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Abstract: The main purpose of this article is to descrileeghinciples of CO ventilation in
car parks and to provide a brief description of kenextraction and control system. It
provides information on the possibilities provideg jet ventilation. In closed car park, in
Romania, we use for CO and smoke extraction sy$serm and a lot of ducts. In many
country of the Europe, they use for this jet veritiin system, without ducts, characterized
by low installation and energy costs.
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1. INTRODUCTION

Cars have become a natural part of everyday ldekiRg facilities are therefore in great demandtipalarly in
cities and large towns. Conventional, open-air parks take up far too much space, while peoplerto a
increasing degree prefer parks and open spachsinrcities and towns. In other situations, climededitions or

a desire to prevent parked cars from being varedlizecessitate closed parking facilities. To meese
requirements, more and more multi-storey car panks being built, both below and above ground level.
However, car exhaust contains several hazardowesgearbon monoxide (CO) and benzene among othdrs a
these must be extracted from car parks for heallkans. Based on experience in the densely pogdatéthe
large cities where space is at a premium, the desighave developed car park ventilation systemsCfo
extraction and smoke control in case of fire. Thexyuire no ducts in the car park, like in Romaara are thus
extremely flexible [1]. The references include Caulamoke control systems installed in many couotrihe
Europe. Ventilation is the transport of air.

To transport air a mass must be moved. At 20 °€ démsity of air is approx. 1.2 kg/m3. Ventilatib@ m?3 air
therefore involves moving a mass of 12 kg. Air cenmoved in three ways. The best known method is to
transport it through ducting by means of a fan #ititer sucks or pushes the air through the dug.dlso well
known that air moves vertically in response to thedrdifferentials. The other method is known asv/gttilation

and utilizes the fact that a moving body changdscity when it is subjected to a "pushing force'h e basis

of continuous testing, the use of jet ventilatias bbeen optimized and integrated into car parkysafestems.

Basically, there are two types of car park, openlased. Open car parksxclude uncovered car parks and those
that are sufficiently open to ensure the necessanilation. Several requirements must be met leefocar park
is classified as being open. Each country has ws oegulations, which may be more or less stringent
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Generally, requirements are more specific in caestwith a longer tradition of building car parkifegilities
and thus more experience in their design.
Closed car parkare characterized by:

a) outside walls are closed;

b) only a single outside wall with ventilation ojegs;

¢) ventilation openings, if any, that do not mést tequirements on open car parks;

d) underground car parks with no ventilation opgsin

e) a standard distance to neighboring buildings;

f) partitioning walls that impede natural ventitati

2. CONVENTIONAL VENTILATION METHODS IN CAR PARKS
Presently, four different ventilation methods asediin car parking facilities, depending on whethercar park

is open or closedNatural ventilatiorby means of wind and thermal conditions is usedp@n car parks (Figure
1).
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Fig. 1. Natural cross-ventilation.

Fan-assisted natural ventilatias similar to the above, but supplemented withesltrair fan or exhaust fan.
Such systems may also include ducts (Figure 2tdaps.

Fig. 2. Semi-natural ventilation.

Simple conventional ventilatiois used in closed car parks. Such systems alsastarfsfresh-air fans and
exhaust fans, but no ducts are used (Figure 3).

Fig. 3. Semi-mechanical ventilation.
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Conventional ventilatioris used in closed car parks. It consists of bo#stHrair fans and exhaust fans in
combination with ducts for transporting air (Figdne
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Top view Side view
Fig. 4. Mechanical ventilation.

In practice, there are several problems with cotiveal ventilation systems. For example: there @ ar

insufficient room for inlet and/or exhaust ductsere is no guarantee that the system will provigificient

ventilation, so-called "dead" corners with little mo ventilation may result, there is no room focts, smoke
control in case of fire is not considered duringteyn design, the possibility of regulating the ledfeventilation

in response to variable requirements is not consifjefire protection installations such as fire idoand fire
walls prevent an unobstructed view of the car par8 and 4].

Jet ventilation systems can be adapted to covedsnf® both CO ventilation and, in special circuanses,
smoke control in case of fire. Considerable enesayings are also possible if large facilities aetisned into
independent zones.

3. PRINCIPLE OF JET VENTILATION

In conventional ventilation systems, all air iswnathrough fans and ducting. This applies to bathftesh air
supplied and the spent air discharged. To prevesispre drop, air velocity is kept as low as pdssidowever,
this means that must be relatively wide, thus néggliconsiderable space. In jet ventilation, aatiéht approach
is taken. Here, a small quantity of air is suck&d ia fan and then ejected at high velocity. Whés dir hits the
air in front of the fan, it thrusts it forwards vdiat the same time drawing the surrounding aingwith it. In
this way, all the surrounding air is set in motaord transported over a distance of 20 - 40 metiéhout the use
of ducts. The entire car park functions as a duibe principle behind jet ventilation is the sameuasd in
rockets, where a small quantity of air (combustwoducts) is forced from the burner at high velpcthus
thrusting the rocket upwards. As the fan is firrecured, all energy is transferred from the ejeeiedo the
surroundings in the form of a velocity. The fanystan place while the air is driven forwards. Asesult of
entrainment, the quantity of air in motion will a&ws be considerably greater than the quantity opassing
through the fan. The quantity of air in motionhg tsame in different cross-sections of the facilltgpending on
system dimensioning, an average velocity of, foamegle, 1 m/s can be achieved. The necessary site an
number of jet fans depend on the size and layotihefcar park and on whether the system is prignailbe
used for CO ventilation or also for smoke contiidirust, the force generated by jet fans, is expis Newton
[N] and is the product of the mass flow rate arelchange in velocity. It is the unit of measurenfeniet fans.
Jet fans are typically installed beneath the agilihis important that jet fans be positionedtie midst of the air
they are to set in motion. In theory, assuming tha&t surrounding air has zero initial velocity, ttheust
generated by a jet fan is equal to the volumetaw frate times the density of air times the outlelocity. For
optimum efficiency, jet fans should be suspendedpetely freely. In practice, they are installedchsse to the
ceiling as possible to provide maximum clearanceebth the fans. Air tends to adhere to even susfadeis
phenomenon, known as the Coanda effect, is of gmgatrtance for overall efficiency. To compensaiethis,
jet fans are equipped with directional grilles tha&nd the air flow away from neighboring surfac®serall
efficiency is also affected by inlet and outlet ditions. Compensation must be made for obstaclethén
vicinity of the fans. As previously mentioned, nowli thrust equals mass air flow times the outlébaigy. The
effective thrust is the product of the nominal 8trand a "system efficiency factor", and is alwkegs than the
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nominal thrust [5] and [6]. In car parking faci#ig, jet fans can be used to replace ducts forxtnaation of both
CO and explosive petrol fumes (GH. The presence of CO in a car park indicates dhiadr hazardous fumes

(e.g. benzene) are also present. As a result gf e German authorities have reduced the linit<CO in car
parking facilities from 100 ppm to 50 - 60 ppm, deding on the federal state in question. Ventifati®

activated by sensors in the car park for monitottnglevel of CO and Cl. The necessary number of sensors

depends on the layout of the car park and variegdsn one per 100 m2 to one per 500 m2. ,Céensors are

normally installed close to the ground (approx.cB®above the ground) while CO sensors are installdtad
height (approx. 150 cm above the ground). If seadth 4 - 20 mA output are used, these can beexied to a
CTS control system, thus allowing limits to be atfal.

Figure 5 illustrates the possible design of a dasgstem consisting of jet fans and an exhausirfstalled in a
shaft. The extraction unit typically consists djrédle, an exhaust fan and, if necessary, a sotted@ator. When
the set limit is exceeded, the exhaust fan isexddfitst, followed by the jet fans. In open carkzrwhere no
ventilation is required, natural ventilation candssisted by jet fans, thus preventing the occoererf "dead”
areas. The same applies to parking facilities ¢imdy just fail to meet the requirements on openpaaks. Here
too, requirements can often be met using jet fém®ealn such cases it is often best to use 10084rséble fans.
These fans are capable of providing the same tlhinusither direction so that the direction of flaan be
changed to suit wind conditions.

Fig. 5. Jet ventilation.

4. DESIGN CRITERIA

Regarding the practical design of jet ventilatigstems, determining the following five factors sparticular
importance:

1. CO production;

2. Ventilation quantity;

3. Direction of air movement;

4. Noise levels within and outside the car park;

5. Ventilation and extinguishing strategy in catére.

4.1. CO production

Several factors affect the amount of CO produceakeMnodern cars produce less pollution than oldmtets as
a result of improved combustion and the use oflgidaconverters. Cold engines produce more CO thain
engines. Speed also affects CO production. All ghfesctors must be taken into account when designing
ventilation systems. They also explain why CO pudigun values differ from country to country. Sonwintries
have relatively many old cars while in other coigsy a greater proportion of the cars are new. 8lage no
standardized regulations in the Nordic countried, @ model for calculating the required air quantdar CO
ventilation is normally used. The model calculagesecessary ventilation flow on the basis of thelmer of
parking spaces, the distance traveled to reach #rahthe number of cars arriving and leaving perh®he
input data on CO production does not differentlzveen cold and hot starts. Nor does it take astmunt the
acceptable CO concentration within the car park,GD concentration of the air outside the car parkyhether
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the car park is part of a shopping center or ha@usiomplex. Since catalytic converters were intredijche
production of CO by cars has fallen dramaticallyefation to other combustion products. In Germtmny has
meant that CO is now considered as an indicatorofber hazardous gases, including ,N@s a result,
permissible CO limits have been reduced from 12t pgp 50 - 60 ppm which, with certain modifications,
applies in the individual federal states. The dpetilimit is an average value for a 30 minute pdrilf the
fresh-air intake is from a street with heavy t@fthe CO concentration of the intake air shouldéfteto 5 ppm,
while in suburban areas with light traffic, the €@ncentration can be assumed to be zero. An epgotkices
more CO when it is cold than when it is warm. Theri@an Association of Engineers recommends thevidtig
engine emission value€(:

Hot engine: 0.00% [al;
Cold engine,$ <80 m: 7.6 [gl;
Cold engine, 80 m&<500 m: 0.8% %% lal;

where ‘5" is the distance driven inside the car park.

4.2. Ventilation quantity
The following calculations are in accordance with German standard VDI 2053 [7]. Formula for deteing

the quantity of COQ,:

Oco = ;T[Oe[ms/ h] 1)

were:

P represent the percentage of parking spaces vacatatupied per hour (kg/h);
€ - emission value;

Pco - density of CO (kg/f); P = 1.16 kg/ni at 20 °C.

Note that(. is calculated for all cars in motion, cars thattsand leave, and cars that arrive and are therefo
hot.

Formula for calculating the necessary ventilatioartity, Q:

Qco X f
Q=X o [ @
C()perm - C()out
were:
CO,__. . =the permissible CO concentration in ppm;

perm

CQO,,,= the concentration of the outside air in ppm;

There are no standard f&€O andCO

perm out

in many countries, but VDI 2053 provides recomngzhlimits:
. fg = a system factor, varying from 1.0 to 1.5 ;
« f, =1.0forjet systems;

« f, =1.25-1.5for duct-based systems;

quO:(qCOan+qCOXn2+"'+qCOXnn) (3)

were:
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N, is the number of parking spaces to be ventilatatiérievel/section under consideration;
Nn,...n, - the number of parking spaces in other secticnsssed through, ;
S, - the average distance drivenliy;

S, - the average distance driveni by cars entering/leaving, .

As previously mentioned? is the percentage of all parking spaces that acated/occupied per hour. It is also
known as the parking frequenck. varies greatly, depending on the location of the jgark. With certain
reservations, the following values may be used:

e Housing complexes 20 — 60 %j;
*  Shopping centers 70 — 150 %;
»  Office blocks 50 — 70 %;

e Sports centers 100 %;

* Theatres 100 %;

With regard to housing complexes, the parking pattaust be determined. Is there a steady streatraffiic
throughout the day, or do all cars leave at theesame in the morning and return together in thergwvg? The
parking pattern may thus result in considerabletfiation in the quantity of fresh air required emtilate the car
park, and® must therefore often be evaluated from case te.ddste that parking frequency is based on the tota
number of entries and departures per hour. If 28f ¥he parking spaces are vacated per hour and BBcdme
occupied, the parking frequency is 50 %. In thisegaCO production must be calculated for both emld hot
engines.

An example of calculating ventilation requirements.
Consider a two-storey car park (levels 1 and 2hwie following characteristics:

a) Morning traffic
Type: Housing complex parking facility.
. fg = 1.25 (well designed duct-based parking faciliytimum design with respect to ducts);
e P =60 % (per hour);
. N, = 174 spaces;
* N, =106 spaces.

The total average distance drived) {s calculated as half the distance travelggl)(plus a distance for parking

maneuvers §,,,) plus the length of the entry/exit ramg; ().
Sn = (Sman+ 1/2 x Sn + Srmp) (4)
were:
=134 m;
S
=156 m;
S
Sman = 10 m;
Senry = 40 m ands,,; = 40 m for ramps.

Note that the distance driven within the car paak only be calculated correctly from drawings conitey the
routes taken. On the basis of the above data,diia @average distance driveB) (for the two levels can be
calculated as follows:

S, = (10+134/2+40) = 117 m (5)
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S, = (10+156/2+40) = 128 m (6)

As the traffic under consideration is morning tiaffith cold engines:

Ple
Oco = [ms/h] (1)

Pco
Oco = 0.6x0.89417%°/(1.16x10°)=0.0048 m3/h/car foiS, )
Qe = 0.6x0.89:428°%/(1.16x10°)=0.0050 m¥/h/car foiS, 9)

is assumed to be 50 ppm a@dD_ . to be O ppm.

out

In this example CO

perm

The necessary ventilation quantit9)(can then be calculated as:

_ (CIc01 XN, +Qcp X nz) X fg
co_.-CO,,

perm

(10)

Q

_ (0.0048x174-0.005x106) x 125

11
(50-0)x10°° tn

Q

Q=34130m°/h

Had the parking pattern been different, for examplare evenly distributed throughout the day, thekipg
frequency,P, could have been halved to 30%. This would alduehthe necessary ventilation air quantity, to

approx. 17,000 fh.

b) Evening traffic
The necessary ventilation quantity in the evenihgmvthe cars return can similarly be calculatefblmws:

Oco = 0.6x0.008x117/(1.16x10%)=0.00048/hicar for S, (12)
Oco = 0.6x0.008x128/(1.16x10%)=0.0005%/hicar for S, (13)
_ (0.00048& 174 0.00053 108) 1.
Q - -6 (14)
(50- 0)x 10
Q=2800m°/h

It is extremely important that the correct assupmi be used when designing car park facilities.hSuc
information is only available from the car park @wmand the consulting engineer as they know thenagons
made for the project.

Please note that the calculations in the above pbeaane only applicable to CO ventilation and matbe used
for smoke extraction or control in case of firegr8ficantly greater ventilation quantities are regd for smoke
control purposes and the technical installatiorgiuaust meet special requirements on heat reséstanc
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4.3. Direction of air movement
The greatest possible distance between fresh t@kdénand spent-air discharge must be ensured. lystiz
access ramp is used as the fresh-air intake, &hilexhaust fan is installed in the opposite corner.

4.4. Noise levels within and outside the car park

It is important that requirements on noise leveithiw and outside the car park and the most expedibeation
for the exhaust system be considered early in tbgeqt planning phase. Usually, it will be necegsar use
sound attenuators, and space must be set asitlef® and for a shaft.

4.5. Ventilation and extinguishing strategy in casef fire

If the system is to be used for smoke controls itmiportant that the local fire authority be invedivat an early
stage so that the most suitable strategy can kendigied. For smoke control, the exhaust fans mase a
capacity of at least 250,000-400,000 m3/hour, dejpgnon fire size and car park layout.

5. CONCLUSION

Closed car parking facilities are ventilated mdifeciently by jet fans than by conventional ductskd systems.
In comparison with conventional systems, space lwarsaved, and installation and running costs retluce
Thanks to the design of the jet fans, most cunreqtirements on sound emission can be met. Laffgretices
exist in ventilation requirements for CO ventilatiand smoke control, particularly in small car gark
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