
Chap. 1  Introduction (序論)

1-1 Definition of a Fluid
1-2 Dimensions and Units
1-3 Properties of Fluid
1-4 Fluid Statics
1-5 Method of Analysis



1-1 Definition of a Fluid

• A substance that deforms continuously
under the application of a shear (tangential)
stress no matter how small the stress may 
be.

• There is no slip at the boundary. 
– i.e.the fluid in direct contact with the solid 

boundary has the same velocity as the boundary 
itself;



Shear force, F

• Solid under the action of a constant shear 
force

Within elastic limit of the solid, the deformation is 
proportional to the applied shear stress.
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Fluid As a Continuum

• Fluid is treated as an infinitely divisible 
substance.

• Each fluid property (T, P, V, ρ, μ, U, H, S, 
etc.) is assumed to have a definite value at 
every point in space.

• The fluid properties are continuous
function of position and time Φ=Φ(x,y,z,t).
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1-2 Dimensions and Units
Systems of Dimensions(定性)

a. Mass [M], length [L], time [t], temperature [T].
– Force [F] is a secondary dimension

b. Force [F] ], length [L], time [t], temperature [T].
– Mass [M] is a secondary dimension

c. Force [F] ], Mass [M], length [L], time [t],   
temperature [T].
– The constant of proportionality, gc, in Newton’s 

second law in not dimensionless.



Systems of Units(定量)

• SI(Systéme International d’Unités) system of 
units(MLtT)
– [M]=kg, [L]=m, [t]=s, [T]=K(kelvin)
– [F]=N(Newton)=kg • m/s2

• British Gravitational system of units(FLtT)
– [F]=lbf, [L]=ft, [t]=s, [T]=oR(degree Rankine)
– [M]=slug=lbf • s2/ft

• English Engineering system of units(FMLtT)



English Engineering 
system of units(FMLtT)

• [F]=lbf, [M]=lbm, [L]=ft, [t]=s, [T]= oR
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1-3 Properties of Fluid

•Density--- ρ=M/V

•Specific Volume

• Specific Weight

• Specific Gravity



Incompressible fluid:
dρ /ρ <<1 or    V<<100m/sec or Mach number<<0.3

• Bulk Modulus--Compressibility of Fluids
(bulk modulus of elasticity)

壓縮機 Water Hammer

十七級颱風 =62.4m/s



Water Hammer



※ Viscosity (黏滯力)



Air -- Boundary layer + Separation



Water -- Boundary layer + Separation



Dimension and Unit of Viscosity

• Viscosity has dimensions [F][t]/[L]2

SI unit

1 poise = 1 g/(cm• s)
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Kinematic Viscosity

Dimensions of kinematic viscosity are [L2/t]

1 stoke = 1 cm2/s

ρ
μν ≡









•The Basic Equation of Fluid Statics
•Pressure Variation in a Static Fluid
•Measurement  of Pressure
•Fluids in Rigid Body Motion

1-4 Fluid Statics



● Pressure Forces on a Static Fluid Element
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Body Force on a Fluid Element

ρ is the density (mass per unit volume)

• The gravitational body force acing on an 
element of volume, dV, is 

gr is the local gravitational acceleration.

== dVgFd rr
ρ dVγ

g
dV

Fd r
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ρ= gravitational body force per 
unit volume

γ=



Sum of the Pressure Forces
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Pressure Gradient
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Total Force
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Physical Meaning of 
Force Balance Equation
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Pressure Variation in a Static Fluid

• Incompressible Liquids
(ρ=constant)
For g=constant constant=ρ−=
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Chapter 2    Basic Law of Fluid Flow



2-1 Steady and Unsteady Flow

2-2 Streamline 、 Pathline 、 Streamline tube and Streakline

2-3 Basic Laws for a Fluid Flow

2-4 System vs Control Volume

2-5 Mass Equation

2-6 Moment Equation

2-7 Energy Equation

2-8 Moment of Momentum

2-9 Vortex Motion



Velocity Field
• The velocity at a point C is defined as the 

instantaneous velocity of the fluid particle 
which is passing through point C. 
– the fluid particle is a small mass of fluid of 

fixed identity of volume.
• At a given instant the fluid velocity is a 

function of space and time.
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Representation of Velocity

• Velocity is a vector quantity, so the velocity 
field is a vector field.
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2-1 Steady and unsteady flow

• Steady flow : Fluid properties at every point in a flow field 
do not change with time.

Mathematical definition of steady flow 0
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● Unsteady flow : Fluid properties at every point in a flow 
field change with time

0
t 
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∂
η∂

Mathematical definition of unsteady flow:



One-, Two-, and Three-Dimensional Flows

• Flow dimension is depending on the number of 
space coordinates required to specify the 
velocity field. 
– Most flow field are inherently three-

dimensional, analysis based on a fewer 
dimensions is frequently meaningful.
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Three-dimensional flow



2-2 Streamline 、 Streamline tube 、 Pathlineand
Streak line



The streamline pattern for a vortex: (a) free vortex (b)rotational vortex





2-2 Streamline 、 Streamline tube 、 Pathline
and Streak line

• Definition : Streamlines
– Lines whose tangents are everywhere parallel 

to the velocity vector.

Streamline tube
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Example1. Streamline for a Given Flow Field

Consider a two-dimensional flow field
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Pathlines
Streakline

● Pathline and streakline (與實驗有關)



Pathlines

• Definition
– line traced out in time by a given fluid particle

as it flows
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Pathline for a Given Flow Field (與實驗有關)

Example. Consider a two-dimensional flow field
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For the pathline passing through (x0,y0), 

AtAt eyyexx −== 00        ;



For the pathline passing through (x0,y0), 

AtAt eyyexx −== 00        ;

For the streamline passing through (x0,y0), 

00 yxxy =

0000 yxeyexxy AtAt =×= −

Under steady flow condition, streamline and pathline are the same.



Streakline for a Given Flow Field
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2-3 Basic Laws for a Fluid Flow

• Conservation of Mass
• Newton’s Second law
• The Angular Momentum Principle
• The First Law of Thermodynamics
• The Second Law of Thermodynamic



※



Methods of Analysis

• System and Control Volume
• Differential versus Integral Approach
• Methods of description

2-4 System vs Control Volume



System
• A system is defined as a fixed, identifiable 

quantity of mass.
• The system boundaries separate the system 

from the surroundings.
• The boundaries of the system may be fixed 

or movable.



Control Volume
• An arbitrary volume in space through which 

fluid flows.
• The geometric boundary of the control 

volume is called the control surface.
• The control surface may be real or

imaginary; it may be at rest or in motion.
Real boundary

Imaginary boundaryControl volume



2-4 System vs Control Volume
Rate of Change of System Property

• Relationship between System and Control Volume 
Formulation
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2-4 System vs Control Volume
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The General Reynolds Transport Theorem involves volume and 
surface integrals
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N=extensive property , η=intensive property

N =mη ,                 η = N /m

N=m(質量) η = m /m=1

N=mV2/2(動能), η =V2/2

N=mV (動量),

(動量矩),rVm ×=N rV×=η
V=η

∫ ηρ=η=
systemsystem VdmN





Physical Interpretation
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Flux of System Property

∫ ⋅CS AdV
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ηρ The net rate of flux of N out through the 
control surface.
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Conservation of Mass
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Conservation of Mass--Special cases
• Incompressible flow (ρ=const)
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例題 一



例題 二



例題 三



例題 四



Momentum Equation
• For Inertial control volume
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例題 五



例題六
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The Angular Momentum Principle
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Washer, Pump, Water Turbine



(2) The pressure induced by hydraulic static(垂直方向)

(1) The pressure induced by centrifugal force (水平方向)
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Free Vortex

V=C/r
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Chapter  4
Flow Measure







4-1 Introduction

4-2 Measurement of Pressure

4-3 Measurement of Flow Speed

4-3 Measurement of Flowrate

4-5 Measurement of Viscosity

4-6 Measurement of Density



客戶們所提供給我們的各種性能需求，都可利用電腦選機軟體程式為我們精
確地找到適合且效率高的機種．並可列出以下風機性能曲線：
風量靜壓曲線
功率曲線
效率曲線
系統曲線性能曲線
八音頻譜

4-1 Introduction



4-1 Introduction



4-2 Measurement of Pressure 壓力量測



一般靜止流體壓力可以利用裝有水之彎管中顯示其高度，
此高度為管內壓力與大氣壓間之差(第一章所提U形管壓力計,與
重力方向有關)。

4-2 Measurement of Pressure 壓力量測

4.2.1 Static pressure measurement(靜壓量測)– Piezometer tube
(1)靜止流體內壓力之量測



4.2.1 Static pressure measurement – Piezometer tube
(2) 流動中流體內部的靜壓量測



當流體在管中流動時，會在管路中產生不同之壓力。一般
壓力可分為三種，即靜壓(Ps)、動壓(Pv)與全壓(Pt)。

從垂直於管壁的孔中測出的壓力，若將之導到一個U型管
裝置，如圖1，則可測出該管路之靜壓。而利用皮氐管面對風
向所測得之壓力，導入U型管，即可獲得全壓。動壓則由全壓
與靜壓之差求得。圖2為利用皮氐管將三種管壓力均以U型管
水柱高表示。

圖1. 靜壓與全壓之測量

A Piezometer and a Pitot tube

4.2.2 The Measurement of total pressure

全壓力(Pt)的量測



4.2.2 The Measurement of total pressure

全壓力(Pt)的量測



4.2.2 The Measurement total pressure

全壓力(Pt)的量測

Total pressure=Stagnation pressure=Static pressure+Dynamic pressure

Pt= Ps +Pd=P0+ρ Vo
2/2

移動中之流體內部壓力

➡



Pt-Ps=ρV2/2=Pd

Dynamic pressure  動壓(Pv)量測





送風機壓力說明圖



4-3 Measurement of Flow Speed
Measurement of Airspeed 
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Chap. 5  輪機機械的相似定理





Pump

Water turbine



目的:

工程上常使用小尺寸的模型來協助瞭解複雜的
問題，因尺寸較小的模型所需之經費較原型為小，
故飛機、車輛、火箭、輪船、港口等設計、製造過
程，常先以模型代替欲製造的原型加以實驗，性能
達到預期目標之後才正式生產。

相似定理

Similitude: Similarity of behavior of different systems. 











Similarity Law 相似定理

從模型(model)實驗所得到的數據，欲正確地應用到原型
(Prototype)上，兩者間需符合三個基本條件：(1)幾何相
似；(2)運動相似；(3)動力相似。

幾何相似：模型與原型之所有各對應部份之幾何形狀必須
相同，即模型與原型間對應部分的線性因次之比必須為常
數，包括粗糙度在內。

運動相似：模型與原型間運動情形應相似，即兩者間流體
流動的型式，如流線、速度、加速度之比均為一常數。

動力相似：為力的相似，系作用於模型與原型對應位置處
之流體質點或對應邊界表面所有力之比均為常數。動力相
似包括下列各項：





P: prototype
M: model



Kinematic similarity(運動相似)

•Kinematic similarity - Fluid flow of both the model and real application must 
undergo similar time rates of change motions. (fluid streamlines are similar) 



Dynamic similarity (動力相似)

Dynamic similarity -
Ratios of all forces acting 
on corresponding fluid 
particles and boundary 
surfaces in the two 
systems are constant.















☛



☛

























(1)



(2)
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•



PumpWater turbine







(Geometrically similar pumps)



(1)
N≠ N'

(pump affinity laws)





(2)
N= N'









Chapter  6       Water  Turbine



Classification of Water Turbine















Impulse Turbine—Pelton Turbine



The operating mechanism Pelton water turbine



Single runner two jets







(1)The runner of Pelton



Governor





[ ] [ ]{ }000000h Au)(Vu)ρ(VAu)(VCosθu)ρ(VuL −−−+−−⋅=



Momentum Equation ∫∫∑ ⋅ρ+ρ
∂
∂

=⎟⎟
⎠

⎞
=+=

CS
system

BS AdVVVdV
tdt

PdFFF
CV

rrrr
r

rrr

Lh=F.u
[ ] [ ]{ }000000 Au)(Vu)ρ(VAu)(VCosθu)ρ(Vu −−−+−−⋅=

說
明





(1)

(2)

(3)







Chapter 7

PUMP























The Angular Momentum Principle
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Joule Law
dq

δW=pdv

du

Control volume









Ideal gas Pv=RT 

排氣
作功

進氣作功

T=const
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Air Machinery (I)



1mmAq=1kgf/m2

1kgf/cm2=10000kgk/m2=10000mmAg=10mAg
0.1kgf/cm2=1000mmAq
1000mmAq=0.1kgf/cm2

P >1kgf/cm2=10000mmAg =10mAg  壓縮機(Compressor)
10mAg>P>1000mmAq or 1kgf/cm2>P>0.1kgf/cm2 鼓風機 (Blower)
0.1kgf/cm2 >P 風扇 (Fan)





1kgf/m2 = 1mmAq

1kgf/cm2=10000kgf/m2=10000mmAg=10mAg









v=Q/t=Q/60﹝m3/s﹞
Q=vt
1kw=101.97kgf-m/s

≒102kgf-m/s
L=W/t

isadpol WWW >>



➨

isadpol WWW >>



(3) (Polytropic power)

Li=L-Lm=軸動力-機械損失動力















n=n: polytropic
n=1: Isothermal
n=k: Isentropic

constantnPV =

起始點相同時壓縮過程

isadpol WWW >>



isadpol WWW >>

有限











➨

代入





Cooling Water Fifth StageFourth Stage

Third StageSecond StageFirst Stage

For ease of identification, each stage of compression is labeled and color 
coded in accordance with the table below:

5-stages reciprocating compressor
With cooling water
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