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+---ver_403|    : 4.3 403  
|      | 
|      +---images|    : SMARTFIRE   
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:  SMARTFIRE,  
  Professor E.R. Galea E.R. Galea ,  
  Fire Safety Engineering Group, (CMS) ,  
  The University of Greenwich ,  
  Old Royal Naval College,  
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E :  smartfire@gre.ac.uk  
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1.9 SMARTFIRE  
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……………………………………………… 

:……………………………………………………………………………………………………………
… 

: ………………………………………………… : 
………………………………………………... 
 
SMARTFIRE  
SMARTFIRE  

     
: Win XP  Win Vista[  ] Win7[ ]  

O.S. 32-bit[ ] / 64-bit[ ] 
 

 
: [ ] [ ]   

CFD [  ] CFD [  ] Data Viewer[  ]  

:.................................................................................................................................................. ............. 
.............................................................................................................................................................................
........ 
.............................................................................................................................................................................
........ 
.............................................................................................................................................................................
........ 
.............................................................................................................................................................................
........ 
.............................................................................................................................................................................
........ 
.............................................................................................................................................................................
........ 
......................................................................................................................................................... ....................
........ 
.............................................................................................................................................................................
........ 
 

  
 
SMARTFIRE (Bug Report),  
F.A.O. Dr. J. Ewer, 
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Fire Safety Engineering Group, (CMS), 
THE UNIVERSITY OF GREENWICH, 
Old Royal Naval College, 
Park Row, Greenwich, 
London, SE10 9LS, UK 
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CFD
 

 

2.2 SMARTFIRE  
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smf_gui.exe

CFD
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2 2: Environment  
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2 3:  

 
 

3 GUI  
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Scenario View : 

Scenario Extents
Scenario Extents  
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CFD  
 

2.5 INTERACTIVE MESHING SYSTEM
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Run  
 

 
 

 1 1
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Recommended

 
 

 
 

 
 

CFD
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2
Data View  

 

 
2 5:  

 

 
 

2
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CFD

[Data View Accept  
 

2.6 CFD  

SMARTFIRE CFD C++ Greenwich
CFD 5 5
SMARTFIRE C++

 
 
CFD

 

 
2 6:  CFD  

 
CFD 3D
CFD SIMPLE 6]

2 k-
Eddy Dissipation Radiosity 6

Six Flux Multiple Ray
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CFD
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CFD
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2.7  

SMARTFIRE CFD CFD
 

 
SMARTFIRE SMARTFIRE DataView /

DataView iso-surfaces

DataView
VTK VTU

 
 

 
2 7:  DataView  
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3 SMARTFIRE  

 
         

 
U     (Velocity)    1.1 
�     (Time)    1.1 

Ιu    I    1.2 
�     (Pressure)    1.2 

ΙS    I /   1.2 

��    I     1.2 
H     (Conductivity)   1.3a 

ΡC     (Specific heat capacity)  1.3a 
�     (Temperature)    1.3b 
�     (Kinetic energy)  1.4a 
�     (Turbulent production rate)  1.4a 
G     (Buoyancy rate)   1.4a 

1εC     (Turbulent constant)   1.4b 

3C     (Turbulent constant)  1.4b 

2εC     (Turbulent constant)  1.4b 

G     (Gravity)    1.4d 

μC     (Turbulent constant)  1.4f 

R     (Radiation flux)  1.5.1a 
�     (Absorption coefficient)  1.5.1a 
�     (Emmisivity)   1.5.1a 
S     (Scatter co-efficient)  1.5.1a 

NM,L,K,J,Ι,   6   1.5.2a 
F     (Scalar quantity)   1.6 
F     (Mixture fraction)  1.7b 

sf       1.7b 

fm     (Fuel mass fraction)  1.7b 

am     (Aire mass fraction)  1.7b 

pm    (Product mass fraction)  1.7b 

,Vp  0
pV   /   2.1.1 

	     (Normal component) 2.1.2a 

fΑ      (Face area)   2.1.2a 

ΑΡd    A P    2.1.2a 

fF     (Strength of convection)  3b 

fD     (Strength of diffusion)  3b 

pa    P     3c 

nba        3c 
sn,w,e,      4.1.1a 
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ρ     (Density)    1.1  

effμ     (Effective viscosity)   1.2  
ε     (Dissipation rate)    1.4a  

lamμ     (Laminar viscosity)   1.4a  

tυ     (Turbulent kinematic viscosity)  1.4a  

kσ    k    1.4a  

εσ    e    1.4b  

β     (Expansion coefficient)  1.4d  
σ        1.5.1b  

ΙΓ    I     1.6  
Φ        2.0  
Φ �    P     3c  

Φ nb         3c  

Φ �         4.1.2b  

pΔy        5.2.3  

wτ        5.2.4a  

         5.2.5  
 

 

3.1  
SMARTFIRE

 
 

  
 

 
 

 
SMARTFIRE

 
 

3.2 SMARTFIRE   

 
 

3.2.1  
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3.2.2  

3  
 

 
 

iu zy,x, P  

 

3.2.3  

 
 

 
 

 
 

 
 

3.2.4  

2 k-ε
  

 

 
 

 
 

 
 

P  
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G Buoyancy  

 

 
 

  
 

 
 

 
 

 
 

5 CFD

k-ε 5
 

 
 

3.2.5 Radiation Models  

2

SMARTFIRE 3 (a) Radiosity
(b)6 Six-Flux Radiation c) Multiple Ray Radiation

CPU
6

1 6 CPU

6
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3.2.5.1 Radiosity Model   

R  
 

 
 

�  
 

 
 

σ  
 

 
 

 
 

3.2.5.2 6 Six-Flux Radiation Model  

6 Six-Flux Radiation Model iR
 

 

 
 

α J K L M N 6
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3.2.5.3 Multiple Ray Radiation Model  

 
 

Ω I Ω r
Ω Ω s

� 
rIb Φ Ω Ω

1.5.3.1  
 

 
 

4π  
 

�
�

1.5.3.2
 

 

 
 

dSnIdV
dl
dI

sv

��
��� �� 1.5.3.3  

 

 
 

bI

pI bpI 1.5.4.4  
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(1.5.3.4)  

 

 
 

inS 0��nΩ ��
 outS  0��� n�

�
 

 
1.5.3.5 1.5.3.6  

 

 
 

 
 

 
 

�
�

 
 

 
 

 
 

 
 

 
 

Δ Ω �
�

�� /4
pbp TI �  

 

3.2.5.4 Absorption Coefficient  
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3.2.6  

f  
 

 
 

3.2.7 Combustion  

  
 

 
 

s 1
 

 
2 SMARTFIRE 1 1

 
 

m f am pm

 
 

 
 

fm f 2

am pm
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sf f  

 

 
 

 
 

 
 

[Magnussen 1977] fR kg/ min 2

fC �C k �
4  

 
 

 

 
 

ρ p gW  

 
 

  
 

fW aW pW  

 
h  

 

 
 

� 
Tcp  

 

 
 

pac refT  

 
 

 
 



SMARTFIRE V4.3  
 

 3 43

 

pfc pac ppc  

 

pppapf ccc �� =c=d=0  

 

3.2.8  

 
 

3.2.8.1  

 

 
P W R T  

 

3.2.8.2 (Buoyancy) 

BOUSSINESQ :
 

 
 B  
α  
T  

refT  

reffρ  
V Volume  

 g  
 

 
 

 
 B Buoyancy source  

refρ reference Density  
ρ current Density  
V Volume  

 g acceleration due to gravity  
 

3.2.9 /  

PSI
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3.2.9.1  

3
CFD

SMARTFIRE
 

 

3.2.9.2  

/
 

 

 
 

3.2.9.3  

 

FV
dt
dm

p

�  

F

 

gm
A

VVVVCV
dt
dm p

p
pgpggDpp ����

2
)()( �  

p pV Ap

CD ρ g gV g CD

Re  

);Re15.01(
Re
24 687.0

p
p

DC ��
gl

ppgg
p

dVV
�

� �
�Re  

Dp μ gl gV ρ g μ gl
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Δ t
Rep CD dp Ap

 

gVV
md

AC
dt
Vd

pg
pp

pDpglp ��� )(
2
Re�

 

pV  

� � � �)exp(1)exp()()( ��� tgttVVVttV pggp �����������  

pDgl

pp

C
d

Re3
4 2

�
�

� �  

ρ p  
 

3.2.9.4  

 
 

 
1   
2   
3   
4  

 
5   

 

 

)(  ��� XXSk
dt

dm
Vgpm

p �  

Sp km Xv X
 

)(  ��� XXdShD
dt

dm
VgpAB

p ��
AB

pm

D
dk

Sh �  

DAB

 

t
d

XXDSh
tdttd

pp

vABg
pp �

�
����  

�
� )(2

)()(  

ρ p  

33.05.0Re6.00.2 ScSh p��
ABref

lg

D
Sc

�

�
�  
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Sc ρ ref  
 
Xv 0 100

3 1 2 10 90
1  

 

3.2.9.5  

 
 

1  0 100  
2   
3   
4   
5  

 
6   

 
 

dt
dm

hQ
dt

dH p
v

p �� �  

Hp Q hv

0  
 

ppppp TcmH � pvpvpvv TcLTcLh ���� 00  

 
cpp cpv Tp Tv L0 0

 

dt
dm

cm
TcTcL

cm
Q

dt
dT p

ppp

pppppv

ppp

p ��
�� 0�

 

 

 
Nu kg Tg kc

Δ t L0 Cpv Cpp Tp Δ t
Tp L0

 

��
Lpgp QTT

dt
dT

�
�

�
)(
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Nuk
cd

g

pppp

6

2�
� �

Nuk
XXDShTccL

Q
g

vABgppppv
L

)(})({ 0  ���
�

�
 

τ QL  

)exp1(exp)}({)( // �� t
L

t
pggp QtTTTttT ���� �������  

 

33.0PrRe6.00.2 5.0
pNu ��

g

pggl

k
c�

�Pr  

Pr cpg  
 

3.2.9.6  

2

PSI-Cell  
 

2

/ /

 
 

3.2.9.7  

2  
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PSI-Cell  

 

3.2.10  

[26, 27]  
LER φ ξ ξ st

 

)1(
)1(
!!
!!

"
�
�

�
st

st  

CO CO2 O2  

!" ),( TyiYi �  

!"!� ),()1(,2 TyY ooairO ���  

yi φ LERφ φ

[28]  

]
)/exp(

1[)( Di C
BAy
"

" ��  

A B C D  
 

LER LER 2 PHI
0.5

PHI CO
GERs CO GER CO

GER CO
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CO 3.5 PH2
LER PH2 PH2 CO CO2

/ CO2  
 

3.2.11 HCl  

HCl
HCl HCl

 
 

HCl [30,31] Galloway Hirschler[32]
HCl kg/s  

}),/)min{(( ,,,, HClHClW
old

HClWHClWWHCLB fkrDtDDAS �#����� $  

AW m2
HClf� HCl kg/m2s 1.0 Δ t α

HCl DHCl,W kg/m2
 

lHCBeHClW kD ,, �#�  

)
)(

)(
1(

1 7

6

2,2

25

,
/1500

2

/1500
1

b
OHsatOH

b
OH

HClB
T

TW b
eb
ebke

W ��
�

� �
�

�
�  

 

HClWrHClHClW DkfD
dt
d

,, �#�$  

)(

3

4

WRT
b

ebkr
�

�  

ρ B,HCl ρ H2O ρ H2O,sat HCl
[33] kg/m3 8.314J/ Kmol

K  
 

3.2.12  

V(m) 2  
 
a)  
 
V = m / Cs 
 

m 5 10 (1.9.1)  
 
b)  
 
V = m / Cs 
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m 2 4 (1.9.2)  
 
Cs (1/m) Cs  
 
Cs Vd 

 
 
Vd = subject to ≤ m 
 

i
 

3.2.13 HCN  

CO HCN
[34][35] HCN

SMARTFIRE YHCN CO YCO
 

 

 
 

HCN
HCN

HCN
 

 
HCN 3 : 
 

Normalised (maximum) yields of CO (kg/kg); ( 1.49) 

Normalised (maximum) yields of HCN (kg/kg); ( 0.24) 

kg/kg SOFMR
2.62  

0   
 

HCN 0  
 
SOFMR CO2 H2O NO2 HCl HBr SO2
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3.3  

 
 

 

   
 

ρ u Γ Φ Φ

4
 

 

3.3.1  

 
 

1  
2  
3 1  
4  
5  

 

2D
P

SMARTFIRE 3D  
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3.3.1.1 Transient Term  

 
 

 
 

3.3.1.2 Convection Term  

 
 

 
 

f�  

 

 
 

" 1

 
 

 
 

 
 

 
 

"  

 

3.3.1.3 Diffusion Term  
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3.3.1.4 Source Term  

"
 

 

 
 

3.3.1.5 Turbulence Source Term Linearisation  

3
 

 

 
 

  

k :- ρGvS tc �  

    � 
2
μtDL 1Cρ/vCS �  

 

% :  � 
 2
μt1tDc 1C/GvCρvCS %�  

  � 
 2
μtD2L 1C/ρvCCS %�  

k :  � 
 ρG1.5vρ/vkCC1.0CS tt
2

Dμ2c ��� %  

   
 

% :- � 
 � 
� 
%��� %% 1.0CGvCρk/vCCS 2t1tDμc  

   
 

k :  ρGvS tc �  
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% :- μ1Dc GCρkCCS %�  

  tμD2L /vρkCCCS %�  

 
   

G  
ρ   

tv   

k   
Є  
l  

DC μC %1C %2C 0.1643 0.09 1.44 1.92  

 

3.4   

"
 

 

 
 

fF fD  

 

 
 

fF " fD

 
 

 
 

pa nba
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"

 
 

 
 

 
 

 
 

"
A(|P|) 

P ff /DF Peclet

 
 

 
 

A(|P|)  
 

 A(|P|)  

 
P0.51�  

 1 
 � 
P0.50,1Max �  

 
� 
� 
5P0.110,Max �  
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 � 
 1P/expP �  
 

 
 

 
 

:  
 

3.5  

SMARTFIRE
 

 

3.5.1   

 
 

 
 

A n x m x b n  
 

 
 
SMARTFIRE Jaccobi Over Relaxation

JOR Successive Over Relaxation SOR CG Conjugate Gradient 
Method CGM Bi-CG BiCG Whole Field 
Solver 2  JOR SOR
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3.5.1.1 JOR/ SOR  

JOR  
 

 
 

SOR  
 

 
 

 
 

 
 

3.5.1.2 CGM  

 
 

 
 

f i" newp," CGM f

 
 

 
 

A  
 

 
 

A bAx � f CGM

f  
 

3.5.1.3 BiCG  

BiCG A CGM
CGM
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A  
 

 
 

3.5.1.4 WHOLE FIELD SOLVER  

JOR SOR
 

 

3.5.2 SIMPLE SIMPLE Solution Procedure  

SMARTFIRE SIMPLE
 

 
1  p*  

 
2  u*, v*, w* 

 
 

3  p  
 

4  p* p'  
 

5  u*, v*, w* p' u v  w  
 

6   
 

 
7  p p* 2  

 
8  2 7  

 

9  2 8  
 

3.5.2.1  
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SMARTFIRE

 
 

 
 

SMARTFIRE
Rhie Chow

 
 

3.5.3 Convergence and Relaxation Methods  

SMARTFIRE
3

2  
 

3.5.3.1 Linear relaxation  

φ
 

 

 
 

α 0 1.7 α
 

 
α   1.0  

α   1.0  

α   1.0  
 
 

 
 

3.5.3.2 False time step relaxation  
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tF Pa kg/

tF
 

 

3.5.4 Residual Calculation Methods  

SMARTFIRE
 

 

3.5.4.1 Solver residual  

x
  

 

 
 

 
 

3.5.4.2  
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1 L1 ABSOLUTE L1 NORM  
2 L2 ABSOLUTE L2 NORM  
3 LI ABSOLUTE LI NORM  
4 L1 RELATIVE L1 NORM  
5 L2 RELATIVE L2 NORM  
6 LI RELATIVE LI NORM  
7 L1 REFERENCE L1 NORM  
8 L2 REFERENCE L2 NORM  
9 LI REFERENCE LI NORM  

 
 

 
 

1L 1L

 
 

2L 2L

 
 

 L  L

 
 

RELATIVE

(Φ new Φ last ) ((Φ new Φ last )/Φ new ) RELATIVE

Φ Φ new

 
 

REFERENCE

(Φ new Φ last ) ((Φ new Φ last )/Φ reference )

Φ reference
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Φ

 
 

3.6 BOUNDARY CONDITIONS  

SMARTFIRE

SMARTFIRE
 

 

3.6.1  

3.6.1.1 Outlet Free  

 
 

3.6.2 Momentum Equation  

3.6.2.1 Inlet  

w,v,u, V        (5.2.1) 

 

 –  
 

3.6.2.2 Outlets  

v,u, w      (5.2.2) 

 

3.6.2.3  

 
 

3.6.2.4  

&&
'

(
))
*

+
��

ρ
τ

v
Δy

y wp
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3.6.2.5  

 
 

3.6.2.6 Fan  

 
 

Pressure Drop   
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3.6.3 Energy Equation  

3.6.3.1  

 
 

A B C D E  
 

3.6.3.2 Walls  
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wλ wT gasT cH  

ε
�
"
rQ  

 

(5.3.2.0)     0λw �     (5.3.2.1a)  

 

0�
,
,

n
H

   (5.3.2.1b)  

 

�wT     (5.3.2.2) 

 

�
,
,

n
H

     (5.3.2.3) 

 
 

 
 

cH wT  

 

cH Tw  (5.3.2.0)

T 5.3.2.5  
 

(1) a y+  
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(2) y  cΗ  

 

 
 

(3) 5.3.2.5 cH  

 

3.6.4 Turbulence Equations  

3.6.4.1 Kinetic Energy  

:   (5.4.1) 
 

3.6.4.2 Dissipation Rate  

 
 

3.6.4.3 Log-Law  

 
 

3.6.5 Radiation Equation  

3.6.5.1 Solid Surface  

 
 

wE wT   

 

wT   solidT  

wT   caculatedT  

 

3.6.5.2 Free Space  
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3.6.5.3 Fixed Temperature  

1.5.5.1 wE wT  

 

 
 

3.6.6 Concentration Equation  

3.6.6.1 Fixed Value  

 
 

3.6.6.2 Neumann  

 
 

3.6.6.3 Linear Flux  

 
 

3.6.6.4 Symmetry Plane  

 
 

3.7  

SMARTFIRE

4 : 
 

; 
; 

; 
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4

kg/m2s
 

 

CFD

SMARTFIRE  
 

3.8 SMARTFIRE  
SMARTFIRE

CFD
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Solved variables    
Pressure  flow  Pa 

U U-VELOCITY  flow  m 1s�  
V V-VELOCITY  flow  m 1s�  
W W-VELOCITY  flow  m 1s�  

  J 

  +  2m 2s�  
  +  2m 3s�  

  W 2m  
X NEG 6  W 2m  
X POS 6  W 2m  
Y NEG 6  W 2m  
Y POS 6  W 2m  
Z NEG 6  W 2m  
Z POS 6  W 2m  

  W 2m  
MIXTURE FRACTION  

 
 

   
 MPS   
 1 SOOT 1  MPS   

 2 SOOT 2  MPS   

 3 SOOT 3  MPS   
HCL Hcl  

 /
 

 

1   
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  K 

  kg m 2s�  

  kg 3m�  

 
 

1m�
 

RADIATION SUM   W 2m  
   

 
 

 

 
 

 

CO   
CO2   
O2   
HCN   
 MPS

 
 

  1m�
 

 /
 

kg 3m�  

  1m�
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kg 3m�  

  J 1kg� K  

  kg 1m� 1s�  

  W 1m� 1K�  

 
   

  m 1s�  
U  m 1s�  
V  m 1s�  
W  m 1s�  

 
 

SMARTFIRE
 

 

1

Materia
SMARTFIRE

 
 

ENTHALPY CFD
ENTHALPY_RES ENTHALPY_RES
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3.9 SMARTFIRE  

SMARTFIRE

S.I. INFORM
 

 
 

3 1:  
 Units  Dimensions  

Mass  kg  [M] 

Length  m  [L] 

Time  s  [L] 

Temperature  K  [K] 

Volume  3m  [ 3L ] 
Area  2m  [ 2L ] 
Density  kg 3m�  3ML�  

Force   � 
 kgN � m 2s�  [ 2MLT� ] 

Pressure   � 
 NPa � 2m�  [ 21TML �� ] 

Velocity  m 1s�  [ 1LT� ] 
Acceleration  m 2s�  [ 2LT� ] 

Energy   � 
 NJ � m [ 22TML � ] 
Power  � 
 JW � 1s�  [ 32TML � ] 

Dynamic Viscosity  N s Pam 2 �� s  [ 11TML �� ] 
Conductivity  W 1m� 1k�  [ 13KMLT �� ] 

Specific Heat 
Capacity  

W 1kg� K  [ KTL 32 � ] 
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4 DEFAULT VALUES AND OPTIONS  

4.1  
SMARTFIRE

 
 

4.2  
SOLID 1.0e  10 Laminar Viscosity

1.0e - 10 Thermal Expansion Coefficient

Fluid GAS
Molecular Weight

 
  

 . /  .   
 

 [22,23]
0   20  

 
Standard_Air

 
 

Wall_Default_Material Common_Brick
Wall_Default_Material

Non_Conducting_Material
Wall_Default_Material

 
 

4.2.1  

4.2.1.1 Standard_Air  

Conductivity     2.62204e-02  
Specific Heat Capacity    1.04578e+03  

Density     1.17736  
Laminar Viscosity    1.56820e-05  
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Thermal Expansion Coefficient   3.29218e-03  
Molecular Weight     29.35  

 

4.2.1.2 Moist_Air  

Conductivity     2.62204e-02  
    1.04578e+03  

Density      1.17736  
Laminar Viscosity    1.56820e-05  

Thermal Expansion Coefficient   3.29218e-03  
Molecular Weight     29.35  

 
Moist_Air Standard_Air

Moist_Air
CFD Moist_Air

CFD
 

 

4.2.2  

4.2.2.1 Wall_Default_Material  

Conductivity    0.69  
Specific Heat Capacity   840.0  

Density     1600.0  
 

4.2.2.2  

Conductivity    0.01  
Specific Heat Capacity   10000.0  

Density     10000.0  
 

4.2.2.3 Hard_Wood  

    0.17  
   2380.0  

    800.0  
 

4.2.2.4 Soft_Wood  

    0.14  
   2850.0  

    640.0  
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4.2.2.5 Concrete  

    1.4  
   880.0  

    2300.0  
 

4.2.2.6 Common_Brick  

    0.69  
   840.0  

    1600.0  
 

4.2.2.7 Polystyrene  

    0.11  
   1200.0  

    1100.0  
 

4.2.2.8 Glass  

    0.76  
   840.0  

    2700.0  
 

4.2.2.9 Copper  

    387.0  
   380.0  

    8940.0  
 

4.2.2.10 Steel  

    45.8  
   460.0  

    7850.0  
 

4.2.2.11 Gypsum_Plaster  

    0.48  
   840.0  

    1440.0  
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4.2.2.12 Asbestos  

0.15  
1050.0  

577.0  
 

4.2.2.13 Fibre_Board  

    0.041  
   2090.0  

    229.0  
 

4.2.2.14 Polyurethane Foam  

    0.034  
   1400.0  

    20.0  
 

4.3 WALL DEFAULT THICKNESS  

1

SMARTFIRE
BOUNDARY CONDITIONS

0.1m  
 

4.4 EMISSIVITY  
0.8

SMARTFIRE BOUNDARY 
CONDITIONS

 
 

4.5 AMBIENT TEMPERATURE  
Ambient temperature  

0 032 F 273. 5K
288.15K 15
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~800
Ideal Gas Law S.L.

 
 

4.6 LOWEST POINT REFERENCE PRESSURE  
External pressure domain

1.01325e05Pa  
 

4.7 ABSORPTION COEFFICIENTS  

SMARTFIRE

2CO OH 2

 
 

- . �� :ΤΤ min    ambΑΑ �  

 

- minΤΤ � and . �� :ΤΤ half  

 � 
 � 
� 
 � 
minminhalfambminmin ΤΤ*ΤΤ/ΑΑΑΑ �����  

- . �� :ΤΤ half    � 
 � 
� 
 � 
halfhalfmaxminmaxmin ΤΤ*ΤΤ/ΑΑΑΑ �����  

 

  0.001,Αamb �    

1400.0ΚΤmax � ,   

323.0ΚΤmin � ,   

/2,ΤΤ maxhalf �  

max,max ΤΑ �  

� 
./2ΑΑ maxmin �  � 
/2ΤΤ max�  

 

halfΤ ( 700.0ΚΤhalf � ) 

maxΤ ( 1400ΚΤmax � )

0.01 min� ( ��� 323min )
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halfΤ max� min� max�

3.5 7.0
Hubbard Tien [24]

 
 

T*CA �  
 

 T  
C  
 

1
Hubbard Tien SMARTFIRE

� 
half�

50oC (323K) 0.01 50  

half�

 
 

 
4 1:  

 
1400K

700K 1400K minΑ maxΑ
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 [24] C max�

min� max�  

 
4 1:  

 C � 
ΚΤmax  minΑ  maxΑ  
 0.005 1289 3.5 7 
 0.004 1561 2.7 5.6 
 0.00853 1590 5.97 11.94 

 0.00045 1732 0.315 0.63 

 
[ ?c � ] [1400] [700 * c] [1400 * c] 

 

4.8  
CFD

1.0

 
 

� 

� 

� 
 

 
 

4 2:  
  

5.0  
 

1.0   5.0   
0.1   1.0   
0.01   0.1   
0.01   
 

100 1.0
100.0 1  

 

CFD Graphical User Interface
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4.9  
SMARTFIRE

1000
100

 
 

4.10  

 
 

EtDeCtBtAP ���� 2  
 

 � 
kWP  

� 
st startsim ttt ��  

� 
kWA  

� 
1�kWsB  

� 
2�kWsC 2t  

� 
kWD  

� 
1�sE exponential term modifier  
 

: Time limits

0.0 1.0  
 

: 1

1  
 

50kW "Constant" fire

100kW

3

Simple 2t  
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SMARTFIRE

 
 

2t
Simple

[25]  
 

4 3:  
 KW   

 0.0030 2t   

 0.0117 2t   

 0.0469 2t   

 0.1880 2t   
 

:
CFD

0.0
 

 

 
 

4.11  

SMARTFIRE
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4 4:  
(Solved 

Variable  Solver 
Type  

(Number of 
Iterations  

(False Time 
Relaxation  

(Linear 
Relaxation  

Pressure  RESIDU
AL SOR 

40 N/A 0.4  

Momentum
U V W  

DOMAI
N JOR 

2 0.2 0.6 

Enthalpy  DOMAI
N  SOR 

20 0.5 1.0 

Kinetic 
Energy  

DOMAI
N  SOR 

20 0.1 1.0 

Dissipation 
Rate  

DOMAI
N  SOR 

20 0.1 1.0 

Radiosity  DOMAI
N  SOR 

20 N/A 0.4 

6
Six-flux radiation 

fluxes  

DOMAI
N  SOR 

20 N/A 0.4 

Fuel  DOMAI
N  SOR 

20 0.1 1.0 

Mixture 
Fraction  

DOMAI
N  SOR 

20 0.1 1.0 

 
1.0e-08

 
 

 
 

SMARTFIRE  
 

4 5:  

"Calculated" Variable  
Linear relaxation  Convergence 

Tolerance  
Temperature  1.0 1.0e-08 
Buoyancy  0.6 1.0e-8 
Density  0.6 1.0e-8 

(Absorption 
Coefficient  

1.0 1.0e-8 

 
L2 NORMALISED L2 NORM

REFERENCE L2 NORM 2
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2
 

 

4.12  

[3] [4] PHI PHI2 0.5 3.5
EBU SMARTFIRE

 

 
4 2 EBU  

 
 

 
DEFINE TOXICITY 
 CRITICAL LER RANGE  0.5  3.5 
 MASS OPTICAL DENSITY  290 
 CO YIELD COEFFICIENTS 0.005 44 -1.3 -3.5 
 CO2 YIELD COEFFICIENTS 1.33 -1.0 2.15 -1.2 
 O2 CONSUMED COEFFICIENTS 1.0 -0.97 2.15 -1.2 

NORM YIELD CO   1.49 
NORM YIELD HCN  0.24 
STOIC O2 FUEL MR  2.62 

END 
 

SMARTFIRE
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4 3  

 
EBU

Stoic MR Air to Fuel H2O CO2 Stoic MR H2O to CO2
Heat of Combustion Ambient O2 mass frac

 
 
DEFINE TOXICITY 
 CRITICAL LER RANGE   0.5 3.5 
 MASS OPTICAL DENSITY   290 
 CO YIELD COEFFICIENTS   0.005 44 -1.3 -3.5 
 CO2 YIELD COEFFICIENTS   1.33 -1.0 2.15 -1.2 
 O2 CONSUMED COEFFICIENTS  1.0 -0.97 2.15 -1.2 

 NORM YIELD CO  1.49 
 NORM YIELD HCN  0.24 
 STOIC O2 FUEL MR 2.62 

 STOIC MASS RATIO AIR FUEL  5.21 
 STOIC MASS RATIO H2O CO2   0.3477 
 EFFECTIVE HEAT OF COMBUSTION  1.24e+007 
 AMBIENT OXYGEN MASS FRACTION  0.23 
END 
 

 
 
DEFINE TOXICITY 
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 CRITICAL LER RANGE  PHI1  PHI2 
 MASS OPTICAL DENSITY  MOD 
 CO YIELD COEFFICIENTS  A B C  D 
 CO2 YIELD COEFFICIENTS A B C D 
 O2 CONSUMED COEFFICIENTS A B C D 
END 
 

4 6 PHI1 PHI2 MOD  
 PHI1 PHI2 MOD 

 0.7 3.5 300 
PMMA 0.7 3.5 290 

 0.7 3.5 790 
 0.7 3.5 530 

 0.7 3.5 220-330 
 0.7 3.5 290 

PVC 0.3 2.0 120-640 
 

4 7 A,B,C,D  
  A B C D 
 CO 0.005 44 1.3 -3.5 

CO2 1.33 -1 2.15 -1.2 
O2 1 -0.97 2.15 -1.2 

 
 

CO 0.004(0.004) 44 1.3 -3.5 
CO2 1.27(1.21) -1 2.15 -1.2 
O2 __ -0.97 2.15 -1.2 

 CO 0.06 2.0 1.44 -2.5 
CO2 2.3 -1 2.15 -1.2 
O2 __ -0.97 2.15 -1.2 

 
 

CO 0.02(0.024) 10.0 1.39 -2.8 
CO2 2.6(2.79) -1 2.15 -1.2 
O2 __ -0.97 2.15 -1.2 

PMMA CO 0.01 43 1.33 -3.0 
CO2 2.12 -1 2.15 -1.2 
O2 __ -0.97 2.15 -1.2 

 CO 0.086 36 1.36 -3.0 
CO2 1.16 -1 2.15 -1.2 
O2 __ -0.97 2.15 -1.2 

 CO 0.005 53 0.85 -3.5 
CO2 2.3 -1 1.3 -1.1 
O2 __ -1 1.3 -1.1 

_______________ ___________ __________ __________ __________ __________ 
 CO 0.063 6.5 0.42 -0.8 

CO2 0.46 -0.3 0.53 -11 
O2 __ -0.3 0.53 -11 

 
1 PHI 1 PHI1

PHI
2 2 O2 A(CO2)*32/44+A(CO)*16/28 CO CO2

O2 1.33*32/44+0.005*16/28=0.97 ≈1.0  
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4.13 HCL  

4 8 HCl  
 b1 

m  
b2 

m3/kg  
b3 

1/  
b4 

J/k.mole  
b5 
a  

b6 
b  

b7 
b  

 
0.0063 191.8 0.0587 7476.0 193 1.021 0.431 

PMMA 0.000096 0.0137 0.0205 7476.0 29 1.0 0.431 

 
0.004 0.0548 0.123 7476.0 30 1.0 0.431 

 
0.018 5.48 0.497 7476.0 30 1.0 0.431 

Marinite 
® 

0.019 0.137 0.03 7476.0 30 1.0 0.431 

 0.015 5.48 0.497 7476.0 30 1.0 0.431 
a b5 kg/m3 ^ b7-b6  
b  
 
HCl

 

 
4 4 b1-b7  
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DEFINE MATERIAL NUMBER 4 
 MATERIAL NAME  Copy_of_Concrete 
 CONDUCTIVITY CONSTANT  1.4 
 VISCOSITY CONSTANT  1e+010 
 SPECIFIC HEAT CONSTANT  880 
 DENSITY CONSTANT   2300 
 NATURAL STATE   SOLID 
 THERMAL EXPANSION   1e-010 
 DISCONTINUITY HANDLING  NO SLIP 
 USE ABSORPTIVE MATERIAL 
 ABSORPTION COEFFICIENTS  0.018 5.48 0.497 7476.0 30.0 1.0 0.431 
END 
 

 

 
4 5 HCl  

 
3 HCl

Mass Ratio Fuel to HCl HCl HCl
H2O HCl Mass Ratio H2O to HCl H2O HCl

Water density Upper Limit 1.0 1.0
HCl Max Temperature for HCl deposition

427K
 

 
AMBIENT HUMIDITY MASS FRACTION  0.06 
MASS RATIO FUEL TO HCL   0.0 
MASS RATIO H2O TO HCL   0.0 
WATER DENSITY UPPER LIMIT    0.9 
MAXIMUM TEMPERATURE FOR DEPOSITION  473.0 
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5 SMARTFIRE  

SMARTFIRE
 

 

 
 

5.1 SMARTFIRE CFD : SMF_CFD.INI  
SMARTFIRE SMF_CFD.INI CFD

":"

1
 

 
**************************************************************************************
**** 
* CFD GUI  * 
**************************************************************************************
**** 
*  * 
**************************************************************************************
**** 
1)   100    
2)       
3)   145 32    
4)   0 0  Rel-pos X - Y-   
5)   0 10 1  0  1  

 
6)   66 10 78 20 1   
7)   67 11 77 19 0   
8) VAL   105 0 39 10 1   
9) RES  66 0 39 10 1    
10)   50    
11)   3     
12)   300 200  x y  
13)       
14)     
15)   4   
16)     
17)     

 
18)      
19)     
20)   1  [1 JPEG 2 BMP] 
21)       
22)      
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23)      
24)     

 
25)     
 

 
 
TIMER PARAMETER  <number_of_milliseconds > 
 

[ SMARTFIRE
4.2 ]  

 
USE AUTO SIZES { YES NO } 
 

SMARTFIRE
1024x768

 
 
MAIN WINDOW SIZE <win_width > <win_height

> 
 

USE AUTO SIZES
NO

SMARTFIRE

1024x768
124x30  

 
CONTROL WINDOW <x_pos x > <y_pos y >  
 

 
 
STATUS WINDOW <x_pos x > <y_pos y > <initial_mode

> 
 

 
 
VISUAL WINDOW <x_pos x > <y_pos y > <win_width
> <win_height > <o_mode o >  
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<o_mode> 0 1 0 1  
 
GROUP WINDOW <x_pos x > <y_pos y > <win_width > 
<win_height > <o_mode o >  
 

<o_mode> 0 1 0 1  
 
VAL GRAPH WINDOW VAL <x_pos x > <y_pos y > <win_width

> <win_height > <o_mode o >  
 

value
<o_mode>

0 1 0 1  
 
RES GRAPH WINDOW <x_pos x > <y_pos y > <win_width

> <win_height > <o_mode o >  
 

<o_mode> 0
1 0 1  

 
MAX EVENT LOOPS <num_of_event_loops > 
 

CFD

UI

CFD

UI UI
 

 
STEPS BETWEEN VISUALS  <num_steps_per_visual_update

>  
 

UI  
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GRAPH PARAMETERS <num_x_pixels x > <num_y_pixels y
> 

 
x- y-

 
 
USE SCROLLING GRAPH { YES NO } 
 

 
 
USE DEFAULT COLOURS { YES NO } 
 
256 256 16

RGB
16 RGB

Windows 256
SMARTFIRE  
 
MAX ABOUT IMAGES <max_images_available

> 
 

SMARTFIRE

SMARTFIRE  
 
USE VISUAL BUTTONS { YES NO } 
 

NO
 

 
USE FULL BUTTONS { YES NO } 
 

 
 
SNAP TO IMAGE { YES NO } 
 

SNAP UI
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AUTOMATIC DEFAULTS { YES NO } 
 

UI  
 
USE SMALL WINDOWS { YES NO } 
 

 
 
IMAGE SAVE FORMAT  { 1, 2 } 
 

1 2 1
75% JPEG 2 24- Windows BMP

BMP
JPEG BMP

 
 
USE WARNINGS { YES NO } 
 

 
 
USE SHORT NAMES { YES NO } 
 

Windows 95 Windows 98  Windows NT
DOS 8.3  

 
USE BLACK BACKGROUND  { YES NO }  
 

 
 
USE CELL NUMBERS IN PLOTS  { YES NO } 
 

SMARTFIRE
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5.2 GEOMETRY CASE SPECIFICATION FILE  

SMARTFIRE  
 

CFD
 

 

 
 
SMARTFIRE

SMARTFIRE CFD

 
 

5.2.1 GEOMETRY SPECIFICATION FILE FORMAT  

5

1 2
3  

 

5.2.2 6  

6

1 1
5 1 5

6

5
 

 
HEADER LINE  
 

1 2 3 4
5 6 6  

 
<ver_id> <num_points> <num_faces> <num_cells> <num_groups> <num_o_patches> 
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44 51 10 3 2  
 

 
6 44 51 10 3 2 
 
POINT RECORDS  
 

 
 
<X_coord X > <Y_coord Y > <Z_coord Z > <X_patch_id X > 
<Y_patch_id Y > <Z_patch_id Z >  
 
X- Y- Z-  3

X- Y- Z-
0

 
 
FACE RECORDS  
 

2 1
 

 
<number_of_vertices > 
<node_num_#1 _ >... <node_num_#n _n > <connectivity > 
<face_patch_id > <face_obj_id > < f_porosity

> 
 
CELL RECORDS  
 

2 1
2

 
 
<number_of_faces > 
<face_#1 �_ > ... <face_#n �_n > <mat_id > <vol_patch_id

> <group_id > <mat_obj_id > 
<vol_obj_id ><c_porosity > 
 
ADJACENCY RECORDS  
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1

0

 
 
<adj_cell_#1 _ _1 > <adj_cell_#2 _ _2 > <adj_cell_#3 _
_3 > ... <adj_cell_#n _ _n > 

 
OPENING PATCHES  
 

SMARTFIRE

1 1

 
 
<opening_index _ > <number_of_overlaps _ >  
 

 
 
<num_overlap_cells > <adjacent_cell > 
<opposite_cell#1 1 > .. <opposite_cell#n n >  
 

CFD  
 

4
2  
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5.2.3 6  
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6  

6.1  
CFD SMARTFIRE CFD

RUN PROBLEM
PROBLEM DEFINE  

 

END

END
1

 
 
TOLERANCE �1.0E 06 
TOLERANCE  1.0E 06 
 

72

C FORTRAN
0.1 .1 1.0e 01 1.0E 01

 
 

STOP
 

 

END  
 

{ 1 2 3}
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1
[ ]

[
] <variable_name>

1
SMARTFIRE

<something> <something>
 

 
:

 
 

6.2  

6.2.1 RUN PROBLEM  

RUN PROBLEM 
 

RUN PROBLEM
FILENAME

 
 
RUN PROBLEM   :  
 FILENAME test :  
END    :  
STOP    :  
 

SMARTFIRE
 

 
FILENAME <base_file_name_of_case>  
 

FILENAME
base file name:
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 FILENAME my_fire_case  
 

SMARTFIRE
SMARTFIRE

smartfire¥work my_fire_case
SMARTFIRE  

 
     

 
my_fire_case.smf /  

 
my_fire_case.smc /   CFD  
my_fire_case.smg    CFD /   
my_fire_case.vts /   CFD  
my_fire_case.d_i /     
my_fire_case.d_h /      
my_fire_case.d_d /      
my_fire_case.inp /      
 

_restart
_end_sim

SMARTFIRE
SMARTFIRE

SMARTFIRE
 

 
 

 
    

 
my_fire_case.log    
my_fire_case.run    
my_fire_case.dbg    
my_fire_case.var    
my_fire_case.phi   PHI  
my_fire_case.vtu   VTU  
my_fire_case.vtk   Legacy VTK /

. 
my_fire_case.wrl    
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my_fire_case.tec   Tec  
<various>.csv   CSV  
 
SMARTFIRE EXODUS

 
 
my_fire_case_zone.dat 
 
CFD

 
 
TITLE <text_description_of_case>  
 

TITLE

 
 
{RESTART NO RESTART } 
 

restart
RESTART

C++
PRINTOUT CONTROL

SMARTFIRE
Mark
.vts .smc .smg

 
 
{CARTESIAN MESH NON CARTESIAN MESH

} 
 

CARTESIAN MESH
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{STRUTURED MESH UNSTRUCTURED MESH }  
 

CFD

BFC MESH DIMENSIONS

 
 
BFC MESH DIMENSIONS 
 NX <number_of_cells_in_x_direction> 
 NY <number_of_cells_in_y_direction> 
 NZ <number_of_cells_in_z_direction> 
END 
 
BFC MESH DIMENSIONS

PHI

SMARTFIRE
 

 
{ SETUP MODE AUTO START  }  
 
CFD

SETUP MODE

AUTO START
CFD  

 
ENABLE KBS KBS  
 
KBS (Knowledge Based System)

ENABLE KBS KBS
KBS  

 

6.2.2 RUN PROBLEM example  

RUN PROBLEM
 x 10 y

15  z 5
 

 
RUN PROBLEM  
 FILENAME  test  
 TITLE   Just an example case  
 RESTART   
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 CARTESIAN MESH  
 STRUCTURED MESH  
 BFC MESH DIMENSIONS BFC  
  NX 10 
  NY 15 
  NZ 5 
 END 
END 
 

SMARTFIRE test
 

 

6.2.3 PROBLEM DEFINE  

PROBLEM DEFINE 
 

PROBLEM DEFINE
 

 
{ HEAT TRANSFER NO HEAT TRANSFER }  
 

HEAT TRANSFER

 
 
{ FLOW, NO FLOW}  
 

NO FLOW

FLOW

 
 
{ TURBULENT, LAMINAR}  
 

TURBULENT K-
LAMINAR

LAMINAR
TURBULENT  
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{ NO RADIATION, RADIATION }  
 

NO RADIATION
RADIATION

RADIATION
100C 373K

4
 

 
NO COMBUSTION  
COMBUSTION  { DIFFUSION CONTROLLED, EDDY DISSIPATION CONTROLLED }

 
 

NO COMBUSTION SMARTFIRE
2

COMBUSTION DIFFUSION CONTROLLED
COMBUSTION 

EDDY DISSIPATION CONTROLLED

 
 
SMOKE PRODUCTION  
 

SMOKE PRODUCTION

 
 
SOOT MPS  MPS  
 

SOOT MPS  MPS Multiple Particle Size (MPS)

3

 
 
{ NOT USE ZONE RADIATION SUMMATION, USE ZONE RADIATION SUMMATION } 

 
 

ray summation

ZONE RADIATION SUMMATION
ray summation
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USE SPRINKLER EFFECTS MODEL  
 

USE SPRINKLER EFFECTS MODEL

100C

 
 
{ NO USE ENHANCED BODY FORCE, USE ENHANCED BODY FORCE }

 
 

USE ENHANCED BODY FORCE CFD
FAN

CFD Rhie Chow

NO 
USE ENHANCED BODY FORCE

 
 
CROSS PRODUCT TERMS  
 

cross product diffusion terms
CROSS PRODUCT 

TERMS
 

 
PARTICLE TRACKING  
 

 
 
PARTICLE SOURCE OLD CONTRIBUTION   <old_fraction> 
PARTICLE SWEEP RELAX FACTOR  <relax_factor> 
 

2 PARTICLE SOURCE OLD 
CONTRIBUTION
old_fraction 0.0 1.0 1.0

PARTICLE SWEEP RELAX FACTOR
relax_factor

0.25 4 1  
 
NUMBER OF EXTRA SOLVED VARIABLES <number_of_solved_variables> 
 

NUMBER OF EXTRA SOLVED VARIABLES( ) 0
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EXTRA VARIABLES( )

 
 
NUMBER OF EXTRA CALCULATED VARIABLES <number_of_solved_variables>  
 

NUMBER OF EXTRA SOLVED VARIABLES 0

EXTRA VARIABLES

 
 
NUMBER OF EXTRA CALCULATED VARIABLES <number_of_solved_variables>  
 

NUMBER OF EXTRA CALCULATED VARIABLES
NUMBER OF EXTRA SOLVED VARIABLES

EXTRA VARIABLES

 
 
NUMBER OF EXTRA SIMPLE SOLVED VARIABLES
 <number_of_simple_solved_variables> 
 
NUMBER OF EXTRA SIMPLE SOLVED VARIABLES

0
EXTRA 

VARIABLES  
 
CELL POROSITIES  
FACE POROSITIES  
 

/
Case Specification Environment .smg CFD 

Engine  
 
COMPUTED POROSITIES <number_of_steps> 
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HCl PRODUCTION HCl  
 
HCl HCl

HCl
HCL HCL HCL

 
 
TOXICITY  
 

TOXICITY
CO CO2 HCN O2

 
 
GAS SPESIES RELEASE  
 

/

 
 
{ HYDROSTATIC PRESSURE, NO HYDROSTATIC PRESSURE } 
 

OUTLET

 
 
TRUNCATE TIME AFTER DIGIT  <last_significant_digit> 
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TRANSIENT 
 TIME STEP  <time_step_size>  
 NUMBER OF TIME STEPS <number_of_time_steps>  
 

TRANSIENT
TRANSIENT TIME STEP

NUMBER OF TIME STEPS
TRANSIENT

END

1

0.1m 0.5ms-1 0.2

 
 
CRITICAL CHANGES HANDLING { ABSOLUTE, RELATIVE } <changes_data_table> 
 

(
)

CRITICAL NON 
CRITICAL CHANGE

 
 
MINIMUM TIME STEP SIZE <minimum_ts_size> 
 

 
 
CONTROLLED TIME STEP CHANGES  
 CHANGE TIME STEP <index#1> <index#2> AT <change_time>  
 CHANGE TIME STEP <index#1> <index#2> USING MONITOR <monitor_num>  
 USE DATA FILE  <time_step_data_file_name>  
END 
 

CONTROLLED TIME STEP CHANGES
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1
<index#1> <index#2> AT

<change_time>( )
USING MONITOR <monitor_num>( )

PRINTOUT CONTROL  
 

 
TRANSIENT

END
10

 
 
CHANGE TIME STEP 1 2 AT 10.0  
 

40.0 3 1
 

 
CHANGE TIME STEP 3 1 AT 40.0  
 

7
 

 
CHANGE TIME STEP 1 2 USING MONITOR 7  
CHANGE TIME STEP 3 1 USING MONITOR 7  
 

 
 

3 
   0.0        1.0 
20.0        0.1 
40.0        0.01 

 

20 1.0
0.1 40.0

0.01  
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ADAPTION  
 ADAPT EVERY <number_of_sweeps>  
 ADAPT FROM <starting_sweep>  
END 
 
SMARTFIRE ADAPTION

SMARTFIRE

SMARTFIRE  
 
REFINEMENT  
 REFINE EVERY <number_of_sweeps>  
 REFINE FROM <starting_sweep>  
END 
 

SMARTFIRE REFINEMENT

SMARTFIRE

SMARTFIRE  
 

NO FLOW TURBULENCE
 

 
[NO] USE MOMENTUM FALSE TIME IN AP TERM 
 

USE MOMENTUM FALSE TIME IN AP TERM AP FALSE TIME
Ap false time NO

Ap false time  
 

6.2.4 PROBLEM DEFINE  

0.1 1000 100
 

 
PROBLEM DEFINE  
 FLOW  
 TURBULENT  
 HEAT TRANSFER  
 RADIATION  
 COMBUSTION    EDDY MIXING CONTROLLED  
 TRANSIENT 
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  TIME STEP   0.1 
  NUMBER OF TIME STEPS  1000 
 CONTROLLED TIME STEP CHANGES 
  CHANGE TIME STEP 1 2 AT 10.0 
 END  
END  
 

10.0s 1 2 0.1s => 0.2s
 

 

6.2.5 EXTRA VARIABLES  

EXTRA VARIABLES 
 

BOUNDARY CONDITIONS
 

 

PROBLEM DEFINE

 
 
SOLVED VARIABLE NAMES  
 <extra_solved_variable_name> 
END  
 

20

 
 
CALCULATED VARIABLE NAMES  
 <extra_calculated_variable_name> 
END  
 

20
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DIFFUSION COEFFICIENTS  
 <extra_solved_variable_name>   <diffusion_coefficient_value>  
END  
 

2.61172E-05  
 
SIMPLE SOLVED VARIABLE NAMES 
 <extra_simple_solved_variable_name> 
END 
 

20

CFD Engine

 
 
SIMPLE DIFFUSION COEFFICIENT  <diffusion_coefficient_value> 
 

2.61172E-05  
 
 

6.2.6 EXTRA VARIABLES  

2

1  
 
EXTRA VARIABLES 
 CALCULATED VARIABLE NAMES  
  Smoke-conc 
 END 
 
 SOLVED VARIABLE NAMES 
  Conc-A  
  Conc-B 
 END 
 DIFFUSION COEFFICIENTS 
  Conc-A  1.2E-05  
  Conc-B  2.7E-04  
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 END 
END 
 

6.2.7 DEFINE RADIATION  

DEFINE RADIATION 
 
DEFINE RADIATION

 
 
{ RADIOSITY 6 SIX FLUX RADIATION MULTIPLE 
RAY RADIATION }  
 

RADIOSITY 6 SIX FLUX RADIATION
MULTIPLE RAY RADIATION

6

HR SMART HR MUSCL
MULTIPLE RAY RASIATION  

 
6

 
 

DEFINE RAY

 
 
NUMBER OF RAYS <number_of_rays>  
 
NUMBER OF RAYS MULTIPLE RAY RADIATION

MULTIPLE RAY RADIATION

DEFINE RAY  
 
DEFINE RAY <ray_number>  <x_normal>  <y_normal>  <z_normal>  
<ray_weight>  
 
DEFINE RAY CFD MULTIPLE RAY 
RADIATION <ray_number>

<x_normal>, <y_normal>  <z_normal> 
<ray_weight> 4π

NUMBER OF RAYS
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DEFINE RAY  
 
SCATTERING COEFF <scattering_coefficient_value>  
 
SCATTERING COEFF

RADIOSITY  
 
AMBIENT ABSORPTION COEFF <ambient_absorption_coefficient_value>  
MAXIMUM ABSORPTION COEFF <max_absorption_coefficient_value>  
MINIMUM ABSORPTION COEFF <min_absorption_coefficient_value>  
MAXIMUM ABSORPTION TEMP <max_absorption_temperature_value>  
MINIMUM ABSORPTION TEMP <min_absorption_temperature_value>  
 
AMBIENT ABSORPTION COEFFICIENT

MAXIMUM ABSORPTION COEFF
MINIMUM 

ABSORPTION COEFF

MAXIMUM ABSORPTION TEMPERATURE
MINIMUM ABSORPTION TEMPERATURE

TECHNICAL REFERENCE
 

 
COMBUSTION

SMOKE
 

 
WALL EMISSIVITY <wall_emissivity_value>  
 
WALL EMISSIVITY

 
 
START ITERATION  <radiation_start_iteration>  

{ FOR EVERY TIME STEP, ONLY FIRST TIME STEP } 
 
START ITERATION

 
 
STEPS BETWEEN RADIATION ITERATIONS  <steps_between_rad_iters> 
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STEPS BETWEEN RADIATION ITERATIONS

 
 
{ ENABLE, DISABLE }  RADIATION OPTIMIZATION 
 

ENABLE RADIATION OPTIMIZATION

DISABLE RADIATION OPTIMIZATION
 

 
RADIATION T4 CHANGE LIMIT  <rad_t4_change_limit> 
 
RADIATION T4 CHANGE LIMIT T4 /

4  
 

6.2.8 DEFINE RADIATION  

6 6
 

 
DEFINE RADIATION  
 MULTIPLE RAY RADIATION  
 NUMBER OF RAYS 6  
 DEFINE RAY  1   -1.0 0.0 0.0 2.094395  
 DEFINE RAY  2   1.0 0.0 0.0 2.094395  
 DEFINE RAY  3   0.0 -1.0 0.0 2.094395  
 DEFINE RAY  4   0.0 1.0 0.0 2.094395  
 DEFINE RAY  5   0.0 0.0 -1.0 2.094395  
 DEFINE RAY  6   0.0 0.0 1.0 2.094395  
 AMBIENT ABSORPTION COEFF    0.010  
 MINIMUM ABSORPTION COEFF    0.315  
 MAXIMUM ABSORPTION COEFF    0.630  
 MINIMUM ABSORPTION TEMP    323.000  
 MAXIMUM ABSORPTION TEMP    1289.000  
 WALL EMISSIVITY     0.800  
END  
 

6.2.9 GROUP SOLVER OPTIONS  

GROUP SOLVER OPTIONS 
 
GROUP SOLVER OPTIONS

2
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REMOVE ALL SOLIDS 
 
REMOVE ALL SOLIDS CFD Engine

Cells Faces Points

I U K
 

 

CFD Engine

CFD Engine  
 
REMOVE NON CONDUCTING MATERIALS 
 
REMOVE NON CONDUCTING MATERIALS DFD Engine

Cells Faces Points

I U K
 

 

CFD Engine

CFD Engine  
 

6.2.10 GROUP SOLVER OPTIONS example  

 
 
GROUP SOLVER OPTIONS 
 REMOVE NON CONDUCTING MATERIALS 
END 
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6.2.11 NOZZLE CONDITIONS  

NOZZLE CONDITIONS 
 
NOZZLE CONDITIONS

/  
 
USE DEGREES, USE RADIANS  

 
USE DEGREES

USE RADIANS  
 
WALL INTERACTION BOUNCE, STICK, REMOVE  
 
WALL INTERACTION

BOUNCE
STICK REMOVE  

 
COEFFICIENT OF RESTITUTION  <coeff_of_restitution> 
COEFFICIENT OF MASS BOUNCED <coeff_of_mass_bounced> 
 

COEFFICIENT OF RESTITUTION
1.0

COEFFICIENT OF MASS BOUNCED
1.0

 
 
NUMBER OF NOZZLES  <num_of_nozzles> 
 
NUMBER OF NOZZLES
DEFINE NOZZLE  
 
NUMBER OF INJECTIONS PER TIME STEP  <num_injects_per_time_step> 
 
NUMBER OF INJECTIONS PER TIME STEP

 
 
NUMBER OF GAS SWEEPS PER PARTICLE TRACKING <num_gas_sw_per_p_track> 
 
NUMBER OF GAS SWEEPS PER PARTICLE TRACKING

1
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DEFINE NOZZLE 
 
DEFINE NOZZLE

 
 
POSITION <nozzle_x> <nozzle_y> <nozzle_z> 
 
POSITION 3

x y z  
 
ORIENTATION NORMAL  <normal_x> <normal_y> <normal_z> 
 
ORIENTATION NORMAL

0.0,-1.0,0.0  
 
NUMBER OF TRAJECTORIES  <num_trajectories> 
 
NUMBER OF TRAJECTORIES

 
 
NOZZLE TRAJECTORY TYPE { FIXED, RANDOMIZED } 
 
NOZZLE TRAJECTORY TYPE

(FIXED)
/

(RANDOMIZED)

 
 
TRAJECTORY  <num_p_s> <x> <y> <z> <u> <v> <w> <diam> <temp> <s_cell> 
 
TRAJECTORY
TRAJECTORY 1 <num_p_s>

<x> <y> <z> m [<u> <v> <w>] m/
<diam> / <temp> K <s_cell>

1  
 
THETA MIN  <theta_min> 
THETA MAX  <theta_max> 
 
THETA MIN THETA MAX

360
THETA MIN (HOLLOW)

<theta_max> <theta_max>  
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WATER TEMPERATURE  <water_temperature> 
 
WATER TEMPERATURE

 
 
{ SOLID, HOLLOW } CONE 
 

(SOLID CONE) (HOLLOW CONE)

 
 
NOZZLE FLOW RATE  <nozzle_flow_rate> 
 
NOZZLE FLOW RATE

kg/
 

 
INITIAL DROPLET SPEED  <initial_droplet_speed> 
 
INITIAL DROPLET SPEED

m/  
 
NOZZLE { ON, OFF } 
 

NOZZLE ON / NOZZLE OFF

 
 
DROPLET OFFSET DISTANCE <droplet_offset_distance> 
 
DROPLET OFFSET DISTANCE

m

 
 
DROPLET DISTRIBUTION DATA 
 

DROPLET DISTRIBUTION DATA
1

1
 

 
DROPLET DISTRIBUTION FILE <droplet_data_file_name> 
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DROPLET DISTRIBUTION FILE
ASCII

size frequency  
 
<num_droplet_sizes(N)> 
<droplet_size_1> <droplet_norm_frequency_1> 
<droplet_size_2> <droplet_norm_frequency_2> 
. 
. 
<droplet_size_N> <droplet_norm_frequency_N> 
 
NUMBER OF DROPLET SIZES <num_droplet_sizes> 
 <droplet_size> <normalized_frequency> 
 
NUMBER OF DROPLET SIZES /

NUMBER OF DROPLET SIZES
<num_droplet_sizes> <droplet_size> m

<normalized_frequency> s 1 <normalized_frequency>
1.0 0.001 0.005 0.01m 3

1000 700 0.001m 200
0.005m 100 0.01m 0.7 0.2 0.1

1000
 

 
NUMBER OF DROPLET SIZES 3 
 0.001 0.7 
 0.005 0.2 
 0.01 0.1 
 
CONTROLLED NOZZLE CHANGES 
 
CONTROLLED NOZZLE CHANGES

( )
 

 
[NON] CRITICAL CHANGE 
 
CRITICAL CHANGE

NON CRITICAL CHANGE
 

 
CHANGE NOZZLE STATE <nozzle_index> <nozzle_state> ... AT <time> 
CHANGE NOZZLE STATE <nozzle_index> <nozzle_state> ... USING MONITOR
<mon_num> 
CHANGE NOZZLE STATE <nozzle_index> <nozzle_state> ... 

USING MONITOR NAME 
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<monitor_name> 
 
CHENGE NOZZLE STATE

<nozzle_index>
<nozzle_state> 0 1 0

1 AT 
<time> USING MONITOR<mon_num>

<mon_num>
USING MONITOR NAME <monitor_name>

 
 
 [NOT] ALLOW MULTIPLE USES 
 

ALLOW MULTIPLE USES
NOT

 
 

6.2.12 NOZZLE CONDITION  

45 90 100 20 293K
2kg/ 0.5 2.4 3.2 0.01m 0.02m 2

1.0 /
2cm 0.02m  

 
NOZZLE CONDITIONS 
 USE DEGREES 
 WALL INTERACTION REMOVE 
 NUMBER OF NOZZLES 
 NUMBER OF INJECTIONS PER TIMESTEP  1 
 NUMBER OF GAS SWEEPS PER PARTICLE TRACKING 1 
 DEFINE NOZZLE 
  NOZZLE ON 
  POSITION   0.5  2.4  3.2 
  ORIENTATION NORMAL  0.0  -1.0  0.0 
  NUMBER OF TRAJECTORIES  100 
  NOZZLE TRAJECTORY TYPE RANDOMIZED 
  THETA MIN    45 
  THETA MAX   90 
  WATER TEMPERATURE   293 
  HOLLOW CONE 
  NOZZLE FLOW RATE   2.0 
  INITIAL DROPLET SPEED  1.0 
  DROPLET OFFSET DISTANCE  0.02 
  DROPLET DISTRIBUTION DATA 
   NUMBER OF DROPLET SIZES  2 
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    0.01  0.5 
    0.02  0.5 
 END 
END 
 

6.2.13 GEOMETRY SETUP  

GEOMETRY SETUP 
 
GEOMETRY SETUP .smg

 
 

0
 

 

 
 
SET FACES TO PATCH NUMBER <new_face_patch_index>  
 USE REGION <low_x> <low_y> <low_z> <high_x> <high_y> <high_z>  
 FACES NORMAL TO <face_x_normal> <face_y_normal> <face_z_normal>  
END  
 
SET FACES TO PATCH NUMBER

<new_face_patch_index>
USE REGION

FACES NORMAL TO
USE 

REGION <low_x>  <low_y>  <low_z>  <high_x>
<high_y> <high_z> FACES NORMAL TO

<face_x_normal> <face_y_normal> <face_z_normal>
USE REGION

 
 
SET FACES TO POROSITY VALUE <new_porosity_value> 
 USE REGION <low_x> <low_y> <low_z> <high_x> <high_y> <high_z> 
 FACES NORMAL TO <face_x_normal> <face_y_normal> <face_z_normal> 
END 
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SET FACES TO POROSITY VALUE
<new_porosity_value>

USE REGION FACES NORMAL TO

USE REGION <low_x> <low_y> <low_z> <high_x> <high_y> 
<high_z> FACES NORMAL TO
<face_x_normal> <face_y_normal> <face_z_normal>
USE REGION

 
 
SET CELLS TO MATERIAL NUMBER <new_material_number>  
 USE REGION <low_x> <low_y> <low_z> <high_x> <high_y> <high_z>  
END  
 
SET CELLS TO MATERIAL NUMBER 

<new_material_number>
USE REGION

USE REGION <low_x>  <low_y>   
<low_z>  <high_x> <high_y> <high_z>

 
 
SET CELLS TO SOURCE NUMBER <new_source_patch_number>  
 USE REGION <low_x> <low_y> <low_z> <high_x> <high_y> <high_z>  
END  
 
SET CELLS TO SOURCE NUMBER 

<new_source_patch_number>

USE REGION
USE REGION

<low_x>  <low_y>   <low_z>  <high_x> <high_y> <high_z>
 

 
SET CELLS TO GROUP NUMBER <new_group_number>  
 USE REGION <low_x> <low_y> <low_z> <high_x> <high_y> <high_z>  
END  
 
SET CELLS TO GROUP NUMBER 

<new_group_number>
USE REGION

USE REGION <low_x>  <low_y>   <low_z>
 <high_x> <high_y> <high_z>  
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SET CELLS TO POROSITY VALUE  <new_porosity_value> 
 USE REGION <low_x> <low_y> <low_z> <high_x> <high_y> <high_z> 
END 
 
SET CELLS TO POROSITY VALUE
<new_porosity_value>

USE REGION
USE REGION

<low_x> <low_y> <low_z> <high_x> <high_y> <high_z>
 

 

6.2.14 GEOMETRY SETUP  

z=1.4m z 0.2m x 0.2m XY 
x=0.2m y=0.8m 7

BOUNDARY CONDITIONS
 

 
GEOMETRY SETUP  
 SET FACES TO PATCH NUMBER 7 
  USE REGION  0.2 0.8 1.3999 0.4 1.0 1.4001 
  FACES NORMAL TO 0.0 0.0 1.0  
 END  
END  
 

6.2.15 DEFINE TOXICITY  

DEFINE TOXICITY 
 
DEFINE TOXICITY

 
 
CRITICAL LER RANGE  <critical_min_ler> <critical_max_ler> 
 
CRITICAL LER RANGE LER LER  
 
MASS OPTICAL DENSITY  <mass_optical_density> 
 
MASS OPTICAL DENSITY

 
 
CO YIELD COEFFICIENTS  <a_co> <b_co> <c_co> <d_co> 
 
CO YIELD COEFFICIENTS CO CO
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CO2 YIELD COEFFICIENTS <a_co2> <b_co2> <c_co2> <d_co2> 
 
CO2 YIELD COEFFICIENTS CO2 CO2

 
 
O2 CONSUMED COEFFICIENTS <a_o2> <b_o2> <c_o2> <d_o2> 
 
O2 YIELD COEFFICIENTS O2 O2

 
 
STOIC MASS RATIO AIR FUEL <stoic_mass_ratio_air_fuel> 
 
STOIC MASS RATIO AIR FUEL

 
 
STOIC MASS RATIO H2O CO2  <stoic_mass_ratio_h2o_co2> 
 
STOIC MASS RATIO H2O CO2 H2O CO2 H2O
CO2

 
 
EFFECTIVE HEAT OF COMBUSTION <effective_heat_of_combustion> 
 
EFFECTIVE HEAT OF COMBUSTION

 
 
AMBIENT OXYGEN MASS FRACTION <ambient_oxygen_mass_fraction> 
 
AMBIENT OXYGEN MASS FRACTION

 
 
NORM YIELD CO <norm_yield_co> 
 
NORM YIELD CO HCN CO

1.49  
 
NORM YIELD HCN <norm_yield_hcn> 
 
NORM YIELD HCN HCN HCN

0.24 0.0
HCN  
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STOIC O2 FUEL MR <stoic_o2_fuel_mr> 
 
STOIC O2 FUEL MR (Fuel Mass Ratio O2) HCN

2.62  
 

6.2.16 (INITIAL VALUES) 

INITIAL VALUES 
 

2
RUN PROBLEM RESTART

0.0  
 
<variable_name> <initial_value>  
 

 
 
<variable_name>  
 VALUE   <initial_set_value>  
 COEFFICIENT  <initial_set_coefficient>  
 POWER  <initial_set_power>  
 DIRECTION  { X, Y, Z }  
END  
 

VALUE 0.0 COEFFICIENT
0.0 POWER 0.0 DIRECTION  X Y 

 Z
 

 

� 
POWER
node DIRECTIONCENTRE*TCOEFFICIENVALUEvalue ��  

 
CENTRE( DIRECTION ) DIRECTION  

 
EXTRA VARIABLES
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USE REGION <low_x> <low_y> <low_z>    <high_x> <high_y> <high_z>  
 Initialisation commands as above.  
END  
 

USE REGION
x- y- z- x- y- z- 6 floating point

 
 
USE REGION MATERIAL  <material_number> ( ) 
 Initialisation commands as above.  
END  
 

 
 
RECALCULATE  
 <variable_name>  
END  
 
RECALCULATE

 
 

6.2.17 INITIAL VALUES  

U-VELOCITY U 1.0
V-VELOCITY V 0.2

TEMPERATURE 300.0 x- (0.0, 0.0, 0.0) 
 (0.1, 0.2, 0.1) ENTHALPY

1000.0 2 TEMPERATURE
350

0.0  
 
INITIAL VALUES  
 U-VELOCITY   1.0  
 V-VELOCITY  0.2  
 TEMPERATURE  
  VALUE   0.0  
  COEFFICIENT  300.0  
  POWER  1.0  
  DIRECTION  X  
 END  
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 USE REGION   0.0 0.0 0.0 0.1 0.2 0.1  
  ENTHALPY  1000.0  
 END  
 USE REGION   MATERIAL  2  
  TEMPERATURE 350.0  
 END  
END  
 

6.2.18 MATERIAL PROPERTIES  

MATERIAL PROPERTIES 
 

 
 
NUMBER OF MATERIALS <number_of_materials>  
 

1  
 
CONTROLLED MATERIAL CHANGES  

{ CRITICAL CHANGE, NON CRITICAL CHANGE } 
[ NOT ] ALLOW MULTIPLE USES 
[ NOT ] USE OBJECT REFERENCES 
CHANGE MATERIAL <m_o_index> <mat_num> ... 

AT <change_time> 
CHANGE MATERIAL <m_o_index> <mat_num> ... 

USING MONITOR [ NUMBER ] <monitor_num> 
CHANGE MATERIAL <m_o_index> <mat_num> ... 

USING MONITOR NAME <monitor_name> 
 
END  
 

TRANSIENT

No. 
<mat_num> <m_o_index>

No.
No.

No. No.
SMARTFIRE

<change_time>  
 

2
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<m_o_index>
<mat_num>

No.
 

 
ALLOW MULTIPLE USES

1 1  
 

USE OBJECT REFERENCES
No.

 
 
CRITICAL CHANGE NON CRITICAL CHANGE

CRITICAL CHANGE 
HANDLER

 
 
[NOT] ALLOW MULTIPLE USES 
 

ALLOW MULTIPLE USES
NOT

 
 
MATERIAL NUMBER  <material_number>  
 

MATERIAL 
NUMBER
<material_number>

AIR
1

 
 
DESCRIPTION <description_of_material>  
 
DESCRIPTION 

SMARTFIRE
 

 
MATERIAL NAME <material_name>  
 

MATERIAL NAME
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SMARTFIRE
2 2

2 <material_name>
<material_name>

<material_number>
 

 
NATURAL STATE { SOLID , LIQUID , GAS  }  
 
NATURAL STATE

 
 
CONSTANT  <property_name> <property_value> 
TABLE DEFINED  <property_name> <property_table_file_name> 
 
CONSTANT <property_value>

TABLE DEFINED
CFD Engine

CONDUCTIVITY SPECIFIC HEAT DENSITY LAMINAR 
VISCOSITY VISCOSITY

 
 

<property_value>
CONDUCTIVITY SPECIFIC HEAT

DENSITY LAMINAR VISCOSITY VISCOSITY

 
 
POLYNOMIAL DEFINED <property_name>  

TEMPERATURE RANGE <range_low_temp> <range_high_temp> 
POLYNOMIAL COEFFICIENTS <a>  <b>  <c>  <d> 

END 
 

POLYNOMIAL DEFINED

: 
 
<new_property_value> = <a> T3 + <b> T2 + <c> T + <d> 
 

<a> <d> T
Kelvin 2

5
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DENSITY IDEAL GAS LAW  
 MOLECULAR WEIGHT <molecular_weight>  
 

ideal gas law density  
 

 
 
DENSITY IDEAL GAS LAW   
 COMBUSTION MOLECULAR WEIGHTS (fmw) (omw) (dmw)  
 COMBUSTION EQUATION (pf) (po) (so) (sh) (sc) (hr) (ce)  
 

 
(fmw) = < fuel_molecular_weight>  
(omw) = <oxidant_molecular_weight>  
(dmw) = <dilutant_molecular_weight>  
(pf) = <pure_fuel_fraction>  
(po) = <pure_oxidant_fraction>  
(so) = <stoichiometric_o2> _o2  
(sh) = <stoichiometric_h2o> _h2o  
(sc) = <stoichiometric_co2> _co2  
(hr) = <heat_of_reaction>  
(ce) = <combustion_efficiency>  
 

ideal gas law

COMBUSTION MOLECULAR WEIGHTS 4CH -

2� 2	
COMBUSTION EQUATION

 
 

4CH  + 22� => 2CΟ  + 2 �/ 2  + heat  

 
 

 

Fn  F + Οn  2�  => Cn  2CΟ  + Ηn  �/ 2  + heat  

 

Fn = Οn = Cn = Ηn = F=

2Ο = 2CΟ = ΟΗ2 =  
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F + � 
FΟ/nn  2Ο => � 
FC/nn  2CΟ  + � 
FH/nn  OH2 + heat  

 

0.8
<pure_fuel_fraction>

<pure_oxidant_fraction>

 
 
COMBUSTION SPECIFIC HEATS <fuel_s_h> <ox_s_h> <prod_s_h> <dil_s_h> 
 
COMBUSTION SPECIFIC HEATS

CO CO2
N2  

 
COMBUSTION OXIDANT LIMIT  <oxidant_limit> 
 
<oxidant_limit>

 
 
LATENT HEAT <latent_heat_value>  
 
LATENT HEAT SMARTFIRE

 
 
THERMAL EXPANSION <thermal_expansion_coefficient>  
 
THERMAL EXPANSION thermal expansion 
coefficient  
 
DISCONTINUITY HANDLING { SLIP , NO SLIP  }  
 
DISCONTINUITY HANDLING

 
 
SURFACE EMISSIVITY <surface_emissivity_value>  
 
SURFACE EMISSIVITY
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USE ABSORPTIVE MATERIAL  FOR <gas_species_absorbed> 
 
USE ABSORPTIVE MATERIAL

HCL  
 
ABSORPTION COEFFICIENTS  <b1> <b2> <b3> <b4> <b5> <b6> <b7> 
 
ABSORPTION COEFFICIENTS HCL

 
 
<gas_species_name>   DEPOSITION AREA MODIFIER <area_modifier> 
<gas_species_name>   DEPOSITION METHOD <deposition_method> 
<gas_species_name>  MAX DEPOSITION TEMPERATURE 
<max_deposition_temp> 
<gas_species_name>  PARTITION COEFFICIENT <partition_coeff> 
 

<deposition_method>
1

2

100 /
 

 
USE BURNABLE MATERIAL 
 
USE BURNABLE MATERIAL

4 1 2
3 4  
 
IGNITION TEMPERATURE   <ignition_temperature> 
 
IGNITION TEMPERATURE K

 
 
FLAME IGNITION TEMPERATURE   <flame_ignition_temperature> 
 
FLAME IGNITION TEMPERATURE

K  
 
IGNITION TIME BY FLAME   <time_for_flame_ignition> 
 
IGNITION TIME BY FLAME
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IGNITION HEAT FLUX   <ignition_heat_flux> 
 
IGNITION HEAT FLUX W/m^2  
 
IGNITION TIME BY HEAT FLUX   <time_for_heat_flux_ignition> 
 
IGNITION TIME BY HEAT FLUX

 
 
{ NOT USING FLAME SPREAD, USING FLAME SPREAD } 
 
USING FLAME SPREAD

NOT USING FLAME SPREAD
 

 
FLAME UPWARD ANGLE <flame_upward_angle> 
 
FLAME UPWARD ANGLE

0
 

 
FLAME DOWNWARD ANGLE   <flame_downward_angle> 
 
FLAME DOWNWARD ANGLE

0
 

 
FLAME SPREAD UPWARD RATE   <flame_spread_upward_rate> 
 
FLAME SPREAD UPWARD RATE m/

 
 
FLAME SPREAD LATERAL RATE   <flame_spread_lateral_rate> 
 
FLAME SPREAD LATERAL RATE

m/
 

 
FLAME SPREAD DOWNWARD RATE   <flame_spread_downward_rate> 
 
FLAME SPREAD DOWNWARD RATE m/

 
 



SMARTFIRE V4.3  
 

 6 134 

TOTAL BURNABLE MASS   <total_burnable_mass> 
 
TOTAL BURNABLE MASS

kg/m^2  
 
BURN COEFFICIENTS   <burn_a> <burn_b> <burn_c> <burn_d> 
 
BURN COEFFICIENTS

 
 
USE TABLE HRR <hrr_table_file_name> 
USE TABLE HEAT RELEASE RATE <hrr_table_file_name> 
 
USE TABLE HEAT RELEASE RATE

W m^2 <hrr_table_file_name>
1

 
 
USE TABLE MASS LOSS RATE   <mass_loss_rate_table_file_name> 
 
USE TABLE MASS LOSS RATE

kg s^-1 m^-2
<mass_loss_rate_table_file_name> 1

 
 
USE TABLE SMOKE RELEASE RATE  <smoke_release_rate_table_file_name> 
 
USE TABLE SMOKE RELEASE RATE

kg s^-1 m^-2
<smoke_release_rate_table_file_name> 1

 
 
USE TABLE HCL RELEASE RATE  <hcl_release_rate_table_file_name> 
 
USE TABLE HCL RELEASE RATE HCL HCL

kg s^-1 m^-2
<smoke_release_rate_table_file_name> 1

HCL  
 

6.2.19 MATERIAL PROPERTIES  

2
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MATERIAL PROPERTIES  
 NUMBER OF PROPERTIES   2  
 DEFINE MATERIAL NUMBER   2  
  MATERIAL NAME   Ideal-Air  
  NATURAL STATE   GAS  
  SPECIFIC HEAT CONSTANT  980.0  
  DENSITY IDEAL GAS LAW  
   MOLECULAR WEIGHT  16  
  DISCONTINUITY HANDLING  NO SLIP  
 END  
END  
 

6.2.20 AUXILIARY EQUATIONS  

AUXILIARY EQUATIONS 
 
SMARTFIRE

+
- * /

SMARTFIRE 99 T1 T99
99

 
 
<VAR> =   <ITEM#1> <OPERATOR>   <ITEM#2> 
 

 
 
NUMBER OF EQUATIONS <number_of_equations>  
 

 
 
DEFINE EQUATION NUMBER <equation_number>  
 <variable_item> = <item#1> <operator> <item#2>  
END  
 
DEFINE EQUATION NUMBER 99

<item #1> <item#2> <operator>
<variable_item>

T1 T99
1 <item#1> <item#2>

<operator> + * /
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6.2.21 AUXILIARY EQUATIONS  

1
 

 
ABSORPTION_COEFF  = 1800.0 * PM * (YS / PS) * TEMPERATURE   
 

PM YS PS 2000.0  
 

 
T1 = 1800.0 * DENSITY  
T2 = SMOKE  / 2000.0 
T3 = T2 * TEMPERATURE  
ABSORPTION_COEFF = T1 * T3 
 

ABSORPTION_COEFF

 
 
AUXILIARY EQUATIONS  
 NUMBER OF EQUATIONS   1  
 DEFINE EQUATION NUMBER   1  
  T1   =  1800.0  * DENSITY  
  T2    =  SMOKE / 2000.0  
  T3    =  T2  * TEMPERATURE  
  ABSORPTION_COEFF  =  T1  * T3  
 END  
END  
 

6.2.22 BOUNDARY CONDITIONS  

BOUNDARY CONDITIONS  
 

SMARTFIRE
SUPPORT FILE FORMATS

SMARTFIRE
 

 

2 1
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6.2.22.1 Point Patch Boundary Conditions  

NUMBER OF POINT PATCHES <number_of_patches>  
 

 
 
DEFINE POINT PATCH NUMBER <number_of_patch>  
 

<number_of_patch>

 
 
DIRECTION { X, Y, Z } 
 
DIRECTION

 
 
FIXED COORDINATE  
FREE COORDINATE  
COEFFICIENTS   <coeff#1> <coeff#2> <coeff#3> <coeff#4>  
 

 
 

6.2.22.2 Face Patch Boundary Conditions  

NUMBER OF FACE PATCHES<number_of_patches>  
 

 
 
DEFINE FACE PATCH NUMBER     <number_of_patch>  
 

<number_of_patch>
4

1
PRESSURE U U-VELOCITY V V-VELOCITY W W-VELOCITY

KINETIC ENERGY DISSIPATION RATE
2 ENTHALPY 2

4
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ADDITIONAL FACE STORAGE  <num_of_items> 
 
SMATFIRE

 
 
MATERIAL INDEX <material_index>  
 

<material_index>
 

 
PATCH THICKNESS <thickness_value>  
 

<thickness_value>
 

 
WALL EMISSIVITY <emissivity_value>  
 
6 <emissivity_value>

 
 
USE FACE TIME 
USE PATCH TIME 
 SET PATCH START TIME <start_time> 
 

(
) ( )

USE PATCH TIME( ) ( SET PATCH START TIME(
) ) USE FACE TIME(

) ( )  
 
USE REMOVEABLE PATCH 
FAILURE TEMPERATURE  <fail_temperature> 
 

 
 
PATCH NORMAL  <norm_x> <norm_y> <norm_z> 
 
PATCH NORMAL
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6.2.22.3 Flow Type Face Boundary Conditions  

[INNER] INLET  
 CALCULATE TURBULENCE <inlet_dx> <inlet_dy> <inlet_dz> <variable_name> 
   <boundary_value> 
 TABLE DEFINED <variable_name> <table_file_name> 
END 
 

INLET
PRESSURE

U V W
COMBUSTION

FUEL / MIXTURE FRACTION
INLET

0.0 TABLE DEFINED
INNER INLET U- V-

W-VEROCITY

low-x U-VELOCITY
high-x CALCULATE 

TURBULENCE Kinetic Energy
Dissipation Rate  

 
{ POINT, PV, LINKED } INLET 

NEGATIVE DIRECTION 
PV DIRECTION  { X, Y, Z } 
LINKED OUTPUT NORMAL VELOCITY <norm_velocity_value> 
LINKED INPUT MASS  <linked_input_mass> 
LINKED OUTPUT MASS  <linked_output_mass> 
LINKED PATCH NUMBER  <linked_patch_num> 
USE POINT INLET DIRECTION  <pvx> <pvy> <pvz> 
TURBULENCE PASS THROUGH 

END 
 

INLET INLET
INLET / INLET Linked INLET

Linked INLET
2 INLET

INLET INLET
 

 
OUTLET BLOCK  
[ NO ] INWARD MOMENTUM 
 PRESSURE <pressure_value> 
 TABLE DEFINED PRESSURE <pressure_table_file_name> 
END 
 

OUTLET
510� Pa
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CFD OUTLET
GENERAL 

INFORMATION OUTLET
0.0 OUTLET 2

<pressure_value>
PRESSURE TABLE 

DEFINED
INWARD MOMENTUM 0

NO INWARD MOMENUM
0  

 
SYMMETRY  
 
SYMMETRY 

CFD
SYMMETRY 1

0.0

 
 
WALL  
 <variable_name> <boundary_value> 
 TABLE DEFINED <variable_name> <table_file_name> 
END  
 
WALL

3 U V W

0.0

KINETIC ENERGY DISSIPATION RATE 
 

 

 
k 0.435 μC 0.09 s V y

TABLE DEFINED
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FIXED WALL  
 

0.0  
 
OPENING  
 
OPENING 2

1 1

 
 

6.2.22.4 Heat Type Face Boundary Conditions  

DIRICHLET FIXED VALUE <fixed_temperature>  
 

DIRICHLET
TABLE DEFINED

 
 
NEUMANN FIXED FLUX <fixed_flux> ( ) 
NEUMANN TABLE DEFINED ENTHALPY  <enthalpy_file_name> 
 

 
 

fixed_flux
n
h
�

,
,

 

 
TABLE DEFINED

 
 
{ CONVECTIVE , CONDUCTIVE , TURBULENT }  
 FLUX COEFFICIENT  <heat_transfer_coeff>  
 AMBIENT TEMPERATURE  <ambient_temp>  
END  
 
CONVECTIVE  
 

 
 

T FLUX COEFFICIENT
AMBIENT TEMPERATURE 0.0 CONDUCTIVE
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CONVECTIVE

TURBULENT CONDUCTIVE

TURBULENT
CONDUCTIVE TURBULENT

INITIAL TEMPERATURE  
 
ADIABATIC  
 
ADIABATIC
SYMMETRY

 
 
OPENING  
 
OPENING Flow Type 2

 
 

6.2.22.5 Radiation Type Face Boundary Conditions  

SMARTFIRE
Radiation 

Type  
 
FIXED TEMPERATURE RADIATION BOUNDARY   
 
FIXED TEMPERATURE RADIATION BOUNDARY

 
 
SYMMETRY RADIATION BOUNDARY   
 
SYMMETRY RADIATION BOUNDARY

 
 
SOLID RADIATION BOUNDARY   
 
SOLID RADIATION BOUNDARY

 
 
FREE RADIATION BOUNDARY   
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FREE RADIATION BOUNDARY
OUTLET

 
 
AUTOMATIC RADIATION BOUNDARY   
 
AUTOMATIC RADIATION BOUNDARY

 
 
PARAMETRIC RADIATION BOUNDARY  <radiation_at_boundary> 
<emmisivity>  
 

PARAMETRIC RADIATION BOUNDARY
<radiation_at_boundary>

<emissivity>
 

 

6.2.22.6 Extra Variable Type Face Boundary Conditions  

<extra_solved_variable_name> FIXED VALUE <fixed_value>  
<extra_solved_variable_name> FIXED FLUX <fixed_flux>  
<extra_solved_variable_name> LINEAR FLUX <coefficient> <value>  
<extra_solved_variable_name> SYMMETRY  
 

4
FIXED VALUE FIXED 

FLUX LINEAR FLUX SYMMETRY

TABLE DEFINED
 

 
FIXED VALUE  

 
 

FIXED FLUX  

 
 

LINEAR FLUX  

� 
tcoefficien
n
θ
�

,
,

 
� 
θvalue �  

 
Heat Type  

 
SYMMETRY  
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6.2.22.7 Volume Source Boundary Conditions  

NUMBER OF VOLUME PATCHES <number_of_patches>  
 

 
 
DEFINE VOLUME PATCH NUMBER <patch_index>  
 

<patch_index>

 
 

2 1
2

TIME LIMITS
 

 
[ { ABSOLUTE, RELATIVE } ] TIME LIMITS <start_time> <end_time>  
 
TIME LIMITS TIME EQUATION

<start_time>
<end_time>

<end_time> <end_time>
TIME EQUATION

ABSOLUTE RELATIVE
TIME LIMITS

absolute RELATIVE

RELATIVE  
 
RELATIVE TIME LIMITS  0.0  <duration>  
 

<start_time> duration
<end_time> <start_time> STARTED AT TIME
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{ CONTINUE, TERMINATE } AT END TIME 
 
CONTINUE AT END TIME TERMINATE AT END TIME

TERMINATE  
 
TIME EQUATION <solved_variable_name> <modifier> <a> <b> <c> <d> <e>  
 
TIME EQUATION <solved_variable_name>

(t)
 

 

  
 

<a>  <b>   <c>  
<d>   <e>

0.0 <a>

TIME 
LIMITS <modifier> SOURCE PER UNIT 
VOLUME TOTAL SOURCE  
 
TABLE FILE <solved_variable_name> <modifier> <table_file_name>  
 
TABLE FILE

<table_file_name>
 

 
<number_of_data_pairs_#n> 
<time_index_#1>             <source_value_#1> 
<time_index_#2>             <source_value_#2> 

 
<time_index_#n>             <source_value_#n> 

 
 

time index source value
1.0 60

20kW 1MW 1.0 3m
 

 
2 
1.0        2.0E04 
60.0        1.0E06 
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.dat
<modifier> SOURCE PER UNIT 

VOLUME TOTAL SOURCE  
 
FIXED FLUX <solved_variable_name> <modifier> <flux_rate>  
FIXED VALUE <solved_variable_name> <modifier> <fixed_value>  
COVAL <solved_variable_name> <modifier> <coefficient> <value>  
 

FIXED FLUX
FIXED VALUE COVAL

SMARTFIRE
<modifier>  

 

 
 

6.2.22.8 Fan (Volume) Source Boundary Conditions  

 
 
FAN AREA <fan_area> 
PIECEWISE TABLE FILE <velocity_component_name> <fan_data_file_name>  
[ PIECEWISE MULTIPLYING FACTOR <piecewise_mult_factor> ] 
[ NEGATIVE DIRECTION ] 
 
FAN AREA( <fan_area>

PIECEWISE TABLE FILE
<fan_data_file_name>

<velocity_component_name>
<velocity_component_name>

U V W 1
NEGATIVE DIRECTION

 
 

 
 

6 
-1000.0   600.0 
0.0   600.0 
10.0   500.0 
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20.0   300.0 
30.0     0.0 
1000.0      0.0 

 

 
 

6.2.22.9 Patch Control Commands  

 
 

2

AT change_time
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No.
<f_o_indx> <7>

<f_p_num>
<v_o_indx> <v_p_num>

1
0

/ 0

1
 

 
ALLOW MULTIPLE USES

NOT ALLOW MULTIPLE USES
1

 
 

USE OBJECT REFERENCES
No.

 
 
CRITICAL CHANGE NON CRITICAL CHANGE

CRITICAL CHANGE 
HANDLER

 
 

6.2.23 BOUNDARY CONDITIONS  

t=2.0s 0.0
t=10.0s 8.0e4 ENTHALPY

t 2 2
z- fan_curve.dat

1
5  
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6.2.24 RELAXATION  

RELAXATION 
 

RELAXATION

3  
 

 
 

Linear relaxation
 

 

 
 

θRl <linear_relaxation_value>  

 
0.0  1.0 under-relax
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1.0 over-relaxing

 
 
SOLVER RELAXATION  
 <solved_variable_name>   <solver_relaxation_value>  
END  
 

Solver relaxation

1.6

 
 
FALSE TIME STEP  
 <solved_variable_name>  <false_time_relaxation_value>  
END  
 

False time step relaxation

 
 

 
 

φRf <false_time_relaxation_value> pA Φ

b Φ φRf

1
1
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END
 

 
SOLVER RELAXATION

FALSE TIME STEP PRESSURE

LINEAR RELAXATION  
 

6.2.25 RELAXATION  

0.1
Pressure 0.6

 
 

 
 

6.2.26 CLAMP TO LIMIT  

CLAMP TO LIMITS 
 <variable_name> <low_limit> <high_limit> 
END 
 
CLAMP TO LIMITS

-1.0e20 1.0e20
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6.2.27 SOLVER CONTROL  

SOLVER CONTROL 
 

EXTRA VARIABLES

 
 
SOLVER TYPE  
 <solved_variable_name>  <solver_name>  
END  
 
SOLVER TYPE

 
 
SOR  : Successive Over Relaxation   
JOR  : Jaccobi Over Relaxation   
CGM  : CG Conjugate Gradient Method   
WHOLE FIELD : WHOLE FIELD matrix solver   
RESIDUAL SOR : SOR   
RESIDUAL JOR : JOR   
LINE SOR : SOR (Pseudo Line-by-line SOR) 
TDMA  :  
    (Tri Diagonal Matrix Algorithm for unstructured mesh) 
BICG  : BI Conjugate Gradient  
CGM : Conjugate Gradient Method solver  
MULTI GRID  : (  
PCG MULTI GRID : Preconditioned Conjugate 
Gradient Algebraic Multi-Grid solver  (  
 

<solved_variable_name>
JOR

SOR
PRESSURE

 
 
USE [ UNI, BI ] DIRECTIONAL SOLVERS 
 
USE UNI DIRECTIOAL SOLVERS UNI

1
USE BI UNI DIRECTIOAL SOLVERS BI

bi-
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SOLVER ITERATIONS

2 20
1 SOLVER ITERATIONS

USE ALL
BREAK

 
 

 
 

SOLVER INNER ITERATIONS
RESIDUAL SOR RESIDUAL JOR

1  
 

  
 
OUTER ITERATIONS 100

RUN PROBLEM
RESTART

OUTER 
ITERATIONS  
 

 
 

1
FLOW ITERATIONS

 
 

 
 
GLOBAL TOLERANCE

global tolerance value
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DEFAULT TOLERANCE

1.0E-03

/
1.0E-08

1.0E-06  
 

 
 

TOLERANCE VALUES

DEFAULT  
 

 
 
NUMBER OF DYNAMIC GROUPS SMARTFIRE CFD

NUMBER OF STATIC GROUPS
 

 

 
 
GROUP MEMBERSHIP CONDITIONS

6 GROUP TITLE
SMARTFIRE

GROUP NUMBER
<variable_name>

ABS FULL  
<min_value> <max_value>

0.0 1.0
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0.0 1.0

END END
GROUP 

 
 

 
 
SOLVER GROUP ITERATIONS

 
 

 
 
SOLVER GROUP CONTROL

<variable_name> <group_number>
 ITERATIONS TOLERANCE

RELAXATION

 
 

6.2.28 SOLVER CONTROL  

1.0E-03
150 30 WHOLE FIELD

Pressure U 1  (JOR)
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6.2.29 RESIDUAL METHODS  

RESIDUAL METHODS 
 
RESIDUAL METHODS

Velocity components Kinetic 
Energy Dissipation Rate L- L-Infinity Norms

L-2 
ABSOLUTE RELATIVE

L1 L2 LI
 

 

 
 
ABSOLUTE norms
RELATIVE norms REFERENCE

L1
L2
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LI
 

 
SCALED NORM

REFERENCE NORM
 

 
REFERENCE L2 NORM L2

 
 

6.2.30 RESIDUAL METHODS  

 
 
RESIDUAL METHODS  
 PRESSURE    REFERENCE L2 NORM  10.0  
 ENTHALPY    REFERENCE L2 NORM  1.0e6  
 KINETIC ENERGY  SCALED NORM  
 DISSIPATION RATE   ABSOLUTE L2  
 TEMPERATURE    RELATIVE LI  
END  
 

6.2.31 OUTPUT CONTROL  

OUTPUT CONTROL 
 
OUTPUT CONTROL

 
 
PRINTOUT FREQUENCY  <frequency> 
 

PRINTOUT PREQUENCY
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[ NO ] USE CSV FORMAT 
 

USE CSV FORMAT CSV SMARTFIRE Comma 
Separated Variable CSV

CSV
CSV

csv  
 
SILENT 
 
SILENT  
 
SUCCINCT  
 

SMARTFIRE

 
 
MONITOR CELL NUMBER <cell_number> [ NAME<monitor_name> ] 
 

MONITOR CELL NUMBER
1

NAME
 

 
MONITOR LOCATION <x_coord> <y_coord> <z_coord> [ NAME <monitor_name> ] 
 

MONITOR LOCATION x,y,z

SMARTFIRE

NAME

Monitor 

Name fed FED

FED

Monitor Cell FED

 

 
FED MONITOR PARAMETERS <fed_RMV> <fed_PID> <fed_DR_pain> <fed_DR_incap>  

 
FED MONITOR PARAMETERS FED FED
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FED

 

 

<fed_RMV> 1

RMV  

 

 – : 47.5 – 52.5; : 23.75 – 26.25; : 8.075 – 8.925.  

 – : 42.25 – 47.25, : 21.38 – 23.63, : 7.268 – 8.033.  

 

<fed_PID> Personal Incapacitation Dose %

FED PID 25 35  

 

<fed_DR_pain> <fed_DR_incap> Pain

Incapacitation Radiative Heat Dose

(s(kW/m^2)^(4/3)) Radiative Heat 80

1000  
 
CFD PROCESS STEPS <num_steps> 

 

CFD
 

 
OUTPUT ITERATION NUMBERS <start_iter> { TO <end_iter>, ONWARDS } 
 

 
 
OUTPUT SIMULATION TIMES <start_time> { TO <end_time>, ONWARDS } 
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6.2.31.1 Data Monitoring (for Controlled 
Changes)  

 
 
DATA MONITORS

AND
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OR

GREATER THAN LESS THAN
MONITOR CONDITION

VERAGE
SUMMED MINIMUM MAXIMUM  

 
CONDITION BLOCK

 
 

 
 

  
 

 2
 

 
 

 
 
SELECTIVE LOG { INDIVIDUAL, BY VARIABLE, BY MONITOR } 
SELECTIVE MONITOR POINT LOG 

[ NOT ] ALL 
<variable_name> 

END 
 

SELECTIVE MONITOR POINT LOG
SELECTIVE 

LOG INDIVIDUAL 1
BY VARIABLE 1 BY MONITOR

1  
 

DELAY ACTIVATION TIME
 

 
FIRST ACTIVATION TIME

 
 

[0.2, 0.5, 0.8]
380.0K  
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DATA MONITORS  
 DEFINE MONITOR  
  MONITOR CONDITION  
   TEMPERATURE   0.2 0.5 0.8  GREATER THAN 380.0  
 END  
END  
 

6.2.31.2 Output File Options  

 
 
CREATE DEBUG FILE

.dbg
DEBUG CONTROL

 
 

 
 
CREATE LOG FILE

.log  
 

  
 
CREATE TABLE FILE

.run
 

 
CREATE ZONE FILE 
 
CREATE ZONE FILE

_zone.dat
SMARTFIRE EXODUS  

 
{  CREATE VAR FILE ,  NO VAR FILE   } 
 
CREATE VAR FILE .var

6  
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{  CREATE PHI FILE PHI ,  NO PHI FILE PHI   }  
FLOWVIS PHI FORMAT  
 
CREATE PHI FILE PHI .PHI

FLOWVIS PHI FORMAT FLOWVIS PHI
.PHI  

 
{ CREATE MAYAVI FILE, NO MAYAVI FILE } 
EXPORT MAYAVI FILE 
MAYAVI DATA FORMAT   { CELL DATA, POINT DATA } 
EXPORT NAME   <mayavi_export_file_name> 
 
CREATE MAYAVI FILE MayaVi .vtk

.wrl
EXPORT MAYAVI FILE MayaVi MayaVi VTK

MayaVi 2 1
CELL DATA MAYAVI DATA FORMAT MayaVi

POINT DATA
EXPORT NAME

 
 
{ CREATE TECPLOT FILE, NO TECPLOT FILE } 
 
CREATE TECPLOT FILE TecPlot TecPlot

 
 
{ CREATE ENSIGHT CASE, NO ENSIGHT CASE } 
ENSIGHT CASE FORMAT { 6, GOLD } 
 
CREATE ENSIGHT CASE Ensight Ensight
Ensight 6 Ensight Gold  
 
{CREATE RESTART FILES NO RESTART FILES }  
 
CREATE RESTART FILES SMARTFIRE

X Exit
SMARTFIRE

3 .smc .vts .smg
_end_sim  

 



SMARTFIRE V4.3  
 

 6 164 

{ USE BINARY RESTART FILE , USE ASCII RESTART FILE
ASCII  }  

 
SMARTFIRE

ASCII
USE ASCII RESTART FILE ASCII

ASCII

ASCII
2 6  

 
CREATE RESTART EVERY{TIME STEP,  <number_of_sweeps> } 

 
 

2

2

 
 
CREATE STEADY RESTART [ EVERY <num_iterations> ] 

 
CREATE TRANSIENT RESTART [ EVERY <num_time_steps> ]

  
CREATE TRANSIENT RESTART TIMES <sim_time> 
 

STEADY
TRANSIENT

S_index.VTS T_index.VTS index
 

 
CREATE STEADY RESULTS [ EVERY <num_iterations> ] 

 
CREATE TRANSIENT RESULTS [ EVERY <num_time_steps> ] 

 
CREATE TRANSIENT RESULTS TIMES <sim_time> 
 

STEADY
TRANSIENT

S_index.VAR S_index.PHI T_index.VAR T_index.PHI index
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CREATE STEADY GRAPHS [ EVERY <num_iterations> ] 

 
CREATE TRANSIENT GRAPHS [ EVERY <num_time_steps> ] 

 
CREATE TRANSIENT GRAPHS TIMES <sim_time> 
 

STEADY
TRANSIENT

Sid_index.GPD Tid_index.GPD id index

 
 
CREATE STEADY VISUALS [ EVERY <num_iterations> ] 

 
CREATE TRANSIENT VISUALS [ EVERY <num_time_steps> ] 

 
CREATE TRANSIENT VISUALS TIMES <sim_time> 
 

STEADY
TRANSIENT

SV_index.type TV_index.type index
type JPG  BMP V

G
 

 
CREATE STEADY EXPORT  [ EVERY <num_iterations> ] 
CREATE TRANSIENT EXPORT  [ EVERY <num_time_steps> ] 
CREATE TRANSIENT EXPORT   TIMES <sim_time> 
 

STEADY

TRANSIENT

MayaVi VTK
 

 

 
 
DEFINE RESULT REGION
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result REGION SMARTFIRE

 
 

 
 
SELECTIVE OUTPUT

all
<variable_name>

NOT  
 
EXPORT VARIABLES 
 ALL 
  [NOT] <variable_name> 
END 
 

SELECTIVE OUTPUT
 

 
DEFINE RESULT REGION 
 TITLE   <result_region_title> 
 REGION   <low_x> <low_y> <low_z> <high_x> <high_y> <high_z> 
END 
 
DEFINE RESULT REGION

TITLE
REGION <low_x> <low_y> <low_z> <high_x> <high_y> 

<high_z>  
 
ADDITIONAL OUTPUTS 
 OUTPUT FACES 
  FOR ALL SURFACES 
  FOR ALL SOLID SURFACES 
  FOR FACE PATCH NUMBER  <face_patch_number> 
  FOR FACE OBJECT INDEX  <face_object_id> 
  USE REGION  <low_x> <low_y> <low_z> <high_x> <high_y> 
<high_z> 
  FACES NORMAL TO  <norm_x> <norm_y> <norm_z> 
  OUTPUT NAME    <output_file_name> 
 END 
END 
 
ADDITIONAL OUTPUTS
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OUTPUT NAME  
 
TRANSIENT SAVES USING { TIMES, STEPS } 
SAVE TIME SECOND DIGITS <num_sec_digits> 
SAVE TIME FRACTION DIGITS   <num_frac_digits> 
 

0.01 100 3
2  

 

6.2.31.3 (Graph Plot Definitions) 

 
 
DEFINE GRAPH NUMBER
50 SMARTFIRE

TITLE <plot_number_id> id
PATH

1

PATH x
y

X COORD Y COORD Z COORD
<variable_name> 1
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6.2.31.4 (ZONE OUTPUT Definitions) 

ZONE OUTPUT 
 DEFINE ZONE <zone_index> 
  TITLE <zone_title> 
  ZONE <low_x> <low_y> <low_z> <high_x> <high_y> <high_z> 
  UPPER LAYER HEIGHT RANGE <low_y> <high_y> 
  UPPER LAYER ZONE <lx> <ly> <lz> <hx> <hy> <hz> 
  LOWER LAYER HEIGHT RANGE <low_y> <high_y> 
  LOWER LAYER ZONE <lx> <ly> <lz> <hx> <hy> <hz> 
  USE FUNCTION INDEX <function_index> 
 END 
END 
 

CFD
 

 
 

 
 

 
2

1
 

 
USE FUNCTION INDEX

OUTPUT CONTROL
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6.2.31.5 (OUTPUT FUNCTION Definitions) 

FUNCTION OUTPUT 
 DEFINE OUTPUT FUNCTION 
  VOLUME FUNCTION 
  { X, Y, Z } PLANE FUNCTION 
  PLANE COORDINATE <plane_position> 
  FUNCTION REGION <lx> <ly> <lz> <hx> <hy> <hz> 
  USE { NET, POSITIVE, NEGATIVE } FLUX 
  AVERAGE VOLUMISED 
  AVERAGE NUMBER ONLY 
  SUMMATION NUMBER ONLY 
  VARIABLE SUMMATION 
  SUMMATION NUM AND DEN 
  RADIATION SUMMATION 
  SIMPLE VARIABLE <variable_name> 
  FUNCTION VARIABLE <pos_index> { <variable_name>, UNUSED } 
  NUMERATOR CONSTANT <numerator> 
  DENOMINATOR CONSTANT <denominator> 
  NUMERATOR PARAMETER <num_parameter> 
  DENOMINATOR PARAMETER <den_parameter> 
  ADDED CONSTANT <const_value> 
  AS OUTPUT NAME <output_name> 
 END 
END 
 
FUNCTION OUTPUT

2

 
 

 
 

 
 
DEFINE OUTPUT FUNCTION

1
2

 
 
VOLUME FUNCTION

X Y
x- y- z- Z PLANE FUNCTION

PLANE COORDINATE
 

 
FUNCTION REGION
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USE NET FLUX

 USE 
NEGATIVE FLUX USE POSITIVE FLUX 

 
 

AVERAGE VOLUMISED VOLUMISED

AVERAGE NUMBER ONLY
SUMMATION NUMBER ONLY

VARIABLE SUMMATION 
SUMMATION NUM DEN

EXODUS
ppm SMARTFIRE

RADIATION SUMMATION 

- -

 
 
FUNCTION VARIABLE

6
1 3 5 2 4 6

SMARTFIRE

U- V- W-  
 

 
 

 
 
NUMERATOR PARAMETER

 
 
DENOMINATOR PARAMETER

 
 
ADDED CONSTANT

oC
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AS OUTPUT NAME AS EXODUS

SMARTFIRE TEMPERATURE EXODUS
TEMP  

 

6.2.31.6 (RADIATION MONITOR Definitions) 

SAVE TO RADIATION MONITOR FILE 
 
DEFINE RADIATION MONITOR <rad_monitor_index> 
 TITLE <rad_monitor_title> 
 POINT <x_coord> <y_coord> <z_coord> 
 NORMAL <normal_x> <normal_y> <normal_z> 
 ALL SIX DIRECTIONS 
 ALL DIRECTIONS 
END 
 
DEFINE RADIATION MONITOR

TITLE 
 

 
POINT 

1  
 
NORMAL 

 
 
ALL SIX DIRECTIONS 6 +ve

-ve  
 
ALL DIRECTIONS 6  
 

6.2.32 GENERAL INFORMATION  

GENERAL INFORMATION  
 
GENERAL INFORMATION

 
 
RANDOM NUMBER SEED  <random_number_seed> 
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RANDOM NUMBER SEED

 
 
DIFFERENCING SCHEME 
 <variable_name>  <difference_scheme> 
END 
 

DIFFERENCING SCHEME
UPWIND

POWER LAW HYBRID EXPONENTIAL SMART MUSCL
SKEW SMART SKEW MUSCL MUSCL HYBRID

SMART MUSCL

 
 

 
 

SI
1.0E+05

PRESSURE AT ZERO 
COORDINATE

1.01325e+05 Pa
 

 

 
 
GRAVITY constant  -9.81 SI 

9.81 2ms� Y-

 
 

 
 

[Y]
Y  
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KE SOURCE LINEARISATION METHOD KE 1

2 3

2 1
3

 
 
{  BOUSSINESQ, NOT BOUSSINESQ  }  
 

Boussinesq
NOT BOUSSINESQ (

) Buoyancy
 

 
PRESSURE REFERENCE POINT <cell_number>  
REFERENCE PRESSURE  <reference_pressure_value>  
 
PRESSURE REFERENCE POINT

REFERENCE PRESSURE
OUTLET

REFERENCE PRESSURE 0.0
 

 

  
 
REFERENCE DENSITY 0.0 Buoyancy

 
 

  
 
ABIENT TEMPERATURE 0.0

 
 
{ USE CELL RESIDUALS, NOT USE CELL RESIDUALS }  

 
{ NOT MINIMAL STORAGE, MINIMAL STORAGE }   
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SMARTFIRE

USE CELL RESIDUALS NOT MINIMAL STORAGE
 

 
EDDY BREAKUP CONSTANT  <eddy_breakup_constant>  
 
EDDY BREAKUP CONSTANT EDDY MIXING CONTROLLED

COMBUSTION
4.0  

 
SMOKE TO FUEL RATIO  <smoke_to_fuel_ratio>  
 
SMOKE TO FUEL RATIO

 
 
SMOKE DENSITY  <smoke_density>  
 
SMOKE DENSITY
kg/m3 1800.0 kg/m3  
 
SMOKE ABSORPTION CONSTANT  <smoke_absorption_constant>  
 
SMOKE ABSORPTION CONSTANT

 
 
SMOKE SPECIFIC EXTINCTION COEFFICIENT <smoke_spec_extinction_coeff> 
 

SMOKE SPECIFIC EXTINCTION COEFFICIENT

-1  
 
SOOT DIAMETER <soot_group_number> <soot_diameter> 
 

SOOT DIAMETER 3
1 2 3 3

m
Technical Reference Guide Case Specification Environment

 
 
 
SOOT PROPORTION  <soot_group_number>  <soot_proportion> 
 

SOOT PROPORTION 3
1 2 3 3
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0.0 1.0 3 1.0
Technical Reference Guide

Case Specification Environment  
 
FLOW ALGORITHM  {  SIMPLE,  SIMPLEST,  SIMPLEC  }  
 
FLOW ALGORITHM

SIMPLE  
 
SPECIES MOLECULAR WEIGHT <variable_name> <molecular_weight> 
SPECIES DIFFUSION COEFFICIENT <variable_name> <diffusion_coefficient> 
 

SPECIES MOLECULAR WEIGHT
SPECIES DIFFUSION COEFFICIENT  

 
AMBIENT HUMIDITY MASS FRACTION <ambient_h2o_mass_fract> 
 
HCL  
 
MASS RATIO FUEL TO HCL <fuel_to_hcl_mass_ratio> 
 
HCL HCL  
 
MASS RATIO H2O TO HCL <h2o_to_hcl_mass_ratio> 
 
HCL H2O HCL  
 
WATER VAPOUR DENSITY UPPER LIMIT <water_vapour_max_density> 
 

 
 
MAXIMUM TEMPERATURE FOR DEPOSITION <max_deposition_temperature> 
 

 
 

6.2.33 DEBUG CONTROL  

DEBUG CONTROL 
 
DEBUG CONTROL SMARTFIRE
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PRINTOUT CONTROL

SMARTFIRE
NOT

ALL  
 

CFD
 

 

6.2.33.1  

<variable_name>    :   
PROPERTIES    :   
CONVECTIONS    : Rhie Chow   
PRESSURE GRADIENTS  
VELOCITY CORRECTIONS  
GEOMETRY    :   
TURBULENT VISCOSITY  
TURBULENT GENERATION  
MEMORY MANAGER  :   
TRACE     :   
 
ALL  
 
ALL

 
 
DEBUG CELL NUMBERS  <first_cell>  TO  <last_cell> < > <
>  
 
DEBUG CELL NUMBERS

 
 
DEBUG ITERATION NUMBERS  <first_iter> { TO <last_iter>, 
ONWARDS } < > {< > }  
 

 
 
DEBUG TIME STEP NUMBERS  <first_ts> { TO <last_ts>, 
ONWARDS } < > { < > } 
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6.2.33.2 (Developer Debugging Commands) 

SMARTFIRE
 

 
CHECK SETUP  
 

 
 
CHECK VARIABLES  
 

 
 
CHECK MEMORY  
 

 
 

6.2.34 DEBUG CONTROL  

100 200 5 50
Pressure Enthalpy U U-velocity

 
 
DEBUG CONTROL  
 PRESSURE  
 ENTHALPY  
 U-VELOCITY  
 DEBUG CELL NUMBERS  100 TO 200  
 DEBUG ITERATION NUMBERS 1 TO 5  
 DEBUG TIME STEP NUMBERS 50 ONWARDS  
END  
 

PRINTOUT 
CONTROL CREATE DEBUG FILE 
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