CHBE 386
Mathematical Modeling

Instructor:

Assist. Prof. Dr. MOIlud Ozbek
TeachingAssistant
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Courseobjective

Buildingthe mathematical models of chemical and
physical processes, as well as developing necess:
differential equations and their solutions for the
problems of heat & mass transfer and chemical
reaction engineering.
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Basis for mathematical modeling

Basiof scienceandengineeringare;

A Mass(chemicakpecie$, conserved quantities!
A Energy(momentum)

For any quantity that is conserved,an inventory rate equation can be written to
describethe transformation of the conservedquantity. Inventory of the conserved
guantity is basedon a specifiedunit of time, which is reflected in the term rate. In

words,this rate equationfor anyconserveajuantity takesthe form

Rate of\ Rate of Rate of Rate of
Input J Output | =¥ |Generation B | Accumulation
. of of of of .
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Basis for mathematical modeling

Rate of Rate of " Rate of Rate of
Input | == | Output + Generation g | Accumulation

of of ) . of of

Solutionsof engineeringproblemsare basedon the rate equationsfor
the:

A Conservatiorof chemicalspecies,
A Conservatiorof mass,

A Conservatiorof momentum,

A Conservatiorof energy
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Levels of application of the basic concepts

MicroscopicLevellhEquationsof Change

At the microscopiclevel, the basicconceptsappear as partial differential equationsin three
independentspacevariablesand time. Basicconceptsat the microscopiclevel are called the
equationsof changej.e., conservatiornof chemicalspeciesmass momentum,andenergy

Macroscopid S @ SdesigiEquations

Integration of the equationsof changeover an arbitrary engineeringvolume exchangingnass
and energy with the surroundingsgives the basic conceptsat the macroscopiclevel The
resultingequationsappearasordinarydifferential equations,with time asthe onlyindependent
variable The basic conceptsat this level are called the design equations or macroscopic
balancesForexample whenthe microscopidevelmechanicaknergybalanceis integratedover
an arbitrary engineeringvolume, the result is the macroscopiclevel engineeringBernoulli
equation
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Model Scales
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Building / analyzing / solving a model:

A Defineyour system A system is any region that occupieé
volume and has boundary.

A If possible, draw a simple sketci\ simple sketch helps ir
the understanding othe physicapicture.

A Listthe assumptions Simplify the complicated problem t
a mathematicallyractable formby making reasonable
assumptions.

A List theavailable data Write down the inventory rate
equation for each of the basic concepts relevantite
problemat hand.

A Useenagineering correlationgo evaluate the transfer
coefficients

' A Solvethe algebraicéqudtions.




Building / analyzing / solving a model:

‘ Scale Microscopic || Macroscopic

‘ Time Dependency Steady state!| Un-steady state

‘ Generation / Depletion R =0 W I N

Coordinates Rectangular Spherical  Cylindrical

‘ Conserved Property | Energy Momentum| Mass| Chem. Specie
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Differential volume elements

Cartesian Cylindrical Spherical
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Example 1: Conduction within metal rod

A cylindrical metal rod experiences a constant heat fluxfadm one end while the

other end is kept at a constant temperature gf Find the steady state temperature
profile within the rod along xlirection.

. 2dz YIe O2YyaARSNI GKFG GKS GSYLISNI Gdz

as well as perfect insulation at r=R. You may also assume the thermal and physi

properties to be uniform and constant.
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Example 2: Conduction within metal rod

A cylindrical metal rod experiences a constant heat fluxfadm one end while the
other end is submerged into a water stream gt Find the steady state temperatur
profile within the rod along xlirection.
. 2dz YIe O2YyaARSNI GKFG GKS GSYLISNI Gdz
as well as perfect insulation at r=R. You may also assume the thermal and phys
properties to be uniform and constant.
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Example 3: Conduction within wire insulation

The coating over an electric wire experiences a constant and uniform heat fux ¢
from the inside, while the outer wall is kept &t Assuming constant and uniform
thermal and physical properties, find the steady state temperature profile within

Insulation.
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Example 4: Conduction within wire insulation

The coating over an electric wire experiences a constant and uniform heat fux ¢
from the inside, while the outer wall is cooled with an air stream of temperatyre |

Assuming constant and uniform thermal and physical properties, find the steady
state temperature profile within the insulation.
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