FOR MORE EXCLUSIVE

CIVIL ENGINEERING E-TEXTBOOKS AND

GATE MATERIALS, NOTES
VISIT

www.CrviLENcGForALL.coMm

AN EXCLUSIVE WEBSITE BY AND FOR

CIVIL ENGINEERING STUDENTS AND GRADUATES




FLOID »
AS“C‘
Qi

- | Nature v
L ' L""”? mcicHe
{3 '
. N
(N:_ . an{_,s on ln/(/xa mattey
nmqls 122 A
Solid #J%‘
guiid

(-"‘\a-
\
. —> humon bel
n
>

i I‘Ci)ut\d 8(1383

- Eluid mechanies: -~

= tuid @ chant )
tes le  4thod bYonch of  engi ‘
amecrm? =Ciene

pehoviour wndev influence of
at vest oy under motio.

u.)\mch deals Fludp forces ond en
@rqy

Note Solutions

Fluid brarches:
Complete Class
JAIN'S / MAXCON

fo Flaid gtatice
. . SHRI RI SHANTI ENTERPRISES
Fluid inemahcs 37-38, s};rgalzx: ((ilomplex
: ids, Hy
Mobile. 9700291147

Q-
3 Elud dgjﬂaMl‘CS
MWader thvust foree on the o

qperete  walt oF damg,.'ovessu

fovcse. on the overhead  tonk hi
, = I'P d&S(Sr\ (buojom@j)



JAIN
Rectangle

JAIN
Rectangle


~

I T

moton of the £l

N

1o Fluid kipemahes  deals
cousing mobon:

< N . L)

EqL- estimation of  displacement,

N ' i 3
yolumebc flowy yade (VW = ™3 e

' ."\:lu\‘d_' dnj{\&n’\x‘c:é‘.»

d  wrthoutforces

r

A

Ue,lod'hj ), acce,lerocﬁ o0 (o) ,

= Q), HMHoss flow vote-

chuLd\j the Mot on vo{‘— Hhe futd ungder +he s NS of-
_focces , MY ete”
cri- low ~hyough & turbine, & PNy HHow PACOSUY NG
devices ke uen—tuﬂme:hzr, ovifice. meter, .'Q‘rtot- Jube;
cstent ﬁ\emf} yotor meter, U@ﬁ-b‘ly\;.me_t_e?'
b ~
Befnoton OF '

end




6+ wei‘gh’k of the mMater !~

f“\‘ 3
& weiah‘{“ of 4the maHer = Fovee of —that- madtey due -to
S :
Jrawtty
.
ONME - Kg (A (oY) N
P
{3
& F = moa 2
Ty e
N = Kg=m /s SO%
_ y S 60\@\ o
S\ S,
! 2 99.\&?&%@?’? >
o MOLT o s S
; ’\,‘3’(’6 ,{k &o\"«;b'\xﬁ"
_mr‘i-{’i@ VS \}d o OKLQ/
[ _.&@’ 60&6 ((0
N = Mg ek e
7Ty ‘tg\p.\oﬂ\/
kq cf) = I kg X 9-31 m/gz_ : :
= 93l kg-m |
SJ-
KqCF) = 281 N '

=N
oo N - - Givend dala, W = lag

Ex-14- A moss of o plock 1S

s e

TThe LU@_t\ilf\“f_ of -the block

>
's 1o kg Given dada, M =10 K

P9 NOL- ts)

18) w= ™ Yearth — 8!
9

g9 = -3l

moon —

c

299 = M%x9-2
N
M= 0 kﬁ
E= mMmAQa
R0 = yoxXxa
Q= 20 M L2
acceleraton s sSame on carth and Modan

a= 2o, L0~


JAIN
Oval


by “+he mMmoter :—

e -

7+ Areo Oc:cuf;n\czc:\

P

Area. s the o dimensional

Hhe - matter-

- wd ‘
Acle o G

T e the VOWME occup\‘ed by

of volume (V)

Two “‘:\:“985
w ﬁeg volume
w"ACfs"H Y = Ay b
A =T 0 ¢ =R xh
v q
Soed, M T A8, yord

\I m3 = iooo0 lit

| = tee T

100 cmd = fooco It

100 0000 cm3 = 1000 Wt

(o000 e =1 It

1 Lt = 10X OKIO cm3

quce _occupied




~for oo Pcmt?c_u(ox

pefinabhen ©fF the fluwd:i~

ic a matker  which Indefinadely deform under the

Flutd
irfluence  of ‘\gh‘eqr Stess whadevery be the moﬁm-mde so sSmall

ce S wrface N
/ -

Fr
K«

alr NO
controlled volume
~ Eixed surface N
controlted Volume = Fixed Surfice + conboled Surfice +
Free suvface - _
olume y ~
controtied V"""’“—"“ : —focuses

o s Hhe Te%?on in space  upon which  atterton s

qno.lssn‘s' Tt can be fAixed (ov) Qnimsdble

conbnuous  ond  €ontinuum concept:
= e d
NUMber = prree FO8) Me@___ff_fb.

characteristic length

K, = Knudson

Kp = -?i.so-ol
L A

L
NP
~ NS 758 o
e | — <olid matter
Ditferent propertes of matter:- M olid :

o Eyec surfoce

a- conmtolled surface —> walls exerks —force due “fo  pregsuve

3+ Flxed Surface — rigid wal
controtted yolume — a Afred quantity of matter in Space oF regior

Lf\

5. Mags of the madter — Modter IS ol certain guahtifty in contoted
volume which yemains some cvery mxgm i

& - N&lQH— of- the MO:H'QY uniue r<e

= o o the qravitational Rree of that modder

ol — A n A At Lo A


JAIN
Oval


e e T W T SR
IR s I SN R

matter

7. Ar

g. volume occu[mb,d by —the

Q- Specific mass of the madkter (0of) Densty  (ov) Hass de My

ot o matter:

0. Specific welght- (oY) welght density  (av) UNIT weight

s sPec%ﬁc Uo lume

gER s’a_ec%ﬁc cava\fu’—@ (ov) Refative densty

b\‘ﬁ‘l'\k; of o Fuwd

4. compresst
Us‘scosa‘+~j (ov) cocfhcHy of viscosity

S ijno.m‘\c
viscostty (o1 viscos ity coefhcrent -
16 Kinemcfh\c; ‘Ulecosthy -

(7. pressure intensity of Fluid

1R \Jc.Fowr P're_ssuve

surface. tenaion (or) ENSYY

Hahon factor of & Aluid-

(9-

Q0 COV

Free surfoct
M

e e

—3 NO Shea¥ atress
N

- sokd madter

(ov) M

(oY) Absolute “



PR

8« Moss dG")SHH ot a m ,'” .

™ & the ceryitain qluaan,j of  madter

oNe untt volume

($) MosS denciy

[

X Mass of wadeyr

I untt volume

g = I
v
m= fuv
~ m = P A H .
PQ;T = I'D_I<3/m3
Roater TN K?/m3
Pﬁmerc;un\., - pHS:_ 12 600 ;43 /m3
Ceoncrete = 2400 kg /3
;Yoshzel = 78S0 'l<a/m3
R, RS q/m?>
Visoed = 600 kﬁ/“"S

Yﬁgotd = Q600 K3Im3

\

6. we\?h{- deﬂs';'l-j\,-

y =

<
¥

3

s 30600 Icg/m3

Waight- of the moter

Uunr— volume

W e B2
9 m3 M3
Mq (61) mq

\J

OCCZLLID(\-QC{



e
= 1600 %9

Wyater = Fuwater
= iocox -8\ kg M = N J
[ ke 2= "w |

= QB N[p3 €

= Cl«&f KN/mB V ' L

-

- Sfec}ﬁc volumer~ (VYs)
TR |

T
. ~
volume occ;u'o\ed

{1

untt Mass

CE ) \ ] m3>
- m . kg
m /\9, r g

. = o-co! m:}/Kg

pee———d

N o
watey 000

2. speche qravty (£ IS8T

PR ['OY)

éelcxﬁve densH—H = Protter
Y ader

) A

Sm Hoet motter

Wum:t'a{

Phercury = 13600 = 13°¢

s -
N [Kalele! N
Fusoter :
SG\old = 1906
SUJCﬂ“&Y = 1
So.\w: 2 = 0002




E Xy~ P 3 s § . o : | o

) A liguid of 3000 kg gecupled (D g m* volume (§
One of its volume (g o175 then & s called
a) SPec\LﬁC Mmass ) S‘)eci-ﬁ‘c welght «

c) s FQCH?C volume ) Specf’(v‘c (3md\:,

VP = _{_“_ - 3000 = S0 [.<3/m3
v -
S = f_— - 750 = 6‘75
Yawcd@f [FaYate)
PQ-MNO:-17]
13) Siae_c:\rﬁc wts  (or) w{:~den_<€-+j = N = J\i = T:il__*s TQ
V) m> ‘
sSpecife wt = F L
Densthy = —=== = k3
Vo lume m>
- Ml L—S TO
¥ = ®9
N
—_— = Y. m
m?3 s>
Y - VIR
m
— o N |-y >
Lpensdwd)- P o fF o T N

I3 Buk moddlus of clsticty of a lgud (K37
which YéPveser‘dx 4he whole mater (volume)
3t s Obsevued Hhad

of o maotter

cublect of to external pressie  or stregs -
Jhe -Aluids howe -tendency o get commp ress by oPPh‘cccﬁon of

crternal force Hov 4he given rvange of pressure the guen Mmaus ot
4he fiuid qets  compressed  due o Lbhich  volume  change cahich

inclicades  there i change \h volumetslc  clenge



K = . fd'bl_

N/m"
u____.—————m

\Al
~ TInoveast in  pressure

creose D volumetsic <taln

pe
(01)
\
P NCTEAsSe in  MASS Adensityes redio

Kuader = 2 O fo
= QX0 N/m-

= 206 ookt fem™

Kair = Atro
PR Ny

= 300 k: Pou.

amoe' N>

swiod kot
(100 cm)j'

| axio® kgt
= /___*__—‘

ot ey

i1

axio Ky Jem™
- 20 7T /CML

P9 No:- 1g

-
LS . +dP = 20 N/m)__
N

m =
)

dP = Z‘@fos N/my/

20606

\

7770777777/

(Pi"ﬂ) \{[‘




& P|
_ dp o6
{’\ K =" = 20! = s X (Oq(\)/mj‘ =) QA Gh Pac
ayte 28 !
. P ) | ©00 =) & N
("
(™ Pq no-19
Q3. As) 20,000
Pg NOL- 17
102 ¢ dp = , MN
) p= trie =
= 18 w1e® N /m=
dvu
= =1 -
Y, /
w = 9 MN -
m.').
K= df = +18x10° | +18vof
~dwv 3
— =1 % e
3 (=*7-) oY)

= 18 XS N/mﬁ'
= 18060 x,uoé N/m™

= 1t 860 (\-"\1\3/’,‘,)5L

L Ly compyesg(‘b:‘nﬂ of o €luid L~ ( E)

W\_/\—/v
N

ot e the TQC;PTOCOJ ot +the bulk modulus ot echSHC?'hj :

whose  uniks (m“]N) B = Move. the mmpres_c,‘-.b{ifﬂ lessey the,

bulk  modulus -
Ex:~ Alyx, which s easily comPressi‘le compare o wadey. TF

\
K

s pocoo Himes cosy to compress -



Expechue %uegﬁons:~ |
M S e T e e e

¥

JE

B - Li:.)q’plain Ketoel wstth K oater

Ans t- Kaw = ' KgFJem> = ! bOY

1% 105 N/m>
Kpader = 20000 Kgf/em™

= 2RI N /m*-

Keteet =

[ & =2ax(-as) l

axie! = 3K (1 - 2%x0°28)
steel

— feax 10t N/m

K,
el

;2
=160 \_A'oﬁ‘ N/m

K etme | 186 %10
Kusater 2x 10
= Q0
Relahon loetuween Elastic conctants:—
kReehoh X272 N Em o
€ = 2G ('t )
==  AKG
N | IK+ O ~
I15- \liscosarty:-
Every fiwd conchitite  oxe made  Up of number Of

odbract  coch other by cevtain Forces

molecules
olecules ot ~troch " “forceg)

molecules and
e —fovees (some M

named as cohes
Adhesive Fforce (attrachon of o<

there & onother “yce called
Mmolecwe -tO ONother molecue)



.

watey —>  both Adbesve ad cohestiee  uyder  weted The
glass - @

Mercary — Only cohesive ~force

viscos‘dy e due <o cohesiue forces Which v@_’wesefrf:

esictonce +o  moton ot the -Fuic - More the cohestve. forass

MOYe —the Viscostty: VUISCOSHy — properhy by changing temperaduse -
ot the —Fluid
Ext-) For liguids ke Wwadey, ol et @Fewrcﬂure § NCYROLE

v:scosﬁj Aecreases e &Q-S‘j +o FHow

woder drc.F Ol droP

, |
‘ t ' |
visocteity of- - 9 Ny G>T

uider lesser (

(

+hcm ol - . ;
4 AJ OI—SO ‘~
\Jn;cogﬁ‘j TNnoersases -

* For caas@s ke | alr, temperotwe wgEases

—> For the qluen  contsotlech  volume, the qas rmolecales temp

increases cue o which the momentum  exchange more oY
domnates e cohesive Jorws thewm by Moecules haue MmMore
closcly pock ond ghow?ng hicjh Uiscows In  Nadare .

&
ﬁNew‘tOmg | s O/F;/EJLS‘C/DEEH’

Tt states -thot sheor stwess vr@q/utffed o Pmduce
Motlo —o the quen -fluld s  dircechly meovh‘onal jo vode of
shear  gstain (ot) vate of angulax de-formation  (ov) velocity g vad et
(o) rate of chanqe of Veleciy =~ With wespéct fo flula Rlm:




Rede of Shear stain

(or)
X Rate of angwa cleformahioN

sheay Stess o<

(ov)
X Ueloc‘ri—\j gYad?em\-
(ov)
x Rodte of chamae of ueIOd*hj w e
uid i —thickness
oot ({;_—Zi) - Rode of € hcar stain (o1) Rate of
‘ on%ulcﬁ deforrohon
(o71)

v x(%ﬁ)

T:_L,Ld\f

Y

coc£Bcient OF viscosity (o) Ot‘mr\c Jiscositty (oY)

Absolute Viscosity

sheor force - _ . vetocity
hick ness of fluid

sheny area

R o=

Ag 1

NS (_ﬁﬁ_‘ = sec” ')
B sec- ™

JL
mﬂ.—
i .
- =S
« ‘ N povn ‘ o
ok . .

& Reason —o r\oLm"m%

UiScosity -

untt  Susface O ovey Q. Peﬂ‘cd of

A Force r@,%u‘wed pe
“me (1) g—h.(dj e mMotion pFE  -flud  ond inHoence  of<fore

on this W iS  nome as Dynamic

colled  QYNAMICS * posed

viscosity -



S = sN-sec .
— = ascal —sec = . L
x P = Pa-s =F & T

"

k - my 3.
d /Se'; ~ Kqg Y R

—

}1
I
-
~

m> m -scc

Kineroahc  \JUiscostty (3)+~
P e et S et

T g defined as  The yaohes of dtthm?c viscesty =

40 ot fluid  mass  density

'8 = :_L_l_- = Kg/m_ sec I’Y\'L = H’D 2 =1
P e = Meec LT
M

o~ * \ N . “ 3
== 1N C-G\ S UJW’"S dianm;C J (,_gc_‘()gr"\j Uﬂd’& PO:S@V :

— . \' 5 ‘s Qk | ij
— In  C-G's- uwnits konemadc vnscas:hd untte Stoke

ST
-
=R S L= Dyne-sec
N e
- N -€ecC cm>
m )
= poisc
= kg f)
M-SecC
: 2
g = m* ¥ = &M - stoke
sec
Sec
W ~N :
** x N . \ v B
= called  kinemahe uisCosity ?

Q) Why uiscosity
Ans) The Ulsoety (s SO codled Kinematc , deals  motion

—foraes N . ,
Kinemadics Cd%splqcemerr\- \/eloc‘ﬁ\j) Lothoudt- —fyeeas  mobse? savolve ment

Relofion bjw sz § Cos unis or LIs@T
W/““‘/ g

PN e
N = ks—m/SQcL

Oyne = grom = cm /Sec”’



&

N = k(\:] wﬂ_’

Sec™

= fecogm . joocMm

SecL
s

= 10 am-—cm

' Scct
*JG—M; B
* l N — 10 dgne

— |Po‘«sa: Dyne-seci _ gm
cm* M- Sec

16 M -SecC

. k
) Po?se = 0 \ 9
m -SecC

1o Fo‘tse = kg/m—sec

N &% of dudnom?c \ﬁS’C_Gsiﬁj.



N

Y

Yawcﬁcev

"uuuo:ler

—

o

— B
” dy
a = at
> Iy
adt dt
‘n = | ~
dv = ¢ . dy w Yee Vi, Slocoe g,
d+t .
M =g CP ~3
= dg¢ . dv w ﬁ“u.‘s: to N-
d+ dy -
= 1.CS -
qu “Jw:m “n*
P x &% C-Grs Sec
di
S
T w v
dy
looo kg/m? P = ver kg/m?
air
i tc‘_é N~s
= 8 X
= FINC: TP uu‘oif -
I cenh Foise
o= potse 9y, = 'S0 /sec
6 x o1 N-sec =I5 cs-
2.
m
3 -s -
107 7 ALY Moater P X0 N-=S/m*
mL Asa
- &
SR 13xto N =S fn*
t N ~-Sec 2 /N\
{ 000 m= = 55
N
_ 9 . ~
I wode il = 2% s
{ ¢S
Cusoter Y uwater
t N—Sece Moader T Maty
JOOO mL
| 000 K9/m3 ‘3(1;,, > ywoj@v
Vowto” © ”‘L/s;ec
= 1-C-S
| cenh stoke




Pq Nou- 17
IV Y = 6 stokes
= & cm >
Se C-
= Ewict m
sec
c= Y
Foscder

¥ ~ 2000 Kﬁ/ms

X = M
Yb
=2
HA -~
:LOCO*Q\L‘O
- ‘g_\LIOH
= 1.a N-S
mx
ch NoL- IS
R
Q2 -
at. T = H
<
F = M*A‘—i
s
F %V
\ N
F' Ny
Fy Ny
800 I Y
_— o
QM 000 N,

Z

¢]

i
|

= % Po\‘se

NV
S = £ No unt
¥ = 1 Shoke

JA:QPm‘SG
M= axoy = o2 NS
M.L

g = 1 Sﬁm/s

T = -V

|

(R



-3
AN = XKoo pa-Sec 5 . £ >
QMM P 2, I %16 /scc ‘
-&
. = X 10 a—-Sec ) _ - € 2
'L’lcuy 1o P ga.i\‘l - 1S XI6 m /SGC
'\}«lme > J"toj'f \‘:’g:\y’7\2%3<ﬂ€\f

%ch-itr < .,

QB M= O'5 poise =0'S Xo| kg/m__sec

H = 0105 K /mesec

P:Sxﬁw

= OSXIo0o =~ SCO kg/m3

- 2 = (se
% = S o 005 - R0 M fsec L= e o
p A3
S60 3 S = 2 NS wptk
X =} ctoke
x = | stoke

Eq:- A “thin placte is placcd  in  behoee) tup fixed ot Qurfaces
b-j distance Fh‘ cf)ox‘l'. The Vtscg)srhj of l-Pq}.l?ds N the | ‘th) and
bottom of -the P’\od-e are  u, and M, m')ecﬁuglja The Posx‘h‘o‘/\
Of the thin plate such thad pe yiecous vesictance (external
effort  required) “or  untform velocky ‘v of the hin pledes (s

MINMUM ¢ Assume 'h 1S —n be. very Smatt ) .

As T - o g

dy ,L/J’/z_{/z/ LSS L L
g )
N ARV N
A’ dy My Ch-'d)
TIT T T TS TII T
E=uwA L —0O
' v}
~ v
F.a—- = M, AJ—- -_—
Ch-v)
MA N W AN
(h4)
g = o, Ch"‘d)



putt veq/uu‘red —“4o dm‘i +he Pb‘d'c is

\reqvu‘wed ~to drag -the. P!atcz s minimum -

7
-
s
-
+
v

9F -0 ;

) r
= () A e (A

mipimum

The —force

o N e
dFoct = W VA (T w A () -
iy .
Py
= VA [ - el -0
s (hwg)"
My o Mo
g (h-w)
__i = . \,ul
h—Y Uil
w ot Pr@ssure U,i‘}i@ii’
M u“d 'Md“um

ce trowel —tfwough the -

—> Small Pressuure dictuskon -
loctty equal +to the VQ'OCHLJ of sound () W
ot o veloat , ‘ ‘ | |
de[:er\ds on Rulk Modulus and Mass det\sr!'t,'

—> The comPréss{bm‘w of waoter is
condidered  in Hhe case of wader
hammer  problems » Due the Sddlden
alosure Of walves N PIPQ lines,
a. hiagh pressure wave is qgenerated

P =ruc M/m"

N Laues
c = ue!oa-hj ot ‘pvessure

due +o sudden closue of

values

::\poue,spegd

C = Ueloc(hf et coud in that Auid

N Pn‘Pe tines -

Cc = Jfa—m/Secs\
Kg/mi%

e = Ivm’— - o
[ect Sec




v 3’ )

ul = ¥ = Spe_ci*ﬁ‘c w@{ei\t"

oD

™

Ext) The bulk modulus and density of a liquid are gquen S

QKN /mm> and

K000 ka/m3 - what s the veiod*\Lj o caund
through the liguds

A) K= 2 RNJaam*

© = 8cco kg /m?

>
C = }k - 2x 031000 =
P

_— S0 m/S
Koo
= ' = ™
Cair & 320 M/s C sactoy Ly /S
- . Y ) c
Coif - , Kair - \/’T/.Of - @ = 210 m/S
Vaiy T o2 leg /o 7
Cum! = ’ Kws = ’ 2% (0 N/m" — 19lV m/SGC .
vaJ JoYe'o icza/mB ' :
velocy o6 cound in uxakr is Y Ho s times of velocrk
of sourd iIn Alr. )
Fluid classihcadion
| | -
J J (
Tdeal ~€luid : Real Fluid
(oY) b
Theovitenl Fluild ~ possess Uc.Scogvl-‘:!
(ov) . ( H’Qum:a)
'SU-F@V Huid

Tdeol plaid:y-
- 2E0 Ufscogi'hj

—3 No Sheor Stresc vequfved ‘0 move
—> Velocity cavadu‘erﬁ-— no+ exist

— lncnm‘;mss\‘bihﬂ..



Real | Fluid -
L _
J | A J
- ) hams lClA‘HC / T“@XO’(WO te {7
Ne urtontan NoN - Newrtontan  Aldid 8 inghams p \ ple i
Alu'd ] Zdeat plashe Hud ftuid .
vrf 1 S
pseudo plastic pitecfent--Hdid .=
—> Fl \de Pomr o (@v') Rheloa?c_ql -F{q?d @abuq—h"on. :,
T A . : —
r =1 NELD"*'DI\‘\QI) "F{L’Jd (
.'l du ]
4.> — —_—
ideaj “HU.H ) dy CSGC)
T:th‘\eid"i‘u(&h
dy
-
T = B+ du nl . g N
& (ds 2 Rheloglccd Fud Cs:’,c?/\l&:"‘lof). )
(i9Tdeal Auid - () © Newtonan  Fluid 1— |
Az sL=0 B=o; A= uL, n=l (
& =0 T = 8+A (du)n
alu dy -
] Z 0Ot qu !
T=0 dy
o . - A
" Not avadlable n natwure T =+ (E:T
NO *such ~HAuwid N noduve T du/d,j
| XS A +luid obeys Newtens lowa 7
N . o . . r .
- et UtSCOSN i knouwn as nNewto niar -
oy . '
Exy— AIY, wiactes, Mercury
——— | I ~ -
dud, (s Dol |2 3[4y
4 .
N >~ ol 3| & g |- [ & 71 :
TN/ mm™) { : S(QPQQ‘F—'C%%

+ slope is consfamt-  thYoughouw

= dt
> 4 (YA)




Ex'S) The *%:[iomfnﬂ shear cteess — shear vate velatonship was

obtalhed v a fluld:  The Fluid s clasified as- ()

Q.
c

o
«©
)
v

S

[ I o) é & | 20

A) slope = T = € - ¢
C..C_{i) '
d
J = 1% ¢ s
3
= 30 =§&.
s

SQOPG_ constant - HeNnCE Newtontan

Non- Newtonian Elad = -
B=0 ; A=dL} poE |
Nen  Neuwtonian  Fluid s one -fluid which does nNot- Cbeys
Newton law of uiscosity -
Bzo; A=l Nn=k1 “+4hen n<i (on) N>
2 N> then AU s calied Dilatent -‘Hut‘dv

I+ p<i then {luid IS caled pseuds plastc apASUSE

Dictent ~Fluid . pseudo Plashc
N >i Nne |
Eq i~ Syrup, Auai Julce Exi- Mitk, Blood
Sheoy thick shear thin

B ingham Pio@h‘c Fludd : -

AN -

8 = Tyied

A = M &I-Cld (

n =\ €q:i~- Thick greaac
T = A n

&+ ds)
=| du

T = gced +‘U‘( ) 2 El—g

e = t?elo\
A = X EXL~ ol polish
rde

< >

T =284+ A 7Y oy T = Tuepa T ot/ dyy, (4



PY’Gssuve ond Pvessufe In‘iﬁf@ﬁj - of _‘—'F’('ui‘éfj?#

- pressuve i the -force per normol arca

= F = NJ.a = pa- q, £
= x fm> = P ARy
. {“
I bay = IC:ﬁg-N/mL =107 pa = O« M[oq,
£
.
10 bay = I M : : :_
e -
pxressuwe s a  Scalay cbu@mﬁ“hj . P
pPressure:— o
Energy Stored (Jowles) per unit uolume. =
p= STy o T oo mem oy
volume m3 m3 m Toule = N=m
p= F — W = My . PuYg
A A A K
v AH9 f9H
A e
[P= PaH =94
potential  Enenqy = p-E = MgH
Pressure Energy = P9H 0 Energy /unit olume
= mg '
P H = m.q.n
v 10
l P = Y-g-H 2
| Atm: pressure = | «gf _ ioT _ ‘toxioea ky(F)
cm™> m> el
— 10000 X o N 60000 N/mL
m-)—

= 1 )OS = 100 KN/p2>

utm-{) = 160 kpa = | mj

H = 160000 M
ate = to-|
w rAtm
1066 % -2l
Hmecuny = !0%000 - o176 M = 76 Cm

| 3600 wqQ&|

Haiy = 00000 0332 M

jo2 X a8t



I Atm = | kqpe D= oecm =
8( )/sz‘ > @
LLL 22 L s

e

P = LD/A o
L KgeR) o w (kgt) //, ,\"\\ |
Cm> TT . suchan
T(IO) cm g_uf)
w

va = ) xTTxto*

= TR kg
v 9

Exx) A 70 kg pPerson  walks 6n  snow with a okl oot Tm,ola

arca. of svocmt.  wWhot pressure  coes he cxerk ON SnoWw?

A = F = 7oxg:.3
P A ‘ = 12-73 X16° N/m’—

Soo X (o7
Surfoce Tension Cov) Surface Lnevng of a hq/wd
Buery fee surfice ofF o flud cxhibis certain SurFCLCQ
tensile foree due pn Cohestve Afovees  OF “fho:{— Fiad - I+ S s«mpij
o tengile fovee exerted per unit (ena'rh exposed ‘o sSuarvvoundings:

- IE ,
€ = Fak_ = N o= N —m = Tou(eS/mL
L m m2

-  &ne
& v\95/!._\1»‘!{- surface Aveas

& = Fe N - T

— mee—

Unit+ fengfh m m*

ft

& . ~
= 0072 )
wodey Ay /

= 0:072 T/mr

Signif @nee of surface Tension o A pplication -
Water s h‘q/uv‘d which shows a “tendency of Jaising AE
-to u-FwCer (tensiie) “ovee  when Wadey is  in confack with other

surface -this g known as _Co.(:)\‘lioxi‘"l-s Rice Obserbed N P(af\h-

Exi- SAP, biolsgical phenomenon - dgem?
h=%6€ _ kecose ‘_,HH ",\,f,\a
Pad Th o -
9 k- a9d --j£ ‘j-——wader.

6= Neg.hb'?b'le around (O
Oervivadon : -

(SR FJ:

S———

L
F‘+: SYEE



\.’
h= "¢
vah
h < 2
ad
h, - d,
hs d,
h = Ltg = f—\‘ &
rqd 3 d
- ke
h = Yol
h= 4¢
Lod_J
—> CQFiuqv‘rhj 1S o Phenomenoo Aue ‘o difference

cohesion ond adhesion forces

—3 Surface tencion s due o cohesian onlj-

Exi- Sphew‘cql shope of voun (ov) Waxter de

P-9 NO 1~ 16
N _ , N
Q_’f .h| _ dL
hl d,
IS _ \
h, 3
h;, =K

) is  Not Tise
BF M is  Mercuny then cqpmcm*("j S

~falls (delo\'essa‘on )

of

instead

let- duv\‘ng ~fauk



KO

whevre © > a6 ( Non wetfed)

Bmercmi = Y40

Note «~
nes

\ S ! N .
Merc:uvg\' POSS&S/ onlj cohes\ve —forces and o adhesive

due o this it always —fends o clepyess o ‘falls  (n the

noayyew -table.
Other effecks oOf surface Tension: -
|- Rise of kevosene (o Ot in wick ‘‘Due o capitariy”.

- Insecis con oxalk ©n (:Cl«u"d Surfaces .  Rrick oY% Flowers
Absovb water WHeEN “‘f‘hev imme rsed dde o Surface Tersion

Spherical shope  due o Shear surfice tension
Pressuve dae- @Xevied duc o Surfce Tencion: -
Po L‘uqvuid Dvop
Q- Liciur‘d Bubhkle

3 uquid Tet

Hq/ufd Dvyo P'i"

PV‘GSSU.Y‘e = _EE.. - F‘c
N An Ttd> N

“

FC = R ( under Eq/ul"lib‘f‘;klm)




qu/u i‘d Bu bble & -

E = F

by« F= ks =
S
R6 - - 8¢
P T

— &YX 00\

(Do
= &%\
oo xioo

4XO-0T73

O 06|

—

R Pb Ubble
Pdrcp(el—
893 = o5qo.
I
N

i1
>
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PRESSURE MEASUREMENT  AND FLOID STATICS
P=Y3bh
P=¥h
dp = —-Y¥-dh
9P = _y
dh

dp = —3 (~dh)

= ¥dh

Hydro stabic law:-

Pl

Tt stotes  thak the  vote of ’yressuxe chomje w et hefgl/\‘f. -

specHic welight of -the —Huid.

He?caht ineYeaces — P*resswre decreases

D F—th increases —>  presswe iNncreoses
dp =—%dh — Hydro ctotic lous-
_d_f_ = =Y
dh
P= vgh = YIb
Exu- ~N N
= X h =
P Y:i\ Ix ol Y?*UC”&Y *ax hU’O*cv

N .
F):(%)x(%) K M

e oit
| @&

= v X =Y X s A

F on 3% hey, Voo © X by — £ L—g f/
] ': o 106
e (08X i1000) X 10X h_ ) aom -
= 1®oo X0 X 80 1= Tl
=~ B0

"‘ot( S = Z toom

o8



vNts: -

PR

Pressure : f = N = Pa
ST untt mx
| bar= 10" N/mn- = 100 K:pa- . Head of o Hud. 7
! es‘:emPA-tmOSPher?c pressure = | kq(®) _ 1o T ()
cm* ma_
= 10000 R (+)
.Q————————-/
mL
= |00000N/m9.
= (oo l<N/m’~
.= loo K pa
= 1 bovx
PQ MO~ L
wvw‘
30:- p=wvg9h
~ |O0OX q-8&l%X QS
- aus %x10° NJm*
= OuSs l<l\)/mo.
a3~ P = Y?‘a’x?lx h”ﬁ
p = 13600 K81 X hyf3
|bbooo = 13600 waalx h g , o
H.ﬁ .
h - O0-16 M
"9

- T& cm Of mMercuvy

= 760 MM of meveury.

1o~ P = v %x3X hy

IDOO0 % tO% 1O

t

— 1060 kN/m:_

f“
L

—
I3



2a1- P, . ¥ah, | %
T ee |
N W/ghN ™~ a8m
. 5 |
- R
=1 1K
%9. Py _ Pah,
Pa P9 hg
= h_& = ©3 = by
hB Q-0
H4S- 1 atm pressure = R, 9 b
100000 = 1000% 16% hu
hyy= 1o m of waker
= 10.23 m of waler.
P9 nNo:- 39

g . £ = g h
1600 RqQ-Q1 X |

-

= 9810 N/p (o) pa

=R
N
kg +
P: ¥ h m3me

Y8 K9(#) = (Sou * Yau:od—ev) x hoil

cm*
H8*xT8 M) - (6:83xi1000) X hyy
m 2
(Tros
| Y-8 X981 % 10000 (N
Moty = ” BooO MZ)
hoyw = 6owem = 60 m



19 - fﬁ _ %"h/&
Pa B9 hg
= O3
2
= iy
18- P= 9 bh

2-6x9:g 1% (0" ( &N)

h... = ko™

Ol

P9 NO:- 3S
W

* S
* D.se dQC‘i = )0

centi ~ 10

Qo0 X hoil

1
deca - (10

2
G untat = {0

N - Kite = 103
mitti = 10 =
6
micro = 1076 Mega = 10
nano = no"q G\"CJQ: 10q
. -2
rr)lc:CO = O
o | miti bar = 10 xI0 N/m*
N -
= 160 Nfpmx (o1) pa
- oo ST units .
be 1 M of mercy = 1 o

| Atm = 780 MM

of Mercury

= 160 -tor

P:vagh

-

~ {2600 X IO R 000!

Xxa-8l

— 136 N/mL (ov) P (ov) ST unt

Vo



c- D _ IRt N/ 2 = 16 tokh ,
/m_ ST unttz @

. 1 kgt - 818 N
cm* m 2
(IOD)

= 10° N/MD‘

=t lakh ST unlg .

Pg-NO1-33
P

8- AN of +he above

Types of presswe:-
P Nt P e

fe A{mos'phen‘c Pressuwe
2 G\o.uae pressurc
a. postive pressure

b . N@g.]o:ﬁue ¢ ov) vacuum Pr(o_ssw“e (o) suchon pressure-

3+ Absolude pressure

wnits 1~
| Atm pressure = V' RgE Jem* , 100 kpa, t bar, 76 cm of Hg
o - g T .
. N | 03 m O wale ~ . |
Gouge pressure: - -
Mmeosured buJ Pvessw‘e qauge of

G\aucae, Pressu.re is
maore thanh the cch'nos’ohev?c Fressure

T the PYGSSWQ gonge below

| s
ryeod inq value 18
calted FOS;-HUQ qauqe  pressuce -
| e s cqorhive (o) yacuum (on) SUChR) pEs
the atmoslohewc s aalled /f\\)fﬂgx;hﬁ (o1) ( :

Ab <o tute pressure s —

B i W

Tt= s dhe sum ot the local od-rmsrhe*c"c Pvessu'e and

80«)—1-3& (3 regsyre:

7 absolue



Exi)
PAJCM = 100 Kpa
qus - constant
P . Pp;i—m * PQO-‘-‘QQ
%Lbs - Atm aMge
= Ploo+ao = Paien o 1@
oo—hj
Faemn = 90 K pa
—— £
X semet ey
®q
N euding | P ‘,Q_\cg/;e. ‘what- is e heighd-
— of buiding?
- B
, fadr
960 mmoF T

Hy -
AP = Yy X 9% hge

h
1= 229« 81K #

{ 3600RD-3(X O-OOY = aiy

h -oys2 M
o

Hrelgh- ot bulding = ys-3232M

[IRH



€xi) Find  Absolule pressure  In mouth of X person
¢ : mo uth
= A P —_
I =
dotum = Froun T POb
C |
= ’A—m = vaom“{- 'OOOK'OKD'IS
a3
~ | 00000 mouty T 150
; Crouty = 18500 N[>
E - age's < pa -
NOte « -
Moximum  suchon Fregsu.v‘e Fog?ble “o et wadter IS
S ) aht onts
t0:33 m. (Theoritically) ™ But™ practicalty 6-71 m suchon heigh J .;

hanadle by F? pos-

P9 mNoL- 35

PP

YT
Pso-ttom = w3 hw Pt hoi

= B hy T Yy b‘on_

= 10 (4) + (o:axto) R 2
S RO+ 18 KN/ph

- 53 lcr\s/m,_

1o Prtandarg = 160 M7 of Hq
Ploco.) - 710 mm Of mercyy
Popcolute = 360 mm of Hg
qus - %i—mmw h Psouqe

. -7t
P:— o = FHO 380 =

anmn

03.?0 mm of- H?



Pressure MQQSLm}nS deu?ces L

P Ry (T e R BT

i« RBorometer &9 and Anepyod -

2- Piezometel _ s
3. smple Manometers (v-tube Mon® metey) L

Y. Differenhal U -tube manometey ‘ .
5- Thverked di-fferenhal  man omecters
&. Inclined Manometers “
7. Mechani cal 'ovessme gauge C_Bou\rdoﬂ) ¢
& Tvanducey

Baorometey: -
W«»’"’”
Tt & O Pwssswe %o.uzae used —for

aJcrY\osPheﬁc ﬁg

S 6 Mmm —3
Pipe

meosm*%r\a +he locad

N

indicates  —hat a chance

— sSudden —fall in  Rovometer *readfng

of cxdclo ne:

Ancvoid meter L~
P N P



p iezomethor: - @

. ™ s - pressdre  gouge which Measures pressure

—

ofF —the -fluids o= gen Poir\i- ( posthue of n&gotffue PYQSSLU‘@)

%* N

¢ Note L~

piezometer  Measures Stedhe pressures not— dynamtc.

5
O -tube  manometersss

P w f
Y L
N
N V4
- #
iy A | P
- [ he 2
e : j
S % ~ %
4 7
/ A
'D)L = P'rL\
NP R h, = .9 h,, N

P9 No- 24

—

th .

——J
A=
>
1)
\o
~
-
f
>
N\
1
®
-

e
?
>
f
r
~
¥
3|
¥
N

Lo



EX L)

| . . poth ends
There s o U-tibe -fited with Mercury and

An amount of woder Rued 0
‘,0) . Dg{@rm?ﬂ% the heegh{- ot the Mereury

ettt oM of
ove  open —“+o adr-

-

height asem. ( Swodker =
xalsed  in -ﬁ%h{* arm-
D) o-s cm

A) 2 cm /B) 1 M c) ncm

sol -
Sw' hy = S“‘a\ h”’ﬁ Total Mmerawy = A

Aftey = A+2

{.OX 28 = ‘“‘ﬂhH—a ;
g = 2™ (of dotal meveury) m‘“U%f;
s ' decraye €

"9
But 1 distribute

s some oN botn sldes: 5o mevedry

ﬁcah*‘” and et arm because Mercury

{noreace by m

A —

level

NOtet~ ~\
W= Mq
lkqf = Ky* V8l M/e2

| kot = A8 kq-m
3 o

l kg(f-) =93l N
~ IO N

Pouae_v = waotl

€nergy = Jouwes
= T

P

Z N-M sec
5 =2
T T

2%




15

(-

P.9 NO-iS

Momentumn = MmMAssS X Ueloc}H
T (or) M = MYV

- v

)

Ancj ular Mmomentum

ML W

1

= kg-m", yad
sec

a -1
= MU T

Ex:) U-tube MonOmeker

= o

m3 ¥

¥, _
— 9 '\, - ..E'_ N hn.

Pw Yo N
3, h' = g}_l«\i

Si = h;L

S, ",

S$¢ = hy - 30 =.s

in
3
4

3




Ext)

Find He?g[ﬂ— of-

Mmercury -
A- S Pw = SH?{ hHﬂ s This formula  valid for P, = P, (equat)
both sides mssune‘ _
e) hw = |3'e(hﬂa) ' P G%U&L
Vi, = A hw
lq = T(O-®)" o K
L‘
cm3 cm”> M _

(-0 (327:8) =136 hH13

Drffevential  pressure petween o Poirﬁi 22

-F‘niﬁ/llp,r’|”ll

g = P

P = PXI A T"i
" w
o~ P

PA'T“YOAQP\A Se—— *__6__
Y

5

So= I



- Py =

o Oha ™t FmIhy, = R ab

-—
—

Y, =

= 136 h

Quo it

2U0 33

000D

oA M

Axh = o aYy

[PL)

Lebxh
h

ua

1:0 (0-%)=136 h

h

=024

O 24

-—

oS
13:6

g =

= 37 Mmm

3

1 > = 1000 bt




28 absohkrte PT&.SSLLY‘@ = odm: p1ess + gouge Fresqu*Q

= 100 t+ 200

= 3060 K- FQ

Eknﬂ

Diflerental U-TE manomcter

~ ¥n9 hey © Y39

= P
P, »\~v<:g,(y+hm)

\ —_ —v9h
P —P = PAIhm T VIY va Yy m

P — Py = Thy (Py-P)
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T I SR R T SN T R s A mevos s A 2B AL

g ( Bh,_,)y = Shm("“m“*‘)

Ah

i}

P-2 hm('%n'_')
" ()

Poccnls law:-

Tt stotes +hod for any HHuid

h‘q’uﬁd or <3C1$) wdey

\ N N o.t(
vest -then -the -flwd Fvessure_ o= that Pom-l— is samcz WD
Airections
NOte -~ P, |
____PH 2 P /‘\ -
Pu——) PRSSLlejnl— 2 ( 2 Pl )
4 Net Pmssuve cuu.)c_\ﬂs U,ouachd |

Inucrwj(smu diffevential  paopertic s

1
3
D
~

>

>
>
[r)

pressure M casures)



Rl NO‘tC M

Inelined Manometer:i- .

,,,,,

i

Me v - \
5ensw\~hj of Tnclined manometer =
SinNG

Mechanical  presswe  qatge (Rouxdan) :- 30 psT —> Front wheel
Ho psT —> Lock wheek

ara tbe) = 1 kgt

L/efo-x('\‘dbj ot
metes ! Pound = 6-4S3 Ky
oY

(b))
I adm = kﬂ*‘/@'\"‘

F PST — pound
" Jnch)‘

= U (+F)

an >

O3
= &&= kgt

CQ‘S‘\{)Lcm’f
~ N &ayPsI Z 609 atm
30 ’DSI: 33X 007 =

Yo psT = yowo:'o

Transducers i~

—5 Tt converts  pressure  signals  info STher Signals

- Transaducers are Pvessuve Me asuwemant devices -

ex:r) Relfows



Dead u;‘se}gh{— Pvessw‘e .<3cu?eé_ @

o s used o check oOr calloborate the e&isﬁng ov

o working pressare gemge -

. AFhydroul’c Tock:-

. \ < lase
. Tt is a simple machine which works on pascal

Tt Hycivo stohce  low) - TF so muthplles the —forces: It has mechonica

{\\‘F s LN ! {
' advantage wth  minimum  efFfort moximum oy heawy oad

can be hFted.

!F Z
a’“{ ) |
7. 4
RSV,
—_ F - W
A —
E
P —— = 2
MCin o> -
H 9
d D*
| - d\>
N ~ =
P-9 NO:- 35
. . .
22 F=w(3 Q6- h h”ﬂ(?“')
e \ > M
- 100 - .
( '0) & <o 8 )
= RN -~ 128em of oll

= (-28m of oil.



. - . 136 _
=8 <Ah)A—B = © é’( v +)

()
= & X1 6

= 7-S€m of wodey.

o b P se i
Puessal: socm of H‘j vacuum = vesse
, Y, -9
= —socm of H3 Hq
P\J'cszssm = \Pﬂﬁa h“ﬂ
PVGSSGJ h
-
9
ty
com of Hg vacawm
38, EXL)
' -
= = Y 9h
PA - Pﬁa N hua w0 %)
s h
SHS' "’&3 w L
13:6 X § = (0 R hw
N
h,y= 68 cm
. L of Hej = 136 CM
30: p = 26 cm of Hy vacuum
P

= —26cm of HQ (gmge) -

1)

§o cm of g (&bs)

= S i S A e . e L o it = e e

,,,,,



,_.;HAPTER B

iz

FLOID STATICS [ Hydrosiaic ~force ©n diferen

- . Surfaces)

Hgd__\ﬁr_o__srto:h‘c s a brcmc:h of -flud mechanics decds Cluid

bebhoviour uncker  vest. Thefe are two —fgovrces Cong[de‘@d - flhud
Stotics:

o Gyavity ~force (W=mg)
(scH wt- of fluid)

Q- Fovce due —to pressure (F &= P XA)

Ne%\ecﬁ viscous -force Compvessicm ctect-

H\jdVOstcfh‘c force on dHferent surfoces .-
. plain surfaces

8- Cuvved Surfaces

Types o©f plain surfoces:-
I Horizontal -suvface

a. vevhcle suvrface

3. Tnclined Swrface

Horizontal plane surface = an
Verticle Plcme Suyface = B¢

Inelined plane Surface = pe



— *—deros-tcxh\c force  (or) presswe force  (or) Thvust (or) Normal

—fgrce. OF statc ~flud  (or) Total pressuve:
— 5 Unis are N’

, Force OF vest Huidd Per’)endl"cuiar oy Normal 4o wetted

suvrface -
F = P A e g
£ = Y9 h A ormal
wheve
h =

ExXe- T\ —Ec.-r Ho v zontal Picme surface -

H:K
h "
=xi- h
where H = bh
=

[RE



P9 NG 40

e

E = w9h A

« 2
- joocorasl x 2 x DO
2 <

— 1000 R8I X 314

peﬁd - 3I0°76 KN
plose

p-g NOL-YHL

K3 E = P9 hA

= wq- H (LrH) i
2
F= - WY
2.
P9 NoO- 29
.
et = Fi-F, 4, T
- H 2m =K
= (LR - WPy TR (LM ’

NS

2.\ N
(lo+_;) - !Oooxfgvt(g@
— 1000\!

ARt 2=
2 2-

— 480D
= Y4ao kN

P-9 NovL~ 3%
3t- F=vghA
X
- 1000% Q.81 X H X 12
l{
- 910X XY TT

3140 «a S~

[y



P-q Nor-38

20 -

F=WvaAh

{4

vg R TE b,
"
Z 9 R (R =R
= 1000 % F4 X 314 (2= -1%)

= 12000 W

H yel rockedic fovee on  Inclined Susface s -

F=1rgAh

7

p-9 Nno:-36

o ':J_".-z:.\&‘t)

F = 1000RtO% ':+6asSX

== |ooc>oN
£ = 10 KN
— N -
iI2- F=9Ah

= rg (sx0) (Esine)
1% Sin qS‘)

= g (rx) (

= ¥9 (EL)

= Y9
Q2



Hy dvostadic —force  chavockristces: ~

- o has 'mo.ahfmde equat  to g h A

2. o+ hos a point of action (o7) Q(apli‘ccxi-bn- (or) polnt ot
concentrfion IS KAOWN Qs Cenke Of Pressdre (ov) prasswre
centre. (K= h = h,)

3. It is always ot centtold OF pressure dlagram ot the
Static flud onh the gSuwface. (on) by analybcal method

:7\+__i‘i'i/

A

7
T
P

Fov howneontal surfoarce © =0, K = h
%

For Vevticol surface, 6=90 h __F_+ XL

h A

Sxt-) Reclangle [
A H Q,l_/i n*




il

xi— Civcle

®
") h
"= D
h = /p.
. ‘FTDL(
A= T2 . TF L5
Lz(
h*-:?_' R-\'- %
AR
4+ To'/ey
o . (mody
»i. @
h& = 5D ]
8 |
ExL~ “Fn‘oﬁcaiew
/]
h H
N Vi
(P
PR .
h=3
— ' ad
A,:_B
3 = gud N
36
— T
W= ht —

O IS H




s e g Sy Th T e T T s L S DT e S IR T e e T et e SRS Agl S imma s N aoEms s = es
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Meto. centric heﬁghtr of ~~Flocxﬁn? bodtj N o —Lluidy -

let o prismatic body of Maderial  Speqy ) CYOSS sechom

orea. A, ond s heigh-t H is kept in
Seauiy Cconnected 1o a -+Hencion

variables .

'Y‘OP& N

+‘erme Of oaboue

wbcdﬂ = HbOdgA 9 =

UNder eq‘u;l?bv‘} uam Uerﬁccx(hj

- )
Wbodvﬂ-*r: PQ
'Slar.sdt,‘\!5 AH? ERs Y2 Ahﬁ

Tuwo bedf% connected bv o Yope

a -fluld ot spe&fc %vqui-é

Determine —tension in P in
\Pbodld\\gb()daj‘ %
= Skody " fussdey N TH D
= Y‘a*‘cd‘e-r‘A‘h‘g

and  kept in water showl
<

in 'w@as Determine  wetted volume ofF the Plo.sﬁc buttan .

Eind .‘.)Tef\si’on

N ballon,

baiton

() volume oF Bgalion i

wWadtey



A- Eep of metal.:.

‘ T
Wetad
WME"“CU = T+ Fg
° U sT+¥_, " 99
metal - | -
&3
wem

i o
sepoxotixio = T+ | 800N IOK

T « (000 N

TOY T s Wyder 909

-YQ
balloN Lodloh

oLk

O = 100D RI0 ¥ \&
oo RIRI® + 100 /

\é = 062

balton

.. _\ G
Er) A solid SP},&Y@ and o solid cube Qe hcw‘mj Sam

surface. area. This —teo bodies  —fuly tmmersed  in o Alawd e

: : an
D&“{f){‘n’ﬁﬂ&‘ yothio of bquC\.nC,j ~Sforee  on sf)hey@ o thot _
cube -
o) 1=t b) Je& & ! eyl Je &) re3

AS -
SFh@YE
qrR™ = 60X
Fﬁsphere _ Va“’\j' ésyhere
= I{Dw.ta . @w\be



I

-'Hemcﬁntf?c her‘ght— N
When a  -Fl oa—Hna bodﬂ

Small cmgulm
the ~Hoo:h‘n<3
Metocente: T

IS
‘the bodtj and action o©F normal axlis C&Jd?ndev (ov) P‘N‘SM and

d(‘s’:lqcemer\t Showh
about oL Potﬂ‘(" Thot Po?fﬂ‘

bod:l' oscttlades
normal axis of

olbtain btj IMmercechion

M3
3
s

Ly TTRQ\‘ f yTRrRE
< [

J=
T

bou\dance forces QWS - o J

Tt s the distance

CanUHlj of -the ~Floo:tin9 b?)dt_{ (G\M)'

i+ Analytical method

2 Experimental methed -

M

aM

-—
-—

-

fy

<M ey

BM -~ BG

BM — (oG-08)

- 8G,

(Y

betuwy ecn

made +o disturb b&{ al\\iinf%

in ‘&3\ Tt IS Observed that-

ot

Meta centre (M) and Centre of




T e —— » , B
T = moment  ©f Inertia ( second moment of Area)

EX:) Find depth ©Ff immevsion 9

Fdy = PXA = 2R Xo0-05x10 "
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"I"aking momentt Qbout- hinge
Fo 2X (W =R) = Ry (T) —Fx1=0
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I. Stoble @%ufti‘bﬁumb
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Ex.~ Determine specific gravity  of  body (or) fluid by an

: €
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Stabiity OF Submerged  body in a -fuid (ballon) in air:-
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1. Stable "@%m‘fibvium of o submerged body: -
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. - r8
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Aafter cevinln Oscitlations - T+ s Te mains ok disturbed lbody i<
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A- Fg = P9 9
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—
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Similar aAle B - b
H o
b . e = S Kbx h
Ssc>l%cg X t{_._kf t fluia

2 P
Sona AR = Spraa ¥

L



P9 -NOI-S2
& N _
R S . H :
= solid = Seiuig h
& 0-64 (06X =~ ;.0 h"
{‘“‘.
=2 0yam
‘\""\
m BG = ag-08
. - 2 - o
& = " 'g‘h
i =2 (o 6-0'48)
— 3
= 80 MM
6@s$u1w:~
V°- o : - Y. _‘+
K= s= ‘ = J V%oc E
sine s fgt= YIL SING

Hydro stodhc paradotex: -
I kq of water = | Ht of water
1000 k9 ot water = r m® of water

ICJMOF wader = 1 em® of  wocter

Expeﬂwxeﬁt&l method o determine Metacentsic héiat‘\{‘l-

{
Tdhe:i_
N L

where, L= length of pendulum

.X' = d\‘splqcemeh+ Gf  mass

¢ SCC

f
Time peviod, [:

K = vads

VR



s D T

£:9 Not- s

5. N= 10,0600 Tonhs .
w = §06 Tons -
A= 6mM -
- ) | S
© =3 (o
SORE -
OM = ——
1
1 6000 X Tawn 8 ~

Exr) A sea board  Radius of gyton is -found to be H*S“mg(?;..,

mehcen'tf?c: h(.‘i‘fgh't I«2 m -~ DQ":QTH\}/\(‘E ‘the ~-t{m<g P@—-V“?Od of “the S}“‘P .

duv‘ehc] Hx vom‘na osdilledhans -

A) T = O% ’ cys)*
S 81

= f+-'a94 SecC-

NOte: -~

S?ani'ﬁcc;nce of Meta centric hg‘t(ayy{: whth reforence 40 stabiiity -
and coMfort - ‘

1. More the meta centiic  height, more the sm'iw-

2. More the motnl centrlc height, less the Hmre 'P@_ﬁ'od more. dis-

com-fyrt T o

Jam

~N . N ~

Ext—- Fox P?cnn‘c SN',DS or enerainMet  boaks Gt ois mModerade

¢ not much vake) ~for comfort -
. » \ v N d (hq
Ex:~ Fof Lle Y Sh‘PS mMmore metal centh ¢ hQKahr v@_cbuwe

s—tcxb?l\‘-tkj not comfort purpase «

Byt
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FLOID KiINEMATICS

T e N

Fluid  kinemates 15 a byanch of Elwal mechanics  which

deals a -Auid moton (ke d|‘sPlOLcemen~t, vel ocity, accelevahon, mass
~low vode, volumetrie -flow vate, ohqular displacement, angquar u@cﬁh\ _
and amaujox accelerahon -

Fluld  kinematics s used —for flow analysis through
Pipe, open channel Flow, flow through pPYNps and twbines - The
ave -two approaches to Study kinemadics -
i Laawana@ﬁcd\ CLproth
2 Ewevion QPPV‘OO.Ch.

™ Loua\rancaer?cm opprooch “the obsevuer  moues alonq

Colh 4he -fluid 4o study uld  characleristes i a system
anolysi s aPFfOCLch.

Eulerian G_PP’(*Oqch “the obsertuer IS stachanary (atoriging -

and obsem{nﬂ flow charaderistics ot the movincj Loy - T B

\
o, cobtrol  volume Qﬂalkjgs*

Note : -

an %QD@TQU Eulevian  appy oach is o\dopted‘
Clacsificahon  of —Huid Flows: - ~
I+ Steady and  Unsteady -How -
- Unformn and  Non untdorm  ~flow
3~ Compress‘uble and I_ncomPress‘(le g Flow
4. Lamtnar ond Turbulent  +ow
c. One, twe, “three dimensional ~fHowd

6. Rototdanol  ond Triotatonal flow .



S ARG 1R I A NSRSV 5P 1 ARy A o T T S R et 3T ot iy e

Scc&cxdj —How L~
Any Flow properties (o1)  any +Hu'd prope iy decs  Not-
chamae Lotth c;hahae of -tme ("f‘emcﬁns saye  with 'Ion.Psc ot time) is

sold ‘o be steady £low -

= 3T - 8CP) - s ., 2o
tKl") =0, e\ =-0, o7 i poe
ot at . at
N L -

Lnless ostherwise  Stoded cuery Phtjs\icoj flow beaded as sfeadﬁ

flows onl\j‘ |

Uﬂgt@&dtj ~How L
System variable  does chanﬂe with msFed— o hme IS
called  LNsteady Flows -

Ex - (™) Lo (P 44 ) 9(")4:0
) at oy ot * ot

Uneform  and  Non - untform —fHow: -

Ontj 0@1093‘ (no other Pe_m-\ev) Chonéa& watth «ass'aed‘«m

. S S \ m
locahon (Sche coarchincte  does not chcmae) s Said to be wnmfor
—+low

. (V) i‘f_:o, QW -0, NN -5
Ex:-) =6  Sep o 5y —
QS = wy,Z
N

Non unrform ~fow: ~

' . oovdinate
Only veloc‘ﬂxj chonges  with YESPGCJF to SPO‘@C (

QW
o Y, qu 44 N =to, ZF0



EX) Flow *thvoucah a ~toppered pi’Pe (Nozz2le) and ~flow ~f—hV‘ou31

compressible  and Tncompressibie  fluial flow L -

A flud MmMass densi-tj C}'\Qﬂaeg fFom location O

location ewenN tdme to ‘tfmé ( Mass dengi—(—.:l coes NoOt mnstan‘*?) :
P MRT
o (&
‘l°, (O] Vez:t*os‘ \c_gj[,,,,G

P = YRT

air= 02> cca/ms ,
Y =
e T

Tncompressible ~Aald  fHow: ~ |
Moss dlensty ef the -flud vemains constant throughodd

the control volume is sad to be in@mPresslbce £iuid Flow:

o= Py

Eﬂ:-—) watey Flow, O Hlow .
Laminar -Howy -~ o

N
Lominar Flow € a sHecam line Flow (©Y) Paro.uel {ow

() viscods —flow ©Y votxhonat -flow (©V) <ardwich ~fow aond ~the

Reynoelds numbey  always  thvough Hhe P}Pe flow lesc dhan 2000

Re < 2000
¢D)

Thevbal flow ~ Y° U D

}
ket

Reynold's Aumber =
wiecous fFlows



Tarbulent Flouws i~

T ie a disorder -How, Ziazog flow, +the uclocty
'S

fluctuafions  more and  Reynods Aumber  More Than 100 s (LN bjw

2000 to YOOO) Yonge IS called  Transticnal FoWw) A
. A

N 3

One SNmensignal Flous: - ~.
8

T s a -Flow in  which changes considey  In one .

Pof*ﬁculo.r dn"r@cﬁon anad n&gec@d other directions (normal, cov) -~
Hansvevse directons) -

b
K

e

T = (wy: + (@3 # (kK \7:(0)7+(v)f+(o)ﬁ
vaF(x0,2)

V= '-P(‘b(r\jl 2_)

V=AY 2, t)
v=+(0,0 2) i .
2, 0, unstendy

—
1’4
2z

= (0)T 4+ ()5 + (WK

Two dimensionad  and Un»gfeodﬂ Flows : -

\\i — £ (LY, 01 \
v=+(0Y 2+t
V= £ (8%, 0/ 2, t)
Exy- VU (oot") 7o+ (b‘:j £) 5
( /m sed) (2)
Three dimensional  ond on-steady How 1~

V= *\_(')(/‘Tj) Z, t)

Vo= (0*)* + (bAy)S +(c2_ ) K
3

GE) m “"SZCT,C) <m se C




Rotaotionad

and  Trrotohonat

A fiow s

satd -+t be

Hlow L~

vroterh'onald

M- a Clwd

~h‘na e motions (one motien rotates < own  Oxis) -

C@_n-brn‘»ﬁ).aal pump Empetle?-
Watey How -throuah yeachon —turbines (Francise and kepley

Ex:- ater

moton

in

Viscous Auid flow in a P\'Pe‘

IS Exrecu

-tavbi

A fluid execu’dna only one type of moton In Space X

calted Trrotachonal -Flouws .

Ex:

- Tdeal -Auids

Flowd Pcrttem L~

Any fluid Flow is  described by the Afollowing frlow

PaH—e_Yﬂ :

‘T‘L\”:»es of Lines: -

e Porl—h line
Q. Steam tine
3. Steak hne
Y- Time hine

S . Steam -tubce

6. Flow Net.

poth line -

Pacth

A single Aluid artcle PIO_CGQ

line -

N

the Po:H\

is calied
t

stdt

o



Steam line:- '
blj an Obseruery. Tt s a PN

S

™ € an imginQr\j Kne

*’cahgeﬁt hne ot 3_|ue=_n rpom“(—— (N space o bwoe stream lines S

intersect @ach Other and steam lines ar  alwoys parattel +o

cach other: Fov +flow analysis  steam ine -How onty considersd

( not Po:thh‘nc Ot streak line) bluw two Steam lines HHow vate

(discharge tokes place) . It VcPvese_n'f's \;etoc‘rbd of the Flow

- nne
SH@_&N\
P "7

X

Two o mmensionad

— Thvee dimensional

N

p-q- nov- 67

—

18- v = uil t+ VvV

T
3

- -V i+ (29

AL p(L,Y) =(h') And stcam ine  equaton

a% = dy
“ V]
ol dy

s
PR

—% >y



_fé?_é ) -—E_J( %i) e e e e ﬁ

log* = Tm 1093 *+¢
¢ o 4+ C
= - 10 )
- 109, + 109 NI B =c tog(og+ fogll) = log(ab)
1oq XY - C

Ay = ¢
At (1, 1) 1Jiv = C
| = C
. . SR Len  velocity fielo
Ext—) DEterymine Steam ine Ciq/uc\:HOn ~for  the (3“" \j :

g =00+ (wﬁ:i)fi—~ =ind ca‘\uen cc;ucrh\on and  alsoe i‘der)'b‘*ﬁj o

stteam ine Pa—tt@rns- ;
A

©)

. 54%\ )
ST

log % + 19 9 = C
2y = ¢ | — Reclonqular  Hyperbola:

N ol e

J



X L«) Evom above P~~foble ") W= (¥)V + (-X) 3

A) sbteam (ine equaction
i i
D= Y C
U v a
at - - dy ~
N %
-
j’)Lde = _fgdg -
= g B
.,_._—')L = "’i_ -+ C A
2 2
2_ \
A +Y = 2C —> civcle -
(B)
Steak IIne -
™ s o line Joim‘ng -Fluid Poa%?des ot (a}u@n ‘Astant
of -tme-
<-f><IH\fl"nQ
&— slreak tine .
&

hne, steam Ine, Qtr@al\< tne  ove

—> In Steady ~Fhow, PO:H'\

Tdentcal  ond @q/ucxlv

Stream tube -
Stkreom —tube e o

Yeqion (control uotume) N
aof- cteamlines

combdeOﬂ of sbeam hnes aml it

s sPecmed Wwhich certaln Huid madter
is  enueloped by ‘. pumber across Which NO

ftuig Flow takes P\ace-



= P9 -
\/eloc%hj and  Accelevoh on  veckor: -
T o= (Wi (W (WK
v VS v
Acceleration vector:~
a = (o.*)-‘u_ +"(a3)_;—+ (a,) e
a, = acceleyathon o.lomj L—-axils <= A
P = [%%]+ (u.%;x_ +U'%—: - = W';z_;‘.
a :(_‘9_1 +[u-§_u+u‘_§2_+w~i\f_J'
J &t] QN Qy Az

A= 9_1,_0_ LL'_QLD.—FU'@U"\ -+ W- Qw
= [&‘C]—F[ D% z -

oYy Qz

"7 \jB =Y m/S@C

s

vy = (VA+V8)
=
A \J
\Up— VA
vV LV - 8
5'3 m/sec -Q‘— —
n Xe- %A
exi~
T
. - . P m
O conuective = 3°S X /sec
St M

+ a

tube (no flow across th
Steam tube)

convechve

Vs (é}i) =35



P g No:-g1:

Ve (\15_%)}

- o \ _ Q'S+ 3 e (‘3‘2—’5-
convechue ot
v v
= Q7T XS LQ = °*+ °
= 1375 m/sz.
20 U = (200 4 ()i
W= 2% (Miec)
v=y (m/s«sc)

e ¥ = =
CLY) OLC%;‘)

‘M/___’___ i -9 »
J (:u QU 4+ u- au + W ou

4/*/# »
= (0) + (2x:2E0 4+ 4. 28+ o )
I QY

an-(2)+ 49 (o) +0

a, = 4
Zu) =H m/ser_"
‘ _ Qv w. Qv .{_u‘ﬁy_—{—w--_g_"_)
‘C\g = (@Jc N I 9 e
a = (0)"'(9‘3( g(3)+3@3+0)
4 QAN VY
Q‘d: H = m/secL
K = C&'L): + (a'j):‘
az | a+ Ay
iy q2+\L
U



p-q: NO TO:

Ve yxit i — 5y jt ezt K
d= pxt
V= —5 Y s Wk time is pot gfven
WE ezt take -t sec
a, = ( )-1—(:49“—#-\1 DU 4w &u)
Ay
(HA%1) 5 3 a
- W . Yt :
M . ('—! t _(_*) -+ C._S“\jL) (0) -+ GZ'L'(O))
NE S
— 2
= o+ (LWLZ%: . 8%t )
(23,2)
A = g (zzxgtl) ,
St

=y (p_)L—r (32_(1)3 )

25€
Z 16+ =B
\L conuechue
local aacievehon
accelerodhon
aoL = J ( he S o.skmq only local Q-CC@—'@*C’:HGI\)

a, = W

k] 3t

_ 2
- a (~§H ) pe v e
- 1055 e | ee®®
e © e et
Q¢ ~ .,gp\ R el
: ‘ < R I e W
(28 B0 sun B
— AT A%, T 3G b
ay=° 1 S R
. o
. = _9_2_‘
2 Q+t
- ( d(62t)
Q
= C(2)

PR

(25‘64—\\%1 —LIO mﬂ

QA =

16 5eor 4 2



P-g NO- &8

Q]
\).“: 3M/S
R=9m
OV (N)/sec )
Qs 03 m
' Rt - o . y
d?\/: o= cenvechve v “—gz
= 3R = m/sj—
3
N
R o -
o \!,2‘4—()" = J2 m/SL \
S L {
U
Ry ?
2 2 X
2 (S_;_> C c
a = Vv - n = Y - ";F
o) (J‘\“)»-"\
val
(ot)
(6N bl VIS ‘Q(UV\)
conv R 3N
. ) e ; [
=LA (= (59
NZE am HE+ P b A

It

IRES T



U= (wid (VI
= (a)T+CC\))T
(%9 = (2,6)

dx = d

————— S

(V. Y}

dx - dy

o o
fd'k = Jdy

‘:_)lLJ = Xt f

P-9 NoL- 61

l\ll - vV :\I_L_lr'-\:—\;’l‘

Given U=y oo ys

= et tey>
N =J CanEeCpy ™

U=k

vV = hky o v

V= Saemyir ror

- Jyoo
— 20 m/s

o = - RU -+ U'--&—'i“\"v“?—u
('8 w2t AL &3

f]

O+ (4%-1 +0)

—le (\-{) Given (\lf3)

Z 64

_ ‘ . . OV
= (2)+ (v v )

=0 + (0+ Hy-H)

0
i1

]

= Bigcy
S 16 (3)

e g0 M



Tt Stafes -that -the ot
constant - T+ means the yate at

& \
cCont nurhj
-“the contol

which -Aud —Flow

controticd

the —Fluid fFlow entered

E%UG:HOT) L ( LOws

volume = A

ot conservaton of Mass):-

mass of the motter acvess

vemains constant ot every sechon of the

volume ( Eularian CxPFma.ch)- Tt Means
volume must be C“%le'J

inte controtted

yode od— wahich

4o moss  accumuloded

acyoss -dhe control

T Means

A‘ -— TTd,L
L(
Mass
M A
m_ = v x AR
-ame

m = XX
(o¥)
&:.2_3\9'
+
m=yJ
m = ¥ 9
~Lme -me
m = V.o

Ol%ebvai‘c: sum of

= MOSS def\s‘rhj x  volume

+the mass flow

i

c|3

yolume c:ctua( ‘o = YO

vake -+ vode od— which mMmass h‘m‘na-

~yoxde

n



YAV = C
Diffe ventode
d (wAv) =0 -

dYAU 4 v 4AU «© PAQ VY :o?

O
e i

(o) .
Fake clvice bﬁf |of] bﬂ both sides

1 ©9 (vAY) = logcC

loq ¥+ 1eq A+fog\e =O

DHerenHh ol

i +dA +du =0

D:-FFereM"‘lai‘e ‘fbfm ot CD&HA&‘!H eq/ub;ﬁoq.

Eres controtied  volame
moud:
ALU?)_ <
e
= A ) = 'OmL
2
A,=8m

d+
wadey level 0 -tonk (Rate of-  chonge of (evel in tenik)

It



,F h = YD@‘_S'bne +P@DLL+
AN, = A Ah 4+ AN
tank At >

loxio = 100 xdh 4 gxio
at

ab -

= 20 cMfsec

P9 NOGL— 67T

Q-

=S ms/S/m_L

OL.

b

=10 I'Y\/SZ—

condibans  -fOY conminuity Ecbuod—iowr—

I« Fof s-beodtj, 3-D ond incom,)’ressible

U Hie Satisfes dhen  Flow i consevved -



p.9 Noi- €8

28 U= 6%y —anx”

\J:?’

DU + QU =0
on QY

dreny—2%) L av
I >

Qv
6y — 4y +7aj:o

OV
WE=6Y  kx-6Y T o

fov= ((un-6y)y

B QWL SV _q
an 3y
e ‘-—ﬁ A= ®ty, V= r—Y

} —1 =O
N
o =0

Hence gathished:

2 B — o (2) + o(2%92) '+ (¢ -ynz —A2sS)

2% QY

KA+ 2XZ - px - 2%NZ

1

0 =6

- Hence Sahsfied -

Q2



conotions  or

s~

U = o+t by

AV :Ciﬁ-d‘j

V. 4+ ™V g
QN @j'

a +d =o.

Eov

SCYM) —+
oD%

o4

COﬁRﬁLlﬁlj %UQZHO{\E _
stead, 30 and com’messib\e

BCYZ’U) & B('PU\S) o

02

For Unsteady , 30 oM COmPTessEbl@.

o (PVv) N 3(rw N
DA oY

P g No- 68

0= Y uny
V=2
At Yy=0, V=0
DU o V) o
O oy
by -’-_Eﬂ_ =0 N
oY

O (Pw) o 3(r) _

D=2

§i3

_Tn'i‘egwacﬁnta on both sides

S@v = —ajmd-ag

- Lf‘dL't‘C
2

l vV = f—ﬂ-HL*fc‘

0 = =20 tC

v =

c =0

[]
o

sahsfied.




Q@Pr@_genmﬁﬁon of —flow 10 Mathematicay  funchions:-
Antj —Flow can be deccribed b‘d 43 o mccﬁ\em«hml@vms
1. stream ~function ()

8 velocty potental Sunction (@)

Steam —function (W)i-
ot s a mathemah cal Terése!\h):Hon of ~luld Flous
ccalay —form, valid  —for a—-dimensional -Flow OnlY - 2+ must scﬂfsw@ :

cont nux“»'hj eq/ua'h‘ono Tt also safisfies Laplace eq/ua:ﬁ'csn

5P P ,,
+ =0 . - v A .
P P 9 —> laplace ec_:l/uochon

' ) . tach wlumstie -
ctream —funchen used oy estimahng discharge ( §
Liow vade) for  unit wicthh acvYess ~the Steam hnes - 2t e]e—Peﬁd“

TePVEserﬁs veloc“'hj »COmPoneMs about normal plcdns-

3/\.
s ﬁ.q_:)_:—\l
Y - + VL
A 4 2AF WY Ay
p-q NO:-TD
(PORE (p—: 39(1-—33
~N ~N
= 99 =g -2y*
ay
w ::_~3sd"‘

P

= Ll)?+(u) ;
v= o ’ _ Given (2/1)
= (-3yH) T + (-6

e S

Wiz Ja+ = {153 < 123



pP-Q NOL- €8 -

Q8- Pp= 2%y (2,-2) — Oived
= P V= a4
Yy oX
u = 2R vz =24

Vo= (20 =94

S () T+ s

G

NERIE
= w32
= oqdr m[s -
p-gNOL- 70
2-
N

P9 No - 61

2. 2
RRE 1{9:1-—‘:!

Cor steam -funchion,

POY - v D
o R
_Q_L,D—:u =)
QY

£ (P = alltd _233 S 1y be sheam “function

the value of a =7

_(2_(‘2 = 20y -0 = 2axy
oK
agf: l&&j
oYt
oY = af’—69"~:> §j>_)i =0 -2y = —tl2y
oY QY™
B 2
_59__(&_\_9‘&) = 0 = Q-Clj~(p_3:_o
axz. &HL
»Qaa:ts_y
a. =
N
By, 8% oo
o x>+ Qy*
Q09 - gi-0 o wo 2%
ax
2
& (X —_9‘) = o2y = w= -2y

Y

i
\

™,
Ny,

Qo000

O

VN
.t



check —for continuity G_CLUQ*"[\O() -

&U+QU

=0
an 9Y
“_’—1? + 9(—24% -o
93
= O

Total accelevathon { vector:-
a = a,itayl
Q:&Ll+(u Qu+u &Ll]
A
= o4 (—29(o) + (—20)(=2))
= kA
0\3 = t Yy

—

A = b4t +wys
Stheam —function: -
cheom —function  le  used to  cstimate dischare
Q= AV (”’B/SQC)
= dy x width of -flow

= lay|

> C
= (LPL-—l\D' ) ——-—"“_& (’?/Se) V %
untt widHh (M)

= Idcp,
= lqu—{Dll
N ~N

P9 NO- 68 -
2 @ =32y ‘(PZ—i—(ﬂth). (o 9 = (143D, (%o i¥,) = (303)
9= |W-0) = l%(sial)*_js__(s’aﬂj
— 0"_3§'
( a(a)}
= |-t

— 12 untls

= 12 mg/fsﬁg/m



I ﬁ‘ I T IR 5 O
B Guen (P - A -y

= --D_y = —2Xl= -2

V= —o% = —2xl = -2 jj
V = adz o -

potertial —unction (o) velocity Pofen'h‘al ~functhon : - O
Tt s a mathematcal ~funchon  used o vepresent- ‘P) s
fluid flow i 3-d quadrant - Tt is also a salar —nchon: e

I+ Tt vepresent -the direction of the -flow-

2 Flow of the -fluld -takes place based ©n the d iffarence  of S
‘ot energy -

3. Tt must Saﬁgﬁj la[olqce ‘transform equah‘cn ¢ 2P +_@ =0
Q> oy*

he ™t need not be cohofed con—hnurhj eﬂ(ucd‘lon

5. T is only valid Hor  Ivrotchonal —flow (Non viscous +Flow) .

ﬂ’_:—u, 3P -~ —v, 2P -~ —w
AL QY Iz

—ve’ indicadkes  -that fluid  ~Alow Qlwasjs hc‘ghev Po*henh‘ou o
(higher otal enery) <o lower  potental (Lower Hotal cnergy): '
Rotational and TIrrotchonal . -flow  condiions —~for vectanguiar
coordination : -
Vo (Wi (WS + (wk

— N _
w = Angulm sPeed vector

Rotationat matfiri-

. " K
W3 ] s &
Al QY Q=2
U v w
a v N @)
w:;@ ) >
B s s g o o] Ty P
a1 3y 37 Bl v W
vow

&




- 1 Q —
- ) A Q2 .
W, = QV _ Qu

Note: -

. . N R s \OI'\GJ
(. ToE w Fo, -then -the given U&fccdy feld is Rotxh

3. 3 w=o, -then flow s Irrotational

\)eioc?t\J 1% b

Twe -btmes of angu lar spe@d
J1L = 2Ax0Y9 '
S = 2R W by

n :&x‘[&u — Qu
) 95 ¢ QY

= Qv —3u i flow fs iwrotachonal
Q% QY
._ILZ_ = &
AV~ AU
QX QY -

velocty vector fov rrotatonal  flow s \c\:m{c{/"

Wy = =L [,a_ag_ — 3u
3 S 3z
o |
P:q NOL—- G8
97:35. w—=0 V= (axtby)i+ (Cxtdy)
condiion -y irrothonal ,  w, =0

u;CUL-E-b‘j U =X+t dy

W, = L8y —9duT 4
& QU ay
____l_[a('cx+dy) - &(ax-t—by)]
24 % QY
-t [crb] o
&

b =C



For conb‘nui}y eq}lod? on

QN &"j

at+d =0

a=-—-d -

P-9 NGL-T0

7o vz 6T —8xy T, u=6xd, y=-axy

Q. = aw,

z
- &X 1 QY _ QW
B S L ax

=Y
= d(&exy) _ a(63)
DR Y . ' f

= blexxj-o ]

- —-!613

Sheatr stain vote: -

Shear staotn =

Flow net:-
Elow net is qrafahl"ccxl ve,)reseﬂ'tflhon ot cavid (o7 Square

Mmatrix (o) Perpendt‘culmr ines mMmade by Stream lines and eaqui=
potential tines- N .

P-9 Now-72

-

Note 1~

. Tt s vald -for ap, Iirotatonal ~flow and also steady-

2. This analysis ignoves gravity forces of Fud omij‘ Pressuve  enevqies

Q{\d ve lOCH‘\J N ey‘a“es .



,.,’Tf_‘g_' N

3. It ccm}ﬂc-t- be applied —fof viscous -Fluids | @
. Pt cannot estmate loss:
s+ Only = caq“ues +he irrfensn\hj of ow dischage-
- 6 Slope of stream ine X Slope  of velocty potential  tne = —f
o m, -m, = ~1I

Stream ~functont -
g Satisfy  continury cquation  and  laplace  aguation.
potential ~fancticnt -

valid -for only IOtational  flow -

EX L? COnsideyr lefYCL‘ern,aressHole Flow —Hwough a —two dimensional opel
channel - At a certain sechon A-A  the uclochy profiie s
pavabolic - Necalecﬁng Qir  yesistance o the fee sSurface: eind Hhe'
volume -fHlow vate per unit widih of the channel -

Aly

y=10 Mfs
A-  Mean velocity —for Pcunbon': T wateT

Vmean = 6:66 M/sec

volume of flow vode (@) = AV
= 2X| X 666

@ =13:33 M /sac

-,
L
Exw) The veloctty along the centeline of a nozzle of length

\ \ ‘L —_ . e . <
'S guen by v=at (1- XY, where v = velosty in M/sec 5

2L
< . T . — '1:_0"5“
A= distance from o inlet Q. outet NOzzle- At t=3sec, <
\ .
and L=6-8 -
A-aThe Lol acceleration N m/s= IS
2
U = 3 -2 - 3. -
ot >t ["H—( QL)L> 2 l< 2L
2
o's 3
= o (V- = .
a ( 2m‘8> oI mis
b. the convective occeteration in M/sect s
L\
Qconvecive = VX QU _ 24 (1= L)Lx 2 (2" D_L)
NS 2L N



- - 5 _) < [t
= 2%X3 ( zxoxa) X 2t X ( 2L ( LL) .
= 6 (1-031)" x yexzx2 (-5 X (o- ' ) €
2K0°& 2Xo'8
.

— —_— N 2.
CLconu - 472 m/s
€“‘i‘

E‘&‘.“) The U&[OC:"‘H vector CO’(T@s'DOf\d;ﬁﬁ “40 a a2-D flow feld !
= 3l +n Y i The mflgﬂﬂtide of votahon at the Fotm— (22) ("

N

In ed/sec s (

A The moﬂnf-hml.e of yotxton, wa:.afj %“Qi
Y

-
Sa [ty-e]
Z 22X

=4 untts (Yo oec )
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FLUID DYNAMICS

Fluid’dyna’“l‘cs s o bvanch of £luid  mechanics  whi
decls steady motion of -the Incompressible, Non viscods, irvota
Honal fluid Flow under influence of different —forces, different enery
and power causing motion. | |

Fluid dynamics is  basis for conservation of mass, @nergy
aond momentum - Tt covers —the flow cmc\t.js(‘s through Pilpes Flow
open channe! Fow (external low), Flow ”f—hrough pumps and wate ¥
‘urbines-

Tt is also applied 4o fluid -flow quantities  af Mmeasdring
devices -

Different —forces in fFluid Flow! -

1+ Self weight ofF -fluid n fhe giveNh  contrsl  volume, wW=mq

8- pressure fovce (static or dynamic)

3. viscous —force, Frictional, Surfoce -tension —force, CO’“PTQSS%N&E
force, Force due o twhbulency -
Diffevent energles in Fluid  motiont -

I potential energy (P E) =
This energy due to elevation  (or) Posi“h‘on of the
fluid  In control Qoiume- |
P-E = Mgz

< N
= w2z (kgfem) (of) (N-m) () Toule .

2+ Kinetic enerqy (kee)r-

2.

KE = mu

L
2
3 pPYessure enerqy  (py)e -

volume.

pressue eflerqy = Pressure x Volume

= pPx\9 (‘!—‘;’Ixm&) (o1) Tokte (o) N -m)



Ex:) A water jet WiHh a velocity 16Mfsec Giecting

fem nozzie h@r?‘zonmil\j N verticle plane - ot is furned ¢

by qo° in verticle piane. petermine Max- possible height,

wader can  Yeach: .

_ 2
A KE = tL-mu
2

-—'———fY\UL = M3 2 )
2 ¢
i 2
—\V = 2
UL:_ 2_32.
vz Jagz
2.
zZ = v
29
= o™
2R3l
=smMm-

Assumlo'ﬁons in —fluid ~Fowr-

i« One dimensionatl -flow

4';0_30

» v

g -

1D

Steady —Flow

rlow along skeam tine
alud  is incomPTegs?bl&
Eluld 1S NOoN viscous

{ = ] S untform
\re(océ-hﬁ of the ~fHud flow at qtuen sechon d

Fluid Nis homogemeous N
Only pressure Fcrheﬁh‘cﬂ and  kinetc energy considers
Frichonal -forces, surface -tension, Bulk mMmodualus F‘roper‘ﬁes gnored -

Flow (S ivrotational .

Ditferent fluid flow motion  eouatons -

te

F w

g

© Navier shokes mMoton equatior

Equedion of  confinuiy (m'= vQ = vAY)
Newtons seond Law of motion (€ =ma)

Eulers wmotion equation -

- Reynoks motion eguakion




Euters  motion  equadion -

When a flud subjected 4o motion  oken place due to

momentum  tonster. Elles  cquation is  based on momentum

-ONCe. t
C Pt and  deals grew :t\j —fovee and pressufe “forae  undey
moton . |

VU:!Y\CJ

EF =mMaL

PdA — Wsine cOso (P+ap)dA = m):%.*.\,.;@__‘LJ

o<
L%.f_ +9-dz + Vvdv =0 ’

BerMoultis eq/uorh‘or) < -

Dimensional -formulo. —for pressure gradt'en“c

dp. = N/m* = N _ BRI e

SR m 3 -
m m3

- kg - t —2 -2
= ML T \

a2 >
m —SeC

The Bernoutlis feorem states -thot- the -total energy ot
e  mMoving +luid IS  vyemalns constant ot cuery sechon oOr P@(’M
N the conbol volume or  On the Steamine.

Toted energy of the movinq Huid = constant -
ot & obtained by Integrating  the  Euwlers Equation marh on

’,) S'__‘E‘Y_;E,_{.Qfdz + Vv {dv :fo-

For ;‘E’fi’CO’MFTeSS'i"b“G fhudt ¥ = constert .



* -~ constant- (Toale/k'g)

Do P v
u) '_{r?f + gz -+ Y -
pivide bj ‘g' on both siddes &
Y
P+ v* 4+ o = <onstant (N-M) .
v ;z.
m e,
e G @
e S
| Q)
? T
tya 2 R
i) P4+ wazt VI - constant
= 4
en Crgj j- _ AN~ = N \’_ / .
onvolume | 3 m3 m> :
fomdic = w92
m
> I Yol NV R
‘dhdhmc ha 2
™m
- Ik9 N\L = -N«N) = J ..“:i..
m3 s> m3 me &me
Ex) FAind
” -

a- DynaMmic  pressuve ON  Stop board (KkN/mr)

b: Dynamic —force ON stop board (&kn)

C: Mox- BM (kn-m) wing = (30

Emph
N d- Terque: : N AN

A- =

2 L 2
- YUY = e x (180X S
% Pdgnqmic < (a)

o
b) Oyﬂamfc force = Pox'ﬂ'

= i1soox T x(*t
Y

i1

178 N
C) Mox B'‘M Ooccur o+t Pomf o' = FXX
= 1*178 RY

2 MU k-




. ®

d) Torque () =
=~ 78 x2 = 2356 N-m

surtable dia ofF Pole (F‘) = TC x (C'rodng = \IHL+TL
16

Bevrnoullis abuom‘on -

P + Vv -
(ps -+ 'Z_) '—;Sq = CONSt
Pieaom@:hﬂ‘c head + UefOC?l’\j head = Total head
P9 NOL- 8877

X
mu

i1

3- KE = -
2

where w=mgq

m= w

—

Q= AV =RV

z1(R) = () assume
N N
3 i
_f_',-f—?_,—f_”_'_: fa +2, v —.
rq 29 ry 29

9 E.
P,’L Pl — V, - \)3_




T P T R T T T

\Applications  of  Berhoulis ‘Energy Equahion:-

. Totol e@nergy of Flud: ot given points  and fdenb‘-{\j the o
divecbon of the -How- <
- 600 K\?O\ (\/ -
«
=2m &= ) LPps
= o mz‘/sec.
o Determine water  flow  veloctbes at section-1 § >
L. Mass -flow vodee N k‘j/sec:- |
c- Total enevgy bhead of water ab section - i
d. Totad energy ot section - 2=
c- Stode the ditection of the wader —Flow 11— (o) -~ 1
£. H.jdvaut?c l0SseS p the duck Flow -
g. Pomev loes in wohHe aond in Hovee power .
Qe A) @: A|U| = A:.\)L
|>u0~3 = (voomo““’) (V) = (qoosue'-'e)(‘%_)
C o) ( Teed)
v = 10 MJg
'S / N
vy, =S M/s |
b-A) Mass Flow vate (m)
m = Y&
- kg \ . ( m
= 1000 (1 X0 3) ['m—3) (‘S?c.)
= 1 Kg/gcC.

S U SO S N



=) Qas+ S +5

Enerq y

= 3s m (".JBUJQ > cov) C wune+ U-E;gw)

Newton

d-A) Total energy  head  ad section - 2

p 2
vq 29

2.
5 Bo0000 4 34 (25)
10000 2K 1o

=) 60—+ 3 + 03}

=) 62-31I Tbule)
e A) E =H, = 3sm
€, = H, =633

EJ’> E. . Heh@ wdﬁf ‘F"\.\;d

\@

o loss

€. A) Losses =
Flow %om @ to @

Hz.““n.oss ;H'

HLos-s = H:.'H'
= &63-3\ - 35

= 283t m

fom & B O

( bottom to 0p;

g



q-ﬁ) p = powey loss = mgH .

LoSS )
= Y3 & H ¢ -

K _ 3

(75 (Z2) (£2)C)

— 1OOORIOX awo’sx 28:31
—~2283. )} vt~ :

= 2381 B P -

7 36

:0'88 H\P,

| Hp = 75 Kgf —im
P J I Metic H'P = 136 wott

Lec:

= IS X8 NS

LS ec
= 736 Joule
Sec
Z 7136 walt
P g Nm«— 86 - '
23- HA = _"A 4+ 25+ A
Ho = 18 2, t+ _¥8

Y9 29
a. Tt Ha> Hg -then flow Hom & to @
. N N
’ Hp — Hioss = Hg :
Ba = HLoss +HB

be Tf Hg> Hy +then flow direction fom B o A

HB - l"' LOSS bl HA

He = HA + Hioasc

[REHT



pump
P —> Ou'tPut-
B (Fluld .
power)
power) = man
B :__’_Q‘Tf\t = Y’SQH
6o

n-= OEEUSF

mFu%

roau

Pehaft

Pshott
ot

=
-

n’»tw bine

P-g noi- 8¢

n =

Tarbine PJ-( wid

6. Pshodt P s hadt

vaau

£ shaft

a—

0-9q

OO0 RATRI % (2. X110

1271 Kwnd

YR
: PaQH

Q= so “t/sec

—

coo-/.

n,
7.5 kW

. X H
10 00RA &L K v

~7-5 K20 RIO0O

Q810

—_—

s+ 3 M-

Bern youllig EQGYQH ECI/Ud:h‘Gn Q_PP{;éd —ic Pu mFS 6 Tarbl nec .

®

|

wexter  turbine
Enrilt———a@——e output
(l:iu:‘d (< haft fQUXEV_) .—
powey)
= 2UNnT
N=-m _TJoudi
———Ka_m ha m X"“') T sec sekc
s
e _ UJOEH
m

1000 it =



et = e s e

=laid Pum,a Ourtput

L

Wy L
e
55\}."‘2’ - X
Soh \"8 PSVO&‘\’ C
oS (o]
' nal s L
N
Suc‘“o -
e e 4 W 7 / Tmpelley ,
-

Sv:unf). FEEH fR::o? value /ghm‘ne\r S

— -

"

‘ o en -2
Apply gernoutlis  eguatio betuwe: t

————

9 29 S . Y9 29 = .
p e

|
@y added -0 the -fldid

", = PIQH 44ed

Ps hadt _

e 2 -+ A P v 2
— t ,\i’_ 2, - h'oss Hadded Y+ Zy
*9 29 ry 29

PR t
velochy ic same, dadum heod & nNobk glven

N <
e : - P
U = hess T Hagded =
vy g
P- g No\- 86,
I V.l 2
34 fa eV R Pioce + Haed = =229 >
2_3 9
3
120
,Pﬁ_—p—- 304+ 10 & ——
A’O a8to -
= - \
PA 910 X7 + 120

3 divide by 1006 for & po -
5i+5 kpa.

!

=



7o
w7

Hy dvaulic power  plant

{ Turbine) : -

)sqvqe
~tank

— =5

P-g NOL- 86

35 Q=30 mg/sec

N
Sem

H =

H =sm

n=

YaQ

extracted

TO0OXR OO0

1600 XY &HI K3 R H

Hextact =

10600
29°43

= 3297

= gy

exka cte d

h

HSupphj ~ Mloss

. p"ae D,IS

SO0 -5 —hiess = 3Y
O/s

Wioss = U-
Bfs

s m



Velocity of fluid ‘HOL’? in o plpe -~ Measurement:— -

prtot tube Is a measuring device used oy Huid C

—Flow uejod—bﬂ N a loy(ae P.‘Pe. Tt s a alqss' tube of Lbshafe“

Which recelvues -the loxcae W E

D tHferental PH—o-t ‘e + 7

aiy




2

~

13- {ai

hm;hwajref: 12mm = O +0lse m

Vojwr CVJ,'J_‘a l/\mCY"m}e\r ....\)
Yaly
f-o J:xwavx ooz (1200
Tey
Va;v = (=]

Tt measures dunqmr"c

P-4 No:r-90

& V:CV\’ZQH

PY'QSSUY’E

3 =c, Jaxa:8ix o uIs

cy =083

9 No— 86 -

) :CVJ 29 ( hsh.s" hﬂ-oh‘r_\



Orther Flow \/eloc&“hj' Measuﬁﬂq d&w‘qzs‘«-
t) current metey (open channel  wsakey Flow udocﬂ—‘j)

8) Apemometey ( velocty of +he gases and velocly of qamp(an&)
Measurement  ©F volumetsic  FHow  rate s~ (o) (Discharge or Mos

flow vyodte) -

je Uenturimetey

q. Ovifice Plcda metey
3. Nozzle Metey

y. Bend me*tev

S. Rota metev

6 Turbine metery

Uenturimeten L~
Tt is one of the Fv‘imawj Flow vate measm?ng INSHU ~

ment . Tt meosures flow yade  of C,omPYessi‘b‘e or Incompvess“bte

flutd Flows “through o pt“pelt'ne

“@2 a0 te, Ly —2— 5 T
?\ - ) P
= - ~ —¥- - |
-é-g;-':i =L g !
d D “ N

d=259 t SOV,

1+ 2 TE Measures X¥ow yoote (Uolume_{w‘c oY rho;ss\—flow oY
dn‘Schafcae) .
cultoble -for PFPQ ~+low vale measurement

\‘-ncomPVGSSEb(e o covaessu‘ble_ Auid Flow

2. Tt s only
3. con be used -for

yotes
y. T+ wovks on Acynouiis Pvf’ndpﬂe -
vy to :':_... (&0%“}‘0 50‘/)

it

5. Ratle Of -tHwoat dia 4o main Fi'ue dia

s



6- Ly = 4% o 5 mes L+ ( This arranasgement 4o avold @

-Flow se'ﬂcwah\of\ other wise.  coavitabon —takes fbiace 3. more

lenca*(—h Means pressune facnuev3 )
[+

T B = asted, B, S (0 N7 (8= 6 /5 to Oc/y)

o

8. D¥fferental  manometer onhj essentlal  to measuwre pressin
difference.  between  maidn Pl“re and -throot .

. The Y@qdl‘ncj of Hy (S |“ndaf>enden+ wpon the main —
pipe ovientathion - |

0. Coefficent b dx‘scf\ctv‘ge (cq) Value -fov verturimetey is

041 to 0©0-a9.

= A A -
Sewig = ,————-L J 249 C ANy
\ A.L_AL
] 2 ‘
w
Aheiui by [ 11 -‘)
Yr
P-q MO Note:-
=7 Evvor In measuement  monometitc head =
CAh)cWo'r = (T Cdz)‘hm ~
P9 NO- 92
t7- (AByeory = (1—o0-as™) x 2.3 |
. N
N = 0-X73 M-

Orihce Mmeteri—
Oy ifice Plccte meter 1o one of the ~Hbow yale dl‘scharge

Meas Lm\no“ qevice: T+ conststt a angulay Céreulor  plade inserted

accyos the P\‘Pe showhn N “the —G‘cj.



d
The Minimum pPressufe  occurs ot =X

P9 NOI-AS

d
E1- The minimum pressure  occu¥s ot a distance of __:
d, = too Mmm d, =yomm
oY gad B - S BN YON
S 2

Nozzle meter: -
T+ is used —for AFlow v measurement of plpe tow.

Acvoss -the pipe a nozzle is inserted o gouge the clife remfial

pressure  due —to ue_locénj change -
Cd O’F‘ ﬂOZZ_(e Bl Oa&

NOwet -
Nozzle meter glues eshimation ©f di\Sc.hOJge ~fluld  (Rlow vate)

Rend meter  or Elbow Meter:—
A= C AV

2 .

=c, x Td _
beord PYDF
Metre.

Cd e ©-88-to 0-38

ary



< > <4 > <y > < > S

d < . ¢
venturimeier bem novaie &rrfee - orifice
rota.
©-a8 > o088 > o-8 > o0.65 > 06

Rotometer: -

It. & « direct di‘sc}\q‘rae ¢ Meo.suw‘nﬂ clevice- Tt s conne-

cted to the pressure miced o the —Fluid P«*pevzf—womkg on
Archamehcs (buouncy) .
.Ncrte:«

Obher devices ~Jor MGosuw‘ncj ve(ocehj of fFlow ( Anemo meter)

a&ges or (,OI‘M'FIOUJ UG‘OCH":‘ .
low o€ | ol

current meter “fov measdrement of | wxater channel  uelocdhy!

Ancxijs‘&s of fee -h‘qvu?d Jot -
N




A-g
&y Y
o = \,Asmeog_t%e
<) .
baog = ATNe [ fsec - osec)

9 M [sec™

t N -
Eingd et reaches ot maxiMNum he‘ﬁm' Sl

dEsPlthemeM—

3

Ue'DcHij =

TimMme
Uy COSO = R
"EA-B
= sin
X = Uy cos® - X Vp 106
3
—_— 25 .
X =V singcos® oy
3
P-g Now- 29
Q3 - x = VUn sin® cose
9
20 N o
= 20 SINYY cosds
q-al
= 200 = 26.38 m
-8t

. R |
EKP?@SS i\Oﬂ *"FOV IY\OQQIWJLU" \h&éah{ Y‘(E()g.h b&’
- = 2 S
UB VA = % Y

L N
OJ—_ (VaSthe) = 2 (9) (Hmm')




= UAL ain>e
-9

N b
= 13 Sin(&o)

2 xq:8| -

= j2.29 m
Totad -tme of ’Hf‘ﬂh"' (ta-g-c) >~

S . descen

= ta.g + tgo St a” Tec
= 2 v, S1he
3

— Air  recistance o#fers 10+, loss
D‘.'.ZHY\ Lm (, sfne))_ = Wiy M
- (. = 9 Hmax

2
O % Y2sin e

9

2 e )
q3 OB U = O ¥ Vo ' S'h & _
29 ’ '

= 0-9X (go) s e S8 =90

2.X 81

- 0.9 R206-

2X 38
N AN
= 83 m

Exnc- Bevnoullis ecv,laﬁon Loy itien in  conuentional  AHorm  which
TeP‘f‘eseﬂt ot efergy per unit of certain Q},\cmﬁhd Ede!’d'i\f':{

-this q}—lOﬂ‘ﬂ‘j P & w5 az const
V9 9
@) €nergy per unh  volume
P

2
—_ .+ V 29 =2 cwnst
/b) Eneratj per Ut mass Yo > €29

c) Enerqy  per unlé  welgetd P+ egz+ f,z\%‘_)‘:@"-'”"

d) Eﬂen%\:_, _P@*f Ui <p- wé?e‘gb\i" A -



ERL- '%37 « P +2 = const | coch terms Speaks
WAl
— @Fﬁons <came above opuesﬁ‘olx

Ansl— . ( Brergy  perf unit Lue}ah-t)

Noter— . SR
BemMoullts aq/ucrﬁon not valid —for Rotational wflow - T (S

wold R Trrotahonal <flouvs- SR

Kinetic CNCIFY covrection Jactor (D~
\’ '..‘.-»
(« Kinetlc cnergy correchon facter  refers Bernoullls Energy ' -

Ect\.lct‘h‘on .
Q. Tt s A Mutbple factor with  Kinstlc ehergy head - =
ol P v> nergy -

— 2z Y = constant E\g_.=T_NM,\m>
Y9 29 unt  wt - NN

3. T+ is -wken acare of  Noh- uﬂ?-ﬁormﬂwj of \)e(oci«hj aléstrib-

ution, at™ giuen section.  pwhie  deriving bernoultis Q%ucm‘on
H wWas assumed  that \)eloci—hj AoF «ftuld  Flow is  untform
(fec:tamaulav‘) ot g‘men sechon we Wwhich is not correct v »
real £luid -fFlow: = 1-0 ( unHorm (o1 Rectanqular velocity dictbuhon?

Yy ‘'« s defined  as  Hthe yotic of Kinghc energy of dhe

lwid o quwen gsechon boced on actus) uelocihy 7O hast~
9 N

el kg based 0N avege uelod‘ty.

a ' 2

) . .
— Z M achual Victak Y- Qucduat’ Y kol
've 2, a.
Fn mchg " UC\,Ug ¥ Gous Ucwﬂ




1. ®X = | ~for  unform uefocij st butlon (Yechmg(e)

R X =2 ~for lLaminhar -flow iIn A P?Pe

2 X0l +4p ).g_i —for -turbulent -—Plouot‘na PIPE*

P<g nNor— 82 9)
6. A = IS cm = IS0 MM = OS5 m

Q = 7Tort0"® M = 0r07 ™ fsac

P = 2cm of Hg (vacuum) ' S,y = Yaii
e . .,
X = tel o, W, = 750 kg(m? e

Z = l2cm = D-1am

Total energqy head = 2

) Q@=Av
007 = ezTr(o-(S)‘L, v
k‘
028
V= —— =Y M/se
o0

Wy P= v -9 (~hug) (N/’“Q
P = 713600 - Q&1 (- o0:02)

= — 2668-32

'-“) i. —i—“_ﬁ + 2z = eeAst Tolal ehergy heod

9 9
&
.:> 2.
(0" L s
2R 8|
=) =) — &'362& + 1-017

= orTve = ©836m
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Vortex mMobont~

yortex moton is  one type
mobon - Certatd Cbuou’)b"l’j of Flud
vortex moton -

Two types. oF . Vortex motion: -

1. ‘Free vovtex motion

2. Forced vortex mohon-

Free VOofttex motion: -

cevtnln  mass
( without <force  or
Exi- A Whirl podl

Fiow ot bend of e PPe

Wader
nader MO’hOﬁ
wicttery mothon.
pressuve iﬁt@r\sﬁj in  free  vortkex
[:rQerH‘EX

~ open chonnel N
~tlow
P-q9 Nov &9
26 AV - v,
748 (0412) , (024)

—_ T2 (Oix

v, (o12)
O 2y

of lquu id
made <to Totate’

of <he -fluid votaded

witthouwt qu/ue ov

without Pom@‘) -

motion: ~

VN = conStant-

Uié“t( =V, J

Hh —0 , y-—>

mahe

votational

'S hamed ap

witthout cforts

vuches —towards map hole of the uao.sh basin
in Cleﬁ't‘”“ﬁlca&l pump cqsma ¢ not in xmfc(lm‘)

i0 —turbine casin (Not across the vunne‘r)-




ONIT- 6

TMPULSE MOM éNTUM_ EQUATION

In “F'Lﬁd meChCLf\iCS MDUl‘nca “Ff\.ll\dS POSSQSS

(mass X
Contact surface causes —force 6N Hat Surface.
Mass x uelocy = Momentum
MXv = M
= NXxs
= m K Sec
Sec?
2 Ka-m
SL
: 2.
——P‘ + o r S, 2 —————P}" ‘f‘-—-v’" +2
g 29 vq 29 2
O 2
—+ 2 _+H = 0t Ve g
T 29 , 29
2.
H = V.je-l—
29
Vet = VYagaH
P o - 2UnT
Shodt o
\IMmpulse momentum  cqucchon \is -
of -force onduced bLj the
™t i based on " Newtons Seccond Low
F=mxa.

N = kgx M

Fat = m-dv

change in (mfuq,se = change én mome Mrum

Momentum

velociy) - This  momentum  of +he —Fluld exchonge to th

NIRRT

\ér\—%

used —for cctmathion
mou?ng fiuid on the contact surfa

ot motiaon'.

a = Rate of change of

velo cfff-j '



Ft = mu
F(t-t) =m(v,-v)
F (t,-06) =m (v-V)
Ft =m (Av)

m-+av
+

m'. AV

c =

F =

Ry =m (vry =Vviy)

= ==
resuit F:XL & — FL

k)

APPHCQ'BOD of

imPulse

1. FOvyce exevted by a Liq/ufd Jet -
o Impqd- of Jct
ar Fixed Plo:fe normoihj T

2
Ajet = __‘lq—l dier  (ONy 0 m*)

RNPlc:l'e = F =M (Vo ~Viy)
| £y, =M (0~ V)
Fo S =MV
—ve sign indicates  loss of  momentum
YA UV

By = m‘UJ- = PQV,; =

Fy = PAVS
b- :Empqct‘ oF Jet on movfnca plocte + -

[ sS= MCJ—F\PQ\/l N

E = YA Vor

X
f = PA(V-w)

Pea NO‘."“ iOL{

i3 U__.'_U‘F:K{')AVL
£ = \(oA(\J-u)" = PA (V-5 V)

V-V L e £ ANy

e o= PA (2T o eA (2
F = 4 vrAv? Ko

EF=ma €
EF = mav O
£F = V@ -Av ¢

momentam  cquahon : -

N

114

1

.

' \L

PR NN \,.?-
-~ - =~ ~ ~aF N

5 . -3

[ el ’/\
| v
0 a.

et

Jet

i
V"';]

M = MasS of ub + watey

. — a)’“
Fj-— Pﬁ(\l‘f‘

= vA(U+0)T




P9 NOW- (03

2
I« AJ = Q00 le = D-i2m , v SM/SQC,
3 = P9
_ 3
w= ¥ = 10XI9% - je00 kg/m*
S q- 8l
F = PAV™

= 10006 X 04sz)“

= 3000 N
F = 3KN
5- Vj =30M/s, u=tomls | Q:?
N = Yoy
5 V: = 100 mM/s U= Ssomls, d;=oum

E = PA(V-W?

= tooo X T (00 x (100 -Sso)*

y
F = 19634.-9nN
= 19-635 kN
P-9 NO:- 102
- A; = O-0Is mD‘, Vo s M/S; u:S“m/s

F= PA(v-w
- 1660 X 0-0is X (15—

= 1560 N
X Ay = 003 M, F= tKN
\,

F=rAV”

v o571 mist
b — . = . = o0 K m3
b+ G, = 0'8 Y = O'8 X000 =8 q/

F = 800% 002 XI10" = 160ON
P9 Norv— 101l
e £ = CA(V-w)?*

by
= IOOOX OOt X (20-10)

- 1000 N

¥ =10 'cN/m3

[IREN



-
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force X mou?na plate Velod-ivj

POLUG_Y = F XU =
> 000Xt = (0,000 N = 106 KN
E = YA(vV +u)”

-

-
p-—

Vy V.,

2.
— 1000 x 001 (20 +10)

Qaooo W

are nNot Same ) v, -V,

P-g NOL- 102

g -

15-

1

a
e

F:mouinca P(q-te

Nozzle —force = Comp*re,ss;on

H’\chc't of et on inclihed -fixed P(dde:‘-

Hose = Tension

P-9 Noi- 103

-

F

N

i1

-~ ywA (v-w)*

= PA (VoW (v-uw)

= VYR (v-w)

f)

¥ (AVx) Vo

QA = AVUgy v | SV
e
;:A(V-HL) ()

= A (VD)

® = 3 Ay

= t-SQ

N
= > sin
Fy = AV-SING

F = =) sin® = Y’-‘A\ILSH\L@

F‘:‘ = Fy ©sBe = PAULcose <<iND

PAV SING



i%. Giuen ©O=30", F,=80N, F = Fysino

F, = 600 Xsin 30

A

= 300 N~
'DESChcmaes in Plc:tes:—
A= 1t Q,
Q, = %(H—cose)

Q, = & (1-0s0)
2.

R, _ I1-+cpse

[

Qg, I —C0oS8

~

P:g. NO—- 0L

6. @ . 1+tcosus

B DRI
Q. I — oS Ys”

IMpact of Jjet oh Fixed cuvued plate:-
Fou = YR (Ve —VY;)
= PAV (—Vcos® - V)
Fy = = PAV* (1+cose)
P-g NCi- 103
R Gluen A; = Rooo mm~ = 2X0 3 p-, V=10 M/, O =120
F = 1000x 2X10 > x 16> ( 1+C0SIQ0’ )
F = 100N
Jet Hovee on unsymmetical  fixed cuvved plate - AN
F, = — PAV (vcong + V cosx)
Fy = —WAUl(ms(B+ cos x)
Fg = PAVT (sing - sihx)
Ex:-9)
L =Ry = YR\ —v;)

SPR(-v-v)

1o



Exa—:a)

Fda.mP - r

—rQu

':cfcmP—-). = Pav

Frecu = JZ P QV

Epy:mv(\lﬁd—vis) Zr:x:: m.(\{_&~\l;
= PR (6-v) = PQ(0-V)
o YRV = —-YAQv

EFr= Q= Ap'Vp = AV,

= 1xio™% o>
= IX1067 6%y,
V, = 'm/sec
F=m(yy-y)

= PR (V-

= 1000 % ixto” ! (tx1072) (1 —0-01)

F = q-9uio™d N

P\ + =2+ WU Fa. +22_+V2.L
©9 29 *9 29
2,
0+ Un H+ Vv
2q 29

U, = 10% ~ 2XtoRY

EFRy = m (Vg —Viy)
Mg = PR (6-Uy)

Mg = YAV,
1000 X O 1 X10 vy 17

9 -8l
W= 4HY70 N

m =

:. -1 m/SeC

N

= Yyss-68 kg,

1)

&
%

RS
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control volume: ~ :

n ~fHuid sdence  control volume  yefers o e »“@_cat‘om in spac
upon which aottention is —focus-

control  volume is  an t‘Magl‘/\orj and bef*bavt_, selected spac
'~ which a -fixed q/ucxrrtHH of mottey dealt- _
Across -the control  yplume the mMatter tvonsfers: and also ‘:
enev’ratj canNn Cvess  Ahe boundo'nj.

comtrol  volume  stationary as  well as  movable -

For the movoble control  uvslume velochive ueloc‘rhj 1S considele

Obce control volume wmoves s indlication of work done.

m= vYQ :
Exi- 57 bV ~
F- & -my
% = —
= 2X¥PQu
: =-2X pYoof:— E=m(v, —vg) _
WPEPSEE— : ] ‘
=m' (- v=-Vg)
= —2My
Boat ODoJHS‘lS'—*-
I+ Boat in a viver CRelcxHue mgﬁon):~_ - B
E et etk P et e e P i : - ’_Td”‘mgl,of’_ _ _
book Caere oty
= Y@ (Vn—V e o Rt
R - — ﬂ\;ﬁ%o& noz2le
Fbo&:vOAVm<Va\"VB) o h T
~N < T
P-9 Nop:- 103
= 3 kMph — s - M
e Vboat S P > 36 ‘L_ié_ 10 M fsec
Vb
Viet = 30 M/Se_c . Vm( E S

Vnelahue velociy = 30 -(-t0) = YO M[sec

b
A = 20,000 MM

Booat = Y2 A U, (vn»ue)
£ 1000 % 20600 x10°¢ X HO (40 ~i0)
= 24000 N

= 92U el



5- n =

onPulss‘on

Efficiency (M) +-
| Output

workdone /SQ C

K€ of TQ{‘/SGC

= Fbocxt * LVa
[] [ \
“miu,
.

= a- vg -

VJ\'FUB
> 2RO - 20 - Oy = LQO‘/, 77

yo +1o S0

by -the jet on plate

1\, : A
nnPu%
_ wovykdonhe
Kineh e

=  poweY

H 2-
2_l’\f\\J

1

eﬂevng of- “‘thQ \;@(—

F x displacement

Hme
i lomme i v

U]
..Lmul
>

[IRRENE
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- ez B vl S et s S e R ] B e e s G e
+ em e T T T coo = :
- %

ONtT - 7
F S

FLOW THROUGH

FPIPES

a close condurt ‘H’W‘ouah which -~Fluid under

- prpe S
pressure  convey  or -trqnépoﬂ—ed! 3
pue -to -ficton, viscosity, bend in the pipe, pipe @nlargme
onad  contractons - Loss of pressure energy  takes P lace . f
While  designing pipe (size of -the Pe"Pe) s o b\@ decided, h
and also  power Yequived —to pump  the —fluid can be
estimated -
- Type Of the fow in -the P}Pe is decided by “+he
Reynolds  pumber range - &f Reynolds no. less thay 2000

then that How i  caliey Laminar -Elows-
hooo then —Flow is called Turbules

[IRECES

5 - Qeynolds No: more -than

6. Th between 2060 —to Yooo +that —Flow 1€ called Transishona

flow:
_  Jnerbha ~fovce
Re 3 &=
Viscous —fovee :
= Massx Accelevrahon
T X Arca. .
= PLQ\UL =
NCRRVE
= PLV
N M N
C )

‘Iis velolqced by D
>LRQ = YDV _ uﬂ
JL J

For NoN civcular PiPes, Re = \E_“i DHZ%
] U) J

7+ Reynolds NO is & bench mark o decide dhe flow poctie Y.
N e Pr‘Pe as M muers physical system  dimension (p), Fow
characterishe (V) and  Aluid property (u)




Ex:-pyove  that  watker £low  ~through P‘(Pes always —Furbulent ©

£
Flow 9
A /]\Re = vd ;
Yy €
RG = wa e
1 x107¢ -
Re = vd x 16 > Yooo S
e

Due o (0w  Kihemathc u}scoshxd of  water -for any size -
of -the F?P@ and any value of veloc"r{-lj the Reynolds  no- k=

always  greater -than Lkooo-

R@«dnolds NuMber ~F‘cw Nnon crvcular PEPQ:-

e

R \ Dy

e . .
Cuallar P(Pe W

fi

Dy = t-hjdrau'l‘c diametey = LrPF\

= HBX ¢ls Arcea o€ duct
Peyimeter

D - .
Hc‘wculox __4 IEEREI )

Du = H’_XDL = D

Square kD

Dy —~ kxBXD _  2BD
rectanagl -
P& ge+d) 8-+D

Based 08 the -type of -Flow e IOSSES can be cestmated-

For laminar -Flow  Hygeins ~evulo. Used : For turbulant Alow
DCLrCLJs —~formulal s used
There are +wo -ypes of [(osses in pipe flow:
I+ Malor losses(fictionatl loss)
Q- MinOv tosses ( Loss other thon ~ ction)
Exi~ Bend  in the  pipe,  enlargement  of the  pipe, contraction :
of -the pipe, pipe cuplings and valves St , eptrance

ress and exit  less .



£

The oaboue losses causing pressure drop:  pressure dVblg
means foumPt‘ng Work iNCrease . pump s a deviee wWhich
supply energy o the uid:  The Pl‘pe analysis  means .

- Fnd the siee- o
2. Find -the power  vequirad —to maintain the —low- —

No. of pump Stedhons - »
4 P'\_P@ Network (sevies and paratiel  connections) “
Expr@ss?oﬂ ~for  loss  of pressure head due ~to -ficton (qu
hecaod toss) &~

hg = b —h,

- Pi—Py
9

[ x|
2.9d

= fL /s v*
hd_(&)

Replace ‘v iIn —erms of ‘@ and a’

AQ - AV
,_TdL‘U =
1= |
v 2@
o>
c >
—_ b &
Qe = _u( freat] ~

Fov laminar -Flow, <ichon —factor

= BM
QG



For SamMme de‘sc‘hcuae

5

he, _ ,d,
he, ~ (o)

NOte L~
FOrY same dt’schcmac chameter ot the Pt‘Pe (s cloubled
thenh  head oss vyeduced b\J o },’ £
32

P-9 No.~ 131

}o G\iUQﬁ d= o3 M, U:O.S‘m/sec , h’F:Oﬂ_(m' L =3935 M, {:?

h*F = £avh

o4 = F(39-25) (ows))‘

2XA'481 X 03

-+ = o-ad

- = l-rPF"
? ) ot NPT = -+ — O 2
+ (coefficient of fricton) = —— = v Y
3. Given 4 = jom, Ad=0-12 m h_F:o\gqm £'=a.
£ = ne'
+ = 0y
-
' 29d
N 5 N
58y = Q-4X10x v
2XG-BL X612
9. Gwen 9 =ox10"" mYsec V= lh2 Mfsec d=6o mm =0'06m
Re = \Id
9
= 1.2X0-06
2xto~S

e

T T e TR BT B A T A T o N I 1T G S Ry R I IR S £ T et

REE



15- Y° = &S0 kg/m" A = 1.86 [N “5) d=0-ism v=o0-0s5 (Mked)
-~ 10 m*
_ = 0186
O -
' = &8S0X0'05 X OIS
.
O-1&6
" Re = 34 < 2000
P .o LOJﬂiﬂOf +low

STPhon Pi'oe C -

o

gernoullis cguation  befween @ and

2
<P|+2'+ h* Rhﬂp:_'i-t-z)——t_\')

N 29

*9 29
PQ NOL- 133
Q6. Gaven H=ym
L P, (N/w2)
© +o0+ O > = > (O + 4+ o.s
ZPg 29 600X g 81
P, = 63-65%106 ° N/m-
= m
~ = - € 3-85 R\PQ
P-9 NO- 127
2
Y. P = —ho-H~ M
rg 23

= - ~“h-o.5

= —E-sm of wWodker.



SR WA

e

© _ -+ L
L +H+ 0 he

L 29 Py
PRI H:‘h,‘c
H = fra*r
1Q-1d%

£, @"= constant -

£, Ny 4
i oo

is not valid —for ouath- This 18 valid for instant

This

Diftferenticle £ = k@™
H = g 2.0 . da

-
—

df = -2p. @3 da —@

ecq® _ d _ _sx a7 .da N
cq O -+ K. Q
df = —s.da
+ N

P-9 NOI— 132
¥ gt = -/9_(4—23-/.)

df = —2. Sig
F ) -+ ~
= -2 (1)

= =2

e



) i
fi

power transmitted  through o pipe, conrdetion

Exp‘ress?(m ~fov :
max « ‘bransmisse

—for  Mox - Power ““ansmission and cowespcnda‘ng

(E-F'ﬁ“ct\@,ﬂc_ﬂ :-  (wrth masor l0ss)

T F?))\_) N
Fouttet 4m pipe = vy & (H-he)d
— O/p
p
PIG I/F
= H-hg

H

‘Ylpn‘pc: s h_*,

Hydraullc Tvansmission of power:-
eondihon —for  Moximum “Power  Aransmission by a P“Pei

Pou—truf = Y-9:Q (H-he)

= P-g AV (tt- -ﬁtu’*)
.’Lad

= Y”QA(HV- L3
2g9d

T® moximize power Hransmission

dP = wvwgA(H - 3+Lu1)
dEV 29d
= r —
6 = H"Sh,':
H = 3")4
hy = H
+ 3
Po\,&Pu{— = P.g-& ( + - H
P!‘P@_ ?)

= P9 Q (—’;H)

- 2 .
?Y“B&H



= 11— bhe
pipe H

I

i
Oul—
=

J1
i

P9 No:- 127

35- Given w=1(0, @=f, W=99

= \W‘@‘H
e
"—-3&% tox t X 99

{1

6- o %r/blgx

N =  Pshatt  _  Pshast
turbihe — ¢
= Posctey g aH

Pobatt = 9 Q-H
= 1000%IOX 300 X 75
= 75 0 00 coo Wadkt
= 75000 KW

Z 75000 HP

o1y

= ),00,0600 H'P

Note 1~
T ™
\ 7S Kgf -Mm
etr . =
1 metic H-P ==
= Iy ki N-M
Sec
=756 N-M

seC

.= . 7so.W = 615 ks -

“

(IR



371-

Pipes

(n Pou‘cul'el fe

N = —AD— = PM'F'Hux‘d @
pumP T —
/P Pshoqﬁ{-
o Nump (06 /.
PSha-H— = @9&(H+h_’:) pump assume
= toocox 6X ©-t (10+ 5)
Z IS000 W
Z 15 KW
‘N Sevies! - .
l ‘ h“F = M + ‘_FJ—"{,LCD\),L
e Q1 g5
i TR RS
2.
s ]
fatde RS 12 &y
(D\e_ :Q‘ :QL
*Fe‘_i = "’F, L o+ 'FJ—VQ’\
<5 d,s
A).VD_ 9
Lo
df-




oot
s = s [ (2™ ()]

l 2 dsu/i., dg/j:e-dgl ’"//

For ' Pﬁms same dfametey

[g;‘(;) g |

P-qg. NOL-126
Q = 3200T cyﬁyggc T

8. Given Y = & cmt/sec d-Rgcm,
2
R@—: yd Q= Av= UdTly )
\9 q .
z »&Q_.d
Td
R, =
% X
R 5 Q -
wdY |
Note L ~ Q-

. . ] - H
. Qeokzr.CGi const)

Re = 200 < 2000 Re, - dy

——

Re d;

\ N

QLi‘“ h‘FA Ch'r

he d,> ) .
© A .2 dp = 0-adgtd,

= s dB )S- = I-.LdB
f2dg

= O HOoX




S .

30-

Griuen

NE S Pcutlﬂef

(huen
de
30

d

dp =dg

+a

Lp = Xg

heq = heg

2.
Lo Qp

o o

Q
Qg

Q‘L/:d((—ﬂ_\

TN

Q = 20>

A

(1 i
agy ~~
M 5

~

' i

EYS)

+ (0%

der Q05° ‘os*

A S\ 3 ax 205 x106°
(<

Qosi(— 105

193939 3

! t
de = ('Q;’J‘?B%s)/s

= J-qi

de= 30 cm

(275 4

1

cm

- omplet

4

A 1Q -1 de,L

=2 R

18

2L

golutions
' | MAXCON
ERPRISES
p‘_eX

i)

1

7. d
2 T2 OM

LS M

2




3R i,
he = he
FoL, QT ;
a1’ 121
2
Qr oy
2.
Q, A
Q, <dl>
- [ 2d
&N
N

Minovy losseses in Pi,oe ~Flow -

il . H W S
{e Amd loss other -than -frichon loss ( ooy loss) IS < NOWN O

minor  1oss -

e 'NOY
2. T minor losses less than owe equal —to s/ then ™M

l0sses can  be Icanored-

3. Minor losses aQre many.

ine ( Sucten
a. Loss due -to suddeh cnlargement ot he pipe C
e)c'oomsion) £
h h a (Vi ~V,) L Q=AM AY,
Len largement Lexponsfon .zﬁ
= - Vo i - A f\
g L Vi ] A
N <
= ur [¢ - d."] >
29 dy>

' Ke

. L
ch !Q\"a et QKPQ{)

e




P2 i;Ol' (2.8 Ge

) O Q= AWV, = ALV

; '
L% d‘l v, = qu d, v,

7

2
(o-a)"xs_: (0-2) v,

VJ_ = (425 m/_SGc

2.
h, . = (v, ~vy)
GXPG&smn
29
2

= (& - 1.25)
—_—

2%x9-31

= 0717

2. _2e
R0 h, = U.L[,_ d,]
exp =5 =)

= _"i [ a
L‘j Y
=t [i“r-
29 Y
=\ vig
ey
P-9 No:i- 131 -
= 9
Y+ Giluen d,=vyemm, d, =emm, v, =01 M/s 2>
N
(%o
: 2. q O'L[)L
, 5.9 — _ ‘
A h’—e - LU, —Vy) :___) ( = Q-5 M
KP 1‘3 LK"I*&[

— b P
T“_d( Ul = _-n;dg_ U_}_

Wy



be Lose due —to sudden conbaction ;-
,
-~
2~ o
hL - (VC-V;_) ‘
contract 2q c _
¢ .
&:A.U' :A)_U)_: ACUQ i
S
.AC = _U\’\ _____) C - VL (/.
Ra. Ve < Ve (4
h _ = -
Leontrace < Mo [ Ve ~']
2.9 v,
= vt [ ' _\JL :
09 <
2
ht_m . > o5 V2
NNYact 29 ‘
{
P-9 NoL—128
- i = = G =05 Jog = Y43 i
a hiven d' scm d, =2 scm , tho”HaC*‘ , 9
UJ—L
Leontrack — ©
29
Q/S- =] 0/‘5' Na
Joq
V, = Jag = g3 mig
\ < <

Ce+ Loss clue -to bend n PEFQ_ ‘-

P«’"PJ_ = h,»-h)_ = hpy (&1 _|>




P9 Nor- 3} @

5. Given Kpeng T ' h,—h, = 0-36
2.
hi=h, = Kpeng " —
3
©-36 = 12 v
2X 93l

U= 0767 m/s

Q =AV

= O'QS':LKO"767 m3
T (o-05) /s
= les IHZ/SGC_

Exi— A untform cvoss secctional Pipe  carries water at the
vake of 360 M3/py. The cross sectional area is  100@ cm™.
The berd ~factor is - Toke q = 10 Mfs>. petermine Loss A
head due o —he perd- in ~the pipe-

A Gived A = 260 m?’/hv = 360  m3
&0oX &0 Ky
A = 1o cm*
Kbend = 2
g = 10
&= AV
O-1 = oo V
o-1 = Lloomo’lf) v
N ' AN

V = tlo rn/se(.

— - L2
. <h‘ ha) = Kbend N
29
= ax lo*
X to
(hl ~h,) = 1o m

f
- xmarIY |

RIEN



e

e P
d- Loss ot chbance of o P.’Pe:,_ i
cntrance 29
a— e ¢
e’(l't 2\3 i
VR {\.
‘ Voo —o0s VN
/o increase in loss = 29 >3 .
65 > ¢
2g )
Z o5 v
9 = -ﬁ = t00 °/'.
0-sVZ
29
/. ncvease in loss = 1007.
H-G-L aond T-E-L n Pi‘,oe Hlow 21—
H-G'L — thdYaulfc %radfeﬂt-_ tine  (or) Piezome‘twc head UNe
i tud 24 P« V"
T-BE'L ~-Total eherqy Line (head) th a moving -fluld = s T ar
T-E-L = H-GL -+ Uelodhd head
T-EL =2+ P\ + v
©Q 29
- AVT-E-TC
N2+ P
3
— P c e aed 7
Prq mos- 135 Gwen =
2 P -
5. H-GL = Z-’f‘ﬂ N =7, 2= %, _~--5Lf
. V -
*3 N
= Y+g -

0N



iNcete hammev?nca .

Suvge*fﬂf‘k
—
e .
. .:-—: —_7 _ :j:;
B -y ey = = - T — —

v = Iom/_se(

be c = VQIOCH‘J of sound in —fluid mMmedium = /JL Nfm*>

Y Ky/m3

Coer = [ZX5T
1000

= 4N Msece

A

ine

I
%
N
<
-
~

3
r—

hammey

It
A
'
3

< 1000 x 14ty Xio

= iy <~
Yy P | bay = P:”

1}

(414 R 0° M pa

. = 41d bar

harmmer = Yc o
i Yb K
‘(b
= Jrk -y
P o Jyp
Cyehcal -tme = QL ,
C C = 20
T = 21 T
’ c

e

AL



. . { .
Tactual 7 T (Sofe or grodually  closed) (ov) Slow 3closed_‘-ﬂ

P = Yuv - L =

—_ Lo

Grodumluj Tact

Tactat < T Cg-w»Suddehlﬂ closed )

P-9 MNOv—- 128

. - Y- Sec.
8. Gven L= 3000 M, C= isco Mk, Tactual = U5
o = 2L _ 2X 32006
crefical -
< | SO0
= h sec-

- -ra_chCLl Z Terihcal

& 4 Slowlxj closure

-~ Ph
'Phd.mrvﬁef —- YBC(V-L—Vl) : “A° .paammer - H#\ommer
Y g k-
— N, Y
= C(vV) o H nammer
9
te = | K
3 c= 2= v
T
< = [z
N\ 2E N qAEs
S .
C =0 (throughout) C = M40 Mg
Q- Tac—h.tq( < Tc
T, < =k

Branching  pipei-

Ehy = €4

n
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LAMINAR FELGW

Irtveducton: -
flow is theoretical

| OwW d@,ns‘rty ~fluld and

and Study Flow. These lod

i~ Laminar
is  possible  when high viscous -flu

wrth  low speed  and ~Pfowu‘n3 '%rough NArow  passages

Makes the -fFlow laminar. ' '

QGD = \SRVRY; ‘\l D \!/ Sompiets las
ey @EANTE BUTERE
< Abids, Hyd.
9700291 1%

~anbile. 9

Q2. The —Followmcj Characteristcs  of +he rtammnayr Slow .

W

- QGD (plpe) £ 2000 (lower crilcal Ry =2000)

( Opper critical  Re = 2300 o 2800)

b- U@lod«t&, distribution 1€  not  untform and not bhear

and  Mostt avyabsohc Naoture-
9 P : only qulhé
C-  Laminar —flow MEANSs JViscods  fAHuld ~Flow 2
!

and casentatl 1 rescible - Velecty :
Y 'hcOmpresst distribudo

.

d. Flow is votational ( vetoctty potential dees not exist) e

Uelodhj along steam  ihe  remains  constant -
These is  basic for Yeal flows comparison - This ~flowl)

1S aleo KNoWN as  Stream (ine ~flow oy PQTCL((GF How g

Sanduwich -flow:  or 'HQ%Q/\/S poiscles -flow.

-+ Only +two —forces are deit in -this flow ( presswe fores
N

% \ 3 A A}
and viscous —force) - Not qravry —ovee, Not nerta (o)

~iction orce, not roughness  of +he pipe-
amalysed  with veference

- viscous fluld through = pipe s
acvoss the pipe ot a

o One: sShear Stess digkibuhon
Pom{--

- - —fdp\. N
Ca = (d1> o

N
pveésufe camdiefﬁ- (or) Hydraulic groditent
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Dimensional —formulia ~for  pressure Qm‘éﬂf .
dp o (Mmty o @2 |
. m vga> &
-—dE o _( Py — P| )
dr L
o Py =Py
L 0

~ Loss of -F'ressur@_ head Pef
unet lengﬁ;
Aaf
hy—ho = ( S

e ——

L L

de - Nwx 0N

el m m3

[1

= Kg -
m-g*

PYeSSLL\Pe c\:)mdt‘erd'.: M i
|

Pressure 1S due o UfSCOSH—Lj only which 18

DY‘OP N
bolcxnce‘ng crternal Pvessw’e

pvoposed by ngae_n's Poisetles by
—fovee and Internal viecous  Shear —(:c)vc¢g~

je, Sum of pressure ~force

~ S PA = & T-Ag o

chcaen’s Poisetu"s eq/uocﬁon -

Q= AV

.D
1
:
H
v
5;°
F
P
;o




£
o

£y

Eor laminar —flow I o pressure P?Pe S sSame discharge
0
B =Py X —p (@ = const)

INTRY
ar, (=9

Head lass due -to viscosity in o pipe Flow

ht"ha_‘: — Ab = Pi—=P, - ISR SRV §
"3 g o>
hy~h, = 1284 Q-4
rg. o

Uefod—hj clistibation or varaton in  laminar PIPQ HHow (qubo‘

N=R
[ INE
o n =g Umox
.._l_ ‘—dP N 2.
e N A

Vs = Umclx['*(.:’;?)’-']

g

\ i

M= AV

= cross seChonal awa. x Mean (or) Average: Ueloctty

= Wd*> xy Max- velocHy (ov) centre line velocity
h ,
2

= V'ITd:L ( Ume&x>
L 2

Note -
p‘cp@_ Measures  inney diade

@ Tube Meosures owerdia O
H carries Ngh PY@.SSLN’@- cov)

P PQ fatt PY@SSufe )



Summij of Laminay  Or . viscous flow through I;u"P@ .

_ _ radrp . N . : Lineoy o
er‘yl - d N ) P S /
Shear strese varviatiop s Unear ®
‘ ' ' o S
Ty, X N 9
, , _ . —dpP . R .
Twan = [Tmax dy = -
= —dP . d ' (
L_ B¢ e
{
Im*
EX:.- .
T T
wall - 7 :Dgo n
R N - vom .
ko = T A
50 30

Ty =24 N/m‘L

Ue!odrt\j varicchon  of uiscous  fluid 0 O PIperT

J\L
Vor = Vmax(' Y Uin N
—F Uax
7 AN dx) ¢
Q= AV
= A" Ymax
o
~N

pressue  dvop (0F) Head loss due o viscosity ( Hagens poiscliies):?

— I3 v _ 128 @ %
d* At ,

=P _  Roaglved 0 128 4-Q R

ra g o vg Trd?



£

aind Dcu'oj's eq -

Hagens Poisem‘ s c%cipcr:ﬁon @
{

Reiaton betoeen
—+f L v CPNNIEIVAN§
29d vgd®

- 6n]
Re

P-q Not— 1uYy
24 Q= Av

= 0" x  Vmax

L 2
= 3R 3
R M fsec
o000
NOte + —
Vq = VYnpax = 2V

Re Q2000
RE-  AdA=o02am
R=0o01m
Unax = ! Mfsec
N=o0-0Sm
Un = Vnax 1= (2" -
™ = |[| (0()-35‘)?_] N
= O«7S m/s
P-9- NOL- 148
H T = Twox x—?;—

= 928% .32
k.'

= Qt-o Foscob



= 6-707R ' ‘

N = 0.3535D

The vadial distance -fom G of -PiPc, wheve aVj:Cor) Mean

’ velocity  occur

n = R
Voo
- (9]
2020
= 0-107TR
= 623535 D
PTO(}F‘.—-
~dP N\ st g2
— t R—n>)
Vs =V = VYmax = - ~dP ) (R*-a™)
5 L L it
i ("‘.d_P_) RL \ ~dPf CRL__mL)
4 > - TSN i
2
R™ - & a™
.
e o=
)
n = _R_
Voo
i n= O R Z
~N
io- Re = 64
£
- 61 _ 6% - euo
- S ot



SRy

Anakjsis of Laminar flow Or Viscous -~flowr N bfw Two paxall
plates -

= ~(5D) (2522)

Ty
—dPf
Trax = af

= 8
- ax A 2 B
By Umox = r-s v for qu‘q“g( 4 =a
plades A -
; P-9 NO!- 1US - ~
| . 8e £= S
VE 5 Vmax Re
= |y N
VUmax Umax - 3 &40 -
2 - B = A :
v S Vmax o
ol 9= 3 .v
= =
VIE-'
T Gtruen ¥ = 0ras, ctokes = o-a.S‘(Cm?ch) , d=10 cm, V=2= :
R TN d . _
e .

LOOD = VXI0O

©-2S A =
V = Sog om [sec

e )
| Fav POJCLI(Q' PIOZ{ES CFCLSSO-QC‘Z) = 1. Vkosx: 1.5 U
—~  VYmox
"
= Umax
\,qu/t-s_
= (+~5
4 Giwen v =iooo kg/m?P, wL=0-0l poise, d=0-06
- o0t ROt NS
mL
Y Uad X OO
2000 = ~ 000 xVK0\0E

e 6+ 60!

V= leo/a C™cnmr



s

RO -

ot -

AR

28 M-Q-L

Rir-h

Ap - Td

{28 L

28 W@ L

Ap = :
T

L e
Q

AF = 100000 (N/m*),

Tmox:

VYrnax [' B (‘%‘)L]
::ax B [ zji)}
[f - (-_;T)LJ

O
= 2 =075
q
h = 128 M. Q4
Loss
T, Py -di
Niese ¢ Q
he, - &
e, Q,

D=6.usm
-dP . g
) 2

d=1om,

100000 v (X

O 5

375 N/ML

'\} MC\X

7y

BRI



d= ascm = oc.oas m Ap= -2 Kg(F) , vs2au

cm*
L= toomMm

[POowCr lost =9

33 Giueh

power lost = P-9- @ h,_
= Y9 @ A4p
3
= & AP
:Q(faf’_ X )_)
= T

f

2
Tro- 25
_(ii_) X 2349 % (o»u_xcvglxpo“ N{mL)(fOo'r\n/
' m

Y
—Qy&T H P Sl Hep = 7368 WAHs
Proofs L~
-~ =dP?p N
}e = @f .
Tm A Sy
—> < < N o "
P-dA Fs CP+aP)d A 8 ;g? N\
p.dn (2 7 (P+dP)AA
Fs
EF = Mma
P-dA - F —(P+dP)JA- mxo
—':S ~deA =0
F, = —dr.-gn AN
(rj,\' dA. = —dP. oA

Tpq» QAUN - AR = — p- TN

Ten = F .0
«}'S 2

W



Q.

PTOUG

\)c&aiodrhj

distribution : -
Newtons law of Viscosty

T= o dd
dy

w hen y= R-o

DFferentiate
dy=0-dan
d:); —adan
P[’_p-‘: e au
—dxn
(rg\ - ~E‘iﬂs = — s au
dx o aa
\)J‘\ N
i
dalL = —— [ gf [ ¥
J 2 (§5) e
© R
A dP) n=\"
n - _T 2 R
- P 2 2
/S (d’()(m —R*)

+that —for Lﬂminox fHow,; P —P =

we

- —dPN o= nt)
hove, Vg = Hu( a0 (R

N=0, Va= VYmax

V = _'ﬁ' —-dP R>
Max Y ( aAx
P, ’1{._,_24
- f df = Huk Vmox [dxn
P R™ X, =0
~(P-P) = HH Unox [xji
(=)
P—P, = 16 M Upax' 4
o e Tmox T
D2_

We have, ypax =2V

p—p, = 32uvd woq
o> A
htoss = P(_, Pa. —

S
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ELEMENTARY TURBULENT FLOW (i1-aa)

I+ Turbulent ~flow s a real ~Aud -flow- Every (ow Viscosit

fuld tumns o the -turbulent ~fow duce o hl‘ah Reynolds

P
b

LN

NuMmber —turbulency:
obsevvations -through o

o Q- Turbwlent FoOw has +the ~fo ltowing
- ppe line. oelodhy PR _
- B 7 Uu'= veose L/Vu%é'/’\v : :
vi= v sing >T,me\’
. ¢

3+ Reynolds shear stress, ‘Cgeynmds = —ved'v' = Nem - N (e

T = *(—_C.‘i) R

Jatll
waad an T
=dP b a

. ]

= C9 b‘ﬁr?c’h*on &y ©
NN h .
- Prictod —factor s —Ranction of  Re and  Roughness Helght (R

IN  laminar ~flow, Re < 2000

!-F: 6‘4{

IN —turbulent ~flow, yoeo < Re, < LY IO

| - = O+ 316
(Re)'/q )
. ~ "

5. Ageing  cffect the Pf{D@ discharge
.Ci“‘:; o —2-da
+ Q

8- In  loaminar ~flow, VYpgx = 2V ( Pipe)

7- IN Jaminary ~flow  petuween  A4wo Parq(cet —Rxd Plcctes, Upmax =1 SV

& In —turbulent flow, Unox = V(1 + 0Y3VE)

“+ = frichon —actory which s *&m‘cﬁ‘onfng of Re & K-
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q. Velocity profile  varieion in urbulest flow of o pipe

Ul

< L = SO0 -—’—‘>‘<‘FU"3 deveioped—*f c

Entance.  length of  -the PIPG yepresents —the Stabilisakon 7
of velocky variahon across the | ength of the P'\ pe the
velochy Pf&ﬁ‘le after entance length is remains  Same - “Hhrough
Oxt s motion- This —type of -flow is known as ~fully devel~
Oped -flow —for which acceterahon is  zero( velocty along the ’
stream  Line  vemains  constont)

he cntance  length, Le = 50 D (Dia of pipe)-

0. At uery high Re Flow through  Rough pipe the fricton
. | \ y ' N (K)

—facior  is @r\hj ~-funchon of ROmahﬂ@ss h@_;ghf_ ot the ‘D((ve
N terms Cff C

i1+ A —turbulent —Flow decides -the ~fchon -factor
Re and ‘K’ —for smooth boundary:

) o
=\ T Q o9, Re V¥ —0-8

2. eriction —factor —for  Rouwgh bouncimtj in ~furbulent FIOW

N D/

= a

= 09,, ( A ) Tk

Classthcation  of  smosth and  Rough P(Pe boundaries ™
The cCrrerion —to classtfy -the boundaries yodio of

K pipe boundary surfoce  Youghness heiqht

&' Laminax Sub—loujer ~+thickness

g' >k (smooth <curface)

§'< k (Rough surface)



P-a nNor- sl

8. p=df . d

N

(7

Shear uelodﬁd ( M/sec)

Twal
Y3

y

X

—
-~

L L
= Y9 h, d
vy Y
= IB0OXIOX 1O o]
1060 Y
= as f\)/m"-
= 0-02% Kl\l/mL
T = 0028 Kepat -
P-9 - NO- 1684 -
le Giuen L =30Mm, d= 75 mMm -
ax Y
= o0-ix1as (N/m*)
3om
1O - £ = O 36 = 002
A
(10000)Y4
Vmax =y 14af
v
V) = 1
Umox ENEY v
\ - 1
Umox T i+ 0u3door

Note

dP: o6 N/mmi‘

00615 M

(-tuvbulent )

0+33

"6 PFLe.minou flow > 'Emvbu&eid‘—ﬁ

bwj




S S e " S S hair e = e e e TR T o e

g wNoi- 6L
. ~ = —dpPy P
&6 T = Twan ( T)“_T
= AP

L

L
q

= AP-D
L

G Uy = V L1 104307 ]
3-61 =V fl+l~u3Jo.oL:] -

veo 3 M/Sec'

prove dhat —fof Laminar flow  R—f— =

e b

cCommercial pipes - Evicton ~factor 1 -

1. wWhile selec:h"ng commercial pipes H- is  pecessay o compare
performance  of defferent- Pt'loes vnaer considershon -

Q- For which Mmanufacturers onufc:l@ expevt‘ mental  vesult Charfs-
once such chart is acatled  Moodys chart.

Moodly's 'ol‘acjmm'.r

L Tt s a graphical mpresentrh‘on of Reynolds Numben

Gicton —factor and _*é_va:ﬁo-

Prondt  mixing lengtht~ (190%)
I+ Developed external Flow Qna(\dsis ( pressuwre grodient = zevo) - When

£low —takes ,D(qce ovey the <urface due o inertial force QA

4hin loyer le developed s called bowday e (oyer thedy.



2 IN bbundcxr‘j fdyev ”Y‘é‘s)."on Qetocéfj Cj'rqdnefﬁ— cdwcvjs .

deueloped due o UQ‘OCHU grodient shear <shess c:lev@,lo,ocd oh
+the surfoce -

3. bue +to this <surface fe cffecked: Thie i€ 4o be PveUeMed.
Taeajnofds = wa'v'

Ascsume o'=v'

Tone = 6 =m= du

U': U‘__: du
oy
Tpro.nd‘»&l = P.a.8u du gy

Note L
IN —turbulent ~flow -—H‘woucjh PfPe “the Prandtt mixing
length is zevo ot the nade of pipe sSurface:

)i



UNIT~ IO

ELOW THRGUGH ORIFICES AND M™MOUTHPIECES

b« Orifce s a device used -for meosurincj ~fluid flow yode.
a- Ovfice is a smatt cpening at botlom or sSide of the tank
Of  YESEYUOY -—thvough which -Fluid is Perm?-ﬂed -tﬁvough tetoudt(

3- Mouthpiece an exension -+o the orHice whose ~funchon is t
10 create 0w presswes -
K- DU.Q’ "“{‘O_ low PY&SSLW@ +he -

\)elocc“-h_, of -the -AHwd is Very
high when compared o OrHice. —

Cocfficient of Bischarge:- velocttyt -

c, = Actual  velocty _ = g N
Theoretical velocity Vi VigH
Jaqu = stans velocty -
cocffcient ofF contachHan: -
c = Avea of Jet ar vena conbact
c :
Arca ot the ovifice
Ce = 062 (for small ovehice)
N o R ¥ ad,
& = _,___C__/i = (i—c) T

T l/LF

Coefficient of discharge (Ca)*~

c, = Actual dischame -to orrfce

Theortt cl dt‘schcm:]e —Hwomah OorHhc@

Cd = &cht— Ac-~

- A Vactual
Sthe A T Utheo
- (59 (e
e
Cd = ‘\;;lf =) R X Gy




Stcm dard values : - @

. C_. = 0-55"0'6-&

C
- Q- Cu,= O-as — 099 -for shcup edge Orrhice .
% 3. Cy = O-54 - 0-61 = 0-60

LGy <64 < ¢,

®

Flow —thmmg,h an  Ovhce and  mouth ,:)Ieca;~

Actual  discharge “thvough an orifice [C-Q) = Cd’\\h-ﬁ*j:]

s where Cyq = CCX CV
Method ~to find ¢, -

-+ = Vy —
J Dictance
Time of -Clight-

ue_(odhd i horizonrtal =

]




3 u—\;'ﬁf"-m‘ IS g

Expresswh —Ffor —hme consumed ~t'o cmPﬁJ'

T = Hme of amMplying a -tank

T = 2 Awnk xJi[

CD“Q
pf‘ocﬂ-\»
A = AV
C]/ - a Vv
= o.\b_gh —
- X H
®@=9= volume‘ , q = A‘
. aree time me
r
3 . - Ah
( 9 E! CD‘QJ%R
~
= - A J’ dh
C—d Q@ A h
= Uk, e )
Cda“[;—g [ “_L-H]
- o
L= RA NI
Cq a3

Expression  —for dlischarge -through Rectangular Qrifice & ~

d%: Cd\dA‘\]

dq = cyx Bxdh x Jagh

dq,: 4 XBX\SLQ -Jh-dh

Q - \ H,

(dq = 6y x6xU2y [ VN - ch
o e,

Q = CpX B X Jog 29 ( 3/:L>H

:_-}-_CDXB\['S% (Hz -y

35
3 )

P-9 No:~ 169

(Fall AN = Cod XA X [Q__Sh

= 66X 0:0003X% q-qx\f

2 7 -qxe Y mi’{/set



. . T [———;
CV = : X = il = O-95
o hyH 1 X0 X10

oo &f\ = QB

_h_‘ = ?
h.
, Cafe PaVTIR = Sy Aa TR,
) A R, = dZ ThL
. aVhe = dg dh,
2
b - da
by _ /daN _ 2\ _ s
—_ = - = - = =)
ha dﬁ) (() e
Cd(l\/—l?
Y d?,
(¢
T <
dL

(« o]
= So sec
L3

P9 NOI- 170"

3
- Q
: le T = A-tonk X e

< G Qovifce * d’-f] : N

= 2% Crxt) N

A9 x (moox:o“e) X \‘lxqvg)

= 38S Scc-

e 2




Classification of mouth Pi@ce:—-

Mouth P lece B
| -
b J, «

Trteynal mouth Piece

= lendrical mouth Pfece -
coﬂuerqen{' motth P?ece
s

convergent - dEuercae_M- mouth Pn‘ec&

Note s -
C. value —for mMmotth PTece =\"

c, value —fov Mo utth ’:iece = 6-8S — 086 ,

2 Cy mouﬁhp?ece = 1X0-8¢ = 08¢

Hence ¢y mouthpiece  is greater  than ¢y of orifice - Hence

[N < ‘f\-',
d?gchomae throudh mouth  piece S MOYE

Flow -thvough a. convevgent - divergent mouth picce

QA = J {+ Hatm — Hi
Ry H N

F:5 NoL-1T0

2. 2. .

- _'0_ = |+ 103 -&8) (3)
s> ,ks_ —_— -
i :

1s = &3 8
H=-0-53

Niote L~
The pressure ot thvoat Fovh‘on is 10 be absolute préesswe,

Given dakn at the “hroat &m at vacuum. Absplute pressure ok

thvoat = Atm- press + Gasuge pyacuum = 10°3 +(~8)
=) 2~ R
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FLOW OVER NOTCHES AND WEIRS

A — T

Notches and weire are Used Mmeas uvina volumeteic -Elow

Yate -

Q- The ~Auid -flow -takes placc tn open o:(—ryms’;h@v@ (without pre:
where as  Flow thvough  under pressure

3. orvifice always uwnder gsubmerged condition. Tt is mastly empty
inca the tank purpose where as notches and  Weire meﬁsm‘:‘nf
flow vate and discharge -flow over exasss waker N rese rvoire

4. The main diference between Notch and weir-

3t I o emall plefe used | 11 TE 15 o lage stucwe -
N laborcdorics, canal distib- -found ivn‘?qj\‘or\ “tank and
ttaries whe varics o tavge across  large  vivers

obstruchbn acvess Ahe ~Fow-
le- 2k is made fom metal plate.] a- F is made Kom concrete
(or) Masonry- Tt is a Qrge
Stractare ~found  in i‘r'r?go:hb/)
tank and ocross large yivers

Classification : -

I+ Shape of O,D&ninca

R Shape of crest

3- Dischoxzae CQndi—h‘cr) ‘ <

Expresslon —for  dischame fhreugh  a noteh - -

d%: Cd'd~\/

a

= S - Lxdh x5,

= G- L“@.%EH%JH'
.,

(a0 =c- L- Vi R
d Vag » 2 3/s. Y2
Lﬁv N} 3 [ H, M, ]




Discharge @MOr  MeEasurement i~

Flow through V- notch t =

S/
= B ¢ V29 -an H
®*u-—nm‘ch - is @

D‘iscmr%@ @IYOr: -
® o t 1>
O = K- HSIL ~ 5 @
DT—F—FefenﬁCﬁB
) -
d@ = k- 5. H + dH

2

d@_:(.S‘H/)‘ R—ﬁ@

- [fL,J
®

PG wnol- 177,

3/9_
3 &:%— CqV2g - LW N

3
= %“_x O-62 X\)axq*&l Xt X (o-i) /2

= 0.058 mfcer

- \rD_XQ'alX 1-3

= &£-0 M/S
9. da = = (g
= 2 (an)
= AW

= IC)y~

o



L=2m, Cq=06M, H= 0.6ym

Q = Si cquL Vg u¥=
= 3-x0'6x ax J2xq'a( x (o-64)>
Q= 1810 {t/se,

6- @ = ku¥®

g. V> _  3-6> _ o cc
2.9 2xq8l

U@Io‘cf-hj of approach N notches: ~

2
ha: '
2

Q= 2 Car VEg [CHrha) ¥ (ng)?*]

,"’ V] -
= 12+ a-s/dh
hq 2 g ( l'\)
2. QL *S X f‘/’
ooyt = v
2K9-3] = ‘&*5"/.

vz 09 m/s

-
Q= & o UTg tane - 1>

- . SA
- ‘fSLX O-5S 8 X Jaxqai x-io.nﬁ_o_ X (0-1) />

iS >
= O X 1000 X 60 lH-/mm
= 260 ”+/mm
R3o 5
N Q poten o HT2 N
&, _ ( HDS—/L
Q, Hy
Q. = ( H)_)S/L _ O'L) Sfa
&, H - o-l

7]

S« 66 -imes increase -
P-Q Not~ iy¢,

P

% = (%T—)g/‘ = »(2:‘;)5‘/;‘: s657

P P X N T S S NP ENPIPP IR




fed@ Josx Sh = s X2 = 3.

Nvotches € WEIrs ; -

b
(Where as orthice and Mmouth

flow vxte o closed ~Auid sgstem)
vertflow Stuciuves ( orfice

2 Notches and weirs ore ©O
piecc ave —thvouqh —flow devices)

3. Notch s a smadl size,
Size anhd ™M
ond lage steams:

b~ Htjdvo.uh‘c Poim— of Vview

5. Notch g timied  use (labofatory) - weir IS
‘o <tore and +he vegurcfe water

N
Compare Orifice (ov) Mouthpiece
Orifice (or) Mouthplece

ie Flow i€ "‘fﬁTDLlah the device

3. Head of wcter (H) is lore as
compoured 40 gize of the Orfice
(o) Momhptece

3-'pvesswe on  upsteEam i more
“han downskeam (Dls is octmos,ohere)

¥ wWoter sheet € A frhe'ferm of
set. The u.Lppe,,r edae oflfh‘\e

Tt s used fov meosuﬁng +he
pfece are uwsed —forv

notches and wefr some eatmet- :

e
A

VR

open channel f{ow rade

measur ihﬂ

and Mmoudth -

made -fom metnl - wher i bigqer

ade om concrete  (or) MASONTY Qc_yosg vivers, alnqls

in -irﬁcaaﬁon Pmc‘ﬁ'se

cuels ©n  upsteam of the +ank-'

X

Nith  Notch (o) welr R

Noteh (o) weir

. Flow is ouer “the device -

Head of water () s less- Qs
compared 4o Size of the noth

L

oy welr
3. pressure s same (both <sides

c:fmosfh@ve
- cheet of +the wader is Nappey.
woeter level s pbalow the up,oer
Eelge ot the nofth t




Terminology - :
Jo Crest OF  Siek | | :
Q- Nappe or vein |

3. Sharp crested. weir o

- Byoad crested wely
&, Frec uwielr  (or) submerged wer

6. Ccyest contraction  (or) End conmtrachion .

I

UL RN

d
\
|

Cyest or sittt -
1. Tt is the bottom cdqge ot the nhotch and also o is —the

—top surface ofF —the weir over whtch («‘q/u}d ~touches while
~flowing: “

Noppe or uein ¢~ o |
T e the steam ~# of +Hhe lt‘%ufd flowy  in Sheet —for

over “He covestt of +he notch or - welr- Tt g also  knowA as uet

(the gtream of Hquid pass though  an orfice  is called Tet) -

shm? crected  weirs ~

The h‘q/m‘d touches In a the due o the cdge oN Hhe

upstream side which 18 a sharp line

Byoad crested weir: -

The -top surface of the “welr
coOnMtoct With sukface ( Not he Contactd) -

e brood or wideh Hhat—

Alows  Hguie  Ftow in



The lquid -flows over the welv is called Free wel- »

T wader leuel on downstream is  lower than the crest tevel

of +the weir-

Submerged  welr  is  cdownstteam <side of the water
level __mcah@r 4han 4he crect- §
Ccyrest cor}t-fcxcﬁon

Tt i1& Observed —fovr the ShcuP (:veg—fc‘gd' we‘iw--A{—*H\ewe?\r :

“thewe & certaln Povﬁon end contracted-

U/S g
7 7
o / ~ . 7 R Lomarcide
S g R ' abutment
7 J
o%

Effech ve length, Lo = (L—0<INH)

Note & -

i« No cnd  contrachon ls called suppresed noteh or Wy

7
SuPPvesed weir

cohtraction
N (No end ) <

2. ENd contracton is 10y OF “the ffead on ctther sdde
(0.1 H)- There are —two sides -then cffechive  Width ©r) breadth, |

(o) Lean\ ‘

le = (L — O IX2H)

’

For ‘W contactions, Lp = (L—©° ank) -

- ®

. @@= 2 V33 (L-o- ixnx ) H 3h (Rectonqulor  weir or nofdf)\
3

Approach  head, hy = Vo .
29

Q = %1 cqgVzg (- —o»'ﬂH)[(H-&hq)B/a _ haa/a_]

i {ﬁ;)i:hh‘

NO- of end contoctons, N=6

T

R



Qs Erancs —formula : —

® :%;cd\lg_g L3~

Q = 1-8Y4 L w3/~

3: U-notch —formula s -

Q= 8 c,Jig tane w7
s 4

o
Q@ = 1- wig w5
Cd = 0‘6, e ZQO-
Other types of weir:-
P Trapezo‘tdoj Wely : —

+Qv

Cd:O'GES, Tan

3
depot!eﬁ weir & 86 LH

Time of empty a tonk -

Rectanqular Notch -

T—— - \(HL A M dh

H, 33:‘Cd \IQ‘ L‘Ha/L

‘ QA S
= ' [‘fﬁ‘t \,‘?WJ

e

ERIE]



15

P-Q Nol- 176

oy b Jv2q H3/D-

- 2
Q=7

Cq =0-62

2/,
= Zx0-62% 1L Jaxaal x #7*

Q= t-dia WY
= e K (0”)57)_

= k& Ips
= Y'4yag w60 Lpm
= 269 tit

ma‘/\

T = __%_A__ — e
2 oy LVm [“7 ]
3

T [

1 s
T, - [""T-»_' \Iul' j)
To.
—— LN
(&&=
. - 08
QOO (TT@' \f_f)
T C___!__ _ N\
il
T, = 1200 sec-
Pa MO~ (16
dQ - 3 A dH
o >
dH = = = 333+,
vy 606

;[(!O —0s25 g —025) ~
(0-1x6%0-6)f

= (a-s-0-6%xa6]

=9q-lym

1Q o __C_i_Q__ = 3 dd
) =
=2 (57
= 1a.5¢)
'8« Qv noten 7&? S 23 o
Qe ctangle ke

tREN}



178

P-9 NOL-
QT @ o« Hh - b

0= H- ah ~3h*
QHb = 3R>
R = 3k
h

NS
H 3



ONIT — 12
Rl =

COVMPRESSIBLE FLOW
e e e P e i ‘e Sl
wirth mspect > Moss dens‘rly chonges

1o Fluid o types
W moss density docsnt chonge @ drfferent Po‘m—tg ot e |
control  volume  is said to be iNCompressible Fluid - :
Q- TF Mmoss denS‘rhj does change ic Said —to be comp-ressfbie_ ”
fluld Flow: i

Gases, and Steoms -

EX-
3. Study of compressc’bl@ £luid Flow IS Necessary ~for space
Uke compressors ond ather

O.PPHCO:HODS high Specd mMachinany
‘low mectsuﬁ‘mj devices —or compressible Auid . ¢ Nozzle meter,

’D'rl'ot tube and oncemoemeter).

Oyviace meter,
by the -foltowing equatton .

Y- comPressib(e -flow i governed
equation of coni—t"nu-bj for compressible  fluid -

Mm= P-Q
m = PAV = constamt ocvass the ccontrol uomm&'}
M=V AY =¥ A\, :
YAV = constant
Diffeventate both sides
d(rAY) = d(o)
de. (AY) = vd (AY) =0
dVY AV + P(dA v +A-dU] =0
ARAUY 4+ Pd-AV+ YAJU =0Q

h df +dA +du -0
v A U

conseruation of Moss  (or) cc?nﬁhuﬁna flud Qq},(crh'om of

COmPT&SSible ~ow -

Rosls —fovr connf;vgs{b‘m‘fﬂ considevahon © ~
Tnertia -oras. _ v

/ -— F—

C

Mach numbey (M) =
Elastic —force




TF Me 03 -Hhat ~fluid bected as ?ﬂcom,wessibie Alurd -
(compressibitf{—«j cffect }ano@d) %
Clossification of cc‘»mf;v*ess(b@ Hlds ( basedd on  MMoceh ﬁumbe‘r):
O'3<M< 1:0 (subsonic -Flow)

M =10 ( Sonic Fow)
M>5 ( Hyper sonic ~flow)
Bernoultlis CNEVG Y cquahon —for compressibi@ Fidiad Flow:~

2.
i~f~§72‘_ + Y = constant
e 2

Gos  stote cquation cov) Pev‘*ﬁ:c:t Qs @%qqh‘m (or) Ideal gas
egiadion : -
PU = MRT

= absolute pressure ( V/m™)

= volume of qas (m3)

P
Y

M = mass of gas (k9g)
R = Gos constant tiT/ka)
-

= Obsotute -l-empefcrfure (K :C°«t-9.73)

VY
PUY = MRT ™
3 P = (UL) RT charles oW
g PotT
P= v R-T e
Yb - P "'273"3C
RT

N (P is a —funchon of Press&ne,- Temperature )

2,

o
fw T2+ YV = conshant
2.

JdP +t gz + U"aconsftmt-

£ 2

_T
g2+ ..QUL

2.
_RT J%ﬁ + d) = Constant

RT tog P + 9z + V™ = constant
2

RT, 189, P, +9 2, +v > = RTy log Pt gz, + U2
2 & = =

Y



_RT | , SRVt
Tleg (Lo FI(zmE) * (——=) =0
2

!
speafic volume = , ‘
mass density ( volume  per untt mass)

Teymincleay tn  compressible  Ffluid  fiow: -

- Spectfic heat ( constant pressure ond  volume) Sp § Sy
2. Ratio of sSpecfic
3- Enthalpy of A qas,

Isentropic process, polytropic  pvocess,

Thternal  @nergy  of a qas, Moch Number.

heats of a gas (y=k= Cr/c,)
entralpy of a qas, Adiabotic process,

Tsothermal  proasss,

Enthalpy (h) -
T s called —otal hcat of a gas - Tt s 1he

erergy pocessed by certatn . Mass  of the gas bU virtue of
s —t&mFem:kne, h;-ﬂfae—i‘: higher the —temperdure, higher -the
en-l'ho.lpﬂ value -

Internal enevgy -

T+ 1 the onPeﬁ-Lj of the Qges. SﬂS‘:&EMs T+ s the

~finction of —temperature The net chcmge e_cvmd ‘+to =ero for ol

Ctjdt“c PTOC@SS'

C\jdi'c process are “thermo dtdmt process - TN which
the qgas undergoes  certain “thermodynamic process and  restore
\rts inttHad S’l“age- “ ~

de = dy =0

_ de «dt
Area. of pressure di‘oujram - Jolume () Dicua‘ram = workdone P@vl«j
= Enerqy by Kq of lud.
Pxy = N X m>
wm T
&g
= DN, - 7T




(h)

h = E cor)y U + pPUY
h

= — camplete Class Note Soluticos
= TPy JAIN'S / MAXCO1T
ST

— CHRI 8THANTI BHTERPRISIO
dh = dE+d (P-¥) 37-38, Suryalok Complex
Abids, Hyd.
AMobile. 9700291147

=dE * (pdu+ Ydp)
where

PAL s
catled %hermodynqm}c work ~for closed system:

Wd s ‘
v P Atted  flow  work (Open system work)

OPen System: -

It s \
one ‘thDLtgh which mass and cnergy both

crosses the boundary -

Closed svs%@m L

ot i Oone l
N which  mass Remains constant and ehen

Mass cvossS  the bour\doxgj-

Tsolated Sysiem: -

It Is a s [
ystem '%vouah which  peither mass (o ener

cYosses  -the boundcmd-
‘SP@c‘rﬁc heat : ~
ot IS dhe Qmoun—(r of heat requived +p rvige 1¢
one untt Moss
tHeat supplied & Chuncae of —temperature

QX dT
Q:Cp‘d’-r

<p = &
dT
S x
Spedfic value has “huo units + ~

e C_. = gp. heat oN +A undt- af&

p P \Gl" constant PYQSS\_{Y‘@, e ois [CHIN® V) sTaY Qt
yeqguire \ -

heot rvequred +o vise one unft mass thmugh e ot

constant pressure pYOcess

&: Cp XdT CP: (—Q._
_dT constant

Enthalpy = sum of irternal ®nergy  ond product of pressw

and  volume

heat su]pph’ed



P = c (constant)
s
c

df dv =
f_f + [u-dv constant

c:fj‘r)_”_ + [V du = constant

. ‘
—_— ' + V=~ constant
f~>\9 ""(OLJ <& < 03@, P >

({j.-‘. t@ch(Pw) +__\i :cons”fun{j
2

Encrgy cquation —for  TIsentopic  process:-

J‘SLP_ + [V -dv = constant
-

T sento P ic process

PU = c
PLQK:C
P - c
vaK
K P
ol S &
1]
~ s Pk
W ()

szi)‘% + j\bdu = constont
C

CC)'/K f dP/» +fu-du = constant
p /K |

N CV"fP',K ~dp + [urdu = Tonstant
/Y |
t K L
7 = P / - ...L = Constant
— 4 >
K
VK - K-l

P
4—_\;__ = constant

( Reuersxb[e thabahc
pmcess)




P@“GPO,QCIHOH ot PT@SQUY& wave (o) cc)m,) ressible wove: ~

let v = veloci-t—‘j of m0u:‘n9 body

.~ payavi
v
Of Oblect or ~flud n -3 ? %)C
o com'pwresg‘bte m'adu‘a(m) _ —

SeC

c = velocty of clastic / Pv*e.ssw‘e/gowb[ wave :_’ K
yo

Fov isothermal  process

o= [ K :JI
v v

PLQ:MRT _'Jc:\f?&?
P =_M RT
€Y
P=YyYRT
L =rT
YB
e—%_

For ZIsentrppic process  (PuT = constant)

‘C':\/g = J¥RT

L= S
CU
Mach number (M) Z: -
M: _.\—}—.
a

M< 03 ¢cot) Oy

Flud (s fncompr@ssible
03 < M< I (Sub sonic “fluid)
M=t  (sonic Fluld)
< M <5 (Super sonic ~fluid)
M>s5 (HyYyper sSonic)

< M< iy (Trans sonic) -



SRR RTINS RPN Ak R o =

where -the atmospheric “temperatue s 7C - Determine

the —following
a- velocty of Sound  under (sothermal  condrion

b- velocHy of SouWd  (on) pressure wave  dnder Tsentoplc

< B K
condriens  (R= O 223 %T/Rff(ewm Nl ¥ = Cp - k= 1c'kf]
<y, )

C- Mach pumber

d: Type of compvengbfe_ aly How of -the Qo piane

A-  Given V= Jao kmph ¥=k=SP =1.y R=0-283
<, kJoule

Exi— An -aevoplance is —found o be ~flying at 7o kmph ©

= 790 X _S_ Kg—K

18 T =7¢c = 8R13t7 =280 K - 5g37,.
el

4 i

= 2060 Misec

(l) C = JR~T
':\J,z&s X 280

= QRIS M/SQC

B c = mzk:%_) X RT

- \‘ te Y X S &3 X 2.RD

= 333 M/sec

<) M= _\C}. Cunder  msentople process)

5

0
333

MNo-6 (03<Mc< i) A

d) Body motion in “sSub sonic  condition”-

P9 NOLV- 189

yo- G)l\U@ﬂ K=ty T= 30 ¢
- 30+273
= 303K

- :.\[KTT
f+ X 283X 303

= 346 Misec

Al




£

£ P-4 Nor- iay

i Ve JRT 3

Z J 283 %X (Q13+I15) % 1.4

= 3YH M/S
p‘repc.aqctﬁeﬁ of compvessibfa ~Flutal

O< M« 03

; Stxtio anH

A0 HIncomPressib(e
o

L
) M=
)
. {
9 ,
)
! P-9 Nor- +88 492 129
e~ A5+ Guen P=oi6-s KN/mL
/ T = 0. k65 kg/m3
J K =1.y
~ PV = MRT N
P = YWRT
T= _P_
YR
J C = JKk.R-T
=Jkr-_P_
PR

LOQVES

QI ML

|

[HER




26« T = —-S6c¢C K—if—%—"‘
= —-56+ 213 K R = 2 87 T/kﬂk
= QA7 K
= \J K RT
= J-uxasl x2u7
= 2as Mg
Q9. Given VU = ISRO K S T= —60cC R= 227 T/kgq-k _
8
= - D) K o= (-
= 439 misec 60+ 273 » 4
= 213 KK
M = ._\_j.._.
.
= 4aa £
‘\, K RT -
- Y39
J1oux227x 213
= SO
P-9 NOL— i
26 C =300 m/sec
o 8 = \}X&T = \’Lbulkmow
U= te20 Xx_S = 450 : © _
. PUY = MRT
Sihnxk = <
v P= YRT Z
~ 300 :
Y4so *=_F
1 2 QT
« = sin™ (5)
E)
‘ ] o C = | ,BR e
& YHi-a \ Y R
C = /3P = rLbLUA
v Vv
P+4 NO- (A2 K
bulk modulus = JP (o) KP
}o S;ﬁ p<° = ,_C‘___
V)
/
= 340
‘2393
SiP L = o 86 ‘
o = 60



Te V=9 Mlsec «x=306 &)

c = 330 M/scc

N7 ¢ v ’ M i \J

X7e Due o Africkon beotween surface  and compressible fiard
flow -the estimated value & t© be MmUHiphed  wrth cca-mpvessf" :
bih‘@ correcton facior.

A

Stcxancrh'on PTOPC"J‘HGS‘. ~

RS

I the analysis of compressible Aluid ~Flow (M>0:3)  The

iRt

£lurd onperﬁes ke absoltle pressure and absoluate -t—@_mpercdm
cffected b\j +the UQlOCHy of the ~—F(tﬁd + When mou?na ~fwd bY‘oUﬂ
1o yest (ctppmo.chcss to zevo velocty) s said o be s'tcusjﬂdﬁon
point.- The properties ot stagnation point are called Stagnation
property: _

AN
A, -
N
 Stagnadion point |
+ — b
E = Sto.zaf)a‘hOﬂ “fem,oerqh_ure = ,[1 + % M, J
N wbhevre ¥=KR = Cp _ N
c. — 'Y
v
2.
=T (14 tHd=t M
.[ il M

L =T E'+O-.L 5]
-9 NO:~ 189

. 3
. Y ‘LH :30‘
RO To = 1, (1+0 2 7)) 34 1667 (140 )

| M = 2.0
(73+ 59°1) = (273+30) (140 2M})

M, = 67



o ST s S

P-a NO:— a2

P1e Te = TCUE0 2 M))

M, = M = 0O6C
C

0

= (R13+16) (++0:206))
= 3055 K

—

= 3065:5 - 272°%¢

= 33-5¢c

C;Ompfesgt‘bte flow  thvough varable  Arca:-

IR

simP\i—ﬁj above @ci,ucxhon

~gA = (™ () ~ o




HYDRAGLIC MACHINES (36 M)

A3 ~ Civil

CONIT - T 0

INTRODUCTION TO HYDRAUUC MACHINES

HtdeO.Ll”C Mmeans s&udy of water- Wwaltey ot rest MQ_ctr;
potential energy (pressure @nergy  sStoved per  unk valume)-
Exi- ResS@WOIr of o dam- ‘

The ~fluid. Machine which converk Eluid Cnergy imtao -
Useful gshast power ~for which -Ffluid I Motion make use oEH
pPenstock (long, large pipe) which conveys -fluid Fom dam to
“turbine . P otential encrgy  converted  into  Kinehce energy (M9Z:
-';—:MLQL) i@, V= \{E : .

el

N
5‘““6k ’

Tas't Roce

Hydvrautic Machine: -
Machine s a device consists moving  parts ke
YUunner, ‘fo't'a:l—?nc_:, sShadft, caufde vanes cic. Hgdmult‘c machine MAE
Use of Hydvaulic eheqy  (Mmgz (o) ——mu™)  wWirth ‘UJccfer as workin)
Substomce u)ht‘ch\ passcs -Hwough Yunney u_-‘)he@_l\..
Trpulse momentum principle  ( Newtons  Second taw) Use
to develop ~force O the Yunner (F= ma= M Aay)* This fore
Mmuttiply  with yadius of +he wheel produces  useful Torque (T=
FXR = Exd/y ). This -turbine wheel Coupled o eleckicl caenerm‘.
Shoft  which converts  shaft power into  electrical power.
T= FXR

T=mMax £
25

T=m'(Av) x O_
2.



2ITNT
(Y

Shott POLU&Y‘ = ( wWatt) \

Electric power = VOl X curvent (voltx Ampere = watt)

M= 20f G
N = 6o+ o “ - L
P‘ N . s
)
p' = No- OF Podvs of- poles: .
P = No- of poles ( North and  south pole) s
.F S

= elechkic’ power supply frequency (5o Hz)

No

Q-

3

Rom—hnq clement ©of A —urbo machine c:ouled Runner for

[
.

| . umps rs catted ITmpcllar
wader —+turbines N cosce of p P pe A5

The ‘tmpellev ‘s  mounted  on —fixed oxie <shaft which 8

couP(ed “t© clectrical geﬂewﬁov sShaft
™he caenevod—ov chafts Needs cervtain RPM —to cut He mc’gneﬁc

field ( EMF of conductor = vYofe of change of magnetic er)

d¢ Cu)e_bevs) l
emf = volage produced (s
{'0‘3 P o+ | _
emft = N d¢ ‘ ~
d+

'Hgd‘muh‘c’ ma.chtne bvoqd(ci A device, chqb(e +a conuew(—

avalilabte flutd  ~flower imto shaft power IS calted Wader *furbme-_;

A H«:‘dmuh‘c machine which converts shaft power into |

luid Powev ic cadled Pump

Y ¢ : 5 i overs and
Tn caenevou fuld  machine called prime Moy

alse catied  Turbo  Machineny -

} -

'Ex.cmnPles -for power c_aeneroch‘ng ~+urko machine:

wind  miti-

2. Woder ~tuybine:

3. Steam —tuvbine

Lt.-

thas +urbine



B
i

Examples for  power  Consuming +luid  machine .

I+ Roto dynamic  pumps (centrifugal pump, gear pamp, Screw puw

axial PumP and compmssors)
Notet -

Fans ond bloyers alse cdrred Turbo chht‘nery o.s.+h<;
Consists  yotating element called Retor - |

Reciproeating  water pump, Qear pump, vane pump, lobe
pump are not urbo machines, as they have siiding action
tFluid motion  is linear  due 4o velakiue metion of- ~the. clement
G\enero.thj these are Pos&({ue dc‘sp(ac@fﬂ@ni— machines ¢ No s(l“'g
takes place)-

Other fuid mMachines (ke Hydwullc couphng, TorqHe

conuertor, Hydraulic vyam, are belongs fo energy -transmitted

devices -
Diesel engines and petol engines are also cated pﬁﬂ

movers onsists P(‘S-{on' which v*ed’mroccrfes - Hence diesel PQ(‘K
Fluidd encaines awr nNot turko  machines-
Indian bose power depends on Thermal powers (coad

water) whose  opexating cost  very high whercas  Hydrout'e

power plant Operating cost s very cheap and intbal (nvestment -

s hrcah (dam constuchon)

Exi- upit = | KW HY
N 10 bulbs X 60 wotts = 6oc “watts
H Fans X 160 wats = Yoo watts

L8000 Watts
= | kW 9 Running ~far | hour.
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HYDRG - ELECTRIC POWER PLANT
/\,.w
—
—(® - pam Turbine .
- ] penstock & A il i@; Electtic Gencvador
“__7' > N U Y, = /
, < ,
o ¢~) Losses nozzie Prarbine Fehatt
I Woter power = W= Yzyp = P = 100 Cuodts
9. LOsses in Pensﬁ)ck = -3 walk
3- POUJ@Y auailable ot inlet of nozzle = 971 watls
= a7 .
YLT‘TQI\SM?SS?OI) =V x 100 /.
= 97+/.
h- Power lost 10 Nozzle = =— | watt
5- power celievered ng nozzle = ','val
; = qQ1-1=96 watls
Vhozzle a6 _xiee /.
100
= 96 /.
91 /
G power loss 10 —turbine = K  woatts
- Prurbine A6 -4
= Q2 watl
PTQ SEN
: = — - ——  wats
h ’\’Tmb«‘ne Py 6 '
8- -
PSha«H— = Q-2
= Qo wotk
= Pehatt 90 , -
mechanicol 5 aa /7
P-turb(ne 12
_ — P
Voverau Fshatt 2 20 4004 =907
100

Pwatey

TR



. - : con N
YLO verat| n"rransmiss {fon n nozzie 1 Twbine mech
= 96 x - x as x a6 @
loo ag qa Q7
— 90‘/.

Ext- A  smalt Hydel powerplant consistt a single —turbine produ
'c:'éng Shot+t power IS  jo M- The availoble head ot fthe dam ¢
kam - The penstock tosses 7M. The nozzle efficienay (s Qs
The -turbine &Fﬁcfenca cxpected  &o., Mechanical losses €
597 of the shoft power .- Determine  the —ﬁ;(lowl'hg |
1) Mechantcal cefficiency
1) Turbine power
@) Amount of Water-flow  yade required

V) Diameter of the nozzle Jet -

A Giuen = R0 /. = 98-/. = ) = -7mM
) fl'T / 7,)'M / PshatF—P 2 5 el h'—P(‘pe
DMecho.m‘coJ Power lost = 5. Pe hatt
= 0r0s5 x IO
=< 0SS MW
40 — Pshatt _ 10
mech —_— = = as A
Prurbine e
" P‘Tuvbine
Tuwrbine
Pnozz(e
N _ AN
08 = tos ’ :
Prozzle
Prozzie = 137125 MW
Loss ofF power in tWrbine = 13 jas - 10's
= Q-6as MW
Prozzle = A8°/. = Pinput of foeale = Fowput of nozzle

Pt‘npu*“cﬁ -noz2le
0.8 = 3125

Finput- = 1339 Mus



s 9 .
5 MY = 13-39 x 108
1 ye@ut = 13-39 x106°

2 IS
1 , . = 13-39 X!l0O
> X 1000 X Ao X VJe+ X Vit 3

2-Xlo00 xrq&fx JogcH—hy ¥ 29 (H=h) = 13-3ax10°
= Y4yam h = =1
d=
Di-tferent ccmponeﬂ'fs OF ‘l—h‘_jdei power P(Qnt:_

I. Resewoir (or) Pond (or) Fore bay

Dam (concrete Stuciure +to built the head)
penstock ( To Con()etj or carry water  Fom Yeseruolr E—’cc\*m\fbme)

2

3D

K- Suge tank
5. Nozzle ( For impulse “turbines  Only)

6- Water turbine ( impulse or reacton type)
7. Electical caenercﬁt)f

8. Drft tube ( ony ~for reacton -turbines)

Q. Tail Toce

its location:~

Fore baﬂ ard

of Powev channel

Fore bay e loctkted ot the sunchon

and PeﬂS‘tock -

Dyvaft -tube -
Dvoft -tube s a long, -toppered pipe  cnnected of—exit
of the yeacton water “turbine ‘o the +tadl vace: T s not-use

—for {mputse —turboines CP@,-Hon wheel) « Since the petton wheel QPe,vqfeg

TN open astmosphere: D Yaft fabe converts exit ke of water trom

Yeachen -turbine A0 Usefud potential  energy-



Pumped storage H‘L,‘fd‘v“(} @_Eécrﬁ?c: POLu&rP(‘ah+:~ @
Tn -this plant the sSame -turbine (8 used as pump:
puving demand hours of powey, turbine  produce power ~for th
wader Fom Yesewolr (s collected ot turbine ot dlownstear
pord: During the non demand hours of power Same turbine :
pump -the water into  -the rveservoiv. such plant s called peo _
load pouwer Plcm*s» ‘ -

tydro gro.Ph: - , _
Hydvograph s a gvaphical Y@Pvesenfo:h‘on of dischar
used ~for power  generahon with vyespect to time (-7 qropk
S@_qluen_ce of ceclements ~for thdef power plant 1~
- Dam and ResServotly —3 penstock CJun‘de whee] — runner
wheel —> dyaft ~tube-
Classificxton ef water -turbines: -~ |
There are -five -factors to  classify  water -turbines
t- Available  water head
Q. T.,\”pe_ of -Flow -th\rough Water turbine
3. Range ot specific Specd -
B Quankihy OF Water per  Minute.
5. Type of water action ( .‘mPLLIse aAnd  Teachton -type)

Avatlable wader heod - -

High * : " lahe
1. B2 head wster -turbine  (H is move than 200 m ) (peiten

2. Medium heod -turbine ( 3om - 200m vonge) ( EYancis )
3. Low head -turbine ( H<30om) < keplan and PYC’P@-“‘“)

Tgpes of Flow: -~
po Tdﬂcaeﬁh‘d.t -Flow Radial -Hlow : Axial eow

(la¥
propelle
Franci P“I(
yancig Xxed
I ~furbine (

b tade



FpT—— S . : s
RYyie 7%

SPECIFIE SPEED AND RERFDRMANCE OF TURBINES
e T |
Spec?ﬁ‘c spaed - | -~
Ng = N VG v .

]

specd of -turbine (TpM) | S

{1

shaft power (KwW) o ()

f1

N
P
H-= tead (M) '
*Available water head: -

t. High -head  waorder “urbine ( H>300m) — petion wheel
& Me.oiium head wader -turbine (3om to 36oMm f‘cﬂge) - Francis hurbine
3+ oW pheod “+urbine (H< 200M) — Koplan and  propeltay +urhine: C

Bosed o©0 specFﬁc SPeeci range values: -

— 0<Ng<3o — pehon wheel with
one Jet

JO< Ng <60 — with muth Jet

re LOW sPecH‘\‘c SPeed ‘+urbine  (Ng)

Q- Medium spedﬁc sPé_ed turbine (V) — Go<Ns < 300 - Francis +urbine

3 -Hiqh ‘S_Pecu‘-ﬁ‘c SPeed “4urbine (Ng) — Ng >300 o Koplan and Pfop@lhr :

Je ' f T =N-M KQ - M —t =32 Sy
Y ; ’ ) _
- I (m )s‘/q mSid = M/J_ L 74 T §/2

: : £ N=S4oTpm
Ex:- rdent‘rﬁj “ype of wodet -turbine suttable pM,

PzgiMw and H=8im

A N = NJP

S /
5

= syoxJa-ixioo0o0
(8’)5/‘1‘

=z 54bO% 90
(3"1)5/1‘?

sS40 X0

f't

L7120

i1

Q00O



Ex— Bosced on di’schcxrge posses ~throu3h “trksine o - @

Franas turbise
Joco < A < 1o0CBRpM T Medium discharge —tuurbme ( peton wheet)

petion  wheel
& < 1000 Lpm —  Low drschofge turbine ( Frafels -krbine)

R > 10800 JLPm — ”‘9“ c:lcschc.rge “Hurbtne Ckaplon ond -Pmp&(lo )

Rosed ON watey acton on the vunner of the turbine: - _ —

P Impulse acton -turbine (:mpui— energj ﬂt(g S kinemedic ehery
of the waker jet)- _ —
EX - petton wheet. "

A+ Reaction -type —twrbme ( T/p chergy is partty Kinetic e_nergq &
mostly potential  enevay CMQM)

Ex:~- Francic oand keplon, propetiar. J
petton wheet @ - : -
High head, -tangential flow, low SpecHic Specd, tow
discharge and  impulse type -

Francis -burbine: -

Medium head, nwavd  yadial ~Flow, Mmedium specéﬁ‘c Spex
medium dfschoxg& and yeacton -tjPeF A
Keplap and  propetiar -turbines: - o

Low head, axial ~flow, high sFeceﬁt speed, h(gh dischax. -
and  yeacton type turbines.- ’ g
propetlar  —urbine Specific sf)eed s very h.‘ab g 7800 :

Keplan, Ny = 300 o 8co

N . " N
Modevnd PFProncie -turbine:-

Tt s mixed flow -turbine (}Qda‘cxl +axial flow)
In  gencvatl huddrOeleC'br?c: plants also different names gluen.
- Micro Hydraulic 'Powe\r plant <o MWAL
& Mint ideal power plant (o1t MW 4o 2 Mw)
3+ Low tideal power plant  (aMW t© |5 Mw)

Medium (deal potwer Plcm'i— (rsMw to (0o Mw)

5 Mega power plants  ( >1000 HW)



ONIT -3

TITMPULSE T URBINES
N i_,-v.;:
A woter 4urbine s sent to  be "mPulse- type: Tf the

-Fotlowmg Sathehied:
i« High head avattability | .
Q- Low d(;échmge Sufficient | ‘ .
3 Input @nergy ‘0 +he -turbine fs Fm‘ehj KE ("—’Y\V) )

ke The -turbine s o Wwork in epen atmosphere (N0 [pressure deB

5. Tt works on Mmpulse momentim principle ( Newtons  Second (am)‘

a. No drabt tube is T@_%u;red.

£ -
7. Turbkne s mounted obove +he it voce (Nevel be -<ubM

l.'
[

e ged N ol wader)

.
L

°.°

LOW) Q;Pecr{fc stoeed Vuﬂge

q- COSH'\? S PYOUided —for safety as uﬁ@_(( as - 1o Q\IQ(d g,;!cgshmg
of watey -

o There (s velochty drop acvoss -tuxbine -

e Mo overall effidenhcy: Not sutted ~for Pw’c load r&q,w‘vemerﬁﬁ
CKePlcm is best -for part load)

18- TMpulse “tuvbine - shaft mosty hovi zontal -

{

Exi- Petton wheel, Targo wheet
13- ImPuIse s -(:Oﬁgeﬂrﬁo.\ flow type-

TJet Ratio (m)i—
m= & 7 .
d <
For Pel—toﬂ wheel Range of Jet yato 10 < Mc 20

N

No: of buckets (2)t-

NO: of buckets  of Fel*.l'on wheel, z = I+

= s+

EIE

Speed  vah L
pe o(P) = NFe

Rahge:- 0°4< P < oS



Mooy
_____ ~t
et tead = g = -
7—"; o ;——ﬁ>: = = -
—he v =7 Tall vace
Tet = SyV29(CH-he)

\V -
theo = VSPouh*ha ':\IILQH

- The shaPe ot cach bucket cup s Hemi g‘oher(‘COJ'

Q- Two Hemispherical cups  connected by o SF[!“H’Q'Y‘-
3 The Jet woter <tobuches —the SP(\‘—_&@* ana divide into two stredn

ond deflected by an angle < 180" (1657~ 175°) . _
h. Bf deflecton anqle is 180" -then Outgoing et interfere 10

e

coming  bucket  makes  wheel Yetardaten. tence bucdkets never

e ~Flaot:
fLPe'_ton =  Ppetion
My
VL . | PS"’QH—

. overall Pe&'ﬁﬂ

= 005X 095 | 2X92(xY00

S = . 3
b2 Sec

— 3 . )
Q=1 Mfsec H=30oMm 1 =08 P =7

n = Pshati
Pw&fev
085 = Fshapt (watts)

OO0 XY+81X 1t X 360

@hqﬂ— = &‘S‘xtoe v odts =) &5 MW



P&, fL = PShO:F{-
PIQH
. 6
O3y = 6K 16

1000 X581 X A X &0

Q. = 3k ma/se_c

1q-
28 YO a _-:_’52—“““
ﬂ,e = Hydraulic ' ﬂm@:hcm'icn[
= Pq"l‘ ) 7’l’rﬂezch

= (35)- (o)
= 81/

\/elod’rhj dt‘cxcarc\ms L

Tn ovder o desigh any  —turbo machine

necessomj —’co -fix  -the —h,\*rbt‘!\e blade o.ngles ~for
N terms  of Mmaximum  poweY anad  Moximum ef-ﬁ‘de_nct“

Vet = 120 M/sec
3
A = &*as M/sec
No: of nozz2le Jjets =~ 9

d=1 =o0-tasm
g ,

Q“l:r\~cr(l:re+sx'
° . CLSIAQQLQ:&T

’ 2.
RS = Npozale Xli_(‘owﬁ‘) X020

Npooale = 2 :

N = 324 = Pshast

o -
e Prcad

= Gal o

:&l-/, :

velocity trlangies
maximum  benefit -




Arca ot the ueﬁ ocmj dtc«grdm vepresent the @50@33
of e —fluid converted  iInto use»ﬁu Qork O -the -tuvbine yunsne Y-
,uélod«hj ctiagram —fov petfen  coheel: -

PeHon wbeel is a tangential How (x=0") VvV and U ar
N same line-

Vg, =0 and 6=0", x=0

Vi=Vw, , Up, =V —U

Inlet diagram of- petton  wheel s

Straight  tine-

= m AV
= Yo/l Au)w

o=

f::s"oy}: = m' ( Vu.s|+ Vus}_)

Ppel—ton =m' (Vuul +Vw, ) 0

ﬂ'petlon = ln'(\/wﬁuwﬁ_)u
u__;: my,>
condtion —fpr  Moaximum power d&u&fopedr .
U= V«/D_- ;

Let H= head on -the Peﬁon wheel : *
V, = absolute ue_lod-hd of water Jet = ¢,J2qu

L, = Turbine Yunner 't_ancjen—b‘oj UGJDCH'LJ ot inlet =D, Nip
- =

(N
Vg = vyelative : .
=, N e UelocHty  of wader ot m(g’ ;
Ve — N . ¢
t, = Yadial ~flow vel ot inl radial /verticle COMPO“G- -
( Ocrty et ( / Vo)

Vi, = whvil cor) guonrl (oY) vortex UGJOcrhj of wader ot (nlet
(+angential velocdy  component).
Note: -

The beoring veactions . developed due o Flow velocity
componerﬁx of waoter: Useful oy —fore of jet c:ompment (s
Whirl comPOﬂeﬂi‘~ Whiv) componefw intine  with tangertiat ueioc“}}

The vesuttant of vV and U & calted | Uy (Relative velocity)
Resultant VUV and  ye 'S Caued VUw



Efforks are made o [Norease the power  developed

b‘d modwfﬁg vunney  blade cmc\j(es and Size of the wheel-

{5

Tonge.n—h‘q! —force  devefoped by Jet onh peton woheel =

Fd = ma = m' (DY), : ' r
‘' = nozzle angle ot inlet (angle made by Vv with oF

€

eference —to - U,)
B° = inlet blade (or) bucket (os) vone af\gle-
imt ' O ' . ‘ables’ &
SIN\HC\T'%' Uy 3 Uys e, UwL ;B ﬁo are »re,srechu e .Uo\wqb esi—"
at- exit of 4he -turbine Yunner: ';

power developed by the petton whee! :m'(vw'-kumz)d }

77
H

Th oOvder -t moximise -the power developed by petton .

wheel  veplace -the velocities interms  of auvaitoble vaviables

ke v, , U and ¢@&°

N .
Poetton = ' (Vs Y, U . ..
congS” 2D OatVuw, K = bucket Gichion factor
Van = 0 D |

2 —

1

O+ ij_
K Vs,
cos@ = U+ Vw,
K (V- V)

K(v, -V) cosQS = U+U“~‘9.

N Uw:, = k(v,-U)cos®p - U : ~

Poton = M' (Vo T K(U-V)cosg ~ 0 )U

= m' (v, TK(V, -V) Cosg = V)V

1

m' ( VL) 1+ KeosP) U -

Poerton = M (1+ kcosh) (vu-vr]

™ maximize power d ( Peerton)  _ 4
d(v)
B = M (I1-KcosB) (v, xi — 2.0)
V22U =0

U= Yo

ES



Y

mCVm'“i"VwLDU @

,Lpet-ton =
L mu
2
= 2 ( VLU, + ij_) 0
Vi
= 2 (V4 Kcos@B (W -V)=-0L)U
v
= Q(VW—-U)(1+K®sP) L
V,L
V=V
2
n — — v—'\ i V,—
petion = 2 (v, \31:'—) ( ' tcosp) T o SO
M aX lN V’L—.\/\
U‘L il
YLpeHLon = i+ Kcosg l

max
>

petton wheel: -

A+ A pehon wheel s +p operaxte uwunder HOOM head wH

the —-Fo-llowinca S pecification -
. h =20
I+ Heod loss in penstock (&), Length = em
and diameter (g 1o be dekermine -
a. coetficient of Ueiodt-:, of +the neorzle 1€ ©-98
Diameter of -the peHon wheel is limited o o-sm and clectia

wtth  friction —factor =0

<3(€>J\(=3\v“cﬂt5wr Scj’nchomnous specd Is 3680 Tpm-
b The Jet rotio is Imited o 15
5. the bucket friction  coefficient is ¢ and Jet deflected ongl
is 1es°
6. The mechancal losses  limited o 2/ of the pcelon wheel
power developed:
Ex:-Determine  the -—{bliom‘ma -
- velocity of Tet
Q. Diameter of the nozzle jeot
3 piamcter of Hthe penstock P?ngme,
b power d&UQfeP&d by he petton wheel -



5. Shoft Fower
a. Dverall &Gﬁ‘ci‘emcy of the PeHon wheel:

A) Given

f

i

b

H=yoom 6 hg =20Mm c,=0<98 O=SM
N = 360 vpm , m= s, K = 0-92 Jet deflected = I6S

Bucket Outlet angle @° = 180"~ l65°

= 1s°

c, V29 (H-h)

0984 2Xa-81 X (400 -20)

3+ Diameter of +he pehstock (Dp) ¢

NP

peHo N

V)
~

- ' 3 .
R —'3:‘ (’S— Dje-f-) 2 UP - ..TL D, - (8“'*62-) DJQ+
q
UP Q;LS’d‘e(__ = RY4Y-62X ot
- BY'6Z _
Yo 638 M/epc
2028
2 A
h‘F‘ = ‘PLVP Y "Fvl Q
23Jdlp tas1 g5
¥
Q0 = bH-02XE000 K038
QLY 31 % dP
- ] N
= mM (vwl“}-uwl).u
= VPR (Vjegt V) L
2VQ (Ve V) (ttkcoseg ) U
1 ‘- ‘ d
Q = Aret " Vret & .. om= L
et
= U 2
-Q-Cd.;e:t) * Vet . ls = 0-04
de!{—

= 3_\5‘ (0-003)" (8y.62)

QA = gxic™ % /sec

[EREIA N



5 k.

G-

U= TDN &
T 60
- TXEX 360

€0

= Y11 m/sec
‘O s limited o Vet
2.

=  QYyrg2x
? 2
= qa-31m

- Hence dia of wheel should pe redluced

U= TDN
Go
\

6o
D=2Q2-2as m
Fheron = T & (vir v) ('+Kkecosp)-U
. = looe x axip—H (8'4*6&— Y2-31) ( ) 092X Cos |§°). 42 -3

= axio® watt

P =
peton~ L KW
Mechanical® loss = 3'-/; of  pcHon wheel power
= 003 %2
= 006 kial
Psha-H— = & -0 0
= 194 K
| N R N
Ouvevatl e%ﬁ‘cienc% (n,) = Pehatst
pwottev

BE~F =  1-9ux 103 Wwatt

T3 Q (H-hy)

lay x to3
IC00 X -8ty gy~

(qoo~20)
-~ 88-7-.

[IREITN



- (OIN r NS

s T

REACTION TU;E@JBE/

Reacton  wocter turbines  basically medium  head fo -

‘the cxtend of oM ( h < 300M)- The ;nFU;(— @pergy mosty =
oNlYy (mgh): These “turbines Needs  draft tube to convert
outtet .K*E of water  into  Ussful  potential head - Tthese
—turbines  works Under pressuve  dvop. Guide vanes conbrol hel
werfer  dlischarge  -through qoverning mechantsm - The Yotoﬁnq
clement called  Francs -turbine ond  votor (-fov keplan and

propeliar —turbines) mounted ©n dwbine shaft which is acacu‘n

Coupled —to clectrical unit-
NOrkémB pﬁmcFPle of yeachon -turbine: -

Tt worke on Newton “thitd low of maoction ey
yeaction Pv‘mc?Ple- WwWhen hicah P-ressume wcder passes 'fhvou%h
vanes of -the runner +he PE converted iNfo KE- During
this change @ veactve -force  developed on the vunher: By |

Mo mentum Pvfnc{Ple “+he -torc?/u@, = develoFed on “the <Shoft
A)

&l - "I\D’ Aol Tp | B0 : )
= i 2
Tr D‘6~ U_(_ R e
¢ f ) -
I+ Flow vatio (W) = _Ho 4 8, | -
Runney
294
. : - 0,
R Speed yvato (@) =
\J-l‘JH
X _ , N N
=M (VU Tt Y, O, )
A Crancls = m' ( Vs, Y, +D) K Vi, =0 duc 4o wader leaves V
- (Uw, 0, ) yadially fom  yunner
S b = M Va,* U,
Froncig _
mgH
f\/ st Vw,U|
Francils

94



k } Svancis —arbine L~ .@
Veloctty -triangle Oi——f v, —

\\} ¢

< UZ: V,(_L

N
\13‘\,, N

Standord Spectficatons —for  Francis  ~turbine:~

- H = 30- 300Mm

& - Spedﬁ‘c Speed = 66- 300
3 Flow vyatho e 0.5
4 speed vatbio = 0-6 - 09 ' .

5. Wertey h‘um? the —turbine mdiqugj —for which Vw, =0

6. D, = D |

2 v

7o Width | B8 = 10 4o Yoy of he diamcter of wheel -

& No of ucmes = A 1o 30 ‘ |

Q- Overall efficdency (less than petion  wheet) ls Obout 8O
“to &s./. .

o - :i:nput— Pouoe: = M gH | -

i Oucl”Pu*l— power = m' Va, v,

Kapion “‘urbine: ~
Tt s low head urbine (below 3om) and  high
high discharge  —urbine. Tt consies ik o 8 No.

SPec‘rﬁ‘c s,oeed,
kaf)(cm tarbine, Q = A, - Yg

of vyvotore - The dc‘sc:homge ‘—H‘wou%h

> =
::LI(DO—D:*)V,@‘, where Dy = 4 p,




Note - | "
to Ue)od-bd tr:‘ancales <ame Ntke Francis —turbine -

Spec‘rﬁ‘ccxﬁon of Kaplan “turbine: -

*

) H = < 30 M

Q- Flow vatio (YY) = ©-7 .

2 Specd o = Qbove &
P9 NoL- 18
7. % - &TnD
&0
Qasis = QXX Aa4Yo XD
&o
D = 100 KN ~-mM
Q- N, by ou&-Eu+
Reachon -turbine l‘npui‘
= Pshoft
P
mﬂ-e_r
o8 = Pshadt | HP =0-736 KW

000X 981X SORTS
._an_L_(_é_ =5 4000

Pehatt = UOOD HP O -736
'3 ” : 3 . = P
ﬂ’reo,chon —“+urbine __shatt
P
N wader N
085 = _Fohapt
1000XA:&1 X X250
= 2
Pshaft 084e kW
= KROB U6
O -136
Pohage = 2832 HP

e N = N Je o
a S/

= 180 x J.'lOiqoxo-vgg KW

.l (-7

3]

2982

(R



S+ Given H=uyom, Q=34 mB/SGC

{\'Tmbc‘ne = _P.S"q'ﬂ”. _

N = iso 'er @

chd-er =Y9QH

}oo / = PShccH—

00O Xq 81 x 34X YO0 :

Psha% = 13342 kw

= t3 -3y Mg

Ng = NJp
o S/
= IS0V 13342 kw
(4o) 4

. Frands —Hurbine .

—

Obtained ffom o counter shaft where 3 wheds mounted

=172 (6o < ng < 300)

H

=EXi— A pPeton  wheel consick ©fF 4 nozzles - The -total power

The powey iS €60 MwW: The auallable heod is d20m Qndslm

s |80 YPM . Determine  Spectfic V‘SPQ@‘d (Ns) 2-

A’t P! | - 60 MW
= 80,000 kW
POLDQY - 60!000 - )-0,000 PN
YunnNer 3
- 20,000
Power - __q_oo_ = S000 KW
Nozzle
~N
- N\JP
Ns
Hg/q

= 180 5000 kW

= 6&6-6

¢
Mse(w\___

peton N0 of nozole ey

wheel

A



pPa NOL— {7

g - Gived H= ico M, LP:: oL v =

N\

WY = e, «
¢
VogH
O-2 = V.‘:‘ | { . i
fax a+21% 160 G
o
V‘F‘( = 8 'q m/s Lo

EXi- A ancis tuvbine overall effceny 1€ 7T producing 1SOkw(
at output shaft: Available head 75M speed  vatio O df\dﬂ
flow Yo ©-3- SFeed ot the yunner Iso pM: Water
discharge o ocutlet radially- H‘ddrouh‘»c josses acvoss he

rupher wheel 2o+ of the auaillable heod: Determine the
| —fottowing ‘ N

(- uolume ~flow vate of wdader

Q- RubhHhHer Ph@ri Phevcll U@IOCH’H ot  (nlet

3. Flow VejocH-\j ot iblet

Q- H'ﬂdm-u‘i‘c fficiency , o
s. Whirl velocrty  of water ot inlet _
6: Gude blade angle -
7- Rupner yane angle ot intet
&. Diamcter of +he YuAney o |nlet ”
A- Gived  n_ =018 Popaet = SO KW, Pp=0-3, P=0-7, M:'i?oﬂ)
tydraulic loss = ao. of avarlable head
T. q’ = fehoktt - h
° Y3aH
.15 = 150000

JOOOXQRIXQNX TS

02720 mg/,sec

Q- = Y
b Vagw

01 — Uy

o
"

Joxq.aix 15

Ui 268 M/S



\lzxq BIXTS

Vg, = ts M [sec

Ul = WD N
6o
Q6.8 = TX DXISO
60

D = 34w

= I— 02 = 0.8 = &0/,
hydraulic

t

= m Vu.a,UI
"Lth (

m's iy
0‘8 = Uu,'XD-6~8
981X 15

tan «° = Vg,
Vu..),
tan «° = _H-st
22

- = 27-59°

tane = Ve,

Vs, ~ 9,

s

]

A -~26:3

6 =-613° (Tnlet Velocity riangle

B« Widhh ot -+he ruwmer ot nlet

Q =
Q =

A’F"U‘-F'
T|—D‘ 6‘ \/4'
OR72 = T X 3y2 X 8, % IS/

8 =

RO

modfied)

; -
/\'\\\
\ ! '~ N
(‘U \\3('
g0
o ° . 6" Py

>




Exi- A kapian ‘turbine dev&iopma g9-i MW , avallable bhead ig
5.6 m sSpeed vadio —pea*,w‘lfcw yadio s 0-6, Overal e*Fﬁ'g:}e;—,ch;',
s a6., tub diameter s - of oufer cla of yuener: "
i« Outer dio. of vudner
Dischage  pass thvough runney
3. Speed of the yvuhher

v Spr SPeed ot the -turbine.

© AN e . - S‘ m :2_\0 tp :O~6."7,‘-
A-  Giuen %mﬁow% Qi MW, H 6 @ _
DH - ~§‘— Ds
q) = u‘F|
JagH
O-6 = Vg
Joxaearxs-¢
V_F‘ = & & M/s
¢ = Xt U'
0 = Oy
Jo2xa-arxse
v, = 4 Mg
n = Pshaet
(o)
2 9aH
. - 9 xef
086 = { o

~
I0cOX9 - &IX Q XS$-6

& = @_-lqg‘éms/sec
= I (pi-Dp ) Ve,
L'
2
Q-6 = _IC [ Oy — 2o ](e-m)
. ] 9

D = .63 M



3@ U' - T_‘—DO

60

b = T xes3xXN
60

N = 60 Ypm

e  Ng = NJP
H /Y

= 60V9-81 X1000 fw

(S—.G)g/q
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GIOVERNING OF TORBINES

P, e

Gouerning  means maintain  the or keepc‘mj the <cons }

+taont sPeed of watey turbine ~for variaton of load on the -
buring gouveming the -flow vade (discharge) IS oon*roued -

caer\e.ra:toh
thvouqh h\ﬂdm’fc mechanism -
Genevally  Sewo mechanism (Hgdrqutn‘c_' oll system is uSGd)f
P= Y3aud
Viet = Jagn

Gwouem}ng ot perton/ wheel s -
- The water quantity supplied  Hwough nozzle is he POMP
of controlling diecharge- ‘
Q= AV
V= Jogn which is constant ot given instant -
Hence -to control discharge area of the "Nozzle is 4o be
Manupulated -
2 Alonqg the oxis of +the nozzle a metal vod (Sphere)
i used —t©O aHer -the ~flow avea:
3 To avold waley hammer sphere a —{:Q_plpay‘ed shape Makes
gradual cloger: :

NoY

k- When Lécon‘trou’t“ng —force  is centﬁ—&haal Porae of the qpuer

CPQndqum caouerno‘r)
5. RuD away speed  Of the gouemnor.
' N

Run cway speed  of the gouernor: -

Tt i€ the speed of the wader turbine Latthoud toad

(dtScouPled oM genefodor and also caouemmg Mmechanism part

connected) - Hence Run oway speed IS highest spead of wedey

turbine  possible when nNo 10ad  governor not  workiag-
Generatly  petfon  wheet desighed ~for  run auway

S’D&ed of 18sy. of malh speed [Ny = - 85 N)



te G)O\Jemu‘ncj Means constant SP@_Qd MaUNTtain -

Q
3
4.
S
e

Discharge conto|

Mechanism s called Sevvo Mechanicm (¢ Hydraulie oit)
Diacharge coftelled by spearin the nozzle-

Lun away gpeed = t+8< N

CONnstaNt Speed = generator speed = 120+ = Gof
o - . . P P! _
= No. of PO'GS) p' = No: of pairs of poles




' ONIT-6 (M)
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P

SPECIFIC SPEED ANDS PEREORMANCE OCF WATER TURBINES
AN T e T T ’ ’ i

Refore Mmoanufacture, cyecton and installation ot veal

“turbine, ts  Model 4uvrbine - with cevtadn scale develop anrd  ~
model  turbine tested  dnder "o Hfevent ugomifng conAttions " c
| The working conditions colled  Duty varntables - ke
heod variable (H), discharge or power and s poed - The scale o

\ ;. ; yocio oy .
of -the model qurbine is called <sale vodio or Mmodel o

diameteal  vatio -
- 10, ' :20 cle. ,

Exi— Fit, b2 s
_Eﬂ. = 1 :5 {
Pp ‘ . .

Dia. Of mMOdel -turbine
Dia. of proto type. ~tarbine

There are —fowr coeffidentt  equal ~for mode! ard gy
—+turbines - | .
I Head coefficient ,
. Discharge coeficient
- power coefficient

c L

' sPec‘rﬁ‘c sPeed

Head cocffaent -

U VJ_e{,
~ | ) : ~N
DN Yy
&0
DN < Vg
R = Heaod coefficten
DN

e U:._\i_ “for Max power and eflaiency

O = TP N/so

Specd vaho (B) =
f # \JAQH \fm



D‘ifschoxgg coefhcient L —

R = AV
Q= TFTd". V (or) TD8- Jigx (ov)%'lCD:“D;)fz: :
Q x p*g :
fi = Discharge coefficien
DVe
Qm - S
Dalim  PEVH
Power cocfficent ;-
P=vYgat
P o< QH+

Po DA - H

P p* H¥~

P

T

= POowey coefhcient

P9 NOL~ 26

6‘

13

i

N
S peHon whee)

peHon

N\/ P
NoO: of pozzle Jeix

o<

HS/'-I

JNo o sats




it -

Exi- A loge +urbine & 1o genevccke

800 to
N = 800
m
Jie
N, = 853 ¥pm
N ,
& o DJH P o b H3~
QA = o™ - N:D : JH = ND
& < N O3 H = NEDT
2
poc o (nrOD
3
Poc DN P
poc DS N
Pm = Pe
Ny Om N D,
pP= YIAH
P o QUH
p ¢ D Jw- +
p o 0 W
£ = (_D_'_>°“ (i)s/*
Ps P> o
1000 = gg_@)"‘/’—
P, 20 N - N
2
= (Q) />
. -~ 3C3 KW
P = 383

o MW Pouaevu A |38 Moded

“turbine  is qenemcted 4o test the —urbine under Similar condi~
Delkemine  +he.

~hons- speed of -the both tarbine. ar cequal:

'ﬁ)n-cm'ing-
(. Head vacho (HP/um) ™

A power %enevﬁj‘@_d b\jy' +Hhe Mocdlel “turotne IN watkt



3- D%schm*ge vaHo (@‘P/@m)
He Mass ~flow yode vabio (’“’i"yﬂvm)

A Giuen Pp = 10 MW = 10 %108 Wkt
Np = Ny,
Dm - 1
Dp a8
b Heoad coctficient
ND « JH
Np' Dp = [ Hp
N Bm Hyy,
& = / Hp
i Hm
HE - 8y
Hm |

R power coefficient

Pz v9Q «
P < & H
P o D JT H

PD(D-LH3/L
= (3 (*

N
Pm = 2085 watt

nuo"

3. Dfscharge cocthicient
& = AV
A x DT

= <p_:>_) ﬁ
(.
(&)*

YN

|1

]

™ v G,
1N 1
mp = 512
m'm
~N




Unit Quontities: ~ v P
Tn Ovdevr —to Predcct— —the workma o quhculqr -furbm&

Uhdef different  yariablies ke bead, -Speed Ouﬂ?uf- power can ~

be crpressed in —eyms of unit quantties  applicable to QN heqd

untt d\‘schcmae and AN poweY .

U ¢ Ve
DN & Jg -
For s=ame turbine D = constant
N = J#
Dnit specd, Ny = <N
. Ja
_N‘_’._ Sy _Ni
Ja, VH,
Oott dTSCho&ae (@U)‘_
Q = AV
= Id : m= B_
y L)
N ¢ D *\(H‘* A< D

For same —turbine, p = constant :
Qia A ' B

QN .

AN
UNt powertR,) < -

P=vyAaH

P QH

P o VEH

P o >

31.
Sh

=R
- P P
3}3—- H '3/1‘ HLR/L




e

Ean
- 1
i

)

Ex9FIind  relaton betieen

specd (Ny) aond  wnit power (F,) -

A- N = NVP = NV = N _ ./ p
HS/L H/'L H‘?’/‘{ (VIR T-'?/L
N, = N
VH ( Ng = '\’uﬁ]
P = P
)
. H3A_

Exi- Devive specific Speed
P = YR H
P x QtH
X @ = AV
Q x p™ J{
37 U v,
DN o< VH

of A water %mrbine.
P % i&'ﬁ
PoD Vg - o

P A pxnY/-
P x (gm)", />
N

p o HI>
N

By definction of Spectfic  speed

P=1Kn H=1m N=nNg

3
P = k'H [ - @
Nl
I = K (n)g/L
N
_ 2
sub @ O O
: s
p= Ng . H A
NL
NéL:_ N p
H S/
Ng = NP
HY/“f

Spec;{'-ﬁ‘c speed (Ng) ivteerms of Unif@

> NI

IR



e

g

P9 NOL-2T

6
- = X wats . !
K P=1t Mw = N, < e )

N =350 'Y‘Pm P B. S
H = &m d N
7 m e D -
Ns = _'f})_?‘/; TN = -
HM < o J o
= 3BSO \Jiopo KW spedﬁc sFe&ﬂ INCreases, \
Cg)s/q Size of +the yunner d@d@‘sé?

Ne = B0 &t

BRa P‘ro Fejlq‘r

P-q9 Noi- 93

| - Hm=2m
9. Given SM = Pg = 3 ki, Np = 360 rpm, _
o s
e, =9
>Dem P g
HP ¥
P = Y@ H
P ¢ A
P o DWVH"H
p o DRz
3/,‘
fre . /Gl "‘(Hf
—(Dm) Hm
Pm
3
S & /ﬁ.
...__3;_Pf = (T-) (T) A
3
PP = 390 kW
N | “
A0 Given p = SO KW
V= Yo M/s okt = MM
. e
P FExv
Soo00a = F X Yoo

F = (128 N

RN



“Tcp view OFf a bucket oL the

sox ¥
Roadiat lenca-fh Z Ad 4 =2d
Axial  width 8 = - ,
’ 3d to sd Rad fal
lenafh
. =34 4o
Sd -

De]’fh(w—“—0~8d '{'0 "Zd

DGFH\CT) =0:8d 1t .54

Differcnce  between :‘mPuLSc; turbine oand veacton —turbhe -

IR0

rm PL\!SQ “‘urbine Reachon —turbine
- All the available potential 1+ The available energy = part
ehergy of wader is converted converted  into ke ond most
Mo ke by a nNozzle. (oo} ke) P-E Of water before runney -
| (0. PE + 10Y. KE) g
- = M'(Vw,"‘vw,_)() v
peHon : : QN = M Vy vy
2 e Yeaction —_—
= m v, ‘ mcaﬂ

3+ The turbine is installed above 3. The ~twbine submerged with
the 4+l voce watey and connected o o
draft- tube otherwice —urbine -
under Hhe tail voce .
- Works ON Newtons second h- Works onh Newtons third lauww
N lew of moton. N of  motion:
S+ Works in open  odm OSPh@“? S- Works  under pressure

6- NO Pfesswe dTOP ALCYOSS o A- PTQSSUJ‘@_ dy"OP acvross —the

imPulse turbine and  only “4urbine there by exit ahsotute

absolute  vElocHy dvops (U,~Y) velocity VU, mMore -than inet v,
T7- No draft- tube s uscd 7- Draft tube & necessary |

Ex.- petton whest,  Givad -turbine, Exi~ kaplap, propettay and

Turgo turbine; papki -turbine, Fancls “4urbine , Thomson

Jonwal ‘turbine ”ﬁl"b;l\e)-(‘-ourneljmn —turbi ne



=
13

&- working blaodes are cdlled g- WOT‘KIOCJ blodes are cailied,

buckets- voanes - |
Q- Waoder mMay be allowed PcuHH 9. wader May be ~fulty dllowek
on other side - | c

I0- CO&‘”S has no  hydradlic -funchen 1o- casing has hydrawdic ~Fun@<“"

~—for SO:Feﬁ'\d ad avor _sFtosMng Hoen anal sP.rcu shape an-

Of —function- verts P irto KE
e Impulse turbines are high head 11: Reaction turbines Qe mediung ¢

—turbines- | 4o low -
R Low drgchwae Q- Medium and mgh dwsd\cmae

3. LOWw SPGC"HC SP@@d -tL,LY(O;nES I3 Medium —to l—hgh gPchﬁc
' Speed  turbines

'S GvOuem}ng IS Flow -r@_gmq.ﬁon - GOU@TﬂzﬂS g always oM
wrthout  losses - . panied loss.

15 The ‘Fe(cth\{@. V&lod-l—\J sh‘?hﬁﬂ I5- Due to pressuve dch N
veduces due o -frickon yunoer yvelathve uefocéhj incre~
(Vr, = Kk-Uy,) K= bucket (ov) OSES Vi, =V

blade friction coefficdent =09

6. Flow 1S ~tangential mosty 16 Flow is vodial, axil, mxa

P93 NG~ A3

Qi Given P = 2k Mw, | genevector
N N
20 MW

V\,eiecm‘c Generxtor ﬁ:@%‘,> C
' Pshct(-"i' qeneradod “eloctric Pc,w&r‘ :

Fohadt

Pohaft = 2 MW

= nn Shactt = 2. ¢3) = 1S MW
Each yvunher pPower 2_(’)



A5. Gvwuen H= aocom Q= 75 ma/m."n C, =697 , d=ou m@
® = NO' of jek x 9
. m -
lras m® = No:of Jefs X -(o) X 091 Jaxq aix200
Sec
No: of jets = a6 =~ 3
P9 NO1-Q98
XS LP (flow vraho) = Me o 0\0"'"05‘:‘;
' EQT 10 | Mo
: e g P»\z:r@ﬁy ’?\e"
_ ’l’g\?\,@"—“ ot ﬁ;;‘k\;co
03 = Nt oo gﬁ*\w’g\,ﬁ \C.)X}dqdq\/«/z
&o0 Oﬂ?‘;{ 25, P\_«oxd;”oo/
€0 ° A\ﬁo\oﬂe’.'
\Y4 —_
= 3 my
2 @l N o
Gviven Psh f- = 6as KW r)fmr&ch = 90 +/.
P h P’“”b"e PS"OCFF
Lpecn = Lo N,
o -9 = Eas
Eturbine
Eturbt‘ne = 694 Kkw
HMe chanical 1oss = 6AY —Ggas
= 69 kw
& 70 kw
30 — -
Pehatt = HYokw, H=yom, Nnech = 6 -9 Hoycofy = HOM
- N
Yl,o ~ /LH * \yLm
= 36 ) xo.
uo 1
= 0Or&al
= 8l
Bl 710 = PSI’\O:F(-
Y3 Q- H
o8 = Y9 OX 1odo ’
(000X -8/ % B X Yo
R = 83 M g,

[RETH



e - T
33, @iven @ = t7s mi/sec, H =18m, N= 25 X680 P

n =082, N,z Ue&o

[a)
= P
’/LD ShOf‘t‘ Fouj@f ) o
Ve QH -
O- 82 = Pshecft o
TurbIn@ i

J1OOOXARIXITISX 1R

PShO:F—E— = aAs:3 MW

”_\ TdrbmeL .

N, = NP
H STy
Yo = '50\‘ P
( 18)> |
P = 18927 KW P = power ofF each ~turbir
= 2.9 Mw
< - Q§‘3
NO: of -turbincs v{‘eq/k_\lv‘ed = —l-;_.
= 196
= Q.0
35 Head COGFRC?Q”E O oV, Dm =_". » Hm = &M
DP tO

DN & \JH

Dele - ) L Hp = 00 m
Dm Nm Hm [\)

10X Np _JHEE

1 X 460 V 8

N - N
NP = LY YP
P o< DVH- H
P o DJ‘H‘?’/J-
GO NCle
Pm Dm Hm

'

= ()7

= H400

Y
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o

37-

Degree of reaction

\J:{)H
X D, X &060
éo

\ 2xq-21X300

D|: l.0-7m

a Pﬂllme_v

b

Apgu?de whee|

{1

stt‘c:ﬂ
D‘ O R x . -
PeHon whee|

D-0'R- g
Francig ‘ iO s
D-0R. ~
Kaplan N G-38
= asm p= 1 MW N= 1S5S0
r = P
0 ——
H Y
= 1000 Kw
3
(asy¥/>
P, = & K

= | <+ Kcosgé

2

= 1+ 1%XcoS (180 ~120)

2.
= tto§
N
=015

:"IS‘V,

(R~ P)_)+(Pz—

Apfuhnar

{1

ZEero

iRl



P-q . NGI- 107

Y. Given B= e m V= 2 M /een H=02m n, =07 H,=25M
~r»P9®.~H, -
O+*7 = Shott ‘
1000Xq 8t @ X 6~25 ~
Shaft = /- o KN
Q = AV
=(BH) V

:(1»67(0\)_)'3(2.
= O+6Y mB/Se-C
P-9 NOl-i108%
‘&-‘ GUEN D=0'sS™M B=0-1SM Ve =156 M/sac
A= T DBV
= T XO'SXOISX 156 x(eo ﬁ\_3_>

min
= 22 ms/ MmN

]
s - _ .
JNo~ oF i_)\QOaIes

Ng = Bl 5 g = vB Ny (specific speed of o wheel = Vo ot sek [
= 23 Q?ﬂgl& Je't-)
Note! -
~ N
! T w ——
N_
S Jet oo (m) s dJ

N, = Jn ‘hmes  ofF Sr-spead of o -sma(c Jet
ﬂJC’)‘ of Letx
Let ‘n’. be -the no of Jek H amuxd the peHOﬂ. whee(
dhen  sp-speed is  proportionat 4o VA

Ng o< I

N, = NJP = Nm = Jne ot Jek X CNS)g‘ng(e Sek

T Jet

RS/ T

AN _ Ly
SPeF!‘DI\ whee| with ‘n’ Jetx — Jn ¥ <N$)S?f\gle Jet

R
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Chavocteristics  of water —turbine: -
Performance charocteristics of Woter —twbine 1~

At  design Stage of Water —turbines performance curue
are used —to compare the required  parameter chanqe with
Cspect o auailable parameter —to oPh‘mise turbine Use Ederrt‘rﬁj
the peak point ot which —turbine produce best power with minim
d?SchOnae, and at  lowest+ Possible auallable head-

For —turbines ~the ~Fo(|0m.‘n<3 variables are considered H,Q
P, N and he - Moff\hd three duh:, variables head CH), Dischaxge (&
ond N

Main characteristic  curve: -
Keeping head (H) constant, cuwve dcow  interms  of
Untt quantities -

_100Y. Gate open
1 A> St N, =N
= r
, aS(- Gate open
F
>
NO
peton  whee| Xao\oeﬁ‘
GO

Francis Kaptan

Opevcm‘no“ chavacteristic  curve  (of) constant speed -

These curuves are plotted keei:»fng the gouverner mMmechanism
iIn acon and speed  of dhe —turbkine kept constant by changing th
discharge & and powier efficdfency of differsrt [cod can be plotted

P
P n

I



COPstant e%ﬁ‘c“encﬂ CUYUR L~
These curves are Plo+¥ed watth  yeference
eHiciency and sPep_d d\sd\onae —for different qoe opemng the

e—f-ﬁ“C\e_nc:j of curues oS -Fot(ousmg

T 1. 0S5 ot

“+o  Specd

o

i
v,
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CENTRIFUGAL PUOMPS

Pump s a -fluid machine ( Hydraulic machine or prime
movey  or -turbo machine): Tt Necds mechctn?mf_ energy As inPu
ond it delicvers ~fluid power ( vieina the pressure of the ~Fluid
tees, FEhq  -the —Fluid) -

pumP prime  clement i called Impeuer CYotcch‘ng elems -

The pumps  used impeller or  votor called cerrtféﬁlaq! pUmp @

Axial pump -

Reapromimg PUMp  does not  consiets roteding e'ef”‘@" !

NSt 'reccibvoco:hhg Part called Piston or Plunger .

EXt— Rect pmaahncj pump -

There  are gpedcﬂ pumps ( Miscetlancous PUmPS)> asee
wor a particular Qpplication

EXi- TJet puYmMp, DQQP wetl pYmp Submergibte pump -

) Recip vocc:h‘nca pumps
QA Ce;ﬂh"«-ﬁuaal pumps.
3 Miscetiancous pumps

Cen{v‘rﬁ.qcﬂ pumps : -

I—t S a voto dcjnqmac Hturbo  machine Which conuert

Mechanical ghoft powey (Nto —Huld Pom@r It c:onStglg a

YOib:thj clement called Impeltar conStsh‘nca bend backuaxavd
Yodial vanes ~

Delicvery pipe
<«— Ontol yalue

riming ~funnet <
P g3 couP"‘”‘J

=

¢
Suction pipe —

Sup—



= suchon pipe = 66 kpa

Pe =
Py = 14O Kipa
H= fa _ F
¥ad »g
= ruonio® ( —60X t6>)
1000 X IO 1600 10
= "Ll—¢~@)
= aom
Noke L -
" Cc"bm“ﬂd puamp  works  ©N the Pn‘ndp(e of Forced vortex -
in meeﬂera
develbps

Q- Due —n c&ntm?ﬁl?ql action -the Pv@_sswé head

2 cen’n“‘e—mcaa) pump ls vyevuerse of Frands —+ubine -e
opposite  —to inward yadial ~flow veacton turbine. tence
cemtrifuqal  puUmps outwoard  vadial Flow Yeachon
+arbo  machine:

B Woder enters obF small diametey
portion) and leoves ot ouwter periphery

c. The impeloy I8 votating PO&l— consists no? of backwayd

is an
ot +he I'MPQHOM (eye
of the Mpetar:

bend  cuvyved vanes -



6- The impellar s mounted on cleckical Motor Sh:tH—(z‘nF i
power device). "
T- Cosing is simiar o FPancis  urbine cosing which is
Aly Hight- ond it comnvers k'€ into pP.E by the shape
of three -types: | _
A voldte casing
b- vortex Qqsi‘03

C- Guide wheel Cas ima
Volute Cosf()a G-

R When area.  ncreases Ucloctty decreases and  corresponding
pressure  increases . _

Vo vrtex caging L-

- T & a circdlay  chamber  WHA central tmpeliay ~force
-to —fhrot%h the Wader -towards casing-

Guide wheel casing - :

I+ Dt consists o wheel wih quide  vanes which deficE "'

low  vadial hj delievers .

Terminolc)gxd -

I+ Sucton Head

pPUuMp  94p  -the sump flee woader  level.

Deh‘eue\rj tHead

Manometic Head : | N
© Statle  tHead

Manometric efficiency

- Mechanical efficiency

Ovevall @Fﬁ‘ciency

Suction head @ ~
o+ is the verficle distance  between Centte of the
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D&ifeuevy head 1 -
verticle distance between feec  woter  SW foce
the water +ank =o the cente line oF the pump:

s~

&

Statlc Head (H):- | O
Sum of suchon  heod and d@_r:@u@g head 'S

H = Hy +Hy ’ S

- Manometric head: - : " (’“‘:

VAR

Tt s the head aga.‘ng'f which Ceﬂ'br("ﬁ,uaoj pump has (-

—to work- Hy = mMmanometric head = the impeliar developed heqd{_
My = Py - _Fs
Y99 3 .

Fs = negqadive pYessure
Manometric efRoenay: ~ | |
L e the mﬁfo of manometic head developed by
—“the impetiay o -the head COPQC}H of “the runner.

N = mamy o _tHead féed
manometric . . ter
' Ve, Oa Head capacity of impe
b4
71 — Hm E
ManNo let Oy
9
= ' Vgt U
_ n’mechon‘lcal e “
N Fa hadt '
overall n‘mechqm‘ccd Jq‘n'\onomcfn‘c
" - m‘aH'
OUQTU.U
Pshaft

Spedﬁc- speed of a Centrifugal pump-

Tt 8 defined Qs -the sPe_ed of geomem‘ccﬂ,

| Ly t 3 (l \CL
Simitar gize and shope  pump uah_tch delleuers 1 m/sec llquc
aqot inet 1 M. heod -
e [ - NE .
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Impeller P
Q = Discharge ( m>/sec)
H = Head Hted (m)
proot .~ |
U XY,

TON EYY
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DN oc VT

A = Avu
Q x DH

@ (1)

Q< _H gy
N.L

Q « HY>
ND\

NL

By  dehnakion

Q=tmfec, w=im,
nNe= NYa
£ ( HY3 /1

Cfcxsgi’ﬁ‘coi{gn of C@n"lﬁ-Fucacﬂ PumP

N : _ N

N = Ng

pump o -

based  on speciic Spesiy
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Rodial cuthword Flowl

Ceﬂ“br‘rﬁl(acﬂ Pumps in Seties and chrcxite(:f
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EXL— H“ = fom ®| = 200 LFm
H, = 1sm Q}_: 250D LFm
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more  the delie er:’ QOPQCH‘j €or the

same heod -that s meant —for —flood dt‘sd\qrge purpose.
k’eef)ing head sSame.

P-gq NO- h2

" Given N = 20 = O: = 7
S pump Vo 8 N= 8corpm @=oroy My
H*kotzlt = 75m
Spum = L V&
H S/
\__
H3M
H = 1em
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N Seves \
S D Y N
Optons  theve e no = pumps, so we redud

0:-Qs6 m3/SQC

D, = 300 MM D
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Qb+ Giuen N= Iyty PM Q:
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( 16y
Ng = 89-4
Mixed -Flow
ow ﬁgf;@ (8-0_160)
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O oV,
DN vy~
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- :\FT'
D.lNi H‘k
300 (:eoo) 5 e
Dy (1800) s

By = 24ya mm

H=olem
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Q o< D -JH
ND < VH
20
AT
A (%) JH
@ % _H_.IF
N.’l_
QN « (43/L
NL
&I - ( H 3/—L= (NR‘)J“
®‘;L Ha Nl
>h
_ oy ,’-\
== ( H;) )
Ho¥ e CD_)%’s
2
H, _ § fjs -
H
HL - (&*l)L/S
H, :
= v A>3
= ('5?)
- V3
SN
. (C)-D_S")/‘g
z 2Jo02s
P9 nou-
2
8E NSA = _,\)_ﬁ_ S&_A Y (H&
sg
— iGo0 4% (')3/\;
soo \J 4
= 2%
2
= {
& Now (W
N pF o
P =< Q& H
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- .= O 8ve =
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H = Lom
X Giluen
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R ECiPROCATING POMP
WW.-.. R

Pos‘r'h‘ue dl‘SF((lCQFY\efﬂ” pump and

\

Red')rocc:h‘nca pump is
converts  mechanical  power into ~luid  power - Tt is choracferisal
by low discharge and Hfah head ( centrifugal puMp s ~for high c
discharge and oW head): xF works ON the Princfpte o{—mzdp-ro—ﬁ
cating  motlon of a piston. Tk maintaitence  cost s more compared-
0 centirfugal  pump- Tt cannot  handie di‘rﬂ urder due 4o valdved -
O'P(O_Y”aﬁons» Tt capnot handle -hfah viscous —ffutds © Only one O\ducsmvgg
high head without electkical  power  with human cflort we <on
ittt the watker:

conctructon of  Red onccrh‘nca pump &~

‘ Air vesset T
Iniet value N ion pi g
' 0 jié.——v-Sucﬁon pipe P'\Sf"oﬂ A <« QT

— KT

-~ -l -~ . o =
W% o 3 SINGLE ACTING sSuctioN PIPE

. N
0 -

DOUBLE ACTING <sucTioN PIPE

piston  speed ("M/min) = 2 = N ( ™ fin )

Discharge through pump, Qipes = A'U;is—%on
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j {1
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~ i
Bl
N
S

ALN m3 b
~ ( /sec) Foy Single ca\chm:}l

s & ALN 3
a v (M7sec)  For double acting

o Slip discharge ( =
P T‘3 s Q.slz'P - Q‘(‘beo'r - Qqcfuo.l

s = gsit - H
Slr’) = QSI«E —_ Q”"h&) = Qachunl
—_—
<O
S = r— rofua.[
Rtheoretin

Note ¢ -
Svl\ vV e N
ip gaﬂerqtttj Posthive . but epe case ke cieh‘euert!
Pipe is not Frov?ded or  very short length  when COMPOJEd to
suchon Pipe  then actual d?schqvge S more than heorshcaal

ible.

Inclicetor d:‘aﬂvam Gt Red‘orocqﬁng pump -

% 1
L ai—
Heod | ' A
ad )
) y ¢ 3 @D -G suchon
% ‘T“ ] A= ® work on-Aud
: 5> Haty,

A - Deh‘euewj

7

> L
Stk length

Area. of indicator cliagram Yepresents  workdone  during
+he one cychic Dlgero:h‘om MOve +the awa , more —he head develope



of air vessel i~

Eunchon
Air vessel & & closed chamber ftled with  pader
PQY‘H\:’ femq“ming space —ftted  worth ComPr@.ssed airs Alr vessel

‘connected  Suchon OGS welt as det?&U@vLJ P‘\Pe‘

1. Norkdone On -the pump saved -

3. Eneure confinuous  -fluid Supply ( untform o
5. TE veduces frictional  vesistonce 10 Suction and  delicvery pipe-
higher speeds Whhout How Separation

w vate)

Q. T Pevmf’cs +he cvwank
in Cﬂgh‘nder-

NOte L -

. wWork Saved (n Single achng  reciprocating  pump okout

8U- & /.

2. wWork saved n double cmcﬁ“ng "r@ciproca-h‘ng PumF aboud-

39 2°/s

P-9 Noi- &6

6w Given H=i1om Q=010 /sec he=5SM
Power (s'x) = LIQH
M o
power (Mkis) = Y&H
n
pump

- 1000%x ot X (16+5)

= 1S00 K9HH)~Mm
SeC
Peg No:- 671

7. P= v9QH

7.5 = looOX A8l X 605 X H

H= 15-32m
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Model testing and wnit quantities - -

e Head coeffoient > —

Vi « ND
ND = pead COcFRctent

vE
Nm O m = Ne De :

oL Dischcnrae cocflcient @ -

AV x

OVT = Q

DVH
Q

Df;\\ Jum
Q)

3 Power cocfficient ; -
P @t
P DT . H
O A
Dy R/

P

m

Exi—- A pump IS 4o

to be yaised

I&nae fumP IS
KA -
A- Model pump
Dm = 1
Dp h

fly
Dp Hp
e e

be
kom and -the
YPM. The mModel PumP deveioped  with
With Speed 720 Ypm.
00 litj)sec - The  model
Deteymine  +the  yvelauwant variables ~for

= D ischqrge_ COCHRcic vt

Dp Vi,
Rp

3/ z

Po . -

which the head <
mortor  Speag (146

designed  ~for
lcur(aer
sale vaila (: 4
The discharge exXpacted fom the
pump  pouwer {s O
both <the ~+uvbine
Large pumP

Hp= Wom

Qp = 01 Mse,

Np = HY0 ‘rl.:m

P, = )



Head cocfficient -

ND < JH
Ne Pp P

TOX Vo j Hm
[4yOXY ko

Hm = 0«63 M

DEschou*cae coctRcient & -
Q< DVH

QAm = (Dm>3‘ [ Bm
e i Hp
Omn - _L)L’ G- 63
01 ( " 4o
Qy = 0008 MYsec

= 8 IH/sec
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. 2. — = o b
NPsSH = fotm  _ He — Hy 'h4s — Vs e P {
Yaa 2.3 £ A
- B : , He [ Ve s

2

: — — — - — M | P —
EpsH —_ HCd:m I*S HU h{_s lSSJ - atm | -
Y -~
Cavitation numbey  (or) Thomas nuMmber (&) = ::‘;’Efj_ L

o
&
';r

)
Yoo
™

H ' -
manometie
. .
. (NPs H > NPSH) i
( ) calculaded C Manu fqdufe. S
Peg MNoL~ 67
183 NPSH = 9:8 —Oy—- 5 —0'6
= 3-8m A

™~

Ext—- A C@YU?—RQC\I Pump is 1o oPe_de'Q ol a Pcn*h‘cttfqr
place. where -the cxtmosPher?c pressure te  t0-33 m of
wedey (10103 Kpo) - The comPcmEes cdata. book weavels
ot Hhe cavdedion factor s ouas and  NPsH IS assm
Of waoter. The head on —the pump IS “4o be decded
and ascertain vertical distance betwieen pump and Sump
H  vopour pvessuve of woer ot that voom -t@mpercdm“&,
is @am ef water and  head 0SS cxpected S SN

Eaa

A- Giluen Hopm = '0°3 M, hee = 1S M Hy =273 M Hmape=?
€. = 0-ls Hg =2 NPSH =Q-5
N -~  NPsSH T N
6-‘C: - —_————
Hmano
O:is = ‘9—'5-
H mana

HW)m = 18.67M
NPSH = Happy = Hg —Hy —Hg
Q:s = 103 - Mg —23 —1°5

He = #m
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N DT H
P < QH
Pox DVUF - H
p = D* 13/
P D (ND*)P

P x DS. N3

= (357 (3)° .
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s

P == I X aQ

P

P(, = 32 KK

{77 NSPUMP = N \j—a

w3
= 750 ((T5h)
( 16)3N

NspumP = 82

P-9 wnNo:-9s

- Given. N, = 1aso rpm Ph= K Hp

P w D% N3

Double suchon

N, = tooo rpm

For same pPUumMp, clischarge is constant

P ;
_T«_ = (%&)5‘(%}3

P
A ( I000>3
——— - \
P, 2.00
3
= wx (D)

= 2 Hp

ho=?



N 3 = — 1y N
8- Guwuen &= 618 m /SGC ; Htom' = 75 m N=i260 er

Nepump = 60, No: of pump impetiars =?
Ns, = NY@ €
2/ S
6o = f200Jo-E oo
(1) 3/ (;E
H=1sm ‘ S |
No - of pumps required = _?;;15‘ - = | e

Methods o cwvold coviterhony~

i+ Pressure of -the —Flow‘mg Aluid should npot be allowed

TrawTeTT

below < vopour  pressure.

Exi—~ Absolute pressure head of wadey <should nhot be beGu:;.
Qs M of wadkey.

2 The mcderial effecting covitehon should be  cocding with |
Special . metal PCMNS- (rmxmg of Aftumintum, bronze, s—fmnEss |
Steel Fortfcles ‘o the qu ort) .

3. provlde air vessels near -the cavrtadion prone oweas.

ke Ose vocuum PumPs o Yemove wHwanted qases ot +he
high velocty places -

5. Provide a pump O increase the pressure of the -fow

Performance Characteristics: ©

(- 12 order —to develop New PL{nP the <imilar pump under
use <howld be check uUnder uvoriable wcwking CONAFONS -

Q- Keeping One paorametey Constapt chanqe  —he other two paras 2
meteve —+then dvaw —the %vo]oh “for  the <3‘|uer\ puUMp Cated - *
Chamcterietc cuvves of —+urbo machines ( Twrbines or pum by

3- Theve are Hree HYpes of chavrochkerisie curves-

a: Main characteristic curves |
o OFercth‘n% Characteristic curves

C: Constant effictency curueg -



Main Characteristic curuve

ot pump -

e M:C- curues of a C@_rr!v‘rﬁxgou pump consists  variohon
of -the hesad, power and discharge delicuer Wit the

speed of +he PumP-

Q- X-axlg, SP@@d ofF the PumP and

Diechamge) -
W H tread)
— HxnN™
(® = const)
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, k-
(0,0) Specd (me)
/’\ (DISChQrge)
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L
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Spesd (rpm)

Y~-axis, (tead, powe
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N o< VT
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@ x D VH
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P DN

D = constan ¢
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