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Topic 2.2 

Applications of first-order ODEs in Chemical Engineering

This topic covers the following applications of first-order ODEs in 
chemical engineering:

1. Fluid Mechanics and Mixing
2. Heat Transfer and Thermal Systems
3. Mass Transfer and Diffusion
4. Reaction Engineering
5. Process Dynamics and Control
6. Chemical Separation Processes
7. Environmental and Biochemical Systems

The next topic will 
be on the solution 

of second-order 
ODEs



First-order ordinary differential equations 
are widely used in chemical engineering to 
describe how process variables such as 
concentration, temperature, and pressure 
change with time or position. They are 
essential for modeling reaction kinetics, 
heat and mass transfer, and dynamic 
behavior in reactors and process 
equipment. These equations help engineers 
predict system performance, optimize 
designs, and control industrial operations 
efficiently.

Introduction 



Fluid Mechanics and Mixing



Fluid Mechanics and Mixing

Filling Tank with Constant Inflow

A tank is being filled with a constant volumetric flow rate, ���(m³/s). 
The tank has a uniform cross-sectional area, � (m²).
There is no outflow — all the fluid entering the tank accumulates 
inside. If ��� = 0.002 m�/s and � = 0.5 m�, and the tank is initially 
empty, determine the level of water after 10 s.



Assume uniform cross-sectional area �(m²), with only water inflow. Then



��� = 0.002 m�/s and � = 0.5 m�, 
ℎ� = 0 �, determine the level of 
water after 10 s.

For a given time of 10 s, then the water level after this time becomes



Heat Transfer and Thermal Systems



Heat Transfer and Thermal Systems

Newton’s Law of Cooling - Basic Concept

A cup of hot coffee at 90°C is left to cool in a room at 25°C. After 5 
minutes, the coffee temperature is 70°C. Find the coffee 
temperature after 10 minutes.

The rate of change of temperature of an object is proportional to the 
difference between its temperature and the surrounding (ambient) 
temperature:

For this case:

 No work (�˙=0W˙=0)
 The only energy exchange is heating loss from 

the coffee to the surroundings.



Substitute into the energy balance:





Mass Transfer and Diffusion



Mass Transfer and Diffusion

Perfume Dispersion in a Closed Classroom

A person sprays perfume in one corner of a closed classroom. 
Immediately after spraying, the air near that corner attains a 

perfume vapor concentration of ��� = 2 × 10�� ���

�� . The perfume 

then begins to spread toward the opposite corner. Find the time of 
his perfume to reach the other corner (4m away from the first 
corner). 

�� is the perfume concentration at the far corner.
��� is the source concentration,
� is the mass transfer coefficient, which depends 

on distance and air mixing,
This is a standard linear ODE. Its solution is:





Reaction Engineering



Reaction Engineering

Production of table salt

In a batch reactor, equal volumes of hydrochloric acid 
(HCl) and sodium hydroxide (NaOH) are mixed to produce 
sodium chloride. Both reactants have initial 
concentrations of 0.1 mol/L. The reaction is second order, 
and the rate constant: k = 1.0 L/(mol·s). 
The neutralization reaction occurs according to:

Determine the time required for [HCl] to decrease to 0.02 mol/L.





Process Dynamics and Control



Process Dynamics and ControlFirst-order lag temperature controller

A small electrically heated, well-stirred tank is used to maintain the 
temperature of a process fluid. When the heater power is suddenly 
changed (a step input), the temperature of the liquid does not 
immediately reach its new steady-state value but follows a gradual 
rise described by a first-order lag behavior. Determine an 
expression for the variation of temperature with time.



Process Dynamics and Control
Energy (first-law) balance

Write in deviation form by defining deviation from 
ambient: 



Let

� =
� ��

� �
  : Larger thermal mass (��� ( or smaller heat loss (ℎ�) → slower response (larger τ).

� =
�

� �
 :  More heater power per controller unit (α) or smaller loss (hA) → larger steady-state temperature 

change per unit �.



� = 20 �/�����

� 0 = 0
� = 5 �

�� = 1



Separation Processes



Separation ProcessesSingle-stage Extraction Unit

A single-stage liquid–liquid extraction is performed in a stirred tank. The feed contains a solute at a 
concentration of �� = 0.1 mol/L. The solvent is initially free of solute. The solute transfer rate into the 
solvent is proportional to the difference between the equilibrium concentration �∗ = 0.3 mol/L and 
the current solute concentration in the solvent � � :



Separation ProcessesSingle-stage Extraction Unit

General mass balance for the solute in the solvent phase: For a well-mixed solvent tank in a single-
stage batch extraction:





Environmental and Biochemical Systems



Environmental and Biochemical Systems
Biomass growth in a bioreactor

A batch bioreactor contains a microbial culture with an 
initial biomass concentration of �� = 0.2 g/L. The 
microorganisms grow in a nutrient-rich medium under 
ideal conditions. Assume the growth is exponential and 
limited only by time (nutrient excess). The specific growth 
rate is � = 0.3 h��. Determine the biomass concentration 
� � at any time �and find the concentration after 6 hours.

Start from the fundamental mass balance:  For a well-mixed batch reactor: 





End of Topic 2.2










































































