
  

1 
 

 
 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table of Contents 

Title 
Page 

PHOENICS Modelling of a Moving Body in a Stratified Tank, by Dr  R P Hornby 2 

Particulates Emitted from Residential Chinese Cooking, by Yuejing Zhao, Bin 

Zhao, and Michael Malin 

5 

PHOENICS ς Thermal Response and Energy Savings of  Multi -layer Glass and 

BIPV Facade Structures, communicated by Harry Claydon, CHAM 

8 

News from CHAM Agents: Examples of Typical Use of PHOENICS in Germany 

and Austria, by Frank Kanters, Coolplug 
10 

News from CHAM: Sponsoring a Local School 12 

Contact CHAM 12 

   Concentration Heat and Momentum Limited, Bakery House, 40 High Street, Wimbledon, London SW19 5AU, UK  

Telephone: 020 8947 7651,  E-mail: phoenics@cham.co.uk , Web site: http://www.cham.co.uk  

PHOENICS News  

Winter  
2019/2020 

This edition of the PHOENICS Newsletter contains contributions from PHOENICS Users 
showing how the software can be used to model, and improve, diverse environmental 
applications including the impact of cooking on air quality in China, improving energy 
conservation in homes with BIPV Façade Structures and assorted applications from 
Users in Germany. There is also a follow up to an article published 10 years ago 
regarding MOFOR. The next Newsletter will provide information on new features in, and 
improvements to, PHOENICS in its 2020 release. 

  
 

mailto:phoenics@cham.co.uk
http://www.cham.co.uk/


  

2 
 

 

 

 

 

 

 

 

 

 

 

A related article by the author on modelƭƛƴƎ ǘƘŜ Ψ5ŜŀŘ ²ŀǘŜǊΩ ŜŦŦŜŎǘ ǿŀǎ ǇǳōƭƛǎƘŜŘ ƛƴ ǘƘŜ tIh9bL/{ bŜǿǎƭŜǘǘŜǊ in 

2009 (Ref 1). In that article, PHOENICS simulations were accomplished using a coordinate system fixed in the body 

so that an inflow velocity, corresponding to the predicted body speed, was applied in conjunction with a body force 

on the fluid. Figure 1a shows the 2m long experimental tank with lower fluid layer (white) of density 1025 kg/m-3 

and upper layer (red) of density 1000kg/m-3.  A rectangular block (0.12m long, 0.1m wide and 0.0275m deep) was 

towed through the fluid (from left to right) by means of a constant driving force. Figure 1a shows experimental results 

after 16s of towing the body from rest. The result of the corresponding PHOENICS simulation (blue showing lighter 

fluid and red heavier fluid) is shown in Figure 1b. It can be seen that there is reasonable agreement in the internal 

wave profiles between experiment and PHOENICS prediction. 

PHOENICS has a moving body facility (MOFOR) which uses a surprisingly simple technique. The body is assumed filled 

with fluid which is constrained to move with body velocity. In PHOENICS this is accomplished by fixing the fluid in the 

body with the body velocity. The current MOFOR facility, however, assumes a specified position or velocity of the 

body as a function of time. It cannot therefore deal with a body that moves under application of a specified force (as 

would be required for this experiment). There is no reason, though, that the MOFOR concept cannot be adapted to 

model the experimental situation. This requires only that body velocities, computed from the equation of motion of 

the body, are fixed in GROUND. This modification has been carried out (tagged by my initials, RPH) and the results 

are now presented. 

 

 

Figure 1. (a) Top, rectangular body is being towed left to right in a 2m long tank, 0.25m wide, filled with stratified fluid to a depth 

of 0.15m. The lower fluid layer (white) is salt water with density 1025 kg/m-3 and the upper layer fresh water with density 

1000kg/m-3. Image courtesy of Professor Leo Maas of the Royal Netherlands Institute for Sea Research. (b) Bottom, PHOENICS 

simulation using a FIXED body. Here the lower density layer is coloured red and the upper layer coloured blue. 

It has been considered wise to check both MOFOR and RPH for the simpler case of the above block moving in the 

tank filled with fluid of uniform density 1000kg/m-3. The prescribed motion chosen for the body is given by: 

 ὼ ὥὸ  ύǎƛƴό˖ǘύ     
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Where a=0.025m/s, w=4pi/251-s 

and x (m) is the distance along the 

tank. The value of a is chosen to be 

represent velocities achieved in the 

experiment and w is chosen using 

the transit time of the block as 

period. When looking at results for 

the forces on the body resulting 

from the motion for both MOFOR 

and RPH applications the forces 

oscillate which, initially, appears 

disturbing. Figure 2 shows the drag 

forces calculated by MOFOR and 

RPH compared with those using a 

fixed body over a 0.68m to 0.8m 

section of the tank.  

On reflection, the oscillation in the 

forces may perhaps be expected as 

the body may spend several time 

steps within the same group of 

computational cells and a variation 

in the force may be necessary to be 

consistent with maintaining a fixed 

position. It should be noted that all 

other aspects of the simulations 

appear satisfactory (for example, 

the equation residuals are well 

behaved). However, a smoothing 

technique applied to the forces 

recovers reasonable agreement 

with the fixed body results as 

shown in Figure 3a. An in cell 

averaging technique for the forces 

has also been successfully tried, 

Figure 3b. 

Figure 3a Top, Comparison of the 

smoothed RPH (red), MOFOR (blue) 

drag forces with the fixed body 

(black) results. Figure 3b Bottom, 

Comparison of the fixed body 

(black) results with the RPH (red) 

cell averaged results.   

The RPH method has then been 

applied to the stratified tank 

experiment (see Figure 1a) where 

the body is towed with constant 

force from rest.  

 

 

 

 

 

 

 

Figure 2. Comparison of the drag forces (Fixed (black), MOFOR (blue) and RPH (red)) 

on the body over a section of the tank 

Figure 3 (a) 

Figure 3 (b) 
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Figure 4. Surface velocity plot after 16s showing 

location of moving body. Bottom, density profile 

results (tank walls) after 16s from the moving body 

method incorporating the body equation of motion 

(compare with figure 1). 

 

 
Figure 5 illustrates how the total  force on the 

moving object (RPH method) is reduced in the 

stratified case due to the increased drag resulting 

from generation of internal waves. For further 

details on the implications of this effect, see ref 1 

 

Figure 6. Comparison of total force on object moving 

in tank with uniform density of 1000kg/m-3 (red) and 

in the tank stratification illustrated in figure 1 (blue).  

 

 

 

The equation of motion of the body is integrated to determine the body velocities and position at each time step. The 

predicted results in the stratified tank are shown in Figure 4 and should be compared with those in Figure 1. These 

preliminary-moving-body results have a much coarser grid than the fixed-body results but, even so, the results are 

encouraging.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A moving-body method similar to MOFOR has been developed and shown to work well. The method allows either a 

specified body position with time to be set or a body movement under the action of specified forces. It allows a useful 

extension to MOFOR. 

Dr R P Hornby email: bob.hornby007@gmail.com 
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