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Tumeituyk 0. 0., K.T.H., poueHT (HauioHanbHUIN yHiBEPCUTET BOAHOIO
rocnogapcTea Ta NPUPOOOKOPUCTYBAHHSA, M. PiBHe,
v.z.kochmarskii@nuwm.edu.ua)

BIAKJIAOEHHS Y BOOOIMPIMHUX KOTNAX TA IX HACNIAKMU

AHanisywTbca npobneMm ekcnnyaTauii KOTeJIbHUX YCTAaHOBOK,
30KpeMa BOAOrPiMHMX KOTAIB, WO NOB'A3aHi 3 YTBOPEHHAM KapO6oHaTt-
HUX Ta KOMGIHOBaHMX BigKNaAeHb 3 BOAHOI CTOPOHM iX TPYOHUX cuCTEM
(TC). DocnipxyoTbcs yMOBM, 32 SKMX YTBOPIOIOTbCA BiAK/NaAeHHsS Ha
TC B KoTnax HaBiTb NpM WTaTHIN pob6oTi cuctem BoponiaroToBku. Oui-
HIETbCA KoedillieHT TennonpoBiAHOCTI BiaKNaaeHb 3 BpaXyBaHHAM IX
peanbHOI CTPYKTYpU. [locnig)KyeTbca BNNB BigKNaaeHb Ha KoediuieHT
Tennonepepadi TC.

KnwuoBi cnoBa: BoporpiitHi Kotnu; Tpy6Hi cMcTeMu; CTpyKTypa Bi-
AKNaaeHb; TeNNONPOBIAHICTb; KoedilieHT Tennonepepaui.

Beryn. lpu ekcnnyaTauil KOTeNIbHUX YCTAaHOBOK, 30KpemMa BOAOr-
PIMHMX KOTNiB, 4YaCTO BUHMKAOTb NpobaemMu NoB'a3aHi 3 yTBOPEHHSM Ka-
pboHaTHMX BigkNageHb 3 BOAHOI CTOPOHM TX Tpy6HOI cuctemn (TC)
(puc. 1). BigknapeHHS TaKoi TOBLUMHW Ta CTPYKTYPW, SIKi MOKa3aHO Ha
puc. 1, yTBopunucsa BnponoBx 6aratbox (3-5) ce3oHiB ekcnnyaTauii cuc-
TEMU TEMNI0MNOCTAYaHHS.

lNepeBa>kHO BOHW He XapaKTepHi NpY PerynsipHMX YNCTKaxX i rpamo-
THiN ekcnnyaTtauil. lNpoTe, poTorpadii NOKa3yTb A0 AKOro CTaHy MOXHA
AOBECTU TPYOHY CUCTEMY KOTIB Ta MEPEXI | € NPUKIA[OM TOr0, YOro po-
6MTM He MOXKHa.

3aBAaHHA:

1. ocnignuTtn, 3a AKMX yMOB YTBOPHWTbLCSA BigkNageHHs Ha TC B
KOT/lax HaBiTb NPM WTATHI poboTi cucTemM BOOONIArOTOBKM.

2. OuiHnTM KoediuieHT TennonpoBIAHOCTI CTIHKM TPYBKM NOKpUTOI
BiAKNAAEHHAMM 3 BPaxXyBaHHSAM IX peanbHOI CTPYKTYpPW.

3. BusHauutn Bnnue BigknageHb Ha KoediuieHT Tennonepepadi
(KNT) Tpy6Hoi cuctemn (TC) KoTnis..
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1. YMoBM BuAiNeHHs BiAKnageHb NpM WTATHIN poboTi cuctem
OYUCTKU

Baunmo 3 puc. 1, wo BiAKNaAeHHS MalTb LAPYBaTy CTPYKTYypY.
3HU3Y WinbHi KapboHaTHI, 330BHIi — NOPMUCTI opraHokap6oHaTHi. o6 y
BOAHOMY cepefoBuLLi yTBoptoBanucsa kapboHatHi (CaCOs) BiaknageHHs,

HeobXxiaHe BUKOHaHHSA Kinbkox ymoB [1, C. 140]:

Pwuc. 1. Pe3ynbTaT yTBOPEHHS BifK-
napeHb Ha TC koTnie. JliBe ¢oTo,
TpyOKa nicnsg 4-x onantoBanbHUX
Ce30HiB, NpaBe — NicAsA XiMi4yHOT
OYMCTKW NPU NIAroToBLi 0,0 HOBOro
Ce30Hy

-y BOAi NOBUHHA ByTW NeBHa KOHLUEHTpaLia ioHiB Kanbuito Ca? Ta
Kap6oHaTHux ioHiB CO;%;

- pOBYTOK X aKTUBHMX KOHUeEHTpauin (X) noBuHeH 6yTn Binblunm
Bif [0BYTKY po3unHHOCTI, To6T0 (Ca?*)-( CO3%) > Lcacos;

- WBMAKICTb pyxy Boaun B Tpybkax TC noBUHHA BTN MEHLLOK «3MU-
BHO» [2, C. 63], Takol Npu AKiN CUAK TiGPOMEXAHIYHOrO TepTa 3MUBAKTh
3 NOBEPXHi TPYOOK BiAKNAQEHHS, AKi LLOVNHO YTBOPUIUCS.

MNpu HopManbHiM poboTi CUCTEMU NOM'SIKLWLIEHHA BOAW MiAXKUBNEH-
HSl, SIKa KOMMEHCYE BTPATU BOAWN B MEPEXi Ta KOTNAaX, 30iNblLIEHHS KOH-
LEeHTpaUil iOHIB KanbLilo MOX/NBE NUEe BHACNIOOK PO3MUBAHHSA BigK-
NnajeHb B MEPEXi MPU HUXKYIM TemnepaTypi Ta ix ocagxeHHs Ha TC koT-
Na, KA 3HAX0AUTLCS NPU BULLINA, OCKINIbKU LMPKYNSUinHA MepexxeBa BO-
A HE OYMLLAETHCSA Bif «iOHIB PO3MUBAHHA».

K BXe 3rapyBanocs, i iHiuiloBaHHSA BUAINEHHA TBEpOoro Kap-
6oHaTy KanbLito HeobxiaHo, Wob iHaeKc caTypauil (HacuyeHHs) Meperke-
BOI Ta KOT/I0BOI BOA, 33a[4A0BOJIbHSB YMOBY,

(Ca™(»)-(CO% (1)) " (1)
LCaCO3(t)

OUiHMMO KOHLEHTpaLilo iOHIB Kanbuilo AOCTATHIO AN YTBOPEHHS
BigK/IaAeHb, NaM’'ATaOuK, WO nNicnsa ¢iNbTPiB NOM'AKLWEHHS BOOU KOHLeE-
HTpauifa ioHiB Kanbuito MeHwa Hixx 0,1 mr/am® (5 mkr-eks/am?3). Mpuinme-
MO, WO iHAeKC caTypauil Sl = 5, uboro gocTtaTHbO, Wo6 Ha BOAHIN MnoBep-
xHi TC koTna Bupinaecs ocag TBepaoro CaCOs;. 3a TeXHIYHUMM xapaKTe-
PUCTUKaAMN CUCTEMM BOOOOYMCTKU KOHLIEHTPaUis ioHiB KapboHaTy B
oyunLleHin soai He 6inbwa 3a 0,2 (Mr-eks)/gm3, abo 6 Mr/gm3. 3a Takux

SI(t) =
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yMoB 3a (1) po3paxyeMo aKTUBHY KOHLeHTpauito ioHiB Ca?, gocTaTH
ans yreopeHHs CaCos.
(Caz+): LCaco3 (t)'SI(t)- (2)
(coz (1))

Pe3ynbTaT po3paxyHKy NoKa3aHWM Ha puc. 2. 3 pUCYHKa BUMNJIMBAE,
wo npu temnepatypi 70°C, sky mae Boga B TC KoTna, LiIKOM MOXunBe
BUAINEHHA KapboHaTy Kanblis BXe NpuU KOHUEHTpauil Wnoro ioHiB
50 MKr/am3, Wwo i cnocTepiraeTbca Npu poboTi KOTNIB.

3anexHicTb iHOEeKCYy caTypauil Boau wWono kKapboHaTty KanbLiio Big,
TemMnepaTypu BU3HAYaETbCH KiNbKOMa daKkTopaMu. 30KpeMa, cepes HUx
HaWBaXNNBILWi TaKi:

1. 36iNblWIEHHSA KOHCTAaHTX Aucouiauil BYrifbHOI KMCNOTU ApPYroro
CTYneHs npu HarpieaHHi Boau. MNpu t< 70° C uen npouec ige Tak:

2HCO; > CO3* + CO21 + H-0.

2. 3HMKeHHA po3ymHHocTi CO; npu HarpiBaHHi BOAM.

TakuM 4ynHOM, B pe3ynbTaTi HarpiBaHHSA BOAW PIBHOBAXKHi peakuil
BiAMNOBIAHO A0 PiBHAHHSA (3) 3MilLyOTbCA BNPaBO | KOHLEHTPaLia Kapbo-
HaTHoro ioHa COs* cTae [OCTaTHLOK AN CTBOPEHHS MepecUyYeHHs LWoao
CaCOs.

12(Ca”"), mr/m’

Puc. 2. 3anexHicTb aKTUBHOT KOHLe-
HTPaLiT iOHIB KanbLito, W0 HeobXigHa
onsa suaineHHs teepaoro CaCoOs, Big
TeMmnepaTypu BOOHOro cepeaoBuLla.
Kpueum 1...5 Bignosigatots Sl =1...5.
| AkTBHa KoHueHTpauis COs%
npunHata 6 mr/am®

0 10 20 30 40 50 60 7

MepeBaXkHO NpobiieMa 36iNblieHHSA KoHUeHTpauil ioHiB Ca?* Ta COs*
noHag KpuTuuHy (S| > 1) BUHMKaAe B pe3ynbTaTi He3a[oBiINbHOI Po6oTU
BOAOOYMCHOro 06n1afHaHHA, abo y TakMx BUNagKax:

1. Tlpu nogadyi Ha BOJOOYMUCTKY BOAU B KiIbKOCTI, AKa NepeBuLLYE
11 NPOAYKTUBHICTb.

2. [Npu HesKicHIN pereHepaLil ¢inbTPiB, YN BUYEPNaHHI X iOHO06-
MiHHOI EMHOCTI.

3. [puv nigCMOKTYBaHHI B MEPEXKY HEOUYULLLEHOT BOAMW.

4. BHacnipok 3abpyaHeHHA MepexeBol BOAM MPOAYKTaMU Po34n-
HEHHS BigKMageHb i BIACYTHOCTI Tl MOM AKLIEHHS.

Mpn nogayi B Mepexy o4nLLEeHOl HEHAaCNUYEHO! BOOM BOHA PO3YMHSE
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BiAKNaAEeHHS | NepeHoCUTb IX B 30HY BUCOKMX TeMnepaTyp, wo € B TC.
OCKiNbKW PO34YMHHICTb KapboHATHUX cnonyK 3i 36inbWEeHHAM Temnepa-
TYPW 3HWXKYETBLCS, TO BOHU BULINATLCSA Ha BOAHIM cTopoHi TC.

2. TennonpoBiAHICTb CTPYKTYPOBaHUX BiAKNaAeHb

TennonposigHicTb BigknageHb y 30-40 pa3 Huxk4a Big KoTnosoi CT-
20, TOMY HaBIiTb IX TOHKUN Wap = 1 MM MOXe 3MeHLWMUTH KoedilieHT Ten-
nonepepayi TC manxe y ABivi, Wo Npn3BOAUTL 00 NiABULLEHHS TeMMepa-
Typu 30BHiI TC Ta BUXigHMUX rasie. Mo)XHa NoKas3aTu, WO 3aNeXHICTb eKBi-
BaNeHTHOro KoediuieHTa TennonposigHocTi A(x) caHaBiva, Wwo cknapa-
€TbCA 3 MaTepiany TC ToBWMHOW A i TennonpoBigHicTo Ar Ta BiAKNaneHb
— TOBLUMHOMK X 3 TEMJIONPOBIQHICTIO A AAETbCSA GOpPMYNoL0,

Ae (X)ZXCT-[I—}—ij.[]—&-i.&j . (4)
A A A,

3 puc. 1 6aumMMo, WO BigKNaOeHHS MalTb WapyBaTy CTPYKTypy [3,
C. 23], ToMy BU3HaunMoO, AKMM byae KoedilieHT TenaonpoBigHOCTI ¥ UbO-
My Bunagky. lNpu nocnigoBHOMY HakMlafaHHI KilbKOX LWapiB BiaKnaneHb
Pi3HOI CTPYKTYPU 3 Pi3HUMU TEMNJIOBMMM OMOPAMU iX EKBIBANEHTHMI oNip
piBHUI
. A, - (5)
R, = Zii—; Tozi xezi
iki
Hanpuknapg, Ha puc. 1, ans wapy BiAKNaAeHb, SKUN CKNAQAETLCA 3i
WwinbHoro Kap6oHaTy Kanbuito (Wwap, Wwo Npuasrae [o CTiHKKM Tpy6Ku)
Aet = 3 B1/(M'K) ToBWMHOW 1 MM i mopuctoro (30BHilWHbLOMO LWapy)
As2= 0.9 Bt/(M'K) TaKoi XK TOBLUMHU, OTPUMYEMO NMPU TOBLUMHI CTIHKU Tpy-
6k 1 MM Ta il Ar= 54 BT/(M'K) BenuunHy ekBiBaneHTHoro KoediuieHTa
TennonpoBiAHOCTI

A, A A A, A 3. . :
hey = P2 Zl AT IEAT IS _ 3-3-09-54 :2.05BT/(M‘K)
25 Ay +A, A, +A-A, 3:09+09-54+3-54
i>"i

3ayBaXKMMoO, L0 eKBiBaNIEHTHUN KoedilieHT Tennonepepadi wapy-
BaTOl CTPYKTYPU B HAWOMYy BUMAAKY PiBHUNA Aee/3A = 680BT/(M2K) i
MeHLWwun Big HanMeHworo 3 KTMN Ag/A = 900 Bt/(M?K).
TennonpoBigHICTE NOPUCTOrO LWApPY BigKnageHb 3 NPUMHATHOK TO-
YHICTIO MOXKHa po3paxyBaTu 3a ¢popmynot Makceenna,
. 2h,, T >Lc-21‘l-(xm-hc).>L , (6)
At (k)
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abo 3a cnpoweHo popMyno

)\EKB= (1 - I-I)')\TB+ n')\c. (63)
A+, Ac— TennonposigHocTi TBepanx YactuHok CaCOsi cepeposuia (sogn)
B IKOMY BOHM 3HaxoasaTbes; 1 — mopuUCTiCTb CTPYKTYpM.

MNopiBHAEMO OUIHKM BEJIMMUHU €EKBIBaNIEHTHOI TEMJIONPOBIAHOCTI
MOpPUCTOI YaCcTUHW Wwapy Ha puc. 1 3a dopmynamu (6) Ta (6a), npunmato-
un, wo A= 2.8 Bt/(M'K), A. =0.7 Bt/(M'K), M = 0.45, Toai oTpumyemo gns
(6) 1.7 Bt/(M"K), a 3a (6a) 1.85 B1/(M'K). Baunmo, wo noxmbka He nepe-
BULLYE 8% i 3 TAKOK TOYHICTIO MOXKEMO A5 PO3PaxyHKIiB BUKOPUCTOBY-
BaTM dopmyny (6a).

3. KoediuieHT Tennonepepnaui TC koTtna 3 BigKnageHHAMMU

Mpunmemo, wo TpybHa cuctemMa BOOOrpiMHOro KOTia CKNaAaeTbCs
3 Habopy N ogHaKoBUX TPYBOK 3 BHYTPIlWIHIM AiaMeTpoM (12-50) MM i go-
BXXUHot L. 3a Takmx yMmoB KTI1 ogHiel 3ab6pyaHeHoT Tpy6KM MOXKHa npumb-
JIN3HO NPeAcTaBUTU K
B, , (7)
B LY
(11 (12 cT
e i1 — nonpaBKa, siIka BPaxoBYE HEPIBHOMIPHICTb MONA LWBUAKOCTEN B
npoxiaHoMy nepepisi; npunmaetecsa Bq = 0,92...0,95, nepeBaxHo 0,92; ai,
0y — KoedilieHTN Tennosigaayi 3 BOrHeBOI Ta BOAHOT CTOPiH; Ocr, Acr — TO-
BLUMHA Ta TEMNIOMNPOBIAHICTb CTIHOK TPYOKM KoTna; R, — TepmivyHui onip
BigknageHb (3a6pyAHEeHb) Ha CTiIHKaX TPYBKM.

Bupas (7) nepenuwemo y BUrNA4i, AKUA O03BONSE NpoaHanisysaTtu
BnauB 3abpygHeHb Ha KTl Tpybok KoTnis

k- 1;3 Dy o B, . (8)
b W.R?’ ‘ 7+L+£
(ll (12 cT

ko — KTI yncTol TpybKmM KoTNa.
Matoum (8), MoxkHa 3anucaTu npubnusHy dopmyny gna KTM koTtna

K (9)
K =Yk =—— 0 ¢
3 Z : k,
1+ %R
3
1
Ko — KT uncrtoro kotna.
BcTaHoBuMO 3B'A30K Mix Ko Ta ko. [1ns LbOro BUKOPUCTAEMO piB-

HAHHA ON4a NOTOKY Tenna
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Qr = K'S*Ati, = N's'k*Aty,, ockinbkn N = S/s, 1o K = k i popmyny (9)
MOXXeMO NpeacTaBuUTU y BUTNSAAI
-1
K :B1'£+8_3 . (10)
> K Ay
Baunmo, wo KTl 3abpygHeHoro Kotna obepHeHO 3aneXxuThb Big Be-
NUYMHU TENNOBOro OMopy LWapy BigknageHb Os/A; Ha Tpybkax Ta Big KTl
yuctoro kotna Ko. Npuyomy, wo6 3abpyaHeHHa BnnmBanun Ha KTI koT-
na, noTpi6HoO, Wobyn BeNYMHM A0LAHKIB Y 3HaMeHHUKY (10) 6ynu cniBmi-
PHUMMW.
Po3paxyHok KTI1 3abpyaHeHOro Kotna 3aneXHo Bifg KoedilieHTa
TENJONPOBIAHOCTI Ta TOBLUWHM BiAKNaAeHb MOKAa3aHo Ha puc. 3.

3000

2500
3 Puc. 3. 3anexHicte KT Tpy6HOT cuc-
TeMW BOOOrpiNHOro KoTna Bifg ToB-
WMHKM BigknageHb, 3 MM. Kpuei 1...5
BipnosipatTb KTI KoTna 3 Biakna-
OEeHHAMU 3 KoedilieHTOM Tensionpo-
i BigHocTi B=1, 2, ... 5BT1/(M-K). KO =
0 dpMM 2640 Bt/(M2K)

10

2000

1500

1000

3 puc. 3 BuUNIKMBAE, WO BigKNageHHA TOBLWWHOW 1TMM npwu
As = 1 B1/(M°K) 3HMkytoTb KTI KoTna Ha 36%.

[Ons NpakTUKM 3py4yHO BBECTU BEINYMHY, LLO XapaKTepH3y€e CTaH
3abpyAHeHHs KOT/1a, NO3HA4YMMO 1T K @ — KoeilieHT 3a6pyAHEHHS.

-1

= KOK' K. KE zRg‘&‘(l + §.R3J ; K=K,-(1-9).

0 0 Bl 1

BenunuunHa koediuieHTa 3abpygHeHHs ¢ Bu3Havae KK[, Bopgorpin-
HOro KoTna, To6TO Moro TenJIOBi BTPATh Ta SlorapudMiyHMin nepenapg Te-
mnepaTtyp B TC koTna. MoxkHa nokasaTu, LWo

Atln3 :%' (1 2)

1-¢
3 (11) 6aunmo, wo npu ¢ —1 KTIM koTna npsMye 4o Hyns, a nepe-
nan temnepaTyp Ha TC, aus. (12), no 6e3mexHocTi. 3 (11) TakoXx BUNAKN-
Ba€, W0 KoegilyieHT 3a6pyAHEHHs NPONOpPUIMHUIA A0 TEPMIYHOro onopy
BiaknapeHb Ta 0o KTI yuctoro kotna. Tob6To, YNM edDEKTUBHILLMIA KOTEN

(11)

¢
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(Binbwwun KTM), TMM BiH YyTnMBIWWA 00 3abpydHeHb. |HaKWwe Kaxkyuw,
HoBi KoTnKn 3 BucokuMm KTI 6inbw yyTnmei [o 3abpydHeHb HiX cTapi.
Binblwe TOro, Ma4mn He3anexHi BUMipIOBaHHA (P Ta NOYATKOBE 3HAYEHHSA
KTl pns yucToro KOoT/a, MOXXHa BU3HAYNTU TEPMIYHUIA ONip BiAKNALEHD i
onocepenKoBaHO CyAUTU NPO IX TOBLUMHY.

BucHoBku

1. Mpwn TpuBanin poboTi KOTNIB Ha IX MOBEPXHi Tensonepeaadi Ha-
BiTb NpM WTATHIN poboTi BoooniarotoBku, GopMytoTbCca BigknaaeHHs. Lie
NMoB'A3aHO 3 3aNexHicTio po3umHHocTi CaCOsBig TeMnepatypu. Mpu nig-
BULLEHHI TemnepaTypu po34nmHHicTb CaCO; 3MeHwyeTbca. PopMytoTbCs
BiAKNageHHs y ABi cTapil. Ha nepwin Ha noBepxHi TpybOK BUHUKAKTb
OKpeMi «OCTpIiBUIB», AKi 3 4YacOM 3'€QHYIOTbCSA | LEMEHTYITbCS BigKna-
AEHHSMUW Pi3HOI NPUPOAKN, B TOMY YMUCAI | 3aNi300KUCHUMU, HOpMYOUM
CYLiNIbHUM CTPYKTYPOBAHMW LIAp.

2. nsa MminiMi3auil BiaknageHb BOOONIArOTOBKY CMifg po3paxoByBa-
TV Ha cepefHK TemnepaTypy Boau B Tpybkax kKoTtna. [lpote HeobxigHO
MATX Ha yBa3i, WO B Mepexi 3aKUCNEeHHS BOoAM NPU3BOAUTL A0 KOpO3il
obnagHaHHA. [1na nonepen)XeHHs HacNigKiB pO34YMHEHHSA BigKNaAeHb B
MepeXxi Boay NoTpibHO NepiogMyHO NOM AKLIYBATMW.

3. TennonpoBigHicTb BiAKNaAeHb Ha OAMH-ABA NOPAAKN HUXKYA Bif,
TennonposigHocTi Matepianie TC, TOMy HaBiTb TOHKUI LWap BigKnageHb
3Hmxye KTM kotna (Ha 30-50%) i cytTeBo BNAnBae Ha noro KK/,

4. 3HmxeHHsA KTI npn3BogMTh 40 ABOX MOX/IUBUX HaNpPsAMKIB po3-
BUTKY CUTyau,il:

- Nepwunmnm — 3HMXKYETbCA TeMnepaTypa Harpisy Bogu i BiAnNoBigHO
3pocTaEe TeMnepaTypa BUXIAHMX rasis;

- BOAOIPIiMHI KOTNK, SIKi CNopaOXeHi aBToMaTamu ctabinizauii Tem-
nepatypu HarpiBy, wo6 nigTpuMaTu ii cTanow, 36inbWwyTe Nogady na-
NMBA, 3pOCTalOThb BTPATH TeNa 3 BUXIAHMMW ra3amu i 36inbLIyeTbcs Ten-
noeun Hanip Ha TC KoTna, wob nobopoTn 36inbweHU Tennosum onip TC,
NOKPUTOI BigKNageHHAMMN.

5. 3 Bupa3y ons KoediuieHTa 3abpygHEHHS BUNJIMBAE, WO KOTAU 3
BucokuM KT ocobnueo yytnmei wopo 3abpyaHeHHs ix TC. 3ayBa)kumo,
LLIO CaMe TaKMMMU € CYYaCHI BOOOIPiNHI KOTAWN.

6. 3a yMoBM cTabinbHOI Nogayi Tenaa cnoXuneavam cuTyauia nepe-
Ba)XHO PO3BMBAETLCA 33 APYrMM HanpsMKoMm. HacnigkoMm uboro € nepe-
nan nanuvea i 3HWXKEHHS eKOHOMIYHOCTI pob60TM KOTeNbHIi BHAcNigoK 36i-
NbLUEHHA NMTOMUX 3aTpaT NanmMBa Ha reHepawito KopucHoro Tenna. Kpim
LUboro, NigBULEHa BUTPaTa NannBa NpM3BOAUTb A0 36inblUeHHS BUKUAIB
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DEPOSITS IN HEATING BOILERS AND THEIR CONSEQUENCES

The problems of operation of boiler installations, in particular
hot water boilers, which are connected with the formation of car-
bonate and combined deposits on the water side of their pipe systems
(PS) are analyzed. The conditions, under which deposits are formed on
the vehicle in boilers, even during the regular operation of water
treatment systems, are studied. The coefficient of thermal conductivi-
ty of deposits is estimated taking into account their real structure. The
influence of deposits on the heat transfer coefficient (HTC) of the pipe

64



@ BicHuk
HYBI'nM
system of boilers is investigated. It is shown that during the regular
operation of water treatment, deposits on the vehicle can be formed
due to their erosion in the network and re-allocation on the pipe sys-
tem of the boiler in the area of elevated temperature.

Preferably the deposits have a layered structure. Closer to the
walls of the tubes, they are in the form of dense deposits of CaC03,
and externally in the form of a porous structure. The thermal conduc-
tivity of such a layered system is calculated. For porous deposits, it is
proposed to calculate according to Maxwell's formula and it is calcu-
lated the equivalent thermal conductivity of successive layers. An ex-
pression for the HTC of a contaminated pipe system is obtained. It is
shown that a layer of carbonate deposits with a thickness of 1 mm re-
duces HTC by 36%.The expression for the pollution coefficient (PC) is
calculated. It is shown that the value of the PC is proportional to the
product of the thermal resistance of the contaminants on the HTC of a
clean boiler. Therefore, boilers with high HTC are more sensitive to
contamination. As the PC grows, the logarithmic temperature differ-
ence on the vehicle increases sharply. Deposits are especially dan-
gerous for boilers operating in the mode of constant heat supply to
consumers with the set temperature of water heating. In this case,
pollution is accompanied by fuel overheating with all the negative
consequences. The expressions obtained in the work can be useful in
determining the timing of the withdrawal of boilers for cleaning. To
minimize deposits, it is proposed to do periodic purification of mains
water from Ca2+ and C032- ions and stabilization treatment of mains
water.

Keywords: hot water boilers; pipe systems; structure of deposits;
thermal conductivity; heat transfer coefficient.
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OTJIOXXEHUS B BOOOrPEVHbIX KOTJIAX U UX CNIEACTBUA

AHanusupylTcs npobneMbl 3KCMlyaTauMu KOTesIbHbIX YCTaHO-
BOK, B YaCTHOCTU BOAOrperHbIX KOTNOB, CBAA3aHHble C 06pa3oBaHMeM
Kap6OHaTHbIX U KOMOMHUPOBAHHbIX OTJ/IOXKEHUMWA C BOAHON CTOPOHbI UX
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TPY6HbIX cuctem (TC). UccnenyroTca ycnoBusi 06pa3soBaHUsA OTOXKe-
HMI Ha TC B KoTnax, Aake npu WITaTHON paboTe cucteM BOAONOAroTOB-
KuU. PaccuntbiBaeTca Ko03pPULMEHT TENNONpPOBOAHOCTU OTJIOXKEHUN C
YYEeTOM MX peanbHOW CTPYKTypbl. U3yyaeTcs BAUSIHME OTNOXKEHUW Ha
Ko3adpouumneHT Tennonepepaum TC.

KnrwueBbie cnoBa: BogorpeiHble KOT/Nbl; TPYOHbIe CUCTEMDI; CTPY-
KTypa OT/I0XKeHUMN; TeNJIONPOBOAHOCTb; KO3GPULIMEHT Tennonepenaum.
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