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Annomayun. Cymika ApeBECHHBI, B YaCTHOCTH NIJIOMATEPHAJIOB, SBISETCS OJHUM H3
CaMBbIX CJIOKHBIX W 3HEPro3aTpaTHBIX IMPOIIECCOB B JepeBOIepepadoTKe, MPAKTHUYCCKU
MOJTHOCTHIO OTPEACIAIONINM KaueCTBO MPOAYKIIUU, U3TOTOBISEMON U3 apeBecHHbI. KoH-
BEKTHBHAsI CYIIKa IMHJIOMAaTePUATIOB, BO BCEM MHOTO0Opa3Wy e¢ Pa3HOBHIHOCTCH, Ha ce-
TONHSAIITHUHN NIEHb OCTAaeTCS CaMOW paclpocTpaHeHHOW. KoMIbloTepHOE MOAECTHPOBAaHUE
MIPOIIECCOB CYIIKH APEBECHHBI OOBIYHO MPOBOIUTCS Ha OCHOBE PEIICHHUs cucTeM, mudde-
PEHILMANBHBIX YpaBHEHUH TerioMaccooOMeHa. MeTo/ibl pelieH s MO00HBIX CUCTEM, KaK
AQHAJIMTUYCCKUE, TAK U YUCIICHHBIC, IOCTATOYHO ITyOOKO U3yUeHbI U TpopadoTanbl. OqHAKO
BXHCHIIIMM METOJUYECCKUM BOIIPOCOM SIBJIICTCS KOPPEKTHOC (HOPMYIHPOBAHHUE TPAHHY-
HBIX yCIIOBHUH, KOTOPBIE ONPEICISIOT MPOIECC B3aUMOCBSI3aHHOTO TEIJIOMACCOOOMEHa Ha
rpaHune pasgena (a3 (apeBecnHa — BIaXKHBIH BO3AyX). [[si KOHBEKTHBHOHN CYIIKH Tpa-
TUITMOHHO HMCTIONB30BaNNCh rpanndHble ycnoBus 11l poma akamemuka A.B. JIsikoBa, mis
KOTOPBIX XapaKTEPHO TOCTATOYHO OJIM3KOE COOTBETCTBHE MTOTOKOB MACCHI, IBIKYIIIEHCS U3
IyOUHBI IPSBECUHBI M Ha TpaHuIle pas3jaeia (as. JJaHHOe COOTBETCTBUE XapaKTEPHU3YETCs
BEIUYHMHON TaK Ha3bIBACMOIO MacCOOOMEHHOTO Kputepust buo. [y mpoBepKu BBICKa3aH-
HBIX IIPEAITOIOKEHUH OBLI MPOBEICH BRIYHCIUTEIBHBIA YKCIICPUMEHT, TO3BOJIUBIIHUI OTIpe-
JIEIATH BO3MOKHYIO YIIPABIIEMOCTH MPOIIecca BIaroyaalieHus P HU3KOTeMIIepaTypHOH
KOHBEKTHBHOW CYIIKE YCJIOBHOTO IMUJIOMAaTepHaNa peXHUMaMH TpeX- M OeccTylmeHdJaToi
CTpYKTYpHl. [IoMIMO 3TOTO MCCIIEOBANOCH BIMSHHE MPOIEcca BIAroylajeHHs Ha JWHA-
MUKY BHYTPEHHUX HalpsDKEHUH B ipeBecHHe. Pe3ynbraThl mokasanu, 4To OeccTyneHyarsie
PEXKHUMBI, C OJTHOW CTOPOHBI, 00CCIICUNBAIOT CYNICCTBEHHOEC MOBBIIICHUE KaueCTBa CYIIKU
MPaKTUYECKH 03 MOTEPH MPOU3BOAUTEIHHOCTH JIECOCYIIMIBHBIX KaMep, a ¢ APYTroi CTO-
POHBI, 0067a1af0T O0JIee BEICOKOW YTIPaBISIEMOCTRI0. Pe3yapTaTsl paHee MpOBEICHHBIX HC-
CJIETOBAHHI TIO3BOJIFIIN MIPEITIOKHUTH OOIIHME MPHUHITUIIBL, a 3aTeM 3allaTCHTOBATh KOPCHHBIM
00pa3oM OTINYAIOIIYIOCA OT PaHEe M3BECTHBIX CHUCTEM YNPABICHHS CYIIKOH TPEBECHHBI
CHUCTEMY aBTOMAaTHYECKOTO YIpaBJeHUS! BIArooOMEHOM TpH CyIIKe JIpeBecuHbl. J[anHas
CHUCTEMa YIPABIISCT MPOIIECCOM CYIIKH 3a CUET PETYTHPOBAHMS COOTHOIICHUS BHEIIIHETO U
BHYTPCHHETO BIIar00OMEHa, a He BEJIMYMHEI TAPaMETPOB Cpebl B kKamepe. CucTema ymnpas-
JICHHSI BITar0OOMEHOM TP KOHBEKTUBHOW CYIIIKE MAIOMATEPHAIOB SBIISCTCS OTPaHUICHHO
YIPAaBISAIOMICH: MOTHOCTHIO CTA0MIIN3UPOBATh 3HAYCHUS MacCOOOMEHHOTO KpuTepus bruo
oHa He mo3BossgeT. OJHAKO ee MPUMEHEHHE MOAACPKUBACT OMPEICICHHBIN OaJaHc Mex-
Jly BHYyTPEHHHUM W BHEITHUM BJIarooOMeHoOM, obecrieunBaeT TpedyeMoe KaueCTBO CYIIKH
MIPaKTUYECKH ITOJTHOCTHIO UCKITIOUACT BOSHUKHOBCHHE OpaKa.
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Abstract. Wood drying (in particular lumber drying), which almost entirely determines the
quality ofthe wooden products, is one of the most complicated and energy-consuming processes
in wood processing. Convective drying of lumber, in all its varieties, remains the most common
by far. Computer modeling of wood drying processes is usually based on solving systems of
differential heat and mass transfer equations. The methods for solving such systems, both
analytical and numerical, are well researched and developed. However, the most important
methodological issue is the correct formulation of the boundary conditions that determine
the process of interrelated heat and mass transfer at the interface (wood — moist air). The
convective drying has traditionally used the boundary conditions of type III by Academician
A.V. Lykov, which are characterized by a sufficiently close correspondence between the mass
flows moving from the wood depth and at the interface. This correspondence is described
by the value of the so-called Bio mass transfer criterion. A computational experiment was
carried out to verify these assumptions. It enabled to determine the possible controllability
of the moisture removal during low-temperature convective drying of conventional lumber
using modes of three-step and stepless structure. Besides this, the influence of the moisture
removal on the dynamics of the internal stresses in wood was also studied. The results have
shown that the stepless drying modes, on the one hand, offer a significant improvement in
drying quality with practically no loss of drying capacity, and on the other hand, have better
controllability. The results of the previously conducted and mentioned studies made it possible
to propose general principles and then to patent a system for automatic control of moisture
transfer during wood drying, which is fundamentally different from the previously known
wood drying control systems. The system controls the drying process by adjusting the ratio
of external to internal moisture transfer, rather than the value of the media parameters in the
chamber. The moisture transfer control system for convective drying of lumber is of limited
control: it cannot fully stabilize the values of the Bio mass transfer criterion. However, its
use maintains a certain balance between internal and external moisture transfer, ensures the
required drying quality and almost completely eliminates the occurrence of defects.

For citation: Gorokhovsky A.G., Shishkina E.E., Agafonov A.S. Lumber Convective Drying
Based on Controlled Moisture Transfer. Lesnoy Zhurnal [Russian Forestry Journal], 2022,
no. 1, pp. 166—172. DOI: 10.37482/0536-1036-2022-1-166-172

This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International
(CC BY 4.0) license * The authors declare that there is no conflict of interest



https://publons.com/researcher/O-6030-2018/
https://orcid.org/0000-0001-8847-8217
https://publons.com/researcher/O-6021-2018/
https://orcid.org/0000-0002-2584-4897
https://publons.com/researcher/ABD-5832-2021/
https://orcid.org/0000-0002-0955-9068

168 «H3BecTHs By30B. JlecHoii sxypHay». 2022, Nel ISSN 0536-1036

Keywords: drying control system, moisture transfer, lumber convective drying, Bio mass
transfer criterion.

Beeoenue
Jlyis TeopeTHYecKoro aHaju3a IpoIeCCOB HU3KOTEMIIEPATypHOU KOHBEKTHB-

HO¥ CYIIKH JPEBECHUHBI 00BIYHO HCIIOJB3YIOT CUCTEMY YPaBHEHHI TEIJIOMaccooOMe-
Ha, mpemioxkeHayo A.B. JIsikoBeIM [9],

er a,
A w0 2y, (1)
T C
Ou 2 2
a—:amV u+a,,dV4t, (2)
T

rae ¢ — remmeparypa, °C; T — BpeMs, C; a — KO3 GUIIMEHT TeMIIePaTypOIPOBOIHOCTH
JPEBECUHBI, M%/C; € — KpUTEPHii (pa30BOro MpeBparleHus; 7, — TEIIoTa napoodpaso-
BaHusl, [DK/KT; a, — K03 PULIUEHT BIaronpoBOIHOCTH APEBECHHBI, M?/C; ¢ — TEIUIO-
€MKOCTb APEBECHHBI, JIXK/Kr Tpal; u — BIaKHOCTb.
[Tpu 5TOM HarIe Bcero 3a1aHHyI0 CUCTEMY PEIlalOT C TPAHUYHBIMHU yCIOBUSIMH
IIT pona [5-9, 16-22], xoTopble Al HEOTPAaHUYEHHOH MIACTHUHBI (JIOCKa) BBITVISAST
CIIEITYIOIITIM 00pa3oM:
Ot(R,7
—k(—)—i-(x[tc —t(R,r)]—(l—s)pGrdJ(xm [u(R,r)—upJ =0;
Ou(R,z Ot(R,T
a,, ( )+amS ( )+am[u(R,r)—up:|:O, @)

ox ox

)

ox

rae A — k03 UIMEHT TEeIUIONPOBOJHOCTH IpeBecuHbl, BT/M2 Tpan; o — koadduim-
eHT TerioooMena, Bt/m2-rpaj; R — NOJIOBUHA TOIIMHBI TOCKH, M; X — KOOPAUHATA, M;
ps — 0a3uCHas IIOTHOCTH JPEBECHHBI, KI/M?; 0, — Ko3(duineHT BaaroooMeHa, m/c;
U, — PABHOBECHAs BIQKHOCTh APEBECHHBI.

IIpomecc cymku cuntaercs OMM3KUM K ONTUMATbHOMY [8] MpHu yCIIOBHH, YTO
MIOTOKH BJIar¥l — HAYIIUH U3 TITyOMHBI COPTUMEHTA I, W UCTIAPSIOIINIICS C TIOBEPXHO-
CTHU JIPEBECUHBI I ,, — PaBHbI (MM JOCTATOYHO OINM3KM) MEKAY c000ii [9]:

igm = —a,PsVU;

i(Xm = a’mp6 (un - up))
7€ U, — BIAKHOCTH IIOBEPXHOCTH JAPEBECHHBI.

SIcHO, YTO WX MPaKTHUECKOE PaBEHCTBO BO3MOXKHO JIMIITH TIPH BIIOJHE OIpe-
JIEIIEHHOM OTHOIIIEHUH KO3 UIIeHTa BIaroooMeHa K K03 QHUIIMEHTY BIarompoBo-
JTHOCTH, KOTOPOE OIPE/IeNIIeTCsl BEIMYMHON MacCOOOMEHHOTO Kputepus buo [9]:

. a,,
Bi, = o R.

OI{CBI/II[HO, 4TO, Bapbupys BCIUYUHBL O, U d, B XOAC CYIIKH, Mbl HMCCM BO3-
MOXHOCTB CACJIATh MPOLECC BJIaroyjaJICHus B HU3BECTHOM CTEICHU yYHpaBJIACMbIM.

Obvexmbl 1 Memoovl UCCIe008aHUS

B kadectBe 0OBEKTa HCCICA0BaHUA ObllIa HCIOJB30BaHa MOZCJIb Ipouecca
HH3KOTGMHCpaTypHOI>'I CYIIKH MNHUJIOMATCpuajioB Ha OCHOBC CHUCTCMbI Z[I/I(i)(bepeHLII/I—
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aNbHBIX YpaBHEHHH TeriomaccoooMena (1), (2) ¢ rpannynbiME ycnoBusaMu (3), (4).
Peanusarnyst BBIYMCIUTENBHOTO IKCIIEPUMEHTA JIJIS CYIIKH YCIOBHOTO THJIOMaTepua-
Jla peKUMaMK TpeX U 0eccTyneH4Yaroi CTpyKTypsl [3] npoBoauiack B cpene Mathcad
[14]. Just anamu3a BO3MOXKHOU YIIPaBISIEMOCTH TIpoIiecca CYITKH ONPEAeIIIoCh 3Ha-
4yeHue Bi,, a TAKKe BIaKHOCTHbIE HANPSDKEHUS B IPOLIECCE CYIIKH Ha MHOTOCTEPXK-
HeBou mojienu nocku b.H. Yronesa [14].

Pesynomamul uccnedosanus u ux oocysicoenue

PCSYJ'ILTaTI)I BBIYHCIUTCIBHOTO OKCIICPUMCHTA ITPUBCACHBI B Ta6n1/111e.

PacuerHble mapamMeTpbl HCCJICA0OBAHHBIX PEKUMOB CYIIKH

Koneunas B1aXHOCTb

Bi, JipeBeCHHbI, % MaxkcumaipHOe
2
Tun pexruMa BJIAXKHOCTHOC
MaKCHu- MUHH- MaKCHu- MHUHH- cpeHss HapsDKEHHE, MIla
MaJIbHOC MaJIbHOC MaJIbHast MaJIbHast
TpexcryneHyaTsit 38 20 10 6 8 3,2
Becctynenuatsrit 17 12 9 7 8 1,9

Oc00EeHHOCTH TETIOMAcCOOOMEHa ISl TPeX- U OECCTYIIEHYaTol CTPYKTYp pe-
JKUMa OBbLIIM MPOAHATU3UPOBaHbI B [4]. B J0omoNHEHNE K CKa3aHHOMY paHee MOXKHO
OTMETHTH CIIeyIoLIee.

1. BeccryneHuarslil pexxuM 001ajaeT CyImEeCTBEHHO OOIBIIUM MOTSHIIMAIOM

Bi,, max
yrpasisieMocTd. Tak, it Hero ———— = 1,4, B TO BpeMsl Kak ISl TPEXCTYyIeH4YaToro
i, min
Bi max
=19
Bi,, min

2. beccrynenvarslii pesxuM oOecriedrBaeT 3HaUNTEIBHO 00Jiee BBICOKOE Kaue-
cTBO cymku. [Ipu 3ToM MeHbIIIe repena; BIa)KHOCTH 0 TOJIIHHE T0CKH U BHYTPEH-
HUE HaIPsDKEHUS B IPEBECHHE.

3. [ImaBHOE M3MEHEHHE ITApaMETPOB PEKMUMA BCIIEICTBHE OTCYTCTBHUS CTYTIE-
HEH CyIIKH TI03BOJISIET 00ECIIEYNTh TAKXKE TNIABHOE TEUSHHE MIEPEXOTHBIX MTPOIECCOB
U CTaBUTH BOIMPOC O PEaJbHOM BOBMOXKHOCTU CO3/IaHUS CUCTEMBbI aBTOMATHUECKOTO
YIIPABJICHUS CYILKOM.

4. Ha ocHOBe KOMIUIEKCa MPOBEACHHBIX HccienoBannii [13] Hamu mpemioxke-
HBI TIPUHIIAIIE YIIPaBIeHNS CYIIKoi [11], a 3aTeM 1 IPUHIHITEI TOCTPOSHUS CHCTEMBI
yIpaBIIeHHs BIarooOMEHOM IIPH CyIITKe rioMarepuanoB. Heo0xommmo oTMeTHTb, 4TO
JIaHHBIC BOIIPOCHI OKA3BIBAJIKCH B IMOJIC 3pEHUSI MHOTUX aBTOpoB [1, 2, 4, 10, 12, 15],
OJIHaKO pa3paboTaHHbIC MIMU CHCTEMBI, KaK MIPaBUIIO, YIPABISUIA TapaMeTpaMu cpe-
JIbl B CYIIMJIBHOM Kamepe, a He COOCTBEHHO MPOIECCOM CYIIKH 3a CUET PerysnpoBa-
HUS COOTHOIIIEHUS! BHYTPEHHETO ¥ BHEIITHETO BIaroooMeHa.

Ha pucynke [14] nmpuBeneHa CTpyKTypHas CXeMa CUCTEMBI yIIPaBICHUS TPO-
[[ECCOM BJIarOy/lajIeHHs MTPU KOHBEKTUBHOM CYyIIIKE TTHIIOMATepHAIIOB.

BrixonHbie mapamMeTpbl CUCTEMBI: BIAKHOCTh COXHYILIETO COPTUMEHTA JpEeBe-
CHUHBI (); TEMIIEPATypa APEBECUHBI (£,)); TPAJMEHT TEMIIEPATYPbI [0 CEYEHHIO JOCKH
(Af[11].
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Cucrema oxBaueHa JByMsI KOHTYpaMu OOpaTHOM CBSI3W: MO MapameTpaM Ie-
peHoca BIard B JPEBECHHE U 110 MapaMeTpaM BIarooOMeHa JPEBECHHBI CO CPEHoH.

’E TapaMeTpsl ITapamMeTphl Ha TP AHHIE ITapameTpel
£ Cpeasl «IpeBecHHA — cpegay JpeBecHHBI
=
E ’5 —» Temmeparypa (1) a, = f(t, ) Oy = [ (Egps Ugp)
F] —
£ E OTHOCHTENIBHAL l w, = f(t, @) £ = f(At,uy,) —
E g RIAKHOCTH () 8 = f(tap g, AL) e
£
: £
&
g
t
E Baaroobmen IlepeHoc BJ1aru
OpeBeCHHBI CO cpeoi B Jp €BeCHHE

| l u

‘ ]:[p 0IECC BJIATOYIATCHHA NPH CYIIKE TH/IOMATEPHATOB

o+

CprKTypHaH CXE€Ma CUCTEMbI YIIpaBJICHUSA CyHIKOﬁ

Block diagram of the drying control system

BaxHo, 9TO yIIpaBISIONINM SBISIETCS BTOPOI KOHTYp 0OpaTHOM CBS3U. YIpaB-
JIEHUE BEIUYUHON KpuTepus bro mpou3BoauTCs MyTeM peryaupoBaHusl apaMeTpOB
CpeZbl: TeMIIepaTyphl BO3AyXa U €r0 OTHOCUTEIBHON BIaYKHOCTH.

Wcnonbp3oBaHue CHCTEMbI yIpaBiieHUs BiaroooMeHom [4, 15] mo3Bossier
OTIPENENATh TTapaMeTPhl PeXNUMa HETIOCPECTBEHHO B MPOIIECCE CYIIKH U MOIy4arh
MJIOMaTepHalbl 3aIaHHON KaTerOpHH KauecTBa B 3aBUCHMOCTH OT TpeOOBaHMIA TTO-
TpeOuTEIIs.

Boioowr

1. Cuctema yripaBlieHUs! BIarooOMEHOM IpH KOHBEKTUBHOMW CYIIIKE SIBIISAETCS
OTPAHWYECHHO YTIPABIAIONIEH, T. K. TIOJHOCTHIO CTAOMIM3UPOBATH MAaCCOOOMEHHBIN
KpuTepuil buo oHa He TTO3BOJISET.

2. Cucrema JTaeT BOZMOXKHOCTB TIOIEP’KUBATh OTPE/ICTICHHBIN OaaHc MEXIY
BHYTPEHHUM U BHELIHUM BJIarooOMEHOM COXHYIIETO COPTUMEHTa JPEBECHHBI, TEM
cambIM obOecrieunBasi TpeOyemMoe KadyecTBO CYIIKH M MPAKTHYECKH MOJHOCTBIO MC-
KJIF04asi BEPOSITHOCTh BO3HMKHOBEHMs Opaka. [10CTOSHHBIN MOHUTOPUHT TEKYIIEH
BIIQKHOCTH JIPEBECHHBI TapaHTUPYET HEOOXOIUMYIO KOHEUHYIO BIaKHOCTD.

3. [IpuHIUIHATBHON 0COOCHHOCTHIO CHCTEMBI SIBJISICTCSI BOSMOYKHOCTD HETIpe-
PBIBHOTO KOHTPOJIS TPaIMEHTa TEMIIEPATYPhl IO CEUEHUIO COPTUMEHTA, UTO [1O3BOJISI-
eT Y HEOOXOANMOCTH KOPPEKTUPOBATH MTAPAMETPBI CPEIbI 10 KPUTEPHUIO (ha30BOTo
repexoyia M TePMOTPaJIUEHTHOMY KO3 (DUILIUEHTY.
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