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REKONSTRUKCE HLAVNIHO VETRANI PRAZSKEHO METRA
RECONSTRUCTION OF THE MAIN VENTILATION OF THE PRAGUE
METRO

MIROSLAV NOVAK, PAVEL UHRIN

ABSTRAKT

Provoz metra v Praze byl zahdjen 9. 5. 1974 na trase 1.C v tiseku stanice Florenc (piivodné Sokolovskd) do stanice Kacerov. Postupné
byly zprovoznény dalsi trasy metra, LA 1978, IL.A a I1.C 1980, 1.B 1985 a dalsi navazujici prodlouzeni tras metra. Stanice metra na trase C
byly budovdny z povrchu jako hloubené, trasy A a B jsou prevdiné raZené. Od prvni trasy se teSilo hlavni vétrdni tunelii a stanic, z ditvodu
odvodu tepelné zdtéZe z provozu metra a zajisténi hygienickych podminek pro cestujici. RovnéZ hlavni vétrdni zajistuje odvod tepla a koure
v pripadé nehody, nejcastéji poZdru.

ABSTRACT

Metro service in Prague started on May 9", 1974 on line 1.C on the section from Florenc station (originally Sokolovskd) to Kacerov
station. New sections of the metro were gradually put into operation, I.A in 1978, II. A and I1.C in 1980, I.B in 1985, and other connected
metro line extensions. Metro stations on line C were constructed from the surface as cut-and-cover, lines A and B are mostly excavated.
From the first metro line the main ventilation of the tunnels and metro stations was being addressed, for the reason of heat strain extraction
Jfrom metro operation and securing hygienic conditions for passengers. Likewise, the main ventilation secures heat and smoke extraction

in the event of an accident, most commonly a fire in the metro.

1. UvoD

Hlavni vétrani metra zajistuje odvod tepelné zatéze od provozu
vlakd, technologického zafizeni a cestujicich. Navrh vétrani je fesen
na zékladé tepeln¢ vlhkostniho vypoctu, ktery zohlediuje tepelnou
zatéZ a pocita s akumulaci tepla do osténi tunell a okolni horniny.
Teplota vzduchu je v metru regulovana vykonem hlavniho vétrani
— v zimé€ min. +5 °C, v Iét€ +25 °C. Snahou je, aby se v zimnim
obdobi okolni prostiedi tuneld dostate¢né vychladilo a v letnim ob-
dobi nedochazelo k narustu teploty nad +25 °C. Méfenim teploty
vzduchu v letnim a zimnim provozu se ovéfilo, Ze v prazském metru
jsou tyto poZadované teploty dodrzovany.

Pro hlavni vétrani se v metru pouZivaji od trasy I.C axidlni pre-
tlakové reverzni ventilatory ZVVZ Milevsko APE o priméru ob&z-
ného kola 2240, 1800 a 1400 mm. Po cca 44 letech, v roce 2018, se
zaCaly pivodni axidlni ventilatory vyménovat za nové, které spliiuji
soucasné pozadavky na vétrani v prazském metru.

Hlavni vétrani v prazském metru je feSeno s vétracimi Sachtami
ve stanicich metra a tratovych usecich. Strojovna hlavniho vétrani
je osazena dvéma axidlnimi pretlakovymi ventildtory s moZnosti re-
verzniho chodu, ktery se vyuzivé pfi zméné letniho a zimniho reZi-
mu a také pri odvétrani kourovych zplodin pfi pozaru. Vykon jedné
strojovny hlavniho vétrani je dany tepelné vlhkostnim vypoctem
a pohybuje se v rozmezi 60 a7 120 m?/s pfi soucasném paralelnim
provozu dvou axidlnich ventilatort. Ovladani ventilatora je podle
teploty privodniho vzduchu. V minulosti dochdzelo v zimnim obdo-
bi ve vétracich Sachtich k zamrzani prisakt vody, v souc¢asné dobé
jsou starsi Sachty hlavniho vétrani, kde k tomu dochézelo, opatieny
izolaci ze svarenych ocelovych dili, které prisakiim zabranily.

Hlavni vétrani nezpisobuje nadmérné proudéni vzduchu v eskala-
torovych tunelech a stanicich metra, které miiZze obtéZovat cestujici.
Systém vétrani udrZuje prostory metra v mirném pretlaku. V né-
kterych stanicich metra je nadmérné proudéni vzduchu zptisobené
pistovym uc¢inkem provozu vlakd metra. Vlak projizdéjici tratovym
tunelem rychlosti 80 km/h zpisobuje tlakovou zménu, ktera se $iii
rychlosti zvuku (330 m/s) do nastupiste stanice. Pfi vyrovnavani tla-
kovych pomért pies eskaldtorové tunely, vstupy do metra, dochézi

1. INTRODUCTION

The main metro ventilation secures heat strain extraction from
the operation of trains, technological devices, and passengers. The
ventilation design is addressed on the basis of a heat-moisture
calculation, which factors in heat strain and takes into consideration
heat accumulation in the tunnel lining and surrounding rock. Air
temperature in the metro is regulated by the power of the main
ventilation in the winter min. +5°C and in the summer +25°C. The
goal is to sufficiently cool the surrounding tunnel area in the winter
season and in the summer season not to let the temperature rise
above +25°C. By measuring the air temperature during summer and
winter operations it was verified that these required temperatures in
the Prague Metro are being abided by.

Axial overpressure reverse ventilators ZVVZ Milevsko with APE
impeller diameters of 2240, 1800, and 1400mm are used for the main
ventilation in the metro from line I.C and onwards. After ca. 44 years
in the year 2018 the original axial ventilators started to be replaced
by new ones, which meet the up to date requirements for ventilation
in the Prague Metro.

The main ventilation in the Prague Metro is designed with
ventilation shafts in metro stations and track sections. The main
ventilation machine room is equipped with 2 pcs of axial overpressure
ventilators with the option of reversible operation, which is used
during the change between summer and winter regimes and also
while venting smoke fumes during a fire in the metro. The power
output of one main ventilation machine room is given by a heat-
moisture calculation and is in a region from 60 up to 120m?/s during
a simultaneous parallel operation of 2 pcs of axial ventilators. The
ventilators are controlled in correlation to the intake air temperature.
In the past, the freezing of water seeping into the metro during winter
seasons occurred in the ventilation shaft. At the current time older
main ventilation shafts where rock water seepage occurred are fitted
with insulation from welded steel components, which restricted
water seepage.

The main ventilation does not cause excessive airflow in the
escalator tunnels and metro stations that could bother passengers.
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k zvySenému proudéni vzduchu, které obtézuje cestujici. V nékte-
rych pripadech je na nastupisti a vystupech z metra rychlost proudé-
ni 6 aZ 8 m/s. Na novych trasdch metra V.A a D se mezi tratovymi
tunely buduji po 200 m trafové propojky, které slouzi jednak pro
pripadnou evakuaci osob v pripad¢ pozaru do druhé nezakourené
tunelové trouby, jednak k vyrovnavani tlakovych poméra pistového
acinku vlakl metra do druhé tunelové trouby a omezeni nadmérné-
ho proudéni vzduchu na néstupistich a vystupech.

DalS$im podstatnym tkolem hlavniho vétrani je zabezpecit odvod
tepla a koufe pfi nehod€, pozaru v metru. Piivodni axidlni ventila-
tory nejsou certifikovany na odvod tepla a koute. V pifipadé poziru
zajistovaly odvod tepla a koufe s vypnutymi teplotnimi ochranami,
aby nedoslo k jejich pfed¢asnému odstaveni. Podle nové Smérnice
2012-022-02 ,,Zasady pozéarni ochrany pro projektovani a vystav-
bu metra“ [3] musi byt ventilatory hlavniho vétrani navrzeny tak,
aby byly teplotné odolné proti teploté koute a zplodin hofeni min.
250 °C po dobu 90 min. Na zdkladé uvedenych pozadavkl se na
novych trasach V.A (stanice Dejvicka do stanice Nemocnice Motol)
a stavajicich trasach metra pivodni axidlni ventilatory vyménuji za
nové, vyhovujici pozadavkiim na teplotni odolnost a vyssi uc¢innost
provozu.

2. FUNKCE SYSTEMU HLAVNIHO VETRANI METRA
PRI POZARU

Hlavni vétrani zajistuje odvod tepelné zatéZe od technologického
zafizeni a provozu vlakli metra. V pripadé nehody ¢i pozaru je nut-
né zajistit evakuaci cestujicich na povrch. Hlavni vétrani se podle
mista pozaru nastavi tak, aby se ve stanici s pozdrem zplodiny hote-
ni odsavaly a vytvoril se podtlak, ktery umozni proudéni Cerstvého
vzduchu proti sméru uniku cestujicich. Nastaveni vhodného rezimu
pozarniho vétrani pro odvod zplodin hofeni zajiStuje moZznost re-
verzace a dostatend teplotni odolnost odvodnich ventilatord. V pfi-
padé pozaru a zastaveni vlaku v trafovém tuseku je dileZité, aby
systém hlavniho vétrani zajistil proudéni Cerstvého vzduchu proti
uniku cestujicich.

Hlavni vétrani s novymi ventilatory, které jsou teplotné odolné
s moZnosti reverzace, zvysuje bezpe¢nost provozu metra.

3. TRASA METRA 1.C STANICE FLORENC C DO STANICE
KACEROV

Systém hlavniho vétrani na trase I.C je navrZen se stani¢nimi
a trafovymi vétracimi Sachtami. V zimnim obdobi je zajiStén privod
vzduchu do metra pies tratové vétraci Sachty a odvod pres stani¢ni
vétraci Sachty. V letnim obdobi se systém hlavniho vétrani zreverzu-
je a privod vzduchu je pres sta-
ni¢ni vétraci Sachty a odvod pres
tratové vétraci Sachty. Na trase
I.C se jednalo celkem o devét vé-
tracich Sachet s dvojici axialnich
ventilatora APE 2240 mm, cel-
kem 18 ks. V rdmci rekonstrukce
hlavniho vétrani se postupné vy-
meénily stavajici axidlni reverz-
ni ventilaitory APWN za nové
o pruméru obézného kola 1800,
2000 mm s reverznim chodem
a teplotni odolnosti 250 °C po
dobu 90 min. Nové ventildtory
APWM hlavniho vétrani ZVVZ
Milevsko jsou odzkouSeny dle
CSN EN 12101-3:2015.

Obr. 1 Strojovna hlavniho vétrdni metra 1.C Vrchlického v tratovém iiseku
s ptivodnimi ventildtory APE 1800
Fig. 1 The Vrchlického main ventilation engine room of metro 1.C in the track
section with original APE 1800 ventilators
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A ventilation system maintains metro spaces slightly overpressured.
In some metro stations, excessive airflow is caused by the piston effect
of metro trains. A train travelling through the track tunnel at a speed
of 80km/h causes a pressure change, which travels at the speed of
sound onto the metro station platform. During the equalization of
pressure ratio via escalator tunnels, i.e. metro entrances, an increase
in airflow occurs, which bothers passengers. In some cases on
a platform and in metro exits the air speed is 6 to 8m/s. On new
metro lines VA and D, every 200m track cross passages are built,
which serve not only for a potential evacuation of individuals in case
of a fire into the second smoke-free tunnel, but also for levelling
pressure ratios of the piston effect of metro trains into the second
tunnel and limiting excessive airflow on platforms and in metro exits.

Another substantial task of main ventilation is to secure heat and
smoke extraction during an accident, i.e. a fire in the metro. Original
axial ventilators are not certified for heat and smoke extraction. In
case of a fire in the metro axial ventilators ensured heat and smoke
extraction with heat protection turned off so that they would not be
prematurely put out of operation. According to the new Smérnice
2012-022-02 ,,Zasady poZarni ochrany pro projektovani a vystavbu
metra“ [3] ventilators for the main ventilation have to be designed
so that they are heat-resistant against fire smoke and fumes at a min.
250°C temperature for 90 min. On the basis of the aforementioned
requirements, original axial ventilators on new lines V.A (Dejvicka
station to Nemocnice Motol station) and current metro lines are
being replaced by new ones that comply with the requirements for
heat resistance and a higher operating efficiency.

2. THE ROLE OF THE MAIN METRO VENTILATION
SYSTEM DURING A FIRE

The main ventilation secures heat strain extraction from
technological devices and the operation of metro trains. In case of an
accident, i.e. a fire in the metro, it is necessary to ensure the evacuation
of passengers to the surface. The main ventilation is set in regards to
the location of the fire such that combustion fumes in the station
with the train fire are sucked out and a vacuum is created, which
allows the flow of fresh air against the direction of the evacuation of
passengers. Setting the appropriate mode of fire ventilation for the
extraction of combustion fumes is allowed by the option of reversion
and sufficient heat resistance of the extraction ventilators. In case of
a fire and a stoppage of a train in the track section it is crucial that the
main ventilation system secures fresh airflow towards the evacuation
of passengers.

The main ventilation with new ventilators that are heat-resistant
with the option of reversibility
increases the safety of metro
operation.

3. METRO LINE I.C
FLORENC C STATION TO
KACEROV STATION

The main ventilation system
on line I.C is designed with
station and track ventilation
shafts. In the winter season air
intake for the metro is ensured
shafts
and air extraction via station

via track ventilation
ventilation shafts. In the summer
season, the main ventilation
system reverses and air is taken
in by station ventilation shafts
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Obr. 2 Strojovna hlavniho vétrdni metra 1.C Vrchlického v tratovém iiseku po
rekonstrukci s ventildtory APWM 1800

Fig. 2 The Vrchlického main ventilation engine room of metro 1.C in the track
section after reconstruction with APWM 1800 ventilators

V souvislosti s vyménou ventilator dochdzi k novému techno-
logickému vybaveni strojoven hlavniho vétrani. Stavajici tlumice
hluku se rovnéz vyméniuji a celkové se stavebné strojovny hlavniho
vétrani rekonstruuji. V soucasné dobé pracuji rekonstruované stro-
jovny hlavniho vétrani na trase I.C s novymi axidlnimi pretlakovymi
reverznimi ventilatory s teplotni odolnosti. Na obr. 1 je strojovna
hlavniho vétrani Vrchlického s pivodnimi ventilatory APE 1800.
Na obr. 2 je strojovna hlavniho vétrani Vrchlického po rekonstrukci
s novymi ventilatory APWM 1800. Na obr. 3 je strojovna hlavniho
vétrani ve stanici Muzeum C po rekonstrukci s ventildtory APWM
1800.

4. TRASA METRA II. C STANICE ROZTYLY DO STANICE
HAJE, TRASA IIl. C STANICE NADRAZi HOLESOVICE
DO TRATOVE SACHTY STVANICE

Na této trase metra je Sest stanicnich a dvé trafové vétraci Sach-
ty, celkem se jednd o vyménu puvodnich 17 ks APE 1400, 1800
axialnich ventilatora za nové APWM 1400, 1800. Rekonstrukce se
v souCasné dobé pripravuje.

Obr. 4 Strojovna hlavniho vétrdni metra I1.B stanice KriZikova se stdvajicimi ventildtory APE 1800
Fig. 4 The KriZikova station main ventilation engine room of metro I1.B with current APE 1800 ventilators

TuNel

and extracted through track ventilation shafts. On line I.C a total of
9 ventilation shafts with a couple of APE 2240mm axial ventilators
were in question, in total 18 pcs. Within the reconstruction of the main
ventilation, current axial reversible ventilators were sequentially
replaced by new ones with the APWM impeller diameter 1800,
2000mm with reversible functionality and a heat resistance of 250°C
for 90 min. New main ventilation APWM ventilators from ZVVZ
Milevsko have been tested in accordance with CSN EN 12101-
3:2015.

In relation to the replacement of ventilators, new technological
equipment for the main ventilation machine rooms is being
implemented. Current noise suppressors are also being replaced
and overall main ventilation machine rooms are being reconstructed
construction-wise. At the current time, the reconstructed main
ventilation machine rooms are operating on line I.C with new heat
resistant axial overpressure reversible ventilators. In Fig. 1 the
Vrchlického main ventilation machine room with original APE
1800 ventilators is portrayed. Fig. 2 depicts the Vrchlického main
ventilation machine room after reconstruction with new APWM
1800 ventilators. In Fig. 3 the main ventilation machine room at the

Obr. 3 Strojovna hlavniho vétrdni metra 1.C stanice Muzeum po rekonstrukci
s ventildtory APWM 1800

Fig. 3 The Muzeum station main ventilation engine room of metro 1.C after
reconstruction with APWM 1800 ventilators

Muzeum C station after reconstruction with
APWM 1800 ventilators is illustrated.

4. METRO LINE II. C ROZTYLY
STATION TO HAJE STATION,
LINE I1l. C NADRAZI HOLESOVICE
STATION TO STVANICE TRACK
SHAFT

On this metro line, six station and two
track ventilation shafts are located, in total
the concern is the replacement of 17 original
APE 1400, 1800 axial ventilators with new
APWM 1400, 1800. Reconstruction is
under preparation at the present time.

5. METRO LINE I. B FLORENC B
STATION TO SMICHOVSKE
NADRAZI STATION, Il. B
KRIZIKOVA STATION TO
CESKOMORAVSKA STATION

On this metro line, station
ventilation shafts are located, in total

seven




5. TRASA METRA I. B STANICE FLORENC B DO STANICE
SMICHOVSKE NADRAZI, II. B STANICE KRIZIKOVA DO
STANICE CESKOMORAVSKA

Na této trase metra je sedm stani¢nich vétracich Sachet, celkem
se jedna o vyménu pavodnich 22 ks APE 1800 axidlnich ventilator
za nové APWM 1800. Rekonstrukce se v soucasné dobé pripravuje.
Na obr. 4 je razena strojovna hlavniho vétrani ve stanici KfiZikova se
stavajicimi ventilatory APE 1800.

6. TRASA METRA D VE VYSTAVBE

V soucasné dobé se projektuje a CasteCné realizuje nova trasa met-
ra D od stanice Namésti Miru do Depa Pisnice, celkem 10 stanic me-
tra. Ve vystavbé je stanice Pankrac a Olbrachtova, véetné tratovych
tunell. VEétrani stanic a tunelti metra D bude s axidlnimi ventilato-
ry s teplotni odolnosti 250 °C po dobu 90 min, aby byly dodrZeny
podminky podle [3]. Pro zvyseni pozarni bezpecnosti jsou na tra-
se D mezi trafovymi tunely vybudovany pii¢né propojky slouzici
pro tnik cestujicich v pfipad€ nehody ¢i poZaru do druhé tunelové
trouby. Propojky jsou od tuneld oddéleny pozarnimi dvefmi a jsou
vybaveny pozarnim vétranim. Piisné pozarni pozadavky na pouziti
nehorlavych materiali, kabelt, zajisténi odvétrani tepla a koure, vé-
trani a umoznéni bezpecného tniku do sousedniho tratového tunelu
zajiStuji bezpecnost dopravy v prazském metru.

7. ZAVER

Pozéarni bezpecnost prazského metra je pod prisnym dohledem
Hasic¢ského zachranného sboru hl. m. Prahy (HZS). Vhodnou vol-
bou pouzitych nehoflavych materiali, elektroinstalace a dalSich
bezpecnostnich opatieni je nebezpeci poZaru v metru sniZzeno. Po-
zarni rezim hlavniho vétrani s teplotné odolnymi ventilatory pfispiva
k bezpecnému uniku osob z metra na povrch v pripad€ pozaru. Ven-
tilatory hlavniho vétrani na dalSich trasdch metra budou postupné
vyménovany za teplotné odolné.

Na trasach prazského metra se jiz vyménily nebo je pfipravena
dokumentace na vyménu stavajicich ventilatori na téchto trasach:

e trasa [.C vyména 18 ks;

trasa II.C, III.C pfipravena vyména 17 ks;

e trasa I.B, IL.B, III.B pfipravena vyména 22 ks;

e trasa V.B, IV.C, LA, II.A, SH, celkem 103 ks bude postupné vy-

meénéno;

e trasa V.A v provozu od 04/2015 s novymi ventilidtory APWR,

11 ks, teplotné odolné 250 °C, 90 min.

Pro trasu D prazského metra je planovano nasazeni tzv. bezpilotnich
souprav s pozadavkem na zajisténi pozarni bezpeCnosti. V pripadé
zastaveni horiciho vlaku metra v tratovém tunelu je unik cestujicich
umoznén priachodem do druhé tunelové trouby pies pri¢né propoj-
Ky situované po cca 200 m. Hlavni vétrani v tunelu metra zajiStuje
odvod zplodin hofeni a usmérfiuje proudéni vzduchu tak, aby byl
umoZznén Unik cestujicich do druhé Cisté tunelové trouby. Axidlni
ventilatory zde budou rovnéz s teplotni odolnosti 250 °C, 90 min.
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that is the replacement of 22 original APE 1800 axial ventilators
with new APWM 1800. Reconstruction is under preparation at
the present time. On Fig. 4 an excavated main ventilation engine
room in KfiZikova station with original APE 1800 ventilators is
depicted.

6. METRO LINE D UNDER CONSTRUCTION

Currently, the new metro line D is being designed and partially
realized from Namésti Miru station to Depo Pisnice, in total 10
metro stations. Under construction are the Pankrac and Olbrachtova
stations, including track tunnels. Metro D stations and tunnels
will be ventilated by axial ventilators with 250°C heat resistance
for the duration of 90 min., so the requirements according to [3]
are met. For an increase in fire safety on line D transverse cross
passages are being built for the evacuation of passengers into the
second tunnel in case of an accident or a fire. cross passages are
separated from the tunnels by fire doors and are equipped with fire
ventilation. Strict fire demands for the usage of non-flammable
materials, cables, securing heat and smoke extraction, ventilation,
and enabling safe evacuation into the neighbouring track tunnel
ensure transport safety in the Prague metro.

7. CONCLUSION

Fire safety in the Prague Metro is under the strict supervision of
Hasi¢sky zéchranny sbor hl. M. Praha (HZS). The proper choice
of non-flammable materials, wiring, and other safety measures
reduces the risk of a fire in the metro. Fire regime of the main
ventilation with heat-resistant ventilators contributes to the safe
evacuation of individuals from the metro to the surface in case of
a fire. The ventilators of the main ventilation on other metro lines
will be gradually replaced with heat-resistant ones.

On these lines of the Prague metro, the current ventilators have
already been replaced or the documentation for their replacement
has been completed:

* line I.C replaced 18 pcs;

line I1.C, III.C replacement of 17 pcs prepared;

* line .B, II.B, IIL.B replacement of 22 pcs prepared;

* line V.B, IV.C, LA, II.A, SH, in total 103 pcs will be gradually

replaced;

e line VA in operation from 04/2015 with new APWR

ventilators, 11 pcs, heat resistance of 250°C, 90 min.

For line D of the Prague Metro, the deployment of so-called
pilotless train sets with the requirement for securing fire safety is
planned. In the event of a burning metro train stopping in a track
tunnel, the evacuation of passengers is enabled via a passage
into the second tunnel through transverse cross passages situated
every ca. 200m. Main ventilation in the metro tunnel secures the
extraction of combustion fumes and directs airflow so that the
evacuation of passengers into the second clean tunnel would be
made possible. Axial ventilators here will also have a 250°C, 90
min heat resistance.
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