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BIODEGRADABLE WASTE RECYCLING 
FOR ENERGY GENERATION  

IN BIOGAS PLANT
BIONOĀRDĀMO ATKRITUMU PĀRSTRĀDE ENERĢIJAS RAŽOŠANAI 

BIOGĀZES STACIJĀ

ALEKSANDRS SOROČINS1, JEVGĒNIJS MAĻIKO2,  
DMITRIJS RUSOVS1, VARIS ŽENTIŅŠ1

1Department of Thermal Power Systems, Institute of Mechanics and 
Mechanical Engineering, Riga Technical University, Latvia

2Faculty of Agriculture, Latvia University of  
Life Sciences and Technologies, Latvia 

e-mail: dmitrijs.rusovs@rtu.lv

There is recently a renewed interest in biodegradable domestic waste uses in biogas 
plants. Due to the high amount of protein, fats, and carbohydrate content in the waste, 
domestic waste can change biogas quality in anaerobic digestion [1]. The initial process 
of technology is to unpack the waste from polyethylene plastic films, cardboards, metals 
and glass, as seen in Fig. 1. During the depacking process the waste also is crushed and 
mixed to homogeneous substance with particles size less than 5 mm, as seen in Fig. 2.

Fig. 1. The depacking technology of biodegradable domestic waste.

mailto:dmitrijs.rusovs@rtu.lv
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Fig. 2. The homogeneous substance after depacking and crushing.

Using this waste as a co-substrate in the mesophilic digestion significantly increases 
the methane (CH4) content in biogas yield. When biogas contains only maize silage and 
liquid manure in proportion 50:50, the content of CH4 is 51.3 % (green dot in Fig. 3). 
By completely eliminating the maize silage and replacing it in the waste, it is possible to 
obtain the CH4 content from 54.6 % to 57.5 % (blue dots in Fig. 3).

Fig. 3. The dynamics of biogas quality using the waste as a co-substrate.
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ENERGOEFEKTIVITĀTES PASĀKUMU 
SALĪDZINĀJUMS UN TO ĪSTENOŠANA 

TIPVEIDA DAUDZDZĪVOKĻU 
DZĪVOJAMĀS MĀJĀS

THE COMPARISON AND REALIZATION OF ENERGY EFFICIENCY 
IMPROVEMENT MEASUREMENTS IN MULTIAPARTMENT 

BUILDINGS OF MASS HOUSING SERIES

ALEKSANDRA CIMBALE

Mg. sc. ing., Dipl. ing., Latvija
e-pasts: a.cimbale@inbox.lv

Enerģija ir prece, kas tiek piedāvātā tirgū dažādās formās, un ikviens, kam tā ir 
nepieciešama, ir tiesīgs to iegādāties, ja viņu apmierina cena. Siltumenerģija arī ir 
viens no komunālajā saimniecībā ikdienā nepieciešamajiem enerģijas veidiem. Bez tās, 
kā arī elektroenerģijas, moderna māja nevar pilnvērtīgi funkcionēt, būt pievilcīga tās 
iemītniekiem, nodrošināt komfortu un tikt uzskatīta par labiekārtotu. Vislietderīgākais 
kurināmā pārveidošanas process enerģijā ir nepatērēt enerģiju vispār un nelietot 
kurināmo. 

Reducējot siltumapgādes procesu līdz komercdarbībai, ir viegli iezīmēt reālu 
robežu starp pakalpojuma sniedzēju un klientu. Pakalpojuma sniedzējs atbild gan par 
spēkstaciju, gan par piegādes sistēmas stāvokli. Lietderības koeficienta palielināšanai 
tiek mainītas pret jaunam vai modernizētas esošas katlu iekārtas, transportēšanas 
drošībai un siltuma zudumu samazināšanai tiek uzlabota tīklu sistēma, izmantojot, 
piemēram, kvalitatīvas rūpnieciski izolētas caurules. Taču siltuma ražotājiem ir 
savi limiti. Noteiktajā dienā tiks sasniegta robeža – modernas tehnoloģijas attīstības 
maksimums vai jauno risinājumu neadekvātas izmaksas neļaus turpināt uzlabojumus. 
Šobrīd tuvojamies ekonomiskajām un tehniskajām strupceļam. Jau sen šajā sistēmā 
būtu jāparādās zinošiem un rīcībspējīgiem klientiem – nākamais uzlabojumu posms ir 
pie galapatērētāja.  

Pētījuma gaitā tika apskatīti daudzdzīvokļu dzīvojamo māju ar energoefektivitāti 
saistītie remontdarbi, kas ir veikti Rīgā. Tomēr viedoklis par energoefektivitāti un 
mājokļu stāvokli darba autores veiktajā anketēšana tika prasīts dzīvokļu īpašniekiem 
visā valstī. Anketēšanas rezultātā tika noskaidrots, ka, neskatoties uz plaši pieejamo 

mailto:a.cimbale@inbox.lv
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informāciju par ēku atjaunošanu, trūkst nevis strukturētās analīzes par esošo situāciju, 
bet sistematizēta priekšlikumu klāsta ar aprēķinātu enerģētisko un finansiālo atdevi. 
Gadījumos, kad ēku pārvalda pilnvarota persona/pārvaldnieks, dzīvokļa īpašnieks ir 
klients, kurš uzdod jautājumus par ieguvumiem, ja, piemēram, tiks nosiltināta viena 
siena vai kāda likumsakarība izveidosies starp ieguldītajiem līdzekļiem un enerģijas 
faktisko ietaupījumu. Pastāv liela varbūtība, ka atbilde uz šo jautājumu mainīs daudzu 
daudzdzīvokļu dzīvojamo māju īpašnieku viedokli, liks nopietnāk un drošāk skatīties uz 
dažādam iespējam veikt pilnvērtīgu renovāciju atsevišķu remontdarbu vietā.

Pamatojoties uz Centrālās statistikas pārvaldes datiem par 2020. gadu [1], Latvijā no 
visiem mājokļiem 70,7 % veido daudzdzīvokļu dzīvojamās mājas. Šo māju pārvaldnieku 
pamatuzdevums ir ne tikai savlaicīgi plānot darbus, kuru nepieciešamību apliecina 
regulāri veiktās apsekošanas, bet arī motivēt kopību attīstīt savu īpašumu, ieguldīt 
energoefektivitātes pasākumos enerģijas zudumu samazināšanai, saglabāt objektu, 
apsteidzot nepieciešamību pārmaksāt avārijas gadījumu un to seku likvidāciju. Pētījuma 
autore nevienā pieejamā literatūras avotā, kas publicēts Latvijā, nav saskarusies ar 
mēģinājumu remontdarbus, kuru veikšana pozitīvi ietekmē daudzdzīvokļu dzīvojamo 
māju energoefektivitātes līmeni, iedalīt dažādās grupās un mērogos pēc vairākām 
pazīmēm. Pazīmes darbu dalīšanai un strukturēšanai varētu būt šādas:

•	 finansēšanas avots;
•	 būvniecības dokumentācijas un projekta izstrādāšanas nepieciešamība;
•	 sasniedzamais rezultāts, izteikts vidējā siltumenerģijas patēriņā uz platību 

vienību pirms un pēc darbu veikšanas vai procentuāli, salīdzinot kopējo ēkas 
patēriņu pirms un pēc darbu īstenošanas.

Veicot aprēķinus, darba autore analizēja dažādu pārvaldnieku veiktus remontdarbus 
un izveidoja sarakstu ar populārākajiem darbiem, kuru ar atbilstošu metodiku ir 
mēģinājusi ierobežot ar vienu būtisku faktoru – vai paredzētais darbs var kaut cik 
samazināt siltuma vai elektroenerģijas patēriņu mājā.

Literatūras avoti

1.	 Centrālās statistikas pārvaldes datubāzes, apakšadaļa “Mājokļi” [tiešsaiste]. 
Pieejams: https://stat.gov.lv/lv/statistikas-temas/iedzivotaji/majokli  
[skatīts 14.02.2022.].  
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ABSORBCIJAS UN KOMPRESORA 
TIPA SILTUMSŪKŅU IZMANTOŠANA 
SILTUMA ATGŪŠANAI NO DŪMGĀZU 

KONDENSATORA CENTRĀLĀS 
SILTUMAPGĀDES SISTĒMĀS 

Absorption and Compressor Heat Pumps Applied for Heat Recovery 
from the Flue Gas Condenser in Central Heat Systems

VARIS ŽENTIŅŠ, DMITRIJS RUSOVS, PĒTERIS STANKA,, 

ALEKSANDRS SOROČINS,  VERA KULAKOVA

Siltumenerģētisko sistēmu katedra, Mehānikas un mašīnbūves institūts, 
Mašīnzinību, transporta un aeronautikas fakultāte,  

Rīgas Tehniskā universitāte, Latvija
e-pasts: varis.zentins@rtu.lv

Latvijas kurss uz klimatneitralitāti ir saistīts ar siltumsūkņu vēl plašāku izmantošanu, 
kas mazina fosilā kurināmā izmantošanu un CO2 izmešus. Ir labi piemēri absorbcijas un 
kompresijas tipa siltumsūkņu lietošanai, bet abu šo elementu savstarpējā darbība sniegtu 
vēl lielāku katlumājas vai koģenerācijas stacijas kopējās efektivitātes paaugstināšanu.  

Šo divu tipu siltumsūkņu būtiskākā atšķirība ir ģeneratora funkcijai, kur absorbcijas 
tipa siltumsūknim tiek izmantots karstais ūdens virs 120  °C vai tvaiks [1]. Savukārt 
kompresijas tipa siltumsūknim tas ir kompresors, kas paaugstina aukstuma aģenta 
temperatūru un spiedienu. Viens no būtiskākajiem siltumsūkņu kritērijiem ir COP. 
Absorbcijas tipa siltumsūkņa efektivitāti aprēķina pēc 1.1. formulas:

                                      .                                                                    
(1.1.)

Kompresijas tipa siltumsūkņa efektivitāti aprēķina pēc 1.2. formulas:
                                                                                                        
(1.2.)
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Konkrētā sistēma redzama 1. attēlā, kurā dūmgāžu kondensatoram ir uzstādītas divas pakāpes: 
pirmajā pakāpē dūmgāzes atdzesē ar tīkla ūdens atgaitu 8. punktā; otrajā kondensatora pakāpē 
2. punktā siltums tiek noņemts ar apbsorbcijas tipa siltumsūkni.  
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Konkrētā sistēma redzama 1. attēlā, kurā dūmgāžu kondensatoram ir uzstādītas 
divas pakāpes: pirmajā pakāpē dūmgāzes atdzesē ar tīkla ūdens atgaitu 8. punktā; otrajā 
kondensatora pakāpē 2. punktā siltums tiek noņemts ar apbsorbcijas tipa siltumsūkni. 

1. att. Absorbcijas tipa siltumsūkņa darbības shēma  
ar kompresijas tipa siltumsūkni [2].

Izveidotā sistēma sniedz iespēju dūmgāzes atdzesēt zem rasas punkta, papildus 
iegūstot zema potenciāla kondensātu. 2. attēlā redzama dziļās dūmgāžu atdzesēšanas 
un kondensācijas kapacitātes sakarība. 
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2. att. Dūmgāžu temperatūras sakarība ar kondensācijas kapacitāti [4].

Eksperimenta laikā, katlam strādājot ar siltumslodzi 44 MW un ar dūmgāžu 
kondensatoru, dūmgāžu temperatūra samazinājās līdz 49,8 ̊ C, veidojot zema potenciāla 
kondensātu ar plūsmu 3,1  m3/h. Kondensāts ar plūsmu 10,63  m3/h, temperatūru 
47,28 ̊ C tiek uzglabāts tvertnē (1. att. 15. punkts), jo šo kondensātu ar šādu temperatūru 
nedrīkst novadīt kanalizācijā. Izmantojot divus kompresijas tipa siltumsūņus (1.  att. 
16. punkts), šis kondensāts ar plūsmu 10,34 m3/h tika atdzesēts līdz 15,1 ˚C, atgūstot 
377,9 kW siltuma un patērējot 98,1 kW elektroenerģijas. COP šajā laikā bija 4,7. Tika 
atslēgts viens siltumsūknis un, atdzesējot kondensātu ar plūsmu 10,63 m3/h no 44,79 ̊ C 
līdz 26,80 ˚C, atgūts 214,6 kW siltuma un patērēts 49,6 kW elektroenerģijas. Šajā brīdī 
COP sasniedza 5,3, darbojoties ar vienu iekārtu. 

Izmantojot momentāno kondensāta plūsmu 3,15 m3/h, atdzesējot līdz 13,10 ˚C, 
izdevās sasniegt COP = 8. Atgūtais siltums šajā momenta bija 115,6 kW. 

Secinājumi

1.	 Veicot pētījumu par siltumavota efektivitātes paaugstināšanu, dūmgāžu dziļā 
dzesēšana rada kondensāta veidošanos kondensatorā. Eksperimenta laikā 
tika konstatēts 3,1 m3/h kondensāta veidošanās, kas tiek uzkrāts tvertnē, jo tā 
novadīšana kanalizācijā ar paaugstinātu temperatūru nav pieļaujama.  Attiecīgi šo 
zema potenciāla siltumu var atgūt, izmantojot kompresijas tipa siltumsūkni.

2.	 Izmantojot reāla objekta analīzi ar vairāku pakāpju siltumsūkni, mainot dzesējamā 
kondensāta plūsmu, tika novērots COP koeficients. Eksperiments parādīja, ka 
zemāka kondensāta plūsma nodrošina augstāku COP radītāju, sasniedzot 8. 

3.	 Dažādu darba režīmi parādīja, ka nepieciešams turpināt papildu datu vākšanu, lai 
varētu konstruēt līknes pēc tīklu atgaitas ūdens, kondensāta plūsmas, kondensāta 
temperatūras, dzesēšanas un iekārtu kompresoru skaita. 
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In the field of ice tribology (a cutting-edge direction nowadays), the necessity of 
metrological methodological assurance is crucial. The friction mechanism during 
ice friction experiments cannot be easily determined [1]–[3]. Friction phenomena, 
especially in ice friction with non-constant environmental and contact conditions, is 
a challenging area for research. Besides, the nonexistence of a proven methodology 
for interpreting the results leads to multiple simplifications and speculations in 
interpreting the testing results. The present research aims to develop a methodology 
for evaluating ice friction using different test setups, enabling reliable comparison of 
achieved results even if different test setups were used for the experiment. As a result, 
a larger framework for the analysis of the ice friction mechanisms can be created, thus 
providing a more accurate and adequate evaluation of it. 

In this work, the stainless-steel material in contact with ice was investigated with 
two different laboratory setups and one on-field setup: an oscillating tribometer by 
measuring the coefficient of friction, an inclined ice plane by measuring the sliding 
velocity of the steel samples, and a real system (training facility in Sigulda, Latvia) by 
measuring the velocity of a skeleton slide (Fig. 1). 
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Fig. 1. Experimental setups.

Additionally, the samples’ surface topographies and/or surface treatments were 
variated for the ice friction measurements. So, the changes in the friction between ice and 
stainless steel runners, if sliding surface topographies are changed, were investigated 
and compared. The results already achieved and analysed are the following: the changes 
in the environmental conditions (especially for the field tests) have a more significant 
influence on the sliding behaviour of the stainless steel samples than the changes in the 
surface structure (the samples were polished and scratched or polished and grooved). 
The reason is that the thickness of the liquid-like layer between the sample and ice 
surface mainly depends on the environmental conditions (temperature and humidity) 
than on surface topography.
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Introduction

Ni-based coatings are used on engineering components subjected to wear, 
especially at elevated temperatures. The wear resistance of Ni-based alloy coatings 
with the addition of hard carbide particles (CrC and WC) has been studied by various 
researchers [1]. Additionally, other approaches, such as remelting, compaction, and rare 
earth additions have also been used to improve the wear resistance of thermal sprayed 
coatings. Remelting and compaction are known to reduce the porosity in various alloy 
coatings. Literature survey revealed that the performance of the thermal sprayed 
coatings can be enhanced using a comparatively costlier laser remelting process.

Laser cladding is one of the effective ways to prepare a wear-resistant coating and 
reduce the surface wear of parts, it can be a useful tool to improve corrosion resistance 
by forming thin fused layers with refined microstructures with virtually no intermetallic 
deposits and inclusions. This technology is characterized by high energy density, 
low workpiece deformation, and strong metallurgical adhesion to the substrate  [2]. 
Increasing the binder content may reduce cracks, but the real-life application of such 
highbinder parts would be limited [3].

It is difficult to meet the requirements for use of any single-phase coating, so an 
alloy and WC composite coating is also used in the laser cladding process to effectively 
enhance the surface microhardness and abrasion properties [4]. However, tests and 
studies show that there are still many problems, and the quality of coating formation is 
one of the important factors limiting the development of laser cladding.
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Methodology

During the study, nickel-based coatings with tungsten carbides were formed on a 
structural steel S 235 substrate using a “Rototec 80” flame sprayer and a “Motoman 
100” robot. A self-fluxing powder mixture was used for the research: 60 % nickel-
based powder and 40 % tungsten carbide powder. Part of the sprayed coatings were 
remelted in an electric furnace at 1300 °C (heating time 2.5 min). All samples (sprayed 
only and sprayed with subsequent remelting in an electric furnace) were treated with 
a single-mode YAG fiber laser (spot diameter 1.0 mm, laser processing speed 500, 750 
and 1000 mm/min). Laser treatment of the samples was performed at 20 °C and 200 °C 
temperatures. The morphology and track geometry of the laser remelted coatings were 
examined using optical microscopy. A universal hardness tester Zwick/Roell ZHμ with a 
measurement error of 1 % was used to measure the microhardness of the test samples. 
The abrasion resistance of the coatings and the values of the coefficient of friction were 
evaluated in the dry friction test. The tests were performed on a “Microtest” tribometer 
using a “ball-on-disc” friction pattern. 

Results

Morphological studies of the sprayed and variously treated samples showed that 
additional remelting of the coating in an electric heater at 1300 °C reduced the porosity 
of the coating from 19.62 % to 3.59 %, which is 5.47 times. Subsequent laser remelting 
of the coating reduced the porosity of the remelted metal from 2.56 % to 1.40 %. The 
combined spray remelting technology (electric furnace + laser) has been used to 
increase the density of the coating and reduce its porosity up to 14 times.

Examining the geometry of the remelted tracks of the sprayed coatings, it was 
found that increasing the laser processing speed from 500 to 1000 mm/min slightly 
reduces the track width to 5–10 %, but at the same time, the decrease in the depth of 
the laser remelting layer is very large (up to 2.4 times ). The use of different preheating 
temperatures for the laser treatment of the samples in the study also influenced the 
geometry of the remelted tracks of the sprayed coatings. Increasing the preheating 
temperature of the sample from 20 °C to 200 °C significantly increased the remelting 
depth. The remelting depth of the sprayed and laser-treated samples increased 1.5 times, 
and that of the sprayed, furnace-remelted and laser-treated samples 1.75 times. The 
additional laser remelting of nickel-based tungsten carbide coatings (sprayed and 
remelted in the heater) significantly increased the microhardness of the coating metal 
from 856 HV0.2 to 1295 HV0.2 (Fig. 1). This had a significant effect on increasing the 
abrasion resistance of the coating surface during the wear test.
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Fig. 1. Microhardness distribution of test samples in the coating remelting zone: 
P ‒ sprayed sample remelted in the heater; L-20 ‒ sprayed sample treated with laser 

at 20 °C; L-200 ‒ sprayed sample treated with laser at 200 °C; PL-20 ‒ sprayed sample 
remelted in the heater and treated with laser at 20°C; PL-200 ‒ sprayed sample 
remelted in the heater and treated with laser at 200 °C. The samples were laser 

treated with 1 mm oscillation and at a speed of 500 mm/min.
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Nowadays nanocoatings are widely used to improve the characteristics of traditional 
bulk materials in such sectors as transportation, aeronautics, industrial manufacturing, 
electronic components, medical equipment, etc. In this research work the advanced 
PVD technique was used, denoted here as the High-Power Ion-Plasma Magnetron 
Sputtering (HiPIPMS) [1]. To overcome multiple tribological and mechanical limitations 
mentioned by many researchers, a novel approach based on modified 3-phase non-
stoichiometric carbonitride/nitride nanostructure was applied [2]. Thus, the NSC based 
on carbonitride/nitride constituents, denoted here as {-CN/-N}), would theoretically 
be harder even than diamond-type coatings if they could be deposited in the same 
structure as Si3N4, i.e., C3N4. Some specific carbonitride/nitride coatings produced and 
reported up to now have shown extreme elastic and tribological properties combined 
with relatively high hardness values in the range of about 20‒60 GPa. Therefore, the 
research strategy was based on the modified non-stoichiometric superlattice-type NSC 
represented here as {TiMe1Me2-CN/TiAlSi-N}n, where ‘Me1 and Me2’ denote alloying 
metallic additives Cr, Nb, W, and Zr, but subscript ‘n’ indicates a number of periods 
within the NSC containing alternating {carbonitride/nitride}sublayers. Thus, the goal 
was to achieve a novel solution to sufficiently reduce or even eliminate well-known 
disadvantages of the hard pure carbon-based or nitride-based coatings, i.e., inherent 
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compressive macro-stresses, not-good-enough adhesion to steel workpieces, and 
reduced thermal stability due to the denitrification of coatings.

During the HiPIPMS deposition process the basic carbonitride/nitride structure {Ti-
CN/TiAlSi-N} of the coating was modified by alloying metallic additives to strengthen 
the NSC. Therefore, in this work, we inspect 3 different NSC sample sets which were 
alloyed by chemical elements Hf, Nb and Cr. In turn, the deposited superlattice-type NSCs 
were denoted as {TiHf-CN/TiAlSi-N}n, {TiNb-CN/TiAlSi-N}n, and {TiNb-CN/TiAlSi-N}n, 
respectively (Fig. 1). To implement such a modification of the NSC, special mosaic-type 
sputtering targets (MSTs) were fabricated containing Hf-, Nb-, and Cr-inserts within 
the MST erosion zone, respectively. Besides, the crossed-field configuration of the 
corresponding mosaic-type MSTs was implemented, and the rotating carousel of the 
substrate holder was applied allowing the deposition of the superlattice-type NSC.

Fig. 1. A cross-section of the superlattices layered structure.

The investigations done within this work showed that alloying additives Hf, Nb, and 
Cr acted positively as strength and toughness agents of the nanocoating structure. The 
microhardness reached 42.7 GPa, 37.2 GPa and 29.8 GPa of the NSC doped by Hf, Nb, 
and Cr, respectively. The tribological performance such as the sliding friction (CoF) and 
wear rate of the investigated NSC arranged the coatings in the same order with the 
supremacy of the alloying additive of Hf. One can mentioned CoF values as low as 0.17, 
0.19, and 0.24 of the NSC doped by Hf, Nb, and Cr, respectively.
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During the past three decades, natural fiber composites (NFCs) become a massive 
attraction for the researchers and even industries due to the environmental concerns 
and a tremendous number of advantages that NFCs can offer against the synthetic 
analogues [1]. However, less information concerning the tribological performance of 
NFCs is available in the literature [2]. Natural fiber has a high tribologist’s interest for 
having a promising tribological parameters, therefore, it is relevant to investigate NFC’s 
wear parameters. The aim of this research is to investigate the microcrystalline cellulose 
and lignin influence in dry friction processes of 8 different composites from plant waste.

Eight different combinations of sisal and rayon fibers, polyurethane and 
lignopolyurethane matrix, with/without 20 % of cellulose microcrystalline (MC) were 
tested (Table 1). There were used a total of 4 same size, same batch polished steel rollers.

Before putting a friction pair (steel roller and composite sample) to the tribometer, 
the steel roller is cleaned in acetone in ultrasonic cleaner. Meanwhile, NFC is cleaned 
up by dry microfiber cloth. Both are photographed by macro camera and optical 
microscope. After that, the steel roller and NFC is installed into modernised SMC-2 
tribometer. The test was carried out in dry sliding conditions using automatic machine 
control with program parameters: initial applied force – 40 N; constant applied force – 
50 N; constant rotational speed – 237 RPM; total of travel distance – 1000  m. The 
parameters that were additionally monitored: friction coefficient (f); friction torque (T); 
close to friction plane and ambient temperature (t1, t2). Three samples were tested of 
each NFC combination.

After each test, the sample and roller were cleaned, weighted, photographed and 
inspected by optical microscope. Steel roller surface roughness before tests was 
measured using optical profilometer Sensofar S Lynx – Sa – 0.4160 µm.
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Table 1. Bio-composite Samples

No. Code Volume 
mat

Description

1 LigPUR 11.8 % Ligno-polyurethane + rayon woven mat
2 LigPUR-

20MC
7.7 % Ligno-polyurethane + rayon woven mat + 20 % of 

MC
3 LigPUS 51.6 % Ligno-polyurethane + sisal woven mat
4 LigPUS20MC 48.5 % Ligno-polyurethane + sisal woven mat + 20 % of MC
5 PUR 16.8 % Polyurethane + rayon woven mat
6 PUR20MC 14.7 % Polyurethane + rayon woven mat + 20 % of MC
7 PUS 72.5 % Polyurethane + sisal woven mat
8 PUS20MC 67.2 % Polyurethane + sisal woven mat + 20 % of MC

Tribological test results showed that addition of MC to the samples of 
lignopolyurethane-sisal, polyurethane-sisal and polyurethane-rayon revealed higher 
losses of wear mass, except for lignopolyurethane-rayon samples, where massive losses 
appeared different.

After the tests, it was noticed that  a couple of NFC matrixes broke away from the 
armature. This is the most common case of bad adhesion during the production stages. 
Additionally, it can also be the case of inner cracks appearing during the experiment 
which led to separation. In our case, CT scan has been done after researching one of 
the broken samples, and it revealed close to armature voids existence, which can be 
explained by bad armature matrix adhesion. This will be analysed in further research 
together with bending tests, tribological tests (with variable load and speed parameters) 
and more CT scans (porosity analysis) before and after the test.
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Additive manufacturing of titanium alloy Ti6Al4V is an emerging future with a lot of 
challenges. There are a lot of inventions on Ti6AL4V additive manufacturing techniques, 
but it is hard to get a defectless product; however, the defects can be minimalized 
[1]– [5]. The very high temperatures involved in the MPBF (Metal Powder Bed Fusion) 
process can cause significant stresses to build up in parts as they build. These stresses 
can result in delamination of the layers, poor surface finish, bad flatness, cracks in the 
parts, distortion, and warpage during post-finishing. During printing, there are lots 
of stresses are created; therefore a post-processing such as heat treatment is done to 
normalize the parts and minimise the above-mentioned defects.

In this research, a comparison of surface roughness obtained in additive manufactured 
non-heat-treated samples, and heat treated samples with wrought Ti6Al4V samples is 
done to understand the quality of additive manufacturing technique and the type of 
machining and parameters needed for finishing operations.

mailto:Jyothi-prasad.gandreddi@rtu.lv


24 25

MECHANICAL ENGINEERING TECHNOLOGY AND HEAT ENGINEERING

Riga Technical University 63rd International Scientific Conference

Acknowledgements

This research/publication was supported by the Doctoral Grant of Riga Technical 
University, Latvia. 

This work has been supported by the European Social Fund within the Project 
No. 8.2.2.0/20/I/008 “Strengthening of PhD students and academic personnel of Riga 
Technical University and BA School of Business and Finance in the strategic fields of 
specialization” of the Specific Objective 8.2.2 “To Strengthen Academic Staff of Higher 
Education Institutions in Strategic Specialization Areas” of the Operational Programme 
“Growth and Employment”.

This work also has been supported by Eplus3D Tech GmbH, Germany, sponsored for 
additive manufactured Ti6Al4V alloy samples.

References

1.	 Ahsan, M. M., & Student, M. S. (2016). 3D printing and titanium alloys: a paper 
review. Eur. Acad. Res, 3 (10), 11144–11154.

2.	 Polishetty, A., Shunmugavel, M., Goldberg, M., Littlefair, G., Singh, R. K. (2017). 
Cutting force and surface finish analysis of machining additive manufactured 
titanium alloy Ti-6Al-4V. Procedia Manufacturing, 7, 284–289.

3.	 Gandreddi, J. P., Gerins, E., Kromanis, A., Lungevics, J. (2020). Technological 
Assurance of Surface Roughness in Pocket Milling. Annals of DAAAM & 
Proceedings, 7 (1).

4.	 Karolewska, K., Ligaj, B. (2019, February). Comparison analysis of titanium alloy 
Ti6Al4V produced by metallurgical and 3D printing method. In AIP Conference 
Proceedings (Vol. 2077, No. 1, p. 020025). AIP Publishing LLC.

5.	 Revankar, G. D., Shetty, R., Rao, S. S., Gaitonde, V. N. (2014). Analysis of surface 
roughness and hardness in titanium alloy machining with polycrystalline diamond 
tool under different lubricating modes. Materials Research, 17 (4), 1010–1022. 
https://doi.org/10.1590/1516-1439.265114.

https://doi.org/10.1590/1516-1439.265114


26

MECHANICAL ENGINEERING TECHNOLOGY AND HEAT ENGINEERING

Riga Technical University 63rd International Scientific Conference

ELEKTROMAGNĒTISKA INDUKCIJAS 
SŪKŅA AR PASTĀVĪGIEM ROTĒJOŠIEM 
MAGNĒTIEM KAVITĀCIJAS PROCESA 
IETEKMES IZPĒTE UZ SŪKŅA IZEJAS 

PARAMETRIEM
INVESTIGATION OF THE INFLUENCE OF THE CAVITATION 

PROCESS OF AN ELECTROMAGNETIC INDUCTION PUMP WITH 
PERMANENT ROTATING MAGNETSON ON THE PUMP OUTPUT 

PARAMETERS

LEONIDS BULIGINS1, IMANTS BUCENIEKS1, ARTURS LĀCIS1, 3, 
KALVIS KRAVALIS1, 2, OSKARS MIKANOVSKIS1, 2

1Latvijas Universitātes Fizikas Institūts 
2Mašīnbūves un mehatronikas katedra, Mehānikas un mašīnbūves institūts, 

Mašīnzinību, transporta un aeronautikas fakultāte, Rīgas Tehniskā Universitāte
3Elektrotehnikas un vides inženierzinātņu fakultāte, 

Rīgas Tehniskā Universitāte
e-pasts: kalvis.kravalis@lu.lv; kalvis.kravalis@rtu.lv

Pētījuma mērķis ir izpētīt elektromagnētiskās indukcijas sūkņu ar rotējošiem 
pastāvīgajiem magnētiem darbību pie zemām sūkņa ieplūdes spiediena vērtībām, 
lai noteiktu kavitācijas procesa ietekmi uz sūkņa spiediena un plūsmas ātruma 
raksturlielumiem. 

Eksperimentos tika izmantots diskveida sūknis ar rotējošiem pastāvīgajiem 
magnētiem. Sūkņa kanāla aktīvais šķērsgriezums – 20  ×  70 mm, vidējais diametrs  – 
330 mm. Sūkņa piedziņai tiek lietots 22 kW trīsfāžu asinhronais elektromotors. Sūkņa 
rotorā ir deviņi somārija-kobalta magnētu pāri. Eksperimentu sērijā tika izmantots 
pārbaudes kontūrs, kas darbojas ar šķidro nātriju, kas aprīkots ar diviem sūkņiem 
un dažādām sūkņu savienojuma iespējām, ļaujot darboties sērijveidā un paralēli 
vai patstāvīgi. Tika pētītas dažādas sūkņa ieplūdes spiediena un plūsmas ātruma 
kombinācijas vērtības. Sūkņu ieplūdes spiediena vērtības svārstās no 0,03 bāriem 
līdz 2,00 bāriem absolūtā spiediena. Tika novērots ievērojams plūsmas ātruma 
samazinājums pie zema ieplūdes spiediena, kā arī raksturīgs troksnis, kas līdzīgs 

mailto:kalvis.kravalis@lu.lv
mailto:kalvis.kravalis@rtu.lv
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šķidruma vārīšanās troksnim, ļaujot spriest par kavitācijas procesa rašanos sūknī. 
Plūsmas ātruma atšķirības pie augstākām un zemākām ieplūdes spiediena vērtībām 
sasniedz 30 %. 

1. att.  Sūkņa spiediena un ražības raksturlīknes un sūkņa magnētiskā rotora  
rotācijas ātruma un ražības raksturlīknes.
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Eksperimentu gaitā tika sasniegti sūkņa darbības režīmi, kad, palielinot sūkņa 
magnētiskā rotora apgriezienu skaitu, kavitācijas procesu dēļ sūkņa ražība vairs 
nepieaug. 

Pateicība

Tēzes sagatavotas aktivitātē 1.1.1.2. “Pēcdoktorantūras pētniecības atbalsts” 
līguma Nr. 1.1.1.2/VIAA/3/19/515. Pētījuma nosaukums: “Kavitācijas parādību izpēte 
elektromagnētiskos indukcijas sūkņos ar rotējošiem pastāvīgajiem magnētiem drošu 
darbības parametru definēšanai”.
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COMPARISON OF EXPERIMENTAL AND 
ANALYTICAL RESULTS OF SLIDING-

FRICTION WEAR PROCESSES
SLĪDES-BERZES NODILUMA EKSPERIMENTĀLO UN ANALĪTISKO 

REZULTĀTU SALĪDZINĀJUMS

GUNTIS SPRINGIS1, IRINA BOIKO2

1Daugavpils Study and Science Centre, Riga Technical University, Latvia
2Institute of Mechanics and Mechanical Engineering, Faculty of Mechanical 
Engineering, Transport and Aeronautics, Riga Technical University, Latvia

e-mail: guntis.springis@rtu.lv

A large number of mechanisms and devices in mechanical engineering systems may 
contain sliding-friction surfaces. The issues of service life and its prediction for such 
surfaces have always been of particular importance [1], [2]. 

The wear process is characterized and affected by a series of parameters: geometry 
of surface peaks (roughness, buckles, form deviation, etc.), condition of physical 
mechanical upper layer, component material, wear temperature, and wear conditions, 
etc. The main problem is that all these factors affecting the fittings’ wear process 
cannot be taken into consideration in the analytical calculation. Here we analyse and 
compare the results gained form the most suitable wear calculation model that allows 
considering the set of parameters and conditions necessary for analytical calculation 
of sliding-friction pair (constructive-kinematic characteristic quantities, fatigue 
characteristic of friction component material, mechanical characteristic quantities of 
material and standardized 3D surface roughness parameters) with the results obtained 
from practical experiments (see Fig. 1).
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Fig. 1. Comparison of experimental and analytical wear curves.

For the purposes of experimental studies, a pair of sliding friction steel-bronze is 
selected. The wear calculation is applied to the period of normal wear of the friction 
pair. In the wear calculation the run-in period is not calculated, but its data is used in the 
total calculation of the normal wear period.

Experimental studies showed agreement with the results of analytical calculations. 
The average deviation of experiments from theory does not exceed 10 %. In order to 
compare the data of other materials, it is necessary to carry out additional experiments.
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