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Abstract

Non-invasive, scalable, building retrofit solutions are very attractive deep renovation techniques to
improve energy efficiency in existing buildings; this includes natural ventilation for coolingdhe t

low impact nature of the installation. However, a number of criteria that are important to natural
ventilative cooling strategies can be substantially altered as a result of an external retrofit solution.
This paper investigates this experimentally; presents ventilation rate and internal thermal
environment results from full scale testing of a modular, scalable, external low energy retrofit
envelope solution applied to an existing 1970s precast concrete building in Ireland. Experimental
results of time averaged single sided ventilation rates for three different ventilation opening
configurations in a retrofitted office space during a warm and low wind summer period are analysed
and compared to single configuratiorcontrol space. Results show thhaé highestime averaged
ventilation rates wermeasuredn the control spacalthough a similadistributionwas present in one
retrofit openingconfiguration.Analysis of tracer concentration decay fluctuation prefilaring tests
suggest increased unsteady flow effects in the control space compared to all retrofit configurations.
This is likely due tothe different responses to turbulent diffusion processes vaimd pressure
fluctuations at the window opening comparedto the louvred retrofit designZone thermal
stratification and diurnal temperature variation within the control and retrofit spaces were measured
during each ventilation rate test aatbo continuously for an extended period. Results show that
vertical emperature differences have been substantially reduced following the retrofit workal with

¥y values within recommended acceptable limits
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1 INTRODUCTION

Ventilative cooling coupled with exposed thermal mass is widely accepted as an important strategy
for reducing summer overheating in rRdomestic buildings. Extended monitoring has shown that
naturally ventilated buildings typically use lebsh 50% of the corresponding energy consumption of

air conditioned buildings and assessment of ventilative cooling techniques in Europe have shown they
may contribute highly to reducing the cooling needs of buildings (Kolokotroni et a| 2008 and

be an effective tool for tackling climate change adaptation in existing buildiRgsthermore,
increased ventilation rates can also lead to improved work performance (Seppanen et al. 2006).
Recently, focus for market activation in the construction sectostifted towards dealing with the
overhaul of the existing building stock. Article 9 of the EPBEuropean Union 2012)rings in
refurbished buildings under the near zerergy umbrella by requiring member states to develop
policies in order to stimulateh¢ transformation of refurbished buildings into near -marergy
buildings (NZEB). The Irish National Energy Efficiency Action Plan 2@020 (DCENR 2013)

report has identified refurbishment of existing public sector buildings as a key focus. The edpsrt st
that there are over 10,000 existing public sector buildings in Ireland and a key strategy for delivering
retrofit projects may be through Energy Performance Contracting. Cork Institute of Technology (CIT)
have recently completed a pilot project foe low energy retrofit of their existing 29,008teaching

building constructed in 1974. The retrofit pilotojectcovered 1.5% of the total building floor area.

The project scope consisted of design and installation of a structurally independent extesiugde
solution. Of ®BISIuil v & v a ehawe mUdmmdrised defails ®f) the design and
specification of the retrofit solution. In this paper work is summarised from experimental



Nomenclature

Symbols Subscripts

¥y temperature difference (K) c concentratia (relating to fluctuations)

Y temperature (K) S stratification

kO] opening height, (m) Q inside

0 effective opening area ¢ outside

0 staticwind pressurecoefficient QQ internal to external

a mass of air in zone (kg) (%) air

a mass flow of air E Q ) tracer

o} mass flow of tracer ga€ Q 0Q thermal

0 tracer gas concentration O zone height

0 time, (h)

0 normalised concentratigippm) Abbreviations

0 envelope wallarea, () CS Control space

0 slope coefficiendbf linear regression model RS Retrofit space

" standarcerrorof estimate of predictions ACH? Air change rate

Y coefficient of determination TGC Tracer gas concentration
NZEB Nearly zero energiuilding
EPBD Energy performance of buildings directive
ws Wind speed
WD Wind drection
STR Stratification factor

measurements dime averaged single sidegentilation rates under different ventilation opening
configurations in a single sided isolated office space within the retrofit. The objective is to investigate
whether modification in &th the building thermophysical properties and ventilation opening design
has influencedime averagedentilation rates ahthe internal environment and under what conditions
performance i€nhancedA control spacen the existing building has been identified and utilised for
comparative purposefhe spaces are shown in figure 1.
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Figure 1: (a) Control spacesnvelopdocation, (b) Retrofit spacenvelope locatioifc) part site plan
showing location of control and retrofit spaces

Section 2 summarisdscation data, section 3 outlineBmate information for the siteSection4 of

the paper summiges details regarding the existing building, completed retrofit strategy, natural
ventilation system and operational configurations. SecBomprovides information about the
ventilation rate tests including experiment setup, results and analysis. Séaionsarises findings

from comparative studies of the internal environment in the control space and retrofit space. Results
are categorised according to the four configurations detailed in section 4.2



2 CONTROL AND RETROFIT SPACE LOCATION DATA

Figure 4a) & (b) highlights the different obstacles in the vicinity of both the control and retrofit space
sheltered locations. Static wind pressure coefficients were used as an indicatosiafildmgy of

both locations to the conversion of free stream wind Vi§l@nd corresponding force8. Geneator
(http://cpgen.bouw.tno.nl)(Knoll et al 1996, was utilised to calculate thé values for each
ventilation opening. Figure 3(a) & (b) highlight the correction factors applied to dasalues for
obstacles within a distance 5 times the obstacle height from the ventilation opening. Frqatty4
compares both calculatéd characteristics as a function of wind attack angle relative to the envelope
orientation (west facing in both ages).

Figure 2: (a) Obstacle studgontrol space (red square), (b) Obstacle study retrofit space (orange
square)

Figure3: 0 Generator polar plots of obstacle correction factdey control spaceb) retrofit space
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Figure4: 6 Characteristics for control and retrofit spaces as a function of wind angle of attack



It can be seen from Figure 4 that for leeward wind direction$ thelues are near identical. Where

the winddirectionis normal to the envelope there is a difference betwieevaluesof 0.053with

0.087 between maximum values. Overall it can bel ghat both retrofit and control spaces exhibit
comparablesffects from obstacles. This suggests that while the site has sub boundary layer obstacles,
the control space is still an acceptable match for the retrofit space for the purposes of investigating
differences in time averaged ventilation rates under similar climate conditions.

3 LOCAL CLIMATE (2013 & LONG TERM)

Ambient air temperature, solar radiation and wind speddF@5centile values for May October

2013 are presented in Table 1. Cork Airp®MY3 data also shown for comparison and was
generated using Meteonorm Software (http://www.Meteonorm.com),(Meteonorm 7, 2012)
Weather data used for the analysis in this paper was obtained from a weather station located on the
roof of the retrofit space, set 6.0m in from the edge of the building and at an elevation of 8.0m above
the finished roof level.

Tablel: 95th Percentile hourly values for Cork Airport &dal Climate at CIT

Cork Airport TMY3 95 ™ Percentile Summer 2013 95 Percentile
Month G T, WS WD Gr T, WS WD
(Wh/m?) S (m/s) ) (Wh/m?) (°C) (m/s) )
May 742 17.2 10.0 345 730 16.0 6.3 304
June 815 19.5 9.3 344 826 20.6 5.0 343
July 707 20.7 9.0 352 795 25.0 4.3 344
August 662 20.0 9.3 342 592 20.1 4.7 306
September 574 19.4 9.0 341 511 18.5 4.6 326
October 385 17.3 10.3 338 340 18.1 4.4 336

4 CONTROL SPACE & RETR OFIT SPACE ENVELOPE DETAILS

4.1 Envelope Components

The external envelope retrofit solution involved the installation of a new external fagade,
independently supported at the base and tied into the structure at certain locations. The solution can be
subdivided ino three broad modular categories; Roof module, opaque wall module and the
fenestration modul e comprising bot h t he gl azir
(06 Sul I i v almvealteads dutline®i® sbrie) detail the componestiipations elsewhere.

It should be noted that the entire existing structure has remained in place as part of the solution.
Figure 5provides information on theentilation and fenestration componethie focus for the work

presented in this papefhe main thermophysical properties for the existing buildamptrol space)

and the retroficomponents are summarised iable2.

Table2: Thermophysical properties of opaque ertdretrofit solution & fenestration module

I Dim. . oty l Uway Urenestr.
Description (mm) AN \wmKk)/h (WImK)  (WimK)  (WimK)
1 Existing Internal Block 100
BASF Walktite S F
2 BASF Walktite Spray Foam 86  Control 5 49/1017 0608  3.633 6.0
3 Existingaggregate panel 125 Space
4  Air gap 30
5 Kingspan eramic granite panel 12
6 Kingspan support rail 37 Retrofit
7 Kingspan KS 1100 insulated panel 125 Space 5.92/0.963  0.004 0.090 0.84
8 AMS support mullion 125
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Figure5: (a) Ventilation Opening detadlevation& section (b) Internal view of nstalled
fenestration module

4.1 Ventilation System

For most enclosed spaces in the existing building the ventilation system is based on single sided top
hungpivoting window sections. There is generally one opening window per structural grid. These are
the original 1974 windows. In the retrofit space fenestration system, the ventilation module uses a
flush faced external louvre with individual air inlet sentidsee figure 5).Inside this louvre
ventilation is supplied using dedicated insulated doors controlled either manually or automated based
on conditions in the enclosed spaces (see Tafie dfferent operating configurations and effective
opening aregs The overall thermal transmittance performance of this unit including doors and linear
transmittance is 0.84 W/ according to IS EN 1007Z:2012(NSAI 2012) The new fenestration
module resulted in an overall opaque/transparent area ratio reduction ofl@anted ventilation
through adventitious openings has also been greatly reduced. The retrofit envelope air permeability
was tested in accordance with BS EN 138201 (NSAI 200]). The envelope achieved an air
permeability of 1.76 (fithr)/m? at 50Pa buildig pressure. The existing structure was measured as
14.77 (n/hr)/n?.

5 TIME AVERAGED VENTILATION RATE ( ACH') MEASUREMENT S

5.1 Tracer Gas Concentration (TGC) Decay technique

The ventilation rate for the control space and retrofit space was measured using a single zone TGC
decay technique. TGC decay techniques are among the most efficient to assess airflow patterns within
buil dings. They consi s tergad(Rodem2007kCarboy @ioxtd (EQ ai r wi
was chosen as the tracer gas for this work due to the ease of use, availability of analysis equipment, its
density being similar to air and cost. Cqualities as a icer are smmarised in Table 7.2 of Roulet
(Roulet 2007) One main concern when using €8s a tracer gas can be the presence of a large
background concentration and, if constant, account must be taken fon thiglysis of data by
substituting the difference between indoor and outdoor concentration for indoor concentration in the
analysis(Persily 1997) For each of the tests presented in this work outdooy €@centrations

during the test and indoor ze CQ concentrations prior to the test start were monitored and test start
time concentration levels adjusted accordingdyerall average outdoor G@oncentration during

testing (as a percentage of the indoor concentration for each configurationjnanargsed in Table

4. For the TGC decay technique a suitable quantity of tracer gas is injected prior to the test to achieve
a measureable initial concentrati@n, 11 . After the initial pulse period, the injection is stopped and

a 1 1t Once the pulsejection has stopped the tracer gas is then mixed within the zone until the
average uniformity concentration difference for the test reaches an acceptable level.



Table3: Summary of ventilation opening data & operatecanfigurations

_ _ Ventilation Aett _
Configuration _ Schematic Envelope Flow Model
Opening (Acti/ Avan)
1.24m
0.32 nf T o
CS1.0/M H=0.92m|Y
(0.037) Tlnt(z) —1
1.16m
021 M 1.35m .
RS-2.0/M - Q
(0.024) _yH=0.76m |3
1.21m
0.51m
0.21 nf H=0.76m |o
RS-3.0/A 1 §
(0.024)
2.05m
0.51m
0.42 rf 1T o
RS-4.0/M/A H=1.60m ;&S
(0.049) .
1.21m

CS=Control SpacesfRetrofit Space; M = Manual; A=Automated with manual ovelffidev schematics not to scale)

The tracer gas is then monitored using a gas analyser from the test start time until the test end time, in
this instance once the concentration has returned at or close to-tiestprencentration levels. The
differential equation describing the traggs mass balance can be written bas€BRoulet 2007)

Q0

Qo
Rearranging, taking the integral of both sides and then dividinglme can derive an equation that
describes thACH" based on tracer gas concetitra:

a a a 0 0

a a P\ wn N
: - _ — 0¥ m a¥o o
a o] 0 Yo

Where the decay rate of TGC displays a smooth profile the ventilation rate can be assumed to be
constant over the measurement period. A-simooth or fluctuating concentration ratelicates a
nonsteady ventilation rate, the extent based on the magnitude and frequency of fluctuatierard he

a number ofdecay techniquethat canbe used to obtain an average ventilation (A8TM 2011;
Sherman 1990)



Figure 7 presents resultsedich test using a normalised TGC vafue,to allow easier comparison of
t est fdecay rate smoothnessodo and unstea@adanness m
be defined as:

. L0600 0
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According to Sherman(Sherman 1990ysing a regression technique will result in the best single
estimate of ventilation to match the datah ough where the ventilation r
will be a biased estimate of the average air changeA@td’ for each has been calculated usiig

and the decay regression method in ASTMA(ASTM 2011)

ad 00 ad m

Referto the tables in Figure 7 f& valuesfor each test as well gs, an indicator of how unsteady
concentration decayas during tests. is thestandarcerror of estimate in prediction df , & Ffrom
the regression model andused as a measure of the magnitude of concentration fluctdatiom
decay for each test and is defined as:

5.2 Experiment setup and Test conditions

38 TGC Decay tests were completed in total. Tablgives a summanof conditions fortests

completed under each operational configuration. Tests were completed in accordance with the
procedurs set out in ASTM E74-11. Two tracer gas sampling locatioasd a single gas injection
locationwere used within the zone being tested. This was a standardyd@er and heated flow

regulator. CQ concentration analysers were AlphaSense-FRCONon Dispersive InfradRed (NDR)
SensorsCO, sampling frequency was 1H&s CO,i s denser than air (0 = 1.
mixed as it entered the space. A maximum 10% acceptable uniformity of concentration criteria
between both sampling locations in accordance with ASTM Ha4tvas used to determine when

there had been suffent mixing.Refer toFigure 6 for equipment layout for both the control space

and retrofit space.



Table4: Schedule of experimental tests and conditions

No of Range of test Average (Ave) Start (Ave) End Average

Config. tests  durations Conc. PPM Range PPM Range B.G.PPM
uniformity  (Adjusted)  (Adjusted) (%)
CS1.0M 13 247 90 min 257% 31816203 1751214 10.3
RS2.0M 6 267 60min 1.51% 35385431 3641481 12.3
RS3.0A 6 317 60 min 4.46% 3511-5051 7031327 13.4
RS4.0A/M 13 307 161 min 2.37% 36474746 212-1067 13.0
Internal Length = 3.6m
e 1 17035m 14 Vertical Thermistor profile @
» External CO_NDIR Sensor O
(¢} " . o Coricor CO, NDIR Sensor O
200 2.4m zone CO_ NDIR Sensor O
Lowloval CO, Gas Cylinder .1
Local CO,NDIR Sensor [
Internal Length= 3.9m
Office Desk L 02sm 0.8m
@)

2.5m

Office Cabinet

Figure 6: TCG Decay test equipment location drawing (N{e8)control space (b) retrofit space

5.3 Results & Analysis
The time period of each test varied basedhenconfiguratiorand according to the guidelines in table
2 of ASTM E741-11 (ASTM, 2011) Figure 7 presents results from allGC decaytests under
different operatingconfigurations Data is presented usiry & for each testACH™' have been
calculaed using the decay regression technique outlined in sectioMadnitudesare estimated
based on the slope coefficient resulting from the best linear fit equétiie 5 contains summary
data regarding the83testsand individualvalues are also talated in Figure 7 alongside graphed
results The control space has consistently higher time averaged ventilationwittiean average
value of 4.2 H and standard deviatiorof 1.52 h™. In the retrofit spaceRS-4.0 had the best
performance profile with average value of B 8andstandard deviatioof 1.0h™ indicating a slightly
more concentrated spread of resuBased on the guideline values for indoor air quality classification
in BSEN 13779:2007NSAI 2007)both the ontrol space and retrofit spatime averagd ventilation
ratescan be classified as IDA1 {¢h). ACH valueswere on average lower for the RD & RS-3.0
configurations although there were individual instances of high ACH values abové.3/¢here
there is steady ventilation rate conditions during tests the lines representing the concentration decay
should display a smooth linear profile. The magnitude of the deviatiomafout the resulting best fit
linear regression equati@an be used as an indicatorttoé potential unsteadiness in ventilation rates

Regarding the type of ventilation flow conditions in control and retrofit spaces thereamsistently
higher,, values and visibly more unstable decay profiteshe corrol space. This would suggest
there were higher unsteady flow effects during testing in the control space.effofit Ispace
configuration R$4.0 also displayed some tests with unsteady flow effidatty present with the
same maximun) valuesalthough the average R&0, was 35% lowerThe profiles of the decay
are consistently more stable for RS0 & RS3.0 with averagg values 57.5% and 76.5% lower
respectively



Normalised TGCD Test results - CS- 1.0 TGCD Test Data - €5-1.0

Test No. ACH o R?

1 6.0 0.098 0.959

2 5.3 0.104 0.955

21 1.9 0.038 0.852

22 3.9 0.077 0.943

26 3.4 0.048 0.942

- 3 5.9 0.050 0.990
O 4 5.0 0.080 0.963
£ 14 4.1 0.093 0.927
27 4.5 0.122 0.916

33 3.6 0.061 0.958

34 2.0 0.050 0.781

35 6.4 0.103 0.968

36 2.7 0.042 0.928

0.0 0.1 0.2 0.3 0.4 0.5
Elapsed time t (h)
TGCD Test Data - R$-4.0

00 Normalised TGCD Test results - RS-4.0 Test No. ACH o, R
s 8 5.8 0.063 0.982
o5 £ 10 4.3 0.034 0.987
Tt 11 4.8 0.077 0.962
[ 12 4.2 0.120 0.858
10 13 42 0.045 0.980
z F 17 45 0.056 0.977
Q15+ 18 32 0047  0.960
= r 19 2.6 0.011 0.996
220 20 2.5 0.023 0.975
f 24 33 0.030 0.980
25 T+ 28 4.5 0.077 0.958
r 30 3.1 0.030 0.973
30 & : } : } 32 23 0.019 0.980

0.0 0.1 0.2 03 0.4 0.5

Elapsed time t (h)
TGCD Test Data - RS-2.0

Normalised TGCD Test results - RS- 2.0 Test No. ACH o R
5 5.1 0.058 0.981
6 4.0 0.051 0.979
15 2.6 0.032 0.967
23 2.8 0.010 0.996
29 2.6 0.017 0.994
2 31 1.5 0.021 0.948
o
£
S0 e
0.0 0.1 0.2 0.3 0.4 0.5
Elapsed time t (h)
0.0 Normalised TGCD Test results - RS - 3.0 TGCD Test Data - RS-3.0
r Test No. ACH a. R?
05 f 7 3.8 0.024 0.994
F 16 1.9 0.021 0.975
10 ¢ 25 22 0.007 0.997
g sk 37 2.9 0.015 0.992
s T 38 1.4 0.029 0.942
F 39 1.5 0.009 0.991
20 £
25 £
3.0 [ S S S S T S "
0.0 0.1 0.2 03 0.4 0.5

Elapsed time t (h)
Figure 7: - Natural logarithm ofCy as a function of elapsed tiner each test &abulated data of
associatd results foro 6 'O, &Y



Table5;: ACH? Controlled Test Results Overview

Test Max . Min . Std. Ave ) Max Min Ave R\élvnsge '\\I/S}LOf P
Config. ACH ACH Dev. ACH A A du (m/s) tests Range
Cs1.0 6.4 1.9 1.5 4.2 0.1219 0.0381 0.0744 1.45.2 9/4 4.2-8.9
RS4.0 5.8 2.3 1.0 3.8 0.1201 0.0114 0.0487 1.45.2 716 0.55.5
RS-2.0 51 1.5 1.3 3.1 0.0577 0.0101 0.0316 3.34.2 4/2 1.1.5.3
RS-3.0 3.8 1.4 0.9 2.3 0.0286 0.0073 0.0175 1.54.5 4/2 0.47.1

Having measuredrhe averagedentilation rates using the TGC decay regression techiimpiaext
stepof theanalysiswill be to investigatewhether the dominardriving forces were different foeach
operatingconfiguration.The two main forces that can give rise to ventilation rates are stack effect,
generated by temperature difference across the building envielagirgle sided ventilation flow
models,and pressure at the building surface due to wind effect (magnitudeiraetiod). Single
sided ventilation rates due to these combined forces castbpatedusing a number oflifferent
semiempirical modelswith correction factors applied to take account of unsteffaly effects
Warren(Warren, 1978proposed 2 separateroslations for stack angind effect, taking the larger of
the two to quantify ventilation rate. Dascalgfbascalaki et al, 1996proposed an alternative
correlation to take account of wind effects. More recently Laetexh (Larsen & Heiselberg 2008)
proposed a more complex correlation that takes account of the thermal effextsspeed &
direction. Larsen et ahlso found that the dominating force differs between wind speed¥a¥d
depending on the ratio between these forces and the wind aliteEliese correlations have been
recently compared with experimental results (Caciolo et al 26122013 concludingthatin the case

of windward openingth e best results were obtained with
correlation also captured bothositive {ncreasedmixing layer) and negativeopening effective
temperaturalifferencedecrease) effectdue towind quite well for windward conditions. In the case
of leeward openingjall correlations overestimated the air change rate. This work veas! lman plain
opening andop/bottompivoting opening window type&xperimental results presented in this paper
are also suitable for such analysis which will be presented in a future pajpee 8 shows a plot of
wind direction and magnitude foall experimentalsets presented hereand areseparated by
configuration

WINDWARD LEEWARD
300° 60"
23 m
o 13 W
- o 32
H o
u TestEnvelope
o % o - -
SH ® 12 20
Y ®
11
| |
2a0° B L 1200 oC510
m RS 4.0
28
HRS 2.0
HRS 3.0

Figure 8: Wind data forventilation rate tests fogach configuration.
6 INTERNAL ENVIRONMENT

6.1 Zonal Vertical Temperature Distribution
Acceptable thermal comfort ranges for building occupants are defined in the various standards (NSAI
2007; NSAI 2006). Adjustment of recommended zone air temperature thresholds is possible
depending on different combinations of air speed, turbulence itfemaean surface radiant
temperature and air temperature (ASHRAE 2009). However occupants can still experience local
thermal discomfort even when their body is in thermal neutrality as a whole. Local thermal discomfort



is generally triggered by phenomenscls as draughts, radiation asymmetry & vertical temperature
difference and the nature of these can be correlated with space structural thermophysical properties
and ventilation system characteristics. Recommendations for acceptable conditions to restrict
percentage dissatisfied based on local thermal discomfort phenomena are outlined in ISO7730. While
radiation asymmetry has likely been modified as a result of the retrofit works and can lead to high
percentages of people expressing discomfort, particularlyvarm ceilings and cool walls, and in

some cases have a greater contribution to thermal discomfort than vertical temperature difference, the
objectives of this work was not to quantify explicitly this phenomena. The presence of draughts is not
investigded here although feedback from occupants suggests a lack of perceived air movement is a
concern and may be the subject of future investigations. Vertical temperature difference is the focus
for this work. According to ISO 7730 personal dissatisfactionem®es exponentially as the vertical
temperature difference increases (NSAI 2006). A Category A thermal environment should have a
vertical air temperature difference less than 3°C and less than 2°C between ankles and head. As well
as local thermal discomfiothermal stratification has practical importance for quantifying the level of
zonal temperature gradient, effecting envelope flows where there are defined low and high level
ventilation openings-However it can also be viewed as a source of uncertaingnwnodelling zone
ventilation andair temperatures usingwlti-zone airflow modellingtechniqus. Investigating the

extent of variation in the relative strength of zone stratification as a result of a deep envelope is
important in understanding hotliermal comfort and ventilation rates have been affedtedre are
generallyt hr ee possi ble Agoodd profiles for vertical
& a mixed profile(Li 2002). The experimental investigation allows a better understanding of whether
these pofiles are applicablén both control and retrofit spacds. uninsulated or poorly insulated
buildings stratification may also affect heat transfer with walls and ceiling/roof shalafying level

of coupling between ventilation and thermal mdssorder to investigate what level of thermal
stratification was present in the existing building and hbis has been modified bthe retrofit
strategythe vertical temperature profile was measuag@vertical locationsduring each of thCH*

tests and also for an extended period coverifigléhe 2013 ta23® July 2013.The use ofan
empirically deriveddimensionles$Stratification Factor (STR) to characteriseéhe relative strengttof

zone vertical temperature distributioompared t@oneenvelope temperature differensigall be used

for analysis purposdg&theridge 2011)

This STRis used in the presentation and analysis of results as it is a good indicator of whether or not
the vertical temperature distributids having an appreciable effect on ventilation performance and
also whether or not it is constituting to sub zone airflow phenortietamight be important when
assessing cooling potential of the ventilation system in cooling mode.

6.1.1 Instrument setup

Hanwell Radielogger RL4000 wireless data loggers and precision thermistors with an accuracy of +/
0.1°C between25°C to 50°C were used for vertical temperature distributions. Measurements were
recorded every 10 minutes in the retrofit space and evemirtutes in the control space.
Measurements were taken at 8 vertical positions from floamtterside of thdalse ceiling level

spaced evenly throughout the 3.2m height. Surface and air temperatures are continuously logged using
Gemini Tinytag data logges.

6.1.2 Results & Analysis

Comparison oh number oWertical temperature distributiqerofiles measured at the end of different
ACH™ test periodsare presented for tests recording high ventilation rates (figure 9(a)), and for high
STR values (figure 9(b)). All data was obtained during a particularly warm period with external
temperatures reaching 10 year highable 6 summariseSTRand, for a number okelectedests
highlighting the spread of STR values across the different configuratiamsre 10(a) and 10(b)
present the frequency and cumulative distributionsSfbRvalues for both occupied and unoccupied
hours for the control and retrofit spaces for the pediddune 2013 t@3“ July 2013
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Figure 9: Results from zone vertical temperature distribution measurements during t&€ting for
retrofit and control configurations

With STRvalues > 1.0 there is some variation in vertical temperature distribution forhe tégts
under configuration R8.0 though the control spadesS-1.0, generally exhibits higher stratification
than all configurions in the retrofit space. R&O, full ventilation opening height, demonstrates that
some stratification potential exists in the low energy retrofit spader certain conditions/ertical
temperature distribution under free cooling from outdoor air has been substantially modified
following the etrofit works. Configuration R8.0 still displays some vertical tgmrature difference
however, R&2.0 & RS3.0 have little or no vertical temperature variations except for 1 or 2 tests
whenSTR> 1.0.

Table6: STRvalues forselectedests

Location/Config Test STR Au
CS1.0 2 0.062 0.104
RS3.0 37 0.090 0.015
RS4.0 8 0.110 0.063
RS3.0 38 0.280 0.029
Cs1.0 22 0.470 0.077
Cs1.0 14 1.050 0.093




