Aalborg Universitet
AALBORG UNIVERSITY

DENMARK

Experimental Investigation of the Influence of Obstacle in the Room on Passive Night-
Time Cooling using Displacement Ventilation

Pomianowski, Michal Zbigniew; Khalegi, Farzad; Domarks, Giedrius; Taminskas, Jonas;
Bandurski, Karol; Madsen, Kit Kristine; Gedsg, Sgren; Jensen, Rasmus Lund

Published in:
Proceedings of the 9th Nordic Symposium on Building Physics

Publication date:
2011

Document Version
Publisher's PDF, also known as Version of record

Link to publication from Aalborg University

Citation for published version (APA):

Pomianowski, M. Z., Khalegi, F., Domarks, G., Taminskas, J., Bandurski, K., Madsen, K. K., Gedsg, S., &
Jensen, R. L. (2011). Experimental Investigation of the Influence of Obstacle in the Room on Passive Night-Time
Cooling using Displacement Ventilation. In J. Vinha, J. Piironen, & K. Salminen (Eds.), Proceedings of the 9th
Nordic Symposium on Building Physics: NSB 2011 (Vol. Volume 1, pp. 499-506). Tampere University Press.
http://webhotel2.tut.fi/nsb2011/

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

? Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
? You may not further distribute the material or use it for any profit-making activity or commercial gain
? You may freely distribute the URL identifying the publication in the public portal ?

Take down policy
If you believe that this document breaches copyright please contact us at vbn@aub.aau.dk providing details, and we will remove access to
the work immediately and investigate your claim.


https://vbn.aau.dk/en/publications/23977ae8-ce75-4f44-a354-89f21def35a1
http://webhotel2.tut.fi/nsb2011/

Volume 1 9th Nordic Symposium on Building Physics - NSB 2011

Experimental investigation of the influence of obstacle in the room
on passive night-time cooling using displacement ventilation

Michal Pomianowski, M. Sc.

Farzad Khalegi

Giedrius Domarkas

Jonas Taminskas

Karol Bandurski

Kit Madsen

Seren Gedso

Rasmus Lund Jensen, Associate Professor

Aalborg University, Denmark

KEYWORDS: Passive cooling, displacement ventilation, night-time ventilation; experiments;
heat transfer; temperature efficiency.

SUMMARY:

Night-time ventilation is a promising approach for reducing the energy needed for cooling buildings
without reducing thermal comfort. The objective of this paper is to determine how an internal
obstacle, such as a table, will influence the heat transfer in the room and the efficiency of night-time
ventilation which uses displacement ventilation. Experimental work was conducted on the basis of the
work in a similar previous study, performed by (Artmann 2010), and this is an extension of that work.
Experimental results obtained for a case with a table were compared with the results obtained by
Artmann et al. for a room with displacement ventilation, but without table.

The results obtained in the experiment with the table indicated that the mean heat flux was slightly
lower but very similar compared to the case without the table. The heat flux at the ceiling was
measured to be the same for both setups, whereas the heat flux at the floor was lower for the setup
with the table. For the room with the table, especially for low air change rates, temperature efficiency
is slightly reduced. Finally, experimental results indicate that there are no significant differences in
heat discharged by the night time ventilation for the room with and without table.

1. Introduction

During the last decades a tendency in increased energy consumption in buildings for cooling has been
observed in Europe and other highly developed countries. It is especially energy use for air-
conditioning in office building and commercial building that contribute to increasing energy use for
cooling. A promising approach to reduce energy use for cooling in office building is passive cooling
by night-time ventilation. Passive cooling concepts by night time ventilation, is to cool a building with
a large ventilation rate, when the external temperature is lower than the internal temperature. In
Central and Northern Europe, this passive cooling strategy has the highest potential during the night
time, when the outdoor air is usually below the indoor air temperatures at anytime of the year.
Typically, the highest heat gains appear during the day, whereas the highest ventilation cooling
potential is during the night. Therefore, it is essential for the building to have a high thermal capacity
(Artmann 2007) (Lina Yang 2008). To make heat storage efficient, it is necessary to have a sufficient
heat transfer at the building surface’s and high heat conduction of the internal construction elements is
required.
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The experimental study presented in (Artmann 2010), provides a detailed analysis of convection and
radiation during night-time ventilation. This convective and radiative heat transfer depends on the air
flow and the initial temperature difference between the inflowing air and the room surfaces. The
results of these experiments demonstrated, how convection and radiation contribute to the total heat
flow discharged from the room during night-time ventilation. It was observed that in the case with low
convective heat transfer at the ceiling, large differences in surface temperature caused higher radiative
heat flows from the ceiling to the floor. Thus it was discovered that it was beneficial to prevent warm
air from accumulating below the ceiling. In the experiment with displacement ventilation conducted
by (Artmann 2010), the location of the outlet opening was located very close to the ceiling. At low air
flow rates, the temperature stratification and the high location of the outlet opening resulted in a very
high temperature efficiency.

The objective of the experiment that is presented in this paper is to assess impact of an internal
obstacle, such as a table, on convection and radiation during the night time ventilation in the case
when the displacement ventilation principle is used. An obstacle arises when a table is placed in one
of the corners of the test chamber. The temperature distribution and near-surface velocities changes
due to the fact that the air flow pattern in the room has been changed. As a consequence, the
additional furnishing (a table) might cause a change in radiative and convective heat exchange
between indoor room surfaces. Finally, the results obtained in a full scale experiment are compared
with the experimental results by (Artmann 2010), who conducted experiments for the empty chamber.
The comparison presented in this paper can be done only because the test chamber used by (Artmann
2010) is the same as the one used in experiment in here presented paper.

2. Test room setup

The test room used for the experiment is located at Aalborg University. The plan of the test facility is
presented in Fig. 1.The thermal properties of the material used on the internal surfaces of the room
were measured or taken from the literature (Artmann 2008). The values used for calculations,
including estimated uncertainties are summarised in Table 1.

In the test room it is the ceiling that contributes the most to the thermal mass of the room
construction. To increase thermal mass of the ceiling an additional 5 layers of plasterboard were
attached.
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FIG 1. Plan view of the test room with table in the corner.

In Fig. 1 can be noticed that there is an empty chamber on one side of the test room. This chamber is

present only due to previous experiments that were conducted at this facility and during here
presented experiments the temperature in the chamber is kept the same as in the laboratory.
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TABLE 1. Material properties

Materials A [W/mK] plkg/m3] Cp [J/kgK] € [-]
Gypsum board 0,280,001 1127104 1006£100 -
Expanded polystyrene (EPS)  0,37+0,001 16,0£0,1 1450+100 0,73+£5%
White paint (ceiling) - - - 0,90£5%
Rockwool 0,036 25 800 -
Plywood 0,11 411 1800 -

Schematic configuration of the ventilation inlet and outlet for displacement ventilation is presented in
the Fig. 2.

FIG 2. Configuration of the air in- and outlet openings of the test room for displacement ventilation.

For displacement ventilation, a semicircular displacement inlet device was located in the floor of the
test room, see Fig. 3

A mechanical ventilation system was installed in order to provide air at the defined temperature to the
test chamber. The ventilation was designed to be able to provide air flow of about 56 — 330 m*/h,
which corresponds to 2,3 — 14 air change rate per hour (ACR). Air flow rate was measured using an
orifice installed in the supply duct. The pressure difference on the orifice was measured by means of a
micro-manometer.

2.1 Measuring instrumentation

Temperature measurements from the chamber were logged by three Fluke Helios Plus data loggers
and one Grant Squirrel data logger. All thermocouples used in the experiment are K type
thermocouples with sensitivity of 0,41 pV/K.

The ceiling of the chamber was divided into 22 sections, where five thermocouples were located in
the different layers, see Fig. 4 and 5 respectively, of the gypsum ceiling. Additionally, a series of
thermocouples was also attached 30 cm under the surface of the ceiling in order to measure local
temperature of the air, Fig 5.

It was desirable not only to measure the temperature at the ceiling, but also at the walls, at the table
and at the floor. These surfaces were also divided into smaller sections. All the surfaces of the walls
and floor were divided into three minor surface areas, and thermocouples were attached the same way
as on the ceiling, see Fig. 6. Due to presence of the table, 6 more thermocouples were located as
presented in Fig. 7.
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FIG 4.Ceiling divided into 22 sections.
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FIG 5.Attachement of the thermocouples in the ceiling- section view.
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FIG 5.Location of the thermocouples in the test chamber. Crosses represent new additional
thermocouples.

Inlet and outlet temperature were measured to determine the heat flow that was removed from the test
chamber by the ventilation. In the case of the displacement ventilation, a thermocouple was located in
the location where the duct entered the room and in the inlet device. The outlet temperature was
measured in the centre of the outlet opening.

2.2 Procedure for experiments

In total 7 experiments were conducted for displacement ventilation and chamber with table.
Parameters that varied; was ACR and respectively initial temperature difference (AT,), see table 2.

Initially the test room had a homogeneous temperature of the inlet temperature, which was equal to
the lab temperature. Then, half an hour after closing the test room door, the Helios data logger was
switched on manually. The data logger was then recording data from the test room for the next 12
hours. As it took some time until the temperature measured at the inlet was constant, the initial

502



Volume 1 9th Nordic Symposium on Building Physics - NSB 2011

temperature difference, AT, was defined as the difference between the mean temperature of the
ceiling element before the experiment and the mean inlet air temperature measured during the last 10
hours of the experiment.

TABLE 2. List of experiments

Experiment ACR AT,
no.

1 4,2 0,5
2 43 3,1
3 6,6 1,7
4 6,6 5,1
5 13,2 4,2
6 13,2 6,0
7 14,0 0,3

2.3 Data evaluation

The experiment results presented in (Armann, 2010) are used in this study as the base of reference
and for comparison to the results presented in this article. The study presented in this article applies
the same concept for data evaluation as presented in (Artmann 2008).

3. Results

In the Fig. 6, is presented mean convective heat flux qeony, 1or, from all room surfaces, which depends

on the difference between the mean surface temperature, T ¢,pe. and the inlet air temperature, T ..
During each experiment the temperature difference decreases over the time and as a consequence,
heat flux also decreases. For both, experiment with and without the table relation is very close to
linear. As well for experiment with and without the table, gradient of the lines can be interpreted as
average heat transfer coefficients that can be calculated according to the Eq. (1).

h/ — _qconv,tot (1)
T _Tinlet
7 T T T
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6 - ) 1208127 ACH: h=1 36 W/'m K -
= o 3
= A @ 6.2 ACH: h=1,01 Wm K |
~g I e
E 4 o 5 .
] o e I1ACH b=058 Wmn K
™4 = L ]
=] 3 7 e )
8 %132 & ACH: h=1,37 Wi K o P
| = < -1 i
s i
T & T2 1
'64' . S 6.6 _-'LEH: h=0.97 WmK
- :if?_d_{:.:"" = ¥
1+ A 4,3 ACH: h=0,T4 Wm K .
__.-r" J‘:__ -F:’_: o
0 LT - L | !
o 1 2 3 4 5 5 7

iurfa:e - Tinlet [K]

FIG 6. Mean heat flux in the test chamber in a function of temperature.

503



Volume 1 9th Nordic Symposium on Building Physics - NSB 2011

Since, average heat transfer presented in Fig. 6 is a mean value it can not stand for what happens
locally, for instance, at the ceiling. Therefore, heat flux at the ceiling is presented separately in Fig. 7.
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FIG 7. Mean heat flux at the ceiling.

3.1 Ratio of convective to total heat flow

In order to present effect of the air jet on the heat transfer at the ceiling, the ratio of the convective
heat flow to the total flow from the ceiling is defined as in the Eq. (2).

— Qconv,ceiling (2)
Qcond,ceiling

Where  Qcony, ceiling heat flow by convection at the ceiling (W)
Q cond, ceiling heat flow by conduction at the ceiling (W)
Y convection ratio (-)

The air flow pattern is characterised by the dimensionless Archimedes number. To avoid an arbitrary
definition of characteristic length scale, only the temperature difference and air flow rate was used,

see Eq. 3.

Ar = Tsurfaiz;: Tinlet 3)
Where T surface Mean surface temperature (°C)

T et Inlet air temperature (°C)

V? air flow (m’/s)

By letting y depends on the Archimedes number which characterize the flow pattern, Fig. 8 can be
displayed for both set ups, with and without the table.
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FIG 8. y depending on Ar for displacement ventilation.
3.2 Performance of night time ventilation
The performance of night time ventilation is given by Eq. 4.
— Toutlet — Tinlet (4)
Tsurface - Tinlet
Where T oyt Outlet air temperature (°C)
n Temperature efficiency (-)

The temperature efficiencies of displacement ventilation, obtained for an empty room and for the
room with the table, are presented in Fig. 9.
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FIG 9. Temperature efficiency, /7 depending on the ACR for displacement ventilation, hourly values,
results for set up with and without the table.
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4. Discussion

The purpose of this study was to measure the final difference and distribution between the heat
transfer by convection and radiation in the night time-ventilated room that was furnished with and
without the table. Therefore, this paper will compare the results of these two setups. For more specific
information the reference is given to (Artmann 2010).

In Fig. 6, it can be observed that the presence of the table does not significantly influence average
convective heat transfer coefficient in the test chamber. The calculated deviation for the two setups is
approximately 3,96 % when using ACR= 6,6 with the table and ACR = 6,7 without the table.

In the Fig. 7, for ACR= 6,6 with the table and ACR = 6,7 without the table can be observed that the
mean heat flux at the ceiling differs for these two cases of 9,84%. This deviation indicates that the
heat flux at the ceiling contributes significantly to the overall heat transfer in the test chamber.

The convective ratio that was presented in Fig. 8, does not differ in the room with and without the
table.

Moreover, it can be noticed that the temperature efficiency for the room with the table is lower than
for the room without the table for low ACR. The opposite situation can be noticed for high ACR, (see
Fig. 9). It is remarkable that for displacement ventilation the temperature efficiency exceeds 1. This
phenomenon occurs because of temperature stratification in the room. However, it can be observed in
Fig. 9 that the temperature efficiency for displacement ventilation drops remarkably with increased
ACR and that for ACR higher than 10,5 h™, it is mixing ventilation that had higher efficiency, see
(Artmann 2010).

5. Conclusion

The experimental results indicated that the internal obstacle, such as a table, does not have a
significant influence on the overall heat transfer in the room when using displacement night time
ventilation. Heat transfer due to convection and radiation preserve almost the same ratio distribution
as for the case without the table. On the other hand, the temperature efficiency differs for the setup
with the table and without the table, but significant differences can be observed only for low ACR.

Finally, it can be concluded that relatively small internal furnishing elements with regards to flooring
area should not have decisive influence on performance of night-time cooling by displacement
ventilation.
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