
1 Fundamentals of Smoke and Heat Exhaust Technology

5

Dipl.-Ing. Karl-Heinz Quenzel,
Berlin

Fundamentals of Smoke
and Heat Exhaust
Technology*)

Basic considerations

Some recent fires have reminded
us of the vast potential for destruc-
tion, injury and loss of life that fire
may have. Its perils lie in the blaze
that forms the core of the disaster
and in its products such as smoke
and heat, both of which are at their
most hazardous in a ‘‘captive’’ sta-
te, i.e., within an enclosed building.
Practical experience has shown
that the smoke is much more dan-
gerous to humans than the heat
(flames). According to fire stati-
stics [1], two-thirds of all deaths
due to fire result from suffocation
and smoke poisoning, while one-
third is caused by burns and
collapsing buildings. These obser-
vations confirm the dominant role
of smoke as a threat to humans in
the event of a fire. Moreover, hot
smoke and combustion gases, in
conjunction with thermal buoyan-
cy effects, may literally ‘‘pre-heat’’
those building areas to which the
flames themselves have not yet
spread, thus paving the way for
their propagation.

From the viewpoint of building servi-
ces engineering, these conditions
and hazards impose a whole set of
demands to be met by an effective
preventive fire protection strategy. As
far as smoke is concerned, it is ne-
cessary to ensure its extraction and
dilution and to keep the building smo-
ke-free at least in defined areas.

To prevent the fire from spreading,
the heat of combustion must be re-
moved from the building in addition to
the smoke. In modern building servi-
ces engineering, powered smoke and
heat exhaust systems have therefore
become a standard fixture. They con-

Roof mounting smoke exhaust fan, BVD type,
for 400/620°C - 120 minutes (tested in accor-
dance with EN 12101, Part 3)

Wall mounting smoke exhaust fan, BVW-R ty-
pe, for 600°C - 120 minutes (tested in accor-
dance with EN 12101, Part 3)

*) Extract from the author’s book ‘‘Rauch- und Wär-
meabzugsanlagen - im Rahmen des vorbeugenden
Brandschutzes’’ [Smoke and Heat Exhaust Systems
in Preventive Fire Protection], 2nd revised edition, Of-
fice 213 Publishing Co., Berlin

stitute a class of special equipment
specified and dimensioned in accor-
dance with the specific building situa-
tion, the rooms exposed to the heat
load, and the layout of escape routes
and rescue accessways.

Although the need for such equip-
ment is not in doubt, its installation
may, in practice, require the use of
some persuasive force since it is of-
ten considered not beneficial or profi-
table but ‘‘only’’ a preventive add-on
to the building services infrastructure.

The use and dimensioning of effec-
tive smoke and heat exhaust systems
is currently based on the rather vague
provisions of the building codes issu-
ed by the various federal states, as
well as on a set of DIN standard and
guidelines released at a somewhat
sluggish pace. Although technical re-
quirements are being developed by
various institutes and specialized
committees, it should take a while for
extensive binding documents to
emerge and gain universal accep-
tance in building planning.

Definitions

Some definitions may illustrate the
complex set of interdependencies
which characterize the subject tech-
nology. According to DIN 14011 [2]
and DIN 14096 [3], the term ‘‘preven-
tive fire protection’’ in a building servi-
ces context denotes general measu-
res aimed at preventing the eruption
and propagation of fires and at ensu-
ring the safety of escape routes. The-
se measures are viewed as a neces-

sary precondition for effective fire-
fighting. Preventive fire protection is,
first of all, a catch-all term. It compri-
ses preventive steps related to the
structure, operation, and organization
of the building. It is clear from this bro-
ad definition that every building must
be individually assessed in accordan-
ce with its size, function (use), and
technical equipment level. A specific
strategy will then need to be develo-
ped on the basis of these findings.

The required protection concept
should take into account the characte-
ristics of a potential fire as early as at
the planning stage. Apart from the
building itself, the concept should  ad-
dress

– location of the building
– fire zones
– escape routes and
– plant and equipment in place

From this analysis, aspects of preven-
tive fire protection will emerge at both
the structural and operational level.
Within this framework, smoke and
heat exhaust systems may fall into the
structural and operational category of
preventive fire protection technology,
depending on the objectives on hand.

Building law

Applicable building law in Germany is
enshrined in the building codes of the
respective federal states. These cover
all building construction and outfitting
activities. They are supplemented by a
set of standards introduced under buil-
ding law for classified construction
materials, components, and special
elements.
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A review of the building codes for the
various federal states with regard to
smoke and heat extraction reveals a
common principle that appears in all
German building regulations. Refer-
ring to smoke and heat control, sec-
tion 17(1) of [4] contains the following
provision:

‘‘Structures shall be designed
such that the outbreak of fire and
the propagation of flames and
smoke are effectively prevented,
and that humans and animals can
be rescued and an effective fire-
fighting effort can be launched
should a fire nevertheless occur.’’

These rather general provisions at
least serve to define the overriding
objective. The aim is to take precauti-
ons with a view to achieving maxi-
mum safety in the event of a fire. In
global terms, this implies the follo-
wing:

– restriction of flame propagation
– securing the escape of humans and

animals
– ensuring the feasibility of fire-

fighting activities

Given the close interrelationship bet-
ween construction, building services
and outfitting technologies, the efforts
made to achieve the above goals
cannot be viewed in isolation but
must always be judged and assessed
in the common context. Thus, pre-
ventive activities aimed at ensuring
smoke and heat control will always
form an integral part of any overall
building protection strategy.

The diversity of considerations that
play a role in smoke and heat exhaust
engineering clearly shows that the
generalized requirements of the buil-
ding codes must be filled with mea-
ning within the specific technical fea-
sibility situation. The resources de-
ployed must not merely be adequate-
ly arranged and properly sized, but
must also remain operational in case
of a fire.

Fire

The outbreak of a fire marks the start
of a chemical reaction between com-
bustible materials and oxygen bound
in ambient air. This process is ac-

Fig. 1: Products of combu-
stion resulting from the fire
and their distribution in the
room

Smoke Thermal energy

Source of fire

Decomposition
products

companied by the emission of heat
and smoke. Gases released as a re-
sult of heat will be ignited and contri-
bute to the further propagation of the
fire.

Thus, the start of a fire and its subse-
quent propagation are contingent on
the presence of  an inflammable sub-
stance, oxygen, and an ignition sour-
ce of sufficient energy („spark“).
Throughout the combustion process,
which is basically a conversion of
chemical into thermal energy, pro-
ducts of combustion such as smoke,
decomposition products, heat and re-
sidue will form (cf. Fig. 1) [5].

3. Flashover (eruption of a sudden
blaze in the fire area)

4. Fully developed fire
5. Subsequent cooling phase

The initial apparition of a fire and the
subsequent eruption of flames in the
presence of sufficient combustible
material near the ignition point lead
over to the smouldering phase. The
formation of flames, heat and smoke,
as well as the temperature near the fi-
re source, will increase but slowly at
this stage. The duration of this phase
as well as the temperature develop-
ment greatly depend on the beha-
viour of the combustible mass, the

Apart from the presence of combu-
stible substances, the further course
or development of the fire over time is
critically determined by the following:

– surface structure of objects in the fi-
re zone

– location and storage of combu-
stibles

– room size
– air and smoke exchange between

indoor and outdoor environment

These criteria, which may vary greatly
between cases, form the boundary
conditions for the energy release to be
anticipated and the resulting fire de-
velopment. The latter is generally cha-
racterized by the following phases:

1. Ignition
2. Smouldering

flammable substances involved, and
the air supply.

If one of these factors is expressed
too weakly  to support combustion,
the fire will not proceed beyond the
smouldering stage. On the other
hand, if they coincide ‘‘auspiciously’’
in the sense described, the environ-
ment of the fire source will heat up
due to the release of thermal energy.
Decomposition effects taking place on
the surface of inflammable objects gi-
ve rise to the formation of combustible
gases. Once a certain concentration
of these decomposition products (ga-
ses) is exceeded, an explosion will ta-
ke place and encompass and ignite all
combustible items in the zone. This
abrupt transition from the smouldering
stage to the eruption of naked flames
is referred to as ‘‘flashover’’.
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The result is a fully developed fire
which is characterized, initially, by a
rise in temperature and increasing
smoke formation in the fire room. The
temperature rise is particularly inten-
se at this stage.

Once the fire has passed its peak
temperature, a cool-down phase sets
in. This occurs when the fire has ex-
hausted the supply of combustible
materials, or when its air supply is cut
off or fire-fighting measures are ta-
king effect. For clarity’s sake it should
be noted here that an oxygen defi-
ciency, i.e., due to a throttled air sup-
ply, may prevent a further propagati-
on of flames in the room but may also
promote an accumulation of uncom-
busted gases that may burn off sud-
denly, in an explosion-like manner, if
subsequently ignited by a delayed
fresh supply of oxygen (i.e. air).

The assessment of an effective smo-
ke and heat exhaust system for a gi-
ven room or zone must start out from
an analysis of its ‘‘fire behaviour’’.
This is reflected in a number of crite-
ria such as the fire load, prevailing
ventilation conditions, rates of com-
bustion, and the associated loss of
mass. Taking into account these key
parameters, it is possible to estimate
the general development of a fire and
the resulting smoke volumes and
temperature curves.

According to DIN 18230 Part 1 :
1998-05, the smoke load of a room is
defined as follows:

The theoretical fire load qR is compo-
sed of the theoretical fire load of ex-
posed materials (qRu) and of the theo-
retical fire load of materials present in
closed systems (qRg).

qR = qRu – qRg in kWh/m2 (3)

The theoretical fire load qRu of exposed
combustibles is calculated from equa-
tion (4), while that of protected materi-
als is determined with equation (5).

qRu =                         in kWh/m2 (4)

qRuR =                         in kWh/m2 (5)

where:

Centrifugal smoke exhaust fan, BVRA type, for
620°C - 90 minutes

�(M1 · Hu1 · m1)
AE

�(M1 · Hu1 · �1)
AE

�M = �/3 vb · vr
2 · t3 in kg (6)

M1 = net calorific value of the indivi-
dual material in kWh/kg

m1 = combustion factor of the indivi-
dual combustible material

�1 = combination coefficient reflec-
ting the interaction of exposed
and non- exposed (protected) fi-
re loads

AE = surface area of the fire cell in m2

Hu1 = net calorific value of the indivi-
dual materials in kWh/kg

In assessing a specific room, one
must take into account all combus-
tible construction materials, operating
media and stored objects, including
packaging and surface lining that is
present in the final outfitting (ready-
for-use) state. It is necessary, there-
fore, to determine all combustible
masses, the respective net calorific
values, combustion factors [7] as well
as the combination coefficient (where
applicable), and to process the re-
sults into the appropriate mathemati-
cal expressions.

Information about a potential extrac-
tion of smoke (and above all, heat)
from a room can be obtained from its
ventilation conditions. For a rough
estimate one may consider the arran-
gement and size of existing wall ope-
nings, or proceed from the ventilation
factor determined via an artificial fan-
induced airflow.

Fire tests [9] have shown that the re-
lease of energy and hence, approxi-
mately, the combustion rate, are pro-
portional to the ventilation factor. In
other words, a higher ventilation fac-
tor indicates an increasing fire inten-
sity. Accordingly, a fire (plus the as-
sociated temperature and smoke de-
velopment) can be expected to be
more intense in a well-ventilated
room containing a high fire load.

The actual progress of the fire, i.e. the
speed of combustion, the burn rate
(loss of mass) and the resulting pro-
pagation velocity cannot precisely
forcasted. Conditions precedent to a
fire, circumstances and influences
arising in its course are too diverse al-
together. We therefore must rely on
empirical data obtained either
through tests or from real-life inci-
dents.

As a guide for the specific burn rate in
rooms furnished with wooden objects
we may assume vb = 0.65 ..., 0.90
kg/m2 per minute [10]. This is the
amount of a given material that will
undergo combustion during a time
unit within the fire zone. Apart from ty-
pe and property of the material in
question, vb is a function of the influ-
encing factors described above.

Fire propagation velocity is a measu-
re of how fast the area on fire will in-
crease during a time unit. In residen-
tial and commercial-use buildings,
this parameter may assume values
between vr = 1.00 ... 1.20 m/min [10].
Its amount is influenced, inter alia, by
the burn rate. Using these values for
vb and vr and assuming a linear pro-
pagation law for vr, we can estimate
both the expected size of the fire area
Ab and the mass loss �M of combu-
stible material for a concentric propa-
gation pattern over a time t from the
start of the fire as follows:

With the aid of this mass loss equati-
on (6), the volume of smoke genera-
ted by the fire may be estimated fairly
accurately, at least for the initial fire
stages.
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Temperature development in the fire
room and smoke temperature may be
estimated coarsely at best, given the
diverse underlying influences. Howe-
ver, it should be noted initially that the
temperature near the fire source will
increase but slowly until the end of
the ‘‘smouldering’’ phase.

The onset of a steady increase in
temperature, on the other hand, is
triggered by the occurrence of ‘‘flas-
hover’’ ignition. Insights into the real-
life evolution of fires  were gained
through fire tests, which tend to con-
firm the standard temperature/ time
curve, at least in the early phases of
the fire. However, significant subse-
quent deviations from the standard
curve are possible, depending on the
fire load and room ventilation conditi-
ons.

Fig. 2 shows a number of temperatu-
re curves recorded in England during
trials in a purpose-built fire room
which was ‘‘fuelled’’ by different fire
loads in the form of wooden cribs.
Ventilation conditions, too, were va-
ried throughout the tests [11]. The
standard temperature/time curve
emerges from these tests as an aver-
age, as it were, of the readings taken.
However, the curves of the individual
tests clearly illustrate how the tempe-
rature rise depends on fire load and
ventilation conditions. 

Smoke, as mentioned earlier, must
be deemed at least as hazardous as
the spread of fire or the associated
temperature rise. Apart from heat, the
combustion process gives rise to a
mix of solid and liquid particles such
as soot, dust (fly ash) and condensa-
tes, in combination with gaseous mat-
ter (carbon dioxide, sulphur dioxide,
steam, nitrogen and, in the case of in-
complete combustion, carbon mono-
xide). The composition or quality of
the smoke depends on the type of
material combusted, the availability of
fresh air, and the temperatures pre-
sent. Since temperatures near the fi-
re source may vary greatly, complete
combustion is by no means always
achieved. Smoke will therefore carry
uncombusted gases which may burn
off later, give rise to condensation, or

Fig. 2
Temperature/time curves
from wood crib fire tests
conducted in the labora-
tory versus the standard
temperature/time curve.

60 (1/4) means: Fire load = 60kg wood/m3

Open window area = 1/4 of wall surface area
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exit the burning room along with es-
caping smoke.

In the initial stage of a fire develop-
ment and propagation of smoke is the
main hazard factor, given that tempe-
ratures near the fire source will rise
but slowly at first. The pattern is illust-
rated in Fig. 3, which also gives the
smoke development curve [12]. This
time-related smoke/temperature de-
velopment graph illustrates the ha-
zards accompanying a fire and indi-
cates that the amounts of smoke re-
leased will be substantial even in the
low-temperature phases.

The risks which smoke poses to hu-
mans, animals and property are well
known and documented. Smoke
colour plays a role that must not be
underestimated, especially with re-
gard to rescue and fire-fighting opera-
tions.

The blacker the smoke, the poorer
the visibility, and the greater the risk
of humans being unable to identify
escape routes or fire sources. While
burning wooden furniture gives off a

ferred by convection, radiation and
conductance to the indoor ambient
air, furnishings and enclosing surfa-
ces. Smoke will initially rise to the cei-
ling, then continue to fill the entire fire
room or spill to adjoining areas as the
fire progresses.

The term ‘‘fire room’’ denotes the part
of the building in which the fire origi-
nates or to which it will eventually
spread. This may be a single room, a
production shop, or an entire building
section not further compartmentized
by fire protection devices. Even if on-
ly a single room is on fire, the ‘‘fire
room’’ must not be viewed in isolation
but always in the context of the buil-
ding, its technology and occupancy
patterns. 

Of the energy released by the flames,
about 70 to 80% can be coarsely esti-
mated to be transferred by convec-
tion. Radiation accounts for 20 to
30%, while a mere 5% of all heat
transfers takes place as conduction..
The fairly high percentage of convec-
tive heating is one factor which ex-

fairly light-coloured smoke, the colour
becomes progressively darker when
paper, textiles, plastics, rubber, tar
and petroleum products are on fire.

The fire room

As outlined above, main products of
combustion are fire and heat. In a clo-
sed room, the heat of the fire is trans-

plains that smoke tends to rise initial-
ly toward the ceiling.

Room-enclosing surfaces and furnis-
hings, on the other hand, are mainly
heated by radiation. Such ‘‘pre-hea-
ting’’ paves the way for a further pro-
pagation of the flames.
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Wall mounting smoke exhaust fan,BVW-A ty-
pe, for 600°C - 120 minutes (tested according
to EN 12101, Part 3)

Fig 3: Smoke  and tempera-
ture development without
smoke and heat extraction.

Fully developed 

Smoke/temperature

Start of fire Flash-
over fire

smoke

temperature

both the smoke density and the am-
bient temperature in the fire room rise
towards the top. The highest tempe-
rature in the fire room will therefore
not be encountered at the center of
the fire, but under the ceiling.

If the fire is not affected by fire-
fighting efforts or by the creation of a
vent opening in the enclosing surfa-
ces, the smoke layer near the ceiling
will grow in thickness from the top
down. In very high rooms the upper
strata of the room will function like a
smoke accumulator. An adequately
dimensioned smoke exhaust system
can maintain the smoke cushion un-
der the ceiling of the fire room, thus
preserving the desired smoke-free
layer underneath.

In rooms with low ceilings, the rising
smoke has less of a distance to cover
in a vertical direction. As a result, it
will entrain less ambient air, and the
smoke layer will be hotter, particular-
ly near the ceiling. It is due to this ef-
fect that, in a fully developed fire,

flashover will occur sooner in rooms
of low ceiling height than it will in pro-
duction shops and similar structures.

Temperature rise in a closed room is
accompanied by an increase in pres-
sure and an expanding smoke volu-
me. While the pressure rise, in abso-
lute terms, is negligible, the smoke
volume grows in direct proportion to
the ratio of the absolute temperatu-
res. To this one must be added the
amount of air entrained from areas
near the fire source, which varies with
the dimensions of the fire and the
height of the smoke layer. This volu-
me growth, which may be immense,
poses one of the main problems to
the fire-fighting and smoke extraction
effort.

If the smoke cannot escape via ex-
haust routes it will spill over into ad-
joining rooms or corridors

On the other hand, by creating ope-
nings at selected points of the fire
room, it is possible to reduce the heat
and smoke load by admitting air whi-
le simultaneously allowing smoke to
escape. Fig. 4 illustrates the outflow
of smoke and heat from the fire room.
A certain underpressure forming in
the lower half of the room facilitates
the inflow of ambient air. If the ope-
nings are properly dimensioned for
the room size and anticipated smoke
development in a potential fire, an
outflow of hot smoke and an appro-
priate inflow of fresh air can be ensu-
red. In this case, a smoke cushion will
form under the ceiling, ideally at a
constant height above the floor (equi-
librium between inflowing air and out-
flowing smoke) so as to leave enough
visibility and breathing air for fire fight-
ers. It does not matter whether the
smoke is extracted through the ope-
nings by natural draft effects or by a
system of powered exhaust fans.

Failure to create this equilibrium con-
dition, e.g., due to absent or inade-
quately dimensioned smoke exhaust
systems, will result in smoke sprea-
ding initially through the fire room and
then through the building.

As the smoke layer gains in depth, i.e.
‘‘grows’’ from the ceiling downwards,
the radiant heat transfer from the very
hot mass of accumulated airborne
matter will increase towards the floor.
This effect is particularly noticeable in
high rooms, where fairly large volu-
mes of smoke with a high thermal ca-
pacity can collect under the ceiling.
The resulting increase in radiant heat
transfer promotes the spread of the fi-
re.

A small portion of the heat is dissipa-
ted via room-enclosing surfaces,
mainly through contact with the area
on fire. However, this portion may be-
come more substantial as the smoke
layer thickens.

From the above description of the
energy and smoke propagation pro-
cess it can be concluded that the heat
transfer by convection will increase,
while conductive transfers and the
temperature in the fire room will
decrease, when the room is opened
(i.e. a vent is created in its enclosing
surfaces). An opening will reduce the
thermal load on the room and decele-
rate the propagation of the fire.

Smoke moves away from the fire
source in the form of a cone which be-
comes thicker towards the top as it
mixes with ambient air. Once the
smoke/air mixture  has reached the
room’s upper limiting surface, it
spreads out  sideways below the cei-
ling. If the fire is allowed to develop,
the smoke volume will increase; in a
closed room this results in the forma-
tion of an increasingly thick smoke
layer under the ceiling. It follows that
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Smoke and heat extraction -
terminology

Smoke and heat exhaust systems are
designed to extract smoke and its
heat loads to an outdoor location so
as to reduce the hazards outlined
above. 

Depending on specific building condi-
tions, this objective can be achieved
either through natural (gravity) venti-
lation or by mechanical (fan-powe-
red) equipment. DIN 18232, Part 1 di-
stinguishes between the following ty-
pes of smoke and heat control devi-
ces:

• Smoke exhausts are individual
components of a gravity-based
smoke and heat exhaust installation
designed to remove smoke from a
building in the case of a fire. Their
operation is based on the thermal
buoyancy of the smoke, which in
turn is a function of the aerodynamic
or effective vent area, mounting
conditions, wind influences, the size
of make-up air openings, and the
opening delay after the eruption of
the fire.

• Heat exhausts are individual com-
ponents of a gravity-based smoke
and heat exhaust installation desi-
gned to extract hot smoke from a
fully developed fire towards the out-
doors so as to prevent, or at least
delay, flashover. The operating
principle and external influences
are similar to those of smoke ex-
hausts.

• Powered smoke exhausts are indi-
vidual components of a smoke and
heat exhaust installation designed
to extract smoke from a building.
Contrary to gravity-based systems,
powered smoke exhausts rely on
forced ventilation (induced, e.g., by
a special-purpose fan).

In practice, the functions of gravity-
based smoke and heat exhausts are
usually performed jointly by dedica-
ted building components taking the
form of special roof or wall-mounted
vents. They are therefore often clas-
sified jointly as gravity (or ‘‘natural
ventilation’’) based smoke and heat
control installations, since the vents

Fig. 4
Equilibrium between inflo-
wing air and escaping
smoke, with maintenance
of a smoke-free layer

Smoke cushion

Smoke-free
layer

allow both smoke and heat to escape.
Specific heat exhausts are generally
of interest only where specific load-
bearing building components must be
protected or where defined building
materials must be prevented from at-
taining their flame point.

air and the effective height difference
between the air supply and exhaust
openings. Special venting devices
will be fitted near the top of the room
or building if, and only if, natural wall
openings such as windows, skylights,
etc. cannot provide an adequate smo-

Powered smoke exhausts relying on
dedicated smoke exhaust equipment
(i.e. smoke exhaust fans) and the as-
sociated air/smoke ducts are consi-
dered separate from the above.

Both system types described serve to
extract smoke and heat from burning
rooms or building sections and to dis-
charge them to an outdoor location so
as to meet preventive fire protection
requirements outlined earlier. They
are essentially subject to the same
specifications. Their components
must be suitably designed and di-
mensioned to ensure a sufficient ex-
traction of  smoke and fumes at high
temperatures while retaining their
functional integrity within appropriate
limits.

Gravity-based smoke and
heat exhaust systems

Gravity-based smoke and heat ex-
haust systems are intended to remo-
ve smoke and heat from a fire to the
outdoors by the shortest possible rou-
te through vent openings provided,
taking into account make-up air requi-
rements. They operate on the so-cal-
led ‘‘chimney effect’’, i.e., their action
is based on the draft resulting from
the density difference between the
gas in the fire room and the outside

ke and heat exhaust capability due to
their size, height or configuration.

Powered smoke exhaust
systems

A critical review of most buildings will
soon reveal the limits of effectiveness
of gravity-based systems. These may
be imposed by the specific building
configuration or other foreseeable in-
fluences such as wind attack or anti-
cipated fire behaviour. This is particu-
larly true in case of

• rooms which are windowless, or ex-
tend very deep in the building
(depth/ height ratio > 4);

• roof or building designs that are apt
to neutralize or even reverse the na-
tural buoyancy of the smoke;

• rooms in which high buoyancy-pro-
moting temperatures cannot form
due to the nature or burn-off beha-
viour of their fire loads, the impact of
automatic fire-extinguishing sy-
stems (sprinkler protection), or their
physical height.

• rooms subject to specific air purity
requirements where the opening of
vents for test or maintenance purpo-
ses would already interfere with pro-
per use.
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These general aspects will normally
support the case for a powered smo-
ke or heat exhaust system. It should
be noted here that a powered system
delivers its full output from the mo-
ment it is started, i.e. regardless of
external conditions, the entire volume
flow becomes available immediately
for smoke extraction purposes.

Against this backdrop it may be ap-
propriate to take a look at Fig. 5. This
diagram plots the theoretical perfor-
mance of a gravity-based system
against that of its powered smoke and
heat exhaust counterpart as a func-
tion of the mean temperature in the fi-
re room.

The comparison is based on mini-
mum requirements on smoke and
heat extraction devices as imposed
by building law, i.e. an effective smo-
ke venting surface area (in ceiling or
walls) of 1% of the room’s floorspace
or, for the powered version, a rate of
10 hourly air changes in the fire room.
From a comparison based on the air-
change figures from Fig. 5, quantity
differences become increasingly evi-
dent as the temperature in the fire
room increases, i.e.

• volume flow through a gravity-ba-
sed smoke and heat exhaust sy-
stem increases over the duration of
the fire;

• the powered smoke and heat ex-
haust system delivers a near-con-
stant volume flow over the duration
of the fire, providing the benefit of
instant availability of its full power.

The resulting discrepancy between
volume flows and air change rates,
respectively, confirms reservations
frequently voiced, particularly by fire-
fighting organizations, against powe-
red smoke and heat exhaust installa-
tions,  especially if the time to arrival
of emergency services is taken into
account. It follows that gravity-based
exhaust systems deserve to be em-
phatically given priority, within the li-
mits of feasibility, or rather that powe-
red systems should be sized for hig-
her air change rates from the start.

Axial-flow smoke exhaust fan, BVAXN type, for
600°C - 120 minutes (tested according to EN
12101, Part 3)

Fig. 5: Comparison of air
change rates obtained with
gravity-based and powe-
red smoke exhaust equip-
ment, with indication of mi-
nimum requirements un-
der German building law.

TLT fans are tested on the basis of
DIN EN 12101, Part 3, (Smoke and
heat control systems, Specification
for powered smoke and heat ex-
haust ventilators; requirements on
components and evidence of suita-
bility

Powered
smoke
exhaust

Gravity-based
smoke exhaust

Basis:

Air changes / hr.

Floor surface area
Room height
Buoyancy height
Smoke exhaust

Smoke and heat exhaust
fans

Powered smoke and heat exhaust sy-
stems rely on the use of centrifugal
and axial-flow fans of appropriately
adapted design. The manufacturing
industry can today supply fans for this
particular application with volume flo-
ws up to about 300,000 m3/h. and
temperature ratings up to 1,000°C.
These units are subject to testing by
recognized testing institutes with re-
gard to temperature resistance.

Accordingly, requirements on fans
are classified into categories 1 to 4.

In the context of fan dimensioning
and placement, planners are faced
with the following tasks [13]:

• dimensioning of fans for the requisi-
te volume flow

• fan category selection
• definition of the operating point
• choice of fan location
• heat loss estimation
• weather-related influences
• fan safety (guards, etc.)

Choice of the requisite volume flow is
based on the need to extract smoke
effectively from a given room or area
while ensuring a proper removal of
the heat released in case of a fire.
The term ‘‘effectively’’, in this context,
denotes the requirement that emitted
smoke should be removed to the ma-
ximum possible extent so as to mini-
mize the concentration of smoke in
the fire room or to achieve an appro-
priate smoke-free layer, respectively.

In practice, hourly air change rates
between 5 and 15 (with 10 constitu-
ting the most preferred value) are
being commonly specified, in line with
regulatory  demands. However, this
general specification can by no me-
ans be expected to ensure an effec-
tive smoke extraction within the mea-

te
m

p
er

at
u

re
-r

el
ev

at
io

n
 (

K
)



5

Fundamentals of Smoke and Heat Exhaust Technology 8

ning of the above. In other words,
sticking to air change figures is no
panacea. What matters is the volume
flow conducted through the room un-
der analysis. 

From the viewpoint of an effective
smoke removal, it is necessary to
subject the room in question to a de-
tailed analysis in terms of the fire pro-
pagation velocity,  floor surface area,
and height. Such an investigation will
soon reveal that for an average fire
propagation velocity, full smoke re-
moval can generally be achieved by
adopting air change rates in the regi-
on of the following guide values:

Room volume in m3

500 1.000 5.000 10.000 50.000

Air changes per hour
100 50 10 5 2

If these values are not achieved, the
smoke will at best be diluted by the
system.

As regards temperature resistance,
fans must be classified into catego-
ries 1 to 3 according to DIN 18232,
Part 6, in line with the exhaust air
temperatures to be anticipated in a fi-
re. While category 1 fans are suitable,
e.g. for sprinkler-protected areas,
rooms with very low fire loads or very
large rooms (industrial sheds, works-
hops), category 2 units are employed
mainly where smoke must be extrac-
ted from several rooms (or groups of
rooms) simultaneously, so that a dilu-
tion with air can be expected to take
place in the ducting. The use of cate-
gory 3 fans remains reserved mostly
for smoke exhausting small individual
rooms with high fire loads.

Size and operating point of the fan
are determined by balancing the
pressure loss in the ducting against
the fan’s discharge pressure head, ta-
king into account the requisite volume
flow.

Regrettably, it has been found time
and again in practice that the measu-
red volume flows fall short of the no-
minal design values. In many cases
this volume deficit was large enough
to warrant the subsequent replace-
ment of fans, or the use of forced-
draft booster units. Apart from inade-

quate pressure loss calculations, this
error may be attributable to the fact
that leakage losses in the ducting we-
re neglected.

The fan itself must not be placed in
the fire-room (i.e., the compartment
from which smoke must be extracted)
if the temperatures in that room can
be expected to exceed its permitted
operating temperature or that of its
drive components or power supply
system. All too often, fans are fitted
inside the fire room out of ignorance
of potential fire scenarios and tempe-
rature developments. As soon as the
temperature in the fire room rises
beyond the equipment’s withstand li-
mits,  the operability of the smoke ex-
haust system is jeopardized. The ba-
sic rule, therefore, is that fans should
always be installed outside the fire
room unless they have been ex-
pressly designed and certified for
such installation.

Heat losses must be duly taken into
account.

If, in a given building context, the fan
needs to be fitted indoors, care
should be taken to ensure that the
heat transferred from the exhaust sy-
stem to the installation room in a fire
situation will not impair the unit’s ope-
rating safety and reliability, specifical-
ly at the level of the fan’s drive system
and power supply. In other words,
precautions must be taken to ensure
a reliable removal of heat from the in-
stallation room.

Where fans are installed outdoors, it
may be appropriate to protect them
against weather influences. Thus, no
precipitate or condensed water must
be allowed to collect in the fan. Suita-
ble drain pipes or orifices should be
provided to ensure that if an ingress
of moisture has occurred, it will relia-
bly drain off.

Wind pressure on roofs may become
a problem, specifically with fans offe-
ring a large surface for attack. Neces-
sary insulation against vibrations and
shock is achieved by placing the unit
on anti-vibration mountings acting
both in a vertical and horizontal direc-
tion, and by using flexible duct
connectors. Strong winds may cause

oscillation, and the resulting forces
may be strong enough to sever anti-
vibration mountings or destroy com-
pensators. Appropriate precautions
must therefore be taken at high-wind
installation sites. While smaller fans
can be secured by wind pressure
stops on the base frame, larger units
can be braced with spring-biased ca-
bles.

Safety guards protecting the fan
against tampering or externally inflic-
ted damage round out the range of
appropriate mounting precautions.
Guard devices of this type must be
provided wherever unauthorized per-
sons or playing children may be pre-
sent in the immediate vicinity of the
fan (this will usually be the case whe-
re units are erected in courtyards, on
rooftop terraces, or on patios). At
such sites fans must be screened off
in a manner that will prevent unautho-
rized access while nevertheless sup-
porting maintenance work.
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Axial-flow smoke exhaust fan with automatic shut-off damper, BVAXN 12/56 type, for 200/300 or
400°C - 120 minutes (tested according to EN 12101, Part 3)
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Origins of the smoke
exhaust fan
Helmut Hirsch, Kronberg

In the early 1970s, a fire in a PVC film
manufacturing shop devastated the
production facilities of Kalle AG in
Wiesbaden, a leading manufacturer
of packaging film. Presumably, an
overheated bearing had ignited a
small quantity of PVC and caused a
local smouldering fire that neverthe-
less released clouds of billowing smo-
ke. The damage was assessed at se-
veral millions.

The high loss was caused by the hy-
drochloric acid vapours which inevita-
bly form in the combustion of PVC.
These gases attacked all unprotected
metal surfaces of the film making line,
which had to be scrapped as a result.
Kalle’s works fire department contac-

ted the Bad Hersfeld-based BSH
company, their traditional fan sup-
plier, and requested the development
of a fan that would be able to extract
smoke, fumes and toxic matter via the
roof. Starting out from their standard
roof fan range, BSH (now TLT-Turbo
GmbH) set out to develop a roof-
mounted smoke exhaust fan rated for
‘‘higher temperatures’’. Following ex-
tensive in-house testing, the unit was
finally classified for 400ºC service for
a duration of 120 minutes.

Thus, the ‘‘smoke exhaust fan’’ was
born, although a market warranting
volume production or even promising
significant sales revenue had yet to
be identified. At the time, stationary
smoke exhaust fans were virtually un-
known as a preventive fire protection
solution. Through word of mouth in
the fire-fighting and consulting ex-

perts’ community and an intense in-
formation and sales promotion effort
directed by BSH at fire authorities,
building supervision offices, archi-
tects and specifiers, the potential of
smoke/fume exhaust fans was soon
established. In addition to the roof-
mounted fan versions, market soon
demanded diverse other designs sin-
ce smoke and fumes cannot always
be extracted via the building roof.
Thus, BSH began to develop smoke
exhaust fans for wall installation and
floor-mounted units for use inside
buildings. Today, TLT Turbo GmbH of
Bad Hersfeld supplies a complete
range of smoke and fume exhaust
fans for virtually any application.
Needless to say, each model is fully
tested and certified according to the
latest European standards and regu-
lations. And it all began with that
small fire at Kalle AG in Wiesbaden ...


