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UDC 621.548 Small wind turbines offer a complement to photovoltaic systems and are be-
coming an interesting solution in the wake of rising energy prices. The meas-
EVALUATION urement results indicate that some locations on and around the building are
OF THE INFLUENCES not suited for installing wind turbines, while others show increased wind po-
tential. Due to limited space, rooftop mounting is an interesting alternative to
OF DIFFERENT ROOF free mounting on a mast from a technical point of view. For this reason, the
SHAPES ON THE FLOW influence of roof shapes on the flow on and behind the building was meas-
ured and the performance of two different types of small wind turbines was
PROPERTIES AND investigated. The turbines assessed in the project are VertikonM with a verti-
PERFORMANCE cal axis and helix-shaped rotor blades, and Superwind 1250 wind turbine
OF SMALL WIND with a horizontal axis and centrifugal force pitch control. The results showed
that there is an average increase in wind speed of 0.2 m/s on gable roofs at
TURBINES hub height (7 m). In comparison, there is an increase of 0.4 m/s on flat roofs
at hub height (7 m). In relation to the performance of the turbines, high tur-
Alexander Hirschl bulence on the roof seems to cancel out this effect. The performance of the
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horizontal axis small wind turbine has not increased in comparison with ga-
ble roof and free-standing mast. For the vertical-axis turbine, a power in-

crease by a factor of 2.23 was achieved between free-standing mast and ga-
ble roof. Vertical wind flow above the gable roof was identified as the main
cause for power increase. The experiment was conducted on the Lichtenegg
energy research park (Lower Austria) and its results make it possible to bet-
ter identify all effects that affect the turbine output power.
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Nomenclature
Pimin  air density [kg/m?] R, gas constant water vapour 461.5 [J/kgK]
Ty temperature [K] Dw vapour pressure 0.0000205-¢"® 84 Ttmin
By, ambient air pressure [Pa] V, normalised wind speed [m/s]
Ry gas constant 287.05 [J/kgK] Do reference air density [kg/m?]
d relative humidity [0 to 1] Vimn ~ measured wind speed [m/s]
Introduction

Alongside photovoltaics, small wind turbines (SWT) are another feasible way to yield energy in an en-
vironmentally friendly way in populated areas. Currently, SWT have primarily been of interest to farmers and
commercial enterprises and usually have been installed at a certain distance from buildings and obstacles aim-
ing for an undisturbed laminar flow. However, the growing desire for private energy autonomy brought SWT in
the focus of private households, developers, building and energy planners and architects [1]. Thus, decreasing
the distance of SWT to populated areas or even leading to roof-top installations. These turbines are preferably
installed in hub heights less than 30 m, exposing them, especially in the built environment to complex airflows,
vortices and other aerodynamic effects. Common structures such as flat and gabled roofs feature complex
flows. Currently, the common approach to assess the fluid mechanics of a SWT on or nearby a building is to
perform CFD simulations. The main findings of the studies conducted so far have been simulations or model
measurements in a wind tunnel, which cannot entirely display all effects on the power output of a turbine. Prac-
tical experiences and measurements which might verify or improve simulation are currently not available. The
only study on this subject, which is based on measured values, is one of the Technical University of Denmark
(DTU) confirming known effects such as the bubble separation behind buildings [2].

Aim of the work
In order to investigate the influence of different roof shapes on the performance of small wind turbines,
two building models with a gabled and a flat roof were constructed in the Lichtenegg energy research park
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(Lower Austria). The objective of the project was to examine two different roof mounted SWT technologies. A
vertical-axis small wind turbine (VASWT) and a horizontal-axis small wind turbine (HASWT) were investi-
gated under real life conditions, considering the influence of the roof shape. The main focus thereby was:

— An evaluation of the impact of complex obstacles (building with various roof shapes) on the local
flow pattern as well as on the flow in turbine hub height under real conditions;

— A metrological evaluation of the influence of the roof shape on the performance of SWT.

Method

Firstly, the flow properties of the test field were investigated without buildings in order to create a
site calibration. Afterwards, the flow patterns on and around two buildings (flat and gabled roof) were meas-
ured with ultra-sonic-anemometers installed on met masts, measuring horizontal and vertical wind speed as
well as the wind direction. The sensors were positioned in 3.5 m, 7 m and 10.5 m in front of and behind the
building as well as on the building in 7 and 10.5 m, enabling the investigation of vortices and turbulences.
Only measurement values perpendicular to the gable of the building were investigated. The values were re-
corded with a sample rate of 1 Hz and were converted to 1-minute average, maximum, minimum and stan-
dard deviation values. The reference to the wind speed above the building was the met mast in front of the
building, which was exposed to the free stream without any obstacle induced disturbance.

Secondly, two types of SWT were installed on the buildings in a hub height of 7 m. In order to com-
pare whether a roof shape is advantageous to the energy yield or not, each turbine was investigated on the
flat roof, gabled roof and a standalone mast. The power output was measured with the same sample rate as
the meteorological data. Power curves were calculated according to the current standard IEC 61400-12 [3]
levelling the values to a reference air density of 1,225 kg/m? to ensure comparability.

Infrastructure

The building models and SWT were placed on the ridge of a hill at 800 m above sea level in the
"Lichtenegg energy research park", featuring an annual average wind speed of 5.1 m/s. The pre-evaluation of
the main wind direction was crucial for the position of the buildings investigated because only an inflow per-
pendicular to the roof ridge was of interest within the project. Previous measurements of the main wind di-
rection revealed two main wind sectors in 315° with a frequency of occurrence of 23% and 180° occurring
with a frequency of 21%. The terrain on which the buildings were installed is sloping downwards with an
angle of 7°, representing an uneven and complex surface in terms of fluid dynamics.
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Fig. 1. Flat roof (a), gabled roof (b) and infrastructure with wind rose (c)
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Buildings

Studies with wind tunnel tests have shown that different roof shapes lead to a modified flow pattern [4]
having the potential to influence the performance of a roof-top installed small wind turbine. For this reason, two
typical roof shapes, gabled and flat roof were evaluated during the tests. The two buildings were realized as
precast concrete garages to reproduce a typical application scenario for a building mounted small wind turbine.
For further evaluation of the impact of the buildings on small wind turbines and human beings, it was important
to choose a garage made of concrete to have to have similar propagation characteristics for structure borne
noise and oscillations as in residential buildings. In this test setup, those buildings were smaller than real private
housing due to space limitations on the test site. With dimensions of 6 m in length, 3 m in width and 3.35 m in
height, the buildings represent the size of a small garage. Fig. 1, a—b show the vertical section of the flat roof
with a height of 3.35 m and the gabled roof with a total height of 4.85 m. Each mast installation on the building
results in a total hub height of the SWT of 7 m allowing comparable settings. Due to the frequency of occur-
rence of winds coming from 315° (see wind rose Fig. 1, c¢), the roof ridge of the buildings was aligned perpen-
dicular to this sector. Before the installation of the small wind turbines, a met mast was installed on the build-
ings in order to understand the flow characteristics above the roof in hub height.

Wind measurement

Fig. 2 shows the measurement points MP1 to MP4 which are in line with the main wind direction
315°. The first mast (MP1) is installed in a distance of 10 m from the building centre, measuring the incident
flow pattern. Before the measurement on the buildings, a site calibration was carried out without the build-
ings (see Fig. 2 violet sensor). To evaluate the impact of altered flow patterns impacting the SWT, the wind
conditions at turbine hub height above the flat and gabled roof building were measured at MP2 in 7 m. The
range of different effects of the roof on the boundary layer was measured with the sensor in 10.5 m at MP2.

Flow effects close to the 0 105m [1105m 105m [
roof were measured at MP2 in 5m
above ground on the flat roof (see
Fig.2 green sensor) and in 6 m
above ground on the gabled roof r

. J7m [I7m [07m 7m[[J

(see Fig. 2 red sensor). i1 i igabie)
The flow pattern and wake ths m (lat

effects behind the building were PN
captured in 7 m distance from the M3.5m A=\ ths5m 35m
building centre at MP3 and in 17 m e
distance from the building centre at i=itapaltmbon)
MP4. On each mast, three 3D ultra-
sonic anemometers were installed at

a height of 3.5m, 7m and 10.5 m e MP2 MP3 MPa
(except MP3) above the ground Fig. 2. Wind sensor alignment
(see Fig. 2).

All values were measured with a sample rate of 1 Hz in the data logger Ammonit Meteo 40 M.
Those were subsequently evaluated as 1-minute average, maximum, minimum and standard deviation. The
measurement of temperature, humidity and ambient pressure, which is essential for creating a standardized
power curve, were recorded in the same time interval at measurement point MP1 in 5 m above the ground.

Small wind turbines and power measurement

The turbines assessed in the project were two different types according to the position of their rotation
axis and type of rotor (Fig. 3). VertikonM represents a vertical axis small wind turbine with helix-shaped rotor
blades, allowing the turbine to use vertical wind and horizontal wind. The turbines rated power is 0.95 kW and
the dimensions of the carbon fibre reinforced glass fibre rotor is 2.4x2.48 m. The Superwind 1250 wind turbine
is a horizontal axis small wind turbine with centrifugal force pitch control. Its rated power is 1.25 kW at a nomi-
nal wind speed of 11 m/s and the rotor blades are made of glass fibre, which is reinforced with carbon fibre.

Measurement point 2 (see Fig. 2) was replaced with the turbines in hub height at 7 m. The power
output was measured with a power converter between the inverter and the grid connection terminal, emitting
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an analogue electrical current signal which was
recorded with the data logger sampling it with
1 Hz. Analogous to the meteorological values,
the power was subsequently averaged for one
minute and the maximum, minimum and stan-
dard deviation was calculated.

Power data of different time ranges
feature altering temperature, humidity and am-
bient pressure values, directly affecting the
energetic content of an air flow and the compa-
rability of power curves. Thus, the power

i e R e

Fig. 3. VertikonM on gabled roof, Superwind 1250 on flat roof

evaluation is based on the IEC EN 61400-12. Firstly, the current ambient air density was calculated based on
the standard specification according to formula (1).

1 Blmin 1 1
P min T ( R, 0] pW(Ro RWD (1)

Secondly, measured data was standardized to the reference air density 1.225 kg/m* at standard at-
mosphere (1013 hPa; 15 °C) according to formula (2) for turbines with pitch-control (Superwind 1250) or
formula (3) for stall-control (VertikonM).
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Power values were classified in centred wind speed BINs with an increment of 0.5 m/s. The values
in each BIN were averaged and if one BIN showed a number of data less than 10, this BIN was linearly in-
terpolated [3]. Due to the measurement setup and the infrastructure, the evaluation of the power curves was
not fully in line with the standard [3].

Flow pattern — flat & gabled roof

In order to draw conclusion, whether different roof shapes have a positive or negative influence on a
roof installed small wind turbines power output, the influence of the roof on the incident flow was analysed
based on the measured data. For this purpose, only measured values of the wind direction 315° (including
values £20° of main direction) were used allowing the analysis of wake effects behind the buildings with the
values of the measurement point MP4. In order to exclude flow patterns of the terrain, the measured values
of MP2 and MP4 with buildings were compared with the values without buildings (site calibration). The
classification of the values was done with the BIN-procedure described in the IEC 61400-12 standard and in
an increment of 0.5 m/s. Only values of the corresponding height and measurement point were compared,
e.g. values from MP2 7 m flat roof were compared with MP2 7 m values from the site calibration. Addition-
ally, the angle of vertical winds was evaluated for MP2 and MP4.

Fig. 4 shows the variance of the wind speed at MP2 for the gabled roof (a) and flat roof (b) in
10.5 m, 7 m. Close to the roof, the height of the third measurement point deviates to 6 m for the gabled and
5 m for flat roof. The wind speed progression at MP2 in Fig. 4, a, which refers to the gabled roof, indicates
no increase of the wind speed in 10.5 m height in comparison to the free field (site calibration). This indi-
cates that an obstacles influence on the boundary layers is less than 0.1 m/s in its double height, as also seen
in CFD-simulations [5]. In 7 m (hub height) there is a slight increase of the wind speed of +0.2 m/s or +4%
on average. Those findings are not in line with the results from Abohela et al. [6] who state that the wind
speed above a gabled roof increases by +9.5%, according to CFD-simulations. The hub height in the simula-
tions is 1.3 times higher than the building height. The differences between real measurement and simulation
of Abohela et al. might come from the hub height difference, which is 7 m under real conditions and 6.3 m in

ISSN 2709-2984. Ipobnemu mawunobyoyeanns. 2023. T. 26. Ne 2 27



NON-TRADITIONAL POWER ENGINEERING

the simulation. In contrast, in 6 m (1.15 m above the roofs gable) the wind speed increases from 10 m/s to
12 m/s in comparison to the free field, which is +20% and far above the simulation results.

The flat roof in Fig. 4, b, on the other hand, shows an even higher increase of the wind speed. The
increase of the flat roof on the upper boundary layer in 10.5 m is ranging between +0.2 and +0.4 m/s in a
wind speed range of 5 m/s and 10 m/s. The increase in 7 m height is even higher ranging +0.4 m/s and
+0.9 m/s in the same wind speed range. On average the wind speed in hub height (7 m) increases by +9.5%
which is far above the simulations results from Abohela et al. who calculated an increase of 7.5% in 4.3 m.
In 5 m above the ground, 1.65 m above the flat roof respectively, the increase is up to +2 m/s. Hence, both
roof shapes show an increase of the wind speed in each height, but the flat roof has the highest increase. This
is probably due to a greater congestion in front of the building, resulting in an enhanced venturi effect above
the building in hub height. It is also shown that real measurements deviate from simulations.

Fig. 5 refers to the wake effects 17 m behind the centre of the buildings. In Fig. 5, a, the effect of the
gabled roof behind the building in stream wise direction is shown in the heights 10.5 m, 7 m and 3.5 m. It ap-
pears that in 10.5 m/s there is no influence noticeable, which indicates that an obstacle such as a gabled roof
building has a local sphere of action in the wake of less than the double height of the obstacle. Contrary to that,
the average wind speed in 7 m is diminished by -0.8m/s to -2 m/s in a wind speed range of 5 m/s to10 m/s.

12 12

o 1
= T
= 10 =10
s 9 % 9
S g e 8
s 7 &7
o0 -
T 6 L6
] a
25 & 5
£ 4 5 *
= 3 3

2 2 ¢

=== MP210.5m

4 5 6 7 8 9 10 11 12

wind speed open field [m/s]

MP2 7m ——eemees MP2 Gm

a

—-=-= MP210.5m

4 5 6 7 8 9 10 11 12
wind speed open field [m/s]

MP2 7m --emeeeemees MP2 5m
b

Fig. 4. Wind speed MP2 above gable(a) and flat(b) roof in reference to open field (site calibration)
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Fig. 7. Turbulence intensity MP4 above gable(a) and flat(b) roof in reference to wind speed

A similar progression is noticeable in 3.5 m height behind the gabled roof. According to simulations of Ledo
et al. [5], a turbulent bubble forms behind the building with an expansion that does not significantly exceed
the height of the gable. In addition, the wind speed profile far behind the building in the turbulent bubble can
be described as relatively homogeneous in height and wind speed, as the dashed line (3.5 m) and continuous
line (7 m) in Fig. 5, a are congruent.

Compared to the gabled roof, the flow in the vicinity of the flat roof has a much more undisturbed
wind profile. In 10.5 and 7 m, a slight acceleration of +0.2 to +0.5 m/s is shown, which refers to an influence
of the venturi effect above the flat roof. No acceleration effect can be measured at a height of 3.5 m. The
much flatter extension of the turbulent bubble behind the flat roof is also confirmed in the CFD simulation
results of Abohela et al.

The turbulence intensity above the buildings at MP2 is shown in Fig. 6, a—b and shows different char-
acteristics for each building shape. Above the gabled roof (see Fig. 6, a), the turbulence intensity fluctuates
depending on the height and the current wind speed. Generally, it can be seen that a higher distance above the
building leads to a lower turbulence intensity. In 10.5 m above the ground (5.65 m above the gabled roof) the
turbulence intensity varies between 0.12 and 0.15, whereas in 7 m above the ground (2.15 m above the build-
ing) the range increased for 0.01 on average. The highest average values are measured in 6 m (1.15 m above
the gable) ranging between 0.14 and 0.17. In contrast, the measurement points at MP2 above the flat roof
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(Fig. 6, b) do not show any similarities to the gabled roof. In 10.5 m, 7 m and 5 m above the ground, the tur-
bulence intensities have an almost congruent progression in a wind speed range of 2 to 12 m/s. In this case, the
turbulence intensity increases constantly starting at 0.12/0.13 and reaching its maximum by 0.15. Anyway, the
difference between the average turbulence intensities on both roof shapes can be classified as low.

In 17 m behind the building centre the turbulence intensity increases due to wake effects and vortices
caused by the buildings itself. Fig. 7, a for instance, shows the turbulence intensity at MP4 for the gabled
roof. In 10.5 m at MP4, there is no significant difference to MP2 at 10.5 m (see Fig. 6, a dashed line) notice-
able, but in 7 m there is an increase of the turbulence intensity ranging between 0.2 and 0.25 with a substan-
tial drop at 5 m/s, which is probably caused by a change of vortex separations. In Fig. 7, b, the progression of
the turbulence intensity at MP4 behind the flat roof is rather homogenous with a lower turbulence intensity in
all heights. The turbulence intensity in 10.5 is similar to the measured values at MP2 for the flat roof (see
Fig. 6,b). In 7 m the turbulence intensity is slightly increased ranging between 0.14 and 0.17. Vortices
caused by the building show a smaller extension in height and length than behind the gabled roof building,
indicated by low turbulence values in 10.5 m and 7 m.

In order to compare the two building set-ups, the geometrical average value for the wind speed and
turbulence intensity at every measurement point was calculated, limited to a wind speed range of 1 m/s to
10 m/s due to poor data quality above 10 m/s. The average angle of vertical wind was calculated as an arith-
metical average for the same wind speed range. Table 1 shows the averaged values for the wind speed, turbu-
lence intensity and angle of vertical wind. Additionally, the values are visualized with arrows on schemes of
the measurement set up. Orange arrows indicate an increase of the wind speed, grey arrows — no increase and
blue arrows — a decrease. Meanwhile, the angles of the arrows show the angle of vertical wind.

Table 1. In/-decrease of wind speed, turbulence intensity, angle of vertical wind above gabled and flat roof

‘F \q ‘Ei iy ] r.:w_
MP2 MP3 MP4 MP2 MP3 MP4
. Measured values in the point . Measured values in the point
Height MP2 MP3 MP4 Height MP2 MP3 MP4
0.0 m/s +0.0 m/s 0.2 m/s +0.1 m/s
10.5m 13% - % 10.5m 14% - %
+1° ¢ -0.2° ¢
+0.2 m/s -0.4 m/s -0.6 m/s +0.4 m/s +0.5 m/s +0.2 m/s
7m 14% 24% 23% 7m 14% 14% 16%
+5.4 -5.8° -4.8° +1.8° -5.0° -4.5°
+0.9 m/s -3.0 m/s +1.1 m/s 2.1 m/s
6/3.5m 15% 53% '0;25/“/ s 5/3.5m 14% 44% +02'80;“/ s
+11.7 +2.2° ? +3.2° -4.3° ?

SWT power — flat & gabled roof

The power output of the turbines was measured on the flat and gabled roof as well as on a standalone
mast to enable comparability. The referenced wind direction was in all cases 315° with a deviation of £20°.
Due to the change of air density influencing the specific energy of wind, the wind speed or output power
(depending on the type of turbine) was standardized according to formula (2) and (3). The power values were
assigned to their corresponding BINs, according to the BIN-method in the IEC 61400-12 standard.

Fig. 8 shows the power curves measured on the flat roof (green line), gabled roof (red line) and on
the standalone mast (black line) for the vertical axis Darrieus helix rotor VASWT VertikonM (see Fig. 1, a).
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It can be seen that between the power curves of
the gable roof and flat roof, the power values are
50 to 400 W higher. Compared to the stand-
alone mast, the average power increase on the
gable roof is a factor of 2.23. On the flat roof,
the average power increase is a factor of 1.38.
Although the average wind speed is greater on
the flat roof than on the gable roof, the average
power on the gable roof is higher. The reason for
this is the angle of the incident wind flow and
the design of the small wind turbine. Vertical
axis small wind turbines with helix shape can
utilize vertical wind flows more efficiently. The
angle of the wind flow on the gable roof (red
dotted line) is on average 5.4°, on the flat roof
1.8° (green dotted line) and on the stand-alone
mast 0° (black dotted line). This clearly shows a
correlation between output power increase on a
building and vertical wind flow angle.

Contrary to the VASWT the horizontal
axis small wind turbine Superwind 1250 did
not show a significant power increase on a
roof. Due to a measurement failure on the flat
roof, Fig. 9 only shows results from the gabled
roof and stand-alone mast. It can be seen that
the difference in power varies between 0 and
25 W. The horizontal axis wind turbine does
not react to the wind speed increase on the ga-
ble roof of +0.2 m/s on average. The vertical
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wind flow on the gable roof does not seem to
have an impact on the power output either.

Conclusions

The measurement results indicate that some locations on and around the building are not suited for in-
stalling wind turbines, while others show increased wind potential compared to an undisturbed boundary layer.
The gabled roof showed an increase of the horizontal wind speed of +4 % in 7 m (2.15 m above the gable)
which increases the wind energy potential [W/m?] by 12%. The reason for the increase is the congestion of the
boundary layers, which causes an acceleration above the gable. Additionally, the pitched roof causes an average
angle of 5.4° of the incident wind flow. The shape of the gabled roof building has shown effect in a height 1.44
times higher than the building. Eddies and vortices extend up to 17 m behind the building, which is more than
3.5 times the building height. In this zone highly turbulent vortices appeared showing turbulence intensities
above 50%. Contrary to the highly turbulent zones behind the gabled roof, the flat roof showed a rather ho-
mogenous flow pattern. The wind speed above the flat roof in 7 m increased by 8% (3.65 m above the roof) on
average, which leads to an increase of the specific wind potential [W/m?] by 25%. The missing pitched roof on
the flat roof probably reduces the angle of vertical winds to +1.8° on average in 7 m and at the same time limits
the extension of the turbulent flow in height and length. The turbulent flow behind the building appears to have
an expansion of 3.5 m, which is 1.04 times the building height. A positive acceleration effect in 7 m height was
still measurable in 17 m behind the building, which is 5 times the building height.

The power output of two different small wind turbines investigated on the roofs was not in line with
the increase of the wind speed. Apparently, the gabled roof showed a higher impact on the power output than
the flat roof, despite showing a lower wind speed increase. The main reason for higher power output ap-
peared to be the vertical angle of the incident wind flow instead of increased wind speed.
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Ouninka BIVIMBY pi3HUX GOpPM JaxiB Ha BJACTHBOCTI MOTOKY Ta e(peKTHBHICTh MAJINX BITPOBHUX TYPOiH
Alexander Hirschl, Daniel Osterreicher
VYHiBepcuteT npukianaux Hayk Technikum Wien, Hochstddtplatz 6, 1200 Bigens, Ascrpis

Mani gimposi myp6iru Moxcyme 6ymu 0ONOGHEHHIM 00 (POMOENIEKMPUUHUX CUCIEM | GUKTUKAMU IHmepecC Y 36 3Ky
31 3DOCMAHHAM YiH Ha eHepelro. Pezynomamu eumiprosans nokazyiomo, wo 0esKi micys Ha 6YOigni ma HABKONO Hel He nioxo-
O0simb OJsi 6CMAHOBICHHS 8IMPOBUX MYypOIH, MO0 SIK @ IHUUX CHOCMEPI2AEMbCst NIOBUWEeHUL NOmeHyian eimpy. 3 mexHiunHol
MOYKU 30Dy, Yepe3 0OMENCEHUt] NPOCMIP MOHMANC HA 0AXY € YIKABOI AIbMEPHAMUBONO BLIbHOMY MOHMAdCY Ha wjoi. 3 yici
npUYUHY OYII0 GUMIPSHO 6NAUE POPMU OaxXy HA NOMIK Ha OYOI&N ma 3a Her, A MAKONHC OOCTIONCEHO eeKMUBHICTIb 080X Pi3-
HUX MUNi@ HegeuKux gimposux mypoin. Y npoexmi oyintosanu mypoinu VertikonM 3 eepmuxanvbroro iccto ma 28uHmonooio-
HUMU pobOYUMY Tonamkamu ma simpsny mypoiny Superwind 1250 3 eopuzonmansHoro 6icclo ma KepysaHHsIM KpOKOM 6ioye-
HMpoeoi cunu. Pesynomamu nokazanu, wo Ha 0BOCXUIUX 0aXax Ha 6UcOmi 8MyiKu (7 M) CHOCIMEPi2acmuvCst 301bUeHHS WBUO-
xocmi 6impy 6 cepeonvomy Ha 0,2 m/c. [l nopisHsanHs, HA NIOCKUX 0axax Ha eucomi émyku (7 .m) cnocmepieacmvcsi 30imb-
wenns na 0,4 m/c. Lo cmocyemvcs eghexmuerocmi mypoin, mo 8ucoxka mypoyieHmHicimes Ha 0axy Hibu Higemoe yell egexm.
Eghexmuenicmo manoi 6imposoi myp0inu 3 2opuzonmaibHOIO Giccio He 30LTbIUUNAC NOPIBHAHO 3 0BOCXUUM OAXOM i OKPEMOIO
wjoenoro. /[na mypOiHu 3 6epMUKATLHOIO GICCI0 MIdHC OKPEMOIO W00 A 080CXUIUM OaXOM VIO OOCASHYMO 3POCMIAHHS
nomyarcnocmi 6 2,23 pasu. OCHOBHOIO0 NPUHUHOIO 30LTbULEHHS. NOMYAHCHOCI € GePIMUKATIbHULL NOMIK 8impYy HAO 080CXUIUM
oaxom. Excnepumenm npogoouscs 8 eHepeemuyHomy OocnioHuybkomy napky Lichtenegg (Huowcna Aecmpis), i tioco pe3ynb-
mamu 00380JII0Mb Kpauje BUSHAYUMU 6CI epexmu, IKi BNIUBATOMb HA BUXIOHY NOMYHCHICIb MYPOIHU.

Knrouoei cnosa: mana simposa mypbina, oax 0yoieii, weuoKicms 8impy, iHmeHCUSHICIb MypOyIeHmHOCI, No-
MysICHIiCMb.
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UDC 537.612; 543.3 Water is considered as the working fluid of wet steam turbine units. The impor-
EFFECT OF MAGNETIC tance of a purposeful change in the thermophysical properties of water used for

energy needs is indicated. A reagent-free method (transverse magnetic field of

FIELD ON OPTICAL permanent magnets) of influence on water is proposed. Literature data on cur-
DENSITY OF DISTILLED | rently available papers dedicated to the study of water properties is presented.
WATER It is shown that the mechanisms of influence of external physical fields on the

physicochemical and thermophysical properties of water have not been eluci-
Volodymyr H. Mykhailenko dated as of now. It is emphasized that the properties of distilled water during

exposure and after exposure to physical fields are even less studied. The cur-
rently existing contradictions between theoretical ideas about the properties of
water and experimental results are considered. It was found that currently there
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Yevhen F. Lukianov are no correct methods and equipment capable of indicating changes in water
ORCID: 0000-0001-8839-091X properties in real time. As a solution, the equipment and method of analyzing
Olha L Lukianova the optical density of distilled water is proposed. The shortcomings of most ex-

isting experimental works on the study of the influence of physical fields on the

ORCID: 0000-0001-7235-7293 optical density of water are analyzed. The requirements for devices intended for

Tamara S. Vitkovska measuring the optical density of distilled water are formulated. A stand was
ORCID: 0000-0001-6890-0441 made and experimental work on the study of the dependence of the optical den-
Oleksandr Ye. Khinievich sity of distilled water on the induction of a magnetic field that affects it was car-

ried out. It is proved that the magnetic field affects the optical density of distilled

ORCID: 0000-0003-1902-534X water in the infrared range of wavelengths both in the direction of increase

Anatolii Pidhornyi Institute (4.1%) and in the direction of decrease (1.7%) depending on the induction of
of Mechanical Engineering the magnetic field and the speed of water flow through the working section of
Problems of NAS of Ukraine, magnetization device. A hypothesis explaining the obtained result is proposed.
2/10, Pozharskyi str., Kharkiv, Keywords: magnetic field, optical density, magnetic field induction, distilled
61046, Ukraine water.

Introduction

Water is the working fluid of wet steam turbine units. Its properties largely determine the design of the
steam turbine and other elements of the wet steam turbine units to achieve maximum efficiency. The working
body of the wet steam turbine unit in the liquid phase should have the lowest possible heat capacity, which
brings the isobars in the 7, S diagram as close as possible to the vertical, and its critical parameters to the
maximum possible values. In this case, the thermal efficiency of the Rankine cycle will be quite high [1]. In the
view of this, a purposeful change in the properties of the working fluid (in particular, the heat capacity) in the
case of reagent or reagent-free exposure is of crucial importance.

The decrease in the heat capacity of water during the dissolution of various physical substances in it is
clearly illustrated in the handbooks on the thermodynamic properties of solutions [2]. Based on this fact, at the
end of the 70s of the 20th century, A. 1. Kalina proposed a new thermodynamic cycle that involves the use of a
mixture of ammonia and water as a working fluid. The advantages of such a combination are the exothermicity
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