EA 332 Learning Objectives
Spring 2007


Prerequisites

· Integrate and differentiate basic functions analytically (i.e., by hand).

· Apply Taylor series expansion to an analytic function.

· Use small-perturbation theory to simplify analytic expressions.

· Write the first law of thermodynamics in terms of heat addition, work, and energy.
· Express the second law of thermodynamics in terms of heat addition and entropy change.
· Be able to work in standard English units (British Gravitational System) or metric units (SI).
· Define fluid.

· Write out the equation of state for an ideal gas; define ideal gas.

Fundamentals

1. Express the assumptions for a thermally perfect gas and a calorically perfect gas.

2. Define enthalpy; express it in terms of the temperature and specific heat at constant pressure.

3. Define entropy; express it in terms of state properties of a fluid.

4. Define the following processes: adiabatic, isothermal, isobaric, isentropic.

5. Write out the Reynolds Transport Theorem for a generic extensive property, 
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; Explain the meaning of each term. Reduce for a steady, 1D process.

6. Write the full expression for the conservation of mass; evaluate the control surface integrals; reduce to the 1-D, steady continuity equation and apply it.

7. Write the full expression for the conservation of energy; evaluate the control surface integrals; reduce to the 1-D, steady, adiabatic energy equation and apply it.
8. Identify the effects of heat addition (and losses) and external shaft work on the energy equation formulation.
9. Write the full expression for the balance of momentum; evaluate the control surface integrals; reduce to the 1-D, steady momentum equation and apply it.
10. Identify the effects of losses on the momentum equation formulation.

11. Identify and evaluate the different external forces that can act on the control surface, both normal and tangential to the boundary.
Isentropic Flow

12. Define polytropic process; specify the relationship for isentropic flow.

13. Explain how entropy changes can be divided into two categories; define and interpret each part.

14. State the criteria for isentropic flow; define adiabatic and reversible processes.

15. Derive the isentropic relationships; use them to relate pressure, density, and temperature between two points in isentropic flow.
16. Express the conditions for arriving at the stagnation reference state.

17. Derive the formula for the speed of sound by analyzing the flow through a weak (sound) wave; define the Mach number; identify the different flow regimes based on the Mach number.

18. Calculate the speed of sound and Mach number at a given temperature.

19. Derive the isentropic stagnation relationships (in terms of the Mach number), starting from the energy equation.

20. Define static, total, and stagnation properties.
21. State what happens to the following properties as the Mach number varies in an isentropic flow: static pressure, static temperature, velocity, total pressure, total temperature.
22. Reduce the isentropic stagnation relationship for pressure to Bernoulli’s equation for small, non-zero Mach numbers.

23. Sketch the enthalpy-entropy diagram for a given process.

24. Define the stagnation reference state, in terms of an enthalpy-entropy diagram.

25. Explain and implement the isentropic flow tables (Appendix G, NACA 1135).

26. Relate the change in entropy to the change in total pressure.
Quasi-1D Flow

27. Define quasi-1D flow (varying-area adiabatic flow).

28. Explain the physical implications of the velocity-area relation.

29. State qualitatively how the area ratio affects the Mach number in quasi-1D flow.

30. Define choked flow; state the conditions for maintaining choked flow; identify when the choked-flow assumption can be used.

31. Write out the critical ratios in pressure, temperature, and density for sonic flow (i.e., the * reference conditions).

32. Implement the sonic reference conditions in solving choked and un-choked quasi-1D flow problems (e.g., by using ratio “recipes”).

33. Implement the stagnation reference conditions in solving choked and un-choked quasi-1D flow problems (e.g., by using ratio “recipes”).

34. Define the sonic reference state, in terms of an enthalpy-entropy diagram.

35. Calculate the subsonic and supersonic solutions for a given area ratio; identify what factors affect which solution is present.

36. Relate the change in sonic reference area to the change in total pressure.
Moving and Oblique Shocks

37. Apply velocity superposition to transform the reference frame of supersonic flow and utilize the relations developed for standing normal shocks to analyze moving normal shocks.
38. Analyze flow property changes resulting from moving normal shocks, including the relative variation in flow properties between reference frames used to analyze the flow.
39. Apply tangential velocity superposition to analyze an oblique shock flow system.

40. Sketch an oblique shock and define the shock angle and deflection angle, and describe the relationship between shock angle and deflection angle for increasing upstream Mach number.
41. Distinguish between a weak oblique shock, a strong oblique shock and a detached shock and describe the conditions required for each to occur.
42. List the methods which are required to alter the direction of supersonic flow.

43. Analyze flow property changes resulting from a single oblique shock and compare it to the flow property changes resulting from a multiple oblique shock flow system with an equivalent total deflection angle.
44. State what operating conditions will cause an oblique shock to form at a supersonic nozzle exit.
Prandtl-Meyer Flow

45. Explain the relationship between entropy and pressure changes with deflection angles for very weak oblique shocks.
46. Describe the effect on supersonic flow properties (including entropy) resulting from changes in flow direction, both into and away from the original flow.

47. Explain and illustrate (by sketching the flow and on a T-s diagram) how supersonic flow can be turned isentropically through finite turns (with finite pressure ratios) both into the flow and away from the flow (compressions & expansions).
48. Describe the differential relation between Mach number (M) and flow turning angle (ν) for Prandtl-Meyer flow.

49. Explain the significance of the angle ν.
50. Solve typical Prandtl-Meyer flow problems by the use of the appropriate equations and tables.

51. Apply governing boundary conditions (both free and physical/pseudo-physical boundaries) to analyze supersonic flow to draw the wave forms and solve for flow properties in each discrete region. 
52. Compute the forces (lift and drag) generated by an airfoil in supersonic flow.
Fanno Flow

53. List the assumptions made in the analysis of Fanno Flow.

54. Apply the assumptions for Fanno Flow to manipulate the general equations of continuity, energy and momentum to obtain basic relations valid for any fluid in Fanno Flow.

55. Sketch a Fanno line in the h-ν and the h-s planes.  Identify the sonic point, the * reference location, trends for increasing/decreasing mass velocity, and regions of subsonic and supersonic flow.
56. Explain the variation of static and stagnation pressure, static and stagnation temperature, static and stagnation enthalpy, static density, velocity and Mach number along a Fanno line. Explain these trends for both subsonic and supersonic flow.

57. Define friction factor, equivalent diameter, absolute and relative roughness, absolute and kinematic viscosity, and Reynolds number, and know how to determine each.
58. Explain friction choking and the describe some possible consequences of adding additional duct in choked Fanno flow for both subsonic and supersonic flow.

59. Solve typical Fanno flow problems by use of the appropriate tables and equations.

Rayleigh Flow

60. List the assumptions made in the analysis of Rayliegh Flow.

61. Apply the assumptions for Rayliegh Flow to manipulate the general equations of continuity, energy and momentum to obtain basic relations valid for any fluid in Rayliegh Flow.

62. Sketch a Rayliegh line in the p-ν and the h-s planes.  Include lines of constant entropy and constant temperature (for a typical gas) and corresponding stagnation curves.  Identify the sonic point, the * reference location, and regions of subsonic and supersonic flow.

63. Explain the variations in fluid properties that occur as flow progresses along a Rayliegh line for the case of heating and cooling. Explain these trends for both subsonic and supersonic flow.

64. Explain thermal choking and the describe some possible consequences of adding additional heat in choked Rayliegh flow for both subsonic and supersonic flow.

65. Solve typical Rayleigh flow problems by use of the appropriate tables and equations.
Linearized Subsonic Flow

66. Define irrotational flow.

67. List the assumptions for compressible potential flow; identify the implications of using the velocity potential function in flow analysis.

68. Write out the velocity components in terms of the velocity potential function.

69. Outline the method of approach for small perturbation theory as applied to compressible flow.

70. Write out the compressible velocity potential equation; define the regimes of applicability for this equation.

71. Express the small perturbation representation of the pressure coefficient in terms of the perturbation velocity potential function; apply to linearized subsonic flow problems.

72. Identify the implications of transforming from a compressible to an incompressible frame of reference for subsonic compressible perturbation analysis.

73. Apply the Prandtl-Glauert rule for compressibility corrections to aerodynamic coefficients.

74. Identify alternatives to the Prandtl-Glauert rule for compressibility corrections to the pressure coefficient.
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