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

Tableof Contents
Title

PHOENICB odelling of a Moving Bodyin a Stratified Tank, by Dr RP Hornby

-

s

ParticulatesEmitted from Residential ChineseCooking, by YuejingZhag Bin 5
’ Zhao,and MichaelMalin

PHOENIC& ThermalResponseand EnergySavingsof Multi-layer Glassand 8
BIPVFa@de Structures,communicatedby Harry Claydon,CHAM

“c, Newsfrom CHAMAgents:Examplesof TypicalUseof PHOENICB Germany
“~ and Austria, by FrankKanters,Coolplug

Newsfrom CHAM Sponsoringa LocalSchool 12

ContactCHAM 12

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

Winter
2019/2020

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


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

PHOENICHodelling of a Moving Body in a Stratifiedahk
ByDr. R P Hornby

Arelated article by the authoronmotle A y 3 G KS W5SIR 21 GSNR STFSOG ant LJdzo f
2009 (Rrf1). In that article PHOENICS simulations were accomplished using a coordinate system fixed in th@body
so that an inflow velocitycomresponding to thepredicted bodyspeed was applied in conjunction with a body forg

on the fluid. Figure 1a shows the Jong experimental tank withower fluid layer (white) of density 1025 kg/3

and upperlayer (red) of density 1000kgAB. A rectangular block (0.12m long, 0.1m wide and 0.0275m deep)@ias
towed through the fluid (from left to right) by means of a constant driving force. Figure 1a shows experimental @sults
after 16s of towing the body from rest. The result of the corresgiog PHOENICS simulation (blue showing lighiiier
fluid and red heavier fluid) is shown lHgure 1b. It can be seen that there is reasonable agreement in the intciihal
wave profiles between experiment and PHOENICS prediction.

PHOENICS has a moving body fa¢MOFOR) which uses a surprisingly simple technique. The body is assumeflifilled
with fluid which is constrained to move with body velocity. In PHOENICS this is accomplished by fixing the fluj@d in the
body with the body velocity. The current MOFOR fagilitowever, assumes a specified position or velocity of llle
body as a function of timdt cannottherefore deal with a body that moves under application of a specified forcejias
would be required fothis experiment). There is no reason, though, that M®FOR concept cannot be adapted

model the experimental situation. This requires only that body velocities, computed from the equation of moti@h of
the body, are fixed in GROUND. This modification has been carried out (tagged by my initials, RPH)esittd

are now presented.

Figure 1. (a) Top, rectangular body is being towed left to right in a 2m long tank, 0.25m,\iltel with stratified fluid to a depth
of 0.15m. The lower fluid layer (white) is Kawater with density 1025 kg/m3 and the upper layer fsh water with density
1000kg/m-3. Image courtesy of Professor Leo Maas of the Royal Netherlands Institute for Sea Research. (b) Bottom, PHQ
simulation using a FIXED body. Here the lower denkityer is coloured red and the upper layer coloured blue.

Methodology and Results

It has been considered wise to check both MOFOR and RPH for the simpler case of the above block movigi in the
tank filled with flid of uniform density 1000kg/m3. The prescribed motion chosen fortbody is given by:
® OO —-0VaAyo. o
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Figure2. Comparisorof the drag forces(Fixed(black), MOFORblue)and RPHred))
on the body over a sectionof the tank
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Where a=0.025n/s, wn=4pi/251-s

and x (m)is the distance along thq
tank. The value dd ischosen to be
representvelocities achieved in thg
experiment andw is chosen using
the transit time of the block ag
period. When looking at results fo
the forces on the body resulting
from the motion forboth MOFOR
and RPH applications the forcq
oscillate which initially, appears
disturbing. Figure 2 shows the dra
forces calculated by MOFOR a
RPH compared with those using
fixed body over a 0.68m to 0.8

section of the tank.

On reflection the oscillation in the
forces may perhaps be expected :
the body may spend several tim
steps within the same group o
computational cells and a variatio
in the force may be necessary to b
consistent with maintaining a fixed
position. It should be note that all
other aspects of the simulationg
appear satisfactory (for example
the equation residuals are wel
behaved). However, a smoothin
technique applied to the forces
recovess reasonable agreemen
with the fixed body resultsas
shown in Fgure 3a. Anin cell
averaging technique for the force
has also been successfully trie
Fgure 3b.

Figure & Top, Comparison of thd
smoothed RPH (red), MOFOR (bl
drag forces with the fixed bod
(black) resultsFigure ® Bottom,
Comparison of the fixed bod
(bladk) results with the RPH (red
cell averaged results.

The RPH method has then begq
applied to the stratified tank
experiment (seeFigure 13 where
the body is towed with constant
force from rest.




The equation of motion of the body iistegrated to determine the body velocities and position at each time step. The
predicted results in th stratified tank are shown inigure 4 and sbuld be compared with those inigure 1. These
preliminarymovingbody results have a nth coarser grid thathe fixedbody results buteven sg the results are

encouraging.

Figure 4. urface velocity plot after 16s showing
location of moving body. Bottom, density profile
results (tank walls) after 16s from the moving body
method incorporating the bodyequation of motion
(compare with figure 1).
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Figure 5 illustrates how the total force on the
moving object (RPH method) is reduced in the
stratified casedue to the increaseddrag resulting
from generation of internal waves. For further
details on the implicationsof this effect, seeref 1
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Figure 6 Comparison of total force on object moving
in tank with uniform density of 1000kg/m3 (red) and
in the tank stratification illustrated in figure 1 (blue).

Conclusions

A movingbody 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 emalinb.hornby007 @gmail.com
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