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ABSTRACT: For a tropical city like Medellin, Colombia, with a warm-wet climate, the natural ventilation is 

determinant for thermal comfort and air quality. These environmental factors are important for a satisfactory 

development of recreational and formative activities of teachers and children in the classroom. With this in mind, the 

behavior of air drafts inside a classroom when occupied by children performing three collective activities, each one of 

them defined by a type of grouping and position, were evaluated. The results were then used as guidelines to suggest 

an optimized disposition and location of each grouping. This work presents a qualitative evaluation method of air 

flow that circulates through a calibrated wind tunnel. For the tests three types of tracer elements were used: expanded 

polystyrene, quartz sand, and smoke. The evaluations were made inside a classroom when it’s used by 25 five year old 

children, dispersed into three types of groupings: a circle formation, an L formation and in groups of five children. 

The results were obtained taking into account parameters such as air dispersion and homogeneity in the classroom, 

trajectory and efficiency of the air in the process of evacuation, and air trajectory and coverage over the children’s 

field of activity. The analysis and results indicate that the ventilation behavior and the openings efficiency is directly 

related with the position and grouping of the children in the classroom space. 
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INTRODUCTION 
Medellin is a city with north latitude of 6.25º and an 

altitude of 1576 masl, with temperatures between 17 

and 32ºC, relative humidity between 30 and 80% and 

maximum wind velocities of 6m/sec [1].  

Natural ventilation is a beneficial factor and so the 

attraction and utilization of the winds that affect that 

specific location, have to be taken into account in 

order to generate adequate natural ventilation [2]. In 

the case of children, the natural ventilation is 

fundamental because of their greater metabolic charge 

in comparison to adults, which makes higher the 

number of renewals of air needed in order to 

guarantee its quality.  

For this project, the object of study was a classroom 

with a ground floor area of 34.72m
2
 that belongs to 

the Kindergarten Balancines in Medellin. In 

accordance with the Colombian Technical Regulation 

(NTC 4595) [3], the openings have an area of 6.63m
2
 

which corresponds to a relationship of 1/6 (openings 

area vs. ground floor area). 

There were evaluated three types of groups activities 

defined by three different groupings inside the 

classroom: circle, L and subgroups. Furthermore, 

each one of them were evaluated in three types of 

postures: standing, sitting, and lying down. This is 

done with the purpose of understanding any 

alterations of the air flow, depending on the body 

positions and postures adopted by the children.  

The objective of this research is to understand how 

the human body can affect the natural ventilation 

inside a constructed environment, in a certain space, 

position and location with respect to the openings.  

It is also intended with this project to demonstrate 

that factors such as people distribution inside a certain 

space, have an impact in air circulation and 

distribution even though the technical standard does 

not take this into account.  

 

METHODOLOGY  
For this study the kindergarten selected is ascribed to 

the program of integral attention to the first infancy of 
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Medellin’s Municipality and it also is part of the 

study “Evaluación Bioclimática en Espacios 

Educativos para Niños de Preescolar a partir de su 

respuesta ambiental, en climas Templados Andinos 

en Colombia” [4]. 

In Figure 1 the Classroom number 4 was selected for 

the evaluation because, according to the study 

referenced [5] presents higher temperatures in relation 

to the other kindergartens classes of Buen Comienzo, 

in spite of meeting with the norm standards [3] such 

as: geometry, materials used, total area of openings, 

and number of children. Besides, it has other 

classrooms at each side generating two open faces 

parallel to each other, making it possible to evaluate 

crossed ventilation.  

 

Figure 1: Location of the classroom and direction of the 

wind. 

 To visualize the air flow pattern inside the classroom, 

three different tests of natural crossed ventilation in 

the classroom without children, were done in a wind 

tunnel. The wind tunnel of Group EMAT (Research 

Group of Energy, Environment and Technology from 

National University of Colombia) has a 1Hp motor 

and is capable to generate winds up to 4m/s. The 

wind tunnel allows observing, measure and collecting 

data about air flow in scaled models and visualizing 

the wind movement and trajectory. The three tests 

conducted were: 1.Evacuated Wind Percentage, 

2.Wind Shadow, and 3.Movement and Wind 

Trajectory.  

1. Evacuated Wind Percentage: A constant volume of 

expanded polystyrene (fig. 2) its spread inside the 

classroom model (fig. 3.) The model is passed 

through the wind tunnel to measure the amount of 

expanded polystyrene evacuated per unit of time. The 

percentage of expanded polystyrene evacuated is 

measured according to the volume of polystyrene 

caught by baskets attached to each opening. 

                                                            
Figure 2: Constant volume of expanded polystyrene 

                   
Figure 3: Image of the classroom 

2. Wind Shadow: A constant volume of quartz sand is 

spread inside the wind tunnel. The model, which had 

its base previously lined with adhesive paper, is 

passed through the tunnel (fig. 4.) The sand gets 

attached to the adhesive paper making visible the 

movement and trajectory of the wind.   

                     
Figure 4: Model with base lined in adhesive paper 

3. Movement and Wind Trajectory: Inside the wind 

tunnel are installed five smoke tracers, two of them 

with a height of 1m and the other three with a height 

of 2m (scale 1:25). When the flow air starts, the 

trajectory of the smoke simulates the movement of 

the natural crossed ventilation inside the classroom 

(fig. 5.)                           

              
Figure 5: Movement of the wind 

For the evaluation of natural ventilation in the 

classroom, were taken as a basis for the research, the 
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scaled model of 25children of five years old, with a 

height of approximately 1 meter (scale 1:25). Taking 

into account that is in that first meter in which the 

different postures analyzed are carried out (standing, 

sitting, and lying down.) 

The behavior of natural ventilation in the classroom 

was evaluated with three types of group formations: 

subgroups, circle, and L (fig. 6.) 

Figure 6: Plan view of types of group formations 

Three tests of crossed ventilation were done with the 

same techniques of evaluation, but placing the 

children inside the classroom and in their respective 

postures and groupings.  

 

RESULTS 

1. Subgroups 

a. Standing 

i. Percentage of evacuation: 45% (table 1.) 

ii. Wind Shadow: The ventilation trace is marked 

between the windows, indicating that the air is 

moving up the walls through the openings. The sand 

trace is located on the corners of the entrance wall 

where the wind is going into the space (fig. 7.)  

iii. Movement and Trajectory of the Wind: A mayor 

distribution of the smoke is produced inside the 

groups and the mass of the bodies act as obstacles. A 

slight deviation of the smoke towards the top of the 

classroom prevails and a greater fluidity in the exit of 

its facade (fig. 8.) 

b. Sitting 

i. Percentage of evacuation: 30% (table 1.) 

ii. Wind Shadow: The wind mark divides the 

classroom in two zones; the limit is defined by the 

part of the entrance wall without openings and the 

corner of the opposite wall (fig. 7.) 

iii. Movement and Trajectory of the Wind: It is 

produced a deviation of the air from its entry through 

the groups and a minor deviation of air towards the 

top of the classroom (fig. 8.) 

c. Lying down 

i. Percentage of evacuation: 35% (table 1.) 

ii. Wind Shadow: A higher homogeneity of the wind 

trace is produced according to the points where the 

groupings are located, generating a contrast of the 

wind trace and the wind shadow marked in those 

points (fig. 7.)  

iii. Movement and Trajectory of the Wind: The air 

entered without obstruction; a greater percentage of 

air enters and returns by circulating in the inferior 

part, affecting the air direction (fig. 8.) 

Table 1: Percentages of evacuation 

Figure 7: Wind trace.  Black: Sand trace, Grey: Ventilation 

trace 

           
Figure 8: Movement and wind trajectory 

2. Circle 

a. Standing 

i. Percentage of evacuation: 55% (table 2.) 

ii. Wind Shadow: A contrasted wind trace is 

produced, which shows a redirection to the exterior of 

the circle, even though there is a more homogenous 

trace inside. The side close to the wall entrance 
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collected the sand, and the circle of children kept the 

air moving inside the circumference (fig. 8.)  

iii. Movement and Trajectory of the Wind: The air 

entered without any direct obstruction, but the 

circular shape of the grouping produced a redirection 

into itself. The output of the air occurred directly 

although certain percentage deviates inwards 

ascending towards the top of the classroom (fig. 9.)  

b. Sitting 

i. Percentage of evacuation: 60% (table 2.) 

ii. Wind Shadow: The wind trace shows a lateral 

deviation produced by the grouping, this occurs 

mainly in the side of the wall without openings that is 

opposite to the entrance (fig. 8.) 

iii. Movement and Trajectory of the Wind: The air 

entered without any blocking, although a redirection 

is produced towards the interior and the exterior of 

the circle, decreasing the direct output of the air (fig. 

9.)  

c. Lying down 

i. Percentage of evacuation: 45% (table 2.) 

ii. Wind Shadow: A wind trace is produced around 

the disposition of the children, which indicates a 

redirection of the flow around the grouping.  The side 

close to the wall with the openings evaluated 

collected the sand (fig. 8.) 

iii. Movement and Trajectory of the Wind: The air 

entered without being blocked; a higher flow air went 

directly from the output opening and the remaining 

percentage has returned to the top and the sides of the 

classroom (fig. 9.) 

Table 2: Percentages of evacuation 

Figure 8: Wind trace. Black: Sand trace, Grey: Ventilation 

trace 

     
Figure 9: Movement and wind trajectory 

3. L 

a. Standing 

i. Percentage of evacuation: 60% (table 3.) 

ii. Wind Shadow: A wind trace close to the wall with 

the openings predominates and it is expanded to the 

center of the classroom marking a way. The sand 

trace is produced by the obstruction of the children 

located close to the window (fig. 10.)  

iii. Movement and Trajectory of the Wind: It is 

produced a deviation of the air flow in the moment 

that enter into the classroom, lengthening the direct 

route towards the output opening through the lower 

part of the classroom (fig. 11.)    

 

b. Sitting 

i. Percentage of evacuation: 45% (table 3.) 

ii. Wind Shadow: The wind mark divides the 

classroom in two zones; the limit is defined by the 

entrance and the opposite corner. The wind shadow 

produced by the mass of children next to the walls 

where the grouping in L is located is intensified (fig. 

10.) 

iii. Movement and Trajectory of the Wind: The air 

entered without obstruction but a direct circulation 
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towards the output opening is not produced, because 

the children deviates the air flow (fig. 11.)   

 

c. Lying down 

i. Percentage of evacuation: 50% (table 3.) 

ii. Wind Shadow: The wind trace predominates in the 

side close to the walls with the openings evaluated, 

and the grouping in L does not produce a significant 

redirection of the air because of its location against 

the walls (fig. 10.)  

iii. Movement and Trajectory of the Wind: The air 

entered without obstruction allows a higher flow of 

air to circulate directly. The output opening and the 

remaining air returns to the space through the top and 

bottom part of the classroom (fig. 11.)  

Table 3: Percentages of evacuation 

Figure 10: Wind trace.  Black: Sand trace, Grey: 

Ventilation trace 

 
Figure 11: Movement and wind trajectory  

 

CONCLUSION 
1. Subgroups: A high interaction between the wind 

and the children is observed, because the air 

circulates around all the children allowing a better 

distribution of air within the classroom. Although this 

decreases the quantity of air evacuated (fig. 13.)  

          
Figure 13: High distribution of air/Lower evacuation of 

air.  

2. Circle: A redirected flow of air is produced around 

the grouping, allowing a greater evacuation and 

interaction with the children, affecting even more the 

areas close to the entry and the output of air (fig. 14.)  
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Figure 14: Average distribution of air/High evacuation of 

air. 

3. L: It is produced a direct air flow towards the exit 

because the group of children is aligned against the 

wall. This makes the evacuation occur fast but there is 

less interaction between the wind and the children 

(fig. 15.)  

            
Figure 15: Less distribution of air/High evacuation of air. 
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