A Bilingual Textbook

for Engineering Fluid Mechanics

LiEinill71=2
iaHi=

% BaE
BlE%m 5B % &F
- F ® Jean Paul Castagna




A Bilingual Textbook for
Engineering Fluid Mechanics

TRERAR 15 s e

E % BB
BlEsm AN A A
* % Jean Paul Castagna

R A
bR -



A& T

AHEBREREIRFERAFFRIEBAFAAERBDRBAFHFAN, 2
TATHEIARAEMBEY, BEBET IRBAKRNFHTRGIZEZANE, BFiRAK
HFHERBE ARBNF AREHAAFT R IFEREZLE R AZA AMRELEE
WAy BRI GENADERERE L REERALEA LREELS, H—
FHRAESGHME ST, MR EFI ARG T B EIHARRASELLE, H5H
RAPEIAR, BT i AHAR, kL TARE L TRAKRS FAALG LR R P 3E
KiE , SR GiEF A E LI EKFRELZH B,

AHBREESEA N FEALE W AR A BT A TRRR ) FIGERM, T
A AR AL+ b TR —BARA R &+ B RERF Ak

B H#EmS B ( CIP) #iiE

TR S FXUEHFE : A Bilingual Textbook For Engi-
neering Fluid Mechanics; J2 3 %} B8/ & 85 F 4%. —IbL 5%
Bl Tall i At ,2015. 6

ISBN 978-7-118-10108-9

LOLT... T.O#%... . OLEAZE—Wikf2E—
POBEHF—R R — M —3E N - V. OTBI126

o EI AR B 50 CIP BB (2015) 46 120375 &

@ o~ A oz oo BRES

(JLsTiiE g X AT BE R B 23 5 R4 A% 100048)
LB EED R BRI
RS

*
FrA 787 x1092  1/16 EP#20 =P 496 TF
2015 4F 6 F45 1 RS 1 YERR  EP# 1—2000 i EHt 42. 00 JT

(FBMARFIR, R AFTAR)

E R 45)E . (010)88540777 KATHRM . (010)88540776
KITEE: (010)88540755 KA. (010)88540717



B . by
i []] =

AHBLEHT 56 2ifay 64 0 R FARHE SR A TR FI6ERE, HNAQ
BT TR FH TR, RESH T RS PIRCTRRA S ZEM EMZ EMRS H.
S FEIL LA £34E John A. Roberson 5 Clayton T. Crowe %5 [\ Engineering Fluid Mechan-
ics( 55 2 i) \Bruce R. Munson 5 Donald F. Young %5 i) Fundamentals of Fluid Mechanics (%5 6
Jix) ,Frank M. White 4§55 i) Fluid Mechanics (%5 5 hit) % ; 2% H) FE P XM EFEXNBERE
(U2 (BB 2 W) 3K B B K S1%2) , IV IOR B I TRRAK %) (565 2
hi) , 2R M/ NG E K 1250 (58 4 [ 55

SIMABBRRE WBRAAHSE SN X0 EEE. TEIPEL BRI BREF, H
LR~ 4 BERBEE K RECR. B S TEEE 6 EhpHI ERETHR,F 7 E
5% 8 HXIEF . T E5, i BiR LAES B £ S B 5.

AFRNFRERD T ERKTHZ SHERKIE T RFER R FE, EEOH, AERNEIEH
43R E & Jean Paul Castagna 55AE # ] , HhSCHR 43 i B8 PRI TR XS E AL B Y , ZE RS
SR 12 O

PRI a] A7 22 9% B B LA FFUKF BT B, B P MR P E R R R B Z 4k K
R, B AR OABEE BRI #E 5481E,

b H
2014 412 30 H



Preface

Contents
H x

...........................................................................................................

Chapter One Basic Concepts of Fluid Mechanics and Fluid Properties
15 FEASHEREESTEAGIEME - vrereeremmmr

135 |

1.2

1.3

1.4

1.3

1.6

1.7

The Definition of a Fluid and Continuum Hypothesis

mw%ﬁgl_ﬁﬁﬁﬁ)ﬁﬁﬁ .....................................................................
Physical Properties of a Fluid

mﬁ;ﬁg%ﬂAﬁ T T P P PP PP PP P PR PRT PP

Forces on a Fluid

ﬂ‘—_‘}fﬁﬁmﬁgiﬁg jj .................................................................................
Compressibility and Expansibility of a Fluid

mﬁ;ﬂgﬁgaﬁ La‘ﬁ%ﬂ&ﬁ ........................................................................
Viscosity of a Fluid

ﬁi{dgmﬁﬁ .......................................................................................
Surface Tension and Capillary Phenomenon

%Eg&j}_ﬁ%gﬂﬂ% ...........................................................................

Vapor Pressure

%ﬁggﬁ ..........................................................................................

Problems

.........................................................................................................

Chapter Two Fluid Statics
SR FREEBPFIEE ooevvemvevrsornnrnnsenssssisasssssssasssussasssssaontosessssssssssssssssssssssssaes

2.1

2.2

2.3

2.4

2.5

Static Pressure and Its Characteristics

% Eﬁﬁ&ﬁ%‘lﬁ .................................................................................

Equilibrium Equation in a Static Fluid

% ltﬁiﬁ;ﬂ(]ill@ﬁ& ...........................................................................

Pressure Distribution in a Static Fluid

% u:ﬁiﬁ;q: B(J B’_{g&ﬁ}jﬁ ........................................................................
Fluid in Relative Equilibrium

BRI ookt oicn s omas s ol o SR Do comfnsmrs v

Forces Exerted on a Plate by Static Liquid

VI, 4 B A i 001 SOOI ISR SR PR ——



Forces Exerted on a Curved Surface by Static Liquid
B R R TR PRI s e ansoaanspnsmnsnnnsinscciibn snmins s piadsnd (s S ahptisadaves

Buoyancy

ﬁj} ................................................................................................

.........................................................................................................

Chapter Three Basic Concepts and Equations of Fluids in Motion
% 3 ﬁ ﬁﬁﬁkﬁﬂ]ﬂ‘]&tﬁﬁ'—iﬁﬁ ..................................................................

3:1

32

3.3

3.4

3.5

3.6

357

3.8

3:9

Approaches Describing the Motion of Fluids
T‘ﬁi&m{;’;ﬁgﬁ B(Jjj‘?‘(i. ...........................................................................

Classification and Basic Concepts of Fluid Flow

ﬁiﬁ:iﬁfj}ﬁgﬁ% L:jgzl;%ﬁ .....................................................................
Reynolds Transport Theorem

‘?ﬁ?i%ﬁii_ ;—EE ....................................................................................

Continuity Equation

L‘!Eﬁ:&jj‘ﬁ .......................................................................................
Bernoulli Equation

{E%;ﬁjﬁﬁ .......................................................................................

Momentum Equation

;;b%ﬁﬁ ...........................................................................................

Moment of Momentum Equation

Bernoulli’ s Equation for Total Flow
SSIERESEIITT. oetorrrrrreoemnsiviaeeomms s sssesseamar SEs R pisl o 516

Problems

I

......................................................................................................

Chapter Four Vortex Theory and Potential Theory
SAM RORIBIEGBFEIBIL  -ooooooooreoosmsesressassssssssssnnnscanmssasssssbanbosncssiosssssasaes

4.1

4.2

4.3

4.4

4.5

Kinematic Analysis of Fluid Element
ﬁwﬁm B(Jig@ﬁﬁ ...........................................................................

Rotational and Irrotational Ideal Flow

gﬁﬁwmﬁﬁﬁﬁﬂ%ﬁ@mfﬂ ............................................................

Velocity Potential Function of Irrotational Flow

%ﬁﬁﬁiﬁﬂﬁﬁ}i% E_ﬁﬁ ........................................................................

Stream Function of Planar Flow

%ﬁﬁ@%ﬁ@ﬁ ..............................................................................

Basic Planar Potential Flows

Ezkiilﬁﬁﬁ ....................................................................................



4.6 Combination of Basic Planar Potential Flows

BRI - v .-corcssmoncncenssvomes commrssprait bbb s PO mee
4.7 Flow around a Cylinder

’% EW%Z‘S’J ....................................................................................
Problems

B T LT T P PP PP P P PP PP PP PP PP RPPPRPR S

Chapter Five Similitude and Dimensienal Analysis
ESE HOURIBGIADET -oooooovoereroereosessssssssssssssisiiosinionsnninnstneeseeansasean

5.1 Similitude and Model Tests

*B {u }E\‘ gl _|::,‘ &ﬁj‘ i yﬁ ...........................................................................
5.2 Dimensional Analysis

D T T RETT PP

Chapter Six Viscous Flow in Pipes and Energy Losses
% 6 ﬁ ﬁﬁﬁ{*mgmmﬂjgﬁgiﬁ* .........................................................

6.1 Stress Analysis for Viscous Fluid
BT BIRE FIAIHT coveeeeveermnemeseenrertimim e

6.2 Navier — Stokes Equation for Incompressible Viscous Fluid

R R B — AR BT ITTR overeeereerereremresmsnesemesesssssnsssnnas
6.3 Two Flow Regimes of Viscous Fluid

ﬂ:ﬁﬁw%mﬁ?ﬁ‘j& ...........................................................................
6.4 Frictional Loss of Uniform Flow and Relationship with Shear Stress

i&]fg\mm‘?&ﬂﬁ%lﬁ@]@ﬁ %9&?\ ......................... feessesnresescrcssssrssssensesane
6.5 Laminar Flow in Round Pipe

@%*B@E’ﬁwﬁiﬁ ..............................................................................
6.6 Turbulent Flow in Round Pipe

B B TERE T -veeeeer e
6.7 Frictional Loss Calculation in Turbulent Flow

ﬁﬁm?ﬁ-ﬂﬁg& H(THA%: ...........................................................................
6.8 Minor Head Losses

%ﬁgﬁ(%ﬁ% ....................................................................................
6.9 Pipe Systems

%jﬁ%ﬁ ..........................................................................................
Problems

\agjj ......................................................................................................

Chapter Seven Orifice and Nozzle Flow, Weir Flow
7 W T IR BR Y oo~ sosorssommsmssmpresnmaremsnms b i tipplaliatiimsscans

7.1 Orifice Flow -



7.2 Nozzle Flow

DML » v moem cevmn svnons sitionss wenas o ieissss S Socans S5k A A A i e 257
7.3  Weir Flow
R/ oo v s ki s A+ i A A st e sy ST PP miRES ERREOR WHCTFERHV ST oY 265
Problems
S o-veeevsnereraserorarassncsovarerunsisrornbassanssesasitesenassssssesssnnnssnsonssasnensssrarassisanes 273
Chapter Eight Boundary Layer Theory
F8E HFABIEL oo, LS, S PUP RO, O 278
8.1 Introduction
BT voorervreohiontosansssiersiannssestasnsssisssssburesssbesaissssntansusosesssssnsssastessnasases 278
8.2 Basic Concepts of Boundary Layer
SRR Bl cocss iapass ssqomes srmmr covmymevmreisnge s vupiny Craiies S SOPSs Y SYSSRS HNEHE R 279
8.3 Kinetic Differential Equation of Boundary Layer
DI IO M D.  cpon askih vgon s sy ¥R 5 ST S A S kv e s v 281
8.4 Variable Thickness of Boundary Layer
T sy et ety St s T Nl SO e P 284
8.5 Momentum Equation for Boundary Layer and Frictional shear Stress
SR R T RIREIREIRT ) vevescerresvevrrnsersrersesesssanerssnessnsssnsssanessisn 287
8.6 Laminar Boundary Layer on Smooth Plate
SN TR R B i i e et L L G et i 291
8.7 Turbulent Boundary Layer on Smooth Plate
R E R 30 i LB s imesaiesksns s wtnt qradbesredie s boh o os 295
8.8 Mixed Boundary Layer on Flat Plate
S A I L A il ekl a3 AN e o SRt 208
8.9 Boundary Layer Separation
S BLERIRRE. caies siesevpapdaidon el ks oo soonesns fnsimnyes i oo Buvise s Sy 302
Problems
BRI s 0008 655008 35003 onsimesumaopasenvassauperanyTyys s TrERENSHS LIENS s GHETH SAEPPS LALBER 3 NNS NERERS 305
References
v R P P P P TP PP PP PP PP PP PEPEPEPEPPS 310



Preface

4

1. Features and Tasks for Engineering Fluid Mechanics

IRARNFHORREES

Fluid mechanics is a discipline which studies the equilibrium and macro mechanical motions of flu-
ids, it is one of the most important branches of mechanics. Fluid mechanics may be classified as the-
oretical fluid mechanics ( generally called fluid mechanics) and applicable fluid mechanics ( gener-
ally called engineering fluid mechanics) according to the difference of aspects it stresses on. The
former mainly adopts strict mathematical reasoning, strives for the accuracy and integrity of solutions,
whereas the latter puts emphasis on solving problems occurring in engineering practice ,not on pursu-
ing the mathematical integrity. Engineering fluid mechanics is a chief technical elementary course
for majors such as machinery, power, apparatus , construction , water conservancy, etc. , it may lay nec-
essary foundations for the following study of these majors’ main courses.

Wil 2R R BTG 5 R MALRE AR Y — ] %8, R I BEEN S 22—,
WA 1 27 B 5T A 2 0 B 05 T B AR TR, 0 D BB WA ) 2 GEBR WG A4 7 2% ) R BE P i A 7 2
GER LRWAESF) o BiH FERA™8 R ECEHEE 8, SR A%, 58 um
BT TARSCPR P B RIS, A 2508 5K B0 B %, TRRAK 223077,
A AR KFIRE L — T EEEORBEMIR, B AR L G IR ¥ T
T AE R BISHEA

Basic tasks of engineering fluid mechanics lie in establishing fundamental equations describing
the movement of a fluid, determining velocity and pressure distribution rules for flows in different
pipes and immersed bodies, probing calculation methods for energy exchange and various energy los-
ses,and solving interactive problems between fluids and solid bodies.

ARV ) B S AT 55 76 T 5L FlR WLMAIZ 3l i S AR T 2, W 0 Mk 20 45 Tl 3 S ¢
WA 1Py Ak B | 3 PR o A ML , BROR R B P RN 5 R BB R BUR T i b e ik 5
e8] A% 22 ] 149 A ELAE FH R 1) A

2. Development History of Fluid Mechanics
RN FER L
Fluid mechanics is one of the most primitive branches of physics,its development is closely re-

lated with the development of mathematics and ordinary mechanics, it is the achievement of human
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beings fighting against the natural world ,and the wealth created by all the people. There was a leg-
endary story in ancient China about King Yu taming flood and making rivers flow; in Qin Dynasty,
Libin and his son leaded workers built Dujiang Weir,which is still in operation nowadays. The first
one contributed to the formation of fluid mechanics was an ancient Greek, Archimedes, who estab-
lished the equilibrium theorem for liquids , which included the law of buoyancy for bodies and stabili-
ty for floating bodies,laid the foundation of fluid statics. There was no significant progress on fluid
mechanics in about one thousand years since then.

Witk 12 R Bl B X2 —, BRA SR SECFFIRE 1 R VIR, B
ALK S AR AT F IR, RARERBE M E . b i b EA K&K GE T
TR UE; R 957 sh A RIBEEMER LI, £ RIEEEM . XH AT 227t
FRITE JRAE 1 5 — > TR A2 vy A S 0 B OR A, s . T RO AP ) e R R TR RS R A
WA BEE , BEE T AR 22 AL . I0E , TR, WA S A RA R AERE,

The real development of fluid mechanics was started from Newton (1642—1727) era. In
1687 ,he had already discussed contents such as drags of a fluid and wave movement in his master-
work “Mathematical principles of natural philosophy” , which made fluid mechanics an independent
offshoot of mechanics. The name,fluid dynamics,was first introduced by Daniel Bernoulli (1700—
1783) in his famous book “Fluid Dynamics” in 1738, the prominent equation-Bernoulli equation,
was proposed in this book , it setup an universal relationship among pressure , elevation and velocity of
fluid particles,and is still a principal law in fluid mechanics up to now. French engineer, Pitot, in-
vented Pitot Tube for measuring flowing velocity on the basis of Bernoulli equation; in 1752 ,d’ Ale-
mbert did many experiments about drags on ships moving in river, and proved that the square rela-
tionship between drag and moving velocity. In 1755 ,0n the basis of continuum hypothesis, Euler es-
tablished Euler equation by generalizing the concept of pressure in fluid statics to moving fluids,
which describes correctly the movement of non-viscous fluid by using differential equations. The es-
tablishment of Euler equation and Bernoulli equation was a symbol for fluid mechanics as a branch
discipline. In the first half of nineteenth century,Navier (1785—1836) and Stocks (1819—1903)
successively published kinetic theorem on viscous fluid similar to modern form, which is the famous
N-S equation. In 1876 ,Reynolds did many experiments and found there were two different regimes
in fluid flow-laminar flow and turbulent flow. In 1904 ,Prandtl simplified N-S equation,and proposed
boundary layer theory,this theory indicates clearly the applicable scope for ideal fluid,and can cal-
culate the frictional resistance while an object is in motion as well.

WA 2 ) FLIE R J e N A3 (1642—1727 ) IFARTTF AR B o 1687 45, A5 7E A 1) 44 25 (IR
) I E e T AR R B BORE 3 5F N A, BT ) T 46 A8 iU S — AN
3o VMBI 48 /210 %5 F] ( Daniel Bernoulli, 1700—1783) F 1738 47t 944 25 ( Wik
) — B EaTI AR. EEHhRE T EARESA R, TR ES &Rz
B N T E KR, BRI R A rh — A B i, kTR R 7E
SR 7 AR HEA b, BT ) B R 51752 4R, B LR oz i H i K B R 2R
WE LW TR, UESE T B[Rz sl B Z Al 5 K R o 1755 45, BRALR A T 84 BB e,
2 b B BOAESHET BE SR S T RRBL R, IE R o Ty R AL R T G
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In the beginning of the twentieth century,the emergence of airplane accelerated tremendously
the development of aerodynamics. People wanted to know surrounding pressure distribution and re-
sistance of an aircraft, it facilitated the development of fluid mechanics on aspects of experiment and
theoretical analysis. Scientists represented by Joukowsky, Chaplygin and Planck,etc. ,founded airfoil
theory on the basis of potential theory for incompressible non-viscous fluid. The establishment and
development of airfoil theory and boundary layer theory was a remarkable progress of fluid mechan-
ics,they combined non-viscous fluid theory and boundary layer theory of viscous fluid perfectly. Af-
ter 1940s,space travel was realized because of the application of jet propulsion and rocket technolo-
gy, this resulted in the research of high-speed gas moving forward rapidly,and the forming of offshoot
disciplines such as gas dynamics and physico-chemical hydrodynamics. In recent years,with the de-
velopment of computer,the method of numerical calculation in each branch of fluid mechanics has
developed quickly ,many problems that could not be solved in the past may have numerical solutions,
thus forms an important discipline-computational fluid mechanics.

20 4047, KAL) BRI i T = a1 E i R g, AT AR 46 7 AT a8 A
1 43 A5 B RAT AR BEL S5 AU, X ARk T A ) e SE R MBS e A T A . AR
Bl A E S SIS RRMBLER, IFAN T LATCREAS AT R 45 Uit 1A 2 i 2138 g J Al
DL IR . PLIRBLS AL A B M EE S A R WA ) 2 Y — R R, B R R R
PRERE R RGPS R 52 B TR G b 45 Al R o 20 4 40 4RARLRUE , i T ALK
HEEAR MR , SEBL T LR RAT , AR 3 I 3h RO BIF St e, T ) 1 UMkl J1 5% B —
TR B 24555 SR o AR, B TR AL R R  TEWUA S 22 B 2520 SO P BB
AR R T R K J , VR it A BB B Ak T, A R LABIESR A , AT 1 1 33300
RS x —HE P

Therefore , with the development of manufacturing, science and technology, study fields and ob-
jects of fluid mechanics will no doubt be intensified and expanded. At present,except for mainly in-
vestigating macro mechanical movement of fluid and interactive forces between fluid and surrounding
bodies, fluid mechanics also involves in the regulations of heat and mass transmission, its research
object also extends from Newton fluid to non-Newton fluid and multiphase fluid. Fluid mechanics is
not only an ancient discipline,but a discipline full of vitality as well ,and for sure it will develop and
thrive continuously.

R, B A 7 PR I A R, WA 0 22 B 5 ) SO AN ) BN R0 H a2 RAL T K. B
BT, Wb T 2488 T EEHFFR TR 2 M URGZ sh AE 5 ] B ) 11 VR R A1, B 9 Befl 44
& R, BF RS R BN R R EE R A U AY BB R SR A M 2 R, Wik J#
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Chapter One Basic Concepts of Fluid
Mechanics and Fluid Properties

1
TR g <7 B AR 5 T A 4 o R

1.1 The Definition of a Fluid and Continuum Hypothesis
MERNEX SELEN RRIE

1.1.1 Definition of a Fluid
AR 3L

In nature,a substance exists generally in the form of one of the following three states: solid, lig-
uid and gas. It is known that a solid can resist shear stress, and the deformation of a solid under
shear stress is definite when the magnitude of the shear stress does not exceed the elastic limit of the
material. In contrast to a solid, a fluid is a substance of which the particles may easily move and
change their relative position. More specifically,a fluid is defined as a substance that will continu-
ously deform,that is,flows under the action of a shear stress,no matter how small that shear stress
may be, as shown in Fig. 1 — 1. The rate of deformation of a fluid is related to the applied shear
stress and the viscosity of the fluid,a unique property of the fluid,and we will discuss this property

in corresponding section.

Fig. 1 =1 Deformation under Action of F
Bl1-1 AFHRATHER

TEARF T, YR — RN T =MIBAZ — 7 BA S S3E. AR, BT
LASRTUBY I A7, I HL 24 B I S A B bk i 5v AR BRI, [ A B AR T R e 1 o 5 (B 1A AR
B, WA — ol R A 532 3l -5 i B A X7 B ) 00 o, s S U0 M U, SR SO R AR AT
/NIRRT , SR BB S AT — WS B, e 1 -1 PR WAAZRTE i R 5 B
TSN BRI L) Be WA RV 5% , RETEIR WA A BOPE IR, A PR ZEA BB 118
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Thus we get the definition of a fluid as follows: A fluid is a substance which can bear pressure,
but cannot bear shearing stress and resist tangential deformation,i. e. ,once under the action of shear
stress ,no matter how small that shear stress may be,a fluid will continuously deform; and if that
shear stress keeps/ acting on a fluid, the deformation of it will be infinitely large.

PR , FEAAT 8 SCANTS - PR — T AR 32 1 (BN BB AR 32 39 B ARGT BT VIS TE 9
Ji, B — ELZEBY R A FE T, IR BI N 1 2 A/, WK S AR o 12 3T B B RFEEAE
AT, WA AT R 2 TR K

1.1.2 Hypothesis of Continuum Model
% BN RARBBIK

From the view of microscopic level ,a fluid is composed of a large quantity of molecules in irreg-
ular motion with gap between molecules, it means a fluid is not continuous,but discrete on molecular
level. Since fluid mechanics does not investigate the microscopic movement of molecules, it only
concerns with macroscopic mechanical movement of fluids, this mechanical movement is the statisti-
cal mean behavior of a large quantity of molecules. Moreover, the characteristic dimensions studied
in fluid mechanics are far larger than the distance between molecules , an imaginary fluid model—flu-
id element will be adopted in the study of fluid mechanics.

I F BER , AR e KBRS SLUIE B 1 4 T BT IR , 43 F Il B, BR A A> 7
B RBE D, TR R—AELE I SN o T U ST 2 - ARE R 40 T B oWz 3l , i H 5O Wik
2 RALGE 3l , X Fh R UARIE 3R KR 2T B F ST 8, 7500, Wik 2 Bt oE i s
FUE RS 3E b 43 160 £ BB K, R b — el B AL ) A 5 28— A s A s B P T DA 0 22 B
FHP,

Fluid element is an aggregation of fluid molecules whose volume is small enough with enough
molecules to make sure that the macroscopic mean density has definite value.

VA e — AR R /N T & 0 T R AE 2, DLE T LR W2 7 BE A 7 S R PR X
BE— AR TS

Most engineering problems are concerned with physical dimensions much larger than this limiting
volume ,so that the density is actually a point function and fluid properties can be thought of as in con-
tinuous variation in space. Such a fluid is called a continuum,which simply means that its variation in
properties is so smooth that differential calculus is valid for all the analysis in the study of fluid me-

chanics. Thus we give the Continuum Hypothesis as follows.

KRBT RN FTE K B i R 870 K 53X — iR BRAAER , PR B S P bR B R, OF
FLIAAR P B AT LLIA K R Bl 2 18] O B e SRR AU o SRR B MR AR i e o, AR IR R B
LA 5 P R AR 3R H) , FE VR A4 0 2 B BT A 5 40 o T A RGBT A B, AT 45
BT BB T

Euler put forward the following hypothesis of continuous medium mechanical model in 1753 : A
fluid is composed of fluid elements, which occupy flowing space continuously with inter molecular

distance and molecular motion ignored.

BRHLAE 1753 E48 1 T LAF M ZE A B 24 R BB B - WA by A0 P e, A ok A
PESETENE T WBh ok 4R X 23 ] T 22 e L R T 1 BE 5 43 T2 Bl



Under this assumption, all physical properties of a fluid are the continuous functions of space

coordinates and time.

TEX—MRBCT , WA BTy B SR 2 25 1] AR AR -5 i 18] B 2 4 pR K

1.1.3 Advantages of Continuum Hypothesis
# AN TBOR AR A

(1) Exclude complexity of molecules’ motion.

HEBR T > Fiz sh ) S 20

(2) Physical properties,such as density, speed , pressure , shear stress and temperature , are the
continuous functions of space and time,so we can use mathematical tools of continuous function and
field theory to solve flowing problems. .

VR ARV, 0 B HRE R (B N ) SR BE , A 7 ) Al AR 5 ] PR SR R R, A
T HRATTAT LA FH o6 T3 28 iR 5 i 5 80y T RAC PR sl I

1.1.4 Distinction between a Gas and a Liquid
AR RARZ ] 6 R F)

A fluid may either be a gas or a liquid. The molecule distance of a gas is much larger than that
of a liquid. Therefore,a gas is very compressible ,and when all external pressure is removed, it tends
to expand indefinitely,a gas is therefore in expansion equilibrium only when it is completely enclose.
A liquid is relatively incompressible,and if all pressure,except that of its own vapor pressure,is re-
moved ,the cohesion between molecules holds them together, so that the liquid does not expand indef-
initely. Therefore a liquid may have a free surface,a surface from which all pressure is removed , ex-
cept that of its own vapor.

PEATT DUR SRS . SRS Z 1) i BE B R TR R4 F el B RS . PRk, ST
FE4E , BT A BRSNS E 26% , BEAEETIRY 8, Sk RA Y 58 2 R O P45 . HIXT
RA] SR WA , B T Wi B B AR SUE T IR 2T D 24, W R 7 F IR BER S &
IE—R, UETFRIEAERY R, Hik, RERERIA EN (B SHEENRI) B
REA A K.

The main distinctions between a gas and a liquid lie in their compressibility and fluidity. Since
the molecular weight of a gas is small, distance between molecules are large , mutual restriction be-
tween molecules is small; while the molecular weight of a liquid is large , distance between molecules
is small, mutual restriction between molecules is large. Therefore,by comparing with a liquid,a gas
has higher compressibility and fluidity. Moreover,a liquid has definite volume and free surface,but a
gas has no definite volume and free surface.

SRR FEXHET MM ESEMRSIE. B TR TEEN, 2 T2
VE1) £ ) B A, #8043 IR PR AH B A SRS/ N s WA FR) 43 T BEBEKR , 43 Z [N I BE /DN , #5011
MM B R K . BT LA SRR AR L, SR B A BRI ] B4t S st 7350, Bk RA —
AR AFAE—A B BB, T A B B2 A8, AFAE A i
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1.2 Physical Properties of a Fluid
AR R R

1.2.1 Density

B

Density is the mass of the substance per unit volume, it indicates the intensity of fluid in space,
usually it is denoted by the Greek letter p,it’ s unit in SI is kg/m’.

R BB S Y B B . B RAE T WA 23 A B AR R B, O W AT
£ p T, HEFHALE kg/m’,

For homogenous fluid,each point has the same density :
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p=7 (1.1)

For nonhomogeneous fluid, take an infinitesimal volume AV surrounding a certain point in
space ,the mass of fluid in it is Am,then the ratio AV/Am is the average density in volume AV. Let
AV—0,the limit of this ratio will be the density at the point inside AV.
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Table 1 — 1 gives the density of water, air and mercury at standard atmospheric pressure and dif-

ferent temperature.
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Table 1 =1  Density of Water, Air and Mercury at Different Temperature (kg/m’)
®1-1 K EZAAREFRBETHEE(kg/m’)

Density (kg/m’) Density (kg/m®)
Temp. /C HE Temp. /C HE
0 Water Air Mercury it BE Water Air Mercury
G =5, KA S =5 K

0 999.87 1.29 13 600 60 983.24 1.06 13 450
10 999.73 1.24 13 570 80 971.83 0.99 13 400
20 998.23 1.20 13 550 100 958.38 0.94 13 350
40 992.24 1.12 13 500

1.2.2 Relative Density
(RRYd

Relative density of a fluid is the ratio of its density to that of pure water at 4°C , which is usually
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denoted by d. It has no unit and is dimensionless.
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i=2 (1.3)
Puw
Where p; is the density of fluid;
p, is the density of water at 4C.
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1.2.3 Specific Volume
144

Specific volume is the volume occupied by unit mass of a fluid ,denoted by v, and it is the recip-

rocal of density. Unit;m’/kg.
PSR B BB o A AR, v 3R, R BEBIS, Sh7.m’ kg,
v = x
p

(1.4)

1.2.4 Density of Mixture Gas and Gas State Equation
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Density of mixture gas is calculated as volume fraction of each component gas, expressed as fol-

lows :
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P =piay 4o 0 +pa, = Y pa; (1.5)
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where p; is the density of each component gas in mixture gas;
«; is the volume fraction of each component gas.
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The equation of state for an ideal gas is given as follows:
HASAHPRS TR H T4
L _ Rr (1.6)
p
where p is absolute pressure;
p is density of gas;
T is absolute temperature ;
R is gas constant.
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1.2.5 Specific Weight
k) 4

The specific weight of a fluid is the weight per unit volume, denoted by v, it has the following
relationship with density p:
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Here g is the gravitational acceleration. Its unit in SI is N/m’. For homogenous fluid, each point has

the same specific weight ,for water the nominal value of specific weight is y =9800 N/m’.
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1.3 Forces on a Fluid
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1.3.1 Classification

The equilibrium and motion of an object are the consequence of exerting forces , therefore , before
we investigate the fundamental principles of fluid mechanics, it is necessary to analyze the categoriza-
tion of forces acting on a fluid at first. According to physical properties of forces acting on a fluid , it
may be classified as gravity, friction force, inertia force, elastic force and surface tension, etc. Ac-
cording to the acting method of forces on a fluid, it can be simply divided into two kinds of forces:
mass force and surface force. The later is usually adopted in the study of fluid mechanics.
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1.3.2 Mass Force
REN

Massforce is a force exerting on all particles in a fluid by a certain force field, it is a non-contact
force. For homogeneous fluids (each point within the fluid has the same density) ,the magnitude of
mass force is in direct proportion to fluid volume. Thus mass force is also known as body force or
field force. Its unit in SI is Newton (N). Gravity,inertia force and electromagnetic force belong to

mass force.



