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PREFACIO 

Estc mlumc contcm os rcsurnos dos artigos aprcscntndos nu Ill Conf.:rcncin Nucional cm Mccanica de Fluidos. 
Tcrmudinflmica e Energia. Estc cvento surge na scqucncin du I c dn 11 Confcrcncias Nacionais de Mctodos 
Numcricos cm Mecanica de F!uidos c Tcrmodiniimicn, organizadas pclas Univcrsidades Nova de Lisbon (2006) 
c de Aveiro (~OOS), rcspcctivnmcntc, sob os auspicios dn Associnr;iio Portugucsa de Mcc:inica Tcorica, Aplicada 
c Compulacionnl (A Pt-.-JTAC). 

Em 2008 os participantes na 11 Confcrcncia cxprimiram a sua opiniiio de v.:r alargado o :imbito dcsle cvcnto. 
atraindo umn uudicncia mais vasta c incluindo uma rnaior cnfasc nus aplica~oes. Os organizador.:s dcsta Ill 
Confcn!ncia cntcndcrnm dnr rcsposta a esse apelo, alargamlo o :imbito do cvcnto niio so no lema da Energia, que 
cst(t intimamcnte !igado it Mcc:inicn dos Fluidos e it Tcnnodin:irnica, mas lnmbcm retirando-lhc o foco 
dominantc nos mctodos numcricos. De facto, a almrdugcm de todos estcs temas c fcita cam \'ariadas fcrramentas 
complcmentnrcs, nomcnd:uncntc de caractcr analitico, numcrieo c cxperimcnlal. Todas siio csscncinis para o 
dcscnvolvimento da Mccanica dos Fluidos, dn Termodiniimicn c da Encrgia, todas tcm u scu ;imbito de 
aplicat,:iio, as suns vantugcns c desvantagcns c da sua utiliza~iio conjunta advcm o progr.:sso ncstas areas 
cicotilicns. 

Portugal tern assistido u urn tone crescimcnto do invcstiga~iio nas :ireas tcmuticas da con lcn!ncia. A Comissilo 
Organizndora rcgista corn agrado o crcscimcnlo do mimcro de artigos cicntificos (cm cerea de 40%) e da sua 
quolidadc. csscncialmcntc como rcsultudo dcsta mudan~a cstratcgica, apcsar do proximidadc a outros event os da 
mcsmn tcmatica, organizados tambcm corn a panicipn~iio da APMTAC. Os trabalhos nqui nprcscntados siio 
maioritariamcntc provcnicntcs de institui~oes de investign~iio c de cnsino nacionais, mas rcgistamos tnmhcm 
nlgumas pnnieipn~ocs intcmacionais. Numu lcntativa de aurnentur a d sibilidade cxtcnta c a qualidadc dn 
confcrcncia, a Comissiio Organizadora niio so aumentou o mimero de scssiies plennrias. csperando que cslas 
actucm tambcm como catalisadoras de novus dcsafios, como com·idou pcla primcira vez tn!s oradores 
cstrangciros. 

Esl:l confcrcncia, tambcm designada por MEFTE - BRAGAN<;:A 09, c uma organiznt;ilo cunjunta entre a 
Faculdade de Engcnharia da Univcrsidadc do Pone (FEUP), o Institute Superior Tecnico (1ST), a Universidadc 
da Bcira Interior (UBI) c o lnstituto Polilcenico de Bragun~a (IPB). que acolhc esta rca!izm,:iio no seu campus. 

Nns u!timus dccadas, Bragnn~a assumiu de forma afim1ativa uma mnior qualidadc do scu espa~o urbano, 
apostando na cvidcncia de uma nova dinamicn social, emprcsarin! c cultural. Cabc us difl!rentcs institui~iics que 
n compocm prumovcr c inccntivar ac~iies que n lomem numa das cidades mnis atr<tctivas du pais. Bragnnt;a c o 
!PB surgcm nssim nnturalmentc corno scdr: de ncolhimcnto dcstc evcnto de cnr:icter cducativo c cicnt ifico. 

Finalmcntc, o Comissao Organizadorn agradccc a todos aquclcs que contribuirnm para o succsso dcstn 
confercncia, cm especial aos nulorcs dos trabnlhos submctidos. 

Comissau Organizadora: 
Fcmando Pinhu (FEUP), Pcdro Coelho (1ST). Paulo Oli1·cira (UBI), Paulo Piloto (IPB) 

Instituto Politccnico de Bragant;n 
17- 18 de Setcmbro de 2009 
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Intumescent coating modelling based on sma11 scale experimental tests 

Luis M. R. Mcsuuita\ Paulu A. G. Pilotn1
• Murio A. P. Vnz~ 

1Polytcchnic Institute of Brngani;a, Applied Mechanics Department, Campus Sta Apoloniu. Ap. 1134. 
5300-857 Bmgan~a. Portugal 

cmail: hncsquita/Ciliph.pt http://www.iph.pt 
~Faculty of Engineering of the University ofPono, Rua Dr Robcno Frins, SIN, <1:!00-465 Porto. Portugal 

Abstmct 

An illl'l:stigariun of fll'fl ri!Oerent imumesce/11 coatings used in stcd fin• protection lw.1· been pc1ji.mned w 
cvtrluatt• tlrcir cfficien(l'. Among otlrer quamitics, the steel temperuture ami the imwncsct•nct• thicf..?wss mrimion 
we1·e nu.!osw·ed. A mathemlllica/ model f or the imwncscclll coaling is de1·eloped. It CO IISitlers the coating 
decomposition and models tire protection by m·o layers, tire reacted am/ the rmrent•tetl layer. A comparismr 
betl\'1!1!11 the cxperimemalresults and the ones obtained Jiwn the numerical model is presented. 

Key-u•tmls: Fire Protection; lmumescellf Coatings; Cone Calorimeter; Hear 7i·an~fer; Tlrcrmal 
Decomposition 

Introduction 

Thin film intumescent coatings arc mostly used in the civil construction industry to increase the fire resistance 
requirements prescribed by the structural fire design codes. They arc applied essentially to structural elements 
with inadequate fire behaviour, like the case of steel and aluminium structures. An intumescent coating when 
submitted to fire starts to bubble and swells to form a cnrbonaceous, porous, low-density char, reducing the heat 
transfer to underlying virgin material layer and therefore to the substratc. 
The pcrfonnance of two commercial water-based intumescent paint were assessed by n set of experimental tests. 
conducted in a cone calorimeter, which enables the mass loss rntc calculation, the substrate temperature and the 
intumescence thickness variation with time, [ 1]. 
A numerical model is established with the conscrvntion equation of energy for the substmtc, virgin and char 
layers, the conservation or mass of gas and solids and the transport of gos through the char is modelled using the 
empirical Darcy's law approximation. The model allows knowing the moving boundal)' and the free boundary 
locations and therefore the ovemll intumescence thickness with time. 
The pnper will focus the model development, the numeric treatment of the differential equotions and, based on 
the imumesccnce thickness variation. the steel temperature comparison between the numeric and the 
experimental results. 

2 Results from the cone calorimeter tests 

To assess the performance of two commercial water-based intumescent painL~ a set of experimental tests was 
performed in a cone calorimeter ns prescribed by the standard 1505660, [2]. The steel plates were coated in one 
side with difTcrent dry film thicknesses (0.5, 1.5, 2.5 [mm]) and tested with two radiant heat Ouxcs: 35 [kW/m2] 
and 75 [kW/m2]. The temperature evolution was measured during tests and considering discrete frnmcs the 
intumescence development was measured from image processing in Matlab, sec Fig I and Fig 2. A delailcd 
presentation of the experimental work can be found in [I]. 

3 Intumescent coating modelling 

An intumescent coating when subj ecled to a fire starts to bubble and swells to fom1 a carbonaceous. porous, low­
density char, reducing the hent transfer to underlying \•irgin material layer and therefore to the substrate. 
The model is based on the assumption that the coating decomposes in a single step reaction, at a specified 
temperature nnd in a very thin front, which separates the reacted zone from the virgin mnterial, to volatiles and 
residual char. The decomposition gnscs arc assumed to behave ideally and ure not reactive. As an additional 
simplifying assumption the char and the gases nrc considered as being in thcmml equilibrium. 
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Fig. 1. Intumescent layer cross section cut. Reference 
nnd position of the thermocouples. 
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Fig. 2. Coating A intumescence development for 4 
[mm) specimens with 1500 [IJm) dry thickness und heat 

nuxes of35 and 75 [kwm·~). 

The solution method \\'US implemented in n Matlab routine using the Method Of Lines (MOL), [3), and the 
integrator odel 5s used to solw the set of ordinary differential equations. The temperature fidd is determined by 
the steel and virgin energy equations. When the front n:uchcs the pyrolysis temperature. equal to 250 ["c], starts 
to decompose and to mow. Then the moving front rate is detem1ined and the intumescence stuns. The position 
of the free boundary is set equal to the experimental result and the intumescence temperature field is determined. 
In each time step the virgin and char layers arc re meshed. 
The numerical results follow reasonably well the experimental values, us presented in Fig. 3 and Fig. 4. The 
results show thut both the determined steel temperatures and the moving front arc strongly dependent on the 
activation energy that defines the amount of mass loss ofvirgin,..!p:....a:....in:....t:....·----------------. 

!«: 1 -tr:-1 --JcpJ ··· ·k·· - ·Uu! - .. _,<C1 1 
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Fig. 3. Steel and calcium silicate temperatures for 4 
[mm] specimens coated with a DFT of coating A 

equal to 1.5 [mm]. tested with heat nuxes of35 and 
75 (k\Vm.~]. 

4 Conclusions 
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Fig. 4. Comparison of measured and computed steel 

temperatures, Eu = 1 25KJmol- I . 

A numerical model is applied to determine the steel temperature considering the intumescence measured in the 
cone calorimeter experimental tests. The model considers the intumescent heat sink and swelling based in the 
mass transfer, swelling and the kinetic decomposition. The results show that temperature variation is strongly 
dependent on the kinetic parameters. 
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