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REVIEW

of dissertation, entitled “Energy and Ecological Efficiency of Plasma—Coal Burners: Numerical
Simulation and Experiment,” was submitted by Magzhan Orynbasar for the degree of Doctor of
Philosophy (PhD) in the educational program “8D07106 — Thermal Power Engineering.”

Kazakhstan and other CIS countries still rely heavily on low-grade, high-ash coals as the main fuel for
pulverized-coal thermal power plants (TPPs). These coals contain little volatile matter and generate large
ash fractions. Direct firing in existing furnaces therefore suffers from slow ignition, incomplete combustion,
and elevated emissions of ash, NO,, and SOx.

In his dissertation, Mr. Magzhan Orynbasar addresses these challenges by optimizing a plasma—coal
burner (PCB) and developing an environmentally friendly, energy-efficient plasma ignition and combustion
stabilization (PICS) technology for low-reactivity Ekibastuz coal. The work combines:

e Numerical modelling — thermodynamic calculations with TERRA and detailed kinetic simulations
with PlasmaKinTherm for the PICS processes;

» Experimental studies — laboratory tests of the PCB under varied operating conditions to validate
and refine the models.

Main results. The thesis determines optimal PCB parameters; maps temperature, flow velocity, and species
(electro-thermochemical fuel-preparation products) along the burner; and identifies general trends essential
for scaling PICS technology. The findings are directly applicable to the design and retrofit of plasma—coal
burners in industrial TPP boilers, improving ignition reliability and reducing poltutant formation.

The research was carried out within the approved program of the Ministry of Science and Higher Education
of the Republic of Kazakhstan and under several grant-funded projects:

o AP19674754 (2023-2025) — “Production of energy gas and neutral inorganic material through
plasma gasification of carbon-containing waste, including polyethylene terephthalate”;

* BRI18574084 (2023-2025) — “Development and testing of technologies for new functional
materials using plasma-chemical, mechanochemical, and SHS processes”;
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o AP22687016 (2024-2026) — “Environmental and energy efficiency of plasma technology:
numerical modelling and experiment”.

Results of this work have been published in eight peer-reviewed journals, including Engineering
Physics and Thermophysics, Thermophysics and Aeromechanics, and Gorenie i Plazmohimiya.
Throughout the project Mr. Orynbasar demonstrated the ability to plan and execute complex
experimental campaigns, develop and apply advanced numerical tools, and interpret results
critically. His simulated results showed good agreement with the experimental data, confirming
the validity of his approach. He has proven himself to be a competent young scientist, capable of
independent work on challenging thermo-energy problems.

Recommendation

In view of the scientific results achieved and their practical relevance, I consider Mr. Magzhan

Nurlanuly Orynbasar fully qualified for the degree of Doctor of Philosophy (PhD) in
Thermal Power Engineering (8D07106).
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OT3EkIB
Ha nceepramuyg Marsxana OpsH6acapa
HaecKas addhextuprocTy, TNN1a3MEHHO-YTOJTbHBIX TOPENOK: YACIEHHOE
MOnenuposauue y 3KCTIEPUMEHT),
TIpeACTaBeHHYI0 Ha COMCKaHMe cTemeny AokTopa dunocodun (PhD)
10 06pa3soBatenp ot nporpamme
«8D07106 — Tennosnepreruxay

«OHEPTETHYECKAS U SKOJIOT

Kasaxctan W napyrue crpamer CHP TO-NIPEKHEMyY MIMPOKO HCIONB3YIOT HH3KOCOPTHBIE
BBICOKO3OJIBHBIC YIJIH KaK OCHOBHOe TOILTHBO U1 NBUIEYTONMBHBIX TEMJIOBBIX 3JIEKTPOCTAHIIAN
(T3C). Ot yram xapakrtepusyiores HU3KAM COZlepXaHHEM JIeTyqMX BemecTB H BBICOKHM
BBIXOZIOM 3071b1. IloaTomy ux mpsvoe CKUTAHHE B CYIMECTBYIOUIMX TOMOYHBIX YCTPOHCTBAX

BbIOpocamu 30ms1, NO, 1 SO,.

B cBoeit muccepranun Markan Openbacap pemaer YKa3aHHBIC IPOGIEMEI ITYyTEM ONTHMU3ALHH
[UIASMEHHO-YTONBHOK  ropenku  (ITYT) n Pa3paboTkn  sKonormyecku GesomacHod u
OHEPrOIbYCKTHBHOMN ILIA3MEHHON TeXHOTOrMH TIPOLIECCOB IUIA3MEHHOTO BOCIUIAMEHEHHS M
crabuiusaniyu roperns ([IBCT ) HH3KOPEAKIHOHHOTO aKubacTysckoro yris. PaGora Bkmovaer:

* UYncaennoe monenupopanme — TCPMOAWHAMHYECKHE pAcUéThl € HCMOJIB3OBAHHEM
NMpOTpaMMHOro Komiuiekca 7ERRA v etabHble KUHETHYeCKHE pac4€tel B PlasmaKinTherm nns
nponeccos [IBCT;

* IKCMEPHMEHTAILHBIC HCCIEIOBAHNS — naboparopHsle ucnbrtanus [TYT B Pa3THUHBIX
PEXHUMaX paboThI IS IPOBEPKH M YTOYHEHHS MOJIEJICH.

B nuccepraumu OTIPCICNICHBI  ONMTHMANbHbIE TapaMeTpsl paboter ITVT, IIPEICTaBJIEHBI
PaclpeiCIeHss TeMIEpaTyphl, CKOPOCTH IIOTOKA H KOHLUEHTpalMHi MPOAYKTOB 3JIEKTpo-
TCPMOXHMMHYECKOH TMOATOTOBKM TOIUTHBA BJOJb TOPENIKHM, @ TaKXE BBIABJIEHB O06IMeE
3aKOHOMEPHOCTH, BAXHBIE JUISL MPOMBILIIEHHOTO MacmrTabupoBaHus TexHonoruu I[IBCT.
[Tonmyyennsre PE3yIbTATEI MOTYT OBITH HEMOCPEACTBEHHO HCITOTb30BAHBI MpH MPOEKTHPOBAHHH U
MOICPHH3AUNK TITA3MEHHO-YTOJIBHBIX TOPEJIOK ISl TIPOMBIIIUIEHHBIX KOTJIOB T3C, noseimas
HaNEXHOCTb BOCTINIAMEHEHHS U CHIDKAs 06pa30BaHHe 3arpA3HAIONMX BEIECTB.

Hccnenosanue BemmonueHo B paMKax yTBEPXIEHHOH TporpaMMel MuHHCTepcTBa HAYKU Hu
BbICIIEro obpasoBanus Pecrry6ymkn KasaXcTaH u py nomepiKKe Cleayiomux TPaHTOB:

* AP19674754 (2023-2025) — «Ilonyuenue OHEPreTHHECKOTO Tasa M HEeHTpambHOro
HeOpranuveckoro MatepHana IUIa3MEHHOH rasuQukaumel yriepoacomepxamux OTXO/I0B,
BKTIOYas TNOJM3THIIEHTE pedTanaty;
* BR18574084 (2023-2025) — «Pa3pa6oTka u anpobains TEXHONOTHI HOBBIX YHKUHOHANBHEIX
MaTepHalioB c HCTIONB30BAHHEM IUIA3MOXMMHYECKHX,  MEXaHOXHMHYECKHX "
camMopacnpoCTpaHsIOMHUXCS BBICOKOTEMIIEPATYPHBIX CHHTC3 Tiponeccony;
* AP22687016 (2024-2026) — «3xonoro-sHepretuyeckas 3PPeKTHBHOCTS NIa3MeHHOU

TCXHOJIOTHH: YHCJIEHHOE MOIECIIHPOBAHUE U SKCITCPUMEHT).

OcHoBHBIC pe3y/IbTATH AUCCEPTAUHOHHOM PaboThl OMyGIMKOBAHBI B BOCEMI PeLEH3UpYeMbIX
HayuHeIx KypRanax, Bkmouas Engineering Physics and Thermophysics, Thermophysics and
Aeromechanics w Combustion and Plasma Chemistry. Ha MPOTSDKEHHH BCETO HCCIIENOBAHUS
Marxan Opsmbacap JeMOHCTpHpOBAT CMOCOOHOCT IIAHHPOBATE M BBITIONHATD CJIOKHAIE
JKCriepuMeHTalIbHEIE HCCIEAOBAHUS, pa3pabaThiBaTh W TPHMEHSTE COBPEMEHHBIE UHCIICHHBIE




| TemIodHEpTeTHYECKHMH 3anauamy,

PexoMeHIALM S

Y4uTBIBas JOCTHTHYTEIE Hay4HbIe PE3YIbTAaTBl ¥ WX NpPaKkTHYECKyIO 3HAYAMOCTH, CUHTAIO

Marxana OpsiHbGacapa momHoCTHIO AOCTOHHBEIM MPHCYXKAECHUS CTENEHH AOKTOpa (uiocoduu
(PhD) mo o6pasoBatensHoit nporpamme «8D07106 — TennosuepreTnkay.

Hp. CnaBunckas H.A.

PykoBOAMTENB IPYNIITBI KHHETHKH
TexHnyeckuit yauBepcuTeT MIOHXEHA
[lIxosia MHXXCHEPHU U AKU3aliHa

AccucrenTckas npodeccypa «Y cTOHYMBEBIE TEXHOIOIHH Oynyinei MOOHIIBHOCTH»
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