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ABSTRACT. The enhanced requirements for safe, healthy and environmentally friendly workplace and ambience require highly specialized measurements of the air
quality in indoor and outdoor workplaces. Many mining work areas have large volumes and in such sites, one-dimensional, directed air flows are rarely observed. It is
common that the flows are equally sized in the three directions (x, y, z). In fact this is also the way the harmful particles are spread in the studied areas. Measurement
and visualization of the fluid vector field in free and semi-restricted space can be successfully performed with a 3D ultrasonic anemometer. It permits the composition
of a real flow speed field by making fast multiple measurements in all the three directions. A microcontroller device is proposed in the paper that enhances the
capabilities of the 3D ultrasonic anemometer MODEL 81000 by R.M. YOUNG COMPANY, USA. This is done by reading the data from the standard RS-232 serial
interface and logging it on a SD card. A GPS receiver is also added to the system thus making possible the precise capturing of geographic coordinates in open
space. All this makes the anemometer much more flexible and portable. A proposal for future development is also presented which will make the anemometer
accessible via wireless connection and a mobile platform in the field.
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PE3IOME. MoBuLueHuUTE U3UCKBaHWS 3a Ge3onacHa, 34paBOCNOBHA M eKonorMiHa paboTHa M OKOMHa Cpeda M3WUCKBAT CrieLManuavupaHi U3MEpPBaHNS 3a KAYECTBOTO
Ha Bb3gyxa B pabOTHW MecTa B 3aTBOPEHMW MOMELLEHUS U HA OTKPUTO. Hemarka Yact ot paboTHUTE 30HM B MUHHOTO [eNno ca C ronemu oGemMm 1 npu Takusa 00eKTH
€[IHOMEpHM, HACOYEHW Bb3AYLLHW TEYEHUS, PAAKO Ce HabniofasaT. TBbPAE YECTO TEYEHNSATA Ca C OTHOCUTENHO PABHOMOCTABEHM FONEMUHM B TPUTE HanpaBneHus
(no x, y, z). Taka ce pa3npocTpaHsiBaT W OTAENEeHNUTe BPEAHOCTU B U3CTIEABaHUTE 30HU. MaMepBaHe 1 BU3yanusaLusi Ha BEKTOPHOTO NOMe Ha Bb3AYLIHO TeYeHMe B
CBOBOAHO W MOMYOrpaHM4YEHO MPOCTPAHCTBO € B3MOXHO Aia ce ocblyecTeu ¢ 3D ynTpasBykoB aHEMOMETbP.TOBa NO3BOMNABA CbCTABAHETO HA PEANHO CKOPOCTHO
norne Ype3 6bP30 MHOTOKpATHO M3MEPBAHE B TPUTE HanpaBnexus.. B cTaTusTa e NPeanoXeHo MUKPOKOHTPONEPHO YCTPONCTBO, KOETO pa3LumpsiBa Bb3MOXHOCTUTE Ha
3D ynrtpassykosusi aHemomerbp MODEL 81000 by R.M. YOUNG COMPANY, USA. ToBa e HampaBeHO Ypes MpounTaHe Ha AaHHuTe no cranpapteH RS-232
nHTEpdelic 1 TAXHOTO 3anassaHe Bbpxy SD kapTa. OcBeH ToBa kbM cuctemata e fobaseH GPS npuemHuk, KOWTO MO3BONSABA NPELM3HO CHEMaHe Ha reorpadcki
KOOpPAMHATY Ha OTKPUTO. BCuuko TOBA npaBu aHEMOMETBLPA MHOTO MO-NPEHOCUM M MbBKaB B ynotpeba. HanpaBeHo e npeanoxenne 3a Gbaello Aopa3BuBaHe Ha
cucTemara, ypes KoeTo aHeMOMETLPBT Aa CTaHe OCTbNEH Npes De3xnyHa Mpexa 0T MOBMIHO YCTPOICTBO B MACTOTO Ha U3MepBaHe.

Knto4yoBu AYMU: yNTPa3ByKOB aHEMOMETB, Ka4eCTBO Ha Bb3AyXa, PerncTpupaHe Ha JaHHu

Introduction The technological development makes possible the utilization
of up-to-date devices for flow measurements based on
ultrasonic signals. These are ultrasonic anemometers (Fig.1).
Their application and measurement results need additional
processing for upgrading into a user friendly view. In order to
get measured a 3D velocity field one needs a computer linked
to the anemometer which is not appropriate in many sites.
What is more, after uploading the data it should pass additional
treatment, especially in sequencing between positions where
the vector and its measured value are taken.

Precise measurements of flow directions and distribution in
many industrial areas is crucial for ensuring safe work
atmosphere. It is even more important for many mining sites
such as open pit mines, face ventilation (Timko, 2005), flows
around fans. Other civil objects — tunnels entrances and exits,
flows around buildings and typical meteorological
measurements (Wilson, 2012) also require 3D velocity field. In
such objects one-dimensional, directed air flows are rarely

observed. It is common that the flows are sized in the three This paper presents one possible way to improve 3D
directions (x, y, z). In fact this is also the way the harmful ultrasonic measurements in the following directions: GPS
particles are spread in the studied areas. positioning system and transfer of the measured vectors in the

specified coordinates to the SD card.
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Fig. 1
Technical characteristics of 3D anemometer

The constant increase in computing capabilities enables the
creation of ever faster and more powerful computing devices
and practical implementation of increasingly sophisticated
algorithms. This makes possible the existence of ultrasonic
anemometers in which the three-dimensional flow velocity is
based on the time of passing ultrasound acoustic signals. This
paper is built around the 3D ultrasonic anemometer MODEL
81000 by R.M. YOUNG COMPANY, USA (fig.1).

The YOUNG Model 81000 Ultrasonic Anemometer is a 3-
axis, with no-moving-parts, wind sensor
(http://www.youngusa.com). The sensor features durable
corrosion-resistant construction with 3 opposing pairs of
ultrasonic transducers supported by stainless steel members. It
measures wind speed in a range from 0 to 40 m/s, with
resolution 0.01 m/s in all 360 degrees wind direction. The
device has several serial outputs (one user programmable
ASCIl, RS-232 or RS-485) and 4 voltage outputs (from 0 to
5000 mV).

Serial Qutput:
- RS232 at 38400 Baud

- ASCII Text Serial String - Wind Speed - 3D (m/s); Direction
(Deg); Elevation (Deg); Speed of Sound (m/s); Sonic
Temperature (°C)

Analog Voltage Outputs:

- Channel V1: Wind Speed (3D) - 0-5000 mV = 0-50 m/s

- Channel V2: Wind Direction - 0-5000mV = 0-540 Deg

- Channel V3: Elevation - 0-5000mV = -60° to +60°

- Channel V4: Sonic Temperature -0-5000mV = 220K to 320K

Operating principle of ultrasonic anemometer

Operating principle of ultrasonic anemometer can be
described briefly in the following way (fig.2).

Fig. 2

The anemometer has 3 arms. The three pairs of transducers
are displaced at 120 deg. Redundancy of the measurement is
given to each path thus improving the sensor accuracy and
reducing aerodynamic turbulence. The time taken for an
ultrasonic pulse of sound to travel from one transducer to the
diametrically opposite transducer (north to south) is measured,
then it is compared with the time for a pulse to travel in the
opposite direction (S to N) (Gill Instruments, 2017; Ultrasonic
Anemometer, 2017). Simultaneously, times are compared
between west and east and vice versa (E to W). If we have
preliminary northern wind, then the time taken for the pulse to
travel from N to S will be less than from S to N, whereas the W
to E, and E to W times will be the same. The wind speed and
direction can then be calculated from the differences in the
times of flight on each axis. Sonic temperature is derived from
the speed of sound which is corrected for crosswind effects.
When the wind blows, it increases the time of flight for pulses
travelling against it. The time of flight theory principle is
illustrated in Fig. 3 with equations (1) to (4).

<L

Transducer A

Fig. 3
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where: L is the distance between the transducer faces,
C is the speed of sound,

V is the velocity of the fluid (the air),

T1 and T2 are the propagation times of the ultrasound.
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Necessity for measurement improvement

Measurements with ultrasonic anemometer are performed
and managed through Command Menu with the following
structure:

One can choose consequently positions R), S) or X) in order
to set initial parameters according to Model 81000 Instructions.
As seen from the passage below, many parameters should be
set according to measurements which need to be performed.

Special attention is paid to position R) — report. If 3D speed is
selected in order to have 3D vector field, the output file will
consist of ASCII string, containing all measured data. This data
is in mV for each analog channels outputs.

Then
below:

special conversion should be performed as given

CONVERSION TO ENGINEERING UNITS

FOR UVW FORMAT:

UV, ORW

WINDSPEED = [(SCALE X 2 / RANGE) X MV] - SCALE
EXAMPLE:

W CHANNEL OUTPUT VALUE = 2550 MV

SCALE = 25 M/S

RANGE = 5000 MV

SPEED = [(25 X 2/ 5000) X 2550] -25 = 0.5 M/S

What is more, separate coordination of measurement points
should be written down during experiments. All these problems
need to be overcome in order to put the device in a user
friendly mode. One solution is presented hereafter — a modem
linked to the anemometer, to the GPS receiver and to the mV
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converter which transfer measured data in a vector view to a
SD card.

Logging device

A NodeMCU ESP12-E is selected as the main controller
because of its low price, easy programming and WiFi
connectivity capabilities. NodeMCU is an open source loT
platiorm and includes firmware running on the popular
ESP8266 Wi-Fi SoC from Espressif Systems. It can be
programmed in the Arduino IDE which provides simplicity and
pre-built libraries. A block diagram with all the main
components of the controller is shown in Fig. 3.
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Fig. 4

The anemometer is powered by a 12-24V battery so there is
a DC-DC converter to lower the voltage to 3.3V required by the
NodeMCU. The anemometer communicates with the controller
over a standard RS-232 serial port. The MCU reads the data
from the GPS receiver and adds that data to the one from the
anemometer and then continuously stores it on a SD card.

Performed measurements with MODEL 8100

lllustration of capabilities amd applicability of 3D flow
measurements are presented hereafter. Fig. 5a shows
schematic view of the stand with wind turbine, while Fig. 5b -
the same stand with 3D anemometer (Z. Dinchev, 2014). The
purpose of experiments was to measure velocity field flows
around wind turbine.

The stand consists of the following elements:
1 —axial fan with regulation;
2 —flexible pipeline;
3 - regulation grid and diffusor;
4 — wind fan in two types (H225 and H150);
5 — anemometer;
6 - 3D supersonic anemometer;
7 — Laptop.
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Measurement results are summarized in Table 1. They are
obtained without a logging device and their final output was
achieved with additional treatment of the registered data. As
seen from the figures, the velocity field is uniform in plane XY.
Very small fluctuations in Z and X direction are seen. That was
the purpose of the experimental measurements — well targeted
and constant flow towards the wind turbine. Applying such
flow, the regime characteristics of the wind turbine were
measured (Z. Dinchev, 2014).

Table 1.
El
u, v, W, 0, e
Azimuth, .
mis mls mls mis d Elevation,
€9 deg
-0.06 6.51 -0.08 6.53 359.4 0.7
0.02 6.53 0.1 6.55 359.8 -1
-0.03 6.54 -0.02 6.56 359.7 0.2
-0.05 6.48 -0.35 6.51 359.5 -3.1
Future work

The selected NodeMCU ESP12-E main controller gives
opportunity for future improvements that can provide additional
flexibility. The core of this work includes the use of
WebSockets. The WebSocket protocol is a TCP-based
protocol. This protocol lowers the overhead in the interaction
between a browser and a web server by providing a
standardized way for the server to send content to the browser
without being solicited by the client. This allows for messages
to be exchanged while keeping the connection open.

The basic idea for the proposed improvement is shown in
Fig. 6.
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The implementation of the proposed approach will give the
opportunity to build a wireless serial terminal. Thus, a terminal
of a convenient computer will be emulated by the NodeMCU
via a webpage that can be read on any portable device with a
web browser.

Conclusion

Based on general knowledge of 3D measurements and
utilization of ultrasonic anemometers one useful improvement
of measurement technique is presented. After considering all
ideas, researchers will have an intelligent device which can
perform all type of three dimensional velocity field in different
engineering sites.
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