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| Exerclie
e Problem 4.24 fagqe ys)

4 5
4.24 Mm&m is flowing steadily thro
> the rectangular box shown. Given A, = 0.5 #, A,-o.l'l".

As=06 0, V, = 10/ft/s, and V, = 20/fi/s, determine
velocity V. o 2
A2=~00‘1 m?. A‘B'z‘OEém

A= -046 m* L
Vi= 30 mls V= 65 ™ .
Given: Data on flow through box ;
Find: Velocity at station 3 'g
Solution:
Basic equation z (_\72) =0 [
cs

Assumptions: 1) Steady flow 2) Incompressible flow 3) Uniform flow

> >
Then for the box Z(VA) =-VIA| + VyAy + V3A3 =0
CS g A
Note that the vectors indicate that flow is in at location 1 and out at location 2; we assume outflow 2 location 3 o ".l'r—.f-’)F
i 3
A =
1 ' fi_ 05 _ f 0] ft 3
Hence V3=V — -V, — Vi = 100— x — = 20.— » — V3 =5~— !
R TR 5 R e i r
Based on geometry Vg = V3-5in(60-deg) Vy= 4.33--tl
s
ft
V,, = =V3-cos(60-de V, ==2.5—
y, W deg) - il

=yl o :
Ve (4'%'3”’2-5'@
Nows s)

D!
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Foaey

Problem 4.25 (Diffieulty: 1]

4.25 Comsider steady, incompressible flow through the y ;
device shown Determine the magnitude and direction of L
the volume flow rate through port 3. 3 Ay = 0,02 m?

V1=3m *Vz.lom
A1=0.1 m2 A2=0.05ﬂ\2

Given: Data on flow through device

Find: Volume flow rate at port 3
Solution:
> >
Basic equation Z (V-A) =0
CS
Assumptions: 1) Steady flow 2) Incompressible flow 3) Uniform flow

>
Then for the box Z(V-A) ==V A| + VyAy + V3Ag = -VA | + VyAy + Qg
cs

Note we assume outflow at port 3

3
Hence Q3= Vi A - VoA, Q = 3-? x 0,1m® = lOv-?- x 005m° Q3= -oz--‘lf"—

The negative sign indicates the flow at port 3 is inwards. Flow rate at port 3 is 0.2 m%/s inwards

Scanned by CamScanner



L)

o  ModueT (Lees)
.»!_ odule T (Lee 5)

T

ot
7

”. TOY\& iy IﬂeY‘{'('Osl CDY\“YD' VOlUW\C .
" Momenfum equadions forr  Ine

, s
oty Wébmnws‘ﬂ:’:nho] volume J%orzm of Newlon

gsecond law. dume. e Jusk used ’Fo'rt

Scanned by CamScanner



U T e "~ . " ] IR R 57 S b S B
_.%-,--, 5 2 . AT, AESITEE
A = il &: L 3;-’::@

SE AT et J g

The  resuldanl™ furce, P oincludes all cuondace omq“ﬂm -.‘
boala fuvcer c«c\—'ma on e s~;s+cm/

T R
s
=

-

? - E’;'\' FB
| velume formudafions ane

The 5751¢m am4 conyro

relaled wv'ma
———O‘N) = Zimpdv +S*\e'\7’-oﬁ
dJ‘- SyShenm - ce
To denive —the Ccm\-rv] volumi —g-\;ymuw_i'on ols
e cel

A
NCVU'}'DY\'S SCCDY\4 law , 7
NP od =

LAY L\ T pd¥ t
-—;?)s\fge\t\m o Ee _ z

Scanned by CamScanner



iy light b this D omd ') ™ La
'Comklhe-d o 7.5,[4 e conkyp) volume %MMOﬂA-
Nesrdon's 5econ4 o forc ae ’nohaCCe‘CJ'la.rq? |

Conwe | volume

Fow cass when @€
. can WL il
Jn\d" o,“q .exc\", we —> F”‘A

) > VAV
{?=€+%=%g VPO‘V_‘-

Scanned by CamScanner



,‘, ; e W\V-‘S’PL)Q U{'He Cmﬁ‘b\l o0 a‘PP‘?"“a e_n]"\®'
= the Firct Step el always be to C?nﬁmg e
L and ks conko swn ce
| M«W\}C:\Lkﬂar‘\me:;w :' e volume inteared
¢ So ‘
0‘7\4{ SMW(’_ iY\‘\‘Ca{Y’\l (UY gumw\arroh) l—u
etull
> Each kel ond] exit showld loe_.ﬁaﬂ J
: as, should e exkennal birces acking

lakeled

) quM’Y
% A mechandcs —\%g boa\a bvrce 18

oyYMc‘ 'Z‘r Co.

F, - g o7 -
€

v

— -
Wey = MZ
omel

on oF ‘F“W‘Yok S enbive

k_&”c is Cl\"‘—/"'o

Scanned by CamScanner



ly e @ cve mint alse be  canebul th evelualing
SVPV-dA o T VIV
¢

S

(this vmd be_ e ashen to do b we covefe thom
ikl dne implied ponentherct g’\'}p(\?.a\h)

=

Ey

Scanned by CamScanner



3 " N ™~ i

' '{‘:‘ﬁf

. fﬂ_cg\‘\'fYo) Volume Movmﬂ o ih Constant Vt[ud,[}

4 5 We ahudied the applicalions ok mowentury
k?’e;n{&n ‘o (nentiad Conbrol vclumcS[_sl—-aJ-tonma,-

o contvol volume .
volume movivxa d—

""'llmr:—:

—5 Suppose Oe howve o con ol
FOMQFeeq :
e con <el up wo

‘ ore. stadio
h xYZ, aosolufe bt

,oychnafe.s O‘M—acM

co-oxinale  systems
nan éY\U\J’{“‘)
el

o the

._%

(i) he X7 e

\ b&ca\&\&
fonkrol voluree Colbc‘)s“‘u‘”l‘”q eﬂ:!ﬂ“r"“%

aol™ Q¢

Scanned by CamScanner



R
o
e

Al veloalzer mwid be messwu4

" SR e? cince
in LU/IY\a this

aelakive to the conkvo| volume,
¥ '. obtoan the moraentum
o i o inenkiag conbel WIS
F‘,
=’ .
N = P,(az_ MO) YL a V’LJI

A wrilen &3

\ volume -e_q/uy\ﬁon s the
— e

/ILL, COY\\'T“
v Pd’vhrg—\z.af_? Vg

Scanned by CamScanner



Laci—uu L (MedleT,ch4a) — ‘z
’)¢-H€MV\, liad %J‘/‘S"‘- o Fluid M"r”\

—> Ne Aevel opco\ the bagic eguafions in
ZmLf’_qYa.l &rcm fore & con'\Yo\ VOMMC

we wadul @k OO0

sarp In\{.q‘foq ecvkwvro‘f‘s T hehowi o o o WW%MM

anderaned an he T sevzces
and i elfecl” on

et ‘YYO“‘
en the :lj'm*\ Ac{@icd\ e}d
r\ow\eo\‘ﬁr‘- of Ahe Ksto ‘

A HoweV
enoble o to
Ah"ﬂ(m’}rﬂn/

RO P\e
e Forr %€

o) PYOV\ oy t
Cgew‘mm by o “;“?f
oootd " o

v ass-U""C ekt
¢ ¥V,
~the E:H? e e a

oud the “ v i

Scanned by CamScanner



We OO'LQ_ '|Y\X’Crw).4{ﬂ\ AN akevelop'cv\ '\
OUWMM eqpeodions , we ﬁeeo\ a;m 0““"“729-
” inbincfesimal systoms g contro| volumes.,

= [ M0
‘ QO“GW‘?““ | Gy

opeﬁra
. ,—M ’—k\f\é W‘ Ok‘ < ale
it W:\S‘E;*zo‘ﬂﬁnuo% funekiens i
A ekine N ) S

o : e
coondinox_e-s o vc\odr?j .\ﬂd’fk s

Scanned by CamScanner



Scanned by CamScanner



s
g

Tor example ot the ru‘gN" face

&
AT EICOR )4 &

ewe. CON wvile

Scanned by CamScanner



These coan Hhen be 944 to evaluafe the y

sSunface Anteqved N eq" (V)

— . __@
2 ¥ + pV.dh=10
e f oo |,

Scanned by CamScanner



&i} T [F —@fi)%j[w__ @é‘i’z)% dx dy
. —Pwdudj-!-—f—,;t_a%-r f( )]dxd74z
T = [e (20) ][ B

— pwdxdy T% [_w&-}yr f(???_)]ahdy

all &+ faces .

j;sf V-qn l“{u@—)ﬂ’%ﬁ)} §\ )-}

Scanned by CamScanner



REREEA ST
Sy
it

The weswl] ol oM this wak K3

[”af’u . op v 'apw ]ohafya'z

Cal A

Thig expression 16 he  swiface lm"e,ame .evdwﬂ-{_?on

Fry 0w diffoendia) cnbe.

To complele %h® ) we
4o volume nteqve

e
2 ( edv eale i chanye
cv

M "I‘O eva.[M,JC

Scanned by CamScanner



T Stace e vechw openalon ¥, in veelongulas
s Co-ovdinade s i ven LJ'

Scanned by CamScanner



; vﬁww“ EMOH fv  Conhro] Volume wc% :
QAce elenaion ( RecHlim.M) CC“-V- “065\@5\41“575]7',,

P ' ! o
v cs : A

(2 3 <y Bigeg = o T |
T::*?B q“f-fdv T2t V”‘;]zf v c\:m? G
v i

Feor non accc[enof‘mz O™ O ‘ [

R TN | yeleranre. i

Arp = veckeliman accelenalion ot ) M,‘,ﬁva““@h ‘

’ﬁq:ne, 'xa'z_ C'c-e. ob"“‘\l. CON&'tO‘ Vo
inentia] frame *YZ .

Angunlar momunfum Principle © (Fur inodiad v&’\aﬂﬂ |

Scanned by CamScanner



Lechone T {Modede T, chey =

| Tovr a 2D s an T X\a plane , i o b o
c_omPoM—"\a“"sL V'EJlOU:@ i< Fven ba o= A)L ?é‘_&“ﬁ“g
m\oowf\r £~ éncompv?ssaug oW .

orents O Posgal,& ?

a_ possible ¥ €°
How mang Y cym{a

Guven o Hewin Xy Planse Loy which

F‘tno{' Q’*) VOSS(‘\.QQ \j com‘()om\r\{' kr inc'ampvesh\.a&\
(bow -
Nuenmben ok Po%%\.& \/—CumrJowv\!’S,

b)

Scanned by CamScanner



5.9 The x component of velocity in a steady incompressibie
flow field in the xy planc is u= Ae™ cos(y'b), where S
A= 10 m/s, b=5 m. and x and y are mecasured in meters. A N
Find the simplest v component of velocity for this flow field. RLE :

Given: x component of velocity
Find: y component for incompressible flow: Valid for unsteady? How many y components?
Solution:

Basic equation: a_(p.u) + Q.(p.v) + a_(p.w) + _a.p =0
ox dy oz ot

Assumption: Incompressible flow; flow in x-y plane x X
Hence Q.u + a_v =0 or a_v = _a_u = —a_ A€ -CO l - —A-.cb.oo X—)
X dy oy ox ox b b b
X
. A
Integrating V(X,y) = - -t;-cb-cos(%) dy = -A‘eb-sin(%) + f(x)

This basic equation is valid for steady and unsteady flow (t is not explicit)
There are an infinite number of solutions. since f(x) can be any function of x. The simplest is f(x) =0
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6.44 The inlet contraction and test section of a laboratory

wind tunnel are shown. The air speed in the test section is
U =50 m/s. A total-head tube pointed upstream indicates by
that the stagnation pressure on the test section centerline is Flow U =50 mis 0
10 mm of water below atmospheric. The laboratory is main- pa— — ?
tained at atmospheric pressure and a temperature of ~5°C, E
¢
"

Evaluate the dynamic pressure on the centerline of the wind
- tunnel test section. Compute the static pressure at the same
ﬂ;ﬁuﬂnﬂvﬂymmthm&muﬁemd l
th that at the centerline.
" v Explain why the two may not Test section
Contraction i

Given: Wind tunnel with inlet section

Find: Dynamic and static pressures on centerline; compare with Speed of air at two locations

Solution:

RIS e e DA

3 : 1 P o
Basic equations pdyn = E.pair.uz Po=Ps + den Pair = -]-{air—']:‘ Ap = pw.g,Ah

g,

Assumptions: 1) Incompressible flow 2) Inviscid 3) Steady 4) Along a streamline , ‘
3 e
J i : !
Available data T = =5°C b=k 2. Saib TERER et .*’
y

Patm kg
For air Pair = 1 Pgir = 1.31 g
m

1
Pdyn = E'Pair'Ul Pdyn = 1:64'kPa

pra Po = Pw&ho pg=—980Pa  (g2gc)

Ps = Po ~ Pdyn

Scanned by CamScanner



Energy locses an pepe Hoco

Nheny o \ftwo\ 45 How‘tha -anouah 28 P‘F‘%M
hou.io\ expe\riences some ke sictomee due o which '

some of the energy ok Ane Wuid 4s lost.

The locc ok energy s classflﬁec{ as bt

Energy loces

‘7 Minbit ener ‘

Major erergy loss (e Sudden
(e fo briction) (5 sudden, CORRACER

g Loy sbend £ PPE L

b et S e
- £ - Y

3 ;7 g »:‘

-'K gt i, Sl

Scanned by CamScanner



LFH‘CHOHOJ loses in bibe Hotos : |

* . The Aviscosefa Causes loss‘ ols e-ner@a'

- fows cohich is Known as  Ivickonad loss .

Expressfon bse lose = heaol v

® gl o

divechon L

57 5
- ) Ne
L 1

o 2 ]

o ' "j £ Y .\!

Ty TP _ o y 2 2 g "4- i P

Gqﬁgi dert. B hovizontad Pibe, h‘”"mﬁ ] g |

¢ 1 15 ! &
kchb\le &n 3 ]

< BT sf
Ty & { "
o \."" L T . B 1

T il Pl A

Scanned by CamScanner



Scanned by CamScanner



Scanned by CamScanner




. 4 - %d%'dat” (o]
5 %,,clg‘ic\—‘rbn
Equdion@ e re-written as |
1
h, = % e ;
: 299 | _

H £ Fswiken w08 fric Hon beic fore a"“i
e ! DB

, i
i e olimensionless - o Al e

| ted thad ‘

o} ma be Mo i ok jckon

imes ie CO—eW\uﬁ\r . 1

@ Foy lamimod ow , T is < Lumehon ol the 4
For : ‘

| e eniy {763
Reaﬂold s 'ﬂc:: en g <l HW*PD“S-&_W%{

Sl o, TN o

Scanned by CamScanner



) Fer commencia pipes ,the brickon Lwh’ X
4 Tas o bunchionsol Re 9 Ep s POR
. on A Iejmﬂ\mic pape called H’wf

Mooc)j’s chant.
The chant cam alto be s -

be i3
fon - civeundan sechions e Re <0

C’-aleulnfeoi ba fre,f)lacjﬂg d b?,"]Q y

wKU\LK:—A'f;"

}
e -
2 — | \ -
¢ 5 3 3
R g, |
P o P
4 &
.
s S5
Eq
W :’ = -I o o (a4 i |
> bt 3 1

=
- I )

R - ‘
T e S
i vﬁw{\g‘b i\"ﬁ} N

Scanned by CamScanner



S £ Rei %) logay Ithmd ¢ S "*ﬁﬂ“

“Trans: Fon
weSfom .

/
‘ssauylmod 2did YTy

0157 Junbwlence - ' b ~_..+,-1d'

00! T ~%
N e i 0
gx\ w

s 105 1o

.,J v‘r",.. ﬁr}v*"?ﬁ M

Scanned by CamScanner



In addibisy, o Danoa——"‘luschh ewmon

CheZHS remudas i wed by he analys
ar te Pipe How Problems

3S

Che 2y's emulae 7 -

We khow 4ot  loss of hoad due to lrickon 19

bebe IS gpven bg- @
' s SR T
}\4: - “:fﬁ? ey

fl

hﬂp kon
whine, by = loss o head| e e o 1€

b = weled perimeter et e
A- _  Aveq ol Cross- _gechion ¥ P

M PEPE
£, Len#h ol'fg ok ffow

] :

S mean veloct

1
B o L) o B i R e

Scanned by CamScanner



Scanned by CamScanner



H i oy aulic %le'ey\,r S c\ i) *Qhefag 01“5:‘“

The concepT ok kgdmuhc qumd\'evxf ;"%z’) Ok
ota] energy Ling is Ve usebul ""h the M?

Howo ok L/(w‘dg 'ihmug@\ PéPES- \

\ ; ‘ s ‘o debimed The
H 4mu,hc cpraduevxf Line 2 9t IS ¢
e sum ok pressUs L\LL‘Q(’%)

Line which gpves the FRER

: sLoa Kowin
Jechum otentia) haad (2) o ¢ "

o -+ o €
t: 4 ih. e i et * T
L i '
rekenence Line - | |
| 1 S O‘D\—-a“an&d ba’

Scanned by CamScanner



cssaémM , a{a@(vg\ po :

Kiheq‘g head ok o H’owina
)

WE'(FH ~espect fo <OM

9t is olsp dekined 03 e Line

. ‘ o.l'[""-

z< ob%aivxec] log join‘ma the ‘op 0‘)’%
g 5 *
venh ¢ af ovdinedes showma the ( vl

~ 38 1S 3
e A

o sekorence Uine.

Scanned by CamScanner



P()(A}?FL +Qaﬁ§m1SSlOﬂ "{‘hrOu% PCPQS
e O
@[—;‘— EDHStG‘C)} L PCPQ Al (‘Oﬂhf_’d‘cq 'h? a +aﬂl{ :

6)‘. “To Y Y\O{ P
impomen aailable BL

) condikeon for maximurs
: ’t?fz\:\\%mc ag ion ok powoeTe:

—

{
*ﬁ}

e ——
-

}d B

v/—' v —
= T
—— L ———————3

Nk, O §

Pocwe == 25 lrl'cﬂr\s\rv\cJr%ec\ ‘Hrwcu@D\ ppe by
&’fvwma w %hrm,lﬁgx Them
@ Powe WH@{ O{@P@f\ols wupun
@") oW r(,(*) W?Agg\r & the \(OMMO‘ k(’owma OA@Q\
b Pz\olf\e,q_ﬂq avai labe adt Y end € PR

T

Let o = obomwrl}-*'wz ptbe

- of How An Pipe
v °“|r o ks St

‘ l lDSS 0{\/‘—& +0 W\Chon
{\qcl—zon buctore .

Minoy

Totzd D\Qawi avoalable at the O'U-’!:Ct \ ‘[qo ear:;
= H=Ppa H -~ 239 | :

o gtk v m;«-;; i

L Nian e

e.‘ Tl N
Scanned by CamScanner



Pass; at outlef
( entv' sy /B&c) g M: N,__ajm,,_,ﬁ_
o __g‘-f . Ok.‘k
Vg Powen chameha] af the ©

P“{?I‘ffdzv( f—%q’)

&Nnaenr(j o powen \Lrammsstoﬁw’ o L

o et Powsen “af e znlet
W (H- M)

i 3
W H :

- *i’;:\f“ ¥ Sk

Powe I’Z_

 Maximum Frans Mi £s10) o

Sanned by CamScanner



¥ F’m rough mozles
(*) M nozzle is O dp’aﬂ[wlﬂd CthUlgcna,
chont tube

M) Pilted of the ouﬁerolf-a—‘mﬁ—‘““ﬂl
ob a Pibe fwr e puapose ol

COhvejphng the Aotm) enevay of the
Wowih? watere intp velocity €nergy:

Kineht :

Let D = diameterr ok pipe
A = Areo oF He PCPE L
V= VCIOCA‘Z ol How n Pé’?é

Scanned by CamScanner



‘HM - avodilable qj*—ph(,_ end ot %e_ Pé[ae /bau “6"1'!&2:21:2
| TN k{_ L e 7 i SN LR e

b - £LyZ FL Ne:a&:ﬁha minvy
Z?D

[l

¢ hozzle.

it head af e Tnlel obhe pepe = Tolm head af
te ouHel oF nozzle + los ses.

2
IR
\,\?_: :ELVQ‘ ..__-@
s "2'%-—'— 29D | p
From con\inuiha eguatton, e e pebe “r’&io‘é‘ﬂle*

Scanned by CamScanner



1B

.':!““_
&
o

cutlet per s

o

4

T
e
&z
i
il
o -

Kinetic energy ok 4he jeb at e

& ‘

s

- 4 pa

HemMission.
Etﬁamca o powerc T
HeM d-raMmEHeq’ '.}

= hoad Supplicq

uZ.
)
H

l

\li.
Zah

I

I

Moximum power ovei|abole fromn a Me?

t ~ R
-

|

P\ F’owen VLYO\MMZHed %D

Scanned by CamScanner



= f3a [H\L

Condihon —Q\w PAAX] \oowert \lramvm?”ﬂf
ba mozzle

Scanned by CamScanner



Diameter CM’/ vt -4

* Maximum  pPoLoer e
owery

mum Jeamsmi sH00 ok ¥ b

Foy wWyXi

H’;?’L\-F

2
29 D

f

. " %
Subsfﬁ‘}uhha in f—;jl O) v
3fLv: W |
29D

k&

Z_JLLVQ_ . \1'2."
29D

=

=0
2. . ’ \L
. ) gy e M
“7_ ZQ'D | b 2,2.

oV

B . S FA® 7L % | ot
TR - ‘ a v 4 . S

Scanned by CamScanner



M t.muywwwr‘ = o

P fot —tube Henru. a'e. P: BT) e

o tsed bvy mea&wuna -&hc velouf‘a{

o (& A Aevic
in a \che oy channel.

o bHow ol ong potrd”

. 96' tha
% 9t ¢S ba,s.wl o “he E\:mc'—?_‘é that 2 gl

Velou’ry af any potaf Aecveak Jm %¢

o\'x—w\odr pc;zv\r —mcvcaze/s due.

A

) !‘l" AT

A

Scanned by CamScanner



Vendroumeter s a device used kqhme&%iang{ii
+4he mate ol How of bhuid] k[owma Ym—ﬂe\ e
Pc Pe : |  ;

ot concists of three pmfs. e

. A <hovt conver?iha POJLT'

|
L 4 ahame,’rem at the Hn\e/t-(g@aﬁmi) |
ety = 6 ‘
P—i-‘ pres‘.swm cu\'.;ec'hpnl
| ot secton 1 &

-\/I ., lou

Scanned by CamScanner



Orilice Meterr

% 9 ¢s a device und boy measwunav*ht
bfow of Hnuo] {s{ow'mz/ ﬂ\muae\ a ptpe - .‘
Aevice a3 conipaired

4 St ¢¢ o Cheabert
venhoumeterr . Thes alip WOYK oN

principle as that™ ob the ventuume ter.

,.“
< S

i

ok blad cvcuwlan Pla.f e whit

% 9t concicte
in concentyic wéth he b

a circulan hole
Thic ic called ovibhce .

= ok dhe orilice S

AT i it dicmetere oF the

0.5 ftmegs the

Scanned by CamScanner



et toming
o * e

-ol,iCm\E”f?"C at ceckion L
ax Sec‘l"lbﬂ 1—

Scanned by CamScanner



I bty O < e i
SSRGS o Sl L
o J
P o

(Text on Y RepeRENCES)

= SRR echanics and Huid machines
b IntvoducTion o Fluid Yec quhfr‘d Ectilion )

b?‘ S K SOM, : H

Gaufam Biswds o ’
mc‘ S uman chakrabott% a) ?rcivarf_-'- I-MW'E{

( McGreaw Hell cauealion(indi

2. Flued Mechanics  (eighth Ed:fion)
McDenodd , Pra fehand

by Fox ., |

( WILEY )

3. F‘M—(ﬂ\ Mechanics (Sever\fn.rEdc'ﬁo\‘\)
by Frank M- whele

¢ MeGreaw T ) £

Scanned by CamScanner





