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 اىزطجُقٍ دَْبٍُل اىحرارح  :اضٌ اىَقرر

 ٍُنبُّل اىقذرح/ اىزجرَذ واىزنُُف :اىقطٌ

 اىَؼهذ اىزقٍْ مرمىك :اىَؼهذ

 الاوه / اىَطزىياىَرحيخ 

 اىثبٍّ :اىفصو اىذراضٍ

 ضبػزبُ ػَيٍ ضبػزبُ ّظرٌ :ػذد اىطبػبد الاضجىػُخ

 4 ػذد اىىحذاد اىذراضُخ:

 PMTR139 اىرٍس:

  ميهَب  ػَيٍ  ّظرٌ ّىع اىَبدح

 / فٍ الاقطبً الاخري  ىيَقرر هو َزىفر ّظُر

 / اضٌ اىَقرر اىْظُر 

 / اىقطٌ

 / اىْظُررٍس اىَقرر 

 ٍؼيىٍبد رذرَطٍ اىَبدح

 ٍحَىد حطُِ خيُو حطٍُِراه ٍحَىد  :)ٍذرضٍ( اىَقرراضٌ ٍذرش 

 ٍذرش ٍذرش ٍطبػذ اىيقت اىؼيٍَ:

 2021 2021 ضْخ اىحصىه ػيً اىيقت

 ٍبجطزُر ٍبجطزُر اىشهبدح :

 2014 2021 ضْخ اىحصىه ػيً اىشهبدح

 10 15 ػذد ضْىاد اىخجرح ) رذرَص(

 معلومات عامة
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  ىيَقرر اىؼبً اىىصف

َزُبول دساسخ انخىاص انحشاسَخ نهًىاد، وانقىاٍَُ الأسبسُخ نهذَُبيُكب انحشاسَخ، يغ انزشكُض ػهً رطجُقهب  يقشس دَُبيُك انحشاسح

  .فٍ رظًُى ورشغُم أَظًخ انزجشَذ وانزكُُف نزحسٍُ انكفبءح انحشاسَخ

  اىؼبٍخ الاهذاف

  
 .إكسبة انطلاة انفهى الأسبسٍ نهقىاٍَُ انحشاسَخ 

  انُظشَبد انحشاسَخ ػهً الأَظًخ انهُذسُخ.رًكٍُ انطلاة يٍ رطجُق 

 .رطىَش انقذسح ػهً رحهُم انؼًهُبد انحشاسَخ فٍ أَظًخ انزجشَذ وانزكُُف 

 اىخبصخ الأهذاف

 .فهى ورحهُم انذوسح انحشاسَخ لأَظًخ انزجشَذ وانزكُُف 

 .اسزُؼبة كُفُخ حسبة انكفبءح انحشاسَخ نلآلاد والأخهضح 

  نهطبقخ وانحشاسح فٍ يىاقف ػًهُخ.رطجُق انقىاٍَُ الأسبسُخ 

 .انزؼشف ػهً خىاص انًىاد انًسزخذيخ فٍ أَظًخ انزجشَذ وانزذفئخ 

 .رطىَش انًهبساد انلاصيخ نحم انًسبئم انًزؼهقخ ثبنطبقخ وانحشاسح فٍ الأَظًخ انهُذسُخ 

 الأهذاف اىطيىمُخ او ّىارج اىزؼيٌ

  ،اسزخذاو انًفبهُى الأسبسُخ: َزًكٍ انطبنت يٍ رؼشَف ورطجُق انًفبهُى الأسبسُخ نهثشيىدَُبيُك يثم انطبقخ

 انحشاسح، وانؼًم فٍ سُبقبد ػًهُخ.

  حم انًشكلاد: َزقٍ انطبنت يهبساد حم انًشكلاد انًزؼهقخ ثبنذوساد انحشاسَخ، ورحهُم انؼًهُبد فٍ أَظًخ

 انزجشَذ وانزذفئخ.

 َظًخ: َكىٌ انطبنت قبدسا  ػهً رحهُم كفبءح الأَظًخ انحشاسَخ انًخزهفخ يثم انًحشكبد، وانًجبدلاد رحهُم الأ

 انحشاسَخ، وانضىاغظ.

  اسزخذاو اندذاول وانشسىو انجُبَُخ: َسزطُغ انطبنت قشاءح واسزخذاو خذاول انجخبس وانشسىو انجُبَُخ يثم

 كُخ.( نزحهُم انؼًهُبد انثشيىدَُبيT-Sُ( و)P-Vيخطظ )

 .انزفكُش انُقذٌ: َطىس انطبنت انقذسح ػهً َقذ ورقُُى أداء الأَظًخ انحشاسَخ ورحسٍُ كفبءرهب 

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

  انًؼبدلاد انشَبضُخ الأسبسُخ، يقذيخ فٍ انشَبضُبد: انقذسح ػهً اسزخذاو انشَبضُبد نحم

 ثًب فٍ رنك انزفبضم وانزكبيم.

  يقذيخ فٍ انكًُُبء: يؼشفخ ثبنًفبهُى الأسبسُخ فٍ انكًُُبء، وخبطخ انًزؼهقخ ثبنحشاسح

 وانزفبػلاد انكًُُبئُخ.

  انًجبدئ الأسبسُخ فٍ انهُذسخ: فهى يجبدئ انهُذسخ الأسبسُخ، يثم انذَُبيُكب انسبئهخ وانًىاد

 ُخ.انهُذس

 .يقذيخ فٍ انًُكبَُكب: فهى الأسبسُبد انًزؼهقخ ثبنًُكبَُكب وانكفبءح انذَُبيُكُخ  
 

 

 الأهذاف انسهىكُخ او يخشخبد انزؼهُى الأسبسُخ 

 آنُخ انزقُُى رفظُم انهذف انسهىكٍ او يخشج انزؼهُى د

 الاخزجبساد انكزبثُخ يٍ خلال الاخزجبساد انكزبثُخ انزقهُذَخ. ُُى فهى انطلاة نهًفبهُى َزى رق  1

 انىاخجبد انًُضنُخ .ًشكلادَزى رقُُى انقذسح ػهً رطجُق انًؼشفخ انشَبضُخ فٍ حم ان  2

 انًشبسَغ فٍ سُبقبد انؼبنى انحقُقٍ. نقذسح ػهً رطجُق انًؼشفخَزى رقُُى ا  3

 انًشبسكخ فٍ انظف  .زىاطم انفؼبل نلؤفكبس وانًفبهُى َزى رقُُى انقذسح ػهً ان 4

 الاخزجبساد الإنكزشوَُخ ُُى فهى انطلاة نهًفبهُى َزى اسزخذاو الأدواد وانجشايح انشقًُخ نزق  5
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 أضبىُت اىزذرَص 
 

 ٍجرراد الاخزُبر الاضيىة او اىطرَقخ

 رقذَى انًؼهىيبد وانًفبهُى انشَبضُخ ثشكم يجبشش نهطلاة انًحبضشاد .1

انًشبسكخ فٍ ػًهُخ انزؼهى يٍ خلال حم انًشكلاد، انًُبقشبد رشدُغ انطلاة ػهً  انزؼهى انُشظ .2

 اندًبػُخ، والأَشطخ انزفبػهُخ

 َزى ركهُف انطلاة ثًشبسَغ رزطهت رطجُق انًؼشفخ انشَبضُخ فٍ سُبقبد انؼبنى انحقُقٍ انزؼهى انقبئى ػهً انًششوع .3

سزقم نزؼضَض فهًهى نهًفبهُى َزى رشدُغ انطلاة ػهً انجحث والاسزكشبف ثشكم ي انزؼهى انزارٍ .4

 انشَبضُخ

 اسزخذاو الأدواد وانجشايح انشقًُخ نزؼضَض انزؼهى وانفهى انزؼهى انشقًٍ .5

 َزى رقُُى انطلاة ثشكم يسزًش يٍ خلال الاخزجبساد، انىاخجبد، وانًشبسَغ انزقُُى انًسزًش .6

 

  



 

 

 

 

 ٍِ اىَحزىي اىؼيٍَ اىفصو الاوه

 اىَصفىفبد اىىقذ ػْىاُ اىفصو

 اىزىزَغ اىسٍٍْ
 اىْظرٌ

 )ضبػخ(

 طرق اىقُبش اىزقُْبد طرَقخ اىزذرَص رئُطٍاىؼْىاُ اى اىؼَيٍ

 الأضجىع 
حضىرٌ  ٍحبضرح اىفرػُخاىؼْبوَِ    

 او اىنزروٍّ

ػرض رقذٍََ، شرح، 

 أضئيخ وأجىثخ, ٍْبقشخ 

 

اىطبدش  الأضجىع

ػشر+ اىطبثغ 

 ػشر

2 2 Carnot Power 

Cycle and 

Reversed Carnot 

Cycle, 

 Carnot Power Cycle, 

 Reversed Carnot 

Cycle, 

 Applications of the 

Carnot Cycle, 

الايزحبٌ  ششذ +قذًٍَػشع ر حضىسٌ

 انُىيٍ

اىثبٍِ الأضجىع 

ػشر+ اىزبضغ 

 ػشر

 

2 2 Study of Steam 

and Steam 

Properties – Using 

Steam Tables, 

 Definitions and Key 

Concepts, 

 Steam Tables, 

 Examples of Using 

Steam Tables, 

 Applications of 

Steam, 

 + ششذ  + ػشع رقذًٍَ حضىسٌ

 يُبقشخ + أسئهخ وأخىثخ

الايزحبٌ 

 انُىيٍ

الاضجىع 

 اىؼشروُ

2 2 Calculations of the 

Properties for 

Liquid-Vapor 

Mixture (Wet 

Steam), 

 Definitions and Key 

Concepts, 

 Detailed Calculations 

for Wet, 

 Steam Properties, 

 Practical Applications 

of Wet Steam, 

 Applications of 

Steam, 

 +ششذ +ػشع رقذًٍَ حضىسٌ

 يُبقشخ +أسئهخ وأخىثخ

الايزحبٌ 

 انُىيٍ
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 ٍِ اىَحزىي اىؼيٍَ ثبىثاىفصو اى

 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 

 

اىحبدٌ  الأضجىع

واىؼشروُ+ 

 اىثبٍّ واىؼشروُ

2 2 Steam Processes at 

Constant Pressure, 

Volume - 

Isentropic Process, 

Adiabatic Process 

& Applications, 

 Definitions and Key 

Concepts, 

 Detailed Calculations 

for Isentropic and 

Adiabatic Processes, 

 Applications in 

Refrigeration and Air 

Conditioning, 

الايزحبٌ  ششذ +قذًٍَػشع ر حضىسٌ

 انُىيٍ

اىثبىث الأضجىع 

واىؼشروُ+ 

 اىراثغ واىؼشروُ

 

2 2 The Rankine Cycle 

- Processes, 

Examples, 

 Processes of the 

Rankine Cycle, 

 Rankine Cycle 

Efficiency, 

 Applications of the 

Rankine Cycle, 

 + ششذ  + ػشع رقذًٍَ حضىسٌ

 يُبقشخ + أسئهخ وأخىثخ

الايزحبٌ 

 انُىيٍ

الاضجىع اىخبٍص 

 واىؼشروُ

2 2 The Vapor 

Compression 

Cycle - Processes, 

Examples, and 

Applications, 

 Introduction to the 

Vapor Compression 

Cycle, 

 Processes of the Vapor 

Compression Cycle, 

 

 +ششذ +ػشع رقذًٍَ حضىسٌ

 يُبقشخ +أسئهخ وأخىثخ

الايزحبٌ 

 انُىيٍ

 

 

 ٍِ اىَحزىي اىؼيٍَ ثبٍّاىفصو اى
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 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 

 

اىطبدش  الأضجىع

واىؼشروُ+ 

اىطبثغ 

واىؼشروُ+ 

 اىثبٍِ واىؼشروُ

2 2 Fuel - Definitions, 

Properties, and 

Applications in 

Boilers and 

Cooling Systems, 

 Introduction to Fuel, 

 Properties of Fuel, 

 Applications of Fuel 

in Boilers, 

الايزحبٌ  ششذ +قذًٍَػشع ر حضىسٌ

 انُىيٍ

اىزبضغ الأضجىع 

واىؼشروُ+ 

 اىثلاثىُ

 

2 2 Boilers - Types and 

Characteristics, 
 Introduction to 

Boilers, 

 Types of Boilers, 

 Characteristics of 

Boilers, 

 + ششذ  + ػشع رقذًٍَ حضىسٌ

 يُبقشخ + أسئهخ وأخىثخ

الايزحبٌ 

 انُىيٍ
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 خبرطخ اىقُبش اىَؼزَذح 

انًحزىي 

 انزؼهًٍُ
 ػُبوٍَ انفظىل

الأهًُخ 

 انُسجُخ

 الأهذاف انسهىكُخ 

ػذد 

 انفقشاد
 انزقُُى انزحهُم انزطجُق انفهى انًؼشفخ            

 %22 %22 %22 %22 %22 انُسجخ

انفظم 

 الاول

Carnot Power Cycle and 

Reversed Carnot Cycle, 

Study of Steam and Steam 

Properties – Using Steam 

Tables, 

Calculations of the 

Properties for Liquid-Vapor 

Mixture (Wet Steam), 

02% 8 8 8 8 8 0 

انفظم 

 انثبٍَ

Steam Processes at 

Constant Pressure, Volume 

- Isentropic Process, 

Adiabatic Process & 

Applications, 

The Rankine Cycle - 

Processes, Examples, 

The Vapor Compression 

Cycle - Processes, 

Examples, and 

Applications, 

55% 7 7 7 7 7 0 

انفظم 

 انثبنث

Fuel - Definitions, 

Properties, and 

Applications in Boilers and 

Cooling Systems, 

Boilers - Types and 

Characteristics, 

25% 5 5 5 5 5 5 

 انًدًىع
 022

% 

22 22 
22 22 22 13 

 

 

Details  Week No. 

Carnot Power Cycle and Reversed Carnot Cycle, 16-17 

Study of Steam and Steam Properties – Using Steam Tables, 18-19 

Calculations of the Properties for Liquid-Vapor Mixture (Wet Steam), 20 

Steam Processes at Constant Pressure, Volume - Isentropic Process, Adiabatic Process 

& Applications, 

21-22 

The Rankine Cycle - Processes, Examples, 23-24 

The Vapor Compression Cycle - Processes, Examples, and Applications, 25 

Fuel - Definitions, Properties, and Applications in Boilers and Cooling Systems, 26-27-28 

Boilers - Types and Characteristics, 29-30 
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ة: الفصل الاول:   رقم المحاضر
71+71+71+02 

 

ات اسزخذاو  –دساسخ خظبئض انجخبس  انًؼكىسخ، دكبسَىد ودوسح كبسَى دوسح  : عنوان المحاضر

 حسبثبد خىاص خهُظ انجخبس انسبئم )انجخبس انشطت(، انجخبس، خذاول

 

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

   الفئة المستهدفة : 
 المرحلة الاولى/ المعهد التقنن

ة :  دَُبيُك  فٍ ػهى  وانفهى وانزطجُق وانزحهُم وانزقىَىرضوَذ انطلاة ثبنًؼشفخ  الهدف العام من المحاضر

دساسخ خظبئض انجخبس  انًؼكىسخ، دكبسَىد ودوسح كبسَى دوسح انحشاسح و

 حسبثبد خىاص خهُظ انجخبس انسبئم )انجخبس انشطت(، انجخبس، اسزخذاو خذاول

 

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

  حل المشكلات. اليتم تقييم القدرة على  - 2
ن
 تطبيق ف

3 -  .  
  سياقات العالم الحقيق 

ن
 يتم تقييم القدرة على تطبيق المعرفة الرياضية ف

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

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

 . التعلم الذات 
 . التعلم الرقم  5
 . التقييم المستمر6

انقذسح ػهً انزفكُش انًُطقٍ وانزحهُهٍ وزطىَش سُكىٌ نذي انطبنت قبثهُخ ان المهارات المكتسبة 

انشَبضٍ انزخظظُخ فٍ اندبَت انحشاسٌ ووانُقذٌ فٍ حم انًشكلاد 

 .وانهُذسٍ

 سَغ رزطهت رطجُق انًؼشفخ ركهُف انطلاة ثًشب الامتحانات اليومية والشهرية و اىَؼزَذح طرق اىقُبش
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The Sixteenth and Seventeenth  Lecture 

 

(Carnot Power Cycle and Reversed Carnot 

Cycle) 
 

 

Pre-Lecture Questions: 

1. What is the Carnot cycle, and why is it important in thermodynamics? 

2. How does the reversed Carnot cycle function in refrigeration and heat pump 

applications? 

3. What factors affect the efficiency of the Carnot cycle? 

 

Carnot Power Cycle 

A. Definition 

 Carnot Cycle: A theoretical thermodynamic cycle that provides the maximum 

efficiency possible for a heat engine operating between two temperature reservoirs. 

B. Components of the Carnot Cycle 

The Carnot cycle consists of four reversible 

processes: 

 

1. Isothermal Expansion (Process 1-2): The 

working substance (usually a gas) absorbs heat 

(QH) from the hot reservoir at a constant 

temperature TH. During this process, the gas 

expands, doing work on the surroundings. 

 



 

 

5 

 

Here is the diagram illustrating the isothermal expansion process, where the gas absorbs heat 

from the hot reservoir and expands while doing work on the surroundings. 

2. Adiabatic Expansion (Process 2-3): The gas continues to expand without heat 

exchange with the environment. Its temperature decreases from TH to TC. 

 



 

 

6 

The diagram illustrating the adiabatic expansion process in thermodynamics has been 

generated. 

3. Isothermal Compression (Process 3-4): The gas is compressed at a constant 

temperature TC, rejecting heat (QC) to the cold reservoir. Work is done on the gas. 

 

Here is the image illustrating the isothermal compression process (Process 3-4) where 

the gas is compressed at a constant temperature TC, rejecting heat QC to the cold 

reservoir. 

 

4. Adiabatic Compression (Process 4-1): The gas is further compressed adiabatically, 

raising its temperature from TC back to TH. 
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Here is the visual representation of the adiabatic compression process. It shows the 

compression of gas, along with the temperature increase from TC to TH. 
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C. Efficiency of the Carnot Cycle 

The efficiency (η) of the Carnot cycle can be calculated using the following formula: 

 

Where: 

 TH = Absolute temperature of the hot reservoir (Kelvin) 

 TC = Absolute temperature of the cold reservoir (Kelvin) 

D. Example Problem: 

Calculate the efficiency of a Carnot engine operating between 500 K (hot reservoir) and 

300 K (cold reservoir). 

Solution: 

 

 Reversed Carnot Cycle 

A. Definition 

 Reversed Carnot Cycle: A thermodynamic cycle that operates in reverse, converting 

work into heat transfer from a cold reservoir to a hot reservoir. This cycle is essential 

in refrigeration and heat pump applications. 

B. Components of the Reversed Carnot Cycle 

The reversed Carnot cycle also consists of four processes, but they operate in the opposite 

direction: 

1. Isothermal Compression (Process 1-2): The refrigerant absorbs heat (QC) from the 

cold reservoir at a constant temperature TC while being compressed. 
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Here is the illustration of the isothermal compression process in a refrigeration cycle, 

showing the refrigerant absorbing heat from the cold reservoir at a constant 

temperature. 

2. Adiabatic Compression (Process 2-3): The refrigerant continues to be compressed 

adiabatically, increasing its temperature from TC to TH. 

 

Here is the image illustrating the adiabatic compression process (Process 2-3), where 

the gas is compressed without heat exchange, resulting in a temperature rise from TC 

to TH. 
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3. Isothermal Expansion (Process 3-4): The refrigerant releases heat (QH) to the hot 

reservoir at a constant temperature TH. 

 

Here is the visual representation of the isothermal expansion process, showing the 

refrigerant releasing heat (QH) to the hot reservoir at a constant temperature (TH). 

4. Adiabatic Expansion (Process 4-1): The refrigerant expands adiabatically, 

decreasing its temperature back to TC. 
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Here is the visual representation of the isothermal expansion process, showing the refrigerant 

releasing heat (QH) to the hot reservoir at a constant temperature (TH). 

C. Coefficient of Performance (COP) 

The efficiency of the reversed Carnot cycle is measured using the coefficient of performance 

(COP), given by: 

 

Where: 

 QC = Heat absorbed from the cold reservoir 

 W = Work input 

D. Example Problem: 

Calculate the COP of a Carnot refrigerator operating between 280 K (cold reservoir) and 

320 K (hot reservoir). 

Solution: 

 

Applications of the Carnot Cycle 

A. Heat Engines 

 The Carnot cycle serves as a benchmark for real heat engines, allowing engineers to 

evaluate performance and design more efficient systems. 

B. Refrigeration Systems 

 The reversed Carnot cycle is the ideal model for refrigeration cycles, providing 

insights into improving the efficiency of real refrigerators and air conditioners. 

C. Heat Pumps 

 Similar to refrigeration, heat pumps utilize the reversed Carnot cycle to transfer heat 

from a cold space to a warmer space, enhancing energy efficiency in heating 

applications. 
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Post-Lecture Questions: 

1. Why is the Carnot cycle considered an ideal model, and what are its limitations in 

real-world applications? 

2. How can engineers improve the efficiency of refrigeration systems based on the 

principles of the reversed Carnot cycle? 

3. Can you provide examples of real-life applications where the Carnot cycle is used as a 

standard for performance measurement? 

 

 

The Eighteenth and Nineteenth Lecture 

(Study of Steam and Steam Properties – 

Using Steam Tables) 

 

Pre-Lecture Questions: 

1. What is steam, and why is it important in thermodynamic systems? 

2. How does steam behave when it changes phases? 

3. What are the main applications of steam in mechanical systems? 

 

Definitions and Key Concepts: 

1. Steam: 
o Steam is the vapor form of water that is produced when water is heated above 

its boiling point. In thermodynamic systems, steam is often used as a working 

fluid, especially in power plants and heating systems. 

2. Saturation Temperature and Pressure: 
o The saturation temperature is the temperature at which water boils for a given 

pressure. Conversely, saturation pressure is the pressure at which water boils 

for a given temperature. The relationship between temperature and pressure is 

critical in steam systems. 

3. Phases of Steam: 
o Wet Steam: Contains both water and steam (two-phase mixture). 

o Dry Saturated Steam: Steam that contains no water droplets and exists at the 

saturation temperature. 

o Superheated Steam: Steam that is heated beyond its saturation temperature. 

4. Steam Properties: 
o Specific Volume (v): The volume occupied by a unit mass of steam. 

o Enthalpy (h): The total energy content of the steam per unit mass. It includes 

both internal energy and flow work. 
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o Entropy (s): A measure of disorder in the steam system, often used to 

determine the direction of heat transfer processes. 

 

Steam Tables: 

Steam tables are used to determine the thermodynamic properties of steam (like temperature, 

pressure, enthalpy, and specific volume) at various stages (liquid, vapor, or mixture). They 

are essential for analyzing thermodynamic cycles, especially in systems using steam like 

Rankine cycles. 

 Saturated Steam Table: Lists properties of steam at its saturation point for various 

pressures and temperatures. 

 

 Superheated Steam Table: Provides data for steam that is heated above the 

saturation temperature. 



 

 

14 

 

Examples of Using Steam Tables: 

1. Saturated Steam Example: 
o If we have water at 100°C and standard atmospheric pressure, the steam tables 

show the corresponding saturation pressure is 101.3 kPa. 

2. Superheated Steam Example: 
o For steam at a temperature of 200°C and a pressure of 1 MPa, we can use the 

superheated steam tables to find its enthalpy and entropy. 

 

Applications of Steam: 

1. Power Generation: 
o Steam is a key component in thermal power plants, where it drives turbines to 

generate electricity. 

2. Heating Systems: 
o Steam is also used in heating applications, such as in boilers for residential or 

industrial use. 

3. Refrigeration and Cooling: 
o Steam can be utilized in absorption refrigeration systems, making use of waste 

heat in a steam cycle. 
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Example Problems: 

 

Post-Lecture Questions: 

1. What are the differences between wet steam, dry steam, and superheated steam? 

2. How can steam tables be used to calculate the properties of steam in a Rankine cycle? 

3. Why is steam superheating important in power plants? 

 
 

 

The Twentieth Lecture 

Calculations of the Properties for Liquid-Vapor 

Mixture (Wet Steam) 

 

Pre-Lecture Questions: 

1. What is the difference between dry steam and wet steam? 

2. Why is it important to calculate the properties of liquid-vapor mixtures in 

thermodynamics? 

3. How do we use steam tables to find properties of wet steam? 
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Definitions and Key Concepts: 

1. Wet Steam (Liquid-Vapor Mixture): 
o Wet steam refers to steam that contains both liquid water and vapor in a 

mixture. It occurs when steam is not fully vaporized and still has droplets of 

liquid water suspended in it. 

o Wet steam is characterized by the dryness fraction (x), which indicates the 

proportion of vapor in the mixture. The dryness fraction ranges from 0 (pure 

liquid) to 1 (pure vapor). 

 

Detailed Calculations for Wet Steam Properties: 

Example 1: Enthalpy of Wet Steam 
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Example 2: Specific Volume of Wet Steam 

 

Practical Applications of Wet Steam: 

1. Steam Turbines: 
o Wet steam is common in steam turbines. Managing the dryness fraction is 

critical because a high percentage of liquid water can damage turbine blades. 

2. Heat Exchangers: 
o In heat exchangers, wet steam is often used to transfer heat efficiently. 

Controlling the dryness fraction helps optimize heat transfer while preventing 

excessive condensation. 

3. Steam Heating Systems: 
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o Wet steam is used in heating systems where heat is transferred from the steam 

to another medium, such as water or air. Ensuring proper steam quality 

improves the efficiency of the system. 

 

Example Problems: 

 

Post-Lecture Questions: 

1. How does the dryness fraction affect the properties of wet steam? 

2. Why is it important to calculate the enthalpy and volume of wet steam in 

thermodynamic applications? 

3. What are some practical systems where controlling the dryness fraction of steam is 

critical? 
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 : ي
ر
ة: الفصل الثان  رقم المحاضر

07+00+02+02+02 
 

اتعنوان  ًزسبوَخ انحشكخ انؼًهُخ ان -وحدى ثبثذ  انجخبسَخ ػُذ انضغظ ػهً انؼًهُبد  : المحاضر

ظ دوسح ضغ انؼًهُبد، والأيثهخ، -دوسح ساَكٍُ  ،هبرطجُقبروانؼًهُخ الأدَجبرُخ و

 هبرطجُقبرانؼًهُبد والأيثهخ و -انجخبس 

 

ر اســـــم المدرس ن  : ي  ن و م. محمود حسي   خليلم.م. مرال محمود حسي 

   الفئة المستهدفة : 
 المرحلة الاولى/ المعهد التقنن

ة :  دَُبيُك  فٍ ػهى  رضوَذ انطلاة ثبنًؼشفخ وانفهى وانزطجُق وانزحهُم وانزقىَى الهدف العام من المحاضر

انؼًهُخ انًزسبوَخ  -انؼًهُبد ػهً انجخبسَخ ػُذ انضغظ  وحدى ثبثذ انحشاسح و

انؼًهُبد، والأيثهخ، دوسح  -ورطجُقبرهب، دوسح ساَكٍُ  انحشكخ وانؼًهُخ الأدَجبرُخ

  انؼًهُبد والأيثهخ ورطجُقبرهب -ضغظ انجخبس 

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

  اليتم تقييم القدرة على  - 2
ن
 حل المشكلات. تطبيق ف

3 -  .  
  سياقات العالم الحقيق 

ن
 يتم تقييم القدرة على تطبيق المعرفة الرياضية ف

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

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

 التعلم الذات 
 . التعلم الرقم  5
 . التقييم المستمر6

انقذسح ػهً انزفكُش انًُطقٍ وانزحهُهٍ وزطىَش سُكىٌ نذي انطبنت قبثهُخ ان المهارات المكتسبة 

انشَبضٍ انزخظظُخ فٍ اندبَت انحشاسٌ ووانُقذٌ فٍ حم انًشكلاد 

 .وانهُذسٍ

 سَغ رزطهت رطجُق انًؼشفخ ركهُف انطلاة ثًشب والشهرية والامتحانات اليومية  اىَؼزَذح طرق اىقُبش
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The Twenty-First and Twenty-Second Lecture 

(Steam Processes at Constant Pressure, Volume 

- Isentropic Process, Adiabatic Process & 

Applications) 

 

Pre-Lecture Questions: 

1. What is the difference between constant pressure and constant volume processes? 

2. How is an isentropic process different from an adiabatic process? 

3. Where are these processes applied in refrigeration and air conditioning systems? 

 

Key Definitions and Concepts: 

1. Steam Process at Constant Pressure (Isobaric Process): 

 In an isobaric process, the pressure remains constant throughout, but the volume and 

temperature can change. This process is common in boilers, condensers, and other 

steam applications. 

 Formula for Work Done (W) in Isobaric Process: 

W=PΔV 

Where P is the constant pressure and ΔV is the change in volume. 

 Application: 
o A typical example is the boiler in steam power plants, where water is heated at 

constant pressure to convert it into steam. 

2. Steam Process at Constant Volume (Isochoric Process): 

 In an isochoric process, the volume remains constant, but the pressure and 

temperature can change. No work is done since there is no change in volume. 

Formula:  

W=0 

 Application: 
o In certain phases of refrigeration cycles, such as in closed containers, the 

volume remains constant as heat is added or removed. 

3. Isentropic Process: 
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 An isentropic process is a reversible adiabatic process where there is no change in 

entropy (ΔS = 0). Heat transfer does not occur, but work can be done. 

 Formula for Isentropic Process (Steam): 

 

Where T1,T2 are temperatures, P1,P2 are pressures, and γ is the specific heat ratio. 

 Application: 
o Isentropic processes occur in the compression and expansion stages of turbines 

and compressors in refrigeration cycles, where the process is nearly reversible 

and adiabatic. 

4. Adiabatic Process: 

 In an adiabatic process, no heat is transferred into or out of the system (Q=0). It can 

be reversible or irreversible. In this case, all the energy is used to perform work or 

change internal energy. 

 Formula for Adiabatic Process: 

 

Where PPP is pressure, V is volume, and γ is the adiabatic index (ratio of specific 

heats). 

 Application: 
o Adiabatic processes are common in compressors, where gases are compressed 

without exchanging heat with the surroundings. 

 

Detailed Calculations for Isentropic and Adiabatic Processes: 

Example 1: Isentropic Expansion in a Steam Turbine 

 Given: 
o Initial Pressure (P1) = 5 MPa 

o Final Pressure (P2) = 1 MPa 

o Initial Temperature (T1) = 500°C 

 From steam tables: 
o At 5 MPa and 500°C, specific enthalpy h1=3375 kJ/kg 

o At 1 MPa (isentropic expansion), use T2 from tables. 

 Result: 
o The expansion of steam in turbines can be modeled as an isentropic process 

where no heat is transferred, and the steam does work. 

Example 2: Adiabatic Compression in a Compressor 
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 Given: 
o Initial Volume (V1) = 0.5 m³ 

o Final Volume (V2) = 0.2 m³ 

o Pressure before compression (P1) = 200 kPa 

 Using Adiabatic Equation: 

 

 

Applications in Refrigeration and Air Conditioning: 

1. Compressors (Adiabatic Process): 
o Compressors in refrigeration systems often work under adiabatic conditions, 

where the gas is compressed without losing heat to the surroundings. This 

process raises the temperature and pressure of the refrigerant, which then 

flows through the condenser. 

2. Turbines (Isentropic Process): 
o In steam turbines, steam expands isentropically, converting thermal energy 

into mechanical work. This process is critical in power plants and cooling 

systems. 

3. Heat Exchangers (Constant Pressure Process): 
o In heat exchangers, especially in evaporators and condensers, the process is 

often conducted at constant pressure, facilitating efficient heat transfer. 

 

Example Problems: 

Problem 1: 

 A steam turbine operates under isentropic conditions. If the inlet steam is at 6 MPa 

and 600°C, and the exit pressure is 0.1 MPa, find the final temperature after 

expansion using steam tables. 

Solution: 

 From steam tables, find h1h_1h1 at 6 MPa and 600°C, and then use the isentropic 

relationship to find the exit properties. 

Problem 2: 
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 A compressor compresses air adiabatically. The initial pressure and volume are 100 

kPa and 1 m³, respectively, and the final volume is 0.2 m³. Find the final pressure. 

Solution: 

 Using the adiabatic equation, calculate the final pressure using  

 

where γ=1.4. 

 

Post-Lecture Questions: 

1. How do you differentiate between an isentropic and an adiabatic process in terms of 

heat exchange? 

2. What role does constant pressure play in the functioning of boilers and condensers? 

3. Where are isentropic and adiabatic processes commonly used in refrigeration cycles? 

 

 

The Twenty-Third and Twenty-Fourth 

Lecture 

(The Rankine Cycle - Processes, Examples) 

Pre-Lecture Questions: 

1. What is the Rankine cycle, and how is it different from other thermodynamic cycles? 

2. What are the main components of a Rankine cycle? 

3. How is the Rankine cycle applied in refrigeration and air conditioning systems? 

 
 

Processes of the Rankine Cycle: 

The Rankine cycle consists of four main processes that occur between the different 

components of the system: 

1. Isentropic Compression (Pump): 
o Process: Water (in liquid state) is pumped from low pressure (in the 

condenser) to high pressure (in the boiler). 

o Formula for work in the pump:  
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Wpump=v×ΔP 

 where v is the specific volume, and ΔP is the pressure difference. 

o Application: The pump raises the pressure of the liquid to the pressure of the 

boiler. 

 

2. Isobaric Heat Addition (Boiler): 
o Process: The pressurized liquid enters the boiler, where it is heated at a 

constant pressure. As it absorbs heat, the water turns into steam. 
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o Formula for heat added: 

Qin=m×(hg−hf) 

where m is the mass flow rate, hg is the enthalpy of saturated steam, and hf is 

the enthalpy of saturated liquid. 

o Application: The boiler adds heat to the system, converting the liquid into 

superheated steam. 

 

3. Isentropic Expansion (Turbine): 
o Process: The superheated steam expands through a turbine, converting the 

steam's thermal energy into mechanical work. This expansion happens at 

constant entropy (isentropic). 

Formula for turbine work: 

Wturbine=m×(hin−hout) 

 where hin  and hout are the specific enthalpies of steam at the inlet and outlet of 

the turbine. 
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o Application: The steam drives the turbine to generate mechanical power. 

 

 

4. Isobaric Heat Rejection (Condenser): 
o Process: The steam leaves the turbine at a lower pressure and temperature and 

enters the condenser, where it is cooled down at a constant pressure to become 

saturated water (or liquid). 

o Formula for heat rejected: 

Qout=m×(hg−hf) 

o Application: The condenser removes the heat from the system, allowing the 

steam to condense into water and be pumped back to the boiler. 
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Rankine Cycle Efficiency:  

 The efficiency of the Rankine cycle can be calculated by comparing the net work 

output to the heat added:  

 

 Increasing the efficiency of the Rankine cycle can be done by using superheating, 

reheating, or regeneration methods. 

 

Applications of the Rankine Cycle: 

1. Power Plants: 
o The most common application of the Rankine cycle is in steam power plants, 

where it converts thermal energy from the combustion of fossil fuels into 

electricity. 
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2. Geothermal Plants: 
o Geothermal plants also use the Rankine cycle by utilizing heat from the Earth's 

crust to produce steam, which drives turbines to generate electricity. 

3. Nuclear Power Plants: 
o In nuclear plants, the heat produced by nuclear fission is used to generate 

steam, which then drives a turbine through the Rankine cycle. 

 

Example Problem: 

Problem 1: 

A steam power plant operates on the Rankine cycle. Steam enters the turbine at 4 MPa and 

400°C and is condensed in the condenser at 10 kPa. The pump operates with an isentropic 

efficiency of 100%. Calculate the work done by the turbine, work input to the pump, and the 

cycle efficiency. 

 Solution Steps: 
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Post-Lecture Questions: 

1. How does the Rankine cycle convert heat into mechanical work? 

2. What is the role of the condenser in the Rankine cycle? 

3. How can you increase the efficiency of the Rankine cycle? 

4. In what types of power plants is the Rankine cycle commonly used? 

 

 

The Twenty-Fifth Lecture 

(The Vapor Compression Cycle - Processes, 

Examples, and Applications) 

 

Pre-Lecture Questions: 

1. What is the basic principle of the vapor compression cycle used in refrigeration and 

air conditioning? 

2. Can you identify the main components involved in the vapor compression cycle? 

3. How does each process in the cycle contribute to the overall functioning of 

refrigeration systems? 

 

Introduction to the Vapor Compression Cycle: 

The vapor compression cycle (VCC) is a widely used thermodynamic cycle in refrigeration 

and air conditioning systems. It operates by removing heat from a designated area (low-

temperature reservoir) and transferring it to another area (high-temperature reservoir) using a 

refrigerant. The cycle consists of four main processes: compression, condensation, expansion, 

and evaporation. 
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Processes of the Vapor Compression Cycle: 

1. Compression: 
o Description: The low-pressure vapor refrigerant enters the compressor, where 

it is compressed to a high-pressure vapor. This process increases both the 

temperature and pressure of the refrigerant. 

o Formula for Work Done: 

Wcompressor=h2−h1 

Where h1 and h2 are the enthalpies at the inlet and outlet of the compressor, 

respectively. 

 

 

2. Condensation : 
o Description: The high-pressure vapor refrigerant leaves the compressor and 

enters the condenser. In the condenser, the refrigerant releases heat to the 
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surrounding environment and changes from vapor to liquid at a constant 

pressure. 

o Formula for Heat Rejected: 

Qout=h2−h3 

 Where h3 is the enthalpy of the saturated liquid. 
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3. Expansion: 
o Description: The high-pressure liquid refrigerant passes through an expansion 

valve, where it undergoes a sudden decrease in pressure, resulting in a drop in 

temperature as it expands. 

o Heat Absorbed:  

Qin=h3−h4 

  Where h4 is the enthalpy of the vapor entering the evaporator. 
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: 

4. Evaporation: 
o Description: The low-pressure liquid refrigerant enters the evaporator, where 

it absorbs heat from the environment, causing it to evaporate into vapor at a 

constant temperature. 

o Heat Absorption:  

Qin=h4−h1  
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Vapor Compression Cycle Efficiency:  

 The effectiveness of the vapor compression cycle is often assessed using the 

Coefficient of Performance (COP), which indicates how efficiently the cycle 

performs cooling relative to the work input. 

 Formula for COP: 
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Where Qin is the heat absorbed by the evaporator and Wcompressor  is the work done by 

the compressor. 

 

Applications of the Vapor Compression Cycle: 

1. Refrigeration Systems: 
o The vapor compression cycle is fundamental in refrigeration systems, such as 

refrigerators and freezers, where it effectively removes heat from the interior 

to keep food and other perishables cool. 

o Diagram of a Refrigerator Setup: 

 

 

2. Air Conditioning Systems: 
o Air conditioners utilize the vapor compression cycle to cool indoor spaces, 

removing heat and providing comfort for occupants. 

o Diagram of an Air Conditioning System: 
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3. Heat Pumps: 
o Heat pumps operate on the vapor compression cycle, serving both heating and 

cooling purposes by reversing the flow of the refrigerant. 

o Diagram of a Heat Pump System: 



 

 

37 

 

 

  

 

 

 

 

Example Problems: 

Problem 1: 

A vapor compression refrigeration system operates with refrigerant R-134a. The refrigerant 

enters the compressor at 5°C and 1 bar and exits at 40°C and 8 bar. Calculate the work done 

by the compressor and the heat absorbed by the evaporator. 

 Steps to Solve: 
1. Use refrigerant tables to find enthalpy values at different states. 

2. Calculate the work done by the compressor using the enthalpy values. 

3. Calculate the heat absorbed by the evaporator. 

Problem 2: 

An air conditioning system operates at a COP of 3. If the system provides 10 kW of cooling, 

how much work does the compressor do? 

 Formula to Solve: 
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Post-Lecture Questions: 

1. How does the vapor compression cycle work to provide cooling? 

2. What is the significance of each component in the vapor compression cycle? 

3. How can the performance of a vapor compression cycle be optimized? 

4. What types of refrigerants are commonly used in vapor compression systems? 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ة: الفصل الاول:   رقم المحاضر

02+01+01+01+22 
 

ات  انزؼبسَف وانخظبئض وانزطجُقبد فٍ انغلاَبد وأَظًخ انزجشَذ، -انىقىد  : عنوان المحاضر

 أَىاػهب وخظبئظهب، -انغلاَبد 

 

 

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

   الفئة المستهدفة : 
 المرحلة الاولى/ المعهد التقنن

ة :  دَُبيُك  فٍ ػهى  رضوَذ انطلاة ثبنًؼشفخ وانفهى وانزطجُق وانزحهُم وانزقىَى الهدف العام من المحاضر

انزؼبسَف وانخظبئض وانزطجُقبد فٍ انغلاَبد وأَظًخ  -انىقىد انحشاسح و 

أَىاػهب وخظبئظهب، -انغلاَبد  انزجشَذ،  

 

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 فن

3 -  .  
  سياقات العالم الحقيق 

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

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

 . التعلم الذات 
 . التعلم الرقم  5
 . التقييم المستمر6

انقذسح ػهً انزفكُش انًُطقٍ وانزحهُهٍ وزطىَش سُكىٌ نذي انطبنت قبثهُخ ان المهارات المكتسبة 
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انشَبضٍ انزخظظُخ فٍ اندبَت انحشاسٌ ووانُقذٌ فٍ حم انًشكلاد 

 .وانهُذسٍ

 سَغ رزطهت رطجُق انًؼشفخ ركهُف انطلاة ثًشب الامتحانات اليومية والشهرية و اىَؼزَذح طرق اىقُبش

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The Twenty-Sixth, Twenty-Seventh and 

Twenty-Eighth Lecture 

(Fuel - Definitions, Properties, and 

Applications in Boilers and Cooling Systems) 

 

Pre-Lecture Questions: 

1. What are the main types of fuels used in boilers and cooling systems? 

2. How do the properties of fuel affect the efficiency of boilers and cooling systems? 

3. What role does fuel play in energy generation and heat transfer processes? 

 

Introduction to Fuel:  

Fuel is any material that can be burned or otherwise consumed to produce energy. In the 

context of mechanical engineering, particularly in refrigeration and air conditioning systems, 

fuel plays a critical role in providing the necessary energy for heating, cooling, and operating 
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various machinery. Fuels can be categorized into two main types: fossil fuels (such as coal, 

oil, and natural gas) and renewable fuels (such as biofuels and hydrogen). 

 

Properties of Fuel: 

The efficiency and performance of boilers and cooling systems depend significantly on the 

properties of the fuel used. Key properties include: 

1. Calorific Value: 
o Definition: The amount of energy produced per unit mass or volume of fuel 

when it is completely burned. It is usually expressed in units such as MJ/kg 

(megajoules per kilogram) or BTU/lb (British Thermal Units per pound). 

o Importance: A higher calorific value indicates a more efficient fuel that can 

generate more energy for heating or cooling applications. 

2. Viscosity: 
o Definition: A measure of a fluid's resistance to flow. Fuels with lower 

viscosity are easier to pump and atomize, leading to better combustion. 

o Importance: Fuel viscosity affects the efficiency of the combustion process 

and overall system performance. 

3. Flash Point: 
o Definition: The lowest temperature at which a fuel can vaporize to form an 

ignitable mixture in air. 

o Importance: A lower flash point indicates a higher risk of fire and 

necessitates special handling precautions. 

4. Density: 
o Definition: The mass of fuel per unit volume, usually expressed in kg/m³ or 

g/cm³. 

o Importance: Density affects storage, transportation, and combustion 

characteristics of the fuel. 

 

Applications of Fuel in Boilers: 

1. Boiler Operation: 
o Description: In boilers, fuel is burned to produce heat, which is then 

transferred to water or steam to generate energy. Common fuels include 

natural gas, fuel oil, and coal. 

o Efficiency Considerations: The efficiency of a boiler can be significantly 

affected by the type of fuel used, its properties, and the combustion system 

design. 

o  
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2. Cooling Systems: 
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o Description: While cooling systems primarily use electricity, they may rely on 

fuel-powered generators or absorption chillers that utilize fuels like natural gas 

or propane for heat-driven cooling applications. 

o Diagram of an Absorption Chiller System: 

 

 

 

Example Problems: 

Problem 1: 

A boiler operates with fuel oil having a calorific value of 42 MJ/kg. If the boiler consumes 

100 kg of fuel oil, calculate the total energy produced. 

 Formula to Solve:  

Total Energy=Fuel Consumed × Calorific Value 

Problem 2: 

If a fuel has a viscosity of 5 cSt (centistokes), determine if it is suitable for use in a specific 

combustion system that requires a viscosity below 10 cSt. 

 

Post-Lecture Questions: 

1. What factors influence the choice of fuel for a boiler or cooling system? 

2. How do the properties of fuel impact energy efficiency in heating and cooling 

applications? 

3. Why is it important to monitor the characteristics of fuel used in industrial systems? 

4. What safety measures should be considered when handling fuels? 
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The Twenty-Ninth and Thirtieth Lecture 

(Boilers - Types and Characteristics) 

 

Pre-Lecture Questions: 

1. What is the primary function of a boiler in mechanical systems? 

2. What are the main types of boilers, and how do they differ from each other? 

3. How do boiler characteristics influence their efficiency and performance? 

 

 

Introduction to Boilers:  

A boiler is a closed vessel that heats water or other fluids to generate steam or hot water for 

various applications, including heating, power generation, and industrial processes. Boilers 

are essential components in mechanical engineering, especially in HVAC (Heating, 

Ventilation, and Air Conditioning) systems and refrigeration applications. 

 

Types of Boilers: 

Boilers can be classified into several types based on different criteria: 

1. Fire-Tube Boilers: 
o Description: In fire-tube boilers, hot gases from the combustion process pass 

through tubes submerged in water. The heat from the gases transfers to the 

water, generating steam. 

o Advantages: Simple design, easy to operate and maintain, and relatively low 

initial cost. 

o Applications: Suitable for low-pressure steam applications and heating. 
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2. Water-Tube Boilers: 
o Description: Water-tube boilers circulate water through tubes heated by hot 

gases. The pressure inside the tubes is higher than in fire-tube boilers. 

o Advantages: Can produce high-pressure steam, higher efficiency, and faster 

response to load changes. 
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o Applications: Used in power plants, industrial processes, and high-pressure 

applications. 

 

 

 

3. Electric Boilers: 
o Description: Electric boilers use electric heating elements to heat water 

directly. They can be either steam or hot water generators. 

o Advantages: High efficiency, low emissions, and compact design. 

o Applications: Ideal for smaller applications, residential heating, and areas 

with limited fuel availability. 
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4. Biomass Boilers: 
o Description: Biomass boilers burn organic materials (like wood pellets or 

agricultural waste) to produce heat. 

o Advantages: Renewable energy source, lower carbon emissions compared to 

fossil fuels. 

o Applications: Used in residential heating, industrial applications, and district 

heating systems. 

 



 

 

47 

 

Characteristics of Boilers: 

1. Efficiency (اىنفبءح): 
o Definition: Efficiency refers to the ratio of useful energy output to the energy 

input. High-efficiency boilers use less fuel to produce the same amount of 

steam or hot water. 

o Importance: Higher efficiency results in lower operational costs and reduced 

environmental impact. 

2. Pressure Rating: 
o Definition: The maximum pressure a boiler can safely operate under. 

Common classifications include low-pressure (< 15 psi) and high-pressure (> 

15 psi) boilers. 

o Importance: Pressure rating affects the type of applications the boiler can 

serve. 

3. Fuel Type: 
o Description: Boilers can operate on various fuels, including natural gas, oil, 

coal, and biomass. The choice of fuel affects operational costs and emissions. 

o Importance: Different fuels have different combustion properties, which 

impact boiler design and efficiency. 

 

Example Problems: 

Problem 1: 

A fire-tube boiler has an efficiency of 85% and produces 10,000 kg of steam per hour. 

Calculate the fuel consumption if the calorific value of the fuel used is 42 MJ/kg. 

 Formula to Solve: 

 

Problem 2: 

Determine the pressure rating required for a steam application that operates at 12 psi. Discuss 

the implications of using a low-pressure versus a high-pressure boiler. 

 

Post-Lecture Questions: 

1. What factors should be considered when selecting a boiler for a specific application? 

2. How do boiler types influence maintenance requirements and operational costs? 

3. What safety considerations are essential for boiler operation? 
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4. Why is it important to understand the characteristics of boilers in engineering 

applications? 
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