Chapter 5, Vent flows
	Stages of fire development 




In this Chapter we shall consider 2 stages of fire development (with regard to pressure profiles), given as stages C and D in Chapter 5.2. 

Figure 4.a and the text below describe how the discussion of the two stages is divided into different cases. 
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Fig. 4.a  Different stages of fire development 

Chapter 5.1 will review the Bernoulli equation and give the fundamental equations for calculating pressure differences across openings and mass flow rate through them. The equatins will then be applied to the most simple case above; a room with two narrow openings. 

Chapter 5.2 will discuss the 4 different stages of fire development with respect to pressure profiles across vents; stage A, B, C and D. 

Chapter 5.3 will deal with stage D, the well mixed stage. 

Chapter 5.4 will deal with stage C, the stratified stage. 


 


5.1 Introduction 

	Bernoulli equation 


EFD pages 5.3 - 5.13 

The Bernoulli equation describes a theoretical net energy balance for an uncompressible fluid and is given as follows: 
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	Eq. 5.a     Equation 5.2 in EFD 


Depending on whether the velocities are equal or the height is the same at points 1 and 2, the Bernoulli equation can result in expressions for the so called hydrostatic pressure difference or the so called hydrodynamic pressure difference. 

	Case 
	Pressure difference 
	

	Velocity difference is zero (v1=v2) 
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	Hydrostatic pressure difference 

	Height difference is zero (h1=h2) 
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therefore 
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	Hydrodynamic pressure difference 




Our main aim is to estimate mass flow through openings. 

Mass flow rate is given as velocity of fluid times area through which the fluid flows times fluid density, or 
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	Eq. 5.b 


However, the flow through an opening will be restricted and this is expressed by a flow coefficient, Cd. In fire applications the effective area of the went is 60 to 70 % of the nominal area. In the following we will use Cd=0.7. Hence the expression for mass flow through an opening will be: 
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and therefore 
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This requires that P is constant over the opening height. Note the difference in notation for flow and flow out. 

The height h in the expressions represents the height above the neutral plane. The neutral plane is the height where the pressure difference is zero, see figure 5.5 in EFD. 


5.2 Examples of the pressure profiles across narrow openings 

	Pressure profiles 


EFD pages 5.14 - 5.17 
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	Narrow opening at top.

Hardly any flow in or out due to small pressure difference across opening height. 
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	Narrow opening at bottom.

Hardly any flow in or out due to small pressure difference across opening height. 
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	Narrow openings at top and bottom.

Flow out at top, flow in at bottom 


Imagine if you will an empty Coca Cola can. You throw a glowing cigarette in through the top opening, the can quickly fills with smoke, with temperature Tg, higher than temperature Ta outside the can. Hardly any smoke will exit the can due to the pressure profile shown in the first figure above. If a hole is drilled at the bottom of the can, the pressure profile will become as depicted in the last figure above, allowing smoke to escape through the top and fresh air to enter at the bottom. 

This principle is fundamental for the design of smoke vents through roofs. If no openings are provided for fresh air to enter, the smoke will not exit through the ceiling vents. 

Think about the figures above and try to gain an understanding of this principle by examining the pressure profiles. 


5.3 The well mixed case 

	(Also called stage D) 


EFD pages 5.18 - 5.25 

This section consideres the case where the enclosure is assumed to have a uniform gas temperature over its entire volume.

The figure below shows how two different mass balance expressions lead to different expressions for mass flow rates in openings. It also provides an overview of the section contents (symbols defined in figure 5.12 in EFD). 
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Main results: 

· Including the mass burning rate, [image: image13.png]


in the mass balance equation deos not significantly influence the opening mass flow rates, unless [image: image14.png]


is extremely large (see difference in examples 5.2 and 5.4). Fuel mass burning rate can therefore be ignored in nearly all cases, when mass flow rate through openings is to be calculated.

· Simplifing the density terms in the equations results in a very simple expression for the opening mass flow rate, valid over a large temperature range (Equation 5.24).

· Equation (5.22) can be used to calculate an explicit value for hl. This value can be used in Equation (5.19) to calculate an explicit value for the mass flow rate in through the vent. Similarly done for mass flow rates out through the vent. 

5.4 The stratified case 

	(Also called stage C) 


EFD pages 5.26 - 5.29 

This section considers the case when only a part of the enclosure is filled with hot smoke. the two-zone model is assumed with a single temperature Tg, in the upper layer and T0 in the lower layer.
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Now look at Figure 5.5 in EFD where the different sections of the pressure profile can be seen. The figure below describes how the mass flow rate over the different regions is obtained. 
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Setting [image: image17.png]


gives expressions for the mass flow rate in through the opening, Eqn (5.36), while the mass flow rate out, [image: image18.png]


is given by Eqn (5.31). These equations contain two unknows, HN and HD and the system of equations can not be solved for mass flow rates. In some applications HD is known or is given as a design criteria. The equations can then be solved by iteration and the mass flow rates calculated (see Example 5.5). 

	Ceiling vent mass flow rate 


EFD pages 5.30 - 5.34 

A similar procedure can be used to estimate mass flow rates out through ceiling vents and thereby design the required the smoke vent area in the ceiling. 

The difference in derivation 

· The mass flow rate out occurs at a single height and the pressure difference across the vent is therefore constant. 

· The mass flow rate in is also governed by constant pressure difference. This pressure difference is obtained by calculating P at the height HD. 

