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1. Introduction, previous researches
One of the basics goal of HVAC and ventilation systems is to provide the acceptable and
suitable indoor air comfort in closed spaces by the airflow. The mechanical ventilation is a basic
requirement to provide an acceptable indoor air comfort in room, which is very important in
modern buildings that have thermal insulation, etc. Distribution of supply air into the ventilated
space can effect indoor air comfort. Basically, there are two types of air distribution systems,
from the aspect of air movement’s forces: displacement and mixing ventilation [Magyar 1993].
Providing the acceptable indoor air comfort in the occupied zone of the ventilated space is a
general aim. There are more types of comfort levels, like draught, thermal, indoor air quality,
acoustic, lighting. From people’s aspect, the most disturbing discomfort level is the draught,
which can be defined as an unpleasant local overcooling of the human body caused by the
airflow. Several researchers have investigated the draught in ventilated spaces.
The usual air inlet device at the tangential air distribution system is the slot-diffuser with
inlet width s0 (m). In Figure 1 can be seen the operation of the tangential air distribution system.

Figure 1. Operation principle of the tangential air distribution system.

Tangential air distribution system is frequently used in several ventilated spaces. This type
of air distribution can provide suitable indoor air comfort in rooms and draught risk can be
decreased in the room. With tangential air distribution, a supply air jet is injected into a surface
in parallel (mostly this surface is a wall). This injected air jet adheres to the surface, so an offset,
attached jet is formed. After this, the air jet flows onto the wall as with a classical wall air jet.
The offset, attached and wall air jets play important roles in tangential air distribution systems,
so it is necessary to clarify the main difference between offset and wall jets. With wall air jets,
the distance between the wall and the air inlet is zero, and the jet attaches to the surface after
the air inlet. With offset air jets, the distance between the wall and air inlet is higher than zero,
so the air jet attaches to the wall at the attachment point. The distance between the air inlet and
the attachment point is the attachment distance (yt), which is often normalized by the air diffuser’s nominal size s0 (yt/s0, see Figure 1). One main advantage of applying offset jets is that
the air inlet can be located outside the occupied zone of the ventilated space, near the wall. This
means that higher inlet air velocities can be used without draught risk.
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One of the most significant feature is the inlet Reynolds number:
𝑅𝑒0 =

v0 ∙ 𝑠0
,
𝜈0

(1)

where v0 is the inlet air velocity (m/s), s0 is the width of the slot diffuser (m), ν0 is the
kinematic viscosity of the air (m2/s). A usual range of the inlet Reynolds number in ventilation
systems and HVAC practice is Re0 ≈ 103.
Besides the inlet Reynolds number there are the offset ratio (OR) of the rectangular air inlet
and the aspect ratio (AR), which are calculated as:
𝑂𝑅 =

ℎ
,
𝑠0

(2)

𝐴𝑅 =

𝐿0
,
𝑠0

(3)

where s0 (m) s0 is the width of the slot diffuser (m), L0 (m) is the length of the slot diffuser.
Turbulence intensity is a very important feature of the turbulent airflow, which describes
the velocity fluctuation in the space. Air velocity (and also temperature) is a time-dependent
quantity, which consists of a magnitude value (vá) and an RMS component (vRMS). Finally, turbulence intensity of the airflow is:
𝑇𝑢 =

𝑣𝑅𝑀𝑆
∙ 100%.
𝑣á

(4)

Air velocity and temperature distribution in the room are highly effected by: location and
geometry of the air diffuser; inlet air velocity; inlet turbulence intensity and inlet air temperature. Air velocity and temperature distribution in the room influence draught comfort, which
can be described e.g. with Fanger’s model, that defines a DR-number, which is the percentage
of people predicted to be bothered by draught, according to EN ISO 7730:2006 and FangerChristensen [Fanger-Christensen 1986]. DR can be calculated in each point of the occupied
zone as:
𝐷𝑅 = (34 − 𝑡á ) ∙ (𝑣á − 0,05)0,62 ∙ (0,37 ∙ 𝑇𝑢 ∙ 𝑣á + 3,14)%,

(5)

where tá is the average air temperature (°C). Ranges of the three parameters in Eq. (5)
according to standard EN ISO 7730:2006 are:
0,05 < 𝑣á , m/s < 0,50;
10 < Tuá, % < 60;
20 < 𝑡á , °C < 26.

(6)

According to EN ISO 7730:2006, the occupied zone of the ventilated room can be categorized from the aspect of draught comfort. Category A is the best (DR ≤ 10%) and it is followed
by category B (10 < DR ≤ 20%) and finally category C (20 < DR ≤ 25%).
Tangential airflow is usually used for ventilation of rooms with a specific heat load of less
than 60 W/m2, the average height is three meters and the recommended ventilation area of the
room is 2.0 ÷ 7.0 1/hour [Magyar-Goda 2000].
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The air change number of the room is the volume flow rate of supply air divided by the
nominal air volume of the room and it can be calculated as:
𝑛 =

𝑉̇0
𝑉ℎ𝑒𝑙𝑦𝑖𝑠é𝑔

.

(7)

Ventilation air jets and the draught generated by them have been analysed with measurement method in most cases. This is because the analytical solution of the differential equations
describing the three-dimensional flows does not provide a sufficiently accurate result. This is
especially true if turbulence is modelled. The results of the numerical simulation should always
be validated with measurement results.
The three most characteristic and partially restricted ventilation rays characteristic of the
tangential air distribution system are the speed profile, the point of attachment point and the
maximum air velocity within the radius. Knowing the position of the adhesion point is particularly important as it partially separates partially restricted and wall air jets that can be described
with different mathematical relationships and on the other hand, the position of the adhesion
point determines the length of the airflow that flows on the wall affecting the room velocity
distribution so that the draft comfort . From a research point of view, more general results can
be obtained by measuring the relative stick distance (yt/s0), which is the distance (yt) between
the point of attachment and the supply with respect to the nominal width (s0) of the slot blower
nozzle characteristic of the tangential air distribution system.
There are two ways to determine the relative adhesion distance in the literature. The first
and most typical is the maximum static pressure distribution measured on the contact surface
of supplied air jets, giving the geometric position of the adhesion point. In order to measure the
static pressure distribution, Prandtl tube was used primarily with an alcohol filled slanted gauge.
Another common way to determine the adhesion distance was to measure the air velocity direction of the supplied air jet. In doing so, the position of the adhesion point was determined
where the normal air velocity component of the wall became zero. To measure air velocity,
heat-shrinked LDA and PIV methods were used.
Research Demand: Low value wall static pressure due to low supply Reynolds numbers
(Re0 ≈ 103), typical of building applications, cannot be measured accurately. To measure
the air velocity direction, a measuring system was used whose calibration, installation
and operation is complicated. The relative clearance distance can also be determined by
measuring the air velocity by a thermistor probe; in this respect, the literature requires an
addition.
The air jet analyses were always carried out at laboratory measuring stations which can be
regarded as an infinite large space in terms of the flow of the stream since the boundary surfaces
of the room are infinitely long distances from the infiltration.
Research Demand: In the building engineering practice, the air jets are installed in finite
rooms, unlike the laboratory measuring stations, where the delimiting surfaces of the
room are close to the supply. For the analysis of real installation conditions, especially
when the tangential air distribution system is used, the literature needs to be supplemented.
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When testing the ventilation rays, the rejection number Reynolds (Re0) is an independent
variable; the effect of the offset ratio (OR) and the aspect ratio (AR) of the gap blower structure
has been analysed in the following ranges:
3
5
 Re0 = 1,00∙10 ÷ 2,00∙10 ;
 OR = 0 ÷ 51;
 AR = 1 ÷ 100.
Research Demand: in most of the literary sources I have processed, the Reynolds number
range differs most frequently from Re0 = 104 ÷ 105 magnitude. In interior utilities, however, the order of magnitude Re0 ≈ 103 is decisive, but this is hardly found in the literature,
so this requires.
The general heating problem in the area of a residential area of a room. The buzz feeling is
determined by the relative adhesion distance (yt/s0) of the SARK (o) L discussed above; the
maximum (axle) velocity (vmax) measured in the beam; the size of the room velocity (vá); time
velocity of the air velocity (vRMS); the ratio of the latter two volumes to the turbulence degree
(Tu); or dry air temperature (°C). The most important features of these physical quantities are
the arithmetic mean, the corrected experimental spread, the scope, and the mode.
Research Demand: for the aforementioned physical quantities, the documentation documented in the literature should be supplemented with tangential air distribution system.
Lattice comfort measurements were performed in most literature sources and standard with
non-directional, hot-sphere probes at four relevant heights: ankle, waist, seated and standing
man at head height. During the studies, the variable parameter was mainly the normal air change
rate (n).
Research Demand: the offset ratio (OR), the aspect ratio (AR) and draft coefficient parameters of the blower. In this respect, the literature requires an addition.
Models available to estimate the potential impact on the room in Europe the Fanger model
is widespread and widely accepted. This method defines a subjective deformation number (DR),
which is the percentage of the likely dissatisfied with the draft effect, depending on the air
velocity, air temperature, and turbulence degree.
Research Demand: the current rating system treats the room as a single space and does
not take into account the change of parameters defining the budding among the relevant
areas of the room, which are ankle, waist, seated and upright head. The literature requires an addition in this respect.
Documented studies should be supplemented by the correlation between the magnitude of
the velocity, tangential air distribution system, the degree of turbulence and the subjective fluctuation number associated with the values proposed by the standards and how they depend on
the main air inlet parameters (n, OR, AR).
Analysing the transformed normal distribution function of the air velocity measured at the
relevant points of the room, we can deduce the uniformity of the velocity distribution in the
room. This process is referred to in the literature as a qualification of the residence zone on a
statistical basis. The significance of this is that uniform velocity distribution is conducive to
moderate turbidity or low concentration of pollutants.
Research Demand: the classification of the residence zone on a statistical basis has not
yet been carried out in the tangential air distribution system. The literature requires an
addition in this respect.
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2. Goals and research method
Taking into account my main findings from the literature, the research needs and the chosen
test method (measurement), the aims of the research to be presented in the dissertation are summarized below.
I.

My aim is to analyse the injected air jet with tangential air distribution system, depending on the following parameters:
a. inlet Reynolds number (Re0);
b. offset ratio of the slot air diffuser (OR);
c. aspect ratio of the slot air diffuser (AR).
In the evaluation of the measurement results I will examine the following:
a. the air velocity and degree of turbulence measured along the length of the blow
plane of the blower air condensate;
b. the speed profiles in the injected air jet;
c. Determine the position of the adhesion point from the magnitude of the velocity
in the air jet;
d. the relation of the relative grip distance to the supply Reynolds number, the
offset and aspect ratio of the air inlet;
e. the ratio of the ratio of the maximum (axis) speed to the infeed rate with the
Reynolds injection number, the distance and aspect ratio of the air inlet and
near the attachment point.
A thermistor probe in the air jet measures air velocity.

II.

My aim is also to measure the enclosure comfort of a residential zone of a tangential
air distribution system ventilated room by measurement, depending on the following parameters:
a. air change number (𝑛);
b. offset ratio of the air diffuser (OR);
c. aspect ratio of the air diffuser (AR).
When evaluating the measurement results with a directional independent hot-sphere
probe, I examine air velocity magnitude, RMS air velocity, turbulence degree, and
subjective fluctuation number at four relevant altitudes of the residence zone (ankle,
waist, seated and standing person head height). In all of these, I will analyse the following characteristics:
a.
b.
c.
d.
e.

average of the measured values;
standard deviation;
range;
mode;
comparing the characteristics measured in the zone of residence with the recommendations of domestic and international standards;
f. the number of fluctuating air velocities to be determined in the zone of residence at a measurement height affecting the buoyancy and uniform pollutant
distribution.
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My measurements are carried out in the steps described in Table 1.
Table 1. Main steps of the investigations.

Step

Input

Output

1.

Collecting the measured
quantities

Goals of the dissertation

Air velocity, air temperature, air pressure, total pressure, relative air humidity

2.

Summary of the standards

Measured quantities

Probes, sampling time, sampling frequency

3.

Making a plan of the investigated room and ventilation
system

Measured quantities

Measurement plan, photos

4.

Choosing the measurement
places

Literature, standards, measurement plan

Choosing the measurement plane and
measurement points

5.

Pre-measurements

Measured quantities, Probes,
sampling time, sampling frequency

Airflow homogeneity at the air inlet;
exact sampling time, sampling frequency.

6.

Measurement

Results of pre-measurements

Measured data

7.

Evaluation of the results

Data, statistical analysis

Thesis

In accordance with the objectives of the doctoral dissertation, my measurements are carried
out by the Department of Building Engineering and Mechanical Engineering of the BUTE in a
real-size model room (Figure 2). The measuring room was specifically designed for testing air
handling systems; House in the house; walls have thermal insulation; its surface area is 3 × 3
m; Its interior height is 2.7 m, which corresponds to a small office space. The tangential air
distribution system used in the model room operates vertically in the air intake and suction in
accordance with most practical applications. Measurements are carried out in a time-steady
state with balanced ventilation, i.e., the ventilation and exhaust air volume is the same.

Figure 2. Full-scale model room in the Ventilation Laboratory of BUTE.
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During my measurements, I change only one parameter at a time while all other constant.
In order to test the effect of the supply Reynolds number and the normal air exchange rate, 10
series of measurements, 9 series for the analysis of the effect of the distance ratio, and 11 series
of measurements for the side ratio analysis:


volume flow rate of supply air: 𝑉̇0 = 60÷170 m3/h, the inlet Reynolds number Re0
= (2,33÷5,00) ∙103, the air change rate n = 2,4÷6,7 1/h;



offset ratio: OR = 5,83÷38,33;



aspect ratio: AR = 41,7÷83,3.

I analyse the effect of the gap-rate oscillation aspect ratio (AR) on the injected air jet flow
into the room in two cases. At the first, I keep the blow rate constant at equalizing the volume
flow of the ventilation air. In the second case, I keep the amount of vent air at a constant value
so that by changing the length of the gap blower damper, the flow rate.
Measurements are performed on a time-steady state using isothermal ventilation taking into
account the recommendations of current and applicable ventilation standards [ISO 5168:2005;
MSZ CR 1752:2000; MSZ EN 12599:2013; MSZ EN 13182:2002; MSZ EN 13779:2007; MSZ
EN 24006:2002; MSZ EN ISO 5167-1:2003; MSZ EN ISO 7726:2003; MSZ EN ISO
7730:2006].
To analyse the attachment point in the ventilation air jet, a thermistor probe around the air
supply measures the air velocity. I measure the turbulent characteristics required for the analysis
of draft comfort in the room's zone of residence (velocity, air velocity RMS component, and
degree of turbulence) with a directional independent hot-sphere anemometer. When selecting
the measuring instruments used, I have taken into consideration the recommendations of the
current and applicable standards and the technical literature on building engineering.
My measurements were preceded by so-called preparatory measurements that had a dual
purpose. One is to examine the uniform distribution of velocity and degree of turbulence along
the length of the gap-blowing damper and its other purpose is to select the exact sampling time
appropriate to the actual measurement task to measure the quantities in the zone of residence.
Both targets are an essential input condition for effective airflow and draft comfort.
Because of the preparatory measurements, taking into account the recommendations of the
standards listed above, I apply the sampling time of 200 seconds for the measurement of air
velocity and turbulence degree. In the literature, most researchers take 180 seconds of sampling
over time, in my case this is 20 seconds, which does not significantly increase the measurement
time, while serving accuracy.
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3. Summary of the researches and PhD thesis
The adhesion of the partially restricted air stream to the ventilation of the tangential air
distribution system significantly determines the room velocity distribution and the buzz feeling.
In addition to the tangential air distribution, the studies documented in the literature as a function of the rejection number Reynolds number, diffuser installation and geometry typical for
building applications are to be added to the tangential air distribution. Accordingly, the velocity
of the air velocity was measured by a thermistor probe, and by the analysis of the velocity field
I determined the location of the air junction. The distance between the point of attachment and
the supply is obtained by reference to the nominal width of the gap blowing structure, which
results in a relative adhesion distance, whose relationship is determined by the blow-in parameters at the first three points. The author's order is due to the identity of publications on theses.
The first three thesis points are connected to the first one.

Figure 1. Operation principle of the tangential air distribution system.

When selecting the appropriate trend line for the theses, I take into account previous literature results, which mostly describe the changes in air velocity and turbulence with second
degree correlations. Since the determination coefficient R2 is found in all measurement software, it is also possible for a practitioner to compare the individual trend lines on this basis. In
order for the empirical constants and relationships to be presented in the thesis points to provide
̅ ). This conservativelyuseful information to the practitioners, I give an average error limit (𝐻
defined error (in addition to the precision-adjusted confidence bands) will be a value averaged
over the entire validity range, which is a data entry for practicing engineers.
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Thesis 1
The relative attachment distance of the injected air jet in a tangential air distribution
system in the range of Re0 = (2.33÷5.00)∙103 is yt/s0 = 128 ± 4 (on a probability level of
95%), using one-line slot air-diffuser. [Both-Goda 2011; Both-Szánthó 2015 (3); BothGoda-Szánthó 2015; Both-Szánthó 2016 (2)]
v 𝑠

The quantities in Thesis 1 are: Re0 is the inlet Reynolds number, which is 𝑅𝑒0 = 0𝜈 0, where
v0 is the air inlet velocity (m/s), s0 is the width of the slot diffuser (s0 = 0,012 m), ν is the
kinematic viscosity of the air (m2/s), yt is the attachment distance in m.
The relative adhesion distance from the Reynolds blast furnace independence is consistent
with previous findings in the Reynolds number Re0 > 104. The literal results can thus be extended to the tangential air distribution system in the building engineering practice, Re0 = (2.33
÷ 5.00) ∙ 103, corresponding to the flow rate range of 60 ÷ 170 m3/h.

The connection between attachment point and the offset ratio os found in Thesis 2.
Thesis 2
In a room, which is ventilated by a tangential air distribution system, the relative
attachment distance of the injected air jet changes linearly as a function of the offset ratio
of the applied slot air diffuser (on a probability level of 95%) in the range of OR =
5.83÷38.33 and the connection is:
𝑦𝑡
̅ = ± 8% ).
= 3.42 ∙ 𝑂𝑅 + 25.29 (𝑅 2 = 0.984; 𝐻
𝑠0

(1)

[Both-Goda 2015; Both-Szánthó-Goda 2015; Both-Szánthó 2016 (2)]
The quantities in Thesis 2 are: yt/s0 is the relative attachment point, yt is the attachment
distance in m, s0 is the width of the slot diffuser (s0 = 0,012 m), OR = h/s0 is the offset ratio of
the air inlet, where h is the distance of the air inlet from the wall in m, R2 is the square of the
̅ is the average uncertainty of the empirical expression.
determination coefficient, 𝐻
The change of the attachment point in the injected air jet has been studied only in Re0 > 104
Ventilation Reynolds number in the semi-open space, depending on the distance to the blower
structure. Thus, previous literary results can be extended to the tangential air distribution system
used in building engineering practice.

The importance of Thesis 2 for practical applications occurs where the gap-blowing structure is built on distances from the wall surface because of interior design considerations.
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The connection between attachment point and the aspect ratio os found in Thesis 3.
Thesis 3
The relative attachment distance of the injected air jet in a tangential air distribution
system in the range of AR = 41,7÷83,3 on a constant inlet air velocity is yt/s0 = 121 ± 4; on
a constant inlet air volume flow rate is yt/s0 = 123 ± 3 (on a probability level of 95%), using
one-line slot air-diffuser. [Goda-Both 2013; Both-Szánthó 2014; Both és mtsai 2017 (2)]
The quantities in Thesis 3 are: yt/s0 is the relative attachment point, yt is the attachment
distance in m, s0 is the width of the slot diffuser (s0 = 0,012 m), AR = L0/s0 is the aspect ratio,
L0 is the length of the slot-diffuser.
The change of the attachment point in the injected air jet has been studied only in Re0 >
10 Ventilation Reynolds number in the semi-open space as a function of the aspect ratio of the
blower structure. Thus, previous literary results can be extended to the tangential air distribution
system used in building engineering practice.
4

I measured the turbulent characteristics
determining the air movement at the four
relevant heights of the residence zone of the
tangential air distribution system (ankle,
waist, seated and standing man's head
height) with a direction-independent hotsphere probe, whose relationship is summarized in the Thesis 4 with the volume of the
room. The following thesis point is attached
to the auxiliary Figure 2.

Figure 2. Occupied zone of the investigated model room.
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Thesis 4
In a tangential air distribution system, the connection between the air change number
and air speed, air speed deviation, range, RMS component in ankle, knee heights and in
the head height of sitting and standing person is second order polynomic at a probability
level of 95% in the range of n = 2,4÷6,7 1/h (which is 60÷170 m3/h inlet volume flow rate).
The draught rating number does not change significantly as a function of the air change
number in the range of n = 2,4 és 5,6 1/h using one-line slot diffuser. [Both-Szánthó 2015
(2); Both-Szánthó-Goda 2016 (1); Both-Szánthó-Goda 2016 (2); Both-Szánthó-Goda 2017
(1)]
The quantities in Thesis 4 are: n is the air change number (1/hour).
The technical literature on air ventilation describes the relationship between mean velocity
and air exchange rate as linear, where the findings do not refer to tangential air distribution
system. Practical application of Thesis 4 is relevant for variable airflow ventilation systems
where the comfort parameters defining the draft feel can be estimated in the design phase as a
function of the air exchange rate of the tangential air distribution system.
The relationship between air velocity and air volume is as follows:
̅ = ± 11%),
𝑣̅𝑏𝑜𝑘𝑎 = 5,86 ∙ 10−3 𝑛2 − 2,11 ∙ 10−2 𝑛 + 0,13 (𝑅 2 = 0,958; 𝐻
̅ = ± 8%),
𝑣̅𝑑𝑒𝑟é𝑘 = 2,98 ∙ 10−3 𝑛2 - 7,46 ∙ 10−3 𝑛 + 0,09 (𝑅 2 = 0,969; 𝐻
̅ = ± 7%),
𝑣̅ü𝑙ő 𝑓𝑒𝑗𝑚𝑎𝑔. = 3,22 ∙ 10−3 𝑛2 - 6,84 ∙ 10−3 𝑛 + 0,07 (𝑅 2 = 0,983; 𝐻

(2)

̅ = ± 6%),
𝑣̅á𝑙𝑙ó 𝑓𝑒𝑗𝑚𝑎𝑔. = 6,17 ∙ 10−3 𝑛2 - 3,03 ∙ 10−2 𝑛 + 0,12 (𝑅 2 = 0,980; 𝐻

̅
where 𝑣̅ is the air speed, n is the air change number, R2 is the determination coefficient, 𝐻
is the average uncertainty of the empirical expression.
The difference between the plane averaging of air velocity and the air exchange rate:
̅ = ± 10%),
𝑠 ∗ 𝑣̅𝑏𝑜𝑘𝑎 = 1,05 ∙ 10−3 𝑛2 – 1,67 ∙ 10−3 𝑛 + 0,02 (𝑅2 = 0,891; 𝐻
̅ = ± 9%),
̅𝑑𝑒𝑟é𝑘 = 4,85 ∙ 10−3 𝑛2 − 2,46 ∙ 10−2 𝑛 + 0,07 (𝑅 2 = 0,978; 𝐻
𝑠∗𝑣
̅ = ± 7%),
𝑠 ∗ 𝑣̅ü𝑙ő 𝑓𝑒𝑗𝑚𝑎𝑔. = 4,42 ∙ 10−3 𝑛2 - 2,22 ∙ 10−2 𝑛 + 0,08 (𝑅 2 = 0,969; 𝐻

(3)

̅ = ± 7%),
𝑠 ∗ 𝑣̅á𝑙𝑙ó 𝑓𝑒𝑗𝑚𝑎𝑔. = 7,58 ∙ 10−3 𝑛2 - 5,31 ∙ 10−3 𝑛 + 0,14 (𝑅 2 = 0,956; 𝐻

where 𝑠 ∗ 𝑣̅ is the standard deviation of air speed, n is the air change number, R2 is the
̅ is the average uncertainty of the empirical expression.
determination coefficient, 𝐻
The relationship between air velocity and air volume is as follows:
𝑣á,𝑡𝑒𝑟,𝑏𝑜𝑘𝑎 = 6,55 ∙ 10−3 𝑛2 − 2,68 ∙ 10−2 𝑛 + 0,12 (𝑅2 = 0,970; 𝐻 = 8%),
𝑣á,𝑡𝑒𝑟,𝑑𝑒𝑟é𝑘 = 1,68 ∙ 10−2 𝑛2 − 0,08𝑛 + 0,28 (𝑅2 = 0,977; 𝐻 = 8%),
𝑣á,𝑡𝑒𝑟,ü𝑙ő 𝑓𝑒𝑗𝑚𝑎𝑔. = 1,65 ∙ 10−2 𝑛2 - 0,08𝑛 + 0,33 (𝑅 2 = 0,970; 𝐻 = 9%),

(4)

𝑣á,𝑡𝑒𝑟,á𝑙𝑙ó 𝑓𝑒𝑗𝑚𝑎𝑔. = 2,92 ∙ 10−2 𝑛2 − 0,20𝑛 + 0,57 (𝑅2 = 0,894; 𝐻 = 11%),

where 𝑣á,𝑡𝑒𝑟 is the range of air speed, n is the air change number, R2 is the determination
̅ is the average uncertainty of the empirical expression.
coefficient, 𝐻
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Relationship between the air-velocity component of air velocity and air exchange rate:
̅ = ± 7%),
𝑣̅𝑅𝑀𝑆,𝑏𝑜𝑘𝑎 = 1,58 ∙ 10−3 𝑛2 − 5,78 ∙ 10−3 𝑛 + 0,03 (𝑅2 = 0,964; 𝐻
̅ = ± 7%),
𝑣̅𝑅𝑀𝑆,𝑑𝑒𝑟é𝑘 = 6,38 ∙ 10−4 𝑛2 + 1,44 ∙ 10−3 𝑛 + 0,02 (𝑅2 = 0,965; 𝐻
̅ = ± 8%),
𝑣̅𝑅𝑀𝑆,ü𝑙ő 𝑓𝑒𝑗𝑚𝑎𝑔. = 3,98 ∙ 10−4 𝑛2 + 3,87 ∙ 10−3 𝑛 + 0,02 (𝑅 2 = 0,921; 𝐻

(5)

̅ = ± 13%),
𝑣̅𝑅𝑀𝑆,á𝑙𝑙ó 𝑓𝑒𝑗𝑚𝑎𝑔. = 7,26 ∙ 10−4 𝑛2 + 2,45 ∙ 10−3 𝑛 + 0,01 (𝑅 2 = 0,893; 𝐻

where 𝑣̅𝑅𝑀𝑆 is the RMS velocity component, n is the air change number, R2 is the determi̅ is the average uncertainty of the empirical expression.
nation coefficient, 𝐻

The relationship between the defining quantities and the offset ratio is contained in Thesis
5.
Thesis 5
In a tangential air distribution system, the connection between the offset ratio and
the velocity, mean deviation, the time fluctuating component, the turbulence degree, and
the subjective fluctuation velocity at the altitudes determining the flute feeling (ankle,
waist, seated and upright head height) can be approached in a second degree relationship.
The approximation is acceptable at a 95% level in the OR = 5.83 ÷ 38.33 range ratio. At
elevation height, the turbulent ventilation characteristics listed above are not significantly
dependent on the distance ratio (based on a 95% confidence level). [Both-Szánthó 2016
(1); Both-Szánthó-Goda 2016 (1); Both-Szánthó 2017; Both és mtsai 2017 (1)]
The quantities in Thesis 5 are: OR = h/s0 is the offset ratio, s0 is the width of the slot-diffuser
(s0 = 0,012 m), h is the distance between the air inlet and the wall.
The relationship between the air velocity of the entire zone of residence and the distance
of the blower distance:
̅ = ± 12%),
𝑣̅ = 3,63 ∙ 10−5 ∙ 𝑂𝑅 2 + 9,05 ∙ 10−4 ∙ 𝑂𝑅 + 0,11 (𝑅 2 = 0,962; 𝐻

(6)

̅ is the
where 𝑣̅ is the air speed, OR is the offset ratio, R2 is the determination coefficient, 𝐻
average uncertainty of the empirical expression.
The relationship between the standard deviation of the air velocity for the whole zone of
residence and the distance ratio of the blower diffuser:
̅ = 10%),
𝑠 ∗ 𝑣̅á = −3,38 ∙ 10−5 ∙ 𝑂𝑅 2 + 4,46 ∙ 10−3 ∙ 𝑂𝑅 + 0,02 (𝑅 2 = 0,981; 𝐻

(7)

where 𝑠 ∗ 𝑣̅á is the standard deviation of air speed, OR is the offset ratio, R2 is the determi̅ is the average uncertainty of the empirical expression.
nation coefficient, 𝐻
The relationship between the time fluctuation of air velocity for the entire zone of residence
and the distance to the blower distance ratio:
̅ = 8%),
𝑣̅𝑅𝑀𝑆 = −3,24 ∙ 10−6 ∙ 𝑂𝑅 2 + 1,54 ∙ 10−3 ∙ 𝑂𝑅 + 0,02 (𝑅 2 = 0,960; 𝐻

(8)

where 𝑣̅𝑅𝑀𝑆 is the RMS velocity component, OR is the offset ratio, R2 is the determination
̅ is the average uncertainty of the empirical expression.
coefficient, 𝐻
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The relationship between the turbulence degree for the entire zone of residence and the
distance to the blower is as follows:
̅̅̅̅
̅ = 8%),
𝑇𝑢 = 2,24 ∙ 10−3 ∙ 𝑂𝑅 2 + 0,20 ∙ 𝑂𝑅 + 32,3 (𝑅 2 = 0,958, 𝐻

(9)

where ̅̅̅̅
𝑇𝑢 is the average turbulence intensity, OR is the offset ratio, R2 is the determination
̅ is the average uncertainty of the empirical expression.
coefficient, 𝐻
The relationship between the subjective buoyancy number for the entire zone of residence
and the distance between the slit blower distance:
̅̅̅̅ = 1,39 ∙ 10−3 ∙ 𝑂𝑅 2 + 0,50 ∙ 𝑂𝑅 + 3,16 (𝑅2 = 0,966; 𝐻
̅ = 11%),
𝐷𝑅

(10)

̅̅̅̅ is the average draught rating number, OR is the offset ratio, R2 is the determinawhere 𝐷𝑅
̅ is the average uncertainty of the empirical expression.
tion coefficient, 𝐻
The significance of Thesis 5 for practical applications occurs where the gap-blowing structure is built into distances from the wall surface due to interior design considerations. At this
time, the comfort parameters defining the draft feel can be estimated in the design phase depending on the mounting position of the gap blowing device used in the tangential air distribution system.

The following thesis can be formulated for the relationship between the variation of the
aspect ratio of the gap blowing structure and the ventilation characteristics influencing the draft
sensation.
Thesis 6
In the tangential air distribution system, the relationship between the ratio of the oneline gap-nozzle used for ventilation and the velocity of the air velocity at the altitudes
determining the buzzing sensation (ankle, waist, seated and upright man's head) can be
approached with a second degree relationship. Approximation at an acceptable 95% level
in the AR = 45.8 ÷ 83.3 aspect ratio when using a constant flow rate of flow. The average
turbulence degree in the occupied zone and the subjective fluctuation figure does not depend significantly on the aspect ratio of the one-line slotting force applied (based on a
95% confidence-level rating). [Both-Szánthó-Goda 2016 (1); Both-Szánthó-Goda 2017
(2); Both és mtsai 2017 (1), (2)]
The quantities in thesis 6: AR = L0/s0 is the aspect ratio, L0 is the length of the slot diffuser
in m, s0 is the width of the diffuser (s0 = 0,012 m).
The relationship between the air velocity of the entire zone of residence and the gap ratio
of the gap blower is as follows:
̅ = 8%),
𝑣̅𝑏𝑜𝑘𝑎 = 1,09 ∙ 10−4 ∙ 𝐴𝑅 2 − 1,64 ∙ 10−2 ∙ 𝐴𝑅 + 0,80 (𝑅2 = 0,955; 𝐻
̅ = 10%),
𝑣̅𝑑𝑒𝑟é𝑘 = 9,67 ∙ 10−5 ∙ 𝐴𝑅2 - 1,45 ∙ 10−2 ∙ 𝐴𝑅 + 0,70 (𝑅 2 = 0,947; 𝐻

(11)

̅ is the
where 𝑣̅ is the air speed, AR is the aspect ratio, R2 is the determination coefficient, 𝐻
average uncertainty of the empirical expression.
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The importance of Thesis 6 for practical applications occurs where variable length slots are
built due to investment considerations. At this time, the comfort parameters defining the draft
can be estimated in the design phase as a function of the length of the slit structure used in the
tangential air distribution system.

Thesis 7 on the transformed distribution function of the air velocity measured tangential
air distribution system in the occupied zone. Based on Magyar’ model [Magyar 2000, 2008],
the fluctuation of air velocity at different altitudes is investigated. At altitudes where this fluctuation is more significant, there is a higher risk of developing a fluttering sensation. For the
fluctuation of velocity, the following thesis can be formulated.
Thesis 7
In the area of the tangential air distribution system, the plane velocity distribution of
the air velocity is homogeneous in the boom height of the boom sensation, with a slight
fluctuation of n = 2.4 ÷ 6.7 l / h and in the AR = 45.8 ÷ 83,3 slot-to-side area range. Increasing the distance ratio of the single-line slotting structure increases the time fluctuation of the air velocity at four relevant height of the room in the range of OR = 5.83 ÷
38.33. [Both-Szánthó-Goda 2017 (1)]
The quantities in Thesis 7: n is the air change rate in 1/hour. AR = L0/s0 is the aspect ratio,
L0 is the length of the slot in m, s0 is the width of the slot (s0 = 0,012 m). OR = h/s0 is the offset
ratio.
The percentages of the fluctuating speeds in the corridors defining the tangential air distribution system in the room defining the buzz sensation (ankle, waist, seated and standing person
head height) vary according to the second degree function by varying the distance ratio of the
slot blower:
̅ = 7%),
𝐹′𝑏𝑜𝑘𝑎 = −7,19 ∙ 10−3 ∙ 𝑂𝑅 2 + 0,97 ∙ 𝑂𝑅 − 2,09 (𝑅 2 = 0,930; 𝐻
̅ = 5%),
F’derék = -6,50 ∙ 10−3 ∙ 𝑂𝑅2 + 1,08∙ 𝑂𝑅 + 0,06 (𝑅 2 = 0,981; 𝐻
̅ = 6%),
F’ülő fejmag. = −1,88 ∙ 10−2 ∙ 𝑂𝑅2 + 1,46∙ 𝑂𝑅 – 4,45 (𝑅 2 = 0,972; 𝐻

(12)

̅ = 10%).
F’álló fejmag. = 1,18 ∙ 10−3 ∙ 𝑂𝑅2 + 0,70∙ 𝑂𝑅 – 0,34 (𝑅 2 = 0,917; 𝐻

where 𝐹′ is the ratio of the fluctuating velocities in the zone, OR is the offset ratio, R2 is
̅ is the average uncertainty of the empirical expression.
the determination coefficient, 𝐻
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4. Practical usage of the results
After reviewing the literature on the examination of widespread tidal airborne ventilation
in the building engineering practice, I analysed the adhesion of a partially limited air jet to the
ventilation duct to the room boundary structure by determining the adhesion point. On the one
hand, the point of attachment separates the partially restricted air jet in the locality from the
wall air gap to which different mathematical relations apply and, second, determines the volume
of ventilation air jets in the room's residence zone. The latter has a significant effect on the local
distribution of the velocity distribution, thus the buzz feeling. During this I analysed the effects
of three main blowing parameters: Reynolds blast furnace, longitudinal spacing and spacing of
blast furnace structure.
Following the evaluation of my measurement results, I determined that if we change the
flow rate (Ventilation Reynolds number) or the ventilation gap (variable length, constant gap
width) between the tangential airflow systems, then the ventilation air junction its position is
constant. By contrast, changing the mounting position of the slot diffuser, i.e. the change in the
distance, modifies its position on the air jets. The closer the slot is placed to the building structure, the sooner it adheres to it, so the smaller part of the air jet reaches the zone of residence,
modifying the speed distribution, reducing the risk of the draft. This design estimates the direct
impact of the partially restricted ventilation air jet on the zone of residence of the tangential
juice room.
The tonality of the tidal air system is characterized by the extent of the propagation effect
in the zone of residence, the formation of which is determined by the velocity, time fluctuating
component, turbulence degree and temperature of the air velocity and the subjective fluctuation
factor calculated from these. At the relevant altitudes of the zone of residence (ankle, waist,
seated and upright man's height), I analysed the behaviour of the defining quantities in the space
of the room as a function of the room volume and the spacing and aspect ratio of the slit blower.
Based on this, I set up experiential relationships with which the air engineering design engineer
can estimate the risk of the drafting at the relevant altitudes by changing the three main airflow
parameters mentioned above.
I have investigated how the airflow rate of the room as well as the design and installation
of the gap blowing structure have an effect on the temporal fluctuation of air velocity at different
altitudes, which is one of the main causes of the buzz feeling.
Of course, the studies presented in the dissertation cannot be considered as closed. There
are a number of additional research opportunities on the subject. For example, it is possible to
investigate how the width of the gap blower changes to the volume defining the buzz feeling or
at the same time can change several blow parameters. The use of live animals can be used to
analyze the impact of the noise sensation on humans, which is comparable to the instrumental
measurement results obtained with the torsional air system presented in the dissertation.
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