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1-1 Definition of a Fluid 4gs W

A substance that deforms continuously

under the application of a shear (tangential)

stress no matter how small the stress may
be.

e There is no slip at the boundary.

— 1.e.the fluid in direct contact with the solid

boundary has the same velocity as the boundary
Itself;



e Solid under the action of a constant shear

force
Shear force, F

>

>

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

e Fluid is treated as an infinitely divisible
substance.

e Each fluid property (T,P,V, o, ©,U, H,S,
etc.) 1s assumed to have a definite value at
every point in space.

* The fluid properties are continuous
function of position and time = (x,y,z,t).
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1-2 Dimensions and Units
Systems of Dimensions(E{%)

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, g., In Newton’s
second law In not dimensionless.




Systems of Units(EEl)

o SI(Systéme International d’Unites) system of
units(MLLT)

— [M]=kg, [L]=m, [t]=s, [T]=K(kelvin)
— [F]=N(Newton)=kg - m/s?
 British Gravitational system of units(FLtT)
— [F]=Ibf, [L]=ft, [t]=s, [T]="R(degree Rankine)
— [M]=slug=Ibf . s?/ft
* English Engineering system of units(FMLLT)



English Engineering
system of units(FMLLT)

 [F]=Ibf, [M]=lbm, [L]=ft, [t]=s, [T]=°"R

-1 2
e_ 1 = 1 = L1bm x32.2Us

Jc O¢c

g =32.2 ft - Ibm/(Ibf -s°)

1slug = 11bf -s% /ft = 11om x 32.2 ft/s® - s / ft =32.2 Ibm




1-3 Properties of Fluid

eDensity--- o =M/V
pue = (13.55)(1.94 slugs/ft’) = 26.3 slugs/ft’

pue = (13.55)(1000 kg/m’) = 13.6 X 10” kg/m’

eSpecific Volume

y = —
e Specific Weight g
Y = P8
e Specific Gravity
sG = —F

PH,0@4°C



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

E. = dp EF = dp N/m? FPa)T
’ v dp/p lb/in.z(

AV /¥
Speed of Sound

Tp 'E, [ kp

c = = \ [J. = -\::" o — \W

\ dp

Incompressible fluid:
do /p <<1 or V<<100m/sec or Mach number<<0.3

B Water Hammer
- = ARG =62.4m/s
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s Viscosity (AbyE 4 )

Plate velocity Vo ||
o
moved plate
- » of surface A
y —
A =
I:l'ﬂ = deformed liquid particle
V(y)
¥
N - fixed plate
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Air -- Boundary layer + Separation
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or volute




Water -- Boundary layer + Separation




Dimension and Unit of Viscosity

* Viscosity has dimensions [F][t]/[L]?

Sl unit
T N/m?2 N S—Pa.s— kg
“ d%y m/sim  m?2 m-s

1 poise =1 g/(cme S)




Kinematic Viscosity

v

H
yo,

Dimensions of kinematic viscosity are [L?/1]

1 stoke = 1 cm?/s




Leading Edge

u=0.99u_=~ u,
Nominal Limit of

Boundary Layer ﬁ;__ﬁ:/___f__—_—=—

Transition
Region (short)

=

Laminar

Transition Viscous Buffer

Point Sublayer ~ Zone Graph of velocity u
against distance y from
surface at point x
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1.5% A Newtonian fluid having a specific gravity of 0.02 y

and a kinematic viscosity of 4 X 107* m¥s flows past a _
fixed surface. Due to the no-slip condition, the velocity at
the fixed surface is zero (as shown in Video ¥1.2), and the
velocity profile near the surface is shown in Fig. P158. De-  u _3 %- 1 [.‘Er
termine the magnitude and direction of the shearing stress U 29 219
developed on the plate. Express your answer in terms of

and &, with U and é expressed in units of meters. per sec-

ond and meters, respectively.
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1-4 Fluid Statics

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




e Pressure Forces on a Static Fluid Element

(p + Z—pd?zJ(dxdy)(— IZ)

|+Z_ . (p - Z—g%}(dde)(iA)
7 L dy—)
A
(p—a—pd—y](dde)(J) — ° C;/ i (p+8—pd—y](dxd2)(— i)
gy | )
T e ol
y ' 0gdxdydz




Body Force on a Fluid Element

* The gravitational body force acing on an
element of volume, dV, is dF = pgdv = xdV

L is the density (mass per unit volume)

J is the local gravitational acceleration.

—_

daF =p§ =y gravitational body force per
dVv unit volume



Sum of the Pressure Forces

dFs =dFyl +dFy j +dF,k

op d
dFy = (p —a—igj(dde)— (p +

DD
2|3

dx j(dydz) — —(%)(dxdydz)

2

dFy _(p oy 2 j(dxdz) [p+ 5 j(dxdz)_ ( j(dxdydz)
dF, _(p % 2 j(dxdy) (p+aZ > j(dxdy)— (&j(dxdydz)

dFs = P P, Py (dxdydz)
OX oy 0z




Pressure Gradient

dFs = —Vp(dxdydz)

(A o ~ 10 - 8)
V=g —+eg——+€;, —
0z



Total Force

dF =dF +dFg = (- Vp+pg Jdxdydz)= (- Vp + pg JdV*

F
- _Vp+
qv P+ pg
For a static fluid
dF B
IV P+ pg




Physical Meaning of
Force Balance Equation

( -Vp o Ppg \
net pressure force body force per
< per unit volume L") unitvolume LT 0
at a point ] | atapoint
If z axis iIs directed vertically upward,
@ +p0x =0
OX _a_p -0
OX
op
——+ =0
oy P » - gy_p =0
op 0
——+ =0 9P __
0z P9z P PYz




Pressure Variation 1n a Static Fluid

* Incompressible Liquids

=constant) s _

or g=constant 2y —pg = constant

!

Ipo 4P = [, pgdZ

p-po =-p9(z-29)=pa(zg - 2)

»

p = vh + pg
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Pa T Ylhﬂ — Yah, I_ 7/;%/?-;J: PB

Pa — P = Yahy + vihs — vl



Inclined-tube manometer.

pa + vihy — valysin@ — y3hy = pg ps — Pp = Y>> sin

pa — pp = Volrsin O + yyhy — 7y h ¢, = Pa— P
© ¥,sinf
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153 For a parallel plate arrangement of the
type shown in Fig. 1.3 it 1s found that when the
distance between plates i1s 2 mm, a shearing stress
of 150 Pa develops at the upper plate when it is
pulled at a velocity of 1 m/s. Determine the vis-
cosity of the fluid between the plates. Express

your answer in SI units. . & ,
1 3 al i@
u i
., du l /
T=p gy TV ~A
o ; — { Fixed plate
du - U _ -
Jy b
A
nl / 50 T2 -,
/‘ = { = i = 0300 Eﬁi
(Z) /% =
5 (L= )
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2.34  Small differences in gas pressures are
commonly measured with a micromanometer of

the type illustrated in Fig. P2.3%. This device con-
sists of two large reservoirs each having a cross-
sectional area, A,, which are filled with a liquid
having a specific weight, y,, and connected by a
U-tube of cross-sectional area, A,, containing a
liquid of specific weight, y,. When a differential
gas pressure, p, — p,, is applied a differential
reading, h, develops. It is desired to have this
reading sufficiently large (so that it can be easily
read) for small pressure differentials. Determine
the relationship between # and p, — p, when the
area ratio A,/ A, is small, and show that the dif-
ferential reading, 4, can be magnified by making
the difference in specific weights, y, — y,, small.
Assume that initially (with p, = p,) the fluid levels
in the two reservoirs are equal. ..
' ihthal

/evel

rm—

mitial level

for gage fhaocl o




fb"Af’n a Jf‘%rnéjéf pressuve ’?"&; Ls applied w -;gﬁwcm#:é level in ledt
Veserveir dregps by a  distance, Ah, and right |evel vises by Ah. Thus,
The t(thrgrnomeder egmf;bn becomes

Pry (A+Ah-ad) -5 4 - 5 (R +4h)=+4
P-p=6d-54+ ¥%@sdh) ()

S,fn.f:e The /‘135”14'!'.: in The manemeter are I‘HL‘M’P."‘#SSF&}EJ
ﬂ-ﬁﬁkféﬂf op .@i}::%’i‘_
* F
gnd £ %’L:- Is small Then 248h << b and |ast term in Eg.()
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!
and large values of h can be ocbtained For Smel) pressure
diffeventials jf  0o-&, 15 Swmall.
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2.45  Determine the new differential reading
along the inclined leg of the mercury manometer
of Fig. P2.45, if the pressure in pipe A is de-
creased 10 kPa and the pressure in pipe B remains
unchanged. The fluid in A has a specific gravity
of 0.9 and the fluid in B is water.

Fer The initig! En:ng"':j..ﬂ.;ra.ﬂ-rén A
ﬂ-;ﬂfa.!) + 3‘#? (6.05 sin 30°) - %zﬂ(‘:}'ﬂg)-:% (/)

wheve all lengThs ave 1n m . Lhen b decreases left column

Moves wp c nl’;:iuncei,flj amel w'ﬂ,uf Ealeemn Mmeaves down
a distance 4, as showh in figure. for The final configuratios ;

ﬁjf E; (o] -a.:u‘naa‘) + }‘u} (a. 3im30° + 0.05 5in 30" +4) -
- (2
5. o (0.08+2) = 4 )

J L]
Lohere ﬁ- s The new preéssure in pr{p-z A
Subtract Eg. (2) frem FEg.ll) to obtain



a*ﬁq‘ + 3:4 (ﬂ. 53;13{:1#)“ 3;?&(5;;:3&‘1-:) +B’;*$dfa-] =90

Thu
SJ _ (fq”ﬁn,")

Uy Sindo0® - Q*H} (sin30°+1) + B'Hm

Fr bt = 10 4k

& =

®
n
3

(04)(431 27) (0.5) - (133 25 Yoser) + 2.80 2,

= 0.05%0 /m

New diffevential me‘:rmb Ah, measured a;’m? inchned tule s
eﬁual' to

= - + 0,058 + 4
ﬂh Sin 3p°

Y
= .ﬂiﬂf O, 05m+ O05%m = O,2/2 m
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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 VVolume

2-5 Mass Equation

2-6 Moment Equation

2-7 Energy Equation

2-8 Moment of Momentum

2-9 VVortex Motion



Velocity Field

e The velocity at a point C 1s 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.

e At a given instant the fluid velocity is a
function of space and time.

—

V =V(x,y,z,t)




Representation of Velocity

e Velocity Is a vector quantity, so the velocity
field i1s a vector field.

—

V =V(x,y,z,t)

— PN

V=u(x,y,z,t)i+v(x,y,z,t)j+ w(x,y,z,t)k




2-1 Steady and unsteady flow

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

on
Mathematical definition of steady flow ot 0
dp
_— = O or = X’ ,Z l"t’b
Ie 8 t p p( y ) r\:iztt:rr\//,—gi__l Tout > Tin
a\_] ~ ~ \\‘T//:a;hlme
=0 or V=V(X,y,z) oo | 2o
ot Cold i DT 5
- | Dt
T, 7 T




e Unsteady flow : Fluid properties at every point in a flow
field change with time

on

Mathematical definition of unsteady flow: — # 0

ot

% %

-

f=0

] System

— — Cantrol

o — — ] o — — ] surface

il ihl



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.



One-dimensional flow




Three-dimensional flow

Flow visualization of the
complex three-dimensional
Mow past a model airtoil.

i Photograph by M. E.
Head. )



2-2 Streamline ~ Streamline tube -~ Pathlineand




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

' I
V=C1r V=C2/r I‘
/ (b)
@ Po ___///__
X X

(a) (b) (c)
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2-2 Streamline ~ Streamline tube ~ Pathline
and Streak line

e Definition : Streamlines

— Lines whose tangents are everywhere parallel
to the velocity vector.

Streamline tube
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Examplel. Streamline for a Given Flow Field

Consider a two-dimensional flow field

u=u(x,y,zt)= Ax dy
v =—Ay dx

w=20

streamline Y X

Id_;:_fd_)z( ——> Iny=-Inx+¢ or xy=c

For the streamline passing through (x,,y,).

XY = XoYo



@ Pathline and streakline (S ¥ & ¢ | ﬁ‘ﬁ)
] ta
Pathlines

to

ta

Streakline

t1 t:!

000 e

Streakline

Station

000 Particles



Pathlines

e Definition
— line traced out In time by a given fluid particle
as it flows

dx;
dtl = U; (Xi ,t)

Under the initial conditions

Xi = Xi(X0,Y0,20,t)



Pathline for a Given Flow Field CEURT )

Example. Consider a two-dimensional flow field

M=§—Ax A
u=u(x,Vy,zt) = Ax o X = ce t
v=-Ay — At
w=0 V=%:—Ay y =€

For the pathline passing through (X,,Y,),

At

X=Xpe ", Y= yoe_At



For the streamline passing through (x,,y,),
XY = XoY¥o

For the pathline passing through (X,,Y,),

X = erAt; y = yoe_A

U
A At

t _
Xy = Xpg€ X Yot = XoYo

t

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



Streakline for a Given Flow Field

dx dy
= AX(1+21): —Z=-A AL _ ~ oAl
g2, =AY x=cpe y =Cye

Initial conditions: X=Xg; Y=Yo Whent=7

A+t t—Az(1+7) t—7)

Solution: X = Xp€ y = yoe_A(

Xy = Xp YOeA(tZ —72)



2-3 Basic Laws for a Fluid Flow

e Conservation of Mass

* Newton’s Second law

* The Angular Momentum Principle

e The First Law of Thermodynamics
* The Second Law of Thermodynamic




e Conservation of Mass dj‘ﬂ .
t systemn

system system system

e Newton’s Second law F%
systerm

ZF mc_:: mdl i(m;)
dt

F gystemn = .[sysrem Vdm = .[5:})3{3}11 VPdV

e The Angular Momentum Principle |T=

H fx Vdm = ix Vpd¥

system system S

—

T:'foSJr 'fxéd;erTsha&

systern

* The First Law of Thermodynamics |5~ =2 W

E

system

VZ
edm epdj‘i"Z e:u+7+gz

system systemn

* The Second Law of Thermodynamic

S sdm = spd¥

system system systern




2-4 System vs Control Volume

Methods of Analysis

e System and Control Volume
 Differential versus Integral Approach
* Methods of description



System

A system Is defined as a fixed, identifiable
guantity of mass.

The system boundaries separate the system
from the surroundings.

The boundaries of the system may be fixed
or movable.

Jet engine

JEm @ D

(1) )

Typical control volumes: (a) fixed control volume, () fixed or moving

control volume, (c¢) deforming control volume



Control Volume

e An arbitrary volume in space through which
fluid flows.

e 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

IR
/

Imaginary boundaoytrol volume




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

* Relationship between System and Control VVolume
Formulation

System Control volume

dN) .
= |lim

dt system  At—>0



NS)t0+At =(Ny; + NIII)tO+At

N =(N
s)to (CV)tO =(NCV—N|+NIII)tO+At

dN) _im (Nev =Ny +Nipphg ae = (Nev ),
dt SyStem B At—0 At

dN — Iim (NCV)t0+At_(NCV)t0 im (NIII)tO+At

E)System At—0 At At—0 At At—0 At



to-I-At < Al

=)

7. dA [ npV-dA

-[CS| npV -dA o)) /
Flow into CV Flow out CV

At—0 At ot otcv’

 (Nigear o Ay [, 7pAIdA

lim = lim = lim

: Al -
At—>OICSIII w At ICS||| "

_ lim (N|)t0+At

— \V - dA
At—0 At ICS| P




2-4 System vs Control Volume

The Reynolds TransEﬂrt Theorem

N=mn,n=N/m

m = J dV _ . / W’ ®HE 3 P IR B
o P N=n m= muls av e
HEImR o s
N _Ne g« S ,,
out in o8 4 B A
dt system ot e 3
N A m
(d)
d N M 2.3 SR 4 e Bk ro B £

Cs

dJ :%Lﬂpd’v%j andA—j npvVdA
system Il )

=§ J mpav+|_npV-dA

The General Reynolds Transport Theorem involves volume and
surface integrals



N=extensive property , n=intensive property
N =mn, n=N/m

N=m(#TE| n=m/m=1
N=mV2/2(f5{c), n=V2/2

—_—

N=mV (E1E!), n=V
N=mVxr (EEif), n=Vxr

|\Lystem=1”l m:_‘; np av

ystem



O Special Case 1: Steady Flow

AN zys

Steady flow :
y 1l ”

= [p1 (V- s

O Special Case 2: One-Dimensional Flow

One - dimensiona l flow :

dN

sy
pn dl + p." EVA P, _EVA
o [ T 3

for each exit n for each exit

jpﬂ dV+Zme“ -Zm n

t out




Physical Interpretation

dN j Rate of change of any arbitrary extensive
dt Jsystem  property, N, of the system

< Joympd-  * The time rate of change of arbitrary
ot extensive property N within the control
volume.

e 1 = N per unit mass.

oAV An element of mass contained in the control volume

Joy 1modV- The total amount of N in the control volume



Flux of System Property

les 77,0\7 .dA The net rate of flux of N out through the
control surface.

oV -d A The rate of mass flux through an area
element dA

7PV - dA The rate of flux of N through area dA



Conservation of Mass

dM
dt =0 s stem j
dt system Y SYstem system
dN d d -
At )y Ot ~dt <1 p P
dt jsystem dt Jsystem ndm dt Jsystem npd¥ .[CV plas JCS WV - r)dA

:%ICVnPdV+ICSnp\7-dA

N=mm,n=N/m

N=M and n=1

dM B
Ejsystem ot J‘cv pd¥+J. pV-dA =0




Conservation of Mass--Special cases
* Incompressible flow ( o0 =const)

L N ~ -
L?t AR dA} O o s

oAnd for nondeformable control volume (or steady state),

V =constant 2 = g PlosV -dA=0

ot
Mass flow rate in = Mass flow rate out mi =m 0

Jet engine
Pipe ; - ’ = Balloon
-
(1) {2)
{a) (&) ()

(a) Fixed CV (b) Fixed or moving CV (c) Deforming CV




,’;,,J ' — Air flows steadily between two cross sections in a long,

straight section of 0.25-m inside diameter pipe. The static tem-
perature and pressure at each section are indicated in Fig. P3,3.
If the average air velocity at section (2) is 320 m/s, determine
the average air velocity at section (1).

For steady #low between sections (I)and(z)
7

m, = m,

or
A —

/0 /a Section (1) Section (2)
Thus ,4 _ p; = 690 kPa (abs) po = 127 kPa (abs)

V= 43 % () Ty = 300K T, = 252 K

e : v /

2 A _ 2 = 320 m/s

As:umzu} thai uander the conditions of this problem, air

behaves as an ideal gas we use the (deal gas
equation of state (59. 17) # get

P BL (2)
y A
{omér}uhﬂ f'-gf. /| and 2 and Dﬁ..ﬂ!’r!ﬁ{:j fHat f?a'a"éz
we get
G- BT U . D27 kfafaes)] (300K (320 )
P T, T [6% Ams J(252K)
4

= 70.] m
5



] -
Water flows out through a set of thin, closely spaced
blades as shown in Fig. P5.5 with a speed of V = 10 ft/;s around

the entire circumference of the outlet. Determine the mass flow-
rate through the inlet pipe.

Use the conkal Volume. contaped withie The brkes,
lines shown n ‘ﬁo& Skeﬁfq abov‘e.

Fromn the. comservation of rass principle

" atetr = outlet
Also

' - /'  cos &0°
mon‘f'/&f' (O A&aﬁe{- outled

= 2 hVv 60"
(a L4 r;uflcf auHe?'w d

--(m‘r‘ slu s) 21T (a. 65‘%.{#)(’0 éf)(os 60°
+

= 3.66 S'fber
S

Vaotlet c0560°

Voutlet



WAL =

Air at standard conditions enters the compressor

1 Fig. P5.8 at a rate of 10 ft’/s. It leaves the tank o= == mm -
through a 1.2-in.-diameter pipe with a density of 0.0035 ComDressorl/ 3
slugs/ft* and a uniform speed of 700 ft/s. (a) Determine the m%i_\‘ Tank volume = 20 f 2
rate (slugs/s) at which the mass of air in the tank is increasing e __ -&;Zzgtzugw

or decreasing. (b) Determine the average time rate of change of 0.00238 slugs/ft’

air density within the tank.

Use the cornhol volume within the broken [ines.
(a) Frovn  the Ccomsevvadbomn of wass /.)n]nc,;o/c we ygf-

%%V]}l‘ = ”;b'-: - yﬁaa}* - (0:}; Qf‘n B ﬁﬂu?‘ ’??uf [;m’-

D My _ / ) fazs Stug) 7 (1:2n) o0 F+
"'p}_{ﬁ _@aozag{;_f ﬁ’}fi) éwgff‘)(/wfi) (a 5)

Dlys . 000856 sk ircrmssin

vt 5
-b_) DM;'ZJ — D(F lfk'-f)f-‘ ‘é; DE = 0. 0095'6 5/5{?
Ot or 7 Dg s
/ / ' -
5e Dp _ 00045 A7 _ 000456 o z_zgxzoqf_/g

20’ £#3s

.



S AL 2 A hydraulic jump (see Yideo V10.5) is in place down-
stream from a spill-way as indicated in Fig. P5. Upstream of
the jump, the depth of the stream is 0.6 ft and the average stream
velocity is 18 ft/s. Just downstream of the jump, the average
stream velocity is 3.4 ft/s. Calculate the depth of the stream, A,
just downstream of the jump.

For steady incompressible flow between sections (. f)amd(Z)
Q; = Qz Thus
r

v A,

A

v

= VA and

2 2

h = V;,”. = (fag)(fé#) = 3,/8 F+
g (34 %)




Momentum Equation

e For Inertial control volume

., dp F.:surface force
> F=F+F |
system F5:Body force

dN o o ) )
Hj B ot I o MNPV + _[CS npV-dA System sXQnm -“System VpdV
system

N=mm, n=N/m

—

N=P=mV and n=V

= = _dp S
VpdV VpV -dA
Z F F dt jsystem at jCV pd ! J- p




+

+F :gLv

f] )
dt
system

B

_0
Ot dev
_9
Y ot Yev

0

o jcv VpdV + LS VpV-dA

j UpdV + ICSUp\7 .dA

vPdV + ICS vpV-dA

WpdV + LS wpV -dA



Rate of Rate of

momentum flow momentum flow
into the CV out of_t’he CV
(moV)in (moV)uut
FI]CI

K Zrlel = (n i""()V(.)nou{ = (mel?)m

Steady,one - dimensional flow

(one - inlet,one - exit) : Z]_; = m (;’;- ;';)

Along x coordinate : ZF.«,.: =m(V2x-Vix)



12z 7 Two water jets of equal size and speed strike each

other as shown in Fig. P5.32. Determine the speed, V, and di-
rection, 6, of the resulting combined jet. Gravity is negligible.

v, =10 ft/s

For the control volume Shown n Hhe sketch above the lmeo.r
momentum equa:hon for the x and yd;:rr.c*hohs are | for
the x direchon

~Va @V, A, + (Vs @) eVA = © (1)
and 4or the y diechon

-V,Q\«’lA;+(v5me)fW\ =0 (2)
Also for conservation of mass we have

P|V’A| =+ PV‘I.A?. -PVA- =0 (3)
From Eq)s. | and 2 We qe.+
V_;._-_b_} - Wse

——-:Cﬁ't—é
V"R, sme

1
2
-l '-l (O.I'F
6 = cot Vaha - oot (mf':‘“""q‘)]:#s"
ALY (wgfw(?m

NOW' c.omb".nin% E%S. 2 and 3 Wwe qu-
~ViA ¥ Vsine (VA +V,A) = O
oY

S0

Vv = V A,
sind (v A w,,p,._)
v = {,OH),N roqaﬂ}
(Sinds® )[(lo ‘“) 'T(o an) .,_(10 f+) w (o 1$4) ]
and

V= 207 ft
5




IITJJECL_ET “ Acircular plate having a diameter of 300

mm is held perpendicular to an axisymmetric hor- 1

izontal jet of air having a velocity of 40 m/s and sechion(i) ,
a diameter of 80 mm as shown in Fig. P5.21. A > :/-gch'onf?)
I

hole at the center of the plate results in a dis- |
. . . . 40 mis =P 80 mm «==Fa,x p=—>-40 m/s
charge jet of air having a velocity of 40 m/s and )

a diameter of 20 mm. Determine the horizontal '
component of force required to hold the plate q

. FIGURE P5.21 ‘]jE&
stationary. 1

The control volume contains the plate and f/awfé? air as indicated
/i the sketdh above. Application of the hovizontal or X
divection component of the [inear momentum e«fua/vn yields

"'urfg“{,AJ -+ H‘lfak.zAl = —_ Fa‘qj){

or F 2 'n'p" 2 ??-pl 2 . 2.
= U P _L-U 2 = _

P L R “:f"%r(p' Fz)
Tﬁ“f E 1 "

F = (%o m ) [1.23 ﬁ) /| (80 mm) —(20mm) ﬁ_/y___.

.ﬂ;x . §_ m? if /ﬂ@o T 4‘.{?‘7—_
and ( ’E_) ‘95‘-'-



5. 73 Air discharges from a 2-in.-diameter nozzle and
strikes a curved vane, which is in a vertical plane as shown in
Fig. P5. 73, A stagnation tube connected to a water U-tube
manometer is located in the free air jet. Determine the horizontal
component of the force that the air jet exerts on the vane. Ne-

glect the weight of the air and all friction.

- Stagnation Fixed vane
tube

-Er»mr E :jei'n_éé'ia_ il

Dpen

—

Water —=||  7in.




BIE2.10 mB2.102Fm, —BRAFLITE 46m/s , 3 & 0.0566m?® /s 2 4
QEE'—%%J: ¥ %Eﬁﬁ 35“1)% ) aﬁﬂimEM} E%%.&.Zﬂ o

s B: WME2LLRFR,E«RyHAEZERDAR (2.37) ARBB
l i A, -F.r:pyn COoS an.An'f‘qu { —VQ.A.)}

FI.I":P]"TH sinﬁ‘VuA.:,
REH Vodo =Q=0.0566m* /s, V, =46m/s , 0=35°

A: i ngpQV (E{)SE-—] )
O = X 0, 0556x46x(cm35°-1)
9. 806
=48 kgf
W2.12 BHRHEFBYEEES =470.6 N
i Fy=—2  0,0566% 46 xsin 35°
r:x:qsﬁr:Bx:_J. uPdV+J. upV - dA o /
Ot Yov CS =152.3 kef
o . =193.45N
R, = Sy +FBy :a cv UpdV+jcsupV-dA



I 2.12
WM 2.14 Brw , —EEHAE—TTBHER L, RREAFSZH,

fiz - (@) (6)

R S IR ), LM R E A RV, -
A BLIBLEER H . HHGEHEEV, , BHEAN EEREL B
AREuBAEN, 2REC . AEBHRASBERE, EA (2.37)
XPEO EHEE, B

EF.E:J.“P!?:V‘ dA=-F;
=pWo—u)cos6 ((Vy —u)Ag Y+ o (Vo= )~ (Vo—u)As)
% Fa=p (Vo—u)?A,(1-cosf)
EFH:I,,;Ptf#v'dA=FH
=p (Vo—u)sind ((Vo—u)A,)

r:x :r:SX +r:‘3x :(;th UpdV+ICSUp\7-dA

I o -
F,=F +Fy :&Icv vpd¥ + [ vpV-dA

y

& Fy=p(Vo—u)tA, sinb



- | =
1 /ﬂsrﬁiﬁﬁ'

B 2.10 A55FIF R ER RN



The Angular Momentum Principle

28 BREHER N =rxmV @EH., N=1xV
- dH v :j?dem= T x VpdV
T=—o system M(system) V(system) P
system
T=FxE + Fxgdm+T, . =FxF + FxgodV+T
S M(system) g shaft S V(system) g p shaft

dN

0 I
6, oo LoV

SEt N:Fl and n:?x\7

dH o Fx\7pd¥+_[csfx\7p\7-d,5\

dt) ot
system

. L - 8. _ - L.
T=1rxEF + y(systemr xgpd¥+Tshaﬁ—§ wrx‘xfpd%hrj rx VpV-dA




- -:_ - 8 * +__ =

d
Fr=T, ey |, prved¥+ [ prvcvadA

AT, BIE « ERDBBEHA [, o7 0ed¥=0

RREXMAR

T:=]"zpzfzﬂ:zvnzdﬂz—f“lplﬁﬂu vm dA, (2.42)

HEMSER [, pvedA=[, pondA =pQ

4 T:‘—‘pQE(?’H:]z‘[?’H:];j (2.43)




BE2.13
B 2.17 2 H A 5 — B2 G A 283em’ /s, RETEESE . AR

H@w% o L@.%—Iﬁ% Dgﬁﬁﬁ {].QSICIDE ,» @a=30.,5 cm, ﬁZEU.Scma
B2 -

. EREEAEABREDRE  NEARRHELZARRERE,
RN BREAERTE .

54 o BIEHER , JIARNZ HEEE ARRERO . &

pQ (7100 + 73062 )=0
PQIrlﬂH'!'PQﬂfgﬂtz
B, 30 siﬁ =
Heb vy, 00 FRIERLD, 2 8 kKR & HE | B 5593 _30-5(”*20'3{?.55.- 20,30 )=0

983 2, B es11.5 rad/s & 110 rpm

Vi1 =Vr) —@fy =—— —@X
t1 1 —af 0.93 wX 30,5

283
0.93

Vea=VUrz—wrz=

-wX 20,3



29 fEREE)

Pp=P+ Y2 P ®Pat Vo

Washer, Pump, Water Turbine



(1) The pressure induced by centrifugal force (=<1 # [F[J)

W TR LR S R BE L SR ) pdA R C p+ c—;-il} dr) 2
ASHETS > BL N , i

» 2. F =ma
1 y 31) ﬂi
df dA . F _ _ v
LN T (4= dr)dA~ pdA= pd Adr
rdfd: = dA
i iR
(a) &p HE
&r_P r

3l

(2) The pressure induced by hydraulic static(Z" @l i [F[J)
EEREAAELE , ALK AE2ENRERS KEZHRER,

(2.45)



(@ AHIAE
R B o M DGR T bR R , EVB B EIRE . WE 2.19, K

ip vl
= = 2
Pyl e pra (2.46)
P, -P
EP 1 =—21-.w.2 I: fzz —flt ) +g[zl _22} (2.4?3]
P, -P 1 :
z 1: wz [ff—f:z}'l' [21_32 ) (2.47’]}}

T 28



Free VVortex

\V=ClJr

M2.20 BEHBEED



b B HE
FEFRGEDE , oA BAAGBE , HESHARANZE DTNE , RS HEH> &5 5

LEBE .
Y E = rx o(mv) _ a(mvr)
ot ot

- rv=rmeE==c riv1=r02=¢

— (2.49)

i &= pl*ﬁl%ﬂ”—l— 1,}+g{zl—zal (2.50)

1. 1
Vi) =1r02=¢ E'i‘ g2 ‘|'—"ﬂ'12 =£'2+g32 +_‘ﬂ22
o 2 o 2



- 1 1
h Pl__'___cg(_z__{;}.i.g(zl—zg) (2.50)

o 2 " r:

01 =r302=¢

1. 1
£+ gz +— v =£2+gzz +— v
2 0 2

0

Hig i EE R EERE B A FEX  RERRE BRE .



HEBEHHEHFEERAE 2.50) RE p=0:= D=0 EH , H

(b}

mE 2,20 OFi R . KEABELKE ZHENSRET R ZE hREHAT .
h(2.48) REBHBSHPOBEHEESERK , EELEBREYTH
o



BiE .14 —

i 2.21 B —E Bk AGE 2 68T . (ET TR R R
, Bl S RSB R E BBHA, AER 0=C/r ,CRFH
,RUUR, b,V R p RREE ERNGZENEP-Pi , VRKETF
AR .

pl*ﬁl:-l-{:z{—l'_rll}i'g{zl_zﬂj (2.50}

#Z - e 2 | r
GEME BT, BEHEP—P: W H (2.50) , L) 2= 2 il

1
Py=Pi=—pC? ( 1 ]

2 (R-b)* (R+0)?

HERFEATREXHC , A

)

Q=va=], vaa=c | "
r

B C=%A: VA _ VA ___ VA
[ g9 Himey, ) HIn((R8)/(R-5)]

R-b &




R

HH P LE

" r d;I
|
2 b dA » Hdr — -'5i§ |

o 2 bV ,;=:L+
In[ (R+b)/(R-b)]

Pn'P£=%P_[ ald Pe—

InC(R+b)/(R-b)) } (R”-;E)z




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



4-1 Introduction
:w FﬁF’?%Aﬂﬁ’}?&IFEJEH“*E_EEH: o WA ‘cp—fﬁ&ﬁf«%ﬂ%ﬁ U ELEG (P4
i LR fiedat i
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ﬁj} EII;RE\
Fap sl
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4-1 Introduction

100 sl
2.5 ﬁFt[jEEjj
Py &
T S ok
60F
3 000F1.5-
40+
zn_zﬂﬂﬂ'l.u" %
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g S 'E 20000 70 000 0o
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4-2 Measurement of Pressure & + £ g

Bernoulli equation

P %]
-+ H-— (3

7

P HE P 5

—+ 2 +—= z-l--.z;-!-—2 ‘?‘
T 28 7 2g

P bt
?fﬁﬁgﬂf]’uﬁﬁ (pressure head) .

z B {2 F /A58 (elevation head ) -
z
;—gﬁ s JE K (velocity head )

W 2.10 #5%F R E R R
SR RAMHBE A/KIE (total head )



4-2 Measurement of Pressure & + £ g

4.2.1 Static pressure measurement(# & & /g| )— Piezometer tube
(1)# 2k s p B4 2B p
— A3 m,gg}i%?u«w’}r %ﬂ:vﬁ J\ ’??:‘&P—T rg}"ga
‘E%?P\@”ﬁ?*;ﬁfﬂ“i(% "MriftUﬂ,%@Hi,l;fi’
i M) -

(é

4

L

hy

/1
A o (1)
p = vyh + py
(a) (6)
Pa = YVih

1.6 #HEBE



4.2.1 Static pressure measurement — Piezometer tube
(2) g ¥ R NenE R E R

~@%R , BEZHE , TABOKS T2 BENE  OERATR
ZBENE . B 41 FnANEBEN—-E5E  ERRFTBEHE , E
NZ B REERTR G RO KERL , Rl e B, AWk
EWEE EE—S2EN, BRELALARD , Hrl @Rz,

0
. Py AT

ML AL

W43 ARREDZIARO

4.1 B ZREH



4.2.2 The Measurement of total pressure
R4 (Pt)enE P

SRS RN R )
BAvL LM TERPs) > #REP)
KT "‘%é?mi“t‘/lﬂiﬁﬂ@* !

£ 0 hoBL 0 BT R D B2

R
e TR 'ﬁ}@" %')‘ = Sulalb 3
gHERL LKW - B2 ﬂﬁﬂé%%
’L’}i% T 7T °

——— = %{ﬂ?

Bll. #/&e >RR2_F

A Piezometer and a Pitot tube



4. 2.2 The Measurement of total pressure
>R A (Pt)ehg Bl
B a2 E ) b LB BR B i ( stagnation pressure |
R R — A NI ERE  RRARET BN LIES

W s B/ NFLAI L B BN S 58k ( stagnation poing ) FEEZEN .,
ﬂﬁﬁ%ﬁﬁaﬁ4lZE%ﬁUmmtmeHmﬁﬁﬁﬂﬁﬁaﬁﬁﬁ

1, BB A K4t (Henri pitot ) .
(1932 4 ) Fiigt , (hi5— Bl 2508 _I_;n_;_. H
ERANESV, S, ERAR — -
B IE G, Al R E LS RRHR »y |
Te LFVeE/28 2 BE . MBS A/
BABI TARE p.,



4.2.2 The Measurement total pressure

2RBA (Pt)HE il A
Faer 2 RPN SRR A .Ef. s
. , i
Bernoulli’s equation ?_E?E—’r.i_L -
p + 3pV? + yz = constant along streamline 5 |
-9
Vo y
.?: — p..—n-l;-._.u_- . P“-?“-L-éz_._
r 1 28 P

- 1
= pu=potoeVo' =Dt h w43 e

Total pressure=Stagnation pressure=Static pressure+Dynamic pressure
_ _ 2
P=P_+P =Pyt 0 V 2/2
EEgEHREE)=-FE+DE



Dynamic pressure # /& (P )& ]

2
“
g | 7 how—T
o P1y : 7 2
3 e “
v vy=0 7
2
%

B 4.5 &iEHJ*
P:-P.=0 V2/2:Pg
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American Blower company
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~/

National Physical laboratory (England)

e

388

American Society of Heating & Ventilating Engineers

00

Pitot-static tube designs
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4-3 Measurement of Flow Sgeed
Measurement of Airspee

$31 RREEE (NBEAEE

VE
b _Po Vo (4.1)

— — 4.3 2P0 —
Ve =‘/2g(ﬂr p) | (4.3) V = \/ (‘pﬂp P)
Y

RBERRERCBESH . REQRN , FHETH BB EHEK/)
REBRES , Bt (4.3) ABAR—BERKC, , A

Vo=, 28 p=m)
I

APC, ERFEHB0.97F1.02/H.




BIEa 4.1

B 4.4 P 2B PRBEK , BUNBETHSE (p

/in® , 1=40°F) EE . & h=1.2in , RSEHE

PN EESSTNNEE NSNS NEY]

v 1 2

Z :
= - fim s,

k

F 7?7 777777

s o5

—1

)
it
e

=

F 7227 77777

HES

W44 ZRETRNEH

=16 Ibf




gz :

P 16 % 44

R E R T = o = S (1607 40 )

HEBHHEAERR1IEZ . B

ﬂ1“+ o P2

— — mEm —

28 Te To
@b 2 EHF A
pe + { k+h}?-—hT-“kT-=ﬁ'1

A

= w L™
b (o) =h (2-1)
e r

L] Sl

BORFAVSE ,, HzBoE

= (,0864 1bf / ft?

BIEE 4.1

B 4.4 Bz BN hRBEK , BUAESDIIE ( p=16 Ibf
Jin* . t=40°F) HE , B h=1.2in , ROEZE

4.4 RRTHURH

(2)

N / 1.2 62.4
:i'=1/2gﬁ[s—-—l:l= EHEE.IHKEK{ -1)

Sa

= (8,124 ft / sec

0.0864




132 HEBREE I

| -
>10D Y !
Py
05D # : N
il i
e = — t
L&D, 8 = < ! ty=0
T aid i
~ TRANSFORMATION PIPE WTH - HHROTTLING DEVICE
[a™t [a T
U

B45 BHBES

EHBETBENERTEENZEATRNEREZFREEAGI
R — @ ERNEE . ME 4.5 i . ME—BEMREHT (A—RE
) ZHMBFIHEAR

p1+-;-pV1‘+0=p,+0



Pl"'-l'jﬂvl’ 0=p O It

Rz, 5B S 2,
':'E PN
— @*—"
v, =V (n-n) T e
r
T
H U ZUBE h/ 340 Pit th—71h = p W45 ZEHFEE
P:“h"—'hk"'?’h
RA @5 K, ERU—BEFEH ¢, , 7/
vV2g(rsh-—1h =7 )k |
V:z=8p T; ! }=CP ‘/28'(?’??‘) (4.6)

fe A%, MUBEHEHZAR, b, ITRBZEHTHL




i 4.2 ———
A—RIEEHEEREE 0.98 , BR—SHbPL , Shims s

» REERETHEE 2 KB LB HHE 75mm , A KE HLERD
HWE o (KRHE=13.57 , ¥ HE=0.88),
2.

BB N2 BB h="T5mm=0.075m

d (4.6) RARE OB ZiE

2%9.8%x(13.57—0.88 ) X 9806 X 0.075

AU 0.88 X 9806

=4,51m/s
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WM ( turbomachinery JERIE FI A R — 2 H (B 78 5 — [B] & [
LR 2R IRBEI 28R (vane ) TR 280 ( 0@ 2.1 PR )
. OF 0 fe sl B 68 It B8 T AR HLR T E B RE 2 (858 2B B L K B (
water turbine ) ~ 2 (pump) ~ BB ( BFfE# ) (blower, com-
pressor ) ~ Z&YHEX (steam turbine ) ~ BRREGHE ( gas turbine)
T o K B ORRT U B 2 (L BE MR BB D) 2 BRI AR B R R (R
FAEE ) CRIGHEPR This S BCI B IR 1 AE 2 BB, o 78750 PR B Rlm 2% HI 35 0%
S AT R R ZRE R (55 Bt ) i B OB o) . A~ B I — R PTRH 1 AL S B
Wo®E, AEEMEEFHR EIE%E’f‘ﬁfﬁﬂfﬁZﬁtiﬁéﬁﬁﬁ (L& K
BB R REE) (EFEMERYT

@ HTHFIERLZzER O ZERHIIRERE L2 ER



Pump

K, =15 f

14

Pump

Water turbine

— Generatore

Turbina Kaplan
D {turbina elicoidale)
l Bacino

Porta di controllo
della chiusa

Fale della turbina \

& Microsoft Corparation, Tutkiic

Turbina Pelton
{turbina ad azione)

_E'nl_ Bacing

Condotta forzata

— Cucchiai

Boccaglio

Diameter of pipe =6 in.
Taotal pipe length = 200 ft

Low
‘head'
of water

Water
K =10
Generator
{Alternator)

Tailrace
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Similitude: Similarity of behavior of different systems.
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Similarity Law #4p v 232

A (node ) R o #4519 5 clicdh » 4 2 AE¥ A TR Y
(Prototype) } » A ¥ B F &= BANFEE 1 ()5 74P
)5 (2):@d4p 00 5 (3)F % AR 112 o

AR LA E RA 20T E BN B RAK SR
o THIERAYAFPHEINL AR FIT2 R F LR
B @ Rk R BN o

4R 02 0 B0 2 R WH. F”@ﬁwﬂ‘wﬁﬂﬁww
PR o el AR SRR iR R2LIDE - ’#gt

$od AR ie c 54 endpin o kTR A R A B
\WW@%*ﬁﬁéi%aﬁﬁ*Lwﬁﬁﬁﬁoﬁ*w

e 35T 5 X 3 L






(1) SEHEUN: SERVRFERZFEEHET T2 80 H R AR EH
W, dhE B B IR B S 30 {7 o AR M ) 0% ( linear dimension) 7 [l A S

. o s
JF Lo
A | :

h

LP — .Ing P: prototype
M: model
Lyp

7 = A, Rt (scale ratio )

AREEHANSRE DR 2EMRERELRERHE .
ARATER, ML KRFEEAE T, AR AN RRER 28 S
KIE , AL EEEEREEER .



Kinematic similarity(i& & 4p 1)
REEBH AL, . Bin AR LR 2 B,
% S @ KUK, ARG R A A SR TR L, BORE T R R B

B2 W HEEE  IEE 2 AR —F K, B

*Kinematic similarity - Fluid flow of both the model and real application must
underao similar TL{ne rates of chanaoe motions (fluid streamlines are similar)

e —
—

e
Lt

:_ﬁ:.::: L e "
_ T --——@;\—:‘_;:“ -._m"':_: m'_-—ﬁ_-__:: —
Vi V L Ly Tm Tm . )
= a2 = P = L = 5.2
Vim Vanm La/Tm Ln T? TP
a a Lo/To: Lp Tl ¥
— == a= PP P)( =lq—=ﬁ!;‘& (5.3)

— 1 —
dim Qom meTmE Ln Tp sz



Dynamic similarity (& <4 #4p )

By ARMLL - £ N A a0l £ ok R PR BB RGBS RE G B 0
HAERHESRZANME N2 LB REME . AfF AREERER EZ 75
BENFr , ENFe . BWNFy , BENFe RRERNFr %, LHES
HENERERARKEER 2B Ma , B

Dynamic similarity -
v Ratios of all forces acting
=uy 7%t oncorresponding fluid

H ? particles and boundary

surfaces in the two

systems are constant.

Prototype Model



VE
LF=Ma=[p JIL*}[T7]= [p]V2IIL®]

Fp=PA=[P][L*]

Fo=Mg=[p][L*](£]

e adu VY
F=tA=p—A= - =TL21= VL
Fr=rA=pg A= 0] g7y [14)= (VDL
Fe=E -A=[Ev][L?] EBRBEEERRY
| o o I RERN

Fr=ol=[01[L] L:BE



LF=F, b Fg-pFy-$bFg-bFr=Ma (5.4)

BEERMERAMEET2MHHEM, TEELRER B AREED
ZHLRERAE D2, Bl

(ZF]p= (FpbFg-pFy ‘{"FE‘_""FT]I-'_ (M-a),
(XF)m (Fp-pFobFy +FebFr)n’ (M-a)m

(5.5)




AEEEH 2 LARESS H 2 E% , 8

(ZF};' (FP)p__(Fﬂ)p_(FF)p_(FE)_E_(FT)'P

il

(XF)w  (Fr)m (Fa)m (Fr)m (Fe)m (Fr)m
| _(M*ﬂ)ﬂ
_{M'ﬂ)m
Ly .
oF Tpa Lp £p Tm
=" ( = g
Lm Ln Om Tp _ Pm Tp

" (LlEfsEHmE )

(5.6)

—
—




HEARKEEN L2 7%

BENFr , BEHFe . BN Fy , BEHF: RRERDFr %
BENERFRRNREBESEZEBE N Ma

LF=F, b F¢-Fy-+Fr-bFr=Ma

LF=Ma=[p][L® ][%]= [p1VEILL?]

- Fp=PA=[P][L*]

Fo=Mg="[p1[L*](£]

_ - du [V]
rA=p— —= [L? VIIL
Fr=¢A= *‘dy“‘ mm[ ] [(r]VIIL]
_— E: BEBEENK
= -A= EF L= S - .
Fe=E -A=[Ev][L*] . HEES

Fr=oL=[e][L] L:RE



Fp=PA=[P][L? r
p=PA=[P][L"] Fo=Mg=[p1(L*)lg)  Fe=E-A=[Ev][L*]

ZF=M = 2 2 o - S
a [P][V 1L ] FT=TA:=[F][V][L] Fr=uL=[ﬁ][L]
(Mﬂ]p_(FP)p Fp » Fp P 3 P
(Ma)m {lf"fa-],t.q.,BIGP i 9 EpVE j""':pvz]“
(Ma)p, (Fo)» Ma, _ Ma gL _zgL
(Ma)m_(Fﬁ)mﬁ(Fa)p—(Fﬂ)mED E_‘r_’z_jp—.tﬁjm
(Ma), (F ' VL
LB "]’“ﬁ(’%@-)ﬁ(—”@)mﬂut” 3=,
Vv Fy H [z

(Ma)m (Fv)m

(Ma)p (Felp . Ma, _ Ma Vi _pV?
(Ma)m -(Fs)mﬁ (Fg)p-(FE)mEﬂ': E Jp=LC B Jm

(MH)P_(FT]p Ma _ _
(Ma)m‘(Fr)ma(Fr)#-(Fr)mﬂl]( 0 1p=C g



("—') p= (—‘)m Eﬂ E pVE

V

Eﬁz— 7P,

P P
5=

Ng=

Vo
VPlo 5 Bk42 8 (Euler number)

& A iRt SR SR E 2

BT R E SR B 7

E 2 Uit Bl K-

P E'—'__:]m ) EI] ENEJP—'ENEjm

)

. aa

ltrmd




SF=Ma=[p][V*](L?]  Fe=Mg= [p]_[L‘_ ILg]
Ma Ma

=2y, = (— -E—“—:lm
(Fﬂ)p (Fﬂ) EDE jp

Y = '_r'_'m .E ﬂvj "ENF]M
A

V - s
Np=ﬁ BE Bk ¥ (Froude number )

EREOGEEDHRE D EBSF HR , EFE
DRENZBHE , HEkBEERER

Froude number is a measure of the ratio of the inertia force on an element of fluid to the
weight of the element. It will generally be important in problems involving flows with free
surfaces since gravity principally affects this type of flow. Typical problems would include

the study of the flow of water around ships (with the resulting wave action) or flow through
rivers or open conduits.

vV, 1% V,

' gfﬁ'gﬁf \/87 ‘ V B




S F=Ma=[p][V?]1[L?] Fr=tA:={p][V][L]

Ma, Ma oVL =EpVL]m
(F)p"(F‘?)mEHC " j:ﬂ _"'p_"

14

VLS VL B (Na) p= (N
p "

VL
£

rif]

s

=

R

L4

rI IR tE DR 6 D2 b, R4 (] B RS 8 B o 6 BU & B s
33 B ik g

pm‘/mgm pV€ ‘/m _ Mm P (
Mo M V n Pm €m




Ma, _ Ma Vs,
(E)P‘('F—E]mEUEEFjP EEF

V |4

Jp

_ I+ B CNaJp =N I
vEv/p E‘\/EF’!P i

C

_ v
,NH""" m%ﬁb a%ﬁ-ﬁt( Mach number }

7 MR 1 ) SR Bt ) B 7 7 AR
A1 85 1 0 PR 50 8 o B S




oLV? LV?
(—-u - (——) B E =

a

V
E«/a./pﬂ

Jp= Jm , Bl EMK:]F:EN!fij

_Ev/apr

V .
Nw=m%%$‘iﬁ-ﬁm’eber number )

A DB E EE D HEGE SR, CEE S S
BN EARE , MESEE A2 REREAL > EERD , I
BAEEERE, REEHTE AR SR .



B mER L R AR R AR BT R SRR
ABHLA  SAERE P2 BB T T Bk MR 2B
2R, UEREN AL KA AEH WS A PTA 2 L 2
EBNL A AR SRERERY Y RELARZEYA (FER=
EXRREADTRERAZELN )  BEERT2HB AL, £EX
BAMEHBRTEMERN, FEMERAS B ER2 NHMERS
ER, AREREEZ I I BER




FIFES. 1
aﬁfﬁmﬂaﬂiwmzmﬁ;—ﬂ ) 7 45 1L ph ik e S0 , B
WIS SR S, OEEE B . AR L L R B LRSI B

R

Ve Vs |
A V,ng—Jng.Fﬁu

EER __‘\/_E; ﬁ—ﬂ 316 (14 gn=85)

IR S =TV, L, Ve

MEEEN = T, T
 om Va/Dn Vm D»_ L. L /L,
AR =y /D, V, Dn L, L~
=+/10 = 3.16




iz

B K D RS 20 R uwmsgazaﬂﬁ

BERSI , ME SR/, HE 350 rpm FiEs , AffE4 2.5HP >
Bh, ARMHHERM KB - B2~ HREE . ( IEBNER
it o B0 048 (UL A ik BUBEER R B d )

E*ﬂ%:rl:%'p’”;zﬂr (@) (Np1m=(NFJpﬂuv,%m=J%
ﬁm%‘:@ .
e B 3‘: =E:::: \/;— S = 2,03 % 1074
BlQy = = = 8 = 3.941 x 10" ft?® /sec

2.03x107* 2.,03x10"*

{



® B (Ne)p= (N o B~ =

Po 0,Va' D, 1

- - = ﬁ ™ Vm
Pp lﬂp pE -D# 3[] { PP o :I
Pm;"rTm P‘m 1
=5 = (Tm=T7))
M= : HP “Pyirs Py 30 T"TT
At L H, = 30-H, =150ft

. Lo  PuDnVm 1 L, /1 6
0k — = 0~
© EnAlt: L P, 30" (g XV3g —6-77%1

L. 2.5
6.77 X 10%  6.77x 10-©

m Vm/Dmn Vm Dy XD
@ W —= \/ o =V o=V
) p foﬂp VII m IJ m

= 369276. 2 HP

A I Lp":

= 5.477 350
= — 3.9/
R s 5.477 /5




52 Kigigz HElEE

— o~ TURBINE GENERATOR

NERATOR

High to
'head

Francis
Turbine

URBINE




bPRERANEZARE DREG/NTT
b

m=ﬁﬁﬁ§fb
rEEEZBERE (MEHEERGZHB#0.95)
BBADKGEFEDE A ERS
W51 7k BeE s R > Ag= k:rDb=k:rmDﬂ"
H=HR k%= C, < &1 ( Flow ratio)
WAKREHREAEE [V, =C, vIgH|
K HE S

Q=V, -Ao=C» vI g - kimD*=( VI kxmC,)D* VH
=keD? VH ko=v7Zg kx mC, B—FH M




D . Ak L A B A E
‘U=¢«/2gl—l‘ ¢ BREH ( speed ratie )

BRESEZHEERS
W51 kRBERIRZER | 60U _ 609 VZg {«/H-]:KF VH
~ #D z D D
7 ND T 6062 g -

Ky x

KGR ZHRER Q=§E-(ND*)=K<;ND“
Q = keD? VH Ky

Ke=r” B8



Eﬁﬁﬂi%zﬁﬁﬁt torque )T BB D, U ,Q=%%F BB LA

T < (Q,D.U) T=KrD*H

DEROBRLE N (ERDSABEMEH)BL

3
LxN-T L=KpD*H?




N .TRLBBDMHMEY B B8 Ko . Kv ,Kr & Ks HEE(
LUK EEE 2 B AR

Q  Q 3
D2E/2 _D' 2F711/2 T

v =Ko (5.23)

ND NIDI‘ -
H12 Z-Hfuz o

o= Ky (5.24)

T T
DSH D'sH

core= Ko (5.25)

L L’

_ e =K p (5.26)
D32 Dl2prtss




(D) WHECAKEGRER %% (H=H") TH#H

Q D,

o (B,) (5.27)
N D

N' =D ' (5.28)
T D .

T (5,) (5.29)
L U, '
7= (5') (5.30)




(2) “EMBMLGARBRERER (D=D") , BERAZ%E FEE gy

Q _H
o =g (5.31)
N_H
N (I:” ) (5.32)
I _H
T =T (5.33)
L H &
E,=(~,.J2 (

7 5.34)




Bigs 5.5 —
BEGESSm, ES 100m? / sec , O] #83E 80 rpm A9 7K i B

» BER 8% » SEHRMER—F , HHEES 6.5m , A 3R S K
B 9 B S L I B BRI B 7 ( ?Kkb%ﬁﬁlﬂﬂﬂ kgf /m?) ,
fiz

Rk Al — Kb , fnD=D'
B (5.32) , HE B N % S

! H :
N=N' (=)

[ e

= 80 (—G*éi)E =.91.2 rpm
MARA (5.31) 5%k B

/H [6.5
Q=Q' 7 =100 - = 114m? / sec




X% BT BB B B 1S

rH.r
A
102
:0.88X1000X100X5 iy
T02 = 4313.7 kw
7R (5.34) 18
| H 3 H
L=1 (}]._")2 (g{r }:Lr(}}; )3!2 (i':.?:’?r]
6.5 2
= 4313.7 X {TJE

= 6393.9 kw



53 R2ZHEUUTE
® Kbl S BILE B RRE L SAT RN L TR

H 14 Hi [ is Y 13 _"_‘;- 1 - i = :
MR aaﬁammt‘ KiggUHERQ, N, TRL, ﬁ‘ﬁ%ﬂuuNiﬁi‘%TQ

N TRLF o moxwieai , SRMEAEMER | (5.17)
SERABOERLE | U- g /ZgH| BRI (seed ratic)

H=ND? [E—u} ' HIH= KN*D?

¥




Water turbine

Pump
N.Q.T,L o« DME  p,Q,T,I= DRN
N‘=KV \/‘z H= KN2D2
_ Ko . _Ko 3 3
Q=—(ND?)=K(ND? Q=—(ND*)=K¢ND
Ky Ky
T=KrD*H T =KrN2?D?
3
L=KB.D2H2 L :KBNdDﬁ




BiRg 5.5 = — —

BB ROBES 1250 rpm , HHES 12 AF5 A B

2.5m* , EHERE 25cm , E‘rﬁéﬂrﬁ*%—**ﬁ@lﬁﬂgﬁﬁﬁﬁﬁﬁﬂéﬂf
KE o HIEERS 1000 rpm | ERELS 20em ,

B2 .
2% N= 1250 rpm H=12m
Q= 2.5m® /min D=0.25m
XHE  N'=1000 rpm D'=0.2m
A (5.39) K40
' (M)H- LD S )X 12=4,915m



N' D
Q Q(N)(D)

1000 0.2
=2.5(——) (——)3

1250 © 0,25

4 4
=2.5(—) (=)3

5)(5

=1.024m® /min



1 YR 54 (Geometrically similar pumps) Similarity Laws

H H (5.39)
DN DN |

Q Q'

N__L)_g :W: ------ I—_KQ (5.40)
r_T _..._K
S L (5.41)
L L
N°D* N''DS w=Ks (5.42)




Special Pump Scaling Laws

(pump affinity laws)

(1) sfRBPRAAL , ERMERA (D=D") ZRLR AEEEH , 1

g N?
oW
Q@ N
v
T N

- = (—)?
T N
L N
L'-(N’)a

N#= N

(5.43)

(5.44)

(5.45)

(5.46)

(5.47)



BiRE 5. 1=
—BRABEEHEBEES 1450 rpm o HEHNT : 28 88 5m
HER 1.5m® /min , BB NE 8.7kw , A REE 750 rpm A 2940

rpm B 22 P RE
fiZ :
) RNEFRHERBE, BID=D
i1 (5.39) .41
N 750
H=H' (—)?=25(-—)2=
(N,) 25(1450) 6.69

FIE A (5.44) XK (5.46) X4

8 0=0" _Ai_ — _@ — 3 :
M &:Q=@ (N,)- 1.5(1450%—0.!776111 /min
BEy N L=L' (%7)3:-8.7(750 )4 =1.2kw 2040
1450 Q= 1,5-—1450=3,04m3/min
2 [FE&ES 2940 rpmfE
2940 Lo 2940
H=25 ( )?=102.8m , L=287 (W) =71.4 kw

1450



(2) A e kALl , RIARE ( DxD') 2 E , Ll REEEE

N= NI’
H D* (5.48)
'9*=(—D—)3 (5.49)
Q' D’
T D
T = 5r)° (5.50)
LD (5.51)
L T _ Q% H:
Ty T = oy —)2



BISES. = ‘ —
F-ERREz2R, H2HER 241.4m ﬁﬁﬁls 6m3/s , &4

SEES 300 rpm , EHEYSIES 49000kw , FHEERSLET AR AL, TS

N4, S IR A 3000 rpm , RN EMBE T EHED
il |

fiZ: i (5.39) RANEHBRE

| D N 1 3000
— 2 2 = 941 . 2 2=241.4m
H=H' (7)) = 2414 (—)* (5 )

G B/ -(5.40) & K& (5.42) i—kéeu

N D 3000 1 .
v (o) =18.6x (= =) ()° x 60 = 11.16 m® /min

Q=Q' (

N D | 3000
=J! (—)3 (—)5 — $ (—)%=490 kw
L=L' (55)? () F=49000% ()% (= — 5)i=4



Values of Specific Speeds

BIRBREEER GI c[ L
2ERE88 ¢ s 8§ g 3B
r'"""'ll':l ._#..1"-:] | I ; _____ Z - 5

Radial Vane

- Francis Vane

Mixed Flow

Axial Flow



> High head

Low head <

Comparison of Turbine Shape vs. Specific Speed

ultrafast

(metric units)



Chapter 6  Water Turbine

Transmission lines -
condudct electricity,
ultimately to hormes
and businesses

Darn - stores water

Fenstock - Carries
water to the turbines

Generators - rotated
by the turbines o
generate electricty

Turbines - turnad by
the foree of the water
ah their blades

Cross section of conventional
hydropower facility that uses
an impoundment darm




Classification of Water Turbine
Impulse Turbines Reaction Turbines




fiy i S\ AR R P AR & KEEEE ( Pelton turbine )

< .
(impulse turbine) | BEIR K#EEE ( cross-flow turbine)

B TR KR, JLEDYE I B R LAPEMES 1 K 2 7 pE i SR S
By oEmE ROk B S A, E2E A e M R

BIMA (mixed-flow )

— A KEREE (Francis turbine )
FHE X (diagonal -flow)

— ZH K (Deriaz turbine )
5 (axial -flow)

— R % K#R# (Kaplan turbine )

R Kigt (propeller turbine )

% K#&H ( pump turbine )

BARS ~SEEZNKE , KBEREREKEARER , Ba6%E,
i BE ) RE T B 15 Bh T ey e

S 8 Al B

(reaction turbine)



6.2 KN EIR

(@ &£ (head):

hy B EKBRZBLREE
hy B KL (penstock ) ZIBAHEZE

hs BHOKBZIBREEREKE Z HRTE=

SRAANZKEBEH, IS %% £ (natural head )% 8% £ ( gross head )
KEgE 2 ARK £H ( effective head ) H=Hy—(hy+hy+ hy)




by BB EBE
KRG EE 2 ) 5 R P ( theoretical power )L.n 5

Lm—rQHEkgf m/SECJ-EfQO’—-E )

LIA#IBE I PS (1 PS=75kef -m/sec ) BB

L= [:st



| 2% # ( total efficiency ) »:

L
Nt=7—=Nh "N " m
th
Nh K% #& ( hydraulic efficiency )
il H g%
H
H, K 8% % %= @ MR %

MO KEKREASRERER 2 AHRE, OBBERRR

@ 7KL A i 1 7 M 4 L R BR S FR BT KD BRK
OBk KE RE K KRR RE



Nv kR (volumetric eff iciency)

o= d g Cleakage ) i

nm AR (mechanical efficiency)

ool L KEEEEGD))

Ln L+ Lp YORNK 68 Nz

La=7(Q—gq) (H—H,)C kgf -m/sec



water turbine water wheel

Draft tube



63 'Eﬂﬁ *ﬁa Impulse Turbine—Pelton Turbine

BEEAREEERRES2Z (200mLl E )
B 150ml k2EE  EDKBEZHETRITEA .

e 'ull-'-llli
L e e e y ¥
Water .~ (Quantity of water available
Pelton Very |storage~~" tr )
Wheel high To high vqltu?p
head' \1 transmission line
Buckets Generator

of wate \ Dam
Step-up Transformer r

=y
| |
0 i .
i st
L G
o Mpia T
il
e
A
22 5
3E

Head of water
(water pressure)

Water Turbine

uan wheel)
% Tailrace

(Water out)

Tailrace




The operating mechanism Pelton water turbine

B E K f b KM (head tank ) R KEEE R THRER TIRABEYE . EHE
BB —REE , M Impulse Turbines ﬁﬁﬁzgﬁ_ﬁ--‘]- (bucket ) FIE%,
fori iy e S e

Needle valve




Single runner two jets




6.3.1 IEME KM RRAE

L S :"'f":itH A
6.3 BREBER - HE GBS, KL ERNB R £+ (
Bucket ) ~ *}°R ~ 2M& ~ RifiAk ( reflector ) ~ BAAA R AERTF o



6.3.1 IEME KM RRAE

6.2 REBYAHHBE KR - i@

8N (nozzle ) R ERNES B M FREHNA (single nuner
single jet) ~ O)BEEER S - OB _R 52 - O EB WS
BE ., YREABXDFUBARKBAGRE .



6.3.1 RIS KNS RRMBE
(1)The runner of Pelton & s —% 15 ~ 25 &




The Pelton wheel is

an impulse turbine. Governor

Needle valve

M ch b 35 4R (needle valve ) i g, ( governor B IRE
serve motor ) 2 &) , (k AT LAFRIRBBUAR K=

B AT AL REERE S 2, AR, BLISOEEE A, RREE R K
B chR 4 KT (water hammer ) TIEHKEH EF , HREEA Z ST HE

FREREIRAEA o



Imbulse Turbhines

FEHEA D E 2B R Po 1 | | |
D ZBEEER n va=m«/2gﬂ=cu«/2gff (m/s)

HEALZEHERE & n®/2g,
$1=0.04"“ 0.11

Cv=0.95~0.98 { coefficient of velocity)




%2R (nozzle efficiency)?x

— 012 /zg =Cv2
H -
=0.90 ~ 0,95 -

YEARBBZKDEHLL B
L, =u {p(V,—u)Cos[(V,— ) A, |+ p(V,—u)[- (V,— ) A, ]}

Ly =Z§-u(w1 +wy cos By ) (kgf-m/s)

ESHOAR 82

7n




=3 . L. -
i“ Momentum Equation =~ 2.F=Fs+Fy = E) = I Vpdv+[ VpV-dA
system

BiE2.12 mmzmﬁr_uﬁﬁmﬂﬁ—ﬁmﬁ%t ﬁﬁﬁ%ﬁ%tﬂ

f2: BEAHTEERES , WRUEREOEEEEV,—u

A LB o MHGEEEEV, |, 540 %5 F BE

HEE«HEEN, 2BEO .. AKDRISBERE, B (2.37)
LREOEEEE, B

LF:=[ pv:V-dA=-F;

=p Wﬂ—ﬂ :]'C{]Sﬁ [: {Vﬂ — :’A;} )"f‘ P EV@‘*H’- }E_{Vu_u}finj

& Fr=p(Vo—u)?Ae(1-cost) Lh:F.u
2Ey=fo vV odh=Fy oy {o(V,— u) CosB[(V,— u) A, |+ p(V,—w)[- (V,~ u) A, |}

= - inf [ (V-0 T3 -
oy Fy=pﬁ({1«iu—:})“1nsiitg ’ " =pW_ﬂ—H}EOSEE[VEI—H}An)+P(Vo“H}E—(Vu—#]Hn]



¥4 3R, (bucket efficiency )

W1=vl"u v;__*,

0,2 ——-w22+§ 0, 2 2
2 g 2751 22g wi*=(1+¢2)w,

- 1 2
Y= T KR AT 2 RDRER 61
Lu=I§-u(w1 +wy cos By ) (kgf-m/s )

9 cos B N

== uv,—u) (1+ __1+Ez) Ckgf-m/s ]

L CoS
Ny = ”2 =2-—f—(1-——u—) (1+ i )
U, v U1 Vv1+£&,
76Q—

28



=0 # 1
dl(—u) v1 2
Uy
. cos 8,
vmaxz_ 1+
’ 2( vV1+Es )

(1) EEWHEE v, BEREE « A FF, EFZREIT
2) B=0Fsys Bl K, EEELEHRWHEE.
3) FEAREEMBEENZETH , —8 6, ARE 4 ~ 15° 2 ,

V V.2
= Limax = oV (1+ Cos s
g 2 VI+é,

) Ckgf-m/s)




BIE6.4
BB AREE . BRZEES 7.5cm , HEZEES 100m
/sec , BSMRHAES 100, EAERBAFA 2 EE BREE 2 &
BEHLES 0.47 o WKMGHE 2 HEES 600 rpm, , ZEEEF R T R @@ 2
FEEROEELE T .
2. @) - E%ug:g,dw i u=0.,47V; =0.47x100=47m/ sec

i D 600
U=rw 4?—(2](2::)(6—0}
D=1,495m

b) LLé=0RABELZE NI L
Ln=-§u(v1-u)[l+j;STﬂ;] Ckgiom/s)
2

=—;(ﬂ1 =d Ju(v,—u) (1+cosBz)/102

1000 s s (T2 47 (100 —47) ibcos 10°)x

=93 ><100>_<4>< (10{]} X 47% (100 —47)(1+cos 10 )XIOZ

= 2185 kw



BIER 6.3
— B Kb ﬂﬁﬁzyﬁﬁﬁ%ms HEAIm /s, B3
SEEEES 15m/s, =25, &:=0.44 , READBHEET ?

B2 -

r& cos 2
Ln-—?u(m-u)[l+m) (kegf'm/s )

1000 % 1 1+ cos 25° 1
= x 15 x (25—15) X Eﬂ Tﬂﬂ'j

";-?238;4 kw



Chapter 7

i-UMP
L




EREBNEREALERR |

O SEEfEEGEREIRER(D20°CHERBRKD1/830
OEBEATEGHEABERRPRARD , RERRERL .



R (pump) REARBREDR S EHEDE , EORELE , NRE
WK M TR R , GEREEHAERE O TREREE SN

) KEBCEBHEANS B
a, FERMEDE MERECHEEX (piston type ) « HEX (
plunger type ) J o,
b, eEEEBE MEOK ( centrifugal punp) ~ AHEE (diago-
nal-flow pump) ~ Y% (axial-flow pump) ~ E#RZR ( gear pump ) >

EHZE (vane pump ) F o

il = = T sl

c. NAEBHHME M7 4R (regenerating pump) ~ BEHIE (
jet pump ) ~ BHE (airlift pump) ~ KB (water hammering pump

) %,



(@) fRIFARETNS R
2. FIHERGDETETREBENE , DELE  RHILE ~ 8RR,

b, FAEERLEEREKEE, NEER
(3 ik B B 7 M

a, B (single stage ) o b, $HX (multistage ) o

(4)  fREERTT R TR
a, KF#EK o
b, AR o
AHUBBLERRAUTZRA
a, WEY WECE-MRE - BREF
b, AEF MEEE -  E&EE - -EFEF.
c. BERY MBELEEHRE > ARE - KBRTF .

T L Ak Fula



apecific spaad, N,

500 —
800 —

I | | | | | | [ b [ |
L I o i = = (| [ = i S e TR i Y e i3 =
[ R L = i_ ] = i_
— — [ (5] 3 (¥ - (=)} 1 =
Impallar i = =
shrouds
B Imp=llar Impellar
shrouds shrouds
1 Impeller
Hub Hub Hub Huti hub
i { f ~ % . |
’-L ianes- B |j— _'n.an-as_ _'n.an-ss- .-'anei _'n.anei _ Moisof
rotation
Radial flow Mixad flow Axial flow
| | [ | | | [ L [ | | | | | |
o m =t W M~ oMo = o o o o o g
L] [ ] L] [ ] i3 1 2 (] (% H] =r [Nyl ] F-- @l

spacific spead, &,

Variation in specific speed with type of pump. (Adapted from Ref.
17, vsed with permission.)

w(rpm) O(gpm) g wV O

Suction Specific Speed N =

5a [HPSH”_ |:1_:'[:|::i"'l' v [l:l:HPSHH:I::i,--I-




§DVIEO
V \

—— Z 1
Reservoir

Valve




=]
7.3 ﬂ(mE*;Iﬁ BAEEH A TS ER S K454 (actual head ) L Ha FoR

BAAZEZHPOBHEEAEEBERAT 54 (actual suction head ) LIH, FiR
MR ZPORESKAHEER EHBR dischapfe head ) [l Hy %7

(R [l
ke ) AT

WM7.1 Z&KRR



@ 3542 ( head )
mgass BNERCRBER mADREORAAANEES

BREEAKEZEIE &
V4
+

Pq

H=(

7

28

+2z2)—(

P.lf V!‘
T

b A= (capacity )
ERURMARR B2 RBRRBAREC. 3 5 B

B e B (7 gAY KB AT i

2
] ( kgf \m/kgf )

au

Din
V
%‘ 5}—)— Ry /-

EGL,, /l:hp EGL,,,
(c) ﬁ 73 ( POWEI' ) & f?’(#'( efficiency ) ________ r___[_)E‘E“_"P_p_'?‘_’?if_-_:_q)___J ________
r QH rQH 1
Ly m Ckgf -m/ sec ) 75><60|: )= X 60 Ckw )

RiFEBQ (md/min) 2HBEHH(m) REOLERR 7 kef/m®)



B2 2B RBBRAE
L rQH r QH -

=T “75xe0xL(PS)  102x60XLCkw)
BB ( BS31%) NREZBHBRR L

100 | i 100
. AR
80 St msuss
e e
60 ’ AT 1
50 > ' ,

ap

30 -
20

10 i
0 i PI |

01 0.2 0.4 060810 2.0 4.0608010 20 40 6080100 200
Hiht (m?® /min)

W7.2 —BEARZBERE

WE (%]
\
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g
I & & h

W7.13 EROAENRE W7.14 EWADHD
. BN NAZ2EREESTHIB vi=r10, uz=7r20 ﬁzﬁiﬁzﬁ%

1

COEARRERBERGEHE EESFS 0, , v
KIEHE l*ﬂﬁtﬂ%ﬁ?ﬁ%ﬁ%ﬁﬁ%ﬁ Wy , W2



Velocity diagrams at the inlet and exit of a
centrifugal pump impeller.



The Angular Momentum Principle

d
Fr=T, ?"g'r”p?'ﬂ: dV+ [ orv

| iy
AT, BIE  ERBBRERA ], o7 vear—o e
RELEX GBS
T L) wy
L a HTJ_
le"rﬂpgf:ﬂtg ﬂnﬂdﬁﬂ_filplflﬂﬂ !?nlti{‘il ""*’"I“' )
| M7.14 EwALDHD
3 : n A= ndt‘q. = e .
WRBARR Jpendiz]oomdd =e0 R2EE=AR

4 T==PQE(fﬂ:}z"{fﬂt]1]

(7202 COS @y —1ry¥; COSay ) ( kgf-m)

ELER ABRAT | 779
g




T=—% (rgﬂg CoS @y —r;¥; COS @y ) ( kgf -m)

ERET K 2BHL ZBNL

L=w-T (kef =m/s = me(J‘E V,-JE — I \r"!-”)
— I{JQI{L-?EL"!_E — L-"J V“J:l — HE-.JQ"IIT.{
WE NBTEREKES , MR 2 KERBR ERHE ( theoretical neaa )

L  oT @
Hipoo=— = (m) =—(r,v; cos ay — 7,9, cos ay )
rQ 1@ g
N w=ry w1, Uz3=73 w3 Uz COSa;=70uz , ¥; COS & =Dy
: I - .
Hinco=—( tztug—uy00 ) | HABEHBRBHEHERX
&
' d ""'*-‘”: £, r-';h ‘ 1 \‘{; f”f

i,

i,



1:1 Ca + ﬁ%lji,—r;ﬁﬂ%ﬁﬂﬂﬂﬁ%?ﬁﬂﬁ Kb KRB ZEK

1 B 2 L
thoozp-—-_—-(“zvuz_ulv“l) f—’z Va pl (25} }+k1

W, =42 +v,2 =2 u v, COSay

| i s w22 =Hzg+ 922 - 2 U VU2 COS az

12 Pl u22 - “12 wlz""wzz
+ - h

{ 1: ﬁﬁ ro7 28 28
T ] . 1
" ok R 1] i A SEER I e =907 , Uuy =0
M7.14 ERAOED g
RZEB=AK Honoo=— taluz

g



ﬂu2=.‘“z"ﬁnz/tanﬁz HBQ=rD;020m

Uy Vma U Uz Um2 i Bf:"gﬁ
— —— I s
chm“_ ( Uz — tanﬁa g £ tal'lﬁz - r\’ 8 =90°
¢ T Lo
TR U ;rr_,Dﬁbz ~ 4 1m0 "Q
= g B gtan 8, __cln . H7.16 EMEREGE
Uy IELLR m - ,
—RE b BAK , BB EEEM2 LREBEIEEZLRE A oL J
 MEEAXRRBBAKLL , AR, ALBR LR, BEY i
HOoAERENAE , KB 10°~35° , REAER 20°~25° , 3

W7.16 EmmHEew



REW BRBEHo kB Pfleidercr KRR FRK Y

Aeb o BRBAR, (BEARE , S=—rdz (%W .16 ) BT

VELFERGN EERGENE, s BEERIBH .



144 BRORBKDEX

) | R
H 7 &K A by —K,Q,?
P Erii $14: hsa
’h L' ‘”u.‘ X ’ ERIRK A
y j"""i‘-\h
" E : b ‘:."-':.- \ , hs =K, (Q—Qn]2
. _J .-"'"_', N
| niut' Q-

W7.17 BoL R EERBE K IR R



746 BRI

| RE-EMEENERABEH T, REQHLERH, #77L R
oy 2BUE—CHE, BFLMEBEEE , RSOASHEE | Fiig
ZONHHZBMERALR , HERR G BRE 2 Bt e (characteristic curve),

N ERER B2 HEL BEER
'E'E’ N=—'EH3 =“'ﬁ _ '
f PR W 3542 (normal head ,
g o L -E----.., HEEZRE O SE#AF (normal capacity )
= v '
; P AT L RBATZHEBEMBE (shut-off head)
1 S
@l :
dﬂu ’ 2,
RREY

W7.18 BELRZHHiR



147 BORMES

@ BEEE RET7.214, H' BSHEE SR WK (pipe line
resistance curve ), @R ERKRFHHE BRRAIEZREKE . Lo f
RERHER , BH BREAR L Z EBH.+H" 2R, Bl R

Rt R -Q 2R B AR R BIFE,

| it fit Q
7 .21 ZR60%6 4 i AR B BE L AR



(b) S EM ( series operation)

R BRFHEHNEREEEXE g,
EBRAEE ARBRABL LT B
(1 EHERmEESR O FETROHREES

FHRH

T iR @

M7.23 BUMROTREEE  W7.24 BEAROWEREH
e CPRS T 2 ARG R



© $BhEH (parallel operation)
R R I B LB KT — I E 275 B UE R E R A
AERFEY L2 REHES .

iz H

eHfi H

* R Q
i M Q

H7.25 ﬁﬁ*ﬁﬁtﬁﬁﬁﬁgﬂ HT-ZG %ﬁ$ﬁ2ﬁﬁ &%E
ZERKEER 18 2 Kb A



% hE
A7) B R

73 R AT R A IR ERR N E A






FIGURE 1




9.] ZREZEFRNYIEMEH

9.1.1 EEXR
Rt ﬁo&pmﬁwﬁz '
t~p Kp B 5B B M AR 1A 2

2 < 11(km) (EIEHE )

t= to~6.02 (°C}

p=po (1-0.02257 2 )% %% (mmHg )
o=po (1-0,022572)%%° (kgt-s*/m*)

7F to=15°C B ,- po = 760 mmHg = 10332. 8 kgf /m?
00=0,125 kgf-s® /m*

=

EZBE - BHREE
m) B2 B E - EHREE




7R HE W EE (0°C, 760mmH g , £=980.665m? /s ) T &1 %S R A5

%9.2 EREENEERD

' | &N, (0,) | @(Ar) | ZSARK(CO,)
s (%) 78.09 20.95 0.93 0.03
ERMEAR (%) 75.53 - 34 1.28 ~0.05




®90.1 ZEERROYELE

! 1HEER | & )
" " AFE [mank|
R kgf /m®|  keal /kgf°C
kgf-sec? ‘ c,/c, =k
. kgf m | 760 c, C,
% B|aF kgf-°K |mmHg ]
loe | 15¢ | 15€
X2 — | 28.968 | 29.27|1.293 [0.241 |0.172 | 1.401
A 0, |32.000 | 26.50|1.429 |0.218 | 0.156 | 1.400
& N, |28.020 | 30.26|1.251 |0.249 |0.178 | 1.40]
& H, | 2.016 | 420.6 | 0.0899 | 3.408 |2.42 | 1.407
— JLH cO | 28.000 | 30.29]1.250 [0.248 [0.177 | 1.404
- 16°C | 16°C
ZE CO, | 44.000 19.;7 1.964 | o0 |ogss | 1502
ZHAH S0, |64.070 | 13.24|2.857 |0.152 |0.109 | 1.39
142¢ {14°C
5 NH, |17.034 | 49.7810.760 | "o | gy | 1-309
z & C,H, | 26.016 | 32.60| 1.161 [0.383 |0.304 | 1.26
B CH, |16.032 | 52.89|0.715 |0.528 |0.403 | 1.31
Z E CH, |30.07 | 28.00(1.356 |0.382 |0.313 |1.22
I C,H, | 44.09 | 19.4 |1.970
% A Ci, 17100 | 11,5(3.167 |0.15 [0.085 |1.36
: 100°C | 100°C | 100°C
KER H,0 | 18.016 | 47.07|0.598 |0.490 |0.368 | 1.33
NH, 8RBl | — - 99.55 | 0.3679| 0.8055 | 0.578 | 1.406
0°C, 1ata ' :




9.1.2 PRNHEFREE

o FIBEE 0°C , B H760mmHg . 4 0.04 % G40
TR0 ER r=1.2931 kef /m?

REREFEENS p(mmHg ) RER t"gﬂf—izftﬁﬁ

Pg
:—:> — = —
r =1.2931 X dis Ckgf /m®) PRt 7T TR
273+t 760 V2 _ p2T1:>7/ —y P, T,
V1 psz i ; psz
' 380 - 2iati -
=1.758 X 10~% X X s fes/miy =
. IR I

o 7£150°C, 760mmHg TKELZ

u=1.833% 10~ kgf-s/m?  v=1,466x 105 M" /S



9.13 RERZEEHILES

o BHBARE(

absolute humidity ) @ &

W

® = —

Wa

AF L (humidity ratio)

TR P KEHE B w.
%ﬁiﬁ?’ﬁ B Wa

B E (relative humidity )

6 ="

7 s

100 i?&ﬂ-}{ 100 (% )

]

rw (kgf /md) BRI AEETE
rs ( kgf/m®) @ g F o 1 AR HES

Pv YR

KRR My B ) (partial pressure )



® BEFhTEWIMYRSY Py = D—DPuv= D=9 Ps
o ﬁ%iﬂlﬂﬁ?@ RO EER P g i e
pa RT pag_RT

Ta“prTp Ckgf/m?) RelZ RORM R

* RERTAKEEHHLER
Pvw - @ Do
=g =g .7 Ckef/m®) R, KEERmBEETE

o RBFHMHEER

fepaip 200 88 p-g)i(1-Ra/R))

| ReT RsT R.T



ympir 80 8D B 45 (1-R./R,)
' RET RET RE_T

__"}.5— 0.3?8115}'?:
L nq

o FHBE UCH HHRE Bo BT ALER

2713 H-0.378¢F p,T,
o ¥ X —
r =1.2931 X 273+ 1 760 Y, =74 p1T2

KEEBFEREE pe (kef/em?) 5 F (mmHg )
B SN p(kgf /cm?) B H(mmHg )

|f Ia = 29.27 , Rs = 47.07




REE FEBHERRARKOEE (£25R°CR,°C)
WIER GBE TKEREBEN pe R pir
SETLELREEMHENH(mmHg)

AU S RE ¢

{w w
6 =""x 100 =2% % 100 (%)
Ts ﬁ'g

Dy —U.GUU'E?H( 15 tr)
D

ﬁﬁ:



BIFE . | E—
SRR E20°C , B 750mmHE T, RS RHERE 75% BT
SHLEER. |
ﬁg: R

h(9.1) R, EREHLERS

213 750
273+20 ~ 760

r=1.2931 X =1.189 kgf /m®

RBZ S 20°C BERAREES

F=0,024 kgf/cm?® abs = 1 0024

X 760 = 17.64 mmHg

A (9.10) X  FHREP=0.75 LRTALEER

73 y 750—0.,378 X 0.75 X 17.64
273+ 20 760

=1.181 kgf /m¥%

y=1.2931 X




9.2 ﬁd]ﬂ%—-i_ffi Control volume

Joule Law

W=JQ(kgf-m)

BN BE—ER
dq=dﬁ+ﬂpdﬂ 1A=1 /]ﬁ%%ﬁ%Z@]ﬁ 5W:pdv

h=u+Apv

dh=du+Apdv+ Avdp
=dq—-Apdv+Apdv+Avdp
=dg+Avdp




94 tt #

c=29 keal /ketoC
T

ERLBBE I EHEIST, FEVERS ABEERE I°CHEs s B
oh—Avdp dh

-)p = (_")p

aT oT

aq
Cp= ("a—]:)nl- (

dh " |
Cp:ﬁ Bfa h NBE B JoTi 8

\kzc,','r \




TR URRERRATET , GG E R SBAEAR 1°CHES 8E
- — |

g dut+Apiv, 0u
==ty = e

du -
Co=—r R A HE « AFE L7 T 2

‘ u=CoT ‘




k=ﬂ+AﬁU —u+ART

Cp;'Cu =AR
C
pel? =P - AR
Co k
Cp=k__ AR
kcu ‘”Cﬂ =AR
AR
Co=——r
k-1




0.5 FERMIRAERIL W==1" pav
9.5.1 R EMEELRAR T-const __rr 'Y
SR | 1 p
Ideal gas Pv=RT 21%1= p2?2 | 02
- ==RT Inv | -
i ol 2(p02) o '
A Py v
TIFI%} ' b 1 =RT1H'_1
a N b / o
H ol L(p:c,) B8 LBRBRE v, /v2=D2/ D1
Loen b Ll | Emassie s
HE v e ) | % s - :
(al 0 IE;J (b) W= ﬁlﬂl lniz;':pz”z In ('&)
WI.1 SEHEBMP— viiRET — S HE D1 | y 3
= HHE 1""2“_'2'“1’ )
ﬁm&zgﬁw“]ﬂ pz
| Wis=pqv; In (—) + — PV
P11 = P2¥s =Py Pl') P//Fz p/l
v ¥y




W£:=p101 In (—-?3- |
0= puoy In (22 Chef-m/kgt )

~GRT In (22) (kg
In(ﬂl) Ekgf-mj

4 (entropy ) 781, & Sé -S;=] 2
| T

T
| /P? 1,0
. / /
b~ 2 .
_ 1
w| /] /
- )
32 5
% s

SEABH MBI 2 HEL=T(S,-5,)




Bikg 9.2,

i 2 kel MREIRZS BAE 20°C THBIEME , BHME 1kef /cm2 i85
5 kgf /em? , AREMT) . BB R 2 REF BR=29.27 (kgf-m/kef-
K) .
2
WEE pr=1kgf /cm? , p,=5kgf /cm? , T=273+20=293°K
R=29.27kgf-m/kgf°K , G= 2 kef

4 0.310) [Wer =GRT In (-ii) Ckgf-m)
' 1

Wie=2x29,27%293 X In () =2.76 10* kgf-m



9.5.2
KB 28 A B Bf BRB 4% ( adiabatic compressive or expansive process )
dg=0| #HBE—EHR
B dg=dutApdv=0
CodT+Apdv=0 = CodT=-Apdv

dh=du+Apdv+ Avdp

» Avdﬁ'l‘AMﬂ:dk‘*du =deT_CudT=(k"l )CvdT
=(1-k)Apdv
D kpdv+ vdp=0

prE =B




ERBRIARE do=0
P1v = pavk =F B

pﬂ v, (‘pl)lf.t

2o (Lyx

P Uz I*"1 P2

D2V2 }5’2)(:.:-1)!&

P10 P1

E_ (l)k 1_*(*03)(1:-1)!;:

T1 Vs 23




dq=CodT+Apdv=CodT+ARTdv/v
:=(:u£i?q—u4J?1ﬂdup/Jﬁ

MBBRLUT , ¥ ESZZH

T, T, D1
=Cyp In— +AR In—= — — —
S;—S,=C nT2+ ny2 Cs In72 ARlnpg
: P11 "
=Cu 111 = k=
pav2" . pv #ﬁ
K2 20 BR8P 1E 2 D Woaa
duv
— ——C [
-Ji-pav=—c 5
— C 1—k
*_l_k(ﬂ‘z —vll"*)
=F1"'(sz_»’_z—ﬁlvl)




2'(v,) 1'(w) '
WEM o : R

(a) (b)
9.2 MMEHP—viiRET — SHR

Wad )

F 1 _o_of
g7 (P2vz=prvn) = mE 1 -1-2-2

— - hini (Z2) /=13 Ckef-m/kgt)
- 1

k
B 1 (p2v2— p1v1) + pavs— prv; =71 (pava—p,v,)

Wa.d =




= ‘ . R
Wad k—1 (P2v2= 101 )+ pavz— pav, =;‘:;(P202"P1v1)
Fig
Wu.d= 1 ﬂlvl E(&)(k—l)/k_lj_l_pzvz,_p )
1 Py 1V
1 |
— PLUI E("I)_z)(k_l)/k“lj“I‘plUlE(_ﬂi)(kﬂl)'{k—l:|
k—1 D1 1
— k P2 cu1ysm
=_— _pv; C(—) —173 (kgf-m/kegf)
k—1 D1




5.3 SRR (polytropic compression Or expansion )

prr=1W | To'=H

n 3 % 358 ( polytropic exponent ) , n k1

% ﬁﬁm;b""pnl

— 1 P2\ (n1y/m_
Wpol 1 Plvj, |: (E) 1 j E kgf-m/kgfj

SHER - BEERBERES . XIR

n—1

Wpor = ~ pr1v1 C (%)(“”‘”"“—-Ijtkgf-m/kgij
1




=R BRI PTIFZ I Wad

Wis=piv; In (fp—z_)

1

KB B AEPTIF LTI Waa

Wad =-—£—P11’1 E(—P—{){k—l)fk_lj Ekgf-m/kgfj
k—1 23

% P RFENIEAR FT{F 2T Wad

Woor = ni prv1 C (%)(““”"“—-Ijﬁkgf-m/kgij
1 .

u-——




BIfE 9.3 ———
20°C IR RN 1 kgf / em? R4 WK FEZE 5 kef / em?,
Bn=1.3 , REEME % E A0 0 WM o .
B2 :
i (9.38) &

D2

23

T =T, ( )(n—nfn

# pr=1kgf/cm? , p,=5kgf/cm? , T, =273+ 20=203°K , n=1.3
KRAH T2 =293% 50%#/1.9 =293 x 59231 = 425 K = 152°C

H1 (9.45) X, & BRI Woor B

Woot =—]-— RT, C (2'2-) (2=D/n 1)
1 b

H._

| ;
X29.27X (273+20) { () (13-12/1 _
1.3-1 S G 1

= 12857.7kgf-m/kgf




97 i « BaiEm
BRRBERIARTED , REES » . BEBTHREBRIL KB
BREERT , RERT.
L RT, + 2,2 __K RT, +2V/,2
k —1 2 k -1 2
k —1V," 1k ~1V,°

— 2+
kR 29 kR 29
k —1V?2

T+ =T

#$:2 ( static temperature ) + n= d}*naniic temperature )= 4 ( total temperature)

] BEAE RIS — {EMELS F ( stagnation point temperature )



98 S B - TEREHEZE

i R R ) B B R E R EEC
pRslml  REREREH

C= v kgRT cBENMEE THEE
5 #% B (Mack number)
v v Ne <1 ZHBBERFEN
Nuﬂ'é‘:W Ny=lﬁﬁg"%ﬁf
Nu> 1BBHER
'ﬁﬁﬂﬂﬁm?ﬁiﬁ V
Procsapes Wonses Sk Woa SRS e

in Budssanie Flphi i Miach One 'slm o



EAEGERES ., IRERSHZ2RE (28) RT. . BN (2R

ED (BE)P.HE, » BHBEE Ny
1 k-1 V¢

2 T£IT+R b 2g=rﬁ{‘ﬁ V=Nuy \/_kgRT

T _
S T =14 _1NM2
1+ : Ny? Tt 2

wamepe i u=0

T U1 D2 T P T
= (—) k-1 = (=) C(k-1)/7%k — Chk—-12/k Th __ — O k-1
T, Uz D T {Pz ] ﬁTz {Pt]

—=(

PF PI
P ,—

k—1
(I+—é—NM2}*”‘_1 . [l_f_k_E_NME}lfﬁ:—l




BiRE 9.5 —
RGBS (B ) B 20°C , FHER 400m/ s B Z B8 ?
) ;AN

5 ik B N = e

kgRT

400
© V1.4%9.81X29.27 X (273+ 20 )

=1,165




BIREY.6 - ' —

HE— G RAENS 3.5kgf /em? abs , B 34°C , DR
—HEEERNRA P, FEERT2EHEE 1 , ARBELE Z2EEE
B~ i~ BB RE .

%
T 273+ 34
S wE —955.83K=—17.17°C
1+——Ng# 1+ (1)2
P- b _ 3.5

(1)2 j¢_u't1,4-1)

=1,85 kgf / cm? abs



p= 2t _ -Pt){RTt
E— 1 - —
( 1+ 2 Ny )1 /k=1 (1+k—2—1-NH2}”“"

3.5 x*10000

29,27 x(273+ 34)
- _ = 2.46 kgf-secﬂ,,/'m*

E‘l+ — X(-I)Ejla"(l.i—l}

Vi=Nuy VRgRT
=1 X+ 1.4x9,81%29.27 % (255.83)
=320.7m/ s







10..1 49
A A BHPEE
o FENTE 1kgf /em? Pl E# (P >1kgf/iem?=10000mmAg =10mAg) B i EERABY
o ZABTEHE 1000mmAgLl |, 10mAq Ll A (lkef/cm2>P>0.1kef/cm?)
511 7 7S SRR ( blower )

o EHE 1000mmAq LR E (0. Iket/om? >P) XBR A B (fan )

1ImmAQq=1kgf/m?

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

1000mmAq=0.1kgf/cm?

P >1kgf/cm?=10000mmAg =10mAg % 45 1% (Compressor)
10mAg>P>1000mmAq or 1kgf/cm?>P>0.1kgf/cm? g&'E'E% (Blower)
0.1kgf/cm? >P &5 %3 (Fan)




A = ;fm I ;ﬁﬁ A 14 i HE lﬂm 0 I A T 3 L A B B B
51 N 1000mmAq 2L T 1mAqlAl 10mAqP] F | 1 kef /em2 L E
it ~ 200
i -
Y ety -
7 B
Bt o
.
I %
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i
14
)
5 =
9 | T
b
i
It |8 _3:"
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#L E : :
o 12 : Sk
EN ) . 5 100 5102 5100 2 5101
. i
. m?/min
71002 51002 5 10¢*2 5 1002 57
5 . |
M 10.2 2R B B R FE B ()38 R B B4t (m*/h)
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012 B RE - BHREREE L

@ BE: BEBEMIEEARGEER & ef/min m*/min&m®/hr
HE SRR R ( KA 760mmHg , {BEF 20°C , AB¥HREE 75°% , LEE 1.2kef /m®
b BJ):EBEMEmmAq & mmHg 5 8 A8 818 kef / em?(
ERREE NI abs , BE SN g )

ERE R DR L, B REE F M B 7t (pressure ratio ) fERE

1kgf/m2=1mmAg
1kgf/cm?=10000kgf/m?=10000mmAg=10mAg



Jﬁﬁﬁ%@ﬂﬁﬁ It 7

h I ..‘"'—_ — -
— —Wfiym
| I & (LY 4
i éj g Y
I 1
Y 9 i | £
/L/ L] ®
| e I K |
) £ L{;/ﬂ ‘ |

£ ©

| W 10.3 2 EBHEH LR

ERBEER  pi=pu—pu=(psa—psa)+(paa—pa)
ﬁﬁ;ﬁﬁﬁ f’==ﬁt—'ﬁdz=(ﬁs2"ﬁu)'—ﬁd1

iR BB 2 B LB 1S )R BE




(c) By J)EAREK

o RZEREDHAR 1.03 ( 8RR /IR 100m/ s ) B,
& 88 p] & BN ] B fa 1
o BB EREIIL:

& D &
L. = <102 6120”&2 Ps1 )+ ( paz—par)}

o  HiarR T RE I Ls

les Ql '
— = g9 — Ds —_ k
60 X 102 6120{‘1:'2 Psr)=par} (kW)

Ql Eﬁl;ﬁ %E%Jﬁ% (m? /min ) 1kW:101-97kgf-m/s
=102kgf-m/
MK J) p LimmAq (=kgf /m*) gr-m/s

!'I"‘I




o B A HAE1.03 L LR X HEGEEE EMSER ,
O 1.0721, 03 74,

Ql ﬁz"Pn '
Ls—-é-l-é‘a{(ﬁsz ps1 )X (11— 2k b ) + (paz — par ) (kW)
Q , —
Ls= { (Ds2— ﬁulﬁil—M-]-ﬁm}ka]

6120 2R Dsq
% £ phAhtt ( specific heat ratio )

L
E2BEE e |y =I‘>< 100 %

; L
B EE 3R s 7 ==X 100 %

BEREmmME IR L (kw)




oo FEIZE1.07 L L3 , 5 Ban s B SR B 0L DK (TR £

(1)

W=JQ (kgf-m)

— e S A F 5 ﬁlﬁfﬂ%ﬁﬁﬁfﬁﬁﬁﬁﬁ%ﬁﬁﬂﬂiﬁﬁﬁ

v=Q/t=Q/60 [ m3/s

)(k-—l)fk__lj Q=vt

D1

1kw=101.97kgf-m/s

= 102kgf-m/s

ZHREDS Q,m? /min) BRI EGMEAB N La B | =W/t

C( b2 )(k-:)/ﬁ:_l 3

)(k 1)/ % _ 1) (kW)

P 2 8 207 ) B 2 4B B K
Waa = PR D101 C(
LadZW/I
-k P
k-1 6120 Py
_ .k GRT]_ i: Pz
E—1 6120 1

P15 P D HIREBERE T

Gﬁq%ﬂ&ﬂﬁﬁaiﬁﬁﬂ[kgﬁmin] EHG-—TQ R%jﬁ%"”ﬂ[kgf-m/kgf—“k]

LR

Lea,
o 7tad -——-T#S% 0.60 ~0.85

Wpol >Wad >Wis




2) BRERDHESFEUAFE
HEHERLEFBRPREERBERRE  UEREMHERTH

B ERORETEEREN{EY
Wie=pro, In {-ﬁi} C kgf -m/kgf )

1

p1Q: . b2, GRT, . pa
| L= In (—) = In — ( kw)
o120 "oy T o120 pn

AR AR (over all isothermal efficiency

Lil

— — "_ ~— i
?til L U-:’ﬂ ﬂi-fl-} ‘Wpol >Wad >Wis




~
w

~—
1-..

':_uﬁﬂ %, ﬁf@? }'J Lol (Polytropic power)

¥ | Waot =ﬂf- P11 C (%)(“'”‘f“—-ljﬁkgf-m/kgij

" ﬁlQl pz)(n—l)!n

.Lpg£= """'—'-""E—-

n—1 6120 P

1) Ckw)

n 5% B B

o \NE) )L i |G KE s 8 2 2 H e B
Li=L L=t 4 —ﬁﬁﬁl’-:}ﬁﬁkﬁsvl

@ }7'1@1 HARE
§ = 1 (k
L k—1 6120 @_ @ : W)




LB %Ry, ( isothermal efficiency)

Lis lﬂ(ﬁzfﬁ’l)

,?£'=L —

i

{ )ﬂlfnl
(k ) ¢ P :

4 3h3k R 5.4 (adiabatic efficiency )

(.p_zjik-llfk —1

L
Nad = g o _ (Jbl

L [f.f.)( n—1)/n _ 1 D,

h



ERERE AR -~ B REFWIRAK - R A
% LR SR SR R BRI RRIR R

A%E (overall efficiency |

T ) A R 1,

=) - g =¥ %Eﬁf{gwr
RENB BB )] e g

}:" - ]?.'l??ivm —



BIBED.2: 5 prgap | % B 2m® /min , BEHB 1.12kef /cm? abs,
LW 7S GRHGE 4.8kef /cm? abs ZBE BRI A ZEhE) A 12.5

PS , R 2 BB N R 2 RBEEERET ?

i - 1PS=75kef-m/s

k 719, D2
La — e
Le=5—T7 xe0 *\ 7

1.4 1.12X10* X2 4.8

T 1.4-1 w0 Tz

=9.0PS

)(k'*l):"lﬂ -1 :l

)(1.;—1),-’1,4_13

Lot 100 %= % 1009%= 72 %
L 12.5 b= e




@ {EE LB

P1v = pavat = B

%E%%E%Tl %:(ﬂ)k—lg(%)u—l)m

V2 1

o KB EGE R MR PERBERST 2 =T 1(p2/py ) ¥ 17

PV" =constant

17, (B, (m—l)m— 7, (=1
N v,

o HEHRBERT: =T, ( p2/ Pl}{“-”"f“

o I3 AR B E (adiabatic thermal efficiency )

o | EEPEABE

' TEH!. _Tl
?? —_—
od T,-T; |
T T T, E(-‘:—E)““””‘“I]
T,=T,+ 2 1=T1+ -
Tad ;}ld
{.‘.’E)(k;-l)fk_l
D1
=T, 1+ ]

vﬂd




FIFa10.5
o7 — i3 EA ( turbo blower ) , #ERES 20°C , BNR

1.033kef /cm? abs , SEEEENS 3000mm Aq , BEEKE 75%# ,
REEEHORE .
% .

p>  (1.033 x 10* + 3000)

=1,29
D1 1.033x 10*

(&)(k'-—l)fk_l
h
T =T,(1+ J

vld

1‘29(1,4;—1)/1.4 -1
0.75

BERIBET,=(273+20)C1+

=322.5K =49.5°C
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Casing, Diaphragm

Tmpeller
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Labyrinth seal
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LREREEN - vHE

PV " = constant

- |B, CB'BRD n=n:. polytropic

i giﬂ%iﬁgg n=1: lsothermal

B n=k: lsentropic

2 12 A AR HE

- AFC F5% 5 B fiisl 2

" AEB 5t 28R fa 8 12

= AGDE n > k Bt MR o
=i P -

T R o(m /) W, > W, > W,

o HIEEREMRBRAMALSHKERF HIRFEARE NN
EREEMBEE, N1 <nlk

o FEHEOEER IR AR , NEBHA HIENE , RIETLpoi#H
MEBAHE ERENESRE , IEBEELF+ ., — R >k




A S ooF3% BRINE B 1 2 B AR By 2 2 1 [Woo >W,, >W,
Wpof >Wad >FV1‘5 L %m%ﬁm%% ’ ﬂ%%%ﬂ%ﬁgm%ﬂ

AL _ W;og-— W;d _ proﬁ . .'ont_l . ppot =Lpol _ n k-1
L foo— o - W - 1= 7ad L: n—1 k
ad ad n 1 k-1
= n—1 - ootk
E(_.)(n—l)/n_lj
fDO:ﬂpol_ 1 =ﬂ ,‘01 _q »
Nad k
e (_ ( k— l)/k_l D
a1 C Pl) J
pz);/;; CR=1/E g b
= 7Npol pl =21 b
(Ei](k—l)ft_l
p 0
4- 143 1

o EEME B S ER S . f=f,x,(1—§)

1+ foo= :ppﬁ:/?;:m: = ppot=%Na ( ]+ f)

BErs z B, dHIESH , I2BEZEBIHE
LH=Hu (1+f) =Hea( 1+ f_( 1_;;)




B {iE

— R B R R 200m” /min , SR 1,033 kgf/

cm® abs L HEEIRES 20°C , BEEMEE S 3500 mmAq , 1568
TS T4 % » AP E . R BREE T ?

b. 1.033 = 10° + 3500

At . ke h b = , 1.3390
, 1.033 x 10
i ®mis XH.-H.. (1+f) HhH., B
k p. _
H. ., = RT, LI oytR—1)jk
1.4
= W X 29.27 x (273 + 20 )[1.3399* "2 1]

= 2611 kgf-m/kegf __
4 omae = 0.74 5 (po/b,) =1.339 1t A 55—




lad —1

—_—

1.339 " —1 (—) _
04 ?4 = i Tod = 1 Haa = pl 1 ’— 1
1.339’1"“1): | i )7 per T K —
= (0.74 x1.3397et ' — (.74 =1.339 “* —1
= 1 %agv;uxltr]-— : (1 %39Li:1 1+ 0.74)
LIS {].74 - “‘ 4
| , = 1.1175
pP 35k 2% B B 15
1 x1.4——1 1 In1.17
— X ni.
T pot 1.4 ]H1.339 0
?@H_} ??pr.hi = U-?5]
7 ol 0.751
foo=—=—1= -1 =0.
- 7 0.015
1 1
f=few(1=—)=0.015(1—-—=)
z 2
= 0.0075
= S ZERE

XH,=H. (1+f)=2611(1+0.0075)

2631 kgf -m/kgf
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% pi (t—l)!k
= — £ -13+7
k__lplﬂll:(ﬁl ) p{ 2 ((

](k-l)fk_.l:]
Di
Mcﬁ%ﬂﬁﬁﬁﬁ p1vy=pivs

___Ek_plvl E(_E_)u—nfh.l_ (== Pi)(k-”& 2 (kgf-m/kgf)
— 1

MERE e WP, EEZERT , TREEWRR/DEHER S RE N ps
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et bl G R
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EEAREENT , EfEFEZE D Wan B

pi=(p1p2)'" B AR
b1 Di
P — : p
e (NG
h—1 1 ll:(jh | lf'i‘:‘l"})iﬂit{“i]u-l)&“lj
_—__k_plvl“fi]u—n + P2\ (s-1yy
1 y (—‘) ¥ —27 (kgf-m/kgf)
RDy Uy
» | W= ;’i 02 (_‘)tx-nfx_zj
1 4 '
2k P2
P (ﬁl:’ _ ljﬁ'lﬂl




¢ AE, AETHAHEY : BER, S sh (-1) BEEFHEED
 REW z BEMZE N HHERE , B

bu_bpiz _pus _ P2 [P
b D1 D Pisri-1 /b1
M Z &/ D Wain B
k )
Wman=k@ lpl vlt(-gi)““” £ — 1 (kgf-m/ kgt )
- 1

FE BB Q, (m*/min) K , BEREHEED IR

&1 1 zk P2
Ladz = (==)=1)/zk 17 (kw)




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

5-stages reciprocating compressor (:) : . . .
i ) First Stage Second Stage Third Stage
With cooling water : @ J J
. Fourth Stage . Fifth Stage . Cooling Water
CRANKSHAFT LUBRICATOR

FRAME & CROSSHEAD
GUIDE ASSEMBLY

CROSSHEAD
DISTANCE PIECE

BEARINGS

CONNECTING ROD

PISTON ROD
PISTON(S)

VALVES
CYLINDERS



FiRA1IN. 6
= SR 2 R 200m® /min , BERED ( 2B ) £ 3500 mmAq [J

— 3 443 35 B ( turbo blower ) B eE b B R S E R 5 1,033 ket
/em? abs , MERIEER 20°C o BRI KES T4 % » A AFE R EEBE o

B2 .
BEHH, p2 /Py = (1.033x10*+3500)/1.033% 10*=1.339

R RBEAGE
Lmi k
_ . .3911:(2_2_}(3-1);1;_1]=ﬁ_k_RTl[:(ﬂ){ﬁ:-1)fk_lj

Hog=—=
T?a} k=1 1 P k—1 ry
=— -_1 % 29.97 X (273 +20)  (1,339)C1-4=12/1.4 — 1 7 5
= 2620 kgf -m/ kef (Lii)u-mx 1 .
. -
Dad =

(32—) 1/ 1) gy + K= 17

D

8 pa/p1=1.339, 7.a=0.74 , XA

(1.339) (C14-1)/1.4 N -
j—{[(1.339)(1'4_1)“-"-—13/0_74]+1

Npol



1.4—-1 1
1.4 Hpol

7 pol
foo=
Nad

=0,381 ’ mu J}pﬂ£=0.?5

— 1w f_=10(0.75/0.74) —1=0.012

fmf (1-=)
2
1
f=0,012 x ( I_E ) =0.006

REFRZERE LH=2620X(1+0.006)=2636m
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