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Fanno Line S

Flows with Friction (No Heat Transfer)

.:’ (hl +71):(h2 +72) = ho
Mass| p.Vi=p,V, l

Momentum | I[P —P, + R/A =pV(V, - V)
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Fanno Line e
Equation of State | h | —————————-
M<1
h =h(S,p) .
h M=1
p=p(S,P)
Selectav, M>1
Mass = p, S
Energy = h, - :
State = S, Point 2 could be any point

on Fanno Line
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Adiabatic Flos with Friction St Adiabatic Floms with Friction Steekse

Energy Equation

P P+dP
C,dT +VdV =0 !

Momentum Equation p I P+dP

PA—-(P+dP)A -t ndx =pVA(V+dV-V)

Continuity Equation — o 4%“% 4 VAV =0
pV = Const. m —+—=0
p VvV .\
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Adiabatic Flows with Friclion Seises Adiabatic Flows with Friction Seetsen
Equation of State P =pRT 5 Equationsfor | [dM dv dT dP dp
5 Unknowns M V' T P p
dP_dp dT
P p T .:} o T R— DM fix
: P 2(1-M*) D
Mach Number | |M? =%
2dM 2dV  dT l:} e e sz-le fdx
MV T MM D
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E) [ v
T 2(1-M?) D
dp__dV__ kMPfdx

p vV 2(1-M?» D

dp, _dp, kM fdx

P, Py 2 D
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The effects of friction on the properties of Fanno flow

Property Subsonic Supersonic
Velocity, V Increase Decrease
Mach number, Ma Increase Decrease
Stagnation temperature, Ty Constant Constant
Temperature, T Decrease Increase
Density, p Decrease Increase
Stagnation pressure, P, Decrease Decrease
Pressure, P Decrease Increase
Entropy, s Increase Increase
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Mach Number-Distance Relationship

fL* 1-M’

2
k+1ln (k+1)M

D, kM’

2k (2+(k-1)M?)

fis found from

Equation

Moody Diagram || 1 _ 1.8lo 69 S/D 1.11
or Haaland \/f N g & R 3.7

c

Full Rough, high Re
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Adiabatic Flows with Friction Sssen
Property -
Ratios E _ L( k+1 j
P M2+ (k-1)M?
T  (k+1)
T 2+(k-1)M’
VvV _ p _ k+1 2
V'op 2+(k—1)M2j
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Table 3 To2/Tol=1
M T/T* P/P. Po/P o VIV* fL*/D
0 1.2 00 © 0 o0
0.02 1.199 54.77 28.9 0.022 | 17734
0.5 1.143 2.14 1.34 0.535 1.069
1 1 1 1 1 0
3 0.428 0.22 4.23 1.964 0.522
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sothermal [ows with Frigtion Stekses

Mach Number-Distance Relationship

fL* 1-kM?
D kM?

+In(kM?)

Mass Flow Rate

P P 1/2
= il A
RT[fL/D+2In(P,/P,)]
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Concluding Remarks

¢ Compressible Flows with Friction

¢ Fanno Line

¢ Mach Number-Distance Relationship
¢ Mass Flow Rate

¢ Pipe Lines with Friction
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