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We‌ ‌have‌ ‌been‌ ‌looking‌ ‌at‌ ‌1D‌ ‌flow‌ ‌with‌‌friction‌‌that‌‌is‌‌Fanno‌‌flow.‌‌We‌‌looked‌‌at‌‌the‌‌Fanno‌‌                                   

curve‌‌which‌‌thermodynamically‌‌shows‌‌how‌‌these‌‌flows‌‌behave‌‌when‌‌they‌‌are‌‌starting‌‌from‌‌                         

subsonic‌‌flow‌‌and‌‌supersonic‌‌flow.‌‌Then‌‌we‌‌looked‌‌at‌‌equations‌‌of‌‌Fanno‌‌flow.‌‌And‌‌now‌‌we‌‌                               

will‌ ‌look‌ ‌at‌ ‌how‌ ‌these‌ ‌look‌ ‌at‌ ‌these‌ ‌equations.‌ ‌And‌ ‌then‌ ‌come‌ ‌to‌ ‌the‌ ‌concept‌ ‌of‌ ‌what‌ ‌is‌‌                                   

known‌ ‌as‌ ‌frictional‌ ‌choking.‌‌ ‌  

(Refer‌ ‌Slide‌ ‌Time:‌ ‌01:00)‌ ‌ 

‌ 

So,‌‌bear‌‌in‌‌mind‌‌and‌‌there‌‌is‌‌it‌‌can‌‌be‌‌repeated‌‌many‌‌times‌‌because‌‌this‌‌is‌‌very‌‌an‌‌essential‌‌                                     

concept‌ ‌that‌ ‌you‌ ‌look‌ ‌at‌ ‌whenever‌ ‌you‌ ‌look‌ ‌at‌ ‌Fanno‌ ‌flows‌ ‌remember‌ ‌this‌ ‌curve.‌‌                           

Qualitatively‌‌it‌‌looks‌‌like‌‌this‌‌ ‌is‌‌a‌‌constant.‌‌And‌‌this‌‌is‌‌the‌‌way‌‌Ts‌‌looks‌‌like.‌‌Maximum‌‌          T 0                          

entropy‌ ‌point.‌ ‌Mach‌ ‌number‌ ‌is‌ ‌less‌ ‌than‌ ‌1,‌ ‌Mach‌ ‌number‌ ‌is‌ ‌greater‌ ‌than‌ ‌1.‌ ‌Here‌ ‌Mach‌‌                               

number‌ ‌increases,‌ ‌pressure,‌ ‌temperature‌ ‌decreases.‌ ‌Here‌ ‌Mach‌ ‌number‌ ‌decreases,‌ ‌pressure‌‌                   

and‌ ‌temperature‌ ‌increases.‌‌ ‌  

‌ 

So,‌‌this‌‌is‌‌a‌‌supersonic‌‌branch,‌‌this‌‌is‌‌subsonic‌‌branch.‌‌This‌‌concept‌‌is‌‌known.‌‌Then‌‌let‌‌us‌‌go‌‌                                   

ahead‌ ‌now‌ ‌and‌ ‌go‌ ‌towards‌ ‌different‌ ‌concepts‌ ‌of‌ ‌this‌ ‌friction.‌ ‌ 

(Refer‌ ‌Slide‌ ‌Time:‌ ‌01:54)‌ ‌ 



‌ 

‌The‌‌first‌‌thing‌‌that‌‌we‌‌have‌‌to‌‌understand‌‌here‌‌is‌‌look‌‌at‌‌now‌‌in‌‌this‌‌it‌‌is‌‌a‌‌1D‌‌flow‌‌.‌‌And‌‌we‌‌                                               

know‌‌that‌‌in‌‌supersonic‌‌flows‌‌one‌‌can‌‌always‌‌expect‌‌shock‌‌waves.‌‌And‌‌in‌‌1D‌‌flow‌‌we‌‌look‌‌                                 

at‌‌normal‌‌shocks.‌‌Now‌‌the‌‌question‌‌we‌‌can‌‌ask‌‌here‌‌is‌‌can‌‌a‌‌normal‌‌shock‌‌be‌‌present‌‌in‌‌a‌‌1D‌‌                                       

duct‌ ‌with‌ ‌friction‌ ‌?.‌ ‌So,‌ ‌when‌ ‌there‌ ‌is‌ ‌a‌ ‌frictional‌ ‌flow‌ ‌happening‌ ‌can‌ ‌there,‌ ‌be‌ ‌a‌ ‌normal‌‌                                 

shock.‌ ‌If‌ ‌there‌ ‌is‌ ‌a‌ ‌normal‌ ‌shock‌ ‌how‌ ‌will‌ ‌it‌ ‌get‌ ‌represented.‌ ‌  

‌ 

And‌ ‌that‌ ‌can‌ ‌be‌ ‌immediately‌ ‌understood‌ ‌because‌ ‌one‌ ‌thing‌‌is‌‌shocks‌‌are‌‌discontinuity.‌‌So,‌‌                           

they‌‌do‌‌not‌‌have‌‌any‌‌specific‌‌length‌‌or‌‌their‌‌discontinuous.‌‌So,‌‌since‌‌that‌‌is‌‌the‌‌case.‌‌And‌‌the‌‌                                   

other‌ ‌cases‌ ‌they‌ ‌saw‌ ‌they‌ ‌also‌ ‌satisfy‌ ‌the‌ ‌equation,‌ ‌ 

 ‌  ‌=‌ ‌  ‌   ‌;‌ ‌ρu‌ ‌=‌ ‌constant.‌ ‌uρ1 1 ρ2 u2  

 ‌And‌ ‌also,‌ ‌they‌ ‌also‌ ‌satisfy‌ ‌the‌ ‌equation,‌ ‌ 

‌constanth +   2
u 

2

=    

that‌ ‌is‌ ‌total‌ ‌enthalpy;‌ ‌it‌ ‌is‌ ‌an‌ ‌adiabatic‌ ‌flow.‌ ‌ 

‌ 

Now‌‌how‌‌did‌‌we‌‌draw‌‌the‌‌Fanno‌‌curve?‌‌We‌‌drew‌‌the‌‌final‌‌curve‌‌by‌‌just‌‌considering‌‌these‌‌2‌‌                                   

equations‌ ‌and‌ ‌then‌ ‌we‌ ‌consider‌ ‌G‌ ‌as‌ ‌a‌ ‌parameter.‌ ‌And‌ ‌rho‌ ‌can‌ ‌be‌ ‌varied‌ ‌correspondingly‌‌                             

whatever‌‌fits‌‌in‌‌that‌‌formed‌‌the‌‌Fanno‌‌curve.‌‌And‌‌therefore‌‌if‌‌you‌‌look‌‌at‌‌a‌‌normal‌‌shock‌‌and‌‌                                   

look‌ ‌at‌ ‌the‌ ‌equations‌ ‌that‌ ‌depict‌ ‌normal‌ ‌shock‌ ‌they‌ ‌are‌ ‌the‌ ‌same.‌ ‌So,‌ ‌that‌ ‌means‌ ‌normal‌‌                               

shock,‌ ‌the‌ ‌states‌ ‌of‌ ‌normal‌ ‌shock‌ ‌can‌ ‌be‌ ‌located‌ ‌on‌ ‌a‌ ‌Fanno‌ ‌curve.‌‌ ‌  

‌ 

So,‌‌that‌‌is‌‌a‌‌very‌‌straightforward‌‌inference‌‌that‌‌you‌‌can‌‌make‌‌out‌‌of‌‌this.‌‌And‌‌this‌‌point‌‌you‌‌                                   

can‌ ‌also‌ ‌understand‌ ‌by‌ ‌the‌ ‌fact‌ ‌that‌ ‌there‌ ‌are‌ ‌2‌ ‌branches‌‌in‌‌a‌‌Fanno‌‌curve.‌‌If‌‌you‌‌take‌‌this‌‌                                     



branch‌‌this‌‌is‌‌less‌‌than‌‌1.‌‌And‌‌there‌‌is‌‌a‌‌corresponding‌‌supersonic‌‌branch‌‌for‌‌M‌‌greater‌‌than‌‌                                 

1.‌‌So,‌‌one‌‌can‌‌always‌‌find‌‌2‌‌points‌‌right,‌‌one,‌‌say‌‌2‌‌and‌‌3‌‌here‌‌that‌‌corresponds‌‌to‌‌a‌‌normal‌‌                                       

shock‌ ‌states‌ ‌across‌ ‌a‌ ‌normal‌ ‌shock.‌ ‌So,‌ ‌if‌ ‌you‌ ‌have‌ ‌a‌ ‌duct‌ ‌and‌ ‌there‌ ‌is‌ ‌a‌ ‌the‌ ‌inlet‌ ‌is‌‌                                     

supersonic.‌‌ ‌  

‌ 

And‌‌there‌‌is‌‌a‌‌possibility‌‌of‌‌a‌‌shock‌‌occurring‌‌within‌‌the‌‌duct.‌‌Then‌‌that‌‌shock‌‌can‌‌be‌‌located‌‌                                   

on‌‌the‌‌Fanno‌‌curve.‌‌So,‌‌if‌‌you‌‌look‌‌at‌‌this‌‌particular‌‌the‌‌problem‌‌or‌‌this‌‌problem‌‌that‌‌is‌‌given‌‌                                     

over‌ ‌here‌ ‌the‌ ‌entry‌ ‌Mach‌ ‌number‌‌is‌‌greater‌‌than‌‌1‌‌that‌‌is‌‌a‌‌supersonic,‌‌M‌‌>‌‌1.‌‌Then‌‌first‌‌it‌‌                                       

passes‌ ‌through‌ ‌a‌ ‌duct‌ ‌of‌ ‌length‌ ‌L1.‌ ‌And‌ ‌a‌ ‌reaches‌ ‌a‌ ‌Mach‌ ‌number‌ ‌M‌2‌ ‌at‌ ‌which‌ ‌there‌‌is‌‌a‌‌                                     

shock.‌ ‌And‌ ‌across‌ ‌the‌ ‌shock‌ ‌you‌ ‌get‌ ‌conditions‌ ‌M‌3‌.‌‌ ‌  

‌ 

So,‌ ‌M‌2‌ ‌conditions‌ ‌2,‌ ‌conditions‌ ‌at‌ ‌3‌ ‌there‌ ‌is‌ ‌no‌ ‌change‌ ‌in‌ ‌length‌ ‌because‌ ‌shock‌ ‌is‌ ‌a‌‌                                 

discontinuity‌‌it‌‌is‌‌at‌‌that‌‌same‌‌location.‌‌And‌‌then‌‌you‌‌have‌‌a‌‌length‌‌L2‌‌.Now‌‌this‌‌L2‌‌at‌‌this‌‌                                     

particular‌‌point‌‌is‌‌having‌‌subsonic‌‌flow.‌‌So,‌‌this‌‌particular‌‌description‌‌of‌‌this‌‌problem‌‌can‌‌be‌‌                             

represented‌‌on‌‌a‌‌Fanno‌‌curve‌‌like‌‌this.‌‌So,‌‌starting‌‌from‌‌1‌‌it‌‌went‌‌along‌‌this‌‌Fanno‌‌line‌‌to‌‌the‌‌                                     

point‌ ‌2‌ ‌,‌ ‌the‌ ‌flow‌ ‌is‌ ‌still‌ ‌supersonic.‌ ‌ 

‌ 

But‌ ‌at‌ ‌this‌ ‌point‌ ‌a‌ ‌shock‌ ‌occurred‌ ‌and‌ ‌therefore‌ ‌you‌ ‌have‌ ‌this‌ ‌wiggly‌ ‌line‌ ‌of‌ ‌course‌ ‌you‌‌                                 

cannot‌‌put‌‌any‌‌line‌‌or‌‌anything‌‌across‌‌a‌‌shock‌‌it‌‌just‌‌jumps‌‌from‌‌point‌‌2‌‌to‌‌point‌‌3.‌‌So,‌‌it‌‌is‌‌                                         

located‌ ‌on‌ ‌the‌ ‌same‌ ‌Fanno‌ ‌curve‌ ‌because‌ ‌G‌ ‌is‌ ‌the‌ ‌same.‌ ‌So,‌ ‌same‌ ‌can‌ ‌occur.‌ ‌Look‌ ‌at‌ ‌the‌‌                                   

point‌ ‌2,‌ ‌3‌ ‌which‌ ‌is‌ ‌across‌ ‌the‌ ‌shock.‌ ‌Then‌ ‌further‌ ‌there‌ ‌is‌ ‌another‌ ‌flow‌ ‌or‌‌the‌‌Fanno‌‌flow‌‌                                   

which‌ ‌happens‌ ‌for‌ ‌length‌ ‌L2.‌‌ ‌  

‌ 

So,‌‌initially‌‌Mach‌‌number‌‌decreases‌‌in‌‌the‌‌supersonic‌‌flow‌‌there‌‌is‌‌a‌‌shock,‌‌there‌‌is‌‌a‌‌sudden‌‌                                 

jump‌ ‌Mach‌ ‌number‌ ‌becomes‌ ‌subsonic.‌ ‌Then‌ ‌after‌ ‌that‌ ‌Mach‌ ‌number‌ ‌increases‌ ‌pressure‌‌                       

slightly‌ ‌decreases.‌ ‌So,‌ ‌is‌ ‌possible‌ ‌to‌ ‌locate‌ ‌a‌ ‌shock‌ ‌in‌ ‌the‌ ‌context‌ ‌of‌ ‌supersonic‌ ‌flow‌ ‌in‌‌                               

constant‌ ‌area‌ ‌duct‌ ‌with‌ ‌friction‌ ‌or‌ ‌in‌ ‌the‌ ‌context‌ ‌of‌ ‌Fanno‌ ‌flow.‌‌ ‌  

(Refer‌ ‌Slide‌ ‌Time:‌ ‌07:25)‌ ‌ 



‌ 

And‌ ‌what‌ ‌happens‌ ‌actually‌ ‌if‌ ‌there‌ ‌is‌ ‌a‌ ‌shock‌ ‌that‌ ‌actually‌‌will‌‌see‌‌in‌‌a‌‌few‌‌moments.‌‌So,‌‌                                   

associated‌‌with‌‌this‌‌is‌‌the‌‌very‌‌important‌‌point‌‌of‌‌choking‌‌due‌‌to‌‌friction.‌‌So,‌‌in‌‌this‌‌context‌‌                                 

what‌‌is‌‌meant‌‌by‌‌choking?‌‌So,‌‌here‌‌if‌‌you‌‌had‌‌taken‌‌a‌‌look‌‌at‌‌the‌‌Fanno‌‌curve‌‌depicted‌‌here‌‌                                     

you‌ ‌know‌ ‌that‌ ‌there‌ ‌is‌ ‌a‌ ‌maximum‌ ‌entropy‌ ‌point‌ ‌which‌ ‌is‌ ‌corresponding‌ ‌to‌‌Mach‌‌number‌‌                             

equal‌ ‌to‌ ‌1.‌ ‌If‌ ‌I‌ ‌take‌ ‌any‌ ‌particular,‌ ‌I‌ ‌draw‌ ‌once‌ ‌again‌ ‌T-s.‌‌ ‌  

‌ 

And‌ ‌this‌ ‌is‌ ‌the‌ ‌Fanno‌ ‌curve‌ ‌and‌ ‌I‌ ‌take‌ ‌any‌‌arbitrary‌‌starting‌‌point‌‌say‌‌this‌‌is‌‌point‌‌number‌‌                                   

one.‌ ‌So,‌ ‌this‌ ‌is‌ ‌flow‌ ‌inside‌ ‌a‌ ‌duct.‌ ‌And‌ ‌let‌ ‌me‌ ‌take‌ ‌that‌ ‌at‌ ‌the‌ ‌end‌ ‌of‌ ‌the‌ ‌duct.‌ ‌So,‌ ‌L‌‌                                         

corresponds‌‌to‌‌L*‌‌which‌‌is‌‌the‌‌maximum‌‌length‌‌or‌‌length‌‌of‌‌L*‌‌where‌‌at‌‌the‌‌end‌‌of‌‌the‌‌duct‌‌                                     

Mach‌ ‌number‌ ‌equal‌ ‌to‌ ‌1.‌ ‌Mach‌ ‌number‌ ‌is‌ ‌1‌ ‌at‌ ‌the‌ ‌end‌‌of‌‌the‌‌duct.‌‌Now‌‌this‌‌is‌‌L*‌‌what‌‌it‌‌                                         

corresponds‌ ‌to‌ ‌is‌ ‌a‌ ‌maximum‌ ‌entropy‌ ‌point.‌‌ ‌  

‌ 

Now‌ ‌if‌ ‌you‌‌look‌‌at‌‌this‌‌curve‌‌and‌‌ask‌‌the‌‌question‌‌at‌‌this‌‌point‌‌if‌‌I‌‌increase‌‌the‌‌length‌‌by‌‌a‌‌                                         

small‌ ‌length‌ ‌delta‌ ‌L,‌ ‌what‌ ‌happens?‌ ‌Of‌ ‌course‌ ‌this‌ ‌cannot‌ ‌be‌ ‌done‌ ‌because‌ ‌there‌ ‌is‌ ‌no‌‌                               

solution‌ ‌on‌‌the‌‌right‌‌hand‌‌side.‌‌And‌‌also‌‌the‌‌other‌‌fact‌‌is‌‌that‌‌an‌‌initially‌‌subsonic‌‌flow‌‌can‌‌                                   

only‌ ‌go‌ ‌up‌‌to‌‌a‌‌maximum‌‌of‌‌Mach‌‌number‌‌equal‌‌to‌‌1.‌‌And‌‌you‌‌cannot‌‌go‌‌beyond‌‌that.‌‌So,‌‌                                     

there‌‌is‌‌a‌‌maximum‌‌length‌‌of‌‌the‌‌duct‌‌that‌‌one‌‌can‌‌give‌‌with‌‌a‌‌given‌‌friction‌‌for‌‌a‌‌particular‌‌                                     

in‌ ‌inlet‌ ‌condition‌ ‌or‌ ‌for‌ ‌a‌ ‌particular‌ ‌inlet‌ ‌condition‌ ‌which‌ ‌is‌ ‌L*.‌ ‌ 

‌ 

If‌ ‌one‌ ‌gives‌ ‌a‌ ‌length‌ ‌which‌ ‌is‌‌greater‌‌than‌‌L*,‌‌you‌‌do‌‌not‌‌have‌‌a‌‌solution‌‌in‌‌the‌‌context‌‌of‌‌                                       

this‌ ‌Fanno‌ ‌curve.‌ ‌Something‌ ‌must‌ ‌change‌ ‌otherwise‌ ‌that‌‌flow‌‌cannot‌‌happen.‌‌So,‌‌this‌‌fact;‌‌                           

that‌‌there‌‌is‌‌a‌‌maximum‌‌length‌‌for‌‌a‌‌given‌‌Fanno‌‌curve.‌‌Now‌‌Fanno‌‌curve‌‌is‌‌parameterized‌‌                               



by‌‌G.‌‌G‌‌is‌‌mass‌‌flux‌‌which‌‌is‌ ‌ ‌.‌‌So,‌‌for‌‌given‌‌mass‌‌flow‌‌rate‌‌there‌‌is‌‌A.‌‌And‌‌given‌‌static‌‌                A
ṁ                            

conditions‌ ‌at‌ ‌the‌ ‌inlet‌ ‌there‌ ‌is‌ ‌one‌ ‌particular‌ ‌maximum‌ ‌length‌ ‌condition.‌‌ ‌  

‌ 

So‌ ‌you‌ ‌cannot‌ ‌change‌ ‌this‌‌particular‌‌fact.‌‌So,‌‌how‌‌can‌‌this‌‌be‌‌changed?‌‌Then‌‌it‌‌changes,‌‌if‌‌                                 

you‌‌have‌‌this‌‌particular‌‌condition‌‌that‌‌you‌‌are‌‌a‌‌L*.‌‌And‌‌you‌‌want‌‌to‌‌change‌‌the‌‌length‌‌of‌‌the‌‌                                     

duct‌‌you‌‌can‌‌do‌‌it‌‌by‌‌one‌‌case‌‌is‌‌by‌‌changing‌‌the‌‌initial‌‌conditions‌‌you‌‌can‌‌move.‌‌The‌‌initial‌‌                                     

condition‌‌back‌‌which‌‌is‌‌equivalent‌‌to‌‌saying‌‌that‌‌there‌‌is‌‌an‌‌increase‌‌in‌‌pressure‌‌at‌‌one.‌‌So,‌‌if‌‌                                   

I‌ ‌say‌ ‌this‌ ‌is‌ ‌one‌ ‌prime.‌‌ ‌  

‌ 

So,‌‌then‌‌now‌‌if‌‌I‌‌move‌‌this‌‌back‌‌then‌‌my‌‌total‌‌length‌‌now‌‌increases.‌‌G‌‌is‌‌remaining‌‌the‌‌same‌‌                                     

in‌‌this‌‌case‌‌that‌‌means‌‌mass‌‌flow‌‌rate‌‌is‌‌remaining‌‌same‌‌for‌‌the‌‌duct.‌‌But‌‌now‌‌I‌‌have‌‌to‌‌give‌‌                                       

higher‌ ‌pressure.‌ ‌So,‌ ‌that‌ ‌means‌ ‌increased‌ ‌pumping.‌‌So,‌‌if‌‌that‌‌is‌‌not‌‌possible‌‌if‌‌you‌‌cannot‌‌                               

increase‌ ‌pressure.‌ ‌Then‌ ‌what‌ ‌you‌ ‌should‌ ‌what‌ ‌can‌ ‌be‌ ‌done‌ ‌is‌ ‌change‌ ‌in‌ ‌mass‌ ‌flow‌ ‌rate.‌ ‌ 

(Refer‌ ‌Slide‌ ‌Time:‌ ‌11:34)‌ ‌ 

‌ 

Because‌‌you‌‌can‌‌move‌‌to‌‌a‌‌different‌‌G‌‌curve‌‌which‌‌is‌‌a‌‌different‌‌Fanno‌‌line‌‌which‌‌has‌‌lower‌‌                                   

mass‌ ‌flow‌ ‌rate.‌ ‌So,‌ ‌this‌ ‌is‌ ‌schematically‌ ‌represented‌ ‌here.‌ ‌So,‌ ‌you‌‌have‌‌a‌‌stagnation‌‌given‌‌                             

stagnation‌ ‌conditions.‌ ‌So;‌ ‌where‌ ‌we‌ ‌have‌‌a‌‌certain‌‌P‌1‌ ‌,‌‌T‌1‌ ‌which‌‌is‌‌remaining‌‌constant.‌‌So,‌‌                               

initially‌ ‌this‌ ‌is‌ ‌the‌ ‌initial‌ ‌point‌ ‌started‌ ‌with‌‌2‌‌and‌‌goes‌‌to‌‌3‌‌here‌‌along‌‌the‌‌particular‌‌Fanno‌‌                                   

curve‌ ‌along‌ ‌this‌ ‌curve.‌‌ ‌  

‌ 

And‌ ‌if‌ ‌it‌ ‌goes‌ ‌to‌ ‌Mach‌ ‌number‌ ‌equal‌ ‌to‌ ‌1‌ ‌at‌ ‌3.‌ ‌Then‌ ‌it‌ ‌is‌ ‌the‌ ‌maximum‌ ‌length.‌ ‌Now‌ ‌the‌‌                                       

question‌‌is‌‌if‌‌we‌‌want‌‌to‌‌increase‌‌this‌‌length‌‌or‌‌suddenly‌‌you‌‌want‌‌to‌‌add‌‌more‌‌ducts.‌‌Then‌‌                                   



what‌‌will‌‌happen?‌‌Then‌‌this‌‌is‌‌not‌‌supported‌‌by‌‌these‌‌conditions‌‌one‌‌was‌‌of‌‌course‌‌to‌‌move‌‌                                 

it‌ ‌to‌ ‌another‌ ‌condition‌ ‌located‌ ‌somewhere‌ ‌here.‌ ‌But‌ ‌that‌ ‌is‌ ‌also‌ ‌not‌ ‌possible‌ ‌because‌ ‌here‌‌                             

stagnation‌ ‌conditions‌ ‌are‌ ‌getting‌ ‌fixed‌ ‌over‌ ‌here.‌‌ ‌  

‌ 

So,‌ ‌that‌ ‌the‌ ‌P‌0‌,‌‌T‌0‌ ‌are‌‌fixed.‌‌So,‌‌that‌‌is‌‌also‌‌not‌‌going‌‌to‌‌change.‌‌Then‌‌the‌‌only‌‌change‌‌that‌‌                                       

can‌‌be‌‌done‌‌here‌‌is‌‌to‌‌vary‌‌the‌‌duct‌‌length.‌‌So,‌‌though‌‌vary‌‌the‌‌G‌‌that‌‌is‌‌mass‌‌flow‌‌rate.‌‌So,‌‌                                         

if‌‌mass‌‌flow‌‌rate‌‌is‌‌varied.‌‌Then‌‌G‌‌can‌‌change,‌‌G‌‌decreases.‌‌So,‌‌since‌‌G‌‌decreases‌‌now‌‌you‌‌                                   

can‌‌you‌‌can‌‌see‌‌that‌‌the‌‌L‌‌*corresponding‌‌to‌‌this‌‌ ‌which‌‌is‌‌the‌‌new‌‌Fanno‌‌line‌‌at‌‌G‌‌which‌‌                     G′                    

is‌ ‌smaller‌ ‌prime‌  ‌  ‌is‌ ‌less‌ ‌than‌ ‌G‌ ‌if‌ ‌G‌ ‌is‌ ‌for‌ ‌this.‌ ‌And‌ ‌ is‌ ‌for‌ ‌this.‌‌ ‌ G′  G′   

‌ 

Then‌ ‌ ‌prime‌‌is‌‌greater‌‌than‌‌L*.‌‌So,‌‌you‌‌can‌‌add‌‌more‌‌ducts.‌‌So,‌‌if‌‌you‌‌add‌‌more‌‌ducts‌‌   L , * ′                                    

with‌ ‌all‌‌other‌‌conditions‌‌remaining‌‌constant‌‌mass‌‌flow‌‌will‌‌decrease.‌‌So,‌‌the‌‌idea‌‌here‌‌is‌‌in‌‌                               

subsonic‌‌flow‌‌initial‌‌subsonic‌‌flow‌‌if‌‌you‌‌have‌‌approached‌‌the‌‌choking‌‌point‌‌at‌‌the‌‌end‌‌of‌‌the‌‌                                 

duct‌‌that‌‌is‌‌the‌‌maximum‌‌possible‌‌length‌‌that‌‌can‌‌be‌‌sustained‌‌by‌‌that‌‌particular‌‌condition.‌‌If‌‌                               

you‌ ‌want‌ ‌to‌ ‌change‌ ‌anything‌ ‌to‌ ‌that‌ ‌particular‌ ‌like‌ ‌add‌ ‌more‌ ‌duct‌ ‌length.‌‌ ‌  

‌ 

Then‌ ‌it‌ ‌affects‌ ‌the‌ ‌upstream‌ ‌either‌ ‌you‌ ‌have‌ ‌to‌ ‌change‌ ‌the‌ ‌pressure‌ ‌increase‌ ‌the‌ ‌pressure‌‌                             

thereby‌‌move‌‌along‌‌the‌‌same‌‌Fanno‌‌curve.‌‌So,‌‌that‌‌you‌‌get‌‌additional‌‌length‌‌of‌‌the‌‌duct.‌‌Or‌‌                                 

the‌ ‌other‌ ‌cases‌ ‌move‌ ‌to‌ ‌a‌ ‌different‌ ‌Fanno‌ ‌line‌ ‌but‌ ‌you‌ ‌would‌ ‌see‌ ‌that‌ ‌mass‌ ‌flow‌ ‌rate‌‌                                 

decreases‌ ‌in‌ ‌the‌ ‌other‌ ‌Fanno‌ ‌line‌ ‌which‌ ‌is‌ ‌ decreases.‌ ‌So,‌ ‌that‌ ‌is‌ ‌this‌ ‌is‌ ‌frictional‌ ‌choking.‌‌ ‌ G′   

(Refer‌ ‌Slide‌ ‌Time:‌ ‌14:45)‌ ‌ 

‌ 



And‌‌now‌‌you‌‌see‌‌what‌‌happens‌‌if‌‌the‌‌initial‌‌flow‌‌inside‌‌is‌‌supersonic.‌‌And‌‌you‌‌get‌‌a‌‌choked‌‌                                   

flow‌ ‌at‌ ‌the‌ ‌end‌ ‌of‌ ‌the‌ ‌duct‌ ‌then‌‌how‌‌can‌‌you‌‌look‌‌at‌‌this‌‌particular‌‌problem.‌‌In‌‌supersonic‌‌                                   

flows‌‌you‌‌have‌‌another‌‌medium‌‌or‌‌another‌‌solution‌‌which‌‌can‌‌help‌‌in‌‌this‌‌manner‌‌or‌‌in‌‌this‌‌                                 

matter‌‌what‌‌is‌‌that?‌‌That‌‌is‌‌the‌‌shock,‌‌because‌‌you‌‌have‌‌this‌‌sort‌‌of‌‌condition.‌‌So,‌‌if‌‌you‌‌are‌‌                                     

at‌ ‌already‌ ‌at‌ ‌L*‌ ‌and‌ ‌then‌ ‌you‌ ‌try‌ ‌to‌ ‌increase‌ ‌the‌ ‌duct‌ ‌length.‌ ‌Then‌ ‌you‌ ‌can‌ ‌have‌ ‌shocks‌‌                                   

formed‌ ‌in‌ ‌the‌ ‌duct‌ ‌and‌ ‌transferring‌ ‌the‌ ‌supersonic‌ ‌flow‌ ‌to‌ ‌a‌ ‌subsonic‌ ‌flow.‌ ‌ 

‌ 

And‌‌then‌‌again‌‌you‌‌have‌‌an‌‌additional‌‌L*‌‌associated‌‌with‌‌the‌‌subsonic‌‌flow.‌‌So,‌‌for‌‌example‌‌                               

it‌‌is‌‌as‌‌is‌‌given‌‌here‌‌if‌‌you‌‌take‌‌a‌‌Mach‌‌,‌‌M‌‌=‌‌2.18‌‌flow,‌‌it‌‌has‌‌a‌‌value‌‌of‌‌ .‌‌But‌‌if‌‌                                          .356D
4fL*

= 0      

a‌ ‌normal‌ ‌shock‌ ‌were‌ ‌to‌ ‌occur‌ ‌at‌ ‌this‌ ‌particular‌ ‌point.‌ ‌And‌ ‌then‌ ‌the‌ ‌value‌‌of‌‌ ‌after‌‌the‌‌                              D
4fL*

     

normal‌ ‌shock‌ ‌would‌ ‌be‌ ‌0.728.‌ ‌So,‌ ‌there‌ ‌is‌ ‌an‌ ‌additional‌ ‌length‌ ‌that‌ ‌is‌ ‌now‌ ‌possible‌ ‌to‌ ‌be‌‌                                 

accounted‌ ‌for‌ ‌but‌ ‌you‌ ‌would‌ ‌of‌ ‌course‌ ‌get‌ ‌a‌ ‌normal‌ ‌shock‌ ‌inside‌ ‌the‌ ‌duct.‌‌ ‌  

‌ 

So,‌‌in‌‌supersonic‌‌flows‌‌if‌‌you‌‌have‌‌a‌‌choke‌‌condition‌‌that‌‌is‌‌Mach‌‌number‌‌equal‌‌to‌‌one‌‌at‌‌the‌‌                                     

exit‌ ‌length‌ ‌is‌ ‌maximum‌ ‌L*.‌‌And‌‌you‌‌try‌‌to‌‌increase‌‌the‌‌length‌‌a‌‌little‌‌bit.‌‌Then‌‌it‌‌can‌‌form‌‌                                     

shocks‌ ‌within‌ ‌the‌ ‌duct.‌ ‌And‌ ‌amount‌ ‌of‌ ‌duct‌ ‌added‌ ‌will‌ ‌lead‌ ‌to‌ ‌how‌ ‌where‌ ‌the‌ ‌shock‌ ‌is‌‌                                 

located.‌ ‌And‌ ‌it‌ ‌can‌ ‌go‌ ‌further‌ ‌upstream.‌‌ ‌  

(Refer‌ ‌Slide‌ ‌Time:‌ ‌16:57)‌ ‌ 

‌ 

So,‌ ‌that‌ ‌is‌ ‌about‌ ‌the‌ ‌concept‌ ‌of‌ ‌frictional‌ ‌choking‌ ‌and‌ ‌now.‌ ‌We‌ ‌look‌ ‌at‌ ‌these‌ ‌influence‌‌                               

coefficients.‌ ‌How‌ ‌these‌‌influence‌‌coefficients‌‌are‌‌derived‌‌is‌‌a‌‌matter‌‌which‌‌we‌‌discussed‌‌in‌‌                           

the‌‌case‌‌of‌‌varying‌‌area‌‌ducts.‌‌You‌‌can‌‌use,‌‌you‌‌can‌‌write‌‌down‌‌the‌‌equations‌‌for‌‌variations‌‌                                 



of‌ ‌Mach‌ ‌number,‌ ‌pressure,‌ ‌density‌ ‌temperature.‌ ‌Express‌ ‌them‌ ‌as‌ ‌an‌ ‌equation‌ ‌as‌ ‌a‌ ‌matrix‌‌                           

equation.‌ ‌And‌ ‌then‌ ‌use‌ ‌Kramer's‌ ‌rule‌ ‌to‌ ‌solve‌ ‌them‌ ‌with‌  ‌ .‌‌ ‌D
4fdx   

‌ 

So,‌ ‌here‌ ‌this‌ ‌term‌ ‌ is‌ ‌the‌ ‌governing‌ ‌parameter‌ ‌or‌ ‌the‌ ‌driver.‌ ‌And‌ ‌that‌ ‌drives‌ ‌all‌ ‌these‌‌        D
4fdx                        

influence‌ ‌influences‌ ‌all‌ ‌these‌ ‌parameters.‌‌ ‌  

(Refer‌ ‌Slide‌ ‌Time:‌ ‌17:52)‌ ‌ 

‌ 

And‌‌how‌‌does‌‌it‌‌affect‌‌this‌‌something‌‌we‌‌discussed‌‌in‌‌detail.‌‌That‌‌when‌‌Mach‌‌number‌‌is‌‌less‌‌                                 

than‌ ‌1,‌ ‌initially‌ ‌subsonic‌ ‌flow‌ ‌you‌ ‌get‌ ‌a‌ ‌increase‌ ‌in‌ ‌Mach‌ ‌number,‌ ‌increase‌ ‌in‌ ‌velocity,‌‌                             

pressure,‌ ‌temperature,‌ ‌density‌ ‌decreases.‌ ‌And‌ ‌entropy‌ ‌will‌ ‌increase.‌ ‌F‌ ‌is‌ ‌the‌ ‌impulse‌‌                       

function‌ ‌that‌ ‌decreases.‌ ‌Now‌ ‌if‌ ‌you‌ ‌consider‌ ‌the‌ ‌case‌‌of‌‌a‌‌supersonic‌‌flow,‌ ‌starting‌‌with‌‌a‌‌                               

supersonic‌ ‌flow.‌ ‌Then‌ ‌Mach‌ ‌number‌ ‌and‌ ‌velocity‌ ‌decrease,‌ ‌pressure,‌ ‌temperature,‌ ‌density‌‌                     

will‌ ‌increase‌ ‌and‌ ‌entropy‌ ‌always‌ ‌increases.‌‌ ‌  

(Refer‌ ‌Slide‌ ‌Time:‌ ‌18:39)‌ ‌ 



‌ 

So,‌‌quickly‌‌let‌‌us‌‌look‌‌at‌‌a‌‌very‌‌simple‌‌problem‌‌before‌‌going‌‌on‌‌to‌‌more‌‌complex‌‌problems‌‌                                 

in‌‌the‌‌subsequent‌‌sections.‌‌So,‌‌a‌‌circular‌‌duct‌‌passes‌‌8.25‌‌kg/sec‌‌of‌‌air.‌‌So,‌‌ ‌is‌‌given‌‌here‌‌                             ṁ        

‌,at‌ ‌an‌ ‌exit‌ ‌Mach‌ ‌number‌ ‌,‌ ‌M‌2‌ ‌=‌ ‌0.5‌ ‌.Entry‌ ‌pressure‌ ‌and‌ ‌temperature‌ ‌are‌‌.25 kg sec  ṁ = 8 /                              

three‌‌point‌‌four‌‌five‌‌bar‌‌and‌‌thirty‌‌eight‌‌degree‌‌centigrade‌‌respectively.‌‌And‌‌the‌‌coefficient‌‌of‌‌                             

friction,‌ ‌  ‌.‌ ‌.005  f ′ = 0  

‌ 

So,‌ ‌ ,‌ ‌M‌1‌‌ ‌is‌ ‌given,‌  ‌Mach‌ ‌number‌ ‌at‌ ‌entry‌ ‌is‌ ‌0.15.‌ ‌P‌1‌‌ ‌=3.45‌ ‌bar.‌‌ ‌.005  f ′ = 0   

And‌ ‌T‌1‌ ‌ ‌=‌ ‌38‌ ‌‌o‌C‌   ‌.‌ ‌ 

 ‌ ‌ ‌ ṁ =   uρ1 1   

So,‌ ‌temperature‌ ‌T‌1‌‌ ‌=‌ ‌311.‌‌ ‌  

So,‌ ‌now‌ ‌we‌ ‌need‌ ‌to‌ ‌find‌ ‌diameter.‌ ‌So,‌ ‌we‌ ‌need‌ ‌to‌ ‌find‌ ‌A.‌ ‌ 

‌ρ1 =   P 1
RT 1

 

 ‌And‌ ‌  ‌is‌ ‌given‌ ‌by‌ ‌,‌ ‌  ‌.‌‌ ‌u1 a M  M  u1 =   1  1 =   1√γRT 1   

‌ 

So,‌ ‌you‌ ‌can‌‌express‌‌this.‌‌So,‌‌you‌‌get‌‌A‌1‌ ‌=‌ ‌ .‌‌So,‌‌substitute‌‌here‌‌this‌‌is‌‌for‌‌air.‌‌                         ṁ
 M

P1
RT1 1√γRT 1

               

So,‌ ‌air‌ ‌ ,‌ ‌R‌ ‌=‌ ‌287‌ ‌substitute‌ ‌these‌ ‌numbers‌ ‌here.‌‌ ‌.4γ = 1   

A‌1‌ ‌ ‌=‌  ‌  ‌=‌ ‌0.04025‌ ‌m‌2‌ ‌8.25
3.865 x 0.15 √1.4x287x311  

So,‌ ‌diameter‌ ‌you‌ ‌can‌ ‌find‌ ‌out‌ ‌from‌ ‌here,‌ ‌ 

D‌ ‌=‌ ‌22.64‌ ‌cm‌‌ ‌  

So,‌ ‌this‌ ‌is‌ ‌the‌ ‌diameter‌ ‌of‌ ‌duct.‌ ‌ 

(Refer‌ ‌Slide‌ ‌Time:‌ ‌22:18)‌ ‌ 



‌ 

Now‌ ‌what‌ ‌is‌ ‌the‌ ‌length‌ ‌of‌ ‌the‌ ‌duct?‌ ‌Length‌ ‌of‌ ‌the‌ ‌duct,‌ ‌We‌ ‌have‌ ‌the‌ ‌particular‌ ‌equation‌‌                                 

which‌ ‌is‌ ‌L‌ ‌is‌ ‌equal‌ ‌to‌ ‌L1‌ ‌*‌ ‌-‌ ‌L2‌ ‌*‌ ‌or‌ ‌you‌ ‌can‌ ‌write‌ ‌this‌ ‌as,‌ ‌ 

 ‌   ‌=‌ ‌ .‌ ‌Now‌ ‌M‌1‌‌ ‌we‌ ‌know‌ ‌it‌ ‌is‌ ‌0.15‌ ‌and‌ ‌M‌ ‌‌2‌‌ ‌we‌ ‌know‌ ‌it‌ ‌is‌ ‌0.5,‌ ‌D
4fL   ∣ 

∣  D
4fL*  ∣ 

∣ 1 −  ∣ 
∣  D

4fL*  ∣ 
∣ 2 =    

‌ 

‌therefore‌ ‌we‌ ‌just‌ ‌have‌ ‌to‌‌find‌‌this‌‌ ‌you‌‌can‌‌look‌‌at‌‌tables‌‌or‌‌you‌‌can‌‌take‌‌a‌‌calculator‌‌                D
4fL*

                       

you‌ ‌can‌ ‌look‌ ‌at‌ ‌the‌ ‌online‌ ‌calculator‌ ‌you‌ ‌can‌ ‌plug‌ ‌in‌ ‌this‌ ‌values‌ ‌γ‌ ‌and‌ ‌M.‌‌ ‌  

‌ ‌=‌ ‌27.285‌ ‌8.334 .069  D
4fL = 2 − 1  

So,‌ ‌from‌ ‌here‌ ‌L‌ ‌can‌ ‌be‌ ‌calculated,‌ ‌ 

i.e.‌ ‌L‌ ‌=‌  ‌=‌ ‌308.8662‌ ‌m‌ ‌4 x 0.005
27.285 x 0.2264   

‌ 

Now‌‌what‌‌are‌‌the‌‌pressures‌‌and‌‌temperatures‌‌how‌‌do?‌‌We‌‌get‌‌to‌‌that.‌‌So,‌‌we‌‌need‌ ‌this‌‌is‌‌                              P 1

P 2      

nothing‌ ‌but‌  ‌ .‌ ‌And‌ ‌these‌ ‌values‌ ‌can‌ ‌be‌ ‌directly‌ ‌found‌ ‌out.‌ ‌  P 1

P 2 =  
P*
P1
P*
P2

 

 ‌=‌ ‌1.008‌ ‌bar‌ ‌ x 3.45 P 2 =   7.319
2.138  

Similarly‌ ‌ can‌ ‌be‌ ‌expressed‌ ‌as,‌‌ ‌T 1

T 2   

‌ ‌T 1

T 2 =  
P*
P1
T*
T2

  

‌ x 311 297.59 K    T 2 = 1.143
1.1945 =    

And‌‌please‌‌understand‌‌that‌‌these‌‌star‌‌values‌‌are‌‌for‌‌the‌‌Fanno‌‌curve‌‌that‌‌is‌‌this‌‌star‌‌value‌‌is‌‌                                   

corresponding‌ ‌to‌ ‌this‌ ‌is‌ ‌the‌ ‌star‌ ‌value‌ ‌in‌ ‌a‌ ‌Fanno‌ ‌curve.‌ ‌And‌ ‌don’t‌ ‌confuse‌ ‌this‌ ‌with‌ ‌star‌‌                                 



values‌ ‌in‌ ‌an‌ ‌isentropic‌ ‌flow.‌ ‌So,‌ ‌they‌ ‌are‌‌different‌‌but‌‌this‌‌is‌‌completely‌‌tabulated.‌‌So,‌‌you‌‌                               

can‌ ‌get‌ ‌these‌ ‌values.‌ ‌So,‌ ‌from‌ ‌here‌ ‌if‌ ‌you‌ ‌substitute‌ ‌the‌ ‌values‌ ‌you‌ ‌can‌ ‌get‌ ‌.‌‌ ‌  

‌ 

‌So,‌ ‌this‌ ‌should‌ ‌be‌ ‌keeping‌ ‌with‌ ‌the‌ ‌fan‌ ‌of‌ ‌flow‌ ‌that.‌ ‌We‌ ‌had‌ ‌learnt‌‌that‌‌initially‌‌subsonic‌‌                                   

flow‌‌Mach‌‌number‌‌is‌‌0.15.‌‌Across‌‌the‌‌duct‌‌Mach‌‌number‌‌will‌‌increase,‌‌pressure‌‌decreases‌‌,‌‌                             

temperature‌ ‌decreases.‌ ‌So,‌ ‌we‌ ‌are‌ ‌good‌ ‌it‌ ‌is‌ ‌in‌ ‌keeping‌ ‌with‌ ‌that‌ ‌particular‌‌equation.‌‌Now‌‌                             

what‌ ‌is‌ ‌about‌ ‌stagnation‌ ‌pressure‌ ‌loss,‌ ‌that‌ ‌stagnation‌ ‌pressure‌ ‌loss‌ ‌is‌ ‌,‌ ‌  ‌=‌ ‌ ‌P 01

P 02
P01
P*0

P02
P*0  

‌ 

And‌ ‌from‌ ‌this‌ ‌you‌ ‌can‌ ‌get‌ ‌the‌ ‌same‌ ‌way‌ ‌that‌ ‌you‌ ‌did‌ ‌for‌‌ .‌‌Now‌‌this‌‌is‌‌in‌‌Fanno‌ ‌flow.‌ ‌                          P 1

P 2              

have‌ ‌You‌ ‌refer‌ ‌to‌ ‌Fanno‌ ‌flow‌ ‌conditions‌ ‌get‌‌ .‌‌And‌‌therefore‌‌you‌‌can‌‌find‌‌                .196  barP 02 = 1            

out‌‌what‌‌is‌‌the‌‌‌𝛻‌ ‌=‌‌-2.31‌‌bar,‌‌ decreases.‌‌So,‌‌decrease‌‌of‌‌pressure‌‌stagnation‌‌pressure‌‌        P 0          P 0              

which.‌ ‌So,‌ ‌this‌‌can‌‌be‌‌found.‌‌So,‌‌this‌‌is‌‌a‌‌very‌‌simple‌‌problem‌‌of‌‌a‌‌subsonic‌‌flow‌‌now.‌‌We‌‌                                     

look‌ ‌at‌ ‌other‌ ‌problems‌ ‌in‌ ‌the‌ ‌next‌ ‌class,‌ ‌thank‌ ‌you.‌ ‌ 


