.

ONN-2 :

Fundame ntolg of £uld -flow

ANNA—

A~ AAANS NAANAAN
Fluid K'Nematies
NAA_ AAAAANANNAST

INMrodueton ¢ —

INANAN

—_—4 ‘o
+% 1% a branch 0f Huid mechomics Nhich oealf INMhthe motion

ot Huds v o h { ry
e aieploce Mment yelodty, acce tevation  fHow on tee Mag

Yot e
How vate, Volvme ‘H()u) sote tov) fHow ol schoY‘Cje:] ancl .0thery Seloted XM pe G

of Space -time . \ "
% lelstions  wHy oot the Hfovyces and enevqyies .C/Mna thot fluial
motion.

i Which —the motion ot o ~Huid ‘e oleseyi bedl
One v £ \Z_jmr\ \‘Q
'a" method and Other e fo Eulevian Methog

N the \er-]'faha\on method “the SZna\e, Huld povticle ¢o

' —foltowed \oa an
Obtevrvev o\uvma

°o <

Tts motion 'y ) R

) ond ue&bo“«g, accelevyation o\enﬂ\t'—l el . ane
& colled \a;amnaian methoo .

Eulevian method 9~
IONANNNANANS INANNNAN

cede wed

: < 1 °
N Eulevian metnod “the velv dty 1 Qecelevation, pyessuve | denaity el .

ave des eviped ba an Obsevvev ot o #hed POINL in~the gpace of o Hlow K.
Flow
NNAA .t/,qﬁpheﬂ.as g——

@ Smodj cend  un gteooud —+low

Q
@ lamVnovy 0ng tovbolont -How

@ unrtorm Ffloco 0md  noN - Unitorm How

@ compyeSSide and \N -CompreSSible floOW

(B) fotono °NQ  wothona —fHow

@ 12i3-dimen §10nay 1BW .

@ steoc\j and  Un stecd\j flow 2 —
A

AN A AN AN

Staoxd’] Row 2~

ANANA— . AAA~

o
FTE VS at any  point °
¢ : (‘J*‘1 the %Qowmj fluid Vavioug
chavockeviSation Sueh at e loaity rAcceleryration ; pre ey ve
)

Q. ©
tempavatovre i R

do=-L npt hange \With time, ,

Martiham oty oMy (it 'S vepveSented oy

‘ov|_ . )
Beke ce[d =



.V
) @
EX- Flow of Hlutd Tvough o pipe ot tonstont vate of dischonge ®

Wheve UIiVI\N ave veloeiby eomponents.

un Ste.adj fow % — -

-

:
&
5
3
o
®
&+
5
9
0
2
8
»)
(e
0
o
3
(o))
®
=
3
@

time.

Metnernorticoaly, 1 \'8 vepvegentea o

“ v . D .
\‘at et el—ag't] i "L\L%ﬁ"“’

e ove Velodty components.

X Flow Tn jahicn the quontty of Uguid pertec Pc Not
Congtont,

’2% oniform ana Mon - ontorm —ow 2—

AAAAANAAA AN AN o
Unrform Ao g~
A PR
When the Vél»oc}t‘j CNO Othev Vaviakle] of How o4 <fluid
-orw\l:‘ cobes ®ot change Ot To maﬁn;'\l)de and givection ~Hom

Point 1O point In the flow ng Hftuid ot ony qiven tosteaq ot-tima
Ex:— Flow of Wauidt UnNdeY pregwre TMYDU9h long Pive Unes pt
Conttont diamekev:

Non — unidoven flow g -
NANAAA

ANAANANAT

Tt e velod™™ of fow of Fuid s thangey froen point to Point

N e Howlng Fid at any Ingont of time.

T;’)) Lominay ond ToYbulent flow 9

MN\W/\M)-/V\/\MN\&W

Lominay Row 2—
ANNAAN

NNAANAAN

TX i< defined as the Hype of How o which the ~fuly Lot cley -
moNe owhﬁ Wetl dedfined Perths (oY) ¢tream net doy the Padticde MD/e
" minor tov) loxjere b\d Wding smoothyy ovevy the odJacent losev. @
ThiS tupe of flow s colea ag Siveam Une How cov) lowminen £, .

Tov bolent ~Row -

NNANNNANAA—

Tr 1S e Tpe 6f Fow Tn whiekh the Hmd Pavti hove mQVe
"N 7,.\3 ij motion tLov) W ‘Yhen clue 0 the Movement of -fluid

@
-
-
@
Pavticle S Tn a 219- 229 R Lt eddlg formation oy ploc , wiifeh ©
@



'0000000000....QQQQQ..O..COQ.C...0...O

ave Vespon ¢ ple -fovy—the high enevy \oss « FOY a pipe How Flype

o 3 ' ¥
of How TS ge term ined b‘d a non- atmengionol Number .o Rtf\wotd_.g
NUM ey

=Y RenyoldsS nymibbers kil

—_——

2%
Wheve |
D= MNamerev ot Pipe
V= meang \I¢l0c3‘\‘j of How 1\n o Pipe
v =

Kinemotic yiccosity of Hluid .

T+ the Qif\\lo\d's nuombey g 42000 =5 \aminav o w
TF “ne Renmyokd't Nomper
TE e Renyord's

°
v$ = 4000 =5 Tuvbulent flow

Numpey U bIN 2.000- 24000 —> onaH oma| “flow

4) com prescible and

[\MMJ\AM,WW

Y0 compve $STole fBeus o —

compre SSible “How g, —
NAAAAAANANNAN— ANAA
COMpresliple fow ' —tna 't dype of Howo
O""W’)g Heid C‘)\c-")ﬁﬁs —from PoiNt 4o P()\ﬁt
'S not  constont Hov the -fud.

F’\thaﬁ‘a-ﬁcwua , compye Linle fow P

ANAN—

'n rhich thhe den s\'-tﬂ

oy

N Othev wovald Me deng

v S
4

j =+ onstont

X~ Flaw of Foss Throvgh a neestle.

\nc_ompveSS?b\f, —Row 2 —

NNAAN NN

TS the 4ype oL “+Low

In Which ~the den g?tuj ‘e Longtont Fov
the fuia Hew .

Uguidt ave 5
g0 cienero.u.:, "M compre eible (ulw

le 2
\S Cons‘to;] ‘a.o,sq Qave comprvessib)e

- How of Uguid U¥e atev ang o)l .

. ® <
Rgﬁazsl and wyationar How o
NNANA~—

/\M/M-WAM

Rationat 4ow ¢—
NANANANA SN~

+t i< “he dupe o4 How T Which the i Povtictet while Howin
¥4
a ﬂa Streom Gng QYo Yotote aoout thelv own  avy ancl \{ the "RLn d

Povti dy e -‘f"eﬂ —Rowmj along  Stream Une donpt vototke about “tredy
OWn ary that tupe of ROw ¢ colled  (vvoraton oy Fow.



Iy 2y and 3-0 Flow &
AAAAANANAANANANNA=

TYPe of flow
enomple .

UﬂStead'j and 3D o w
Q'teada and 9n  ftow
Untteod? and op flow

V=Hlary,2,t) "HOOO-HO\AH

v=F{n, 2)

Ne F(wiY, &)

Stea d
ohz an 10 fow Ve AUhY ) How binwo ool

unstea and D
dj 1 -RDOO \_/‘:4‘('1'%)

Sfmd’a ond 4. Row Vvo4i3)

Rote of {ftow (oy Dis tharge ¢g) ~—

NA~ss N A A AAANAAAANAN
N \sh defineat ag ~the Quontity of o -Huig Fowng  pev cecond
YOUgh A  section Thvough  a Bipe tov) & Channel.
% Fov in > iy
vV N cOmpreseThle ol the siate ot flow Lov) C”Sehowje, NS

CIPvessed oy —the volome oF Hufol

o \
P iy "Hou)mi AeYO0L( the gLecton Per

o
* oY \n o »
F Comprestinle fow Hutd e sote ot How $¢ U&Uoua eIPY Y ¢

3 the weiqht ot Hutd —Hzow‘\’ma acvoss the Secton: TThug, :
|) For Uguidg «th e uniy o4 d?suhcmaua) °s m3 /su tor) Lt /Sez-
1) For ‘d&&% e iy of dischavqe () s K‘j'{:lﬁec Cov) N [Se |
consider o Uauid *How?hca “ThonK\-, o PiPe In Which
A= OPS gectional ovea of PipPe

- a\lcra%e_ \Id_ooe‘lj o4 e Huid -

1 :-Axv’

coctinuty equoxion -
O ANAAAAAAAAAA " e e g it

x Qo
The equotipn P¢ bagted ON —pne PYINdple of LonCevy

© L} \
'S coNled  continuity equotion . SThus “for a fluial How
e piPe ot an exoes

mosg

ation of.

Qe ction nJ .
e 1 T™he quantity of
fe oN Stant conSider tWO cevoLs geetlo n of o i p;d PQ;SQ
S ¢ Chown |
. n

L Vi= oNevoge veto®s) ot cxoss Section t-1
Ay= oveo of Plpe ot -1
| dernsity OF Huid at -

0 0000000000000 00000C6OC6FOCDBOGEOSIOOOOOEOOOOEOEOOOCOE

>



Ang )
{, - dendity of Huid at 2o

\
\
|

A - aivea ot rtoe at 5 ODivection ! '
of ftow )
Ny = |

0&\)@faa e uelodhj ot 9_o

TTALS e vate O+ How oYX fection PN ‘fA\V, @ ’
=\, §

fate of How atbt Secton 3 .3

‘ 'SnAl\’L
According o \owo ot Contervation od m™ase

b teetion e aRR
N _

\-t =¥re vote ot How ot gection P
‘—\

[

. euoxion P opplicoie O —ne compresSive -Huidg o) wellay
NeompresSi ble Huvde ang fe colled oon—HnuH-j equstion « T4 denafﬂ

S S T

@ A 0em diameter Pipe Convey?

e Qbov e

. Ng Water YonNchey A +o 0o PPy
of diametev 20cm ang \5cm \fqpeaﬁ\lcﬂa - T4 Ane owevnﬂg Veloaty

™ [Sec - Fnd the Jdischovge inTthe PP ol

0 e BO0em pipe TS 2.5
o oy .
' 5 cm ptpe ff he ovege velo cf*y £

determine -the \/e_\DCHxJ
20 cm dio \D‘fpe f& lmliec-

<o) !
=2 LHiyen, /1';7'00"

. ‘ <\ B==oom Vi
Diometer ;, Dic30ecm = 30410 =02 m v ] 2 =2m

D)":)Ocm-': O")-ﬁ') q Da:fcm :0,“(")
Vi = 955 oy it - '
il e lcee (Va=2mltec, ya-=) Pz =5 em

= "““ e
Q = AxV => Q=7 (a*) xves T 03) 25 =_0. 0F m

Ag =TT ‘.
= —:LD:—\ =

LOo)_)"L = O0.03mT

Ly
l—‘-
— S
Az = H tPa) = T (ous)-. 0-0rFm?

Vo Hing disthavge Yn ptee a4 (o) &,
VQ\DJ‘E}] ve pﬁpco@ dAlametey 15 cm e \I3

Let Qv i@s, Q3 ave d{schafaq fo piPe V2 L3 then Qceording to

*—\‘,., t ] o
€ d\SChoV3¢ G‘ N Ppe._\ o\s %,:Ven \oa &' ':Alx\[l

- O.0F%® 2 .5

Q, = © 1% ™ fec.



To Hna—tne Vol of \&3 = Q, « Asxv,
=003 x 92
®, =006 o> ls‘e;(,

tvosttore €, 1Ry, Tn () Weqet
Q-8 - Qg
Sg = 013 ~0: 00
&3:0\\\”,3[-!62.
“the Value of Ny = Gg = Agvg

O‘\‘ = O\O‘:’- x VS

[\ffg = bU4%F M‘Se‘c_]//

Flow pattevn -

AN A~ A

o \/?SUcnh"'Qe. “the flow of fluide, *hc—{o\low‘?ng Pattevn
S enNevatxed \oa—\-he/ Unes ove wied.

(A) TYpes of Unes o—

P s i T
@ Patn \ine

@ Stream, Une
@ stvea\c Une

X OO0y Streors Uny Ove convenient —fov Mothamat coy an '
colewlotions and otmer Uny ave (ued oty ov visvarrz ation

3
.C....QC%....O....O.QQOC.Q.O.

(B) Stveam rUbe

(&) Alow Net
(A) T\Ypes of Unes ¢ -

@ Potn Line 55—
ANANAS

NANS

A A =
Poth Une V¢ actvon Potn —vacced knd a&inah. +luid P

@ SHveam Une <

A e
A Stream Une o4 o Une —OnNgent 40 the Velodty wvettyy ot
eveny Point in a given instont - An “""""ﬁ»"n‘*}ﬂ Cuvve deomw
040“04,0'\03 Hid -~y Quen o Wey That “hne Hongent o I+ ot ang Poin iy
T diveetion of e Veto Gty o 4 ~flow at -hat PoIn alio - Colleol 6 1o

] =]
Une since oD P olona “ne Streom Uney .,

3



T EEEEEERRERBRENMR N N N N N N N B B B I B B B BN B B B B B B B NN

¥ $tream Une s tracking o4 moton of bulle Moduluy of flut o,

Di-Herent equotion of Stream Une ¢ Ysn 0O
o Stveom
Une
Two dimentional V- e _Qi = dy —,-._C-lfi INheve o (o
| 4 T TN - Pertn
ond d= awve divection ond LV,v ove \velo o"‘ta ' ;‘r}e
COMponents.

* Qtvean \
treom \ines  cony Wtev sect Tt Setf -

* MNo two StWeam Uneg

YNtersect each Otney.
K Stveam

ines  ¢pacing ‘\’n\revc(g Y the Vel dity .
* C'Onvef‘a/‘v’)? ot tne

14 Al
Stveom Unes Tadicoteg accelevotion -How v
‘that dJdivection.

* Stream Ung  lodiwte -vadng of motion of a A OovP of porticuy,
¢ “Theve con be »o HWwid Hows ool o L tveam Une.
* Hov (teady How streom Une pattern vemoSme som e at oitHevent
Hmee o UNteady fow it Varid from-time to Hme and hence
TN stont an eout
@‘The equUotion o4 stream Une Poi&iné ThYovgh iy o ov'qin fn rertites

Hutd U= L yognA o coptont x T8 detevmind oy
Lov)

—p

—) The <4reom Une eguotion \os, _0% - oy
V2
Cotx Lo K

0ol teqv‘or\:oﬂa O WOt Sideyg

- Sdu (M

Cosat N A

2Na- L = coﬂa(-lé—f c

Ww»meve x:o‘\j:o, Q,__o

Sno. o= C\’)&O(.'j

= \a; S\‘ﬁdul

JUE—

oS
4 - Hdong.o

-

o
@ SHveae Une 2 —

SR

A siveol Une V& o WY of pardey

il
Whicvy W as eodliev potled —tnhvovqh 0 croosen —f
“@

Font LOr) O SHveale Bne 4racea P9 o Single i g 1
poYticle PaSsiNg —invougn o -Rxeol point N o

Hlow Hera ‘jjj

EXL” TThe Wwal 04 o cwowur die
S—

I N jecked at o

Poﬁﬂt,v?o-\h “oloen \Oa Q Sm oe oo«h?qj vt of enhawt -




Heve accelevatipn 'n WYz divections e come.

-‘.o.,,—g-‘:‘ =By oy, WY

———

ot D%t [ ok =

.:?;,\,/, - UEY. A& N OV, w OV
av o* 23 aE

a, - W _ ¢ dw avow 4 wow
dt O™ oY ?'2_

S _ T - - -t S ——
¥ \ocot accetevation A - o}..k.oa ] Ao i€ - ﬁ)’14 o_dm_‘_qz\.—

Locer gecetevetion and  convective accetevovon ¢~
MANANAS~ ANANAANAAAN NN~

Lo i v '
ol accereyation Ve detined o8 the vate of incveate ©F Velo city

s v { \ i
W 1 Hme ot oa.ven Point {n a -How held W equati ov a}vgn bd@

e expvetion D0 Dy

0w ¢ en
Rl AR Own oy AOco Occelevotion

¢
@
@
@
@
@
-
®
®
@
®
@
@
Cz?nvec-&{ve acece tevation (s detined oy e sate of Chaxyaof ®
Velosty due o “the CJAou\ae. of PO&HiON of Huid RVMCL 0 ot . @
;onh‘no\ta eQuotion %n z.p o -
®

®

-

®

-

®

-

@

®

©

@

-

-

L

@

ANNANND (A AN

oNsider o fluid element oy Lmaﬂﬂ ol

L
. ey Og vdz in Tthe divectp,,

¥ Let UYMW ave the \[ekocifj oM ponents

t'f) X 12 V«ePechvv
¥ Mayg o+ e s d eﬂkeﬁr’ona of foce ABcp 4 : dy

Pev L€ con 4
- g X Velocity ‘o ¥-divecton x Avea oy A3
¢

= { x Ux(dyydzT .

X The mass of fluwd \eayin
I Medoce Evgu
Rey SGCOno(,

cfvtux 2
oYX dz 4 %‘d_[f-u. d;/ 'dzjd')\.
N2

T ." . 1 .
* ﬁom (9] ™malf in Y— dvecton VL g uod ‘(-o/

Gain - ma s *hwouah ARcD -r%h&:"h«ouah EFgn

| . Per Second
-foin —:_[5(() X (dgxdz] - ,rxuxdaxdz -

%Uxum
“G{a;r) - ___9, B dez:]du.
7 Ter e x ayvoz] gy

‘ cd A ") DX
* ‘enl\') of mats & - - i, /
n Y dufe_c'h‘ov’) - | |* -
- '-—‘«as:x XUt Obecjdzi : s

I
a \J“A;VCQ-ﬁO - - 0 J
@ §5 (‘(‘V)(da*dj‘dZJ 67

" Z ~diveetion - - © ) —
et (fw [obhdy~dz?



=> Net c_‘aj.-, of rmasSfegc= - E%i Qg. 0) +9<a‘.j CfV) ""%a’Z(f-W)}Cdmobf.dz),_)a

Sivee Fhemace ¢ NeMney cveated nov dectrogyea i e ftu i < lemen ¢
e nNet (‘:r)crecue 04 ™mags pev unit Yime in The-Huid element ™MUSt be

et 10 e ol of Mow ‘neveate 0F mMmass of the AHHuid P ne clement

But macc of fluid e;n*‘the element g :S-[dﬂ'd'a d Z] and

I nivease WHh Hme 0 - S84

ot LY d2] 5@

Above expre C8on ¢

vig vate of

‘900
‘hna e W eqe ¢

ARG DR AU EER NI S
2 - [y Uu] 4%Lf\/) +%}-w)] = %z;

o 4+ @ o
= i s gy TV I 9 5
ot 23 S 2y U v) o = tfw)y =0 < ®

. (] \
he obove equotion 1< LoNdnuty  equodion

' corte Sian
S}ste_m Ty equodtion Ts APl cadale. o (D S-teao‘a on

-0V oI at,
d untt—eada fto wo
B Voytorm and non —vniform Ho

@ COMPVRKLille and 7() LM praable Hoo,
¥ The ocvove ea ®

'n Steady -How ag ~0 Hence ea® ©etom

= .
.ﬁu‘u) % (§fv) % (Sart) =g 5‘">

* Wone Hid s T ompreccSule ~then (

©
PO outnt ~the qipye eq "
be tomey OV | Dy + 0w _ 9 -D.
23 Y o 0 ™Mb

G) A fluid How fietd Pc qiven B resoOnt oy v
—[Q'Jal-\-'azl] (€ . Prove That (k1S o cote
ompressible —fulg flow .
Poi ot (24, 3).

(T
ﬁl“‘\_\,\sz\'
of  possiple Sy n -
colevlote The \[dOCHj and accelevatiyn o

)  Fovhe given fluy o w,%e e ve WYy  CLOMPOo et u:alg
TR 1.
-@—gtzm,_a_‘_’.;,,ﬁz_ ‘/;37’
gom VL.
. '=-[2’-‘-y ~+ 2427

FOY © Cote oF Potsivle steady 1n compvessible ftuid ow e
wn-h‘r\o‘\'hj equotion thoould we Satisky .

(&34@_\_/' .(_a_};‘—’:o
or Y o=

13‘% 'wf]z— bfj '3/:51 =%



Hence —he velodly fHerd ot cz.\;,‘s) ~tre Velo oHva at t2a01%) ,
A 2
Svbshitote the valy °n ‘ﬁuen 2quohon o4 -fluid —flow el 'S,
V=) T OV RIT - ey e is) + e ¢39* ]
V= uT+3T—1\\E—

Reso\tan b \yetloaty /= m

\/= JTG-—\—‘V-»L;A”

V=21.5% m|cee.-
he occelevo+ion at(2.143),

The accetevation Componenty Qo Qy, o, ov gfeada How are

QA = u.32+vau 2u

2=z
___,(gu 2wy OU Qv =, =0
oy 0=
Oy = ax gy Q) + 92y (x2) 4 2wy yz2 )co)

Qq = 2_1331— b
A 20 LL)LQ\)LB)

Oy = 9% poits.

L v © Qv
aa, = & vfa-%i Yw ST

Vv _
X

OB =P By
oa ’1)'3(03) +4z (Oyg=) +[>1M'L—'~323—3L\3L)
@y = 2gdz>_ 9-'1*([32 -—*&Sz 2
Q‘} = r0% e —acay Q¥e3) Uz
"3 - 183-13-9
Oa =—3 5*7%-&& :

G4 = U—g—"—;'\— V%;D " w%’uz_
Qe = ¥ (242) 44’z Canz 2 +ErMz g ] 0%y ~2y2)
Ry mrz P23+ 4572 4 w3y et e
o, = =20 ete - ) GORL (0t WIBau Lyt €1) 4+ zeih,, 3

Qg = —24-23+ W@l = llBt’mtf/(



A Ccelevation =ayia a4+ Q¢

= 280 4+ 31 + 23

Re loront  accetevetion = Joa, Q‘“)::UTU—’—

=198 M umt&//

Rototiona! and \vy ototionat MOHON * -

Rototionat “fLow 2 -

The Huld pavticls jatmile movhg N the divection of 0w Aotote

AOLY ety Macs Ceryirel o

EX:-  lLguid in vototing toNEL IMtheve ~tine Veloerty ot endn Pavti cle -
- Vaiuy
c\,wccwj R the distonce O™ the cemrtre of voto-tion .

\¥votoonat flow: -

TL Fhe U?u‘é Poova el Wwile rovin

a in “The divection 0+ {tlow olo nNo -
Yot about thew MatS cen-tvey,

MO'\hemo'ﬁCul'a N Wvvototional Row,

entiof emEs be i)

= Roto+Hhon ol onaum Velocy of flurd in 3-p .

We \agpe “The gg,uod@or) V0 Mot o .

i\ e

) ' J | <
5 e
;1‘% 2 -
Aﬂ3uk&?\ Veloeity 1n x-ayig

WS

2 sl

e
v w

NX:-L—QUJ - ‘ov
1L9d o=

Aﬂ%u.lol \Velodly 1n y- amy cl\\fec-h‘on,

Wy = L[ 2w _o
4 7’[’03( 2=z

AN quiod  Velo oty In Zz- alivegtion

AV _ Qy
Wz =t|ox ~ 5]

Fov ivvototiona) fow 19y =0 tnen

——\ﬂ[%i’; "—2: =0 =) i -’2—\—/»
> 2 Yy 2z
\y t84 =0 +then
> \oF 92 %X =



Wt 195 =0 =~1{ OV _ 2
2 =5\ —cu vV .
d pk'?"; AN (‘aaat "ay )
¥ ror fluide are Howe of log e ViS oSy How HE S vadiioble "N
votohional motion —tinen

fov Huids Soch as adv and  watev "\ovina Smai visco.sﬁﬂ HeAlowo 5,
dhe vegion awey —fvom —tine bo«mda)av sy b e 4suated oy :VVa‘HanaJ

& N “the cote oF voupidly wvw«wamfj/ acceleyoting ~flouns Alow W‘m(;, n
Hegated ot Ivrationals -

@

@

@

@

@

[

@

@
CWeuloton and Vevtics -
AAANAAANA L AR ANAANY v
GupalpTom L) o
T dealy (AR $How Qwha a closed cuvve , @

XMt S o line fmteﬂvm oF e ﬁgn?,m*ﬁoJ component OF the ¢
@

-

@

@

-

-

vdoch:l 1oren vound a closed contouY e
Xt e —he civeulotion of fluid Portide 'ma woged cuvve) it [
oenoted ba LY) —Gomma. 4

J
Y=® \Ycos©O©ds
I 5
Wheve V.cos® =V . \e o)

"10«03
S

pvoot-:-
onstder o Lvearn Une | Snat d4orms o elosed loop. TThe Ve,l.ocdby

ot the Citream Une o\»Qy\a POt Y "tmﬁaurho.l {0 e Sadiug of
tyoture 1-2, ‘g vO-tomna at: anaum% Vdocr\'a e K.

x NOW ONGAA a Smal w«a-ﬂn 0f “tne Stvearm Uine i-e ™ gg”

¥ e droutotion s Jehined o5 (Y= Gy ds

* \\‘\kﬂzvo«f¢ avouvnd ™e entve cloted oop ond gubgh-—yuhnavt 29.

@

@

-

-

[

o

@

R @

= Riad. . ®

‘ @

¥ The .closed locp looundlon’y ave O ond ax —Then ®
A

¢ @

¥= 28 WORL @

< \N Yevms ¢ Vy Y

-

@

[

‘ Y;)—K\/t = RI



NevHoty 1- , ’
e \\‘m‘r\%na vatue ot civeulotion divided loy -the ovea of "cwfeol
Corrtouy At —ihe Ovea tends to O’ - Tt 1S denored by ()

i - othohm?)

Avea

Ve loeriy ‘Po\’er\'Ho.l ¢~( qf )

NS

Veloaty povential ¢ defined as o Scodo fonction of SpPace anyg
Hme Sven —that t's p, oative devivative

v tp Our\a direc-tion ﬁy'Vq e
Huld veldty 1 that

diveeti on.
L A
¥ Veloaty pPotentiol i< denoted 'oa ¢ ~fov uns+eadd oo
d :-‘ﬁ('lc‘j',‘z,e)

% dov Cteaay ’Ktow, ¢=4Ch‘dﬂz)

% TThen velocity Com ponents = _ ¢ e -29 09
X = 1 z

B o0 S 2y 22

—Ve §9n indicolg “That ‘(p' decveoyeq With an
divectHong.

L \hc,ompvesf?ble g‘\-eada oo h e CDY\“HF)U‘\*U : |'0v3 24
@U (aV gw — Y =

®
Ineveage in o, 4z

o 9
03B 2) 2 (-2 =

) A -
A K
DXr Vg4 P2\

Ihig V¢ laploce'c equotion |
Rotational MO‘HOH/

Lompone nts 1 —
—————

Ro‘rah‘onq/ Componenh ane awcmﬁe of Shear straip

M 4o Mu‘*!ua//# —tev  dryectione,

%K Anguiaﬂ \/61004# ivl steotational Compon("nﬁ

In «-
divection
5050 == L [= Jid
> = T, _Q,K
B | § o=z
‘= 2 7%[7_3\? J.. d =9
213 ()



1] Dy - a _-32-2 3
yﬁ 8 ?%Ui +93% ic
ooy o arg Rotations)
N 'mﬂ +?L¢ ] Componen
d Wy n

#* T4 $ °e wnhngu_g function “then in ivwwOtationay
com
VO = 19y =19z =0 o

“Wen 1/\9")( => — E ¢ ‘al¢
‘9;1?92 N

by wh ,_%L_ wvotostions/ dle.
‘?19 LoMROTLA
ne =3 _22__*; =
“7 Sy ’91’3&- f

o hwy T4 Velwaty  potentlos  setichiy wop &l equodion. 1=
Aepresent? e pPosyywle Steody |\ ComPYRIGIeIC §yya¥ona/
Fow ¢ me”’“ o A atirod bw va  leonsum  OA

|) T velroty Cvmfmw*ﬂ m

RVE v = 1 flj*“fs
u’__ﬂz_,).'x_'l_‘j and i{sm‘c o posile tase
Chow that THleac Cormpomerstt 7F

il
Jj/(r: ()'i'ven —‘:> U= %,_, ’l—')'lflj

co,!_-.: b 1Y
=N U= '13)/- 2y =Xz

IV _ - 13y —2

dy . .
‘ i D . Cem*\’?ﬂu'\‘l'j cqgm 1A 3511 ./ij/ =0
k‘) HS 1= VW e . éja —+
_b Aicf%uh‘r_vj tlu e
4 = & oY =\ 1 Y iilj =2~ 1Y+ &
Y 3t
INn
= =2 SR S M(Mx Cose dlY ﬁu-'«i Jlew

W e v

0006000000000 0OBDBOSGPOSOOOOOPOPOOONOROOONONOOREGOSTEOSTOO
)



\/\:1)—-—-— -y L3
] . 11‘ 33!3 +L1—xf_‘j

IV - T,

= . - _ %
S W o= [wﬂf) R . o
P&aﬁm s Defo , LJ(M‘LU Me vt Tt DRsetocs %

aotatiod  flowd-
. 5 : S 8 = = ol 4()’7\ YA, 2 oY B
bgui- ﬁﬁ”id . % 4 {Z;)w% g c@ws:wc.
3 s ! oton
M u)l/dd/h & 4& I
gl \t) =4
4): 4 ny) o> e WD}‘ b . ”ﬁ
=\ AC}— aq el ’{"ﬂ’&‘j (/ai:/u . i :
2 QY
=X olft' - = (Uéi _‘—\/O‘C‘:D
o eguipro® b ”; 4H°
= Ut A vy = .
Ly (A eguipotontil
'_z%d/ - ——7"—\7 AN - Pe «k Uine
1

w b/w_::c‘—’k/‘/_—\'m .. — (9»)): - :"‘{’ \7S Q b,LV‘,\&f(’m C’F
Lime Cucle ot WA P@J\,—Lmd orantive |
fﬁvme d , ‘ o =ik Jelet? Cmﬂpm\em‘l“
Ao O doreckion - AU
oy, o0 0 o e et .

PN orrgle
%' Dim.___ 6&_{0 U,) . %_ (W()H) q>)+).—> T~ b/tU;Y\w/Lﬂkﬁé\i»{
il e <4 Y3) —> P Eteady b low

e






&

P Mte"»—h e/l % Stae com
—i> B omy ehreamn

[ W = nyrvg-l.—cm‘% P

2) .- I‘t dae flow P&

Wy ot
O/Y\ﬂ ?&V Tt

9. T rate .
tn anbithery i otk S

). Abneam '
e %/\Miraﬁmc& {ghwoéoj
D Sose O \W‘W
ESTN ana ’\MWL\“}
kww fulr ey
and B0 T g
W\wa;ﬂedﬂuﬁ W ’
\no\éi‘/'i f}*"é bl =

Cumj& “ y

Ce/mf et d\? \/e/\)ru-ly P BN g

giA by b

fww:h‘cm =

L\‘ £h G D kl) 15 (o A—-ECW-(-E Q\/c)\a il

epinesbs Al pomily O frcentid

tombintoue o flow  ohownd

E{A&Q 2=eXhD

B Astomte
VA \QJP\&FG‘%CM —tp o
A iseciom.

2 b m
alopve oA JK |
PEBNCY. Y Gl bwm-{d oy

oo obahimal flow

on il e ket 5
“ ' ihle
theady & IMCgwp et

[ob—t’t*- '_HUL &'ehﬂ’—é‘m .
3 L late f’ﬂ/
Lo Lekesky AP =
\Y;;\j- . Q‘n‘\ju.lhcwﬁu@ ko> s soavtckimal
W’t\g selectionabip Ll &4 ¥

IFTRNET)

a1 Y 2 ®

V= :éjl :—6%
TREEEEE



These
=
called ﬁwji“
Sk |
-

e

I 5~o A
\jg\ : aLdm(Wn CA, G O
Suiemoven 47 EiE

thneam oottt
_ ackien g velodly priest

‘ . . .



J’Y\ HMF/S ('C,\A_PT{/\/
tusougle pipes e

;i )

s gt Wl [ Qe

I aglir ot ol

In i

= Lo il
sheny O : \
s ‘ P s s ‘
_Come b‘“d ontperiemtes J ’J;mt ; 4"
g e wers 8 ﬁjﬁﬁ b Tost P
ey VA doanbied oA e e
I S —
. M > Y
o 9. MingL LN gy
® Ly A e : . .
A c@&éﬁ(@m@ s i )
totloosy piwndoe ® E R ) -
(@) P wbaile © Cu i
% gj el \7&,,\010- ddon  Conbrathion :
) thedyt psemula @) Bend D pipe S
) P frttings et

(e)
A olstractim m Pipe

— wesbotl pomule -




ad due kwi‘ch‘m

failein e M = [y (% he
L;I(Aft(# A Q bﬂm\(—“ﬁm

4o Coeffivemt Gy et

% de rmbts
Tl e R = 2ano Cvacees bl
Re | aminth—
- iﬂ%,ﬂ g Re vomgey fm 00T o
| - Longtn 0 PR, V= Meen welouy g o

e some O~ (% pipe

F—G \C_'G‘
B Gesgh s G W G lheed e
= L twad seswlome po unt @S

= - M@a Fe)\' (ert \/Q(D’U_kt’
h‘;t, E ___”_{\/ X ___L % L_V(V e e @
9 =

wires e W = Wt O heas Ao bvfﬁm)
o Preo 5‘5 A ﬂj PP&
Ve (Y\u:xm Vcccﬂjj bw/
P = wetted PU‘”ndw % Pre
L = Leq’ﬁ'ﬁ* Ub P'P"/

Moo A oo oy B ﬂsﬁ:/"h

P")““d"’(
R ‘/vfi’%wt'c

S C:luﬂo%(’,cl lﬁm
X "Hjc:\/\&)—dl Ao ”l@()%”m:"f Tl

o talled

(Q\AbgfLi—HA’l’g) :%;—7: 'm(d\) _,L :*\,YT 1) QJ:’) @

hy - 4 xL7<\/ “K_J,Lé'\) v <p(\?3 YW\X"

A—

JI A

29& \('m}‘_b’f
Has

(—ﬁl

0000000000000 O060C0OCOCGOSOOOEOSOSOOIOOOEONOEOOOOOOOO
‘ @



+ W, v
L’& E; L/ uf(/\d»e. C 1A (_M\-M'{T lentum - OA
- ]/

(LU AN N A . -
A s & e o Pe)\/ wnrt (e/nﬂ{'u UB Pipe

;)/(«moA—UW WVM%E,’&)W&_ e
=

s e 04 de)
t—lﬁm'\ula

- @5&, onepy (tend) (s38eA ! -
WW%M@A&’&LW%VQW%W
potlowind fld ‘“ﬁ'“&‘“mcl@/ () dimedion A Colled
pngs W ﬁk nergy (es head ) mcludea ey WULW? (a.Lel
iy b Ledden  pmlorgemedt -

Laullim Conbradim.

A - Los U}S
5 g4 (fh hoad doe o o Cr(o&—HvUtLi*m i O pipe
L letr % Lead Lo & Lendd  the Pipe

oL it S (% -
lemee ONL L@,U-P.A UG- (sgtef e even MOY Le
b Lerpeus e AASS - gt (m  Cole a
(piied OONE mealé(e oAt the



s | |
Cvgiden @ Gguid  flewing HLMWZ)MQ P
Colder yolasgemant 08 Bhown’ i[5, Lomtisor Lo

» . sl otﬁq, . emta}efﬂw{‘
C darp (X80 o @80 hefitn o)

intemat
be - i e pe=SPhun ki
o Cechin 44

- wn s
edies vwgcﬁm%ﬂ%d% |

- JieA
. [ﬁ/utcl ol
(\'n“JCU“NW o 2 ﬁ—’Q

= low =
}\a s ot Conkis A4 € 2~
-

o A
: &C;\/mmuuVi =
—poly™]
o L S0
e N 4y S aas.

Lete d’k MLLW

)
0 000006000000 0 ¢

0000000008 OGO OO O

e



'EXEEEREEEEREEEXERENERER NN NNN N N N B N N N N BN N N N N NN NN/

—2:,3‘1’2/ oA PNK

1

?iﬂtv' -

e 18 LV U PO

-~

g9 >9

) U

gy

29

vE e C
he, e [c,?_'i;, -—j__)’_:] S '__;’:J

J3
Cm(ifcle)\» Ha (_,:/ﬁ—(fl\o{
s 11 M T

e Centrol olume
gé\/em Lﬁ

f = Tyt E

fy =

s i1 ?_L(:A”'A()

NE %
e % ’LQ/U o %(5*3 Lection 4-4
\V4 R b
& —{—c” ,t\‘ u1c-‘, id
' A
bﬁk’&?’ﬁ 7HALd N Q/(X:wn % ELO—\,) l

(‘ﬁ)_"%'y > ?7/ -

;/gwnclm

- PL’&L-

23

= ‘F_Q/-Prq_/" P

fr = (Ej/' P,,,) N, | ——

\/{xqw\m“cb\/vﬂ Ub &_ﬂ\*‘\cl \Le_.c

_—

i)
ot Ledin 44 = moon Kbty

S
\fJ/ﬁ\V\ XV, = VRS
_&e’&\’m Q_"Q——— =

MD‘W\W_‘C&M % %LCJ\_LQL CX% .
\f'ﬁLVV“f\VL =~ £t Vo

U8 24"
ot e tonkiman

d\g m g’mef‘nJCU/m \_( el

L $55
Y VA 7

Lol Lo
— 91,\[1_

7 i
B Y I VN S A




- qpp”)/&\/z—,f\/,\/z:\ —(3
New et e ek G, " s W H&WZ‘F
eition 6 Mw%w)%mmtﬂ(‘
cﬂ/\w% et om ()t lomee. O ppvnuntum P fecondd
Hunte  eque '\T\j U qi?‘\)
(Py —0) #o = ¢ Py L v — W)
(oY Py~ b N, — Vo
\]
Dividing by gt g Lot A we e
PP v VvV
¥4 L VWY ) Ra- B VoMY
o Vi KRN 3
Cubpbibubing te vebe gy (B B
TR 20
we 5@{' )
v — WV 5
he = __’_’,_,/'/L; L—YE:~ EV T lv'v):%—v‘i :
a3 g 2-9




l:—a/mgkb\eacl due & Ludden Lot rackion ;-

e- C
Lot AFhrea Oy plovd o el

v= velouy § o & 0

f, = Phea %
eS| o —

e,m e C . | :
- ilow ot Sein tﬁ ﬂ© i@

+

1= \/L(&*ﬁj %W&+_ \ T
todhio 12— M 0 ﬂ®

he - Lo gy read w0
L Lo Conbrali +
end eluw
Now e = Be i cdim -0 U
L pem  Celim cme T
Lo gennin o
b \7 wem "@ gjﬂ' }“L:\_&_L:-—Q—
V1  q
wc,”\f"’jﬁ N ;\_f’;‘_’ Ve - ‘d'J d)
R N
' 24™ iyt hove
F o (-"“"J“mwﬁj &5 \ -
o N oM =
N Ve = St V;_ P L_“C\“ﬁl;) ‘f
e A e G W (D ST
Lyt e
s b
he = Ve (L _’L]
Q—D—:E’ C—L,
Y
= k Vo ij &= XT-:L]
e ceuadl  h
e
0 Q)/ —@QM
-
K 5 FL,_L——— — = 0‘5:’(—3
- ‘ o). §2- e smur




= L
s e lewwss e = RV agcMe
= =4
B
__jfﬂu ol %{CL" P 13 C‘dm‘*tum JVMSL _&:ﬁi N
ly2A A o o WA
N e = o-Sl_vd
I L T 0 O > 9
=9

Lo 6phead ot fue enbromte 0y O PiPe -
- o Lo ihn
i v He A 0y gy W
| \ .
) (Af(LILL

i | m:&,\/g O EIPQ/ : N
()TULU\;/;{cl —’fwf»im J/L;%je/ +omk () resesNOA- -
o ) ¢ heod e
ik _Glas, — | udd
e Ler L deer & Y bty

e d‘(‘ oﬂﬂei' % S P/;Pe LJ{JC(A,\
n He  fgm O O bee jet[

leact o the

veletsr {f Aﬁ;
\A t&ﬁw‘g"ﬁc& o itlees, | 0
L b pedd o B .
ol () referveis R . et 6{7 tHe pipe
tomebed —tr  the . doonle G reseswin) | TR ek

e X%M "V g te  veloely O

S
b
3
=
]



(/}y @}u ot tlhe  gutet Gk pipe - Tloa Lotg  jA
_temited o
2
ho =Y eShe~e Vo vo,Coﬁ-é:] at—
5 mti'(tff' db'
P'pc
L ogtion M PP
L@}/’S Cg L/\GW Q:MQ_"%/&/~~'~
H R - ' BNt A
Alrere A om O s
-{—C\lﬂeé FLOLLQ e

I L 6(\? \DCPE’ \ ;
(= veleidy  Of Lguid W PF | N
T -0y = Pree O Yoo Lgwist o feimiod,
ap o A e W{—a PT‘AAAQ?&WGL
ngu o0 - venCl— C gvit~O-C el atai
beyrnd e i 4 -1 ok " :
J and velotidy B

o digud @ NETER -
fow 0T Re Lo 22
J \/dwv oot PR



Tl (gw'cthm 5 _Gmilas &t oo s
W _Guddem emlw

v, - vebely B AIS &
LT(OK{NU—EEUY) ~ los

O N Cliin 27

vono- Contratt®
o) tre o

Mo
Juu & arolosspremtit Prom ST
) -
. =Vl )
2

oo ottty g Lo Bz RIS —— @

Llene O —~ Oned o‘k ¢l ol vema-— ca~vrtacth

S, G- Com effivet O S
Qe vemo— Conbracta _ Ge

T G = O SNOIT TS e
o)

CL('*"‘(W)

e
0, = C ¥ (- )
. ok
R o pip  vebee 17 ®& v

L. K (—A—/(l) LV, = A AV e T LV
o AUEE e
c. (H—0)

. N Q1 ’\
o Glatibebing e velas G Vo g0 e o

Jead lesr doe ® plors-bruitlios o o
= 2 i —V
ﬁég\,/_(_’:_\ﬁj—-”..(/(c(#—a) J

-

2 9

4 QC.C.....O...CQOQQ.00..0000:00...



Lyt O head Sue & Rond i piee

= / o bend m CL‘ F’\P&/ “the vdxrut]
wuele e Leperation )

6 e Huse A ol

N
QQOQ...QC...O.Q.OQQCQQOOO.CQQQQ.O.C.&




e o
LB B BN BK BN BN BB I N N N N N NN NN NNNNNNNENENNNENENENEENEEEE X

P}PCZS @ ) @ Y ® )\—Q/Spedw'

L\, Loy b QW% db









/
N\






BoONDARY  LAJER  FLOW € Thedy

— ,(;o'f)(ep‘t 65 ot m:loy Coyed— (RL) “tasy owod W
. ovntd . I A sl

adaced by Lo PRondth IEE T et Ly

G Gmodat Udmcwy e i~ am ockormal i OV

O tﬂé\*j.‘ o il V(‘Aujg,;—ﬁf
0) Plow oudede the Lo B ST o iy

: wilde o8 i
e 8 g Tl e el gl

fvie A e ubes 8 _ae
e = ditely otiowent 5 s U{QJQLQM'ﬁ
]D) flouy -, HPome ik Lot ol st heseed

Mot
SHaecsh S e ciokste Pt

- Hion  pl
. e low  Arourt o Aerg e
f"aﬂ)"’ L i Tt —lis et Pﬂ)\ﬂﬂd :%M [Ob/‘tog'l,
el (;&a Uoj:fgg,m _threawm G weloudy U “pb° J

2o 2ene 2 oN& |



_Terwimdogd 1-
s

enternal  flow Wt Zevo Imtidemee . oo ea%faj
& _Copfa [ER. dao  called  ambivat ©] prem
| te .
Vw(@uﬁ |
) Bown S - whw o _Solid (g«réd A
5 bw, thowe w & NS oW |
T ‘o Gtd
%WM Lﬁm btw‘a in e fhu;jwﬂf»woé dy .
Mﬂ(m % E(uicl yoried  fhem FeRY

La&ﬁa/

eolane "t \ﬂo—bﬂ‘% % . i Nﬁ;mJF

s Khee Haeoam V% Cy

flid VA called  rumdary Lo PRL)

="l bb,uéi At

m -t

R0 (6Y)

(=¢ go\i -0) VA

o flheat Streds o HHo walk

‘ T 72
Lisce oo UF 210 N i = AL }cl/j :

tS)I > Tyk OLV& Q}\/\/CCZI

cd'\ucli‘un"{‘ 1A

e 0 aesh —le oneaAdh

Tdirad o ¥ -
j:ik u::%w B e ;L )\&(j(m
oV

| anpinan_Bewndang L=
B K{u«:l on tho Qu‘yﬁace dk . [g(li[ét”,
bt VLM% % Ptcdt . Rut

oald  be _eguak T®

plte

m’(’(&

plate, tlo

e Lm—b

_Sungate

e whooty gy tle .
R ot A
Mace & e (zf(df yA :

) Y \Aﬁi\f"’\g
?‘»OQL'M 1A LA o
G tee pldte

0000000000000 00000000CO0O0OCGBOEOIOGOEOEOSTOSESDTORORGOSOO



= Tl VQ(U“U f*’d"&mf lers O&TA Lleas pesistonce
tbucle  retode o puid - TTlus te fld  witte @ ’
unifeon  Jee  Ehreamn velvaty (U ) 8 retorded Tt
vmmHa 0 due Lotid !«w\é—au’, Cy o r,;tcdpj i

ch jo,
= it _,Qulo/}éjl/um—(' P‘MTE/S lewnAtHeam At Ao &:L‘ﬁ ecﬁf//
be_coauge e  Metanded

gacts l/fLﬁJs/‘(\ctU-\)\:} Losfr- e o Inthe akeA
T G S S sodarded . TR 1A alho Tefrsed as
e %mﬂfu JB lpeumneley Aoy.
= ‘\lQC\}v {l L&acldj L:lja: JB ‘e Qwvbace UF ‘o Fs{o.ll/ Lol se
Ha Hoickme s o Lwadd, e b{md M e Leum /{m\-’e)x/
) ) —Hu N lourl 1A —toldondt . T '
Lonnimon- . TliA
: j by ARt M b«?fww ‘
't'(ﬂ» ro‘idz b)we\ ‘e Leogé«i? QQL\LF/
atutle Joonimad lmmclwm u‘:]”*’ v o oecolled
K Keun l@j My Aistamte #AB.
Leadiny edge L gt aimned
rgtaﬂ . Recamase UP{O.“W
w Aaminds— - e vge! WKL gum
oot o  DEEESMES Bhovr Leading ehe

) , ko eam qa,hw{ej % flnd
TN imomalit IV Lw‘i‘? 6\5 fluid-

AL dstonte Yz fhewm e
<

Tromgbion Goundary Gght e vl g Ry gt
wlocle A b=l Layeh- Mo
— fﬂf—(—%l dwnbuhent  voneA W 23X

EEEREEENREREENRMNBMRMNRMNMN N N N N B B OB B B B B B B B B BN B B B BN N
t



3
5
S
3
cececcccc0cc00c0000

)
5
4

2
3
£

i%
g

:
5
&

[f& Ao e VW*JM S TR

Hudemeaa (£)1- gt A Hdefimed oA
Rewndoxy Koo T
Jt;u _liatkemntee (v&%‘c%} Eoom e | Lw/"b‘&’r\‘j NACVENS

M u‘ﬂ*d’“ —ttuw VQL&U;‘:U )\/,e' CL/Q/Q,LQA .
wlocy O ts 0O ©) e thaeam welothy

: ed Y\ofmu‘ml A Liclone st (6\)
gt s aleo mﬂcl&wum& e

g vy = Tlatloness ((k Aaminod— bﬂ)v‘f\ée.}ﬂ /(llje)»,
Tl dmear G- towadert \@&Luﬂ:’-@t’ ’(ﬂff%,,

i
3

g—{—wx =



{i&@' ., %ﬁfﬁﬁ loc eA i
= :w (fﬁ(x ;C’“a‘if)ﬁ Aoy —tadaness M

@ H imthendtA ar o Adatemte  fHem ’(wclfvj Q<=‘\LJQ/

MCALOBGA
L) _dt deovecaes
g oo opproetiny

oAt e Inthecke m tue wedouty
viatssty O g P Pl

Loominen _Goundory (e

s powdo«f(fc . DA peh—

ki’ b et (oot
a4 oe W TV U pow s

Vai¥
Ty - dsstomte fom Je ackinyg elqe ULE Ptch
a = \}X'Y\Um&iﬂ V\l/KL(f\"%‘j qy W(d

e JW‘) ol X h’l



-



