;] ke3eb_L(tV6T=C% 17 March 2003 Met hod and device for configuring a tunnel
f| re detectio ‘I‘m\mmmwwﬁn ption 5 10 15 20 25 30 35 The invention lies in
t he .area of f in tunnels, for which purpose detection systens
conprising a Ilnearsmheat sensor are currently used. Such g7 qgLent bgh3system
is sold under the nane "FibroLaser" by Sienens Buil di ng Technol ogrées AG
Cer berus Division, formerly Cerberus AG Ssaid system conprises a

gl ass-fibre cablMethpgiasd deyiqefor cenferring grtunael firgsletestinn syeince and an
opt oel ectronic receiver. The light generated by the laser is coupled into
the glass-fibre cable and conveyed in longitudinal direction of the latter.
Variations of the density of the sigdsefpflbass caused by the effect of heat
give rise to a continuous scattering (Rayl ei gh scattering), which in turn
gives rise to subduing of the laser light. In addition, thermal |attice

vi brations of the gl ass material lead to further light scattering,
so- cabl edranmantioo des by thagreaofifirgdetestirron tumnels dertwhieiepumpsmhdeteetidns i nt o
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detection system conpri.si heat Qr. ca The
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syst ens ti@sd@elghmdn\alddmahItyemlaum@w@raamse@frtheygIaSS ghatarizg lcbbeo firklniigrg St age
in a highly fl exi he physical and |ocal conditions of a

t unnel . fﬁ%ﬂéwgi58<6w%£@?mﬁesaﬁ "9ed according to the invention in that on

t he sis ter un and sensor s welJ as on the
basi S 00t A peE Giffe Fodtsied (A B TRS st ineR BAR prd ey s iniiBiice e ar o
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the i nventhetdtal §lassHhBieadinpatatyre andnstedett @hingd. NWh@locaige¥AtlichUS thé res in a

tunnel in order to aghi eve eff|C| t anf targetgg Iannlqg of n&ﬁ syst ens
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characterlzed in t@at t he ararreters of the thnneI conpri se data re%ardl ng
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pref err edagyemdi nent of the method according to the invention is
characterized 5 in that the paraneters of the sensor cable are determ ned

by the physd 91@5eﬁhﬁﬂ§3ﬂbh$@al@% td Bendthdd 6f canfiguiiesa tunfel B deieBidradystdrhon
geonetry and by the Xﬁlcs of netrolo éthlrd referred errbodl ment is
char act er FYBR§17¢ & Hagarihgat ?%Wserw@aéﬁeeg%ﬁ@ a‘ij ageRidng 1o i ch

cont @ish syéenth ipad ammﬂ@mnamr@ua@@nérr Qmérh@w@é in@Rldusi) whﬁébl@ R§ ean¢
practical experience. 0 The fire npdel preferably conprises the two

parti al mgpréng Wgrpéqrsplrfg Srtéged'@\Peﬂ“S'HH@ﬁ’f'b efnanner to the physical and local

conditions of a tunnel.

The stated object is achieved according to the invention in that on the basis of parameters
of the tunnel and sensor cable as well as on the basis of a fire model the fire development

30 and the fire alarm time are calculated and the installation point of the sensor cable and the
alarm limit values of the detection system are optimized in such a way that a potential fire
is quickly and reliably detected.

The method according to the invention is substantially a model for simulating various fires

in a tunnel in order to achieve efficient and targeted planning of new systems and define
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35 suitable test fires for testing said systems.



t he reaction zone and behavi our of the conmbustion gases in the cooling-down
zone above the reaction zone. The partial nodel, fire devel opnent, involves
calculating the reaction enthal py, the energy bal ance and the ascending
force in the reaction zone and the fire devel opnent. The 4 ?¢ del ,
behavi our of the conbustion gases in the cooling-down zone PEO ca pl unme
nodel ), substantially involves cal cul ati on of the behaviour of the flow of
hot ‘conmbusti on gases as a result of blénding with the anbient gas in a
turbul ent peripheral area. The invention further relates to a device for
conf i gur iAnirsepretares] ertihqdémerdoé 816 athegd Scesrdngdo denipy$rdionds eharasiedaedtieat

sensor withy , g%%ﬁ%erggﬂh% K cgr% h§eed@899%é?&nﬂg thrnhg duﬂ!ﬁ%? él}d t%e

characterlze oW ng onen rage nmeans

par anet emgna Eorditgnsum trel tuamead. sensor cabl e and par arret er sets of a fi re
nodel ; b. conputational neans for calculating the fire devel opnent and the
r esul t antA sexant mgefarréd efmboticestoltbe nmmmamrdim@tdatasiim/eoﬁon lhehstagtezided

par angt er.s i an

Par amet or'd!r 2 el TELSTS ofk Spofor cr¥ise BPADPink e ish BRbEHETE e

al arm ti nesle, mt\pcﬁtnmmdmb*atalla‘(ed gfeomeﬂpeodfaycthmahwmtcﬂmetromgyt he tunnel and
sensor cable paraneters to be used for preset alarmlimt values and fire
al ar m ti nethirddré&feirhe ed@wﬂmnats(nmmcm;izeo irt tnat theVieatroael ¢candrsesedrtiaf or
exanmple, b | apt.o . other port havi.ng, a try keyboard, a
i oplay SEvdsls i S EEH REETIRR S el o el a1

par anmet erpragical epetibece. iire nodel and the program; for calculating the fire
devel opnment, the heating of the sensor cable and the fire alarmtines are
stored Thé flvamdmelz&@&erlpﬂompmstMmdamhmp@man‘ehmmﬂrefdemepmuﬁnaI and

sensor caple be ent d using the ry keyboard ere now foll ows a
ot ar | ed 1A LR PO B¢ CaTauifDbar R Ao Br S CRES Shie SOl o Hod AeARae: o
t he dr awithggsactibe zeie@wi ngs show. 5 Fig. 1 a flow diagram of the main
program for calculating the fire alarmtinmes of a tunnel

The partial model, fire development, involves calculating the reaction enthalpy, the energy
balance and the ascending force in the reaction zone and the fire development. The

15 partial model, behaviour of the combustion gases in the cooling-down zone (so-called
plume model), substantially involves calculation of the behaviour of the flow of hot
combustion gases as a result of blending with the ambient gas in a turbulent peripheral

areda.

The invention further relates to a device for configuring a tunnel fire detection system
20  comprising a linear heat sensor with a sensor cable. The device according to the

invention is characterized by the following components:

a. storage means for storing parameters of the tunnel and sensor cable and

parameter sets of a fire model;

b. computational means for calculating the fire development and the resultant heating
25 of the sensor cable on the basis of the stored parameters and parameter sets;

o input means for entering data and parameters;

d. display means for the display and/or output of the fire alarm times, which are

obtained for specific parameters, or the tunnel and sensor cable parameters to be

used for preset alarm limit values and fire alarm times.

30  The device according to the invention is formed, for example, by a laptop or other portable
computer having an entry keyboard, a display screen, a printer connection and a CD-
ROM drive, wherein the parameter sets of the fire model and the programs for calculating

the fire development, the heating of the sensor cable and the fire alarm times are stored



fire detection systemconprising a heat sensor, Fig. 2 a flow diagram of
the subroutine for calculating the fire devel opnent; and Fig. 3 a flow

di agram of the subroutine for tenperature calculation in the sensor cable.
Experiences gained in the held of tunnel fire detection hpyg4e gat ed
that for reliable 10 and fast fire detection it is necessary to take into
account the burn-up behavi our and the 3rragni tude of the fire, the wind
conditions, the tunnel geonetry, the spatial arrangenment of the sensors and

the | ocash arcmRIMent ittieeparhmef@e ¥f Bas@ellafd séndoheabiamels tm‘erae:eakemgl on
systemvvlth a |inear heat sensor, such as is sold, for exanple i emens

Bui | di ngTPRANJIEYEP¥E AG Cerberus Division, fornerly Cerberus AG under
t he nanme_of 15 F@broLaser Tge Fi broLfaser is assuned to be known; in said

connect i dRETETX Wiiews P defalad desrTiPHeN PIAT FHRYMERAt Yfne HMyeplirwith refRI&Rss pt i on

and to t henBrpshingeshebrddieysiiBneoLaser system Since, because of the
conpl ex therm)c%nam c processes which occur during a fir is virtually
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partially into 2 0fnacgQeition syBRnreithpaHAd hoat Bhs@, det ection system
conposing a linear heat sensor is extrenely |aborious and tinme-consum ng

and ent aFi% 2nafiemotiagrpraithe aybreyting far cai%atmgé%ﬁfe tRvelpaest:medi f i es
conf i gur pig 8N o01al BaGHRSYARS Lalrbitrieo! Rifock Rl @Y 1 cARAL bl

engineer With a sinulation program which has been verified by tests to a

bench scalgefdidel géi%d FCRk SR t@%e‘i‘ﬁ%rb%tégno%b%‘dér‘ﬂ@nétfa&é‘d %'a@fo’r’“rélfaﬂ“eow ng

resulting from?2 iven system paraneters is cal culated, thereb
t he ¥st end fast éfﬁe@@@@loﬂd ipaeeapiat todake ipioearspunt] the banagmbehavisur arhréthe

cal cul at Lop eidG4nE ﬁreb lnegoﬁdsﬁ&%r rfﬂ%dtﬁﬁﬁépfg%faﬂéﬂ? thle@ga@afl ar'rgﬁ &GhaRYstion

processes, erefn the't er nmodynam ¢ node onser Va 1 on
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int he pmaaie tbamem\troo\ucaxoh oéthej mesarodeécriptibh e tethefbrodrerred ofdhe Ribrdieaseunnel
upon reag)t/sitgr[rl1 zone and plune fire devel opnent

Since, because of the complex thermodynamic processes which occur during a fire, it is
virtually impossible for all of the influencing quantities to be taken even only partially into
20  account, the configuration of a detection system comprising a linear heat sensor is
extremely laborious and time-consuming and entails numerous practical trials. The
present method simplifies configuration quite substantially in that it provides the
application engineer with a simulation program, which has been verified by tests to a
bench scale and large scale and by means of which the fire alarm time resulting from
25  given system parameters is calculated, thereby allowing the system parameters to be

tuned to a preset fire alarm time.

The calculation method is based on a thermodynamic modelling of the combustion
processes, wherein the thermodynamic models fulfil the conservation quantities of physics
(mass, energy, momentum) and require only a few empirical values. The simulation
30 model comprises the following partial models:
o calculation of the reaction enthalpy on the basis of an ultimate analysis of the
incendiary materials
o energy balance and mass balance in the reaction zone

o length of the reaction zone



S , heat exchange by virtue of radiation and convection as well as heat
conduction in the sensor cable. The sinulation nodel receives in particular
the follow ng input paranmeters: . fire dianmeter: dianeter of the circle
equal in area to the total surface of the conbustible; 1017 \hayrpebobgi ght:
di stance between carri ageway and tunneu hei ght, wherein in the case of a
tunnel wth an arched roof a nean roof *height in the arch region is
general ly accepted but has always to be situated above the sensor cabl e;
t-unnel wigdth: efwgy ealnch isttian glemedtweeling-dewrt womeedbows thereaktidn gorfgi ght  of

t he tunnel ;' 13%% diﬁtance bet ween sensor and grouynd: shortest distance

bet ween sensor EENAMNEP 184G Py ed 993 % IEIBACY i s al ways smaller than

the tunne] hei ghtend FtRNGRdREINREMS BPSOFeRch 2ddetindShightest di stance
between the centre of the fire surface and the sensor cable; said distance
is generatly gliresleselopmant t he di stance between the sensor and the ground; 2
0 . w.nd: the w Y - i .

car 11 Sgeuty t ali Ay e R G ARaRE e R drIEe B oIS, R M
generate a strthegensamsbeEr se fl ow which is greater than the wind velocity
al ong the carriageway, the transverse velocity is used; wind in the region
of the sefismsimuddiics:madetrageinds inpartmiarimn&iiopingsemtt pacanmtefsi | e 2 5 whi ch
generally tends towards zerq at..the walls and at the of . Shquld the
sensor cabl e birefﬁ?mgtar'cdl%%gée}e‘i?ft%%@"?%@ﬁu%r‘n 3re\ﬂé?}h,e tgéﬁ?a“'éﬁﬁeeﬁgh%as to be

taken i nto acccambustiblee gui de val ues are obtainable froma table; tunnel

pressure: anbient pressure in the fire region; depends. above all on the
hei ght® above SE‘Q”F@"\F@"?' éﬁapce[ ?FRWE?“ F@Hﬁ%ﬁg{?ﬂyﬁ@: tug'ﬂﬁr]iq’@ LVIRSRP AR B®e in the
fire region; iBgagd ditLiinhéiSvitAran dHEHd4006Ea HRRA rbdteneight PRIhBGréH reglem i@l ar m

tenperature in the detection system sensor dianmeter: outside dianmeter of
the sensor cabP@neralyAceeriet OHpBISAIRE A RIPRRIBAANOVE MCINSPECIAG ue, at

whi ch or  abovey ik CRigtH) Snélese 8iiaABs BYRIBMthS thRal WslisGRIRd-Refght S tRkarm  Sai d
value is generally in the region of 17 March 2003 5 50 to™80C. Alarm

t enper at ur es bBINGAL50C may trigger false alarns in the entrance and exit

regign of the pupnel ?beWe%ﬂis%ﬂé r%fngted[?&rﬁlz @ﬁm%?@e@%rngwegeee% Eé}%a%?esﬁoof
terrperature over tine |I's use ?O ermne t e gradl en WhICH or ns e
t hr eshol d val uearfiegeway; ggidrdisignes i$ emayalsmalier tbarsieulanel heightinper at ure ri se

per second f asker, 10300IAG LALESAA!HE RLHE: Mo Bl-UM, b5, Kl AABE 8F ALY
t hreshol d*val ué s "general I'y 0. SEc., corresponding’ to pér mnute;
fire accel er at surfaaeare: thg semsor asblerrdaidilitedcs ispgEngraily gaeatet tham ke disahcof t he
fire, the rate_of ar h of the fire increases linearly with tinme. For the
burn-up capaci P?/twégn%é o A" %fi“’?*é‘er%%’}%jg the fire surface A at tinet, Q@ =
A. B. tZ) appl i eswiridn tivdwiol veloeitysenreahbmdts thitheainepedcaiang the deatiayeBaysalen

nmeasure of the fire devel agpnent ,quto f%,ull $om‘)quﬁtion. For Btthere are
empi rical val uBs?2 URTTEACLHE SRR PSS eghpriel ”Bﬁ?ﬂ%ﬁa& BSPME pasis for
all of the sai trapsweaseeti@y which id dreatso tiain-thasindeouty iatong thé sairiggeway.thé or

t he di stance bgtween sensof .anddti re, the length of the diagonal fromthe
sensor 15 cabl &2P¥'K e’ %‘dé'%'ﬁset he carriageway. Naturally, a burning

tarpaul i n of awify hthé fegidri dfakesensor cable: the wind in the tunnel presents a profile
25 which generally tends towards zero at the walls and at the roof. Should the sensor
cable be fitted close to the roof or a wall, said effect has to be taken into account.
The guide values are obtainable from a table;
. tunnel pressure: ambient pressure in the fire region; depends above all on the
height above sea level;
30 . tunnel temperature: ambient temperature in the fire region; in winter has an
influence upon the tripping of the alarm temperature in the detection system;
° sensor diameter: outside diameter of the sensor cable;
. alarm temperature: temperature threshold value, at which or above which the

detection system is to indicate a fire alarm. Said value is generally in the region of



much cl oser to the sensor cable but this is not a problem because such a

fire would be detected far earlier. The fire dianeter, i.e, the fire
surface, is known for cars and lorries in tunnels and is assuned to be e. g
1-netre, which corresponds to a fire surface of apprOX|naT¢I §8

Fig. 1 shows a flow diagram of the main programfor cal cul ating t% ?I

alarmtimes of the tunnel fire detecti®n systemaccording to the i nvent| on.
In a first step the requisite paraneters of the tunnel and sensor cable are
entered; the paraete /setnmé?ﬁpérherésl tte@ovvredfd il SrigdeP F4ick ARrhdM 1Ry St em
This is followed by the selection of the calcul ation nodel in the sensor
cabl e. The | at8h&ange an¢expienvasf theiuase: fibre coated with heat transfer
conmpound, a st é"ﬁ% i . i

coating and h ?ér{%ﬁtgoqy éa%%%ﬁeg F%Fé W@b%é gﬁﬁ%ﬁ E%F{/ele%ﬂ@%gs !é%,l er
sheat h havi ng d@teihmmthergraﬁlerﬁwmthfprmt meythteshﬁtﬂ Vahe fortigoeringabiire dlarmheat ed
both by conbu i C and
by radl at i on S Re R TyRee bt el Trow i Srme e AR OE IraRR)

si mul t aneousl ys triggeredh 530 thnesnold ! istgdesetsdp Dd *@rsécgkarsssponbing te 8/C
different cal gblél %G‘RQ nodel s - the honobgeneous nodel and the differenti al
nodel - may be used, Which differ in accuracy and in conputing speed. In

t he case ,of t Hee hocakgati@otase: rgméela,n ttrhmlteeepegslytbﬂaxetqoﬂhefseheoﬂthw fireg thet he

outer sheath is disre i S .ass ntlre cable is
Paated 1o s iRl 4 ehaER i Hia e hereassS IRES BV S A8 FonGe Pl uE S d
di }‘ f @loent i al ][thﬁlre hatihg hwetfakearfécaa"A ADlRe COUPH A BE dpplEs, iPweich 3 so-
calculation o i

heati ng of the glass fibr ensor cabl
oo by csrteph et iR LRtedisn ol etk S e ae T eRaaddt | on. 11
the present casembusod E@*@tﬁeﬂﬂaﬁ@@nﬁu@c@@al@éé %d@da@sst@teahrw'tébﬁéleous
differential equation system because the sensor cable has 5 various Iayers

The subr adiptiR@pieathetdaeisdbd dipsrand s@w pamﬂ@éteffsqg trteem@f Sddér Refiddiq Utas json i n
the sensor cable is shown in Fi er in t he technical data

regar di n-¢-He" @Srﬁjé%?”(i,eaqﬂt‘ﬁeerb%ﬁ’%m apq @'ﬁ B len tF ogmqnahfrwtt%mnsm nd

i nfl yenceabk tBfth&ed@slof the @Qﬁ@g&lﬁ@ﬁemi\ﬂu'ﬁdﬂyté"@uﬁtﬂ'@’t@tﬂalun@opé Idnlyds sifiatddi S
supplles the tenperature in the reaction zone | ane zone) and in the

pl une, i .mBuch ‘H‘ésetr\% thegsegantabls g this st FHPE'ef'b‘?eqzi‘éé? Py 3 ﬂr@ WAHEB? cabl e.

Accor di ngyeidrtd thr edrlief. OThE RleGidradteNdel the fhralkliraRMUGWATot &fs BRE IomeyiRam ¢
starting values and the starting val ues for the bur n- up_ rate WBBR are

ent er ed, tRegiepRd t?yaséHF‘ﬁd&?Jb?§t9e1|r§etF\%éNWCl't‘F%ref5P@@5d€\?ef!r6[§H€ﬁ‘€e ¥p to full
corrbustlocﬂJ roteailyas Bineg val ue for the burn-up rate is iterated in
i ncrenents Wunt|I the burn-up rate neets the value corresponding to the

t ot ab oMy babieLa fidw dldyrd of fR)maid wgﬁaﬁﬁér tdlcdidtingithe ardiianmy Bt ef inal are
oxi di zed by the atnospheric oxygen in the reaction_zone, wherein the

t her mal éH@‘?QjW‘? @?téﬁ%bﬁyﬁfﬁ%é?‘iﬂ’r%&ﬁi e oV andert |”o€h§"5h%t§t)§hq Wéluﬁti%es in the
reaction pzé?ﬂﬁete\‘! bhthEBSdnel bfi®Sensbheatsd areeattSretiatHabrai¥@r 98181 Bacirs ul phur
oxi di ze: any hal ogens contained in the incendiary material react preferably
with the rﬁ%ﬁ'@@%ﬁtor%'f‘ hH8Y¥$Hul ati on, the hal ogen content as well as the

rare-earth elenents 20 content is assuned to be negligible. In_the reaction
zone t her B & TQllyR9 Bl g sEtechpboidhacpiceapon medelin et sonfiei hhe|der fic
heat rgquandd (Pr%@sl%?las@ﬂb?e gbRed twhﬁhééﬂ?ens@r\t%ﬁtp%[]n@xé’%él GRfilae) @pey there is
an increased bujl of CO and at the sane tinme the water-gas reaction

pl ays an Wﬁ%lﬂtj@ﬁtth?)a'laﬁs fiigeangiits ceatlrw %P@\yﬂgzéﬁ@umﬁt?fgl‘free@u%@ mom angl a
dependent &mmttt@oagpméétwtae@%en@a& & a‘épwattahee SRIPRIALHE, Edbld tge
reaction zone From t he known reaction schene the oxygen demand for | deal,
ful |l conbigatebhotiey Q@énttwétm gasee dlowingi arRimshib{ednyastive "@ﬁﬁe*qh@ﬁ% redit t er
the fire massARAakb ﬁ’t offﬁe%?ﬁévpﬂta?/foc%bfesé LSkl @ s:rﬁmﬁné&ﬁ’élfhﬂ:&r{ﬁé“ cair
mass. I n the case o ire with natural vection, in the reaction zone
more 3&ir meetmgmtétet wlq mmatﬁeﬂm@mﬁiff@rm‘ttrcylculfatl@memelﬁbaee hemogengoFons
demands, t ' eg%e [ ; :[251 be
cal cul at ed ?goaﬁtétthéel d@i‘g_tecrg?‘ rﬂgdie??% tt?sor %I C{lf‘gé}ﬂlgg 1e tdeqj:}tr%bﬁ1r Ugﬁ%

m ni mum ospegen fraction fromthe guideli nes for inert- gas fire

extingui shing plant. The m ni num oxygen fraction is the OQZ concentration
which is tneqeicaeedot'themmwwemtsheoctahrtbesemmramotdﬁmthrm tinbcter aesathi e
above the, i

ncoml o & Saetueer sha s AdoRETER e eahf RlE negRa it B bR 68l 0,

CO and free hydrogen. In said case the oxygen denmand is greater than the
inlet air in the reaction zone nmay supply. Fromthe mass fractions of
carbon, hydrogen, sul phur and oxygen in the incendiary material and from
the nass fraction of the |nI et alr |t |s p055| bIe to 5 determ ne the

. Y NNy " . a - . .



10 Guidelines, DIN 4201, DI N 18232, etc.) and nmay be obtained from
appropriate tables. Fromthe conbustion gas conposition in the reaction
zone the heat output in the reaction zone is calculated and the resultant
tenperature is iterated with the flame |l ength and the entﬁathaf@bgass
bal ance. Finally, fromthe gas volunetric flow and the gas velocity over
the reaction zone the nomentum bal anceéin the region of the reaction zone
is 15 determned and an iteration of the burn-up rate according to the

total nmagge BAlARGRe Uﬁfreﬁefntlen%e@len VSiclS RBs &5 rﬁ&e cewpUrﬁg)H@gte;ﬁeeeets the val ue

correspondi nga to the desired fire duration, opnent fromthe
react i on calshEtigp of Wetheatingef the glasgdipte kg F%ﬁohéqtbi@iédeff%tetdl‘m’ sabvieg them |

mass-  ant Ao Meab B AL PR A-IE: AluatigMindht b ResBRfdeNith § RLARI 0 8T €
taken into account. 2 0 In e cool i hg-down zone above t acti1on zone
the hot deriendedrasgaseyltaneous difereniiebequaiion sestepiscalseathe sensartcableehas

anbi ent ai I t t.,L eam ng
gas f owgévﬁg%ﬁggerﬁ The S%QQPJHU gotr|ﬂge?tallh{arem§1angés%ﬁ{eo\(§%%rhg&rgt"{té(Cﬁevgg&oﬁrtﬁ f the
ri sing comhsstdabie |galse~sn4mh’|ge$ponds to a turbulent free jet, with the
reaction zone as the jet core. The tenperature reduction as a function of
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mcluded in the momentum-, mass- and enthalpy balance and the air admixture and wind

correction are taken into account.

20 In the cooling-down zone above the reaction zone the hot combustion gases mix in a
turbulent peripheral area with the ambient gas, e.q. air, with the result that the vertically
upward streaming gas flow widens. For the simulation it'is assumed that the behaviour of
the rising combustion gases corresponds to a turbulent free jet, with the reaction zone as
the jet core. The temperature reduction as a function of height may be acquired by

25 means of an energy balance over the vertical layer and the mean rate of ascent may be
acquired by means of a momentum balance over the local plume cross section, so that

finally the local speed reduction in the plume is obtained.

it is assumed that the plume opens like a turbulent free jet, of which the angle of spread is
80 to 150. Said anguiar dependence may be determined from the pressure difference
30 between jet and environment. Wind velocities of up to 10 m/s give rise in the tunnel cross
section to a turbulent longitudinal flow, the turbulence clusters of which are much smaller
than the tunnel cross section. Said air flow, despite the high Reynolds' number in the
region of 10° compared to the tunne! dimensions, may be described as laminar. From

said point of view, the assumption is allowable that the flow of momentum of the wind is



a. storage neans for storing paraneters of the tunnel and sensor cable and
paraneter sets of a fire nodel; 17 March 2003 11 b. conputational neans
and a sinulation programfor calculating the fire devel opnent and the

resul tant heating of the sensor cable on the basis of the shpief pghaneters
and paraneters sets; c. input neans for entering data and paraneters; 5 d.
di spl ay neans for the di spl ay and/or output of the fire alarmtines, which
are ‘obtained for specific paraneters, or of the tunnel and sensor cabl e
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9. Device accor ding to claim8, characterized ortabl e
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10% & 0 reacfttloﬁ zo/(r)we&and ﬁw the plume, the fire calculation with wind and the calculation of the
temperature of the turbulent hot gas layer and of the temperature given complete
turbulent blending in the tunnel cross section are effected. The heat flow into the cable
surface (convection or radiation) is then determined and it is subsequently estimated

whether convection heat and radiation are acting jointly upon the cable.

20  Calculation of the heat conduction through the sensor cable to the glass fibre is then
effected according to the differential model shown in Fig. 3. According to Fig. 3, the
material data of the cable and the initial and marginal conditions at time t=0 are entered
and the integration increment Aty is fixed. The latter is e.g. 10 seconds. Calculation of
the temperature profile in the cable is effected every 10 seconds but the value is

25 transferred in accordance with the time increment in the main program only every t, = t,,
i.e. for example every second, to the main program. Then the heat conduction quadratic
equation is solved using the differential method and after time t,, in each case, the
temperature profile in the cable is available.

Using the temperature profile in the cable, the temperature gradient is then formed in the
30 main program. ltis subsequently checked whether, during the simulation, the plume
reaches the cable within the radiation field; if so, there is superimposition of convection
and radiation. There then follows a test to ascertain whether two measuring locations of
the cable are situated within the radiation field; if not, there is damping of the radiation

surface temperature. Finally, the alarm criteria are tested and the fire alarm time is
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109% & (2 - &10%%&1)3%%91@ claim 1, characterized in that the parameters of the tunnel

10 comprise data regarding the tunnel dimensions and the wind conditions in the
tunnel.
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3. Method according to claim 1 or 2, characterized in that the parameters of the
sensor cable are determined by the physical properties of the cable, its position
and installation geometry and by the physics of metrology.

15 4. Method according to one of claims 1 to 3, characterized in that the fire model
comprises partial models, which comprise parameter sets obtained from

theoretical calculations and practical experience.

5. Method according to claim 4, characterized in that the fire model comprises a
partial model, fire development in the reaction zone, and a partial model,
20 behaviour of the combustion gases in the cooling-down zone above the reaction
zone.
6. Method according to claim 5, characterized in that the partial model, fire

development, involves calculation of the reaction enthalpy, the energy balance and

the ascending force in the reaction zone and the fire development.

25 7. Method according to claim 5 or 6, characterized in that the partial model,
behaviour of the combustion gases in the cooling-down zone, involves calculation
of the behaviour of the flow of hot combustion gases as a result of mixing with the

ambient gas in a turbulent peripheral area.

8. Device for configuring a tunnel fire detection system comprising a linear heat
30 sensor with a sensor cable, characterized by the following components:

a. storage means for storing parameters of the tunnel and sensor cable and
parameter sets of a fire model;
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parameters to be used for preset alarm limit values and fire alarm times.

9. Device according to claim 8, characterized by a laptop or other portable computer
having an entry keyboard, a display screen, a printer connection and a CD-ROM
10 drive, wherein the parameter sets of the fire model and the programs for
calculating the fire development, the heating of the sensor cable and the fire alarm
times are stored on a CD-ROM and the parameters of the tunnel and sensor cable

may be entered using the entry keyboard.



