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1-1
103) Sextus Julius (. 212 287)
(1519 1452) (. . 40
(1642  1564)
(1662 1623) (1642 1327)
(1783 1717) (1783 1707) (1782  1700)
(1836  1785) (1822  1746) (11798 1718)
1806) (1858 1803) (11869 1799)
1819) (11897 1816) (11879 1810) (1871
1880) (11951 1871) (1912 1842) (1903
Hydrodynamics (1953
fluid boundary layer Ludwing Prandtl
.aerodynamics
2-1
.(1-1)
2-1
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(1-1)

( ) (2-1)
Dimension 3-1
M, L, T)
: (F,L,T)
T M L absolute units (
T F L (
Unit 4-1
3-1)
M M2 ML M
() G I G SR
3-1
slug gm Kg M
ft cm m L
S S S T
(c.g.s.) (
. C.g8 Centimeter- Gram - Second , cm- gr- sec
(fp.s.) (
.fps foot- pound - second , ft - Ib - sec

22



(SI) @

(S.D) meter-kilogram-second , m-kgr-sec  Systeme International d’unite's
.Continental Europe MKS . MKS
:(Scalar ) Geometric (1
(L) (%) L)
{(Vector ) Kinematic (2

= G

12
T
:Dynamic 3
F=M.a 1-1

=F

=a
a=g Weight (W) F

2-1 1-1

W =Mg 1-2
The weight of a () " (one unit ) M=1

.unit mass must be exactly (g) unit of force

(Gram mass = Gry,)
Dyne cm/sec /

cm
Dyne = Grm— 1-3
sec

Gr¢( Gram Force = Gram weight )

cm
Grf=981Grm 1-4
SeC
g =981 1-5
sec
~. Grf =981Dyne 1-6
7-1 slug
Slug =981 Gryy, 1-7
Gr; = Slug. cm/sec? 1-8

23



2 (one Slug) Gry

2 (pound mass = Ib,,)
poundal
poundal = Lby, . ft/sec’ 1-9
(pound force = pound weight) Ibf
Lb; = 32.2 Lb,. ft/sec’ 1-10
g =322 ft/s’ 1-11
Lbs=32.2 poundal 1-12
Slug
Slug =32.2 Ibm 1-13
Lb¢= Slug. ft/sec? 1-14
LZ 2 one Slug Ibf
Sec
5-1 4-1
4-1
engineering units absolute units
fps cgs fps cgs
Slug Slug Lby, Gry, M mass
ft cm ft cm L length
sec sec sec sec T time
Lby Gry poundal Dyne F force
5-1
=981 Dyne
Lbs =322 Poundal Grf yn
ft cm
=322Lbm— =981 Gry——
S€C S€C
ft cm
= Slug > =Slug >
S€C SecC
m/ sec’ 2/ Kilogram Mass = Kgrp,
(N) Newton (N)
.S.I.Units
MKS Contenental Europe
one Kgry=9.81 N kgr

24




6-1

6-1
ft/sec? 0305 m/sec’ Lb;ft 1.36 N.m
ft/sec 0.305 ft/sec slug 14.6 kgr
ft? /sec 0.093m? /sec PSI(pound/sq.Inch) 6895N/m?>
f2 0.093 m?> Lby 444N
3 3 2
ft> [sec 0028 m* /sec Lbg / 3 157.1N/m
Lbg / 2 478N/m? Lb, 453.6 G,
Lbfsec/ft 478N sec/m? Lby, 0.4536 kgr
slug/ft* 5155kgr/m? * Kere 981N
physical equation
(SI units)
Prefixes o-1
) 103n
(7-1) (
7-1
(n=3) 10° G giga
(11:2) 106 M mega
(n=1) 10° K kilo
(n=-1) 10° m milli
(n=-2) 10 u micro
(n=-3) 10” n nano
6-1
1-6-1
(1
(2
€]

25



pv

Slug

Slug/ft.sec

/

ft

: ()
2
2
/ () ’
3
3
/ 3
2
3
)
P2
Gr, cm’

1 = 1.8x10" Lby sec/ft*
(" 10x8.62 * 10x1.8 :

26
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2-6-1
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()
2
3
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p=— .
v
1-2
slug
ft
.Specific Volume
1
v=—
p
@ =04
"G i
m
y=—2
v
m
v=—
p
m
y :—gp:Pg
m

p
1 (S))
22
)
23
24
2.5

ML 2772

27

1-2

Fluid Density 2-2
=m
=V
(M.L?)
Specific Weight 32
=y
=m
=g
1-2
ML
= . 42
1312



FL3

N
M3
1-2
8l =y : 1
Y =pg: 2
4-2
°4
v oy
5-2

Bulk modulus of elasticity

3-2
Ibf
R
y= 1000k—g3 x9.807 3 = 9807i3 = 9.8Kl3
m S m m
1
y=104> - x32.17i§=62.4¥
ft S ft
5-2
13.55 3 9.81
13.55=s > 9
Y44 aA 981x10° Ke
i = = =1000—=
Paah =7, 981 3
R A —133 KN
Yomp =Sop xyg(;A_13.55x9.81_133m3
e =S xpag = 1355%1000=1355x 103 <&
Poap ~ 04 *PxA T =13 3
Relative Density
' (°C)
.6-2 S
s=— P 26
Pwat40C
Compressibility
-2 k
— (pp-P
o _(P2=P) _ ap .
V2-Vi AV
Vi v

28



P, P, =V, V,

7-2
.8-2 7-2
T dP
K= _dp 2-8
dav
\%
9-2 k
k= _dp 2-9
3
dp
10-2 K
k=1/k 2-10
F'L? : FL*
.(Ib/in®) psi Pa’
2-2
2 2 3995 2 1 1
_dp
K= v
v
2-yx108
K= =200 MPa
(995-1000) /2
© 1000
B
w=Lo 1 _0005x1070 pa~!
K 200x10
Vapour pressure 6-2

29



rn n

AP = c(l+L)
1 12

AP ===

Ggs = Oy + Gt cOSO

(SIE]

2-2

Surface tension

()

1-2
— D
T @ A ©)
®
1-2
C
B
Dyne FL"
cm
)
AP
11-2
2-11
rn=r:
2-12
L
0
G GsL
2-2
13-2 2-2
2-13
b
: 0
=0 —
°150 130

30
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.(3-2 ) capillary action

A
.14-2
pgh(mr?) = 6.21.r.cos0 2-14
( ) =h
=r
) =o
¢r ) =
¢/ =g
=0
h = 20cos6 215
grp
T
> 0
T
> 0
(4-2 z 0
( ) :
)
o — - —/$ — h
— 0 —
0<n/2 0=n/2 0>n/2
4-2
3-2
0.05
( )0=6 0.025 =2+0.05=r: d
0.005 = b 94 =) 2
ft3

31



h:20'cos9 : 3

grp
4 h=—2=2"0005  _gp3gp
322x 003 5194
12
4-2
1.0 °20
/ 0.0728 =o 1.0=AP °20=T: .1
APZP‘ . oA _p‘ A~y = L+LG:
Ha Ida  "Ha INI R, R,
oxh =0728N/ R,=R,=R
N -3
AP_pEﬁI(Ié pH}I(NI 1KPa GR,
R=29728%2 _ 60015 m=015mm
I1x10
Viscosity 8-2
) velocity gradient shear stress
.(rate of angular deformation
.16-2
du
= 2-16
Toc dy
=1
du
17-2 -du
dy
du_ i Au 2-17
dy Ay —0 Ay
5-2 A y u
y
Ay
A Au
5_3
5-2
.18-2
T= —ug—; 2-18

32



.absolute viscosity dynamic viscosity

=p
( ) "
-2 192
.20
F
-t _A__ML LT_,rr—1;-1 3
M= e " du 22 L MTTL 219
TL
dy dy
F LT -2 .
w= L2 X 3 FT L 2-20
Ke 19, N.s 20-2
m.s m2

Dyne. .

sz

10 p=1kg/ms 2-21

cp
lep=107p 2-22
! kinematic viscosity
RY !
v=H 2-23
P
cm2 m_2 L2T!
S S
Stoke

10*%st=1 m%s 2-24
( )

33



(6-2

Causes of viscosity

: 0
)y Vi X
kA
Oy oy
=K
=38V,

A~ vtdvy

/W

7-25

34

6-2

.26-7 T

7-26



Newtonian fluids

7-2
)
(
)
(
( )
du/dy
=z 3
: Newtonian fluids )]
(In)
Pseudoplastic *
Dilatant *
: Bingham Viscoplastic *
(iii)
: Thixotropic fluids *
( )
hysterisis

35



:Rheopexy Anti-thixotropy *

5-2
.1 0.005 () .15
/ 04 60x30
Z Z yavl Z Z
1.5 % 0.5 / 04
: —
1
7 7 7 77 7 7 7
/ 04=v 60x30=A ./ 0.005 = p 1.5=y: .1
2
\% F \%
F=pYA T="c T=p—
H y A u y
CaBaiE CaOYai  CauUaiC
0.005x04
Fo v, . m——x18=0.072N
@UaiCT 005
0.005x04x.18
F@ OY4 i:T =0.036 N
F(i Ba iE 0.072+0.036 =0.108 N
9-2
Perfect gas laws 10-2
" Boyle’s law
Vm% 2-26
=PV
s law’Charlie
227V o T
% =constant 2-28
=T

36
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Highlight

hp
Highlight


29-2

T=°C+273=K 2-29

Avogadro’s law

.30-2
PV_r 2-30

pV = nRT 2-31

pV =L gt 232

T MW

gm-moles -

R-PY
nT

R =1x224 _ (g liatm

1x273

lgm.m/k

( ) 224

_ MWxp

2-34

37

T = °F + 460 = °R

= °R
=K
22.4
=R
n
=n
31-2
2-33
°0 1 gm-mol
11-2
.34-2
=MW
=P
=R
( )
.35-2



P =pRT 2-35

¢/ )? =p
Cr) =p
() =
_)\‘ = =R
MW
( x [ x 49720 = . 8314.3 =) =
6-2
. °20 0.8 44
°20=T £10x0.8 =P 44 = MW :
_P
P=RT
08x10° 3
=———————=33kg/
P20+ 273168312 o™
( - )
35-2 Isothermal Process
.36-2
P_ constan t 2-36
p
Isentropic process ( )
37-2
P _ constant 2-37
k
p
.38-2 + = =k
k==L 2-38
cv
=cy
=cp
=2 R Cy Cp
.39
R= Cp -Cy 2-39
(1-2)
gauge pressure absolute pressure 3
760 mean standard pressure .
10.34 101.325

38



{28} (1-2)

( x / )R k (°)
2 10x2.6 1.4 20
2 10%2.97 1.4 20
% 10x1.89 1.3 20
3 10%4.12 1.41 20
2 10x5.18 131 20
2 10x2.87 1.4 15
Gas Mixtures 12-2

mole% V% W%

100 W%
40-2 W,
Wt
t. % = 100 2-40
W IA) ZWti X
V%
Vi
V% = 100 2-41
% ZVi X
1 =V;
_ ni
(mole%); = Sni 100 2-42
= ni
0y
Yi
Zni
0
= 2-43
\A S
T
P
Dg
S =—= 2-44
g D,
MW x P
Dg - RT
3 AMWa x P 245
a="TRr )

39



AMW, =3y, MW,

= AMW,

2-46
2-2)
(2-2)
0.78 N,
0.21
0.01 0,
A

AWM, =0.78x28+021x32+0.01x46 =2896 =29

47-2
S _MW xP xRT _ MW

g 2g xRT P 2g

g _AWM
g 2g

AWM =Yy, MW,

pV = ZnRT

(Specific gravity)
2-47

2-48

%

.49-2

= AWM

Real (Imperfect) gases 13-2
2-49

(Gas deviation factor) =7

1.0 /

Z=1

(2)

(P

8-2

40

7

.50-2



.52-2

Te=2yiTy 2-52

Pe =2viPg

O>—]|

2-53

.53-2

41

2-50

Reduced Temperature

Reduced pressure

2-51
Pc
pv2
2

dp

K=——0

av
v

Pci Tci

14-2
1-14-2

a
@
G



(16.2 :

0.75

)

7.8 0.8 : ). 21 800
2/ 400
( £ 0147/ 6973 71:
) 21 0.667 °20 0.102
°100 2.55
(n;)
0.89
0.05
0.02
0.01
0.03
(W)
%10 %90
0.006 CO,
0.8811 CH,
0.0601 C,H,
0.0506 C3H,
0.0011 Iso C,Hq
0.0011 C,Hyo
Psia 1000  °235  (2)
() () 0.01
21 6 °20
20 4
( 36 23: )
U u=144y*-72y:
76=y () 38=y ()
° 20 p= Ho t
1+at+bt2
0.0179 = p, 0.000221 = a
(
2. 1 °20
3 / 0.4
(. 0.003: ).

42

©

0.033368 =
310 x 10.195
(11

0.4 (12



08 /2 *10x3 (13

43

G/ .  10x24: ) SI
10 50 (14
3 3
.
.
¢/ 102 F *10x9.6 T 10x1.6: ) .
(15
6 5 4 3 2 0 du
dy
5.5 65 | 7 6 4 1 -
u (16
r 2
T R \ u u:V[l—(E) j
du
61wy T “dr
4815: ). 15R /I 61y 0.97 s
¢/
0.01 (17
/0074 c .
G/ 210x102 2/ 2 10x14.8: Y/ 051 c .



Fluid statics

Pressure in fluids

P=1yh 3-1

(1-3)

(

44

1-3

2-3



(2-3)

Measurement of pressure

90

13.6

NI

3-3)

45

3-3



0.01

900 1
( 110

900
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(2-3) Yh+Pv= Pa:

= Pa
( ) =Pv
=h
=Y
Fluid statics 4-3
)
(
:Pressure at a point
wedge (x,¥)
.7-3 6-3 y X 3-3 5-3
¥
dy
P,dy
X
yOx3y/2
5-3
F=m%*a 33
¢ ) =F
() =m
¢/ —a
>F, =P *dy - P*ds*sind = (6x*dy/2)*p*a, =0 3-4
2F, = P*8x - P*ds*cosd - y*6x*dy/2 = (5x*dy/2)*p*a, =0 3-5
=Py, Py, Ps
=Y
=p
y X =ay, ay
= 3x,0y, 0z

47



(x.y) )
Sy = 8s*sing, 6x = ds*cosd 3-6
.8-3 7-3 5-3 4-3
P *dy - P*dy =0 3-7
P, *8x - P*5x - y*ox*8y/2 =0 3-8
.9-3
P,=P, =P, 39
9-3
( )
.10-3
P = (P, + P+ P,)/3 3-10
Z y X =P,,P,,P,
Basic equation for fluid statics
6-3
[ ]
[ ]
y [P+ (6P/49y)*8y/2]*8x*62
oz l
Sy VeOx*§y™*dz
YV IP- @piay)rsy2)rextsz
ox
Z
6-3
P
[P - (OP/Oy)*Sy/2]*6x*8z 11-3
[P + (OP/dy)*5x*5z 12-3
y = 8y/2
.13-3 y

SF, = - (OP/By)*5x*8y*z - y*5x*y*dz 3-13

48



A5-3 14-3

8F, = - (OP/Ox)* 5x*8y*dz
SF, = - (0P/0z)* Sx*Sy*dz

OF = iF, + joF, + koF,

3-14

3-15

.16-3

= - [i(OP/Ox) + j(OP/dy) + K(BP/6z)] Sx*Sy*dz - jy* Sx*Sy*dz

5V = 5x*dy*dz 3-18
SF/5V =- VP - jy 3-19

V=10/0x+]0/oy+ Kk d/oz

f-jy=0 321

f-jy=p*a 3-22

P/ox =0, OP/dy = -p, dP/oz =0

dP =- p*dy 3-24

17-3
SE/SV = - [i(8/0x) + j(0/dy) + K(&/32)]*P - jy

3-20

3-23

3-17

.24-3

49

OF

(3-16)

SF/6V =0

21-3 -VP=f

vector field

inviscid

22-3

=f



22-3 26-3 (7-3 Y( p )
Pa
{ §
22 h=z,-7, Pl
- Z
{ y

:8-3
PZ ZZ
J. dP = J. —pdy 3-25
Pl Z1
Py-Py=4y*(y2-y)=-vy*h  3-26
P] = 'Y*h + Pz 3-27
P,
= P2
24-3
1-3
2 250
21 1000
13.6
2 101.3
101300 = =Pa 13.6=sgy °/ 1000 =p, 250,000 = =Pg:
2
h==L
pg
25.5 = (9.81x1000) + 250,000 =
pHg =s.gHg*pH,0
3/ 13600 = 1000x13.6 = pHg
1.87 = (9.81x1000x13.6) + 250.000 =
2 351.3=250 + 101.3 = Pa +Pg =P

:35-3

50
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P = p*R*T

24-3
dp = -y*dy
28-3
dP/P = - g*dy/R*T 3-28
.standard atmosphere isothermal
T =T, = constant
29-3 YZY2,P:P2 y:yl,P:P1 : 28-3
P, g
HP—1=—RTO (Yz _YI) 3-29
_gh
P,=P, e "o 3-30
h=y:-yi 331
30-3
standard atmosphere
( ) .
[ ]
[ ]
32-3
T=T,- By 3-32
(y=0) =T,
( ) =p
B =0.00651 K/m = 0.00357 °R/ft
33-3 y=0,P=P,: 28-3
P =P*(1 - P*y/T,)¥*P 333
y=0 =P,
( x /) =R
2-3
110 2500
12

51



2500=h */ 12=p %/ *10=P: .1

x [/ ?10x287=R: °10 1-2 2
_eh
P,=P e "o 3
9.81X2500
2
py=105e 287X10 (15+27316) _ 2431/ 2
Manometer
)
( -Piezometer tube
h, -

A (34-3) Pa-—yh

( ) .

~— ( ) .
(8-3) . .

U-tube manometer U
U
h,
{15-1}
( meniscus * ) 1
) (1) 2
(
( ) 3
: (9-43)
Pa+7y1*hy - 12*h, =0 3-35
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35

130.2 :

. °15

)

0.6

3.6
¢/

()

32

2.5

1544 54.4:

(12

2-5-3
() 760 (1
21 680 () 2/
106.1 107.4 108.4 202.4 5.1.6.5 7.4 101.4
.°18 35 @2

2.2 0.52 €
2.4

0.78 G
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10x101.3 1 o12= ) (6
(0.98 : ) ( ). 3
60 °5 (7
(520: ). : 0.6
17 20 (8
(0.85 : Y21

20
1 . 105 12 ©

(0.83 : Y3

9.96
Hare (10
VAR . 176 22.2
(1.26 : )
17.6 22.2
15 (0.85 ) (11
( 0.13: ).
20 (12
). ) 20.5
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9.81 U (13

0.8
. A
& A
kPa 120 kPa 250 (14
_'(F W (21= : )
N + _’L
]: 1.2
( kPa4s- () 0 . (12
/ 8.95 / 9.8 h
( 064: ).
0.5
1.0 . (13
a 50 A .0.95
25
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Hydrostatic Forces

2-4

bulk heads

thrust

Hydrostatic force on a plane surface

3-4 .Centroid

F

\V\V\V\Vl\V‘VWW

3-4
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1-4

1-4

2-4



Fr=p.A 4-1

Fr=7h.A 42

1-4

(0.9

50 -2

P=Pim+y.h+vyyh
39 P=0+0.9x9.81x0.5 +9.81x0.39 = 8.24  k N/m’

2 ~+ a-2D? :%(0.58)2: 0.264 m’ -4

-5
Fr =P.A==8.24x0264 = 2.18kN

2-4
0.68 .3

3=L 068=s 1=h: -1
F=pg hA -2
05=2+1=2+h= h

CP 10 = (1x3)%0.5x9.81x0.68 = F

...... NS 0.33:3+1:E -3
3

58



Hydrostatic force on an inclined surface

4-4

0

Poim
VR B R A 2R AR
h

3-4

(Centre of pressure )
Centroid
y X
4-4
3-4 A SF h

SF = yhA 4-3

Fy =J6F=jyh.dA=jyysin9.dA=pgsinejydA 4-4

A A A A
SF
VoA = X first moment of area

59
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Fy; = YAysin0 = pgAysin0 = pgAh = yAh = Pg-A 4-5

= h
= Pg
5-4
[ ]
[ ]
[ )
.Centre of thrust Centre of pressure
.pgy’sin0.8A  SF.y pgysind.0A
6-4 Xpyp)  CP
Fy, :J.y.ESF:J.pgy2 sin 0dA 4-6
A A
7-4 5-4
F = pgysin 6A 4-5
_[ y*dA
A XX
Sy = =— 4-7
TUIA A
second moment of area (moment of inertia) = Iy
( )
( ) Slant depth
) («( ) )
) Centroid (
8-4
Lo = L + AY? 4-8
= IxG
.9-4
XC _—
=——+ 4-9
Yo A y
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XC

Fp.xp=[xdF = [x.yysin0.dA

XpZ

pgsinBSA

A
ysinB.y.A.xp =y sin 9‘[ xydA
A

j xydA

A

Ay

A

Ixy = IxyG +AX_y

>
Il

L

xG

3

+

ol

(y- )
Zxe
YA
(5-4) (-4
X
Y Yo
L XG
yG
5-4
oF
10-4 Fr.X,
4-10
4-11
4-12
product of inertia =
13-4
4-13

4-14
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°60=6 25=L

h

A=L. =25x

sin©®

Fp :YEA=9.81><1000><E><173.2=5.1MN
2 2

6
3
0.5
1.
1.5=1.5%x(3+2)+0.5=
y 0.5
v h
dy _
15x2=1
3
v
= 1
Fp =7Ah=981x1000x 5(1'5 x0.5)x 15=552 kN
SA

b y-05

05 15

1
b=—(y-05
3 (y-03)

SA = %(y—O.S)dy
¢ (1
I y2dA = j yz(—j(y—O.S)dy ~ 0885
0.5 3
2

.[ ydA = .[%(y— 05)y.dy = 05625
0.5

63
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5-4

-1
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2
[ y'aa
A 0.885
== — = = 1.
Yp 05625~ M
‘[ydA
A

Hydrostatic force on a curved surface

Horizontal component

F (6-4)
-F,
F
—
6-4
-Fy ( )
.F
-Fy Colinear
8A (7-4)
.15-4 0A OFy
PSA
X

8 Fy =PdAc

OF; =p.6A cosO 4-15
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.16-4

F, =J.pcose.dA 4-16
A
0A = cos0.dA
Vertical component ()
pSA SA (8-4) .
Fy 0
17-4 PcosO6A
X
F, :J.Pcosﬁ.dA 417
A
P=vh
=h
.18-4 oA = cosO0A
F, =yjhcose.dA=yjd¥ 4-18
A ¥
( ) .cos0.5A h =5V
.19-4
F, =¥ 4-19
20-4 (8-4) O X
F,.X =7 xd¥ 4-20
V
FV = 'Y¥
z=n dv 4-21
X=—|x i,
a4 ¥
=X
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5-4
4 2
2 1
4=L 1=h2 2=hl: -1
h1=2m / \
\
vl
H, H, -2
lengIA
h1 1 2
=pg—- h, = —pgh
pg—--hy =—pgh;
— L 1000%981x22 = 19.6 kN /m
2
1 2 1 2
HZ:Epgh :5x1000><9.81><1 =49kN/m
Fy=H,-H, =196-49=147kN/m : Fy
-3
:\/1
1(m,\2
\Y :E(Z(z) x9.81><1000j:15.41kN/m
:V2
1 2
Va=g 4(2) ><9.81><1()0()):7.7kN/m
FV:V1+V2:23.111(N
Fv thrust -4
Fr =(JF3, +F42] x4=(1/23.112 +14.712j x4 =109.6 kN
F
Fy 0=tan' =231 _575 -5

F, 1471

66
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0.44 .
600
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) 0.75
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3 2 0.5
2y 200
5 Cal
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le 4 RIPH 441
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5-4
1-5-4
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3

2.5
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3.5

38.7

G

G



( )
743 3.67 68.67: ).
( 74.3 68.67 0.48
]
4
.() parabolic (8
(225 7.1: ).
<>
20
1
30
©
(. 98.6 9.34 986 : ).
8 o
4
40 0.85 (10
0.5
( 0.25 162: )
ros
0.5
D
. 4 Sluice (11
(15 79.8 )
AG (=== \.-.
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(12

( 23.9: ).
2
s=0.8
/)
3
15
L2
(13
. 192 1.08 1.2
36.97 : ). ) 75
(
75 1.08
|[e—>]|
I 2 /
- [ 192 [
0.8 ) (14
20 : ). .
( /

I 1.5

1.2
1.8 1.5 1.8x 1.5 (15

31.8 : ). 0.3
( 1.425
— $ o3
1.8
0O .0.9 1.2 (16
h .CP
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( 22.5 1.65
al
s=0.4 | |
CG 4}2 —t—
. 30 (17
((6.4¢5) 61.6 52 33.1: ).
15
1
15
CP,
1.5 0.5 (18
( 5.8: )
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°20 1.5 (19

. 15 05
( 0.9 173 )
05
15
/1.5
10 C 18  AB 7
( 116: ).
h
N
Y ¢
C
c 7 10
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Buoyancy

1-5
\'A%
F 1-5
\'%
F F
—le—
\%
(1-5)
upward upthrust 2-5
downward thrust
.1-5
-5 ( ) =( ) - ( )
(2-5)
Centre of Buoyancy 2-5
centre of gravity
centroid
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¢/

P1

p = 1000)

3-5
P2 (V2)
.V1 G1 P18 V] = R1 = V1
.Vz G2 P2 g V2 = Rz = Vz
(2-5) p2gVatpr gV =
P1
Vi G
G, vV,
02 R,
3-5
G, G
1-5
1.5 = 6=B 12=1L
Gl p=1025)
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1 p=1025 1 p=1000 15=D 6=B 12 =L:

2
W = pgBLD = 1000x9.81x6x12x1.5x10° = 1059.5 kN
_w_ 10595x103
Ds= SoBL ~ T025x081x6x12 ~ 0™
12
1412 = 2x12x6x9.81x1000 = pgBLD =
353 = 1059 -1412 =
Equilibrium of Floating Bodies
:) R
R .G (mg =) W B
.(4-5 )
w
|
3-5
mg = pgV 5-3
v=2e_m 5-4
pg P
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3-5
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Stability of Submerged Bodies

4-5
(W =mg)
. W.BG.0 0 5-5
B G
B G
R R
B B
0 W=mg
() 0
5-5
Stability of Floating Bodies 5-5
el
W=mg /-> AM
S G; B
B = A1 xR
0 ()
G (mg =) W G 6-5
( ) 6 B
W R R=W G
W.x

76



.5-5
x=GM. 6 5-5
M Sin 6= tan 0 = 0 (radians) : 0
Metacentric height GM
() ()
GM W.GM. 6 : G
GM W.GM. 6 : G
G M
(rolling)
Determination of the Metacentric height
X P 0
X
I_Igl——)l ...... .
7-5
(mg =) W GM Px P
W.GM. 0 =
.6-5
W.GM. 6 =Px 5-6
Px
GM =—- 5-7
wo
(6—0)

( ) (G)

Determination of the position of
the metacentre in relation to the centre of buoyancy

B
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Metacentre

6-5

7-5
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8-5
0 B AC
AC . B’
.8-5 0
BB'
BM =—" 5-
0 8
B’ B
cocC’ AOA'
.CoC’ = AOA’
00 X (a)
8-5

ax0 = DD’ x a = (a)

Pg
x=AD
AOA' = Y pgax6 9-5
x=0

x=CD
COC' = Y pgax0 10-5
x=0

A1-5

AD CD
pgh > ax=pgb > ax 5-11
x=0 X
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00

coc’
pgbl = pgV.BB’
BB’ = o
\%
.16-5
Bm=PB _ 1
6 VvV

(0]6} ax

BB’
B B R

pgaxf x x = (a) 00

pgez ax’

00 I:Z:ax2 :

12-5 pgbl =
13-5 pgV.BB'=RBB' =R
.14-5 13-5 12-5
5-14
5-15

Metacentric radius

5-16
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2-5

W, Z, +0.575 W= (W, + W) Z’

311025 14 1.8 2.14
3 0.575
(1
W 1= B kKN
Y kN 14
1.8 G’ A
— G
zv 75
B 0.5 z
149 O 5
™~ |
G’ Z G, G @
\Y% 7'
z
T
ng=pg(Zd2jZ = = €
W+ W, :pg%dzz
. 4(w + Wl) _ 4(14 + 3)x1000 —047m
pgnd? 1025 x 981 x 1 x 2,142
B
1
OB=EZ=O.235m
G’ M
BG' = BM G'M' =0
nd
md_ 2 2
BG —pM-L__ 64 _d° 2147 5 h0m
LAY 16Z  16x047
—xZ
G!
Z’:%Z+BG:0.5><0.47+0.609:0.844m
z' Z
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(W+W,)Z'-0575W  17x10° x 0844 —0575x 14x10°

= =2.1m
! W, 3x10°
3-5
950 C12 6% 12
= ). ) 163
¢/ 1025
(1
M
G____
1.2 B 0.95
| o)
| 12
OB =1.22=0.6m
0G=0.95m
BG=0.95-0.6=.35m
I 12x6°
BM=—=—1£X0" ___»
Vo 2x12x6x12 2™
GM=25-035=2.15m
W = pgV = 1025x9.81x12x6x1.2x10" = 868.77 kN
W.GM.0 = Px
868.7336x2.15x0 =163
_ 163 _
0=86877 x 215~ 087 Rad
0=0087 x 180 _ 50
Y
4-5
3 10x28 . 210%x5600 25x 144
311025 °5 6.25
0
()
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W.GM.0 =Px
5628x10°xGMx57/180 = 28x10°x6.35

_28x180x6.35_
GM= 5628 x5x 1 =036m

3
BMo L _25x144

A\ 12xV

_5628x10° 3
V‘—wzs =5490.7317 m

82

1 25x14.4°
BM=—t = 22X1%%
V  12x5490.7317

.BG=1.133-0.362 = 0.771 m (

=1133m (

8-5
1-8-5

a
@



2-8-5
0.4 (1
(042: ).05

p s @
(%jz > 8s(1—s)
1.5 ) 60 €
= )
( 1.74: y.C/ 1025
N
N x
°90
0,
1.5 (draught) 15 8 4
1 °20

.

211025 .

22 .

499 1.46 1762 : )
800 1.5 3 buoy (5
10.6 : .G/ 1025 )

(

1.5 4 20 (6
2/ 50
( 06 1479 1 2207: ) 0.2
1.6 2 (7
(3.3: ).
S  0.8535<S<1 0<S<0.1465 (8
125 120 ©
7900 . ( ) . 3
( 13742: )./ 1000 3
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Similitude, Dimensional Analysis and Modeling
1-6

dimensional analysis

(model ) similitude

.(prototype )

Buckingham pi theorem 2-6

Pi - ) independent (k - 1) k

reference dimensions r (terms

3-6

repeating variables

.(MLT, FLT) basic dimensions ( ) 2
.(k-1) 3
) (4

1-6 (8

= ¢(TC2, T3, . Tler) 6-1
1-6
D . Apt

v n p
Apf: f(D’ p’ u’ V)
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5=k Apg,, D, p, 1, v (1

: @

k-r=5-3=2: €

)D,v,p (3= =) (4
(5

dependent variable .

1 =APD® v®. p°

FOL°T? =(FL? T)(L)*LT 'l)b(FL'4f2)°

1+c¢ = o(for F)
-3+a+b-4c = 0(forL)
-b+2c = 0(forT)

1)

a=1,b=-2,c=-1
m = APgD/p v?
5 )
m=uD® vP p°

F'L’ T = (FL? T)(L)*LT ") (FL*T?)"

1+c = o(forF)
-2+a+b-4c = 0(forL)
I1-b+2c = 0(forT)

pv2 [FL*4T2)[LT*1)2
ST (FL2m om0
P et
ApfD _ (Lj
pv2 0 pDv

a=-1, b=-1, ¢c=-1
m = wWpDv

85



Re

(Re <<1)

.creeping flow

(1-6)

(1-6)

=Re

Re

Fr

Ca

St
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prototype

kinematic

scaled version

linear dimension

j, = dimm 6-2
dimp
4-6 3-6
1
A, = -0 6-3
1 1p
A, =~m -4
\% VP 6

Modeling and Similitude

Model Scale

2-6

87

4-6

5-6



Flow over immersed bodies 6-6

.external flow

boundary layer

( ) (1

.( ) axisymmetric (2

( ) 3

1-6

1-6
. wake blunt

OP.
ox

.vortex

Lift and drag 7-6

asymmetrical ( )

aeronautical

) ( ) airfoil 1-6
Tw P dA (hydrofoil
.5-6
dD = P.dA.sing + ty.dA.cos¢ 6-5

88



.6-6 5-6

D= ISP.dA.sin(p + ISIW.dA.coscp 6-6
D= Dp + D¢ 6-7
( )
(skin frictional drag )
.8-6
dL = - P.dA.cosp + tw.dA.sing 6-8
L=- ISP.dA.COS(p + ISTW.dA.sin(p 6-9
.10-6
L=- JSP.dA.coscp 6-10
12-6  11-6 Cpb CL
=—L 6-11
CL pva
2
=D 6-12
D PVZA
2
( )
-6 )

sing =0, cosp=1,D,=0:

D =D;=Jt,.dA 6-13
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(3-6 )

—
—
—
—
cosp=0,sinp=1,D¢=0:
D =Dp=JP.dA 6-14
Matrices 9-6
(.. ) rank, r n
determinent
(r) (r )
(r)
(r)
FLVupgCo 6-15
8=n
(m*s)
m's=n-r 6-16
( ) MLT 2-6 (r)
2-6
1 2 3 4 5 6 7 8
F L \ u p g C c
M 1 0 0 1 1 0 0 1
L 1 1 1 -1 -3 1 1 0
T -2 0 -1 -1 0 -2 -1 -2
.(MLT ) 3 matrix
(r=3 ) 3 3 Determinent
(r=3) Rank (r=3)
6 7 8)
0 0 1
11 0f=1Ix-1--2x1)=1(-1+2) =1
-2 -1 =2
16-6 (=3)
Son's=8-3=5ns 16-a
MLT
T L M
k1+k4+k5+k8:0 17-a
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k1+k2 +k3—k4—3k5+k6+k7 =0

17-b

—2k1—k3—k4—2k6—k7—2k8 =0 17-¢
kla k29 k}: k4’ kS k’s k6, k7, kg k’s
k6:kl+k2—k4 18-a
k7 =—2k1—2k2 —k3+4k4+k5 18-b
k8 :—kl—k4—k5 18-c
ki=1,k,=0,k3=0,ks;=0,ks=0
T 3-6 (ks, ks, ks)
T2 3_6 (k(n k7, kS) k2= 1, kl :0, k3=05 k4=0, k5=0
3-6
3-6
1 2 3 4 5 6 7 8
F L v n P g C s
T 1 0 0 0 0 1 -2 -1 Fg
CZG
11%] 0 1 0 0 0 1 ) 0 Le
C2
b1 0 0 1 0 0 0 -1 0 Vv
C
T, 0 0 0 1 0 -1 +4 -1 HC4
go
c
19-6
n=f(my, T, M3, T4, Ts) 6-19
n:f(ﬁ,ﬁ’x,& E) 6-20
c?c 2 € g o
MLT
F 22
n = 28 :MlingzT -1 (v)
C%o T“T“L*M
10-6
1-10-6
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2-10-6

B A (1
(T, T%: ). =x =y: d2y+Aﬂ+By:0
dX2 dx
washer 2
n =u =d =D: F=fD,d,u,p,p):
=p =
uD
(Dzizp_d{%’ij ) poub
d D d D 3
p p U
p U D .
.
) .
(APD’Q’PDU’APD:q{Q’@j
pg "D p - pU D" p
(4
(Q:C%DT4 L),
.27 10x3 6§
31
(% 10x5.77 : ).
.15 0.03 40 : 1 (6
(195 1920 : ).
0.05 0.5 6 30 span airfoil (7
6 angle of attack
. 3 500
(0.42 ©10x45 789 11: ).
prototype .2 flume 25:1 (spillway ) (8
5 37.5
.
0.2 1.5 : ) Q, 0.2 P07 Om .
( P 21875
800 0.9 kite ©
30 30 40
112

092 0.74: )
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Fluid Kinematics

ABCD

(deformation)

1-7

Shear force in moving fluids

)

> |

T =const x &

ABCD 1-7
A =BCxS : A

Shear Strain

7-1

93

= >
1
o

1-7

1-7

AB'C'D

2-7

AD



du
dy Y
1-7
du
—p4u -2
Mgy 7
0
Equation of Continuity
( )
X =&
& = pAu 7-3
= A
=u
incompressible
4-7 3-7
(.4
==—=Au 7-4
5%
y X
Z y X
Zy X W vV u
.5-7
op dpu) olpv) alpw)
E+6x+8y+6z =0 7-5
Ou, ov , Ow
U OV OV _o 7-6
dx - 6y+ 0z
-7 6-7 5-7 w=0
op , dpy) Alpv)
= =0 -
6t+ ox + oy 7-7
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dx oy

—mdu_d -
ma=m dt  dt (mu) 79

F=ma 7-10

Uy

Uy t

. Uy

&= plAlul = p2A2u2 =const
F:r&(u2 _ul):mu

7-8

Fluid Momentum 4-T
u m
=a
.10-7 =F
Uy
o
2-7
2-7
dmu, =
dmu, =
dt S
dm _
dt i
I&ll2 =
n&ul =
i
.Uy I&ul
7-11
11-7
7-12
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R =-F=-i®&Au
B 7-13
R = ul—uz)
A, u pr A u pi
m W =mg
A ow
Ay
w=mg
3-7
piA; (1
p2A2 2
1&112 = @3
I&ul = (4
w (5
.14-7
R:(plAl +n&ul)+(p2A2 +1&12)+w 7-14

#=pAjup =pyAsju,

I&HZ 1&111
15-7
_ 2 2
R= p1A1+p1A1u1 + p2A2+p2A2u2 + W
5 5 7-15
=A1(p1+p1u1)+A2[p2+p2u2)+w
qu22 Plul2
16-7 15-7 pP1= P2
R=A [ + u2)+A ( + uzJ 7-16
1\P1 Py 2\Pp Py
w
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16-7 15-7

1-7
.1 °90
3/ 1.289 / 30
0 / 30
/30 21
9
R=1&Au=1&(u1 —uz) :
&= pAu = 1289x1x30 = 38.67kg /s
C : (ul-llz)
/ 30 =ab
U, / 30 = ac
up-u, be
U b
abc
cb? = ab® + ac?
=307+ 30%= 1800
u-up = cb = V1800 = 42.42 m/s
~R=38.67x42.42=1641 N
2-7
°60 10 15
P 24 ) 1.24 1.38
10 Uy
P=1.24 bar

u;

R=A(prtpu;’) + Ax(prtpuy’)

3
AU AU 24x%x10

B=p AU =pyA Uy =—

=40kg/s
( ) P1=p2
& 40 4 1

U, =—- X — X

PopAL 103 1 (015)2

=226m/s
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& AU (0157 x226

U, = > =509m/s
PA, A, (0.1)
PA, =138 x 105%(0.15)2 ~24387N
pA u? = du, =40x236=904N
P,A, =124x10° %(o.l)2 =974N
a1, =40x 509 =2036N
PiA| +
I)\ E. 0
R F, P,A, +fu,
V.

Fo=(PiA;, + ) - (P2A; + w1, ) cos 60 = (2438.7 + 94.4) - (974 + 203.6) x 0.5 = 2533.1 - 588.8 =
19443 N

F,=(P,A, + s, ) sin 60 = (974 +203.6) x0,866 = 1019.8 N

R=[F2 +F2 =19443% +10198% =2196N

0 R
tan6=&:1.9
1941.6
0=62°15
06 R
3-7
°120 ./ 30 7.5
Uy
. U °120
u; =u
R =(u; -u,)

&= pAu=10> x %(0.075)2 x30=1325kg/s
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UpX =uyc08 60=30x 1/2=15m/s
s.ab=30+15=45m/s

— — 2
u;—u, =Au= ab =45x—=519m/s
cos30 3

R=132.5x51.9=6887N

u,=30-15=15m/s
&= pAu, =10’ x%(oms)2 x15=6625kg/s

2
Au, =225x—=2595m/s

V3

R=66.25x2595=1720N

&=1325kg/s

Au, =2595m/s
R=132.5x2595=3440N

Fx =R cos 30 =3440x0.866 = 2980 N

()

3-7

0 75 =.44700x100% _

1

x132.5x302

Uy

°30 R

4-7

pAU,

°30

30

447 = ¥ 10x15%2980 =

0
()



o=7

: Turbulent flow .
T=n*(dv/dy) 7-17
=1
=1
() =dudy
: Laminar flow ( )
)
Laminar (
Reynolds .Turbulent

.(4-7 )

o

d
A4
\ A
4-7
Reynolds number
18-7 Inertia Force
13v?2
Ma=PE Y p2y? 7-18
L
.19-7 ( ) Viscous Force
rA:uILZ =uVL 7-19
( ) Re
pL’V?  pLV
Re = =— 7-20
uVL u
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vd vd
Re:p—:_
u
2300
Hydraulic
p A
TP
Re= YDuP
u
du _
" dt 0
(
P g P_g I
ot 81;_0’ &_0

=V
=p
d L
7-21
=v
=v
2000
.2000
D Diameter
7-22
=P
7-23
: Ideal flow .
: Adiabatic flow

: Steady flow °

7-24

Steady flow - 55
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0v/ Os

=0

ov/ 0s#0

27-7

m* a

=0) normal depth

dy
dx
(
dp _, dp_
ds_o ds
)

du _
ds

7-25

7-27

102

=T
=t
terminal
: Unsteady flow .
. Uniform flow .
=s
=v
. Non-uniform flow .
7-26
)
=F
=m
= ( ) = 5
Stream lines



.stream surface

streamline

stream tube

Xy

Streamline acceleration

a, = dv/dt = (Ov/ds)( 3s/dt) = v(ev/ds) 728

Acceleration normal to streamline
7-29

centrifugal acceleration =

Stream Tubes

The Energy Equation

| +1

5-7

5-7 dm

103

:aS

(2) (P+dp)dA

I
£

I
< &

6-7



2F, = ma,

PdA - (P+dP)dA — pdAdisin g~ d Fg=p92dLdv 739

104

dFg
pdA

== =R

g dt
dl
1- =4 A
31-7 (v m pd

p_(P+dP] Fs _dvl

—— —dlsingy———>=— 7-31

PP * pdA g

XT dF, dl

dF,=tdPdl 7-32

dFx _ tdPdl _ dl 733

pdA  pdA pR

_dA
dp
tdl
=T 34
dh R 7-3
d (dz = dl sin@,) 30-7
pR
dP vV dz+dh =0 7-35
p g
( = ) 35-7
35-7
v m
Euler's Equation
v AB .0s CD AB .(6-7 )
P, . ptop vHdv  A+SA CD z P



prA*y =
p*A*V¥Ov = p*A*v¥[(v+3dv)-v]=CD AB

P*A =
(P+38P)*(A +08A) =
P*8A =
m*g*cosd =
P*A - (P + 6P)(A + 8A) + Ps*SA - m*g*cosd =
CD P+oP AB

P, =P +k*5P 7-36

37-7
Weight of element = m*g = p*g*volume = p*g*(A + 8A/2)*ds  7-37

cosd = 8z/8s 7-38

= P*3A - A*SP - SP*SA + P*SA + K*SP*SA — p*g*(A + 5A/2)*3s(52/55)

= -A*8P -p*g*A*dz

.39-7
P*A*V*SV = - A*3P - p*g*A*dz 7-39
(1/p)*(3P/3s) + v*(&v/8s) + g*(5z/3s) = 0 7-40
p .Euler's equation
41-7 40-7 ( =p)
.(Bernoulli's equation )
P/p*g+ v*/2g + z = constant = H 7-41
42-7 21 40-7
(Pi/p*g) + (vi°/2g) + 21 = (Po/p*g) + (v,'/28) + 25 7-42
A43-7 40-7
2
P v g 7-43
pg  2¢
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mg o
L]
L]
P
P+ &P
Py
mg
P P
=k
p*A*3s
40-7
.P



0

44-7

P2 V2 z2 2
(9P vzt [dny=0
P1 V1 & z1 1

2 2
2&} ViV, _
(p o +[2g 2g]+(22 zl)+H1—0

2 2
P1 Vi Py V3
—4+—+71|-Hi=|—=+==+7
(p 2g 1] 1 [p 2g 2}

turbines

z

P

7-46
p

2
Py V3
5t g T2 THATHL-HE=| — =450+ 2
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7-45

2

M

()

(1)

1)

7-44

(2

G/

/) =g

-7

p 2g

Free Jet ()




Vi 22:H 21:0 P1:P2:0 7-7 21

A7-7 =
1
H
2
777
(Pi/y) + (vi’2g) + 21 = (Pofy) + (v2/28) + 75
0+0+H=0+(v,"/2g)+0
vo = (2g*H)* 7-47
velocity of free fall velocity of efflux 47-7
.Torricelli's theorem
Continuity of flow (Principle of Conservation of ( )
Mass)
( )
8-7
(
dA,
V2
P2
1
2
pP1*0A *u; = p,*0A,*u, = constant 7-48
equation of continuity 48-7

PI*AI* al = pz*Az* az =m 7-49
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= Als A2

=m
= u
(P1=p2)
A u =A% 1,=Q 7-50
(B3) =Q
2) =A
(7 =v
( ) rate meter
( )
(10-7 ) Venturi meter
I I 1
10-7
(Py/y) +) Bernoulli . 50-7
(z1=2) (A2<A; Q=AN=Ayv) (Vi’12g) = (Poy) + (V2 12g)
2 1
(Piy) - (Pory) = (122)*[(QY/AS) - (QY/AY)
Pi - P, = (p2A)*Q[1 - (AY/A))’]
Q' = A[{2%(Py - P)}(p*(1 - (AYA))]
Q= A*[{2*(P; - P)}(p*(1 - (A/AD)]™ 7-51
2g(h1-h J2gH
Q=A1A2M=A1A2—g 7-52
JAT-A3 JAT-A3
=Q
(2 ) = A
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H:h]-hz

Q=CAp42¢gH

C=C]C2

C = A

A=A

57-7

Q.= ca*A*(2g*H)™

109

= ‘A2
0) =hy, hy
7-53
52-7
.54-7
7-54
7-55
(1.02 098 ) -C
.56-7 C,
7-56
&
Orifice Meter
11-7
1 2
[ ]
LA
—
| |
11-7
7-57
= Q.
=Cq
A,
=g
=H
Nozzle
contraction
1 2
| |
al
12-7
Sluice Gate ( )
13-7
1
2
>
13-7



Q=2*b*[2g*(z: - /(1 - (z/2))]™

Q=7"b*[2g"4 [’

Q =¢ *b(zg)l/Z*H3/2

7-58

(z1>>2 )z

7-59

(14-7 )

14-7

7-60

Palmer - Bowls flume

Z

60-7

Energy and Hydraulic Grade Line

mg

15-7

m*g*z =

m*v?/2 =

110

(15-7



Vi2g =

A AB P
P*A = AB
AB' AB m*g
m*g/p*g=m/p = AB
m/p*A AA'
P*A*m/p*A = AA' X =
Plp*g =
) pressure energy flow work
total H
! energy
energy line
.energy grade line
piezometric head (z + P/p)
.hydraulic grade line
hydraulic
.velocity head total energy line .gradient
.61-7
(Piiy) + (vi%728) + z = (Pofy) + (v22/2g) + z, + losses 7-61
5-7
E R 45 E 15 0.877
8.78 . 0.6 09R E R 3.7
/3
R+Q=(w)R (ve) E
vE % =828m/s
60x--10.15
<X (015)
vR—38 _092m/s
60x 1(0.45
X043
37=2zp (zg=0) E
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2
[PE V% ] ~ ().9x105 8.28
ZE| = +

toe T +0|=1396m
P28 0877x103x981 2x981
2
2 092
v 5
PR,YR, R|= 0.6x10 . 37| - 1072m
P28 0877x103x981 2x981
R E R E
3.24=10.72 - 13.96 =
6-7
36.32
B A
75
z
36.32
R
(za=0) A B A
2 2
v v
PALIA o= BB 2B o35 )
P22 p 2g
Aava = Apvp
_(15)* yp=t
VA 30 VB 4vB
21 2 s
(VA) _E(VB) or VB_16VA
R =L

(PTB +0.75+z+ —316(')3;)2 x13.6j = (PTA +z+ —3160%2J

PTA - P—pB =0.75+4.94-03632 = 5327

2-v% 15v2

\ v v
5307 B YA  175__"YB_ (75

2g 2g
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2x981
v =(5327-075) S = 59867
vB =2.4468 m/s
3
~ T (015)2 - m>
Q=7(015)7x2.4468x60 = 2.594 T

9-7
( ) (1
2
. Re
=v
=H
=L
2100
( /7 x )
2
=k k;—g
10-7
L d
16-7 v
b
Py
16-7
(P,-PDA =

113



qv’PL = qv’ndL =
(P, - P))A =qv’PL 7-62
p;-D 2
he =2 2_4,2P; 28 Py v°
p p A p A 2g
h :&ﬁ
T m 2g
2
_A_ nd” _1
m_P 4 x nd d
2
.'.hfzﬂv—
d 2g
\%
Q
_Q_4Q 7-66
A 42
b4y _64Q? o’
F7d 28 542245 30305
2
hf:& 7-68
3d°
h
2_PATT -
Vet 7-69
Vz—Bmi
q
v:\/gx/mi=C\/mi

2
qvx

7-63

7-64

7-65

7-67

7-70
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71-7 ) 64-7

N S
L m2g
2gim
V= 7-71
v f
71-7 70-7
2g
C=.== 7-72
f
1
mZ
S
v =C+v/mi
o2 7-73
1= )
cm
74-7 hy
2 2
hf:iL:V2L=4V2L 7_74
c“m c¢“d
(0 11-7
P P
p=Cp.10.vC q®.uf 7-75
=C
=f ecb a
P=mL'T?
p=mL"
1=L
v=LT"!
d=L
pu=ML'T"
75-7
ML'T? = ML KLOKLETCxLxM LT
TLM
M: l=a+f @
L: -l1=3a+b+c+e-f (i)
T: -2=-c¢-f (iii)
b e c a
a=1-f (i)
C=2-f (iii)

e=-1+3a-C-b+f=-f-b (ii)

75-7
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p=cpll = Iiby 2Tyl 1
—f
)

2 B —f
S (2]

78-7 fk
2
I
p_ Pl (Pﬂ 7-78
d U
2
4fL v
h,=%=Y_ 49-
Pt 9-7
2
hy zizlv_(p(ﬂj 7-79
pg dg u
®
P, P, v L d
R
P,
17-7

2 _
(Pl—Pz)nR —27RL x t “
7_
‘t:Pl—Pzgngth
= L 2 L 2

[\S}

o 4fLvE 2fLy

f7d 2g 2g

R
pg2fl v2 R _ PV
I R 2

T 7-81
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0.14 Stanton and Pannell 1915
__T _
f= > .18-7 5
oY~
2
Log(%) = Log(Re)
(Re=2100 )B (AB)
D C C C B
0.006
0.005
T 3 0.004
iy ™
0.003 [
0.002
0.001
3032 3436 384 424446485052 55
pvdj
Lo (—
u
18-7
Shock Losses 12-7
Losses
. Major losses
. Minor losses
.82-7
_ kv2 .
h= 2 7-82
() =h
.= ¢(geometry, Re). =
(1) =v
¢/ =g
( )
.83-7 hy
h| = hm + hf 7-83
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.84-7

h,=h,+h,+h,+... etc

a;

Vi

@ M

Py

7-85

7-84

—
al |°° o
) 19-7
(1) Py
A Vo Pz
P, P, P,
85-7 &
Vi-vp) =
pQ _
—=|v,-v,] =
I
Pyay —Pja; P0(32 31):
P,

7-86
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avy

3)

— =<4 < 4h
p 2 p 2g L 787
2 2
ho ViV PR
L 2g p
2 2 2
N :vl—V2_2v1v2—2V2
L 2g 2g
_V%—V%—2V1V2+2V%
2
5 g 5 7-88
_ A —2v1v2 +V5
2g
2
h _(Vl‘Vz)
why = %
Vz_a_lvl
4
2
4
2 [1] o
hy = 2~ -1 L
L 2g ay) 2g 7-89
2 2 2 2 2
T :V_l(l_ﬂj zﬁ(ﬂ_lj vy
L7 2gU Ap 2g\ A2 2¢g
)
:\oog\l
—__\‘
—
S 2o
( )
3) Vena contracta
2 ©) (3)

) ®)
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hy

2 2
VA —V
hy -_C 2 7-90
2g
acVe =25V, 7-91
a
Ce __C
a
a
-2, __1
VC—a v2—C \P) 7-92
C
he = [L_ ]2 ﬁ 7-93
¢ Cc 2g
Cc
2 a
0.5 (CL_ J (Cc:Ac/AZ) _1
C a
2
_ vy _
hL =05 22 7-94
.95-7
2
hy =k¥— -
L 2 7-95
k:
K
(£ £ £ / £ — 1 7 7
—> -
7 7 7 7 7 1777
0.5=k 1.0=k
(r>0.14D) D 0.14
7
y X
B
=k 0.18 =k
30° <0 <60°
21-7
Globe valve 10 = k . K
0.19 = k gate valve 31 =k angle valve
09=k
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=7
3 720 6
0.01=f 1.2 240

©
Va. ) 3

)\m

>x

2 2

P \% P v 2
H+_A+_A:O+_B+_B+ﬂv_
P 2g p 28 d 2q

PA:PB; VA:VB:O

1o 4L V2
d 2g

2

6= 4x001x720 v~
1.2 2g

2 _ 6x12x2x981 _ 2,2
2x001x720 ~ ¥92mT/s
v=222m/s

T 42 T
Q=7d V=Z(1.2

g

)2 x222=251m3 /s
V, =0 A © (A)

P_A:P_C+h+ﬁ+ﬂﬁ
PP 2g  d 2g

Pe o 5 22 (1+4><0.01><240
p g 1.4

" P =-526x981x10° = 516XX
m

) = —5.26mH20

8-7
450 100
0.01=f 12

12 =ZA
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:ﬁ+iﬁ+ﬂﬁ
B 2¢g 220 d 2g

2 2
12= V—[1+0.5+—4 x 0-0“450} —1815Y
2g 0.1 2g

2 _12x2x981 44
1815 '

v=114m/s

3
T2 T 2 -3m
Q=,d V:Z(m) x114=896x107" ==

Navier Stoke Equations 13-7
P,(x+8x, y+3y, pi (X, Y ,2) (81) 22-7
7+067)
dx=udt;0y=vdt,0z=00dt
) 8x, 8y, 0z du u
- (Local) p; (X, ¥ ,2) ot (Convectional
.96-7
u=f(t,x,y, z) (7-96)
8u:%8t+a—8x+—8y+—6z (7-97)

(2) ot
du Odudt Oudx OJudy Oudz

— =t ———t— 4+ — (7-98)
5t 0tot Ox ot Oy ot 0z ot
St 5 8 5
(798) ol oueY-vesl-o
5t 8t 8t ot
Su du du @ o
S, A S e (7-99)
ot Ot ox oy 0z
.100-7 (7-99) St>zero
du du du @ o
CU_98 a2t (7-100)
dt ot ox oy 0z

d
cu. Total Acceleration
dt

0

6_1tl = Local Acceleration

ou . .
u— +v—+w— = Convectional Acceleration
ox 0y oz
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22-7

zy
7-101
ou OV w
—=—=—=7ero
ot o0t 0x
ou
— # Zero
0x
ou
— # Zero
ot
}@® X, ¥, 2

{Body Force, Gravity Force, Internal Force

123

23-7

F=ma



du
Spdx8ydz—=>» F
pixdysa St S F,

ZFX=p8X6y6zX+p8y62—

dx
——08ydz-pdydz-—
ax 2 yoz—-poyoz

d 0
ZF < =p8x8y62—u=p8x6y6ZX——pSXSySZ
dt ox

dw ow ow ow ow
—=—+u +
dt ot 0x oy oz

x)

ou
i+ —= Oy
R —

(7-102)

op &

(7-103)

pOxdydz=m=

X
——38yd
ox 2 yor

pdxdydz

(7-104)

7-105

Euler

T=pu—
Hay

0
’E+8’t:p—(

0
_u8y+uj
oy

Oy

8% u

8y2

r+51:=u—u+u dy
dy

82 u

ou

0% u

24-7

0
.:81:=r+81:—1::pa—u+u —0y—- u—=p —38y
y

8y2

0% u

Soét=p
oy?

dyS

2
ser=t 2pSSy
2
p Oy

oy

6y2

111-7
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du OJu ou ou ou 1 dp
—=—tu—+V—to—= X————
dt ot ox oy 0z p Ox
du 1 0p o%u o*u 8%u
—=X-——+v + +—
dt p Ox ox* oy? 0z?
dv 10p o*v *v v
i oy Y RPN P
dt poy 0x> 0y° 0z
dw 1 0p ?w 0w 8w
—=Z-———+vV + +
dt p 0z ox* oy’ oz’
X, Y, Z
ol gh ol gh ol gh
x__oeh) ,Aeh) , deh)
ox oy 0z
(sh=Tn )115-7
p
7-115
v=0 =0
oV _ 0o _
oy o0z
ou, Ov, 00 _
6x+6y+62_0
du _
6x_0
~u=1f(y,zt)

+(62u
ox?

Ft (%)

(7-112)
105-7

8%u

+62u
522

+
5y2

(7-113)

(g )

(7-114)

)

7-116
7-117

7-118

7-119

7-120
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|
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P

112-7

113-7
dw = p x Oy 6z
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122-7

123-7

o2 o2

~u=1(y)

2
Oz—l‘a—P(P+yh)+v 07u g
p@x ayz

2
P+yh):ug

A4
dx 8y2

du_1.4d
dy dx(P+yh)y+C1

1 d 2
UIE&(PJth)y +Cy+Cy

G, C
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7-121

115-7
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dh _ .

X sin 0

. dP _

Tdx

d _ d[0—vh)
&(P-F'Yh) ax
d —_
&(P+yh)— Y sin©

0 26-7
7-129
)
7-130

7-131

d 2
Oza(P+yh)><0 +C; x0+C,
..Cy=Zero

_ ysin® 2
u=- n y"+Cy

Q:—ySin9y+C

dy u 1
0:—"smeb+c1
p
"~Cl _ ysineb

u
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(b)

128-7 131-7
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m
. 2
ysinB.b
= 7-137
m 3u
y X v 27-7
dh
—:0 -1
dx 7-138
L= 7-139
0x dx
y
\
R
b
X
b
7777777 7 7 77 77 7 77
27-7
u=Zero y=-b
u=V y=b
139-7 128-7
1 dP,2
0=—-=—"-b"-C,b+C 7-140
2p dx 1°7%2
__1dPy2 _
V_2H de +Cb+C, 7-141
A -
€= b 7-142
142-7
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277 2 de 7-143
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L LA(2 2}V ]
u 2 dx be -y +2b(b+y) 7-144
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Viscous Flow in Closed Conduits

1-8
«C )
pipe duct
pvD
Re=—
( " )
2100
4000
Incompressible flow 2-8
r 1 t (1-8)
D
steady t
fully developed
t
<R
e
T )
)
P
v=u(r)i =
1-8
F = m*a, 8-1
a,=0 8-2
: T 1
Pi*mr” - (P - AP)mr” - T%2mur*1 = 0 8-3
_(P1=PoJ ¢y
g
AP/1=21/r 8-5
=1
T=c*r 8-6
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Tw

_(P1=P2)RY_AP(D
e (5) =453 87
8-8
2
tw = 8-8
Ty .(2-8 ) (T=1y) (r=D/2) (t=0) ( ) =0)
( )
(r(D/2)=IW .
() —
o r H(E) ﬁ( X
—
T(0)H IS |
< =)
2-8
¢=21,/D 8-9
=21, *1/D 8-10
d1-8 10-8 4-8
AP = 4*1*1,/D 8-11
)% >>1(
(Hazen-Poiseulle - ) 4-8
12-8 5-8
.12-8
_ydu__ du .
=M dy Mo 8-12
y=R-r
dy=-dr
(du/dy < 0) (t >0)
12-8 5-8
du/dr = - AP*r/2pu*1 8-13
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du= - (AP2p*)*r*dr 8-14

r=R =u
__1LAP(h2_ 2 B,
A
.16-8 r=D/2) =0 @=0 (@U=v) 14-8
2 2
_ APIRZ|_AP| D .
L (411} L {lﬂj 516
( ) = Ve
r=r) (@=uw @E=0) @=v) 14-8
U - Ve = - AP*r/4p*1 = - (AP*R*/4p*1)(r/R) 8-17
u="v, - (AP*DY16p*1)(t/R)’ 8-18
.19-8 11-8 16-8
U=V, - Ve(/R)* = v*[1 - (/R)’] 8-19
u(r) = (AP*D16p*1)*[1 - 2r/D)*]
= (AP*DY/16p*1)*[1 - (/R)’] 8-20
u(r) = (1 *D¥4p)*[1 - (/R)*] 8-21
=R R
Q=Ju*dA = [ u@*2nr*dr=2nv, [[1- (@R T*r*dr
A =0 0
Q = *R*v,/2 8-22

v =Q/A = (m*R*v,/2)/n*R* = v/2 = DP*D%/32u*]

v =AP*D*32p*] 8-23
=V
.24-8 v
R
[ 2nrudr
voQ_fudA o AP[RZ|_umax 824
A A TR2 L ( 8u 2
-8
.(Poiseulli’s law ) 25
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_APD2 D2 nD%AP

- = 8-25
Q 32uL © 4 128uL
() =Q
() =
( ) = AP
Clrx )( ) =u
() =L
()
Ap _ 1280Q 8-26
L p2
27-8
__64 _ 64 B
" VAP~ Re 8-27
u
1-8
>/ 900 /  0.05 100 200
. 105
* %
Re_PYd _ 05%01%900 _ o0 5000 a
u 0.05
64 _ 64
f=22_-9% _0071
Re ~ 900 ~ 27
2 2
gL PV 200, 900*0.5< _ - kN
AP =f = —O.O7lx0'1x 5 _16m2 2
:£(2j2_16xl000 (ﬂ): 2
WL g 200 \4)=2N/m G
AP 0]
(3-8 ) ) (AP - y.Lsing)
Q
et
yrr’lsing
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v = [(DP - y*I*sing)*D*)/32u*1

~ nD4(AP—y Lsin(p)

00 =
Q 128uL
2
v D~ AP
32uL
32ul
AP = 2HY
D2
AP
pv

2

[AP/(p*V?/2)] = 64(Wp*v*D)(I/D) = (64/Re)(I/D)

pv2

2

AP _
L

wlles

.29-8

8-29

)

8-30

8-31

32-8

x) (
¢/ x

8-32

) (

8-28
¢r ) =y
=0
30-8

(17 =v
0) =D

C ) = AP
) =p

0) =L

2
v
T) 31-8

Darcy-Weisbach

) =hf
) =p
0) =L

0) =D
(/) =v
¢ o) =y

¢/ =g
friction factor =f



= pv
2
.33-8 32-8
2
_AP _ L v7 .
hp== f5 22 8-33
=h,
.34-8 (AP = y*I*sin¢)
L 2 L o2
e Tt Ay e 8-34
Dy T D2
( 7/ .)(drop in hydraulic grade line ) =h
Turbulent flow 4-8
.35-8

7 = {(du,/dy) 8-35
eddy viscosity =C
=u,

power-law velocity 36-8

profile

u/ve=[1 - (t/R)]"" 8-36
( ) =n

n=7) one-seventh power law velocity profile

g|=

.(1-8 )
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1-8

k
0.009  0.0009 riveted steel
0.000045 commercial steel
0.00026 y
0.003  0.0003 castiron
concrete
.37-8
0316
f=_U216 8-37
Re025
Prandtl .(Re < 100000) 100000
1 _ -
i 2L0g(Re \E) 08 8-38
)1 J. Nikuradse
3 (ReRe < 100000 ) 100000 2 f= % 6
(Re > 100000) 100000
Colebrook and White
1 2e 18.7
—=174- 2Log(— + —j 8-39
\/F D Re \/?
Moody’s diagram
40-8 . )
£ 20001379 1+ [ 200008 + 10°)’ 8-40
’ D Re
% (4000 < Re < 107) +5%
0.01
head loss (1
£
f D
@
f .
( ) o
hf hf AP
hf Q Q
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hf D hf

2-8

900 ./ 0.05 200 100
.13

./ 3=v *l 900=p ./ 005=p 200=L 100=D:
vDp  3*0.1*900
n 0.05

0316 0316
f= = =036
Re025 5400025

Re= =5400 :

2 2
AP = f%pL:(),o%@w:zgzk_N

2 0.1 2 m2

3-8

12 1000 12

3/

(v=1.22X109)

00085 = £
0.00085 5

hiD*2g 12x12x2x32.2
= _y 2 _ 641t/ 0.0188 = f
v L 0.0188x1000x12 ¥

Re=YD 04" sh5uy05
v 122%107
0.0194 = f
/| 63=v
0.0194 = f Re = 5.16x10°

e Q=vA =6.3X0.7854 = 4.95 ft'/s
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P 6545

17.5 12.26 9.97
Q hf
4.5 9.97
5 12.26
6 17.5
hf
0
_9 Q
A2 =he Q
Dimensional Analysis of Pipe Flow 5-8
(APy)
A41-8
AP;=1(v, D, L &, 1, p) 8-41
= APf
=V
=1
=p
=p
3=r 7=k Aps, , D, p, 1, v
: 4=(k-r)
AP/(p*v*/2) = f(p*v*D/p, I/D, £/D) 8-42
= p*v*D/u=Re
= £
D
= p*v/2

dynamic pressure

42-8

ol—

APJ(p*v*/2) = (IID)d(p*v*D/p, &/D)
AP = P*(I/D)*(p*v?/2) 8-43
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f=¢(Re, e/D)
(e/D

completely (wholly) turbulent

44-8 steady incompressible

(Pi/y) + ou(v1728) + 21 = (Pofy) + aa(v27/28) + 25 + hy

o1 = o) fully developed (Di1=Dy, vi=Vvy,71=2)) :

45-8

hy = PH(I/D)*(v'/2g)

.46-8
(7 )
€
1 _ D 251
f——ZLog ﬁ +(Re\/?] 8-46
( ) Moody's diagram
47-8
1
u® _[j_x]n 8-47
V¢ _[1 R:|n
(1)
(2-8 ) ()
(7

141

)

8-44

@ M

(64/Re)
(f(e/D))

(AP=P,-P,=v*h) (

8-45

( /)t

9



48-8

hp

T

N
=2f

i=1

6-8

:Equivalent-velocity-head method

Liv?
'Dj 2¢

N
= hLl +hL2 +...+hLN = izZIhLi

EL
éz/
HGL
B
4-8
8-48
() =Q
(/)i = Qj
8-49
) :hLT
()i hLi:
( ) =N
.50-8
8-50
0 =h,
i =fj
(/)i =vj
()i =D
¢ 1) =g
( ) =
i =kj

: Equivalent Length method

51-8
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5
Le=iL(&j 8-51

fs \D
() ( ) =Le
=f
= fS
0) = Ds
0) =D
0) =L
4-8
200 200 100
4 . 0.01 0.02 250
() O:
0.02=1,; 200=D; 100=1L;: : -1

0.01=1, 250=D, 200=1L,:

Q = Ar*vy = As*v, .
(/4)* D**vy = (m/4)* Dy**v,
vo = vi*(Dy/Dy)? :
Vi = V2 x0.64 = *(250+200)x V1

hp, = (f1*La/Dy)*(vi® 2g) + (f2*La/D2)*(v2” 12g)
((9.81x2x >710x250) + *(v1%0.64))x200x0.01) + ((9.81x2x>"10x200) + *(v1)x100x0.02) = 4
[ 243= v, :
Q = Ar*vy °
£ 0.076 =72(10x200)x(4+ m)x2.28 = Q

Le = (f/ fg)*L*(Dg/D)5 : 200 .
32.768 = °(250+200)x200x(0.02+0.01) = Le

(0.02 200 ) .
132.768 = 100 + 32.768 = Le

hf = (FFL/D)*(v* /2g) : .
((9.81x2x*710x200) +2 vx132.768x0.02) = 4

/ 2431=v
Q = A*v: .
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/-8

5-7
.52-8
= —
= | —
_|> I_
5-7
N
Q = Q1+ Q+..+Qn = §Qi 8-52
(") =Q
« ) =N
.53-8
hLT :hLl :hL2 :---:hLi 8-53
0) =hp,
()i =hy
()0 (1
(2
Bernoulli's equation
Successive approximations
Hardy Cross
( .method
) (
.54-8 (
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>Q,=0 8-54
i=1
( )(F)i =Qj
« ) =N
(
.55-8 ( )
( )
.56-8
hf =k*Q" 8-56
() = hf
C7) =Q
) =k
(
n=2 h —fLﬁ Darcy-Weisbach ) =n
f "D 2g Y

2 1
n=2 [v = %rﬁ SZJ Manning's equation
(n=1.85 Hazen-Williams' equation

.57-8
Q= Q + AQ, 8-57
(F) ( ) =Q
(F) ( ) =Q
= AQ,
.58-8 ( )
(hp1 = Z(k*QM) 8-58
) = (hp1

.59-8
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he, = Z(K{Q,+4Q)"]

.60-8
b, =3 (I +n Q) AQ))

61-8
h
AQy=-=0t
n26
(
ZQ (
Ah:_nZQ
s Q
h
Ah

60-8

(n Z(h/Q)

8-59

59-8

8-60

8-61

>h

=(hp)2

.62-8
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8-62
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MHC

150 300

100

25

°20

94

20 15

8-8
1-8-8

2-8-8
280 180 230 (1
.0.0025 400
9 2 15 1

P 112 6 7.8) C/9982  °20 ) .2

P 25=Q z| | 1

«= <«

60 @

53 P 042: ).

15=¢ 1 4
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40 F o
5 )
20= o
Nk
Vmax = (1 _E) R (3
2V = —l U,
max (k+ 1)k +2)
570 (4
3.5
(1279 1756 ).
[ 124 35
g 570=v 3.5
%]
X 35
*
24 (5
0.0312 600 : 969
. 240= 150 = 300 = 150 =
103 F11 2 4 13: )2 150
20.1 202 (6
105 1.5
( 58.8 ) 5
10 B A (7
002=f 30=d 200=L 11
0025=f 25=d 100=L 2
0025=f 25=d 400=L 3
002=f 20=d 300=L 4
( £ 0.075: ). B A Q
1 10
2 4
A B
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8

15 15
(/ 48  ).095 15
T
e
/x
40 . ©
120 50
30 90
13 2.6 39 39: ).

(71831 /
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Open channel ( )

flow
1-9
conduits channel ( )
( )
.1-9
Re = ﬂ 9-1
n
( ) = Re
¢/ ) =p
(7) v
() =
Clrx )( ) s
2100
o 4000

500 (Re=PYIH)
[
12500
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(1-9)

Q~v Q~v N
Q~AP AP
Q ~ VAP
Q~p P
~11\p
Q-p' Q-1 n
n
2.5 Q~D' D
Q ~D?*
AP ~L AP ~L L
AP={(¢)
AP~¢’ €
1-9
0.5 18 °25
/ 05=v 1=L 0.18=D °25=T: -1
;025 a ) -2
/[ x  ¥T10x0.895=p / 997.1=p
1.67 = (*"10x0.895 )=(0.18%(60+°"10%0.5)x997.1) = : -3
2100
:Homogeneous flow (1
:Stratified flow 2
Tranquil or subcritical @
( )
Shooting, rapid, supercritical 2
( )
Critical flow 3
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2-9

F,

(1-9) @
ABCD (control volume)
F, F; (1
. W.sin6 \W v
( ) A3
Tol..Wp 4
.1-9
Fi+ W.sin® - Fs - 1,1..wp. =0 9-1
= Wp
=T,
F, @ momentum
.2-9 F,
Fi=F, 9-2
W=y.Al 9-3
sin@ = h/l 9-4
5-9 So
So = tanO = sind 9-5
.6-9 1-9
7.Alsin® = 1,l..wp. 9-6
7-9 g
Iy = A/Wp 9-7
=A
= wp
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Y. TH So = To
pv*/2
To=k pv*/2

k pV2/2 =Y.TH So

v=CyrHso
Q=CAyrHgso
.12-9
c=Kue 9-13
n
21
v =K
n
k 21
= EL 3q2
Q—Anﬂs
Ganguillet &

8-9
9-8

9-11

12-9

9-14

9-15
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6-9
.9-9
= TO
=k
LT ! =C
10-9
L’T! =
L? =
L = rH
=S,
C
C — TH%
n
C  149rH¢
n
1.49 = SI 1= =k
=n
Kutter
.16-9



23+_000155+Ll
C= S __n 9-16
[23 + 0.0%155 n
1+
JrH
( /0.5 )
( )
()
(/)
Bazin formula
.17-9
c=_862 9-17
1+ k
v rH
( /0.5 )
()
2-9 )
(2-9)
k
0.06
0.16
0.85
1.303
1.75
Manning
. Strickler's formula
C
n
14-9
v=X s 9-14
n
(7
(SI =) 1.49
-9 )
0)
(/)
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TH = A/wp:
() =wp @) = A
rg = D4 :

Nomograph

(3-9)

0.01
0.024
0.011
0.011
0.011
0.011

0.009
0.011
0.012
0.015
0.017

0.013
0.014

0.017

0.02 0.018

0.03
0.04

0.013

0.035  0.025

0.03
0.04
0.055
0.07

2-9
0.015 1.6
.0.015
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0.015=n 0.015=s 1.6=D:
0.015

Pivot line

TH=D/4 =16/4=04m
| 443 =
I 891 =4+ (1.6)xnx4.43 =

Liniss ==L 04300157 =443m/s

V=l = 0015

Q = (I/n)*A¥ry*s"2

m = A/w,
s n Q
A5/3 — n*Q/SOI/Z*WpZB 9-18
A=c*w,” 9.19
.2-9 A W,
1 y
> o

2-9
w,=b+2y 9.20
A =Db*y 9.21

21-9 20-9
w,=(Aly) +2y
A= (w, - 2y)*y 9.22
23-9 19-9 22-9

(W, - 2y)*y = c*w,”? 9.23

24-9 y 23-9
(dwy/dy - 2)*y + (W, - 2y)*1 = (2/5)*w, > **(dw,/dy) 9-24

dw,/dy =0 and w, =b + 2y
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bly=2

b/y = aspect ratio.

Total Head

2
Es= ——+y

27-9

9.25

Specific Energy

(9-27)
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F. <1

F.=1
y F.>1
A% 93> Q2
Q2> q
P qi
1
E E
4-9
Y2 Y 4-9
E .alternate depth
27-9)y Ye
dE _
dy
dE  -2q°
-— = 7 +1=0 9-28
dy  2gy
Y=Ye
5 1
3
q
=| — 9-29
-Ye =y
V =gy
( )
2
E = Q Tty 9-30
2gA
dE —ZQ2 dA
- _ T + 1 — O 9-31
dy 2gA° dy
da
dy ¢
by
(31-9)
2
b,
(éA; =1 9-32
Ye y
super y .subcritical
critical
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Gradually varied flow

dy
X y d_x
oYy dy
=0 dx dx
Depth Variation
.33-9
S| 1-
dy y
— = 3 9-33
dX y
(%)
y
dy
Y dx
-Ye Yn
H-= 5-9
................... $ N
V\L X v
M
Zr—
]
5-9
V2
H= g +y+z, 9-34
2
H= +y+ 9-35
2gy2 Y+z,
X
dH 2q° d d dz
@ __ q_s_y+_y+_b 9-36
dx 2gy” dx dx dx
dzp dH
- S dx Se dx
q2n2
Se = 2 ly
149°y 73
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2.2
qn

9 -37)

149°y'3S, 1497y (y

3
n n2 YH

-
, 149 y] y

Yn=Ye
Yn=®©

<0

160

by

Rh = 2y +b
(9-38)
(9-39)
Yo > Ye (Mild)
Yn<Ye (Steep)
(Critical)
(Horizontal)
(Adverse)
4-9



4-9

dy Ye In
dx y y
M-1 + <1 + <1
M
M-2 - <1 - >1 Yn = Ye
M-3 + > 1 _ > 1
S-1 + <1 + <1 S
S-2 _ > 1 - <1 YH<YC
S - + >1 - >1
C-1 + <1 + <1 C
C-3 + >1 - >1 | =Y
H-2 - <1 - - H
H-3 + >1 - - Yn=©
A-2 - <1 <1
A
A-3 + >1 Sy <0 <1 ya <0
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_ v2n2
T 149 R

— S, +S

S — el e2
¢ 2

162

6-9

(9 - 40)

(9 - 41)

(1)

= Sel
= Se2



7-9

V2

7-9
21
V,2 V22
2_g+YI+Zb1 £+Y2+Zb2+hL
[i YZ)_[z_ngrylj_(Zbl_ZbZ)_hL (9-42)
E,—E; =S Ax-S_Ax (9 - 43)
Ax=—2l1 (9 - 44)
Sb_Se
S M-3 A-2 H-2 M-2 M-I
A-3 H-3 C-3 C-1 S8-3 S-2 -1
3-9
=n) 0.001 . * 4000 50
20 (0.025
12
n=0.025 Q=4000ft/s y=20ft b=50ft Sb=0.001: (1
@
_ﬁ(éjz/
~ n \P ¢
Q
V==
A
n
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149 ( 50y j y
4000 = “—1(0.001)"2 50 x
002550+ 2y, (0001)7% 50xy,
10.95 = y,
AV
_| 9
yc - g
4000
50
( 5 jA
= 584 ft
Ve T\ 2x317
y=20>y,=10.95 >y, =5.84
M-1
12 20 Ax 44-9
12 20 y
(16) y 8 25
0.5
T A =b+ 2 =
Ax S, S, R:F P=b+2y EQ:Vf+y V:g A =by y
> 2g A
3115 | 0.0002217 | 0.0001820 11.111 90.0 20.248 4.0 1000 20
3570 0.000333 | 0.0002615 10.29 85.0 17.825 4.57 875 17.5
6640 0.000585 0.000405 9.375 80.0 15.443 5.34 750 15
0.000765 8.11 74.0 12.690 6.667 600 12
13325 | Ax
12 20 Ax
14330 0.0004735 0.0001820 11.111 90.0 20.248 4.0 1000 20
0.000765 8.11 74.0 12.690 6.667 600 12
.14330 13325
13101
( ) 5-9
rapid
subcritical supercritical
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.(8-9

step up

.nonuniform
) irreverisibilities

v
y kjéz) l h, U,
U,
/T(

_>h1

8-9
spillways overflow
control volume
(9-9
45-9
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chutes
sluice gate

shock losses



A 2V2

3
{4
velvvvy

gz y2

o
d T 1T B
—_— _’:: N~
G ” w7 7
9-9
ZFX = F1 - F2 = p*Q*(V2 - Vl) 9-45
.46-9
Ql = A]*V] = y|*V| (since A] = Y]) 9-46
47-9
Fi = (y*yi/2)*A, =y *y,%2 and F, = *y,%/2 9-47
.48-9 47-9
(1 *y1712) - (v #y2/2) =y *Q*(v2 - vi)g = *yr*vi*(v2 - vy)
or, (yi°/2) - (y2'/2) = yr*vi*(v2 - V1)/g 9-48
49-9 ( )
Q = A]*VI = AZ*VZ 9-49
V2 =yi*vi/y, 9-50
.51-9 47-9
(y12/2) - (y22/2) =y vi*[(yr*vily2) - vil/g 9-51
or, (y1 - y2)(y1 +y2) = 2y1*vi(y1 - y2)ly*g 9-52
Y1
(y1 +y2) = 2y, 5V ty *g 9-53
Fr
Fr, = vi/(g*y;)"? 9-54
(y2/y1)’ - (ya/y1) - 2Fr° =0 9-55
ax’+bx+c=0: 55-9
56-9
(v2/y1) = (1/2)*[-1 + (1 + 8Fr")"?] 9-56
(y2ly) =(1/2)*[-1 + (1 + 8Fr)"] 9-57
Y2
Y1
yo/y1>1
1 Fr;
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Fr1>1

(yi/y2)’ - (yi/y2) - 2F1," = 0

(y1/y2) =(1/2)*[-1 + (1 + 8Fr,")"?]

sub-critical

Yi + V12/2g =y + V22/2g + h]

hy = (y2 - y1) /4yr*ys

0.4 8

1.5 1

0.9

(P 29:

(33 1.65:

supercritical
58-9
9-58

59-9
9-59

1 Fr, 1

60-9
9-60

61-9 Fr; 60-9
9-61

Y1 y2  61-9

5- 10x1.6 0.8
( )

1500 1 0.025

) 0.0001

gunite concrete °

i
Y2
5-9
1-5-9
(a
@
G
“
(5
G
7
@
2-5-9
a
@
G
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.m 1 h

B:2h(\/ﬁ—m) :

y D €
L
>
S
(095D : ). )
chute ) 1.5 6
/ 6 1
Q_g..s /2
p 2
~ /6
o i>
2.8 0.4 (7
088: ).
( 41.2
15 1.2 (8
.
.
( 367 [/ 34 88 037: ) .
P 3 6 ©
( 73= ).0.012=n 0.002 32
P 20 Q (10
(y b) .0.025 /05 v
G/ 118 [ 542 442 573 )
1
3 A
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Boundry Layer

Concept of Boundry Layer 1-10
1904 Prandtl
Froud
1872
1-10 ( )
- 1
C) e
Free Stream (
o Flow Non Viscous ., Boundary Layer (b. 1.)
Shear (Viscous)
.,.«Flow Frictional Force
prangte 1904~ 7 S T Farhe
— [ 1]
Still Fluid
Froude (
1-10
Boundry Layer on a flate plate : 2-10
2-10
F, = X =
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I - Turbulent b. 1.
S e N Transitional b. 1.
Lami‘pa-r‘l‘). L. | Irrigular motion
> develops C
> SxOA 0 B
>
(0] ::'.
._:"inertia -
> & Viscous Forces J
I ]
2-10
du_ padu dx (10.1)
dx dt
(10.2)
(10.3) ( )
(10.4)
(10.5)
10-6
v v 107
y O
6-10 veL=yandu
10-8
10-9
Al 10-10
Ux
10-11
(Laminar b.l.) Mathematical H. Blasius
10-12
10-13
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= 10-14
Rex
2-10 X (Reynold’s Number ReN) Rex
Low Ax b.l. thikness (3)
Ax ( ) Flow
Shearing Stress at Wall 9-10 (3-10 ) To
D
T O™
................. \/;
““““ § oc/x
; T
=0 - < ~ DEorce . .
| |
1 1
3-10
3
T :pﬂocp—ocp S (10-15)
o dy VX
3
T OCUA ocL (10-16)
Jx
Total Drag Force (D)
X
D=| tbdx 10-17
o
=b
X _
Dzbj de= x 2 dx=2bx"
o X o
X
D~ b—= c/x 10-18
Jx
Coefficient of Frictional Drag Ce
B Drag force _
£~ Hypothetical drag
Ce= i D2 \/;2 ocL 10-19
EPU A —pU"xb Vx
18-10 15-10
| pu,/—.x.b |
— L 10-20
TR (RN
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1.328 = (Constant)

C.= 1.328
£ VvRex
-10) .ReN
(%1)

Cs

10-21

€y

(ReN = 5x10°~2x10°)

H. Blasius

Definition of B. L. Thickness
(

(21-10)

4-10
The Displacement Thickness &:

(A parameter)

o 5-10
U
................ /@l
/ - %, dq-udy
5-10

10-22

10-23

The Momentum Thickness 8™

172

10-24

10-25

10-26

S

1-3-10

2-3-10



Energy Dissipation Thickness §

10-27

10-28

10-29

Separation and Vortex formation

du _ zero and

dy

6-10

173

T = Z€ro

3-3-10

4-10



Properties of Laminar B. L.

7-10
(@-y)
o T
)
T
)
Y L To
7-10
du
T=pyy 10-30
Y
T
=[O ) =g (122 10-32
B U T A VA
ug—;:ro(l—%j 10-33
T
du= —0(1 - %j 10-34
p
U ¢ 8
jdu=—°j(1—1j6y 10-35
(6] u o 5
U T 81
jdu_Lf(l %j%y 10-36
u o
STo y I(YJZI &CO( lj
=== = = ) [
AT ERELV u[ 2 (O)}
0
U—8;° 10-37
p
36-10
u ot 5
due o (l_zj_y
[ du 5) s

|
|

2
Uoue Do %o X_l(lj 1039
2u n d 2\0
ot 2

U—u=2—0{1—2%+(%j ] 10-40
n
ot 2

.'.U—u=2—0[1—%} 10-41

u

174



.Parabolic

:(Force per unit width) (D)
D= JX T dx 10-42
0 o
D
D = Rate of change of Momentum
)
J. pudyxl
0
T, dxx1=1,dA : (U-u) 8-10
U U

) 8-10
X )

D= J.o T, dx =pj0u(U— u)dy 10-43
_a2fPufy_u )
D=pU oU(l U)Sy 10-44

U (41-10) (41-10) (37-10)
2 2
1_%:(1_%) :1_2%+(%) 10-45
u Yy Yy 2
2 Moy (y 2 y 2 dy
~D=pU 5(}) 23‘(3} 1‘(5} = 10-47
1 2 3 4
_au2si Y oY YT _(y) |y ]
R R I S
3 4 s
_ 2 ;(zj z(zj i(lj 1(1)
D=pU {2 5) “3l5) T4\5) 5%
0
-2 112 i
#D=-pU% 10-49
§=—X 14-10
Rex

175



2
c.-_D _4pPU” 5x 1
lpU2A 15 x2 Ux pU
2 L

2

Turbulent Boundary Layer

0
kk 6
5 =2
8
q=1ud
8 |
q:aS=ju6y=jU6%%y
0 0
ks 87
_ Y79 | Z2[Y)7
q‘USé(es) 5 = U8 8(5)
0
- 7_1
q—U8><8 8U6
.~.%:%=0. 75

176

Power Law

10-51

l_l)
( 177 th power

10-22

10-23

10-52

10-53

=1}

10-54

10-55

10-24

10-25

10-26

—

1

Rex



VAR _s|Z_7|_63-565_ 7
9(6) 6[8 9] 72 d 726
0
10-56
10-43
43-10 24-10
* %k
~D=p[u(U-u)dy=5 pU 10-57
b =D
10-58
Darcy Weisbach
10-59
10-60
59-10 60-10 f  55-10 U
2 2( US -4
U2 x1= Us) 4 i
5PU” x ¢=00225U ( V] 10-61
9-10 @ = ReN 61-10
( & \ )d 25
VR 0
ReN = 220 -
9-10
42-10
10-62
10-57
%k sk
=pu2 10-63
dx
10-56
7
d-L3
272
= 10-64
pU " 0-6

177



7 2ds _ 0.0225pU2

9 =557PU" ¢ 1 10-65
[@)4
L
I _11
.-.ja4d6=fo.0225x%U 4u4 dx 10-66
0 0
5 1
454 = 0.237(Qj4x 10-67
5 v
4 14
8:(5><0237j5.(UJ5x5 10-68
-02
.~.8=0.38(ﬁ) X 10-69
L
B —0-3% 5 10-70
X (Rex)'
8**_i6:lx 038X
72 (Rex)o.z
5" :%x 10-71
(Rex) :
-D
D=pu2s"" :%xwz 10-72
(Rex)™
0.037pU*>
:—02X 10-73
(Rex)™
73-10 X8 u't Drag Force (D)
D 49-10 3 (14-10) ) X% u'?
111
D—12—5U2><5x><U 2y 242
Cs
__Dxb _ Db _ 2D
Cp=gid—=g—— =" 10-74
—pU“A —pU"xb pU~x
2 2
2 x 0.037pU2 1 0.074
f= 02 2 T 02
(Rex) ’ pU“x (Rex) )
Ce :% 10-75
(Rex) ’
(The 7th root, or Power Law)
10-10 (10° ~10%) Rex ReN.
Von Karman . Rex
76-10
— =17+415LogC Rex 10-76

r

178



77-10

—L_ = 413C; Rex 10-77
C
f
Log C¢
0.01
0.007 \
Cf | 1328 Turbulent b. L.
Rex 3
0.004 N
_aminar b| 1. —| 0074 Blasius
(R 0.2
e x)
-l N\ 1
0.002 N_ .13Cf Relx  Vonkarman
_ ] 1700
0.0015 e Pr sndiN
0.001
107 10° 10 10 10° 107 0"
Log Rex
Rex 10-10
(Drag Coefficient)
Prandtl
.78-10
1700
C.=C - == 10-78
f fTurbulent Rex
1-10
1 o016 =v ()
/ 16
Rex=UX - 16x1 __ ;6
V.o ol6x104
(5x10°~ 2x109)
L8__5 _ 5 _.5
X 4Rex l106 103
.-.5=5><31 =5x10" °m
10 -
Ce
1328 _ 1.328 -3
C,= ==2£2 =1328 x 10
f JRex 193 ————
D

D=C, %pUzA:1.328><10_3><%><103><162><1><1:170 N

179



§Hxk

§**

6*

/

100 = U

. X

180

/

0.01 =p



=oz3-A3 )

du {; 6y> 4y ]

= - +
dy 5 3 54
=y
du_f2] 20 _2x1 _
dy_U[S} 5 0009 2222
t=u%=0.001><222.2 = 0222N/m?
y _
7-10
1-7-10
a
f Ce 2
€
28 (4
2-7-10
1 5
ufy_ulo% _ : -
jU(l Uj = =0117 3-10 u a
0
(117 — ) ). 10 1.0
D @
y=38
D=2p [(U-ujudy u
y=0
[ ]
.Cf o
[
[
v (¥)?
u_,Y_[¥ - -
) =23 (5) x | 00l=p / 20=U
4=8 ¥10x3.33 = C; ( /' 0.128=D( C?D:@Ig—tvzpudy(‘}\/
( 16=38"
€
1 1
X i:(l}7 X §:033(L)5
U o X X

181



=( P

468 =

30 1.0
y u y u
5 |U |s |V
0 1.00 | 0.8 |0.044
0.2 0.67 1.0 0.008
04 [037 [ 12 [o0.000
0.6 | 0.54
0.42 = 6*
20 5
(1.2: ) 2

182

4
30

20

0.0192 :
1.0

)

4



1) Douglas, J.F.; Gasiorek, J.M. and Swaffield, J.A., Fluid Mechanics, Longman Scientific and
Technical, New York, 1994,

2) Munson, B.R.; Young, D.F.,; and Okishi, T.H., Fundamentals of Fluid Mechanics, John
Wiley and Sons, 2nd Ed., New York, 1994.

3) Shames, I.H., Mechanics of Fluids, McGraw-Hill, Inc., New York, 1992.

4) Mott, R. L., Applied Fluid Mechanics, Prentice Hall Career and Technology, Englewood
Cliffs, New Jersey, 1994.

5) Abdl-Magid, I.M., Fluid Mechanics, Lecture notes, Sultan Qaboos University, Mucat, 1995
(Unpublished).

6) Massey, B.S., Mechanics of Fluids, Van Nostrand Reinhold (International), London, 1988.

7) Streeter, V.L. and Wylie, E.B., Fluid Mechanics, McGraw-Hill Book Co., London, 1988.

8) Douglas, J.F., Solving Problems in Fluid Mechanics, Vol. I and II Longman Scientific and
Technical, Essex, 1986.

9) Grade, R.J., and Mirajgaoker, A.G., Engineering Fluid Mechanics, New Chand and Bros.
Boorkee, Roorkee, India, 1988.

10)Vennard, J.K.; Street, R.L., Elementary Fluid Mechanics, John Wiley and Sons, New York,
1982.

11)Dugdale, R.H., Fluid Mechanics, George Godwin Ltd., London, 1981

12)Daugherty, R.L. and Franzini, J.B., Fluid Mechanics with Engineering Applications,
McGraw-Hill Inter. Book Co., London, 1977.

13)Evett, J.B., and Liu, C., Fundamentals of Fluid Mechanics, McGraw-Hill Co., New York,
1987.

14)Roy, D.N., Applied Fluid Mechanics, Ellis Horwood Ltd., Halsted Press: A Division of John
Wiley and Sons, New York, 1988.

15)Allen, T, and Ditsworth, R.L., Fluid Mechanics, McGraw-Hill Kogakusha, Ltd., Tokyo, 1972.

16)Giles, R.V., Evett, J.B., and Liu, C., Theory and Problems of Fluid Mechanics and
Hydraulics, Schaum’s Outline Series, 3rd Edi., McGraw-Hill, Inc., New York, 1994.
17)Rouse, H., Fluid Mechanics for hydraulic Engineers, Dover Publications, Inc., New York,
1961.
18)Sharpe, G. J., Solving Problems in Fluid Dynamics, Longman Scientific Technical, Essex,
1994,
19)White, F.M., Fluid Mechanics, McGraw-Hill Book Co., New York, 1986.
20)Langhaar, H. L., Dimentional Analysis and Theory of Models, John Wiely and Sons, New
York, 1951.
1988 @1
.1995 2
1967 3

) : 4

1999 @5
(26

1967
.198- (1) 7

183



184



51l ANy aadiall plall iy v 1-p e
(B35 plo) i) ) s
Bolallds s
0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.1 0 (A3 530)
2.15 -10
2.17 2.19 221 222 224 2.26 227 23 232 -9
234 2.36 2.38 24 241 243 245 2.49 2.51 -8
2.53 2.55 2.57 2.59 2.61 2.63 2.65 2.69 2.71 -7
2.73 2.75 2.77 2.8 2.82 2.84 2.86 291 293 -6
295 297 2.99 3.01 3.04 3.06 3.09 3.14 3.16 -5
3.18 3.22 3.24 3.27 3.29 3.32 3.34 3.39 3.41 -4
3.44 3.46 3.49 3.52 3.54 3.57 3.59 3.64 3.67 -3
3.7 3.73 3.76 3.79 3.82 3.85 3.88 3.94 3.97 -2
4 4.03 4.05 4.08 4.11 4.14 4.17 4.23 4.26 -1
4.29 433 4.36 4.4 4.43 4.46 4.49 4.55 4.58 0
4.89 4.86 4.82 4.78 4.75 4.71 4.69 4.62 4.58 0
5.25 5.21 5.18 5.14 5.11 5.07 5.03 4.96 4.92 1
5.64 5.6 5.57 5.53 5.48 5.44 54 533 529 2
6.06 6.01 5.97 593 5.89 5.84 5.8 5.72 5.68 3
6.49 6.45 6.4 6.36 6.31 6.27 6.23 6.14 6.1 4
6.96 6.91 6.86 6.82 6.77 6.72 6.68 6.58 6.54 5
7.46 7.41 7.36 731 725 72 7.16 7.06 7.01 6
7.98 7.93 7.88 7.82 7.77 7.72 7.67 7.56 751 7
8.54 8.48 8.43 8.37 8.32 8.26 8.21 8.1 8.04 8
9.14 9.08 9.02 8.96 8.9 8.84 8.78 8.67 8.61 9
9.77 9.71 9.65 9.58 9.52 9.46 9.39 9.26 9.2 10
10.45 10.38 1031 10.24 10.17 10.1 10.03 9.9 9.84 11
11.15 11.08 11 10.93 10.86 10.79 10.72 10.58 10.52 12
11.91 11.83 11.76 11.68 11.6 11.53 11.75 11.3 11.23 13
12.7 12.62 12.54 12.46 12.38 12.96 12.22 12.06 11.98 14
13.54 13.45 13.37 13.28 13.2 13.11 13.03 12.86 12.78 15
14.44 14.35 14.26 14.17 14.08 13.99 139 13.71 13.63 16
1538 15.27 15.17 15.09 14.99 14.9 14.8 14.62 14.53 17
16.36 16.26 16.16 16.06 15.96 15.96 15.76 15.56 15.46 18
17.43 17.32 17.21 17.1 17 16.9 16.79 16.57 16.46 19
18.54 18.43 18.31 18.2 18.08 17.97 17.86 17.64 17.53 20
19.7 19.58 19.46 19.35 19.23 19.11 19 18.77 18.65 21
20.93 20.8 20.69 20.58 2043 20.31 20.19 19.94 19.82 22
22.23 22.1 21.97 21.84 21.71 21.58 2145 21.19 21.05 23
23.6 2345 2331 23.19 23.05 2291 22.76 225 2227 24
25.08 24.94 24.79 24.64 24.49 2435 242 239 23.75 25
26.6 26.46 26.32 26.18 26.03 25.89 25.74 25.45 2531 26
28.16 28 27.85 27.69 27.53 27.37 2721 26.9 26.74 27
29.85 29.68 29.51 29.34 29.17 29 28.83 28.49 28.32 28
31.64 31.46 31.28 31.1 30.92 30.74 30.56 30.2 30.03 29
33.52 33.33 33.14 32.95 32.76 32.57 32.38 32 31.82 30

Wilson, E.M., Engineering Hydrology, Macmillan Education, 3rd Edi., Houndmills, 1983 uad
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shall dppal) Gl pid) (ary 2 3
okl gl e sl sl 510 xy = auSilil da gl da o %10 xp= ASuabipall dn 5500 4 5 FHEN]] 5l yall da )
#10xc = S fief i SIS Sfga e Sa o Fel g S o [ paS (Ra53)
el (5 s
7.56 9.807 1.792 1.792 999.8 Sea
7.54 9.807 1.674 1.674 999.9 2
7.51 9.808 1.568 1.568 1000 4
7.49 9.807 1.519 1.519 999.9 5
7.48 9.807 1.473 1.473 999.9 6
7.46 9.807 1.429 1.429 999.9 7
7.45 9.806 1.388 1.378 999.8 8
7.43 9.805 1.348 1.348 999.7 9
7.42 9.805 131 1.31 999.7 10
7.41 9.804 1.274 1.274 999.6 11
7.39 9.803 1.24 1.239 999.5 12
7.38 9.802 1.207 1.206 999.4 13
7.36 9.801 1.176 1.175 999.2 14
7.35 9.8 1.146 1.145 999 15
7.33 9.799 1.117 1.116 998.9 16
7.32 9.795 1.089 1.087 998.8 17
7.31 9.793 1.062 1.06 998.6 18
7.29 9.791 1.036 1.034 998.4 19
7.28 9.789 1.011 1.009 998.2 20
7 9.778 0.898 0.895 997.1 25
7.12 9.765 0.804 0.8 995.7 30
7.04 9.749 0.725 0.721 994.1 35
6.96 9.731 0.661 0.656 992.2 40
6.88 9.711 0.605 0.599 990.2 45
6.79 9.69 0.556 0.549 988.1 50
6.71 9.666 0.513 0.506 985.7 55
6.62 9.642 0.477 0.469 983.2 60
6.53 9.616 0.444 0.436 980.6 65
6.44 9.589 0.415 0.406 977.8 70
6.35 9.56 0.39 0.38 974.9 75
6.26 9.53 0.367 0.357 971.8 80
6.17 9.499 0.347 0.336 968.6 85
6.08 9.467 0.328 0.317 965.3 90
5.99 9.433 0.311 0.299 961.9 95
5.89 9.399 0.296 0.284 958.4 100

Van der Leeden, F.; Troise, F.L. & Todd, D.K, The water encyclopedia, 2nd Edi., Lewis Pub., Chelsea, 1991

Munson, B.R., Young, D.F, & Okiishi, T.H., Fundamentals of fluid mechanics, John Wiely & Sons, New York, 1991

Davis, M.L. & Cornwell, D.A., Introduction to environmental engineering, McGraw-Hill Inter. Editions,
Chemical Engng. Series, 2nd Edi., McGraw-Hill, Inc., 1991
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o) g gl il e o) gl pal A 3-a G
J<u 101325 «
ol s | e o PERS] FENENT
EESHMEN] Al e/C)B):‘53 e/aéSB s
e ol (5 5

>10x1.01 >10x1.57 15.5 1.58 50 -
>10x1.04 >10x1.54 14.85 1.51 40 -
>10x1.16 >10x1.61 13.68 1.4 20 -
>10x1.24 >10x1.67 13.2 1.34 10 -
>10x1.32 >10x1.71 12.67 1.29 0
>10x1.36 >10x1.73 12.45 1.27 5
>10x1.41 >10%1.76 12.23 1.25 10
>10x1.47 >10x1.8 12.01 1.23 15
>10x1.51 >10x1.82 11.81 1.2 20
>10x1.56 >10x1.85 11.61 1.18 25
>10%1.6 >10x1.86 11.43 1.17 30
>10x1.63 >10x1.88 11.09 1.14 35
>10%1.69 >10x1.91 11.05 1.13 40
>10%1.79 >10x1.95 10.88 1.11 50
>10x1.89 >10x2 10.4 1.06 60
>10x1.99 >10x2.04 10.09 1.03 70
°10%2.09 >10x%2.09 9.81 1 80
>10%2.19 >10%2.13 9.54 0.97 90
>10%2.29 >10%2.17 9.28 0.95 100
>10x2.51 >10%2.26 8.82 0.9 120
>10%2.74 >10%2.34 8.38 0.85 140
>10x2.97 >10x2.42 7.99 0.81 160
>10x3.2 >10%2.5 7.65 0.78 180
>10x3.4 >10x2.51 7.32 0.75 200
>10%3.7 >10%2.61 7.02 0.72 220
>10x4 >10%2.7 6.75 0.69 240
>10%4.2 >10%2.72 6.5 0.66 260
>10x4.5 >10x2.82 6.26 0.64 280
>10%4.84 >10%2.98 6.04 0.62 300
°>10x6.34 >10x%2.32 5.14 0.52 400
>10x7.97 >10x3.64 4.48 0.46 500
°10x9.75 >10x3.9 3.92 0.4 600
>10x11.7 >10x4.21 3.53 0.36 700

aldl v dens sbac : juadll

* Henry, J.G. & Heinke, G.W., Environmental science & engineering,
Prentice Hall, Englewood Cliffs, NJ, 1989

* Munson, B.R., Young, D.F., & Okiishi, T.H., Fundamentals of fluid
mechanics, John Wiely & Sons, New York, 1990

* Blevins, R.D., Applied fluid dynamics handbook,
Van Nostrand Reinhold Co., Berkshire, 1984

* Blake, L.S. Edi., Civil engineer's reference book,
Butterworths, London, 1986

187




IxyC IyC 7ICG
b
0 dp3 bg3 bd ~
12 12
ﬁ dG (- \V’(‘j
y 31
d
|&—> —
bh2(b-2d) bq3 L b
72 36 G 5 i
00 Xy
3 y
h
0 no4 - i’
4 4
4 4 r
0 03027 | 0.1098* | .2 o /TN
2 of ~
4
3n
-0.01647r* | 0.05488t* | 0.05488* | ;2
KN

188




PPIRRLY STETITTN

=20

L] [ s T N -] L] o "
o Q - - - - ~ ~N - L
| 1 | 1 1 |
.u.__.___-__.__.__.:_.:__:_._ v
L n - L - - -] =

L

407

2—-]-'66

s/10 CAN0IeA

ojyos 9d0|S
" ~ " "
- 2 ~ (3 ~®
3 iR g g iR 4 p bR Gt
ww  ssjpwoip ddig
73389588 % s98§3 8 ¥ 4 Buisd@udufituds g
o s o ) T i ] | | T T 1 I 1 1 1 1 1 ] I
{sidka s 3 goe 088 &4 & B 7E s Sk .
u  tajewoip edig
v g Moj4
WMMMMMMMN”N 3 & ? 2 ] e Q@ s m ~ @ - v - ~
[ | | 1 ] | 1
T :_-_::\_._:._._:_.‘_u_ L SR —u

Q e @
sl ‘Mol

0.013 = n AfiTad) culd giils Adlas il 14 B0

e

189



1¥s

Flow,

m¥/min

Flow,

in
4

84—
T8 =
72
B

Pipa diomater,

0 =
¥

8 i

42—

3% —]
33—
30 st

27

24 -

{You} n=0013 Aaad oty il Al iy V- Jok

2

1900
9%
180
1520
3
1220

L} -]

LI I 38

83

1530

mm

-Plps diameter,

ey

190

0 00O

O o002

0002

9003

Q@G04
0.c0%

2008
9007

o0

!
o
3

Stope rutlo

/s

Valocily,

- ] L : ;

-

~

-
~
-

]

3
-
a

-
“

ot st

~

il

1‘1 4

drh

m/y

Veiocily,



1Ys

Flow,

§83

§845

g £ 8 88¢8

BE ¥

é
Flow,

8

228~ 3790
2“: 3430
204 = 3160

180 = 4370
168 —{4270

108 42740

I:
'
g

Ba4 =g B3N

Pipe diamater,
o
i
&
&

29 =i §19

ot — 3N

FEE

mm

Pips diamater,

fiss

m

alocily,
Veiocity,

Siope rotio

:
20001
(2]
L]
00002 d
. W 4
00033
Ly .
0 000e
14
00005
feX e 3 (&}
0.0007
0.06008 e
O CO0R
©.000 R
. 8 -
19
20
0002 &
7
0.003
0.004 i
. 23
0005
O 006
007 E
0 008
0.00% 10

0.013 = n fiaal) colBU iile Uslas S a4 (3850

191

T



S ‘3d07S DINNVHAAH m
[

g / g

T mw =

[~}
~W-:.W::.1l. .__F._..qaqh h___.\r: -.._. = .Hq—.w_.w.w.%.w._.. M_. .

0-‘— ©.000

0
::._:___._‘
o W&mem
\ © s c oo
SY3i3W 000" ¥3d mm&.u: NI ‘OW3H 40 5507
\
\
2 'IN312144302 me.,_c_.s_;-zquz
2 8
g 8 18 4%
n \

A 'ONGD3S H3d) SH3LIW/NI 'ALID0T3A

LA

0.24

s M v m__ w.w.h—.w.wuk...__.:..a.::: £ | S S AL S ¢
\
w) \\
vy,

FHIT SNINENL

¥
»\
3/

o

/

.mquz.,_.:_z N '3did 40 ¥ILINVIC

i mmw:i '8 8 8§  gsERgg ¢ AW

\
7
/

m ‘ONO23S ¥3d SHILIT NI MO

2000

I B Y X I M M A

sl cijon Alslas by 5 (3

192



vi_

01

66000

g

0=73

. — ]

10°0

00 .

00

900

800

oro

6 i

w‘ s.c a .

193



oS Jels

oo

T
noe M
)
- Fully rough zone
0.07 : . : 0.05
: [ A e
i F " 003
= rrﬂ.,ﬂ 2 . I ; .
005 FEEL ST i ! . :
a2 = . oh
— % N . j .
oos 1R g Sya. :
HT= o NN . = = N _ w.mma
R //1/f — et T R c.ccm 3
003 Ree, sz. & pt ] | [ _ AT A i g ..I
EH =S At s TN Eebprssec mme ooy ns s VI
025 : w ST R P = R = .Llwuw
& .- ¥ G Jnpe (0 - v
0.025 3 I = - . =EsE! I
! i AT i s
o _ T TR 0.001
R NNBE RS2 0.0008
i = = 0.0006
SRS H—r 00004
0.015 q ”I ] [
: Smooth pipes 1 i”y...l ot S8 00002
e s = 0.0001
l‘ll.l..r lf’
SR 0.000,05
H01 S ! i .
0.009 i BRI oo
-l 109 2 3456 Bjpd ¢ 3 436 8308 2 3456808 2 3456 :oullv.,..ul.hﬂm//._o.
i ) "
ik XN ST p = 0.000.00! 7 = 0.000,005
Re= gl ‘BL

i

=3
@M

: )uaall

Fox R.W. and McDonald, A.T., Introduction to Fluid Mechanics,

John Wiley and Sons, New York, 3rd Edi., 1985

Lty dlsiat) Jalaa 7

ks

.

@

194

£

el

B

13
o

a4y

-




il gl Jy g Aaild (8) (38 0

0.4047
43560
4047
0.155
0.0929
2471
*10
6.542
0.3861
10.67
0.00155

1000

62.43
10.022
8.345
0.001
0.001
0.6242

~ O~ ~ ~ ~

448.8
28.32
0.02832
0.6462
0.00223
0.0631
15.85
1.547
44
35.31
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/3
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30.48
2.54
0.6214
3280.8
3.281
39.37
1.094
5280
1.6093
0.03937
0914

( 2000)

3 10x2.205
2.205
0.4536
16
2240
1.102

2/

2
(psi) >/
2

33.93
29.92

410x1.033

760
10.33

510x1.013

510
98.06
1.8665
0.49116
254
3386
0.145
0.0703
6895
13.595
0.01934
1333
1
133.3
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torr

(°F)

(K)

(9C/5)+32

5(F - 32)/9

C+237.16

F +459.67

(°C)

(R)

0.03281
0.6
196.8
3.281
0.508
30.48
1.097
1.609

S~~~

0.01
0.01

10

centipoise

6.229
7.481
28.316
0.02832
0.1605
0.1337
0.833
3.785
16.39
0.03532
0.22
0.2642
0.001
35.314
1000
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