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Abstract. Problems of improving a fluidized bed technology by way of pulsing air (gas) fed in-
to the bed are considered. A model of and calculation procedure for rational parameters of the coal
particles pulsating flowing, moving and firing in the fluidized bed as well as empirical dependence
of efficiency of gassing process during combustibles firing in the bed are proposed, which take into
account operation parameters of the pulsating fluidized bed. Physics of impact of amplitude-
frequency characteristics of the air pulsating feed on the completeness of the coal particles burning-
out in the bed was investigated. It is stated that the pulsations period T = 0.5 — 2 s and porosity y =
0,3 - 0,4 are rational parameters as they increase rate of solid fuels burning-out in the pulsed flui-
dized bed by 20 - 40% if compared with stationary bed. Technical facilities (pulsators) were de-
signed, which feed pulsing air into the fluidized bed and provide controllable air stream pulse
shapes and pulse ratio.

Keywords: fluidized bed, period, pulse ratio, combustion, pulsator.

The global tendency for coal, mining, metallurgical and by-product-coke enter-
prises consists in their incorporation in common production string that allows optimi-
zation of resource sharing, cutting of expenses and engineering output with greater
extra cost. For majority of coal enterprises such solution consists in adoption of ener-
gotechnological treatment of low-grade coal in fluidized bed.

The significant advantage of this technology is possibility of its realization by re-
construction of existing at every enterprise standard boiler units with minimal capital
outlays. The end products of this technology are coal-volatile matter and solid residue
with high content of carbon — coke or semicoke. In terms of ecological and economic
efficiency there are sufficient reasons for using of coal-volatile matter for gasification
or combustion and solid residue as a process fuel with improved use value in compar-
ison with source coal [1].
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Advantages of fluidized bed are noted by many researchers and developers, but at
the same time this technology has some shortcomings [2]. In particular equalization of
temperature and concentration in the bed induced by intensive mixing of solid par-
ticles results in decreasing of process motive force.

Sometimes a breakthrough of considerable gas quantity without sufficient contact
with solid granular material reduces a base product yield and complicates realization
of catalytic processes. In addition when air dynamic pressure is insufficient the slag-
ging of internozzle space and of nozzles of air diffusing fire grates occurs. Elimina-
tion of these defects is possible by application of fluidizing agent (gas, air) pulsing
flow. Under the control of velocity, frequency and pulse ratio of fluidizing agent jets
In reaction space it is possible to obtain different flow structure, to intensify heat
mass exchange processes and to raise unit capacity [3].

The main purpose of this work is investigation of pulse regimes in technological
processes of fluidized bed for ensuring of equalization of process flow in all volume
of bed and for intensification of interphase transition and of chemical reactions.

Let’s consider the mathematical model of coal particle combustion under pulsing
flow of fluidizing agent (gas, air). In this case so-called “one particle” approach to
description of coal particle behaviour in flow. In so doing the trajectory and particle
migration velocity are obtained on the ground of analysis of forces actuating a par-
ticle of variable mass in pulsing gas suspension flow. On the ground of literature
analysis the formulas for main parameters of gas suspension (fractional void volume,
density and viscosity) are selected, which allow taking into account transient oscilla-
tion of carrying phase (impulse) as well as influence of magnitudes determining bed
characteristics, namely inert and coal particle diameters, temperature, gas or air den-
sity and viscosity. Combination of these formulas is first applied in terms of one
model [4]
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where 6 =d/d, — relative particle diameter; t — time; D — diffusion coefficient; cy,c
— oxygen concentration in flow and on particle surface, respectively; f=12/32 — ratio
of molecular weights of carbon and oxygen; v — stoichiometric coefficient in front of

carbon in equation of reaction current on particle surface; ps, p,,— density of gas sus-
pension and coal particle, respectively; dq — initial particle diameter; vy — gas Kine-

matic viscosity; U — particle migration velocity; U, — pulsating velocity of gas sus-
pension; u — viscosity of gas suspension.

Set of equations (1) is solved by Runge-Kutt method with initial conditions 6= 1,
U =0 when t = 0. As a parameter, describing influence of pulsation on particle com-
bustion rate under flow variable parameters the magnitude of relative decline of com-
bustion time
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where ty, tio — particle combustion time under pulsing and steady air delivery regimes,
respectively. It is obvious that the more is value of € the more effective may be con-
sidered the regime parameters of pulsing flow. The dependence of relative decline of
combustion time on pulse ratio is shown at the fig. 1.
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Figure 1 — Relative decline of combustion time of coal particle

Apparently from fig. 1 the influence of pulse ratio change on combustion rate of
coal particle may be described as continuous function with maximum, which drifts to
the side of lesser pulse ratio when pulsation period increases. The rational parameters
of pulsation are period 7= 0,5 — 2 s and pulse ratio = 0,3 — 0,4. Under such para-
meters solid fuel combustion rate in pulsing fluidized bed is 20 — 40 percent up on
stationary state.

On the ground of this model the influence of form of air velocity pulsation on the
time of coal particle being in the bed compared with gas suspension stationary flow
with equal discharge within a period is studied. In the first case the pulsing flow with
superposition of polyfrequency component (fig. 2) was used, but in the second case
air delivery into the bed was realized by pulse-reversible mode (fig. 3) with pulse de-
livery of primary air flow to furnace sublattice part and secondary flow over fuel bed.

The research showed that maximal disparity in phase velocities of gas suspension
composed of inert and coal, which ensures complete combustion of particle in the bed
under the influence of pulsing jets, is reached when pulse ratio v =0,3 - 0,4.

Gassing calculation during solid fuel combustion in the fluidized bed is made using
calculation procedure [5]. The specificity of pulsing regime namely dependence on
process time requires calculation of average integrated over pulsation period data val-
ues. This complicates analysis when investigating according to this calculation proce-
dure. We first have obtained the empirical dependence, which allows qualitative analy-
sis of efficiency of fuel combustion in the bed when changing different parameters of
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both gas suspension bed and pulsing air flow
#(z)= Al1-exp(-Bz)]; (2)

H 0.1 K —-0.09 H 0.1 K -0.1
A= 0,64(—0j (k—lj Pe 015,700, B = 966,85(—0J [k—lj pe 065,015,
i 2 i 2

where z — relative mass concentration of combustibles in the bed; H,— initial bed
height; d; — inert particle diameter; k;, k, — reaction rate constants; Pe — Péclet
number; w— flow pulse ratio.

U, M/c

X, M

40 T T T T T T 3-"

0 00 - 21.5 3 35
te 0 0.8 1.6 24 32 %t
1 — particle diameter; 2 — particle 1, 2 — pulse-reversible; 3, 4 — stationary air de-
velocity; 3 — gas velocity; 4 — particle track livery into the bed
Figure 2 — Process parameters in polyfre- Figure 3 — Bed height and particle coordinate

quency pulsing flow in the fluidized bed

The dependence of function of solid fuel combustion in gas suspension (2) on rela-
tive mass concentration of combustibles in the bed under pulsing air delivery is de-
scribed by complicated linear function in regard to exponent with negative argument.
Its coefficients are inversely proportional to Péclet number, pulsation pulse ratio as
well as to chemical reactions rate constants ratio and ratio of such parameters of gas
suspension as initial bed height and inert particle diameter.

The results of comparison of calculated data for stationary and pulsing flows are
shown at the fig. 4, 5.

Apparently from fig. 4 that pulsing air delivery results in essential growth of con-
tent of carbon oxides in the gas as well as in fuel combustion rate increase i.e. in in-
crease of nondimensional combustion function (fig. 5). The research showed that use
of pulsing air delivery when concentration of combustibles in the bed z = 0,04+ 0,01
results in rising of efficiency of gassing processes by 20 % — 50 %.
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Pulsing air delivery is realized by pulsator. The analysis of techniques for pulsing
air flow delivery showed that well known constructions don’t allow regulation of
pulse ratio of air impulses and differ by constructional and technological complexity as
well as by high air drag [6]. Specialists of IGTM of NAS of Ukraine have elaborated
constructions of such types of pulsators: pulsator with trilobite impeller [7] (fig. 6),
pulsator with slit rotor [8] (fig.7), disc pulsator [9] (fig. 8), which allow regulation of
flow pulse ratio and form of pulsation.

The scientific basis of calculation of parameters of processes in the fluidized bed
under pulsing air delivery into the bed first are suggested. For realization of theoretical
backgrounds the different constructions of pulsators are elaborated. The research
showed that rational control of parameters of organized carrying agent pulsation re-
sults in more uniform passing of processes along cross-section and height of the flui-
dized bed, in raising of heat transfer efficiency both as a result of influence on kinetics
of coal particles reactions and owing to improvement of bed aerodynamics, to liquida-
tion of dead space and gas localized movement.
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Figure 6 — Pulsator with trilobite impeller
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Figure 8 — Disc pulsator
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AHoTauis. Po3risHyTo MUTaHHSA yJOCKOHAJIEHHS TEXHOJIOTII KUIUITIOTO IIapy 3a JOMOMOTOI0
oprasizalii myJabCyro4oi 1Moaadi nopitTps (raszy) B 1map. 3anpornoHOBaHO MOAEb 1 METOJUKY po3pa-
XYHKY pallloOHaJbHUX MMapaMeTPiB MyJIbCYIOUOro MOTOKY, PyXY 1 TOPIHHS BYT1JIbHOI YaCTUHKU B KU-
IUISTYOMY I11api, @ TAaKOK eMITIPUYHY 3aJIeKHICTh €()EeKTUBHOCTI MPOLIECY ra30yTBOPEHHS IPU BUTO-
PSHHI TOPIOYUX B IIapi , 10 BPaXOBY€E PeXUMHI MapaMeTpH MyJbCylo4yoro kumisdoro mapy. [Ipo-
BEJICHO JIOCIIIJKEHHSI 3aKOHOMIPHOCTEH BIUIMBY aMILTITYIHO-YAaCTOTHUX XapaKTEPUCTHK IMYJIbCYIO-
4oi MoJjayui MOBITPs Ha TIOBHOTY BUTOPSIHHS BYTUIbHUX YaCTUHOK B IIapi. BuznaueHo, 1o parioHa-
JHHUMH NapameTpami myinbcaniil € nepiog T = 0,5 - 2 ¢ 1 mmapyBaticts = 0,3 - 0,4, o 3a0e3rme-
qye MMiJIBUIIEHHS [IBUIKOCTI TOPiHHS TBEPIOTO MajiMBa B IMYJIbCYIOUOMY KUIUISTYOMY IIapi MOPIBHS-
HO 3i cramioHapauM Ha 20 - 40%. Po3po0ieHo KOHCTPYKINiI TEXHIYHUX 3ac00iB (ITyJbCaTOpiB), B
SKHX peasli3yeThbcs MyJIbCY0Ya Mojaua MOBITPs B KUILISTYMH 1Iap.

KurouoBi ciioBa: kumisiumii map, nepiof], InapyBaTICTh, TOPIHHS, MYJIbCATOP.
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AHHOTanus. PaccMOTpeHBI BONPOCH! YCOBEPIIEHCTBOBAHUS TEXHOJOTHH KUIISILIETrO CJIos Io-
CPElICTBOM OpraHM3allMy MyJIbCUPYIOLIEH MmoJgaun Bo3ayxa (raza) B cioil. [Ipennoxxensl Moaens u
METOJIMKA pacyeTa palliOHAIbHBIX MapaMETPOB MYJbCUPYIONIETO MOTOKA, a TAK)KE JABHKEHUS U TO-
PEHHS YTOJIBHOM YacTHIIBI B KUIISIIEM cioe. [Ipeanoxena sMnupuyueckas 3aBUCUMOCTh 3 (PEKTHB-
HOCTH TIpoIiecca ra3000pa3oBaHus MPU BHITOPAHUH FOPIOYMX, YUUTHIBAIOLIAS PEKUMHBIC MapameT-
pBI MYJIbCUPYIOIIEro Kunsmero cios. IIlpoBeneHsl nccienoBaHus 3aKOHOMEPHOCTEN BIIMSHUS aM-
IUTUTYAHO-YaCTOTHBIX XapaKTEPUCTUK MYJIbCUPYIOUIEH MOoJaud BO3AyXa Ha MOJHOTY BBITOPAHUS
YTOJIbHBIX YacTHIl B cioe. ONpeneneHo, 4To paloHalbHbBIMU [apaMeTpaMy IyJIbCalluil ABIISIOTCA
nepuon 7' = 0,5 — 2 ¢ u ckBaxkHocts ¥ = 0,3 — 0,4, 9T0 0OEcIeurnBacT MOBBIIICHUE CKOPOCTH TOpe-
HUS TBEPJIOTO TOIUIMBA B MYJIbCUPYIOIIEM KHIISILIEM CJIOE TI0 CPAaBHEHHIO CO CTAllMOHAPHBIM Ha 20 —
40 %. PazpaboTanbl KOHCTPYKIIMU TEXHHUYECKUX CPEACTB (MYJIHCATOPOB), PEATU3YIOIIUX IOJAUy
MyJBCUPYIOLIETO BO3yXa B KUISIIUNA CJIOW U 0OecreynBalOINX peryiupoBaHue Gopmsel Koieda-
HUH, a TAK’K€ CKBaKHOCTH BO3yLIHOTO ITOTOKA.

KuarwueBble ciioBa. Kunsiuii ¢iioi, nepuoj, CKBXXHOCTh, TOPEHHE, MMYIbCATOp.

Cmamws nocmynuna 6 peoakyuro 23.10.2014
Cmamus pexomenoosana k neuamu 0-pom mext. Hayk b.A. Buoccom
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FINDING OF INTERDEPENDENCE BETWEEN YIELD OF NATIVE
COPPER CONCENTRATE MADE OF BASALT INPUT AND ELECTRIC
FIELD INTENSITY AND SIZE GRADES

AHHoTauusl. B paGoTe mpeacraBieHbl pe3yabTaThl UCCIEAOBAHUM BIMSHUS JIEKTPUYECKOTO
I1OJIAA Ha IpOUECC U3BJICUCHUA MaFHI/ITOBOCHpI/IHM‘II/IBOﬁ MEIUu U3 0a3aJIbTOBOTO CBIPpbs, COCTOAIICTO
U3 Tpex nmopoJi: 6a3anbTa, Tyda u 1aBodpexunu. Bee Tpu cocrapistomuye couepkaTr B pa3HOM IMPo-
HEHTHOM OTHOHICHUH CaMOPOJHYIO MCJb, HO B JOCTATOYHOM KOJHUYCCTBE IJIA pallMOHAJIBHOI'O0 W3-
BJeueHMs. B cTaThbe pelieHa akTyajabHas 3a/ladya J0Ka3aTenbcTBa APPEKTUBHOCTH MCIOIb30BAHUS
AJIEKTpOCenapanuy Ha KOHEYHON CTalui KOMIUIEKCHON nepepaboTku 6a3anbToBOro chipbs. [Ipen-
METOM MCCIIEN0BAHUS SABJIINCH 3aBUCHMOCTH KOJIMYECTBA U3BJIEUEHHOTO METHOTO KOHIIEHTpaTa OT
HaNPSDKEHHOCTH AJIEKTPUYECKOTO MOJIs cernapaTopa U OT KPYIMHOCTH I0/1aBaeMOil Ha HEro rOpHOMU
Maccel. Ha 0CHOBaHMH BBINIOJTHEHHOTO KOMIIJIEKCA UCCIIEAOBAHUN NTPOBEIEH KOPPEISIIMOHHBIN aHa-
JIN3 3aBUCUMOCTEH BbIX0/la KOHICHTpAaTa CaMOpO)IHOﬁ MCIU OT HAIPSXKCHHOCTU JJICKTPHUYCCKOTO
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