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Abstract: To obtain high-quality concrete constructionsihbt enough to execute it only in concrete of tulgiss. One
of the effective ways to improve the reliabilitycadurability of concrete is its reinforcing by vaus kinds of fibers. The
article presents the researching results of thkiente of brands of portland cement and dispergdoreing by
polyethylene terephthalate fibers (PET-fiber) onarete durability. Standard compression testsettibical prototypes
of fine-grained sand concrete made of two brandsodfand cement — PC400 and PC500 with differemtentage of
PET-fibers have been conducted. The optimum comfeRET-fibe, wherein there is a maximum increasguoability
of fine-grained fiber-reinforced concrete, has bsen

1 Theoriesof the concrete strength

There are three groups of theories of the concrete The given division of concrete structure is expaity
strength: phenomenological, statistical and stratfd].  the fact that the mechanism of formation and pridgreof

Phenomenological theories describe the concrete a§acro-, meso- and microstructure are fundamentally
homogeneous isotropic elastic body [2]. Speciainaipn ~different. Each level of structure can be charamter by
is given to the dependence of the strength onmadtimads. ~ Certain physical parameters defining its peculiapprties.
The laws, by which we can judge about the beginmihg SO, the most important technological factors which
the material destruction under the complex stegssyt the  influence the formation of the cement stone micumstire
behavior of material under the simple tension, amsgion are the cement brand, its chemical and mineralbgica
or bending, are set. However, the phenomenologice®mposition, fineness of grinding, water-cemenbrahd
strength theories cannot explain the internal mees in the conditions of hardening.
the concrete (deformations of contraction and smggll
ectothermy, etc.). 2 High-quality concrete producing

According to the statistical theories, the exiseent As a cementing material for high-quality concrete
continuous isotropic environment and separated@is producing it is recommended to use Portland cemiht
and microcracks in concrete is presumed. Theseiéiseo the brand not lower than 400 and the qualitative
determine the reasons of the huge differences kettvee characteristics meeting the requirements of GOSI081
actual strength and the results of theoreticaltations. It 2003 [5]. The usage of cement below the recommended
is usually determined by the defect structure,caltfin  brand leads to its significant overrun. In turrg thcreased
without consideration of the structure. Neverth&lescement stone content in concrete, which has sugative
statistical theories cannot explain the influen€emany properties as creep, reduced crack resistance, high
processing factors not leading to the formatiorcraicks shrinkage deformations, causes a decrease in physic
but significantly changing the stressed state efittaterial mechanical and operational properties of concrete.
on concrete strength.

The most promising for the technological problerhs o Polystructural character of concrete affects thekved
designing concrete structures is the usage ofttbetsral the structures under load. The behavior of conciete
strength theories based on certain models of therete different at different levels of loading. At lowdd levels
structure [4]. A common feature of all the struaetur processes associated with the redistribution ofeffue to
theories is the consideration of the concrete as technological factors and stress concentration from
polystructural material in which, depending on ttad¢ure external influences prevail. These processes leathe
and mechanism of structure processes, the digtingsi transition of technological microdefects in opergtones.
drawn between: The behavior of concrete at medium levels of logds

- microstructure (the structure of the cement regtri  characterized by the interaction and development of

- mesostructure. (the structure of the solution idefects and by combining of them. At loads clos¢ht®
concrete, considered as a two-component systeasestructive, the main role is played by the reittistion of
«aggregate — cement stone»); forces in the construction and transformation of

- macrostructure (the structure of two-componemnhicrocracks into main macrocracks.
systems «pore space — solution»).
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Therefore, the execution of the construction onddm
of high-class concrete will not ensure its failesafinning
as a whole. To improve the resistibility of theifaial

performance as a single integrated material — osietl
concrete.
In the reinforced concrete production it is necesta

stone to compressive, tensile and transverse (bghdiset the range of the volume content of fibers ‘jithim

stresses, it is recommended to use disperse reimdor
Disperse reinforcing is a steady distribution afstic, short
(5-20 m) and thin (10-100 micrometer diameter)rfitihat
can be made of glass, metal, basalt or polymeugirout
the volume. The concrete and reinforcing due tohilgh
adhesion ensure the solidity of the constructiod &s

R,,.MPA

which brittle fracture is excluded [6]. However, the
range pmin -umax another characteristic point is of great
importance. It corresponds to the moment of filmnent
frame creationyik’, before and after which the behavior of
the composite and its properties differ signifitant
(Figure 1).

ke,

i

L 1 L, %

Figure 1 The character of strength changing of reinforced concrete depending on the volume concentration of fibers

The AB phase is characterized by small saturatiorertical

when the fibers are removed from each other on
considerable distance («zone of diffused reinfaps)nThe
strength of reinforced concrete is characterizedthsy
strength of the matrix and does not differ fronirthe BC
phase is «the area of concentrated reinforcing»enithe
matrix cracks, fibers are able to take the load emslire
the bearing strength of reinforced concrete. PGiig the
moment of merging of the contact areas of fiberatrix
and creation of fiber-cement framework. Further aradle
intensive increase of strength of reinforced catectakes
place on the CD phase. It is the result of compaatf the
cement stone between the fibers. Point D corresptmd
maximum strength of reinforced concrete. The DEspha
characterized by the strength reduction due tthickness
reduction of the matrix layer so the material shavs
tendency to segregation even at low loads.

blowing and produced by "PET" LTD
Tchaikovsky was used for concrete reinforcing. The
diameter of the fibers is 10-20 microns, lengthipsto 20
mm. The prototypes were tested on the axial corsjmes
to the limit state in accordance with GOST 10180-90

According to the results of experiments the funwio
dependence of the strength of reinforced concretien
axial compression from percentage of reinforcing”ir
fiber and brand of portland cement was built. Thiamed
diagrams are presented in figure 2.

Compared to the chart (Figure 1) the behavior ef th
material to the pointyk’ is multiple-valued. Obviously
there is an influence of some technological factbiet
require additional researches. The zones of incrgasf
strength of reinforced concrete are practically shene,
although their locations are slightly differeptax= 0,7

Experimental researches have been done to determ#gPC400)umax~ 0,55 % (PC500).

the optimal volume content of fiberg’‘for fine-grained
reinforced concrete. The composition of fine-grdisand
concrete with a compressive strength of B5 wasydesi
previously. It was used in the creation of 7 serés
experimental cubic prototypes, made of

PC500, with various percentage content of polyettgl
terephthalate fibers relative to the total fiberssiérom 0
to 0,9 %. The ultimate saturation of reinforcedaete by
similar types of fiber is 0,9 % [7]. When the conization
of fiber exeeds 0,9 % the widespread reduction lin
strength parameters is observed. Secondary polgethny
terephthalate fibers (PET fiber) received by meahs

reinforce
concrete of two portland cement brands — PC400 al

3 Mathematical modd and factor s of

concrete structure formation
As a cementing material for high-quality concrete
roducing it is recommended to use Portland ¢
d The plotting of a mathematical model of the staddar
for evaluation of different physico-mechanical and
performance properties of reinforced concrete baadtie
influence of several factors allows to judge thegpess of
the process of structure formation more accurafBhe

4nore factors are considered, the more accuratmtukel

is. The results of the experiments allowed us fitdkthe
model of evaluation standard of the strength offoeced
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concrete. According to this model, the chart dependn

the concentration of PET fibers is ploted (Figuye 3
P =P(x) @)
P, =6307+93366X -417604%* - 227204%® +320694TX" —4495654%° +1827215%°; (2
P, =1806 7 30536 7% — 4058509%” +18392384%° - 37018022k +34498338x° -12199867%°,  (3)

where:

P1, P2 —the values of the strength (failure lodalsPC400 and PC500 respectively (kg/cm?2), x fitexr content (%).

A F. kg.-"cm2

-#—a- PC 500

PC 400

o 2
Figure 2 The dependence of the strength of reinforced concrete under axial compression fromthe reinforcing ratio of PET fiber
and brand of portlandcement
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Figure 3 Chart prediction of bearing capacity of fine-grain
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ed reinforced concrete
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To determine the effect of brand of portland centent difference in strength of reinforced concrete sasph the
strength of fine-grained reinforced concrete thkies of basis of PC400 and PC500.
the strength chart were compared (Figure 4). Hegasa
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Figure 4 The inter dependence of the strength of reinforced concrete based on different brands of portland cement

Having compared the values of the strength of oea®d concrete based on different brands of patttament with
different concentration of the same PET fiber, wétlihe function curve of the effect of type ofnreent and its graph
(Figure 5):

Y, =a+bXx+cO®+d° +eX + f K +gX° ; (4)
Y,,, =11760+11524% +4701x” +9115%° +20311X" +8068X" +6498X°. (5)
\ P kglcm?

e
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Figure 4 The graph of the function curve of the effect of cement type on the strength characteristics of reinforced concrete
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4  Conclusion
Thus, the model of evaluation standard of the gttenf reinforced concrete constructions is:

P, =6307+93366X - 417604x%* —227204x° + 320694 TX" — 4495654 +1827215x°
P, =18067 305367 — 4058509%” +18392384%°> —37018022x" +34498338%° 1219986 7x° (6)
Y  =11760+11524%+4701%* +9115%° + 20311Xk* +8068X° + 6498%°

usm

This model allows to carry out a design test andaée
additional experiments on its basis to refine the
mathematical model and exact laws of structure &tiron.
Also, it can be argued that the reinforcing by tiylene
terephthalate fibers allows to reduce the probgbibif
brittle fracture, to increase the ability to bearigus loads
and also to solve partly a relevant environmentablgm
of our time.
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Abstract: The central aim of this article was based on kedgé of the quality and quantity of groundwatertiom
territory of the Slovak Republic to determine apgprate placement selected heat pumps water / visgter It was
necessary to determine the technical parametesslefted devices and their requirements for quality quantity of
primary heat source, ie groundwater and hydrogémbdgonditions of Slovakia. As a bonus this agigrovides an
overview of current developments in the Slovakiarket for heat pumps.

1 Introduction increased to 721, but only 234 pieces were saldariand

The Slovak Republic is among the countries with thewater / water type [1][2].
richest supplies of water in its territory, whethar the ) .
surface or under the surface. Not only the geokgic Chart no. 1 Development of sales qf HP in Slovaki2006 —
structure of Slovakia, but also its geographiceaton in 2015 (processed according to [1] [2])
Central Europe, with a relatively even distributiof
precipitation during the year, is of great impodanThese
waters have different uses, of course the mairupply
drinking water for the population, further in thedustry,
agriculture, healthcare, and so on. As part oBbepean

In addition, from 1 December 2015 until the end of
2018 in Slovakia, the project "Green for Househblds
which is managed by the Ministry of Environmenttoé

Union's effort to achieve sustainable developméme, 2015 SE———

industry sector has grown strongly in recent yaeits a %8%‘31

focus on renewable energy, for normal household 2012 (——

applications. We can rank here heat pumps (herdaip 5010

Regarding the efficient use of water, heat pumpater / 2009  S———

water type is a very good example, due to its high 5007 co——

efficiency at the optimal qualitative and quantitat 2006  fe—

conditions of the used groundwater. 0O 200 400 600 800 1000
The main objective of this contribution is to fiodt,

on the basis of the analysis of indicators of giasind Number of units sold HP

quality of groundwater on the territory of the Si&v i , )
Republic, the appropriate placement of selectedt heajovak Republic through the Operational Programliua
pumps from different producers. To achieve thischese ©f the Environment, is under way. Families in Skiga
two partial goals. Firstly to detec and compare the®": after fu_lf_ll!lng the con_dltlons set, obtalrbSL_dles for
requirements of individual heat pumps to the pr'ynar_seleCted facilities generating electn_cny or hedtjch also
source of thermal energy, ie groundwater, in tewhs ncludes HP. The aim of this project is to promare
quantity and quality required for optimal operatidine ~€nergy efficient, low-carbon economy in all seciansl to
second sub-objective is to identify and map groatew €vive the market environment with RES facilities
status in the Slovak Republic based on qualitativg Nouseholds [2].

guantitative aspects.

3 Hydrogeological circumstances Slovakia
2 Heat pumps on Slovakia Slovak water management has a significant focus on
The HP market is very difficult developing, astiesn groundwater, which is justified due to the factt tha tqtal
by Chart no. 1. While only about 260 units weredsal 272 of the Slovak State of 49 035 km2 occupies the
2006, 800 were sold in 2010 and almost 1,000 wréte hydrogeological area of about 43 420.4 km2 (88.9%)).
sold in 2014, of which 585 were air / water and 9&ge 4] However, the amount of groundwater is unevenly
water / water. In 2015, the number of sold air fevanits  distributed on the territory of Slovakia, while aloiant
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reserves are recorded in the Bratislava and Trregians > Hydrogeological whole of non-vulcanites,

(46%), and in the PreSov and Nitra regions it i% Hydrogeological whole of quaternary sediments.
significantly lower. [5] Individual territories thdave the

same or similar groundwater regimes (hydrogeoldgica Besides the hydrogeological units, the territory of
conditions) and are defined by the geological beupdre Slovakia is also divided intothe 141 hydrogeolobica
called hydrogeological units. In Slovakia we divitlem zonee, which serve as the basic assessment unitisefo
into seven [6]: water balance ofgroundwaterr. The deployment of the
» Hydrogeological whole of the nuclear mountainszones is shown in figure 1 [4]. The State Geoldgica
crystalline Veporské vrchy and Slovenské Rudohoriénstitute Dionyza Stdra (SGUDS) no longer uses this
Hydrogeological whole of mesozoic rocks, partition methodology to zones and prefers to divirtto
Hydrogeological whole of the cliff band, regions and units, but the Slovak Hydrometeorokigic
Hydrogeological whole of paleogeneous sediments afistitute (SHMU) still applying it in its reportand water
flysch band, management balances.

>
>
>
» Hydrogeological whole of sedimentary neogen,

O ' ..'_i,r -.___rl AL
oo el ) \,. J 3
ety v G
0 . s "\_',_...-..l

gndoh N

Nz w’  LEGEND

: intergranular permeability
: crack permeability

I:i karst and karst-crack permeability
Figure 1 Hydrogeological zones in the Slovak Répuand their permeability (processed accordindg4h [7])

4  The technological parameters of selected> pH - if it is low, the water is aggressive andeatu

water / water heat pumps, focusing on their _ dissolve some metals,
pump 9 » hardness - evaluation of the amount of Ca and Mg,

requirements for the quality and quantity of » aggressive CO2 - a free CO2 form capable of egchin

groundwater _ surfaces, increasing the aggressiveness of water,
Water / water heat pumps whose primary source ¢f  electrical conductivity - expression of salt cartin

thermal energy is groundwater are typically prositg an water, eg. chlorides and sulphates,

open system of two wells. The water drawn from thg  Fe and Mn values - their increased presence ierwat

pumped well is subject to qualitative and quantieat can make to corrode the parts of the device.

requirements [8]. In terms of groundwater quality,its

purity and chemical composition, the basic monitgri The specific requirements of individual selecte®sH

parameters with most of the heat pumps are the sam@n different manufacturers, or distributors, for

because the water quality affects only those pafrthe  groundwater quality, are usually to the instaliatioanuals
primary circuit of the pump that are in direct @xtiSo of the device..

pipe duct and evaporator (plate heat exchanger) [9]
The cleanliness of the water used and the elinunati In terms of quantitative CO”ditiOﬂS, each HP has it

of most of the solids can be ensured by instaﬂingfilter own recommended flow as in the primary so and
and its regular cleaning to prevent the clog, temtsfer secondary circuits, and these data are part daettmical
degradation, and hence reducing the efficiencyefiteat parameters (see Table 1). The flow along with tiagen

pump [19]- o _ - temperature in the primary part of the heatingesysmust
Qualitative indicators of chemical composition ofhe monitored regularly, because in case of limitirg
water include [9], [10], [11]: interrupting the flow, the efficiency of the heatiaystem

is reduced or the heating system switches off cetaly,
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and the water in the evaporator can freeze at a la@mponent of the rock environment in which grounidwa
temperature of the heat source. Negative consega@an is found has a significant influence on the valogsur
be the damage of the evaporator to the accidemhigh  monitored indicators.

the working medium escapes. That is why in thisisec The steps we have chosen can be summarized as
it is customary to install flow detectors, respestty, flow follows:
meters that shut off the compressor in case ofeigaate 1.We found out which indicators are primarily

flow of water and stop the operation. In order twid observed for underground water used by the heappum
similar complications, a pumping test is performpedr to  temperature, flow, chemical composition.
the installation of HP the water / water type, ethi 2.We have selected 25 heat pumps from 3
determines the richness of the groundwater souvels]. manufacturers - Buderus, Nibe and G-Term Slovakie.
However, the success of this test does not guaamteindividual pumps belong to different power categsyi
steady flow over a longer period of time [10]. they have different COP and, in particular, the
recommended flow rates are different. Based on the
Table 1 Selected HP arranged according to the renented  gvailable information, it is assumed that the wataality

flow rate requirements are the same.

Type HP COP [n'il?’ox'll] 3. Subsequently, we have individually surveyed eglu
NIBES KW 409 | 065 at _selecte_zd points in eac_h h_ydroge_ologlcal zongeimh
NIBE 6 KW 217 1 072 indicator in the map {ippllcatlon, which is freelyadable
NIBE 8 kW 4:46 1:08 on th_e SGUDS website. To get real r_esults, we C_deae
G-TERM 5006.3 508 11 6 points, averaged the values which we obtainetl an
G-TERM 5007.3 5 15 assigned geographic coordinates to each point. They
NIBE 12 kW 43 1,55 allowed us to create maps in the ArcGis softwer and
G-TERM 5008.3 Ai 5.07 1.6 showing the territory of Slovakia which is and whis not
G-TERM 5009.3 5,3 1,9 in accordance with our qualitative and quantitative
BUDERUS WPW901 / | 51/ 5 conditions.
G-TERM 5011.3 4,83 4. After completing the above steps, we were able t
G-TERM 5010.3 Ai 5,29 2,1 review our findings. In addition to the course tfet
G-TERM 5014.3 Ai 5,25 2,9 individual indicators in the SR, we could use thierf of
BUDERUS WPW140 | 5,2 3.3 the MS Excel and find on the obtained data:
G-TERM 5017.3 Ai 559 | 36 > the highest value of the indicator,
G-TERM 5021.3 Ai 561 | 44 > the lowest value of the indicator,
BUDERUS WPW210 | 5.5 > » the total average value of the indicator in the kwho
BUDERUS WPW270 | 5:1 = > tShIe T('OSt frequently occurring indicator value in

ovakia,
gggm ggggg gi? gg » which indicators in individual zones are highemiéo
BUDERUS WPW440 IP |5.9/5.7] 95 than our conditions and thus constitute an obstacle
G-TERM 5089.3 517 | 10,3 using groundwater in water / water heat pump.
G-TERM 5109.3 515 12,6 By doing so, we should fulfill our main objectivadh
BUDERUS WPW920 IP |5,9/54] 20 determine where hydrogeological zones are suittdble
place our heat pumps which groundwater utilizingd a
5 Methodics where it is not appropriate due to unfulfilled carhs.

In the previous section, we had defined requirement
respectively. limits of the most important quarttteand 6  Evaluation
qualitative indicators which is necessary to pagraion 6,1 Quantitative indicator of groundwater
when considering over HP with an open water / water The quantitative indicator that was consideredhia t
system whose primary source of thermal energy isticle and which we consider to be importanttfor HP
groundwater. Adhering to the recommended values gttivity is the inflow. We found out that (Figure 2
these indicators should ensure not only efficigrgration  Figure 3):
but also a longer service life device. Subsequemiy Highest detected value: 118,35 m3.h-1
analyzed these indicators in groundwater on thigdey of | owest detected value: 0,12 m3.h-1
the Slovak Republic using the groundwater Atlas mapotal average value: 6,72 m3.h-1.
created by SGUDS in 2011. The OUtpUt of this aﬂﬁ'lﬁ The most common value (modus): 54 m3.h-1.
the follow-up information, which was also processsd
ArcGis software, and thus were obtained the below Almost every one of the 25 HPs has a different

mentioned of maps outputs. It is clear that thdaggcal recommended minimum flow rate. For ease of assegsme
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of our findings, we have aligned heat pumps from thalso possible use in zones with the flow rate 2&nd.h?!
smallest to the largest required groundwater fl@e@e( respectively because it can be controlled relatisghply
Table 2). We have assumed that if the HP has by for example with a throttle valve.

recommended minimum flow rate of 0.65.ht, they are
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Figure 2 Flow of groundwater in Slovakia (processedording to[12]

O o S .
[ ] [ h L
L o @ L ; °
‘. % GleliE Sin 8 ..:‘l_ ot Tl m S -. ®
PR T LA e b sy o ai®
R B [ .‘,‘ = . @ s 8 ® ™ "~ . - [ L] .
. ¢ 'ea LA ] ‘:Q’ : L : -'.::. L S 8 o " : -
-_.!-.--.:. 8 L] .: (i ..f?'...- (RN S -': ° e
l..‘...'. s " 2%® . ¥ o i.'_'. L] S '}.'.' & o oy o 05 o - ¢
™ - e L] Ll B ] S . @ - 2
el el g ".' s ® ",l ': . .'.' : . S . :.‘ g0 i. : e
forte s sl reiilel et A g e PTG O A O T I0AT S e
i e S gt = LA S ~ & a® ol
! » a e
. ® e A T - e 4 0% e o -
i i e i PR A B i Y . L
. °“ ey . '1,. o . .I'..__.
S - e e LEGEND
e & s 942
':“ ¢ 8 .;_;,- [ unsuitable
N, B = suitable

Figure 3 Territory suitable/unsuitable with flowg@rements (processed according to [12] )

6.2 Qualitative indicators of groundwater 6.2.1 Temperature

The suitability of the hydrogeological zones for HP  The lowest appropriate temperature for the HP wk to
from the point of view of quality was evaluated@cting into consideration was 7 °C. We have found that the
to the manufacturer's technical manuals, focusing @roundwater of Slovakia in most of the zones méts
groundwater temperature and chemical composition. tondition, and even in some places are achieving
their assessment, we have focused on the boundargsy significantly higher temperatures (Figure 4, Fighye
of individual elements or compounds towards which n Highest detected value: 15,2 °C
only the steel parts of the evaporator but alsocthgper Lowest detected value: 4,8 °C
ones are resistant to corrosion, incrustation aotdl t Total average value: 10,6 °C
evaporator degradation. The most common value (modus): 9 °C

~10 ~

Copyright © Acta Tecnologia, www.actatecnologia.eu



Acta Tecnologia - International Scientific Journal about Technologies
Volume: 3 2017 Issue: 4 Pages: 7-24 ISSN 2453-675X

EVALUATION OF QUANTITATIVE AND QUALITATIVE INDICATORS OF GROUNDWATER IN TERMS OF
THEIR USABILITY AS A PRIMARY ENERGY SOURCE FOR HEAT PUMPS
Lubomira Gabaniova

LEGEND

C ooz B vt enas
- EE  [FERTE
— I

Figure 4 Groundwater temperature at SR (processedmling to [12])
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Figure 5 Territory suitable/unsuitable with temptna requirements (processed according to [12]

6.2.2 Iron Highest detected value: 0,85 my.l

The limit value for this element is 0.2 my.If the iron  Lowest detected value: 0,01 my.|
concentration in groundwater is higher, the risk ofotal average value: 0,44 nig.|
corrosion also increases. It is one of the mairicatdrs The most common value (modus): 0,74 mhg.|
that are monitored in the water for your HP (Figbre
Figure 7).
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Figure 6 Quantity of iron in groundwater of Slovakprocessed according to [12])
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Figure 7 Territory suitable/unsuitable with ironqeirements (processed according to [12] )

6.2.3 Manganese Lowest detected value: 0,01 my.|
Since it is commonly found with iron, it is the sad  Total average value: 0,30 ng.|
important indicator of the chemical compositionafter. The most common value (modus): 0,02 mg.|
Its limit value, which should not be exceeded,
is 0,1 mg.t (Figure 8, Figure 9).
Highest detected value: 1,67 myg.l
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Figure 8 Quantity of manganese in underground veatérSlovakia (processed according to [12])
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Figure 9 Territory suitable/unsuitable with mangaeeequirements (processed according to [12]

6.2.4 pH value Highest detected value: 10,6
Like for many other devices, are does not suitdath Lowest detected value: 7
pumps too acidic or too alkaline water. The recanded Total average value: 8,2.
values of BUDERUS are 7.5 - 9 [10] (Figure 10,The most common value (modus): 8,8.
Figure 11).
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Figure 10 pH values of underground waters of Slav§rocessed according to [12])
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Figure 11 Territory suitable/unsuitable with pHpgrements (processed according to [12] )

6.2.5 Hardness of water Highest detected value: 13,23 mmbl.|

Too hard water is not suitable for the evaporaasr, Lowest detected value: 0,30 mmadl.|
limestone deposits can occur, respectively scaldtiis Total average value: 4,32 mmal.l
recommended that water reaches a maximum ®he most common value (modus): 10,71 mriol.l
4,5 mmol.* (Figure 12, Figure 13).
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Figure 12 Hardness of groundwater in the SR (preedsaccording to [12])
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Figure 13 Territory suitable/unsuitable for hardsegquirements (processed according to [12] )

6.2.6 Bicarbonates Highest detected value: 452,55 rmig.|

In order to avoid the occurrence of incrustationthe  Lowest detected value: 11,77 mig.|
evaporator and the source water was not too hbsal, tTotal average value: 84 mg.|
concentration of bicarbonates should be in thegafi@0- The most common value (modus): 19,32 rhg.
300 mgtt. Only about 1/3 of the zones meet this
requirement, typically value is less than 70 mg.l
(Figure 14, Figure 15).
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Figure 14 Concentration of HGOn groundwater (processed according to [12])
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Figure 15 Territory suitable/unsuitable with HE@&quirements (processed according to [12] )

6.2.7 Sulfates Highest detected value: 174,39 rmig.|

It is not recommended at sulphates that thelrowest detected value: 2,83 my.|
concentration in groundwater exceeds 70 t™ddigher Total average value: 38,91 md.|
quantities may indicate that groundwater is contateid The most common value (modus): 62,17 rhg.
(Figure 16, Figure 17).

~16 ~

Copyright © Acta Tecnologia, www.actatecnologia.eu



Acta Tecnologia - International Scientific Journal about Technologies
Volume: 3 2017 Issue: 4 Pages: 7-24 ISSN 2453-675X

EVALUATION OF QUANTITATIVE AND QUALITATIVE INDICATORS OF GROUNDWATER IN TERMS OF
THEIR USABILITY AS A PRIMARY ENERGY SOURCE FOR HEAT PUMPS
Lubomira Gabaniova

L)
- B .
al
e %ea® R
@ '.-l i f'-' ."',-'-u
-~ 8
g ® W s ': ..-“-- : a
. ks [
] - L &
- a & . aw & []
- e ® s @ wns s &
o 90,0 A 4
ta i . - [
55 o % " LEGEND
a8 = ' 8 2 ., B [ dze-3wy [ o - 14
Ll N . ® - [laraz-7id [ 110 - 1743
. ” & . 8.8 [ o= - vas7
L * & e
» " =

Figure 16 S@quantity in groundwaters SR (processed accordird 2])
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Figure 17 Territory suitable/unsuitable with S@quirements (processed according to [12] )

6.2.8 Aggressive C® Highest detected value: 53,66 mg.|
So as groundwater flowing to the evaporator ndtowest detected value: 0,32 my.|
should to be too aggressive, the concentration ofotal average value: 14,29 my.|
aggressive COshould be less than 25 my.IHigher The most common value (modus): 27,32 rhg.|
concentration notice water is already considered
aggressive by [13] (Figure 18, Figure 19).
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Figure 19 Territorysuitable/unsuitablewith aggressive C&requirements (processed according to [12])

6.2.9 Electrical conductivity Highest detected value: 1888,3 uSm
The electrical conductivity (also referred to a9 HE Lowest detected value: 86,2 uS:tm
a good indicator of water pollution similar likelghiates. Total average value: 630,13 uS:tm
Its recommended values are 10-508.cm® (Figure 20, The most common value (modus): 657,89 pS.cm
Figure 21).
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Figure 20 Electrical conductivity in undergroundtees of Slovakia (processed according to [12])
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Figure 21 Territory suitable/unsuitable for electai conductivity requirements (processed accordingl?])

6.2.10 Chlorides Lowest detected value: 2,00 my.|

The chlorine concentration in groundwater used tTotal average value: 25,89 m.|
HP should be less than 300 mig(Figure 22, Figure 23)  The most common value (modus): 3,42 mg.|
Highest detected value: 90,51 mig.|
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Figure 22 The amount of chlorides in groundwateSlfvakia (processed according to [12])
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Figure 23 Territory suitable/unsuitable for chloes requirements (processed according to [12])

6.2.11 Nitrates Lowest detected value: 0,68 my.
The amount of nitrate in the water, that is thethedotal average value: 10,00 m.|
source for HP should be less than 100 t¢figure 24, The most common value (modus): 19,32 rhg.|
Figure 25).
Highest detected value: 27,96 mg.|
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Figure 24 Concentration of nitrates in groundwatéiSR (processed according to [)2]
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Figure 25 Territory suitable/unsuitable for NO3jrerements (processed according to [12])

6.2.12 Aluminum Highest detected value: 0,428 mig.|
The concentration of aluminum in groundwater, a ase  Lowest detected value: 0,008 mg.|
iron, should not exceed 0.2 my(Figure 26, Figure 27). Total average value: 0,07 mg.|

The most common value (modus): 0,008 rhg.|
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Figure 26 Amount of aluminium in groundwater SPo@assed according to [1)1]
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Figure 27 Territory suitable/unsuitable for Al nidigements (processed according to [12] )

Graph no. 2. (Figure 28) shows how many zones ha

higher or lower values of individual indicators thare ~ NO3 0

recommended by manufacturers, distributors, reselte a 0

heat pump installers, and therefore do not mees HF Acl " 47
° -,

requirements for the quality and / or quantity o

groundwater used. Flow == 10

The graph shows that 120 hydrogeological zones Z:r o2 : 1136
Slovakia have higher iron values than 0.2 thgB zones ¢4 — 20
have manganese concentrations higher than 0.1%@gl Hardness e 54
zones have lower or higher bicarbonate contenly as¢he  Ec —— O
recommended range of 70-300 rmgahd 95 zones, has an  Hco3 ———— O
electrical conductivity higher than 50&.cm?. Increased = Mn 99
hardness was found in 54 zones. Exceeding the Fe I —— 120
indicators significantly increases the risk of osion of 0 50 100 150

the evaporator.
Figure 28 Number of hydrogeological regions not timgethe
individual surveyed indicators

Regarding the flow, we found in ten zones thawibk
capacity of the wells, respectively boreholes ia gfiven
areas is less than 0.65°.l. This would significantly
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negatively affect the operation and effectivenek$i® A lower temperature than 7 °C was detected in @nly
(Figure 29, Figure 30). zones, which means that this indicator should reotab
major problem for HP installation in our territory.
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Figure 29 Areas suitable/unsuitable the requiretadar t, p, Fe, pH, hardness (processed accorthng?])
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Figure 30 Areas suitable/unsuitable the requiretadar t, p, pH, hardness (processed accordingdl&j)

Conclusion Available: https://www.szchkt.org/a/docs/news/286/s
Finally, we can state that the ground waters of&{t@ in ow, 2015,(Original in Slovak) _
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Abgtract: The article describes an experimental device basethe antagonistic involvement of pneumatic iaisf
muscles, a draught for changes of the experimdetate, made to provide possibilities for a motédfloperation of the
device and at the same time measurement of thatipel characteristics. The article also describest measurement
performed to verify its performance characteristisgig a wide-pulse modulation.

1 Introduction the Pneumatic Artificial Muscle (PAM) is now
Research and development in the field ofommonplace [1],[6],[7]. _
manufacturing technology is continually driven bgwn The article describes an online control systemafor

challenges from manufacturing companies and conepaneXperimental actuator based on the antagonistic

focusing on manufacturing machines and handlingvolvement of pneumatic artificial muscles (PAM$he

equipment. Efforts to maintain a strong competitiv@im of this work is to propose a methodology fofirue

environment lead manufacturers of  productiofnonitoring, measurement of dynamic characteristius

technologies to look for new solutions to manufeingy ~control of systems operating on a similar pringipieorder

nodes and to introduce modern technologies int® achieve optimal operation of the equipmenthastage

production. Currently, for example, there are regmients  Of basic management utilization, previous impleragan

for modern production operations, capable of fiiifij its ©Of advanced control functions. The control systeas w

function even in aggressive environments. Or vieesa, Ccreated using LabVIEW graphical programming sofewar

there is a need for a technical device, with apeedhdrive The designed control program uses hardware from

for an environment where standard types of driveriat  National Instruments company for its operatiororider to

be used for their negative impact on the workin%aﬂslOort the compressed medium into the transgstém

environment [1],[2].[3].[4],[5]. etween the pressurized medium source and the fatieum
In today's manufacturing plants, companies often g¥tificial muscle_:s, are used _electropneumatlc \&alvbich

through automation. In view of development trengthsas ~ @llows pulse-width modulation (PWM) [4], [7].

the Industry 4.0 concept, it is important for auétion to

take into account structural management as welloas 2  Description of the Experimental

implement modular management elements and network |nvolvement and Its Amendments

intercon.nect_ion of individugl _eIements of the pratitun 2.1 Original experimental device

system into its structure. Within the manufactursygtem In Figure 1 is a depicted experimental facility

elements, pneumatically-operated production faesliare omprising  antagonistic involvement of pneumatic
not an exception. For pneumatic actuators, drige®®n 4 tificial muscles.
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Figure 1 Experimental assembly of PAMs in antag@nassembly [4]

Description of the image: PAMPAMp — pneumatic did not suit the used analog-to-digital converter.
artificial muscle left/right, M — weight, RE — ptisn  Measurement of the temperature on the surface @f th
sensorg - the angle of rotation of the arm from the zer@neumatic artificial muscle in the vertical posit@and with
(vertical) position, Tc — thermocouple, R — electrithe inlet and outlet of the air at its lower parsanot
resistance, PC — Control stand/HB — pressure sensor equally suitable for several reasons. During oparathe

left/right, P — pressure, | — electric current; Msp — thermocouple was able to measure the temperatuarpf
inflation electro-pneumatic valve left/right, 2MV4p — one point on the PAM surface. Due to the PAMs stmec
deflation electro-pneumatic valve left/right, Pressure and its function, the temperature of each poithashape
at the compressor output. of the PAM was different. For this reason, an akive

was chosen where the surface temperature of the WikM

The above diagram of the device shows that there dve measured thermographically in the future. Tleeipus
constantly monitored pressure in PAMs, the sizehef scheme also does not allow control of the moveroktite
carrier arm rotation and the left muscle tempegtduring carrier arm, except for the use of feedback consiwig the
the operation of the device. mathematical model of the PAM system.

Assembly management is provided by a real-time
control system, consisting of NI CompactRIO compdee 2.2  Modified Experimental facility
designed for real-time monitoring, diagnostics eautrol. For a more detailed monitoring of the operating
The control system algorithm itself was designedhi@ conditions of the equipment, the original systemswa
LabVIEW Real Time graphical development environmensupplemented by measuring the acceleration ofithpast
The PC provides the user with the ability to manttee arm in the directions of its movement and alsohia t
progress of the measured variables while contgltire  forward direction of the carrier arm, in the eveoft
device in the user environment of the program [7]. imperfect connection of the drive shaft with thepsort

arm and also to detect any mechanical failureefigwvice.

After the initial experiments were completed [4jet
experimental device had to be modified for future The new design of the experimental device is shiown
integration into more complex systems, to eliminise Fig. 2. Thermal sensor temperature sensing watolédst
limitations and to do redeeming. The original syste the accuracy of the proposed system. Later it eamved
included temperature measurement on the left PAMavi [8].
thermocouple. This method of measuring the tempezat
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Image description: PAM— left PAM, PAMs — right  this case was the positioning arm starting from the
PAM, LM -the center of gravity of the load-bearingminimum working pressure setting level in both PAWe
member M from the pivot arm shaftp S potentiometric results are shown in the iterations of the repgatontrol
position sensorp — angle of arm rotation from zero program.
position, P — left pressure sensorp P right pressure

sensor, P — pressure, | — electric current, R €tréde )
resistance, P— pressure at the compressor output/ Vip Arm rotation angle [°]
— left/right inflation electro-pneumatic valve M Vip — o 15,5
left/right deflation electro-pneumatic valve,v.B — 2 145
pressure in the pressure vessel, A/B/C — acceberati g '
sensors. The orange wires represent the signats tfie 13,5
original sensors, the red wires represent vibrasiensor 757 2L sion L] 797
signals, the green wires are used for control $gfa
electropneumatic valves and the blue color repteten 0,002
cross connection between the PAMs and pressurelves ¥, o o1
[7]. After the experimental device modifications ree £ 0
processed, experimental measurements were perfaome: < -0.001757 67\ 77 || 787 97 807
describe the operating conditions of antagonisti g
involvement of PAMs. < 0002 ,
-0,003 Iteration [-]
3 Experimental Measurements N Left PAM inflation valve
Results ER I
PWM utilization allows smaller rotation of the sapp 3 10 H H ‘ ‘ ‘ ’
arm as well as it has partial impact to a chandkerspeed 0

of its movement. The disadvantage of pneumaticesyst 759 769 779 789 799 809
is the interconnection of their parts with the néadower
pressure of the working medium with the sourcehaf t
pressurized working medium with higher pressurdoit
pressure in both PAMs, when the electropneumatiesa

Iteration [-]

Left PAM deflation valve

> : 20
are opened, pneumatic impacts occur which, cantead = 15
undesirable overhang of the support arm, at the ofin < 10 H‘
acceleration and deceleration of the support arm. 2 5
The partial results from the experimental measuneme 0
are shown in Fig. 3. The carry arm was positiometbi 759 769 779 789 799 809
position of 15 ° from its zero vertical position evie the Iteration []
working pressure in both PAMs is at the lowest llelre Figure 3 Results of experimental measurements
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The results of the experimental measurement showed Systems and Structur€SAGE, Vol. 23, No. 3, p. 225-
that the justification of the application of thecaleration 253, 2012.
sensors for monitoring the events taking placedmshe [2] DEARDEN, F., LEFEBER, D.: Pneumatic artificial
pneumatic system. muscles: Actuators for robotics and automation,
The experimental measurement results show the European Journal of Mechanical and Environmental
dependence between the opening of the electropieuma Engineering p. 11-21, 2002.
valve and the acceleration of the support arm. Alse [3] KLUTE, G. K., HANNAFORD, B.: Accounting for
dependence between the acceleration of the camyaad Elastic Energy Storage in McKibben Artificial Muscl
the deviation (overlap) of the actual position loé arry Actuators,Journal of Dynamic Systems, Measurement
arm from the required position, can be seen. Téngadion and Control,Vol. 122, No. 2, p. 386-388, 2000.
is a result of carry arm movement with the corresfiog  [4] KUNA, S.: Research methods for real time monitoring
acceleration and the number of iterations of itation. and diagnostics of production machind&issertation
With the system's low stiffness, the positioninguaecy of Thesis, TUKE, PreSov, 2015.
the end element of the device is significantlyueficed by [5] LAPLANTE, A.P., OVASKA, J.S.Real-Time Systems
the number of iterations (duration) during whicheth  Design and Analysi4 ed., John Wiley & Sons Ltd,

electropneumatic valve is open. USA, p. 560, 2012.
[6]KUO, S. M., et al.: Real-Time Digital Signal
Conclusions Processing: Implementations and Applicatio@sed.

An experimental device with a drive based on the England: John Wiley & Sons Ltd, p. 646, 2006.
antagonistic assembly of pneumatic artificial mesakas [7] SMERINGAI, P.:Vyskum metod online monitorovania
designed and modified, at the Department of Process Vyrobnych zariadeni s umelymi svalriiissertation
Engineering. This article describes the schema of Thesis, TUKE, PreSov, 2016. (Original in Slovak)
individual parts of the assembly, in its originaldain its
modified form, and one of a series of measurements
performed to verify the functionality of the propdsreal- _
time control system. Results of the measuremeniieview process
performed on the device have shown the justificafar ~ Single-blind peer reviewed process by two reviewers
the implementation of the acceleration sensorshi t
actuator system. Vibration sensing has providedaohérol
program with greater flexibility and improved capiiles
of the drive based on the antagonistic involvemeint
pneumatic artificial muscles, to control the penfance of
the device during deceleration and accelerationvever,
all this advantages are performed at the expentbedime
required to handle the workpiece. In the futurejsit
necessary to minimize the measured values to the
minimum necessary level, to optimize the calculatime
required to execute one iteration of the controgpam, to
analyze the time requirements for transmitting align
within the mechatronic system using current haréwand
possibly replacing the components with their faster
alternatives. At the same time, after modifying $igstem,
the module for control of the carrier arm positan be
replaced, for instance with algorithms for Fuzzgito
control.
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