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The week of April 22 was Franklin Awards Week in Philadelphia.  
¢ƘŜ CǊŀƴƪƭƛƴ LƴǎǘƛǘǳǘŜΩǎ Ƴƛǎǎƛƻƴ ƛǎ ǘƻ ƛƴǎǇƛǊŜ άŀ Ǉŀǎǎƛƻƴ ŦƻǊ 
ƭŜŀǊƴƛƴƎ ŀōƻǳǘ ǎŎƛŜƴŎŜ ŀƴŘ ǘŜŎƘƴƻƭƻƎȅέΦ  ¢ƻ ǘƘƛǎ ŜƴŘ ƛǘ ǇǊŜǎŜnts 
annual awards to those who have achieved excellence in various 
scientific fields (www.fi.edu). 

tǊƻŦŜǎǎƻǊ {ǇŀƭŘƛƴƎΩǎ ŀǿŀǊŘΣ ƛƴ aŜŎƘŀƴƛŎŀƭ 9ƴƎƛƴŜŜǊƛƴƎΣ ǿŀǎ ŦƻǊ 
Ƙƛǎ άǎŜƳƛƴŀƭ ŎƻƴǘǊƛōǳǘƛƻƴǎ ǘƻ ǘƘŜ ŎƻƳǇǳǘŜǊ ƳƻŘŜƭƭƛƴƎ ƻŦ ŦƭǳƛŘ 
flow, creating the practice of computational fluid dynamics 
(CFD) in industry, and paving the path for the widespread 
application of CFD to the design of objects from airplanes to 
ƘŜŀǊǘ ǾŀƭǾŜǎΦέ 

During the week, Professor Spalding spent time at the Franklin 
Institute with a display of PHOENICS applications which could be 
viewed by young visitors to the Museum who were encouraged 
to ask questions.  He also delivered a lecture on Benjamin 
Franklin & CFD (www.cham.co.uk/lectures) as part of a CFD-
related program at Villenova University arranged by his 
sponsor, Dr Gerard Jones.  Four past students attended: Steven 
Beale & Andrew Pollard drove down from Canada, Akshai 
Runchal came from California (via India), and Malcolm Andrews 
flew in from Texas. 

On presentation day a formal reception was followed by the 
ceremony featuring a video concerning the lives and 
achievements of each Laureate (www.cham.co.uk/news).   

Laureates received their medal from the President of the 
Franklin Institute, Dennis Wint.  After the ceremony Bill Gates, 
the 2010 winner for Business Leadership, spoke briefly.  
Laureates then processed out and were joined by some 800 
guests for a formal banquet ς a truly memorable occasion. 
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Fig.1 Computational Model     

 

 
 
Fig.2 2D Cylindrical Mesh 
 

 

 

 

 

 

  

 
 
1. Introduction  
       The collision model 
between magnetic and neutral 
particles is implemented in 
PHOENICS 3.5.1 by using the 
ǳǎŜǊǎΩ ǎǳōǊƻǳǘƛƴŜ όDǊƻǳƴŘύ ǘƻ 
simulate the phenomenon of 
extracting the neutral particle. 
The confirmation calculation is 
done, considering the free 
surface (SURN), by a 2D 
cylindrical model (Fig.1). The 
Lagrangian method is used to 
compute movement of the 
particles.  The lower part of the 
cylindrical receptacle is filled 
with water. The magnetic 
particles and the neutral 
particles are made a clear 
distinction in the low part for 
the initial condition. 

 
 

2)   PHOENICS Applications  

2.1   Implementation of a Collision Model between Magnetic and Neutral 
Particles in PHOENICS by Hiroji Suzuki, ITOCHU Corporation, Tokyo, Japan 

 

 2. Particle Model 
 The following particle 

model is implemented in 
PHOENICS 3.5.1 
Á Three kinds of particles are 

considered (magnetic, 
neutral and neutral including 
magnetic via the collision). 

Á Particle movement is 
ŎƻƳǇǳǘŜŘ ōȅ bŜǿǘƻƴΩǎ 
equation of motion. 

Á Drag force between particle 
and fluid is considered for 
the particle only. 

Á The magnetic force operated 
for the magnetic particle 
depends on the position(r,z) 
of the particle. 

Á The buoyancy force is 
considered for the particle. 

Á KIVA[1] is used for the 
collision model.  

Á The collision between 
particle and wall is elastic. 

Á Brownian motion of a 
particle is considered. 

3. Coordinate System of a 
Particle 

 A normal coordinate system is 
used to compute the equation of 
motion for the particle. The 
position of the particle in the 
normal coordinate system is 
computed from the position in the 
physical coordinate system by the 
mapping transformation used for 
any coordinate systems 
(Cartesian, Cylindrical, BFC). 

 

 
 
Fig.3 Mapping Transformation 
 

 

4  Computational Conditions 

4.1   Computational Conditions for Fluid 
   The computational condition for fluid is given 

below. 

Á Coordinate system is a 2D cylindrical system 
(Fig.2) 

Á Computational meshes are: 
  15,975(NX*NY*NZ =1*71*225) 
Á Unit system is (mm,mg,sec) 
Á Time step size for fluid is 1.0E-4[sec]  

(3,000[step] for 0.3[sec]) 
 

 
Á Time step size for particle is 1.0E-5[sec] 
Á Property of fluid 
   Density:  9.9823E-01 [mg/mm3] (Water) 
                1.189E-03   [mg/mm3](Air) 
   Kinematic viscosity: 1[mm2/s] (Water)          
             1.544E+01[mm2/s] (Air) 
Á Boundary condition 
   Inlet:     Inlet velocity 5[mm/s] 
   Outlet: gauge pressure 0[mg/(mm*s2)] 
   Wall:     Non-slip 

 

4.2  Computational 
Conditions for Particles 

 The particle computational 
condition is given below: 

Á Initial condition 
 Magnetic particle: 10,000 

computational particles in 
red region (Fig.1).  

 A computational particle 
expresses 673 real particles. 

 Neutral particles: 10,000 
computational particles in 
blue region (Fig.1). 

 A computational particle 
expresses 12 real particles. 

 

   

 Magnetic and neutral 
particles are placed 
uniformly by using random 
numbers for the location for 
each particle. 

Á Particle Radius:  Magnetic: 
лΦмώ˃ƳϐΤ   bŜǳǘǊŀƭΥ  млώ˃Ƴϐ 

Á Particle Density: 
Magnetic:7.87[mg/mm

3
]; 

Neutral: 0.99823[mg/mm
3
] 

Á Gravitational acceleration:  
      g: 9810[mm/sec

2
] for ςz 

direction  
 

 

4.3. Results 

   Particle distribution is 
shown in Fig.4-Fig.7. Red 
indicates magnetic particles; 
black indicates neutral particles 
and green indicates neutral 
including magnetic from the 
collision.  

 The neutral (green) 
particles are distributed 
between magnetic and neutral 
particles, because they are 
created by the collision.  
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Picture files for Figs.4-7 are created using the PHOTON 
GEOMETRY feature. The shape of the particle is a very small 
triangle. 

 

   Fig.4  0.05[sec]            Fig.5  0.1[sec] 

 

   Fig.6  0.15[sec]            Fig.7  0.2[sec] 

  Figure 8 shows distribution of the fluid velocity vector. 

 

Fig.8   Velocity Vector of Liquid at the bottom part (0.2[sec]) 

5. Conclusions 

   The following problem remains now. 
Á The collision frequency has not yet been confirmed by 

comparing this result with the experimental data. 
Á When this 2D cylindrical model with free surface (SURN) is 

used, it takes nearly 10 days to compute a phenomenon 
which takes a few seconds to occur. 

The above problems will be resolved as follows 
Á It is possible to confirm the collision model by getting the 

experimental data. 
Á It is possible to shorten computational time for free 

surface by using simple free surface model (Moving 
Porosity or HOL) 
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2.2 Simulation of Turbulent flow to Estimate 

Virtual Airflow Patterns in the Upper Airway by 
 Tomonori Iwasaka of Kagoshima University 

Graduate School, Medical & Dental Sciences 
submitted by Zuwei Kong of CHAM Japan 

 This research simulates turbulent flow to estimate virtual 
airflow patterns in the upper airway.  Volume rendering 
software (INTAGE Volume Editor, KGT, Tokyo, Japan) was used 
to create the 3-D images of the shape of upper airway. The 
rendered volume data was in a 512×512 matrix with a voxel size 
of 0.377 mm. The 3-D CBCT images for the airway model were 
exported to computational fluid-dynamic software (PHOENICS, 
CHAM-Japan, Tokyo, Japan) in stereolithographic format.  

      
 
 

 
 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 Airway resistance is greater during expiration than 
inspiration during quiet breathing. Accordingly, each voxel on 
the plane of the hypopharynx was considered part of the flow 
inlet while each voxel at the entrance of each nostril was 
considered part of the flow outlet. The air was assumed to be a 
Newtonian, homogeneous, and incompressible fluid. Elliptic-
staggered equations and the continuity equation were used in 
the study.  The following boundary conditions were set to the 
model:  

1)  The air flowed perpendicular to the lower pharyngeal 
plane had a velocity of 200 ml/sec.  

2)  The wall surface was non-slip.  

3) The simulation was repeated 1000 times to calculate the 
mean values.  Convergence was judged by monitoring the 
magnitude of the absolute residual sources of mass and 
momentum, normalized by the respective inlet fluxes.   
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 The iteration was continued until all residuals fell below 
0.2%.The results of the FMS are shown as pressure and velocity. 
The maximum pressure and the maximum velocity of the upper 
airway were calculated to evaluate the ventilatory condition 
and to detect obstructions in the upper airway. 

Case result picture: 
 

 
 

 

Reference: 

1) Iwasaki T, Hayasaki H, Kanomi R, Saitoh I, Yamasaki Y: 
Dental influences of upper airway obstruction on facial 
skeletal morphology in children with use of fluid-
mechanical simulation.  

 Pediatric Otorhinolaryngology Japan. 2009. 30(1): 5-9. 

 

3)  Consultancy Applications  

3.1 Modelling of Data Centres to Optimise Design  
 by Paul Emerson of CHAM Limited 

 CHAM's consultancy team has been busy working on a 
variety of interesting projects over the last few months.  Much 
of this time has been devoted to the modelling of data centres 
to assist with and optimise the design of cooling and ventilation 
systems, and look at the impact of additional IT loading or 
investigate cooling failure scenarios. 

 
 

 Data centres located across the globe have been 
simulated, involving complex single-or-multi-room layouts, 
under-floor ventilation, sometimes a return air ceiling plenum 
and cold aisle containment systems. CHAM personnel and 
agents have performed site surveys, gathering detailed 
information on the layouts and cooling systems, which, together 
with engineering drawings, enabled 3-D models to be built using 
CHAM's streamlined method.  

  

 
 This method constructs a list of the data centre contents 
together with key parameters (e.g. air flow rates, heat output) 
within a single spreadsheet. The spreadsheet is read by 
PHOENICS, enabling common data centre objects (i.e. CRACs, 
PDUs, cabinets, floor/ceiling grilles) to be constructed 
automatically. It allows rapid changes to be effected, such as 
scaling IT loads by changing a single value in the spreadsheet.  

 

 Results from the simulations show the air flows and 
temperatures into and out of the cabinets, indicating 
undesirable regions of recirculation from hot to cold aisles. 
PHOENICS also enables average and maximum inlet and outlet 
temperatures to all cabinets to be evaluated. 

 
 The predicted power output from any chilling device can 
be determined and is useful for highlighting which units are not 
providing sufficient cooling, and which are only partially loaded. 
Results might indicate a re-distribution of the units to optimise 
the cooling, or even fewer units required thus providing cost 
savings.  

 
 Initially the required air flow rate through each floor or 
ceiling grille is estimated, but often the results from the CFD 
simulation will show some re-balancing is necessary to achieve 
good air distribution throughout the room. This re-balancing 
can be achieved using CFD, and is useful during the 
commissioning process when the grille flow dampers have to be 
set. Many of the data centres modelled are to be tested during 
commissioning, with measurements taken which will provide 
useful data to help validate the CFD results. 
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