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|

*| Flow of inco:-gpmss'.ble Fluwds in pipes-

Te the plid dursity s an appreciably afrected
by ~onges n temperature and Pmssuﬂ?,tm _ﬁ‘uiol iA
Aaid o be  compressible  fluid- -

shear stress distribution in pipes.’-

* g otTEe
—

i
|

A ‘{yh,ud &, coru;;;i' dervity 12 v&\ow‘mﬁ A{@acbj’
H""DULQ" o horizontal pipe: corvider o dink  Ahope
element % ~(5Luiic{, chown N -64'9- havfng fradfuc*:o" &
Hength ‘dL’ concentiic  with the axis of the PIPE

The 1eluinc:l Pmssuz’e on +the u]os{'rf’am :gaca,dy

e sk 38 P:Pa 6

The £luid pressure on 1 down steam o & the
;OUAk A P+ dP :Pb
| wodl fovce =0
gravity porce = O
Momentum o7 My —mu =0
sod  hetween the

The momentum eguodion i opp[
two  faces g the olisk . Since the pLlow © pully
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| developed, @
‘SO. = Sb :TT’TL

where 8y & S, = cross -sechional  avea ot locabory a e b

vpechely -5, -T1s", Fy=F, Fusat TP, B4

The shear foree () acting on the vim g the elimord
ir the product & the Shear Shross (f‘c’) and CljUnO{Y}CaQ

oxea [2TT7d Lj

Fe = amrdL T
where ~ = vodiw g the cg[’mder (m)
FS =TIy P —'TTTLcP‘I'CIP) —2TTT‘OILT =

P
v dP amerdL T =0 _
i Wi~ p T olp—

Diding by Tl 2y dLT
df y2L. -0 —0) 5 dP + oM PdtT o
a ' TdL
lami P yal=o0
n b%ead.j 19‘0(.0) either lamina¥ (o) T ¥

tusbulent flow the pressure af gny given cross-Section &
o pipe corstant -

Henca,(g.g In independent & Y

|
|

The above eiuab‘on can ke written  oF tho entive

: Cross- gection & the pipe  with oo oo
T= Tw & T-0
T= Ty, o
udr}em,} T, = ghear stress at the waoll V=0 Tnax

Tw = Yadiw § the pife wold
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ot wall ,

dL T

&lbbhaCHng 0 {)»mm the above QZLLQHOr) uﬁﬁet

dP 42T =

d—P— +&:c£—- "_d_f. —-QI_.:_-O
dL Tw dL Y

Tw

Tw

—

The above eguadion rolotes the sheor
~odiw o pipe show v g

/_\.'tlflo& S with

PipPe

°  Shear stress, T
vaxiobion ¢ ghea¥ strecs in pipe
T% ¥=0
then T-=0
Thi s [ipear vrefaﬁODAHP a.PPUQA in both [aminay &
turbulent Hlow € tp both Newtonian § on - Neeotonial)

$lows -
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¥| Relabion between skin%rich‘on & woall shear -

Skin i ctHon '~

Lkin {yﬁc{n‘on ariges  rom He i
‘19C"{""5t the “skin o}y the object thad |
Jorm o veckor at each point On th AUFfACL

Ex— Aerospace ]
- AW%OH —= Minimum pressure oceulfs neay [@&dffkg eage

increaring  pressure  distribution long regions &

turbulent flow ( high skin frim d¥aq)

\$
—> Stveam. lins & — Bow\A:ée{

—7 invisidl {low //
"

/

/
e

Fricton drag alio known as Akin Jviction drag, i»
drog cawtol by the griction & o pluid  agairut the
Surace o on object Hthat s moving fhmugh it

The boundary layer novmally generates o dvag on
the plate ax o veswt ¢ the viscoud stesses which are
daveloped  at- {m woll: Thin dsag s normolly mﬁe.nﬁd to
o Akin %ﬁdﬁon.
Tnteraction between luid and akin 6 the body/ -
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wall Shea¥ -

—

(e

A
" wall /;hear'skréss ir the i» # Shear ntress in the
layes ¢ 4lid next o the wolt g the PIFC:

He
_ The no. sip  condition oictates that the speed &
but at AOML heighfr «fﬂom
pluid-

$uid ot the boundary i Zero,

the boundmrj the _plow APeeoI must E’fual that & a‘ .
The wegion between fwo  poinks s calleol boundayy 104

> The Shear shess ;mpaﬂed on 1o the bounda®y
o» a yopuwt o thir loss & velouty -
shea¥ -

E—

Relation for skin piction & woll

T o pipe flow
P —P, = prescuve drop = —Af

C)
APS; = ch '_Pb
C_ 7 fu ZQ:U:l
Za=7y [heigh\r 2] 4rom ground level (ov) da "’\Zb:o

Uo = Y [Velou‘bj thoughout the pipe U corut |

when  Rernoullis e_guo.’a‘on 1A aPPl?ed to pipe Plow,
only &kin Prickon derm exisB & the pressure dyop 1»
due 4o the gkin friction' Then

2
E‘-‘-—-i'ﬂza‘f_\_l_?:._ ’hﬁ :_fg_+gzb+g‘i—
Q N
o P —AF b
f f £
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@
Energy loss due to skin Prickion, bps = Pressure drop AR,

—

£ %
For unit length, | - AF o
£S PL
we  have [“(yrom shear strocg  distribubion qwﬂﬂ'onj
Tw 2 Tw
DPS = &_____,_ AP(S = __T___ L oD
L L w =
AP, D
; = h‘ﬁs K &TZ.D L:h_@s {LU —;
FTw
by = 8Tw | - 4Tw |
£rw fb
mm’p in the diameter & the PiPe
. L T
Sl hps T b D P

Fanning frichon factor (£):-

TE 1» oleﬁ"’ned o the voltio & wall Ahear Atwess to
the product o ouruity & velogty head.

r~—

I
_? :%‘ &r(.—u) = _—_C:{_E
P T dL
4]
Tw = —dP T,
-2 w = w
£= “w/yv d L
QdL 9
Jw_ P
p=—dP Tw _ AR
=TI vhe heg = Y
f= bF 1—“15 | [rwzg_
L fv 2
J?: AES' D
L gpv™
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s s _afppvs ARYIE
L b = >
heg =4 £ Tw
s

Hgdfcmlic Radiws (TH) -

aréa_

'onal
R s degined  ax the roho 8y cvoss section

to the wetted pei meted
[S — CT08S seckiore! aex & channel

_ S | ‘
h T _L—f; lp - perimuter & channel with flusd
For oo piPe 5
), D
'YH = 4 ‘
™D
- D
D :L}T” —
T annulows ‘De2 = ¥, =D g;_D
Fo Scl oxe anneclows
r $guare, ‘.
T ::_S:: NRE = D v
L 4 -LJL
= 5 5, = Do-Di
T

(S:unLJ % =D
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¢ Laminay Flow in Pi[:as.'—
when the pluids tend to flow withoub Jaterod
mixing and adjacent layers plide part one anothe?,

tren plow (2  called laminay Llow:

Th pipes becawe o symmety about the oxis &he

focad. velocity (v) odepends on the wadius () only.

The velocty distribubion for fully developed Flow %
Newbormiap  Pluid  for laminar fLlow fa given belo w-

Th a ciralar Ting & radiw v & width “dr’

element cyoss -section = ds

ds = 27y dr
Fom Newtor’s law of Vi cosity
G- du
- Y T T
T 7 T
T —
7 dv/dy T = h;*
w
dv - _T
dv -
T, %
_d_U_ = -l —
dv T, M
TR o
dv Yo
cF
The minus Aign in the egu) aceounts  for the $@

thakt in o pipe U deoveass a3 ¥ Y NCreases .
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Integrate  egu (1) uuuth the boundm}j wnditon u=0,Y =7,

91\/@5 u
— Tw
de "?—J—I j‘ d'o"
© v
T L or 2)
U= W (wa'r) N
K R

TFe maximum value 6 (fha docal veloa'ty

l
by Unax and i» located ot the center % PP bmmﬁrg
w» found From egu(2) by A4

The value % umm(
0 fv 7T,
o.‘l,""r:O/ u= umax

u _ Tw"f:l_
m - gr, M

QM

Dividing egue) by(3), we get

®)

u ( Tu’; —~7")
i ol Average ’VQ[DCHH
Umax (TwTw .

u=-—

M o5
u o= - ) e =117,

S 3 £l omantol cromreco

. dg =21mvolr
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We know that ©

—_ ’
V’E’j”ds = U:ﬁ;— = average veloaty
5 Sufate area
- CTw—Tj S:n{:
T Elemental
2. dion
L (Te () ds S e
v = w - arrvd ¥
3 ) apw,, ds = QI
S .
v = Tw IUJT:;-—-TL fdr = Tw [Twa'iu)_ -I___]
» 12 AT, 24
N o= T Tu'j .-Ii]
K2y |\Ta "
i
VR J Uﬁﬁ !
ME - 2 Y
{\l I+
\V = lw'fu)
3
U M7,
T o~ TLY
Vo= L —
T
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Hagen - poisedille  eguation.-

[le ezuaﬁoh 'n wed to estimale the

Hqgen POLS‘EUJ'

Visasity & the ﬁlwd- o dP 4 Tw -0
v = Lol AL e
YT Tax of
T * T g
d - -ale
dL Tw
&Tw :éf_-
““.}To aL
't: d?'ru’
- —9

souille eguaion  from

This s known ar Hagen-P
,fomm‘ng Pricton _fach'f

&y

Equaking eguc) & (2) we-geb
_— —_2
33NV = QFEPV

D D
3QMVD - P
—_2
QD PV
£- 16 M
puf

£- 16 —®
uohon

Fouta) is the Hagen— poiseuille €4
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This egua{-?on wes to meawur?  viswsity by meayuring ®]
e PWSSQW de and volumetnc ﬁlow rolte though o
tube & known fengﬁo ang ol amete? -

P‘wb@ ~

| ch’rﬁlf flow through an amnulous the ouke¥ dia & the
Jiner pipe in &cm & the innev dia & the ouler pipe ins
‘hem. 4 e low vake s 100 ¢¢/gpe * Dekeymine the
nature e fow (£ -ago K9)u , Mz 085 cP)

Given  data
Dy = &m = 0:02m

T
|
|

|2

| Do = yem = 004 m
g. 9 = 100 CC fepy = Loox10”° ma/sec
$ = 980 kg/m3
M= 0g5CP =085xI0 Kf}/m Sec

v=2 - 00x107¢ _ w00x10 " - $03&x 107
m DY) 2
A /Lf- (DO Dn) _TEI’;_ (o.oq '0102_) 0:31¢

Re = (DO"Di)_\ZF
J»L
Re = (004 ~0-02)[A%5) x (0:318%107>)
0 €5Y(0™>
Re = 133:¢2

Mkec

| Re > 2100

e, Flow i» laminar .ﬁ[ow'
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Prob ® -
A Smooth pipe g dia 8cm & goom Jong Carvies waler
ot the ~ole !% OL}Qm/M [Aswme kinetc viswsity
% waler s 0015 stokes )
() coleulate the loss ¢ head
(i) centre line velocty ciii) pressure drop "
(v velocity head & sheay clress of 3em  from pipe W
Given datw,

Dia e Smooth pipe, D =gcm = 008

-3
§=1) 0" =T (oo0g) = 5025%I0
¥ U
length , L= so0m )
shear ghress , 3cm = 3XI10 ™
2 ma/
kinemabic visweity , § = 0015 stokes =0-015X 10 cec

) 3
1= 048 mé/lw = 048 m/sec
60X 60

-t 3
9 = 1'33X10 ' ™/,

ho = AP
£S P iy
- 3apVL Eme Hagen pomer eq,w“i" j
AP =
D p=F
G %000
- Saxo IS 0-026 X 800 _0'0I5X10 %
N g)" - 015 K9 [msec
@O V= 9/5
A
o v 13310 1
A %g— = 5. 0Q5%X107
{e]oL®]
V = 0025
yhfl:t:ﬂeN—m[kB ot =0 m/sec
N - Ko/ m®
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i) Centre line wisdoeity @

v = 09
;mM

- n:0O2
Umax =00 G/OJS'

Clh.) PWSSUW‘Q dTOP/ AP = '5‘600 N/ml—

(v hpg = %%_
Ty = hps xoxi

. 5 6% (3%19°) (1009)
w T

Iy X800
T, = 0146
V= TATLU = TUJD
T M 3
-3 M
= oly6 X8XI0 T = d'65%I10 /\%’C
gXx (0:15)

Tufbulw pipes.
Tarbulence s cawsed by
thal- lead o lateral mixing.
T ‘turbulent flow through a pipe, the velocty at the
interpoce  between ﬁfuid § the solid column wall (A
ore no ve(oce{—y componenbs nommal to

the oppearone & eddies

%ero & there
the wall
% within o thin  volume immediately adpcnt to the wall
He weloaty gradient- s essentally corstant g the
Llow s vircouws most  ef the tme. Thir volume o
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Calitd " viscows bubiaijelf” and eddies ofg moving  into
thi s Jlmjef £rom turbulent Plud.

% A tramibon |a;je'o’”( buter fo.:j@b’) exists immed:alely
oadjocent to the viscows aub loayer in which boﬂ?
iscows loer g shear dug o eddy dippusion &It %
ir thin  velatively .

¥ The bulk of the cross-Section g the plowing rtream g4
occupied by turbulent Plow cotled the turbulent
Cove: T the ‘urbulent cove, vislouws Ashear W MQ“?"JD[@

in COmPGLTiSI“OH wii‘h&uﬂl&k due o eddy Uf»cosffy%ﬂg
(rothing but 4usbulent viscosity)
bution W +ur bulent f(ow.‘/

velocity  diatwi |
.Velocﬁy distribution for a Newtonian tlusd rrovirg
and {:urbuler\‘: filou)/s ovre Hhowon in -ﬁ‘g-

in  lomina¥

¥ The cusve for furbulent ﬁou} Re\owi
s much glotter than that ¢ i‘fg:?
laminay low , & the differonce e %

e
b[w the OLV9 velou{'g & the ?\? wa===s sl s s lonk
. \ tuwrbulén
maximum veloaly C@mcdemﬁ?ly Frachon 6 Llow
less- oximum velecity

% At the cndre line, the twrbulence s isotvopic (Thaving
Atme, optical propertes in adl dimectiony) .

# TL is wstomary  to express the velodty distibudion
ksbulent £low not as velouty Vg ditance but intertns

& dimengionless PammekaA-
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Frickion  wveloaty = u

u:* = -;[_"E - _PL:UL
a N\ F
velouty co-eptfaent dimens

Distancs , dimensionles ;Y

p—

300'9\“) w = *

+:HU*_P :_i\”(:pf
J-L

where,, i tube

Y= Distance {rom woll &
& N = A+Y

Equations  gtelating ut oyt ave

distribution  laws

universal veloaty  distsibution eLugme

P;‘VBqui&mlmﬁK

colled Um‘.vewmﬂ Vefncﬂg

L= du
Tﬂﬁ’x"‘};
—~ v du
‘C;-J*a-y—
« Y
jdu=$v_.de
0 g
u=Tw Y
S
-G 9

P M

U= ¥y

\}L

M - pu¥y
u¥ o

ut=yt

: 3_‘:1%;;?

H
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where , _
Uy = }v
S v
(Ue) "
cut=u
U

uf=yt (o ytes)

For lamina¥ sub -layev , N
t_ g.05 (5¢y7<39)

For bu«bbef layer ut =500lnY
| » +
RY bubulent wre , ut =a.sinyt 455 (Y 73‘9

25
Viscous B“L e
. < gublay v ‘%ﬁ,},?(r T“Tbu'fncgfg veloaty distibudion
a ) X y L
. , PS> £ -tuy bulent flow
15 : > /’ in & SMOO.U')
N ‘y pipe
{0 — 57 '
%
\P ’
1Y
g\
"
0 |

! -
' 3 5 10 y+30 50100 300 svp 1000

) imum
nelude oaverage veloaty , maxim

Ty, priction Focto

A numbe® &

S The £low guontities
velooty ot the wnley 6 the pipe,
velation with overage velocity Pegnold
ke comrection foctors ol & B

ut = ashyt 4+ 55 &

“- | pe
ul = aslnyl 455 > at the centreline o Pip

u: — Umayx
\.l*
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v
UmoX 9
Reynolds Numbet frickion pactor law £

T o435 £/
+ smooth Pipes -

(\12- = Q-Slnyi— 455

A +375 = gslny’ +55

7 .
\J—E | ( kasmann guaﬁofj
Y = &b n(%ﬁ) 411715 (Von |

N

Eppect op Qoughness.‘—

P has been found that in turbulent plow, &

o
wugh pipe Jeads +o a Jarger i cHion foctor for
given Reynolds number than a Smooth P1pe-

O(‘E—OT fA
_bﬁf a'Yngh PlPe I bmoof-hgd +he '65’ Ogufﬂv)er
Hu bxings NO
seducd . when Purther smoo rg 9 o Beynolo(a

yeduction fn the 4xiction facto” for a9
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number, the tube @4, sa0id to be  hydraulfecally  gmooth.

= (% )

where
K = Stoughness Pammeéer

% M new commercial pipes seem to have same type o

oughness ¢ thot each materiol & corwbruction has

by own chavackerist ¢ ngughnggs Pm’amdf?f-

s Roughness  has  no &PPmcgab[e eptect on fickion fackor
4ov laminar plow unless k' i» »0 large that the
meoyure € the diamete¥ becomes un cexEain .

£ = o0046 Re (For 50,000 <Re < l;uo"')

6
£ -000ly + 0"251 (For 3000 < Re < ax10°)
'3
Re”
‘K’ {07 wrought ivon steel pipe :l"g’Xlo—qm

may be comidered byd'fwﬂ‘“@'lﬂ

% copper and brass pipes
Smooth-
* The vasiakon € Jpiction Pactoy with Reynolols

numbe?”  for voriows malerials o Cconstruct on and
C(/O\) volues s shown in Fi9 ()

% Tho nreasurement g Youghness pavameter Por vasows
qough pip€» b shown in b

o
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Types of wou ghnesc
A 77 7 77 7
‘¥ )
D

k  RRUAARARTAR L =
T D '
Vbnv/:n’ilytlyll /lllryllyllyfllyfillyl ; Wmml
(a) (e)

& 2 PReTA T rIAA & Ly
x

%ﬁ‘d-———”

D
/117/1;7”7///7#//17(/[4/ l /lyll/’//M “L sl 7 el ariiZe
(b) G

F ction *ac_tor ;nM —Ploco”—
The Pavamete¥ Commonfy u»eal in the study 64

tuvbulent Llow b t. Panning _Bri etion factoy £)-
Tt 15 defired o the satio G the wall shear ALES

to the produck & the dersity & the velodty head (V/Z)
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Thn Qguokion s called Fannan egtmb‘&’)”' T 1 usol to
caladate  the Prickon loss.

Elow in Non -c¢ivculay channelg -

Tn evoluating  gkin Priction in channels ©f Non -
Clvcula¥ cvoss-sechion | the diamater in the Reynolds
Numbey mMmwt be +the eguivalu& diameter (De)

£ = AR D
L PV
RE = PG-De
wh S adiva
em/De = 49y, - Hydvaulic T

Hydraulic sadiwy s olo.bmad ay the wotio %Jtﬁo, C 3085 —
d the channel,

g = S = Cross-Sechianal area_ € the channel
W= =

LP welted perimeler of the ¢ hanne/

for civador 4ube, Ny = TTD%
D

oy annulan gpace blw two concenbric P!
hgd‘o’aab’c vodiws s
o =T @*D?) = Do Dj
b T(0+D) 4

De = @0 —DT>
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whewe, 62)
D; = "nside diameter o the annudua
D, = oubside oi ameler of the an nudus

-Hgdmuljc aadius e duck with o width

b=b"
4b | | |
E‘lujvo_!)_@rd: oliamakey qy ay/sgt_l_wm duck l_}dlth a width

e side b:q(—g—i

For plow buw I® plates, |

when the distance bl thom “H' in much smalit
fran the width & the plates (), the epuivaled
diameker

D = 4BH _aqp
Y =3

For layer pl
LS wj'rﬁowDe 4 A 4ws _1, §

L o

Reynolds Number & friction Factor for Non - Newtoni' an

pluds-
ioh ootoY = s —
Prickon F , £ 27

Reynolds numbe¥ _fy  Newtonian pluid 18
R, = DV f
n

. 'd v
Regr\o\ou Numbe¥ Loy Mon..NeuJ'bD”'a“ —ﬁ{‘” 2

3-0 ' n' n —2-D
Ren = 2 n| DLV
3n +) K'
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frickon Pactor  for  Non- Newtonian 18
' |
N+l ) n'
P2k 3+_’r)
! —2-N .
an\ll )

Fom the abeowe eguation o Reynolds numbe? ke
Lor Newtonion Pluid  Can be AL(T«MJ , on the
amampkion  thot  for domina¥ Plow -

16 - :

: sy or-Dection
Fvclion From change/& N velo?cﬂﬂj or- Drre

- % B PN
whenevey the velodty et & ﬁt?ﬁd@ Pricton
C\'\O-Y‘ged in either divecton or magt ~ /_Hoy;
‘ 3 con o dhe  Skin i€
is genevoted  in  aold#tiO o be)

thyough the graigh
sneludes form £ cton T@\A{* ng
al steam [ines

vesuting fom  Plow
pipe . guch riction
fom  veshices  thot  develop when No¥M
are distibuted and  when boundary MQZ—P )
reporadion  occurd oplen  these eﬁ;ecbs cannTe[f/ gon
caleautoked Pmcjsdg) g IF s nocomy 1o

e/mPEzﬂ'coi doto |
(@& Friction Joss fyom sudden exporvion & cromssector
_— m——SS =

cvoss seckion  €f  the pipe i» suddenly enlavged,
the pluid stream  meperokes YO Ho wall & Tmus
oX o et into the enlarged section: The jet then
expands +to Al the ontive crom section &y the largey
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condwit: The gPaCL between e pranol)rlg jet ard @
the  conduit  wall s pilled with Fluid o vortex
motion  characteriste & poyndary Jayer /bef)arai»éon g

corsidlerable Pricton in genera,ka{ within  this  Apace-
This  efpeet b phown in frqure -

7°
i
4
f
/
/
/
é

Yo =>  |Sa | [ el

/“'5 o L 7K A\ "
Diveckon ap £low NS = )
N |
== 7 AN

it

I A B
Flow ot gudden enlasgement Q_f. C3055 Secton

“The _ﬁ-r:chon loss Chfe) $yom a,buddé’ﬂ QXPOJ\MOD %

Cross Seckion  is  proportioral to the veloaty head &
the pluid n the small conduit can be wwitten aA

Vo o
3
k —> expam|0ﬂ 9—»055 GD~€{)’(;FU“€H{‘

team
V°~ -7 overage velbba'ty in ~malles condut o7 C;:D/)mmﬂ
—~ overage veloty in lorge? condust 07 dow

tory
AA & BB — Qon'tro\ volumeé olwaneo? by »EC

‘ ipe  I1»
- groviy foree Jo not appear becarrt e, PP
hotizontal -
> wall prickon s negli gible becaur
velob vely short:

the wall W

Scanned by CamScanner



= No veloaty) (-,JKQCL'QH{“ al the wold between Arechong~
< The only forcer; thewr forces i@ pressure forcs On
Sechon  AA & BB

v v — @
Vo D _-Fb‘sb = m(ﬁbvb = Py o.)
S ZaT 2, P l Vs # +gzb+ozb'\76>
Bosnouldd eguoj:ion C_jg;, +92ot T - =

can be wsitten gor this AltbiON -
2 o> ' .
Pa’Pb - oLV — odaVa ‘\’h-fe ~@
$ 2 | .
For wual plow conditions, %a =%, = & Bo ™ b
are  disvegarded - Alro

§ these corveckon factors s
elimination efy P,-P  between equ® &@ Y€1

Vo~ Vb — ®
! N7, - V. = PVS V, :V ‘SO-S
from €<2W>, [m: _PQVQ“SCL" fb\/bsb Pv ], Vb a( /b)

Sinc P s corst & eg u i) can be woitten 03

—2 bl
h A/ - Sa_ @
'Pe ; (' Sh)
Comparing  egus (1) & (57 show? that
2
ke = C - Sa ©
b
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A covvechon Pos w g P should be mode i the
type of Plow bebveen sectios  diglgrs . For example, s
the plow W in larger pPipe i» Jaminar § that in the
Smaller pipe turbulent o houd be taken @ Z & P,
a» hf, in egus @ & .

Frickon Joss _from sudden contraction of C¥oss seclion.-

B J@
_ﬂ//‘//mﬁﬁu\“\\\\\\ ~—g

&)
Direction op flow\E\ c —C Plcm@ ofp vero. cortrac o

/’ I

1

Fow at Sudden contraction 0f €TSS Seckion

~ When the crosgsection & the conduit s Auddenfvy
veduaed | the eluid  shream cannot Rlow omound  the
phasp  conet  and the streom breaks contact with the
wall e the conduit

The crossgechon @, minimwy aved at which te
JQ\T cmngeb _Emm QonJcrac,HOf) o0 an expo_err’? ()
called the ' vena contracta  The Plow pattern & @

sudden ntrackon i, shown N 9=
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&

he geckion cc is odrown od  Vena contracto vorkes

appear 0 Ahown N Piqure
The Prickon Joss prom cudden contrackon i pwpozrﬁomﬂ
' be
to e velouty head in the smalley  conduit and an

calealated by the eguation

h& = kc%_ ___@
k. —> contrackion Joss co-effcient s
Vb — ovevage Ve.LOdt‘y n o /)m_aﬂﬂr or d -H; 2]
~7 Experimentally —?or faminar £low, ke <07) N
| S igible - ;
cordrachon  Joss hpe 14 ne‘glg e
— For turbulent .plow, | ton
Ke » given by the empe"r?caQ e—f“e
S
e (-2
r)o.Q aeas  Of

where g, &3, o *the cxyors A2 cbio

» Yyespech .
upbheam & downstream conduith Pe \)e,hj
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X | Form Priction losses in Revnoulli eguodion -

Form f{ic%-“on losg@_g are ‘inCo'rPO'm,ffOl ) ﬁ)é’ ”)ﬁ

texm e,

f&ﬂzov-{-%;a. Ny :_;_b_+gzb+°‘bvb +hp —@
2
They oave combined with the skin pricton losses I e

\ Straight pipe to give the totol _Priction lacs - corvider, for
example, the plow o incompressible -fluid through w0
enlosged  headers, the comnecting tube and - open globe

valve  shown in  figure.

(1%
! 123
N
Y ssazarassImrsiasiiiisrila
Flow ' %
PT@SS\“E:E_G_’ *
velooty=v, | /% =
| ///// veloghy intube=V
| b
&l L 7 Exit headeY
Entsone  Weadey | EXib hea

Flow op Sncomprassible £luicl @ough typical @‘mb[ﬂ

Let v be the avevage velocity n the tube, D the.
diometer of thy ube and L fhe length e the tube:Tre
skin - frickion face i the straight tube i» bY
We(YUpn)(Y/2); +he contraction 0SS ot the entrance
o the Hube bg'kc(vz/g,)} the €XPafuion Joge ot H{\L
exit o the tube 4 Ke CVZ’J ; and the Friction 10s
in the globe valve i» k{g (Uz/l) . When ~»kin £rictron
n the entrance and exit headers 17 neglec ted, the

totad Friction s,
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Soli

toke gctation
in the outtieb '%eao(e'o': Re co* the

stabory o ond b, W, =0; adho ol and %, i ,
J

as 10 e kinetic enevgy term can be 07

eguU(1)  becomes

Problem '~ |
of 093 and

hﬁ::<%p%§-+kc-+ke-+kﬂ %é_ _® [H

[ ) ! a/vffﬂb 7

T wyite the RPernoulli eg uaktion for this i
between

o in the inlet he ader and
w e » NO pump
Laken

can be

—2
v ®
kf) c

- - l:._-+kc+ke+
oo 49 (2a20) —@fD

f

o V;AC,OLS;‘H
% oL ‘E’(lnk o

crude ol having a Specific gravity
ofF LcP i» dzrair\‘mg by ga’av\{y £rom
“The depth &f ﬂiiufd obove the dvowof
tank 4 om-. Tre line From e drowopf i,An
o pipe- Tt .Q:mgﬁw i» LE5m, and 1t c‘on’cm:;e
two  galte valves. The ol dischorg€s .n{-:he - o
am below the dwowoff conneckion b

'\ cubic metets Pet hour,

2-in-

oneé éef( ard

The gquantites needed oxe
J-‘l- = O“OOLF kg /m,g

D= 3068 _ p.gngpt (App-3) = 00787
I

£ = 0:93X998 = 928 1<9/m3>

L =45m
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For pithings, from kp (qo" - 075)

skpz 075 +2x0 11 = 1109

_—
— O( Vv
Fom e P 4924+ oVy _ B 492, +2* bd‘*'l”ﬁ/
. 2% =_b =
£ 2 =
cwsum’n’ng D%:\ ond gince Pa,:Pb (U'ld Vaf- ;

Vo - *p]mz 2 — @
—\%— -\—h@ = 9(%'15) -~ 9-%0 béf(e%-q) = 14 /s

— 2 | , no
UM egu, |, Lok, +heTKe X ;& SilinEre e
8 Rad o 2 o e
final %Pam;oh Joss, Since the kinetie enetsd From
-0 -
steam  is plveady acwwkﬁd For and ke = ,
: Kk, =0
e S, s very Jaage,
Eiu/ KC -:OJLt (l" i___i) ) SH’ICIL o
— 2

i =Q?%+’<C*§k§?

Hence |,

— 2
—2
= (HxX45F 4oy -i—l-OCi) Yo - (93084114 %_
0.07% 2
Fom  egu (D/
> Y 4]
Vo yhp = Y (148308f +1149) =
a : .
Vl _ Iy X2 _ QL2
b ~ = e e
Q. 49+ 2308f  Quyq+R308F
or ko prnd £.

VAL Priction PactoY P'O{' for crepday PP

For s problem, 3
R = 0:078 x 988V, _ 18096 V4,

0004
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3oy g
K - oo005 x 2204
D 0:018

— 000059
Triods give the following:

vb,esl:-’m/ﬁ R@HO"Lt ﬁ(fmmabﬂ\é) Vb al 1
.00 7-93 0-005¢ I 37
31 191 00055 4 4O
440 196 0-0055 L 40

The cyoss-Sectional  aveo g the PiPE s 00513 PLT 0T
0' 00y 17 m?'(ﬁpp-s) ,and  the Plow vaft » L 0% 3600X0:00477
= 156 malh .
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