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2) PHOENICS Features

2.1 Earth Improvements

2.1.1 Linked Objects

Often there is a need to link flow rate and temperature at one boundary condition to
flow and temperature at another. Typical examples are:
1 Ducting thatis not explicity modelled that joins one part of a domain to another
9 Intake and exhaust from an Induction Fan

New Features in
PHOENICS 2010

by 1 Active chilled beams
: This can now be achieved by a pair of linked ANGLED-IN objects. One ANGLED-IN, set

‘JOhn LUdWIQ Of t o extract flow, acts a s -pracedingd ar nmonediately-follolihge i mn
CHAM ANGLED-I N takes the flow rate from the 6donord anc

1 temperature, smoke and other scalars are taken as mass-averaged values at the

donordé object;
1 densityis evaluated at the average temperature and ambient pressure;
T velocity is deduced from the mass flow rate (

deduced density;
9  turbulence values are computed from the turbulence intensity, velocity and hydraulic
diameter.
Linking happens in pairs, so that a linked pair can be copied or arrayed. The correct objects
will stay linked.
A pair of linked ANGLED-Ins is used to A pair of linked ANGLED-Ins is used to

represent a duct joining the left and right- represent a duct joining the left and right-hand
hand sides of the domain. sides of the domain.
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Linked Angled-in objects

2.1.2 Rotors

The previous restriction of only
one ROTOR object has been removed.

A pair of linked ANGLED-Ins is used to There can now be as many ROTORS as

represent an induction fan

needed.
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ELATR o title has been set for this run

In parallel cases, ANGLED-IN objects can

straddle processor boundaries and still
produce the correct source.

Linked ANGLED-IN objects need not be on
the same processor.

ANGLED-IN and OUT objects can act as
GENTRA outlets.

The PARSOL solids detection
algorithm has been rewritten. One aim
was to provide more robust detection.
The other was to provide a better start-
point for the long-awaited multi-cut cell. It
has also resulted in a reduction of
memory usage of around 8%.
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2.1.4 Conjugate Heat Transfer

The performance of the conjugate heat transfer
solver has also been improved. For a 1-D case, the 2009
solver with LITER(TEM1)=200 gave this convergence plot
(for 1000 sweeps):
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The 2010 solver gives this convergence with
LITER(TEM1)=20 (for 10 sweeps):
Valse  Change Low High  vamasle ax S Error  Change
2.1.5 Parallel Improvements
T The 6Nett sourced echo

same format as sequential, showing the in- and out-
flow splits and transient contributions.

q In parallel cases, ANGLED-IN objects can straddle
processor boundaries and still produce the correct
source.

1 Linked ANGLED-IN objects need not be on the same
processor.

2.1.6 InForm Improvements

InForm can now:

use (much) longer and more complex formulae i up
to 100 operands.

be used to modify porosities.

recognise BFC geometrical quantities.
InForm OLD() function corrected.

InForm SUM function corrected for parallel.
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2.2 VR-Editor Improvements

The joeObt affects
three coordinate directions.
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This allows greater control over how the grid is divided into
regions in each direction. For example, we may want a floor
object to create regions in the Z direction, but not need
them in X and Y. The tolerance used in matching the grid
has also been divided into the three coordinate directions.

21|

Co-ordinate system Time dependence

Cartesian Steady
Partial solids treatment on Settings
X-Auto |  Y-Auto |  z-Auto
Domain size [1-000000 [1-000000 [0 500000 m
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Modify region
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Cancel Apply

This can be helpful when the domain dimensions are very
different in one direction, sayin a tunnel.

Processing Q1 files with many Inform commands attached
to objects has been made faster. The processing time of a
data centre Q1 with 5000 objects, many of which had
InForm commands attached, has reduced from well over
half an hour to under 2 minutes.

More internal arrays have been made dynamic allowing
bigger cases and more complex InForm commands to be
handled.

The WIND Object has been extended to add pre-set
compass directions for the wind direction.

Wind Attributes 8 |
External density is: Domain fluid
p ar a External Ambient| pressure 0.000000 Pa t h e
relative to 1.000E+05 Pa
Coefficient 1000.000 Linear
Wind speed 10.00000 n/s
Wind direction South-West | [ 225.0000  deg
Reference height 10.00000 m
Angle between Y and North [0.000000 deg
Profile Type Logarithmic
Vertical direction z
Effective roughness height 0.030000 m
Include cpen sky Yes
Include ground plane Yes
OK
Select wind direction |
North -
North-East
East
South-East
South
South-West
West
North-West
Usexr
bute has - into the
e

In transient cases multiple WIND objects are allowed which
allows wind direction and/or speed to be changed with time.

An error in the Auto-mesher has been corrected. The grid
refinement stops when the ratio between the size of the last
cell in one region and the first in the next region falls below
a set criterion. On the auto-mesh dialog, this was set as a
fraction of the domain size, but was treated as an actual
physical dmension when being compared to non-
dimensional cell sizes. This means that for large domains,
the refinement process terminated earlier than expected.



The image on the top shows the original auto-mesh, that
undemeath the new corrected version.
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A new option allows minimum and initial cell sizes to be set
as physical dimensions rather than fractions of domain size.

In PIL, the length of LABEL used together with GOTO has
been increased to 68 characters.

The PIL SORT function can be used to sort a PIL array into
ascending or descending order and remove duplicate
entries which facility is used by our Data Centre models. An
internal format has been changed to awoid a loss in
accuracy during the sorting, and a tolerance has been
added to help in identifying duplicates.

Better checking of the license file location in the Windows
registry prevents the search path for the license from
becoming so long that either the file cannot be found, or the
search introduces an appreciable delayin the run.

There is a display of 32 or 64 bit in the window title bar and
RESULT file, to make it plain which version is in use.

The current working directory is displayed in the status bar
at the bottom of the Editor/Viewer window.

The Editor/Viewer screen proportions are fixed regardless
of the screen aspectratio.

The default image type (gif, pcx, bmp or jpg) for saved
images can be setin cham.ini.

When opening an existing case, there is an option to:

1  Copycase files to the current working directory, or;

1  Switch the working directory to the folder containing
the case files.

Warning: This operation will wipe out your existing Q1.
Use 'Save As a case' if you wish to save your settings.

& Open Q1 in current directory
" Open Q1in case directory

[~ Preserve current view location

o |

This will allow any geometry files specific to the case stored
together with the case files to be picked up.

Cancel |

2.3 VR-Viewer Improvements

Viewer plots contours based on values interpolated
from cell centres (for scalars) to the cell comers. Each time
a new variable is chosen for plotting, the corner values are
obtained by interpolation. For large grids, this causes an
appreciable delay before the next contour is drawn.

Interpolated values are now stored in memory, and when
the same variable is requested again, the comer values are
restored from the internal store rather than being
interpolated again. The delay in switching variables is now
no longer noticeable even for very large grids.

The file name used to save profile and time-history plots
can be setto any required string.

Profile and time-history plots can be saved to, and created
from, macros.

Screen images of profile and time-history plots can be
saved from macros.

Continuous and inverse colour contours can be set from a
macro.

Macros stild]l function after

Often streamline animations require several hundred if not
thousands of steps or frames to produce acceptably smooth
motion. If the whole animation were saved, at say 1/10" sec
per frame, the resulting movie would last several minutes
and be enomous. We can now specify the start and end
frame numbers, allowing much shorter and hence smaller
movies to be saved.

2.4 Flair Improvements

In Flair, the FIRE object has a new option to read the
heat, mass and smoke sources from a table in a file,
allowing any complex fire curve to be used. The tables
consist of two columns of numbers in free format, with an
optional first line of titles, for example:

Time | Mass Time Mass

0 0 360 0.0583
60 0.0073 420 0.0583
120 0.0219 480 0.0583
180 0.0365 540 0.0583
240 0.051 600, 0.072
300 0.0583

The Earth solver will interpolate in the table to find the value
at the current time-step. In the Q1 file, settings are:

>  OBJ, TYPE, FIRE
> OBJ, TIME_LIMITS, ALWAYS_ACTIVE
> OBJ, PRE-TEMP, T_AMBIENT
> 0BJ MASS-SOURCE, From table file
> OBJ, MASS-FILE, lcar_mass.csv
> OBJ, HEAT-SOURCE, From table file
> OBJ, HEAT-FILE, lcar_heat.csv
>  0BJ, SCALAR-SOURCE, Mass Related
> OBJ, INLET_SMOK, 1.

The input files are ascii text files which can be created in
any convenient manner.

The JETFAN object can set turbulence intensity. The k and
Ovalues at fan location are then deduced from fan velocity
and diameter. This can help improve spreading of the jet.

The 6Cal cul ate I i nk
temperatured6 settings for a
the spray when the activation temperature is reached. In

previous versions, a message was written to RESULT when

the criterion was met, but the spray was not automatically

activated. A table file containing the calculated link

temperatures at the end of each step is also produced.

Tables of heat and smoke sources from FIRE objects are
generated, allowing for easy checking.

A convergence table is produced showing the errors
nomalised by the inflow fluxes. This can often give a better
impression of the convergence behaviour than the auto-
nomalised residuals on the monitor plot. The normalising
quantities are printed to RESULT.

6Car

temperat

SPF



3) PHOENICS Applications

3.1 Is Swimming in Stratified Water Safe
by Bob Hornby

It has recently been hypothesised (New Scientist,
December 2008) that stratification in lakes or the sea could
be responsible for some of the 400,000 drowning incidents
that occur each year (WHO 2002, Peden and McGee 2003,
Inj Control Saf Promot 10:195-199). The article suggests
that swimmers swimming in stratified waters (deep lakes in
summer, fjords, river outflows into the sea) could find a
significant percentage of their propulsive power used
generate internal waves rather than forward motion T
resulting in fatigue and drowning.

This realisation has followed on from experimental
investigations (using model
which is known to considerably slow the motion of ships
moving at low speeds in stratified waters (see PHOENICS
Newsletter Spring 2009). It has been supported by further
experiments (Sander et al 2008, Naturwissenschaften), in
particular, 6 wher e four subjects s
in homogeneous and in two different settings of stratified
water. At the same stroke frequency swimming in stratified
water was slower by 15% implying a loss in propulsive
power of 40%. 0

PHOENICS modelling of the initial model boat experiments
showed encouraging agreement and this has prompted the
current more complex work to use PHOENICS to model the
motion of a swimmer and to gain further understanding of
the experimental findings. This requires the additional effect
of the motion of arms and legs relative to the body to be
determined.

For homogeneous flow, a simple mathematical model of the
swimmer motion can be constructed (see figure 1). It is
sufficient to consider a single atm motion as the second
arm and two leg motions follow using the same analysis

Bodly mass M
Am engthr, /

method.

Figure 1. Schematic for a swimmer of mass M moving at
velocity vfrom left to right (taken as positive y direction, with z
measured vertically and x positive out of page) with arms
rotating with angular vel ocity w

The propulsive force on the swimmer minus the drag force
is equal to the body mass multiplied by the body
acceleration. The drag force due to just the body section
can be written as

1 2
—Cr/ V- A
ZB B

Where cg is the body drag coefficient, r is the fluid density,
v the approach velocity (considering a reference frame with
the swimmer body at rest) and Ag the body area normal to
the flow direction..

The arms and legs contribute a propulsive force where the
local arm/leg velocity is larger than v and a drag effect
elsewhere.

For example, the axial am force due to an element length
dr ofarm is:-

CA% r (- wr +vsing)|- wr +vsingfoa singdr

Where w is the am angular velocity, ca is the drag
coefficient for the arm and ba is the arm width. Note that this
expression has been adjusted, for convenience, so that the
values of w, g and v are positive.

Integrating this over an am length and then incorporating
the body drag force as above gives the equation of motion
for a body propelled by two arms with a half cycle phase
difference.

2 v33in4q 1
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A similar equation can be derived incorporating the leg
motions.

wa mA syimaer s medellgd by RHOENIGS in @ ge;ﬁljence frame

at rest with respect to the body. This requires a uniform
inflow velocity equal to the swimmer speed and an axal
body force applied throughout the flow proportional to the
swimmer acceleration. The ambient hydrostatic pressure
distribution has been found to be a satisfactory outlet
boundary condition. Other flow boundaries are assumed to
be frictionless.

The body and head are represented simply by rectangular,
salid, frictionless objects. Figure 2 gives the body
dimensions used as well as other modelling dimensions
which are representative of the experiments. The effect of
arms and legs is represented by moving momentum
sources as described below. A non-uniform Cartesian grid
is used with 38 cells in the lateral direction 104 cells in the
axial direction and 32 cells in the vertical direction with due
regard to concentration of cells in regions of large gradient.
Eighty time steps are used per swimmer stroke and four
strokes are usually sufficient to achieve a near steady state.

A strong stratification (density 1000.0 kg/m3 in the upper
layer and 1025 kg/m3 in the lower layer) is employed as in
the experiments.

Total depth of 1.4m with

Interface 0.5m below surface.

RHOL, kg/m"3

1025.000 -
1023.438 Lateral extent of domain is 2m.
1021.875
1020.312
1018.750
1017.188
1015.625
1014.062
1012.500
1010.938
1009.375
1007.812
1006.250
1004.688
1003.125
1001.562
1000.000

Body:
0.12m deep
0.8m length
0.5m width

] ) |

e Arms and

legs modelled
using momentum
sources

case 1 - strat,iterated,mom sources

Figure 2. Dimensional modelling details for the PHOENICS
simulation with x measured laterally out of the page, y in the
swimmer direction and z vertically.

The equations to be solved by PHOENICS are as shown in
figure 3 (using standard notation). The enthalpy equation is
used to represent density transport. Sources are shown as
subscripted S terms. F is the total propulsive force to the
swimmer from arm and leg motions and D is the total drag
from body, arms and legs. M is the total mass of the
swimmer, taken as 70kg. A laminar viscosity is employed in
this exploratory analysis but turbulence effects could be
represented using one of the standard PHOENICS

[0]



turbulence models. Note however, that turbulence effects
are implicitly represented, in part, by use of appropriate
drag coefficients for ams and legs. The drag due to the
body section alone is computed from the pressure forces
acting on the front and rear faces of the body and the
friction force on the lower surface.

The amms and legs are assigned specific motions (for
example ams rotating at a fixed angular velocity with a
phase difference of p). Arms and legs are represented as
thin plates, the ams with length 0.7m and width 0.1m and
the legs with length 1m and width 0.1m.. Each am and leg
is then subdivided into n by m panels where n is the number
of panels across the width and m the number of panels
along the length. The values of n and m can be different for
arm and leg.

At each time step, the coordinates of the centre of each
panel are calculated and the panel velocity calculated there.
Figure 4 shows a snapshot of the arm and leg positions so
determined using a marker variable MARK. The centre of
each panel is then associated with the PHOENICS flow cell
in which it resides. For example, for each am, the fluid
force contribution of this panel to the axial and vertical
momentum source terms is respectively

Ca % r (- wr +vsing)- ur +vsing|singdA
and

- cA%r(— wr +vsing)|- wr +vsing|cosdA

where dA is the panel area, r the radial distance of the
panel centre from the amm pivot point and g the angle the
arm makes with the horizontal (figure 1). The legs are
treated similarly. Note that these expressions have been
adjusted, for convenience, so that the values of w, gand v
are positive.

These contributions are summed for all the am and leg
panels. The negative of the axial fluid force is used in the
equation of motion for the body which is solved iteratively in
conjunction with the fluid motion.

Figure 3. Equations solved by PHOENICS with boundary
conditions
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Figure 4. A snapshot of arm and leg movements shown using
the MARK tracer. Note that the second arm is not visible
because itis out of the water.

The PHOENICS coding to achieve the coupled simulation
with moving momentum sources is fairly complicated so this
was tested by comparing a PHOENICS run for a 2s stoke in
homogeneous water with the mathematical model
described above when the body drag component is set to
zero (drag coefficients for ams and legs are set equal to
1.0). For this case the mathematical model and PHOENICS
should agree exactly apart from errors associated with the
subdivision of aitms and legs (which should reduce as n and
m, the subdivision parameters, increase). The results given
in figure 5, for a swimmer starting from rest, show excellent
agreement. But this figure also shows that there is no
significant  difference  between the homogeneous
PHOENICS run and a further run with the stratification
profile shown in figure 1. This is a surprising result given the
experimental findings.

Further PHOENICS runs for homogeneous and stratified
water (parameters as above) which include the body drag
term again show negligible difference. This is shown in
figure 6, which also shows reasonable agreement with the
mathematical model when a feasible body drag coefficient
(0.4) is assumed.

Additional PHOENICS runs varying the stroke period and
the upper layer depth for the stratified case also show
insignificant difference between the stratified and
homogeneous cases.

Hence the conclusion from the PHOENICS simulations is
that swimming speed is NOT significantly affected by
stratification. For the stratified cases, the simulations show
no effect of the swimmer body on the density interface. For
ships the hull interacts strongly with the density interface
producing a deep broad wave which significantly affects the
pressure distribution around the boat and therefore the
drag. The swimming body has too little depth to produce an
equivalent effect and the hands produce only a narrow
wave that carries little energy.

This can be illustrated with the following simple calculation.
A 70kg swimmer moving at Ims™ has kinetic energy of 35
J. The potential energy as each hand moves a differential
mass of fluid, dm, through distance h is

where g is acceleration due to gravity. Over n swimming
strokes this energy sums to

2namgh

where 1 stroke involves a complete hand cycle.



In the preceding analysis about 4 strokes were required to
reach a steady speed so take n=4. From the simulations, h
is about 0.1m (the internal
differential mass raised is estimated at 0.1kg.

This gives the potential energy associated with the intemal
waves created as 0.8J, small in comparison with the kinetic
energy attained by the swimmer.

The conclusions from the simulations are therefore different
to those from the experiments where a significant difference
(reduction) in speed was attained when swimming in
stratified water. Nomally the experimental results would be
given more credence, but then the difficulty in producing
equivalent swimming actions in homogeneous and stratified
water must be accepted. Or perhaps some subtle effect in
the modelling has been overlooked?

Velocity: using arms and legs but no body drag
T T

wvelocity(m/s)

04t

02

Model 2 (no body drag coefficient) | |
#— PHOENICS (no strat, no body drag)!
—+— PHOENICS (strat, no body drag)
; n

. 1
4 1 2 3 4 5 6 7 8
time(s)

Figure 5. Comparison of PHOENICS results for homogeneous
and stratified water for a swimmer starting from rest with a 2s
swimming stroke. No body dragisincluded.

Velocity: using arms and legs with body drag
T T T T T

velocity(m/s)
o
S

Model 2 (0.4 body drag coefficient)| -
—#— PHOENICS (no strat)

—+— PHOENICS (strat)
T 1

. . L L n
0 1 2 3 4 5 6 7 8
time(s)

Figure 6. Comparison of PHOENICS results for homogeneous
and stratified water for a swimmer starting from rest with a 2s
swimming stroke. Bodydragisincluded.

Comments are invited!
Dr Bob Hornby
Email: bob@hornby007.wanadoo.co.uk
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4.1 Meeting atWindsim regarding flow of Wind
over Terrain

by Babis Tsimi®f CHAM Limited

6handf ul

In June | had the opportunity to attend the WindSim annual
user meeting and give a presentation on the collaborative
Eurostars project between CHAM and WindSim. The meeting
lasted two days and there were more than 50 att@e and
manypresentations.

At the end of the first day, we did the traditional sailing trip to
the Oslofjord. A magnificent experience highly recommended to
other &VindSint users.

WindSimis a Norwegian company that buthe software suite
a2 A y Ryhiclviga wind engineering design tooffering CFD
modelling via PHOENICH. is integrated into a modular
environment in which users can do anythig their project
from environmental stutks §ound & visualjo financial analysis
and optimisation of thewind farm layout(micrositing)

Eurostars isSEUREKA programme funded and supported by the
BU with the aim ofstimulating intemational collaboration and
innovative research to help increasthe competitiveness of
European companies in ¢hglobal arena. The Eurostars R&D
projectinwlving CHAM s a joint one with Windsim and Iberdrola
on the integration of the unstructured grid technologgf
PHOENICS to the latest suite @®ndSint softwae and the
improvement of the conwvergence behaviour of the solutions for
complex terrains . CHAM brings to the project its expertise in
CFD, WindSim its expertise with CFD based wind resource
assessment and Ilberdrola its expertise in wind fam
development. Theaims are challenging witenough funding in
place to guarantee the completion of the project.

_— wind —

——— eurostars™ ———
CHAMis workingwith WindSim and Iberdrolgo assist winefam

developers increase the energy production of their farms and
thus increase their profitability. The current project is well

A free online centre for Computational Fluid Dynamisbere
you can share news and experiences with other PHOENICS
atwww.cfd-online.com

placed to take advantage of the fast growttatiWind Energy is
experiencing wordwide. The price of producing energy from
wind is now on a par with the price of producing energy from
natural gas factories and this does not take into account the
added environmental benefits of wind energy. The projectis

Userstherefore well placed, as it develops cuttivegge CFD

technology, totake advantage of the investment interest in the

development of winddrms. In 2009, among the new energy
capacity that was installed, Wind Energy was the first with 39%

of


mailto:bob@hornby007.wanadoo.co.uk
http://www.cfd-online.com/
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of total capacity installed (10,183 MW of wind ywer capacity

installed). Natural gas came second with 26% (2009 EU statistics

for energy).

The meeting ws a successirawing almost double the amount
of attendees of the previous year, a clear indication of the
growth thatthis areais experiencing. There were attendees from
seweral parts of the word, among which there were big Wind
Turbine manufacturersSiemens and REpower, and some large
energy utility companies Iberdrola and Edison.

Innovative work is being done with regard tiee software suite

with companies developing pldgs and useful modules for it
Some of the highlights from the presentatiomgre the Techne
S02y2YAO 2LI0AYA&lI GA2Yy Y2RdA S
WindSim, which assists dewelopers in deciding what is the
optimal size of a project and the optimal positioning of the
turbines depending on the \elocity andturbulence
characteistics of the wind field thatthe software calculates.
This is a very useful tool since wind speed varies significantly
within sitesin complex terrain. Thus there is a larger potential
for layout optimisation than in flat terrainDuring the meetinga
wake model based on the Actuator Disc Concept, aimed towards
capturing the wake losses in large wind fames presented

Another highlight was a wind forecasting service called GMS
(Global Microcasting Service), by-RRO, that usedWindSing to
produce slhrt term 48hr wind forecasts that can help the
integration of Wind Parks in the existing electricity grid. This is a
big issue for the Wind Energy industry since the unpredictability
of Wind Power is leading to severe issues with the integration of
the Wind power in the existing grids, and in many occasions on
unusually windy days, energy surges coming from Wind Parks
cannot be accommodated by the grid. GMS can also help with
the Construction Scheduling, the Maintenance Scheduling, and
the Energy Sales.

Whole Cells model

PARSOL model

Duing the presentationsand over oneto-one conversatons
later, it was apparent that the main challenge that the users are
facing has to do with convergence which is very hard to achieve
for complex terrains with the Body Fitted Coordinates grid that
the code currently usesThis grid tends to produce cells of very
high aspect ratios whiclaffects the conwergence behaviour of
the solution. Thughe unstructured grid technology thaCHAM
will introduce in thedWindSing suite during this projeds keenly
awaited. Expectations are that conwvergence issues will be
resolved with the new technology. With USP in place the growth
outlook forthe softwarelooks extremely promising.

Another point of interest for the users was the fit of the USP grid
fo_their terrajn Is, . The id on i ) 4
Ye 'nb'ular Adﬁg E!‘]a %Mﬁi@lﬁ&eghk és&ﬁlvrﬂgH
refinement this effect is not very pronounced but it is stll a
worry for users. That is here PARSOL for USP comesthie,
development team at CHAM has been hard at work to
implement our PARSOL technology to the USP grid as well, with
already very good results as can be seen from the Figures below.

The dewelopments will benefit many Users of Unstructured
PHOENICS with\ariety of applications so that benefits will not
be restricted to that relating toterrain flowsdeveloped within
the framework ofthe Rirostarsproject

Finallythe launch of the parallel version of the code based on
parallel PHOENICS was announddgers can now use 100% of
their available computer resources in multi core machines and in
the more powerful mulit CPU machines too. This way they can
reduce the execution time for a project or they can run even
larger models.

Overall this meeting was a werpositive experience, it was
encouraging and motivating to see and interact with such a large,
friendly and vibrant community of users.
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5) User Applications |

5.1 Mitigation of microorganism dispersion in \

patient rooms with UR-UVGI lamps
by M. Heidarinejad and J. Srebric, |
The Pennsylvania State University \

During recent decades, therds a renewed interest in .
transmission of airtborne microorganisgsuch as tuberculosis, \
and disinfection of patient rooms. A practical way to disinfect
patient rooms uses uppemom ultraviolet germicidal irradiation /4 \|
(URUVGI) lamps. In this study, CFD basn used to study the '
performance of URJVGI lamps in patient rooms. This research
project studies effects of CFD approximations on the US|

lamp performance evaluaton. For example, in real patient
rooms, due to existence of lighting lamps, UVGI lsmgupply

and exhaust ventilation air, and microorganism source, -non
isothermal CFD simulations should be used to accurately predict
transport processes. This study uses PHOENICS commercial
software to simulate the performance of URVGI lamps in a
patient room. Figure 1 shows an empty patient room with
microorganism source in the middle of the room as modeled in
the PHOENICS software

| e— — [
I Visible Lamps EE————
\ ‘ UV Irradiance layer | (b)
‘ ‘ - Lvellamp Figure 2. Concentrations of microorganisms (CFU/m® at the
vertical cross section in the middle of the room with (a) UR-
Supply UVGIlamps off and (b) UR-UVGIlamps on
Microorganism Source
e | 6) PHOENICS Use from Agents
|
/ N 6.1 CFD Modelling of Large Crown Forest Fire
/ \ .
| ¥ \ Behaviour by ACFDAY Agranat and V Pemanov
/ \
‘V" \\ The computational fluid dynamics (CFD) mitidg of large crown

forest fire plumes has been caried ousing PHOENIC®ge
generatpurpose CFD software, customized for such mtidel
General 3D consenation equations (mass, momentum and
energy consenation) are solved numerically under input

Figure 1. Simulated indoor environment in the PHOENICS
software

This study uses the Eulerian approach to represent eiabl
microorganisms as a concentration scalar. In addition, the
disinfection effect of URJVGI lamps has been implemented into
the CFD software as a uniform UV irradiance field in the UV
irradiance layer, depicted in Figure 1. The UV irradiance layerhas
been represented as a sink term calculated based on a known
microorganism sus ceptibility to UVGI lamp fluence rates. With all
boundary conditions propedy defined, Figure 2 shows CFD
results of the microorganism distibuton from the
YA ONR2NEBI yAANBR) +D2 dzNIBSLBK S NB
YR @6KSy (GKSe& I NB
disinfecon effectiveness, the fracion of remaining
microorganism at the room air exhaust is usually measured.
Therefore, in this study, the fraction of CFD cal culatatiaining
microorganism at the exhaust has been compared with the

i dzNY SWRVGI & 2 yagspheyie baurgdans dayer (prrémetersy (wind

conditions spedific for large crown forest fires. The standard
high-Reynolds number-k Y 2 R SifulergeFhasiibden applied
and the atmospheric boundary layer has been introduced using
the typical logarithmic profile. The input parameters of forest fire
source (wertical gas elocity and firemperature at the top
crown surface) are defined based on pimcal correlations
dependent of the forest fire intensityRadiation heat transfer
was accounted forusing IMMERSOL, the bdiit PHOENICS
radiaton model. A typical area of individual forest fire
goasilgT&IRin dhgs Fstugy is  100mx100m. The effects of
speed,
temperature stratification and ground surface roughness) on the
behaviawr of muliple thermal plumes are analyzed.
Hydrodynamic and themal interactions between multiple
plumes (potentially created by spottingyere studied in detail.

experimental results. According to the simulations, 24% of the As a result of mathematical moliing, steadystate 3D fields of
microorganisms sunived with UR+ DL | YLJA { dzNy S9Rs velecyy and tempeiurg, smoke concentration and radiation
the experiments showed 18% sunival rate. A new study is under fluxes fave been obtained and analyzed while taking into
way to compare CFD results based on the Lagrangian approach account the mutual influence of the atmospheric boundiryer
with the Eulerian results and a set of new experimental data. This and the crown fire plume on each other. It was concluded that
compatison is important because most of CFD users will be CFD modelling using PHOENICS could be applied systematically
indined to use simplest possible simulation settings as long as t0 investigate the gnamics of foresfire-spread under the
the realts are reliable. influence of various external conditions such as meteorological
conditions (air temperature, wind velocity, etc), terrain specifics,
forest type (various kinds of forest combustible materals) and its
state (load, noisture, etc), in order better to understand



