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THE PROJECT OF FURNACE FOR INDUSTRIAL
WASTES DISPOSAL

The article describes the real existing project of the furnace performed on the facilities
of the Secret-Service metal works company located in the Kyiv Region. It was ordered
by a local waste disposal company that imports RDF and accepts garbage from the
vicinity and produces RDF by itself as well. The purpose of this article is to show the
opportunities of application of the quite simply designed furnace for the purposes of
wastes disposal either on enterprises or within a range of an average town. The
current project was implemented in reality, allowing getting rid of industrial and
household garbage within the ecologic laws of the Ukraine, including the disposal of
plastics, rubber, packages, etc. The proposed example of successful pyrolysis
technology application in the furnace can be a good basis for further research
dedicated to the creation of more advanced furnaces’ types and also to the creation of
the additional afterburner furnace.
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flammable materials

Introduction. This project is also a part of a major research of the properties and
opportunities of pyrolysis gas applications in different spheres of life, performed by
authors. The on-growing population of Kyiv city and its agglomeration — the satellite
towns such as Brovary, for example, results to the constantly increasing amounts of
household wastes and industrial ones, too.

Both cities spend a certain sum of finances from their budgets to transport the trash
away from city borders. However, the trash is usually transferred to the closest trash
gathering facility without any further recycling or correct disposal. There exists a private
company (the owner of which has kindly asked the author not to mention its name) in
vicinity of the Brovary town, which started its operation in 2019, and it is capable to
perform the official wastes disposal along with giving respective certificates to its
clients. The company owner has purchased a shredder that allows transforming typical
household and industrial trash into the mix of pieces (RDF) that is stored in a special
place of the factory. He has also ordered a furnace with pyrolysis afterburner for the
opportunity of burning the trash so that there would be lowest possible emission of
harmful gases into the atmosphere by means of application of previously mentioned
afterburner. According to the paragraph 20 of the Law of Ukraine “About the
Athmospheric Air Protection” [1], the direct burning of household wastes by citizens or
enterprises in Ukraine is allowed just in case of application of special appliances which
correspond to the requirements of the above mentioned law. An example of such
appliance is going to be shown in this article. It would allow not only to dispose the
wastes within the ecologic law of Ukraine, but also to bring certain economic benefit
for plants and cities of Ukraine.

The analysis of existing research. The author has already performed basic
research on application of the RDF as a fuel for pyrolysis gas generators. [2] Since RDF
is quite suitable for gasification, it it is even more suitable for simple burning in furnace.
As a basis for the furnace design it makes sense to look over typical household furnaces
and wooden heaters constructions. [3]
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On fig. 1 a scheme of the simplest DIY furnace is presented. Since it was designed
for the indoor installation (e.g. inside a house), it is equipped with few elements for the
users’ safety assuring. The list of these elements includes struts (7-9), protection screens
(13), heat exchanger (3). These elements are likely to be installed on industrial used
furnace, but are not obligatory.
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Fig. 1. Household furnace design example: 1 — smoke pipe basement sheet with an
orifice, 2 — smoke pipe, 3 — heat exchanger; 4 — aft sheet of metal with heat exchanger
connection points, 5 — side wall sheet; 6 — furnace basement sheet, 7 — strut, 8 — strut base,
9 — strut, 10 — ash box wall, 11 — ash box aft wall; 12 — ash box basement sheet, 13 — thermal
screen wall, 14 — thermal screen basement, 15 — front wall side sheets, 16 — combustion
chamber door, 17 — door lock, 18 — clamp, 19 —ash box door, 20 — front wall lower part,
21 —door hunge hub, 22 — front wall middle part, 23 — hub

However, there is no more difference between the private used and industrial
furnace. It is going to have a construction similar to one depicted on pic. 1, and would
have the following elements: combustion chamber, exhaust pipe, combustion chamber
door, ash chamber with separate door, air supply system, smoke afterburner.

Prior performing the calculations of the furnace, it is necessary to get an
understanding of materials that are planned to be burned there. Since household wastes
are actually a mix of a variety of items, it means that all these different materials are
going to be burned in a combustion chamber taking into a count that all of them have a
different combustion temperature. This is why a certain assumption is made for this
case. The sense of the assumption is that all wastes are going to be shredded into the
RDF (Refuse Derived Fuel). This term is used to describe a mix of shredded household
wastes along with paper, cardboard, grass, plastics, leaves, etc. But the main pecularity
of the RDF is that it is allowed to be burned even in the EU which has much more strict
ecology laws, comparing to Ukraine. [4]

Thus, the RDF is taken as a standard fuel for the furnace parameters’ calculations.
A typical enterprise works by standard 8-hour schedule, 5 days a week, i.e. a furnace
would be operated 40 hours a week. On average, from 2 to 5 tones of various wastes
could be delivered/produced on the enterprise each day. Let’s assume that 100 cubic
meters of wastes is going to be burned each day on the plant.

Aim of the work. The aim of this project is to show the opportunity of commercial
application of RDF as a fuel for heaters in order to maintain the highest level of
correspondence to World’s and Ukrainian latest ecology laws
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Idea of the work. The idea of this work is to design a simple furnace for not large
waste disposal enterprise, using cheap materials, available at any local construction store
and a few leftover spare parts, i.e. using cheap, reliable, quickly available materials and
components. Also, this furnace will be a way of city wastes disposal according to the latest
ecologic laws of Ukraine and the EU.

Problem statement. A simple burning of any trash or any other flammable material in
a simple furnace is conducted under the atmospheric pressure, non-constant air supply and
incorrect fuel-to-air ration. All these factors lead to the incomplete burning of the fuel. This
creates a dense black smoke which is actually a mix of air and non-burned solid particles
which is the main problem that is supposed to be solved by means of the designed furnace
application of the wastes disposal facility.

Potential limits. The sizes of a furnace are limited by the workshop facility where it is
going to be manufactured. Thus, the length & width must not exceed 3m, height must not
exceed — 4m (these dimensions are limited due to the sizes of welding table and the
workshop door). Also, another parameter must be taken into a count and it is a size of a fork
loader and it is equal to 2m.

The Steel 30 (C1030) is chosen as a construction material of the furnace. It is a popular
widespread and cheap material from which lots of metal items are produced. The current
project requires application of 5 mm sheets. The other furnace elements are going to be
made out of ANSI 201 stainless steel, since there exists even a greater variety of standard
items out of this material as well.

The explanation of the idea. The novity of the proposed research is to apply the fan
blowers and pyrolysis afterburner chamber in the furnace design.

Taking into a count the available dimensions of the combustion chamber produced
out of standard sized 2x2 m sheets, there exists an opportunity to calculate the heating
power of the furnace [5]. The volume of the combustion chamber is 8 m®.

The heating capacity of household furnaces, similar to the described in this article
is calculated by means of the empiric formula:

P = Viurnace X AT X K
where AT is the difference between the magnitude of ambient temperature (or the
temperature of a place where the furnace is standing) and the temperature which is reached
during the wastes burning (in our case it has been measured by means of the pyrometer and
had reached approximately 495°C); The K parameter is a heat-flux dispersion coefficient
the valus of which that have been experimentally determined as well. The magnitude of this
coefficient depends on the availability of heat isolation of the furnace and/or of the place
where the furnace is located. The value of this coefficient equals 4 for metal made furnaces.
Therefore, the heating power of the furnace equals:
P =8x4x(660—15) =~ 15795 (kcal/hour)
P = 15795 + 860 = 18.366 (kWt)

Such a temperature inside the combustion chamber can be reached only by means
of air supply. The air circulation of the furnace will be provided by two fans. An intel
fan of a greater power would do the main function — air pumping in order to enrich the
combustion chamber with oxygen, increase the combustion temperature and as a result
— to achieve almost full burning of the material. The second fan that could be of lower
power has an important role to eliminate the vortex air movement inside the combustion
chamber. Together both these fans would create the laminar air flow and also make hard
unburned particles of material to stay longer insidecombustion chamber in order to be
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afterburned. The following calculations are performed to evaluate the volume of air that
is required to burn the above mentioned volume of trash (RDF) during the work day —
100 M3,

The approximate interrelation of flammable materials in the household trash is

presented in the following diagram on fig.2 [6].
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Fig. 2 Percentage of pyrolysis gas components

Taking into a count the data of diagram 1 the volume of air required to burn 1 m® of

trash/RDF is equal to:
1+K n
Yo = 50 X@BOD+QMQ+15m5+(m+zy%Hn—0»

Vo =0.0476 x (05X 40 +0.5x 5+ 1.5 x5+ (1 +1) x 30 — 5) = 9.115(m")

where K is the coefficient of air components interrelation and is the constant value due
to the nature of air components (79% of nitrogen; 21% of oxygen):

= @ = ﬁ = 3.762

Ve, 217

Therefore, it is necessary to find an electric motor for the fan that would allow
pumping of 100 m air into the combustion chamber. And also to calculate fan & air
supply channels’ parameters.

There were two available electric motors on the enterprise where the furnace was
produced, both of 1800 Wt power. The customer who ordered the projected furnace has
made a decision to use these motors. Thus, it is required to design a rotary blower & air
velocity that it produces taking into a count the available metal items out of Steel 30 for
air supply channel manufacturing. There exists a rectangular profile tube of size
200x200x6 mm, which is one of the biggest among those produced on Ukrainian metal
plants. Therefore, the parameters of blower would be calculated basing on the cross-
section sizeof an air supply channel made out of this tube. The air velocity is determined
at first [7]:
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After that, so called blower velocity coefficient is determined:
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ns=53wz43




ISSN 03702197 Problems of friction and wear, 2023, 1 (98) 121

Its value is rounded to the integer and it determines the air inlet diameter, which
finally allows the blower CAD designing (fig.3):

3(L
Dinter = K 5

31100
Dinter = 175|555 = 0.56(m)

Fig. 3 The designed fan blower

After the blower design there also exists a necessity of designing the exhaust pipe
equipped with a pyrolysis afterburner chamber. In this case the design is based on the
standard parameter — a size of the stainless tube which is equal to 324 x 2 mm. Now the
sizes of afterburner can be determined. The chamber height is [8]:

AXM; XF
(cq X ) XAV XT

where A is meteorologic parameter that is taken from the annual catalog. For the
Northern Ukraine its value is equal to 160; M; is a mass of smoke that goes through the
smoke vent; F is the coefficient of solid particles dropping velocity which is equal to 20
in this case; C1 and C; are values of the concentration of materials in the smoke that
must be transferred out through the smoke vent (both are also taken from the catalogue);
V is the volume of gases that are blown from the furnace; T is the difference between
temperatures of air inside the combustion chamber (where the smoke pipe begins) and
on the outlet part of smoke pipe. Thus:

o | 160x123x20
(4 x 1) x /10 x 400

Taking into a count the data of the diagram 1 it is possible to make an assumption
that the 40 m®of carbon monoxide are going to pass through the smoke vent. Therefore,
it is possible to calculate the volume of a pyrolysis chamber for after-burning this
amount of flammable gas.

Since the values of heating power and smoke vent sizes were estimated above, it is
possible to determine the heat density of the smoke pipe surface:

U_P
S

H =

= 2.78(m)
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18.3
— — 2
U= 83 6.46(kWt/m*?)

Thus, according to the combustion chambers calculation manual [9] there exists a
possibility of cylindrical combustion chamber maximum diameter calculation:
v 9%
Dmax X Pair
where pair IS the air pressure at the combustion chamber inlet. Since the air supply
velocity caused by blower does not pressurize the air, its pressure changes due to heating
only and is calculated by the following way:

TXRXv

Pair = =
817 x 8.314 x 2

Pair = 3 ~ 1.7(kPa)
Therefore, the maximum combustion chamber diameter would be equal to:
. -9
max — U X
12000

Dmax = 1650 % 6ag0 =~ 110
Taking into a count all performed calculations there exists an opportunity to make
a CAD modeling of the furnace (fig. 4) and technological documentation for
manufacturing the furnace. The photo of a real made furnace is presented on fig. 5.

Fig. 4. The CAD model of the designed Fig. 5. The designed furnace
furnace

The obtained furnace project was implemented in life and was tested for burning
the RDF. The RDF was loaded either as it is, or in the form of pressed bricks.

The afterburner size was enough to crack the solid particles causing the emission
of almost transparent hot gas out of the smoke pipe when the furnace door was closed,
it was fully loaded and burned for 10-15 minutes till the temperature used to rise till
maximum measured values of 580-610 degrees. However, once the worker was opening
a furnace door to load the next batch of the RDF, the temperature inside the combustion
chamber was dropping rapidly to 300-400 degrees due to quick ambient air supply. The
temperature decrement caused incomplete burning of the previous RDF batch remains
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while the new one was being loaded and for this short 3-7 minutes period dark smoke
was being emitted from the smoke pipe.

This fact means that there is a necessity to design the separate afterburner for the
smoke that would allow constant operation of the appliance without emitting harmful
gases during the fuel loading.

Conclusions. The created furnace would allow enterprises to get a possibility of
quick wastes disposal without the necessity of wastes logistics to the recycling factories.
The wastes would be burned with the emission of the minimum amount of harmful gases
into the atmosphere due to the presence of a pyrolysis combustion chamber and fan
blowers that would allow the burning of 90-95% of solid particles of smoke. The heat
produced by the furnace can be freely used to heat the industrial facilities where it would
be located.
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OBOJIOBCbKHH 1. I, MOPO30B B. C.
IPOEKT IEYI JIJISI MPOMUCJIOBOI YTUJIIBALIL CMITTSA

CrarTts onmcye peajbHO ICHYIOUMH TPOEKT Iedi, BUPOOIEHOi Ha IOTY)XKHOCTSX IMPUBATHOTO
MiMIPUEMCTBA 3 BHpPOOHMITBA MeTaloKOHCTpYKIlii “Cekper Cepsic”, po3TalioBaHe B
KuiBcbkiii oOmacti. [liu Oyna 3aMOBJICHA MICIICBOIO KOMITAHIEID 3 YTHIII3AIl CMITTS, KOTpa
iMnoprye PJI®, a Takoxx mpuiiMae CMITTS 3 HAHOMIKYNX HACEIEHHUX ITyHKTIB ISl CAMOCTIHHOT
nepepoOku B P/I®. MeToto cTaTTi € OKa3aTy NepeBary Ta HeJOJMIKH i€l eyl JO0BOJIi IPOCTOi
KOHCTpPYKIIi, MpU3HAUeHOl Il yTWIIi3alii MOOYyTOBOTO Ta NMPOMHUCIOBOTO CMITTS B MeKax
HEBEJIMKOro Micra. JlaHWi MPOEKT BKe BTIJIEHHH B PEaJIbHOCTI Ta BBEJICHWH B E€KCILTyaTaIlilo,
JIO3BOJISTIOYH IIOJIEHHO YTHJIi3yBaTH CMITTSI B MEXKaX YAHHOTO 3aKOHOJ[AaBCTBA YKpaiHHU, B TOMY
YHCJIi TaKi THITU BiIXO/IB sIK IUTACTHK, I'yMa, YIIAKOBKH 1 iM noz1ioHe. Takok, 1 M4 € IpUKIaIoM
3aCTOCYBAHHS MipOJII3HOT TEXHOJIOTIT, O € 0A30F0 YIS MOJAIBIINX JOCIIDKEHb, TPUCBSIUCHNX
CTBOPEHHIO IPONI3HUX TeYel, a TAKOXK IedeH JUIsl JOCTIAIIOBaHHS CMITTS Ta Ta3y.

KirouoBi ciroBa: yTuizailis CMITTs, miY, miponizHuil ras, PJI®, roprodi maTepianu
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