Overview, Chapter 4, Plumes and Flames
4.2 Introduction 

	Flame Heights 


EFD pages 48 - 52 

Get aquainted with the Froude number, the quotient of momentum to buoyancy and understand why flame heights can be described as a function of [image: image1.png]


or [image: image2.png]


. 

When the Froude number is expressed in terms of energy release rate and mass burning rate the result is given in the following equation: 

[image: image3.png]



Eq. 4.a   

Note that the Area (A) can be expressed as a function of D (e.g. 0.25··D2 for a circle) and the heat of combustion can be expressed as a a function of D3. 

Numerous experiments have been performed linking flame heights to the Froude number. The following figure shows the results where low momentum (buoyancy controlled) flames are represented on the left and heigh momentum flames on the right. 
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Fig. 4.a   Normalised flame height versus dimensionless energy release rate (from 4.10). 


	Fire plumes 


EFD pages 52 - 54 

Observe figure 4.6 carefully and note how the plume temperature, plume velocity and plume mass flow rate chang with height. 

The radius of the plume is defined by the value where the centerline temperature has declined to 0.5·T. This is illustrated in figure 4.b. 
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Fig. 4.b   Definition of the plume radius. 

Problem:

	Draw a skech showing how the centerline temperature, velocity and flow rate in the plume changes with height z. 


4.3 The ideal plume

	Derivation of analytical solution 


EFD pages 54 - 62 

The analytical solution is based on several restricting assumptions. 
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Fig. 4.c  The ideal plume 
	The main assumtions for the ideal plume are: 

1. Point source plume

2. [image: image7.png]


unless [image: image8.png]


.

3. Top hat profile.

4. Entrainment velocity, v= ·u, where  is assumed to be 0.15. 



The ideal plume is to be described by the following variables as a function of height (z). 

The temperature difference, T.
The radius of the plume, b.
The uppward gas velocity, u.
The plume mass flow, [image: image9.png]



To help with the derivation of the above mentioned variables for the ideal plume the following figure may be consulted. The figure gives an outline of the derivation process as detailed in Section 4.3 in EFD. 
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Fig. 4.d  Connectins between the different equations in derivation of the ideal plume. 

By using dimensional analysis, the constants can be identified. 
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Problem:

	Derive the expressions for b, u, m(p) and dT. 


4.4 Plume equations based on experiments 

	General on plume equations used in practise 


EFD pages 62 - 71 

Four plume equations derived from practical experiments will be dealt with in this section, namely: 

The Zukoski plume,
the Heskestad plume,
the McCaffrey plume and
the Thomas plume. 

We now go from the ideal plume to the practical plume equations with the following changes: 

	Ideal plume 
	Practical plume 

	Top hat profile, see figure 4.a. 
	Gaussian profile, see figure 4.b. 

	u, T. 
	u0, T0, where the subscript "0" means "at the centerline", see figure 4.e 
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Fig. 4.e  Definitions for the practical plume equations 

In some plume equations only the convective part of the energy release rate [image: image13.png]


is used for calculations. [image: image14.png]


is commonly taken to be 60 to 80 % of the total heat release rate, [image: image15.png]


. The ddifferences between the different plume equations are listed below: 

	Plume equation 
	Energy release rate used represented by: 

	Zukoski 
	[image: image16.png]




	Heskestad 
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for virtual origin, z0 and for mean flame height, L. 
[image: image18.png]


for other parameters. 

	McCaffrey 
	[image: image19.png]




	Thomas 
	Fire perimeter, P (=·D) 


Problem:

	Compare the McCaffrey and Heskestad plume equations for u0 and T0. 


´

4.5 Line plumes and bounded plumes 

	Line plumes and bounded plumes 


EFD pages 71 - 73 

Note figure 4.15 and how plumes mass flow rate for a wall and a corner scenario can be estimated through equations 4.32 and 4.33. 

Note that the lower solid line in figure 4.16 represents flame heights for a long and narrow fire source and the upper solid line flame heights for an axisymmetric plume. Equations 4.34 and 4.35 can be used to calculate flame heights and plume mass flow rate for a long and narrow fire source (line source). 

4.6 Ceiling jets 

	Ceiling jets 


EFD pages 73 - 77 

Note the definitions H, r, umax, Tw, Tmax and [image: image20.png]


in figure 4.17. 

Ceiling jet temperatures and velocities (Tmax and umax) can be calculated using equations 4.36 to 4.39. 

The flame extension along a ceiling, rf , for an axisymmetric plume, can be calculated using equation 4.40. 

 

