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            Unit II Flow in Constant Area Ducts with Friction F low in a constant area duct with friction in the absence of work transfer and heat transfer across the boundaries is known as Fanno flow. Fanno flow occurs in many engineering Industrial plants, air craft propulsion engines, air conditioning systems. transport of fluids in chemical process plants and various type of flow machinery, etc. FannoCurves The following assumptions are made to represent the locus of the state points occurring in a Fanno flow. (1) Constant area duct, (ii) One dimensional steady flow with friction, (iii) Perfect gas with constant specific heats and molecular weight. (iv) Adiabatic flow, (v) Absence of heat transfer, work transfer and body forces. From continuity equation, The above equation is a fanno line equation. The given mass velocity (G), stagnation enthalpy (h and density val are substituted in the above equation and a curve is drawn in the h-s plane is shown in Fig. 4.1. The velocity at F is sonic velocity a* and the velocity in between A to F is subsonic ar shown in fig. When the initial velocity is subsonic *(A to F), the effect of\friction increase the velocity and decreases the pressure and it goes upto the maximum entropy 
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Unit IIFlow in Constant Area Ducts with FrictionF low in a constant area duct with friction in the absence of work transfer and heattransfer across the boundaries is known as Fanno flow.Fanno flow occurs in many engineering Industrial plants, air craft propulsion engines, airconditioning systems. transport of fluids in chemical process plants and various type offlow machinery, etc.FannoCurvesThe following assumptions are made to represent the locus of the state points occurring ina Fanno flow.(1) Constant area duct,(ii) One dimensional steady flow with friction,(iii) Perfect gas with constant specific heats and molecular weight.(iv) Adiabatic flow,(v) Absence of heat transfer, work transfer and body forces. From continuity equation,
 The above equation is a fanno line equation.The given mass velocity (G), stagnation enthalpy (h and density val are substituted in theabove equation and a curve is drawn in the h-s plane is shown in Fig. 4.1.The velocity at F is sonic velocity a* and the velocity in between A to F is subsonic arshown in fig. When the initial velocity is subsonic *(A to F), the effect of\frictionincrease the velocity and decreases the pressure and it goes upto the maximum entropy
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point F. On th other hand, the initial velocity is supersonic *(B to F), the effect of frictionincreases the pressure and decreases the velocity as it goes upto the sonic point M = iiThe processes, ir the direction F to A and F to B are not possible. because, during thatprocesses the change ir entropy will be negative. This violates second law ofthermodynamics.
 From the above, it is seen that the upper branch of the Fanno line represent subsonicwhereas the lower branch represent supersonic. But the final state for both the processesends with sonic state.Fanno curves are drawn for different values of mass flow density (G) are shown in Fig.4.2. When increases, the velocity increases and pressure decreases in the subsonic region.When G’ increases, the pressure increases and velocity decreases in the subsonic
 region.
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Fig. 4.3 showsthe variation of flow properties in Fanno flow processes along the insulated duct. Aninfinitesimal element of flow is considered at a distance x’ from state I. The changesbetween states I and 2, 1 and F and 2 and F are finite but across the control volume thechanges are infinitesimal.
 The changes in flow properties in the above process are shown on the h-s diagram in Fig.4.4. The pressures and stagnation pressures for different states are shown in fig. onsubsonic region only. The same can be shown for supersonic region also. The followingdifferential flow parameters are expressed as follows.
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I 4 1Variation of Flow PropertiesThe above flow parameters P. T, p. C, P F are expressed by the ratio of actual state to thecritical state. The flow properties are14.4.1 I TemperatureThe ratio of stagnation temperature to static temperature for any state is given by
 14-4.31 Velocity and DensityFrom continuity equation. the mass flow density G = p x C and G* p* C’Since area of the duct is constant along the fanno line, therefore.
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Impulse Functionknow that, the impulse function
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Change of Entropy
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IVariation of Mach Number with Duct LengthThe flow distances for section 1 (L max) and section 2 (L max) are measured frc criticalstate where the flow is chocked i.e. M = 1. Continuous process is not possible 1 M = 1.because, the change in entropy after this point will be negative. This violates law ofthermodynamics.From equation (4.22),
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46 Isothermal Flow in a Constant Area Duct with FrictionSince the flow occurs in long ducts and the thermodynamic properties of the fluid variesbecause of heat transfer and area variation, the static temperature remains constant. Acomplete analysis for variable area isothermal flow is very difficult and hence, a constantarea sothermal flow is assumed. This type of flow is also called a Diabatic flow withfriction. The difference between isothermal flow with fanno flow are:
 The T-S diagram for isothermal flow with friction is shown in Fig. 4.5. Since thetemperature is constant. therefore, the flow processes are represented by a straighthorizontal line is shown in fig. The various constant pressure lines are also shown in fig.
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QUESTIONS AND PROBLEMS1.Give three examples of Fanno flow in thermal systems; give reasonsjustifying Fanno flow in each of these cases.
 2. Derive an equation describing a Fanno curve. Show three Fanno curveson the temperature-entropy coordinates at three mass flow densities.
 3. Show that the upper and lower branches of a Fanno curve represent sub - sonic andsupersonic flows respectively. Prove that at the maximum entropy point the Machnumber is unity and all processes approach this point.
 4. How would the state of a gas in a flow change from the supersonic to subsonic branch?
 5. Derive the following equations for Fanno flow:
 6. The friction factor for a 25 mm diameter 11.5 m long pipe is 0.004.The conditions of air at entry are: Pi = 2.0 bar, T = 301 K, M 0.25Determine the a)mass flow rate, and the pressure, temperature and the Mach number atexit. (b) state of air at exit, and(c) mass flow rate through the duct.
 7 A long pipe of 25.4 mm diameter has a mean coefficient of friction of0.6t Air enters the pipe at a Mach number of 2.5, stagnation temperature310 K and static pressure 0.507 bar. Determine for a section at which the Mach numberreaches 1.2,(a) static pressure and temperature,(b) stagnation pressure and temperature,(c) velocity of air,(d) distance of this section from the inlet
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(e) mass flow rate of air
 8. A circular duct of 13.4 cm diameter is fed with air by a supersonic nozzle. Thestagnation pressure at the nozzle entry and static pressures at sections 5 D and 33 Ddownstream are 7.00, 0.245 and 0.50 bar respectively. The nozzle throat diameter is 6.46cm. Determine (a) Mach numbers at the two sections downstream of the nozzle (b) themean value of the skin friction between the two sections. Assume isentropic flow uptothe nozzle throat and adiabatic in the rest.
 9 Air at a pressure of 685 mbar and temperature 310 K enters a 60 cm diameter duct at aMach number of 3.0. The flow passes through a normal shock wave at a section L metresdownstream of the entry wher the Mach number is 2.5. The Mach number at the exit (at adistance L metres downstream of the shock) is 0.8. The mean coefficient of skin frictionis 0.005. Determine(a) the lengths L and L(b) state of air at exit, and(c) mass flow rate through the duct.
 10Using the formulas,for isothermal frictional flow in constant area ducts obtain thefollowing limiting values at M= 1
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