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IMocTranoBka mpodsemn. TexHONOTIYHY cXeMy eKCTpy3ii jucTiB 3 mojietwiieHy Bucokoi ryctiuHn (HDPE)
300paxxeHo Ha puc. 1.

1 — excmpyoep; 2 — popmytoua conoska; 3 — kananop, 4 — aucm 3 ROAIMepHO20 Mamepiany;
5 — npucmpitl pizku KpOMOK,; 6 — pofibeane 0X0A00CEeHHs TUCma, 7 — MASHYYULl NPUCMPIL;
8 — npucmpiti n0830062cHbOI pisku; 9 — npucmpiti wmabenosanus,; 10— nomoxu menionocis

Puc. 1 — Jlinisi BUpoOHHMITBA JUCTIB 3 noJieTusieny Bucokoi rycruauu (HDPE)

Jlo OCHOBHHMX mapaMmeTpiB SIKOCTI JIUCTIB 3 INOJIETHJICHY BiJHOCSTHCS CTaOUIBHICTh I€OMETPUYHHMX PO3MIpIB,
IUIOLMHHICTb, TJaJKi KPOMKHM Ta IIOPCTKICTh moBepxHi. ILli mapamerpM 3HA4YHOIO MIpPOIO BH3HAYAIOTHCS
TEXHOJIOTIYHUMH PEKUMaMH KallaHJPYBaHHSA, TOMY JIOCHI/DKCHHS NpOLECY KalaHIPYBaHHS € BaKJIMBUM, a
OTpPUMaHHS 3aKOHOMIPHOCTEH MPOLECy TEIIO0OMIHY NpH KaJlaHAPYBaHHI JIMCTIB € aKTyaJbHUM JUIS IPOCKTYBaHHS
HOBOT'O O0JIaTHAHHS.

ITicns popmyrodoi romoBku (1mmo3. 2 puc. 1) po3mras HDPE nmoTparuisie 1o mepiroro 3a30py KajlaHApa, TP IbOMY
TEMIIEpaTypa MepIIoro Bajdy Mae OyTH JOCTAaTHBOIO Ui 3aro0iraHHs yTBOPEHHS TBEPAMX BKIIOUEHb Y «3armaci»
nepen 3azopom. st miniHOT mBuakocti 0,01+0,2 M/c pekoMeHIOBaHE 3HAYCHHS TEMIIepaTypH IEpIIOro Bary
(BepxHBOTO) Troo11=125°C. Taki yMOBH JO3BOJIIIOTh TPUMATH JTOCTATHIH «3aIacy i BUPIBHIOBATH Pi3HOTOBIIMHHICTD
3aroToBKH micist (Gopmyrodoi rosioBku [1]. IIpu OLIbmIid DIBUAKOCTI TEMIIEpaTypa BEPXHBOTO BATy MOXE OyTH
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MEHINOo. Po3IIaB nosieTUiIeHy miciis MEPUIoro 3a30py KaJaHIPy MEXaHIYHO 3YCTUICHH 3 TOBEPXHEIO JPYTroro Bary
1 MOTpaIuIsie y OpYyrHii 3a30p KajJaHapa BXe MOIepeHbO 0XOJI0oMmKeHui. [ 3anobiranHs MpOKOB3yBaHHSI JINCTA Y
JIPYTroMY 3a30pi KaJIaHJpy TeMIiepaTypa IoBEepXHi HWKHBOTO Baly He Moxe OyTu merme 55°C.
J1o TeXHOJIOTIYHMX OOMEXEHb MPOLECY KalaHIPyBaHHS TAKOX BIJIHOCHTHCS yMOBa BHXOY JIHCTa 3 KajJaHapa Npu
HasBHOCTI B CepeIHhOMY IIapi po3ILIaBy, ab0 CepeaHbOi TemrepaTypH jucta He MeHme 125°C, mo o0yMoBiIIOE
IUIONIUHHICTD JINCTA TPH TOAAIBIIOMY OXOJIOKEHHI 1 CKIyBaHHI y IUTaCKOMY CTaHi Ha poibrasry. IIporec
CKITyBaHHS PO3IUIABY TIOJTIMEPY BiPI3HAETHCS WIMPOKUM Jialla30HOM TEMIEepaTypd, IO 3HAYHO YCKIAIHIOE
PO3paxXyHKH [2].

AHaJni3 monepeaHix aociaimkenb. Temnodiznani napametrpu HDPE B mmpokomy miana3oHi temmeparyp Bil
+20°C mo +200°C mocmimkeHo y po6oti [2], aBTopaMu 3aIIpOIIOHOBAHO BpaxyBaTH TEIUIOTY TIJIABJICHHS Y piBHSAHHI
HECTaIiOHAPHOT TETUIOMPOBITHOCTI MITXOM BUKOPHUCTAHHS IMapaMeTpy «ePEKTUBHA TETUIOEMHICTBY:

or _ |1or o'T | AH, L or_ .|ler o'T

—=al—+— |+ —=a |-—+—|, 1
ot ror or | pC, ot ror or )
. MT) . . . . .
ne a (T)=————— — ebexruBHuii KoehilieHT TeMIepaTypONIPOBITHOCTI, IKHI BPaXOBY€E TEILIOTY ILIa-
P(T)CH(T)

v 2
BinenHss HDPE, (IT); C, (T) — temnoemuicte HDPE; C; (T) — edexruBna temnoemuicte HDPE; AT ) —
7

tertonposinHicts HDPE; p(T ) — rycruna HDPE.

JlaHni TiaxXim Ta HaBeACHI 3aJeKHOCTI JO3BOJHMIM B pOOOTI BpaxyBaTH TEIUIOTY KpHUCTami3amii yepe3
epexTuBHUI KOe(DIIli€eHT TEeMIepaTyponpoOBITHOCTI NMPH BUKOPUCTAHHI YHUCETHLHUX METOJIB iHTETpPYBaHHSI
PIBHSIHHS HECTalliOHAPHOT TEIUIOIPOBIIHOCTI.

AHaJli3 HeCTaliOHapHOTO OXOJOKCHHS IUIAaCTHHHM NpoBeaeHo y pobortax [3, 4], ame 3ampornoHoBaHi
aHANITHYHI PINICHHS IS OXOJIOIDKCHHS IUIACTHHH TPHU BiIOMHUX Koe(iIi€eHTI TEIioBiAmavi i TeMIieparypu
0XOJIOJDKYIOUOTO CEpEeIOBUILA HE JO3BOJISIOTH X BUKOPHUCTATH Ul PO3PAXYHKY TEMIIEPAaTypHHX ITOJIB B JINCTAX
HDPE Ha Banax Kajanapy depe3 HECUMETPUUHICTb 3aJ1adi.

UucenpHe po3B’si3aHHS 3a/a4i HECTAlIOHAPHOI TEIUIONPOBITHOCTI NMPH OXOJIOMKEHHI Ta HArpiBi JIMCTIB 3
HDPE mnpu tepmodopmyBanHi [5, 6] Ta kamanmpyBaHHI [7], mpencTaBieHHsS pPe3yJNbTaTiB pPO3paxoBaHUX
TeMIIEPaTypHUX TIOJIB Y JaHUX poOoTax OyJi0 BUKOpPHCTaHE IS PO3PAXYHKY Ta aHaji3y TeMIepaTypHHX ITOJiB
pu KanauapysaHHi sucta 3 HDPE.

MeTo10 cTaTTi € BU3HAYCHHS 3aKOHOMIPHOCTEH BIUTMBY TEXHOJIOTIYHUX TTapaMeTPiB KaJaHIPYBaHHS (TOBIIHHU
JIUCTA Ta TEMIIEpaTypH BaliB) Ha MPOIleC KanaHapyBanHs jauctiB 3 HDPE.

JJist moCsIreHeHHS IOCTABJICHOT METH HEOOX1THO BUPIIINTH HACTYITHI HAYKOBI 3aBJaHHS:

1. CchopmymoBaTi MareMaTHdHy MOJENb JUIs Ipouecy oxoiomkeHHs yucra 3 HDPE, skumii moctynoso
NPOXOJMTH 3a30pH KaJaHJpPy 3 3MIHHMUMHU IPaHUYHMMH YMOBaMHM 3 BpaxyBaHHIM TEIUIOTH KpHCTajli3auii, sika BH-
JIISETHCS B IINPOKOMY Jlialia30Hi TeMIepaTypH CKIIyBaHHS.

2. IlpoBectn 4McenbHI €KCIEPUMEHTH Ipolecy oxosomkeHHs iucta 3 HDPE B kamanzapi, mpoanaizyBath
pe3yJsbTaTy.

3. OniHUTH BIUIMB TEXHOJIOTIYHUX TapaMeTPiB KaJlaHAPyBaHHsI (TeMITepaTypH BajiB) Ha MPOIEC KaaHAPYyBaHHS.

Bukiaa ocHoBHOro martepiany. @i3udHy MOIENh IPOLECY OXOIOMKEHHS JHCTa B KaJAHPi MPEICTaBICHO Ha
puc. 1.

Jluct 3 HDPE B (pi3uuHiit Mojiesli YMOBHO pO3TOpPHYTO, 3pOOJIEHO HACTYIIHI MPHUITYIICHHS :

1. ToBIIMHA MHCTa 3HAYHO MEHIIA 32 JliaMeTp BaJliB KalaHAPY, TOMY BUKOPHCTOBYETHCS OPTOTOHAJIBHA CHCTEMA
KOOPJAWHAT;

2. mepexiJ po3IUIaBy BijJl TOYATKOBOI TOBIIMHU 3arOTOBKH Sy 0 & BiIOYBA€ThCA 3 JIHIHHOIO MIBUAKICTIO TDH
(po3miaB He IPOKOB3YE I10 BaIly), JIe /7 — YacToTa 00epTaHHs BaJliB KaJaHIPY;

3. Terutonpoianicts HDPE 3nauHO MeHIIe TemionpoBigHOCTI Marepiaiy BaiiB, ToMy Temreparypa HDPE B
MicCIli TOPKaHHS JI0 Baly JOPIBHIOE TeMIIEpaTypi Bally;

4. 3MEHIICHHsI TOBIIMHY JINCTA Y APYTOMY 3a30pi HE BiIOYBa€ThCS;

5. nucunaris eneprii B 3a30pax He BIUIMBAa€ HAa TEMIIEPATYPHI NOJIS B PO3ILIABI;

6. TIepeHOC TEIUIOTH B3[J0BX JIMCTA 33 PaXyHOK TEIJIONPOBITHOCTI BiICYTHIH;

— ()
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7. MpHHA JUCTa 3HAYHO OLIBINA 32 TOBIIMHY, TOMY MOJIEJb IPOIIECY OXOJOKECHHS CIIPOIEHO JI0 OJ1-HOMIpPHOT,
0e3 TerT000MiHy BITOTIEPEK JIUCTA.
Bimome piBHSIHHS HECTAI[IOHAPHOI TETUTOMPOBITHOCTI MIPOIECY OXOJIOKEHHS JINCTA B KATAHP1 3 Bpa-XyBaHHAM

(1 [2]:

i )
ot oy’
IToyaTkOBi1 YMOBH ISl OXOJIOKSHHS JTUCTA B KaJIAaHAPI:
T(y)=T, [t=0 3)

I'pannyni yMOBH Ul OiAbHULI EPEXOAy PO3ILUIABY B IEpIIUii 3a30p (T, — 4ac KOHTAKTy PO3ILUIaBYy 3 BalaMu

Tepe1 MePIIuM 3a30pOM KallaH/APYy ), IPUHHATO TOBXKHHY 30HH KOHTAKTy PO3IUIaBy 3 00oMa BasaMu 39):

T(y=0)=T,,, T(y=8)=T
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Puc. 2 — ®iznuna Moaeab npouecy 0X0JI0ZKEHHS JHCTAa B KaJaHApi
Jist gineHULI pyXy JTHCTa HA APYTOMY Bally KaJaHAPY:
D
T,<T<T +z:r +L T(y=0)=T 5
0 o on o, y rool2 (%)

JIi1st IOBEpXHi JINCTA, 10 OXOJIOJDKYETHCS MOBITPSAM 3a PaxyHOK BiJIbHOI KOHBEKIIii, BAKOPUCTOBYIOYH METO/T
KOHTPOJBHOTO 00’€My (METO TEIIIOBOTO Oanancy) [8] ayst mpUrpaHuIHOTO MIapy TOBIIMHOIO d)y/2:
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(y=3)
T .
a—pdexd—ydz = oc(T(, —T)dxdz —Xa—dedz =
ot 2 dy (6)
ol 6_Td_y:a(T0 _T)_xa_T
Pot 2 oy
AHaNOTIYHO IS AUTBHUII PYXY JMCTa HA TPETHOMY Bajly KallaHAPY:
To+i<7<10+i T(y=8)=T,,;
2n n 7
oT _.dy oT
=0 —pC = =a(T) -T)+r—
=00 TecGma(n )Y

[TepenuimemMo piBHSIHHSA y KiHIIEBUX Pi3HULAX, PU IIbOMY BUKOPHUCTAEMO CITKY, pHUC. 3.
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Puc. 3 — KinneBo-pizHuIeBa cxeMa Ta NO3HAYeHHS JJISl YUCETbHOT0 iHTerpyBAHHS

Just rpannynnx ymos (5) nepworo poay: 7, , =T, L, =T,m
Just rpannynnx ymos (6) nepworo pony: 7, =T,
Hust rpannynnx ymos (7) nepioro pony: 7, , =T,
Jlnst rpaangHUX yMOB (6) TpeTtboro poxy [8], (6):
(T, -7, )—xiT” ~in,
. T,..-T. 0 Tk
a_TpCpgza(]:)—T)_}\‘a_T = k.j+l k.j =2 — Ay
ot 2 Oy Ax DnpC, Ay
st rpannyanx ymos (7) tperboro poay [8], (7):
T.-T,.
T, —T, )+ AL
. ..,-1. ( o Ly
a—TpCpa—yza(J})—T)+ka—T = AL RS ) - &y
ot 2 oy Ax DnpC, Ay
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YMoOBa CTIKOCTI PI3HUIICBOT CXEMU (IS SIBHOT pO3PAaXyHKOBOI CXEMHU):

2 2
At < &y - = Ax< M
2a 2a
TeHJ’IOTa, 110 NEPEHOCUTBHCA Bi[l JIMCTa A0 Bally pO3paxoOBYyBaJIaCh 3a:

Jc:36+E

x=38 aT X,y = 5 2 aT X, y= 0 x=3847D aT X,y = 6
Q:Bjx—d(y \ie 0,-5 | ZTr=0), o _p (" r=9),
x=0 ay x=0 ay )c:38+E ay
2

TemnnoTa, 110 MEPEHOCHTHCS BiJ] Baly 0 HABKOJIMIIHHOTO CEPEAOBHUILA:
D D
Qconv, =a (Tmon =T ) nD  Qconv, =a (Tmolz =T )7 Qconv, = o (Tmals -1, )7

Terutodiznuani napamerpu HDPE [2]:

L 1,05exp(0,001367) (T <135°C) =1,14+0,0009T (T >135°C)
p

1
P
) =5,665-0,87In(T+273,15) (T <135°C) A=0,435 (T >135°C)

o =2,25[1,0+S,Sexp(—a(T—135))2}, de a=0,005 (T<135°C)  a=0,05 (T >135°C)

YucenbHi €KCIIEPUMEHTH MTPOBOMIINCH JJI HACTYIMHUX YMOB: TpoayktuBHicTE o HDPE 500 xr/rox = 0,139

KI'/c; moyaTkoBa Temneparypa posmiaBy 235°C; niametp BaniB kaimanapy 0,25 m; toBmmHa Jmcra 1,05 2,0; 3,05 5,0
i IOMPaTHCh

mm. [llupuna nmucra B=1,0 m. Temnepatypa nepiuoro Baiy 7,,,,=125°C, Temneparypu Baiis Ne2 ta Ne3

3a YMOBH CepeIHbOI TeMIepaTypH po3IIaBy Ha BUXOJl 3 Kajnanapy 125°C, Temneparypa MOBITPsI HABKOJIUIIHBOTO

o . . . . . 0
cepenoButia 20°C, koedillieHT TETUTOBIAAaYi BiJl JIUCTA 1 BaIy IO TOBITPS OL = ISW.
1

IIpuknax pe3yabTaTiB YHCENBHOTO iHTETPYBaHHA MeTonoM PyHre—KyTTu (TemmeparypHi TOJs Ta cepemHs

TeMIIepaTypa po3IljIaBy) HaBeJACHO Ha puc. 4-6.

MOTOYHI OBXWHa KOHTaKTY NICTa 3 BanamMu kanaHapy,m: 0.01498 Ta cepeflHs TeMnepaTypa NncTa, rpad.C: 212.54750472
240
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TemnepaTypa nncTa, rpaa. C

120
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80
0.000 0.001 0.002 0.003 0.004 0.005

MoTo4Ha TOBLMHa INCTA, WO KaNaHAPYETbCS, M

--- — noYamox npoyecy; —— — Nicjis 8UX00y 3 Nepuio20 3a30py

Puc. 4 — Pe3yabTaT po6oTH NPOrpaMu po3paxyHKy mpoiecy 0X0J104KeHHsI PO3IIaBy
HDPE B nepiomy 3a3opi kajanapa
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PesynbraTi YUCENBHUX CKCHEPUMEHTIB 00’eqHano B Tabm. 1. [Iisg yMOB 4YHCENBHOTO EKCIICPUMCHTY
BCTAHOBJICHO, MO TpH KajmauapyBaHHi juctiB 3 HDPE ToBmmuoro 1,0 ta 2,0 MM jgoBemeThcsi oOpaT
BHCOKOTEMIIEpAaTypHUH TEIUIOHOCIH, 110 3HAYHO YCKJIAJIHIOE CHCTEMY TepMOCTalOuTizamii BaiiB, KpiM TOTO, JIUCT
TOBIIMHOIO | MM He Oyae MaTH TISHEIh Yepe3 BHCOKY TeMIIEpaTypy BalliB, a TeMIepaTypHa HEOJHOPIIHICTh
MOBEPXHI Bajly 4yepe3 BUCOKY MHTOMY TEIUIOBY MOTYKHICTh MOXKE MPU3BECTH O YTBOPEHHS HA MOBEPXHI JIUCTA
EHTPATLHOT CMY>KKH 0e3 TistHIty. Kananapysanss nuctiB 3 HDPE ToBmmHOIO 5 1 6UTbIIIE MM TSI YMOB YHCEITHHOTO
EKCIIEPUMEHTY BHKIIMKAE TPYIHOIII Yepe3 MOKIMBHNA «ITiPHUBY» JIHCTA HATOPY (32 TapsIIiM BajoM).

MoTOYHi AOBXWHa KOHTAKTY /IMCTa 3 BanaMu KanaHapy,m: 0.40766 Ta cepefiHa TeMnepaTypa mcTa, rpad.C: 161.161202129
240

oo Qe
o-© ©0-g

o
pd

200 1

180 4

160 1

140

TemnepaTypa nucTa, rpag. C

120 4

100 {1

80
0.000 0.001 0.002 0.003 0.004 0.005

MoTo4Ha TOBLWMHa NCTa, WO KaNaHAPYETLCA, M

--- — No4amokx npoyecy;, —— — nicjis 6i0pusy 6i0 0pyeo2o 6any

Puc. 5 — Pe3yabTaTt po00oTH NIPOrpaMu po3paxyHKy mpouecy 0XoJa01:KeHHs
posmiiapy HDPE na apyromy Bany kananapa

MoTou4HI AOBXWHA KOHTAKTY JIMCTa 3 BaflaMu KanaHapy,m: 0.80034 Ta cepefHs TemnepaTypa ucTa, rpaa.C: 125.112920428
200

R PP
oo °© oo
==

TeMmnepaTypa nucTa, rpag. C

60

0.000 0.001 0.002 0.003 0.004 0.005
MoTo4Ha TOBLMHA INCTA, WO KaNaHAPYETLCA, M

--- — noOYamoK npoyecy; —— — nicii UX00y 3 0py2020 3a30py

Puc. 6 — Pe3yabTaT po00oTH NIPOrpaMu po3paxyHKy Impouecy 0XoJa01:KeHHs
posmiiay HDPE na Tperbomy Baty kanangpa
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Tab6umnsg 1 — Po3paxoBaHi TeMnepaTypu BaJliB KalaHApy Ta NOTY’KHOCTI HArpiBy/0X0J10:KeHHS

|. Tosumm 2. TeMn§paTy 3. TemmoBa pOTymHiCTL, 4. TemoBa }IOTy)KHiCTb, 5. TemmoBa }IOTy)KHiCTb,
'Ha mera pa BaiiB SIKy TpeOa MiIBeCTH 10 Ky TpeOa miIBeCTH 110 Ky TpeOa I1iIBECTH 10

Ne2 Ta Ne3 Bainy Nel Bay Ne2 Bay Ne3

MM 6. °C 7. xBr 8. kBr 9. kBt

1,0 112,0 0,7 -31,9 -18,8

2,0 98,5 0,7 -27,3 -21,7

3,0 88,5 0,7 -24,6 -22.8

5,0 70,0 0,7 -22,1 -24.2

BucnoBku. CopmyinboBaHO MaTeMaTH4Hy MOJIENb Ipolecy oxoiopkenHs ysmcra 3 HDPE na kamanzapi 3
BpaxyBaHHSAM TEIUIOTH KpUCTaNi3allil, TEXHOJOTiYHI OOMEXEHHs Ta BHMOTM JO MPOLECY KalaHIpyBaHHS.
BcranoBneHo, 1110 py KalaHApyBaHHI JIMCTIB MEHILOT TOBIMHH 301IbIIYETHCS TEIUIOBE HABAHTAXKCHHS Ha CEpeHii
Ball, Ta MOXE BHUHUKHYTH HEOOXiIHICTh 3aCTOCYBaHHS BHCOKOTEMIIEPATYPHHX TEIUIOHOCIiB. OnTuMambHUi
TEMIIEPATYPHUA PEKUM BaJliB KaJAHIAPY 3HAXOAMUTHCA Y BY3bKOMY Jiana3oHi, TOMY TpPH MPOEKTYBaHHI HOBOTO
00JIaIHAHHSA TETUTOBUH PO3PaxyHOK BaKIUBUH.
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Dvoinos Y.H., Podyman H.S., Rudnytskyi B.A.

CALCULATION OF HEAT TRANSFER PROCESSES AT CALENDERING OF POLYETHYLENE
SHEETS

Introduction. The technological limitations of the calendering process include the condition of leaving the sheet
from the calender in the presence of a middle layer of melt, or a sufficient value of the average temperature of the
sheet, which determines the flatness of the sheet with subsequent cooling and glazing in a flat state on the roller
conveyor. The process of vitrification of the polymer melt has a wide temperature range, which greatly complicates
the calculations.

Materials and methods. Processing of high density polyethylene (HDPE) on a calender with three rolls is considered.

A series of numerical experiments was performed.

Results and discussion. Boundary conditions for the mathematical model of sheet cooling and conditions for
numerical integration of the equation of nonstationary thermal conductivity taking into account the heat of
crystallization are formulated, the equation is presented in finite differences, using a grid with a step along the sheet
length.

The letter from HDPE in the physical model is conditionally expanded, the following assumptions are made:
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1. the thickness of the sheet is much smaller than the diameter of the shafts of the calender, so the orthogonal
coordinate system is used;

2. the transition of the melt from the initial thickness of the workpiece to the final occurs at the same linear velocity
(the melt does not slip on the shaft);

3. the thermal conductivity of HDPE is much less than the thermal conductivity of the shaft material, so the
temperature of the sheet at the point of contact with the shaft is equal to the temperature of the shaft,

4. reduction of sheet thickness in the second gap does not occur;

5. energy dissipation in the gaps does not affect the temperature fields in the melt;

6. heat transfer along the sheet due to thermal conductivity is absent;

7. the width of the sheet is much larger than the thickness, so the model of the cooling process is simplified to one-
dimensional, without heat transfer across the sheet.

For the surface of the sheet, which is cooled by air by free convection, the method of control volume (heat balance
method) was used for the boundary layer with a thickness of half a step of the grid along the thickness of the sheet.
Numerical experiments were performed for the following conditions: HDPE performance 500 kg / h; initial melt
temperature 235 °C; diameter of calender shafts 0,25 m; sheet thickness 1.0; 2.0; 3.0; 5.0 mm. Sheet width 1.0 m. The
temperature of the first shaft 125 °C, shaft temperatures No2 and Ne3 were selected under the condition of the average
melt temperature at the outlet of the calender 125 °C, ambient air temperature 20 °C, heat transfer coefficient from
the sheet and the shaft to air 25 W/ (m2K).

An example of the results of numerical integration by the Runge — Kutta method (temperature fields and average melt
temperature) is shown in the figures.

The theoretical analysis of heat exchange processes during calendering of sheets from high density polyethylene melt
is carried out, the technological parameters of calendering and their influence on the main quality parameters are
analyzed.

For the conditions of the numerical experiment, it was found that when calendering sheets with HDPE with a thickness
of 1.0 to 2.0 mm will have to choose a high-temperature coolant, which greatly complicates the system of thermal
stabilization of the shafts. A 1 mm thick sheet will not have gloss due to the high temperature of the shafis, and the
temperature inhomogeneity of the shaft surface due to the high heat flux density can lead to the formation of a central
strip on the surface of the sheet without gloss. Calendering of sheets with HDPE with a thickness of 5 mm or more
for the conditions of numerical experiment causes difficulties due to the possible "blasting" of the sheet up (behind
the hot shaft).

Conclusions. 1t is established that when calendering sheets of smaller thickness, the heat load on the middle shaft
increases, and it may be necessary to use high-temperature coolants. The optimal temperature of the calender shafis
is in a narrow range, so when designing new equipment, thermal calculation is important.

Keywords: calendering, heat transfer, polyethylene, sheet.
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