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Syllabus of Ph.D. Qualification Examination (SJTU-ME)
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Exam Topic Advanced Engineering Fluid Mechanics
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Exam Format

Closed-book exam, 1 hour
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Exam Target 1. The capability to build physical models.of fluid flow problems using
mass, momentum and energy conservation laws.
2. The capability to find analytical solution to fluid flow models by
math tools, including tensor analysis, complex function, statistics
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1. Basic concepts of fluid flow: definition of fluid, continuum
hypothesis, viscosity, compressibility.
2. Vector and tensor analysis: vector geometric operation, tensor
algebraic operation, tensor calculus, curvilinear coordinate system,
Lame coefficients
3. Fluid kinematics: Euler and Lagrangian description, material

derivative, decomposition of velocity gradient, Reynolds transport
theorem, flow lines (streamlines, pathlines and streakline), vorticity
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and vortices.

4. Differential and integral balance of fluid motion: continuity
equation, momentum equation, energy equation, constitutive
equation of Newtonian fluid.

5. Potential flow: velocity potential and stream function, basic potential
flows and their superposition, complex velocity, Blasius theorem,
Kutta-Zhukovskii theorem, conformal transformation, Zhukovskii
transformation and Zhukovskii airfoil.

6. Vertical flow of ideal fluid: Thomson theorem, vorticity field,
vorticity line, vorticity tube, Karman vortex street.

7. Exact solution of viscous incompressible flow: Couette flow,
Poiseuille flow, axis-symmetric flow, Stokes’ first problem, Stokes’
second problem, stagnation flow.

8. Laminar boundary layer: boundary layer thickness, boundary layer
equations and their similarity solution, stability of laminar boundary,
laminar-turbulent transition.

9. Turbulence: characteristics of turbulence, statistical analysis of
turbulence, isotropic turbulence, turbulence modeling, bounded
turbulence and free turbulence.

10. Flow of ideal compressible fluid: propagation of infinitesimal
disturbance and sonic speed, propagation of finite disturbance,
formation of shock wave, normal shock wave, oblique shock wave.
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