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Annotation: In this century all technologies are advancing fast. Now buildings are heated
using district heating systems, electricity or heat pumps. Instead of natural ventilation systems
usually mechanical ventilation systems are installed in the buildings. An interest of improving
efficiency of office work, while indoor environment conditions are changed, is growing
increasingly. If we desire to create better quality of indoor air, it is not enough to know the
temperatures of inside and outside air. Nowadays, it must also be considered other factors of
thermal comfort and indoor air quality. The main purpose of this article is to find out which
ventilation system, displacement or mixing ventilation is better for offices. Also it is relevant to find
out what impact the ventilation system has on the employees and how it can affect the owner of the
building. Another aim is to find out differences between displacement and mixing ventilation
system. Furthermore the thesis discusses the advantages and disadvantages of these types of
ventilation. It is important to find out the optimal type of ventilation. After all, the most famous
theoretical physicist Albert Einstein once said that “Everything should be made as simple as
possible, but not simpler”. This rule is valid also in ventilation systems. It is significant to find the
most suitable but at the same time the ventilation type which is simplest to install, because just in
this case the productivity of the employees, indoor air quality will be improved. Also savings of the
potential energy will be created. Well, and during a pandemic, this topic is becoming more and
more relevant, not only in terms of people’s ability to work, but also in terms of people’s lives.

Keywords: displacement ventilation, mixing ventilation, office buildings, indoor climate,
thermal comfort

Introduction.

Nowadays, there are a lot of people who work in offices. In order to maintain
the productivity of work, it is necessary to keep up the appropriate microclimate
conditions indoors. Usually when people are working they start to yawn. It happens
not because they are bored, but at that time the concentration of the carbon dioxide in
the indoor air is too high. In this case is must to use properly balanced mechanical
ventilation. The period when people are spending time in non-ventilated places is
disadvantageous for their health; it reduces the efficiency of work and creates

unpleasant feeling. Polluted air can cause many various health problems for people;
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for example frequent headaches, allergies, insomnia and other diseases [2]. However
if the place has appropriate ventilation system no discomfort is felt and also the
productivity of people increases. Ventilation system is designed specifically to
maintain the suitable under climate conditions which are safe, comfortable and
healthy for humans [3].

Literature review.

People's ability to work is one of the most important factors influencing the
results of any organization. The results of research conducted in recent years show a
direct relationship between environmental microclimate parameters and human
employability. Statistical studies in large Western companies or offices show that the
average area per person is 20 m?, but in the USA and China this area is only 10 m?.
However, despite the fact that the smaller the area, the lower the costs, but such
efficient use of the area also has negative features. After all, the larger the number of
employees, the higher the air pollution with carbon dioxide (CO,). Air temperatures
rise from people and equipment. In the last decade alone, the amount of heat emitted
by computers per working day has increased from 1 kW to 12 kW. Therefore, it is
very important to regulate the room temperature and ventilation so that the quality of
the indoor microclimate does not deteriorate. Here, N. B. Kayea suggests using cool
night air for ventilation. Mechanical ventilation alone makes it difficult to maintain
the right air temperature, especially during the warm season, when the outdoor
temperature is high. Air conditioners are then used that not only regulate the air
temperature but also maintain the required humidity. When installing air
conditioners, it is not necessary to run large diameter pipes necessary for mechanical
ventilation [4].

According to Wargocki P. to achieve the best results of the office work, it is
necessary to have the appropriate indoor environment. The indoor air quality has a
direct connection with the preferably (high) performance probability of the
employees [3]:

1. Two times bigger supply rate of the outdoor air can decrease a sickness of
the employees approximately by 10% and it will increase the productivity of
work approximately by 1,5%.

2. Decreasing the temperature which is above 24°C can increase the

effectiveness of office work by 1,5% by every 1°C.

3. Increasing the temperature which is below 20°C can increase the

effectiveness of office work by 2% by every 1°C.

4. The effectiveness of office work can be increased by 1% if the percentage of

dissatisfied be reduced by 10%.

The benefits of the appropriate indoor environment by using proper ventilation
system are not only for employees. The biggest intention to improve the indoor
environment should be from building owner.

Corgnati S. P. claims that effectiveness of the ventilation system in office or
other type of building can be assessed using two different methods [6]:

1. The effectiveness of removal contaminant £€;:

This method defines the duration thought which airborne contaminant is
eliminated from indoor air. The effectiveness is calculated by Equation 1:
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fe=T (1)

Cmean — G5

where: £.- the effectiveness of removal contaminant, c. - the contaminant

concentration in the exhaust, ¢, - the contaminant concentration in the supply, cuean_-
the mean concentration in the room

2. The air change method:

This method defines the quantity of times through which the air is eliminated

from the room during one hour. The air change is calculated by Equation 2:
qy
n=5 (2)

where: n - air change rate [h'], g, - air flow rate [m*/h], ¥ - volume of the room
[m*].
After the air change rate is calculated, the nominal time constant can be easily
found. The nominal time constant shows how long the air will be inside the space
until it is extracted. This value can be calculated by Equation 3:

T, = n 3)

where: T, - nominal time constant [h], n - air change rate [h™!].

It is very important to solve the issues of indoor microclimate in time, but most
administrations try to choose the easiest way - to install an air conditioning system.
The air conditioners are switched on in the maximum mode, windows and doors are
closed - this causes a devastating effect on air quality. Therefore, hoping to create a
work-friendly environment exacerbates the situation. Mattheos Santamouris, project
manager at Renson, said: "Air conditioning without ventilation is the worst solution."
Therefore, it is very important to choose smart rather than quick solutions. In this
article, we will try to talk more about the two main types of mechanical ventilation in
office buildings. They are displacement and mixing ventilation. Figure 1 shows the
differences of air distribution in mixing and displacement ventilation.

J \ , Occupied
N \ ’ . Zone

r}-’ '~ f' S

Mixing Ventilation Displacement Ventilation

Figure 1. Mixing and displacement ventilation

Briefly about displacement ventilation. In such a system the supply air usually
goes close to the floor and it has low velocity it means that the supply air goes across
the floor it displaces warm air. In the room with displacement ventilation system the
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cold air will slowly leave the diffuser and travel along the floor into the space. When
the supply air meets a heat source, for example an employee, a customer or even a
computer, the heat will cause the air to rise. In this convection air lifts contaminants
up and out of the occupied zone. This also pulls supply air up across the person
providing them with comfort and fresh air (in this case employees who are working
in the office can more easily to acquire the information which is given). This means
that the quality of work will be improved.

Displacement ventilation is an emerging alternative to traditional mix flow air
distribution systems. This type of ventilation systems is well suited for areas with
high ceilings. In the summertime cooling configuration, the cold air is supplied at a
low velocity by diffusers near the ground and warmed by occupants and equipment.
This warm air will raise taking pollutants with it and is collected for exhaust at the
ceiling level. Displacement ventilation not only translates to energy savings from
reduced fan usage and higher acceptable supply air temperatures, but it also raises
indoor air quality.

The second type of ventilation we are considering is Mixing ventilation. In this
ventilation type the fresh air gets into the offices or the other places from the top of
the room [1]. Mixing ventilation means that the fresh air is mixed with local air and
all contaminants also are mixed. Accordingly the concentration of contaminants is
less than it is specified in the regulations of indoor air quality [2]. In mixing
ventilation system the extract air goes out from the outlet devices which are also
located at the ceiling. The main requirement for mixing ventilation is that a trajectory
of the supply air must be the same when the supply air temperature and quantity are
changing [1]. For this purpose, the supply air is goes through two streams, a
fundamental and directional. The flow rate of the main steam is changing and the
deflector is not. This allows giving such a volume of motion for the supply air, which
gives constant flow path when gravitational forces are changing.

Research methodology.

The main purpose of the measurements was to compare two types of ventilation:
displacement ventilation and mixing ventilation. And to find out which ventilation
system is better for offices and also to analyse what impact it has to indoor
environment conditions. All measurements were performed in a laboratory in a room
specially designed for the experiment (XAMK University). The size of this room
6,8x3m. During an experimental part the different heights of the room were used.
First of all, the measurements were done using 2,65m height of the room, and later
3,1m height was used. Consequently, the volume of the room varies between 54,06m>
and 63.,24m’.

In the first part of measurements, the test room was made up as office space for
one person (Figure 2).

A floor surface for one person was 20,4m? which is more than 12m?/person.
According the regulations LV 05-10440 the air flow from supply air device 13 dm?/s
were used. Also the same quantity of air was extracted from the room using one
extract air device.

In the second part of measurements, the test room was made up as 4-person
office space (Figure 3).
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Figure 3. A test room simulated as -person office room

A floor surface for four persons was 5,1m*person, which is less than
12m?/person. So according to the regulations LV 05-10440 the air flow from supply
air device 11dm?/s per person were used. The same amount of air was extracted from
the test room using four extract air devices.

During the measurements three different devices were used: two devices of
mixing ventilation and displacement ventilation device. Both mixing ventilation
devices were installed in the ceiling. All supply and extract air devices are made by
“FlaktGroup” company.

We used this equipment to perform the study (Figure 4):

Figure 4. Equipment used in the study

To measure the air flow in the circular supply and extract air devices the air flow
hood Swema Flow 236 was used (Figure 4 a). To measure the air flow from semi-
circular wall-mounted supply air terminal micro manometer Swema Man 8 was used
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(Figure 4 b). Flow meausuring hood AccuBalance 8370 was used to measure the air
flow from multi-nozzle rectangular diffuser (Figure 4 c). Data were obtained in four
different heights which are important for sitting and standing person:

1. 0,Im (foot level);

2. 0,6m (knee level);

3. 1,1m (head level for a sitting person);

4. 1,7m (head level for a standing person).

The velocity of air was measured using omnidirectional anemometer Swema 03.
The device is presented in Figure 4 d. The values where were received at 1,1 m
height of the room.

Research results and their analysis.

The experiments were performed 4 times, their duration was always the same
and lasted after 10 min. In the measurement case 1 and 2 the test room was simulated
to 1-person office room. And in the measurement case 3 and 4 the test room was
simulated to 4-person office space. The temperature of supply air was 18°C in every
case.

First of all measurements have been done in test room which was made as 1-
person office room. The sum of internal heat loads was 673W. The height of the
room was 2,65m and the air flow was 13dm’/s. The values of temperature when
displacement ventilation is operated are presented in (Figure 5 a). In the same
conditions the measurements were performed also with mixing ventilation system.
The values of temperature when mixing ventilation is operated are presented in
(Figure 5 b).
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Figure 5. Indoor air temperature in a one-person office with a room height of
2.65 m with different ventilation methods

According to the graphical data (Figure 5 a) we can see a tendency that in
displacement ventilation system the supply air goes across the floor. It means the
temperatures in different levels of the room are not the same. In the higher level the
temperature is bigger than in previous one. However the situation in mixing
ventilation system is different (Figure 5 b). The temperatures in occupied zone, where
a simulated human was standing, are approximately the same. It confirmed the fact
that in this type of ventilation system the supply air mixed with room air right away.
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The second test was performed by changing only one parameter, that is,
increasing the height of the room to 3.1 m. Temperature values for different
ventilation modes are given (Figure 6 a, b).
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Figure 6. Indoor air temperature in a one-person office with a room height of
3.1 m with different ventilation methods

Analogously in measurement case 2 there is similar values as in measurement
case 1. This congruence can be explained because of very low designed air flow
(13dm>/s). However the temperatures are more convenient while displacement
ventilation is used. So in this case it is easier to get comfortable indoor environment
conditions using displacement ventilation.

The nominal time constant was calculated : in the first test it is 1.16 h and in the
second 1.35 h. It is possible to make a conclusion that in both cases the employee
who will be working in that indoor environment feel discomfort factors such as
sleepiness, tiredness and his work will be not efficient. The air flow must be
increased for this type of space.

Further, the experiments were fought using the same ventilation methods, only
now they were simulated in the office premises of 4 persons. First, the height of the
room was 2.65 m. (Figure 7 a, b).
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Figure 7. Indoor air temperature in a 4-person cabinet with a room height of
2.65 m with different ventilation methods
From these graphs, the differences from the previous ones are very clear. The
graphical data from Figure 7 a, b shows the variations between displacement and
mixing ventilation in more accurate way. In both cases the temperatures during the
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time are getting higher. It happens because in the internal heat load is more than 2
times bigger than in test room which was simulated to 1-person office room.
However, the indoor environment conditions for employees who are usually sitting
during the work are more convenient with displacement ventilation system.

And in the last test, the same measurements were made by changing the height
of the room to 3.1 m. Other parameters were the same as in measurement case 3. And
here again we see the temperature differences between the two ways of ventilating
the room (Figure 8 a, b).
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Figure 8. Room air temperature in a 4-person cabinet with a room height
of 3.1 m with different ventilation methods

We see that the results of the last two tests in the workroom of four people are
similar. According to the classification LV 05-10440 the class S2 the temperature of
a level 1,1m is too high for both ventilation systems. The idea is that in the space 4
computers, 4 simulated humans were used which created a large amount of internal
heat load (1306W).

According to the recommendations LV 05-10440 category 2, the air velocity
must be less than 0,17m/s. The value of air velocity is very important for draft
sensation. The size of air velocity was measured during every experiment at 1,1m
height of the room. The values are showed in (Figure 9).

4 persons office 3,1m
4 persons office 2,65m

1 person office 3,1m

1 person office 2,65m

v
T

0 0,002 0,004 0,006 0,008 0,01

B Mixing ventilation ~ m Displacement ventilation

Figure 9. Air velocities during different measurements

According to the measured results, the air velocity doesn’t reach the air velocity
values which are given in recommendations. It means that there are no possibilities to
air drought.

We will try to briefly describe the results obtained. According to the regulation
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LV 05-10440 in class 2 a main temperature in the room should be 21.5°C. This value
can fluctuate between 20.5°C and 22.0°C. The temperatures which were recorded in

the test room which was simulated as one person office room are given and compared
in (Figure 10).

22,5
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215 m Displacement
21 1 ventilation
20,5
20 - m Mixing
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1 person office, | 1 person office,
2,65m 3,im

Figure 10. Comparison of temperatures in one person office

From the diagram we can see the temperatures which were received using the
mixing ventilation system are closer to the values which are given in the regulations.
Consequently, in this case for both heights it is better to use a mixing ventilation
system if the comfortable indoor environment conditions are the main goal.

The situation of air temperatures in the test room which was simulated as four
person’s office also is analyzed. According to the regulation the temperature values
stay the same. The temperature values which were given in this type of office space
are presented in (Figure 11).
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Figure 11. Comparison of temperatures in 4-person office

Seeing that the a workplace is adapted for seated work the most important
temperatures must be on the levels 0.Im, 0.6m, 1.Im. On the strength of the
temperatures which were received in 4-person office space the temperatures are
superior and closer to values in the regulations using displacement ventilation system.

Conclusions.

This study was designed to compere two different types of ventilation:
displacement ventilation and mixing ventilation. Also to find out which of these
systems are more suitable for offices? And to analyze what impact it has on
productivity and performance.

Here are some of them:

1. Better final findings can be made from the measurement results of test room

ISSN 2663-5712 24 www.sworldjournal.com



S
ey
e B . &/fez_’}\)
SWorldJournal Issue 8 / Part 2 \rgp\

which was simulated to 4-person office place. Whereas the floor area stayed the same
size (20.4m?) and work places for four people occupy the biggest part of the room. It
isn’t easy to find an appropriate place for displacement ventilation for such type of
space. It is possibility to use two units of displacement ventilation diffusers in
different places of the room.

2. If the all results are summed up, it can be predicted that mixing ventilation for
4-person office space is superior option than displacement ventilation. In both cases
(with the room height 2.65 m and 3.1 m) when using a mixed ventilation method, the
dissatisfaction of dissatisfied people is lower (8% and 7%) in proportion to values
when displacement ventilation is used (13% and 7%).

According to the results (of measurements) it is possible to see a tendency that
in displacement ventilation system the supply air goes across the floor. It means the
temperatures in different levels of the room are not the same. In the higher level the
temperature is getting higher than when room height is 2.6 m. However the situation
in mixing ventilation system is different. The supply air comes into the room and it
instantly mixes with the room air.

The most accurate results were received in the test room which was simulated to
four persons’ office space. More informative results were received using mixing
ventilation system. The percentage of dissatisfied people in this case fluctuated
between 8% and 7%. It means the efficiency of work will be increased and the
comfortable indoor environment conditions will be obtained. Less important but still
worth mentioning results was received when the height of the room was 3.1m. In that
situation the displacement ventilation is also suitable choice. But it would be more
difficult to find out an appropriate place for displacement ventilation diffuser in the
room which would satisfy all four persons in the office.

The main implication of this study was clarified that the temperature differences
of distinct levels in the room are higher in displacement ventilation than in mixing
ventilation. However, the final conclusions show that with mixing ventilation systems
it is easier to reach comfortable indoor environment conditions in office buildings.

Need for future research is important. For more accurate results the
measurements must be performed not in test room but in real office rooms which one
of them would have displacement ventilation system and another would have mixing
ventilation system. In that case the measurements of contaminant concentration and
CO2 level in the room also could be done. During these measurements which were
done in the test room simulated humans were used. For this reason the results of the
measurements in the laboratory cannot be as accurate as it can be in real situation.

During these measurements when the test room was simulated to four person
office space, in some cases the temperatures were not stable enough. In this case it
would be effective to perform the same measurements for a longer period, for
example 1 hour or even 8 hours as a full-time working day. Accordingly it will be
possible to evaluate a quantity how much a space is warmed up during the longer
period.

But the main conclusion is that the pace of life is tremendous and times are
changing and to live comfortably, it is no longer enough to use windows and enjoy
the fresh air, as our parents or grandparents did. High energy efficiency class houses
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are extremely airtight, so they cannot ensure natural air circulation and no matter
where, at home or in the offices, that feeling better will not be enough, especially in
winter. After all, together with the open windows, various dirt and dust enter the
house, and dust mites and mold accumulate in non-ventilated rooms, headaches often
start to bother, and respiratory disorders can also occur. Air circulation in new
construction homes is minimal, so expect a good microclimate, good performance
results without a modern ventilation system is definitely not worth it.
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Pe3tome: B smom 6exe sce mexnonocuu cmpemumenvHo passusaiomcs. B nacmosiwyee epemst
30aHUs  OMANIUBAIOMCS C  HOMOWDBIO — CUCEM  YEHMPAIU308AHHO20 — MENI0CHADIICEHU,
INEKMPUHECKUX UAU MENT0BbIX HACOCO8. Bmecmo cucmem ecmecmeeHHOU SeHMUNAYUU 30AHUS
00bluHO  0OOpYOyIOm  cucmemamu — MeXaHudeckou — eewmuaayuu. Omo  Oeiaemcs 8
yensx nosvlueruss 3¢hpexmusnocmu pabomul ouca, max Kax yciosus oxpydcarouell cpeovl 8
nomewjeHusix MeHsiomces. Ecau mbl  xomum  yIyuuums Kawecmeo 8030yXa 8 NoMeueHul,
HeO00CmamoyHo 3HAmMb memnepamypy 6030yxXa 6 nomewjeHuu u Ha yauye. Basxcnvimu cmanosames u
opyaue (paxmopvl meniogo2o Kompopma, a maxdxice Kawecmea 6030yxa 6 nomewernuu. Ochosnas
yenb OAHHOU  CMamvy - BbISACHUMb, KAKAs CUcmemda  GeHMUIAYUU - GblIMeCHEeHUeM Ul
cmeutusanuem, 6oavuie nooxooum 0s 0Qucos. Takice 8ANHCHO BbIACHUMD, KAKOE GIUSHUE CUCEMA
BEHMUIAYUU OKA3bIBAC HA COMPYOHUKO8 U KAKOE GIUAHUE IMO OKA3bleAem HA 81a0elbyd 30aHUsL.
Ewe o0na yenwv - gvlsichums, uem omauyaiomcst 6blmecHenue U nepemeuiuéanue 6 6eHMUIAYUOHHOU
cucmeme. Kpome moeo, 6 cmamve paccmampusaomcs 00CMOUHCMEA U HeOOCMAMKU IMUX 8U008
senmunayuu. [lene cmamovu - no0obpams onmumanbHulll mun eenmunsyuu. Mzeecmuolil usux -
meopemux Anvbepm DUHwImMeH CKa3an, 4mo «8ce OONNCHO Oblmb KAK MOJICHO Npouwje, HO He
Xyoice». Dmo npasuno Kacaemcsi u cucmem seHmunsyuu. Basxcrno naimu naubonee nooxoosiuuil, Ho
68 Mo Jice 8peMs CaMblil NPOCMOU 6 YCMAHO8Ke MUn BeHMUIAYUU, MAK KAK MOIbKO mo20d
VAVUUWUMCSL KAYecmeo 6030YXd 6 NOMeWjeHUuu, a mem CambiM U Npou3so0umenbHoCms mpyod
compyonuxos. Kpome moeo, 6ydem coxpameHa nomenyuanivhas sHepeus. Bo epems enobanvbHoll
namoemuu 3ma mema CMAaHOBUMCs 6ce 0ollee AKMyalbHOU He MONAbKO 0/ mMpPyOOCHOCOOHOCMU
J00ell, HO U Ol UX KA4eCcmed HCU3HU.

Knrouesvle cnosa: eenmunsiyus eblmecHeHueM, GeHMUNAYUS CMEUUBAHUEM, OQUCHbIE 30AHUS,
MUKPOKAUMAM 8 NOMeWeHUlU, Meni080t KomMgpopm.
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