ES2A7 - Fluid Mechanics Example Classes

Model Answers to Example Questions (Set |)

Question 1:Wind Tunnel

A simple wind-tunnel is depicted schematically igufe 1. The flow speed in the
working section is assumed to be constant withlaevaf Vs = 60m/s at point B. The
cross-sectional area of the working section i1 m
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Figure 1: Sketch of simple wind-tunnel

i) Neglecting irreversible losses, such as those dueiscous effects, calculate the
gauge pressure in the working section. (Assumelaevaf p =12 kg/n? for the
density of air).

ii) Calculate the mass flow rate across the crosseseittithe working section.

)

i) Consider a typical streamline AB. Point B istle working section and point A i
located in surroundings where the pressure eqtralsspheric pressure, and the flow

speed is zero. According to the Bernoulli equatiog then gets
1 2 1 .,
+= pVZ=p,+=pV,
Pa 2:0 A = Ps 2:0 B

with V, =0 andV, = 60ms"

[0 The gauge pressure is

1 kg m\? _
pB_pA_—Exlex(GOg) =- 216(Pa .




This means that the pressure in the working sec¢tid?l60 Pa below the atmospheric
pressure. (N.B.: The modulo of this pressure diffiee corresponds approximately to the
pressure resulting from a 21 cm high water column.)

i) The mass flow rate Q across the cross-sectiadhe working section is given by:

Q= pxVpg xcross—-sedion area = 1.2k—93><60m x 1m? :72@
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Question 2:Plunger

A plunger is moving through a cylinder as schenadiiiallustrated in the Figure 2. The
velocity of the plunger is y= 10 ms'. The oil film separating the plunger from the
cylinder has a dynamic viscosity g£0.3 N.s.rif. Assume that the oil-film thickness is
uniform over the entire peripheral surface of tthenger. Calculate the force and the
power required to maintain this motion.

30 mm

~—10 m/s
50 mm [49.5 mm

Figure 2: Plunger moving through cylinder.

The oll film is sufficiently thin such that we caissume dinear velocity profile for the
flow of oil in the film. One can calculate the fimnal resistance by computing the shear
stress at the plunger surface by mearseafiton’s law of viscosity

m
N Ns 10~
r = _ﬂ7:0.3m2

N
=12000—5
m

;(50 10° m- 495710° m)

The frictional force can now be calculated by nplting the shear stress with the
surface of the plunger.

N 1
F =7 A=12000 5 27v h= 12008 27549.55103 m  30010° m= 5598
The powerP required to drive the piston is

m
P=FV,=5598N 10_= 5598V
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Assume that a plane is flying with a constant vi§oof v, =55ms’ at standard sea

level conditions (Density airp,=123 kg m?, Pressure:p, = 101x10°Nm?). At some

point on one of the plane’s wings the pressure &asured asp = 0.95x 10 Nm’.
Calculate the flow velocity at this point.

The question can be solved by relating the flowddttons far upstream of the wing fto
the flow conditions at the point on the wing comseatl by the Bernoulli equation. Nate
that we implicitly assume that wing is stationangdair is blowing at wing with velocit
v, Bernoulli gives:

<

] 2 ] 2
Po +EIOOVO = p+§pov
Solving for v gives
o= 2(1.01x105 ﬂz— 095x10° sz 2
v= AP TPl 2 o m m/ . (559) =11310
Po 1239 S S
m3

Question 4:Sphere in Fluid

A sphere moves through oil. The constant velocitthe sphere isu =1mms®. The
dynamic viscosity of the oil iz = 005 Nsni? and its density IS0 =900kgm*. The

radius of the sphere is= b@m and its density ipg =1200kgm®. (i) Use Figure 3 to

estimate the drag forces acting on the sphereCéigulate the buoyancy force acting on
the sphere.

(i) We need to calculate the Reynolds number assstiwith the motion in order to use
the graphs in Figure 3.

-3 -1
Re:ﬂ _ poud _ 900kgm ~0.001ms ~002m _0.018_ 036

v U 005 Nsm™2 005

For Re= 036 the graph give$0< Cp < 70. The definition of the drag coefficient is

Drag Force

CD =
&uz x Cross—sedional Area exposed to flow




Drag Force

CD =
&uzx 712
2
£o 2

= Drag Force= Cp x7u x 7112 =Cp x1.4137x10°'N
Thus, with the limits forCp obtained from the graph

8.4823x10°°N < Drag Force< 9.896x10°N

to 10N the result for drag force is ‘equivalent’ taeight' of 8.4823><10_7kg
<'Weight'< 9.896x107'kg or 8.4823x107% g <Weight'< 9.896x10*g
(i) The buoyancy force~g is given by

Fg = gxVolume of fluid displacec Density of fluid displaced

Fg =g x%nﬁ X po= 981lms 2 gﬂ(O.OJm)S 900kgm™3 = 0.03698N

ds
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Figure 3: Drag coefficient of smooth, axially syntnebodies (From: Massey,
Mechanics of Fluids, Chapman & Hall, 1988, Bdition)



Question 5:Fire Engine

A fire engine pump develops a head of 50 m, i.andreases the energy per unit
weight of the water passing through it by 50 N M. Nhe pump draws water from a
sump at A (Fig. 4) through a 150 mm diameter pip&hich there is a loss of energy
per unit weight due to frictioh; = 5u;%/2g varying with the mean velocity;un the
pipe, and discharges it through a 75 mm nozzle, #0dn above the pump, at the end
of a 100 mm diameter delivery pipe in which thesailoss of energy per unit weight
h, = 12u,%/2g. Calculate (a) the velocity of the jet issuing froime nozzle at C and (b)
the pressure in the suction pipe at the inlet eoghmp at B.

/;’/Zi’/ Jet velocity, uz

C % Jet diameter, oy

=75 mm

Pipe velocity, i
Pipe diameter, d> = 100 mm
Delivery pipe loss = 12113 /2

Datum level

Pipe velocity, u,
Pipe diameter. ¢; = 150 mm
Suction pipe loss = 5u7/2g

Figure 4: Fire engine Pump

(Note: Question taken from Douglas,Gasiorek & Sveidf Fluid Mechanics, Prentice
Hall, 4' edition, 2001, see pages 170-173)

(a) We can apply Bernoulli's equation between twmis, one of which will be C,
since we wish to determine the jet velocityamd the other a point at which the
conditions are known, such as a point A on the $taéace of the sump where the
pressure will be atmospheric, so thatp0, the velocity uwill be zero if the sump is
large, and A can be taken as the datum level satha0. Then,

Total energy Total energy L Energy per uni Loss jn
. : : . Loss ininle . . .
per unit of weight=| per unit of weig e —| ofeight supplieg+ | dischargd)
[
atA atC PP by pump pipe

Total energy )

per unit of weigh P 4 +z =0
at A P9 29




Total energy
_P.

per unit of weight =— +—

2 2 =0
at C Po9 g

With p. = Atmospheric pressure = 0 ang=80+2=32m.
Therefore,

Total energy

per unit of weight= 0+%1 /2g+32=u /2g32 m,
atC

[Loss in inlet pipé =h =54 /2

[Energy per unit of weight supplied byrpp| =50m
[Loss in delivery pipe =h =12u /z

Substituting in (1),
0=(U%/2g+32)+5% /2g 50+ 12u /2g,
uz+50 +12¢ = 2« 18. (I

From the continuity of flow equation,
(n/4) o u, =(n/4) d2u, =(n/4) dju,

therefore,

d_[ﬁ] 1
d, ] ° (150 BTy

(d,) (757 9
2715 ] %100 T 16
2

u,=

Substituting in equation (Il),

2 2
1+5x[1 +12>{3 ]:ngl
4 16

5.109¢ =2gx18
u,=8.314m.s

2
u3

(b) If Pgis the pressure in the suction pipe at the pumgtjdpplying Bernoulli's

equation to A and B,




Total energy Total energy
per unit of weight=| per unit of weig
at A atB

Loss in inle
pipe

0 = (pg/9p+ui/29 + z,) + 5u’/2g,
Py /9p = -2, -6U° /29,

2, = 2m, U —~u, —8.134/4 = 2.079ms"
4

Pe/9p=-(2+6x2.079*/29) =-(2+1.32) =-3.32m,
P, =-1000x9.81x3.32=32.569kN.m™ below atmospheric pressure.

Question 6: Multi-Fluid Manometer

A multi-fluid manometer is set up as shown in Fgbr The pressure at its right end is
p, = 09x10° Nm™ The densities of the fluids gog =1000kg mi®, pg =900 kg m*

Pc =13000 kg mi®. One measures, = 08 h, = 03 m and h; = 06 m. Find the
pressurep;.
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Figure 5: Multi-fluid manometer



Start at PointQ, at surface of fluid at left end where pressurepjs Then move
along the tube and add or subtract approprateg — h-terms until reaching Point
Qs and setting the result equal to presspge

* FromQ, - Q, : Point Q, lies by heighth, lower thanQ,. Hence pressure
here isApy, = p, 9 hy higher than pressure @, (where pressure ig,).

* FromQ, - Q, : Both points at same height hensp,, = 0.
* FromQ, - Qs :Both points at same height hentsg,; = 0.

* FromQ; - Q, : PointQ, lies by heighth, below PointQ,. Hence pressure
increases byAp;, = pg g h, with respect to pressure @;.

* FromQ, - Qs : Both points at same height hentg,; = 0.

* From Q; - Qg : Point Qg lies by heighth; above PointQg. Hence pressure
decreases bAP;; = — p- g hy with respect to pressure @s.

* Now, at PointQy is pressure ig,.

Summing up all terms gives and equating tessuee p, in PointQ, gives:

Pt APy + AP, + APy + Apgy + Apys + Apsg = Py
and, hence: p + pogh +0+0+pggh, +0-pcghy = p,
Solving for p, yields :

Py P, —Pa9h —pggh, +pc9h;

= p, + 9(pchs— pah - pghy)

= 90kPa+ 9810 (13000k—% 06m - 1000-% 05m - 900+Y o.3mj
S m m m
= 90kPa + (76518ﬂ2 - 49059 _ 26487 kng
ms ms ms

= 90kPa + (689643Pa) = 1589643Pa = 1589643kPa




