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 ٍبجطزُر ٍبجطزُر اىشهبدح :

 2014 2021 ضْخ اىحصىه ػيً اىشهبدح

 10 15 ىاد اىخجرح ) رذرَص(ػذد ضْ

 معلومات عامة



 

 

 الجامعة التقنية الشمالية

2 

 

 

  ىيَقرر اىؼبً اىىصف

َتُبول دساعخ انخىاص انحشاسَخ نهًىاد، وانقىاٍَُ الأعبعُخ نهذَُبيُكب انحشاسَخ، يغ انتشكُض ػهً تطجُقهب  يقشس دَُبيُك انحشاسح

  .فٍ تظًُى وتشغُم أَظًخ انتجشَذ وانتكُُف نتحغٍُ انكفبءح انحشاسَخ

  اىؼبٍخ الاهذاف

  
 .إكغبة انطلاة انفهى الأعبعٍ نهقىاٍَُ انحشاسَخ 

 .تًكٍُ انطلاة يٍ تطجُق انُظشَبد انحشاسَخ ػهً الأَظًخ انهُذعُخ 

 .تطىَش انقذسح ػهً تحهُم انؼًهُبد انحشاسَخ فٍ أَظًخ انتجشَذ وانتكُُف 

 اىخبصخ الأهذاف

 .فهى وتحهُم انذوسح انحشاسَخ لأَظًخ انتجشَذ وانتكُُف 

 كُفُخ حغبة انكفبءح انحشاسَخ نلآلاد والأخهضح. اعتُؼبة 

 .تطجُق انقىاٍَُ الأعبعُخ نهطبقخ وانحشاسح فٍ يىاقف ػًهُخ 

 .انتؼشف ػهً خىاص انًىاد انًغتخذيخ فٍ أَظًخ انتجشَذ وانتذفئخ 

 .تطىَش انًهبساد انلاصيخ نحم انًغبئم انًتؼهقخ ثبنطبقخ وانحشاسح فٍ الأَظًخ انهُذعُخ 

 يىمُخ او ّىارج اىزؼيٌالأهذاف اىط

  ،اعتخذاو انًفبهُى الأعبعُخ: َتًكٍ انطبنت يٍ تؼشَف وتطجُق انًفبهُى الأعبعُخ نهثشيىدَُبيُك يثم انطبقخ

 انحشاسح، وانؼًم فٍ عُبقبد ػًهُخ.

  حم انًشكلاد: َتقٍ انطبنت يهبساد حم انًشكلاد انًتؼهقخ ثبنذوساد انحشاسَخ، وتحهُم انؼًهُبد فٍ أَظًخ

 جشَذ وانتذفئخ.انت

  تحهُم الأَظًخ: َكىٌ انطبنت قبدساً ػهً تحهُم كفبءح الأَظًخ انحشاسَخ انًختهفخ يثم انًحشكبد، وانًجبدلاد

 انحشاسَخ، وانضىاغط.

  اعتخذاو اندذاول وانشعىو انجُبَُخ: َغتطُغ انطبنت قشاءح واعتخذاو خذاول انجخبس وانشعىو انجُبَُخ يثم

 م انؼًهُبد انثشيىدَُبيُكُخ.( نتحهT-Sُ( و)P-Vيخطط )

 .انتفكُش انُقذٌ: َطىس انطبنت انقذسح ػهً َقذ وتقُُى أداء الأَظًخ انحشاسَخ وتحغٍُ كفبءتهب 

 اىطبثقخ اىَزطيجبد
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 .يقذيخ فٍ انفُضَبء: فهى أعبعٍ نًفبهُى انفُضَبء، ثًب فٍ رنك انقىي، وانحشكخ، وانطبقخ 

 و انشَبضُبد نحم انًؼبدلاد انشَبضُخ الأعبعُخ، يقذيخ فٍ انشَبضُبد: انقذسح ػهً اعتخذا

 ثًب فٍ رنك انتفبضم وانتكبيم.

  يقذيخ فٍ انكًُُبء: يؼشفخ ثبنًفبهُى الأعبعُخ فٍ انكًُُبء، وخبطخ انًتؼهقخ ثبنحشاسح

 وانتفبػلاد انكًُُبئُخ.

 خ وانًىاد انًجبدئ الأعبعُخ فٍ انهُذعخ: فهى يجبدئ انهُذعخ الأعبعُخ، يثم انذَُبيُكب انغبئه

 انهُذعُخ.

 .يقذيخ فٍ انًُكبَُكب: فهى الأعبعُبد انًتؼهقخ ثبنًُكبَُكب وانكفبءح انذَُبيُكُخ  
 

 

 الأهذاف انغهىكُخ او يخشخبد انتؼهُى الأعبعُخ 

 آنُخ انتقُُى تفظُم انهذف انغهىكٍ او يخشج انتؼهُى د

 الاختجبساد انكتبثُخ تبثُخ انتقهُذَخ.يٍ خلال الاختجبساد انك ُُى فهى انطلاة نهًفبهُى َتى تق  1

 انىاخجبد انًُضنُخ .ًشكلادَتى تقُُى انقذسح ػهً تطجُق انًؼشفخ انشَبضُخ فٍ حم ان  2

 انًشبسَغ فٍ عُبقبد انؼبنى انحقُقٍ. نقذسح ػهً تطجُق انًؼشفخَتى تقُُى ا  3

 شبسكخ فٍ انظفانً  .تىاطم انفؼبل نلؤفكبس وانًفبهُى َتى تقُُى انقذسح ػهً ان 4

 الاختجبساد الإنكتشوَُخ ُُى فهى انطلاة نهًفبهُى َتى اعتخذاو الأدواد وانجشايح انشقًُخ نتق  5
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 أضبىُت اىزذرَص 
 

 ٍجرراد الاخزُبر الاضيىة او اىطرَقخ

 تقذَى انًؼهىيبد وانًفبهُى انشَبضُخ ثشكم يجبشش نهطلاة انًحبضشاد .1

انطلاة ػهً انًشبسكخ فٍ ػًهُخ انتؼهى يٍ خلال حم انًشكلاد، انًُبقشبد  تشدُغ انتؼهى انُشط .2

 اندًبػُخ، والأَشطخ انتفبػهُخ

 َتى تكهُف انطلاة ثًشبسَغ تتطهت تطجُق انًؼشفخ انشَبضُخ فٍ عُبقبد انؼبنى انحقُقٍ انتؼهى انقبئى ػهً انًششوع .3

تكشبف ثشكم يغتقم نتؼضَض فهًهى نهًفبهُى َتى تشدُغ انطلاة ػهً انجحث والاع انتؼهى انزاتٍ .4

 انشَبضُخ

 اعتخذاو الأدواد وانجشايح انشقًُخ نتؼضَض انتؼهى وانفهى انتؼهى انشقًٍ .5

 َتى تقُُى انطلاة ثشكم يغتًش يٍ خلال الاختجبساد، انىاخجبد، وانًشبسَغ انتقُُى انًغتًش .6

 

  



 

 

 

 

 ٍِ اىَحزىي اىؼيٍَ اىفصو الاوه

 اىَصفىفبد اىىقذ ػْىاُ اىفصو

 اىزىزَغ اىسٍٍْ
 اىْظرٌ

 )ضبػخ(

 طرق اىقُبش اىزقُْبد طرَقخ اىزذرَص رئُطٍاىؼْىاُ اى اىؼَيٍ

 الأضجىع 
حضىرٌ  ٍحبضرح اىؼْبوَِ اىفرػُخ   

 او اىنزروٍّ

ػرض رقذٍََ، شرح، 

 أضئيخ وأجىثخ, ٍْبقشخ 

 

 الأضجىع الأوه

2 2 Introduction to 

Thermodynamics, 

1. Definition of 

Thermodynamics 

2. Key Concepts and 

Terminology 

3. . Laws of 

Thermodynamics 

4. Thermodynamic 

Devices and 

Instruments 

الايتحبٌ  ششذ +قذًٍَػشع ت حضىسٌ

 انُىيٍ

 الأضجىع اىثبٍّ

 

2 2 Introduction to 

Fluid 

Measurement and 

Properties, 

1. Measuring Devices 

2. Properties of Fluids 

3. State 

4. Processes 

5. Cycles 

 + ششذ  + ػشع تقذًٍَ حضىسٌ

 يُبقشخ + أعئهخ وأخىثخ

الايتحبٌ 

 انُىيٍ

 Understanding 2 2 الاضجىع اىثبىث

Pressure (Gage, 

Vacuum, and 

Absolute), 

1. Definition of Pressure 

2. Types of Pressure 

3. Pressure Measurement 

Devices 

 +ذشش +ػشع تقذًٍَ حضىسٌ

 يُبقشخ +أعئهخ وأخىثخ

الايتحبٌ 

 انُىيٍ

 Temperature 2 2  الاضجىع اىراثغ

Relations 

(Celsius, Kelvin, 

and Rankine 

Scale), 

1. Definitions of 

Temperature Scales 

2. Measuring Devices 

for Temperature 

 +ششذ +ػشع تقذًٍَ حضىسٌ

 يُبقشخ +أعئهخ وأخىثخ

الايتحبٌ 

 انُىيٍ
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 Energy and 2 2 ع اىخبٍصالاضجى

Renewable 

Energy 

Resources, 

Renewable Energy 

Resources 

 

 +ششذ +ػشع تقذًٍَ حضىسٌ

 يُبقشخ +أعئهخ وأخىثخ

الايتحبٌ 

 انُىيٍ

 

 اىفصو اىثبٍّ

 اىَحذداد اىىقذ ػْىاُ اىفصو

 اىقُبشطرق  اىزقُْبد طرَقخ اىزذرَص رئُطٍاىؼْىاُ اى اىؼَيٍ اىْظرٌ اىزىزَغ اىسٍٍْ

 
ػرض رقذٍََ، شرح،  ٍحبضرح اىؼْبوَِ اىفرػُخ   ضبػخ

 أضئيخ وأجىثخ, ٍْبقشخ 

 

 الاضجىع اىطبدش

2 2 Hydrocarbons 

Source (Oil & 

Gas,) 

1. Types of 

Hydrocarbons 

2. Properties and 

Measurements of 

Hydrocarbons 

 + ششذ  + ػشع تقذًٍَ حضىسٌ

 يُبقشخ + أعئهخ وأخىثخ

الايتحبٌ 

 انُىيٍ

 +اىطبثغالأضجىع 

    اىثبٍِ

2 2 Internal Energy 

and Flow Work in 

Thermodynamics, 

1. Key Definitions and 

Concepts 

2. 3.Practical 

Applications in 

Refrigeration and 

Air Conditioning 

3. Diagrams and 

Visual Aids 

 + ششذ  + ػشع تقذًٍَ حضىسٌ

 يُبقشخ + أعئهخ وأخىثخ

تحبٌ الاي

 انُىيٍ

 Forms of Energy 2 2 اىزبضغالاضجىع 

in 

1. Forms of Energy  

2. Flow Work 
 + ششذ  + ػشع تقذًٍَ حضىسٌ

 يُبقشخ + أعئهخ وأخىثخ

الايتحبٌ 

 انُىيٍ
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Thermodynamics 

 First Law of 2 2 اىؼبشر  الاضجىع

Thermodynamics 

in Flow Systems, 

1. . First Law of 

Thermodynamics 

2. Types of Flow 

Systems 

 + ششذ  + ػشع تقذًٍَ حضىسٌ

 يُبقشخ + أعئهخ وأخىثخ

الايتحبٌ 

 انُىيٍ

 اىفصو اىثبىث

 اىَزجهبد اىىقذ ػْىاُ اىفصو

 اىزىزَغ اىسٍٍْ
طرق  اىزقُْبد طرَقخ اىزذرَص رئُطٍاىؼْىاُ اى ػَيٍ ّظرٌ

 اىقُبش

  .....الأضجىع
ٍَ، شرح، ػرض رقذَ ٍحبضرح اىؼْبوَِ اىفرػُخ    ضبػخ

 أضئيخ وأجىثخ, ٍْبقشخ 

 

 حبدٌاى الأضجىع

 ػشر

2 2 Applications of 

the First Law of 

Thermodynamics 

in Various 

Devices, 

1. Applications of the 

First Law of 

Thermodynamics in 

Various Devices 

2. First Law of 

Thermodynamics 

3. Applications of the 

First Law in 

Thermal Devices 

 + ششذ  + ػشع تقذًٍَ حضىسٌ

 يُبقشخ + أعئهخ وأخىثخ

الايتحبٌ 

 انُىيٍ

 اىثبٍّالاضجىع 

اىثبىث  + ػشر

 ػشر

2 2 Thermodynamic 

Processes at 

Constant 

Pressure, 

Volume, 

Temperature, and 

Enthalpy,  

1. Thermodynamic 

Processes 

2. Polytrophic Process 

 + ششذ  + ػشع تقذًٍَ حضىسٌ

 يُبقشخ + أعئهخ وأخىثخ

الايتحبٌ 

 انُىيٍ
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اىراثغ الاضجىع 

 ػشر

2 2 
Specific Heat, 

Types of Specific 

Heat, and Gas 

Constant, 

1. Specific Heat 

2. Types of Specific 

Heat 

3. Gas Constant (R) 

 + ششذ  + ػشع تقذًٍَ حضىسٌ

 يُبقشخ + أعئهخ وأخىثخ

الايتحبٌ 

 انُىيٍ

ٍص الاضجىع اىخب

 ػشر

2 2 
The Second Law 

of 

Thermodynamics

, 

1. The Second Law of 

Thermodynamics 

2. Heat Engines 

3. Heat Pumps 

4. Applications of the 

Second Law 

 + ششذ  + ػشع تقذًٍَ حضىسٌ

 يُبقشخ + أعئهخ وأخىثخ

الايتحبٌ 

 انُىيٍ



 

 

 

 



 

 

1 

  



 

 

2 

 

 خبرطخ اىقُبش اىَؼزَذح 

انًحتىي 

 انتؼهًٍُ
 لػُبوٍَ انفظى

الأهًُخ 

 انُغجُخ

 الأهذاف انغهىكُخ 

ػذد 

 انفقشاد

          

 انًؼشفخ  
 انتقُُى انتحهُم انتطجُق انفهى

 %22 %22 %22 %22 %22 انُغجخ

 انفظم الاول

Introduction to 

Thermodynamics, 

Introduction to Fluid 

Measurement and 

Properties, 

Understanding 

Pressure (Gage, 

Vacuum, and 

Absolute), 

Temperature 

Relations (Celsius, 

Kelvin, and Rankine 

Scale, 

Energy and 

Renewable Energy 

Resources, 

02% 8 8 8 8 8 0 

 انفظم انثبٍَ

Hydrocarbons 

Source (Oil & Gas,) 

Internal Energy and 

Flow Work in 

Thermodynamics, 

Forms of Energy in 

Thermodynamics, 

First Law of 

Thermodynamics in 

Flow Systems, 

55% 7 7 7 7 7 0 

 انفظم انثبنث

Applications of the 

First Law of 

Thermodynamics in 

Various Devices, 

Thermodynamic 

Processes at 

Constant Pressure, 

Volume, 

Temperature, and 

Enthalpy , 

Specific Heat, Types 

of Specific Heat, and 

Gas Constant, 

The Second Law of 

Thermodynamics, 

25% 5 5 5 5 5 5 

 13 22 22 22 22 22 %022  انًدًىع
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ة: الفصل الاول:   رقم المحاضر
1+2+3+4+5 

 

ات دَُبيُك انحشاسح وخظبئض انًىائغ ويقبَُغه فضلا ػٍ انىحذاد يقذيخ فٍ  : عنوان المحاضر

 ذيخ فٍ قُبط دسخبد انحشاسحانًغتخ

ر اســـــم المدرس  و م. محمود حسي   خليل م.م. مرال محمود حسي    : ي 

   الفئة المستهدفة : 
 المرحلة الاولى/ المعهد التقن 

ة :  دَُبيُك  فٍ ػهى  تضوَذ انطلاة ثبنًؼشفخ وانفهى وانتطجُق وانتحهُم وانتقىَى الهدف العام من المحاضر

 وانىحذادانحشاسح وانًقبَُظ 

موديناميكيةيتم تقييم فهم الطلاب للمفاهيم  - 1 الأهداف السلوكية او مخرجات التعلم:  من خلال الاختبارات  الثر
 الكتابية التقليدية. 

  حل المشكلات. اليتم تقييم القدرة على  - 2
 
 تطبيق ف

3 -  .  
  سياقات العالم الحقيق 

 
 يتم تقييم القدرة على تطبيق المعرفة الرياضية ف

 . والمعرفية يتم تقييم القدرة على التواصل الفعال للأفكار والمفاهيم الرياضية -4

اتيجيات التيست  المستخدمة  ات1 استر  . المحاض 
 . التعلم النشط2
وع3  . التعلم القائم على المشر
4  

 . التعلم الذات 
 . التعلم الرقم  5
 . التقييم المستمر6

انقذسح ػهً انتفكُش انًُطقٍ وانتحهُهٍ وتطىَش ت قبثهُخ انعُكىٌ نذي انطبن المهارات المكتسبة 

انشَبضٍ انتخظظُخ فٍ اندبَت انحشاسٌ ووانُقذٌ فٍ حم انًشكلاد 

 .وانهُذعٍ

 سَغ تتطهت تطجُق انًؼشفخ تكهُف انطلاة ثًشب الامتحانات اليومية والشهرية و اىَؼزَذح طرق اىقُبش
  

 

 

 

Details  Week No. 

Introduction to Thermodynamics 1 

Introduction to Fluid Measurement and Properties 2 

Understanding Pressure (Gage, Vacuum, and Absolute) 3 

Temperature Relations (Celsius, Kelvin, and Rankine Scale) 4 

Energy and Renewable Energy Resources 5 

Hydrocarbons Source (Oil & Gas) 6 

Internal Energy and Flow Work in Thermodynamics 7-8 

Forms of Energy in Thermodynamics 9 

First Law of Thermodynamics in Flow Systems 10 

Applications of the First Law of Thermodynamics in Various Devices 11 

 Thermodynamic Processes at Constant Pressure, Volume, Temperature, and Enthalpy 12-13 

Specific Heat, Types of Specific Heat, and Gas Constant 14 

The Second Law of Thermodynamics 15 
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The First Lecture 

 

(Introduction to Thermodynamics) 

 
1. Pre-lecture Questions: 

1. What do you understand by the term "thermodynamics"? 

2. Can you name any applications of thermodynamics in daily life? 

3. What are the basic laws of thermodynamics you are aware of? 

4. Why is it important to understand energy transfer in thermodynamic processes? 

 

2. Definition of Thermodynamics 

Thermodynamics is the branch of physics that deals with the relationships between heat, 

work, temperature, and energy. It provides the principles that govern the behavior of energy 

transfer and transformation in physical systems.  

Thermodynamics is essential in engineering, particularly in areas like refrigeration, power 

generation, and HVAC (Heating, Ventilation, and Air Conditioning). 

 

3. Key Concepts and Terminology 

a. System and Surroundings 

 System: A defined region in space where we analyze energy and mass transfer. It can 

be open, closed, or isolated. 

o Open System: Allows mass and energy transfer (e.g., a boiler). 

o Closed System: Allows energy transfer but not mass transfer (e.g., a sealed 

container). 

o Isolated System: Does not allow mass or energy transfer (e.g., a thermos 

bottle). 

 Surroundings: Everything external to the system that can interact with it. 

b. State and Properties 

 State: The condition of a system as defined by its properties. 

 Properties: Characteristics of a system, which can be classified into: 

o Intensive Properties: Independent of the amount of substance (e.g., 

temperature, pressure). 

o Extensive Properties: Dependent on the amount of substance (e.g., mass, 

volume). 

c. Thermodynamic Processes 
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 A thermodynamic process is a transition from one state to another. Types of processes 

include: 

o Isothermal: Occurs at a constant temperature. 

o Adiabatic: No heat exchange with the surroundings. 

o Isochoric: Occurs at a constant volume. 

o Isobaric: Occurs at a constant pressure. 

 

4. Laws of Thermodynamics 

First Law of Thermodynamics (Law of Energy Conservation) 

 States that energy cannot be created or destroyed, only transformed from one form to 

another. 

 Mathematically represented as: 

ΔU=Q−W 

 Where: 

o ΔU = Change in internal energy. 

o Q = Heat added to the system. 

o W = Work done by the system. 

Second Law of Thermodynamics 

 States that the total entropy of an isolated system can never decrease over time. It 

implies that heat cannot spontaneously flow from a colder body to a hotter body. 

 It introduces the concept of entropy, which is a measure of energy dispersal in a 

system. 

 

5. Thermodynamic Devices and Instruments 

a. Thermometer 

 A device that measures temperature, which is a critical property in thermodynamic 

systems. 

b. Barometer 

 Measures atmospheric pressure and is essential for understanding pressure changes in 

various processes. 

c. Calorimeter 

 Used to measure the heat of chemical reactions or physical changes. 
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d. Heat Exchangers 

 Devices designed to transfer heat between two or more fluids. 

e. Refrigeration Cycles 

 Systems that utilize thermodynamic principles to transfer heat from a low-temperature 

reservoir to a high-temperature reservoir. 

 

6. Sample Problems 

Problem 1: First Law Calculation 

A closed system receives 500 J of heat, and the system does 200 J of work. What is the 

change in internal energy? 

ΔU=Q−W 

500J−200J=300J 

Problem 2: Efficiency of a Heat Engine 

A heat engine absorbs 800 J of heat from a hot reservoir and expels 600 J to a cold reservoir. 

What is its efficiency? 

 

7. Post-lecture Questions: 

1. How do you apply the first law of thermodynamics in real-world applications? 

2. Can you explain the significance of entropy in thermodynamic processes? 

3. What are the limitations of real thermodynamic cycles compared to the ideal cycles? 

4. How can understanding thermodynamic principles improve the efficiency of heating 

and cooling systems? 
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The Second Lecture 

)Introduction to Fluid Measurement and 

Properties( 

1. Pre-lecture Questions: 

1. What measuring devices do you know for measuring fluid properties? 

2. Can you explain what the density of a liquid or gas means? 

3. How do temperature and pressure affect the state of matter? 

4. What is the concept of specific volume, and how is it calculated? 

 

2. Measuring Devices 

A. Pressure Gauge 

 A device that measures the pressure of gases or liquids. It is used in industrial 

applications such as refrigeration systems. 

 

B. Thermometer 

 Measures the temperature of liquids or gases. It comes in various forms, such as 

mercury thermometers and digital thermometers. 
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C. Flow Meter 

 Measures the quantity of liquid or gas passing through a specific point in a system. 

Includes magnetic, transparent, and rotary flow meters. 
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D. Densitometer 

 Used to measure the density of liquids or gases. It is essential in chemical and oil 

industries. 

    

 

3. Properties of Fluids 

A. Density 

 Density is the mass per unit volume of a liquid or gas. It is given by the relationship: 

 

B. Specific Volume 

 Specific volume is the volume occupied by a unit mass of the substance. It is 

expressed by the equation:  

 

C. Pressure 

 Pressure is the force exerted perpendicularly on a unit area. Pressure is measured in 

units like Pascals (Pa) or bars. 

D. Temperature 

 Temperature measures the amount of heat in a system. Digital or mercury 

thermometers are used to measure it. 
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4. State 

A. Definition of State 

 The state represents the properties of the system at a specific moment, including 

pressure, temperature, volume, and density. 

B. Phase Diagram 

 A phase diagram is used to illustrate the different states of matter, such as solid, 

liquid, and gas, under varying pressure and temperature conditions. 

 

5. Processes 

A. Types of Processes 

 Isothermal Process: Occurs at a constant temperature. 

 Adiabatic Process: No heat exchange occurs with the environment. 

 Isochoric Process: Occurs at a constant volume. 

 Isobaric Process: Occurs at a constant pressure. 

 

B. Process Diagram 

 Use diagrams to represent different processes. A pressure-volume (P-V) diagram can 

illustrate the relationship between pressure and volume in dynamic processes. 
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6. Cycles 

A. Thermodynamic Cycle 

 A set of processes that return the system to its original state. Includes: 

o Carnot Cycle: An ideal cycle based on the fundamental principle of 

thermodynamics. 

o Refrigeration Cycle: Involves processes of heat absorption and rejection. 
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B. Cycle Representation 

 Use diagrams to represent cycles. For example, a circular graph can illustrate the 

Carnot cycle. 

 

7. Sample Problems 

Problem 1: Calculate Density 

If a liquid has a mass of 200 kg and a volume of 0.5 m³, what is its densi

 

Problem 2: Calculate Specific Volume 

If you have a liquid with a mass of 10 kg and a volume of 0.01 m³, what is its specific 

volume? 

 

 

 

8. Post-lecture Questions: 

1. How do temperature and pressure affect the density of a liquid? 

2. What is the difference between a thermodynamic cycle and an ideal cycle? 

3. Explain how a pressure gauge can affect the performance of refrigeration systems. 

4. How can specific volume be calculated in an isolated system? 

 



 

 

13 

The Third Lecture 

 Understanding Pressure (Gage, Vacuum, and 

Absolute) 

 

1. Pre-lecture Questions: 

1. What do you understand by the term "pressure" in fluids? 

2. Can you differentiate between gage pressure, absolute pressure, and vacuum pressure? 

3. Why is it important to measure pressure accurately in refrigeration systems? 

 

2. Definition of Pressure 

Pressure is defined as the force exerted per unit area on a surface. It is a fundamental concept 

in fluid mechanics, affecting the behavior of liquids and gases. 

 

 Units: The SI unit of pressure is Pascal (Pa), which is equivalent to one Newton per 

square meter (N/m²). Other common units include: 

o Bar 

o Atmosphere (atm) 

o Pounds per square inch (psi) 

 

3. Types of Pressure 

A. Absolute Pressure 

 Definition: Absolute pressure is the total pressure exerted on a system, including 

atmospheric pressure. It is measured relative to a perfect vacuum. 

 Formula: 

Pabsolute=Pgage+Patmospheric 

 Measurement Devices: 
o Absolute Pressure Gauge: Measures pressure above a perfect vacuum. Often 

used in applications where precise measurements are critical, such as in 

thermodynamics. 

 Applications: Used in applications such as barometers and scientific experiments. 
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B. Gage Pressure 

 Definition: Gage pressure is the pressure measured relative to atmospheric pressure. 

It indicates how much pressure is above the surrounding atmosphere. 

 Formula: 

Pgage=Pabsolute−Patmospheric 

 Measurement Devices: 
o Gage Pressure Gauge: Measures pressure relative to atmospheric pressure. 

Commonly used in automotive and HVAC systems. 

 Applications: Used to monitor pressure in boilers, pressure vessels, and refrigeration 

systems. 

C. Vacuum Pressure 

 Definition: Vacuum pressure is the pressure below atmospheric pressure. It is 

measured as a negative value in comparison to the atmospheric pressure. 

 Formula: 

Pvacuum=Patmospheric−Pabsolute 

 Measurement Devices: 
o Vacuum Gauge: Measures how much pressure is below atmospheric 

pressure. Used in applications such as vacuum systems and refrigeration. 

 Applications: Used in food packaging, vacuum pumps, and refrigeration systems. 

 

4. Pressure Measurement Devices 

A. Pressure Gauge 

 Description: A mechanical device that measures the pressure of gases or liquids 

within a system. 

 Types: 
o Bourdon Tube Gauge 

o Digital Pressure Gauge 
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B. Vacuum Gauge 

 Description: A device used to measure vacuum pressure in a system. 

 Types: 
o Mechanical Vacuum Gauge 

o Digital Vacuum Gauge 

                

C. Absolute Pressure Gauge 

 Description: Measures absolute pressure in a system, accounting for atmospheric 

pressure. 

 

 

5. Sample Problems 

Problem 1: Calculating Absolute Pressure 
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A gage pressure reading is 150 kPa, and the atmospheric pressure is 100 kPa. What is the 

absolute pressure? 

Pabsolute=Pgage+Patmospheric=150 kPa+100 kPa=250 kPa 

If the absolute pressure in a vacuum chamber is measured to be 30 kPa, and the atmospheric 

pressure is 100 kPa, what is the vacuum pressure? 

Pvacuum=Patmospheric−Pabsolute=100 kPa−30 kPa=70 kPa 

 

6. Post-lecture Questions: 

1. Why is it important to know whether you are measuring gage or absolute pressure in a 

refrigeration system? 

2. How can atmospheric pressure variations affect pressure readings in gage pressure 

devices? 

3. Discuss how vacuum pressure is crucial in maintaining the efficiency of refrigeration 

systems. 

4. What applications require the use of absolute pressure gauges instead of gage or 

vacuum gauges? 

 
 

The Fourth Lecture 

Temperature Relations (Celsius, Kelvin, and 

Rankine Scale) 

 

1.Pre-lecture Questions: 

1. What do you understand by the term "temperature"? 

2. Can you name some temperature scales used in science and engineering? 

3. Why is it important to convert temperatures between different scales? 

 

2. Definitions of Temperature Scales 

A. Celsius Scale (°C) 

 Definition: The Celsius scale is a temperature scale where 0°C is defined as the 

freezing point of water, and 100°C is defined as the boiling point of water at 1 atm 

pressure. 

 Usage: Widely used in most countries and in scientific contexts. 



 

 

17 

 Formula for Conversion to Kelvin: K=°C+273.15K  

B. Kelvin Scale (K) 

 Definition: The Kelvin scale is an absolute temperature scale used primarily in 

scientific contexts. 0 K (absolute zero) is the point at which all molecular motion 

ceases. 

 Usage: Commonly used in physics and engineering calculations. 

 Conversion Formula from Celsius: °C=K−273.15°C  

 Absolute Zero: 0 K is equivalent to -273.15°C. 

C. Rankine Scale (°R) 

 Definition: The Rankine scale is another absolute temperature scale used primarily in 

thermodynamics, where 0°R is absolute zero. 

 Usage: Less common but used in some engineering applications, particularly in the 

United States. 

 Conversion Formulas:  

  

D. Temperature Conversion Chart 

Celsius (°C)        Kelvin (K)       Rankine (°R) 

0 273.15 491.67 

25 298.15 536.67 

100 373.15 671.67 

-40 233.15 419.67 

 

3. Measuring Devices for Temperature 

A. Thermometer 

 Description: A device used to measure temperature. 

 Types: 
o Mercury Thermometers: Use mercury expansion to measure temperature. 

o Digital Thermometers: Provide electronic readings, usually in °C or °F. 
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B. Thermocouples 

 Description: Devices that measure temperature based on the voltage generated at the 

junction of two different metals. 

 Usage: Widely used in industrial applications for temperature measurement. 

 

 

 

4. Sample Problems 

Problem 1: Temperature Conversion 

Convert 25°C to Kelvin and Rankine. 

Solution: 

1. Convert to Kelvin: 
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K=25+273.15=298.15 K 

Convert to Rankine: 

°R=K×1.8=298.15×1.8=536.67 °R 

Problem 2: Absolute Zero 

What is the temperature in Celsius and Rankine at absolute zero (0 K)? 

Solution: 

1. In Celsius: 

°C=0−273.15=−273.15 °C 

In Rankine: 

°R=0×1.8=0 °R 

 

5. Post-lecture Questions: 

1. How do temperature scales impact calculations in thermodynamics? 

2. What are the practical applications of the Kelvin and Rankine scales? 

3. Why is it essential to use absolute temperature scales in scientific calculations? 
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 : ي
ر
ة: الفصل الثان  رقم المحاضر

6+7+8+9+11 
 

ات يظبدس انهُذسوكشثىَبد واشكبل انطبقخ انذاخهُخ وانتذفق وانقبَىٌ الاول نذَُبيُك  : عنوان المحاضر

 انحشاسح 

ر اســـــم المدرس  و م. محمود حسي   خليل م.م. مرال محمود حسي    : ي 

   الفئة المستهدفة : 
 المرحلة الاولى/ المعهد التقن 

ة :  فٍ ػهى  تضوَذ انطلاة ثبنًؼشفخ وانفهى وانتطجُق وانتحهُم وانتقىَى الهدف العام من المحاضر
 الاول نذَُبيُك انحشاسح  انهُذسوكشثىَبد واشكبل انطبقخ انذاخهُخ وانتذفق وانقبَىٌ

موديناميكيةيتم تقييم فهم الطلاب للمفاهيم  - 1 الأهداف السلوكية او مخرجات التعلم:  من خلال الاختبارات  الثر
 الكتابية التقليدية. 

  حل المشكلات. اليتم تقييم القدرة على  - 2
 
 تطبيق ف

  سياقات - 3
 
.  يتم تقييم القدرة على تطبيق المعرفة الرياضية ف  

 العالم الحقيق 
 . والمعرفية يتم تقييم القدرة على التواصل الفعال للأفكار والمفاهيم الرياضية -4

اتيجيات التيست  المستخدمة  ات1 استر  . المحاض 
 . التعلم النشط2
وع3  . التعلم القائم على المشر
4  

 . التعلم الذات 
 . التعلم الرقم  5
 . التقييم المستمر6

انقذسح ػهً انتفكُش انًُطقٍ وانتحهُهٍ وتطىَش عُكىٌ نذي انطبنت قبثهُخ ان المهارات المكتسبة 

انشَبضٍ انتخظظُخ فٍ اندبَت انحشاسٌ ووانُقذٌ فٍ حم انًشكلاد 

 .وانهُذعٍ

 سَغ تتطهت تطجُق انًؼشفخ تكهُف انطلاة ثًشب الامتحانات اليومية والشهرية و اىَؼزَذح طرق اىقُبش

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

21 

The Fifth  Lecture 

 )Energy and Renewable Energy Resources( 

 

1.Pre-lecture Questions: 

1. What is your understanding of renewable energy? 

2. Can you name some sources of renewable energy? 

3. Why is it important to shift towards renewable energy sources? 

 

2. Renewable Energy Resources 

A. Solar Energy 

 Definition: Solar energy is the radiant energy emitted by the sun, which can be 

converted into thermal or electrical energy. 

 Principle: Photovoltaic cells convert sunlight directly into electricity. Solar thermal 

systems use sunlight to heat a fluid, which can then produce steam to drive turbines. 

 Applications: Used in residential and commercial heating, electricity generation, and 

solar cooking. 
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B. Wind Energy 

 Definition: Wind energy is the kinetic energy generated by the movement of air. 

Wind turbines convert this kinetic energy into mechanical power, which is then 

converted into electricity. 

 Principle: The wind turns the blades of a turbine, which spins a generator to produce 

electricity. 

 Applications: Utilized in large wind farms for electricity generation, as well as in 

smaller systems for local energy needs. 
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C. Hydro Energy (Water Energy) 

 Definition: Hydro energy refers to the energy derived from the movement of water, 

typically in rivers or through dams. 

 Principle: Water flow spins turbines connected to generators, producing electricity. 

 Applications: Used in hydropower plants to generate electricity, as well as in small-

scale applications like micro-hydropower systems. 
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D. Tidal Energy 

 Definition: Tidal energy is derived from the gravitational pull of the moon and the 

sun on the Earth's oceans, leading to tidal movements. 

 Principle: Tidal turbines and barrages capture the kinetic and potential energy of tidal 

movements to generate electricity. 

 Applications: Used in tidal power plants, primarily in coastal areas. 
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3. Sample Problems 

Problem 1: Solar Energy Calculation 

A solar panel generates 300 watts of power under optimal sunlight conditions. How much 

energy does it produce in 5 hours? 

Solution: Energy produced (in watt-hours) = Power × Time 

Energy=300 W×5 hours=1500 Wh 

Problem 2: Wind Energy Calculation 

A wind turbine has a rotor diameter of 80 meters and operates at a wind speed of 10 m/s. 

Calculate the power output using the formula: 
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4. Post-lecture Questions: 

1. How do renewable energy sources contribute to reducing greenhouse gas emissions? 

2. What are some challenges associated with the integration of renewable energy sources 

into existing power grids? 

3. Can you identify any local renewable energy projects or installations in your area? 

 

 

 

 

The Sixth Lecture 

 Hydrocarbons Source (Oil & Gas) 

 

1.Pre-Lecture Questions: 

1. What are hydrocarbons, and why are they important? 

2. Can you identify different types of hydrocarbons? 

3. What are the primary uses of oil and gas in modern industries? 
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2. Types of Hydrocarbons 

A. Crude Oil 

 Definition: Crude oil is a naturally occurring, unrefined petroleum product composed 

of hydrocarbon deposits and other organic materials. 

 Characteristics: It varies in composition, density, and viscosity, depending on its 

source. 

 Extraction: Obtained through drilling wells in oil fields. 

 

B. Natural Gas 

 Definition: Natural gas is primarily composed of methane (CH₄) and is found in 

underground reservoirs often associated with oil deposits. 

 Characteristics: It is lighter than air, colorless, and odorless; an odorant is usually 

added for safety reasons. 

 Uses: Commonly used for heating, electricity generation, and as a feedstock for 

chemical production. 
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C. Refined Products 

 Definition: These are products derived from crude oil after various refining 

processes. 

 Types: Includes gasoline, diesel, jet fuel, and lubricating oils. 

 Applications: Used in transportation, industrial processes, and heating. 

 

3. Properties and Measurements of Hydrocarbons 

A. Physical Properties 

 Density: Refers to the mass per unit volume. It's critical for determining buoyancy 

and flow in pipelines. 

 Viscosity: A measure of a fluid's resistance to flow. It affects the pumping and 

transportation of oil and gas. 

B. Measurement Devices 

 Flow Meters: Devices used to measure the flow rate of fluids in a pipeline. 

 Viscometers: Instruments for measuring the viscosity of liquids. 
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4. Sample Problems 

Problem 1: Density Calculation 

A certain crude oil has a mass of 850 kg in a volume of 1000 liters. Calculate its density. 

Solution: 

 

Problem 2: Viscosity Calculation 

A sample of oil has a viscosity of 10 centipoise. If a cylinder with a diameter of 10 cm is 

filled with this oil, calculate the force required to move a piston at a speed of 0.1 m/s. 

Solution: Using the formula: 

F=η×A×vd 

Where: 

 F = Force 

 η = Viscosity (in Pascal-seconds) 

 A = Area of the piston 

 v = Velocity of the piston 

 d = Distance (thickness of oil layer) 



 

 

30 

 

3. Post-Lecture Questions: 

1. What are the environmental impacts of oil and gas extraction? 

2. How do hydrocarbons contribute to the energy needs of society? 

3. What alternatives exist to reduce dependence on fossil fuels? 

 

 

The Seventh and Eighth Lecture 

 )Internal Energy and Flow Work in 

Thermodynamics( 

 

1. Pre-Lecture Questions: 

 

1. What is internal energy, and how does it relate to temperature? 

2. How does flow work contribute to energy transfer in open systems? 

3. What role does internal energy play in refrigeration and air conditioning systems? 

 
2. Key Definitions and Concepts 

1. Internal Energy (U): Internal energy is the total energy contained within a system due to 

the microscopic movements and interactions of the molecules within it. It includes both: 

 Kinetic Energy: The energy of molecules in motion. 

 Potential Energy: The energy stored due to molecular forces and positions. 

 Formula: 

ΔU=Q−W 

Where: 

o ΔU = Change in internal energy 
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o Q = Heat added to the system 

o W = Work done by the system 

 Application in Refrigeration: Internal energy is a key concept in refrigeration, 

especially during phase changes (e.g., refrigerant evaporation in the evaporator). As 

refrigerants absorb or release heat, their internal energy changes, influencing the 

cooling process. 

 

2. Flow Work (W_flow): Flow work, also known as flow energy, is the energy required to 

move a fluid into or out of an open system. This concept is vital in refrigeration and HVAC 

systems, where refrigerants are constantly flowing through components such as compressors, 

condensers, and evaporators. 

 Formula: 

Wflow=P×V 

Where: 

o P = Pressure (Pa) 

o V = Volume (m³) 

 Application in HVAC Systems: Flow work occurs in systems where a fluid is 

pushed through, such as compressors. Compressing the refrigerant increases both its 

pressure and temperature, requiring work to be done on the system, which is directly 

tied to the flow work. 

 

3. Internal Energy vs. Flow Work in Open Systems: In an open thermodynamic system, 

both internal energy and flow work need to be considered, as mass and energy cross the 

system’s boundaries. The relationship between internal energy and flow work in such 

systems is described using the Steady Flow Energy Equation (SFEE). 

 Steady-Flow Energy Equation:  

ΔH=Q−W 

Where: 

o H = Enthalpy (Internal Energy + Flow Work) 

o Q = Heat added to the system 

o W = Work done by the system 

In an HVAC system, this equation helps analyze how energy is transferred as refrigerants 

flow through different stages (compression, condensation, expansion, and evaporation). 

 
3. Practical Applications in Refrigeration and Air Conditioning 
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1. Compressors (Flow Work and Internal Energy): Compressors in refrigeration 

systems perform work on the refrigerant by compressing it, increasing both its 

internal energy and pressure (flow work). The compressor raises the temperature of 

the refrigerant, enabling it to reject heat in the condenser. 

2. Heat Exchangers: In heat exchangers like evaporators and condensers, refrigerants 

either absorb or release heat. The change in internal energy during these processes 

directly affects the system's ability to cool or heat air. 

3. Expansion Valves: In the expansion valve, refrigerants experience a rapid pressure 

drop. This drop reduces the refrigerant's flow work and internal energy, causing a 

cooling effect as it enters the evaporator. 

 
4. Example Problems 

Problem 1: Calculating Internal Energy Change A refrigeration system absorbs 5000 J of 

heat while performing 2000 J of work. Calculate the change in internal energy. 

 Solution:  

ΔU=Q−W=5000 J−2000 J=3000 J. 

 

Problem 2: Flow Work in a Compressor A refrigerant is compressed from a volume of 

0.02 m³ to 0.01 m³ at a constant pressure of 300 kPa. Calculate the flow work done during 

compression. 

 Solution:  

Wflow=P×ΔV=300×10
3
×(0.02−0.01)=3000 J. 
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5. Diagrams and Visual Aids 

 
Diagram 1: Internal Energy Changes in a Refrigeration Cycle This diagram illustrates the 

refrigeration cycle (compression, condensation, expansion, and evaporation) and highlights 

the changes in internal energy and flow work at each stage. 

 

 

 

1)   Compression Stage: 

 High-pressure, high-temperature vapor is compressed, raising internal energy. 

2) Condensation Stage: 

 The refrigerant condenses, releasing heat and reducing internal energy. 

3) Expansion Stage: 

 Rapid pressure drop reduces internal energy significantly. 

4) Evaporation Stage: 

 Heat is absorbed from the surroundings, increasing internal energy. 
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Diagram 2: Steady Flow Energy in an Open System This flow diagram demonstrates how 

energy is transferred in an open system, such as a refrigeration compressor, using the Steady-

Flow Energy Equation. 

 

 

 

Visualization of the Refrigeration Cycle 

1. Compression Phase: 

o Process: The refrigerant is compressed in the compressor, increasing its 

pressure and temperature. 

o Internal Energy Change: As the refrigerant gas is compressed, its internal 

energy increases due to the work done on it. 

2. Condensation Phase: 

o Process: The high-pressure refrigerant gas enters the condenser, where it 

releases heat to the surroundings and condenses into a liquid. 

o Internal Energy Change: The internal energy decreases as heat is released. 

3. Expansion Phase: 

o Process: The liquid refrigerant passes through an expansion valve, where it 

experiences a drop in pressure, leading to a temperature decrease. 

o Internal Energy Change: The internal energy further decreases as the 

refrigerant expands. 

4. Evaporation Phase: 
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o Process: The low-pressure refrigerant absorbs heat from the environment 

(inside the refrigerator) in the evaporator and evaporates back into a gas. 

o Internal Energy Change: The internal energy increases again as the 

refrigerant absorbs heat. 

Steady Flow Energy in an Open System 

1. Energy Inputs: 

o Work (W): Energy added to the system through the compressor. 

o Heat Transfer (Q): Heat absorbed or released during the phase changes 

(condensation and evaporation). 

2. Energy Outputs: 

o Flow Work: The work required to move the refrigerant through the system 

(related to pressure and volume changes). 

o Internal Energy Changes: Changes in the internal energy of the refrigerant 

due to heat transfer and work done. 

 

 
6. Post-Lecture Questions: 
1. How does internal energy change during phase changes in refrigeration systems? 

2. What is the significance of flow work in the compression stage of an HVAC system? 

3. How is the steady-flow energy equation applied in the analysis of open systems like 

air conditioners? 

 

 

 

The Ninth Lecture 

)Forms of Energy in Thermodynamics( 

 

1.Pre-Lecture Questions: 

1. What are the different forms of energy? 

2. How do energy transformations occur in thermodynamic systems? 

3. Can you provide examples of work and heat in everyday applications? 

 

2. Forms of Energy 

A. Potential Energy 

 Definition: Potential energy is the energy possessed by an object due to its position or 

configuration. It is often related to gravitational forces. 



 

 

36 

 Formula:  

PE=mgh 

 Where: 

o PE = Potential energy 

o m = Mass of the object (kg) 

o g = Acceleration due to gravity (9.81 m/s²) 

o h = Height above a reference point (m) 

 

B. Kinetic Energy 

 Definition: Kinetic energy is the energy of an object in motion. It depends on the 

mass and velocity of the object. 

 Formula: 

 

Where: 

o KE = Kinetic energy 

o m = Mass (kg) 

o v = Velocity (m/s) 
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C. Heat Energy 

 Definition: Heat is the energy transferred between systems or objects due to a 

temperature difference. It flows from a hotter object to a cooler one. 

 Units: Measured in joules (J) or calories (cal). 

D. Work Energy 

 Definition: Work is the energy transferred when a force is applied to an object 

causing it to move. It can be calculated as:  

W=Fdcos(θ) 

 Where: 

o W = Work done (J) 

o F = Force applied (N) 

o d = Displacement (m) 

o θ = Angle between force and displacement 
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E. Internal Energy 

 Definition: Internal energy is the total energy contained within a system, including 

kinetic and potential energies at the molecular level. It is a function of temperature 

and state of the substance. 

 Formula:  

U=Uinitial + Q −W 

Where: 

o U = Internal energy 

o Q = Heat added to the system 

o W = Work done by the system 

 

 

3. Flow Work 

 Definition: Flow work (or boundary work) refers to the work required to push the 

boundary of a control volume as fluid enters or exits. 

 Formula: 

Wflow=PΔV 

 Where: 

o P = Pressure (Pa) 

o ΔV = Change in volume (m³) 
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4. Sample Problems 

Problem 1: Potential Energy Calculation 

A water tank has a mass of 200 kg and is raised to a height of 5 m. Calculate its potential 

energy. 

Solution: 

PE= mgh =200×9.81×5=9810 J 

Problem 2: Kinetic Energy Calculation 

A car with a mass of 1500 kg is traveling at a speed of 20 m/s. Calculate its kinetic energy. 

Solution: 

 

 

Problem 3: Work Calculation 

A force of 50 N is applied to move an object 3 m. Calculate the work done if the force is 

applied in the direction of displacement. 

Solution: 

W=Fd=50×3=150 J 

 

5. Post-Lecture Questions: 

1. How does energy conservation apply in thermodynamic processes? 

2. What is the relationship between heat, work, and internal energy? 

3. Can you identify real-life examples of energy transformations? 

 
 

The Tenth Lecture 

 )First Law of Thermodynamics in Flow 

Systems( 

 

1.Pre-Lecture Questions: 
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1. What is the first law of thermodynamics? 

2. How does energy transfer occur in flow systems? 

3. Can you provide examples of different types of flow systems? 

 

2. First Law of Thermodynamics 

A. Statement of the First Law 

The first law can be mathematically expressed as: 

ΔU=Q−W 

Where: 

 ΔU = Change in internal energy of the system 

 Q = Heat added to the system 

 W = Work done by the system 

B. Significance in Flow Systems 

In flow systems, the first law is crucial for analyzing energy changes as fluids flow into and 

out of systems, such as compressors and turbines. 

C. Examples 

 Heat Exchanger: The first law is applied to evaluate heat transfer between two 

fluids. 

 Refrigeration Cycle: The energy conservation principle is critical in analyzing the 

work input and heat removal. 

 

3. Types of Flow Systems 

A. Non-Flow System 

 Definition: In a non-flow system, there is no mass transfer into or out of the system 

boundaries. The energy changes occur due to heat and work interactions only. 

 Example: A sealed container of gas being heated. 
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B. Flow System 

In a flow system, mass can enter or exit the system. Flow systems can be categorized into: 

1. Steady Flow System 

 Definition: In a steady flow system, the fluid properties (velocity, pressure, 

temperature) at any given point do not change with time. 

 Example: Water flowing through a pipe at constant speed. 

 

 

2. Unsteady Flow System 

 Definition: In an unsteady flow system, the fluid properties change with time at any 

given point. 

 Example: Water being discharged from a tank, where the flow rate decreases over 

time. 
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C. Open vs. Closed Systems 

1. Open System 

 Definition: An open system can exchange both energy and mass with its 

surroundings. 

 Example: A steam boiler where water enters and steam exits. 

 

2. Closed System 

 Definition: A closed system can exchange energy but not mass with its surroundings. 

 Example: A piston-cylinder assembly where the gas inside can do work but does not 

leave the cylinder. 
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4. Sample Problems 

Problem 1: Steady Flow Work Calculation 

Calculate the work done by a pump that moves water at a flow rate of 0.5 m³/s against a 

pressure difference of 100 kPa. 

Solution: 

W=ΔP⋅Q=100,000 Pa⋅0.5 m
3
/s=50,000 W=50 kW 

Problem 2: Heat Transfer in a Non-Flow System 

A gas in a closed container absorbs 2000 J of heat. If the work done by the gas is 500 J, what 

is the change in internal energy? 

Solution: 

ΔU=Q−W=2000−500=1500 J 

 

5. Post-Lecture Questions: 

1. How does the first law of thermodynamics apply in practical engineering 

applications? 

2. What is the significance of steady and unsteady flow in thermodynamic analysis? 

3. Can you identify real-life systems that can be classified as open or closed systems? 
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ة: : الثالفصل الث  رقم المحاضر

11+12+13+14+15 
 

ات يغ اَىاع انحشاسح تطجُقبد انقبَىٌ الاول نهثشيى دَُبيُك وانؼًهُبد انحشاسَخ ػهُهب  : عنوان المحاضر

 انُىػُخ وانقبَىٌ انثبٍَ نهثشيى دَُبيُك

ر اســـــم المدرس  و م. محمود حسي   خليل م.م. مرال محمود حسي    : ي 

   الفئة المستهدفة : 
 المرحلة الاولى/ المعهد التقن 

ة :  طجُقبد تفٍ  تضوَذ انطلاة ثبنًؼشفخ وانفهى وانتطجُق وانتحهُم وانتقىَى الهدف العام من المحاضر

انقبَىٌ الاول نهثشيى دَُبيُك وانؼًهُبد انحشاسَخ ػهُهب يغ اَىاع انحشاسح انُىػُخ 

 وانقبَىٌ انثبٍَ نهثشيى دَُبيُك

موديناميكيةيتم تقييم فهم الطلاب للمفاهيم  - 1 الأهداف السلوكية او مخرجات التعلم:  من خلال الاختبارات  الثر
 الكتابية التقليدية. 

  حل المشكلات. الالقدرة على يتم تقييم  - 2
 
 تطبيق ف

3 -  .  
  سياقات العالم الحقيق 

 
 يتم تقييم القدرة على تطبيق المعرفة الرياضية ف

 . والمعرفية يتم تقييم القدرة على التواصل الفعال للأفكار والمفاهيم الرياضية -4

اتيجيات التيست  المستخدمة  ات1 استر  . المحاض 
 . التعلم النشط2
وع . التعلم3  القائم على المشر
4  

 . التعلم الذات 
 . التعلم الرقم  5
 . التقييم المستمر6

انقذسح ػهً انتفكُش انًُطقٍ وانتحهُهٍ وتطىَش عُكىٌ نذي انطبنت قبثهُخ ان المهارات المكتسبة 

انشَبضٍ انتخظظُخ فٍ اندبَت انحشاسٌ ووانُقذٌ فٍ حم انًشكلاد 

 .وانهُذعٍ

 سَغ تتطهت تطجُق انًؼشفخ تكهُف انطلاة ثًشب متحانات اليومية والشهرية والا  اىَؼزَذح طرق اىقُبش
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The Eleventh  Lecture 

)Applications of the First Law of 

Thermodynamics in Various Devices( 

 

1.Pre-Lecture Questions: 

1. What is the first law of thermodynamics? 

2. How is the first law applied in different thermal devices? 

3. Can you identify examples of these devices in real-world applications? 

 

2. First Law of Thermodynamics 

A. Statement of the First Law 

The first law can be expressed mathematically as: 

ΔU=Q−W 

Where: 

 ΔU = Change in internal energy 

 Q = Heat added to the system 

 W = Work done by the system 

This principle is vital in understanding energy interactions in various devices. 

 

3. Applications of the First Law in Thermal Devices 

A. Nozzle 

 Definition: A nozzle is a device that converts pressure energy into kinetic energy, 

increasing the velocity of a fluid. 

 Application: According to the first law, the energy loss in a nozzle is primarily due to 

the conversion of internal energy to kinetic energy. 

Example: In a steam nozzle, steam expands and accelerates as it passes through, resulting in 

a decrease in pressure and temperature. 
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B. Diffuser 

 Definition: A diffuser increases the pressure of a fluid by decreasing its velocity. 

 Application: The first law indicates that the kinetic energy is converted to pressure 

energy, which results in an increase in pressure. 

Example: In an air diffuser, high-speed air from a fan slows down, increasing its pressure 

before entering a room. 
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C. Condenser 

 Definition: A condenser transfers heat from the refrigerant to the surrounding 

environment, causing the refrigerant to condense. 

 Application: The first law shows that heat is removed from the refrigerant (Q < 0) 

while work is done by the cooling system. 

Example: In a refrigeration cycle, the condenser cools and condenses refrigerant vapor into 

liquid. 
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D. Evaporator 

 Definition: An evaporator absorbs heat to convert refrigerant from a liquid to a vapor. 

 Application: The first law demonstrates that heat is added to the refrigerant (Q > 0), 

increasing its internal energy. 

Example: In air conditioning systems, the evaporator absorbs heat from the indoor air, 

cooling the space. 

 

E. Compressor 

 Definition: A compressor increases the pressure of the refrigerant vapor by reducing 

its volume. 

 Application: The first law illustrates that work is done on the refrigerant, increasing 

its internal energy and pressure. 

Example: In a refrigeration cycle, the compressor compresses low-pressure vapor to high-

pressure vapor. 
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F. Heat Exchanger (Surface and Open) 

 Definition: A heat exchanger transfers heat between two or more fluids without 

mixing them. 

 Application: The first law is applied to evaluate the heat transfer efficiency and the 

energy balance between the hot and cold fluids. 

Example: In a car radiator, hot engine coolant transfers heat to air passing through the 

radiator, cooling the coolant. 
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G. Turbine 

 Definition: A turbine converts thermal energy into mechanical energy by expanding 

fluid through rotor blades. 

 Application: The first law indicates that energy is extracted from the fluid (Q < 0) 

and converted to work output (W > 0). 

Example: In a steam power plant, steam expands in a turbine, producing electricity. 

 

H. Boiler 

 Definition: A boiler generates steam by transferring heat to water. 

 Application: The first law shows that energy is added as heat to the water (Q > 0), 

converting it into steam. 
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Example: In a power plant, the boiler heats water to produce high-pressure steam for driving 

turbines. 

 

4. Sample Problems 

Problem 1: Heat Transfer in a Condenser 

A condenser removes 1500 J of heat from the refrigerant. If the work done by the cooling 

system is 200 J, what is the change in internal energy of the refrigerant? 

Solution: 

ΔU=Q−W=−1500 J−200 J=−1700 J 

Problem 2: Work Done by a Compressor 

A compressor compresses refrigerant vapor from a pressure of 100 kPa to 500 kPa. If the 

work done on the refrigerant is 300 J, what is the change in internal energy if the heat 

removed is 100 J? 

Solution: 

ΔU=Q−W=−100 J−300 J=−400 J 
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5. Post-Lecture Questions: 

1. How does the first law apply to different devices in a refrigeration cycle? 

2. What factors influence the efficiency of heat exchangers? 

3. Can you provide examples of how these devices are used in real-world applications? 

 
 

The Twelfth and Thirteenth Lecture 

 )Thermodynamic Processes at Constant 

Pressure, Volume, Temperature, and 

Enthalpy( 

 

1.Pre-Lecture Questions: 

1. What is a thermodynamic process? 

2. How do constant pressure, volume, temperature, and enthalpy processes differ from 

each other? 

3. Can you identify examples of these processes in real-world applications? 

 

2. Thermodynamic Processes 

A. Constant Pressure Process (Isobaric) 

 Definition: In an isobaric process, the pressure remains constant while other 

properties such as volume and temperature may change. 

 Equation: The work done during an isobaric process can be calculated as: 

W=PΔV 

Representation: In a P-V diagram, the line is horizontal at a constant pressure. In a T-S 

diagram, it slopes upward, and in a P-H diagram, it slopes downward. 

Example: Heating water in an open container. 
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B. Constant Volume Process (Isochoric) 

 Definition: In an isochoric process, the volume remains constant while pressure and 

temperature can change. 

 Equation: The change in internal energy is given by:  

ΔU=Q 

Representation: In a P-V diagram, the line is vertical. In a T-S diagram, it is horizontal, and 

in a P-H diagram, it slopes upward. 

Example: Heating a gas in a sealed container. 

 

C. Constant Temperature Process (Isothermal) 

 Definition: An isothermal process occurs at a constant temperature while pressure 

and volume change. 

 Equation: The work done can be expressed as:  
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Representation: In a P-V diagram, the curve is hyperbolic. In a T-S diagram, it slopes 

downward, and in a P-H diagram, it is horizontal. 

Example: Expansion of an ideal gas at a constant temperature. 

 

D. Constant Enthalpy Process (Isenthalpic) 

 Definition: An isenthalpic process occurs at a constant enthalpy, often found in 

throttling processes. 

 Equation: For an isenthalpic process, enthalpy remains constant:  

H1=H2 

Representation: In a P-V diagram, the process appears as a vertical line. In a T-S diagram, it 

slopes downward, and in a P-H diagram, it is horizontal. 

Example: The Joule-Thomson effect, where gas expands through a throttle. 

 

3. Polytrophic Process 

A. Definition 

A polytrophic process is characterized by the equation: 
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Where n is the polytrophic index, which can take different values depending on the type of 

process (e.g., isothermal, adiabatic). 

 

 

B. Representation 

 P-V Diagram: The curve varies depending on the value of n. 
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 T-S Diagram: The slope varies, showing different rates of heat transfer. 

 

 

 P-H Diagram: The representation depends on specific enthalpy changes. 
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Example: Compression or expansion processes that do not fall into the ideal isothermal or 

adiabatic categories. 

 

 

4. Sample Problems 

Problem 1: Work Done in an Isobaric Process 

A gas expands at constant pressure of 200 kPa from a volume of 0.5 m³ to 1.0 m³. Calculate 

the work done. 

Solution: 

W=PΔV=200 kPa×(1.0−0.5) m
3
=200×103 Pa×0.5 m3=100,000 J 

Problem 2: Change in Internal Energy in an Isochoric Process 

If 500 J of heat is added to a gas at constant volume, what is the change in internal energy? 

Solution: 
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ΔU=Q=500 J 

Problem 3: Polytrophic Process Calculation 

If a gas undergoes a polytrophic process with n=1.4 from a pressure of 100 kPa and volume 

of 0.5 m³ to a volume of 1.0 m³, calculate the final pressure. 

Solution: Using the polytrophic relation: 

 

5. Post-Lecture Questions: 

1. How does each type of thermodynamic process impact the efficiency of a 

refrigeration system? 

2. Can you describe real-world applications for each process? 

3. How do the P-V, T-S, and P-H diagrams help visualize thermodynamic processes? 

 
 

The Fourteenth Lecture 

 )Specific Heat, Types of Specific Heat, and 

Gas Constant( 

 

1.Pre-Lecture Questions: 

1. What is specific heat, and why is it important in thermodynamics? 

2. What are the different types of specific heat? 

3. How does the gas constant relate to specific heat in gases? 

 

2. Specific Heat 

A. Definition 

 Specific Heat (c): The amount of heat required to raise the temperature of 1 kg of a 

substance by 1°C (or 1 K). 

Mathematical Expression: 

Q=mcΔT 
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Where: 

 Q = Heat added (Joules) 

 m = Mass of the substance (kg) 

 c = Specific heat (J/kg·°C) 

 ΔT = Change in temperature (°C) 

B. Units 

 The SI unit of specific heat is Joules per kilogram per degree Celsius (J/kg·°C). 

 

3. Types of Specific Heat 

A. Specific Heat at Constant Pressure (Cp) 

 Definition: The amount of heat required to raise the temperature of 1 kg of a 

substance at constant pressure. 

 Equation: 

Qp=mcpΔT 

 Example: Heating water in an open container at atmospheric pressure. The specific 

heat of water at constant pressure is approximately 4.186 J/g⋅°C or 4186 J/kg⋅°C. 

 

B. Specific Heat at Constant Volume (Cv) 

 Definition: The amount of heat required to raise the temperature of 1 kg of a 

substance at constant volume. 

 Equation: 

Qv=mcvΔT 

 Example: Heating a gas in a closed, rigid container. The specific heat of a monatomic 

ideal gas is 3/2R, where R is the universal gas constant. 

C. Relationship Between Cp and Cv 

For an ideal gas, the relationship between specific heats at constant pressure and constant 

volume can be expressed as: 

Cp−Cv=R 

Where R is the gas constant. 
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4. Gas Constant (R) 

A. Definition 

 Gas Constant (R): The constant that appears in the equation of state for an ideal gas. 

It relates pressure, volume, temperature, and the number of moles of a gas. 

B. Value 

 The universal gas constant RRR is approximately 8.314 J/(mol⋅K) or 0.287 kJ/(kg⋅K). 

C. Applications 

 Used in calculations involving ideal gas behavior, such as determining the state of a 

gas in refrigeration cycles. 

 

5. Sample Problems 

Problem 1: Calculate Heat Required 

Calculate the amount of heat required to raise the temperature of 2 kg of water from 25°C to 

75°C. 

Given: 

 Mass (m) = 2 kg 

 Specific heat of water (c) = 4186 J/kg⋅°C 

 ΔT=75−25=50°C 

Solution: 

Q=mcΔT=2×4186×50=418600 J 

Problem 2: Calculate Specific Heat 

A closed container holds 1 kg of gas, and it absorbs 500 J of heat while the temperature 

increases by 10°C. What is the specific heat of the gas? 

Given: 

 Heat absorbed (Q) = 500 J 

 Mass (m) = 1 kg 

 ΔT=10°C 

Solution: 
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 Problem 3: Relationship Between Cp and Cv 

For an ideal gas with Cp=1005 J/(kg⋅K), calculate Cv using the gas constant R=287 J/(kg⋅K). 

Solution: 

Cv=Cp−R=1005−287=718 J/(kg⋅K) 

 

6. Post-Lecture Questions: 

1. How do specific heats at constant pressure and volume affect the efficiency of 

refrigeration systems? 

2. Can you describe how the gas constant is used in real-world applications? 

3. How would you calculate the heat transfer for different substances with varying 

specific heats? 

 
 

The Fifteenth Lecture 

 )The Second Law of Thermodynamics( 
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1.Pre-Lecture Questions: 

1. What is the second law of thermodynamics, and how does it differ from the first law? 

2. How do heat engines and heat pumps operate based on the second law? 

3. What is the significance of entropy in thermodynamic processes? 

 

2. The Second Law of Thermodynamics 

A. Definition 

 Second Law of Thermodynamics: The second law states that energy has quality as 

well as quantity, and actual processes occur in the direction of decreasing quality of 

energy. In simple terms, it asserts that heat cannot spontaneously flow from a colder 

body to a hotter body. 

B. Statements of the Second Law 

1. Kelvin-Planck Statement: It is impossible to construct a heat engine that operates in 

a cyclic process and converts all the heat absorbed from a high-temperature reservoir 

into work without rejecting some heat to a low-temperature reservoir. 

2. Clausius Statement: It is impossible to construct a device that operates in a cyclic 

process and transfers heat from a colder body to a hotter body without the input of 

work. 

C. Implications of the Second Law 

 The second law introduces the concept of entropy, which is a measure of the disorder 

or randomness of a system. The entropy of an isolated system always increases over 

time, leading to the conclusion that energy transformations are not 100% efficient. 

 

3. Heat Engines 

A. Definition 

 Heat Engine: A heat engine is a device that converts thermal energy (heat) into 

mechanical work by taking in heat from a high-temperature source, doing work, and 

releasing some heat to a low-temperature sink. 

B. Operation of a Heat Engine 

1. Heat Absorption: The engine absorbs heat (QH) from a high-temperature reservoir at 

temperature TH. 

2. Work Output: Part of this energy is converted into work (W). 

3. Heat Rejection: The remaining heat (QC) is rejected to a low-temperature reservoir at 

temperature TC. 
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Efficiency of a Heat Engine 

The efficiency (η) of a heat engine can be calculated as: 

 

C. Example Problem: 

Consider a heat engine that absorbs 500 kJ500 \, kJ500kJ of heat from a high-temperature 

reservoir and rejects 200 kJ200 \, kJ200kJ to a low-temperature reservoir. Calculate the 

efficiency of the engine. 

Solution: 

 

4. Heat Pumps 

A. Definition 

 Heat Pump: A heat pump is a device that transfers heat from a colder area to a hotter 

area by using work. It operates on the same principles as a refrigeration cycle, but its 

primary purpose is to provide heating. 

B. Operation of a Heat Pump 

1. Heat Absorption: The heat pump absorbs heat (QC) from the cold reservoir at 

temperature TC . 

2. Work Input: Work (W) is done on the pump to transfer the heat. 

3. Heat Delivery: The heat (QH ) is delivered to the hot reservoir at temperature TH . 

Coefficient of Performance (COP) of a Heat Pump 

The performance of a heat pump is measured using the coefficient of performance (COP): 

 

 



 

 

64 

C. Example Problem: 

A heat pump extracts 350 kJ of heat from the outside environment (cold reservoir) and 

requires 100 kJ of work to operate. Calculate the COP of the heat pump. 

Solution: 

 

5. Applications of the Second Law 

A. Real-World Implications 

 The second law of thermodynamics has wide-ranging implications in engineering and 

technology, particularly in the design and efficiency of thermal systems like power 

plants, refrigeration systems, and heat pumps. 

B. Significance of Entropy 

 Entropy is a critical concept in determining the feasibility of processes. An increase in 

entropy indicates a loss of useful energy, which affects the efficiency of thermal 

systems. 

 

6. Post-Lecture Questions: 

1. How does the second law of thermodynamics influence the design of real heat engines 

and heat pumps? 

2. What are some methods to improve the efficiency of thermal systems based on the 

second law? 
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