
  

 

  

אאאאאא  

אאאאאאאא  


א

א



א




٢
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אאW 
אאאאאאאא 

 

אאW 
אאאW 
• אאאאא 
• אאאאאאאאאא 
• אאאא 
• אאאאאאא 
 

אאW 
١٥א 

 

אאW 
אאאא 

 

אא:  

• אאא                                                                                                       
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אאWאאאאאThermodynamics 
  

 אא،אאאא
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 

 

אאאאאאא
אאא
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אאאאאאF2EאאKא
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  ) 3شكل(  

كتلة

الطاقة

  
٣Wאא 
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אאProperties of a System   : אאאאא
אאאPאאTאVאmKKאא

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

אKאאאאאאא
אאאאאאאאא

אאאV/m 

אW  אאאאא
،אאאאא 

אK،אאאאאאא
א1m33m3، 

אאאאW אאאאאא
אאאThermodynamic process אאא
אאאPathאאאאא

אאאאאאאKאא
W 

 

 

• א Reversible processes: אא
 אאאא

אאא 
• אIrreversible processesW 

 אאאאאאK 
،אאאא

אאאאאאא
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אKאאאFאEאאאאאאF
אKEאאאא

אאאאאאאK
אאאאאאKאא

א،א
אאאאאאא

אאאאא
אא

אאאאאאאא
אאאאאא

אאאKאאאאא
אאאאאא

אFאEאאFאEאאאK 

غاز

  
٤W 

 
 אאאאאKאא

אאאKאאא
אאאא
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אאאאא
،אאאאא

אאאאא
אאKאאאא

אאKאאאא
אK 

 אאאא
אאאאאאא

؟אאאאא،
אאאאא

אאאאאאא
אאאאאאK 
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אאWאאאאאא
אאאאאאאאאאK

אאאאאאאאא
אאאא(5)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(6Kאאאאא
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 

(7)  

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 V1, V2 אאאאא
א،אא(Wb )אאdV،
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אאאאא dVא،
אאאא

אKא،אאאא 

Wאאאאאא 

 
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(9)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=0אאאאn =1אא
אKאאאא

א 

אאאא Isochoric Process 

 אdV=0)٠Z(Wbא
אאאאאV= 

constאאאK 

אאאאW 
 אאאאאאאא

אאאאאאאא
אאאאאאאK 

אא 
 אאאאFאאאא

אEאאאאאא
אאKאאאWP V = n R T،P

،אאV،אאn،אRאאאJ/mol K 8.314
אSITאאאKאאאא

אאאאאאאאא
אאK 
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אאא 
 אאאאאאאKאא،

אאאאאKאאאא
אאאאאאאK

אאאאאKא 

אאאא(20oC)אא
1אatm אאאאאאא،א 

(compressed liquid)  אאאKאא
אאאאא100oCא

(saturated liquid) אאאאא
אא(saturated vapor) אאאאא  

אאאאאא
אאאאאאאא(superheated 

vapor)Kאאאאא  T-V(10)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 (m3/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
  حمصبخار م  بخار مشبع  خليط مشبع  سائل مشبع  سائل بارد

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

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

א אאאא K 
אאאאאאא

א،אאאאאא
אאאK 

∆אאH∆אאאZ٠ 

אאאZאאאאאאא
אאאא،אZאאא

א אא אא  Kאא 
אאאאאאאאא 

אאאאאאא 
W-QU =∆  

U ∆אאאאא 

 
א 
 אאאאאא אא

אKאאאאאא
אאאK 

אW 
H = U + PV 
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אא   h = u + Pv 

אא 
d(PV)dU dH +=  

dPVdVPdU  dH ++=  

 אאאV dP = 0 אא
אאאאאאdU = δQ - δWbδWb 

= P dV  
dH = δQ 

∆H = Q 
אאאאא 

∆h = q 
qאאאFאאאאE 

אאא P dV = 0א 

∆H = ∆U + P ∆V 
     ∆h = ∆u + P ∆v 

אאאא 

∆H = ∆U  
     ∆h = ∆u  
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אאא 
 אאאאאאאאא

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 

 אא א  א   אא  א א  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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אאאCpאאאאאאא
C p – Cv  = R אאK 

אאאאא 
 א א      א א א   

א،   אא      א
א       W،אא،א ،אא،א

אאאא،א،אKאאאאא
אאא א F،א אא

 א ،א ،א،א E  א א א
אאאאאאאאW 

  

⎥⎦

⎤
⎢⎣

⎡
−+

−
+−= )z(z g 

2
u uhh m  W- Q 12

2
1

2
2

12&&&  

  

⎥⎦

⎤
⎢⎣

⎡
−+

−
+−= )z(z g 

2
u uhh  w- q 12

2
1

2
2

12  

  

אאאאאא(J/s) = Q& 

אFאEאאאאא(J/s)=W& 

אא= (kg/s)m& 

אאאא(h2) א(h1)(J/kg)∆ h = h2-h1=  

אאאאF (J/kg=
2

u u 
2
1

2
2 −∆k e = 

אאאא(J/kg))z(z  g 12 −∆pe =  

אאאאא(J/kg)q = 

אאאאאw = (J/kg) 
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אאא 
אאאא 

 
 אאאאאאא

אאאאאאאאK
،אאאWא

؟אאאאאאאK
אאאאאאאאא

אאאאאאKאאאאאא
אאאאKאאאא

אאאאאאאאK
אאא،אאאא

אאאאאאאאאאאא
אאKאאא

אאאאאKאאאא
אאאאאא

FאאאאאEאאא
אאאאאאאK

אאאאאא
אאאאא

אאKאאאK 

 
אא 

 אא(11)Kאא
אאאאKאא
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אאאאאאא
אאאאK 

غلاية 

مضخة 

مكثف

تربينة

Win Wout

Qout

Qin  

 
١١Wאא 

 

 אאאאאQin א
אQout אKא

אKאאא (η)אאא
אאא 

inputheat  total
outputnet work   η =  

א∆U = 0net work output = Qin - Qout  

in

out

Q
Q -1  η =  
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(3) 
אאW 

• אאFE 
• אאא 
• אאאאZ 
• אאאאאא 
• אאאFאאאאEאF

אאאאEאאא
א 

• אאאאא 
• אא 
• אאא 
• אאאאאאאאאא 

   (1) 
אאאPV1.4 =constא،

א2kgאאא100kPaא300Kא
אא700Kאא، 

אW 

١K אאא 

٢K אאאאאCv20.804 kJ/ kmol K  

٣K אאא 
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אW 
אW 

• אWא 

• אאn =1.4Fn١E 

 

١.    
n1

)T- (T R m  
n-1

V PV PW 121122
b −

=
−

=  

 

m אWאLאאZ2/28Z0.0714  k 
mol 

R = 8.314 kJ /mol K, T2  = 700 K, T1 = 300 K 
Wb = -593.62 Jאאא

א 

٢K אאאאא ∆Uאא، 

∫=∆
2

1

T

T
 v dT C   U  

∆U = Cv (T2 –T1)  
Cv = 20.804 kJ/mol K 

∆U = 20.804 (700 -300) = 8321.6 kJ/kmol X0.0714 kmol = 594.16 KJ 
٣K אאאאאאאא 

∆U = Q –W ,   Q = ∆U + W = 594.16 -593.62 = 0.54 kJ 
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(2) 

א8 kgאא500 kPaoC300א،
אא70%אK 

א 
١K אאא 
٢K אאאא 
٣K אא 
٤K אאא 

אW 
אW 

• א 
• אא 
• אאאW 
• אאWאאאאFא

70%אאאאאאאE 
• א 
 
١K א  

Wb = P (V2 –V1) 
אV1אאא V2אאא

W 
 אאv1  500 kPaC 300o0.5226 m3/kg 

V1 = 0.5226 m3 /kg X 8 kg = 4.18 m3  
v2אW 

v2 = (1-x) vf + x vg  
אאvf vgאאF

אEאאאKxאאאא
א 
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) P = 0.4758 (~0.5 MPa،vf  =0.001091 m3/kg= 0.3928 m3/kg vgx = 
0.3W= 0.12 m3/kg    v2 

V2  = 0.12 X 8 = 0.96 m3 
∴ Wb  =  500 kPa X (0.96 – 4.18) = -1610 kJ 

אאאא 
٢K אאאאU1  - ∆U=U2 

א1 V U1אאא 
U1 = 2802.9 X 8 = 22423.2 kJ 

אV2U2אאא 
u2 = (1-x) uf + x ug = 0.7X 631.68 + 0.3 X 2559.5= 1216.3 kJ/kg 

U2 = 1216.3 X8 = 9730.7 kJ 
∆U = 9730.7 – 22423.2 = -12692 kJ 

אאאאא 
(3) 

א25000 kg/hr8MPa450oC30kPa
אאאא، 4MWאאאאא،

אא 
אW 

אW 
،אאאא،א 

)h(h m  W- Q 12 −= &&&  

 h1 h2 אאאאF1אE
אאאאאאא

אאKאא8MPa אאאאא 
295oCFאאאEאאאאאא

K 

אאאאF(P= 8MPa, 450oCh1 = 3272.0 kJ/kg  

אאאאFkPa  h2 = hg = 2626.8 kJ/kg ( P = 30 
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W&א4MWm&אא25000 kg/hrא
אאאא 

)h(h m  W Q 12 −+= &&&  

kW -408053272)-(2626.8 
360

25000  10 4  Q 3 =+×=&  

אאאא 
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א(3)א 
אאא 

١K אאא 
• א 
• א 
• אאא 
٢K אא 
• אא 
• אאא 
• אאא 
٣K א 
•  
•  
•  
٤K אאאא101.3 kPaא120oC 
•  
•  
•  
٥K א 
• א 
• א 
• א 
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אא(3) 
אאא 

١K אאא 
• א 
o א 
• אאא 
٢K אא 
o אא 
• אאא 
• אאא 
٣K א 
•  
•  
o  
٤K אאאא101.3 kPaא120oC 
o  
•  
•  
٥K א 
• א 
• א 
o א 


