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25 SMARTFIRE TUTORIALS

25.1 INTRODUCTION TO TUTORIALS

A number of SMARTFIRE tutorials have been developed. These are intended to provide
users with practice and guidance in the basic aspects of loading a previously saved case,
specification of a new case and simulation of fire modelling cases withiBMARTFIRE

CFD engine.

The first tutorial indicates how an existing geometry specifinaten be loaded into the set
up environment, meshed by the automated meshing system and finally simulated within the
SMARTFIRE CFD engine.

The second tutorial creates the same case as used in the first tutorial but specifies it without
loading a previougl saved geometry. It also demonstrates how to turn on th8usix
radiation model and how to modify the fire output (power) curve.

The third tutorial demonstrates how to construct multiple compartments within a region
(separated by a compound partitiovidh a fire in one of the compartments.

The fourth tutorial extends the experiences gained by performing the first three tutorials and
creates a multiple room geometry with a fire in a corridor. The scenario is used to analyse the
times before some of theonitored rooms exceed a critical temperature that is deemed to be
hazardous.

The fifth tutorial extends the previous tutorial case to include an extractor fan so that the
effect of the extraction of heat can be seen when compared to the previouk tutoria

The sixth tutorial uses the same scenario as for tutorial 4 but uses the gaseous combustion
model and the multiple ray radiation model to compare the differences in the solutions when
different modelling approaches are adopted.

A set of advanced tutiads is also available. The advanced tutorials provide less detailed
assistance than the tutorials in this document, but instead provide the user with example
problems with which to practice using the various components and toolsSKHRBTFIRE
environmet. The advanced tutorials also cover some of the newest and research features of
the SMARTFIRE Environment such as thEMARTFIRE Scenario Designer (for CAD
import) and the prototype Parallel MPI version of 8MARTFIRE CFD Engine.
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25.2 TUTORIAL 1

25.2.1 OVERVIEW

This tutorial takes the user through the simulation of a simple room fire case using an existing
saved case specification. The files needed to run this tutorial are included in the installation of
SMARTFIREand wi | | be found itony. Thehcase aoseeed n ghis i wo r |
tutorial is for a centrally located fire in a single compartment (of dimensions of 2.8m x 2.8m

X 2.2m height with a 0.74m wide x 1.83m high door). The fire is represented by a gas burner

of dimensions 0.3m x 0.3m x 0.3m heighith a constant heat release rate of 62.9kW. The

walls are assumed to use a turbulent wall layer function for the calculation of heat loss. This
case corresponds to one of the Steckler room fire experiments [1, 14, 15].

25.2.2 STEP 1: LOADING AN EXISTING GEOMETRY SPECIFICATION

Run theSMARTFIRE case specification tool. Once the graphical user interface has opened,

use the menu bar at the top of the window to select [File] and then select [Open]. The case to
be loaded for this tutorial is in a directory caldA 7 4 ¢ a s e OSMARTFIRE workt h e
directory. Use the file browser to go to this directory and select the file called
fia74_case.srof. Thi s cont ai ns al | of t he geometr
specification of the case described above. Oncdildhdnas been selected and loaded, the
viewer will show a 3D view of the room, together with all the important physical and
geometric features, such as any vents, obstacles (if defined) and firésg8e25-1).
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[E/ SMARTFIRE Case Specification Environment - [a74_case] i [=] 3|
] Fle Region Scenaro Run Expert Help — = x|
View Regon | Object |

I Region_1

Region dimensions (m):

,
Z
X

Figure251Speci fication environment showing

Once you have opened the file, try experimenting with the viewing options. To start, you can
select the [View] tab that allows you to change the vireyviewer displays the geometry.
You can try to rotate the geometry around the various axes, or chose to viewewah a
particular direction. It is recommended that you experiment with this and try to familiarize
yourself with the various views offed. Additionally, you may decide to zoom in and change
which items are visible at any time. Finally, you can get back to the original rotation by
clicking on some of the ptiixed views available. These view options are useful for checking
the alignment bobjects and checking the correctness of your geometry.

The middle tab is the [Region] tab. This allows you to change the dimensions of the room as
well as the walimaterials and names of the walls. Press the button [Edit properties] to choose
another madrial for a wall after using the@ u n f o | d eatka to seleehthe current wall.
The current wall (including floor and ceiling) will be displayed with a solid grey fill.

The right tab is the [Object] tab. This allows you to add objects to the curggoh rer to
change the properties of any objects already created. You may like to experiment with
moving and resizing the vent and fire. Additionally, you may want to change the physical
properties of the fire by selecting it (by leficking on it with te mouse) as the current
object and clicking on the object [Properties] button. An important point to note here is that
only one object within the region will be current at one time and all of the buttons on the
[Object] panel will cause an appropriate r@sge for (and be related to editing) the current
object. The current object is always displayed with grey shaded surfaces. You will notice that
objects are drawn using coloured lines joining their vertices. The colours represent the object
type. E.g. ventsre green, fires are red and obstacles are blue.
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25.2.3 STEP 2: CREATING A MESH FOR THE SIMULATION

Once you are satisfied with the geometry and physics handling of the case you need to run

the mesh creation system. This is a combination of automated meshilg to( a Af r i en
experto to help you perform the task of mesh
are seamlessly embedded into 8MARTFIRE system. The automated meshing system will

take some of the decisions that are needed to set up an rgierapmputational mesh for

this geometry and the requested cell budget.

To run the automated meshing tool from the main menu, choose the [Run] option, and then
select [Create Mesh]. This will open the mesh creation tool with its own user interface.

Geometry Type Selection for Meshing il

Meshing System has checked the geometry for your case
and the closest match seems to be:

STANDARD ROOM GEOMETRY

If the Meshing System has not correctly identified the Geometry

then please select the nearest type from the following options:

" Default Meshing Rules

" Tunnel along X-direction

" Tunnel along Z-direction

" Tall Atrium Geometry

" Warehouse Geometry

" Airport Terminal Geometry

® Standard Room Geometry

" Single Floor of a Building Geometry
" Multiple Storey Building Geometry

.................. &g | Ok and Edit I Cancel |

Figure 25-21 Geometry type Meshing Rules selection dialog

The automated meshing tool will first determine if the current geometry already has an
existing mesh previously created. If one is available themske will be given the option to

load the existing mesh or to create a new one. It is assumed that no existing mesh is available

or that the user will create a new me$he user is then asked to select the geometry type
meshing rules they wish to use lwihe dialog inFigure 25-2 above. For many scenarios, the
appropriate rules are normally automatically selected, but the user may wish to override
SMARTFIREG s suggestion if it does not stgzeem to b
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| Data | View |
| et sice [ =]
= A
| Low-coord  High-coord

—Mesh bype

& Even

" Expanding

! " Contracting
™ @row in middle
£ Graw at edges

| Parameter | 0,100 ::I

Humber of Cells
-

Accept Decline |
Refine Refine+ |

Check Mesh

| Bl Mesh Yiewer and Control Window

X MESH

Additional Extended Regions

Vents in the geometry require Extended Region [E.R.] layers to
be created beyond vents so that flows are handled correctly.

The system may also recommend that other surfaces need E.R.

Y MESH

x|

layers to give adequate separation between vents and free surfaces.

Create E.R, layers

Length of E.R., layer

The required E.R. layers MUST be created but you may choose to

reject any recommended E.R. layers by unticking the check boxes.

Reason for creating layer

I Mot needed

I % I0W 0300 =]
W%~ HIGH 4000 =

I Required For Went

|

I
I v-Low [ oem j [ ok needed
I~ ¥-HIGH [oao e [notnecded
I z-Low [ om0 j [ ok needed
™ Z-HIGH [ 030 j [t neaded

Ok

Cancel

—

I SN

MZ = UNAYAILABLE

NY = UNAYAILABLE

D VIEW

CELLS = LA aILABLE

=10l

The meshing tool will then analyse, using the chosen rule set, the geometry and may present a
Ext ende diguRe53). Bxtended regions dre wsed(t& e e
ensure the flow is correctly developed within the region of interest and the flow will not
adversely affected by the outlet boundary conditions at the edge of the extended regions. The

nAddi

t

onal

Figure 25-3 Additional Extended Region Dialog

user does not normglheed to adjust the selection of Extended Regions.
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| e | ovew | X MESH ¥ MESH
Edit Slice: IX 52
1 j of | 10 l
| Low-coord  High-coord Cell budget for meshing =
|| 0.0o00 :’ |1-EIEIEIEI :I Please select Meshing Strategy, Cell Budget and Refinement Strategy.
| [ Mesh type The hing system has eval d your g v and advises that the
= Even minimum recommended cell budget is:
" Expanding 13398 cells intotal, with NX=29 NY=21 NZ=22
:  Contracting Strategy to use For initial meshing
i | e <" Unit blocks " Coarse mesh
' Grow at edges =
| . You can over-ride the directional cell budgets using the spin boxes
P ¢ I 0,100 q q P
arameter :I below. The hing system will then pt to distribute these cells.
Number of Cell:
masr of Cets Directional cell budgets to be used For meshing MY =UNAYAILABLE
1= = = q =
| = ( Xdi [ ZI vdin [ 21 j zdin: [z j 3D VIEW
Accept Decling
4 —I Total default cell budget: 13398 [before refinement)
Refine Refine+ |
The mesh specified above can be adjusted using iterative refinement.
Check Mesh Two sets of quality metrics are ilable for refi h the
use of refinement may result in a significantly increased cell budget.
Strategy for iterative impravement of the Mesh Guality
’V " No Refinement & Refine " Refine+
Ok
x
NZ = LIMAYAILABLE CFLLS = UNAYATLABLE

Figure 25-4 Meshing tool showing selection of recommended cell budget.

Once the meshing tool has loaded the case and considered the geometry, lypaskiéd to
specify how fine a grid you wish to use in the simulation Ggere 25-4). The automated
meshing system will recommend a cell budget based on meshing expertise and the
complexity of your geometry BUT it is up to yow tdecide if you want to use the
recommended cell budget. Alternatively you can make the automated meshing tool try to
produce the best mesh it can with a cell budget of your own choosing. Remember that a more
refined grid will generally mean it is possilite obtain more accurate results but it will take
longer to reach the solution. The automated meshing system will suggest a cell budget that is
a reasonable compromise between accuracy and simulation time. You may accept the
recommended value of cell buddey simply clicking on the [OK] buttonThis is likely to

give a reasonable quality mesh using a fairly modest overall cell budget. The default
refinement option should be used. When the meshing system finishes creating a mesh
specification, the Mesh viesv window will be updated to show the mesh that has been
created. The default mode of the Mesh viewer is for four views being inesk, the Y

mesh, the Znesh and the 3D domain view. (S&gure25-5). You will find that many of ta

grid lines actually correspond to the edges of physical objects (such as the edge of the fire or
edge of a vent). The lines are coloured as follows mauve = block model of the domain with
edges on identified sutegion boundaries, lightlue = internal meh line between (block
boundaries). The vents are coloured green and any fires are red. Obstacleslalteedark

Expert users may wish to use the [Coarse mesh] budget option to allow greater ease of
creating a mesh manually. This option makes sure thabgcts have at least the minimum
number of required internal cells for their correct operation but only puts a single celkin non
critical blocks. The user can then easily use the interactive manual mesh editing tool to add
cells as required to eachtbie undetpopulated blocks.
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If you are not satisfied with the mesh that the automated meshing tool has created then you
may press the [Decline] button (to discard the current mesh) and specify a larger (or smaller)
cell budget for raneshing. Alternatiely you may use the interactive editing mode to add (or
subtract) cells from mesh blocks or change the distribution of cells.

Il SMARTFIRE Mesh Specification Tool - [test_2] =10 5]
Actions  Settings  ‘Windows Help

=i
—

pata | vew | X MESH ¥ MESH

Lawu-coord High-

coord
0.0000 :I 0.0500 :I

~Mesh type

= Even

" Expanding

" Contracting

*-| | crowin middle

w- || € Grow at edges

F Parameter I 1.000 ::I

Murnber of Cells
3|

Accept Decline |
Refine Refine+ |

Check Mesh |

Mx =55 Ny =27

MES 3D VIEW

MEZ==t CELLS = 18711

Figure 25-5 Meshing tool showing a four views of the mesh and geometry.

Thereis also an option to evaluate the quality of the created mesh. This quality check can be
used to determine if the cell aspect ratios (between the directions in a cell and between
adjacent cells) are acceptable.

Finally, when you are happy with the megbu need to press the [Accept] button to allow

this mesh to be convertéd and save@s a set of specification files for the CFD Engine to
read. Pressing the [Accept] button will also cause the automated meshing tool to close and
control will then returrio theSMARTFIRE Case Specification Environment.

25.2.4 STEP 3: RUNNING THE CFD ENGINE

The final stage involves performing the numerical simulation itself using the CFD engine
component oSMARTFIRE. To run the CFD engine select on the main menu item [Run] and
the [Run CFD Engine] option. This will launch the numerical CFD engine that will
automatically load the case specification and mesh that you have just created. You may have
to be a little patient as this stage involves a considerable amount of filegparg@mory
allocation and initialisation. Eventually the user interface for the CFD engine will appear
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completely (Se&igure25-6). It should be noted that if you are using a fairly low resolution
display then the CFD engine useterface may display itself with more compact windows
and a slightly different layout (e.g. more windows initially closed) in order to create an easily
usable display.

“¢'|SMARTFIRE CFD Code [ CASE = my_steck ] =]
Flig _ Processing  Actions  Configure  Display  Windows  Help
Ml Controls for SMARTFIRE [ RUN STOPPED ] =101 Tlme step UaluE G —1ol | - Tlme step REsldu i =] 53
_ Scale [ M Sweep Value Grap Ualue Grap 1o ]| Seake - Sweep Residual Gr. P[] 54
@ ﬂ @ @ < | s E opp Scle CHom G leg O ln e Scae O Hom G leg O ln

- U-WE
PRESS)

L-VEL

PRESS)
L-VEL

aaaaa

|Case =3 Fire case my_steck

RADH]

Status for SMARTFIRE [ RUNSTOPPED ] DAL
Time: step | o | Sin time l— I visualiser [01] for SMARTFIRE =101 x|
_
Ikeration I of I Maix Mass Err Zslab 10§21
Tirne kaken I left: I Total Mass Err l— FMARTFIRE
vi.0
Wariable Residual Walue Min value Max value
| ! .
%
Weckars
r 0.0000
r 0.0000
r 0.0000
— 0.0000
— 0.0000
N e w000
R
— 0.0000
“ — 0.0000
r 0.0000
7 0.0000
r 0.0000
r 0.0000
0.0000
|
[ = L 0.0000
—— x
Contours = TEMPERATURE. Yactars = [x=REAL_U_YELOCITY y=REAL ¥ VELOCITY colour=SIZE], [T=  1.000s]

[ Log Outs E1[=TBS| [ Graph 2 [T ES | T interact (=TS I user Dis alal x|

Figure 25-6 SMARTFIRE CFD Engine user nterface at start up.

In order to start the numerical simulation, you need to press the [Run] button, marked with a
GREEN (GO)icon. This will start the simulation process. To halt the simulation at any time,
press the [Halt] button marked byr&D (STOP)icon. You can also terminate the simulation

at any point by pressing the [Exit] button (showing a little door icon). There are a number of
extra buttons and other controls that allow experts to control the configuration of the solution
process. However,am-experts are not recommended to make any changes to the control
settings unless such changes are recommended in the user guide.

The graphical windows of the user interface present various views of the data and the status
of the simulation during the simation process. The things to look for are:

1) The residual graphs that are indicators of the convergence of the solved and calculated
variables of the numerical simulation process (Top right).

2) The monitor values and variable residuals (current isplugrror states) of various
important variables are shown in the status window (Bottom left).

3) The emerging vector flow and temperature contour patterns for the particular selected
slice of the room in the visualizer window (Bottom right).
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4)

5)

6)

7)

8)

9)

The dataanges for each variable displayed in the status window (Bottom left).

The control window has progress bars in its bottom right corner (below the
visualisation buttons). These bars indicate solution progress. The upper bar is filled
once every sweep Wkt the lower bar is filled once for the whole configured
simulation (Top left).

The status window has displays indicating the sweep number and time step number
(only for transient simulations) to indicate the current stage of processing (Bottom
left).

The status window has estimates for the CPU time taken and remaining. These are
only estimates but can give a reasonable approximation of the expected duration of a
simulation (Bottom left).

A key feature of SMARTFIRE is the access to save a kowrk and restart from
saved bookmarks at any time. The control button labelled [Mark] will drop a
bookmark of the current stage of the solution into a database for this case. The button
labelled [Restart] allows a previous bookmark state to be loadefl sabsequent
processing had not happened. This can be invaluable for problematic simulations that
need expert solution control or simply for saving data for future examination (Top
left).

There is a control button labelled [Plots] that allows you fanddine graphs through
the data. These plot line graphs are updated as the solution progresses (Top left).

If you need to change the particular viewing slice through the room then you can select the
[Visuals] button. This will open the visual configuoat window (Sed-igure25-7).
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Ml Visual Configuration for SMARTFIRE x|
View Piane Visual Index I 1 [ ¥ acTIvE ¥ Interactive [ DisPlay options
[ —
Steps between draws =
| j
Vector size scale I

Minimum vector size | —|
27 _|
Ii—l [ Local colours [” Local vectors

Fixed range colour keys

| 1000 =

Z-extent
- ™ Fix contours j
10 —| | 300 =
=
10 = | 15
| ™ Fix vectors -
| 0
=1
_I
I _I
| 4ppy || Defauts |[ cCancel |
— Display items
[+ GEOMETRY ¥-component Y-component Z-component ™ use COLOUR by
[¥ VECTOR |ReaL_u_verocry  v| |ReaL_v_vetocrry v |REAL_w_VELoCmTY  ¥| |PRESSURE d
Rays = | 360 = F x=[ 0215 = y=[ 1eos = z=[ 0.215 = opof1=> [ 10.000 =
[ VISBIITY s == = om I = I = I = ort== ="
[~ CONTOUR EILL using var =>  |TEMPERATURE |  dmwmethod=>  [sow =]
[¥ CONTOUR LINE using var => | TEMPERATURE ~| drawmethod=>  [sLow =]
[¥ GRID DISPLAY drawnto=>  [VERTEX =l [~ GROUPS

Figure 25-7 Visual Configuration showing slice and display options.

This dialogue allows you to select a particular slice through the room (and tie ofthe
visualisation to be displayed). For the case shown in this tutorial, you should select the 11

AiX against YO0 slab on the Z direction (refer
fire, the door and the emerging fire plume that figgup to the ceiling and then leans over

towards the back of the room because of cold air rushing into through the bottom of the door.

An interesting alternative is to view a slice through the first slab on the y axis (height). This

will pinpoint the firewithin the room.
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Figure 25-8 Visualisation of temperature and velocities for mid Zslice.

&lofx| 2ol x|

Other features that you may control, using the visual configuration window, are the variables
used for the contauand vector plots and the types of plots used. Try to experiment with
some of these settings and examine the pull down lists to see what other variables are
available for visualisation. See how changing the settings affects the visual display.

25.2.5STEP 4: EXITING THE CFD ENGINE

To exit the code, you first need to exit the CFD engine interface using the [Exit] button. On
normal termination, th& MARTFIRE CFD engine will save a number of files that can be
used for further visual pogtrocessing (abnormal terndtion will not save any files and is
encountered when the main window [X] button is pressed). Finally the CFD engine user
interface will close and you will get back to the original geometrupdbol. If you want to

save any changes you have made tditkanodelling case, select the [File] item and then the
[Save] option from the main menu.

You may like to try saving your work as a new case because it is generally necessary to
create a new case for each new geometry and simulation you want to rgav@ dhe
scenario specification as a new case, you should choose the [File] item from the main menu
and then the [Save As] option, and enter a new case name in the file browser window. The
case specification environment will create a directory foldeh®&same name, to contain all
files relating to your new case and it
directory.

wi |
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It should be noted that the case directory (for a completed simulation) will contain many files
that have been created duringstleixercise. Some of these files can be used for graphical
postprocessing and for fstarting this simulation from the stage at which it was ended. Also
there may be data capture files that were saved during your simulation.

You have just completed adifield modelling simulation, usingMARTFIRE.

This is the end of tutorial 1.
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25.3 TUTORIAL 2

25.3.1 OVERVIEW

This tutorial takes the user, step by step, through the specification and modelling of a simple
room fire case using the specification environment. §&se covered in this tutorial is a
centrally located fire in a single compartment of dimensions 2.8m x 2.8m x 2.2m height with

a 0.74m wide x 1.83m high door. The fire is represented by a gas burner of dimensions 0.3m
x 0.3m x 0.3m height with a linear rged heat release curve up to 62.9kW in 20 seconds.
The sixflux radiation model is used to represent radiative heat transfer. The walls are
assumed to use a turbulent wall layer heat transfer function. This case corresponds to one of
the Steckler room firexperiments [1, 2, 3]. This case is essentially the same as the case in
tutorial 1 but it must be specified manually using the case specification environment.

25.3.2 STEP 1: STARTING THE CASE SPECIFICATION TOOL

Run theSMARTFIRE case specification tool. Ont¢ke graphical interface has opened, use
fiRegom tab (if not already selected) to show
visual depiction of an empty, default sized region with no geometry objects defined (See
Figure25-9).

[E| SMARTFIRE Case Specification Environment - [New case] i [=] 3|
] Fle Region Scenaro Run Expert Help — = x|

View Regon | Object |

IREg\:n_l

Region dimensions (m):

x [3000d
T P

‘Wals properties:

| Iz |

Heat Type: | No Heat Conduction

Flow Type: [ Sold wal
Edit properties

v

L,

Figure 25-9 Specification tool showing an empty default initial region.

2513



SMARTFIRE TUTORIAL GUIDE

Note the wall surface selection tool (unfolded box) on the left hand side of the display and the
corresponding shaded surfacehe tegion display.

25.3.3 STEP 2: CREATING THE DOMAIN

Enter the dimensions of the region in metres using the three spin boxdsd®e£5-10).

You can select on the spin increment and decrement buttons to change the displayed size by
steps of 0.1m or you can doubtéck the value and type a new one in directly and press the
enter button to confirm your input. As specified in the case description, the dimensions are
set as follows: ssize = 2.8m, ysize = 2.2m and-gize = 2.8m. You d®OT need to change

the wall behaviour for any of the region walls because the default behaviour is acceptable for
this case.

ﬂSMARTFlRE Case Spedification Environment - [New case] =10 i‘
[] Fle Regon Scenado Run Expert Hep _ =] x|
View Regon |  Object |

IReglcr’Ll
Region dimensions (m):
P P —
v [22000
z

Wals properties:

(A [AEEE

Heat Type: | No Heat Conduction

Flow Type: | solid wal
Edit properties

v

=

Figure 25-10 Specification tool showing entry of correct region sizes.

25.3.4 STEP 3: CREATING GEOMETRY OBJECTS

Once the region has been sized correctly you can create all of the geometry objects (fires,
obstacles and vents) that are required for the simulation. In this tutorial you will need to
create a fire and a vent.
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ﬂ SMARTFIRE Case Spedification Environment - [New case] =10 i‘

[] Fle Regon Scenado Run Expert Hep _ =] x|
View | Regon object |

Region currently has no objects

f iew Object

v

L

X

Figure 25-11 Specification tool showing object editor panel.

Sel ec Objetbh et ailb t o di spl ay t hRgure2blle There aedi t O
initially no objects defined so the panel onlys@ | a \New Gbjeadi butt on. Sel e
button to open the new object menu. This menu presents a list of all of the object types
avail abl eVEN®Belod¢tect h @ddd p u € sFgard2®)e @

New Object x|
m
OBSTACLE —

PORTAL
SIMPLE_FIRE
MULTISTAGE_FIRE
SIMPLE_HEAT
BURNABLE_0OBSTACLE
INLET

OUTLET
FIXED_PRESSURE
THIN_PLATE
APERTURE

FAN

SIMPLE_FAN
BURNABLE_PLATE
MONITOR_LINE
MONITOR_CELL
TRIGGER_CELL o
TRIGGER_VOLUME
VOLUME_POROSITY Ll

User name of New Object: I vent_1

Add | Cancel |

Figure 25-12 New object selection dialogue used to create a new VENT.
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The dialogue window will close and a default sized rectangular vent will be added to the
region display at a default location (Seégure 25-13). The object editor panel will modify

itself to match the currently selected object type (in this case the vent you have just created).

The current object will always be displayed using its own typed colour key for the edges and

shaded GREYdces. Non current objects do not have GREY shaded faces.

ﬂ SMARTFIRE Case Specification Environment - [New case]

[C] Fie Region Scenaro Run Expert Help

Current object:
vent_1 =l
Object position (m): Size (m):

0.0 =1 I'5.0000

0.0000 =

;I ;I
y: [0.0000 =1 [1.0000 =
z [0.0000 1 ['1.0000 2

New | Dim/Rot |  Properties |

Cone |  Deete |  Deeteml |

Plane: Change Type

‘ ‘ 3

View Region object |

LT

\

=1o[x]
=18lx|

Figure 25-13 Specification tool showing new VENT at default location.

In this simulation it is required that the vent (doorway) has a width = Oaftirheight =
1.83m and be centrally located on one of the walls. Arbitrarily, the vent will be placed on the
highx sur face of

t Unfelded regiob o spPpsayt he
that the vent appears on the higburface of the regn (Sed~igure25-14).

dhoose
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_|ol x|
[C] Fie Regon Scenario Run Expert Help _ =l x|
View Region object |
Current object:
vent_1 ﬂ
Object position (m): Size (m):
: [2.8000 =1 '0.0000 =
[ =
y: [0.0000 j 1.0000 j
z: [ 0.0000 =] [1.0000 =
New | Dim/Rot | Properties |
Cone |  Deete |  Deeteml |
Plane: Change Type \
KN
:
\\;'\\
X
Figure2514Speci fi cation tool using the Aunfc

Enter the size and location of the vent in the spin boxes on the object editor parfaed(Be

25-15). Since this is a 2 Dimensional object only the relevant spin boxes will be enabled for
entering sizes and locations. In the case of the doorway specified in the case description you
will need to enter the following Waes provided that the vent is on the higburface: ysize

= 1.83m, zsize = 0.74m and-jocation = 0.0m and-cation = (2.8m / 2} (0.74m / 2) =

1.03m. The vent will now be correctly sized and centrally located on thexhdgtface of the

domain.
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ﬂ SMARTFIRE Case Spedification Environment - [New case]

[] Fle Region Scemarib Run Expert Help

Vew | Regon object |
Current object:

Ivent,l ﬂ

Object position (m): Size (m):

|
[

c = |
y: | 0.0000 = | 18300 =

z [1.0300 j j

X | 2.8000 j 0.0000

New | Dim/Rot | Properties |

Cone |  Deete |  Deeteml |
Plane: Change Type \
WL

v

P

%

L.

X

=1olx]|
=18lx|

Figure 25-15 Specification tool showing correct VENT size and position.

The final object that needs to be dNewafaed
order to choose another objecttyp® add t o t he r eg$SIMRLEFIREhI s

item from t he Addd sh u tatriduare@F1B)esses t he 0

x

VENT -
OBSTACLE
PORTAL

SIMPLE FIRE
MULTISTAGE_FIRE
SIMPLE_HEAT
BURNABLE_OBSTACLE
INLET

OUTLET

“_\\-\
FIXED_PRESSURE
-\\‘\‘

THIN_PLATE
APERTURE

FAN

SIMPLE_FAN
BURNABLE_PLATE
MONITOR_LINE
MONITOR_CELL
TRIGGER_CELL =
TRIGGER_VOLUME
VOLUME_POROSITY Ll

User name of New Object: I simple_fire_2

Add | Cancel |

Figure 25-16 New object dialogue used to create a new SIME_FIRE.
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A default sized cube will placed at the low coordinate (0.0, 0.0, 0.0) location of the region
and will be made current (GREY faces) ($égure25-17).

ﬂSMARTFIRE ‘Case Spedification Environment - [New case] oy il
] Fle Regon Scenaro Run Expert Hep — = x|

View Region Object |

Current object:

I simple_fire_2 j
Object position (m): Size (m):
x: [0-0000 j 0.5000 j
v: [0.0000 j 0.5000 j
2 =] =
2 [0.0000 = [o-5000 =
New | Dim/rot |  Properties |
cone | Deete |  Deeteal |

Change Type \

s |

Figure 25-17 Specification tool showing default SIMPLE_FIRE.

Enter the sizes of this fire using the spin boxes. In this case the dimensiorsizze0.3m,

y-size = 0.3m and-gize = 0.3m. The locations arelocation = (2.8m / 2} (0.3m / 2) =

1.25m, ylocation = 0.0m ah zlocation = (2.8m / 2) (0.3m / 2) = 1.25m. Enter these values

in the appropriate spin boxes and the fire will be centrally located and correctly sized (See
Figure25-18). The fire will have a default fire output curve specifiadire with a constant

Heat Release Rate of 50kW) which is not appropriate to the case specification. Select the
button Prepbrted| ¢€¢d Access the fire properties
t hatPrdpdrte® ibutton wi | éditoavwindavyagproprigteeto theaype of the
currently selected object and the values and settings displayed will be those of the current
object.

The fire properties window allows you to choose a fire behaviour curve from a number of
given or parametric ¢at release curves. In the case description, the fire is required to be
linearly increasing with time for 20 seconds up to a final sustained value of 62.9kW (See
Figure25-19).
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-Iox]
[] Fle Region Scenarc Run Expert Help = x|
View | Region Object I
Current object:
Is\mpbe,ﬂre,z ﬂ
Object position (m): Size (m):
xi[12s0 = [o3000 =
y: [0.0000 ill 0.3000 ill
z [1.2500 j j
New | Dim/Rot | Properties |
Clune| Delete | Delete Al |
Change Type \
@ -
Y
Figure 25-18 Specification tool showing FIRE position and size.
Simple Fire properties window il
Object name: I SIMPLE_FIRE
Object user name: I simple_fire_2
Heat release [kw] | Smoke production [kg/s] | Fire Activation/Deactivation | Fire Statistics |
Heat release curve type
% Constant (P = A) ™ Simple (P = C t~2) " Expert (P = A + Bt + Ct"2 + D*exp(Et))
(" Standard fires (smple)  |Slow (C = 0.003) ]  Tabledefined  Load... | Editor |
A= 50 ;I B= 0 ;I C= 0 ;I D= 0 ;I E= 0 ;I
o 50 50
25
12.5
0.0000 ﬂ : Start time (s) ™ Terminate at End Time End time (s): 100.0000 ﬂ
OK | % Cancel |
Figure 25-19 Fire properties dialogue showing default fire settings.
Thi s Alinearo type of fire growtrhe withoa r espo
coefficient for |inear time as B = (62.9
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enable the parametric curve and enter 3.145 into the B value spin box. All of the other spin
box values should be set to zero. l.e. A = C = D = E £®e@Figure25-20).

Simple Fire properties window il
Object name: I SIMPLE_FIRE
Object user name: I simple_fire_2
Heat release [KW] | Smoke production [kg/s] | Fire Activation/Deactivation | Fire Statistics |
Heat release curve type
" Constant (P = A) " Simple (P = Ct~2) ® Expert (P = A + Bt + Ct"2 + D¥*exp(Et))
" standard fires (simple) |5 ow (C = 0.003) ﬂ " Table defined Load... | Editor |
A:I o~ B=| [3.145 =] c=| 0.l p= o~ E=| o~
g 62.9
47.17
1.45
8 1]
| 0.0000 ﬂ : Start time (s) I™ Terminate at End Time End time (s): 20.0000 ﬂ
OK | % Cancel |

Figure 25-20 Fire properties showing a linear fire curve to 62.9kW in 20.0s.

Enter 0.0 in the Fire start time spin box and 20.0 in the Fire end time spin doxshéuld

notice that the red power curve is indeed displayed as a linear ramp up from left to right and
the upper right hand edge has a value of 62.9 displayed above it. This is the heat release curve
required by this tutorial. Select the OK button toegatdhe settings and close the dialogue.

If you are confused about setting the specified fire curve, you may alternatively enter a
simple constant fire of QGohsmndbcacrumreect tyepwe ranhy
62.9 into the A spin box (whiicwill be the only setting active for a constant fire).

25.3.5 STEP 4: DEFINING THE PROBLEM TYPE

Sel ec$cenaridme menu from the main Podemuypbart amd c
This will open a configuration window that allows the simulation controlsetanbdified

(SeeFigure 25-21). The Steckler A74 case was found to reach near steady state after 30
minutes BUT indicative results can be obtained after 3 minutes. In order to perform a
reasonably short simulation it will be necesdarghange the simulation time characteristics.

An acceptable simulation can be performed using 18 time steps of 10 seconds per time step
and 50 iterations per time step. Enter the following values to configure the simulation
characteristics: Time step siz 10.0s, Number of time steps = 18 and Number of iterations

per time step = 50. This will give (18 x 10) = 180 seconds of simulated time. l.e. 3 minutes.
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Problem type options il
—Module activation
[+  Fow model [v  Heat transfer
[T Radiation model setup... [~ Combustion model Setup... |
[ Smoke model Setup... [~ (Fire) Toxicity model Setup... |
[~ Sprinkler model setup... [~ (Fire) HCl model Setup... |
[~ Enhanced Body Force (for fans) [T Gas Specdies Release Setup... |
— Solution Control
Problem type: " Steady state (% Transient
Time step size (5): I 2 ﬁ Sweeps per time step: 50 ﬁ
Number of steps: 100 j Total sim. time (s): 200.000 ﬁ
Convergence tolerance: le-07 j Total sim. time (h:m:s): 0Oh 03m 20.00s
— Default physical properties
Default wall thickness (m): 0.20000 ﬁ Ambient temperature (K): 288.150 ﬂ
External pressure (Pa): 101325 ﬁ Initial temperature (K): 288.150 ﬂ
Material inside the region: Istandard_ﬁ\ir j \iew... |
OK | Cancel |

Figure 25-21 Expert Problem Type showing the typeof simulation.

To enable radiation you should select the AF
to the "Setupé" for the radiation model to c
be used. By defaulBMARTFIRE uses the Skflux radigion model. None of the other
parameters need to be changed from their default values but the user is advised to glance at
the other global control items that can be configured in this window.

25.3.6 STEP 5: SAVING TO A NEW CASE DIRECTORY

Now that the simulatio has been fully specified it is necessary to save the geometry and
physics specification to a unique case directory where all of the otheretatesl simulation

files wildl be created afldd sotpotrieodn. aT&dlveccht o otshe
As.0 it em. This wil/l open a fil e SMARTMIREer t ha
work directory (SeeFigure 25-22). Enter a unique name for this simulation case. It is
recommended that you choose a representative name thaayawse to easily identify this

case again in the future. For example you c
t h&w@ button. This wildl create a directory
speci ficati on f iolthe nefivTiettay Yoa shoull.nst créate newncase
directories yourself SiIncBMARTFIRE expects to do this whenever you save a new case.
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savens 20|

Save in: Il’f)work j &= e B~

E \)a74_case

{2 multiple_room_complex
My Recent
Documents

(L

Desktop

4

My Documents

™

My Computer

.
My Network
Places

File name: Itutorial_Z] j Save
]

i

Save as type: I*.* Cancel

2
Figure2522Us i ng Fil e ASave As.. .0 to specif

STEP 6: FINISHING SPECIFICATION AND STARTING CFD ENGINE

As with Tutorial 1 you are now ready to create a mesh specification, a specification script file
and to simulate this case in the CFD engine. The steps to achieve this are described in more
detail inTutorial 1 but are enumerated here in succinct form for completeness.

AUse the main menu ARuno and fCreate Mesho to r

A Choose a cell budget (as NX, NY and NZ) for simulating this case (it is recommended that,
for this scerario, a total cell budget of 11000 or so cells gives a reasonable quality mesh).

A "Accept" the created mesh to create the geometry file and specification scriptand this will
also exit from the automated meshing tool.

AStarttheCFDenginebyseIecting he main menu items fARuno and Al
A Wait for the CFD Engine to initialise.
AStart the CFD Engine using the ARundo button.

At any stage of the processing you may stop
order to change the visualigat view, to explore the data, to define graphs or to modify the

control parameters BUT you must wait for the current sweep to end (upper GREEN progress

bar must have reached the right hand edge in the Control window).

When you have finished you shoulbgt t he si mul ati on and press
button to terminate the CFD engine.

This is the end of tutorial 2.
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25.4 TUTORIAL 3

25.4.1 OVERVIEW

This tutorial takes the user, step by step, through the specification and modelling of a
multiple room fire senario using the specification environment. The case covered in this
tutorial is an elongated dual compartment of dimensions 6.1m x 3.0m x 2.5m height with a
1.0m wide x 2.0m high door at one end of the tangs. The region is divided equally into

two campartments by a 0.1m thick partition haly along the long axis with a doorway of

the same location and dimensions as the end vent (door). There is a centrally located 1.0m x
1.0m window on the side wall of the compartment without an external door.irehes f
centrally located in the compartment that does not have an external door and is represented
by a gas burner of dimensions 0.5m x 0.5m x 1.0m height with a constant heat release rate of
100.0kW. Radiation will not be used.

25.4.2 STEP 1: STARTING THE CASE SPECIFICATION TOOL

Run theSMARTFIRE case specification tool. Once the graphical interface has opened, use
the [Region] tab (if not already selected) to show the region editor panel. You will be shown
a visual depiction of a default region with no geamoaibjects defined (Sdegure25-23).

ﬂ SMARTFIRE Case Specification Environment - [New case] -0 il
[T] Fle Region Scemario Run Expert Help _ =1 x|
View Regon | oObject |

I Region_1

Region dimensions (m):

Figure 25-23 Specification tool showing default sized region.
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25.4.3 STEP 2: CREATING THE DOMAIN

Enter the dimensions of the region in metres ugweghree spin boxes. You can select on the
spin increment and decrement buttons to change the displayed size by steps of 0.1m or you
can doubleclick the value and type a new one in directly and press the enter button to
confirm your input. As specifieth the case description above you need the dimensions to be
set as follows: ssize = 6.1m, ysize = 2.5m and-gize = 3.0m (Se€igure 25-24). You do

NOT need to change the wall behaviour for any of the region walls because thi defau
behaviour is acceptable for this case.

ﬂSMARTFlRE Case Spedification Environment - [New case] =10 i‘
[] Fle Regon Scenado Run Expert Hep _ =] x|
View Regon |  Object |

| Region_1

Region dimensions (m):

Edit properties

Figure 25-24 Specification tool showing correctly sized region.

25.4.4 STEP 3: CREATING GEOMETRY OBJECTS

Once the region has been sized correctly, you can creaté tak geometry objects (fires,
obstacles and vents) required for the simulation. In this tutorial you will need to create a fire,
two vents (a window and a door), an obstacle (that is the partition wall) and a portal (which
makes a doorway through the fEon wall).

Select the [Object] tab to display the object editor panel. There are initially no objects defined

so the panel only displays a [New Object] button (Sgere25-25) which you should select

to open the new object set®n list. The dialogue window presents a list of all of the object
types available for inclusion in your simul a
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[Add] button. The dialogue window will close and a default sized rectangular vent will be
adced to the region display at a default location (Biggire 25-26). The object editor panel

will modify itself to match the currently selected object type (in this case the vent you have
just created). The current object will alwaye displayed using its own typed colour key for
the edges and shaded grey faces. Non current objects do not have grey shaded faces.

ﬂSMARTFIRE ‘Case Spedification Environment - [New case] oy il
] Fle Regon Scenaro Run Expert Hep — = x|

View |  Region Object |

Region currently has no objects

E Rew Object i
Iy

Figure 25-25 Specification tool showing the object panel.
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=1ofx|

ﬂ SMARTFIRE Case Spedification Environment - [New case]
[C] Fle Region Scenario Run Expert Help _|=| x|

View Region object |

Current object:

vent_1
Object position (m): Size (m):

- = =
y: |p.oooo = [ o000 =
= =

z: [0.0000 = | 10000 =

New | DmRot |  Ppropertes |

Cone | Debte | DekteAl |

Faia ‘Change Type

Figure 25-26 Specification tool showing new VENT at the default location.

In this simulation it is required that the vent (doorway) have a width = 1.0m and height =
2.0m and be centrally located on the higivall. Uset h anfolded region di spl ay ar e
choose the higlt region face so that the vent appears on the-higirface of the region.

Enter the size and location of the vent in the spin boxes on the object editor panel. Since this
is a constrained 2D objeatnly relevant spin boxes will be enabled for entering sizes and
locations. In the case of the doorway specified in the case description you will need to enter
the following values provided that the vent is on the higdurface: ysize = 2.0m, &ize =

1.0m and ylocation = 0.0m and-ocation = (3.0m / 2} (1.0m / 2) = 1.0m. The (door) vent

will now be correctly sized and centrally located on the #iglurface of the domain (See

Figure25-27).
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Figure 25-27 Specification tool showing door position and size.

Create another AVENTO object usi nagnfolddde [ Ne:
regio0 di spl ay t o |zewfaceé & the regiorn Bntet tihedollowinggsiaesl

locations for the side window=-size = 1.0m, 3size = 1.0m, xocation = (3.0m / 2} (1.0m /

2) = 1.0m and yocation = (2.5m / 2} (1.0m / 2) = 0.75m. The (window) vent will now be

correctly sized and centrally located for the first compartmerK$gire25-28).
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