ISSN 0536-1036 DOI:10.37482/0536-1036

N3BECTUA

BBICIINX YUEBHLIX 3ABEJEHUN

ecHOMM

JKypHaa

OcHoBaH B 1833 r.

2/374
2020




ISSN 0536-1036 «M3BecTus By30B. JlecHoii sxypHam». 2020. Ne 2 159

—— ——

VK 676.056.5 + 676.252
DOI: 10.37482/0536-1036-2020-2-159-168

OLEHKA D®®EKTUBHOCTHU CYHIUJIbHOU YACTH MAIIIUH
AJISA BBIPABOTKH CAHUTAPHO-TUTUEHUYECKHUX BU/OB
BYMAI'H

J.A. IIpoxopos, unscenep mexnuueckozo cepsuca Voith Paper, acnupanm;

ORCID: https://orcid.org/0000-0001-5206-4119

A.C. Cmonun, 0-p mexu. nayx, npogp.

Cankr-IlerepOyprekuit rocyapCcTBeHHBIH YHUBEPCUTET MPOMBIIICHHBIX TEXHOJIOTHI U -
3aiiHa, ya. MBana YepHnbix, a. 4, Cankr-IlerepOypr, Poccus, 198095;

e-mail: daniel.prokhorov@gmail.com, gturp.tbik@mail.ru

Llens uccneoBaHUs — COBEPLICHCTBOBAHUE METOMUKU ONCHKH 3()(HEKTHBHOCTH pabOThI KOJI-
[IaKOB CKOPOCTHOM CYIIKH IPH MTPOU3BOJICTBE CAHUTAPHO-TMIMEHUYECKUX BHI0B Oymaru. C ee
TIOMOILBIO YCTaHOBJIEHBI CYXOCTh OyMa)KHOTIO IOJIOTHA, AABJICHHE BO3/IyXa B MOKPOI H CyXOif
4acTAX CKOPOCTHBIX KOHBEKTHBHBIX CYILIUTENEH, a TAKOKe TeMIeparypa BO3/yXa, BEIOMBAEMOro
U3 KOJIIIAKOB CKOPOCTHOM CYHIKH. B OCHOBE METOIMKM JICKUT U3MEPEHHE 3THX MOKa3aTesei
B IPOLECCE DKCILTyaTalluH JIEHCTBYIOLIEro 000PYy/IOBAaHMS C JTAJIbHEHILICH PEryIHMpOBKOH OT-
JIENbHBIX Y3710B CHCTEMBL. [Ipy mMpoBeeHNH dKCIEepHMEHTa OCYIIECTBIIach TepMorpaduye-
CKasi CbeMKa. YCTaHOBJICHO, YTO BBIIyBaHHE IOpsYEro BO3AyXa Ha JIHLIEBOW CTOPOHE KOJIITaKa
H TOCACHIBAHME XOIOIHOIO Ha NMPUBOAHON CTOPOHE MPUBOIUT K HEPABHOMEPHOMY TPOQHIIIO
BIQXKHOCTHU 110 LIMPHUHE OyMa)XHOTO IOJIOTHA, H3MEPCHHOMY Ha HakaTe OyMmarojenareibHOi
MAalIMHBI, CHHKEHHIO SHEPTeTHIECKOH 3()(EKTHBHOCTH U NMPOU3BOUTEIIBHOCTH arperara. MH-
JHMKaTopoM (D PEKTUBHOCTH MOXKET CIIY>KUTb, HAIPUMEp, TeMIIepaTypa BEIOMBAEMOr0O BO3IyXa,
KOTOpasi Ha UCCJIETyeMON MalllHe CYLIECTBEHHO OTIIMYAeTCsi OT HOPMBI U cocTapisieT 175 °C.
Jokazana 11e1ecoo0pa3sHOCTh PEry/SIPHOTO KOHTPOJIS [IapaMeTPOB BO3AyXa NMPU H3MCHECHHH
TEXHOJIOTHYECKUX PEXKUMOB IPOU3BOACTBA. OOOCHOBAHA AKTYyaIbHOCTh IPUMEHEHHS KacKajl-
HOM CHCTEMBI C BO3MOKHOCTBIO MIPSIMOTO IEPEIyCcKa ropsiuero BO3Lyxa U3 CyXoi 9acTH KoJa-
Ka B MOKPYIO, a TaKK€ ONIMOHAJIBHOIO PEryJIMPOBaHUS BIAXHOCTH OTPAOOTAHHOIO BO3IyXa
yTeM 100aBICHUS WM YMCHBILICHHS YaCTH OTPA0OTaHHOIO BO3AyXa M3 Cyxoi wactu. Iox-
TBEPIKJCHO MPSAMOC BIMSHUE PEryIHPOBKH BIAXXHOCTH OTPAaOOTaHHOIO B CYHIMJIBHOM YacTH
BO3/lyXa Ha COKpPAIICHHE 3aTpaT YHEPrOHOCHUTEIS, a TAKXKe T00aBOYHOrO BO3IyXa Ha BEIHYH-
Hy MHQUIBTPAIMK M BO3IYIIHBIH OanaHc cucTeMbl. KOMIUIEKC MEpONPUSITHH, peain3yeMbiX
B paMKaX 3TOH METOIMKH, ITO3BOJISICT JOOUTHCS SKOHOMHH SHEPropecypcoB Ha JIEHCTBYIOLIMX
IPOU3BOACTBAX. BO3ZMOKHBIH MOTECHIMAT SKOHOMHH a3a JUIsl HCCIIETYyEMOM MallIMHBI COCTaBHJI
62 M*/4, wiu 17 % 0T AefCTBY FOIIETO TOTPEOIEHHUS, HIEKTPOIHEPTHH Ha MPUBOJ BEHTUIIATOPOB —
6,8 kBT"4, nimu 4 % OT aKTyaJbHOTO MOTPEOICHHSL.

HMna yumupoganusn: Ilpoxopos JI.A., Cmomun A.C. Onenka 3pQeKTHBHOCTH CYIIHIEHON
YaCTH MallMH JUTA BBIPAOOTKH CAaHUTApHO-THIMEHUYECKUX BUI0B Oymaru // V3B. By30B. JlecH.
xypH. 2020. Ne 2. C. 159-168. DOI: 10.37482/0536-1036-2020-2-159-168

Kniouegvie crosa: OymarofenaresbHasi MalliHa, CAHUTAPHO-THTHCHHYECKUE BHIBI Oymard,
TUCCBIO, CYLIMJIbHAS YacTbh, KOJIAKH CKOPOCTHOHM CYIIKH, MOTPEOICHHUE dHEPTOHOCHTEIS,
HONEPEYHBIH MPOPUITH BIAKHOCTH, IPOU3BOAMTEILHOCTH MAILUHEL.

Beseoenue

ITpon3BOACTBO CAHUTAPHO-TUTHEHUYECKHX BUIOB OyMaru (THCChIO) HAPABHE C
YIAaKOBKOM SIBIAETCS AMHAMUYHO Pa3BUBAIOLIMMCS CETMEHTOM Ha PBIHKE OyMasKHOU
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npoxykuun. COracHO CTaTUCTHKE M 3KCHEPTHBIM HccneaoBanusM [13, 16], mupo-
BOii ypoBeHb NoTpebneHus Tuccoio ¢ 2008 no 2018 r. Beipoc Ha 34 % U B HacTosIIIEE
BPEMs COCTABIISIET NOPsAAKa 38 MiIH T B rozt. OOIIEMHUPOBOM YPOBEHD UCITIONB30BAHUSL
CaHUTApHO-TUTUCHUYECKUX M3JEIMN HAXOAUTCS Ha OTMETKE MPUMEPHO 5 KI Ha Ye-
JIOBEKA B rof.

Coxpalenne 3HepreTHueckoro HOTpeOIeHns MyTeM WHBECTULMI B mepeso-
BbI€ TEXHOJIOTHHU U MPAKTUKU CIOCOOCTBYET IMOBBIICHHIO KOHKYPEHTOCIIOCOOHOCTH
POCCHHCKMX LEJUIION03HO-0yMaXKHBIX TPENNPUATHIA HAa BHYTPEHHEM M BHEIIHEM
pBIHKax. 3arparbl Ha SHEPTHI0 MPH MPOU3BOIACTBE TUCCHIO-NPOAYKIUU CTOAT Ha
BTOPOM MECT€ ToCJIe 3aTpaT Ha ceIpse — 14,5 % [13, 14, 18]. Oguo u3 BO3MOXKHBIX
HaMPaBICHAN CHUKEHUs CEOECTOUMOCTH IPOAYKIUN — OITHMU3ALUS SHEPTOMNOTPE-
OJIeHHsl IPH CYIIIKE CAHUTAPHO-TMTHEHUYECKUX BUIOB OyMar.

Camas sueproemkas yacth OymarozesnarensHoil Mammusl (BJIM) — cymmms-
Has [4, 10, 19], mosTomy u1st HHTEHCH(UKALNK UCIAPEHHUS BIATY B MPOIECCE CYIIKH
OyMa)KHOTO MOJIOTHA ¥ yNaJIeHHs] 00Pa30BABLIMXCS BOJSHBIX MAPOB NPUMEHSIOTCS
KOJIITAKH CKOPOCTHOM CyIIKU. [T1aBHbIe TpeOOBaHNUS, IPEABSIBISIEMbIE K TAKUM yCTa-
HOBKaM: BBICOKasi HHTEHCUBHOCTh MCIAPEHHs BJIATH, MOJYYSHUE MPOLYKLUHU C He-
00OXONMMBIMU Ka4€CTBEHHBIMHU ITOKA3aTEeNsIMU, MUHUMAIbHBIE PACXObI TEIIOBOH 1
SIEKTPUYECKON SHEPTUH, a TAKKE IPrOHOMHUKA B MIPOIIECCE SKCILTyaTaLUH.

B ocHoBe cHmxeHHs pacxozia TEIUIOTHI U MOBBIMIEHUS POU3BOAUTENBHOCTH
MalIUH JISKUT U3YyYCHHE 3aKOHOMEPHOCTE 1 0COOEHHOCTEH CYLIKH MOPUCTHIX BO-
JIOKHUCTBIX MaTepPHaoB, IPOLIECCOB KUIEHUS 1 UCTIAPEHMUSI BJIard B KOJUIOMIHBIX Ka-
[UJIIAPHO-TIOPUCTHIX BOJOKHUCTHIX MaTepHaax, GopM CBS3M BIIard C MATEPUAIIOM,
MEXaHU3MOB [IEPEHOCA TEIUIOThI U BJIArM Ha KaXXJOH CTaIuu CYLIHJIBHOTO MpoLecca,
KMHETHKH CYIIKH TOPUCTOI0 BOJOKHUCTOrO Marepuaia [2, 3, 6].

TennomaccooOmen npu 061yBe Gymary, Haxonsueics Ha STHKU-LHIHHADE,
NPOTEKAET € BHICOKOH MHTEHCHBHOCTBIO B CBSI3H C TEM, YTO BBICYLIMBAETCS TOHKAs
Oymara, He HApyLIAeTCsl KOHTAKT IIOJIOTHA C TIOBEPXHOCTHIO IIHITHHIPA, IPUMEHSIFOT-
Csl BRICOKHE TEMIIePaTyPhl CYIIUILHOTO areHTa (B yCTAaHOBKAX HOBBIX KOHCTPYKIMH —
110 800 °C) u ckopoCTh HCTeYeHHUS CTPYH Bosmyxa (1o 150 m/c).

Hcnonp3oBanne BBICOKOTEMIIEPATypPHOrO CYLIMJILHOTO areHTa Ha OIHOLH-
JUHIPOBBIX MalllMHAX, TaK KaK Ha HUX BbIpa0arhiBaeTCs Oymara M3 MacChl CagKoro
1IOMOJ1a, KOTOpasi HE MOJABEPracTCs yCcaJOuHBIM IpoleccaM, U OOJbILINE YIEIbHBIE
BJIaroChbeMbI HE OKa3bIBAIOT CYIIECTBEHHOIO BIUSHUS HA (PU3UKO-MEXaHUIECKHUE T10-
KazaTeJin roToBoW nponykuuu [1, 14, 20, 22].

Llenb viccnenopanus — BRIABICHHE NOTEHIMANA ONTUMHU3ALAU U >PPEKTHB-
HOCTH pabOoThI CYIIUIBLHOMN YaCTH (KOJIIaKa CKOPOCTHOMN CyIIKHM THCChIO-MAIINHBI) C
AOCTHXXEHUEM TPeOyeMOil CKOPOCTH MPH BHIPAOOTKE THCCHIO-TIPOAYKIIHH.

Obvexmbl 1 Memoobl UCCTe008AHUS

Ha onno# u3 0o6cneloBaHHBIX U HEIABHO BBEIECHHBIX B OKCILIYaTAI[HIO THC-
CbIO-MAIlIMH CTOJIKHYJIHMCH C IPOOIEMOii MOHIKEHHOH (b (HEKTUBHOCTH CyIIMIIBHOM
9aCTH H, KaK CJIEICTBUE, C OrpaHuYeHueM paboueii ckopoctu arperara. Jlanaas mMa-
IIMHA, COIIACHO MPOCKTHOW JOKYMEHTAILHU, UMEET NPOU3BoAnTeNsHOCT 100 T/cyT
¥ BbIpa0aThIBAET MHOTOCIIONHYO POLYKIUIO CAHUTAPHO-THTHEHHYECKOTO Ha3Hade-
HUSL: TyaJeTHYI0 Oymary, GyMa)XHBIC [TOJIOTEHIIA U HEKOTOPKIE JIPYTHE BUJIBI THCCHIO
¢ 1Mana3oHoM 6a30Boii motHocTH ot 16,0 10 20,0 /M2 JTOT Nokasares (MpH CKo-
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poctr 2100 M/MuH) ObLI JOCTHTHYT TOJBKO IPH BBIPAOOTKE TyaJeTHON Oymaru ¢
maccoi 16,2 r/m2. JIjist cpaBHEHUs:: TPH BBIPAOOTKE OYMaXXHBIX IOJIOTEHEL MACCOM
18,8 r/m?> MakcuMabHast CKOPOCTh cocTaBmia 2040 M/MUH.

Jnist Toro, 4to0Obl BBEICYIIMTE OyMa)KHOE IIOJIOTHO Ha OJHOM LUIUHIPE, IPO-
[ECC CYIIKM HEOOXOIMMO 3HAYUTEHHO YCKOPUTH. PellieHne TaHHOM 3aa4u JOCTH-
raercs 3a CUeT YCTAaHOBKM KOJIITAKOB CKOPOCTHOM cymku [1, 5, 8, 17].

Cymmnbnas yacte BJIM mpexactaBnsier coOoif koMOuHanuio u3 SIHKH-
HUIMHIPA, 000rPEBAEMOro MAPOM, M KOJIIAKa CKOPOCTHOM CYIIKH, 060rpeBaeMoro
NPUPOIHBIM razoM. Paboune XxapakTepUCTHKH CYIIHUIBHOIO MPOLEcca MPUBEICHbBI B
Tabm. 1.

Tabmuma 1
IMoka3zaTtesun npouecca cymku Ha Tucchbo-MannHe B padodem peskume
[Toxa3arens 3HadeHue

Macca 1 Mm%, r/m? 17,8
Brnaxnocts Ha Hakare, % 6,5
[TupuHa MONIOTHA, MM 2512
CKOpoCTh HaKara, M/MUH 1637
TeMneparypa MOKpPO#i 4aCTH KOJIIIaka CKOPOCTHOH cymkH, °C 455
Temmeparypa Cyxoi 4acTH KOJaka CKOpOoCTHOH cymiky, °C 455
Huametp SHKU-IUIHUHIPA, MM 4877
JlaByienue mapa, ogaBaeMoro Ha IWIMHIp, Oap 6,3
Pacxop raza Ha HarpeB BO3/1yXa, TOCTYTIAIOLIETO B KOJIIMAK CKOPOCT- 376.2
HO¥ CyImKH, M>/4 i
Pacxoz mapa, MOCTYIAoIIero Ha SIHKU-IMIHHAD, T/9 4,65

Konmak cOCTOMT U3 MOKPOW W CYXO# 4acTell U UMeeT 6 30H PEryJupoBaHUs
npoHIs BIAKHOCTH 10 IIMPUHE MMOJOTHA B MOKPOW 4YacTH, a Takxke 2 30HbI (110
KpasiM) — B CyxXoi yacTi. OYHKUMIO PEeryIMpOBAHUA BBIIOIHSAIOT 3aCIIOHKH, CTCIICHB
OTKPBITHS KOTOPBIX aBTOMATHYECKH MOACPKUBAETCSA aKTyaTOPAMH C ITyJIbTa MTaHEIIH
yIpaBJIeHUs] TEXHOJIOTHYECKUM IpoLeccoM [9, 21].

Ipu ONTUMHU3AIMN | KCIUTyaTalUH KOJITAKOB CKOPOCTHOM CYIIKH C Ta30BBIM
00OrpeBOM ClieAyeT yIeNsITh BHUMAHHE MONNECPIKAHUIO COOTHOIICHHUS TOILTUBO—
BO3/yX M TEMIEpPaTypbl TOpSYEro BO3[yXd, a TAKKe YCTAHOBIECHHIO KPAaTHOCTU
PEIUPKYIISILAH.

CornacHo METOIMKE pacyera KOJMAKOB CKOPOCTHOH cymikH [7, 11, 12], pac-
XOJI TEOPETUYECKU HEOOXOIMMOTO KOJIMYECTBA BO3/AyXa UL TOPEHUS ra3000pa3HOro
TOIUIMBA PACCUUTHIBACTCS 1O cienyromiel popmyie:

¥ =0,0476 (0,5CO+0,5H, + L,5H,S+ Y m+% C, H,-0,), (1)
1

rne CO, H,, H,S, C,H,, O, — conepxanue B ra3000pa3HOM TOILIMBE OKCHJA yITIEPO/A, BOIO-
pona, cepoBOI0PO/a, YIIIEBOJOPOIOB U KUCIOpoaa, Yo.

Pacxo/1 ra3006pa3HOro TOIMBA TS JOCTIDKEHUS HE00X0IUMOM TEMIIEPATY PhI
CYLIMJIBHOTO areHTa OINpEENseTcss W3 YPaBHEHHUS TEIUIOBOro OanaHca KaMepsbl
cMmemenus [ 15, 17]:
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 C(Lt,-L 1)
QSO Ly 1) Mo

2

rae C, — cpeHss TEMI0eMKOCTb IPOAYKTOB cropanus, kJx/(kr-K); L., L,, L, — maccossiii
pacxoz CyIIMJIBHOTO areHTa, PELUPKYIALNOHHOTO BO3yXa U TEOPETHYECKH HEOOXOIUMOTO
KOJIMYECTBA BO3/1yXa [IJIsl TOPEHHS COOTBETCTBEHHO, KI/4; £,, t,, I, — TEMIIepaTypa CyIIUIbHOTO
areHTa, PELMPKYJAIMOHHOTO M JyThCBOTO BO3yXa COOTBETCTBEHHO, °C; O — Termora
cropanus Tormsa, KJLK/amM’; o . — kodduUIHeHT u30bITKA BO3MyXa B KAMEPE CTOPAHHS;
Ngew — KITJI kameps! cMemnieHus.

HepaBnomepneiii npoduis BIOKXHOCTH 10 HIMPUHE OYMAasKHOTO IOJOTHA
(puc. 1) ObIT 3adMKCUPOBAH CKAHEPOM Ha HAKaTe BO BpeMs o0cien0BaHus THCCHIO-
MaIlKHbI B pabodeM pexunMe.

Puc. 1. Paboyne XapakTepUCTHKH CYLIMIBHOTO MPOLECca M IPOMIIb
BIIQKHOCTH IIPU MPOU3BOACTBE OYMAXKHBIX MMOJIOTEHEL Maccoi 17,8 r/m?

Fig. 1. Working characteristics of the drying process and the moisture
profile during the production of paper towels with basis weight 17.8 g/m?

[Ipu 5TOM MUHUMAJIBHBIA MPOLEHT OTKPBITHS MEPBBLIX aKTyaTOPOB (JIMIEBas
CTOPOHA) NPUBOAUT K MEPECYLICHHBIM KPasM C JIMIEBOM CTOPOHBI, B TO BPEMS KaK
MaKCHMaJbHbIA MPOLEHT OTKPLITHS IOCIEAHUX aKTyaTOPOB A€T EPEyBIaKHEHHYIO
C IPUBOJTHOM CTOPOHBI OyMmary.

Tepmorpaduueckue CHUMKH, CAENaHHBIE HA HAKATE, TAKXKE IIO3BOJISIOT FOBO-
PHUTB O HEPABHOMEPHOCTH MPOQHIIs BIaXKHOCTU. Pa3HOCTH TemMmeparyp Mek Ly Juiie-
BOW U IPUBOIHOM CTOPOHAMH OyMa)KHOTO MOJIOTHA — puMepHO 7 °C.

B cooTBeTcTBHM ¢ MOCTaBICHHBIME 33/1a4aMK M Pa3pabOTaHHONW METOMUKOMN
OLEHKH ()PEeKTUBHOCTH pabOTHI CYIIMIBHON YaCTH MAIIMH I BHIPAOOTKH CaHH-
TapHO-TUTUCHUYECKUX BHJOB Oymar OBbLI MPOBEACH KOMIUIEKC U3MEPEHUM, MM03BO-
JSOUIMIA OLIEHUTh aKTYaJIbHOE COCTOSIHUE MAlIUHbI U 3PEKTUBHOCTD CYIIUILHOTO
nporecca.

Jlis onpezeneHnst CyxoCTH GYMaXHOrO MOJIOTHA IMOCJIE IPECCOBOH YacTH
OCYILECTBJICHBI 3aMEPHI ¢ IPUBOIHON U JinLeBoi cTopoH BJIM (puc. 2).
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Puc. 2. Cxema yuacTka IPOBEIACHHUS 3aMe-

POB CyXOCTH TMOJOTHa Oymaru Ha BXOIE B

CYIIMJIBHYIO YacTh: | — JIMLEBas CTOPOHA;
2 — IpUBOJHASI CTOPOHA

Fig. 2. Scheme of the area of dryness

measurement of a paper web on entering the

drying section: 1 — front side; 2 — drive side

JIiisi OUEHKH PaBHOMEPHOCTH CYyXOCTH OyMa)KHOIrO MOJIOTHA C MPUBOIAHOW M
JIMUEBOM CTOPOH ObLIM 0TOOpaHbl 2 00pa3la W onpeaeneHa X CyxocTb. Jljis sToro
nycThie KOJObI Mepel 3KCIEPUMEHTOM BbIIEPKUBAJIM [0 IOCTOSHHOM MacChl B
cyumnbHoM 1ikady npu temmneparype (105+3) °C. Jlanee Ha paccTOSHUM TIPHMEPHO
50 cM OT Kpasi ¢ IPUBOIHOM U JIULIEBOM CTOPOH OTOMpaIM MpoObl M MOMELIAIH HX B
KOJIObI. JIj1si peIoTBpAIEeH s OTEePh BJlary cpasy rnociye 0Toopa Koiobl MOMEHTAIEHO
3aKpbIBAJIM W B3BelHBaK. [locsie yero o6e konobl MoMeIany Ha 24 4 B CyIUMIIbHbINA
nikad ¢ Temneparypoit (105 + 3) °C 1o AocTHKeHHs] IOCTOSHHOM MacChl.

Pesynomamot uccieoosanus u ux oocydcoenue

[poBeneHHbIE U3MEPEHHUs MTOKA3aIK, YTO MOCIIe MPeccoB Oymara nocTymnaeT B
CYIIWIbHYIO 4aCTh C OJMHAKOBOM CyXOCTBIO C JIMLIEBOH U MPHUBOJHOM CTOPOH, paB-
Hoii 43,3 % (Tabmn. 2).

Tabauna 2

ﬂaBJleHl/le BO31yXxa B CyXOﬁ YacTHu KoJnakKa CKOPOCTHOﬁ CylIKH

" JlaBnenue Bo3nyxa, Mmbap CrerneHb OTKpHITHS
O3ULIHS o
B CyXOH 4acTy Kolmaka B MAIIMHHOM 3aJie AP Kiarnana, %
= - 0,21 —=

1 24,66 24,49 0,17 35

2 26,45 26,25 0,20 100

3 26,95 26,78 0,17 100

4 24,49 24,36 0,13 90

HpI/IMe‘]aHI/Ie. AP — Pa3sHOCTh JaBJICHU I BBIAYBAEMOI'0 M3 KOJIIIaKa ropsA4ero Bo3ayxa U
BO34YyXa, MoacacblBa€MOro u3 MalivmHHOI'O 3aJia.

Takum 06pa3om, Ha UTOTOBBIM MPOQUIIE BIAYKHOCTH OYyMa)KHOIO MOJIOTHA Ha
HaKaTe BJIMSET TOJBKO CYIIWIbHAS YacTb. [IpHUMHON MHUIBTPALMK U TOACOCOB
XOJIOIHOTO BO3/1yXa, BbI3bIBAIOLIEH CHIKEeHHE 2P HEKTUBHOCTH PpabOThl BO3LYLIHOIO
CYIIMTEJIS, SBJISIOTCS M30THYThIC HANpPABISIOIINE [UIACTUHBI B HWXKHEH 4acTH MO-
KPOTO KOJITIaKa.

Takoke OTMEUCH YBEJMUCHHBIN 3a30p MEXAY LMJIMHAPOM M HaNpPaBJIAIOIIEH
TJIACTUHOM, KOTOPBIN BMecTO Tpebyembix 8...10 mm [14, 21] coctasnsn 7...10 cm.
WckpusiieHust U AeGpopMaldi 3a30pa MOTYT SIBISITbCS CIEICTBHEM TEPMUYECKO-
ro paclIMpeHus KOJIMaKa, BBI3BAHHOTO HEeMpaBHIbHON M HepaBHOMEpHOH paboToi
KJIaraHoOB PEryJUPOBaHMUS MOaul rOPsiUero Bo3ayxa Mo 30HaM BO31YyLIHOrO CyIuu-
Tesl.

Jlnst onpeniesieHust COCTOSIHUS KOJIMaKa CKOPOCTHOM CyHIKM M OLEHKH pacripe-
JIeJIeHHs TIOTOKOB BO3/1yXa ObLIO U3MEPEHO JaBjeHHe BO3LyXa B MOKPOH M CyXOH
yacTsx Kosnaka. [lorpenHoCTh MpoBOAMMBIX M3MepeHuii cocTaBuaa £0,01 mo6ap.
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Yro6bl NpoaHaM3UpOBaTh M3MEHEHHE JaBIICHUs BO3/MyXa, ObLla MpeArpUHATA
TIOTBbITKA OTPEryJIMPOBaTh OTKPBITHE 3aC/IOHOK OT 5 10 100 %. Y cTaHoBIEHO, UTO HA JIK-
LEBYIO CTOPOHY MONACTCS CJMIIKOM MHOTO BO3/lyXa, Ha PUBOJHYIO — CITHAIIIKOM MAJIO.

Ha nnarpamme, npusesieHHolM Ha prc. 3, XOpOLIO BUIAHO, YTO KianaH (aKTya-
Top) Ne 1 ¢ oTkpbITHEM B 5 % UMeeT Golbluee AaBIEHUE BO3AyXa, YeM JpyTHe Kia-
TNaHbl, HaNpUMep ¢ OTKPbITHEM B 50 %. DTO rOBOPUT O TOM, YTO MOMEPEUHOE Pac-
npeeieHue MOTOKOB BO3/yXa MOKPOM YacTH BO3AYIIHOIO CYIIMTENS! TPOMCXOIUT
HepaBHOMepHO. Cyxas 4acTh MMEET PEerylupoBaHHe TOJIBKO MOIAYM BO3IyXa Ha Kpasl.

32

R o
3 S,
. Z

0 10 20 30 40 50 60 70 80 90 100
Crenenb OTKpbITHS akTyaropa, %o
=@= AxTyatop Ne 1 == Axtyartop Ne 3 == AxTyaTop Ne 5
egmn AkTyaTop Ne 2 == AxTyatop Ne 4 == AkTyaTOp Ne 6
Puc. 3. 3aBucuMOCTb M3MEHEHUS NABJICHHS BO3MyXa B MOKDOH 4acTu
KOJIMaka CKOPOCTHOM CYILIKH OT CTENEHU OTKPBITUS akTyaTtopoB Ne 1-6

Fig. 3. The dependence of the change in air pressure in the wet end of a
Yankee hood on the rate of opening of actuators no. 1-6

[puBenenHble HMXKE JaHHBIE, UL HAMISAHOCTH HM300paXKEHHBIE B BUJIE
Auarpammsl (puc. 4), CBUAETENBCTBYIOT, YTO MIPU OTKPBITUH akTyatopoB Ha 100 %
JlaBJIeHHe Ha BCEX KJlalaHax NmpuMepHo oauHakoBoe (AP = 1,10 mbap), Ha 50 % —
pasnoe (5,51 mbap), Ha 25 % — pa3HOe MO Bcell LIMPMHE MOKPOHM 4acTH KOJMaka
nasisienue (8,83 mbap).

33 Puc. 4. 3aBucumocts u3MeHeHUS
311 "100% =50% =25% JaBleHHss Bo3fyxa B (opcyHKax
MIPU U3MEHEHUM CTETIEHN OTKPBITHS
aKTyaTOpPOB MOKPOMW YacTH KoJimaka
CKOPOCTHOI cywmku ot 25 no 100 %
(JIC — nuuesast cropona; [1C — mpu-
BOJ{HAsl CTOPOHA)
Fig. 4. The dependence of the
change in air pressure in nozzles on
the change in the rate of opening of
i | actuators of the wet end of a Yankee
3 hood from 25 to 100 % (JIC — front
JIC Axtyaroper  TIC side; TIC — drive side)
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231
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15

JlaBnenue B popcyHkax, Mmoap
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OOHapyXeHO, YTO CKOPOCTh BO3/yXa MpU OTKpbITHH Kiaamana Ne 1 Ha 100 %
HIDKE, 4eM IIpH 3aKkpbIThH Kianana Ne 6 Ha 50 %.

Jlis ompenesieHusl COOTHOILEHUS! 10JICACHIBAEMOIO M BbIOMBAEMOI0 U3 KOJI-
IakKa BO3[yXa BO BpeMs paboThl 000pydOBaHUs MPOBEICHBI 3aMepbl TEMIIEPATYPbI
BO3lyXa B 3 TOYKax C JIMLIEBOH M MPUBOJHON CTOPOH Ha BCEM MPOTSLKEHHUH KOJIAKa
CYLIMJIBHON YacCTH: HUXKHSASA, LICHTD, BEpXHsis (Tadm. 3).

Tabauma 3
Temneparypbl BLIONBAaeMOI0 BO31yXa
Temmepatypa Bo3ayxa, °C
[o3uuus
Mokpas yactb L Cyxast 4acTb
Huorcnaa mouxa
1 JIC 83,2 32,5
2JIC 108,0 48,2
3JIC 137,8 35,2
4JI1C 175,4 3142
1 TIC 33,3 53,9
2 TIC 32,0 50,5
3T1IC 32,5 48,4
4TIC 42,4 48,8
I{enmp
1 JIC 49,6 115,2
1 TIC 63,1 49,2
Bepxnsaa mouxa
1 JIC 55,5 50,9
1 TIC 260,0 1433

IToBpIICHHBIE 3HAYEHHS] TEMIEPAaTyphbl BHIOMBAEMOI0 W3 KOJIIaka BO3AyXa
SBJICTCS MHIUKATOPOM IOTEPh TeIuia. B cOOTBETCTBUM C 00IIEMUPOBOM PAaKTHKOMN
9HEprodhPeKTUBHOTO (HYHKIIMOHUPOBAHUS KOJIIAKOB CKOPOCTHOW cymiku [14] ata
TemIeparypa JoJbkHa ObITh He Oonee 150 °C.

Takum 06pa3oM, Ha JIMIEBOW CTOPOHE KOJIIAaKa MPOUCXOIUT BBIAYBAaHHE IOpsi-
Yero BO3AyXa, a Ha MPHUBOJIHOW — MOZCACHIBAHNE XOMOAHOTO. TeMmeparypa Bo3nyxa
Ha BX07ie OyMa)KHOTO TIOJIOTHA B KOJIITaK CKOPOCTHOM CYIIKH C JIMIIEBOM CTOPOHBI (10
140 °C) Brime, yem ¢ npuBonHoi cropons! (30...40 °C). Madunerpanust ocoOeHHO
3aMETHA C MPUBOAHOM CTOPOHBI, a SKCPUIBTPALHS — C JTUIEBOH CTOPOHBI HA MOKPOI
9acTH BO3AYIIHOTO cymuTest. CieoBaTenbHO, MOATBEPIKICHO MPSIMOE BIIUSTHUE Pe-
IyJIMPOBaHMS KOJIMAKOB CKOPOCTHOM CYIIKH Ha IMOKa3aTeIH SHepreTudeckoi ¢ ex-
THUBHOCTH TPOLIECCa CYIIKH.

Buisoowi

1. B cymmibHy0 9acTh OyMa)KHOE MOJOTHO IMOCTYIAET C PaBHOMEPHOU IO
mpuHe CyXoCThio (43,3 %), 4TO MOATBEPKIACT pEelIarolee BIUSHUE CYIIHIBHON
YacTH HA €r0 UTOTOBBIN MPOMUIIL BIIAXKHOCTH.

2. Ontumu3aIys ¥ nepepacrpeiesieHue MoTOKOB BO3yxa, UCKITouas ddex-
ThI HTHQUIBTPAIIMH XOJIOAHOTO U SKCHUIBTPAILIMU TOpsiuero Bo3ayxa, CIOCOOCTBYIOT
BBIPAaBHUBAHHUIO MPOGWIS BIAKHOCTA OyMa)XHOTO TOJOTHA, YTO CHHUYXKAET PacXoj
ra3a ¥ 3JIeKTponoTpedIeHre BeHTUISTOPOB, MOJAIOIIIX CBEXKHH BO3TyX.
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3. [IpoBesieHHbIe pacyeThl MOKA3bIBAIOT, YTO Uil 0OECIIEYEHHS IPOM3BOICTBA
100 T Gymaru B CyTKH B CpaBHEHHUH C [CHCTBYIOLIMM NOTPeOIeHUEM Ta3a Tpebyer-

¢t MeHblIe Ha 62 M/9 (17 %), a 3MeKTPOIHEPrHy HA NPHUBOJ BEHTUIATOPOB — HA
6,8 kBT4 (4 %).
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The paper presents the method for assessment the performance of high-speed Yankee hoods
in the production of tissue paper grades and the results of its use in working machine. The
following parameters are found applying this method: paper web dryness, air pressure in
the wet and dry ends of high-speed convective dryers and temperature of the air spilled out
of the hoods. The methodology is based on the measurement of these characteristics during
the operation of working equipment with further adjustment of the separate system units.
Thermal imaging was carried out during the experiment. It has been found that blowing
hot air on the front side of the hood and sucking in the cold air on the drive side leads to
uneven moisture profile (measured on the paper machine roll) across the paper web width,
a decrease in energy efficiency and the machine capacity. Performance indicator may be,
for instance, the spilled air temperature, which on the studied machine is significantly dif-
ferent from the standard value and is 175 °C. The rationality of regular monitoring of air
characteristics when changing processing modes is proved. The relevance of the cascade
system is substantiated, where not only a direct cascade from the dry end to the wet end is
possible, but also there is an opportunity to adjust the humidity of exhaust air by addition/
reduction of part of it to/from the dry end. The direct effect of adjusting the humidity of
exhaust air in the drying section on reduction of energy costs, as well as the effect of make-
up air on the amount of infiltration and the air balance of the system are confirmed. A set
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of measures implemented within the framework of this methodology makes it possible
to achieve energy saving in existing industries. The prospective saving potential of gas
is 62 m’h or 17 % of the current consumption and actual electricity consumption is
6.8 kWh or 4 % for the studied machine.
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