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PREFACIO

Este volume contém os resumos dos artigos apresentados na I Conferéncia Nacional em Mecénica de Fluidos,
Termodindmica e Energia. Este evento surge na sequéncia da [ e da 1l Conferéncias Nacionais de Métodos
Numéricos em Mecinica de Fluidos e Termodindmica, organizadas pelas Universidades Nova de Lisboa (2006)
e de Aveiro (2008), respectivamente, sob as auspicios da Associagio Portuguesa de Mecinica Tedrica, Aplicada
¢ Computacional (APMTAC).

Em 2008 os participantes na Il Conferéncia exprimiram a sua opiniiio de ver alargado o dmbito deste evento,
atraindo uma audiéncia mais vasta e incluindo uma maior énfase nas aplicagdes. Os orgenizadores desta Til
Conferéncia entenderam dar resposta a esse apelo, alargando o dmbite do evento nilo 50 ao tema da Energia, que
estd intimamente ligado & Mecinica dos Fluidos e & Termodindmica, mas também retirando-lhe o foco
dominante nos métodos numiéricos. De facto, a abordagem de todos estes temas ¢ feita com variadas ferramentas
complementares, nomeadamente de caricter analitico, numérico ¢ experimental. Todas sBo essenciais para o
descnvelvimento da Mecdnica dos Fluidos, da Termodinimica e da Enerpia, todas tém o sen imbito de
aplicagdo, as suns vantagens e desvantagens e da sun utilizaglio conjunta advém o progresso neslas dreas
cientificas,

Portugal tem assistido a um forte crescimento da investigagiio nas dreas temiticos da conferéncia. A Comissiio
Organizadora regista com agrado o crescimento do ndmero de artigos cientificos {em cerca de 40%) e da sua
qualidade, essencialmente como resultado desta mudanga estratégica, apesar da proximdade a outros eventos da
mesma tematica, organizados também com o participagio da APMTAC. Os trabalhos aqui apresentados sio
maioritariemente provenientes de instituigdes de investigagiio e de ensino nacionais, mas registamos também
algpumas participagdes internacionais. Numa tentativa de aumentar a visibilidade externa e a qualidade da
conferénein, a Comissio Organizadora niio so sumentou o nimero de sessdes plendrias, esperando que estas
actuem também como catalisadoras de novos desalios, como convidou pela primeira vez trés oradores
estrangeiros.

Esta conferéncia, também designada por MEFTE - BRAGANCA 09, ¢ uma organizagiio conjunta entre a
Faculdade de Engenharia da Universidade do Porto (FEUP), o Instituto Superior Técnico (IST), a Universidade
da Beira Interior (UBI) ¢ o Instituto Politéenico de Braganga (IPB), que acolhe esta realizagiio no seu campus.

Nas adltimas décadas, Braganga assumiu de forma afirmativa uma maior qualidade do seu espago urbano,
apostando na evidéncia de uma nova dindmica social, empresarial e cultural. Cabe as diferentes instituigdes que
a compdem promover ¢ incentivar aceées que a tornem numa das cidades mais atractivas do pais. Braganga e o
IPB surgem assim naturalmente como sede de acolhimento deste evento de cardcter educativo e cientifico.

Finalmente, o Comissiio Organizadorz agradece a todos aqueles que contribuiram para o sucesso desta
conferéncia, em especial aos autores dos trabalhos submetidos.

Comissido Organizadora:

Femando Pinho (FEUP), Pedro Coelho (1ST). Paulo Oliveira (UBI), Paulo Piloto (IPB)
Instituto Politécnico de Braganga

[7 - 18 de Setembro de 2009
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Intumescent coating modelling based on small scale experimental tests

Luis M. R. Mesquita', Paulo A. G. Pilata', Mirio A. P. Vaz

'Polytechnic Institute of Braganga, Applied Mechanics Department, Campus Sta Apolonia, Ap. 1134,
5300-857 Bruganga, Portupal
email: Imesquitad'iph.pt  htip/www.ipb.nt
*Faculty of Engineering of the University of Porto, Rua Dr Roberto Frins, S/N, 4200-465 Porto. Portugal

Abstract

An investigation of two different intumescent coatings nsed in steel five protection has been performed to
evaluate their efficiency. Among other quantities, the steel temperatire and the intumescence thickness variation
were measured. A mathematical model for the inmmescent coating is developed. It considers the coating
decomposition and models the protection by two lavers, the reacted and the unreacted laver. 4 comparison
Lenveen the experimental results and the ones obtained from the numerical model is presented.

Key-words: Fire Protection;  Itumescent  Coatings; Cone  Calovimeter; Hear Transfer;  Thermal
Decomposition

1 Introduction

Thin {tlm intumesecent coatings are mostly used in the civil construction industry 1o increase the fire resistance
requirenients prescribed by the structural fire design codes. They are applied essentially to structural elements
with inadequate fire behaviour, like the case of steel and aluminium structures. An intumescent coating when
submitted 1o fire starts to bubble and swells to form a carbonaceous, porous, low-density char, reducing the heat
transfer to underlying virgin material layer and therefore to the substrate.

The performance of two commercial water-based intumescent paint were assessed by a set of experimental tests,
conducted in a cone calorimeter, which enables the mass loss rate calculation, the substrate temperature and the
intumescence thickness variation with time, [1].

A numerical model is established with the conservation equation of energy for the substrate, virgin and char
lnyers, the conservation of mass of gas and solids and the transport of gas through the char is modelled using the
empirical Darcy’s law approximation. The model allows knowing the moving boundary and the free boundary
locations and therefore the overall intumescence thickness with time.

The paper will focus the model development, the numeric treatment of the differential equations and, based on
the intumescence thickness variation, the steel temperature comparison between the numeric and the
experimental results.

2  Results from the cone calorimeter tests

To assess the performance ol two commercial water-based intumescent paints a set of experimental tests was
performed in a cone calorimeter s prescribed by the standard 1805669, [2]. The steel plates were coated in one
side with different dry film thicknesses (0.5, 1.5, 2.5 [mm]) and tested with two radiant heat fluxes: 35 [kW/m2]
and 75 [kW/m2]. The temperature evolution was measured during tests and considering discrete frames the
intumescence development was measured from image processing in Matlab, see Fig 1 and Fig 2. A detailed
presentation of the experimental work ean be found in [1].

3 Intumescent coating modelling

An intumescent coating when subjected to a fire starts to bubble and swells to form a carbonaceous, porous, low-
density char, redueing the heat transfer to underlying virgin material laver 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 and in a very thin front, which separates the reacted zone from the virgin material, to volatiles and
residual char. The decomposition gnses are assumed to behave ideally and are nol reactive. As an additional
simplifying assumption the char and the gases are considered as being in thermal equilibrium.

o7
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Fig, 1. Intumescent layer cross section cut. Reference Fig. 2. Coating A intumescence development for 4
and position of the thermocouples. [mm] specimens with 1500 [um] dry thickness and heat

Muxes of 35 and 75 [kwm™],

The solution method was implemented in a Matlab routine using the Method Of Lines (MOL), [3], and the
integrator ocfe] 53 used to solve the set of ordinary differential equations. The temperature field is determined by
the sieel and virgin energy equations. When the front reaches the pyrolysis temperature, equal to 250 [°c], starts
to decompose and to move. Then the moving front rate is determined and the intumescence starts. 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 are remeshed.

The numerical results follow reasonably well the experimental values, as presented in Fig. 3 and Fig. 4. The
results show that both the determined steel temperatures and the moving front are strengly dependent on the
activation energy that defines the amount of mass Joss of virgin paint.

e I — e -—Tcp? “ee el - B — Iitas l
Arsas -
e
— AR =
— arsars?
— ATS [ P —
PRISTES
Asn
e S e
v
e 3o o Do P R T L
L] Ao b () e 3 en

Tuse 3] Tme Ii]

Fig. 3. Steel and caleium silicate temperatures for 4 Fig. 4. Comparison of measured and computed steel
[mm] specimens coated with a DFT of coating A
equal to 1.5 [mm]. tested with heat fluxes of 35 and
75 [kWm™).

temperatures, Ey= 125K dmol ™1

4 Conclusions

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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