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ABSTRACT: Thailand experiences high air temperatures and humidities throughout the year. In such conditions 

natural ventilation is recommended as the most effective passive cooling strategy. However, to achieve internal air 

velocities that are high enough to provide indoor thermal comfort can be challenging. Most residential units in high-

rise residential buildings in Thailand have single-sided ventilation (i.e. openings in just one wall). This results in very 

low indoor air velocities that are insufficient to create cooling effects and comfort conditions. In this study a 

ventilation shaft, which is a vertical shaft located at the rear of a single-sided unit and with an exhaust at the 

building’s flat roof, was investigated to assess its potential to increase indoor air velocities and to extend comfort 

hour percentages in a single-sided unit during the summer and winter months in Bangkok. 

Keywords: natural ventilation, single-sided building, high-rise residential building, thermal comfort, Hot-humid 

climate, Computational Fluid Dynamics (CFD)  

 

 

INTRODUCTION  

Thailand is a hot-humid country with high air 

temperature and humidities throughout the year. Air 

temperature in Bangkok average between 21˚C during 

the winter period (October to January) and 35˚C during 

the summer period (February to May), with an annual 

average of 29˚C according to ten-years of weather data 

recorded between 1999-2010 [1]. Relative humidity (RH) 

varies between 56% during winter and 89% during the 

rainy season (June to September), with an annual average 

of 72%. Average hourly mean wind speeds vary from 

0.3m/s to 2.3m/s depending on the time of the day i.e. 

maximum wind speed is commonly found during the 

daytime between 11:00-17:00 while minimum wind 

speed is found during night time between 02:00-07:00. 

These climatic characteristics are considered to be 

outside the thermal comfort range for a large portion of 

the year [2]. For other periods comfort ventilation has 

been suggested as the most effective passive cooling 

strategy to achieve thermal comfort.  

 

 Comfort ventilation uses indoor air with high velocity 

in the room’s main activity area to increase convective 

heat transfer, to remove internal heat from indoor 

environment and to increase the evaporative rate to 

remove heat from human skin and thus improve comfort 

conditions [2-7].  

This physiological cooling effect due to elevated air 

velocity has been confirmed to improve thermal comfort 

in extensive studies including that conducted in hot-

humid climates [8-10].   

 

 A ventilation shaft strategy was proposed in a 

previous study conducted by the authors [11].  Its high 

potential to increase indoor air velocity in a typical 

single-sided residential unit in Bangkok was found. 

Average indoor air velocities significantly increased 

from approximately 1%-5% of the external wind speed in 

the reference room without the strategy to 22%-36% in 

the test room with the shaft under particular 

configurations and climatic conditions.  

 

In this study the performance of a ventilation shaft 

strategy with its optimal configurations to increase 

indoor air velocity and to extend comfort hours inside a 

typical residential unit in high-rise buildings in Bangkok 

during summer and winter periods is reported.  

 

 

VENTILATION SHAFT 

The ventilation shaft is a wind-induced natural 

ventilation strategy. This strategy is proposed to 

maximise indoor air velocity in a residential unit, which 

typically has single-sided ventilated i.e. there is only one 

external window in the unit. A set of grilles called the 

‘outlet’ was created at the rear of the room opposite to 

the unit’s inlet. These grilles connect the unit’s 

environment to a vertical shaft with an exhaust over the 

building’s flat roof (Figure 1). 

 



PLEA2012 - 28th Conference, Opportunities, Limits & Needs Towards an environmentally responsible architecture Lima, Perú 7-9 November 2012 

 

 
 

Figure 1: Principle and elements of the ventilation shaft 

strategy; (a) the location of the unit with a vertical shaft in a 

residential building, (b) cross section of the test unit with 

grilles (outlet) and a shaft, (c) layout of the test room with the 

unit’s main window (inlet), outlet and the shaft 
 

 

The strategy is designed to increase wind pressure 

differences between the inlet, which has either negative 

or positive pressure depending on its location according 

to the prevailing wind direction, and the outlet, which has 

high negative pressure regardless of the prevailing wind 

direction. This increases the wind effect to draw external 

air into the unit, which results in high air velocities 

between the unit’s inlet and the outlet. 

 

 

STUDY METHODS AND PROCEDURES 

A hypothetical building was formulated for the study in 

order to assess the ventilation shaft strategy’s 

performance. The building was designed to represent the 

typical characteristics of high-rise residential buildings in 

Bangkok i.e. it was assumed to be a 25
th

 storey, double-

loaded corridor building with residential units located on 

either side of an internal corridor (Figure 2). Typical 

building materials were used to represent the real 

situation (Table 1). All units were single-sided and the 

chosen room for the investigation was a one-bedroom 

unit on the 23
rd

 floor with a window facing south.  

 

To avoid excessive simulation time the simulations 

studied only the living and dining area of this unit 

(approximate floor area 26m
2
), with the area’s main 

activity part, called the ‘occupied area’ (18m
2
), being 

established as the main location for assessing the 

strategy’s performance. 

 

 

 
 

Figure 2: Hypothetical building and test room; (a) location of 

the studied room on the 23rd floor, (b) layout of the studied 

room with the defined occupied area  

 

 

Table 1: Building materials used in the hypothetical building 

formulated for the study[11] 

Elements Materials 
U-Value 

(W/m2K) 

External wall 

100mm reinforced concrete with 

12.5mm cement plaster on the 

external surface and 9mm 
plasterboard with 10mm air gap for 

internal surface 

2.5 

Internal wall 
105mm brick wall with 12.5 
cement plaster on both sides 

1.7 

Window 
Double glassing with 2x6mm, 

clear glass and 13 mm air gap 
1.8 

Vent 
Small, light grille (Discharge 

coefficient=0.5) 
- 

Flat roof 
150mm reinforce concrete with 
20mm fibre glass, 200mm air gap 

and 90 mm plasterboard 

0.18 

 

Computational Fluid Dynamics (CFD) model is 

required and recommended when the performance of a 

natural ventilation strategy is to be investigated in detail. 

This is because it can predict the detailed information of 

air velocity and distribution in and around a building [12-

17]. In this study EnergyPlus and CFD packages in the 

DesignBuilder modelling software version 2.3.5.034 [18] 

were used. In addition Cp Generator [19], a web-based 

application was also required in the study to estimate 

wind pressure coefficients (Cp) as the DesignBuilder’s 

default Cp is restricted to a building that is not more than 

three stories high.  

  

Before both DesignBuilder and Cp Generator were 

employed they were first validated with measured data 

obtained from a field experiment conducted in three 

chosen units in an existing high-rise residential building 
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in Bangkok [11]. The simulated internal air temperature 

(Tin), air velocity (Vin) and airflow distribution were 

compared to the measured data and a good agreement 

between the data sets was achieved. The average 

deviation between the measured and the simulated Tin 

and Vin were only 6.3% and 10%, respectively, although 

most of the velocities measured found very low i.e. 

~0.1m/s. The predicted airflow pattern also agreed well 

with the situations occurring in the experiment.  

 

To assess the strategy’s performance to increase the 

room’s internal air velocity and to extend comfort hours, 

the predicted operative temperature (Top.av) of the studied 

room without the strategy (called the ‘reference room’) 

was first compared to the thermal comfort range, which 

was calculated based on ASHRAE’s adaptive comfort 

model (Eq.1) [20]. This gave the reference room’s 

comfort hour percentage during April and December, 

which are the selected summer and winter month since 

they have the highest and lowest average monthly dry 

bulb temperature (Tout). 

 

Top.com=18.9+0.255Tout    (Eq.1) 

 

where Top.com = the operative comfort temperature 

(˚C), Tout = the mean monthly outdoor air temperature;  

the upper and lower limit of the comfort range with 90% 

acceptability are 2.5˚C higher and 2.2˚C lower than 

Top.com, respectively. 

 

For the test room’s comfort hour percentage, its 

predicted operative temperature compensated for by 

indoor air velocity (Top.com) was calculated according to 

Szokolay’s physiological cooling equation  (Eq.2) [9, 

21]. Then the reference and the test room’s comfort hour 

percentages during the summer and winter month were 

compared and analysed. 

 

dT=6Ve-1.6(Ve)
2
     (Eq.2) 

 

 

where dT=the cooling effect compensated for by 

elevated air velocity (K), Ve=an effective ventilation 

velocity (Ve=V-0.2m/s; where V = the air velocity at the 

body surface and the expression is valid for up to 2m/s). 

 

High indoor air velocity is obviously the most 

significant variable to improve comfort conditions and 

extend comfort hours and therefore average air velocities 

in the studied room’s occupied area were established as 

the study’s main criterion for assessing the strategy’s 

performance. The other criterion was the airflow pattern 

in the occupied area. Smooth airflow throughout the 

main activity area is suggested to be preferable to a 

highly fluctuating one. 

 

 

RESULTS AND DISCUSSION 
 In a pilot study conducted by the authors the 

ventilation shaft strategy’s ability to increase  indoor air 

velocity was discovered to be dependent greatly upon 

external wind speeds and directions - the higher the wind 

speed and the smaller the wind incidence angle, the 

greater the average indoor air velocity that was obtained 

(Figures 3 and 4). Conversely, outdoor air temperature 

(Tout) and relative humidity (RH) in the specific range 

commonly found in Bangkok were found to have almost 

no effect on the strategy’s performance. These 

characteristics are similar to other wind-induced 

ventilation strategies.  

 

 
Figure 3: Relationship between average indoor air velocity and 

external wind speed under constant wind incident angle of 0˚ 
 

 
Figure 4: Relationship between average indoor air velocity and 

wind incident angle with constant external wind speed of 4m/s 
 

The configurations of the strategy’s main elements 

were also examined in a previous study in order to obtain 

the strategy’s optimal design. These elements included 

the vertical shaft, the room’s window (inlet) and the 

grilles (outlet). The best result, with the highest average 

Vin and a smooth airflow pattern in the occupied area, 

was found in the case with the shaft’s size of 3x1.2m
2
 

(WshaftxLshaft) and the inlet and outlet size of 3x0.6m
2
 

(WinletxLinlet and WoutletxLoutlet) at 0.8m
2
 Hinlet and Houtlet 

above the room’s floor level (Figure 5). These optimal 

configurations were then applied into the test room in 

this study.  
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Figure 5: Ventilation shaft’s elements i.e. the room’s window 

(inlet), grilles at the back of the room (outlet) and vertical shaft 

 

 

The average Top and Vin of the test room with optimal 

design was then calculated under difference external 

wind speed and directions using DesignBuilder’s 

EnergyPlus and CFD. Figure 6 illustrates the simulated 

Vin obtained from the reference and the test room. It can 

be seen that the test room’s average Vin was considerably 

greater than that of the reference room for every external 

wind condition. The test room’s average Vins were 

approximately 36%-60% of the Vout when the wind 

incidence angle was 0˚ (wind direction is perpendicular 

to the inlet), while those of the reference room were 

relatively constant at only 1.3%-5% of Vout.  

 

 
Figure 6: Indoor air velocity in the occupied area obtained 

from the reference and the test room with the strategy’s optimal 

design under various wind speeds with the constant wind 

incidence angle of 0˚ 

 

The simulated airflow pattern in the reference and the 

test room are presented in Figure 7. Internal air with low 

velocity was found in the reference room. On the other 

hand high velocity and acceptable smooth air movement 

was found throughout the test room’s occupied area. Its 

maximum velocity occurred at the room’s inlet, where 

external wind enters into the room, and at the area in 

front of the outlet due to the high suction effect inside the 

vertical shaft.  These results confirm the strategy’s high 

potential to provide smooth airflow with high velocity 

throughout the occupied area. 

 

 
 

Figure 7: Contours of predicted air velocity magnitudes and 

velocity vectors at the occupied level i.e. 1m above the room’s 

floor of the reference and the test room under external wind 

speed of 4m/s and wind incidence angle of 0˚; (a) reference 

room, (b) test room  

 

In addition, the size and position of the room’s 

openings according to its occupied area was found to be 

the most important parameter to indicate the strategy’s 

ability to increase the room’s air velocity and to improve 

the occupants’ comfort. This is especially true for the 

inlet. While the outlet’s size and position have a 

relatively smaller effect on the shaft’s performance, the 

inlet with Winlet covering most of the main activity area at 

the occupied level was recommended to ensure the best 

comfort. 
 

 Next, the internal air velocities in the reference and 

the test rooms for common Bangkok summer and winter 

periods (i.e. external wind speed of 1m/s from the south), 

was calculated for their cooling effect (dT) according to 

Szokolay’s physiological cooling equation (Eq.2). These 

cooling effects were then compared to the comfort ranges 

based on ASHRAE’s adaptive model (Eq.1) (Table2) to 

discover both rooms’ comfort hour percentages during a 

summer and winter month.  
 

Table 2: Average monthly outdoor air temperature (Tout) for 

summer and winter months with comfort range and comfort 

hour percentages in the reference room without the ventilation 

shaft strategy 

Monthly thermal comfort range April December 

Average outdoor temperature (˚C) 30.6 26.4 

Upper limit of comfort (˚C) 29.2 28.1 

Lower limit of comfort (˚C) 24.5 23.4 

 

However, it should be noted that the reference room’s 

average air velocity was very low and insufficient to 

produce any cooling effect [9, 21]. Consequently the 

comfort hour percentage of the reference room was 

unchanged.   

 

 Figure 8 illustrates the comfort hour percentages of 

the reference and the test room, which was compensated 

by the cooling effect due to operating the ventilation 

shaft strategy under the normal wind conditions in 
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Bangkok. The comfort hour percentages of the reference 

room were found to be extended from 17% and 67% in 

April and December to 46% and 88% in the test room, 

respectively. This equates to approximately 1,050kWh 

and 750kWh of air conditioning energy savings that 

could be achieve in one residential unit during a summer 

and a winter month based on a typical air conditioner 

used in such units.  
 

 
Figure 8: Comfort hour percentages of the reference and the 

test room compensated by the elevated air velocity in April and 

December according to Szokolay’s physiological cooling 

equation and ASHRAE’s adaptive comfort model 

 

 

Finally the ventilation shaft strategy was 

implemented into a whole building and its performance 

to increase internal air velocity and extend comfort hours 

was investigated. This is to explore the strategy’s 

performance when it is connected to more than one 

residential unit as conducted in the previous stage. A 

vertical shaft was connected to the units from the 6
th

 

floor to the 25
th

 floor of the hypothetical building (only 

one room per floor was connected to a shaft). The 

optimal configurations of the shaft, the inlet and the 

outlet were employed in every unit. 

  

Table 3 shows the results Vin in the occupied area of 

the rooms when a shaft was applied for 20 floors of the 

building. The average mean of Vin under the low Vout 

condition i.e. Vout of 0m/s and 1m/s, which was found 

here, were comparable to that which was found in the 

previous stage when there was only one unit connected to 

a shaft. This would be the result due to the stack effect 

only. On the other hand considerably smaller Vin was 

found when Vout was higher i.e. 2m/s and 4m/s compared 

to the results from the previous stage when the shaft was 

connected to only one room.  

 

However, the results Vin here were still much higher 

than was found in the reference room without operating 

the ventilation shaft strategy. These findings show the 

high potential of the proposed strategy to increase a 

single-sided residential unit’s internal air velocity and to 

extend comfort hours in real situations. 

 

Table 3: Results Vin in the occupied area obtained when a shaft 

connects to 20 floors (one unit per floor) under various 

external wind speed (Vout) from 0m/s (no wind) to 4m/s and the 

constant incidence angle of 0˚ 

Vout (m/s) 

Average 

mean Vin 

(m/s) 

Average 

maximum 

Vin (m/s) 

Average 

minimum 

Vin (m/s) 

0m/s 0.4 1.0 0.1 

1m/s 0.4 1.0 0.1 

2m/s 0.5 1.1 0.1 

4m/s 0.7 1.5 0.2 

 

  It should also be noted that an average mean Vin was 

calculated from the results Vin obtained from each of the 

twenty rooms connecting to the shaft regardless of their 

direction. In the units on the upper levels an airflow 

pattern was found moving from the inlet to the outlet, 

while the opposite airflow direction was observed in the 

units on the lower level due to the neutral pressure level 

(NPL) from the stack effect. 

 

 

CONCLUSION 

This paper reports the ventilation shaft strategy’s 

performance to maximise indoor air velocity and extend 

comfort hours in a single-sided residential unit in a high-

rise building in Bangkok. By using EnergyPlus and CFD 

packages in DesignBuilder modelling software, predicted 

air velocity in the reference room (the room without the 

shaft) and the test room with the strategy under various 

wind conditions were compared. The results indicated 

the effectiveness of the strategy to increase indoor air 

velocity as the average internal air velocity increases 

from only 1.3%-5% of Vout in the reference room to 36%-

60% of Vout in the test room under the particular wind 

conditions.  

 

Due to these elevated air velocities comfort hour 

percentages of the reference room increased from 17% 

and 67% to 46% and 88% in the test room during a 

summer and a winter month, respectively. This is 

approximately 1,050kWh and 750kWh of air 

conditioning energy savings in one unit per month.  The 

results also show a high potential of implementing the 

strategy into a real situation where many residential units 

on different floors are connected to one vertical shaft. 

Therefore, the proposed ventilation shaft is confirmed to 

be an effective wind-induced ventilation strategy to 

maximise indoor air velocity and enhance human 

comfort in high-rise residential buildings in hot-humid 

climates. 

 

 In the next stage of this study different strategy 

operating schedules i.e. daytime and night time only will 

be investigated in order to discover the strategy’s optimal 

operating time. The results presented here are obtained 

when the strategy is only operated in the daytime.  
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