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Multi-Fuel Burner Systems for Industrial Applications

Multi-fuel firing systems are used in several industrial processes such as in power sta-
tions, drying mills and metallurgical plants as well as in rotary kiln systems, industrial
boilers, cogeneration plants and various thermal process factories. Such systems should
being not only able to utilize different fuel types, but also to respond flexible due to
changing in fuel compositions and qualities. In particular the ignition, stability and pol-
lutant problems must be taken into account. That means that these systems should fulfill
the operational parameters and ecological target according to German Technical Instruc-
tions on Air Quality Control TA Luft 2002. The Operation of these so called multi fuels
systems is determined on the one hand by the conditions of the start-up procedure (e. g.
drying of the refractory material, creation of the necessary operating environment) and
on the other hand by the process-related requirements, fluctuating commodity prices, un-
stable fuel supplies and the use of internally resulting production scrap. In this paper
two multi-fuel burner systems are selected from the extensive Brinkman’s production pro-
gram to be shown in details. These are combined combustion systems for «pulverized
coal-gas» and «pulverized coal-oil», respectively. Bibl. 9, Fig. 6, Table 1.

Key words: coal-gas burner, coal-oil burner, environmental pollution, pulverized fuel,

TA Luft 2002, burner capacity (flow rate), operational chart.

Introduction

The Brinkmann Industrielle Feuerungssysteme
GmbH (BIFS) possesses a solid basis in research
and development, engineering, construction, man-
ufacturing and operating of efficient combustion
systems for use in different industrial applications.
Since 1883 BIFS develops, builds and delivers
burner and lance systems for use in energy-inten-
sive processes such as coal gasification to produce
synthetic gas for combined cycle applications, pet-
rochemical production, copper and steel melting as
well as lime production and treatment, hot gas
generation and secondary metallurgy.

Depending on the specific process demands
of industrial application, the multi fuel com-
bustion systems have to work stable and safe

under required special operating conditions. Be-
sides being able to utilize different fuel types,
they should also respond flexible due to chang-
ing in fuel compositions and qualities. In partic-
ular the ignition, stability and pollutant prob-
lems must be taken into account. That means
that these systems should fulfill the operational
parameters and ecological target (emission limit
values for NOy, CO, sulfur oxide and dust val-
ues) according to German Technical Instructions
on Air Quality Control TA Luft 2002 [1] for the
industrial processes dealing with. The limit val-
ues for NO, and CO emission according men-
tioned TA Luft are given in the following table
for industrial plants with burner capacities up to
50 MWy, (Table):
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Fuels
Pollutants light oil Gases Coal & Coke
emission, o 0 ’
3% O, 3% O, 7 % O,
NO,, mg/m>  180-250 100—150 250-500*
CO, mg,/m? 80 50-80 150
; 5 for natural
Dust, mg,/m 50 as 20—-100*

10 other gases

* Depending on thermal load

While to stabilize the combustion process of
multi fuels burners mainly swirl geometry at the
burner head is used [2, 3], the air staging tech-
nique [4, 5] in combination with internal or ex-
ternal flue gas recirculation led to low NO, emis-
sion values [4—7]. Although, through these mea-
sures NO, values achieved are lower than TA
Luft limits, CO emission values especially in part
load operation mode and during switching opera-
tion mode from one fuel to other are significantly
higher that prescribed values.

12 wings with Combustlon air
and without swirl, Natural Gas
adjustable
" Coal dust +
Transport air
) 'LI

Figure 1. Schematic design of BIFS coal dust-natural gas
multi-fuel firing system.

In a recently published papers [8, 9] authors
illustrated the development, manufacturing, test-
ing and operation experiences of the BIFS com-
bustion systems for heating-up of coal gasifica-
tion reactor, where specific conditions are pre-
vailing (high pressures, high temperatures, inert
atmosphere, etc.). In this contribution the fol-
lowing two multi-fuel burner systems will be pre-
sented in details: a) Pulverized coal-gas; b) Pul-
verized coal-oil.

BIFS manufactured both burner systems for
thermal power from few kW to several MW. The
pressures for gas, coal dust, oil and combustion
air ahead of the burner is adjusted according to
the requirement of the combustion process. The
control range is about 1:5 by thermal output. The
excess air factor can varies up to 2.

At this point it should be noted that the
BIFS firing systems are not mass-products (repe-
tition parts), not being in series (not lot produc-
tion), but manufactured according to the specific

process requirements and customer requests.
These systems have demonstrated already their
energetic-economic as well as environmental ben-
efits through many years of practical operation in
various industrial facilities and under specific
opration conditions.

Multi-fuel burner systems

a) Pulverized Coal-Gas Firing System

The construction of BIFS multi-fuel firing
system for pulverized coal-natural gas operation
is illustrated in Figure 1 schematically. While
the coal dust is transported into the burner by
the conveying air (transport air), the natural gas
is led separately in the cylinder ring and from
there into the combustion chamber. Both the coal
dust and the natural gas admix at the burner out-
let with the main combustion air. Through the
variable swirl wings placed in both air flows it is
possible to ensure left swirl, right swirl or coun-
ter-rotating swirl, thus the flame shape and
length can be adjusted to the required operation
demands. This combined burner system is work-
ing since many years successfully in coal drying
and lime treatment plants without any troubles.

b) Pulverized Coal-Oil Firing System

Figure 2 shows the design of BIFS multi-fuel
firing system for pulverized coal-oil operation
schematically. The fuel oil is led through a cen-
tral lance up to the burner tip and then it is in-
jected as spray into the combustion chamber
through the burner nozzle. The coal dust is trans-
ported in a cylindrical ring around the oil lance
by means of conveying air until the burner mouth
and admixed there with the oil by adjustable
swirl wings. Through the secondary air, which is
led swirled or un-swirled, the mixing process can
be influenced so that the desired flame geometry
is set. BIFS produces this multi-fuel firing system
for different thermal powers. It is used in steel
mills, rotary kilns or as a charcoal burner.

BIFS equips the burner system with the pul-
verized coal dispenser and belonging metering

swirl wing

y air

primary air and
coal dust

g oil burner
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secondary air
without swirl

Figure 2. Schematic design of BIFS coal dust-oil multi-fuel
firing system.
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tors of a calciner. The burner
capacities are 5 and 12 MWy,
respectively. BIFS also con-
structed, built and installed the
natural gas and coal dust trails
and equipped them with associ-
ated safety and control devices.

g
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Figure 3. Flow chart for the combined coal dust-oil burner system: 1.01 — silo valve;
1.02 — control equipment; 1.03 — speed transmitter; 1.04 — dust nozzle; 1.05 —
fan; 1.06 — compensator; 1.07 — pressure switch; 1.08 — manometer; 1.09 —adjust-
ing flap; 1.10 — dust pipe; 2.01 — fan; 2.02 — compensator; 2.03 — pressure switch;
2.04 — manometer; 2.05 — measuring orifice; 2.06 — transmitter; 2.07 — control

flap; 2.08 — adjusting flap; 2.09 — manometer; 2.10 — burner.

unit. The dispatcher, whose main element is a
high-speed auger, guarantees for the transport of
the coal dust needed for the combustion process.
The coal dust passes into the primary air line
through the continuously adjustable injecting
screw. From there it is captured by the conveying
air and fed directly through the blast duct into
the coal burner. The required air amount for the
combustion process is the sum of the conveying
air of coal dust (transport air) and the secondary
air supplied separately to the burner.

The flow charts for the pulverized coal /
transport air and secondary air/swirl air to the
burner are presented in figure 3 illustrating the
functionality of the pulverized coal charge dis-
patcher. The positioning of the coal charge dis-
patcher and dosing unit is shown and their func-
tion is indicated. In addition, the flow diagram
contains of all associated fittings for measuring,
control and safety devices. It illustrates their se-
quence for the safe and reliable operation of the
burner.

Burner operation and optimization

As an example of BIFS activities in optimiza-
tion of burner performance, the multi-fuel firing
system «pulverized coal — gas burner» presented
in figure 1 is explained more in details when
adapted to an oven of a calcination plant. The
gained operational experiences are also described.

Two burners of this multi-fuel firing system
are working since several years on hot gas genera-

Furthermore, the dust trails
were fitted with the complete
accessories for the dust storage
(silos), the dust transport
(weighting and dosing, feed-
ing), the dust conveying (air
blowers) and so on. BIFS un-
dertook also the commissioning
process.

Figure 4 illustrates the in-
stallation position of the burn-
ers on the oven. As seen they
are built into the cover of com-
bustion chamber as «ceiling
burners». Thus, the burn-out di-
rection is implemented from top
to bottom. In this way it is en-
sured that each carbon dust grain goes through
the entire reaction area so that an optimal com-
bustion takes place und burn-out occurs.

The operation of the gas burner is initially
required for the drying of the refractory material
of the combustion chamber, after that it is used
for the start-up of the process and for condition-
ally operation situations. The ignition of natural
gas is made electrically, the pilot flame is con-
trolled through an ionization detector and the
flame of main burner is controlled by a com-
bined UV /IR flame detector. In case of any
unsuccessful ignition the flow of natural gas is
automatically prevented by closing of the sole-
noid valve. After reaching the required ignition
temperature for pulverized coal, the control sys-
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Figure 4. Coal dust-natural gas burner built-in at the roof of
the furnace for a calciner.
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Figure 5. Simulation results for the distribution of CO in the
upper furnace part, temperature in the lower furnace part.

Figure 6. Photographs of the coal dust-gas burner head and its
combustion behavior.

tem permits the addition of the coal dust. The
combustion temperature is kept below the ash
melting point, so that the undesired slag forma-
tion is avoided. This is achieved by the admix-
ing of cooling air.

To optimize the combustion and improve the
burn-out a part of the secondary air is blown
later tangentially into the combustion chamber.
In addition, fresh air is introduced at a further
downstream position tangentially. Thus the coal
dust, which is swirled and led into the cylindri-
cal combustion chamber by the conveying and
secondary air, is brought on a rotating circle-like
path. This increases and prolongs the burn-out
and retention. As a result a complete burn-out
and a homogenous distribution of hot gas can be
achieved. Thus the flue gas temperature at the
furnace exit matches well with the required pro-
cess temperature.

The hot gas generated by the burners is di-
rected to the output of combustion chamber.
Shortly before discharging it is mixed with addi-
tional return gases, so the required quantity and
temperature for the process are assured. Then it is
used for drying the product.

To predict the combustion behavior men-
tioned above, CFD simulations were performed
by order of BIFS for a reference case. An extract
of the results is presented in figure 5. The follow-
ing performance can be confirmed: while the CO

concentration shown on the left-hand part of the
figure is hardly detectable up the middle of the
oven, a uniform temperature and velocity profiles
are calculated at the oven outlet (see middle and
right parts of the figure). The best burner variant
with optimal results was built in the BIFS work-
shop and used at the calcination plant. Figure 6
shows on left-hand part a photograph of the
burner head, where the following components can
be seen: the swirl blades in the inner tube for the
transport air and coal dust, the natural gas noz-
zles on the cylinder ring and the swirl blades for
the secondary air at the outer tube.

Up to date the burner is working trou-
ble-free. It provides a stable combustion and
meets the required exhaust gas properties for the
product. The combustion photo on the right-hand
part of figure 6, taken through an observation
window at the top of the combustion chamber,
gives a good uniform and stable combustion of
the coal dust.

Conclusions

Based on the operational experiences gained
up to now with the multi fuel burners (coal
dust-natural gas) it can be stated that:

— Burners work stable and reliable with both
types of fuel (natural gas and coal dust) in a
near-stoichiometric conditions (A = 1,05 to 1,1);

— A wide control range is possible;

— Burner operation is user-friendly and
needs low maintenance;

— A complete burn-out is achievable;

— Generated hot gas meets the required dry-
ing temperature.

Adaptable fuel mixture allows cost-optimized
operations.
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MHororonjmBHble rOpeJiOYHbIEe YCTPOIiCcTBA
JIJIsI TIPOMBIIIJIEHHOTO TPUMEHEHUS

MHOTOTOI/IMBHBIE TOPEJIOYHBIE CUCTEMbBI UCIOIb3YIOTCS B PA3JIMYHBIX TTPOMBIIIIEHHBIX MPO-
neccax, Ha TOC m B Mera/mypruu, BKJIIOUAS CyXOe U3MeJbYeHWE ChIPBIX MATEepPHaJoB, BO
BpAIIAIONINXCS TleyaX, MPOMBIIIJIEHHBIX KOTJIAaX, YCTAaHOBKAaX KOTe€Hepaluu U ClelUaJbHbIX
TEPMUYECKUX TeXHOJIOTUsAX. COOTBETCTBYIONINE CUCTEMbI JOJIKHBI ObITh MTPUTOHBI IS UC-
MOJIb30BAHUST PA3JIMUYHBIX BU/OB TOIJIMBA U I'MOKO pearupoBaTh Ha M3MEHEHHUsI ero COCTaBa
U KayecTBa, B YACTHOCTH, HEOOXOJMMO YYUTBIBATH YCTONYUBOCTH BOCILJIAMEHEHUSI TOILIUB-
HOIl cMecH M COIYTCTBYIOlIee 3arpsisHeHHe OKpyskalolleil cpe/ibl. Takue cUCTeMbl JIOJKHbI
ofecrieynBaTh 9KCIIyaTallMOHHbIE TTAaPAMETPbl U 9KOJIOTMYECKUe HOPMATHBBI B COOTBETCTBUN
C repPMaHCKUMU TEXHUUECKUMHU cTaHzapramu kadectsa Bosayxa (TA Luft 2002 r.). Kauecr-
BO palOTbl 3THX MHOTOTOIJIMBHBIX CHUCTEM ONpPee/seTcs, ¢ OJHOH CTOPOHDBI, IyCKOBLIMU
yeaosusMu (Hampumep, CylIKka OTHEYIIOPOB, cozjanue TpefyeMoil paboueil cpejbl), ¢ aApy-
TOll CTOPOHBI, JKCILIyaTAIIMOHHBIMU TPEOGOBAHUSAMHU, KOJIeGAHUAMH TIEH Ha CBhIPbEBbIE MPO-
JIyKTBI U TOTOBBIE TOBApbI, & TaK)Ke YCJOBUSMHU, YUUTHIBAIOIIUMU CIEIUMUKY TEXHOJOTHUH,
HectabuabHOe cHAGXKeHre TOMMUBOM. [lpuHuMaercs BO BHUMAaHUe TaK)Ke BHYTPEHHSS yTH-
JIn3alns OTXO/I0B B IpejlesiaX MPou3Bo/cTBa. B crarbe paccMOTpeHbI J[Be MHOTOTOILIUBHbBIE
TOpEJIOYHbIE CUCTEMbI, BbIOPAHHBIE U3 OOIMUPHON TMPOU3BOJACTBEHHON HOMeHKJIATyphl OO0
«bpunkmany. COOTBETCTBEHHO MPECTaBJIEHbI CUCTEMbI KOMOMHUPOBAHHOTO CKUTAHUS IIbl-
JIEYTOJLHOTO W Ta30BOTO TOTLIMBA, a TAKKe MBIIEYTOJBHOTO TOTINBA C JKUKUM TOTLJTABOM.

Buba. 9, puc. 6., maba. 1.

KuouyeBble ciioBa: r1a3o-yrosbHash TOPeJKa, KOMOWHMPOBAHHAS >KHU/IKOTOILJIMBHO-YTOJHHAS
ropeska, 3arpssuenne armocdepbl, pacmbuieHHOe TormanBo, TA Luft, mourHocts ropesku,

PEXRUM SKCILJIyaTallun.
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bararonajuBHi NaJbHUKOBI MPHUCTPOI
JJIs1 TMPOMUCJOBOTO 3aCTOCYBaHHS

BararonasmBHi naJbHUKOBI CHCTEMI BUKOPUCTOBYIOTbCSI y Pi3HUX IIPOMMCJIOBUX ITpoliecax, Ha
TEC ta y Metasyprii BKJIIOYHO 3 CyXuUM TOAPIGHEHHSIM BOJIOTUX MarepialiB y 06epTOBUX
mivyax, I[POMMCJOBUX KOTJIaX, YCTaHOBKAX KoreHepauii Ta cHerjaJbHUX TEPMUYHUX TEXHO-
Jorigx. Bianosigni cucremn MaoTh OyTH MPUIATHUMHU JIJII BUKOPUCTAHHS PA3HUX BH/IB TAJN-
Ba Ta THYYKO pearyBaTé Ha 3MiHM HOTO CKJIaJly Ta SIKOCTi, 30KpeMa HeOOXilHO BpPaxXxOBYBaTH
CTIKiCTD 3aiiMaHHS MAJMBHOI CYMillli Ta CymyTHe 3a0pyAHEHHS NOBKiiA. Taki cucteMu MaioTh
3a0e31euyBaTi eKCILIyaTalliifHi mapaMeTpyl Ta €KOJOTiuHI HOPMATUBH Yy BiJIIOBiHOCTI 70 Tep-
MaHCPKMX TEXHIYHMX cTaHAapTiB moao skocti mositps (TA Luft 2002 p.). dxicte poGotn 1mx
GaraToNMaJMBHUX CUCTEM BH3HAYAECTHCA MYCKOBUMM yMoBaMu (HANPUKIA/, CYIIiHHS BOTHE-
TPMBIB, CTBOPEHHSI MOTPIGHOTO POOOYOTO CEPEJIOBUINA) Ta, EKCILTyaTalliiiHuMU BUMOTaMU, KO-
JINBAHHAMMU I[iH Ha CMPOBUHHI ITPOJYKTH Ta IOTOBi TOBAapH, a TAaKOK YMOBaMH, 10 BPaXOBYIOThb
crretnpiky TexHOJOTiI, HecTabijibHe TOCTauaHHS TaauBa. llpmiiMaeTbes [0 yBarm Takoxk
BHYTPIITHA YTHJI3aIlis BiAXOAIB y MeskaxX BUPOOHUITBA. PO3T/IIHYTO 1Bi GaraTomainBHi Masb-
HUKOBI cucteMu, BuGpani 3 Besmkoi BupoOHnuoi Homenkiatypu TOB «Bpinkmans. [Ipencras-
JIEHO CHCTeMH KOMOIHOBAHOTO CHAJIIOBAHHS IHJIOBYTiJIBHOTO Ta I'a30BOTO IAJINBA, & TAKOXK IIH-
JIOBYTIJIBHOTO TIAJIMBa 3 PijkuM mamusoM. biba. 9, puc. 6, maba. 1.

KuouoBi ciroBa: r1a3o-ByriTbHUI TATbHUK, KOMOIHOBAHUI DiJKOMATMBHO-BYTiJbHWI MaJb-
HUK, 3a6pyanennst atMocdepu, posnuiene mamuBo, TA Luft, morysxkmicts nanmbpuuka, pe-
JKUM eKCILIyaralii.

VIIK 621.783:662.951.2
Hununenxo P.A., xand. mexn. nayx, lMMuaunenxo A.B.,
Jlozeunenxo .M., xand. mexu. nayx

Hucmumym 2asa HAH Ykpaunot, Kuee
ya. [deemspescrkas, 39, 03113 Kues, Ykpauna, e-mail: ig. hil-ko@ukr.net

OcHoBHBIE TI0JIOJKEHUSI TEXHOJOTHH TOYHOTO Harpe€Ba
B IIJIaMEHHbBIX II€4YaX CaZ0O4YHOro THIIa

[Ipenyoxkena TeXHOJIOTHsS TOYHOTO HATrpeBa KPYIMHOraOApUTHBIX U3JEIWil ¥ CAJ0K B ILIa-
MEHHDBIX I€4YaX, B YaCTHOCTHU, KaM€PHDbIX TEPMUYECCKUX U TYHHEJbHDIX. Texmnonorusa 63.31/Ipy-
€TCsl Ha OpraHu3allii WHTEHCUBHON BHYTPeHHell PelupKyJsaiun rpeiolux ra3oB BOKpYT Ha-
T'peBaeMbIX TeJI. IIBI/I)KGHI/IC Ta30B OCYHIECTBJAECTCA 110 CII€MAJIbHBIM PEHUPKYJIANTNOHHDBIM
KoHTypaM. [eomeTpuueckue u peKUMHbIE MTapaMeTpPbl KOHTYPa PEIUPKYJISIIMN PacCUUTbIBA-
10TCs TI0 TipessaraeMoii Metosike. OCHOBOH 3THX KOHTYPOB SBJISIOTCSI CKOPOCTHBIE Ta30Bble
TOPEJIKU C MPEABAPUTENBHON TOJITOTOBKOW CMecH Ta3a 1 Bo3jayxa. Pa3paboTaHbl U aTTeCTO-
BaHbl K IIPUMEHEHWIO Ha IPOMBINIJIIEHHBIX IleYaX TPHW THIA CKOPOCTHBIX rTopesiok: I'H nu
TH(H) co creruaibHbiM OTHEYTIOPHBIM TYHHEJEM, B KOTOPOM MTPOUCXOJIUT TIOJHOE WM Yac-
tnuHoe cropanue cmecu; [HB, oGecrieunBarotiue 1oJjiHoe cropaHue cMecu B MajorabapuTHOM
dakesie B cBo6oHOM pabouem mpoctpanctse; [HB-TT, obecnieunBaionine HU3KOTEMIIEPATYP-
HBIIf CKOPOCTHON TIOTOK TPOAYKTOB Cropanus. TeXHOJOTHS TOYHOTO HarpeBa YCIENTHO WC-
TOJIB3YETCS TIPU TEPMUUYECKON 06paboTKe MeTaaa U OOKUTe KePAMUYEeCKUX W OTHEYTIOPHBIX
uznennit. buba. 9, puc. 5, maba. 1.

KJIIO‘!CBI)IC CJIOBa: TEXHOJIOTHA HarpeBa, PEHUPKYJIAINA T'a30B, PAaBHOMEPHOCTb HarpeBa,
CKOPOCTHadA ropeJika, 1neub Ca/[0O9HOro TUIlia.
© IMumunenxo P.A., ITumnenko A.B., Jlorsunenko /.M., 2013





