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 ذلا َىخ اننظيرريز انًقرر 
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  نهًقرر انعبو انىصف

َشكم هزا انًمشس يبدح أعبعُخ فٍ يُهبج لغى يُكبَُك انمذسح ثشكم ػبو وفشع رمُُبد انزجشَذ ثشكم 

وػًهُخ رىاكت انزطىس انؼهًٍ فٍ ركُهىخُب انفُضَبء خبص وانزٌ َؼًم ػهً رسمُك اهذاف ػهًُخ 

 وانًُكبَُك وانشَبضُبد، كًب َسمك سثطب نهسمبئك وانًفبهُى انزٍ َذسعهب انطبنت.

  انعبيخ افالاهذ

 لعلم ديناميك الحرارة المبادئ الأساسية سيتعلم الطالب 

  التعرف على الأنظمة الحرارية المختلفة وكيفية تحليلها. من سيتمكن الطالب 

 علم ديناميك مبادئ القدرة على تطبيق و  تحليل العمليات الحراريةمن  سيتمكن الطالب

 على مجموعة متنوعة من العمليات الحرارية.  الحرارة

  ي وتحول لديناميك الحرارة استخدام القانون الأول سيتعلم الطالب
 
لتحليل التوازن الطاق

 الطاقة. 

 انخبصخ الأهذاف

  المواد القانون الصفري وانواع المحارير وتمددهم فإكساب المتعلم . 

  ن ن الأولية الشغلالطاقة، الحرارة، المام المتعلم بالعلاقة بي   لديناميك الحرارة، والقواني 

 وسيتمكن من حل المسائل المتعلقة بها

 نظمة الحرارية المختلفة )مثل الأنظمة المغلقة، المفتوحة اكساب الطالب المعرفة التامة بال

 . الحرارة  والمعزولة( وكيفية تحليلها 

 
 

 الأهداف السلوكية او نواتج التعلم

ة بعد الانتهاء من    سيكون الطالب قادر على ان: المحاضن

  القانون الصفرييعرف . 

  ن أنواع ن بي   المحاريريمي 

   ها. وتمددالمواد يحلل عناض 

  الشغلالطاقة، الحرارة، أنواع يعرف 

  ي حل المسائل المتعلقة بها.  لديناميك الحرارةالقانون الأول يستخدم
ن
 ق

 انضبثقخ انًتطهجبد

  انًؼشفخ فٍ يبدح انفُضَبء نهًشازم الإػذادَخػهً انطبنت اٌ َكىٌ نه. 
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 الأهذاف انغهىكُخ او يخشخبد انزؼهُى الأعبعُخ 

 آنُخ انزمُُى رفصُم انهذف انغهىكٍ او يخشج انزؼهُى د

 الامتحان اليومي  . القانون الصفريان يعرف  .  1

ن أنواع   2 ن بي   الامتحان اليومي  المحاريران يمي 

 الامتحان اليومي  ها. وتمددان يحلل عناض  المواد   3

 الشغلالطاقة، الحرارة، يعرف أنواع  4
 الامتحان اليومي 

5 
ي حل المسائل القانون الأول يستخدم 

ن
لديناميك الحرارة ق

 المتعلقة بها. 

 الامتحان اليومي 

 

 انطلاة ويحتىي انًقرر( )حذد يجًىعخ يتنىعخ ين أصبنيت انتذريش نتنبصت احتيبجبدأصبنيت انتذريش 

 يجرراد الاختيبر الاصهىة او انطريقخ
 يفشداد انًُهح رطهت رنك عرض انًحبضراد وشرحهب وينبقشتهب. .0

 نزغهُم ػًهُخ انششذ  طرح انًضبئم انريبضيخ وحههب .7

 نضَبدح فهى انطبنت نهًبدح انعهًيخ نهبعرض انىصبئم الايضبحيخ وتفضير انفكرح  .3

4.  

5.  

6.  

 

  



 

 

 

 

 يٍ انًسزىي انؼهًٍ انفصم الاول

  انىلذ ػُىاٌ انفصم

 انمُبططشق  انزمُُبد طشَمخ انزذسَظ انؼُىاٌ  انؼًهٍ انُظشٌ انزىصَغ انضيٍُ

 2 2 الأعجىع الأول

Chapter one 
1.1Temperature and the Zeroth Law of 

Thermodynamics 
1.2Thermometers and the Celsius 

Temperature Scale 
1.3The Constant-Volume Gas 

Thermometer and the Absolute Temperature Scale 

 يسبضشح
ػشض رمذًٍَ، ششذ، أعئهخ 

 يُبلشخوأخىثخ, 
 اليومي  الامتحان

 2 2 انثبٍَ الأعجىع

1.4Thermal Expansion of Solids and 
Liquids 

1.5 Macroscopic Description of an 
Ideal Gas 

 يسبضشح
ػشض رمذًٍَ، ششذ، أعئهخ 

 وأخىثخ, يُبلشخ
 الامتحان اليومي 

 2 2 انثبنث الأعجىع

Chapter Two: 
2.1Heat and the First Law of 

Thermodynamics 
2.2Heat and Internal Energy 

2.2Heat Capacity and Specific Heat 
2.4Latent Heat 

 يسبضشح
ػشض رمذًٍَ، ششذ، أعئهخ 

 وأخىثخ, يُبلشخ
 الامتحان اليومي 

 2 2 انشاثغ الأعجىع

2.5Energy Transfer Mechanisms: 
2.5.1Thermal conduction 

2.5.2Convection 
2.5.3Radiation 

 يسبضشح
ػشض رمذًٍَ، ششذ، أعئهخ 

 وأخىثخ, يُبلشخ
 الامتحان اليومي 

 2 2 انخبيظ الأعجىع
2.6Work and Heat in Thermodynamic Processes 

2.7The First Law of Thermodynamics يسبضشح 
ػشض رمذًٍَ، ششذ، أعئهخ 

 وأخىثخ, يُبلشخ
 الامتحان اليومي 

 2 2 انغبدط الأعجىع
2.8Some Applications of the First Law 

of Thermodynamics يسبضشح 
ػشض رمذًٍَ، ششذ، أعئهخ 

 وأخىثخ, يُبلشخ
 الامتحان اليومي 

 امتحان فصلىي    First Exam   انغبثغ الأعجىع



 

 

 

 

 انفصم انثبٍَ

  ثبنغبػخ انىلذ ػُىاٌ انفصم

 طشق انمُبط انزمُُبد طشَمخ انزذسَظ انؼُىاٌ انؼًهٍ انُظشٌ انزىصَغ انضيٍُ

 2 2 الأعجىع انثبيٍ
Chapter Three: 

3.1The Kinetic Theory of Gases يسبضشح 
ػشض رمذًٍَ، ششذ، أعئهخ 

 وأخىثخ, يُبلشخ
 الامتحان اليومي 

 2 2 الأعجىع انزبعغ
3.2Molecular Model of an Ideal Gas 

3.3Molar Specific Heat of an Ideal Gas يسبضشح 
ػشض رمذًٍَ، ششذ، أعئهخ 

 وأخىثخ, يُبلشخ
 الامتحان اليومي 

 2 2 الأعجىع انؼبشش
3.4Distribution of Molecular Speeds 

 يسبضشح 
ػشض رمذًٍَ، ششذ، أعئهخ 

 وأخىثخ, يُبلشخ
 الامتحان اليومي 

 يسبضشح 3.5The Equipartition of Energy 2 2 الأعجىع انسبدٌ ػشش
رمذًٍَ، ششذ، أعئهخ ػشض 

 وأخىثخ, يُبلشخ
 الامتحان اليومي 

 2 2 الأعجىع انثبٍَ ػشش
3.6Adiabatic Processes for an Ideal Gas 

3.7The Boltzmann Distribution Law 
Mean Free Paths 

 يسبضشح
ػشض رمذًٍَ، ششذ، أعئهخ 

 وأخىثخ, يُبلشخ
 الامتحان اليومي 

 2 2 الأعجىع انثبنث ػشش
Examples 

 يسبضشح
ػشض رمذًٍَ، ششذ، أعئهخ 

 وأخىثخ, يُبلشخ
 الامتحان اليومي 

 2 2 الأعجىع انشاثغ ػشش
Examples 

 يسبضشح
ػشض رمذًٍَ، ششذ، أعئهخ 

 وأخىثخ, يُبلشخ
 الامتحان اليومي 

 شهريامتحان    Second exam 2 2 الأعجىع انخبيظ ػشش
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 ػُبوٍَ انفصىل
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 انُغجُخ

 الأهذاف انغهىكُخ 
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 انزمُُى انزسهُم انزطجُك انفهى

      انُغجخ

 انفصم الاول
Thermodynamics of 

Principles 
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Heat and the First 

Law of 
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Energy Transfer 
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ة الثانية   المحاضر

ة:   Thermodynamics of Principles and and the Zeroth Law  عنوان المحاضر

ـــم المدرس:   عمر محمود جمعة اســ

يد  الفئة المستهدفة :   المستوى الأول من قسم تقنيات التير

ة :   المبادئ الأساسية لعلم ديناميك الحرارةماهي الطالب  تعريف • الهدف العام من المحاضر

 Application Areas ofان يتعرف الطالب على  -1 الأهداف السلوكية او مخرجات التعلم: 
Thermodynamics 

 IMPORTANCE OF -ان يتعرف الطالب على  -2
DIMENSIONS AND UNITS 

اتيجيات التيستر المستخدمة  ي ومناقشة استر
ة وعمل تعاونن  محاضن

 Application Areas of Thermodynamicsاكساب المتعلم المعرفة  المهارات المكتسبة 
 IMPORTANCE OF DIMENSIONS AND UNITS -و 

 التغذية الراجعة انًعتًذح طرق انقيبس
  

 : الاصئهخ انقجهيخ  - 4

 Thermodynamicsيبرا َمصذ ثًصطهر  -0

 Thermodynamicsيبهٍ الأشُبء انًسُطخ ثُب انزٍ رؼزًذ ػهً ػهى  -7

 :انًحتىي انعهًي -5

 1.1.Thermodynamics  

 

General definition of thermodynamic is derived from Greek words "therm 

"meaning "heat " and "dynamics" meaning " strength" particularly applied to 

motion , then thermodynamics would mean the heat liberated by the burning of 

wood , coal or oil.  

Thermodynamic: is the science that deals with energy transformations, the 

conversion of heat to work or work to heat or chemical into electrical energy …. 

etc. . 
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1.2. Application Areas of Thermodynamics 

 
 

 

1.3. IMPORTANCE OF DIMENSIONS AND UNITS 

 

Symbol Quantity انًصطهسبد SI Units 

A Area انًغبزخ m
2

 

a Acceleration انزؼدُم m/s
2

 

c Specific heat انسشاسح انُىػُخ J/kg • K 

D Diameter انمطش m 

E Energy انطبلخ J 

F Force انمىح N 
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g Local acceleration of gravity ٍانزؼدُم الاسض m/s
2

 

H Enthalpy ٍالاَثبنج J 

h Specific enthalpy ٍالاَثبنجٍ انُىػ J/kg 

L Length انطىل m 

m Mass انكزهخ kg 

 ̇ Mass flow rate ٍيؼذل انزذفك انكزه kg/s 

p Pressure انضغظ Pa 

p Power مذسحان J 

Q Heat انسشاسح J 

 ̇ Heat rate يؼذل انسشاسح J/s 

t Time ٍانضي s 

v Velocity انغشػخ m/s 

V Volume انسدى m
3
 

  Specific volume ٍانسدى انُىػ m
3
/kg 

  Density انكثبفخ kg/m
3
 

 

 
 

1.4 . Principles 
 

Force (F) : is required energy to move 1 kg of mass in an acceleration of 1 

m/s
2
. "" N or kN "" 

                                                                 
                   

               
 

  
  

 

EXAMPLE (1-1) 
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Man 90kg has weight in the aircraft that it's acceleration is 6 g’s (in multiples of 

the standard acceleration of grafity). Determine the upward force, in N? 

F=m*a 

   = m*(6)g 

  = 90 *6* 9.81 = 5297 N 

Density (ρ): is the mass per unit volume . 

  
 

 
              

 : density                     m= mass " kg"                    V=volume "   

 

EXAMPLE (1-2) 

 Find density of  water has mass 1000kg and volume 1 m
3
.  

Solution: 

   
 

 
                

       

    
                                  

 
Volume (V) : is the space that fill by mass of material "V" 

V=volume "   

EXAMPLE (1-3) 

 Find volume of  water has ρ=1000kg/m
3
 and mass of 1kg.  

Solution: 

ρ =1000kg/m
3
,  m= 1kg,  

  
 

 
                   

 

 
                 

 

    
                 

 

 

Specific volume (𝒱) is the volume per unit mass. 

𝒱  
 

 
               

 

EXAMPLE(1-4)  

Find volume of  1/2 m
3
/kg specific volume and mass of 1000kg. 

Solution: 

𝒱  
 

 
         , m = 1000 kg ,  

𝒱  
 

 
                v = 𝒱 * m = 0.5 * 1000 = 500 m

3
 

Specific Weight   
The specific weight is the weight per unit volume of a material. The symbol of 

specific weight is γ (the Greek letter Gamma). A commonly used value is the 

specific weight of water on Earth at 4°C which is 9.807 k       "γ"  Specific 

Weight is related to density through  

  
      

       
 

   

 
 = ρ.g"          
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EXAMPLE (1-5) 

The mass of air in a room 3m ×5m ×20m is known to be 350 kg. Determine the 

density, specific volume, and specific weight of the air.  

 

V = 3* 5*20 (m
3
) ,     = ?? , 𝒱=??  And       

  
 

 
=

   

      
= 1.167  g/        

𝒱  
 

 
=

 

     
= 0.857   / g      

  = ρ.g =1.167*9.81 =11.45             

 

1.5.  PROCESSES  
Any change that a system undergoes from one equilibrium state to another is 

called a process, and the series of states through which a system passes during a 

process is called the path of the process (Fig. 1–26). To describe a process 

completely, one should specify the initial and final states of the process, as well 

as the path it follows, and the interactions with the surroundings.  

 

 

 
 
 

1.6. TEMPERATURE AND THE ZEROTH LAW OF 

THERMODYNAMICS 

 
The word temperature comes from the Latin word temperature meaning ―proper 

mixing or tempering ―, implying attainment of thermal equilibrium. The zeroth 

law of thermodynamics states that if two thermodynamic systems are each in 

thermal equilibrium with a third system, then they are in thermal equilibrium 

with each other. Accordingly, thermal equilibrium between systems is a 

transitive relation.  
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TEMPERATURE (T)  
Temperature is an indication of the thermal energy stored in a thermodynamic 

system. Temperature is therefore called the driving force of heat. Temperature is 

measurable and is one of the most important properties of a thermodynamic 

system. The absolute temperature scales are the Rankine (Rº) scale and the 

Kelvin (K) scale, respectively. 

The most common type of temperature measuring device is the thermometer. 

Metric temperature scales are selecting reference temperatures corresponding 

to reproducible state points (ice point and steam point). In the English unit 

system and SI unit system, the metric temperature scales are the Fahrenheit 

(Fº) scale and the Celsius (Cº) scale respectively.  

° F = (9/5) °C +32       and       °C = (5/9) (°F-32)   

The absolute temperature scale is related to the metric temperature scale by the 

relationships:          K = °C + 273°  and   R = °F + 460° 

Example,(1- 6 ):       If  TC  = (-1)  find T F.  TK and   T R. 

T F = 1.8 TC + 32 = 1.8 * (-1) + 32 = 30.2 (F)  

T R = T F + 460 = 30.2 + 460 = 490.2 °R  

TK = TC + 273 = (-1) + 273 = 272 K 

 
1.7. PRESSURE 
Pressure is defined as a normal force exerted by a system per unit area. We 

speak of pressure only when we deal with a gas or a liquid. Since pressure is 

defined as force per unit area, it has the unit of newton per square meter 

(N/m
2
), which is called a Pascal (Pa).  

.  
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PRESSURE: is the force per unit area.  

   
 

 
              

 

  
        

P: pressure              ,  F= Force " N"        and A=Area  "  " 

Pressure is measurable and is one of the most important properties of a 

thermodynamic system 

 

There are two different pressures are common in engineering practice: (1) gage 

pressure and (2) absolute pressure. The difference between gage and absolute 

pressure should be understood. 

Absolute Pressure (pabs) is defined as a vacuum that has zero pressure. The 

cases in which this pressure is used include the readings of atmospheric pressure 

in which air pressure, boiling point of the water or mean pressure of the sea 

level can be determined. 

Gage Pressure(pgage) is the 

value measured by a pressure 

gauge, which indicates the 

pressure difference between a 

system and its ambient, usually 

the atmosphere. 

Atmospheric Pressure(patm) is 

due to the weight of the air per 

unit horizontal area in the earth’s 

grafitational field. 

                

The units of pressure commonly used are inch or mm of mercury (Hg), kPa, 

MPa, bar, psi, etc. The most used thermodynamic unit of pressure in SI unit is 

kilo-Pascal (kPa) or kilo-newton per square meter, and (psi) or pound force per 

square inch in English unit. Sometimes the unit bar is used for pressure.  

1 bar = 100 kPa.    Or   1 bar =               1     = pa ,      1 Kpa  = 1000 
pa   ,  

The standard atmospheric pressure at sea level is ( 29.92 in Hg, 760 mm Hg, 

101.3 kPa, 0.1013 MPa, 1.013 bar and  14.69 psi) depending upon the units 

used. 

 

 

Devices Measure Pressures 
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Barometers are used to measure atmospheric pressure, and usually use 

mercury as a manometer fluid. Common devices for measuring pressures are a 

Bourdon gage and a manometer as shown in Figures. 

 

 

a)   Barometer.             b)  Manometer           c) Borden 

gage 

 

EXAMPLE (1-7) 

: prove that           for liquid columns or tanks (statics liquid)? 

Solution:       
 

 
           

For liquid                 substitute in pressure equation 

 

  
   

 
 

   
   

 
 

 

 
 

  
     

 
        

         

------------------------------------------------------------------------ 

Example (1-8): 

If barometer read 10cm Hg (mercury) find the pressure must be in (psi) unit. 

1bar =14.7 psi 

Solution:-    Hg = 13600 kg/ m
3
 &   h = 10 cm Hg =  0.1 m Hg     

P=ρ.g.h = 13600 * 9.81* 0.1 = 13341.6 Pa 
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P=13341.6 / 100000= 0.133 bar  

P= 0.133 *14.7 = 1.955 psi  

------------------------------------------------------------------------------------ 

Example (1-9) 

Pressure of 29.4 (psi) find the height of barometer must be ,if contain mercury 

(Hg). 

Solution:-  P=29.4 psi , h = ? 

P=29.4 / 14.7 = 2 bar  

P=2 *100000 = 200000 Pa = N/m
2
  

P = ρ.g.h                
 

   
    

      

          
        

------------------------------------------------------------------------------- 

Example (1-10) 

Atmospheric pressure is 1bar and gage pressure is (152 cm Hg) find absolute 

pressure.  

Note: take (g=9.81 m/s
2
, ρ Hg=13600 kg/m

3
 and ρw =1000 kg/m

3
 ). 

Solution:-  Patm = 1 bar , h= 152 cm Hg , Pabs = ? 

h = 152 / 100= 1.52 m 

P gage =  ρ.g.h  = 13600* 9.81* 1.52 = 202792.32 Pa  

P gage = 202792.32 / 100000 = 2.027 bar 

Pabs = P atm + P gage = 1 + 2.027=3.027 bar 

 
 
 الااصئهخ انجعذيخ -6

1- Atmospheric pressure is 1bar and gage pressure is (130 cm Hg) find absolute pressure.   
2- prove that           for liquid columns or tanks (statics liquid)? 
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ة الثالثة   المحاضر

ة:   Energy عنوان المحاضر

ـــم المدرس:   عمر محمود جمعة اســ

يد  الفئة المستهدفة :   المستوى الأول من قسم تقنيات التير

ة :   Energyماهي الطالب  تعريف • الهدف العام من المحاضر

 Stored Energies •ان يتعرف الطالب على  -1 الأهداف السلوكية او مخرجات التعلم: 
 Transit Energyان يتعرف الطالب على  -2

اتيجيات التيستر المستخدمة  ي  استر
ة وعمل تعاونن  ومناقشةمحاضن

 اكساب المتعلم المعرفة بانواع الطاقة وطريقة حسابها المهارات المكتسبة 

 التغذية الراجعة انًعتًذح طرق انقيبس
  

 : الاصئهخ انقجهيخ  - 4

 Energyيبرا َمصذ ثًصطهر  -0

 Energyكُف ًَكٍ زغبة  -7

 :انًحتىي انعهًي -5

 
 

Energy 

2.1. ENERGY: is a thing capable to produce an effect on the masses. 

It is divided into two types: 

 Stored Energies: like potential energy, kinetic energy, internal energy, 

chemical energy, electrical energy 

 

 Transit Energy: like work and heat which they are the only energy that 

capable to transit the boundary of the system. 

 

1. Potential Energy (P E): energy possessed by a mass due to its position from a 

certain reference line (i.e. it is a function of height). 

 

                          
(h)is the height of each particle of substance. And 

change in its magnitude is given by the following equ. 
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EXAMPLE (2-1):  

A mass of 30kg is positioned at 5 m from a reference line (R.L). Calculate its 

P.E. and if position became 12 m from the same R.L, Calculatethe change in 

PE. 

Solution:    P.E =       

                    
                

                         
 

 

2. Kinetic Energy (K'E): is energy possessed by a mass (fluid or solid body) due 

to its motion with a certain velocity (v),  

    
 

 
                     

And change in its magnitude is given by the following equ 

     
 

 
    

    
     

 
 
 
 
 
 
 

EXAMPLE (2-2):    

A mass of 50 kg moves with velocity of 8 m/sec . Calculate its K.E. and if the 

velocity changed to 3 m/sec, Calculate the changed in the magnitude of the K.E. 

Solution:       
 

 
    

 

 
                   

     
 

 
    

    
    

 

 
     

    
     

                     

 

EXAMPLE (2-3):    

A site evaluated for a wind farm is observed to have steady winds at a speed of 

8.5 m/s. Determine the wind energy (a) per unit mass, (b) for a mass of 10 kg, 

and (c) for a flow rate of 1154 kg/s for air. 

Solution: A site with a specified wind speed is considered. Wind energy per unit 

mass, for a specified mass, and for a given mass flow rate of air are to be 

determined. 

(a) Wind energy per unit mass of air is 
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b) Wind energy for an air mass of 10 kg is 

  
 

 
                   

c) Wind energy for a mass flow rate of 1154 kg/s 

    ̇                    

 

 

 

 

 

3- Internal Energy (I.E) (U) is energy possessed by a 

mass due to its temperature (hotness or coldness of the 

mass) i.e. I.E(U) = f (T) and its magnitude is given by 

the equ.  

              
Were (c) is Specific heat capacity  

And the change in its magnitude is given by the 

equ. 

                        
 

 

 

EXAMPLE (2-5): 

A fluid of mass 10 kg temperature of 20    .  alculate its I.E (U) and if its  
temperature is increased to 50    .  the change in its magnitude    is equal to 
0.714 kJ/kg. K  . 

Solution : 

                        &                      

                                            

                                                       

 

4- Total Energy (T.E): possessed by a mass is equal to sum of the three 

magnitude energy above .ie. 

                

And the change in its magnitude is 
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EXAMPLE (2-6): 

                                                                         
                                                        6m/sec if the specific 
heat at constant volume (c) for it is equal to 0.6741 kJ               
                    for the gas. 

Solution                                   

                                                

    
 

 
    

 

 
                         

                                                         

                

 =                                

 

 
 

 الااعئهخ انجؼذَخ -6

1- A gas of mass rate (m) 40 kg/ sec is transferred during a pipe rises 65m from sea level at a temperature 155 C ̊ and 
velocity of 7m/sec if the specific heat at constant volume (c) for it is equal to 0.6741 kJ/kg.k ̊, find  P.E,K.E,I.E and 
T.E for the gas. 

 

 

 

ة    الثالثةالمحاضر

ة:   Pure Substance and Steam Table عنوان المحاضر
ـــم المدرس:   عمر محمود جمعة اســ

يد  الفئة المستهدفة :   المستوى الأول من قسم تقنيات التير

ة :   المادة النقية وما هي جداول البخارماهي الطالب  تعريف • الهدف العام من المحاضر

 Pure Substanceان يتعرف الطالب على  -3 الأهداف السلوكية او مخرجات التعلم: 

 Steam Tableان يتعرف الطالب على  -4

اتيجيات التيستر المستخدمة  ي ومناقشة استر
ة وعمل تعاونن  وحل للمسائل  محاضن

 اكساب المتعلم المعرفة  المهارات المكتسبة 

Pure Substance and Steam Table 

 التغذية الراجعة انًعتًذح طرق انقيبس
  

 : الاصئهخ انقجهيخ  - 4

  Pure Substanceيبرا َمصذ ثًصطهر  -0

 كُف ًَكٍ اٌ َغزخذو خذاول انجخبس -7

 :انعهًيانًحتىي  -5



 

 

16 

 

PURE SUBSTANCE 

A substance that has a fixed chemical composition 

throughout is called a pure substance. Water, 

nitrogen, helium, and carbon dioxide, for example, 

are all pure substances. A pure substance does not 

have to be of a single chemical element or 

compound, however. A mixture of various chemical 

elements or compounds also qualifies as a pure 

substance as long as the mixture is homogeneous. 

Air, for example, is a mixture of several gases, but it 

is often considered to be a pure substance because it has a uniform chemical 

composition (Fig. 3–1). However, a mixture of oil and water is not a pure 

substance. Since oil is not soluble in water, it will collect on top of the water, 

forming two chemically dissimilar regions.  

 
PHASES OF A PURE SUBSTANCE 

 

We all know from experience that substances exist in different 

phases. At room temperature and pressure, copper is a solid, 

mercury is a liquid, and nitrogen is a gas. Under different 

conditions, each may appear in a different phase. Even though 

there are three principal phases—solid, liquid, and gas—a 

substance may have several phases within a principal phase, 

each with a different molecular structure. Carbon, for example, 

may exist as graphite or diamond in the solid phase. Helium 

has two liquid phases; iron has three solid phases. Ice may 

exist at seven different phases at high pressures. A phase is 

identified as having a distinct molecular arrangement that is homogeneous 

throughout and separated from the others by easily identifiable boundary 

surfaces. The two phases of H2O in iced water represent a good example of this. 

 

Phase – Change Processes of Pure Substances 

At this point, it is important to consider the liquid to solid phase 

change process. Not so much solid to liquid because thermodynamics 

deals only with liquid to gases (or vice versa) to generate power. 

 

1- Consider water at room temperature (20°C) and normal 

atmospheric pressure (1atm) in a piston-cylinder device. The 

water is in liquid phase, and it is called compressed liquid or 

subcooled liquid (not about to vaporize). (Point 1) 
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If we add heat to water, its temperature will increase; let us say until 50°C. Due 

to the increase in temperature, the specific volume v will increase. As a 

consequence, the piston will move slightly upward therefore maintaining 

constant pressure (1 atm). 

 

2- Now, if we continue to add heat to the water, the temperature will 

increase further until 100°C. At this point, any additional addition 

of heat will vaporize some water. This specific point where water 

starts to vaporize is called saturated liquid. (Point 2) 

 
 
 
 
 

 

3- The state between saturated liquid (only liquid) and 

saturated vapor (only vapor) where two phases exist is 

called saturated liquid-vapor mixture. (Point 3) 

 

 

 

 

 

 

 

 

4- If we continue to add heat to water, more and more vapor will 

be created, while the temperature and the pressure remain 

constant (T = 100°C and P = 1 atm). The only property that 

changes is the specific volume. These conditions will remain 

the same until the last drop of liquid is vaporized. At this point, 

the entire cylinder is filled with vapor at 100°C. This state is 

called saturated vapor (Point4) 
 

 

 

 

5- After the saturated vapor phase, any addition of heat will 

increase the temperature of the vapor, this state is called 

superheated vapor (Point 5).  
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If the entire process between state 1 and 5 described in the figure is reversed by 
cooling the water while maintaining the pressure at the same value, the water 
will go back to state 1, retracing the same path, and in so doing, the amount of 
heat released will exactly match the amount of heat added during the heating 
process. 

 

 
Figure 1T-v diagram for the heating process of water at constant pressure. 

 

 
PROPERTY TABLES 

For most substances, the relationships among thermodynamic properties are too 

complex to be expressed by simple equations. Therefore, properties are 

frequently presented in the form of tables. Some thermodynamic properties can 

be measured easily, but others cannot and are calculated by using the relations 

between them and measurable properties. The results of these measurements 

and calculations are presented in tables in a convenient format.  

 

In thermodynamics analysis, we will encounter the combination of properties 

U+PV frequently. For simplicity this combination is defined as a new property 

called enthalpy 

 

Enthalpy: is a property for the working substance (fluid) and is equal to the 

sum of two properties internal energy & flow energy (flow work), i.e 

 
 H = U + PV 

And for unit mass 

 mh = m(u + pv) = 

     h = u + pv Figure 2The combination    u + Pv 
is frequently encountered in the 
analysis of control volumes . 
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H: is the total enthalpy of the fluid kJ. 

U: is the total internal energy of the fluid kJ.  

P: is the pressure of the fluid flowing kPa. 

V: is the volume of the fluid flowing m
3
Kjk;ju; 

h: is the enthalpy of the fluid per unit mass, 

u: is the internal energy of the fluid per unit mass. 

v: is the volume per unit mass (specific volume).  

 

Saturated Liquid and Saturated Vapor States 

The properties of saturated liquid and saturated vapor for water are listed in 

Tables A–4 and A–5. Both tables give the same information. The only 

difference is that in Table A–4 properties are listed under temperature and in 

Table A–5 under pressure. Therefore, it is more convenient to use Table A–4 

when temperature is given and Table A–5 when pressure is given. The use of 

Table A–4 is illustrated in Fig. 3–30. 
 

The subscript f is used to denote properties of a saturated liquid, and the 

subscript g to denote the properties of saturated vapor. These symbols are 

commonly used in thermodynamics and originated from German. Another 

subscript commonly used is    which denotes the difference between the 

saturated vapor and saturated liquid values of the same property. For example, 

   specific volume of saturated liquid 

   specific volume of saturated vapor 

    difference between     and   1that is,    =   -     

 
 

The quantity hfg is called the enthalpy of vaporization (or latent heat of 

vaporization). It represents the amount of energy needed to vaporize a unit mass 

of saturated liquid at a given temperature or pressure. It decreases as the 

temperature or pressure increases and becomes zero at the critical point. 
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Example 3-2: A piston—cylinder device contains 2 m
3
 of saturated water vapor 

at 350 kPa pressure. Determine the temperature and the mass of the vapor inside 

the cylinder. 

 

Solution A cylinder contains saturated water vapor. The temperature and the 

mass of vapor are to be determined. 

T=T s a t @  350 kpa = 138.86°C (Table A-5) 

The specific volume of the saturated vapor at 350 kpa is 

 Vg = 0.52422 m
3
/ kg   (Table A-5) 

The mass of the vapor inside the cylinder 

m= V/ vg 

    = 2 m3/  0.52422 m3/ kg    

=3.815kg 
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Vapor Mixture–Saturated Liquid  

During a vaporization process, a substance exists as part liquid and part vapor. 

That is, it is a mixture of saturated liquid and saturated vapor (Fig. 3–34). To 

analyze this mixture properly, we need to know the proportions of the liquid and 

vapor phases in the mixture. This is done by defining a new property called the 

quality x as the ratio of the mass of vapor to the total mass of the mixture: 

  
      

      
 

                            

 

Quality, x : The ratio of the mass of vapor to the total mass of the mixture. 

Quality is between 0 and 1         0: sat. liquid, 1: sat. vapor. 

The properties of the saturated liquid are the same whether it exists alone or in a 

mixture with saturated vapor. 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 

The relative amounts of liquid and 

vapor phases in a saturated mixture 

are specified by the quality x. 

Figure . A two-phase system 

can be treated as a 

homogeneous mixture for 

convenience. 



 

 

22 

 
Based on this equation, quality can be related to the horizontal distances on a P-

v or T-v diagram (Fig. 3–36). At a given temperature or pressure, the numerator 

of Eq. 3–5 is the distance between the actual state and the saturated liquid state, 

and the denominator is the length of the entire horizontal line that connects the 

saturated liquid and saturated vapor states. A state of 50 percent quality lies in 

the middle of this horizontal line. The analysis given above can be repeated for 

internal energy and enthalpy with the following results: 
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2 Superheated Vapor 

In the region to the right of the saturated vapor line and at temperatures above 

the critical point temperature, a substance exists as superheated vapor. Since the 

superheated region is a single-phase region (vapor phase only), temperature and 

pressure are no longer dependent properties and they can conveniently be used 

as the two independent properties in the tables. The format of the superheated 

vapor tables is illustrated in Fig. 3–40. In these tables, the properties are listed 

against temperature for selected pressures starting with the saturated vapor data. 

The saturation temperature is given in parentheses following the pressure value. 

Compared to saturated vapor, superheated vapor is characterized by 

 

 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 3A partial listing of Table A–6 
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The Ideal  Gas Equation of State 

When a vapor of a substance has relatively low density ( temperatures are in 

excess of the critical temperatures , and also at very low pressures ) , the vapor 

of the fluid tends to obey the equation; 

  

 
             

Where;   P – is absolute pressure     
 

  
  

T – is absolute temperature (  , R). 

 – is specific volume   
  

  
   

R – is a constant which is called the gas constant, and each gas has a 
different gas constant. 
In practice, no gases obey this equation rigidly, but many gases tend 

toward it. Any gas for which this equation is valid, is called an ideal – gas or 

a perfect gas, and the equation is called the characteristic equation of state of a 

perfect gas. 

The characteristic equation is usually written as: 
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       or                 

         – is the density   
  

  
 

  
For m = kg, occupying V =m³ we can drive the following: 

       
 

 

 

 

Ideal gas equation at two states for a fixed mass 

 

 

EXAMPLE (3-11) 

The pressure in an automobile tire depends on the temperature of the air in the 

tire. When the air temperature is 25°C, the pressure gage reads 210 kPa. If the 

volume of the tire is 0.025 m
3
, determine the pressure rise in the tire when the 

air temperature in the tire rises to 50°C. Also, determine the amount of air that 

must be bled off to restore pressure to its original value at this temperature. 

Assume the atmospheric pressure is 100 kPa. 
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EXAMPLE 22 

An automobile tire with a volume of 0.6 m³ is inflated to a gage pressure of 200 

kPa . Calculate the mass of air in the tire if the temperature is 20 C and  R = 287 

       . 
Solution: 

Air is assumed to be an ideal gas at the condition of the example The ideal gas 

equation: 

TR

VP
mTRmVP 

 
At 20 º C,   Patm = 100 kPa,   Pgage= 200 kPa 

gageatmabs PPP 
 

Pabs= 100 + 200 = 300 kPa 

Tk= TC + 273 = 20 + 273 = 293 º k 

.14.2

293
.

.
287

6.010300 3

2

3

kg

k
kkg

mN

m
m

N

TR

VP
m 










 
 

EXAMPLE 23 

Air is at 25 º C and 101.325 kPa. If the gas constant R = 287 J / kg. k .find the 

specific volume and the molar mass of this gas, assuming it behaves as an ideal 

gas. 
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Solution: 

Tk = TC+ 273 = 25 + 273 = 298 º k 

kg

m

kPa

k
kkg

Jk

P

TR
TRP

3

8445.0

325.101

298
.

287.0













 

 
 الااعئهخ انجؼذَخ -6

1- A piston–cylinder device initially contains 50 L of liquid water at 40°C 

and 200 kPa. Heat is transferred to the water at constant pressure until the 

entire liquid is vaporized. 

(a) What is the mass of the water? 

(b) What is the final temperature? 

(c) Determine the total enthalpy change. 

(d) Show the process on a T-v diagram with respect to saturation lines. 

 
 

 

 

 

ة الرابعة   المحاضر

ة:   Pure Substance and Steam Table عنوان المحاضر
ـــم المدرس:   عمر محمود جمعة اســ

يد  الفئة المستهدفة :   المستوى الأول من قسم تقنيات التير

ة : الهدف العام من   المادة النقية وما هي جداول البخارماهي الطالب  تعريف • المحاضر

 Pure Substanceان يتعرف الطالب على  -5 الأهداف السلوكية او مخرجات التعلم: 

 Steam Tableان يتعرف الطالب على  -6

اتيجيات التيستر المستخدمة  ي ومناقشة استر
ة وعمل تعاونن  وحل للمسائل  محاضن

 اكساب المتعلم المعرفة  المهارات المكتسبة 

Pure Substance and Steam Table 

 التغذية الراجعة انًعتًذح طرق انقيبس
  

 : الاصئهخ انقجهيخ  - 4

 systems, boundary, surroundingsيبرا َمصذ ثًصطهر  -0

 work and heat in thermodynamic processes َسغت كُف ًَكٍ اٌ -7

 :انعهًيانًحتىي  -5
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1.3. Defining Systems 
 
System 

A system is defined as a quantity of matter or a region in space chosen for 

study. 

 

Surroundings 
Everything external to the system is considered to be part of the system’s 

surroundings..  

 

Boundary 
The system is distinguished from its surroundings by a specified boundary. 

 

 

Thermodynamic system  
System is defined as a certain region in which the changes occurred in the 

working substance studied due to energy transfer mass transfer or both of them 

into or out of this region. Systems can be classified into three types: 

 Closed system: is that system in which energy can penetrate it's boundary 

into or out of the system but material cannot.   

 

Cylinder System’s 

boundary 

Surroundings   
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 Open system: is that system in which energy & material can penetrate its 

boundary into or out of the system. 

 

 
 

 

 

 Isolated system: is that system in which neither energy nor material 

penetrate boundary of the system. 
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WORK AND HEAT IN THERMODYNAMIC PROCESSES 
In this part we will discuss the two quantities that result from energy transfer 

across the boundary of a system: work and heat. This will lead into the first law 

of thermodynamics.  

Heat transferred by conduction, convection, or radiation to systems or control 

volumes will either be given information will be provided that it can be 

determined in our study of thermodynamics; it will not be calculated from 

temperature information, as is done in a heat transfer course. 

 

State Variables 

 State variables describe the state of a system. 

 Variables may include: Pressure, temperature, volume, internal 

energy 

 The state of an isolated system can be specified only if the system 

is in thermal equilibrium internally. For a gas in a container, this 

means every part of the gas must be at the same pressure and 

temperature. 

 

Transfer Variables 

 Transfer Variables are zero unless a process occurs in which energy is 

transferred across the boundary of system  2  

 Transfer Variables are not associated with any given state of the system, 

only with changes in the state. 

 Heat and work are transfer variables. 

 Transfer Variables can be positive or negative, depending on whether 

energy is entering or leaving the system 

 

WORK 
 is defined as the product of a force and the distance moved in the direction of 

the force. Consider a simple closed system as a gas trapped between a piston 

and cylinder, assume the pressure and temperature of the gas are uniform and 

there is no friction between the piston and the cylinder walls as shown in Figure. 

Let cross – sectional area of the piston be A , and the pressure of the gas at any 

instant be  P .Let the piston move under the action of the force exerted by the 

gas a distance dl  to the right , then the work done by the gas is given by force 

times the distance moved ; 

                          

Where    is a small increase in volume or  considering unit mass : 

Hence, the work done is given by the area under the line of the process plotted 

on   

    diagram .  
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d

l 

F P

   

Gas 

P

   
P1   

P2   

V1   V2   
V    

P

   

1

   

2

  

 

  ∫    
  

  
 

 
 
 
 
 
 
 
 
 

In the special case of a constant pressure, 
then the work is ;   

  ∫    

  

  

 

   ∫   

  

  

          

The work interaction in each case is represented by the area ∫    
 

 
 

underneath the corresponding  path. This means that the work is not property or 

a state function rather, it is a path function because it depends how the system 

was changed from one state to another. Therefore, the system does not posses 

work; instead, work is mode of transfer of energy. 

 

 
Work done on the system by the 

surroundings is considered negative ( – ev ) 

. 

 
Work done by the system on the surroundings 

is considered positive  ( + ev ) . 

 
 

If   1000 J  of   work  is done  on  a  system, we can 

write W = – 1000 J , or   W in = 1000 J , and  Wout  means  work  done  by  a  

system. 

 

Units Of Energy Transfer By Work:The units of work in SI of units are the (J) 

and (kJ); 
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kg

kJ
or

kg

J

kg

mN
massunitperand

s

m
kgmNJ 

2

2

111

 

Thermodynamic processes 
 

(1) Isovolumetric (Isochoric) Processes 
 An isovolumetric process is one in which there is no 

change in the volume.  

 This may be accomplished by clamping the piston at a 

fixed position. 

 Since the volume does not change, W = 0  

 Format the first law,           

 

          
  

  
 

  

  
 

 

If energy is added by heat to system kept at constant volume all of the 

transferred energy remains in the system as an increase in its internal energy. 
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(2) Isobaric Processes 
 An isobaric process is one that occurs at a constant 

pressure. 

 May be accomplished by allowing the piston to move 

freely so that it is always in equilibrium between the 

net force from the gas pushing upward and the weight 

of the piston plus the force due to atmospheric pressure 

pushing downward. 

 The values of the heat and the work are generally both 

nonzero 

 The work done is  

    ∫   
  

  
              where P is the constant 

pressure.  
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(3) Isothermal Process 

 An isothermal process is one that occurs at a constant 

temperature. 

 This can be accomplished by putting the cylinder in 

contact with some constant- temperature reservoir. 

 

 Since there is no change in temperature, 

          

 Therefore, Q = W 

 Any energy that enters the system by heat must leave 

the system by work. 

 
                 
 

 Isothermal Compression 

   ∫      ∫
   

 
       ∫

  

 
      

  

  

  

  

  

  

  

  

 

 

 Isothermal Expansion 

   ∫      ∫
   

 
       ∫

  

 
      

  

  

  

  

  

  

  

  

 

Numerically, the work equals the negative of the area under the PV diagram. 

If the gas expands, Vf > V, and the value of the work done on the gas is 

negative. 
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If the gas is compressed, Vf < V؛ and the value of the work done on the gas is 

positive. 
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(4) Adiabatic Processes 

 An adiabatic process is any process occurring without gain or loss of heat 

within a system. 

 Adiabatic processes can occur if the container of the system has thermally-

insulated walls or the process happens in an extremely short time.  
        

        

 

  
         

   
 

or 

    
     

   
 

 

 

Example 4-4 
 A mass of 5 kg of saturated water vapor at 300 kPa is heated at constant 

pressure until the temperature reaches 200°C. Calculate the work done by the 

steam during this process. 
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Example 4-4 
A frictionless piston–cylinder device initially contains 200 L of saturated liquid 

refrigerant-134a. The piston is free to move, and its mass is such that it 

maintains a pressure of 900 kPa on the refrigerant. The refrigerant is now heated 

until its temperature rises to 70°C. Calculate the work done during this process. 
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ENERGY TRANSFER BY HEAT 

Energy can cross the boundary of a closed system in two distinct forms: heat 

and work (Fig. 2-11). It is important to distinguish between these two forms of 

energy. Therefore, they will be discussed first, to form a sound basis for the 

development of the laws of thermodynamics. We know from experience that a 

can of cold soda left on a table eventually warms up and that a hot baked potato 

on the same table cools down. When a body is left in a medium that is at a 

different temperature, energy transfer takes place between the body and the 

surrounding medium until thermal equilibrium is established, that is, the body 

and the medium reach the same temperature. The direction of energy transfer is 

always from the higher temperature body to the lower temperature one. Once 

the temperature equality is established, energy transfer stops. In the processes 

described above, energy is said to be transferred in the form of heat. 

Heat is defined as the form of energy that is transferred between two systems (or a 

system and its surroundings) by virtue of a temperature difference (Fig. 2-12). That 

is, an energy interaction is heat only if it takes place because of a temperature 

difference. Then it follows that there cannot be any heat transfer between two 

systems that are at the same temperature. 

 

 

Several phrases in common use today such as heat How, heat addition, heat 

rejection, heat absorption, heat removal, heat gain, heat loss, heat storage, heat 

generation, electrical heating, resistance heating, frictional heating, gas 

heating, heat of reaction, liberation of heat, specific heat, sensible heat, latent 

heat, waste heat, body heat, process heat, heat sink, and heat source are not 

consistent with the strict thermodynamic meaning of the term heat, which 

limits its use to the transfer of thermal energy during a process. However, 

these phrases are deeply rooted in our vocabulary, and they are used by both 

ordinary people and scientists without causing any misunderstanding since 
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they are usually interpreted properly instead of being taken literally. (Besides, 

no acceptable alternatives exist for some of these phrases.) For example, the 

phrase body heat is understood to mean the thermal energy content of a body. 

Likewise, heat flow is understood to mean the transfer of thermal energy, not the 

flow fluidlike substance called heat, although the latter incorrect 

interpretation, which is based on the caloric theory, is the origin of th is 

phrase. Also, the transfer of heat into a system is frequently referred to as heat 

addition and the transfer of heat out of a system as heat rejection. Perhaps there 

are thermodynamic reasons for being so reluctant to replace heat by thermal 

energy: It takes less time and energy to say, write, and comprehend heat than it 

does thermal energy. 

Heat is energy in transition. It is recognized only as it crosses the bound ary 

of a system. Consider the hot baked potato one more time. The potato contains 

energy, but this energy is heat transfer only as it passes through the skin of the 

potato (the system boundary) to reach the air. as shown in Fig. 2 -13. Once in 

the surroundings, the transferred heat becomes part of the internal energy of 

the surroundings. Thus, in thermodynamics, the term heat simply means heat 

transfer. 

 

 
 
 

A process during which there is no heat transfer is called an adiabatic 

process (Fig. 2-14). The word adiabatic comes from the Greek word adiabatic, 

which means not to be passed. There are two ways a process can he adiabatic: 

Either the system is well insulated so that only a negligible amount of heat can 

pass through the boundary, or both the system and the surroundings are at the 

same temperature and therefore there is no driving force (temperature 

difference) for heat transfer. An adiabatic process should not be confused with 

an isothermal process. Even though there is no heat transfer during an 
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adiabatic process, the energy content and thus the temperature of a system can 

still be changed by other means such as work.  

As a form of energy, heat has energy units, kJ (or Btu) being the most 

common one. The amount of heat transferred during the process between two 

states (states 1 and 2) is denoted by Q12 or just Q. Heat transfer per unit mass of 

a system is denoted q and is determined from 

 
 

Sometimes it is desirable to know the rate of heat transfer (the amount of 

heat transferred per unit time) instead of the total heat transferred over some 

time interval (Fig. 2-15). The heat transfer rate is denoted  ̇ , where the over 

dot stands for the time derivative, or ―per unit time." The heat transfer rate  ̇ 

has the unit kJ/s, which is equivalent to kW. When  ̇ varies with time, the 

amount of heat transfer during a process is determined by integrating  ̇ over 

the time interval of the process: 

 
 

Heat can be transferred in three different modes: conduction, convection, and 

radiation. All modes of heat transfer require the existence of a temperature 

difference, and all modes are from the high temperature medium to a lower -

temperature one. 

 

THE FIRST LAW OF THERMODYNAMICS 
 

 The first law of thermodynamics (the conservation of energy principle) 

provides a sound basis for studying the relationships among the various 

forms of energy and energy interactions.  

 The first law states that energy can be neither created nor destroyed during 

a process; it can only change forms. 

 The First Law: For all adiabatic processes between two specified states of a 

closed system, the net work done is the same regardless of the nature of the 

closed system and the details of the process. 
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We all know that a rock at some elevation possesses some potential energy, and 

part of this potential energy is converted to kinetic energy as the rock falls (Fig. 

2–37). Experimental data show that the decrease in potential energy (mg z) 

exactly equals the increase in kinetic energy (
 

 
    

    
   when the air 

resistance is negligible, thus confirming the conservation of energy principle for 

mechanical energy.  

Energy cannot be created or destroyed; it 
can only change forms 

 
 
 
 
 
 
 
 

 
 
 

 

Energy Balance 
 

The net change (increase or decrease) in the total energy of the system during a 
process is equal to the difference between the total energy entering and the total 
energy leaving the system during that process. 
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Energy Change of a System, Δ Esystem 

The determination of the energy change of a system during a process involves 

the evaluation of the energy of the system at the beginning and at the end of the 

process, and taking their difference. That is, 

  
Note that energy is a property, and the value of a property does not change 

unless the state of the system changes. Therefore, the energy change of a system 

is zero if the state of the system does not change during the process. 

Also, energy can exist in numerous forms such as internal (sensible, latent, 

chemical, and nuclear), kinetic, potential, electric, and magnetic, and their sum 

constitutes the total energy E of a system. In the absence of electric, magnetic, 

and surface tension effects (i.e., for simple compressible systems), the change in 

the total energy of a system during a process is the sum of the changes in its 

internal, kinetic, and potential energies and can be expressed as 
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Mechanisms of Energy Transfer, Ein and Eout 

Energy can be transferred to or from a system in three forms: heat, work, and 

mass flow. Energy interactions are recognized at the system boundary as they 

cross it, and they represent the energy gained or lost by a system during a 

process. The only two forms of energy interactions associated with a fixed mass 

or closed system are heat transfer and work. 

Noting that energy can be transferred in the forms of heat, work, and mass, and 

that the net transfer of a quantity is equal to the difference between the amounts 

transferred in and out, the energy balance can be written more explicitly as 

 

 
 

 

 

 
 
 
 
 



 

 

46 

Example 3-1       

A rigid tank contains a hot fluid that is cooled while being stirred by a paddle 

wheel. Initially, the internal energy of the fluid is 800 kJ. During the cooling 

process, the fluid loses 500 kJ of heat, and the paddle wheel does 100 kJ of 

work on the fluid. Determine the final internal energy of the fluid. Neglect the 

energy stored in the paddle wheel. 

 

 

  
 

 

EXAMPLE 3-2 

Water is being heated in a closed pan on top of a range while being stirred by a 

paddle wheel. During the process, 30 kJ of heat is transferred to the water, and 5 

kJ of heat is lost to the surrounding air. The paddle-wheel work amounts to 500 

N.m. Determine the final energy of the system if its initial energy is 10 kJ.  

 
 
 
 

EXAMPLE 3-3 

A vertical piston–cylinder device contains water and is being heated on top of a 

range. During the process, 65 kJ of heat is transferred to the water, and heat 

losses from the side walls amount to 8 kJ. The piston rises as a result of 

evaporation, and 5 kJ of work is done by the vapor. Determine the change in the 

energy of the water for this process. 
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 الااعئهخ انجؼذَخ -6

1- Water is being heated in a closed pan on top of a range while being stirred by a paddle wheel. During the process, 
40 kJ of heat is transferred to the water, and 7 kJ of heat is lost to the surrounding air. The paddle-wheel work 
amounts to 700 N.m. Determine the final energy of the system if its initial energy is 12 kJ.  
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