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ptlyu,"rniial v*:locitv pr,-rfi1e of a laininnr botui<Jary layel over a smooth flat plate
(len,gth n-,) iurmersed parallel to the f'[ou,streaur can be approxirnateclby a third ciegree
e:q iration as fol ior,r,'s :

# :  a , ,  t  a , r { l+ , , , ( * ) '  +o.( { ) '
lJ-, , ' ' - r\ r

(l) C,:rrnpute tlre unknown r:onslarrts (Sl\rfa*s)
({f} I-letet"t'niue ilre local boundary layel thickness" the displacernent thickness ancl the

nronrentnm thickness" (B ly,larks)
([1I] Cornpute tire drag coefficieut oi'the plate" C., . (d Ntrarks)

lJ.  Discuss the di f fbrent t 'esious in thc boundary laycr.  Wri te the lau'of the wal i ,  f iorn
r,vlriclr irow clo you cierive the Clauser''s plot relation'J (10 hfrar}'r)

{J ,  G iv r :abr ie f  o r - t t l i neo f  theBlas iusso ln t ionof  lan i rnarboundar l ' l aye l tb r f lo r r  overa t la tp la te
in the iblm: ft' +2 i :0. What are the boLur,,iary contlitions flonr which the analytical
solnticu cau be clei'elopecl. Write thc firnt:tion of the boundan' layer aud displacement
thickl.r t)ssers develop ing in strcarnwise dile c ti on (20 hfarks)

,rL" Fot' .l-clitnensiual iucompressibie flow develop the continuity and Navier.-stohes
r:qtlalious in Caltesiatt coorditrates. Recluce the l.rnal fomts to steady incomplessible
florr'r. e0 h,larlts)

ni" Explain houz to develop the tulbulent Reynolds-stresses tensor matrix in rhree-
clinrensional tulbulent flor,v. (lS NLartr<s)

C. To ciose tlle system of Reynolcls-averased Navier-stokes ecluatioris (RANS) given in
qttestiott (Z-ts). we tnust find enough equations to solve for our utrlcro'uvns. Describe
ltorti ti,, rleveiop a siurple linear tnlbulcncc nroclel for solving the RANS equations (k-e
turbuience model). Deflne all teuns in the developed equations (15 |Vfarlis)
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