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Edltorial

In Januarnthree Engineers joined James and Andr
AY /11 aQa I LILX AOIF GAZ2Y
Francesco, Marta and Alex and hope they enjoy be
at CHAM. We introduce you to them all, brief
below.

Left to Right: Francesco lori, James Stewart, Marta Camg
Santasmasas, Andrew Carmichael, Alexander Adam

Andrew Carmichaelis one of the Lead Projec
Engineers within the Applications Department ai
has been employed at CHAM for two years. His m
area of expertise and responsibility is consultar
projects, ranging from HVAC and contamine
dispersion to fire modelling and aluminium smeltir
ventilation.

He has also been involved in several cc
development projects including spaced averag
approach to condenser design and parabolic methc
for boundary layer calculation in steam turbines.
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On a personal level he is working towards his Charte
Engineering certification (CEng) from the Ro
Aeranautical Society.

Background

1 Master of Engineering (MEng) in Aeronautical
Engineering fromimperial Collegéondon (2:1)

9 Previous work in the defence industry in
engineering and project management roles.

James Stewartompleted his undergraduate studie
at the University of Leedgraduating with an Uppel
Second Class Honours degredathematics Having
developed a strong interest in Fluid Dynamics,

continued his studies at theniversity of Manchester
obtaining an MSc with Distinction ifheoreticaland

Applied Fluid Dynamics

Upon concluding his pogfraduate studies, Jame
joined CHAM as a Development Engineer, focusing
creating special purpose application packages.

James has been working at CHAM for 1.5 years ar
now one of the Lead ProjecEngineers in the
Applications Department where his time is distribute
amongst development, consultancy and softwa
integration projects.

Recent projects includereatingd LJS OA | f! ILId
to simulate the cooling of electronic components;
consultirg project for a gas turbine ventilation mode
with high pressure gas release; the create dfidual
Wind TunnelApp for use in conjunction with the
InternationalF1 in Schools Challenge

Alexander Adanobtained a BSc in Theoretical Phys
from Imperial CollegeLondon in 2009 followed by :
PhD in theoretical physics, also at Imperial, in 2013.
area of research was computational general relativ
and he has expertise in both analytical and numeri
methods for solving partial differential equatiortse is
particularly interested in nonlinear elliptic equatior
and the interface between electrodynamics and flu
mechanics.

At CHAM he plans to pursue the development side
G2N] 2 62NJAy3T 2y &LISOAL
flow, rotor objects andatating coordinate systems. H
Aa Ffaz Ay@g2ft SR Ay | &
schools VWT (virtual wind tunnel) project.
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Marta Camps Santasmasabtained a BSc in Aeronautical
Engineering at thdJniversitat Politecnica de Catalunya
(UPC)n Castelldefels, Spain in 2006

This course awakened her interest in fluid agics and
she decided to study it in greater depth through an MSc in
Computational and Applied Physics at thmiversitat
Politecnica de Catalunya (UP@nd Universitat de
Barcelona (UBh Barcelona, Spain (200D10).

She specialised in Computationalill Mechanics and in
2009 she was offered a position in Normawind, a
renewable energy consultancy. Her main responsibilities
included the wind resource and site assessment through
CFD for wind farm projectsShe was also the main
researcher for the R+D praje to incorporate CFD
modelling as a new service to assess the wind
characteristics in a wind farm site. Marta is currently
developing the Wind Tunnel SimScene, beginning with the
city scape version.

Francesco loriobtained a BSc and an MSc in Medical
End ySSNAY3 |4 GKS | yYADBSNAEIJ
respectively in 2011 and 2013. During the last year of his
MSc, he became interested in the study of biological fluid
dynamics and in particular of CFD methods applied to the
simulation of blood flows.

Nb 2 3SYOSNI unmu KS G221 LI D
LINEINI YYS GO9N}&aYdza tfl OSYS
the Department of Bioengineering of Imperial College,
[ 2YR2YyZ 6KSNB KS | ftaz 02y
During this period, hénvestigated the efct of arterial
curvature in enedo-side arteriovenous fistulae, on
haemodynamic factors and blodad-wall oxygen
transport and their correlation with the development of
vascular pathology.

At CHAM, Francesco is currently working on the
development of a i&Scene, which will allow users to

simulate steady and transient flows, in geometrically
realistic shell and tube heat exchangers.

1. PHOENICS Product Updates
1.1 PHOENICS 2014

PHOENICS 2014 is currently in the last stages ¢
development and testig within CHAM. The major feature
of PH2014 will be its new-BARSOL feature for handling
very thin objects that can cut cells more than once. This
feature will be described fully in the Summer Issue whilst,
in this article, other improvements are outéd.

In PHOENICS/Flair

Specification of pollutantsup to 5 pollutants can

be defined snply through its menu.

Emissivity - improved function of smoke anc

temperature.

1 Wet bulb, Dew point, Wet Bulb Globe temperatur
have been made available.

1 PrototypeW!| S G A & th& DeelYextBrdied.S

1 New foliage modet see article irSection 2, below.

In PHOENICS/CVD
1 DC potential calcul&n introduced

=

In General

i Datmaker / SIMLAB Composer CAD import ¢
conversion utility.

9 Ability to dump PNG files instead of GIF.

1 Chdce of grid plane display X,Y,Z or Auto

In the VR-Editor
9 Preservation of CAD file extsions used in Q1.

1 Preservation of the Shapemakgeo extension in i1

Q1 and allow further adjustments.
1 Ability to drag and drop CAD files into VRE windc
9 Disallow negative MAXINC.
i Copy as arrajnow has offsets in the other twc
directions to create diagonabpies.
Option to move probe to centre afurrent object
Save as casmoves transient files into case folde
instead of copying them.

= =

~

Y
I

_a
I Save as cas#oes not create new Q1 before savir

if RESULT is newer than Q1 to ensure matching
are saved.

For the Viewer
I Save and read colour palette from macro.

In Earth
I Option to switch to newSPARSOftom PARSOL.
1 Pause if disk full when writing PHI/PHIDA.
 Sum of transient time fluxes always doubl
precision.

SPARSOL shows deflecnon of flow by airfoil i ina
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2. PHOENICS Applications
Internal Use rs

2.1 Vegetation Canopy Model for PHOENIGS
Michael R Malin(extended from Spring News)

Introduction

Interest has been expressed by vario
companiesin using PHOENICS to simulate interact
between the wind and forested areaand other types
of tree or plant canopy, includingrban plantings of
avenues otree clumps PHOENICS has been equipp
therefore, with a vegetation canopy model simulate
effects of vegetation by introducing flow resistant
terms in the momentum equations, and turbulenc
production and destruction terms in turbulenc
transport equations.

From an aerodynamic perspective, thein impact of
vegetation on the environment ithe reduction in air
velocity due to drag forces, and thedditional

turbulence levelgproduced by he canopy elementdn

PHOENICS these effects are represented by a por
media approach based on superficial velocities wh
momentum sinks and turbulence sources are appliec
a block of cells chosen to represent the tree canopy.

Flow resistance dueotturbulent flow through the plant
canopy is represented by a momentum sink tel
dependent on the superficial velocity vector, the dr:
coefficient, and the leaf area density (LA
perpendicular to the flow direction. The defau
PHOENICS model uses a tams effective drag
coefficient G and a constant effectivé AD although
provision is made for the user to specify a vertic
distribution of the LAD The canopy model alsi
introduces additional source and sink terms into tl
transport equations for theurbulent kinetic energyk
and its dissipation rateC These terms account fo
turbulence production and accelerated turbulenc
dissipation within the canopy.

Implementation & User Input

The canopy model has been implemented into t
PHOENIG®8R Environment (VRE) by means of |
FOLIAGE object, which allewthe user to specify the
foliage location and volumeand then set the input
parameters needed in the model. The object al
produces the INFORM commands needed to implem
the momentum sink and turbulence soufsink terms
into the finite-volume equatims in linearised form.

The foliage attributes dialog with default settings
shown below:

x|

Leaf Area Density Constant

Up direction Z

Foliage Height ﬁ m

Leaf Area Index Slightly sparse [[1-000000
Drag coefficient Mixed forest [Ai
Turbulence Model Green

Model constants
BETAP [ 1.0
CEP4 | RIS

Cancel

By default, thdeaf area densityis taken to be uniform
with height, and deduced from thisliage heightand
leaf area indexas indicated above. The alterma is to
allow the leaf area density to vary with height by mea
of an ASCII file.

The setting Up direction defines the vertical
coordinate. When théeaf Area Densiig constant, the
foliage height is taken to be the object dimension in tl
direction. When thelLeaf Area Densitig taken from a
file, the interpolation in the file is performed in thi
direction. Options provided forLeaf Area Indexare
taken from Huangt al (2008) and shown below.

Select Leaf Arca Index i x|

Extremely sparse(0.0625) =l
Very sparse

Very dense (16.0
User

Cancel

Selecting 'User' allows any required value to be esde!
into the input box.

The values of thelrag coefficientCy reported in the
literature show a large variation with respect to type
vegetation, foliage density, etc. Information concerni
G for different types of trees and plants can often
found, kut typically, values for individual deciduot
trees range from 0.15 to 0.25, and a value of 0.z
commonly used in numerical studies of wind flc
through forests.

Measured drag coefficients for singlew deciduous
Go6AYRONBEF1é& aLISOAS dear 05T
whereas coniferous types of trees are characterised
somewhat larger values in thenge 0.6 to 1.2. This i
reflected in values provided for thBrag Coefficient,
and as for the_eaf Area Indexialog, selecting 'User
allows any value to be ¢ered.
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x|

Single deciduous (0.15 ) =l
Mixed forest 2 )
Row of deciduous (0.5 )
Conifers (L.0 )
User

[ -
| OK I Cancel |

Turbulent interaction between the airflow and th
vegetation is simulated by including additional sour
and sink terngin each of the transport equations fo
k and &. This involves four empirical constants, a
there is littleconsensus in the literature about thei
recommended valuesvhich reflects the fact that
different values are needed to match different sets
measured data. The default values used by I
FOLAGE object are those of Green (1992), I
provision is made vidurbulence Modefor the user
to select from five other sets of turbulengrodel

constants, aproposed by authors listed in the "Sele
Turbulence modification" drogown menu.

x|
None =
User
Svensson
Liu
Sanz
Krzikalla
Lopes
|
Cancel

Sdecting 'None' switches offplant-canopy terms in
the turbulence transport equationsSelecting 'User’
allows any desired values to be input for the empirit
constants.

Application to the Harwood spruce forest

There have been only a small number of experimer
studies of wind flow through trees, and even then tt
number of data points are limited, and the accura
of the measurements in such difficult conditior
remains questionable. Here, twdimensional
simulations are made of the transition from open lar
to forest by replicating the field study of the Harwoc
spruce forest in Northumérland, as documented by

> .“‘
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Dalpe & Mason (2007) and Krzikalla (2005). The for
consists of a uniform plantation of Sitka spruce with t
following characteristics: forest treeefght, h=7.5m;
leaf area index, LAl = 2.15; and an effective d
coefficient, @= 0.2.

The wind conditions upstream of the forest al
represented by a logarithmic velocity profile with
reference velocity of 6.28m/s at a height of 15m, a
an openlandroughness heightyz0.0028m. This mean
that the wind friction velocity u= 0.3m/s.

The spruce canopies are modelled by assuming
constantLADcalculated from equation as LAI/h =0.2¢
m?/m3. The forest is 20h long, and the solution domé
is 80h longby 20h high. The wind inlet boundary
located 20h upstream of the forest's leading edge, a
a fixedpressure boundary is located 20h behind the |
of the forest.

A nonuniform mesh is used with 60 cells in the vertic
direction (z) and 210 cells iha axial direction (x). The
forest occupies 20 by 100 cells in the vertical and a
directions, respectively. A fixgotessure boundary
condition is applied at the top of the solution domain

Figure 1(below and next pagg)resents contour plots
showing the transition from open land to forest ir
terms of velocity vectors, pressure and turbulent kine
energy. The simulations are made using the turbulen
model coefficients of Green (1992), and in the figL
the pressure and turbulence energy are normedis
with the friction velocity of the approach flow.

Baxwood Spruce Forest:Grema k-e model
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Harwood Spruce FarestiGrean k-

ForastiGrean ks model

Harusod sprace

Figure 1:Harwood forest: Computed distributions of velocity
pressure and turbulent kinetic energy normalised with the frictio
velocity of the approach flow

Figure 1 shows that wind flow entethe forest, where
it experiences drag forces and decelerates, entailin
strong pressure gradient in the flow direction. Ti
mean flow is deflected upwards, and there is signific:
turbulence generation at the canogir interface due
to mean shear, ad the turbulence diminishes markedl|
with depth into the canopy.

Next, Figure 2 shows measured and predict
streamwise velocity profiles at three differer
positions, one behind the leading forest edge at %/t
6.1 and two downstream of the leading edgexth=3.6
and 14.5.

The data points are taken from Dalpe & Masson (20(
All profiles are normalised with the measured veloc
at (x/h, z/h) = 6.1, 2.0), and simulations are show
using the turbulencenodel coefficients of Greer
(1992), Krzikalla (2@) and Svensson & Haggvi
(1990).

5

T T
n & Haggvist (1990)
Gre 1992)

Krzikalla (2005)

4|  Symbols = Data

0 I I 1
0.8 u/uref 1.0 1.2 1.4

> “‘
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T

Svensson & Haggvist (1990)
een (1992)

Krzikalla (2005)

4 Symbols = Data
z/h r T

1.5

©

Svensson & Haggvist (1990)
Green (1992)
Krzikalla (2005)

a Symbols = Data
z/h I~

u/ured.5 1.0 1.5

©

Figure 2:Harwood forest: Dimensionless velocity profiles at thre
axial locations. The lines represent model simulatiomsth a
constant LADand the symbols field data measurements.

Velocity profiles in Figur@ show a transition from the
upstream logarithmic boundary layer profile towards i
inflected profile, which is typical for the canopy mixit
layer. The measurements show noticeably higl
velocities than the simulations inside the canopy, a
the model d Svensson & Haggvist (1990) produc
profiles with almost uniform velocities over the entir
forest height.

As discussed by Krzikalla [2005], there are uncertain
concerning the accuracy of the measurements, &
since the major influence on the veltcifield arises
directly from the drag term in the momentum equatior
the agreement with data can be improved when usi
a constant LAD by reducing the drag coefficient.

However, it is more realistic to use a leaf area den:
which varies with height, ahso Figure 3 presents th
results obtained from the same three simulations wh
using the vertical distribution of the LAD shown
Figure 4, which was proposed by Dalpe & Mas:
(2007). It can be seen that the computed results sho
in Figure 3 are nownimuch closer agreement with th
measurements.
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Svensson & Haggvist (1990)

Krzikalla (2005)
4| sSymbols = Data

z/h

I
0.0 0.5 u/uref 1.0 1.5

T
Svensson & Haggvist (1990)

Krzikalla (2005)
4|  symbols = Data

L
0.0 0.5 u/uref 1.0 1.5

T
Svensson & Haggvist (1990)

Krzikalla (2005)

4 Symbols = Data
z/h I

1.5

G

Figure 3:Harwood forest: Dimensionless velocity profiles at thre
axial locations. The lines represent model simulations, and ti
symbols field data measurements.

1,
0.8
0.6

0.4 1 \

0.2

z/h

T T T T
0 0.2 04 0.6 08 1 1.2
Leaf area density

Figure 4:Harwood forest: Vertial distribution of the leaf area
density.

Conclusions

A vegetation canopy model has been implemented it
the PHOENICS code using a ponmesiia approach
and a modified k€ turbulence model. The mair
parameters describing the momentum losses in t
canopy are thedrag coefficient and the leaf arei
density perpendicular to the flow direction.

The default in PHOENICS is to use a constantiteaf
density, but preision is made for the user to specify
variation with height.

Further validation of the model is needed agair
measured data, but the results presented here for t|
Harwood forest are encouraging in terms of tt
agreement obtained between the prediae and
measured wind velocities.
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3. PHOENICS Applications
External Users

3.1 Aerosol Particle Deposition Analysis in a
Fire by Hiroji Suzuki

LYGNRRdzOGAZ2Y
ISNPaz2f 3313 WERMIOESE HG T
AYRAzZAGNRAI E &AAGS AyOf dzR!
AYLRNIGFYyG G2 02YLMzGS
LINEGSOG GKS KdzYky o2Re
{2 GKS | SNRazf LJ- NJi A O
Sy SR Ay Ot KSDHEN
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| 4 |

Outlet .
g
24
12
/ 02 eat Generation Region(Fire)
4 RN
- InletAir: 2[m/s] ‘
26 — 1.85 0.1 ™
A %0 5
Fig.1 Computational Model Unit[m]

2. Governing Equation

The @verning equation for each depdent
variable is the following

%’1 div(r &: Qgradf)=8, (1)

where

f : dependent variable

r : density of fluid

u: velocity vector

G . exchange coefficient = r%’l +ﬂ§
(gl S+

n : kinematic visosity

S : Prandtl number

s, - source term for the eaclf

t: time

PHOENICS - your Gateway to CFD Success

Dependent Variablé S,
1 (mass) 0
sz(U,V,W) (momentum) - bP
T (temperature) Q
G (aerosol particle S
concentration)
Table 1

P : pressure
Q : heat source
S : deposition rate

2.1 Terminal Settling Velocity for Aerosol Particle

The terminal settling velocity of aerosol particl
i w Is computed by the following terminal settlin

velocity equation of Skes.

W o=- g(rp,i - rf)diz (2)

: 18m

where , : density of fluid

ro density of particle i
g : gravity acceleration
d, : diameter of particle
m : viscosity of fluid

When 7s=c, gravitational direction velocity
component :w is

W =W +w 3)

2.2 Deposition Flux of Aerosol Particlestie Wall

1) Laminar DiffusiorDeposition Flux
é ~
iy = D|5é98 (4)
chz+
Where
f, : deposition flux of laminar diffusion for the wal

D,: diffusion coefficient of StokeRinstein

N : concentration of aerosol particles

Z : normal direction for the wall
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2)  Turbulent Diffusion Deposition Flux
fi,=D,&@—-0 (5)

where D, : turbulent diffusion coefficient

The following total diffusion deposition flux isasvn
by eq.(4) and (3

apn g
Far = (DI & Dt)aéﬂo (6)
chz+
where 7, : total diffusion deposition flux

3)  Thermophoretic Deposition Flux

Thermophoretic velocity:v, is computed by the
following eq.(7).

1+ AK k, + K .i}T
\/th = 379( n) g kaCt n g (7)
2T,(1+3C,K,)c 2k, +k, +2k,.CK, |z
Where:
n, : kinematic viscosity
A experimental value of Millikan
K, Knudsen number
T, gas temperature
C, correction coeficient for the temperature
discontinuity
C, : correction coefficient for the momenturr
transport effect
¢ . shape factos
9 thermal conductivity of gas
k, : thermalconductivity of the aerosol particle:

Thermophoretic Deposition Flug:isshown ty eq.(8)

Fin =Viph (8)

4)  Gravitational Deposition Flux
Gravitational deposition flux is drawn by eq.(2)
fy=wn 9)

2.3 Generation of Aerosol Particles

Assuming that the generation rate &, the generation
rate for the each aerosol particle size classiis

g =3W; (10)

where W,; : weight ratio for the each aerosol particl
size class(Fig.2} W, =1

0.25

0.2

. 307 400 522 BB7 116 151
Particle Diameter [10-%m]

Weight Ratia[kg/kg]
[
e B
+
.

: :

’ ——
. i
o H
& |

Ju
106 138 180 235

Fig.2 Weight Ratio for each Particle Size Class
2.4 Source Condition of Aerosol Particles

The following data are the generation rate of aeros
particle and diameter distribution data of the aeros:
particle generated in fire.

A Generation rate § =4.903 10°kg/(m’sec)]
A Geometric mean diameterD, = 4.03 10"[m]
A Geometric standard deviations, =1.7
A Aerosol particle density /| =1.0kg/m°]

>\

Number of particle size class : 11

3. Computational Condition

3.1 Computational Condition for Fluid
The computational condition for fluid is given below.

A Coordinate system is 3Cartesian

A Computational meshes are 331,296
(NX*NY*NZ=87*5%8)

A Unit system is (m,kg,sec)

A Time step size for fluid is 1.0[sec]
(1,000[step] for 1000[sec])
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PO

A Property of fluid I
Density :1.176 [kg/n¥](Air)
Kinematic viscosityl.583E5[m?sec]
Thermal conductivity : 0.0258[W/(mK)]
Specific heat at constant volumd.007[J/(kgK)]

A Boundary condition 100[sec]
Inlet : Inlet velocity2[m/sec]

Outlet : gauge pressure 0[Pa] ' :
Wall : Nonslip [
Outside temperature : 30[Deg.C]
Heat generation rate in fire region : 4E+6[Wjm
A Turbulerce model

LVEL model 300[sec] 500[sec]
A Buoyancy

Boussinesq approximation
A Radiation

IMMERSOL method
Scattering coefficient : 0.8

Absorption coefficient : 0.8 700[sec] 1000[sec]

A Initial condition Fig.4 Time Integral Value of Deposition on the wall [kt?]
Steady state situation with no heat generation i’:’ﬁ;f:;::“ ' '

4. Result [ oo

The total aerosol particle concentration distribution f i:iifﬁ:::

all particle size classat the crossection forthe y axis f 300.0000

is shown in Fig.3Che ime integral value of depositior \

on each wall is shown in Fig.4. The value of deposi 2000003 '

at the center of the top wall is highest, because t 100[sec]
highest value of the deposition flux is caused by h i
total aemsol particle concentration for all size class
(Fig.3) and high fluid temperatuf€ig.5).

N -
300[sec] 1000[sec]
Fig.5 Temperature[Deg.C]

100[sec]

Velocity,

3.49029%6
-1 ! 3.272333

3.054369
2.836405
[ 2.618442
1 2.400478
M 2.182514
I 1.964550

1.746586
] 1.528623

1.310659
[ 1.092695
0.874732
0.656768

300[sec] 1000[sec]
Fig.6 Velocity Vector[m/sec] (300[sec])

Fig.3 Total Aerosol Particle Concentration for All Size Class
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|
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Aerosol Particle Size class 6 Aerosol Particle Size class 7

Aerosol Particle Size class 8 Aerosol Particle Size class 9

Aerosol Particle Size class 10 Aerosol Particle Size da 11

Fig.7 Aerosol Particle
Class[kg/kg](1000[sec])

Concentration for each Si

10

5. Conclusion

It has been confirmed that the implementation i
PHOENICS2010 can compute aerosol particle
deposition on the waltjualitatively.

But the following probleraremain:

A The aerosol particle diameter becostagger by
agglomeration between the aerosol particle
This model does not consider agglomeratism
the distribution of the bigger aerosol particles
under estimated in this result. The
agglomeration needw be considered

A Scattering coefficient and absorption coefficie
for the radiation flux are constant in thi:
computational region now. Butscattering
coefficient and absorption coefficient ar
dependenton the concentration of the aeroso
particle.
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4. Agent News
4.1 ACADSBSG: Australia, Ne&ealand, South
East Asia

A reminder that ACABBSG will exhibit at the
ARBS Conference in Melbourne from M2§ ¢ 22
Hamn ® w. { A& ! dza i NI t-A
conditioning, Refrigeration and Building Servic
industries. Itis a 3 daywent connecting local, nationa

and international exhibitors with major buyers
specifiers, design and consultingngineers and
technicians.

4.2 ACFDA Canadaand the USA

ACFDA, CHAM's Ageimt North America has
submitted a paper and presentation for the 201
ASSE_MEC Conference. These give a brief revie
recenty validated PHOENICS CFD models appliec
risk and safety assessments (flammable gas rele
and dispersion atmospheric pollutant dispersion an
two-phase plumes from cooling towers and othi
industrial installations).



