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1) Editorial

Professor Brian Spalding, FRS, FREng and Foreign
Member of the Russian Academy of Sciences, received
his Global Energy International Award from President
Dmitry Medvedev on June 5 2009 during the
International Economic Forum held in St Petersburg
(www.forumspb.com

Professor Spalding has alkxtured oné | yugtirédd
PHOENICS for Wif@rm Simulatio to a meeting at
WindSim in  Tonsberg  Norway (June 17)
(www.cham.co.uk/usp.ppt) and on &! R@IF y OSR
Analysis: Predicting the Flow irBhelandTube Heat
Exchangeisto the UKHeat Transfer Society Londoron June
24 (www.cham.co.uk/shellflo.ppt). In the latter lecture
Professor Spalding pented his work on SHELLKt€xcribed
in the last Newslettgr which provides a singleurpose
Professor Spaldingwho was honoured for Gateway to PHOWG for use by designers of, atidose
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and mass transfer which have become the &dsir The next |eCtUr,&a:)0pU|ati0n Models of Turbulent Heat
LINF OGAOLE OFft Odz FGA2ya , 2T andxlSa ay SOy BITrs: 0Bk romespptiyiik bR givent 2
gave an acceptance Speech during the award at the éh International SympOSiUrn)n Turbulence, Heat and
ceremony. The Forum was attended by economists Mass Transfeto be held in Rome from September £418
worldwide and both it, and the award ceremony, 2009 The Symposium is organised by ICHMTernational
received extensive coverage in the Russian Press (link toCentre for Heat and Mass Transfer) which was founded &
video). (http://www.ge -prize.ry). Professor Spalding and a group of dikended scientists and
sited, originally, inthe then Yugoslavia, to provide a base
hyS 2F tNBFSaaz2N { LI f RAY 3 Qkere RoixitiatsS fiom Ik East arfd WagtBduld Seeth and
deliver five lectures on topics associated with Global exchangescientificviews (http://www.thmt -09.0rg).
Energy during the year from June 2009 to June 2010.
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An example: the hotand-cold mixing faucet

2. Recent PHOENICS Features There are many examples of fluidnd heatflow simulation

2.1  Unstructured PHOENICS by Brian Spalding in which the region of interest occupies only a small fraction of thg
volume of the smallest rectangular box which could be drawn around
Although  Unstructured PHOENICS has been

. - - . i its extremities.
operational since mi007, it has not so far beetescribed
in a Newsletter article. Now however, particularly because its "
use has been facilitated by the introduction of an Automatic 7 obi_pRPS=51
Grid Generator, it is timeo to da

General features

Unstructured PHOENICS (USP)ni¢ a separate
software package; stead it is a part of th&Solver module,
EARTH, to which it is attached as an optldBP is activated,
like any other PHOENICS option, by placing appropriate
instruction lines in the Q1 file, which is read by the standard
SATELLITE module. Therefore iseruhas very little new One such is shown above. Of course, it wouldbbssibleto
knowledge to acquire. ) ) ) simulate the fluid and heatflow phenomena by using structured

That is not quite true of the display side; for neither  pyoENICS. Howeygo do so with acceptable accuracy would be
PHOTON nor the WRewer has yet been taught how to work  rohibitively expensiveThe reason is that foevery finegrid cell in
with an unstructured grid. Therefore graphical display has 0 he water or the metal there would be hundreds or thousands in the
be effected by way of packagescsuas the publidomain air outside, performing calculations of no interest whatsoever.
code Paraview or the commercially available Tecplot; for USP USP, by contrast, pays no atterttito the outside regionso
expresses its results in files of Vtk format (as can now, indeed, j; \wastes neither computer time nomemory. Some results of its
structured PKDENICS). computaions for this example are shown below.

The reasons for introducing USP

The motive for introducing an unstructured gridas
not been, as for some other CFD codes, to enable PHOENICS
to handle curvedsurface bodies; for its 'cutcell' technique,
PARSOLgopes with these satisfactorily. Instead, its purpose
is to promote economy of computer time and memory.
Many users of thestandard structured code will have
sometimes had to use grids like the one below. Needing a
fine grid around a body located in the central region, they
have been forced to create cells of needless fineness, and of
poor aspect ratio, in regions remote frotine body. Application of USP to terraitype problems

| USP is particularly useful for fleeverterrain problems,
where fine grids are required near the ground, whereas coarser ones
suffice for higher altitudess is shown below. Winhrm-simulation
studies can benefit from its use.

USP removes this necessity, as is shown below: the
fine-grid region hugs the surface of the central body, whichis 2.2  The Automatic Unstructuredsrid Generato(AGG)
where it is needed for procuring accuracy; farther from the by Brian Spalding
body the cells are larger, and also of acceptable aspeidt.rat
TheMain Features

Unstructured PHOENICS (USP) has been made easier to §se
by the introduction of an Atomatic Grid Generator module, referred
to as AGGelow.

AGG starts by constructing a coarse uniform Cartesian grid
which fills the whole domain; then, in accordance with simple
instructions which the user plasén the Q1 file, it systematically
refinesthe grid in the vicinities of solid objects, inlets, outlets and
other features of the flousimulation scenario.

AGG can be used for tadimensional and thre@limensional
scenarios. In the former case, refinement proceeds by-diutgling
individual cellsnto four equally-sized smaller ones; in the latter case

As can now be seen, USP cells are always rectangular, "
and of uniform aspect ratio. Although vendors of other CFD  the number of smaller cells ésght

packages often employ unstructured grids in which the cells ~ Instructions given by the user dictate how many levels of sub
are of arbitrary rectangular shape, CHAM sees no significant division are provided and how many cells of a given size should He

advantage in soaing. placed in each layer of equalsized cells.
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A Two-DimensionalExample

The following two diagrams concern the 'tuamound
duct' which is used in the PHOENICS library to illustrate the
benefits of the cutcell technique, PARSOL.

Thefirst one shows the coarse initial grid; orethight
is shown the grid which AGG created, with 4 levels of
refinement and 4 cells per layer.

Next is showrthe nearsurface grid refinement o& three
dimensional example, with several differentijlaped objects.

The NeafSurface Grid
TheSmoothing Algorithm

Because AGG can place many small cells close to
surfaces, unstructured PHOENICS is less in need tkan
structured PHOENICS of the -vefl technique to improve
simulation accuracy. Nevertheless AGfavdes something
of the kind, namely a Smoothing Algorithm which changes
the shapes of the cells near solid bodies, so as to fit as closely
as possible. Its purpose is more to improve visual display than
to enhance accuracy

Because it is constrained ke requirement that
each threedimensional cell must still have six faces, the
smoothing is not perfect; but it always effects some
improvement, as shown by the following three pictures, of
which the first shows the shape represented by facets, the
secondthe nearsurface grid without smoothing and the third
the surface gridvith smoothing.
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Further developments

AlthoughAGGwas designed with the fitting of sold bodies in
mind, ithas proved to be more versatile. A recent development is itd
extension to solution adaptive fgridding,

For example, after the solution has proceedto near
convergence with an initial grid, AGG can be invoked again wit
instructions to provide a finergrid in regions of (say) highest
temperature gradient. This capability offers the possibilibf
improved accuracy of simulation of flame fronts, for example.

2.3 Other Recent PHOENICS Features
by John Ludwig

2.3.1 Flair Updates

A list of fire speedfor the time-squared fire has been
added so that slow, medium, fast and uliest fires (as defined in
Table 10.1 of the CIBSE Guide E, Fire Engineedng)e simulated
without having to look up the values of the relevant constarithie
user can alsmput their own constant if theyvant.

Alist of fire speeds for the’fiire has been addeso that all fires from
Table 10.1 of the CIBSEChartered Institute of Building Services
Engineers) Guide E, Fire Ergringcan be simulated

An explicit allowace forheat lost by radiations made when
setting the FIRE heat source. This allows the full-helatiserate to
be used in deducing the mass source, whilkiveing the convective
heat release to be reduced (by 1/3) in line with guidelines.

The BeerLambert visibility reductiortan be calculated as a
postprocessing option in the Viewer. iEhis a means of determining
if a position can be seen from other locations, or if it is obscured b
smoke.The imagebelow shows thata fire would be visible from the
foot of the door at the left, but not from heabeight.

=
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Light Ratio, % Probe value

FLATR

The linearisation of thdire heat source has been
improved to aid convergence of the temperature equation
with large heat sources. The maximum increment for TEM1 is
automatically reduced when a FIRE object is activech
should make such calculations more stable.

2.3.2 Pre and PostProcessing
2.3.2.1 WIND Objec{see also Spring Newsletter)

Flow around buildings

The wind object, introduced in late versions of
PHOENICS 2008, has béather enhanced
1. It can now create the floor planasthe flow and pressure
boundaries, using the same roughndssight as was set for
the velocity profile.This saves the user from having to create
the ground as a separate object, and ensures that the
roughness settings for the ground are correct.
2. If wind direction is at right angles to a domain face, the
two sidefaces are also treated as pressure boundaries, as is
the opposing facePreviously the side faces were treated as
symmetry planes, which may have constrained the flow.
3. If wind speed is set to zero, all faces of the domain are set
as pressure boundarieproviding an easy way of placing
pressure boundaries on all open faces of the domain.

2.3.2.2 Ambient Pressure and Temperature

The 'Ambient pressure' and 'Ambient temperature’
entries set the pressure and temperature prevailing outside
the domain. These vaés can be used, if desired, to set the
external pressure and temperature at alNLET WIND
WIND_PROFI} 8UTLETFANandPRESSURE _RE blfjécts.

When 'Initialse from ambient' is set ONl¢fault), the
initial values of pressure (P1) and temperature (TEM1, and T3
if IMMERSOL is on) are always made consistent wigh th
ambient values set here. When 'Satdyancy from ambient’
is ON default), the reference temperature foBoussinesq
buoyancy is set to the ambient temperature, or for
density difference buoyancy, the reference density is
calculated from the ambient pressure and temperature.

This makes it much easier to change external
temperature/ pressure at many boundaries in a consistent
fashion. It also ensures that the buoygneference density is
more likely to beset correctly.
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2.3.2.3 Clipping Plane Objedsee als&pring Newsletter)
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My first flow simulation

Each Clipping_plane object canprises 3 OpenGL clippm

planes. A maximum of two objects are allowed, as there are only §

clipping planes. The firdippingplane object (the left-hand object
above is created at origin and clips everything 'behind' it. The second
clipping plane object is of typeHighend dipping plané (on the
Options tab) and is originally located atettiar end of the domain
(the righthand object abovp It clips everything 'after' it. Tlse can
be moved and rotated at will to provide a better view inside objects.
Clipping plane objés can be created fronSettings- New -
Clipping planeon the Environment Settingmenu, a 'Object- New -
Clipping planeon the Object Management Dialdg the Editor or the
Viewer. When created in the Editor, they will be written to the Q1
like all other objects. When created in the Viewer, they will disappeal
when the Viewer is exited. In the Viewer, the user can choos{
whether they clip the plotting plane or notClipping plane bjects
never affect the grid, and have no influence on the solution.

2.3.2.4 Set View centre to Probe / Minimum / Maximum value

|
Double clicking on the probe or clicking t|_ icon on the
toolbar causes the following dialog to appear:

Probe Location

Frobe | Farameters I Lo Sputl High Sputl

Current variable I\/elucwty -
Position———————— ~Cell location
z [0237500 4 K [0 4
Setwview centre | Elzck l—
fowve probe here |

Yalue [10.57573 mfs ¥ Rewveal

alr 4]

ar

It contains a ammary of data at the current probe location.

In Viewer, the current variable can be changeathe pull down list.

Probe location can be moved through the model in physical spac
(X,Y,Z position), or by cell location. When moving in physical spag
‘Cell location' boxes willshow the cell centre neareghe probe.
When moving by Cell location, the X,Y,Z boxes will show the physia
location of the probe. TheSet view centrébutton centres the view
on the probe.In the Viewer, Low Spot and High Spot tdimve
similar buttons, and the 'Move probe here' button is active. This|
allows highest and lowest values to be located and viegugdkly

2.3.2.5 Patches for User Defined Objects

Patches attached to USEREFINED object are listed by name
as pat of the dbject attributes in he QL1 file. The PATCHES attribute

contains a list of the patch names associated with an object. As many

PATCHES lines as are needelddid all patch names can be used.
> OBJ, TYPE, USER_DEFINED

> OBJ, PATCHERatchl, patch2, path3, patch4, patch5

> OBJ, PATCHERatché, ... patchn

4
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All settings relating to PATCH and COVAL statements
linked to a usedefined object are printed in the relevant
Group- these can be Groups 11, 12, 13, or 23. The name of
the controlling object isvritten as a guiding comment.

The firstPATCHocation argument (usually IXF) is set
to -1, to indicate that the patch is to be linked to an object.
The remaining five location arguments are zero. As many
PATCH commandss requiredcan be attached tamne user
defined object

In earlier (pre2009) versions the IXF location
argument was used to hold the object number. This method
is still recogrded on reading a Q1, but wheamnew Q1 is
written the object number will be replaced by, and the
patch namewill be echoed in the PATCHES I[igtis makes
handediting the Q1 much safer, as the patcbbject link no
longer depends on object sequencinghich is easily lost
when moving objects by cutting and pasting

2.3.2.6 Inform Commands attached to Objectésee also
Spring Newsletter)

Many objects types now have a button laleel
'InForm Commandson their attributes page. This leads to a
dialog from which a selection dhForm commands can be
attached b the current object.

The dialog allows such commands to be created with
the LOCATION keyword being taken as the name of the
current object. InForm commands created in this way are
held in the Qltogether with the remaining object attributes.
As an example, the image below shows the settings required
to make the inflow mass source and velocity at an INLET a
linear function of the height.

Keyword  Var Formula Condition
1 source|of p1]is uintdenstzg | with area | pe1|
2 souRce|ef ui|ile uintzg | with onlyns | Del]
3 MAKE | of vmn| is 0.0 | with ‘3._1]
4 uake | of peng is 0.0 | with | pe1|
5  sroRel | of M is 10 | with ‘M
6  SToRE1| of pENg is 1.189 | with | pe1|
Add InForm|
Cancel

The resulting flow is:

..... gs valus
4200083

If anobject is copiedlarrayedinform commands are copied

2.3.2.7 Sweeps Per Time Step

The sweep number per time step can be set from
Editor Main Menu Numerics pane{always possiblewith
InForm) In many transient cases more sweeps reededfor
the first few steps and possibly latéra boundary condition
changes a jetfan switches on or off for example.

2.3.2.8 General Improvements: Information on these
features can be obtained via links show:

 SPINTQ@o interpolat solution files orfiner/coarser grids.

News from the pioneers of computational fluid dynamics

 Auomatic _unstructuredgrid generator for unstructured
PHOENIC&fines automatically an initial structured starting grid
to improveresolution near object surfacésee page 4).
SHELLFL @ Prelude gateway for shelhdtube heat exchangers.
Dot-patchesintroduced. This is a way of setting the patch limits in
terms of physical location and size, not cell numbers.

View centre can be jumped to current probe position, or location
of minimum or maximum value in Viewanakingit much easier

to find the minimum and maximum value locations.

Qreation of complex Inform commands has been made easier b
increasing the length of a Q1 line from 132 characters (68
characters and one continuation line) to 1024 characters split
over as many continuation lines aseded.

Viewer display can be switched to FB@ or Sl units (default)
Domain scaling is useful for long thin domaiiestunnelsbut not
scalingvector heads improveplot appearance therefore, vhen
the domain is scaled, vector heads retain theigoral scaling.

=
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2.3.2.9 Linked ANGLEIN Objects

It is possible to take flow extracted by one ANGIERNd use it
as input to anotherAverage temperature, smoke and other scalars
Fid GKS WR2y2ND 202800 | NB dzaSR

This makes it possible to model Induction fans, or dwork as
pairs of linked ANGLHDs. The next image shows the smoke
ingested through the ANGLHER on the lower face of the induction
fan body being ejected from the ANGL-BDacting as the nozzle.

24 Earth Solver
24.1 Output to Paraview

The Earth solver can now output files WTKformat. These
files are compatible with théaraViewpostprocessor available for
free downloadon the web. In total, two files are involved.

A vikcentre.vtk
 vtkvertex.vtk

Vtkcentre.vtk contains a grid located at the PHOENICS ce
centres. The data is the 'raw'’ PHOENICS data, apart from th
velocities which have been averaged from the cell facethe cell
centres. For PARSOL cut cells, the cell centre locations are the cent
of the fluid cells. This zone is suitable for plotting vectors, as thd
vector tails will be in the same location as in the Viewer.

” S -
| Iso-surface of TEM1 = 25
coloured by Velocity

Vtkvertex.vtk contains a grid locatedt the PHOENICS cell
corners. The data has been averaged from the surrounding ce
centres for scalars, or cell faces for vector quantities. The values
PARSOL cut cells are those from the fluid cells. Contours plotted fro
this zone will fill to the edg of the domain as in the Viewer.
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http://www.vtk.org/
http://www.paraview.org/

To display the objects, Editor can output STL files of Major causes of electronics failure. Since most systems do not inclug

each one (Options, Additional Interfaces, Additional environmentally hardened designs, the enclosure must provide an

Individual STL output) which can be loaded into ParaView. €nvironmentin which they casurvive. .
The above image hews an isesurface of temperatus To meet the demands of protecting all types of
coloured by velocity from Library case v146, produced by temperature/moisture  sensitive equipment in the outdoor

ParaView from the vtkvertex.vtk file. The cylinder is drawn ©€nvironment, designers have been pushing for sealed designs. The

using the STL file produced by Editor. allow for little or no exchange of enclosure air with the outside air
using near airtight construction, higpressure door closure designs

2.4.2 Nett source printout and closed loop thermal system&he thermal management of the

The 'Nett source' section of RESULT includes average
scalar values atmass source patches. For pressure
boundaries, inflow and outflovare given as well as the nett
flow. For transient cases, the transient contribution to the
mass sources is printed, so the mass sources should balance.

It is not only necessary to remove the internal heat gerierafrom
the equipment but also the effects of the solar loading which can bd
substantial depending upon the size of the enclosure

This article will show and explain the thermal issues
(includingtypical solutions) using, in paPHOENICS

2.4.3 Changing the number of sweephiring a run 2. Outdoor Emlosure Thermal Management System Design
Thesweep numbercan be changed at Earth runtime  ~~  Qutdoor enclosures are being designed_tg house variou
FNBY UKS WwsSasuQ aONBSy 27F U fkqipmehlednffydrdddnd witkdis¥igdtind!feat Yatesragihd br §08

numbercan be increased if the step is not converging well, or  figyre 1). These encloses are being installed in various
decreasedf it has convergedf I steady run is not converged  environmental conditions, and typically the enclosures, without
more sweeps can be performed without having to stop. major structural modifications, should be fitted with either air
conditioning or aito-air heat exchangers as needed.
The main goal of the designer is toaintain the peak
PBCL.DAT fifermat has been changesb the writing temperatures in the enclosures below a certain level that is normally
processis more efficient. When PHIDA=T in PREFIX, PBCL.DATprescribed by the equipment manufacturer. Humidity levels are of
is abo unformatted. Olestyle PBCL.DAT files are still accepted concern, but since most enclosures are either sealed or it
by Earth and Viewer.PHIDA=Tis now the defaultmaking temperatures are much higher thahe aiQd RS¢ LR A Y (i 3
saved files smaller and quicker to read and write. generally not a problem (after the transient effect of opening/closing
If the main Farray size is increased at the start of a  the enclosure is eliminated.)
run, the increased size is weh to a localCHAM.INfile to
remove the need for expansion on the next run.

2.4.4 Input-output matters

245 Tabular Output from InForm

A newTABLE command has been added to InFosmich
allowsusersto create sweepwise or timestepwise tables of
any variables. This can be used to create additional monitor
points, track average or minimum/maximum values &ites
produced are directly compatible with Excel, as shown here:

. — - Figure 1 Typical Outdoor Enclosure
The image shows the variation of presswith sweep at 194 yp! . su

three points in Library Case 274. ~ The designer should be aware that the air temperatures
within the enclosuresr@ a function of [1]:
For more details abouany ofthe above clickhere 1) Amount of heat generated by all equipment in the enclosure.
2) Amount of heat generated by auxiliary and cooling equipment]
3. PHOENICS Case Studies (fans, etc.)

3) Ambient conditions (outdoor air), particularly temperature, solar
3.1 Thermal Management of Outdoor Enclosures radiation, wind speeds, et

usingPHOENICS 4) Objects surrounding the enclosure (shading, ground reflectiong
by Maurice J MaronguiMJM Engineering buildings, trees, etc.)

5 9y Of 2 &adzNB RSaAdy oada2NKFI OS I
characteristics, etc.)

Air exchange with the outside air, either passive by infiltration, o
active by fans or blowers.

Outdoor temperatures in most typical environmental conditions
range from-40 Cto55C

1. Introduction

In the last few years there has been a remarkable 6)
development in outdoor applications as a variety of ersgr
services is increasingly being created. The housing of
equipment outdoors hasimposed serious constraints on
enclosure design since temperature and humidity are the two
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outdoor enclosure thus becomes an issue of paramount importancel
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