Winter 1978
J. P. Johnston

Advanced Fluids Engineering

FINAL_EXAN

Notes: 1) This exam should consume not move than 6 hours. Note time spent.

on cover of blue book. Correct solution of two out of the three
problems 1s worth 80% of total.

2) Use of notes and books permitted.

3) Write up solutions in blue book.

4) Local students‘(ingiuding Honors Coop) turn in exam te‘my
secretary, Ann Ibaraki, Roem 501C, by 11:30 a.m. on Thursday,
Harch 22.

Remote Tocation T.V. students, be sure exam is in my hands no
later than March 30th.

5) Course grades: Problem Sets - 60%
Exam - 40%
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Problem §

Consider two-dimensional, steady, incompressible, laminar flow about a
circular ¢cylinder at high Reynolds ﬁ&m@@r, Re = an/v . Uo is the free-
stream speed far from the cylinder and a is the vradius of the cylinder.

Assume that the velocity distribution at the cylinder surface (cutside

the boundary layer) is given by the ideal, potential flow distribution,
g,o0o= 2&8 sin o,

where o 15 the angle measuved fvom the forward stagnation poiot.,

Part {a}: Obtain an expression for the ratio (6/a) din tevms of fe and
¢ . 9 15 boundary layer momentum thickness.

Part (b): Determine the angular location of lTaminar separation, msﬁpid&greeg},
Part {c¢): Estimate the mastimum Re below which instabiliities of all wave
tength will decay in the boundary layer on the forward half of the

cyVinder (o g #90°).

Part (d): Experiments show that laminar separation can occur at o's less
1 th

then 290° . How can this be explained?
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Problem ¢

Two-dimensional,  incompressible flow enters a long, smooth, parailel waslled
duct at uniform core speed vﬁl . and with very thin turbulent boundary layers.
The Reynolds pumber is high and the boundary lavers remain turbulent. Ass
that the duct Reynolds number, based on duct width M , is (Uﬁ?va) = 10
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Estimate, by approximate mesns, the values of the following parameters at
station (2}, the end of the displacement interaction rome.
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where p  is time-mean static pressure, and
i,

S T
F } a wd “
“0

is the total drag force {per unit width) cn one wall of the duct. Obtain
Fo_by two different methods,

You may assume simple power jaw velocity profiles at all streamwise

stations, {,e,,

and, in part of your solution at least, treat the boundary taysr on the duct
wall as though Tt grew at zero pressure gradient, i.e.,

o

C. = 0.058 Re "2

5
b s © oz flenll 2 Ay T TR B
wheye Qf , Im/%VLC and khx Lc&/» .

Discuss your results and indicate how you balieve they would have to be
changed if they were to more accurately represent veal flow conditions. That
i5, are the estimates of the nizes ¢f the parameters targe or small., Why?

s

-

”
-G
J



),



t
RE 2518
(ﬁ) Final Exam
Obtain a solution for the velocity profile of a2 steady, iacompressible,
two-dimensional, laminar free mixing layer In the Vimiting cases wheve
Wg - 55,2) < Uy
- R
" - -
B
‘%&\‘-‘ &‘%ﬂ
“ ’L*"%
-
/“) Discuss the growth, 6{x) characteristics of the laver's thicknesses
\~.

~and compare  the result for the shaar stress coefficient oa the Jayer y = 0
to results obtatned for fiow over a flat wall.
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