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539 Water flows through a horizontal, 180° pipe bend as is il-
lustrated in Fig. PS:39. The flow cross section area is constant at
a value of 9000 mm® The flow velocity everywhere in the bend is
15 m/s. The pressures at the entrance and exit of the bend are 210
and 165 kPa, Tegpectively. Calculate the horizontal (x and y) com-
ponents of the anchoring force needed to hold the bend in place.

J: Y.

§ ¥ FIGURE PS. 39
This analysis is somilar fo the one of Exampke 5.//.

A /;i'e/ ', hon - deﬁrmfy Control lume that lopfarns #e wakr
withtn the elbow behvcen Sechoms ()and(2)at an instent is used, 7he
/mn}om‘a/ Sorces acling on the contents of the combrs) volume i
Hhe X and‘y difections are Shown Application of the X-direch
component of the lviea, 20 rmasetserm Cpuation (&.5.22) leads H

£,

Sl

Application of the y-direchion componeni of the liieay romensiom
eguation yields

B

£
i L ;
g = (" 5){//::1::%’;)/’ i 'rf"') ]t%E) 2

”” s‘

+ o5 #P1)(2000 ma*)

(1000 m_.-)*/ / )
fxd J000 N
miRp

= 7420 N
E) 7

—_—T
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540

5.4:0  Water flows through a horizontal bend and discharges

into the atmosphere as shown in Fig. P5:#/8. When the pressure

gage reads 10 psi, the resultant x-direction anchoring force, Fy,. 0=7 =
in the horizontal plane required to hold the bend in place is
shown on the figure. Determine the flowrate through the bend
and the y direction anchoring force, F,,, required to hold the area =0.21t2
bend in place. The flow is not frictionless.

! ® FIGURE P540

A ontel volume +hat contins Hhe bend aud thewaler within
the beud befween sections (1) and (2) as shown n the sketch
above is used. Application of the X - direction componeat

of the lincar momentum %mﬂon yields O gage

~UpQ - Vs 4P Q= pA-F + HA cosis® 0
With
a - Q
v, = 2 nd =
S v A,
Eq. ! becomes :
S z ‘2 e
£ Q‘f chos4s
e ek B
or for partCad.
(A Y -“-P"A‘_"' th.
cosHs® |
el e A‘)
N e
[ e e
= Y
lu 1 lo. s (x5 4§ :
(lﬂ4 s_.ﬁ;‘X Shq.‘ﬂ- .‘Qvl‘ﬂt +0.’l§'f‘)
Q= 10 £+

I

(aon'-l- )
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5,40 {(con't)

For part (B) We use the y-direction component of fhe
- tineay momentum €4 uation o get

. \/zS:'n‘H‘,f& u %:s:h 45° p @

or :
F = g s ‘fsaf
AY A’. :
g

nd . L i - °}
£\ . . slugs \ 2
Qo) e (Y R
AY (o001 #4Y) A
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5;%Wmmmchmmwhcalarmml,mdden
contraction nozzle sketched in Fig. P5.42 at section (1) with a uni-
formly distributed velocity of 25 ft/s and a pressure of 75 psi. The
watsr exits from the nozzle into the atmosphere at gection (2) where
the vaiformly distributed velocity is 160 ft/s. Determine the axial
component of the anchoring force required to hold the contraction

in place.
Section (2)
=
Opsl

BFIGURE PB.A42

For ths prblem we include in the conhol volume

the nozzle as well as the wafer at an instant behveen sechions
[/)and(z,)as dicated 1 the sketch above. The hovizontal

fovces acting on The contents of the cortfral velumse art showm
th the sketch. Note *that the atmospheric forces cancel out
and are not shown. Application of +the horizontal or x.
dive ction companen‘f' of the [inear mementun, equation (£7 512)
to the flow Through this combrol volume yields s

-u,,ouA * Upu = FA-FE -RA (P
From the conservahon of russ eg—mu’». ¢ é" 5/2) we obtam
m ™ Y, :‘/9‘41

Thus ¥4.0) may be Wu
M(ua-4)= BA, - G-RAs

E = P4 -pA +m(»,-u]=p l' p, -P'”ﬂ -pu, ‘"‘1’ ﬁ«,-u,)

(el o (”m/(z;%f’",, ) 2

¢ in.

or

F

=352 b
‘ car—
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5.4¢ Water flows as two free jets from the toe attached to the pipe "3
khownian.PS.W.mwspeedisISm/s.vahcouseﬁ;c-mf 3
hndgmvltya:enegligibb,detemhwmcxmdycomponemofﬂte. T

~Force that the pipe exerts on the tee.

PR ST
BFIGURE P34#9

4 on i the: Conholioolumatisphiss
For the x-component of the force exeritd by the pipe
on the tee we use the x- component of the Inear
moraentum equation -

TYRYAUPYA <A A b (A )
LA (AT W I TIEY
AR 0

7o 7e1‘ Y e use conservation ot mass
Q, - Qz 1+ a}
s A:\/I.:szz fA?V3
So v = A,_V,;q-r AsYy o @3mD(5™%) ¢ (0.5m)1s ™) s
! /m™
To estimale p  we use Bernoulli's eguatim fov flpo betwan (Jandl2)

Fose s W' o e + %
r 2 2 > =
Ny N I N (@
'9"7’ e m3 2 "
K"j“ =z }0_,500,{:{ .
Now u;inj G-0) we get: 7
v » m % » Vp.5m> I/\‘Lf =
[ 24 2 jim) - (e Yme Nz ol
ﬂvﬁwﬁ’;)(m‘) + F,
X
So F; = 72,0&/\/ <— .
For e y compomant~ of fhe foree exorfed é;M{,m)oco»'/h/ee we use v
Y Component- 2t 1Rt [/near momentim eruafm, o gt 3

V. ou Ay = F
sg)fom & Ym ) oam) < 3s00m [ = Fy

or —72/ oonN= F
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55t The hydraulic dredge shown in Fig. P5.5! is used to dredge
sand from a dver bottom. Bstimate the thrust needed from the pro- -
peller to hold the boat stationary. Assume the specific gravity of the
sand/water mixtare is §G = 1.2,

BFIQURE P5.5)

u.fjﬂf e ol volume shown by He bméen /me ok
He “sketel, abme we use the horizontad ov x m»;mmy‘
=0 7%1 Limear momen'/um eguaﬁm -ﬁ yef : :

?:'-ié*rﬁca{{ 'acnd szcﬁan 2 is wheve Flow /eaw.r h cmﬁvl
-'-_—Vbhme. a-f*an ?“'27/3 of .70 ﬁbm ﬂ¢ th]mfal d/réc#m

.'} e

typ——

: ££ s/u,
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5: 6& Assumlng fricﬂonless. incompressible, one-dimensional |
flow of water through the horizontal tee connection sketched in
PFig. PS. 60estimate values of die x and y components of the
force exerted by the tee on the water. Each pipe has an inside
diameter of 1 m.

/ B A' ;lu:);org,:m

i FlGURE TR

We can use the x and y components of the linear momentim
eguation ( &.5.22) 1o defermine the x and y components of
the reaction force exerted by +the water on the tee. For

the cortrol volume Contaming watcr i the fee, €. §.22 feads

2
2
R =7A*Ve@ =Rl +vpa, . 4
and 2 :
R, =€"%P -‘f;-?{.:??-l— VeV, 84, : (2)

The reaction fores in Egs. 1omd 2 ove actvally exerfed by the fee
on the water in the comtrel volume . The reachon of the wakr on
the fee js egual in magnitude bul opposite in d»'ecﬁdv\
Conservation of mass (€4 5.¢) leads 7>

k3
Qz"a—3— e Q} -"/;iro' :/03@_(&?)7,2—0h)=57mg3
Alse 2 z i
8, =478 = (ER) Tm) = 42 o
Rurther
e An e (;.2”23}
[ = i _;1 = 4733 m
:,-’ '/T'(lm) 5
and 7 1
= 6?-3 10 &
4 o il { ’__} = 12737
—?J- 77‘(1»:)‘ 4
lf
(con't )
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2 40

(con't )

because He flow is incompressible and frictonless we assume that
Bernoullis eguation (&. 57¢) /s lem’ ﬁm«;ﬁmf The contoel Volume. Thus

T T

/; = 137 %Fa
Al.w
<P+ / e l/) = 200 #f, +@"7,,‘i',§)/taj {6733m}// )/0
= m’?ﬁﬂr
W'M

(mm N)”’(/m}.,.[‘*j(f?ib)ﬂﬂg m)/’ ”) 175awN = BSEN

and 7‘};: X-dtcion Compment of Soree exorfed 4y e vake o0 The
tee 5 _ /85 RN .

with &.2
Ry = (125300 . N}’ll‘ m) — (733000 N "’) T (im)” +[£733m/ iy 52

o + (6733 m) 499 ii)fmm )/
, -Sg'aao/u =~ $S 8RN

and the y- dzmaéon Component of force ererteqd b 7Ae wm‘zr on
the tee is * 45.8 RN .
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5:62.

5.62. Determine the magnitude of the horizontal co; of
anchorin mponent of the

force required to hold in place the shiice gate shown in

Fig. 5.62. Compare this result with the size of the horizontal com-
_posent of the anchoring force required to hold in place the shrice
gate when it is closed and the depth of water upstream i3 10 ft.

EFIGURE PB.61

This analysis is  swmilar o {he one of Example 5./5. The
control velumes of Fig. € 5/5 are appropriak for use
in solving this problem. Whtn the sluice gale /s closed
(see Frigs. E5.15a and £5./5¢) application of the X
directior,  component of the linear  momentum eguafion
leads 1o -

R.= Lit'= Lf6zs % )(0#) = 21_2_0_;/;
When +he sluice gale /s dpen ((see Figs. £5.5b and E5./5d)

application of the x dwection component of the /mear
momentiun  equation leads 7o

2 1 2 2
= L - =
R, zn‘/ :'f”"‘" /;-f(ou,// /a@/-:
The exit velocity 1, wmay be expressed in +trms of fhe (nlet
velocity u, With the Conservafion oF mass eguation as follas

u, =u7,*!_

7
Thus 2 i : ot
R =4TH - f7rh-EF +,ou,H-,ou,£!

Assupung F. is negligibly small, we cbtam
> a
4 4 £+ 5
= e ot T_ g foan st )
2

2
+ (L% ugs )iy & ,(/M‘ff.’i - (19 slugs Yy £+ (LM) ik )
( #} ’) ’m’.}l‘t) ( #’}/ 5)0519) S(/u’.‘f_i
= 1290 %
Re t :
Thus it fakes considerably less fwe fo hold in place The

Sluice gate when [t is opened as compared fo when it is chred.
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Master Typing Shest
10% Reduchon
8 1/2 % 11 trim size -

5.75

Krs e i edised et e el s
n:gmmwvsmmdmwj:g it:evehi
intlxeﬁguze,w}:a:ﬂowmteiaxmtdedjﬂFmpro:tm:ethc 300- m?shown
to
Asmeﬂbhbtmdomjetsofwmmﬁbsje:& a

BFIGURE P8/75

For the control volume indjcated
the x- component of The momentym e Sl
eyllaffon R, =300l ‘ ‘_)_z’_
- () %
ja oVAdA =ZF becomes V,%.} - _ __
. 2s i 7 Y I__ :
. control - s
0 (Veas30)pViIA+ Vo p(We) A, = surface
where we have assumed that ‘,0'0 on fﬁa entire control surface
ond f/w the exiting water jet is horizontal.
With m = (W,V, =pA Vs B () becomes _
Ry =m (Vo =V, cos8) = eV A (Vo- V] cos30°) (n
Also, A W /4 W so that
Al 252 =
V= Z(ssn) V, =260V, | (2)

By combining Egs.(1) and (2)+

Ry = PV *A, (2.60-cos30')
or

{ 3oo Ib

= 22,
I?‘/’C )( 25 %) (2.60-cos30" ):‘ 7

' .T/W-f_,
Q=AY = (——,%H‘)(zzvﬁ) -394 8

e
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5./03 An incompressible liquid flows steadily along the pipe
shown in Fig, P5.]03.Determine the direction of flow and the head ©75m
1oss over the 6-m length of pipe. o

BFIGURE Ps.i0z

Assume Fovws from f/) 1) (2) and yse ﬁ,c Q""”.?]
egquation (€. 5.84) fo get for the contents of e

control volume - Shown : >
2

Bt =t DT g

¥ 29 ) 29 Sy

Thas
h = "5' + 3:_2-2 b
l y : . .
And Smce. h >0 5 fhe assumed divecthon of ﬁ’owi: correct-
P 4 ;

Zn -~ ZO’”'-—LS»«, = 0.5m

XX

The fiow is uphill.

5-1iI3
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5404 Asnphonlsusedtodmwwateraﬂo"l?ﬁ'omalnrge
container as indicated in Fig. P5:19% The inside diameter of the
siphon line is 1 m.mdtheptpecmterlmeﬂsesl’aﬁnbovetbe
essentially constant water level in the tank. Show that by vary-
ing the length of the siphon below the water level, 4, the rate
of flow through the siphon can be chaiiged. Assuming friction- -
less flow, determine the maximum flowrate possible through
the siphon. The limiting condition is the occurrence of cavita-
tion in thé siphon, Will the actual maximim flow- be more or
less than the frictionless value? Explain.

FIGURE PS.10%

The flowrate, Q, can be determped with

Q = Aﬂ (/‘ = 75_0; VB (I)
7o obfas, Vo we apply +he energy eguation (&4.5.82) between poink
A and B in the sketch above /v obfain

-

tEr9% "//+72 f'/;/;,ﬁ- — loss )
e : net in
i_/q = 9(2 -%) — /oss
Ve / [(9Cr) -1oss | &

With £8.3 we conclude that as h veries, so does V, and thus 4.
For no loss, the maximum flow will occur when #;c pressure aft
point C 15 just &nal fp the vapy pressuve of water at 0.
We apply the energy efua/fm (& 5 fz) 6e/wen ,a/hf.r A andc 1 get
_’;i 4 Vcl,«- 2 = z
3 X b A 1"/1 9 % "b;f %)

Ustng  abgoluke /hdtad of 9a9e prcures  we obtai, with & ¥

v = /29(%,-*=J i
70
or
v = /z(mgg)ﬁm)@?’“’g)+@“‘ £ ;’:28%’) = 9048 o
(con't) =y

S-liy




L.jo4 | (con’t)

Stnce :

we hawe for e  uximum flawvrate ﬂmngA the fl}vbn'
BT 2 . i
Q = mlUm) (0.?0?!&)(9,oqa_a} ey e ins
494 1_;_,_"‘) ” s e
ﬁ}
With E5. 3 ant ¢ we  cConclude that any loss wonld ad’ #
lower the alve of V /n e Siphon and Thas rake fhe

actvel  maximum flowmle with friction less Than He maximum
fowrale withou! Frichion.
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.{05'A water siphon having a constant inside ¢iameter of 3 in.
is amranged as shown in Fig. P5.[05.1f the friction loss between
A and B is 0.8V%/2, where Vis the velocity of flow in the siphen,
determine the flowrate involved.

-3 in, —>13 f—

FIGURE P5.108
7o defermme +he flowrake, &, we use
Q = AV = uﬁ 74 (I)
To obtam v we_ apply the eneryy egnation (Eg.5.82) befween
ponts A and 8 11 (he skefch gbove. [Thus,

y
é'*'zf* //*72* /oSS
or

ﬂtl'm
2
;V 492 =92 - 03V
Thus

1Y

= @z‘zf-f)(””‘” = 169 £t
0.9

0.9
and with Eg./
2
_ Gm) (45 ft)

2) . osm
4 (14% rb."} Gy
7=

5116
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. 85.106 Water flows' through a valve (see Fig. P5.106) at the
rate of 1000 Ibm/s. The pressitre just upstream of the valve is .
: 90ps1andthepxessuredropacrossthevalveis§ps: The inside - |
diameters of -the valve inlet and exit pipes are 12 and 24 in, If
the flow through the valve occurs in a horizontal plane, deter-
mine the Joss in available energy across the valve.

'FIGURE P5.06

The  conbrol Volume Shavn ) the sketch above is used,
We can wuse £9. 579 To defermme the lpss 1y ayajlable enegy
associated with the theompressible | steady L ﬁraufh Hhis contvol
 velume. Thus
Joss = F-A 4 lf_’_’é
2
Bom  the conservakion of mass principle

VAR Lk e
z
P4 AT
and : i

y = 2

* pry

&

Thus

Joss

"

2
B T 7)
7

(;-o Y/4 /yy mr /L»' < R &
foss = 07;7.2) ,;3) 1 1000 _)/‘/) /_f'é-)_ (12'9

* I &)
199 Hage 2 | (i sz o2 lhy CONCE. ek
: e j s
loss = 5660 piaxd
$@7
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5.1'08'] :
5:163 For the 180° elhow and nozzle flow shown in Fig. P5.108
determine the loss in available energy from section (1) 16 section
mmwmwhammomwﬁhbkemrgyhmmm
{2) 10 where the water comes to rest?

FIGURE P5.108

for solving the frst part of this problem, fhe control vokme
shown in the sketch above is used. To determmine the Joss
accampanying Flow From sechm ¢ to Sechin 2 €. 5.7 con beused
as follows
Joss, = BB . VW L gk-2)

2 2
Swice x-y ceovdimates are specified we assume fhat fhe flow
/5 hotizental! and Z,-% = 0. Also, E=EB, = Opi.
Fron  7he  conservation of rass priveiple we conclude that
V = VA: o )

2

Thus

“ 2["ﬂ?")]= £ 8]
5 Joss, = (5 )( ) (5 &) /_ /zm)](/ /b

(/-9‘“ :/“I‘) 6 in ’I“]\ ff
73

Jloss, = 926 fhib
Sl
For the second part of Fhis problem we consider the Fow of o

Auid  porticle fom sechon 2 b a State of ret,a.£9. 579 leads 1o

2
/0554 = _\é

Mote that we /mao assumed That £ pa&_‘ amd Z= Z .

77“!5 LY e 2 b
1058, = Y= V 2- " V/p') é’—ﬁ') Z:. )(,:lug )
f'r‘/

Slu

/053;' =

5-119
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8412, What is the maximom possible power output of the hydro-
electric turbine shown in FigP5.112.7 :

@FIQURE P

br flow Hhom sechon(1)to seclhionfz), A. 582 yelds

Bry v F=isvs )
2+ Brge, = D40 g r Wt - 58 1
5 5 = 7 2 e net in
WAL, S e Wbt = W E3.1 can be opressed as
- ae? in net out
w 1 <
shaft = 9(%,-2.)- Yo _/Joss
het out 2

The nuaXimum work or power oufpul is Aachieved when foss =0 .
Thus :
’ P v . - V
W = wah/t‘ = M[f[Z, Z) i?]

Shaft
Aet out net 0«[‘
Maxioum el AT
Now o i G
m = pVA =plT0h =(?¢f£9 Erz)ramr- 470 %
4 m3 S 4 S
and ; 4 Z
Winerr = (3710 29)[ (G912 ) s0m) - (6 2) [[1 X _
ne:ouf ( Sj ( S;) ) ii) A?‘-'! )
maxi mum . é 55
- - 2222 Mm _ 5 i
Wiyt /0 =z W =222 MW
net on
maxirum

5-/22
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5.3 0il (SG = 0.88) flows in an inclined pipe at a rate
of $ ft*/s as shown in Fig. P5.1\3. If the differential reading in
memem:rymanometerixBﬁ.ealcnlanemepowathmme
pump supplies to the oil if head losses are negligible. - 3

US:;); the Conbol volume shown
and fhe enery e;mﬁ'm(?.iﬂ)
we gt: :

2 v gL :
Z+B42=L41424h_ ) ] .. :
% % St )

® FIGURE P5.i3

The power supphied b, the Pump
vo fhe oil is, hroom 55.935'1

(20
Wiett = :,Q l': = S“;' ’,’,‘,Qé

ner m
Smce V--/_;Q e %we ge?t
7Z: L
4 Sl
/ ey Yis Xy /1 2
Z X

Por 1he manormefer efm{h., fQC Secton 2.6) we 757‘:
ﬁ*‘;,-,”+3e);’ - (3+H+h)r = p

(] 2~
Thaas -
L rht2 2 (Grosn)= R
ol Pois %,
YR r3 Y 3§ - A (37
%is L% %it !
Combin . ) Anot (3) we gets 2
ol Vi A S i
—& +(3ﬁ)£€0, =~ é#)_é *_.3 **; = a¢. == 4 g l ;
(] SGes SO < g v 7 z >
o= BEt sz/{fu,-) -h+ ng-‘f ,(g,r}("/%;l _,),.(zs‘.sg)-ﬁ.niﬂ)
ol : et
b =52.9F4 ‘2(32.13}
v £ k=t 5 »
’:/;'tlly ""‘”‘F‘i (=) =
£4 46
:'/.;6.::/‘ ("”](2 ‘,ﬁ,X G ] ) s
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£: 06 A pump is to move water from a lake into a large, pressur-
fzed tank as shown in Fig. P5.116 at & rate of 1000 gal in 10 min or
less. Will a pump that adds 3 bp to the water work for this porpose?
&ppunymmwerwhhappmpﬂmealcuiﬁmhpemhepmb-
Iem if the tenk were pressurized to 3, rather than 2, stmospheres,

BFIGQURE PS8.II6

2 ) W
Baz ol oh b = B2t whero 120 5,200 and 3, a0
Thos,
)] hs ='hl.+%' fzz I

Alse, : :
QH1000941) /t10min)] (Sh)( 420 = 0,223 &
so that

7 Gamsso B
s ¥ (6248)(02238F)

() It p, =2alm = 20478)( 1H0/4) = 42308 | then from 5.0)
b

42304
h5.=/1‘ +(‘z—ﬁi)- +20ff = h, +87. 84
Thsif

by = h -87.88 = /19ft-87284{ = 3024t the given pump will work forfl,= 2aim.
W) If f,=3 aln =6 350 L& fhen

_, . 430l o e
ho=h @ﬁm& = b, +1224f
Ths, it this pomp is to work

’I?f{‘ ‘-:b‘_ {'IZZHJ or h‘ 4 -3ff
Since it is ol passible 1o have h<0, the pump will nof work for g, =3atm.

= /11t

5-126



5.181 Water flows steadily down the inclined

pipe as indicated in Fig. P5,i3); Determine the .

following: (a) The difference in pressure p; — ps.-

(b) The loss per unit mass between sections (1)
“and (2). (¢) The net axial force exerted by the

pipe wall on the flowing water between sections

(1) and (2).

Mercury

(a) The diffevence in pressuve, p- p, may be oblamed From the
manometer (see Sechon 2.6) with the fluid stnfics eguation
P-A =-3;'o[(5ff)s:h3a‘+77§*’:"w’ LA (64 .)
. 12 in -
2 &) 3("22)

p-p, = f2s ;_}1%,) /{sm sin3’+ (0.5 £+)] +03.6) 62l o5 #)= 274

or

P-p = 23746 L = /.65 psi

£ 3 (144 in>

(b) The (055 per unmit il tetweer Sechons (1) and (2) may be obtarired
with £9. 5.79. Thus

z z
e 'V - = ,‘
loss « F-A ¢ “;__1 + 903 -2,) (5375, ’-—"E
£43,

£+ +(5 .2 £ (6 A YSin

(c) The net ax;/- %‘;{e exerfed by the pipe wall on the o s

wafcy may be obfained by Uusing the axial component of the lincav
momentum eguation (€g.5:22). Thus B The Cadol volume Shown abwe

et %_DI(P,'H) e XZT‘I_Q_ (,()s:hs'a‘,_%?(@_&)w!nh307

x

or .o
g =-I éin-Y (23716 4 [‘2-# “)(5#):&.30‘
23 4 /1#- ~+ P

and
R){:-?leé =

77.2 b oppesite 1o Flow dl;fcﬁan.

514



5.133 |

¥.133! When fluid flows through an abrupt expansion as indi-
cawed in Fig. PS33, the loss in available energy across the ex-
pansion, loss,,, is often expressed as
(&)
10850 (1 a2
where A; = cross-sectional area upstream of expansion, A; =
croas-sectional area downstream of expansion, and V; = veloc- Section (1)
ity of flow upstream of expansion. Derive this relationship. dlternadte

Section (2)
location of
section (1) FIGURE P5.)33

Apply,’nj the energy equafion (Eg.5.62) 1o the flow from Section(l)
fo section(2) we obfam

Joss, = PR .+ i 0)

3 72 2
Apply/nj the axial direchon component of the linear rmomenpun,
egunation (€g.5.22) fo the fluid confamed w the contol volume
fromm sechon () fo Sectton(2) we obfam

Ry T PA-pA, = "V,/'A,V, i I(z/’A;Vz @)
Now, if we consider section(l) ds occavring af the €nd
of the smaller diamefer pipe (The éCg/;vm}y of the lavger

diamefer pipe ) as tnd;cated m The skefed, above , Eg.1 skl
yields the expansion foss  and &. 2 e comes

R+ RAy ~ Ay =~ UEAY, T AN, 5

Note that with section (1) positioned af Mhe and of the smafler
diameler pipe A acls over area A, . Also, because of the
J'ef flow From the smaller diameter pipe info the  |arper
diameter pipe, The Value of &, will be smal/ e»myé Compancd
fo the ofher Terms th  Eg.3 that we can dwp K. fran .3

P, -A 2 X3 Vlz ﬁ: ( 4‘)
7 3 A, .
Camb)'m'? EIJ. ! and % we obhun
2 2
Joss. = VI_ytA 4 Y- K
& ' A T

(con't)
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From  conservabion of rmss (E3.5.73) we have
K=y 4 (€2

A
5 ann 6 we gef 2
A

I nm] e.f

loss,, < V/”' - V/‘l:}f 4 "lfzz

Oor
/05: /9, AI —A
€x [( -2 + | 42)/
2

and L
/0”(! L= _({ ﬁ" 4:)

0
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