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                                                                       Chapter 17
                                                                                        COMPRESSIBLE FLOW


                                                                                Objectives
          F      or the most part, we have limited our consideration so
                 far to flows for which density variations and thus com-
                 pressibility effects are negligible. In this chapter we lift
          this limitation and consider flows that involve significant
          changes in density. Such flows are called compressible flows,
                                                                                The objectives of Chapter 17 are to:
                                                                                • Develop the general relations for compressible flows
                                                                                  encountered when gases flow at high speeds.
          and they are frequently encountered in devices that involve
          the flow of gases at very high velocities. Compressible flow          • Introduce the concepts of stagnation state, speed of sound,
          combines fluid dynamics and thermodynamics in that both                 and Mach number for a compressible fluid.
          are necessary to the development of the required theoretical          • Develop the relationships between the static and stagnation
          background. In this chapter, we develop the general relations           fluid properties for isentropic flows of ideal gases.
          associated with one-dimensional compressible flows for an             • Derive the relationships between the static and stagnation
          ideal gas with constant specific heats.                                 fluid properties as functions of specific-heat ratios and
             We start this chapter by introducing the concepts of stag-           Mach number.
          nation state, speed of sound, and Mach number for com-
                                                                                • Derive the effects of area changes for one-dimensional
          pressible flows. The relationships between the static and
                                                                                  isentropic subsonic and supersonic flows.
          stagnation fluid properties are developed for isentropic flows of
          ideal gases, and they are expressed as functions of specific-         • Solve problems of isentropic flow through converging and
          heat ratios and the Mach number. The effects of area                    converging–diverging nozzles.
          changes for one-dimensional isentropic subsonic and super-            • Discuss the shock wave and the variation of flow properties
          sonic flows are discussed. These effects are illustrated by             across the shock wave.
          considering the isentropic flow through converging and                • Develop the concept of duct flow with heat transfer and
          converging–diverging nozzles. The concept of shock waves                negligible friction known as Rayleigh flow.
          and the variation of flow properties across normal and oblique
                                                                                • Examine the operation of steam nozzles commonly used in
          shocks are discussed. Finally, we consider the effects of heat
                                                                                  steam turbines.
          transfer on compressible flows and examine steam nozzles.
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     850        |       Thermodynamics
                                                         17–1      ■
                                                                       STAGNATION PROPERTIES
                                                         When analyzing control volumes, we find it very convenient to combine the
                                                         internal energy and the flow energy of a fluid into a single term, enthalpy,
                                                         defined per unit mass as h  u  Pv. Whenever the kinetic and potential
                                                         energies of the fluid are negligible, as is often the case, the enthalpy repre-
                                                         sents the total energy of a fluid. For high-speed flows, such as those
                                                         encountered in jet engines (Fig. 17–1), the potential energy of the fluid is
                                                         still negligible, but the kinetic energy is not. In such cases, it is convenient
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