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!\nswer allLJucstions - Assume reasonabk values for ungiven data:

1- a) Specify important characteristics of laminar flow. Give examples where such flow is
encountered. (5 Marks)

b) For the laminar poundary layer on Cl flat plate at zero incidence derive the values of

c/-l/~~ , ('I.J/?, 0 J /?\ ' .9.."- rR" J:? [R; and H for the velocity distribution:
x x x

where l;' , . is the I'rl'l' strc.un \elncit: .. " is the distance measured normal to the wall. 11 is the
vclocitv <It tile disraucc r and 6 is the boundarv layer thickness. (20 Marks)

2-(1) Drive ,111 expression for pressure drop for a steady two-dimensional laminar flow
between two fixed parallel plates. (5 Marks)

b) /vsmooth ll.u plate with n "harp leading edge is placed at zero incidence in a free stream
01" water Il()\\il1!;! (It .L;; III Is. Determine the distance I"r0111the leading edge where the transion
lrom lanimar to turbulent may commence. The viscosity of water is I centipoise. (l centipoise
.~ I 0-' P~l.s)
Calculate the boundary layer thickness at the transion point. (20 Marks)

3-a) Sketch the boundary layer separation in a diverging chanel by showing at least three
different vclocit , profile». (5 Marks)

b) Water approaches an iulinitcl ,: long and thin flat plate with uniform velocity U.

i-Dctcrminc the vclocitv distribution 11(.1') in the boundary layer given by:

1I(y)/L' -. a .\"-'-1- b Y -I- C .

ii- Boundary layer displacement thickness.
iii- !1ol1llllar\ 1<I\n momentum thickness.
iv- \A'hal is the llux ofmass (per unit length olplat ) across the boundary layer?
\- Calculate the nl<!t!llitude aIIII the direction or the force needed to keep the plate in place,

(20 Marks)

4-a). Differentiate between the characteristics of larninar and turbulent boundary layers.
(5 Marks)

b) Air at 20°(' and I (//11/ (u 1((\ flows past
the fla! plate in I:ig. P4, under lamiuar conditions.
There arc two equally spaced pilot stagnation
tubes, each placed 2 mm I"r0111the wall. The
manometer fluid is water at 200

( '. l.ct the knovvn
datu he {' 1" 111.\ ellld,!J I ~ 11/1/1 o l water. l ':«:
this inlonuutiou to dcrcrmiuc (a) I.. ill ctn. (h) li-.
In 111I11. (10 Marks)

Fig. P4

\ -



c) The one-seventh-power law could approximate the turbulent boundary layer profile:

For the above velocity profile. find:
i) The displacement thickness 8. momentum thickness O and shape factor H.
ii) The skin friction coefficient Crand drag coefficient en. (10 Marks)
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The Blasius Velocity Profile.
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Equations of motion

Continuity Equation:

x-rnorneutum:
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