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 ،،אא،אW 
 

 אאאאאאאאאא
א א א א א   א א  ،א   

אאאאאא
אאאא؛אא

אאאK 
 

 אאאאאאא
  א        ،א אא  

 א ، א א א אא א 
אא،אאא

אאאאאאאאאאאאא
     א  א   ،א  

אא،אאK 
 

 אא?אא?אא
א?אאאאאאאK 

 
 אאאאאאא

،א،אאאא
אאאאאK 

 
 אאא،א
אK 

 
       אאאא
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אאאאKאאא
אאאאFEאאאאאאK

אאאאאאאא،א
אא– JK 

אאאאאא
אאאאאאאא

אאKא،אאאא
אאאאK 

אאאאאאW 
 

• אאאאאאא
אK 

• אאאK 
• אאאאאK 
• אאאאאא

אאאאK 
• אאאאאאאא

אאאאK 
• אאאאאאא،א

אאאאK 
אאאאאאאאא
אאאאK
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א אאא אא 
אאא ١١٣ אאאא 
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אאW  א  א   אא  א אא אא
אאאאאאK 

אאW 
אאW 

o אאאאאאאK 
o אאאאאאK 
o אאאK 

 
אאאW 

אא١٠٠٪ 
 

אאW 
 

 
 

אאW 
١K אאאK 
 

 
 

אאW 
א،אאאK 

 
 



א אאא אא 
אאא ١١٣ אאאא 
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W 
אאאאאK

אאאאאאאאאאאא
אאKאאאאאאKK

אאאאאK 
،א،א،א،א،א،אא،אא
K Jא JאאK 

אאאFEאK 
אאאKא

אאאאאאאאKK
אאאאאאא

אKאאאאInternational 

System Of Units"אאאESIEאK 
אאאאא

אאאאאאאאאא
אאאאאאאאא

אאKאאאא
אאESIEK 
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אאא ١١٣ אאאא 
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אאW 
אא،אא

אאאאא
אאK 
 
אאW 


hr

mile60
sec
m 

אW 
1ft = 0.3048m   ,1mile = 5280ft    ,1hr =3600sec  

אאW 
 

13084.0 =×
ft
m

 

15280 =×
mile

ft
 

1sec3600 =×
hr 

 
אאאFאE،

K 
אאאאא،אאא

W 
 

( )( )( )
⎟
⎠
⎞

⎜
⎝
⎛=⎟

⎠
⎞

⎜
⎝
⎛=⎟

⎠
⎞

⎜
⎝
⎛
⎟
⎠
⎞

⎜
⎝
⎛
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
⎟
⎠
⎞

⎜
⎝
⎛=⎟

⎠
⎞

⎜
⎝
⎛

sec
8.26

sec3600
52803048.060

sec3600
152803048.06060 mmhr

miles
ft

ft
m

hr
mile

hr
mile 

אאאאאאאא
،אאאאK 

אאאSIאאא
אK 



א אאא אא 
אאא ١١٣ אאאא 
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אאאSIW 
 

• אא (1m)  FL E 
• אאא(1kg)  FME 
• אא(1sec)  F TE 
• אאא(1k)  

 
אאאאאאW 

 
• אWאאאFm3E 
• אWאא(m/sec)K 
• אWאNewton (N)،אא

אאאא(m/sec2)K 
• אWאאאKאאא

L(N/m2)K 
• אWאאאא

אL(kg/m3)K 
• אאWאאאm3/kgK 
• אWאאK(N.m)א(J) K 
• אWאאאא(Watt,W)K 

 
אאאW 

אאא،
אאאאאW 

• אK 
• אK 
• אK 



א אאא אא 
אאא ١١٣ אאאא 
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אאאאאFאSIKE 
אאאKאאאאא

F1 Kg E1 Kpa אK 
W 

אZא×א 
a   .    m    =   F 

אאאאFאE،אאאא
W 

אZא×אא 
g   .    m    =   F 

 

22 sec
.81.9

sec
8.911 mkgmKgKPa =×= 

אאאFאSIEאאאNאFK 
אNאאאא1 Kgא1m/s2K 

 

22

.
1111

s
mKg

s
mKgN =×=

 

NKP 81.91 = 
 

אאdaNNKPa 1101 =≈ 
 

אW 
אאאא،אאאאK 

 
אZP 
אZF 
אZA 

 

A
FP =  



א אאא אא 
אאא ١١٣ אאאא 
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א،אKP/cm2 

FאE1KP/cm2 = 1atm 
 

אאאא،W 
 

1bar = 10 N/cm2 = 1 daN/cm2 

 

1 bar  = 1.02 Kpa/cm2 

 
1KPa/cm2  = 0.98 bar 

 
אאאאאFאSI  E،אאFNEא

m2،אאאPa 
 

1Pa  = 1 N/m2 
 

אKאאאKא
אאאbar אK 

 
1 bar  = 100000 Pa 

 
אpsiFEאW 

 
1 bar = 14.5 psi 

 
אאאאאאאאKא

אא،אbarאאKאF١١Eא
אאאאK 



א אאא אא 
אאא ١١٣ אאאא 
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F١١Eאאאא 

 
אאאאאא

אאאW 
 

א אא 

א אאא אא

deca de 10 deci d 10-1 

hectoh 102 centi c 10-2 

kilo k 103 milli m 10-3 

mega M 106 micro u 10-6 

giga G 109 nano  n 10-9 

teraא T 1012 pico p 10-12 

 



א אאא אא 
אאא ١١٣ אאאא 
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אא،אאא
אאאאFאE

W 
 

ma
g

F
c

1
= 

Fאmאaאgcאא
אאאאאKאsiאא

W 

2sec
1111 mkg

g
Newton

c

××= 

                                  W 2sec
1

×
=

Newton
kgmgc  

אאW 

2sec
111 ftgIb

g
Ib m

c
f ××= 

 
אא(gc)אא2sec

.
174.32

f

m

Ib
Ibftא

אאsiאK 
אאאאאאBtuא

אאsiW 
 

1 Btu =1054.35 J(or N.m) 
 

אאאא(SI System)W 
אאאאW 

• אאK 
• אאK 
• אאאאאאK 



א אאא אא 
אאא ١١٣ אאאא 

  
 

- ٩ - 

• אאאאאkg
NK 

• אאאאJא
N.mאW،א،K 

 
 
W 

אא400 kj،،אאאwK 
 
אW 

WJhr
KJ

J
hr
KJP

hr
KJPPower

2.222
sec

2.222
sec3600

1000800

4002,

==⎟
⎠
⎞

⎜
⎝
⎛
⎟
⎠
⎞

⎜
⎝
⎛
⎟
⎠
⎞

⎜
⎝
⎛=

×=

 

W 
אאW 

E1 = 4000 J 
    E2 = 10 W.hr 
   E3 = 20 kN.m 

 
א KJBtuK 

אW 
( ) ( )

( ) Btu
KJ

BtuKJE

KJE

mKN
KJmKN

j
kj

hr
hrJ

J
KJJE

87.56
055.1
160

6020364

.
.20

1000
sec3600

sec
10

1000
4000

=⎟
⎠
⎞

⎜
⎝
⎛=

=++=

⎟
⎠
⎞

⎜
⎝
⎛+⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
⎟
⎠
⎞

⎜
⎝
⎛
⎟
⎠
⎞

⎜
⎝
⎛+⎟

⎠
⎞

⎜
⎝
⎛=

∑

∑

∑
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אאWאאאאK 
 

אאW 
אאW 

o אאאא 
o אאאאאאא

אאK 
 

אאאW 
אאאא٩٠٪ 

 
אאW 

٣ 
 

אאW 
אאאאאK 

 
אאW 

א،אאאK 



א אאא אא 
אאא١١٣ אאאא 
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W 
אאאאאאאא

אאאאאאKאאאאאא
אאאאאאאאK

אאאאאKאאW 
• אאWאאאאאK 
• אאWאאאאK 

 
אאאאא

אאאאאאאא
אאאאאא

אKאאאאאאא
אאאאאאאאאא

אאKאא،אאאאאא،א
،אאKא

אא،אאאאאK 
אאאאאא

אאאאאKאאא
אאאK 



א אאא אא 
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אא 
١LאρDensity: 

אאאאאאK
W 

 
אZאLאZ3m

kg
V
m

=ρ 
 

אא4אc1000 kg/mאאא 20CO
،1.2אkg/mFאאאאאE 

 
٢LאאγSpecific Weight :  

אאאאאאאאK
W 

 
אאZאLאZ3m

N
V
W

=γ 
 

אאאאW 
 

אאZא×אאZ
V
mgg =×= ργ 

 
٣LאאvWSpecific Volume   

אאאאאאאאאא
W 

 
אאZאLאZ

kg
m

m
Vv

31
ρ

== 



א אאא אא 
אאא١١٣ אאאא 
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٤LאאSGWGravity Specific 
אאאאאאא
אאא(4C0) 

 אאZאLאZ
w

fSG
ρ
ρ

= 

 
Kאאא 

אאאאא
אW 

 
אאTRmp ××=×ν 

 
W 

     אW
RT
p

=ρ 
 

W 
אא2m

Np = 
אא287(א( Kkg

JRR = 
T(K)אאא 

א3m
kg=ρ 

F٢ J١WE 
אWאא2cmא4m،א6.3mKא

א9772kg،אK 
אW 

אאW 

3m
kg

V
m

=ρ 
kgm 9772= 



א אאא אא 
אאא١١٣ אאאא 
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אאאW 
hdV ×= 2

4
π 

W 
d Zאאא،hZאאא 

 
32 31.116.32

4
mV =××=

π 
אאאW 
 

3864
31.11

9772
m
kg

V
m

===ρ 

 
 

 
F٢ J٢E 

אא،אאאאא
א1000kg/m،א6750 kg،אא

FאאאEK 
 

אW 
אW 

אL אWאH 
 

אאW2אWFאאEאWFא
אEאאKאVW 

322 wwwwhwlV =××=××= 
 

V
m

=ρ 



א אאא אא 
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32
67501000

w
= 

 

375.3
2000
67503 ==w 
 
 

mw 5.1375.33 == 
 

mwl 0.35.122 =×=×=∴ 
 

mwh 5.1==∴ 
 
F٢ J٣E 
אאא1.6k،אאאאאK 

 
אW 

 
אאא1000cm3 (0.001m3) 

 
אW 

 
 
 
 

3800
001.02

6.1
m
kg

V
m

f =
×

==ρ 
 



א אאא אא 
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- ١٦ - 

 
אאאאאאאאW 

 

8.0
1000
800

===
w

f
fSG

ρ
ρ 

אViscosityW 
אא،א

KאKאאא
Kאאא،אאאאאאK

אאKאאאא
K 

אאאאאאאאK 

 
F٢١Eא 

 
אאFF٢١Eא

UאאyאAאא
אFK 
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אFShear StressאKאא
wτאW 

 

 אאZאLאA
F

w =τ 
 

אאאאאא
W 

dY
du

wατ 
W 

 
 אאZ

dy
du

w µτ = 
 

µאאא،
אאאאאKאW 

 
 אאZ⎟

⎠
⎞

⎜
⎝
⎛

⎟
⎠
⎞⎜

⎝
⎛

= 2

sec.
m

N

dy
du

wτµ 

 
אאFKEאFKEFאESecPa

m
N .sec.

2 ==µ 

אאאאאאFאE
Cinematic Viscosity 

 

    אאZ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=

sec

2m
ρ
µγ 

 

א
sec

2mK 
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אאאאאאא
אאאKאאא

אאאKאאאאא
אK 

 
אאאW 

אאאKאאאאא
אאאאאא

אאאKאא،אאא
אאא

אאאאF٢٢KE 

 
F٢٢Eאאאאאא 

 
אF٢٣_אEאF٢٣Eאאא

KאKאאאאא 



א אאא אא 
אאא١١٣ אאאא 
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F٢א٣Eאאאאאא 

 



א אאא אא 
אאא١١٣ אאאא 
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F٢٣EאאFאEאאאא 

 



א אאא אא 
אאא١١٣ אאאא 
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F٢ J٤WE 
א אאא،א  

sec
1100=

dY
du1א

אא10-3 pa.secK 
אW 

Pa
dy
du

1.010010 3 =×=∴

×=

−τ

µτ
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אאאאאאW 
 

אאאW 
א،אא،אאאK 

 
אאאW 

א0.12m3אאא0.15m³א0.2m³
אאאא1.15kg/mKאאא
אאFKאאאאאא27501500

997אאKE 
 

אאאW 
FEאאאאאאאא1/sec100 

אאא0.001.א pa.sec 
FEאאא0.85א 

2.87×10¯³ N sec/ m²      
 

אאאאW 
אאא،אאא 

5.00×10¯4 N sec/ m²     א40C0 

 
אאאאW 

 
אאאאW 

אאKאאאKאא
אאאKאאאאKא

אאאאK 
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אאא١١٣ אאאא 
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אאאאW 
אאאאאאאא

אKאW 

vV
m 1
==ρ 

אאW 

ρ
1

==
m
Vv 

אאאאאאאW 
Vm ×= ρ 

אאW 
= 2750×0.12 =330  kgmg 

 
אW 

= 1500×0.15 = 225  kg    ms 
 

אW 
mw   = 997×0.2 = 199.4 kg 

 
אאW 

= 1.15×0.53 = 0.61  kgma 
 

 
אאm totalW 

 
m total = 755 kg 

אאW 
 

3755
1

755
m

kg
V
m

total

total
total ===ρ 

 



א אאא אא 
אאא١١٣ אאאא 
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אאאאאW 

kg
m

m
Vv

total

total
total

3
001325.0

755
1

=== 

אאאאW 
 

Eא JאאאאW 

dy
du

×= µτ 

τאµא
dy
duאאאK 

אאW 
 

τ = 0.001×100  = 0.1 Pa 
 

E J    אאZ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=

sec

2m
ρ
µγ 

 

3850100085.0
m
Kg

=×=ρ 
 

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
×=

×
== −

−

sec
103.3

850
1087.2 2

6
3 m

ρ
µγ 

אאאאאW 
אאאF٢٣E،אא 

5.00×10¯4 N sec/ m²     אא40C0אאאW 

 Benzene א
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אאא ١١٣ א 
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אאWאאא 
אאK 

אאW 
אאW 

o א Jאאאא Jאאא 
o אאאאאFEK 
o אאאK 
o אאאWאא JאK 
o אאאאK 
o אאאאאK 

 
אאאW 

אא٩٠٪ 
 

אאW 
٥K 

 
אאW 

١K אאאאK 
٢K אאאאאK 

 
אאW 

אאאאאאאאאK 
 
 



א אאא אא 
אאא ١١٣ א 
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W 
אאאאאאאKאאא

אאאאאאאאאK
אאאאK 

 
אpressure 

אאא،אK 
 

( )PaPascal
m
N

m
N

A
FP

=⎟
⎠
⎞

⎜
⎝
⎛

⎟
⎠
⎞

⎜
⎝
⎛=

2

2

 

 
W 

אא)( paP = 
אאא )(NF = 

אאאא)( 2mA =  
W 

( )211 m
Npa = 

  
                                        ( ) kpam

Nbar 1001000001 2 ==                 
F٣١E 

אFpistonE5mm1kNKאא
אK 

אW 
אאאאK 

 



א אאא אא 
אאא ١١٣ א 
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2

4
dA π

= 

barKPaP
m
KNP

P

A
FP

09.5509

509

1050
4

1000

2

62

==

=

××
=∴

=

−π 

 

 
٣١٣١ 

 
אאאאW 

אאאאאא
אא،אאאא

אאאKאאFaEאאFbE
אאאFcEאאFdEF٣٢EK 

 



א אאא אא 
אאא ١١٣ א 
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אF٣ J٢Eאאאא 

FEאPressure HeadW 
אאאאאאאאאK

אאאאאאאK 
אאאאאאאK 

 
٣٣א 

    
אאאאאאF٣٣EFρE

אאאFFEאFmE
אFgEאאאFpEאW 

 
hgP ××= ρ 
( )hgp ∆××=∆ ρ 

אאאh 
 



א אאא אא 
אאא ١١٣ א 
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F٣٢E 
אאאא300אcm 250cm450cmא،

אK1000Kg/m2 אאאK 
אW 

אאאאK 
 

 
F٣٤EאF٣٢E 

gmF ×= 
( ) gVF ××= ρ 
( ) ghAF ×××= ρ 

 23 sec
81.945.030.025.01000 mmmm

m
kgF ××××=   

NF 331= 
אאאW 

24400
25.030.0

331
m
N

A
Fp =

×
== 

 
 

אאאW 
hgP ××= ρ 

mm
m
kgP 45.0

sec
81.91000 23 ××= 

 
Kpa

m
KN

m
NP 40.44.44400 22 === 

                                    
אאאK 

 



א אאא אא 
אאא ١١٣ א 
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F٣٣E 
 AB 300m200mאKאאאא 

א31023
m
kg        

  
אW 

אאאאא
אאאאאאאK 

אA 
AA hgP ××= ρ 
30081.91023 ××=AP 
PaPA

610011.3 ×= 
אא B 

BB hgP ××= ρ 
20081.91023 ××=BP 
PaPB

610007.2 ×= 
אאאW 

PaPP BA
666 10004.110007.210011.3 ×=×−×=− 

אאאW   
hgPPp BA ∆××=−=∆ ρ 

( ) Pa610004.120030081.91023 ×=−××=PA-PB  

F٣٤WE 
אאF(101.325kN/m2W 

• 1000kg/m3K 
• א13.6K 
אW 

אW 
אאF101.325kn/m2E،אF1000kg/m3E،אאF13.6E،

אF9.81m/sec2KE 



א אאא אא 
אאא ١١٣ א 
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אW 
אאאא،אאאאK 

אW 
hgP ××= ρ 

 

2
3

2

sec81.9
1000

100000325.101

2

2

mm
kg

m
N

g
Ph
oH

oH

×

×
=

×
=
ρ

 

mh oH 33.10
2
=∴ 

  
אאא10.33 mK 

אאאא،
אW 

אאאאאאאW 
6.13×= HgHg ρρ 

 
36.131000 m

kg
Hg ×=ρ 

 
 א א     א   א א W

 

( )23

2

sec81.910006.13

100000325.101

m
m

kg
m

N
hHg

⎟
⎠
⎞⎜

⎝
⎛ ×

×
= 

 
hHg      = 0.76 m 

  

אא0.76 mאאא10.33 m
אאאK 



א אאא אא 
אאא ١١٣ א 
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אאאאW 
אאאאאאאאאאK

אאאאאאK 
אאאאאאFאאEא
אאאאKאא

אאK 
אאאKאאאאא

אאKKאאא
אFStandardEאאא 1.013 bar101.3 kN/m2אא

אאאאK 

 
 

F٣٥E 
אא 3.66m0.61mאא،

אאא،אאאאאאאא
אא،אאאא،א 1000kg/m3אW   

  ,    917kg/m3אאW101.3kN/m2K 



א אאא אא 
אאא ١١٣ א 
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F٣٥EאF٣٥E 

אW 
אF٣٥EאP2אאאאא،א

P1אאאP2אאאK 
P2 = P0 + P2g h2 

P2= (101.3 X 1000 N/m2) + (917 kg/m3) . (9.8 m/sec2).(3.05m) 
= 128737 N/m2. 

אאP1אאW 
P1 = P2+ P1gh1 

P1 = 128737N/m2 +(1000 kg/m3).(9.81 m/sec2).(0.61m) 
=134721.1 N/m2 

אאאא،אאאא
אאW 

P1(gauge) = P1 - P0(atm) 

= 134721.1-101.3 × 1000 
= 33421.1N/m2 

אא3.34 kN/m2 



א אאא אא 
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אFPressure MeasurementE 
א،אאא

אKאW 
 

אFThe BarometerE 

 
F٣٦Eא 

 
אאאא،אF٣٦Eא

،א،אאאFpE
אאאאא

אאאKאאאאאאא
אאאאאא

אאאאאאא
אאאאאאאK

א hאא ρא،אא
W 

P = ρ × g× h 
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gאKKאאK 
אאאא1.013 barאאאא

אW 
 

1.013 × 100000 = 1000 × 9.81 × h 
 

 =  10.326m
81.91000

100000013.1
×
×h = 

 
אאא10.326mאאאאKאא

אאאאא13.6אKא
אאאW 

 
1.013 × 100000 = 13600 × 9.81 × h 

 
  ∴h = 

81.913600
100000013.1
×

× = 0.76m = 760 mm  = 0.76 m 

 
אא760mmאF760 mm HgKE 

 



א אאא אא 
אאא ١١٣ א 
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אאThe Manometers )E : 
אאאאאאK א

Uאאאא
אאKKאא

אאאKאאאא
אKאאאאאK 

 
אאW 

אF٣٧EאKא
UKאאא

אאאאאF٣٧KE 
BאCK 

אBאאאאאhK 
אCאאאK 

 
PB = PC  = P0 + ρHg g h 

 

 
F٣٧Eאא 

 



א אאא אא 
אאא ١١٣ א 
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אאDifferential Manometer  
אאא

KאF٣٨EאאKאאאאFhEK 
אDאCK 
אDאP2אאאhאא
ZK 
אCא P1אאאFZ + hEK 

 
P1+(h+Z)ρAg =P2+ρBgh+ρAgZ 

 
P1+ P2= ρBhg +ρAgZ - ρAgZ - ρAgh 

 

 
F٣٨Eאא 

P1 – P2 = (ρB - ρA)gh      
 

אאאא،אאA
אAאBKאאW 

 
P1-P 2= ρB × g ×  h   



א אאא אא 
אאא ١١٣ א 
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אאWInclined Manometer 
אאאאאKא

אKאאאhX Sinθ Xאא
אθאאאF٣٩EK 

 
P1- P2 = ρg X Sinθ 

 

 
F٣٩Eאא 

 
אאFאאאEW 

אאאאPKאאאא،
אאאאK 

אאאאאאK
אPאאhאאρא

אgK 
אאאאאאW 

 
P = h . ρ .g 
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אאא ١١٣ א 
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F٣١٠Eאאאאא 

 
אאאאאאא،א

אאאאאא
F٣١٠KE 

P1 = P2 = P3 

אאאKאאאא
אFA1 = A2 = A3Eאאאאא

FF1 = F2 = F3KE 
 

אאFE 
F AF٣١١E،

P אאאאא،
אK 

 
 

A
FP = 



א אאא אא 
אאא ١١٣ א 
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F٣١١Eאא 

 
אא،אאאאKאאא

KאאאKא،
אאאאאאK 

אאאאאאאא،א
אאאא،אאא

אKא،אאאא10 m א1 
bar K 

 
אאאW 

אאא،א،אאK
F٣١٢אEאאאאאK 

 



א אאא אא 
אאא ١١٣ א 
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F٣١٢אEאאא 
 

אF٣١٢Eאאאא
אאW 

 
F٣١٢EאFEאא 

 
אF1אא  A1 P،W 

1

1

A
FP = 

אPאא،אA2KאF2
FאאאKE 

2

2

1

1

22 .

A
F

A
F

APF

=

=

 

W 

1

2

1

2

A
A

F
F

=  

  



א אאא אא 
אאא ١١٣ א 
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אאKאאאאK
אאאאאא

K 
אא،אF1אA1 ،אאא

אF2FאA2E،אאFאאא
אKE 

W 
אא 

 

1

2

2

1

A
A

S
S

= 

 
אאא،W 

W1 =  F1 ×  S1   
W2 =  F2 ×  S2   



א אאא אא 
אאא ١١٣ א 
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אאW 

 
F٣١٣Eאאא 

 
אF٣١٣EאאאKא

P1 אA1،אאF1Kאאא
אאP2אA2KאאאW 

 
F1 =  F2 = F   

W     P1  . A1 = F1 
P2  . A2  = F2 

W                   P1  . A1  = P2 . A2                                              
W 

1

2

2

1

A
A

P
P

= 

אW 
אאK 



א אאא אא 
אאא ١١٣ א 
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אאאאW 

 
F٣١٤Eאאא 

 
אF٣١٤EאאאאK 

אKאא،
אאאK 

אאאאKא،אאא
،א،אאאKאאא

אKאאאאאאאא
א،אKאאאא

אK 
אאאאאKא

א،אאF٣١٤E،אאא
א،אאK 

אא،אאKאאW 
o אאאK 
o אאK 
o K 



א אאא אא 
אאא ١١٣ א 
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Kאאא
אK 

אאF٣١٥KE 

 
F٣١٥Eאא 

 
אאא،אא،אW 

• FאאEK 
• FאאEK 
• אFאאאEK 

 א    FאE אאF אא K Eא 
אאK 

אאאאאאאK
אאאא،אאK 

 



א אאא אא 
אאא ١١٣ א 
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אאאאאאK 
אאאאאאאאאאאK

אאאא
K 

אאא
אאK 

 
אF٣١٦Eאאאאא 

 
F٣١٦Eאאאא 

 



א אאא אא 
אאא ١١٣ א 

  
 

- ٤٧ - 

אאW 
אאא،

א   Kאא
א،אאPאK 

אאKאא
אאאK 

F٣١٧EאאאK 

 
F٣١٧Eאא 

 
אאאAאD

אBאdKאאאB،
אאא AאאK
אאאBאאא b,a K 

אאאQ،אאdF1 אP1K
אאאאאW 

b
aQF ×=1 

QאאאאK 
אאP1אאF1 W 



א אאא אא 
אאא ١١٣ א 
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2
1

2

1

1

1
1

4

4
d
F

d

F
A
FP

×
×

=
⎟
⎠
⎞

⎜
⎝
⎛

==
ππ 

 
P1 = P2 = P 

 
א       א א א א 

אאאאF2אאאW 
 

2

2

2

2
1

2

1212 4
4

4 d
D

b
aQ

d
DFDPAPF =

××
×××

=
×

==
π
ππ

 

 
אאאאאא،אאאK

אאאאא،W 
 

2

2

2 d
D

b
aQF ××= ξ 

 
ξאאW 

 
 

80.085.0 ≥≥ ξ 



א אאא אא 
אאא ١١٣ א 
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אאאאW 
אאאאאאאא

אאאK 
 

  
F٣١٨Eאא  

 

 
F٣١٩Eאא 

 



א אאא אא 
אאא ١١٣ א 
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F٣٢٠Eאאא  

  

  
F٣٢١Eאאאאא  

  
  



א אאא אא 
אאא ١١٣ א 
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F٣٢٢Eאאאאאא  

  

  
F٣٢٣Eאאאא  

  

  
F٣٢٤Eאאאא   



א אאא אא 
אאא ١١٣ א 
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F٣٢٥Eאא  

  



א אאא אא 
אאא ١١٣ א 
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אאא 
 

אאאW 
FE א،אאK 
FE א,  7.5cmאאא 

6000NאאK 
FE אאאאא7.5 m 

1206 kg/m³ אאאא1 Mpa؟ 
FE א150 kpaאאFאE 95 kpaK 

אא؟ 
 

אאאW 
אאא101.325.א kpaא999kg/m³  K 

אאאאK 
 

אאאW 
אאא750 kg/m³10³kg/m³K

אא3mא2m،אאאאאאא 
אאKאאא1barK 

 
אאא 

 



א אאא אא 
אאא ١١٣ א 
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אאאאW 
אאאאא،אF א100 N

אא،אF2א؟אאאא 

 
אאאא 

 
אאאW 

אאאאW 
FE 

• אאאK 
• אאאאHאאK 

FE 
אאאW 

A
FP = 

אאW 
( )

KPaPaP

mDrA

1358135808
004418.0
6000

004418.0075.0
44

2222

≈==∴

=×==×=
πππ

 



א אאא אא 
אאא ١١٣ א 
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FE 
 
 
 
 
 
 

 
אאאFE 

 
אאאאאאאאאאאאא

אאאW 

KPaPaP

hgPPPP OiltopOiltop

7.10881088704)5.781.91206(1000000

)(

==××+=

××+=+= ρ

 

p אאאK 
 

FE 
אאאאHאא 

KPaPPP atmgbs 24595150\ =+=+= 
 

אאאאW 

mh

h
hgP

34.10
81.9999
10325.101

81.9999325.101
3

=
×
×

=∴

××=
××= ρ

 

 
אאאFא13600 kg/m³E 

 

7 5 m Oil



א אאא אא 
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h
hgp

××=×

××=

81.91360010325.101 3

ρ 
 

h = 0.76 m = 76 cm 
אאא١٠٧٦K 

 
אאאאW 

אאאW 

( ) ( ) kPaPaP

PPP

gage

WOilgage

5.44500100037502 ==×+×=

+=

 

אאאאW 

kPaP
kPaPabarP

kPaPaP

PPP

t

atm

gage

atmgaget

5.1041005.4
1001000001

5.44500

=+=∴
===

==

+=

 

 
אאאאאW 

 
אאF1FאאאאאEאאC

אאאאW 
 

(0.33m)(100 N) – (0.03m) F1 = 0  
 

N
m

NmF 1100
03.0

10033.0
1 =

×
= 

 
אאאאאW 

 



א אאא אא 
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- ٥٧ - 

1

2

1

2

A
A

F
F

= 

 
P1 = P2 = P = F1/A1 =F2/A2 

 
F1= P1A1= 1100 N 

 
P1 = 1100/A1 

 

2
6

21
1 1022.6

4

11001100
m
N

dA
P ×=== π 

 
P1= P2 

 
F2 = P1 A2 

 

( ) kNm
m
NF 22.1205.0

4
1022.6 2

2
6

2 =×××=
π

 



 

 

  

אא 

 

אאאא  

אאא 
ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹] 

אאאא 







א




٤
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אאWאאאאא
אאאאK 

אאW 
אאW 

o אאWאאאאאא J
אאא–אא J

אאא 
o א JאאK 
o אאאאFE J

אאאK  
 

אאאW 
אא٨٠٪ 

 
אאW 

٤K 
 

אאW 
١K אאאאאאאK 
٢K אאK 

 
אאW 

אאאFאאאEאאא
אK 



א אא אאא 
אאא ١١٣ א 
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W 
אאאאאאאאאאאK

אאאאאאאא
אאא،א

אאאאאאאK 
 

אאאאTypes of Fluid Flow 
 

אאאאאאאאאא
אאKאאא،א

אאאא
אאFParticlesEאאא
אKאאאאא

F Laminar FlowEF٤١E،אא
אאאKאא

אאאאאFTurbulent FlowEF٤١KE 
 

 



 
F٤١Eאא F٤١Eאא 

 



א אא אאא 
אאא ١١٣ א 
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אאFluids in MotionW 
אאא،אא

Kאאאאאא
KאאאאSteady Uniform Flow،אא

F٤٢KEאאאFConvergentEא
אאFאאF٤٢Eאא

Kאאאאא
אאFSteady Non-Uniform FlowEK 

 

 



 
F٤٢אE F٤٢E 

 
אRate of Flow 

אF٤٣E،אאאא
אאאאQK 
 

 
F٤٣Eאאאא 

 



א אא אאא 
אאא ١١٣ א 
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אאאאW 
Q

.A  = ×           ν  
 

אאאm3/sec 
אאא⋅

m 
א،W 

 
∴אZא ×א 

 
∴ m = V  × ρ 

 

Q
.

 × ρ = 
⋅

m 
 
 

א15mm .   0.6 m/secאאא
אאK 

 
אW 
אאאW 

Q
. =  A × ν                     

 

 (0.015)2X0.6 = 106.02X10-6  m3/sec
4
π = Q

.

 

 
אאאW 

⋅

Q = ρ × 
⋅

m 
 

 = 1000 × (106.02×10-6) = 0.106  kg/sec
⋅

m 



א אא אאא 
אאא ١١٣ א 
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אאFאאE  Continuity Equation 
אאאאFאEא

אאאאאאאאא
W 

= ρ1 × A1 × ν1 = ρ2 × A2 ×ν2    
⋅

m 
 

אאאאFאא،אEContinuity Equation
אLaw of Conservation of MassK 

אאאKאאא
אW 

ρ1 = ρ2 = ρ 
W 

A1 × ν1 = A2 × ν2 
 

21 QQ
⋅⋅

=∴ 
W 

FConverging PipeEאF٤٤E
אאא0.46mא0.15m،אא

0.3אm3،אאאאאK 
 

 
F٤٤Eא 

 



א אא אאא 
אאא ١١٣ א 
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אW 
אאW 

Q
.

 = A1 × ν1                     
אאאF٤٤EK 

1A
Q
⋅

Zν1 

 
אאA1W 

(0.462) = 166.19×10-3 m2

4
π= 2

1d
4
π  A1 = 

 = 1.8 m/sec 31066019.1
3.0

−×
∴ν1 = 

אאאK 
 

17m/sec≅ = 16.98 ( )2
4 15.0

3.0
π

 = 
2A

Q
⋅

Zν2 

 
אאאKאאאK

אאאאאK 
 

A1× ν1 = A2 × ν2 
 

2
24

1
2

14

2

11A
d

d
A ×

××
=

×
π

π νν∴ν2 = 

 
 

sec93.16
15.0

8.146.0
2

4

2
4 m=

×
××

π

π

∴ν2 = 
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L 
אאא998 kg/m3אאאא5cm

7.5cmא3.75cmא
אא0.15א m3/secאF٤٥E،אW 

 
o אאאאאאK 
o אאאאאאK 

 

 
F٤٤Eא 

 
אW 

אאאאW 
 

= ρ×Α1×ν1
⋅

1m 
 

⋅⋅

×= Qm ρ1 
 

( )sec015.0998
3

31
m

m
kgm ⎟

⎠
⎞⎜

⎝
⎛=∴

⋅ 
 

sec970.14 kg=
⋅

∴ 1m 



א אא אאא 
אאא ١١٣ א 
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אאW 
.

31 2
⋅⋅

×= mm 
 

12
1

3

⋅⋅

×=∴ mm 
 

sec485.797.142
1

3
kgm =×=

⋅ 
 

Wאאא 
אאאאK 

אA1K 
22

4
2

141 001963.0)05.0( mdA =×=×= ππ 
 

sec6.7
001963.0

sec015.0
2

3

1

1

1
1

111

m
m

m
V

A
Q

AQ

==

=

×=

⋅

⋅

ν

ν

 

 
אאא 

אA3 
 

sec76.6
001104.0

sec0075.0

001104.0)0375.0(
44

2

3

3

3
3

222

33

m
m

m

A
Q

mA d

===

=×=×=

⋅

ν

ππ
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אאEnergy of a Liquid in Motion:  
 

אא،אא
אאאא"the capacity to do 

work". 
،אאאאאאא

אאאאאאKאא
אאא??K 

אאW 
١E אK 
٢E אK 
٣E אK 

אאאK 
 

אWPotential Energy 
 

אאאmZ Datum 

LineאF٤٦KEאאאW 
 

 ⎟
⎠
⎞

⎜
⎝
⎛ ×××× mmkgZgm 2sec

 = אPotential Energy =  

 
אאא?א? Joule'' ''אא?J?،א

אאאאW 



א אא אאא 
אאא ١١٣ א 
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F٤٦Eאm א 

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
×

kg
Jzg Potential Energy per Unit Mass = 

 
אWPressure Energy   

אאא
KאאAאאPאא

א P)× (A אאKאאא
אQ،W 

ν×=
⋅

AQ 

אP)× (Aא
A
QV
⋅

=FKE
אwork)EאאW 

Work = Force × Distance 
 

Work = p×A×ν 
 

⋅

⋅

×=

××=

Qpwork

A
QApwork
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אא⋅

mאאאW 
..

Qm ×= ρ 
אאאאאFEW 

⎟
⎠
⎞⎜

⎝
⎛=

×

×
= ⋅

⋅

kg
Jp

Q

Qp
ρρ

work done per unit mass 

 
אאאאאאLא،kg

J 
 

אFאEאאא⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
ρ
p

 

 

ρ
p

=א= Pressure Energy 

 
אWKinetic Energy 

 
אאmν،אא

FאEF ×m×ν2 ½KE 
W 
 

× m × ν2            ½Kinetic Energ  =  
 

אאאאW 
 

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
×

kg
J2

2
1 νZ Kinetic Energy Per Unit Mass 
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 אאאאאא،א،
אKW 

אאאאZאHאHא 
 

 2
2
1 ν

ρ
×++×

pzg= Total Energy Per Kg  

 
אאאFאאאEא

אFheight or headEW 
o אFPotential HeadEK 
o אFPressure HeadEK 
o אFVelocity HeadEK 

 
אאאאאאאאאאאא

אKW 

g2g
pz kgPer  head Total

2ν
ρ

+
×

+= 

 
אאאאW 

 

m
m

mkg
m 2

2

223

2

sec
sec

sec
m
Nm  kgPer  head Total ×+××+= 

W 
 

Total Head Per kg = m + m + m = m 
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 Bernoulli Equation  
א?WאאאFא

אEא،א
אאא?W 

 
אHאHאK 

 
אW 

2

2
22

1

2
11

22
gZpgZp

++=+
ν

ρ
ν

ρ
 

 
אאאאאאK

אאאK 
 

 
F٤٧E 

 
אאאF٤٧Eאאא

vאאhKאABCK 
אאA ZאאB ZאאC K 

W 

c
cc

B
BB

A
AA gZpgZpgZp

++=++=++
222

222 ν
ρ

ν
ρ

ν
ρ
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אאאא،אאאאא
A אBא
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GOTEVOT appreciates the financial support provided by BAE SYSTEMS         
 


