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• chilled ceilings 

Static cooling 
and displacement: 

The BSRIA has completed its latest research project into the 
combination of displacement ventilation and chilled ceilings. 
Do they work to1i;,ether in harmony? Farshad Alamdari reports. 

0 
here is currently an upsurge of 
interest in buoyancy-driven 
di placement venti lation sys
tems and chi lled ceiling de

vices in fficc spaces within the 
UK hvac indu try. Although these y terns, 
individually, have been in use on the continent 
for many years, doubts remain over their com
bined performance and effectiveness. 

Hence the results ofresearch carried out at 
the BSRIA's Microclimate Centre will be ea
gerly awaited. The aim of the project was to 
investigate whether it is feasible to combine 
displacement ventilation and chilled ceilings 
while still maintaining adequate thermal com
fort and a predominant upward air flow. 

The technology 
In buoyancy-driven 'd isplacement-flow ven
tilation systems, low velocity air is supplied 
from low-level supply air tem1inals dfreetly 
into the occupied zone at a temperature slightly 
cooler than the design room air temperature. 
Air moves radially along the floor 10 create a 
coo.I layer nca.r the floor. Convective plumes 
from internal heat ource , such as occupants 
and equipment, entrain air from this laye.r into 
the occupied zone and cause an upward move
ment, with ll1c air increasing in temperature as 
it rises. The warm, contaminated air forms a 
stratified region above the occupied zone which 
is exhausted at high level. 

Displacement ventilation systems have 
gained popufarity among designers because of 
the potential benefits they can provide in cre
ating thermally com fortablcenvironments with 
high ventilation effectiveness. Although these 
systems have some cooling capability, their 
prime function is to provide the fresh air re
quirements of occupants. 

The additional cooling requirement may 
be provided by the adoption of appropriate 
'static' cooling techniques (such as chilled 
beams and/or panels). The BSRIA 's research 
work attempts to discover whether it is possi
ble to preserve the displ.acement now field in 
the presence ofthe downward conveetiveflows 
generated by these devices. 

Test method 
To assess the resulting room air movement, 
environmental thermal comfort and air quality 
of office cnvi.ronments using chilled ceilings 
and displacement ventilation, it was necessary 
ro obtain values of air velocities temperatures 
and concentrations of pollutants within the 
space. This was achieved by a combination of 
physical and computer modelling techniques. 

A test facility was constructed to form a 
fully insulated room with internal dimensions 
of IO m by 6 m by 2·7 min height. Beneath the 
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the perfect mix? 
floor of the room there was a 600 mm-deep 
void, used to route the supply air distribution 
ducting. Above the ceiling of the room there 
was a further I ·2 m-deep void, which was used 
as an extract air handling plenum. 

Thermal gains in the test facility were 
categorised into three areas: lighting Oiigh 
level fluorescent 'uplight' fittings), occupants 
(a total of eight in a sedentary posture) and 
equipment (a pc for each occupant, printers 
and a photocopier). Air was supplied to the 
room via four low-level wall-mounted dis
placement air terminals and extracted through 

the ceiling void via two 150 mm-diameter 
ducts which had openings situated approxi
mately 2·5 m off each of the 6 m wide walls. 

In all test cases considered, the ventilation 
rate and the supply air temperarure was 3·5 ac/ 
h and l9°C respectively. Initially, the dis
placement ventilation flow field was charac
terised for an internal heat load of 20 W/m2• 

Internal gains were then increased in incre
ments of20 W/m2 up to a maximum load of80 
W/m2

• Ai load settings of40 W/m2 and above, 
chilled beams or chilled panels were operated 
ro provide the additional cooling necessary. "'"' I 
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Above, figure 1: Flow field results for a combination of chilled beams and displacement ventilation 
at internal heat loads of 80 W/m' and below, figure 2, the same analysis with panels instead of 
beams. Clearly the degree of mixing is less pronounced with the panels. ... ~ I 
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Air speeds and temperatures were sampled 
in columns in the test room at various heights 
and on a fine regular square grid. The measure
ments were used to verify the predicted data 
obtained by a 'field' airflow computer model, 
Flovent, which was subsequently used to ana
lyse environmental thermal comfort and air 
quality within the space. 

Environmental performance 
The flow field in the displacement ventilation 
and chilled beam system (figure I) gave a 
more mixed condition within the occupancy 
zone than the pure displacement system for a 
given air change rate, with the degree of mix
ing increasing with increasing thermal load. 
The degree of mixing was less pronounced 
when chilled panels were used with the dis
placement system (figure 2). 
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Figure 3: Chilled beams and displacement 
ventilation at an internal load of 80 W/m' . 
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For displacement ventilation without chilled 
ceiling devices at a thermal loading of20 WI 
m2, both measured and predicted field data 
indicated a satisfactory thermal environment 
and air quality in the occupancy zone. Indeed, 
the predicted mean vote (pmv) and predicted 
percentage dissatisfaction (ppd) values were 
well within the recommended ranges given by 
ISO 77301 andASHRAE55-19922

• With40W/ 
m2 of internal thermal load, however, the ther
mal environment was too warm at all levels. 
This was to be expected as the internal thermal 
loads doubled, with no increase in ventilation 
rate. 

The use of chilled beams and panels pro
vided an acceptable thermal environment 
within the majority of the occupancy zone at 
all the thermal loads investigated, except at 
low levels where the downward convective 
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Figure 4: Chilled panels and displacement 
ventilation at an internal load of 80 W/m'. 

airflows merge with the displacement cool air 
layer causing higher air velocities and lower 
air temperatures, which may result in localised 
cold discomfort (figures 3 and 4). 

Conclusions 
Both measurements and predictions indicated 
that displacement air flow patterns were estab
lished when the thermal loads were matched to 
the cooling capacity of the displacement ven
tilation system. However, when thermal loads 
in the office were increased by 100% above the 
system design load, the displacement air flow 
region was reduced to a level just within the 
confines of the occupancy zone. 

When additional cooling was provided by 
chilled beams or panels to offset higher ther
mal gains, the downward convective airflows 
were within the occupied zone. As thermal 
loads were increased, the downward convec
tion increased, hence the upward displace
ment airflow region was progressively eroded. 
Indeed, when the thermal loads were increased 
to 80 W/m2, the flow field was virtually similar 
to a conventional mixed airflow system, ex
cept in the vicinity of the heat sources where 
upward convective plumes entrain air from the 
displacement cool air layer at floor level. In all 
conditions considered, thermal comfort was of 
a very high order (better than or equal to 80% 
occupant satisfaction). 

The degree of mixing in the occupied zone 
is highly dependent on the downward convec
tive airflows - care must be taken to reduce 
these. The analysis of the airflow patterns and 
temperature fields of all the tests involving 
chilled beams and panels shows that the ceil
ing design is an important factor in the result
ing airflows. It may be possible to reduce the 
downward convective airflows by appropriate 
distribution of chilled ceiling devices and re
turn air grilles in the ceiling. 

To provide a code of practice on the per
formance of displacement ventilation and static 
cooling devices in offices, the BSRIA is now 
undertaking a further research project into this 
subject to bring together earlier study results 
and extend the work to include the effect of air 
distribution systems, chilled ceiling layout and 
indoor air quality performance aspects. 

Or Farshad Alamdari CEng FCIBSE is head of the BSRIA's 
Microclimate Centre 
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