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Anoranis. Koto6yyBaHHa — cTpaTeTiuHa Tamysb. Ii pO3BUTOK Ja€ MOK/IHBICTD fep:KaBi caMOCTiiHO BHpi-
IIyBaTU HMUTAaHHSI €KOHOMHOTO BUKOPHMCTAHHS IajMBa y BCiX ramyssx mpoMucioBocti. HagiiinicTs i exo-
HOMIYHICTD TEIUIOTeHepyBATLHOTO 00TAIHAHHS, f0T0 eKCILTyaTallist 6e3 IIKO/M JUIs HABKOJIUIITHBOTO CEPesio-
BUIIIa € OCHOBHUMH MOKa3HUKAaMU epeKTHBHOTO eHeprosabesmnedentst Kpaini. OCHOBHOIO TEHIEHIIE CBIiTO-
BOTO MPOTPeCy B KOMYHAIBHIN TEIIOEHEPTETHIN € 3HMKEHHS] BUTPAT MaJIMBa MPH BUPOOJIEHH] TEIIOTH 3a
paxyHoK migBuienus koedirienta kopucuoi aii (KK/I) xotmoarperaris. OguHuM i3 ¢mocobiB mmiaBUIIEHHS
KK/ € ycranoka TypOyizatopiB B TpyOKM KOHBEKTHBHOIO MakeTa. MeTow pobOTH € BUSHAYEHHS BILIUBY
TypOyrizaTopa MOTOKY Ha IHTEHCHBHICTH TEIVIOOOMIHY B KOHBEKTHBHOI YaCTHHHU KapoTpyOHOTO KOTIoarpera-
Ty BITYU3HSIHOTO BUPOOHUIITBA. Y CTATTi HABOISTHCS €KCIIEPUMEHTaIbHI aHi POGOTH TaKOTO KOTJIOATPerary,
a TAKOJK TEOPETUYHI MOCJIKEHHsI 3 BUSHAYEHHsI XapaKTePUCTHK, sIKi BIUIMBAIOTh Ha TEIIOOOMIH, B 3ajek-
HOCTI Bil CTYIIEHs] IEPEKPUTTS Mepepidy KaHaty TpyGoK TypOy Ii3aTopoM y BUTJISII JIAMAHOT CTPIUKH.

Kiouogi ciioBa: Tennoo6MiH, KOHBEKTUBHasI TPyOKa, TypOy 1i3aTop, CTYIIiHb IEPEKPUTTSI, TEMIIEPATYPA,
TypOyJIeHTHA B'S13KiCTh, KOEIMiEHT TerIoBiyiayi.
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Annortanus. Kotyoctpoenne — crparernueckast otpacib. Ee pasButue aeT BO3MOKHOCTb TOCY/IAPCTBY Ca-
MOCTOSITEJIHO PEIaTh BOTIPOC IKOHOMHOTO MCIIOJIb30BAHUS TOIIMBA BO BCEX OTPACJSIX MPOMBIILIEHHOCTH.
HazesxHOCTh 1 9KOHOMUYHOCTD TEILJIOTeHEePUPY I0IEro 060py I0BaHUSI, €T0 IKCILTyaTalus 6e3 Bpesia sl OKpy-
JKarollell cpe/ibl IBJISIIOTCS OCHOBHBIMU TIOKazatessiMu 3G PeKTUBHOTO aHeproobeciieueHus crpatbl. OCHOB-
HOWl TeHJIeHIIMell MUPOBOTO Iporpecca B KOMMYHATbHOH TEIIO9HEPTETHKE SIBJISIETCSI CHUKEHUE PACXO/I0B
TOIUIMBA TIPU BBIPAOOTKE TEIUIOTHI 32 CYET MOBBINIeHUS Koadduimenta nomesnoro aeiictsust (KII) xotmo-
arperatoB. OnHuM 13 crocobos nosbinienus KI1/I sBisietcst ycTaHOBKa TypOyIM3aTOpOB B TPYOKH KOHBEK-
TUBHOTO MakeTa. [lesbto paboThI ABJISIETCS ONpee/IeHNe BAMSHUS TypOyIM3aTopa MOTOKa Ha WHTEHCHBHOCTD
TernmooOMeHa B KOHBEKTHBHOM YacTH »KapoTpyOHOTO KOTJoarperaTa OTeY4eCTBEHHOTO MPOM3BO/CTBA. B cTa-
The TIPUBO/IATCST HKCIIEPUMEHTAIbHbBIE TaHHbIe PAOOTHI TAKOTO KOTIOATPETaTa, a TAK/Ke TEOPETHYECKUE UCCIe-
JIOBAHWS 110 OTIPEIEJIEHUTIO XapaKTEPUCTHK, BIUAIONIMX Ha TETJIOOOMEH, B 3aBUCHMOCTH OT CTENEHHU MEPEKPbI-
TS CEYeHUs KaHaga TpyOOK TypOyIM3aTopoM B BUJE JJOMAHO JIEHTHL.

KioueBble cioBa: TerioobMeH, KOHBEKTHBHAs TPYOKa, TypOyIn3aTop, CTeneHb HePEeKPBITUSI, TEMIIEPATYPa,
TypOyJIeHTHAs] BSI3KOCTB, KOI(hOUIIMEHT TEIIOOTAAYH.
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Abstract. Boiler making is a strategic industry. Its development allows the state to solve the issue of
economical use of fuel in all industries. Reliability and efficiency of the heat generating equipment, its
operation without harm to the environment are key indicators of effective energy supply of the country. The
main trend in the world progress in the municipal power system is to reduce the cost of fuel for generation
of heat by increasing the coefficient of performance (COP) of boilers. One way to improve efficiency is to
install the tubes turbulators in convective package. The aim is to determine the effect of the turbulator on
the intensity of heat transfer in the convective part of the fire-tube heat source of domestic production. The
paper presents the experimental data of such a boiler, as well as theoretical studies to determine the
characteristics that influence the heat transfer, depending on the degree of overlap of the channel cross
section tubes with a turbulator in the form of a broken belt.

Keywords: heat transfer, convective tube, turbulator, the degree of overlap, temperature, turbulent

viscosity, the heat transfer coefficient.

Formulation of the problem

Heat transfer from the combustion productsin the
fire-tube tubes of boiler is carried out by convec-
tion. However, the temperature of exhaust gases af-
ter the tube is relatively high, which reduces the
efficiency of the heat source and there is a need to
install additional equipment of heat utilization that
allows utilization of the outgoing heat.

Analysis of recent research

Since the price of additional equipment of heat uti-
lization is high, some manufacturers mount flow baf-
fles to increase convective tubes heat transfer [ 1—5].
Design of these insertsis very diverse, which gives a
different final effect [1—4].

Aim and objectives

The aim is to assess the impact of a turbulator on
heat transfer in the convective part of the boiler.

The main part

Heat generator isa complex heat exchanger,in which
the interrelated processes of fuel combustion and

heat transfer from the flue gas to the system occur.
Heat transfer in the heat generator heating surfaces
takes place by radiation, convection and conduc-
tion. The convective part of the fire-tube heat source
isusually carried out from round tubes. To increase
the convective component of the heat transfer they
putin special inserts of various shapes and configura-
tions — turbulators. During the experiment, the tur-
bulators with different height were used to insert,
whereby the channel area of passage changed. The
degree of overlap (Q) amounted to 1/2,1/3, 1/4,
1/5and 1/6 of the total passage area. The scheme of
the applied turbulatoris shown in Figure 1.

Installation of turbulator increases the convec-
tive heat transfer component, and increases the air
resistance. Figures 2 and 3 show the experimental
curves of the flue gas temperature and resistance
from the overlapping section of the channel.

Analysis of the graph (Figure 2) shows that the
temperature with increasing degree of overlap with
the channel cross-section decreases, which means
an increase in heat transfer from the combustion
products. Dependence in this case, the correlation
coefficient being R=0,994, can be described by equa-
tion (1):
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Figure 1. Scheme of convective tube baffle.
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Figure 2. Dependence of the flue gas temperature on the degree of overlap section of the channel.

t=206,05-Q% -204,45-Q+157,37. (1)

Chart analysis (Figure 3) shows that the pres-
sure loss increases when the degree of overlap sec-
tion of the channel increases. Dependence in this
case, the correlation coefficient being R=0,994, can
be described by equation (2):

AP =133,55-0% +31,459-Q+44,796. (2)

To determine the optimum it is necessary to con-
struct the above graphs in one coordinate system.
The achieved graph is shown in Figure 4.

Based on the graph (Figure 4), we can conclude
that the optimal value of the degree of overlap of the
convective section tube by the baffleis 0,25 or 1 /4.

In convective heating surfaces, the heat trans-
fer coefficient determines the heat transfer from
the high-temperature combustion products to the
heated coolant (water) through the tube wall
(k, W/m?deg), which during burning of natural
gas with gas stream emission is determined by the
following formula:

— é/'ac+ar
1+(-a +a,)

(3)
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where ¢ — coefficient of the pipes surface
washing;
a, — convection heat transfer coefficient of the
wall of the combustion, W /m?deg;
a, — coefficient of heat transfer from the com-
bustion products to the wall by the radiation,
W/m?deg.

Dmitriy Ostapenko

For two-way fire-tube heat generators at the entrance
of the combustion productsin the convective beam
with 180 degrees rotation and local contraction co-
efficient of washingaccording to [6] equalsto 0,9.

The coefficient of convective heat transfer by
radiation to the tubes is determined according to
the procedure described in [6].
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Figure 3. Dependence of pressure losses in the convective tubes on the degree of overlap section of the channel.
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Convection heat transfer coefficient may be
determined from the Nusselt number, Nu :

Nu=Zd (4)
A

where d — convection tubes diameter, m;

A — thermal conductivity, W /(m-deg).
In its turn, turbulatorinstallation increases the tur-
bulence of the flow. The change (increase) of the
number Re entails a change (increase) in turbu-
lent viscosity v, [7—9], thereby increasing the
convection heat transfer coefficient «,.

To determine the turbulent viscosity the fol-
lowing relationship can be used [10]:

v,=0,93-u,-0-1, (6))
where u,, — average flow velocity, m/s;

0 — theboundary layer thickness, mm;
A — thermal conductivity, W /(m-deg).

v 1 u
o=—-exp| — | —£-5,5||, 6
U, p{5,75 (u* H ©
where u#, — dynamic flow rate, m/s.

U, :uav. o - (7)
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In a turbulent flow & can be defined as:
1

£=0,316-Re *. (8)

The Reynolds number is found from the well-
known expression:

Re=-2"—, )

where v — kinematic viscosity coefficient, m?/s.
Also for convection baffle tubes, asaresult of the
research, the dependence is:

Nu=0,038 Re"® . (10)

Asaresult of substituting 10 and 4 we obtain an
expression for the coefficient of convective heat
transfer:

aC=0,038-Re°’85~§- (11)

As a result of the research of convective heat
transferin tubes with a baffle, the following graphs
shown in Figures 5, 6,7, 8 are achieved.

The graph (Figure 5) shows that the velocity of
combustion products with the increase in the de-
gree of overlapping section of the channel increases.
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Figure 5. The dependence of the velocity of the combustion products on the degree of overlap section of the channel.
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Schedule in this case isapproximated by the depen-
dence (12) with a correlation coefficient R=0,977:

V' =39,002-Q+7,1339.

(12)

Chart analysis (Figure 6) shows that with increas-
ing Reynolds number turbulent viscosity increases.
Dependence in this case, the correlation coefficient
being R=0,999, is described by equation (13):

v, =8-10"-Re+0,0002.
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The graph (Figure 7) shows that the turbulent
viscosity with increasing degree of overlap of the
channel cross section increases. Schedule in this case
is approximated by the dependence (14) with the
correlation coefficient R=0,999:

v, =6-107-Q° +4-10°-Q+0,0002. (14)

Chart analysis (Figure 8) shows that the con-
vective heat transfer coefficient with increasing
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Figure 6. The dependence of the turbulent viscosity on the Reynolds number.
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Figure 8. Dependence of the coefficient of heat transfer by convection on the degree of overlap channel.

degree of overlap of the channel cross section in-
creases. Dependence in this case, the correlation
coefficient being R = 0,988, is described by equa-
tion (15):

a, =237,55-Q+38,154. (15)

Conclusion

When installing turbulators in the convective
tubes of the fire-tube boiler unit the velocity of
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