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Indicate the unite of mass in basic dimension based on newton’s law.
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What is the dimension of viscosity, kinematic viscosity, shear stress?
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Velocity = ~Time
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:Fluid properties zlgall yolg
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:(p) Mass density &S 3L -1
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_m
P=3
where:
: mass, v: volume.m
P clol) AiSI1 d8LSU
k
1000_93 or 1L3
m cm

:(¥) (specific weight) Weight density 43)¢)l 4861 -2

Bu>g ((gamma) 1adliy «(y) @) a9 paad! B9 e (W) (923! Qdandl 88 (51 pgamandl Bug Ujg (2
L3l pllasdl i pdy ‘% Lguld

w
y= v
Where:

weightw:

e, slal) 43y ¢J1 A8LSUI

KN N
9.81 — or 9810 —;
m m
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: Volume, t:timeV
:(V) Specific volume (£ ¢! exd)l -5
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:(u) Viscosity 4>9341-10
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:Vapor pressure ybedl lais -11

Aol ¢y 0l A goes dumerdall dyylyzel! SHIABYI Gt Sl e Aaiinll Soliajadl dadgs Gl su3adl assall 9o
P9 <KPa J&wb oS! 1) o ST Bug Joaind Lo (4359 ‘% Al 899 Py 4 3ayg 3 Al JI ALl
i iy 2. 34 KPa 98 20° 8)ly> &y s slodl yles Jai> Siod 8)lymell dmya gLy ylied! Jais o3 ¢ %

.100°C 4>ys wic 101.3 KPa

Kinematic viscosity dsleiSI! d>g301 -12

2
(nu) Lty iy 5‘,33‘:": lgold B> caSleld AASUI A3LSIlg A 1 o Al (B

Fluid statics Skl a5l

gede 835001 Laikyall (5939 9w D> (3 ilgalls Gy

Pascal law JSuwb Busld
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125k (§ dladl o Jakall
P=yxh
18l § oudalis o Jasall 3,9
P, =vhy
P; =vh;

Py — P, =yhy —vh,

— Py —P; =y(hy — hy)

+ L e ha Jawd! I ks bedis 3133 Jasall
e I iy Laice Jis Jasiall

psia Bl Busg3 SI llall pUAHI s yolling P 30y &) 3,9 d-luwall Buig (3 Lidgas By35001 ol 32 tlaiall

2 B>y Uil (uling - = 1 Pt O Eu(Pa) SISl Bty iy LS ¢ o/ g5 6o clo-bunall Bt o

Abar = 10° %oi G ¢(bar)

Pressure measurement Jazall  wld

State the different principles of measurement of pressure
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:Barometer AwgyWl -2

5200 016 oy €355 o <Ub dogliag (gnls S BN puins) (e S e shos Aerle gl 30 558
(S9! largall (oldd) pusiany AoV I 3laadl siomdl (Ao (> @ Rt L}J’“"*ﬂ““ gV oy Zgidell
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:Simple manometer ! fgiladl -3

(S B (B3 puiany Lo WIE) (S s putsitiany ey U By JSo e 08 o zlzi)l (po BBl gl g0
.Pizometer suogndl O Aagilall

C daddl 393 Jarall jlude = B daddl §gd Jaisall ylude

PB=Pc

Pg=Py+yy* hy

Pc=VYug* hy




PA+YW* h1:YHg* hZ

Py=Vug* hy —yy* hy

:Differential manometer (§,&)1) goldl Aegilell -4

oged crtlai g Jaksall B9 (oled) (0155 91 crusedl o o A0l Ayl

Total pressure in left limb = Total pressure in right limb

Py + p8h; = Pyt p,8 hy+ p8hy &
Py

P,-Ps = p,8hy-pgh; +pgh, [

el 2Sleadl paibas Ae Jluwg dliw

Example -1-

Calculate the weight density of fluid, its relative density=2.5

Solution
YL Y N
d.=— »>>» 2.5=—— >> = 24525 —
re=y 9s10 Y m?
Example -2-

Calculate the weight density, relative density and specific volume of alchohol at 20°C, when the
mass density =788.6 k—‘z

m

Solution




Y=p*g »»  y=7736.16 - -1
_ Yalchohol __7736.6 _ -

r.d.= . >>» r.d.= 9810 > r.d.=0.788 -2

v=1 > Vel »» V=0.00126" -3
T ~ 7886 - kg

Example -3-

In an experiment the weight of 2.5 m? of liquid was found to be 18.75 KN, find the specific weight
(weight density) and the density.

Solution
_Y »>» y= 18.75 > =7.5 kN
Y= v Y= 2.5 y==7 m3
kg
Y=p*g »>>» 7.5x1000=p*x9.81 >> p=764.52$
Example -4-

A reservoir of glycerin, has a mass of (1200 kg), and a volume of (0.952 m3). Find the weight, mass
density, specific weight and specific gravity (s.g.) (relative density).

Solution
F=w=m.a
F=1200%9.81 =11770 N = 11.77KN
m 1200 kg
p—?—m:1261 :
w 11.77 k
y=;=m:12.36—3
12.36
rd=s.g.=y—:)=m= 6
Example -5-

A reservoir of carbon tetrochoride (ccls), has a mass of 500 kg and a volume of (0.315 m3), find the
weight, mass density, specific weight and specific gravity (r.d.)

Solution

F=w=m.a




F =500+9.81 =4905N = 4.905 KN

_m _ 500 _ 1587 kg
P= 70315 3
_w_4.905_155_7 kn
Y=y 70315 > 3
r.d=sg.= =981 =1.59

Example -6-

The specific gravity (r.d.) of ethyl alcohol is (0.79), calculate the specific weight and mass density.

Solution
Y =0.79%x9810 =
kg
p=0.79+1000 =790 —
m
Example -7-

The weight of water 9.25N, compute its mass.

Solution
w=m=xg
9.25=m=*9.81
m = 0.943 kg
Example -8-

If the specific weight is 8.2 % , what is its mass density.
Solution
Yy=p*g

P=Z
9

_8.2+1000 . kg
P="9g10 m3




Example -9-

Calculate the specific weight, density and specific gravity of one litre of a liquid which weights (7N)

Solution
v=1£€=103m3
1m3 =1000¢
Y 7 7000
Y=o " 103" 3
Yy 7000 g
=1 =—""=713.5 =
P=9 981 3
d=sg=Y-79_4.13
re=58=3""9g10
Example -10-

If (5 m3) of certain oil weight (45 KN), calculate the specific gravity and mass density of the oil.

Solution

k
9000=p+9.81  »» p= 917.43m—g3




1Ol giledl (§ Jaiall Ol  fe diud

Example -1-

Find the pressure in the pipe shown in figure below, r.d. 4;:=13.6

. Solution
Hg
PA+vy-hy —Vhg*hyg =0 Water
- A 17 cm
Yag =T1.dxYy 6cm
YHg = 13.6 9810
N
Yhg = 133416 3
PA + 9810 6 133416 —17 0
* — * =
100 100
PA +588.6 =22680.72
N KN
PA =22092.12 — =22.092 —
m m
Example -2-

Find the pressure in the pipe shown in figure below, r.d.;=13.6

Solution

PA—-vyy.hy —Vhgxhpyg =0
Yig =T.dx ¥y

Yig = 13.6 x 9810

N
YHg = 133416 W

PA—-9810%1.5—-133416+1.9=0

PA — 14715 —253490.4 =0

N KN
PA =268205.4 — =268.2 — 1.5m
m m

2
V\
R 2 A water




Example -3-

Calculate the different pressure between two pipes.

Solution

10 5 5

PA+— sy, — —— 2
100" " 100 Y49 " 100

*Yw = PB

PA + 10 9810
* —_—
100 100

* 9810 = PB

5
13.6 « 9810 —
* * 100

PA—-PB =-981+6670.8 +490.5

PA—-PB =6180.3 Pa

P1 = P2

P1=PA+ 10 9810
= *
100

* 9810

5
13.6 + 9810
* * * 100

5
P2 =PB
* 100




Example -4-

Calculate the different pressure between two pipes, r.d.,;; = 0.8

Solution

PA —Yoit * hojyt + YHg * hyg + ¥w * hy, = PB

Yag =T-dxyy

YHg = 13.6 9810

N
Yig = 133416 —

Yoit =T.d.xyy,

Yoir = 0.8+ 9810

N
Yoit = 7848 W

PB

PA — 7848 x + 133416 = + 9810 =

100 100 100

PA—PB =470.88 —8004.96 — 588.6
N

PA—-PB = -8122.68 —
m

Example -5-

Calculate the pressure at the pipe, r.d. =5

Solution
PA+yw. hy —v¥yg*xhpyg =0 —
v =rdey, -z WaAter 30 cm
Yy =5%9810 3cm

N

30
— 49050 *

=0
100

3
PA + 9810
+ *100

PA +294.3 = 14715




N KN
PA=14420 —5 = 14.42 —
m m

Example -6-

A differential manometer connected at the two points A and B at the same level in pipe containing
an soil of specific gravity (0.8), show difference in mercury levels at (100mm). Determine the
difference in pressure at two points.

Solution
PA+ H+9810%0.8 + 10 9810+ 0.8 100 9810 +«13.6 H «9810+0.8
* * 0. * *x(0.8 — * * . — * *x ().
1000 1000
= PB

PA +784.8 —13341.6 = PB

PA - PB =12556.8 -

Example -7-

An inverted differential manometer having an oil of relative density (0.75) was connected to two
different pipes caring water under pressure as shown in figure below. Determine the pressure in
pipe B, if the manometer reads s shown in the fig, take the pressure in the pipe A as 14715 N/m?2.

Solution

200 100
PA———%x9810 + *9810 x 0.75 + * 9810 = PB

1000 1000 1000

14715 - 1962 + 735.75 + 490.5 = PB




N K
PB =13979.25 — =13.979 —;
m m

oil
X r.d.=0.75

100 mm

50 m
200 mm G
a
< water

Example -8-

Calculate the pressure at point A, as shown in figure below, r.d..i=0.85, r.d.;z;=13.6

PA—-1.52%0.85%¥9.81-0.76+13.6+9.81 =0

PA =114.07 KPA

\ oil

@:

1520 mm

_I'lg_ Solution
760 mm

Example -9-



Calculate the different pressure between two pipes shown.
Solution
PA-1.625*%9.81+0.25*0.9%9.81+(1.625 — 0.25 — 0.5) **9.81=PB

PA—-PB =5.15KPA

water

Example -10-
Calculate the pressure at point A, as shown in figure below, r.d.x;=13.6
Solution

PA+YW'hw_YHg*hHg =0

YHg =T.dxVy -- - 80 mm
40 mm[ I

Yhg = 13.6 x 9810

N
YHg = 133416 W

40
PA +9810 x ———— 133416 * 0

1000 1000

PA+392.4-10673.28 =0

N
PA =10280.88 —
m




Example -11-

Calculate the pressure at point A, as shown in figure below, r.d.4z=13.6, r.d..i=0.8.

Solution
PA 0 0.8+x9810 250 133416 =0
- x(0.8 * - * =
1000 1000
N Hg
PA = 33354.56 —
m 250 mm
750 mm
\ oil
-t-- Example -12-

A diffrential manometer connected at the two points A and B at the same level in pipe containing
an soil of specific gravity (0.85), show diffrence in mercury levels at (150mm). Determine the
difference in pressure at two points.

Solution

150 150
/ PA+ H*9810%0.85 + 1000>I<9810>l<0.85—1000*9810* 13.6 —
H 9810 x0.85 = PB

oil
PA—-PB =18.76 KPA

/H%

A differential manometer containing mercury was used to measure the difference of pressure in
the pipe containing water as shown, find the pressure in the pipe if the manometer reading 0.8m.

Example -13-

Solution




PA+1.8+x9.81-0.8+9.81+x13.6—-0.8+x9.81 =PB
PA+ 17658 —106732.8 — 7848 = PB

PA— PB =96922.8 KPA

Example -14-

A differential manometer is connected to two pipes as shown, the pipe A is contain water and pipe
B is containing oil of r.d.=0.8, find the difference mercury level if the pressure difference in the two
pipes 80 KPA.

Hint: Pressure in pipe B is more than in A.
Solution
PA+3.5x9.81+h*13.6%9.81—-(h+1)%0.8+x9.81 =PB
PA +34.335+ 133.416h — 7.848h — 7.848 = PB
PA+26.487 + 125.568h = PB
PA— PB =-26.487 —125.568h
—80 = —26.487 — 125.568h

h=0.426m

3.5m




Example -15-

Calculate the difference of pressure of the pipes shown below.

Solution
PA—-1.65%9.81+0.25%x0.8%x9.81+0.5%x9.81 = PB
PA—-PB =9.31 KPA
y
1.65m
y |
<« water
Example -16-

If PA=50 KPA, Find PB.
Solution
PA—-0.8+¥9.81+0.15%13.6+9.81+0.5+x0.8+9.81 = PB
50-7.84+20.01+3.92=PB
PB = 66.088 KPA

80cm




Example -17-

If PA=50 KPA, Find PB.

Solution
PA—-0.8%¥9.81+0.15%x0.8%*9.81+0.5%x0.9+%9.81 = PB
PB =47.74 KPA
4
80 cm
\ water
Example -18-

In the pipe shown below, find the difference pressure.
PA-0.3%x0.8+x9.81+0.3+x9.81=PB

PA—-PB =-0.5886 KPA




Type of fluid 25!ge]! a,si
Ideal fluid Jlell psladl (1

Slep =04 dxgd VBl 1ia 0Y duodigh! Sl yams § $r9.02 Vol 00d Jio (23 (S & 3929 Y wledl 1 Je O
o S9lud dxslall A3Uall g1 S gy Y

Real fluid (&sd=l pldl - (2
WSy s Byglamiall gkl Wbz (e yad Wislgal W gl dgi) A I Sl 9o
Example (1):

5 &/sec of water flow in 30 cm diameter pipe if the kinematic viscosity of water (v = 0.000001 m?/s),
what is the type of flow?

pvD vD Channel

Re

v

Q=AV

5
—_ — = 3
V—A—>Q 1000—>Q 0.005m°/sec
V3 V(3
A=—+D>5A=—%0.32 5 4=0.07m?
4 4
0.005=V=%0.07
m
V=0071—
S

~0.071%0.3
~0.000001

Re = 21300 > 2000 Turbelant

v
Fr =
+g.-D
F 0.071 Fr = 0.041 < 1 (subcritical)
r=———>Fr=0. subcritica
v9.81%0.3
The flow is turbulent subcritical
Example (2):
Find the type of flow its depth 1 m, and the velocity 2m/s and its viscosity 0.0001 N.s /m?2.
R _pvy ‘_/1000*2*1
¢T T ~ 7 0.0001
Re = 20000 000 (turblent)
v
Fr =

Jay




2
r=————- Fr =0.63 < 1 (subcritical)

v9.81x1
The flow is turbulent subcritical
Continuity equation &)l seiwdl dslae
0Lyl adadie Calisl Loage A (2 (anlY) Blindl pladl § Obyll duS
Q=0
VlAl = VZAZ
Example:

In the pipe shown in fig below, the discharge carried by the pipe 0.5 m3 /sec Find the velocity in the section
(1)d{-30cm and in the section (2)d, = 20cm

Q:=Q;=0.5




AV =AW,

Q=A1V1
05—y, " 0.22
.5 = * — —
V,=15.9m/s
Q=A1V1
T+ 0.32
0.5= — *Vy
V,=7.07m/s
Example:

A Pipeline caring 1 m3/sec change from 60 cm to 90 cm in diameter, what are the velocities in each pipe?

Q1 =0 = AVi = AV,

T2 m 2 2
Al:Zdl =>A1=Z(0'6) = A41=0.28m

Y3 2 L2 2 2
Ay =7 dy? = A, 7(0.9)* = 42 = 0.636m

Q= A4V,
1=0.28.V,
V,=3.57m/s
Q; = A4;V;
1=0.636.V,
V,=1.572m/s
Example:
Find the diameter in both section, Q = 150 £/sec

150 0.15m? |
= = 0.
Q=7000 ¢ m/s

V1=1.1 m/sec _ Q
_ % — A = 0.15 A = 0 136m2 V2=2.5 m/sec
Rz 1711 = m |

Ay

T2 T2

A —Q=>A —0'15=>A = 0.06 m?
27y, T 75 2 = 0.00m

T
0.06=ZD§=DZ =0.27m

Example:

Find the diameter of the second section of Pipe when the dis charge is 2001/s and the diameter of first
section is (10cm) when V, = 1 m/s and find V.



Solution:

Q=0
A1V1 = A2V2
Q1 0.2
Vl = — = T
4, 7+ (0.1)?

V,=25.47m/s

AV, = AV,

25.47 % 0.00785 =1+ A,
A, = 0.2m?

b 2
0.2 =D}

D2 =0.5m

Example:

The Water being in horizontal Pipe that the section the radius by section 25cm by velocity 2 m/s ,and the
other velocity is 1.5 cm

Find the velocity in small section

AV =AW,

(2.5)2 9 (1.5)2 v
* | —— * = |— * *
™*\100 100) *T* V2

Equation of energy A8Uall dolas
Bernoulli equation Jgy dolas

Ao Ol Dolaedl 0dd (1o Sesg odoxins Vg (a5 Y d8Uall Ol e yai I dBUall Jad> 9936 JI Blall Dolae Ldkud
- 0Lyl Plne &oﬁs‘”_g Oyl Yils ol Jarall ol Gyl




£US1 palin Vg sueiy Y ) Jaikaall pé adlally Coldl byl Dl 3 dolall lgiiuoy J 935 Jusils @dladl Aslaall 0ds aibg
P R (L9l J-s Syl

p v
—+—+ Z = constant
¥ 29

g:pressure head (m) o) Lo
2

5 :velocity head 4s pudl i

p

o + z = h (pizometric head & o ndl Lixidrl)

Where:

Z: Elevation head (M) gl diseds

.oA2e Datum line G gudo 393 aladell LB d>luadl 3510 dladl i)l :Z

datum line (&= bas) Slwl as

Ja Bumg § AUl d3Uall :Z
2
JAUI Busg § 4Syoell A3l ;;’_
N g

hanll 8L P
¥

H: Total head 4l Ll

Example:

If the pipe laggard form 0.6 m at point A to 0.9m at point B, withV, = 2m/s

VoA =VgAp
Z*E*O6Z—V *E*O92
4 7 T B4

Vg =0.889m/s

22 3 PB 0.8892

15 +
P
-2 -12.16m
by

Pg = 119.3 kN /m?

2:981 >~ % t0t 3981

Find the pressure head ? and PB,where the % =15m

em

A4

Datum line




Example:

of water flow in horizontal pipe line which is 200m long and the center of line is 3m above datum 501/s
line the pipe from 30cm to 20 cm diameter ,if the pressure at the large end is 9.81 Kpa (kN/mZ)caIcuIate the
pressure at other end .

P1 Vi: p, V)’
—4+7Z — =247 _“
~+ 1+2g — 2+Zg
Q=50L/S
Q=0.05m3/s
Vl = &
Ay Z#3m
A —E*OSZ=>A =0.0706 m? .
17 ™ 1= Datum line
v,o=U oy = %9 6707 /
17, "1 T 00706 1T NIMUS
Q;
Vy,=—
277,
4
A, =Z*0‘22 = A, = 0.0314 m?
14 0.05 V,=1.59m/
= = .
270.0314 2 m/s
p1_ 9.81+1000
¥ 9810
0.707)?2 1.59)2
(0.7077% . bz, (159
2%9.81 9.81 2%9.81
p2 = 8.78 kpa
Example
of water flow pipe line shown find the pressure in the second if the pressure in the first section 50 [/s
100kpa
Solution:-
2 2
r1 Vi p2 V;
L T =24_2 417
tog T4 tog T2 N
_ 30 =0.05m3/
Ql - 1000!0 - Y m°/s
2 nd,? 2 (0. 25)2
= —3 =
17 4 1 4
Z=3m Z=bm
A; = 0.049m?
nd3 m* (0.2)?
A, =T$A2 =——= A4, =0.0314
Datum ling

Q =A,V; = 0.05=0.049  V,



V,=1.02m/s

V,=1.59m/s
100 = 1000 1.02)2 1.59)2
pg, 02 py (159
9810 2%x9.81 9810 2x9.81
P2
10.19+ 3+ 0.053 = 6+0.128
+3+ 9810+ +
&=7114m
¥

p = 69 789.78 N/m?

Hydraulic grade line (H.G.L.) $Wayisgl! yludl Jas-

pl i e . Ty & bt o o 2 e &
—+ Z L/l Dieddl ggame (pudy Jassallg g5 ieds g g9ame

Energy line (E.L) B8Ua)l las

S A &Y &SI Liedd) ggazeo (datum line) cowliall las- Sgiue 398 Al ¢y dails S gl 090 I Jasell 9o

Bl s s Gymall

|




Buoyancy Force galall 543

slaxll S 3339 liedl aSledl Gy (Sl Wyluio glall § dudliallg 8y gaiall pluBU JSE1 3550 3 355 Lyals 599 (2

sl G139
BWI e doi Lo Ji5 G9lud (buoyant force) dadls 8 st JI dadul aile § )gedoll puucdl! O (B 1gdlall Bucd
Fg=yx*v
v: zliedl Jiludl px>
¥y &djgl d8LSU

Fg = Buoyancy Force salall 849

w: el 039
yadsg AadI B o)l e Al BL) Catan) 25lal (§ Jargues puncd! OO dadIl 851 (yo ST (39l O3] il (5T W > Fp 0813

w
Fy v ng Sl 8 2 gl O dadll 89l oy J3I 0i9ll OE13) &5l T W < Fig 06'13) Lol
w
A v
Fp . .
i) b (S sy @ gaam euucel] OB dadll §9all Sglun 39N OS'13] &) T W = Fpp 0513] !
‘w
T v
Fp Ll Sl U8 (365 Lo JSldl o iy gl a0 ygadall 2320 O (P tpgall Busd
Example: -1
Find the Butlyranncy force on a fig shown below.
FB =x.v I
0.5m
V=1+1%0.5=0.5m> im 4
l FB= 9810 *0.5
FB=4905N

2- Find the Buoyancy force effected on a cube, its dimension (1*1*1) m in water if (1) submerged (2) float

half.
1) FB =x%.v
V=1+1+x1=v=1m?
FB =9810+1 = FB = 9810N
2)FB =x.v




V=1%1%0.5= v =0.5m°

FB=9810 *0.5
FB=4 905N
3) A spherical diameter is 1m and its mass 550 kg in water, show is the spherical will float or submerged.
8,S Spherical
w=mxg
w =550 *9.81
w = 5395N
FB=xx*v

4 3
V=c—% M* T
3

r=—=r=0.5m

4
V= §1t(0. 5)3 = v=0.523m3

FB=9810 *0.523
FB=5130.5N

FB< W: Submerged

cWIéM powe 2]

4- Show is the Cubic is flout or submerged if its dimension (1*¥*1*2) m and its mass 1000 kg
w=m*g

w=1000 *9.81

w=9810 N

v=2m?3

FB=9810 * 2

FB =19 620 N

FB >W sy puuclt gl e #S) sakall BgB Of Loy




Discharge i paill o OLydl Jize

It is the rate at movement at fluid pass on given Point.
m? /5 893 Slgandy (ol 5yme § gl i (a3l By § (§)lod)! @ledl dseS 92
.Q=AV or Q= % ,v:volume (m?3)
t:time (sec) m?
Where: discharge m3/s.
A: Area

V: velocity m/s




Examplel:- calculate the discharge at the section 10cm diameter and the velocity is 100 cm/sec.

Q=AV
4
A=—d?
4
4
A=—x10%
4 *
A=78.5cm?
Q=78.5+100

Q = 7850 cm3/s

2- Find the discharge during a pipe when the volume is equal to 100m? and the time is equal to 5 sec.

3-calculate the discharge when the velocity of flow through a pipe is equal 36. 4 m/s and the diameter of

pipe 5cm
Q=AV
A=—d?
A=0.00196m”
Q= 0. 00196*36.4=Q=0.049 m3 /s
4) 50 €/sec of fluid flow in pipe its diameter is (25 cm) find the velocity of flow in this pipe.
Q=AV
Q= 5—0= Q=0.05m3/s
1000
Ao 1t_D2 _mx 0.25?
4
=>A=0.049 m?
0.05
V= % = V=004
V=1.02m/s
5) 75 &/sec of water flow in pipes with velocity 3m/s , calculate the diameter of this Pipe
Q=V.A
Q= iﬁ Q =0.075m3/s
1000
A =m:>A = 0.025 m?

3




4
A=—D*
4

0.025 = = p2
' T4

D?=0.0318= D =0.178 m

6) 2400 £/min of water flow in pipe with velocity 150 cm/ s, Calculate the diameter in this pipe

2400 0.04m
= = = 0.
100060 ¢ m*/s
150 15 m/
= — = 1.
v 100 v m/sec
Q=V.A
0.04=1.5*A
A=0.026m>
A=—-D?
V(3
0.026 = — D?
D=0.184m

Type of flow oLyl §1g3!
Jolge Bue Je leiel HL el Chivay
ool Jole (Ae skeisYULAccording to time -1
29303 AR5 Y BUSYI pe ds ! velaisall p BN dagall Bl asbas- Gyl (e gedl lia § :steady flow col Oby>-1
ol a6 26 g ol
dv dp dp
—_— = 0‘ = =
dt dt dt
e A6 DLz g 138 (ol gl S purls duko) BAD )9 30 s A el Goanll iy gake Aais (g1 Jsg B3 Jsb w3 o
Coldl Ly2elb Lyl
o3l e gl Hlanadl ol gl asiS OLyIb Oyl (e g9l RV ‘3 : unsteady flow <ol a8 OLy=xll-2
dv dp dp

23 el gy gl die gy g5l S JUe
Al e slaieYULAccording to distance -2

QG Blo L 3 Jlho ¢ dbluall a0 9 531 J) Al (g0 BSlel pallas A&5Y 4dy : uniform flow  elatiedl GLyxll-3
ol 9l BUS y3-1 Jlie ¢ platie Oy 1igd i o 131 (531 Adluans Uy (e yasbiasdll o s o5 oMlel yasbasdll it g 53
( U5y o yall) Cob adadally Coli Lyl




dv

Non-uniform flow ekl 48 oLy==l-2

Blall g0 9l (53519 Aty ¢ Slall paSlias i 0Lyl e ol 130 &

dp dp

s # 0«¢ s * 0«¢ s =0
3-According to forces 4 8330J1 59l g9 Ae Slaieb
PP ddds ByS5all 55l 0dn el
‘QIJ\JIJ_gmiJlforce 1-Inertia
4931 8492-viscous force
4udlxll 899 3-gravity force
b (rtad) Sl o 83461 8333l S5l o Oyl ik 234l
1-Renoulds number (Re) &g o3)
_ Inertia force Q _ M
viscouse force v u
p:density
V:velocity
D: Depth 3o

p:mu(Dynamic viscosity)

v:nu(kine matic viscosity) = %

Laminar flow xildall Obsz)/

taw Ao slaedl bgdw day slodl GLy=g CubYI ‘3 Al Gy Jie delaiting diolite Oilido i slall OLy> 98
AS el (9SS odis Eadzmy Oyl 108 g (S 9o

Re <2000

Turbulent flow szl OL =l

095 bakis Gl oLyl 1429 ¢ pgd ‘3 slodl Gy Jio yams ae sy 0Lyl bglas 4.8 bb% ‘§.3J| 0Lyl g2
Adle Oyl de

Re > 2000
2-Froid number (Fr) 39,3 o3,

Inertia force v

"= Gravity force /D g

Super critical flow zy>xJl §g¢8 O y=xl!




Fr>1 .10 sS15958 03y 09S s
-JulB Banlly B S ds udl 0955 Baleg

Sub critical flow z =l e OL i

Fr <1 S Geally dud de i

critical flow zy=! HL el

Fr=1




Force on submerged surface 8)geiall pludl (e 8535001 55d1

ol d>luw ‘3 Ly e pdawdl bl are> ‘“3 W O gSums é.l" (hy) lassall Lgluwe ‘?S.‘l Jaiall §9S0 Ladl |y gaie audl o513
.J)goeiall

p=vhA @Y zhd jo S ial
sGoadl o Loy iy b hawdl B arezr § LG Jarll 090 Old Ao Bygueay )gaie zlawdl OE13] Lol
& Larae centroid area (vhy) d>luadl 35yl Lis Jaiall Soluw Sl § Hgee Sl haw e S Jarsall .

R-EA N |
p=v%hy.A S @aﬂdl&cgﬁll Lkl

sing ==

X0 . .

T h. ho ’__ﬂ"' Y
ho = Xp- sin 6 P N
P
A

c. g: center of gravity J&J Sy N L

c.p: center of pressure Jaiall Sy @

Center of pressure on submerged 5)3eiall Zohauwll Ao (S Jainll 3Sye
surface

C.g ISl 3550 Jiul Lasls 2l Lged 55 Sl O s (@I Aaid) 9o hakall S
daiall 09 d>Luwdl S50 o dadl 92 eccentricity 1(§3Syll OMSYI

e=Xx.—Xg

Iy
e=—
Ax()

Moment of Inertia 31! )gsaill a3 92 I O Cu>

bd3 .
IO = E Ml

Sl b (3150d1 aliall 58 b 101 o
Pl d
nD*

bd3
I - &M
0™ 36

Example: - 1

Find the total pressure of inclined rectangular submerged with 6=30° when its width is 4m and the height is
6m and the depth of up edge is 2m and find depth of pressure (hc).

2
sin30=x—=>x=4m

e 2m 911
he| |Po -



1
xozi(w v |d_9b+x
1 6+4
Xog = — *
072
Xo =7m
h
Sin30 = —2
Xo
ho =3.5m
P=9810*3.5*%24
P=824 040N
P=824.04 KN
La3lo d 9o Dl SSledl bt :dla=>Me
e=x,— X
X, =e+xp
Iy
X, = Ax + X
1 b’ I 46 Iy =72m*
= — = —3 =
=92 T T 12 0 m
72 +7
X =—"—
€ (4x6)x7
X.=17.43m
h, = x..sin 6.
h,=7.43%0.5
h,=3.71m
Ex:2
Find the eccentricity (e)for a circular gate when its diameter D=2m.
X0 =3
e =Xx.— X, e= Axg —
I mD* 1 w2t 1 0.785 m*
= — = — = 0.
=64 0T g 0 m
nD?
A=—— = A=3.14m?

4




_0.785
T 3.14+3

e=0.083m

3) Determine the force effected on surface shown below.

2
sin45 = —
X

sin45 = 0.707
2=x%0.707

x=2.82m

1 .
Xo = EB)S'JJ‘ shd 4+ x

Xo=2.82+1.5
Xo =4.32m

ho = Xo sin 45

hy = 3.07m

nD?
A=T,=>A= 707m2
p=rh0A

p =9810+3.07 x 7.07
p=212234.7N

p = 212.234 kN

4) A circular gate of 2m diameter is immersed in water as shown, Determine the pressure on gate and the
position of pressure

h0=x0
p:ThoA

Xo=1+2=3m

4
A=7D* = A=314m’

P=981%3+3.14 = p = 92.41 kpa

X, = h,

10=”—d4 =10=n*24=10=0.785m4
64 64

X, =e+Xx
Iy

e =
A *xg




_0.785
T 3.14+3

e = e=0.083m

x.=0.083 + 3

x,=3.08m

5) A rectangular gate 1m wide and 2m deep is immersed as shown. Determine the pressure and the position
of center of pressure.

Xo=2+1=>xy=3mA=2x1=2m

P =9810%*3 = 2

P = 58.86 kpa T

I = bd3
07 12
123 v
I, = =1, =0. 4
0 12 0 0.666m
Iy
e=—2 «—>
AX,
0.6667
e =
2%3
e=0.11m
e =xc—x0
xc=e+x0
x.=011+3
Xx.=3.11m
6)A rectangular plate 2m wide and 4m deep is immersed in water, its plane makes an angle of (6 = 25")
with the water surface as shown, and the depth of up edge 1.8m. Determine the total pressure and the
position of the center of pressure
p =77. ho A
A=2+4
A = 8m?
1.8
sin25 = —
X
X =4.25m -

4
x0:4.25+2=x0 = 6.25m

. hyg
sin 25 = —
X0




hy = 6.25 * sin 25

hy = 2.64m
| _ bd?
7 12

2 %43 .
Iy =—5—=1o=10.67m

I 10.67 0.22
= = = V.
¢ “ax, ¢T8+625 ¢ m
X, =e+xg
x.=e+6.25
X, =6.47m

: h.
sin25=—= h,=2.735m

c

P=9.81%2.645+8 = p =207.598 KN




Measurement of Discharge in Pipes Gl § Cinadll (ulid

1-Orifice: - is an opening in wall of tank which fluid discharge from high head to low.

@ L patll polid) Joaiuwg didolgll diceid! JI Al Lol oo WS (10 Bl Syom Ol o lar § dowid (p- gl
bl

P, V? P, Vi
2ty z, =24+ 247,
Y 2g Y 2g

Example: - Calculate the discharge flow of tan

Q=0.17"

Type of orifice:-

According to shape:

1- Circular orifice.

2- Rectangular orifice.

3- Triangular orifice.

According to size:
Small orifice -1

Large orifice -2

Hydraulic Coefficient A4S 9!l CMlolaed!

By Iy dngall Jo-um) 1yl Js-lig ddgas deun Jawdl JI youts , A gdll aud dniall 01331 § elodl il o
el OB e.U.)u.s’)L,as doid)l Aol L§3Lu.5)’ Sl &ha.A" d>luno O D i, dioedidl ans sloll Oboje A4S
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- Area of jet at contraction
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Area of orifice
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2- Coefficient of Velocity




_ Actuale velocity of contraction

~ Theoretical velocity of the jet v
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3- Coefficient of discharge

Actual discharge

Cd = theoritical discharge
Cd = CV * CC
=a*,/2ghQy,
Qqct
=——=C
Q4
(QKIC

=T:ch
Qact
=a *.[2gh=t

a g Cq
=Cq *a* Y, 29hQ
Example (1)

A 20 mm diameter orifice is discharging water under head of 1 m, if the actual discharge is 0.85 /s ; What
is the coefficient of discharge for the orifice ?

Solution:-

a=7d?* > a=7(0.02)" - a=0.314*107 m?

Qi =ax.2gh
Qn=0.314 + 1073 %2 +9.81+ 1
Q=139 %103 m3/s

- Qact 4
Q¢p

_ 085+1073
T139+1073°4

=0.611C,
Example (2)

A 60 mm diameter orifice is discharging water under head of 9m , Calculate the actual discharge through
the orifice and the actual velocity if C;=0.625, C,,=0.98 .

Solution:-

a=§d2 - a=§(o. 06)2 - 0=2.83*1073 m?
Qu =a*/2gh

=2.83*1073 *y/2%9.81+9

Q:n=37.6 *10"3m3/s

Qact =Ca *Qun

Quc: =0.625%(37.6*1073)




Quct =23.5 1073 m3/s

Vth=1’2gh
Vin=v2+9.81 %9

=133 m/s

Vact =Cy * Vi
=0.98 *13.3

Vaet =13 m/s

Example (3)

Find the act discharge of orifice, if h=3.5 m, d=25 cm, cd = 0.61.
Solution:-

Quct=Ca *a*\/2gh

a=7d? =7(0.25)*

a= 0.049 m*

Quc:=0.61 *0.049 */2 +9.81* 3.5

Quct=0.24m3/s




