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Abstract. Solid-fuel utilization in the public energy service is necessary for national supply-
demand balance stability. The most efficient combustion process is the hybrid combustion, particu-
larly the three-staged one: combination of stack, fuel-bed firing and overall combustion in swirl
chamber. Stability of such combustion model is achieved by relevant design and duty parameters at
all stages of fuel combustion with appropriate blasting air reallocation and process flow. A numer-
ical model is proposed in a mechanized boiler with the use of a hybrid process. Analytical equa-
tions for calculating the main parameters of the combustion zone in the stack and on the grate are
provided. The use of the proposed model for the combustion of solid-fuel provides a definition of
parameters of the combustion zone at the stage of designing a boiler plant with mechanized com-
bustion.

Key words: solid-fuel hybrid combustion, burning rate, numerical model, stack,
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Introduction. Solid fuel utilization in the public energy service is necessary for
national supply-demand balance stability. Considering the significance of the environ-
mental specifications of solid-fuel heat generators operation, it is important to ensure
their improved operational efficiency, including up-to-date environmental safety. It is
known that these demands may be met if mechanized process flow is established at all
solid-fuel combustion stages (starting from fuel preparation for ash residues removal —
ash, slag). The most efficient one is the hybrid combustion, particularly the three-
staged one: combination of stack, fuel-bed firing and overall combustion (Fig. 1).
Stability of such combustion model is achieved by relevant design and duty parameters
at all stages of fuel combustion with appropriate blasting air reallocation and process
flow:

= drying, gasification and fuel particles firing in the stack by using
reverse-flow;

= combustion of primarily free carbon on the grate by using cross-flow;

= combustion of volatiles and dust particles in the combustion chamber in
the secondary blasting air flow.

Such hybrid model in the solid-fuel boilers design is implemented based on not
only the calculation data using well-known methods [1], but on the experimental re-
sults of the laboratory research and experimental trials of the combustion unit proto-

types.
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Fig. 1. Solid-fuel hybrid combustion:
1- vertical stack with perforated front wall (holding grate); 2 - grate; 3 - combustion chamber
Designations in the picture: 1 - natural fuel; 2 — coke; 3 - ash residues;
Blasting air flow: Pi...P3 - primary in the zones under the grating; T - primary to stack
B1, B2 — secondary to combustion chamber

To reduce the volume of such research work and tests that involve huge labour
and material resources inputs it is necessary to specify design and duty parameters of
the combustion zone based on the combustion process simulation according to the re-
sponse rate of the fuel particles with the blasting air oxygen.

The objective of the work is to develop method of complex analytical estima-
tion of the processes in the stack and on the grate of the solid-fuel hybrid combustion
in the mechanized boiler.

A. Combustion process in the stack. When generating numerical model of the
stack combustion process with account for theoretical and laboratory research results
[2-4] it is accepted that:

= natural fuel particles at the stack inlet have the shape close to spherical one
(maximum size is 50 mm), that is kept during the whole combustion process;

= fuel in the stack is transported gravitationally, on the horizontal grate — using
translational motion under the action of piston pusher;

= in the stack the natural fuel particles are dried and volatiles are emitted, and on
the grate free carbon is combusted being completely burnt at the grate end;

= transportation (sinking) of the particles into the stack is realized using fuel-bed
pattern: each cross bed consists of one layer of particles of the same size which thick-
ness is decreased in the process of drying and gasification (Fig. 1).

Calculation of the stack combustion is based on the summary results of the natu-
ral fuel-burning rate and test results of engineering and preproduction prototypes of the
mechanical stokers. It is assumed that the initial size of the fuel particles at the stack
inlet is reduced in the stack height pro rata with the fuel burnt. In the lower zone of the
stack the particles size 5, , cm, is equal to:
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8,0y =0, A=b,)"3, (1)

where J,., — initial size of the particles at the stack inlet, cm; b,, — quantity of the fuel
burnt in the stack, which is determined with account for experimental data in accord-
ance with the combustion zone burner front load (Fig. 2) subject to moisture exudation
and emission of the most of volatiles (about 95%) and ensuring of about 0.8 of the air
excess factor at the holding grate outlet.
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Fig. 2. Fuel burn-up fraction in the stack: gm¢ - Specific front load of the Furnace; O« - Stake
heat output; e - experimental results

Effective height of the particles response in the stack may be determined by us-
ing following formulae:

H =Sy’ (6mF, 7)), cm, )

where S,., — surface area of the particles response, cm?; 8,°” = (Syu + 8xu) / 2 — mean
particle size in the stack, cm; m — interpartical porosity (m=0.5...0.6); F,,? — average
area of the stack cross section, cm?.

Response surface area in accordance with the fuel-burning rate:

Spm = Bpm /Ksn > sz‘S, (3)

where B, = bu B, — quantity of the fuel burnt in the stack, g; B, — aggregate quantity of
the fuel burnt in the mechanical stocker, g; K" — specific burning rate of the fuel,
g/(cm?s).

On the basis on solid-fuel, combustion process investigation it was established
that the qualitative behaviour of the natural fuel combustion process (anthracitic coal,
black coal and hydrogenous coal) in the bed is similar to coke combustion, but if the
volatiles content grows the burning rate of the natural fuel rises as compared to the
coke burning rate. For rough estimations, one can assume:
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K =kKS, “)

where &, — factor of the natural fuel specific burning rate K" excess over coke specific
burning rate K¢ (Fig. 3).
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Fig. 3. Factor ks: Vasr — volatile matter emission; ® — experimental results
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where W — reduced blasting air speed which is determined as ratio to the obstruction-
free flow area of the bed and temperature in the bed, cm/s; d.,, — mean particle size the
bed, cm; D — reduced diffusion factor, cm?/s; Cyc, - mean molar oxygen concentration
in the bed, g/cm’.

Fuel combustion time in the stack, may be determined as the particle burnout
time to the size du:

«___ By,
b = e
K"S

wceep

> (6)

where B,," — weight of the particle that burnt out in the stack, g; S*.c,, — mean surface
area of the particle, cm?:

Bl =1p, [ 6(8y — 835 Sucep =0.51(85, +82,) - (7)

nu
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B. Combustion process on the grate. The numerical model of combustion on
the grate shall be defined if natural fuel is dried and gasified in the stack and homoge-
neous fuel with prevailing coke content is accumulated at the grate inlet - start of the
burning phase of the coke particles [5]. Process stability is achieved by proper firing of
the particles in the bed at the grate inlet, uniform translational delivery of the particles,
which burn out along the grate, and appropriate zonal reallocation of the blasting air.
At optimum combination of duty and design parameters, the fuel bed burning-out-zone
ensures complete burning out of the particles at the end of grate. For the required de-
sign, width of the grate and window height at its inlet the length of the combustion
zone is equal to:

82’5

0, =— cm, 8
P 254 ®

where A — constant value:

2.0,185C, D" w5,

pqvnp

A

Burning time of the particles in the bed on the grate of length ¢, :

= 3
=3 B (EA] 03, ©)
3 v, \2

where v,,, — initial linear speed of the particles:

Vp =B, (b,h,,mp,), co/s, (10)

where 4,, — initial bed depth at the inlet, cm; b, — width if the grate for combustion,
cm; p — particles density, g/cm?®.

Volatiles and dust that are generated during stack gasification process pass to the
combustion chamber and burn in the high-temperature gas flow fuel-bed firing. There-
fore, full fuel burning time of hybrid combustion may be determined as total time for
stack and fuel-bed firing processes of fuel particles combustion.

Conclusion. Using of the proposed numerical model of the solid-fuel combus-
tion process enables determination of the design and duty parameters of the combus-
tion zone as early as at the unit design engineering stage. At that, one takes into ac-
count special features of the hybrid combustion process implemented in the combus-
tion device design of the mechanized boiler.
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Anomayin. Buxopucmanus meéepoozo nanuea 6 KOMYHATbHOMY MENIONOCMAYaHHI HeoOXiOHe Ol
cmabinbHocmi nanueHo-enepeemuyHo2o barancy. Haiibinow egpexmusHum npoyecom Cnauio8aHHs
€ KOMOIHOBAHe CNANIOBAHHA, 30KpeMa, MpUCmyneHesuli npoyec: nio2omoeKka namueda 6 wWaxmi, wa-
Ppo6e Cnanto8anHs ma NOGHe 320PAHHA 8 MONKOSIU 8uxpositi kamepi. CmabinbHicms maxozo cna-
JIIOBAHHA 00CA2AEMBbCA 304 PAXYHOK BIONOGIOHUX KOHCMPYKMUGBHUX | PEXHCUMHUX Napamempie Ha
6CIX cMAOisAX 2OPIHHA NAIUBA 3 GIONOBIOHUMU PO3NOOLIOM NOGIMPs Ui opeanizayico npoyecy. 3a-
NPONOHOBAHO YUCENbHY MOOETb 320PAHHA NANUBA 8 MEXAHIUHIN MONYi 3 3ACMOCY8AHHAM KOMOIHO-
sanoeo npoyecy. Hasedeno ananimuuni pieHanns 0ns po3paxyHKy OCHOBHUX NAPAMEMPI8 30HU 20-
PIHHS 6 waxmi i Ha KOTOCHUKOGIl pewimyi. Bukopucmaunns 3anpononosanoi mooeni npoyecy cna-
JIIOBAHHA MEePO020 NANUBA 3a0e3neyye BUSHAYEHHA NAPAMempis 30HU 2OPIHHA HA cMaAdii npoex-
TMY8AHHA KOMENbHOT YCINAHOBKU 3 MEXAHI308aHUM CHANIOBAHHAM.

Kurouosi cnosa: kombinosana cxema cnamo8ants meepooco naausd, WeUuoKicms
2OPIHHS, MAMEMAMUYHA MOOETb, WAXMA, KOJOCHUKOBA PEeUulimKd, MEeXaHiuHa
monka.
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Annomayus. Hcnonv3osanue meepoo2o monausa 6 KOMMYHAIbHOM MENJIOCHADICEHUU HEOOXOOUMO
01 cmaburbHOCMU MONIUEHO-IHEpeemuyecko2o bananca. Haubonee eppghexmusnvim npoyeccom
COHCULAHUSA ABNAEMCS KOMOUHUPOBAHHOE CHCUSAHUE, 8 YACMHOCIU, MPeXCMyneH4yamvlil npoyecc:
NOO020MOBKA MONAUBA 8 WAXME, CIOEBOE CHCUSAHUE U NOTHOE CHCUSAHUE 8 MONOYHOU 8UXPESOll
Kamepe. CmabuibHOCMb MAKO20 CHCULAHUA OOCMUSAEMCs 3d CHem COOMEENCMEEHHbIX KOH-
CMPYKMUBHBIX U PENCUMHBIX NAPAMEMPOS HA 6CEX CIMAOUSAX 20PeHUs MONIUBA C COOMEEMCMEYIO-
wumMu pacnpeoenenuem 6030yxa u opeanuzayuetl npoyecca. [Ipeonoscena wuciennas mooeis 6 me-
Xanuyeckou monke ¢ NpuMeHeHuem KOMOUHUposannozo npoyecca. Ilpusedenvi anarumuueckue
ypasnenus O pacyema OCHOBHbIX NAPAMEMPOE 30HbL 20PEHUs 6 uiaxme U HA KONOCHUKOBOU pe-
wemxe. HIcnonv306anue npediodiceHHOU MOOeTU NPOYeCca CoHCULAHUS MEepoo2o Moniuea obecne-
yusaem onpeoeieHue Napamempos 30Hbl COPeHUs. Ha CMAaouL nPOeKMUPOBAHUs KOMEIbHOU YCma-
HOBKU ¢ MEXAHUSUPOBAHHBIM CHCUSAHUEM.

Knioueswvie cnosa: KOM6MHZ/!p060HHaﬂ cxema cotcuearHus me;é'pc)oeo monJjiuea, CKo-
pocmb cOpeHus, mamemamudeckas Manflb, waxma, KoOJIOCHUKO6AA pemémka,
MmexaHuvyeckas monkdad.
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