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FLULD MECHANICS

Medube -1 Unit-1 oy
FLUID AND THEIR PROPERTIES. |

Mr. Manjunatha R N. |
B.E, M Tech (Hydrausics Engneenng) £
CONCEPT OF ELUID 3

Assistant Professor of Civil Engineern
Maharaja Institute of Technology Mysor

%l_kb&ta_r\Qg LL)J‘UJJ’\ e hibis Ahe lehgfw&%47&£
plows s leolled luid .
Liguids and goaws gboa etheot oo callid fluids
LIQUIDS -

— e o —

> Tdteostmnole culose fotee s G:mnpoop’ch\)& s and hence
ddmua exhibit dafinite Volume and asswme cthe Shape of the
tonfoinese .

= Liquidhs effor Littly susistance againsl dencile eice
and ~magimurm Hesistance oLgaLns{ (ompousiwe Joice.

— Whon JLguids ese 8&%&&& tn Shease orce, dbe

Lu\d;mgo comtinuous ©Y Putb(cmaec( angulton CJJ-»%J'Y\.QiLLDTt‘j (o)
sheas gbaaim - This prwpudy of " diquid <1 Callad <flews of
fluid.

s -

— Trdouvoliculase feace s Veuy gmalt and dhouleie dhe
woleenls Qs of e dp meve dn ANy diuetion Herce , gases
Wilt eccupy (9 assume the Shape and volume o the

— Gtoues offer Jitde swsiatance Ggainst compowssive Jece
ard  <thoulete chZj asw called ‘chLbLg Jluads >

= Ldhen &dgjmid o Sheast cfotce s ases undpxgo‘Cmﬁrljcw_
(& p:fuﬂvﬂg@ cmguioou dlgbimod:k&n (o9) Sheast ,&tﬂﬂxﬂ~—“flk5
pwpody of gob s callsd flows o gas.

SYSTEM OF UNITS (ﬂ
—= The Jdnduouational ,soas%em ot uniky ds abbruviated .as
Si unib .

—> L.Lngth s Mass , Time a0 dhe cthow a{unciam&ntml
quandibtics Jrom tahich olhow Can (be desived . The (ind:
D[) Sdhaege t{iunc{amuﬁ(ai CLLLCUTLL{LM Qs Fnown acs
Podmooy units, and Glhens avu callid Aodued wnids.
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"'PROPERTIES OF FLUID
t. DENSITY @R MASS DENSITY

— Quonsity o8 ™Mass LcLu»&Lbj ({) a tgl,u.x.ct ik dL&LYLLc{ Qs
cthe Satle o the aans OL {\Lu;ct do b volume . Thaws
Tass pot wnid ~volume el) Q %Lui& dr called den&(tﬂ.

— The wrut c{) onass densdd an ST und s (‘-’\3 Feece s F WA
clengled Lsz e ngb@(,‘?'@tho).

o Drsme o iy of a L{,bu:d deetaaes waith, L'anmmirg
dempowadioe and Gt dncuwaass Witk doowas g prasata.

Mathematic olbd \

fmg ( Lt,fv___l'\la,%ieg{(dd
B : Volurme o fluid

The ~value 8 density o walier s LOOOR%/m:"
3. SPECIFIC WEIGHT (or) WEIGHT DENSITY

!
§
|
|
1

— Speegic aight o weight denmtity o a fluid w the
oty betacen cthe LOQL%L\-& iq \&(uu‘ o b velume. Thay .,
LOQ'LSL\{ pest unit volume 0{) a c&hﬂwf_ Js$ Callled wetgkt &Lnsg‘tﬂ;
— Tt s cdenetea ‘béj A he ,Stémbﬁt Y and ST und Q& )
ald denst s N g ‘
LOQLS kbj 5N /'YT\3 . |

Mathematic oij s
Specific weight 5 V= L8t o flud
Volume eL '“LLLC‘
= f\laAS i {f,LLLLC{ X ACCLLL“&CL£LOT\ C‘.L‘LC. Ltﬂ jﬁk(\k‘k’&_kj
Volume o() .{)h.]d
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= 9"3 [ Maes  {luxd S‘j
| Volume t:() gw
gpcclgtc Loetglrd U& waden as

y

\Sumuz - fw "8 = (0oox 4.8 = Q410 l\l/m3

=S g‘u\’.ce Specyie Weight depends on acedowtion duw e
ﬂax@ntj and  ~caass dum'.hj , + aluo dmpmc(s on o enpwu(\“h.uw
and poressurie. {lence weiat'\i d;cm&(ﬁj 0() a (dd decswases

Lflﬁck AdNLe Qs ¢ (‘Qmp otatune avd dnewasces Lt
Lmouxq,s‘ma P,ms une .

3 SPECIFIC VOLUME - UL

JdJSquScQ. Volume of a lid cis defined as the wvolume of @
g’ . ‘OC‘CLLPULA “b'd o it mans ©9 volime por waid mass 0(

= gPLQLLCC Volume ds dhe Jecipoocal of mans density Tt
5 expoustad as ¥/ ka

Mathe ma{imu_d ,
SMO volume , V = Voliume of fluid =
Mans of fluid g
—> [e8 t(:lQLlJ:.dg y Al o abeve Pow Co
' I : pedis Vasw baly 2l
with the voouation «n c\empumtwm, and pﬁi&sw%. SU\%
Heos %cue}_;, all dhe abeve P}(‘OP’U“M Y

the Vastiation in &QmPULQm T P“?LUC;}L:?L@ ffﬂi&t% wricth

4. SPECIFIC GRAVITY (R RELATIVE DENSLITY
VRS e S~
—> S{;:LQL{;LC FPorawtty defined as dhe ctatie e e

LOQLSH chu»&,ﬁj QL CL’L ad do Ahe we&gH ({Qr\éxbj tg a

Standand pLLL.u_A
— SPQCLL e %J@umhj ds  dhe dimoensionlaoss :
And ik ds danetyd de ‘g’ %U\Oﬂhtj

—s [os LLLQu_i_c{s, e gtandasd Jledd s dalken walen
and «Lm‘ gcucs- Abe Standasd «%uticc s faken as A

Maﬁwematicauzj 5
S&qua - CLQﬂ&iLj UL »QLC{L;I(C &) \oeigk{ CQQWS\{\‘ DL L'?LLL((

fd

c{Qn&Lbj c() wadtes boeigu cﬁon&’&g 0[} wal e
SL',Q = _._pi_ (oe) I_[_,

‘)1_ = S * \'Sbjx, (0R)

w w»'o a =
YL = SL X gw B
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| 5 M2
\ Q~ngwag@%l%8§§:_i®m =
¥ density 9

5) _ gg %yw @Q) \)3 = Saxyw
i

PROBLEMS

T lueme » 3pecific
cifie weight 5 gpecific :03 o
1) Callculate cz‘; LgP[ Lho.ti‘{ng a. Volume o Hwm

) 29- 43 k. Mr. Manjunatha R.N.
Ve l/\,Lr‘LS ) B.E, M.Tech.(Hydraulics Engineen‘ng)
U ﬁJ Assistant Professor of Civil Engineen’ng
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=7 ,0-9,8=°¢
\;=CP3\_} "2
() _SPLCL(YLC we‘uah{

3

Lahd Q9. L3 x 0

- Weight 3913107
\) VCLUJYUQ s

3
Y= 43535 Njim

—

Q) Specipic mass g 9q
' we hawve ,

9- Y _ #3515

g Q.31
) gpmusa Volume | |
V= " 50

V= 0-00133 vv/ig

(v Specific Forawidy

g _ 4350
SJT " 000
S =0.45
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3) Calculate Speeifee Loe\ W, ctemteaw cand ,gPu_LkLc ca.mabd:j o()

ore Lty o{) a LLL%M uﬂmdq weighs
Solne Guwen,
Volume = | {4 - ‘ m
' looo
Weighd = 4
() gFLQ‘L£iC m&%ﬁ;

Y = mqigH . =
Volume Yieoo

3

Y = 9000 N/

égk v=Sxg = 9= _ Heeo
A\ J 9.8 |

@) Specific Jrauity

g= 5 _ #3.5¢
fb\) [Doo

[5 = 0]

'3) C&@LQLL e d-LnSLtLd ’ ,&Pau{)u: UJQ,LghL and LOQ&%H QL sy
Litse C() pd.&tb[ Gt ‘gPMm »«bj 0.%

57(_3_{_’:’ (Sunen,

Volume oL Pdﬂa[ = lJdt = Y1000 o
Spralic ato.mbj . Sp =01

YF =17, \/p:q 5 wUﬁt’d =3

@) ’Der»slhj

SF "'-&—-‘ =) SP = ’S‘Pk’?w = 0.7 x1o0D
S

BP = 7100 kg (v’
Gi) Speeyfic we’ua(& )
b= 5eg - ooxa s

[p- esctnifa :
S
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() Weght ,
vp o Dokt gkt = Vp x Volume
' Volume 3 v
= 63C¢T » ‘/looo

EQ%L\—; - €.367 N
%) 10w c{)mmcum weiahs 136x1etN. Caleulats b

Specific "mans.

80_‘[_" : Ci?vg n,

'\/T)[.UJY\Q - \DMB
inCdL\‘f = 126x 10t
Vo= ) G =Y s Ve 2y S
i gPLCiJGLc wugf/d
Y - weighd 126 x (o
o \/O’L.U\’LQ Lo
Vm = lBG;,ODD N/v\—n3
(i) %PLCL(;LC OANS
Yo Swg = Sm = o - 136000
) J Q-3
gm:lBQGB.LFL%]/MB

QH) %PU*«{;*C VDLJ.M@

A I S
P 138634

V.= 4312 x 10 ma/ug

o« Sm _ 133634
o =2 -
) j)w ([eXeNe)
& o
X —

Sh= 132 |
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5) Caleulate the \P(([{kC LQQL%'/CE ChrnLtﬂ D) SPQCL Ve VD(L‘”(’
and & peeic }mux{ﬁ of e L of a Liqui whiceh

\U(‘l(JL\\ SN (JUMQ/J““'L‘” wlg)

Solh - GLen,

o Volieme - S/EOOD Al
\,oe‘uﬂM = 15N
\W:W_.\{‘l) ,9"3 ’S‘:(?

Q) Spoc‘i{\t‘c weic(}fx(‘

Ve WNigE L 8

Volieme. 2fobo

6

\{): (S 00 N/mg

Qi) i‘,;PLCI{‘((‘. NN
Y - g = §=X - 1500
9 .3t

§=Hen.53 R8/m3

. -SPQQ]_%L(J ~olume

R I B
ki 9 64 .53

V= 00013t /iy

(iv) SPLQLELQ ﬁ:xa_ulbj
'g - i—_ - = 61_{_. 53
S looo

¢) One | Lictsee, o[; Gurde ol wei Vhs Q.6N - Coi@u&&b. uix
gPtCL{SLC UJ@L%]L}{, C‘LQWBL'tj CLOA 5 )LCLLLC %ﬂ{lJJLtLj

(July/Aug. 9031)

.%Siﬂ .. ()\g‘\ﬁn,
Volume = |4 -
wetﬁk{f SIVAN
Y<9, 89, 8=1

.@Pui{scc we‘uﬁ N

y- weigd _ Q-6
Vu@sfnm Viooo  — |
)= 600N /w]
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I Q ‘D@mlbj
\\: ?\8 =) S-’ _L = qGOO

- 1

§= 3859 kg fn?’

Q\ii) ,Qpech(c %%QLQl'ej
S = _S__ = q:(gsq

Sw |ooo

| VISCOSITY

Viscosity s defimad as the poopuly o a uuid
wihich ef (s clwnintance do dhe ~movemand oL one. &LaJdU\
of flad even QA netihen &c%cmu\{ J;mdo_n o] Hnhe .;{Ll_llé,

= Lahen doo Llagyows bﬁ a_

$| usde cLLU:L(‘ , QU dizﬂ}gnce‘dj’ aposd ,
U‘ 17 ~ove One ouen e othen ot
%‘t——u——b- : &{_Wf velotities, é.cgj‘u’ and
| ‘ ‘ 4 9 =
Al /'/_’f“f“ wida as Showmn cin L{SESUJLQ-
| / —p The ‘oiscos &j doqetlyen
J C.l- LL’LL% \jLQ_tOgﬁ.UQ, VQLQCL Causrces

g Bundary Al ghuan gbuss acting bebueen

' o dhe n%bou uLCLdQJlZ-

= The ctop Lagen cauaer ao

Veledly)f \Lai (J((.( o gbuss on dhe o%o&ud
. Lowoen Loyen shile dhe Lowen

Yo Cauuses ol ghean &bus o0 the adjacend dop Layen.
This sheon &Gy ds pﬂnpoﬁhmml Ao e sade % tlhanage
o Velocity waith ouspect do fy' B ds denoled by e

Matt, chd:icauj s

—» U

\‘

Au

Tt &% pp - Hduw —

dy o T =H Ig ®

Ldhene 4 - constord 0() pjibpr:ﬁhbnauﬁj and Kroew as
che Co-efficiont UL @LdnchM. @L&Cogi{,j@?)bucbstﬂj.

du Hate o() fhean Guain Qe sade 0[) Ahaasr

-—

Cﬁd dsgeimadtion (ce) fvetothy Wwd\ - |
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2 Yowm eq‘ucﬂilon ™,

’L( = T

Lu
(ay)

Thus, viscosity a8 also defimed as dhe gheas stsess

du\czubucf . Pato(ﬁuce vt viade q, gheost gheaim-

UNITS OF VISCOSITY

N TRQ uaids of Llacosity as eblained tb,mj Puiﬂng Ao
trensiont o e quantitics (o dhe szu(ctk'mo,

-
Y - - Sheast algs
) (S
‘d c hC\J\a e, O LA tC\J\C €,>
Foice /Anea . Foice [len qﬂ))"
L(Qng‘th 1 1.4
v * Jenatﬁ ) /hm ¢
— PO“[CQ X-leq

dengthy®
© = ST wnit of wucesity ds NS L
—  UWnd o& Wlicos ¢ an MRS s {Rc(jp-SQC/'ml’
— wnit o BLtotiky do CES ds Poitse’

Poine, = é:] ne - sec ipo{/ae- =) Ng/m

Cma 1o

The \:*uiCQLcluj L‘{) waten at a0 ¢ s '/(o() ?D:VJQ- ©r) 1 Celd—q)oi/ge

KINEMATIC vISCOSITY

| Tt s d_q_éimc{ as dhe owulis beotuawn cne A;anqmic
viscasiby and dﬁrﬁiﬁﬂ ‘{) dluid . T4 ds deneled ba Abhe
&dmbif{ ' Q'@nu).

Mathematicalty, v - %{%C\CA{;E;L~ M
nSi- §

— dn MRS and ST, unit of Rinematic obreesidy I Al
5dn 06 unib dd W emS T aln known os steke

1 stoke = tc)'u —

Centis toke = V1o Stoke.
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NEWTON'S LAW OF VISCOSITY

Tt stats dhat “Cthe Shoase steegs ‘T’ on a Jlad
e lore ot °mUUL s dlvweed Pﬁuopcﬁ’cbcmo& do dhe statle 0.(
Sheao woain (The constant of pﬁtopcﬁ:ioxxahﬁj B8 called
the CO-%[SLQLU’\Q Dk \‘;Qcoitt.d "

! Math enolic CLLQU ,

| :_}46{&
| © Iy
l

TYPES 05 fLOIdS

The fludds may be classijled dnto five Ay pes
v Tdeal fluid . Non- Newdontan oflud

2. Real flud s Tdeal plastic luid
3. Nevodtoriian ggh,uﬁ

¢— IDUnL

SolID IDENL PLASTIC Fruld
Non-NE1on 1 Ard
frurd

N ELWTON I HL
FLuiD

—p SHEAR STRESS

- 1IDENLTLULD

— VELOCITY G,mmtm{g(_g)
\f{u

i. IDEAL ALuTID ¢
A fluid, which d» mPsuéibh anrd a3 J\Q,mmg

wo vicosity , s knewm ax ddeal fluid.

Jcsal fluid s G‘J-g an dmaginosy Jluid as alt
cthe Jluids , which exiat , have Some Mco&'&ﬂ.
a. REAL FLLID:

A fluid, wihicl possesses \?CthJ&liL»j , W3 Raovon o
swal L{)UJVLCC.ALQ dhe fludds, dn acmaﬁpxum, aTe
steal  luids.

3. NEWTONTAN FLOTD :

A swal fluad , dn wihich dhe ghean glass s J’\mmij
Powpo%ﬁcmﬁ o dhe 9tate of Ahian ghtaivn Gy kaown ax

a nlerafoniam fluid . & @ Reosane , wiater, aln

Depasbrent € CHil Ergimeerng , MTT  Mysore MRN
T TR TEE U B BU L B UCEE LD DWW MmO R OIU L GUm VIR




4. NON - NEWTONTAN FLUID:
A dwal Qluid, dan wihich dhe Lhoean stwers cis ~wl

peopodtional  do the Sate of shean strain, knoon as a
en-ewtondam Jluid Ext Blood , vwaud flowos , golutiors ebe

S. IDEAL PLASTIC FLLID :
A qlid, dn wahich gheas atass (s vadie cthan «Uhe

¢ % [oLo po‘i‘timmﬂ do dAhe oate

oL Shean gbiain, ds known as ddeat plastic Jlid.
Qo0

PROBLEMS

Y A platt 0.025vwm distant Jom a e d P&oﬁe, Toves uf
&0 tm/s and quubu,s A J|erce BL AN/ ;to waintain dhis
vocoSity Cbetingan dhe plates.

‘SP wd . Ded elteniine  cthe * LA
N e
S—E—‘ ¢ GtLOQ n,
dy = 0:035vm ey | [
(_l ld = D-U.'\“\»\; ey . U G 0O w /“/(.

-3
= 0.095 %10 W™
7 7 /
t—unrwrurn

T
W = G0Cm/2 =0 .6 /y

a-j 06

Loe \}-\CLL')Q 5 T = }{ ({-l-l_ QR)
D-Oégxtc;g

-3
2Ax0:095x |0 -

= 8.233%15° NS/
0.6
- 8.233%(6° % 10

T
H=8:333x(0 pova e

Y -

J

2) A 4lat FLLOJ& U( area -5 x10% e ds pLLUZQJ wiith @
Lpeed of O-kw/ls oulative
Aistance ut 0- 15 mm o dd. Fund  the u{jo‘ice and
Juclu_uu.d de maintaen ks Speed , I ctbe [ luid
6Lpo:tatmﬁ dhorm s J»Curfmg @iAcnS’LJoj as 1[>0i/ae..

Ao anethen plate Alotated od oo
pewe

olh - Guiven,
A e 1.5 2108w = 1:5x10x16° = (5w <
et & Brkam(s -3 W "‘.ﬁﬁﬁe’j::\“egl““ge
dy = 0-(5Swm = 0-(5x 10 W.g&i?@gg?:‘{%;\;‘;?,%mf"“
o st Vg b S
Force (1) -9 , Powan(P)=? wan?
Dq:n}tbwt'n{’ O cvel Eo«qf'ﬂmv.'mc},M.Ur My 07¢ MR
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we
(o awe, £ = Iy CLLL ©r) Force - Y CLU_
&g Aotea ?[g
Fesc e 1 [OW oP) Fosce= L [ O-4 % |-S
LS _l_D(o.|gx\6§> © o LO-\SKHSB)

Totce = HLOON

—_—

| P=F«dw = Joox 0.4

P-1eDN m/s] o) [P=160W

3) Calculate the cbamlc ﬁ\}LACDS,th bL an ol vakich Jds
used e Luchoueati betwsen dhe 3quane PLCLU/S of
2ides 0-3m and an nclivied plane with own amgﬁe oL
cinclination o 30 . The w@LgPd o Jhe =quane ,_PQQ{Q, NT
200N and at gslides dewn widtth a wnifsim '\/eﬂocltﬁ
G() 03 vn/s . The dhicknuss 0( ol \_(f;LLNY‘) > [-Swnro.

Soln:- Guwen, Bz 1o

Lide = 0-3m , 2 '

K AOU;O\, (A :LD-%);’: 0.63Fh’1; & : W= 200N

fﬁﬁLULJﬂL&mﬂkm,9=36
\,QQ‘LE}[N{: 300N

i = 0.3ws | on

dy=1-Smm = L5 18"

300N

Forom pARC
- = M du o) F = Wws60 =30060°
%

Feice _ M & (oR) S0 _ H(o.?, 3) o

Nawa da 06l (S¥1O
-3
M = 1SO % Ll-Sx (o zl-l'iiN/S/m3={~l:(3Xlo
O-6Lx0D.3
LH:H.‘—I;PMQJ
-
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W) The Apace betiowan Ly $quaste
with oo lidd eaech gide o dhe
Jdhicekoness of dhe ol
Toves  wiidth 2.5 /

plate s Gocm «thg
m!&kﬁ/vn ds 12-Svnm. The uppwo

- ({— ' 3 ) ] K -

"L;) he tﬂhCLWLL? \.')UTCOSL% q dhe od n PO, ,

(i J&g ,‘uumoigc \J%CDSLEZ] o, the ol dn stekuy TN
gpeey i caﬂtwdoj of dhe ol s 0.9s.

S;:L"i— Eiuers (Bec.QOIQ/Ian-ElOD-O)
de = GOcm = 0-&m ("6\

“ Powa =(0.¢)> = 0.3gnd
Cﬂa (2.5 mm = 19.5< 107w Assf\gmrro‘f_‘fj\eo Tech
duw = 35"""\/}5 aharaid 0o 51 8
Totce = as. N
So = 0:95
H=9 amd Y=9

we Jdhane,

= H%[;_ ©8) Tosce, _ g de

Aouwa ?J."g
Qs- | _ M-S

_ ag. x12.5x83
. —=— (o H =
0-3¢ @Sy (53 2.5 % 0.3¢

M= 1.263NS/w = (.363x |0

L)Lg =13.63 Poise

Kineratic \&EACG&&U
V=M
§
But, Sy = e (6R) Yo = Sox % = p.as X000

[N]

f, = Q50 Kglerd

V- 1363 _ u3sxicivwd/s = 1435xi0°
q50

p————

5

PooLchLLQ P(atxs s JUld

S . plate which
the gpeed. Deloruming, e et %mg Ct Q8- Ndo mairtam
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S,

FS) Find dhe Kiematic oisepsd og an od hammj‘ densit
o, 1BlL s - The & hean gbw%m a po'm% on dhe ot ;u?
0-3153 N jv? and Velocity CJ.:\LL&‘U& at dhat poimt
0-9 po ateond.

g_»_———"\: GCU\)Q“/
5) = Qx| \L% /'wr\'i3
T = 0.2uS3 N/'zmil
CE{{;— - 0aL
We have, :}{%L ©e) 0-9n53 = MH(D.9)
d
M= 005D ane gl
0-2
o Riaemadtic \ybtcﬁlbj )
Jou st | ussmetell
§ Q3

= l'QSx\SBx \D‘x+
U,: 5.5 gtﬁlzg
¢) Delorumine Adne \:mb(n&ﬂﬁj o dbe Liquid Jmcugimg Rinematlie
viscotity of 6 stekes ond Bpeifie gouanity1g:
Sz_g_f:\ : Guwen,
Y= Calolesy = Ex16 T on/s

g = 1.9
MH=9
WIKT \7:_)_;,, 6e) ‘Bud SE_SL ©e) § =3 x Su
= \7,( 57 §=[-Q><(000
3
- 6x15%x 1900 = (200 kglm
H o=l Wy NB
De frnent e& civel EY'Caf‘““”"“‘”O&‘ MTT Myove MRN
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The dhicknrus o| dhe ol Qi ds S
SolN:— Guuen,

M= 6 powe = C‘/,O N-8 /s

1) he c{LJr\an'\ic. VA LS L of an oll, wacd 4o Lubsticakionm
beluen al ahalt and glewve v 6 potee - “lhe shal|l

t\L Lamedon 0-hvm and owlates at 9o ovp. Caleculate the
powen dost din ke heaotd 4\0“1 a glave o ng(k o& 90 vm.

We hawve, %wu loas , P=2anNT
G0

Bul, T - Hduw O tosce _ K du
J Aova Ig

— A = Asuwa ut tondact =7 DL = Mx0. 4 xQox (s>

A=0 113

— du = NDN - M x 0.l x\qQD
GO

GO
fodi = 3.949m/s

Tovce = M j.u_xﬂm = 0-6%x 3339 | o3
y 1S 183
fosce = (49.85 N

—_—

AlA
0, Tb‘iCiLLe, T = Fosce x " CLLAt—QﬁCQ‘

= [49.95 x 0-3

T=35.93 N
—

Towen dost, P= 2x7n %190 x 35.94
Co

E: “—HS.GQQ

D= 0 ko Hpamn

N =190 2.pm L “_i.‘:;f_“\] S

L — QOmm = qO\[dgm F * \\,IT\ 04
c{(j = 1S ™M = 1S x 19 3m — , .

Povoeﬂ ﬁost =9 Lv _ qomn _Jd] T:\'HI\(T
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2) A 1Sam dlameten veodical Cﬁhmc(u swstatys concenboue-
QLLS dnstde anothen c:jb‘_n&m of diamdtor (s.i0cm. Beth
?gjuﬂi.tﬂu3 ase dScm .‘rug% The Zpace Jdoekween Ahe %Unohu
s fdtd ath o Jiquid wahose vicosiby s unknewn. L[ a
deique 0& 12.0Nm ds olguired ds awbadi dhe dnnaest
cylinder gt 100 ovp, defesimine die \mmﬁd o ebbe Jﬁw
%_l:\:. (Q'WQW

Tornwn dia . GL QéjQiﬂ&U\y'Di = 1500 = 019 w
Ouwden dia . uk C%JUN)&U?, Do = ISHlcm = 0. 1Sl
J@,ngﬁh DL gjmm, L = 9500 = 0:95m

Tetque , T = 192 Nm
Speed , N = 10O wpm
Woce&‘d‘lj y H&s9
e drave, = Hdu () Feice _ M A
: Asua. Z[j

Bk,
— A = Aocua cg contact =7 xDixL = % x0.18S x 0-95

= . ;
A=10 UQ_VD/

—= T= Fowe x 1° divlance @) (9 = Fonce XCQE)
g

@'é.é\;?é\o(;z.
— D L. P&
ﬁo% ce |6 O{//I\_L é@e\i\z}i;\\\ﬂ
— U=duw = ﬁ'D(N _ TTx 0.5 x oo d\ ; bx'b"\\\o\tﬂ\@*
60 60 @*0\ PO
du = 0. ‘48‘5&«‘0&, RS A SN
—> = s — Dy eé\%q,«'b\
* 5 = 0IS1-015 _ 0.00056 ¥
s B _—
,Pcﬂ_cg = H(%) (OR) H = Fosce (cq_” )
faua. AM& CLL
H= 160 o-ooos> . 5
0118 \o-agshk 0 86BS‘N‘S/T‘(W
= 08632 %10
@ = 8.633 Poiee |
'Dﬁpo)\;l:me'nJr @-6, civel quf‘fncx;-n'«uc}, MTT Mysove MRN
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q.)&;}i?) &ML@G plane «%wa{cmu‘ Qe .lhem apard-The Kpoce
een « he suodocss s qitd waith glycetine . hat

{)o%ce s vuqguibud s doiag a waeo dhin plats o suoyac

asteas 0S gquadie moeten o oen e doo Laswe (. ¢
Suwaces ad o.s,[mgci 5() 0-€ v/s , % . e plane

(0 dbe dhim Pt e it e

(i) &CP dhin |1Lcul@. Jds at a fhitﬂme, % 0.9 Cm P}Lg:j /o‘,\‘w%ﬁwu)

prane Lugaces 9 Take dhe cﬁanafm[c \3&@(;3& one o \L“‘e

Qs g-[Ox[D—lt\[;}/w\é CLU 0& 8%@&06

H=9.hem = 0.02
d% - &23'& = 1D XA Aty
My = Hy = SN0 %10 N&
A u, :dLL3 = 0-6m/s

A = 05Sw

=0

Cane i)

S y

:;;:P b e — _
J! IL W omldl—l-acm

Led [ be dohe {efce v uisted on dhe uppen gide of dhe
ptade ard 1, be 4he {oice vuquined o Ja\,og dbe plate

on dhe (ewen sido.
herefeie, dhe dotal Jetce swguisud e cbmg dhe plate ,

Frpl'\"pg

P/n ne
Burface dﬂl ={.9¢cm

d
ngf C\ :r:;

R T

’m
o < - H<CLLL) ©r) _FL = M CP—C—T@L—

:{g L9 (S
f1 = F: = 2J0:alS k.

F=F+F <= 20-25 + 90.95

.. F: .L[O.‘SOI\I-]

= T WO EE A ram o il B e o

MRN
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Cane 1y
&y = H'(%") (3 o |
= i ‘ '
&y (do) C d e
A l_
d
fL= 8.10x5' O'G_—_)x 0.5
- &x(0°
' G = )u;@d{; )A = 8.\0><10F1Q'G__ 0-S
E-E:: 0.9 x10°
(:; = 20-38 N

SR =R +F =1519 +30-39

z. LF: L{-S-S:HQ

—_—
——

\0) A ~rutol plpe plate (-35m JDH 6 ram wgtghing gonN
as \)&ﬁu‘_ld md;.ug%j Jdo 2nvom gap Jbehween dhe duwoo
pasatiel susgaces “dhe ap 43 i od with oo ol bL

Speatic Cdmo.mia 035 &jﬁm, G'Qcoﬁﬁdad INA /Y

q:De&QJunLng dhe " {stce mulmad do Ligt dbe plate at a
Congtard Veimlbd Bk 0-15™M/[8 -

Sol- Let F be dhe {oice swquisred do Lyt dhe p(ﬁkt
onds. Lot £ and F be dhe %@?C@ fmq/umd o Lt

dhe eidhen 2ide of dhe plate.
et By Lo Jhe cLL%g,mmce e{) ENITE boe;%)ni and quQJwQ

- Hence, F-= o+ 6y + 1

F=6 + Fq + QO- Lkpuooamﬂ %m{)

Gu‘wen, .

A =Q-‘~ﬁ5) = 1.S6S

Thickness = 6 <107
VDLLJ—TT\Q = Awea x +MCJQFIQAS = 1.S69S %x &« LOW
‘\/Ulm\'\e = qQ.335 X l65n33

3
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[ Sb: 0-%5
So:.i"_ ©R) Qo :S\o"ww
\)w Emm
Yo = 0-85xagp o
Yo = 8338.5 N/
= F.'
M= 3Na/? | duc= 0-Svols 2 h
Fotom e '{S'ste 5 L]
v
P| :C; é
_i'_ - M % -
fi=3/015 \n.5¢a5 tpward \ |y xVe
t < Qi 0.3)( b)ﬁ ’HWM{L (u-mg
=F=33.13sN
Now,

[13: lA)—LkPwoo\;l thauat

= qo - (8338'5xq.3#5x!63)
ng Fa= (1-329 N

F=¥3.125 +93.1205 + ([-827

(l?c (68-077 r\j

) A cube o 0-3m gidus and weight 3oN slide doron
an dnclied plane sloped ot 35 o dbe hounortal .
The Rmrw G cevertd an ol 0() ) v_ulcesj'd:;j Q.Bxu;BFUi/ae
a» with 0:02mwm  Jdhicknuss « Ddestnine dive Velocity witt,

wihich dhe cube glides dowmn.
(Rec. 2066 /Tam. 201%)

579__[“:4~ Guwen,
Lide = 0-3m
A= (0-3)3 = 0-09 \'\h:L
wmahi = 30N

H = 9.3x10>Psise

= 3~?>><|6H '\I‘A%/YY\g
cﬁa = 0.03x10°m, du=9
6 = 30
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T= H% (o)
ey du : P
Agua d Fs DAR AN
’ PRSI
Aoy - FEoke L F=30w0%60 : l
Aea M7 EisM SO

-3
= 1S 1 x003x16
0-09 2.3x10"

[Au. = 21.439 m/gq

12) A Ylndsdcal 7-\»"\%{ og A0mm diauwmneden ootates
about a vedical amis anside a fuxed %Md&dcat
Aube  of dongth S0em and A5 mm drtounal diamaten I
Ahe goace betivsen the dube ard dhe ghaft o {ilted
by o dubsicard of c(_HnarnLc \Ju;LDSChj 3.0 Powee . Qelenmine
dhe pouwen suquiced Ao svencome Viscouws Jwaistance , ishey
dhe shalt Js owlated at a Speed of 240 ¥pm.
Qolo & (aver, (Gume /Tuky 201%)

-3
Tnen dia. , D; = Q0mm = A0xtom

OU:LQ_T\ &J‘\O_-, DD = qgmpﬁ :QSX\Bgm @

i
leagth, L = soem = 0.5m At
15wim
Speed N = 2wonpr 4— o | [Sorm
'\/{)/a(,bﬁﬁcﬁ, H = 3Pose =0.8 '\lg/ml LOrmm
Poroen Juaq/u.biecf, P =29 / L 1y

wer, P = F.du
But, P_Hcﬂu

£3
4 - nDiL = Mxa0x1o x 05

—5 4 - Asua o confa
A = O h et

- du = D _ quoxlo—gxﬂu—o

GO 6o
du = 1313
'DQPaMkmc‘ﬂJf G civil  EmgmmecT™mqg . MIT Muys0 ¢ ™MRN
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= dy= 0095 -0.09 _ gpasm
3
- M cm>£\ s 0~8(H3'
0-11 1y
(?[g o.ooﬁs)
F=SiL145 N

Now P -
, P=P.dy - S35 x |13y

" oo soquind (P57 )

13) State wNewrttorls Lo 0[) U'L&Cosfd:;j.”t?e '\/QQDC'Lth

d@bmw BV AL @_Q_‘u, s gwen Jea \/:_Lé_~ ?, an
u:'\}uwdn‘\/ ds Ahe el Cd(ﬂ a0 ofsee, dt a A, Qnce,
md ™ above the plate . Tund (the Lhioot Sbwss gf g = 0
and y=0:1m , 4 =0-835 N-s/py?

—_—

Gl (Famefruty 2019)
ol":
= Guwen, | 4
V: j—"-—; s —\{-— -
3 Ay §|’33

(&VJ = o0 -

d-ld aij:O 3 g, = 0.333
oo, (C{; _ 3_],3(0,]) = 0.133

t(]-— 0-1

Now, Sheoot gWeas _C‘}”‘E{l‘

4

(i) Sheast aAbuss ot \er
< = dvy _ o, x 0.333
T, ﬂ(&d)uto 0-835

. [eom 038 i’

(1) Sheon £luss ot y= 0!

ZO,| _ }4 <£f{_\i = 0835 x D.133
8:0)

— B 3
Cyy = 01U N/

e
T
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COHESION
INAAAAANAA A~

Cohariom s the attraction botioten dbe vaolecules
% So.me. "{sw - The -{;e‘uie U() attraction s called cohesion

ADHESION
A LANAAANANAA

Adhasion s e atbadion deluacen dhe olieales o
A flad ard .t yoolecules DL Other 2ubstance.

SURFACE TENSTOWN

> Suegace donston s defined as dhe densile Joee actin
on cthe g ce eh a &LQLLAJ dn Comfoed widkh o gas @ on
dhe swyace between e dmmiseible Liquids such dbat
dhe contact fuwedace behaver Jlike o Wwembowane undun
dension.

"’gwt{,}qca dension s deneted J)a'O“

oace dens (§igma) and
ST it s "NAn" whide i MKS Ly

9 LL% Lﬂ,l.})ll(?"‘/'mo.
. 4 " K”/“ S Considis, hocee el s
‘@6*%§ . N8, ¢ of o liquid dn o wnass
- - — e BT of Lguid - The veleeule A ds
R Ve cbracted, din all disteetions

A i e eq,mﬂ:a»bgtﬂ\a)&womw\&lﬂ
— = g S vouleeu s of e ilqung‘UNl
s ubant 4efce on A s Zeno.
= But vsleeule B, wihich s Siduated ~eooC (e ng&q@
s actd upon ,bg wpward and dewnwood 4oices wahich
Qow unbalanced . Thus dhe et steadtant {olce on
~oleends B s O‘m’“g an dewnword  disuetion.
- The wsleeuls ¢, Stuatid on the e swdorce o liquid,
?{'L}u expotience a owsultant dewwrwdasd {ma:g
dhe. Yo on dhe Jeue g e ox A e a.
M‘WM““,& t{{ LD'(%O~L PLLVER AV
- The Pﬁb‘P—U\Lj L( uU.qLUJ Mﬂ.ﬁe 50S B (ot swstance,
aﬁojl\,si Jernsion s called Suwdace Jension.

CONSEQUENCES OF SURFACE TENSION

y liquid suwyate Supperds 2mall, Joads .

i) Fevmation of 4phoueal dHD'FLLnIg ©® bubbles of JLiquids.
i) Rain dswp t{nuu\g oot a leaf.

W) meg ,gpmpg oo dhe et .
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SURFACE TENSION ON LIQUID DROPLET |

———

B (onsidin A 2mall,
p %Ph.&)\i((\l (bmf)h'f (JL

a lquid o ownndiu

2", On dbhe onliw

th&(me o& Ao r{')op(vnf,

dve tans il | eice qua

Ao .&wug&ce fovrg iom Lzl be qctina, m
[t o = -thg&ce dension

A I

P - prussL Lir\’cw\,gibj dunside the, obLDPUﬁ

(cin exenrs o dhe oulsids Puasswie dndsnsity)

d = dioawebin ct cb-Lth‘(,. »

Lt#nutkm &}mpbi B3 cut s e bhaloes. The

&Qtuma oN ome J’\(L(_Q vl be

(1 dencile o due o ,§>UJLLOLCQ Hfonsion acti T
‘L@LL CUMM{UUU’ICQ Cﬁ dbhe oot Po—\iu;w) as Shoton dn

4ig/ ) and s s equal do

= 6 x C/L)(,CLLML,ULQV‘L(‘Q,
= O % 7{d

J o

() prassoe Jowee on Ahe ascen %daz ij_(f
m
Thase  dwes Jolees i Jbe equal and opposite undiou

I d® - & xnd

C~Q, P m
<P=Lﬂ
a

SUREACE TENSTONY ON A HOLLOW w
A Jhollew Jdoubble Like a Soap bubble cin
aist Jhas dwe Swfates dn contaet wiith ain, one
dnside ond gthet pulside . Thus dwo Awdaces asw
.%LL(OJCLtLCQ- go .,‘SL:’Q%QAQ, dentton . In such cawne, we have
Py%c{ = 374(0“%71({\

p- Do nd . 8o
n o d?) ES
h P
—
Depasdkment 8 Civil Engieeding, MIT Myore MRN
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SURFACE TENSION ON A LIQUID JET

Eornidin o Luquu—u{ Ziﬁ c{ diarmator ‘d’ and

LLQV\gﬂm ‘Lo ghevon o \-_{ig,wté-

Lot p= prusswie Cu&mmiﬁij wnside
She Ligud d'ef above dhe

outride PouWssuote,

S = Suwfoce densipn c{) thes

Considen dhe equilidostivm c{ thae

Lo d’et , we hawe

Fosce ol do preriune = P xAvea o‘ Stk —
(J@_Q’ it

=pxLxd

Feace d.ui JJ) 2wdace | _ o % AL
Equating dthe does, we have !"
P x Lxd = 6ox2

P: O—xgl_ _ Do—'

Lxd L

PROBLEMS ,
y The swyace dension of wator dn comtact with ain at

ap’¢c J» 0-0712s N The prtssuote dnside a &Juzrpuﬁ of f ‘
woaokor d do bo 0.09 N /e’ laor han  dhe outaide
prussioce - Caleudate dhe  diamelin of dhe dowplet o wate.

Sel" - Czjg—"—”‘/
= o = 0.073S N/wm

0:09 N/cn = 0.09% (H N/

P:
d=?
e have, p=4HT ep 0.09« 10 = Hx 009939
&l A
CLZ .'iio_g_‘il::i - O-DOILI-SM
O‘nglo”
K [d = |~J+5~m\mj
'Dapcmﬂ;mf’mJC of Ccivil E‘“Obf‘hﬁwﬁno*, MIT  Mysore MRN
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D

?) Tind dhe swyace Rension dn o soap bubble 5 oW
Adlarmeten wihan e druide prasswoe s 9.5 N/ Aboue
Q&mo&p'mu«in poussune.

Sel":- Guwen,

d = Lovm = L(Ox[o‘am

I?

we dhaw u
€ p= ~%ﬁf Pr) 2.5 = xo

Hox|Q>

H

5-5[\[/7\(\; , 0 = ’)

o = 25 % LOox|o >
g

T = O.Ot:zsN/-nﬂ

- {

P The poussune oulside dw doweplit o waten § diameten

D04 mm A8 (0.35N/Co @&m,e—s,gkv@c [:.:u,ssune).CaLcutab

the e aithin  dhe dowplet af Awdace e nston
A 8,wen ar 0.092S N/wm of woden.

Soln:  Gugen, |
— d = 0-O4mw = O-Ouxldsm |
o = 0-073S5 ni/mn |
|
t) :? |
®-013s |

we. have, pe 2T = & OI25 | +jaso N/w?

D-04 x5
p=0-H250 N/Cen>

Pressow owdaide the doeplet = 39N /o (gien)

Possune  cinsida - P+ Prissuoe outside e Aseoplat
e dowplaet

I

0-94250 + 1D.2y

1

1.0ns N/Crna

Extsea W ST W R = -
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1 CAPILLARITY

—> Capllaruty o dyved as a Pranomenon of 9dic
of Jatt of a Jdiquid Suwodace un a small dube selatwe
o the Qdé’auni Seru:ml devel o liguid wathen the tibe
S eldl '\JUd‘.LQoLMy dn dhe liguid.

' —» The odae DL LL’LCLL_L'LA /SLU'L{)LLQQ s _knovom as CQP'LL(CL»(’j
Juse (A hile dhe Jolt o dhe Liquid suwyace ds kneuwn
a» apittasty all (o) Capitlasy cthm;,wn

— 4 s e/I_POLUss el e desumns o (% YoM GL LCLCZ(LLLC{
Ty '\/amccﬂ_putﬁs upen dhe 5 LLHLLO',H?U dhe i;.cbuuﬂa
Aiamacon q dhe  tudbe and 835%{&&2 Jreeigyswﬂ [)OL e LCZUJA

EXPRESSION FOR CAPILLARY RISE

Considor ao gtcu,,s dube og Amall
&, o

diameten 'd’ open ot beth ends
\ "9/ and dntoded Jdn a onlaine
Tr 4, JJLCLUJ\E{ /(Qﬂ-d uocdm)-
gl i Te diquid will stse dn dhe
/‘ l/¥ ‘k,N Sube above dthe level o& -Uclu,ch.
] Lt b haigld of Liquid dn dhe Tube
I 0 = ngle of contort Jbetiasan
P i Niguid and glass tube.

T = Swace dension oL..Ucv_LLJ
The  weight of Liquid of height b’ dn the Jube
s@m%mexh)xfxg &

5 20508
- Ed‘axhx?xa @o“czr*‘\o\&
W

- oxnd < Cos©

\:ﬁo'l’ equﬁihvm, E&thx?xg - (r)(ﬂ',(&stg
e

<h= o CosD >
93:[

The value o 6" Jbetraeen watin and can glass dobe s
app%oxlmcfhtj eq}ml o Zerw €., (o3 = (s O = |

q

et e vl g,anmcxnren? v MTIT  Mysove MRN
i___-——i‘ (R BN N RULTINE R IRR N R

I PN RIRI) § R | GOt Um0 trai



Then vuage o[) wafex as 8‘wen .ba

&5

E’\

EXPRESSION FOR CAPILLARY FALL

—~—r

‘1{’ dhe gtoun Lube s (ﬁppcd on

'MunCwud y the foyel o[) mctum,d
an the dube wilt be Lpwest
- dhan dhe qentnal Lovel o‘ dhe :

/_ﬁ Hﬁ pulside Lﬁgwic‘ ,
yrq;;e | et b - Hﬁijf/\t \J() Ctnp?mswr) e ln
dube..

&Y X dhhe

o rsfurv_j ‘ Then an equilibraum , dwo fotces
(aCU S OLd.ivxg on dhe oo cins i the
Aube - () Due 4o -8LUtL_CLC€ dension aC{LI"S n the dorornwand
divaction & equal o, o nd xcose
(i) Due o kﬂ&w&t@a ot atting upward and s
equal Ao J,vtﬁu»sibj o( potas uote. Q? a cQ_LP'Lh "h' x Avea

== ch_dlz fﬁxhxﬂu_dn L P*%‘n)
EC?/LLOC{LKS W & (), we ‘Jd
0 xNd xCesO = gghx_ﬂ_cqa
H
h = o SO
Scdci

Value OL O {U’\’ 'YYUULC,L,ULﬁ and 8(;1)»3 Jube (» 138°.

PROBLEMS - "

1 Caltulate dhe Capiltany wdge dn a glous dube of 35S wm
diamaten  taben Jdmaouswed '\/Q’CtL((\“.(j an ) waty and

i) Aescumy . “|ake «%ua‘_j‘a(c Jdension g - 0-07 36 N/m .l(y)
wales and s - 059 N/m o3 muecuay dn contact with ais
ke, specific (dmam'dxj %U‘? metlely Wy gL as 13,6 and
(lng((‘ oL contaet = 120,

l

—— e |
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S;o‘_ﬂ:— Guwen,
d = 35vm = 3.5x16°m

S, = 00925 nfm

w
Ow = 059 N/
S.. = 13.¢

Y € - 13.6x1ooo = 13 600Kg /"

W Capillaoyy suse |d woten ©=0)
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VAPOUR PRESSURE Qf LIQUID AND CAVITATION
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LUy betawdte a(} Lonﬁw 08 h dh L
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s enyeortad dndo \XLPDPL;,&» ) - :
Adain comsidest dhe Same Liguid at a0t o -
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| COMPRESSTBILITY AND BuLk MODULUS
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FLUID PReSSURE AND Its MeASUREMENTS

FLUID PRESSULRE
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(hexdy 1) =(,ndzeose) = O
B dy - i di(%{%): 0
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3) A ijf'bta;l(uc potess dos o scam 300m diomidlor anel
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o phu\ﬁa of w Scm diamclen. Find the weight lijtd b;j?
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L
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1) s ol c( Spqu- 0-8
Sy =08
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FLUID MECHANICS

Some specific fluid properties
dass

1. Density = g (measured in kg/m*).

volum

2. Density of liquid & gas is directly proportional to pressure
and inversely to temperature

3. Specific gravity/relative density

Density of liquid

~ Density of water at 4°C

4. IfR.D <1, then fluid is lighter than water.
Weight of substance

Volume of substance
6. Some Important Relation
1 milibar = 10 bar =100 N/m?
I mmofHg= 10" mof Hg= 10" % 13.6 m of water =
1073 > 13.6 x 9810 N/m? = 133.42 N/m?
I N/mm?® = 10° N/m?®
m =98.1 ¥ 10° N/m?
10%m2 77 m
N KN
y = 9810—=9.81—
7' bwam' ITI; m-‘
8' gm:rcur_\' = l36 gu

9. Specific volume =

Specific weight = . (g=rgin N/m?)

1 Kgtlem® =

1
Density

..
"a
dt

do _du

- Viscosity: at dy

v=~_

2
m?/sec.
p

Kinematic Visocity:

T_,_ldu
dy

- Newton’s Law Of Viscosity:

Non- Newtonian Fluid:

9 Ihilatant
A =1 (Shear Thickenmg)

0.2
/lduul Fluid

d/dy

Ex.

(a) Thixotropic Ink, Ketchup, Enamels etc.
(b) Bingham plastic Sewage, Sludge, Drilling mud, Gel,
Toothpaste, Cream

(c) Rheopectic Gypsum in water & Bentonite slurry.

(d) Pseudo Plastic Paint, Paper, Pulp, Blood, Syrup,
Polymer, Lipstick, Nailpaint

(e) Dilatant Quick sand, Sugar in water, Butter

Special Points:

1. Wetting property is due to surface tension.

2. Ideal fluids ® No-viscosity ® no “No slip” condition

3. Noslip condition is due to fluid viscosity.

4o
Pressure Inside The Liquid Drop: |Pu=-r
5 e 20
Pressure Inside The Liquid Jet: P;EF
. 8o
Pressure Inside the Soap Bubble: |, oy
. . . . 4o cos0
- Expression For Capillary Rise: |h= =
Pim
F 3
P e
P local L y P_=p__P_
P.=F_+P_
P—;le
Absolute
vaccum

Special Points:

+ Buoyant force is independent of distance of body from
free surface of liquid and also the density of solid body.

* Mechanical gauges are used for measuring high pressure

values which does not requires high precision.

« Air cavitation is less damaging than vapour cavitation.

Measurement of fluid pressure

Manometer

Based on principle of balancing
a column of fluid by the same
or other column

Simple

Mechanical gauges
Mechanical pressure measuring
instruments with a deflecting
needle (used in filling air in tyres)

Differential

manometer

To measure pressure at a point
U-Tube manometer
Single column manometer
Piezometer

manometer
To measure the pressure difference

[nverted differential
manometer

Micro manometer

No. |Type of Manometer  |Fluid Types Pressure measurement
1. Piezometer Ligquid Positive
(Gauge pressure)
2. U-tube Manometer| Both liquid & Both positive &
gases Negative Pressure
3. Inclined Tube Gases Both (+ve & -ve)
Manometer ( for very low pressure)| (mostly +ve)
4, Differential &
Inverted Differential Both liquid & Pressure difference
gases Between 2 points
5. Bourdon Pressure |  Both liquid & It measures pressure
gauge gases at a point

Facts about pressure



1.Longer runway’s needed at higher altitude due to reduced
drag and lift.

2.Nose bleeding starts at higher altitude because of difference
in body’s blood pressure and atmosphere pressure.

3.Motor capacity reduces at higher altitude.

4.Cooking takes longer time at higher altitudes.

* Buoyancy And Floatation

|Wcig|1t of body = weight of fluid displaccdl

Horizontal Plane  Vertical Plane Inclined Plane

Surface Surface Surface
—_—
- r
C— Aea 3 -..::Hf:
F = vyAX F = yAX F = yAX
1 I sin®0
x =X+t x =x+2
» AX T T ax

X & X, for same horizontal plane surface from liquid surface
Rotational Stability: When a small angular displacement
sets up arestoring couple, then stability is known as rotational
stability.

FI]- Buoyani Force

B} Couple (Restoring)

\
Submerged body

Stable equilibrium G below B

b..
Floating body

M above G

BM > BG

GM = MB - BG = +Ve

Gabove B Mbelow G

BM < MG

GM =MB - BG = -Ve

G and B coincide M

Unstable equilibrium

Neutral equilibrium
and G

GM =0
Metacentre (M) is the point of intersection of lines of action
of buoyant force before and after rotation,

- Continuity Equation:

* Hydrostatic Force

Horizontal
|
Vertical ]1=T<'+A—“‘E
. oo I§
Inclined h= x+f—’;:;::rﬁ

Note: We generally follow Eulerian concept, as its difficult
to keep the track of a single fluid particle.

Types of fluid show:

1. Steady and Unsteady Flow: At any given location, the
flow and fluid properties do not change with time, then its
steady flow otherwise unsteady.

o = {],a]—,:{l.ﬂzﬂ = Steady flow
a a at

2. Uniform and Non-Uniform Flow: A flow is said to be
uniform flow in which velocity & flow both in magnitude
and direction do not change along the direction of flow
for given instant of time.

3. One, two or three Dimensional Flow: If flow
parameters varies in one dimension wrt space only then
its one dimensional otherwise its 2 or 3 dimension
respectively.

V = V(x, {) ® one dimensional
V = V(x, y, 1) ® two dimensional
V = V(x, v, z, £) ® three dimensional

4. Laminar and Turbulent Flow: In Laminar flow, the
particles moves in layers sliding smoothly over the adjacent
layers while in turbulent flow particles have the random
and erratic movement, intermixing in the adjacent layers.
Which causes continuous momentum transfer.

Flow of blood in veins and arteries occurs as a viscous
flow. Hence, Laminar flow.

A water supply pipe carries water at high speed leading
to rapid mixing which causes highly turbulent conditions,

5. Rotational and Irrotational Flow: When fluid particles
rotate about their mass centre during movement. Flow is
said to be rotational otherwise irrotational.

Rotational Flow ® Forced Vortex, Flow inside boundary
layer.

[rrotational Flow ® Free Vortex, Flow outside boundary
layer.

[n a straight tube of uniform diameter and uniform
roughness, the flow properties does not vary across the
length of the pipe. Hence, Uniform flow.

Flow above the drain having a wash basin is a free vortex
motion (Irrotational flow).

6. Compressible and Incompressible Flow: In
compressible flow density of fluid changes from time to
time while in Incompressible flow it remains constant.

Flow lines

Sucm;a limes Streak line Path line
Stream Line: There are a set of concentric circle with
origin at centre.
Stream lines neither touch nor cross each other.
Tracing of motion of different fluid particle.

de _dy dz :
—_—=— = Equation of stream line

u v W
Streak Line: It is line traced by series of fluid particles
passing through a fixed point, It is formed by continous
introduction of dye or smoke from a point in the flow.

Path Lines: It is actual path traced by a fluid particle over a




period of time. It is based on lagrangian concept
Two path lines can intersect each other.
Total Acceleration = Convective acceleration with respect
to space + local acceleration with respect to time.

Typeofflow | LR | Aceeteration
Steady & uniform 0 0
Steady & non-uniform Exists 0
Unsteady & uniform 0 Exists
Unsteady & non-uniform Exists Exists

Acceleration on a stream line
I

Mormal Acceleration
It iy due o the
change in the
dircction of fluid
moving on o cirved

Trungential Acceleration

Tvis due to change in
mognitade of velocity. If
spucing b'w stream line
changes tngensial acceleraton

Vi (5.0,8) Vglsnr)

exists paih
+ Acceleration Of A Fluid Particle
udu  véu  wau du
a =—-+ Tt S kg
e oy oz at
e T e e o et
Convective Temporal
acceleration Acceleration
ov ov ov ov
a =V — + — a,=V—+ —=
" " Os ot s ct
convective local tangential ~ convective local
tangential  acceleration normal normal
acceleration acceleration acceleration
_‘_\_\_‘_‘_‘—‘—-_.______. ,//
——— .-‘_'-'_’—’—'_'_F‘
Mo Accelormtion Tangential Comvective
Acceleration
—
— s
—y //_—_.
— Hod Normal and

Tanigential Canvective

Nurmal Canvective Accelation

Acceleration

Rotational Component

1( ow a-] 1{ev du ,_l[ﬁ'u Pw]
W, ) el WS =
20 dy dz )| 2lex av 0| 7 2\léz &x

Special points:
1. Velocity potential exists only for ideal and irrotational flow.

2.Velocity of flow is in direction of decreasing potential
function.

3.Equipotential line is the line joining points having same
potential function.

: : . T .
Velocity Potential Function (f): o ay
oy oy
. : s (U==———| |V = ——
Stream Function (v): dy 3%

It is the study of motion of fluid along with the forces causing

the motion.
(i) Newton’s equation of motion
F +F,+F +F+F +F,=ma
(if) Reynold’s equation of motion
F,+F,+F,+F =ma
(iif) Navier-stock equation of motion
FE +F, +F, = ma
(iv) Euler’s equation of motion

—

F, +F, =ma

Special points:

» Energy equation can be used to find the pressure at a
point in a pipeline using Bernoulli’s eq.

» Continuity eq. is used to find out the flow at two sections
of tapering pipes.

» Euler equation based on momentum conservation while
Bernoulli is based on energy conservation.

» Impulse momentum principle is used to find out the force
on a moving vane.

+  Concept of moment of momentum (Angular momentum
principle is used in lawn sprinkler problems)

% + V? + Z = Constant
| l [
Static pressure | N
head Dynamic Hydrostatic pressure

pressure head head

Stagnation pressure head

Piczometric pressure head

d

2y gd, +vdv=0
P

Euler’s Equation:

=

P
Bernoullies Equation: ;+ 2+2—g = constant.

Rotameter is used to measure discharge while current
meter is used to measure velocity in open channel.
Hot Wire Anemometer: Used for measurement of In-
stantaneous velocity and temperature at a point in flow.

- Theoretical Discharge:

g A A [2gh i E
th = - 3 Cd = —:
‘JAI' Ay Y h
Percentage Error In Discharge:

0 gA h=h

% error = 2~ Qs 4 109

|% error = (1—cd)x10n|

i

NOTE.
When Pressure Difference Measured by Manometer
When heavier fluid in manometer & lighter fluid in pipe.



h:x(h—l]
By

g, ® Specific gravity of heavier liquid-
£, ® Specific gravity of lighter liquid
X ® Reading Manometer
h ® Reading Piezometer.
© Orificemeter:

Where

C_® Coefficient of Contraction.
C,® Coefficient of Discharge
C, ® Coefficient of Velocity.

Cd, A A 4 2gh A
o= Cdo AAW2eh | [A]

2

* Pitot Tube —Velocity Of Flow: |/ g

V‘.
EL + —2—'— = Constant

pvd
1
Nature of flow according to Reynold's numb

- Reynold’s Number: [R.=

er(R)

Laminar Transition

Turbulent

Flow in pipe
Flow between
parallel plate
Flow in open channel R < 500
Flow through soil R <l

R, <2000 2000 <R, <4000
R, <1000 1000 <R_ <2000

500 < R_< 2000
| <R <2

R, > 4000
R, > 2000

R, > 2000
R _>2

* Laminar Flow Through Circular Pipe:

* Velocity Distribution:

Ulm: =_L[QJR-‘ U=Ulml I_LT‘_
dul ox R°

)

" KUH“‘RE _‘_‘I‘t"“"‘ __P- k4
- Discharge: Q= ) 12 p( ﬂx]
16 81,
- Friction Factor: e l‘=pu:

* Trapezoidal Notch:

2 ] 9
e EC‘th—gLH"‘+%CJ: ZglungH""

* Entrance length in a pipe is the length where boundary

layer increases and flow is fully developed
For Laminar Flow L=0.07R D
For Turbulent Flow L = 50 D

Note:

Hele Show flow: Laminar flow between parallel plates

+ Stoke’s Law: Settling of fine particles.

* Hagen Poiseuille flow: Laminar flow in Tubes/pipes.

© Major Losses Head/Loses

_i‘LQ2 " =mv3
““12D°|| © 2D

Number Equation Uses
F WL
Reynolds No. ?=—Fu Aeroplanes,

submarines, pipe flow
P

Eulers No. V' JE
P

X
Mach No. F°C

missile

Cavitation problem

Acrodynamic testing, rocket,

F vV '
Froude No. F."“ULT OCF, spillway, weir

§ -
Weber No. le .2 3-3:7 Veins, arteries, rising bubble

Water hammer Pressure: Rapid/Sudden closure of valve

in a pipe carying flowing liquid destroys the momentum of

flowing liquid and sets up a high pressure wave. This pressure

wave travels with the speed of sound and causes hammering

action in pipe called Knocking water hammer.

+ Surge tanks are used to absorb the Increase in the pres-
sure due to water hammer phenomenon.

Chezy’s Formula: m . Manning equa-

; 1 o asar
tion|V = ;R‘ o

Dimension of C=L" T, n=L"" T = Dimensionless

Openechinniel Flow
Sty iy
Uniforn  (Grichanlly] — Rapidly [ Spatially Cirmhally Rapedly | Sputually
Canal Flow | Vuned Vaned Vanied Maried Vaned Vied
(GVE) (RVF) SVF) (GYUR (RYUF) | (SVUR
Flow in river FlowDiSofan |  Flow River Flow in | Amimge | Surface ninodT
LI/S of n weir averflow et alluvial reach [ moving | dieto
during winler wpellway, side weir | during nsing fHood | upstream | runfall
Type of flow Depth of Velocity of Froude
Comments
flow flow No
Suberitical y >y v<wv  F <1 Also called as
streaming or transquil
flow
Critical y=y v=v  F =1
Super Critical y<y, v>v F>I Shooting
flow, rapid flow, tor-
rential flow
S, -5
. dy 1] 2[
Dynamic eq. for GV.F.: - - q
gy"
Hydraulic Jump Eq.
Zq: (y' = Yll"
1. ===¥Y:(¥,+Y:) 2. EnergyLossE, = ~=—=~
g &Y LT 4y,



3 ﬁzé( /l+8Fl2 _1) 4 yizyl}’z(}ﬁJFYz)

£ 2

‘Types of Jump Fr E /E Water surface

Undular 1-1.7 »0 Undulating

Weak 1.7-2.5 5-18% Small rollers form

Oscillating 2.5-4.5 18-45% Water oscillates in random
manner

Steady 4.5-9 45-70%Roller and jump action

strong 39 370% Very rough and choppy

N+/P

= (H)SM

N
Ns (for Turbine), Ng = % (for Pump)

H

m

Classificationaccording to energy available at input

Impulse turbine Reaction Turbine
. | Input energy is only kinetic energy 1. Input energy 1s kinetic energy + pressure energy
2. | Pressure remains constant 2. Pressure drop takes place.
throughout the working

3. Useful for low head & high discharge

& which is equal to atmospheric. ,
£ 3 4. Degree of reaction not zero.

3. | Useful for high head & low discharge :

4 |p £ reaction 5. Draft tube is present.
; egree oI reaction'is Zero. X i X

" . 6. Example (1) Francis Turbine

5. | No draft tabe (i) keplan & ler Turb

11) Kaplan & propeller Lurbine.
6. | Example Pelton wheel P L
Turbine
Name Type Type of Ns (MKS)| Head Discharge Direction of
Energy flow
Pelton wheel | Impulse Kinetic 10-35 High Low(Q<1000 LFM) | Tangential
turbine (250 to 1000m)
{Single jet)
Peloton wheel | Impulse Kinetic 35-60 High Low Tangential
turbine {250 to 1000 m) flow runner
(mulliple jet)
Francis Reaction | Kinetic + 60-300 Medium Medium Inward Radial
Turbine Pressure (60 t0 150 m) | (1000-10000) LPM Mixed flow
{Modem Francis)

Kaplan & Reaclion | Kinetic + 300-1000| Low High{Q>10000LPM)| Axial flow
Fropeller Pressure (=30 m)
turbine




