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Abstract

I n New Zealand’' s (N2Z) mild climatic condit
naturally mainly by opening windows. Previous studies have found that an overwhelming
proportion of housing stock performs poorly from both a thermal and health perspective and
hence there is a need to better understand this.

Now, analytically evaluating the theal comfort characteristics of residential houses subject

to natural ventilation is particularly challenging, as the solution is not explicit. Determining a
solution requires the heat and mass transfer assessment to be driven by complexiaadmon
pheromena associated with the natural ventilation driving forceth@iind and thermal
buoyancy, along with other factors such as climate, building envelope and geometry as well as
the occupants.

As such, this worlkitilisesdynamicsimulations to examine the variation of thermal comfort, in
terms of the Predicted Mean Vote (PMV),amodelhouse equivalent to a size otfypical
roomunder NZ climatic condition and for various operating conditions. To achieve this, it
examines the MV of the roomwith openand shut windows positionsand different air-
tightnessvaluesutilizing coupled thermal and airflow simulatiorige results showhat there

is significant scope for regulating the thertahaviourand PMV of relatively aitight natural
ventilated residential houses in mild climatic conditions

1. Introduction

Ther mal c o mf o r that ¢osditiod ®ff minu eéhdit expresse$ satisfaction with
thethermal environment and is assessed by subjective evaluafignger,1970) leadingo a
thermal comfort index known as Predictive Mean Vote (PMV) and Percentage of People
Dissatisfied (PPD). The PMV index considers various quantities, physical activity,
physiological and psychological factqfsanger,1970)for assessing thermal comf@s shown

in Equation 1.

f(M, Clo, v, t, ta, Pu) =0 (1)

Where M is the metabiolrate, Clo is a clothing index, v the air velocity (mifs)s the mean
radiant temperature (°C the ambient air temperature (°C) aPdis thevapourpressure of
water inambientair (Pa).

In examining Equation 1, it is apparent that local air velocity plays a role in determining the
thermal comfort in a space. In thisgard,natural ventilation of a building may influence the
thermal comfort level byemoving excess heat by direct coolifrgancis et al., 2004)n doing

this, the driving force for natural ventilation is either buoyancy created by a temperature
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difference between the indoor and outdoor, or wind pressunedgn, 1999) Additionally,
ambient environmental factors, building geometry, the terrain around the buildings and the
adjacent obstacle dimensions can also impact the natural ventilation of a building. Furthermore,
the combined effect of the two driving forces of the natural veiaiiatould be reinforcing or
resisting each otheH{nt and Linden, 1999)

With respect to thermal comforhheé PMV s categorized into three comfort categories (Table
1) (EN ISO 7730, 2005yith thoseranging between * 0.6eing broadly considered as a
comfortable environmenfASHRAE-55, 2010) The* Ccategoryhavingahigher PMVvalue

on thecomfort scale rangenay be considerealsacceptabléo people accustomed to natliya
ventilated environmens.

Table 1. Thermal comfort categores (EN ISO 7730, 2005)

Categories| PMV range Percentage of people dissatisfied (PPD
A +0.2 <6
B +05 <10
C +0.7 <15

Currentlyin NZ, there are approximately 1.6 million residential hougasckett and Burgess,
2009)typically constructed with metal roofs mounted on timber frames, a largeraileaand

little or no insulationAs such,airtightnesdor most NZ houses varies from a base infiltration
of 0.3 air changes per howaf) to 0.9ach(Bassett, 2001 however it is traditioral to ventilate
residential houses passively by opening winddwgab et al., 2008Combining thisbehaviour

with the NZ Building Code (NZBC), which does not enforce achieving any minimum indoor
air temperature, indoor air quality (IAQajr-tightness or moisture level has resulted in many
NZ homes exposing occupants to a risk of developing health issues (Fitzgerald et al., 2014).

Giventhatno st andard definition of ,andthestamadf c o mf
“t her mal dymamicsffos N4 Houses is natell understoodthis study examines the
thermal comfortharacteristics ad typicalNZ residential building.

2. Methodology

Analytically evaluating natural ventilation is particularly challenging, as the solution is not
explicit. Determining a solution requires the heat and mass transfer assessment to be driven by
complex and noitinear phenomena associated with the natural ventilation driving forces of the
wind and thermal buoyancy, along with other factbtswever, he softwae packagefRNSYS
integrated witha COMIS simulation can be used to devetomulti-zone coupled thermal and
airflow model to predict airflow through openings and temperature and 8M&zone based

on heat and mass conservation laws with its-wed assumptiorHiller et al., 2002)

The spatial requiremendf identifying at least one average value tifermal comfort
performance indicator factdPMV) for a typical room or zonefa residential buildings
considered sufficiento revealan overallscope for regulatinghermal comforiof the natural
ventilated room or zone of the residential hougessuch the multizone coupledthermaid
airflow modelingapproach witta TRNSYSCOMIS simulationcan provide an average value
of PMV to assess thermal comfdo¢haviour
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2.1.  Building Model

To determine théehaviourof the thermal environment in a typical NZ building, TRNSYS

Type 56model was usedlhis modelutilizesa standard heat balanceethodand wasusedto
modela zonewith an air nodeFor thisstudy a singleroomof 3 m length, 3 m width3.6 m
reference heightincluding 0.6 m of the sub floor spgcandan internal volumeof 19.75 nd

was modelled It was assumed thathe buildingwas locatedin Auckland NZa t 36.85°
1 7 4 .EjweH each wall oriented with respect to the cardinal directions and a single window
on the north facelhe buildingfagadedetailsare shown irable 2 where & was assumed the
room wa constructeavith anR-value just meetinghe minimum NZBC.

Table 2. Building fagade description

Building Facade | Description R-value

ExternalwWall Timberframedirect fixed cladding 1.9

Floor Suspended floor witHining under the joists and gg 1.5
between insulation and lining

Roof Timber frame skillion roof 2.9

Window Double glazed sliding window (1.8 m. width x 1.5 | 0.34

height) fixed vertically on the Northern wall

Giventhe wide variability in aktightnessof NZ buildings, several conditions were examined;
airtight, average, leaky and draughty buildimgsresponding to uncontrolled ventilation rates
of 0.3, 0.5, 0.7 and O.&chrespectivelyBassett, 2001)Additionally, an ultraairtight building
with 0.03ach meeting theassive house airtightness standd@dssive House Institute, 2016
was also consideredrurthermore, it was assumed that the room was occupiegéessanat
rest producing heatof 100 Watt (sensibl€0 and latent.00).

In addition to the uncontrollegentilation a COMIS airflowanalysisbased on a network model

of the buildingwas performed to explore the influence of controlled natural ventilation of the
building spaceln doing this, he temperature and humidityere cdculated in the thermal
model at each timstep angassed to the airflow model so that updated informatiasused

to estimate node pressure and mass flbwe wall averagepressure coefficient Gralues for

low rise buildingswith alength to wdth rato of 1:1 anda shieldedconditiongivenby Orme
(1998) were usedto model thebuilding. In doing sp COMIS solves asystem of nonlinear
equationsto determine the node pressures and the riaasin each link @ing air mass
conservation in each node

To achieve the ventilatigra Large \erticalOpening (LVO type 1(COMIS 3.2, 2005with a
maximumopening size of 0.9 ifwidth) by 1.5 m(heigh) was used tanodela sliding window

In doing this a Window Opening Factor (WOF)efined as Tor open and for shut condition

was applied. Furthemtermediate WOF valuesf 0.25, 0.5, 0.7%vere considered texplore

theeffect ofthesize of the openingn the thermal conditionginally, the thermal comfort level

of the zone was assessed by computing the PMVd e x accor ding to Fange
relationship (Equation 1) for the free running condition, with no additional heating, cooling or

plug loads and timeependent forcing function that nullifies night time window natural
ventilation (meaning the mdowscanonly open between 8 am and 5 pm).
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3. Results and Discussion

Having developed the thermal model of a naturally ventilated building, it was decided to
explorehowthe spacéehaved for a range of conditioi® illustrate this pointi-igurel shows

the effectof thewindow, at various fixed WOE), onthe PMV inanultra-airtight building for

a typicalNZ summerday in Januarylt can be seen th#te PMV follows the air temperature

in the zoneclosely thusillustrating thatthe zone air temperatur@ ) is one of theimportant
factors for assessinghermal comfort in the space

Further, it can also be seen tHawindow infiltration initially increasestalow rate for small
WOF (0-0.5), then increases sharply for WOF 0.75 and agags slowlyfor WOF 1.At the
earlystagethis is due to the open area restricting the balance of in and out flow from the space,
while at he later stage of the drop in the window infiltration rate is due to the small temperature
and thepressuralifference between outside and inside.
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Figure 1. Effect of WOF on PMV and temperature in an ultra -airtight house (January)

Similarly, in Figure2 it can be seen thahé zone relative humiditfRH,) falls sharply with

small WOKs) as the vapor pressudéference between the outside and inside moves towards
zera An increase in WOF helps bring the zone air relative humidity close to the ambient air
relative humidity such that with a WOF di.5this is achieved.
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Figure 2. Effect of WOF on relative humidity in an ultra-airtight house (January)

Exploring this furtherTable3 presentsnean monthly values of the zotemperaturgTa) and
relative humidityRHa) observed for the ultrairtight buildingwhenthewindowis closedwith
respect taheambient condition§Tams RHamp). When compared with the standard range + 0.7
of thermal comfortin a naturally ventilated buildingTable 1) the summer months from
December to March possdse high potential of improving the PMV bgpeningthe window.
Moreover, it is also apparent that by not operating windadditional stepgseedto be taken

to remove moisture from the buildirntg avoid problems associated with thigh relative
humidity of the airin the zone

Table 3. Monthly mean values of theconditionsfor an ultra -airtight building

Months
Monthly Mean| November| December January| February| March | April
Tamb[ ° C] 17.05 19.1| 20.67 20.85| 19.8| 16.94
Ta [ ° C] 23.97 26.47| 27.09 26.8| 24.8| 20.82
PMV 0.08 0.89 1.09 1| 0.35| -0.93
Rhamb [%0] 71.9 70.85| 68.71 70.96| 72.35| 75.52
Rha [%] 100 100 100 100 100| 100

Obviously, most NZ buildings are not built to the level of airtightness described previously,
thereforeFigure 3 illustrates thdistributionof PMV for the modelledspace withfully open

and shut windowduring January. From thig can be seen thathen thewindow opens, the
effect of airtightnesss less meaningfuand all buildingsexhibit a similar overall comfort
distribution in terms ofhot (>0) and coldhours(<0). However, on closer inspection of the
results it was found thahe ultraairtight buildingdelivers the greateseductionin thenumber

of uncomfortable hot hounsith natural ventilationFollowing from this it can be shown that
there is sigificant scopdor regulatingthe thermal environment oélatively air tight house

(in summerusingnatural ventilatiorbut thisscopedecreases witteducedacade airtightness.
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Figure 3. PMV variation with airtightness with shut (left) & open(right) windows

Considering the use of natural ventilation furthégures 4 showthe PMV distribution for the

montrs ofJanuaryandJuly. As such it illustrates the comfort levels across the yeansidering
varyingclothing levels (Clo) andlVOF 01 for theairtight building. The summer clothing level
equivalent to 0.5 Clo and winter clothing level of 1 Clo is considered for January and July
respectivelyFrom this it can be seen that for a fixed clothing level in summer the PMV for the
zone improves as the window is opened, as one would expect. However, it appears that there
may be an optimum opening fraction, as for WOF>0.5 there is an increase in dissatisf&action
shown by the PMV (which suggests a large number of occupants would feellnokdnter

(July) it is clear that any opening of the windail result in already high dissatisfaction levels.
Moreover, even with no windows opethiere is a high level dfissatisfaction with the zone.

This is due to the absence of active heating and also the poor thermal insulation levels used in
the walls, the minimum allowable by the NZBC.
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Figure 4. PMV frequency distribution for an airtight house (January & July)

Similarly, Figures 5 and 6showthe PMV distribution for the monghof April and OctoberAs
such it illustratesthe comparison of comfort levébr montts on the cusp of summer and
winter. In doing spit shows how an occupants behavior affects comforthe zone by
examiningboth summer clothing levels (0.5 Clo) and winter clothing e¢eI/Clo) andWOF
0-1 for theairtight building.
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Figure 5. PMV frequency distribution for airtight house (April )

As expected, both figures show thiag tfrequency ofincomfortablycool conditionsdecrease
and thermal comfortable increasegth anincrease irtlothing level in these transition months.
However,an increase in WOMbeyondapproximately0.5 is less effectiveat maintairing the
improvement gainedhan by increasing the clothing level (1 Clo). Therefore transition
months the increase in WOF (0 to 0.5) witredlaptatiorof summer clothing to winter clothing
helps improve thermal comfort conditien
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4. Conclusion

This work has shown thabhermal and airflow simulations can be used to capture the effect of
the natural ventilation through window in terms ofthe Predicted Mean Vot®MV) thermal
comfort index of a residential hous®cated ina mild climatic conditionof, for example,
Auckland The indoor air temperature and relative humidity can be decreased to the maximum
limit equivalent tahe ambient air temperature and relative humidity by opeaimgndow in

the daytimesumme months This potentialcan be used tmaintaintheindoor thermal comfort

level of a residentialhousewithin an acceptableéhermalcomfort rangeHowever, this may

need to be accompanied by greater levels of insulation than the minimum set bybtié kg

code.

As such, hereis a significant scope for regulating the therdmahaviorandthermal comfort
levelof relatively airtight natural ventilated residential houses in mild climatic conditions, and
in particular, byopening windows duringhe summerday time period The scope can be
extended for wintesummer or summewinter transition months withnadaptatiorof summer

to winter clothing.



¥ N Asia-paciFic 2016
\ , SOLAR RESEARCH CONFERENCE A

References

ASHRAE-5 5 | 2ZIthled ,ma’‘l Environment al ConAlN&It i ons f

Bassett M.,2 0 0 Naturally ventilated houses in New Zeala®uinplified air infiltration

pr edi, BRANDGP®O.

Buckett N. andRdlexpgiensesof rétrofittingZdd €uStainability B RANZ
CP 137.

Cigler J. Ogimizatioa dpredictveraedrvote thermal comfort index within model
predicti ve c oRrdcaedings ofEEED I Arvmaal Ganderence on Désion and
Control.

COMI S, QCOMI5S 3. 2 'useEMBA.gui de

Dascalaki, E.SantamourisM., Argiriou, A., Helmis,C., AsimakopoulosP.N., Papadopoulos,

K., andSoilemesA., 1995, Predicting single sided natural ventilation ratesuitdings, Solar
Energy 55, p327#341

EN | SO 7 7Brdgbnomi@®ittte thermal Environmeknalytical determination and
interpretatian of thermal comfort usingalculation of the PMV and PPD indices and local
thermal comfort criteria .

Fanger P. O., 1970Thermal ComforAnalysis and Applications in Environmental
Engineering McGrawHill Book.

Fitzgerald W. B. Fahmy M., Smith, 1.J., Carruthers, M.A., Carson, B.R., Sun, Z., and Bassett,
MR.,2011, ‘An assessment of roof spackmergyol ar
and Buildings43, p158088.

Franci s A. URBVEN& WP, finaRrépbrd softomputing of natural ventilation
potential. Natural ventilationinurbanarea® ot ent i al assessment. and
Hiller M., Holst, S., Welfonder, T., Weber, A., and Koschenz, M0 0 ZRNFLOW:
Integration of the airflow model COMIS intihe multizone building model of TRNSYS
TRANSSOLAR Energietechnik Gmbh.

Hunt G.R. and Linden P.F, 1999, echarics of haturali ventilatiesisplacement
ventilation by buoyancydriven flows assisted byind’ Building and Environmen84, p707

20.

Linden P. F. ., 1999, “* The FIFuid MeciMeics3l,gp20t c s o f

38.

Orme M., Liddament, M.W., and Wilson, A.9 9 Blumerital data for air infiltration and
natur al vent i |Arinfitaton and \YetilatiorCentreolmesnational Energy
Agency

Passive House Institute 2 CCtitéria for'the passive houseEnerPHit and RI low energy
building standardyersion 9e.

Ryan V, Burgess, G. and Easton, R.,0 0 Rew Zealand house typologies to inform energy
retr o f, Rep@tBN6570/9 for Beacon Pathway Ltd

TRNFLOW, TRNFIOO®,maruah module of an airflow network for coupled simulation
with Type 56 rfwulti zonebuilding of TRNSYS), Ver sion 1. 4.

Acknowledgements
The authors would like to thank Callaghamovation NZ for supporting project funding.

(0]

(

<



