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Use of under-furnace devices behind the rotary kiln of the limestone
burning shop of JSC «Qarmet»

The study is devoted to increasing the efficiency of waste heat recovery units of rotary kilns in
the limestone burning shop of JSC Qarmet by introducing under-fire devices. The solution is
aimed at eliminating the problems of reduced steam production caused by fluctuations in
temperature and flow rate of exhaust gases from the rotary kiln. The possibility of using a fuel oil
substitute (FOS) as a fuel for the under-fire device is considered, which will significantly reduce
operating costs. Calculations are made of the volumetric flow rates of the main gas flows of the
heat recovery unit and their temperatures under various operating modes. The technical and
economic analysis showed that the modernization will increase the steam production of waste
heat boilers by 20% with minimal capital investment. The expected payback period is about two
years. The results confirm the technical and economic feasibility of the proposed solution.
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Introduction

In recent years, new ways of intensifying heat exchange devices and industrial furnaces operating on
organic fuel have become very important. The need for this is due to the following factors:

- irreversible depletion of natural fuel resources and the resulting increase in fuel prices;

- increase in industrial emissions of fuel combustion products into the atmosphere, which entails
deterioration of the environmental situation and the occurrence of a thermal effect.

The use of secondary energy resources (SER) significantly reduces the negative impact on the
environment by reducing harmful emissions into the atmosphere. In addition, in some cases, the use of SER
allows increasing the productivity of process units or extending their working cycle [1].

The consumption of industrial steam by consumers of any metallurgical production varies greatly both
by season and within months, days and even hours. Steam receipts from utilization units using exhaust gases
from heating and kilns also change during the day (hours). Thus, if the amount of raw materials heated in the
furnaces at the moment exceeds the production needs for one reason or another, then the amount of fuel burned
in the furnaces is sharply reduced. Accordingly, the steam capacity of the waste heat boilers installed behind
these furnaces is greatly reduced. During routine repairs of industrial equipment, which can last from several
hours to several days, the steam capacity of the waste heat boilers drops practically to zero. Such a decrease in
productivity greatly affects the balance of production steam throughout the entire enterprise [2].

Therefore, to ensure reliable, uninterrupted steam supply to consumers, it is absolutely insufficient to
balance the enterprise using average values of expenses and receipts for a month, and especially for a year, but
it is necessary to take into account the actual schedules of steam consumption during a month, day, hour. The
steam balance must converge in any, even short, period of time.

Almost all enterprises in various industries have consumers of industrial steam for whom interruptions in
the steam supply or a sharp decrease in its supply, as well as a decrease in pressure, are unacceptable. For these
consumers, a decrease in steam pressure, and, consequently, the temperature in the heat exchangers, can
sharply reduce the productivity of the plant for the main technological product and even suspend the flow of
the technological process. In this case, the quality of the product may decrease and even its spoilage is
observed. A decrease in steam pressure in the system of general plant steam pipelines is observed when there
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is insufficient steam supply to it. Auxiliary mechanisms operating on steam may not ensure the operation of
the technological unit that they service [3]. Unbalances in production steam arise largely due to uneven steam
output from waste heat recovery units, therefore, one of the ways to maintain the steam balance across the
plant is to equalize the steam output of the waste heat recovery units. For most waste heat recovery units, such
equalization can be achieved by so-called under-stoking, i.e. by burning fuel in the waste heat recovery units
[4]. Usually, the waste heat recovery boiler is heated by the exhaust gases of a process unit, for example, a
heating furnace. When the flow rate and temperature of the exhaust gases decrease for one reason or another,
the steam output of the waste heat recovery boilers decreases accordingly. It can be increased to the required
(previous) value by burning fuel in the under-stoking unit and mixing hot gases from the under-stoking unit
with the exhaust gases from the furnace. Under-stoking can ensure the nominal steam output of the waste heat
recovery boilers even when the furnace is stopped, and even exceed it. In both cases, additional steam is
obtained by burning fuel, as in conventional industrial or peak boiler houses. Accordingly, the efficiency of
using a sub-stoker is determined by the efficiency with which the additional fuel is used, as well as the annual
number of operating hours of the sub-stoker device [5].

The efficiency of the waste heat recovery unit can be significantly increased by using gas recirculation.
Mixing in recirculated gases taken from the flue after the waste heat boiler allows the temperature of gases
after the under-fire device to be reduced to approximately 850 °C. With this operating scheme, the use of heat
from the fuel burned in the under-fire device increases to 0.8 - 0.87 with the furnace stopped. If the furnace
operates with a reduced, counter-design productivity, and the nominal steam capacity of the waste heat boilers
is maintained by the under-fire, then the utilization factor of the fuel burned in the under-fire device is
somewhat lower than with the furnace stopped. Thus, the use of the under-fire with recirculation allows the
steam capacity of waste heat recovery units to be equalized with fairly good energy indicators. The economic
indicators of the under-fire are high, since the cost of the additional steam obtained due to it is determined
mainly only by the fuel component and the cost of feed water. Indeed, the additional capital costs of the under-
stoker and the recirculation system amount to only a few percent of the capital costs of the utilization units.
Therefore, the cost of steam additionally obtained at the utilization units due to the under-stoker is significantly
lower than the cost of steam from special peak steam boilers.

The use of a sub-stoker allows increasing the steam capacity of the installed waste heat boilers by
approximately 20% above the nominal value. If the exhaust gases from the furnace did not provide the nominal
steam capacity of the installed waste heat boiler, then the sub-stoker can provide it [6]. The problem of reducing
steam capacity is also relevant for the waste heat boiler installed behind the rotary kiln in the lime burning
shop of JSC QARMET. Fluctuations in the temperature and flow rate of the exhaust gases from the furnace
lead to unstable operation of the waste heat recovery unit, which reduces the efficiency of steam generation
and can negatively affect the technological processes of the enterprise. In this regard, this paper analyzes the
possibility of upgrading the system by installing a sub-stoker. The main goal of the proposed solution is to
ensure the stability of the waste heat boiler steam capacity, minimize fluctuations in steam supply and increase
the efficiency of fuel use by optimizing the operation of the heat recovery unit [7].

Methods and materials

In this paper, the main research method is a comprehensive analysis, including the study of literary
sources, a review of scientific publications and regulatory documents related to the operation of waste heat
recovery units and under-fire devices. This allowed us to identify the main trends, problems and promising
areas for the development of these technologies.

Additionally, mathematical modeling methods were used to predict the operating parameters of the
system and assess the impact of various factors on the heat recovery process. Engineering calculations included
calculating the volumetric flow rates of gas flows, determining temperature conditions and calculating the
required amount of fuel to ensure stable operation of the waste heat boiler.

In addition, a technical and economic analysis was carried out to assess the effectiveness of the proposed
solution. This approach allowed us to objectively assess the feasibility of upgrading the waste heat recovery
unit and justify its technical and economic efficiency.
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Results and discussion

To ensure stable operation of the furnace device, it is advisable to use the same fuel that is used in the
main process unit - the rotary kiln. In this case, the furnace operates on fuel oil and its substitute (FOS).

FOS is a fairly expensive type of fuel, which makes its use less economically viable. In addition, its
efficient combustion requires preliminary preparation - heating and supply of steam as a companion, which
reduces the viscosity of the fuel oil, facilitating its atomization and subsequent combustion. These additional
technological processes increase operating costs and complicate the fuel supply system.

In this regard, it is proposed to use a fuel oil substitute (FOS) as the main fuel for the furnace device. This
type of fuel has similar energy characteristics, but is more affordable and economically viable. Its use allows
to significantly reduce the cost of steam production, which has a positive effect on the overall cost of heat
energy. Additionally, the use of FOS in the under-fire device simplifies the fuel supply process flow chart,
since it does not require significant costs for preliminary heating and mixing with steam. Thus, the transition
to FOS contributes not only to the reduction of operating costs, but also to the increase in the efficiency of the
entire utilization plant, which ultimately ensures a significant economic effect and a reduction in the payback
period for modernization [8].

The calculation determined the volumetric flow rates of the main gas flows of the heat recovery unit and
their temperatures under various operating conditions. The required flow rates of the heat recovery unit for the
under-fire device under the corresponding conditions were also determined. The following typical operating
conditions of the furnace were considered.

Mode No. 1 — forced: exhaust gases outlet V: = 54000 nm*/h; exhaust gas temperature ¢ =850 °C.

g

Mode No. 2 — nominal: exhaust gas outlet I/} = 47000 nm*/h; exhaust gas temperature t; =800 °C.

Mode No. 3 — the furnace does not work: exhaust gases outlet I/;,b =0 nm?h; exhaust gas temperature
1,=0"°C.

The calculation of gas flows was based on the joint solution of a system of two equations: the equation

of the material balance of flows converging at one node and the equation of the energy balance of these flows.
In general, the system of equations will have the form:

! _y7b whd r
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where A,k ;" h, - are enthalpies of gas flows, respectively, in front of the waste heat boiler,

coming from the furnace, the under-fire device and recirculation gases.

To simplify the calculations, in all the options under consideration, the temperature of the gases in the
firebox is taken to be equal to tg’”’ =1400 °C. We accept the temperature of gases for recirculation 7’ =230
°C.

The general calculation scheme for the heating of a waste heat boiler installed behind a rotary kiln is
shown in Fig. 1.
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Figure 1 — Diagram of gas flows of a waste heat boiler with a furnace device

It is advisable to consider installing a vertical cylindrical cyclone furnace as a sub-firebox. This type of
furnace operates on the cyclone principle, in which fuel combustion is carried out in a special chamber with
intensive swirling of the air flow. High-speed gas movement ensures turbulent mixing of the fuel and oxidizer,
which contributes to more complete and efficient combustion. Cyclone furnaces have a number of significant
advantages. They are characterized by a high degree of fuel combustion, which allows for the maximum use
of its energy potential. Intensive heat exchange in the combustion chamber helps to increase the combustion
temperature and reduce the number of unburned residues. This is especially important when using alternative
fuels, such as fuel oil substitute (FOS). Another important advantage is the relative simplicity of the design
and operation of such units. Unlike traditional fireboxes, cyclone furnaces require less maintenance, since they
have virtually no moving parts subject to wear. This helps to reduce maintenance costs and extend the service
life of the equipment [9].

The calculations performed showed that the under-fire device will be able to provide the required amount
of flue gases. The required calculated fuel consumption (FOS) of the under-fire device at the maximum peak
mode of the KU-60 is taken from the calculation of gas flows and is B, =1152,5 kg/hour or 0,32 kg/sec.

Three normalized high-pressure nozzles FVD-400 with double atomization are installed as a combustion
device [10]. Compressed air with an excess pressure of 5 atmospheres and saturated steam with an excess
pressure of 6 — 6,5 atmospheres can be used as an atomizer. The specific amount of compressed air is 1,3 kg/kg
of liquid fuel, and saturated steam is 1 kg/kg of liquid fuel. Nozzle boxes of type A (with straight pipes) and
type B (with pipes for air supply at an angle of 75° to the nozzle axis) are used. For a given throughput
according to FOS, nozzle box No. 7 of type A corresponds. The geometric dimensions of the combustion
chamber are determined by geometric construction depending on the calculated length of the fuel combustion
flame. The required overall dimensions of the sub-firebox are as follows: internal diameter - 2600 mm, height
- 6.5 m (see Fig. 2).

The lining of the firebox is made in two layers: the first layer is 230 mm thick chrome-magnesite, the
second layer is 230 mm thick dinas lightweight. Between the firebox body and the lining is 10 mm thick
asbestos cardboard. The seam between the masonry is 5 mm. The total thickness of the lining is
Spyr =230+230+10+5 =475 mm.
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Figure 2 — General view of the under-fire device
Conclusion

The study examined the possibility of increasing the efficiency of the waste heat boiler installed behind
the rotary kiln in the lime burning shop of JSC QARMET by introducing a furnace. The main problem
identified in the work is the decrease in the steam capacity of the waste heat boiler, which negatively affects
the technological process. To solve this problem, it is proposed to use a vertical cylindrical cyclone furnace as
a furnace. The analysis showed that cyclone furnaces have a number of advantages, including a high fuel
combustion coefficient, the ability to use various types of energy sources, as well as relatively low operating
costs. It is proposed to use a fuel oil substitute (FOS) as the main fuel for the furnace, which is not inferior to
traditional fuel oil in its energy characteristics, but is a more economical option. This will significantly reduce
the cost of generated steam and increase the profitability of production. The application of the proposed
solution will ensure stabilization of the waste heat boiler operation, increase of its productivity and reduction
of energy costs. Additionally, a positive environmental effect will be achieved due to more complete
combustion of fuel and reduction of harmful emissions into the atmosphere. Thus, the introduction of a furnace
device based on a cyclone furnace is a rational and economically justified measure aimed at increasing the
efficiency of the waste heat recovery unit and improving overall production indicators.
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O.H.Onummenko, C.H. Kamapoga, I'.I".)KaGanora, O.A. [leHucosa

«Qarmet» AK kyfiaiprim nexsIHbIH aiiHAJIMAJBI NelliHeH KediHTi nemTin acThIH
KbI3ABIPY KYPHUIFBLIAPBIH Nafiianany

3eprrey «Qarmety AK okrTacTsl KyHmipy HeXbIHBIH alHANIMambl TEMITEepiH KaIere apary
KOHJIBIPFBIIAPBI dKYMBICBIHBIH THIMIUTITIH apTThIpyFa apHasiFaH. TemnepaTypaHbIH aybITKYbIHAH
JKOHE TMEIITeH UIbIFAThIH Tra3fap IIbIFbIHBIHAH TybIHAaFaH Oy OHAIpICiHIH TeMeHaey
npoOJieManapbIH KO0 welimMaepine oarbiTranrad. Kpi3abipy Ma3yTbiH anMacTeiprbiiThl (KMA)
JKaHy KYPBUIFBICHI YIIIiH OTBIH PETiHIe maiiianaHy MYMKIHIr KapacThIpbUFaH, OYJ1 KOJAaHbIC
WBIFBIHAAPABI  €A9yip TeMeHJeTyre MyMKiHIik Oepeni. JKbinyabl kojere  skapaty
KOHJIbIPFBICBIHBIH HETi3ri ra3 arblHAAPbIHBIH KOJeMl IIbIFBIHAAPbl MEH OJapiblH 9pTypii
JKYMBIC peXHMMJEpiH/eri Temmeparypaiapbl ecenTeni. TexXHUKaIbIK-)KOHOMUKANBIK Talaay
KOpCeTKeHIeH, Oyl JKaHFBIPTY MHMHUMAIIbl KalUTal CalbIMIApPbIMEH KoZere jkapaTy
Ka3aHAbIKTapblHbIH Oy eHimaunirin 20%-ra apTTbipyFra MYMKiHAIK Oepeni. bomxkamael etey
Mep3iMi IamMaMeH eKi kbul. HoThkenep ychbIHbUIFaH WIeLIIMAI KOJaHYyJblH TEXHUKAIIBIK KOHE
HKOHOMMKAJIBIK OPBIH/ABIIBIFBIH pacTalbl.

Tyilin ce30ep: Kopere xXapary KOHIBIPFBICHL, KbI3IbIPDY Ma3yThlH aJMacTBIPFbILI, >KaHy
KYPBUIFbICHI, aiiHAJIMAJTbI MEUITEP; SK-KYHipy OHAIpici; peUUpKYJISLMS; WbIFATHIH Ta3ap; mneul
JKYMBICBIHBIH PeXKUM/IEPI.

O.H.Onummenko, C.H. Kamaposa I'.I".2Ka6asiosa, O.A. Jlenucosa

Hcnosb3oBanne NoATONOYHBIX YCTPOHCTB 3a Bpamamoueiicsi ne4bio nexa 00:kura
u3BecTHAka AO «Qarmet»

HccnenoBanre TMOCBSIIEHO TOBBIIEHUIO S(PQEKTUBHOCTH pabOThl  YTHIM3ALMOHHBIX
YCTaHOBOK Bpallaloluxcs neveit uexa obxura u3sectHsika AO «Qarmety 3a cueT BHeAPEHUs
MOATONOYHBIX YCTPOMCTB. PelleHue HampaBlieHO Ha YCTpaHeHHE MpoOJeM CHHXKEHHUS
Naponpou3BOIMTEIbHOCTH, BbI3BAHHOIO KOJE€0aHUSAMHM TEMIIEpaTypbl U PacxoAa OTXOISLIMX
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rasoB OT Bpaujarolleiicss neun. PaccMoTpeHa BO3MOXHOCTb HCIOJIB30BAHUS 3aMEHUTENS
tono4yHoro Masyta (3TM) B kauecTBe TOIUIMBa U1 MOATOMOYHOIO YCTPONWCTBA, YTO MO3BOJIUT
3HAYUTEJILHO CHU3UTH OKCIUTyaTalMOHHbIe 3aTparbl. [lpowsBeneHbl pacueTbl OOBEMHBIX
PacxoJ0B OCHOBHBIX 'a30BbIX MOTOKOB TEIUIOYTHIM3ALIMOHHONW YCTAaHOBKM M MX TeMIepaTyp
Npyd  Pa3UuHBIX peKUMax paboTbl. TeXHUKO-DKOHOMHUYECKHMH aHanu3 IMokKaszal, uTo
MOJIE€pHH3aLMs TO3BOJIUT YBEJIUYUTE MapONPOU3BOANTENBHOCTE KOTJIOB-YTHIIN3aTOpoB Ha 20%
MpY MHUHUMAJIbHBIX KaNWTaJbHBIX BJIOKeHMAX. llpenrnonaraeMblii cpok OKynaeMocTH OKOJIO
IByX jieT. Pe3ynpTaThl MOATBEP)KAAIOT TEXHUYECKYIO M S3KOHOMHMUYECKYIO L1€71ec000pa3sHOCTb
MPUMEHEHUS MPEASIOKEHHOTO PELIEHMUS.

Kniouesvie cnosa: YTUIN3allMOHHasd YCTaHOBKA, 3aMEHUTEJIb TOMMOYHOT'O Ma3dyTa, MOATOINOYHOE
yCTpOﬁCTBO; Bpaljaronuecs rnevu; HU3BECTKOBO-00KMIOBOE MpOU3BOACTBO;, PCUHUPKYJIALUA,
OTXOAALIHNE ra3bl; pEXKUMbI pa60T1>1 TIc4yu.
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