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Course Objectives:

1. To introduce fundamental fluid properties, fluid statics concepts, and methods of pressure
measurement.

2. Toexplain fluid kinematics and dynamics, including flow classification, governing equations, and their
applications.

3. To develop understanding of flow through pipes, including energy losses, flow regimes, and pipe
network analysis.

4. To study open channel flow characteristics, critical flow computation, and flow measurement
techniques.

5. To familiarize students with hydraulic turbines, pumps, their working principles, design, and
performance characteristics.

Course Outcomes:
At the end of the course, the student will be able to
1. Identify and explain physical properties of fluids, fluid statics principles, and analyze forces on
submerged surfaces.
2. Apply fluid kinematics and dynamics principles to classify flow types and solve problems using
continuity, Bernoulli, and momentum equations.
3. Analyze pipe flow systems by calculating major and minor losses, understanding laminar and
turbulent flows, and solving pipe network problems.
4. Evaluate open channel flow parameters, classify flow regimes, and design hydraulic structures like
weirs and notches.
5. Understand the operation and efficiency of hydraulic turbines and pumps, interpret characteristic
curves, and address issues like cavitation and surge.

Unit 1 Basic Definitions and Fluid statics 12
Properties of fluids: mass density, specific weight, specific volume, specific gravity, viscosity,
compressibility, vapor pressure, surface tension and capillarity. Pressure measurement devices -
manometers, pressure gauges.

Fluid statics: Fluid Pressure, Pressure at a point, Hydrostatic law, Pascal’s law, Atmospheric, Gauge and

Absolute pressure, Equation of state, Hydrostatic forces on submerged plane and curved surfaces, Total
pressure and Centre of Pressure, Practical applications-Dams and Gates, Buyoyancy, Buyoyant force,
Centre of Buoyancy.

Unit 2 Fluid Kinematics and Fluid Dynamics 12
Fluid Kinematics : Classification of fluid flow-Steady and Unsteady flow, Uniform and Non-uniform flow,
Laminar and Turbulent flow, Rotational and Irrotational flow, One, two and three dimensional flows; Stream
line, Path line and stream tube, Velocity, Acceleration and rotation of fluid particles

Fluid Dynamics : Derivation of continuity equation-one-dimensional, three dimensional; stream function,
velocity potential; Flow net-uses. Euler’s Equation, Bernoulli’s Equation, Applications of Bernoulli’s equation-
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Venturimeter, Orifice Meter and Pitot tube, Momentum equation, Momentum correction factor,
Applications of momentum equation.

Unit 3 Flow through pipes 12
Reynold’s experiment, energy losses-major and minor losses; Laws of fluid friction; Darcy-Weisbach
equation, Hydraulic Grade Line and Total Energy Line; Pipes in series and parallel; Equivalent pipe, Branched
pipe, Siphon, Water Hammer in pipes,

Laminar flow-Laminar flow through circular pipes-Hazen poiseuille law; Laminar flow between parallel
plates-Bothplates at rest, one plate moving and other at rest, Turbulent flow-Hydrodynamically smooth and
rough boundaries, resistance to flow of fluid in smooth and rough pipes, Moody’sdiagram

Unit 4 Open Channel Flow 12
Types of channels — Velocity distribution — Chezy’s, Manning’s and Bazin’s formulae for uniform flow — Most
Economical sections - Critical flow — Specific Energy - Critical depth — Computation of critical depth — Critical,
subcritical and super critical flows — Velocity measuring instruments. Non uniform flow - Dynamic equation
for gradually varied flow - Mild, critical, steep, horizontal and adverse slopes — Surface profiles - Rapidly varied
flow - Hydraulic jump and its applications - Energy dissipation

Weirs and notches: Flow over Notches and Weirs: Types of Notches and Weirs; Flow over - Rectangular,
Triangular, Trapezoidal Notches and Weirs.

Dimensional Analysis :methods of Dimension Analysis, types of Similarities and Similarity Laws

Unit 5 Hydraulic Turbines and Centrifugal Pumps 12
Hydraulic Turbines : Layout of a typical hydropower installation-Heads and efficiencies-classification of
turbines-Pelton wheel- Francis turbine-Kaplan turbine-working proportions- Velocity diagrams-Work done
and efficiency- Hydraulic design, Surge tanks, Cavitation.

Centrifugal pumps: pump installation details-Heads-Losses and efficiencies-Limitation of suction lift-Work
done-Minimum starting speed-Specific speed- Multistage pumps-Pumps in parallel-Performance of pumps-
Characteristic curves-Net Positive Suction Head-Priming devices

Prescribed Textbooks:
1. P. M. Modi and S. M. Seth, Hydraulics and Fluid Mechanics, Standard Book House 22nd, 2019.
2.K. Subrahmanya, Theory and Applications of Fluid Mechanics, Tata McGraw Hill, 2nd edition 2018

Reference Textbooks:

1. R.K.Bansal, A text of Fluid mechanics and hydraulic machines, Laxmi Publications(P) Ltd., New Delhi 11th
edition, 2024.

2. N. Narayana Pillai, Principles of Fluid Mechanics and Fluid Machines, Universities Press Pvt Ltd,
Hyderabad. 3rd Edition 2009.

3. Fluid Mechanics by Frank M. White, Henry Xue, Tata McGraw Hill, 9th edition, 2022.

4. C.S.P. QOjha, R. Berndtsson and P. N. Chadramouli, Fluid Mechanics and Machinery, Oxford University
Press, 2010.

5. Introduction to Fluid Mechanics & Fluid Machines by S K Som, Gautam Biswas, S Chakraborty Tata
McGraw Hill, 3rd edition 2011.
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Considen a lk’iwa CSa(/f waten ] oneh o confined i aclosed
vessel, [ef'ﬁd&-%empcmz&u# liguad 2 20°c owd pressune b atma “\‘"
iz bigwid will Vappiise at oo . vohen va,fyoﬁizatm Hakes place,
the mMoleatles eLcapes —fvw-m the fnee sm}ace of-the /chwd Thege
Vapous, Wuffecu[% 3# acavnulated o °Hne dpace bdwe@m the aﬂmzl'}i“ﬂ:
8%7%“ aund ~top of the vesged . These accunulated Vapousts et |
Phessuse o the Liiuial Sunface « Thes pressune % Lnown 05 Vapou™
pressuse of the Liowid A thisis the pressure at which the Loguid
convented. it VAPOUnS - !

Cengides. a %]owfﬁ Lfciujd 5o i 5jg+em : J)ﬁ the pnesgune al
Ay poivt i this f[owfnﬁ L'czm’d becomes eczuﬂi%dl%g tawthe ‘
Vapour pressuse , the \aponizalion of the Liquid Stonds . The Lubbles o
these Vapouss ane caspied bythe f/owfvﬁ Liquid fuilh Hhe negim of
high prestune whene ey cellopte, giueng mise Lo bigh {mpact prea
The pressune developed by the clapsing bubbles (5 30 nigh Hhet the
e sual frem the myo fwivﬁ Lrundasues 3&5 enoded and @V?ﬁd
e ’Je"’tm(aal en them  Tuy Plammylm & knorov o8 “Ca.ufhfﬁan:

Hence e cg,u{‘/ajfww s the phenomenom @f'—fpﬂmaﬁm’!‘f#

Vapour bubbles o a,/f’Zowi'yﬁ L?ivfd ‘me a ﬁeﬁﬂm whese The pne,@g:uvm
of the Lguid falls belpw the vapour priessune and Sudds collapsiog
of these vapous bubles ™ a 'ﬁ?ﬁtom of W’g‘ﬂﬁ—' priesune -
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& Flud phesdune al a prVL{' :
Congiden a sl asen dA tn b)ﬁe Mas of i, Jf

The il % Sﬁ:ﬂlmu}y, then-the Jonce exesded b(y ~the Sunmw‘v; Ll v
the acwa dA 1o ll ahoai.{s e pes perdizulas 4o the SUsface dh .« Lot dF 3

the fAee acif_vg en the anea dA tnthe ndmal dineclion- Then thamille
of %fﬁl & known ag the fvclew? of pressune oA *Sf'“P!ﬁ preseure and
thes $ulio 1% ﬂepﬂegcwfed Z&RP’. Hence tue pnessure at a poind &

—f&u"c{ ai' 7’12&{;[2 PF '_d__P_
~ dA

gt the fetce (F) is w»cfdimi’y disdnibuded oves. Hhe asualh), then priesime
al aww POI-VCEL '3 51“% bj p F / Fp‘hce

= =S s

fodce ) p)Le&Sum}o{ce, F- ‘Px A
mumfj c}i pPressune ase @ [ci—f/-m” o MES @ Nlﬁ%'fﬂ [ “”,E

Y &

Nlwmv 1z known ag Faseal

Ove baf - 06 kfa = logN[m’/'

S _PASCAL S tAwW
‘ -} states Hhat the pnessune £
| t’mfew@fﬁ of pressuse at a point- o
a stalic fluid & equal i all dinecliens. 5

B (‘ 7
R - 4y

TlZe Flued elevevit s of veny —
dmensions 1e., dx, oly ,and ds .
- Covsiden an avbitncoy fluid element of voedhe shape in o flud red
ot mest as shown i Qﬁ- let voidlty of the e[emevle 'pehpﬁnatm
T the plane of papes iz m’? and Py Pj and P are The pressundig, |
fudensily of pressune acifﬁ onthe face B, Ac and BC rogpeclively
Lt sape = O, Thev the fRces ac_ﬁvﬁ en e de-ment a2
I Pressure fonces nhmal othe sunfaces, ond
- weg'ﬂi—af elemest t,, the veslieal dinecion -
e fonces en e faces are s

force onthe face AB - P, x Anoa of face AB
:PXYO%Y)”




wau‘lahg fonce v the face Ac = By xdxx] hfofgqob

B = Fz_xcl's)f’

weght of element = (M3 of clemed) X § -
- Cvatumexg)x(g - (ﬂ’g‘é “)YHS 4G
QQMU;'):? ‘)"L]e ‘]%ﬂé&g [F:V] = Afnatm) nye. Ga\/e.

Pi“fy ¥| — R(dsx1)Sn (J0-6) = ©

Fudy - Py ds g0 = ©
‘ dSCaf&::ABS dﬂ
AR
. i
; m dn y,a,mec—ﬁlm, we.jéf'-
8
ﬁf’d—xxl — P xdsx1CKL(90-8) — "'—’-‘—%“ lexg

| s Ol g and hence
Pul” . deSmp = dx and dldo-fhe.@f.ememfauehysm@u |
Wﬂ'g‘f % n?aailaie- '
2

,Ugax-— Py dx =0
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The abpve e;zmjlm shows -)M the Pne,gguhe ai“amﬂ pofvdﬁ‘n
4 Y and 2 dineclions 2 equal . | |
@ 1o e o o lgwd o Specfic gWEf I- 3 18 mined Wil G Ut f a
. pe . Lk 4 Ve lguwid Shicubs 1.5 %
liguid i Seufic pavily 08, 4 Ha 4 74 el
oy Miking , Glsts R Specfitgromty, densify, viume J REG 7
‘ e miduse. . B : ‘
i /‘ﬁﬁ/ W@H% lolhy lguidd ,,pr}r'éﬁm”{? S
‘ e
rey Speeihie gavily = jows Zxagoxl-3 N = PEVELE
=i
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; 4 ~f & s . : - ‘ ?gl’a KO'g
124 - 62 /M[\ﬁ'q’ & Uag Liguid & a(‘pea’f,c(jmwé o+ & 10 ¥

| < 154 6 e & 9:/{4 .
WPentiy = 2 2 1Sl e gok Volume = iofgz'gfﬁV ,
W) Vdewe =636 foulk 'QW'JQ"?’ /'SJZ:W,L - 0. 785 X 16 = 16, 26
W) “Wz*ﬂb 5—‘,’!' ael ol V -3, 4810= ). A
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| [ reglit o Cquil vitume o waler X 2y o
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Pressuse \/CL“'LL‘CI‘P!O?Q 1. Fluid ot nest 2 (trdnostatic Law]

—————

TFL& €42 aj— ' f L.V\ u, - |
presiure ot asy point a fluid T par X

ot west 12 olotamed bJ'Hoe hydno Stalie law 7 -, =71
’ | :
which states that He wale of inerwase f =
pheszuse wn a vefﬂfcaﬂy doronwasd diveclion |
st be el s the speelfie weight of | —— S
the Plud af that poivit . ‘
Covsiden a small fluid elemenl o8 shown ™ Fig.
let  4A = Cross-seclional avea of element
A%zrﬁL%W*di %m&le&wmdi

P= Preguse on -face AB

2= Distance of fluid element from free Sunface:

fonces activg e e f ludd elewent ane
L Presgune fonce on AB = Px AA avd a[[i«»ﬁ 3 ' |
2 Presgwrafonce on e = (p, 8242 ) AR, acliny M ep, veiliedly 1pou
3. »oe%fn:f o e ,fuu?i elemevit = Den;;@ xg A Valume = §X9 x (AA%A-?]
‘ ¥ Pressune fonces om Sunfaces Be and AP ane ¢gmel and Wﬁfﬂe -
For equilibnium of Huld eloment, we have

pPAA - (P%%A%) AA + ijx(MxA?) =D

L o face A o doonid:

~ 25 A2 AA + 83 akxaz = O
2L pxg = @ (C8ge)

FW@ states that yate of tnenease of pressine fw.ave&tea»!
diveclion i equal To weight dewsily of e Fluid at it poid - TR &

H:jdywﬁpﬂc law -+ |

2y l’ufe'@wnﬂ e above eg @ fon Liguids, we get
Sdp = §8gd2
P= §9 2

johsre P & the pressune abeve abmotphonic pnesuine ard T &The
W of the potud Freom Inee sunfaces .

Z = ?}% Here Z iz colled preggurt heead.
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/]bsoéufz, Gz&uﬁe, A—Hnaspheiz'a And  Vaccumw P 1eL3unes.
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I Absolule pnessune : 4 defined a§ the

Phessute wlich & meagused worth efenence f\wcw
| : "P?}j,{r_
o a,bcs.o’[u‘e Voe eum pneLsune - i ’4"%/ B’
(J

¥
&e Glauge prefiure & Gt ix defived o8 the J/i/

) o Dpn7 LKLune
P’L&%u}ue wiich 3 measuned with the 5\2140 Abcodude 2eno P

— pnessune.

0;{' a F?LWQ meaw’u}'ﬁ :V@’Mmfi, ‘[ow MDL\.;_C’/) ‘e dmﬂgpﬁwmfc, PM&S
3 taken ag datuw - The ajm‘P‘h(’,%&uﬁe evi iiad &calefg wasked o8 Zene.
S Vacuwn pressune : H iz dedined as the pnessune below the atmphe

’Y’ﬂﬁ'ﬁwﬁ'cd;% 5 |
” @ﬁme.
D Absolude presgune = Atmosphenic piesine + Gauge P71

%jas_ = Pai'w) -3 PM&

D Vacwm presure - Abm. presum — AbS prEHIES:

Thi ~0. %< lole 2 kN[m™
@ the QILW)- pﬁé&«:ume (ﬂL §€ﬁj,€vd :d' 19 G 19 :

"7"&{0' 33m af-

R - @ meﬁ']aL
= The aimcgptumc_ pREssune head 2 F60MM of

woale. .

> Mepsunoment of pregsune

The Phé«%b&h& Cif Jf‘ﬂuicl 15 measuned ba fn{[om[,ﬁ devices,
[ Manometess 3. Mechanical @muﬁe«f-

I Manomefens & manomelers ase defined as the devices used fon meaxwu%j
"H‘C PMQSLUL@ aj'ﬂ PDT’Y\:[' fm a %w IOU loa,lana'i/g 'f’ﬂ)e cg{,umyl céf[uﬂ IOJ
the fame A ancthen columm of the Huid- They ane penified a3
® Simple Monowotess © Diffesnonlial Manowelens .
& Mechawcal Gmuﬁe& : These o defined ag the dovices uged fom memu:nﬁ
“the phessune bﬂ laalama'vﬁ the %Zwﬂ Celwrmn by"f'he SPTJ"‘? A deod me:ﬁhﬁ
WW{% used mechaunical pressune gages .
@ Risphrwgm p.g . © Bourdon P-4 & pead —weight PG
@ gelloos p.q. J




_Simple Manometens

A Simple manemelen Consict of a le.zf fube Ww:r?
ove of B endg commected 4o 4 point ohese pregsune £ 4o be rnesgured
ond ofhes evd temains open o afmmp}whfc v @mmmw offﬁ‘wp(em
@ Pieromeles ® U-tube Manpmetes ® S:Vﬁlﬂ Cdﬁ.mmﬂw”"fjm’

I

: :

I Pilezometes. - St s dhe stwplest form, of
Wome%e& u»ge—fm,, mea,mh,f-ﬁ 6&»3& pnessireg.
O":e evd of this wanemetes & convecled Fo -the
POt whene pressuse & dp be wieaguned and
0’ﬁ’l€)a.<’-”'d 123 opem-{v the aimoﬁp}w_ae, ast Showwn tn F!‘g.
'ﬂ/lﬁ * . ] o a [

e o Liguid gwes the pnessune head ot Hat povd . Jf al o PDM‘M’I
Hie [«&\ﬁt\f U{'L_%WH &a(y waje&,l;s h ™ P,‘e?vmefalma, +aon P’MJtUj@

Conne oo d +o a prh,{— ot which pﬂ% =
& do be Measpined and Aher end
Tewalng open o the alv. a8 shown
L€ tube Jeverally cndaing MENCURY B any ofhes lindd whase Specific
s of 1 e (Y
ﬁm‘“Lg %3 3’1%6@, 'Mnh the speciti. 371«11/;\% of- L'?;J.:L whose FW“%D
be. weasiised -
@ fon Jauge pressuse & Ak B iz e pofﬂf'afwuf—h P“e’%“’-‘e:gb
be measused, 1hose value s P, Ta dalam lie 2 A-A.
let- R - L\:uﬁ&.t 45{,[%[,,;{— Lgwd albove datbtr Line -
— . Mﬁ (XN i > y -u;‘;{
S, — SP-Q?L.C:#— LC@M— Liguid , &3 — SPﬁ*‘ﬁL W(y &ﬂ :
As Ahe pressune o s o Tfoh'i‘ﬁé’- hori2ovdal Sunface , Hence pres

Lo -
@ fon JPuge phedici (© (s viaccum pheizide

Aoove e hontzodal ditfim Line A-A S the lof coumn ond St gl
coluwmn of  U-tube manomedes Should be same-
P+ %ok, = Sigho
p= ($29hs 5% O
& For saceur PRESAE T (oft cdumn = Gafhrt Sth

it o = o
Pz *CS’;%L"F?:?}L")
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5. vaﬁ(é Celumm MaupmeTen © vaﬁ[e Cc{u(mw Womejéﬁ, 12 A mod[-,f{ed

fonm of a u-tube manomeles fn wWhich a megenwvoin Muf’tj a large

Cle axea af Compared Ho the anea of Hhe dube iy oppected to ome o
fhe Limbg -atf%e manometer a8 Shown ﬂ;g. Due o lwye Clc anea
of the Nesenvorn, fos any vasvialion T priessune, the chage bi-the
bquid level {y e megenvoin will be vehzj small olhlch s 71 be “"—j/@d&‘
avd. hence e presune & jfven by the l/\@igfni of Liguid v the ofhes
lirbo - Tha othes bimb yvay be vesfical A twelined

Qa) VeiifCai gf’m@(e Columy manometes 2

Let X-X be the dajl\m tine ™ the tresesuos

and fthe ot limb of the wanometor, |
When [ i3 wot conmertrd. 46 Hoe pipe .

When Hl@ manomeles 18 cennected o
the pipe ,due to Wigh pressune at 4, the
heﬂy\‘f b:guia( lor) the nesrervoin will be PM&{'IEA
dovwmwasd and wilt nize Gn e m‘@kf Umb-
Let-  Ah= Fall of heavy Liguid W nesenvoin
he= Rise o woawy Liuid o niglit Lomb
h = l’\&@kt of- cevitne of pipe akove x-x.
P = pressune at A, 1ohich & o be measwed . ged
A: qﬁ area. D:’E’ ?1&69’1'-/9?91- &: cgpﬁh%aaqw u!naziff.
A= s area of wight [fmb. Sy = Sp- gh by lquid -
e | \ ’U‘ao : {
Fall of beauy Lipuid ' mesenvoin WLl cange mise of heasy Wpe g
AxBh = axhy - '

A = Aaxbhs -
s . k(’ Limb aboe )y |
Now ' comsidet tag dalio Line v-y. Thow pnetivie o g

= $,9 (Ah+ha)
phessure Tn Left lomb above ¥V = Sif (Ahth)t By

Fqusling the pressunss, we have
.94 CAh+ha) = £9 (An+hy) + A [,&h:c}_@j
Pa= 2P f09-997 4 W 8,;
M avea A C%vaaﬁ[axje A8 WW o, hewee -2 lecomedvery _

Ten [Pas Gahy - 6 gh

o TR b PSR K s B o WA 4




s e T T T e T e g e s S e SRy B
@ Jnelined S:ijle column Manomeles :
Thee manomeled & mke sensSiive - due Ho 4 )
melinglion the digtance moved bJ “Hoe heag [ 2 gl : L/
chtuid i the "l’liﬁfd’ Limb oLl be meKe. Jﬂ
let |- &vx@‘tﬁ caf; headzj Lﬁcpufi mavec/f?wmxx X
B2 duelivalion 4%:3& R R
ha-= vesllical nise of heavy liquid & might Limb
Jhm ¥-¥ = Lx&"@p-
PA = i‘h, S)Lj = l’l\flg’ ¢ = fLans‘ng) — ﬂl?’% .
@i’ 787_‘68 ?}Ev@fa& Mamg me}te?js A
Diffenenlial manomelers ane Hhe devices used fon meaxalfzy
the diffesrence of pnessune betoeen dwo potnls i a pipe & 4o
defferet pipes . 4 df;ﬁ{ieﬁewta,( manometen consists of a V- tube , Codtain,
o [f\eaudf dialufd,wkofse +wo endt ase conmected Ho the points | ohose different
‘ of presguse 3do be meaguned - Mp&[% commm"}y types of diff -Mm-are o
l« U-tube Differcial Manometos < |

) ¥ ) "

- Jn Rj(aJ,—Hng two poilt A's, Base 1 O,
ot different level avd also cotaing X L/T;
ligwids. ef dlifferent sp. gn. i i
These poinls ane convected 4o e L -
U-tibe diffenenliat Manomefes. . O %o pipes atdiffprad lucs @’*“”Lg“ﬂhfd
Mpﬁmm ot A5 B ate Pa and Pg .
let h-= .D?ﬁeMce. of mga,au? level D the U-Aube-

Y= Dittance of the contre & B, 7&?'57‘7%5 mehw level 3 Wmﬂb'

e = ok A “ NN :
12 densily of Miguid ot A, ¢, - density of lipuid 4B
§g = Devsity of heavy Ligucl & meneuny -
Takivy dilivn) Live ot XX .
pressuse above x-x fnthe left imb = £,§ (h+x) +Fa
‘fuﬁ&z‘fimb . %7 h+ £.9xy +Pa
?‘z@v\g the oo pnetsune | e have
6 qCh0 P = §Ghr T e
- = Sggh+ gy~ fig(nt )
D%feunee & pressune 4and B = hg(fg"gt) 'f"g:.? d- g/?:tz




In F,‘@(b) , the o pof’mz’a Aaud B ane at Hhe same level wdanfra@h
Hhe same Liguid of density ¢, . dhen .
pressune above X bn night Lemb = 55 hg +5 9% +Fz
Left lib= §9h+t) +FA
?quﬂl‘ug the two pnessuse.
€9 ht {axt+Pe= §9tx)+Fa ‘
Pa-Fa= Sghr S§% - 8,9 (nt+x) |

Pate = Jhl8-5) .

2 Invenfed U-tube piffenendial Manomefer:

Jt consishs of an wexted U-tube
cmfamﬁ o Light Liguiel + The o ends of the
Hibe are Connected v the pofnfd' whege
diffesence of pnesgune is 4o be measuned - h
S wsed fon memu’»«j Al ffersnce 4 Low an’f&e.
et e belght of Luid tn Left Lmb beloo #ne dilom dine x-x.

ha = eight of Liguid o wugidt Limb-

h= dffenonce of Light Ligwid.

?,aD&f\M{d}Lﬁ?uLHGiA ?LZM%¥HWH&BA

Se= denslly of Lightligsd:

Pa presgune o A Pe> presune at 8-
Ta,kfy\ﬁ XX a3 dotin, Live - Then pnessune tthe left Limb below ¥-%
= Fa- 8,4 h,
Pressure o) dhe night Limb kel x-x = Bg - 9,9 835
F‘l“‘:&“‘ﬂ the oo presguse
PA - §u3’v: = - $,9b,- 5:9h.
Afe = §ighy - 8 ghy — $sgh -




e Bis, B

Pressure at a Pofv{f N Com p‘ne/%sfbfe f[,m’cl 4

Fos. compnessible fluids, dewsity (£ Changes 10ith the
Change of pressure and dempenalune . such problems ane encosdered
v aehonaulics 9 Dceanoﬁw@ and. meifeo.‘holoﬂj whene we are Contohmed
it afmoaphem"c AR Whose dem&,jtj) pressune and tempesdline clanges
with elevalion . Thug Fon Huds i+, vaniable d@’h‘y, e equalion
25 =85 Cannet be Gohegrated | unless e melifionship loehoeen Pasd§
4 lnewn - fon gages -the equalien of State i

Porm = (e —%

<p
a2 :w:fas%xg'

L
F= A de

Jn e aloove epualion , Z 14 meaguned Veﬁifaa% down
2 (2 measuned Veﬁf&cal% up , then i‘l%: 59 wd hence atve &g

T

- Jsothemmal Priocess ¢ gf Aempendbine T i3 constat ohich i§ e
o driled 43

ward. . But if

PGLP z ] f
Poj._ﬁ-; ﬁ—é%a—z:_ %%d%

_ Zfﬁ—% = "%, [%-—2'0]
Where p i Hhe presiune 1ohere laug(nf 2 %
& fakon of 2, then Z=° M p, becomes the pressurt

If the Aoty Line
o Adbam e




Adia balic Prnocess : ﬂ}? -%zmpealéﬂmef T & et Constant but e

pnocest Sfollows adiabalic law then the nelilion betweon présiune
MA c'eV\S‘:g l:_g 8:\/@‘4 bﬂ 'E)Z - CTSW%M e I
3
wohore k i godio o specific costat:

e
- !K:"‘é’z > $= &

‘C:—/E-/z = - gdz .
~E+ qF
%cfei@ﬁ  we get gfc[ %_: ]Pb 3 ;5(%)%%
* 3 @z)’”’c :

[Pyk —JEH = —g (3-%w)

B [?Ejn, s ~1{37R)

& pk_’ [_g,_%) :P?[-?*v?o) .
df datam line [z daken at 2o, where inw’hm‘ ¥
devsily ane Py, Ty g $o Then Zp =6

o [ 5-&] =72
¥ - “3&2"3%(—!5:’ - % [ o2l
P |
£
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Maouno me?l’uC {L?LLLCLF 2
Pesisable chaeclerlstics of oometnic i :

s Lo ViiAs zu‘fj’, s W{[;{y o quicle my‘umﬁf sorth prassioe tho.
? low coeffrcrent ef thoumal expavsion ;| win den&lig cl«.gﬁqwf%"‘?ﬂ”}af
= Low Vafouﬂ—plez%imé, re. Uttt o wo ewfoniffaw A amblest cordhiny,
> neplgible Susfaci dension and copilbsy effect.

' P woucef

Micte wanpmelis #%?/ e rveasuseneid of very Small presusie difpe b3 ‘
f = opien,

(& -fd’, The voeasusemedt of pregune differnence yoi1h \/e% L‘ij pre |

‘ efpe dalrj{vimr cﬁ‘— manme'/ﬁf colled mfawmmmdlﬂg’ ave uded -

\ Al = a(2)

g, t %3 (4, +23)

+ [jn’dj'% %)f”:
+ox3,9 + (hru kg
+ /4,405 9 -

o<

n

&} *fg: [fgj"’ gzlj["'%) 3 ’f&? %}

_——

ivg Ao
pfter wveglclivg 25 o, pym 28 ofs D52




Hyphostilic forces on sinfaces
Tetal pressure Jt s deftned as the fornce exented bja J+aif¢7fm

N a Sunface ¢Hhes plane & ceawed  1Ohey) ~the fluid  comes 7 coviact .
with the éunfac&e . Thig Swnfa&cea aﬁ&dc}yg acly ndmal o the Macef
Centhe of pressune & Jt s defived ag the po?vtkoaﬂappifécfﬁm of the
Lotal pnesguse enthe :Sunface - Theweane U Coses 0? &ubmeﬁ?d Sunfaces
o which -the -otal pressune fpnce ayd_cuzt}'ne ajﬂ priessune 340 Le det-
| The Sw@’mc%ed Sunfaces may be

- vesilieal plane susmface,

2o Hondgondal plam_ smzf;u)

3. nclived plane sunface,

4> Cunved Sunface.

[ Ventical planc’, Suhfa& 5@9””8"5@‘{ " L&Zﬁdt
Congiden o plane vestical Sunface ‘5(&104"“"7 /Tk/ b — | 1, 8
Sl«\ape tmmensed & a liguid ox Shown Q(l‘j' ' J

let A= Tofal avea o the sunface ' -

h = Distane o CoG . of the anea Jrom Jnee Sunface of linid.

Q= Ceutre of gravily of plone Sunface |

P= Conthe of pnessune:

h = Diglance of cevtne 0‘}: phekune fnm free Snface of Aff“a‘
be dotes-

B Tetal pressure €5z The otal pressune enthe sunface Yy
IoJ d,fvfifsﬁ the enlire sunface o mvf&mali Fam,ue_l shnips - The
fornce en small stuipis then caleulated and The Jotal prieshuse ﬁ’ﬁ&,
on the whele anea % calelaled by i %T@Lyﬁ the Jace on Sl Stip

C‘7’%3"*‘-”"3“’(1cSJf"’prtcviﬁ thickness dhy and widh b atl o deplh ’*‘5“’
from fnee sunface of liguid ag Shown i Fy
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