
634 

 

Ethiopian Journal of Environmental Studies & Management 11(5): 634 – 643, 2018. 

ISSN:1998-0507                                    doi: https://ejesm.org/doi/v11i5.10 

Submitted: August 6, 2018                     Accepted: October 8, 2018 

 

EFFECT OF ORIENTATION AND OPENING SIZE ON NATURAL VENTILATION IN 

OFFICE BUILDINGS SURROUNDING A PENTAGONAL OPEN SPACE 

 

*IDOWU, O.M.,1 GWANDI, S.G.,1 HUMPHREY, S.1 AND MARAFA, U.G.2  
1 Department of Architecture, Modibbo Adama University of Technology, Yola;                          

2 Department of Architectural Technology, The Federal Polytechnic, Mubi, Nigeria 

*Corresponding author: idowumosegun@gmail.com 

 

Abstract 

Natural ventilation is held as an imperative for sustainable use and conservation of energy 

through passive cooling in buildings in the tropics. It is believed to be dependent on 

characteristics of the site, orientation and architectural characteristics of the building as 

well as wind direction. This study sought to ascertain the extent to which building 

orientation and opening size, as architectural characteristics, affect natural ventilation in 

office buildings planned around an open courtyard in Yola.  The five office buildings in 

Adamawa State Urban Planning and Development Authority were the subjects of the Causal 

Comparative or ‘Ex-post Facto’ research design. Hot-wire anemometers were deployed to 

observe wind speeds at wind ward sides and inside of selected spaces; and wind directions 

were observed with an improvised wind vane. Data of spaces with different orientations 

were grouped; Analysis of variance (ANOVA) was employed to compare and draw inference 

on difference of mean wind speeds and ventilation coefficients among grouped spaces (p = 

0.05). It was established that natural ventilation of the study office buildings was 

significantly different among spaces of different orientations and opening sizes. Space 

opening size expressed both in  terms of total opening size relative to floor area, and in 

terms of ratio of outlet to inlet ranging from 12.7% and 0.57 to 30.6% and 2.50 were found 

to produce ventilation coefficients ranging from 0.06 to 0.50 in the study offices. Ratio of 

outlet to inlet was found to have more notable effect than total opening relative to floor 

area on ventilation coefficient. It was however found that natural ventilation was 

inadequate for thermal comfort in the buildings in hot dry climate of the study area. The 

study concluded that natural ventilation in the study area should be enhanced by 

orientating building openings about right angles to dominant wind direction to maximize 

air flow into interior, and optimizing opening size.  
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Introduction 

Natural ventilation or non-mechanical 

airflow through buildings has been 

canvassed (Passivent, 2015) as an integral 

component of sustainable architecture. 

Whether wind pressure-driven or 

bouyancy-driven, natural ventilation’s 

cost effectiveness, propensity to enhance 
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office building occupants’ productivity, 

health and wellness, as well as ability to 

significantly reduce harmful gas emission 

have been adduced (Romina, 2008; Manu 

et al., 2014; Passivent, 2015). According 

to Stavridou and Prinos (2013), natural 

ventilation is an energy efficient 

alternative for reducing the energy use in 

buildings, achieving thermal comfort and 

maintaining a healthy indoor 

environment. It is expected that public 

office buildings are designed to leverage 

the sustainability potentials of natural 

ventilation, and also to serve as example 

and motivation for the design of similar 

but non-governmental buildings.  

The factors that affect natural 

ventilation include the characteristics of 

the building site, orientation of the 

building and of the wind, as well as the 

architectural characteristics of the 

building (Centre Scientifique et Technique 

Du Batiment, CSTB, 1992).  The shape of 

the building plan, form of the building 

roof, and size of building openings 

constitute the architectural characteristics 

of the building reported to affect natural 

ventilation (Boutet, 1987; CSTB, 1992; 

Idowu, 2012).  

Orientation of building in relation to 

the direction of outdoor wind, which 

according to Cheung (1999) is best 

determined from site wind pattern, affects 

natural ventilation in buildings. According 

to Boutet (1987), Chand (1988), 

Adesanya, (1998) and Idowu and 

Okonkwo (2012), buildings may not be 

necessarily oriented perpendicular to 

outdoor wind direction in order to 

maximize the potentials of natural 

ventilation. Wind directions parallel or 

less than 30o to inlet opening planes, 

however, seem to offer little prospect to 

indoor air flow. The need for solar 

protection in hot climates as canvassed by 

Givoni (1994) may, however elicit a 

building orientation of compromise 

between natural ventilation and passive 

cooling requirements. 

Previous studies (Boutet, 1987; 

CSTB, 1992) have revealed that some 

basic building plan forms affect air flow 

pattern and rate in building spaces. The 

square, rectangular, as well as U-shaped 

and T-shaped building forms of various 

dimensional (length, breadth, and height) 

proportions exposed to wind at different 

directions were reported to alter the air 

flow in varying degrees (Boutet, 1987, 
Wong et al., 2000; Saadatjoo et al., 2016). 

Kleiven (2012) posited that the optimum 

shape for economy and minimal heat loss 

or heat gain is a compact plan with the 

least amount of envelope surface exposed 

to the elements. 

Opening Size and Air Flow 
The size, placement, ratio and type of 

openings affect air movement within a 

building, by altering the inertia, pressure 

differentials and buoyancy characteristics 

of air flow (Vollebregt an Boonstra, 1998; 

Kleivin, 2012; Passivent, 2015). 

Maximum air movement through the 

building is achieved by placing inlet 

openings in positive pressure zones and 

outlet openings in negative pressure zones 

(Boutet, 1987). The amount of air flow 

also depends on size of openings as well 

as ratio of outlet to inlet sizes; increase in 

the ratio of outlet to inlet area increases 

airflow (Markus and Morris, 1980; CSTB, 

1992). Apart from the size of window 

opening, airflow within a space is affected 

by the type and location of windows.  As 

reported by Idowu and Okonkwo (2012), 

a symmetrical placement of the windows 

in a one-sided ventilation can produce 

more air flow inside a room than a 

symmetrical placement. Also, windows 

located 300mm to 600mm above floor 
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level is said to provide more ventilation to 

occupants seated or lean reclining. 

Open Courtyards in Office Buildings 
Courtyard, defined as an enclosed area 

surrounded by buildings or walls and open 

to the sky, is an element that originated 

from the hot and dry regions (Edwards et 

al., 2006). Courtyards were often 

deployed for functions including 

gardening, cooking, working, playing, 

sleeping, or even in some cases as places 

to keep animals (Meir, 2000; Edwards et 

al., 2006). A common architectural feature 

that is now applied in office buildings, the 

courtyard geometry as well as its material 

makeup should be considered in the 

design stage in order to provide the 

highest level of thermal comfort possible 

(Meir, 2000). For thermal comfort, the 

passive cooling potentials of a courtyard 

depend on its geometry; square-plan 

courtyards are more effective than 

rectangular ones as cooling elements 

(Odim et al., 2012). Wong et al. (2000) 

reported the different effects of air flow 

through four types of rectangular 

courtyard storey buildings of varying 

proportions and locations, but all with 

open (raised) sides at ground floor. 

Natural ventilation from air flow through 

the open space (described as courtyards) of 

five U-shaped building models of same 

size but varying proportions were studied 

by Saadatjoo et al. (2016); maximum 

ventilation rate resulted from air flow 

through the building with narrowest open 

space. 

Statement of the Problem                        
Occupants of naturally ventilated 

office buildings have been found 

significantly more satisfied with their 

thermal environment than occupants of 

air-conditioned buildings. For 

enhancement of passive cooling through 

natural ventilation in hot climates, the 

deployment of courtyards in building 

design has been canvassed (Boutet, 1987; 

Meir, 2000; Odim et al., 2012). Apart 

from the architectural characteristics of 

buildings or walls bounding them, the 

geometry of such courtyards is a major 

determinant of their effectiveness in 

enhancing air flow through adjoining 

spaces (Boutet, 1987; CSTB, 1992). 

Buildings arranged around rectangular 

and square courtyards and air flow rate 

and pattern in and around them have been 

studied and reported (for instance by 

Wong et al., 2000; Saadatjoo et al., 2016). 

However, where more than four detached 

buildings are arranged around a courtyard, 

air flow rates and patterns within and 

around their spaces may not be predictable 

by deductions from our knowledge of the 

rectangular and circular courtyard 

configurations.  This study aims to expand 

existing body of knowledge by 

ascertaining how a pentagonal courtyard 

affects air flow in and around adjoining 

spaces. 

 

Methodology  

The study is an ‘ex-post facto’ or 

causal comparative research design as it 

evaluates the effects of independent 

variables the way they occur without any 

attempt to manipulate them in the existing 

office buildings in the study site.  The 

premises of Adamawa State Urban 

Planning and Development Authority, 

Jimeta-Yola, where five office buildings 

are arranged bounding an irregular 

heptagonal courtyard is the study site. The 

courtyard is of approximate dimensions 

23m, 33m, 26m, 28m and 30m, and area 

of 1300m2 , while each of the office 

buildings occupy an approximate area of 

130m2 (Figure 1).   

Office spaces were selected to 

represent different building orientations, 
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opening sizes, and exposure or obstruction 

to wind.  Five Departmental buildings 

with different orientation were identified; 

two or three rooms (offices) were selected 

in each building and identified as follows: 

(1) ‘HSGR 01’ and ‘HSGR 02’ in Housing 

Department; (2) ‘TPLR 03’ and ‘TPLR 

04’ in Town Planning Department; (3) 

‘ADMR 05’ and ‘ADMR 06’ in 

Administration Department; (4) ‘ACCR 

07’, ‘ACCR 08’ and ‘ACCR 09’ in 

Accounts Department; (5) ‘ENGR 10’ and 

‘ENGR 11’ in Engineering Department. 

Wind speeds in and around selected 

offices were observed with hot-wire 

(thermal) anemometers. Five positions at 

work plane level (around the four corners 

and the center) in each of the study offices 

were selected as observation points.  A 

round of observation in each office space 

was made of six readings on each of five 

selected work plane points, and thirty 

simultaneous outdoor readings.  Inlet and 

outlet opening sizes were determined and 

measured along with office floor areas. 

The directions of wind were determined 

with the aid of an improvised ‘wind vane’ 

made of a small piece of white polystyrene 

attached to a short black string suspended 

on an adapted stand. 

Dominant wind directions were 

categorized into three viz: Normal to the 

opening plane, NNP; Parallel to the 

opening plane, PRL; and Neither normal 

nor parallel to the opening plane, NNP. 

Opening sizes were computed in two ways 

viz: Total (door and windows) opening 

area expressed as percentage of office 

floor area; and Ratio of wind outlet area to 

inlet area. Ventilation coefficients were 

computed as the ratio of indoor wind 

speed to a corresponding outdoor wind 

speed. Descriptive statistics including 

mean and standard deviation (SD) were 

computed to describe wind speeds and 

ventilation coefficients. Data of spaces of 

different orientations were grouped; 

Analysis of variance (ANOVA) was 

employed to compare and draw inference 

on difference in mean wind speeds and 

ventilation coefficients among grouped 

spaces. 
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Fig 1:  Study site plan, buildings and spaces 

Fig. 2: Study offices typical sections 

                                            

Results 

Table 1 indicates some statistics of the 

observed wind speeds (in m/s) for the 

study offices. The lowest wind speed 

observed in the offices was 0.0m/s in 

ENGR 11; other comparatively low values 

were 0.1m/s in HSGR 01, HSGR 02, 

ADMR 05 and ADMR 06. A value of 

2.0m/s in ‘ACCR 08’ was the maximum 

indoor wind speed recorded in the offices 

during the observation.  Mean wind 

speeds in the offices ranged from 0.04m/s 

(with lowest Standard Deviation, SD, of 

0.03) in ‘ADMR 06’ to 0.29m/s (with the 

highest SD of 0.27) in ‘HSGR 02’. 

Outdoor wind speeds varied from a 

A-A B-B 
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minimum value of 0.1m/s adjacent to 

‘ACCR 07’ to a maximum of 3.37m/s 

adjacent to ‘TPLR 03’. Mean outdoor 

wind speeds ranged from 0.4m/s (with SD 

of 0.13) around ‘ENGR 11’ to 1.46m/s 

(with SD of 0.99) observed adjacent to 

‘TPLR 03’. 

 

Table 1: Statistics of observed wind speeds (m/s) for the study offices 

Office No.  Indoors  Outdoors 

Min Max. Mean SD Min. Max. Mean SD 

HSGR 01 0.01 0.65 0.20 0.19 0.19 2.83 0.86 0.69 

HSGR 02 0.01 0.89 0.29 0.27 0.15 2.98 1.33 0.77 

TPLR 03 0.04 0.49 0.19 0.11 0.22 3.37 1.46 0.99 

TPLR 04 0.03 0.75 0.24 0.17 0.16 2.01 0.81 0.57 

ADMR 05 0.01 0.18 0.08 0.06 0.21 2.40 0.97 0.57 

ADMR 06 0.01 0.16 0.04 0.03 0.40 1.10 0.67 0.21 

ACCR 07 0.02 0.28 0.14 0.09 0.10 2.23 0.64 0.46 

ACCR 08 0.04 2.00 0.24 0.19 0.22 2.55 1.00 0.52 

ACCR 09 0.02 0.36 0.18 0.10 0.16 2.64 1.00 0.68 

ENGR 10 0.02 0.40 0.15 0.10 0.21 1.42 0.64 0.36 

ENGR 11 0.00 0.26 0.10 0.06 0.12 0.63 0.40 0.13 

 

The ventilation coefficients and other 

ventilation variables of the study offices as 

observed are shown in Table 2.   ‘ADMR 

06’ with total opening area 14.6 percent of 

floor area and outlet to inlet ratio of 1.72 

produced the lowest  mean ventilation 

coefficient of 0.06 (with SD of 0.05). The 

second lowest mean ventilation 

coefficient of 0.09 (and SD of 0.07) was 

obtained from ‘ADMR 05’ with total 

opening area 12.7 percent of floor area and 

outlet to inlet ratio of 2.50. The form of 

roof over the inlets of these ‘ADMRs’ is 

double pitch without corridor (DWOC).  

On  the other hand, the highest mean 

ventilation coefficient of 0.5 (and SD of 

0.45) was obtained in office ‘TPLR 04’ 

having total opening area 30.6 percent of 

floor area and outlet to inlet ratio of 0.57; 

the form of roof over its inlet is double 

pitch with corridor (DWIC). The observed 

dominant wind direction to three offices 

was neither normal nor parallel (NNP) to 

their inlet planes.

 

Table 2: Study Offices Ventilation Variables 
Office   Id. 

No. 

Inlet Roof and 

Corridor  Form 

Wind Incident 

Angle 

T.O.A.as % of  

Floor Area 

Outlet Area to   

Inlet Area 

Ventilation Coefficient 

Mean  SD 

HSGR 01 DWIC NML 30.6 0.57 0.27 0.22 

HSGR 02 DWIC NML 30.6 0.57 0.22 0.16 

TPLR 03 DWIC NNP 30.6 0.57 0.23 0.22 

TPLR 04 DWIC NNP 30.6 0.57 0.50 0.45 

ADMR 05 DWOC NNP 12.7 2.50 0.09 0.07 

ADMR 06 DWOC NNP 14.6 1. 72 0.06 0.05 

ACCR 07 DWOC NNP 30.6 1.75 0.38 0.44 

ACCR 08 DWOC NNP 30.6 1.75 0.33 0.25 

ACCR 09 DWOC NNP 30.6 1.75 0.30 0.30 

ENGR10 DWOC NNP 30.6 1.75 0.32 0.28 

ENGR11 DWOC NNP 30.6 1.75 0.29 0.25 
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Tables 3, 4 and 5 portray the analysis 

of variance (ANOVA) of grouped study 

offices in Administration and Accounts 

Departments, Town Planning and 

Housing Departments, and Town planning 

and Engineering Departments 

respectively. There was a significant 

difference in the mean ventilation 

coefficients among the study offices in 

Administration and Accounting 

Departments: The calculated value of F-

ratio, Fcalc. (8.726) is higher than the 

critical value, Fcrit. (2.37). The study 

offices in Town planning and Housing 

Departments also conduced significantly 

different mean ventilation coefficients. 

Calculated F-ratio of 6.528 higher than 

critical value of 2.68. Among the mean 

ventilation coefficients in the study offices 

in Town Planning and Engineering 

Departments, the calculated F-ratio is 

4.216 which is higher than the critical 

value of 2.68; the difference in means is 

significant.

 

Table 3: ANOVA of mean ventilation coefficients in ADM & ACC study offices  
Source of 

Variance 

Sum of 

Squares 

df Mean 

Square 

Fcal Sig. Fcrit Remark: Difference 

in Means 

Between 

Groups 

2.492 4 0.623 8.726 0.000 2.37  

Significant 

Within 

Groups 

10.351 145 0.071 

Total 12.842 149  

 

Table 4: ANOVA of mean ventilation coefficients in TPL & HSG study offices 
Source of 

Variance 

Sum of 

Squares 

df Mean 

Square 

Fcal Sig. Fcrit Remark: 

Difference in Mean 

Between 

Groups 

1.612 3 0.537 6.528 0.000 2.68  

Significant 

Within 

Groups 

9.549 116 0.082 

Total 11.161 119  

 

Table 5: ANOVA of mean ventilation coefficients in TPL & ENG study offices 
Source of 

Variance 

Sum of 

Squares 

df Mean 

Square 

Fcal Sig. Fcrit Remark: 

Difference in Mean 

Between 

Groups 

1.249 3 0.416 4.216 0.007 2.68  

Significant 

Within 

Groups 

11.454 116 0.099 

Total 12.703 119  

 

Discussion 

Significant differences in mean 

ventilation coefficients among the 

grouped study offices suggest that 

orientation of buildings affect natural 

ventilation in the study area. This 

suggestion is premised on the fact that the 

grouped buildings are of different 

orientations, even though some of them 

differ in other independent variables.  For 

instance ADMRs and ACCRs also differ 

in total opening area as percentage of floor 

area (12.7%, 14.6% and 30.6%) and outlet 

to inlet ratio (2.50, 1.72 and 1.75). TPLRs 

and ENGRs also seem to differ in outlet to 

inlet ratio (0.57 and 1.75) and in inlet roof 

and corridor forms (DWIC and DWOC). 

HSGRs and TPLRs however seem to have 
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all other independent variables under 

study the same. The difference in their 

orientations seems to result in different 

incident wind angles (dominant wind to 

inlet plane). Orientation of the buildings in 

the study area may also be responsible for 

the observed differences in wind 

directions as buildings and other physical 

structures may obstruct or redirect wind to 

adjacent buildings. This may explain an 

observation of the highest mean 

ventilation coefficient (0.5) in ‘TPLR 

04’as it may have benefited from wind 

deflected from an adjacent wall 

terminating inlet corridor (see Figure 1). 

Opening size also seems to 

significantly affect natural ventilation in 

the buildings under study.  This seems to 

be manifest in ADMRs and ACCRs with 

different total opening area as percentage 

of floor area and outlet to inlet ratios. 

Spaces with the lowest opening sizes 

relative to floor area (ADMRs) have the 

lowest mean ventilation coefficients (0.06 

and 0.09) while spaces with highest 

opening areas and outlet/inlet ratios 

(ACCRs and ENGRs) recorded higher 

mean ventilation coefficients (0.38 and 

0.32).  The effect of outlet to inlet ratio on 

ventilation coefficient may also be 

appreciated between ‘ACCR 05’ and 

‘ACCR 06’; the two offices seem to differ 

more in terms of ratios of  outlet area to 

inlet area (2.50  and 1.72) than in terms of 

total of opening area parameters (12.7% 

and 14.6%). Despite the fact that the 

former has lower opening area as 

percentage of floor area, its higher value 

of outlet to inlet ratio resulted in a 

relatively higher ventilation coefficient of 

0.09. This result suggests that the size and 

distribution of room openings expressed 

as ratio of outlet to inlet has greater effect 

on natural ventilation than just the total 

opening area. The study supports existing 

positions including those of Markus and 

Morris (1980), Ogunsote (1991), CSTB 

(1992) and Idowu (2012). 

The study has implications on 

sustainable energy and passive cooling in 

office buildings, not only in hot dry 

climate of Yola, but in the tropical 

climates of developing nations. The 

magnitude of available wind in a climatic 

region would determine the effectiveness 

of these buildings for natural ventilation.  

The concept of ‘Critical Ventilation 

Coefficient’ (CVC) espoused by Idowu 

(2012) may be applied for evaluating the 

ventilation effectiveness of the buildings 

in some cities in Nigeria.  For instance the 

CVC for hot humid climates of Enugu and 

Oshogbo are 2.05 and 3.19; those of warm 

humid Lagos and Port-Harcourt are 1.50 

and 1.63 respectively. In the hot dry 

climates, Kano has CVCof 0.54, and Yola, 

1.42; in contrast with temperate climates 

of Jos with CVCof 0.01, and Zaria, 0.02 

(Idowu and Okonkwo, 2015). 

Office buildings with ventilation 

coefficients ranging from 0.06 and 0.50 

may be considered effective for natural 

ventilation in temperate dry climates of 

Jos and Zaria, and probably hot dry 

climate of Kano. In the hot and warm 

humid climates of Enugu, Oshogbo, 

Lagos and Port-Harcourt, as well as hot 

dry climate of Yola with CVC higher than 

0.5, the office buildings may not be 

considered effective for natural 

ventilation. 

 

Conclusion and Recommendations 

The study attempted to ascertain the 

effect of orientation and opening size on 

natural ventilation in office buildings 

around a pentagonal open space 

(courtyard) in Yola. It was established that 

natural ventilation of the study office 

buildings was significantly different 

Effect of Orientation and Opening Size on Natural Ventilation................Idowu et al. 

 



642 

 

among spaces of different orientations and 

opening sizes. Space opening size 

expressed both in  terms of total opening 

size relative to floor area, and in terms of 

ratio of outlet to inlet ranging from 12.7% 

and 0.57 to 30.6% and 2.50 were found to 

produce ventilation coefficients ranging 

from 0.06 to 0.50 in the study offices. 

Ratio of outlet to inlet was found to have 

more notable effect than total opening 

relative to floor area on ventilation 

coefficient. It was however found that 

natural ventilation was inadequate for 

thermal comfort in the buildings in hot dry 

climate of the study area.  

From these findings, some 

recommendations that may enhance 

natural ventilation include the following: 

(i) Dominant wind direction on building 

site should be established before design;  

(ii) Ventilation opening planes of office 

buildings  should be orientated near or at 

right angle to dominant wind; (iii) 

Buildings should be spaced apart to avoid 

mutual wind-shadow. 
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