Technical sciences

REPORTS OF THE NATIONAL ACADEMY OF SCIENCES
OF THE REPUBLIC OF KAZAKHSTAN

ISSN 2224-5227

Volume 2, Number 318 (2018),5- 8

A.A. Genbach', K.K. Skokolakov?

'DSc, Professor of the Higher Attestation Commission, Faculty of Heat & Power Units,
Almaty University of Energy and Communications;
“Post-doctoral student of Almaty University of Energy and Communications,
specialty "Heat & Power Engineering", faculty of Heat & Power Units, Design Electrical Engineer
of the Joint Stock Company "Kazakh Institute of Oil and Gas"

kudash@bk.ru

DEVELOPMENT OF NOZZLE-FREE CAPILLARY
POROUS DUST-AND-GAS COLLECTORS WITH FOAM
GENERATING AND DEFOAMING STRUCTURES

Abstract. The nozzle-free foam generators of air mechanical foam were designed along with its case, inlet and
outlet nozzles, a set of grids and sprayer. They help to conduct foam generation processes with high effectiveness
under low hydro-and-gas dynamic resistance. For further enhancement of the combined processes of gas mechanical
foam and collecting micro-and-ultramicroscopic dust, a dust collector along with its case, inlet and outlet nozzles, a
set of grids and sprayer was proposed, which is equipped with defoaming grid porous structure, whereas foam
generating and defoaming structures are installed into in case consequently as per the dusty gas movement and
sludge collector. Besides, each subsequent grid of foam generating porous structure is made with the increased size
of cells following the cleanable gas; ¢.g. made of metal cells for clearance 0,08*0,14*1, and defoaming made of
grids with decreasing size of cells following the cleanable gas, ¢.g made of metal cells for clearance 0,4*0,14*0,08.

Keywords: dust-and-gas collector, capillary porous structures, porous foam generator, foam generation, heat-
mass exchange, vapor bubble.

Research of heat-mass exchange processes by boiling of pure liquids in capillary porous structures
revealed a behavior of the internal (thermal hydraulic) characteristics, generation of vapor phase, the
density of generation centers, discharge of drops from the structure, bubble departure diameter and
frequency of bubble departure, the speed of bubble growth [1-5]. The different porous systems were
developed applicable to heat and power units [6] and the relevant calculations were performed to verify
trial data with accuracy +20% in a form of criterion equation for bubbling, injection, suction, pseudo
fluidization, foam generating [7] and focused on highly effective nozzle-free capillary porous dust-and-
gas collectors with foam generating and defoaming structures [8-13].

Let’s review a new class of nozzle-free dust-and-gas collectors. Invention called “Dust Collector”
[article No.1456608, MKI E21F 5/04, 1989] refer to the different industries of national economy for
highly effective gas (air) cleanup from micro-and ultramicroscopic dust (size of fractions less than 5%107°
m and 0,25%10° m accordingly), for example, in fuel combustion, processing and transportation of dusty
materials, removal of vent emissions.

There is a known device for collecting gases and acrosols [article No.309717, k1.V. Old 47/04, 1971],
which contains inlet and gas removal nozzles, case, fiber attachment located in case, gasket and baffle,
mist separator.

The disadvantage of this device is its low effectiveness for collecting micro-and ultramicroscopic
dust, defined by the size of nozzle pores, that leads to a high material consumption, high hydraulic
resistance as per the liquid movements and gas dynamic resistance whilst flushing gas (air).
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A short duration of operations between generations due to pore plugging of fiber attachment causes a
significant problem. Foam is generated outside of porous body and attacks its surface. That reduces the
effectiveness of dust collection and enhancement of the mass transfer process, which increases material
consumption, dimensions and weight of the device.

Gas flow penetrating a fiber attachment overcomes a high gas dynamic resistance. It is due to the
excess energy and its boosting. Duration of operations between generations of such device will be low
because pores in fibers tend to be blocked by dust particles. This leads to the complicated operations of
the device, and minimizes its reliability.

In the suggested capillary porous structures of nozzle-free dust-and-gas collector [8-13] a high
effectiveness for collecting micro-and ultramicroscopic dust could be explained by diffusion mechanism
of dust settling in the foam flow and at the structure surface, when dust particles are under continuous
influence of gas molecules, which are in the Brownian movement, whereas mobility of particles will be
increased with the help of thermophoresis due to difference of temperature between skeleton of porous
structure, foam flow and dust particles on the one hand, and due to diffusiophoresis caused by the gradient
of concentrated components of foam flow, enforced with vapor process of foam forming solution within a
porous structure and partial steam condensate of foam flow on the other hand.

High resistance and stability of liquid film in cells of grid structures is ensured with an equal injection
of the sprayer liquid and allows to reduce a consumption of foam forming solution 1.5 to 2 times retaining
the foam stability, dispersion and multiplicity of foam formed in foam generating structure [8-13.]

As shown in trials [8,13] hydraulic resistance of the grid porous structures in comparison with the
fiber attachment is reduced a few times, as well as a gas dynamic resistance. Since the suggested porous
structures have large cell sizes in comparison with pores of the fiber attachment that tend to increase a
duration of grid regeneration, and thus it simplifies operations and enhances the reliability of dust
collector and its service life.

It is impossible to organize a stable process in multiphase layer with the help of fiber and filter
materials similar to them (metal ceramic, sintered powders) as foam bubbles block nozzle pores and stop
access of fresh portions of foam generating liquid to bubble generating pores at loads 2 to 2.5 times less
than for the grid structures.

Dust collector operates in the following way as below.

Flow contaminated by dust is injected through the nozzle of dusty gas 1 into dust collector case 2
(fig.1). Gas cleanup from microscopic dust is performed in foam generating porous structure 3 of type
0.08*0.14*1. Gas mechanical foam 10 is blown by gas flow from the structure cells, supplied by foam
forming solution 9, for example, 110-12, supplied by sprayer 4.

Porous structure in comparison with isotropic structure helps significantly enhance mass exchange
processes flown in their volume and on the surface because of simplified growth of bubbles 8 from top of
the cone to its base, that increases coagulative feature of foam. Therefore, enhancement of processes leads
to higher effectiveness of catching microscopic dust due to raising rate of catching dust by foam in
volume of structure and on its surface.

Gas mechanical foam 10 will be destroyed from the surface and in the volume of defoaming porous
structure 5 of type 0.4*0.14*0.08. Foam bubbles 11 start intensively burst in structure due to the growth
of resistance from the cone base to its top. Microscopic dust contained in destructive gas mechanical foam
under influence of gravity and pressure leaking from sprayer along the porous surface moves towards
sludge collector 7.

Gas will be additionally cleaned up from microscopic dust in a defoaming structure where the
destructive process of gas mechanical foam is significantly enhanced because grids are collected with
minimized cell sizes.

This result in increasing effectiveness of collecting microscopic dust on its surface and in volume due
to raising rate of catching dust and increases coagulative feature of the destructive foam flow.

Gas cleaned up from the microscopic dust is removed from the device through the outlet nozzle of
clean gas 6.

Test demonstrated [8,11] that in comparison with the filtering materials such as metal ceramic and
sintered powders, consumption of form forming solution is reduced 1.5 to 2 times retaining the foam
stability, dispersion and multiplicity of foam, hydraulic resistance for transportation of foam forming
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liquid is reduced 10 to 20 times, gas dynamic resistance 1.8 times that minimizes pump and fan (smoke
exhauster) capacity, material consumption and dimensions 2 to 2.5 times, weight of device 3 to 4 times.
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Figure 1 - Nozzle-free capillary porous dust collector with foam generating 3 and defoaming 5 structures: 1 — inlet nozzle;
2 — dust collector case; 3 — foam generating porous structure; 4 — sprayer; 5 — defoaming porous structure; 6 — outlet nozzle;
7 — sludge collector; 8 — bubble; 9 — defoaming porous structure; 10 — gas mechanical foam; 11 — foam bubbles;
mf, ma, m', - consumption of foam, air (steam)

Time between regeneration is significantly increases, as well as effectiveness of catching microscopic
dust, which could reach values up to 99.6-99.8%, thus it simplifies operations and enhances the reliability
of dust collector and its service life, which is proved by relevant acts of Trust Alma-Atalnzhstroi and
Almaty Heat & Power Plant-2.

Cost from implementing the suggested dust collector will be saved because of reduced consumption
of foam forming solution 1.5 to 2 times, minimized hydraulic resistance for transportation of foam
forming liquid up to 10 to 20 times, gas dynamic resistance for pumping of dusty flow up to 1.8 times,
material consumption and dimensions up to 2 to 2.5 times, weight of device 3 to 4 times. Also, the device
operations are getting simplified, the duration between regenerations increases, and thus it enhances
reliability and service life of the device, which saves capital and operational costs.
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A.A. Tentau', K K. lokonaxos’

!TexmyKankIK FEIBIMAap TokTopsL, BAK mpodeccopsr, « KEDTy SIEKTp KOHABPEEIIAPED KadeapackL,
ATMaThl SHepreTrKa skoHe GaliilaHbIC YHUBEPCUTETI,
2 ATIMaTHI SHEPTETHKA SKoHe GaltTaHEIC YHUBEPCUTETIHIH JOKTOPAHTHL, MAMAHIEEH « KEITy 3HEpreTHKay , «KEITy 71eKTp
KOHJIBIPFBLIapDy Kadenpackl, «Kazax MyHait koHe ra3z HHCTUTY Th» AK-HBIH KoCaayIs! HHKeHepl

KOBIK OHJAIPETIH KOoHE KOBIK COHAIPETIH K¥PbIJILIMJAAPMEH BYPKIT'TIHICI3
KATIMJUTAPJIBI-KEYEKTI TO3AH-T'A3 TYTKBIILITAP/IbI O3IPJIEY

Annoranust. Kopryc, kipy koHe IIBIFY KenTe KyObIpiaphl, TOpIIAiap TOITaMachl, TO3AHJATKBINITAH TYpaThlH aya-
MeXaHVKaIbK KoOiKke apHarraH OYypKirimiciz keGik TeHepaTopmaphl azipieHal. Omap a3 THAPO KoHE Ta3MHAMHKAIBIK
KapchUIBIKTap/a KOFaphl THIMAUTIKIIEH KoGIK OHIPY IIPOIleCTepiH KYPri3yre MyMKIHTIK Gepemi. | asz-mMexaHWKanblK KoGIKTI
OH/IIPY MEH MUKPO JKoHE YIHTPAMUKPOCKOIIMSIIHIK, TO3AHBI TYTY GiplieckeH IIPOIECTEPIH apl Kapail collkecTeHIipy YITIH KoGiK
COH/IIPETIH TOPKO3/i KeYeKTi KYPhUILIMMEH oHE KaK JKHHarbIITIIEeH Kal IbIKTaFaH KOPITyC, Kipy JKoHE IIBIFY KelTe KyObIpiapsl,
TOpITIATIApP TOIITAMACHL, TO3aHATKBIIITaH TYPAThIH TO3aH TYTKBII YCHIHBUIIEL, OYIT peTTe KoOiK eH/IIpeTiH oHe KoOIK COH/TIpeTiH
KYPBUIBIMJIAp KOPITyCKa TO3aHJAThUFAH Ia3 KO3FBUIBICHIHBIH OaFbITHIH Ooiimaifl OopHaTRULABL. byjaH e3re, keGiK eHJipeTiH
TOPKO3/Ii KeYEeKTI KYPhUIBIMHBIH KEHIHT1 TOPIIAchl Ta3apThUIaTHIH I'a3/IbH KO3FaIbIC OarbIThl COMBIMEH YSITIBIKTap/IbIH, YIIFasThIH
OTITIIEMIMEH, MBICATIBI, CaHbIIayFa YVMBLIKTaphHBIH ommreMi: 0,08%0,14*1 GonaThH MeTal ToplapiaH, al KeGik COHIPETIH TOpITa
- TazapThUIATBIH Ta3/plH KO3FalIblc OarbIThl OOMBIMEH YSIIBIKTAp/BIH KillipeHeTiH eImeMiMeH, MbIcalbl, CcaHpUIayra
YIMBIKTapbHGH ommeMi: 0,4%0,14*0,08 GonaTeH MeTaln ToplapAaH OPhIHIAHL.

Tyiiin ce3mep: To3aH-Ta3 TYTKBII, KaIWULIPIIBI-KEYEKTI KyphUIbIMAp, KeyekTl KeOik reHepartopsl, koOik eHJpy, KbUIy-
Macca anMacy, 6y KeTIipIIiri.
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L TToxTop Texmmeckux Hayk, mpodeccop BAK, xadespa « TeImoBbIe SHEpreTHIecKHe YCTAHOBKID,
ANMaTUHCKUN YHUBEPCUTET SHEPIETUKU U CBSI3H,
2 JOKTOpAHT ATIMATHHCKOTO YHIBEPCHTETA SHEPIeTHKY 1 CBS3M, CIICIAATHHOCTE « T elmosHepreTHKay, Kadeapa « Termmonsre
SHEPreTUUECKUE YCTAHOBKIY , HEDKEHEP-TIPoeK TUPOoBIMK AO «Ka3zaxckuit HHCTUTYT He(TH U Tazay)

PA3PABOTKA BE3®OPCYHOUYHBIX KATIMLIAPHO-IIOPACTHIX MLLIET A3OYJIOBATEJIEI
CIIEHOI'EHEPUPYIOIINMU U ITEHOTI'ACAIIIUMU CTPYKTYPAMU

AnnoTanust. Pa3paGotansl 6e3popcyHOUHBIE IIEHOTEHEPATOPHl BO3IYIIHO-MEXaHUUECKOH IIE€HBI, cojepsKaIiuil KOpILyc,
BXO/IHOH U BBIXO/THO# IaTpy OKH, ITaKeT CeTOK, pacIbUInTeNb. OHM I03BOIBIIOT IIPOBOIUTH IIPOIIECCHI TEHEPAITUH IIEHBI ¢ BEICOKOH
3¢ PEKTUBHOCTBIO IIPU MAJIBIX THAPO- U Ta30MHAMITYECKUX COIPOTUBIEHUSIX. JIist fabHeelt HHTeHCUDUKAIMH COBMECTHBIX
IIPOIIECCOB T'€HEpaluy Ta30MEXaHMYECKOW IIEHBl M YJIABIMBAHWS MHKPO- M YJIHTPAMUKPOCKOIMUYECKOH IBUIM IIPE/IOKEH
IIBUICYTIOBUTEND, COJIEPKAIUil KOPITyC, BXOJHOM M BBIXOJHONW IIaTpyOKH, ITAKET CETOK, PacIlbUIMTENh, KOTOPBI CHaOKeH
TIEHOTacsIe ceTyaToil MOPUCTON CTPYKTYPOH, IIPHYEM IICHOT€HEPHPYIOMasl U IIEHOTacsIasi CTPYKTYPhl YCTaHOBIIEHBI B
KOpITyce IIOCIeJOBAaTENBHO 110 XOJy JBIKEHUS 3allbUICHHOIO Ta3a, U IpIaMocGopHUKOM. Kpome Toro, Kaxas mmocieyromniast
ceTKa ITIEHOTEHEPHUPYIONIell ceTyaToll IIOPUCTONM CTPYKTYPHI BBIIONHEHA C YBEIMUMBAIONMMCS Pa3MEpOM sUeeK II0 X0y
JIBIDKEHIST OUMITIAEMOTO Tasa, HAIlPUMEP, U3 METAIUIMIECKHX C pa3MepoM seek Ha mpocseT: 0,08%0,14*1, a meHoracsmias — u3
CETOK ¢ YMEHBINAIOIUMCS Pa3MepoM sMMeeK I0 X0y JBIKEHUS OUMINAeMOTo rasa, HallpuMep, U3 METAUTHIECKUX C Pa3sMepoM
styeek Ha mpocset: 0,4*0,14%0,08.

KitoueBble c10Ba: IbUIETa30yI0BUTEND, KAIIUIIPHO-TIOPUCTHIE CTPYKTYPBL, IIOPUCTHIN IIEHOTEHEPaTop, IIEHOTeHEPaIys,
TEIUIOMaccOOOMEH, ITapOBOM ITy3bIPb.




