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Aibior Indes 1398 % fluids, for mechanical analysis a fluid is considered to be continuum i.e., a continuous distribution of
71399 matter with no voids or empty spaces. This assumption is justifiable because ordinarily the fluids
Index - involved in most of the engineering problems have large number of molecules and the distances
between them are small.

Another difference that exists between the solids and the fluids is in their relative ﬂhi%iﬁfﬁ to
resict the external forces. A solid can resist tensile, compressive and shear forces uptoa certain limit.
A fluid has no tensile strength or very little of it, and it can resist the compressive forces only when

itis i | i i inuously as long as
it is kent in a container. When subjected to a shearing force, a fluid dEf-IIfl'mﬁ continuously ga

this f:rri:e is applied. The inability of the fluids to resist shearing stress gives them their charactenstic
property to change shape or 1o flow. This, however, does not mean that the fluids do not offer any
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iy S her eoveD oven i e pressune acting on a liguid mass s removed, still the Lu'l'l{'ﬂ \ =
Cotwverss e [ ids thy et o =g it 1hwo IJL‘EL bl duL s T U\‘E‘L.Il‘ht el Tll'illt‘l",r and it

1y Frones 1 R TULl, \ '“,-' 1‘! ek excepl "Jil"l‘ll"th"'ht ¢ Pressure s I'l,"'l'l'lr_'!F’f,' s
1.2 DEFINITION OF A FLUID ,3 =
[ vieniy of the above disussion - . |

Tund may be defined as a substance which is capable nfﬂnwmg Jl:
I"l g5 1D .,_'i H_‘l*.il-‘.l.tl.. ""I-I-.l g "'i_ I,_'l|'l' 1= O\ ]:'l 111 o '!!'L:!'L"i"'l"l'll-h., tl-l. th"‘i qh"!?t? {-.f I:T-"I.-.I L‘:}nt,‘lnlng "tEEhrEl Fu:rthEr . %

small ames ww-qnﬂ; jomce everted on a fluid will cause it to undergo a deformation which contingee
as \ong a= me e ._!._."T""""i‘l!r_-""- to be ﬂDF‘h‘d :‘*“'r'?}"‘
A i 15 a fand, which possesses a definite volume, which varies only slightly with ternpera -
and pressure. Since under ordinary conditions liquids are ditficult to compress, they may be forall
PTACnIE’ purposes regarded as incompressible. It forms a tree surface or an interface separat ".'_;:"_f.;.;:
frem the atmiosphere or any other as present. ‘_i

A gas 1= 3 flaic, whicn 1s compressible and possesses no definite volume but it always exp
unti its volume is equal to that of the container. Even a slight change in the temperature ufagas 1
a sigmincant eftect on s volume and pressure. However, if the conditions are such thata gas undergoe
2 3'1'2:‘1..1] sibie change in its volume, it may be regarded as incompressible. But if the change in volur
15 not negligible the compressibility of the gas will have to be taken into account in the analysts. ¥

A vapour is a gas whose temperature and pressure are such that it is very near the liquid state™

Thus steam may be considered as a vapour because its state is normally not far from that ﬂfw er -
The fluids are also classified as #meal fluids and practical or real fluids. . ,; -

Lical flunds are those fluids which have no viscosity and surface tension and they are incompressible. -
As such for ideal fluids no resistance is encountered as the fluid moves. However, in nature l:hE ez *J

fluids do not exist and therefore, these are Ell'll} imaginary fluids. The existence of these imagir 1 4-,.1.’-'
fluids was conceived by the mathematicians in order to simplify the mathematical analysis ﬂf

fluids in motion. The fluids which have low viscosity such as air, water etc., may however be IIE‘E'-
as ideal fluids without much error.

Practical or real fluids are those fluids which are actually available in nature. These fluids Pﬂﬁ?
the pmperm‘:: such as v iscosity, surface tension and compressibility and therefore a certain amount =

of resistance is always offered by these fluids when they are set in motion. S ‘

1.3 DEVELOPMENT OF FLUID MECHANICS

Fluid mechanics is that branch of science which deals with the behaviour of the fluids at rest as Wﬁuﬂ

in motion. In general the scope of fluid mechanics is very wide which includes the study of all hquu;f

and gases. But usually itis confined to the study of lig uids and those gases for which the Effecl:l dueh}d, |
compressibility may be neglected. The gases with appreciable compressibility effects are gﬂvernﬂ'd :

vhe laws of Thermodynamics which are however dealt with under the subject of Gas dynamics. -
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of the fluid flow, which assumes that F.hn.}r!m c_,--r S8 ATE T .-.: i 4,4-‘ o B - x i
fluid concept. The other known as Hydraulics, deals with s eractice] “#_: | "".'_"_FT'_T:___" _‘;

has been dE‘UE‘][’JFE‘d fl'ﬁm ‘[‘IF"HH'L"!'I'E-;I findin ‘.%5 and i 15 threred e, e of e =) y—y

..... -mw::u rsbi

contributions to theoretical h}-’drﬂdmﬂmhﬂhjﬂ.qﬁ Fagrr rnj-‘n[-x Foler TYA ._,—-—L,-- e e
Efﬂkﬂ‘l ]"::Iﬁ:hﬂﬂ'. Eﬂ}'l'!!lgh R.arirmp Kelvin, Lamb and many o rhers Many irvedsSosices b
contributed to the development of experimental hydraulice, notzble ameorust them ﬁ;,.-: Crezy

VEﬂt‘uI'I, BEIIHT Hﬂgﬂﬂ; FGIEEHﬂ]E, DEIIITE 'U‘HEIE-;ﬂad'I hul"tﬁ"_f ‘1.&""!]’1..113‘_* Fronme ot <oy ety )

| ey - Wi o il

Although the empirical formulae developed in hydraulics have found useful zpphcaton o seversl
problems, it is not possible to extend them to the flow of fluids other than water 37 i the ad+ anced
field of aerodynamics. As such there was a definite need for a new approach o the problems of
fluid flow—an approach which relied on classical hydrodynamics for 1ts analvtical development
and at the same time on experimental means for checking the validity of the theometical analyss
The modem Fluid Mechanics provides this new approach, tzking a balanced view of both the theonsss
and the experimentalists. The generally recognized founder of the modemn Hurd mechamcs = the
German Professor, Ludwig Prandtl. His most notable contribution being the boundary laver theony
which has had a tremendous influence upon the understanding of the problems inveiving flend
mnnﬂn. Other notable contributors to the modern fluid mechanics are Blasius, Bakhmetes, Nikuradse,

on-Karman, Reynolds, Rouse and many others.
[n this book the fundamental prmnp!es of fluid mechanics applicable to the problems ovoiving

'thEmnhﬂnufaparhmhrdassnfﬂmdscaﬂedﬂﬂﬂnnmﬂtu&s{ﬁEhasuMm:m SIvoErme

etc.) have been discussed along with the relevant portions of the experimental hvdraubs

1.4 UNITS OF MEASUREMENT

Units may be defined as those standards in terms of which the vanous physical quanties lie
length, mass, time, force, area, volume, v elocity, acceleration etc., are measured. The sysiem of ot
used in mechanics are based upon Newton's second law of motion. which states that forve equas
mass times acceleration or F = m x a, where F is the force, m is the mass and & 15 the aceeikeraton

WD i the
eral four systems of units, two in metric (C.G.S, or MK.S) system and
sl o Yi one is known as the absolute or physiast s svstem and S other

gineer's system. The ditference between the ahsalute and 1:!‘.!\1?.15{!‘;.!1
or the standard is the unit of mass. The unit of force mdenwdt'j'
vitational system the standard is the unit of force and the unit of mass s
Table 1.1 lists the various units of measurement for some of the basc or

English (F.P.S.) system. Of the two,
as the grawtahnnal Or en
systems is that in the form

Newton’s law. In the gra
derived by Newton's law.

fundamental quantiﬂes.
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TABLE 1.1 A Properties of Flusds
Cuanlity 1 Metrc Lseds ', In addition to the above not
, L L m g ' ' ' noled base \ N .

t Gravetational Absute m y Table 1.4 base units there are two supplementary units which are Riven in
Length Metre (m) [ Metre (my) Foot (tt) Foot (1) - TABLE 1.4
Timwe | sovvrnd () seoond ILH"'\."I' Sevond ["'-E""l:'.‘l F'l"'l-."ﬂ'ih'] {‘-ﬂ:] - -
Mass D Aetne shae (mel) | Gram [gm (mass)] Shag (= Pound [T (masg)) ~Quantity s
Bonve P Kilogram (k) | Dhoe Pound (b (0] Poundal (pdi) Plane angle —— e
Temperature | b, B C ‘F ) Solid angle rad

The units of measurement for the varous other quantities may be readily obtained with the hele
of the Table 1.1, Further Table 1.2 below illustrates all the tour svstems of units in which the
are definad so that one unit of fonee agquals one umit of mass imes one unit of acceleration.

5T
The unit of a derived quantity is obtained b

L

(or primary or fundamental) quantities
quantities. Thus in SLunits the unit

v taking the physical law connecting it with the basic
and then introducing the cormesponding units for the basic
of foree is newton (N which accondin ke Newlon's second law

- of motion is expressed A8 TN =1k x Lm/&, i, a foree of 1N is required 1o aceelerate a mass of
TARLE 1.2 LR by L /5% The units for some of the derived quantities have been assiened «
bl Sl b ik | v ssiptwd special names and
T I R elationehis :q.'nj Wils, L mh_n e important derived units with spocial namies, commonly wsexd in Fluid machanios.
he— - — e e e S e = in SLand metrie gravitational systems ol units are given in Table 1.5
At Absniute Ldyne = 1 gram x s h
h s Ak NS b ' :'IL"'I k m T!‘HLE 115
Netric Gravitational | Kilogram (£) = 1 metric slug x —l-l-‘%- . . A _
sy - Dericwd S Metrse Grasilatiommal
1 it o Uhiantely 4 .
English Absolute | poundal = 1 pound x —= L A Uit Symbnt Unit Symhol
st (1) R 2) 1) 4) (S
) R Rt Area squane metre ' squan metre m
English Gravitational 1pound (D = 1slug x — - Volume cubic metre cubic metre m’
S | . ‘iﬂm: tv - A :-i'rh: pet ni'mu:'l.1 mete per second m/ s
. . 6 e PO L e . T ve kil T 3 S e " P, ngular velowity radian per secon radian per secondd rad /sec
f::h“ the following relationships may be utilized to aftect the conversion trom one system Acceleration metre per second square metre per second square | om/sec
ANOINT. & Angular acceleration | radian per second square radian per second square]  rad/ sed
1 gram-wi. =981 dvnes 1 metric slug = 9810 gm (mass) Frequency hertz 1/ sec
l I-wt=322 Pﬂ-[u‘ldﬂlﬁ : 1s8lup=32210 Lﬂ'h‘l-ﬁ'"i} - - Eiiﬁfhﬂtﬂl? cubic metre per second cubic metee per second m" /s
- ’ [ s density \ . . el 1
The use of the ditterent systems of units by the scientists and the engineers and also by the different” {5;;:;; “'::EH} H:{E:EJ: ) :fhﬁﬂnﬂ::_ﬁf msl/m
countnes of the world often leads to a lot of confusion. Therefore, it was decided at the Eleventh ™ Force new ton Kilog
=t : = : re ’ by waram (1) k(-
General Conterence of Weights and Measures held in Paris in 1960 to adopt a unified, systematically
constituted. coherent system of units for intermational use. This system of units 18 t:allﬁl_ - Pressure, Stress, newton per Kilogram (f) per kgD /m?
brtermatonal System of Units and is designated by the abbreviation S1 Units. More and more countries Elastic Modulus square metre (= pascal) square metre
ot the world are now adopting this system of units. There are six base units in SI system of 1tI'I1 ' 'f"'ft'ight density newton per kilogram (f) per kg(f)/m’
which are given in Table 1.3. ’ e (Specific Weight) cubic metre cubic metre
4 Dynamic viscosity newton second kilogram (f)-second ketf)-
TABLE 13 ' per square metre PeT square metre v/ m?
. (= pascal second)
Quantity Kinematic viscosity | square metre per second square metre per second | m* /s
Length Work, Energy, joule kilogram(f)- kg(t)-m
Mass Torque melre
Time Quantity of heat joule kilo-calorie hcal
Electric Current Power walt kilogram(f) - kg(h-
Thermodynamic temperature melre per second ./ gec
Luminous intensity Surface tension newton per melre kilogram (f) per metre ()/m

Conhd
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- : r (v) Numbers with more than three divits o
| e o "'{_] : in between consecutive groups }I.:n:. H:mb should be written in groups of three with narrow space
Momentum hilogram metre k. my/s metric slug - 5) : CVET, & sequence of four digits i usually not broken e g
per second netre per second D00 should be writlen as S0 0 -
Moment of Kilogram square kg.m/s metric slug-square 72345.685  should be written as 72 345,645
momentum metre per second | metre per second 0.13579  should be written ay 0.135 79
Entropy (1) joule per kilogram J/(kg. K) (i) kﬂﬂ‘miim{lgur 9810 may be writtenas 9§10 or 9810
-l |  metric slug dep, : : ;
neivan Centigra dt EhE‘E.; (vi) The decimal m ultiples and sub-multiples of the units are formed by using the prefises The
= = ' various prefixes and Lhe corresponding symbols are given in Table 1.7, = |
(ii) joule per kelvin I/K (ii) kilo-calorie per TABLE 1.7
deg. Centigrade abs.
E':—FEIT.'i.ﬁE heat joule per H]ngram 1/ ﬂ-:g. K) kilo-calorie per ‘Ll'lil'l'l' multiplier Symbol | Unit multiptier Prefix | Swribai
kelvin metric slug deg. 108 exa E 10} dicd | d
Centigrade abs. 113 - peta P 1) alt 2
(Gas constant joule per kilogram ]/ (kg K) kilogram (f) metre 104 lera T 109 milli ] m
kelvin per metric slug 107 giga G 10 micro | m
deg. Centigrade abs. 10° ' mega M 10~ nano l o
Thermal conductivity | watt per metre kelvin W/mK kilocalorie per 10° kilo K 10 pico \ ¥
| second metre 10% | hecto h 10+ femito ‘ i
deg. Centigrade abs. 10 deca da 107 L : s

The prefixes hecto (h), deca (da), deci (d) and centi (¢) are not commonl y used and these shouid
be used only when special necessity arises. Further as far as possible prefixes in st2ps of 107~ should
only be used to form multiples and sub-multiples of the units. [t may also be noted that compound

Certain units though outside the International System have been retained for general use in
system also. These units are given in Table 1.6. . 1

"

TABLE 1.0 P .;.- prefixes (or combination of prefixes) are not to be used. For example the correct form for 107 is the
Quantity Unit Symbol " Valuein SIUnits . prefix nano (n) and not the combinatian of prefixes such as milli micro (my) or any other combination
Area of land area . U 100m? . A@el  whichisincorrect and should notbe used. | ,

—da= Haptipe o 10 000 m?2 - In this book both metric gravitational system of units as well as SI units have been used. Some
Time minute min 60 s 1 important conversion factors in various systems of units are given in Appendix V.

—do— hour h 60 min =3600s &

~do- day d 24h=86400s . 1.5 MASS DENSITY, SPECIFIC WEIGHT, SPECIFIC VOLUME ;
i icane t * 1000 k L densi ecific mass) of a fluid is the mass which it possesses per unit volume. It is denoted

" ] fenti Siia P 10-* N.s/m? B o H kg/m?. In the metric gravita tional system of units mass ;:lﬂn?1 t;.rtls Erprf:.smd R e tﬁiﬂiﬁf

mngn-i:jf viscosity SIIUI'EEF G [ 104 m2/s 55 T.'f.;‘ = metre i.e., msl/m” and in the metnc absolute 5}’5{;5111“1 ?E:hfgpﬁﬁh xjtfl:-:}ml o alielizhd
Bl con 2 bai : o 100 kN /m? = 10° P2 : centimetre i.e., gm/cm?’ or gm/cc. The corresponding tint piisn gra

: und (mass) per cubic foot i.e., Ib (m}/
' slu cubic foot i.e., slugs/ ft' and pound ( ) PELE .
Eﬁf’ﬁtreﬁempechs nfvem;‘;'tsIEhr: masE: {F;::*nsiljf of water at °C in different systems of unts is 1000 kg /m’, or 102

mﬁim:e a mnigmeuﬁfe of a substance has a certain mass regardless of its 5t3t"'-: {ﬂ‘hdf liquid or gﬁ;tﬁz
follows that the mass density is proportional to ﬂiE}‘*;lﬂtlmh-‘r of ﬂtrlﬂt;ﬂf :1 r;:ﬂft:;i eﬁ;in a giwr';

Ty acing increase wit perature, I 'L_ s R
EI Lihrﬁenui?li:tguid a:tiiﬁr:;f::gﬁ. %hmfnre. the mass density of a fluid decreases with ncreasing

5 be forced mto a
icati f nressure a large number of molecules can
g e e B HFPIS tt::: l?w]:uassdmﬂit}’ -:?f a fluid will increase with increasing Pressur.

In using SI units certain rules and conventions are to be followed which are as noted bﬂl“w T * ._
(i) Names of units, even when they are named after persons, are not written with ﬁrﬂtbl'
capital when written in the spelled form e.g., newton, joule, watt etc. i . .i .
(ii) The symbols for the units which are named after persons are written with capital first ]EHEI' '- o
the name e.g., N for newton, | for joule, W for watt, etc. e 1 5,
(iii) The symbols for all other units are written in lower case (small letters), e.g., m for metre, 555 S8

: e given volume, itis m_heexpﬂ't . ’ weichl it possesses per unit volume. 1t
second, kg fm: k{lnigram. :etc. | | . ailgs Specific weight (also called weight ::}Enszt}:} '*'_""f i Iﬂu’uﬁl is the :- tﬂffnrmpgxmﬂi by gravity on a unit
(iv) A dot is inserted in the space between the symbols for the compound (or cﬂmblﬂﬂd}l g is denoted by a symbol or y (Greek ‘gama’). Asit represent:

e.g., N.m (for newton metre), kW-h (for kilowatt hour) etc.
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volume of fluid, it has units of force per unit t‘}iilll11t?- .h,l Sl ‘f'i"“‘ ip":":'h;: weight s CXPreggeq o Properties of Fluids
newton per cubic metre i.e., N/ m>. In the metric gravitational system ol units spec HJ -.

e weighy

expressed in kilogram (f) per cubic metre e, kg(h)/ m* and in the metric absolute System of yric o specified temperature and pressure. As sp

. ecific weight and mass density of a fluid vary with
& Y i 1 : R . PR a 4 i ll. = d nus(’cn‘lj l']r I:I- nuH!EE-! I I"E mrrE & 3 ;1 ! I'I EEIHPErﬂturﬂ, tE’IIPI.Iﬂturﬁ mUEt w unt‘..d wh 4 gri 5 = _ - T - | :
15 expressed in dynes per cubic centimetre 1.e., dy Y P’D“dlng Units i | specific weight or mass density. I}r:in.:l pecific gravity is used in precise calculations of

B @ ratio of two quantities with same units, specific gravity s a

the English gravitational and absolute systems of units are pound (f) per cubic foot Le, Ib (6)/£0 4 tem of units used, The [
AN units used. specilic gravity of water at the standard

poundal per cubic foot, i.e., pdl/ft’ respectively. The specific weight of water at 4°C dita

Biet ~bB-

o
Ga
*ial

pure number independent of the sys
temperature (i.e., 4°C), is therefore,

1
”

where ¢ is acceleration due to gravity.

The specific weight depends on the gravitational acceleration and the mass density. Since the . [
gravitational acceleration varies from place to place, the specific weight will also vary. %
stated earlier the mass density changes with temperature and pressure, hence the specific weicht I
will also depend upon temperature and pressure. | T

Specific volunte of a fluid is the volume of the fluid per unit weight. Thus it is the r&mprm:al
specific weight. It is generally denoted by . In SI units specific volume is expressed in cubicr etre Pabs = Pgage t Pam (5€€ also Sec. 2.5) _ )
per newton i.e., m’/N. In the metric gravitational system of units specific volume is exp ik The absolute temperature is expressed in ‘kelvin’ i.e., K, when the temperature is measured in *C
cubic metre per kilogram (f) i.e., m*/kg(f) and in the metric absolute system of units it is expressed: £ and it is given by |
In cubic centimetre per dyne i.e., cm?/dyne or cc/dyne. The corresponding units in the Eng 23 1 Py = TK=273.15+ ﬁ:_
gravitational and absolute systems of units are cubic foot per pound (f) i.e., ft*/1b(f) and cubic foot No actual gas is perfect. However, most gases (if at temperatures and pressures “t’]l:"_ﬂwﬂl‘-' both
per poundal i.e., f*/ pdl respectively. S i from the liquid phase and from dissociation) nbeg this re!?hmtii ::1:::5;1}; :;Einf;q IEE Eﬁhﬂ:;-‘;

For the problems involving the gas flow specific volume is generally defined as the volume of the & dF“EitF 73 (EhﬁﬂlmEE:m;T h";ﬁﬁf;ﬁi;ﬂf; ?:22;;1; with the :;quz;tinn of state.
fluid per unit mass, in which case it is reciprocal of mass density. In SI units the specific volume is* '} o th: Fretant R is defined by Eq. 1.2 as p/pT and, therefore, its dimensional
then expressed in cubic metre per kilogram i.e., m*/kg. In the metric gravitational system of units iti- g o ﬂ:t'rh P ;?Tnits the :nml:a;rt IE is ;E:xpressecl in newton-metre per kilogram
is expressed in cubic metre per metric slug i.e.,, m*/msl and in the metric absolute system of units it =58 expression is (FL/M). Thusin iy

: ; . in i . . Further, since 1] ule = 1 newton % 1 metre, the unit for R also becomes
Is expressed in cubic centimetre per gram(mass) i.e., cm®/gm(m) or cc/ gm(m). The corresponding; ;::;12 if;;;ﬁéﬁﬁ;kiﬁm ie., (]/kg. K). fgau'l, since 1 N =1 kg x 1 m/s? the unit for R becomes

e d ; : 3 ; 3 S equal to 1.0. The specific gravity of mercury varies from 135
units is 9810 N/m? (or 9.81 kN/m?), or 1000 kg(f)/m’, or 981 dynes/cm?, or 62.4 1b(£) /{8, or (g 4 11 £ 13,6. Knowing the specific gravity of anv licuid. e s 6o " oo to
’ sFg- L0 A s : tﬁ i
32.2) pdl/ frd o e T . tollowing velation, gravity y liquid, its specific weight may be readily calculated by the
The mass density p and specific weight w are related as indicated below f R j w = 5p. gr. of liquid x Specific weight of water
w b "i!l : = (Sp. gr. of liquid) x 9 810 N/m?.
W = pgip = — AR | S S
8 "} 1.7 EQUATION OF STATE: THE PERFECT GAS

The density p of a particular gas is related to its absolute pressure p and absolute ’te:mpeml:r.im,'r b:;
the equation of state, which for a perfect gas takes the form "

—y—— p = pRT; or pV =mRT ...lfIJ“f-f-'*-
i in which R is a constant called the gas constant, the value of which is constant for the gas concerned,
g and V is the volume occupied by the mass m of the gas. The absolute pressure is the pressure measured

11 above absolute zero (or complete vacuum) and is given by

units in the English gravitational and absolute units are cubic foot per slug i.e., ft?/slug and cubic™= | ! |
foot per pound (mass) i.e., f}/Ib(m) respectively. per siug g (m?/s* K).

. AT i R is expressed in kilogram
Y - In metric gravitational and absolute systems of units, the gas constant *
For liquids the mass density, the specific weight and specific volume vary only slightly with thes 1 (f)-metre per metric slug per degree C absolute i.e., [kg(f)}-m/msl deg. C abs.], and dyne~centimetre

variation of temperature and pressure. It is due to the molecular structure of the liquids in which = per gram (m) per degree C absolute i.e., [dyne-cm/gm(m) deg. C i;bs'] respectively.
molecules are arranged very compactly (in contrast to that of a gas). The presence of dissolved 2l i o the value of R is 287 N-m/kg K, or 287 ] /kg K, or 287 m?/s K. i it
salts in solution and suspended matter will slightly increase the values of the mass density and the In metric gravitational system of units the value of R for air is 287 kg(f)-m/msl deg. L abs. ,

EPE{:iHE “FIEight of the “l'[llidﬁ | g since 1 msl = 9.81 kE {m}J the value of R for air becomes {EE?IQ.E?I) or 29.27 kﬂ[ﬂ'mILE{m} dEE C
For gases the values of the above properties vary greatly with variation of either temperature, L S8 ahs . ;
pressure, or both. It is due to the molecular structure of thgr gas in which the molecular spacing _{LF-E t{ I Since specific volume may be defined as reciprocal of mass density, the equation of sta ya
volume) changes considerably on account of pressure and tem perature variations. T e be expressed in terms of specific ﬂ{;ﬂﬁ of the gas as - - | L(122)
R , pr =
Specific gravity (sp- gr.) is the ratio of specific weight (or mass density) of a fluid to the Specic £ The equation of state may also be expressed s | -(12b)
weight (or mass density) of a standard fluid. For liquids, the standard fluid chosen for comparison J[5e p =wR

is pure water at 4°C (39.2°F). For gases, the standard fluid chosen is either hydrogen Of air at SDmE

e -.-.'.':



-

L]
Bl wia™ =

- coae constant K then become :
wm which 1 is the spevitic weight o the mas, The wut i the gas vonst i es (m/K
o . Mot 4

. aalueof B is 2927 m/K.
l“‘-;lﬂl‘g. L i.‘.b-_"-\'j- ].t AN hi."""i't“ L. hﬂ- h"‘h'"l"'l\'rl th‘lt h’:f Ju thl % \‘llll L
For a given temperatune amd prssun, g - ) orcesiiit
hypothesis, all pune gases at the same RMPCTAie F W anine
per unit volume. The densaty is ?n"}mrtt-m‘l..ﬂ o the 1‘11.1.-.:-.4.. :t e, This rl-!l"l..'ld'l...'l'-.."t MBS Kencnen o4 L !
. Geht’ A is constant tor all periect gases. 20 : : Bhenill =
of R and the ‘molecular weight ottty constant but for monatomic and diatomic gasesitg
universa! cas consht. For meal gases s not Sk iy & " PO 1 5 2 ; =7
va 1.: atin:u':&i,u slight. 1f M is the ratio of the mass of the molecule to the mass of a hyvdrogen atom, MR = s
8310 J/kg K. i

.
11]

1.8 VISCOSITY =yt o
Viscosity is that property of a fluid by virtue of which it offers resistance (;u th;;-‘ms:]n. ement of one .-
layer of fluid over an :i;‘.ian:nt laver. 1t i5 primarily due to cohesion Elhﬂ hem?;fzt?r mngte;:lﬂn_v
exchange between fluid layers, and as flow occurs, these etfects appear as shearitlg, SUEsses between |
the moving layvers of tluid. 4 , \ A
= 1 *® ] 1 [ lu L ' | - i
a small distance Y apart, the space between them being filled with _. P 4
| P it with a velocity V by the application of a force
(0 be at rest, while the upper one is moved parallel to1 . “o 3 - £ the fluid in
- 1 53 tact with the fluid. Particles of the fluid in =
F, corresponding to area A, of the moving plate in con . g
' . S * i istance Y and velocity V are not too great, the =
contact with each plate will adhere to it and if the dis : | b
velocity i ata di:‘-taF;:ct: v from the lower plate will vary unifo rmly from zero at th:'a. Iuwa;rf]lﬂi‘!l:; which
is at rest, to V at the up;pi:r moving plate. Experiments show that for a large variety of 1iul . |
AV _. =TS :i‘g ]

F~ : 1A
T Pl By |

Jor

i

have the same number of moleeyleg
15.-..~id'l.m'| 1114.111.1*1111? and S0 [hL-. P“ﬂuﬂ 3 r |

"
F .

Swtionary (777777 /7777 77777777777}
Figure 1.1 Fiuid motion between two parallel plates - :

[t may be seen fmrﬁ similar triangles in Fig. 1.1 that the ratio V/Y can be replaced by ﬂfﬂﬁg
adient (d o/dy), whichis the rate of angular deformation of the fluid. If a constant of prop o thin
Er{GrEEk '‘mu’) be introduced, the shear strees 7 (Greek ‘tau’) equal to (F/A) between any de

<heets of fluid may be expressed as L

F_ v s 5T

ko - "TI Fhh " - - :
""':"—f !ll'-i:"-lz -‘li.h.nrl e

indicates that pR = constant. By Avogadegts S8
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Equation 1.3 is called Newton's equation 1 v
define the: proportionalitg Tonstant ~

HCEmItY, and an the trarsposed fomms 1 serves (e

R e T
t-"u["'fi.fy A} a)

which is called the coefficient of viscosity, or the dynamic viscosity (snce # involyes force;
wiscosity of the fluid. Thus the dynamic viscosit : ree )

produce unit rate of angular deformation,
In 51 units m is expressed in N.s/m?, or kg/ms.

1:} the metric gravitational system of units, m is expressed in kpifi-sec /m? or mal/ mses In the
melric absolute system of units m is expressed in dyne-sec/m2 or gmilmass )/ emeser whack & alio
called "poise’ after Poiseuille. The ‘centipoise” is one hundredth of a pose.

In the English gravitational system of units m is exprissed in Ibifsec/ it or slug /Bawe and in
the English absolute system of units it is ex pressed in pdl-sec/ it or bim)/ frsec.

The numerical conversion from one system to another is as follows

1 Ns/m? =0.102 I-;g,{f]-sm:,l"mz = 10 poise

o+ -:t:!,'np#'!-'
Y i may be defitnad as the shear stor reguared to

Ilbifl:’ff - 179 M = 479 poise = 4.88 i <
it cm” P

In many problems involving viscosity there frequently appears a term dynanuc visamity m
divided by mass density p. The ratio of the dynamic viscosity pand the mass density pis kavren oo
Kinematic viscosity and is denoted by the symbol n (Greek ‘'nu’) so that

On analysing the dimensions of the kinematic viscosity it will be observed that it myolves only
the magnitudes of length and time. The name kinematic viscosity has been given to the ratw (u/ )
because kinematics is defined as the study of motion without regard to the cause of the maotion and
hence it is concerned with length:nd time only. cx s A

‘ i :sod in m2/s. In the metric systern of units v 1s expressed m oot/ s orimsy
ﬂmg:::ﬂ:; Z;Wﬁfﬂcm:i:nmned ;TE ‘stoke’ after G.E Stokes and its one-hundredth part &= called
‘centistoke’. In the English system of units it is expressed in ft*/sec.

The numerical conversion from one system to another is as follows

2 ~ 2
! -ﬂi = 10% = = 10* stokes = 10.764 .5
S SeC | ¢ |
The dynamic viscosity p of either a liquid or a gas is practically mdﬂp*rl.?;; T‘:: p@u:; | ;:'
the range that is ordinarily encountered in practice. However, it vanes wi miﬁ:‘?f 5
For gases, viscosity increases with increase in temperature u:‘hLlc for hguads :: - thhtna‘m} ¥
in temperature. Thisis s0 because of their fundamentally different inferm ; ﬁ'l.;w Rt
liquids the viscosity is governed by the cohesive forces between the FTnh:n{ . E[ 1_ uh..iu.:n:i . g,,au-n
in gases the molecular activity playsa dominant role. The kinematic visoosity 0 ig

at a given pressure, is essentially a function of temperature.




Hydraulics and Flu

& v - 1 -3& 111.EIE .H g
Common fluids such as air, water, glycerine, MO t:. f:'::']:i: Eﬁ? fluids may ZE:EZSTﬁﬂ
which, however, do not follow Newton's law of viscosity. A

edag =
toni id there is a linear relat SIS

Newtonian fluids and non-Newtonian fluids. In a Newtoman fluid th On between

the magnitude of shear stress and the resu

lting rate of deformation i.et., the a;iiln:it;nt:}z::if‘npurﬁum]j e
p in Eq. 1.3 does not change with rate of defrtrmatiun. [n a non-Newtoni 1S a non-lineay e
relation between the magnitude of the applied shear stress a
the case of a plastic substance which is a RON=INET
to cause a continuous deformation. Anideal Plﬂﬁn‘:

la
lation between shear stress and the rate of angue A
;En‘nn-ﬁewtuniﬂn fluid, has a non-linear relationship between the shear stress and the rate of angular

deformation, beyond an initial yield stress. The printer’s ink is an example of a thixotropic Hﬁ“iﬂx-l:* 2

B
.
= | iy 1

i ' - M |
- deformation. A thixotropic substance, whichjs

= b
. = -

s -
%

= s
Y =

Elastic o
solid Y

<

fud
gnial
Yield et
siress
Ideal fluid

= 0 I

Figure 1.2 Variation of shear stress with velocity gradient

An ideal fluid is defined as that having zero viscosily or in other words shear stress is always |

3 o ='ﬂ i _:__. o
regardless of the motion of the fluid. Thus an ideal fluid is represented by the horizontal axis (1 )= |

1 i ' ' : -Newtonian, Plﬁﬁﬂ‘-'ﬁ:f,
. T 12 which gives a diagrammatic representation of the Newtonian, nOn-iNe P
:I]-lui::tgtr;;::n; id:':ll fluids. f true elastic solid may be represented by the vertical axis of the diagram:

: : . viscosityis TR
The fluids with which engineers most often have to deal are Newtonian, that is, their viscosity! - SF

. 2 . s ¥ Eﬁﬂ?rﬂfﬂﬁ
t on the rate of angular deformation, and the term “fluid-mechanics’ genl o
Eﬂ}?fﬁlﬁ;n?an fluids. The study of non-Newtonian fluids is however termed as Th"-‘ﬂlﬂgyll

5 ._l
AI! v -
. i
;-
L=

All liquids possess a tendency to evaporate or vaporize i.e., to change from the liquid to th: Et; - 3 i
state. Such vaporization occurs because of continuous escaping of the molecules through 2= = 08

liquid surface. When the liquid is confined in a closed vessel, the ejected vapour molecules EI o

. latef
accumulated in the space between the free liquid surface and the top of the vessel. This atﬂumriﬂ;t g
vapour of the liquid exerts a partial pressure on the liquid surface which is known as vapouT P A

-
;e e
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uids =

nd the rate of angular deformation 1, |
Newtonian fluid an ini_tiaj yield stress is to be exceed { L:: |
has a definite yield stress and a constant lineas - e,
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Properties of Fluids

EﬂﬂEFEE, E'l"ll."i_l"l:g rise to hi himpact
high that the material fl-rli:gm pec pressure. The pressure dev

: the adjoining boundar:
Thqs phenomenon is known as fﬂ'-"ii‘ﬂﬁnﬁ_ £s gets

- .13)

Strain [ dv ) ~( Change in w.llumﬂ
Original volume )
Thus bulk modulus of elasticity K is a measure of the incremental change in pressure dp which

takes place when a volume V of the fluid is changed by an incremental amount dV. Since a rise in
pressure always causes a decrease in volume, dV is always negative, and the minus sign is included
in the equation to give a positive value of K.

For example, consider a cylinder containing a fluid of volume V, which is being compressed by a
piston. Now if the piston is moved so that the volume V decreases by a small amount dV, then the

pressure will increase by amount dp, the magnitude of which depends upon the bulk modulus of
elasticity of the fluid, as expressed in Eq. 1.5. |

In SI units the bulk modulus of elasticity is expressed in N/m? In the metric gravitational system
of units it is expressed in either kg(f) /cm? or kg(f)/m? In the English system of units it is expressed
either in Ib(f)/in® or Ib(f) / ft*. The bulk modulus of elasticity for water and air at normal temperature
and pressure is approximately 2.06 x 10° N/m? [or 2.1 x 10°kg (f)/m?] and 1.03 x 10° N/m* [or 1.05
x 10* kg (f)/m?] respectively. Thus air is about 20,000 times more compressible than water. The bulk

(volume) modulus of elasticity of mild steel is about 2.06 x 10" N/m? [or 2.1 x 10" kg(f)/m*] which
shows that water is about 100 times more compressible than steel.

However, the bulk modulus of elasticity of a fluid is not constant, but it increases with increase in
pressure. This is so because when a fluid mass is compressed, its molecules become close together

and its resistance to further compression increases i.e., K increases. Thus for example, the bulk modulus
of water roughly doubles as the pressure is raised from 1 atmosphere to 3500 atmospheres.
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Properties of I luids

The property of the liqus s
| *Hquid surface film te exert 4 te
by o (Greek ‘sigma’y and T o the T Yexerta lension is called the surface tersion 1 denises

; . ‘ S quired to mainta - thies Filere ;
sl units surface tension is expressed in N/m. In the metric :-: -:f: 'l:*:'i;m O e eqelibaia. e
4

in kg(f)/cm or ke(h)/m. In the English g . 1. "1_“"'! By sbern of unuts it js 5 D]
Ib{f)/1L. Tuts 1 1s expressed in (1)} i or

As surface tension is direct] y dependent upon inter-molecul

Iil‘ll h_rémda ﬂEﬂEﬂﬁEﬁ as the temperature rises. It is alsa dependent on the fluld in contact wis

iqui _surfﬂr:i:: thus. surface tensions are usually quoted in contact with air. The sies :E Wikt
warer in contact with air varies from 0.0736 N/m [or 00075 kg (§)/m] at 19°C 14 u.'r:'a::ﬂ;ﬂm -
0.006 kg (f)/m] at 100°C. More organic liquids have values of surface teTisiom h--n... l_ﬂ.,' " J_':i:hflj'm
lor 0.0021 kg (F)/m] and 0.0304 N/m [or 0.0031 kg (()/m] and mercury has 2 value ufT.J:b-.:-ut q-.:#:.;

N/m.[or 0.0504 k HEgTa
R [ g(f)/m], at normal temperature and the liquid in each case bewnig in conract with

The effect of surface tension is illustrated in the case of a droplet as well as a higuid jet When &
dmphj:t I1s separated initially from the surface of the main body of liquid, then due 10 surtace tension
there is a net inward force exerted over the entire surface of the droplet which causes the «s cface o
the droplet to contract from all the sides and results in increasing the internal pressure within the
droplet. The contraction of the droplet continues till the inward foree due to surface tenson i o
balance with the internal pressure and the droplet forms into sphere which is the shape for minemum
surface area. The internal prassure within a jet of liquid is also increased due to surface tension. The
internal pressure intensity within a droplet and a jet of liquid in excess of the outside pPressure
intensity may be determined by the expressions derived below.

(1) Presstire intensity inside a droplet, Consider a spherical droplet of radius r having internal pressure
intensity p in excess of the outside pressure intensity. If the droplet is cut into two habves, then the
forces acting on one half will be those due to pressure intensity o on the projected area (2=} and the
tensile force due to surface tension o acting around the circumference (2nr). These two foroes will be
equal and opposite for equilibrium and hence we have

- = - | 1 _l -‘ .. -.l.
e g g el e e = dll‘-l."l. ' :"-..

L]
51
i

ar cotue=ive fors 3,18 magnitude for

i
el |
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=
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el - e v il

- ::;:E? I f_q_r.,fm:.fﬁu;‘ri ol Ffl@'® ‘ ‘k
' dicily } R

The temperature of the fluid also athects the bulk modulus ol l'.if:t:: ];ﬁ:‘{:::j:::i l:‘ “.l E Chse of SN
liquidg there is a decrease of K with increase of h'mpfmtu rr:* I Imf.f. -.‘ f] 4 !Ii-l;t;‘r;'ﬁuﬁ H'I'- l'iiL‘hhuru and .; 1
tEl'l"li.‘l‘ﬂrﬂturQ are inter-related and as tempeng l"l..'l['ll:":'l.i.,'ﬂfﬂﬁt‘h; FI!"I.,‘!::-."';'I.II'L 1] b LS, dll Ncreagp i-n 3 *: ._
temperature results in an increase in the value oF & | ‘ . R

For liquids since the bulk modulus of elasticity 1S very high, th.r..‘ fhi:g;ﬁ:_l“ij::‘lﬂﬁl :‘l"l“l lncrea's-g'::'?;f_'
of pressure is very small even with the largest pressufe E!T‘]IEH i:v:nu[-‘-':lll‘: r{a:*nh*!c'ms 'in'n.ﬂ:n;-JI e o cane e
of liquids the effects of compressibility can be neglected inmost i; = F PRI vtln § the flow 5
of liquids. However, in some special problems such as rapid Ldﬂism:{t' OF Vs "‘;l‘ ) "':: et hﬂmme:; aek
where the changes of pressure are either very large or very Sudden. }t K neecsiary Eﬂmﬂder. th‘?-ii-:
effect of compressibility of liquids. + | o

On the other hand gases are easily compressible and with _ﬂq'_‘:*chﬂnge =\ prE:‘:‘nEurI%IE tl;e mass density of
gases changes considerably and hence the effects of compressibility cannot ordina cﬂ cﬁ “‘EEIF?EI‘EI:I inthe R
problems involving the flow of gases. However, ina fe_w cases where there is nﬂt;;;i Ange in pressiire -
and so gases undergo only very small changes of density, the fefﬁ:clﬁ of compressi ‘ ty may be ::hsregmc:[eﬂ ]
e.g., the flow of air in a ventilating system 15 a case where air may be treated as incompressible,

— e —

-ll'l'

— I = f

i
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1.11 SURFACE TENSION AND CAPILLARITY )
b

Due to molecular attraction, liquids possess certain properties such as cohesion and adl"!E?icm. Cohesion - &
means inter-molecular attraction between molecules of the same liquid. T!'mt means il 1s a tende
of the liquid to remain as one assemblage of particles, Adhesion means attrach on between the mﬂlecu!ﬁg T
of a liquid and the molecules of a solid boundary Eim“tﬂﬁw“h FhE hq':"d' The property ':”E:' G
cohesion enables a liquid to resist tensile stress, while adhesion enables it to stick tn amf:-m*er hn_dj,_!;-:;
Surface tension is due to cohesion between liquid particles at the surface, whereas capillarity is due to
(a) Surface Tension. A liquid molecule on the interior of the liquid body has Ftther molecules on 5
A1l sides of it. so that the forces of attraction are in equilibrium and the molecule is equally attracted =8

-y

on all the sides, as a molecule at point A shown in Fig, 1.3. On the other hand a liquid molecule at the

surface of the liquid, (i.e., at the interface between a liquid and a gas) as at point 5, does nothaveas - p(rr) = o(2nr)

— MY r

\ B J il T Equation 1.6 indicates that the internal pressure intensity increases with the decrease in the size of
e | Bt droplet.
R (ii) Pressure intensity inside a soap bubble. A spherical soap bubble has two surfaces in contact with
,r’fﬂ_-‘“'“ 3 B i air, one inside and the other outside, each one of which contributes the same amount of tensie foroe
f ) . e due to surface tension. As such on a hemispherical section of a soap bubbie of radius r the tensile
\A (e force due to surface tension is equal to 20 (2ar). However, the pressure force acting on the
-..ﬁ,ﬂ.:-*’f (R hemispherical section of tfhe 00 F bubbl ;3 ;5 same as ::1 the case of a droplet and it is equal to p (r<)
_ 4. 13 Thus equating these two forces for equilibrium, we have
Figure 1.3 Inter-molecular forces near a liquid surface LA ;-1 b p(nr?) = 20 (2nr)

liquid molecule aboveit, and consequently there is a net downward force on the molecule dueto ﬂ;: g _ Ao {1 al

attraction of the molecules below it. This force on the molecules at the liquid surface, 15 normal 10 A8 or p :

Rl
|

the liquid surface. Apparently owing to the attraction of liquid molecules below the surface; ; ﬁi R
or a special layer seems to form on the liquid at the surface, which is in tension and s_mal! loads ¢&
be supported over it. For example, a small needle placed gently upon the water surface will not sink- =
hut will be supported by the tension at the water surface, |

(iii) Pressure intensity inside a liquid jet. Consider a jet of liquid of radius r, I@gﬂ*x’i‘ and having
internal pressure intensity p in excess of the outside pressure intensity. If the jet s cul nto WO
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be those due to pressure intensity pon the pro..

ension @ acting along the two sides (2]). Thac. 9

A Ldraulics and Flux

DR L

e ]

, vill
1alves, then the forces acting on one halfy

1o force due tﬂ!ﬂlft‘lﬂfﬁt o we hav 'y
;::Efﬂl?;:;ﬁ;:zi;;gim for equilibrium and hence we have .
prh) = o2 . e
.0 Loy
- ; r h){ e

uid possess, relatively, greater affinity for solid mg|e -
esion than cohesion, then it will wet a solid surface i 3

vhich it is in contact and will tend to rise at the point of cnnta:t, with thf—: rE:sulI: that the liqui
urface is concave upward and the angle of contact fis less than 90" as shﬂwnlm Fig. 1.4. For ex i)
f a glass tube of small diameter is partially immersed in water, the water will wet th:e surface of tha.
ube and it will rise in the tube to some height, above the normal water su*rface, with the angleof
ontact 6, being zero. The wetting of solid boundary by liquid results in creating decrease of p oSsure
vithin the liquid, and hence the rise in the liquid surface takes place, so that the pressure within

olumn at the elevation of the surrounding liquid surface is the same as the pressure at this elevation®
utside the column. i
On the other hand, if for any liquid there is less attraction for solid molecule or in other words ¢ e
ohesion predominates, then the liquid will not wet the solid surface and the liquid surface will be *
epressed at the point of contact, with the result that the liquid surface is concave downward and
1e angle of contact 0 is greater than 90° as shown in Fig. 1.4. For instance if the same glass tuha‘jg I

(b) Capillarity. If molecules of certain i
r in other words the liquid has greater adh

¥
8
"

= & -
n r
iy ;'_':
05

2r
Glass tube
h
B G =
AN
a o
Capillary Capillary
risa depression
Figure 1.4 Capillarity in circular glass tubes . “':;-'

w inserted in mercury, since mercury does not wet the solid boundary in contact witht, the level * =
mercury inside the tube will be lower than the adjacent mercury level, with the angle of cnntﬂﬁ‘t 5 __:i_. .
ual to about 130°. The tendency of the liquids which do not adhere to the salid carface, resultsin
ating an increase of pressure across the liquid surface, (as in the case of a drop of li:;;uid}. Itis |
g

S -
g -
|
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Properties of fluids

because of the increased internal pressure, the elev
the tube is lowered to the level where the pressure

Such a phenomenon of rise or fall of 1

abion of the el us (Curvied iu‘im{l surfaces in

IS the sarne as that in the surrounding liquad
Id surface relative to the ad:

Nt gevveral bevel of hauid

is L—nnwn as capeliar !y. a"‘lnr:i:{:ln:lin :] th r of 1i :
I,I——'_‘. : By the nise of liquid surfar e ] - ;
pwering of hquld surface as mpi.[lar}r depn*aﬁiﬂn an ace Is designated as capillary rise and tie

d itis expressed in terms of moor e of Higusd

in SI units, In terms I :
inS : of cm or mm of liquid in the metric system of units and in termmo of inch or o

liquid in the English system of units.

The capillary rise (or depression) can be deter

mined by consideri | _
in a circular tube of small diameter isirted in Y enng the conditions of equilibrium

* a liquid. It is supposed that the level of faud
risen (or fallen) by i above (or below) the general liquid surface when a tube of rad : u:-,[r :—tt:;ﬂ;::

in the liquid, see Fig. 1.4, For the equilibrium of vertical fo i
< g rces acting on the: mass of bauid |
above (or below) the general liquid level, the weight of liquid column ¥ (or the total :ntern.: ! pfn::i:-i

in the case tf'f capillary depression) must be balanced by the force, at surface of the hquid, due 1
surface tension 0. Thus equating these two forces we have *

swnrh = 2mrocos B

where w is the specific weight of water, s is specific ' iqui '
e S : gravity of liquid, and 8 1s the contact an
between the liquid and the tube. The expression for h the capillary rise (or depression) then tu::nma];

<y 20cosh
STUr

As stated earlier, the contact angle 8 for water and glass is equal to zero. Thus the value of co 6
is equal to unity and hence /i is given by the expression

~[1.7)

20
wr

Equation 1.7 for capillary rise (or depression) indicates that the smaller the radius r the groater is the
capillary rise (or depression). |

The above obtained expression for the capillary rise (or depression) is based on the assumption
that the meniscus or the curved liquid surface is a section of a shpere. This is, however, true only in
case of the tubes of small diameters (r < 2.5 mm) and as the size of the tube becomes larzer, the
meniscus becomes less spherical and also gravitational forces become more appreciable. Hence such
simplified solution for computing the capillary rise (or depression) is possible only for the tubes of
small diameters. However, with increasing diameter of tube, the capillary rise (or depression) becomaes
much less. It has been observed that for tubes of diameters 6 mm or more the capiliary rise (or
depression) is negligible. Hence in order to avoid a correction for the effects of capillarity in
manometers, used for measuring pressures, a tube of diameter 6 mm or more should be used

Another assumption made in de riving Eq. 1.7 is that the liquids and tube surfaces are extremely
clean. In practice, however, such cleanliness is virtually never encountered and h will be found to be
considerably smaller than that given by Eq. 1.7, In respect of this, Eq. 1.7 will provide a conservative
estimate of capillary rise (or depression).

If a tube of radius r is inserted in mercury (sp. gr. 5, ) above which a liquid of sp. gr. s, lies then by
considering the conditions of equilibrium it can be shown that the capillary depression i is given by

= (1.8}

20 cost

h = ——

«A1.9)
n”{-.q] - 51} |
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.- . . .z LBBE28 82888288483 Properties of I'luids
155882535 x x X XX XXX Kin in - which @ 15 the surf
- gt -3 o = % g . d . Erl:u tncrm : § ..
F|§ETEZJ§ARTY i S i R S 3 § same as defined earlier. & tact with the liquid and rest of the notation are
= =5 = = =

Further if two vertical parallel :
* s e plates t distance a . -
immersed in a liquid of surface tension g and « , part and each of width | are

1

held partially

Kinemalic Viscosity

T EEEE T * : _ P. gr. 5, then the capillary riee :
2 252222223 33X Xxxx x3 30 Al e cetermitied by equating the weight of the liquid column  (or the total intern dfp;:_:;i’:nmu“}
b ¥ ‘ E Y - 5 \
LI B - 3 B case Of capitiary depression) (swhlt) to the force due to surface tens; 2

E s % 389533 i = 208 cos 6 ension (20! cos 6 ). Thus we haye

or h = i
V. |lsesstbtisdd8282adt 5 o w5
& X X X X X X X X X % X X 8 XA X 0 x II‘TEHEELE"““-'I19FT0perhE5nfwaterandaurEpechvel t diff
= o o = & ¢ = 0O 2 | 3 T 1 b Emnttempemmmlﬁ‘lﬂﬂ
= 332 IREK & 2 2 3 3 E ;E., E < E % % % Table 1.10 E‘”Efiﬂ[;fgmf‘ﬂrhﬁ of some of the common liquids such as glycerine, kerosene. alcohal,
::!.:' P e p e e A ST R e o o
; oy : ' "'.L:I”' ‘ﬂ- !'1.$ T A "2 | l : = AT
A S R R R R R R E R T R ' SoSR ALY e e
E B | S X R X % XX %X % %% x 3 B wPx Lin : . o acertam on weighs 4000 kg(f). Caleulate the specific weight, e
. |BET|S55ceRRzE5588838 8BRS specific gravity of s ol - ¢ R
= e S i e G T - - O . S o S Solution
. of 08 - Specific wel Weight
. cs2zzz=zz22232553:588%5¢% s gt o) ~ Volume
s A T T T T T T~ S I~ i B A 2000 kgl
e
s Mass density of oil - Speclﬁ't:weght of oil
S Acceleration due to gravity
< 3
B0O kg(f)/m
" —
= =81, 3
S DBl miseE o pal/m
z Specific gravity of oil = —Pooiic weight of oil
L. . Specific weight of water
2| okg(0/m
£ |4 1000 kg(f)/m®
&, -
1 Example 1.2. If 5 m? of a certain oil weighs 40 kN, calculate the specific weieht ' specific
: St . . mass density and -
.;E gravity of Hus oil. Fpectfic weig . '
= Solution
—
= i T _ Weight  40x1000 N
- | E Specific weight of oil = —3— = = 8000 3
ﬁ T L . Volume Sm® N/m
208 §
£ . \ ;
Mass density of oil - . Spediiicweight of o]
Acceleration due to gravity
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Specific weight = 9oy = LD 210 1 '/ bk

Specific weight of oil

Specific gravity of oil = Specific weight Ok waler Specific gravity - Mass density of carbon tetra chloride

Mass density of water

Mass density of carbon tetra chloride in SI units = 1594 kg /m*
Mass density of water in S units = 1000 kg /m?

‘dl - .- -
-|.."i'_|'r i - u 5

= WL '
. = R

- i |
-;:-ﬂ Sl =

8000 N/ ‘“': - 0.815
9S10 N/mv
has @ mass density of 1594 kg/ m>. Calculate its mass deu;;

S . T, - :-I.. i
- ﬂ._ - - = a - " X N
,'_1-5"'...‘::| ":' i P S I - ey =
’ = -I i ] -

-li'. y Pas 3
Example 1.3. Carbon-tetra chlor: JJish eravitational systems of units, e B . Specif o IOSRpIEY
weight and specific volume in the wetric. and the English gra ! f Also Eﬂll 'P | +. Specific gravity ~ 1000kg/m* 1.594
specific gravity. it '_.tg_ R

Example 1.4. A plate 0.0254 mm distant from a fixed plate, moves at 61 cm/sec and requires a force of 0.2
ke(f)/m?® to maintain this speed. Determine the dynamic viscosity of the fluid between the plates.

Solution

From Eq. 1.3, shear stress

Solution | 3 g
Mass density of carbon-tetra chloride = 1594 kg/m A

STy o = ——msl
Since 1 Lg g {1 ‘ t_ - ) E P ”
. WMass density of carbon tetra chloride in the metric gravitational system of units N T v
= ]‘iE-H =162.49 mslfm:" - T g T = £ =02 kg{ﬂfmz
981 g5 p
. - i, S5, i = 0.61 mj"' Sec
Acceleration due to gravity = 9.81 m/sec” -y V = 61 cm/sec=
. Specific w Elbht of carbon-tetra chloride in the metric gravitational system of units = 162 9% abid “¥ = u.uzg —— iﬁ %107 m
9. Bl 1594 kg(f)/m’. " | 228 By substituting in the above equation, we g
Specific volume of carbon-tetra chloride in the metric gravitational system of umts 23 | 061
i e = BX e NS
1 2.54x10
T R :
Specific weight : v n EI.EHT].SSLE 10 kg(f)-sec/m?
= —— =6.274 x 10~ m3/kg( = 8328x 1 ;
1594 kg S = 8.328 x 1070 kg(f)-sec/cm” 1 he velocity gradient
e Tkglf) = 2.2051b(h) B |" Example 1.5. At a certain point int castor oil me;";mr iﬁ;ﬁiﬁiﬁm G
and Im = 32581 i : e & j 0.21657. If' the mass density ﬂfﬂﬂ stor oil is 959.42 kgf‘ fin
~. Specific weight of carbon-tetra chloride in the English gravitational system of units T Solution
1594 X 2.205 : 5-.-;‘7?; From Eq. 13 shear stress
= =99.51 Ib(f) /3 R ) [f‘_‘.)

Acceleration due to gravity = 32.2 ft/sec?

. Mass density of carbon-tetra dﬂnnde in the English gravitational system of nits - =0216 N/m3; [ﬂl—] =0216s"




1rllll|-l

5

Hudran(es G885 = -

. I-- 2R
gt ool . - I
A i e S
By substitution, we get 0216) D OWN I—OAD ED FR O M V. < FEH=0OL A O [YYPerties of Fluids
0.216 = RS0 R
: po= 1 N.s/m° . - M Mass density of water = 1000 kg /m?
i ) o ) | i | ?ﬂﬂfiﬂﬂﬁil}'n[thl! liquid = (2 1000) = 2000 ke /13
» Kinemalic Viscost * i - Kinematic viscosity of the liquid = 558 » 10 m2/y e
Cn_ 1 _jorx107ms Bt X Viscosity of the liquid
C Pﬁl}ﬁq"‘: i e B = yx ]
sty 4.9 x 107 h‘ﬂ]}-ﬂﬂmz and Kinenutic viscosity 3.49 . i " :
Example 1.6, [f a certait liquid huas viscosity = ¢ Y349 x 10 = (5.58 % 1074% 2000) N-s /m?
e e cd R = 1.116 N.s/m?
stokes, wfal is s spectii Nras i 4 L Example 1.8. A rectangular plate of si
. ; - Sl size 25 ' b :
Solution R surface at a uniform velocity of EF”IJ’.SPE{ If the H::.;bbrif 1? HT: T ub.gmﬂghmmg 25 kg!f) shides downa 31° inclined
M bl filled with oil determine the viscosity of the oil, 84P Hie plate and the inclimed surface is
Kinematic viscosity ¥ = 3 ] I_-‘;’f b Al 5“1““:’11‘ |
AR When the plate is moving with a uniform veloci _ ] ;
is equal to the component of the weight of :.rifeﬂ:}t}r;;jz i aer, e VISCOUS FEsisiance o the motion
y weieht of the plate al ; plate along the sloping surface. Component of the
or Mass density p = B gitag the piate along the siope « Zsin 30° = 12.5kg(h)
‘ a . Viscous resistance = (t x A)
n= 49 x 1[]_‘ Lgtﬁ‘ﬁ;m" _ ,_"‘ 4
0 = 349 x 10~ stokes B = H d_u xA=p E’ x A
= 3.49 x 10° m*/sec y y
ax 10" By substituti thgﬁemv = 2m/sec;y=2x10"m;and A= (025 05) m°
p = s = = 1404 msl/m’ Y ting ues, we get
3.49x10 : . 2
.y A Viscous resistance = px 75 (025 x 0.5) = 125 pkg(f)
Mass density of liqui e .
5. Sp. gr- of the liquid = —__—__ﬁ . BRE Equating the two, we get 125 = 12.5
Mass density of water 3 u o= 0.1 kg(f 2
140.4 | S Example 1.9. A cubical block of 20 cm edge and weight 20 kg(f) is allowed to slide doum a plane mchined
TS Y S0 .. at 20° ta the horizontal on which there is thin film of oil of viscosity 0.22 x 107 kgtf)-s/m’. What termmal
102 | o velocity will be attained by the block if the fill thickness is estimated to be 0.025 mm?
Example 1.7. The kinematic viscostly and specific gravity of a certain liguid are 5.58 stokes (5.0 X 18 Solution
ni2fe) and 2.00 respectively. Caleulate the viscosity of this liquid in both metric gravitational and SIunis. The force causing the downward motion of the block is
Solution e  F = Wsin20° = (20 x 0.3420) = 6.84 kg(f)
(a) Metric gravitational units . | which will be equal and opposite to shear resistance.
Sp. gr. of the liquid = 2.00 oA o 6.84 |
f =—'=———— =171 m?
Mass density of water = 102 11151;‘[113 t . S s ‘ ; ~ A (0.20%x0.20) - kg(f)/
-. Mass density of the liquid = (2 x 102) = 204 msl/ m> s o v
Kinematic viscosity of the hqmd = 558 stokes e S| -_."i Bl Further from Eq. 13wehavet= ud_y =1 E{-
= 558 x 10~ m?/sec I WO L _
= Visco ._itF u!: the qud . ": +: | H = .22 x ].ankﬂ,{f}'ﬁfm Y= 0.025 mm = 0025 x ID-'] m
uH=7uoxp A o 0.22x107°V
e Thus by substitution we get 171 = ————
= 0.114 kg(f-sec/m? o V = 19.43 m/sec.
(b) SI units A

Specific gravity of the liquid = 2,00
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. Jiameter rotafes conee i , Yindep oo o

10. A cylinder of (0,300 m boringe Hhe DisCOSIHY O the liquid which fills the o 20310

EIEEPIE o ?*r:: are (0.3 1 hllﬂg. Determtine Hie 015 L )F .ﬁ e E }
L i =

: + ¥ 1 EEIEF
iy e ryi.'mu‘;_ﬂ ag§ N.m is required 10 waintain an angular velocity of 2w rad/s (o 60 7. e
Hie cylinders if a forque OF U8 B0 oot

&
2nN JdiereN is speed of rotation in r.p-nt.). - 7
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T
1

: )
angular velocity © = 60 : v E My
<5 h
Solution _ o der 3 i—rr‘:‘ —_
Tangential velocity of the inner <y XE .k
= ro i .'._.
— {]15 x zn 1*1:I
= 0942 m/s | i y . Figure Ex.1.11
For the small space between the cylinders the velocity profile may be assumed to he. | 1- ttey Equiating the two, we get
f‘IE == 1{ = - 0.942 =188.4 5 | | * 'I 1 Hy L = W, E
dy y  (0.155-0.15) | N h—y y
The torque applied to maintain the constant angular velocity is equal to the torque resis e dr ek
shear stress. o 915 | * 5"'._ 4= (W +15)
Erquu resisted . = : : EE: : E}: i glau; : o | (ii) Let F be the pull per unit area required to drag the plate, then
us J.JO = : * '
: r = 2311 N/m- e Y sl
Hy h—y Ha y
dv N
From Eq. 1.3 LEal 4 : R F = Sum of the shear forces per unit area on both the surfaces of the plate
/ - : & 8 For the force F to be minimum
— . | | E _ 0
(dv/dy) 3 dy
i dF vV MV
23.11 A — = - =)
= = =0123N.s/m* R or P h-y)?
, 188.4 T y  (h-y) Y
Example 1.11. Through a very narrow gap of height Ir, a thin plate of large extent is pul led at B 06053 h

HE y= 1+-..,,‘[|.-|-1flr|-z]

V. On one side of the plate is vil of viscosity i, and on the other side oil of viscosity p,. Cnfc;ﬂafé_ Fﬁﬂ Bf:" ' o |3
| Example 1.12. If the equation of a velocity profile over a plate is v = 2y*53; in which v is the velocty in

. ol

of the plate so that (i) the shear force on the two sides of the plate is equal ; (if) the pull required to ﬂﬁ"

h
e

IS I, . %? & at a distance of y metres above the plate, determine the shear stressat y=0and y=0.075m (or 7.5cm). Gh‘ﬁ{m

Solution - L 1 = 0.835 N.s/m? (or 8.35 poise).

Let y be the distance of the thin plate from one of the surfaces as shown in Fig. Ex. 11 Solution :

(i) Force per unit area on the upper surface of the plate L The velocity profile over the Pl;;;;s

ok i
dv Vv LA o - [-4) 1/3
=i |l—|=u0 —— i ’ = = 2xoxy? =
‘[dy] " ) Y ol LA
Force per unit area on the bottom surface of the plate E: v
Shear stress V= p[d—y] ' 4

. dp V
pQH v
dy sz

Fi s "". o ..II |E;&I—'-':I:;::.I:;}'.."'rp-l.-l-” |-.l 3 3 e
T b Gy Eul LTl e g RS e I L A, : S e =
e S R e L S U
5 = L I = :Lﬁ-lﬂ.-_:-.j-l. .:g I.!.I.|.rr‘..-‘..f1__._L _- 1 r- | -. I_.
- B _‘.. -I_-: "I-'

ool g1
.'IIFl .
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A Vi ST 1
(a) SI units ¢ = 0835x7 Y B ropertics of Fluids
At L = 0 K= o d.til
A, ﬂ(;;;ﬁmte} e (@V/v)
At y = 00om i dp = (13,
4 1 2 Wt df’ = E;:iﬂﬁ; lgﬁl];f;?? : 1[{:'5 s W
= — g ———— = 2. | Pl ==0.0001/m?
T = 0.835% X 00753 264N/m b and V = 0.0113 3 /m
(b) Metric gravitational units k- K = 886x10°x0.0113
n = 8.35 poise 0.0001
s = ?_?5 % 108 mez l:u .??5 G
8.35x0.102 2 T Example 1.15. At a depth of 2 kilo; : ' t':Ifml’]
=g e/ weihtatsufceas 1025 g and i e oeeg e r e e e
33 - ' S wius of elasticity is 24 ?
= 8517 x 107 kg(f)-s/m’ ' (b) What wil (@) What will be the change in specific volume between that i el o
Ewill be the specific volume at that depth? (¢c) What will be th ] i 7 el thot deyh?
4 .n Solution v | the specific weight at that depth?
t = 8517x10% x 2 . t . Bulk modulus of elasticity
At y=0 | : .*'..:g:lq__ . - i
1 = oo (infinite) i (dV /V)
At y = 75cm=0.070m Xe K = 24 x 10? kg(f)/cm?
8517 x 102 % = 1 A : j dp = 840 kg/cm®
— r A A e . £ 2k M .':‘ .
: " 3" (0.075)° B @) 840
| = YT R
= 0.269 kE{ﬂf m* - -The negative sign corresponds to a decrease i g o :
Example 1.13. If the pressure of a liquid is i ncreased from 75 kg(f)/cm? to 140 kg (f)/cm?, the volume of the The specific vnli:n ey ﬂfg il ::: & ;E in the volume with increase in pressure.
liguid decreases by 0.147 per cent. Determine the bulk modulus of elasticity of the liquid. B ) & gutiace of the-ocean
4 ge iy o 1
Solution O = 1005 M /ks()
From Eq. 1.5, bulk modulus of elasticity R |
" -_: :._ ; . The change in specific volume between that at the surface and at that depth is
K = - ! ) []'[]'35
(dV/V) . 3 dv = = =341x10° m?/kg(f)
dp = (140 - 75) = 65 kg(f)/ cm- | s, i* : The specific volume at that depth will be thus equal to |
dV 0.147 e 1 0035
d e R e c—— L T ) . LI a1 3
an v 100 0.00147 e v, [lﬂ 75 _1[!15) 9.41 x 10~ m*/kg(h).
65 Bl The specific weight of water at that depth is
= = 4.42 % 10? kgmkmz o . |
0.00147 1 1 q063ke(y/m®

Vv,  941x10°

Example Ll&lfﬂ;ntlahnuld be the diameter of a droplet of water, if the pressure inside is to be 0.0018
kg(f)/cni® greater than the outside? Given the value of surface tension of water in contact with air at 20°C as

0.0075 kg(f)/m.

Example 1.14. A liquid compressed in a cylinder has a volume of 0.0113 n® at 6.87 X 106 me,:;&?' '.

MN/m?) pressure and a volume of 0.0112 ne* at 13.73 x 10° N/m? (13.73 MN/m?) pressure. What 18 15 “2S g8
modulus of elasticity? __ o

Solution
From Eq. 1.5, bulk modulus of elasticity

ko eyl 7P e et i 5 A el e '4'::I..'-::III;;II--";I-':::'. - '-;-:_l_",': 3 el
S e E T e e T e o Lo -! - KL



.CivilEnggForAll.com

P2 ~ NS
S )k Hydrawlics asf PRI QAL

LB _I.l_ﬁ

T
Lk,
2
/

S‘ﬂl“ﬁun . . t i T
The internal pressure intensity p in excess of the outside pressure is given by Eq.1¢ as = ir-._ = i Properties of Fluid,
20 ke Solution
gt
. From Eq. 1.7 the capillary rise (or depression) is given as J; = 26¢os8
Ot = }T (a) For water 0 = 0,cos0=1 sir
1 3 G = 0.0075 kg(f)/m
o A 0.0075
&f = = . i
or " .: 100 kg(f)/em
. ¢ = 0.0075 kg (£)/m iy :}ﬂﬂﬂ kg(f)/m?
- - = ¢ . 3
and p = 0.0015 Lg{ﬂfﬂﬂ‘ ey Prs r = Iﬂtgaﬂ:m
By substitution, we get e i - em
I8! Ejl' Elestlhlﬁﬂn, wepgeth=2 0075 L——l— e
Er - d = -1. W ﬂ =, '.H—_l CITl . "*.1; -:.',' | - E : 7 lm * ﬂ-ﬂﬂl!ﬂ.l == lthIL
100 ~ 0.0018 L (b) For mercury 0 = 130°x cos 8 = - 0.6428
 4x0.0075x10 P < o = 0.052kg(f)/m
~ 100x0.0018 : = % kg(H/cm
| = N L, e sw = (13.6 x 1000) kg(f)/m?
Example 1.17. What is the pressure within a droplet of water 0.05 mm in diameter at 20°C, if the pressure = (13.6 x 0.001) kg(f) /cm?
outside the droplet is standard atmospheric pressure of 1.03 kg(f/em?* ? Given o = 0.0075 kg(f/m for _‘_;-_. . r = 1mm=01cm
at 20°C. | B 5
- IR By substitution, we geth =2 x 2022 , __(06428)
Solution o y o o 100 © 136x0001x01 92 em.

B

From Eq. 1.6 the internal pressure intensity p in excess of the outside pressure is given

i The negative sign in the case of mercury indicates that there is capillary depression.

25 i Note. Often the value of contact angle for mercury is taken as 180°; in which case cos 8 = =1 and the
p = = j capillary depression becomes
- = - 2x0.052x1
g = 0.0075 k R =t B
ARG R 100x13.6x0.001x0.1 ke
= 0.0075 kg(f)/cm Example 1.19. Determine the mininum size of glass tubing that can be used to measure water level, if the
100 ;ﬂpiﬂmy rise in the tube is not to exceed 0.25 cm. Take surface tension of water in contact with air as 0.0075
g(f)/m. '
e 0.05 = 0.025 mm — 0.025 g Solution
2 - 10 _ , 26 0.0075
From Eq. 1.8 capillary rise i = Eﬂ =0.0075 kg(f)/m = 100 kg(f)/cm
I : 'ﬂ.ﬂﬂ?— Rt
By substitution, we getp =2 x——=x 0 _ 006 ke(f)/cm? e sw = 1000 kg(f)/m® = 0.001 kg(f)/cm’
Th R, U 7 T, h = 025cm
e pressure intensity outside th - ~ RN -
The pressure inte r!:; u}; » t;m 1:11 droplet of water = 1,03 kg(f)/cm? : W,  2X0.0075
T ——. fga e droplet of water = (1.03 + 0.06) = 1.09 kg(f)/cm™- Y L WEBE TS 0.001x100xr
CAPHary rise in a glass tube of 2 mm diameter when inmersed @ r = 0.6cm

Thus minimum diameter of the tube is 1.2 cm.
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Solution
The etfective pressure

1. Mass density or speciiic mans of a fluid
- LT
I'H-.'r Hnil 'a*['l"lﬂ'l—!? ol Hhe ”“'"—L " In Lh'nuh_qll h}, I:*H

attributable to sirface lension 15
2, Specific welght or weigl density of a fluid in 1he

y i”:HFH IIIH'."I_]”-'-_- |Tﬂ - 4.375 Iﬂﬂ{ﬂh“:

=113 T welght per unit volume of the Hluel, Tt | :
p= || UL I}}' Wﬂl"‘ﬂThtlﬁ i b denoted
_ wl{ory), = pp
20 - A, Specifie valume of a luld § -
. v 3 ot _ § thee volume per unit
From Iy, Lo G 3 welght (or volume per unit mass) of the fluid. 1t

s denoted by v and it is reciprocal of specific

tube, thus by substitution, we go|
welght (or specific mays),

The radius of the bubble is taken r.‘l.]lh'l| 1o that of the

. N Thus
N = —a . .
4323 (0.75x 10 ” P 1 1
L CRG P = —; orps -
W [

a = 0.001 64 kg(f)/m.

' * 5 i diameter whe -..;.",
illary effect in nint in @ gIass tube 3 i in diamelter when imniersed

Example 1.21. Calculate the cap 4. Shear stress 1 s proportional to the velocity

o + palues of the surfice tensions for water a

3 + liauids are at 20°C and the values of T --

(@) water (&) mercury. Both the Liquk Firns s and 0.51 N/m. Contact angle for water={ dv
mercury at 20°C in contact with air are respectively 0.0736 N/ an fo . gradient dy'““"'

il ﬁnrpuu'rmm = 130", pe .
Wt | o
Solution | 2ccos0 5 T Py
From Eq. 1.7 the capillary rise (or depression) Is givenas 1= ., i ‘where p is the constant of proportionality which
. ; 0 e is Enllim:l coefficient of viscosity, or dynamic
For water 0 = U,cos0= U || Viscosity.
(a) g = 0.0736 N/m | -2 "~ The SI units of pare Ns/m?, kg/mus, or poise
sw = 9810 N/m’ RS " (=g/ems)or Pas,
, N (where Pa = pascal = N/m?).
- 2= =15x 107 m e | '
T 5 1.5mm - 5. Kinematic viscosity v is given by v = -E
L, s g 2x0.0736x1 3 ~ The Sl units of v are m?/s, or stoke (= cm®/s).
By substitution, we get I = ggi4. 1 51073 S e 6. The mass density p of a perfect gas is related to its
= 1.00 x 102 m L absolute pressure p and absolute temperature T
- 1"} i S by equation of state as | |
_ ' p = pRT
(b) For mercury 8 =130, cos Eﬂzﬁ;;?ﬂﬂ Sl where R = gas constant. For air in SI units
o = 0. m |
r = %:1.5mm=1+5x1ﬂ‘3m : VR e s B
2x0.51%(-.6428) | e .
titution, we get i1 = _ St
By substituti B = 13.6x9810x1.5%10° o
= -3276 x 107" m : :-_'-f' o

="3-Hﬁm T T G
The negative (=) sign in the case of mercury indicates that there is capillary dEPrEEElm | r::':,'

I ’Hl]'frr.fl'ﬂl ryj" ! iy

i T
SUMMARY OF MAIN POINTS

and In metric yurats

R w (2477980 ar 3977 Falfym.
krimiK

7. Compressibility of a fluid i recupaocal of the bylk

maodulus  of elastiaty K of the fluid which I

defined as Elrﬁd{% )

V

- Surface tension is the forge fesjuired to maimtain

unit length of a film at the haguid surface in
equlibrium, It is denoted by o.

The relation between surface tension o and
differcnce of pressure p between inside and
oulside of

(i) a liquid drop of radius r is given as

2o

p o= =
:

(ii) a soap bubble of radius r is given as

92
p = %:md

{iii] a liquid jet of radius r is given as

a

p .
:

. Capillary rise (or depression) i of a ligquid of

specific weightw in a tube of radious r is given by
. 20c0s0 ‘
=

The value of contact angle 8 ﬁ:rwnh::ﬁn&ghﬁh
equal to zero and for mercury and glass i LF".

: - o - -
-I":--:.'-. ...'- .I' 1

= e llR.

- ot =
-‘..Ill!r e 5" e :*I!.I!.f"-';‘lnl L
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L R ST Sl e | M 4 22 illary d
- . hvdraulic lift consists of T captilary depression of the mercury if angle of
1.1 Ifa certain liquid has a mass density of 129 msl/ 1.3 Ahydrauflic HELOWISS 082 2 em dii’lmelﬁ-? ﬂ contact 0 = 130% and sp. gr., of mercury = 1; X vertical clean glass plates spaced ) mman
~m?, what are the values of its specific weight, ram which slides in a 25015 ¢m diﬂmﬂﬁ: 1A mr}:i;m A Takea =0ty s N/m 1 ,.um: I':nl:: !
SERNE ;,; specific gravity and specific volume in metric cylinder, the annular space being filled Withgij ]I 117 A glass tube 0.25 mm in diameter ct;r:.i.ri:“ L : Jdpﬂhw tubre having inside diameter 5 mm
L7 gravitational and metric absolute systems of having “"’f‘“"‘m“f‘ﬂ viscosity of 0,025 e !"EE'T' ' mercury columnwith water above the murr: % - :::’::‘TIW-;:H LI Drtervpine the heghy
7 units. : and specific gravity of 0.85. 1f the rate of yrayey + The temperature is 20°C at which the surface 0078 grmif)fem and 6 ¢ s pre T VIR G =
- . i tlraye] & i reuryi . : AR oL = I, Specific wed
[Ans.1266 kg(f)/m 1.266; 7.9 x 10 m*/kg(f); of th, ram 15 9.15 m/min, find the hcuﬂfﬂl-'. g LETE;?F;EFE t m:n contact with water is 0.037  Water at 20°C = % kg(f) /1 ?"T'rnl ; :-:-*ighm;;ﬂ
1242 dynes/cm®; 1266; 8.05 x 10 cem? /dvnel resistance when 3.05 m of the ram is engaoiy B - Yhat will be the capillary depression 121 By how much == 1

d:.u-:-ll‘ntprmuﬂ-;l.ﬂn 't
. cvimddrical
jet of water 4 mm n diameter Facerd the

1.2 1f5.27 m’ of a certain oil weighs +4 kN, calculate in the cylinder. [Ans. 1.055 kg(p of the mercury? Take angle of contact 8 = 130

the specific weight ,mass density and spec'tﬁr:
gravity of the oil. -
[Ans. 8349 N/m’; 851.09 kg/m?; 0.851]

1.3 The specific gravity of a liquid is 3.0, what are
its specific weight, speciic mass and specific
volume. _

[Ans. 3000 kg(f)/m?; 305.8 msl/m?; 0.33 x 10+

m’/kg(f); 29.43 kN /m® 3000 kg/m’; 3.398 x

' 105 m*/N]

1.4 A certain liquid has a dynamic viscosity of 0.073

poise and specific gravity of 0.87. Compute the

kinematic viscosity of the liquid in stokes and
also in m*/s.

[Ans. 0.0839 stokes; 0.0839 x 10 m?/s]

1.5 If a certain liquid has a viscosity of 0.048 poise

.nd kinematic viscosity 3.50 x 10~ stokes, what

is its specific gravity? [Ans. 1.371]

1.6 In a stream of glycerine in motion at a certain

point the velocity gradient is 0.25s™". If for fluid

p =129.3 msl/m’ (1268.4 kg/m") and v = 6.30 x

10~ m*’*, calculate the shear stress at the point.

[Ans. 0.02036 kg (f)/m?*; 0.19977 N/m’]

1.7 If the equation of a velocity distribution over a
plate is given by v = 2y —y*, in which v 1s ﬂ}e
velocity in m/s at a distance ¥, measured in
metres above the plate, what is the velocity
gradient at the boundary and at 7.5 cm and 15
cm from it? Also determine the shear stress at
these points if absolute viscosity p = 8.60 poise.

[Ans. 2 sec”; 1.85 sec”’; 1.70 sec™; 0.175 kg(f)/m;
0.162 kg(f)/m?; 0.149 kg(fm']

1.8 A body weighing 44145 N with a flat surface
2rea of 0.093 m? slides down lubricated inclined
plane making a 30° angle with the horizontal.
For viscosity of 0.1 N.s/m® and body speed of
3m /s, determine the lubricant film thickness.

[Ans. 0.126 mm]

1.10 A cylinder 0.1 m diameter rotates in an ang

111 A fluid compressed in a

| SE
cleeve 0,102 m internal diameter at 100 LP |
The-cylinder is 0.2 m long. If the dynami.

viscosity of the lubricant between the ‘-;:i'.‘l-
cylinders is 1.0 poise, find the torque needed i :iﬁ
drive the cylinder against viscous resistance.

Assume that Newton’s Law of viscosityis =~
applicable and the velocity profile is linear, = &
[Ans. 0.1645 H,nﬂf e
cylinder has a volume
of 0,011 32 m® at a pressure of 70.30 kg(f)/cm®,
What should be the new pressure in order to
make its volume 0.011 21 m* ? Assume bulk =
modulus of elasticity K of the liquid as 7030°
kg(f)/cm?. [Ans. 138.61 kg(f)/cmt]
112 If the volume of a liquid decreases by 0.2 per ;*
cent for an increase of pressure from Eﬂﬁ?bﬂﬂ: oy
2 1 15.696 MN/m?, what is the value of the &
bulk modulus of the liquid ? sl
[Ans. 44.145 x 108 N/m’} &
1.13 Obtain an expression for the bulk modulus of - .5
elasticity K of a fluid in terms of the pressure £, £

and the mass density p.  [Ans. K= p(dp/ |
114 A soap bubble 51 mm in diameter has ‘.:,,-i
internal pressure in excess of outside p! i g
of 0.000 21 kg(f)/cm?’. Calculate the i:li'l‘.ltﬁl'ﬁ"*l1l 1
the soap film. [Hint. p = (45/7)]
[Ans. 0.0134 kgtﬂf
1.15. Ifthe pressure insidea droplet of water is 1: , K
N/m?in excess of the external pressure P
is the diameter of the droplet? Given ﬂl; £

of surface tension of water in contact WIFREE

20°C as 0.073 58 N/m.

116 A glass tube 0.25 mm in diame="
mercury column with air above the I contadts
20°C. The surface tension of mercury “1-; be thes

with air is 0,051 kg(f)/m. What W! 3

La'y

ter contaif=E

-

[Hint. Use Eq. 1.9] [Ans. 3.02 em)|

1.18 Calculate the capillary rise k in a glass tube
of 3 mm diameter when immersed in water

“at 20°C. Take s for water at 20°C as 0.007 5

kg(f)/m. What will be the percentage increase
in 'Lht? value of It if the diameter of the glass
tube is 2 mm? [Ans. 10 mm; 50 per cent]

119 Show that for two vertical parallel plates ¢

distance apart, held partially immersed in a
liquid of s:urfa‘ce tension o and specific weight
w, the capillary rise i is given by the expression
g 2acosf
w
in which 6 is the angle of contact.

Hence calculate the maximum capillary rise of
water at 20°C to be expected between two

pressure of the surrounding stnwachenr (1 a =
U075 kglf)/m T i
[Hint. Use Eq. 16 b)
[Ans. 3.75 ke(m)

122 Calculate the capillary effect in mm in 3 Rl
l::_l.ll:'re of 4 mm diameter when immersed in
(1) water, and (i) mercury, both g0 2C. The
values of s tif waler dndqmr-rﬁ.:r'r. a ErC i
contact with air are respectively 07 5 kgdd)/
m and 0.052 kg(f)/m. The contact ansle for
water 8 = (° and for mercury 8 = 1%*

[Ans. (1) 7.5 mm: (ii) - 246 men)|

123 Name the characteristic fluid propertios to

which the following phenomenz are

attributable: (i) rise of sap in a trew; (1) sphencal

shape of a drop of a hiquid; (111 cavitanor; (v}

flow of a jet of oil in an unbroken strean (v)
water hammer.
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