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2 Clarivate
Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical sciences
scientific journal has been accepted for indexing in the Emerging Sources Citation Index, a new
edition of Web of Science. Content in this index is under consideration by Clarivate Analytics
to be accepted in the Science Citation Index Expanded, the Social Sciences Citation Index, and
the Arts & Humanities Citation Index. The quality and depth of content Web of Science offers to
researchers, authors, publishers, and institutions sets it apart from other research databases. The
inclusion of News of NAS RK. Series of geology and technical sciences in the Emerging Sources
Citation Index demonstrates our dedication to providing the most relevant and influential content
of geology and engineering sciences to our community.

Kazaxcman Pecnyonuxacol ¥nmmoix eoiivim akademusicol « KP ¥£A Xabapnapwi. 'eonoeusi scane
MEXHUKATLIK bLIBIMOAD CepUsiCbly bliblMU JcypHaabinbiy Web of Science-miy oicananranzan
nyckacol Emerging Sources Citation Index-me undexcmenyee kabviioaneanvlH xabapiaiiovl.
byn unoexcmeny 6apwicoinoa Clarivate Analytics komnanusicol JcypHandvl 00au api the Science
Citation Index Expanded, the Social Sciences Citation Index oicone the Arts & Humanities
Citation Index-xe xabwvL10ay macenecin xapacmoipyoa. Webof Science szepmmeyuiinep,
asmopnap, bacnawbliap MeH meKkemenepee KOHmMeHm mepenoici MeH canacvih Ycovlnaowvl. KP
¥F'A Xabapnapwi. I'eonocus scane mexnuxanvlk eviiimoap cepusicol Emerging Sources Citation
Index-xe enyi 6i30iy KoeamoacmvlK yulik ey 63eKkmi Jicane 6e0eN0l 2e0N102Usl HCIHE MEXHUKATBIK
2LILIMOAp OOUbIHULA KOHMEHMKE A0ai0bleblMbl30bl OLI0IPEOi.

HAH PK coobwaem, umo nayunoiii sicypran « zeecmuss HAH PK. Cepusi eeonocuu u mexnuueckux
HayK» 6vL1 npunam 0ns undexcuposanus 6 Emerging Sources Citation Index, 06noenennoii éepcuu
Web of Science. Cooepoicanue 6 3mom uHOEeKCUpOBaHUuU HAXOOUMCS 8 CMAOUl paccMOmMpeHUs
rxomnanueu Clarivate Analytics ons danvheiiueeo npunsmus scypHana 6 the Science Citation
Index Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index.
Web of Science npeonacaem xauecmeo u enyouHy Kommenma 0/ ucciedogamenell, dgmopoes,
uzoamenei u yupexcoenuil. Brxnouenue Uzeecmus HAH PK. Cepus eeonocuu u mexnuueckux
nayx 6 Emerging Sources Citation Index demoncmpupyem nauty npugepiceHHocms K Haubonee
AKMYANIbHOMY U GIUAMENbHOMY KOHMEHMY NO 2€0102Ul U MEXHUYECKUM HAYKAM Olsl HAule2o
coobwecmaa.



KAWMBIFBIMABIABIK, KOFPBI

HALYK

CHARITY FOUNDATION

YD «XAJBIK

B 2016 romy ans pa3BUTUS W YAyYIIEHHS KauecTBa >KU3HU Ka3axCTaHLEB ObLI
CO3J]aH YacTHbIH bnarorBoputenbHblid GoHa «Xanbky». 3a robl CBOSH IesITeIbHOCTH
Ha peajM3aluio OJaroTBOPUTENIFHBIX MPOEKTOB B 00JacTsAX oOpa3oBaHMS M HAyKH,
COLMANILHOM 3aIlUTHI, KYJIBTYPBI, 31paBooXpaneHus u cnopra, Gonp Beyaenua Oosee
45 MunnuapaoB TEHre.

Oco6oe BanManue brarorBoputenbHbIH GoHT «XabIK» yrenseT 00pa3oBaTeIbHbIM
IporpaMmam, CUMTas 3TO HAIlPaBJIEHUE OJHUM M3 KIIIOYEBBIX B CBOEH NEATENBHOCTH.
Oxas3biBasi MOAJIEPKKY OTEUECTBEHHOMY 00pa30oBaHu0, GOHI BHOCHT CBOI OCHIIbHBIN
BKJIaJ1 B Pa3BUTHE KauecTBEHHOTo oOpa3oBanus B Kazaxcrane. Tem camMbiM ciocoOCTBY S
POCTY UncIIa JIIoNeH, ClIOCOOHBIX MEHSTh XKU3Hb B CTPaHE K JIy4IllleMy —Ipo(ecCHOHAIOB
B pa3iMyHbIX cdepax, MOTCHUUAIBHBIX JIMACPOB M «BEIUKUX YMOB». OmHOH u3
3HAUUMBIX HMHUIMATHB (oHJa «Xanblk» B oOpa3oBaresibHOW cdepe cTajm MpoeKT
Ozgeris powered by Halyk Fund — nepBblii B cTpane OuzHec-uHKYOaTop ISl y4aluxcs
9-11 xmaccoB, KOTOPBIH MOMOraeT pa3BUBAaTh HEOOXOOMMBIE B COBPEMEHHOM MHUPE
MPeANPUHUMATENILCKUE HaBBIKK. Tak, Ha coOmelCTBHE MajoMy OHM3HECY IMIKOJIbHHUKOB
06110 BeIzIeneHo Oosee 200 rpanToB. [y moiep KKy TadaHTIMBBIX 1 MOTUBHPOBAaHHBIX
nereii @OoHII HEOAHOKPATHO BBLACISUT TPAHThI HAa 00yueHHe B MexXTyHapOJHOH IIKOIe
«Mupac» un B Astana IT University, a Taxke MOMOI Ka3axCTaHCKUM LIKOJbHHKAM
npuHATH yyactue B npectxHoM KoHKypce «USTEM Robotics» B CILIA. ABropckue
pabotel B pamkax npoekra «Tamimrep», koropomy DoHI OKa3an HOAICPIKKY, JICIIIU B
OCHOBY y4€OHOH MPOrpaMMbl, Y4€OHHKOB U Y4€OHO-METOANYECKUX KHHUT 10 IPEAMETY
«OcHOBBI TIpeANpUHUMATENbCTBA U Ou3Heca», mpenogaBaemoro B 10-11 kmaccax
Ka3aXCTAHCKMX ILIKOJ U KOJUIEIKEH.

[TomuMo mnomomM MIKOJIBHMKAM, ydallMMcs KoJulepked M cryaeHTaM DoHp
CUMTAET BAXXHBIM BHECTH CBOW BKJIAJ B IMOBBILICHHE KBAIM(QHUKALWU IEAaroroB,
COBEpIIIEHCTBOBAHNE HMX 3HAHWH U HABBIKOB, IOCKOJIBKY HMEHHO OHHU SIBJISIOTCS
MIPOBOAHUKAMH 3HAaHUM OyIyIIMX MOKOJCHHH KazaxcTaHueB. [lpu moanepxkke donna
«XanpIKk» B IOKHOH cTONMIe ObUI OpPraHW30BaH E€XKEroJHbIM TOPOACKOW KOHKYpC
nenaroroB «Almaty Digital Ustaz.

BaxHoll MHMLIMATUBOW CTayl pealn3yeMblii MPOEKT MO0 OOy4YEeHHIO OCHOBaM
(UHAHCOBOM TPaMOTHOCTH Mpernoaasareield n3 BockMH obOnacteidl Kazaxcrana, urto
JIOJDKHO OKa3aTh CYIIECTBEHHOE BIIMSIHUE HA BOCIIMTaHUE (UHAHCOBOW IPAMOTHOCTH H
MPEeIIPUHUMATEIBCKOTO MBIIIJIEHHS Y HOBOTO TIOKOJIEHUSI TPaX1aH CTPaHBI.

HeobOxonumyto momois @oHx «Xanblk» OKa3blBaeT U TeM, KTO 0COOCHHO OCTPO
B Hell Hyxnaercs. B paMkax couuanabHOM 3alllUThl HACEJIEHHUsS aKTHUBHO NPOBOAUTCS
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paboTa 1o TOAJEPKKE JIETeH, OCTABIIMXCS 03 pOJAUTENCH, JeTedl W B3POCIBIX U3
COLMAJIbHO YA3BUMBIX CJIOEB HACEJICHMUS, JIFOJEH C OTPAaHUYEHHBIMHA BO3MOKHOCTSIMHU, a
TaKKe 00eCIEUESHUIO HYKIAFOIIUXCS COIUABHBIM KUIbEM, CTPOUTEIBCTBY COLIUATBHO
BaXKHBIX OOBEKTOB, TAKUX KaK JCTCKHE CaJbl, ACTCKHE TUIOIIAIAKU U (PU3KYIBTYpPHO-
03JI0POBUTEJIbHBIE KOMIJIEKCHI.

B xommnky no0peix gen @onnma «Xanablk» MOXHO JOOABUTh OKa3aHUE ITOMOIIH
JIETCKOMY CIIOPTY, Ky/ia OTHOCHTCS TIOZJICPKKa B PA3BUTUU JIETCKOTO (PyTOOJIA M Kapare
B Hamel crpaHe. JKU3HEHHO Ba)KHYIO TIOMOIIL braroTBopuTeNnbHbIN QOHI «XaTbIky»
OKa3all HalllUM COOTeUECTBEHHUKAM BO BpeMsi HeaasHel nangemun COVID-19. Torga,
B pasrap TsDKenod 0ophObl ¢ KopoHaBUpYCHON nHpeknuerd Donn Beiaenui cBbime 11
MUJUTMAPJIOB TEHT'e Ha MPHOOpPETeHHE HEOOXOAMMOI0 MEIUIIMHCKOTO 00O0pYIOBaHUS
U JIOPOTOCTOSIIUX MEAMIMHCKUX IPEraparoB, aBTOMOOWIICH CKOPOM MEIHMIIMHCKON
TIOMOUIHU U CPENCTB 3aLIUThL, aAPECHYIO MaTEPUAIBHYIO IOMOLIb COLIMAIBHO YSI3BUMBIM
CJIOSIM HACEJICHHS U JICHE)KHBIC BBITUIATHI MEUIIMHCKUM PaOOTHUKAM.

B 2023 romy Hapsamy c OpYyrUMH TPOEKTaMH, HAlCICHHBIMM Ha IMOBBIIICHUE
0JIaroCOCTOSIHUST Ka3aXCTaHCKUX TpaxaaH DOHJ penimi yneinuTb 0C000€ BHUMAaHHUE
HayKe, MOCKOJIbKY OHa SIBJISIETCS YacThlO OOIINECTBEHHOW KYJIBTYPhI, & YPOBCHb €€
pa3BUTHS ONPEIETAET YPOBEHb Pa3BUTHUS FOCYIapCTBA.

[lonnepxkka @oHAOM BbIMyCcKa >KypHajgoB HamuonanbHOM AkageMun Hayk
PecriyOnuku KazaxcraH, KOTOpbIe BXOAST B MEXIyHapoiHble (OHABI Scopus u
Wos ¥ B KOTOPBIX NYOJNUKYHOTCS CTaTbd OTEUECTBEHHBIX YYCHBIX, JIOKTOPAHTOB W
MarvCTPaHTOB, a TaK)KE HAYYHBIX COTPYJAHHUKOB BBICHIMX Y4YEOHBIX 3aBEJCHHUN W
HAy4HO-UCCIIEA0BATENbCKUX MHCTUTYTOB HALLIEN CTPAHBI SIBJISETCS HE MEHEE 3HAYMMBIM
BKu1ajjoM DOH/IA B pa3BUTHE Ka3aXCTAHCKOTO OOIIEeCTBA.

C yBakeHunem,
baarorBopuresbHblii ®oHa «XaabIK»!



Bac penakrop

ZKYPBIHOB Mypar 7KypbIHYJIbI, XUMHA FRUIBIMIAPBIHBIH TOKTOPHL, Ipodeccop, KP ¥FA akagemuri,
«Kazakcran Pecryonukacel ¥ ITThIK FhUTIM akajemusicby PKb-win npesuaenti, AK «JI.B. Cokonbckuit
aTBIH/AFI OTBIH, KaTaln3 jKOHE HIEKTPOXUMHS MHCTHTYTHIHBIH» Oac mupextopsl (AmMarel, Ka3akcTan)
H=4

FruibivMu xaTuibl

ABCAJIBIKOB BaxbiT Hapukdaiiyabl, TeXHHKa FBUIBIMIApBIHBIH JOKTOPHI, podeccop, KP ¥FA

JKayanThl XaTIbIchl, A.b. BekTypoB aTbIHIaFBI XUMUS FBUTBIMIAPEI HHCTUTYTHI (AnMarsl, Kazakcran) H=5
PepnakuusaablK ajdka:

OBCAMETOB Mauic Kyasicyiabl (6ac penakTopAblH OpbIHOAcaphl), T'€OJOTHSI-MHHEPATOTUS
FBUIBIMJIAPBIHBIH  TOKTOpBI, Tpodeccop, KP ¥YFA akamemwuri, «Y.M. AxwmencaduHa aTbIHIArbl
THIIPOTEOIOTHS KOHE TCOIKOIOTH MHCTUTYTHIHBIHY» TUPEKTOpHI (AnMarel, Kazakcran) H = 2

JKOJITAEB Tepoii JKoaraiiynel (6ac pemakTopiblH OpbIHOAcapbl), TIeOJOTrUs-MHHEPAIOTHs
FBUTBIMJIAPBIHBIH TOKTOPEI, mpodeccop, K.M. CarmnaeB ThIHIAFBI T€OJNIOTHS FHUIBIMAAPH HHCTUTYTHIHBIH
nmupektopsl (Anmarel, Kazakcran) H=2

CHOY /[Iaunen, Ph.D, kaysiMaacteipbutran npogeccop, Hebpacka yansepcuretinia Cy FBUIBIMAAPHI
3eprxaHachlHbIH qupekTops! (HeOpacka mrarsr, AKII) H = 32

3EJIBTMAH Peiimap, Ph.D, TaOuru Tapux MmypaxalblHbIH JKep Typajisl FeUIBIMIAp OeriMiHze
TIETPOJIOTHS XKSHE Taiiiasibl Ka30aiap KeH OpBIH/APBI CaachIHAAFEl 3epTTeyinepain kerekmrici (JIonmon,
Anrnus) H =37

MMAH®HWJIOB Muxauna BopucoBud, TeXHHKa FHUIBIMIAPBIHBIH JOKTOPBI, HaHch yHHBEpCHTETIHIH
npodeccops! (Hancu, @panmms) H=15

HIEH IMun, Ph.D, KpITaii reoorusuibIK KOFaMbIHBIH Tay T€0JIOTHSICHl KOMUTET] TUPEKTOPBIHBIH OPbIH-
Oacapbl, AMEpUKaH/IBIK YKOHOMHUKAJIBIK T€OIOTTap KaybIMAacTeIFbIHBIH Mymeci (Ilexun, Kpirait) H = 25

OUIIEP Axcean, Ph.D, [Ipe3neH TeXHUKAIBIK YHHBEPCUTETIHIH KaybIMIACTBIPBUIFAaH POpeCcCcophl
(dpesnen, bepmun) H=6

KOHTOPOBHUY Aujexceii IOMHIbeBUY, T'COJOIHS-MUHEPATIOIUs FbUIBIMIAPBIHBIH JIOKTOPBL,
mpodeccop, PFA akagemuri, A.A. Tpodumyka aTbIHOaFrsl MyHai-ra3 TeolOTHACH XoHE Teodusnka
nucrutyThl (HoBocubupcek, Peceit) H = 19

ATABEKOB Baagumup EHoxoBUY, XMMUS FRUIBIMIAPBIHBIH JOKTOPEI, benapycs ¥FA akagemuri,
JKana MaTepunaniap XMMHUSICBI HHCTUTYTBIHBIH KYpMeTTi JupekTopsl (Munck, Bernapycs) H = 13

KATAJIUH Credan, Ph.D, JIpe3nes TexHUKaIbIK YHIBEPCUTETIHIH KaybIMAACTBIPBUIFAH PO eCCOphI
([pesnen, bepimmu) H =20

CEMTMYPATOBA Dieonopa FOcymoBHA, reoioris-MHHEPANOT s FHUTBIMAAPBIHBIE JIOKTOPBI,
npodeccop, KP ¥FA koppecnonnent-myteci, K.M. Carnaes atbiaaarbl [ €00rus FoUTBIMIAPEI HHCTUTYTHI
3epTXaHachIHbIH MeHrepyici (Anmarsl, Kasakcran) H=11

CAFBIHTAEB Kanaii, Ph.D, xaysimaacteipsurran npogeccop, Hazapbaes ynusepcureri (Hyp-
Cyurran, Kazakcran) H = 11

®OPATTUHMU Maomo, Ph.D, bukokk MunaH yHUBEpCHTETI KaybIMIACTHIpbUIFaH podeccops! (MuaH,
Wranus) H =28

«KP YFA» PKb Xaoapaapsbl. ['eosiorust xoHe TeXHHKAIBIK FHLIBIMAAP CEPUSICHD).
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Menmrikreymri: «Kazakcran PecryOnukachiHBIH ¥JITTHIK FRUTBIM akageMusicky PKB (Anmarst k.).
Kazakcran PecmyOnukachiHBIH AKIapar »KoHE KOFaMIBIK JlaMy MUHHCTPJIITiHIH AKHapar KOMUTETiHIE
29.07.2020 x. 6epinrer Ne KZ39VPY 00025420 mep3imMaik 0aCbUIBIM TipKeyiHEe KOWBLTY Typalibl KydJIiK.
TaKbIPBINTHIK OAFBITHL: 2€0102Us, MYHAL HCIHE 2a30bl OHOEYOTH XUMUAILIK MEXHOL02UAIAPbI, MYHAL
XUMUACHL, MEMAn0apObl ALy HCIHE ONAPObIH KOCLIHObLIAPHIHbIY MEXHOIOSUACDL.
Mep3iMAiTiri: )KpUIbIHA 6 PET.
Tupaxsr: 300 nana.
Penakuusiaeig MekeH-kaiibl: 050010, Anmarsr k., [lleBuenko kerr., 28, 219 6eur., Ten.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© «Kazakcran PecnyOnukachiHBIH ¥IJITTHIK FRUTBIM akagemusicky PKB, 2024

5



I'naBHBIii penaxkTop

KYPUHOB Mypar ’KypuHOBHY, TOKTOp XMMHUYECKHX HayK, mpodeccop, axagemuk HAH PK,
npesuenT POO «HaunonansHol akagemun Hayk Pecriyonukn Kasaxcran», renepanbubiii aupexrop AO
«MHCTUTYT TOTUMBA, Kataiu3a U anekTpoxumun uM. J1.B. Coxonbckoro» (Anmarsl, Kazaxcran) H = 4

YueHHBII cekpeTrapb

ABCAJIBIKOB BaxbiT Hapuk6aeBu4, TOKTOp TEXHHYECKHX HAyK, Mpogeccop, OTBETCTBECHHBIN

cexperaps HAH PK, UuctuTyT Xumnueckux Hayk uM. A.B. Bexryposa (Anmarel, Kazaxcran) H=15
PenakxnuunonHas KoJgJerus:

ABCAMETOB Manuc KyapicoBud, (3aMeCTUTENb TNIABHOTO PEAAKTOPA), JOKTOP FEOIOrOMUHEPAIIO-
THYECKHUX HayK, mpodeccop, akaaemuk HAH PK, mupextop MHCTUTYTAa THAPOTEOIOTUU U TEOIKOTOTUH MIM.
VY.M. Axmencaduna (Anmarsl, Kazaxcran) H =2

JKOJITAEB T'epoii ’KoaraeBu4, (3aMeCTUTENb INIABHOTO PENAKTOpa), JOKTOP T'€OJOTOMHHEPAO-
IMYeCKuX Hayk, npodeccop, mupekrop MHcruryra reonmorndeckux Hayk nm. K.M. CarmaeBa (Anmarsl,
Kazaxcran) H=2

CHOY JIpuued, Ph.D, acconmupoBanublii npodeccop, nupextop Jlaboparopun BOIHBIX HAYK YHUBEP-
cutera Hebpacku (mrar Hebpacka, CILIA) H = 32

3EJIbTMAH Peiimap, Ph.D, pykoBoauTens ucciaeJ0BaHUN B 007aCTH METPOJIOTHU U MECTOPOKICHHUN
MOJIe3HBIX HCKomaeMbIx B OTaene Hayk o 3emie Myses ecrectBernHo uctopuu (Jlonnon, Aurmus) H = 37

MMAH®HUJIOB Muxaua BopucoBud, J0KTOp TEXHHYECKUX HayK, mpodeccop YHuBepcutera Hancu
(Hancu, ®panmms) H=15

HIEH ITun, Ph.D, 3amecturens nupexropa Komutera o ropHoii reosiornn Kuraifckoro reooruueckoro
oOmiecTBa, 4WieH AMEpPUKaHCKON acconuanuu skoHomuueckux reonoros (Ilexkun, Kurait) H = 25

OUIIEP Axcenn, accoumupoBanHblii npodeccop, Ph.D, texumueckuil yHuBepcurer Jlpesnen
(dpesnen, bepmun) H=6

KOHTOPOBHUY Auekceii DMUIbeBUY, JTOKTOP I'C€OJIOrO-MHHEPATIOTHYECKUX Hayk, mpodeccop,
akanemuk PAH, MuctuTyT HedrerasoBoit reomoruun u reodusukn um. A.A. Tpopumyka CO PAH
(Hosocubupck, Poccus) H=19

ATABEKOB Baaaumup EHokoBHY, TOKTOp XMMHYECKUX HayK, akaneMuk HAH benapycu, moueTHsii
nupekTop MHctutyta Xumun HOBBIX MarepuaiioB (Munck, benapycs) H = 13

KATAJIUH Credan, Ph.D, accounuposanusiii nmpodeccop, Texuuueckuit yausepcuret (pesnes,
Bepmun) H =20

CEMTMYPATOBA Diieonopa KOcynoBHa, J0KTOp re0I0ro-MHHEPATOrHUECKHX HayK, podeccop,
unen-koppectionienT HAH PK, 3aBenyromas naboparopun MuctutyTa reonorndeckux Hayk nm. K.
CarnaeBa (Anmatsl, Kazaxcran) H=11

CATUHTAEB Kanaii, Ph.D, accorunpoannslii npodeccop, Hazapbaes ynusepcurer (Hypcynran,
Kazaxcran) H =11

®PATTUHU Iaoao, Ph.D, accoumupoBanHbIi npodeccop, MuigaHCKHil yHUBEpPCUTET BHKOKK
(Mumnan, Utamus) H = 28

«H3Bectuss POO «<HAH PK». Cepusi reo10ruy 1 TEXHH4eCKHX HAYK».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
CobcrBennuk: Pecnybnmikanckoe obmmecTBeHHOe 00beinHenne « HarmonanbpHas akaeMust HaykK
Pecny6onmkn Kazaxcram» (r. AMarsr).
CBUJIIETENILCTBO O MOCTAHOBKE HA YYET NMEPHOJMYECKOro medaTHoro minanus B Komurere mHpOpManuu
MunncrepcTBa HHGOpMAIHK 1 001ecTBeHHOr0 pa3Butns Pecrryoimku Kazaxcran Ne KZ39VPY 00025420,
BblianHoe 29.07.2020 I
Temarudeckass HaIpaBICHHOCTb: 2e0n02Us, XUMUYeCKue MexXHON02Ul nepepabomKu Hemu u easa,
Heghmexumus, MmexHoN02UU U361eYeHUs MEMANN08 U UX COeOeHeHU].
IlepuoauyHocTs: 6 pa3 B rof.
Tupax: 300 sK3eMILIAPOB.
Anpec penakiuu: 050010, . Anmars, yi. [lleBuenko, 28, od. 219, ren.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© POO «HanmonanbHas akanemus Hayk Pecryonuku Kazaxcrany, 2024
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Editorial chief

ZHURINOYV Murat Zhurinovich, doctor of chemistry, professor, academician of NAS RK, president
of the National Academy of Sciences of the Republic of Kazakhstan, general director of JSC “Institute of
fuel, catalysis and electrochemistry named after D.V. Sokolsky» (Almaty, Kazakhstan) H = 4

Scientific secretary

ABSADYKOYV Bakhyt Narikbaevich, doctor of technical sciences, professor, executive secretary of

NAS RK, Bekturov Institute of chemical sciences (Almaty, Kazakhstan) H =5
Editorial board:

ABSAMETOV Malis Kudysovich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, academician of NAS RK, director of the Akhmedsafin Institute of hydrogeology and
hydrophysics (Almaty, Kazakhstan) H=2

ZHOLTAEV Geroy Zholtaevich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, director of the institute of geological sciences named after K.I. Satpayev (Almaty,
Kazakhstan) H=2

SNOW Daniel, Ph.D, associate professor, director of the labotatory of water sciences, Nebraska
University (Nebraska, USA) H = 32

ZELTMAN Reymar, Ph.D, head of research department in petrology and mineral deposits in the Earth
sciences section of the museum of natural history (London, England) H = 37

PANFILOV Mikhail Borisovich, doctor of technical sciences, professor at the Nancy University
(Nancy, France) H=15

SHEN Ping, Ph.D, deputy director of the Committee for Mining geology of the China geological
Society, Fellow of the American association of economic geologists (Beijing, China) H = 25

FISCHER Axel, Ph.D, associate professor, Dresden University of technology (Dresden, Germany) H=6

KONTOROVICH Aleksey Emilievich, doctor of geological and mineralogical sciences, professor,
academician of RAS, Trofimuk Institute of petroleum geology and geophysics SB RAS (Novosibirsk,
Russia) H=19

AGABEKOYV Vladimir Enokovich, doctor of chemistry, academician of NAS of Belarus, honorary
director of the Institute of chemistry of new materials (Minsk, Belarus) H =13

KATALIN Stephan, Ph.D, associate professor, Technical university (Dresden, Berlin) H =20

SEITMURATOVA Eleonora Yusupovna, doctor of geological and mineralogical sciences, professor,
corresponding member of NAS RK, head of the laboratory of the Institute of geological sciences named
after K.I. Satpayev (Almaty, Kazakhstan) H=11

SAGINTAYEYV Zhanay, Ph.D, associate professor, Nazarbayev University (Nursultan, Kazakhstan) H = 11

FRATTINI Paolo, Ph.D, associate professor, university of Milano-Bicocca (Milan, Italy) H =28
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Abstract. The emergency for fresh water production is especially high in hot dry
climates without any sources of drinking water but with abundance of sea and underground
water. The problem solution is water desalination with efficient solar powered water treatment
plants. This article proposes a new modification of a basin made of the thin finned corrugation
with the 43 °angle inclined sides equal to the region latitude, what provides their stronger
heating. The experiments were carried out in hot climate of Aktau city (43° 49°N 51°1’E).
The work outcomes can be useful for the regions with drinking water scarcity. To define the
level of the corrugated basin efficiency, 2 versions (SS-1, SS-2) of experiments were carried
out on a 2-slope distiller completed with 2 basins. In SS-1, the basin-2 heated air. By 15:00,
the basin-2 heated up to 98.5 °C, and acrylic cover above heated up to 101.6 °C, what led to
its “deformation”. By 12.00am, the temperature differential among the glass 40.7 °C, the air-
water mixture 57.3°C, and the basin-1 61.1 °C, was 16.6 °C and 20.4 °C. That resulted from
wind increase up to 5.9 m/s. The large temperature differential contributed to condensate yield
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increase from 0.128 kg. at 11 o’clock to 0.293 kg at 12 o’clock. The throughput capability of
the basin-1 per day equaled to 2.094 kg. The basin-2 input to the SS-1 performance was only
the thermal effect. In SS-2, the basin-2 was used as a regular basin. The plexiglass temperature
was lower than the water and the basin-2 temperatures. The temperature differential between
the glass and air-water mixture at 10:00am was 20 °C, at 12:00am it was 30.6 °C, and the value
0f30.6 °C was recorded at 3:00pm. The thermal differential between the glass and the air-water
mixture provided the highest condensate yield of 1.114 kg. at 3.00pm. The condensate yield
from the basins via SS-2, resulted in 8.72 kg., including 3.5 kg from basin-1, what is 1.7 times
more than from basin-1 via SS-1. The experimental results are consistent with the equations
coming from the models obtained (by Clark J.A. and Dunkle R.V.). T . # T, aporation
irreversible process. When the basins heat, the heat is consumed, when the glass cools down,
the heat is given off. Heat losses minimized at the account of the “gap” and positive exergy is
provided. The stills throughput capability can be larger by increasing the basins area, reducing
the water layer thickness and regulating the flowrate of the desalinated water.

Keywords: Solar energy; 2 slopes, 2 basins, finned and corrugated basin, air heater,
air gap; brackish water, distiller
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AnHoTanus. TeHI3 JKOHE JKep acThl CyJaphl MOJ, aybl3 Cy Ke3Iepi *KOK, KypFak
JKOHE BICTHIK KJIMMAaTTa TYIIBI Cy OHJIpyTe JereH KaKeTTUIIK epekie >Korapbl. MoceneHi
eIy TiH >KOJIBI - THIM/II TeTHOKYPBUIFbIIIApMEH CyIbI TYIIBIIaHBIPY. JKyMbIcTa OacCeHHIH
KaHa IU3aiiHBl YCHIHBUIAZBI, JKIHIIMIKE YHIOYPBIITH TOoppaaH jKacaaraH, KaObIpFamapsl
penbedTiH eHfirine TeH 43° OypbIlIeH, OYJ1 OJIap/blH KaTThl KbI3ybIH KaMTaMachl3 €Tel.
Toxipubenep AKTay KaJaChIHBIH BICTBIK KIMMATHI JKaFaalbIHAa XKYprizinm (43°49 <N 51°1»
E). XKympic HOTHKENEp1 aybI3 Cy TANIIBUIBIFEI Oap ayAaHaap YIIiH Maiaaasl 607Iybl MYMKIH.
Todp OacceliHiHiH THIMIUTIK JOPEKECIH aHBIKTAy YIIIH KcIiepuMeHTTep 2 OacceiiHi Oap
2 muctwusiTop Herizinae 2 myckama (SS-1, SS-2) xyprizinmi. B SS-1, Gacceitn-2 ayans
JKBUTBITY YIIiH Koimaneutanel. Carar 15-te 6acceitn-2 98.5 °C aeifid KeI3ABIPBUIABI, a1 OHBIH
yeringeri akpuit 101.6 °C nefiin KbI3IbIPBLIIBI, OYJI OHBIH «IehopMaliscbiHay akeiai. Carar
12-ne immirae merabt 40.7 °C, 6y-aya kocnacsr 57.3 °C xone 6acceitn — 1-61.1 °C apacsiHmars
TeMIieparypa abipManibuibiFbl 16.6 °C xone 20.4 °C Gosabl, Oy1 xkenaiH 5.9 m/c aeiin
JKOFapblIaybIMEH OaiIaHbICThl 00J1bl. 12 carar inrine mibiHel 40.7 °C, Oy-aya Kocmackl 57.3
°C sxone OacceiiH — 1-61.1 °C apaceiHmarsl TemnepaTtypa aiblpMambUibiEsl 16.6 °C xoHe
20.4 °C, Oy xenaiH 5.9 m/c neitin sxorapbuiaybiMeH OaianbicThl Ooasl. Carar 12:00-m1e
0.293 xr. 1 Gacceitaniy eniMaiiri 6ip kyHae - 2.094 kr xetti. Carar 12:00-me 1 6acceliHHIH
eHiMaLTIri-0.293 xr., 6ip kyHae-2.094 k. 2 GacceitHHiH yieci-SS-1 eHIMAUTITIHE TEK KBLTY
ocepi Oomapl. SS-2, 2 GacceitH KoIiMT1 JKBUTBI OacceitH peTine nainananbuiasl. [nexcurnacce
TeMIlepaTypachkl Cy MeH 2 OacceiiH TemmepaTrypacbiHad TeMeH Oojabl. [lbiael Men TIBC
apacelHIarel TemreparypanblH 10 cararTeiK aitbipMamsisirel 20 °C, 12 cararra 30.6 °C
6oupl, an 6y 30.6 °C 15:00-xe Tipkenai. Isiasl Men [IBC apachinmarsl TeMnepaTypaHbig
Oy aiibipManblIbiFbl 1.114 Kr MesiiepiHae KOHJACHCATTBIH €H KOIl IIBIFYbIH KaMTaMachl3
etti. 15 cararra SS-2 - ne, GaccelHaepIeH KOHICHCATTHIH IIBIFBIMBI - 8.72 KT KypaJIbl, OHBIH
imringe 1 Gacceitanen 3.5 kr, Oy SS-1-zgeri GacceitHaeH 1.7 ece kem. DKCIEpUMEHTTEPIIIH
HOTIOKEJIEP] ajibIHFaH MOJICIIbACP HEeri3iHe KacairaH TeHaeyiepre coiikec keiemi (Clark Ja
and dunkle RV). Oyi1 kalThIMCBI3 Iporiecc. bacceitHaep KbI3raH Ke3/1¢ )KbUTY TYThIHBLIA/IbI, aj
OMHEK CaJIKbIHIaFaH Ke3/1e oJ1 OestiHe . JKblTy MIBIFBIHBI «JIIIAKTHIK» €CCOIHEH a3alThLIBIIL,
OH 3KCeprusi KaMTamachl3 eTuUil. TY3ChI3aHAbIPFBIIITAPIbIH OHIMIUTITIH OaccelHaepIiH
KOJEMIH YJIFalTy, Cy KaOaThIHBIH KAJIBIHABIFBIH a3alTy KOHE TY3CHI3AAHIBIPBUIFAH CYIBIH
IIBIFBIHBIH PETTEY apKbLIbl apTThIPYFa 00JIa bl

Tyiiin ce3mep: KYH SHEPTHUSACHL, 2 coyiie, 2 6acceiiH, roppieHreH iacTuHa 6acceiiHi,
aya KBUIBITKBIIIBI, aya KaOaThl, TY3/1bI CY, JUCTHILISTOP
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Annortauus. [lorpeOHOCTD B MPOM3BOJICTBE MPECHOH BOJABI B YCIOBHSIX CYyXOTO
M JKapKoro KiuMmara ¢ OOMJIMEM MOPCKOM M TOA3EMHBIX, 0€3 HCTOYHHKOB MHTHEBOU
BOJIBI 0COOCHHO BBICOKA. [IyTh pemienusi mpodiaeMbl — onpecHeHUe BOAbI B 3((HEKTHBHBIX
reauoycTpoiictBax. B pabote mpemiaraercst HOBas KOHCTPYKLMSI OacceiiHa M3 TOHKOTO
TPEYroJbHOro Todpa cCO CTOpoHaAMH MOJ yriaoM 43°, paBHBIMH IIUPOTE MECTHOCTH, YTO
obecrieunBaeT CWIBHBIH HMX HarpeB. ODKCHEPUMEHTBHI TPOBEACHBI B YCIOBHSIX >KapKOTO
kiuMara . Akray (43°49N 51°1°E). Pesynbrarsl paboThI MOTYT OBITB MOJIE3HBI IS pAiiOHOB
¢ AeUUUTOM MUTHEBOU BOMBL. /151 ycTaHOBIEHHUS cTeneHn S GEeKTUBHOCTH OacceliHa-rodpa
9KCIIEPUMEHTHI IPOBE/ICHBI B 2-X BapuaHTax (SS-1, SS-2) Ha 6a3e 2-XCKaTHOTO AUCTHILIATOPA
¢ 2-ms Oacceiitnamu. B SS-1, Gacceitn-2 ucmonb30BaH i Harpesa Bo3ayxa. B 15 4. 6acceiin-2
Obu1 HarpeT 110 98.5 °C, a akpwit Hajg HUM — 10 101.6 °C, uTo mpHBeo K ero «aehopMarum.
B 12 4 pa3nocTs Temnepatyp mexay crekiom 40.7 °C mapoBo3aymHoi cMmeckto 57.3 °C n
OacceitnoM-1 - 61.1 °C coctaBmina 16.6 °C 1 20.4 °C. 310 ObUIO0 CBA3aHO C YyCUICHUEM BETPa /10
5.9 m/c. Bonbiias pa3HOCTB TEMIIEpATyp CIIOCOOCTBOBAJA YBEIMYCHHUIO BBIX0/1a KOHJICHCATA C
0.128 kr. B 11 4. 10 0.293 kr B 12:00 u. [IpousBoauTenbHOCTH Oacceiina-1 3a JIeHb COCTaBHIIa
2.094 xr. Bknajg OacceliHa-2 B IPOU3BOJIUTEILHOCT SS-1 3aKIIOYANCS TOJIBKO B TEILIOBOM
sapdexre. B SS-2 Gacceitn-2 Obl1 MCMONIB30BaH B BHIE 00bIYHOTO Oacceitna. Temmeparypa
OprcTekiia Oblia HIKe, YeM TeMIepatypa BoJbl U Oaccelina-2. [lepenan temmeparyp Mexay
creksioM u [1BC B 10 4. 651 paBen 20 °C, B 12 4. 30.6 °C, u sta Benmuuuna 30.6 °C Opuia
3aukcupoBana B 15:00 u. Drot nepenan temnepatypsl Mexxay ctekiioM u [IBC obecneunn
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HanOOJIBIINN BBIXOJ KOHieHcaTa B KoimyecTtBe 1.114 kr. B 15 4. Beixox koHnencara B SS-2
oT OaccelfHOB cocTaBuII - 8.72 KT, B TOM uncie 3.5 kr ot OacceiiHa-1, uro B 1.7 pasa Gomblie,
yeMm oT OacceiiHa-1 B SS-1. Pe3ynmbraTbl 5KCHEPUMEHTOB COINIACYIOTCSI ¢ ypPaBHEHUSIMH,
KOTOpBIE COCTaBIICHBI Ha OCHOBE Mojienieid, moiayueHHbIX (by Clark JA and Dunkle RV). —»310
nporecc HeoOpaTuMbIi. [Ipu HarpeBe OacceliHOB TeII0Ta NOTPEOSeTC s, a IPH OXJIAKICHUN
CTeKJIa — BbiAessiercsl. TeroBble MOTepu MUHUMHU3UPOBAHBI 3a CUET «3a30pa» U o0ecredeHa
MOJIOXKUTENIbHAs 9Kceprus. [Ipon3BOANTENLHOCTD ONIPECHUTENEH MOXKHO YBEITMUHUTD 3a CUET
YBEJIMUEHUSI TUIOMaieH OacceifHOB, YMEHBIIEHHS TOJIIMHBI CJIOSI BOJBI M PErYIMPOBAHUS
pacxojia OnpecHseMON BOABI.

KaroueBble cjioBa: conHeuHass JHeprus; 2 ckara, 2 OacceiiHa, OacceiH wu3
ropupoBaHHON TUIACTHHBI, BO3yXOHArpeBaTeNlb, BO3JYIIHAsS MPOCIOWKA; COJOHOBATas
BOJIa, AUCTUILISATOP

Introduction

An acute shortage of fresh water is experienced by more than 40 countries located in
arid territories with hot climate, including Mangistau region of the Republic of Kazakhstan
located on the eastern coast of the Caspian Sea, which has no fresh water sources. (Syrlybekkyzy
etal., 2014: 1631).

Water desalination is carried out by the Mangyshlak Nuclear Power Plant “MAEK-
Kazatomprom”, what provides the regional center, enterprises and adjacent settlements
with all types of water. In remote areas, water deficiency is solved by imported water and
underground sources. At the remote enterprises technical purposes are satisfied with the
seawater. “CaspiCement” plant built by “HEIDELBERG CEMENT GRoup” (Germany) in
order to keep chalk dust low, water roads with the sea and underground water, what leads
to even greater salinity of the saline soils. (Zhidebayeva et al., 2018: 1065). In this regard,
groundwater and seawater need indispensable demineralization via solar energy-driven
desalination, what is a great deal for hot dry climates.

Refs. (Serikbayeva et al., 2023: 24). propose methods of waste and sea water
desalination for arid regions lacking fresh water. The works propose the methods of ground
and sea waters desalination for the arid regions lucking fresh water. Hitesh N. Panchal et al,
clime that groundwater contains harmful bacteria, coastal marine areas water is abundant but
not suitable for drinking. It is economically feasible to distill and purify these waters in simple
solar-powered stills. Their massive use is constrained by their low throughput capability.
Remote coastal regions where advanced desalination technology is not available, sustainable
fresh water production method is absolutely crucial. Development of economically and
technically efficient stills attracts extensive researchers’ attention - notes Tiwari Anil Kr.

(Sangeeta Suneja et al., 1998: 120). defined the optimal number of still basins should
be no more than 7. To enhance heating and boost the still throughout capability, much attention
is paid to the use of thin corrugated sheets Gupta CL. In order to determine the optimal
inclination angle in an efficient solar still, Tanaka H (2011) determined that 23 © is the best
angle of the transparent cover inclination, for the latitude of Muscat in Oman. This made it
possible to increase the condensate yield by 13 % more than in a conventional solar still. (Hilal
Al-Hinai et al., 2002: 150). in their research, the performance of a three-basin solar still was
compared with that of a single-basin still. At the same time, it was found that three-basin still
high efficiency is conditioned by minimization of heat losses of the lower basins surface by
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the upper (heat-insulating) basin. (EI-Sebaii, 2004: 45). in his work, analyzed the wind effect
on the performance of solar plants of passive and active type. Also, El-Sebaii A., in his works,
showed the results of the temperature regime of a three-basin still. It demonstrated increase
of the three-basin solar still output by 12.6 1/m? per day, compared to a conventional solar
sills. (Al-Hinai et al., 2002: 75). investigated multi-slop solar still throughput capability in
relation to climatic factors, a slope angle and insulation thickness. Rahul et al. formulated the
characteristic equation for a 2-slope solar still in the conditions of Delhi. The work concluded
that the graphs determining the basin heating linear dependence on a slope angle, are less
accurate than the graph curves of nonlinear dependence. (Hanane et al., 2012: 33). studied
the efficiency of a 2-slope solar distiller with account for a change in the temperature of water
and glass depending on radiation intensity. It was established that a higher distillate yield is
achieved at a higher temperature differential between the glass and heated water temperatures.
The still output totaled 4 1/m2 per day, which is consistent with Kalidas studies results. In
experiments, (Rajamanickam et al., 2012: 1701) studied the effect of the water level of a
double-basin solar still, on the processes of mass exchange in its capacity. It was assumed
that a basin water depth of 0.1 m would increase the distiller’s throughput capability. Hence,
according to the experiments outcomes, the condensate yield was 3.074 1/m? day. This result
value turned out to be less than the throughput capability value obtained in Hanane’s work.
Trad et al, conducted comparison studies of the efficiency of single and double solar stills.
They came to the following conclusion. So, with the orientation of a plant with its one slope to
the north-south, the maximum throughput capability temperature was achieved in comparison
with the 2-slope plant.

(Halimeh et al., 2013: 113) in their studies compared the energy efficiency and
exergy efficiency of a solar still equipped with a staged absorber-basin. Thus, the efficiency
of solar energy use equaled to 83.3 % while the exergy (energy efficiency) equaled to 10.5%.
Low exergy efficiency factor is conditioned by the biggest absorber surface heat loss to the
environment. (Sadineni et al., 2008: 71) in their work, carried out experiments on a solar still
where its throughput capability was 20 % higher than of the conventional ones. Therewith,
they also avoided scale formation on the plates of a staged absorber. Nabil, in his work
experiments, used a condenser to remove vapour from the glass surface. Thus, water vapor
was captured by the condenser and did not reach the glass surface.

In Rahim’s work a staged aluminum liner covered with black paint. Shallow water
allowed maximum basin heating, what ensured night production of distillate. Velmurugan
et al., in their studies carried out an analysis of the thermal characteristics of a stage-type
desalination still with heat-accumulating materials (sand, pebbles, etc.). Productivity increased
by 98% compared to the stage-type asphalt-cover unit.

Evaluation of efficiency of a modified corrugated basin with air heater and a
conventional basin in a 2-slope distiller.

Methodology

Figure 1 a, b show a 2-slope still equipped with two basins (for the sake of discussion
solar still - SS) in two versions. That is to establish how much the corrugated basin contributes
to the solar still throughput capability in whole. There was setting up the experimental facilities
in the workshop of the Engineering Faculty of Yessenov University.
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SS-2
Air gap (0.06m)

O oY

Saline water (SW)

Figure 1 - Schematic of the basin-type solar still versions,
a) the upper basin is in the form of an air heater, (SS-1);

b) the upper basin is in a conventional distiller (SS-2)

In the 1st version (SS-1) plexiglass 3 was over the upper basin 4, the curved edges
paralleled two slopes of the glass 3 and covered the basin 5. In the 2nd version (SS-2), the
plexiglass 3 covered the two basins. It should be noted, that in the 1st version, water was not
supplied to the upper basin, since we, in this case, considered the “dry” basin in form of an air
heater. (Zhidebaeva, 2024: 9128).

The body housing 1, 0.40 m high, of chipboard (aka DSP), with a thickness of 0.02
m. The housing dimensions 0.7 x 0.9 m. Further, the description of the plant continues from
its top downwards.

2-slope cover 2, of plexiglass 0.003 m thick, sealed around the unit body. Plexiglas
Acrima 82 (Russia), with a light transmission coefficient of 92 %, (tensile strength (23 °C) - 70
MPa). Vicat softening temperature is 114°C, and the fact that glass is environmentally friendly
material is the most important.

For efficient use of the solar energy, the angle of both slope inclination and the sides
of the finned corrugation basin-2, to the horizon was 43 °, which corresponds to the angle
of region latitude corresponding to 43°49°N. The presence of a 2-slope glass cover 3 above
the upper basin-2 (position 4) and above the lower basin-1 (position 5) prevents the inner
surface of the cover 2 from condensing, and facilitates to partial incoming solar radiation of
the basin-1. A “thermal insulation” e.g. air gap is formed by the virtue of the second cover 3.

On the inner basin-2 side facing the basin-1, there are the condensate collectors 6.
They are fixed on the body 1 walls, with condensate runoff side channels of the basin-1.
The basin-1water level is below the level of the basin shelves, what provides heating of 25
% of the entire surface. For the purpose of condensate drainage, the glass 3 lower edges are
curved towards the same channels of the basin-1 (position 7). Silicone pipes are inserted in
holes 8 to feed and drain colder sea water. Holes 9 with silicone connecting pipes, feed the
basin-1 channels with water. The distillate resulting from the outer channels, flows through
the connecting pipes 10 into a container (not shown). The plant DSP bottom has on its surface
foam plastic and basin-1 hermetically fixed with mounting foam. The temperature of glass
covers 2 and 3, basin 1 and 2, water, and the ambient air temperature per the unit volume as a
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whole, were thermocouple-measured every 30 minutes, SMD resistance temperature detector
Pt 100. Therewith, the thermocouples maximum measurement range is 150°C, with a probe
length of 1.0 m and a cable of 2.0 m.

To measure the temperature in the absorber water and the silicone connecting pipes,
we used testo 905-T contact thermometer with an immersion/penetration probe of 30 cm long.

The regulation of the amount (flow rate) of water supplied to the solar still was carried
out using Acetal tubing clamps of durable plastic with serrated jaws. The water level in basin 1
and 2, and their capacity pressure were measured with a transparent U-shaped pressure gauge.

A silicon pyranometer SP-Lite (manufactured by Kipp & Zonen) measured the solar
radiation flux density. (Serikbayeva et al., 2023: 8181).

The site for the experiments was selected at the trials site of the Ecology Faculty, 21
km from the city of Aktau, in the coastal zone of the Caspian Sea (43°49°’N 51°1’E). The
distance from the site to the sea shore is 487.5 m, shown in the upper part of Fig. 2. On August
1 and 2, 2023, from a depth of 5-6 m seawater was sampled from a rubber boat, in the more
seaward part of the sea, at a distance of 166 m from the seashore.

= ® _N43‘49'06,22éZ"I
= ES1901'51,3040°

m@es -
v g L

+ a d § S |
. Vi L Acrylic cover solar still
Al 4

|

55.2 &5 :
e

g

Figure 2 - Photographs of the experimental setup versions
a) SS-1; b) SS-2

The elements of the solar still, their dimensions, the angle of inclination of the
translucent covers and the thermal characteristics are presented in Table 1.
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Tablel. Thermotechnical properties of the still elements and water

Parameters Glass cover S5 Glass cover Basin-2 | Basin-l Water

of basins Basin- | Basin-1
a pooner =008 | Cpepgrgemn —0.08 | @p-09 | e -093 | 0.05 0.05
A(m?) 0.7 0.73 038 0.62 021 048
T 091 092 - - 093 0.93
£ 0.88 0.88 : - 0.94 0.94
{, kg K) 500 500 630 630 9 | 419
p (kg/n’) 2500 2500 7850 7850 1010 | 1010
Thickness, mm 3.00 3.00 07 0.7 20-40-50 | 2030
Slope of glass, {°) 8 38 38

Mathematical model of a solar still thermal process

The complexity of using the solar energy lies in of the radiation power intensity change
during a day, a month, a year. This creates inconvenience in maintaining the temperature
regime in solar powered units. The air gap between the upper 2-slope cover and the lower
cover above the basins complicates the system with radiation-conduction heat exchange.
Mass-transfer processes in the system occur during condensation of moisture on the basin-2
inner surfaces and the glass over the two basins in their entirety (Kabeel et al., 2016: 59).

The following assumptions are made in the modeling:

a) heat losses through the sides and the bottom are insignificant, the heat capacity of
the cover glass is minimal, no water stratification in the basins is observed;

b) the heat transfer radiated into the environment from the transparent cover of the still
is considered to be negligible due to the “interlayer” and is not taken into account;

c) the temperature of the inner surface of the transparent glass covers differs from its
outer surface temperature: T # T .

Heat balance equations for the capacity of a basin-type still

In the solar powered still, the upper transparent cover is made of Acrima 82 plexiglass.
The inner transparent cover above both the upper basin-2 and the lower basin-1, is also Acrima
82 (Fig. 1, b). The figure shows that the solar radiation coming on the surface of the basin-2 is
89%, on the surface of the basin-1 is by 27 % for 2 sides.

1. The heat balance for transparent covers above the still, basin 2 and 1, can be
estimated with the equation formulated by (Velmurugan et. al., 2009: 249) in their studies:

“‘Ig(ss)ISA + a;;(b,z)lsA + a‘;(bl)ls + (qg.w(b.z)—g + C[{:.w(b.Z)—g + qr.w(b.Z)—g)A + (qg.w(b.l)—g +

dar dar
+ Qew(b1)—g + qr.w(b.l)—g)A - mg(b.z)cpg % + mg(b.l)cpg % + Ac.g(ss)—a (1) ‘

where 9g(ss)»99(b.2)  dg(b.1)1s the heat flow absorbed by the glass, (W/™); A - surface
area of the transparent coatings, (m?); Is - intensity of the radiation transmitted through
the glass, (W/m?); @g(ss),%p2)> %1y » - the radiation fraction absorbed by the glass;
ew(p..)-g» dcw(p..)-g> Qew(p..)-g, - heat flow from water in the basin 2 and 1 to the inner
surface of the cover, (W/m?); g (ss).c—a - the cover originated heat flow into the environment
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via convection, (W/m?*);Mgp.2), Mg(p.1) » - the mass of the glass cover over the basins, (kg);
Cp.g- specific heat of glass, (J/kg * K);Tycp23. Tgep,1) » - glass temperature of the cover over
the basin 2 and 1;4¢ g(ss)—a - heat flow transferred via convection from the top cover to the
environment.

It should be noted, that the glass surfaces temperature measurement difficulties lead to
unforeseen errors in predicting the performance of the stills, as shown in studies (Tsilingiris,
2011). Also, equation (1) does not take into account the radiated heat flow due to the air gap
between transparent covers.

Heat transfer to the environment via convective heat exchange in the interlayer
between the covers, will be carried out through the upper translucent cover of the still:

e g(ss)—a — hc,g(ss)A(Tg(ss) - Tg(ss)a) @)

where hc,g (ss)—a - the coefficient of convective heat transfer from the glass to the
environment, (W/m*°C); Ty (ss) - temperature of the inner surface of the plexiglass;Ty(ss)a -
temperature of the outer surface of the solar powered still cover glass, (°C).

As for the convection coefficient, then, as shown in, Juan Cristobal in gives
Jurges’ data obtained for a 0.5 m? plate where the coefficient hc,g depends on the wind speed
V, no more than 5 m/s and is assigned by the dimensional equation:

heg(ss) =57 +38V 3)

The area of the upper basin-2 is 0.38 m?, of the lower basin-1 - 0.62 m?, that is,
for our case, equation (3) is usable.

Convective heat flow ¢ g(ss)—a can be estimated with the following expression:

Ucg(ss)—a = €g(s5)0 [Tg4 (ss) — Tg4(ss) a (4)

where €5¢55) - the emissive ability of the glass inner surface, 0.9; o - Stefan
Boltzmann’s constant = 5.669 x 10 W/m’K.

Heat flows transferred from basin 2 and 1 water to the inner surface of the glass
during evaporation and due to convection and radiation. It can be written using the instance
of basin-2:

Qe w(b.2)—g.inner = he,w(b.Z)—g ' Aw(b.z) (Tw(b.z) - Tg.inner) (5)
Qew(b.2)—g.inner = hc,w(b.Z)—g ' Aw(b.Z) (Tw(b.z) - Tg.inner) (6)
dr w(b2)-g.inner = hr,w(b.z)—g 'Aw(b.z)(Tw(b.Z) - Tg.inner) (7)

Rew(b2)-g - coefficient of evaporation heat transfer, can be determined
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utilizing an equation for the model obtained in the heat transfer development
(Pattarumadathil Unikkatt Suneesh., 2012):

- (Pwb.2)=Pgipner)
=16.273-1073h L WD dinner !
cw(b.2)—Ginner (TW(D-Z)_Tginner) (8)

h

ew(b.2)—ginner

At the same time, we define and h w(b1)—g and hr,w(b.l)— g employing the
equations from the Dunkle' s model:

1
(pW(b-Z)_pginner)TW(b-2)+273'15 3

268.9-10% =Py p 2y (9)

hcw(b.Z)—g =0.884- (Tw(b.Z) o Tginner) +

hr-w(b-z)_ginner = gW(b-Z)O-(T‘i(b-z) + nginner) ' (Tw(b.Z) - Tginner) (10)

where PW( p.2) - the partial pressure of water vapor at a certain temperature (N/m?);

Py inner- air-water mixture partial pressure on the inner surface of the glass.

2. The heat balance equation for the water of still basin 2 and 1, is formulated as the
equation in:

Tg(6.2)@w(b. ) sAwm.2) T Tgp )% 1) sAwib1) t dep2-wy T dobi-w) =

ATwn,1) "

AT wp,2)
dt + mw(b.l)pr dt dew(b.2)—g(ss) + dew(b1)—g(ss) (11)

= mw(b.Z)pr

3. The heat balance equation for the basins 2 and 1:

ATy,
Tgw.2)Tw(b.2)%b.2) IsAwm.2) T Tgb.1)Twn. 1)%wb. 1) sAwm.1) = Mp.2)Cob.2) dib 2

ATy,
+m(b.1) Cp(b.l) d(tb 4 Qew(b.2)-g(ss) + dew(b1)-g(ss)dc.g(ss)-a

(12)

The hourly condensate output, for basin 2 and 1, is detected with formulations (13)
based on the formula from the studies (Clark, 1990: 44):
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where L. is the latent heat of evaporation. For seawater heated above 70 °C:. L = 3,1615-
10%[1 — 7,6160 - 107T,,] and less 70°C L = 2,4935-10°[1—9,4779 - 10~*T,, + 1,3132 - 1077T;2 —
4,7974 - 107°T2]. A, ,, Ay ; - area of the basin 2 and 1, (m?).
The daily throughput capability of the solar-powered system is figured out with the formula:

Mew = ijl Moy (14)

The efficiency of a 2-slope double-basin solar still with seawater heating, the
seawater heats in the upper basin-2 and runs to the lower basin-1 for desalination, is
established with the following formulation:

24
i=1 Mew

T E((D)p2 Abz3600)+Z (U (D)1 Apr3600) (5)

Heft

Results and discussion

Efficiency of the basin-2 in a double - basin distiller

on 01.08.2023 SS-1: the upper basin-2 as an air heater (water free)

The corrugated basin employed as an air heater with no water fed.

The plexiglass cover is horizontal, with a gap of 0.01 m from the top of the basin-2
(Fig. 1, a).

The ambient conditions as of 01 and 02 August 2023 are tabulated in Table 2.

Table 2. Ambient conditions as of 01 and 02 August 2023

(Ambient conditions) 01 August 2023 02 August 2023
morning afternoon morning afternoon
Sunrise time, (hour) 6:22 - 6:26 -
Outdoor air temperature (°C) 20.3 (7:00) 32.0 (12:00) 21.7 (7:00) 31 (12:00)
Solar radiation intensity (W/m?) 96.1 (7:00) 795 (12:00) 101 (7:00) 840 (12:00)
Atmospheric pressure, (mm Hg) 759 758 756 756
Wind speed, (m/s) 3.4(B) 5.9 (10) 2.1(3) 3.0 (C3)
Relative air humidity, (%) 75 39 51 41
Precipitation amount, (mm) - - - -
Cloudiness Clear Low Clear Clear

SS-1. 01 August 2023. Sunrise time - 6:22 am. It is clear. Outdoor air temperature: in
the morning - 20.3 °C, temperature maximum at 12:00am - 32°C. Relative air humidity: 75
% in the morning, 39 % in the afternoon. Wind speed: in the morning - 3.4 m/s (East) in the
afternoon - 5.9 m/s (South). The maximum value of solar radiation intensity at 12:00am was
795 W/m?.

The dynamics of temperature variability of glass, water and basin 2 and 1, depends on
the outdoor air temperature, radiation intensity, for version: SS-1, given in Table 3.

A. The temperature ) above basin-2, at 7:00 am, was 2.4 °C lower than that of the
basin capacity; at 8pm the temperature was 4.7 °C. The basin-2 temperature prevailed the
glass temperature ). Heating basin-2 at 3:00pm, up to 98.5 °C, and heating the acrylic up
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to 101.6 °C, what resulted in acrilic “deformation”. The reason is the tight adjacency (0.01
m) of the glass to the “hot” tops of the basin-2 corrugation (Fig. 2, a). As the studies show,
application of corrugation requires a gap of at least 0.35 m between the tops, or plexiglass
replacement with a regular one.

So, Alessandro Franco came to the conclusion, that for air heating it is advisable to
utilize thin corrugated sheets. But at the same time, the main requirement is to ensure a gap
between the absorbing surface and the cover glass. This is also was noted by A. Alahmer.

Starting at 3.00pm, the glass temperature was dropping from 101.6 °C to 76 °C at
8:00pm. The temperature of the basin capacity also was decreasing from 98.5 °C at 3:00 pm
to 71.3 °C. The temperature gradient totaled 3—5 °C.

The excess of the glass temperature ) over the temperature of the basin-1 glass )
totaled 0.2 °C at 7:00am, 48.5 °C at 3:00pm, and 48.0 °C at 8:00pm. This displays that the
heat transfer from basin-2 glass to basin-1 glass was negligible.

B. The glass temperature ) was also lower than the temperature of the water and
basin-1. At 12:00am, the temperature differential between the glass (40.7°C), air-water
mixture (57.3 °C), and basin-1 (61.1 °C) was 16.6 °C and 20.4 °C. This difference is the
biggest one obtained in the course of the experiment, due to the wind speed increase up to 5.9
m/s starting from 11:00 am with the maximum air temperature (32 °C) and intensity of 795
W/m?. The temperature drop made condensate yield risen from 0.128 kg. at 11.00 am to 0.293
kg at 12.00 am. Thus, a high wind speed provokes glass cooling, air-water mixture condensing
and distiller performance increase, what agrees with the conclusions of El-Sebaii A.A., and
Badran O.0. On the other hand, high wind speed causes heat losses to the environment. In our
case, the heat losses are minimized due to the “air gap” between the covers.

C. The SS-1 solar still throughput capability. The contribution of basin-2 to throughput
capability is conditioned with heat transfer from the lower surface to the water surface in
basin-1. The condensate output from the basin-1, from 9:00 am through 8:00pm, was 2.094
kg.

Table 3. Dynamics of a change in temperature for the glass, water and basins in SS-1 version. 08/01/2023.

Time (°C) (°C) (°C) Distillate output
(b.1) (kg)

(hour) | (W/m?) | (°C) C) C)
7:00am 96.10 | 21.3 18.6 21.0 18.4 18.7 19.5 0.00
8:00am | 155.00 | 22.8 34.6 332 21.4 23.7 24.8 0.00
9:00am | 220.17 | 24.1 433 41.0 27.0 29.5 323 0.014
10:00 am | 390.51 | 27.2 54.0 50.3 313 37.1 40.5 0.071
11:00 am | 590.70 | 29.3 64.1 61.3 42.1 44.7 493 0.128
12:00 am | 795.00 | 32.0 76.1 73.5 40.7 57.3 61.1 0.293
1:00pm | 781.33 | 314 85.0 81.2 43.0 45.8 49.4 0.173
2:00 pm | 776.40 | 31.1 96.8 91.1 51.4 53.1 57.3 0.270
3:00pm | 713.51 | 30.6 101.6 98.5 53.1 58.3 61.1 0.337
4:00pm | 681.70 [ 30.2 97.3 92.4 49.2 54.6 58.0 0.283
5:00 pm | 635.50 | 29.0 93.6 89.3 45.0 50.1 55.3 0.219
6:00 pm | 593.00 [ 28.5 88.1 84.0 39.3 45.2 48.9 0.121
7:00 pm | 475.30 | 28.1 81.6 77.5 314 39.6 44.7 0.088
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8:00pm | 189.65 | 27.0 | 76.0 71.3 28.0 36.0 40.3 0.052
- - - - - - 2.049

02 August 2023 The upper basin-2 in the form of a conventional basin (with water)

The basin-2 plexiglass cover, 2-slope, parallel to the still cover, with a gap of 0.06 m,
common for the two basins (the upper one and the lower one). The height from basin-2 plane
to the top of the cover glass, was 0.4 m (Fig. 1b).

SS-2. 02 August 2023 Sunrise time - 6:26 am. In the afternoon - slightly cloudy. Air
temperature: in the morning - 21.7 °C, maximum at 12:00am — 31 °C. Relative humidity: 51
% in the morning, 41 % in the afternoon. Wind speed: in the morning - 2.1 m/s (West) in the
afternoon - 3.0 m/s (North-West).

The peak intensity of the solar radiation at 12:00 was 840 W/m2. The dynamics of
changes in the temperature of glass, water and basins 2 and 1, for version: SS-2, are given in
Table 4.

A. In contrast to the option without water (air heater) in SS-1, during the day, the
temperature of the glass ) above basin-2 in the SS-2 version (for heating water), was lower.

At 7 am the temperature differential between the glass and the water was 0.5 °C, at
10.00am the differential was 20 °C, at 12 noon the differential was 30.6 °C, and a value of 30.6
°C was recorded at 3:00 pm.

The largest condensate yield was 1.114 kg at 3:00 pm and 0.94 kg. at 4:00 pm at
a differential of 28.4 °C (Table 4). Large amounts of the air-water mixture condensation is
justified by equation (13) where it is clear, that the value of the hourly output of condensate
is directly proportional to the evaporation heat transfer coefficient ( calculated with equation
(5). Equation (8) demonstrates that the heat transfer coefficient (depends on the temperature
differential between the glass, the air-water mixture and the partial pressures difference. The
difference between is inversely proportional.

The basin-2 throughput capability from 7:00 to 20:00 inclusive, was 5.2 kg.

B. The glass temperature ) neither exceeded the water and the basin-1 temperature.

The maximum values of the temperature gradient between the glass above basin-1
and the water, were recorded at 3:00pm and 5:00 pm and amounted to 32.2 °C and 31.6 °C
respectively. During those hours, there was the highest condensate yield accompanying of
0.49 and 0.43 kg.

The distillate output of the basin-1 surface in SS-2 was 3.519 kg, what is 1.47 kg more
than distillate production (2.049 kg) obtained from the basin-1 surface in SS-1.

C. Productivity of the SS-2 solar still. In SS-2, the total daily distillate output from the
surface of the upper basin-2 and the lower basin-1, was 8.717 kg.

Table 4. Dynamics of change in temperature of glass, water and basin in SS-2. 02.08.2023.

Time | (Wm?) | O | co)| co) | co | °0 | co | co Distillate output, (kg)
(hour) ®2) [ o1 | Z®20
7:00am | 101.5 [21.7] 193 | 19.8 | 22.0 [ 19.0] 19.7 [ 2000 | 0.000 | 0.000 0.000
8:00am | 160.19 [22.4 | 21.7 | 325 | 36.0 [203 [ 256 [ 26.4 | 0.031 | 0.000 0.031
9:00am | 225.07 [26.0 | 23.6 | 40.8 | 45.1 [ 225 [31.8 (350 0.114 | 0.026 0.14
10:00 | 379.00 | 29.6| 27.0 | 47.0 | 54.8 | 250|385 | 42.8 | 0216 | 0.040 0.256
am
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11:00 580.13 [ 30.1 | 323 | 61.3 | 67.1 |283]46.0 508 0.410 0.186 0.596
am
12:00 840.00 [31.5 38.7 | 693 | 76.0 |32.7| 553 |61.1 | 0.452 0.271 0.723
am
1:00pm | 811.36 | 31.2| 46.4 | 76.2 | 84.5 [38.0 | 63.1 ] 69.0 | 0.475 0.421 0.896
2:00 pm | 792.16 | 31.0| 56.5 | 87.0 | 96.1 |43.1|73.4]79.0 0.513 0.448 0.961
3:00 pm | 731.41 | 30.6| 64.8 | 954 | 101.0 | 48.8 [ 81.0 | 88.3 | 0.621 0.493 1.114
4:00 pm | 698.62 304 61.2 | 89.6 | 94.3 |43.7| 753 | 82.7 | 0.527 0.413 0.940
5:00 pm | 730.09 | 29.8| 57.9 | 85.4 | 90.7 [38.0| 70.0 | 76.1 | 0.493 0.436 0.929
6:00 pm | 583.10 | 29.0| 533 | 782 | 81.4 |32.7 (623 | 71.5| 0.481 0.410 0.891
7:00 pm | 481.00 | 28.5] 49.7 | 69.0 | 76.1 |28.4 | 56.1 ] 65.0| 0.450 0.267 0.717
8:00 pm | 124.83 | 283 | 43.5 | 61.8 | 693 |[23.149.2]58.6| 0.415 0.108 0.523
- - - - - - - - - 5.198 3.519 8.717

Less condensate output from the surface of basin-1 in SS-1 is linked to the thickness
of the water layer in the basin. In order to increase productivity in SS-1, the water layer in
basin-1 was equaled to 25 mm, what did not bring to a greater condensate output. In the SS-2
version, the water layer thickness in the basins 2 and 1 was 20 mm, what achieved higher
productivity compared to SS-1 (Fig. 3). The employment of basin-2 in SS-1 for heating the air
did not contribute to the distillate output and productivity.
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Figure 3 - Hourly output of condensate conditioned by the thickness of the water layer

Thus, the SS-2 thinner (20 mm) water layer in the basin increased the productivity of
the solar distiller by 1.5 times in comparison with SS-1.

This matches to the results obtained in (Sathish Kumar et al., 2013: 413)

Conclusions

In this work, the efficiency of a finned corrugation basin was evaluated by comparison,
which was employed as an air heater and a conventional basin, in the plants (SS-1 and SS-2)
manufactured on the basis of a 2-slope distiller with 2 basins.

The basin-2 sides positioned at an angle equal to the region latitude, thus, providing
the sun rays fall “vertically”, ensuring their outmost heat with 95 % absorption of the rays.

The basin-2 effective area was 98 % of its real area.

The angle of inclination of the acrylic covers is 43 °, reduces reflections to zero.
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Employment of basin-2 in SS-1 at 3:00pm, brought the basin-2 temperature (air
heater) up to 98.5°C, the acrylic cover above the basin heated up to 101.6 °C, resulting in
its “deformation”. The wind getting up to 5.9 m/s strong, cooled the glass and differed the
temperature between the glass and the “corrugation”.

The significant temperature differentiation supplied an increase in the condensate
yield of from 0.128 kg. at 11:00am to 0.293 kg at 12:00am. Daily productivity of the basin-1
is 2.094 kg.

The basin-2 contribution is expressed in heat transfer without any donation to the SS-1
productivity.

In SS-2, basin-2 was used as a conventional basin. The plexiglas temperature was
lower than the water and the basin-2 temperatures. The temperature differential between the
glass and air-water mixture at 10:00am was 20 °C at 12:00 was 30.6 °C, and the value of 30.6
°C was recorded at 3:00pm.

The temperature differential between the glass and the air-water mixture was more
than 30 °C, what provided the highest condensate yield of 1.114 kg. at 3:00pm and at 4:00pm
with the temperature differential of 28.4 °C. The overall amount of the condensate from SS-2
basin 2 and 1 totaled 8.717 kg, which is 4.2 times more than SS-1 amount.

The experimental results are consistent with the equations (5), (8) and (13) drawn
based on the formulas and models obtained (by Clark, 1990 and Dunkle, 2013: 44).

It was established that is an irreversible process. When the basins heat, the heat
energy is consumed, when the glass cools down, the heat energy is released. Heat losses are
minimized with the “gap” and positive exergy is furnished when a corrugated basin is used.

A thinner (20 mm) water layer in the basin-1 increased the throughput capability of
the SS-2 solar distiller almost by 1.5 times as compared to the (25 mm) thickness of the water
layer in basin-1 of SS-2.

The productivity of the stills can be boosted by escalation of the basin area, diminishing
the water layer thickness, and adjusting the flowrate of desalinated water.
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