
  

אאאא  

 

אאאאאא  

אאא 
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אאאא 

١١٣١١٣  



א אאא  
אאא ١١٣  

  
 

 

 
 

 ،،אא،אW 
 

 אאאאאאאאאא
א א א א א   א א  ،א   

אאאאאא
אאאא؛אא

אאאK 
 

 אאאאאאא
  א        ،א אא  

 א ، א א א אא א 
אא،אאא

אאאאאאאאאאאאא
     א  א   ،א  

אא،אאK 
 

 אא?אא?אא
א?אאאאאאאK 

 
 אאאאאאא

،א،אאאא
אאאאאK 

 
 אאא،א
אK 

 
       אאאא



א אאא  
אאא١١٣  

  
 

 

 
 

אאאאKאאא
אאאאFEאאאאאאK

אאאאאאאא،א
אא– JK 

אאאאאא
אאאאאאאא

אאKא،אאאא
אאאאK 
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• אאאאאאא
אK 

• אאאK 
• אאאאאK 
• אאאאאא
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• אאאאאאאא
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• אאאאאאא،א

אאאאK 
אאאאאאאאא
אאאאK
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אאW 
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 
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W 
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אאאFEאK 
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אKאאאאInternational 

System Of Units"אאאESIEאK 
אאאאא

אאאאאאאאאא
אאאאאאאאא

אאKאאאא
אאESIEK 



א אאא אא 
אאא ١١٣ אאאא 

  
 

- ٣ - 

אאW 
אא،אא

אאאאא
אאK 
 
אאW 


hr

mile60
sec
m 

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

אאW 
 

13084.0 =×
ft
m

 

15280 =×
mile

ft
 

1sec3600 =×
hr 

 
אאאFאE،

K 
אאאאא،אאא

W 
 

( )( )( )
⎟
⎠
⎞

⎜
⎝
⎛=⎟

⎠
⎞

⎜
⎝
⎛=⎟

⎠
⎞

⎜
⎝
⎛
⎟
⎠
⎞

⎜
⎝
⎛
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
⎟
⎠
⎞

⎜
⎝
⎛=⎟

⎠
⎞

⎜
⎝
⎛

sec
8.26

sec3600
52803048.060

sec3600
152803048.06060 mmhr

miles
ft

ft
m

hr
mile

hr
mile 

אאאאאאאא
،אאאאK 

אאאSIאאא
אK 



א אאא אא 
אאא ١١٣ אאאא 
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אאאSIW 
 

• אא (1m)  FL E 
• אאא(1kg)  FME 
• אא(1sec)  F TE 
• אאא(1k)  

 
אאאאאאW 

 
• אWאאאFm3E 
• אWאא(m/sec)K 
• אWאNewton (N)،אא

אאאא(m/sec2)K 
• אWאאאKאאא

L(N/m2)K 
• אWאאאא

אL(kg/m3)K 
• אאWאאאm3/kgK 
• אWאאK(N.m)א(J) K 
• אWאאאא(Watt,W)K 

 
אאאW 

אאא،
אאאאאW 

• אK 
• אK 
• אK 



א אאא אא 
אאא ١١٣ אאאא 
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אאאאאFאSIKE 
אאאKאאאאא

F1 Kg E1 Kpa אK 
W 

אZא×א 
a   .    m    =   F 

אאאאFאE،אאאא
W 

אZא×אא 
g   .    m    =   F 

 

22 sec
.81.9

sec
8.911 mkgmKgKPa =×= 

אאאFאSIEאאאNאFK 
אNאאאא1 Kgא1m/s2K 

 

22

.
1111

s
mKg

s
mKgN =×=

 

NKP 81.91 = 
 

אאdaNNKPa 1101 =≈ 
 

אW 
אאאא،אאאאK 

 
אZP 
אZF 
אZA 

 

A
FP =  



א אאא אא 
אאא ١١٣ אאאא 

  
 

- ٦ - 

 
א،אKP/cm2 

FאE1KP/cm2 = 1atm 
 

אאאא،W 
 

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

 

1 bar  = 1.02 Kpa/cm2 

 
1KPa/cm2  = 0.98 bar 

 
אאאאאFאSI  E،אאFNEא

m2،אאאPa 
 

1Pa  = 1 N/m2 
 

אKאאאKא
אאאbar אK 

 
1 bar  = 100000 Pa 

 
אpsiFEאW 

 
1 bar = 14.5 psi 

 
אאאאאאאאKא

אא،אbarאאKאF١١Eא
אאאאK 



א אאא אא 
אאא ١١٣ אאאא 

  
 

- ٧ - 

 


F١١Eאאאא 

 
אאאאאא

אאאW 
 

א אא 

א אאא אא

deca de 10 deci d 10-1 

hectoh 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 

teraא T 1012 pico p 10-12 

 



א אאא אא 
אאא ١١٣ אאאא 
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אא،אאא
אאאאFאE

W 
 

ma
g

F
c

1
= 

Fאmאaאgcאא
אאאאאKאsiאא

W 

2sec
1111 mkg

g
Newton

c

××= 

                                  W 2sec
1

×
=

Newton
kgmgc  

אאW 

2sec
111 ftgIb

g
Ib m

c
f ××= 

 
אא(gc)אא2sec

.
174.32

f

m

Ib
Ibftא

אאsiאK 
אאאאאאBtuא

אאsiW 
 

1 Btu =1054.35 J(or N.m) 
 

אאאא(SI System)W 
אאאאW 

• אאK 
• אאK 
• אאאאאאK 



א אאא אא 
אאא ١١٣ אאאא 
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• אאאאאkg
NK 

• אאאאJא
N.mאW،א،K 

 
 
W 

אא400 kj،،אאאwK 
 
אW 
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E1 = 4000 J 
    E2 = 10 W.hr 
   E3 = 20 kN.m 
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אאאאאאאא  

 

אאאא  

אאא 
ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹] 

אאאא 

א






א

א
א




٢



א אאא אא 
אאא١١٣ אאאא 
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אאWאאאאK 
 

אאW 
אאW 

o אאאא 
o אאאאאאא

אאK 
 

אאאW 
אאאא٩٠٪ 

 
אאW 

٣ 
 

אאW 
אאאאאK 

 
אאW 

א،אאאK 



א אאא אא 
אאא١١٣ אאאא 
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W 
אאאאאאאא

אאאאאאKאאאאאא
אאאאאאאאK

אאאאאKאאW 
• אאWאאאאאK 
• אאWאאאאK 

 
אאאאא

אאאאאאאא
אאאאאא

אKאאאאאאא
אאאאאאאאאא

אאKאא،אאאאאא،א
،אאKא

אא،אאאאאK 
אאאאאא

אאאאאKאאא
אאאK 



א אאא אא 
אאא١١٣ אאאא 
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אא 
١LאρDensity: 

אאאאאאK
W 

 
אZאLאZ3m

kg
V
m

=ρ 
 

אא4אc1000 kg/mאאא 20CO
،1.2אkg/mFאאאאאE 

 
٢LאאγSpecific Weight :  

אאאאאאאאK
W 

 
אאZאLאZ3m

N
V
W

=γ 
 

אאאאW 
 

אאZא×אאZ
V
mgg =×= ργ 

 
٣LאאvWSpecific Volume   

אאאאאאאאאא
W 

 
אאZאLאZ

kg
m

m
Vv

31
ρ

== 



א אאא אא 
אאא١١٣ אאאא 
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٤LאאSGWGravity Specific 
אאאאאאא
אאא(4C0) 

 אאZאLאZ
w

fSG
ρ
ρ

= 

 
Kאאא 

אאאאא
אW 

 
אאTRmp ××=×ν 

 
W 

     אW
RT
p

=ρ 
 

W 
אא2m

Np = 
אא287(א( Kkg

JRR = 
T(K)אאא 

א3m
kg=ρ 

F٢ J١WE 
אWאא2cmא4m،א6.3mKא

א9772kg،אK 
אW 

אאW 

3m
kg

V
m

=ρ 
kgm 9772= 



א אאא אא 
אאא١١٣ אאאא 
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אאאW 
hdV ×= 2

4
π 

W 
d Zאאא،hZאאא 

 
32 31.116.32

4
mV =××=

π 
אאאW 
 

3864
31.11

9772
m
kg

V
m

===ρ 

 
 

 
F٢ J٢E 

אא،אאאאא
א1000kg/m،א6750 kg،אא

FאאאEK 
 

אW 
אW 

אL אWאH 
 

אאW2אWFאאEאWFא
אEאאKאVW 

322 wwwwhwlV =××=××= 
 

V
m

=ρ 



א אאא אא 
אאא١١٣ אאאא 
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 

32
67501000

w
= 

 

375.3
2000
67503 ==w 
 
 

mw 5.1375.33 == 
 

mwl 0.35.122 =×=×=∴ 
 

mwh 5.1==∴ 
 
F٢ J٣E 
אאא1.6k،אאאאאK 

 
אW 

 
אאא1000cm3 (0.001m3) 

 
אW 

 
 
 
 

3800
001.02

6.1
m
kg

V
m

f =
×

==ρ 
 



א אאא אא 
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 
אאאאאאאאW 

 

8.0
1000
800

===
w

f
fSG

ρ
ρ 

אViscosityW 
אא،א

KאKאאא
Kאאא،אאאאאאK

אאKאאאא
K 

אאאאאאאאK 

 
F٢١Eא 

 
אאFF٢١Eא

UאאyאAאא
אFK 



א אאא אא 
אאא١١٣ אאאא 
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אFShear StressאKאא
wτאW 

 

 אאZאLאA
F

w =τ 
 

אאאאאא
W 

dY
du

wατ 
W 

 
 אאZ

dy
du

w µτ = 
 

µאאא،
אאאאאKאW 

 
 אאZ⎟

⎠
⎞

⎜
⎝
⎛

⎟
⎠
⎞⎜

⎝
⎛

= 2

sec.
m

N

dy
du

wτµ 

 
אאFKEאFKEFאESecPa

m
N .sec.

2 ==µ 

אאאאאאFאE
Cinematic Viscosity 

 

    אאZ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=

sec

2m
ρ
µγ 

 

א
sec

2mK 
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אאאאאאא
אאאKאאא

אאאKאאאאא
אK 

 
אאאW 

אאאKאאאאא
אאאאאא

אאאKאא،אאא
אאא

אאאאF٢٢KE 

 
F٢٢Eאאאאאא 

 
אF٢٣_אEאF٢٣Eאאא

KאKאאאאא 



א אאא אא 
אאא١١٣ אאאא 
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 
F٢א٣Eאאאאאא 

 



א אאא אא 
אאא١١٣ אאאא 
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 
F٢٣EאאFאEאאאא 

 



א אאא אא 
אאא١١٣ אאאא 
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F٢ J٤WE 
א אאא،א  

sec
1100=

dY
du1א

אא10-3 pa.secK 
אW 

Pa
dy
du

1.010010 3 =×=∴

×=

−τ

µτ
 



א אאא אא 
אאא١١٣ אאאא 
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אאאאאאW 
 

אאאW 
א،אא،אאאK 

 
אאאW 

א0.12m3אאא0.15m³א0.2m³
אאאא1.15kg/mKאאא
אאFKאאאאאא27501500

997אאKE 
 

אאאW 
FEאאאאאאאא1/sec100 

אאא0.001.א pa.sec 
FEאאא0.85א 

2.87×10¯³ N sec/ m²      
 

אאאאW 
אאא،אאא 

5.00×10¯4 N sec/ m²     א40C0 

 
אאאאW 

 
אאאאW 

אאKאאאKאא
אאאKאאאאKא

אאאאK 



א אאא אא 
אאא١١٣ אאאא 
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אאאאW 
אאאאאאאא

אKאW 

vV
m 1
==ρ 

אאW 

ρ
1

==
m
Vv 

אאאאאאאW 
Vm ×= ρ 

אאW 
= 2750×0.12 =330  kgmg 

 
אW 

= 1500×0.15 = 225  kg    ms 
 

אW 
mw   = 997×0.2 = 199.4 kg 

 
אאW 

= 1.15×0.53 = 0.61  kgma 
 

 
אאm totalW 

 
m total = 755 kg 

אאW 
 

3755
1

755
m

kg
V
m

total

total
total ===ρ 

 



א אאא אא 
אאא١١٣ אאאא 
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אאאאאW 

kg
m

m
Vv

total

total
total

3
001325.0

755
1

=== 

אאאאW 
 

Eא JאאאאW 

dy
du

×= µτ 

τאµא
dy
duאאאK 

אאW 
 

τ = 0.001×100  = 0.1 Pa 
 

E J    אאZ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=

sec

2m
ρ
µγ 

 

3850100085.0
m
Kg

=×=ρ 
 

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
×=

×
== −

−

sec
103.3

850
1087.2 2

6
3 m

ρ
µγ 

אאאאאW 
אאאF٢٣E،אא 

5.00×10¯4 N sec/ m²     אא40C0אאאW 

 Benzene א



 

 

  

אא  

 

אאאא  

אאא 
ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹] 

אאאא 







א




٣



א אאא אא 
אאא ١١٣ א 
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אאWאאא 
אאK 

אאW 
אאW 

o א Jאאאא Jאאא 
o אאאאאFEK 
o אאאK 
o אאאWאא JאK 
o אאאאK 
o אאאאאK 

 
אאאW 

אא٩٠٪ 
 

אאW 
٥K 

 
אאW 

١K אאאאK 
٢K אאאאאK 

 
אאW 

אאאאאאאאאK 
 
 



א אאא אא 
אאא ١١٣ א 
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W 
אאאאאאאKאאא

אאאאאאאאאK
אאאאK 

 
אpressure 

אאא،אK 
 

( )PaPascal
m
N

m
N

A
FP

=⎟
⎠
⎞

⎜
⎝
⎛

⎟
⎠
⎞

⎜
⎝
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2
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 

 
W 

אא)( paP = 
אאא )(NF = 

אאאא)( 2mA =  
W 

( )211 m
Npa = 

  
                                        ( ) kpam

Nbar 1001000001 2 ==                 
F٣١E 

אFpistonE5mm1kNKאא
אK 

אW 
אאאאK 

 



א אאא אא 
אאא ١١٣ א 
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2
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 
٣١٣١ 

 
אאאאW 

אאאאאא
אא،אאאא

אאאKאאFaEאאFbE
אאאFcEאאFdEF٣٢EK 

 



א אאא אא 
אאא ١١٣ א 
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 
אF٣ J٢Eאאאא 

FEאPressure HeadW 
אאאאאאאאאK

אאאאאאאK 
אאאאאאאK 

 
٣٣א 

    
אאאאאאF٣٣EFρE

אאאFFEאFmE
אFgEאאאFpEאW 

 
hgP ××= ρ 
( )hgp ∆××=∆ ρ 

אאאh 
 



א אאא אא 
אאא ١١٣ א 
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F٣٢E 
אאאא300אcm 250cm450cmא،

אK1000Kg/m2 אאאK 
אW 

אאאאK 
 

 
F٣٤EאF٣٢E 

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

 23 sec
81.945.030.025.01000 mmmm

m
kgF ××××=   

NF 331= 
אאאW 

24400
25.030.0

331
m
N

A
Fp =

×
== 

 
 

אאאW 
hgP ××= ρ 

mm
m
kgP 45.0

sec
81.91000 23 ××= 

 
Kpa

m
KN

m
NP 40.44.44400 22 === 

                                    
אאאK 

 



א אאא אא 
אאא ١١٣ א 
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F٣٣E 
 AB 300m200mאKאאאא 

א31023
m
kg        

  
אW 

אאאאא
אאאאאאאK 

אA 
AA hgP ××= ρ 
30081.91023 ××=AP 
PaPA

610011.3 ×= 
אא B 

BB hgP ××= ρ 
20081.91023 ××=BP 
PaPB

610007.2 ×= 
אאאW 

PaPP BA
666 10004.110007.210011.3 ×=×−×=− 

אאאW   
hgPPp BA ∆××=−=∆ ρ 

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

F٣٤WE 
אאF(101.325kN/m2W 

• 1000kg/m3K 
• א13.6K 
אW 

אW 
אאF101.325kn/m2E،אF1000kg/m3E،אאF13.6E،

אF9.81m/sec2KE 
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אW 
אאאא،אאאאK 

אW 
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
=∴ 

  
אאא10.33 mK 

אאאא،
אW 

אאאאאאאW 
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 

  

אא0.76 mאאא10.33 m
אאאK 
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אאאאW 
אאאאאאאאאאK

אאאאאאK 
אאאאאאFאאEא
אאאאKאא

אאK 
אאאKאאאאא

אאKKאאא
אFStandardEאאא 1.013 bar101.3 kN/m2אא

אאאאK 

 
 

F٣٥E 
אא 3.66m0.61mאא،

אאא،אאאאאאאא
אא،אאאא،א 1000kg/m3אW   

  ,    917kg/m3אאW101.3kN/m2K 
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F٣٥EאF٣٥E 

אW 
אF٣٥EאP2אאאאא،א

P1אאאP2אאאK 
P2 = P0 + P2g h2 

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

אאP1אאW 
P1 = P2+ P1gh1 

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

אאאא،אאאא
אאW 

P1(gauge) = P1 - P0(atm) 

= 134721.1-101.3 × 1000 
= 33421.1N/m2 

אא3.34 kN/m2 
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אFPressure MeasurementE 
א،אאא

אKאW 
 

אFThe BarometerE 

 
F٣٦Eא 

 
אאאא،אF٣٦Eא

،א،אאאFpE
אאאאא

אאאKאאאאאאא
אאאאאא

אאאאאאא
אאאאאאאK

א hאא ρא،אא
W 

P = ρ × g× h 



א אאא אא 
אאא ١١٣ א 
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gאKKאאK 
אאאא1.013 barאאאא

אW 
 

1.013 × 100000 = 1000 × 9.81 × h 
 

 =  10.326m
81.91000

100000013.1
×
×h = 

 
אאא10.326mאאאאKאא

אאאאא13.6אKא
אאאW 

 
1.013 × 100000 = 13600 × 9.81 × h 

 
  ∴h = 

81.913600
100000013.1
×

× = 0.76m = 760 mm  = 0.76 m 

 
אא760mmאF760 mm HgKE 

 



א אאא אא 
אאא ١١٣ א 
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אאThe Manometers )E : 
אאאאאאK א

Uאאאא
אאKKאא

אאאKאאאא
אKאאאאאK 

 
אאW 

אF٣٧EאKא
UKאאא

אאאאאF٣٧KE 
BאCK 

אBאאאאאhK 
אCאאאK 

 
PB = PC  = P0 + ρHg g h 

 

 
F٣٧Eאא 

 



א אאא אא 
אאא ١١٣ א 
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אאDifferential Manometer  
אאא

KאF٣٨EאאKאאאאFhEK 
אDאCK 
אDאP2אאאhאא
ZK 
אCא P1אאאFZ + hEK 

 
P1+(h+Z)ρAg =P2+ρBgh+ρAgZ 

 
P1+ P2= ρBhg +ρAgZ - ρAgZ - ρAgh 

 

 
F٣٨Eאא 

P1 – P2 = (ρB - ρA)gh      
 

אאאא،אאA
אAאBKאאW 

 
P1-P 2= ρB × g ×  h   



א אאא אא 
אאא ١١٣ א 

  
 

- ٣٨ - 

אאWInclined Manometer 
אאאאאKא

אKאאאhX Sinθ Xאא
אθאאאF٣٩EK 

 
P1- P2 = ρg X Sinθ 

 

 
F٣٩Eאא 

 
אאFאאאEW 

אאאאPKאאאא،
אאאאK 

אאאאאאK
אPאאhאאρא

אgK 
אאאאאאW 

 
P = h . ρ .g 



א אאא אא 
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F٣١٠Eאאאאא 

 
אאאאאאא،א

אאאאאא
F٣١٠KE 

P1 = P2 = P3 

אאאKאאאא
אFA1 = A2 = A3Eאאאאא

FF1 = F2 = F3KE 
 

אאFE 
F AF٣١١E،

P אאאאא،
אK 

 
 

A
FP = 



א אאא אא 
אאא ١١٣ א 
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 
F٣١١Eאא 

 
אא،אאאאKאאא

KאאאKא،
אאאאאאK 

אאאאאאאא،א
אאאא،אאא

אKא،אאאא10 m א1 
bar K 

 
אאאW 

אאא،א،אאK
F٣١٢אEאאאאאK 

 



א אאא אא 
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F٣١٢אEאאא 
 

אF٣١٢Eאאאא
אאW 

 
F٣١٢EאFEאא 

 
אF1אא  A1 P،W 

1

1

A
FP = 

אPאא،אA2KאF2
FאאאKE 

2

2

1

1

22 .

A
F

A
F

APF

=

=

 

W 

1

2

1

2

A
A

F
F

=  
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אאKאאאאK
אאאאאא

K 
אא،אF1אA1 ،אאא

אF2FאA2E،אאFאאא
אKE 

W 
אא 

 

1

2

2

1

A
A

S
S

= 

 
אאא،W 

W1 =  F1 ×  S1   
W2 =  F2 ×  S2   
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אאW 

 
F٣١٣Eאאא 

 
אF٣١٣EאאאKא

P1 אA1،אאF1Kאאא
אאP2אA2KאאאW 

 
F1 =  F2 = F   

W     P1  . A1 = F1 
P2  . A2  = F2 

W                   P1  . A1  = P2 . A2                                              
W 

1

2

2

1

A
A

P
P

= 

אW 
אאK 



א אאא אא 
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אאאאW 

 
F٣١٤Eאאא 

 
אF٣١٤EאאאאK 

אKאא،
אאאK 

אאאאKא،אאא
،א،אאאKאאא

אKאאאאאאאא
א،אKאאאא

אK 
אאאאאKא

א،אאF٣١٤E،אאא
א،אאK 

אא،אאKאאW 
o אאאK 
o אאK 
o K 



א אאא אא 
אאא ١١٣ א 
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Kאאא
אK 

אאF٣١٥KE 

 
F٣١٥Eאא 

 
אאא،אא،אW 

• FאאEK 
• FאאEK 
• אFאאאEK 

 א    FאE אאF אא K Eא 
אאK 

אאאאאאאK
אאאא،אאK 

 



א אאא אא 
אאא ١١٣ א 
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אאאאאאK 
אאאאאאאאאאאK

אאאא
K 

אאא
אאK 

 
אF٣١٦Eאאאאא 

 
F٣١٦Eאאאא 

 



א אאא אא 
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אאW 
אאא،

א   Kאא
א،אאPאK 

אאKאא
אאאK 

F٣١٧EאאאK 

 
F٣١٧Eאא 

 
אאאAאD

אBאdKאאאB،
אאא AאאK
אאאBאאא b,a K 

אאאQ،אאdF1 אP1K
אאאאאW 

b
aQF ×=1 

QאאאאK 
אאP1אאF1 W 
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 
P1 = P2 = P 

 
א       א א א א 

אאאאF2אאאW 
 

2

2

2

2
1

2
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DFDPAPF =
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×××

=
×

==
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 
אאאאאא،אאאK

אאאאא،W 
 

2

2

2 d
D

b
aQF ××= ξ 

 
ξאאW 

 
 

80.085.0 ≥≥ ξ 
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אאאאW 
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אאאK 
 
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 

 
F٣١٩Eאא 

 



א אאא אא 
אאא ١١٣ א 

  
 

- ٥٠ - 

  
F٣٢٠Eאאא  

  

  
F٣٢١Eאאאאא  

  
  



א אאא אא 
אאא ١١٣ א 

  
 

- ٥١ - 

  
F٣٢٢Eאאאאאא  

  

  
F٣٢٣Eאאאא  

  

  
F٣٢٤Eאאאא   



א אאא אא 
אאא ١١٣ א 

  
 

- ٥٢ - 

  
F٣٢٥Eאא  

  



א אאא אא 
אאא ١١٣ א 

  
 

- ٥٣ - 

אאא 
 

אאאW 
FE א،אאK 
FE א,  7.5cmאאא 

6000NאאK 
FE אאאאא7.5 m 

1206 kg/m³ אאאא1 Mpa؟ 
FE א150 kpaאאFאE 95 kpaK 

אא؟ 
 

אאאW 
אאא101.325.א kpaא999kg/m³  K 

אאאאK 
 

אאאW 
אאא750 kg/m³10³kg/m³K

אא3mא2m،אאאאאאא 
אאKאאא1barK 

 
אאא 

 



א אאא אא 
אאא ١١٣ א 

  
 

- ٥٤ - 

אאאאW 
אאאאא،אF א100 N

אא،אF2א؟אאאא 

 
אאאא 

 
אאאW 

אאאאW 
FE 

• אאאK 
• אאאאHאאK 

FE 
אאאW 

A
FP = 

אאW 
( )

KPaPaP

mDrA

1358135808
004418.0
6000

004418.0075.0
44

2222

≈==∴

=×==×=
πππ

 
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FE 
 
 
 
 
 
 

 
אאאFE 

 
אאאאאאאאאאאאא

אאאW 

KPaPaP

hgPPPP OiltopOiltop

7.10881088704)5.781.91206(1000000

)(

==××+=

××+=+= ρ

 

p אאאK 
 

FE 
אאאאHאא 

KPaPPP atmgbs 24595150\ =+=+= 
 

אאאאW 

mh

h
hgP

34.10
81.9999
10325.101

81.9999325.101
3

=
×
×

=∴

××=
××= ρ

 

 
אאאFא13600 kg/m³E 

 

7 5 m Oil
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h
hgp

××=×

××=

81.91360010325.101 3

ρ 
 

h = 0.76 m = 76 cm 
אאא١٠٧٦K 

 
אאאאW 

אאאW 

( ) ( ) kPaPaP

PPP

gage

WOilgage

5.44500100037502 ==×+×=

+=

 

אאאאW 

kPaP
kPaPabarP

kPaPaP

PPP

t

atm

gage

atmgaget

5.1041005.4
1001000001

5.44500

=+=∴
===

==

+=

 

 
אאאאאW 

 
אאF1FאאאאאEאאC

אאאאW 
 

(0.33m)(100 N) – (0.03m) F1 = 0  
 

N
m

NmF 1100
03.0

10033.0
1 =

×
= 

 
אאאאאW 

 
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P1 = P2 = P = F1/A1 =F2/A2 
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אא 

 

אאאא  

אאא 
ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹] 

אאאא 







א




٤



א אא אאא 
אאא ١١٣ א 
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אאWאאאאא
אאאאK 

אאW 
אאW 

o אאWאאאאאא J
אאא–אא J

אאא 
o א JאאK 
o אאאאFE J

אאאK  
 

אאאW 
אא٨٠٪ 

 
אאW 

٤K 
 

אאW 
١K אאאאאאאK 
٢K אאK 

 
אאW 

אאאFאאאEאאא
אK 



א אא אאא 
אאא ١١٣ א 
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W 
אאאאאאאאאאאK

אאאאאאאא
אאא،א

אאאאאאאK 
 

אאאאTypes of Fluid Flow 
 

אאאאאאאאאא
אאKאאא،א

אאאא
אאFParticlesEאאא
אKאאאאא

F Laminar FlowEF٤١E،אא
אאאKאא

אאאאאFTurbulent FlowEF٤١KE 
 

 



 
F٤١Eאא F٤١Eאא 

 



א אא אאא 
אאא ١١٣ א 

  
 

- ٦٠ - 

אאFluids in MotionW 
אאא،אא

Kאאאאאא
KאאאאSteady Uniform Flow،אא

F٤٢KEאאאFConvergentEא
אאFאאF٤٢Eאא

Kאאאאא
אאFSteady Non-Uniform FlowEK 

 

 



 
F٤٢אE F٤٢E 

 
אRate of Flow 

אF٤٣E،אאאא
אאאאQK 
 

 
F٤٣Eאאאא 

 



א אא אאא 
אאא ١١٣ א 
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אאאאW 
Q

.A  = ×           ν  
 

אאאm3/sec 
אאא⋅

m 
א،W 

 
∴אZא ×א 

 
∴ m = V  × ρ 

 

Q
.

 × ρ = 
⋅

m 
 
 

א15mm .   0.6 m/secאאא
אאK 

 
אW 
אאאW 

Q
. =  A × ν                     

 

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

.

 

 
אאאW 

⋅

Q = ρ × 
⋅

m 
 

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

m 



א אא אאא 
אאא ١١٣ א 
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אאFאאE  Continuity Equation 
אאאאFאEא

אאאאאאאאא
W 

= ρ1 × A1 × ν1 = ρ2 × A2 ×ν2    
⋅

m 
 

אאאאFאא،אEContinuity Equation
אLaw of Conservation of MassK 

אאאKאאא
אW 

ρ1 = ρ2 = ρ 
W 

A1 × ν1 = A2 × ν2 
 

21 QQ
⋅⋅

=∴ 
W 

FConverging PipeEאF٤٤E
אאא0.46mא0.15m،אא

0.3אm3،אאאאאK 
 

 
F٤٤Eא 

 



א אא אאא 
אאא ١١٣ א 
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אW 
אאW 

Q
.

 = A1 × ν1                     
אאאF٤٤EK 

1A
Q
⋅

Zν1 

 
אאA1W 

(0.462) = 166.19×10-3 m2

4
π= 2

1d
4
π  A1 = 

 = 1.8 m/sec 31066019.1
3.0

−×
∴ν1 = 

אאאK 
 

17m/sec≅ = 16.98 ( )2
4 15.0

3.0
π

 = 
2A

Q
⋅

Zν2 

 
אאאKאאאK

אאאאאK 
 

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 
אאא998 kg/m3אאאא5cm

7.5cmא3.75cmא
אא0.15א m3/secאF٤٥E،אW 

 
o אאאאאאK 
o אאאאאאK 

 

 
F٤٤Eא 

 
אW 

אאאאW 
 

= ρ×Α1×ν1
⋅

1m 
 

⋅⋅

×= Qm ρ1 
 

( )sec015.0998
3

31
m

m
kgm ⎟

⎠
⎞⎜

⎝
⎛=∴

⋅ 
 

sec970.14 kg=
⋅

∴ 1m 
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אאW 
.

31 2
⋅⋅

×= mm 
 

12
1

3

⋅⋅

×=∴ mm 
 

sec485.797.142
1

3
kgm =×=

⋅ 
 

Wאאא 
אאאאK 

אA1K 
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

 

 
אאא 

אA3 
 

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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אאEnergy of a Liquid in Motion:  
 

אא،אא
אאאא"the capacity to do 

work". 
،אאאאאאא

אאאאאאKאא
אאא??K 

אאW 
١E אK 
٢E אK 
٣E אK 

אאאK 
 

אWPotential Energy 
 

אאאmZ Datum 

LineאF٤٦KEאאאW 
 

 ⎟
⎠
⎞

⎜
⎝
⎛ ×××× mmkgZgm 2sec

 = אPotential Energy =  

 
אאא?א? Joule'' ''אא?J?،א

אאאאW 
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 
F٤٦Eאm א 

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
×

kg
Jzg Potential Energy per Unit Mass = 

 
אWPressure Energy   

אאא
KאאAאאPאא

א P)× (A אאKאאא
אQ،W 

ν×=
⋅

AQ 

אP)× (Aא
A
QV
⋅

=FKE
אwork)EאאW 

Work = Force × Distance 
 

Work = p×A×ν 
 

⋅

⋅

×=

××=

Qpwork

A
QApwork

 
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אא⋅

mאאאW 
..

Qm ×= ρ 
אאאאאFEW 

⎟
⎠
⎞⎜

⎝
⎛=

×

×
= ⋅

⋅

kg
Jp

Q

Qp
ρρ

work done per unit mass 

 
אאאאאאLא،kg

J 
 

אFאEאאא⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
ρ
p

 

 

ρ
p

=א= Pressure Energy 

 
אWKinetic Energy 

 
אאmν،אא

FאEF ×m×ν2 ½KE 
W 
 

× m × ν2            ½Kinetic Energ  =  
 

אאאאW 
 

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
×

kg
J2

2
1 νZ Kinetic Energy Per Unit Mass 

 
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 אאאאאא،א،
אKW 

אאאאZאHאHא 
 

 2
2
1 ν

ρ
×++×

pzg= Total Energy Per Kg  

 
אאאFאאאEא

אFheight or headEW 
o אFPotential HeadEK 
o אFPressure HeadEK 
o אFVelocity HeadEK 

 
אאאאאאאאאאאא

אKW 

g2g
pz kgPer  head Total

2ν
ρ

+
×

+= 

 
אאאאW 

 

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?WאאאFא

אEא،א
אאא?W 

 
אHאHאK 

 
אW 

2

2
22

1

2
11

22
gZpgZp

++=+
ν

ρ
ν

ρ
 

 
אאאאאאK

אאאK 
 

 
F٤٧E 

 
אאאF٤٧Eאאא

vאאhKאABCK 
אאA ZאאB ZאאC K 
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אאאא،אאאאא
A אBא

אK 
אW 

 
 

אAאאBא
אC  אKאאW 
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 
אאאאAB

אאK 
אאאאאאW 

 
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 

 
W 

אאאא1.52 m/sec
אא9.14 m/secKאאא

אא15.2mKאאאאא2.339kPaK
אא998 kg/m3אא993 kg/m3K؟ 

 אW 
אאאW 
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אאא ١١٣ א 
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KPaP 2.184)112.14977.41155.1344.2(9832 −=−−+= 
אא؟K 

 
W 

אאאאאW 
אאאאאא

אK 
hsH hνZht 

 
htאאhsאא hνאKא

אWאאאאאK
אאאאאK 

אאאא
אאKאאאאאאW 
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W 
νאFm/secE 

hνאFmE 



א אא אאא 
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W 
Kאאאאא

א22m 21.6mאאKאאK؟ 
אW 

אאאאאאאK 
hν= ht - hs 

 

hν = 22-21.6 = 0.4 m 
 

sec8.24.081.922 mgh =××==∴ νν 
 
 

אא
20mmKאאא1.2kg/m3א13600kg/m3

אאאK؟ 
אW 

אאאאW 
 

Pν   = ρghHg 
 

= 13600 × 9.81 × 0.02 = 2668.32 N/m2 

W 
 

sec7.66
2.1
32.2662
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 



א אא אאא 
אאא ١١٣ א 
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אW 
אא،א

אאKאאאא
אאאKאאאא

אKאאאK 
 

Pitot Tube 
אKאF٤

٨Eאאאאא
אKאאאאK 

 
אF١EF٢EאאW 

2

2
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2
11

22
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P
gZ

P
++=++

ν
ρ

ν
ρ

 

אאF٢EאאאKא
W 
 
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ρ
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 

 
P1אאP2 אאאאא

אK 
אאא



א אא אאא 
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،אאאאאאא
אאאאK 

 

 
F٤٨Eאא 

 
אVenturi-MeterW 

 
אאא

אKאF٤٩KE
אF١EF٢EאאאK 

 
F٤٩Eא 

 
אאאאאאא

KאאאKאאא
אאא،אאאאKא

אF١EאאF٢EאאK 



א אא אאא 
אאא ١١٣ א 
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 
١ AA2אאF١EF٢EאK 

 
 

אC25KאאאFאאE
42.1cmאאאF١E7.5cmאF٢E2.5cmאא
אאK؟ 

 
אW 

אאF٢E 
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⋅ π
 

 
אFאEOrifice MeterW 

 
אאא،
אKא

אאאF٤١٠EKא
Kאאאאאא

אאאאK 
 
 

( )

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−×

−
=

2
1

2
2

21
2

1

2

A
A
PP

ρ
ν 



א אא אאא 
אאא ١١٣ א 

  
 

- ٧٨ - 

 
F٤١٠Eא 

 
W 

אאאאF٤١٠E0.3m/secאא
0.3 mא 0.06 m،אאאאאK

אא  Cv= 0.82K 
אW 
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א ν אאW  
 

2
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ν
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 
אν2 = 7.5 m/sec     

 
אאאא 

 
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אאאW 
 

אאאW 
FEאאאK 
FEאא1.5barא30 C0 אא

אA 400mm×300mm ،אB250mm،
אאא0.2אbarAB،אאאאBא

אאאאR=287 J/kg KאאA18m/secK 
 

אאאW 
אאאאאאאאא

אKאאא⋅
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אאא ١١٣ אא 
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W 
אאאאאא

FאEאאאFאEKאא
אאאאKאאא

אאאא،
אאאKאאא

א Surface Roughness K 
 

אאאW 
אאאKא

א Pressure Dropאא Energy Head Lossאאאא
אא Friction Head K 

 

 
F٥١Eאא 

 
אאF٥١Eאא(1)א 

(2)אאאW 
 

ρν
×××=−

2

2

21
id

lfPP 

W 
f א،vא،ρא،lאdi א

אאK 



א אאא אא 
אאא ١١٣ אא 
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אאאאN/m2K 
אאHW 

 


gd
lf

g
PPH

i
f 2

2
21 ν

ρ
××=

×
−

= 

 
אאmK 

אאאW 
 

• ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛ ××
=

µ
ρ dVRe 

• אא(Relative Roughness) אאא

D
εFאאE 

• א(f)  
 

F٥١Eאאאאא

)(mmD
ε א(Material)  

0.9-9 אRiveted Steel 
0.3-3 אConcrete   
0.26 Cast Iron 
0.15 Galvanized Iron 
0.12 Asphalted Cast Iron 

0.046 Commercial Steel   
0.0015 Drawn Tubing 
    Smooth FE Glass 

 



א אאא אא 
אאא ١١٣ אא 

  
  

- ٨٥ - 

Re W 
אאRe 

 

µ
ρ

ν
××

=
×

= HH dVdVRe 

W 
ReZFEK 
VZאFm/secEK 
ρZאFkg/m3EK 
νZאאFm2/secEK 
µZאאFאFEN.sec/m2E 

 dHZאאFmEאאאאאאא،
אאאאW 

U
AdH ×= 4 

 W 
A ZאאK 
UZאאK 

 
W 
אאאא1mK 

אW 

( )
( )

md

m
m

md

U
Ad

H

H

H

1

1
4
4

4
14

1111
114

4

2

=∴

==
×

=
+++

×
×=

×=

 

   
W 



א אאא אא 
אאא ١١٣ אא 
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• 2100Re <Wא 
• 2100Re4000 ≥≤Wא 
• 4000Re >Wא 

 
אאאאאא 2300KאF٥٢E

אאK 
 

  
F٥٢אEא F٥٢Eא 

 Moody Diagram  
אאF١٩٤٤Eאא
אאאאאאאאFאאEאFriction 

Factor Reynolds Numberאא
אאW 

• אאא،אW 
Re ≤ 2×10³ 

אאא
אאW 


Re
64

=f 
• אאאW 
   א  4×10³ Re ≥ א א  0.001א  

Smooth Pipe،אאW 
25.0Re

316.0
=f 
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• אאאאא
אאאאאRough Pipe ZoneK 

• אאאאא
אFאאאאFεEאdE 

אאTransitional Zoneאאא
אאF٥٤EK 
 

אא15m6mm
µ=0.014pa.secא2 m/sec848 kg/m³ K 

אW 
 

727
014.0

006.02848Re =
××

=
××

=
µ
νρ D 

2100K 
אאW 

088.0
727
64

Re
64

===f 
אאאאW 

 
 

 
אF٥٣Eא 

 
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d
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2
2
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א אאא אא 
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 
F٥٤EMoody Diagram  

 



א אאא אא 
אאא ١١٣ אא 
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W 
אאF∆pE10mאאQ=20 l/min 

3.81cmא 1030kg/m³µ= 50 ×10¯³ pa .sec 
 
אW 

sec10333.3sec60
02.0

min02.0min20
3433 mmmlQ −×==== 

W 
Q   = A × V 

  

( )

sec
292.0

sec292.0
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4

10333.3
2

4

mV

m
A
QV

=

=
×

×
==∴

−

π
 

אW 
 

2100Re
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1050

0381.0292.01030Re 3
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=
×

××
=

××
= −
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ρ DV

 

 
אLaminar Flow 

אאW
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אאW 
 

( ) KpaPaP 2.35.32151030
2

292.0
0381.0
10269.0

2

==×××=∆ 
 
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W 
אא  3 L/secא80א˚c 

52.5mm40m 
 א80˚cא971.64 Kg/m3 
 אאPa. sec10-3×0.358 

 
אW 

 
Q = 3 L/sec  = 0.003 m³/sec 

 
א 

 

( ) sec386.1
0525.0

4

003.0
2

m
A
QV ===

π
 

Re 

200000197500
10358.0

0525.0386.164.971Re 3 ≈=
×

××
=

××
=

−µ
ρ Dv 

 
40000،אאK 

אאאK 
 

אאε = 0.000046 m 
אאאW 

000876.0
0525.0

000046.0
==

D
ε 

אRe = 197500אא0.000876W 
 f = 0.0208 
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אאא ١١٣ אא 

  
  

- ٩١ - 

אW 

( ) KPaP

V
D
LfP

8.146.971
2
36.1

0525.0
400208.0

2
2

2

=××=∆

×××=∆∴ ρ
 

 
אאאאאאאאא

אאאאאאK
אאאאא

אאאאKאCorrection Factorאא
אאאאF٥٥אEF٥٥EK 

אאאא50mmאאאאא450 pa/m
אאאF٥٥EC801.386 m/sec.0.88 

 
א40אm 

 
 

.·. ∆p  for  40m   = 374 ×40 = 15 kpa  
 

 
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 
F٥٥אEאא0C 20 

 



א אאא אא 
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 
F٥٥EאאאאFאE 

 
אFEאאPressure Drop in Fittings 

 אא
אאאאאאאKא

אאאא
אאK 

אאאאF،T،EKKKK
אאאא،א
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אא،אאאאא
אKאאאאאאFKאאE 

 
F٥٢Eאאאאאא

 
 
א 

 



FE 

 
 

    T   

 
 

 

   ˚4590 ˚ 

 
א

א
(mm) 

 
א 

א 
(mm)  

0.2 5 0.2 0.9 0.4 0.6 15.80 15 
0.25 6 0.2 1.2 0.5 0.8 20.93 20 
0.28 8 0.3 1.5 0.6 0.9 26.46 25 
0.42 11 0.4 1.8 0.7 1.2 34.04 35 
0.51 14 0.5 2.1 0.9 1.5 40.90 40 
0.65 17 0.6 3.0 1.2 2.1 52.51 50 
0.79 20 0.8 3.7 1.5 2.4 62.65 60 
0.90 24 0.9 4.6 1.8 3.0 77.92 75 
1.27 38 1.2 6.4 2.4 4.3 102.3 100 
1.70 43 1.5 7.6 3.0 5.2 128.2 125 
2.00 50 1.8 9.1 3.7 6.1 154.1 150 

 
W 

א–אאאא75mmא 
90˚אא30m،אאאאאא

אsec6 L/Kא998.21 kg/m3KPa/sec 10-

3
×1.008 KאK 
אW 

אאאאא(˚90)א= 3.0m 
א= 27 m3×9 

אאאא0.90 =א m 



א אאא אא 
אאא ١١٣ אא 
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= 2.7 m 
אא= 30 m 

אאL = 30 + 27 + 2.7 
Lt = 59.7 m                                                                          

 
אW

( ) sec
258.1

07792.0
4

006.0
2

m
A
QV === π 

 
W97071

10008.1
07792.0258.12.998Re 3 =

×
××

=
××

= −µ
ρ Dv 

 
אאK 

אאW0006.0
07792.0
00046.0

==
D
ε 

 
אFאEf = 0.0208 

 

אW( )

KPaPaP

V
D
LfP

587.1212587

21.998
2

258.1
07792.0

7.590208.0

2
2

2

==∆

×××=

×=∆

Q

ρ

 

 



א אאא אא 
אאא ١١٣ אא 
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אאPumps and Pumping RequirementsW 
אאאאאK

אאאאאאK
אאאאאאאא

אאאאKאאא( pressure head ) 
אא( flow rate )אאא( power )א

א ( efficiency )Kאא
K 

 
אF٥٦Eאא 

 
אF١EאF٢E–אאF٥٦WE 

 

( ).2

2
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ρρ
 

WW אJK 



א אאא אא 
אאא ١١٣ אא 
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W 
1100 kg/m³ 2.1 pa.sec،אאאאאא

52.51אmm50 kg/secKאא(W)K 
אאאא90˚אTא

אאא30 KPaK 

 
F٥٧Eא 

 
W 

( ).2

2
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22 frictPgZVPWgZVP
∆+++=+++

ρρ
 

אאאF١Eא،אF١EF٢EאאK 
אאאW 

( ).12

2
2

2 frictPgZgZVW ∆+−+= 
אאאאאHאאאHא 

אאK 
אאאאW 

W 

11.2
0508.01100Re ××

=
××

=
vDv

µ
ρ 
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אW 

( ) sec
35.0

0521.0
4

601100

50
2

m
A
Qv =

⎟
⎠
⎞

⎜
⎝
⎛××

==
π

 

 

א21006.9

6.9
11.2

0508.035.01100Re

>

=
××

=
××

=
µ

ρ Dv

 

 
אfW 

67.6
6.9

64
Re
64

===f 
 

אאאW 
 

ρ×=∆
2

2V
D
LfP 

 
L = 1+1+3+2+15+3+1+3+6×2.1+1×0.6 +2× 0.65 

 
   L = 29+12.6+0.6+1.3  = 43.5 m                                                       

 
אאאאW 

 
∆ptot   = 372.1 + 30  = 402.1 kpa 

 
FEאW 

Kg
J

m
Kg

m
N

Ptot 55.365
1100

10001.402

3

2
=

×
=

∆
ρ

 

 
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אאאPressure Drop in Air Duct FlowW 
 

אאא
אאאאאK

אאאאאאא
אאK 

 
אאא 

W 
ρ×=∆

2

2V
D
LfP 

⎟
⎠
⎞

⎜
⎝
⎛=∆ 2

2
1 VKP ρ 

 
W        ⎟

⎠
⎞

⎜
⎝
⎛ ×=

D
LfK 

KאאאResistance Coeff. Or Press. Loss Coefficient 
אאFאאאאאא

אאאאאאאאא
אא(Dampers)א

אאEאא 

f
DKL

D
LfK

e

e

×
=∴

⎟
⎠
⎞

⎜
⎝
⎛ ×=

 

אW 
אא(m)Le = Equivalent Length 

אאZK  
אאZf 

אא (m)ZD 
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אאW 
אאאאאאאK 

QPP ×∆= 
אאאאאאא

אאאאאאאאאאאK 
אאאאאאא 

אW 
• אאאFriction Loss 

 
ρ×=∆

2

2V
D
LfP 

• אאאאאאאאא
אDynamic Press. Losses 

 

2

2VKP ρ
=∆ 

 
אאFEאW 

אאאW 
• אאאK 
• אאאW 

١ J אK 
٢ J אאFEK 
٣ J אאאאאK 
٤ J אKKKKKK 

 
אאאאאאא

אאאאאאא
אK 
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אאאW 
 

אאאW 
FEאאאאK 
FEאא10 l/secא80C0

25.5mm40mKאא80C0
801 kg/mאא80C0sec.1046.4 3 Pa−× 

 
Wאאא 

אא42mאא60mmKא
א90˚א45˚אK 

אא0.02אא480 l/min،א
אאKFא1000kg/m³  E 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
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אאאאW 
 

אאאאW 
 

FEאאא
אKאאאאאFאאאאEאW 

ρ×=∆
2

2V
D
LfP 

 
FE 

( ) sec
62.4

0525.0
4

001.010
2

m
A
QV =

×

×
==

⋅

π 

W 
400043561

1046.4
0525.062.4801Re 3 >=

×
××

=
××

= −µ
ρ DV 

אאK 
אא 0.046mmFאאE 

אא 
000876.0

0525.0
000046.0

==
D
ε 

 
אאf 

f = 0.025 
אאW 

ρ×=∆
2

2V
D
LfP 

 
( ) kPaPaP 8.1623.162827801

2
62.4

0525.0
40025.0

2

==×××=∆ 
 
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 
אאאאW 

אאאW 
 
 
 

אאWF1L = 0.001 m3E 
 

( ) sec
6.2

06265.0
4

60

001.0480
2

m
A
QV

VAQ

=
⎟
⎠
⎞

⎜
⎝
⎛ ××

×
==

×=
⋅

π
 

 
אאW 

 
ρ×××=∆

2

2V
D
LfP 

 
PaPaP 333.77773331000

2
6.2

06265.0
94.7102.0

2

==×××=∆

L  = 42+ 8 × 2.4 + 4 × 1.5 + 6×0.79 =71.94m 



 

 

  

 אאאאאאאאאא

 

אאאאאא  

אאא 
ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹] 

אאאא 


א







א


א
אא




٦
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אאWאאאK 
אאWאאאאא

אאאK 
K 

אאW 
אאW 

o אאאK 
o אאאאK 
o אאאאK 
o אאאאאאW Jא Jא

 Jא Jאאאא Jא J
א Jאא Jא،א،א J

אאאK 
o אאאאאאK 
o אאK 

 
אאאW 

אא٨٠٪ 
אאW 

٣K 
 

אאW 
١K אאאאאK 
٢K אאK 

אאW 
א،אאאK 



א אאא אא 
אאא ١١٣ אאאא 
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W 
אאאאאאאאא

Kאאאאא،
אאאאאFאKE

אאאאאאK 
؟אאא،،

אאאאאאאK 
 
 אאWא Jא

 Jא Jאאאא Jא J
א Jאא Jא،א،א Jא

אאKאאאא،אא
אK 

 
אא،אאאא

אKאא،אא
W،؟K

א،אאK 
 

אאאאאאא
אאK  



א אאא אא 
אאא ١١٣ אאאא 
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אאאאאW 
 

אאא،א،אאK 
אאאאאW 

١K אK 
٢K FEK 
٣K אK 
٤K אאאאK 
٥K אאFHWCFEK 

 
 80 % 250 – 275 אאא
20א % אאאאK 

 
אאאאאא،

אאKא،א
אאK 

אאאאאK 
אא،אאאאאW 
١K אאK 
٢K אאK 
٣K אאאאK 
٤K אFאEאאאK 
٥K אאאאאK 

 
אאא،אאאא

אאאאK 
אאאאאא



א אאא אא 
אאא ١١٣ אאאא 

  
 

- ١٠٧ - 

אאK 
אאW 

אאאאאW 
• אא،אאאא

 Kאאאא
• א،

אאK 
• אאאא،אאK 
• אא،אא

٢٠٠אאאאאK 
• אאאאאאא

אFאאKE 
• א،אא

אאK 
• אאאאאK 
• ،אאא

אK 
אאא •

אאאאאK 
• אאאאא،אא

0.7١٠K 
• אאאK 
• אאאאאאK 
• אאאK 
• אאאא

אK 
• אאאאאאאאאאאK 



א אאא אא 
אאא ١١٣ אאאא 
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• אK 
• אאאK 
• אאאK 
• K 
• אK 
• אK 
• K 
• אאK 
 

אאאW 
 אאאאאאאאא

אאאKאאאWאאאא
؟אK 

אאאאאW 
• אאאא،

אאאאK 
• אאאאאא،

אאא،אאאא
אאאאאאK

א،אאאFEאאאא
،אFאEאK 

 
אאאW 

١K אאאא 
אאאK 
٢K אFEW 

אאאא،א K



א אאא אא 
אאא ١١٣ אאאא 
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אאK 
٣K אW 

אאאאאא
אKאKאא

אאאאKא
אאאאאאאאא

אאKאאאאאאא
K 

٤K אאאאK 
 
٥K אאFHWCFEW 

אאKאא
אK٩٠٪،אאאא

אKאF٤}٤٩}٤٨E
אאאK 

אאאKאא
א،אאאאא

אאאאא
אF٦١E 

  



א אאא אא 
אאא ١١٣ אאאא 
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F٦١EאאאאHWCF  

אאאW 
 אאאאאא

אא،אאאא
אאאאאK 

אאאאאאאאא
אK 

אאא،אאאא
אאאאKאאאא

אKאאאאא،אא
אאאאאאK 

אאאאאא،
אאאאאאאאאאאK 

אאאאאאא
אאאאאאאאא

אאK 
אאאאא

אאF٦٢KE 
 



א אאא אא 
אאא ١١٣ אאאא 
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 
F٦٢Eאאאא 

 
F٦٢Eאאאא

אאK 
 

W 
אאFSAE 50Eא170 FW Centistokes

Saybolt Universal SecondsK 
 

אW 
אאF٦٢EאFSAE 50Eא170 F،א

Wcentistokes48.0אא250 saybolt universal seconds  



א אאא אא 
אאא ١١٣ אאאא 
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W 
אא100 F אא

אאאאאא،אא
W 7.5  centistokes Kאאאאא

؟א 
אW 

אאאא7.5  centistokesא100 F ،
אF٦٢Eאאאא

FKEROSENEKE 
 

אאאאאW 
אאא،אא

אאאאאאאW 
 

F٦١EWאאאאא 
א אאC0 אאFmm2/secE

אא ١٥ J٨٠ ١٠–٣٠٠ 
V2אא١٠–٧٠ ١٦–١٦٠ 
V4אא

٦٣ 
١٠ J٧٠ ١٦–١٦٠ 

V4אא
٦٣ 

١٠ J٧٠ ٢٥–١٦٠ 

S ٣٠ J٨٠ ٨}٢–٣٨٠ 
אWE 
 

٣٠ J٨٠ ٨}٢–٥٠٠ 

אDBD ٣٠ J٨٠ ١٠ J٨٠٠ 
 



א אאא אא 
אאא ١١٣ אאאא 
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 
אאאW 

אאאאאאאא
א،אאW 

?אאאאאK? 
אאאאא

אאאאאאאאאא
אא،אאא

F٦٣KE 

 
F٦٣Eאאאאא 

 
אאW 

אאא
אאאKאאא

אאאאאאאאאא
אאאאK 

אאאאאאאאאא
אאאאאאK



א אאא אא 
אאא ١١٣ אאאא 
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אאאאאאאאK 
אא 

אאאאאאK
אאאאאאאא

אאאאאאKאאא
אאאK 

אאאא
אאאF٦٤E 

  
F٦٤Eאאאאאאא 

 
אאאאאאא،

אאFאאEאאא
אאאאאאK 

א،א
אאאא א אא

אאאאKאאאאF٦٥E 



א אאא אא 
אאא ١١٣ אאאא 
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 

 
F٦٥Eאאאאאא 

 
אאאאאא

אאאאאKאF٦٦Eאא
אאאK 

 
F٦٦Eאאאאא 
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אאאאאאאא 

 

אאאאאא  

אאא 
ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹] 

אאאא 

א





א
א

א




٧



א אאא אא 
אאא ١١٣ אאאא 
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אאWאאאאK 
אאW א   א    א א   א

Kאאאאאאאאא 
אאW 

אאW 
o אאאאאאאא 
o Wאאאאאאא Jאאא J

אאא JאאאאK 
o אאאאאאWאאאאאאאK 

  
 

אאאW 
אא٨٠٪ 

 
אאW 

٣K 
 
 

אאW 
אאאאאאK 

 
 

אאW 
אאאאFאאאEאאאFאEK 

 

 



א אאא אא 
אאא ١١٣ אאאא 
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W 
אאאFאאEאאא

٧٨٪א٢١٪אאאא
אKKאאאאאKאא

אאאאאאאא
אאאK 

??אא?אאK?אא
??،א?F?אאאEאאאאK 

אאאאאאWאאאא
א،אאאאא
K 

אאאאא،א
אאאאאאאאא

K 
אאW 

W 
١K אאK 
٢K אאK 
٣K אאK 

אאאאאא
אאKאאא

אאKאא،א
אאאאאK 

אאא
אK 

אאא،א
אא،אא



א אאא אא 
אאא ١١٣ אאאא 
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،אKא
אאKאא

K 
אא،אאא

אאאאאאא
אK 

  
אאאאאW 

אאאאאאאאאא
K 

אאאאאאK 
 

אאW 
אאאא،אאK 

אאאW 
• אP  K 
• אאTK 
• אאν 

אאאאאאאK 
١K אאאאK 
٢K אאא،אW 

P V = (const.) T    
         

.const
T

PV
= 

W 
P Zאא، VZא ،TZאאאFE،const.Z 

אאאאאW 



א אאא אא 
אאא ١١٣ אאאא 
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• אאZאאHאא 
W 

Z101KN/m2Z14.7Ibf/in2אא 
אאW 
אFEאW 

2
6

2
3

2

101

101

11

m
NMPa

m
NKPa

m
NPa

=

=

=

 

אאW 
 

22
53

2
5 7.14)(761001325.1101001.0101

in
IbfHgcm

m
NPaKPaMPa

m
Nbar ==×=====

 
 

• אאאZאאאHאא 
W 

F١Z١H٢٧٣FE K0 = 1C0 + 273 EאF١אZ١H٤٦٠FER0 = F0 + 460E
 273 אאאאFKE 

 
אאאאאאW 

 
 P V = m R T
,  

m
V

=ν P v = R T

,  
n
VV = P V = M R T 

,  MRR = P V = R T 
 

 P אאV א m א R א T אאא 



א אאא אא 
אאא ١١٣ אאאא 
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 M אא n אRאא)RZ  ( 8314 J/Kg mol K0  

 
אאאאאא،אאFאאאא

אE،אאאאאאא،
אאאאאK،אא

אאא،אאW 
 

• אאFT1 = T2E 
אאW 

.const
T

PV
= 

,       T1 = T2
2

22

1

11

T
VP

T
VP

= 
 

P1 V1 = P2 V2           
  
W 

אאאאאא،( 75.7 L )  20 galאא
א 20 Ibf/in2 (137.9 kPa)،אא

אF٧١KE 
 

 
F٧١Eאא 

 



א אאא אא 
אאא ١١٣ אאאא 
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אW 

2

11
2 V

VP
P = 

)377)((478
)/10851.37(

)/1071.75()/101/9.137(
33

3322

2 gaugeabsKPa
Lm

LmmKNmKNP =
×

××+
=

−

−

 
 

P2 = 478 kPa  
 

137.9 kPa478 kPaאאאא 
 

• אFP1 = P2EW 
אאW 
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W 
אא،אאאאא1500 in3 א

אא26.67C093.3C0 אאאאאF٧٢
E،אאאאK 

 
F٧٢Eא 
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אאאאא1500 in3 1833.3 in3 
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• אFV1 = V2E 
אאW 

 
.const

T
PV

= 

,       V1 = V2
2

22

1

11

T
VP

T
VP

= 
 

       1221
2

2

1

1 TPTP
T
P

T
P

=→= 

 
W 
אF2000Ibf/in2EF٧٣E،

80F0 250F0،אאFPgaugeEאK 
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א،אאW 
P2 = 2649 Ibf/in2 – 14.7 Ibf/in2 = 2634 Ibf/in2 

 
אאאאאא2000 Ibf/in2 2634 Ibf/in2 

 
אאאאא 

אאאאאאא،
אאאאא،אאא

אאאאK 
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אאא ١١٣ אאאא 
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W 
אא1500 in3א2000 Ibf/in2 ،אא

א1000 in3אאא75F0
250F0אF٧٤KEאאאאאאא؟ 
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אאFPgaugeEאאאא1500 Ibf/in2

3996 Ibf/in2  
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 
W 

אא١٣אאא
٢}٧Kאאאאאאא

אאאאאF٢٠0E،אא
٧}٦אK 

אאאאאאאאאאK 
 

אW 
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אאW 
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- ١٢٦ - 

οο CK
P
TP

VP
TVP

T 47320
5.7
2932.8

2

21

22

211
1 ==

×
=== 

 
אאאאאאאאאא

٤٧0K 
 

אאאאW 
אאאאKא

אאKאאאא،אאאאא
אאK 

אאאאאאאK 
 

אאאW 
אאאאאאאאW 

• אאאFDry airEW 
אN٧٨٪אO2٢١٪אאאא

١٪K 

• אאאFHumid airEW 
אאאHאאאאאאK 

• אאא 
אאאאאאאאא

אK 
• אאאFTdbEW 

אאאאאאאאK 
• אאאFTwbEW 

אאאKאא
،אאאKאאא



א אאא אא 
אאא ١١٣ אאאא 
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אאאאאאאאאא
Kאאאאא 

• אFTdpEW 
אאאאאאאאאK

אאאאאאאK 
• אW 

אאאאאאאאאאK
אאאאאאאאאאאK

אאאאאאאאאאאא
אאאאKא

אאאאאא
אאאאאאK 

• אאW 
אאאאאאאאאא

אאאאאאאK 
• אאW 

אאאאאאא
אאאאאאאK 

• אאW 
אאאאאאאא

אאK 
• אאW 

אאאאאאאאK 
 



א אאא אא 
אאא ١١٣ אאאא 
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אא( Psycrometric Tables)W 
אאאאאאאW 

אאא،אאא،אא،אאאא
אאאאאאK 

 
א( Psycrometric Chart)W 

אאאא
אK 

א،אא،אא
אW 
١K א( Saturation Line) 
 

  
F٧٥EWא،אאאא 

 
א،אאא(t)Kאאא

(pv)FאאKE(a)F٧٥KEאאא
(t) Kאא(a)אK 
 

٢K אאא(Constant Dry Bulb Temperature Line)W 
אאF٧٥EאאK 

 



א אאא אא 
אאא ١١٣ אאאא 
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٣K א(Constant Humidity Ratio Lines)W 
אאאF٧٥Eא(H)K 

٤K אא(Constant Relative Humidity Lines)W 
אא،אאא(t)Kאאא

אאא(R.H.= 0)א(R.H.= 1)אK 
 

  
F٧٦Eאא  

 
אאא(t)Kאא،

אא(H = C)F٧٦KE 
 

٥K אא(Constant Specific Enthalpy Lines) W 

  
F٧٧Eאאאאא  

 
 



א אאא אא 
אאא ١١٣ אאאא 
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א،אאאFtKEאFHE،
FaEF٧٧KEאאאFtKEאא

FaEאFi=cKE،
אאאאאFtKE 

  
٦K אאא(Constant Wet Bulb Temperatures)W 

אאאאא،
F٧٧E،אאאKא

אFaEאאאKFaaEאF٧٧E
אאאFta=cKE 

 
٧K אא(Constant Specific Volume Lines) 

  
F٧٨Eאא  

 
א،אאאFpvKE

אאFtKEFaEF٧٨KEאאאK
אאFaEאאFv=cKEא

א،אאאאאK 



א אאא אא 
אאא ١١٣ אאאא 
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F٧٩Eאאאא  

 
אF٧٩EאאאאאFd.b & 

w.bEFd.b & R.HEoאK 
א(Importance of Psychrometry)W 

אאאאאאאא(Comfort 

Condition)Kאאאאאאאא
אאF٧١٠KE 

 
F٧١٠EFאאEא 

אאא٣٠٪٣٥٪אאאא



א אאא אא 
אאא ١١٣ אאאא 

  
 

- ١٣٢ - 

٢٢0٢٤0אאא٤٥٪٥٠٪אא
אא٢٤0٢٦0Kאא

אאאאאאאא
אאאK 

אאאאאא
א،אאאאא،אאKאא

אא،אאאאאK 
אאאאאאא

אאאאאאאK 
 

W 
אאF٧١١E،אאאאא

אאאאאאאאK
אאאK 

 

 
F٧١١Eא 

 
אא،אאאאאא

K 
אW 



א אאא אא 
אאא ١١٣ אאאא 
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אאF٧١٣EאFsEאא
אאFIEאאאK 

 

 
F٧١٢Eא 

 
אאאFdpEאאאFsE،

אאאאאK 
 
Wאאאאאאא

אאאאFאF٧١١EE،אאאFsE
אאאK
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אאאאאא 

 

אאאאאא  

אאא 
ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹] 

אאאא 




א
א

א





٨



א אאא אא 
אאא ١١٣ אאא 
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אאWאאאK 
 

אאWאאאאאאאאK 
 

אאW 
אאW 

 
o אאאאאאאאK 
o אאאאאK 
o אאאאאאK 

 
 

אאאW 
אא١٠٠٪ 

 
אאW 

٣ 
 

אאW 
אאאאאאאאאא

אאאאאאא 
 
 

אאW 
אאאאאאאאK 



א אאא אא 
אאא ١١٣ אאא 
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W 
אאאאאא،אאא

אא،אאאא
אK 

אאאאW 
אאאאאאאK 

אאאאאאW 
١K אאאK 
٢K אאאאK 
٣K אאאK 
٤K אאאאK 
٥K אאאאאאK 
٦K אאאאאאאK 
٧K אאא،אאאאאK 
٨K אאאאאאK 
٩K אאאאאK 

١٠K אאאאK 
١١K אאאאאאK 
١٢K אאאאאK 

אאאאאW 
١K אאאא 
٢K אאאאאאא،א 
٣K אFאאאE 
٤K אאאאאא

F٧EאFאאEאאאאK 
٥K אאאK 
٦K אאא،אK 



א אאא אא 
אאא ١١٣ אאא 
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אאאW 
אאאאאאאאאא،

אאאאאאאK 
א،אאאאא

אאאאאאאאאאא
אאאאאאK

אF٨١אEאF٨١Eאאאא
K 

 
F٨١אEאאא 

 



א אאא אא 
אאא ١١٣ אאא 
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
F٨١Eאאא 

אאW 
אאאאאאאK

אאאאW 
 

• אW 
אאאאאFE

אאאאאאF٨٢E 
• אW 

אאאאאKאא
אאאאאאאF٨٣KE

אאאאאKאF٨٤E
אKאאאא،

אאאאאאא
אאאאK 



א אאא אא 
אאא ١١٣ אאא 
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 
F٨٢Eא 

 

 
 

F٨٣Eא F٨٤Eא 
 

אFאEW 
אאאאאא

אKאאא
אאאא

F٨٥KE 
 



א אאא אא 
אאא ١١٣ אאא 
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
F٨٥Eא F٨٦Eא 

 
אW 

אא אאאאF
אאEאF٨٦KE 

 
אאW 

אאאאאאאK
אא،אא

אF٨٧Eאא
אאאK 

 
F٨٧Eאאאא 



א אאא אא 
אאא ١١٣ אאא 
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אאW 
אאאאאאKאF

٨٨EאאאאK 

 
F٨٨Eא 

 
אאאאאאאאאאאאK

אאאאאא،א
א،אאWאאאא

אאאK 
אאאאאא

F٨٩EK 
 



א אאא אא 
אאא ١١٣ אאא 
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 
F٨٩Eאאאא 

 
אאW 

١K אאאK 
٢K אאאK 
٣K אאאK 



א אאא אא 
אאא ١١٣ אאא 
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אאאאW 
o F٨١٠EK 
o F٨١١EK 
o F٨١٢EאאאK 

 
F٨١٠E 





F٨١١E F٨١٢Eאאא
 
אאאאאאא،

אאK 



א אאא אא 
אאא ١١٣ אאא 
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אW 
אF٨١٣EKאאאא
אF١EאF٢EאF٣KE 

 
F٨١٣Eאא 

 
א،אאאF٣KE

אאאאKאאאאF٤EאF٥KE
אאאאאF٦EKאא

אאK 



١Kאא ٨K 
٢Kאא ٩Kא 
٣Kאא

א 
١٠K

אאא 
٤K ١١K 
٥Kאא

א 
١٢K 

٦K ١٣K
א 

٧K ١٤Kא   
F٨١٣EאאFE 



א אאא אא 
אאא١١٣  

  
 

- ١٤٤ - 

אא 
 

אאא 
 

١K אא،Kא،١٩٨٢K 
٢K אאא،א،א،١٩٨٢K 
٣K אאא،KאאK 
٤K אאא،KKא،אאK 

 
אאא 

 
1. Engineering Fluid Mechanics, Roberson-Crowe.3rd Ed. 1995. 
2. Fluid Power Theory and Applications, James A. Sullivan, 4th Ed. 1989 

 



א אאא א 
אאא١١٣  

  
 

 

א 
 

א א
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

אKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
אאWאאאא ١ 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK ٢ 
אאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK٣ 

אאאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK٤ 
אאאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK٤ 

אאאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK٤ 
אאאאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK٨ 

אאWאאאא  
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK ١١ 

אאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK١٢ 
אKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK١٢ 

אאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK١٢ 
אאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK١٢ 

אאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK١٣ 
אKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK١٦ 

אאאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK١٨ 
אאאאאאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK٢٢ 

אאאאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK٢٢ 
אאWאFאאאE  

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK٢٦ 
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GOTEVOT appreciates the financial support provided by BAE SYSTEMS         
 


