DesignBuilder CFD

This section describes the various processes involvedhd@ucting calculations using
the DesignBuilder CFD module.

What is CFD?

Computational Fluid Dynamics (CFD) is the term used teriesa family of
numerical methods used to calculate the temperatelegity and various other fluid
properties throughout a region of space.

CFD when applied to buildings can provide the designer mitlimation on probable
air velocities, pressures and temperatures that willroatcany point throughout a
predefined air volume in and around building spaces with fspecioundary
conditions which may include the effects of climatégiinal heat gains and HVAC
systems.

DesignBuilder CFD can be used for both external andnat@nalyses. External
analyses provide the distribution of air velocity andspoee around building
structures due to wind effect and this information can be ttssassess pedestrian
comfort, determine local pressures for positioning HVA@kes/exhausts and to
calculate more accurate pressure coefficients forgyRdus calculated natural
ventilation simulations. Internal analyses providedisg¢ribution of air velocity,
pressure and temperature throughout the inside of buildingspad this
information can be used to assess the effectivenassgiotis HVAC system designs
and to evaluate interior comfort conditions.

CFD Calculations and Convergence

The numerical method used by DesignBuilder CFD is knosva jarimitive variable
method, which involves the solution of a set of equatibasdescribe the
conservation of heat, mass and momentum. The equsationcludes the three
velocity component momentum equations (known as theeld&tokes equations),
the temperature equation and where tlegkbulence model is used, equations for
turbulence kinetic energy and the dissipation rate diience kinetic energy. The
equations comprise a set of coupled non-linear second-ordiet géferential
equations having the following general form, in whictepresents the dependent
variables:

%(p(p) + div(pu) =div(l grad@)+S

The%(p(p) term represents the rate of change, thepd@) term represents

convection, the diV{ gradq) term represents diffusion and S is a source term.



Due to the non-linearity, the equation set cannot be dalssg analytical
techniques, which necessitates the requirement for a mahneethod. The
numerical method employed by DesignBuilder involves stiog the differential
equations into the form of a set of finite differengea&ions by sub-dividing the
required building space (or calculation domain) into asabn-overlapping
adjoining rectilinear volumes or cells, which is colieely known as a finite volume
grid. The equation set is then expressed in the fornsef af linear algebraic
equations for each cell within the grid and the overalbsetjuations is solved using
an iterative scheme. The non-linearity of the equat&ins accounted for by the use
of a nested iterative scheme whereby each dependeableagguation set (velocity
components, temperature, etc.) are themselves solvativiedy within an overall
outer iterative loop and at the termination of eadeioiteration, the most recent
values of the dependent variables are fed back into the dlemevariable
coefficients. The outer iterative loop is repeated timi finite difference equations
for all cells are satisfied by the current values ofappropriate dependent variables,
at which point the scheme is said to have ‘convergedagyreciation of the
requirement for convergence and the nested iterativeegure used to achieve it will
help in understanding the meaning of the various caloul@iptions that are
described in the ‘Conducting CFD Calculations’ section.

The lterative Nature of the Procedure

The calculation procedure has been developed to ensutbdhtdrative solution of
the equation set would be guaranteed to converge if thei@ueagfficients were
constant. However, the equation set is non-linear leddefficients actually contain
the dependent variables themselves, and consequently coneecgamot be
guaranteed in all cases. Although in the majority oésaas long as the dependent
variables and particularly the velocities only charlgevly, a converged solution is
normally achieved.

The main mechanism to ensure that the variables changly £ that of false time
steps. The finite difference equation set is formulatgtie form of a transient
equation set although the calculations are steady statessentially a ‘snap-shot’ in
time. The reason for this formulation is that trensient term behaves as a very
effective relaxation method, which can slow the changkependent variables in
order to arrive at a more stable solution. The fatee 8tep is the time step used in
the pseudo-transient term of the dependent variable equation

Creating Model Geometry for CFD

If you have already created a model for the purpose aflditional analysis (e.qg.
thermal simulation or SBEM calculation), you can egactly the same model for
CFD, although you should read the next section on the faolume grid and
geometric considerations. On the other hand, if younchte conduct a CFD analysis
from scratch, you should refer to the ‘Building Modessttion of the DesignBuilder
Help for information on creating models.



The Finite Volume Grid and Geometric Modelling Considerations

The calculation method requires that the geometric spaoss which the
calculations are to be conducted is first divided intorabver of non-overlapping
adjoining cells which are collectively known as thetérvolume grid.

When a CFD project is created, a grid is automatic&hegated for the required
model domain by identifying all contained model object vestiand then generating
key coordinates from these vertices along the major gad.a hese key coordinates,
extended from the X, Y and Z-axes across the width, depdiheight of the domain
respectively are known as ‘grid lines’. The distanceben grid lines along each axis
is known as a grid ‘region’ and these regions are Ihitspaced employing user-
defined default grid spacing in order to complete the gridrgéine. The grid used by
DesignBuilder CFD is a non-uniform rectilinear Caesyrid, which means that the
grid lines are parallel with the major axes and the sgdoetween the grid lines
enables non-uniformity.

For example, looking at a simple building block withragg component assembly
representing a table:

Component assembly
representing table

The resulting grid, generated with 0.3m default grid spacingidvoe as follows:



Key coordinate grid lines
displayed in black

| Grid region between consecutive
Region spacing grid lines _;,/’ key coordinate grid lines
displayed in grey

By default, grid regions are spaced uniformly using a spabatgd calculated to be
as close to the user-defined default grid spacing as podsidiiee the narrow regions
created between key coordinates associated with thedgalalet table legs. In this
case, the distance between these key coordinateamsauiceptable value. However,
very narrow regions resulting in long narrow grid cellgelis having a high aspect
ratio should be avoided, as they tend to result in unssahiéions that can fail to
converge. Highly detailed component assemblies can iastdty large numbers of
closely spaced key coordinates resulting in cells having dsgect ratios. Large
numbers of key coordinates can also lead to overly congpids and
correspondingly high calculation run times and excess®mory usage which can be
avoided by replacing very detailed assemblies with crudeeseptations for the
purpose of the CFD calculation. However, where veryavagrid regions are
unavoidable, adjacent grid lines formed from key coordinesiase merged together
using the merge tolerance setting which is accessed thtbegiew CFD analysis
dialogues (see the ‘Setting Up a New External CFD Assiland ‘Setting Up a New
Internal CFD Analysis’ sections). For instance, ia #dibbove example, if the table
assembly had been located closer to the edge of theeatjaindow, this could result
in unacceptably close grid lines:



Closely spaced grid
lines resulting in high
aspect ratio cell

These closely spaced grid lines can be merged by creatie analysis and
increasing the grid line merge tolerance setting to say 0.025m



Closely spaced grid lines
merged using grid line
merge tolerance setting

Due to the strict rectilinear nature of the grid, gridscdiit lie in regions outside of
the domain required for calculation are ‘blocked-off’ nder to cater for irregular
geometries. It is important to take this into accountwdreating a model in order to
maximise the efficiency of grid generation and/or to enshat surface CFD
boundaries will lie in the plane of a major grid axisathieve accuracy of boundary
representation. In some cases, the model may be ratateder to ensure that most
of the wall surfaces are orthogonal with respech#ogrid axes. To take an extreme
example, if a simple rectangular space has been ditbevd3 angle to the Z-axis:



The resulting grid, generated using 0.3m default grid spacintginera great deal of
redundancy in the form of blocked-off regions and inacguodsurface
representation:

Surfaces represented in the
form of "slep-wise' profiles

Blocked-off cells in
regions lying outside
calculation domain

If the block is first rotated, to be aligned with the Xsa



The resulting grid exhibits no redundancy and there isamxuracy in surface
representation:

L 3

0 Model surfaces aligned

with grid axes




The accuracy of the representation of non-orthoganédces can be improved by
using smaller default grid spacing and in some cases spgadicegions can be
modified to increase accuracy in a more localised fastsoillustrated by the
following example:

Grid generated using default 0.3m grid spacing:

Step-wise surface profile with I S e s /
default 0.3m grid spacing \




Using the ‘Edit CFD Grid’ tool, the grid spacing withinfike regions spanning the
angled section is reduced to 0.2m to improve the represemta

Grid regions edited to
be spaced using
0.2m spacing

N
Step-wise surface profile \——f———— e /’{
after regions spaced with N [T T i /'
0.2m setting \\_/'/

Grid regions between key coordinates can also be spacednes-uniform spacing
options and additional key coordinate regions can be aéfdether information is
provided on grid modification in the ‘Editing the CFD Gréction.

Building Levels and CFD Analyses

Internal CFD analyses can be conducted at zone, bultdtiely and building levels.
Calculations can also be conducted for single zoné¢splaa several blocks by
connecting them with holes and using the ‘merge zonesected by holes’ model
option setting. External analyses can only be conduttde site level.

CFD Boundary Conditions

An important initial concept for CFD analyses is tbBboundary conditions. Each of
the dependent variable equations requires meaningful valties ladundary of the
calculation domain in order for the calculations to gateemeaningful values
throughout the domain. These values are known as bguoodiaditions and can be
specified in a number of ways. The specification of boundanditions for external
analyses is relatively straightforward and just requseting the building exposure,
wind velocity and wind direction and this is done using alsid@logue box.
However, internal analysis boundary conditions tenoeta bit more involved and



can require the addition of zone surface boundariesasishpply diffusers, extract
grilles, temperature and heat flux patches and alsotioegoration of model
assemblies representing occupants, radiators, fan+uts| etc. DesignBuilder
provides default wall and window boundary temperatures aticatig but it is
important that you check that these defaults are apptepynes and that you
correctly specify any additional boundary conditions meglfor your project.

Boundary Conditions for Internal CFD Analyses

Internal boundary conditions can be defined in three ways

1. Default wall and window temperatures can be definedlf@one surfaces.

2. Zone surface boundary conditions including supply diffusstsact grilles,
temperatures and heat fluxes can be added in the founfaés patches using
a similar method to that used for adding windows and doors.

3. Component blocks and component assemblies can be defited@erature
or heat flux boundaries.

Default Wall and Window Temperatures

All zone surfaces within a model have default wall anddew boundary
temperatures. These boundary temperatures are inheritedhecbuilding level
down to the zone surface level and may be set at taryriadiate level. This
mechanism provides a convenient method for defining wall andomi temperature
boundary conditions throughout a building model in the atesehimported
EnergyPlus boundary data (see ‘Importing EnergyPlus Outata)D

Default wall and window boundary temperatures can be sedesder the ‘CFD
Boundary’ header on the ‘Construction’ tab:

Untitled, Building 1, Block 1, Zone 1, Wall - 21.000 m2 - 180.0°

Censtruction

Project construction template

Project wall

Zone Surface Boundaries

Supply diffusers, extract grilles, temperature and fieatpatches can be added to
zone surfaces using the ‘Add CFD boundary’ tool.



To add a surface boundary, move down to the surface on wictvant to locate the
boundary, either by selecting it from the model navigatdyy navigating to it in the
Edit screen. At the surface level, you can then séhectAdd CFD boundary’ tool
from the toolbar:
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Untitled, Building 1, Block 1, Zone 1, Wall - 14.000 m: - 270.0°
W ste | -_.. Layout | Construction | Openings -
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You can draw a CFD boundary on to the surface in extietlgame way that you
would draw a window. Please refer to the ‘Add window’ Hapt®n for details of
drawing windows.

After selecting the ‘Add CFD boundary’ tool, the boundarttisgs are displayed on
the ‘Drawing Options’ data panel. You can select theiredboundary type from the
‘Boundary type’ drop list. The following boundary types available for surfaces of
all orientations:

1 — Supply (general purpose HVAC supply diffuser)
4 — Extract (HVAC extract grille)

5 — Temperature (surface temperature patch)

6 — Flux (surface heat flux patch)

The following additional boundary types for multi-directal diffusers will appear for
ceiling surfaces only:



2 — Four-way (four-way supply diffuser)
3 — Two-way (two-way supply diffuser)

Various settings are available depending on the boundary type
1 - Supply:
Boundary temperature ( C):
Enter the required temperature of the air enteringpghees
Flow rate (I/s):
Enter the supply volume flow rate.
X-discharge angle (°):

This setting allows you to define the discharge angle d@twhe local surface
X-axis and an inward facing normal to the surface. Astivéace level, taking a
normal view from the inside of the zone to the surftloe X-axis discharge
angle is positive between the normal and the positraxiX (i.e. the axis

pointing towards the right) and negative between thenaband the negative X-
axis (i.e. the axis pointing towards the left). For eplento define a discharge
angle of 48 pointing towards the left of the centre of a diffudeoking at it

from the inside of the zone, you would enter —45. On therdtand, to define a
discharge angle of 4%ointing towards the right of the centre, you would enter
45:

—— Local surface X-axis

-

“~———  Supply diffuser

1
Inward facing normal ——



Y-discharge angle (°):

This setting allows you to define the discharge angle dmtwhe local surface
Y-axis and an inward facing normal to the surface. Asstigace level, taking a
normal view from the inside of the zone to the surfloe Y-axis discharge
angle is positive between the normal and the positraxi¥ (i.e. the axis
pointing upwards) and negative between the normal and theéveeyaaxis (i.e.
the axis pointing downwards). For example to define ehdige angle of 45
pointing downwards from the centre of a diffuser, lookihg tom the inside

of the zone, you would enter —45. On the other hand, to defiiecharge angle
of 45°, pointing upwards from the centre, you would enter 45:

sa——— Local surface Y-axis
e

———— Supply diffuser

Minimum discharge velocity (m/s):

The minimum discharge velocity is the minimum reqaiivelocity at the face of
the diffuser. Supply diffusers are created using a nunfaEements, the areas
of which are determined by combining the specified volume flate together
with the minimum discharge velocity. The maximum lindanension of each
component element is currently 'hard-set' at 0.2m.

2 — Four-way

Boundary temperature ( C):



Enter the required temperature of the air enteringpghees
Flow rate (I/s):

Enter the supply flow rate.

Multi-way diffuser discharge angle (9:

Enter the discharge angle, which is the angle betweeddwnward pointing
normal and the diffuser jet:

——— Multi-way discharge angle

'
Downward facing normal |
L}

Minimum discharge velocity (m/s):
The minimum discharge velocity is the minimum reqaiivelocity at the face of
the diffuser. Four-way diffusers are created using foparsge elements, one
located at each edge of the diffuser, the area oflesicly determined by
combining the specified volume flow rate together with tiinimum discharge
velocity.

3 — Two-way
Boundary temperature ( C):

Enter the required temperature of the air enteringpghees

Flow rate (I/9):



Enter the supply flow rate.
Multi-way diffuser discharge angle (9:

Enter the discharge angle, which is the angle betweeddwnward pointing
normal and the diffuser jet (see illustration in ‘Faway’ section).

2-way diffuser discharge direction:

Enter the local surface axis along which the diffuséo discharge:

2-way diffuser discharge 2-way diffuser discharge
direction =Y direction = X

Minimum discharge velocity (m/s):
The minimum discharge velocity is the minimum reqdiivelocity at the face of
the diffuser. Two-way diffusers are created using two rsg@a&lements, one on
either side of the diffuser along the discharge akesarea of each being
determined by combining the specified volume flow rate tagetlith the
minimum discharge velocity.

2 — Extract
Flow rate (I/9):
Enter the extract flow rate.

3 — Temperature

Boundary temperature ( C):

Enter the required temperature for the patch.



4 — Flux

Heat flux (Wh):

Enter the required heat flux for the patch.
Using Component Blocks and Component Assemblies as CFD Boundaries
Component blocks and assemblies can be used for CFD esédysimply allow for
the effect of obstructions on the airflow. Howeubey also allow the definition of
CFD boundary attributes to enable them to act as aurtst@perature surfaces or
heat flux sources and can also be modified to behmwem=solids to allow air to pass
through them.
Component Blocks
CFD attributes for component blocks are inherited dowm filee building level to
component blocks located at both building and building bloalse CFD attributes
for component blocks are accessed under the ‘Componeft b&ader on the
‘Construction’ tab:

Activity || Construction || Openings || Lighting || HVAC

[® Construction Template
%Template Project construction template
= o Construction
-’.?External wallz Project wall
= @Flat roof Project flat roof
QF'itched roof [occupied) Project pitched roof
:.;F'itched roof [unoccupied) Project unoccupied pitched roof

Plnternal partitions Project partition
Semi ed

Component block type 1-Standard -
Component block shades and reflects

&Material Project component block material

b awirnuarn trarsmittae

S

fia] Transmittance schedule On

CFD Boundary

Thermal boundary type 2-Temperature -
Temperature [*C] 75.00
Mazs [air cannot move through azsembly if checked)

Assemblies

The CFD assembly library that is provided with DesigtdRaricontains a number of
pre-defined assemblies that can be used to add itemssochwgpants, radiators and



furniture. Some of these pre-defined assemblies already®&D boundary
attributes associated with them, e.g. occupant assentialiee a defined heat flux of
90W. You can also define your own assemblies for use I &falyses and you will
find details of how to do this in the ‘Assemblies’ Helxtion.

CFD attributes for component assemblies are inhernited the parent assembly to
instances of the assembly at the building and buildinkbdexels. CFD attributes for
assemblies are accessed from the ‘Construction’ tabmativing down to an
assembly instance level by clicking on it in the navigatadouble-clicking on it in
the Edit screen. It is important to understand thatuf glsange an attribute for a
specific instance of an assembly, the attributes wiktanged for all other instances
of the same assembly.

[ Navigate, Site
1] Ste | Components | Tempiates
= >
dEAPZ q
=) Unlited A
= 4 Building 1
=1 9 Block 1

[#1-4% Block assembly instance 1

Edt | Visuslise | Heating design | Cooling design | Simulation | €FD

Con

Theimn

ndary type 2-Temperature
Temperature ['C] 7500
N Mass [air cannot move thiough assembly if checked)

Assembly CFD
boundary condition
attributes accessed at
assembly instance level

The following CFD boundary settings are available fohlmmtmponent blocks and
component assemblies:

Thermal boundary type:

The thermal boundary type can be set to one of thenfmig:

1 — None:

Component block does not act as a CFD boundary condition.

2 — Temperature:

Component block acts as a fixed temperature CFD boundadtioon
3 — Flux:

Component block supplies a fixed heat flux to the surrogsdin

Temperature ( C):



If the thermal boundary type has been set to ‘Temperaemter the temperature of
the block.

Flux (W):

If the thermal boundary type has been set to ‘Fluxerthte heat emission of the
block.

Mass:

This setting determines whether or not the block willescha physical obstruction to
the surrounding flow. In some cases, it may be desitalfig the temperature or flux
of the component but allow air to pass through the bledk,to represent an
occupancy flux throughout a large volume without needigdate individual
occupants.

Setting Up a New External CFD Analysis

To create a new external CFD analysis, first make thateyou have selected the Site
object in the model navigator and then click on the CHbD t

Navigate, Site

| Cooling design | Simulstion |

N Edit | Visualise | Heating design

=/ Building 1
=5 Block 1
- Zone 1

Select site object in
navigator and then
click on CFD tab

The ‘New CFD Analysis Data’ dialogue is displayed whadlbws you to name the
analysis, define grid generation variables, wind data anéxtents of the domain to
be included in the analysis:



Edit New CFD Analysis
New External Analysis

Diata Optionz

Mame Wind analysis
CFD Esternal
Default grd spacing [m] 2.0000
Grid line merge talerance [m) 0.2000
Wind
Welocity [mds) 12
Direction ] 45
Expozure 2-5uburban -

Site Domain Fachors

info | Oot- |

Mew External CFD Analysis

The new CFD analysis will be an external isothermal
analysis of the building looking at wind effects.

The default grid sze and mergetolerance data on the
left will be used to create the grid. ¥ ou can edit the
default grid created by DesignBuilder using the Edit
arid toolkar icon after the analysis has been created
but before calculations have been started.

The domain of the the analysis is set by the current

| location in the building hierarchy. To carry cut internal

CFD analysis first close this dialog and use the
Mavigator to go to the required location, then create a

new analysis again.

Length .00
wiidth 200
Height 1.40

Help ] l Cancel ] I Qk

Default Grid Spacing

On entry to the CFD screen after completing and clasiaghew CFD analysis
dialogue, the CFD grid is automatically generated througiheudverall external
domain extents. The grid is created by first determiningoldtyts obtained from
constituent model blocks along the major axes, thertisthetween each of these key
points being known as regions. Each CFD grid region alang major axis is
automatically spaced using the ‘default grid spacing’ dimensio

Grid Line Merge Tolerance

A potential problem when generating the grid is the creatiaells with a high
aspect ratio that can lead to instability in the equatawer. In order to avoid such
cells, grid lines that are very close together can &ged. The ‘grid line merge
tolerance’ is the maximum dimension that will be usedéatermining whether or not
to automatically merge grid lines.

Wind Velocity

Enter the required free stream wind velocity in m/s @uead at 10m above ground).

Wind Direction

The wind direction is defined clockwise from North. Tdefault direction is 27Q1.e.
Westerly.

Wind Exposure

The free stream wind velocity is corrected for hemove ground and surrounding
terrain using an empirical relationship recommended by ASEHR



. [TmPm (M
V—Vlh d
m

Boundary layer height d (m) Flow exponent a
Open country 270.00 0.14
Suburban 370.00 0.22
Urban 460.00 0.33

Ste Domain Factors

The length, width and height site domain factors arkiphiars that are applied to the
overall dimensions of the building model in order toverat an external volume or
domain across which the analysis is carried out. Theuttefactors are 3.0 applied to
the length and width and a factor of 2.0 that is appligtiéanodel height.

After clicking on the OK button, the CFD screen is thigpd showing the model in
conjunction with the site domain object:

Note orientation

of model relative -
to the site domain -
to account for
wind direction

&L 2

; External analysis site

Setting Up a New Internal CFD Analysis

domain object

To create a new external CFD analysis, first make thateyou have selected the
appropriate level object (building, building block or zome)he model navigator and

then click on the CFD tab:



Untitled, Building 1, Block 1, Zone 1
Cooling design

Navigate, Site
N Ste | Components

HEd P2
=6 Untitled

=-® Building 1
=158 Block 1

Ei_-] % Block azzembly instance 1

[+ Block agsembly instance 2

& () Zone 1

Simulation

Templates | Heating design

Select required building
level and then click on
CFD tab

The ‘New CFD Analysis Data’ dialogue is displayed whadbws you to name the
analysis and define grid generation variables:

Edit New CFD Analysis
New Internal Analysis - Building 1

D ata Options New Internal CF D Analysis
Hame Radiators on Morth and West walls Enter the name ‘?”_he new CFD analysis. Th.e dpmain
- - ofthe the analysis is set by the current location inthe
CFD Internal &nalysiz building hierarchy.
Default grid spacing (m] 0.3000 The CFD domain will be all zones in the building:
Grid line merge tolerance [m) 0.0250 Building 1
Help ] [ Cancel ] [ ak

Default Grid Spacing

On entry to the CFD screen after completing and clasiaghew CFD analysis
dialogue, the CFD grid is automatically generated througiheubverall external
domain extents. The grid is created by first determiningoldtyts obtained from
constituent model blocks along the major axes, thertisthetween each of these key
points being known as regions. Each CFD grid region alang major axis is
automatically spaced using the ‘default grid spacing’ dimensio

Grid Line Merge Tolerance
A potential problem when generating the grid is the creatiaells with a high

aspect ratio that can lead to instability in the equatawer. In order to avoid such
cells, grid lines that are very close together can &ged. The ‘grid line merge



tolerance’ is the maximum dimension that will be useddtermining whether or not
to automatically merge grid lines.

Editing the CFD Grid

BECEWANES - LS

As soon as a new analysis data set has been craatefiult CFD grid is generated
using the default grid spacing defined as part of the datalsedefault grid may be
edited using the ‘Edit CFD Grid’ tool which allows youdieange the spacing used
for default regions, insert additional regions or reepkeviously inserted regions.

When you select the ‘Edit CFD Grid’ tool, the grid ispdayed with the building
outline overlaid as a ghosted wire frame. Grid regioasisgsplayed along the major
axes bounded by dark grey lines, the auto-generated grid iggacmg lines being
displayed in a lighter grey. The currently selected ggglon is selected in cyan or
yellow if the region is a non-default inserted regida.select regions on one of the
other major axes, you can change the axis by clickintp@nequired axis of the axis
selector displayed at the top right of the screen:

Use mouse to
select grid axis
from axis selector

To edit a grid region, move the mouse cursor across ithéogthe required region
that will highlight to indicate that it has been sé&deicand then click the mouse button.



The selected region will then highlight in red and théitEEFD Grid’ data panel will
be displayed at the bottom left of the screen:

Spacing type  2-Unifarm
Spacing dime... .2

‘Apply changes'
button

The following settings are available on the ‘Edit C6BDd’ data panel:
Operation:

1 — Edit Region:

Change the spacing of the currently selected region.

2 — Insert Region

Insert a new custom key coordinate at a defined poineigulrent region to form an
additional region.

3 — Remove Region

This option is only available if the current region hasmpreviously inserted and
allows you to remove it.

New coordinate (m):
If the ‘Insert Region’ operation has been selected,déiting is displayed allowing

you to define a custom coordinate within the current redgimte that the coordinate
must lie in the range defined by the displayed start adaeordinates.

Spacing Type:
The spacing type can be set to one of the following:

1 — None:



The region is not sub-divided.
2 — Uniform:

The region is sub-divided into a number of equal sub4dnss the dimension of
which is calculated to be as close to the specified ‘8gatimension’ as possible.

3 — Increasing power-law:

The location of each sub-division grid line within tleglion increases as the power of
the spacing number, which starts at the beginning of therreSo that if i represents
the index number of the grid line counted from the sifithe region, the coordinate
of the I" sub-division grid line is calculated using the followingtienship:

x;=(region dimension)(i/Mf"*4xs

4 — Decreasing power-law:

The location of each sub-division grid line within tlegion decreases as the power of
the spacing number, which starts at the end of theme§im that if i represents the
index number of the grid line counted from the start oféggon, the coordinate of

the f" sub-division grid line is calculated using the follownegationship: x=(region
dimension)[1-(i/n°"*]+xs

5 — Symmetric power-law:

The coordinate of th&'isub-division grid line is calculated using both incregsind
decreasing power-law relationships that meet at the middbes region:

For i <= n/2: x=[(region dimension)/2](2i/R}"*%+xs
For i >= n/2: x=[(region dimension)/2][2-(2i/n}§"*]+xs

Spacing dimension (m):

If the uniform spacing type has been selected, thisygattidisplayed and allows you
to enter the dimension used for sub-dividing the region.

Spacing power:

If the Increasing/Decreasing/Symmetric power law spacipg has been selected,
this setting is displayed and allows you to enter thegpawed in the associated
power-law spacing relationship.

Number of divisions:

If the Increasing/Decreasing/Symmetric power law spacipg has been selected,

this setting is displayed and allows you to enter thebauraf divisions used in the
associated power-law spacing relationship.



After selecting an operation and adjusting the requirdahgst you then need to click
on the ‘Apply changes’ button to update the selected gridmegith the current
settings.

Setting Up CFD Cell Monitor Points

DE2ES 2R 00P0Pen I HFBEM |~

The CFD calculation process is iterative and is carmsidi to have completed once
‘convergence’ has been achieved (see ‘CFD Calculatimh€anvergence’ section).
The main indicator for convergence is the point at wthehfinite difference
equations for all cells are satisfied by the current wahfe¢he appropriate dependent
variables. However, it can be very useful in many cesesonitor the variation of the
dependent variables at specific locations throughout teelatibn domain in order to
observe the point at which they stabilise. It maydmeptable, in many cases, to
terminate a calculation as soon as the dependent \exiaéiVe achieved adequate
stability but before the residuals have arrived at tthefined termination values.
When a project is first created, a default centrdlroehitor point is automatically
added to the domain. The ‘Define CFD monitor points’ toaldes you to identify up
to ten cells throughout the calculation domain at whain want to monitor the
variation of the calculated variables. After selectimg ‘Define CFD monitor points’
tool, the cell monitor screen is displayed which inclutesmodel view together with
a cell selection frame, perpendicular to the curreselgcted axis. You can select a
plane along the current axis by moving the mouse cursossatite model in the
direction of the axis. To change the axis, click onrdrpiired axis on the axis selector
tool, which is located at the top right of the screen:

Use mouse to select
grid axis from grid axis

(// selector

.—‘

25 m

V‘

775 m

Default cell monitor
point located at
centre of domain

Cell selection
frame 1



After selecting the required axis, move the cell sedadiiame along the axis, and
then click the mouse button to select a plane at thereeljdistance along the axis. A
cell selection grid is then displayed in the selecladgyallowing you to move the
mouse cursor to the required cell in that plane:

e —— 2.00 m Dt
Manitar lacaty., | Fadiatod ]

[ M

.55 M

BT m

Type in name of

monitor point and S >

click on 'Apply
changes' button . Cell selection grid

After moving the mouse cursor to the required cell, cliekrttouse button to display
the cell monitor data panel at the bottom left ofdbe=en.

The following settings are available on the cell manitata panel:
Operation:

This control is only active if you have selected a fmllwhich a monitor point has
already been defined. The following options are available:

1 — Update cell

Add a monitor point or edit the name of a previouslyresfipoint.

2 — Remove cell

Remove a previously defined monitor point.

Monitor location name:

Enter name for monitor point.

After changing the required settings, click on the ‘Apgianges’ button to update

the selected cell. You can quit out of the ‘Define Qf@nitor points’ tool by
pressing the ESC key or selecting another tool.



CFD Grid Information
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Information about the CFD grid can be obtained using theuSCFD grid statistics’
tool, which displays the CFD grid statistics dialogue:

& CFD Grid Statistics
\&nalysis: New CF D Analysis

Daomain: Building 1

Grid Statistics

Description Data
MNumber X Cells 21
Number ¥ Cells 13
Number Z Cells 13
Wax aspect ratio 9.500
Required Memory (MB) 0.4
Available Memary (MB) 11208

e “

Help ] [ Export ] [ oK ]

If the maximum cell aspect ratio exceeds the allowkie of 50 or the required
memory exceeds the physical memory available, the IChalt indicate a failure:

& CFD Grid Statistics
Analysis Hew CFD Analysis

Ciomain: Building 1
Grid Statistics

Description Data

Mumber X Cells 196

MNumberY Cells 134

Mumber Z Cells /'J.S-—_-""'\
Max aspect ratio ( 131146 >
Reauired Memory (B} Moz
Available Memory (MB) 10953

e “

Help ] [ Export ] [ 0k ]




Conducting CFD Calculations
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Please refer to the ‘CFD Calculations and Convergesesion for an overview of
the calculation methodology that will help in undensliag the concepts used to
initialise, control and monitor the calculations.

To conduct the calculations, click on the ‘Update catedlalata’ tool. If a problem is
found with the grid generation, the CFD Grid Statistiedogue is displayed showing
the error. There are three possible error conditions:

Maximum cell aspect ratio exceeds the limit - you will need to delete the existing
project and create a new one either reducing the defiagdilspacing dimension or
increasing the grid line merge tolerance by a suitable atr{sae the ‘CFD Results
Manager’ section).

Required memory exceeds the available memory - you will need to delete the existing
project and create a new project with larger default gpating or consider
simplifying the problem definition in terms of complexdfassemblies, etc.

Flow imbalance — The total flow rate specified for supply diffusers doesbalance
with the total flow rate specified for extract grille&u will need to add supply
diffusers or extract grilles or edit the existing floates to establish the correct
balance

If no problem is encountered in creating the grid, tltbt‘Ealculation Options’
dialogue will be displayed:

Edit Calculation bptiuns

Residuals and Cell Monitor

o | Mass mmmm X-Velocty e Y-Veloclty c——— Z-Velocity

Weloeity (mis)
=
2

4 Simulation not started oss Fauss Hep | [ Cese  |[__ st




The ‘Edit Calculation Options’ dialogue is divided inteo main sections, the
Residuals and Cell Monitor graphs and the Calculationo@ptbata panel. There are
also a group of buttons at the bottom of the dialogdnich allow you to control the
calculations:

Sart
Start, or if the calculations have been paused, retbtadalculations.
Pause

Interrupt or pause the calculations. Once the calonshave been paused, the
calculation dialogue can be temporarily closed in otoleeview the results.

Reset

After pausing the calculations, the calculations mag theere-initialised to start from
scratch. If the solution is found to diverge and you pausealculations to decrease
the velocity false time steps, you will then needeget the calculations before re-
starting.

Calculation Options Data

The calculation settings panel incorporates the follgwgiettings:
Turbulence Mode!:

The following turbulence models are available:

1-k<e

This model is one of the most widely used and tested ifrbulence models,
belonging to the so-called RANS (Reynolds Averaged N&&iekes) family of
models. These models involve replacing the instantanedaosity in the Navier-
Stokes and energy equations with a mean and fluctuating cemipd he resulting
equations give rise to additional terms known as Regnstiésses and turbulent heat
flux components. Reynolds stresses are replaced witls t@volving instantaneous
velocities where molecular viscosities are substiktibe effective viscosities and a
similar substitution is conducted for the energy equaflde effective viscosity is the
sum of the molecular viscosity and a turbulent visgpgrhich is derived from the
turbulence kinetic energy and the dissipation rate biience kinetic energy:

k2
M = Cpp?

where k= turbulence kinetic energy aed dissipation rate of turbulence kinetic
energy



k and € are both derived from partial differential equations \Wlace in turn derived
from a manipulation of the Navier-Stokes equations.

2 — Constant effective viscosity

The constant effective viscosity model is a much semppproach and involves the
replacement of the molecular viscosity in the Navigk8s equations with a constant
effective viscosity (typically in the order of 100-1000)th&ugh this model is
incapable of modelling local turbulence or the transpottidiulence, it is
computationally much less expensive than tlsenhedel and can be numerically
much more stable.

Discretisation scheme

The calculation process involves replacing the definingfsgartial differential
equations with a set of finite difference equations. ddventional approach to this
is to use a Taylor’s series formulation, which leada et of central difference
equations. However, although this approach is physicallistiedor diffusion, it is
not found to be realistic for convection becauséhefdne-way nature of convection,
i.e. upwind conditions affect downwind conditions but thet reverse.

The following discretisation schemes are available:
1 - Upwind

The upwind scheme allows the convective term to be leaémliassuming that the
value of the dependent variable at a cell interfacqusieo the value at the cell on
the upwind side of the interface.

2 — Hybrid

The hybrid scheme combines a strict central differerearhent (-2 <= Pe <=2)
with the upwind scheme (Pe < -2, Pe > 2). The hybrid scimeayebe interpreted as a
three-line approximation to the exact solution to a dimeglform of the general
momentum equation.

3 — Power-Law

The power-law scheme attempts to provide a better approamntatthe exact
solution than the hybrid scheme by combiniﬂg)'f»wer relationships (-10 <= Pe
<=10) with the upwind scheme (Pe < -10, Pe > 10).

Iterations:

This is the maximum number of iterations conducted byther iterative calculation
loop (see ‘CFD Calculations and Convergence’ sectiom. Calculations will
terminate when the number of iterations reaches #iisewegardless of whether or
not the solution has converged.



| sothermal:

Temperature is assumed to be constant throughout thdatan domain and the
energy equation is removed from the calculations.

Surface heat transfer:
The following surface heat transfer options are alkgla
1 — Calculated

Surface heat transfer coefficients are calculatedyusall functions if the ke
turbulence model has been selected.

2 — User-defined
Surface heat transfer coefficients can be definediings, wall and floors.
Initial conditions:

In some cases, a faster solution can be achieved bygsigiinitial conditions closer
to the final expected conditions.

Cdll monitor:

Select any defined cell monitor point and associated depewdgable to be
displayed on the cell monitor (see ‘Setting Up CFD ®klhitor Points’ section).

Residual Display
Select the dependent variables and/or mass for whicduedsiare to be displayed in
the residuals monitor. The mass residual is similard¢aldpendent variable residuals
but is extracted from a continuity equation mass baldmceach cell.
Dependent Variable Control Settings:
The calculations involve a nested iterative schemeetdyedependent variable
equations are solved iteratively within an overall ouezative loop (see ‘CFD
Calculations and Convergence’ section). The dependeabladontrol settings
enable control inner iterative dependent variable calonlks

Inner Iterations:

The number of iterations used for the calculation otigendent variable.

False Time Step:

The finite difference equation set is formulated infdren of a transient

equation set although the calculations are essentiadiyap-shot’ in time. The
reason for this formulation is that the transientntbehaves as a very effective



relaxation method, which can slow the change in depegndeiables in order to
arrive at a more stable solution. The false time stépd time step used in the
pseudo-transient term of the dependent variable equatiofor€ed convection
flows, a ‘best-guess’ optimal false time step is autoratyicalculated for
velocities, however for buoyancy driven flows, a defaalue of 0.2 is used.
Reducing the false time step has the effect of slowinghdbe change in the
dependent variable and can be a helpful remedy for uasahitions.

Relaxation Factor:

This is the ‘text book’ relaxation method, which can bedus allow only a
proportion of the calculated value of the current tieradependent variable to
be assigned to the variable. However, the false stee is normally the
preferred method of achieving under-relaxation.

Termination Residual

The outer iterative calculation loop is repeated tinélfinite difference
equations for all cells are satisfied by the current sahig¢he appropriate
dependent variables, at which point the scheme is saavi® ‘converged’. The
dependent variable residual is the maximum residual qudatithe equation
balance across all cells in the domain. The soluticlkeésned to have converged
for each dependent variable when the residual is lesghbdaermination
residual.

Residualsand Cell M onitor Graphs

The value of each dependent variable residual togethetiveittnass residual is
plotted on the residuals graph, at the end of each detation of the calculation.
You can use the residuals plot to monitor the overalVeogence of the solution and
to determine whether or not any remedial action is reduir

When considering the residual plots, you should beaind that the residuals can
fluctuate quite markedly throughout the period of the caticuia and in some cases
rise appreciably before falling and so you need to get aroidie overall trend after
several hundred iterations. The following screenshot slagplst of residuals and a
default centrally located monitor cell plot for théeirmal analysis illustrated in the
next ‘Displaying Results’ section. Notice that the morat velocity has reached a
steady final value.
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If you notice that the residuals are fluctuating wildfysteadily increasing over
several hundred iterations, you should pause the catmdaand take remedial action
(see ‘Convergence Difficulties and Troubleshooting’ seg¢tion

The cell monitor graph displays the variation in $eécted dependent variable for
the currently selected monitor cell (see ‘Setting Up @l Monitor Points’ section
and ‘Cell Monitor’ setting in the ‘Calculation Optiobsta’ section above). The
variation of monitored cell point variables provides a goddtation of solution
convergence, i.e. when the variation of the varialabilsses.

Convergence Difficultiesand Troubleshooting
If the plotted residuals are found to diverge or fluctugpeificantly, in many cases
you will find that the situation can be improved by reducirggféiise time steps for

the velocity components. The recommended procedure@tmuously half the
time steps until a more stable solution is found.

Displaying Results

LIRCOPDOPeN TP BE[}L

After completing or pausing the calculations, the CFi3pay Options’ data panel
and the ‘Select CFD slice’ tool become active.

The main mechanism for displaying results is the sboéthat allows you to select a
slice, along one of the main grid axes and perpendituiarwithin which can be
displayed any of the selected results display plofter Aelecting the ‘Select CFD
slice’ tool, the CFD results screen is displayed wimciiudes the model view
together with a slice selection frame, perpendicwadhé currently selected axis. You



can select a slice along the current axis by moving thesencursor across the model
in the direction of the axis. To change the axis, adigkhe required axis on the axis
selector tool, which is located at the top right ofsbeeen:

Slice selection frame

Use mouse to select
grid axis from grid
axis selector

After selecting the required axis and moving the slice swlé@ame to the required
position along the axis, click the mouse button to addlite te the display. Notice
that as you move the slice selection frame to a shat was previously added to the
display, the frame colour changes from green to redfamdiiclick the mouse button,
the slice is removed from the display:

Slice selector frame
changes colour from green
to red when positioned
over existing slice, allowing
slice to be removed by
clicking mouse button

— ]
locity 0.00 [E 0.56 034 112 139 167 1.05 133 251 279 3107 (mis)
Temperature .13 0.52 057 .12 21.57 HE] 1226 2261 1296 2l 23.65 400 (C)




Slice variable plots are selected under the ‘Slicer®gttheader on the ‘Display
Options’ data panel and controlled under the ‘Variabléirggst header:

'Apply changes'
button

Select plots from 'Slice

| Settings' to be displayed

in subsequently
added slices

(mes)
(€}

Note that any modifications made to items on the ‘Dig@lations’ data panel will
only come into effect after clicking on the ‘Apply chasgbutton.

The ‘Variable Settings’ group contains groups of variablallmandata for velocity,
temperature and pressure variables. Also, under the vasketilegs ‘Velocity’
header, there are two velocity vector settings, ‘Maxn vector length’ and ‘Velocity
scale factor’. Velocity vectors are displayed as as;daie length of which
corresponds to the magnitude of the velocity and witld#fault vector scale factor
of 1.0, a length of 1.0m corresponds to a magnitude of 1.0imésmaximum vector
length is the maximum length of a vector that will bgpthyed to prevent the display
from becoming cluttered with excessively large vectors. yewotor, which has a
magnitude greater than this maximum, will be displayeustugently to distinguish it
from vectors with lengths that do represent magnitude.

The variable banding data comprises the defined band ratigeefd by twelve
contour band values within the defined range. The band defogees the minimum
and maximum variable values between which data will selalyed and the band
values are the actual values within that range that spdagied in the form of
contours or in the case of velocity vectors, vectoowd. The default minimum and
maximum variable display values are extracted from éfheutated values and this
range is then divided into twelve equal increments inrdxarrive at the dependent
variable contour bands. Each contour band can be editeaitched off altogether.
When the band range values are modified, the individual ends are
automatically re-calculated.

The ‘Slice Settings’ group is used to select the plotsiredjtio be included in
subsequently added slices.



The last item on the ‘Display Options’ data panel es3FD contours group that
allows you to select any of the available variablesmoich a 3-D contour plot is
required:

[ H20 mass faction
[ CO2 mass fraction

T

iE— ]
| \elosity 000 028 058 053 140 138 165 [ 120 2 17 300 (mis)

3 CFD Resuts

The ‘Display Options’ data panel also includes a ‘Degadup that allows you to
modify general model render settings (see ‘Visuabsasection), together with
specific CFD model display options:

CFD view type:

The following view types are available:

1 — Rendered

This is the conventional visualisation rendered view {geseialisation’ section).

2 — Wire-frame

The wire frame displays the model fabric in wirenfi|mand all component blocks,
assemblies, partitions and slabs are displayed as &otshyith hidden-line removal.
This option can be used to provide a clearer view ofdbelts.

Antialiasing

See ‘Visualisation’ section.

Show shadows

This setting is only available if the ‘Rendered’ CFD vigype has been selected. See
‘Visualisation’ section for details on shadow rendering.



Display partitions

This setting is only available if the ‘Wire-frame’ CRiew type has been selected.
The ‘Display partitions’ setting allows you to switcf the display of internal
partitions to obtain an unobstructed view of results.

Display floors and roofs

This setting is only available if the ‘Wire-frame’ CRiew type has been selected.
The ‘Display floors and roofs’ setting allows you to ®hioff the display of floor and
roof slabs to obtain an unobstructed view of results.

Show North arrow

See ‘Visualisation’ section

Show key

Toggles the display of the variable contour key

View

See ‘Visualisation’ section

Conducting CFD Comfort Calculations
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After completing or pausing the CFD calculations (seantflicting CFD

Calculations’ section), the ‘Update CFD comfort’ toolllwecome enabled. After
selecting the ‘Update CFD comfort’ tool, a progress b#lrb&idisplayed indicating

that mean radiant temperature (MRT) calculationsrapeogress, followed by

another progress bar for the comfort calculationmfedves. Either of these processes
can be cancelled at any time by clicking on the ‘Cartmafon.

Comfort calculation metabolic rates and clothing Is\ak obtained from the data
entered under the ‘Metabolic’ header on the ‘Activigh of the model data panel.

After completing the calculations, various additionahémrt display variables are
available on the ‘Display Options’ data panel:

PMV

PPD

Comfort Indices

Mean Radiant Temperature
Operative Temperature
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CFD Results Manager
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The ‘CFD results manager’ tool allows you to create @& projects, open existing
projects or remove existing projects. For example, consgléhe internal analysis
example illustrated in the ‘Displaying Results’ seatigou may want to conduct
another analysis after moving the position of a radiatorder to look at the effect on
air distribution. You would first go to the Edit screemanodify the radiator layout:

New radiator location

After returning to the CFD screen, you can then clickhen'CFD results manager’
tool to open the ‘CFD Results Manager’ dialogue:



3 CFD Results Manager E

i Select the Analysis data from the list below and then an operation ta carry out on it, e.q. 'Open’ to
apen the selected results. Alteratively click an 'New' to create & new Analysis

|F|ad\alo|s lozated on Maorth and ‘west walls |

IName | [Dromain IUp-lo-date |
|F|ad\ators located on Morth and ...|Eui|dimgW |No |
Delete

Click on 'New' button
to create new CFD
project

The CFD Results Manger dialogue incorporates a listl@vailable projects together
with buttons that allow you to create a new projepgroa project or delete a project.
For each project entry in the list, the first columdicates the project name, the
second column the model domain object used for the ctitmsasite, building,
building block, zone) and the third column indicates whetingrot the model
geometry contained within the results is up-to-date. Bxaase, you would click on
the ‘New’ button to create a new project:

Edit New CFD Analysis

New Internal Analysis - Building 1 Help
Deta Info | Dziz |
Data Options New Internal CF D Analysis
Name Radiators located on the West and East walls Enter the name ‘?”_“9 new CFD analysis. Th.e dpmam
- E ofthe the analysis is set by the current location inthe
CFD Internal Analyzis building hierarchy.

Default grid spacing [m) 0.3000

The CFD domain will be all zones in the building:
Grid line merge tolerance [m) 0.0250 Building 1

Help ] [ Cancel ] [ 0K

See the ‘Setting Up a New Internal CFD Analysis’ sector details of creating a
new internal analysis.

After creating the new analysis, you can then conthgctalculations:
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lacity 0.00 018 055 083 [ET] 138 1.88 193 n 2.48 278 304 (mi5)
Temperature 19.29 10.62 19.96 20.30 20.64 2087 2131 2166 2109 1233 22.86 @00 (D)

You can then use the CFD Results Manager to open thi®pseproject in order to
compare results:

I3 CFD Results Manager
i Select the Analpsis data from the list below and then an operation to carry out on it, e.g. 'Open'’ to
open the selected results. Alematively click on 'Mew' to create 8 new Analysis.

Radiators located on Morth and West walls
MNarme Damain :p-to-dale |
o

Fadistars located on Morth and ... Building 1

Radiatars located on the West ... |Building 1 Yes Delete




