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Abstract

A general methodology for assessing the sprayireglae in the
aspect of dust control efficiency is presented. tHs#ing process, :
well as test results analysis, is described onetkemple of twc
designs of spraying nozzles (the author solutiahthe commercial
one). Both nozzle designs are discussed with regardheir
structure and principle of operation. Parametersciileing the
absorption surface area in relation to time andkimgr media
flowrate are used for analyses of test results.
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Introduction

Many design solutions of spraying nozzles for demttrol, especially in underground hard coal mines
(Prostaiski & Vargova, 2018; Bataga, 2019; Prastki, 2017a; Bataga, Kalita, Siegmund & Klimek, 2019
Prostaski, 2018) were developed and successfully impleeteras well as tools for modelling the dust
propagation in mine workings (Prosski, 2015; Prost#ski, 2017b) were designed in the KOMAG Institute.
KOMAG's knowledge is used for the development o/ rs®lutions of air-water spraying nozzles. Whemgsi
the compressed air, the water stream can be atdrozgroplets of diameter equal to a dozen or syanietres.

In KOMAG Institute, the STK air-water spraying ntezavith an internal mixing of both agents was deped
and implemented (Prostski, 2017a; Prosteki, 2013; Prosteski, 2012). Spraying systems developed in
KOMAG are equipped both with author's designs oéging nozzles as well as with the nozzles availalnl the
market. Their operational parameters are testethanKOMAG's laboratory to select their proper tyged
nozzle diameter. To increase the effectivenesnéling the dust particles with water droplets, sheface area
of dust absorption, i.e. the total surface areallovater drops, should be maximally increased authchanging
the total volume of the water stream.

Analysis of droplets fraction distribution in a aging water stream should be used for selecticnprbper
spraying stream type for the dust control systemoplgts in the atomized water stream make a typical
heterogeneous (polydisperse) system, which is cteiaed by high scatter of drops diameter. Du¢htobig
differentiation in drops sizes of the water stredém, stream is described by the mean drop diamésemiao,
Andrade, Graca Carvalho, 1996). Mean diameterépeesentative value, which characterizes a stteofame
droplets representing the real drops populatioratMdiameter can be different, depending on thenpeter of
droplets set used for the calculation such as dnopsber, their diameters, surface areas. It ipdrameter used
to assess the quality of water dispersion (Chaussto Braun, Dauch, Keller, Sé&nger, Jakobs, KoaibK&
Bauer, 2019.; Wang, Tan, Zhang, Li & Liu, 2019).

Due to the planned application of the developedzieodesign, i.e. to airborne dust control, volumeetr
Sauter mean diameter D32 was used in part comgethe test results analyses. This diameter ismeter of a
homogenous representative set of the volume of#émee drops and the same total surface area as iredh
drops set (Orzechowski & Prywer, 1991; Bataga, tdaé Siegmund, 2019; Chidambaram, Arunachalam &
Vijayaraghavan, 2015).

The generated absorption surface area can be de¢glor a time unit or for flow intensity of themsying
medium. In (Balaga, Kalita & Siegmund, 2019) thahaus suggested using the parameter describing the
spraying stream in the form of the following abgmnp surface area of the generated droplets:

» PAJT — Absorption surface area of all dropletsispraying stream produced within time T equél to
min.

« PA/W - Absorption surface area of all dropletsispraying stream produced after dispersing iafm
water.

* PAJP - Absorption surface area of all dropletaigpraying stream produced using compressed air of
volume equal to 1 Nfn

Testing the operational parameters of the sprayingiozzles

In the KOMAG Institute of Mining Technology, botluthor's spraying nozzle design and that one aJailab
on the market were used in the spraying instaligtid’hese spraying nozzles, before their instattain the
industrial objects, were tested in the KOMAG laltora regarding their fractional distribution of ghlets and
spraying media consumption versus their supplysures Comparative tests of the following two desigr
spraying nozzles:

the air-water spraying nozzle of flat stream maaotufi;ed by BETE, type PF250 (Fig. 1).

author’s design solution of STK spraying nozzledurcing the flat stream (Fig. 2),

will be presented.

Two designs of nozzle generating a flat water streaabling comparison of nozzle operational pararset
were used. Tests of water stream parameters fardimmercial PF250 spraying nozzle generating asftaam
were conducted within the realization of the doatdhesis (Bataga, 2015). Testing the STK type leszwas
realized within the statutory KOMAG's project elait: Young scientist - Virtual prototyping of spiag
nozzles using the additive manufacture technol¢§gmund, 2016).
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ANNULAR AREA AIR FEED

. LIOUID FEED

Fig. 2. Design of STK nozzle [Siegmund, 2016]

Testing the nozzles operational parameters consistaneasurements of water flow rate as well as
fractional distribution of droplets in a sprayistream in each nozzle depending on water and casguleail
pressures.

Schematic diagram of the test stand is shown in3F:

v

| —
~1.0 m

water

Fig. 3. Schematic diagram of the test stand (Bataga, 28Haga & Jaszczuk, 2016)- media measuring unit (water and ai2 - drops
analyzer recording device,- drops analyzer, 4 - aiwater nozzle with a fixing bo.

During the tests, the following parameters wer@réed using the special testing infrastructure ( 4):
» distribution of particles diameter in a sprd stream of liquid,
e supplying pressure and volumetric airflow rateimnaains supplying the nozz
» supplying pressure and volumetric water flowratevater mains supplying the noz:

Tests of drops fractional distribution in a spraystream geneted by PF250 nozzle were conducted fo

combinations of water and air pressures, which whesmged every 0 MPa within a range from 0.3 to 0.7 MF
The sample stream generated by PF250 nozzle diménigst is given in Fig.
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L‘.

Fig. 4. The test stand during measurements of the disioibuatf drops diameters in a stream generated b§3®mozzl¢(Bataga, 2015)

For the STK nozzle designed by authors, the measnmts were taken for the same pressure of wate
air, i.e. 0.3; 0.4; 0.6r 0.6 MPa. The same presss of supply water and air were required by the nodgsign
to secure mper operation of the nozzle. The sample strearargéed by PF250 nozzle durithe test is given
in Fig. 5.

Fig. 5. Flat stream generated by ttested STK nozzle (Siegmund, 2016)

Test results

The results from testing the parameters of the yapgastream for each combination of water i
compressed air pressures for the commercial solwfoPF250 nozzle are presented in Table 1. Duthe:
sensitivity of the measuring device, some of thiflaivrate results are not given. On the basishefmeasure
water and compressed air flow rate, as well as Bagdter, mean diameter, absorption surface arehe
generated water streams was calcd. Due to lack of complete values of compressediairates for PF25
nozzle, it is not possible to create the diagrarainbutput and absorption surface area in relaiothis outpu
(PA/T).
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Tab. 1. Results from testing the water streandfié@rent combinations of water and compressedapply pressures for PF250
nozzle (Bataga, 2015)

Water supply Air supply Water A _Mean Absorption Absorption
pressure pressure flowrate ir flgw rate diameter surface area surface area
[MPa] [MPa] [dm®/min] [Nm*/min] D (32) PA!T PA/ZW
[um] [m7] [m7]
0.3 1.5 lack 109.2 82.4 54.9
0.4 1.2 0.242 63.49 113.4 94.5
0.3 0.5 1.3 0.239 29.32 266.0 204.6
0.6 0.9 0.305 24.78 217.9 242.1
0.7 0.6 0.337 19.14 188.1 313.5
0.3 1.7 lack 134.1 76.1 44.7
0.4 1.5 lack 99.9 90.1 60.1
0.4 0.5 17 0.264 56.81 179.5 105.6
0.6 13 0.267 44.19 176.5 135.8
0.7 12 0.313 26.43 272.4 227.0
0.3 21 lack 138.9 90.7 43.2
0.4 2.0 lack 118.6 101.2 50.6
0.5 0.5 2.0 0.264 82.39 145.6 72.8
0.6 16 0.301 60.48 158.7 99.2
0.7 15 0.331 37.87 237.7 158.4
0.3 22 lack 129 102.3 46.5
0.4 21 lack 113.6 110.9 52.8
0.6 0.5 2.0 lack 97.88 122.6 61.3
0.6 1.8 0.252 79.75 135.4 75.2
0.7 15 0.301 48.5 185.6 123.7
0.3 2.2 lack 126.9 104.0 47.3
0.4 2.2 lack 117.8 1121 50.9
0.7 0.5 2.1 0.238 106.3 118.5 56.4
0.6 2.0 0.301 93.43 128.4 64.2
0.7 1.8 0.324 75.41 143.2 79.6

The results from testing the parameters of theyapgastream for different water and compressed air
pressures for STK nozzle are presented in Table 2.

Tab. 2. Results from testing the parameters afydpg stream for different water and compressecpadssures for STK nozzle
(Siegmund, 2016)

. Mean Absorption Absorption Absorption
Wgtreerszﬂiraéaly A;;rrssglfrlg fl\évvsrt;re Air flow rate diameter surface area  surface area  surface area
. Nm3/min] D (32) PA/T PA/W PA/P
MPa, MPa, dm®min [
[MP] [MP] far7mind [um] [m?] [m] [m7]
0.3 0.3 0.20 0.06 25.5 44.7 139.5 1063.1
0.4 0.4 0.14 0.101 23.4 35.7 87.0 575.0
0.5 0.5 0.16 0.107 19.3 73.2 146.3 101.6
0.6 0.6 0.36 0.12 325 63.5 99.2 783.6

On the basis of data from Tables 1 and 2, the caatipa diagrams for all the tested combinationshef
nozzles supply pressures are created. They arerpiegsin Fig. 6 to 14.

In Fig. 6, diagram of water flowrate changes verptessures of media supplying the PF250 nozzle is
given. Water flowrate is equiproportional to it9ply pressure and inverse proportional to the cesged air
supply pressure.
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Fig. 6. Water flowrat versus pressures of supplying media in PF250 aozz|

Water flowrate in the case of STK nozzle was sigaiftly lower, and it is given in Fig. 7, where iagtam
of water flowrate for PF250 nozzle, when the supmigssure of both media is the same i0 given. STK
nozzle consumed significantly less water for gem@naof spraying stream (by about 5 times) than 3%
nozzle.

e STK e PE2 50
= 2,5
E
i /
2 15
S
?"“'
=] 1
=
£ 05
B f
0 1 1 1 ]
0.3/0.3 0.4/0.4 0.5/0.5 0.6/0.6
Supply pressure [MPa)

Fig. 7. Comparison of water flowrate versus the supplyireglia pressur

In Fig. 8, diagram of changes in D(32) Sauter ndiameter, which is the main parameter of the spg
nozzle, versus pressure of media supplying the ®FB5shown. D(32) mean diameter is smallest fer
extremely low water pressure and maximum compresasegdressure. In the case of compressed assure
drop to a minimum, D(32) mean diameter is aboutng$ bigge!
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Fig. 8. D(32) mean diameter versus the supplying mediaspresor PF250 nozz

Comparison of D(32) Sauter mean diameter for bottzies at the same supply pressure of both ms

given in Fig. 9. Significantly bigger (by about Bnes) mean diameter in the case of PF250 nozzlebe:
observed.

D(32)Sauter mean diameter STK PE250
120
\\

é 80
ar
T 60
[

40

0 1 1 1 ]

0.3/0.3 0.4/0.4 0.5/0.5 0.6/0.6
Supplymgmedia pressure [MPa]

Fig. 9. D(32) mean diameter versus pressure of supplyirdjane

For the analysis of the generated absorption seidaea, thdiagram of changes in the absorption sur
area PA/T versus the combination of supplying meutessure for PF250 nozzle is given in Fig. 9. bhet
results regarding the surface area, which can déyged within 1 minute are obtained for the comition of air
pressure 0.5 MPa and water pressure 0.3 MPa assvidl air pressure 0.7 MPa and water pressurbiBa
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Fig. 10. Absorption surface area PA/T versus pressure gblging media for PF250 noz.

Comparison of absorption surface agenerated within 1 min by both nozzles is givefrig 11. It can b
noticed that PF250 nozzle produced an absorptidaciarea by about-2.5 times greater than STK noz

Absorption surface area PA/T produced within 1 min
—STK == PEF250

— 160
S 140 —
g 120 /
S 100 /
& —
2 80 e
w0
g 60 —
& 40
9
Z 20
=
0 1 1 1 1
0.3/0.3 0.4/0.4 0.5/0.5 0.6/0.6

Supplyingmedia pressure [MPa]
Fig. 11. Absorption surface area PA/T versus pressure gblgiqy medii

In Fig. 12, absorption surface area PA/W changesusethe combination supplying media pressureor
PF250 nozzle is presented. Comparing absorptidiacgiareas produced from 1 * of water, an increase
PA/W with a decrease in water pressure increase of compressed air pressure can be obs
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Fig. 12. Absorption surface area PA/T versus pressuresmblging media for PF250 noz.

Comparison of absorption surface area produced frain® of water for both nozzles is presented in |
13. STK nozzle produced 3 times greater surface th@aPF250 nozzl

Absorption smifacearea PA/W —STK ——PF250
producedirom1 dm? of water

350
—

250 ~_
200

150

100

50

Abgsorption surface area [m?]

0.3/0.3 0.4/0.4 0.5/0.5 0.6/0.6

Supplyingmedia pressure [MPa]
Fig. 13. Absorption surface area PA/W versus supplying mpgéasur

In Fig. 14a diagram of changes in absorption surface are® PArsus supplying media pressure for t
nozzles is given. For PF250 nozzle, due to lacklicthe data, the diagram is presentedly for supply pressure
0.5 and 0.6 MPa.

Absorption surfacearea PA/P STK PE250
produced from compressed air of volume equal to 1 Nm?.
~— 1000

w N
\

200
0 1 1 1 |
0.3/0.3 0.4/0.4 0.5/0.5 0.6/0.6

Absorption surface area [m

Supplyingmedia pressure [MPa]
Fig. 14. Absorption srface area PA/P versus supplying media pressure
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Conclusions

Research projects, realized at KOMAG and focusedevelopment and implementation of the systems for
airborne dust control, require correct selectionnokzle type and its diameter. Depending on theepla
characteristics as well as parameters of avaislglying media, the spraying systems should b@pqd with
the spraying nozzles, adapted as much as possikie bperational conditions. Bearing in mind tinatease of
dust control efficiency is equiproportional to auetion of the drop mean diameter in the sprayiatewstream,
type of nozzle should be selected in a way enaliingenerate the drops of diameters as small asljj@sAt
the same time, other assumed operational parametetrs as range or media flowrate should be followed
Measurements of stream parameters should be takariew points within the effective range of theea to
assess stream homogeneity and repeatability parsmeters.

On the basis of the results from testing the PR2&£rle at different combinations of supplying media
pressures, it can be concluded that:

» Change in the pressure of one medium changesaiesfie of both media.

* The smallest D(32) mean diameter was obtainechfocbmbination of extreme pressures of water
(0.3 MPa) and air (0.7 MPa).

» The biggest absorption surface area of a streamrgta within 1 min is obtained for compressed
air pressure higher than water pressure by 0.24P3.

Comparison of two spraying nozzles of differentige€nables to conclude that:

» STK nozzle consumes about 5 times less water.

* D(32) Sauter mean diameter for PF250 nozzle wastabtimes bigger than STK nozzle.

» Absorption surface area of a stream generated p®Rozzle at the same time was 2.0 — 2.5
times bigger than the surface area generated b§Thenozzle.

« Taking into account absorption surface area pradificen 1 dni of water, STK nozzle is 5 times
more efficient.

e There are no significant differences in compresagdconsumption regarding the absorption
surface area within a similar range.
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