pure‌ ‌heat‌ ‌transfer‌‌which‌‌is‌‌this‌‌kind‌‌of‌‌flow‌‌is‌‌known‌‌as‌‌Rayleigh‌‌flow.‌‌We‌‌are‌‌taking‌‌                                   

them‌ ‌separately.‌ ‌So,‌ ‌that‌ ‌we‌ ‌can‌ ‌understand‌ ‌in‌ ‌essence‌ ‌what‌ ‌happens‌ ‌when‌ ‌the‌ ‌dominant‌‌                           

effect‌‌is‌‌due‌‌to‌‌either‌‌one‌‌of‌‌them‌‌and‌‌then‌‌later‌‌on‌‌towards‌‌the‌‌end‌‌of‌‌this‌‌section‌‌I‌‌will‌‌give‌‌                                         

a‌‌quick‌‌introduction‌‌to‌‌how‌‌one‌‌can‌‌look‌‌at‌‌combinations‌‌of‌‌parameters‌‌in‌‌what‌‌is‌‌known‌‌as‌‌                                 

a‌ ‌generalized‌ ‌quasi‌ ‌1D‌ ‌analytical‌ ‌procedure‌ ‌or‌ ‌equations‌ ‌but‌ ‌that‌ ‌would‌ ‌be‌ ‌just‌ ‌an‌‌                           

introduction.‌‌ ‌  

‌ 

When‌‌we‌‌are‌‌considering‌‌these‌‌flows‌‌they‌‌are‌‌taken‌‌separately‌‌and‌‌the‌‌essence‌‌of‌‌these‌‌or‌‌the‌‌                                 

understandings‌‌obtained‌‌from‌‌these‌‌flows‌‌are‌‌very‌‌important‌‌and‌‌they‌‌do‌‌not‌‌change‌‌by‌‌great‌‌                             

deal‌ ‌when‌ ‌we‌ ‌are‌ ‌looking‌ ‌at‌ ‌more‌ ‌complex‌ ‌flows.‌‌ ‌  

(Refer‌ ‌Slide‌ ‌Time:‌ ‌02:03)‌ ‌ 



‌ 

So,‌‌what‌‌are‌‌we‌‌looking‌‌at‌‌in‌‌this‌‌case‌‌this‌‌is‌‌the‌‌Rayleigh‌‌flow.‌‌And‌‌in‌‌Rayleigh‌‌flow‌‌we‌‌are‌‌                                       

looking‌‌at‌‌heat‌‌transfer‌‌or‌‌heat‌‌addition‌‌to‌‌the‌‌flow‌‌as‌‌the‌‌flow‌‌occurs‌‌in‌‌a‌‌constant‌‌area‌‌duct.‌‌                                     

Now‌ ‌the‌ ‌heat‌‌addition‌‌or‌‌it‌‌can‌‌be‌‌even‌‌heat‌‌removal.‌‌It‌‌is‌‌a‌‌non‌‌adiabatic‌‌process.‌‌So,‌‌that‌‌                                     

means‌ ‌heat‌ ‌can‌ ‌be‌ ‌transferred‌ ‌that‌ ‌can‌ ‌happen‌ ‌both‌ ‌heat‌ ‌addition‌ ‌or‌ ‌heat‌ ‌removal‌ ‌can‌ ‌happen.‌ ‌ 

‌ 

It‌ ‌can‌ ‌be‌ ‌due‌ ‌to‌ ‌heat‌ ‌transfer‌‌or‌‌heat‌‌addition‌‌can‌‌also‌‌take‌‌place‌‌due‌‌to‌‌heat‌‌released‌‌from‌‌                                     

chemical‌ ‌reactions‌ ‌such‌ ‌as‌ ‌combustion.‌ ‌This‌ ‌can‌ ‌also‌ ‌be‌ ‌modelled‌ ‌in‌ ‌terms‌ ‌of‌ ‌a‌ ‌Rayleigh‌                             

flow‌ ‌and‌ ‌let‌ ‌us‌ ‌take‌ ‌q‌ ‌as‌ ‌the‌ ‌amount‌ ‌of‌ ‌heat‌ ‌supplied‌ ‌per‌ ‌unit‌ ‌mass.‌ ‌So,‌ ‌the‌ ‌flow‌ ‌is‌ ‌not‌‌                                       

adiabatic.‌‌So‌‌this‌‌is‌‌wrong‌‌the‌‌floor‌‌is‌‌diabatic‌‌that‌‌is‌‌it‌‌allows‌‌heat‌‌transfer‌‌to‌‌happen.‌‌So,‌‌the‌‌                                     

governing‌ ‌equations‌ ‌they‌ ‌are‌ ‌the‌ ‌mass‌ ‌flow‌ ‌rate‌ ‌through‌ ‌the‌ ‌system‌ ‌remains‌ ‌constant.‌‌ ‌  

‌ 

So,‌ ‌  ‌=‌ ‌  ‌   ‌;‌ ‌ρu‌ ‌=‌ ‌constant.‌ ‌Area‌ ‌is‌ ‌same.‌‌ ‌uρ1 1 ρ2 u2   

Then,‌ ‌ 

 ‌P‌1‌‌  ‌+‌ ‌  ‌   ‌=‌ ‌P‌2‌‌ ‌+‌  ‌ ‌ρ1 u2
1 ρ2 u2

2  

‌So‌ ‌here‌ ‌we‌ ‌are‌ ‌considering‌ ‌frictionless‌ ‌flow.‌ ‌So,‌ ‌the‌ ‌frictional‌ ‌factors‌ ‌are‌ ‌not‌ ‌coming‌ ‌in‌‌                               

picture‌ ‌that‌ ‌means‌ ‌momentum‌ ‌is‌ ‌conserved.‌ ‌What‌ ‌about‌ ‌the‌ ‌total‌ ‌enthalpy?‌‌ ‌  

‌hh1 +   2
u2

1  + q =   2 +   2
u2

2   

‌ 

So,‌ ‌there‌ ‌is‌ ‌addition‌ ‌of‌ ‌heat‌ ‌q,‌ ‌q‌ ‌is‌ ‌actually‌ ‌  ‌which‌ ‌is‌ ‌total‌ ‌heat‌ ‌added‌ ‌divided‌ ‌by‌ ‌ ‌ ‌ q̇  m.̇   

So,‌ ‌there‌ ‌is‌ ‌a‌ ‌heat‌ ‌added‌ ‌term.‌‌ ‌  

‌ 

‌ 



In‌ ‌calorically‌ ‌perfect‌ ‌gas,‌‌ ‌  

h‌ ‌=‌ ‌Cp‌ ‌T.‌ ‌ 

 ‌So,‌ ‌q‌ ‌is‌ ‌essentially‌ ‌is‌ ‌,‌ ‌ 

‌q‌‌=‌‌h‌02‌ ‌–h‌01‌ ‌=‌‌Cp(T‌02‌ ‌–T‌01‌).‌‌So,‌‌this‌‌one‌‌should‌‌understand.‌‌So,‌‌if‌‌there‌‌is‌‌heat‌‌addition.‌‌Then‌‌                                       

heat‌ ‌added‌ ‌that‌ ‌is‌ ‌q‌ ‌is‌ ‌greater‌ ‌than‌ ‌zero‌ ‌that‌ ‌is‌ ‌your‌ ‌stagnation‌ ‌temperature‌ ‌will‌ ‌rise,‌‌ ‌  

T‌02‌‌  ‌>‌ ‌T‌01‌.‌ ‌ 

‌ 

If‌‌heat‌‌is‌‌removed‌‌from‌‌the‌‌system‌‌then‌‌q‌‌is‌‌less‌‌than‌‌zero‌‌that‌‌is‌‌stagnation‌‌temperatures‌‌will‌‌                                   

drop,‌ ‌T‌02‌‌  ‌<‌ ‌T‌01‌.‌ ‌So,‌ ‌this‌ ‌is‌ ‌in‌ ‌essence‌ ‌what‌ ‌we‌ ‌are‌ ‌looking‌ ‌at.‌‌ ‌  

(Refer‌ ‌Slide‌ ‌Time:‌ ‌05:09)‌ ‌ 

‌ 

And‌ ‌similar‌ ‌to‌ ‌the‌ ‌Fanno‌ ‌flow,‌ ‌we‌ ‌will‌ ‌first‌ ‌start‌ ‌by‌ ‌looking‌ ‌at‌ ‌the‌‌thermodynamics‌‌of‌‌the‌‌                                 

process‌ ‌we‌ ‌will‌ ‌put‌ ‌some‌ ‌charts‌ ‌very‌ ‌easy‌‌to‌‌understand‌‌them‌‌with‌‌charts‌‌and‌‌that‌‌way‌‌we‌‌                                 

will‌ ‌understand‌ ‌almost‌ ‌everything‌ ‌about‌ ‌the‌ ‌flow‌ ‌with‌ ‌heat‌ ‌addition.‌ ‌So,‌ ‌here‌ ‌also‌‌ ‌  

 ‌ρu‌ ‌=‌ ‌constant.‌‌ ‌  

So,‌ ‌that‌ ‌is‌ ‌ρu‌ ‌=‌ ‌G‌ ‌,again‌ ‌this‌ ‌parameter‌ ‌G‌ ‌comes‌ ‌here.‌‌ ‌  

Momentum‌ ‌equation,‌ 

P‌1‌‌  ‌+‌ ‌  ‌   ‌=‌ ‌P‌2‌‌ ‌+‌  ‌ ‌ρ1 u2
1 ρ2 u2

2  

P‌ ‌+‌ ‌ ‌ ‌  ‌=‌ ‌P‌ ‌+‌  ‌u‌ ‌ρ u2 G   

P‌1‌‌  ‌+‌ ‌  ‌   ‌=‌ ‌P‌2‌‌ ‌+‌  ‌ ‌v1 G2 v2 G2  

P‌2‌  ‌‌-‌ ‌P‌1‌     ‌‌=‌ ‌G‌ ‌(‌ )‌‌ ‌    v1 − v2   

‌ ‌=‌  ‌ ‌
v v  2− 1

P2    P1−  − G2  

 ‌So,‌ ‌the‌ ‌momentum‌ ‌equation‌ ‌can‌ ‌also‌ ‌be‌ ‌written‌ ‌in‌ ‌terms‌ ‌of‌ ‌G‌ ‌and‌ ‌specific‌ ‌volume.‌‌ ‌  



Now‌‌this‌‌is‌‌the‌‌equation‌‌of‌‌a‌‌straight‌‌line.‌‌So,‌‌the‌‌Rayleigh‌‌lines‌‌or‌‌Rayleigh‌‌curves‌‌if‌‌written‌‌                                   

or‌ ‌if‌ ‌drawn‌ ‌on‌ ‌Pv‌ ‌diagrams,‌ ‌P‌ ‌and‌ ‌specific‌ ‌volume‌ ‌v‌‌is‌‌they‌‌are‌‌actually‌‌straight‌‌lines‌‌and‌‌                                   

from‌ ‌here‌ ‌you‌ ‌can‌ ‌understand‌ ‌this‌ ‌term,‌  ‌  ‌=‌  ‌ ‌v v  2− 1

P2    P1−  − G2  

‌has‌‌to‌‌be‌‌a‌‌term‌‌which‌‌is‌‌positive‌‌that‌‌means‌‌ ‌has‌‌negative‌‌slope.‌‌So,‌‌that‌‌is‌‌very‌‌  G2                       v v  2− 1

P2    P1−                

important.‌ ‌So,‌ ‌they‌ ‌have‌ ‌always‌ ‌had‌ ‌negative‌ ‌slope.‌‌ ‌  

‌ 

Then‌ ‌you‌ ‌can‌ ‌relate‌ ‌G‌ ‌with‌ ‌the‌ ‌slope‌ ‌of‌ ‌the‌ ‌Pv,‌ ‌Rayleigh‌ ‌line‌ ‌in‌ ‌the‌‌Pv‌‌diagram‌‌if‌ ‌tan(α)‌‌                                     

represents‌ ‌the‌ ‌slope‌ ‌of‌ ‌the‌ ‌Pv‌ ‌diagram.‌ ‌Then‌ ‌G‌ ‌is‌ ‌nothing‌ ‌but,‌ ‌ 

G‌ ‌=‌ ‌ ‌ √ an(α)− t    

So,‌ ‌V‌ ‌then‌ ‌the‌ ‌velocity‌ ‌can‌ ‌also‌ ‌be‌ ‌represented‌ ‌now‌ ‌along‌ ‌the‌ ‌line,‌ ‌ 

V‌ ‌=‌ ‌  ‌=‌ ‌ )‌ ‌Gv an(α  − t  

‌So,‌‌it‌‌is‌‌very‌‌nice‌‌way‌‌to‌‌represent‌‌this‌‌particular‌‌line‌‌is‌‌known‌‌as‌‌the‌‌Rayleigh‌‌line.‌‌So,‌‌in‌‌                                       

the‌ ‌Rayleigh‌ ‌line‌ ‌is‌ ‌described‌ ‌by‌ ‌looking‌ ‌at‌ ‌the‌ ‌continuity‌ ‌equation‌ ‌and‌ ‌the‌ ‌momentum‌‌                           

equation.‌ ‌ 

‌ 

And‌ ‌in‌ ‌Pv‌ ‌diagram‌ ‌they‌ ‌are‌ ‌straight‌ ‌lines‌ ‌and‌ ‌you‌ ‌can‌ ‌draw‌ ‌isotherms‌ ‌and‌ ‌isentropes‌ ‌the‌‌                               

curves‌‌of‌‌constant‌‌entropy‌‌and‌‌curves‌‌of‌‌constant‌‌temperature‌‌along‌‌these‌‌same‌‌Pv‌‌plane‌‌and‌‌                             

that‌ ‌will‌ ‌tell‌ ‌us‌ ‌about‌ ‌how‌ ‌temperature‌ ‌changes‌ ‌and‌ ‌pressure‌ ‌changes‌ ‌in‌ ‌these‌ ‌curves.‌‌ ‌  

(Refer‌ ‌Slide‌ ‌Time:‌ ‌08:50)‌ ‌ 

‌ 

So,‌‌now‌‌they‌‌can‌‌also‌‌be‌‌plotted‌‌in‌‌hs‌‌diagram‌‌or‌‌Ts‌‌diagram‌‌similar‌‌to‌‌Fanno‌‌curves.‌‌These‌‌                                   

curves‌‌also‌‌have‌‌2‌‌branches‌‌there‌‌is‌‌an‌‌upper‌‌branch‌‌and‌‌there‌‌is‌‌a‌‌lower‌‌branch‌‌the‌‌way‌‌the‌‌                                     

curves‌ ‌look‌ ‌as‌ ‌of‌ ‌this‌ ‌kind.‌ ‌It‌ ‌is‌ ‌different‌ ‌from‌‌a‌‌Fanno‌‌curve‌‌of‌‌course‌‌but‌‌you‌‌can‌‌notice‌‌                                     



some‌‌important‌‌differences‌‌one‌‌is‌‌that‌‌if‌‌you‌‌look‌‌at‌‌the‌‌upper‌‌branch‌‌which‌‌corresponds‌‌to‌‌                               

the‌‌subsonic‌‌flow,‌‌Mach‌‌number‌‌is‌‌less‌‌than‌‌one.‌‌So,‌‌if‌‌you‌‌take‌‌this‌‌upper‌‌branch;‌‌and‌‌you‌‌                                   

see‌‌how‌‌temperature‌‌varies‌‌in‌‌this‌‌branch.‌‌First‌‌the‌‌temperature‌‌increases‌‌up‌‌till‌‌a‌‌maximum‌‌                             

of‌ ‌temperature.‌ ‌ 

‌ 

See‌ ‌temperature‌ ‌maximum‌ ‌is‌ ‌achieved‌ ‌at‌ ‌this‌ ‌point‌ ‌and‌ ‌then‌ ‌temperature‌ ‌decreases‌ ‌until‌‌                         

another‌ ‌point‌ ‌is‌ ‌reached‌ ‌this‌ ‌point‌ ‌corresponds‌ ‌to‌ ‌maximum‌ ‌entropy‌ ‌Smax,‌ ‌maximum‌‌                       

entropy‌ ‌Smax.‌ ‌So,‌ ‌if‌ ‌you‌ ‌look‌ ‌at‌ ‌this‌ ‌curve‌ ‌the‌ ‌upper‌ ‌branch‌ ‌which‌ ‌is‌ ‌a‌ ‌subsonic‌ ‌branch‌‌                                 

initially‌ ‌there‌ ‌is‌ ‌an‌ ‌increase‌‌in‌‌temperature‌‌after‌‌reaching‌‌a‌‌point‌‌where‌‌T‌‌is‌‌equal‌‌to‌‌Tmax‌                                 

maximum‌‌temperature.‌‌Then‌‌its‌‌temperature‌‌decreases‌‌until‌‌it‌‌reaches‌‌Smax‌‌where‌‌maximum‌‌                       

entropy‌ ‌is‌ ‌achieved.‌ ‌ 

‌ 

Now‌‌if‌‌you‌‌look‌‌at‌‌lower‌‌branch‌‌which‌‌is‌‌here,‌‌here‌‌the‌‌temperature‌‌continuously‌‌increases.‌‌                             

So,‌ ‌very‌ ‌important‌ ‌point‌ ‌in‌ ‌Rayleigh‌ ‌curves‌ ‌is‌ ‌there‌ ‌are‌ ‌2‌ ‌critical‌ ‌points‌ ‌one‌ ‌is‌ ‌maximum‌‌                               

temperature‌ ‌the‌‌other‌‌one‌‌is‌‌maximum‌‌entropy.‌‌Now‌‌in‌‌order‌‌to‌‌understand‌‌this‌‌clearly‌‌you‌‌                             

should‌ ‌also‌ ‌look‌ ‌at‌ ‌the‌ ‌stagnation‌ ‌temperature‌ ‌lines‌ ‌because‌ ‌it‌ ‌is‌ ‌or‌ ‌stagnation‌ ‌enthalpy‌ ‌lines.‌‌ ‌  

‌ 

The‌ ‌stagnation‌ ‌enthalpy‌ ‌line‌ ‌will‌ ‌now‌ ‌have‌ ‌2‌ ‌branches‌ ‌similar‌ ‌to‌ ‌the‌ ‌stagnation‌ ‌or‌ ‌rather‌‌                             

similar‌‌to‌‌the‌‌Rayleigh‌‌curve.‌‌It‌‌will‌‌not‌‌be‌‌h‌‌not‌‌is‌‌not‌‌constant‌‌like‌‌that‌‌like‌‌it‌‌was‌‌for‌‌the‌‌                                         

case‌‌of‌‌Fanno‌‌flow‌‌.‌‌So,‌‌here‌‌if‌‌you‌‌add‌‌heat‌‌always‌‌the‌‌stagnation‌‌enthalpy‌‌increases‌‌or‌‌T‌0‌ ‌                                   

increases.‌‌So,‌‌going‌‌from‌‌1‌‌to‌‌2‌‌increasing‌‌in‌‌this‌‌direction‌‌there‌‌is‌‌an‌‌addition‌‌of‌‌heat.‌‌So,‌‌T‌0‌‌                                     

increases.‌ ‌So,‌ ‌the‌ ‌lower‌ ‌branch‌ ‌of‌ ‌this‌ ‌curve‌ ‌corresponds‌ ‌to‌ ‌subsonic‌ ‌flow.‌ ‌ 

‌ 

Because‌ ‌this‌ ‌height‌ ‌here‌ ‌this‌ ‌difference‌ ‌should‌ ‌correspond‌‌to‌ ‌ ‌by‌‌the‌‌equation.‌‌So,‌‌this‌‌                   2
u2

           

height‌ ‌should‌ ‌correspond‌‌to‌‌ .‌‌So,‌‌the‌‌lower‌‌one‌‌corresponds‌‌to‌‌Mach‌‌number‌‌less‌‌than‌‌1‌‌        2
u2

                       

while‌ ‌the‌ ‌upper‌ ‌branch‌ ‌corresponds‌ ‌to‌ ‌Mach‌ ‌number‌ ‌greater‌ ‌than‌ ‌1‌ ‌and‌ ‌they‌ ‌reach‌ ‌a‌‌cusp‌‌                               

rather‌ ‌they‌ ‌reach‌ ‌a‌ ‌point‌ ‌at‌ ‌which‌ ‌maximum‌ ‌heat‌ ‌can‌ ‌be‌ ‌added‌ ‌and‌ ‌that‌ ‌particular‌ ‌cusp‌‌                               

corresponds‌ ‌to‌ ‌the‌ ‌point‌ ‌where‌ ‌entropy‌ ‌is‌ ‌maximum‌ ‌S‌ ‌is‌ ‌equal‌ ‌to‌ ‌Smax.‌ ‌ 

‌ 

Then‌ ‌q‌ ‌is‌ ‌equal‌ ‌to‌‌qmax‌‌,maximum‌‌heat‌‌that‌‌can‌‌be‌‌added.‌‌So,‌‌this‌‌point‌‌should‌‌be‌‌is‌‌very‌‌                                     

important.‌‌And‌‌also‌‌notice‌‌that‌‌here‌‌you‌‌have‌‌a‌‌line‌‌if‌‌you‌‌draw,‌‌an‌‌isentropic‌‌line‌‌for‌‌a‌‌point‌‌                                     

one‌ ‌you‌ ‌have‌ ‌T‌0‌ ‌corresponding‌ ‌to‌ ‌that‌ ‌and‌ ‌T*‌ ‌corresponding‌ ‌to‌ ‌the‌ ‌point‌ ‌where‌ ‌it‌ ‌can‌ ‌be‌‌                                 



isentropically‌‌brought‌‌to‌‌Mach‌‌number‌‌equal‌‌to‌‌1.‌‌Even‌‌this‌‌T*‌‌is‌‌varying‌‌because‌‌now‌‌heat‌‌                               

is‌ ‌getting‌ ‌added‌ ‌into‌ ‌the‌ ‌flow.‌‌ ‌  

‌ 

So,‌‌T*‌‌and‌‌T‌0‌ ‌are‌‌not‌‌constants.‌‌So,‌‌do‌‌not‌‌confuse‌‌between‌‌isentropic‌‌flow,‌‌Fanno‌‌flow‌‌and‌                                 

Rayleigh‌‌flow.‌‌Rayleigh‌‌flow‌‌is‌‌not‌‌an‌‌adiabatic‌‌flow‌‌.‌‌So,‌‌therefore‌‌T*‌‌and‌‌T‌0‌ ‌*‌‌or‌‌T‌0‌ ‌they‌‌                                      

are‌‌not‌‌constants.‌‌Now‌‌we‌‌know‌‌how‌‌pressures‌‌are‌‌depicted‌‌along‌‌the‌‌hs‌‌diagram.‌‌So,‌‌if‌‌you‌‌                                 

look‌ ‌at‌ ‌the‌ ‌curve‌ ‌itself‌ ‌you‌ ‌can‌ ‌make‌ ‌an‌ ‌understanding‌‌or‌‌you‌‌can‌‌get‌‌an‌‌understanding‌‌of‌‌                                 

what‌ ‌happens.‌ ‌ 

‌ 

For‌ ‌subsonic‌ ‌flow‌‌when‌‌heat‌‌is‌‌added‌‌you‌‌see‌‌that‌‌this‌‌height‌‌increases‌‌that‌‌means‌‌velocity‌‌                               

increases,‌ ‌Mach‌ ‌number‌ ‌increases,‌ ‌pressure‌ ‌decreases,‌ ‌temperature‌ ‌increases‌ ‌until‌ ‌a‌‌                   

particular‌ ‌point,‌ ‌maximum‌ ‌the‌ ‌maximum‌ ‌enthalpy‌ ‌point‌ ‌and‌ ‌that‌ ‌particular‌ ‌point‌ ‌can‌ ‌be‌‌                         

shown‌‌to‌‌be‌‌equal‌‌to‌ ‌ .‌‌After‌‌this‌‌point‌‌the‌‌temperature‌‌decreases‌‌why‌‌this‌‌is‌‌happening‌‌             1
√γ                      

why‌ ‌should‌ ‌temperature‌ ‌increase‌ ‌at‌ ‌lid‌ ‌point‌ ‌and‌ ‌then‌ ‌decrease?‌ ‌ 

‌ 

This‌‌is‌‌because‌‌actually‌‌what‌‌you‌‌see‌‌is‌‌that‌‌addition‌‌of‌‌heat‌‌affects‌‌total‌‌enthalpy‌‌which‌‌is‌‌T‌0‌ ‌                                   

or‌ ‌h‌0‌,‌ ‌h‌0‌ ‌‌is‌ ‌a‌ ‌combination‌ ‌of‌ ‌,‌ ‌ ‌ ‌h +   2
u2

  

This‌ ‌is‌ ‌static‌‌enthalpy,‌‌h‌‌and‌‌ is‌‌kinetic‌‌energy.‌‌So,‌‌for‌‌the‌‌initial‌‌region‌‌of‌‌this‌‌subsonic‌‌             2
u  2

1                       

branch‌‌until‌‌the‌‌point‌‌of‌‌maximum‌‌enthalpy‌‌the‌‌increase‌‌the‌‌addition‌‌of‌‌heat‌‌goes‌‌largely‌‌to‌‌                               

increase‌ ‌static‌ ‌enthalpy‌ ‌and‌ ‌less‌ ‌to‌ ‌increasing‌ ‌kinetic‌ ‌energy.‌ ‌ 

‌ 

Of‌‌course‌‌V‌‌is‌‌increasing‌‌but‌‌it‌‌is‌‌to‌‌do‌‌with‌‌the‌‌relative‌‌increase‌‌of‌‌the‌‌2‌‌initially‌‌the‌‌relative‌‌                                       

increase‌‌is‌‌more‌‌towards‌‌increase‌‌of‌‌static‌‌enthalpy.‌‌But‌‌once‌‌you‌‌reach‌‌maximum‌‌enthalpy‌‌                           

point‌‌further‌‌addition‌‌of‌‌heat‌‌actually‌‌increases‌‌kinetic‌‌energy‌‌enormously‌‌and‌‌some‌‌amount‌‌                         

of‌ ‌it‌ ‌actually‌ ‌can‌ ‌also‌ ‌be‌ ‌taken‌ ‌from‌ ‌the‌ ‌static‌ ‌enthalpy.‌ ‌So,‌ ‌total‌ ‌enthalpy‌ ‌which‌ ‌is‌ ‌a‌‌                                 

combination‌ ‌ that‌ ‌continue‌‌to‌‌increase‌‌but‌‌static‌‌enthalpy‌‌reduces‌‌because‌‌now‌‌more‌‌   h +   2
u2

                     

amount‌ ‌of‌ ‌energy‌ ‌is‌ ‌taken‌ ‌by‌ ‌the‌ ‌kinetic‌ ‌energy.‌‌ ‌  

‌ 

So,‌‌that‌‌is‌‌why‌‌this‌‌happens.‌‌So,‌‌you‌‌have‌‌to‌‌view‌‌this‌‌as‌‌a‌‌combination‌‌your‌‌h‌0‌ ‌is‌‌increasing‌‌                                     

all‌ ‌the‌ ‌time‌ ‌when‌ ‌you‌ ‌add‌ ‌heat‌ ‌but‌ ‌they‌ ‌are‌ ‌a‌ ‌combination‌ ‌of‌ ‌static‌ ‌enthalpy‌ ‌and‌ ‌kinetic‌‌                                 

energy.‌‌T‌0‌ ‌or‌‌stagnation‌‌enthalpy‌‌increases.‌ ‌P‌0‌ ‌actually‌‌decreases.‌‌P‌0‌ ‌decreases.‌‌Because‌‌you‌‌                         

find‌ ‌here‌ ‌that‌ ‌even‌ ‌here‌ ‌not‌ ‌only‌ ‌just‌ ‌that‌ ‌entropy‌ ‌changes.‌ ‌So,‌ ‌you‌ ‌have‌ ‌to‌ ‌work‌ ‌out‌ ‌the‌‌                                   

equations‌ ‌here.‌ ‌So,‌ ‌that‌ ‌needs‌ ‌to‌ ‌be‌ ‌done.‌‌ ‌  



‌ 

In‌ ‌case‌ ‌of‌ ‌supersonic‌ ‌flows‌ ‌when‌ ‌you‌ ‌add‌ ‌heat‌ ‌the‌ ‌addition‌ ‌of‌ ‌heat‌ ‌causes‌ ‌Mach‌ ‌number‌‌                               

decreases.‌ ‌So,‌ ‌velocity‌ ‌actually‌ ‌decreases‌ ‌pressure‌ ‌increases‌ ‌temperature‌ ‌increases‌ ‌T‌0‌‌                   

ofcourse‌ ‌definitely‌ ‌increases,‌ ‌P‌0‌‌ ‌also‌ ‌decreases.‌ ‌So,‌ ‌this‌ ‌is‌ ‌evident‌ ‌from‌ ‌this‌ ‌Rayleigh‌ ‌curves.‌ ‌ 

(Refer‌ ‌Slide‌ ‌Time:‌ ‌17:07)‌ ‌ 

‌ 

Now‌ ‌how‌ ‌do‌ ‌we‌‌get‌‌to‌‌these‌‌limiting‌‌points?‌‌So,‌‌this‌‌is‌‌what‌‌was‌‌meant.‌‌So,‌‌if‌‌you‌‌look‌‌at‌‌                                       

the‌‌Pv‌‌diagram‌‌these‌‌straight‌‌lines‌‌this‌‌particular‌‌straight‌‌line‌‌is‌‌the‌‌Rayleigh‌‌line.‌‌Now‌‌if‌‌you‌‌                                 

look‌ ‌at‌ ‌the‌ ‌curves‌ ‌at‌ ‌which‌ ‌h‌ ‌=‌ ‌constant.‌ ‌This‌ ‌is‌ ‌static‌ ‌points‌ ‌of‌ ‌sort‌ ‌of‌ ‌constant‌ ‌entropy‌‌ ‌  

S‌ ‌=constant‌ ‌and‌ ‌points‌ ‌at‌ ‌which‌ ‌temperature‌ ‌is‌ ‌constant‌ ‌that‌ ‌is‌ ‌enthalpy‌ ‌is‌ ‌constant.‌ ‌ 

‌ 

There‌‌are‌‌2‌‌different‌‌curves‌‌and‌‌we‌‌know‌‌they‌‌are‌‌related‌‌to‌‌each‌‌other.‌‌So,‌‌the‌‌entropy‌‌curve‌‌                                   

has‌ ‌a‌ ‌higher‌‌slope‌‌than‌‌the‌‌enthalpy‌‌curve.‌‌So,‌‌this‌‌is‌‌T‌‌=‌‌constant‌‌and‌‌this‌‌is‌‌S‌‌=‌‌constant.‌‌                                       

This‌‌difference‌‌is‌‌there‌‌as‌‌a‌‌consequence.‌‌So,‌‌where‌‌is‌‌this‌‌point‌‌of‌‌maximum‌‌temperature?‌‌It‌‌                               

is‌ ‌a‌ ‌particular‌ ‌point‌ ‌where‌ ‌this‌ ‌Rayleigh‌ ‌line‌ ‌becomes‌ ‌tangent‌ ‌to‌ ‌the‌ ‌temperature‌ ‌equal‌ ‌to‌‌                             

constant‌ ‌curve.‌‌ ‌  

Then‌‌whenever‌‌it‌‌becomes‌ ‌tangent‌‌to‌‌the‌‌entropy‌‌equal‌‌to‌‌constant‌‌curve‌‌S‌‌=‌‌constant.‌‌Then‌‌                               

that‌‌corresponds‌‌to‌‌maximum‌‌entropy‌‌further‌‌beyond‌‌that‌‌you‌‌do‌‌not‌‌have‌‌any‌‌solution.‌‌So,‌‌                             

you‌ ‌can‌ ‌see‌ ‌that‌ ‌these‌ ‌are‌ ‌2‌ ‌different‌ ‌points‌ ‌here.‌ ‌So‌ ‌how‌ ‌do‌ ‌we‌ ‌get‌ ‌that‌ ‌the‌ ‌slope?‌ ‌So,‌‌                                     

because‌ ‌we‌ ‌look‌ ‌at‌ ‌the‌ ‌tangency‌ ‌condition,‌ )‌ ‌that‌‌is‌‌the‌‌slope‌‌of‌‌the‌‌Rayleigh‌‌line‌‌is‌‌              an(αt                    

 ‌that‌ ‌is‌ ‌we‌ ‌have‌ ‌established‌ ‌that,‌ ‌ − G2  

)‌  ‌=‌ ‌  ‌=‌ ‌  ‌=‌ ‌ ‌an(αt  ( ∂v
∂P )R  − G2  − v2

u2
 

 ‌  ‌that‌ ‌is‌ ‌specific‌ ‌volume.‌ ‌v  



‌ 

This‌‌can‌‌be‌‌expressed‌‌in‌‌terms‌‌of‌‌Mach‌‌number‌‌if‌‌you‌‌do‌‌multiply‌‌and‌‌divide‌‌by‌‌γ‌‌P‌‌then‌‌this‌‌                                       

is‌ ‌ .‌ ‌So,‌ ‌you‌ ‌get,‌ ‌a2  

)‌  ‌=‌ ‌  ‌=‌ ‌ ‌an(αt − γ Pv2
γ Pu2

− v
γ PM 2

  

 ‌Now‌ ‌what‌ ‌about‌ ‌the‌ ‌slope‌ ‌of‌ ‌isotherms?‌‌ ‌  

‌ 

That‌ ‌is‌ ‌taken‌ ‌as‌ ‌ )‌   ‌which‌ ‌is‌  ‌ )‌   ‌=‌ ‌    ‌at‌ ‌constant‌ ‌temperature.‌‌ ‌an(δt an(δt  ( ∂v
∂P )T   

And‌ ‌we‌ ‌know‌ ‌the‌ ‌ideal‌ ‌gas‌ ‌equation‌ ‌of‌ ‌state‌ ‌and‌ ‌from‌ ‌there‌ ‌we‌ ‌can‌ ‌find‌ ‌out‌ ‌when‌‌                                 

temperature‌ ‌is‌ ‌constant‌ ‌what‌ ‌is‌ ‌the‌ ‌slope‌ ‌of‌ ‌the‌ ‌isotherms‌ ‌or‌ ‌isotherms‌ ‌,‌ ‌ 

)‌   ‌=‌ ‌  ‌=‌  ‌ ‌ ‌an(δt  ( ∂v
∂P )T  ( ∂v

∂( )v
RT )T

=   − v2
RT =   − v

P   

So,‌ ‌now‌ ‌you‌ ‌can‌ ‌at‌ ‌the‌ ‌point‌ ‌of‌ ‌maximum‌ ‌enthalpy‌ ‌that‌ ‌is‌ ‌a‌ ‌tangency‌ ‌condition‌ ‌between‌‌                               

maximum‌ ‌or‌ ‌temperature‌ ‌constant‌ ‌curves‌ ‌and‌ ‌the‌ ‌Rayleigh‌ ‌line.‌‌ ‌  

‌ 

So,‌  ‌ ‌ ‌ tan an    (α) = t (δ) =   v
γ PM 2

=   v
P    

So,‌ ‌from‌ ‌here‌ ‌you‌ ‌get,‌ ‌ 

M‌  ‌=‌ ‌ ‌ 1
√γ  

So,‌ ‌this‌ ‌establishes‌ ‌the‌ ‌relation‌ ‌for‌ ‌the‌ ‌point‌ ‌of‌ ‌maximum‌ ‌temperature.‌ ‌ 

‌ 

Now‌ ‌what‌ ‌about‌ ‌the‌ ‌limiting‌ ‌point‌ ‌of‌ ‌maximum‌ ‌entropy‌ ‌we‌ ‌should‌ ‌look‌ ‌at‌ ‌the‌ ‌tangency‌‌                             

condition‌ ‌for‌ ‌the‌ ‌Rayleigh‌ ‌line,‌ ‌  ‌with‌ ‌the‌ ‌entropy‌ ‌line‌ ‌isentropes.‌‌ ‌ant (α)   

(Refer‌ ‌Slide‌ ‌Time:‌ ‌20:40)‌ ‌ 

‌ 



So,‌ ‌S‌ ‌=‌ ‌constant‌ ‌lines,‌ ‌so,‌ ‌if‌ ‌you‌ ‌look‌ ‌at‌ ‌that‌ ‌effect,‌ ‌ 

)‌   ‌=‌ ‌  ‌=‌ ‌  ‌=‌ ‌ ‌an(Φt  ( ∂v
∂P )s  − 1

v2 ( ∂ρ
∂P )s

 − v2
a2  

 ‌  ‌at‌ ‌constant‌ ‌entropy‌ ‌is‌ ‌speed‌ ‌of‌ ‌sound,‌ ‌ ‌ ‌ ( ∂ρ
∂P )s

.a2   

 ‌ )‌ ‌ ‌ tan  (α) = an(Φt    

 ‌→‌ ‌u‌ ‌=a‌ ‌→‌ ‌M=1‌ ‌v2
u2

=   v2
a2

 

Again‌ ‌we‌ ‌find‌ ‌that‌ ‌at‌ ‌the‌‌point‌‌of‌‌maximum‌‌entropy‌‌Mach‌‌number‌‌equal‌‌to‌‌1.‌‌So,‌‌and‌‌that‌‌                                   

also‌‌represents‌‌a‌‌switch‌‌over‌‌point‌‌now‌‌between‌‌subsonic‌‌flow‌‌and‌‌the‌‌supersonic‌‌flow.‌‌So‌‌in‌‌                               

all‌‌the‌‌different‌‌cases‌‌variable‌‌area‌‌ducts‌‌or‌‌Fanno‌‌flow‌‌or‌‌Rayleigh‌‌flow‌‌Mach‌‌number‌‌equal‌‌                               

to‌ ‌1‌ ‌was‌ ‌a‌ ‌critical‌ ‌point‌ ‌in‌ ‌all‌ ‌these‌ ‌cases‌ ‌it‌ ‌is‌ ‌a‌ ‌critical‌ ‌point‌ ‌but‌ ‌they‌ ‌are‌ ‌different‌                                     

descriptions.‌‌So,‌‌they‌‌are‌‌not‌‌the‌‌same‌‌point‌‌.‌‌So,‌‌in‌‌a‌‌Fanno‌‌curve‌‌it‌‌has‌‌to‌‌follow‌‌a‌‌Fanno‌‌                                       

curve‌ ‌to‌ ‌get‌ ‌to‌ ‌point‌ ‌Mach‌ ‌number‌ ‌equal‌ ‌to‌ ‌1‌ ‌and‌ ‌then‌ ‌it‌ ‌is‌ ‌a‌ ‌critical‌ ‌point‌ ‌in‌ ‌the‌ ‌final‌ ‌curve.‌ ‌ 

‌ 

In‌ ‌a‌ ‌Rayleigh‌ ‌curve‌ ‌it‌ ‌has‌‌to‌‌follow‌‌a‌‌Rayleigh‌‌curve‌‌or‌‌a‌‌Rayleigh‌‌line‌‌and‌‌it‌‌has‌‌to‌‌reach‌‌                                       

Mach‌ ‌number‌ ‌equal‌ ‌to‌ ‌1‌ ‌which‌ ‌is‌ ‌a‌ ‌critical‌ ‌point.‌ ‌This‌ ‌point‌ ‌also‌ ‌corresponds‌ ‌to‌ ‌the‌‌                               

maximum‌‌qmax,‌‌qmax‌‌that‌‌is‌‌maximum‌‌heat‌‌added‌‌kind‌‌of‌‌situation‌‌here.‌‌So,‌‌if‌‌you‌‌add‌‌heat‌‌                                 

in‌ ‌a‌ ‌subsonic‌ ‌flow‌‌it‌‌drives‌‌the‌‌flow‌‌towards‌‌Mach‌‌number‌‌equal‌‌to‌‌1.‌‌Similarly‌‌if‌‌you‌‌add‌‌                                   

heat‌ ‌to‌ ‌a‌ ‌supersonic‌ ‌flow‌ ‌it‌ ‌also‌ ‌drives‌ ‌the‌ ‌flow‌ ‌towards‌ ‌Mach‌ ‌number‌ ‌equal‌ ‌to‌ ‌1.‌ ‌ 

‌ 

And‌‌the‌‌maximum‌‌heat‌‌that‌‌can‌‌be‌‌added‌‌corresponds‌‌the‌‌point‌‌where‌‌maximum‌‌entropy‌‌line‌‌                             

lies‌‌and‌‌that‌‌also‌‌is‌‌equal‌‌to‌‌one.‌‌So,‌‌the‌‌point‌‌why‌‌you‌‌get‌‌Mach‌‌number‌‌equal‌‌to‌‌1‌‌qmax‌‌is‌‌                                         

also‌ ‌on‌ ‌the‌ ‌same‌ ‌line‌ ‌is‌ ‌slightly‌ ‌different‌ ‌from‌ ‌the‌ ‌point‌ ‌where‌ ‌you‌ ‌if‌ ‌you‌ ‌consider‌ ‌an‌‌                                 

adiabatic‌ ‌flow‌ ‌like‌ ‌the‌ ‌frictional‌ ‌Fanno‌ ‌flow‌ ‌with‌ ‌friction‌ ‌you‌ ‌cannot‌ ‌have‌ ‌the‌ ‌flow‌ ‌going‌‌                             

smoothly‌ ‌from‌ ‌subsonic‌ ‌flow‌ ‌to‌ ‌supersonic‌ ‌flow‌ ‌in‌ ‌case‌ ‌of‌ ‌a‌ ‌Fanno‌ ‌flow.‌ ‌ 

‌ 

This‌‌is‌‌a‌‌Fanno‌‌flow‌‌and‌‌you‌‌have‌‌Smax‌‌and‌‌Mach‌‌number‌‌equal‌‌to‌‌1,‌‌subsonic‌‌branch‌‌is‌‌a‌‌                                     

supersonic‌‌branch‌‌and‌‌one‌‌cannot‌‌go‌‌from‌‌one‌‌branch‌‌to‌‌the‌‌other‌‌branch‌‌because‌‌this‌‌is‌‌an‌‌                                 

adiabatic‌ ‌flow‌‌and‌‌here‌‌entropy‌‌has‌‌to‌‌be‌‌always‌‌‌𝜟‌s‌‌has‌‌to‌‌be‌‌always‌‌greater‌‌than‌‌zero.‌‌So,‌‌                                   

this‌ ‌is‌ ‌the‌ ‌condition‌ ‌here‌ ‌but‌ ‌this‌ ‌is‌ ‌not‌ ‌an‌ ‌adiabatic‌ ‌flow‌ ‌but‌ ‌here‌ ‌only‌ ‌by‌ ‌means‌ ‌of‌ ‌heat‌‌                                     

addition‌‌one‌‌cannot‌‌go‌‌beyond‌‌Mach‌‌number‌‌equal‌‌to‌‌1‌‌because‌‌if‌‌you‌‌look‌‌at‌‌the‌‌stagnation‌‌                                 

curve‌ ‌that‌ ‌corresponds‌ ‌to‌ ‌maximum‌ ‌heat‌ ‌added.‌‌ ‌  

‌ 



So,‌‌you‌‌cannot‌‌add‌‌heat‌‌beyond‌‌q‌max‌ ‌maximum‌‌heat‌‌there‌‌are‌‌no‌‌solutions‌‌beyond‌‌that‌‌.‌‌So,‌‌                                 

you‌‌cannot‌‌move‌‌beyond‌‌subsonic‌‌to‌‌supersonic‌‌just‌‌by‌‌means‌‌of‌‌heat‌‌addition‌‌or‌‌supersonic‌‌                             

to‌ ‌subsonic‌ ‌just‌ ‌by‌ ‌means‌ ‌of‌ ‌heat‌ ‌addition‌ ‌the‌ ‌reason‌ ‌is‌ ‌somewhat‌ ‌it‌ ‌is‌ ‌a‌ ‌fine‌ ‌point‌ ‌it‌ ‌is‌‌                                     

somewhat‌ ‌different‌ ‌from‌ ‌the‌ ‌point‌ ‌why‌ ‌it‌ ‌is‌ ‌the‌ ‌same‌ ‌for‌ ‌the‌ ‌Fanno‌ ‌flow.‌‌ ‌  

(Refer‌ ‌Slide‌ ‌Time:‌ ‌24:38)‌ ‌ 

‌ 

So,‌ ‌now‌ ‌when‌ ‌we‌ ‌look‌ ‌at‌ ‌Rayleigh‌ ‌flows‌ ‌similar‌ ‌to‌ ‌Fanno‌ ‌flow‌ ‌now‌ ‌this‌ ‌has‌ ‌been‌ ‌a‌‌                                 

qualitative‌‌understanding‌‌but‌‌more‌‌or‌‌less‌‌all‌‌the‌‌different‌‌conditions‌‌of‌‌Rayleigh‌‌flow‌‌can‌‌be‌‌                             

understood‌‌by‌‌means‌‌of‌‌a‌‌Rayleigh‌‌curve‌‌similar‌‌to‌‌Fanno‌‌curve.‌‌If‌‌you‌‌understand‌‌this‌‌curve‌‌                               

thoroughly‌‌then‌‌you‌‌understand‌‌almost‌‌all‌‌aspects‌‌of‌‌Rayleigh‌‌flow.‌‌So,‌‌please‌‌learn‌‌to‌‌draw‌‌                             

these‌ ‌curves‌ ‌qualitatively‌ ‌and‌ ‌distinguish‌ ‌the‌ ‌various‌ ‌points.‌‌ ‌  

‌ 

So,‌ ‌now‌ ‌we‌ ‌what‌ ‌we‌ ‌want‌ ‌to‌ ‌do‌ ‌is‌ ‌solve‌ ‌situations‌ ‌where‌ ‌we‌ ‌come‌ ‌across‌ ‌Rayleigh‌ ‌flow.‌‌                                 

There‌‌the‌‌points‌‌would‌‌be‌‌that‌‌you‌‌would‌‌know‌‌how‌‌much‌‌amount‌‌of‌‌heat‌‌is‌‌added‌‌and‌‌you‌‌                                   

know‌‌points‌‌in‌‌region‌‌one.‌‌We‌‌would‌‌know‌‌want‌‌to‌‌know‌‌what‌‌happens‌‌to‌‌region‌‌2.‌‌So,‌‌this‌‌                                   

is‌ ‌a‌‌typical‌‌problem‌‌.‌‌Then‌‌how‌‌would‌‌we‌‌go‌‌about‌‌this‌‌particular‌‌problem.‌‌So,‌‌the‌‌guiding‌‌                                 

principle‌ ‌here‌ ‌is‌ ‌that‌ ‌Cp(‌ ‌T‌02‌ ‌‌-T‌01‌)‌ ‌=‌ ‌q.‌‌ ‌  

So,‌‌this‌‌is‌‌the‌‌guiding‌‌principle.‌‌Then‌‌we‌‌see‌‌all‌‌similar‌‌to‌‌the‌‌other‌‌cases‌‌we‌‌seek‌‌the‌‌ratios‌ ‌                                     

‌ ‌,‌ ‌ ‌they‌ ‌should‌ ‌be‌ ‌expressed‌ ‌solely‌ ‌as‌ ‌functions‌ ‌of‌ ‌M‌1‌,‌ ‌M‌2‌ ‌and‌ ‌γ.‌ ‌For‌‌a‌‌ ,  P 1

 P  2      T 1

 T  2      ρ1

 ρ  2                              

calorically‌‌perfect‌‌gas‌‌γ‌‌is‌‌a‌‌constant.‌‌Also‌‌ .‌‌So,‌‌that‌‌is‌‌what‌‌we‌‌wish‌‌to‌‌do‌‌and‌ ‌can‌‌                T 01

 T0  2                   T0  2    

be‌ ‌determined‌ ‌by‌ ‌using‌ ‌this‌ ‌particular‌ ‌equation.‌ ‌So,‌ ‌once‌ ‌you‌ ‌know‌ ‌ ,‌ ‌ can‌ ‌be‌‌                      T02   T 01

 T0  2    

determined‌ ‌if‌ ‌M‌1‌‌ ‌is‌ ‌known‌ ‌M‌2‌‌ ‌can‌ ‌be‌ ‌known.‌ ‌ 

‌ 



And‌‌this‌‌can‌‌be‌‌done‌‌but‌‌we‌‌would‌‌look‌‌at‌‌the‌‌equation‌‌soon‌‌we‌‌will‌‌find‌‌that‌‌again‌‌solving‌‌                                     

them‌ ‌is‌ ‌quite‌ ‌tedious‌ ‌task.‌ ‌So,‌‌we‌‌always‌‌use‌‌a‌‌reference‌‌point‌‌for‌‌the‌‌Rayleigh‌‌curve.‌‌The‌‌                                 

reference‌ ‌point‌ ‌is‌ ‌going‌ ‌to‌ ‌be‌ ‌the‌ ‌maximum‌ ‌entropy‌ ‌point‌ ‌where‌ ‌Mach‌ ‌number‌ ‌will‌ ‌also‌‌                             

become‌ ‌equal‌ ‌to‌ ‌1.‌ ‌So,‌ ‌for‌ ‌a‌‌given‌‌Rayleigh‌‌curve‌‌this‌‌point‌‌is‌‌fixed.‌‌It‌‌is‌‌a‌‌fixed‌‌point‌‌for‌‌                                       

that‌ ‌particular‌ ‌Rayleigh‌ ‌curve.‌‌ ‌  

‌ 

So,‌‌that‌‌is‌‌a‌‌reference‌‌point‌‌you‌‌have‌‌it‌‌in‌‌terms‌‌of‌‌star‌‌values.‌‌So,‌ ‌ ,‌ ‌ ‌and‌‌ .‌‌So,‌‌now‌‌                              P  
P *   T  

T *     ρ 
ρ*      

again‌ ‌clearly‌ ‌distinguish‌ ‌between‌ ‌all‌ ‌the‌ ‌different‌ ‌processes‌‌the‌‌star‌‌value‌‌that‌‌you‌‌got‌‌in‌‌a‌‌                               

variable‌ ‌area‌ ‌duct‌ ‌is‌ ‌due‌ ‌to‌ ‌an‌ ‌isentropic‌‌process.‌‌It‌‌is‌‌different‌‌from‌‌the‌‌star‌‌value‌‌you‌‌get‌‌                                   

when‌‌Mach‌‌number‌‌1‌‌is‌‌achieved‌‌in‌‌a‌‌Fanno‌‌flow,‌‌it‌‌is‌‌due‌‌to‌‌a‌‌process‌‌of‌‌having‌‌friction‌‌in‌‌a‌‌                                         

constant‌ ‌area‌ ‌duct.‌ ‌ 

‌ 

Similarly‌ ‌you‌ ‌can‌ ‌drive‌ ‌the‌ ‌flow‌ ‌to‌ ‌Mach‌‌number‌‌equal‌‌to‌‌1‌‌in‌‌the‌‌case‌‌when‌‌there‌‌is‌‌heat‌‌                                     

being‌ ‌added‌ ‌to‌ ‌the‌ ‌flow‌ ‌and‌ ‌in‌ ‌that‌ ‌case‌ ‌you‌ ‌get‌ ‌the‌ ‌Rayleigh‌ ‌flow‌ ‌and‌ ‌you‌ ‌get‌ ‌a‌ ‌Mach‌‌                                     

number‌‌equal‌‌to‌‌1‌‌in‌‌the‌‌case‌‌of‌‌Rayleigh‌‌flow‌‌also.‌‌These‌‌three‌‌conditions‌‌are‌‌not‌‌the‌‌same.‌‌                                   

So,‌ ‌do‌ ‌not‌ ‌ever‌ ‌take‌ ‌them‌ ‌to‌ ‌be‌ ‌the‌ ‌same.‌ ‌When‌ ‌you‌ ‌are‌ ‌considering‌ ‌Rayleigh‌ ‌flow‌ ‌and‌                                 

Rayleigh‌ ‌curve‌ ‌the‌ ‌star‌ ‌condition‌ ‌is‌ ‌corresponding‌ ‌to‌ ‌Rayleigh‌ ‌curve.‌ ‌ 

‌ 

When‌ ‌you‌ ‌are‌ ‌considering‌ ‌Fanno‌ ‌flow;‌ ‌it‌ ‌is‌‌corresponding‌‌to‌‌Fanno‌‌flow.‌‌So,‌‌this‌‌part‌‌you‌‌                               

have‌‌to‌‌take‌‌care.‌‌So,‌‌the‌‌equations‌‌how‌‌to‌‌solve‌‌them‌‌we‌‌will‌‌discuss‌‌in‌‌the‌‌next‌‌class‌‌and‌‌                                     

thank‌ ‌you.‌ ‌ 

‌ 

‌ 


