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ABSTRACT 

Fire resistance rating or building construction elements is defined under fire-resistance test 

rum ace. The geometry and shape of fire-resistance furnaces is not defined by any prescriptive 

document. being necessary to comply them1nlly with speci lied nominal lire curves, such as 
ISO :)34 or hydrocarbon [ 1,2). 

This research work intends to measure temperatures inside furnnce vo lume. using sixteen 

plate thermocouples to compare average temperature in four planes. Those planes are 

compared with re ference thermocouple which is responsible for controlling li.1mace operation, 

sec figure I. Three tests were pcrfonncd, the firs t two running with ISO S34, tluring 45 

minutes and the last one running with hydrocarbon curve, during 30 minutes. Experimentnl 

results demonstrate th:ll relative temperature diflcn:nccs arc smaller than 30 % in the initial 

test stage, being smaller than 5 %. after 500 [s] unti l the end of the tests. 

The numerical simulations were performed using f'luent CfD. using the structuretl finite 

volume mesh method. The Eddy Dissipation Model (EDM) was used for chemical species 

transport and reacting flow. The governing equations for nwss, momentum and energy were 

solved for the three dimensional unsteady incompressible flow, with radiativc heat tr;msfcr 

and turbulence model. The numerical results agree well with experimental resulls. being the 

relative temperature difference smaller than 5% for each nominal test. Numericnl simulation 

also revea ls the localized effect of each burner. 

INTRODUCTION 

The thermal perfonnam:e of firc.:-rcsi stance furnace is investigatetl. Furnace environment is 

normally considered homogeneous and with uniform tcmperuture distribution. following 

specified nominal temperatur~ evolution. Tests were conducted at the Polytechnic Inst itute of 

Bragan~a laboratory ( LERM) using the I cubic meter fire-res istanct! fu rnace. This small 

furnace is suitable for initial vn lidation of experimental temperature measurements. The 

furnace has 4 propane burners wi th 90 [kW] max imum power cnch, reference Kromschroder 

BIO 65 HM-I 00/35-72/8. This furnace complies with European Standard EN 1363-1. 

considering th~ maximum deviation between reference temperature and the theoreticn l 
specified nominal curve for 1emperature. 

IOJ 
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Four planes were delined to evaluate the furnace temperature performance. Four plait: 

thcnnocouplcs define eat.:h plant:. Plant: X 1.50 and XS50 an~ parallel to tlw exhaust zone whi le 

plane Z !50 and Z1150 arc parallel to the transvcrsnl plane of burners. 

a/ Funh;c,•mmld wuhf mw hunh'rl Ill 11• },.JI bJ Gt•om, •Jrh J'Hl\11/ I•H/iu· plat .. · cl Fuman• lt'/1/t t'i'~'IIL'll doo r uJia 
tlro:mt11'Ct111plc•., II!HdL•ji,.nm· t·. nm11in~: h 'H J 

Fig. / . ModeljiwfirL'-r~.ri.l'fm/c~.fimwce. 

Three tes ts were performed. The first two tests used ISOS34 nominnl fi re curve, defined by 

equation (I). while the last one used hydrocarbon nominnl fire curve (2). In these equations. 

0" represents n:fcrencc furnace temperature for time 1, during testing conditions. 

0, = 20 + 3~5 x logw(Hx r + l ) [O, ("Cl: r(minl] ( IJ 

(2) 

The thermal performance is dt:tt:nnined by the comparison between average plane 

temperntures with reference llmwct.: tt:mpcraturc_ which represents ench nominal fi re curve. 

Numerical s imulat ions arc also performed. using computntionnl flui d dynamics, to evaluate 

thermal performance and validate experimental tests. 

2 EXPERIMENTAL TESTS 

The !ire-resistance litrnace was instrumented with 16 pla te thermocouples, suspended at 

insulated slcndemcss steel frame. see figure 2. Plate thermocouples fulfi l standards and were 

positioned according to the vertex posit ion of'700 [mm2
] cube, centcred ins ide furnace. 
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Fig. ~- /'late tlu .. 'nuocouple in'itrUIJJL'Illalicm. 

Thermocouple control is achieved by matching the measured thennocouple temperature with 

the prescribed nominal fi re curve. However, since thennocouples irradiate heat, they adjust 

themselves to the temperature at which there is a balance between the convection and net 

radimivc heat transfer, [3] . Plate thermocouple is a stainless steel plate with lOO [mm2
] and 

0.7 ± 0. I [mm] thick. The emissivity was considered greater than 0. 7. The wire thermocouple 

is positioned on the back face. screwed with a small plate and insulated with ceramic fibre , 

[1). 

Measurements were pcrfom1ed with multi-channel datu acquisition system, MGCplus from 

!·IBM. with frequency ~:qual to 0.1 [Hz]. Results were averaged from 4 plate thermocouples 

for each plane. Plane XS50 was defined by the average temperature readings on Tf I, Tf2, 

BF I, BF2, Plane X I 50 was de lined by the average temperature readings on Tb I, Tb2, Bb I, 

Bb2, Plane Z850 was defined by the average temperature readings on TFL, BfL. TbL, BbL 

while Plane Z 150 was defined by the uvcrage temperature rcildings on TbR, TFR. BbR and 

BfR. 

figure 3 represents each me;Jsured temperature with plate thermocouple and the reference 

temperature for furnace. 

The relative di fference between each average pl<mc temperature and reference tempc:rature 

from furnace is below 5%, after the initial testing phase. corresponding to 500 [s] . H ighcr 

relative difTerencc is expected before. due to higher temperature variation with Lime. 
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The exhaust temperature was also measured f(Jr test l . There was a constant temperature 

difference between the reference furnace temperature and the temperature measured at the 

cxlwusts. This temperature was measured with an insulated welded thennocoup le without 

plate an insulation protection. This explains the oscillating registry. 
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3 NUMERICAL SIMULATION 

)[)7 

Tho.: numerical simulations were performed with Fluent software. usmg the fi nite vo lume 

method, [4]. The generalized Eddy Dissipation Model \\'US used to simulate the combustion of 

propane-air mixture. This model is based on the assumption that chemical reaction is almost 

instantaneous. when compared with the chemical species flow transportation. The combustion 

was modelled using a global one-step reaction mechanism. assuming complete conversion of 

the propane to the product species of equntion 3. 

(3) 

The reaction will be defined in terms of stoichiometric coeflicicnts, formation cnthalpies and 

parameters that control the re:1ction rate. The pressured based solver was used with unsteady 

and first order implicit fommlation. The viscous model "K-Epsilon" with two equations and a 

standard wall function for near wall treatment was used. The surfucc to surface radiation 

model was used with computed view factors. The emissivity value for the internal wall 

furnace was considered equal to 0.7. 

The use of constant trunsporl properties for viscosity. thermal conductivity and mass 

diffusivity coefficients is acceptable because the flow is fully turbulent. sec tables I und 2, 

[4]. The molecular transport properties will play u minor role compared to turbulent transport. 

The assumption of temperature dependent specific heat is an important key factor to predic t 

more realistic peak flame temperature. 

SpeciFic heat Mixing law (J/kg K] 

Conductivity 0.0454 [W/ml<] 

Viscosity 1.72x10 5 (l<glms] 

Tahle !. !'rup .:rii.:.ljiw J>r"J"""'-air mi.l / 111 '<', { -!}. 

Specific mass 1.225 

Specific heat 1006.43 [Jikg l<] 

Conductivity 0.0242 [W/ml<] 

Viscosity 1.7894x10.5 [Kglms] 

Tahle :! .. ·lirpmpalil'.l' , at n:f~'l'<'ll<'<' 1<'/Jifh'rtl/ll rc. :!98 / K}. [.1/. 
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Fig. ·1. VarimioJI t~( specific heal of I he producls and rcaelwl/x f.J j. 

The specitic heat considered for mixture will be higher where the propane is concentrated, 

near the fuel inlet and where the temperature and combustion product concentration should be 
higher. see figure 4 for temperature dependence. 

The governing equations for mass momentum and energy conservation are de lined hy 

equations 4-6. 

~ (p J;)+\l ·(p;:};)=-\1-J,·i·R, 
Of 

(4) 

\Vhere p represents the specific mass, P the velocity vector, }: is the local mass fraction that 

correspond5 to the spec ies "i ' ', J, the ditTusion flux. while R, represen ts the rate o r each 

species formation by chemical reaction. 

For the momentum conservation equation, the stati c pressure ts defined by p , while r 

represents the stress tensor. 

~ (p ;:)+ \l ·{p;:;:)= - \lp+\1.¥ 
Cl 

(5) 

For the energy equation. E represents the energy value, 1<,.
11 

the effective value for 

conductivity, T the temperature value. h
1 

the sensible enthalpy. while S~o represents the 

energy value from chemical reaction. 

~ (p E)+ \J. (;:(pE + p))= \ ' ·( k,. .. \7T -) h, ./, + (~ .. · ;:))+ S, m · 7 ~ 
(6) 
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An ndiabatic condition was assumed in the internal furnace walls. The inle t them1al 

conditions were specified nt room tempemturc. The exhaust tempemturc products were 

defined with information from cxperimentalme;tsured data. 

The time dependence inlet velocity for air and propane were kept in proper ratio. during each 

tcsl. Those values were defined according to the manufacturer limiting values. because they 

were not measured. 

To solve the unsteady solution. the initial conditions were defined and an incremental time 

step was specified. An iterative process was used to solve discrctized equat ions. 

The numerical model was built with a structured mesh, using 115840 hcxahcdm finite 

volumes, each with 0.02[m] length side, sec figure 5. Major simpl ification was introduced 

into the lour burners. using the hydraulic diameter as reference value. Four inlet gas zones 

were defined concentric with the same number of air inlet zones, with dimension equal to 

20x20 [mm] and 60x60 [mm], respcctivt.:ly. The exhaust is well identified at the bottom of the 

furnace volume, with rectangular dimensions equal to I 00 x 400 [mm]. 

Fi!]. 5. ,\Jrulelfurjire-r~.<iSIIII lCL' f umace. 

Flame temper<Jturc depends on several l~tct ors during the combustion process and affects, 

significantly, hcut transfer inside lire-resistance furnace. The rate of heat transfer increase 

with tlamc temperature. Figure 6 represents temperature and velocity, during the simulation 

of test I. in di fie rent defined planes. in particular X 150. XS50, Z 150, ZH50 and exhaust. Tl1e 

burner 83/84 plane is also represented. 
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The nux of species is descendent, with small vortices zones, as can be seen in figure 6b) and 

d). The numerical resul ts allow identi(ying the localized effect of each bumer. The 

experiment;!) measurements corroborate this evidence. 

To determine the thermal pcrfom1nnce of the numerical simulation. the mass average 

temperature value was determined for each plane defined for experi ments, using equation (7). 

This averuge value is also compared with the rcft!n:nce value of the li re-resistance funmce, 

detennining the relative difference, sec figure 7. 

f = fT pvd.4j fpPd.4 
rl . I 

(7} 
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