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11.10 | APPLICATIONS OF BERNOULLY'S [FQUATION | 341

energy changes. According to the work—energy theorem, the work equals the change in
total mechamwig_y :

L (68)

Total mef‘hamcal
“i energy in regxon 2, 8

Total mecharical
enetgy mregmn 1.

.On the. »tog surface of the
:ThlS pressur give

) (AP)A When the fluid element moves through its own
ne is the product of the ‘magnitude of the net force and the _distance:
The quanuty As is: the volume Vv of the element s0 the work is work is

ncrements of work (AP)V.done s the element moves along the
s to Wnc = (P, — P,)V, where P2 P, is the pressure difference
Wlth thls expressron for Wnc’ the work— energy theorem be-

pof the ﬂu1d and rearrangmg terms, we obtain Bernoulh’s equatlon

BERNOULLI'S EQUATION

In the steady ﬁow of a nonv1scous incompressible fluid of d_engf_y_ p, the pressure P,
the ﬂu1d speed v, and the elevation y at any two Eomts ¢! and nd 2).are-related by

29771 + pgy =P, + 2PU2 + pgy: (11.11)

Since the points 1 and 2 were selected arbitrarily, the term P + ;3 1pv? + pgy has a con-
stant value at all posmons in the flow. For this reason, Bernoulli’s equatlon is sometimes
expressed as P + 1pv? + pgy = constant.

Equation 11 11 can be regarded as an extension of the earlier result that specrﬁes

;p'o 2 and 'zpvzz accountmg for the effects _,ot.fLmd speed. Bernoulh s equatlon reduces to

the result for static fluids when the s_@_d'gf_t_he fluid is the same everywhere (vi = 1y); as

" e —
it is when the cross- sectlonal area remains constant. Under such conditions, Bemoulh s

equation is P, + pgy; = P, + pgy,. After rearrangement, this result becomes

P, =P, + pg(y — ) = Py + pgh
which is the result (Equation 11.4) for static fluids. -

APPLICATIONS OF BERNOULLI’S EQUATION

When a moving fluid is contained in a horizontal pipe, all parts of it have the same

‘ elevanon (y1 = y,), and Bernoulli’s equation simplifies to

P, +3p02 = P, + 1pv? (11.12)

Thus, the quantity P +'2 pv? remains constant throughout a horizontal pipe; if v in-
creases, P decreases and vice versa. This is exactly the result that we deduced
Qualitatively from Newton’s second law at the begmnmg of Sectlon 1 1.9,.and Conceptual

‘Example 14 illustrates it.

774

- a, staticfluid (Pz‘—PI + pgh) .the terms ,




| -
| | Wﬁ/ M(\&LQ o5 %WJL J(l/‘ﬁ“‘

e e eneryg tove- J o the

Com )v;%?ovt 4% % aﬁg/%w/

2%0;§§<ow Lo W/ o

N ) 7
_.._f( ..f_ (~S. amn MC’W Ve sFZ e "(Q,

T Al e YT,

Lucd Wz,iz Mase o conbiiclion o oty o

M -—  Secoupres

b ok 4 onplin < 41 L



ol
n
‘ &
.
y
U
al;
it
| i:\\ v
)
; (/
[
' 5
. |

}O

]
ag\f” Y
C .
oM a/k{
¥ l"(: //:“
2= 96\/5”\»
:( \\ : ‘
MV;
: &44:‘;—

W
W
{ V\
e
.
c S e
A«
V‘\
O
P

+
e
i
‘ b
;g:(
) il
:A(f
ezSTL
- (wctd
Aﬂv;g
CSYNe



542
/Lg W @“ﬁ%

Hre Bew%ow
DO\/V\O w it W = hi {4 O\a dﬁﬂz\p?w k“*

MW"‘W&*WC@ ;%
a cpeed boak Laue %o av






Q“P‘a lﬂc‘ /lg{l/\y
s ﬂ‘[/ﬂ- 7L/‘ 2%




Q e é\%’\\GVL | | (
- W Mg/ Cant We, S7Ll/€dW (1 <
Vo e /Q | v odb“ o Wa “ ) |

/1> \T%@M~ngd\ YWegéﬂV@,%%%%2 Trvelown
| Qz,e 6“rs aVL>/ OJQ»FS ‘H4{ @W”’Wj
Lse{'we-cmn *P/WA M W@H'» \
2 flud cant Llow oat of Hoelall -
/33 Mct“H’f\f i\ %M < col ‘e)C\E> (LGLM\TL" e

cve a_‘f? JQ

T (s cousevved.




FWell o doceret watfoe

Wh(C [/k 5%\/€aw (e W<

Ceilow dor Beeodis
e atiow. ‘

O S g = S AT

.
"~
T
—

S AR = T A - )

LD = NS+ 290 -4

/‘F“Jﬁf 296 40

Bt b froidics
- A
*V%;t?—c-‘v‘-#—-mfa Ui 0,3 M
(s OHev\ L \/ +
/Q Ia{—e\/_ev[t' - WC—Z \(Qe e LcoUUTeving

JF W A vé-@\or/‘ﬂ/l‘{ Co V[&:Ag}
4 v ANOT
WW@J&&( \



@ML e %O“\WL Nhoge Ao wabio
Y WWMM

ﬁ@ ca Z( Yé/lg /P 47/ /

! T %%@z N 279_///7)







«}ge«w)a”i'x 7L /7 MA%
BN - b [




| 1
0
- _ T ,
”l‘), éﬂ B (e ¢ \/ (;ﬂj @Z— d
\/({M//Z> A:[Zj | —R> \1 /7/0 /Zi)[/eaz) 'E\{W:)t«
‘‘‘‘ o \//, /
=\
3 O\ o 42) (- W /,.,//
-4 \//zmv//a s
< R
\ Lo S
— L g~ 23 =
AZ2 !) 2, f{%% /Z VT (4 "“"V%z,) (| >







L%%?e

ﬂ.y MMJL ’F&L l e
@v{f /\Y vl et A&% E ‘L/%Q
MLW; W dser cla neye \Oﬁ‘

\
e oVML( aWomh‘Lc: ¥4 e%aa( 1‘44&/




B

R’P@eé L?’oél G 29 — 222 @C\
[V~ \/\‘l(oﬁ‘ GLV\;\M(PC’\@UQOK U\MQ@M ‘







45 7
L = slowa fluid wotis
’m%? V\&é < +o  cause
oA \ﬂ)/é(f‘é@wﬁ =1 e C‘é\

— lomet
Ww Mo aA_ solr éé
\{Icogc?%y

~-—~A,‘

g e

___0< \5(0$(\(—~>/}~+=@.

coclh laxe )

slows
_(
Ae x|, e




. — o coutiunous vavia oV LR SF’@"OQ'~
0 ’ — 51{"((,( (‘ - .
— ww p 7t

\ow e~ =

A —————

\:ﬂ’“”? U Y Wi ¢ \A +0
- . ‘ééQc) \( (FV@ SssuU e

| — Ol una




