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MaremaTtuueckoe MOJIeINPOBAHIE IIPOLIECCOB
TEIJIOOOMEHA B IIEPEeKPECTHOTOYHOM
IUIACTUHYATOM PEKYIIEPATOPE



H.B. BEJIOHOTIOB, 0-p mexu. nayx B.A. IPOHUH
000 «BTK-Komnonenmoi»

A method of simulation modeling of heal exchange
processes in cross-current plate recuperator is
considered. It allows to determine the temperature fields
of the coming air and that to be removed, and hence the
efficiency of the installation depending on different values
of flow rates, humidity, initial temperatures, sizes of heat
exchange package.

YTunusauus TEroThl BO3AyXa, yAaJIseMOro U3 rnome-
1ieHus, — ouH U3 3¢ eKTUBHBIX crIocoOOB 3HEprocodepe-
seHus. OO0 «BTK-KoMnoHeHTsI» HallayKeH BBIITYCK IPH-
TOYHO-BBITSDKHBIX YCTAaHOBOK Ha 0a3e mepeKkpecTHOTOuY-
Horo pekyrneparopa. CoOBEepLIEHCTBOBaHHE CYIECTBYIO-
LIMX U CO31aHHE HOBBIX KOHCTPYKLHMH TeIUIOOOMEHHBIX arl-
napaToB C LEJIBIO MOBBILICHUS UX 3((EKTHBHOCTH, Oye-
BUHO, JOJDKHBI OMUPAThCs Ha TOYHOE MPECTaB/IEHUE O
xapakrepe (hHU3H4YEeCKUX MPOLECCOB, MPOTEKAIOLLMX ITPH pa-
60Te Nogo6HbIX ycTaHOBOK. OcoObIii HHTEpEC B 3TOM CITy-
Yyae MpeACTaBiseT pacrnpelesieHHe TeMIeparyp yJanise-
MOTO U PUTOYHOTO BO3oyXa.

CxeMaTH4HO YCTpPOMCTBO peKyleparopa MoKa3aHO Ha
puc.l. YnanseMbii Bo3ayX (0OOBIYHO — TEIUIBIN) JBHIKETCS
10 KaHaJIbHOM YacTH NMakeTa, MPUTOYHBIH — MO LIEeJIEBOi.

Jlns monmydyeHUs nojs TeMnepaTyp Ha IulacTuHe Oblia
co3zaHa MaTemaTuyeckas Mozenb. Bo nzbexxanue obmep-
3aHHs peKyrnepaTopa HauajibHasi TeMIlepaTypa NpPUTO4YHO-
ro Bo3ayxa npunumanack f,20°C. Pacyer nposenen
115 TaMUHAPHOTO peXUMa TEYEHHUS.

[IpUHATHI ClleAyIOLHE TOMY LIEHHUS:

MepEeChILEHHEM BJIAXKHOTO BO3JyXa IPH OXJIaKICHHU
npeHebperaem;

BCS KOHJEHCHpYIOLasics Bjlara YHOCHTCS M3 KaHaJOB
MOTOKOM M HE BJIMSIET Ha MPOLIECC TEIUIONEepeaadH;

ko3 duLMEHT Ternonepenayy He U3MEHSETCS O ITHHE
TErI000MEHHHKA;

MOTEPH Teria B OKPY KarOLLyIO Cpey HUUTOXKHO MaJlbl;

Tenao000MeH, MPOTEKalOIMMKA B KpalHUX MJIaCTHHAX, HE
NMPUHHMAETCs BO BHUMaHHUE;

paccMaTpHUBalOTCSt OCPEIHEHHbIE BEJWYMHBI TeMIepa-
TYPBbl ¥ CKOPOCTH NOTOKA MO BbICOTE KaHasa (LLEJH).

[Tpu pacuere pacrpenesieHus TeEMNEpaTyp UCIONb30Ba-
au Meton Hyccensra. Ha puc. 2 uzobpaxkeHa ruiactuHa
Term1000MeHHOro nakera pasmepom BxB. Tlonoxum, uto
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Ydansemeii Bo3dyx

Puc. 1. Tennoobmennsiii nakem naacmurH4amoz2o
nepexpecmHOmMO4HO20 peKynepamopa



TETUIBIA yAajasieMblii BO3MyX IBHXKETCS CJIeBa HaIpaso,
XOJIOJIHBIH MPUTOYHBIM — CBEPXY BHM3.

VYpaBHeHHe 3HepreTHueckoro 6as1aHca Mpu yMepeHHbIX
CKOPOCTSAX TE€YEHHS U OTCYTCTBHH BHYTPEHHUX HCTOYHM-
KOB TEIUIOTBI UMEET BU[

Di ..
p—=div(AVr) (1)
dt
rie p — IIOTHOCT;
%— cyOcTaHUHMaNbHAs IPOM3BOJHAS YIETbHOM SH-
T

TaJIbITHH 110 BPEMEHH;
A — K09()PULIHEHT TEIUTONPOBOAHOCTH;
! — TeMnepartypa.

VYnpouas ypaBHeHue (1) 118 cTalMOHapHOTO MpoLecca,
nojxy4yaem cucreMmy AuddepeHuHaNbHbIX YpaBHEHHH,
OIMMCBIBAIOLMX M3MEHEHHE SHTAJIBIIMK MOTOKOB BO3/yXa
BI0Jb BIOpDAaHHOrO HampaBJieHHsS B COOTBETCTBHU C
NPUHATOM cXeMOit (cM. puc. 2):

G, di
—— = k(=1 );
2B ox (2 =4)
G 0 _ k(t, —1,), 2
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Puc. 2. Pacuemnas cxema mennoobmena npu
nepeKpecmHom moke Ha NAOCKOU NAACMUHE:
1,y 1, — memnepamypol npUMo4Ko20 U yoansemozo
6030yxa Ha 6xo0e 8 peKynepamop;
— memnepamypsl NPUMO4HO20 U YOANIEMO20
6030yXa Ha 8blx00e U3 peKynepamopa

tlZ’ t22

rae G,, G, — COOTBETCTBEHHO MACCOBBIE PACXOMbI MPHTOY-
HOTO U y[a/IfeMOro BO3JyXa Yepe3 OfIHY IUIaCTHHY;
B — 1uvpuHa (A/1MHAa) MUIaCTHHBI,
k — xoaddULHEHT Teruionepenaym;
1, 1,— TEKyI1e TEMMEPATYPhbl MPHUTOYHOIO U yjasse-
MOro BO31yXa;
I, I, — 3HTAIbMHK NPHTOYHOIO M YAJISIEMOrO BO3/LyXa.
CB3b yebHON SHTANIBIIUK W TEMIIEpaTyphbl I HeHa-
ChILUEHHOTO BJIAYKHOIO BO3/lyXa 3aMHChIBAETCS CIIEAYIOLIMM

obpazom:

I =Cp t+d[Cp,t, +r+cp(t—1)], 3)
rae ¢, — cpeaHsas u3o6apHas TEMIOEMKOCTh CyXOro BO3-
ayxa;

Cp,— CPenHss u306apHas TEMIOEeMKOCTb BOJBI;

Cp,— CPeAHAs u306apHas TEIUIOEMKOCTh BOASHOTO
napa;

f — TemMniepaTypa HaChILLEHHS;

r— TernjoTa napoobpa3oBaHus;

d— BnaroconepxaHue.

IIpuBeneHHOE BbILIE BbIpaXKEHHE CIPABEIHBO IS Te-
pyona, Koraa yaanseMbli BO3AyX He JOCTHUT TeMIIEpaTyphl
t. B Tom ciyuae, ecnu BAaXKHBIH BO3LYX NMEPEXOJHMT B
COCTOSIHHE HACILIEHHS (OXJIAXKAAETCS HUKE [ ), TO ypaB-
HeHue (3) npuHUMaeT BH]L

[ =Cpf+d(Cpot+71). (4)
Hcnonb3ys ypaBHenus (3) 1 (4), MOXHO nepeiTH B CHC-

TeMe YpaBHEHHI (2) OT MPOM3BOIHBIX SHTAIBIIUI K MPO-
U3BOJIHbIM TEMIIepaTyp.
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Puc. 3. H3meHenue memnepamypol 61a#CHO20
yoansemozo 6030yxa no koopouname x
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Puc. 4. ITonre memnepamyp npumouroeo u yoansemozo 8030yxa

Cucremy (2) pewianu ¢ WCNoOJb30BaHHEM METOLA
Junepa.

OTMmeTHM, 4TO NpH MasbiX MaccOBBIX pacXoiax ypas-
HEHHSI CUCTEMbI (2) ABJAIOTCH JKECTKUMH AUGdepeHLin-

{i(t) =af (¢), rae xos¢-

¢uument a>> 1. Jlng obecrieyeHus CXOAMMOCTH peLEHHUs
HMCIIOJIb30BAJIM HESBHYIO CXEMY, KOTOpasi yCTOi4YMBA IpH
M060M YHCIIe LIaroB.

KosdpuumeHT Teruonepenadu k onpenensiy sKCrnepu-
MEHTaJIbHO. |11 3TOro paccMaTpUBaJli YIPOLUEHHBIH CITy-
Ya¥ TerI00OMeHa Np¥ HEU3MEHHOMH TeMIIepaType NPUTOY-
HOTO BO31yXa ;. 3aKOH H3MEHEHMS TEMIIePaTypbl 1, yna-
JIIEMOro BO3JyXa, OYEBHAHO, NODKEH COOTBETCTBOBATD
YCJIOBHSIM TEIUI00OMEHa IPH NEePEKPECTHOM TOKE /1Sl Bbl-
NeJIEHHOro o6bemMa NMpH MHUHHUMAJIbHOM 3HAY€HHMH Y (CM.
puc. 2). CnenyeTr OTMETHTB, YTO KO3(DDHULIMEHT Tenone-
pefavd — BeNMYKMHA He NOCTOSHHAS, ABISeTCs QyHKUUEH
ot uucna Peitnonbaca. OaHako B quana3oxe paGouux pac-
XO[I0B MOTOKOB, KOTOpPbl€ 00ECIIEYHBAOTCA YCTAHOBKAMHU
«bTK-KoMnoHeHTbI», I0ITyCTHMO HCTIONB30BAHHE CPEHE-
ro 3HaueHus K.

U3 puc. 3 BUaHO, YTO KpHBasi U3MEHEHHsI TEMITEPATY bl
1o jyiMHe B uMmeeT neperu6 B Touke, OpAMHATa KOTOPOM

aJIbHbIMH YpPaBHCHHAMH BHIA

COOTBETCTBYET TEMIMEpaType HachilleHus. Mcxonusie na-
pametpsl: 1, =1 °C, £, = 22 °C, oTHOCHTe/IbHas BAKHOCTb
notokoB ¢ = 0,65, ckopoctb 3 M/c. s cpaBHeHMs 31€Ch
K€ NPUBEJICH aHAIOTMYHbIN rpad UK H3MEHEHHs TeMIepa-
TYPBI AJIA CyXoro Bozayxa. Hanuuue B Bo3myxe BoAsHOIO
napa npUBOAMT K CYLLECTBEHHOW HHTEHCH(UKALIMM TEIIO-
obMeHa.

Pesynsratom pelneHus cucteMsl auddepeHunanbHbIX
ypaBHeHuH (2) B nakere MathLab ssnsiorcs ase kBasg-
paTHbIE MaTPHLIbl CO 3HAYEHUSAMH TEMIIEPATYpP MPHUTOYHO-
ro ¥ yfansiemMoro BO3ayXa, NopsJoK KOTOPBIX ONpejesns-
€TCsl BEJIMUMHOM BEIOpaHHOrO Li1ara MHTErpupoBanus. Mc-
XOJ/IHbI€ JIaHHbIE T€ XK€, YTO UCIMOJIL30BAIH IS IOCTPOE-
Hus rpaduka (cM. puc. 3). Pacnipenenenue temneparypsi
MOKa3aHo Ha puc. 4.

3HaueHHs TeMIepaTypbl PUTOYHOTO H YAAIIEMOrO BO3-
AyXa OCPENHAIIH [0 CEYEHHIO H COTOCTABIISUTH C pe3yJibTa-
TaMH KCIIEPUMEHTOB TPH Pa3IHYHBIX PAaCXONax, Hayasb-
HBIX TeMIepaTypax MOTOKa U pa3Mepax TEII00OMEHHOMH
noBepxHOCTH. Kak BUIHO M3 pHC. 5 U 6, pe3ynsTaThl pacue-
Ta XOPOLLIO COMIACYIOTCS C IKCIEPUMEHTAIbHBIMH JaHHbI-
MH. Bapbupyemble napameTpsl MpeacTaBieHsl B TabiHie.

Ha puc. 7 npuseneHo n3MeHeHue cpeaHeii Temnepary-
pbI MOTOKOB Ha BbiXoz€e U 3 (HEKTUBHOCTH TEMTO0OMEHHH-
Ka (puc. 8) B 3aBUCHMOCTH OT ero rabapuToB (MCXOIHbIE

ObsemHble pacxodsl U HA4ANbHbBIE MEMNEPAMYpbl NOMOKO8

Mapa- Ne akcriepumeHTa

METPHL L 2 3 4 5 6 7 8 9 100 1] 1213 14/|15] 16
V,ma | 430 | 550 | 650 | 480 |[600 | 636 |760 | 727 499 |581 |499 | 494 | 499 |377 |325 | 605
V.Ml | 420 | 410 | 420 | 710 | 670 [661 | 750 [623 | 499 [517 |552 | 472 | 400 | 499 | 499 | 440
£, °C 14 1 12| 11| 136 14,6( 17,5| 10,1| 16,7] 19,6 | 20,3| 23 | 23,2| 25 | 20,5| 22 | 22.4
6,,°C 1333338335 30 | 30 | 39 [34,6[398]|432|435| 442 | 47 |502] 45 | 46 | 485




Paspen 1. XONnoa
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Puc. 5. Conocmaenenue pacvemnozo u
IKCnepuUMenmansHo20 nepenada memnepamyp 0aa
npUMOoUHOZ0 eoa[dvx
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Puc. 6. Conocmasnenue pacsemnozo u
3IKCREPUMEHMANbHO20 nepenada memnepamyp 04a
yoansemozo 8030yxa

nauneie: £, =1 °C, t, = 22 °C, oTHOCHTe/IbHAs BIIAXKHOCTb
norokoB ¢ = 0,65, ckopocTs 3 M/c). DdhexTUBHOCTH pac-
CUHTBHIBAJIH:

0 yaisieMoMy BO3IYXY

E:-Lﬁz’llz—-loo %; (5)
Wmin Ly — 1,

10 MPUTOYHOMY BO3IYXY

E=Th 2=l 1009 (6)
I/Vmin t2l —tll

rae W), W,— BoasiHble 5KBUBAJIEHTbI COOTBETCTBEHHO MpH-
TOYHOTO ¥ YJaJI1€MOro BO3JyXa.

Kaxk BuaHO u3 puc. 8, 3hekTHBHOCT TEMIOOOMEHHHKA,
paccyMTaHHas 1o Mnepernajy TeMIeparyp NpPUTOYHOrO BO3-
JlyXa, CYLLIECTBEHHO OT/INYAeTCs OT 3P HEKTUBHOCTH, PaCCUH-
TAHHOM 110 Tepenajy TeMNeparyp yAajiseMoro Bosayxa.

[To MHEHHIO aBTOPOB, PACCMOTPEHHBIH METOJ MOXKET
OBITh HCTIOIB30BAH NPH POEKTHPOBAHHH MEPEKPECTHOTOYU-
HbIX TUTACTHHYATHIX TEMI000MEHHHKOB, [103BOJISET ONpe-
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Puc. 7. Pacuemnan memnepamypa nomokos8 Ha 8uixode
npU PA3AUYHbIX PAZMEPAx NAACMUHbL
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Puc. 8. Pacuemnasn 3ghghexmuernocme mensoobmennuxa
NpU Pa3IUYHBIX PA3MEPAx NAACMUHb!

JENIATh MOJIsS TEMMEepaTyp MPUTOYHOTO U YAAJIAEMOro BO3-
nyxa u, cinenosatesibHO, KIT/l ycTaHOBKH B 3aBUCHMOCTH
OT pa3JIMUHBIX 3HAYEHHH PacXoOOB, BIAXKHOCTH, Hayallb-
HBIX TEMIMEpPaTyp, pa3MepOB TEIJIOOOMEHHOTO MaKeTa.
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