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IocranoBka mpodaemu. Termio0OMIHHUKM PEreHepaTHBHOIO THILY HMIMPOKO BUKOPHCTOBYIOTHCS B IpoOIlecax
TeII000MiHy MiXk raszamu. [lepeBaroro Takoro THIy TEIIIOOOMIHHMKIB € BUCOKA MUTOMA ITOBEPXHS TEIJIOOOMIHY Ta
IPOCTOTa KOHCTPYKIii, OCHOBHI HEJOJIIKM Y 3MilllyBaHHI IIOTOKIB Ta HEOOX1THOCT1 BCTAHOBJIEHHS I'a30PO3MOIUIEHIX
MPUCTPOiB. BUKoOpHCTaHHS pereHepaTUBHOTO TEIUIOOOMiHY B XIMIiYHIM TEXHOJIOTIi Ta CHUCTeMax KIIMaTHYHOTO
KOHTPOJIFO TIOB’S3aHO HE TUIBKH 3 TIEPEHOCOM TeIia, a 1 MacH, Hampukiaa, Npu aacopOIiiHOMY CyIIiHHI,
3HEBOJHEHHI PUPOTHOTO Ta3y, KOHAUIIIOHYBAaHHI OBITPS MOXYTh BUHHKATH YMOBH IS MAPIlialbHOT KOHIACHCAIIIT
CKIIQZIOBHX Ta30BOi CYMIIll i, BiATIOBiIHO, YTBOPEHHS Kparmenb KoHAeHcary. JIoCiKeHHS MeXaHi3My yTBOPEHHS
KOHJICHCATY € aKTyaJbHUM, a CTBOPEHHS METOJMKH PO3PaXyHKY TEepioay CYIIHHS Ta MEPioy poOOTH MiXK CYITIHHIM
JIO3BOJIMTH 301bIIUTH €()EKTUBHICTh BUKOPUCTAHHS PETEHEPATOPY 1 TOMY € BOXKIHBHUM.

CxeMmy poOOTH pereHepaliifHoro npoBiTproBaya 300paxeHo Ha puc.l.

a — npsiMuii NOTIK (MaTepialn HacaJKy aKyMYJIIO€ TEIUI0); b — 3BOPOTHii NOTIK (Marepian HacaJKu IIOBEPTAE
TEIJI0); C — MPSIMUI NMOTIK (CYIIIHHS MaTepiary HacaKH)
Puc. 1 — Cxema pyxy HoBiTpsl y pereHepaTopi 3 NepioJuYHNM CYIIiIHHAM MaTepiaay HacCaAKH
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AHaJi3 monmepenHix qocaimKeHb. JOCTiKCHHS TOpOIECIB  TEIIO Ta MAacooOMiHY B HACaJIKOBHUX
TEIJI0O0OMIHHHMKAX — 3BOJIOKYBadax [ 1] mo3Bosminu chopMyITFOBATH Ta EKCIIEPUMEHTATHHO MEPEBIPUTH TPUTTYIIIEHHS
PO MOXJIMBICTh HEXTYBaHHS TEMIEPAaTypHOIO Ta KOHIIEHTPAIIHHOIO HEOJHOPIMHICTIO Yy TMepepi3i KaHay
pereHeparopa, Ta copmynboBano nmapamerp KKJI 3a BomoroBmicTom:

nd — air _in - airiout , (1)

air _in air _in

B po6orti [2] mpumineHo yBary aHaliTHYHOMY PIllIEHHIO IMPOIECIB y pereHepaliiHoMy TeIIOOOMIHHHUKY 3
HEPYXOMOIO PETYJISIPHOIO0 HACAJIKOI0 Y BUIIISII METaIeBOi chepu. 3’ coBaHo, M0 iHTeHCHUDIKAITisS TiApOaAMHAMIYHOTO
pexxkuMy 10 3HadeHb Re>500 nmpu3BoauTh 10 3MEHIIEHHS €(heKTUBHOCTI TEIIOOOMIHHUKA Yepe3 3MEHIIEHHS Jacy
nepeOyBaHHS TIOBITPS y TMOJIOTI Hacaakd. TakoX OIIHEHO BIUIUB TETUIOTPOBITHOCTI B OCHOBOMY HAMPSIMKY IPH
KOHTaKTi €JIEMEHTIB HacaJK{ Ha TeMIlepaTypHUH Mpodisib HacaaKH.

ABtopu [3] mpu MOCHIIHKEHHI HECTAI[iOHAPHOTO TEIIOOOMIHY B pereHeparopi i3 chepruuyHUMH METaleBUMU
€JIEMEHTaMHU BUKOPHCTAIH JJIsl PO3PAaXyHKY TiPaBIidyHOTO CIPOTHBY HAacaJKH 3 CepUUHMX €JIEMEHTIB CIIPOILCHE
piBusiHHs EpryHa, Ta 3amponoHyBadM BHKOPHCTAaTH KpuTepiii PeliHonblIca sK BUXIOHHA mHapamMeTp s
KOHCTPYKTHUBHOT'O PO3paxyHKy pereHeparopa.

HeBupinmeHow 4acTMHOI HAYKOBOi MpPo0JieMH € aHalli3 YMOB YTBOPEHHS DIAKOro MIapy KOHJCHCAaTy Ha
MOBEPXHI HACA/IKU Ta OLIHKA IIBUIKOCTI POCTY LBOTO IIapy NpH LUKIIYHIA poOOTI perenepaTopa.

MeTo1o 1i€i cTaTTi € BU3HAUYCHHS 3aKOHOMIPHOCTEH KIHETHKH POCTY IIapy KOHIEHCATy Ha MOBEPXHI HACAIKH
PETEHEePATHBHOTO TETUIOOOMIHHHKA B YMOBaX HOT0 MUKIIYHOI pOOOTH.

Buksiag ocHoBHOro Matepiaiy. B sxocTti Marepiany Hacaaku pO3TIISHYTO CITKY TOJOTHSHOTO IUIETiHHS [4] 3
po3mipomM sueiiku a=1,6 MM, giameTpoM ApoTy dwire=0,4 MM, MaTepian Ctans 08X 18H10T, BincTanp Mix CiTkaMu y
makeTi 1 M.

Jli1st 3py9¥HOCTI MOJIEIOBaHHsI KOH(DIrypariito CiTku 3aMiHEHO Ha MOAi0HY, B SIKIA APOTH PO3TAIIOBaHI 3 KPOKOM
10 TOBXKUHI TAKMM CaMUM, SIK 1 IIar po3TairyBaHHs ciTok (1 MM), a miar 1o BUCOTi 00paHO TaKUM, 110 TifpaBIidHUI
JiaMeTp KaHaJliB 3aJIMIIal0ThCsl He3MiHHUMU. J{i1s1 oOpaHoro npukiiaay Ta aiamerpy anapary 0,05 M rixpaBiaiuHuit
nIiamerTp, M:
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Cxemy moaiOHOT MOJIeTi HaBeIEHO Ha pHC. 2.

/ Owire

D O O €O

dW//'E

Sv

© © O %%@

7 N\
St \dW//"E’ St
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Po3paxyHKOBHI IIar 1o BUCOTI MIXK €JIEMEHTaMH HacaJKH IS TOJIOHOT pPO3paxyHKOBOI CXEMH, MM:

IS, D,
Dyy=—F—— = S, =2—2"—=826-10" 3
“2(1+s,,) [-2D,,

nie [ — cepelHs TOBXKUHA JIPOTIB HACATKHU Y MOTIEPETHOMY Tepepisi, M.
[TapameTpu OBITPs U1 pO3paxyHKy oOpano 3 [S]. BomoroBmicT , KI/Kr:

0,622
d==""F, )
-1

JIe @ — BIIHOCHA BOJIOTICTH TOBITPS B JIOJISIX.
[Turoma eHTanbmis K QyHKIIS TEMIEPATypH Ta BOJIOTOBMICTY, JIK/Kr:

i =i, +i t+(r+ cm,mt)d , (5)

vape =c pair

ne iy, 0ai 0a ¢, - 1300apHi TEINIOEMKOCTI Tapu

— HUTOMI EHTaJIBIII CYXOro MOBITPs Ta BOAAHOI IAPH, C,;, ape

vape
ta nositps Jx/(kr-K), » — nuroma temiora napoyrsopenns Jx/kr, ¢ — remneparypa ‘C; d BOJIOrOBMICT KI/KT.
®izuyHy MoJeb ITPoLeCy TEIUI00OMIHY 3 BpaXyBaHHSIM KOH/IEHCALlIl HaBeJIeHO Ha pHcC. 3.
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a) YTBOPEHHS Ta 3pOCTaHHS TUTIBKM KOHICHCATY; b) CYIIiHHS IDTiBKH KOHJCHCATY 3 TIOBEPXHI HACaIKH.

Puc. 3 — ®iznuna Moaesb Mpolecy TeMJI000MiHY Y pereHepaTopi 3 BpaXyBaHHSIM KOHAEeHcAIlii.

3po0ieHO HACTYIHI NPUITYILCHHS:
1. TemneparypHa Ta KOHIIEHTpauiiiHa HEOIHOPIJHICTh y Mepepisi KaHaly pereHepaTopa BiacyTHi [1];
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2. BIUIUB TEIUIONPOBITHOCTI B OCHOBOMY HANpPSIMKY NPH KOHTaKTi €JICMCHTIB HACAJKH Ha TEMICPaTypHHU
npoisie HacaaKu He3HAYHUH [2];

3. [lepiox poGoTH pereHepaTopa Midk CYIIiHHS HACAIKH JOCTATHHO MAJIMH, i TOBIIMHA MIApy KOHIEHCATy O He
BIUTMBAE HA TiAPONMHAMIYHHUI PEXHUM MPOIIECy pereHepaltii Teria Ta 3Ha9eHHs Koe(illieHTy TeIUIoBiaaaqi.

TerutoBuit 6amaHCc MiXK IIAPOM TOBITPS, IO PO3TAIIOBAHWN MiXK IIapaMH HACAIKW Ta OJHHWM IIApOM HACAJKH
perenepaTopa:

_zD’S,

air i T 4 p(iftir7[+1 _ia[rJ)

2

A[wire = ﬂ-f pwirecpwire (T(T + AT) - T(T))
. : (6)
Al = Alwire = O.’(Tair — T vire )%SghAT
2
Ar= DS,
4Qair

I€ Pwire — MATOMA Maca CiTKHM TNOJOTHAHOTO IUIETIHHS, KI/M2; Sg; — IHTOMa MOBEPXHSA CITKU MOJOTHSIHOTO
IJIETiHHSA, M2/M?; AT — KBaHT 4acy nepeOyBaHHs MOBITPS Y NPOMIXKKY MiX IIapaMu HACaJIKH, C.

AHaniTH9HE PO3B’s3aHHSA CcHUCTeMHU (6) YCKIamHEHO depe3 HEBU3HAYEHICTh KOCQIIiEHTY TEIUIOBinAadi Bija
MOBEpXHi Hacaaku 1o Tazy. Jlms momem pereHepaTropa TEIUIOTH Ta3iB oOpaHo miamazon Re=0,01+140, Ta
BHKOPHUCTaHO 3akoHOMipHOCTI, oTpuMaHi D.C. Collis and M.J. Williams [6]:

0,17
Nu L, = A+ BRe"
T,

g

a=(A+BRe”)(§J g—m

0,17’ 7

ne Nu ta Re — kpurepii monioHocTi, 4, B, n — koedinieHTH, sKi 3anexats Big Re: 0,02<Re<44 n=0,45, A=0,24,
B=0,56; 44<Re<140 n=0,51, A=0, B=0,48; Tg.s — Temnepatypa rasy, K; T,z — TeMIiepaTypa mMatepiaiy Hacaaku, K.
Jlyist BU3HAUSHHS T1APaBIIYHOTIO ONOPY HACAKH 3 CITKU JIPOTOBOI IPONOHYETHCS BUKOPHCTATH 3aJISKHICTB [7]:

2
p airVI/uir
AP =g, Putar, ()
ne Gp, — KOCOIUIEHT OMOPY; Puir — TYCTHHA rasy, Kr/M>; Wi — cepelHs IBMAKICTL Ta3y y mepepisi amapary,
F

— JiaMeTp APOTY CiTKH, M; V — KIHEeMaTHIHa B’ SA3KICTh

a

. w.d.,. W, . . -
m/c. Kpurepiit Re=—""—"= ne W,=-—=- — IBHUIKICTb rady y OTBOpax CiTKH, M/c, [ =

Va[ r

JIOPiBHIOE

BiZIHOILIEHHIO ILIOLi OTBOPIB JI0 3arajbHOI IO CiTKH; d

wire

22
rasy, [Ta-c. 50<Re<1000 => ¢, =k, +¢,ne ¢ i k,, BusHauyaroThCA 3 rpadiKy [7], Re<50 => &, =R—e+g

‘YMoBaMu 1J1s1 MOJIETTIOBaHHS MTPOLIECIB y pereHepaTopi TeTuia MOXKyTh OyTH KoedirieHT perenepariii g=0,96 [1]
1 cepenHill mepemnas TeMIeparypu Mixk Hacagkoro Ta razom 1,5 K [8].
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[Ticns mopiBHSAHHS Pe3yJIbTATIB YHCIOBOTO CKCIIEPUMEHTY 3 BUKOPUCTAHHSAM KPUTEPiaIbHUX 3aJeKHOCTeH (7-
8) ta cumymsniiiHoro 3 BukopuctaHHIM CFD MosemoBaHHS MPONOHYETHCS MPOaHANI3yBaTH BIUIUB T'PYIIOBOTO
PO3MIIIIEHHSI €JIEMEHTIB HACAIKH, Ta BiIIOBIHO, CTHCHEHOTO PYXY MOBITPS IUIIXOM CUMYJISAIIHHOTO EKCTIEPUMEHTY .
Juis cumynsmiitHOTO eKcriepuMenTy Bukopuctano ponatok SolidWorks FlowSimulation, puc. 4 Ta MmeToauky [9-

10].
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Puc. 4 — Pesyabtatn CFD Moae/10BaHHS IPH KOHBEKTHBHOMY TeIIOOOMiHI ra30Boro noToky 3
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Puc. 5 — Kopeasiuiiini 3ajexHocTi 111 BU3HaYeHHs koedilieHTY TemjoBiaaayi Ta rigpasJjiyHoro onopy npu
Pi3HMX rigpoAMHAMiYHHX yMOBax

IIpakTHYHe BUKOPHCTAHHA OTPUMAaHUX pE3yJIbTATIB IOJSra€ B BJOCKOHAIEHHI METOIUKH MPOEKTHOTO
PO3paxyHKy pereHeparopa Teruia MOBITpsL.

BucnoBkn. CdopmysaboBaHO MaTeMaTW4Hy MOJENb MPOLECY TEIIOOOMIHY MIDX ILIapOM TOBITPs, MIO
pO3TalIOBaHUK MIX LIapaMH HACAJKH Ta OJHHUM IApOM HACAJKU pereHeparopa, OTpUMAaHO KOpeIsILiiHI 3a1eKHOCTI
JUTsl BU3HAYCHHS KOoe(il[iEHTY TETUIOBIIIaYi Ta IiIpaBIiYHOr0 ONOpPY MPH Pi3HHUX TiAPOANHAMIYHUX YMOBAX JJISI CITKH
MOJIOTHSHOTO IUIETIHHA 3 1poTy 0,4 MM, KDOKOM IUIETIHHSA 2 MM, KPOKOM PO3MIIIEHHS CITOK 1 MM.
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Dvoinos Ya. G., Yevziutin P. Yu.

PARAMETERS OF THE PLAIN WEAVE MESH FOR THE NOZZLE OF A REGENERATIVE HEAT
EXCHANGER

Regenerative heat exchangers have disadvantages such as low heat transfer coefficient from the nozzle to the gas and
high hydraulic resistance due to the design of the nozzles. Wire-mesh nozzles can eliminate these shortcomings of
regenerators. Wire-mesh nozzles have low hydraulic resistance and large heat transfer surface.

The process of heat and mass transfer in a regenerative heat exchanger is considered. A series of numerical simulation
experiments was performed.

Theoretically, the optimal configuration of the nozzle was calculated: a plain weave mesh with a wire diameter of 0.4
mm, a weaving step of 2 mm, and a step of placing nets of 1 mm. The operational modes for the regenerator are
considered, taking into account the period for drying the nozzle from moisture and the maximum mass of water that
can hold the nozzle without the formation of drops.

Given the condensation of moisture on the nozzle, the following assumptions are made:

1. There is no temperature and concentration inhomogeneity in the cross section of the regenerator channel,;

2. The effect of thermal conductivity in the axial direction in contact between the nozzle elements on the temperature
profile of the nozzle is insignificant;

3. The time over which the regenerator is operated between the nozzle drying periods is quite short, and the thickness
of the condensate layer does not affect the hydrodynamic mode of the heat regeneration process and the value of the
heat transfer coefficient.

The duration of the cooling and drying period depends on the humidity of the inlet air and the area of the nozzle. This
is due to the need to prevent the accumulation of moisture in the device, which can lead to the reproduction of harmful
bacteria and contamination of the nozzle.

For analytical study of the gas regenerator, the range Re = 0.01 + 140 was chosen and the following regularities
were used:
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0,17
N (T_J - A+ BRe
T,

g

a=(A+BRe" ){%}{%}W

where Nu and Re are similarity criteria; A, B, and n are coefficients that depend on Re: n=0.45, A=0.24, and B=0.56 at
0.02<Re<44; n=0.51, A=0, and B=0.48 at 44<Re<140; T, is gas temperature, K; and T,, is nozzle temperature, K.

In the SolidWorks Flow Simulation application, simulation experiments were performed for a regenerator model
accounting for the influence of compressed air motion resulting from grouped location of the nozzle elements, and
the results are shown in the figures.

Comparison of the results from analytical calculations and simulation experiments showed the efficiency of the
mathematical model and the possibility of its use in the design calculation of regenerators.

Correlation dependences have been established to determine the heat transfer coefficient and hydraulic resistance
depending on the hydrodynamic conditions. The mathematical and physical model taking into account the
condensation of moisture on the nozzle has been specified. Calculations have been performed for the optimal nozzle
made in the form of a plain weave mesh with a wire diameter of 0.4 mm, a weaving step of 2 mm, and a step of placing
nets of 1 mm.

Keywords: regenerative heat exchanger, non-stationary heat exchange, heat transfer coefficient.
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