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To Whom It May Concern:

This is a review of the work contained in the thesis entitled, “High Performance 3D
Simulator for Large Eddy Simulation of Turbulent Reacting Flows Using Filtered Density
Function”, submitted by Mr. Inkarbekov Medet. The work has been carried out under the
supervision of Prof. Kaltayev Aidarkhan and myself.

In this thesis, the candidate has developed a new computational methodology for large
eddy simulation (LES) of turbulent reacting flows using graphic processing units (GPUs). In
the LES, the effect of chemical reactions is modelled by the means of the filtered density
function (FDF) methodology. The FDF transport equation is solved numerically by a particle
based Lagrangian Monte Carlo (MC) method. The base filtered transport equations are solved
by a discontinuous Galerkin (DG) method. This hybrid solver is developed in a manner suitable
for GPU computing. Computational performance tests show that the GPU algorithm
outperforms the sequential CPU algorithm by factors of 156 and 212 times for DG and MC
procedures, respectively. The overall capability of the methodology are demonstrated by
simulations of 2D/3D temporally developing mixing layer, under both non-reacting and
chemically reacting conditions. The consistency and realizability of the simulated results are
established and the predictive capability of FDF is demonstrated via comparison with direct
numerical simulation (DNS) data. The success of the GPU based DG-MC FDF simulator as
demonstrated here escalates LES of turbulent flows to a new level, facilitating efficient
simulation of complex turbulent reactive flows.

In summary, this thesis fulfils the requirements for a doctoral dissertation, so I strongly
recommend that Mr. Medet Inkarbekov be awarded the degree of Doctor of Philosophy.

Sincerely,

Sapn OV

Peyman Givi, Ph.D.
Distinguished Professor in Swanson School of Engineering
James T. MacLeod Professor of Mechanical and Petroleum Engineering
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JIns npeAbABICHAS 10 MECTY TpeGoBaHus:

Hacrosiuii  JOKYMEHT  NPEACTaBIACT coboit  o030op  AMcceprauMd  Ha  TEMY
«BicokornponssouTebhblii  3D-cumynaTop  Atd Mo/IeHpoBaHHs  TypOYJIEHTHBIX —peardpyroux
TeueHHil METONOM KpYNHBIX BHXpeH ¢ HCronb30BaHHCM GuALTPOBAHHOK (PYHKUHM TIOTHOCTHY.
Mpe/ICTaBIeHHOH T-HOM Menerom MukapGekosbiM. Padorta GbUla BBIMOMHEHA M0 PYKOBOACTBOM
npodeccopa AliaapxaHa KanraeBa, a TaKike MOUM PYKOBOACTBOM.

B naHHO JMCCEpTAlMU KaHAWAAT pa3paloTan HOBYIO BBIUMCIHTCILHYIO METOIOJIOTHIO ISt
MOJICTMPOBAHUs KPYTHbIX uxpeii (MKB) TypOyJieHTHBIX pearupyiotix [IOTOKOB C HCIOIb30BAaHHEM
rpadyHyecKuX NMpoLeccopon (CTTY). B MKB BriusiHue XHMHHCCKHX peakuuii MOZIEIMPYETCs MpH MOMOLLH
METONO0JIOTHH (UALTPOBAHHON (QyHKLMH mnotnoctu (O@IT). Ypasnenue nepeHoca OODIT peruaercst
YMCIIEHHO C MCTOB30BaHHEM JIArPaHKeBOro METOAA Monre-Kapio (MK) Ha 0CHOBE HACTHLL basucHble
(uALTPOBAHHbIE yPABHEHHUS MEPEHOCA pelaloTes NpH MOMOILK PasphIBHOTO mertona lanepkuna (PMD).
JlauHpiii rHOpHAHBIH METOI peLlCHUs pa3paGoTaH crnocoboM, MOAXOMAUMM g eraucnennit va TTIY.
TecTbl BBIYMCIHTEIBHOH TPOM3BOAMTEIIBHOCTH nokassisator, urto airopurm [TIY  1peBoCXOIUT
nocnenopatenbHprit anroputy LY B 156 u 212 pas g npoueayp PMT 1 MK coorsercreenno. Ofuine
BO3MOJKHOCTH ~ METOZ0JIOTMH  JA@MOHCTPHUPYIOTCH myTéM  MOJETHPOBAHMS 2D/3D  BpeMEeHHO
Pa3BMBAIOLIErOCA €105 CMELLCHHSA KAk B HepearupyoIHtx, Tak 0 B XHMHHUCCKH pearnpyolux ycioBHaX.
CTaGUabHOCTh M OCYLIECTBHUMOCTh pE3y/IbTaToOB MOZIE/TMPOBaHUS YCTaHOBJIEHBL, a POrHOCTHYECKHE
goamosknoctd D@ npoaeMOHCTPHPOBAHDI fyTéM cpaBHEHHd C JAHHBIMH MPAMOTO YUCIEHHOTO
monemuposatus (MTHIM). [1poieMOHCTPHPOBAHHbIE 31ECh [OMOJKHTEIbHBIE Pe3YJbTaThl CHMYJISTOpa
PMI-MK na 6asze T'TIY mnepeBOasiT MKB TypOy/neHTHBIX MOTOKOB Ha HOBBIl ypOBEHb, YMpOLIas
5 (HEKTUBHOE MOAIE/IMPOBAHHE CIIOKHBIX TypBy/IeHTHBIX PEAKTHBHBIX MOTOKOB.

[ToaBOAs WTOr, MOJKHO OTMETHTb, YTO JaHHasd paboTa COOTBETCTBYET BCEM TpeboBaHHIM K
JOKTOPCKMM JIMCCEpTaLMAM, TMO3TOMY 4 HACTOATEJBHO PEKOMEH/YI0 MNpUCYIuTh  I-HY Menety
HNnkapGeKoBy CTeNeHb J10KTOPa dunocodui.

C yBaskeHHEM,
Inoonucs/
Tleiiman [usH, 10KTOP pritocoduu

3aciykenHblii npodeccop MHYKeHEPHO-TEXHHUECKOro (aKy1bTeTa
Jixeitme T. Maksieost, npogeccop MAIIMHOCTPOEHHS H TEXHONOTHH HeTerazoa00bI4H



I'opon Anmarel Pecry6imka Kasaxcran. YerBeproe ceHTSOps /B THICAYM
JIBA/ILIATOTO TO/a.

[lepeBoa JOKYMEHTA € AHIVIMICKOrO $i3bIKA HA PYCCKHH $I3bIK BBIIOIHEH MHOM
VreyoBsiM AszamatoM Apwmanyis, WWH940306300138, (ounnom Cepus IKB-b
Ne(0976557 ewidan Llenmpanvno-Asuamckuii Yiusepcumem (LJAY) om 06 wonn 2016
200a, 20p0d Armamut. CneyuanbHocms - UHOCMPAHHbLU A3bIK: 084 UHOCIPAHHbIX A3bIKQ).

[Momnucs: % 7»&7/{ (/4 o W

i opon Anmartsl P{écnyﬁnnxa Kasaxcfan.
YerBepToe CEHTSOPS JBE THICAYM JBAIATOrO TO/a.

S, BonkeGaeB Meipsaramuii  KypmanGaeBud, HOTapuyc Iopoja AJIMarthl,
rocymapcTBenHas smueHsus Ne0001124 or 07 mapra 2008 roxa, BEIIAHHOH
Munucrepcrsom FOcturmu Pecriy6muku Kazaxcrad, CBHAETeNILCTBYIO NOJIHHHOCTD
IOANMCH C/ICIAHHO TePEeBOIUYMKOM YTEeyOBBIM A3aMaToM ApMaHyJIbl, ¢ aHIJIMICKOro
SI3bIKA HA PYCCKUM S3BIK.

JIMYHOCTH NEPEBO/IUMKA YCTAHOBIIEHA, IEECIIOCOOHOCTD M MOTHOMOYHUS IIPOBEPEHBI.

3aperucTprupoBaHo B peecTpe 3a No782
Babickano: coracHo ¢r.617 HK PK u 30-13akona
Pecny6nuka Kazaxcran «O HOTapHaTe».
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