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3.1 Introduction 



Energy release rate is the energy released (in Jouls) per time (in seconds) which gives watts (since [J/s]=[W]). The symbol used is [image: image1.png]


. In fire dynamics equations, [image: image2.png]


is most often used in kilowatts ([kW]). 

Energy release rates in building fires are typically of the oreder of 100 kW to 10000 kW. 

This chapter gives a discussion of the factors which control the energy release rate in an enclosure fire, then gives data and methods to estimate energy release rates from single burning objects and finally gives a brief discussion on how such data is used to achieve a design fire curve for a given fire scenario. 
3.2 Factors controlling energy release rate in enclosure fires 

Burning rate and energy release rate 

Equation (3.1) gives a symbolic relationship for how combustible gases are released from the fuel. Since the heat flux to the fuel surface is seldom known, the equation is not often used (see section 3.3). 

Enclosure effects 

The energy releas rate data used design is from "free burn" experiments, where there is no influence from enclosure effects. 

In an enclosure, the hot gas layer and hot surfaces will increase the radiation to the fuel, resulting in an increase of the mass loss rate and energy release rate. 

It is important to have this in mind when determining the design fire. 

3.3 Energy release rates based on free burn experiments 

Measurement techniques and parameters measured

Energy release rate from a burning fuel is most often arrived at by measuring oxygen used while the fuel burns. Each kg of oxygen used produces 13100 kJ of energy, nearly indipendent of the fuel type. Measuring how much oxygen is used per time ([kg/s]) gives kJ/s of KW. 

Burning rate can be measured by weighing the object as it burns. When the burning rate, [image: image3.png]


, is known the energy release rate can be calculated if the effective heat of combustion for the fuel is known (see equation 3.2). 

Heat of combustion and combustion efficiency

The heat of combustion of a given fuel may be measrured in a number of ways. 

The bomb calorimeter measures the complete heat of combustion, Hc, where the fuel is completely combusted under high pressure in pure oxygen. 

In a free burn test the effective heat of combustion is measured, Heff. The fuel is burned with unlimited access to air, but some of the volatiles do not burn completely, leaving for example CO, soot and unburnt hydrocarbons, containing further potential energy. Therefore Heff is lower than Hc. 

The ecombustion efficiency in a free burn test is typically 60 % - 80 % and is represented by the symbol  where  = Heff / Hc. 

The effective heat of combustion, Heff, is representative for real fire conditions where there is unlimited availability of air. However, some fires in wnclosures occur under conditions of limited air supply, which results in an even lower heat of combustion than the measured Heff. 

In a closed compartment the combustion efficiency can be initially be high, but as the oxygen in the room is used up, the combustion efficiency decreases and can eventually lead to extinction of the fire. 

The main equation used for calculating energy release rate is: 

[image: image4.png]labulated for many fuels
Tabulated for many fuels
J (see Table 3.2)

Q= A, m"y-AH,

AN If sooty flames (oil) = 0.6
If nor-sooty flames (alcool) x 0.9

Assuming unlimited air supply

dlz[% i 10 e

Note the units
Use kJ and kg constantly to get KW,




Pool fires

Equation (3.3) can be used for liquid fuels, but burning rate is diamter dependent, see Equation (3.6). 

For large diamters the burning rate per unit area is constant, denoted [image: image5.png]


, and is constant, denoted for many liquid and thermoplastic fuels in Table 3.3. 

For smaller diameters the burning rate must be reduced, using Equation (3.6). 

Pool fires

Pages 3-13 and 3-16 give examples of energy release rates for many fuels. 

Further such examples can be seen in references [3.1] and [3.2]. 
Additional data can be found on the internet, for example at 
http://flame.cfr.nist.gov/fire/fires/fires.html 

The t--squered fires

The fire growth of a burning item can often be mathe4matically represented by a "t-squared" curve and given as 
[image: image6.png]



where  is a fire growth factor. 

Table 3.4 gives examples of fire growth factors for different commodities. 

The fire growth factor is sometimes divided iinto four different growth rates; ultra fast; fast; medium; and slow. Table 3.5 gives the -values for the growth rates. 

3.4 The design fire 

Background

When an engineer whishes to simulate the early stages of a fire in a building, he/she must decide upon an appropriate design fire. 

There is no internationally established methodology available for this task and the engineer must rely upon information on combustible content of the building and the type of occupancy. 

A simple design fire often consists of 3 phases; growth phase steady phase and decay phase. 

The three phases of the simple design fire

Growth phase: 
Two general approaches can be used to establish the growth phase: 

· If the engieer has sufficient information on the combustible content of the building, Tables 3.2, 3.3, 3.4 and 3.5 can be used to estimate the first growth factor, . 

· If the engineer has very little information on the combustible content in the building, then the type of occupancy must be used to estimate the fire growth factor. Some suggestions are given in Table 3.7 (note that the values have by no means been standardized) 

The steady phase: 
Similarly, the maximum energy release rate must be estimated depending on 

· Knowledge of the combustible contents and floor area of fuel, where Tables 3.2, 3.3 and 3.7 and Figures 3.5 to 3.12 can be used. 

· Knowledge of the opening geometry and therefore how much air can be provided for combustion (ventilation control). This supposes that all unburnt fuel is vented to the outside oand does not combust within the building. 

Decay phase: 
If exact knowledge of the combustible content is available, th edecay phase can be predicted or assumed. However the steady phase is usually allowed to continue untill evacuation is completed or unsuccessful. 


