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Thermal Analysis in Fire-Resistance Furnace
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ABSTRACT

Fire resistunes reing of Wilkling constrostion chomeiuls & defize uides lme-rsishnee 125
(umace. The geametry gnid shape of fire-resipance fimaces i gol defins by my prescepiive
iacament, being necessary o comply (hermally wigh specelisml nomingd fire corves, il as
150 B34 or hydrogardsn [1,2),

This research work imends v messure sempersures inshde imsce volinme ssing sigeen
plase thermocoaples b compare avemge lempemiome in four planes. These plones wre
cunspased with rélereee thermocouple nhich s respossible For connolling fismace cpremizon,
ece figure |, Thre leste wers perfonmad, the [EEl o aemning wih 150 834, derme 45
iminuess and the lest e renieg with hpdmcabos oo, durieg 30 mioules. Experimdsial
resules demonstmie that relalive empersmore diffeences ore smaller thon 30 % i e initisl
fest sunge, besnp amnlber shin 3 %, atber SO0 5] vanid the wnd of e vests

The numencal simulabons wene performed esing Fleem OFTE asing e mruensed fivie
vabamy mmedh meibod, The Eddy Dissipation Moded [EDM) was essed liw chemicnl species
iransport and repetiog M, Thie povensing equulsons for mass, momentum ond enengy were
selved far the thres dimengsinal onstendy gompressdsle Hlow, with snliatlve hes unsfer
anal turbulenme randel. The sumerical resulse sgres well with expenamental mesalts, belng the
relolive semperilee difference smeller than 5% freoch pomirald st Mameronl samolsion
iksn pevests ihe loenlizel effect of sach humer.

1 INTRODUCTION

Thar thernsal parfommmce of Bre-resistanoe funace i mvestignied Famace enviromment s
perrially congidercd homogeneous. and with unifonmn temperahee dissribation, ollewing
st il penimad wenporatiee evoluisn. Tests were conducizd al the Pebyiechmic Insiisne ol
Brapgongn fubosupory (LERM) iming fhe | cubde meler lrg-resssiines: fimnce. This small
furmce is sudable for ingtind volddation of experimental lemperiune meiseneomenils The
furnoce hos & propane bumers with 90 (kW] moximen pewer eoch, relerence Kaomee hedder
BIEF 65 HM-TIB35-TVE, This fmove complies with Eumopean Siondand B | 3631,
cangslering the maxdnem desapion bemween relerence tempemiume and the theoregical
specificd mommal ourve for lemperanre
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Fear planes were defined 10 evibusie the femace empemiae performonee. Four pliic
Ahermioconples defime escy plame. Plane X050 omd X830 zre pemllzl m ihe exhous zone while
plime 2581 il ZRS5D are prsllel s B trassversnl plane of humes

it Pirms ok ool S Ao B =i A TR SR 1 R WL e e

Py sl ATy ETEEE b S
i Nkl Ao dire-ressimane Srsue

Theee tesis weie perlormed. The Tlest wo teste wsad ISO838 pominal Qe corme, delimd by
apuitian {13 wihibe s Laes One sl hpdseenrbon nommal fieg corve {23 T thise eguations,
8, repnesesis relienence furnaee femperaiose For lime £, desing iesting condidoes

w0 I oy, [ ERT e |:|'-'|I' L'r.r-:m'll_-: Lh
ff, = 204 10 | L3RS 00T )[R 0" Chingmim ] -

The (henmal performanee & detesmined by the conspacicopn between  overupe plene
eemperstires with pefsrence Ninnes empernuee, wisch epresans each nomal feo e,

Pmerical stmualaiions ore aleo perfoemed, shyy compaatonal Faid dynamics, e evalazis
therenal perfanmance amd validoke experimental wests,

2 EXPERIMEMTAL TESTS
The Tlee-rzaisaenee umnme wiap isnisedel with 16 ploie Brnmocouples,  suspended al

inmulated slemilemess sicel frame, see Npee 2 Mo ibenmocouples W01 semlanls anil wene
positined acoording 1 the vertes position of 700 {mm’] cube, centered inside fumpoe
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Thermocoaple contred &5 achisved by matchizg the medsird thermocoaple ewpemmne: with
(b preseribed nominal fire curve. However, since ibermacouplés ietndiate hest, they adjus
Hwmsclves 1o the femperniee ol which there & o halance butween the cosmvection md o
radiative beal transfer. [3], Plate termocouple ts 0 stuimiess steel plate witdy 100 [rom’] and
LT ik fram] thick. The emisaivay was eonsidersd gremer than 0UF, The wire sthermocosple
{5 positicered on dhe back foce smewed with a snall plake and insalsted wish ceramic fibre,

[

Mlemsunements were perfnmed with miilti-channel date pecpuisivon syesem, MGCpus. frism
HEM, wish freguency equal 1o 0.1 [Hel Resulis were dveraged from 4 plobe ihenmovouples
for enoh plane. Mans X830 was defined Ly ihe average tempemiure readings on TFE TEZ,
BF1, BEZ; Plane X150 was delised by e nvempe emperamre readings on Thl, Th2, Ob),
On2, Mene ZE50 wes delfined by the aweripn sempemivre rendings on TFL, BEL, ThL, Bl
while Mhane 2150 was deficed by ihe overpe lemperture roadiags on Thz, TFR, BHE and
BFR,

Fipure } represents esch messared wemperature with plite thenmocouple sad ihe sefencice
feigenilare fie limace

The relative dference bélwern gach average plane lomperaione =il reference fompemiume
from farmeee & below 5%, nfier the initinl festing phase, comespoodlivg o 500 [s]. Higler
redadive difference is eapestad belore, due (o higher temperziure variabon wiil fime:
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The exhausi wmperonee wis sbo mensed for w0 |, There was o consianl empemtare
ifTerence butween (he mefersee fistoce ienperanie mml the tempernre mensured ot the
exhaosis. This lemperature was menssmed with an mestsied welded Semoecuple wiikoi
péase an insulabian proteciion, Thes explams the oscillobsg regstey,

Fasmpr i [0 ket r Trrmers pame a2 ems
5 .y - [[Chavie —marii —naiin —s=iis
= Bl ! =[H —a Bl LU
i
TR T - i i
"
- iy
- i
-
- LLL
-
i il
- an
[1]
] 1
[ bl (B | b E ] — ] & - L] 1= = 1 pae
Ty s i
i Fimn | wridy LRE L eyl ey i Tosn B st LA M i al civar
Trwprrwwe [7] Pl i Tiw v vy
= =i =& =i =il i il Sl el
=1 =m =N —T = -
-t —ind — e T i 1=
ot | bl 1 2N
- “
i
k] 1Y I
=
- u
=
L]
o .
W
L] ]
i Lo LiiT] i ] =] e [} - 5 jis [waa = i
i T vl
1 T e AR A s cReTe A e et B0 AP e ceen,
Jrr— LR TR B B e
EHE =TT =7 — =TI g
oy = L T T T T R T ———TTT R |
_|.|:|.| =i =y =T =M i
=== —
Bl
-
d
- at
L uif
L Bl
T (11
" v —
] e (L5 - == i L — ifem s
el Timai
21 o 3w bmdremrr e cwr

H st 1 paak By ik o om sl e

Fig. J, Exparimesind renli five iroepaionmes noaacapenie gl el fesparesien alri et for o plone




THIENIAE AN AL TR Y FINE-RESIS TN MUNNECE

Py, PLILT, Mesgritg, & ALR, Poreira . M

3 MUMERICAL SIMULATION

Thie nusmerical simikaoen were perfonmed with Floenl gofiwurs, asing e fimie vplame
meihal, [4]. The geoemlzeed Edily Dissipatson Sadel was useal jooalmibaee s combaustion of
prapane-nir mixipee. This mode] i based an e sssemption thal demcal resction = dimos]
insinnianerss, shes compaed with the chemical species (ow irnspomaion.. The combastxan
was modelled uskng o plabal ane-slep retetion mechanism, asseming complete convession ol
ez propene to the preduo species.al egquation 3.

[l P . A B S EH

Tl meaction will be defined in iéms of siochiomeiric coe ficients. armation enthalpies @l
parameiers. thil contnal ihe rercibon e The pressusl bosed sidver woe ussd wiily uesiemdy
sl fimsl onder tmplicis forrmlnison, The visoous modd “R-Epsilon™ wiih o equations s o
slancland woll Renction for peor wall dreatment was dsed. The surfaoce S susfhee radinben
il wie il whih competed view fheiprs. The emissiviiy value for the inemal wall
Furnmee wag considered ogoal 007,

The wse of congent rmasspon praperiies for viscosilty, Semmel conductivily zml mzss
diffusividy coeffivients |s accepinble Secause the flow is fully torholesd, sev t2hles | amd 2,
(€], Tl nbezialir irmnspor progesies will pluy o mivar mle compored o etwleot inmsporn,
Thee assemption ol tempersfine depondeni spedille beal B an imponont key Teior o predici
maare realistic penk fame lemperbane

Lpecihic beal Feftming aw [kgH]
Canducthizy a5
Viscomly sl L=

P . Proparren e prpunesarnudme [

Speciic mass 1:225 oim’]
Epseilic haal 1006 43 jakqgk]
Conductiity 11 Pl ) [Wmig
Wiscosily 5, TRO4KL" [Figims]

il 2. s Juriimierres, o Teorcae rompevane, JAF TKL ST
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Fiw L Ptk pes e b o e prdvoes ol reocamar (4

The specific feal comssdered for mchee will be higher whesr the propass @& coscuiaringg,
menr the Puel milenard whers s lemperoive and combesiton peodic coneenmraion skould he
fighes, see lizuee £ for lemperanie dependencs

The governing egadtions for mass momenium ol energy conservalion ane defiped by
et e 4l-ik

%“.r,a:?-{,.-n;:-j]._u Sk 4
i

Where o represents the specific mess. T the welocity vectar, 1) i the local nazss fraclion that
correspuekls (o the species <07, J, the diffisen Bux, while 8 nepresents the e ol el
species formalian by chemical reaction,

For thi momenbun: canservalion gpstion, e sioie pressure s defioed by p, while F

represents the sress lensar,

2y L -

-I;rw-ilm'h"i Mo T==Fpe T (&3]
For the enerpy eguaticm, £ mepresenis dhe epergy omlue, £, the stieesve value for

conductivity, 7 e temperatuie valoe, b, U sensible enthalpy, while §, nopresents ihe
energy ke roan ehemdeld raicism,

#n:pE]»fv-[ﬁi,.ﬁ p]i-v.la_‘.w.zmﬂ.[ﬁi.;]Jna i)
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A adigbalke condition wis mseamed in the inbeomid (uenace waEle The mlet thermal

condisnns wers spectfiad o roem femperineg, The exbawsil lerpesiture poodhicts Wi
dhefimed with liefosmmstion fram experimentad mensured @i

The time dependoncs jivkes velority for air and propane were Kept in proper imilo, curing escly
st Those values wers defined sceonding 1w the manulhensyr miting values, bocuse ey
were s menssel

T podve lse wmsteady soluibon, he initial cosdiiions wene delmed ond an inersngilal i
step was specified, An lermtive process was msed 1o solve discrenaed causions.

The mamerical model was budlt wish a struciored mesh, using 125840 beashedra finse
valames, exch with 0.02[m] leagih side, see figane 5, Magor simplification was introduced
inin the fomr burners, waing U kyilisile diameter ps reference valoe, Four inlel gas mones
were delined concentsic with the some numbe af i salel zones, wiily dimenskn squel 1o
X1 [men] and &dx60 [mm], respectively, The exhaust is well entifed ol the botiom of the
Fammce volusne, with recienpuler dimensines equal to 100 5 A00 [man],

i P ol SERRRTSEuked, el ¥ dorows orl enfni

Pt o P T TR T B o

Flame temperatiing depends o severn) factors. during the combusiom proeess and affeeis
uigniliessby, beut tmnsfer inside fre-nesistance. (umace, The mite of heal tmansier increse
with fame temperalure: Flgune & represents dempersure and velocity, during e smulation
ol lesg 1, w different defined planes, o periscolor X080 KBS0, 208 ZHS0 ol exhoss, The

Burner BVES plame is olsb represeated.
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The (his of speies u.:lq:edml.wl.lh smol! vortices fones, as ca= be seen i figure 6h) and
d). The numerical ressbis ollow Wentifving e localiwed effect of each bamier. The
experimental igsismimienls comeborade this evidence,

To deternung the thermal performance of the pamerical simalation, the. mass sverge
temperniise vibie wis determined far each plase defined for experiments, using egestios (7).
This avernge value @ nlso compared widli te eferente voioe of il fre-nsistence femace,
deieminimmg the pelsilve diffevnce, see Apee 7.

T = T pwi ’.’ [poud L
e | xr
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