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1. BbBEOEHUE

TonnoobmeHbT Mexay TenaTa, KaTo
CnoXeH uanyeH npouec, 3aBucely oT
MHOXECTBO YCNOBUSl, Ce pas3genst Ha mpu
OCHOBHU suoa:. monionpo8oodHoOCM
(koHOyKUus), mornnonpedasaHe (KOHBEKUUS)
u Tbyucm morisioobmeH (paduayus).

Mpn TONnonpenasaHeTo (KOHBEKUMATA),
M3BbPLIBALO Cce BbB Gnynan (TeYHOCTW,
rasope, napm W TEXHUTE CMeCU), OCBEH
MarnkiTte 4Yactuum, B ABWXKEHMEe ca n no-
ronemm macu ot onynau.

Mpn ecrtectBeHaTta  KOHBEKUUS  MO-
Tonnute macu OT nyuaa, nopagu no-
Marikarta Cu NIbTHOCT U Terno, ce uagurart
Harope, U3MecTBalKu MNO-CTyaeHUTe, KOUTO
3aemaT Ha CBOM pen TAXHOTO MACTO. Toau
TOMMMHEH KpbroBpaT MpoOAbI/KaBa, OOKaTo
ce nogasa TOMMIMHA UIM HACTbMM TOMNSIMHHO
paBHoBecue.  [loHsikora  KOHBEKTUBHUAT
TOoNnooOMeH ce wu3BbplBa NPUHYAUTENHO
(4ype3 nomnu, CTPyHW anapatm Wnu
BEHTUNATOPW), Hanpumep, B
noarpeBaTtenuTe 3a Boda W opyrute BMOoBe
TONNOOOMEHHM anapaTu.

KoHBEKTUBHUAT TONNoobMeH Hammpa LWn-
POKO MNPUMOXEHNe B KOTNUTE, KaKTO npwu
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1. INTRODUCTION

Heat exchange between bodies
as complex physical process,
depending on numerous conditions,
is divided into three main types:
thermal conductivity (conduction)
heat transfer (convection) and
radiant heat transfer (radiation).

In heat transfer (convection) is
engaged in fluids (liquids, gases,
vapors and their mixtures) than small
particles are in motion and larger
masses of fluids.

In natural convection warmer
masses of fluid due to less density
and weight, rise up, displacing the
colder, which in turn take their place.
This thermal cycle continues while
passing heat or thermal equilibrium
occurs. Sometimes convection takes
place forcibly (through pumps, jet
apparatus or fans), for example,
water heaters and other heat
exchangers.

Convection is widely used in
boilers, as the movement of the flue
gas pipes outside the washing and
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OBWKEHMETO Ha OUMMHWUTE ra3oBe, OMMBALLM
TpbbuTe OTBLH, Taka M NpU ABMXKEHNETO Ha
BoJaTa u napata BbTpe B THX.

B koTena npu um3rapsiHeTO Ha ropvBOTO
ce OTAens TOMNWHa, KOATO ce npeaasBa Ha
HarpeBHUTE MOBBLPXHUHM N 4pe3 TAX Ha
Bogata. OT newTa KbM HarpeBHUTE
NOBBbPXHUHU TOMNMHATA ce npedaBa, KakTo
ype3 NbYUCT TOoNNoobMeH oT dhakena Ha
ropenkata WM Cros HaXeXeHW Bbrhuviia,
Taka M 4Ype3 KOHBEKTUBEH TOMNMo00OMeEH npu
OMMBAHETO Ha HarpeBHUTE MOBBLPXHMHWU OT
ropeLyuTe rasose.

TonnoobmeHbLT B newTa € CIOXeH W
HEenoCTosIHEH npouec, 3aBuceLl oT
MHOXeCTBO dhakTopu. PakenbT He 3anbiBa
uenuss obem Ha NewHoOTO MPOCTPAHCTBO WU
nanbyBaHata OT pasnuyHuTe My MecTa
TONfMHA HEe e e[HakBa, a CblUEeEBPEMEHHO
TOWN NMOCTEMEHHO Ce  oxfaxga npwu
ABMXKeHneTo My B newTa. [lpn TeyHute
ropuBa HeeaHoOpPOLHOCTTa My Ce AbJKM Ha
neTaAWMTE B HEro CUTHM YacTuuM ropuBo,
KOMTO Ce HOCAT OT dhakena v no nbTa cwU
aounsrapsr.

MewHnTe rasose, nopagn HeeaHOPOAHUS
CM CbCTaB, CbLIO WU3NbYBAT Pa3NUYHO
KONMMYECTBO TOMAMHA NO NbTA CU, KaKTO WU
oHesw, KOUTO ommBat HarpeBHUTE
NMOBBbPXHUHM W 4Ype3 KOHBEKUMS npepasat
TonnuHata. Ho, ocHoBHWUTE dhakTopu, OT
KOUTO 3aBUCK TOMOOOMEHBT B neLyTa ca:

"  UHMEH3UBHOMO omdaerisiHe Ha

morinuHa 8 newHama kamepa Uu,

* eghekmusHomo U eb3ripuemMaHe om

HazpesHUMmMe rno8bPXHUHU.

BBbPXY
HA

2. ®AKTOPU, BIIUAELLUN
HOPMAJIHATA PABOTA
BOOOIMPEVMHUTE KOTNNU

XapakTepusnpaHeTo Ha MHTEeH3MBHOCTTA

Ha TONMOOTAEMNAHETO B NelHaTa kamMepa ce
onpeaens C [Ba OCHOBHM NoKasaTens:
TOMNMUHHO HamnpexeHue Ha nelHus obem -
kW/m?* (kcal/m®h), u TonnmHHO HaTOBapBaHe

the movement of water and steam
inside them.

In the boiler during the
combustion heat is released, which
is transmitted to the heating surfaces
and through them the water. From
the furnace to the heating surface
heat is transferred, as by radiation
from the flame of the burner or hot
coal layers and by convection in the
washing of the heating surfaces of
hot gases.

Heat in the oven is a complex
and unstable process, depending on
numerous factors. The torch does
not fill the entire volume of the
furnace space and emitted from
various places heat is not uniform,
while it gradually cools while
traveling in the furnace. Liquid fuels
unevenness is due to flying it fine
particles of fuel and wear of the torch
on its way combusted.

Flue gases due to the
heterogeneous composition, also
radiate different amounts of heat
along the way, and those washing of
the heating surfaces and transfer
heat by convection. But the main

factors that determine the heat
transfer in the furnace are:
* intense heat in the

combustion chamber;
» its effective adoption of the
heating surfaces.

2. FACTORS AFFECTING ON
THE NORMAL WORKS ON
WATER WARMING
GENERATORS
Characterization of the rate of

heat release in the combustion

chamber is determined by two main
factors: heat stress on the furnace
capacity - kW/m*® (Kcal/mh), and
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Ha HarpeBHUTE MOBLPXHUHM -  KW/m?
(kcal/lm?h). 3a pasnuuHUTe KOTIM  Tesw
XapaKTEPUCTMKM Ca PasfiMyHn U 3aBUCAT OT
dhopmaTa Ha newita u OT Buaa Ha ropusoTo.

CbBpeMeHHUTE  MNPOMULLMIEHN  KOTMM
paboTAT C BMCOKM TOMMMHHM HaTOBapBaHUs
C orfea Ha no-BMCOKa MKOHOMMWYHOCT Mpu
pabota u no-gobpa KOMMaKTHOCT, HO Mpwu
TOBa Te CTaBaT W MNO-OMacHW, TbW KaTo
MeTanbT, OT KOMTO ca W3MbIHEHW, paboTu
NpWY MHOIO TEXKN ycnosus. [1]

3HaunTenHa Yact OT  nonyyeHaTa
TONnuHa ce npejasa B Newita Ha koTena, a
ocTaHanarta 4acT ce npegasa Mo Apyrurte
HarpeBHW  MOBBPXHUHW. W  Tbh  KaTo
TONNMOOOMEHBT TaM Ce OCbLLeCTBABA Hal-
BeYye upe3 KOHBeKuus, npueTo € Tesn
MOBBbPXHUHN Ja Ce HapuvaT KOHBEKMUBHU.
EdekTMBHOCTTA Ha TOnMonpegaBaHETO MNpwu
TAX 3aBUCM [MlA@BHO OT CKOpoCTTa Ha
rasoBeTe 1 OT BuAa Ha NOBbPXHUHATA.

[Mpy cbBpEMEHHUTE KOTNN CbLUECTBEHO
BNUSHUE  BbPXY  edeKTUBHOCTTa Ha
TonnoobmeHa oOka3Ba KOeMUUMEHTLT Ha
TonnonpegaBsaHe K, 3aBucelw, OT Buaa Ha
mMaTepuana un OT npoTUYawmuTe OKOSO
Tpbbarta npouecu. Ton € ¢ Han-BUCOKN CTON-
HOCTW NPW YUCTU MOBBPXHUHW Ha TpbOUTE.

Ha npaktuka, cbabpxawute ce B
rasoBeTe nenenHM 4YacTuykM nonagaTt npwu
OBWXEHNETO cu BbpXy Tpbbute 1 nonensat
no Tax. Taka Te CWnNHO HamansBeaT
TonnoobmeHa nm nopaam HMckaTa
TONMONPOBOAHOCT U BMOLIEHUS KOePULNEHT
Ha TonnoobmeHa.

CoblieBpeMeHHO TexHomMorMyHaTa BoAa
cbabpXa  conu n  gpyrm  rnpumecwm,
obpasyBalyn Hanen OT BbTpelwHaTa cTpaHa
Ha TpbbwuTe, KOETO CblO BnoLwWasa
TonnoobmeHna. lNpn Te3n ycnoeus rasoseTe
BeYe He MOXe Ja ce oxnaxpaart [0 XenaHaTa
TemnepaTtypa u HanyckaTt KoTena, OTHaCANK/
cbC cebe CM 3HaAYNTENHO KONMUYEeCTBO
TonnMHa B aTmocdeparta. ToBa Hanara
cMcTeMHo KM gobpo  moyuctBaHe  Ha

thermal load of the heating surfaces
- kw/m?® (Kcal/lm®h). For various
boilers these characteristics are
different depending on the shape of
the furnace and the fuel type.

Modern industrial boilers operate
with high thermal loads with a view
to greater economy of operation, and
better compactness, but they are
also becoming more dangerous as
the metal of which they are met,
working in very difficult conditions.
[1]

A significant part of the heat is
transmitted in the boiler furnace, and
the rest is transmitted through other
heating surfaces. And since there is
heat exchange occurs mainly
through convection, it is accepted
that these surfaces are called
convective. The efficiency of heat
transfer in them mainly depends on
the speed of the gases and of the
type of surface.

In modern boilers significant
influence on the heat exchange
efficiency has a heat transfer
coefficient k, depending on the
nature of the material from flowing
around the tube processes. It has
the highest values in the clean
surfaces of the tubes.

In practice, the gases contained
in the ash particles fall in traffic on
the pipes and stick to them. They
have greatly reduced heat transfer
due to their low thermal conductivity
and heat transfer coefficient
deteriorated.

At the same time the process
water contains salts and other
impurities, forming scale inside the
tube, which also deteriorates heat
transfer. Under these conditions, gas
can no longer be cooled to the
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HarpeBHUTE NOBBbPXHMHU Ha KOTena OTBbH, U
OTBbTpE.

[MaponperpeBaTtenute Ha KOTNUTe ca
NOANIOXXEHNW Ha MNOCTOAHHOTO Bb3OeucTeue
Ha BUCOKW TemnepaTtypu WU HansraHus, kaTo
MPY MHOFO TEXbK pexum paboTn mMeTanbT
Ha n3xoda Ha naponperpeBartens, KbOeTo
TemnepaTypaTa My € Han-BUCOKa.

Mpn Temnepatypn Hap 450°C  npu
npoabikutenHa pabota B MeTana ce
nposiedBa OMacHO SBNeHue J1bJ13eHe"
(kpun), cbCcTOAWO cCce B GaBHO m

HenpeKkbCHaTO yYBeNUYeHne Ha anameTbpa U
N3TbHSABAHE Ha CTeHuTe Ha TpbbOuTe. Mpu
AOCTUraHe Ha onpedeneHn  CTOMHOCTU
CKOpoCTTa Ha Mbfi3eHe Ha MeTana

CTPpeMUTEeNnHO HapacTBa M Tpbbute ce
paspyluaear.

Eto 3awo, cneasa pna ce ocurypu
HagexaHata pa6ota Ha MeTana Ha

naponperpesaTenss M MNOAObPXAHETO Ha

TemnepaTtypata Ha nperparata napa B

HeobxooMMUTE TpaHUUKM Ype3 cregHuTe no

NO-4eCTO U3NOSI3BaHU NOAXOAM:

e perynupaHe Ha TemnepaTypata Ha
nperpsitata napa 4pe3 napooxnaguTenu;

* perynupaHe Ha TemnepaTypata Ha
3axpaHBallaTa koTena Boaa;

e perynupaHe Ha M3nMWbKa Ha Bb3ayX B
newiHaTa Kkamepa;

* M3Mnon3BaHe Ha 06X04HM ANMOXOAMN;

* MOYUCTBAHE Ha HArpeBHUTE MOBBLPXHUHU

OT 3aMbpCsaBaHUA U Op.

EduH om Hal-s8axHume  ¢hakmopu,
enusewu 8bpxy HadexOHama paboma Ha
napornipeepesamerns, € 4ucmomama Ha
HaepsieaHama My  roebpxHuHa. [loa-
ObpXKaHETO Ha 4YMCTa OT BbBHWHU ¢
BbTPELIHM  3aMbpcsiBaHUA M KOpO3us
HarpeBHa MOBbPXHUHA YyBenuMyaBa ObIIro-
TpanHOCTTa M nogobpsiea TonnoobmeHa B
naponperpesaTens.

3ambpcsBaHMATa U KOpO3usTa Ha napo-
nperpeBaTenHUTE HarpeBHM NOBBPXHOCTM ca
BbHWHM (OTKbM rasoBaTta CTpaHa) W

desired temperatura and leave the
boiler, carrying with it a considerable
amount of heat to the atmosphere.
This requires systematic and efficient
cleaning of the heating surfaces of
the boiler outside and inside.

Boiler superheaters are subjected
to continuous impact of high
temperatures and pressures, such
as in very heavy duty works metal at
the exit of the superheater, where
the temperature is highest.

At temperatures above 450°C in
continuous operation in the metal
occurs dangerous phenomenon -
"creep" (creep), consisting in a slow
and continuous increase in diameter
and thinning of the pipe walls. Upon
reaching certain values creep speed

metal rapidly increases and the
tubes are destroyed.
Therefore, to ensure reliable

operation of metal of superheater
and maintaining the temperature of
superheated steam to proper levels
by following a commonly used
approaches:

* regulate the temperature of
superheated steam through
desuperheater;

* regulation of the temperature of the
boiler feed water;

 regulation of excess air in the
combustion chamber;

* use of bypass ducts;

* cleaning of the heating surfaces
from dirt and more.

One of the most important factors
affecting the reliable operation of the
superheater, is the purity of the
heated surface thereof. Maintaining
a clean external and internal
contamination and corrosion total
heating surface increases the
durability and improves heat transfer
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BbTpeWwHM (OTKbM  napHaTa  CTpaHa).
BbHWHMTE 3amMbpcsaBaHuA ce onpeaensr
rmaBHO OT BMAA Ha M3MNOM3BAHOTO rOPUBO U
OT MbfiIHOTaTa Ha U3rapsiHETO My.

BbTpewHnte nOBbLPXHUHM Ha napo-
nperpesaTenHuTe TpbbU ca NOAMNOXEHU Ha
napoBodHa KOpO3ud, Bb3HWKBALLA MOpaau
npekute XMMUYHU peakuuu mexay
nperpstata napa u mMetana Ha TpbbuTte, B
pesyntat Ha KouTo ce  oOpasyBar
XapaKkTepHU MAbTHW OTnaraHusl, NpPeavmHO
OT JXXenesHn OKUCU W HaTpueBn COnn, C
YepeH LBAT.

CkopocTTa M WHTEH3UBHOCTTA Ha TO3MU
BMA KOpPO3Us 3aBUCAT OT KayecTBaTa Ha
MeTana W pexuma Ha paboTta Ha
naponperpesarens.

Han-pobpute npeanocTaBkn 3a
npeanasBaHe OT KOPO3us ca Ccb3dasaHeMmo
Ha 6nazonpusamHuU memrepamypHU yCroeus
3a paboma Ha Memana Ha mpwbbume u
u3ronsgaHemo Ha mpbbu om KayecmeeHa
cmomaHa.

Lenma Ha Hacmosiwjama paboma e fa
ce aHanusunpaTt HeobxoaMMuTe M3UCKBaHUA
npu onpegensHe Ha TeMmnepaTypHUS PEXUM
Ha YMCTUTE HarpeBHW MNOBBPXHUHU Ha
OCHOBHWUTE €fneMeHTM OT BOAOrpenHuTe
KOTIM M BOJOrpervHUTE  KOHTYpM  Ha
NapoBOAHUTE KOTNM C ornen m3bsrsaHe Ha
MOBBPXHOCTHOTO KMMEHE Ha TEeXHOMorMyHaTa
BO4aA B TAX.

3. ONPEOENAHE HA MWHUMAITHO

aonycCtTMuMmoTO  HEAOOHAIPABAHE

0O KUMNEHE HA BOOATA B KOTEJIA

Jluncata Ha WHTEH3MBHM OTNaraHus WU
HaKMM MO HarpeBHUTE MOBBLPXHMHM Ha
BOAOrPEVHUTE  KOTNW, Bb3HUKBALLM NpU
nosieata Ha  aBydaseH noTok U
Npean3BUKaHOTO nopaam TOBa
MOBBPXHOCTHO KWUMEHE, € BaXXHO YCIioBME 3a
ocurypsiBaHe Ha HaaeXxaHocTTa 7
MKOHOMWYHOCTTA Ha BOAOrPEVHUTE KOTNN
npw paboTa.

in superheater.

Dirt and corrosion of superheater
heating surfaces are external (from
the gas side) and internal (from the
steam side). External contamination
is determined mainly by the type of
fuel used and the completeness of
combustion.

The inner surfaces of the
superheater tubes are subjected to a
steam water corrosion occurring due
to direct chemical reactions between
the superheated steam and the
metal pipe, resulting in the formation
characteristic heavy deposits, mainly
of iron oxides and sodium salts, with
black.

The speed and intensity of this
type of corrosion depends on the
quality of the metal and the operating
mode of the superheater.

The best conditions for corrosion
protection are creating favorable
temperature conditions for the metal
pipe and the use of quality steel
pipes.

The purpose of this work is to
analyze the necessary requirements
for determining the temperature
regime of clean heating surfaces of
the basic elements of water boilers
and water heating circuits of steam
water boilers to avoid the surface of
the boiling process water in them.

3. DETERMINATION NOT THE

MINIMUM HEAT TO BOILING

BOILER WATER

The lack of intensity and scale
deposits on the heating surfaces of
water boilers, resulting in the
emergence of two-phase flow and
induced therefore boiling is essential
to ensure the reliability and economy
of water boilers at work.
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npeCMﬂTaHeTO Ha MUHUManHo
oonyctMuMmoTo HefoHarpAasaHe OO KUneHe Ha

.&:M
Bogata B KoTena wd | rapaHTupawo
nuncata  Ha MNOBBLPXHOCTHO KUMEHe Ha

TexXHonorMyHaTa Boga ce onpegensa no
cnepHarta emnupuyHa opmyna [2]:

0.2 0,8
¥

i~ 43,54

KbaeTo 43,5 e KoedpUUNEHT;

q - MakCUManHusaT  OTHOCUTEnNeH
TONMMHEH NOTOK, NMpMeMaH OT BbTpellHaTa
noBbPXHUHA Ha Tpb6aTa, W/m?, nonyyeH no
eKcnepuMeHTarneH nbT;

pW - MacoBaTa CKOPOCT Ha BojaTta B
Tpbb6aTa, kg/m?.°C, nonyyeHa  OT
XVAPaBANYHUTE NPECMATaHUS;

d — BbTPELWHNAT AnameTbp Ha TpbbaTta, m;

U - KoedUUMEHT Ha ANHAMUYHUSA
BuckoanteT, Pa.°C;

x - KOEULMEHT Ha TONSIONPOBOAHOCT Ha
BogaTa, W /( m2.K);

Pk, Prem - koeduuueHT Ha [lpaHgn 3a
BoAaTa, OTHECEH KbM TemnepaTypuTe Ha
BOAaTa U Ha CTeHarTa;

Cg — onuteH KoedUUUEHT, oT4yuTaLl,
HarpsiBaHETO Ha pasnuyHuTe obpasyBalin
Ha TpbbaTa B 3aBUCMMOCT OT bIbfla UM Ha
OTKIOHEHNE OT BEPTUKANHOTO MOMOXEHNUE;

> 3a BepTukanHa Tpbvba Cg = 1,0, a 3a
HaknoHeHa Tpbba Cg MOCTENEHHO ce
NPOMEHS;

» NpU XOPU3OHTaNHO MOJSIOXEHNe U 3a
ropHata obpasysawa Cg= 1,24, a 3a
pAonHata obpasysawa Cg = 0,5.

Uy
CTonHocTUTE Ha “w moraT pga ObpoaTt

onpegeneHn wn rpaguyHo - no cwr. 1,
nocTpoeHa C nomouwTa Ha u3pasa (1) 3a
Tpbbn c guameTpu CcbOTBETHO (P83x3,5,
$60x3, Pp32x3 1 Pp28x3, Han-4ecCcTo ynoT-
pebsBaHM 3a paguauVoHHU N KOHBEKTUBHU
HarpeBHW MNOBBPXHMHM BbLB BOLOrPENHUTE
KoTnu, npu Temnepatypa 130°C.

W)™ T,

The calculation of minimum not
heat to boiling the water in the boiler

TrdlLH
w | guaranteeing the absence of

surface boiling process water is
defined by the following empirical
formula [2]:

0,104
:r.l.'l't [
o ®

where 43.5 is a factor;

g - maximum relative heat flow,
taken from the inner surface of the
tube, W/m?, obtained experimentally;

pw - the mass flow rate of the
water in the pipe, kg/m®.°C, obtained
by hydraulic calculations;

d — internal diameter of the pipe, m;

u - coefficient of dynamic viscosity,
Pa. °C;

Ax - thermal conductivity of water,
W /(m2.K);

Py Prem - Prandelli factor for water
relative to water temperature and the
wall;

Co - experienced factor
considering the different heating tube
formation depending on their angle of
deviation from the vertical position;

» vertical pipe Sp = 1.0 and for
inclined tube toB gradually changed,;

» Horizontal polozhenii and upper
forming Sp = 1.24, and for the lower
forming Sp = 0.5.

The values of 425" can be
determined graphically - in Fig. 1, built
by means of the expression (1) for
pipes with diameters of respectively
d83x3,5, P60x3, Hh32x3 n P28x3,
most commonly used for radiation and
convective heating surfaces in water
boilers, at 130 ° C.
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dur. 1. OnpegensiHe Ha rPaHNYHUTE PEXUMHU NapaMeTpy Ha BOAOIPEEH KoTen B
3aBUCMMOCT OT MMHMMAnHO AOMNyCTMMOTO HedoHarpsiBaHe OO0 KUMeHe Ha BoaaTta B

&M

KoTena — wid
Fig. 1. Determination of the border regime parameters of the boiler depending on the

minimum permissible not heat to boiling the water in the boiler Ny
a) npu p83x3,5; 6) npu p60x3; 8) npu p32x3; &) npu ¢p28x3

On DeaeneHnTe no 13pasa (1) cTtonHocTn Defined by the expression (1)
3a Laed onpeaenar CbBKYMHOCTTa oT values %2 determine the range of
rPaHNYHN pexnuMHN napameTpu Ha kotena border regime parameters of the boiler
(Temnepatypa Ha Bogata Ha wu3xopa oOT (water temperature output from the
kotena - L, HanmsraHeto B KoTena- fx, boiler - £ , pressure boiler - P water
pasxogja Ha Boda nmnpe3 KoTena- Geu consumption in boiler - G; and
TOM0NPoON3BOAMTENHOCTTA - Q), toploproizvoditelnostta - Q), providing
ocurypsisalln nuncata Ha MNOBBPXHOCTHO the absence of surface boiling water
kuneHe Ha  BOodaTa B HaW-Tonso- warmest strained his heating surfaces.

HanperHaTutTe My HarpesHU NOBbPXHUHN.
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4. ONPEAENAHE HA TPAHUYHUTE

PEXXMMHU NAPAMETPU HA KOTEJA
4.1. MakcumanHo donycmuma
memnepamypa Ha eodama Ha

N 1AQNS

u3xoda om komena x

HeHagBuwaBaHeTo Ha  MakcumarHo
gonyctumarta TemnepaTypa Ha BogaTta Ha

£ Mane
n3xoga oT KoTena ¥ ocurypssa

npeaoTBpaTsBaHETO  Ha  MOBBbPXHOCTHO
kKnneHe. To ce onpegens no uspasa (2) B
rpagycu no Lensun [1]:

W AN

i

KboeTo tnpeazts*&fﬁi € MakcumarnHo
gonyctumarta TemnepaTypa Ha Bopata B
TennoHanperHartata HarpeBHa MNOBBbPXHUHA,
°C:

ts — TemnepaTtypata Ha KuneHe Ha
Bogarta, OTHECeHa KbM HEWHOTO HansraHe
Ha u3xoga ot koTtena, °C;

dt — TemnepaTypHWAT rpagveHT Ha
npecmsitTaHaTa HarpeBHa MNOBbPXHWHA, °C,
npuemMa ce no eKCnepuMeHTanHn OaHHu;

Dt - TemnepaTypHUAT TrpagueHT Ha
Bogata MO HarpeBHUTE MOBBLPXHMHU Ha
KoTena, pa3nosioXXeHu 4o npecmsaTaHara, °C,
npuemMa ce no TOMMMHHOTO MpecMsTaHe Ha

koTena.
CtonHoctTUTEe Ha tpeo 3@ peanHus
AnanasoH Ha M3MEHEeHMe Ha HanAraHeTo Ha
ALY

BO4aTa [0 KoTerna U B 3aBMCMMOCT OT “— wed
Morart ga ce onpefensrt rpadguyHo (Pue. 2).

4. DETERMINATION OF BORDER
CONTROL PARAMETERS OF
THE BOILER
4.1. Maximum water temperature

WS

output from the boiler &

Exceeding the maximum
permissible temperature of the water

output from the boiler & provides
prevention of surface boiling. It is
determined by the expression (2) in
degrees Celsius [1]:

by = nped'dt'l' Dt; (2)

Where  thpes = e is  the
maximum permissible temperature of
the water in a heating surface
teplonapregnatata, °C;

ts — the boiling point of water,
relative to its output pressure by the
boiler, °C;

dt — the temperature gradient of the
calculated total heating surface, °C, it
is assumed in the experimental data

Dt - temperature gradient of water
in the heating surfaces of the boiler
Situated on to the calculated, °C, it is
assumed in calculating the heat of the
boiler.

The values of t;es the real range
of pressure water to the boiler and
dependencies 423" can be determined
graphically (Fig. 2).
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Fig. 2. Determination of the maximum water temperature at the outlet of the boiler
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4.2. MakcumasiHa monsionpou3eo-
dumenHocm Ha Komena Q

CtonHoctute Ha MakcumarnHaTta
TONSIONPON3BOAUTENHOCT Ha KoTena Q ce
onpegenaT OT MaKCUManHusi OTHOCUTENeH
TOMSIMHEH MNOTOK B HaW-TOMMoOHanperHartarta
HarpeBHa NOBbPXHUHA.

4.3. Pa3x00 Ha komsioeama eoda Gg

CtonHoCTTa Ha pasxoga Ha KoTroBa
Boga Gz CbOTBETCTBA Ha MacoBaTa CKOpPOCT
B Han-TAcHaTa Tpbba.

5. 13BOAU

1. KaTo npepgnoctaBka 3a npegnasBaHe
OT MapoBodHa KOpoO3us MOXe fJa ce
cb3gagaT  GnaronpusiTHM  TemnepaTypHu
ycrnoeusi 3a paboTta Ha MeTana Ha Tpbbute u

4.2. Maximum heat output of the
boiler Q
The maximum heat output of the
boiler Q is determined by the
maximum relative heat flow in the
most intense heat a heating surface.

4.3. Consumption of boiler
water Gq
The value of the boiler water Gg
corresponds to the mass flow rate in
the narrowest tube.

5. CONCLUSIONS

1. As a prerequisite for the
prevention of steam water corrosion
can create favorable temperature
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M3NON3BaHeTO Ha TpbOM OT KayecTBeHa
cToMaHa.
2. 3a rapaHTupaHe Ha HeobGxogumaTa

HadeXOHOCT Ha BOAOrpPerHuUst KoTen e
Heo6xoanumMo aa ce MUHUMU3NPA
oTPULATENHOTO BINUAHNE Ha

NMOBBbPXHOCTHOTO KUMEHE Ha TeXHOoMNorMyHaTa
BOOA BbpPXy TemnepaTypHUTEe YCnoBusi 3a
paboTa Ha meTana Ha TpbbuTe.

3. Mpu npeBuwaBaHe Ha peanHuTe
CTOMHOCTM Ha TemnepaTypaTa Ha BojaTa
ﬁ.'.'.i'dﬂ?{ﬂ
Hag “x e NPenopbUYNTESTHO:

* [3non3BaHe NpeaMMHO Ha KOTMW C
razoo6pasHO ropuBo;

= M3BbpLiBaHe Ha
HEN3UCKBALWLM  OCHOBHMU
TpbOHUTE NakeTw;

= OrpaHuyaBaHe Ha TONIoNpPoM3BOAN-
TENHOCTTa Ha KOTnuTe, T.€. BBPXOBOTO
HaToBapBaHe [a Ce Mnoema OT Bb3MOXHO
Han-ronsam 6pon ycTaHOBEHW arperaTu;

= [Npu ekcnnoatauuaTa Ha KoTena Aa
ce nogabpka pasxoda Ha KOTnoBa Boga He
No-mManbK OT HOMUHASTHUS;

= [la ce BKMoYaT BOAOrPENHUTE KOTIN
B TOMNNIMHHATA MpeXa npes TonnoobmMeHHMLM
BOOa-BOAA.
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conditions for the metal pipe and the
use of quality steel pipes.

2. To ensure the necessary
reliability of the boiler is necessary to
minimize the negative impact of
surface boiling process water on

temperature conditions for metal

piping.
3. Above the actual values of the
EHM:?M

temperature of the water above *“x
is recommended:

« Use of boilers mainly gaseous
fuel;

« Perform activities that do not
require major changes of tubular
packages;

 Limiting warm performance of
boilers, ie peak load to be borne by the
largest possible number of established
units;

e During the operation of the
boiler to maintain fuel boiler water not
less than nominal;

« To include water boilers in
thermal network  through heat
exchangers water-water.
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1. BbBEOEHUE

[wnarHoctukaTa Ha TEXHNYECKOTO
cbCTOsiHME Ha obopyaBaHeTo Ha  raso-
cHabaguTenHuTe cuctemmn TpsAbBa pga ce

M3BbPLLBA Ype3 U3MbIHEHNE HA KOMMMEKC OT
Hay4YHO-TEXHUYECKU OENHOCTU U ornpegernsHe
no pesyntatute OT THAX Ha CbOTBETCTBUATA
(Mnn HecboTBETCTBUATA) Ha 0BOpyaBaHETO C
N3NCKBaHUATa crnopeq aencreawmre
HOpPMaTUBHM [LOKYMEHTU W pecypca Ha mno-
HaTaTblHaTa My 6e3onacHa ekcnioaTauus.
HwvarHoctunkarta Ha TEeXHUYECKOTO
CbCTOSIHME Ce npoBexaa no onpeaeneHa
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METHODOLOGICAL ASPECTS IN
TECHNICAL STATE OF GAS

Assoc. Prof. Eng. Ivan Lazarov

1. INTRODUCTION

Diagnostics of technical state of
equipment of gas supply systems
must be done through the
implementation of complex scientific
and  technical activites  and
determination results of matches (or
mismatches) of the equipment with
the requirements according to the
current regulations and resources of
its further safe operation.

Diagnosis of technical condition
should normally follow a program,
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