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Displacement Ventilation Experiments

A research paper entitled "The Measurement and Simulation of Indoor Air Flow"
written by Marcel Loomans ISBN 90 6814 085 X forms the basis for this section. In
his thesis Loomans eval uates the measurement and simulation of the indoor
environment. Two measured experiments were undertaken and the data compared to
CFD simulated data. The second of these experiments investigates a Desk
Displacement Ventilation system (DDV). Using the data for this experiment we have
undertaken 3D CFD Tas simulations.

In normal design situations accurate information about the type of heat source or
exact distribution are not known. Normal practice in such circumstancesis to apply
the heat gain at an average rate over avolume at the approximate location. Although
the results presented in this section validate the cal culation procedures strongly, the
main purpose of these simulations was to study the effect of these simplifications. In
effect, the goal was not to be as accurate as possible by entering every minute detail
of the problem, but to enter the geometry and boundary data asif performing a design
simulation. In this way the design process itself becomes the target of the validation
exercise. The results would then indicate the practical use of the ssmulations for basic
design work and point out any areas where greater precision in input datawas
required to achieve the desired accuracy. These cases had different types and sizes of
heat gain from internal sources and so made a perfect test for the usual approach of
modelling these gains as simple heat ‘regions’.

-l :
Desk Displacement Ventilation Room Layout

The experiment had been run for eight cases. The boundary conditions were different
for each case. The supply rate, supply temperature, mannequin output and power
output from computers and lamps were all varied.

Of particular interest are cases 1a and case 5b. Case 1lahasalow supply air flow rate
of 0.010 m*/s and the thermal mannequin provides the only heat gain for the room. In
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contrast case 5b has arelatively high supply air flow rate of 0.029 m*/s and has heat
gains from the mannequin and equipment. Case 4ais aso simulated and isan
intermediary between cases 1a and 5b.

3D CFD Mode - Heat Regions, inlets, outlet and blocks are visible inside the Room.

During the experiments temperature measurements are taken using an array of
temperature sensors. In all over 500 sensor |ocations were recorded. The figure below
shows the layout for the sensors in the first plane of the room near the west wall
looking towards the east. The sensors were numbered from left to right and from the
bottom row to the top row, i.e. sensor 1 isin the bottom left corner, sensor 10 isin the
bottom right and sensor 80 is at the top right. The next plane of sensors would then
follow until all the planes up to the east wall had been covered.
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Temperature Sensor Positions at X = 0.75m
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One of Eight Rakes of Temperature Sensors positioned at X = 0.75, 1.5, 2, 2.25, 2.75, 3, 3.75 and 4.5m

Boundary Conditions

The following table shows the wall temperatures, air supply temperature, supply
velocity, mannequin heat output and other heat outputs for each test case. We have
simulated cases 1a, 4a and 5b in this comparison. The lower table shows the
distribution and radiant proportion for each heat source.
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Boundary conditions

Table F.1. Boundary conditions for the full-scale experiments.

Case Ty T T T T O LT ¥ i Do
€] [q €l 1€ € [€] rc] [mi] [W] W]
la 232 223 2206 228 22.5 225 203 0.010 125 0
Ib 23.2 22 227 228 215 225 24 0010 123 ]
2a 232 22.7 22.6 22.8 223 227 19.8 0.029 17 ]
2b 231 228 226 228 223 227 168 {029 1200 ]
3a 23,7 231 220 228 220 224 204 G010 122 I6d
1h 236 23.1 225 228 127 224 0.4 0010 122 1n3
4a 23.6 23.0 T2.5 228 225 224 19.8 0.019 122 364
4h 226 230 225 228 225 224 19.8 0019 122 a4
5a 235 230 224 22.8 224 224 148 0029 1 20) Rlit]
b 232 227 22.5 228 122 223 1% 8 0.2 118 ol
i 3.2 T8 22.6 237 223 223 9.8 0047 122 362
fib 231 228 226 227 222 223 19.8 (047 122 A6l
7 236 230 214 22.7 TET 224 21.8 0025 122 jElals]
Ha 21.0 0.3 19.3 19.7 RN | 19.3 227 0.020 122 361
Eb 21.1 20.3 19.4 19.7 0.2 19.3 227 0420 122 360

Table F.2. Fraciion of total lreat input (., o and O, 1) to determine convective
freat levard (O,

SeCIons head clrest right-arm  lefr-crm Fighii-leg lefi-leg
fraction of Qy, 4 [-] 0.1 0.13 0,03 0.03 0.10 0.10
heal sotrces desk lemp  PC-1 PC-2 Fl famp § Fl lawp 2 FlL lamp 3
fraction of (g, 1 [-] (.03 017 017 .05 005 (.05
Case 5b

The results for the experimental data are presented as text files and can be downloaded
along with the thesis from Marcel Loomans web site
http://www.bwk.tue.nl/fago/AlO/Marcel/thesis.html. An Automation interface has recently been
added to the CFD program that allows external access to the simulation data from any VBA
client. Using this automation interface a function in Excel was written which retrieved the air
temperature and air speed of a cell for a given sensor coordinate within the domain. The
results for Case 5b were opened in excel. Each sensor coordinate was converted and the air
temperature function was used to retrieve the corresponding data from the results. The
simulated and measured air temperatures are plotted for each sensor point on the chart

below.

The Measured and Simulated temperatures are in close agreement. The maximum difference
is less than 1 °C. The average difference across all 520 measurements is 0.275°C.


http://www.bwk.tue.nl/fago/AIO/Marcel/thesis.html
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Case 5b Alr Temperature
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Air Temperature for Measured Experiment and CFD Simulation

The averages of the values taken at the same height are plotted on the graph below. The
gradient of the lines gives an indication of how stratified the air is within the room.
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Stratification
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Average Air Temperature against Sensor Heights

Using the same technique as before the air speeds at each sensor point have been
plotted below against their corresponding simulation value. Even though measuring
air speeds of lessthan 0.1 m/s starts to become inaccurate due to limitationsin
measuring equipment, these results are plotted bel ow as there is agood qualitative
agreement in the patterns between the two sets of data. As can been seen, the
magnitude and location of the hot plumes has generally been predicted well.



www.edsl.net

Case S5h Alr Speed
4 50EOT -
4.00E01
3 50ED8
3 O0E-O1 \
E 2E0EOY i : |i
1 B EEE |
& 200E :
2 | | IO
1 BO0E01 = | |
1 )
| N O O T
1. 00E0 i | }, r T || it il |
( | ! | t
ool N TR L TR T
T SO Lot U,l,‘~f--’|| lhvll',-ﬁi[ |'~—n’*-r ‘V,\ L = I{*wa;
v \ A . e ; JEA | o 'I____\
[ O0E+00 TP .'.;'I..' i (Il e e e ]
TR ZEERARAENRFTRSEEEEBEREREERBEEEBE SR A
Poimt No
|—_h-'1993un=_;d- — Sim:.lmsd.l

Air Speed for Measured Experiment and CFD Simulation

The figure below (left hand side) shows a sketch of the flow pattern produced using
video recordings of the diffusion of smoke. On the right are the corresponding 3D
CFD plots. The different colours represent temperature bands and the vel ocity vectors
illustrate the flow pattern. Thereis avery good qualitative match between the two
diagrams. It is very pleasing to note that the CFD simulation has captured the change
in interface height, the velocity vectors clearly showing the air separating from the | eft
and right wall at different heights.
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Flow features of the displacement ventilation flow pattern in the central plane of the room and at a
horizontal plane at ~0.1m above floor level.

Case 4a

The Measured and Simulated temperatures are in close agreement. The maximum
difference across all 520 sensor locations was just over 1°C. The mean of the
differences between the two methods was 0.275°C.
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Case 4a Air Temperature
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Air Temperature for Measured Experiment and CFD Simulation

The air speed results are shown below. Asin the previous case 5b the plumes are
captured well. Once again only the plume over the mannequin seems allittle slow
probably indicating a problem with its exact location or intensity.

Casge 4a Air Speed

4. E0EDT
400ED
3E0EO
300E-01
2EIEDY

2O0EO!

Air Speed (m/s)

1.80E-01

1.00E01

5 O0E072

TR EERAARRSTY IR BBl RS EBEE S8 L
Paint No.

[—Measurad — Simulated |

Finally in this section the following table compares some general experimental
observations with the simulated equivaentsin blue. Overall the agreement is
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extremely good. The lower velocity at location 2 is probably due to the slight
difference in plume shape. A very small change in plume shape or direction can have
very large effects on the measured air speeds.

+

{’H“ L T"”-"n’"" T" wharint {-j* Vv F: fl | o dThh Hl.'l..'t ] !_I'”"” (2}
['C] .%| [W] [-] ['C] ["C/m] [mV/s] [m/s]
da 19.8 23.8 93 0.37 22.2 1.00 0.27 (0.25
4a (CFD) 198 23.49 86 0.35 223 0.82 0.19 0.26
#0 : Heat load removed from the room by ventilation.
E_,  Air cooling fraction (= Q. ./ Quy ).
:F,;_', - : Temperature at 0.1 m height averaged over all measured temperatures at 0.1m height.
d7/dy  : Venical temperature gradient (0.1 m - 2.3 m height) [averaged value over six positions].
W,y - Velocity in plume thermal mannequin at 2.0 m height (x = 2.25 m).
.., - Velocity in plume thermal mannequin at 2.0 m height (x = 2.40 m).
Characteristics of the measurement (4a) and simulation (4a(CFD)) results
Case la

The Measured and Simulated temperatures are once again in close agreement. The
peak difference was 1.13°C and the average difference between the two methods was
0.263°C.
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Case 1a Air Temperature
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Air Temperature for Measured Experiment and CFD Simulation

The air speed results below are particularly impressive indicating that the plume
above the mannequin has been captured very well in this particular case.

Case 1a Alr Speed
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Air Speed for Measured Experiment and CFD Simulation
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Conclusion

From studying these results the main effects of using heat gain regions appear to be

e aslight reduction in overall plume speed and shape
e a similar reduction in peak temperature and location.

Both these effects can be explained by the fact that the real heat sources were solid objects
and the heat was transferred only from their surfaces into the neighbouring volume. In the
simulation the heat is spread over the entire volume of the object and not into the small
volume adjacent to each surface. This ‘dilution’ of the heat gain would lead to a reduction in
temperature difference and consequently speed, exactly as seen in the simulation results. In
the future we hope to conduct further runs where the heat source is modelled as surface heat
flux and also runs where the heat source is distributed as a smaller number of higher intensity
gains. However, it seems unlikely that either approach will provide a large improvement given
the good accuracy already obtained.

These results show it is perfectly acceptable to model quite diverse types of heat source as

simple heat gain ‘regions’ with relatively little loss in accuracy. In fact, the simulations in all
these cases produce results that are more than accurate enough for design purposes.
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