
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 NOx, 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 NOx and CO emission according men-
tioned TA Luft are given in the following table
for industrial plants with burner capacities up to
50 MWth (Table):
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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.
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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 NOx emis-
sion values [4–7]. Although, through these mea-
sures NOx 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.

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

Pollutants

Fuels

light oil
emission,
3 % O2

Gases,
3 % O2

Coal & Coke,
7 % O2

NO x, mg/m 3 180–250 100–150 250–500*

CO, mg/m 3 80 50–80 150

Dust, mg/m 3 50
5 for natural

gas
10 other gases

20–100*

* Depending on thermal load

Figure 2. Schematic design of BIFS coal dust-oil multi-fuel
firing system.



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-

tors of a calciner. The burner
capacities are 5 and 12 MWth,
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.
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 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.

Figure 4. Coal dust-natural gas burner built-in at the roof of
the furnace for a calciner.



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 (� = 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.

References

1. TA Luft 2002: German Technical Instructions on Air
Quality Control. (Germ.)

2. Munoz G., Millares R., Espino H., Garza E.,
Gonzalez M. Influence of burner design on formation
of pollutant emissions in oil combustion. The 6th In-
ternational Conference on Technologies and Com-
bustion for a clean environment, Porto, Portugal,
June 9–12, 2001. Porto, 2001.

3. Ehrhardt K., Schoebel A., Leuckel W. Optimie-
rung der Flammenstabilitat eines Mehrstoffbren-
ners fur heizwertarme Industrieabwasser. VDI-
Bericht, Nr. 1313, S. 151–156. (Germ.)

4. Ngendakumana P., Tartari P. Investigations of pol-
lutants emissions of hot water fuel oil boiler-burner
combinations. The 6th International Conference on
technologies and Combustion for a clean environ-
ment, Porto, Portugal, June 9–12, 2001, Porto,
2001.

54 Ýíåðãîòåõíîëîãèè è ðåñóðñîñáåðåæåíèå. 2013. ¹ 5

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.
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Ìíîãîòîïëèâíûå ãîðåëî÷íûå óñòðîéñòâà
äëÿ ïðîìûøëåííîãî ïðèìåíåíèÿ

Ìíîãîòîïëèâíûå ãîðåëî÷íûå ñèñòåìû èñïîëüçóþòñÿ â ðàçëè÷íûõ ïðîìûøëåííûõ ïðî-
öåññàõ, íà ÒÝÑ è â ìåòàëëóðãèè, âêëþ÷àÿ ñóõîå èçìåëü÷åíèå ñûðûõ ìàòåðèàëîâ, âî
âðàùàþùèõñÿ ïå÷àõ, ïðîìûøëåííûõ êîòëàõ, óñòàíîâêàõ êîãåíåðàöèè è ñïåöèàëüíûõ
òåðìè÷åñêèõ òåõíîëîãèÿõ. Ñîîòâåòñòâóþùèå ñèñòåìû äîëæíû áûòü ïðèãîäíû äëÿ èñ-
ïîëüçîâàíèÿ ðàçëè÷íûõ âèäîâ òîïëèâà è ãèáêî ðåàãèðîâàòü íà èçìåíåíèÿ åãî ñîñòàâà
è êà÷åñòâà, â ÷àñòíîñòè, íåîáõîäèìî ó÷èòûâàòü óñòîé÷èâîñòü âîñïëàìåíåíèÿ òîïëèâ-
íîé ñìåñè è ñîïóòñòâóþùåå çàãðÿçíåíèå îêðóæàþùåé ñðåäû. Òàêèå ñèñòåìû äîëæíû
îáåñïå÷èâàòü ýêñïëóàòàöèîííûå ïàðàìåòðû è ýêîëîãè÷åñêèå íîðìàòèâû â ñîîòâåòñòâèè
ñ ãåðìàíñêèìè òåõíè÷åñêèìè ñòàíäàðòàìè êà÷åñòâà âîçäóõà (TA Luft 2002 ã.). Êà÷åñò-
âî ðàáîòû ýòèõ ìíîãîòîïëèâíûõ ñèñòåì îïðåäåëÿåòñÿ, ñ îäíîé ñòîðîíû, ïóñêîâûìè
óñëîâèÿìè (íàïðèìåð, ñóøêà îãíåóïîðîâ, ñîçäàíèå òðåáóåìîé ðàáî÷åé ñðåäû), ñ äðó-
ãîé ñòîðîíû, ýêñïëóàòàöèîííûìè òðåáîâàíèÿìè, êîëåáàíèÿìè öåí íà ñûðüåâûå ïðî-
äóêòû è ãîòîâûå òîâàðû, à òàêæå óñëîâèÿìè, ó÷èòûâàþùèìè ñïåöèôèêó òåõíîëîãèè,
íåñòàáèëüíîå ñíàáæåíèå òîïëèâîì. Ïðèíèìàåòñÿ âî âíèìàíèå òàêæå âíóòðåííÿÿ óòè-
ëèçàöèÿ îòõîäîâ â ïðåäåëàõ ïðîèçâîäñòâà. Â ñòàòüå ðàññìîòðåíû äâå ìíîãîòîïëèâíûå
ãîðåëî÷íûå ñèñòåìû, âûáðàííûå èç îáøèðíîé ïðîèçâîäñòâåííîé íîìåíêëàòóðû ÎÎÎ
«Áðèíêìàí». Ñîîòâåòñòâåííî ïðåäñòàâëåíû ñèñòåìû êîìáèíèðîâàííîãî ñæèãàíèÿ ïû-
ëåóãîëüíîãî è ãàçîâîãî òîïëèâà, à òàêæå ïûëåóãîëüíîãî òîïëèâà ñ æèäêèì òîïëèâîì.
Áèáë. 9, ðèñ. 6., òàáë. 1.
Êëþ÷åâûå ñëîâà: ãàçî-óãîëüíàÿ ãîðåëêà, êîìáèíèðîâàííàÿ æèäêîòîïëèâíî-óãîëüíàÿ
ãîðåëêà, çàãðÿçíåíèå àòìîñôåðû, ðàñïûëåííîå òîïëèâî, TA Luft, ìîùíîñòü ãîðåëêè,
ðåæèì ýêñïëóàòàöèè.
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Áàãàòîïàëèâí³ ïàëüíèêîâ³ ïðèñòðî¿
äëÿ ïðîìèñëîâîãî çàñòîñóâàííÿ

Áàãàòîïàëèâí³ ïàëüíèêîâ³ ñèñòåìè âèêîðèñòîâóþòüñÿ ó ð³çíèõ ïðîìèñëîâèõ ïðîöåñàõ, íà
ÒÅÑ òà ó ìåòàëóðã³¿ âêëþ÷íî ç ñóõèì ïîäð³áíåííÿì âîëîãèõ ìàòåð³àë³â ó îáåðòîâèõ
ï³÷àõ, ïðîìèñëîâèõ êîòëàõ, óñòàíîâêàõ êîãåíåðàö³¿ òà ñïåö³àëüíèõ òåðìè÷íèõ òåõíî-
ëîã³ÿõ. Â³äïîâ³äí³ ñèñòåìè ìàþòü áóòè ïðèäàòíèìè äëÿ âèêîðèñòàííÿ ðàçíèõ âèä³â ïàëè-
âà òà ãíó÷êî ðåàãóâàòè íà çì³íè éîãî ñêëàäó òà ÿêîñò³, çîêðåìà íåîáõ³äíî âðàõîâóâàòè
ñò³éê³ñòü çàéìàííÿ ïàëèâíî¿ ñóì³ø³ òà ñóïóòíå çàáðóäíåííÿ äîâê³ëëÿ. Òàê³ ñèñòåìè ìàþòü
çàáåçïå÷óâàòè åêñïëóàòàö³éí³ ïàðàìåòðè òà åêîëîã³÷í³ íîðìàòèâè ó â³äïîâ³äíîñò³ äî ãåð-
ìàíñüêèõ òåõí³÷íèõ ñòàíäàðò³â ùîäî ÿêîñò³ ïîâ³òðÿ (TA Luft 2002 ð.). ßê³ñòü ðîáîòè öèõ
áàãàòîïàëèâíèõ ñèñòåì âèçíà÷àºòüñÿ ïóñêîâèìè óìîâàìè (íàïðèêëàä, ñóø³ííÿ âîãíå-
òðèâ³â, ñòâîðåííÿ ïîòð³áíîãî ðîáî÷îãî ñåðåäîâèùà) òà, åêñïëóàòàö³éíèìè âèìîãàìè, êî-
ëèâàííÿìè ö³í íà ñèðîâèíí³ ïðîäóêòè òà ãîòîâ³ òîâàðè, à òàêîæ óìîâàìè, ùî âðàõîâóþòü
ñïåöèô³êó òåõíîëîã³¿, íåñòàá³ëüíå ïîñòà÷àííÿ ïàëèâà. Ïðèéìàºòüñÿ äî óâàãè òàêîæ
âíóòð³øíÿ óòèë³çàö³ÿ â³äõîä³â ó ìåæàõ âèðîáíèöòâà. Ðîçãëÿíóòî äâ³ áàãàòîïàëèâí³ ïàëü-
íèêîâ³ ñèñòåìè, âèáðàí³ ç âåëèêî¿ âèðîáíè÷î¿ íîìåíêëàòóðè ÒÎÂ «Áð³íêìàí». Ïðåäñòàâ-
ëåíî ñèñòåìè êîìá³íîâàíîãî ñïàëþâàííÿ ïèëîâóã³ëüíîãî òà ãàçîâîãî ïàëèâà, à òàêîæ ïè-
ëîâóã³ëüíîãî ïàëèâà ç ð³äêèì ïàëèâîì. Á³áë. 9, ðèñ. 6, òàáë. 1.
Êëþ÷îâ³ ñëîâà: ãàçî-âóã³ëüíèé ïàëüíèê, êîìá³íîâàíèé ð³äêîïàëèâíî-âóã³ëüíèé ïàëü-
íèê, çàáðóäíåííÿ àòìîñôåðè, ðîçïèëåíå ïàëèâî, TA Luft, ïîòóæí³ñòü ïàëüíèêà, ðå-
æèì åêñïëóàòàö³¿.
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Îñíîâíûå ïîëîæåíèÿ òåõíîëîãèè òî÷íîãî íàãðåâà
â ïëàìåííûõ ïå÷àõ ñàäî÷íîãî òèïà

Ïðåäëîæåíà òåõíîëîãèÿ òî÷íîãî íàãðåâà êðóïíîãàáàðèòíûõ èçäåëèé è ñàäîê â ïëà-
ìåííûõ ïå÷àõ, â ÷àñòíîñòè, êàìåðíûõ òåðìè÷åñêèõ è òóííåëüíûõ. Òåõíîëîãèÿ áàçèðó-
åòñÿ íà îðãàíèçàöèè èíòåíñèâíîé âíóòðåííåé ðåöèðêóëÿöèè ãðåþùèõ ãàçîâ âîêðóã íà-
ãðåâàåìûõ òåë. Äâèæåíèå ãàçîâ îñóùåñòâëÿåòñÿ ïî ñïåöèàëüíûì ðåöèðêóëÿöèîííûì
êîíòóðàì. Ãåîìåòðè÷åñêèå è ðåæèìíûå ïàðàìåòðû êîíòóðà ðåöèðêóëÿöèè ðàññ÷èòûâà-
þòñÿ ïî ïðåäëàãàåìîé ìåòîäèêå. Îñíîâîé ýòèõ êîíòóðîâ ÿâëÿþòñÿ ñêîðîñòíûå ãàçîâûå
ãîðåëêè ñ ïðåäâàðèòåëüíîé ïîäãîòîâêîé ñìåñè ãàçà è âîçäóõà. Ðàçðàáîòàíû è àòòåñòî-
âàíû ê ïðèìåíåíèþ íà ïðîìûøëåííûõ ïå÷àõ òðè òèïà ñêîðîñòíûõ ãîðåëîê: ÃÍ è
ÃÍ(Í) ñî ñïåöèàëüíûì îãíåóïîðíûì òóííåëåì, â êîòîðîì ïðîèñõîäèò ïîëíîå èëè ÷àñ-
òè÷íîå ñãîðàíèå ñìåñè; ÃÍÁ, îáåñïå÷èâàþùèå ïîëíîå ñãîðàíèå ñìåñè â ìàëîãàáàðèòíîì
ôàêåëå â ñâîáîäíîì ðàáî÷åì ïðîñòðàíñòâå; ÃÍÁ-ÒÃ, îáåñïå÷èâàþùèå íèçêîòåìïåðàòóð-
íûé ñêîðîñòíîé ïîòîê ïðîäóêòîâ ñãîðàíèÿ. Òåõíîëîãèÿ òî÷íîãî íàãðåâà óñïåøíî èñ-
ïîëüçóåòñÿ ïðè òåðìè÷åñêîé îáðàáîòêå ìåòàëëà è îáæèãå êåðàìè÷åñêèõ è îãíåóïîðíûõ
èçäåëèé. Áèáë. 9, ðèñ. 5, òàáë. 1.

Êëþ÷åâûå ñëîâà: òåõíîëîãèÿ íàãðåâà, ðåöèðêóëÿöèÿ ãàçîâ, ðàâíîìåðíîñòü íàãðåâà,
ñêîðîñòíàÿ ãîðåëêà, ïå÷ü ñàäî÷íîãî òèïà.
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