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O que é dindmica de incéndios?
Software FDS
Exemplos de estudos realizados

o Fundamentos
o Fenomenologia
o Ferramentas de engenharia

* Pesquisas em andamento
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CONTENTS

An Introduction to

1 Fire science and combustion

2 Heat transfer

3 Limits of flammability and premixed flames

4 Diffusion flames and fire plumes

5 Steady burning of liquids and solids

6 Ignition: the initiation of flaming combustion

7 Spread of fire

8 Spontaneous ignition within solids and smouldering combustion
g I 9 The pre-flashover compartment fire

Dougal Drysdale 10 The post-flashover compartment fire

11 Smoke: its formation, composition and movement

Third Edition

$IWILEY

4/62




§l PROGRAMA DE P @ £ e 3
UFRGS POS-GRADUACAD EM L B[
nIvERsIDADE FEDERAL EGENHARIA MEGANGA LABORATORIO DE DINAMICA DE INCENDIOS

5/62




§l PROGRAMA DE /\@ % 3
UFRGS POS-GRADUAGAD EM L B[
UNIVERSIDADE FEDERAL e Shnaa LABORATORIO DE DINAMICA DE INCENDIOS
SOFTWARE FDS

6/62




UFRGS

UNIVERSIDADE FEDERAL
DO RIQ GRANDE DO SUL

PRO PROGRAMA DE N\ é?) 1 d
MEC s dmuoumcioen L Pl
ENGENHARIA MECANICA LABORATORIO DE DINAMICA DE INCENDIOS

Fire Dynamics Simulator (FDS)

Desenvolvido pelo NIST e VTT Technical Research Center

Simulacoes de escoamentos conduzidos pelo empuxo, em particular, incéndios
Turbuléncia: metodologia LES, baixo Mach, malha estruturada cartesiana
Combustdo: Espécies aglomeradas + EDC; Radiag¢éo: FVYM + GC ou WBM

Condicoes de contorno, instrumentos e sensores apropriados para estudos sobre
incéndios

Programacdo escrita em linguagem Fortran, com interface de usudrio via arquivo de
texto (arquivo de entrada .fds), resultados gravados conforme solicitado pelo
usudrio em arquivos .csv e .smv (Smokeview: visualiza¢do de resultados).

Download (gratuito): https://pages.nist.gov/fds-smv/
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Fire Dynamics Simulator (FDS)

FDS-SMV

Fire Dynarmics Simulator (FDS) and Smokeview [SMY)

Fire Dynamics Simulator (FDS) is a large-eddy simulation (LES)
code for low-speed flows, with an emphasis on smoke and heat

transport from fires.

Smakeview (SMV) is a visualization program used to display the
output of FDS and CFAST simulations.
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ire Dynamics Simulator (FDS)
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Fire Dynamics Simulator (FDS)

mi

WEL_TLIN,
000600
I
420601
Uil
FIEOL
L ¥
LEE B
#AM 01

1. « (; c 0 miy i nifs mfy min mfa i)
1 Time T D1 1T m T 000 TC 004 VEL_TUN_ WEL_TUMN_ VEL_TUN, VEL_TLN_ VEE_TUN, BTN VL TLAN W TN WL TN
3| 000603 LIOEMM LIOESL 260808 LOOFC] DDOE-DD 08000 MICEE D0OT00 000830 0O0ESDI DO0F BOEDE 10E0
4 | JIE0L LML TIOEAL LA0E0N ZROCWA 15400 15401 LEOE LSBT LS4E0 1506 RABE-D1 LAEE-DL
3 GIEDE 1S2E LOIEGDD LOOKSD BEOEW AMEDE 40401 ATEGL 28501 4ME01 AMEDD AITE01 4 2EQ
£ | SATEOL LI5E: ZIOEW GAGEDL GASEO1 GAEELL BASES BAGE1 o SAGEDT BASESL
1| i FEET BbE 7,156 A F Ak 178601 7,356 0
 ismem 2k AL EIELOD R0 LA wLm K01 PR
®  1Acesm EETINT: WG] B4 BA0] BANAD LETE R S ST ] wmea
18 .utd=00 it Shel0r D401 AN L - LT H i -1 .55
11 3Aw-00 TRIFE FANG-OY BROE-01 QEIF BAE-21 SAE-DY sanE-on
12 279600 EREI R SAREDL BESEO] LINEMD 3 FAED) a
13 300600 3096401 SRSE-01 1 MHEHE 983601
147 3306e00 2k QOSEDT 1 IE MK 1,01 4 0AEO
15 361E=00 5. a3Ewt 2500 102ERD 4 EEATE TR
18 391E-00 BAILEL LIREe00 IO00L0e DBAL-OT 1 LMoo
i oaau-m i S000-00 L0 10008 0NE-3 LM s
18| As1Ee0n | ST a1 1 LT 0, 885-01 u L
18 481F=0 1 ESEend BEAL-0N LIRS0 00000 WRIF<T) SAIT4IL S ERE-01 1, aF =00
5,106 w00 125 SENE-01 1NIEMN 100600 BEIEG] SS1ED] 9A9E01 109Ew0
SAIE=00 LAIEHE LIBERD 8006 00 ATHENE LAOEA0 L 3 88E-01
23 STEE00 HAGENR LECESDE HARE LOIEHN 100008 HIHAL 1L 1ME%
23| 600600 4BOE0E 1IIEE HIE LIESD 3006408 BME0T DIEEG 10ICL00. B
24| Bavksm T O LN WEIETL AR L0080 1,000
T LIAESE 10000 WD 94001 Geal-01 1M+
LM OTEER SERI-01 LATESN 800000 FAMAL oSG0l 1 marn
LA 2IEHD QENE0] LOICHO 100000 AL 985601 1,006+30
ABEHN 2 ISEHR LOTEN 8064080 AW LME00
521602 LMEMD LOIED0 L0408 ST LME00
SI6EAE 3 SEEMIE LU3EMN. R0 einh AL 1, ME0
L1 pRiEu LUE W) LUK (0 LYOE 01 WLUSE 11 100K O
e ——

E 160 Sote it 20001 _FSuE

o
=i

WEL_TRIN VI

EEnTE
TAIE-01
430001
BATE 0L
A TSE 01
B E
01001
a5a0-01

1ENEC0
8801
5,801
0,05 81
0,8 01
a0
w1
L
5,801
9,99 11
501
G601

n
i

T
(YT,
199602
23801
SMEOL
558601
& A01
22a0-m
a.3a0-01

s
1p0E
78201
7 E5E-0L
THEEOL

3
miu
WER_TUN
B
159002
501
S0
534E-0
B0
risran
B3

Fanim
raE-m
720811

mh
WEL_TI,

LIBEw
SME#L
6, -l
2008
BarEe
EaE-ol
B
2.

T79E
M
Lo
AL
ERLTEI]
xuim
Furm
Ta0i-01
7azE0)
7a5E
T2BE0

LRt
P
55601
ASIE B
SSEEHL
05TERL
0,538 61
LT
wnar-a
81
,55E 81
03561
3
0P 5

v

ach

QSNE00
L2E-02
E196-01
SEEH
#isEal
(TR L]
LR

agem

A0
SAE-01
LME-0D
4ATE-01
LHELD
LR
Lmiteog
5.0
1,400
LT+
LDB2ESD
1.038+00
1000
LMEDD

1
LO5E-00
E

LA

LME-00 108400
LIMESDD 1,008 400
LSELDD 1036400

LHE W00 -

LU=k L0

mh
WEL_TU_ VLTIV

JETTTIE

w
me

bar 6,
LGIED2 2
L13EDL 1
SRIEHM &
AEEDL T
ET LT R
arEEaL %
AT}
LBIEHa
LUSEr
LOIEH
L
LE 1,
LIED
LT
LmCLa
DS
LsE
LASE i
0L
LOIEH

pEa 1,
(LI
LOICH
LRIEME
EIIEHD
LOIE
Lok

o e

- 7w PL@O0O0F @

10/62




PRO PROGRAMA DE N\ @ 1 d
MEC s dmuoumcioen L Pl
. ENGENHARIA MECANICA LABORATORIO DE DINAMICA DE INCENDIOS

UFRGS

UNIVERSIDADE FEDERAL
DO RIQ GRANDE DO SUL

EXEMPLOS DE ESTUDOS

* FUNDAMENTOS
* FENOMENOLOGIA
* FERRAMENTAS DE ENGENHARIA

11/62




UFRGS

UNIVERSIDADE FEDERAL
DO RIQ GRANDE DO SUL

~u
PROGRAMA DE 2N @ $
PGS-GRADUAGAD EM || ﬁ/‘/]

ENGENHARIA MECANICA LABORATORIO DE DINAMICA DE INCENDIOS

EXEMPLO DE ESTUDO FUNDAMENTAL

12/62




~u
PROGRAMA DE 2N {% $
PGS-GRADUAGAD EM || ﬁ/‘/]

ENGENHARIA MECANICA LABORATORIO DE DINAMICA DE INCENDIOS

UFRGS

UNIVERSIDADE FEDERAL
DQ RIQ GRANDE DO SUL

Contents lists available at ScienceDirect

FIRE
SAFETY
JOURNAL

Fire Safety Journal

EI SEVIER journal homepage: http://www.elsevier.com/locate/firesaf

Radiative transfer calculations in fire simulations: An assessment of Updaiea’
different gray gas models using the software FDS

C.S. Fernandes, G.C. Fraga, F.H.R. Franca, F.R. Centeno

Universidade Federal Do Rio Grande Do Sul, 425 Sarmento Leite St, Porto Alegre, Brazil
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 Objetivos

Verificar o desempenho de diferentes modelos de gas cinza (GG) no calculo da
transferéncia de calor radiativa em simulagoes de incéndios:

‘Trés diferentes formulagdes de modelos GG foram implementadas no solver de:
' radiacao do software FDS, e seus resultados foram comparados a experimentos.

Simulacdes acopladas: transferéncia de calor radiativa foi resolvidai
simultaneamente a modelagem de escoamento e combust3o. |

_____________________________________________________

' Trés experimentos foram utilizados para comparacao de resultados:
- Um incéndio em compartimento fechado, queimando etanol
- Um incéndio em poca em ambiente aberto, qgueimando heptano
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 Transferéncia de calor por radiagdo térmica e o modelo GG

Equacao da transferéncia radiativa (RTE) para meio que nao espalha radiacao térmica:

dI
Forma espectral: E”= —xpdy + %515

Forma cinza: ﬂ = —xI + xl,

ds

Trés aproximacoes foram consideradas para calcular k:
(1) Modelo padrao do FDS
(2) Modelo com coeficiente de absorcao com média de Planck
(3) Modelo com coeficiente de absorcao baseado na emitancia
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 Transferéncia de calor por radiagdo térmica e o modelo GG

Fire Safety Journal TOH (2079) 102843

Contents lists available at ScienceDirect FIRE
SAFETY
JOLURNAL

Fire Safety Journal

journal homepage: www.elsevier.com/|locate/firesaf

Evaluation of different gray gas formulations against line-by-line 7))
calculations in two- and three-dimensional configurations for participating | %&&
media composed by CO,, H,O and soot

G.C. Fraga , L. Zannoni, F.R. Centeno, F.H.R. Franca

Mechanical Engimeering Department, Faderal University Rio Grande Do Sul. Porto Alegre, RS, Brazil

Trés aproximacoes foram consideradas para calcular k:
(1) Modelo padrao do FDS
(2) Modelo com coeficiente de absor¢ao com média de Planck
(3) Modelo com coeficiente de absor¢ao baseado na emitancia

16/62
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*  Modelo com coeficiente de absor¢do com média de Planck (k,-based):

Expressoes polinomiais para o coeficiente de absorcao em média de Planck para os
principais produtos da combustao de hidrocarbonetos: didoxido de carbono, vapor

d’agua e fuligem.
f,; K Iy

B j?; [brg d?]

Kp

4

PxZ:_“C}_fT" for y=c and y=w

3 _ Km = K¢ + Ky + K
b,y . CpiT for y=s

F. Cassol, R. Brittes, F.R. Centeno, C.V. da Silva, F.H. Franca, Evaluation of the gray gas model to compute radiative transfer in non-isothermal, non-
homogeneous participating medium containing CO2, H20 and soot, J. Braz. Soc. Mech. Sci. Eng. 37 (1) (2015) 163-172,
https://doi.org/10.1007/s40430-014-0168-5. 17/62
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 Modelo com coeficiente de absor¢do baseado na emitdncia (cb-WSGG):

A emitancia foi calculada conforme a metodologia apresentada em Cassol et al. para
superposicao de efeitos individuais de CO2, H20 e fuligem, obtidos com o modelo
WSGG:

= A Ay j, as.i,{ 1 —exp|(xci. +Kyi, +K54)5] }

_ln(l — £)
S

F. Cassol, R. Brittes, F.H. Franca, O.A. Ezekoye, Application of the weighted-sum-of-gray-gases model for media composed of arbitrary concentrations
of H20, CO2 and soot, Int. J. Heat Mass Tran. 79 (2014) 796—806, https://doi.org/10.1016/j.ijjheatmasstransfer.2014.08.032 18/62
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Experimentos empregados para testes dos modelos

Test case 1 — Tu et al. Pan top view
0.3m
Black walls, 20°C «T10 P
¢T9
: RI T1
T8 [P iy [SERTEIINE E
‘:'T? D 13m ! ET.J. P
+T6 i
T5 -
dim T3
‘E
Ethanol pan 3
A Pan front view D

« Radiative fraction = 0.2
*  Soot yield = 0.0012 goot’kGyel

. * Data processing: steady state, average
*+ Measurements: TCs and radiometers between 200 s and 530 s after ignition

* Closed compartment, 10 mx7 m x4 m

+ Ethanol square pan, 0.3 m, 14 mm deep

R. Tu, J. Fang, Y.-M. Zhang, J. Zhang, Y. Zeng, Effects of low air pressure on radiation-controlled rectangular ethanol and n-heptane pool fires, Proc.

Combust. Inst. 34 (2) (2013) 2591-2598, https://doi.org/10.1016/j.proci.2012.06.036
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Experimentos empregados para testes dos modelos

Test case 2 — Lin et al.

Open boundaries

/ - - Open pool fire (domain 1.5 m x 1.2 m x 2.5 m)
= * Heptane circular pan, 0.3 m dia, 2 mm deep

T.=20°C

« Measurements: tree of radiometers located
0.75 m from pan center
« Radiative fraction = 0.305

i | » Soot yield = 0.0085 g¢uo’KGsyel
h\_\ > / ) » Data processing: steady state, average
Fuelpam Y=12m between 100 s and 300 s after ignition

C.-H. Lin, Y.-M. Ferng, W.-S. Hsu, B.-S. Pei, Investigations on the characteristics of radiative heat transfer in liquid pool fires, Fire Technol. 46 (2) (2010)
321-345, https://doi.org/10.1007/s10694-008-0071-7 20/62

Radiometers tree
Z=25m
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Experimentos empregados para testes dos modelos

Test case 3 — Sahu et al.

7 » Compartment (cube, 4 m x4 m x 4 m)
’ with an opening (2 m x 0.2 m)

| » Methanol circular pan, 0.6 m dia, 120
¢ mm deep

- ] | / « Measurements: net heat flux at walls
— ’:\: & « Radiative fraction = 0.2
_ 7 « Soot yield = 0.006 ggo0/Ksyel

. X « Data processing: transient, averaged
around * 10 s of the desired instant of
time

D. Sahu, S. Jain, Shashi, A. Gupta, Experimental study on methanol pool fires under low ventilated compartment, Procedia Earth Planet. Sci. 11 (2015)
507-515, https://doi.org/10.1016/j.proeps.2015.06.051 21/62
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Modelagem numérica

Discretizacdao angular: N, = 500 para integracao direcional da RTE.

Radiative heat
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——ca &
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Grid cell size, dz (mm)

Radiative heat

flux (W/m?)

400

- -
-
4
0 500 1000
Number of control angles, Ng

Ax = 2,5 cm

Discretizacao espacial: malha mais refinada no entorno das chamas e onde os
radibmetros estavam posicionados. Estudo de malha baseado no critério 4 < D*/6x <

16 e no critério M de Pope.
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e  Resultados

Pan top view
‘ 0.3m
Test case 1 — Closed compartment, ethanol pool
R1 Tl £
Comparison of results for the simulations with different GG models and the experimental data of [25] for test case 1. B i
The deviations relative to the measurements (in %) are shown in the parenthesis. it
ig
i
Non-sooting calculation "'
Tu et al, [25] default-FDS xp -based cb-WSGG D
Radiometer 1 (W/ m?) :4?3.1 * 1.5 i :719-3; -: ::_3?’-2; -: i-ScTG'.:! i R2
""" (ER @y} UssL
Radiometer 2 (W/ m?) 473.8£1.5 515.0 375.7 510.2
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Sooting ealculation  (max soot: 0.12 ppm)
Tu et al. [25]) default-FDS xp -based eb-WSGG
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""" e M Lz s
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e  Resultados

Test case 2 — Open heptane pool fire

Vertical distribution of the radiative heat flux 0.75 m away from the pool center for test case 2.

Comparisons between the simulation results and the experimental data of Lin et al. [27].

Open boundaries

xﬂ"“‘x,__
- - . . . -H--\-‘\““H-‘--\-h-
Simulations i Simulations :
- | " | —~
L &, without soot ; with soot T~
-; z . . ‘.' Fl ‘-_. : ¥ —r
2 > 2% / i = Lin et al. g " | =20
—c — N A o
g = —— default-FDS £
: oz - - i p-based E E
g = 1 --a--chb-WSGG £ &
£ 8 default-FDS: 11% _
Ke-based: 18% . T
: r - = = M
0.0 0.5 1.0 1.5 00 0.5 1.0 1.5 ——— e
){:i.SM .
z (m) z (m) .
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* Resultados
Test case 3 — Compartment with opening, methanol pool

Incident net heat flux on the walls of the containment structure for test case 3 at two vertical positions.

z=1m 20z=3m -
= ~ m -
& 1.6 } & ] ¥ -
§ = ; :1_“ 1.8 { J = Sahu et al. j A
2 & 1.4 = ) —+— defanlt-FDS : _
-_'g é _:':4-' ; 1.6 - —mm== -'.-‘H.p—llﬂ.“i’!‘.(] . i w ’
E = 1.2 2 = ' e ch-WSGG fui ’ |
- =g ' 3 e
= 2 14 / — |/ J/@
1.0 { 3 1 LY
| . e,
200 400 600 800 200 400 600 800 4L _/:g./
t(s) t(s) i %
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EXEMPLO DE ESTUDO FENOMENOLOGICO
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 Objetivo

- Influéncia do vento (velocidade e direcao) sobre a taxa de liberacdao de calor
necessaria para atingir o flashover em incéndios em compartimentos com paredes
termicamente finas ou termicamente espessas.

By “

)]
=

Semi-empirical model for estimating the heat release rate required for
flashover in compartments with thermally-thin boundaries and
ultra-fast fires

M. Beshir™ |, ¥. Wang ', F. Centeno ™", B. Hadden ", 8. Walch ", D. Rush™
A V L sy Lrwworsy of Ebargty, 1X

v Frdiral Dnboenaty of B Grasl sba Sl Pomos Alegre, B3, Brasd

Thin: t, = 4x1073 s, Bi = 1x10™
Thick: t,=200s, Bi=1
Figure 1. Small-scale compartment experiment (open ceiling for internal visualization).

Source: adapted from Beshir et al. [9]. 30/62
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* Validagdo \
- o, 1.0 1
700 | £ g ¢ Experiments [1¢[13]
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Ei 600 i E 08 | M Present work (FDS) e TR
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wind velocity [m/s] (a) wind velocity [m/s] (b)

Figure 3. Comparison between experiments (L1 ef al. [13]) and FDS (present work) for
several wind velocities for a heat release rate of 87.84 kW: (a) Temperatures beneath the
ceiling, (b) Flame projection probability.
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e (Casos estudados
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(a)

Fig. 5. Domain dimensions and main dimensions of the wind tunnel and the compartment: (a) Compartment positioned with its back wall windward (BWW), (b)
Compartment positioned with its side wall windward (SWW).

- Malha: BWW 1.485.225 volumes e SWW 1.209.600 volumes

- Tempo computacional: 70 horas (thin) até 160 horas (thick)
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e Estudo de malha

Qo )
2. 2.
g o)
= =
200 —dx=2.5cm 200 I— —dx=2.5cm
—0x = 5cm —0%x = 5 cm
Lup ! —03x =10 cm L —0x =10 cm
0 T Y TR ST NG ST TNNAY VAN VO DNNRS SN TN TN TN UM SN AT LT UMY VAN T N ST O T | 0 i 0 U a & a0 & i a0 b i a & 0 & a8 0 1 i 2 i
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time [s] (a) time [s] (b)

Fig. 6. Mesh sensitivity analysis: influence of the domain discretization size (6x = 2.5 cm, 6x = 5 cm, 6x = 10 cm) on the hot gas layer temperature, Results obtained

for: (a) Side wall windward (SWW), thermally-thin boundaries, wind velocity = 2 m/s, HRR = 67.5 kW, (b) Back wall windward (BWW), thermally-thick boundaries,
wind velocity = 3 m/s, HRR = 37.5 kW.
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- @BBWW, thin walls A
- OSWW, thick walls
- ABWW, thick walls A
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35m

-

Transferéncia de calor
Mecanica dos fluidos

Fig. 7. (a) Influence of wind velocity on heat release rate necessary to reach the onset of flashover (HRRy,) inside the compartment for side wall windward (SWW)

and back wall windward (BWW) and for thermally-thin and thermally-thick boundaries;
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 Andlise de transferéncia de calor
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Fig. 7. (a) Influence of wind velocity on heat release rate necessary to reach the onset of flashover (HRRy,) inside the compartment for side wall windward (SWW)
and back wall windward (BWW) and for thermally-thin and thermally-thick boundaries; (b) Influence of wind velocity on the overall heat transfer coefficient (7).

4 1B I I N
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( cond T REQ.im i EQ'EH) (‘k ki (hmm- + hmd) int - (hm"" T hmd) f-"f) 36/62




UNIVERSIDADE FEDERAL
DO RIQ GRANDE DO SUL

PRO

MEC

PROGRAMA DE
POS-GRADUAGAD EM
ENGENHARIA MECANICA

NP

LABORATORIO DE DINAMICA DE INCENDIOS

 Andlise de transferéncia de calor

20 !
= 16 8
) B
g o B
z
= 8 [— @ N |
7 L &SWW. thin walls
. ! BEWW, thin walls

§ 4 CISWW, thick walls |
= ABWW, thick walle
‘h PR S U TH WS T (R W T (U T T PR T T R [N S T T 1

0.0 0.5 1.0 L5 20 25 3.0
wind velocity [m/s]

6.0 ¢
= S.U f};
o 3
L4048 ] [ B ;
2 3.0 8 S o W0
3 I @ l [A) FAY
- 3 A FaY
520 F————— ASWW. thin walls -
: E BEWW. thin walls
£10 F OSWW. thick walls
[ ABWW, thick walls
{l‘ﬂ [ ) i r. 2 3 3 1 i L

0.0 0.5 1.0 1.5 20 25 30
wind velocity [m/s]

Coeficiente convectivo

30 F A A A LA
-l g
§,4 0 O =
S 208 = a =] a o
oo A A
= DA m
g I ASWW, thin walls o
= 10 A EBWW, thin walls A
= 5| OSWW, thick walls
ABWW. thick walls
t] L 1 i i a i 1 i a4 1 s | i 1
0.0 0.5 1.0 1.5 2.0 2.5 30
wind velocity [m/s]
0
30 O Fiy & i
=75 A L o
=75 A
o o § @& 8 *®
£ o0 @ 2 i &
z 452
= A - A 0
E 30 > & SWW, thin walls A
"E' i BEEWW, thin walls A
= 15 |- OSWW. thick walls
- ABWW, thick walls
(] [ i L 1 Ad L | 1 i
L0 0.5 1.0 1.5 2.0 25 3.0

wind velocity [m/s]

Coeficiente radiativo

U [W/(m*K)]

Wirsgamms EQ. (2)
i
- : / ! Fq.(2)
B comer B (3) ) sl |
i a¥) F
o [ Eq. (4) ]
7
Wt B (1) N \
ot | :
Z
- N MBS el e -
Ry radinti o i i 1 !
rce T I 1
]
Y o
s all thermal rekstan i g 1 )
equavalent resk 1 1 L
30 T sy
CASWW, thinwalls BBWW, thin walls
25 — OSWW, thick walls ABWW, thick walls = '
£ o |
: s B
200 ¢ o 4 \
E (] -
.8 A A |
15 & L |
._ A
10 - |
3 O O O g a A
5L
0 : TUG N T SN G T WA N A A i W G VO T GO WA TG G Y [ N W T N O
0.0 0.5 1.0 L5 20 2.5 30

wind velocity [m/s]

Coeficiente global 37/62




UNIVERSIDADE FEDERAL
DO RIQ GRANDE DO SUL

PROGRAMA DE
POS-GRADUAGAD EM
ENGENHARIA MECANICA

PRO
MEC

NP

LABORATORIO DE DINAMICA DE INCENDIOS

=y E Pressure
— [Pa] B
= Lo 05
.S = ! = . : : A0 @O
0 — | = 04 =Y A0 @O W
B 2.6 =7y A0 @0 ¥
D : 'ﬁ E 03 m  AD @
= . E 0.8 - @A AO0 @0 ¥
B 17 .-GE‘ 0.2 ma AD @O ¥
— N -1.0 = ma &8 @0 ES
il -I. . l a.l 'Y v = e *
; e £ ASWW, thin walls ) -3.5 I o s - o )
70 F @BWW. thin walls - A o : %
Fig. 11. Pressure slices at a horiz] 60 E OSWW. thick walls walls: (a) BWW, HRRy, = 37.5 kW; (b) SWW, HRR = 60 -50 -40 -30 -20 -L0 00 10
375 KW- = _ [ ABWW.thick walls A pressure [Pa]
E 30 E o =l g =
‘—; 40 o - | O SWW, thick walls, 2m's A SWW, thin walls. Zm's 0 BWW, thick walls, 2m's & BWW_ thin walls, 2m's 4 no wind, thick walls, 0 m/'s
;E‘ @ é a a A A = | B SWW._ thick walls. 3m/s & SWW, thin walls, 3 m'’s @ BWW. thick wall. 3 mis & BWW. thin walls. 3m’s X no wind, thin walls 0 m's
g 30 ¢ O
= O
20
10
{} Ci o o 5 ) v 3 s & § o ¢+ o 3 & o v o o 4 o o v o 0 o 5 s 3 }
0.0 0.5 1.0 1.5 2.0 2.5 3.0
wind velocity [m/s]

38/62




PROGRAMA DE
UFRGS POS-GRADUAGAD EM
UNIVERSIDADE FEDERAL ENBENHARIA MEBEHIGA

DO RIQ GRANDE DO SUL

NP

LABORATORIO DE DINAMICA DE INCENDIOS

 Andlise de mecdnica dos fluidos
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 Andlise de mecdnica dos fluidos
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Journal of the Brazilian Society of Mechanical Sciences and Engineering (2022} 44:195
https://dol.org/10.1007/540430-022-03431-2

TECHNICAL PAPER

Semi-empirical correlations for predicting hot gas layer temperature
in pre-flashover compartment fires considering fire source location

Intermatienal Jenrnal of Thermal Sciences 208 (2025) 109464

Contents lists available at ScienceDiroct

Calisa Katiuscia Lemmertz'® - Rodolfo Prediger Helfenstein' - Mohamed Beshir? - David Rush? - . .
Wolfram Jahn Von Arnswaldt® - Felipe Roman Centeno' International Journal of Thermal Sciences

5 !E -’_iipkh“l'
ELSEVIER journal homepage: www.elsevier,com/locatelijis

The impact of fire source location on hot gas layer temperature in
multi-compartment pre-flashover fires: Analysis and semi-empirical
model development

Rodolfo Prediger Helfenstein, Calisa Katiuscia Lemmertz, Felipe Roman Centeno

Departent of Mechanical Engineering, Federal University of Rio Grande do Sul, Sarmenio Leite Street, 425, Porto Alegre, RS, 80050-170, Brazil

42/62




$
UFRGS

UNIVERSIDADE FEDERAL
DQ RIQ GRANDE DO SUL

~
PROGRAMA DE N @ ‘
POS-GRADUACAD EM | | ﬁ/‘/]

ENGENHARIA MECANICA LABORATORIO DE DINAMICA DE INCENDIOS

 Objetivos

- Analisar a influéncia da posicao do fogo na sala sobre a temperatura da camada de
gases quentes e seu comportamento em um incéndio em compartimento com duas
salas.

- Desenvolver um modelo de engenharia semi-empirico para calcular a temperatura
da camada de gases quentes na sala adjacente a sala onde esta o fogo.

43/62




AV
PRE | e A

UFRGS :
MEC | excenmann vecinea LABORATORIO DE DINAMICA DE INCENDIOS

UNIVERSIDADE FEDERAL
DO RIQ GRANDE DO SUL

e Dominio computacional

Thermocouples trees Computational

/ 1 \ \\ \\ Adjacent ljom P oo
d]

Fire room

245 m

i
Fire room opening j —-—-ﬂ..____________‘__:’//
Adjacent room

4/62




P RO PROGRAMA DE

M E C POS-GRADUAGAD EM
ENGENHARIA MECANICA

UNIVERSIDADE FEDERAL
DO RIQ GRANDE DO SUL

Ny é

LABORATORIO DE DINAMICA DE INCENDIOS

 Posigcoes do fogo

Vertical variation of the fire position

A A A

Fire room
3
= 3
Adjacent room 3

Horizontal variation of the fire position “

—| 1175m |—1.775m —

e D| |[E]

A Door

|
1
H
3
x

T
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T - - -
Fire room
§ =
L]
Adjacent room
-_________.--""'_.'-_—‘

Adjacent room

Fire room

| 1725 m—= 1125m |
1
w

Fire room
=l 1133m |——
1
Adjacent room
—~—] —

List of the openings and HRRs employed in the simulations.

Ground level

1% elevation

2 glevation

7 Fire room opening (m®) HRR (kW) Adjacent room opening (m?)
1 0.59 = 1.7 86 1.8 x 1.8

2 0.89 % 1.7 86 1.8x1.8

3 0.59 % 1.7 171 1.8 x 1.8

4 0.89 = 1.7 171 1.8 x 1.8

5 0.59 = 1.7 342 1.8 x 1.8

6 0.89 = 1.7 342 1.8 =% 1.8

4 1.19 x 1.7 86 1.8 x 1.8

8 1.19 % 1.7 342 1.8 x 1.8

9 1.19 = 1.7 86 1.19 = 1.8

10 1.19 x 1.7 342 1.19 x 1.8

11 1.19 x 1.7 86 0.89 x 1.8

12 1.19 = 1.7 342 0.89 x 1.8

13 0.89 x 1.7 86 119 x 1.8

14 0.59 = 1.7 &6 0.89 x 1.8

15 0.89 = 1.7 342 119 x 1.8

16 0.9 x 1.7 342 089 x 1.8

17 0.59 x 1.7 86 1.19 x 1.8

| Thestuocen yhes oo P

O Adfacent monm opening [rip———

45/62




N
PROGRAMA DE A% éE} $
POS-GRADUAGAD EM L i ﬂ/‘/]

rmyammALs e LABORATORIO DE DINAMICA DE INCENDIOS
 Estudo de malha
- a Experimental ol o Experimental
- 8x=10cm (95325 volumes) — Bx=10cm
2 |oe8x=9cm (131040 volumes) 2 2 |eusiens 6x =9cm »
T ~==&x=8cm (184977 volumes) k3 £ ===5x=8cm .
"2'1'5 —bx=7cm (265335 volumes) ‘ él glf’ —Bx =7 cm s=zza=A
o o
2 ) 2
E 1
s ! ! 5
2 J
0.5 0.5 1
A
A
0 A 0 i
273 323 373 423 473 523 273 293 313 333 353 373
Temperature (K) Temperature (K)
a) Fire room b) Adjacent room
Fig. 4. Mesh sensitivity analysis of the temperature profiles for Scenario 1: (a) fire room and (b) adjacent room.
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Values of D* and D*/éx for the evaluated meshes for each fire scenario.

Scenario D* D*/éx
ox = 10 cm ox =9 cm ox =8 cm dx =7 cm

1 0.360 3.60 4.00 4.50 5.14

2 0.361 3.61 4.01 4.51 5.15

3 0.474 4.74 5.27 5.92 6.77

4 0.625 6.25 6.95 7.82 8.93

5 0.625 6.25 6.94 7.81 8.93

6 0.606 6.06 6.73 7.57 8.65

7 0.796 7.96 8.84 9.95 11.37

Mesh quality analysis for Scenario 1.
ax Fire room Adjacent room Computational time (h)
Zint (M) T, (K) Zit (M) T, (K)

10 em 0.22 455.7 1.15 359.7 =12 (95325 volumes)
9 cm 0.24 (9.1 %) 473.4 (3.9 %) 1.24 (7.8 %) 357.8 (0.5 %) =17 (131040 volumes)
8 cm 0.25 (4.2 %) 473.5 (0.0 %) 1.26 (1.6 %) 355.2 (0.7 %) ~26 (184977 volumes)
7 cm 0.23 (8 %) 458.3 (3.2 %) 1.29 (2.4 %) 356.1 (0.3 %) =42

(265335 volumes)

* Values inside the brackets are relative deviations associated with the immediately coarser mesh result.
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Validagcéo

25 g - 2.5 -
& Experimental 4 Experimental H H.
| — = 10em — fw=10cm ‘ . 1
2 |eeeBx=9cm > 2 |--Bx=9em - Il — T(Z}dz 12 — _dz

£ | ===6x=8cm : £ |===Gx=8cm . T[z)

- | ez = 7 cm 1 = —fu=T7ecm e 0 0

£15 | ; £15 ==

) - )

2 ; z

E 1 ' E 1

g / § 2

T, (I 1Is — H, )
0.5 0.5 B —
sz . I T 2 2
"1 ; | i + 51,5 — 2T;H,
273 323 a7 423 473 523 273 203 13 333 353 373
Temperature [K) Temperature (K)
a) Fire room b) Adjacent room
Comparison berween experimental data (Nakaya et al. [25]) and numerieal results (present study).
Scenario Room Zipr (1) Ty (K)
Experiment FDS Relative Dev. [%] Experiment FDs Relative Dev. [%0]

1 Fire 0.26 0.23 -11.5 460.2 458.3 —0.4
2 0.36 0.35 -2.8 411.0 414.8 0.9
3 0.49 0.4 -16.3 4927 o03.4 2.2
4 0.20 0.24 20.0 B834.7 B47.6 1.5
5 0.33 0.25 —24.2 7231 749.7 3.7
G 0.38 0.34 =10.5 638.2 675.2 5.8
7 0.32 0.26 -18.8 816.9 865.7 6.0
1 Adjacent 1.40 1.29 -7.9 356.8 356.1 —-0.2
2 1.35 1.15 -14.8 349.2 358.5 27
3 1.25 1.10 -12.0 4259 422.1 —0.9
4 111 1.19 7.2 465.1 469.1 0.9
5 1.35 1.09 —-19.3 513.9 508.4 —-1.1
[ 1.15 1.05 -8.7 507.8 202.5 -1.0
7 1.15 1.03 -10.4 2757 269.4 -1.1 48/62
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* Resultados: influéncia dos fatores de ventilagdo ( Ai1.H:°° e Ay.Hy°)

180 | 90
170 &2 .
160 - . n
20 o
150 = _ . " a)
L] - 75 .
a0 -
g ' . . g
§ 130 . 5 70 .
L = .
120 65
*
110
i &0
100 4 * Center fire i ¢ Center fire
00 B Wall fire 55 | ™ Wall fire
& Corner fire s Corner fire b)
80 - ! 50 .
0.5 1 15 2 2.5 3 05 1 15 2 2.5 3
Ventilation factor - Ay.H,%* (m5/2) Vantilation facter - Ay H,%% (m%?2)
a) Fire room b) Adjacent room
Fig. 5. Influence of the fire room ventilation factor on AT, in (a) fire room (AT, ;) and (b) adjacent <

room (AT, 5), considering the different fire source positions (center, wall, corner) at ground level.

298 in 4% aTa agx 423 4458 473 498 523 SR (K)

Fire at the center of the room at ground level
(temperature slice placed at the center of the door width).
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* Resultados: influéncia dos fatores de ventilagdo ( Ai1.H:°° e Ay.Hy°)

170 110
160
100 -
150 -
] - ]
140 - 90 4 -
[} ]
< 130 £ &0 i 2
3 120 % E'} . .
< 110 - a w .
100 ) . &0 i A_!HEE. =287 nl5."2f': |
00 # Center fire + Center fire
= ® \Wall fire 50 -| ® Wall fire
& Corner fire & Corner fire
704 40
1 2 3 4 5 1 2 3 4 5
Ventilation factor - A;.H,2% (m%/2) Ventilation factor - A;.H,%5 (m5/2)
a) Fire room b) Adjacent room

Fig. 7. Influence of the adjacent room ventilation factor on ATy, in a) fire room and

b) adjacent room, considering the different fire source positions at ground level.

298 323 348 373 398 423 448 473 498 523 548 (K)

Fire at the center of the room at ground level
(temperature slice placed at the center of the door width).
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 Resultados: influéncia da posigdo do fogo (no nivel do piso)

+ HRR 86 kW &
3 = HAR 171 kW 0.9 & .
4 HRR 342 kW A 08 4 ’
400 4 : 07 4 "
= i
- 06 4
= 300 |
= ] "?'- 0.5
3 . Foa
< 200 . &
* 0.3
. * HRR 86 kKW
100 * 0.3 4
B HRR 171 kW
01
& HRR 342 kW |
0 1] .
Center Wall Corner Center Wall Comer
Fire position Fire position
a) Hot gas layer temperature Ib) Interface height

Fig. 9. Comparison of (a) ATy and (b) 2y with the variation of the fre position at ground level.

AT, (K)

300

250

200

14
= HRA 85 kW
= HRR 171 kw 13 4 .
& HRR 342 kW .
12 ] -
. i ) 1
- = g
E 14 a
_ [ ] . 3 0.9 -
08 1
' ¥
i 07 | « HRR 86 kW
- B HRR 171 kW
« HRR 342 kW
0.5
Center Wall Cormer Center Wall Corner
Fire pasition Fire position
) Hot gas laver lemperatinre b) Interface height

Fig. 10. - Comparison of (3) ATy z and (b) Zmeg with the variation of the five position at ground level.
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* Resultados: influéncia da posi¢do do fogo quando elevado do piso

=
i

1.2

+ Center fire B * Center fire "
1 - ®Wallfire 1 | ® Wall fire
A Corner fire A Corner fire
E 08 E o3
- i
.E 0.6 » §- 0.6 me
£ s
2 04 = 04
'S

=)
i
o
o

0 - - | g o+ * {
50 100 150 200 250 300 23 30 75 100 125 150
AT.a (K) AT,,;(K)
a) Fire room b) Adjacent room
Fig. 11. Influence of the fire source elevation on AT, in (a) fire room and (b} adjacent room.

298 338 s 418 453 498 338 578 618 6358 698 (K)y
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 Resultados: modelo de engenharia se

Q= Mg 1Cp (T,

Q= hi 1A AT,y + hg2Ag o AT, 5 + N2, AT, 5

- Balanco de energia para uma sala; - Tos) + hiyAey (Tug — Too)

- Balanco de energia para duas salas:

41 = Mi3Ae1 BTy Gn = MypAen 8T, mg.l cp AT,

4 \__4 AT, »=—
| \-/ | ’ - Mg 2Cp + My 2Ac>
Room 1 Room n k
. AT . AT Mg1 O Ap.Hy%5 h=- fort>¢
— nlg.lcp w1l =% mg.ncp un J : d = (&) ﬂ "
0 . - kepp\ ¥ k /\2
I A I Mo 0L Az.Ha™ hy=|——— fort < L,
|
! v , N 3
Fig. 14. — Energy balance in a multi-compartment ATHJ . exemplo MQH £= 1.6( Q ) ( hye Az )
[adapted from Johansson [15]]. T, JICopTusAoHo) \JGCrpAo/Ho
Y T l
[ I
: V8o CpA2H> ™ + hy 2AT 5 s1i
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[ J [ J V 4 [ J
 Resultados: modelo d h
esuitaaos.: moaeio ae engennaria semi-empirico
Table 7 Coefficients for the correlation (Eq. (12)) for each fire source location.
P
AT, s = a AT, 1)’* (\/gp i’pAlﬂiﬂ'S)r 1 42T ) Fire position a [ r P £
u2= i, :
= VB8P CpAsH"® + Iy oAz H; Center 1000 0.869 0.218 0.126 0.12
Parallel to a Wall 1p-9.013 0.859 0.233 0.104 0.045
Corner 1079 0.884 0.211 0.095 0.007
350 | Center fire 350 ® Centerfire
Wall fire « Wallfire
100 Comer fire 300 a Corner fire
Deviation of 10% Deviation of 10%

~ 250 ~ 250
& g

£ 200 £ 200
o N
E =

= 150 2 1s0
- -
5 T
=

E 100 £ 100

50 50

0 0

50 100 150 200 250 300 350
MNumerical ATu,2 - FDS [K)

a) Ground positions

50 100 150 200 250 300 350
Numerical 4Tu,2 - FDS [K)

b) Elevated positions

Fig. 15. Comparisons between HGL temperature predicted with Eq. (12) and numerieal

data from FDS for fire source for (a) ground positions and (b) elevated positions
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450

50 100 150 200 250 300

Experimental AT, (K)

a) Fire room

Resultados: validagdo externa do novo modelo de engenharia

+ Johansson et al.,, 2015 250 S Jéi‘iénsson et él., 2015 ;"”
oy | ¢ Weaver, 2000 + Weaver, 2000 4
Deviation of 10 % Deviation of 10 % Pig
3 350 | === Deviation of 20% /” 200 | === Deviation of 20 % .’ 7
< ~
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s ":E 150
g 3
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= 3 100
3 £
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5 o
g 50
0

0 50 100 150 200 250

Experimental AT, ; (K)

b) adjacent room

Fig. 16. AT, (a) for the fire room and (b) for the adjacent room for a fire positioned in the center of the room: comparisons
between predictions using the new model and experiments. Predictions: (a) AT, ; by the MQH Method and (b) AT, » by Eq. (12).
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https://gauchazh.clicrbs.com.br/porto-alegre/noticia/2021/10/seis-casas-sao-destruidas-por-incendio-no-bairro-rubem-berta-em-porto-alegre-ckv2uoft000bh019m8swh5w6r.html

https://noticias.uol.com.br/cotidiano/ultimas-noticias/2014/04/02/incendio-em-favela-deixa-1600-pessoas-desalojados-na-zona-leste-de-sp.htm
https://engeplus.com.br/noticia/seguranca/2014/casa-de-madeira-e-destruida-em-incendio 57/62
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a
Fluxo de calor madiante lnckdente {KW/m)

https://www.editoraroncarati.com.br/v2/Artigos-e-Noticias/Artigos-e-

Noticias/Incendio-em-areas-de-tancagem-de-produtos-diversos.html Espalhamento do fogo entre pOOl fi res/tanques
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Numerical simulation and consequence analysis of
accidental hydrogen fires in a conceptual offshore
hydrogen production platform

Hong Lin “*", Haochen Luan %, Lei Yang , Chang Han °, Shuo Zhang °,
Hongwei Zhu *, Guoming Chen ©

* College of Pipeling and Ciil Engineermg, China Universaty of Petrolrum: (Eost China), Qingdao, Ching
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Andlise de riscos
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