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Course Description   

Course Name: 
Heat Transfer 
Course Code:  
 
Semester / Year: 
Semester 
Description Preparation Date: 
30/ 05/ 2025 
Available Attendance Forms:  
Attendance only 
Number of Credit Hours (Total) / Number of Units (Total) 
60 hours/4 hour weekly/4 unit 
Course administrator's name (mention all, if more than one name)  
Name: Ataa Wejood  
Email: awejood@lecturers.stu.edu.iq 
Course Objectives  

1. Understanding Fundamental Principles 
Grasp the core laws governing heat transfer—conduction, 

convection, and radiation—and their roles in natural and 

engineered systems.  

2. Analyzing Conduction Phenomena 
Study steady-state and transient conduction in various 

geometries, employing analytical and numerical methods to 

solve related problems.  

3. Exploring Convective Heat Transfer 
Examine both natural and forced convection scenarios, including 

internal flows (e.g., ducts) and external flows (e.g., over 

surfaces), and learn to calculate associated heat transfer 

coefficients.  

4. Investigating Radiative Heat Exchange 
Understand the principles of thermal radiation, including 
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blackbody and graybody radiation, and apply these concepts to 

calculate radiative heat transfer between surfaces.  

5. Evaluating Heat Exchanger Performance 
Analyze the operation of heat exchangers using methods such as 

the log mean temperature difference and effectiveness-NTU 

approaches.  

6. Developing Problem-Solving Skills 
Apply theoretical knowledge to practical engineering problems, 

enhancing analytical and computational abilities pertinent to heat 

transfer applications.  

7. Conducting Experimental Measurements 
Gain experience in designing and performing experiments to 

measure heat transfer parameters, interpreting data to validate 

theoretical models.  

 

Teaching and Learning Strategies  
1. Cooperative Concept Planning Strategy. 
2. Brainstorming Teaching Strategy. 
3. Note-taking Sequence Strategy. 

 

 

 

 

Course Structure 
Week Hours Intended Learning 

Outcomes 

Unit / 

Course 

Topic 

Teaching 

Method 

Assessment 

Method 

1 4 Units: Unit systems, 

conversion, thermal 

units, methods of heat 

transfer 

Introduction 

to Heat 

Transfer 

Presentation 

& 

Explanation 

In-class and 

Homework 

Assignments 

2 4 Basics of the heat 

conduction equation, 

thermal conductivity, 

conduction through a 

single plane wall 

Heat 

Conduction 

Presentation 

& 

Explanation 

In-class and 

Homework 

Assignments 

3 4 Conduction through a 

composite plane wall, 

thermal (heat) resistance, 

conduction through a 

single cylindrical wall 

Heat 

Conduction 

Presentation, 

Explanation, 

and Drawing 

In-class and 

Homework 

Assignments 

4–5 4 Conduction through a 

composite cylindrical 

wall, conduction through 

a spherical wall, heat 

Heat 

Convection 

Presentation, 

Explanation, 

and Drawing 

In-class and 

Homework 

Assignments 



transfer by convection, 

free and forced 

convection, heat transfer 

coefficient, forced 

convection inside and 

outside tubes 

6–7 4 Combined heat transfer 

by conduction and 

convection, heat transfer 

between two fluids 

through plane and 

cylindrical walls 

Heat 

Convection 

Presentation, 

Explanation, 

and Drawing 

In-class and 

Homework 

Assignments 

8 4 Overall heat transfer 

coefficient, types of heat 

exchangers, energy 

balance for double-pipe 

heat exchangers, LMTD 

Heat 

Convection 

Presentation, 

Explanation, 

and Drawing 

In-class and 

Homework 

Assignments 

9–10 4 Shell and tube heat 

exchangers, types of tube 

arrangements, correction 

factors (Uc, Ud, Rf) 

Heat 

Convection 

Presentation, 

Explanation, 

and Drawing 

In-class and 

Homework 

Assignments 

11 4 Heat transfer with phase 

change, condensation of 

vapors, film and 

dropwise condensation, 

heat transfer to boiling 

liquids 

Heat 

Conduction 

and 

Convection 

Presentation, 

Explanation, 

and Drawing 

In-class and 

Homework 

Assignments 

12 4 Heat transfer by 

radiation, absorptivity, 

reflectivity, 

transmissivity, 

Kirchhoff's Law, Stefan-

Boltzmann Law, 

radiation between real 

surfaces 

Heat 

Radiation 

Presentation, 

Explanation, 

and Drawing 

In-class and 

Homework 

Assignments 

13 4 Evaporation, types of 

evaporators, 

performance of 

evaporators, economy, 

Duhring's Rule 

Heat Transfer 

Applications 

Presentation, 

Explanation, 

and Drawing 

In-class and 

Homework 

Assignments 

14 4 Mass and energy balance 

for a single evaporator 

Heat Transfer 

Applications 

Presentation, 

Explanation, 

and Drawing 

In-class and 

Homework 

Assignments 

15 4 Multi-effect evaporators, 

methods of feeding, 

capacity and economy, 

Heat Transfer 

Applications 

Presentation, 

Explanation, 

and Drawing 

In-class and 

Homework 

Assignments 



energy balance, vapor 

recompression 
 

Course Evaluation 
Distribution as follows: 20 points for Midterm Theoretical Exams for the first semester, 20 points for 

Midterm Practical Exams for the first semester, 10 points for Daily Exams and Continuous Assessment, 

and 50 points for the Final Exam. 

Learning and Teaching Resources  
Ref. 1-Heat Transfer, Tenth Edition J. P. 

Holman Department of Mechanical 

Engineering Southern Methodist 

University.  
2-Heat and Mass Transfer: A Textbook 

for Students Preparing for B.E. and 

B.Tech., B.Sc. Engg., and gate 

examination in SI units Er. R.K. 

RAJPUT. 

3-Process Heat Transfer, principles and 

applications, ROBERT W. SERTH 

Department of Chemical and Natural 

Gas Engineering  

4-Volume 4 Petroleum Refining Design 

and Applications Handbook 

A.KAYODE COKER. 

5-Fundamentals of Heat and Mass 

Transfer, sixth edition by: 

Incropera/Dewitt/Bergman/Lavine. 

6- Chemical Engineering Coulson and 

Richardson's volume 1, Fluid Flow, Heat 

Transfer, and Mass Transfer, sixth 

edition. 
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1 / A –Target population :-  
 For students of second year  

Technological Institute of Basra 

Dep. of Chemical Industrial Techniques 

  

1 / B –Rationale:-  
  Heat transfer by conduction is a fundamental process where thermal 

energy moves through a material without any bulk movement of the 

material itself. This mechanism is most effective in solids, particularly 

metals, due to their tightly packed atomic structures. Heat transfer is the 

flow of thermal energy from hotter to cooler regions, accomplished through 

conduction (direct contact), convection (fluid movement), and radiation 

(the emission of electromagnetic waves). Understanding these allows us 

to engineer efficient systems, optimize comfort, conserve energy, and 

explain natural phenomena. 

  

1 / C –Central Idea:-  
  Heat flows through a material by direct contact, from the 

warmer region to the cooler region, via microscopic collisions or 

energy-carrying particles, without any bulk movement of the 

material itself. 

  Mechanism 

  

1 / Overview 

  



 Thermal energy moves as fast-moving (hotter) atoms or electrons collide with 

neighboring slower (cooler) ones, transferring kinetic energy step by step  

 In metals, free electrons also carry heat efficiently; in insulators, heat moves via 

lattice vibrations (phonons) . 

  No macroscopic flow 

 Unlike convection, the material doesn’t move—only energy is transmitted 

through stationary matter. 

  Fourier’s law 

 The heat flow rate Q˙\dot{Q}Q˙ depends on: 

o Thermal conductivity (k): how well the material conducts heat 

o Area (A) of the cross-section 

o Temperature difference (ΔT\Delta TΔT) 

o Thickness (L) of the material 

 Mathematically: 

  Material matters 

 Metals (e.g., copper, silver) have high k → excellent conductors 

 Non-metals (e.g., wood, air) have low k → act as insulators  

  Ubiquitous applications 

 Cooking utensils: stovetop pans, hot handles 

 Building insulation: resisting heat flow through walls 

 Electronics cooling: using heat sinks to conduct heat away from processors  

Heat is moved through a fluid (liquid or gas) by the bulk movement of the fluid 

itself, driven by temperature-induced density differences or external forces. This transfer 

combines two components: 

 Diffusion (conduction) within the fluid 

 Advection: the movement of warmer (or cooler) fluid carrying heat from one 

place to another 

   Natural (free) convection: Hot fluid becomes less dense and rises, while 

cooler fluid sinks, creating circulation, like rising air by a heater or boiling water 

currents. 

   Forced convection: Fluid movement is driven by external means (e.g., fans, 

pumps)—as seen in car radiators, hair dryers, and convection ovens. 

   Efficiency: Convection is often the dominant and more efficient form of heat 

transfer in fluids compared to conduction alone. 



Mathematical Model 

 Governed by Newton’s law of cooling: 

Q˙=h A (Tsurface−Tfluid) \dot{Q} = h \, A \, (T_{\text{surface}} - 

T_{\text{fluid}})Q˙=hA(Tsurface−Tfluid) 

 Here, h is the heat transfer coefficient, depending on fluid properties, flow 

velocity, surface geometry, etc. 

1. What it is 
Radiation involves the emission of electromagnetic waves (primarily infrared, but 

also visible and ultraviolet) by any object with a temperature above absolute zero. 

These waves travel through space and may be absorbed, reflected, or transmitted 

by other objects. 

2. **How it depends on temperature** 

The energy radiated per unit area is given by the Stefan–Boltzmann law: 

E=εσT4 E = \varepsilon \sigma T^4E=εσT4 

where: 

o ε\varepsilonε = emissivity (0 to 1) 

o σ\sigma = Stefan–Boltzmann constant 

o TTT = absolute temperature in kelvins  

3. No medium needed 
Unlike conduction and convection, radiation occurs in a vacuum—this is how 

solar energy crosses the 93 million miles to warm Earth. 

4. Surface properties matter 
An object's emissivity determines how efficiently it emits radiation: black bodies 

(ε=1\varepsilon=1ε=1) radiate most, shiny metals much less  

5. Influencing factors 
The net radiative heat exchange depends on: 

o Temperature differences raised to the fourth power 

o Emissivity values of participating surfaces 

o Geometry and orientation (view factors) between objects  

 

🌐 Everyday Examples 

 Sunlight warming your skin through space’s vacuum 

 Feeling heat from a hot stove or fire without direct contact 

 Thermal imaging cameras detecting infrared radiation. 

 



1 / D – Performance Objectives  
After studying the first unit, the student will be able to:-  

a. Explain the physical mechanism of heat conduction at the molecular 

level. 

b. Define key terms such as thermal conductivity, temperature gradient, 

and steady-state heat flow. 

c. Apply Fourier’s Law of Heat Conduction to calculate heat transfer 

rates in simple geometries. 

d. Identify the factors that influence the rate of heat conduction in 

materials. 

e. Differentiate between good and poor thermal conductors and explain 

practical applications. 

f. Solve basic engineering problems involving 1D steady-state heat 

conduction through plane walls. 
g. Identify and define each heat transfer mode (conduction, convection, radiation) 

and distinguish between them. 

h. Explain fundamental mechanisms, such as molecular collisions (conduction), 

fluid motion (convection), and electromagnetic waves (radiation) . 

i. Recognize real-world examples, like heat moving through a pan (conduction), 

boiling water stirring (convection), and sun warming the Earth (radiation) . 

j. Apply mathematical models: 

a. Fourier’s law for conduction 

b. Newton’s law of cooling for convection 

c. Stefan–Boltzmann law for radiation  

k. Predict and contrast efficiency among materials and modes based on 

conductivity, emissivity, fluid velocity, etc.  

 Introduction 

1. Dimensions and Units  



 

 



 

 

2. Modes of Heat Transfer  
Heat transfer which is defined as the transmission of energy from 

one region to another as a result of temperature gradient takes place 
by the following modes:  

1- Conduction  

2- Convection 

3- Radiation 

Heat transmission, in majority of real situations, occurs as a result of 

combinations of these modes of heat transfer. Example: The water in 

a boiler shell receives its heat from the fire-bed by conducted, 

convected and radiated heat from fire to the shell, conducted heat 

through the shell and conducted and convected heat from the inner 



shell wall, to the water. Heat always flows in the direction of lower 
temperature. 

 The above three modes are similar in that a temperature 

differential must exist and the heat exchange is in the direction of 

decreasing temperature; each method, however, has different 
controlling laws. 

  

2.1 Heat Transfer by Conduction 

2.1.1 Fourier’s Laws of Heat Conduction 

 Fourier’s law of heat conduction is an empirical law based on 
observation and states as follows: 

The rate of flow of heat through a simple homogeneous solid is 

directly proportional to the area of the section at right angles to the 

direction of heat flow, and to change of temperature with respect to 
the length of the path of heat flow. 



  



 

 

 

 



 

 

 

 

 



 

 

 

2.2 Thermal Conductivity of Materials  

Thermal Conductivity of material can be defined as follows: 

The amount of energy conducted through a body of unit area, and 

unit thickness in unit time when the difference in temperature 

between the faces causing heat flow is unit temperature difference. 

 



 

 

 



 

 

 

2-Heat Transfer by Convection  
“Convection’’ is the transfer of heat within a fluid by mixing of one 

portion of the fluid with another. 

 Convection is possible only in a fluid medium and is directly linked 

with the transport of medium itself. 

 Convection constitutes the macroform of the heat transfer since 

macroscopic particles of a fluid moving in space cause the heat 

exchange. 



 The effectiveness of heat transfer by convection depends largely upon 

the mixing motion of fluid.      

Free or natural convection: occurs when the fluid circulates by virtue of 

the natural differences in densities of hot and cold fluids; the denser 

portions of the fluid move downward because of greater force of gravity, as 

compared with the force on the less dense. 

Forced convection: when the work is done to blow or pump the fluid, it is 

said to be forced convection. 

 

 
  



 

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

 

 



 
 

3-Heat Transfer by Radiation  
‘’Radiation’’ is the transfer of heat through space or matter by means other 

than conduction or convection. 

 Radiation heat is thought of as electromagnetic waves or quanta (as 

convenient) an emanation of the same nature as light and radio wave. All 

bodies radiate heat; so, a transfer of heat by radiation occurs because hot 

body emits more heat than it receives and a cold body receives more heat 

than it emits. Radiant energy (being electromagnetic radiation) requires no 

medium for propagation and will pass through vacuum. 
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1 / A –Target population :-  
 For students of second year  

Technological Institute of Basra 

Dep. of Chemical Industrial Techniques 

  
 

 

 

1 / B –Rationale:-  
  The central idea behind the general heat conduction 

equation in cylindrical coordinates is to apply energy 

conservation to a small cylindrical volume, using a coordinate 

system that perfectly matches the geometry of cylindrical objects 

(pipes, rods, wires). This leads to an equation that naturally 

incorporates how geometry affects heat flow and makes solving 

for temperature distributions much more straightforward in these 

shapes. 

  Coordinate system fits the object’s shape, making math simpler. 

  Energy conservation applied at a microscopic control volume yields the full PDE. 

  General terms allow modeling real-world effects (anisotropy, generation, unsteady 

behavior). 

  

1 / Overview 

  



  Special-case reductions allow for simpler analytical or numerical solutions in 

practice. 

1 / C –Central Idea:-  
  The central idea behind the general heat conduction 

equation in cylindrical coordinates is to apply energy 

conservation to a small cylindrical volume, using a coordinate 

system that perfectly matches the geometry of cylindrical objects 

(pipes, rods, wires). This leads to an equation that naturally 

incorporates how geometry affects heat flow and makes solving 

for temperature distributions much more straightforward in these 

shapes. 

1 / D – Performance Objectives 
 Here are clear performance objectives for mastering the 

general heat conduction equation in cylindrical coordinates, suitable 

for both educational and engineering contexts: 

Learning Objectives 

1. Understand when to use cylindrical coordinates 
o Identify geometries (cylindrical rods, pipes, wires) where radial 

dependence and curvature matter  

2. Formulate the PDE from physical principles 
o Derive the general heat conduction PDE using an energy balance on a 

differential cylindrical element (accounting for radial, angular, and axial 

heat fluxes, heat generation, and transient energy storage)  

3. Recognize all terms and their physical meaning 
o Explain terms: radial/axial/angular conduction, time dependence 

(ρcp∂T/∂t)(\rho c_p\partial T/\partial t)(ρcp∂T/∂t), and internal heat source 

(q˙)(\dot q)(q˙)  

4. Apply special-case simplifications 
o Reduce the general equation to common forms (e.g., steady-state, 1D 

radial only, no generation) for analyzing practical problems 

 

 



General heat conduction equation in 

cylindrical coordinates 
In case there are no heat sources present and the flow is steady 

and one- dimensional, the equation reduced to: 

 

 
 

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

length L, such as the shown in figure. We expose this cylinder to 

a temperature differential Ti-To and ask what the heat flow will 

be. For a cylinder with length very large to a diameter, it may be 

assumed that the heat flows only in the radial direction so that 

only the space coordinate needed to specify the system is r. Again 

Fourier, s law is used by interesting the proper area relation. The 

area for heat flow in the cylindrical system is 



          
 

 

 
 



 
General heat conduction equation in spherical coordinates 

In case there are no heat sources present and the flow is steady 

and one- dimensional, the equation reduced to: 

 

 
Heat conduction in cylinders and spheres 

 Consider steady heat conduction through a hot water pipe. 

Heat is continuously lost to the outdoors through the wall of 

the pipe. 

 The wall of the pipe, whose thickness rather small, separates 

two fluids at different temperatures, and thus the temperature 

gradient in the radial direction will be relatively large. 

 Further, if the fluid temperatures inside and outside the pipe 

remains constant, then heat transfer through the pipe is 

steady.  
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1 / Overview 

  



1 / A –Target population :-  
 For students of second year  

Technological Institute of Basra 

Dep. of Chemical Industrial Techniques 

  

1 / B –Rationale:-  
  The overall heat transfer coefficient (U) serves as a single, 

equivalent measure of heat transfer performance across a composite 

boundary—such as fluid–solid–fluid systems in heat exchangers or layered 

walls. Here’s the rationale behind its use: 

  The overall coefficient quantifies the total heat transfer effectiveness of a system 

incorporating multiple modes and layers of heat transfer. 

  It supports streamlined design, performance comparison, and maintenance 

diagnostics. 

  U elegantly blends conduction, convection, and resistance concepts into a single, 

practical parameter. 

1 / C –Central Idea:-  

  The central idea of the overall heat transfer coefficient (U) is 

straightforward: 

U consolidates all thermal resistances—through solid materials, fluid films, 

fouling layers, etc.—into a single value that represents how effectively heat 

transfers across a composite boundary. 

The overall heat transfer coefficient is a powerful, concise metric that captures all 

resistances in a heat transfer path. It simplifies complex, multi-layer systems into: 

Q=UAΔTQ = U A \Delta TQ=UAΔT  

—making it indispensable in engineering applications like thermal system design, 

performance evaluation, and maintenance planning. 

1 / D – Performance Objectives 



 There are well-defined performance objectives for 

mastering the overall heat transfer coefficient (U), framed for 

both educational and practical engineering contexts: 

Learning Objectives 

1. Define and interpret U 
o Clearly articulate what the overall heat transfer coefficient represents—the 

reciprocal of the total thermal resistance per unit area across a composite 

system. 

2. Understand its mathematical form 
o Recognize the formula 

3. Explain physical interpretation and applications 
o Explain why U aggregates multiple resistances (conduction, convection, 

fouling) into one value, and how it simplifies understanding heat transfer 

across boundaries. 

4. Relate U to heat transfer rate and design equations 

5. Guide design and performance evaluation 
o Understand how U’s value influences design choices in apparatus like heat 

exchangers and building insulation. 

o Estimate and compare U values 

o Use empirical correlations or thermophysical data to calculate U and 

benchmark against expected ranges for different exchanger types. 

o Perform detailed U-based design 
o Given a desired heat duty (Q) and temperature difference, determine the 

minimum surface area (A) or necessary U covering counter- or co-current 

flows. 

o Monitor and diagnose performance via U trending 
o Calculate field U using measured data and compare with design U to 

detect fouling or degradation. 

o Optimize thermal performance 
o Use U as the objective in multi-criteria optimization—e.g., maximizing U 

while limiting pressure drop and cost, using surface enhancements or flow 

modifications. 

o Evaluate fouling and maintenance impact 
o Quantify fouling resistance and its effect on U; use this to plan 

maintenance or estimate cleaning intervals based on U decline. 

The Overall Heat Transfer Coefficient 
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1 / B –Rationale:-  
 

  A heat exchanger is an engineered device designed to 

efficiently transfer heat between two isolated media, 

minimizing energy loss, optimizing thermal control, and 

enhancing system performance. Through clever design (surface 

area, flow paths, materials) and engineering tools (effectiveness, 

pinch methods), they ensure optimal thermal behavior across 

diverse applications—from industrial processes to everyday 

appliances. 

   

1 / C –Central Idea:-  

  A heat exchanger is a device engineered to transfer 

thermal energy from one fluid to another without mixing 

them, using conduction through a separating wall and convection 

on each fluid interface. It's designed to maximize heat transfer 

efficiency while maintaining fluid isolation and minimizing 

energy penalty. 

  Maximized surface area: Shell-and-tube, plate-and-frame, or fin-tube arrangements 

increase contact area between fluids and barrier surfaces.  Optimal flow configuration: 

  

1 / Overview 

  



Counterflow arrangements maintain higher temperature gradients along the exchanger 

and thus higher overall heat transfer effectiveness. 

  Material selection: High-conductivity metals and corrosion-resistant alloys ensure 

efficient conduction and long-term reliability. 

1 / D – Performance Objectives 

Learning Objectives (Foundational Understanding) 

1. Define the purpose and core function 
o Clearly explain that heat exchangers transfer thermal energy between two 

fluid streams without mixing them, using conduction through a separating 

wall and convection at each fluid–wall interface. 

2. Differentiate between designs and flow configurations 
o Identify common types (e.g., shell-and-tube, plate, regenerative) and 

distinguish between parallel-flow, counterflow, and crossflow setups. 

3. Explain heat transfer mechanisms and parameters 
o Describe the roles of conduction, convection, overall heat transfer 

coefficient (U), and LMTD in the thermal performance of exchangers. 

4. Recognize factors affecting performance 
o Understand influences such as fouling, pressure drop, flow rates, fluid 

properties, and surface enhancements. 

5. Discuss maintenance, safety, and inspection protocols 
o Identify common failure modes and the importance of cleaning, 

inspection, and compliance with standards for safe operation  

 
 

HEAT EXCHANGER 
A Heat Exchanger may be defined as an equipment which transfers 

the energy from the hot fluid to a cold fluid, with maximum rate and 

minimum investment and running costs. 

In heat exchangers the temperature of each fluid changes as it passes 

through the exchangers, and hence the temperature of the driving wall 

between the fluids also changes along the length of the exchangers. 

Examples of Heat Exchangers  

1. Intercoolers and preheaters; 

2. Condensers and boilers in steam plant; 

3. Condensers and evaporators in refrigeration units; 

4. Regenerators 



5. Automobile radiators; 

6. Oil coolers of heat engine; 

7. Milk chiller of a pasteurizing plant; 

8. Several other industrial processes. 

Types of Heat Exchangers 

In order to meet widely varying application, several types of heat 

exchangers have been developed which are classified on the basis of nature 

of heat exchange process, relative direction of fluid motion, design and 

constructional features, and physical state of fluids. 

1. Nature of heat exchange process 

Heat Exchangers, on the basis of nature of heat exchange 

process, are classified as follows: 

 Direct contact (or open) heat exchangers. 

 Indirect contact heat exchangers. 

o Regenerators 

o Recuperators  

 Direct contact (or open) heat exchangers. 

Examples: cooling towers, jet condensers, direct contact feed heaters. 

 

 
 

 Indirect contact heat exchangers. 



 
 

 

 



 
  



 
 

 
 

 



 
 

 



 

 
  



 

                        



 
Heat Exchangers Analysis 

 



Logarithmic Mean Temperature Difference (LMTD) 

 
Logarithmic Mean Temperature Difference (LMTD) (Parallel 

Flow) 

 



 

 



 

Logarithmic Mean Temperature Difference (LMTD) for 

(counter-flow) 

 
 



 

 



 

OVERALL HEAT TRANSFER COEFFICIENT 
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1 / B –Rationale:-  
  The correction factor F (sometimes Ft) in a multi-pass 

shell-and-tube heat exchanger serves to adjust the ideal log mean 

temperature difference (LMTD) for deviations from perfect counter-

flow behavior. It ensures more accurate predictions of heat transfer rate 

when the actual flow configuration is complex. 

     

1 / C –Central Idea:-  

  A heat exchanger is a device engineered to transfer 

thermal energy from one fluid to another without mixing 

them, using conduction through a separating wall and convection 

on each fluid interface. It's designed to maximize heat transfer 

efficiency while maintaining fluid isolation and minimizing 

energy penalty. 

 The LMTD formula assumes a pure counter-current flow, which provides the 

maximum possible driving temperature difference throughout the exchanger. 

 Real-world designs often use multi-pass arrangements—multiple shell-side or 

tube-side passes, cross-flow sections, or recirculation loops—that deviate from 

counter-flow. This reduces the effective driving temperature difference. 

 The correction factor FFF adjusts the ideal LMTD downward to account for 

these non-idealities, making the heat transfer prediction realistic. 

Q=U A F ΔTLM counterflow  

  

1 / Overview 

  



 

1 / D – Performance Objectives 

After studying this topic, the student will be able to: 

1. Define the concept of the correction factor (F) in multi-pass heat exchanger 

arrangements. 

2. Differentiate between ideal counterflow and actual multi-pass configurations in 

terms of thermal efficiency. 

3. Identify various heat exchanger configurations (e.g., 1-2, 2-4, 1-4 passes) and 

understand how they affect the correction factor. 

4. Utilize the correction factor charts or equations to determine F for given shell-

and-tube arrangements. 

5. Calculate the effective Log Mean Temperature Difference (LMTD) using the 

correction factor. 

6. Evaluate the impact of the correction factor on the overall performance and 

design of a heat exchanger. 

7. Apply correction factors appropriately when designing or analyzing shell-and-

tube heat exchangers with complex flow arrangements. 
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