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STUDY OF HEAT-RECOVERY SYSTEMS
FOR HEATING AND MOISTURING
COMBUSTION AIR OF BOILER UNITS

Introduction. One of the ways to save natural gas and to improve the environmental conditions in the munici-
pal heat-power engineering is to use progressive technologies for recovering the heat of flue gases from boi-
ler plants, in which the condensation mode of operation of heat-recovery equipment is implemented. To increase
the ecological effect in some heat-recovery systems, a humidification process of the combustion air occur. This
lowers the combustion temperature of the fuel and reduces the concentration of nitrogen oxides in the combustion
products.

Problem Statement. At humidifying combustion air, the boiler exhaust-gases are characterized by high mois-
ture content. In the known calculation methods, there are no data on heat transfer under these conditions. This is
a problem for conducting thermal calculations of such installations.

Purpose. Establishing patterns of heat transfer at an increased moisture content of exhaust-gases in heat-
recovery equipment, consisting of bundles of transverse-finned pipes, and determining the main parameters of
the proposed complex installation.

Materials and Methods. Experimental studies of heat transfer were carried out on a specially created stand.
For the thermal and hydraulic calculation of a heat-recovery installation, known calculation methods were used,
taking into account the experimental data obtained.

Results. The laws of heat transfer during deep cooling of exhaust-gases with moisture content X = 0.15—
0.30 kg/kg d.g. are established. The thermal, hydraulic and operating characteristics of the proposed complex
heat-recovery installation with heating and humidification of the combustion air in dif ferent modes of operation
of the boiler are determined. This installation has been introduced, its tests have been carried out, which have
confirmed high thermal and environmental efficiency.

Conclusions. The application of the proposed complex heat-recovery unit allows increasing the coefficient
of the use heat of fuel of boiler depending on its operating mode by 13—20%.

Keywords: heat-recovery of exhaust-gases, increased moisture content, condensation mode, heat-exchange,
efficiency use of fuel, and reduction of harmful emissions.

Citation: Fialko N.M., Navrodska R.O., Gnedash G.O., Presich G.O., and Shevchuk S.I. Study of Heat-
Recovery Systems for Heating and Moisturing Combustion Air of Boiler Units. Sci. innov. 2020. V. 16, no. 3.
P. 43—49. https://doi.org/10.15407 /scin16.03.043

ISSN 2409-9066. Sci. innov. 2020. 16(3) 43



Fialko, N.M., Navrodska, R.O., Gnedash, G.O., Presich, G.O., and Shevchuk, S.I.

Currently, in Ukraine, due to the need to reduce
fuel consumption caused by the steady increase
in its cost and strengthening of requirements to
reduce environmental pollution, the develop-
ment of energy-saving and environmental tech-
nologies for fuel-fired facilities has received in-
creased attention. In particular, technologies of
deep heat-recovery from flue-gases of boiler plants
are used in municipal heat-power engineering,
which significantly increases the thermal efficien-
cy of these plants by raising efficiency and im-
proving their environmental performance mainly
due to lower fuel consumption [1—7]. Herewith,
the deeper the flue-gases are cooled, the higher
is the thermal and ecological effect of heat-reco-
very. The technologies applied often use heat-re-
covery systems destined to heat the return heat-
network water and combustion air before they
enter the boiler.

In connection with the planned trend to tigh-
ten the requirements for the reduction of nitro-
gen oxide emissions from boiler plants, last time
heat-recovery technologies have been developed,
in which an increased environmental effect is ac-
hieved by a significant decrease of these emissions
with boiler’s flue-gases. This effect is due to the
use of a part of the heat of the exhaust-gases of
the boiler to heat water for humidifying the com-
bustion air [8—10]. The supply of humidified air
into the furnace of the boiler leads to a decrease
of the temperature in its combustion space and,
as a result, to the suppression of the formation of
nitrogen oxides. A feature of boiler plants with
such heat-recovery systems is the increased mois-
ture content of flue-gases.

For heating and moistening the combustion
air, the Institute of Technical Thermophysics has
proposed a complex heat-recovery system [11].
Its schematic circuit is shown in Fig. 1. This in-
stallation uses surface water heat exchangers for
various purposes and a contact apparatus for hea-
ting and humidifying the combustion air. Surface
heat exchangers are used to heat by cooling the
exhaust-gases of the circulating water of this ins-
tallation (4, 5), to heat by this water the air at the
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Fig. 1. Schematic circuit of the complex heat-recovery
installation for heating and humidifying the combustion air:
1 — first air preheater; 2 — contact air heater; 3 — second air
preheater; 4 — water-overheater; 5 — surface water heater;
6 — exhaust-gas heater; 7 — water collector; 8 — centrifugal
pump; AP1, AP2, WO, SWH, EGH — water heat-exchan-
gers from finned bimetallic pipes bundles; CAH — contact
chamber with a filling of corrugated (PVC) plates

entrance (7) and exit (3) of the contact chamber
(2), to preheat the exhaust-gases [12] at the exit
from the complex heat-recovery system (6). The
surface of water heat exchangers are bundle of
finned bimetallic pipes (steel base and aluminum
transverse fins), and the contact exchanger is a
filling of corrugated polyvinyl chloride (PVC)
plates.

During the operation of such complex heat-re-
covery systems, as noted, the flue gases used in
them are characterized by increased moisture
content (0.15—0.30 kg /kg dry gases). In the well-
known computational methods [13], there are
no data regarding the heat transfer patterns in
bundles of transverse-finned tubes in the conden-
sation mode at this moisture content.

The purpose of this work is to establish pat-
terns of heat transfer in bundles of transversely
finned tubes from which water heat exchangers
are completed, by conducting experimental stu-
dies and determining on their basis the main pa-
rameters of the proposed integrated installation.
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The studies were carried out on the experimen-
tal bench, whose scheme, description of work and
characteristics of pipes and tube bundles are gi-
ven in [14]. Data on the main quantities studied
on the experimental bench are presented in Table 1.

In the course of the research, the average va-
lues of the total heat transfer coefficient o, over
the surface were determined depending on the
values of mode and geometric parameters given
in Table. 1. The averaged over the surface values
of the Nusselt numbers Nu, from the side of the
gases to be determined in the course of the re-
search were presented as the sum of the Nusselt
numbers Nu,and Nu_ in the absence and presence
of condensation of water vapor contained in the
exhaust-gases:

Nu, = Nu, + Nu,. @))

In this case, the number Nu, was calculated
using the known methods for purely convective
heat exchange.

Characteristic results of the performed expe-
rimental studies are shown in Fig. 2 and 3. Here
are presented the dependences of the number
Nu,_ on the dimensionless temperature of the hea-

ted water ® and the number Reg. At the same time

Table 1. The Studied Parameters and Range
of Their Variation

Parameter Dimension | Symbol Value range
Inlet exhaust-gas
moisture content | kg/kg d.g. X, 0.15—0.30
Inlet exhaust-gas
temperature °C s 100—150
Inlet water
temperature °C e 5—50
Average Reynolds
number for
exhaust-gas — Re, 5000—10000
The number of
rows of tubes in
the bundle — M 6—15
Diameter of fins m D 0.049—0.053
Diameter of base
for finning m d 0.029—0.031
Fin spacing m S, 0.003—0.005
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Fig. 4. Dependence Nu, = / (Re,): 7 — the obtained expe-
rimental data; 2 — calculated data according to [15]

the temperature ® was defined as the ratio the
average water temperature ¢ and the dew point
temperature ¢ b

According to the experiments, a generalized
dependence was obtained:

Nu,=A-Re exp (B-0), (2)
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Fig. 5. Dependence Nu, = f (©): 1 — the obtained experi-
mental data; 2 — experimental data on [14]

0.3

where A, B are values dependent on moisture con-
tent X:

A=815-e2%%¥—1017;B=4.71-e 95X —10.86.

To assess the reliability of the data obtained,
they were compared with the results of other re-
searches. Fig. 4 shows the results of such a com-
parison at dry heat exchange (without water va-
por condensation). Here are the characteristic
data on the number of Nu, depending on the
change in Re,.

Fig. 5 illustrates the dependence of Nu_on the
dimensionless temperature @ at heat-exchange

with condensation for boilers without humidifi-
cation of the combustion air.

The comparative analysis of these results sug-
gests that the discrepancy in the data does not
exceed 8.5%. Thus, we can conclude that the ex-
perimental studies carried out allowed us to ob-
tain reliable results to summarize the laws of heat
transfer and thus expand the understanding of
heat transfer and mass transfer during deep coo-
ling of vapor-gas mixtures with initial moisture
content X =0.15—0.30 kg/kg d.g .

In order to determine the performance charac-
teristics of the complex heat-recovery system for
heating and humidifying the combustion air (see
Fig. 1), taking into account the experimental data
obtained, computational studies of the «boiler —
heat-recovery installation» system were carried
out. These calculations are performed depending
on the load of the boiler, since an increase in the
temperature of the combustion air and its humi-
dification in the surface-contact part of the heat-
recovery system affect the combustion tempera-
ture, the heat balance of the boiler, the output
parameters of exhaust-gases, fuel consumption,
boiler efficiency, etc. Therefore, the boiler and the

Table 2. Regime Parameters of the Heat-Recovery Unit at 100% Boiler Load
(natural gas consumption G, = 70.17 m*/h; coefficient of excess air 4 =1.2)

Heat generating part Heat consuming part
Parameter Dimension SWH
WO EGH AP1 CAH AP2
I level 1T level

Heat productivity kW 17.7 41.1 21.7 5.4 8.2 61.2 5.7
Water consumption kg/s 0.20 0.92 0.92 0.20 0.20 0.72 0.20
Inlet water temperature °C 69.1 58.5 52.8 90.2 77.0 69.1 83.8
Outlet water temperature °C 90.2 69.2 58.5 83.8 67.2 48.8 77.0
Exhaust-gas (combustion air) con-
sumption kg/s 0.36 0.36 0.36 0.36 0.29 0.29 0.29
Inlet exhaust-gas (combustion air)
temperature °C 159.3 114.1 64.8 62.0 10.0 37.2 50.0
Outlet exhaust-gas (combustion
air) temperature °C 114.1 64.8 62.0 76.0 37.2 50.0 68.9
Aerodynamic resistance Pa 41.8 65.2 42.8 338 9.1 149.9 15.1
Hydraulic resistance kPa 0.2 7.9 7.9 0.1 0.1 17.0 0.1
Increase boiler efficiency % 2.8 6.5 3.5 — — — —
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complex heat-recovery unit were considered as in-
terrelated elements of a single system. The pecu-
liarity of this calculation is that the exhaust-gas
output parameters of the boiler are input to the
heat-recovery installation, and the output para-
meters of the combustion air from the installation
become the input to the boiler.

Studies have been conducted for the system
«boiler—heat—recovery installation» with a boiler
with a nominal heating capacity of 0.63 MW.
Wherein, the boiler efficiency calculated by the
highest calorific value of fuel is from 70 to 82%. It
was accepted that in the range of heat load of the
boiler from 40 to 100% the value of the coefficient
of excess air & in the boiler furnace varies from
1.65 to 1.2, respectively. The heat-recovery sys-
tem implements a condensation mode of opera-
tion of the equipment. Therefore, all calculations
are carried out according at the highest calorific
value of fuel. The computational studies were
carried out on the basis of the Institute of Engi-
neering Thermophysics of National Academy of
Sciences of Ukraine method of thermal calcula-
tion of surface and contact type condensation
heat-recovery exchangers developed in the De-
partment of Thermophysics of Energy Efficient
Heat Technologies. For an example, in the Table 2
shows the main performance characteristics of
such a calculation at nominal mode of boiler.

The obtained data allowed us to determine the
thermal, hydraulic and operating characteristics
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JOCTIIKEHHA TEILIOY TUIISAIIVTHNUX CUCTEM
JUTA IAITPIBAHHA TA 3BOJIOJKEHHA IYTTHOBOI'O
[HOBITPA KOTEJIBHNX YCTAHOBOK

Beryn. OganM 31 miAXiB eKOHOMIT TPUPOAHOTO Ta3y i MOJITIIeHHS YMOB IOBKIJIJIST € 3aCTOCYBAHHS B KOMYHATbHIH
€HepreTHIll TPOTPEeCUBHUX TEXHOJOTIH yTUIi3allii TeTJIOTH Bi/IXITHNX JUMOBHX Ta3iB KOTEJbHNUX YCTAaHOBOK, B SKHUX pea-
JI3YETHCS KOHIEHCALUIIHUI pekuM PoOOTH TEIIOYTUIIIZainHOTO o0smanHal st [[Jist mijcuieHHst eKoIoriYHoro eexTy B
JeSIKUX TEIUIOYTUJI3ALIIHIX cucTeMax BifllyBa€eThCs MPOIIEC 3BOJIOJKEHHSI [[yTTHOBOIO TIOBITPsI, [0 3MEHIIY€E TEMIIEPATYPY
TOPiHHS NAJINBA TA 3HIKYE KOHIIEHTPAIII0 OKCHU/IIB a30TY B IIPOLYKTaX 3TOPSHHS.
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IIpo6GaemaTuka. [Ipu 3B0JOKEHHI AyTTHOBOTO TOBITPST BIAXIAHI ra3u KOTJA XapaKTepPU3yOThCs MiABUIIEHUM BMiCTOM
BOJIOTH. Y BIJIOMUX PO3PaxyHKOBUX METOAMKAX BIACYTHI JaHi 100 TeIooOMiny 3a 1ux yMoB. Lle € mpobiaemMoro ajist mpo-
BE/ICHHS TEIJIOBUX PO3PAXYHKIB TAKUX YCTAHOBOK.

Mera. BeraHoBIeHHS 3aKOHOMIPHOCTEH TEMJIOOOMIHY TIPH MiABUINEHOMY BOJOTOBMICTI IUMOBHX ra3iB B TEILIOYTHJIi-
3alfiitHoMy 06JIaiHAHHI, 1[0 CKJIAJAETHCSI 3 Y YKIB TONEPeYHo opedpeHux TpyD, i BU3HAYEHHST OCHOBHUX MapaMeTpiB 3a1po-
TOHOBAHOI KOMILJIEKCHOI YCTaHOBKH.

Marepiamm it Metoau. ExcriepuMeHTaibHi JOC/IKEHHS TEII000MiHY MPOBOANJINCS HA CIIEI[ia/IbHO CTBOPEHOMY CTEHII.
[L7151 TerIoBOTO Ta TiIPABIIYHOTO PO3PaXyHKY TEIIOY TUITI3AI[iTHOI YCTAaHOBKYM 3aCTOCOBAHO BiJIOMI PO3PaXyHKOBI METO/IUKH
3 ypaxyBaHHSM OTPUMAHUX EKCIIEPUMEHTAIbHUX JAHUX.

Pesyabrat. BeTraHoBeHO 3aKOHOMIPHOCTI TEMJIOOOMIHY TIPU TJIMOOKOMY OXOJIOKEHHI IMMOBMX Ta3iB i3 BOJOrOBMIc-
tom X = 0,15—0,30 kr/kr cyxux raziB. BusHaueHo TemioBi, ri/[paBjiuHi Ta PeKUMHI XapaKTePUCTUKU 3alPOINOHOBAHOI
KOMTIJIEKCHOT TeTJIOYTHITi3aIiifHOl yCTAaHOBKY 3 TiiTPiBAHHAM i 3BOJIOKEHHSIM JYTTHOBOTO TIOBITPS B Pi3HUX PeXKMMax
pobotu Kota. Po3pobky 6yJi0 BIIPOBasKeHO, IPOBEIEHO i1 BUIIPOOYBaHHS, SIKi iATBEPAUIN BUCOKY TEIJIOBY Ta eKOJIOTIUHY
e(heKTUBHICTD.

BucHoBKkH. 3acTocyBaHHS 3aIIPOIIOHOBAHOI KOMIIEKCHOI TEIJIOYTHII3a1liiiHOI YCTAHOBKY J[O3BOJISIE MIJABUIUTH Koedi-
I[iEHT BUKOPUCTAHHSI TEIJIOTH TTajiuBa Kotyia Ha 13—20 % 3aJe3kHO Bijl pesKIMY HOro poGOTH.

Kunwouwosi crosa: yruiizaiis TelioTH AUMOBHX TasiB, MIBUIIEHUN BOJOTOBMICT, KOHAEHCALIMHMIA PEsKIM, TEIJIO0OMIH,
eeKTUBHICTh BUKOPUCTAHHS TTAJTNBa, 3HIKEHHS KITUBIX BUKNIIB.
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