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STUDY ON THE GRINDING EFFICIENCY OF NON-DESIGN KARAZHYRA COAL IN BALL
DRUM AND HAMMER MILLS

Annotation: This paper presents a comparative study on the grinding efficiency of non-design
Karazhyra coal using two main types of milling equipment: ball mills and hammer mills. The research was
conducted to assess the suitability of local fuel for combustion in boiler units not originally designed for this
type of coal. Laboratory sieve analysis was performed to determine the particle size distribution of the
pulverized fuel. For the first time, polydispersity coefficients for Karazhyra coal dust, processed in both types
of mills, were obtained and analyzed. Sieve residue measurements showed that in the product of the hammer
mill only 0.2% of particles remained on the 400 um sieve, whereas in the product of the ball drum mill this
value was 2.5%. This indicates an almost complete elimination of coarse fractions during grinding in the
hammer mill. It was found that with both grinding methods about 88% of coal dust particles are smaller than
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200 um. At the same time, the residue on the 90 um sieve was 32% for the ball drum mill and 53% for the
hammer mill. Thus, the hammer mill product is characterized by an increased proportion of medium-sized
particles (90-200 um) in the absence of an excessive amount of ultrafine fractions. The absence of coarse and
ultrafine fractions during grinding in the hammer mill contributes to the formation of a higher polydispersity
index of coal dust, which was 1.51, whereas for the ball drum mill it was only 0.78. The findings suggest that
both mills are suitable for fuel preparation, but the hammer mill ensures better combustion quality and thermal
efficiency. Therefore, it is recommended as the more effective solution for the preparation of non-design coal
in thermal. The conducted studies serve as a basis for further study of the characteristics and behavior of non-
design coal in various operating modes.

Key words: non-design coal, coal grinding, ball drum mill, hammer mill, particle size distribution,
polydispersity coefficient.

Introduction

Modern power generation facilities operating boiler equipment face the necessity of adapting
to changing fuel supply conditions [1-2]. To conserve resources and improve economic efficiency,
the use of non-design coal — those not originally intended for use in the equipment's design — is
becoming increasingly common [3-4].

Switching to non-design coal entails a range of technical and operational challenges,
including variability in calorific value, higher ash and moisture content, as well as potential corrosion
and slagging issues. Nevertheless, the introduction of modern fuel preparation, dosing, and
combustion technologies, along with improved automatic control systems, allows for the successful
adaptation of existing boiler systems to alternative fuels [5-6].

One of the key stages in preparing non-design coal for combustion is grinding. The degree
of fineness and the uniformity of particle size distribution affect not only combustion completeness,
but also flame stability, ash content, equipment wear, and the overall efficiency of boiler units [7].
According to study [8], the influence of the grinding method and coal-biomass mixing on the
atomization processes of fuel blends under varying atomizing air pressure was investigated. To
evaluate the milling performance of coal and torrefied wood pellets (TPs), various blend ratios were
tested using a bench-scale roller mill in study [9].

In [10] different coal preparation methods for small-capacity boiler applications were
evaluated, demonstrating how fuel preprocessing can significantly improve combustion efficiency
and environmental performance, reducing fuel consumption and emissions.

Study [11] experimentally assessed how mixing coal with biomass affects boiler performance
and emissions, highlighting the operational implications of fuel preparation and dosing strategies.

Karazhyra coal is classified as a non-design fuel [12]. The relevance of this study lies in the
need to ensure reliable and environmentally safe operation of boiler units using locally sourced coal.
The aim of this work is to evaluate the effectiveness of preparing non-design coal for combustion by
analyzing the fineness of coal dust produced by different types of milling equipment.

Methods

Karazhyra coal is predominantly burned in pulverized form, requiring that the coal dust meet
specific dispersion standards [13]. Particle size significantly influences combustion efficiency and,
consequently, the energy performance of boiler units.

Therefore, determining the particle size distribution of coal dust is a critical step in fuel
preparation. Coal dust is a dispersed mixture of particles ranging from 0.1 to 500 ym [14]. To assess
the combustion suitability of the coal dust, laboratory analyses were conducted at the Semey TPP-
1 to determine grinding fineness. The sieve analysis method was used for this study.

Coal was ground in industrial mills: the hammer mill MMT-1300/1310/750K and the ball drum
mill ShBM-10/250/390. The process was conducted at nominal fuel feed and standard air supply,
with a calculated throughput of 16 t/h for MMT and 3.5 t/h for ShBM. Grinding parameters followed
the manufacturer’s technical specifications. Samples of coal dust after mills were taken from dust
pipelines in accordance with the requirements of GOST ISO 13909-4-2018 [15].

Sieve analysis involves screening a dust sample weighing 25-50 g through a set of
standardized sieves [16]. Sieves with mesh sizes of 1000, 800, 400, 200, 120, 90, 75, and 60 uym
are commonly used. In industrial conditions, sieving with two or three sieves (typically 90, 200, and
1000 um) is often sufficient, starting with the coarsest.
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The portion of material retained on a sieve is expressed as a percentage of the original
sample mass and denoted as R with the sieve size as a subscript (e.g., Rz000). The portion that
passes through the sieve is denoted as D with the mesh size (e.g., Dzyp). The sum of residue and
passing material equals 100%.

Before entering the mills, the non-design coal was pre-cleaned of gravel and metal inclusions
and pre-crushed in crushers. A two-stage crushing system is used at the TPP, ensuring a maximum
coal chunk size of 200 mm at the crusher outlet.

The sieve analysis of non-design coal involved the following four stages:

Sampling 50 g fuel portions after grinding in the ball drum and hammer mills;

Sieving each sample for 20 minutes using a vibratory sieve shaker;

Measuring the mass of residue on each sieve;

Calculating the particle size distribution.

In addition to residue determination, an important parameter in evaluating the grinding quality
is the polydispersity coefficient (n), which reflects the uniformity of the particle size distribution [14].
A higher n value indicates a uniform particle size. It is calculated using Equation (1):

PO

100 _ 100 (1)
- lglnR200 lglnR%

200

1850

Hammer mills typically produce dust with n values between 1.1 and 1.6, while ball drum mills
yield n values between 0.7 and 1. A more uniform grind results in better ignition and combustion of
coal dust [16].

Results and Discussion

The sieve analysis yielded integral grain size characteristics of the Karazhyra coal. Figure 1
shows the dependence of residue percentage on particle size x.
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Figure 1 — Integral grain size characteristics of Karazhyra coal dust

The curve representing the integral grain size distribution of Karazhyra non-design coal dust
produced in a hammer mill is steeper than the corresponding curve for dust produced in a ball drum
mill.

Analysis of the results indicates that coal dust from non-design Karazhyra coal produced in
a hammer mill is closer to monodisperse.

The particle residue on the 400-micron sieve was 2.5% for the ball drum mill and only 0.2%
for the hammer mill. This indicates that grinding in the hammer mill virtually eliminates the presence
of excessively coarse particles, which are characterized by poor combustion performance.

The residue on the 200-micron sieve was 12%, meaning that 88% of the coal dust particles
from the non-design fuel were smaller than 200 microns and passed easily through the sieve.
Consequently, the high proportion of particles passing through the sieve indicates a low content of
coarse fractions in the dust obtained by both methods of non-design coal grinding.

Most of the coal dust from non-design fuel is concentrated in the fine fraction range. On the
90-micron sieve, the residue was 32% for the ball drum mill and 53% for the hammer mill. This
means that the hammer mill retains a larger proportion of medium-sized particles (90-200 pm)
without producing an excessive amount of ultrafine fractions. Such a balance is beneficial for stable
combustion, as an overabundance of very fine particles leads to fuel losses due to entrainment.

The absence of coarse and ultrafine fractions during grinding in the hammer mill contributes
to the formation of a higher polydispersity index of coal dust. The polydispersity coefficient (n) of coal
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dust obtained by grinding in a ball drum mill was 0.78, while grinding in a hammer mill yielded a
value of 1.51.

Table 1 presents the results of a comparative analysis of hammer and ball drum mill
performance in preparing coal dust from non-design Karazhyra coal.

Table 1 — Comparative Analysis of Hammer Mill and Ball Drum Mill Performance in Preparing
Coal Dust from Non-Design Karazhyra Coal
Parameter Hammer Mill Ball Drum Mill
Grinding by impact and friction of

Operating principle Grinding by hammer impact metal balls inside the drum
Uniformity of non-design fuel n :h1.51 (towqrd.uppe'zr range for n=0.78 (toyva.rd Iovyer range for

rind ammer m|lls, pqrtlcles are ball drum mllls,. particles are less
g relatively uniform) uniform)

88% of particles < 200 pm; fine fractions dominate, ensuring better
combustion, higher heat output, and stable burning

Dust particle size range

A comparative analysis of the two primary types of mills confirms that both are suitable for
producing coal dust from non-design Karazhyra coal. However, the hammer mill showed higher
grinding efficiency under the test conditions, providing more stable and economical equipment
operation compared to the ball drum mill.

Conclusion

The use of non-design coal, particularly Karazhyra coal, is a promising approach to ensuring
energy security and stable operation of boiler units under limited fuel supply conditions. This study
led to the following conclusions:

¢ For the first time, polydispersity coefficients were determined for coal dust from Karazhyra
coal ground in two types of milling equipment: hammer mill (n = 1.51) and ball drum mill (n = 0.78).
These coefficients reflect particle size uniformity and enable comparative grinding performance
assessments.

e Integral grain size characteristics of coal dust from both mills were established. Sieve
analysis revealed greater fineness from the hammer mill.

¢ Residue on the 400 uym sieve was 0.2% for the hammer mill and 2.5% for the ball drum
mill, indicating fewer coarse particles in the former. At 90 ym, the residue was 53% and 32%,
respectively, showing a higher proportion of fine particles in the hammer-milled dust.

e Both mills produced coal dust suitable for pulverized coal combustion. However, the
hammer mill achieved better grinding homogeneity and fineness.

e Based on the experimental data, the hammer mill can be recommended as the preferred
equipment for preparing non-design Karazhyra coal for combustion in existing boiler systems.

¢ This research highlights the importance of controlling particle size distribution and grinding
fineness as key factors in combustion efficiency and environmental safety. The findings can be used
to optimize boiler operations when switching to local fuels, reducing operational costs, improving
efficiency, and minimizing emissions.

Furthermore, the study provides a foundation for further exploration of non-design coal
behavior under various operating conditions, enabling more precise recommendations for equipment
settings, combustion modes, and the development of new solutions tailored to local fuel
characteristics.
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LWAPJIbl BAPABAH[bI XXOHE BANFAIbI ANIPMEHOEPOE XXOBAJNTAHBEAFAH KAPAXbBIPA
KOMIPIH ¥HTAKTAY TUIMAINITIH 3EPTTEY

Xymbicma xobanaHbaraH Kapaxbipa kemipdi yHmakmay xab0bikmapbiHblH €Ki Heaisei mypiH: wap
b6apabaHdbl duipmeH MmeH banfansl OuipmeHOi nalddanaHa OMbIpbkIl, YHMakmay muimOiniaiHi
canbicmbipMmaribl mypoe 3epmmey xacasnraH. 3epmmeynep bacmarikbida kemipdiH 0Cbl mypiHe apHanmaraH
Ka3aHObIK KOHObIpFblnapbiHOa XXepeinikmi OMmbIHHbIH XXaFfyfa apamObinibifbiH baranay ywiH xypeisinoi.
¥HmakmarnraH OmMbIHHBIH 2paHyfIOMempuUsbIK KypaMbliH aHbIKmay YWiH 3epmxaHarbiK efiekmeH manday
Xypeisindi. Anraw pem OuipmeHOepdiH eki mypiHOe Oe eHOenzeH Kapaxbipa KeMmip waHbl YWiH
nonuducrnepcminik KoaghpuyueHmmepi anbiHbin, mandaHraH. Eneyiwume KandbikmapOb! enwiey Homuxenepi
bolibiHwa 6anrans! duipmeH eHimiHOe 400 mkm enwemdi eneyiuume Hebopi 0,2 % benwek Kasnca, wapibl
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b6apabaHibi duipmeH eHimiHOe by kepcemkiw 2,5 % 60n0bi. byn banransi duipmeHoe ipi opakyusnapobiH ic
XKy3iHOe mornbiK xolblnambiHbiH Kepcemedi. Eki macinmMeH yHmakmay kesiHOe O0e wamameH 88 % kemip
waHbl 6enwekmepidid enwemi 200 MKM-OeH a3 ekeHi aHbikmandbl. CoHbiMeH Kamap, 90 Mkm enwemoi
eneyiwumeei KandbelK waprnbl bapabaHObl AuipmeH ywiH 32 %, an banranel AuipmeH ywiH 53 % Kypalbi.
Ocnbinatiwa, 6anranbl duipmeH eHimi wamadaH mbIC yribmpaycak cppakyusnap 6onmaraH xardalida opmawa
enwemdi 6benwekmepdiH (90-200 MKM) XorFapbl yrnecimeH cunammanadsl. banransl duipmeHde yHmakmay
bapbicbiHOa ipi xeHe ynbmpaycak @pakuyusnapObiH 6onmaybl Kemip WaHbIHbIH nonuducrnepcminik
KoaghgbuyueHmIHIH xofapbl 6onybiHa biknan emedi, on 1,51 Kypaca, wapnbl 6apabaHObl AuipMeH yuwiH 6y
Kkepcemkiw Hebapi 0,78 6050bl. AnbiHFaH Homuxxesnep eki QuipmeHHIH de xobasiaHbaraH omabiH OalibiHOayFa
apamObl ekeHiH kepcemedi, bipak barFarnbl QUIPMEH XXaKCblpak XaHy carachlH XoHe Xblny muimoiniaiH
Kammamacbi3 ememiHi aHbiK 6010bl. COHObIKMaH Xbifly 3n1ekmp cmaHyusinapbiHoa xobanaHbaraH kemipoi
OalibiHOaydbiH eH muimOi wewimi pemiHOe ycbiHbInadbl. XKypeidineeH 3epmmeynep apmypii XYyMbiC
pexumoepiHOeai xobanaHbaraH KemipdiH cunammamarnapbl MeH MIHE3-KYIIKbiH 00aH api 3epmmeyae Heai3
6onadesl.

TyliiH ce3dep: xobanaHbaraH Kemip, kemipdi yHmakmay, wapnibl 6apabaHObi OuipmeH, 6anfanbi
OuipMeH, epaHyrIoMempusbIK Kypambl, nosuducrepcmik KoaghguyueHm.
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NCCNEOAOBAHUE 3O®EKTUBHOCTU USMENIbYEHUA HEMPOEKTHOIO YINIA KAPAXbBIPA
B LUAPOBbIX BAPABAHHbIX 1 MONOTKOBbIX MENTbHULIAX

B OanHoul pabome ripedcmasnieHo cpasHUmersibHoe uccriedosaHue 3¢hgheKmusHOCMU U3MeEIbYeHUS
HernpoekmHo20 yernsa Kapaxbipa € UCMOMb308aHUEM 08yX OCHOBHbIX MUMO8 U3MeNb4YUmesibHO20
obopyodosaHusi: waposbix bapabaHHbIX MEbHUL, U MOJIOMKOB8bIX MefbHUY. HiccnedosaHusi npo8odusiuce ¢
UesIbro OUEeHKU Mpu2odHOCMU MECMHO20 moruea Osl Cxxu2aHUs1 8 KOmeslbHbIX agpeaamax, UsHaqyaslbHO He
npedHa3Ha4YyeHHbIx 0nd 0OaHHo20 muna yens. [nsa onpedeneHusi 2paHysioMempu4yecko2o cocmasa
nbinegudHo2o monnuea 6bin nposedeH nabopamopHsbil cumoeol aHanu3. Brepebie nonyyeHbl U
rpoaHanu3uposaHbl KoagheuyueHmsl nonuducnepcHocmu 0ns nbinu yens Kapaxbipa, udMeribYeHHoU 8
oboux munax MesnbHUU. M3MepeHUss ocmamkog8 Ha cumax [okasasu, 4mo 8 rpodyKme MOJI0mKoeoU
MernbHUUbI Ha cume ¢ pa3mepom ssyeliku 400 mkm ocmanock nuwb 0,2% Jyacmuu, mozda Kak 6 rnpodykme
wapoesoli bapabaHHoU MernbHUUbl — 2,5%. Omo ceudemenscmgyem O fpakmu4yecku MoHOM ydarneHuu
epybbix bpakyuli rpu pasmosie 8 MOJSIOMKO80U MesNbHUUe. YcmaHoerneHo, 4mo rnpu oboux crocobax
uamernibyeHuUsi okoro 88% yacmuy y2onebHoOU nbinu umerom pasmep meHee 200 Mkm. [Tpu amom ocmamok Ha
cume 90 mkm cocmasun 32% 0nsa wapoesoli 6apabaHHoU menbHUUbl U 53% O0ns monomkosod. Takum
obpa3som, npodyKkm MOIOMKO80U MesibHUYbI omaudaemcs noebieHHoU dosnel Yacmuy, cpedHez20 pasmepa
(90-200 mkm) npu omcymcmeuu u3bbimoYHO20 Konudecmea yrnbmpamernkux gpakyuld. Omcymemeue
epybbix U ynbmpamesikux gopakyudl rnpu pasmorsie 8 MOriomkogoul MenbHuUye criocobecmayem ¢hopMupo8aHUto
bornee 8bICOKO20 rnokaszamers nonuducrnepcHocmu yaorbHoU nbiiu, Komopbili cocmasun 1,61, moada kak
0ns waposol bapabaHHoU MernbHUUbI OH pageH nuwb 0,78. lNornydeHHble pe3yribmamsi cgaudemernbcmeayom
0 moM, uymo obe MesnbHUUbI 00x00sm Onsi Nod20mMoO8KU monfuea, HO MOMIomKoeass MesbHuua
obecriequsaem ny4duwiee Ka4ecmeo c2opaHus U mensosyro aghcbekmusHocmb. [1oamomy pekomeHOyemcs Kak
Hauboree aghchekmusHoe peweHue 05151 10020MOBKU HEMPOEKIMHO20 yarisl 8 MEro8bIX 3/1eKMPOCMaHUUsIX.
lMposedéHHbIe uccrnedosaHus criy>kam OCHogoU 01151 aribHelilWea0 U3yHeHUs: Xxapakmepucmuk U nogedeHust
HEerNnpPOEeKMHO20 yaris 8 pasfudHbIX pexxumax 3Kcrayamayuu.

Knroyeeblie crioga: HerpoeKkmHbll yeorb, usMesibyeHue yans, wapoeas bapabaHHas MesnbHUUa,
MOJI0mKo8asi MefibHUYa, epaHyioMempuyeckuli cocmas, KoaghguyueHm noauducnepcHocmu.
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INVESTIGATION OF THE DYNAMICS OF THE RESPONSE OF THE REFRIGERATION
SYSTEM UNDER CONDITIONS OF SEVERE HEAT EXPOSURE

Annotation: This article presents an assessment of the performance of a vapor-compression
refrigeration system under shock thermal load. The study was carried out on a modernized experimental stand
«Kholodinik-2» equipped with a digital monitoring system, including 24 DS18B20 sensors and an STM32
microcontroller. The main objective was to compare the system behavior when introducing an object with
temperatures of 40, 60, and 80°C after reaching a quasi-steady-state mode. Temperature curves, transient
process duration, and stabilization times were analyzed. Additionally, features of temperature distribution

ISSN 2788-7995 (Print) [IIokopiM yHHBEpCUTETiHIH Xabapubichl. TexHuKanbIK FeutbiMaap Ne 4(20) 2025 564
ISSN 3006-0524 (Online) Bulletin of Shakarim University. Technical Sciences Ne 4(20) 2025


mailto:timirlan-95@mail.ru
https://orcid.org/0009-0008-9111-1975
https://orcid.org/0009-0008-9111-1975
mailto:khazhidinova1991@mail.ru
https://orcid.org/0000-0001-8802-1559
mailto:khazhidinov@mail.ru
https://orcid.org/0009-0008-9900-4111
mailto:timirlan-95@mail.ru
https://orcid.org/0009-0008-9111-1975
https://orcid.org/0009-0008-9111-1975
mailto:khazhidinova1991@mail.ru
https://orcid.org/0000-0001-8802-1559
mailto:khazhidinov@mail.ru
https://orcid.org/0009-0008-9900-4111
mailto:timirlan-95@mail.ru
https://orcid.org/0009-0008-9111-1975
mailto:daniarsemei@mail.ru
https://doi.org/10.53360/2788-7995-2025-4(20)-67

