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METHOD AND SYSTEM FOR TUNNEL VENTILATION IN NORMAL
CONDITIONS AND IN CONDITIONS OF FIRE

Technical field

This invention refers to the tunnel ventilation process in normal conditions and in fire conditions and
to a tunnel ventilation system in such conditions designed to prevent a longitudinal air flow in the
tunnel during a fire as well as to provide fire protection in long tunnels. The invention ensures a
stationary air motion in the fire zone with simultaneous fire extinguishing to prevent the spread of fire
and smoke in the tunnel outside the fire-affected zone.

Technical problem

The problem appearing in tunnels, especially the longer ones, i1s how to ensure the removal of
contaminated gas from the tunnel in an easy and efficient way, combined with quick and efficient fire
extinguishing without a spread of smoke into the part of the tunnel not affected by fire. The Invention
solves these technical problems by providing a stationary air flow in the tunnel applying a ventilation
system and a tunnel ventilation process, where the ventilation section above the horizontal partition is
divided by vertical partition walls into three separate ventilation ducts. In the ventilation ducts are
flaps, which, unlike the standard shutters, provide perfect sealing. Furthermore, the system consists of
a ventilation unit installed in an engine room on tunnel portals, which allows servicing of the unit
without interference in current traffic. Due to continuous discharge of contaminated air from the
tunnel, the ventilation and ventilation control equipment ensures in both normal operation and fire
conditions minimum pollution of the tunnel’s walls and ceiling. The tunnel ventilation control system
also allows the return of air to where it was drawn out, with a result that no major microclimate
changes occur. The system allows installing a punfication system to get contaminated gases out of the
tunnel. The system as a whole is designed for low energy levels, requiring optimum energy
consumption for its operation. If fire breaks out in the tunnel, the system and process according to the
invention ensure that fire 1s confined to a stationary space between two adjacent rows of flaps,
whereby one of the main features of the Invention is matenalized to the effect that the spread of smoke
into the rest of the tunnel is contained, because there 1s no fresh air motion through the fire; through
the flaps smoke is directly carried away via lateral and, if needed, middle ducts, and fresh air comes
from both portals to the flaps in front of the fire and, if needed, partly also to the middle duct.
Simultaneous with fire signalling and detection of the exact position of fire, air with reduced oxygen

content is introduced into the fire section, whereby fire extinguishing takes place. Fresh air motion to
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the flaps in front of the fire and simultaneous discharge of contaminated air and smoke through at least

two ventilation ducts limit the spread of smoke in the tunnel and thereby provide free access for
rescuers arriving from any side of the tunnel. Salvage operation is made possible by abandoning the
fire zone towards any side and finally the free exit from the tunnel. Apart from fire extinguishing by

means of reduced oxygen air, the system allows fire extinguishing by using other agents and systems.

State of the art

The CH 433424 document does not describe a 3-duct ventilation along the whole tunnel, only an
auxiliary fan at the beginning of the tunnel (Fig.4). It also describes (row 17-24) the way of achieving
aspiration in a fire system that cannot achieve a stationary state in the fire zone. This system cannot
prevent the influx of fresh air to the place of fire. The CH 471287 document deals with a suspended
ceiling and tie rods that ensure better sealing of the suspended ceiling and tunnel formwork and that
are not envisaged for lateral aspiration ventilation ducts (Fig. 1-5). The required protection 1s based on
the design and details of the suspended ceiling and partition walls. The design of ;che suspended ceiling
with vertical girders just bears a certain similanty with our proposed design, but the principle of our
ventilation is entirely different from that described in the said document, except for the similarity in
using 3 ducts.

The US 1.643863 document describes transverse ventilation with aspiration ducts mounted above the
tunnel portal and with fresh air supply ducts beneath the traffic line. This design likewise does not
provide a stationary state at the place where fire has broken out in the tunnel. It bears neither
functional nor structural similanty with our new design. The presented 3 ventilation tubes above the
profile do not have the same function of ventilation, nor are they a part of the ventilation duct as in the

below proffered solution, therefore, as stated in the patent, their number can be more or less than 3.

None of the existing patented tunnel ventilation systems can meet the requirements for passenger and
tunnel protection in tunnels of greater length. By their very design they are unable to ensure a stationary
state in the fire zone, the feature that constitutes the main advantage of our design. The existing
patented solutions do not at all deal with the problem of fire in the tunnel, only with normal ventilation
of the tunnel. The solutions lie in bringing fresh air into the tunnel and removing contaminated air

produced in traffic.

Summary of the Invention

What makes the essence of the invention is its ventilation system and process producing a kind of
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acrodynamics that in a normal operation regime ensures efficacious removal of contaminated air out of

the tunnel and in a fire regime ensures efficacious fire fighting for persons found in the fire zone and
unimpeded and safe escape of passengers in the tunnel to an area of fresh air, no matter in which
direction they move. Also, firemen and rescuers can reach the fire zone together with fresh air. The
tunnel ventilation system under the subject Invention provides for a ventilation section above the
horizontal partition divided by vertical partition walls into three separate ventilation ducts. Installed in
the ventilation ducts are fire-resistant flaps which in an cmergency hermetically close the ventilation
ducts. Their position is controlled in dependence on measured parameters in the tunnel and whether or
not there is fire in the tunnel and, if there is, the position of fire. The engine rooms on the portals
accommodate fans which are also operated in dependence on conditions prevailing in the tunnel.
Along the tunnel and under the suspended ceiling a system is installed for accurate and rapid detection
of conditions in the tunnel, including the location of fire. Furthermore, provision is made for a
computer program for monitoring and control of the ventilation system in normal and fire conditions
and of fire-fighting itself. The invention also provides for the application of air screen to prevent the
influx of air in excess of the designed quantity from the environment into the tunnel, whereby the
desired stationary air motion is attained in both normal and fire conditions. The system incorporates a
tube-shaped tank that is positioned longitudinally under the carriageway and that contains air with
reduced oxygen content in quantity sufficient for fire fighting in 2 sections, where one section represents
the space between 2 rows of flaps. In the event of fire, air with reduced oxygen content is brought into
the space of the tunnel’s fire section. The Inventton provides for a tunnel ventilation process in normal
and fire conditions. The lateral ventilation ducts serve to ensure continuous aspiration of contaminated
air out of the tunnel, whereas the central ventilation duct serves in the conditions of
increased/decreased value of measured parameters to bring addittonal fresh air into the tunnel, and in
fire conditions it serves to remove contaminated air and smoke from the tunnel, where in any regime
continuous fresh air supply into the tunnel is provided from both portals. Depending on the designed
air motion velocity in the tunnel, the capacity and direction of fan operation 1s controlled and at least
one air screen is turned on/off, whereby the influx of the designed air quantity from the environment
into the tunnel is controlled and the designed air flow achieved in normal conditions and in conditions
of increased/decreased value of measured parameters, as well as a condition of no longitudinal air flow
~ in the event of fire in the fire section. The process includes the positioning of flaps 1n all three ducts in

dependence on the measured conditions prevailing in the tunnel.

Specification of drawings and a detailed description of the invention

Below is a detailed description of the Invention with reference to the following drawings:
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Fig. 1 cross-section of the tunnel,

Fig. 2 cross-section of the tunnel with the escape passage,

Fig. 3 longitudinal section of the escape passage,

Fig. 4 longitudinal section of the tunnel showing measuring probes and installed equipment,

Fig. 5 cross-section of the tunnel and air flow in normal conditions,

Fig. 6 cross-section of the tunnel and air flow in fire conditions,

Fig. 7 longitudinal section of the tunnel and air motion in fire conditions,

Fig. 8 position of flaps in the middle duct and fan operation in the event of fire in the vicinity
of on¢ of the portals,

Fig. 9 position of flaps in the middle duct and fan operation in the event of fire somewhere in
the middle of the tunnel, and

Fig. 10 position of flaps in the middle duct and fan operation in the event of fire in any part of
the tunnel.

The tunnel ventilation system involves the use of a suspended cetling with 2 partitions (2) above it, or
3 ducts with built-in fire-resistant flaps (4) and (5), the dimensions of which ensure a sufficient air
intake velocity during aspiration and extend from one to the other lateral side of the duct, virtually
from one to the other lateral wall of the tunnel. The flaps (4) in the lateral ducts open up along the
longitudinal axis, and the flaps (5) in the middle duct along the axis perpendicular to the longitudinal
axis of the duct. All flap dnives are placed and can be maintained with the ventilation ducts also while

traffic 1s in progress.

The tunnel ventilation system in normal and in fire conditions, where at a given height the tunnel is
divided by a horizontal partition (1) into traffic and ventilation parts, where the system contains a
lateral escape passage (16) accessed from the traffic part through a pressure door (15) with springs,
where the ventilation part is placed above the horizontal partition (1) and divided by vertical partitions
(2) into three separate ventilation ducts (2), where the ventilation ducts, spaced 50-100 metres along
the length of the tunnel, contain built-in rows of flaps (4) and (5), where the system 1n question further
contains a system for the detection of tunnel conditions, a control system with a computer program for
monitoring and control of the system in normal and 1n fire conditions, and at least three fans (3, 3a) at
the entry to the ventilation ducts on at least one portal. In the lateral escape passage (16) overpressure
is provided by one or more fans (14) mounted in the engine rooms on at least one portal of the tunnel;
where the system further incorporates a tube-shaped tank (9) placed longitudinally underneath the
carriageway, containing air with reduced oxygen content, of capacity sufficient for extinguishing 2
sections, where one section represents the space between 2 adjacent rows of the flaps (4) and (3),

where in the event of fire air with reduced oxygen content is brought into the fire-affected section of the
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tunnel through a latticed duct (12) via explosive valves (10) and a distribution pipe (11); on at least one

side of the tunnel the system contains fans (6) generating air screens (6a) that prevent the influx of
fresh air from the environment into the tunnel in excess of the designed quantity, and sustain the
stationary air motion in the tunnel 1n the event of fire. The fans (3) installed in the lateral ducts are
axial/diagonal fitted with a system for separation of solid particles, whereas the fans (3a) installed in the

middle duct are reversible/axial.

The flaps (4) and (§) are fire-fighting electromotor or hydraulic flaps installed in the horizontal
partition (/) in all three ventilation ducts by way of covenng the whole width of the ceiling from one
side of the tunnel to the other and, when closed, providing perfect sealing, where the flaps (4) in the
lateral ducts open up along the longitudinal axis, and the flaps (5) in the middle duct along the axis
perpendicular to the longitudinal axis of the duct. The system for the detection of conditions in the
tunnel consists of probes (13) for measurement of O,, CO concentrations, chambers and/or sensors for
visibility measurement, probes (7) for temperature and smoke measurement, and probes (8) for
measurement of air velocity, where through the mcasured parameters of the probes (13) and the
visibility sensors the operation of the fans (3, 3a) in the ventilation ducts is controlled, and through
the measured parameters of the probes (8) at least one fan (6) is switched on/off to control the air
screen (6a). Furthermore, the lateral ducts have a larger profile, where all the mentioned ventilation
ducts serve to ensure continuous aspiration of contaminated air out of the tunnel and smoke 1n the event
of fire, where the middle duct in normal conditions at a heightened CO concentration and diminished
air visibility in the tunnel serves to bring added fresh air into the tunnel. In fire conditions the middle
duct serves to remove contaminated air and smoke from the tunnel, where 1n the event of fire in the
section located closer to one of the portals it serves for bringing fresh air. Figure 1 shows a tunnel
cross-section where it can be seen that at a given traffic height the tunnel is divided by the honzontal
partition (7) into traffic and ventilation parts. The ventilation part above the horizontal partition 1s
divided by the vertical partitions (2) into three separate ventilation ducts, of which the lateral ducts have
a larger and the middle duct a smaller profile. At the entry to the ventilation ducts on each portal at least
three fans (3, 3a) are installed, where the fans 3, installed in the lateral ducts, and axial/diagonal and
the fans 3a, installed in the middle duct, are reversible/axial. The fans (3, 3a) are mounted in the engine
rooms above each portal, where they can be maintained without interrupting traffic in the tunnel. Figure
3 shows the cross-section of the tunnel and air flow in normal conditions, where the lateral ducts serve
for continuous aspiration of polluted air out of the tunnel at minimum level, and fresh air comes as a
rule through the portals. In an emergency and in normal conditions, fresh air can be brought through
the middle duct. If the O,, CO values or visibility (13) exceed the permissible limits in a certain section
of the tunnel, fresh air is injected to that place via the middle duct. Should the CO concentration

continue to rise or the visibility continues to diminish, the operation of the lateral fans will be
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automatically regulated, whereby the lowest possible electricity consumption, combined with highly

efficacious tunnel ventilation, 1s ensured.

The middle and lateral ducts contain the installed flaps (4) and (5) which in the event of fire provide
perfect sealing, unlike the conventional shutters, a difference that greatly matters in relation to known
solutions. Looking at the cross-section, the flaps (4) and (5) are mounted on all three ducts, spaced 50-
100 metres along the length of the tunnel. The flaps (4) and (5) are installed in the horizontal partition
(7) by way of covering the whole width of the ceiling from one side of the tunnel to the other (see
Fig.1). Figures 2 and 3 show the tunnel cross-section with the escape passage (16) and the longitudinal
section of the escape passage (16). In the partitioned lateral escape passage (16) overpressure is some
50 Pa, and entrics are provided from the tunnel’s traffic part through the pressure door (15) with
springs at every 250 m. Overpressure is produced by means of the fans (14) mounted in the engine
rooms on the tunnel portals. The escape passage (16) replaces an additional service tunnel that for
longer two-way tunnels must be built parallel to the road traffic tunnel. Overpressure in the escape
passage (16) prevents a possible penetration of contaminated air from the tunnel’s road section into the
sald escape passage (16).

At each of the entries to the tunnel, air screens (6a) are created by special fans (6) to prevent air from
entering the tunnel 1n excess of designed quantities. This 1s very impoftant in areas characterized by
strong winds, a great difference 1n elevations between the portals or diverse weather conditions at the
location of the constructed tunnel. Depending on the above mentioned conditions, the air screen (6a)

may be provided at only one side of the tunnel.

In fire conditions a very important role is played by the ventilation system and rapid detection of the
place of fire. After detection of the exact place of fire, all flaps (4) and (5) automatically and
hermetically close on all three ducts at both portals, except for the flaps (4) and (5) at the fire. The
operation of the fans on the portals is controlled by measuring the air velocity (8) before the flaps (4)
and (5), thus making sure that there is no longitudinal flow of fresh air (its supply to the place of fire)
through the place of fire. The middie duct with the reversible flaps takes care of it regardless of which
part of the tunnel is affected by a fire incident. The flaps in the middle duct also function as a partition,
enabling the duct to operate at one side as an aspiratory, at the other side as a feeding system.

Along the tunnel and beneath the suspended ceiling a system 1s installed for accurate and rapid
detection of conditions in the tunnel, including the location of fire. The detection system consists of a
probe (13) for measurement of O,, CO concentrations, chambers and/or sensors for visibility

measurement, probes (7) for temperature and smoke measurement, and probes (8) for measurement of

air velocity. The fans in the lateral ducts are controlied by the O;, CO probe (13) and the visibility
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sensor, so that the supply of minimum required fresh air quantity coming through the portals is

continuously provided and is carried away uniformly through all the flaps. Should the values of
measured parameters exceed the permussible limits, as the first step additional fresh air is injected via
the middle duct to the respective places. Should the values continue to rise, in the next step the
operation of the lateral aspiration fans and thereby the supply of extra fresh air through the portals is
intensified. If the values of harmful gases continue to rise, the middie duct will be used for aspiration
or feeding. All three ducts will then provide maximum designed air carried away. What we have
during any regime 1s the effect of continuous fresh air motion from the portal into the tunnel. The air
velocity probes (8) are installed at every 300 to 500 m to control the fans mounted in the engine rooms
on the tunnel portals in order to ensure equal fresh air velocity in normal conditions and in fire
conditions. Underneath the carnageway is a tube-shaped tank (9). The tank (9) contains air with
reduced oxygen content, of capacity sufficient for extinguishing 2 sections, where one section
represents the space between 2 adjacent rows of the flaps (4) and (5). In the event of fire, air with
reduced oxygen content is blown via the explosive valves (10) and 1s brought into the tunnel space
through latticed ducts (12), which at the same time send out a sound alarm signalling the moment
when a vehicle crosses from one traffic lane to the other. Once the stationary state 1s reached at the
place of fire (where there is no longitudinal air motion), pressurized air with reduced oxygen content
is blown, whereby oxygen concentration in the fire zone is reduced to 9 - 15%, which makes any
bumning impossible and poses no threat to human lives. The pressurized air with reduced oxygen
content is stored in the tank (9) placed longitudinally underneath the tunnel carriageway, of a volume
sufficient to put out at least one¢ fire. The pressunized air with reduced oxygen content 1n the tank (9) 1s
let out via electromagnetic explosive valves (10), a distribution pipe (11) and latticework (12) along
the carriageway. The same also serve as a warning to drivers not to cross from one traffic lane to the

other.

Mixing of air with reduced oxygen content and the existing air in the fire section occurs

instantancously and fills the whole fire section with the mixture in which the oxygen content ranges
from 9 to 15%. Fire may also be extinguished with any other fire-fighting system, however, due to the
air motion status in the fire section it is also possible to apply air with reduced oxygen content. The
tunnel ventilation process in normal and in fire conditions requires a definition of air quantity needed
for tunnel ventilation in normal and in fire conditions. The process involves the use of a suspended
ceiling with 2 partitions above it, or 3 ventilation ducts with built-in fire-resistant flaps, the dimensions
of which ensure a sufficient air intake velocity during aspiration and extend from one to the other
lateral side of the duct, virtually from one to the other lateral wall of the tunnel. The lateral flaps (4)
open up along the longitudinal axis, and the middle flap (5) along the axis perpendicular to the

longitudinal axis of the duct. All flap drives are placed and can be maintained with the ventilation
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ducts also while traffic is in progress. The fans are mounted in the engine rooms above each portal,

where they can be maintamed without interrupting traffic in the tunnel. At 50 m distance from the entry
to the tunnel the velocity v, 3 of air entering through the portal is measured and, depending on the
designed velocity vi, the air screen fans (6) are controlled; the air screens allow entry of fresh air

through the portals into the tunnel only up to the designed maximum permissible air quantity qma. that
the installed fans can remove.

Along the tunnel and under the suspended ceiling a system 1s installed for accurate and rapid detection
of conditions in the tunnel, including the location of fire. The system compnses video surveillance,

smoke analysis, thermosensitive cable, etc.

The operation of the fan (3) in the lateral ducts 1s controlled in dependence on the parameters of the
probes (13) for O,, CO and visibility measurement. The fans (3) in the lateral ventilation ducts generate
underpressure by which continuous supply of minimum required air quantity coming through the
portals is provided. If the value of measured O, and CO concentrations and measured visibility
rises/falls beyond permissible levels, as the first step additional fresh air i1s injected via the middle duct
to the respective places. Should the values continue to rise, in the next step the operation of the lateral
aspiration fans (3) and thereby the supply of extra fresh air through the portals 1s intensified. If the
values of harmful gases continue to rise, the middle duct will be used for aspiration or feeding. All
three ducts will then provide maximum designed aspirated air. What we have during any regime is the

effect of continuous fresh air motion from the portal mto the tunnel.

In the conditions of minimum traffic the aspiratory ventilation in the lateral ducts must operate at
minimum level and thereby ensure the effect of continuous fresh air motion from the portal into the
tunnel at a velocity approximating 0.3 m/s. This is a requirement for the ventilation system, after the
location of fire is determined, to fulfil its function very quickly, all due to the underpressure 1n the

lateral ventilation ducts.
The normal and fire ventilation system also prevents a change in microclimate at both sides of the

tunnel, because the air flowing into the tunnel returns to the side where it was drawn 1n.

Due to uniform and continuous aspiration of polluted air through the lateral ducts, the internal walls of
the tunnel will remain clean for a prolonged time, which means less cleaning work inside the traffic
part of the tunnel. The ventilation ducts can be cleaned during the operation of the ventilation system.
High energy efficiency of the system operating in accordance with traffic conditions in the tunnel. The

fans are controlled by rpm regulators and they use only the amount of energy needed for effective

operation.

As soon as the location of fire is determined, on all three ventilation ducts all the flaps (4) and (5) will
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close from the portal to the tlaps (4) and (5) which are in close proximity to the fire zone and are fully

open. In addition to the system for the detection of tunnel conditions, at every 300 to 500 m the air
velocity probes (8) are installed which control the fans (3, 3a) mounted in the engine rooms on the
tunnel portals in a way ensuring equal velocity v, and v, of fresh air coming from the portals to the
open flaps close to the fire zone. The aspiration capacity of the fans in the engine rooms are changing
with the measuring of air velocity in the tunnel. If, looking at the tunnel’s longitudinal section, the fire
zone is situated asymmetrically, the middle duct will provide sufficient aspiration at the shorter side and
at the side farther out will by fresh air facilitate the equalization of the above mentioned air velocities.
This is achicved by the design of the flap (5) which during opening causes the partitioning of the
middle duct. The flap (5), which 1s used for that purpose, should be at least so much away from the

fire zone that the position of the velocity measurement probe (8) is between the flap and the fire zone.

The system as a whole operates so that the air motion alongside the fire looks like a reverse air screen
which does not allow entry of fresh air to the fire zone and the spread of smoke from it. What is
achieved is that there 1s no longitudinal air motion 1n the fire zone, the fire smoke instead moves
towards the open flaps (4) and (5) from both sides. Smoke and fresh air get mixed and are carried away
through the ducts via the open flaps (4) and (5) to the fan, whereby it is additionally routed by the
closed flaps (4) and (5) which are 100% airtight. While travelling through the ducts, the mixture cools
off and is discharged into the atmosphere by the fans (3, 3a). It is possible to install filters for
purification of the polluted air in both normal and fire conditions. The fans (3, 3a), owing to the 100%
airtight flaps (4) and (5), need not be dimensioned for an additional air quantity that should otherwise
be provided because of the permeability of the usually applied shutters.

Upon closing the flaps (4) and (5) from the portals to those in immediate proximity the fire zone, fire is
isolated and extinguishing can go ahead. Due to the stationary state in the fire zone between two
adjacent rows of flaps, it 1s possible to apply extinguishing by means of air with reduced oxygen

content. Air with reduced oxygen content in the tube-shaped tank (9) is positioned underneath the
carriageway in the whole length of the tunnel. The capacity of the tank (9) suffices for fire fighting in 2

sections. One section is a space between 2 adjacent rows of the flaps (4) and (5). Air with reduced
oxygen content is brought through the latticed ducts (12), which at the same time send out a sound
alarm signalling the moment when a vehicle crosses from one traffic lane to the other. Mixing of air
with reduced oxygen content with the existing air in the fire section occurs instantaneously and fills

the whole fire section with the mixture, the oxygen content of which ranges from 9 to 15%. Fire may

also be fought with any other fire-fighting system.

The ventilation and fire-fighting process in normal and in fire conditions defines through the system
the maximum permissible designed air quantity gm.x for tunnel ventilation in normal conditions and in

fire conditions, where the process involves:
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- measurement of air velocity v at maximum distance of 50 m from the entry to the

tunnel, and switching of the air screens (6a) on and off by means of the fan (6)
allowing entry of fresh air through the portals into the tunnel only up to the designed
maximum permissible air quantity q.. that the installed fans (3, 3a) can remove, and

- simultaneous measurement of air velocity v in the tunnel at every 300 to 500 metres,
where, depending on the air velocity v, the probes (8) control the operation capacity
of the fans (3) and (3a) mounted in the engine rooms on the tunnel portals, and

- simultaneous measurement of O,, CO values and air visibility in the tunnel by means
of the probes (13), where the probes (13) control the fans (3) and (3a), and, depending
on the values of the measured parameters, uniform aspiration of air out of the tunnel by
means of the lateral ventilation ducts, whereby the supply of minimum required fresh
air quantity i1s continuously provided through the portals,

- temperature and smoke measurement by means of the probes and detection of the
location of fire conditions, and

- control of the opening of the flaps (4) and (5) in the ventilation ducts in dependence
on the measured temperature and smoke parameters where all the mentioned previous
steps are functionally interconnected in a way that in the tunnel the designed air
velocity v, i1s established whether 1n normal or in fire conditions; where the lateral
ventilation ducts serve for continuous removal of contaminated air from the tunnel or
of smoke in the event of fire; where the middle ventilation duct, in the conditions of
higher/lower O,, CO concentration and diminished air visibility in the tunnel, serves
to bring into the tunnel additional fresh air, whereas in fire conditions serves to
remove polluted air and smoke from the tunnel, where in the event of fire in a section
closer to one of the portals serves to supply air; where in both normal and fire
conditions continuous fresh air supply i1s provided from the portals to the tunnel,
where in fire conditions air is brought from the portals to the flaps (4) and (5) placed
close to the fire-affected section of the tunnel. If at a certain place in the tunnel the
values of measured parameters are outside the permissible limits, as the first step
additional fresh air is injected via the middle duct to the respective place; should the
values continue to depart from the permissible limits, in the second step the operation
of the lateral aspiration fans (3) and thereby the supply of extra fresh air through the
portals is intensified; should the values continue to depart from the permissible limuts,
in the third step the middle duct will perform the aspiratory function. The measured
parameters are oxygen concentration, CO, air visibility, air velocity v, temperature,

smoke and exhaust gas concentration, as well as any combinations of two or more

parameters.
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After detection of the exact place of fire, all flaps (4) and (5) automatically and hermetically close on

all three ducts at both portals, except for the flaps (4) and (5) at the fire. After detection of fire
conditions in a section nearer to one of the portals, the flap (5) in the middle ventilation duct will
hermetically close the duct profile, where the said flap (5) 1s at least so much away from the fire zone
that the air velocity measurement probe (8) is placed between the flap (5) and the fire, whereas the
other flaps (5) in the middle duct are down and the fans (3a), which are farther away from the fire
zone, operate in such a way that they bning fresh air, whereas the fans (3a) nearer to the fire zone
operate 1n such a way that they carry air and smoke away from the fire zone, where the fans (6) of the
air screens (6a) start operating if air velocity v on at least one of the portals rises beyond the designed
velocity v,. After detection of fire conditions in a section nearer to the middle of the tunnel, the
adjacent flaps (5) bounding the fire zone will close the duct profile in such a way that they will direct
the air and smoke flow through the middle ventilation duct towards the tunnel exit, whereas the other
flaps (5) in the middle duct are down, and the fans (3a) on both portals operate by way of carrying air
and smoke away from the fire zone, where the air screen (6a) starts operating if air velocity v on at least
one of the portals rises above the designed velocity v,. In the lateral ducts, after detecting fire
conditions in any area of the tunnel, the adjacent flaps (4) bounding the fire zone will restrict the
profile of the lateral ducts by way of directing the air and smoke flow through the middle ventilation
duct towards the tunnel exit, whereas the other flaps (5) in the middle duct are down, and the fans (3a)
on both portals operate by way of carrying air and smoke away from the fire zone, where the air screen

(6a) starts operating if air velocity v on at least one of the portals rises above the designed velocity v,.

Once fire has been isolated, between two adjacent rows of the flaps (4) and (3) pressurized air with
reduced oxygen content is simultancously brought from the tank (9) into the fire zone through the
latticed duct (12) via the explosive valves (10) and the distribution pipe (11), where the mixing of air
with reduced oxygen content and thereby fire extinguishing occurs instantaneously. Fire fighting can be
performed with any other agent suitable for the purpose.

The operation capacity and direction of the fans (3, 3a) 1s controlled by measuring the air velocity v
and the Q,, CO concentrations and air visibility in the tunnel in dependence on the designed air velocity
v, (3, 3a) and at least one air screen (6a) 1s switched on/off, whereby the influx of the designed air
quantity from the environment into the tunnel is regulated and the designed air motion 1s achieved in
normal conditions, in the conditions corresponding to the values of the measured parameters outside
the permissible limits and in fire conditions prevailing in the fire zone. In the fire zone, after attaining
the positions of the adjacent flaps (5) in a way that they close the middle duct or direct the air flow in
all three ventilation ducts and by regulating the operation capacity and direction of the fans (3, 3a) and
switching on/off at least one air screen (6a), a state without longitudinal air motion in the fire zone will

be achieved. The above described fire ventilation process ensures efficacious fire fighting for persons
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found in the fire zone and unimpeded and safe escape for passengers in the tunnel to an area of fresh

air, no matter in which direction they move. Firemen and rescuers can thus reach the fire zone together
with fresh air.
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CLAIMS
1.  The tunnel ventilation system in normal and in fire conditions, where the tunnel is divided by a

horizontal partition (1) at a given traffic height into traffic and ventilation parts, where the
ventilation part is placed above the horizontal partition (1) and divided by vertical partitions (2)
into three separate ventilation ducts, where the ventilation ducts contain built-in rows of tlaps
(4) and (5), where the system in question along the tunnel and under the suspended ceiling
further contains a system for accurate and rapid detection of conditions in the tunnel, including
the location of fire, a control system with a computer program for monitoring and control of the
system in normal and in fire conditions, and at least three fans (3, 3a) at the entry to the
ventilation ducts, and fans (6) on the traffic part of at least one portal, where the operation of
said fans and position of flaps (4) and (5) is controlled in dependence on conditions prevailing
in the tunnel, characterized in that the flaps (4) and (5) are installed in all three ventilation ducts
by way of covering the whole width of the ceiling from one side of the tunnel to the other
where said flaps in closed position hermetically close on the ventilation ducts, where the design
of the flaps (5) during opening causes the partitioning of the middle duct, where open or closed
position of the flaps (4) and (5) is controlled in dependence on measured parameters in the
tunnel and whether or not there is fire in the tunnel and if there is, on the position of fire, in a
manner that state without longitudinal air motion in the fire zone is achieved, whereby on at
least one side of the tunnel the fans (6) on the traffic part of at least one portal generate ar
screens (6a) that prevent the influx of fresh air from the environment into the tunnel m excess
of the maximum designed quantity g... that the installed fans at the entry to the ventilation
ducts (3, 3a) can remove and sustain the stationary air motion and designed air velocity v, 1n

the tunnel in normal conditions and in the event of fire.

2. The system according to claim 1, characterized in that further contains a tube-shaped tank (9)
placed longitudinally underneath the carriageway containing air with reduced oxygen content
of capacity sufficient for extinguishing 2 sections, where one section represents the space
between 2 adjacent rows of flaps (4) and (5), where in the event of fire air with reduced oxygen

content is brought into the fire-affected section of the tunnel through a latticed duct (12) via

explosive valves (10) and a distribution pipe (11).
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3. The system according to claim 1, characterized in that the fans (3) installed at the entry to the
lateral ventilation ducts are axial/diagonal with a system for separation of solid particles,

whereas the fans (3a) installed at the entry to the middle ventilation duct are reversible/axial.

4.  The system according to claim 1, characterized in that the flaps (4) in the lateral ducts open up
along the longitudinal axis, and the flaps (5) in the middle duct along the axis perpendicular to
the longitudinal axis of the duct.

3. The system according to claim 1, characterized in that the system for the detection of
conditions in the tunnel consists of probes (13) for measurement of O, CO concentrations;
chambers and/or sensors for visibility measurement; probes (7) for temperature and smoke
measurement; and probes (8) for measurement of air velocity, where through the measured
parameters of the probes (13) and the visibility sensors the operation of the fans (3, 3a) at the
entry to the ventilation ducts is controlled, and through the measured parameters of the probes
(8) at least one fan (6) on the traffic part of at least one portal is switched on/off to control the

air screen (6a).

6. The system according to claim 1, characterized in that the tank (9) contains pressurized air with

reduced oxygen content.

7. The system according to claim 6, characterized in that the tank (9) contains any other fire-
fighting gas agent.
8. The system according to any of the preceding claims, characterized that the lateral ducts

have a larger profile than the middle duct, where all the mentioned ventilation ducts serve to
ensure continuous aspiration of contaminated air out of the tunnel and smoke in the event of
fire, where the middle duct in normal conditions at a heightened CO concentration and

diminished air visibility in the tunnel serves for bringing additional fresh air into the tunnel.

9.  The system according to any of the preceding claims, characterized in that in fire conditions the
middle duct serves for the removal of contaminated air and smoke from the tunnel, where in the

event of fire in the section located closer to one of the portals said middle duct serves to bring

fresh air.
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The ventilation and fire-fighting process in the tunnel in normal and in fire conditions through
the system defined under the claims 1 to 9, where the maximum permissible designed air
quantity g,.x is defined for tunnel ventilation in normal conditions and in fire conditions, where

said process involves steps of:

(1) measurement of air velocity v at maximum distance of 50 m from the entry to the
tunnel, and switching on or off air screens (6a) by means of the fan (6) on the

traffic part of at least one portal; and

(i)  simultaneous measurement of air velocity v in the tunnel at every 300 to 500
metres, where, depending on the air velocity v, the probes (8) control the operation
capacity of the fans (3) and (3a) mounted in the engine rooms on the tunnel portals

at the entry to the ventilation ducts; and

(iii) simultaneous measurement of O,, CO values and air visibility in the tunnel by
means of the probes (13), where the probes (13) control the operation capacity of
the fans (3) and (3a) at the entry to the ventilation ducts, and, depending on the
values of the measured parameters, uniform aspiration of air out of the tunnel by
means of the lateral ventilation ducts is performed, whereby the supply of
minimum required fresh air quantity is continuously provided through the traftic

part of the portals; and

(iv) temperature and smoke measurement by means of probes for detection of the

location of fire conditions,

characterized by that said process further involves controlling of the open or closed position of
the flaps (4) and (5) in the ventilation ducts in dependence on the measured parameters in the
tunnel and whether or not there is fire in the tunnel and if there is, on the position of fire, in a
manner to achieve state without longitudinal air motion in the fire zone, where all the
mentioned previous steps are functionally interconnected in a way that the operation capacity
and direction of the fans (3, 3a) at the entry to the ventilation ducts is regulated and at least one
air screen (6a) is switched on/off thus allowing entry of fresh air through the traffic part of the

portals into the tunnel only up to the designed maximum permissible air quantity gmax that the
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installed fans (3, 3a) at the entry to the ventilation ducts can remove and in a manner that the
stationary air motion and designed air velocity v, is established whether in normal or in fire

conditions in the tunnel.

The process according to claim 10, characterized in that if at a certain place in the tunnel the
values of measured parameters are outside the permissible limits, as the first step additional
fresh air is injected via the middle duct to the respective place, and should the values continue
to depart from the permissible limits, in the second step the operation of the lateral aspiration
fans (3) at the entry to the ventilation ducts is increased and thereby the supply of extra fresh
air through the traffic part of the portals is intensified, and should the values continue to depart
from the permissible limits, in the third step the middle duct will take over to perform

aspiration.

The process according to claim 10, characterized in that after detection of fire conditions 1n a
section nearer to one of the portals, the flap (5) in the middle ventilation duct hermetically
closes the duct profile, where the said flap (5) is at least so much away from the fire zone that
the air velocity measurement probe (8) is placed between the flap (5) and the fire, whereas the
other flaps (5) in the middle duct are closed, and the fans (3a) at the entry to the ventilation
ducts, which are farther away from the fire zone, operate in such a way that they bring fresh arr,
whereas the fans (3a) at the entry to the ventilation ducts nearer to the fire zone operate in such
a way that they carry air and smoke away from the fire zone, where the fans (6) on the traffic
part of at least one portal of the air screens (6a) start operating if air velocity v on at least one of

the portals rises above the designed velocity v,.

The process according to claim 10, characterized in that after detection of fire conditions 1n a
section nearer to the middle of the tunnel, the adjacent flaps (5) bounding the fire zone will
close the duct profile in such a way that they will direct the air and smoke motion through the
middle ventilation duct towards the tunnel exit, whereas the other flaps (§) in the middle duct
are closed, and the fans (3a) at the entry to the ventilation ducts on both portals operate by way
of carrying air and smoke away from the fire zone, where the air screen (6a) starts operating 1f

air velocity v on at least one of the portals rises above the designed velocity v,.
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The process according to claims 10, 12 and 13, characterized in that after detecting fire
conditions in any area of the tunnel, the adjacent flaps (4) bounding the fire zone will restrict
the profile of the lateral ducts by way of directing the air and smoke motion through the lateral
ventilation ducts towards the tunnel exit, whereas the other flaps (5) in the middle duct are
closed, and the fans (3) at the entry to the ventilation ducts on both portals operate by way of
carrying air and smoke away from the fire zone, where the air screen (6a) starts operating 1f air

velocity v on at least one of the portals rises above the designed velocity v,.

The process according to claims 12 to 14, characterized in that once fire has been isolated
between two adjacent rows of the flaps (4) and (5), pressurized air with reduced oxygen content
will be simultaneously brought from the tank (9) into the fire zone through the latticed duct
(12) via the explosive valves (10) and the distribution pipe (11), where by mixing of air with

reduced oxygen content fire extinguishing occurs instantaneously.

The process according to claim 15, characterized in that fire extinguishing can be done with

any other agent suitable for the purpose.
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Fig. 3
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