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INTRODUCTION & REVIEW OF THERMODYNAMICS

0. Introduction:
compressible fluid, compressible flows, sound speed and Mach no., classification of
flow regimes by flow speed

1. Review of Thermodynamics:
fundamentals, perfect-gas assumption, internal energy and enthalpy, Laws of
Thermodynamics, entropy and 2™ law of thermodynamics, thermodynamic relations,
adiabatic and isentropic processes, mixtures of perfect gases

CONSERVATION LAWS & GOVERNING EQUATIONS FOR COMPRESSIBLE
FLOW

2. Governing Equations of Fluid Motion:
some important mathematical theorems, integral forms of conservation laws,
conservation laws applied to a surface of discontinuity, jump conditions across a surface
of discontinuity, differential forms of flow equations, vorticity and velocity potential
function, Bernoulli equation for compressible flow, Crocco’s theorem, concept of strong

& weak solutions of differential equation

1-D GASDYNAMICS

3. 1-D Gasdynamics:
basic equations for 1-D inviscid adiabatic flow, sonic state & stagnation state, normal
shock, normal shock relations, Rankine-Hugoniot relations across a normal shock,
steady 1-D duct flow with heat addition, steady 1-D duct flow with wall friction,
Rayleigh line & Fanno line, choking phenomenon, steady 1-D duct flow with mild area
change (quasi-1-D flow), area-Mach no. relation, flow through a convergent-divergent
nozzle, effect of diffuser

WAVE EQUATIONS & CHARACTERISTICS

4. Unsteady 1-D Wave Motion:
propagating normal shock wave, flow properties relations across a propagating shock,
unsteady 1-D wave equations for isentropic flow, acoustic theory (linearized wave
motion), characteristic lines of linearized wave equations, isentropic wave of finite
amplitude (local linearization analysis of wave motion), nonlinear isentropic wave




equations, solution by characteristics method, formation of shock (development of
discontinuity in solution), expansion waves, simple & non-simple waves, shock-tube
problem
5. Steady 2-D Waves in Supersonic Flow:

Mach wave & Mach angle, oblique shock wave and expansion waves (expansion fan),
oblique shock relations, weak oblique shock, shock polar (Hodograph plane method),
reflection and intersection of oblique shocks, Mach reflection (A-shock), Prandtl-Meyer
expansion waves (fan), shock-expansion theory, shock-expansion waves interactions,
reflection of waves on free boundary, shock wave — boundary layer interaction,
characteristics & compatibility equations for 2-D supersonic flow, method of
characteristics, weak-wave approximation of characteristics (cell method), design of
supersonic wind tunnel by characteristics method

SMALL PERTURBATIONS & LINEARIZED POTENTIAL FLOW

6. Linearized Irrotational (Potential) Flow:
(nonlinear) velocity-potential equation for compressible irrotational flow, linearized
velocity-potential equation, linearized pressure coefficient and boundary conditions,
examples- subsonic & supersonic flows past wavy wall, flow past a 2-D thin airfoil
(thin-airfoil theory), similarity rules in linearized 2-D flow, Prandtl-Glauert rule and
Gothert rule, flow past a body of revolution (slender-body flow)

CONICAL FLOW

7. Conical Flow:
property of conical flow, basic equations for conical flow, Taylor-Maccoll equation,
numerical-solution procedure for conical flow, some physical aspects of supersonic
cone flow

FURTHER TOPICS

8. Further Topics:
some physical aspects of transonic flow, transonic similarity, small-perturbation
ity-potential equation for transonic flow, hypersonic flow

‘Modern Compressible Flow’, J. D. Anderson, 3™ ed., McGraw-Hill 2003.

%% % : (1) ‘Elements of Gasdynamics’, H. W. Liepmann & A. Roshko, CIT Press 1957.
(Dover 2002)
(2) “The Dynamics and Thermodynamics of Compressible Fluid Flow’, Volume I &
II, A. H. Shapiro, John Wiley & Sons 1953.
(3) ‘Mathematical Theory of Compressible Fluid Flow”, R. von Mises, Academic
Press 1958.
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e Introduction — (Anderson):
definition of compressible fluid, compressibility, sound Ch.1
speed & Mach no., classification of flow regimes, common | (Liepmann &
1 solution methods for compressible flow Roshko):
¢ Review of Thermodynamics — Ch.1

some basic assumptions in Thermodynamics, internal
energy and enthalpy, Laws of Thermodynamics, entropy
and 2nd law

e Review of Thermodynamics — (Anderson):
Thermodynamic relations, adiabatic process, isentropic Ch.1,
relation, Maxwell relations, mixtures of perfect gases Ch.2

2 ¢ Governing equations of fluid motion —
some important theorems, Reynolds transport theorem,
Reynolds transport theorem for immaterial volume,
integral forms of the conservation laws
¢ Governing equations of fluid motion — (Anderson):
3 conservation laws applied to a surface of discontinuity, Ch.6
jump conditions, differential forms of the flow equations
(divergence form & convective form)
¢ Governing equations of fluid motion — (Anderson):
4 entropy equation, vorticity and velocity potential function, | Ch.6
Bernoulli equation, Crocco’s theorem, strong & weak
solutions of a differential equation




¢ 1-D Gasdynamics ——
basic equations for inviscid adiabatic flow, sonic and

(Anderson):
Ch.3

5 stagnation state variables, normal shock relations, increase | (Liepmann &
of entropy across a normal shock, Rankine-Hugoniot Roshko):
relations across a normal shock Ch.2

e Steady 1-D duct flow with heat addition — (Anderson):
basic equations, effect of heat transfer, solution by using Ch.3

6 tabulated values, Rayleigh curve, choking phenomenon (Liepmann &

e Steady 1-D duct flow with wall friction — Roshko):
basic equations, effect of wall friction Ch.2

7 e 4/5 8 2 i

e Steady 1-D duct flow with wall friction — (Anderson):
solution by using tabulated values, Fanno curve, choking Ch.3,
phenomenon Ch.5

8 e Steady 1-D duct flow with mild area change (quasi-1-D | (Liepmann &
flow) — Roshko):
basic equations, isentropic flow through duct with variable | Ch.2,
cross-section area, area-Mach no. relation Ch.5

e Steady 1-D duct flow with mild area change (quasi-1-D | (Anderson):
ﬂow) — Ch5,
flow through a convergent-divergent nozzle, choking Ch.7

9 phenomenon, effect of diffuser (Liepmann &

e Unsteady 1-D wave motion — Roshko):
propagating normal shock, flow properties across a Ch.5,
propagating normal shock, moving piston problem Ch.3

e Unsteady 1-D wave motion — (Anderson):
unsteady 1-D wave equation for isentropic flow, acoustic Ch.7

10 theory (linearized wave motion), characteristic lines of (Liepmann &
linearized wave equations, linearized shock-tube problem, | Roshko):
isentropic wave of finite amplitude (local linearization Ch.3
analysis of wave motion), formation of shock

¢ Unsteady 1-D wave motion — (Anderson):
nonlinear analysis of isentropic wave, inviscid Burger’s Ch.7

11 equation, formation of shock (development of (Liepmann &
discontinuity in solution), solution of nonlinear wave Roshko):
equations, characteristic curves & compatibility equations | Ch.3

¢ Unsteady 1-D wave motion — (Anderson):
characteristics method for solving wave equations, Ch.7

12 centered expansion waves (expansion fan), incident and (Liepmann &
reflected expansion waves, simple & non-simple wave Roshko):
regions, shock-tube problem Ch.3

e Steady 2-D waves in supersonic flow — (Anderson):
Mach wave & Mach angle, analogy between 1-D unsteady | Ch.4
13 wave & 2-D stationary wave in supersonic flow (Liepmann &
e Steady 2-D waves in supersonic flow — Roshko):
Ch.4

oblique shock wave & expansion waves (expansion fan),
oblique shock relations




e Steady 2-D waves in supersonic flow —

(Anderson):

weak oblique shock, shock polar, Hodograph plane, Ch.4

14 reflection & intersection of oblique shocks, shock polar (Liepmann &
and pressure-deflection diagrams, Prandtl-Meyer Roshko):
expansion fan, Prandtl-Meyer function Ch.4

e Steady 2-D waves in supersonic flow — (Anderson):
shock-expansion theory, shock-expansion waves Ch.4,
interaction, reflection of waves on free boundary, shock Sec.11.3~11.7

15 wave - boundary layer interaction (Liepmann &

e Steady 2-D waves in supersonic flow — Roshko):
characteristics & compatibility equations of isentropic Ch.4,
supersonic flow Ch.12

e Steady 2-D waves in supersonic flow — (Anderson):
method of characteristics, weak-wave approximation of Sec.11.3~11.7

16 characteristics (cell method), example — design of (Liepmann &
supersonic wind tunnel Roshko):
Ch.12

e Linearized Irrotational (Potential) Flow — (Anderson):
nonlinear velocity-potential equation for compressible Ch.3,
irrotational flow, linearized velocity-potential equation, Ch.9

17 linearized pressure coefficient and boundary conditions, (Liepmann &
examples- subsonic & supersonic flows past wavy wall Roshko):

e Linearized Irrotational (Potential) Flow — Ch.g,
compressible flow past a 2-D thin airfoil (thin airfoil Sec.4.17
theory), subsonic & supersonic cases
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