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and
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1. Introduction

The theoretical study of the movement of air throughout a building
involves a very complex set of calculations but by using a digital computer

this becomes practicable.

For the purposes of the calculation the building is considered to be a
network of air flow paths and, provided the law which governsthe relation-
ship between air flow, air flow path (i.e. window or door crack) and air
pressure is known and the absolute values of some of these quantities also
known, then air flows and air pressures for the whole building can be

celculated.

Having established the air movement pattern for normal conditions, it
becomes possible to introduece new values to some of the gquantities used in
the calculations so that the effect that a fire in the building will have

on the movement of air (and therefore smoke) in it, can be analysed.

2. The study of the movement of air through s naturelly ventilated building.
2.1. The factors which influence natural ventilation

The process of natural ventilation is dependent on a number of
factors which may be divided into three categories namely (1) the motive
forces, {2) the external shape and dimensions of the building, and (3)
the resistance to air flow through the building.

(1) The two motive forces primarily responsible for natural

ventilation are caused by wind impingement and the difference

of indoor and outdoor air temperature, The impingement of wind

generates regions of substantially different pressures on the

faces of & building, and although the pressures are neither

uniform nor constant since both the speed and direction of wind

undergo continual change, it is possible to specify typical mean

wind speeds amnd assess the pressure distribution on a building

for various wind directions by full scale or wind tunnel tests.



2e1.
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(1) cont'd

The second motivating force, known as stack effect, arises
from temperature differences between air inside and outside the
building. These diff'erences result in differences in air density
so that, over vertical distances, pressure gradients between
inside and outside exist. For example, if the air temperature
within a building is higher than that outside, an internal
pressure lower than the external pressure is produced in the
lower part of the building with an inward flow of air as a con-
sequence. The direction of flow is reversed at the upper levels

of the building..

(2) The degree to which the natural forces produce ventilation
is governed to a certain extent by the external shape and
dimensions of the building. For instance, one would expect the
ef'f'ect of wind to be different on a tzll slender building than
that on a wide building of the same height. Similarly, the
height of a building affects both the influence of wind and air

temperature differences.

(3) The rate at which ventilation takes place in a building is
net only dependent on the external parameters but alsc on the
resistance to the movement of air through the building. This in
turn depends on the air-tightness of the building envelope as
well as the internal layout and construction. Apart from open-
ings specially designed for ventilation purposes, the primary
air leakage paths are through windows that can be opened and

through doors.
Equation of airflow

The equation governing the flow of air through the cracks and around

the windows and doors is

1

ek (ap? W

where is the volume flow of air (md/h)

S > T~

is the air leakage coefficient, being the rate
of air leakage per unit length of crack at unit
pressure difference.

1? is the total length of the crack arcund the window
or door (m)
(= total circumferencé of openable parts)

2
is the pressure difference across the component (N/m )

ol Elie]

is an exponent in which n has a value between 1 and 2
-2 -



2.2. (cont'd)

The air leakage coefficient, €, is mainly a function of the
tolerance to which the component has been constructed and is a measure
for the greater or lesser air - tightness of the crack. The exponent
% is also related to the characteristics of the crack but is not
subject to much apprecieble variation. The actual values of C and n
may be assessed by leakage tests, described in British Standard

B.S5. 4315, on the types of component under consideration.

2.3. Method of calculating air flow through a building

While it is relatively simple to calculate the flow through a
single aperture given the appropriate values of pressure and leakage
coefficient, the problem becomes extremely complex when a complete
building, with its external and internal preésure gradients and multiple

flow paths, is considered. The solution is rendered particularly

- difficult by the exponential characteristic of the equation of flow and
if fhe value of n is not the same throughout the building, then manual
calculation becomes practically impossible. A more suitable technique
for‘fhé determination of ventilation rates throughout a building,
meking use of a digital computer, was developed.

" To use the digital computer programme, the ventilation paths of
the building in question are defined by a series of inter-connected
nodes, as illustrated by the example in Figure 1. Each node in the net-
work represents a particular zone of the building and is separately
identified. The inter~comnections represent the air flow paths between
the zones and the equation of flow is used in the calculation of the
flbw along each path. In the example in Figure 1, node number 1
represents the external pressure zone on one side of the building at
ground level, node 36 represents the office space within the building -
on that side and the interconnecting line (1-36) indicates the flow

path, in this case, through the windows.

- The relevant leakage characteristics and exponents for each flow
path are tabulated together with the values of pressure (due to wind
and/or stack effects) which are known for some of the nodes. With
these data, the computer programme approaches a solution by making
successive corrections to the pressure value at each of the nodes at
which the pressure value was not specified, until a flow balance at
each of these nodes is achieved. The print-out of the results of this
iterative calculation incorporates the rate and direction of the flow

along all the interconnections and the pressure level at each node.

._3..



2.3. {cont'd)

This technique thus enables the rate of natural ventilation
throughout a building to be calculated with speed and efficiency,

and it is particularly advantageous for building of unique or complex

design.

3. Study of the movement of air in a naturally ventilated building
which also has some mechanical ventilation.

In the study of the air movement in a building under natyral ventilation
conditions the known quantities introduced into the calculations were the
values of air pressure developed on the outside of the building by reason
of the action of the wind, values for the conductances of the air flow paths,
and when appropriate, the pressures developed in the building by the thermal

gradient.

In order to introduce the effect of a mechanical ventilation system it
is necessary to be able to specify an extra set of known pressures at
selected points in the building - these points corresponding to the ter-
minations of the air input or extract ducts. It will not be necessary to
meke any changes in the values specified for the conductances of the air :
flow paths since these represent the values of the cracks around the doors

and windoews and no change will have been made in these.

This is possible in the programme outlined in (2) and represents the

easiest way of taking account of the effect of mechanical ventilation.

However, in a ventilating system, design information concerning the
pressure developed in any particular room of the building is not normally
available, but the volume of air heing fed into the various parts of the
building by the duct system in a given time is usually the figure which is
available either from the initisl specification or from performance

measurements..

By suitably rearranging the presentation of the specified data, it is
pessible to use the programme in its present form for calculations in which
air flow inputs (or extractions) are specified for some points inside the
building in addition to the pressures developed on the outside by wind

conditions.



3. (cont'd)

An added advantage of using the programme in this way is that the
effect on the pressure developed by the air input caused by opening a door
can immediately be found by changing the characteristic of the appropriate
air flow path, whereas if pressure is specified and an open door simulated,
then the only effect shown by the calculation is a large increase in air

input in order to maintain the specified pressure.

Figure 2 shows in diagrammatic form, the result of calculations of
air flow in a three-storey building when air is fed by a mechanical system
to the three lobbies marked *P', thus achieving a degree of pressurization
in these areas. In this case the air flow into the lobbies was specified

for the purpose of the calculations.

4o Bxtension of calculation te include the effect of fire and smoke in
a building. .

When a fire occurs in a building a large quantity of hot smoke is
generated which is moved rourd by the action of the temperature differences

which are established.

Thus the fire creates pressure differences between the fire room and
the adjacent parts of the building and these pressure differences will
mainly be a function of the temperature conditions in the fire room although
they will also depend on the openings inte and out of it, i.e. whether doors

and windows are open.

Measurements have already been reported2 of the pressure differentials
(see Fig. 3) which exist in a well ventilated fire between the fire chamber
and a corridor at the top of a normsl door and the simplest way to similate
a fire for the purpose of the computer calculation is to impose a fixed
positive pressure in the fire chamber since the largest effect of a fire
will be to drive air out. This approximation is in question only if the
openings in the upper and lower halves of the door are of very different

sizes,.

This can be done several times, each time with a slightly increased

imposed pressure so that the effect of fire development can be simulated.

Variations in the characteristics of the air flow paths which represent
the door and windows into the fire chamber can be made quite simply so that

the condition of broken windows or open doors can be examined., Fig. 4 shows



4. (cont'd)

an example of such a calculation, a positive pressure of 1.25 mm wg

(0.5 in wg) has been.imposed in the room marked 'Fire' and the conductance
of the air. flow paeth representing the window has been increased to simulate
it as being broken, ‘and Fig. 5 shows a similar calculation flor the same
building and the same fire but with the lobbies between the corridor and

stairs pressurized.

A more sophisticated representation of the movement of air and smocke
into and out of the fire chamber can be ma@g{by considering the door betﬁeen
the fire chamber as being several air pathst ‘with air entering the room
thréﬁgh the lower ones and smoke going out into the corridor through the;
upper paths.. In the same way the window, either broken or intact, wouldi
also Be-reﬂgésented by several paths, the lower drawing air into the roog

and the upper taking smoke out of it.

Bach of these paths will be terminated in the fire chamber by a
positive or negative imposed pressure and these can be estimated from the
results of measurements already reported1. Fig. 6 shows the calculation
for a building with this more complicated simulation of the fire condition,
and Fig. 7 shows the pressure and air flow conditions for the Fire Room
when this simulation is used. In this calculation, the air flow in the
corridor outside the 'fire' room i1s shown as the total, i.e. as the net
result taking account of the air flow into it amd the air flow out of it.
This, therefore, assumes a condition of 100 per cent mixing of the air and
smeoke outside the 'Fire' room and is undoubtedly an oversimplification.
However, the programme would allow account to be taken of stratification
in the corrﬁdor by breaking this wvolume down into several air flow paths,
in much the-same way as has been done for the fire chamber - provided _
sultable factors for the law governing the flow of air in this circumstaﬁce

are introduced.

1

The results obtained from the methods described above allow the mové—
ment of air end smoke in a building to be studied. It is pdssible also go
assess the smoke density present in any part of the building be deciding
how the air flow at any part of the building is constituted, i.e. what
proportion is fresh air and what proportion is dense smoke coming from the

fire chamber.



5. Conclusion

Using the ideas and calculation techniques developed for the study of
the gir movement in a naturally ventilated building and meking the modifi-
cations described to take account of the intreduction of ventilation and of
fire conditions, the potentiasl movement of smoke and its density can be

readily studied for any building.

This will eventually prove to be a very valuable tool for assessing
the effectiveness of the means of escape proposals in a building at the

early design stage.
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