ISSN 2518-1491 (Online),
ISSN 2224-5286 (Print)

KA3AKCTAH PECITYBJIMKACHI
YJITTBIK FbIJIbIM AKAJJEMUACBIHBIH

J1.B. CokonbCKHMi aThIHAAFBI
«Kanapmaii, kaTaaus KoHE IEKTPOXUMUS HHCTUTYTh» AK

XABAPJJAPDI

N3BECTUA NEWS

HAHHOHAHBHOIZ AKAJIEMHWN HAYK OF THE ACADEMY OF SCIENCES

PECITYBJIMK1 KABAXCTAH OF THE REPUBLIC OF KAZAKHSTAN

AO «HCTUTYT TOIUIMBA, KaTainu3a u JSC «D.V. Sokolsky institute of fuel, catalysis

anekTpoxumun M. J1.B. COKoIbCKOTOY and electrochemistry»
SERIES

CHEMISTRY AND TECHNOLOGY
1 (450)
JANUARY - MARCH 2022
PUBLISHED SINCE JANUARY 1947

PUBLISHED 4 TIMES A YEAR

ALMATY, NAS RK



2 Clarivate
Analytics

NAS RK is pleased to announce that News of NAS RK. Series of chemistry and technologies
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 chemistry and technologies in the Emerging Sources Citation Index
demonstrates our dedication to providing the most relevant and influential content of chemical
sciences to our community.

KasakcmaH Pecriybniukacbl ¥nmmbiK fbiribiM akademusicbl «KP YFA Xabapnapbi. Xumusi XoHe
MeXHOI02Usi cepusiChbl» FblbIMU XypHarnbiHbIH Web of Science-miH )aHanaHraH Hyckacbl Emerging
Sources Citation Index-me uHOekcmeryee KabbindaHraHbiH xabapnaliObl. byn uHOekcmery
bapbiceiHOa Clarivate Analytics komnaHusicbl XXypHanObl oOaH opi the Science Citation Index
Expanded, the Social Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke
Kabbinday moacerneciH Kapacmbipyda. Webof Science sepmmeywinep, asmopnap, 6acrnawbinap
MeH Mekemerniepae KOHmeHm mepeHOiei MeH canacbiH ycbiHaodbl. KP ¥FA Xabapnapbl. Xumusi
JXKoHe mexHoroausi cepusicbl Emerging Sources Citation Index-ke eHyi 6i30iH KoramOacmabiK yWiH
€eH e3eKkmi xoHe 6edendi XuMusrnbiK fblibiMOap 6olbiHWa KOHmMeHmke adandbirbiMbi30bl 6inndipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «M3eecmust HAH PK. Cepusi xumuu u mexHosoauui»
6b11 IpuHsIM 0151 uHOeKcuposaHusi 8 Emerging Sources Citation Index, o6HosneHHou eepcuu Web of
Science CodepxaHue 8 amom UHOEeKCUpoB8aHUU Haxo0umcsi 8 cmaduu paccMOMmpPeHUsi KoMraHueu
Clarivate Analytics dns danbHeliwezo npuHamus xypHana 8 the Science Citation Index Expanded,
the Socia1l Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science
rnpednazaem kKadyecmeo 8 enlybuHy KoHmeHma Ornsi uccriedoeameriel, asmopos, uddamernel u
yypexoeHul. BkrroyeHue Usgecmusi HAH PK e Emerging Sources Citation Index demoHcmpupyem
Hawy rnpuesepXeHHOCMb K Hauboriee akmyaribHOMY U 61usimesibHOMY KOHmMeHmMy Mo XUMUu4ecKum
Haykam Os1 Haue2o coobuwecmea.



bac penaxrop:
KYPBIHOB Mypar ’KypbIHyJibl, XMUs FBUIBIMIAPBIHBIH JOKTOPEI, mpodeccop, KP ¥FA akagemuri,
Kazakcran PecniyOnukacel ¥JITTBIK FBUIBIM akajeMuschiHbiH mpe3uaeHti, AK «/1.B. CokoiabCKuil aThIHIarbl
OTBIH, KaTaJlu3 )KOHE AIICKTPOXUMUSI HHCTUTYTHIHBIHY Oac aupektops! (Anmarel, Kazakcran) H = 4

Pepakuus ankacel:

9/IEKEHOB Cepra3bl MbIHKacapyabl (0ac pelakTOpAbIH OpbIHOAcaphl), XMMHUS FHUTBIMIAPBIHBIH
nokropel, ipodeccop, KP ¥FA akanemuri, «®utoxumusy» XaablKapaiblK FhUILIMH-OHIPICTIK XOJIUHTIHIH
nupextopsl (Kapararner, Kazakcran) H =11

ATABEKOB Baagumup EnoxoBud (6ac peakTop/IbIH OpbIHOACaphl), XUMHUS FHUTBIMIAPBIHBIH JOKTOPHI,
npodeccop, benapycy ¥FA akagemuri, Kana marepuaniap XUMHSChl HHCTHTYTBIHBIH KYPMETTi TUPEKTOPHI
(Mumnck, benapycs) H =13

CTPHAJ Mupocaas, mpodeccop, Uexus FbUIBIM aKaJIeMUSICHIHBIH JKCIEPUMEHTTIK OOTaHMKa
WHCTUTYTBIHBIH 3epTXxana meHrepyici (Omomoyr, Yexust) H = 66

BYPKITBAEB Myxam0eTKaau, XUMUS FhUIBIMAAPBIHBIH JOKTOPHI, mpodeccop, KP ¥FA akagemuri,
on-®apadu arbigarel Kaz¥Y Y-neiy Oipinmn npopextopsl (Anmarsl, Kazakcran) H = 11

XOXMAHH JIxxymut, Ceren ynuBepcuteriniH @PapmaneBruka (axynsreTinin DapMakorHo3us
kadenpaceiHbIH MeHrepymici, JKapaTbulbICTaHy FBUIBIMAAPBIHBIH ITOHAPAIBIK OPTAJIBIFBIHBIH JAHPEKTOPHI
(Ceren, Benrpusa) H = 38

POCC Camup, PhD nokrtopbl, Muccucunu yHUBEPCUTETIHIH OCIMIIK OHIMICPIH FBUIBIMH 3€pTTEY
WITTBIK opTajbiFbl, @apMaryst MexTeOiHiH podeccopsl (Oxedopa, AKII) H = 35

XYTOPSIHCKHAM Burammii, ¢unocopus pokropsr (PhD, dapmanesr), Peaunr yHHBEpCHTETiHIH
npodeccopsl (Penunr, Aurus) H = 40

TEJITAEB baraar bypxanOaiiyibl, TeXHHWKa FBUIBIMJIAPBIHBIH TOKTOPHI, mpodeccop, KP ¥FA
KoppecnonieHT-mymeci, Kazakcran Pecriyonmukacet MHaycTpust s)koHe HHPPAKYPBUTBIMJBIK 1AMy MUHUACTPIIT]
(Anmarsl, Kazakcran) H=13

DAPYK Acana Jlap, Xammap anme-Mamkuna LIsiFeic MequimmHa KoyuteKiHIH mipodeccopsl, Xammapa
yauBepcutetinig LLbirpic MmequnmHa dakynereri (Kapaun, [Tokicran) H =21

DA3DBIJIOB Cepik JIpaxmeTyiibl, XMMHUs FBUIBIMIIAPBIHBIH TOKTOPHI, ipodeccop, KP ¥FA akaxemuri,
OpraHukaiblK CHHTE3 XOHE KOMIp XMUMHICHI MHCTUTYTHI JUPEKTOPBIHBIH FBIIBIMU KYMBICTAp KOHIHAETI
operabacaps! (Kaparanasr, Kazakcran) H = 6

KOPOBEKOBA Illapuna 7Kopo0eKKbI3bl, XUMHS FBUIBIMIAPBIHBIH JOKTOPHI, Tpodeccop,
Keiprezcran ¥FA akagemwuri, KP ¥FA Xwumusg jkoHE XUMHSUIBIK TeXHOJMOTHS HMHCTUTYTH (bimrkek,
Keiprescran) H = 4

XAJIMKOB [Ixypa6aii XaaukoBUY, XUMHUS FBUIBIMAAPBIHEIH JTOKTOPHI, mpodeccop, Taxikctan FA
akagemuri, B.M. Hukutia ateiaaarsl Xumust nHCTUTYTH ([yman6e, Toxikcran) H =6

DGAP3AJIMEB Barug Memkuaoribl, XUMUsi FHUIBIMIAPBIHBIH JOKTOPHI, Tpodeccop, ¥F'A akagemwri
(baxy, O3ipbaiixan) H =13

T'APEJINK Xempaa, dunocodus noxropsr (PhD, xumus), Xambikapaibslk Ta3a xKoHE KOJAaHOAIbI XUMUS
OJIaFbIHBIH XUMUS ’KOHE KopiaraH opta Oemiminig npesuaenti (Jlongon, Aarmus) H = 15

«KP ¥F'A Xabapaapbl. XuMus K9He TeXHOJIOTHS CepPUChD»
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Kazakcran PecrmyOnmukachlHBIH AKmapaT >KOHE KOFAMIBIK AaMy MHHHCTPIITIHIH AKIapar KOMHTETiHIIE
29.07.2020 x. 6epinren Ne KZ66VPY00025419 mep3iMmik OachUIBIM TipKEyiHE KOWBLITY Typajbl KyoliK.
TaxbIpBINTHIK OAFBITBI: OP2AHUKANLIK XUMUS, OEUOPaHUKANbIK XUMUS, KAMAau3, 1eKMpPOXUMUSL JHCIHE
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© Kazakcran PecryOnukacbHbH Y ITTHIK FRUTBIM aKaieMusichl, 2022
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I'maBHBI penakTop:
KYPUHOB Mypat )KypunHoBu4, JOKTOp XUMHUECKUX HayK, ipodeccop, akanemuk HAH PK, npesunent
HanmonansHoit akagemun Hayk PecrnyOnuku Kazaxcran, reHepanbubiil qupekrop AO «HCTUTYT TOTUMBA,
katanuza u snexrpoxumuu uM. J[.B. Cokonbekoro» (Anmarsl, Kazaxcran) H = 4

PepakumnonHasi kosterus:

AJIEKEHOB Cepra3sl MpbIH:kacapoBu4  (3aMECTHTENb IJIABHOTO PEIaKTopa), AOKTOP XUMHUYECKUX
HayK, ipodeccop, akagemuk HAH PK, nupekrop MexayHapoaHOTO HayYHO-ITPOM3BOACTBEHHOTO XOJIIMHTA
«Durtoxumus» (Kaparanaa, Kazaxcran) H=11

ATABEKOB B gagumup EHOk0oBHMY (3aMECTHTENh IIABHOTO PENAKTOpa), JOKTOP XUMHUYECKHX Hayk,
npodeccop, akaneMuk HAH benapycw, mnodeTHslii aupekrop MHCTUTyTa XMMHUH HOBBIX MarepuasioB
(Mumnck, benapyces) H =13

CTPHA/l Mupocaas, mnpogeccop, 3aBeaylomuil JabopaTtopreil WHCTUTYyTa OKCIEepPUMEHTATbHON
6oranuku Yenickoit akagemun Hayk (Onomoyt, Yexus) H = 66

BYPKUTBAEB Myxam0eTkaJ/u, TOKTOp XUMHYECKUX HayK, mpodeccop, akanemuk HAH PK, Ilepssrit
npopexrop KasHY umenn anp-Papadu (Anamarsl, Kazaxcran) H =11

XOXMAHH xymnut, 3aBenyrommii kadenpoir dapmakornosun DapmarieBruueckoro (axkymnprera
Yuusepcutera Cerena, AUPEKTOp MeXAUCIUIUIMHAPHOTO IIeHTpa ecTecTBeHHbIX Hayk (Cerex, Benrpus)
H=38

POCC Camup, noxtop PhD, mpodeccop Ilkonbr ®apmaiiuu HalMOHAIBHOIO IIEHTPA Hay4HBIX
WCCIIEZIOBAaHUH PACTUTEIBHBIX MPOAYyKTOB YHUBepcuTeTa Muccucunu (Oxcdopn, CIIA) H = 35

XYTOPSIHCKHUM Buranmii, noxrop ¢unocopun (Ph.D, dapmaresr), npodeccop VYempepcurera
Peaunra (Penunr, Aurms) H = 40

TEJIBTAEB barnar bypxan6aiiy/jbl, JOKTOp TEXHHUYCCKHUX HayK, MPodeccop, WICH-KOPPECTIOHICHT
HAH PK, MunuctepctBo Unaycrpun n nadpactpykryproro pazsutusi Pecriyonukn Kazaxcran (Anmarsl,
Kazaxcran) H =13

DAPYK Acana [lap, npodeccop xomiemka Boctounoit Meauimabl Xamaapa anb-Mamkuna, Gakyibrer
Bocrounoit menumas! yauBepcuteta Xamaapaa (Kapaum, [lakucran) H =21

®A3BIJIOB Cepuk /IpaxmeTroBHY, TOKTOp XHMHYECKHMX Hayk, mpodeccop, akagemuxk HAH PK,
3aMEeCTUTENb IUPEKTOpa 1Mo HaydHOl padore MHCTUTYyTa oprannyeckoro cuHTe3a u yriexumun (Kaparannga,
Kazaxcran) H=6

KOPOBEKOBA Illapuna 7Kopo0ekoBHa, JOKTOp XMMHUYECKHMX HaykK, mpodeccop, akamemuk HAH
Keiprescrana, Mactutyt xumnn u xumuuaeckoid texnonorun HAH KP (bumikexk, Keipreiscran) H = 4

XAJIMKOB Jl:kypa6aii  XaJuKoBHY, JOKTOp XMMHYECKHX Hayk, mpodeccop, akagemuk AH
Tamxukucrana, Muactutyt xumun nmenu B.M. Hukutuna AH PT ([lyman6e, Tamxuknucran) H =6

GAP3AJIMEB Barug Memkua oribl, JOKTOp XHMHYECKHX Hayk, npodeccop, akagemunk HAHA
(baxy, Azepbaiimkan) H =13

T'APEJIMK Xempaa, noktop ¢umocodpun (Ph.D, xumus), npesugaent Otaena XUMUU U OKpYXKarolien
cpenbl MexXIyHapoIHOTO CO03a YNCTO u npukiaaaoi xumud (Jlonnon, Aurmus) H =15

«H3Bectust HAH PK. Cepusi XuMHH ¥ TEXHOJIOTHID».
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Editor in chief:
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UDC 66.02.071.7
A. Issayeva, B. Korganbayev, A. Volnenko, D. Zhumadullayev*

M. Auezov South Kazakhstan University, Shymkent, Kazakhstan.
E-mail: daulet_ospl@mail.ru

ENGINEERING SOLUTIONS FOR DEVELOPING THE STRUCTURE
OF A COOLING-HYDRATION TOWER IN THE PRODUCTION OF THERMAL
PHOSPHORIC ACID

Abstract. In recent years, in connection with a significant rise in the cost of energy resources, the concepts
of innovative and industrial development are being revised in almost all countries. Most of the products turned
out to be energy-intensive and therefore unprofitable, for the reason that now the priority requirement for any
production is low energy consumption.

For Kazakhstan, this problem is aggravated by the lack of water resources, which requires a maximum
reduction in the consumption of the main heat carrier - water for technological, energy and environmental
processes.

Reducing the material consumption of equipment is also a significant factor in the innovative transformation
of industrial enterprises, since for the release of any material, a certain amount of energy and water is expended.

Analysis of the design and operation parameters of the cooling-hydration tower in the production of thermal
phosphoric acid allowed to identify shortcomings and propose engineering solutions for its modernization.
For this, it is proposed to make the nozzle in the form of layers of annular pipes, regularly located in the
section and along the height of the contact zone. Uneven and even layers of the regular nozzle are attached to
collectors located outside the body of the apparatus in mutually perpendicular planes. This allows to organize
the alternation of the supply of cold heat carrier in uneven and even layers due to its supply through the
collectors located in mutually perpendicular planes. At that, the introduction of a larger amount of cold heat
carrier is achieved at a lower height of the packed layer.

Equations are proposed to calculate the hydraulic resistance during the heat carrier movement in the pipes
and with the external flow around the tubular bundle, the absorption degree and speed. According to the
proposed equations and the technological regulations’ data, the absorption indices of phosphoric anhydride
(P,Oy), which showed high values, were calculated. This is due to the possibility of achieving a mode of
simultaneous vortex formation in the operation of the apparatus with a regular annular tubular nozzle,
characterized by a highly developed interphase.

Key words: thermal phosphoric acid, cooling tower, modernization, annular tubular nozzle, heat carrier,
hydraulic resistance, absorption degree.

A. UcaeBa, b. Kopranoaes, A. Boinenko, /. Kymanyniae*

M. OyesoB areiHgarsl OHTYCTiK Kazakcran yausepcuteti, Llpimkent, KasakcraH.
E-mail: daulet ospl@mail.ru

TEPMUSAJIBIK ®OC®OP KbIIIKBIJIBIH OHAIPY KE3IHAEI'I 'MIPATALIUAJIBIK
CAJIKBIHIATKBIII MYHAPAHDBI ’KOBAJIAYT'A APHAJIFAH MHKEHEPJIIK INEINITMAEP

Annotanusi. COHFBI XKbUIJApbl SHEPTHS PECYPCTAPbIHBIH KYHBIHBIH alTapibIKTall ecyiHe OalaHBICTHI
OapIIbIK eJiep/ie MHHOBALMSIIBIK )KOHE HHLY CTPHSIIBIK IaMy TY KbIpbIMIaMaaphl KaliTa Kapaiyaa. OHIMAEpAiH
KO THIMCI3, ce6e0i onap SHEPTHUAHBI KOIT KasKeT eTe/li, COHABIKTAH Ka3ip Ke3 KelreH oHIipicTiH OipiHmi
KE3eKTeT1 Tanabbl — SHEPTUSHBI a3 TYTHIHY.
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Kazakcran ymrin Oy mpobieMa cy pecypcTapbIHbIH KeTiCIeyIITriMeH KypAelaeHe Tyceai, Oyl Herisri
KBUTY TachIMaJIJAylIbl - TEXHOJIOTHSUIBIK, JHEPIeTHKAJbIK >KOHE OSKOJOTHSUIBIK TMPOLECTEp YIIIiH CYIbI
TYTBIHY/IbI OapbIHINA a3alTyJIbI KAXKET eTeli.

JKaOnpIKTapaplH MaTepUaiAbIK ILIBIFBIHBIH A3aHTy OHEPKOCINTIK KOCIIOPHIHAAPAbIH WHHOBALUSIIBIK
TpaHC(HOPMALMSICHIHBIH MaHbI3AbI (PAKTOPBI, KE3 KEJIIeH MaTepHajibl LIbIFapy YIIIH 3HEPrusi MEH CYIbIH
Oenrini 6ip MesIepi KyMcanaibl.

Tepmusutbik Gpochop KbIIIKBUIBIH OHIIPY Ke31HIeT1 CANKbIHAATY-THAPATTay MYHApaCHIHBIH KOHCTPYKIHSICHI
MEH JKYMBIC TMapaMeTpliepiH TajJay KEMIIUTKTEp/l aHBIKTAyFa JXOHE OHbI JKAHFBIPTYIBIH HMHKEHEPIIK
memiMIepiH YChIHyFa MYMKiHAIK Oepai. O yIniH KanTaMaHbl KOHTAKT aliMarbIHBIH OMIKTITT MEH KUMachIH/Ia
OpHaJIaCKaH CaKMHaJIbI KYObIpIapAblH KabaTTapbl TYpiHAe jkacay YChbIHbUIaAbl. TypaKThl KallTaMaHbIH TaK KOHE
KYI KabaTTapbl anmaparThlH KOPIYCHIHBIH CHIPTBIHAA OpHAJIACKaH KOJUIEKTOpJapFa e3apa MEepleHANKYISp
XKa3bIKTBIKTa OekiTinexi. bynm e3apa HepHeHAMKYISpP >Ka3bIKTHIKTA OpPHANACKAH KOJUICKTOPJIAp apKbLIbI
OepinyiHe OalIaHBICTBI CYBIK CaJKbIHAATKBIIITBIH TaK JKOHE Kyl Kabarrapaa OepilyiH Ke3eKTecTipyre
MYMKIHJIIK Oepei.

KyOblpnarbl CaJIKbIHOATKBIIITHIH KO3FAIbIChl KE31HAE MOHE KyObIpibl OaillaMHBIH aliHaJIachIHAAFbI
CBIPTKBI aFbIH]IBL, CIHIPY KBUIIaMIBIFBIH, TOPEXKeCi MEH THAPABINKAIBIK KEJEPriCiH ecenTey YIIiH TeHAeyIep
YCHIHBUIAABI. YCBIHBUIFAH TEHJACYJICP MEH TEXHOJOTHSUIBIK PErNIAaMEHT MOJIIMETTepiHe COHKeC >KOFapbl
MoHJepi kopceTkeH pochop anruapuinin (P,O,) cinipy kepceTkimTepi ecenteni. by sxorapsl 1ambiran
HHTEpQENCIeH CUIaTTalaThlH TYPAaKThl CaKMHAJIBI KYOBIPJIbI KarTamackl Oap anmaparThlH KYMbICBIHAA Oip
Me3Tie KYHBIH/IBI TY31Ty peXKUMiHE KeTy MYMKIHAIrIMEH OalIaHbICTHI.

Tyiiin ce3nep: xbuty HoCHOp KHIIIKBUIBI, CATKBIHIATKII MYHApa, MOACPHHU3AIINS, CAKHHAIBI KYOBIPJIbI
camnTama, CaIKbIHIATKBIII, THAPABINKAIBIK KeIepTi, CIHIPY Topeskeci.
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NHKEHEPHBIE PEHTEHUWSA ITPU PABPABOTKE KOHCTPYKIIMU BAIITHU OXJIAKAEHUSA
TUJIPATALIAU B IPOU3BOJACTBE TEPMUYECKOMN ®OC®OPHOM KUCJIOThI

AnHOTauus. B mocnenuue rogpl B CBA3HM CO 3HAYUTEIHHBIM MOIOPOKAHUEM CTOMMOCTH SHEPTOPECypPCOB
MIPaKTHYECKA BO BCEX CTpaHax MepecMaTpUBAIOTCS KOHIICTIIIUN MHHOBAIMOHHO-WHAYCTPHUAIHHOTO PA3BUTHSL.
BonbImHCTBO MPOAYKIMK OKa3aJIack SHEPTOEMKOU U IIOATOMY HepeHTa0eIbHOH 110 TOM MPpUYHHE, 9TO ceiivac
MIPHOPHUTETHBIM TPEOOBaHUEM K JIFOOOMY IPOU3BOACTBY SBIISIOTCS HU3KUE SHEPro3arparsbl.

Juns Kazaxcrama »3ta mnpobiema ycyryOnsieTcss W HENOCTaTOYHOCTHIO BOJHBIX PECypCOB, UTO
Tpe6yeT MaKCHUMaJIbBHOT'O CHWXKXCHHUA HOTpe6HeHI/I$I OCHOBHOTI'O TCIIJIOHOCUTECIISI — BOABI IJId MPOBCACHUSA
TEXHOJOTUICCKUX, SJHEPTCTUUCCKUX U DKOJIOTHICCKUX TIPOIIECCOB.

CHmXeHne MaTepruatoeMKOCTH 000pyIOBaHH TAKKe SIBIIETCS CYIECTBEHHBIM (DaKTOPOM HHHOBAIIHOHHOTO
peoOpazoBaHMs MPOMBIIUICHHBIX MPEANPUATHH, T.K. IUIs BBIIYCKa IJF0OOOTO Marepuaja 3aTpayrBaeTcs
ONPEJECICHHOE KOJTUUECTBO SHEPTUU U BOJIBI.

AHanu3 KOHCTPYKIIMA ¥ TIApaMETPOB padOThl OallHH OXJIAXKJICHUS-TUApPATAIIMA B IPOU3BOJICTBE
TepMudeckoi HochHOPHOUM KUCIOTHI TO3BOJIMIT BBISBUTH HEJIOCTATKU M TPEAJIOKUTH HHKEHEPHBIC PEIICHUS 110
ee MoziepHH3anuu. [J1g 3TOTo MPEUIOKEHO BBIITOIHUTH HACAIKY B BHJIE CJIOEB KOJBIEBBIX TPYO, pETyaspHO
PaCTONOKEHHBIX B CEUYEHUH M TT0 BBICOTE KOHTAKTHOW 30HBI. HeueTHbIe U 9eTHBIE CIIOU PeryIsIpHON HACaIKH
MIPUCOEMHEHBI K KOJUIEKTOpPAM, PAcCIlOIOKEHHBIM BHE KOpIIyca armapara BO B3aWMHO TEpIEHINKYISIPHBIX
IJIOCKOCTAX. DTO MO3BOJSECT OPraHU30BaTh UEPEIOBAHUE MOJAYM XOJIOJHOTO TEIIOHOCHUTENS B HEYETHBIX
" YCTHBIX CJIOSAX 3a CHCT €ro IoAgadyu 4epe3 KOJIJICKTOPBI, PACIIOIOKEHHBIC BO B3aAUMHO IEPICHAUKYIISAPHBIX
IUIOCKOCTSIX. [Ipu 3TOM JocTHraeTcss BBOJ OOJBIIErO KOJIWYECTBA XOJOMHOTO TEIJIOHOCUTENST Ha MEHBIIEH
BBICOTE HACAJ[OYHOTO CJIOSI.

[IpennoxeHsl ypaBHEHHS 7S pacyeTa THAPABINYECKOTO CONPOTUBIICHHS TIPU IBUKEHNUHN TETUIOHOCHUTEIS B
TpyOax ¥ MpH BHEITHEM O0TEKaHWU TPyOJaToro mydka, CKOPOCTH U cTerieHu abcopommu. [lo mpemnokeHHBIM
YpaBHEHUSIM U JIAaHHBIM TEXHOJIOTMYECKOTO pPErlIaMEHTa PacCUMTaHbI Mokazarenu abcopOuuu (hochopHOro
anruapuna (P,O,), nokasapune BHICOKME 3HAYEHHMs. DTO CBA3aHO C BO3MOXKHOCTBIO JOCTHIKEHHS PEKHMA
OJTHOBPEMEHHOTO BUXPEOOpa3oBaHMs B padOTe ammapara ¢ peryisipHON KOJbIIEBOH TpyOdaTOd HacallKoid,
XapaKTePU3YIOMIETOCs BEICOKOPa3BUTON MeK(Pa3HON TTOBEPXHOCTHIO.
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KioueBsble ciioBa: Tepmudeckas GocopHasi KUCIOTa, OAUTHS OXJIKICHUS, MOJCPHHU3AIINS, KOJIbIIEBas
TpyOuaras HacajKa, TeIIIOHOCUTEIb, THPAaBINIECKOE COITPOTUBIICHUE, CTEIIEHh a0COPOIIHH.

Introduction. Emissions from industrial enterprises negatively affect the population of large industrial
centers and the surrounding regions. In this regard, in the future, it is necessary to introduce innovative
technologies, processes, apparatuses and aggregates that give minimal emissions, at which the self-cleaning
ability of nature will sufficiently prevent the occurrence of irreversible environmental changes [1].

To develop one of the components of the complex of organizational and technical measures aimed at
improving the process flow diagram for the production of thermal phosphoric acid in the presented work, it is
proposed to modernize the design of the cooling-hydration tower [2].

For this, it is proposed to make the nozzle in the form of layers of annular pipes, regularly located in the
section and along the height of the contact zone. Uneven and even layers of the regular nozzle are attached
to collectors located outside the body of the apparatus in mutually perpendicular planes [3]. This allows to
organize the alternation of the supply of cold heat carrier in uneven and even layers due to its supply through
the collectors located in mutually perpendicular planes. At that, the introduction of a larger amount of cold heat
carrier is achieved at a lower height of the packed layer.

The performed calculations showed the relevance of the proposed engineering solutions.

Materials and experimental methods (methodology). In the pursuance of the research of hydraulic
resistance, the pressure is directly measured before and after the research subject using a cistern-type
manometer. When studying the coefficients of mass transfer in the gas phase, a widely used technique is used,
based on the study of the process of adiabatic evaporation of water into air [4]. Heat transfer coefficients are
determined by the method presented in [5].

According to the technological regulations for the production of thermal phosphoric acid at Zhambul
Branch of Kazphosphate LLP [6], after the phosphorus combustion tower, not captured phosphoric acid in the
form of fog is carried away with the gas phase (temperature up to 150°C) through the gas duct to the cooling
tower. In the cooling tower, with the help of circulating acid, there occur the capture of phosphoric anhydride
and phosphoric acid fog, as well as further cooling of the exhaust gases to a temperature of 50-80°C.

The cooling tower has two layers of nozzle and is irrigated with phosphoric acid with a concentration of
72-78% using one-piece flare burners (28 pieces) located in three rows. The diameter of the cooling-hydration
tower is 5200 mm, the height is 14900 mm.

From the given data it can be seen that the existing cooling-hydration tower has significant overall dimensions,
which indicates its crockness and the need to provide a large production area. The tower structure includes two
layers of nozzle from Raschig rings. Apparatuses using Raschig rings have increased hydraulic resistance, and,
consequently, energy consumption, low efficiency of the processes and the possibility of overgrowing of the
nozzle with solid sediments entering with gas and liquid flows is not excluded.

Results and discussion. In addition, the layers of the stationary nozzle participate in the processes of heat
and mass transfer inside the apparatus, but do not provide heat removal outside the apparatus.

To eliminate these shortcomings, we propose the design of the heat and mass transfer apparatus with the
annular tubular nozzle of a regular structure (Figure 1) [3].
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1 —body; 2 — gas inlet pipe; 3 — gas outlet pipe; 4 — burners for supplying irrigating acid; 5 — acid drain pipe;
6 — annular tubular nozzle; 7 — collectors; 8 — pipes for water supply to the collectors; 9 — hot water drain
pipes.

Figure 1. The design of the cooling-hydration tower with the annular tubular nozzle of a regular structure.

The apparatus includes the body 1, the gas inlet pipe 2 and its outlet 3, the burners for supplying irrigating
acid 4, the acid drain pipe 5, the annular tubular nozzle 6, the collectors 7, the pipes for cold water supply to
the collectors 8 and the hot water drain pipes 9.

A feature of this nozzle design is that it is made in the form of layers of annular pipes regularly located in
the section and along the height of the contact zone. Uneven and even layers of the regular nozzle are attached
to collectors located outside the body of the apparatus in mutually perpendicular planes.

The proposed engineering solutions allow to organize the alternation of the supply of cold heat carrier in
uneven and even layers due to its supply through the collectors located in mutually perpendicular planes. At
that, the introduction of a larger amount of cold heat carrier is achieved at a lower height of the packed layer
in comparison with one-way supply through one collector. In this case, the regulation of the amount of heat
removal can be carried out both by the number of layers of annular pipes in the section, and by the number of
sections. The amount of heat removed can be determined based on the heat balance.

The apparatus works as follows. The hot gas flow entering the cleaning is supplied through the pipe 2. The
interaction of the gas and the irrigating acid supplied through the burners 4 occurs in a counter-current mode in
the packed zone volume, which is a tubular nozzle, consisting of layers of the annular pipes 6, regularly located
in the section and along the height of the apparatus.

The regularity of the arrangement of pipes with steps equal to 2 pipe diameters in the vertical and radial
directions leads to the creation of a mode of simultaneous vortex formation (in-phase mode) of vortex
interaction formed behind the pipes. In the in-phase mode, the total vortex power increases, which allows to do
a lot of work on crushing the irrigating liquid and creating a highly developed interphase.

The movement of the heat carrier (water) through the tubular nozzle layers is carried out according to the
scheme: the pipe 8 — the collector 7 — the annular pipes 6 — the collector 7 — the pipe 9. In the case of gas
cooling, the cold heat carrier is supplied simultaneously to the uneven and even layers of the regular nozzle
through the collectors 7 located outside the apparatus’ body in mutually perpendicular planes, this leads to
a significant decrease in the temperature of the gas-liquid layer and an increase in heat removal by the heat
carrier (water) moving in the annular pipes.

The cleaned gas flow is removed from the apparatus through the pipe 3, and the acid flows down through
the pipe 5.

The advantages of the proposed engineering solution:

- achievement of high heat transfer and heat removal coefficients (up to 30%) by regulating the temperature
regime of the gas-liquid layer in the apparatus’ contact zone with the layers of the tubular nozzle alternating in
height with different temperatures;

- achievement of high rates of flow turbulization when using the regular nozzle in the form of the annular
pipes;

- creating favorable conditions for reducing the amount of phosphoric acid fog formed;

- the possibility of obtaining hot water for the needs of production.

The main technical characteristics of the equipment, along with the operating parameters (gas velocity,
irrigation density), are the values of the hydraulic resistance, which characterizes the energy consumption and
the absorption degree.
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The structure of the equation for calculating the hydraulic resistance during the heat carrier movement in
the pipes depends on the heat carrier movement scheme from the entrance to the tubular bundle to its exit.

The pressure loss in local resistances associated with a change in the section and direction of the flow, the
separation of one part of the flow from another or the merging of two flows into one common, etc., is calculated
by the formula:

ap; = 4 (225 ()

where — local resistance coefficient in the considered section of the heat exchanger [7]; - liquid velocity
in a narrow section of the considered section, m/s.
Friction pressure loss in the heat exchanger pipes:

1 pwi
Apr = }‘Tpd_B 2 . (2)
where — friction coefficient; — pipe length, m; — inner diameter of the pipe, m; p — density of liquid, kg/
m?®; — liquid velocity in the pipes, calculated by the area of the free section of one step, m/s.
The friction coefficient depends both on the flow regime and on the roughness of the pipe or channel walls.
In a laminar flow regime (Re<2300), the equation:

Ap = 64/Re )

In a turbulent flow regime, when the friction coefficient significantly depends on the roughness of the pipes,
the value can be calculated by the formula:

0,25
Ap=011(2+1163) - )

where - the roughness of the pipes, mm.

With the external flow around the tubular bundle, the method for calculating the hydraulic resistance
includes the following calculation equations.

The hydraulic resistance of the dry nozzle is calculated by the formula:

_g. H o peWE
APC - E th 2~85 (5)
Here H — the packed zone height, m; — the gas density, kg/m>.
The resistance coefficient, taking into account the pressure loss during the vortex interaction in the vertical
and radial directions, is calculated by the formula:

E=A-0p -0, (6)

in which A = 0.226 was obtained as a result of processing experimental data.
The porosity of the tubular nozzle can be determined by the formula:

d
g=1—— (7
tp
Coefficient characterizing the vortex interaction degree in the vertical direction for the tubular nozzle
elements:

0, =0,85+ 0,15sin|:%(4[3 S, 1]} (8)

my
where SI - Strouhal number for the tubular elements S/ = 0, 2; - parameter that takes into account the vortex
formation, the shape of streamlined elements and a decrease in the speed of vortices. For the tubular elements:

my =0,44(1-exp(-1,)) ©)
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Coefficient characterizing the vortex interaction degree in the radial direction and taking into account the
change in the vortex formation frequency  can be determined by the formula:

it A
P
t,—d
Pulse elements located in the same row perpendicular to the streamlined flow contribute to the vortex
formation with the scales . There are two cases for discretely located bodies in one row perpendicular to the

streamlined flow: at tp>2d =d; at tp<2d = tp-d.
The hydraulic resistance of the irrigating nozzle:

0

(10)

AP, _ . (L_b)"'s . (&)“

AP 1+B Gp P (1
where B = 8.5 — trial coefficient.

The gas mass flow (kg/s):

G, = W, - Sy pr (12)

The liquid mass flow (kg/s):

L
Lb = ﬁ : San * Px (13)

Atreal values of the concentration of the trapped substance, the absorption coefficient, referred to the cross-
section of the apparatus, can be calculated by the equation:

= da, 14
Kos = (14)
where - absorption rate, kg/(m?s); - the driving force of the process, kg/m?®.
At low equilibrium concentrations, they can be equated to zero ,=0 and =0, then the equation for determining
the driving force of the process has the form [8]:

( H™ K)
Ay = s (15)
Yk

and the number of transfer units in the gas phase:

N, = In2 (16)
Yk
The absorption rate is calculated by the formula:
Gr

Ta'San

da = (17)
Here - the amount of absorbed gas, kg; - time, s; — the apparatus’ cross-sectional area, m?.
With a known number of transfer units, the absorption degree can be calculated by the formula [9]:

a =1- e_Nor‘ (18)

It is known from the technological regulations for the production of thermal phosphoric acid [6] that 3.66
t/h of phosphoric anhydride (P,0,) is supplied from the phosphorus combustion tower for absorption into the
cooling-hydration tower. In terms of volumetric concentration — 0.119 kg/m’. The norm of P,O, emissions into
the atmosphere is 0.118-10 kg/m3. Taking these data into account, Table 1 shows the results of calculating the
absorption indices of P,O, according to equations (14)-(18).
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Table 1 — The absorption indices of P,O,

Ne Indices Unit of measure Calculation results
1. The gas flow rate (Q) m’/s 8.55

2. The absorption rate () kg/(m?-s) 0.056

3. The driving force of the process () kg/m? 0.0172

4. The absorption coefficient () m/s 3.24

5. The number of transfer units () - 6.9

6. The absorption degree () % 99.9

As can be seen from the table, the absorption indices of phosphoric anhydride (P,O,) have high values.
This is due to the possibility of achieving the mode of simultaneous vortex formation in the operation of the
apparatus with the regular annular tubular nozzle, characterized by the highly developed interphase.

Conclusions. The analysis of the design and operation parameters of the cooling-hydration tower in the
production of thermal phosphoric acid allowed to identify shortcomings and propose engineering solutions
for its modernization. For this, it is proposed to make the nozzle in the form of the layers of the annular pipes,
regularly located in the section and along the height of the contact zone. The uneven and even layers of the
regular nozzle are attached to the collectors located outside the apparatus’ body in mutually perpendicular
planes. This allows to organize the alternation of the supply of the cold heat carrier in the uneven and even
layers due to its supply through the collectors located in mutually perpendicular planes. At that, the introduction
of a larger amount of cold heat carrier is achieved at a lower height of the packed layer.

The equations are proposed to calculate the hydraulic resistance during the heat carrier movement in the
pipes and with the external flow around the tubular bundle, the absorption degree and speed. According to the
proposed equations and the technological regulations’ data, the absorption indices of phosphoric anhydride
(P,0O,), which showed high values, were calculated. This is due to the possibility of achieving the mode of
simultaneous vortex formation in the operation of the apparatus with the regular annular tubular nozzle,
characterized by the highly developed interphase.
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