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Ouestion (1) 60 Mark)

A. Iior 3-dir-nensinal incompressible florv develop the continurtv and Navier-Stokes
equations in Cartesian coordinates. Reduce thc final fonns to steadf incornpressibic
flow, (20 Nlarks)

B. Explain how to develop the turbulent Reynolds-stresses tensol matlix in three-
dirnensional turbulent flow. (15 Marks)

C. To close the system of Reynolds-averaged Navier-Stokes cquat ions (RANS) siven in
quest ion (1-B),  we must l ind enough equat ious to solve lbr or i r  unknowns. Describe
how to develop a simple linear turbulence model for solving the RANS eqr.rations (k-e
turbulence rnodel). Define all terms in the developed eqr.tatious

Question (2)

(15 Nlar/la)

(50 Marls)
A. Give a buei-ontlir-re of the Blasir,rs solutior.r of lar.ninar boundary layer for flor,v over a flat plate

in the fom: ff + 2,f = 0. What arc the boundary conditions frorn which the analytical
solution can be developed. Write the function of the boundary layer and displacemeut
thicknesses developing in streamwise direction. (20 Marhs)

B. The velocity profile in a laminar boundary layer over a smooth flat plate (length L)
immersed parallel to the flor'v stream can be approximated by a for"ulh degree
polynomial velocity distribution as follows:

- t - '  :  a + b(+)-rc(4) '  t  dt ls ' *e(J l ;+
u_ '6  d  .  ' 6 ' ,

(l) Compute the coefficients a, b, c, d and e. (10 il,Iarks)
(II) Prove the validity of the fbl lowing relations: 6t I  5 :3 I l0 ,0 I 5 - 31 l3l5 .

0  r  X  : ) .+u /  V r< {  and  C ;  :  1 .37 l vmt .  where  C ,  i s  rhe  d ragcoe l ' t ) c i en r .

(10 Mark)
C. Discuss the drfferent regions in the boundary layer. Write the law of the wall, from

rvhich how do you derive the Clauser's plot relation? (10 Marl<s)
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