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National Examinations May 2009
04-BS-7, Mechanics of Fluids

3 bours duration

NOTES

1

If doubt exusts as to the mterpretation of any question, the candidate 1s urged to
submit with the answer paper, a clear statement of any assumptions made

This 1s a CLOSED BOOK exam No aids other than a CASIO or a SHARP electronic
calculator 1s permitted

Any data required are given with the questions or are listed in pomt 7 below

All questions have equal value

Any five questions constitute a complete paper Only the first five questions as they

appear m your answer book(s) will be marked Indicate clearly any questions you do
not wish to have marked

Neat sketches, wherever possible, should accompany your solutions All calculations
must be clearly shown

Unless otherwise stated, assume that the density of water p 1s 1000 kg/m® and the
acceleration due to gravity 1s 9 81 m/s”

One 8 2 inches by 11 inches aid sheet (both sides) 1s permitted
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1 As shown in the figure below, a block (mass = M) 1s initially at rest on a frictionless
surface At time=0, the block 1s subjected to a horizontal water jet (density p,
velocity Ve and cross-sectional area A )

a) Develop an algebraic expression for the velocity and displacement of the

block as a function of time

b) If p=1000 kg/m®, Vjer =12 m/s, Aje=0 01 m* and M=5 kg, calculate how far
the mass has moved after being subjected to the water jet for 3 seconds

l Water jet
—>

2 Inthe diagram below, the cylinder (diameter = 1 2 m) which 1s open to the
atmosphere contains o1l of density 860 kg/m®> The piston 1s submerged m the o1l as
shown The gage 1s located at 0 8 m above the bottom of the piston What 1s the
mass of the piston if the gage pressure reading 1s 75 kPa?

D=12m

08m
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3 Water flows from an elevated reservoir to a lower reservoir through a single smooth
pipe that has a length of 1500 m and diameter of 120 mm You may use the attached
Moody Diagram to assist with this question

a) If the flow rate 1s 0 020 m?/s, calculate the difference between water surface
elevations of the two reservoirs You may neglect minor losses and assume that the
viscosity of water 1s 1 = 9 0E-04 Ns/m* and atmospheric pressure 1s 101 kPa

b) Now suppose that rather than having a single pipe connecting the two reservorrs,
the 1500 m long pipe 1s replace with two 750 m long smooth pipes connected
together i series The first pipe has a diameter of 120 mm, while the second pipe has
a diameter of 200 mm Using the elevation difference calculated from part a),
determne the flow rate for this new system Explam physically why the flow rate
changes

4 Experiments show that the pressure drop m a horizontal pipe 1s a function of the
diameter of the pipe (D), the viscosity () and density (p) of the fluid, fluid velocity
(V), the length of pipe (L) and the pipe relative roughness (k/D) Use the
Buckingham-P1 theorem to determine the relevant dimensionless groups for this
problem

5 Consider the flow of air (density=1 2 kg/m>) over an airfoil

a) How does the drag force on an airfoil change as the Reynolds number
mncreases (1 € discuss which force domrnates at low Reynolds number and which
domunates at high Reynolds number )

b) Sketch the streamlines around an airfoil at a low angle of attack Does the flow
separate from the airfoil?

c¢) Now constder the same airfoil but at a higher angle of attack Sketch the
streamlines and explain how the flow has changed

d) What 1s meant by airfoil stall? What does the flow look like under stall
conditions and how does this affect 1ift?

e) What speed should an arplane having a wing planform area of 45 m? and
weighing 25 kN be flown at in order to maintan 1ts altitude? You may assume a
lift coefficient of 0 95 and air density of 1 2 kg/m’
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6 A cylindrical tank contaimns air as shown 1 the two figures below Assume that

atmospheric pressure 1s 101 kPa and the density of water 1s 1000 kg/m®

a) If the tank floats at the surface, find the mass of air 1n the tank and the mass of the
tank walls Assume that the air temperature 1s 300 K and the 1deal gas constant
for air 1s R=287 J/kgK

b) Ifthe tank 1s held so that the top 1s 3 5 m below the surface of the water, what 1s
the force on the mside top of the tank? You may assume the temperature of the
air 1s the same as 1n part a)

5

B

L2 T s

7 A rectangular gate of width 3 0 m (1 e, depth nto the page) 1s hinged as shown i the
diagram below Calculate the depth H at which the gate will remain closed If the
water level 1s greater than H, will the gate rotate clockwise or counterclockwise?
Does the width of the gate (1 e, mnto the page) influence your answer? Explain

5w i?w; D Ve TR S gt

7 S AR £ )

s N sl AR

D ok, Rl EURE AURIRT
Floong W o wp T

PO g ),

g ©p D S
o 20

g Pl

et «L#.é«%

o g X Tk

g;é; A wgz;vw

i Fa oo w5 &4
3

e e s R gl - - < ~4, ;

- el B i B f fd J nge

e o B (L

T

L3
4

Page 4 of 5



G jo G abed oy

B B B T B ey Sy k00 —
s '9 | v |z otg 9w " T2 o's 9 v z ole s v Z o8 8 v z L0
0G00] 0 ] | |
f IBm LL// 2N | - i
l = oY 200 —
100 0 TS, So0p5 N pn
gﬂg ] ™ /
X I~
7o — // — 100 —
[~
053 / I ||A
= = Y 8100
H00 oo /Wﬁ/
Yoo oy NU/,W ¥ — 0200 —
Il
0 Q/ ™
SH0°0 - ﬂmwﬁmmﬂ
0T %//I //”W%
— S /M/ 5200 —!
//./// /
///
€00 0 lna.d/llll/ ///
700 0 T e - /// S 0200 —
I
500 0 S0 || T~ //N[
—~_ // RONN | 6£00 —
T00 0 800 0 T ////7// g &
0700 > 010 0 i — [~ ////,/ S\ 070 0
Wanging Aif -
Gio0 ?WCWK ~d // 2 !
o TN [ | ¢
AR 0260 = s //// 050 0
™~ I/
T T 520 0 | /[L s\ea
0g0 0 0£0 0 ppj Ssguyonps ganefal N L ™~
] 75 090 0 =
// o
070 0 0¥a 0 ] /_@m
T 000
050 0 050 0 L | oy,
/
— cho|e|r 0800
|in} Buiuuna sadid Jepnoaio oy ajqeondde 00—
0
n Meys uonouy adid
) | 1 I 1 1 ] HE | [ ¢ I 1] | I I T | 1 T I 1 1 | N I T T OOw O —J

spin|4 Jo solueyosN /-Sg-70 6002 AN SNOILYNINYXE TVNOILYN



