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SUMMARY

The study investigated the effect of the placement of the ventilation openings on the temperature
distribution of the sauna and the functionality of the ventilation. The distribution of humidity in the
sauna in connection with steaming was also investigated. Mechanical exhaust ventilation was
used in the experiments.

An even vertical temperature distribution in the sauna requires good mixing of the sauna air. In
practice, the incoming air, which is colder than the temperature of the sauna air, always tends to
"flow" downwards. In a sauna, room air at normal temperature is already "cold air", which flows
down to the sauna floor, unless it can be mixed with the air mass circulating inside the sauna. In
winter frosts, the phenomenon is even stronger if the supply air is not preheated.

So that a cold air zone does not form in the lower part of the sauna, the incoming air must be led
above the stove, from where it mixes with the circulating air of the sauna. In this case, the effects
of the sauna also extend to the lower part of the sauna.

Air from the upper part of the sauna mixing with the air from the lower part of the sauna.
placement of the exhaust air opening in the lower part of the sauna contributes. The thermal
insulation of the floor improves the heating of the lower part of the sauna.
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ABSTRACT

Measurements were taken in a sauna in order to study how the positions of the air inlets and
outlets affect the temperature distribution and the functioning of the ventilation. The distribution of
humidity when throwing water on the stove in a sauna was also measured. The sauna was
equipped with mechanical exhaust air ventilation.

A good mixing of the air in the sauna is a prerequisite for an even vertical temperature distribution.
In practice, air which is colder than the sauna air tends to flow downwards. In a bathing situation,
air of normal room temperature is cold and flows down towards the sauna floor unless it is forced
to mix with the air circulating in the sauna.

During cold winter days the phenomenon is even more prevalent unless the inlet air is heated. In
order to prevent the formation of a cold air zone in the lower part of the sauna, the inlet air must be
supplied above the stove, where it is mixed with circulating sauna air. In this way, the effect of
steam from water thrown on the stove also reaches the lower part of the sauna. The mixing of air
from the upper part of the sauna with air from the lower part is further increased by placing the air
outlet in the lower part of the sauna. Insulating the floor also increases the warming of the lower
part of the sauna.
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1 INTRODUCTION

Saunas, e.g. smoke saunas, the construction method in Finland has been very traditional and still
is. With the introduction of current construction methods and materials, even more attention has
been paid to the construction and thermophysical functionality of the sauna, such as the durability
of the structures, the temperature and humidity of the sauna air, temperature regulation,
ventilation, etc.

The purpose of sauna ventilation and appropriate temperature is to maintain a healthy and
pleasant indoor air in the sauna and to keep the sauna rooms dry and prevent the structures from
deteriorating. In the log-built saunas of the past, ventilation took place in a natural way due to the
few log walls. In this case, the sauna usually always had sufficient ventilation and the fresh air was
evenly distributed throughout the sauna space. Current tight structures have brought their own
problems to ventilation. The volume of the saunas has also decreased quite a bit, which makes it
more difficult to organize ventilation. The ventilation is also required to be functional in very
different usage situations, both in terms of the sauna's internal temperature and the outdoor
weather.

According to the current regulations of the Ministry of the Environment, the ventilation of the sauna
should be at least 2 dm3/s (7.2 m3/h) per square meter, however at least 6 dm3/s (21.6 m3/h).
This means about 3 to 8 times the air turnover per hour.

The ventilation openings in the sauna are traditionally placed in such a way that the intake air
opening is at the border of the floor and the air is extracted from the border of the ceiling. When
using gravity ventilation, e.g. in summer saunas, this solution is functionally the most reliable.
However, the disadvantage of this has often been that when the outside air temperature is high.
low floor and footboard areas of the sauna stay cool.

In this study, the effect of alternative placements of the inlet and outlet air openings on the
functionality of the sauna's ventilation and air flows and temperature distributions has been
investigated. Fluctuations in the humidity of the sauna air during steaming have also been studied
when different ventilation solutions are used.



PAGE 8

2 TEST SAUNA

2.1 Structure

The test sauna was of element construction (pictures 1 and 2) and it was set up in the test hall, the
concrete floor of which served as the floor of the sauna.

Separate elements were installed in the openings in the walls, where the ventilation openings were
placed.

We tried to make the sauna as tight as possible. For this, the door was equipped with its own
seals and latches. The air exchange coefficient due to the leakage air flow of the sauna was 0.08
1/h at a test pressure of 5 Pa and 0.5 1/h at a test pressure of 10 Pa.

The roof of the sauna had to be moved, so the interior height of the sauna could be changed.
During the experiments of this study, the internal dimensions of the sauna were a fixed 2 x2 x2 m
and the volume was therefore 8 m'.

Kuva 1. Koesauna sekd limpdtilojen tietokonepohjaiset keruu- i kisittelviaitteet.

Figure 1. Test sauna and computer-based temperature collection and processing equipment.
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Figure 2. Structure of the test sauna. The structure of the walls and roof from the inside was: - 19

mm crank plate -Al paper
75 mm mineral wool, density 40-50 kgim -4 num plywood.
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2.2 Heater

The type of stove used in the experiments was HELO SKSM 80D, with an output of 8 kW and a
stone mass of 25 kg.

The heater was installed according to the manufacturer's instructions. However, a laboratory
device was used as the temperature controller, the sensor of which was placed at measurement
point 7 in Figure 3.

2.3 Ventilation

The sauna had mechanical exhaust ventilation. The exhaust air mass flow was measured with a
measuring flange from the exhaust air duct.

Four inlet air openings and three exhaust air openings were made in the sauna, from which the
desired combination could be selected. The intake air openings are named with the codes shown
in figure 3 Tl - T4, and the exhaust air openings with the codes P1 - P3. The size of the openings
was 160 mm. The apertures were completely open without terminal organs.

2.4 Measurement of temperatures
The temperatures of the sauna'’s air and surfaces were measured with thermocouples at the points
shown in Figure 3. Temperatures were measured and collected using a computer.

2.5 Humidity measurement

In the sauna experiments, the humidity of the sauna air was measured with a psychrometer,
where thermocouples were mounted on the surface of a mercury meter that measures dry and wet
temperatures. Humidity was mainly measured next to measuring point 7 in Figure 3, and in some
experiments next to point 4 and 150 mm from the floor.
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Figure 3.
Location of the ventilation openings and temperature measurement points in the test sauna.
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2.6 Sauna slingshot

The bath water was directed from outside the sauna through the bath water diffuser device onto
the sauna stones (picture 4). The lye water was divided into two measuring glasses. The lye was
thrown by opening the shut-off valves of the measuring glasses, so that the lye water flowed from
the holes of the diffuser tubes to the stove in about 5 seconds. There were three in each brackish
water dispersion tube

1 mm holes at a distance of 50 mm from each other. The amount of lye water was 125 g and the
lye was repeated every 5 minutes.

JUUUUUUU
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NIVISISANANANAY

Figure 4. Brackish water diffuser system.
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2.7 Test conditions
The setting value of the sauna's temperature controller was 90 °C and its sensor was at the
measuring point 7.

The mass flow of the sauna's exhaust air was normally 48 kg/h (13.3 g/s), which corresponds to
the air exchange coefficient n =5 1/h at a room temperature of 20 °C. In a warm sauna, the
ventilation coefficient is slightly higher. Some of the experiments were also carried out on larger
with low ventilation.

2.8 Method of performing the tests

Before performing the actual measurements, the test sauna was heated for at least two hours so
that the temperatures would stabilize and the measurements would be repeatable. Despite this,
especially in the lower parts of the sauna, an increase in temperature was observed after the
equalization period, pictures 5 - 9. Pictures 5 and 6 show the change in air and surface
temperatures along with the heating time. The temperature distributions in Figure 7 are from the
same experiment as Figures 5 and 6.

The air temperatures above the seat board leveled off during the approximately one-hour heating
period. The stabilization of surface temperatures was slower. Equilibration of the temperatures in
the lower parts of the sauna requires several hours of heating.

When changing the location of the ventilation inlet or outlet, the new situation was allowed to
stabilize for 0.5 to 1 hour before measurements.
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Figure 5.

Air temperatures in the test sauna during heating. The intake air opening was above the stove
(T3) and the exhaust air opening was at the border of the ceiling (P3). The air flow was 48 kg/h.
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Figure 6.

The surface temperatures of the test sauna during heating. The intake air opening was above the
stove (T3) and the exhaust air opening was at the border of the ceiling (P3). The air flow was 48
kg/h.
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Figure 7.

Effect of heating time on the vertical distribution of sauna air temperatures. The intake air opening
was above the stove (T3) and the exhaust air opening was at the border of the ceiling (P3). The
temperature of the incoming air was approx. 20 °C and the air flow was 48 kg/h.
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Figure 8.

Effect of heating time on the vertical distribution of sauna air temperatures. The intake air opening
was above the stove (T3) and the exhaust air opening was below the seat board (P2). The
temperature of the incoming air was approx. 20 °C and the air flow was 48 kg/h.
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Figure 9.

Effect of heating time on the vertical distribution of sauna air temperatures. The intake air opening
was behind the stove (T2) and the exhaust air opening was at the border of the roof (P3). The
temperature of the incoming air was approx. 19 °C and the air flow was 48 kg/h. The sauna floor
was thermally insulated with 50 mm thick styrofoam.

3 AIR MOVEMENTS

3.1 General

Air movements were illustrated with the help of smoke. The smoke was produced by burning
smoke cartridges that were in the intake air duct.

Air movements were monitored through the viewing window on the side wall of the test sauna. To
facilitate monitoring, the walls of the sauna were painted black and small spotlights were used to
help. Air movements were also filmed with a video camera.

The smoke tests showed quite clearly in which direction the air flow discharged from the supply air
from the opening. The subsequent, gradual mixing of the smoke into the sauna was more
uncertain.
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The flow field of the stove causes a strong circulation of air in the sauna space above the stone
level. In the sauna space below the stone level, the air movement is quite calm, unless it is
disturbed by the incoming air flow.

The flow of incoming air into the test sauna with different placements of the incoming air openings
is shown in figure 10. Observations were made with all combinations of ventilation openings. The
location of the exhaust vent did not affect the discharge of air from the intake vent. For this reason,
the results in Figure 10 are not shown according to the location of the exhaust air openings.

= T2 —\\ C—o

T1 — Q-——w»

/ /
p /
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™ 1 N — ——]
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Figure 10.
Discharge of the supply air stream to the sauna room when the supply air opening is at a different

height (TI - T4). The temperature of the incoming air was approx. 20 °C and the air flow was 48
kg/h.
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3.2 Supply air opening close to the floor

When the inlet air opening is below the stove (T1), the inlet air, colder than the sauna air, spreads
to the floor and forms a layer of cool air in the lower part of the sauna.

If the exhaust air opening is also at the bottom, it was found that a short-circuit flow occurs,
whereby the air exchange in the sauna space above the stove deteriorates and does not
correspond to the average air exchange calculated according to the exhaust air flow.

When the exhaust air opening is near the roof, air rises as a piston flow from the lower part
upwards. Around the stone surface of the stove, mixing gradually occurs with the air flow field in
the upper part of the sauna.

3.3 Supply air opening behind the stove

When the intake air opening was placed behind the stove (T2), in this case too, most of the cold
intake air flow landed on the floor and therefore did not differ substantially from the previous case,
where the intake air was led under the stove.

3.4 Supply air opening just above the stove

If

If the intake air opening is open and placed just above the stove (T3), the air movements depend
primarily on the speed and temperature of the intake air flow. the flow rate is high, the air jet flies
over the stove under the shelves and lands colder than the surrounding air on the floor. When the
flow rate of the incoming air is low enough, the incoming air mixes with the air flow rising up from
the stove and from there into the flow field of the upper part of the sauna, from where it gradually
spreads to the lower part of the sauna as well. In some measurements, the distribution of the
incoming air flow was observed in such a way that some went up and some went down under the
shelves.

3.5 Supply air opening in the middle of the stove and the roof
When the inlet air opening is located well above the stove (T4), the upward flow generated by the
stove is so strong that the inlet air immediately mixes with the air flow rising from the stove.
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4 TEMPERATURE DISTRIBUTIONS

4.1 General

The vertical temperature distribution of the sauna was measured in front of the seat board,
measurement points 2 - 9 in Figure 3. The measurements were performed with the inlet air at
approx. 20 °C and approx. 0 °C, varying the position of the inlet and outlet air openings. The
temperature of the exhaust air was found to be approximately the same as the temperature of the
sauna air at the height of the exhaust air opening.

Temperature distributions were also measured in the case when the concrete floor of the sauna
was thermally insulated with 50 mm thick styrofoam.

4.2 Concrete floor in the sauna

Figures 11 - 13 show temperature distributions when the inlet air temperature is around 20 °C and
the sauna floor is uninsulated concrete.
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Figure 11.

Vertical distribution of sauna air temperatures when the supply air was led into the sauna from
different heights (T1 - T4) and the exhaust air opening was at the floor border (P1). The
temperature of the incoming air was 19 - 21 °C and the air flow was 48 kg/h.
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Figure 12.

Vertical distribution of sauna air temperatures when the supply air was led into the sauna from
different heights (T1 - T4) and the exhaust air opening was below the seat board (P2). The
temperature of the incoming air was 18 - 20 °C and the air flow was 48 kg/h.
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Figure 13.

ertical distribution of sauna air temperatures, when the supply air was led into the sauna from different
heights (T1 - T4) and the exhaust air opening was at the border of the ceiling (P3). The temperature of the
incoming air was 18 - 20 °C and the air flow was 48 kg/h.
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Due to the strong flow and mixing of the air in the upper part of the sauna, the temperatures above the seat
board do not differ significantly with the different positions of the ventilation openings.

In the lower part of the sauna, at the footboard, the temperature rises when the inlet air opening is moved
above the stove. The most pronounced difference can be seen in figure 14, where the inlet air temperature is
approx. -1 °C. At the footboard, the temperature is about 20 °C higher when the supply air is brought to the

upper part of the sauna and removed from the bottom, compared to the situation where the supply air is led
near the floor and removed near the ceiling.
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Figure 14. Vertical distribution of sauna air temperatures, when the supply air was led into the sauna from
different heights (T1, T3 and T4) and the exhaust air opening was at the border of the floor or ceiling (P1
and P3). The inlet air temperature was -1 °C and the air flow was 48 kg/h.
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4.3 Thermally insulated floor in the sauna
Figures 15 - 17 show temperature distributions when the temperature of the incoming air is around 20 °C

and the concrete floor of the sauna is thermally insulated with 50 mm thick styrofoam.

The temperature distribution clearly shows an increase in the temperature of the lower parts of the sauna,
when the supply air is led to the space above the stove and the exhaust air opening is placed in the lower part
of the sauna. The lower part also stays warmer than in the case with an uninsulated floor.

In the tests where the inlet air temperature was 7 - 9 °C, there were no noticeable differences in the
temperature distributions from the aforementioned distributions.
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Figure 15. Vertical distribution of sauna air temperatures when the supply air was led into the
sauna from different heights (TI - T4) and the exhaust air opening was at the floor border (P1). The
temperature of the incoming air was 19 - 25 °C and the air flow was 48 kg/h. The floor was
thermally insulated with 50 mm thick styrofoam.



PAGE 24

200

]
1 — — — — T3
] e
: e T
150 T
QO ]
N .
8 10044
~ =
- ]
(@] ]
X 1
72 i
50”—_"9 P
- ‘//-,'
1m |__l rad
1= <
0¥ ?Q".“?‘%“%‘-%.“ﬁ‘ﬁw, R AA AN I AUUARRULUVEY
20 40 60 80 100

Ldmpotila, C
Figure 16.
Vertical distribution of sauna air temperatures when the supply air was led into the sauna from
different heights (T1 - T4) and the exhaust air opening was below the seat board (P2). The inlet air
temperature was 19 °C and the air flow was 48 kg/h. The floor was thermally insulated with 50 mm
thick Stryrox.
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Figure 17.

Vertical distribution of sauna air temperatures, when the supply air was led into the sauna from
different heights (T1 - T4) and the exhaust air opening was at the border of the ceiling (P3). The
temperature of the incoming air was 16 - 19 °C and the air flow was 48 kg/h. The floor was
thermally insulated with 50 mm thick styrofoam.
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4.4 Increased ventilation

Figures 18 and 19 show temperature distributions when the ventilation in the sauna is double (96
kg/h) instead of the normally used ventilation (48 kg/h).

When the supply air is brought in from the uppermost supply air opening (T4), the flow is so strong
that the air in the upper part of the sauna mixes strongly and the temperature distribution is almost
vertical above the seat board. The temperatures in the lower part of the sauna rise somewhat
when the exhaust air opening is placed in the lower part of the sauna.

In Figures 18 and 19, the extreme values stand out clearly. When the intake air opening is the
uppermost opening (T4) and the exhaust air opening is close to the floor (P1), the air temperature
at the footboard is about 35 °C warmer than in the case where the intake air opening is close to
the floor and the exhaust air opening is close to the ceiling.
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Figure 18.
Vertical distribution of sauna air temperatures with increased ventilation. The supply air was led

into the sauna from different heights (T1, T3 and T4) and the exhaust air opening was at the

border of the ceiling (P3). The temperature of the incoming air was 17 - 19 °C and the air flow was
96 kg/h.
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The ventilation used in the experiment (ventilation factor 10) exceeds the practical values to some
extent. However, the experiment clarifies the importance of the placement of ventilation openings
and air mixing.
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Figure 19.

Vertical distribution of sauna air temperatures with increased ventilation. The supply air was led
into the sauna from different heights (T1, T3 and T4) and the exhaust air opening was at the floor
border (P1). The temperature of the incoming air was 16 - 18 °C and the air flow was 96 kg/h.

5 LOUNGE TESTS

5.1 General

The purpose of the sauna tests was to clarify the effect of the location of the ventilation openings
on the humidity of the sauna air in connection with sauna throwing.

In the first measurements, humidity was monitored at the height of the bathers' heads (70 cm
above the seat board). In later measurements, the humidity was measured at different heights, so
it was possible to determine the mixing of the air in the sauna with the help of the humidity. The
method of measuring humidity is presented in section 2.5.
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Brine was thrown at 125 g every five minutes using a repeatable procedure. The amount of
brackish water was chosen so that the absolute humidity at the height of the bather's head would
mainly be in the range of 40 - 50 g/h with normal ventilation (ventilation factor 5).

5.2 Results of lye tests

The results of the sauna tests are shown in pictures 20 - 24. In connection with the smoke tests
describing air movements, it was found that when both the inlet and outlet air openings are located
close to the floor, a short-circuit flow occurs, which means that the ventilation in the sauna is poor
and does not correspond to the average ventilation according to the exhaust air flow. The same is
also shown by the steam tests in figure 20, where the humidity of the sauna air rises continuously
when the exhaust air opening is close to the floor and the intake air opening is either close to the
floor (T1) or also behind the stove (T2). The short-circuit current is clearly evident in the case (T1,
P1) in figure 23. As the sauna continues, the humidity rises continuously both in the upper part of
the sauna and at the footboard.
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Figure 20. Variations of sauna air humidity in steam tests. The supply air was led into the sauna
from different heights (T1 - T4) and the exhaust air opening was at the floor (P1). The air flow was
48 kg/h. The measurement point was 70 cm above the seat board.
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Raising the exhaust air opening under the seat board (P2), picture 21, improves the ventilation

efficiency in the upper part of the sauna, even though the intake air openings are still under the
stove (T1) or behind (T2). The situation in other parts of the sauna has not been measured.
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Figure 21.
Fluctuations in sauna air humidity in steam tests. The supply air was led into the sauna from

different heights (T1 - T4) and the exhaust air opening was below the seat board (P2). The air flow
was 48 kg/h. The measurement point was 70 cm above the seat board.
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Figure 22.
Variations of sauna air humidity in steam tests. The supply air was led into the sauna from

different heights (T1 - T4) and the exhaust air opening was at the border of the ceiling (P3). The
air flow was 48 kg/h. The measurement point was 70 cm above the seat board.
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When the exhaust air opening is located close to the border of the roof, figure 22, the different
placements of the intake air opening do not really cause differences in the humidity at the bather's
head. Approximately the same humidity values are also achieved regardless of the placement of
the exhaust air opening, when the intake air opening is above the stove near the ceiling border
(case T4 in pictures 20 - 22). In these cases, the ventilation efficiency in the upper part of the
sauna is good.

Figure 23 shows the humidity variations in the steam tests above the seat board, at the foot board
and at the border of the floor. It is observed that placing the inlet air opening in the upper part of
the sauna (T4) causes the effect of the splash to extend to the footboard level and even to the
floor border. This is most clearly seen in the case where the exhaust air is located near the floor
(T4/P1).

It has been stated above that a short-circuit flow occurs in the lower part of the sauna when the
inlet and outlet air openings are located at the border of the floor (T1 and P1). With a separate
steam test series, we wanted to find out how much the exhaust air flow of the sauna must be
increased in the mentioned case, so that the ventilation in the upper part of the sauna would
increase to roughly correspond to case T4 in pictures 20 - 21, where the air circulation in the upper
part of the sauna can be considered good. Figure 24 shows the obtained measurement results of
sauna air humidity variations with different exhaust air flows (0 - 196 kg/h). When the ventilation
was completely closed (air flow 0), the humidity rose considerably. Air leaks in the test sauna and
condensation of moisture on surfaces and absorption on surface objects reduced the steepness of
the ascent. When the ventilation was increased, the fluctuation levels of humidity decreased.

When the exhaust air flow was 196 kg/h, i.e. four times the so-called normal amount (48 kg/h),
reached the humidity variation level approximately the values of case T4 in pictures 20 - 21. It
must therefore be stated that the ventilation efficiency above the seat board is quite poor if the
intake and exhaust air openings are close to the floor.
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Figure 23

Variations of sauna air humidity in steam tests. Chair air was led into the sauna from different
heights (T1 and T4) and removed from different heights (P1 and P3). The air flow was 48 kg/h.
Measurement points:

70 cm above the seat board

5 cm above the footboard

15 cm from the floor
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Figure 24.
Variations of sauna air humidity in sauna tests with different air flows. The intake air opening and

the exhaust air opening were at the border of the floor (T1 and P1). The measurement point was
70 cm above the seat board.

6 CONCLUSIONS

With the measurements carried out, the effect of the placement of the ventilation openings on the
temperature distribution of the sauna, the distribution of humidity in the sauna during the steam
bath, and the local efficiency of the ventilation above the seat board has been clarified. Mechanical
exhaust ventilation was used in all experiments. The sauna's gravity ventilation has been
discussed in previous studies, the results of which have been elucidated, e.g. in sources /1, 2/.



PAGE 32
Air mixing

An even vertical temperature distribution in the sauna requires an even mixing of the sauna air. In
practice, however, incoming air that is colder than the surrounding temperature always tends to
"flow" downwards. In the sauna, the room air already at normal temperature is "cold air", which
flows down to the sauna floor unless it can be mixed with the air mass circulating inside the sauna.

In winter frosts, the phenomenon is even stronger if the supply air is not preheated. So that a cold
air zone does not form in the lower part of the sauna, the incoming air must be led above the
stove, from where it immediately mixes with the circulating air of the sauna. In this case, the
effects of the sauna also extend to the lower part of the sauna.

The mixing of the air from the upper part of the sauna with the air from the lower part of the sauna
is promoted by placing the exhaust air hole in the lower part of the sauna.

Temperatures

From the temperature measurements, it is found that there is a large variation in the temperature
of the sauna air in the vertical direction. As typical values, it can be stated that the temperature at
the height of the head of a person sitting on the boards is 90 °C, at the height of the seat board 80
- 85 °C and at the height of the foot board approx. 60 - 65 °C.

The temperature difference between the foot blades and the head was therefore approx. 25 30 °C.
The temperature of the air at the height of the baseboard and at the border of the floor is
significantly affected by the location of the intake air opening, the temperature of the intake air and
the amount of ventilation. Due to the aforementioned factors, the temperature at the footboard
could vary from 50 to 80 °C.

The highest temperature was reached when the inlet air opening was above the stove and the
outlet was at the border of the floor, and the floor was also thermally insulated. The last-mentioned
ventilation arrangement had the most uniform vertical temperature distribution.

Air condition

By placing the inlet air opening above the stove and the exhaust air opening between the seat
board and the floor, the effects of the steam throw also extend to the lower part of the sauna. In
addition, the incoming air mixes directly with the air in the upper part of the sauna, i.e. the
breathing air of the bathers.
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If both the inlet and outlet air openings are located in the lower part of the sauna, a short-circuit
flow occurs in the lower part, and the fresh air does not mix with the breathing air of the bathers.
When the supply air is led to the border of the floor, the temperatures of the border of the floor and
the footboard remain low, even too cool in the cold season. This also has an effect on the drying of
the lower parts of the sauna, which can prevent e.g. decay d

amage and odor problems.

The temperature and humidity measurements performed in connection with this study, as well as
the visual observations made, support such a ventilation arrangement, where the incoming air is
led into the sauna above the stove and the air is removed from the height between the seat board
and the floor border. This requires that the sauna has mechanical exhaust ventilation.

Other considerations

The above results are based on measurements performed in a test sauna, and so far the bathers'
personal observations of the issues presented have not yet been investigated.

In practice, the tightness of saunas differs substantially from the tightness of a test sauna. For
example, the gap under the sauna room door can change the situation significantly depending on
which direction the air travels in the gap.

The inlet air openings in the sauna should be equipped with suitable end devices (air diffusers) in
order to mix the air well and avoid the feeling of "draft" caused by the cold inlet air. The amount of
ventilation should be easily adjustable. If the thermostat's sensor is in the stove, the cold air layer
in the lower part of the sauna makes it difficult for the thermostat to work, especially when the
supply air is brought to the back of the stove next to the thermostat.
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