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THE ENVIRONMENTAL RELIABILITY OF GAS-FIRED BOILER UNITS
BY APPLYING MODERN HEAT-RECOVERY TECHNOLOGIES

Purpose. Improving the environmental safety of chimneys of heating boiler plants with exhaust-gas heat-recovery systems
based on the use of the air method to prevent condensation in the exhaust ducts in combination with the method for drying the
gases by heating them.

Methodology. In conducting computational studies, the well-known methods for thermal calculation of boiler plants and
chimneys were used, as well as the results of our own experimental studies regarding heat transfer and hydrodynamics during deep
cooling of the exhaust-gases of boiler plants. The studies were carried out using single thermal methods in the heat-recovery
schemes of boiler plants to prevent condensation in the exhaust ducts (drying flue gases and the air method) and a complex of these
methods. At the same time, various options for heat-recovery systems and chimneys were considered in the presence of air heaters
in boiler houses and in their absence.

Findings. The thermal and humidity characteristics of the exhaust gases at the mouth of the chimneys were studied at used dry
and heated air to reduce the humidity of these gases with a wide temperature change. Under the conditions considered, the main
parameters of the chimney anti-corrosion protection systems were determined to prevent condensation in them under normative
operating conditions of these chimneys. Based on the values of the obtained parameters, a comparative analysis of the effectiveness
of the considered methods for protecting gas exhaust paths for various heat-recovery plants was performed. It is shown that for
heating boilers, the use of the air method is most effective in complex-heat recovery systems, characterized by the use of recovered
heat to heat the return heat-network water and combustion air

Originality. For the first time, the application of the air method to prevent condensation in the gas exhaust paths of boiler plants
with complex heat-recovery systems has been investigated.

Practical value. The use of the proposed complex of thermal methods will significantly increase the reliability of the chimneys

of heating boiler units in municipal heat-power engineering.

Keywords: boiler plants, deep cooling of exhaust-gases; dew point, condensation, heat-recovery

Introduction. One of the important technological elements
of gas-fired heat-installations for various purposes are chim-
neys. The operation of these chimneys must meet stringent
environmental requirements for compliance with the regula-
tory dispersion of pollutants contained in the flue gases of
these installations. Given this, high requirements are applied
to chimneys as complex engineering structures for their reli-
ability and durability.

The effective ways to improve the safety of operation of
chimneys, including boiler plants, include the use of thermal
protection systems for gas exhaust ducts from condensate for-
mation. The formation of condensate causes corrosive de-
struction of these ducts and is, therefore, considered to be an
inhibiting factor for the widespread introduction of heat-re-
covery technologies in boiler houses with the deep cooling of
boiler flue-gases and the use of the heat of vaporization con-
tained in these gases [1—3].

Literature review. To protect the exhaust-ducts of boiler
plants in the conditions of use of heat-recovery technologies,
thermal methods are used to prevent condensate formation on
the internal surfaces of these ducts. Among these methods, the
most notable are methods related to the heat and humidity
treatment of the exhaust-gases of boilers after their heat-re-
covery [4, 5]. These are the methods of partial bypassing of hot
gases after the boiler past the heat-recovery equipment, drying
of the exhaust-gases cooled in this equipment in an additional
heat exchanger — gas preheater, and mixing dry and heated air
to the cooled gases.

© Fialko N. M., Navrodska R. O., Shevchuk S. 1., Gnedash G.O., 2020

The first two of these methods have become widely used in
the development of heat-recovery technologies. The use of the
third method, called air method, is very limited. The essence
of this method is to reduce the humidity and increase the tem-
perature of the cooled exhaust-gases of boiler plants before
they enter the chimney by adding to them a part o of heated air
with relatively small absolute humidity. The limited use of this
method is usually due to the lack of air heaters in boiler plants.

In modern developments of heat-recovery systems, their
own air heaters — heat exchangers — are applied, in which
combustion air is heated through the use of recovered heat [4,
6—9]. This circumstance may expand the scope of the air
method.

The study of the effectiveness of the use of the method for
mixing heated air in heat-recovery systems to protect the gas
exhaust ducts of boiler plants is the main objective of this
work.

Purpose: improving the environmental safety of chimneys
of heating boiler plants with exhaust-gas heat-recovery sys-
tems based on the use of the air method to prevent condensa-
tion in the exhaust ducts in combination with the method for
drying the gases by heating them.

Methods. The research was carried out when applying tra-
ditional heat-recovery systems for boiler plants; the systems
had single heat exchangers for heating return heat-network
water, and when adding the heat-recovery exchangers for
heating the combustion air to these systems. That is, when us-
ing complex with water-heating and air-heating heat exchang-
ers for recovery of heat of the boiler exhaust-gases. At the same
time, various options of the air method for use in the heat-re-
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covery circuits were considered, namely: in the presence and
absence of heaters in the boiler house. In the second variant,
for predrying the exhaust-gases air heated by recovering the
heat of the exhaust-gases of the boiler was used. Figs. 1, 2 show
schematic circuits of boiler plants equipped with appropriate
heat-recovery systems.

In the first of the above schemes, the air heated in the air
heater of the boiler room is used to dry the exhaust-gases, and
in the second scheme the corresponding thermal and humid-
ity treatment of these gases can be carried out using one (air)
or two thermal methods (Air method and gas predrying in the
exhaust-gas heater). In this case, the air method is implement-
ed by adding the air heated in the heat-recovery system itself,
to the cooled exhaust-gases. The required level of mixing air
and heating gases is determined by the conditions of their
cooling in the exhaust ducts and chimney.

In order to determine the effectiveness of using these ther-
mal methods to prevent the formation of condensate in the gas
exhaust ducts under different boiler operation modes during
the heating period for the above schemes, the flue gas dew
point temperatures 7, and the surface #, in the most vulnerable
area of the duct — the mouth of the chimney, were calculated.
At that, brick and metal chimneys and working conditions of
the boilers were considered, in which, when their power load
drops to 50 % of the nominal, the corresponding number of
boilers is transferred to the nominal mode while their total
number decreases. In the calculations, the operating parame-
ters of the KSVa-2.0G (KCB-2,0I') boiler were used, which
corresponded to the heat schedule of the heating system with
the calculated temperature 7., = —20 °C and the temperature
difference of the heat carrier 70—95 °C (Table 1).

To assess the effectiveness of the thermal method, the cri-
terion y was used, which is determined by the formula

Y= 0,/ 0 100 %, ey

where Q,, is thermal power required to implement the method;
0,, is heat power of heat-recovery system.

direct water :
from the boiler te consumer 3
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Fig. 1. Schematic circuit of a boiler plant with usage air method
to prevent the formation of condensate in the exhaust duct
at using a water heat-recovery exchanger:

1 — boiler; 2 — water heat-recovery exchanger; 3 — chimney; 4 —
exhauster; 5 — condensate collector

direct water from the boiler

Table 1
Initial data

Parameter name Value
Boiler heating capacity, MV 2.0—1.0
Excess air ratio 1.1
Environment temperatures, °C -20—+10
Return water temperature, °C 70-35
Exhaust-gas temperature, °C 157-95
Exhaust-gas consumption, kg/sec 0.95-0.47
Water consumption, kg/sec 19.4
Air consumption, kg/sec 0.87—0.41
The moisture content of the exhaust-gases at the 0.135
outlet of the boiler, kg/kg d.g. (dry gases)
Air moisture content, kg/kg d.a. (dry air) 0.01

Results. Figs. 3—4 show the characteristic results of the
studies carried out when using a single water heater and mixing
air from air heater of a boiler room in the heat-recovery sys-
tem. The temperature of the mixed air was taken in the practi-
cal range of air heating in air heater of the boiler room: 7,, =
=150 °C.

As can be seen from the above data, the surface tempera-
ture at the mouth of the chimney depends significantly on the
type of chimney, the mode of operation of the boiler plant
during the heating period and the volume of mixed heated air.
So for a brick chimney, characterized by relatively high ther-
mal insulation properties of the body, preventing the forma-
tion of condensate at the mouth of the chimney during the
heating period is provided by mixing heated air with a fraction
of &, which varies from 0 to 12 % depending on the environ-
ment temperature 7,,,. At this, the coefficient of heat con-
sumption for drying the cooled exhaust-gases y, does not ex-
ceed 23 %.

As for the metal chimney, as shown by the data ob-
tained, the prevention of condensate formation with mixing
fractions o up to 20 % is realized only in the operating
modes of the boilers close to the nominal, which corre-
spond to low environment temperatures (f,,, < —10 °C). In
other modes of operation of the boilers, corrosion protec-
tion of chimneys requires significant additional heat con-
sumption (y, > 40 %). When operating metal chimneys in
conditions of using heat-recovery technologies in boiler
practice, it is effective to enhance the insulating properties
of the chimney body by coating it with low thermal conduc-
tivity materials [10].

The data presented in Fig. 3 also show that the most dan-
gerous mode of operation of chimneys in terms of condensate
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Fig. 2. Schematic circuit of a boiler plant with usage of air method to prevent the formation of condensate in the exhaust duct at using

complex heat-recovery system:

1 — boiler; 2 — air heater for mixing; 3, 4 — water and air heaters; 5 — exhaust-gas heater; 6 — chimney; 7 — exhauster; 8§ — fan
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Fig. 3. The dependence of the temperature of the inner surface
t, at the mouth of the chimney (1—4) and the dew point t,,
(5—38) on the ambient temperature at t,, = 150 °C, t,, =
= 160 °C (exhaust-gas temperature in nominal mode of
boiler) for the hot water boiler when using the air method
for different values of the mixing air o:
1,5—6=0%;26—8 % 3, 7—12%; 4, 8§—20 %; a — metal
chimney; b — brick chimney
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Fig. 4. The dependence of the ratio of the relative consumption
of heat v, for the implementation of the air thermal method
on the proportion of mixed air ¢ att,,= 150 °C, t,, = 160 °C:
I—att,,=-20°C; 2—-10 °C; 3— 0 °C; 4— 10 °C

formation in them is the mode corresponding to the tempera-
ture range #,,, of the heating period from minus 5 to +10 °C.

Under these conditions, due to a decrease in the heat load
of the boilers and the temperature of their exhaust-gases, these
gases are deeply cooled in the heat exchange equipment, which
requires enhanced measures for their further drainage.

When ¢, < — 5 °C, brick and metal chimneys with heat
insulation can be reliably operated without the addition of
heated air.

With regard to the results of studies on the effectiveness of
the protection of the gas exhaust ducts for the complex heat-
recovery system (Fig. 2), two options were considered, as not-
ed. The first concerned the use of only one air method to pre-
vent the formation of condensate, and the second was to joint-
ly apply this method and the method for drying cooled ex-
haust-gases in an exhaust-gas heater. Research data on dew
point temperatures #,, of gases and surface £, in the first version
showed its low efficiency. So due to the relatively low tempera-
ture (63—96 °C) of the air heated in the heater 2, even at ¢ =
=100 %, the necessary condition # > f,, was not fulfilled in
some operating modes of the boiler. In this case, the coeffi-
cient y, varied within 20—40 %. Actually, due to the low effi-
ciency of this option, another one was proposed.

55
SN &Q
I N
3 I
50 :
45
-5 0 e °C

Fig. 5. The dependence of the internal surface temperature t, at
the mouth of a brick chimney (3, 4) and dew point t, (1, 2)
as a function on the environment temperature t,,, when
using the air method with a fraction of mixed airc =5 % (2,
4) and without it (1, 3)
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Fig. 6. The dependence of the ratio of the relative consumption
of heat y, on the environment temperature t,,,, for the imple-
mentation of the air thermal method with the proportion of
mixed air 6 =5 % (2) and without it (1)

The results of studies on the effectiveness of preventing the
formation of condensate in a brick chimney in the most vul-
nerable operating temperature range (-5 °C < t,,,< +5 °C) for
the second variant are shown in Figs. 5, 6.

These data indicate that the use of a complex of thermal
methods in these conditions can prevent the formation of con-
densate in the chimney at significantly lower levels of the coef-
ficient of consumption of heat y, (approximately 1.3 times). At
the same time, the proportion ¢ of the mixed air in the consid-
ered range of environment temperatures varies from 0 to 5 %.
That is, for some environment temperatures during the heat-
ing period, the heat-recovery system can be used without ad-
mixture heated air.

At the same time, in the boiler plant, the flow of heated
combustion air increases by the fraction o, respectively, the
effect of heat-recovery of the boiler exhaust-gases incre-
ases.

When using a metal chimney, the application of the pro-
posed set of methods can also give a close positive result, pro-
vided that the pipe body will be insulated.

Thus, when applying the proposed protection system in
heat-recovery technologies of boilers, safe operation of chim-
neys is realized.

In addition to observing the environmental reliability of
boiler plants by anticorrosive protection of the gas exhaust
ducts, the proposed heat-recovery systems are also character-
ized by additional environmental effects, namely:

- reduction of harmful emissions into the environment due
to reduction of fuel consumption by 4.5—7.0 % and dissolution
in the condensate of harmful substances formed during its
combustion;

- the possibility of beneficial use of condensate formed in
the heat-recovery system in the amount of 45—115 kg/h per
1 MW of boiler thermal power, to recharge heating networks.
This circumstance provides a reduction in the consumption of
natural water resources in heat supply systems.

Conclusions.

1. The analysis of the effectiveness of the application of air
method to improve the environmental reliability of chimneys
of heating boilers and preventing the formation of condensate
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in them in the conditions of usage of modern heat-recovery
technologies are performed.

2. The necessary conditions for the anticorrosion protec-
tion of chimneys for various heat-recovery systems and the
temperature of the admixed air are determined.

3. The main environmental aspects of the application of
heat-recovery technologies for boiler plants are indicated.

The work was carried out under the project R 5.6 “Exten-
sion of the resource of elements of heat-recovery plants and
chimneys of gas-fired boiler units using polymer micro- and
nanocomposites” of the target research program of the Na-
tional Academy of Sciences of Ukraine “Reliability and Dura-
bility of Materials, Structures, Equipment and Structures”
(Resource-2), approved Resolution of the Presidium of the
NAS of Ukraine dated December 16, 2015 No. 293.
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Merta. [TigBuiieHHS €KOJIOTIYHOI O€3MeKu IMMOBUX TPYO
OMNasOBaJbHUX KOTEJIbHUX YCTAHOBOK i3 CICTEeMaMU TEIJIOoy-
TUJIi3allil AMMOBUX Tra3iB Ha OCHOBI BUKOPUCTAHHS MOBITPSI-
HOTO METOY 3ao0iraHHs KOHIEHCATOYTBOPEHHIO B ra30Bifl-
BiIHUX TpaKTaxX y KOMIUJIEKCi 3 METOIOM MiICYLIyBaHHSI ra3iB
LJISIXOM IX MigirpiBaHHs.

Metomuka. [lpu mpoBeneHHi pO3paxyHKOBUX IOCHi-
IKEHb BMKOPUCTOBYBAJIMCH BiTOMi METOIUKHU TEIMJIOBOTO
PO3paxyHKy KOTEJIbHUX YCTAHOBOK i TMMOBUX TPYO, a TaKOX
pe3yJIbTaTu BIACHUX €KCIEPUMEHTAbHUX TOCHTiIXKEHb CTO-
COBHO TEIUIOOOMIHY # TiIpoAMHaAMIiKU MPU MIMOOKOMY OXO-
JIOJDKEHHI BiIXiIHUX ra3iB KOTEJIbHUX yCcTaHOBOK. Jlocii-
TKeHHST BUKOHYBAJIUCh MIPU 3aCTOCYBAaHHI B TEIJIOyTUIIi3a-
LIMHUX cXxeMaX KOTeJIbHUX YCTAHOBOK OJMHOYHUX TEIJIOBUX
METO/IB 3arno0iraHHs KOHIEHCATOYTBOPEHHIO B ra30BilIBil-
HMX TpakTax (MiacylIyBaHHS IMMOBUX Tra3iB i MOBITPSIHOTO
METOJy) Ta KOMIUIEKCY 1IuX MeTomaiB. [1pu 1iboMy posrisiga-
JIUCS Pi3HI BapiaHTU TEMJIOYTWIi3aliiHUX CUCTEM 1 TUMOBUX
TpyO 3a HasIBHOCTI B KOTEJIbHSIX MOBITPOHArpiBayiB Ta 3a ix
BiJICYyTHOCTI.

PesyabraTn. JlociimkyBanucs TerIOBOJOTICHI XapakTe-
PUCTUKU BUXiITHUX ra3iB B YCTi IMMOBUX TPyO MpU BUKOPUC-
TaHHi U1 3HUKEHHSI BOJIOTOCTI LIMX ra3iB CyXOro i HarpiToro
TIOBITPsI 31 3MIiHOIO OTO TEMIIEpaTypu B IMUPOKUX MeXKax.
Busnavanucs B po3mISIHYTHX YMOBaxX OCHOBHI mapaMeTpu
CHCTEM aHTUKOPO3ilfHOTO 3aXMCTy TUMOBUX TPYO, 1110 3a0e3-
MEeYyloTh BiIBEPHEHHSI B HUX KOHIEHCATOYTBOPEHHS MpPU
HOPMATUBHUX peXruMax eKcIuTyaTallii ux Tpyo. 3a 3HaueH-
HSIMU OTPMMAaHMX TMapaMeTpiB BMKOHAHO TMOPiBHSUIbBHUI
aHai3 ePEeKTUBHOCTI PO3TJITHYTUX METO/IIB 3aXHCTY Ira30Bill-
BiIHUX TPaKTiB JIJis Pi3HUX TETUIOYTUIi3alliiiHUX YCTAaHOBOK.
[MokazaHo, 1110 TS OTIATIOBATTLHUX KOTJTiB 3aCTOCYBaHHSI TTO-
BITPSIHOTO METOJY € HaiOLIbII €(DEKTUBHUM Y KOMIUIEKCHUX
TEIUIOYTWIi3aLilHUX CUCTeMaX, L0 XapaKTepU3yIOThCsl BU-
KOPMCTaHHSIM YTWJIi30BaHOI TEIJIOTU JUISl HarpiBaHHs 3BO-
POTHOI TEIJIOMEPEKHOI BOJU Ta TyTTHOBOTO MOBITPSI.

HaykoBa HoBu3HA. Yriepuie AOCTIIKEHO 3aCTOCYBaHHSI
TOBITPSTHOTO METOMY 3amo0iraHHsI KOHIEHCATOYTBOPEHHIO B
ra3oBiIBIIHUX TpaKTax KOTEJbHUX YCTAHOBOK 3 KOMILJIEK-
CHUMU CHUCTeMaMM TeTUIOyTUIIi3allil.

IIpakTiyna 3HaYMMicTb. BuKOpUCTaHHS TPOMTOHOBAHOTO
KOMILIEKCY TeTUIOBUX METO/IB TO3BOJIUTh CYTTEBO MiABUILIN-
TU HaIiHICTh TUMOBUX TPYO OMAaTOBAJIbHUX KOTEJIEHb KO-
MYHAaJIbHOI TeTUIOEHEPTeTUKMY.

KinrouoBi cioBa: xomeavni ycmanosku, eauboke 0xoa0-
0diceHHs1 8IOXIOHUX 2a3ie, MOYKA pocU, KOHOeHCAmoymeopeHHs,
menaoymunizayis
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Iean. IToBbllIeHNE PKOJOTMYECKO OE30MACHOCTU JbI-
MOBBIX TPYO OTOIMUTEIBHBIX KOTEJIBHBIX YCTAHOBOK C CUCTE-
MaMU TeIUIOYTUIM3AlMK JbIMOBBIX Ta30B HA OCHOBE UCIIOJIb-
30BaHMS BO3IYLIHOIO METOIA IIPENOTBPAILEHN KOHIEHCa-
TOOOPA30BaHMsI B ra300TBOMSIIIMX TPaKTaX B KOMILIEKCE C
METOIOM IOCYIIMBAHUS Ta30B IIyTEM MX ITOIOIPEBA.
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Meromuka. [1pu npoBeneHNM paCYeTHBIX UCCIeI0BAHUIA
HCITIOJIb30BAIMCh M3BECTHBIE METOIUKM TEIIOBOTO pacyeTa
KOTEJIbHBIX YCTAHOBOK U ABIMOBBIX TPYO, a TAKXKe Pe3yJbTa-
ThI COOCTBEHHBIX SKCITEpUMEHTAIBHBIX UCCIICIOBaHUIA Kaca-
TEJIBHO TEIUIOOOMEHA 1 TMAPOAMHAMUKY IIPU TIIyGOKOM OX-
JIaXKICHUW OTXOASIINX Ia30B KOTEJIbHBIX YCTaHOBOK. Mccite-
TIOBAHMS BBITTOJIHSIMCH TIPU IIPUMEHEHUN B TEIIOYTHIIN3a-
IIMOHHBIX CXeMaX KOTEIbHBIX YCTAHOBOK OJWHOYHBIX TEILIO-
BBIX METOIOB MPEAOTBPAIEHUST KOHIEHCATOOOPa30BaHUsI B
ra300TBOISIIMX TpaKTax (MOACYIIMBAHWE THIMOBBIX Ta30B U
BO3MYIIIHOTO METOMA) U KOMIUIeKca 3TUX MeTonoB. [1pu aTom
paccMaTpUBaIICh Pa3IMYHbIE BAPUAHTHI TEIIOYTHIM3ALI-
OHHBIX CCTEM U IBIMOBBIX TPYO ITPY HAJTUYUU B KOTEJIbHBIX
BO3IyXOHarpeBaTeJiei U TTPU UX OTCYTCTBUU.

Pesyabratel. VccnenoBanuch TEIJIOBIAXKHOCTHBIE Xa-
PaKTEPUCTUKU YXOUSIIKUX Ta30B B YCThE IBIMOBBIX TPYO IIpU
WCITOJIb30BAaHNU TSI CHYKEHUST BIIAXKHOCTU 9TUX I'a30B CYXO0-
IO ¥ HArpeToro BO3Iyxa ¢ U3MEHEHUEM €ro TeMIIepaTyphl B
IHUPOKUX npeaenax. Onpeaeasyiich B pacCMaTpUBaeMbIX yC-
JIOBUSIX OCHOBHBIC MapaMeTphl CUCTEM aHTUKOPPO3MOHHOM
3aIIUTHl IBIMOBBIX TPYO, 00€CIeUYMBaIOIINX MPEIOTBpalle-
HHE B HUX KOHIEHCATOOOpa30BaHMs [P HOPMATUBHBIX pe-
JKMMaxX 9KCIulyataluu 3Tux Tpyo. [1o 3HayeHusIM moTyyeH-

HBIX I[TAPAMETPOB BBLINOJHEH CPAaBHUTEJIBHBIA aHaIU3 (-
(heKTUBHOCTU PACCMOTPEHHBIX METOIOB 3allUThl rA300TBO-
ISIIAX TPAKTOB ISl Pa3IMYHBIX TEIUIOYTWIN3aLMOHHBIX
ycTaHOBOK. [Toka3aHo, YTO ISl OTONMMTEIbHBIX KOTJIOB IIPH-
MEHEHME BO3IYIIHOTO METoHa SIBJsIeTCsl Hanbosee adek-
THUBHBIM B KOMITJICKCHBIX TEIIOYTMIM3AaIMOHHBIX CUCTEMAaX,
XapaKTePU3YIOLINXCS MCIOJIb30BaHUEM YTUIN3HPOBAHHOMI
TEIJIOTHI U1 HarpeBa oOpaTHOM TEIJI0CETeBOM BOIBI U Y-
THEBOTO BO3/IyXa.

Hayynas HoBu3Ha. BriepBbie MccienoBaHO MPUMEHEHME
BO3/YIIHOIO METOMA IIPEeIOTBPAIleHNsT KOHIeHCATo00pa30-
BaHUs B ra300TBOISIIKMX TPaKTaX KOTEJIbHBIX YCTAHOBOK C
KOMILIEKCHBIMM CUCTEMAMM TETLIOYTUIN3ALIMMN.

IIpakTuyeckas 3HAYMMOCTb. VcIToIb30BaHMe TIpeiarae-
MOI'0 KOMILIEKCA TEIIOBBIX METOIOB IIO3BOJIUT CYIIECTBEH-
HO TIOBBICUTBH HAaIeXKHOCThb JBIMOBBIX TPYO OTONMMTEIBHBIX
KOTEJIbHBIX KOMMYHAJIbHOM TEIJIO9HEPreTUKMU.

KiroueBbie ciioBa: xomeavHvie YCManosKu, eny0okoe ox-
AQdICOeHUe OMX00AUUX 2a308, MOYKA POCbL, KOHOEHCamoodpa-
308aHUe, MENAOYMUNUZAUUSL
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