WE

RERHXATEFENOTH SEERAR

2

P IR LR 0 B SR 5, TOHEARFEATBLE fh B R 7%
HIB D o A SO BT RBLI 1 % ROBFATN R, LSBT BT ALY
HE LA RV T 00 S, R 0 LR H LAY B O R 4
HFERG. SRS B RR RO E RN E R B A
VA2 R 1 A AR B RO B U 25 7 T AT IR R R 2 R
SR RIS IR S T, B8 T B A H & AH B MR RN A
SHBITELRRALE 0 32/50 B BESBATR B EF B, FFHINET T H4
WRE A, BT EN RN SSRGS,

AT OB S0 DL BR e R PR RS BT, SMRAT P
LK, PR ICESAESMRATISER, Py SMRFT el 7 00 Fe 5 R,
PSR AT #1515 MR AT A R B HEFE B, HEH SRR AR T PR T
L.

R TR AR, STIRIBT T IR AT S LA T A
B 45 MO SR T A T SORTH L i BLROR R R B R R
e R HHLIUR F A FEF MM ML IEAT T 453t

FIRR T MR T 25T AL 1 0L R B G —
A A SO R I ML B V% I T .00 A IR

|



AT RFEE ER X

MIGEHER, SHTHE T i SMEAT B M B34 . JE A5 Rk
BN LI, BiSAHALRIE Y&, FIRARENBRE
F7 75 BRI B AT B S LML R T L SMBATRT L Sh BT
PR T = AN ) SR T AL 0 MR B A EAT T SRR, A T LR
MR 60 PR R MR 1555 0t P SRR B ARELFE 53 (0 B
S 16 43 AFF RSB 85 T 0 AT X 5 2 6 1 L 45 4 L 1 B
HORIHF T2 B0 T RHEKIE .

H S T REART B H B P 8 B 1 P R MR 1 £
BRI S AR 8 T U IE (6 AT IR0 I 4 B
BRI 150 R I HE R M5 4 1R, 36 50k Bt ELIAE T R
ERHE, SHE T AR SRR B ERRE. B, SEsk
SR IR EN S, B SRR ST 2 B R B ML S T E R
—B; SRR R SGE MES T P9 SN AT I 595 O R AR AR
I TR P AN T — T T 1A A1 BT AV o 0 OV RO
5 160 SRR 595 « IS TE U 43 4 R0 5 R ) s RS AT I
B LB BERT JL AT 2 OB T 25 500 T BB kIR

AT SR 5 (9 B SR ST 2 i LR e 0 P 2 5 3 9
Bl ETHREES THEEERER NS REFN R TE.

Xgim: MERMAFHEFHH, Fok, EaEtE, BEAAREED, &
HEIERR, JEIRIR AR

Il



Lk

THEORY STUDY AND DEVELOPMENT
ON THE NESTED SCREW NOVEL EXTRUDER

ABSTRACT

The research object was only screw in the traditional extrusion theory and
few studies were focused on the system of screw and barrel which was
researched as the whole system in present paper. Based on the development
and theory of the nested screw novel extruder, the design principle, feeding
system, extrusion system, drive system, solids conveying model and solids
temperature model, and melt conveying model and melt temperature model
were studied herein. Based on the systematic design and theory analysis, the
nested screw novel extruder with the diameters of 30mm and 90mm
corresponding to inner screw and outer screw respectively was firstly
developed in China with own independent intellectual property. Two-layer
co-extrusion was made successfully using the single novel extruder. The

research fills the national blank of coextrusion technology using single
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extruder.

The key of the nested screw novel extruder was that one outer screw and
one inner screw were nested. Outer screw and inner screw were drived by
independent drive unit.Outer screw kept rotating and inner screw kept
stationary or rotating opposite to outer screw. Rotating outer screw also
worked as the barrel of the inner screw.

The structures and functions of the nested screw novel extruder were
analyzed using the systematic design principle, especially included the
structures of feeding system, extrusion system, &rive system, and double-layer
bar die.

The new solids conveying model and two-dimension non-isothermal
model in solids conveying of the nested screw novel extruder were built. The
effects of centrifugal force and material compressibility were firstly
considered in the present solids conveying model and traction angle, pressure
distribution and velocity distribution were discussed. The experimental result
was in accord with the theoretical analysis. Interfaces temperatures in the
locations of barrel inner surface, outer screw bottom and inner surface of the
outer screw were solved using finite difference method. The effects of barrel
temperature, screw speed, friction coefficients and pressure on the solids
temperature were also discussed. The theoretical analysis and calculated
results can provide the scientific basis for the correct design the geometric

parameters and process parameters of the nested screw novel extruder.
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Considering the effects of positive drag flow due to barrel, positive
displacement flow due to screw flight and opposite drag flow due to screw
core together, the new melt conveying model and melt temperature model in
melt conveying of the novel extruder were built. By comparison with the
results of the literatures, the feasibility of this method was checked.
Volumetric flow rate, velocity and equal velocity lines distributions and cross
flow of inner screw were discussed. Theoretical analysis was in accord with
the experimental result. The analytic solution of the melt temperature
distributions was made by employing Laplace transformation method. The
melt temperature distributions of inner screw and outer screw along axial and
channel depth directions were simulated specially for power-law fluid. The
work can provide the theoretical basis for the scientific design screw
geometric parameters and setting process parameters of the nested screw
novel extruder.

Generally speaking, all the preliminary investigations can provide not only
the theoretical basis for the development and application of the equipment, but
also a new scientific research stage for the improvement of the polymer

materials science and technology of China.

Keywords: nested screw novel extruder, centrifugal force, material
compressibility, solids temperature model, melts conveying model,

melt temperature model
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H N BIBORR B AR . BB EANERRY. FE. EHREER
A5, URBEHEEEZESMEREHHARLS BEFFINUMRE. LRFREEX
BlAHIZE) S AT, 288 T IERE R0, 288 TR RIELCER . shst, B AT 44
B AR A AR D, MEAMAERESHREE, CHERE T BEAmERYN
KEHZ B R R . A RGBS @ L% [RIRFT RO ) AR R 46 1 1) 3 2 [ A ik 2
W, BEIBFIHLE R IEE T R E AN, 5 E AR EFITHEANS .

1.3. 2 1 RhEEiL

ST 5 LRI Rl 72 2 R & W) B0RL AT 4L R B A EE A% S 3 S R FE L )
YR FRETH RN BAHNLRE, BEAARFHRED. REVBEEIR NG EZHR
ST R IR AR A TS, DURANELE I AT AT B A R B T B 5 SR AT B AL
PRI R .

Tadmor FPELRWERMERL b, B T B — X FRARMIMIBHHFME . Tadmor
BREER A, BHEEREERA: ——RAMIHBZBERS M, —RBBERZIERES
P EEEF LR, FRAMR, KREERBETRIPHPIMAE. X5HH#
R TR RS, EE A b TEESEED, — RS RN, A,



BR & &

with B TREERETETRE, EERED, FENFEERRRBITRE.

M Tadmor F AR B MERIBERIBFEB LR, FROFFAE X ERIE R
TTRKERHR, EFHL—H5 25T Tadmor FRERMBIE, —HBoMNRE T AR
AR YEEY, KRN ESZ —RANEAKER, BEASKNELSAHERNS
R, MIEXSHGHERERRGPEARALERER. A 20 e 80 FAPH
24, MAMBLHANEARETES, BAEEERE T BABRERER. 28
BRMERLEX A TAERRNFRER. REFSMIEPEARSBONE, BLT=
B EERBRYE R : Maddock BRI, Klenk # R *IH Dekker (RIS,

Lindt“ 947 TS RUBLHE S S0, AL E R =R A RS B R T
WRSRAELIERZW, B8RRI ENRRESNIEEERE LRES S Hr-L ¥
Wi, SRS TRERSHLIE P EEZ (8] (IRl BRA D o B 2 BB —Fh A iR AL . Lindt“ 97
TEMBERMBERENEENZME, ik Maddock BRBERE S R AEAEBHEREKX
FIBFIML L, Klenk MERIBIRINS) RAEER/MUMHFHI L, T Dekker fFRIARENIE
REEIBRRIE .

Pearson Z R R RN EE ARMIFR SR, Lindt 20018 5600 TiX—RR4Al, A
R IRGEE R PR B PSP IR 5T TR A B 2 L B IR A RIBREE IR R EEER
Wi, Sundstrom ZCURTHHFERGAT THIE, HRUEZAIEEIE 20%. EEERME LT
HRELBRARX —BRRE T EEBRERNMAN R — —ELREMHE, BARAZRRE
GBI R PR EIAKEIE, BHEEBEFRIARRARESRE, KRAHX 5 ESERM
B 5SHMBRMERMRE. AT, EXENATRAERD, HRE D RKIBRLZ K
FREW T, BT 40%~70%0 & EEAKRER, REA-HREYY. B
PRPR A 2 B BB AR [ R PR SRV ) RO REAT AL B K BUH A, (BZEARN RN B ZIBR SRR/ L TR
BEAR, ERED. BENKS), EEBERAR, SBU=BK3), ARSI
MIRTEESMRTE FE T . Bl ORPRIR AR B A R, R ANRTF T X E AR MR
RS HIT .

Donovan®27E Tadmor #%FH 5| N T ik B KK MET M HE K S5 SBAP.
Pearson 1L & Fenner™ b 7Efbfi1AE RIS S| N T Bk NE, BtEAKEE A
2. Bruker ZIZEMAIR AT WAL LR i S HE BIR AR RO, AR B+
Bk EH Y. THERA. Han ZP N IRIR T BARIKAITH, H3IASH
fo B E R IR R, AN B RIKH R TEIERE 2R LTS 50N, KRR 4
ETF, foSUEELRHEEE LS RIS REHE,

R T KZER B EHRAZOHTHE TRER N WA AR AR, 267
TEHIATHENRE, IINTTREZRERANTE, KT TERRARE . HoIEIR
RE. BHEBEFFUN., BERARE . FHERIVRENEEESLHNARKE,
HEKREBMAREM ERETREEFCIRNA LM, HEH TEEAWIEER. A C
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Wong 5k 8 44 %) Zeariifb s b MR BB ATk 2l fE7E s, B RERS
BT R AR S ARA L . L RMABRNFN, TUEEESEMATE. LR
SRR EHRBROARNEEENERYE, BRTAABMERBRRTFEENME.
1984 4E, BRFIAKISIER BT TR BASRIE, A T RRIOMEHEEMBFHER,
1986 4, #HRA— I3t BEME BRI BT TR, HHarescAH, FHEst
PERABORAT T S0, 7€ L TRIEATHE R R T SRR y m AR AR A T 1) IR D B
F, TR R 3 A AR R R M . 1989 4E, BAZPERT (EARE
BRERYIR) MR, FHET —EUNEEARIVIERENEE, HRRE T BEKR
A5k B8 A BT U B0 3R B R TT B AR RN IR . 1993 4, S 3 B A A (1 4R
BT TR W S5, 2000 4, AACIRAHLRMBRHRMEEN TE, HE
NEZEMREMENIFEE, BEENERTUURELT BT RHASE, A EER
AWML RS, SEREBERAR, X PP 1 LDPE M —YE AR MBS YA R
THEMAMAHTR, BT —RIMLREE, BT HEMOYERFER,

e H T K% DB & FHE AR ORI A EX SRS R IFR T XEBHA, b
TR NFEIAFHEER, BI TR /5ERTOHFHEEAYESER AR
R, HET KBRS ALBRHIR 7,

BEFR, ELHHHEISARS, Tadmor HAEILTRETERE, HLRIE
R 2 P ) B AR M AT . BRI AELE R TR A, X EARRA =R I
CHREREA IR E BRI EN. B, TIRE sHEFFILE RN e T A E e
FED, BATHLE BT IER T H BERIE R B RRAE R

1.3. 3 1B {KnA e

BRI FB AL DK R H. S. Rowell® 1 J. F. Carley™! , fihfiT3EiZ s R T,
R IR R PR TE PR AT AR Z o) 1 SR AR U R A L) XA AR R — B
RZEA, BREROARENNILFITTBIE. KREELFOX 80 FENRLIFIX 2 XK
BT TRIFH ARG, ESE TR, A0\ HER G R R AR BB O 5T
AT T B4 .

L HERERNTERY], BEETENRZNRRE, HEEERET R, FRTEF
GREMNHZIFHER L, FROUTMNARERT AR, BRAMETES R B,
BARTESNS, ARESENGR wEB 2 N TR &R EB B SR .
J.Vlachopoulas (1976 #E)IR A AR TS T HE BB P B R H D).
M.L.Hami ( 1980 £E) !, C.D.Denson(1980 £E) "1 D.Roylance (1980 £E) Szt ihy
RN ERHIT T AR, K+ MLHami XA TIEBREER. 1987 4,
LBruker Vi & T R8P S AR, FFAREREMEFR T B AEEEPRARS
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T G A5 VS SR A 5 1] B L. 1990 4E, M.Guptal”” FIF =48 RTHEIRM T L5
YA R EFUE AR, 1993 4B, T.W.Joo MR = 4 FRITIE ST T BB AT 5
PLh i et fi . =4Rs)NBBRRESR, BEXLELTHRLAM. wRH
R SIRITRE S HRE N ERBR AR E FHERSEREREPIRNAABRK, 5
P RENERRA 2, EFRAMERRRTERR RN BTN
3, MAKHTHHEBTFHREIEARELN, DIKkBEEERETRNEESBEANE
MY, ERERER. BN IEFEIEEER A,

BHEREBRNEEMLRFHERIH—ANEESYE, St (B, &
B HEEMEYERES). FEE, FRAREHNFEENEN. BEEEKBTREDN
YRR (BEEE. BB, BE. HRFE. BRI, EEE. HEURNKENE.
P AR IR FE o] FESBAT T2 L FLE MR R E AT e BB U AR E B R E
T HERE. EER, ABIMLKFE TENREHARE, ERETHEILERS
YIBRRE S R AR A R KR,

1971 £E, W.H.Suckow et al: " K 7 AT AR Bl I F S Ak — iR B M R B T 72,
KBS RRPERTHAMEES A HRE, EdRBERTEBR T ARE LM TFY-
YRR RS H . 1977 4, Fenner ™5 T VS92 48 77 M IR BE 40 . 1982 4F, E.Aguretal.
BB R RS B LT RSTRBH H T 240, AREETETREMNRKD)
R R FE R H SR 7 RIS AR i 4 A, FFRERLT MLk DAL Bk KAT R,
AT T ERIIE. 1984 £E, Elbirli et al. *IBF50 T HUSE VS H U H LB R T
YRR RE S04, ZEABATIOMERS R, RENUEAIZFFE M5, 1987 4, LBruker et al. ()
FABFRESZHETBRREEBRRRERARIRANEESM, FHHH 10 M
B ARBERN LR EN SR BB T RRREEE 5 M e L RE, HIE it
BASEI BT, 1989 4, J.Thomas et al. BBt T FATER B RAB RS KB
Wz &, S8 T RERANFEEBRRNERENFENEw, ERZENHERNE
HTFRETHER HRAERUERTREBEITERNBEEEIEER. 1989 %, Guo
et al. ®IZE Chung et al IR MR FRMEM LB T BHRETEHE, #STHK
BEMHERER, BHTFBRNERMBRKE QB EERTE, HF5LRERTT L.

MNTERTFR, BEREEFNRABRENE. BRITEURURTERRBER
FERISM i 1990 4E, Gupta et al. BRI RTIERM T IS HR AL RA B H LA
RIZEP M =FRNER, BEMTIER PR FE %R E SR AE XTI m.
1990 £E, Karwe et al. *FI A R gk T SUBATH i HLIS S IE R IE4 B F iR
RSB ER A TSR R R RIET R IR LN, REEADLR TS RER,
RE B REP VS IEFE 5 1) B ST TR i AL AN B AR RS R . HTA R, WS HER T |
HOTE T BR P R FE BRI LUK, REE AP MBI AT AR Z g, TSRS
8] B BURXT EL RS, BB BT FR P ROBETEFERUR T BUR AT LA 28 . 1992 4F, Esseghir
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et al. BSIxt BT B¢ LSRR EE DA HEAT T SCRBFST, SCRTFTRY, SRATARE M
BEBEBA, TTUZIEAR. 1995 4, Dasetal. PInttb THEZFEME 4t SR,
HET HEEFER T A RETZ RN EE. FIRRR, RAEEANDRE—BEE
BRERSRRE, BEEEMGREN S HERE_EREANE ZERRY BRE KKK
X 5.

[FI4E, Sastrohartono et al. HEH T —F =B A M THUERE, 2R TIBFFRIEA
LS, E% RS, 1995 4, RamanV. Chiruvela et al. ®' F &Rk B
THEFTEMER TR, IR T AARISBE S &E S VK E .
1995 £E, Raman V.Chiruvella et al. "2 F| i FR Z M ERB A T HASIX B M0iZ 3 7 FE Ak
BAHRE, AR T REBIFHIENTARBERILIER T, B8RSRV N S
PRIERE . JE 30 RSB 3B % . 1998 4E, P.Lin et al. PVE 30 T & hn T B4R H
LR AR R AR R, RARRITTERERARE, 20Kk T B AHE
X R R L X BB S A . 1998 4B, PLin, Y.Jaluria® B T 410 — k%
BAAKMER, BRTIEF. FLEURYERARER, FESLTHNMAEERTY, R
HAERZEMEKRSB THABEERARERNBER. IR, BFFANERHES
B ERE A EEETEELW, FHIRIANAES, MITZRETOEER. #
A FREAFBFEVLELE R E, EX KR RERFIUABRBEN IV EES
WO B S I E R KRB . 2002 £E, Manab Kumar Das et al. U@ 3L T e = 444
B, HRHABRTESE T RIBTHF AR RFRRANRMER, tH TIRE
ER ISR M ES S AAEE S, BEENRRIRERLBYE. &
AT R G, R T AR BB XU, T B IRAT AR, FES R T R,

VERIR FE A 58 K T AL B2 O R RUML BB I R M P IOAL &, B 57142
HEE. WERESNREANFERERRIEPIRAB TN ENKE. XWHE
BEMER B RIRE, (BXER BRI EEUAF HILAMREERE.

1994 £, Esseghir et al. P48 T —Fi g it LIS BE TT 048 B9 40 P A SR 0 75 e 5 9T
SERE P R RIR R . IR IR B MR BMALEL, REBBSEINGE. XERELE
EHG, KBEERATLEME, ERNABRLBE#INHABLSEZHNESR.

FERARMEH Z B R —MEENNEREAR, MASMNRE. RN EEE, XH
FEA A RARIRE . AR RTE N TR A T A S RESRE AT, @il %t
o 58 01 15 48 e 5 A e £ K 5K 1 VS B e - AT Y KL AR YR - 1998 4F, Kalman B.M )
FIF XIS IR F 1R T SURAT B ML FLL P AR S 12 18) MR 53 AR » 3 Hr
TIRFFEE . VUER IR AR FR XA 142 15 7 i B2 . 2004 £F, Anthony J.B et
al. PSHB R X FP 7155 BB AT T UBATHE . SRAT B AR A I 303 2 5 5 JUMRAT A0
BE RUEATIIR T M AR W .

2006 %, A.L.Kelly et al. "V Aty # i (8 PO AR A AR RO B ROV BE A e 0%, TR T =7
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ARILHFRFF (BREHBURFT, REERBIENT, 2 BRI Maddock 1B £ 38)
FIBEAT K AR AR R FE 23 A1 AR BB PL K P RS AR BE . LK D AR 30 %%

BERE, BB RFHERPHAREMBRRANER, ChByIERE
—HAGRA R BRI B Y R4 TR, HHSREMRET, MNEEmER
AR A B ETT ENLRHABEZZMAENEDL. B2, HAEHIET
10 TR e B 5 B U 8 LR AR AR P 2 A1 IR LR D, AR X X — R SEHF i 2
BATHRATR .

1.4 REBHEuRANEES{FTHELHR

HRE R E M RIGTESMB T o HRE — BB R A RAT, DLSCIRAMEAT I B AR
BN EFERINE. BASMHRKRERITEHRERE: SDS 2BARIT. XLK 48
REAT ARG, ZEATHEN. Campbell HFHRLRHFHIE. ENEGHFREA—
SHENBRERNL EHFUNLRE S H, ATRIMERILFTEAR 5 B £
R ROERENRS, HAEERAR. FHBREHNA. EAMHRAEIE G
W&RIE: Conex Hribl, UM EHNER AIFHUFBINE. HirHRELNE
BEHFRARTRNFAERTEH.

1.4.1 SDS S BEBIT

SDS 43 B8 BB AUV R 7E 43 BRI SMBHT 9 P SR IR N — BUE R EE B A IBAT, PR
FREAEDAR £, FESMEFF B AR TFE — NEHHARL, REEA @ ZILEAN
PERFF. HribdREd, WIRF EREARASMEFF R SR BT 2 AR, MR FE
HE s FLIE R SMEFTHBARRE R . E - 1BTR.

Bl 1-1 SDS 4 B RYRFf
1M 2-[1AH: 3-HERTL; 4-948: S-RERH: 6-HEATL: 7-HifiiR
Fig.1-1 SDS separated draining screw

1-outer screw;2-solids state;3-outlet hole;4- liquid state;5-inner screw;6-inlet hole;7- splitter plate



R T RFE LR

1.4.2 XLK S ERZH

XLK 43 B AUEATU A B BB — IR AL, ERILTE —AIRAT, WIRIT R
HEEEARFNER L, EHERWE 1-2 fiR. RETHRIRE0T F 55MRFF IR
HRAMR. EHFHEES, DEBRKEREE R BN BAREE, BABATRER/N
FLEEA FARAT AR BT A SRAT P, ZESMEAT M e S fE R T MBI, 85 8l 2R B H .
5 SDS 2FFAR, XLK S2FFRIARAT R R MRS K, BRIV XEEERRZKR
HWal. MASRFFESMEFT LRI R BAEN, JUKEAAR SN, BEASERBA
w223,

SDSUZEAT FIXLKRAT SR B R FESMEAT TR E AIRAT, (BILFFE R W IRFT U
FEER—B, MARKEBRNEF, HERRARSEE. B, X5RRERT
KR ERAT AF B FHIERRAR, 1ERERMHEAR.

//////////A/

A 1-2 XLK 4 B /R8s
Fig.1-2 XLK separated draining screw

1.4.3 LEBITHHHL

EF 98111563. 2 A/ T —MBIBATHF NI, Tiligbkl O, 84T, M. HAMN
BB, HFERTEATIBTMERGNEARINZS, A, SMETURA. SMEFY
LT R, WAAERSEERE O BYIFO LS, AN ERTTRARBEREE.
XFET R AL ERNIE] R BRMNMINER, THHAENSNEZEEE . SHREE
i 1-3 FiR.

[7i) 4100 2 AEAT B LB A AR BF 8 RS i ST KIBFT I E R AR, BALEHAN: £
EHEAT+EF BT MARBI N REZITAFREFEIAITHRENFE AR
LR R MR, BRSMEAT 4 5 BIVEIRFT, AEPIRFTRINLEE, BEARLEHA: Hl
TR HEAT +IBAT



B 1-3 [FELOZEH LA
1-NIBH: 2-ER; 3-SMBH; 4-4MER; 5-B: 6, T-HIRA; 8—Hirk:
9, 10-fn#t0; 11, 12-FME;: 15-8/K; 16-H&E
Fig 1-3 Multiple-screw extruders with the same axes
1-inner screw; 2-inner sleeve; 3-outer screw; 4-outer sleeve; 5- sprocket; 6, 7- bearing group,
8-bearing; 9, 10-hopper; 11, 12-seal ring; 15- bearing; 16~ bearing chock

1.4.4 FEHEIEHTHHN

1992 £E, Campbell et al. "M 8 T —F4E BRI SE 36 5 th HL LA BSAT S BAT Y ML 4
BRI RS . IXFRET H VLR SR IBAT S SR R MST Y, 1RFFH. BN 5
S e T B IR B 3% B, XPERT CMENLE . R bk ST b M e s B A P AN
&R e CAEFFRAiER), VIEABHNA, S SmE 14 B,

V77 A

1-4 Campbell L4 BB
1SR URED; 2-0LE 3-DLEURED: 4-4BH4h; SR 6-3RFHhURZN
Figl-4 Campbell’s experimental extruder
1- drive for screw flight; 2-barrel; 3- drive for barrel; 4-screw core; 5-screw flight; 6- drive for screw core

Campbell FJSERFFHHLRS B AERBNEREE, IV NFLERE &
RELFHIERFBRRE A,
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1.4.5 1R SRS

2007 %€, J.W. Sikora!'"I\MA T — R E A AL, ST RIS RLEIBAT RIS
HAFK K B, BRI RINER, mE 1-5 fiw.

—BERT, FHIKERBRFENAERR SRS, BT E R EETRR
SRATAUARRE R, BB ARMREIDR, REBUBR. Wi, JIRFTHLE R e
B, BEBAZIEARIOASHRERM T MARKNERER, XMELRREHNT
WEIR . RE,

11

\ ng \Z/;%g\\q /
j 6

B 15 BB EREEWRER
1- BUEBR 1 2-MUIEB 2, 3-HLEEL3: 4, 5, 6-48H: 7128
8, 9-ik%; 10-thi%; 11-#61k

Fig.1-5 Sketch diagram of the extruder with rotating barrel in melt zone

1-barel segment 1;2-barrel segment 2;3-barrel segment 3;4,5,6-screw;7-flight;8,9- flange;10-gear;11-box
1.4.6 Conex HFH#l

Conex HHPLHEAE L/ Nextrom 2 & A EKIUKERMAFBE K, AJsLIH
Pl B, WM 1-6 fir. AT ZXRA—RINEFEFERANERE Y, 8—%TH
WHMIE, MIENREIE B, AR FRE—F, ABMIERE—E/LA’
R, XL T 22 AR HEREAR R AR LN & B MRS B U V5B F o, & FYRILARF T J7 7)1
F—fAE. HFFRAREBN. MAYEFEHAERKER EZH 58], IR RBEMANLZE
58PN, R & RE A I T AR BURER IR, URBERRBENEEDT
BEEFEROIFGIEME. K8 BRS FYRRT XBARERKKRE EHMA. Conex
FFHPLET =24 40~300kg/h, EEIRTHHERKMAE, Nextrom 2 & HFTALA
BALEAE AT RN B HIR K4 e g 106107,

14



1-6 Conex #fthHl45 IR
Fig.1-6 Sketch diagram of Conex extruder

1.4.7 FUGHEBH R E & L

1980, Kenjiiwakura et al. "B T SURE A NN E B &L HF BT RHL, HEH
R AR AT R RSB S by, —MERERR, A IBAEER, MR AERS B ik
b, B IEERE SR Y RS LIS, 1B FEE R ERNRBRERE, X
— IR AT LA A AR R R, T SEBRHLNE R &35 . St mE 1-7
Fi7R

15
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MH3 1 s 2

wi aE:

Bl 17 SUREBF S L R
Fig.1-7 Sketch diagram of the screw extruder with double flight channels

SUZHE R HNE R & IFH USRI N R — M TEE, Frin TrY
R AER, PIZEN=EA 5L, B 52 6 H 5 R E T HiRE).
BEAb, PIRE AR HRAT KR 0 B AL D BEIC &, 5 A 4w B Rl K T 2 R I fa b

1.5 XiFEHHAREN. AITHSRMEARSE
1.5 1 RIGEBMENX

REANMEZRURRAGF UINER LR T RZ—, A5 HERAGH R &
IR RAT AT AN &, ST MALEE A B AT RNRD, ERKRE T HH
PLEIR . PUETEST LR PR ER, KBIEY, EVE EREHESHX
HHBREWEKRED, i, AENEKRERKRST SETH HILA XD
=g, HAHENRAAKRERT LEMFHNANRENE., KRERKFIETHOH
FEAR—KIBT RIS, RITHUE AT R RS, DR TFREESZEH G Hl.

REIEAT B AL AL B AT AE R R IRERARFF, SMEATPIRE WIRFT, SR
FTHEE , POBRAT 7T 8% L BR 5 SMEFT1E R A bk 8 3), Beds B SMEATAR =5 T IRFT I
PIRAT RISMEFFE AR A HF RS, SMBATFLE A RSN E R WM RGE AT H i
MRAMDHBRAREYE, NTILREHNNERSIFHEKN, HIE N PP
REZH, FAUARERS FHEBENRRNELREFHORETFE.

A RERT AT R BP0 TAERE., $0% MR S #TanE
BiE, NRERSZ. FIERE. AHRENENNE R SHFEMPLEH R EH
BEXT % FHAT EHBIAT, THERZFEFBIOEORARENE S SHFN,
AR R HRERAT SR BB LA A BOR IR R X BB R IR, BT 2
W T A% & EN TR E, TR NSRRI LR TE& ARG R4
B

FEHIFMPLE MR B AR T EF o ae, LEEEIFT B MH BRI
R, BRVESNLED, dTFASRBNGR, RERMY LB —EHZH “1&
BRI . LTS B AR FIRBIIK, IR = AL A R 0 Rl FE R B o) 43,
AT 50 6 s B S SR ST A LR BT 6 BT L5 th WL BT BORAME S L B R L
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B8 % B

“HRBELR” TR Ron B N R ISR . IRE AT B RS AL R LR AT T2 A
TEREEAE. K. LIARNOFE, HHENFROEERBEMRTB/MIKELS
HHhIGE, BERANEENRANE.

1.5. 2 AI{THE R #

Xt 3E BB AL, SEAT PR ROAH T IE 35 YR S SEAT UL 12 22 1) FE A i) EE 2
HHEEEYE TS ERERMER, XFAEXEHRR T W SIBFFILE R
MRS, AMEEAmEmE. sT, TeRBEAREERBERE, BEBRE
5L A e EsHE S B X RENE R R ER T LR b e 18
B, BE, BREREE, 85988 Kk B IR e, B ELRTFNED),
I, YRS EBTRNE R “F3)7. HIERIRRFIN N, X AKR
fntR. Bk, ZERFAVLE RN RN, WREBHANEZREE “B5)” HAKIER.
- AR ISR SUHE 15 FH R B 3 SR AT VEAR NS 5 AR R I eS8 30, WIRFFRIAEX #5588 n, 5b
AT AT EEE A n, NIBHAXEE A n,, Ma=n+n,, RIBFFFHEZENFTRIE
T, L IR~ B AR .

WIZIT R RE X EESAFE, ——RAMEFBRIMNI G ZRBBRE)EE
o el R A R R AU, AR =R M PR B0 b e Bl iR 18 21 B9 4
o EX=FMEMIFEERT, TTRIENBITYEBRS B, B SMRFRER
PR EERMFESAER, B EEBRsd PR, A fRIESMEFY
BRIz Bk, R, Fith, BHWNSMEFFRINERER, TEASMENIXRERT, A5t
BRI RN Bk . 48, R, RE, HER—PLELA KA.

MNE T B SCRR 23 Tt FT LA e, [ S0 43 SCHR AR T AT B A E AL e e it AT 4% L
REBIM RS, tnE A BAEFF. Campbell FISLIRHTFE, HRIFIXFP T iEM AT
t, ERXHARIBEN, REEXHBLEMEREAIE A/ P, b, £%8
SUZFFFF A=A R BRI TR, BREGRIBHER b AU BERE, AR 2 IR
WA B BL BT B AL Bk o, RIBEUHT, FH T HIR R R S8 ANKIERFA
MIE RIS ER, XMERBMEARZTLITH.

1L.5.3XRENEEMRAS

AR LR BB B RS LT R MBS A A 48, B S T R E R A5
RIBF LB i it HExd B AR5 B 5% th AL i 126 B o 61 44 G A LR [ A UL
FERRRY A B S AR R B AR AL TR R R FERAREH:

D TR EBFRFAFENN SRR 56E. SHRETRETRE, £
FPTR BB R R HVN SIS, EXNBRERE. HERK. £ RBMEN
WEREIFHEMILSITEH®RT, BIEEM. BRERERRNEMRNL, ERARH
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HRMINNEST, oHEEAESHE B MR ERT AH R L.

2) MHREEAT B RS LR AR B B AR TR . B %R
SRAT B AR B a1 3L R A R RO AR X M AR RN BOCEAR R, SEIE R T o
T U RIS TR BT RAE, 50718 PSR FTE AR BT
s Ao Ae. EE DU R EAREBR KRR E.

3) X EREARAT 2B B B DL AR S B B AR BE A B ATRR A 75 R RAT HS
OHMYEKEZEYE R, EHEF RPN EGRER R —EFFRER, MRFRE
S BEFRESARFF S HAKHLE AR, SMET RIS N RE =M ARR
TE ALk B [E A S AT () ROV AR 1 BV RELARNR A A, SRR LIRS WRATHE L P
B RO 43 A S50 [ AR RE F 5 o

4) FLREEF U RS A UR RS B RS A B R R R, R
RUHE A RAT 54 R S B0Ch POIRAT S 4 SR AE R MR I IE D B BAER, 2 idie v
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Fig.2-1 Schematic diagram of the structural principle of the nested screw novel extruder
1-barrel; 2-outer screw; 3-inner screw; 4-heater; S5-hopper of outer screw ;
6- hopper of inner screw; 7-drive of outer screw; 8- drive of inner screw
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Fig.2-2 Schematic diagram of inner screw feeding without sleeve by avoiding barrier
1-drive of outer screw; 2-hopper of inner screw; 3- drive of inner screw;
4- inner screw; 5-driven shaft of outer screw
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Fig.2-3 Schematic diagram of inner screw feeding with smooth sleeve by avoiding barrier

1-drive of outer screw; 2-hopper of inner screw;
3- drive of inner screw; 4- inner screw; 5- smooth sleeve
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Fig.2-4 Schematic diagram of inner screw feeding with helical sleeve by avoiding barrier
1-drive of outer screw; 2-hopper of inner screw; 3- drive of inner screw;
4- driven shaft of outer screw; S5- inner screw; 6- helical sleeve
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Fig.2-5 Forced transportation system of taper sleeve
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Fig.2-6 Schematic diagram of inner screw with helixcal zone feeding by through barrier
I-inner screw;2-outer screw;3- hopper of outer screw; 4-opening hole of outer screw;

5- helixcal zone of outer screw;6- hopper of inner screw; 7-drive of outer screw
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Fig.2-7 Schematic diagram of inner screw without helixcafeeding by through barrier
1-inner screw;2-outer screw;3- hopper of outer screw; 4-opening hole of outer screw;
5- hopper of inner screw; 7--drive of outer screw
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Table 2-1 Basic structure parameters of outer screw and inner screw

WH Hf MBgus BE 0 H 0 H K&K O KE R B EH Bk

D/mm /° S/mm /mm /mm LD Lmm /AW #HizZE B HWER
SMEH S0 11.52 32 5 2.25 18 900 11 8S 128 8S
WIRFF 32 17.4 32 4.5 2 30 900 5.5 8D 12D 10D
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Fig.2-9 Schematic diagram of load on outer screw
1-cross section of feeding zone;  2- opening hole section
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Fig.2-10 Schematic diagram of force analysis and stress distributing
of the force acted by inner screw on outer screw
(a) force analysis ; (b) stress analysis

2.3.1.1 BESEN DS

AMEFF INEL BRI A IR TS RN 2-2 R MR 2-2 ATLLE Y, AR
FE#HEERA 38CrMoAlA, WAMEFFINEIR BRI R T I ER, R2RH

27



e T K=

H2.9. 38CrMoAIA I E B HEREK 2-3.
% 2-2 N HMBFF DR ER AR SR 8

Table.2-2 Strength calculation of the feeding section of inner screw and outer screw

mEEmE AR OUHE ke #Me WE O dH WEH S
RO o’ WH HE &EH H#H HE #E I EY e
MPa Nm MPa kN N'-m t/min kW
HMEH 7.419x10° 285 35982 49 102.75 1676.18 60 1053  2.15
WEBFF  2.389x10° 285  1819.2 49 28.86 49168 100  5.15 3.7
% 2-3 38CrMoAlA Kkt EHE:
Table.2-3 Properties of 38CrMoAIA
ME H EHRABFL OB OOK MW MR B WU OFH KE
b /mm /HBS BOE R KN KW OB
H PP BRPR O BRBR BB M
Op Os g, 4 [o]
/MPa /MPa /MPa /MPa /MPa
38CtMoAl i <60 293~321 930 785 440 285 75 HFEX
i ' ' i B
>60~100 277~302 835 685 410 270 o H
#ohb A
>100~160 241~277 785 590 375 220 A
NI

SMEFFITTFLALFER B R R ER IR 2-4 im. WK 2-4 WTLUEH, FHiEkH
38CtMoAlA, HEREEANZERABRE 1.53. KKIEH, R2RHE 2~3 &L
2000, SMEFTH B 38CrMoAIA RAZ2M. Hik, SMBFTHR AR

MBI BRARH & SH AWM.
% 24 SMBH I FLAN (4R RE 57

Table.2-4 Strength calculation of the opening hole section of outer screw

Wigl S FFoL BEm  JFAL#E fRid Hy Wl &%
(A [iTp A [iiig 2} PLAsE iR HE R Bh RAH
mm’ mm’ mm’ m’ m’ N'm MPa  MPa

804.248  1963.4954  510.933 20.425x10° 9.01x10° 1676.18 18624 285 1.53
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Fig.2-11 Stress strength distribution of the opening hole section of outer screw

(a) stress distribution ; (b) location of the max stress
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Fig.2-12 Distortion distribution of the openging hole section of outer screw
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& 2-5 BRHIEHF BN H

Tab.2-5 Comparisons of the properties of several metal materials

Wi dmE BRKRA

e L oy/MPa o/MPa * &

1 45# 600 353 it HCl J§ it af, HAbsE L Z MR
2 40Cr 750 784.5 it HC J& phtk 45, #ab3B T 25 R %
3 38CrMoAlA 980 835 HEKREE 940°C, [FIKIRAE 640°C

4 3Cr2w8v 1640 1450 KB 1080°C, PIKIREE 620°C

HHAMEFF E R AR TN S HT 1 ANSYS FRRTTA4T40, SMEFFFRA 38CrMoAl B
HENT EARH R BEER, FEENIRMIERER, ARERASERAT
B 3Cr2W8V 15 A SMEFT I R .

3C2W8V EAMEHELZME BN, Bk E8RTAREEN
SREEREERE, 7F 650°CRTEEMEIA HV300. MK 2-5 AJLLE i, 3Cr2W8V IXFi{RH 5L
PR MR S 4R 38CtMoAlA K 1.7 %, DAFIAMEFFRBRERIFEKR, &
3Cr2WsV IR RHE HEVHE, SMEFHIFILER AN ZRERECHK 2.1.
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Table 2-6 Increasing trend of the screw length diameter ratio
Ef 1930~1940  1940~1950  1950~1960  1960~1980  1980~2000
L/D 8~15 15~20 18~25 20~35 25~50
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HHE.
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Table 2-7 Optimization series of the nested screw novel screw extruder by R20

W2 F.%/mm 20 22 25 28 32 36 40 45
SMEH H F/mm 32 36 40 45 50 56 63 70
SMZF DAL B AE % /mm 3.2 36 40 45 50 56 63 7.0

M 2-7T ATLAEH, S R20 BOR B REF U RS VLK W SMEITA &
R SCEFFRE T EM S R E . MREFEF RGN, BITERE), BEE
FHEERESILFER, RMESR, KSRy, ERTEeE,, mIiks
SEEEHIE R, FEER, KRFEHTIEMGAIMEITAS A 32/50.

2.4 fEFNAEIRIT

a7 AR X IRAT IR st ST d BN R EN BT EREW. KEIR
FECH R ER LR SMBFT AR Z IR KRS, TO BHMARRIEEA R, Hhot, HFdE+IER
FERSGF=AAR KB E Jy, %8R ) T E LR AR AR . XA A LS NIRRT
ST MR

2.4.1 f£EhHl A5

SUBATHT LS F ARSI . WAeIRFT43). B R4, B &R
M EEEKEF.

(1) SRECHRFT153)

e Btk K, TEFRILEE, SH%%, T8, RN, mIfE
HBRAES, TAEBRIBHEGTE. fa: BER TERENRELEGALRE,
Rl 75 B AT R R 1

(2) B RWE

LR AT R 28 B — R R A B LR AT UimG & 1T B 153) R 2 i v ot muE AL, T2
RUEAREFI LML, MERATSIMBREMNEFENL, PORKEEXAHE
BERA W, waEEE, Rk, RAARBRIKR. #aEaE. RAFK. 4
HHSEE. BHETR. #EHEEEERS.

(3) RArELRIE)

W THEEAIRE—ASRNE SN EIIRERAE . EE3IKTHEM
EHEEGELEX, MAFEEMEL, THENER, AWK, SHBlLE
R, AR THEEFIBRIHURKR, A TRMESRENES), KRS M
TIZ KRR, HERALESE.
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(4) HEHHKS)

IEEESMEINT BB AHLIKE)# TR S B R EE ST L, B E R SRl
B, XM KRB THERENEH, BRETENN, FBFHRERE
Sh#ER A KD . i EBadoeynhausenZ 5] #E Y B M AR AT BF BB, BH B EHE
A[1X800~1000r/min; £ E /B HLIK 1% B Esde Maschinentechnik# H I XUE L 2E A
P2k, BERFHPISALE T oswaldE = HITPFS HHL, ESE1-25-18RSHIETERN
25mm, $EATHE1150r/min, &% K5 4 500N-m,

FBREHT R B R YRR RG], EREEAAENER, HiM
T/, ATEEE A 1R L ST 0 O R IR S IR AT A2 B U AT . XERH BB R A
THRERXBHEH, ERAIMEFHRSIASITIR, BAsMEFRER, ZERIER
AT ANBESMEFT fEsE, RZIFR. TAESEEL B BT RERIE sl R IR IRIT£3) . o
A, ERBBASMETEZE, FFELEERE, WIMETRAMKREIRIT )
UM, BREEARAT B BB WL A SMBAT FISRAT A 3h Bl S B R 2-8 7w o

& 2-8 HERTAH LRSI 4SIRI S5

Table 2-8 Parameters of the worm drive of the nested screw novel extruder

lag AR A B PRI I
5 AAER R5 (ZA &) (ZA D
1 VY il a 200 160

2 B SR 3K zl 4 4

3 L TR 22 41 31

4 KEMH oy 20° 20°

5 ERE A ay 18.672° 18.672°

6 M m 8 8

7 W4T R IR x2 0.5 0.5

8 B ) k5 B px 25.133 25.133

9  HHSERER d1 80 80

10 RHERRH q 10 10

11 HERREH ha* 1 1

12 RFATIRERZ dal 96 9

13 TiPRRH Cc* 0.2 0.2

14 Tk C 1.6 1.6

15 WHARAER df 60.8 60.8

16 WML HiA hal 8 8

17 W IRE hfl 9.6 9.6

18 WWHAH ht 17.6 17.6

19  WHKWHERSHEA b 28.4049° 28.4049°
20 HRHFERSEA r 14.08° 14.08°

21 WIARSHERER dbl 59.171 46.597
22 AR bl 110(=105.52) 100(=98.32)
23 MRRHEREE a2 328 248
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24 IRRINTIE ha2 4 4

25 WRERHER da2 336 256
26 IRRNRE hf2 13.6 13.6
27 IRREREAERZ df2 300.8 220.8
28 IRRIER h2 17.6 17.6
29 IARTIRER (BXSHED  de2 344 264
30 BN b2 <64.32 <64.32
31 ARETHREICER Ra2 32 32
32 IERIEHRIET 2 Rf2 49.6 49.6

* RPRPNERMIIA mm
2.4.2 R HRRHTER

FE B LHIN B R IR A B 3 219,
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2 s |
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MRS . SRR B R R M. 1R B I B2,

(3) EFILRMANHE. BITHAGERRORT, TENESHEE, RE
NSO 1 ) RO B, IR T B A B ) D 2E S R LA BT B
PR SEHARG, ERER AR DS 3% HOER. R, EN%RE%
N 1Y St 2 Y

BAEZR AR ES, WEBF B LEE B E2- 1357 5.
Hoop, AMBATHERINUM BRI LA G TR R AR IR AR, W
2-130T BUE t, WURHEA SMEFFROBF 1B A LR, LIRS
FEABARE; S—HT, SMEFFEHEREN K E—AMES, EKARD R B 2 1
FARRMER D, BHRERNE, HBTHLBAERELEREAL, ATRRT—
AHANR, ERERAT R DM, 15, T IR RERk, 2
BT (.

P AT £ S LR B SR PR LEHE S AR T B A2 I RS T RO W 7 R . ME2-13
AL, PEFFRSE DR, ERIBFEREN, ERABN, Rk
Bl T RIBFFRIEBMAEBNMEAZE, TRAELRAE WEHN NG
BHTIE.
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2-13 REEMAF RS B ESIN SR
L-SMRITEESR; 2-PURFFERS: 3-SMBFHIRICAZINLA: 4-PIRFTIRRR s LA
Fig.2-13 Schematic diagram of the drive unit of the nested screw novel extruder
1-connecting shaft of outer screw ; 2- connecting shaft of inner screw;

3- worm drive of outer screw; 4- worm drive of inner screw

2.5 BHNRE S SR KEH

HEj A TR RSS2 A EEERARKERNORM. &4, B4
. AR, FREMRIRENBINERE SILFEMILL. Bk
ARFEHIE, BRED, SHHENTERESHE, FALERAAHLREE. &
EREFAFRFHN IS RERRE THREANSRE, KEHRRER
EEH ASMRF R BRGS0 E W3 E ML S ENAEERSE,

2.5.1 EHHLKRIT

BHER S HFBEMYLE W 2-14 Fir. S SREAEMHEST
WAL FRR A WG, & BLT FEBRMARE), HEYEE — MERRELR
45, MEESBRELOLIIUCE, BREUNERAMPEZES) . HTER
ERENL, RUBRBEREEBOCBELASEZYRO R EEHRE, HIAE
VIR Z A& =AM BB 8. SERFFRANL, MkGHNZRERRS
B, ®FHE.
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FaS W

B 2-14 BHNEEESEFEMTLS R E
1-NEBAF MR 2-FMEAT S IAR: 3-HLE: 4-Hlkiniasg: S-Hlkik=;
6-OTEFHE; 7-5MBH: 8-INIRH -
Fig.2-14 Schematic diagram of bar die for two-layer co-extrusion using one single extruder
1-splitter plate of inner screw; 2- splitter plate of outer screws 3-barrel; 4-heater; 5- flange;
6- O-ring; 7- outer screw; 8- inner screw

AL TSRE BN, LASEMRIHRE, FYURAERENE
HUHRRENTFE. BHRERER—RINEMERN 4~16 5, KEASGEE, K
KEEAK. RENEFERBOER, DUEMVLLRENNES, FERSHKE
—RAERN 16 5A4, BERDMFIKE, RZBUME. R4 kA —KA
30°~60°, WM HIKEL A S0~100mm. BAt, BEHHLLETES DR
WYL, EF M OEmX IR, kA —BHR 40°~45°4LF.

2.5.2 srimiRit

SRR BT ERE: 1D SHERICHKIN PR 2) RSMETHYEHEE 237
RERE—: 3) SRITLEERYE.

B 805 AL TR R Bt & R AP BOR - AR, S5HfT e, BT €. AfEvst
B ARG HIE — B EALIRA T A R FAE . PRIMAIRE X,
CME R B IR D ARBOKK, 8 e B i ad K # g . FLIRMER—BCh 2~
7mm Zcf, FLERFEEBUE R A5 HR S IR 30~70%. st ZIRMEREE
B LB RT RARZIE DB RN E, —RBANEELLK 13~1/5 F . fLKH
BEAXARARLCEME. ot 2RRERFLBHERR AKX, TUSFRYE,
HREMERYEL 5 3 BEED /N, TR FRIERE3 RS 2 wR. &
R 2 A TR BB DT RE T HUBR—MEHOFR, HEES
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B 2-15 HAMEAFMRR T EE, HEHE SRS RRANKFEAE h—1k.
HIA R GRS, BRIMETFMRRMEIESR, RNEERNTRRFSRRGAE
s,

B 2-15 SR 2 HH B vHiE I
Fig.2-15 Schematic diagram of the shunting plate of outer screw

2.5.3 MkHEH

Xk B R 2 BB LA MLk R, B ORAE ASMRAT B e i 43 AR Bt
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2.6 KENG

D MARETERTERE, NITERE. FERE. EIRENAHNER S
FrEMPLK R A HE, SIS T RESFRFAFHINTERE., 4055 R
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RIS KR, RN SERUE RSB R FRENLE. ABFRIE DR ER &
B, BKFEEAEAIMEF B AREBRNER.

3) SHEEBAF A BB BT EREHAT T OV ME MRt TR SMER
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3Cr2W8V, IR # ik Al 38CrMoAlA.
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BT . 2531 MRS, b IFR SRR AT 20 B b WL b A 2 B R DL e
BB S5 R BEFIS R, FEKILIE RS HF B T E S5, BIR B AL
MBI TRBE RS NE. RELTHI B EERNELEEEEN.

A% A LA SR AT S F A5 LA P SR AT RSB T I I AR PO B R G
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BAZES Sk TR RO A L K T B i B K R R K

3.1 hEER

3.1.1 BEXRIE

(1) BRI BRI L, 72 B ik Bp A w] R4 R E b7, Rz (8]
HE M, NEEMXTEE;

(2) BERBENEY HEFELCER:

(3) ZmYEREE AR,

(4) YRk E R MR Z EAER K, SHEER, BRBYHAN
H15 AL

(5) VIR ERE. MRS () RiEm R 7 RigWiesh 75 m A4,

(6) SEHENRTE, WBLUA fF R, BFFRBLE Z () i BRIR 2R AT, Dk
BURMRBE B IR AT

3. 1.2 DK

Bl 3-1 A AIEAT E X B E A . RENU SRR B E D A A nys
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HIRFIZAT AR, VIEABRR, WEASIE, WIENEsIMEAEEES) A EihE
HE BIEF) .

3-1  NEREHERIE R AL i
1-HLE:  2-8BH
Fig.3-1 Velocity analysis in solids conveying zone of the inner screw
1-barrel; 2-screw

Bh 7 AN SRR, 7, Al S EEEE, V, 03 AN, Z&K
KEA:

V, =V +7, (3-1
K, V. =aD,(n +n,) (3-2)

X EREY, KA RSBy AT R K80 iR 4 R vF 58 A X g iR i
Q,:

Q,=VA V =V, tang, (3-3)
X, A=£@F—Dhm§i (3-4)
b s
4 sin ¢

At: D, —BIFIME:
D, — 1B R 1R;
¢, —IRETt A
¢ —FHRLTH;
e —BERRIER TR,
H, — [ A%k BUSE IR BE
88 3t A 185 T 7R BRAT AL 157 ) B 5 B ) B A 8 9 2
s?n@tan¢b(_V—V— ) (3-5)
sin(@+¢,) W +e
A 0, —ERRIEBRAEIRRE,
W — B BT R R 5
6 — Bl Hig R IAES| A

Q, =’Dy(n, +n,)H,(D, - H,)

40



BB HHRLAME AREER

MITFE3-5)FTLAE i, SHUERAT RN ieseat, ST E R KR, Btk
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B 32 HEARRMEE ST JEES N EHEDNN, SR FERKMES. #

RINERER L FIE, —REAYEE HXTES, YE SEFES S BB,
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AU A
B3-2 FRRISRIIEE AT

Fig.3-2 Acceleration analysis of the solid in solids conveying zone
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e 3-2 Fis.
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W: x 75 EEEENEE (a)): a,,
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HINE & e B
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" .
e’ c?
t
e

a,;
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MTTRE (3-8) WATLUEH, Z[EFTHBLTA—EN, ZWiknnERrRER
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HE A SHUE Z B BB R S, MEAR SR Z MR R HL S, .

FRFE RSB ZBENERER AN, BHES8BTZEERERIIAN,, #
TCARRIREA pd HW 5 W:

N,-N, = pdZzH Wa;, (3-11)
R p —BEAHEH,
dz — S RTE PR

Bk, BRMERAE 5P Z RIS R BN T EHESEFZ R ERE R, EERAS
VLA ZBIRERER DX TEMSEFZEERERS, BaREERE. &
Darnell-Mol i, ZHHLEEEEL/N TIRITEBREN, MUNEEAZE. BES
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PvWH, —(W+Mdz)uﬂ, = a—'OI’VH,dz
0z ot (3-12)
A w — [ R BB 98
V — SRR T e R
z —VSIRIERE
¢t —Bf i8]

B 3-3 Bzl
Fig.3-3 Schematic diagram of the solids motion analysis
BREx My AL, BEAHFBEEAEERE, WHTREOTA LA BNz F5HE
MRNEBR R BAKRILE, KES:

%, %2 _, (3-13)
ot Oz
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AR RAN, NEESEHZRBXENR:
p=p,—Cp,—p,) e* (3-15)
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C, — &,

= (3-14), (3-15) 1B:
op cp 0P
L =(p -p) C,e o £ (3-16)
at pm ps O'e 3t
op cp P
L _(p -p) C,e " £ (3-17)
aZ pm pa Oe az

P CLELEHE T A

PO [ Pa L | (3-18)

o0 oz Cy\ pn-p, Oz

.22 BHAIE
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B34 Zhathirnsl
Fig.3-4 Force analysis diagram of the solids

FRF,BIXER:
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F,—F, = pWH, —(p+51;7dz)WH, =—EpWHldz (3-19)
TG 5 LB T 2 B B F R ) o Kp Wz + pdzH A,
B LA F, = f,(KpWdz + pdzH WA, )cos(8 + ¢,) CER{ER 1) (3-20)
N A, — AR IERE

2
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F, = f,Kp(W +2H,)dz (3.22)

FRNEN R EERERAEEETEE T A LM2 AL, FEa56
wiEshyEs R, BTEN, KbK:
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B AR
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YR AERE T W) L OTRZ S S A
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Wp. p. v tAEE., K5, EEMBNEMFER, LABERERKE,
BR: p=pU+p’);p=p(+p");v=v(1+v');t=Ft';z=Lz" (3-31)
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BHRE (3-28) LEH:

%,—+Chp'+Dhgzv—.+Eh%-+Ch+DhGh=0 (3-37)
He. C, =LK,,D, £§=m=&q=%¥Qa;mb
A
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(3-39)
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Xof b FE L 2 47 7 75 7 (Laplace) 3, 3% Fe W14k 44 v‘|,.=0 =0, p‘l,.=o =0, 5,8

HKETF, 8
y aP(s,) By d¥(s) _
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Sy h (3-40)
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B_E IR g, (n) -

singd, sing,,
sin(é, +4¢,,) sing,,

(4-15)

q4(n)=7aDy,n, f,, p,

Reb, £, — kS AR RS

9,, — WIRFF IR SRR S A
HEETR (4D, (4-10), (4-13), (4-14), "R,
MEARAEHES R EEEAR:

Yy 1,ny+ B T,(b,n)

T, (0,n)=—2 uad (4-16)
P (02) 14X A
k, b

po

SMEFFIEE & A8 2 B 5 R -

Ay, .. ... b.
Tpo(k_Ln)—[L(q2+q3)+'£qz+Tpi(l’n)]

- k, k
1,0, = 42408 | 7 +T,(n) (417
K ko by, Ky (B Ay,
Ay, kpo Ay, | k, kpi

SMRAT PR T [ AE 2 B 5T IR -

Ay, . ... b. k,(b, A
2 (G, 44,) + 24,4, (n) + 22 24 220 (k—1,m)
kPi ks Ayl k.f kpl
T, (s,n)= (4-18)
1+k;’° 22_+_A&
Ayl k: kpi
PR AT JEC T A 2 P TR R A
Tpi(k,n)=q4TAf’&+TPi(k-1,n) (4-19)

pi

MFFE (4-6). (4-8). (4-12) K (4-15) WLLEH, FEHSGEF. PLEZREE
PEBRIGE R B IE L T E A s B B MR R 5, HAEAESHLE . 52F e AT
HEEAR. HEZZHERHNH, BARMERFERBESE, FikbFEEmsNe
WIREEE, HERGHERTRL BERSHIENRATEEREK, EH&/D MW
FEEAREBRREARE RS, EHRERRAE.
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bR, ERRR SO EERABEA BN RREBN 95% LY. FEik, ESHTT
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REHIEAEE AR5 HERE.

4.2 EHEARNITEER

BRBHED, Mo l£=l 52 (4-2) L
J’

Tmn+n_(7w+1@+Tw 1,n)) (4-20)

WEFERA R B A BT RESBE R AFTEE (4200 TULEH, (n+1)
Bl -k ERBENSTIH—8E (») BHE. +DBRG-D EEERFHME,
WA 4-3 Birc. BAATHER, BRERESED p(n) = p, B4, T1HISR RS
BATRI BT RGBS BREARE, HFETHRT,, T, kn) =T,k n)=T,. R
EAET—AE, Az BERENE Lk BRET, (kn+1)s T, (k,n+ ) MESN p,(n+1) .
po(n+1) . BEECRATREEMR, BIEMBE—HGEET,O,n+]) T,0,n+))H
EH p,(n+1) p,(n+1), BitEnM(n+1)FEAKRENEHDNFERE, RIGEER
JE 77007 S B 40T B B PR R BRI 6 1 8 o AR X L B0 LURABAT S 50 Lk AL
BNES, BHrERNENATRE. ¥itEH0HES REROBRRESH, mEE
ERRK, WHFITEOREEMRRE, EFE ERTETE, —HERFE4S R
Ak, REHEFT—HERERE. EH. B 4-2 A HEIET 8 R By E AR T
R R, B 4-3 AREGATNF R B E MR E R RER.

T,(0.n+3
(l n+3

B 4-2 ISR B RLBT I ML B AR IR A R

Fig.4-2 Calculation model of solids state temperature of the nested screw novel extruder
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Fig.4-3 Flow chart of the program of solids state temperature for the nested screw novel extruder

4. 3B ERZRNHE

SRR Chung™ I BRI E RIS T — & BB, FEEE
v=0.119m/s, 5 p=0.545MPa FIMHT, M€ TIREER LS (LDPE). S%E
R ZHEMHDPE) « BREZHEPVOMEBRYBMBERE T HENXER, HPHEYH
LDPE: JbmaT#iib T, BHBLEE-120~-125°C, # 4 105~125C; HDPE, tH
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AT, BEALERE-120~-125°C, #5A 105~137C; PVC, FER, BEL
B 145CU k. A8 B 730" M SE R 4 8, 3631 1 sc i 4 BT T & [EA,
e 4-4,

0.35
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B 4-4 LDPE, HDPE il PVC fUBEHE 7 SBER 5 A/ !
O—%3fl, LDPE;: A—3%R{, HDPE; V—XRKfH, PVC: L& —PRIAM%
Fig. 4-4 Friction coefficients versus temperature of LDPE, HDPE and PVC

O —experimental value of LDPE, A —experimental value of HDPE,
V —experimental value of PVC,real curves—fitted curves

LDPE HIEZERZHEREHRLIELTE ZREEE, HMETER:

£,(T) = 0.2341+ 0.00395T — (4.1667 x 107 )T? (4-21)
HDPE HIEE ZEBHEE N ZBLE P& =KENRGRE, FRGTER:
£,(T) = 0.1894 - 0.00259T — (3.86x107*)T? + (1.9315x1077)T"* (4-22)

PVC WEE ZEPEEE M EWIEURE N REEAE, BERFER:
£,(1)=0.2714-0.00104 - (1.4583x10™°)T? +(5.6187x107)T* - (2.8409x10™°)T* (4-23)

4.4 TR
4.4.1 5Bt

AFFETE-CAMYE 0 45 A AR W, FRIEASTHEEY
IFftE, A3CFIF Tadmor-Broyer $2EEATSLI0 3R, HE T HIBFHF LN Tkt
>h LDPE f [ 48 57 EE 43 i 1 E 5143 45, F+F0 Tadmor-Broyer #8EE T XF L, 0/
4-5, Hephgk 1 ffisk 2 252 1& Tadmor-Broyer HAHEHIBRE ML S thek,
£ 3 fghsk 4 2RIRIEARORENTE B ERLE Ak, FESREYESIZT
FEEFHETENENEERE. AHEM, FERERRAEERA.

M 4-5 PHIHIZE 1 ek 2 TULEH, JARLEIEFE O OMYE RS,
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EBVINPMRE A BEARRBERNE N S ARA LRIEFERE, REEHARED 4.5 1F
HISEAEEE R, WS, KoRIAS, HEFRME, XNKEEREIES A 230°F
M 750psi. X% RIEFT O AR EEVER, X R SR R B RUE ) S th 2 3
MLk 4 i, EBVINBEMRENRBERENSAEER LREHEERNG, K5
SEAREER 4 FMIBEE, BEEREREM, EEAREBR KRS HIESR 230°F M
370psio. XL AT LA H, %5 BB E.O hRe] E48 1, o8 45 B e Tadmor-Broyer
ik g

240f 800,
% 220 700 &
?é‘»zoo~ 1600 2
£ 180} 500 &
3'160: 1400 <
§ 140l mog
& 120} 200
& 100 100 3

07 T2 5 4 5 5
Down-channel length (turns)
4-5 AFEHERLT [ AR ERERIE 5156
1 RE 75, Tadmor-Broyer #®;2 —FK /)4 %, Tadmor-Broyer #i%{;
3RS, AN 4-FR A5, AT
Fig.4-5 Pressure and solids state surface temperature profiles using different models
1 —temperature calculated using Tadmor-Broyer model, 2 —pressure calculated using Tadmor-Broyer model,
3 —temperature calculated using present model, 4 —pressure calculated using present mode

4.4.2 LHBIE

AV A SCEE S 4 AE SR FUAHR R BB F R YE, 4 51 R R AT BT
U L4850k PVC F1 HDPE WEIMIRE AT TR 4r. FrHBSHSH
MMM IS HENR 41 Fin. LR 476 IR X
(MSPro), EEKE+.

K41 IRBH
Table 4-1 Parameters of the experiments

e B R BB B8l N Ly b % wih Wi
Hf? R KiE AHA B o/min 8% KA RE
D/mm H;/mm L/mm deg b/mm W/m-K MPa C

LK— PVC 90 7 55D  17.67 40 30 1.16x107 0098 27
%k~ HDPE 30 3.5 6D 17.67 20 30 1.8x107 0098 27

67



R T RFE LR L

4421 LK —

TPk A PVC, 815 SG-5, FEAWATE, PVC MHAYT HARECH 0.19 WmK,
HAE S A 1.16 X107 m¥/s, PVC HIEEHE R HBEE S KR MEIELIRAR (4-23)
FiaiEAA . FFENERAN 90mm, SERFFWHE 4-6 Fin, HESHEWE 4-1
PR, TENEALEL L=4.5D oM BFHBME, HBBBAMERE, ELHANR
MR AVE A REARE.

4-6 SJ-90x25 T MFAT LIS HF L1 1
Fig.4-6 SJ-90x25 single screw experimental extruder
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4-7 PVC [EA8 F miR AL # Rl 1 2 A
o— %KMl (Ty=110C); x—LKMHE(T,=100C)
Fig.4-7 Solid state interface temperature distributions of PVC along axial distance
o0 —experimental value (T,=110C; x—experimental value(T,=100°C)

4.4.2. 21—

WW“‘V/ . Y i
4-8 SJ-30x25 BY BAURHT LI Hr i bl
Fig.4-8 SJ-30x25F single screw experimental extruder

InT#kk HDPE, 5 50008, bR LANEFMRAF 4, HDPE BT
RECH 033 m¥s, PAESEN 1.8X107 WimK. SLRAFFHIERE N 30mm, LEWE
ZWE 4-8 fir, HESHWE 4-1 Fn. FFHEHUMAX S A=K BIEFHIEX,
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43 HI4E SD. 10D, 15D MINLE bR BR R, FHaalic AR ME 1. HbE 2 Ak
ML 3. AAEEARE, FIEEGELUAPE AREARE. et aakmi,
Bt it B XL RGBT, [l Ak X A fl X+ ri A5 00 15 R B AR A
E 4-9 iz,

ME 4-9 TTUEH, HEE 1 EiLSHREEH 144CHEEl 146C, HE—
BHIRFFAE 145°C, MIERBAFE 2 BE—HRFFE 143C, 7£FE 5 7HHEAET
B, DA A BRI R E RN 143°C, ERBL IR 2 SEFRIITE R
AR F B A fE B BB IR, WIAIASFAENBRBEAEARILER, THE %
ik B B AREE A B X A A E T AR BRI BB ST B A i
i, [ B B A B KT REIRE, R inAas 2w e, ek
X BRI BB PG 2T L B A RE R TR RE. UHERERE 143°C A
HEH, AAAXKIFESEERTTENEHARAMGEREE (MEBRHFS AR,
THEAE KN 145.8°C.

73 55 CA B A3z B e A8 1 JU A3 B RHIR B A HUIEL RS, FIR A SO — 4 HF55 R
HEEYEAREOEARE, HESER0E 49 FRFS VHR. NEHRITLE
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HREMNRfE R E, VIENREYEERELARKTILERRK.
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4-9 'HDPE (¥ [B]48 5 5 2 B A (R 2R 4h i 8
V-LUHUE 1 FNEENS BT ENBARREME: O-#ifE 1 millEE:
A-HUERER 143°CHHHERREE: *-Fubfl 2 mliEME
Fig.4-9 Solids state interface temperature change of HDPE versus time
V -calculated temperature corresponding to the measured values of the first thermocouple,
O-measured values by the first thermocouple; * -measured values by the second thermocouple
A-calculated values corresponding to the barrel temperature of 143°C

B BRI T 5 R B MR E A R T B — RS R B
MR BEAR T A TE AT, . AR R A R RO o R (B AR JE RO A, T (B AL
REREE.

4.4. 3 B HNMEERRERE ST

TR AR BB E LAY EEGE &4 T RN Z EFFEER T EH
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R EEE R HUM 70% . BERE I LY#h LDPE, LDPE BE R SBERIXRW
B 4-4 FiR, HHES RN 024 WK, 4 8ESN 924X10%mYs, EFTHIME
JEF1h 0.098MPa, #I4GEEN 27°C, BFFJLASEHENE 2-1.

4431 ZAFEFRELHHEERRTRES

Bl 4-10 S HREZRAT 80 B 55 th HUSMEAT W3R T SMEATREAIHLE W RE =4
7N 7 T A2k B BB AR B P RAT S 1 B A i 2, BL PP LRI Tw=27°C. BRI A
B, bR = 51 b B AR P 349 BB AR 4 1) BRSO . BB A R
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BBK, BRXTHAREEEE. NESMRATHBRRER/D Gmm) , RFEEK, SMHEFF
HPiE RAERRIRZL, BRULSMEAT KT A 0 EARE RS/ T R AR . BEiE &
i, LDPE HIEESE A SR/, WE 4-10 T HEWT, MR Bh T RE(KSMRFF R i i e
BRYE, HRTRESMETHE A RiK e

ME 4-10 AT LUEH, ZEflimBEELT z=10D &, SMRAFHE AR 78 B 90
C, WIRIFRIEMFEREA 105CLEA, REFMNTIMNET T LLUEL R EHLEEE
KR FEEE, TAEAGE. Fit, EHHURBFERTN, WIRFEEE
B KEEX TSN EERERM KA, THE SRR NIRE 1 FI2E A E M
T 5L AT A B R

G 100 200 300 400
z /mm

Bl 4-10 A48 S R BEH TR AT SN 1) 23 5 1 26(Ty=27"C» n=102r/min)
1-SMEH A& 2-4MEHRE: 3-NIENXE
Fig.4-10 Solids state interface temperature distribution along axial direction(Ty=27°C, n=102r/min)
1-inner surface of outer screw; 2-bottom of outer screw; 3-inner surface of the barrel
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Fig.4-11 Effect of friction coefficient on solids state interface temperature
distribution along axial direction of inner surface and outer surface of outer screw
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Bl 4-12 AERFBHUEAE R AT, AL P AR v SBT3l 1 09 4 A
Bigk. MEIFATLLEH, LUEEABARART, AR MR AL SR AT Hh i 1 Kt R
1%, LDPE HIEZ R R K, EMSHEKERNE EEMNE, MHEKESRED,
[ AFR B ZE STl ) zy=6D) AbiA 3] 70°C A AHEEER N, FEHEFERE
VEBR T ) R FE A A S K ELBORE, [ AR R RIEENLHIRZ, B LDPE RIEEHR
Z BB AR R S A TR, AR S AU KRB, TUHLIET 045 3 02 E B,
FE AR FEFE SMB A4l ) 2)=6D, L EEE) 100CEH .

100 T,=117°C
T,=100°C
80t
L& ]
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Fig.4-12 Solids state interface temperature distribution along axial direction of outer screw ( 7,=102t/min)
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Fig.4-13 Effect of barrel temperature on the pressure of outer screw
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Fig.4-14 Effect of outer screw speed n; on solids interface temperature of barrel inernal surface(T,=27C)
BMRAT S53E n, X SMRAT 4l ) K 3 2070 B2 40 B8] 4-15 Bz . BT 4-15 T LLE
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Fig.4-15 Effect of outer screw rotational speed n, on the pressure distribution P of outer screw
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Fig.4-16 Effect of inner screw speed n, on solids state interface temperatures of outer screw
bottom and outer screw inner surface

2 —_

24=82 tfmi
#29=102 ¢ i

P/MPa

0 2 1D, 4 B
4-17 WIEHEE ny X AR E S 945 P #ISEH

Fig.4-17 Effect of inner screw rotational speed n, on the pressure distribution P of inner screw
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Fig.4-18 Solids state temperature distribution down channel depth of inner screw and outer screw
(a) inner screw (n;=102r/min); (b)outer screw (T,=27C)
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Fig.4-19 Efeect of inner screw speed on solids state temperature distribution along
inner screw channel depth direction (z;=~118mm)
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Fig.4-20 Effect of barrel temperature on solids state temperature distribution down
channel depth of outer screw (z;=177mm)
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Fig.5-1 Physical mode in the melt conveying zone of inner screw of the novel screw extruder
1-plane of inner surface of outer screw ; 2-screw flight; 3- plane of inner screw bottom
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Fig.5-4 Nondimension volumetric flow of inner screw
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Tab.5-1 Calculated parameters of inner screw in melt conveying zone
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Fig.5-5 Equal velocity lines distribution due to the opposite drag flow of inner screw core
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Fig.5-6 Equal velocity lines distribution due to the positive drive flow of inner screw flight
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Fig.5-7 Equal velocity lines distribution due to the positive drag of the inner surface of outer screw
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Fig.5-8 Equal velocity lines distribution due to the opposite drag flow of the inner screw core
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Fig.5-10 Equal velocity lines distribution in the case of the two times inner screw speed

90



FRE  FUF LS ARIEEY

5.3.4 ARHEIRSH

ME 52 FTLAEH, Fp BERD, EEPVFENTTLLZEE, EHREATRRA;
B 2p a1 0p HIW

&= e T % 1

B 5-11 BEARVKE ST AEFRERRE, 4 b1=0.15. AEIP R LLE W,

B AR BENL KR B &4, BIVLKE IR, AIBFEDREBX.
0 T T T T

(5-26)

2k -

O—‘Q m3 S-l
A
]

-

X109 ) .
-8 1 1 I 1
0 2 4 6 8 10
AP /MPa
5-11 AR EHRD A

Fig.5-11 Volumetric flow due to the pressure of inner screw
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Fig.5-12 Cross channel velocity distribution down inner screw channel depth
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Fig.5-14 Extrusion of inner screw and outer screw without die

1-extrusion of inner screw; 2--extrusion of outer screw
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Fig.5-15 Mass flow rate of inner screw in the case of rotational outer screw

and opposite rotational inner screw
B 5-16 /& P SMRAT S 4% it BG v SAE A S IR AXT EE, B AMBAT 44658 5 5 4
n;=8r/min M m=10r/min. MEIFRUEY, IHEERMLBERERL, WA HA
TR RS AT LUR S AR PO BRAT 46 B SR M AT P R 3 R IR



ELE HEFKIAR ARG

= 3.24| M=10rpm,-o- Experiment,-a- Theory

jq n4=8rpm,-0- Experiment,-e- Theory a
228 - .
3 24 /:é S
3 e

3 20 / -

516 A

5 0] 8

£1.2

2 4 6 8

inner screw speed,ny, rpm
B 5-16 PISMBH RELET IR < B B R SR ERIXT

Fig.5-16 Comparisons of experiment data and theory data of inner screw output

10

using the present model with different outer screw rotational speeds
B 5-17 2 A MR FF 7] 1 BEdE 2 MERFF = B v B8 5 SERE R . B 5-17
WLLEH, BASMEFERE S MERN, hT/MRFAREARAERER, WEF
K= B RESMEFF R A T/ . SRR, ASREFF R B U8 ERAT = BRSMEAT
PR M. M 517 HATLHEL, MASMEF R MR, SMRFT B E—5%
AR =R 143% . XFFREHE LHRNANE.

20 np=8rpm,—e— Theory,—0— Experiment
E n2=10rpm,-A— Theory,~A— Experiment
33 1.6 B n2=12rpm,-m— Theory,-o- Experiment
312 o
§ . ‘o\ \n
z 0.8 \?\ \n
5}
® 0.4 \\% \\\n
2 \o A
£ 0.0

2 4 6 8 10
out screw speed,nq,rpm

B 5-17 ASMZEFT R R BERE B I ER A A
Fig.5-17 Mass flow rate of inner screw in the case of both rotational inner screw
and rotational out screw in the same direction

5.5 KB /GG

1) RAERRMAFEM, BT REG B ELG LA B3 Rk B
EARNERR, ERI R T W IRAT IR0 R 1) 4 R . MR IR A% 0 IF [ HE D B R
SHEFFAREIERERMGEER, FEXMEREX KRR T ZEA M FT.

2) SHABFR T RER A 2H BB L BAT I R g B AR . AR

95



JERA TN LR

RN RENE. PFIRLGREY: NIBFTHMSNEFT A RE RN, PIRATE i
EEEHBR=AENES M AIRFFERIEE N ASMRIT REN, ABITEEEEE
T A ML A6, RMEEIRE M THREMRE. 2R IER MR &
AbB, 7EPSRAT AR 1A 3 AR BRI IE | HE D B R IEFRERT, BEELL T maEr
Wik, BROFEREHDERRERTARTHOERRE, BREXESHHE: 5
PERAT B IESMRAT R EE R, 1 T AMEAT AR E I IE RIERAER, Bkt mlkr =
& HPSMEFTRER, T AEITRI R EIER. BRIIERHEHBBRMSMRITH
REEMEROBMEM, BELFIFLH O @#E).

3 AN T EANBRT R AERER T BROERENERT. SHETA
REIERIEREAT . PR FRER T UK AT A BB ASMEAT A
RE=ZHILFERTHABITHRAEEL S . FEESHRA: ARELT WIERAT
BB HEIR SRR D MAERKER, WIRFTRERSMRFT PRI W IRFT AR
XN MBEFRAEW, SMETHARTERERE THRTEENRS. B
RERMNZF UG HIET RO TESHRERTHERERR L.

4) PR GRS KRR BT RLBT HHLEAT T el A RRA:
AR TS AR IE A R L P SR AT E RN SMEFT AR IR HE R, BRSERMLR
EE . KRERKYA: NIMBIT R AT, SMRATHIER & —F T8 A RAT
FERIT 14%, WIRFTHER R —HEIE A RATBIE 15% .. WAMRFTR R e
i, SMEFF R E R E AR R AT R 14.3%,

96



FAR FLF LR R T

ERE FEFUHIMNBEEESHTR

BAKIARKBREN N RGRERE) RFHIBETH—ITEEZSH, R
v (HE. B, AERERS). FHEE, FRERSHETEENRW. WRE
SRFFRX B RFF AL, SMREF IR L ET SN BIR A A SRS DA AR A LA, ARATHY
HIRE HAMEFF IR BRI SMAIR . ARSI DI AR A EAT RSN R =R R FEAR R
LR, WETEMTIMEATRR VR, SMEFRIELHE; JABRFEHENITA
i, WIRFFERAMXNEE, WIRFANRERN.

A2 R IR AT BT R BF L AL A SMEAT AR AR B R 5L T MR B Y B AR YR 5L
FHY, VAR T WOMRIT R A IE BRRRR D4, SR TR R AR —
TE&MT PISMEAT 1B 2 RT3 RS AR 3 i o

6.1 EXRRESEEAE

6.1.1 BEXRY

B e ARG EEA TR, B3RBER, REASH z T, HeBiES
B O5.2.1 EABUATAZS B

6.1.2 EXAHIR

WIE L EMERRE, BENEsh T ENERTEA NS N:
6p+aO'v

iz 5l : O=——+— 6-1)
BT PR
0=-2,% (6-2)
oz Oy
b =201 or _ ,o°T ov, ov,
ﬁﬁiﬁff: pCszE'=ﬂé;z—+0'W73;—+O'zy ay (6-3)
A C, —Jak L R
P‘%%%‘E:
A — B RFRE,

T — PSR E

97



AT K- EiR

6. 2 SMEFFIR A R MIBREE S HITE

STOMEFF, iSRRI A, HITERAYE R RN NG &M 6-1 Biw.

iy 7,
p C/)C/7C/)C/)C/kﬁ//OK/QC/Vﬁ;\
2l g - 1
b o z ?;
e NOMUOUOUSNOSNONONUONINURININNNNND
i ~2
4/}4/76/96/76/}C/kc/)c/)ﬁ/l\\
- - - - - N3

B6-1 SMBHIERMRRAERERAL R A
1BLE: 2-SMBHE: 3-IIRAT

Fig.6-1 Model and boundary condition of heat transfer of outer screw in melt conveying zone

1-barrel; 2-outer screw; 3-inner screw
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Table.6-1 Calculated parameters of temperature distribution of the nesed screw novel extruder

m H SMBHF PR
WRRERAEE, Hy /m 0.0025 0.002
8%, Sm 0.032 0.032
KEhH%E, AP/MPa 8 8
PEAREIERKEE, L/m 0.7 0.4
BHAEMEE , A/ Jm' s K! 0.133 0.133
WiEtLE E#E, C, J/KgK 2200 2200
EBYE m 0.45 0.45
HMBA%, pC! 0.0t1 0.011
R EE, kgm® 810 810
YRIBR, T,/C 135 135
PEARADERE, T./C 135 135
SMEFERE, T,/C 135

HUERE, Ty/C 157

6.5.2.1 SMBATHEEIEBRE %

% 6-2 RNAMEFFARFEET MM E, FENTEMNRHSELERTEER,
& 6-2 PSMEMHI AR

Table.6-2 Rotational speeds and flow rates of inner screw and outer screw

m n ns ny
SMZFFEHE r/min 70 80 100 120
AMEFHBERE (X10°) m’s™ 7.0725 8.1683 10.161 12.153
AR HHE r/min 10 20 30 40
PIEH AR ZE (X10%) m*s™ 3.7704 4.7375 6.1719 7.6063
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Fig.6-6 Average temperature distribution of outer screw along axial direction with various screw speeds
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Fig.6-7 Average temperature distribution of outer screw along axial direction at different
channel depth locations(7,=70r/min, Ty, =157°C)
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Fig.6-8 Average temperature distribution of outer screw along axial direction
with different barrel temperature (#;=70r/min)
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Fig.6-9 Average temperature distribution of inner screw along axial direction with various screw speeds
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Fig.6-10 Average temperature distribution of inner screw along axial
direction at different channel depth locations (1; =10 r/min)

6.5.2.3 MEHERARIBEEESH

1'0 i v k'
08} —o—»,=801/min *

—F—#%3 =100r/min Y
< 06} ~—%—»,=120/min ¢
-

04}

0.2¢

0

130 140 150 160
T, /T
6-11 AFEHE N SMBF IR T ) IR E 476 (T,=157°C,z=0.7m )
Fig.6-11 Temperature distribution of outer screw along channel depth direction
with various screw speeds (T,=157°C,z=0.7m)
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Fig.6-12 Temperature distribution of outer screw along channel depth direction
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0—2z=0.172m; e—z=0.276m; +—2z=0.344m; * —z=0.517m;

ME 6-12 WATLAE &, BEhEBEESEM, ERTT R ERERE AR5 et
5, BEXAEY, XEABARIEENKEFEREME, 4% 6D~ &y 7 H
WA GRS, XME 6-7 BT 4 RAE— B

6.5.2. 4 NBITHEZRS RBEEESH

B 6-13 ZE WIZFFo i AL B 2=0. 4m A, ANFESE T R FFRE R 5 1) B Fa 448
FES> A o NIRRT L HY , SEAT 5 3 5 PO RAT A VR O 1) S AR IR AR AL RO B2 e AN BE 2,
AR AT A AR M IB M 2 B T Rk e sy, BERSEAEERE. HAEYE
EER, PIBHERERARR, NETHSTIMETRSE, /METF T2 HRER

11



JERHT REM LR

i SRR WIRAT .

ME 6-13 AT LUEH, HSMEFTEE K 100 t/min, PIEFTFEEA 30 r/min i,
PUSEFFIRIE R A RRE B8 159°C, BRMIRFFARS TERRS, JUEE AR D
FRA MBI T R RN B TR R EE. NEPHBITLUEY, NRERKEER
PRFTIERED 60% &b, 1R AR BEBRERAT BN, T/, HAREREIRITH
B INTUREH TR, PAERATAER T R R 4R IR A SR InSMRAT

1.0

0.8f

. 06}
=
2y

4t .
0 o 287 = 10 1/min

i B n: =20 r/min
0.2]' ——#— 7; =30 min

0 1 1 4]
. 152 154 156 158 160
T, /C
B 6-13 AFEHHE N WERHHAEIRTT R A KR L 276
Fig.6-13 Temperature distribution of inner screw along channel depth direction
with various inner screw speeds
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Fig.6-14 Temperature distribution of inner screw down channel depth at different axial locations
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Fig.6-15 Melt viscosity changes of the inner screw and outer screw
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Fig.7-1 The nested screw novel screw extruder
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Fig.7-2 Photo of inner screw feeding with rotating outer screw and stationary inner screw
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Fig.7-3 Photo of inner screw feeding with rotating outer screw and opposite rotating inner screw
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n,=2r/min i, PIRITER 1.726 kgh'.
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Table7-1 Experimental data and calculated data of the output of the nested screw novel extruder

AR NIRE SMEH OARH WBRHSR WSRH = v A

i 237 B ELIAL K E /kgh!
n n L/A L /A /kgh?  £=030 £=030  £=035
//min  /t/min £=030 £,=025 £=030
8 2 1.5 6.7 1.543 1980  5.702 4.955
8 4 12.1 7.3 1747 2377 6.843 5.945
8 6 12.6 7.7 2.053 2774 7.984 6.938
8 8 13.0 8.6 2.359 2980  9.124 7.923
10 2 11.6 6.6 1.726 2377 6.843 5.945
12 2 127 73 2,012 2774 7.984 6.938
14 2 13.7 8.0 2.298 2980  9.124 7.923
14 3 13.8 86 - 3170 3364  9.69%4 8.424
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Fig.7-4 Effect of screw rotational speeds on the torques of inner screw and outer screw’
(a) n=8r/min, (b) n;=2r/min
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Fig.7-7 Two-layer coextrusion products using the novel extruder
(a) bar productions ; (b) longitudinal cross -section; (c) axial cross -section

1.4 XEHR

D ZEMEBTRFLS AT, EARREST M AmAE R
R b, AR RIIBHH T WAMEFF ERA S0 32/50 HIREIRHT B R B AL,
FERISE R T RHUNER ABF I E K, A T BN BN E S EARNER.

2) SBINIERRIL . $F e 8 A LR SMEF AL RS A AT T L%
B, ZERERAT PR LA L R MM BT SRS A, KRB
GERKH: HMEFFHER WIRFTER LT, SMEFFHER RO DB A R i SR
BHOKAE, WIBFFREI B ENE: 24N SMBAT R RSN, AIRATRREHRIGR . A ERAT
f) 7= 1 B P9 SMBFFES I SN T 8 B0, T8 2 42 1ol SN B A 6 30 IR R 3R 7 PO MR AT e
#, REREFHEXTAMEFT M EEE R, AFERSKNTEREK: SHE
A A et 3ot PO BB BN — SR VAT, PO O e t X SMRAT N — SR B4R MR
FrIbE e R A B T IRE BT B E.

3) SHEKEIEFF PR LRI B HORILBEAT T SERBIF A, BRAE RR
ZRHEBHMESEFHARERE, WESES T, BELELE. Rif, ARERE
MLk RTHE R T AR Z & 35 Rt oK.

121



BAR RHE

ENE 2XEEHE

A SC UL HR AT B R4 LRI B B A B R BT AT 0 4R, X IR B RAT AR R BE
WAL B R BERE. FERR. AR A. B kX B E s i m
ARG RE S A« A8 PR 18 B B 1 1A 3 1 B RV A IR R 0 A1 55 07 TS AT SRR AT
Ko ERZBOGHNERSTOKER T, RIBFHTEAESGRE B EMRFHH
WSMEFFA G R 32/50 MR ERFRXFEF AL, HBL KRN, BiE T HBH
JRERGHBR, RO T BHUNE L& L5, HA T EARIR&HFRAR
MZEH. A& BiRTE U RN R AR, AXARERALENTSE.
EEFERRIRAEENHRLAREMET EHEM, AN 0H 2L A ExEE
MEFENTARIERERL,

8.1 AFTHMNEETIERMBUSNMBIERR

1. BHAZTRRTEE, 2EH T RESFAFEF UK TERE.,
GEHE TS, EAMBERLE, FFERE. A REMEHTNNZEEILH
BMYR#AT T W%, SfEEM. BERENEHAKL, HFH ANSYS R
TCA TR A X SR B B AL N B AT T AT B R i B AR EL
X, SMEFFMRIERA 3Cr2W8V, WIRFFHFTER 38CtMoAlA, PISHFIE REHRA
ML IR R AT £ B B B

2. B TIEBMRF RS BN E AR, SRR IREE T B
OHRYE RS ER, FF 0T i [ A% B A AR E R A0 i A AT
THT, SR T ASMEF BEERERPES AR, EHahREEI %,
R T AR E SRR PR S A B .

MR REH: WHMEFFEAHGIBET RKE3)MEETnEES, BFEL
FI R R GE PR 9 AP IE I B AR BRI E S| AR A A R R 51 A
WIEH T Mg, HRIES . BFERBLA AR, BEXESIANBEIAARL
KRR EEAEZBREL, ESfARK, EORD, BHOEOERRD &
Bk B K, B, EHBRK, BHAE.CER R BIFHENET]
F B B AR BB o I e B R T T B P SME AT R AR B B K
MR AEERE.

3, SHEREZF AT EFF B HLE AR OERRE > A #IT TR, WET
THAESE EAREEER, HiEid 5 Tadmor-Broyer # K% b FIZE AR R SLBFT 57 AL

123



JEs T R B3

ARYEHERBER AT, BIET SR EHt. ARAERESRETEFAHE
FRUKAR T U P9 R | S B AT R 1E A SR AT P 2R T = A7) 7 T A e B A A AT
S R AN VS RS VR DT R B BEARRBE 23 A6, TR T HLETIR AL, SBRATHE . BEERAN
Bl 750 A S B 25 (B AR R BE B A

BRRERETY . P SMEAT i B AR 57 T 3 R ¥ il 1e 8 2230 L4 450 B MR 1
. SMREFF EREKE MR EREKRT TRE: HUERBENRFTHES SMEFF I E
MFEREREDSHEERKEM, NIRRT E RSB T R RSMET R
8 3 BORN 32 W SR T B B AR e 0 s SR BE IR AR RO, POSRAT Bl A RmIX B
R RER TSR T 5 Bl 10 BE 725 88 KRR R s, N SMRAT AR DT I R B AR A BT
FRERBEEK, BABEANBHKREHRIAE 15%~20% ERNTCEAN . XLH
WA EE T B0 EF GBI BRIT LA S HMSTH T2 HR 4 T BH2KIE.

4. BT HREFAAFTEFHIUSEREBRNBEREEE. SRUEET
PR BRAT 1 S 1 48 B PO R AT AR AR B0 IE [ HE 0 B B SMEAT AR IE M IER KRS 1F
A, 53RN LI TR R M IE . it T IRAT IR A X BB AR T
R, BRERERBRRREE, EQONTENEITHRAIERERT.. ARITIERE
KTEREDERT . SMEFFARTIERERERT . REETHAERRFRERT
LAR ASRAT SO SRR FSMRFT A RE =F R T BRI A FE L 2

PR R R AIRAT R SMEFT AR A AER N, NBITIEREREE R
ZRMLES AT, ANIRATREFE A A SMRAT REEI, AIRFT A (hE 35 2w M3
YissrAn s AFRER T NIRFTE RGN SEL D M AERKER, WIBTERN
SMEMTARE WA K. LRERRY, AR AERAT MBIl A IR AT HE SRR
SMEFTAREAIER A, BEHHALRER .

5+ M T BREIRFF 2URT BB HUKS ARG BUKS PRI B 0 A B A VR RS, R
ot b5 ST AR FOLE RN ST Sk 56 (E A T ELIRAE T iR R IE R . R B8 7 AR e ¢
WIS T WAMBITIE AR MR, SFH N BRAGCEUT —ELZ&HT
P SM R AT 4 1A i 1) R0 AR T 1) RO IRLRE  A

ARG RRY: WHMRITHABRRLEEELHER, EHEEREBITHL,
EARRE D RIEIN, )5 ST Al e RIS R HOE 0, PYARFT 4 i 1 AR R K
FHMBFT S0 AR AL, SRR IR 2 5% 060 P SMR AT A b 16 o I8 P 20 A
PSR FT AR TS R M AR RS B 3 ST PE AN I SN AT, AVBRAT R S S5 R v J A 7 R R P
(CIRHR A RO ARR L, SR A AR R 2t . XL o Hr A v S0 7
2 ) E R B RAT B BL B LR AT LT S HOR Bt T2 S8R it T # iR KIE

6. FIAFMMBHIBBAERR, AT A LR 8B 680 B A 32 (1 BSR4
EAARERS THEBENERMESREFORETEE.

124



BA\E 284

8.2 iIRREE

AREHFEEANE G KRB RATUH BB LA DT LUR T3R8 & 5 i FLEo 3%
W R, BAHTRNAKEIGH, 555 25 RO ERE &R & L 5E R »
ReT SR, RERKKNBENRANE. EREOHARAT, HFIAKFAE
WMEMHIRE, REeERBBRIETE, AT RE MRS 8T MK:

1. XBRERFFEFHIO L —L k.

2. X RERAT B R B AU RIE & VLER A

25 3R 22 MR AT X B 5 L LY (BT 4 6 RO R R AT T BB A SE IR B
T o SRATHLIE R B BE s BUARAT #f LWL e Xt R S M Is Bk e MR R4
B E F WG A it — PR

3. AHRBERFAFEFUIONA, SERBELATESTHAEREK
KILB R .

125



W
g
Y
&

(]
2]
B3]
{4]
(5]
(6]

7]
(8]

[
(10]

(11]

[12]
[13]

[14]

[15]
(16]
(17
(18]
(19]
[20]
(21]

(22]

[23]

5 % X B

HiE 2, K. IR EBRD). TREHN A, 2003,31 (6): 52-55

H.S.Rowellan D .Finlayson, Engineering,1922,114:606-611

J.E.Carley R.S.Mallouk and J.Mckelvey. Ind.Eng.Chem. 1953,4,:974-982

Damell W H, Mol E A J .Solid conveying in extruders [J]. J. Society of Plastics Engineers,1959,

12:20-29

TADMOR Z. Fundamentals of plasticating extrusion. I. A theoretical model for melting [J].

Polym. Eng.Sci.,1966, 6(3):185-190

F.Zhu and L.Chen, Studies on the theory of single screw plasticating extrusion. Part II: Non-plug

flow solid conveying (J]. Polym Eng. Sci.,1991,31(15): 1117-1122

FHIEE L EE AR MM TR LEMI). P EE3,2003,23(2):89-91

Tulsiani, Pawan K. Multilayer co-extrusion of biodegradable thermoplastics to study the effect of

interfacial slip at polymer walls [D].University of Minnesota,2002 .

Chang Dae Han, A Study of Coextrusion in a Circular Die [J]. Journal of Applied Polymer

Science,1975,19: 1875-1883

G Sornberger, B. Vergnes, J. F. Agassant. Two Directional Coextrusion flow of Two Molten

Polymers in Flat Dies [J]. Polym. Eng.Sci.,1986, 26: 455-461

G. Sornberger, B. Vergnes, J. F. Agassant.Coextrusion Flow of Two Molten Polymers Between

Parallel Plates: Non Isothermal Computation and Experimental Study [J]. Polym. Eng.Sci.,1986,

26:682-688

S. Puissant, B. Vergnes, Y. Demay, J. F. Agassant. A General Non-Isothermal Model for One

—Dimensional Multilayer Coextrudion Flows [J].Polym. Eng.Sci., 1992, 32:213-220

S. Puissant, Y. Demay, B. Vergnes, J. F. Agassant. Two-Dimensional Multilayer Coextrusion

Flow in a Flat Coat-Hanger Die.Partl: Modeling [J]. Polym. Eng.Sci., 1994, 54: 201-208

S. Puissant, B. Vergnes, J. F. Agassant.Two-Dimensional Multilayer Coextrusion Flow in a Flat

Coat-Hanger Die.Part2: Experiments and Theoretical Validation [J]. Polym. Eng.Sci., 1996, 38:

936-942

Chung C H. New idea about solids conveying in screw extruders[C].J. Society of Plastics

Engineers,1970 ,26 :32-36

Tedder W. A new theory of solid conveying in single screw[C]. J. Society of Plastics Engineers.,

1971, 27:10-15

Schneider K. Reibverhalten von Kunststoffgranulat [J]. Kunststoffe, 1969, 59:97-102

Chan.I.Chung. Plasticating single-screw extrusion theory [J]. Polym. Eng.Sci.,1971, 11(2):93-98

E.Broyer, Z.Tadmor. Solids Conveying in Screw Extruders Parts I: A Modified Isothermal Model
[J1. Polym. Eng.Sci, 1972, 12 (1):12-24

Campbell, G.A, Dontula, N. Solids transport in extruders [J]. International polymer

Processing,1995:30-35

Tadmor.Z, Broyer.E. Solids conveying in screw extruders, Part II: Non isothermal model [J].

Polym. Eng.Sci., 1972, 12(5):378-386

D.Q.QIU AND PPRENTICE. Influence of pressure on bulk density of polymer solid granules at

different temperatures [J]. Advances in polymer technology ,1998, 17(1):23-36

Shiibo Zhang. Experiments and modeling of the flow and heat transfer in the solids conveying

127



LT RE#W g

[24)
[25)
[26)
[27]
[28]
[29)
[30)
[31]
[32]
[33]
[34]
[35)
[36]
[37)
[38]
[39]
[40]

[41]

[42]

(43]
[44]

[45]

zone of single-screw food extrusion [D] .The state University of New Jersey, 2001

GATTALLA, PODIO-GUIDUGLI. On modeling the solids conveying zone of a plasticating
extruder [J]. Polym. Eng.Sci.,1980, 20(11):709-715

P.A. Moysey, M.R. Thompson.Investigation of Solids Transport in a Single-Screw Extruder
Using 3-D Discrete Particle Simulation [J]. Polym. Eng.Sci.,2004, 44(12):2203-2215

P.A. Moysey, M.R. Thompson. Modelling the solids inflow and solids conveying of single-screw
extruders using the discrete element method [J]. Powder Technology, 2005, 153: 95-107

B3 AR R A EIE VLB MBI R[D]. 63T LRt T K%, 1984

BRFIR BRI R I ARE ITEWTR[D). b5t RTR%, 1984

Qu Jinping, Shi Baoshan, Feng Yanhong, He Hezhi. Dependence of Solids Conveying on Screw
Axial Vibration in Single Screw Extruders [J]. Journal of Applied Polymer Science, 2006,
102:2998-3007

C. I. CHUNG. Maximum Pressure developed by solid conveying force in screw extruders [J].
Polym. Eng.Sci.,1975, 15(1):29-34

J.GA.LOVEGROVE, J.GWILLIAMS. Pressure generation and mechanisms in the feed section
of screw extruders [J]. Polym. Eng.Sci., 1974, 14(8):589-594

A.J. Botten, A.S. Burbidge, S. Blackburn. A model to predict the pressure development in single
screw extrusion [J]. Journal of Materials Processing Technology .,2003,135: 284-290
N.M.SMITH, J.PARNABY. Bulk density versus hydrostatic pressure characteristics of plastics in
powder and pellet form [J]. Polym. Eng.Sci.,1980, 20(12):830-833

MARK.A.SPALDING, DONALD E.KIRKPATRICK, KUN S.HYUN. Coefficients of dynamic
friction for low density polyethylene {J]. Polym. Eng.Sci., 1993, 33(7):423-430

Chung C I, Hennessey W J, Tusim M H. Frictional behavior of solid polymers on a metal surface
at processing conditions [J]. Polym. Eng.Sci.,1977 ,17(1) :9-20

D.Q.QIU, PPRENTICE. Influence of pressure on bulk density of polymer solid granules at
different temperatures [J]. Advances in polymer technology, 1998, 17(1):23-36

Gogos, C.G, Zafar,M.Sebastian, D.B, Hyun,K.S and Spalding, M.A., SPE ANTEC Tech.Papers,
1994,40:288-295

Hyun, K.S, Spalding, M.A. A and Hinton, C.E. Theoretical and experimental analysis of solids
conveying in single-screw extruders[C]. SPE ANTEC Tech.Papers, 1996, 42:199-205

Hyun, K.S. Spalding, M.A. Bulk density of solid polymer resins as a function of temperature and
pressure (J]. Polym. Eng.Sci.,1990, 30(10):571-576

MARK.A .SPALDING, DONALD E.KIRKPATRICK, KUN S.HYUN. Coefficients of dynamic
friction for low density polyethylene [J]. Polym. Eng.Sci.,1993, 33(7):423-430
MARK.A.SPALDING, DONALD E.KIRKPATRICK, Cohen,B.R. An experimental study of the
frictional and viscous forces response for solids conveying and melting in single-screw
plasticating extrusions[C]. SPE ANTEC Tech.Papers, 1997, 43:202-205

Hyun, K.S. Spalding, M.A. A new model for solids conveying in single-screw plasticating
extruders[C]. SPE ANTEC Tech.Papers, 1997, 163:211-218

WEBRESTE. BIEHFILUERPLENT A & ).+ B 28 #1,2002,16(6):9-14
MADDOCK B. H. A visual analysis of flow and mixing in extruder screws{C]. SPE ANTEC
Tech. Papers ,1959, 15:383-387

MENGES. G, KLENK .P. Aufschelz-und plastiziervorg & aumlinge beim verarbeiten von PVC
hart-pulver aufeinem einschnecken-extruder, Teil [J). Kunststoffe, 1967, 57:677-682

128



S% R

[46]
(47)
[48]
[49]
(50]
{51]
(52]
[53]

[54]

[55].

[56]

[57]

[58]
[59]

(60]

(61}
[62]
[63]
[64]
[65]
[66]
[67]
[68]

[69]

[70]

DEKKER J. Verbesserte schneckenkonstruktion fiir das extrudieren von polypropylen [J].
Kunststoffe, 1976, 66:130-140

J. T. Lindt. Pressure development in the melting zone of a single screw extruder [J]. Polym.
Eng.Sci., 1981, 21(17):1162-1166

PEARSON J R A, HALMOS A L, SHAPIRO J. Melting in single screw extruders [J]. Polymer,
1976, 17:905-912

B. Elbirli, J. T. Lindt, S. R. Gottgetreu, S. M. Baba. Mathematical modeling of melting of
polymers in a single-screw extruder [J]. Polym. Eng.Sci., 1984 (12), 24:988-999

J. T. Lindt, B. Elbirli. Effect of the cross channel flow on the melting performance of a single
screw extruder [J]. Polym. Eng.Sci., 1985, 25(7):412-418

D. W. Sundstrom, Chi-Chang Young. Melting rates of crystalline polymers under shear
conditions [J]. Polym. Eng.Sci., 1972, 12(1):59-63

R. C. Donovan. A theoretical melting model for plasticating extruders [J]. Polym. Eng.Sci., 1971,
11(3):247-257

EDMONSON I R, FENNER R T. Melting of thermoplastics in single screw extruders [J].
Polymer, 975, 16:49-54. .

A. P.D. Cox, R. T. Fenner. Melting performance in the single screw extrusion of thermoplastics
[7]. Polym Eng Sci, 1980, 20 (8):562-571

BRU KER .I, BALCH .G S. Melting mechanism in single screw extrusion [J]. Polym.
Eng.Sci., 1989, 29(4):258-267

Kee Yoon Lee, Chang Dae Han. Analysis of the performance of plasti-cating single-screw
extruders with a new concept of solid bed deformation [J]. Polym. Eng.Sci.,, 1990,
30(11):665-676

Chang Dae Han, Kee Yoon Lee, Norton C. Wheeler. An experiment study on plasti-cating
single-screw extrusion [J]. Polym. Eng.Sci., 1990, 30(24):1557-1567

KB4 BRI BB I BRI . LR A AR L 5 T2, 1986 ,(3) :1-6
ZHU F, CHEN L. Studies on the theory of single screw plasti-cating extrusion. Part I :A new
experimental method for extrusion[J] . Polym. Eng.Sci., 1991, 31(15):1113-1116.

WONG. A .C, ZHU .F, LIU. W. Breakup of solid bed in melting zone of single screw extruder
{37 . Plast Rubber and Comp Proc ,1997 ,26(2) :78-83

BRFR R E R R A RRTETIRD). b3t LML A%, 1984

##— LLDPE % HIZH B RFTR LR R [D). b5 LT A%, 1985

B H = FABRERTIAMRD]. Jb5t: LR LK%, 1989

XIS SRR FEHT AL SRR R ISR D). b3t JERTL T R%, 1993

Al 4. B R 55 L1 ) T 222 TR R B i R T #RAL BT [D). b3t JbXTd DA%, 2001

LE B ST BBEH LR ARENETTRKN R RS EAH0).PEER, 2000,14(11):1-9
R E ST RS H S MRS RS RS MPFR). 51 H1K,2002(3):26-28
Jinping Qu, Yanhong Feng, Hezhi He, Gang Jin, Xianwu Cao. Effect of the axial vibration of
screw on residence time distribution in single-screw extruders [J]. Polym. Eng.Sci.,2006,
46(2):198-204

Qu Jinping, Shi Baoshan, Feng Yanhong, He Hezhi. Dependence of solids conveying on screw
axial vibration in single screw extruders [J]. Journal of Applied Polymer Science,2006,102(3):
2998-3007

Jinping Qu, Guansheng Zeng, Yanhong Feng, Gang Jin, Hezhi He, Xianwu Cao. Effect of screw

129



ST R# B

[71]
(72]

(731

(74

[73]

[76]

(77

[78]

[79]

(30}

[81]

(82)

(83]

(84]

[85]

[86]

(87]

(88]

(89}

[90]

axial vibration on polymer melting process in single-screw extruders [J}]. Journal of Applied
Polymer Science.,2006,100(5): 3860-3876

REE FHLERRNHML 6t EE Dk AR H,2001

C.Mparissides, J.Vlachopoulos, Finite element analysis of calendaring [J]. Polym. Eng.Sci.,1976,
16(10):712-719

M.L.Hami, J .E.T.Pittman. Finite element solutions for flow in a single-screw extruder, including
curvature effects [J]. Polym. Eng.Sci., 1980,20(5),339-348

C.D.Denson, B .K.Hwang.The influence of the axial pressure gradient on flow rate for
Newtonian liquids in a self wiping, co-rotates twin screw extruder [J]. Polym. Eng.Sci.,
1980,20(14):965-971

D.Rolyance. Use of penalty finite elements in analysis of polymer melt processing [J]. Polym.
Eng.Sci.,1980,20(15 ): 1029-1034

L.Bruker C, Miaw A.Hasson, G. Balch. Numerical analysis of the temperature profile in the melt
conveying section of a single screw extruder: Comparison with experimental data [J]. Polym.
Eng.Sci., 1987, 27 (7): 504-509

M.Gupta, T.H.Kwon. 3-D flow analysis of non-newtonian viscous fluids using enriched finite
elements. [J]. Polym. Eng.Sci., 1990, 30 (22): 1420-1430

J. W.Joo, T. H. Kwon .Analysis of residence time distribution in the extrusion process including
the effect of 3-D circulatory flow [J]. Polym. Eng.Sci., 1993, 33 (15): 959-970

W.H.Suckow, P.Hrycak , R.GGriskey .Heat transfer to polymer solution and melt flowing
between parallel plates[J]. Polym. Eng.Sci.,1971,11,(5):401-404

R.T.Fenner. Developments in the analysis of steady screw extrusion of polymers [J].
Polymer,1977(18),617-635

E.Agur, J.Vlachopoulos. Numerical simulation of a single-screw plasticating extruder {J]. Polym.
Eng.Sci.,1982,22(17):1084-1093

B. Elbirli, J.T. Lindt. A note on the numerical treatment of the thermally developing flow in
screw [J]. Polym. Eng.Sci.,1984,24(7):482-487

LBruker, C.miaw, A.Hassin.Numerical analysis of the temperature profile in the melt conveying
section of a single screw extruder: comparison with experimental data (J]. Polym. Eng.Sci., 1987,
27(7):504-509

J.Thomas, Lindt.Flow of a temperature dependent power-law model fluid between parallel plates:
an approximation for flow in a screw extruder [J]. Polym. Eng.Sci., 1989,29(7):471-478

Y.GUO, C.L.CHHUNG Dependence of melt temperature on screw speed and screw speed and
size in extrusion [J]. Polym. Eng.Sci.,1989, 29(6):415-419

M.Gupta, T.H. Kwon.3 D flow analysis of non-Newtonian viscous fluids using “enriched” finite
elements [J]. Polym. Eng.Sci., 1990, 30(22):1420-1430

M.V.Karwe, Y. Jaluria.Numerical simulation of fluid flow and heat transfer in a single screw
extruder for non-Newtonian fluids [J].Numer.Heat.Tran.A,1990, 17:167-190

M.Esseghir, V.Sernas. In food extrusion science and technology.)J.Konini[C],
M.V.Karwe.eds.Marcel DEkker Inc. New York, 1992

M.K.Das, P.S. Ghoshdastidar. Quasi two-dimensional and fully two-dimensional computer
models of flow and conjugate heat transfer in the metering section of a single-screw plasticating
extruder [J]. Energy Heat Mass Trans., 1995(17):33-42

T. Sastrohartono, Y.Jaluria, M.Esseghir, V.Semas. Numerical and experimental study of

130



RPN

(o1

(92}

(93]

[94]

[95]

[96]

97]

[98]

(991

[100]
[101]
[102]
[103]
[104]
[105]
[106]
[107]
[108]
[109]

[110]
[111]
[112]
[113]
[114]
[115]

three-dimensional transport in the channel of an extruder for polymeric materials [J]. Int, J Heat
Mass Trans,1995,38(11):1957-1973

RamanV. Chiruvela, Y.Jaluria, A.H.Abib.Numerical simulation of fluid flow and heat transfer in a
single-screw extruder with different dies [J]. Polym. Eng.Sci.,1995, 35(3):261-273

Raman V.Chiruvella, Y.Jalurla, A.H.ABIB. Numerical simulation of fluid flow and heat transfer
in a single screw extruder with different dies [J]. Polym. Eng.Sci., 1995, 35(3):261-273

P.Lin, Y.Jaluria. Conjugate thermal transport in the channel of an extruder for non-Newtonian
fluids (J]. International Journal of heat and mass transfer, 1998,41(21):3239-3253

P.Lin, Y.Jaluria. Conjugate thermal transport in the channel of an extruder for non-Newtonian
fluids [J]. International journal of heat and mass transfer , 1998,41:3239-3253

Manab Kumar Dasa, P.S. Ghoshdastidar. Experimental validation of a quasi three-dimensional
conjugate heat transfer model for the metering section of a single-screw plasticating extruder [J].
Journal of Materials Processing Technology, 2002,120:397-411

M.Esseghir, V. Semas. On the measurements of the radial temperature distribution in an extruder
channel [J]. Advance in Polymer Technology, 1994, 13(2): 133-140

Kalman B. Migler, Anthony J.Bur.Fluorescence based measurement of temperature profiles
during polymer processing [J]. Polym. Eng.Sci.,1998, 38(1):213-221

Anthony J.Bur, Steven C.Roth.Femperature gradients in the channel of a single-screw extruder
[J]. Polym. Eng.Sci.,2004, 44(11):2148-2157

A.LKelly, E.C.Brown,P.D.Coates. The effect of screw geometry on melt temperature profile in
single screw extrusion [J]. Polym. Eng.Sci.,2006, 46(21):1706 -1714

Imrich klein, Reuben Klein. Theory and performance characteristics of SDS screws [J]. J. Society
of Plastics Engineers,1980,170-173

JKlein, R.klein. The Solids-Draining Screw: a New Twist for Extrusion [J]. Plastics
Engineering , 1979(10): 57-60

REE FEFREREEREMM]. JER: B, 1984

SKAEI . FELODIBFHTEHP). PEEF, 98111563.2. 1999-06-30

G.A.CAMPBELL, P.A.SWEENEY, I.N.FELTON. Experimental Investigation of the Drag Flow
Assumption in Extruder Analysis [J]. Polym. Eng.Sci.,1992,32:1765-1770

Janusz W. SIKORA. Increasing the effectiveness of the extrusion process. International
conference on polymer processing[C].Beijing ,2007:13-17

Sarioglu A, Manson JAE. Modeling and analysis of helicoidal flow in a conical extruder {J].
International Polymer Processing ,2003 18 (3): 219-225

Sarioglu A, Hagstrand PO, Manson JAE.Fiber orientation in multilayer tubes processed by a
conical extruder [J]. POLYMER COMPOSITES,2004, 25 (3): 331-341

Kenji Iwakura, Toshikazu Fujimura.Co-extrusion of polymers with one single screw having a
specially devised double channel [J]. Polym. Eng.Sci.,1980, 20(15):1002-1008

BT AR, LSRR ALNIM]. JE5T ek AR, 2006

REE FILBRERNHM] LRt pEE DL, 2001

e S8R, Hm B RGBT (M. JE3T: 8 Ok iR+, 1983

SR RH BT R EISERIM]. U3 B LML RAE, 1984

X3 M % (B M) BT5AR. R RSEEE ARG, 1979

XL ME A% () M) BERR. 65 B WAL, 1979

MR, XNEE. TEHFF LA RERERARD]. BMEBHA L%, 2005, 31(11) : 14-19

131



b T R HiR

[116]
[117]

[118]

[119]
[120]

[121]
[122]
[123]
[124]
[125]
[126]
[127]
[128]
[129]
[130]

[131]
[132]

[133]

B, WIS, O 5 i B s BRIt [J]. 1818 L% #. 2001 (5) : 79-82
C.I.Chung.Plasticating  Single-Screw Extrusion Theory [J]. J.Society of Plastics
Engineers.,1956:26-31

Tzu-Hsiung Sun. Pressure buildup in the feed zone of a single screw extruder - the effect of
density compressibility [J]. Advances in Polymer Technology, 1988,8(1):11-15

KB FHERRNAM] LR P EE T TR, 2000, 34, 335-336

Chung C I, Hennessey W J, Tusim M H. Frictional behavior of solid polymers on a metal surface
at processing conditions [J]. Polym. Eng.Sci.,1977,17(1) :9-20

Choo K P.Neelakantan N R,Pittman J F T.Experimental deep-channel velocity profiles and
operating characteristics for a single screw extruder [J]. Polym. Eng.Sci., 1980, 20:345-356
McCarthy K L, Kauten R J, Agemura C K. Application of NMR imaging to the study of velocity
profiles during extrusion processing [J]. Trends in Food Science and Technology, 1992,3:215-219
Li. Y, Hsieh. F. New melt conveying models for single screw extruder [J]. Journal of food
Process Engineering, 1994, 17:299-324

Y.Li, FHsich. Modeling of Flow in a Single Screw Extruder [J]. Journal of Food
Engineering.,1996,27(3):353-375

Chenxu Yu, Sundaram Gunasekaran .Modeling of melt conveying in a deep-channel single-screw
cheese stretcher [J]. Journal of Food Engineering,2004,61:241-25

WilczynAski .SSEM: a computer model for a polymer single-screw extrusion [J]. Journal of
Materials Processing Technology ,2001,109:308-313 .

M.H.R. Ghoreishy, M. Razavi-Nouri.Finite element analysis of thermoplastic melts flow through
the metering and die regions of single screw extruders [J]. J. Appl. Polym. Sci, 1999,74: 676-689
M.H.R. Ghoreishy, M. Razavi-Nouri, G. Naderi. Finite element analysis of a thermoplastic
elastomer melt flow in the metering region of a single screw extruder [J]. Computational
Materials Science , 2005,34 :389-396

KEE FHBERERNHMI]. by PEE DIRIERYE, 2001

ST, R RGBSR R AR B M), BUM ALK AR, 1987

R85, B R (M), dE5T: BB kU AR, 1982

Manab Kumar Das, P.S Ghoshdastidar. Experimental validation of a quasi three-dimensional
conjugate heat transfer model for the metering section of a single screw plasticating extruder
[J].Journal of Materials Processing Technology, 2002,120:397-411

R.V.Chiruvella, Y.Jaluria, H.Abib. Numerical simulation of fluid flow and heat transfer in a
single-screw extruder with different dies [J]. Polym. Eng.Sci., 1995, 35(3):261-273

132



M

x

PR 1 SRR A BB LA AC

U i)

115l

34 b

*
-

- [

]

(@[8m(8(3

e

ilalal

1 14

133



JEF T R L

B % 2 SRR BUR B B T H B

BHEALSH

D:=0032m h:=2mme:=32mm S:=D §:=0.1mm I:=5

BEAYH S

kg J J

=810 = Cp '=2250 — '=0.47 2:=0.133 -
P 5@ ek <K B =00169K"
HBRAI96 &

WOT :=9811 Pas” TBILIKSE AP =8.10° Pa

. S Z(S_ e)-
$:=atan (5) W=(8-e)eos(®) 26171910 m’s™!
nl :=l ﬁ::M nn = 1-n n3:=(n+l) nll:=n-1
n n 2n 2n
L:=I-D Z.= L AP AP
: Sm(¢) dPZ::7 dPl:T

y o_:ioh CHIBIRE 1056 i20.3 (04w, MR ),

W0:=(0.5 6 8 12) p0:=p0 -10°Pa-s”  KY FE LA A FHHME
F R

nl nl nl

Kl = ! . _l_ K3. :=_2—. ,l_ K4.:=W. L

" nDsin(¢) |po, " nDsin(¢) | o, " HO..

1 1 nl
K2 = o — n
" nD-cos(¢) (p,()ﬁ) K6 = _. _.L 1. S KSI:WD'S'C
" o2n+1 o,/ tan(¢) 2
H T RIS B E
N0:=%)-s-l Ve:=n-D-NO Vex=Vesin(¢p) Clec:=10000Pa COc:=10000Pa

nll
noT:= uOT-(XC) dpx:= Vexn0T6)
h 2

TIRER

134



Bz

Given
h
2 nn
-N0=K1ii- (dPx-y + COc)+ (dPx-y + COc)” ... | dy
+(dPzy + Clc)?
0
h
nn
NO=K2..|  (dPzy+ Cle){(dPxy+COc)’ ... | dy
+(dPzy + Clc)?
0
h ry
nn
-NO=K3, - (dPxy + COc){ (dPx-y + COc)* ... | dydy
+(dPzyy + Clc)2
o Jo
h [y
on
Qs=K4, - (dPzy + Clc){ (dPxy + COc)* ... | dydy ...
+(dPzy + Clc)®
o Jo
al n2
+|-k5N0- K6, { dp1-S +| apx [ 329 | (3
on e . ¢ 2
C()cii
Clg;
:=Find(COc,Clc,dPx,N0)
dPx,
Noii
WE & AN R A AL
COc :=COc-Pa Clc:=ClcPa  dPx:=dPxPam' NO:=NOs '
pOe :=0.510° Pa-s".. 12:10° Pas” W FE noe AL it

CpOc : = pspline(n0,C0c)
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