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A b s t r a c t. Three levels of ventilation openings (100, 30, and
50%) of inlet were considered in this study under a natural ventilation method for rabbit production. The study was conducted
using a model animal building. The external and internal temperature and relative humidity were measured over the experimental
period. The measure of thermal comfort within a locality was hence
determined by temperature humidity index (THI) for both animal
and husbandman while relative strain index (RSI) was also considered for man.
The results showed that the amount of ventilation opening and
building orientation have significant effects on the thermal comfort level of a building as indicated by the THI levels at 1% level of
significance for both rabbit and man, which is also the same for the
RSI for man. The larger the inlet opening and closer to perpendicular to the prevailing wind is the opening the higher is the thermal
comfort level for both man and animal as seen in the values of THI
for both rabbit and man and the RSI value for man in the case of
50% ventilation opening pens of the 90° orientation building. This
may be attributed to the larger quantity of air passing through the
building with increasing opening ratio. This affects the amount of
heat and moisture that is removed from the building, hence the
level of both temperature and relative humidity resulting in a more
comfortable building internal environment for both animal and
husbandman.
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INTRODUCTION

The desirability of positioning buildings with respect to
the direction of prevailing winds and earth-sun angular
relationship cannot be over-emphasized, as it is known that
weather has a major influence on agricultural production
and other related processes. The primary purpose of build*Corresponding author’s e-mail: laogunjimi@yahoo.com

ing openings and orientation is to control heat and moisture
concentration of the building air within a prescribed limit,
employing natural ventilation (Duncan et al., 1981). Successful environmental modification is achieved when a structure enhances the thermal environment to maximize production whether for animal or the husbandman (Bosco et al.,
2002; Diesch and Froehlich, 1988). Those authors further
stated that the animal growth conditions, predictable within
a livestock structure, depend much on the external and internal environmental conditions surrounding the structure.
In order for an organism to be comfortable in a given
environment over a long period of time energy gained must
equal energy lost (Bird et al., 1960). The thermal environment, the temperature, humidity and airflow balanced with
occupants’ heat and moisture productions are part of the
total environment. According to Lokhorst et al. (1995) this
thermal environment is mostly considered under the environmental control of the major critical factors of temperature, humidity and air movement. They also went further
to state that the air circulation pattern (ventilation) has a dominating influence on the air mixture, temperature and
humidity gradients. Hence, environmental modification for
thermal comfort inside a building is then a function of
airflow pattern which will depend on ventilation apparatus
(amount of inlet opening; outlet opening, configuration of
opening, obstacle, etc.) and various factors influencing airflow (air speed at inlet, temperature and humidity of incoming air, occupants’ heat and moisture production level) and
building parameters (heat transfer through building materials, equipment, orientation), (Boutet, 1987; Grool Koerkamp,
1998; Lokhorst et al., 1995; Ogunjimi et al., 2007). Airflow
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rate, according to Markus and Morris (1980), Esmay and
Dixon (1986), Barrington et al. (1992), Nääs et al. (1998), is
given by the equation:
Q = E A v,

(1)

where: Q is air flow rate (m3 s-1), A is area of inlet (m2), v is
wind velocity (m s-1) and E is the opening effectiveness
which, according to Nääs et al. (1998), directly affects the
amount of airflow and is highly influenced by the difference
between the inlet and outlet openings proportion. The
opening effectiveness, E, is given by:
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Emmanuel (2005) concluded that practical difficulties
in measuring more than a few parameters kept initial
attempts at quantifying bioclimate confined to only a few
environmental variables. These included thermal comfort
indices of temperature humidity index (THI) for both man
and animal plus relative strain index (RSI) that takes care of
the effect of clothing insulation and net radiation for man
(Emmanuel, 2005; Marai et al. 2002; Nieuwolt, 1982). THI
is calculated using air temperature and relative humidity.
For man, it is given by Nieuwolt (1982) as:
THI = 0.8t + (RH t) / 500.

(3)

For rabbits, Marai et al. (2002) arrived at the following
equation:
(2)

where: r is air density (kg m-3) - 1.21 kg m-3 at 22°C, v the air
velocity (m s-1); m the absolute air velocity (Ns m-2) –
0.0000182 Ns m-2 at 22°C, f and q are the wind angle of
incidence (20 to 90°) and the roof slope (10 to 30°),
respectively, h 1-1 is the ratio of height to length of the inlet
opening (1/4 to 1/8).
Animals – like man – are homeothermic, that is, they
maintain a relatively constant deep body temperature that
varies only slightly while surrounded by a variable external
environment. However, under very stressing conditions,
among which heat stress is very prominent (Esmay and
Dixon, 1986; Habeeb et al., 1992), heat stress is built up
jointly by the ambient temperature and relative humidity in
particular. During such conditions of stress, animals, in
order to keep within the temperature range, must reduce
their internal heat production, enhance their heat dissipation
mechanism or combine both (Egbunike, 1979; Habeeb et al.,
1992; LPHSI, 1990). For efficient performance, livestock
should be under a condition that limits the fluctuations in
environmental factors of production within the thermoneutral zone where the required environment for efficient
production is maintained throughout the production period.
On the other hand, the husbandman’s comfort for the
best performance is also a complex reaction to a number of
environmental parameters, which, according to Emmanuel
(2005), was clearly recognized as early as 1938. To man
bioclimatic quantification is more complicated than indoor
comfort due to various reasons. Psychological reasons have
to do with human comfort ‘expectations’; physiological
differences – he said – arise from time spent indoors against
outdoors (typically, long exposure in indoor situations as
against short, quick exposure in the case of outdoors).
Energetic differences arise from the variation between mean
radiant temperature (MRT) and air temperature; he conclumded that, while it is safe to assume that these two are equal
indoors, large differences exist between them in the outdoors (particularly in warm outdoors).

THI = t – [(0.31 - 0.31(RH / 100)) (t – 14.4)],

(4)

where in both equations t is the air temperature (°C) and RH
is relative humidity (%.).
The comfort limits for man were given thus for:
21£THI£24°C, 100% of the subjects felt comfortable;
24£THI£26°C, 50% of the subjects felt comfortable;
THI>26°C, 100% of the subjects felt uncomfortable.
The comfort limits for rabbit are defined as (Marai et al.,
2002):
THI<27.8°C, absence of heat stress;
27.8 to 28.9°C, moderate heat stress;
28.9 to 30°C, severe heat stress;
THI>30°C, very severe heat stress.
However, according to both Marai et al. (2002) and
Emmanuel (2005), the indicated ranges for man and rabbits
were developed for the mid-latitude while it needed to be
noted that in the tropical region both man and animals are
likely to tolerate higher levels of THI due to acclimatization
as well as variations in food habits, fur, clothing, and so on.
On the other hand, while the THI accounts for the thermal comfort effects of air temperature and relative humidity,
the RSI allows for the effects of clothing insulation and net
radiation (Emmanuel, 2005). For a standard man ie healthy
25 year old male, un-acclimatized to heat, in business clothing according to Emmanuel (2005) under specified conditions ie internal heat production = 100 W m-2, wind speed
= 1m s-1 and no direct solar radiation RSI was given as:
RSI = (t - 21) / (58 - e),

(5)

where: t is the air temperature (°C), and e is the vapour
pressure (hPa). Emmanuel (2005) concluded that for
comfort in a mid-latitude temperate region the following are
the limits for man: when RSI is 0.1 (100% unstressed ie
comfortable), 0.2 (75% unstressed), 0.3 (none of the occupants is stressed, this is the upper limit of comfort level), 0.4
(75% are stressed) and at 0.5 (all occupants are stressed). He
mentioned that an RSI of 0.2 is the upper limit for elderly and
those of ill health.

EFFECT OF VENTILATION OPENING LEVELS ON THERMAL COMFORT STATUS

An investigation was carried out using three different
buildings at the Teaching and Research Farm (TRF) of the
Obafemi Awolowo University, Ile-Ife, Nigeria (Latitude
07° 28’N and Longitude 04° 33’E), between the months of
January and April, 2006. Two of the buildings were with two
different inlet openings of 50 and 30% of the sides, while the
outlet opening was 20% of the side. One of the buildings was
oriented perpendicular (90°) and the other skewed at 45° to
the direction of the north-east prevailing wind at the
location. The third building is the production rabbitry building on the farm which has its major axis oriented in the eastwest direction with both inlet and outlet openings equal ie
100% opening taking the full length and height of the sides.
Environmental parameters of temperature and relative
humidity of both the inside and outside of the experimental
buildings were monitored two times daily to obtain the
direct effect of orientation, percent opening of inlets and
outlets and their interaction on the thermal comfort levels of
the building as evident in the rabbits’ performance. The
buildings internal environmental temperature (Ti,), relative
humidity (RH) and external temperature (Te) were measured using a Taylor 1442 Type Digital multimeter gauge.
Also, for correlation purposes, a K-Type multimeter for
temperature and a hygrometer for humidity were used; these
allowed for more readings to be taken. The wind speed at the
location was collected for the period considered from the
TRF meteorological station which is proximate to the
experimental station.
From the data collected throughout the period correlation analyses was done between the THI of the three different openings to determine the best opening for comfort of
both animal and man as suggested by other researchers.

ment in accordance to the variations in both temperature and
relative humidity. The result of the analysis of variance
(ANOVA) of the THI for rabbit with building orientation
and ventilation opening level is presented in Table 2. From
this Table it can seen that both building orientation and
ventilation opening have a significant effect on the rabbit

Control
50%opening (90deg.
Orientation)
30%opening (90deg.
Orientation)
50%opening (45deg.
Orientation)
30%opening (45deg.
Orientation)

39
38

Temperature-Humidity Index ( o C)

MATERIALS AND METHODS

263

37
36
35
34
33
32
31
30
0

2

4

6

8

10

12

14

Weeks

Fig. 1. Daily mean temperature humidity index THI (°C), trend for
rabbits during the experiment period.
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In order to better understand the effects of the different
treatments and their interactions, data were subjected to statistical analyses using statistical analysis system procedure
(SAS, 2000). Two-way analysis of variance (ANOVA) was
performed to compare variations in performance characteristics of rabbits’ production and physiological behaviours.
Significance levels of 5 and 1% were used. Where significance was indicated, Duncan’s multiple range test was
used to separate the means.
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RESULTS AND DISCUSSION
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Figures 1 and 2 indicate the thermal comfort trend for
both animal and man in the buildings, respectively, and
Table 1 shows the values of THIs for both rabbit and man as
well as the RSI for man, while Fig. 3 shows the RSI trends
during the period. From Fig. 1 it was observed that the value
of THI for rabbit varies with the changing periods of experi-
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Fig. 2. Daily mean temperature humidity index (°C), trend for
husbandmen during the experiment period.
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T a b l e 1. Mean effect of treatments on building thermal comfort index (THI) for rabbit and man as well as relative strain index (RSI)
for man
Orientation
(°)

Opening
(%)

THIrabbit

THIman

RSIman

30

35.396

32.362

0.389

50

33.823

29.759

0.287

30

34.213

29.168

0.250

50

32.488

27.608

0.202

34.333

29.497

0.271

45

90
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Fig. 3. Daily mean relative strain index trend for husbandmen
during the experiment period.

pen THI at 1% level of significance. The Duncan multiple
range tests presented in Table 3 show that the 50% ventila- tion
openings with the highest height to length ratio of the inlet
opening had a lower THI level of 32.488°C in 90° orientation
building; this environment provides the most thermally
comfortable condition for the rabbit in this study, since the
lower the THI value the more comfortable is the microenvironment. The least thermally comfortable pens for the rabbits
are seen in the 30% ventilation opening pens of the 45° orientation building that had the highest THI value of 35.396°C.
Considering the THI for man (Fig. 2, Table 1), and the
result of ANOVA of THI with building orientation and
ventilation opening presented in Table 4, it can be seen that
both building orientation and ventilation opening have
significant effect on the enclosure’s THI for man at 1% level
of significance. The Duncan multiple range tests presented
in Table 3 show that the 50% ventilation openings of the 90°
orientation building also had a lower THI level of 27.608°C
and hence the most thermally comfortable environment for
the workman. The least thermally comfortable environment
for man is also seen in the 30% ventilation opening pens of
the 45° orientation building that had the highest THI value of
32.362°C. While considering the relative strain index (RSI)
for man (Fig. 3, Table 1), and the result of ANOVA for RSI

T a b l e 2. Analysis of variance (ANOVA) of temperature humidity index (THI) for rabbit with building orientation and ventilation
opening level

Source of variation

Degree of freedom

Mean square

F-ratio

Significance level

110.099

17

6.476

33.04

<0.0001

Treatment

58.231

5

11.646

59.42

<0.0001

Replicates

49.503

12

4.125

21.05

<0.0001

0.196

Model

Sum of squares

Error

9.212

47

Total

119.311

64

Missing values have been excluded.

EFFECT OF VENTILATION OPENING LEVELS ON THERMAL COMFORT STATUS
T a b l e 3. Multiple range analysis for temperature humidity index
(THI) for rabbit (a = 0.05)*, number of treatments - 13
Duncan grouping

Mean

Treatment

A
A
B
B
C

35.396
34.333
34.213
33.823
32.488

45/30
Control
90/30
45/50
90/50

*Means with the same letter are not significantly different, control
– East to West building orientation, 100% ventilation opening level:
building orientation (°)
ventilation opening level (%)
45/30- 45

30

45/50-45

50

90/30-90

30

90/50-90

50
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From the results obtained in this study it can be seen that
the 50% ventilation opening pens of the 90° orientation
building provides the most favourable thermal comfort
level for both animal and man, while the 30% ventilation
opening pens of 45° orientation building gave the least
thermally com- fortable environment. These results confirm
the conclusions of various researchers on the fact that
thermal comfort level in a production building is a function
of amount of ventilation openings, the opening configuration, opening effectiveness and building orientation
(Boutet, 1987; Lokhorst et al., 1995; Grool Koerkamp,
1998; Ogunjimi et al., 2007).
Although from the experiment the control building with
both sides opened has the largest area that can admit more air
into the building than the other openings, it was not able to
provide the required low level comfort indicator (THI), this
may be due to the equal amount of opening on both sides that

T a b l e 4. Analysis of variance (ANOVA) of temperature humidity index (THI) for man with building orientation and ventilation
opening level
Source
of variation

Sum of squares

Degree of freedom

Mean square

F-ratio

Significance level

Model

195.966

17

11.527

35.89

<0.0001

Treatment

153.412

5

30.682

95.54

<0.0001

Replicates

38.397

12

3.200

9.96

<0.0001

Error

15.094

47

0.321

Total

211.060

64

Missing values have been excluded.
T a b l e 5. Multiple range analysis for temperature humidity index
(THI) for man (a = 0.05), number of treatments - 13
Duncan grouping

Mean

Treatment

A
B
B
B
C

32.362
29.759
29.497
29.168
27.608

45/30
45/50
Control
90/30
90/50

Explanations as in Table 3.

with building orientation and ventilation opening presented in Table 6 for man, it can equally be seen that both
building orientation and ventilation opening have a significant effect on RSI of man at 1% level of significance. The
Duncan multiple range tests presented in Table 7 show that
the 50% ventilation openings of the 90° orientation building
also had a lower RSI value of 0.202 and hence the least strain
for the workman during work period; the highest RSI value
of 0.389 can also be observed for the 30% ventilation opening pens of the 45% orientation building, hence providing
the most strained environment for the workman.

enhances the entry of air from both sides with a possible
eddy current (Boutet, 1987). Hot air that is expected to rise
up to move out will continuously be mixing with the
incoming ones but this current allows the mixing up of the
incoming air with the already heat- and moisture-laden
inside air. It is also noted that the control building is
orientated in the East-West direction, which does not allow
for the full incidence of the prevailing air flow. The 50%
opening buildings produce the next higher amount of airflow rate and for both orientations the least in each case of
THI and hence the higher comfort level. The 30% inlet
opening type of building was seen not to be good enough for
profitable production, for both animal and man, as less
amount of air is allowed in.
For the tropical humid environment of the South-West
of Nigeria type, a building having large openings on both
sides (along the axis) with ridge vent as outlet will be an appropriate configuration. This type of building will,
throughout the year, admit air from either side while the hot
moist spent air will move out through the upper vent, cooling
down the building, particularly at the animal and man
occupation levels.
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T a b l e 6. Analysis of variance (ANOVA) of relative strain index (RSI) for man with building orientation and ventilation opening level

Source of variation

Sum of squares

Degree of freedom

Mean square

F-ratio

Significance level

Model

0.333

17

0.020

23.61

<0.0001

Treatment

0.246

5

0.049

59.17

<0.0001

Replicates

0.081

12

0.007

8.11

<0.0001

Error

0.039

47

0.001

Total

0.372

64

Missing values have been excluded.

T a b l e 7. Multiple range analysis for relative strain index (RSI)
for man (a = 0.05) , number of treatments - 13
Duncan grouping

Mean

Treatment

A
B
B
B
C

0.389
0.287
0.271
0.250
0.202

45/30
45/50
Control
90/30
90/50

Explanations as in Table 3.

CONCLUSIONS

1. The results showed that both the amount of ventilating opening and building orientation have significant effects on the thermal comfort level of a building.
2. The larger the ventilating opening the more the
comfort level as indicated by the THI value for both animal
and man, so also is the level of RSI for man. In the same way,
the closer the building orientation to putting the opening at
a perpendicular situation to the incidence of the prevailing
wind the more comfortable the environment becomes.
3. The lower the value of THI of an environment, the
more is the comfort level for both animal and man; while the
lower the RSI value the lesser is the strain on man. Although
the THI (thermal comfort indicator) values are high and
above the specified range of thermal comfort levels for both
rabbits and man, they may have sustained the condition due
to long time acclimatization in accordance to the observations of Marai et al. (2002) and Emmanuel (2005). This
might have resulted in the relatively normal performance of
both animals and man in these buildings particularly the
50% ventilation opening of the 90° orientation building pen.
4. However, for the tropical humid regions a building
with adequate side opening having a ridge vent and at an
orientation close to perpendicular to prevailing wind
direction that will provide the fullness ventilation for an
efficient rabbit production building is recommended.
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