
 

The Main School of Fire Service in Warsaw 

Faculty of Fire Safety Engineering 

Academic year 2018/2019 till 2020/2021 

DESCRIPTION OF INDIVIDUAL COURSE UNIT/MODULE 

Cycle of study 

Eng./Bach./Mast. 
                         Form of study            

  for officers  for civilians 

Field of study: 

Fire/Civil Safety Engineering 

 

Subject code: FSC 

Statuts:  mandatory/optional 

Form of study:  full-time / extramural 

Speciality track:  

Fire Safety Engineering  

 

Language of instruction: PL/EN/DE/RU 

Module/course name:  Fire Science and Combustion 

Full-time study 

semester 

Teaching method, teaching load 

( x -egzam, + general mark, # detailed mark) ECTS credits 

Sum: Lecture Exercise Laboratories Project work 

2 34 10  24  5 

Total 34 10  24  5 

Extramural studies 

semester 

Teaching method, teaching load 

( x -egzam, + general mark, # detailed mark) 

ECTS credits 

Sum: Lecture Exercise Laboratories Project work  

2 18 6  12  5 

Total: 18 6  12  5 

 

Course/module coordinator:  Marzena Półka 

Responsible teachers: Marzena Półka 

 

1. Prerequisites:  

Basic (high-school) knowledge of physics, chemical phenomena    

2. Description of learning outcomes:  

Basic concepts: environment fire, oxidation, combustion, fuel. Initiators of combustion, types of initiators. Laminar 

and turbulent combustion. Example description of laminar combustion (eg burning candles), issues related to 

lighting of the flame and its emissivity.  

Ways to initiate combustion of combustible materials – piloted ignition, ignition (autoignition), spontaneous 

combustion. Exposures heat produced during combustion in the fire environment. Types of combustion., 

mechanisms of initiation of combustion of flammable substances. The combustion of solid materials - burning 

plastic, wood and wood-based materials. Stability and reactivity of solid materials, their kinetic and thermodynamic 

properties. Thermal loads resulting from the combustion of solid materials. The smoke rate and toxicity of 

combustion products. The differences between homogeneous and heterogeneous combustion (oxygen) of solids. The 

combustion of combustible dust and their susceptibilit to ignition and explosion (burning particulate organic and 

inorganic). 

3. Detailed description of learning outcomes 

 

Major 

Learning 

Outcomes 

Code 

 

Learning outcomes 

Faculty Learning 

Outcomes Code 

Knowledge 

FS_W1 

Student knows the basic concepts: the tetrahedron 

combustion, fire environment, oxidation, combustion, 

fire, fuel, combustion initiators, types of initiators, heat of 

K_W01 



combustion, fire feature.  

 

FS_W2 

Has knowledge of the mechanisms of combustion and 

multiphase systems one and the exposure values of 

thermal formed during combustion in the fire 

environment.  

 

K_W02; K_W10 

FS_W3 
Has knowledge of the dangers associated with the various 

scenarios of fires gases, liquids and solids 
K_W10; K_W19 

FS_W4 
He knows the ways to reduce the risks associated with the 

burning of construction materials 
K_W09; K_W10 

Skills 

FS _U1 Student can gain information from the literature, various 

databases, and other sources; is able to carry out its 

critical analysis and proper interpretation. Student is able 

to form logical conclusions and justifying formed 

opinions. Student is able to characterize the elements 

forming the so-called. diamond and various types of 

combustion of combustion.  

K_U01 

FS _U2 Student is able to resolve simple tasks in engineering, to 

apply objective measuring techniques of essential 

physical quantities, connected with power engineering, is 

able to work as a part of a team. Student can compare 

ways to initiate the combustion reaction.  

Able to recognize hazards associated with the storage, 

transportation, and combustion gases and flammable 

liquids  

 

K_U11; K_U12 

FS _U3 Student is able to synthesize theoretical and practical 

knowledge, gained during laboratory work, student can 

draw conclusions about observed phenomena.  

K_U13 

FS _U4 Student can rationally assess the degree of risk during 

fires, produced by building materials as elements of 

interior design. It can calculate the basic parameters 

characterizing the fire environment and physicochemical 

parameters  

It has the ability to self-learning by solving selected 

problems. 

K_U21; K_U20 

Social skills 

FS_K1 Student is aware of the validity of the decision-making 

while performing duties relating in particular to conduct 

rescue operations and control activities in the public and 

private. 

K_K07 

FS_K2 Student can make the assessment and grading risks 

associated with the production, storage, transportation of 

flammable substances: gas, liquid and solid. 

K_K02, K_K03, 

4. Detailed content: 

No. Content 

Number of hours 

Lec. Ex. Lab. 
Proj.w

ork 

Lecture     

1 Basic concepts: the tetrahedron combustion, fire 2, 1*    



environment, oxidation, combustion, fire, fuel. 

Initiators of combustion, types of initiators. 

Feature fire. thermal radiation  

 

2 The combustion of combustible phase systems. 

The mechanisms of initiation of combustion gases, 

vapor. 

2, 0,5*    

3 The combustion of solid materials. Stability and 

reactivity of solid materials, their kinetic and 

thermodynamic properties. The differences 

between the combustion of solid materials. 

2, 2*    

4 Thermal loads resulting from the combustion of 

solid materials.  

1, 0,5*    

5 Combustion of dust. Elements of the theory of 

fires-fire environments on the environment 

2, 2*    

6 Elements of the theory of explosion - types, types 

of explosive hazards associated with outbreaks. 

1, 0,5*    

Total 10, 6*    

Laboratories     

1 Discussing safety rules at the laboratory   2, 1*  

2 Determination of flash point of liquids.    2, 1*  

3 Determination of ignition temperature of the 

liquid. 

  2, 1*  

4 Determination of explosion limits of gases and 

vapors. 

  2, 1*  

5 Determination of the heat of combustion. 

Research ignition temperature of plastics. 

  2, 1*  

6 Study of burning behavior by oxygen index.   2, 1*  

7 Research ignition temperature of dust cloud.    2, 1*  

8 Research ignition temperature of dust layer   2, 1*  

9 Research flammability of building materials 

exposed to direct flame. 

  2, 1*  

10 The study of flat textiles.   2, 1*  

11 Determination of specified optical density of 

smoke 

  2, 1*  

12 Final exam   2, 1*  

Total   24, 12*  

Total 10, 6*  24, 12*  

* - number of teching hours during extramural studies;      

5. Didactic methods:  

12 student’s exercises in laboratory divided into two modules. Direct supervision of a teacher. Explanations 

concerning all observed phenomena and measuring techniques and theoretical background made by a teacher. 

6. Student’s own effort:  

Own preparation before each exercise, basing on exercise instructions provided by teacher and additional literature 

to be fund in the library. Analysis of the results, preparation of exercise report after each exercise. 

7. Recommended readings: 

1. Eckhoff Rolf K., Explosion Hazards in the Process Industry. Gulf  Publishing Company, 2005, 

3. Exercise instructions provided by the teacher. 

2. Gałązka E., Piechocka E., Metody obliczeniowe wybranych parametrów palności, wybuchowości i 

dymotwórczości substancji chemicznych, Warszawa 2004. 

4. D. Drysdale, An introduction to Fire Dynamics, John Wiley and Sons, New York 1985. 

5. V. Babrauskas, Ignition Handbook: Principles and application to fire safety engineering fire investigation, 

risk management and forensic science, 2001. 



6. Ch.A. Wilkie, Fire Retardancy of Polymeric Materials, Mercel Dekker AG, Basel 2000. 

8. Supplementary readings: 

1  -  

Completion method: 

Lecture – grade upon the test, calculation exercise, laboratories – grade upon the short test. The exercise lab. report 

will be evaluated.  

10. Description of final grade calculation method: 

Learning 

outcomes 

Method 

Lecture-exam Laboratory – test, calculation exercice 

FS_W1 X  

FS_W2 X X 

FS_W3 X X 

FS_W4 X X 

FS_W5 X X 

FS_U1 X X  

FS_U2 X X 

FS_U3 X X 

FS_U4 X X 

FS_K1 X X 

FS_K2 X X 

FS_K3 X X 

11. Requirements for general grade achievement (knowledge, skills, social and personal competences) NOT 

AVAILABLE 

Knowledge 

Grade Learning 

outcome 

code 

Requirements 

 

pass 

(zal) 

 not applicable 

 

fail 

(nzal) 

 not applicable 

Skills 

Grade Learning 

outcome 

code 

Requirements 

 

pass 

(zal) 

 not applicable 

fail 

(nzal) 

 not applicable 

Social skills 

Grade Learning 

outcome 

code 

Requirements 

pass 

(zal) 

 not applicable 

fail 

(nzal) 

 not applicable 

12. Requirements for detailed grade achievement (knowledge, skills, social and personal competences) 

Knowledge 

Grade Learning Requirements 



outcome 

code 

 

3.0 

FS_W1 

He knows enough basic definitions: tetrahedron combustion, fire 

environment, oxidation, combustion, fire, fuel, combustion initiators, types 

of initiators, heat of combustion, fire feature.  

Knows the basic ways to reduce risks associated with the burning of 

construction materials through the use of flame retardants.  

It has a basic knowledge regarding methods of determination: the ignition 

temperature of the liquid, ignition temperature of the liquid, explosion 

limits of gases and vapors, heat of combustion. It has a basic knowledge 

regarding research: the flammability of plastics by oxygen index, the 

ignition temperature of plastics, the ignition temperature of dust layer and 

cloud flammability of building materials exposed to direct flame, flat 

textile products.  

FS_W2 

It has a basic knowledge of how the initiation of combustion and 

experimental methods used to determine the flash point and auto-ignition 

of the liquid. It has a basic knowledge of the mechanisms of the 

combustion of materials in different states.  

It has a basic knowledge about the dangers of various scenarios of fire 

gases, liquids and solids.  

 

FS_W3 

It has a basic knowledge of how to solve some problems in the field of 

physical chemistry of combustion, ie know the correct record of the 

equations of combustion of chemical compounds in the air.  

FS_W4 

It has a basic knowledge about calculating: the amount of air and 

combustion products and the rate of excretion of chemical compounds in 

fires, the calculation of the parameters characterizing the evolution of the 

mass concentration of the smoke, ie, the optical density of smoke and 

range, the combustion temperature and vapor pressure and vapor 

concentration, the ignition temperature of the liquid homogeneous and 

mixtures, the lower and upper explosive limit gases and vapors 
 

3.5 

FS_W1 

He knows a degree above average definitions and examples: the 

tetrahedron combustion, fire environment, oxidation processes, different 

types of combustion of fuels, the initiators of combustion, heat of 

combustion, fire characteristics. He knows about the practical application 

of heat of combustion. It has a basic knowledge of the rate of heat  

It has a basic knowledge of how the initiation of combustion and 

experimental methods used to determine the flash point and auto-ignition 

of the liquid. It has a basic knowledge of the mechanisms of combustion of 

liquid. He knows the basics of the combustion mechanism of basic plastics 

and wood. He has knowledge of the differences in the combustion of 

solids materials. It has a basic knowledge of smoldering and risks of 

smoldering dust and dust combustion in industrial environments. 

FS_W2 

He has more than average knowledge about solving some problems related 

to the physical chemistry of combustion, ie correctly record the equations 

of combustion of chemical compounds in the air. He has more than 

average knowledge about computing: the amount of air and combustion 

products and the rate of excretion of chemical compounds in fires, the 

calculation of the parameters characterizing the evolution of the mass 

concentration of the smoke, ie, the optical density of smoke and visibility 

range, the combustion temperature and vapor pressure and vapor 

concentration, temperature of ignition of the liquid and homogeneous 



mixtures, the lower and upper explosive limit gases and vapors 

FS_W3 

He has more than average knowledge regarding methods of determination: 

the ignition temperature of the liquid, ignition temperature of the liquid, 

explosion limits of gases and vapors, heat of combustion. It has a basic 

knowledge regarding research: the flammability of plastics by oxygen 

index, the ignition temperature of plastics, the ignition temperature of dust 

layer and cloud flammability of building materials exposed to direct flame, 

flat textile products.  

 

FS_W4 

He has knowledge of the dangers associated with the various scenarios of 

fires gases, liquids and solids. He knows the basic conditions for the 

occurrence of the outbreak. It has a basic knowledge of the pressures 

generated during the explosions of gases, vapors and dusts.  

It has a basic knowledge about the flame retardants used in construction 

materials and the basis of the mechanisms of their action. 
 

4.0 

FS_W1 

Know in detail the definitions and examples: fire environment, oxidation 

processes, different types of combustion of fuels, the initiators of 

combustion, heat of combustion, fire feature. He knows about the practical 

application of heat of combustion and has a basic knowledge of the rate of 

heat. 

FS_W2 

He has in-depth knowledge of the dangers associated with the various 

scenarios of fires gases, liquids and solids. He has knowledge of the basic 

conditions for the occurrence of the outbreak. He has knowledge of the 

pressures generated during the explosions of gases, vapors and dusts  

He has in-depth knowledge about the flame retardants used in construction 

materials and the mechanisms of their action. 

FS_W3 

He has in-depth knowledge of the ways of initiation of combustion and 

experimental methods used to determine the flash point and auto-ignition 

of the liquid. It has a basic knowledge of the mechanisms of combustion of 

liquid.  

FS_W4 

He knows the basic mechanism of the combustion of plastics and wood. 

He has knowledge of the differences in the combustion of materials. He 

knows the mechanism of smoldering and risks associated with smoldering 

and dusts in industrial environments 
 

4.5 

FS_W1 

Know in detail the definitions and examples: fire environment, oxidation 

processes, different types of combustion of fuels, the initiators of 

combustion, heat of combustion, fire feature. He knows about the practical 

application of heat of combustion and has a basic knowledge of the rate of 

heat release and the importance of this parameter in practice 

FS_W2 

Know in detail the definitions and examples: fire environment, oxidation 

processes, different types of combustion of fuels, the initiators of 

combustion, heat of combustion, fire feature. He has complete knowledge 

of the practical application of heat of combustion and has a basic 

knowledge of the rate of heat release and the importance of this parameter 

in practice. He knows what is effective heat of combustion, the extinction 

coefficient of the right . 

FS_W3 

He has in-depth knowledge of the ways of initiation of combustion and 

experimental methods used to determine the flash point and auto-ignition 

of the liquid. He has detailed knowledge of the mechanisms of ignition, 

auto-ignition and spontaneous combustion. 

FS_W4 
He has a detailed knowledge of the mechanisms of combustion of liquid in 

small and large tanks. Know in detail the mechanism of the combustion of 



basic plastics and wood. He has detailed knowledge of the differences in 

the combustion of materials.. Know in detail the mechanism of smoldering 

and risks associated with smoldering and dusts in industrial conditions. It 

has a well-established knowledge of estimating the toxicity of the 

environment. fire. It has a well-established knowledge of the different 

possible scenario fires involving dust 
 

5.0 
FS_W1  

FS_W2  

FS_W3  

FS_W4  

Skills 

Grade Learning 

outcome 

code 

Requirements 

 

3.0 
FS_U1 

Can define a basic concept: the tetrahedron combustion, fire environment, 

oxidation, combustion, fire, fuel, combustion initiators, types of initiators, 

heat of combustion, fire feature. Can a basic discuss the dangers associated 

with various scenarios of fire gases, liquids and solids. 

FS_U2 

He can discuss some basic methods of initiation of combustion and 

experimental methods used to determine the flash point and auto-ignition 

of the liquid. 

FS_U3 
He can discuss some basic mechanisms of the combustion of materials in 

different states. 

FS_U4 
Can list ways to reduce the risks associated with the burning of 

construction materials through the use of flame retardants. 
 

3.5 FS_U1 

Able to assess the risks associated with different scenarios of fires gases, 

liquids and solids. Able to point out the basic conditions for the occurrence 

of the outbreak.  

FS_U2 

He can give examples of pressures generated during the explosions of 

gases, vapors and dusts.  

He can discuss a basic flame retardants used in construction materials and 

the mechanisms of their action. 
 

4.0 

FS_U1 

He can completely define the concepts indicate examples: the tetrahedron 

combustion, fire environment, oxidation processes, different types of 

combustion, fuels, fire, initiators of combustion, heat of combustion, fire 

feature. He knows about the practical application of heat of combustion 

and has a basic knowledge of the rate of heat and its application in practice  

 

FS_U2 

He can discuss in depth how the initiation of combustion and experimental 

methods used to determine the flash point and auto-ignition of the liquid. 

Can in depth with the use of graphs, charts, discuss the mechanism of the 

combustion of liquid. He can discuss the fundamental mechanisms of 

combustion of plastics and wood. It can reasonably indicate differences in 

the combustion of materials zwęglających and niezwęglających. He can 

discuss the physical model smoldering and risks associated with 

smoldering and dusts in industrial environments 
 

4.5 FS_U1 

Student is able to join with each other, to conduct subjective and critical 

review and analysis of the information gained from literature, various data 

bases and other available sources.  

FS_U2 Student is able to lead the team. 
 

5.0 FS_U1 
He can fully discuss the mechanisms of action of flame retardants with the 

division to the solid phase and gas. It can also indicate a wide range of 



examples. He can talk freely about nanotechnology and its range of use to 

reduce the flammability of building materials.  

Freely and completely solves some problems in the field of physical 

chemistry of combustion.  

FS_U2 

Can discuss in detail the method of determination: the ignition temperature 

of the liquid, ignition temperature of the liquid, explosion limits of gases 

and vapors, heat of combustion. Can discuss in detail the test method: the 

flammability of plastics by oxygen index, the ignition temperature of 

plastics, the ignition temperature of dust layer and cloud flammability of 

building materials exposed to direct flame, flat textile products.  

 

FS_U3 

Has the ability to be calculated: the amount of air and combustion products 

and the rate of excretion of chemical compounds in fires, the calculation of 

the parameters characterizing the evolution of the mass concentration of 

the smoke, ie, the optical density of smoke and visibility range, the 

combustion temperature and vapor pressure and vapor concentration, 

temperature, ignition and homogeneous liquid mixtures the lower and 

upper explosive limit gases and vapors 
Social skills 

Grade Learning 

outcome 

code 

Requirements 

 

3.0 
FS_K1; 

FS_K2 

It has raised awareness of the validity of the decision-making while 

performing duties relating in particular to conduct rescue operations and 

control activities in the public and private sectors. Can a good level to 

assess and gradation risks associated with the production, storage, 

transportation of flammable substances: gas, liquid and solid 

FS_K1; 

FS_K2 

He is very aware of the validity of the decision-making while performing 

duties relating in particular to conduct rescue operations and control 

activities in the public and private sectors. He can very rationally assess 

and gradation of the risks associated with the production, storage, transport 

flammable substances: gas, liquid and solid 

FS_K1; 

FS_K2 

He is very aware of the validity of the decision-making while performing 

duties relating in particular to conduct rescue operations and control 

activities in the public and private sectors. He can very rationally assess 

and gradation of the risks associated with the production, storage, transport 

flammable substances: gas, liquid and solid 
 

3.5 
FS_K1; 

FS_K2 

It has a very high awareness of the validity of the decision-making while 

performing duties relating in particular to conduct rescue operations and 

control activities in the public and private sectors. Completely able to 

assess and gradation risks associated with the production, storage, 

transportation of flammable substances: gas, liquid and solid 

 

4.0 
FS_K1; 

FS_K2 

It has a very high awareness of the validity of the decision-making while 

performing duties relating in particular to conduct rescue operations and 

control activities in the public and private sectors. Completely able to 

assess and gradation risks associated with the production, storage, 

transportation of flammable substances: gas, liquid and solid 

 

4.5 

 

FS_K1; 

FS_K2 

It has a very high awareness of the validity of the decision-making while 

performing duties relating in particular to conduct rescue operations and 

control activities in the public and private sectors. Completely able to 

assess and gradation risks associated with the production, storage, 

transportation of flammable substances: gas, liquid and solid 



 

5.0 
FS_K1; 

FS_K2 

It has a very high awareness of the validity of the decision-making while 

performing duties relating in particular to conduct rescue operations and 

control activities in the public and private sectors. Completely able to 

assess and gradation risks associated with the production, storage, 

transportation of flammable substances: gas, liquid and solid 

Date: Course/module coordinator signature: 

  

 

 

Date: Dean signature: 

 

 

 

 


