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NAS RK s pleased to announce that Bulletin of NAS RK 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 Bulletin
of NAS RK in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential multidiscipline content to our community.

Kasakcman Pecnybnukacbkl ¥nmmabiK fbiibiM akademusicbl "KP YFA XabapwbiCbl” fbiibIMU XKypHa-
nbiHeiH Web of Science-miH xaHanaHraH Hyckacbl Emerging Sources Citation Index-me uHOekcmeryee
KabblindaHraHbiH xabapnaliobl. byn uHOekcmery 6apbicbiHOa Clarivate Analytics KomnaHUsICbi XypHanobl
o0aH opi the Science Citation Index Expanded, the Social Sciences Citation Index xoHe the Arts &
Humanities Citation Index-ke kabbinday mecerneciH Kapacmbipyda. Web of Science sepmmeyuwinep,
asmopnap, bacnawbinap MeH MeKkemesiepee KOHMeHm mepeHdiai MeH canacbiH ycbiHaobl. KP ¥FA
XabapwebicbiHbiH Emerging Sources Citation Index-ke eHyi 6i30iH KoramMOacmbiK YWiH eH e3eKmi oHe
6edendi mynbmuducyunnuHapibl KOHMeHmke adasndbifbiMbi30bl 6indipedi.

HAH PK coobwaem, ymo Hay4Hbll xypHan «BecmHuk HAH PK» 6b1n npuHsam 0nsi uH0ekcuposaHusi
e Emerging Sources Citation Index, obHoeneHHol sepcuu Web of Science. CodepxxaHue 8 3mom UHOeK-
cuposaHuu Haxodumcsi 8 cmaduu paccmompeHusi komrnaHuel Clarivate Analytics 0ns OanbHelwezo
npuHamus xypHana e the Science Citation Index Expanded, the Social Sciences Citation Index u the Arts
& Humanities Citation Index. Web of Science npednacaem kauyecmeo u 2aiybuHy KOHmMeHma Orns
uccnedoeamenel, asmopos, usdamenel u y4pexdeHul. BknoueHue BecmHuka HAH PK e Emerging
Sources Citation Index demoHCcmpupyem Hawy [pPUBEPXKEHHOCMb K Hauboree akmyarnbHOMY U
enusimesisHoMy MynbmuducyuniuHapHoOMy KOHmeHmy 0515 Hauea2o coobuwecmea.
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DEVELOPMENT OF AN EXPERIMENTAL PLANT OF A NON-NOZZLE
POROUS FOAM GENERATOR FOR PRODUCING OF AIR (STEAM)
AND MECHANICAL FOAM

Abstract. On the basis of studies of heat-mass exchange processes by boiling of pure liquids and with the
addition of surface-active agents, a new class of non-nozzle porous foam generator for producing of air (steam) and
mechanical foam was developed. The results of the experiment are generalized by the criteria equations of heat-mass
exchange with an accuracy of +20% with respect to the processes of bubbling, foam generation, pseudo-fluidization
and boiling. The combined action of capillary and mass forces for capillary-porous structures of the 3x0,4 type made
it possible to boost the operating mode of the foam generator by 1,5-2 times and reduce the consumption of the foam
generating agent and reduce the hydraulic resistance tenfold.

Key words: porous foam generator, foam generation, heat-mass exchange, capillary-porous structures.

Studyoftheheatandmassexchangeof boilingpureliquidsincapillary porous structures, development of
control methods for these processes [1]allowed to summarize trials with pure foam and dust-foam flows
and study a single equation for calculation of the heat and mass exchange with an accuracy up to £20 %
[2], whereby boiling processes, bubbling, pseudofluizidation and foam generation were summarized as
well.

Anewclassofnozzle-freefoamgeneratorsandfoam-dust catchers along with bubbling capillary porous
grids were invented [3], as well as foam generating and defoaming structures located vertically. Duetothe
controllinginternal characteristics of two-phase flows [4]different types of foam-dust catchers were
designed[5-13]. Itispossibletoincreaseeffectivenessofdust-gascatchingbecauseofcontrollinggeometry — of
micro channels of porous material [6], separation of flow into wave energy and gas (steam) energy [7,11],
forming generator with the help of power (without incoming flotation) [8], design of turbulizers as foam
generating and defoaming structures using a joint action of gravitation and capillary forces, pressure and
vibration forces.

InaccordancewiththearticleNo0.358012, 1972 a method of electrostatic gas cleanup was described
where electrization of settling elements was produced using a tribo effect. This effect was used earlier,
though during electrization of filter elements they had a conductive layer on their surface, which reduced
the electrostatic filtration component. Thereviewedmethoddescribesthataneffectiveness of electrostatic
filters will be increased because it is recommended to implement electrization with the help of circulation
of weight fine grained electrified agent in hollow settling elements.

MethodofelectrostaticgascleanupasperthearticleNo.358012, 1972intermsofdust settling effectiveness
exceeds the known methods. However, incomparisonwiththeknownmethods it has a low dust settling
productivity.

Therefore, it is possible to increase effectiveness of dust electrization in air flow by using a tribo
effect. Though it requires to solve a problem of dust cleanup productivity.
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Inadditiontomethodsofgascleanupfromdustthereisamethod/articleNo. 247241, 1969/, where it
issuggestedtocatchthinaerosolsprayswiththehelpofchargingaerosolsprayparticleswhentheelectrostaticspray
edeasilyevaporatingliquids are settled onthem, hence a liquid vapor in a form of condensate will be re-
used. Such method has an advantage over method of dust catching by charging electrostatic sprayed water,
because a mutual attraction of dust particles and drops of sprayed water leads to their adhesion, and
growth of particles along with charge neutralization.

A common disadvantage of electric methods is a minor size and porous structure of formed
aggregation of dust particles. Underimpactiontheycanbeeasilydestroyed. Low effectiveness of dust
suppression process could be expected from settling of fine dust. Thus, itisrequiredto develop adust
suppressionmethod, whichwouldallowsignificantlyincreaseresistance to destruction of formed dust
aggregation whilst processing an air dust flow by electric field with retention of high productivity of dust
cleanup.

Itisinterestingtoseethe air dedustingmethod using porous blankets /article No. Ne368413, 1973/. In
order to increase an effectiveness of dust catching a dust flow goes through the parallel blankets that moist
liquid. = Amovingairflowhelps to  vibrate  blankets due to the irregular  speeds.
Dustparticleslocatedinairturbulentflowarebeingmoisturized andcoagulated.
Fiberismoisturizedbywatersupplytopipe frame where the blankets are fixed.

Toachievearequiredeffectivenessofdustcatchingitisnecessarytoconductmultipletestresearchesinvarious
modeparameters, aswellasperform newdesignstudiesforforminganaerodynamicstructureofairdustflow.

Thereisadustsuppressionmethodbased on enriched water steam. Withasteamcondensatethe area of low
pressure is formed where all particles move and could be caught. The disadvantage of such method is its
low effectiveness that is caused by unreasonable use of generated steam for the purposes of dust
suppression. Besides, toachievearequirednormofdust content large steam resources are required, and that
result in unreasonable costs for steam generation.

Similarmethodtotheabove-mentionedmethodisamethod(articleNo.130461),
whereairdustflowismixedwithsteamspraywithfurthersettlingofsteam-dustflow by the sprayed water.

Under such process it is expected to obtain a low degree of dust -catching.
Condensateeffectwillbeshowninunstableway, takesprobabilistic nature depending on random contact of
water sprayed drops with water steam molecules and will be determined by turbulence degree of airdust
flow. Dust coagulation effectivenessis expected as minor in conditions of enriching air dust flow by steam.
Thatiswhywater steam and sprayed water are used unreasonably, and there is increased consumption of
steam and water.

Whenstudyingamovementofaerosolparticles in the steam diffusion field it was evident that the aerosol
particles are intensively remote from a cold surface. Aerosolswithspeed 1 m/swere put though the
condenser of 0,5 m long and 5x10-3m wide.
Metalwalliswashedbywaterwithtemperatureatcondenserinlet20°Cand outlet about minus 70°C. Particle
concentration was 1012 particles/m3, Catchingdegreevariedinlargelimits75-95%.
Mechanismofthedustsuppressionprocessisbasedontwoprinciples: D
condensateenlargementofaerosolparticleslikecondensation nucleus; 2) directed movement of steam
particles mainly towards a cold surface.

Mechanismofthedustsuppressionprocessisverycomplicated,  thoughthemainactingfactorscould  be
indicated suchasStefanflowof condensed steam as a driving force of aerosol particles.
Alsoitisenforcedbytheavailablediffusion, thermophoreticforcesandconvective flows, large particles are
removed from flow due to the gravitation and centrifugal forces; some particles in air steam flow are
minimized because of coagulation process.

Studyofthemechanismofdustsuppressioninthesteamdiffusionfieldrequiresfurther ~ development, in
particular it is related to enhancement of the steam condensation process, steadiness of liquid film
distribution, development of new devices for feeding air dust flow by the enriched steam.

Someenhancement of the dust suppression processes could be achieved by additional power sources
/article No.1032197, 1983/. Itissuggestedtochargewatersteamanddispersedwateroppositely, whereas water
should be previously magnetized. Steam is injected to a tank with hot mass, which goes through the
electric field formed at the steam nozzle outlet. Steam-air-dust flow leaving a tank is condensed at sprayed
drops of electrically charged and magnetized water.

—— Y4 ——
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Undertheweightsteamconsumptionequalto7x10-3 kg/f and over, a relative air dust content reaches up
to 3-6% and becomes self-simulated in relation to steam consumption.
Theincreaseofprocesseffectivenessinthedescribedcondensate system of dust suppression occurs 1,5-2 times
(probably in relation to condensate system without electric charge of steam, water and magnetization of
water). Alsoitisunclearhowit impactsupon theprocessof water magnetization, and what contribution of
electric charge separately for steam and water is.

Thereachedeffectisexplainedbythefactthatwhenoppositely electrically charged sprays of water and
steam are injected to thedust source due to electric gravity forces between steam molecules and water
drops it leads to more enhanced and ordered steam condensation at water drops.
Atcondensatesurfacealargerhydrodynamic flotation occurs rather than at non-charged aerosols, which
directs to drops that collects dust particles and tends to their catch by drops.
Duetothatamassivedustparticlesaresettled. Capture rate of dust particles by water drops also is increased
due to minimizing forces of surface tension of electrically charged drops.

Thedescribedmethodofdustsuppressionhasanadditionaleffectonsettlingdustparticles. However,
itisachievedbyhugeeffortsasitrequirestheelectricchargeofsteam, water,
watermagnetizationthatsignificantlycomplicatesa condensate system of dust suppression, and extra costs
for establishing electric fields and ensuring electrical safety of manpower.

Therefore, furthertheoreticalandexperimentalstudiesofthedustsuppressionprocessesshouldbeaimed at
new design solutions that are based on the reviewed methods using evaporator-condensing multiphase
systems of dust collection and surface-active agents.

Basically, intermsoftheexistingtypesoffoamgeneratingagentswecouldhopeforthe
newaerodynamicdiagramsandstructures, which will determine a behavior of dust suppression process,
significantly increasing a cleanup degree of dust flow, and become reliable and easy to fabricate and
operate and meet safety requirements whilst operating the equipment [8-13].

Figure 1 demonstrates a new class of nozzle-free foam generator with foam generating capillary
porous structure.
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Figure 1 — Nozzle-free capillary porous foam generator of air (steam) mechanical foam:
1 — cylindrical case; 2 — capillary porous structure; 3 — spray device (feeding artery); 4 — foam generatingsolution;
5 — air (steam) — mechanical foam; ma, ml, ms — consumption of air (steam), liquid (foam generating solution), foam;
q — incoming (foam generating) flow energy density.
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Figure 2 — Test facility for research of foam generation process:
1 — Foam generator; 2 — spray device; 3 — connection of capillary porous structure; 4 — bubble dynamics in structure

Figure 2 demonstratesatestfacilityforresearchofair (steam) generation processes - mechanical foam.

Combineduseofmassandcapillaryforcesensuresformationofuniformandstablefilmfordistributionofthefo
amgenerationsolutionthroughoutallcapillary porous structure 3x0,4 (three layers of grid where cell width
in light is 0,4-107 m). Thisallowstoincreaseoperational mode of foam generator up to 1,5-2 times, reduce
consumption of foam forming agent whilst retaining foam stability, dispersion and high expansion rate.

Valueothydraulicresistancewillbea few times less because of nozzle unavailability rather than in foam
generators GVPV-400 or PGG-4.
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AL A. Fen6aq1, K. K. Illokoaakos’

' Anmarer 9HEPreTUKa JKoHe OailaHpIC YHHBEpCHTETI, AnMatel, KazakcTaH,
2«Ka3al< MymHaii xxone I'a3 Unctutyte» AK, Anmarsl, Kazakcran

AYA (BY) - MEXAHUKAJIBIK KOIIIPIKTIH BYPIKKIIICI3 BOPKBIJIIAK
KOIIIPIK 'EHEPATOPBIH SKCIIEPUMEHTAJIABI OPHATY JIbI 93IPJIEY

AnHoTanusi. Ta3a CyHBIKTHIKTap/bl KaHATYMEH JOHE Ka0aTThl-OeNICeH/l 3aTTapbl KOCYMEH JKbLTy-CaMaK
aJIMaCTBIPFBILI YEpICTi 3epTTey Herizinze aya (0y) — MEeXaHUKaIIBIK KOMIPIKTI OYPIKKILICI3 KanuILIpIIbl-00pKbUIIAK
KOIIpiK FeHepaTOPIIaAPBIHBIH JKaHA KJIACHI 93IpJCH II. DKCICPUMEHT HOTHXKEIICPIH JKbUIBIHY MEH MacCa TaChIMAaJIbIHBIH
KPUTHKAJIBIK TEHICYJIepiHe KoOiK, MOPOJIOH XKacay, MCEBI00XKONIAY KOHE KaifHay mpolecTepiHe KatbicThl £20%
JOJIIKIIEH KOpbIThutansl. Kanumisipiiel-0ypKeU1aak KypeuibiMaap yuriH 3x0,4 TypiHaeri KanuusIpiibl )KOHE calMak-
ThI OIpbIHFAall 9pEeKeTTep KOIpiK IeHepaTOPHIHBIH JKYMBIC pexxuMiH 1,5-2 ece Te3zmeTyre, Kemipik KaJbIITacThIpy-
IIBIHBIH IIBIFBIHAAPBIH KICKAPTYFa )KOHE THIPABIHKAIBIK KAKTBIFBICTBI OH €Ce a3alTyFa MYMKiHAIK Oepi.

Tyiiin ce3aep: OOPKBUIIAK KOMIPiK TreHepaTOPhl, KOMipiK TeHepaIusiChl, KBUTy CalIMaK aJIMACTBIPFBIII, KaIlwl-
JSIpIIsi-00PKBUTIAK KYPUIBIMIAP.

A. A.Tenbad’, K. K. Iloxosaxos’

' TTokTop TexHmueckux Hayk, npodeccop, kapeapa « TemIoBbIe SHEPreTHUECKHE YCTAHOBKID,
AJMaTUHCKUM YHUBEPCUTET SHEPIeTUKHU U CBsA3U, Anmarsl, KazaxcraH,
?IOKTOpaHT AJIMATHHCKOIO YHHBEPCHTETA SHEPICTHKM 1 CBSI3H, CHEHHANbHOCT « TermosHepreTukay, kadeapa
«TemnoBbIe SHEPreTHYECKUE YCTaHOBKIY», HHKeHep-IipoekTHpoBIMK AO «Kazaxckuit nactutyt HedTH n razay,
Anmartsl, Kazaxcran

PA3PABOTKA 3KCIIEPUMEHTAJIbHOM YCTAHOBKH BE3®OPCYHOUYHOI'O IOPUCTOI'O
MEHOT'EHEPATOPA BO3JYIIHO (ITIAPO) - MEXAHUYECKOM MEHBI

Annotanusi. Ha ocHOBe ucciieioBaHuii MPOIECCOB TEMIO-MacCOOOMeHa KUIIEHHEM YHCTBIX, KHUIKOCTEH U
J1I00aBKOI OBEPXHOCTHO-aKTHBHBIX BEILECTB pa3paboTaH HOBbIA Kilace 0e3(hOpCYHOUHBIX KaIUIUIIPHO-MOPUCTHIX
MEHOT€HEePAaTOPOB BO3AYIIHO (IIap0) — MEXaHWMYECKOW TEHBI. Pe3ynmbTaThl SKCIepUMeHTa 0000MAroTCS KPUTEPHC-
THIMH YPaBHEHHSIMHU TEIUIO- U MacCOOOMeHa ¢ TOUHOCThIO +20% MPUMEHUTEIBHO K Ipolieccam 0apOoTaxka, meHore-
HEpalru, NBCCBAOOKUKCHNUA U KUIICHUA. COBMeCTHoe IleﬁCTBHe KalmuJUIIPHBIX U MAaCCOBBIX CUJI JJId KallUJIJIAPHO-
MOPUCTHIX CTPYKTYp Buaa 3x0,4 mo3Bosmio hopcupoBats B 1,5-2 pasza pexuM paboTHI IEHOTCHEPATOPa, COKPATHTh
pacxoJl IeHO0Opa30BaTeNs U B IECATKH Pa3 YMCHBIIUTH THIPABINYECKOE COMIPOTHBIICHHE.

KiroueBble ca0Ba: MOPUCTHIN NICHOTCHEPATOP, MEHOTECHEPAIHs, TEIIOMAaCCOOOMEH, KaNMUISPHO-TIOPHUCTHIC
CTPYKTYPBHI.
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