
CHBE 386 
Mathematical Modeling 

Instructor: 

 Assist. Prof. Dr. M. Oluǒ Özbek 

Teaching Assistant: 

 TƭŀȅŘŀ !ŎŀǊƻƐƭǳ Degitz 



Course objective 

Building the mathematical models of chemical and 
physical processes, as well as developing necessary 
differential equations and their solutions for the 
problems of heat & mass transfer and chemical 
reaction engineering. 
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Basis for mathematical modeling 
Basis of science and engineering are: 
 
 
ÅMass (chemical species), 
ÅEnergy (momentum) 
 
 
For any quantity that is conserved, an inventory rate equation can be written to 
describe the transformation of the conserved quantity. Inventory of the conserved 
quantity is based on a specified unit of time, which is reflected in the term rate. In 
words, this rate equation for any conserved quantity  takes the form 

conserved quantities! 
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Basis for mathematical modeling 

Rate of  
Input 
of   

Rate of  
Output 

of   

Rate of  
Generation 

of   

Rate of  
Accumulation 

of   

Solutions of engineering problems are based on the rate equations for 
the: 
 
ÅConservation of chemical species, 
ÅConservation of mass, 
ÅConservation of momentum, 
ÅConservation of energy 
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Levels of application of the basic concepts 

Microscopic Level Ҧ Equations of Change 
 

At the microscopic level, the basic concepts appear as partial differential equations in three 
independent space variables and time. Basic concepts at the microscopic level are called the 
equations of change, i.e., conservation of chemical species, mass, momentum, and energy. 

Macroscopic [ŜǾŜƭ Ҧ Design Equations 
 

Integration of the equations of change over an arbitrary engineering volume exchanging mass 
and energy with the surroundings gives the basic concepts at the macroscopic level. The 
resulting equations appear as ordinary differential equations, with time as the only independent 
variable. The basic concepts at this level are called the design equations or macroscopic 
balances. For example, when the microscopic level mechanical energy balance is integrated over 
an arbitrary engineering volume, the result is the macroscopic level engineering Bernoulli 
equation. 
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Model Scales 

Macro Scale 

Mezo Scale 

Micro Scale 
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Building / analyzing / solving a model: 

ÅDefine your system: A system is any region that occupies a 
volume and has a boundary. 

ÅIf possible, draw a simple sketch: A simple sketch helps in 
the understanding of the physical picture. 

ÅList the assumptions: Simplify the complicated problem to 
a mathematically tractable form by making reasonable 
assumptions. 

ÅList the available data: Write down the inventory rate 
equation for each of the basic concepts relevant to the 
problem at hand. 

ÅUse engineering correlations to evaluate the transfer 
coefficients 

ÅSolve the algebraic equations. aΦ hƭǳǒ mȊōŜƪ /I.9оус [ŜŎǘǳǊŜ bƻǘŜǎ 7 



Building / analyzing / solving a model: 

Time Dependency 

Scale 

Generation / Depletion 

Coordinates 

Conserved Property 

Microscopic Macroscopic 

Steady state Un-steady state 

R = 0 w ґ л 

Rectangular Spherical Cylindrical 

Energy Momentum Mass Chem. Species 
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Differential volume elements 

Cartesian 
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Cylindrical Spherical 

ɲX, ɲY, ɲZ 

ɲr, ɲ ,̒ ɲZ ɲr, ɲ ,̒ ɲʊ 



A cylindrical metal rod experiences a constant heat flux of F from one end while the 
other end is kept at a constant temperature of TL. Find the steady state temperature 
profile within the rod along x-direction. 

¸ƻǳ Ƴŀȅ ŎƻƴǎƛŘŜǊ ǘƘŀǘ ǘƘŜ ǘŜƳǇŜǊŀǘǳǊŜ ǿƛǘƘƛƴ ǘƘŜ ǊƻŘ ŘƻŜǎ ƴƻǘ ŎƘŀƴƎŜ ŀƭƻƴƎ Ǌ ŀƴŘ ʻΤ 
as well as perfect insulation at r=R. You may also assume the thermal and physical 
properties to be uniform and constant. 

 

Example 1: Conduction within metal rod 
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A cylindrical metal rod experiences a constant heat flux of F from one end while the 
other end is submerged into a water stream of Tқ. Find the steady state temperature 
profile within the rod along x-direction. 

¸ƻǳ Ƴŀȅ ŎƻƴǎƛŘŜǊ ǘƘŀǘ ǘƘŜ ǘŜƳǇŜǊŀǘǳǊŜ ǿƛǘƘƛƴ ǘƘŜ ǊƻŘ ŘƻŜǎ ƴƻǘ ŎƘŀƴƎŜ ŀƭƻƴƎ Ǌ ŀƴŘ ʻΤ 
as well as perfect insulation at r=R. You may also assume the thermal and physical 
properties to be uniform and constant. 

 

Example 2: Conduction within metal rod 
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The coating over an electric wire experiences a constant and uniform heat flux of F 
from the inside, while the outer wall is kept at Ts. Assuming constant and uniform 
thermal and physical properties, find the steady state temperature profile within the 
insulation. 

 

Example 3: Conduction within wire insulation 
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The coating over an electric wire experiences a constant and uniform heat flux of F 
from the inside, while the outer wall is cooled with an air stream of temperature Tқ. 
Assuming constant and uniform thermal and physical properties, find the steady 
state temperature profile within the insulation. 

 

Example 4: Conduction within wire insulation 
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