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BRIEF SUMMARY 

In order to resolve both temperature distribution and heat flux in bodies whose 

geometries are not simple the analytical solutions are limited. In unsteady conditions are 

needed methods that would allow to calculate temperatures distribution within a three-

dimensional heat conducting body of any shape.  

In this project, the study is focused on two-dimensional modeling steady state. The target 

is using the MS EXCEL program specifying iterative calculations in order to get a temperature 

distribution of a concrete shape of piece. 

The aim of the thesis is offering to the universities an alternative way of calculating heat 

transfer by numerical method. Nowadays programs like ANSYS, which costs use to be quite 

expensive, provide the students of a quick and accurate sort of solving this kind of problems, 

however, in the work done below is shown how MS EXCEL is successful in the same type of 

calculations. The advantage of the usage of this program is clear, most of the universities can 

afford provide their students MS EXCEL.  

The accomplishment of one of the tests  done is compared with the results given by 

ANSYS, with sactisfactory conclusions. 
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Symbols 

Latin Symbols 

Symbol Units Description 

A [ m2 ] area 

a [ m2/s ] thermal diffusivity 

cp [ J/(kg·K) ] specific heat at constant pressure 

Eu [J] amount of internal energy 

g [ m/s2 ] gravitational acceleration 

k [ W/m2K ] thermal conductance 

kD [ W/m2K ] thermal down conductance 

kL [ W/m2K ] thermal left conductance 

Q [W] predicted value of rate energy transfer (Tabs. 2,3,4,5,6,7,9)  

   [W] rate of energy transferred 

    [ W/m2 ] rate of energy generation per unit area 

    [W] predicted value of rate energy transfer 

    [ W/m3 ] rate of energy generation per unit volume 

    [W] rate of energy transfer in x direction 

R [K/W] thermal resistance 

r [ - ] common ratio 

r [m] radius 

        [K/W] thermal conduction resistance 

T [K] temperature 

t [s] time 

Tf [K] film temperature 

   [K] free stream temperature 

   [K] surface temperature 

V [m3] volume 

p [m] perimeter 

Ac [m2] cross sectional area 

Tb [K] base temperature 
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Greek Symbols 

  [ W/(m2·K) ] 

/ ] 

convection heat transfer coefficient 

  [K-1] inverse of film temperature 

  [mm] thickness 

  [ - ] effectiveness 

  [ - ] efficiency 

  [K] temperature difference 

  [ W/(m·K) ] 

 

thermal conductivity 

  [m2/s] kinematic viscosity 

  [ kg/m3 ] density  

 

Dimensionless numbers 

Gr Grashof number 

   Nusselt number 

   Prandtl number 

Ra Rayleigh number 
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1 Comparison: Analitycal and 
Numerical Model 

1.1 Fourier-Kirchhoff Equation 

The relation between the heat energy, expressed by the heat flux    , and its intensity, 

expressed by temperature T, is the essence of the Fourier Law, the general character which is 

the basis for analysis of various phenomena of heat considerations. The analysis is performed 

by the usage of the heat conduction equation of Fourier-Kirchhoff. To derive this equation it is 

considered the process of heat flow by conduction from a solid body of any shape and volume 

V located in an environment of temperature T0(t) [1]. 

Two processes can take place: the generation of heat inside the body and the heat 

transfer between the body and its environment. Therefore, the total amount of heat dQ in a 

specific dV (Volume differential) corresponds to the sum of both terms: 

Generation:            (1.2) 

The total amount of dQ must be equal to the internal energy change. From the First 

Law of the Thermodynamics: 

The expression of dEu is known: 

             (1.3) 

 
            

  

  
 

(1.4) 

If the equations join the same expression and are developed integrating in the whole 

volume and crossing area, we find: 

       
  

  
 

            

 

        

 

 (1,5) 

Conduction:          
        

  
             (1.1) 
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On application of the Gauss-Ostrogrodsky theorem, which states that the surface 

integral of a vector is equal to the volume integral of the divergence of the vector, we can 

write: 

         

 

          

 

 (1.6) 

We develop the whole expressions with the proper replacements: 

 
       

  

  
               

 

   
(1.7) 

 
      

  

  
                

 

(1.8) 

Eventually: 

  

 

  

  
     

   
 

 

 

(1.9) 

where 

   
 

    
  is the thermal diffusivity 

In the next chapter is proposed one way of solving the equation (1.9) using energy 

balance Numerical Methods. 

Boundary Conditions 

The solution of the temperature distribution depends on the physical conditions 

existing at the boundary of the medium [2]. 

In the next paragraphs are explained the typical three classified boundary conditions 

for a one dimensional system for simplicity. 

- Prescribed Temperature at the Boundary 

In this situation the temperature at the body surface Ts is known for any instant. The 

condition is called Dirichlet Condition or boundary condition of the first kind. Most of 

the real situations related with this condition are based in an intensify heat transfer 

between the body and the surrounding. For instance, a body surrounded by a melting 



[Two-dimensional modeling of steady state heat transfer 

in solids with use of spreadsheet (MS EXCEL)] Spring 2011 

 

1-11 

solid or a boiling liquid. In both examples the temperature is constant at the boundary 

and one may assume that the temperature remains the same in the surface of the 

piece.  We may brief the condition with the next expressions: 

             (1.10) 

where Ts represents the (given) surface temperature.  

We assume that the heat transfer is intensive when the convective coefficient α is 

moderately high but the thermal conductivity is low and the heat conducting body is 

large. In these conditions we also assume T∞ and the temperature of the surface 

constant.  

- Prescribed Heat Flux at the Boundary 

In this case is given a prescribed heat flux     at the surface. Using Fourier’s law we can 

define     as: 

     
       

  
 
   

        (1.11) 

The given heat flux boundary conditions is called Neumann condition, or boundary 

condition of the second kind. Furthermore, there is a specific case of this condition and 

corresponds to the adiabatic surface. In this situation: 

    
     

  
 
   

   (1.12) 

- Convective Exchange at the Boundary 

The boundary conditions of the third kind correspond to the existence of convective 

heating or cooling. The heat dissipated or won by convection is the same that fluxes 

across the body in one specific point: 

    
       

  
 
 

           (1.13) 

The third kind of boundary condition is also called Newton or Robin Condition. 
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1.2 Analytical Model 

The starting point is focused in the heat diffusion equation. From this equation the 

objective is solve and analyze the heat flux distribution, the temperature distribution and the 

temperature gradient of bodies of different simple shapes. 

Fourier law provides the first step from where the rest of considerations are 

determined: 

   
       

  

  

 
 (1.14) 

The equation describes the heat transfer rates. The heat is transferred in the direction 

of decreasing temperature and cross the Area perpendicularly. 

The thermal conductivity λ is a transport property of the material since it provides an 

indication of the rate at which energy is transported by the diffusion process. 

 If the Fourier’s law is considering each direction of the space, is possible to write it in a vector 

form: 

        
  

  
    

  

  
    

  

  
    

 
  (1.15) 

The expression relates the heat flux across a surface to the temperature gradient in a 

direction perpendicular to the surface. 

Analytical expressions describe both temperature distribution and heat transfer rate in 

bodies conducting heat, in this thesis, focused in steady-state conditions.  The expressions are 

classified depending on the shape of the body that is required to analyze.  

From the Fourier’s law until the concept of Thermal Resistance based in the 

comparison between heat flux and Current, through different considerations such as consider 

the conductivity of the materials independent of the direction the heat flows, it is possible to 

define the next general expression in order to calculate heat flux: 

    
  

  
 (1.16) 
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  . means sum of both convection and conduction resistances in the heat flux 

direction. 

In order to summarize as much as possible is presented below a table with the 

conduction resistances expressions given for the most important shapes. For steady-state heat 

conduction with no energy generation within the wall 

 

The equations are applicable for bodies with such as simple geometries. Also it is 

possible to arrive to analytical solutions describing temperatures in two or three-dimensional 

bodies, either for steady or unsteady conditions, however, the requirement does not change: 

easy geometries. Consequently, the studies are very restricted and it is needed to develop a 

method able to solve any shape possibility with accuracy. 

Shape Heat transfer 

equation 

Resistance 

expression 

 

Plane Wall 

 

 

  
   

  

  
    

 

 

 

 

        
 

      
 

 

 

 

 

 

Cylindrical Wall

 

 

  
     

  

  
    

 

 

 

 

        
   

  
    

      
 

 

 

 

 

Table 1. Heat transfer equation and resistance expression in plane and cylindrical walls 
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As it is been remarked, the analytical solutions are effective for three-dimensional 

bodies as well, the methodology used for the determination of the proper equations are based 

in the infinite series. As a result, the expressions get more difficult and, like in the previous 

ones, it is necessary to use known boundary conditions in order to obtain the final solution 

Eventually, the conclusion is that every analytical solution comes from the 

phenomenological Fourier’s Law and is specified following mathematical required steps. 

Furthermore, the most remarkable point of this chapter is the impossibility to apply analytical 

solutions to this project, due to the complexity of the piece shape and the required accuracy in 

every result wanted to achieve. 

Engineers should have a tool that would allow for calculating temperature distribution 

even in a three-dimensional heat conducting body of an arbitrarily specified shape [2].  

1.3 Numerical Methods 

Numerical Method is based in the computer calculations after specifying the machine 

the proper boundary conditions of the piece wanted to study.  

Heat conduction is governed by the heat conduction equation that in Cartesian 

coordinated takes the form: 

 
 

  
   

  

  
  

 

  
   

  

  
  

 

  
   

  

  
          

 
 
  

  
  (1.17) 

This general equation contains the three basic terms: diffusion term, the source term 

and the unsteady term.  

The importance of the expression is the allowance to provide the value of temperature 

at a finite number of locations (grid points) in the calculation domain. As it will be explained in 

the next chapters, the domain of the studied piece is divided in grid points with a specific 

length, represented by the cells of the spreadsheet in MS EXCEL. Consequently, the firsts steps 

that must been followed to present a Numerical Method study are discretize (divide in grid 

points) correctly the body.  

Experienced computer programs like ANSYS, offer several options to discretize any 

piece, however, MS EXCEL requires to set manually the disposition of the cells. In order to fit 

MS EXCEL limitation, the discretized body shows a Cartesian, uniform grid. In spite of this fact, 
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it is important to comment that dicretization using triangular shapes would be possible in 

other programs and the solution would have to be equal. 

From the equation (1.17) are derived the discretization equations that will join the grid 

points in which the piece will be divided.  A discretization equation is an algebraic relation 

connecting the temperature varies between the grid points with temperatures at the neighbor 

grid points.   

The algebraic connection can be carried out in several ways. This thesis purposes a 

methodology that will be explained in the next chapters. It will be built a simple numerical 

method for solving the set of algebraic equation (1.17), modified because of the disappearance 

of the unsteady term, due to the aim of the project study. Thus, the equation to resolve is: 

 
 

  
   

  

  
  

 

  
   

  

  
  

 

  
   

  

  
        

  
 (1.18) 

As an introduction for the next steps in the project, it is necessary to remark the 

unavoidable need of using iterative calculation. If the aim of this method is provide a solution 

using every temperature belonging to each grid point, it will be necessary to update the 

temperature results with the intention of using it afterwards [2] 

References 

[1] Wojciech Zielenkiewicz, Eugeniusz Margas, “Theory of calorimetry”, 2002 Kluwer 
Academic Publishers 

[2] Roman Weber, “Lectures Notes in Heat Transfer, 2nd Edition”, 2004 Clausthal-
Zellerfeld  
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2 Description of the method 

2.1 Introduction 

In a general view the method consists in the use of the cells of the spreadsheet in MS 

EXCEL as a way of discretization for a given piece. Each cell represents a control volume with a 

specified length in the two directions of the sheet (∆x, ∆y). Logically, the results are more 

accurate as the number of cells used is bigger. The usage of these cells provides a simple way 

to write the needed equations for both temperature and heat flux.  

In the next paragraphs is presented a specific way to solve by Numerical Method the 

equation (1.9) explained in chapter 1.1. The cases used to carry out with the method are 

considered steady in time, thus, the equation becomes: 

     
   
 
   (2.1) 

Moreover, is necessary to find the expressions that will represent the algebraic 

connection between the defined grid points for each case of heat transfer (conduction, 

convection, etc.).  

Furthermore, the description of the cells by a given value of ∆x and ∆y is needed in 

every sort of Numerical Method applied. The pieces studied in this project are considered to 

be 2D; therefore, the depth of the body in each step will be equal to 1 (∆z = 1). However, it will 

be indicated in the equations in order to write them down properly. 

Energy balance equation 

If we consider two squared cells together is possible to write the conduction equation 

that will take place between them evaluating the resistance that the heat flux will come across 

between two different temperatures: 

 

Figure 1. Heat transfer between cells 
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            (2.2) 

where: 

     is the resistance from the center of the grid point j to the border between grid 

points (S). 

    is the resistance from the border S to the center of the grid point i. 

   is the temperature of the grid point j and    the temperature of the grid point i. 

    is the thermal conductance between nodes or grid points. 

The expression of each resistance in this case follows the equation for plane walls saw 

in chapter 1.1: 

     
  

          
              

  

          
 (2.3) 

where: 

   is the width of every node 

   is the height of every node  

   is the thermal conductivity coefficient in cell i 

   is the thermal conductivity coefficient in cell j 

Serial resistances add up and it is possible to express it with the next dependence using 

thermal conductivity: 

 
 

   
 
  

  
 
 

   
 

 

   
  (2.4) 

Each cell in the internal points is surrounded by another 4 cells, so that we can express 

the energy balance taking into account the action of heat sources in the whole volume of the 

cells as: 
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   (2.5) 

The temperature of a cell “i” may be finding out from the previous expression as: 

    
               
 
   

    
 
   

 (2.6) 

In the border cells the heat equation will depend on the boundary conditions given in 

the surrounding. The heat conducted between inside cells was expressed as     , in the next 

expressions the heat exchange between the surrounding and any cell i is expressed as    . 

- 1st kind of Boundary Condition. Prescribed temperature. 

      
     
   

 
     
  

        

             (2.7) 

 
              

 

   
 
  

  

 

   
 (2.8) 

- 2nd Kind of Boundary Condition. Heat flux   . 

               (2.9) 

- 3rd Kind of Boundary Condition. Convection. 

In this case we find two kinds of resistances between the central point of any boundary 

cell and the environment. The first one corresponds to heat fluxing by conduction and the 

second one by convection: 

      
     

       
             (2.10) 

 
             

 

    
 

 

      
 

  

       
 (2.11) 

   is the temperature of the environment 

    is the convection resistance between the boundary and the environment 
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    is the conduction resistance between the central point of the cell and its boundary. 

2.2 How to perform Numerical Method using MS EXCEL. 

In the chapter number 3 we will find out the temperature distribution and the heat 

dissipated by a specific piece. MS EXCEL provides a methodology to achieve these results. In 

the next paragraphs it is presented the main steps the user must follow to reach the wanted 

solution. Moreover, the facilities that the MS EXCEL offer will be explained as well as the 

inconvenients of using a program which characteristics are not focused in heat transfer. 

2.2.1 Spreadsheets 

One of the main steps the user should follow to achieve a good performance of an MS 

EXCEL heat transfer solving is organize the information and the data which will fill the 

document in order to carry out with the proper calculations. 

It will be necessary to create in MS EXCEL different sheets depending on the given data 

for solving the problem, the temperature iterative calculation, the heat transfer and the 

results. 

Every spreadsheet, but the ones concerning to the results, should have the geometry 

of the piece drawn in the same cells in order to be coherent with the formulas and its 

calculations.  

Organization 

The properties of the material such as thermal conductivity will be presented in a 

spreadsheet called “k”. From there, every single data concerning to the characteristics of the 

material or the conditions of the environment such as convection coefficient used may be 

called even from different spreadsheets. In this spreadsheet not only the piece will be drawn 

but also the tables with the whole information of the problem given: coefficients, dimensions… 

The temperature spreadsheet (T) will contain formulas for T calculations and the 

current values of temperature throughout the piece, updated after iterations. Also will be 

filled with the temperatures in the surrounding which define any boundary condition 

The conductance spreadsheets (“D”,” G”, “P” and “L”) will show through the piece the 

values of the conductance calculated in directions arbitrary: down, up, right and left from the 

cell considered 
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Spreadsheet “q” includes the heat transfer values between the border cells and the 

surrounding and also the values of the volume heat source. The rest of the piece in this 

spreadsheet has the value of 0. To pool cells border with Second Kind of Boundary Condition 

we have to plus heat from source areas. For example: when density of source volume comes of 

Second Kind of Boundary Condition is possible to bring them the value of: 

                            (2.12) 

The results may be presented separated in three spreadsheets: one dedicated to the 

temperature distribution graphic, other with the predicting table of heat values and the last 

one, in this case, filled with the efficiency and effectiveness calculations. 

2.2.2 Formulas 

The expressions found in chapter 2.1 may be easily written down in MS EXCEL. Once 

the geometry of the piece is modeled by the usage of the cells needed, the expressions of 

conductivity, conductance, heat transfer and temperature must be specified in each cell.  That 

involves the “copy” of different equations in lots of cells with few changes related with the 

position of the cells. MS EXCEL provides during the operation of “copy-paste” the changing 

address automatically. If there is some parameter that is not wanted to change the address is 

possible to use the command $. For instance, the copy of the value of conductivity constant in 

every cell of the whole piece: 

 

The operation of copy formulas has been carried out with the option “paste as”. In this 

option a window opens and is possible to paste exclusively the formula.  

Figure 2. Conductivity throughout the cell 
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In this way is possible to write in one side of the screen the characteristics of the 

material such as thermal conductivity,        and even the convection coefficient of the 

environment. Every time the user needs it, is possible to appeal to the specific cells. In our case 

we have written in the left superior corner as is shown in the previous image. 

Furthermore, is totally available the chance of using different spreadsheets during the 

operation of copy. In this case, the MS EXCEL will indicate in the expression the spreadsheet 

where the value comes from. In the next image is shown a little example: 

 

The current location of the spreadsheet is the one named “D” and the formula shown 

in the space for functions (fx) makes reference to the spreadsheet named as “k” by the 

indication of “k!” before the cell used. 

That is why is important to copy the geometry modeled using always the same cells in 

every spreadsheet. This operation may be carry out by a manual copying or copying directly 

the whole spreadsheet into other with a different name. 

Most of the formulas needed may be modeled easily by this way; however, 

temperature expression will be different due to the dependence between the cells. In the 

chapter 2.4 is explained how MS EXCEL makes possible the iterative calculation. 

2.2.3 Format 

The pool of the piece must be clearly distinguished from the border, thus, after 

drawing the geometry using border options in MS EXCEL, is very useful to specify each kind of 

boundary condition by using not only the temperatures or the expressions needed but also a 

proper format. 

,Figure 3. Conductance 
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For instance, when the user wants to specify the First Kind of Boundary Condition is 

possible to dispose in the temperature spreadsheet of the prescribed temperature in all the 

borders (out of the piece pool) where the condition may be found. Also will be important 

because the needed formulas will require the value of these temperatures.  

In the third case of boundary condition (convection) should be indicated not only the 

temperature in its spreadsheet but also the convection coefficient of the environment. It may 

be added in the conductivity spreadsheet, where all the useful data to solve the thermal 

problem is. 

The cells inside the piece pool contain the equation for the calculation of temperature 

(in the case of its spreadsheet) or the values of conductivity and conductance, as well as the 

heat source already mentioned. 

The images below shows the disposal of the temperatures and coefficient mentioned. 

The used format is also important to distinguish between different temperatures. In addition, 

is useful to notice where the piece pool ends. 

 

  

Figure 4. Temperature Spreadsheet 
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Figure 5. conductivity Spreadsheet 

 

2.3 Conductance 

The conductance in the inside pool points (those which does not share border) are 

calculated as a harmonic average of k’s using this mathematical option in MS EXCEL. We 

dispose of 4 different conductances in every grid point depending on the cells used to calculate 

this average. For instance, if we want to calculate all the conductances of the pool cell G15 we 

will use the next commands  

Conductance D:   =HARMONIC.AVERAGE(k!G15;k!G16)  

Conductance G: =HARMONIC.AVERAGE(k!G15;k!G14) 

Conductance L:   =HARMONIC.AVERAGE(k!F15;k!G15) 

Conductance P : =HARMONIC.AVERAGE(k!G15;k!H15) 

However, in the cells that lead to the boundary the specification is difference because 

they should include the whole term between the pool cell and the environment under the 

Boundary Condition exigencies. For the Second Kind of Boundary Condition the heat term is 

directly added to the “q” spreadsheet but for both First and Third kind of boundary condition 

we use the conductances. 

For instance, if the border is on the left and we have Third Kind of Boundary Condition 

along the left surface, the appearance of the conductance kL would be: 
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 (2.13) 

The example below shows the performance of the conductance kL belonging to a cell 

of the piece (F15) that shares the border with an outside fluid with a specific α (outside cell 

E15): 

    =1/(1/2/k!F15+1/k!E15/k!$C$4) (2.14) 

where: 

k!F15 is the conductivity in the cell F15 

k!E15 is α (convection coefficient) 

k!$C$4 is    

The expression is the same as (2.13) but in our case      . 

2.4 Temperature and Iterative Calculs 

From the expression found in chapter 2.1 to determine temperature for every single 

cell: 

    
               
 
   

    
 
   

 (2.15) 

It is simple to express it with the conductance using the graphic below: 

 
g 

 
l i p 

  d 
 

 

    
                                    

               
 (2.16) 

As is logical in Numerical Methods the temperature of one cell depends on the other 

cells temperatures. Therefore, the iterative calculations must exist. MS EXCEL provides a 
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method to use iterative calculations in the way of using it is quite simple. The only thing the 

user must do before starting is allow the program to make iterations by defining how many of 

them are needed, the maximum change between the values of the results, and the way MS 

EXCEL calculates: Automatically or manual. 

During the accomplishment of this project the option used it has been Manual in order 

to calculate whenever the user wants by running calculation with the button F9. The user 

should follow the next MS EXCEL steps to select the explained options, 

Click the Microsoft Office Button , click EXCEL Options, and then click 

the Formulas category. 

In the Calculation options section, under Workbook Calculation, clicks Manual. 

On the right the user may find the option Enable Iterative Calculations and the 

possibility of select Maximum Number of Iteration as well as Maximum Change. 

The Maximum Change in temperature should be 0 if the user does not want to have 

any inaccuracy in the temperature calculation. 

During this project the number of iterations has been chosen arbitrary 100 for a first 

checking and after that cycles of 2000 iterations. 

 

2.4.1 Usage of Macros 

MS EXCEL with MS VISUAL BASIC provides a method to performance the iterative 

calculations easily and a way to organize the results by the usage of macros. It consists in an 

informatics iterative program able to prepare every cycle of iterations and present the results 

run by MS EXCEL in a table. 

Figure 6. Iterations options in MS EXCEL  
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In a general view, the macro requires the declaration of variables, the display to order 

the number of cycles wished, the iterative process responsible to fill the table at every cycle 

calculated, the writing value cells and the location where the macro will lead the results. Here 

below the steps may be seen in the macro used for this project. 

 

Each time we select the option macros, the program asks how many cycles and write 

the information as in the next example: 

 

Where No is the total number of iterations from the begging, in the example is 

possible to appreciate 21 cycles of 2000 iterations each other. 

Figure 7. Macro design  

Figure 8. Results of the iterations addressed by macro 1 
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2.5 Predicting and Converging 

A numeric solution is always wide convergent; the numbers of iterations needed to 

find a converging solution are many. The next paragraphs explain a method to predict that 

converging result without the whole number of iterations and show one of the main targets 

carried out in this project 

If we consider the results achieved every cycle of iterations (N) done, we may find a 

progression of heat transfer values: 

                                     (2.17) 

where    corresponds to the heat transfer value in the current cycle of iteration. 

We could express this progression with the difference between a concrete value and 

the one corresponding to the previous cycle of iterations, naming this difference a: 

              (2.18) 

                (2.19) 

                (2.20) 

Now the progression looks like: 

                 (2.21) 

Notice that if we make the sum of the three firsts terms of the progression named as a 

the result would be: 

                    (2.22) 

If we make the sum of the infinite terms of a progression may be summarized as: 

                    (2.23) 

From the previous expression we may write: 
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 (2.24) 

Notice that if we consider the sum as an infinite geometric series it will converge if its 

common ratio absolute value is less than 1 (     ). Its value could then be computed from 

the finite sum formula: 

    

 

   

 
  

   
 (2.25) 

         
    
  

                    (2.26) 

Being r the common ratio the successive terms a have. So that, we could express the 

current value of r as: 

    
           

         
 (2.27) 

Adding the last expression to the expression (2.24) is possible to predict the value of 

    with the current value of heat and its second next cycle’s values: 

         
         
    

 (2.28) 

The next table shows one of the examples studied in this project with the formulas 

written for a concrete cycle of iterations. In it is possible to find the formula for rN 

corresponding to the cycle N = 6 (with a total number of iterations equal to 12000) and the 

formula for the prediction of heat transfer (Q =    ) in the cycle N = 13 (26000 iterations). 
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2.6 Temperature distribution graphic 

Once each case is solved it is possible to draw a graphic with the temperature 

distribution choosing the colors in a concrete temperature range. MS EXCEL does not draw the 

graphic automatically but is possible to set the proper options to achieve a coherent graphic 

with the typical colors used for temperatures. Always is recommended to begin with red for 

the highest temperatures and finish with blue for the lowest temperatures, going by orange, 

yellow and green in this order. 

The sort of graphic needed is Surface Graphic and after selecting the data (the whole 

geometry of the piece with its temperatures calculated) the user can proceed to decide which 

options use.  

In this project the aim was present a graphic as much similar as possible to the ones 

that provides programs like ANSYS. The needed options that have been modified are: 

- Range of temperatures. Always observing from the Temperature Sheet the 

maximum and the minimum that the piece presents. 

- Format – Colors. This step is manual. Once the chart legend is shown beside the 

graphic the user can modify manually each color that appears in it by selecting its 

range of temperatures and choosing the proper color. 

Figure 9. Calculation of “r” and “Q” 
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- Change between temperatures. The user can also select the range of temperatures 

belonging to each color, for example, every 10C the color must be changed. Always 

depends on total range of temperatures the piece has. Because of this, every 

single test made in this project has its proper range values and its number of 

different colors. 

 

In the graphic above a temperature distribution graphic is presented. As it is been 

remarked the colors change from red to blue as they look for cooler temperatures. 

In this case the total range of temperatures was from 53,10C to 600C changing every 

0,70C.  

Reference used in chapter 2: 

[3] Zdzisław Nagórski, “Modelowanie przewodzenia ciepła za pomocą arkusza 

kalkulacyjnego”, Warzawa 2001. (in polish) 

*4+ Sucheta A., Sikora K., “Solving two dimensional steady heat conduction with the use 

of spreadsheet”, XII Symposion on Heat and Mass Transfer, AGH-Kraków 2004. p.795-804 (in 

polish) 

  

52,4-53,1

53,1-53,8

53,8-54,5

54,5-55,2

55,2-55,9

55,9-56,6

56,6-57,3

57,3-58

58-58,7

58,7-59,4

59,4-60

Figure 10. Example of temperature distribution graphic 
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3 Experimental Cases 

3.1 Modeling 

The first step is the description of the piece geometry. Nowadays, MS EXCEL does not 

have a specialized drawing option like other programs, so the aim is the usage of the cells in 

order to create the contour of the piece. May notice that the selection of the cells for the 

contour will also affect on the final discretization of the body, whose grid points will be 

determined by the total number of cells found inside the contour. Once the size of the cell is 

determined and the dimensions of the piece are given is possible to draw the piece.  

In the next draft are indicated the piece dimensions given, all the measures are 

expressed in millimeters. The depth is considered as a unit. 

 

The draft has been carried out selecting for every measure the correct number of cells 

needed, knowing that the discretization required for both length and height was 0,25 mm. 

That means that every single cell represents a perfect square of side 0,25 mm. For instance, 

the side whose measure is 31 has needed 124 cells. The cells are not measured but its size 

value is specified in the MS EXCEL sheet for next calculations.  

Figure 11. Piece measures and geometry 
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Once the geometry has been defined, the next step is the match of the different 

conductance explained in the chapter 2.2. For every test that has been made the only changing 

values are the conductivity and the convection coefficient, in addition of the changes in the 

boundary conditions. On the contrary, the setting of the conductances (P, D, G, L) is not 

needed to change, thus, every different test does not require a reset of all the values. 

As is explained in chapter 2 the conductance corresponding to a contour cell of the 

piece has been written as the inverse of the resistance between the body and the surrounding, 

taking into account the boundary condition given along the area. By this procedure, is possible 

to express the heat flux in the boundary as the following general equation for every border 

cell: 

                                            (3.1) 

Where    represents the temperature in the surrounding and    represents the 

temperature of a specific cell next to it.  

On the other hand, the selection of the constant (P, D, G, L) depends on the position of 

the cell, following the indications given in chapter 2.  

Therefore, the constants next to the border will have the expression that the boundary 

condition requires.  

With the constants defined, the geometry set, and the heat transfer equation 

introduced along the surrounding is possible to prepare temperature equation in order to find 

converging results and the possibility of predicting it. Recovering the information given in 

chapter 2.4 every single cell belonging to the piece will have this expression in the 

temperature spreadsheet  

    
                                    

               
 (3.2) 

Figure 12. Cells representing size 
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Eventually, every single test whose results will be indicated in the next chapters is 

performance with isolation in the whole right border of the piece. So that, the conductance kP 

in this border is equal to zero. 

3.2 First and Third kind of Boundary Condition 

In the firsts tests made for the three material studied (Aluminum, Cooper and Steel) 

and for both natural and forced convection by the setting of different conductivities and 

convection coefficient, the heat flux crosses the piece from the base, which is at specific 

temperature (First Kind on Boundary Condition) and is dissipated along the fins by convection 

(Third Kind of Boundary Conditions). The figure below shows the boundary conditions of the 

piece: 

 

Prescribed Temperature in the base (Qd) First Kind of Boundary 

Condition 

As has been explained in previous paragraphs, the First Kind of Boundary condition 

corresponds to a prescribed temperature in the surrounding. In this first case, the fixed 

temperature has been considered 333 K (600 C).  

The graphics below show the set temperature, the conductance related under this 

boundary conditions and the expression of heat flux crossing the base surface. 

Figure 13.  Isolation, convection and prescribed temperature surrounding the piece 
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Notice that the expression of the conductance in the base is derived from First Kind of 

Boundary Conditions: 

 
 

  
 
  

  
 
 

   
 

 

   
           (3.3) 

So that, we can apply: 

        (3.4) 

That corresponds with the expression fit in MS EXCEL, and shown in the last graphic:  

“k!K133*2” where K133 is   .  

The determination of heat transfer from the base cell is calculated by multiplying kD 

with the temperature difference between the cell and the given temperature of 600. 

Figure 14. Conductance and prescribed temperature 

Figure 15. Heat flux equation from the piece base 
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Heat flux across the fins (Qw). Third Kind of Boundary Condition 

The way it is determined the heat flux across the finned surface to the environment is 

described by the equation (3.1). The only difference with the last paragraphs performance lies 

in the description of convection in the fins border. The conductance (L, G and P) are 

determined with the next expression already shown in chapter 2: 

 
 

 
 

 

      
 

  

        
 (3.5) 

These conductances are used depending on the direction the heat is fluxing. Next 

graphic shows an example of dissipation by convection in one of the fins tip of the piece: 

 

3.2.1 Forced Convection (α = 100)  

Aluminum 

Considering a conductivity of         
 

  
, it has been carried out the first test of the 

project with aluminum. In order to achieve results as fast as possible it has been used the 

macros designed and described in chapter 2.4.1. The program has executed 79-cycles of 2000 

iterations. We have run a lot of iterations in order to check that the formulas were correct by 

observing that the values of heat transfer (Qw and Qd) converge. In previous calculations the 

numbers were not converging so it warned that a mistake had occurred during the modeling. 

In the table below are shown the results of the heat transfer in aluminum as well as 

the determination of the coefficient r and the predicting value Q. In there are marked the 

Figure 16. Heat flux and conductance for convection 
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significant numbers from where the prediction can be made with enough accuracy, 

approaching the value of r until the hundredths  

 

The results show a clear convergence between the values of Qw and Qd. For aluminum 

the total heat that crosses the piece and is dissipated by convection is: 

             
 

 

 
 

Thus, this is the heat flux that a piece of aluminum of the specified geometry is able to 

dissipate using a finned surface and taking into account that the temperature in the base is 

fixed and equal to 600. 

It is important to comment that in this first case no temperatures were established 

before, so that the program started running without any reference in the temperature sheet 

but its formulas. Anyway, in the next cases may notice that the number iterations needed to 

converge, in spite of starting points with temperature approached to the final ones, is quite 

similar to the table above. 

Table 2. Aluminum, forced convection. Results 
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It has been marked in colors blue and salmon the number of iterations from where the 

prediction is quite close to the final values. For Qd are need 62000 iterations and for Qw 50000. 

In both cases the mistake done by the prediction is tiny: 0,0001%. 

The timing needed for getting the values of heat depends on the computer used to 

accomplish it, but generally takes around one minute per 2000 iterations.  

After checking that the heat transfer has succeed in its convergence is possible to 

make a graphic with the temperature distribution, as it will be commented in the chapter 6.1 

(comparison between ANSYS and EXCEL), MS EXCEL requires a slower way to organize the 

information requested for the graphic, for instance, the selection of the colors to show the 

areas with high and low temperature and distinguish them.  

In the next graphic is possible to have a look to the temperature distribution found for 

the aluminum piece: 

 

As is shown the temperature rise from 47,50 more or less, until close to 600 near to the 

base. As it will be notice in all tests, the fin which temperature is cooler is the vey left one. This 

fact is related with the isolation situation of the right surface and also with the widest 

dissipation area belonging to the left fin. 

47,5-48,5

48,5-49,5

49,5-50,5

50,5-51,5

51,5-52,5

52,5-53,5

53,5-54,5

54,5-55,5

55,5-56,5

56,5-57,5

57,5-58,5

58,5-59,5

59,5-60

Figure 17. Aluminum, forced convection. Temperature distribution graphic  
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In the next example, cooper, the dissipation should be bigger due to the highest value 

of conductivity, thus, once the aluminum test was finished we were expecting highest values 

of heat transfer and higher temperatures in the fins. 

Cooper 

In order to use the last modeling for aluminum but with a starting point for iterations 

different than the solution found for the aluminum case, we brought the piece until a uniform 

distribution temperature equal to 600. From this starting point the iterations would run the 

calculations from a temperature different than the expected one.  

By the setting of       
 

   
 and the whole surrounding temperature of 600C is 

possible to achieve in a low number of iterations an obviously total amount of heat flux equal 

to zero (no temperature difference between base and environment) and the wanted uniform 

temperature distribution. Thus, the wished started point was reached easily and was possible 

to carry on with the next test. The table below shows the results of the iterations for Cooper. 

 

The number of iterations required to achieve the comparing values are: 

- 18000 for getting an error lower than 0.05% in Qd and lower than 0,005% in Qw. 

Table 3. Cooper, forced convection. Results 
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- 60000 for Qw to approach until rw = 0,75. That shows an error in the prediction of 

almost 0 % taking into account all the decimals 

- 72000 for Qd to approach until rd = 0,75. The error is also minimum. 

             
 

 
 

- In order to get an error of 0,0001% (like in the aluminum test) are needed 38000 

iterations for Qw and 50000 iterations for Qd. 

- Number of iterations to get final results without predicting was about 130000. 

However, may notice that from the beginning the predicting values are quite similar to 

the final ones due to the starting point. On the contrary, the test with aluminum needed more 

to reach amounts of heat similar to the actual values because it had not any reference at the 

moment the iterations run.  

The temperature distribution is found in the next graphic. Now, the coldest 

temperatures (also situated in the left fin tips) are higher than before. The conductivity of 

cooper, considered as         
 

  
  is almost the double value of the aluminum’s. 

Therefore, the heat dissipated is higher without needing a lower temperature in the fin tips 

thanks to the better conductivity among the body. However, the isotherms are quite similar to 

the temperature distribution in aluminum due to the kind of heat transferred. Once again the 

coldest temperatures are situated in the left fin tip. 

 

52,4-53,1

53,1-53,8

53,8-54,5

54,5-55,2

55,2-55,9

55,9-56,6

56,6-57,3

57,3-58

58-58,7

58,7-59,4

59,4-60

Figure 18. Cooper, forced convection. Temperature distribution graphic 
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Steel 

The material with less conductivity (          
 

  
) tested in this project is the steel. 

If the conductivity is lower than in the previous cases, consequently, the dissipation would be 

worse; the material has not the same easiness to conduct heat throughout its dominium. 

The next table shows the iterations needed to achieve convergence. The point of this 

case is the possibility of comparing it with the previous one (cooper), because both of them 

have started iterations from the same conditions: temperature uniform distribution of 600C 

throughout the piece. 

 

In this case the convergence is easily reached. The conductivity is not enough to keep 

on transferring heat and becomes quickly the steady temperature. From the first iterations the 

values get quite similar to the final ones. 

The total amount of heat dissipated is, as we have guessed, quite lower than in the 

previous tests made: 

               
 

 
 

The temperature distribution shown in the graph in the next page, indicates a coldest 

temperature of almost 310C, due to the worse conduction but same convection in the fins as 

the previous examples.  

  

Table 4. Steel, forced convection. Results 
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The isotherm pattern remains the same but the range of temperatures is the widest. 

The steel is not able to conduct the heat in such as good level compared with Aluminum or 

Cooper. The fact of achieve these temperatures would be also an important data to evaluate 

the fin efficiency in coming chapters.  

3.2.2 Natural Convection 

Determination of natural convection coefficient: α 

In general, heat transfer relations in natural convection are based in experimental 

cases.  

Here below we show the simple correlations used to determine the natural convection 

[5]: 

The first step carried out is the determination of Rayleigh number with the next 

expression: 

          
             

 

  
 (3.6) 

where 

Gr = Grahof number 

31-33

33-35

35-37

37-39

39-41

41-43

43-45

45-47

47-49

49-51

51-53

53-55

55-57

57-59

59-60

Figure 19. Steel, forced convection. Temperature distribution graphic 



[Two-dimensional modeling of steady state heat transfer 

in solids with use of spreadsheet (MS EXCEL)] Spring 2011 

 

3-42 

Pr = Prandtl number 

g = gravity = 9,81 m/s2 

   = 600C 

   = 200C 

                              .  

 The properties of air at the film temperature    
     

 
            and 1 atm 

pressure are: 

                   
 

  
                                                                           

  

 
 

                                                                                      
 

   
      

The result for the Rayleigh number applying all the values is: 

             

Then, the natural convection Nusselt number in this case can be determined with the 

expression for free convection in a vertical wall: 

         
           

                      
 

 

        (3.7) 

The natural convection coefficient is found out from the next expression: 

   
  

 
     

 

    
 (3.8) 

In the next paragraphs are presented the results achieved for natural convections 

using the three materials selected. All the tests have started from a uniform temperature of 

600 overall the piece. Afterwards, a brief conclusion comparing forced and natural convection 

is explained. 
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Aluminum results 

 

                     
 

 
 

 

 

59-59,1

59,1-59,2

59,2-59,3

59,3-59,4

59,4-59,5

59,5-59,6

59,6-59,7

59,7-59,8

59,8-59,9

59,9-60

Table 5. Aluminum, natural convection. Results 

Figure 20.Aluminum, natural convection. Temperature distribution graphic  
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Cooper Results 

 

                     
 

 
 

 

  

59,5-59,55

59,55-59,6

59,6-59,65

59,65-59,7

59,7-59,75

59,75-59,8

59,8-59,85

59,85-59,9

59,9-59,95

59,95-60

Table 6. Cooper, natural convection. Results 

Figure 21. Cooper, natural convection. Temperature Distribution graphic 
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Steel Results 

 

                       
 

 
 

 

55,6-56

56-56,4

56,4-56,8

56,8-57,2

57,2-57,6

57,6-58

58-58,4

58,4-58,8

58,8-59,2

59,2-59,6

59,6-60

Table 7. Steel, natural convection. Results 

Figure 22. Steel, natural convection.  Temperature distribution graphic 
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The main point after evaluating the last tables is the decreasing of heat dissipation 

while heat is transferred to the environment with natural convection; the convection 

coefficient is 16,6 times lower. Moreover, as it will be shown in the next paragraphs the 

differences between the natural convection values are not as big as the ones that took place 

using forced convection. 

3.2.3 Comparison between forced and natural convection 

The table below presents the main factors evaluated during the accomplishment of the 

tests. The aim is compare the range of heat dissipated in every case and try to deliver a view 

about the usage of the method by specifying the iterations needed to find results enough 

approached to the real values of this heat transfer. 

 

As the table shows, the usage of natural convection affects gradually the heat 

dissipated by an enormous decreasing. The importance of the sort of convection is clearer 

when we noticed the lower difference between the heat transferred by each material. The 

maximum difference with the aluminum (the reference) is, in this case, less than 5% while in 

forced convection is around 37%. Also with the temperatures, the small value of the 

convection coefficient does not allow the cooling of the piece with the environment (200C).  

The conclusion is that the best material in order to build the finned surface would be 

cooper, but only attending to thermo dynamical aspects. 

Table 8. Comparison between forced and natural convection 
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3.3 Heat flux from the base and Isolation. Second Kind of 

Boundary Condition. 

Using the reference material (Aluminum) another sort of test has been made. The aim 

was the checking MS EXCEL usage changing also the boundary conditions in the base of the 

body.  

Once the value of heat transferred was achieved in the first aluminum test, and also in 

forced convection conditions, the idea was introduce the same amount of heat across the base 

surface with the objective of dissipate it using the fins. Therefore, along the base we find the 

Second Kind of Boundary Conditions: 

              (3.9) 

Where      is the heat transferred between the outside and one single cell, and    is the 

heat flux given.  

In order to performance the new case, one part of the base piece was isolated and the 

rest of it was designed to transfer the 1487,4862 W/m. The isolated portion of the base is 13 

mm long and the heat flux is transferred along the 12,5 mm left. This last length corresponds 

with 50 single cells in MS EXCEL. 

 

Figure 23. Convection, isolation and heat flux surrounding the piece 
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3.3.1 Heat: Isolation & Generation 

The performance of the part in where is needed the heat flux begins with the 

specification of the total amount of heat needed, as is been explained, corresponds to 

1487,4862 W/m shared for 50 single cells. That means that every cell must transfer from the 

base 29,75 W/m approximately.  

After several ways tried to prepare the solution, the final idea was using the 50 cells 

belonging to the piece base to generate the heat flux needed. Thus, some changes had to be 

made in the equations and, obviously, by using generation in the inside cells, the base was 

considered to be isolated from the environment.  

In other words, the best performance was the changing of heat flux from the outside 

for the heat generation inside, the problem to solve remains the same. The next graphic shows 

the final draft used to find the solution: 

 

In all the previous tests the term of the equation (3.2) corresponding to the heat 

generation was zero. In this case, it has the value required by every cell which generates heat. 

That term corresponds to the 29,75 W/m that every cells has to generate. Also, if it is 

considered the whole base isolated, the conductance kD must be zero along the base.  

Figure 24. Convection, isolation and heat generation 



[Two-dimensional modeling of steady state heat transfer 

in solids with use of spreadsheet (MS EXCEL)] Spring 2011 

 

3-49 

In the next paragraphs are presented the results found for this second case. May 

notice that the main difference between the previous ones lie in the temperature distribution 

graphic.  

3.3.2 Results 

 

As is presented in the table above, the iterations needed to approach the heat 

convection to the heat crossing the piece base are many more than in the last examples, 

400000 iterations. From the iteration 54000 is possible to predict the converging value with a 

0,03% of inaccuracy, taking into account the big number of iterations needed to converge, the 

method offers a good way to approach the final result. 

Table 9. Aluminum, second case, forced convection. Results 
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The reference value is 1587,4862 W/m calculated in the previous tests for the 

aluminum with forced convection 

 

In the graphic above is easy to identify the area where the heat flux is given. The isotherms in 

this case change, they draw leaned shapes and the maximum temperatures are found where 

the heat source is.  

References 

[5] Yunus A. Çengel, “Heat Transfer. A practical Approach”, 1998 McGraw Hill  
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Figure 25. Aluminum, second case, forced convection. Temperature distribution graphic 
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4 Heat transfer from finned surfaces 

4.1 Theory Introduction 

The aim of the chapter number 4 is present the techniques for the final calculation of 

the heat transfer in the fin effectiveness and the proper value of the dimensions that the piece 

should have to dissipate as much heat as possible.  

The purpose of the fines in any body is to improve the heat dissipation from the 

surface. They often increase the heat transfer due to the bigger area in contact with the 

surrounding fluid: 

                                (4.1) 

However, it is not always certain that if the A is increased the heat flux is consequently 

enhanced. The convection equation (4.1) is also governed by the value of the convection 

coefficient ( ). If   is not considered constant is necessary to remark that its value can change 

from the fin base until the fin tip. The value of   is usually much lower in the fin base because 

the fluid is surrounded by solid surfaces near the bottom of the fin, which seriously disrupts its 

motion to the point of “suffocating”, while the movements of the solid in the fin tip are almost 

free due to the little resistance the fluid find around the tip, increasing the value of  . Thus, 

the fact of disposing a large number of fins does not guarantee totally a better heat transfer. 

In the current analysis both the value of   (convection coefficient) and λ (thermal 

conductivity along the body) are considered constant and only depend on the surrounding 

fluid plus the sort of convection and the piece material respectively.  As it has been shown in 

previous chapters, different tests have been made by changing the kind of convection (natural 

or forced) or the material of the studied body (Al, Cu and Steel), but always considering equal 

the value of λ among the body and the value of   around it. 

In order to calculate the heat transfer through the fin could be used two different 

methods. The first one is based in the heat conduction among the fin and the second one in 

the convection with the surrounding fluid. Both of them offers the same result due to the fact 

that the heat crossing the fin by conduction must be equal to the heat transferred to the 

environment or dissipated, under steady conditions. 
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Conduction 

This analytic expression comes from the Fourier’s Law and is not anything else than the 

heat conduction transfer crossing a given section of the fin. 

 

             
  

  
 
   

 (4.2) 

where  

Ac = Abase : The normal area to heat flux 

and              (4.3) 

This expression is developed depending on the considerations taken for solving every 

kind of problem. Afterwards is shown the 3 main cases for fit the expression (4.2) to a specific 

problem. 

Convection 

The convection expression is based in the dissipation that takes place in every fin side 

in contact with the environment. It is necessary to take into account that the fin temperature 

will be different from the base to the tip, so that it will be logical to divide the fin in x 

differentials in order to be as much accurate as possible in the results. Then the sum of the 

dissipation in every dx is carried out with an integral.  

Therefore, the equation depends on the convection constant, the fin geometry 

parameters and the given environmental temperature: 

Figure 26. Heat dissipation graphic along fin 
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 (4.4) 

The expression above is under the next considerations: α constant along the length of 

the fin and constant value of the perimeter (p) due to the considered uniform cross section. 

The fin tip offers several possibilities. In the next table are summarized each case 

separately with their respective expressions. 
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where p is the perimeter, Ac the cross section, α the convection coefficient and L the 

length of the fin. 

Table 10. Heat expressions depending on fins descriptions and boundary condition 

Description Boundary 

condition 

Expressions 

Infinitely long fin 

The temperature of 

the sufficient long fin will 

approach the environment 

temperature. 

 

             

       

    

        
     

       

   
   

    
 

                    

 

Insulated fin tip 

More realistic 

situation. Fins are not used 

to be that long, so that is a 

good solution consider the 

heat flux of the fin tip 

negligible in comparison 

with total heat transfer. 

   

  
 
   

   

 

        
     

 
          

      
 

                           

 

 

 

Convection 

More accuracy. In 

practice, the fin tips are 

exposed to the 

surroundings. A practical 

way of accounting it, is to 

replace the fin length in the 

relation for the insulated 

tip case by a corrected 

length called Lc. 
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4.2 Efficiency & Effectiveness of the Fins 

In order to evaluate the usage of the fins in this work, it has been calculated both 

efficiency and effectiveness of them. As it will be shown in the next paragraphs, the geometry 

of the studied piece has required a specific methodology to achieve coherent results. 

However, all the calculations proceed from the pattern learnt in the general equations.  

4.2.1 Fin efficiency 

Fin efficiency is defined as the relation between the actual heat transfer from the fins 

surface and the maximum heat possible to transfer across the same area. The difference 

between this two concepts lies in the temperature distribution applied for calculate it. 

Without focusing in the studied body, the efficiency of a regular fin with the geometry 

shown in the graphic below would be calculated using the real area constituted by the fin 

surface. 

 

                      (4.5) 

It is considered a fin of a constant cross-sectional area Ac=Ab, like in the studied piece. 

The temperature of the fin will be Tb at the fin base and gradually decrease towards the fin tip. 

Thus, the heat dissipated by convection should be less due to a lower temperature difference 

between the fin and the environment. However, the surface is increased with the fin. 

Consequently, the efficiency value will deliver the worthiness of using an extended surface 

taking into account the decrease of the temperature along the fin length.  

In the limiting case of zero thermal resistance or infinite thermal conductivity      ¸ the 

Figure 27. Fin example 
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temperature of the fin will be uniform and equal to the base value of Tb. The heat transfer 

from the fin will be maximum in this case and can be expressed as: 

                          (4.6) 

Then, the efficiency expression can be written as: 

      
     

        

 (4.7) 

where  

      : Actual heat transfer. 

         : Ideal heat transfer if the entire fin were at base temperature. 

Once the efficiency of a specific fin is known, is easy to calculate the actual heat 

transfer in this body from the fins: 

                           (4.8) 

In our case a new efficiency concept has had to be introduced in order to compare the 

heat transferred from the body and the maximum heat if the whole piece would keep the base 

temperature. The piece is not fully constituted by fins, but it has space between the base and 

the beginning of all the fins. Furthermore, this space is not regular along the body. Another 

question is the importance of evaluate the comparison using the total heat transfer from the 

body, using both extended surface and the unfin surface (area between fins). In this case, we 

will use the calculated heat transfer with the iterations, the total amount. So that, we will 

analyze the whole body efficiency, how much it is dissipated related with the maximum value. 

In the next graphic it is shown the surrounding area used for that aim. 
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The surface painted in yellow represents the total heat transfer of the piece; we may 

notice that the area between the fins also is useful to determine the total heat transfer. If we 

are coherent with this idea, it is necessary to express the maximum heat transfer formula using 

the same area Atotal. 

                        (4.9) 

where          and         

Consequently, we define the heat relation as a fin surface efficiency, whose formula 

looks similar to (4.7) but its concept is slightly modified: 

              
       

     

 (4.10) 

where  

        : Actual total amount of heat transferred by convection 

      : Dissipation considering the whole body at base temperature 

Usually the determination of any area belonging to any piece is carried out with 

specific formulas depending on the type of fins. MS EXCEL allows calculating it measuring it 

manually.  

Figure 28. Area used to calculate        
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4.2.2 Fin effectiveness 

As it is been explained in last paragraphs the usage of the fins do not assure an 

enhancement of heat dissipation. In order to check the benefit of the disposal of the fins it is 

needed other factors. The improvement of the heat dissipation should also explain the added 

cost and complexity associated with the fins and its geometry.  

The performance of the fins is judged on the basis of the enhancement in heat transfer relative 

to the no-fin case. Therefore, the next factor to take into account, fin effectiveness     , should 

compare the heat dissipation from the fins surface and the heat dissipation from the cross-

sectional area of the fins at the base (     ) if no fins are attached in the surface. Thus, for a 

regular fin surface, the expression would be: 

      
     

        
 

     

               
 (4.11) 

The three main sorts of results we can come across are: 

      : Indicates that the fin actually act as insulation, slowing down the heat 

transfer from the surface 

      : Indicates that the addition of fins does not affect to the heat transfer at all. 

Therefore, the disposal of the fins does not worth due to it added cost. 

      : Indicates that the fins are enhancing heat transfer from the surface, as they 

should. 

In a regular fin performance is possible to turn the expression (4.11) into something 

more specific. The next equation is not proper to our study because of the differences 

introduced in the point 4.2.1. 

 

     
     

        
 

     

               
  

  
                   

               
 

    

     
      

(4.12) 

The differences between all the fins in our study do not allow a useful way to calculate 

the fin effectiveness, moreover the determination of this value is useless for next calculation 

and does not show any added information. Furthermore, the temperature between the fin 
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base and the environment is not clear due to the fact that the temperature rate decreases 

from the base of the piece and the base of the fins. Therefore, the effort to calculate           

does not worth.  

4.2.3 Overall fin effectiveness 

The overall fin effectiveness for a finned surface is the ratio of the total heat dissipated 

from the finned surface to the heat transfer from the same surface if there were no fins. 

This relation gives an accurate idea of the usage of the fins. The total heat dissipated is 

calculated considering also the unfinned portion of the surface or the surface between fins as 

well as the fins. This value has been used also in the point 4.2.1 for calculate fin surface 

efficiency.  

In a regular fin, where we do not dispose of its real geometry, the way to determine 

the total heat may be expressed as: 

                                                  (4.13) 

Thus, once the efficiency has been calculated, the total heat transfer is achieved. 

About the overall fin effectiveness: 

              
           

             
 
                          

                
 (4.14) 

Where         is the area of the surface when there are no fins,      is the total 

surface area of all the fins on the surface, and        is the area of the unfinned portion of the 

surface. 

In our project is not necessary to make part of the last determinations due to the 

disposal of the computer performance of our piece. The             is already calculated by the 

program. About              , the accomplishment of its value has not been as easy as the 

formula (4.14) shows. The heat dissipation is not uniform in the entire surface without fins, so 

that, we cannot express it in the same terms. The thickness between the real base of the piece 

and the base where the fins start is different along the piece. In order to calculate the heat 

that would crosses the area considering the next graphic in the case of no fins, it is proposed 

the equation (4.15) beyond the graphic. 
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As is shown, the piece has been divided in seven portions with its different thickness 

(    and its different cross-sectional areas Ai. The boundary between areas is assumed to take 

place in the half thickness fin. The values of both parameters are calculated with the MS EXCEL 

cells and are shown in the table below. For every single case studied in this project are the 

same because of the unchanging geometry.  

Ai (m
2) δi (m) 

0,008 0,006 
0,0025 0,007 
0,0025 0,0085 
0,0025 0,00925 
0,0025 0,00975 

0,0025 0,01 
0,005 0,01025 

The expression that determines the heat transfer across these non-uniform areas is: 

                   

 

   

              

 

   

 (4.15) 

Where k is the conductance found in the next expression related with the heat transfer 

resistance:  

Figure 29. Thickness and areas 

Table 10. Thickness and areas 
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 (4.16) 

Eventually, the overall effectiveness is calculated as: 

              
           

             
 (4.17) 

4.2.4 Results and comparison 

The next table shows the variables needed to calculate Fin Efficiency and Fin 

effectiveness with its values for every test made: 

Material and Condition Qtotal = Qtotañ,fin (W/m) Qmax (W/m) Qtotal,nofin (W/m) 

Cooper  α = 100 W/m2K 1749,91 1962 101,77 

Cooper α = 6 W/m2K 116,86 117,72 6,119 

Aluminum  

α = 100W/m2K 

1587,42 1962 101,56 

Aluminum α = 6 W/m2K 116,03 117,72 6.117 

Steel α = 100 W/m2K 999,69 1962 100,07 

Steel α = 6 W/m2K 110,60 117,72 6.,113 

  

Table 11. Results and comparison 
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As it was expected the material that presents more efficiency and effectiveness is the 

cooper due to a bigger conductivity (λ).  

In chapter 3 it has been demonstrated how the cooper was able to dissipate more heat 

under all kind of conditions. Remember that the efficiency is the comparison between the 

whole heat dissipated and the maximum heat that the piece could dissipate (only dependent 

of convection factor, geometry and difference of temperatures) is logical that cooper is the 

most efficient material. The maximum heat the piece could dissipate is equal (same conditions) 

Reference used in chapter 4: 

[6] Carslaw H.S. Jaeger J.C, ”Conduction of heat in solids” 1959 Oxford 
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Figure 30. Fin efficiency depending on the material and kind fo convection  

Figure 31. Fin effectiveness depending on the material and kind of convection: 
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5 Analysis with ANSYS 
The ANSYS program is capable of simulating problems in a wide range of engineering 

disciplines. In this project, it has been accomplished a Thermal Analysis focused in the first of 

the tests made with the objective of comparing results and methodology of work such as 

required time, automatic skills of the programs, etc. 

The analysis with ANSYS addresses several different thermal problems, for instance: 

- Primary heat transfer: Steady-state or transient conduction, convection and 

radiation 

- Phase Change: Melting or freezing 

- Thermo mechanical Analysis: Thermal analysis results are employed to compute 

displacement, stress, and strain fields due to differential thermal expansion. 

ANSYS is a sort of program totally focused in the kind of studies carried out in this 

project. It offers a complete specific study in every field and its possibilities are wide. Lots of 

companies in the aeronautical field trust in this program to make the required tests. It is 

necessary to highlight the importance of the experience developed by the ANSYS after several 

years solving problems similar to this study. 

In the next chapters is possible to find a brief description of the methodology used to 

accomplish the study of one of the models already analyzed in MS EXCEL. In these paragraphs 

are shown the necessary steps the user should follow to achieve a complete study of the piece 

as well as the results provided by the program.  

We may notice that the timing and manual work required by ANSYS is minimum and 

the power of the program to achieve automatic calculations is huge.  

5.1 Description of the method 

The first requirement needed by ANSYS to start the modeling of any piece in the 

thermal problems is creating single elements such as the geometry or the mesh. It means 

describe the piece of the study. 
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Once is set the option FluidFlux (FLUENT), is possible to select the options shown in the 

image below in order to describe geometry, mesh, etc. This first square summarizes the whole 

analysis and the specifications will be set every time we select one of its options. 

 

 

5.1.1 Geometry and meshing 

If we start with the geometry selecting geometry several options are added to 

concrete the geometry properties. In the next graphic we can notice the different options that 

can provide the program before start drawing the geometry of the body. The geometry can 

either be drawn from the beginning using the work sheet provided by ANSYS or importing it 

from other programs such as SOLIDWORKS or SOLIDEDGE.  

  

Figure 32. Workbench  
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If we proceed drawing the piece by selection of NewGeometry the program provides a 

work sheet very similar to any drawing program. In the case of our piece, the accomplishment 

of our geometry is done with the setting of several box, an option given by the program. Then, 

is defined the origin of coordinates, the length, the width and the depth of it. The assembly of 

all the boxes done complete the geometry of the piece, the methodology fits perfectly our 

case due to the squared-shape of the body. The results as well as the option offered, in 

addition to the boxes used are shown in the next image.  

 

Figure 33. Geometry 

Figure 34. Geometry performance  
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Once the geometry is performed, the next step is doing the meshing of the piece. The 

meshing consists in the discretization of the body through little cells. In order to fit the MS 

EXCEL performance, the dimensions of the little cells in which we divide our piece are equal: 

           

           

In the main screen we select mesh and several options are presented referred to the 

geometry already created, from these options is possible to specify the commented 

dimensions of the meshing on the folder seizing showed in the next ANSYS screen: 

 

The advantage of the meshing in ANSYS is clear, everything is automatic after set the 

details, in our project not many specifications are required: 

                 

                 

In the same folder as Mesh it is possible to define the boundary conditions clicking in 

every surface of the body in contact with the environment. 

Figure 35.Meshing 
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We have defined both needed boundary condition for this specific case following these 

next two steps: 

Bottom/Secondary Button of mouse/ NamedSelection_Boundary1/Apply/Generate 

Surface by convection/Secondary Button/NamedSelection_Boundary3/Apply/Generate 

5.1.2 Setup 

After define the boundary conditions in the surface we select setup in the main screen. 

In the setup folder we will find the options we should set to solve the problem. Are divided in: 

Problem Setup: Description of the problem by general considerations such as steady or 

time-dependent, materials used with the proper values of conductivity and boundary 

condition. 

 

It is also necessary to set the Model folder (Energy ON) and specify the Materials 

(Fluid: Air & Solid: Al, in our case),  

  

Figure 36. Setup – general options  
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One of the main steps is the right choice and setting of the boundary condition. In the 

next graphic it is shown the needed specifications; notice that all the factors, temperatures 

and type of heat flux are set in the window named Wall. Thus, all the values are ready from 

this moment to the next determinations. 

 

Solutions: After the selection of Initialize in the Solution Initialization folder to prepare 

the calculations, the main factor to describe in this paragraph is the Run Calculation which 

provides the wanted iterations in order to solve the problem. As MS EXCEL, ANSYS use 

iterative calculations to achieve heat and temperature distribution.  

The values that we should specify after preparing the solution of the problem are: 

- Number of Iterations 

- Reporting Interval 

- Profile Update Interval 

  

Figure 37. Boundary conditions 



[Two-dimensional modeling of steady state heat transfer 

in solids with use of spreadsheet (MS EXCEL)] Spring 2011 

 

5-69 

In the picture above are shown the settings for start solving the problem. It may notice 

that the number of iterations to begin is 100, an arbitrary value. Afterwards, the program 

solves the temperature and heat distribution with the iterations that it really needs, but never 

more that the value indicated. 

 

The program does not need a lot of iterations because of the steady conditions set in 

previous options. 

Results: Eventually is the last screen that will appear and it shows the required 

solution. In the next paragraphs is shown the results founds as well as the graphics with the 

temperature distribution. May be noticed that the solution found has been developed 

automatically for the program once has been indicated the iterative calculations. The folder 

Graphic and Animation shows the temperature distribution and the folder Reports provide the 

values of heat transfer. 

  

Figure 38. Run calculation 
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5.2 Results 

In the next image is possible to have a look of the results given by ANSYS. The 

performance has been done always with 1 mm depth whereas in MS EXCEL is considered as 1 

meter = 1000 mm. This is the reason why the results are 1000 times lower. The solution is 

given for the heat flux dissipate by convection (konwekcja) and for the heat flux that crosses 

the base, where the temperature is prescribed (temperatura).  

 

Heat dissipated by convection: 1,5811 W/mm 

Heat crossing the base piece: 1,5807 W/mm 

  

Figure 39. Heat results and temperature distribution graphic 
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6 Conclusions 

6.1 Comparison between ANSYS and MS EXCEL 

As it has been remarked along the project, the comparison between these two 

programs does not occur in the same level when the aim is solve a heat transfer problem. 

ANSYS is specialized in this sort of procedures whereas MS EXCEL consists in a huge calculation 

sheet which possibilities are wide, thing that has allowed us to perform a heat transfer 

problem and find not only a solution but also a methodology to comprehend and develop 

Numerical Method problems.  

ANSYS is focused in provide a solution for any heat transfer problem, and the results as 

well as the methodology is accurate and built easily. On the other hand, almost every step 

followed in MS EXCEL requires manual settings and a basic knowledge in the subject. 

Therefore, ANSYS shows the values of the solutions fluently, without taking care of formulas or 

previous steps in which calculations are required, whereas MS EXCEL helps to develop both 

preparation and solution of the problems. 

One of the main differences of these programs is the time needed to describe and 

solve the problems. As it has been shown in chapter 5, ANSYS program does not need a lot of 

specifications in all the areas, just a description of the problem wanted to solve using the wide 

range of options the program offers. Almost every step the user wishes to specify is able to be 

developed by one of the ANSYS options such as the kind of heat flux: convection, conduction, 

etc. Thus, the time the user spends in every step is insignificant compared with the MS EXCEL. 

No formulas have to be settled because the program already has it.  However, in MS EXCEL 

there is no option in which the user might choose convection or conduction, and the way to be 

able to set any condition is by the writing of the formulas belonging to each case. The process 

is longer but, as it has been demonstrated, once a first test is made, the others can be built 

from previous descriptions by changing some parameters. This is one of the advantages the 

MS EXCEL offers, the possibility of moving and copying formulas, spreadsheets or even entire 

documents.  

Other example is the geometry, in this case the difference is not as important in 

required time as it is in the way the program allows the user to draw any geometry. In ANSYS 

the geometry is accurately drawn with a methodology very similar to the one used in programs 
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such as SolidWorks (program specialized in technical drawing). Consequently, the way the user 

builds up the geometry is supposed to be fast and easy but it requires quite experience in 

drawings programs. In this case, the possibility to draw simple shapes in MS EXCEL is very 

simple and any user experienced in computers (nowadays every engineer) is able to prepare 

geometry without previous lessons. Also, the time in which the geometry was performance in 

this project was less in MS EXCEL than in ANSYS. 

One of the main differences lies in the manual requirements of each program. It is 

known that ANSYS applies automatically most of the steps needed to create and solve a 

problem, but MS EXCEL needs manual process during the problem description. The obvious 

inconvenient is the time needed to specify all that options that ANSYS performs by itself. 

However, along the accomplishment of the test made in MS EXCEL, the user actually realizes 

and understands the steps that he/she is carrying out. In other words, MS EXCEL allows the 

user to get into each case and comprehend it, for instance, by the settings of formulas. In this 

way, MS EXCEL is used as a learning tool to understand what Numerical Methods really is and a 

practical method to find results and check the coherency of them.  On the other hand, there 

are cases such as editing the temperature distribution graphic format that requires a lot of 

time in order to arrange the colors, for example.  

Along all the work develop in this project and by the usage of the predicting method 

described in chapter 2, it has been demonstrated that the number of iterations needed to find 

coherent solutions with MS EXCEL are less than the iterations the program would need to 

converge. No comparison with ANSYS is possible because the power of the fluent program to 

determine the final solution with both heat transfer rates and temperature graphic is huge. 

Whereas the ANSYS has needed around 10 iterations to find out the solutions of the problem, 

in MS EXCEL for the same case were necessary around 60000 to arrive to a result with 0,0001% 

error. However, the possibility of using macros (chapter 2.4.1) in MS EXCEL provides a 

comfortable way to accomplish these iterations.  

The possibility that MS EXCEL, as a calculation sheet program, offers to present results 

in tabs shapes and graphics has been important to complete this project. Once the iterations 

were made in each case, the results could be shown and used in other spreadsheet in order to 

calculate other interesting factors beyond the heat transfer. Therefore, MS EXCEL has not only 

helped with the running calculations explained in this chapter but also to achieve efficiency 
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and effectiveness of the fins piece, comparison graphics to present  the different values 

attained with natural or forced convection in the environment…  

Eventually, one of the most important targets of this thesis has been the 

demonstration of solving a heat transfer problem with the usage of a relative cheap program, 

specially compared with ANSYS. The cost difference between the programs is huge and most 

of the universities need a tool to explain Numerical Method and show how the solutions of 

such problems are carried out technologically. Nowadays ANSYS license is unaffordable for a 

big part of Europe universities and the possibility to create an alternative method was the 

main aim for the MS EXCEL use. 

6.2 Effectiveness and Accuracy in MS EXCEL 

Despite of the time needed to accomplish this project and taking into account that the 

writer had not had any knowledge of the method before starting, the results found after the 5 

month experience are satisfactory, and every test made has finished successfully. In every 

single case studied we have achieved a converging solution and a number of iterations where 

the heat value predicted was approached to the converging one.  

Bearing in mind all the differences explained in the previous paragraphs with a 

reference program in the heat transfer field, the usage of MS EXCEL to explain, learn and teach 

numerical method problems for simple piece shapes is completely effective. 

The accuracy of the method is shown in all test already made and explained in these 

pages. If we take as a reference the first one made (Aluminum, forced convection and 

prescribed temperature in the base) the heat transferred is totally converged after 158000 

iterations and both Qw and Qd reach 1587,486195 W/m, that means that they are equal until 

the sixth decimal. It is important to remark that the body shape analyzed in this project 

consists in a finned surface, fact that slows down all calculations compared with a regular 

shape because of its complexity. In ANSYS the values obtained are                and  

              after a reduced number of iterations.  

Eventually, as an ending conclusion, MS EXCEL provides an interesting and didactic way 

to achieve enough accurate results in the study of heat transfer by Numerical Method. The 

possibility of develop both announce and solution of the problems offers a general view of the 
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meaning of Numerical Method and the reliability of its solution allows its usage in practical 

cases as the piece study in this project. 


