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6.1 Introduction 


We will discuss ways to calculate enclosure gas temperatures in 

· Pre-flashover fires, where we assume a two-zone model 

and 

· Post-flashover fires, where we assume a one-zone model. 

6.2 The Pre-flashover fire 


Calculating gas temperatures requires setting up and solving the energy and mass balances. This leads to a series of differential equations which need to be solved by a computer. 

We shall show how we can set up a simplified energy balance and use experimental results to derive an equation that can be used for hand-calculations. 

The section is devided into following sub sections: 

A -  Simple energy balance 

B -  Expression for Tg 

C -  Methods to calculate hk 

D -  Calculation procedure 

E -  Limits of applicability 

F -  Predicting time to flashover 


	A -  Simple energy balance 




Energy developed per time = (energy lost through exiting gases + energy lost to surrounding surfaces) per time 

[image: image1.png]Q=g cy-AT +hy- 4p-AT




[image: image2.png]



Assume  [image: image3.png]g~ Ag[Hy



 
Result: [image: image4.png]


is a function of two dimensionless groups of variables (see detailes in EFD). 
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We thus have 3 dimensionless groups linking temperature, energy release rates, opening geometry and heat loss to interior surface materials. 

	B -  Expression for Tg 



How can we use the expression from A (above) to get an expression for Tg? 

We take many experimentally measured temperatures (where [image: image6.png]


, [image: image7.png]Ay-{Hy



and hkAT are known) and do a statistical regression analysis. 
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where C, n and m are constants we get from statistical regression analysis. 
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	Eq.(6.10)




A simpler version of the same equation is 
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	Eq.(6.11)


	C -  Methods to calculate hk 



For short times, heat conduction into the wall is constant. After a long time, heat conduction has become stationary. 

MQH assume heat conduction to become stationary at time 
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	Eq.(6.14)




We wish to calculate T at some time t. 

If t<tp , heat conductin is transient and 
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	Eq.(6.15)




If t>tp , heat conduction is stationary and 

	[image: image13.png]



	Eq.(6.16)


	D -  Calculation procedure 


1. Calculate tp from Equation (6.14). Use SI units. 

2. Calculate hk from Equation (6.15) or (6.16) using values of kc from table 6.1, using SI units. Divide by 1000 to get units kW/m2K. 

3. Calculate AT=Awalls+Afloor-Aopening in m2. 

4. Use Equation (6.11) to calculate T, where [image: image14.png]


is given in kW. Add Ta to get Tg. 

	E -  Limits of applicability 


1. [image: image15.png]207 <« T, < 600°



. 

2. [image: image16.png]


is constant or transient. 

3. Hot gases flow out, cold gases flow in. 

4. Fuel controlled fire. 

5. Fuel away from walls. 

	F -  Predicting time to flashover 



Assuming flashover occurs when T is 500 degrees celcius Equation (6.11) can be written as [image: image17.png]Gre =610-(u-dr-10-J7 )



. 

This gives the energy release rate necessary to cause flashover in a particular enclosure, or the time at which a particular effect will cause flashover. 

6.3 The Post-flashover fire 


Calculation of load bearing capacity of building materials requires the post-flashover temperature time curve to be known. This can be arrived at by either using the 

· Nominal temperature curves (which have been defined by standards organisations like the most frequently used "ISO 834" curve) 

These do not take account of enclosure geometries, opening geometries, varying fuel loads and varying boundary materials. 

The "ISO 834" curve is given in Figure 6.6 in EFD. 

We shall not consider nominal T-t curve further in this chapter. 

Or using 

· Parametric fire exposure 

The best known method for deriving a post flashover temperature-time curve, where account is taken of enclosure and opening geometry, fuel load and various boundary materials is the Magnusson/Thelandersson method. 


	Definitions 


EFD 6.17 to 6.18 

Before we move on, we must know the following terms given in EFD: 

· Total enclosure surface area 

· Fire load 

· Fire load density 

· Opening factor 

	The energy and mass balance 


EFD 6.19 to 6.21 

The main purpose of this section is to 

· show how a simple energy and mass balance can be set up. 

· Therby show which terms mainly control the energy and mass balance ([image: image18.png]do-[Hy



, At, (Tg-Ta), kc). 

· Give an example (Example 6.3) of how the simple energy and mass balance can be evaluated numerically. 

· Show that a more detailed mass and energy balance must be set up, since analytical solution is far to approximative (see Example 6.3). 


A major problem when postulating a generally valid temperature-time curve is to first postulate a generally valid heat release rate. Some fires in a compartment may grow slowly and have a long duration, another fire in the same compartment may grow fast and have a short duration. 

Magnusson and Thelandersson found that the only way to postulate the shape of the energy release rate curve was to 

· postulate that the fire would grow until it becomes ventilation controlled, would then be constant for some time, and then decay in some manner. 
They also postulated that the total amount of energy would be conserved, i.e. the area under the energy release curve would equal the fuel load. 

· use a large number of experimentally measured temperature-time curves to determine the length of the growth phase, the constant phase and the decay phase, as well as determining the shape of the energy release rate curve in the decay phase. 

The could thus express the energy release rate as a function of time if the fuel load density, opening factor and boundary materials where known. 

The flow chart below shows the methodology Magnusson and Thelandersson used for determining the energy release rate in a fire compartment, depending on these parameters. 
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Once the energy release rate is known, a computer program can be used to solve a detailed energy balance and calculate temperature time curves, as a functin of the following variables: 

· Q 

· [image: image20.png]do-[Hy




· At 

· kc 


Magnusson and Thelandersson set up a detailed energy and mass balance to be solved by computer. Their work resulted in a selection of temperature-time curves which could be applied to each individual fire compartment, depending on the compartment fire load (Q), opening factor ([image: image21.png]do-[Hy



), enclosure surface area (At) and material properties of enclosure surface (kc). 

To reduce the number of variables, they divided the fire load and opening factor ([image: image22.png]do-[Hy



) by enclosure surface area (At). They thus created two variables out of three, the two resulting variables ara fuel load density (Qt) and ventilation factor ([image: image23.png]4o Hy



). 
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Thus, the temperature-time curve can be determined for different compartment types with various ventilation factors and fuel loads. 

Problem:
	Solve problem 6.4 in EFD. 


