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1. Introduction and main aims 

We spend a lot of time in closed spaces; as a result it is very important to investigate comfort 

parameters in ventilated spaces in HVAC systems. The tangential air distribution system is 

frequently used in designing practice, where the primary supply airflow is bordered with a 

surface (tangential air supplying). Besides, this air distribution type is a common solution in 

comfort and industrial type ventilated spaces. In my PhD dissertation the draught comfort was 

investigated, which is a widespread problem in the tangential air distribution systems. 

As far as we know, draft (or draught) can be defined as a local discomfort factor, which can 

cause local overcooling of human’s body by airflow. This problem can be seen in residential 

buildings, on vehicles (e.g. cars, trains, airplanes, and so on). Consequently, draft is well 

known as one of the most disturbing discomfort factors in ventilated spaces. Because of 

draught, people usually require higher indoor air temperature, so the percentage of people 

dissatisfied with draft decreases, but the building’s energy consumption increases. Conse-

quently, the investigations of air distribution systems are very important from the point of 

view of pleasant comfort, and energy saving in buildings. 

Basically, the draught comfort is determined by: average air temperature, average air veloci-

ty and fluctuating air velocity. The quotient of the fluctuating air velocity and average air ve-

locity is named as turbulence intensity. There are several references investigating draught 

comfort in ventilated spaces, but the most important and nationally accepted investigations 

belong to Fanger et al. 

Laboratory comfort investigations were completed with local investigations in residential 

buildings by applying measueremnt method. 

Later, draught model (DR model) which was created by Fanger et al. in the 1970s was com-

pleted by several researchers. As a result, e.g. Wang et al. considered the exposure time of the 

occupants in the draft. With the help of this, the transient feature of ventilation could be con-

sidered. A further completion of the draught model is affect of local temperature drop on the 

skin. 

The specific heat loss of the human skin (which depends on the amount of draught) can also 

be investigated by thermal manikin. It is known that the local skin temperature drop is con-

nected to the draught. 

Some researches (e.g. Fanger, Koskela, Moureh and Flick; Goda R. and Bánhidi L.) com-

pleted the measuerement results with numerical (CFD) simulation [35]. These investigations 

especially concentrated on thermal comfort and airflow pattern in the ventilated space. 

By studying the international literature, I established that the aforementioned studies have not 

considered the connection between the exact type of the applied air distribution system and 

draught comfort. Each air distribution system makes different airflow characteristics in the 

ventilated space, therefore the velocity and temperature distribution can significantly change. 

Based on the above it is obious that turbulence intensity distribution formed in the occupied 

zone of ventilated spaces depends on the exact type of the applied air distribution system. By 

the way, I have not found references investigating air supply and the occupied zone at the 

same time. As it is known, airflow pattern near the air supply strongly depends on the con-

struction of the air diffuser and flow disturbances. These factors can significantly determine 

the airflow pattern in the room hereby draught comfort. 

In spite of these facts, there only a few references investigating tangential air supply systems. 

These investigations only focus on the airflow pattern in the room and the investigation of the 

air jets supplied from the air diffuser by numerically and experimentally. 
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Moreover, standards for calculating DR in the designing practice only suggest recommended 

turbulence intensity values. These standards do not consider the exact type of the applied air 

distribution system in the ventilated space. A very important question is that how many per-

cent is the difference between turbulence intensities given in the standard and measured in a 

ventilated space applying tangential air distribution system. 

To solve these aforementioned problems, in my PhD dissertation I have investigated a slot 

ventilated test room with tangential air distribution system at the Ventilation Laboratory of 

Budapest University of Technology and Economics. All the measurements were conducted in 

case of applying isothermal condition and stationary state airflow. 

This dissertation investigates the draught comfort in the occupied zone of a test room accord-

ing to standard MSZ EN CR 1752. This draught is caused by the fluctuating air velocity and 

the turbulence intensity. Actually, draught can de defined as a local overcooling of human’s 

body caused by airflow. This draught is marked as a local discomfort-factor which causes 

unpleasant comfort in the vebtilated space. 

The problems connected to my field of research are the followings: 

 In the ventilated space if the air velocity increases the local overcooling of the hu-

man’s body will be higher, as a result there will form a higher heat loss through the 

human’s skin. It will result draught discomfort. 

 There are significant differences between turbulence intensities given in the standard 

and measured turbulence intensities in the occuopied zone considering a tangential 

air distribution system.  The tangential air supply system with vertical air supply is 

not investigated considering the draught comfort. 

My aims considering the problems (see above) and the professional requirements are the fol-

lowings: 

1. Measuring the fluctuating air velocoties and turbulence intensities in the occupied 

zone as accurately as possible.  

2. Investigating the air velocity and turbulence intensity distribution in the occupied 

zone considering vertical air supply and tangential air distribution system. Based 

on these results, it is recommended to investigate the differences between turbu-

lence intensity given in the standard and measured in the occupied zone. 

3. A further aim to make a critical analysys of the professional literature and giving a 

proposal to complete the designing methods in order to calculate draught comfort 

in the occupied zone of ventilated spaces. 

2. View of references 

Several researchers found that draught (ot draft) can be defined as an unpleasant local discom-

fort factor in ventilated spaces, because it increases the local heat loss through the human 

body by airflow [3]; [4]; [12]; [30]. Besides, the presence of draught in the occupied zone is 

unfavourable, because the higher the amount of draught the higher the indoor air temperature 

required by the occupants. It may increase the energy consumption of the ventilation system 

[1]; [14]; [21]; [25]. 

The draught comfort was investigated by several researches in the past few decades in labora-

tories [3]; [4]; [8]; [12]; [13]. The earliest study about draught is made by Houghten et al. in 

1938 [14], and later in the 1970-80s Fanger et al. have investigated this problem [3]; [7]; 

[10]; [21]. The DR function the draught effect in beginning the average air velocity and it 
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was examined in the function of the temperature [3], this was supplemented with the 

turbulence intensity then [7]. Fanger and Melikov established it [7], that the fluctuating 

velocity component of the streaming air – beside the average air velocity – may increase the 

evolving draught sensation significantly. Later, draught model (DR model) which was created 

by Fanger et al. in the 1970s was completed by several researchers. As a result, e.g. Wang et 

al. [13] considered the exposure time of the occupants in the draft. With the help of this, the 

transient feature of ventilation could be considered. A further completion of the draught mod-

el is affect of local temperature drop on the skin [16]. In these studies the numbers of mea-

surement points are less than in my investigations. 

Only a few references considered the tangential air distribution system. These few ones espe-

cially concentrate on air jets and its features [6]; [15]; [17]; [18]; [20]. T. Magyar [5] 

showed the different investigation methods for several air distribution systems, including the 

tangential air distribution system and its draught comfort problems. In his [12] study the qua-

lification of the occupied zones are introduced by applying statistical methods. 

During the designing of ventilation systems it is very important to predict the draught rate 

(DR) in the occupied zone. Standards for designing only suggest recommended values consi-

dering the comfort category, but do not consider the xact type of the applied air distribution 

system [sz1]. There are only mixing or discplacement ventilation systems, but the exact type 

is not investigated. Consequently, in case of applying mixing ventilation, the recommended 

turbulence intensity value for calculating DR is 40 [%], while in case of applying displace-

ment ventilation it is only 20 [%] [sz1]; [sz2]; [sz3]; [sz4]; [3]. Besides, these standards con-

tain the measurement method of these values for calculating DR. 

 

The characteristics of turbulent airflow (turbulence intensity, average air velocity and fluc-

tuating air velocity) are investigated in residential buildings (like schools, offices, etc.) [2]; 

[9]; [10]; [11]. From these quantites the DR can be calculated. With the help of these inves-

tigations I established that the turbulence intensity distribution in the whole occupied zone 

was not investigated. Hanzawa, Melikov and Fanger also made local comfort investigations in 

residential buildings [10]. In this study a tangential air distribution system ca be found in an 

office, but this configuration differs from the configuration I have investigated. T. Magyar 

and R. Goda [23] made a mathematical model about a tangential air distribution system, but 

its solution by analytical method is almost impossible, therefore they give further investtiga-

tion methods. 

The aforementioned studies do not consider the connection between the applied air distribu-

tion system and draught comfort including the turbulence intensity distribution in the space. 

By the way, the researchers have not analized the occupied zone and the air supply at the 

same time. 

Only a few tangential air distribution systems were investigated by experimentally and nu-

merically. These few ones are concentrating on the air supply and air jets. [6]; [18]. Using 

CFD simaulation the thermal comfort and indoor air quality were investigated [23]; [24], but 

sometimes the airflow pattern was analized in the ventilated space [6]; [18], but we can find 

the DR analysys in these studies too [19]; [25]. 

Some researchers have applied thermal manikin in order to investigate local discomfort-

factors. However, it is important to know that turbulence intensity cannot be measured direct-

ly by thermal manikin, but the heat loss through this manikin can be measured [26]; [27]; 

[28]; [29]. The higher the amount of draft the bigger the local skin temperature drop [30]. In 

accordance with the above, these investigations concentrate on thermal discomfort, but do not 

consider the turbulence intensity distribution in the whole occupied zone. 
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3. Experimental method 

In order to solve the main aims a measuerement investigation method was applied using a full 

cale (M1:1) model in a test room. 

3.1. Descritption of the test room 

The measurement investigations were conducted in a test room in the Ventilation Laboratory 

of BUTE (Fig 3.1.1.) Basic area of the test room is 3x3 [m] and the interior height is 3 [m]. 

The supply air was circulated by a CRAC (Computer Room Air Conditioning). In the ventila-

tion system an air-filter was used in order to filter the supply air. The airflow rate to the room 

was measured and controlled by a flow control valve by measuring the dynamic pressure 

(Δpdyn) in Pascal. In this room the slot diffuser was located on the ceiling, near the wall. In the 

box of the slot diffuser a perforated plate was settled in order to get a homogenous airflow at 

the air inlet. This tangential air distribution system had vertical air inlet and vertical air outlet 

on the ceiling. 

 
Fig. 3.1.1 

Key: 

CRAC = Computer Room Air Conditioning; F* – airflow damper and orifice plate; F – air-

flow damper; SZ – air filter; PC – personal computer; Δpmp – measured pressure difference 

on the orifice plate 

The nominal airflow rate to the test room went from 50 to 150 [m
3
/h]. In order to get a homo-

genoues airflow in the air duct an air filter was built in in front of the orifice plate. The venti-

lation system is totally re-circulated. 

The nominal length of the 1 line slot diffuser is L0 = 1000 [mm] and  the width is s0 = 12 

[mm] with a supply box. 
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3. 2. Measurement of the parameters 

The measurement of the physical parameters included the followings: 

 average air temperature [°C] 

 at the air inlet at 45 point, in 8 series of measuerements; 

 at the whole occupied zone at 116 points, in 7 series of measurements; 

 relative air humidity [%] 

 at the air inlet, in the occupied zone and under the air outlet; 

 average air velocity [m/s] 

 at the air inlet at 45 point, in 8 series of measuerements; 

 at the whole occupied zone at 116 points, in 7 series of measurements; 

 fluctuating air velcity [m/s] 

 at the whole occupied zone at 116 points, in 7 series of measurements; 

 static pressure difference in the air supply box [Pa]; 

 pressure difference at the orifice plate [Pa]; 

 turbulence intensity [%] 

 at the air inlet at 45 point, in 8 series of measuerements. 

Measurement of average air temperature 

At the air inlet, under the air outlet and in the whole occupied zone the dry bulb temperature 

was measured and the sensor was made of hot wire probe NiCr-Ni. The ISO 7726 standard 

recommends a radiation protection for the probe used for measuring the temperature (eg, hot-

cold floor, wall, etc). In this case, the walls and floor had of the same temperature as the room 

temperature so the heat radiation effect is negligible. 

In the occupied zone the average air temperature was measured by an omni-directional hot 

sphere anemometer. The principle of the measuerements are similar to the hot-wire anemome-

try [31]. The head of the sensor is equipped with an electrical conductivity probe sensor, 

whose electrical resistance varies considerably with the measured temperature. The probe is 

electrically heated, while the electronic control unit of the probe temperature was kept 

constant (eg, electrical resistance and holding constant). The probe is cooled by the airflow, so 

a convective heat transfer occurs between the probe surface and the air. The control 

electronics can compensate for the decrease in temperature control by varying the resistance, 

is proportional to the measured temperature. 

Measuerement of the relative air humidity 

The relative humidity was measured in the dry temperature set at the same time with a hot 

wire probe. The [sz5] standard recommends that the value of the temperature does not require 

treatment, since changes in the density of the air in the room does not exceed the interval 

specified by the standard, such as: 

1.16 < ρ < 1.24 [kg/m
3
]. 

In contrast cases, a correction is needed for calculating the air density. 
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Measueremnt of average air velocity and fluctuating air velocity 

Standards for ventilation measurements developed to measure some physical quantities are 

offered on a variety of instruments. According to EN ISO 5167-1:2003 used to measure the 

air velocity of any suitable instrument may use supposing that the applied instrument does not 

cause any interefernce to the flow. In practice this means that the smaller the respective 

measurement section, the smaller instrument must be used. 

A furthet requirement is that these instruments must be calibrated at regular intervals. Stan-

dard MSZ EN 24006:2002 requires that the normal direction of the airflow should be ortogon-

al to the cross section of the measurement plane. 

Average air velocity and the fluctuating component were measured in the occupied zone of 

the test room by an omni-directional hot sphere anemometer in accordance with standard ISO 

7726. 

In order to achieve the accurate measurement results it is needed to use at least 3 minutes 

measurement periods in accordance with the standard. 

All of the measurements were conducted at four relevant heights according to the standard 

ISO 7726 (see Table 3.1.1.). The measurement accuracy depends on the class: comfort class 

(C) or thermal stress class (S). 

Location of 

the sensors 

Weighting factors Recommended heights 

Homogenous envi-

ronment 

Heterogene environ-

ment Sitting Standing 

 Class C Class S Class C Class S 

Head level   1 1 1,1 [m] 1,7 [m] 

Waist level 1 1 1 2 0,6 [m] 1,1 [m] 

Ankle level   1 1 0,1 [m] 0,1 [m] 

Table 3.1.1 

During the tests, a total of three types of sampling time were applied to the velocity, 

temperature and turbulence intensity measurements. These were 60; 200 és 400 seconds, and 

finally the 200 seconds interval was applied for the final measuerements. 

Static pressure difference measuerements 

The size of the supply box is: 1000x90x240 [mm]. Number of holes for the static pressure 

measurements: 2 on the front side; 2 on the back side and 1 – 1 on the side. 

The design of the static pressure drain holes requires careful circumspection, as the 

inadequate implementation of the measurement error increases. The hole should be 

perpendicular to the surface, in the end no protrusion nor strong lowering can not be [MSZ EN 

24006:2002.]; [33]. 

Measurement of pressure difference at the orifice plate 

Iris volume flow controller with the orifice is placed in the duct so that fulfilled specified by 

the manufacturer required clearance distance causing interference in the flow elements (e.g. 

T-elbow, etc). The last flow disturbing element of the adjustable orifice cross-section was 

3.5*D from the direction of flow. 

The airflow rate to the room could be changed by changing the cross section of the iris plate 

using the measured pressure difference of the orifice plate [32]: 

orificepFConstV  


0  
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Measuring the turbulence intensity 

A measurement device was made for turbulence intensity measurements in order to position-

ing the anemometer among the slot width. The distance between the measueremnt points was 

Δx = 3mm and the positions 0 and 4 correspond to the main sides of the slot diffuser (mainj 

edges). Position 0 is the side of the slot diffuser next to the wall surface, while the position 4 

is the side of the slot diffuser from the occupied zone. All of the measurements were con-

ducted at four relevant heights according to the standard ISO 7726. 

According to standasrds ISO 7726 [sz2] and ASHRAE [34] at least 3 minutes measurement 

period was applied for turbulence intensity and air velocity measurements. In order to achieve 

accurate results, I have used 200 seconds period, but only 60 seconds for the temperature 

measuerements. 

4. New scientific results 

Proposition 1:  

By making the turbulence intensity distribution diagram in the whole occupied zone I have 

established that there are significant differences between the 40 [%] turbulence intensities 

given in the standard and measured turbulence values, in case of applying a tangential air 

distribution. 

 
Most of the measured data are less than Tu = 40 % in all series of measurements. However, 

there is some turbulence intensity that is higher than 40 %. 

Number of 

series of mea-

surements 

V0 [m
3
/h] 

Number of 

Tu ≤ 40 [%] 

Number of 

Tu> 40 [%] 

Percentage 

values of tur-

bulence inten-

sities are less 

or equal to 

than 40 [%] 

Percentage 

values of tur-

bulence inten-

sities are 

higher than 

40 [%] 

1 139 85 31 73 27 

2 124 92 24 79 21 

3 110 67 49 58 42 

4 100 72 44 62 38 

5 91 94 22 81 19 

6 79 81 35 70 30 

7 66 97 19 84 16 
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It is recommended to be a significant difference in the turbulent intensities from standard 

40 [%]. It would be suitable to investigate other mixing air distribution systems, consider-

ing draught comfort and turbulence intensities. 

Proposition 2:  

I have established that by decreasing the turbulence intensity the changing of the average 

air velocity increases. This tendendy is significantly intensive at turbulence intensities are 

less than 40 [%]. 

However, by increasing DR, the sensibility of the average air velocity and turbulence in-

tensity for each other will be higher. Based on my measueremnt results it is obious that the 

average air velocity and turbulence intensity have compensate mechanism for each other. 

In the HVAC practice this mechanism has a significant importance against the recommen-

dations in standards. 

 
Proposition 3:  

Based on my result I established that in case of applying tangential air distribution system, 

at the slot diffuser the apparent profile factor, indtroduced by myself is constant as a func-

tion of the airflow rate to the room. Its average value is 0.75 and its standard deviation is 

0.023. 

 
As far as we know, the profile factor can be written as the quotient of the average air ve-

locity and the maximum air velocity at the air inlet. In my dissertation, the introduced ap-

parent profile factor is a modified version of the aforementioned profile factor, which is 

Sensibility of average air velocity and turbulence intensity as 

a function of the air temperature on DR = 20 % 
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not related to the air inlet in contrast to the classical profile factor. The reference plane for 

the apparent profile factor is farher, than the air inlet. In this plane, the measured velocity 

profile can be described as a continous and symmetric curve; therefore the Simpson me-

thod could be applied in order to predict the apparent profile factor by me. This method is 

based on a numerical integrating method. 

Proposition 4:  

I have established that in case of applying tangential air distribution system, the location of 

the slot diffuser affects the turbulence intensity distribution. The turbulence intensity dis-

tribution next to the wall is more significant then from the occupied zone. 

Base don my results I can say that in this air distribution system at the ankle level (y = 0.1 

m), where there are more nerves, than at the other part of the body the turbulence intensity 

distribution is not homogenous in constrast with the average air velocity distribution. 

 
I found that amond the slot diffuser’s length the amount of turbulence intensity is less at 

the centre of the slot (where the average air velocity has a maximum) then at the edge of 

the slot on a costant airflow rate. At the edge of the test room there are higher turbulence 

intensities because of the presence of the wall. 

Proposition 5: 

Based on my measuerement results in the occupied zone I have established that in case of 

applying tangential air distribution system, the location of the slot diffuser affects the aver-

age air velocity distribution in the room. Near the floor surface this distribution is almost 

homogenous similarly to the fluctuating air velocity distribution. 

In case of applying tangential air distribution system at the higher relevant heights the 

measured air velocities related to the ankle level and this tendency can be observed at any 

series of measurement. 

 
Tha ankle level is a relevant height (see proposition 4) from the point of view of designing 

draught comfort, therefore it is important to know the airflow characteristics there. 

The relative air velocities show a nearly homogenous distribution at y = 1.1 m.  
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Proposition 6:  

I have found that the changing of the average turbulence intensities at each height (y = 0.1; 

0.6; 1.1 and 1.7 m) as a function of the airflow rate to the room. The least measured turbu-

lence intensities can be found near the flooe (y = 0.1 m), then it increases as the height in-

creases. Between y = 1.1 and 1.7 m measurement heights, the difference between the aver-

age of turbulence intensities is minimal. 

 

5. Use of the results 

Apparent factor profile measurements near the air inlet introduced as a result of the 

verification measurements is significant. To take into consideration the impact on the design 

of the slot diffuser supply can determine the airflow pattern near the air inlet. The design of 

the construction of slot diffuser primarily based on manufacturing considerations, such as the 

measurement results can help in the appropriate design of the geometry these diffusers. 

Based on my measurement results, in case of applying tangential air distribution system the 

turbulence intensity and air velocity distribution is known at the relevant heights. Measured in 

the occupied zone of discrete points values are comparable to the standard proposed a 40% 

rate turbulence values. As a result, the definition of subjective drafts DR number is accurate 

as determining points of the occupied zone; there were significant differences between the 

degrees of turbulence. 
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