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Solving Nonlinear Equations with Iterative Methods 
 
 

A problem which sometimes occurs in the analysis of heat 
exchangers may be addressed by an iterative or trial-and-error 
solution technique. Such techniques benefit tremendously from 
machine computation. 

Problem Statement 

A commonplace example of a heat exchanger is the radiator on 
an automobile. Engine coolant enters the radiator at high 
temperature and leaves at a lower temperature. Conversely air 
flowing past the radiator is heated from ambient temperature to a 
higher temperature. You will study the details of this process in 
subsequent courses. 

An analysis of the heat-exchanger problem described leads to a 
nonlinear equation; for the purposes of this illustration we will 
consider a similar equation in compact notation: 

 
 
 
where U, G, and M are known. We wish to solve for x. Spend 
some time manipulating this equation in an attempt to find an 
algebraic solution. 

For the case of U = 30, G = 10, and M = 12, a plot of the right side 
of the equation is shown in the figure below. From the plot, it is 
easy to see that there is a root near x= 10. The plot was 
generated by the following Scilab code (please note the ./ 
operator): 
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The exact value of the root is difficult to obtain from visual 
inspection of the plot. It could be obtained by repeated evaluation 
of expanded plots, but this process would require substantial 
manual intervention and thus not be useful if a large number of 
problems needed to be evaluated. 

 
 

1. Newton’s method 
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Reading: USF Holistic Numerical Methods Institute’s “Newton-
Raphson Method” and “Secant Method” 

Link: USF Holistic Numerical Methods Institute’s “Newton-
Raphson Method” and “Secant Method” 

Instructions: Read the “Textbook Chapters” and perform the 
multiple choice tests. 

Terms of Use: Please respect the copyright and terms of use 
displayed on the webpages above. 

Here we implement it with the following Scilab code 
 

 
 
For 100 iterations from an initial guess of 10.1, the method returns 
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a value of 10.19987 for the root. Note that the function derivative 
is obtained by finite difference and is hence formally a secant 
method. 

2. BisectionMethod Reading: USF Holistic Numerical Methods 
Institute’s “Bisection Method” Link: USF Holistic Numerical 
Methods Institute’s “Bisection Method” (PDF) 

Instructions: Read the link for “Textbook Chapter” and perform the 
multiple choice test. 

Here we implement it with the following Scilab code for the 
problem specified above. 
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The method also returns a value of 10.19987 for 100 iterations 
from the starting interval of (5,10.99). You should check the 
validity of the root by manual inspection. 

Exercise: Repeat the calculations above for U=20, G=9, and 
M=11. Ans: 9.2571317 

 


