7.9KOHOMU S TEIUTOBOM PHEPTUU 3A CUET IJIYBOKOM
VTWIN3ALIUU TEIUIA BJIAXKHBIX TA30B

Brnaxxaple Ta3bl BO3HMKAIOT MPU CXKHUIAHUM BOJOPOAOCOJECPIKAIINX
TOIUIMB (NMPUPOIHBIA Ta3, MOMYTHBIH HE(QTSIHOW Ta3, Ma3yT) M BIXKHBIX
TBEpAbIX TOIUIMB (Yroib, TOpQ, TOPIOYHE CJIAHIBI) B KOTEJbHBIX,
MPOMBIIIJICHHBIX I€4ax ammaparax C HOIPYKHBIMU TOpeJIKaMH U JpYyTUX
TOIJIMBOUCIIONB3YIOMIMX  yCTAHOBKAaX. BmaroconmepxaHue MpPOAYKTOB
cropaHusi MokeT cocTaBiATh 100 u Gosiee rpaMMOB Ha KHJIOTPAMM CYXOT'O
ra3a. Temno Takux ra3oB MOXKHO IIOJIE3HO HCIOJB30BaTh. Ecim mpu sToM
MPOUCXOJUT KOHICHCALUS BOASHBIX IApOB, TO 3TOT MPOLECC HAa3bIBAIOT
TyOOKON YTHIIN3AIUEH TeTia BIaKHBIX Ta30B [6].

I'myGokasg yTunm3anus TEIUIOTHI BJIAXKHBIX Ta30B  JaeT pAJI
TEXHUYECKUX IIPEUMYIIECTB;

- IpU ee OCYIIECTBICHUH HCIOJb3yeTCs HE TOJBKO (hu3nuecKas
TEIUIOTAa Ta30B, HO U TEMJIOTa KOHACHCAIIUU COJEPKAIIUXCSI B HUX MapOB;

- IIpolecc Mepeslauy TeIla CTAaHOBHUTCS TOpa3fo MHTEHCHBHEE W JUIA
YTWIN3alMM ~ MOXHO  HCIOJb30BaTh  TEMJIOOOMEHHbIE —ammaparsl ¢
CYIIECTBEHHO MEHbIIEH IIOBEPXHOCTHIO HArPeBa;

- TpU KOHJCHCAllMM BJAard W3 TMPOAYKTOB CrOpaHHMs B HeH
pacTBOpsAETCST 4YaCTh OKHCIBl a30Ta, YTO TIONOXKUTEIBHO BIHSAET Ha
COCTOSIHUE OKPY>KaroIlle cpe/ibl;

- obOpa3oBaBmIMIiCSI  KOHJAEHCAaT MOXHO  HCIOJB30BaTh  Ha
TEXHOJIOTUUECKHUE HYKIbI.

Juis  yTuaM3anMum  Temya  BIQXHBIX  Ta30B  IPUMEHSIOTCS
MOBEPXHOCTHbIE M KOHTAaKTHBIE TEIUIOOOMEHHBIE ammapartsl. Ecmn
UCTIOJNIB3YIOTCS aNIaparhl MOBEPXHOCTHOTO THIA, TO HX TEIIOOOMEHHas

MOBEPXHOCTH JOJDKHA OBITH 3alUINEHa OT KOPPO3HUH.
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Pacuer cucreM yTWIM3aIMM BIAXKHBIX Ta30B CYNIECTBEHHO
CIIOKHEe, YeM OOBIYHBIX TEIUTOBBIX BOP, mockopKy mporiece TeroooMeHa
COINPOBOXKIAETCA MpoueccoM MaccooOMena. Ilpm sTtom ommbkm pacuera
TaKUX YTHIM3ALHOHHBIX YCTaHOBOK MOTYT TIPHBECTH K HETaTHBHBIM
nociencTBUsAM. Ha  BeIXosme M3 TEIUIOOOMEHHUKOB-YTHIIM3aTOPOB
HEOOXO0/MMO TOJICP)KMBATh BIIOJHE ONpEJENICHHbIE TEMIIEpaTypbl |
KOHLIEHTPAIIMX BJIQXKHBIX T'a30B, TaK KaK HEJb3sl JONMYCTHTh KOHICHCAIMU
COJIepKallMXCs B HHUX MapoB B ABIMOBBIX TpybOax W razoxonax. [lpm
HarpeBaHWM XOJOAHBIX Ta30B BO3HUKAET BO3MOXKHOCTH OOMeEp3aHMs
MOBEPXHOCTH TEIIOOOMEHa, KOTOpas yXyAllaeT paboTy Tem1ooOMEeHHOTO
anmapaTa ¥ MOXET IPUBECTH K BBIXOJY €TO U3 CTPOS.

IIpn pacuere cucreM YTHIM3AIUM BIAXKHBIX Ta30B HEOOXOIMMO
pemMTh JBa BHAa 3a7a4. K mepBoMy BHIY OTHOCHUTCS OIpeieseHHe
KOJIMYECTBA BJArM B IIAPOTa3OBBIX CMecAX, KOTOpOE OIpenenseT
KOJIMYECTBO TCIIJIa, BBLIACIIAIOIICCCA IIPU KOHIACHCAIIUM U HMHTCHCUBHOCTDL
TEIJIOOOMEHa NpU OXJaXICHWU ra3a. BTopoil BHJ 3agad cBszaH C
OTIpeZie]IeHNeM IIJIOIAAN ITOBEPXHOCTH TEIIO0OMEHa KOHIEHCAIMOHHBIX
TEIJIOOOMEHHUKOB-YTHIN3AaTOPOB ~ WJIM  ONpEACIEHHEM HX  TEIUIOBOH
Harpy3Kd M IapaMeTpoB TEIUIOHOCHTEJICH Ha BBIXOJAE AN alIaparoB C
3aJ]aHHO} KOHCTPYKIMEH ¥ TUIOMIA/(bI0 TETTIO0OMEHHOM MOBEPXHOCTH.

Bropas rpynma 3agad OTHOCHTCA K ONPEEICHHIO IUIOIAIu
IMOBEPXHOCTHU TENI000MEHHBIX armapartos, npeaHa3sHa4YCHHBIX JUIA
yTUin3aouu TCEIUIOTHI BJIAXKHOI'O BO3QyXa. an_[e BCEro TaKuC anraparhbl
MPE/ICTABISIIOT COOOM Ta30)KMAKOCTHBIE Kanopudepbl C TIAIKUMH WIN
opeOpeHHbIMU TpyOkamu. Ecim TemmepaTypa XOJIOJHOTO TEIUIOHOCHTEINS
HIDKE TEMIepaTypbl TOYKH POCHI TOpSYEro TEIUIOHOCUTENs, TO B
TEIJIOOOMEHHOM arapare IMPOUCXOAUT Mpoliece KOHAEHCAMK Iapa u3

napora3oBoil cmecu. IlomHas TemyoTa, TepenaBaeMas B TaKHX
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TETIIO0OOMEHHHKAX, CKIAAbIBACTCA M3 TEIUIOTHI OXJIAXICHHS I'a30B M TEIlIa
KOHJICHCAIINH BOJISHBIX ITapOB.

ITpouecc mepemaun Temna B TEIIIOOOMEHHHMKAX C BIArOBBINAICHHEM
CYIIIECTBEHHO HHTEHCHUBHEE, YeM B OOBIYHBIX TETUIOOOMEHHUKAX.

Ilpu HeOoJBIIOM U3MEHEHHH TEMIIEpPaTypbl  TEIJIOOOMEHHOM
MOBEPXHOCTU M €CIM KOHJAEHCAllUs HMMeEeT MECTO Ha BCell NMOBEpXHOCTH
TEIJIOOOMEHa, TO ONpeJeNieHHuE IUIOUIAa HOBEPXHOCTH TEIIOOOMEHHOTO
anmapaTa MOXeT ObITh INpOBeIEeHO Mo Meroay KkoadduimeHra
BJIAroBbINaJeHUS. [IpW BBIMAafeHNM BIAard W3 IapoTa3oBOM cMecH Ui
TEIIIOOOMEHHOTO arnapara ¢ INIaAKAUMHU TpyOaMHu IIIOIaab TETIO0OMEHHOH
noBepxHOCTH F MOXXeT OBITh paccuuTaHa Mo cIeayomuM (GopMyiam:

F = Q_, K= 1 ;
K- At Y(yg - &)+ 6/ 1+ a,

@7

rne Q - TermuoBas Harpy3ka TeIIOOOMEHHOro ammapara; K-
ko3 duiuent Temnonepenaun; Af -cpemmuss nmorapudmmueckas pasHOCTH

TEeMIlepaTyp B TEIUIOOOMEHHOM ammapare ; ¢, o, -KodpdumeHTs!

TCIUIOOTAAYN CO CTOPOHBI TOPAYEro MW XOJOAHOTO TCIJIOHOCUTECIIA HpU

CyXOM TemnooOMeHe;, &/A -TepMUYEcKoe CONPOTHBIEHUE CTEHKH, & -

KO3 (PHUIUEHT BIIATOBBINAACHUS, MPEACTABISIONIUN COOOH OTHOILICHHE
KOJIMYECTBA TOJTHOTO TEIUIa, MepelaBaeMOT0 B TEIDIOOOMEHHOM ammapaTe K
KOJIMYECTBY SIBHOTO TETLIA.

O pacdera Kod(h(UIMEHTa BIArOBBHINIANCHUS HCIOIB3YIOT

BbIpAXKCHHC!

SH  H{-H]
¢= =— 1 (38)
cp St cpti—t])

rae oH -pasHOCTB SHTANBINH, O -t -pasHOCTh TEMIIEpATyp Ha BXOJIE B

TEI1000MEHHBIH arrmapar U Ha BbIXO/J€ U3 HETO.
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Ilpn TemnoBoM KOHCTPYKTUBHOM pacyeTe TeII00OMEHHOIO
ammapar 3aJaroT ollnee KOJMYECTBO MepeaaBaeMoro B HEM Teluia, a
CIIENOBAaTeNIbHO, M PA3HOCTh OHTANbIIMA Ha BXOJAE M Ha BBIXOJC.
HewnsBecTHBIM sIBI€TCS 3HAUCHUE TEMIIEPATyphl Ha BhIxone. Onpenenutsb
9TO 3HA4YeHWE TMPU MAJIOM H3MEHEHHHM TEMIIepaTypbl  XOJIOJHOTO
TEIJIOHOCHUTENST (M TOBEPXHOCTH TEIUIOOOMEHA) MOXHO CIEAYIOLINM
obpasom. B H-d —muarpamme mpormecc 00paGoOTKH BO3Ayxa HPH MajoM
U3MEHEHHH TEMIEpaTypbl IpeJCTaBiIsieT co0old  NpsAMYIO  JIMHHIO,
COCIMHSIONIYI0 TOYKH, COOTBETCTBYIOIIME COCTOSHHIO BJIAKHOI'O Tasza Ha
BXOJIC B TCIUIOOOMEHHHUK M COCTOSHHIO HACBHIIICHHBIX BOISHBIX MAapoOB IPH
cpenHeil TeMmmepaType IOBEpXHOCTM TeIUIOOOMEHa (MX IOJIOKCHHE
COOTBETCTBYET KpPUBOIl HACBIICHWUS W TeMIlepaType IIOBEPXHOCTH).
Koneunas TEMIIEpaTypa BJIAXKHOI'O rada JIC)KUT Ha NEPECCUCHHUU JIMHUU
00pabOTKU BO3AyXa U JIMHUM MOCTOSHHOW SHTAJBIIMH, COOTBETCTBYIOIICH
napameTpaM BJIQXHOTO Ta3a Ha BbIxofe (puc.2). OmpeneneHHas TakuM
00pa3oM TemIiepaTypa MO3BOJSCT HATH KO3(PUIMEHT BIAroBhINAACHHS U

paccuyuTarh IJIOMAJAb NOBCPXHOCTU TEIUI00OOMEHa 110 MNPpUBCACHHBIM BbIIIC

hopmymnam.

Puc.2 TIpoueccet B H-d —auarpamme
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B GonpmmHCTBE CIydaeB B TEINIOOOMEHHHKAX JUIS YTHIIM3ALHUHK TeIUIa
BIIQXKHBIX Ta30B HCHOJIB3YIOTCSA OpeOpeHHBIE IOBEPXHOCTH TEINIOOOMEHa.
Torma gmms pacuera KodpduIMEHTa TEIUIONEpesadd CO  CTOPOHBI
OpeOpEeHHO TOBEPXHOCTH CIIPABEIUBEI (DOPMYIIBL:

1

- I e
K_J/(al-n-t//-é)m/m]/az' n=1 » a-n,). (39

e y=F, / F, - kxodddurnuent pa3BuUTHA HOBEPXHOCTH B

opeGpeHHoM Temnoobmennuke; 77 - KIIJ{ opeOpeHHOM OBEpXHOCTH; 17, -

KIIJ] peOpa, BBIUHCISAEMBIH 10 U3BECTHBIM dbopmynam, MO0
HOMorpamMMam. HeoOGXoauMo MOMHHTH, YTO B CIIydae ABM)KECHHS BIIAXKHBIX
ra3zoB KIIJI pebpa m3mensercs. Ero MOXXHO MpHONMKEHHO BBIYUCIUTH IO
TeM ke (opMysiaM, uTo Ui CyXHuX pedep, HO Kod((GUIMEHT TEIUIO0TIAYH,
BXOJAIIMI B 3TH (OPMYIBl BBIYUCISETCS B OTOM Cilydae C y4eTOM
K03 (PHIIMEHTA BIArOBBINACHHUS:
Xpnan = C1° g (40)

YacTo BO3HMKAeT 3ajaya IIOBEPOYHOTO pacyera TEeII00OMEHHOTO
ammapara, B KOTOPOM HEHM3BECTHOW BEIMYMHON SBIAETCS KOJIUYECTBO
MepeaaBaeMoro TeIula, a IUIOIaAb MOBEPXHOCTH M HAa4YaJIbHBIE MapaMeTpsl
TEIUIOHOCHUTENEH CYHMTAIOTCS 3aJaHHBIMH. B 3TOM ciydae HeoOXoauMo
NpeBapUTEIbHO  3aJaThCsl  KOHEYHOHM  TEMIIepaTypodl  XOJOJHOTO
TermoHocuTens. Jlanee ompenensieTcsi TEIUIoBash Harpyska, koaddummeHt
BJIArOBBINIAJCHUS, KO3(GHUIMEHT TeIIonepeadd M BBIYUCIUTE HOBOE
3HaUCHHWE TEIUIOBOM HArpy3KW II0 3aJaHHON IUIOUIAZM ITOBEPXHOCTH
anmapara. JlanpHeHmwid pacu€r MPOBOIUTCS METOIOM TOI00pa 3a1aBaeMO
KOHEYHOH TEeMIIepaTyphl XOJIOJHOTO TEIUIOHOCHUTENS, IOCKOJIBKY METOJ
MOCJIEIOBATENbHBIX MPHONMKECHNH MIPH pEeIIeHN: 3TOHM 3amadu OOBIYHO HE
CXOJIUTCSL.

IIpumep
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Omnpenenute 53KOHOMHMIO TEIUIOBOM SHEPTUM TIPH  yCTaHOBKE
TETJIOOOMEHHMKA M YTWIN3AIMK TEIUIa BIAKHBIX MPOIYKTOB CTOPAHHUSL.
TemmooOMeHHHK TIpeAcTaBiIsIeT coOoi  Kamopudep ¢ OpeOpEHHBIMH
TPYOKaMH C IUIOMIAABI0 OpeOpeHHoi oBepxHocTH 114 M2

Temmeparypa mocTynaromux B TEIUIOOOMEHHUK T'a30B COCTaBIISIET
135°C, ux Bnarocojepxanue — 0,12 kr/kr. [IpoyKThl CrOpaHUs CIyKAT IS
Npe/IBapUTETIBHOTO IOJIOTPEBa BOIBI, ITOCTYIAIONIEH B TEIUIOOOMEHHUK C
temmeparypoit +9°C. KoahpuIMeHT TerooTauu mpu CyXoM TEIIoooMeHe
o CTOpOHBI Bo3ayxa cocrasisier 22,1 Br/(M*K), co croponsr Boms — 11000
Br/(M*K). Pacxon Tra3oB uepe3 TemmooOMeHHMK cocTamser 1,48 kr/c,
pacxon xxunkocta 7,0 Kr/c.

PebOpa M3roToBieHsl U3 amOMHUHUS, X TonmuHa — 0,5 MM, BbICOTa —
10 MM, k03¢ ULHMEHT pa3BUTHS TOBEPXHOCTH Ipu opedpernu — 10.
Pemenue

3ajagM  KOHEUHYIO TEeMIeparypy BOJbI Ha  BBIXOIE W3
terooOMennnka — 25°C. TemioBas Harpyska TeIIOOOMEHHUKA IPH 3TOM

COCTaBUT
Q =G, -Cpy(th —t{) =7,0-4200- (25— 9) = 470,4-10° Br.

OHTaNbIMsI Ta30B Ha BXOJIE B amlmapaT MOXKET OBITh OMpesesieHa Mo

H-d- quarpamMme uinn BeIYKCIIEHA TTO HOPMYIIE:
Hf: t'.ll. : Cpl + X]I.(r +q(cp)napa);
H; =135-1,005+0,12 - (2480 +135-1,98) = 466,0 x/Pic/xe;

DHTAJIBIINIO T'a30B Ha BbIXO€ U3 arlrapaToB Haﬁ,ﬂ[eM N3 BBIPAKCHUSA:

" ' Q .
Hl:Hl_G_’
1
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4704
H"=4660-——=1482 «lpi/ke.

1
y

TeMnepaTypa ra30B Ha BbIXOAC M3 ammnapara HaxXOJUTCA I10 H-d-
Auarpamme Ha  JIMHHUH, COG)II/IHSIIOHIeﬁ TOYKH, COOTBETCTBYIOIIIUE

HayalbHBIM TIapaMeTpaM ra3a M CpPEeJHHM MapamerpaM BOAbl  (CM.
o
npunoxeHue), u cocrasnser t) =356 C

Temmeparypa TOYKM POCBHI Ha BBIXOJE Ia30B M3 TEMIOOOMEHHHKA
cocrassier 32°C. Takum 06pa3oM, OHa BBILIE, YEM TEMIIEPATYPA XOJIOJHOTO
TCTJIOHOCHUTEJIS, M KOHJCHCAIWS Tapa M3 BIAXHOTO Ta3a MMEET MECTO Ha
BCEH TIOBEPXHOCTH TEIIOOOMEHA.

ITo monyueHHBIM 3HAYEHUSIM TEMIIEPaTyphl U SHTAJBIIMU BBIUHUCIUM

KO3 (PHIIUEHT BIArOBBIMAJCHUS. TCIUIOEMKOCTh JIBIMOBBIX Ta30B OepeM U3

TabIuUIE! [7] paBHOM c,=L10 kJx/(xrK).

Hi-H; 466,0-148,2

Cp (t -t 110-(135-35,6)
BrruucngeM CpemHO JOTapH(pMHUYIECKYI0 pa3HOCTh TEMIEpaTyp B
TEIUIOOOMEHHHUKE, TIPUBOAS  MEPEKPECTHOTOYHYIO CXEMY  JBIDKEHHS

TETJIOHOCUTEJIEH K IPOTUBOTOYHOM:

-t (-t _ (135-25)—(356-9 o
Atnz(l 2(:, (t{) 2), Atnz( (1;5(25) ) _ser°c
In~—21_27 In—/—/—— =/
(t/-t3) (35,6 -9)

Jdnst  BbluMcneHus Kod(pQUIMEHTa Terionepenadyd HeoOX0IMMO

Haiti KI1J] Bnaxknoro pedpa. OnpenensiemM napamMeTp m:

2-221
m=_|———-3.20 =35,5.
0,0005- 204
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OddexTuBHOCTE Kpyriioro pebpa MOXKET OBITH OmpeaeneHa o

HOMOTpaMMe WJIM BBIYUCIICHA 110 (hpopmyre:

th(mh3/d/d) th(35,5-0,010- 3/0,039/0, 018) _
Mo =——a=—=—3 7
" mn3d/d, °~ (355.0,010-3/0,039/0,018)

KII/I opebpeHHO TOBEpXHOCTH:

935.

w-1 10-1
n=1-———-(@1-ny) =1-——-(1-0,935) = 0,942.
W 10

Koadpdrmmenr  temronepemadmr CcO  CTOPOHBI  OpeOpeHHOH
[IOBEPXHOCTH (TepMHuUYECKIM COIIPOTUBIIEHUEM CTEHKHU TpyOBI
npeHebperaem):

1 1
) Y(agné) +ofay, ) 1/(21,1-0,942-10-3,62) +10/11000 )

Hogoe 3na4eHue TemoBoit Harpys3kKku TEIIO0OMEHHHUKA:

Q=K-F-Aty; Q=627-114-58,7 =4203.10° Br.

HoBoe 3HaueHne TEMIIEPATYPhI BOJABI HAa BBIXOAEC U3 alllapara:

. Q 404,4 o

HpI/IHI/IMaeM HOBO€ 3HAYCHUE TEMIICpAaTypbl BOABI Ha BBIXOJC
CPEHUM MEXIY HEPBBIM NPHOJIMKCHUEM W BHOBD ITOJYYE€HHBIM 3HAaUCHHEM
t,;=24,2°C.

IToBTOpsieM pacueTsl, NMOKa TEIJIoBasi Harpy3ka TeNJI0O0OMEHHHKA He
Oyznet MeHATHCS Oornee yem Ha 1%.

B pesynbrare mnonyyaeM OKOHYATEIbHOE 3HAYEHUE TEIJIOBOM
Harpy3Kd, TEMIepaTypbl BOJBI Ha BBIXOJE W3 TEIUIOOOMEHHHKA, a TaKXkKe
TeMIepaTypsl Biarocojepxanus (o H-d-muarpamme) mapora3oBoit cMecu

Ha BBIXOJI€ U3 TEINIOOOMEHHHUKA.
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ty =244°C; Q=4515-10° Br; t; =40,6°C; X = 0,047 xr/xr.
HcxonHele naHHBIE

Tab6muma 9
Ne Fm° tl' °c Xl’, - tg °c ! oc Gy.xr/c | Gy,kr/c
BapuaHTa
1,16 50 165 0,08 6 35 1,0 3,0
2,17 60 160 0,085 7 34 11 3,5
3,18 70 155 0,09 8 32 1,2 4,0
4,19 80 150 0,095 9 30 13 4,5
5,20 90 145 0,10 10 29 1,42 5,0
6,21 100 140 0,11 9 27 1,44 55
7,22 110 | 135 0,12 8 25 1,46 6,0
8,23 120 | 130 0,13 7 23 1,52 6,5
9,24 130 | 135 0,12 6 25 1,6 7,0
10,25 140 | 140 0,11 5 27 1,7 7,5
11,26 150 | 145 0,10 6 29 1,8 8,0
12,27 160 | 150 0,95 7 31 19 8,5
13,28 170 | 155 0,9 8 33 2,0 9,0
14,29 180 | 160 0,85 9 35 2,2 9,5
15,30 190 | 160 0,8 10 36 2,4 10,0

JlaHHBIe, KOTOpBIE HE yKa3aHbI B TabiMIle, OepyTcs U3 MpuMepa peneHus.. 8.
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