
Introduction to Thermodynamics 

ايناس علي هاشم م.م

ماجستير هندسة تصنيع 

وزارة التعليم العالي والبحث العلمي

جامعة الفرات الاوسط التقنية

المعهد التقني النجف 



• The science of energy that concerned with the ways in which energy 
is stored within a body 

• Energy transformation – mostly involve heat and work movement

• thermodynamics is the science that deals with interaction between 
energy and material systems

• The fundamental law is the conservation of energy principle: energy 
cannot be created or destroyed, but can only be transformed from 
one form to another

What's the thermodynamics



System, surroundings and boundary 

• System: a quantity of matter or a region in space chosen for a study 

• surroundings: the mass or region outside the system 

• Boundary: the real or imaginary surface that separates the system 
from its surroundings



System, surroundings and boundary



Types of systems

• Isolated system- neither mass nor energy can cross the selected 
boundary

• Example – coffee inside the bottle or container 



• Closed system –only energy can cross the selected boundary 



3- open system- both mass and energy can cross the selected boundary 



Basic concepts 



Basic concept 











Thermodynamics 

State, Equilibrium and process
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Properties of the system 



Properties of the system 

Extensive and Intensive properties 





State, Equilibrium and Process



Process: change from one equilibrium state to another. 



Isobaric process: a process during which the pressure remains constant



State, Equilibrium and Process



Isothermal process: a process which the temperature T remains constant 



Isochoric or isometric process: a process during which the specific 
volume remains constant 
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Pressure Temperature  

 

Temperature: - It is may be defined the degree of heat or the level of heat 

intensity of a body.  

Measurement of Temperature:- 

The temperature of a body is measured by a thermometer. There are two scales 

for measuring the thermometer of a body. 

1) Centigrade or Celsius Scale:-  

      This scale is most used by engineers. The freezing point of water = 0.  

      The boiling point of water = 100  

       We use symbol (ºC) to describe temperature.  

2) Fahrenheit Scale:-   

     The freezing point of water = 32  

     The boiling point of water = 212  

We use the symbol (ºF) to describe thermometer. 

* The relation between centigrade scale and Fahrenheit scale is given by  

           F = 1.8 ºC + 32      

Absolute Temperature:- 

The absolute Celsius scale is called degree "Kelvin"  

                K = ºC + 273  

Absolute Fahrenheit scale is called degree "Rankine" 

                R = F + 460 
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Pressure 
 

Pressure: - is the force exerted by the system on unit area. 

Absolute Pressure: - is the gauge pressure plus atmospheric pressure. 

Gauge Pressure: - A gauge for measuring pressure records the pressure above 

atmospheric pressure. 

Vacuum Pressure: - It is the pressure of the system below atmospheric pressure. 

Equations                                                                                                          
 

Pabs  = Patm + Pgauge 

 

The positive gauge pressure  

Absolute Pressure = absP 

Patm = Atmospheric Pressure            

Pgauge = Gauge Pressure 

  

  Pgauge = Pabs – Patm                     

 
 The negative gauge pressure: - [Vacuum Pressure]  
                                                        

 

Vacuum  Pressure  =   Patm   -  Pabs     

 
 

Manometer and Barometer 
 

Manometer: - An instrument for measuring a pressure difference in terms of the 

height of a liquid. 

12 ppP   
 

 

 
   = Density of Liquid  

 g   = Ground Accelerate = 9.8 

h = Height of the Liquid 

Barometer: - An instrument for measuring the atmospheric pressure. 

hgp    
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Units of Pressure:-                                                                                       

 
1      pat m   =   76 cm. Hg = 760 mm. Hg 

 

1      pat m    =    pa
m

N 5

2

5 1010   

 

1      pat m    =    Kpa
m

KN 2

2

2 1010      

 

1      pat m     =     1.01325     bar 

 

Example (1)  
 

Change a pressure from 1500 mm Hg to bar. 

 

Solution 
 

760 mm Hg    =   1.0132 bar 

1500 mm Hg 
1.0132

1.999
760 mm Hg

   bar 

 

Example (2)  

A compound gauge reads (65 cm Hg) vacuum pressure. Compute absolute 

pressure. 

 

Solution 

 

76 cm Hg = 1.0132 bar 

Pvacc = 65 cm Hg ×   
Hgcm

bar

76

0132.1
   =   0.867 bar 

 

Pvacc =   0.867 bar 

 

Pvacc =   Pat m –  Pabs 

 

0.867 = 1.0132 – Pabs  

 

Pabs = 1.0132 – 0.867 = 0.147 bar 
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Example (3)  

A manometer is used to measure the pressure in a tank. The fluid is an oil with a 

specific gravity of (0.87) and the liquid height h  = 45.2 cm. If the barometric 

pressure = 98.4 kpa, the density of water = 1000 3m

kg
  the gravity = 9.8 2s

m
,    

Determine the absolute pressure within the tank in kpa, 1 atm. 
 

 

Solution 

Sp. Gr.    = 
water

oil




  

 

3 3
0.87 1000 870oil

kg kg

m m
     

 

1 2p p p    

 

1 2p p g h    

3 2
     870 9.8 45.2 /100

p g h

kg m

m s

  

  
 

2

2

2

1
3853.752

.

     3853.752

     3853.75 pa

kg N
p

kgmm s

s

N

m

  





 

kpap 853.31000/752.3853   

P1 = 98.4 kpa - 3.853 kpa 

P1 = 94.548 kpa 

P1 = 94.548   kpa × 
kpa

atm
210

1
  = 0.94547  atm 

 

Note:- 

 

2

.
1

s

mkg
N   

1    kpa   =   1000   pa 

1    atm  =  102   kpa 
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Home work 
 

1) Convert 20 ºC to Kelvin scale.  

2) Convert 400 ºK to Rankine scale. 

3) Convert 170 ºF to Kelvin Scale. 

4) Convert pressure 76 cm Hg to
2m

KN
. 

5) Convert pressure 50 pa to mm Hg. 

6) Convert 500 cm Hg to 2m

KN
. 

7) Convert  2 kpa to mm Hg. 
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Solution 

 
1) Convert 20 ºC   to Kelvin Scale.  

 k = ºC + 273 

 k = 20 + 273  

 k = 293 ºF 

2) Convert  400 ºK  to Rankine Scale. 

ºR =ºF + 460 

ºk = ºC + 273 

400 = ºC + 273 

ºC = 400 – 273 =127 ºC 

ºF =1.8ºC + 32 

ºF = 1.8 ( 127 + 32 ) 

ºF = 260 .6 

ºR =260 .6 + 460   = 720.6 

3) Convert 170 ºF to Kelvin Scale. 

ºF =1.8ºC + 32 

170 = 1.8ºC + 32 

ºC = 
8.1

32170 
= 76.666 

k = ºC + 273 

    = 76.666 + 273 

    = 349.666 ºC 
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4) Convert pressure   76 cm Hg to 
2m

KN
. 

 
2m

KN
 276 cm Hg = 10 

 

5) Convert pressure  50 pa  to  mm Hg. 

 

50 pa   ×
pa

Hgmm
510

.760
  

5 -10 ×= 38000  

= 0.38 mm .Hg 

6) Convert   500   cm Hg   to   2m

KN
. 

102 
𝑘𝑁 / 𝑚2

76 𝑐𝑚 .𝐻𝑔
 × 500 cm .H  

= 657.894 𝑘𝑁 / 𝑚2  

 

 7) Convert  2  kpa  to mm  Hg. 

 

2kpa  
pa

Hgmm
210

.760
 

= 15.2 mm .Hg  
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Work 

 

Work: - The product of a force with its corresponding displacement.  

Work is one of energies types, that we can transform it to other types of energy 

such as (transform of mechanical work to electrical energy, kinetic energy, heat 

energy). 

Unit of Work (Joule) (J = N.m) 

W = Force × Displacement  

W = F × x   

 

 

             

 

 

 

 

 

 
 

 

Notes:- 

 

 If the work done by a thermodynamic system we say that is a positive work     

+W or   W > 0           

 If the work done on a thermodynamic system we say that is a negative work 

˗ W or   W < 0                 

 

 

 

 

 

Body  F 

1x 2x 
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Let the Piston be moving from thermodynamic equilibrium from state 1 (P1, V1) 

to state 2 (P2, V2). 

Let the values at any intermediate equilibrium state is given by P and V.  

 

 
 
By taking a small element with length of p and width of dv  

dw = p . dv 



2

1

dVPW  

 

dLAdv .  



2

1

. dLApW  

 

F = p . A 
 



2

1

dLFW  

 

W = F . L                             

 

F = Exerted Force. 

P = Exerted Pressure.  
 

L = Stork Length (m). 

A = Area of Piston. 

dL = Displacement Move  by a Piston.  

State 2 State 1 

P
1
 V

1
 

P
2
 V

2
 

Area A 

P
re

ss
u

re
 PV

 
= C 

Quasi-Static  

Volume 

State 1 

State 2 
P2 

P1 

V1 V2 
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Flow Work 

 

WF = F. L 

 

F = p. A 

 

WF = P. A. L 

 

                                               

 

1122 VPVPWF   

 

12 FFF WWW   

 

The flow work (flow energy) per unit mass [specific flow work]. 

   

Unit of Flow Work (J/kg). 

 

 

Types of Energies 
 

 

1)  Potential Energy (P.E):- 

The energy that system possessed by virtue of its position relative to the surface 

of the earth. 

P.E = m. g .h 

m = Mass, kg 

g   = Ground Accelerate 

h = Height, m  

12 ).().(. EPEPEP   

12 )..()..(. hgmhgmEP   

)(.. 12 hhgmEP   

hmgEP  .
 

WF = P. V 
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2) Kinetic Energy (K.E):- 

The energy that a system possessed owing to its motion. 

2

2

1
. mVEK                             

)(
2

1
. 2

1

2

2 VVmEK   

V   = Velocity m/sec 

2V  = Final Velocity  

1V = Initial Velocity  

12 ).().(. EKEKEK    

 

 

 

 

 

 

3) Internal Energy (I.E):-  

The energy stored in the substance.  

 I.E = m Cv T  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

1 2 
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Example  

A gas has a mass of (3 kg) and density ( 3
6.21

m

kg
)   is transported by pipe of 

height (25 m) from earth, the temperature =123 ºC, the velocity flow (5 m /s)  

Cv = 1.54
.

KJ

kg K
. 

Find: - 1) Potential energy.   

           2)  Kinetic energy. 

           3)  Internal energy. 

Solution 

1) P.E = m. g. h 

     P.E = 3 × 9.81 × 25 = 735.75 kJ 

2) K.E = 
1

2
 m 𝑣2 

    K.E = 
1

2
 × 3 × (5)2 = 37.5 kJ 

3) I.E = m. Cv .T 

    I.E = 3 × 1.54 × (123 + 273) = 1829.52 kJ 

 

           

.  
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The First Law of Thermodynamics 

 

The concept of energy and hypothesis is that it can be neither created or destroyed 

this is principle of the conservation of energy.  

The first law of thermodynamics is merely one statement of this general principle 

with particular of this general principle with specific reference to heat energy and 

work. 

The amount of heat absorbed by the system or lose it is the sum of the change 

in internal energy and that his work or make it. 
 

Q   = ∆u + W 

Q   = The Heat. 

∆u = Energy Change. 

W = The Work. 

Enthalpy 
 

Enthalpy (H) 
 

H = U + P . V                     (J, KJ) 

Specific Enthalpy (h)          (J/kg, kJ/kg) 

VPuh .   

V    =   Specific Volume   (m3 / kg) 

u    =   Specific Internal Energy   (J/kg) 

p   =  Pressure   (
2m

N ) 

 
Heat Energy (Q):-                                                                                      

It is the type of energy that transfers due to the different in temperature between 

the system and its surrounding. 

Q:  Heat Energy                  (J, kJ) 

q:  Specific Heat Energy    (J/kg, kJ/kg) 
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Heat Sign  

 

 

1) Heat Added Input Use             + Q    

2) Heat Rejected or Output Use    ˗ Q 

    Wnet = Net Work      

    Qnet = Net Heat 

 

 

 

 

 

 

 

 

 

 

 

 

 

Wnet   = Wout – Win    

Wout   =  Output Work 

Win    =  Input Work 

Qnet    =   Qin – Qout  

Qin     =   Input Heat 

Qout    =   Output Heat  

 

 

 

 

 

 

 

 

System 

-Q 

+ W 

+Q 

-W 
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Energy Equation 

 

 ( Q + U1 + P1V1 + K. E1 + P .E1 ) = ( W + U2 + P2V2 + K . E2 + P .E2) 

 

 H = U + PV  

 

(Q + H1 + K. E1 + P .E1) = (W + H2 + K . E2 + P .E2) 

 

Q – W = EPEKH ...          
 

)(
2

1
. 2

1

2

2 VVmEK         Let V = c 

 

hmgEP  .
                   

We can written this equation  
 

Q – W = (h2 – h1) + )()(
2

1
12

2

1

2

2 ZZmgCCm            
 

Q – W = m [(h2 – h1) + )()(
2

1
12

2

1

2

2 ZZgCC  ] 

 

 

Home Work 

Question 

A gas has a mass of (2 kg) and density ( 321.6 kg m )   is transported by pipe of 

height (30.25 m) from earth, the temperature =138 ºC, the velocity flow (6 m /s)  

Cv = 0.674 .KJ kg K and the radius of the pipe (0.5 m). Find: 

1)  Flow work. 

2)  Potential energy.   

3)  Kinetic energy. 

4)  Internal energy.  

 

 

 

Let h = z 
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Solution 

 
m  = 2kg                                      

  = 21.6 kg / 𝑚3                          

h  = 30.25 m                                

T  = 138 ºC                                  

V = 6 m / sec 

Cv = 0.674 
Kkg

KJ

.
 

r   = 0.5 m 

1) WF = ? 

2) K. E = ? 

3) P. E = ? 

4) I. E = ? 

1) by monometer law 

P =   . g . h 

P = 21.6 × 9.81 × 30.25 = 6409.054 pas 

V= π 𝑟2h 

V= 3.14 × ( 0.5)2 × 30.25 = 5.93 𝑚3 

WF = p.v 

WF = 6409.854 × 5.93 = 38018.434 J 

2) P.E =  m . g . h 

     P.E = 2 × 9.81 × 30.25 = 593.5 KJ 

3) K.E = 
1

2
 m 𝑣2 

    K.E = 
1

2
 * 2 × (6)2 = 36 KJ 

4) I.E = m . Cv .T 

    I.E = 2 × 0.674 × ( 138 + 273 ) =554.028 KJ 
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ystemsSlosed Chermodynamic on Taw of Lirst FApplication the  

 
Non – Flow Energy Equation (N. F. E. E):- 
 

For closed system   PV, K.E, P.E = 0 

 

Q – W = ∆U + ∆PV + ∆K.E + ∆P.E        
 

The energy equation become:- 

 

  

 

 

Example (1) 

The change in the internal energy of closed system increase to (120 KJ) while 

(150 KJ) of work that go out of the system. Determine the amount of heat transfer 

a cross system boundaries? 

Is the heat added or rejected? 

Solution 

From N. F. E.E 

UWQ   

KJQ

Q

270

120150





 

The sign (+270) therefore the heat added to the system. 
  

 

Note :-   

If the change in the internal energy increase we use (+ u ). 

If the change in the internal energy decrease we use ( u ). 
 

 

 

 

 

UWQ   
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Example (2) 

A tank contain a fluid is stirred by a paddle wheel the work input to the paddle 

wheel is (5090 KJ). The heat from the tank is (1500 KJ). Determine the change 

in the internal energy. 

Solution 

From N. F.E.E 

uWQ   

Q = - 1500 KJ       (The heat out) 

W = - 5090 KJ      (The work input to the system) 

- 1500 – (-5090) = U  

KJU

U

3590

50901500





 

 

 

ystemsS penedOhermodynamic on Taw of Lirst FApplication the  

 
 

Steady State Flow Energy Equation (S. F. E. E):- 
 

For open system and steady state  
 

in outm m     

The energy equation in steady state 
2 2

2 1 2 12 1

1
 [( ) ( ) ( )]

2
Q W m h h g Z Zc c        

 

m    =   Mass Flow Rate            ( kg s ) 

Q    =   Rate of Heat Transfer    ( J s   = W, kW) 

W    = Rate of Heat Transfer    (W, kW) 
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1) The Boiler 

The boiler is a heat exchange which converts the liquid water to steam at constant 

pressure.     

P = C 

)]()(
2

1
)[( 12

2

1

2

212 ZZgCChhmWQ   

 
 
h2  >  h1                    Q (+)           Heat Added 

              
 

 

 

 

 

 

 

2) The Condenser  

It is a heat exchanger work on condenser steam of water and converted it.  

)]()(
2

1
)[( 12

2

1

2

212 ZZgCChhmWQ   

Q = m (h2 – h1) 

 

h1 > h2                    Q (-)          Rejected (Heat Out)               

 

 

 

 

 

 

 

 

 

 

Q =   m (h2 – h1) 

Steam 

Water 
1 

1 

2 

Water 

Steam 

2 
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3) The Turbine  

It is a mechanical device used to convert the kinetic energy of fluid into 

mechanical work. 

 

T1 > T2                    h1 > h2                  P1 > P2 

)]()(
2

1
)[( 12

2

1

2

212 ZZgCChhmWQ   

- W = m (h2 – h1) 

 

                                              

 

W = (+)        Work Output  

 

 

 

 

 

 

 

 

4) The Compressor  

It is a mechanical device used to increase fluid pressure by using on external 

mechanical work. 

T2 > T1                    h2 > h1                  P2 > P1 

)]()(
2

1
)[( 12

2

1

2

212 ZZgCChhmWQ   

- W = m (h2 – h1)                                             

 

 

  

W = (-)        Work Input  

)2h – 1W = m (h 

Input 

2 
Output 

)2h – 1W = m (h 

1 
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Example (3) 

A boiler is generating steam with rate of 8 kg the enthalpy of liquid water is       271 

kg

KJ
 and the enthalpy of steam is 3150

kg

KJ
 . For steady state conditions and by 

neglecting the change in K.E and P.E. Determine the rate of heat added to the 

steam in boiler. 

Solution 

 

Q = m (h2 – h1) 

h1 = 271  
kg

KJ
 

h2 = 3150  
kg

KJ
 

m = 8 kg/s 

Q = m (h2 – h1) 

    = 8 (3150 – 271) = 23032  
S

KJ
 = 23032 KW 

 

 

Home Work 

Question  

Air enters a compressor at enthalpy (5000 J/kg) and leave with enthalpy        (250 

KJ / kg) the mass flow rate = 0.25 kg/s, Determine the work done. 
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Solution 

 
 

h1 = 5000 J / kg   =  
kg

KJ
5

1000

5000
  

h2 = 250  
kg

KJ
 

m = 0.25 kg / s 

w =? 

w = m (h1 – h2) = 0.25 (5 – 250) 

w = 0.25 (-245)  

w = - 61.25 KW 

 



1 

 

Specific Heat 

   

Is the amount of heat required to raise the temperature of 1 kilogram of the mass 

of substance to one degree Celsius. 

 

Types of Specific Heat 

1) Specific Heat at Constant Pressure:-                                     

 

                            

 

pC  = Specific Heat at Constant Pressure   

Unit      [
. .

KJ J
or

kg k kg k
] 

12 hhh   = Change in Enthalpy   

Unit [
kg

J
or

kg

KJ
 ] 

12 TTT     =   Change in Temperature 

Unit [k]                                 

Q = m  h  
 

 ph C T     

 

                                   

 

m = Mass Flow Rate (kg)                                  

T2 = Final Temperature (k)   

T1 = Initial Temperature (k)  

Q = Heat (KJ, J)        

 

                      

T

h
C p




  

Q = m  cp T  
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2) Specific Heat at Constant Volume:-   

 

V   = Constant                         Closed system   

 

                       

 

vC   = Specific Heat at Constant Volume   

Unit    [ ]
. .

KJ J
or

kg k kg k
 

 

12 uuu   = Change in Internal Energy 

 

Unit    [
kg

J
or

kg

KJ
] 

 

T  = T2 - T1 = Change in Temperature 
 

Unit [k]  

 

Q = m  ∆u 

∆u = cv T                            

   Q = m  cv T  

                                              

The Relation Between ( vp CC & ) 

                               

                                Without Units 

 

   Cama: - Is the adiabatic that represent the ratio between specific heat at 

constant pressure and specific heat at constant volume. 

1                          vp CC    

T

u
Cv




 

v

p

C

C
 
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Example (1) 

Determine the constant pressure of specific heat for steam if the change in 

enthalpy is (104.2 KJ/kg) and the change in temperature is (50 k). 

Solution 

 

084.2
50

2.104







T

h
C p      KJ/kg.k  

 

Example (2) 

Determine the change of enthalpy as (1 kg) of a gas is heated from 300 k to 1500 

ºk   4.1 , 
kkg

KJ
Cv




.
718.0 . 

Solution  

 

TCh
T

h
C pp 




  

 

p

p v

v

C
C C

C
      

 

1.4 0.718 1.005
.

p

KJ
C

kg k
    

 

1.005 [1500 300] 1206.240
KJ

h
kg

      

 

The Relation Between (R & Cp & Cv) 
 

 pvuh    

 

                              ------------ (1) 

 

We know that the 

TCh p            ------------ (2) 

vpuh   
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TCu v              ------------ (3) 

And for ideal gas     p.v = m. R. T 

For m = 1 kg 

p.v = R. T 

 

p ∆v = R ∆T          ------------ (4) 

 

Sub. Equations (2), (3) and (4) in Equation (1)  

   TRTCTC vp   

   RCC vp   

 

  

 

The Relation Retween R and ( γ & Cp & Cv ) 

 

 R = Cp - Cv     ------------ (1)                                        

 


v

p

C

C
                                 ----------- (2) 

Sub. Equation (2) in Equation (1) 

vv CCR  .   

)1(  vCR  

 

                           -------------- (3) 

 

Sub. Equation (3) in Equation (2)  

.vp CC   

vp CCR   

.vp CC   

1



R
Cv  
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1

.
.

1 












RR
C p  

 

 

 

 

 

Home work 

Question 

If it was 39.1 , 1.0714p

KJ
C

kgk
  the mass of gas = 2 kg, the initial temperature 

= 280 k and the final temperature = 1000 k 
 

Determine:- 

1) The amount of heat added. 

2) Specific heat at constant volume.  

3) Change in internal energy. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1



 R
C p  
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Solution 

 

39.1  

Cp = 1.074 KJ / kg. k 

m = 2 kg 

𝑇1 = 280 ºk 

𝑇2 = 1000 ºk 

1 (Q = ? 

2( CV  = ? 

3( ∆u = ? 

 

1 ( pQ m C T   

    
2 1.0714  (1000 280)Q    

 

    
KJQ 816.1542

 

2( 
v

p

C

C
  

     
1.0714

0.7708
1.39 .

p

v

C KJ
C

kg k
    

3( 
T

u
Cv




  

    0.7708 [1000 280]vu C T       

 

    
kg

KJ
u 976.554  
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Gas Constant 
 

The General Equation of Ideal Gas:- 

 
 

.P V
C

T
               ÷  m    

 

m

C

Tm

VP


.

.
              ----------------- (1)       

 Let       
C

R
m
      ----------------- (2)  

 

Sub. equation (2) in equation (1) 
 

Tm

VP
R

.

.
   

 

. . .P V m R T        The general equation of ideal gas                            

 
 

Where:-  

P  = Absolute Pressure   ( 2m

N
) 

V = Volume (m3) 

T   = Temperature (k) 

C = Constant 

m = Mass (kg) 

R = Gas Constant ( ,
. .

KJ J

kg k kg k
) 

 

 

 

R0 = Universal Gas Constant   

Universal Gas Constant:  It is a physical constant used to study the properties of 

gases. 

 
0 8.3144

.

J
R

mol k
  

M = Molecular Weight (mole)   

R0 = R × M 
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Example (1) 

A tank has a volume of (0.5 in3) and contains (10 kg) of an ideal gas having a 

molecular weight is 24 moles, the temperature = 25 ºC find the absolute pressure. 

Solution 

 

R0 = R. M 

0 8.3144 .
0.346

24 .

KJ

KJk mole k
R

kgM kg k

k mole

R      

TRmVP ...   
 

0.5 10 0.346 (25 273)P       
 

210 0.346 298
2066 /

0.5
P N m

 
   
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Example (2)   

One kg of a perfect gas occupies a volume of (0.85 m3) at (15 ºC) and at a constant 

pressure of (1 bar). The gas is first heated at a constant volume and then at a 

constant pressure. If the 4.1  

Calculate: - 1) The specific heat at constant volume (Cv). 

                  2) The specific heat at constant pressure (Cp).             
 

Solution 
 

1) P1 V = m. R. T 
 

  
   5 3

2
11 10 0.85       15 273k

KN
m

m
g R k      

 

   

51 10 0.85

1 288
R

 



 

  
0.295

.

KJ
R

kg k
  

  14.1

295.0

1 






R
Cv  

 

  0.788
.

v

KJ
C

kg k
  

2)     
v

p

C

C
  

        vp CC .  

        1.4 0.788pC    

        1.033
.

p

KJ
C

kg k
  
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Ideal Gas 

The ideal gas is defined as the state of substance that follows well know Bolyle,s 

and charle,s laws . 

Laws of Ideal Gas 

The physical properties of a gas are controlled by the following variables:- 

 Pressure (P) exerted by the gas. 

 Volume (V) occupied by the gas. 

 Temperature (T) of the gas. 

The behavior of perfect gas is governed by the following laws:- 

1) Bayle’s Law:-              

The absolute pressure of a given mass of ideal gas varies inversely of its volume 

when the temperatures remain constant.  

V
P

1
               

 P V = C                           T = C 

                                         C = Constant   

 
     

 

 

 

 

P1 V1 = P2 V2 = C 
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2) Charle’s Law:-              
 

The volume of a given mass of ideal gas varies directly with the temperature when 

the absolute pressures remain constant. 

TV  

 

C
T

V
                 P = C      

 

                             C = Constant    

    

 

 
 

 

 

3) Gay Lussac Law:-   

 

The absolute pressure of a given mass of ideal gas is proportional directly with 

the temperature at constant volume. 

 

TP   

 

C
T

P
                  V = C  

     

 

                            C = Constant       

 

C
T

V

T

V


2

2

1

1
 

C
T

P

T

P


2

2

1

1
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General Process 
 

It is transition of a substance from state one at have pressure, volume and 

temperature (P1, V1, T1) to state two at also have pressure, volume and 

temperature (P2, V2, T2) a cross a certain path. 

 

                                

                

 
                                                             C = Constant    

 

 
Where:- 

1P  = Initial Pressure ( 2N m ) 

2P  = Final Pressure ( 2N m ) 

1V  = Initial Volume (m3) 

2V  = Final Pressure (m3) 

1T  = Final Temperature (k) 

2T  = Final Temperature (k) 

Example (3) 

 

 An air compressor is compress (2.8 m3) of air from initial pressure of (1 bar) to 

final pressure of (14 bar) calculate the final volume of air if temperature is 

constant. 
 

Solution  

 

P1 V1 = P2 V2           T = C 

 

1 bar × 2.8 m3   =   14 bar × V2  

 

3

2

1 2.8
0.2

14
V m


   

 

 

C
T

VP


.
 

C
T

VP

T

VP


2

22

1

11
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Example (4) 
 

(0.2 m3) of a gas at (50 ºC) the gas is heated at a constant pressure until its volume 

reached (0.4 m3) determines the final temperature.  
 

 

Solution 
 

C
T

V

T

V


2

2

1

1
 

 

2

0.2 0.4

50 273 T



 

 

0.2 T2 = 0.4 (50 + 273) 

 

2

0.4 (323)
646

0.2
T k   

Example (5) 

 

 

(2 kg) of a gas at initial pressure of (1.4 bar) at temperature is 40 ºC and R = 

188.34  .J kg k   , Determine:-  

1) The initial volume of the gas  

2) If the gas is heated at constant pressure to have a volume of (1.5 m3). Find the 

final temperature. 
  

Solution 
 

 

1) P1 V1 = m R T1 
 

5

12
1.4 10 2 188.34 (40 273)

.

N J
V kg k

m kg k
       

 

1 5

2 188.34

1.4 10
V





 

 

842.01 V     m3  

 

2) P = C    
 

     
2

2

1

1

T

V

T

V
   

    

    
2

5.1

27340

842.0

T



 

     T2 = 557.6 k 
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Example (4) 

  

The pressure  of a gas =1.5 bar at 18 ºC temperature compute the volume of      1 

kg, of the gas .If the gas is heated at constant pressure until the volume become 

1m3.  

Determine: -  1) The amount of added heat. 

                    2) The work done. 

Cp = 1.005 KJ/kg. k                 Cv = 0.718 
.

KJ

kg k
 

Solution 
 

1) R = Cp - Cv 

    R = 1.005 – 0.718 = 0.278  
.

KJ

kg k
 

    P1 V1 = m R T1 

 

   

1
1 2

1

1 0.278 (18 273)

10 1.5

mRT
V

P

  
 


 

   V1 = 0.556 m3 

 

   Q = m Cp [T2 – T1] 

   2

2

1

1

T

V

T

V
                                                                                    

  2

1

291

556.0

T
  

   T2 = 526.2 k  

 

   Q = 1 × 1.005 × [526.2 – 291] = 243.4 KJ 

 

2) W = P [V2 – V1] = 1.5 x 102 [1- 0.556] = 66.48 KJ 

 

Home work 
 

Questions 
 

What is the mass of air contained a room (6m × 10m × 4m) If the pressure is (100 

kpa) and the temperature is 25 ºC, Assume air to be an ideal gas 0.287
.

KJ
R

kg k
 . 

Solution 
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V = 6 × 10 × 4 = 240 𝑚3  

P = 100 kpa 

T = 25 ºC + 273 = 298 K 

0.287
.

KJ
R

kg k
  

m =? 

P. V = m. R. T 

 

m = 
𝑝 .𝑣

𝑅 .𝑇
 

 

m = 
100×240

0.287×298
 

 

m = 
24000

85.526
 

 

m = 280 .6 kg 
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Thermodynamic Processes 
 

 

1) Constant Pressure Process  
 

 C
T

PV
                    C

T

V
  

      

  
2

2

1

1

T

V

T

V
  

 
Q = ∆u + W     (1) 

)2(  1                                                u – 2u u = ∆ 

)3(                                        1V p –   2V = p W 

Sub. Equations (2) & (3) in Equation (1)  

 Q = u2 – u1 + p V2 – p V1 

      h u PV   

  2 1 Q h h    

 
   2 1  ( )pQ m C T T   

 
      
2) Constant Volume Process 
 

C
T

PV
                       C

T

P
  

      

  
2

2

1

1

T

P

T

P
  

 
 

Q = ∆u + W   

                                  1      V p  –   2V = p W 

W = 0 

Q = ∆u       

1     u – 2u u = ∆ 

2 1  ( )vQ m C T T   

21 PP  

P 

1V 2V 
V 

 

 

P 

P2 

1P 

V 
2= V 1V 
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3) Constant Temperature Process  

 

C
T

PV
                     PV = C 

P1 V1 = P 2 V2   
 

1

2

2

1

V

V

P

P
  

   

Q = ∆u + W 

∆u = 0  

Q = W 

W = p2 V2   – p 1 V1   

W = p d V        for perfect gas d 

  
V

mRT
P  

mRT
dW dV

V
 

dV
dW mRT

V
 

V

dV
mRTdW   

 

 
2

1

V

V
V

dV
mRTW  

W = mRT [ Ln V2  – Ln V1 ] 

1

2

V

V
LnmRTW   

PV mRT  

 

2

1
11

p

p
LnVPW          &        

1

2
11

V

V
LnVPW          

P1 

P2 

V2 V1 

1 

2 
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4) Adiabatic Process (Isentropic)  

 

PV C                   
v

C
P


  

V

p

C

C
                 

Q = ∆u + W 

Q = 0               –W = ∆u               W = ∆u  

W = p d V         d 

dV
C

dW

v


  

dVvCdW   




 dVWd Cv


               



2

1

V

V

dVWd Cv


 



























11

1

1

1

2 vvCW
                    


























1

1

1

1

2 vvCW
 

 






























1

1

1

2

2

v
v

v
v

CW
                   




























1

1

1

2

2

v
v

v
v

CC

W
 

 

         


















1

12 12
vpvp

W
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Example (1)  

The pressure of a gas is 1.5 bar at 18 ºC temperature compute the volume of (1 kg) of 

the gas. If the gas is heated at constant pressure until the volume become (1m3) 

Determine:-  

1) The amount of added heat. 

2) The work done. 

Cp = 1.005 KJ/kg.k                 Cv = 0.718 KJ/kg.k 

 

Solution 

 

1) R = Cp - Cv 

 

    R = 1.005 – 0.718 = 0.287  KJ/kg.k 

    P1 V1 =  m R T1 

 

     1
1 2

1

1 0.287 (18 273)

10 1.5

mRT
V

P

  
 


 

 

    V1 = 0.556 m3 

 

    2 1  ( )pQ m C T T   

    
2

2

1

1

T

V

T

V
  

    
2

1

291

556.0

T
  

    T2 = 526.2  k  

 

    Q = 1 × 1.005 × [526.2 – 291] = 243.4 KJ 

 

2) W = P [V2 – V1] = 1.5 x 102 [1- 0.556] = 66.48 KJ 
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Example (2)  

Given [the pressure of air = 1.013 bar, the volume = 0.827 m3 and the temperature = 

25 ºC, the air is compressed with constant temperature until the pressure becomes           

= 13.78 bar. Determine the work done to compress the air. 

Solution  

1

2
11 ln

V

V
VPW                           

P1 V1 = P2 V2            T = C        

 

1.013 × 0.827 = 13.78 V2  

 

2

1.013 0.827
0.060

13.78
V


  m3 

 

2 0.060
1.013 10 0.827 ln

0.827
W     

 

073.0ln775.83W  

 
83.775 ( 2.61)W     

 

653.218W   KJ         the work input (–) 

Home work 

Questions 
 

Given the volume of gas = 0.12 m3, the temperature is 20 ºC and the pressure 1.013 

bar is compressed adiabatically until the volume become 0.024 m3, Cv = 0.718 kJ/kg.k 

and Cp = 1.005 kJ/kg.k. 

Determine:- 

1) The mass of the gas. 

2) The final pressure and temperature.  

3)  The work done. 
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Solution 
1)  R = Cp – Cv  

     R= 1.005 – 0.718 = 0.287  / .kJ kg k  

      P1 V1 = m R T1 

 

      1.013 × 102 × 0.12 = m × 0.287 × [20 + 273] 

 

     
21.013 10 0.12

0.145  
0.287 293

m kg
 

 


  

 

2) 4.1
718.0

005.1


V

p

C

C
  

 

     
2211 VPVP   

 

     1.013 (0.12)1.4 = P2 (0.024)1.4 

 

     P2 = 1.013 








024.0

12.0
  = 9.64 bar      

 

      
2

22

1

11

T

VP

T

VP
   

 

      
2

1.013 0.12 9.64 0.024

293 T

 
  

 

      2

293 9.64 0.024
557.7

1.013 0.12
T

 
 


k 

 

3)  
1

2211








VPVP
W  

 

     
2 21.013 10 0.12 9.64 10 0.024

1.4 1
W

    



 

 

     W = – 85.282 KJ   
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hermodynamicTaw of Lecond She T 
 

The second law of thermodynamic is a natural law which indicates that although the 

net heat supplied in a system is equal to the net work done, the gross heat supplied 

must be greater than the net work done, some heat always rejected by the system, this 

law can be understood by considering the heat engine and heat pump. 

 

Heat Engine 
 

A heat engine is a system operating in a complete cycle and developing net work 

from supply heat. 

The second law implies that a source of heat supply and sink for the rejection 

of heat are both necessary since some heat must be always be rejected by the system. 

Q W     

Net heat supplied = Net work done 

The second law of thermodynamic 

1 2
 W Q Q    

1Q W       

21T T          Source temperature > Sink temperature 

  

                                                  Source  T 1
 

                                                          Q1 

                                                   

                                                  Heat Engine               W 

                                                                          

                                                          Q2 

                                                    Sink  T 2
 

 

                                                      Heat Engine  
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The Thermal Efficiency of Heat Engine 

 The ratio of net work done during the cycle to the gross heat supplied during the 

cycle. 

1Q

W
  

1 2
 W Q Q  

1

21

Q

QQ 
                    

1 2

1 1

Q Q

Q Q
    

1

21
Q

Q
  × 100 % 

There for the thermal efficiency of a heat engine is always less than 100 %. 

One good example in practice of heat engine is a simple steam cycle in this cycle heat 

is supplied in boiler work is developed in turbine heat is rejected in a condenser and 

small amount of work is required for the pump. 

There are many examples of the heat engine such as steam power plant shown 

the figure below. 

 

 

 

 

 

 

 

                                                    

 

 

Simple Steam Cycle 

W 

Steam 

Condenser 

Boiler    

Pump    

Turbine 
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1Q = called the heat Source,Boiler =  

2Q = called Condenser = Sink, the heat 

Step1: Conversion the water into steam by boiler. 

Step2: The steam spins the turbine we get the work (W). 

Step3: Because decrease of the pressure conversion the steam into water and goes to 

   .)(W called oiler by pump and get loss the workbthe condenser and pumped to the  

1 2 - = -Q Q W W   

1Q

WW 
 

1

21
Q

Q
  

Example (1) 

A power station contains a heat engine operating between two heat reservoirs, one 

consisting of steam at  100 ºC and the other consisting of water at 20 ºC . Determine:-  

1) The work done.     2) The thermal efficiency of heat engine. 

Solution 

1)  T1 = 100 ºC 

           = 100 + 273 = 373 K = Q1 

     T2 = 20 ºC 

           = 20 + 273 =293 K= Q2 

  
1 2

W Q Q  

 W = 373 – 293 = 80 J 

2)  
1

21
Q

Q
  

     
293

1
373

    

    0.214 100 21.4%     
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Heat Pump 

The heat pump is reversed heat engine in the heat pump cycle an amount of heat (Q2) 

is supplied from the cold reservoir and an amount of heat (Q1) is rejected to the hot 

reservoir and there must be a work done on the cycle (W).  

  

 

  

                                                  Source  T 1
 

                                                          Q1 

                                                   

                                                  Heat Pump                  W 

                                                                          

                                                          Q2 

                                                  Sink  T 2
 

 

Heat pump  

Q1 = Q2 + W 

There for W > 0, the heat pump requires an input energy in order to transfer 

heat from the cold chamber and reject it at higher temperature. 

 

 

 

 

 

 

 

 

 

Heat Pump Cycle 

Compressor 

Expiation valve 

Condenser Evaporator 
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 Example (2) 

Calculate the thermal efficiency for an air-to-air heat pump used to maintain the 

temperature of a house at 70 ºF when the outside temperature is 30 ºF. 

Solution 

T1 = 70 ºF 

T2 = 30 ºF 

ºF = 1.8 ºC + 32 

70 = 1.8 ºC + 32                  1.8 ºC = 70 – 32                    1.8 ºC = 38  

ºC = 21.1                    21.1 + 273 = 294.1 K = Q1 

30 = 1.8 ºC + 32                  1.8 ºC  = 30 – 32                   1.8 ºC = –2  

ºC = – 1.1                 – 1.1 + 273 = 271.9 K = Q2 

 2

1

1
Q

Q
    

271.9
1

294.1
    

7.5 %   

 

Home work 
 

Question 

 

A power plant contains a heat engine operating between two heat tanks, the first tank 

contains the steam at (85ºF) and the heat engine another tank contains the water at          

(25ºF). Determine the thermal efficiency of heat engine. 
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Solution 

T1 = 85 ºF 

T2 = 25 ºF 

ºF = 1.8 ºC + 32 

85 = 1.8 ºC + 32                  1.8 = 85 – 32                   1.8 ºC = 53  

ºC = 29.44                    29.44 + 273 = 302.4 K = Q1 

25 = 1.8 ºC + 32                  1.8 ºC  = 25 – 32                    1.8 ºC = –7  

ºC  = – 3.88               – 3.88 + 273 = 269.12 K = Q2 

2

1

1
Q

Q
    

269.12
1

302.44
    

0.11 100 11%    
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Entropy (S) 

Entropy is defined as thermodynamic property that expresses the amount of storage 

energy in the system. Also it is a measure of system disorder and of the unavailability 

of energy to do work. Therefore, entropy is a way of expressing the second law of 

thermodynamics with regard to heat transfer from. 

  

1) Temperature – Entropy Diagram 

 

 

 

 

 

 

 

 

 
 

Diagram of temperatures vs. entropy 

For the reversible process the area under (T-S) plane is equal the heat (1)  

 

dQ Tds  ……….. (1 

 

 Q T ds   

             
2

1

s

s
Q T ds   

 

From Equation (1) 

 

   
dQ

ds
T

           The unit of entropy is (J / k) 

 

 

ds 

T 

2 

1 

T 

S 

Q 

2 

1 

S 

T 
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2) The Change of Entropy at Constant Pressure 

 

 

dQ mdh    ………… (1) 

P

dh
C

dT
                  

pdh C dT   …………. (2) 

 Sub. Equation (2) in Equation (1) 

pdQ mC dT    ÷ T 

 p

dQ dT
m C

T T
  

dQ
ds

T
  

 p

dT
ds m C

T
   

 p

dT
ds m C

T
   

2

1

p

T
S m C Ln

T
   

2 2

1 1

T V

T V
        at Constant Pressure 

2

1

p

V
S m C Ln

V
   
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2) The Change of Entropy at Constant Volume  
  

dQ mdu    ………… (1) 

 v

du
C

dT
  

vdu C dT   …………. (2) 

Sub. Equation (2) in Equation (1) 

vdQ mC dT    ÷ T 

 v

dQ dT
m C

T T
  

dQ
ds

T
  

 v

dT
ds m C

T
   

 v

dT
ds m C

T
   

2

1

v

T
S m C Ln

T
   

2 2

1 1

T P

T P
        at Constant Volume 

  
2

1

v

P
S m C Ln

P
   

 

Notes   
      

p vC C   

 

p c v cs s      
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Example (1) 

 

Determine the change of entropy for reversible process at constant pressure when the 

temperature vary from 120 ºC to 270 ºC, the mass of gas is 1 kg 

and 2.1 / .pC kJ kg k . 

 

Solution  

 

2

1

p

T
s m C Ln

T
   

 

270 273
1 2.1

120 273
s Ln


  


  

 

2.1 1.38s Ln   

 

2.1 0.322 0.676 /s kJ k     

 

Example (2) 

 

The temperature vary from 150 ºC
 
 to 290 ºC, the mass of gas is 2 kg and the change 

of  entropy is 1.083 kJ/k. Determine the specific heat at constant volume .  

      

Solution  

 

2

1

v

T
s m C Ln

T
   

290 273
1.083 2

150 273
vC Ln


 


 

1.083 2 1.33vC Ln   

1.083

2 1.33
vC

Ln



 

1.083
1.9 / .

2 0.285
vC kJ kg k 


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Home work 

 
Question 

Define the change of entropy for reversible process at constant volume for gas  with a 

mass of 1 kg, the temperature vary from 130 ⁰C to 250 ⁰C and the specific heat at 

constant volume  is 1.8 kJ / kg.k 

Solution 

 

2

1

v

T
s m C Ln

T
   

 

250 273
1 1.8

130 273
s Ln


  


  

 

523
1 1.8

403
s Ln    

 

1.8 1.297s Ln   

 

1.8 0.26 0.468 / .s kJ kg k     
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CycleCarnot  

The Carnot cycle was introduced as the most efficient heat engine that operate 

between two fixed temperatures (TH  = Tin  &  TL= Tout ) . The Carnot gas cycle 

could also be achieved in a cylinder – piston apparatus (a reciprocating engine) 

as shown the figures below.  

 

Figure 1. Execution of Carnot cycle in a piston cylinder device 

 
 

Figure 2. Carnot cycle on P-v and T-s diagrams 
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Description of work Carnot cycle: 

From 1 to 2 -- isothermal heat addition at high temperature. 

From 2 to 3 --  adiabatic expansion from high temperature to low temperature.  

From 3 to 4 -- isothermal heat rejection at low temperature. 

From 4 to 1 -- adiabatic compression from low to high temperature. 

Carnot cycle analysis: 

TH = Tin  &  TL = Tout   

The thermal efficiency of Carnot cycle is given by the expression: 

1 out
th

in

T

T
   

4

1

1th

T

T
  

 3

2

1th

T

T
    

Since the working fluid is an ideal gas with constant specific heats, we have for 

the isentropic process. 

 

1

2

3

3

2

1

1

4

4

1 &
























V

V

T

T

V

V

T

T
 

Now, T1 = T2  &  T4 = T3  therefore 

 

Compression or expansion ratio                                                               

 

 r
V

V

V

V

2

3

1

4



3 
 

The efficiency of Carnot cycle can be written as the follows: 

1

1
1th

r



  

From the above equation, it can be observed that the thermal efficiency of Carnot 

cycle increases as "r" increases. This implies that the high thermal efficiency of 

a Carnot cycle is obtained at the expense of large piston displacement. Also, for 

isentropic processes we have. 



 1

4

1

4

1













P

P

T

T
     and       



 1

3

2

3

2















P

P

T

T
 

Since,   T1 = T2     and   T4 = T3, we have 

 

Pressure ratio 

 

Therefore, the efficiency of Carnot cycle can be written as the follows: 

  

1

1
1th

pr








   

From the above equation, it can be observed that, the thermal efficiency of Carnot 

cycle increase by increasing the pressure ratio. This means that Carnot cycle 

should be operated at high peak pressure to obtain large thermal efficiency. 

 

 

 

 

 r pP

P

P

P

3

2

4

1



4 
 

Example  

The highs theoretical efficiency of gasoline engine based on the Carnot cycle is 

30 % of this engine expels its gases into atmosphere which has temperature of 

300 k. Calculate: 

1) The temperature in the cylinder forthwith after combustion. 

2) If the engine absorbs (837 J) of heat from the hot reservoir during each cycle 

how much work can it perform in each cycle. 

Solution 

1)      1 out
th

in

T

T
     

300
429

1 1 0.3

out
in

th

T
T k


  

 
 

 

2)   th th in

in

W
W Q

Q
        

 

0.3 837 251 W J    
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Home work 

Question  

A Carnot engine is operated  between two heat reservoirs at temperature of 450 k 

and  350 k , if the engine receive (1000 J) of heat in each cycle. Calculate: 

1) The amount of heat rejects. 

2) The efficiency of the engine. 

3) The work done by the engine in each cycle. 
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Solution 

 

450 inT k     ,     350outT k   ,    1000inQ J  

1)  out out

in in

Q T

Q T
      

     
350

1000 777.7
450

out
out in

in

T
Q Q k

T
     

2)  1 out
th

in

T

T
    

     
350

1 0.22 22%
450

th         

3)   The work done =  Qin – Qout   

                           =   1000 – 777.7 =   222.3 J 
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Rankine cycle 

Rankine Cycle is the basic building block in thermodynamics related to the steam 

engine. Shown the figures below the simple ideal Rankine cycle. It owes its name 

to the Scottish brand, "William Rankin".  

Rankine cycle is to convert thermal energy to work. Fed heat from an 

external source to the closed loop, which usually uses water. This cycle generates 

about 80% of electric power around the world, including all power plants, solar 

thermal energy, biofuels energy, fossil fuels and nuclear power.  

  

 

Figure 1: Working of Rankine engine 

 

 

Figure 2: Rankine cycle on T-S diagram 

𝐪𝐢𝐧 

𝐪𝐨𝐮𝐭 

𝐰𝐭𝐮𝐫𝐛𝐢𝐧𝐞 

𝐰𝐩𝐮𝐦𝐩 
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Figure 3: Rankine cycle on P-V diagram 

Description of work of Rankine cycle 

From 1 to 2 -- Constant pressure heat addition in a boiler. 

From 2 to 3 -- Isentropic expansion in a turbine. 

From 3 to 4 -- Constant pressure heat rejection in a condenser. 

From 4 to 1 – Isentropic compression in a pump. 

 

Rankine cycle analysis 

 

In step 1 to 2 -- Constant pressure heat addition in a boiler (W = 0). 

qin =h2-h1 
 

 

In step 2 to 3 -- Isentropic expansion in a turbine (q = 0). 

Wturb =h2-h3 
  

In step 3 to 4 -- Constant pressure heat rejection in a condenser (W = 0). 

qout =h3-h4 

In step 4 to 1 -- Isentropic compression in a pump (q = 0).  

Wpump =h1-h4 
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Net work 

  

   

Wnet=(ℎ2 − ℎ3) − (ℎ1 − ℎ4) 

 
 

Thermal efficiency                         =
(ℎ2−ℎ3)−(ℎ1−ℎ4)

(ℎ2−ℎ1)
 

 

   𝜂 = 1 −
(ℎ3−ℎ4)

(ℎ2−ℎ1)
 

 

 

Example 

If the ideal Rankine Cycle with superheat using water as the working fluid. Where 

P1 = 9.6 KP , P2 = 3500 KP   , V1 = 0.0010 m3 , h1 = 188.42 kJ/kg, h3 = 3337.2 kJ/kg, 

h4 = 2214.2 kJ/kg and mass flow is 7 kg/s. Calculate:   

1) The thermal efficiency of this cycle. 

2 ) The net power output in KW. 

Solution  

  

 

 

 

 

 

 

net turb pumpW W W 

net

in

w

q
 

1 out

in

q

q
  

KP 9.6 = 1P 

 KP 3500  = 2P 

 3m 0.0010 = 2V 

/kgJk 42.188 = 1h 

kj/kg 2.3337 = 3h 

kj/kg 2.2214 = 4h 

m =7 kg/s  
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1)   

 

 

 

 

 

 

 

 

 

 

 

 

 

0.355 100 35.5%                      

   

2)  

  

 

 

 

 

          net net
P m w                                      

         7 1119.47 =7836.29 netP kw   

355.0
3145.25

78.2025
1 

pumpW vdp  2 1
( )pumpW V p p 

0.00101(3500 9.6) 3.525pumpW KJ  

2 1pumpW h h 
2 1pumph W h 

2 3.525 188.42 191.95 /h kj kg  

1- out

in

q

q
 

4 1   outq h h   2214.2 188.42 2025.78 /outq kj kg  

3 2 inq h h   3337.2 191.95 3145.25 /inq kj kg  

net turb pumpW W W 

3 4turbW h h 

2 1pumpW h h 

3337.2 2214.2 1123 /turbW kj kg  

191.95 -188.42 3.53 /pumpW kj kg 

1123 3.53 1119.47 /netW kj kg  
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Home work 

Question  

A supply of geothermal hot water is to be used as the energy source in an ideal 

Rankine cycle, where h1 = 256.54 kJ/kg, h2 = 258.21 kJ/kg, h3 = 458.1 kJ/kg  and 

h4 = 409.14 kJ/kg. Calculate:  

1) The thermal efficiency of this cycle. 

2) Net work. 
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Solution 

 

1)  

 

 

 

 

 

 

 

2)  

14out h h  q 

256.54 kj/kg =1 h 

258.21 kj/kg =2 h 

458.1 kj/kg =3 h 

409.14 kj/kg =4 h 

  

in

out

q

q
1

kgkj /69.15254.56214.094 q out 

23in hh q  kgkj /89.19921.2581.458 q in 

23.0
199.89

69.521
1  %23100*23.0 

pumpturbnet www 

43turb hhw  kgkj /96.4814.4091.458 w turb 

12pump hhw  kgkj /67.154.25621.258 w pump 

kgkj /29.4767.196.84wnet 
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  Aim of the Experiment  ةبرجتلا نم فدھلا

 . تازاغلل لیوب نوناق قیقحتو لیوب زاھج مادختساب )"𝐩( يوجلا طغضلا ةمیق داجیإ

 

  Apparatus  ةمدختسملا ةزھجلأا

 .رارحم -1

 اما يولعلا فرطلا  ةقلغمو عطقملا ةمظتنم )AB( ةیجاجز ةبوبنا نم نوكتی :لیوب زاھج -2
 ھھباشم )CD( ىرخا ةیجاجز ةبوبنأب لصتت اھرودب يتلا ةیطاطم ةبوبناب لصتیف يناثلا اھفرط
 ىلعو يلوقاش عضوب تبثی مث قبئزلاب زاھجلا اذھ مظعم لأمی . اھتیاھن نم ةحوتفم اھنكلو ىلولأل

 :)1( لكشلا يف نیبم وھ امك ةیرتم ةرطسم لوح - U - فرح لكش

 

 

 

 

 

 

 

 

 

 )1(لكش                                                 

 

 

 

C 

B D 

 A 
0P 

 )1( مقر ةبرجت

 لـــــــیوـــب نوــــــناق

Boyle's Law 
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   Theory ةبرجتلا ةیرظن

 ھنا ىلع لیوب نوناق صنی

 "  مجحلا عمً ایسكع ابسانت زاغلا نم ةنیعم ةلتك طغض  بسانتی ةرارحلا ةجرد توبث دنع "  
 : نا يا

P	∝ 	 %
&
 

PV= constant ……………………….……(1) 

 زاغلا ىلع طلسملا طغضلاف  نیتبوبنلأا يف قبئزلا يیوتسم نیب قرفلا وھ)  cmHg	h( ناك اذإف
 :وھ  AB ةبوبنلأا يف روصحملا

𝑃 = 𝑃" + h………………………..………….(2) 

 .)cm Hg(  ـــبً اساقم يوجلا طغضلا وھ )"𝑃( ثیح

 )V 𝑐𝑚0( روصحملا زاغلا مجح نأف اذل يضرعلا اھعطقم ةحاسم يف ةتباث ةبوبنلاا نا امب
 :نا يا ، )L cm(روصحملا ءاوھلا لوط عمً ایدرط بسانتی

∴ 𝑉 = 𝑎𝐿………………………….…………..(3) 

   :ىلع لصحن لیوب نوناق نمف كلذل . )AB( ةبوبنلأل يلخادلا عطقملا ةحاسم ) (a ثیح

(𝑃" + h	). La = 𝐶……………………..….….(4) 

 .ةتباث ةیمك )C( ثیح

 : جتنی a ىلع نیفرطلا ةمسقبو

(𝑃" + h	)L = 𝐾……………………..….…….(5) 

= يواستو  ىرخا ةتباث ةیمك  K ثیح
>

. 

∴ 	P" + h =
@
A
………………………………...(6) 

  وا

h = @
A
− P" ……………………………………(7) 

%  و   h نیب ينایبلا طخلا ناك اذا طقف لیوب نوناق ققحتی
A

 . امیقتسم اطخ   

% میق نم اھلباقیامو تاداصلا روحم ىلعh میق نیب ةینایب ةقلاع تمسر اذإف
A
 تانیسلا روحم ىلع  

 طغضلا ةمیق لثمت ) بلاسلا هاجتلااب( ةطقن يف يداصلا روحملا عطقی میقتسم طخ ىلع لصحن
 )2( لكش يف امك )"P( يوجلا
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|0A| = P"	(cm	H𝒈) 

                                                          Methodلمعلا ةقیرط

 .ةبرجتلا ءارجا لبق ربتخملا ةرارح ةجرد لجس -1

   قبئزلا ایوتسم نوكی ثیحب CD ةبوبنلاا عفراو نكمم دح ىصقأ ىلإ AB ةبوبنلأا ضفخا -2
X    ، Y  نییئرم زاھجلا يفرط يف . 

 يف روصحملا ءاوھلا دومع لوط سق مث )Y،X،A( نم لك دنع ةرطسملا ةءارق لجس -3
 يواسی يذلاو X،Y دنع قبئزلا يیوتسم نیب قرفلا دج كلذكو cm(L( نكیلو )AX( ةبوبنلأا
  : ةیلاتلا تاقلاعلا بسح h ةمیق

h = Y – X 

L = A - X 

 دودح يف لایلق ىلعا ىلا )CD(  ةحوتفملا ةبوبنلاا عفرب كلذو روصحملا ءاوھلا طغض ریغ -4
)(2cm بسحاو نیفرطلا لاك يف قبئزلا يوتسم ةءارق لجس اھدعبو ابیرقت نیتقیقد رظتنا مث 
 .اھل ةلباقملا cm(L(   ةمیق بسحا مث h(cm𝐻𝑔) ةمیق

  .تارملا نم بسانم ددعل )4(  ةوطخلاب ءاجام ررك -5

 يوجلا طغضلا نم لقا روصحملا ءاوھلا طغض حبصی ثیحب )CD( ةحوتفملا ةبوبنلاا ضفخا-6
 .) ةبلاس ةلاحلا هذھ يف  h ( اھل ةرظانملا L)cm( ةمیقو h)cm𝐻𝑔( ةمیق بسحا و

 .تارملا نم بسانم ددعل )6( ةوطخلاب ءاجام ررك -1

 

 

 

 

h   cm Hg   
   

1
L
	𝑐𝑚J% 

𝑃" 

 

 )2( لكش

 

o 

A 
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 Measurements and calculations تاباسحلاو تاسایقلا

 : هاندا لودجلا يف امك كجئاتن  لجس -1

 
1
𝐿
(𝑐𝑚J%) 

 

 
L= A-X (𝑐𝑚)  

 
ℎ = 𝑌 − 𝑋(cm𝐻𝑔) 

 
Y(cm) 

  
X(cm 

 
A(cm) 

 
 
 
 
 
 
 
 
 
 

     

 

	ــل میق نم اھلباقی امو تاداصلا روحم ىلعh(cmHg)  میق نیب ةینایب ةقلاع مسرا -2
   %
A
(𝑐𝑚J%)2 لكش( لیوب نوناق ققحی میقتسم طخ ىلع لصحت تانیسلا روحم ىلع(. 

  تاداصلا روحمل بلاسلا عطقلا نم يوجلا طغضلا بسحا -3

𝑃" = |𝑂𝐴|							cm𝐻𝑔	 

   Notes تاظحلام

 .بدحملا قبئزلا حطس ةاذاحمب نیتجاجزلا نیتبوبنلاا يف جیردتلا ةءارق ذخؤت-1

 عفر بجی اذل ، ھترارح ةجرد يف ریغت ىلا يدؤی ءاوھلا طغضل يئاجفلا رییغتلا نا امب -2
 نمزلا نم ةرتف ھكیرحت دعب زاھجلا كرتی نا لضفلاا نمو ةئیطب ةروصب قبئزلا ىوتسم ضفخو
 . ةءارقلا ذخا لبق

 .ھیف نلایم نودبو يلوقاش لكشب نیتبوبنلاا عضو نوكی نا بجی -3

 Questions   ةلئسلاا

 ؟لئاوسلا نم هریغ مدختست لاو لیوب نوناق قیقحتل قبئزلا مدختسی اذامل -1

 ؟ تاءارقلا ذخا مث روصحملا زاغلا مجح رییغت دعب لایلق راظتنلاا بجی اذامل -2

 ؟میقتسملا طخلا نم جتنتست اذامو ، اھیلع تلصح يتلا ةینایبلا ةقلاعلا شقان-3
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