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SUMMARY

This paper reports the study and findings on building forms appropriate for natural ventilation on small
allotments in medium density housing in the tropics.

Houses in new medium density housing subdivisions in the tropics replicate those in subdivisions in 35°S
latitude. There are concerns regarding the implications of houses on small allotments in the warm humid tropics
where occupants are expected to rely on natural ventilation for indoor thermal comfort.

In order to accommodate realistic parameters, extensive data collection and wind tunnel studies were made on
five types of house designs on two adjacent small allotments in an actual medium density housing development

in Townsville. The natural ventilation potential for each house was ranked in terms of the percentage of time
thermal comfort is achieved at 1500 hours in the living rooms and at 2100 hours in the main bedrooms.

The main conclusion drawn from this study is that design consideration for natural ventilation for houses in a
medium density housing estate should begin with the planning of the subdivision at the outset so that when the
whole subdivision is built up, air flow through and between buildings will not be obstructed. It has also shown

that the planning of a subdivision should take into acc

orientation of the houses on the allotments.

INTRODUCTION

In Australia, population growth and changes in
household structures and lifestyles are causing
increasing demand for housing. Coincidentally, the
costs of infrastructure works, land, and housing are
also rising. To meet these growing demands and the
high cost of properties, developers are providing
and promoting small allotments in new housing
subdivisions in major cities around Australia. They
range from 300 to 450 square metres. This is a
significant reduction. The conventional 1/4 acre plot
is 1012 square metres. Houses on small allotments
suit the temperate climates of Australia. On such
small, narrow plots of land, the houses shelter each
other from the cold winds. However, the same
styles of houses on small allotments are also
developed in the warm humid tropics of North
Queensland.

Although there were some previous wind tunnel
studies on cuboid models by Lee, Hussain &
Soliman (1980), on single isolated buildings by
Evans (1957), Aynsley (1977), Reardon & Holmes
(1979), and on groups of buildings by Holmes &
Best (1979), no study was made on houses on small
allotments in a medium density housing
development in the warm humid tropics. Research
into appropriate  design  especially natural
ventilation for housing in the tropics is lacking.
Consequently, design and construction are intuitive
rather than substantial. But intuitive design is not

ount primarily the prevailing wind directions and the likely

recommended in the field of architectural
aerodynamics (Aynsley, 1990).

Thermal Comfort & Natural Ventilation

Natural ventilation is an important consideration in
house design in the warm humid tropics as the high
humidity necessitates the cooling of the occupants’
bodies for thermal comfort (Aynsley, 1980).
Despite the high temperature and relative humidity
there is significant potential for natural ventilation
to provide indoor thermal comfort. The cooling of
the occupants’ bodies can be achieved by
evaporative cooling when airflow passes over the
bodies. This is possible when relative humidity is
above 60%, provided the air temperature does not
exceed 37°C which results in heat gain to the
bodies. When air temperature exceeds 37°C in
humid climates, passive cooling is no longer
possible and some form of refrigeration is necessary
to restore thermal comfort (Aynsley, 1997).

METHODOLOGY

The study set out to determine and compare the
natural ventilation potential of five types of house
designs on two adjacent small allotments in an
actual medium density housing subdivision. The
comparisons were based on quantitative data
obtained by feeding results from wind tunnel
studies on the house models into a computer
program which estimates airflow required to restore



thermal comfort and the percentage of times

thermal comfort is achieved. Obtaining these Figure 1 below shows the layout of existing houses
quantative data involved an extensive process and in the case study area and highlights the locations of
assembly of information from various sources. This the two small allotments, Lots A and B.

process is briefly explained in the experimental
procedures (below).
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Figure 1 Layout of Existing Houses of Case Study Area and Circular Model Base to fit on
Wind Tunnel Turntable.
The five types of house designs in this study are:
o Existing single detached house (1 storey) on
Lots A and B. Each house has a different design.
Refer Figure 2.
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o Courtyard house (fully enclosed) on Lots A and
B. They have mirrored plans. These houses span
the widths of the sites. Refer Figure 3.

e Semi-detached 1 storey house on Lots A and B.
They have mirrored plans and share a common
boundary or zero lot line. Refer Figure 4.

e Semi-detached 2 storey house on Lots A and B.
They have mirrored plans and share a common
boundary or zero lot line. Refer Figures 5 & 6.

o Terrace house (2 storey) on Lots A and B. They
have mirrored plans and share a common
boundary or zero lot line. Refer Figures 7 & 8.

Single detached houses are the most common types
of houses in residential developments. The other
types of houses are being built in other subdivisions
but not in the subdivision in this study.

Each house consists of three bedrooms, a living
room, family room, kitchen, dining, laundry,
bathroom and garage. The main bedroom, Bedroom
1, has an ensuite bathroom. The living areas are
open plans and one room deep. In the two storey
houses, all the living spaces are on the ground floor
and the bedrooms are on the upper floor.

This study looked at the natural ventilation potential
of the above ten houses for the month of January
based on 20 years of climatic data. January was
selected because it is the hottest month of the year
and this study is concerned with natural ventilation
to restore indoor thermal comfort in summer. This
study examined the natural ventilation potential of
the Living Room of the houses at 1500 hours and
Bedroom 1 at 2100 hours. This is based on the
assumption that the living rooms and the bedrooms
are occupied at these different times.

Experimental Procedures

The experimental procedures were carried out in

nine stages:

e Stage 1
A case study area in Townsville was selected as
it is in the warm humid region. This area was
the most representative of a medium density
housing subdivision with small allotments.
Three sets of data collection and analysis were
derived.

Set 1- the case study area. It included the layout
of the housing subdivision, the plans and
elevations of the houses, aerial photographs and
site surveys locating fences and large trees to
enable wind tunnel models to be made.

Set 2- the topographic data of the city of
Townsville including the case study area to
enable a topographic model of the area to be
made and tested in the wind tunnel.

Set 3- raw climatic data from the Bureau of
Meteorology. 20 years of data for the month of
January for 1500 hours and 2100 hours were
collected including wind directions, wind
speeds, dry bulb temperatures, and wet bulb
temperatures.

Stage 2

The wind directions and wind speeds raw data
were processed and wind frequency data for the
airport were prepared. Results of the relative
wind speeds and wind directions from wind
tunnel studies on the topographic model of the
Airport and the case study area were recorded.
They were used to produce a 20 year synthetic
wind frequency data set for the case study area
accounting for topographic influences and
terrain roughness.

Stage 3

Mean and standard deviation for relative
humidity were derived from dry and wet bulb
temperatures data.

Stage 4

Climatic data from Stage 3 were used in four
different thermal comfort equations to calculate
the thermal neutrality and comfort zone in
naturally ventilated buildings and for estimating
air flow required to restore indoor thermal
comfort when ambient conditions exceed the
comfort zone.

Stage 5

Design of four types of houses for medium
density housing developments was carried out
and wind tunnel test models were made;
opening areas for windows for Living Room and
Bedroom 1 were calculated for each building
form for data input in Stage 8.

Stage 6

Wind tunnel flow calibration and wind tunnel
tests were carried out on the ten houses; results
for each building form for sixteen wind
directions were recorded. In each set of tests, the
same house types were on the two adjacent lots.

Stage 7

Mean wind pressure coefficients were calculated
for 10 m height from results for 200 m reference
height from wind tunnel tests; differences
between mean wind pressure coefficients at
windward and leeward openings for Living
Room and Bedroom 1 for each building type
were calculated.

Stage 8



Data from Stages 5, 6 and 7 were entered into
VENTI15W.BAS and VENT21.BAS (AITA)
programs to estimate wind speeds required to
restore thermal comfort and the percentage of
time thermal comfort would be achieved for the
Living Room at 1500 hours and Bedroom 1 at
2100 hours for each building type.

e Stage9
Results from Stage 8 were compared and ranked
in descending order.

RESULTS

Natural ventilation potential in living rooms at
1500 hours

Table 2 ranks the houses from the highest to the
lowest percentage of times thermal comfort is
achieved in the Living Room at 1500 hours. The
results fall into two groups.

The first group is the six highest ranking houses.
The percentage of times thermal comfort is
achieved ranges between 98.3% to 92.4% for these
houses and the total difference is 5.9%. The second
group, the four lowest ranking houses, achieve
thermal comfort between 65.2% to 53.1% of times
and the total difference is 12.1%.

There is a large gap of 27.2% difference in the
percentage of times thermal comfort is achieved
between the two groups. The difference between the
highest and the lowest ranking houses is 45.2%.

The two highest ranking houses are: Terrace house
on Lot A and Semi-d2 house on Lot A.

Natural ventilation potential in bedrooms at
2100 hours

Table 3 shows the ranking of the houses in
descending order for the percentage of times
thermal comfort is achieved in Bedroom 1 at 2100
hours. There is a general decline across the various
types of houses ranging from 78.55% to 42.45% of
times thermal comfort is achieved with the lowest
ranking house achieving 0%.

Two houses are in the 70% range, two in the 60%
range, four houses in the 50% range, and one house
in the 40% range. The difference in times of
thermal comfort achieved between the highest and
the lowest ranking houses is 78.55%.

The two highest ranking houses are: Semi-d2 house
on Lot A and Terrace house on Lot A.

DISCUSSION
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In this study, the criterion for natural ventilation
potential is the percentage of times thermal comfort
is achieved. If the percentage is higher, the natural
ventilation potential is better. The factors affecting
the percentage of times thermal comfort is achieved
are grouped under four headings:

1. Prevailing winds and house and room
orientation

Semi-d2 house Lot A and Terrace house Lot A rank
highest at both 1500 and 2100 hours except they are
in reverse rankings. They reached the maximum
percentage of times thermal comfort is achieved for
the prevailing wind directions. Their percentage of
times thermal comfort is achieved at 1500 and 2100
hours are 98% and 78%. The natural ventilation
potential for the living rooms is better than for the
bedrooms because the wind data at 1500 hours are
more favourable than those at 2100 hours as shown
in Table 1 below.

Wind Conditions 1500 Hours 2100 Hours
Wind frequencies NE 333% E 21.8%
ENE 323% NE 16.1%
NNW 14.7%  ENE 14.9%
Calm periods 1.7% 19.8%
Highest wind 18.8% at 16.0% at
speed intervals 3.9-4.6 m/s 1.5-2.2 m/s

Table 1 Comparison of wind data at 1500 hours
and 2100 hours (in percentage of times).

The maximum percentage of effective times
thermal comfort is achieved in those houses because
the living rooms and bedrooms are on the northern
side of the houses, exposed to the prevailing winds
and high windward pressures. Conversely, the other
houses have lower rankings because the rooms are
on the leeward side of the houses and sheltered
from the prevailing winds.

2. Mirrored plans, wing walls and large roof
overhangs

Mirrored plans do not work well for natural
ventilation especially if they are on the downwind
side of the building forms. In this study, they are the
houses on Lot B. Three out of four mirrored plans
on Lot B have poor natural ventilation potential at
1500 and 2100 hours because they are on the
southern side of the houses sheltered by the houses
on Lot A. The living rooms and bedrooms are
turned away from the prevailing winds.

Even though Terrace house on Lot B has a mirrored
plan, it has very good natural ventilation potential at
1500 hours because of the combination of a long
wing wall and large roof overhangs on the ground
floor. Its percentage of times thermal comfort is




achieved is 96.9%. This observation is supported by
experiments of Chandra and Houston (1983)
demonstrating that wingwalls can improve the
natural ventilation in rooms. Aynsley (1979) also
indicated that houses with extended eaves and wing
walls are capable of increasing pressure
differentials by 35% to 40%.

3. Internal layout and window openings

In this study, the living rooms and bedrooms are
designed as open plan, one room deep and openings
on opposite walls for cross ventilation in the rooms.

Six out of ten living rooms have very good natural
ventilation potential. The percentage of times
thermal comfort is achieved at 1500 hours is over
95%. The other four houses achieve comfort less
than 65% of times. Only two bedrooms have
satisfactory natural ventilation potential. The
percentage of times thermal comfort is achieved at
2100 hours is over 78%. The rest of the houses
achieve comfort less than 69% of times.

Those living rooms and bedrooms with good natural
ventilation potential have their windows effectively
orientated to the prevailing winds with inlet
windows on the windward side in the high pressure
areas and the outlet windows in the low pressure
areas. This creates higher pressure differentials
between the openings and increases the natural
ventilation potential in the rooms.

It is well known that provision of windows on one
wall only does not serve a useful purpose. Existing
house Lot B’s 0% comfort achievement is due to
this reason.

Maximum average indoor wind velocity is achieved
when the outlet size is 2.5 times the inlet size
(Chand, 1970). However, comparison between the
results at 1500 and 2100 hours show that the two
highest ranking living rooms have a 2.2:1
outlet/inlet ratio and the two highest ranking
bedrooms have 0.7:1 and 0.3:1 outlet/inlet ratios.

4. Building forms, site coverage, and spacings
between buildings

Storeys, single or two, determine the major
differences between building form, site coverage,
and spacings between buildings. Single storey
houses usually have larger site coverage which
reduces the spacings between buildings. In this
study, Semi-d1 houses and the Courtyard houses
come under this group. Their site coverage is 41.3%
and 46.7%. Two storey houses have smaller
footprints and more spacings between buildings. In
this study, Semi-d2 houses and Terrace houses are
two storeys. Their site coverage is 25.7% and

28.8%. The Existing houses are in between these
two groups with site coverage of 32.9% and 35.4%.

Wind tunnel studies by Lee, Hussain and Soliman
(1980) on cuboid blocks show three different types
of air flow regimes depending on the spacing
density of the blocks and whether they were
arranged in simple grid or staggered patterns. Their
studies indicate that air flow skimming mode begins
when the area density for a staggered pattern
exceeds 33%. For houses, it means that air flow
skims over roof tops with little penetration between
buildings for natural ventilation when the site
coverage exceeds 33%. In this study, because of
their ‘cut-out’ shapes and setbacks from boundaries
and taking into account the prevailing wind
directions, the houses may be treated as conforming
to staggered pattern.

At 1500 hours, houses with site coverage between
25% to 33% for staggered patterns achieve thermal
comfort over 95% of time and houses with site
coverage above 40% have thermal comfort
achieved 65% of time or less. At 2100 hours,
houses with site coverage between 25% to 33% for
staggered patterns achieve thermal comfort between
57% to 78% of time and houses with site coverage
above 40% have thermal comfort achieved 55% of
time or less.

The two highest ranking houses for 1500 and 2100

hours are Semi-d2 house Lot A and Terrace house

Lot A except in reverse order. The significance of

these two houses is:

e They are both on Lot A

e They have mirrored plans but on upwind side of
the two allotments

e They are both two storey houses
They have two of the smallest site coverages

e They are among those with the largest spacings
at the rear of the sites

e They are under the 33% area density when
skimming air flow mode occurs

Sited on Lot A, they are more exposed and
effectively orientated towards the prevailing winds.
Being two storeys, the bedrooms on the first floor
have better natual ventilation as ventilation
potential increases by 30% for elevated buildings
Aynsley (1979) and the wall areas are increased
with more opportunities for window openings on
opposite walls. Two storeys structure reduces the
footprints and increases the spacings at the rear of
the sites. These building forms have angular shapes
with the wind incidence on the concave walls.
Being one room deep, the windows are facing the
street on the leeward side and the rear yard on the
windward side. All these combinations create
greater windward pressures on the walls, higher



pressure differentials across the building, and higher
wind velocity through the rooms.

The two lowest ranking houses at 1500 hours are:
Courtyard house Lot B and Courtyard house Lot A.
Ignoring Existing house on Lot B which achieves
thermal comfort 0% of the time, the next two lowest
ranking houses at 2100 hours are: Semi-dl house
Lot B and Courtyard house Lot B.

The significance of these four lowest ranking

houses is:

e They have mirrored plans on Lot B (with one
exception) on downwind side of the two
allotments

e They are single storey houses

o They have the largest site coverage

e They are among those with the smallest
spacings at the rear of the sites

e They are over the 33% area density when
skimming air flow mode occurs

CONCLUSIONS

It was found in this study that thermal conditions
and natural ventilation potential for the bedrooms
are worse than for the living rooms. Therefore
design considerations for natural ventilation to
restore thermal comfort in the bedrooms at 2100
hours is more critical than in the living rooms at
1500 hours.

In practice, standard houses are being put on any
sites and in any orientation. They do not take into
account factors which affect natural ventilation. It
was found in this study that wind conditions, house
forms and orientation are inseparable and important
elements in designs for natural ventilation. The
appropriate orientation of the house and rooms to
the prevailing winds to obtain high windward
pressure is critical. They were found to have more
significant effect on the natural ventilation potential
than the window outlet/inlet sizes. Therefore current
practice of using standard plans irrepective of
orientation should be discouraged and consideration
should be given to house design for each individual
site.

Building form affects the natural ventilation
potential of a building. Building form is the result
of a combination of design factors such as the shape
of the house, room and window locations and
orientation to the wind, elevation of the house, site
coverage and spacings between buildings. It was
shown how these factors have significant fffects on
the percentage of times thermal comfort is achieved
in buildings.

Window orientation is basically affected by the
allotment orientation. On a small site with narrow
frontage, there is not a lot of options so appropriate
window orientation is limited to effective openings
in the street frontage and to the rear yard. It was
shown in this study that houses with one room
depths, windows appropriately orientated to the
prevailing winds, and large spacings in front of the
windward walls can achieve very good natural
ventilation potential. All these were achieved in the
two storey houses.

This study has shown that houses with mirrored
plans on the downwind sides of other buildings
generally have poor natural ventilation potential.
However, they can be improved by using a
combination of wing walls and large roof overhangs
in strategic locations relative to the air flow.

High site coverage on the existing 485 square
metres sites reduces the natural ventilation potential
of houses. Therefore if similar houses are expected
to be put on even smaller allotments of, for
example, 350 square metres, the results are likely to
be poorer than the results measured in this study.

The main conclusion drawn from this study is that
design considerations for natural ventilation for
houses in a medium density housing estate should
begin with the planning of the subdivision at the
outset so that when the whole subdivision is built
up, air flow through and between the buildings will
not be obstructed. As such, the planning of a
subdivision should take into account primarily the
prevailing wind directions and the likely orientation
of houses on the allotments as they have significant
effects on the natural ventilation potential of the
houses.

HOUSE TYPES| NE |ENE| E | SE| S |SSW| SW [ WSW | WNW | NW | NNW | Total % of Time
Terrace Lot A | 33.3|32.1 |9.7 /500903 {01} 04 04 14 | 14.7 98.3
Semi-d2 Lot A | 33.3132.1 |94 |50]|09]03 | 01} 04 0.4 14 | 14.7 98.0
Terrace Lot B | 32.2132.1 [9.7 |5.0(09]| 03 j 0.1 | 04 0.4 14| 144 96.9
Existing Lot A | 33.0{31.5 |94 [(50]09({03 | 01| 04 0.4 14 { 144 96.8
Semi-d1 Lot A | 33.0/32.1 (94 [40]09{ 03 | 0.1 | 04 0.4 12 | 144 96.2
Existing LotB | 32.2|315 (94 {44 ]09{03 | 0.1 | 04 04 1.0 | 144 95.0
Semi-d2 LotB [ 33.0] 0 [9.0(50({09]03 {01} 04 04 14 | 14.7 65.2
Semi-d1 LotB | 322| 0 |9.0(50({09]03 [01] 04 0.4 14 | 144 64.1
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Courtyard Lot B

28.7

0

4.4

0.9

0.3

0.1

04

0.4

14

14.7

60.3

Courtyard Lot A

32.2

0

3.2

0.9

0.3

0.1

04

0.4

1.2

14.4

53.1

Table 2 Ranking of Percentage of Times Thermal Comfort is Achieved for all House Types at 1500 Hours.

HOUSE TYPES | NE |ENE| E SE| S |SSW|SW| W | WNW | NW | NNW | Total % of Time
Semi-d2LotA |159]149]21.8 19.55]0.6( 04 |0 03| 04 1.7 | 13.0 78.55
Terrace Lot A 159]149(21.8 |955|0 | 04 |03 [05] 04 1.7 | 13.0 78.45
Semi-d1 LotA [11.5]11.6(21.65/9.55|0 | 04 102 |0 0.2 15 13.0 69.6
Terrace Lot B 54146 |21.8 [10.0 |1.0/ 04 |03 [05] 04 1.7 | 12.0 68.1
Existing Lot A 54| 94194 | 80/08]04 |O J05| 04 1.7 | 13.0 59.0
Courtyard LotA | 0 [11.6[21.65[9.55|0.2] 04 (0.2 [0.3] 0.2 1.5 | 12.0 57.6
Semi-d2 Lot B 541146 121.8 [10.0 |1.0| 04 [0.2 [05] 04 09} O 55.2
Semi-d1 Lot B 11.511.6 | 21.65[5.15/0.8] 0.4 j0.3 03| O 02] 0 51.9
Courtyard Lot B |} 11.5] 0.2 121.65{6.8 |10 | O 0.2 (03] O 09| 09 42.45
Existing Lot B 0 0 0 0 0|0 0 |0 0 0 0 0

Table 3 Ranking of Percentage of Times Thermal Comfort is Achieved for all House Types at 2100 Hours

LOT B

Figure 2 Existing Single Detached Houses
on Lots A and B
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Figure 3 Fully Enclosed Courtyard Houses
onLots A and B
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Figure 7 Terrace Houses on Lots A and B
Figure 5 Semi-detached 2 Storey Houses (Ground Floor)
on Lots A and B (Ground Floor)
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