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Relation with other Modules 

 العلاقة مع المواد الدراسية الأخرى

Prerequisite module None Semester  

Co-requisites module None Semester  

 

 

Module Aims, Learning Outcomes and Indicative Contents 

 أهداف المادة الدراسية ونتائج التعلم والمحتويات الإرشادية

 Module Aims 

 أهداف المادة الدراسية

 

1-Heat is a form of energy that can be used in many forms to perform industry 

scale operations. 

 

2-Electricity and steam are two main sources of the energy that are used in 

industries. 

 

3-Knowledge of heat transfer is essential in order to avoid heat loss. 

 

4-Knowledge of heat transfer helps in designing efficient and economical 

plants. 

Module Learning 

Outcomes 

 

مخرجات التعلم للمادة 

 الدراسية

1-Using the latest teaching methods and allowing students to discuss and 

evaluating the student’s intellectual curiosity and imagination. 

2-Expresses the role of heat transfer in engineering fields. 

3- Ability to cope with ambiguity, positive interaction with others, common 

sense and good   judgement 

4-Explains the fundamentals of heat transfer. 

5-Providing the ability to design systems to meet the required needs in the field 

of fuel and energy engineering. 

6-Introducing students to contemporary techniques, skills and equipment in 

the engineering field. 

7--Written and oral communication skills, initiative and sensitivity to the 

interests and views of others and ability to take directions. 

 

Indicative Contents 

 المحتويات الإرشادية

Indicative content includes the following: 

1-heat transfer and Relation of heat transfer to thermodynamics, modes of heat 

transfer and look ahead, about the end-of-chapter problems. 

2 Heat conduction concepts, thermal resistance, and the overall heat transfer 

coefficient. The heat conduction equation, Steady heat conduction in a slab: 

method, thermal resistance and the electrical analogy, overall heat transfer 

coefficient, summary. 
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3- Heat exchanger design. 

4- Function and configuration of heat Electricity and steam are two main sources 

of the energy that are used in industries. Knowledge of heat transfer is essential 

in order to avoid heat loss.  

 

Knowledge of heat transfer helps in designing efficient and economical plants. 

 

 

 

Learning and Teaching Strategies 

 استراتيجيات التعلم والتعليم

Strategies 

 

Explanation of the concept of heat transfer can be done using various relevant methods 

and strategies to make it easier for students to understand, for example through 

laboratory or practicum activities, using problem-based learning, or problems solving. 

In this case, the learning can be a combination of conceptual understanding, exercises, 

and problem teaching. Problems are an important feature of heat transfer as it helps in 

developing thinking and serves to expand the field of interest, so the selection of 

problem sequences is an important aspect of increasing deductive and inductive 

reasoning. 

 

 

 

Student Workload (SWL) 

 اسبوعا ١٥الحمل الدراسي للطالب محسوب لـ 

Structured SWL (h/sem) 

 الحمل الدراسي المنتظم للطالب خلال الفصل
112 

Structured SWL (h/w) 

 الحمل الدراسي المنتظم للطالب أسبوعيا
7 

Unstructured SWL (h/sem) 

 الحمل الدراسي غير المنتظم للطالب خلال الفصل
63 

Unstructured SWL (h/w) 

 الحمل الدراسي غير المنتظم للطالب أسبوعيا
7 

Total SWL (h/sem) 

 الحمل الدراسي الكلي للطالب خلال الفصل
175 
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Module Evaluation 

 تقييم المادة الدراسية

 

As 

Time/Nu

mber 
Weight (Marks) Week Due 

Relevant Learning 

Outcome 

Formative 

assessment 

Quizzes 2 10% (10) 5, 10 LO #1, 2, 10 and 11 

Assignments 2 10% (10) 2, 12 LO # 3, 4, 6 and 7 

Projects / Lab. 1 10% (10) Continuous All 

Report 1 10% (10) 13 LO # 5, 8 and 10 

Summative 

assessment 

Midterm Exam 2 hr 10% (10) 7 LO # 1-7 

Final Exam 2hr 50% (50) 16 All 

Total assessment 100% (100 Marks)   

 

 

Delivery Plan (Weekly Syllabus) 

 المنهاج الاسبوعي النظري

Week   Material Covered 

Week 1 Introduction heat transfer – Units. Types of heat transfer-  

Week 2 Thermal conductivity 

Week 3 
Conduction Heat Transfer 

Definitions, thermal resistance,  

Week 4 Electric analog, Heat conduction through the plane 

Week 5 Cylinder and spherical walls. 

Week 6 
Temperature distribution, temperature distribution through plane wall,  

critical thickness of insulation 

Week 7 cylindrical, and spherical wall Composite wall ,heat transfer coefficient,  

Week 8 The overall of heat transfer coefficient. Insulations, 

Week 9 
 

Fins Types, Types of Temperature distribution along fins,  

Week 10 Annular fine calculation 

Week 11 Convection Heat Transfer //Forced convection, flow over flat plat, pipe laminar and turbulent 

flows 

Week 12 
Application of forced convection, 

dimensionless numbers. Thermal and velocity boundary layers.  

Week 13 Free convection thermal and velocity boundary layers 

Week 14 Heat exchangers types of heat exchangers. Logarithm mean temperature difference (LMTD).  

Week 15 Single pass and multipacks heat exchangers;  

Week 16 exam 
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Delivery Plan (Weekly Lab. Syllabus) 

 المنهاج الاسبوعي للمختبر

Week   Material Covered 

Week 1 Identified of thermal conductivity device. 

Week 2 Heat transfer of one metal Al . 

Week 3 Heat transfer between two metal( Cu ,AL)  by using water . 

Week 4 Heat transfer between two metal( Steel ,M.steel)  by using water 

Week 5 Heat transfer between two metal( Cu ,AL)  and insulator by using water 

Week 6 Identified of convection device . 

Week 7 Heat transfer between flat plate metal with natural convection. 

Week 8 Heat transfer between flat plate metal with free convection. 

Week 9 Heat transfer by using heat exchanger with parallel flow between two fluid 

Week 10 Heat transfer by using heat exchanger with counter flow between two fluid 

Week 11 Heat transfer of one metal Cu. 

Week 12 Identified of heat exchanger device. 

Week 13 exam 

Week 14 exam 

Week 15 Final Exam 

 

Learning and Teaching Resources 

 مصادر التعلم والتدريس

 Text 
Available in the 

Library? 

Required Texts Hollman J.P., Heat Transfer, McGraw Hill yes 

Recommended Texts Kern D.Q., Process Heat Transfer, McGraw Hill. no 

Websites  
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                     Grading Scheme 
 مخطط الدرجات

Group Grade التقدير Marks (%) Definition 

Success Group 
(50 - 100) 

A - Excellent 100 - 90 امتياز Outstanding Performance 

B - Very Good  89 - 80 جيد جدا Above average with some errors 

C - Good 79 - 70 جيد Sound work with notable errors 

D - Satisfactory  69 - 60 متوسط Fair but with major shortcomings 

E - Sufficient  59 - 50 مقبول Work meets minimum criteria 

Fail Group 
(0 – 49) 

FX – Fail  )(49-45) راسب )قيد المعالجة More work required but credit awarded 

F – Fail  (44-0) راسب Considerable amount of work required 

     
 

Note: Marks Decimal places above or below 0.5 will be rounded to the higher or lower full mark (for example a mark 
of 54.5 will be rounded to 55, whereas a mark of 54.4 will be rounded to 54. The University has a policy NOT to 
condone "near-pass fails" so the only adjustment to marks awarded by the original marker(s) will be the automatic 
rounding outlined above. 
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Heat transfer 

Introduction 

Heat transfer is the science that seeks to predict the energy 

transfer that may take place between material bodies as a result 

of a temperature difference. 

The science of heat transfer seeks not merely to explain how 

heat energy may be transferred, but also to predict the rate at 

which the exchange will take place under certain specified 

conditions. Supplements the first and second principles of 

thermodynamics by providing additional experimental rules that 

may be used to establish energy-transfer rates. As in the science 

of thermodynamics, the experimental rules used as basis of the 

subject of heat transfer are rather simple and easily expanded to 

encompass a variety of practical situations. 

Heat transfer modes: 

1. Conduction   

2. Convection 

3. Radiation 

Conduction in Heat Transfer 

Whenever a temperature gradient exists in a solid medium heat 

will flow from the higher-temperature to the lower-temperature 

region. The rate at which heat is transferred by conduction. 

Fourier’s law 

When a temperature gradient exists in a body, experience 

has shown that there is an energy transfer from the high-

temperature region to the low-temperature region. 
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The constant of proportionality is inserted is the thermal 

conductivity of solid material (k) 
 
 

 

 
This is called Fourier’s law of heat 

conduction. q is the heat-transfer rate 

dT/dx is the temperature gradient in the direction of the heat 

flow. The minus sign is inserted to make clear that the heat 

must flow in a direction of temperature decrease. 

A area 

K thermal conductivity w/m.C 

 
 

Thermal Conductivity 

Thermal conductivity, (k), is the property of a material's 

ability to conduct heat. It appears primarily in Fourier's Law 

for heat conduction. 

 Experimental measurements may be made to determine 

the thermal conductivity of different materials. 

 In general, the thermal conductivity is strongly 

temperature- dependent. 

 The numerical value of the thermal conductivity 

indicates how fast heat will flow in a given material. 

Some values of thermal conductivity of various materials are 

shown below: 
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Example (1) 

One face of a copper plate 3 cm thick is maintained at 400◦C, 

and the other face is maintained at100◦C. How much heat is 

transferred through the plate? (K=370W/m· ◦C) 

Solution 
 
 

 
 

𝑞

𝐴
= - *370*(100 − 400) 0.03⁄ =3,700 KW/𝑚2 

Example (2) 

A plane wall is 150 mm thick and its wall area is 4.5 m2. Its 

thermal conductivity is 9. 35 W/m.℃ and surface temperatures are 

steady at 150℃ and 45℃. Determine: 

A. Heat flow across the plane wall 

B.Temperature gradient in the flow direction  

Solution: 

Wall thickness, dx = 150mm = 0.15m  

Area, A = 4.5m2  

Temperature difference, 
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 dt = 45 – 150 = -105℃  

Thermal conductivity, k = 9.35 W/m.℃ 

A. Applying the Fourier’s Law of heat conduction. 

B. Temperature gradient. 

 

Solution: 

A) 

 q=- (9.35 × 4.5 ×−105/0.15) = 29452.5W 

      

B. Temperature gradient: 

𝑑𝑡/𝑑𝑥=  −(29452.5/(9.35 ∗ 4.5))=700 ℃/m 
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Convection in Heat Transfer 

In general, convection heat transfer deals with thermal interaction between 

a surface and an adjacent moving fluid. Examples include the flow of fluid 

over a cylinder, inside a tube and between parallel plates. Convection also 

includes the study of thermal interaction between fluids. An example is a jet 

issuing into a medium of the same or a different fluid. 

 

Convection was considered as it related to the boundary conditions of a 

conduction problem. 

 
 

 

h = convection heat transfer coeff.(W/m2.°C). 

Tw= The temperature of the plate 

T∞= the temperature of the 

fluid 

A= surface area 

Example (1) 

Air at 20◦C blows over a hot plate 50 by 75 cm maintained at 250◦C. The 

convection heat-transfer coefficient is 25 W/m2 · ◦C. Calculate the heat 

transfer. 

Solution: 

q = hA (Tw −T∞) 

= (25)(0.50)(0.75)(250−20) 

= 2156 W 
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Example(2): 

Awire 1.5 mm in diameter and 150 mm long is submerged in water at atmospheric 

pressure an electric current is passed through the wire and is increased until the water 

boils at 100℃ find how much electric power must be supplied to the wire to maintain 

the wire surface at 120℃? 

Solution: 

Diameter of the wire =1.5mm=0.0015m 

Length of the wire=150mm=0.15m 

Surface area (A)=𝜋𝑑𝑙 = 𝜋×0.0015×0.15=7.068× 10−4𝑚2 

Wire surface temp=120℃ 

Water temp=100℃ 

h=4500 
𝑊

𝑚2∗℃
 

electric power(q)=h A(𝑇𝑤 − 𝑇∞) 

=4500×7.068×10−4  × (120-100) 

=63.6 W  

 

Radiation in Heat Transfer: 

In contrast to the mechanisms of conduction and convection, where 

energy transfer through a material medium is involved, heat may also be 

transferred through regions where a perfect vacuum exists. The mechanism 

in this case is electromagnetic radiation. We shall limit our discussion to 

electromagnetic radiation that is propagated as a result of a temperature 

difference; this is called thermal radiation. 

 In conduction and convection, the energy transfer through a material 

medium. 

 Radiation: the energy can be transferred through vacuum by propagation of 

electromagnetic radiation. 

 Black body (ideal radiation): it’s a body emit energy at a rate proportional 

to the fourth power of the absolute temperature (in Kelvin) of the body and 

directly proportional to its surface area. Thus 
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Stefan-Boltzmann law of thermal radiation is 

q = 𝜎 A𝜖 (𝑇1
4 - 𝑇2

4) 

 

𝑇1 is the temperature of radiates body (K)  

𝑇2  is the temperature of receiving body (K) 

𝜎  Planks constant 5.667*10-8 

∈  Emissivity for black body =1 

 

 

  
 

Example (3) 

Two infinite black plates at 800◦C and 300◦C exchange heat by radiation. 

Calculate the heat transfer per unit area. 

 

 

Solution: 

q/A = σ 𝜖 (𝑇1
4 − 𝑇2

4) 

= (5.667×10−8)(10734 −5734). 

= 74041.398 W/m2 

 

 

Example(4): 

A vertical square plate, 30 cm on a side, is maintained at 50℃ and exposed to room 

air at 20℃. The surface emissivity is 0.8 and the lost from the plate surface by 

radiation equal to 28.7W if the convection coefficient is 4.5W/m2.℃. Calculate the 

total heat lost by conduction of the plate? 
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Steady-State Conduction One Dimension 
 

To examine the applications of Fourier’s law of heat conduction 

to calculation of heat flow in some simple one-dimensional systems, 

we may take the following different cases: 

1- The plane wall 

A) One material 

Using Fourier’s law 
 

 

 
 

  

       
 

x

1

x

2 

q=
(𝐓𝟐−𝐓𝟏)

𝐓𝐡𝐞𝐫𝐦𝐚𝐥 𝐫𝐞𝐬𝐢𝐬𝐭𝐚𝐧𝐜𝐞
 

 
 

Thermal resistance(R)=
 ∆𝑿

𝑲𝑨
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B)More than one material (Composite wall) 
 

If more than one material is present, as in the multilayer wall 

shown in Figure the analysis would proceed as follows: The 

temperature gradients in the three materials are shown, and the 

heat flow may be written 
 

 

 
 

 

 

 

 

 

 

 

 

 

 

  

 

The heat flow must be the same through all sections, therefore Solving 

these three equations simultaneously, the heat flow is written: 
 

 

 

 

  

 

 

 

 The one-dimensional heat-flow equation for this type 

problem may be written 
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Example (1) 

An outside wall of a building consists of 0.1m layer of 

common brick [k=0.69W/m.K] and 25mm layer of fiber glass 

[k=o.o5W/m.K]. Calculate the heat flow with through the wall 

for a 45°C temperature differences. 

Solution: 
 

 

 
 

      Example (2) 

Two large aluminum plates (k = 240 W/m K), each 1 cm thick, 

with 10 μm surface roughness the contact resistance Ri = 2.75 x 

10-4 m2 K/W. The temperatures at the outside surfaces are 395°C 

and 405°C. Calculate the heat flux 
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The rate of heat flow per unit area, q'' through the 

sandwich wall is 

 

 

 (L/k) = (0.01 m)/(240 W/m.K) = 4.17 x 10-5 m2 K/W 

Hence, the heat flux is 
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2- Radial systems 

A) Cylindrical  

i- One material 

Consider a long cylinder of inside radius ri, outside radius ro, and length 

L. The inner side temperature is Ti, The outer side is T0, when the heat 

flows only in a radial direction. The area for heat flow in the cylindrical 

system is 
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 ii- Multi-Layer cylindrical wall 
 

 

  

 

 

 

 

 

 

 

 T =Ti 

 at r = ri  
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T =To  

at r = ro 

The solution to Equation 

 

 

 B) Spherical 

Spherical systems may also be treated as one-dimensional when the 

temperature is a function of radius only. The heat flow is then 
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Example :  

   A spherical container having outer diameter (500 mm) is insulated by (100 mm) 

thick layer of material with thermal conductivity (𝑘=0.03(1+0.006𝑇)) W/m. °C, 

where T in °C. If the surface temperature of sphere is (-200 °C) and temperature of 

outer surface is (30 °C) determine the heat flow. 
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THE OVERALL HEAT TRANSFER COEFFICIENT 

 

 We noted previously that a common heat transfer problem is to 

determine the rate of heat flow between two fluids, gaseous or liquid, 

separated by a wall. If the wall is plane and heat is transferred only by 

convection on both sides, the rate of heat transfer in terms of the two 

fluid temperatures is given by 

 
 

 

 

 The heat-transfer process may be represented by the resistance network 

in Figure 
 

 

 

 

 

 

 

 

 

 

 and the overall heat transfer is calculated as the ratio of the overall 

temperature difference to the sum of the thermal resistances: 
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And the figure below show Resistance analogy for hollow cylinder with convection 

boundaries 

 

 Observe that the value 1/hA is used to represent the convection resistance. The 

overall heat transfer by combined conduction and convection is frequently expressed 

in terms of an overall heat- transfer coefficient U, defined by the relation 

 

q=UA∆Toverall 
  

 where A is some suitable area for the heat flow. In accordance with Equation 

the overall heat-transfer coefficient would be 

 
  

 

 

 

 The overall heat-transfer coefficient is also related to the R value of Equation 

through 
 

  

For a hollow cylinder exposed to a convection environment on its inner 

and outer surfaces, the electric-resistance analogy would appear as in 

Figure where, again, TA and TB are the two fluid temperatures. Note 

that the area for convection is not the same for both fluids in this case, 

these areas depending on the inside tube 

diameter and wall thickness. The overall heat transfer would be 

expressed by 
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 in accordance with the thermal network shown in Figure. The terms 

Ai and Ao represent the inside and outside surface areas of the inner tube. 

The overall heat-transfer coefficient may be based on either the inside or 

the outside area of the tube. Accordingly 
 

  

 

 

 

 

 

  

The general notion, for either the plane wall or cylindrical coordinate 

system, is that 

UA=1/∑Rth =1/Rth,overall 

Example(1) 

Water flows at 50◦C inside a 2.5-cm-inside-diameter tube such that hi 

=3500 W/m2 ・ ◦C. The tube has a wall thickness of 0.8 mm with a 

thermal conductivity of 16 W/m .◦C. The outside of the tube loses heat 

by free convection with ho =7.6W/m2 .◦C. Calculate the overall heat-

transfer coefficient and heat loss per unit length to surrounding air at 20◦

C. 
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 Solution 

There are three resistances in series for this problem L=1.0 m, di 

=0.025 m, and do =0.025+(2)(0.0008)=0.0266 m, the resistances may be 

calculated as
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CRITICAL THICKNESS OF INSULATION 

Let us consider a layer of insulation which might be installed around a 

circular pipe. The inner temperature of the insulation is fixed at Ti, and the 

outer 
 

 

  

 

 

 

 

 

 surface is exposed to a convection environment at 𝑇∞. From the thermal 

network the heat transfer is 
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 Example(1) 

Calculate the critical radius of insulation for asbestos [k =0.17 W/0C] 

surrounding a pipe and exposed to room air at 20◦C with h=3.0 W/m2 

・ ◦C. Calculate the heat loss from a 200◦C, 5.0-cm-diameter pipe when 

covered with the critical radius of insulation and without insulation. 

Solution 
 

  

 

 

 

 

 

 

 

 The general equation for heat transfer by conduction 

The general equation for heat transfer by conduction can be 

derived by making energy balance on a solid system. For the 

element of thickness dx, the following energy balance may be 

made: 
 

Energy conducted in left face + heat generated within element 

=change in internal energy + energy conducted out right face 
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This is the one-dimensional heat-conduction equation. 

General three dimension heat transfer by conduction 

(A) Cartesian coordinates 

 

 

 

 

 

 

 where the quantity α=k/ρc is called the thermal diffusivity of the 

material (m2/s). 
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 1-Steady-state one-dimensional heat flow (no heat generation):   

 

𝑑2𝑇

𝑑𝑋2
= 0              

 

  

2- 

3- 

4- 
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HEAT-SOURCE SYSTEMS 

A number of interesting applications of the principles of heat transfer are 

concerned with systems in which heat may be generated internally. 

1. Nuclear reactors are one example 

2. electrical conductors 

3. chemically reacting systems 

At this point we shall confine our discussion to one-dimensional 

systems, or, more specifically, systems where the temperature is a 

function of only one space coordinate. 

 
 

1- Plane Wall with Heat Sources 

Consider the plane wall shown with uniformly distributed heat 

sources as shown in the figure. The heat generated per unit volume is 

The general equation is q· 
 
 

 

 

 

 

 

 

 

 

 

 

 



Lecture 7                                                                             Heat transfer 
 

29  

 

 

 

 

 For one-dimensional, steady state with heat generation 
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Application 

 
Consider the plane wall with uniformly distributed heat sources shown in Figure below. The 

thickness of the wall in the x direction is 2L, and it is assumed that the dimensions in the 

other directions are sufficiently large that the heat flow may be considered as one 

dimensional. The heat generated per unit volume is 𝑞̇, and assume that the thermal 

conductivity does not vary with temperature. Derive an expression of the temperature 

distribution 

 Solution: 

Assumption: 

1- One-Dimension (𝜕/𝜕𝑦=0,𝜕/𝜕𝑧=0). 

 2- Steady state (𝜕/𝜕t). 

3- Uniform heat generation) 𝑞̇).  
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4- Homogeneous(k=constant).  
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The Conduction Equation of Cylindrical Coordinate 

A common example is the hollow cylinder, whose inner and outer surfaces 

are exposed to fluids at different temperatures. For a general transient three 

dimensional in the cylindrical coordinates T=T(r, φ ,z, t), the general form 

of the conduction equation in cylindrical coordinates becomes 
 

  

 

 

 

For a general transient three-dimensional in the cylindrical 

coordinates T= T(r, φ ,z, t),the general form of the 

conduction equation in cylindrical coordinates becomes 
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If the heat flow in a cylindrical shape is only in the radial 

direction and for steady-state conditions with no heat 

generation, the conduction equation reduces to 
 

 

 

 

 Example 

   consider a steam pipe of length (L), inner radius (𝑟𝑖), outer radius (𝑟0) and thermal 

conductivity (k). The inner and outer surface of pipe are maintained at average temperature 

of (𝑇𝑖) and (𝑇0) respectively. Obtain a general relation for the temperature distribution 

inside the pipe under steady conditions and determine the rate of heat loss from the steam 

through the pipe 
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HEAT TRANSFER FROM EXTENDED SURFACES 

(FINS) 

Extended surfaces have wide industrial application as fins attached 

to the  walls of heat transfer equipment in order to increase the rate of 

heating or  

.  

Application areas of fins are:  

 1-Radiators for automobiles . 

2- Heat exchangers of a wide variety, used in different 

industries.  

 
 

3-Cooling 3-cooling of electric motors, transformers, etc.  

4-Cooling of electronic equipment, chips, I.C. boards etc.  

Types of fins:  

There are innumerable types of fins used in practice some of the more  .  

uniform Fin configurations (a) Rectangular Fin, (b)& (c)Pin Fin  

 

 

 

  

 

 

     Surface area is increased by adding extended surface or fin)to the base surface by     

welding or by simply fixing it mechanically. 

 

 

 

 

- 
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non-uniform Fin configurations  

(a) Parabolic (b) Triangular (c) Annular fin (d) Pin fin.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Assumptions 

 

1. Steady state conduction, with no heat generation in the fin 

 

2. Thickness t is small compared to length L and width w, i.e. one- dimensional 

conduction in the X-direction only.   

 

 

3. Thermal conductivity, k of the fin material is constant.   

 

4. Uniform heat transfer coefficient h, over the entire length of fin.   

 

5. No bond resistance in the joint between the fin and the base wall, and  

 

 6. Negligible radiation effect.    
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  Consider a fin of rectangular cross section attached to the base surface, as shown 

in Fig.   

 

Let L be the length of fin,   

 

w, its width and  t its thickness.  

 

 Let P be the perimeter = 2 (w + t).  

 

 Let Ac be the area of cross section and  To the temperature at the base, as shown. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Consider the one-dimensional fin exposed to a surrounding fluid at a 

temperature T∞ as shown in Figure . 

 

The temperature of the base of the fin is T0. 

 

 We approach the problem by making an energy balance on an element of the fin 

of thickness dx as shown in the figure. 

 

 Thus Energy in left face=energy out right face+energy lost by 

convection  
 

The defining equation for the convection heat-transfer coefficient is recalled as q 

 

 q=hA (Tw −T∞)   
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where the area in this equation is the surface area for convection. Let the 

cross- sectional area of the fin be A and the perimeter be P. Then the energy 

quantities are 

 

 

 

 

 

 

 

 

 

 

 Here it is noted that the differential surface area for convection is the product of 

the perimeter of the fin and the differential length dx. When we combine the 

quantities, the energy balance yields 

 

 

  

 

 

 

 

 

 

 

 

 

 

Note that m has units of: (m-1) and is a constant, since for a given operating 

conditions of a fin, generally h and k are assumed to be constant.  Now, define 

excess temperature    

 

 

 

 

Let θ =T −T∞. Then Equation 

 

 



  Lecture 9     Heat transfer 

 

41  

 

 

 

 CASE 1 The fin is very long, and the temperature at the end of the fin is 

essentially that of the surrounding fluid.    

  

 

  

 

 

 

 

For case 1 the boundary codution : 

𝜃 = 𝜃𝑂             at    x=0 

𝜃 = 0                at x=∞ 

 

 

 

 

q =√ℎ 𝑝 𝑘 𝐴 (𝑇𝑂 − 𝑇∞) 

 

 

 

 

Example/ 
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 calculate the amount of energy reguired to solar together two very long pieces of 

bare copper wire1.5 mm indiameter with solder that metls at 190℃ the wires are 

positioned vertically in air at 20 ℃ .assume that the heat transfer coefficient on 

the wire surface is 20 W/m2.℃ and thermal conductivity of wire alloy is 330 

W/m.℃ 

Sol/ 

A=
𝜋

4
∗ 𝑑2 

A=
𝜋

4
∗ (0.0015)2= (1.767*10-6 )  m2. 

P=𝜋 ∗ 𝑑 = 𝜋 ∗ 0.0015 = 4.712 ∗ 10−3 m 

q =√ℎ 𝑝 𝑘 𝐴 (𝑇𝑂 − 𝑇∞)  

q =√20 ∗ 4.712 ∗ 10−3 ∗ 330 ∗ 1.767 ∗ 10−6(190 − 20) 

q =1.26W 

Total energy required for tow wires 

= 2*1.26=2.52W 
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    CASE 2 The fin is of finite length and loses heat by convection from its 

end. 

  

              T=T0         𝜽 = 𝜽𝟎                            at                  x=0          

  

 

  

 

 

 

 

q =√ℎ 𝑝 𝑘 𝐴 (𝑇𝑂 − 𝑇∞)  

 
 
 

Example: An experimental device that produce excess heat is supplied with 
pin fins to increase the rate of cooling consider a copper pin fin, 0.25cm in 
diameter that produces from a wall at 95°C into ambient air at 25°C. 
h=10W/m2.K, k=396 W/mK. Calculate the heat loss assuming that: 
1- The fin is infinitely long.  
2- The fin is 2.5cm long and heat is  convection  from the end. 

 
 

p= 𝜋 ∗ 𝑑 =𝜋 ∗ 0.0025 =0.00785 m 

ACS=
𝜋

4
∗ 𝑑2= 

𝜋

4
∗ (0.00252)=4.9 *10-6 m2 . 

1)  q =√ℎ𝑝 𝑘 𝐴(𝑇𝑂 − 𝑇∞) 

 q =√10 ∗ 0.00785 ∗ 396 ∗ 4.9 ∗ 10−6(95 − 25)= 
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2) q =√ℎ 𝑝 𝑘 𝐴 (𝑇𝑂 − 𝑇∞)       

L=0.025 m 

m =√
 ℎ 𝑝

 𝑘 𝐴
  

h.w\\ 

 

 

CASE 3 //The end of the fin is insulated so that dT/dx=0 at x=L. 

 

 

 

 

 

 

 

q =√ℎ 𝑝 𝑘 𝐴 (𝑇𝑂 − 𝑇∞) tanh mL 

 

m =√
 ℎ 𝑝

 𝑘 𝐴
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