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by Dr John Ludwijgletails what is new in the
latest version of the codePHOENIG&)15.

Contents pg
2 KIGQa bSg Ay tlh|1
Modular Structure

PHOENICS Modelling of a Moving S| 8
Generator using MOFOR

Drainage of Water Droplets in a| 9
Bounded Paraffin Oil Continuous Pha

EARDAT

RESULT

Critical Anomaly Effects in Supercritici 10
Fluid Flows in Capillaries

Projects Using PHOENICS at MPEI | 10

Effecs of Student Distribution on| 11
Natural Airflow Patternsin a Classroom

News 12




PHOENICS NEWS |Summer / Autumn 2015

The new modular structure

The lower half of the previous

diagram represents the structure of
PHOENICS that has prevailed for
many years. PHOENICS 2015 contains
the same featuresworking aefore

or better. The upper part of the
diagram reveals that it also contains

an everincreasing array of new
modules.

These Simulation Scenarios are being
created in response to the

recognition that most prospective
beneficiaries of Computation&lluid
Dynamics have no time to mastan
interface as easy as wedhght the
Virtual Reality Editoro be. They need
menus presenting questions only
about their specific applicationbgre
the answers are known

Maintenance agreements. Those few
are of a tutorial character, which
convey the general idea and provide
information about what others are or
will be available

The heatexchanger tutorial

The image below shows the opening
screen of one of the SimScenes
supplied. The buttons along the top
perform functions which are the
same for all SimScenes. The text
beneath is the top page of the
document specific to the Heatex
Tutorial SimScene. Tls¢ructure of
that document is again general,
uniformity of format being one of the
working practices which make new
SimScenes quick to create.

The speciapurposeprogram idea

4 PHOENICS-Direct

Olm| k%] |20l TPl

[Top Page | Inspect or modify input data | View file: |

(E=8 EoE =)

is not new to PHOMECS, as
witness FLAIR, HOTBOX, CORA
others; but in the past it has
involved special Fortran coding, in
EARTH or Satellite, with the
inevitable difficulty and expense
of maintenance.

Simulation Scenarios do not have||.

CHAM
Authors: dbs, eop; Date: (latest) 27.04.13

File name: \phoenics\d_sapps\HeatEx\docs\descr_en.htm
the English-Language description file of

The PHOENICS-Direct Simulation
Scenario, HeatEx.

Click here for general information about Simulation Scenarios.

Contents

this requirement;all their defining
features are written in the long
existing PHOENICS input language,
(PILwhich facilitates speedy
implementation.

Underlying each SimScene (as they
are called, for brevity) is a
parameterised Q1 file; but users need

know nothing of it they see only the

The nextimageshows oneof the

menu itemsPHOENIG®irect
generatesautomaticallywhen the
Inspector-modify button ispressed.
Its format isgeneral. Only parameters
vary from SimScene to SimScene.
Those shown here are meaningful to
heatexchanger specialists.

menusenablingthem to setvalues of Qiiij_jﬂjii

the parameters which they need.

as many more may be p&cted to
appear as there are CFpplication
sectors in engineering arttie man
made or natural environments.

Therefore only a few are being
provided as part of the PHOENICS
2015 package to Users with standard

Top Page Inspect or modify input data ‘View file:

general
There are already many SimScenes e

existence or under construction; and _materia propetties
initial conditions
boundary conditions
output
numerical

«| flow configuration

Clicking the gre® running man
executes the simulation; macros
provide commands which elicit

graphical displays. That below
represents shelside (top) and tube
side (bottom) temperatures in a time
dependent calculation. Toleft is
early; bottomright is later.

SimSceaes provide more insight then

any textbook can; for they take into

account factors such as temperature

dependent properties and buoyancy

effects which are beyond the scope of

analytical methods. Interactive
graphical display of result permits
easy explorabn of cause and effect.
These facts are of course known to
all CFD experts; but it is the
existence of SimScenes which
enables norexperts to understand
them too.

The power of PIL

CHAM has not needed to make
massive developments in order to
bring SimScenes into existence;
exploiting and somewhat enlarging
the alreadyexisting capabilities of
PIL, the PHOENICS Input Language,
has sufficed.

PIL has existed since PHOENICS
began; butwhile the
Virtual Reality Editor was
the favoured interface, its
power was seldom
exploited.

fimflo=vol*density1/ (time_intvi*mass_flow1)

With PHOENICS 2015, there
will be provided the first of
a to-be-enlarged set of so
Ot t f $ife 2BtOLi[a O
which supplement those
that have long been in the SatélliS Q a
d_object directory. Two are shown
below.
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HOUSE.dat created by gl

Theimageaboverepresents a house,
the few geometric parameters of
which are set in PHOENICS input file,
QL. Experiened users of earlier
PHOENIC&rsionsmight have been
able to construct it by laboriously
putting together a set of ‘cube’ and
‘wedge' objects, which exist in the
d_object directory; now the user has
simply to type parameters into menu
boxes. If he wishes to provide a
complete housing estatehe doloop
capability of PIL makes that easy.

Theimagebelowrepresents a circular
ramp such as is often found in car
parks.Previoushit would have had to
be created usinga CAD packageiith

its output convertedto a format
acceptable to PHOENIGHOENICS
2015 users can supptiefining
parametersto the Q1 file and run
Satellite. Much time is saved thereby.

CIRCRAMP.dat created by gl

The Pliobject concept is too new for
many exemplars to be in the current
delivery version. If others are desired,
users who understand Ptlan create
them. Otherwise, CHAM will do so
free of charge if they are judged to

be of general interest.

Other novelties

Variants of PARSOL

PHOENICS hder many years
possessed the PARSOL featwtach
enables flows around bodies of
arbitrary shape to be computed on
structured grids. The neaurface
cells of such grids have been split into
two. One part contaired solid and the
other fluid (hence the name)
However, as at first implemented
only two parts were allowed. This
meantthat thin objects could be
allowed only with very fine grids;
which entailed sometimes
burdensome expense.

The first remedy, released with
PHOENICS 2014 and known as
SPARSOL, eliminated the necedsity
doubly-cut cells bychanging the sizes
of nearby unrcut cells It enabled
arbitrarily thin objects to be handled,
successfullyas described in the
PHOENICS Newsletter Summer 2014

This option is retained in PHOENICS
2015, which is alsbeingequipped
with afurther remedy, known as
XPARSOL.

This allows the doublgut cells to
exist; and deals with the problem of
the increased number of dependent
variables by modifications to the
solver which now deals with one set
of fluid cells on odehumbered
sweeps and the othewn even
numbered sweeps.

Because XPARSOL is new, and
therefore less tested, PHOENICS 2015
is being releasedow with SPARSOL
and, later, withXPARSOL.

Users may decide whether to use
SPARSOL, the default, or switch to
XPARSQh due courseSolutions
provided by the latter are expected to
be marginally more accurate; but
experience is not yet abundant.

The oddeven solution device has
been recognised as having merits for

other applications. Fresurface
flows, and simultaneous fluid flow
and solidstress are among them, as
future versions of PHOENICS wiill
reveal. The development journey
begun in 1981 is still not ended.

SPINTO

SPINTO hee Smplified PHOENICS
INTerpOlator has been upgraded and
given increased prominence in
PHOENICS 2015. Its purposes have
been clarified as being twinld:

1 SPINTAS is used fdlime
Saving; and

1 SPINTEMA is used foMaximising
Accuracy.

In itstime-savingmode, SPINTO
solves finegrid prodems by way of a
succession of runs, the first being on
a coarse grid, and subsequent ones
on finer and finer ones. The essential
feature is that each run derives its
initial-value field by interpolation in
the solution field of its predecessor.

Provided hat judicious run
termination criteria are adopted for
earlier runs in the sequence, total run
time to secure a prescribed accuracy
of finestgrid solution can be
appreciable. It should be notetiat
new runtermination and accuracy
assessmentnethods areprovided in
PHOENICS 2015.

All SPINTE'S runs are performed
with the same domain size and
boundary conditions. Only grickll
number and distribution change.

In itsmaximisingaccuracymode, by
contrast,domainsize and boundary
conditions which changdéom run to
run, while cell number and
distribution may remain the same.

SPINTEMA is used when, with the
finest economically permissible grid,
the accuracy of the solution in the
region of special interest remains in
doubt. The assumption is then that
the solution outside that region is
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good enough; therefore. It can be
used to provide initial and boundary
conditions of a subsequent run in
which the domain is smaller than
before, namely the region of interest.
Having the same total number of
cells, ths fits the thereinrcontained
objects more closely.

SPINTE&VA can be operated in two
distinct manners, namely 'onway’

or 'two-way'. In the former runs focus
on ever smaller regions and then
stop. In the latter, recognising that a
largerdomain solutiorwould have
been different if it had known what
the nextsmallerdomain solution
later reveals, the latter information is
'fed back' to the larger domain in the
form of volumetric mass, momentum
and energy and energy coefficienss.
new largerdomain soluion isthen
obtained; and a new (and hopefully
more accurate) smalledlomain
solution is procured.

Another new SPINTO feature in
PHOENICG3015 is that, whilst a
standalone SPINTO module still
exists, an insidE ARTH0ding
implementation of theinterpolation
process exists also. This, and the
associated SimScene, makes SPINTO
much easier to use than before.

Connected multruns

The SPINTO operations described
have in commorhe fact thatdata
input to later runs is influenced by
data output by @rlier runs. They are
therefore instances of the class of
‘Connected MultiRuns', of which
other instances are:

1 two-stage simulations of heat
exchangers, in which complete
equipment simulations employ space
averaged representations of tube
bank frictionand heattransfer
coefficients.The coefficientsire not,
as formerly, based on doubtfully
adequateextrapolations of
experimental databut on detailed

geometry CFD simulations of volumes
containing a few accurately
represented tubes. The two
simulatians interact cyclically until
convergence.

1 two-stage simulations of car
parks, in which important but
relatively small items suchs curved
ramps (seabove) are represented by
volumetric coefficients drawn from
detailedgeometry simulations of
singleramps, with boundary
conditions imported from the whole
car-park simulation.

1 two-stage simulations of aircraft
in which solutions of the elliptic
equations of flow outside the
boundary layer exchange information
iteratively with solutions of parabolic
equdions which describe behaviour
of flow within the boundary layer

The main advantage of these two
stage strategies is that their solutions
are more accurate, and economically
obtained, than when a singlgtage
solutionwith a fineas necessary grid
is used.

HNAL WORDS

The changing world of CFD

In 1981 PHOENICS set a pattern
which others swiftly copied, from
Fluent, through Sta€D to Open
Foam

Each was a single dball code using
asingle contaifit-- £ f INA R
view, the role of such codes is
changingiNB’ a L2y asS (2
demands analevelopment of more
sophisticated solution techniques.

Users, being more numerous and
more varied irknowledge and needs,
require a wide range of tailemade
easyto-use front ends.

/1T aQa tSDileg éand /
uniform-format but userspecific
content, allow these to be
economically provided.

Even with the largest computers
available to most CFD uséhe
containiit-all grid is seldom fine
enough for reliable accuracy. The
automaticallyorganized twe (or

multi-) stage approach offers the
desired level of accuracy more
affordably. Only CHAM, among major
CFD code providers, appears to
recognize this athte present time.

Sothat users may explore the
influence of grid siz&cCHAM is
providing tutorial SimScenes in which
commonlyencountered situations

are constructed from parameterised
PIL objects. The following images
relate to flow through a vehicle ramp
such asgsfound in carparks.

Firstvelocity vectors:

then pressure distribution on the
central plane:

-1.084358

followed by horizontalelocity
distribution:

2-Veloaity, n/s
3.141087
2,674825
2.608604
H 2.342302
2.076160.

1,809939

warage value
09

1.503m1 _ﬁ-

1217495

1.011278

0.745052

0.478830;

0212608 -

0.053613
0.319035
A cacncn

and, lastly, verticalvelocity distribution

s

A PHOENIGSirect menu enablegrid
and geometnito be changeaasily
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What 6s New

New Editor Features

Object Creation

Object / New / New Objectelected
right away Before, to create a new
objectthe default object type was

BLOCKAGE, which often had & b
changed to the required type.

l.ly first flow simulation
A

WIND Object

The WIND object can take inlet
profiles of velocity and turbulent
kinetic energy from filesontainng
tables of velocity or turbulent kinetic
energy against height.

The image shows a tabular inlet
profile entering the domain over a
wedge representing the terrain.

The WIND obiject initial velocity log
law profiles are fully compatible with
in-Earth inlet profiles byadding tests
on h < z0 and WALCLBO.

Veleaity, w/e
100184

PLATE Object

In a transient case, the PLATE now
operates fully within set time limitg
the porosity is also switched off (set
to 1.0) outside time limits e.g. to

n P Ho EdNid, ceni

represent opening / closing door.
Previously only the sources attached
to the PLATE obeyed the time limits,
the porosity was alwaygresent.

CAD Import

The maximum number of CAD files
selectableat one timeis now a
CHAM.INI item, defaulted to 500.
Should a user wish to import more
than 500files, they need to change
MAXCAD in the CHAM.INI file.
[Satellite]MAXCAD = 500
The import ofCAD filesio longer fails
if there isY 2 NB

Mesh Generator

The graphics screen refrestwhen
Wl LJILJX e Q A a
makingit quicker and easier to see

effects of changing grid parameters

Miscellaneous

Patches with no COVALSs are deleted
before writing the eardat filenaking
eardat filessmaller and reducing
WOt dzi G SN Ay

Echoing of ANGLED_OUT objects to
Q1 in two phase cases corrected.
Phase?2 pressure coefficient not
written.

NXNYNZ greater than 998llowed
when writing GCV mulblock link

Write Q1 for SEM echo heavy fluid at
inlet/ outlet as '"HEAVYiot 1.0.

Covals aBEM inletorrected to
account for volume flow, mass flow
or Cartesian components

InForm inkagebetween object and
patches corrected

PIL

The new PIL command:
SPLIT(argl,arg2,arg3)

will take a character stringrg3 split

Al Ayid2 AYRAQGARdZ f

separators and then place each word

into elements of PIL arragrgl

Ot AOT SR Ay

0KS wo{

Arg2returns number of words found,
and dimension of tharglarray. If
argldoes not exist, it is created.

The new PIL command OBJINFO will
write details about a selected object,
or all objects, into a designated file.

Reading of the Q2 file is delayed until
just before writing eardat so that all
object information is present. This
allows an OBJINFO command in Q2 to
return details of all objects.

Use of environment variables in
filenames in PIL WRITE and EXEC

GKIYy 2yS WYerthankls/is alioesl. TAf S
YIEYSE So3d WLI NI owm o

n'éll%ngf quote marks in PIL
character strings has been corrected.

Viewer 3 i
UKS INRR YSydz
Streamlines

Dialog for setting streamline start
positions has been updated:

o

Streamline options

[ = pixels
Streamline direction ’W‘
ooy ] o

Streamline start

Drawing mode

Streamline width
Coloured by

Flight ime

# Single ¢ Alongaline ¢ Around a circle
Startpoint B J
[0#700 =] [1000000 =] [ Showpoinis
[o#75000 = [T000000 = Pointsize

[0237500 =] [os00000 =] [0.037500 =

Cancel | 0K

[l

Create Streamlines |

Streamline optians

1 3: pixels
Streamline direction ’W‘
[verocy ]

Streamline start

Drawing mede

Streamline width
Coloured by

Flighttime

" Single @ Alongaline ¢ Around a circle

Number of streamlines |15
0.025000

Start point ﬂ End pumlﬂ

0475000 = 1000000 <o [v¥ Show points

0475000 == 1.000000 -

[0320000 =| [oso0000 = [0.037500 =

2} Q|
Cancel | OK

i

Point size

Create Streamlines ‘
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Streamline options

Drawing mode Lines -

1 =] pixels

Streamline width

Streamline direction |Both directions  ~

Flight ime -

Coloured by

Velocity

-1000E10 1.000E70 sec

Flight time

Streamline start

" Single  Alongaline & Around a circle

Number of streamlines |15

Circle radius | 0.025000 m X|Y|)z

Startpoint 8 A

0475000 El: 1.000000 El [v Show points L1
0.475000 Elﬁ 1.000000 El Pointsize

[0320000 = [0500000 < [0.037500

Cancel ‘ 0K

Create Streamlines ‘

The images showew dialogs for

starting streamlines at a point along a
line or around a circle. Everything
required to specify thestart location
isonone dialog.lEOK G AYS W/
{GNBFIYfAySaQ Aa Of
ONBI 6§SR® hy Of )\O’[ A
dialog,theSEA &G Ay 3 W{ (i NB
albylF3asSySyid 5AFt23Q
current streamlines is displayed.

SPARSOL
Smallcorrectionsto SPARSOL:

Add a search for minimum /
maximum values in the cdink
section of the phi(da) file.

52y QG GNB (2 NBIR
present when SPARSBHhctive.

PARSOL

Tolerance used in PARSOL contour
plotting is now a CHAM.INI item.

Graphics]PlotTol = 1.0E -7

In some cases when facets pass
exactly through cell corners, Viewer
can getconfusedas to which side of
the facet is solid and which fluid:

?/Dgs]st Io e ore tracgf é)qat
e tr |ng mu i apom

l'EaH?]Of ORI

Thefirst image has too small a
tolerance valueln thesecondimage
tolerance has been increased and the
expected contour is seen.

Macro

File names longer than 20 characters
can be used amput/output when
Nx'ﬁdctih@multiple data points

EXr ction oo d| aftes cathus
be I%étlv ;%Cy, ab F ilding origin,
and the offset will convert to absaile
coordinatks relative toorigin.

Correction to reading the number of
colours to be used from a macro.

General

Plotsurface objectgan rotate freely

AT 2yS

ROTOR Object

ROTOR objects can overlap and/or
touch. Previously they had to be
separated by at least one cell ir&YZ.

ROTOR transient restaamendedto
ensure correct initial values are used.
Corrections made to diffusion term at
ROTOR boundaries to prevent
occasional failure with NaN

General Improvements and
Corrections

Corrections to shock corrections

Transient termcorrectedon first step
of restart to avoid huge time fluxes.

Capture source value from FIXVAL
cells so that a sensible source value
canbeNBLI2 NIISR Ay (KS
section of RESULT.

Implementation of fixedlfix source in
a PARSOL cut cell corrected.

Nett sourcessummaryprinted if
there are more than 10 patches

Subgrid-size surces will still be
applied (g tiny heat source) ithe
cell(s) they are in, but blockage
effects are ignored.

Additional InForm print frequency
control NINFOR. INFROUT file will be
written every NINFOR swegps well
as at normal print sweeps.

Linear equation solver-D block
correction sequencamendedwhen
solving H1, T3 or EPOT in conjugate
situationif sources (and/or fixed
values) are in solid cells.

Aa In first and lastell adjacent to
i Ktiockage onlyralf-cell source is

added divide SHRX/Y/Z by 2 to
ensuresum d SHRX*cell area will
matchnett source ad friction force
printed to result.

Prevention ofLinuxcrashwhen
savingdfinal gxmoni ploimage

In SPARSOL egdlobject linkagefi
object is abovesut link,first cell is
that with cell centreabove inter

A s;ction. Ifobject is below, last cell is

that with cell centre below inter
section. This ignorecells wth
centresoutside facets, as PARSOL did.

Same SPARSOL tolerancdfor
sequential and parallel to ensure
same detection. In parallel the
relativetolerance wa based on local
not global,domain size.

Allow GCV to store U/V/W1SL,
U/VIW1AD, DP1X/Y/Z. U1SL are the
postsolver UC1s, U1AD is the
correction to U1.

Allow GCV to store PCOR.

Prevent a split in X direction for
parallel if XCYCLE is used.
Issueerror stgp for ASM in parallel.

SUN object allogflow boundaries
and selected blockage/plate objects

U EHFY and s a0
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Optional new termination criterion
set ENDIT(phi) negative and run will
stop whenphi maximum absolute
correction is below abs(ENDIT (phi)).
For example, if ENDIT(P4)=run will
stop when the biggest absolute
pressure correction is less than 1.0.

Print absolute maximum corrections
(and their locations) to RESULT when
printing residuals.

InForm CORR() operatoorrected for
variables solved wdle-field to return
correctvalues for slalwise variables.

Flair

Flair can showedestrian Wind
Comfort and Averaged sector
velocity, also in FLAIRFS.

Corrections to PMV calculation to
ensure agreement with ISO 7730.

Flair-EFS

FLAIREFSs a reduceetost subset of
FLAIR for users concerned only with |
external environmental conditions
surrounding buildings and other -
structures. Object types concerned

with internal flows e jet fans,

diffusers, sprayeads) or fire
modellinghave been reraved.

The normal mesh generator is
replaced by a system based on size of
building(s) being modelled, which are
always placed centrally in domain.
Domainsize is based on multiples of
maximum building height

Users set aninimum cell size=LAIR
EFSneshing dialog is shown below:

B£5S Gecmetry Semtmg: © -

Geametry file

Multiple files ( 4 selected)

Maltiple files

Background object (s)

Terrain cbject

Object size

FLAIREFS can show Pedestrian
Comfort information including:

Wind Amplification Factors.
Probability of the wind speed to
exceed a set threshold value.

9 NENB8100 Dutch standard for
Wind Comfort and Wind Danger in
the Built Environment.

Given a table of wind direction and
wind speed probabilities for each
direction, it is possible to create an
average windpeed by running for
each wind direction in the tae, and
then summing absolute velocities
multiplied by sector probabilities. The
PHISUMutility can be used to sum
output files from individual runs.

sl NS

Seetypical ESTER setapove

The ESTER user interface has been
extensively upgraded to include:

i Cathode and collector bar
configurations below metal pad
1 Anode stubs, rods and bus bars
above electrolyte layer
Additional pst-processing output,
including:
Interface height surface
Interface height map
Voltage& current monitoring files
Macros to createrectors from
currents, magnetic fields and
Lorentz Forces

=

O O O ©o

CVvD

Allows blank and comment lines

(starting !) in THERMDAT.

Allows blanklines in CHEMIDAT

(whichallowed ! comments).

Increase maximum number of
reactions to 100.

General, VRE & VRV

Golour andline width for domain and
object axes can be set (and saved to
Viewer macro):

[¥ Show probe

[~ Show cell position | |

¥ Show Axes Move | Reset |
Axis colour !l X J ¥ _] o Reset
Ais line widih R 4

¥ Show plottitle Move | Reset |

Toolbar and handset icons have been
updated for better legibility when
using Windows high contrast theme
icons now lod like this:

Al | [T & <[

New PHIDIFF utilityo subtract two

phi(da) filed Ndzy FNRY Wwdzy i
LG A Useul$od ideatidying

differences between two solutions.

New PHISUM utilityo sumseveral

phi(da) filesd Ndzy FNRY Wwdzy
Ui A £ AUsefuioas@uiaderage

velocity ove several wind directions.

Tutorial and documentation filesan
be specified in phoesav.cémndthen
FLILISEFNI Ay GKS Wl St L

9 PHOENICS - Vo Septembe 2015 e Precsc - G B
Fie Setimgs View Run Optisns Cemple Buld [Help)
D] [ || |5 fent | [coma™]

MEC U] Hel

i Starting with PHOENICS- AR TRIM
PHOENICS-VR User Gude TRIY
GENTRA User Gude TRL
Ganeral Tutcnals
POUS
Sewch

About

Didogs can be displayed in other
languagesvith language file present
(sampleChinese mentelow):

HEE 4 1 i)
Af LI it | miik | | |
W | BH | B #E
INFORM | Domain Faces |
FLAIR-VR MENU Version 2015 dated 02/10/15

Title of current Simulation

TITIE [Example Chinese Menu

Only licensed SPPs can start.
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PHOENICS modelling of a
moving surf generator

using MOFOR
Dr R. P. Hornby
(bob@hornby007.wanadoo.co.9k

On August 2015, after a Welsh
Government contribution of
£4.15million to the total cost of
MMPpYAEEA2YZ GKS 63
surf lagoon was opened at

Dolgarrog in Wales. The facility is

expected to attract 75,000 people =

every year and host international
surfingS @Sy da TSt G dz
best surfers.

The surf park employs a unique
wave generating techniquea
moving wave foil that produces
powerful and consistent waves of
varying heights up to 2m in a 300
long by 110m wide lagoon.

¢CKS Way2g LI 2dzAaKQ
underwater wave foil is positioned
under a pier running the length of

the lake (figure 1) and ulled

along a central underwater track,
producing a barrelling wave either
side of the foil giving about 20s of
surfing time (figure 2).

Steel mesh isolatethe foil from
nearby surfers for safety reasons
and a porous grid sheeting is used
to damp waves at the boundary.

———

s t 3 -

PIER

Figure 1. Detail of the wave generating mechanism

The details of the wave foil design
and lagoon contours are
commercially sensitive arftave
been developed over a number of
years However, it is shown here
that PHORICS has the appropriate
methodology to contribute to such
studies, in particular, having a free
surface model (SEM the Scalar
EquationMethod) and a moving
body facility (MOPR).

Figure 2. Surfing waves generated either
side of the suyrf lagoon pier
akKl LISR

PHOENICS modelling

For the purposes of the modelling
exercise a 50m long by 30m wide
half section of a surf lagoon is
simulated. A maximum water depth
of 2m is taken, shoaling to 1m
depth at the far end of the
simulation domain. A 4m air gap is
used over the water.

The whde domain is discretised
using a Cartesian grid with 55 cells
in the x (lateral), 130 in the
(longitudinal) and 30 in the
(vertical) directions. A finer
grid would need to be used to
capture the full details of the
wave breaking process but
the currentgrid is considered
sufficient to assess viability of
this modelling approach.

998.2300
935.9149
873.5999
811.2848
748.9697
686.6547
624.3396
562.0245
499.7095
437.3944
375.0794
312.7643
250.4492
188.1342
125.8191
63.50406
1.189000
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Because the modelling will

use a moving body ndear
advantage is obtained by employing
a nontuniform grid (at least in the

DEN1, kg/m"3

direction of motion of the body), so
for simplicity the grids used here
are taken to be uniform in each
coordinate direction.

The flow is assumed laminar with
smooth wall friction applied on the
bottom boundary. The top
boundary is taken as a constant

;t yrﬁessure boundary.

The wave foil is assumed to be
wedge shaped with a vertical
surface 4m high and 3m wide
generating the wave. A sloping
back on the wave foil ensures
that water cascades over the
foil in a controlled manner
| (figure 3). The speed of the
wave foil is taken just greater
than the maximum wave speed
to ensure an attached, nearly
transverse waveWave foll
motion is enabled by the following
illustrative statements in the Q1
file. The speed used in the
simulation is set constant and equal
to GV #ong they axis, but any
variation with time (TIM) can be
used.
PATCH(MOFOR,VOLUME,1,1,1,1,1,1,1,LST
EP)
SPEDAT(SET,MOFOR,MOFFILE,C,NOTSET)
(MOVOBJ OF B1 IS POS
(0.0,GV*TIM,0,0,0,0))
where B1 is the wedge object (the
wave foil referred to above) set into
the domain using the VR editor.

Surf lagoon

Figure 3. The wedge object representing
the wave foil shown positioned in the
simulation domain (with sloping bottom).
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The SEM is used which tracks the
water/air interface and allows
overturning. This method has been
used in a separate study on water
wave propagation with good results
(Ref 1).

As this is an explicit method the
time step taken needs to ensure
that the Couant Number is less
than 1.0.

In the present calculations the time
step is taken as 0.02s and the
simulation is run for 10s.

This time is sufficient to initially
assess the wave generation
capability of the modelling which
can then be easily extended (e.g
using more grid cells) to capture
additional detail of the wave
generation processes.

Results

Figure 4 shows that after 1.8s a
wave in excess of 2m height is
formed at the foil. The SEM also
nicely accommodates the flow over
the foil and down the bacg&lope.

DEN1, kg/m"3
990.2300
935.9149
§73.5999
#11.2848

Figure 4. Density distribution in a vertical
plane at the wave foil showing the
formation of a 2m high wave after 1.8s..
Figure 5 shows the wave heights
(GWHT, units metres) in the surf
lagoon after @s. The wave is seen
to fan outfrom the foil rather like
the waves in figure 2 with wave
height decreasing with distance
from the wave foil.

However, no attempt has been
made here to refine parameters to
encourage a wave breaking
scenario as the current grid is not
sufficientlyrefined to capture this
process.

What is in evidence is a smoothed
version of any wave breaking
process.

WHT
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0.900000
0.775000
0.650000
0.525000
0.400000 -~
0.275000 [~

-0.600000

Surf lagoon

Figure 5. Wave heights (m) after 6.9s

Conclusions

PHOENICS MOVOBJ methodology
combined with the SEM provide
flexible tools to examine surfing
wave generation in leisure facilities.

The SEM, although explicit, is well
suited to surfing event times of
order 20s although a refined grid is
required to captue the sharpness
of wave profiles near to breaking.

The MOVOBJ method allows the
shape and speed of the wave foil to
be easily modified in order to
examine the formation of surfing
waves but necessarily implies use of
a uniform grid in the direction of
motion (a costly requirement in
terms of computer time).
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Drainage of Water Droplets
in a Bounded Paraffin Oil
Continuous PhasdRole of
temperature, size and
boundary walls

Jalil OQuazzaniArcoFluid, France
Adil Lekhlifi* and Mickael Antoni*
* University of Marseille, France

The fullarticle presents numerical
simulations of the hydrodynamics
generated by droplets evolving in a
continuous paraffin oil phase and
submitted to gravity.

The model is twalimensional,
includesfree boundariescapillarity,
and is simulated witlPHOENICS
using ground coding

Droplets are confined in a two
dimensional simulation domain of
1 cm side. The influence of their
size and temperature in the overall
drainage dynamics is described.

The initial condition is discussed for
1 mm radius droplets to describe
the effect of boundary walls.

Changes in the circulation flows are
evidenced, different hydrodynamic
regimes identified and their
characteristic times discussed.

-

) (cm)
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Projects Using PHOENICS r '

Undertaken by Stdents
from  Moscow Power
Engineering Institute

Vsevolov VolginMPE] Russia
Yaroslav VolginMPE] Russia

We are secondyear graduate
students from Moscow Power
Engineering InstitutéMPEI) who
have used®HOENIGS our studies
to model different processes in
solid objects, liquids and gases
August 2015ve visited CHAM to
gainexperience using PHOENIYS
working withits developers and to
learn about new functions and
possibilities Our work is outlined
below.

Vsevolod wdked on thermal
processes in thermoelectric cooled
dzyAtdaz OFffSR
the new PHOENICS SimScenes he
created an interface allowingsers
to set necessary parameters: size,
configuration, material properties.

Temperature fielddistributionsin
the unit necessary to determine the
efficiency of energy transformation,
electricity power and energy losses
in the TEC desigare calculated

4
it

a

lemperature, ‘C Time 280.0000 s
27.13204 Probe value
23.92831 9.506209
20.72459 verage value
17.52086 4.229555
1831713
11.11340
7.909670
4.705941
1.502213

T T T ——

¥o title has been set for this run.
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himselfwith GENTRAwhich
calculaesindividual particle
trajectoriesandwould be usefufor
developngthe nucleationmodel in
the secondstage ofhis project.

Vsevolod &Jroslav Volgin with CHAM
Staff Summer 2015.

We would like to thaniCHAM
employeesfor their warm attitude
to us. Itwas an honour to talk with

WH NB & f | @asto simie 2 S O UprofessorSpalding a prominent

the nanopowder synthesis process

using a ga phasesynthesignethod.

of material and nucleation of
vapour with further conversion into
particles A CHAMJaroslaworked
onthe first stage. lts important to
understand howapaur distribution
developsin the domainandhow
environmengl conditions at the
initial time affect it. PHOENIO8as
used tocalculate evaporatiorheat
andmass transfer processg®
obtainthe distribution of vaparr
concentrationand temperature in
the spaceThisinformationwill be
needed forthe second stage.

Time 0.200000 s
Probe value
0.015443

Pressure, Pa
0.024119
0.022310
0.020501
0.018692
0.016884
H 0.015075
HH 0.013266
i 0.011437
0.009648
0.007833
0.006030
0.004221
0.002413
6.0378-4
-0.001205
-0.003014
-0.004823

Atomizer with evapsration.

During thevisitwe learnedmuch
about HOENIC&ndits functions.
In particular, Vsevolotkarned
aboutusing"objects"andthe
principles ofsettingboundary
conditions Jaroslafamiliarized

scientist highly respectedn Russia.
Speciathanks go toAndrewwho

¢ 9/ QLERPAINSIVO Flages: exaposaiag 5 supervisecandhelpedus. We really

enjoyedour time in Englandand
thank CHAM fonew experiences.

Critical Anomaly Effectin
Supercritical fluid Flows in
Capillaries

Bernard ZappoliCNES, France
Jalil OuazzaniArcoFluid, France
Carole Lecoutre*, Samuel Marre*,

Sandy Morais*, RomaiGuillaument*
and Yves Garrabos¥
*ICMCB, CNRS, France

Structure and basic thermal and
dynamic properties of steady state,
nearcritical fluid flows in capillaries
are explored by numerical analysis of
NavierStokes equations written for a
Newtonian, heat conducting and
viscous van der Waals fluiVe focus
on where and how critical transport
coefficient anomalies dominate the
fluid flow in a capillary duct of
constant section.

PHOENICS software from CHAM was
used to simulatetiese high Mach
number critical flows (0.4<Ma<1) in
2D axisymmetric configrations and
for several gas, C{and H.

11th Int ConferenceHeat Transfer,
FluidMechanics & Thermodynamics
(HEFAT 2015), Kruger National Park,
South Africa, 2623 July
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The Hfect of Sudent
Distribution on the
Natural Airflow Pattern of

a Classroom
C. Morales Mayal, M. Ordenes
Mizgier2
1,2 Federal University of Santa
Catarina, FlorianopolisSC, Brazil.

Abstract

People’s thermal sensation inside a
room, and the awareness of whether
they feel comfortable or not in it, are
highly influenced by ventilatiorevery
type of environnent has different
requirementsto guaranteethermal
comfort. These requirements are
mainly oriented by the activity which
inhabitants perform in the specific
environment, and the amount of
people that use it.

School environments, such as
classrooms, need great care in this
respect. Not only do they host one of
the most important activities in
society,education, but they shelter a
large number of people performing
educational activitiesimultaneously
during extended periods of time.
Therefore, sclool environmentsare
strictly regulated in this regard.

Brazilian standards for educational
buildings givespecific requirements
about the amount of open facade
necessary in classrooms to fulfil this
purpose, and other complementary
information. They also enunciate the
importance of the flexibility of these
spaces, in order to contain activities
that respond todifferent educational
practices and philosophies.

Basic requirements regarding the
design of school environments are
listed in a series of documencalled
Technical Notebook$Elementary
Shool Educational Spaces. Grants for
projects in development, ah

adequacy of school buildings,
technical section 4 volume 2"

contains the main design parameters

of classrooms, including mandatory
openings for natural ventilation.

Inside the space, the human body can
modify the airflow pattern acting as a
physical oktacle and a heat source.
Conditions in these spaces, which are
usedby a considerable number of
people,are dependenbn the way
users group during their normal
activities,whichchange constantly.

Taking into consideration the
observatiors above, the aim of this
study is to evaluate behavior of air
flow in a hypothetical classroom,
while the space is empty anhen
occupiedby 36 studentsgyrouped in
different ways The classroom was
desigred according to the parameters
listed in the Techni Regulation of
the Brazilian Education Ministry, and
tookas a reference, summer weather
conditions of Florian6pokSC.
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This researchused PHOENICS, a
Computational Fluid Dynamics (CFD)
code, wth a specific module (FLAIR)
for architectural purposesThetotal
ventilationarea requiredadopted
from the standard, is divided into two
openings locted in twospace
facadeghusobtaining differentclass
roomtypes. Velocity values were
obtained for each point of the class
room, at height 0.6mEach evaluated
planepoint was classified in one of 4
velocity groups, low, mediurow,
medium or upper limit speed.

Data analysis showed thatith an
average of 14%f the evaluation
plane area that sifted from one
group to anothemwhen compaing
empty and occupied classrooms,
occupationhad a great influence on
modification of initialdistribution of
air velocity at haght studied,without
necessarilyedudng wind speed.
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