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Example 6.2 . al nozzle. . ’lrc"gigg 10 the
Air flows steadily and at low speed 5 Apthe qozzle exit, the areai 02 m
at hS . CdAl }i nozzle inlet, the ared is0.0 M -7 fects are negligible. Determin,

mosphere. At the noz . . '
The ﬂgxx is essentially incompress ce an outlet speed of 50 m/sec.
the gage pressure required at the noz

EXAMPLE PROBLEM6.2 " | <(eady. incompressible, ang

. The air
GIVEN: Flow through a nozzle, as shown. The

frictionless.
P2=py
FIND: p; = Pam Vo = 55rpn;5,c
Ag =002 m?
| SOLUTION:
; P V%
Basic equations: ? + 5" + 924

Assumptions: (1) Steady flow
(2) Incompressible flow
(3) Frictionless flow
(4) Flow along a streamline
(5 z,=2
(6) Uniform flow at sections @ and @

At the exit, M, = V,/c = 50 m/sec/340 m/sec = 0.147. This is less than ,O.3.,\sp_lt_he ﬁqw may
be treated as incompressible.

Apply the Bernoulli equation along a streamline between points (D and @ to 'e'\'falua_ts pl &
5 W

Then . |

£

Pi—Pus=PigP2" Z(V%— .Vi)

Apply the continuity equation to determine V,

0=[—lpVid;|} +{loVadsl}: or = VA4, =V,A, &
so that

Mgt 22, 50 m. o D02 Mo
S A sec . 01mZ 10 m/sec
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BEANOULLI EQUATION— nTEGRATION OF EULER'S EQUA
For air at standard conditions, 2= 123 kg/m*,

g
2

P\ —Pum ™= (Vi - Vh

wplin 1.2355[150)’ m'  (10)* m?! TN . sec?
2 m* sect = ,?c'i‘] kg:m
Py — Poim ™= 1.48 kPa

o Pi = Paim

[This problem illustrates a typical application of the Bernoullj equation. Note that if the}

flow streamlines are straight at the nozzle inlet and exit, th
. " € pr ] '
those sections. Pressure will be uniform at

|

Example 6.3

A U tube acts as a water siphon. The bend in the tube is 1 m above the water surface:
the tube outlet is 7m below the water surface. If the flow is frictionless as a ﬁr:t'
approximation, and- the fluid issues from the bottom of the siphon as a free jet at
stmospheriC pressure, determine (after listing the necessary asSllmp‘tions) the veilocit
of the free jet and the absolute pressure of the fluid in the flow at the bend. y

EXAMPLE PROBLEM 6.3

GIVEN: Water flowing through a siphon as shown. u3]

FIND: (a) Velocity of water leaving as a free jet.
(b) Pressure at point @) in the flow.

SOLUTION:

: . s
Basic equation: 5 + —~ + gz = constant
Assumptions: (1) Neglect friction

(2) Steady flow

(3) Incompressible flow

(4) Flow along a streamiline

(5) Reservoir is large compared to pipe

Apply the Bernoulli equation between points (1) and ). @t
py Vi P V3
—'+T‘+-gzl =;2+72+gzz

Since area, eservoir > areap ., ¥; = 0. Also p; = p, = pyym, 50

gzy =—>-+gz; - and  Vi=2g(z{ =~ z;)

f 7
2981mxm | v,

SEC =
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rite the gernoulli equation between @ ang a

' ), we W
To determine the pressu™ atlocation @ )
i) Pa L 2+ g2
B}.+.I:I.Lg:|#-;"+2 gZa
p.-
) = V,. Hence
: m conservation of mass ' 2
Again V) ® 0 and fr© : h } Vg
Vi g S ) e T
&—&4“():]-"55"”:.‘#{'4-9(] A p)
p- P v2
pa=P +pg(z) — z4) ﬂ":,:'
981 m (—1m) N - sec’
101 x 10° N 999 KBS 7 =5 .
= me m> sec
| 999 kg {117)’_:31_1)(_11-_595
T m’ sec?  kg:m
PA= 22.8 kPa (abS) ‘ ﬁ-_-‘pii
{This problem illustrates a straightforward application of the Bernoulli equation With]

Example 6.4 . |
Water flows under a sluice gate 0 ! be<_i at the inlet to a flume. Above the
he water level is 1.5 ft and the velocity 15 negligible. _At tbe vena contracta belgy
the gate, the flow streamlines aré straight and the depth is 2 1n. Hydrostatic pressure

ch section; friction is negligible

distributions and uniform flow may be a_ssumed at ea ]
Determine the flow velocity downstream from the gate, and the discharge in cubic fegt

per second per foot of width.

na horizonta]

gate, t

—

r a sluice gate. Flow is frictionless, uniform at each section, and
- ]
¢ at sections (D) and Q.

EXAMPLE PROBLEM 6.4

GIVEN: Flow of water unde

the pressure distribution is hydrostati

Sluice gate lg

Vena contracta

FIND: (a) V. -
(b) Qin ft/sec/ft of width.

SOLUTION:
Th i iti
¢ flow satisfies all conditions necessary to apply the Bernoulli equation. The question is

what streamline do we use?
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— Py Vi ;
Basic equation: =4l gz, = P2 Vi N

i - p 2- q:}
Assumptions: (1) Steady flow

(2) lncnmprcsxiblc flow
(3)  Frictionless flow
(4) Flow along a stre
(5)  Uniform flow at
(6) Hydrostatic pres

amline

each section
sure distribulion
From assumption 6,

d_p = =Y SO that P
. P=Pum+yD=z o —=&E+9(D—'l
| : - P P
Substituting this relation intq the Bernou|lj equation gives
Paim Vi
—_ 4 D -z ___l - pa m Vl
or
Vi 2
—2—- +9Dy ==+ gD,

This result implies that Vi/z + gD =

: _ constant, and the constant has t
streamline for this flow. Solving for

he same value along any
V; yields

V2= 29(D, = D,) + V2
But V¥ x 0, so

&30 % S
V,=/29(D, — D, =\/x 2 _t-(lst 21nx ft)

sec? 12 in.
V2 =9.23 ft/sec

,
For uniform flow, Q = 14 = VDw, or
-S.= VD = V,D, = 9'235% pinsg IZ&in. = 1.58 ft2/sec
% = 1.58 ft*/sec per foot of width g

—

Example 6.5 ; ' .
A Piper Cub flies at 150 km/hr in standard air at an altitude of 1000 m. At a certain
point close to the wing, the air speed relative to the wing is 60 m/sec. Compute the
pressure at this point. ;
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EXAMPLE PROBLEM 6.5
GIVEN: Aircraft in flight at 150 km/hrat 1

000 m altitude in standard gj;

Vlll = 0
Vi= 60 m/sec
A (relative to wing)

ObSeWer
V, = 150 km/hr s

-

FIND: Pressure, py. at point 4.

SOLUTION:

Flow is unsteady when observed from a fixed frame, that is, by an observer o, the

. . !
However. an observer on the wing sees the following steady flow: g Oupg
Observer~
e A Vi=60m/sec
——

.
—

Vair = Vi = 150 km/hr

At point A, M, = ¥,/c = 60 m/sec/336 m/sec 5 0.173. This is less tl?an 0.3, 50 the e
be treated as incompressible. Thus the Bernoulli equation can be applied alonga s it ::a.’
the moving observer’s inertial reference frame. ’ in

2
‘ i Vzir Pa A .
Basic equation: Pair 4 __2“ + gZais = ? s + gz,
P &

Assumptions: (1) Steady flow
(2) Incompressible flow (V < 100 m/sec)
+(3) Frictionless flow

(4) Flow along a streamline
(5) Neglect Az

Values for pressure and density may be found from Table A.3. Thus, at 1000 m,

P _08870 and L =09075
Po Po
Consequently,
1.01 s
p = 0.8870p, = 08870 x -0 *.10 Ez =896 x 10* N/m?
m
and

p = 09075p, = 09075 x 2 k—ﬁ = .12 kg/m>
m
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Solving for p4, we obtain

Pa = Pair + E(Vazir i Vz()

2
8.96 x IO‘LE_
I L12kg[/150km 1000 m ~ hr \? (60) m* N - sec?
i e m? hr km 3600 sec sec? | kg -m

p. = 88.6 kPa (abs). Ul geeiPa




