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א

FaE אאא(١) א(٢)א(٣)אא
FbE אאא(١) א(٢)א(٣)




אW
aK s/m 10 1.388V 3-3×=&אאא(١) ρ  V m1 ×= &&

kg /m٣, ρ = ٨٩٢s/m101.388V 3-3×=& 
s/kg  1.238  m1 =∴ &  

אאא(١)אאא(٢)א
אאא،(٣)אאאא

(٢)אאאא

s/kg 0.619  
2

1.238 
2
m  m 1

3 ===∴
&

&
bK ،אאא

23
2
1

11 m 10027.2
4
D πA ),

100
54.22(D −×==×=

23
2
2

22 m 1056.4
4
D πA ),

100
54.23(D −×==×=

23
2
3

33 m 1014.1
4
D πA ),

100
54.25.1(D −×==×=

(١)
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111 A ρ  v m ××=&
 m1&،A١،ρ

m/s 685.0
89210027.2

238.1
ρ A

mv
3

1

1
1 =

××
=

×
=

−

&



m/s 304.0
8921056.4

238.1
ρ A

mv
3

2

2
2 =

××
=

×
=

−

&

m/s 218.1
8921014.1

238.1
ρ A

mv
3

3

3
3 =

××
=

×
=

−

&


(٣)

א١٠ cmא١٩ m/sאא٧cm
א١٠ m/sאאאא١٥ cm،

FאאEאאאא،
 

1

2 
3 


אW

213 mmm &&& +=
 Avρ  Avρ Avρ 221133 +=
 Av  Av Av 221133 +=

3v   A١, A٢, A٣
= ١٥}٠m  D١}٠ =١m, D٠٧}٠ = ٢m, D٣ 

23
2
1

1 m 10854.7
4
D πA −×==
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23
2
2

2 m 10848.3
4
D πA −×==

2
2
3

3 m 018.0
4
D πA ==              

A١, A٢, A٣,321 v,v,v אא

m/s 428.10
018.0

10  848.31010 7.8519v 
-3-3

3 =
××+××

=∴


(٤)

אא١٥}١אא،
٥٠ mmאאא٥}٤mאאא

אאאאא،א
 

2

4.75 m

D =50 mm 
1


אW

א
Wאאאאאאא

אFאא
אאEאאאא

אאאאאאאא
אW

אאF(١)אEא
אאF(٢)אE
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2
2
2

2
1

2
1

1 z g  v
2
1

ρ
P z g  v

2
1

ρ
P

++=++  
 

P١ = Patm FאאאאE , v٠ = ١ FאאאE   
P٢ = Patm  ,v٢ = ? 

z٠ =  ٢, z٥٧}٤ = ١ m FאאאE   

W
m/s 9.46 4.57 9.8 2 z g 2v  12 =××==


(٥) 
אאאא٣١}٦X ١٠�٣ m٣/sFאאKE

אאאא،א
،אאאאא٢٠ m

א،אאא٧٥}٠אא٥٥}٠א
١٠٠٠ kg/m٣א٠٠١}٠ Pa.sא،אW

aE אא
bE אא
cE א
dE א
eE אאאא
fE אאאא
gE אאאא
hE אאאא
iE אאא ٦٥ % 
jE אא
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20 m 

خط التفريغ

خط السحب 


אW

אאאאFאEאאאא
אא،אFאEאאאאא

aE א،אא

D = ٤ X ٥٤}٢L١٠٠ m, 
4
D π A 

2

= = ١٠٧}٨ X ١٠�٣ m٢  

m/s 0.778 
10107.8

1031.6
A
V v

3

3

=
×

×
==

−

−&



bE אאא

D = ٢ X ٥٤}٢L١٠٠ m, 
4
D π A 

2

= =٠٢٧}٢ X ١٠�٣ m٢ 

m/s 3.113 
10027.2

1031.6
A
V v

3

3

=
×

×
==

−

−&



cE א

µ
D v ρ  Re =

ρ = ١٠٠٠ kg/m٣, v = ٧٧٨}٠ m/s, D = ٤ X ٥٤}٢L١٠٠, µ = ٠٠١}٠ Pa.s  
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79044  
100001.0

2.54 4 0.778 1000  Re =
×

×××
=

dE (cא

µ
D v ρ  Re =

ρ = ١٠٠٠ kg/m٣, v = ١١٣}٣ m/s, D = ٢ X ٥٤}٢L١٠٠, µ = ٠٠١}٠ Pa.s  



140 158  
100001.0

2.54 2 3.113 1000  Re =
×

×××
=

eE  אאא


D2
v L f 4  h

2

s =
Re =٧٩٠٤٤, אא, f = ٠٠٤٥}٠  ( Fאא  

             L = (٢٠ ft/٣٫٢٨٠٨) = ٦٫٠٩٦ m, m/s0.778v = , D = ٤ X (٢٫٥٤/١٠٠) 

 א

J/Kg 0.327  

100
2.54 4 2

 (0.778)  6.096  0.0045 4  h
2

s =
××

×××
= 

 
fE אאא 

 
Re = ١٥٨١٤٠, f = ٠٠٤٠}٠, L = (١٢٥H١٠H٣٤H٥٠) ft /٧٥٢}٦٦ = (٢٨٠٨}٣m, 

 
m/s3.113  v = D = ٢ X (٥٤}٢L١٠٠)

 
 

J/Kg 101.871  

100
2.54 2 2

(3.113)  66.752  0.0040 4  h
2

s =
××

×××
=  

gE אאא

2
v)K  K (h

2

nContractioElbowD ×+=
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m/s 0.778v =  KContraction = ٥٥}٠,KElbow= ٧٥}٠,

J/kg 0.393 
2

(0.778))0.55  0.75(h
2

D =×+=


hE אאאא

2
v  K 2h

2

ElbowD ××=
m/s 0.778v =KElbow= ٧٥}٠,

J/kg  7.268(3.113)  0.75h 2
D =×=



iE אZ
η

m WP &× η،אη = ٦٥}٠

kg/s 6.31 100010 6.31 ρVm -3 =××=×= &&


Wpאא(١) אאא
אא(٢)



f2

2
22

P1

2
11 h z g v

2
1

ρ
PW z g v

2
1

ρ
P

+++=+++
αα




P١ =P٢ =Patm  

0vv 21 ==  
z٠ = ١, z٢٠ =  ٢ m FאאאאאE  

hf  = hs א HhD ٣٢٧}٠= אH٣٩٣}٠ + ٨٧١}١٠١ H٨٥٩}١٠٩ = ٢٦٨}٧ J/kg 

α =١ FאאE  

J/kg 859.305859.109208.9W =+×=P  
kg/s  6.31m =&, η =٦٥}٠  Wp,  

א     =   2.97kW  W 486.2969
0.65

 6.31 859.305
==

×  
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jE אאא،אא
אא(١)(٢)

 

1 2


 (١)אא،א(٢)א

P٢ –P١ = ?,  WP = ٢}٣٠٢ J/kg,  hf  = ٠,  z١ = z٢ 

  
WP =(P٢ –P١) / ρ,      P٢ –P٢}٣٠٢ = ١ J/kg 

Wאא(١)אאאאא
א(٢)א אא אאאK

אאאאא
א
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א(١)א
אאא

١K אאא 
• אאאאא
• אאאא
• אאאא
٢K אאא
• אא
• אאאא
• אא
٣K אא
• אאאאאא
• אאאאאא
• אאאאא
• אא
٤K אא 
• 
• 
• 
٥K אאאא
• 
•  
•  
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אא(١)
אאא

١K אאא 
• אאאאא
• אאאא
o אאאא
٢K אאא
• אא
o אאאא
• אא
٣K אא
o אאאאאא
• אאאאאא
• אאאאא
• אא
٤K אא 
o 
• 
• 
٥K אאאא
• 
o  
•  
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א(٢)א
אאא

١K א

• אאאאאאאאאא 

• אאאאאאאאא 

• אאאאאאאאאא

٢K אא

• אאא

• אאא

• אאא

٣K אא

• אאא

• אאא

• אאאא

٤K אא

• א

• א

• א

٥K אאאא

• אאאא

• אאאא

• אא
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אא(٢)
אאא

١K א

• אאאאאאאאאא 

o אאאאאאאאא 

• אאאאאאאאאא

٢K אא

• אאא

o אאא

• אאא

٣K אא

• אאא

• אאא

o אאאא

٤K אא

o א

• א

• א

٥K אאאא

• אאאא

o אאאא

• אא 



  

 

 

אאאאאא  

 

אאאאאאאא  

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

אאאא 


א
א




א


٢
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Wאא
אאאאאאאא



אאW
אאאW

• אאאאא 
• אאאאאאאאאא 
• אאאא 
• אאאאאאא 
 

אאW
١٥א



אאW
אאאא



אא: 

• אאא                                                                                                       
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אא


אאאאאThermodynamics
 

אאאאאא،
אאאאאKאאאאא

אאאאאא
אאאאא

אאאאKאאא
אאאאאאא

אאאאאאאאאאK

אאאא System: אאאא
אאSurroundings  W אאאאא 

אBoundariesWאאאאא 

אW
אאW אאאאא،

אאאאאאאאא
אאF١KE

غاز أو سائل
 mكتلته 

لا كتلة

 
١Wאאאא
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אאאאאאא
אאא

אאאאאאF٢EאאKא
אאworking fluidאאאאאKא

אאאאFFאEא
אאאאE

 

حدود متحركة 

حدود ثابتة
غاز 

 2 kg 
1m3 

غاز
 2 kg 

3m3 

حرارة 
 

٢Wאאאא 

אאאW אאאא

אא Open Systems: אאאא
אאאאאאאא )  ٣شكل( 
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كتلة

الطاقة

 
٣Wאא

אאProperties of a System   : אאאאא
אאאPאאTאVאmKKאא

WKאאאאאא(extensive and intensive properties)K
אאאאאא،א،א

אKאאאאאאא
אאאאאאאאא

אאאV/m

אW  אאאאא
،אאאאא

אK،אאאאאאא
א١m٣٣m٣،

אאאאW אאאאאא
אאאThermodynamic process אאא

אאאPathאאאאא
אאאאאאאKאא

W
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• א Reversible processes: אא
אאאא

אאא
• אIrreversible processesW 

אאאאאאK
،אאאא

אאאאאאא
אKאאאFאEאאאאאאF

אKEאאאא
אאאאאאאK

אאאאאאKאא
א،א

אאאאאאא
אאאאא

אא
אאאאאאאא

אאאאאא
אאאKאאאאא

אאאאאא
אFאEאאFאEאאאK
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غاز

 
٤W

 

אאאאאKאא
אאאKאאא

אאאא
אאאאא

،אאאאא
אאאאא

אאKאאאא
אאKאאאא

אK

אאאא
אאאאאאא

אאא،؟אא
אאאאא

אאאאאאא
אאאאאאK 
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אאWאאאאאא
אאאאאאאאאאK

אאאאאאאאא
אאאא(٥)א



p

v 


٥W
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אא
אאאא


אאאאאאאא،אא

אKאאאאK
אאאאאאאא

אאאאאאKאאא
אאאאא

אאאאאא
אאאאKאאאאאא

אאאאאאK
אאאאאאאאא

אאאאאאא
אאאאאאאאאא

אאאאKאאאא
אאאאא

אאאאאאא
אאאאאאא

F(٦Kאאאאא
אאאאאאאא

Q 
(+)

(-)

(-)

(+)
W 

 
٦Wאאאאא
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אא        

אאאאאא
F אdsאאאW

∫=
S

0

ds F W  

אאא
אאWא،אKאאא

אאאא؟

אאאא،אאאא
אאPאVאA،

אאאP-dP Kאאא dVאא
אאאאPא ds 

(٧) 

A 

P 

غاز 

ds

 
٧Wא

אאאאאא
א

∫∫∫ ===
2

1

V

V

S

0

S

0
b PdVdsPA ds F  W 

F = P A، dV = A ds V١, V٢ אאאאא
א،אא(Wb )אאdV،
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אאאאא dVא،
אאאא

אKא،אאאא

אאאאאאW


אIsobaric Process    

אאאאא
אאאאאא

אאW P = constא

)V(V PPdV  W 12

V

V
b

2

1

−== ∫ 

אא(J)Jouleא
אאאאאאא

QFאEFאEא)٨( 

P 

غاز 

    Patm مكبس حر

    Q  
٨Wא
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אאIsothermal Process  

אאא
אFאאא

אKא(٩)א،
W P V = const  אא

P 

غاز 

F 

Q 
٩Wאאא

אאאאאאאW

V
const  P =

 

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
×=⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
×=== ∫∫

2

1

1

2
V

V

V

V
b P

Plnconst  
V
Vln  const

V
dVconst dV

V
const  W

2

1

2

1

 


אא Polytropic Process  

אאאאאאאא،
אאאאאאאW
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P Vn = constnPVאא
אא

 

n-1
1V 1P2V 2P

n-1

n-1
1V - n-1

2V
const  bW

−
== 

אn=٠אאאאn =١אא
אKאאאא

א

אאאא Isochoric Process 

אdV=٠)٠Z(Wbא
אאאאאV= 

constאאאK

אאאאW
אאאאאאאא

אאאאאאאא
אאאאאאאK

אא
אאאאFאאאא

אEאאאאאא
אאKאאאWP V = n R T،P

،אאV،אאn،אRאאאJ/mol K ٣١٤}٨
אSITאאאKאאאא

אאאאאאאאא
אאK
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אאא
אאאאאאאKא،א

אאאאאKאאאא
אאאאאאאK

אאאאאKא

אאאא(٢٠oC)אא
١אatm ،אאאאאאאא 

(compressed liquid)  אאאKאא
אאאאא١٠٠oCא

(saturated liquid) אאאאא
אא(saturated vapor) אאאאא 

 אאאאאא
אאאאאאאא(superheated 

vapor)Kאאאאא  T-V(١٠)K

T oC 

V

20 

100 

Compressed 
Liquid 

Saturated 
Liquid mixture

Superheated 
vapor 

 
١٠Wאאאא
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אאאאאW
،،،Kא

אאאאאא
אאאאאאאKא

אאא  saturated steam tables
אאאאאא

אאKאאאאאאאא
אאFאE) T( ocאאאאא

אPsat ( kPa) אאאאאא
 vf, vg (m٣/kg)אאאאאאאאא

אא (kJ/kg)  uf, ug, hf, hgKאא
אאאאאsuperheated steam tablesאא

אאאאאאאאא
אK



אא
אאאא

א،אאאאאאאא
אאאאאאאאאאאא

אאא١K
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الخواص 

 المعطاة
 بخار محمص بخار مشبع خليط مشبع سائل مشبع سائل بارد

P > Psat at T P = Psat at T P = Psat at T P = Psat at T P < Psat at T 
T, P 

T< Tsat at P T = Tsat at P T = Tsat at P T = Tsat at P T > Tsaat P 

v, (T or 

P) 
v < vf at T or P v = vf  at T or P vf <v<vg  at T or P v = vg at T or P 

v > vg at T 

or  P 

u, (T or 

P) 
u < uf at T or P u = uf  at T or P uf <u <ug  at T or P u = ug at T or P 

u > ug at T 

or  P 

h, (T or 

P) 
h < h f at T or P h = hf  at T or P hf <h <hg  at T or P h = hg at T or P 

h > hg at T 

or  P 


١Wאאא
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אא
אאאא


אאW

 אאאא א אא
אאאאאK

 אאא א א K 
אאאאאאא

א،אאאאאא
אאאK

∆אאH∆אאאZ٠

אאאZאאאאאאא
אאאא،אZאאא

א אא אא  Kאא 
אאאאאאאאא

אאאאאאא
W-QU =∆ 

U ∆אאאאא


א
אאא אאאאא

אKאאאאאא
אאאK

אW
H = U + PV 
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אאh = u + Pv

אא
d(PV)dUdH += 

dPVdVPdU  dH ++= 

אאאV dP = ٠ אא
אאאאאאdU = δQ - δWbδWb 

= P dV 
dH = δQ

∆H = Q
אאאאא

∆h = q
qאאאFאאאאE

אאא P dV = ٠א

∆H = ∆U + P ∆V
∆h = ∆u + P ∆v

אאאא

∆H = ∆U 
∆h = ∆u 
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אאא
א אאאאאאאא

אאאאאאא
אאאאאאKאאאאא

אאKאאאאאאW

١. אאאCvאאאאאא
אאאאא  q = ∆u 

 du /dT   Cv  =   و

٢K אאאWאאאאאא
אאאאאאא 

Q = ∆h         CP = dh / dT

אאאאאא،אאאאאא
אאא

אא


אאאאאאא

  א   אא  א א  א אא א
א א א א     Kא א   א

אאאאאאאאאאא
אאK

dT (T)C u  
2

1

T

T
v∫=∆ 

dT (T)C h  
2

1

T

T
P∫=∆ 
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١ in = ٥٤}٢ cm 
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١ L = ١٠٠٠ cm٣ 
١ m١٠٠ = ٣ L 

١ ft٣١٧}٢٨ = ٣ L
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١ gc = ٦}٩٨٠ g cm/ dyn s١٧٤}٣٢ = ٢ lbm .ft/ lbf .s١ = ٢kg  m/N s٢


א
١ atm  = ٧}١٤ psia  = ٣}١٠١ kPa = ٧٦٠ mmHg


א

١ cp = ١٠�٢  g/cm.s (poise)  = ١٠�٣ Pa.s = ١٠�٣ kg/m.s = ١٠�٣N.s/m٢


א
١ hp = ٧٤٥}٠ kW, ١ J/s =١W 
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