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This research work is devoted to the development of a mathematical model for the simulation of the
flow of polymeric melts through the die region of extruders. A set of governing equations are solved
using finite element method. Standard Galerkin technique is used in conjunction with the mixed
scheme to solve the flow equation. Due to the non-linear nature of global equations, the Picard iter-
ation method is used. The well-known power-law equation was used to describe non-Newtonian rhe-
ological behavior of the material and the effect of viscosity on the accuracy of model was investi-
gated. In order to create a finite element mesh for the complex geometries of the die, tetrahedral ele-
ments were used. Therefore, the second order tetrahedral elements (10 nodes) and the first order
tetrahedral elements (4 nodes) were used for calculation of velocity and pressure, respectively. To
show the applicability of the model, the flow of the polyethylene melts with various viscosities
through the die of a single screw extruder were simulated. The validity of the present technique
under realistic conditions was confirmed by comparing the model simulation results with the exper-
imental data.  
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„ðù† °ô½ …›³…ÿ ì¥~ô¬ ô °ô½ �ñ†è}þ �ýõ¶}ú °… ‹ú Þ†° â±Ö}ñ~. …›³…ÿ

ìõ°¬ …¶}×†¬û ¬° …üò Þ†° ìßÏŒþ ‹õ¬û ô ¬° ð}ýœú Ö±Âý†{þ ‹±…ÿ

¶†¬û|¶†²ÿ ºßê øñ~¶þ ¬° ðË± â±Ö}ú º~û …¶•. Ö»†° ô ¬‹þ ̈±ô›þ

…² ì~ë|¶†²ÿ ‹† ð}†ü� {œ±‹þ ìÛ†ü·ú º~ Þú {õ…ÖÜ ð·Œ}†_ ̈õ‹þ ‹† ð}†ü�

{œ±‹þ ð»†ó ìþ|¬ø~.

Ú±ü»þ ô øíß†°…ó ]|8[| ‹† …¶}×†¬û …² °ô½ …›³…ÿ ì¥~ô¬ ô °ô½

�ñ†è}þ )ytlanep(�ýõ¶}ú ›±ü†ó ¶ý†ë �éýí±ÿ °… ‹† °Ö}†° °õ̂èõ´üßþ

Ú†ðõó|{õ…ðþ ¬° ¤~ü~û ì}¿ê ‹ú …Þ·}±ô¬° {à|�ý¡þ ì~ë Þ±¬ð~. …üò

ì~ë|¶†²ÿ ‹ú ºßê ¶ú ‹Ï~ÿ ô ‹† Ö±Å øî|¬ì† ‹õ¬ó ì̄…Ž ¬° Æõë

¤~ü~û ô ‹† …¶}×†¬û …² …›³…ÿ ìßÏŒþ …ðœ†ï º~û …¶•. Ö»†° ô ¬‹þ

ì¥†¶Œú º~û ¬° …üò ì~ë|¶†²ÿ {õ…ÖÜ ̈õ‹þ ‹† ð}†ü� {œ±‹þ ð»†ó

ìþ|¬ø~. …üò â±ôû ¬° �µôø»þ ¬üã± ]|9[|€ …üò ì~ë|¶†²ÿ °… ‹±…ÿ ¤†è•

ð†øî|¬ì† ¬° ð†¤ýú ¶ñœ¼ …Þ·}±ô¬° {à ì†°�ý¡þ ô ð†¤ýú ¤~ü~û …ðœ†ï

¬…¬ð~. °ô½ °ü†Âþ ô …›³…ÿ ìõ°¬ …¶}×†¬û ¬° …üò �µôø¼ ðý³ ì»†‹ú Þ†°

ÚŒéþ ‹õ¬.

Þ†èýõó ô øíß†°…ó ]|01[ ›±ü†ó üà ¶ý†ë Ú†ðõó|{õ…ðþ °… ¬°ôó

…Þ·}±ô¬° ¬ô�ý¡þ ð†øí·õâ±¬ ô ð†¤ýú ¤~ü~û ì}¿ê ‹ú „ó ì~ë|¶†²ÿ

Þ±¬ð~. …üò ºŒýú|¶†²ÿ ‹ú ºßê ¶ú ‹Ï~ÿ€ ð†øî|¬ì† ô ‹† …¶}×†¬û …² °ô½

…›³…ÿ ì¥~ô¬ ô °ô½ �ñ†è}þ �ýõ¶}ú …ðœ†ï º~û …¶•. ¬° …üò Þ†° ðý³ ‹†

¶†¬û|{± ¬° ðË± â±Ö}ò øñ~¶ú ›±ü†ó …² …›³…ÿ ìßÏŒþ …¶}×†¬û º~û

…¶•.  |

ì~ë °ü†Âþ

ìÏ†¬æ– ¤†Þî ‹± ›±ü†ó æüú|…ÿ ¶ý†ë Òý±ðýõ{ñþ {±…Þî|ð†�̄ü± ¬° ¤†è•

�†ü† ô ¬° ì©}¿†– Þ†°{³üò ¶ú ‹Ï~ÿ ÎŒ†°{ñ~ …² ]|21€11€1[| :

ìÏ†¬èú �ýõ¶}ãþ :

ìÏ†¬æ– ¤±Þ•:|
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ì~ë|¶†²ÿ ¶ú ‹Ï~ÿ ›±ü†ó ¶ý†æ– �éýí±ÿ ‹† â±…ð±ôÿ|ø†ÿ ì©}éØ ¬° ¤~ü~û …Þ·}±ô¬°... ø†¬ÿ ¶Œ¥†ðþ ô øíß†°…ó
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Þú ¬° …üò ìÏ†¬æ– x€ y| ô  z| …›³…ÿ x|€  y| ô z| ‹±¬…° ¶±Î•€  p|

Ö»†°€ | Ÿã†èþ ô xg|€ yg| ô zg| ìõöè×ú|ø†ÿ x|€ y| ô z| º}†Ž ›†®‹ú ø·}ñ~.

xx| ô yxô ... ðý³ …›³…ÿ {†ð·õ° {ñ¼|…ð~ Þú ‹±…ÿ ¶ý†ë ðýõ{ñþ

Îíõìþ  …²  ìÏ†¬èú ²ü± ‹ú ¬¶• ìþ|„ü~:

Þúô |∆‹ú {±{ý� {†ð·õ° {ñ¼ ô {†ð·õ° ¶±Î• {Óýý± ºßê|…ð~.|

â±…ð±ôÿ ‹±ºþ ¶ý†ë Òý±ðýõ{ñþ …¶• Þú ‹±…ÿ ¶ý†ë Ú†ðõó|{õ…ðþ ‹ú ºßê

²ü± ‹ý†ó ìþ|ºõ¬:

o| �†ü~…°ÿ )Úõ…ï( ¶ý†ë€ n| ÷†‹• Ú†ðõó|{õ…ðþ ô 2I| {Óýý±ð†�̄ü±

)tnairavni( ¬ôï {†ð·õ° ¶±Î• {Óýý± ºßê …¶• Þú ‹ú ºßê ²ü±

{Ï±üØ ìþ|ºõ¬:

¬° Âíò€|∆{†ð·õ° ¶±Î• {Óýý± ºßê ¬° ¤†è• ¶ú ‹Ï~ÿ ‹ú ºßê ²ü±

‹ý†ó ìþ|ºõ¬:  |

ìÏ†¬æ– …›³…ÿ ì¥~ô¬

¤ê Þç¶ýà üà ì·‰éú ‹† …¶}×†¬û …² °ô½ …›³…ÿ ì¥~ô¬ ì}»ßê …²

Ÿñ~ ì±¤éú  …¶• Þú ÎŒ†°{ñ~ …²:

1 -{Û·ýî ¬…ìñú ì·‰éú ‹ú …›³…ÿ ì¥~ô¬  |

2 -…ð}©†Ž üà {†‹Ð {Û±ü� ²ðþ ìñ†¶�

3 -{Ïýýò °ô½ ìñ†¶� ‹±…ÿ ºßê {ÃÏýØ º~û )mrof kaew( ìÏ†¬æ–

¬ü×±…ð·ýê ô …¶}©±…ž ì†{±ü̧|ø†ÿ ¶×}þ ø± ›³Š ô ‹±¬…° ‹†°

4 -¶õ…° Þ±¬ó )gnilbmessa( ì†{±ü̧|ø†ÿ ¶×}þ ô ‹±¬…° ‹†°  …›³… ô

{Ïýýò ì†{±ü̧ ¶×}þ ô ‹±¬…° ‹†° Þê )labolg(

5 -…Îí†ë º±…üÈ ì±²ÿ ìñ†¶�

6 -¤ê ìÏ†¬æ– Þê ìœíõÎú ô {Ïýýò ìÛ†¬ü± ìœùõë ¬° â±û|ø†

¬° …Òé� ìõ…°¬ …›³…ÿ ìõ°¬ …¶}×†¬û ‹† {õ›ú ‹ú º±…üÈ Öý³üßþ ì·‰éú ô

øí¡ñýò °ô½ ¤ê …ð}©†‹þ€ ì»©À ô ìÏýò ìþ|ºõð~. ¬° ô…ÚÐ

¬°›ú|ø†ÿ „²…¬ÿ ìõ°¬ ðý†²€ ºßê øñ~¶þ ¬…ìñú€ ¬Ú• ìõ°¬ …ð}Ë†° ô

°ô½ …¶}©±…ž ìÏ†¬èú|ø†€ …ð}©†Ž ðõÑ ›³Š °… ‹±…ÿ â··}ú|¶†²ÿ ìÏýò

ìþ|Þññ~. …² …ðõ…Ñ …›³…ÿ ì±¶õï ìõ°¬ …¶}×†¬û ¬° ì·†ê̂ ¶ú|‹Ï~ÿ

ìþ|{õ…ó ‹ú …›³…ÿ ø±ìþ ô ìßÏŒþ …º†°û Þ±¬. ìùî|{±üò ì³ü• …›³…ÿ

ø±ìþ Ÿù†°ô›ùþ ð·Œ• ‹ú ¶†ü± …ðõ…Ñ …›³…€ Ú†‹éý• „ðù† ¬° ºŒßú|‹ñ~ÿ

…ºß†ë øñ~¶þ �ý¡ý~û …¶•€ ‹ú ð¥õÿ Þú ¬° ‹±̈þ ì·†ê̂ �ý¡ý~û …ìß†ó

ºŒßú|‹ñ~ÿ {ñù† ‹† …¶}×†¬û …² …üò ðõÑ …›³…  ìÛ~ô° …¶•. ‹ú Æõ° ì˜†ë

ºŒßú|‹ñ~ÿ ì·ý± ›±ü†ó  ¬°ôó üà …Þ·}±ô¬° ôÚ}þ Þú …ð¥ñ†ÿ Þ†ìê

�ý¢|ø† ¬° ðË± â±Ö}ú ìþ|ºõ¬€ ÖÛÈ ‹† …›³…ÿ ø±ìþ Ÿù†°ô›ùþ

…ìß†ó|�̄ü± …¶•.

…² ¶õÿ ¬üã±€ ð}†ü� ¤†¾ê …² ìÇ†èÏ†– Î~¬ÿ ô {œ±‹ý†– ºŒýú|¶†²ÿ

ð»†ó ìþ|¬ø~ Þú ø± ›³Š ìßÏŒþ ¬° ¶†¬û|{±üò ¤†è• ‹ú 21 ›³Š ø±ìþ

Ÿù†°ô›ùþ {Œ~üê ìþ|ºõ¬€ ‹ñ†‹±…üò {Ï~…¬ …›³… …Ö³…ü¼ ìþ|ü†‹~ Þú …üò

ìõÂõÑ ìõ›� …Ö³…ü¼ ¬Ú• ¬° ¤ê ì·‰éú ìþ|ºõ¬. …Ö³ôó ‹± …üò€ ²ì†ó

ô ¤œî ì¥†¶Œ†– ðý³ ‹ú ¬èýê …²¬ü†¬ {Ï~…¬ …›³… …Ö³…ü¼ ìþ|ü†‹~. ‹ñ†‹±…üò

¬° …üò ì~ë|¶†²ÿ ‹† {õ›ú ‹ú ºßê øñ~¶þ �ý¡ý~û ¤~ü~û ô øí¡ñýò

ðý†² ‹ú ¬Ú• ²ü†¬ ‹±…ÿ {¥éýê ›±ü†ó ì̄…Ž �éýí± ¬° „ó€ …²  …›³…ÿ ø±ìþ

Ÿù†°ô›ùþ …¶}×†¬û º~û …¶•. øí¡ñýò€ ¬ô °ô½ …›³…ÿ ì¥~ô¬

�ñ†è}þ ô {±ÞýŒþ ‹±…ÿ ¤ê ì·†ê̂ ìß†ðýà ¶ý†æ– ‹ú Þ†° â±Ö}ú º~û

…¶•. …¶†¹ °ô½ �ñ†è}þ ¤Ù̄ ì}Óý± Ö»†° …² ìÏ†¬æ– ¤±Þ• ‹†

…¶}×†¬û …² ìÏ†¬èú �ýõ¶}ãþ …¶•. ‹~üò ìñËõ°€ ìþ|{õ…ó Ö»†° °… ‹ú ºßê

²ü± ‹ý†ó Þ±¬:

*|‹ú �†°…ì}± �ñ†è}þ ìÏ±ôÙ …¶• Þú …â± …üò �†°…ì}± Î~¬ ð·Œ}†_ ‹³°âþ

…ð}©†Ž ºõ¬€ ìþ|{õ…ð~ ìÏ†¬æ– �ýõ¶}ãþ °… …°Â† Þñ~. ¬° ì·†ê̂

λ

η
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¶ý†æ– Òý±ðýõ{ñþ ‹±…ÿ …°Â† ô …Îí†ë �ýõ¶}ãþ ‹†ü~ {Ï†¬èþ ‹ýò

â±…ð±ôÿ ô �†°…ì}± �ñ†è}þ ‹±Ú±…° ºõ¬. ‹±…ÿ …üò ìñËõ°€  ìÛ~…° *|‹ú

ºßê {†‹Ïþ …² â±…ð±ôÿ �ý»ñù†¬ º~û {† ìÏ†¬èú �ýõ¶}ãþ |‹ú Æõ°

üßñõ…̈• ¬° Þê ¬…ìñú ›±ü†ó …Îí†ë ºõ¬. üÏñþ:

Þú ¬° …üò ìÏ†¬èú| â±…ð±ôÿ ô Î~¬ÿ ‹³°å ô ì˜Œ• …¶• Þú ‹ú

ô¶ýéú °ô½ ¶Ïþ ô ̈Ç†ÿ Î~¬ÿ ì¥†¶Œú ìþ|ºõ¬. ‹ú Æõ° Îíõìþ

2101- 401= ð}†ü� ̈õ‹þ °… …°…̂ú ìþ|Þñ~.  |

¤Ù̄ Ö»†° ‹ú Îñõ…ó ìÛ~…°ÿ …ôèýú ¬° °ô½ �ñ†è}þ ìþ|{õ…ð~ ‹ú ¬ô °ô½

…ðœ†ï ºõ¬. …üò °ô½|ø† ÎŒ†°{ñ~ …²: �ñ†è}þ �ýõ¶}ú Þú ¬° „ó Ö»†° ¬°

ìÏ†¬æ– ¤±Þ• ‹ú Æõ° ì·}Ûýî ‹ú Þíà ìÏ†¬èú )9( ›†üã³üò º~û ô °ô½

�ñ†è}þ â··}ú Þú ¬° …üò °ô½ …‹}~… ìÏ†¬èú )9( ‹ú ºßê â··}ú ¬°„ì~û ô

¶�̧ ¬° ìÏ†¬æ– ¤±Þ• ›†üã³üò ìþ|ºõ¬. ¬° ø± ¬ô ¤†è• {Ïýýò ìÛ~…°

Ö»†°  ‹ú Þíà ì¥†¶Œ†– ÷ƒ†ðõüú Þú ‹ú ðƒƒƒ†ï °ô½ ‹†²ü†‹þ {Óýƒƒƒý±…– ̈õ…ð~û

ìþ|ºõ¬€ …ðœ†ï ìþ|âý±¬. ¬° °ô½ �ñ†è}þ ¤œî ì¥†¶Œ†– ô Îíéý†–

°…ü†ðú|…ÿ Þ†ø¼ ìþ|ü†‹~. ‹ú øíýò ¬èýê ¬° …üò �µôø¼€ …‹}~… …üò °ô½ ‹ú

Îñõ…ó °ô½ ìñ†¶� ì~ ðË± Ú±…° â±Ö•€ ôèþ ð}†ü� ‹ú ¬¶• „ì~û ð»†ó ¬…¬

Þú …üò °ô½ Ú†‹éý• {¥éýê ¬ÚýÜ ›±ü†ó °… ‹† …›³…ÿ ø±ìþ Ÿù†°ô›ùþ

ð~…°¬ ô ›õ…Ž|ø†ÿ ð†�†ü~…°ÿ ‹±…ÿ Ö»†° …°…̂ú ìþ|Þñ~. ‹ú øíýò ¬èýê …² …üò

°ô½€ ¾±Ù ðË± ô °ô½ {±ÞýŒþ ›†üã³üò „ó º~.

‹±…ÿ …Îí†ë °ô½ …›³…ÿ ì¥~ô¬ {±ÞýŒþ€ …‹}~… ìõöè×ú|ø†ÿ {ñ¼ ¬°

ìÏ†¬æ– )2( {† )4( …² °ôÿ ìÏ†¬èú ì†{±ü·þ )8( ›†üã³üò º~û ô ¶�̧

ìÏ†¬æ– )2( {† )4( ›~ü~ ‹ú øí±…û ìÏ†¬èú �ýõ¶}ãþ )1( ¬° Ÿù†° {†‹Ð

ô²ðþ Â±Ž ô …ð}ã±…ë ÎŒ†°– ¤†¾ê °ôÿ ¬…ìñú üà ›³Š ìŒñ† ‹±…‹± ¾×±

Ú±…° ¬…¬û ìþ|ºõ¬:

Þú 1w€ 2w€ 3wô 4w| ‹ú {±{ý� Ÿù†° {†‹Ð ô²ðþ ì©}éØ|…ð~. …ð}©†Ž

ìñ†¶� …üò {õ…‹Ð ‹·ý†° ¤†³̂ …øíý•  …¶• ô Þéý~ …¾éþ ¬° ¤ê ¬ÚýÜ

ìÏ†¬æ– ‹ú ºí†° ìþ„ü~. …² ðÛÇú ðË± Öý³üßþ ‹† {õ›ú ‹ú …üò Þú ìÏ†¬èú

)11(€ ìÏ†¬èú ¤±Þ• ‹õ¬û ô ‹ý†ðã± ðý±ô¶•€ ‹ñ†‹±…üò 1w| ‹†ü~ ºŒýú  x|

‹†º~€ ‹ú Æõ°ÿ Þú ¤†¾ê|Â±Ž 1w. xg| ‹ý†ðã± {õ…ó ‹†º~. ‹ú Æõ°

ì»†‹ú 2w| ô 3w| ‹†ü~ ‹ú {±{ý� ºŒýú y| ô z| ‹†ºñ~. …² Æ±Ù ¬üã±€ 4w|

‹†ü~ ºŒýú ðý±ôüþ ‹†º~ Þú ‹†Î™ {Óýý± ¤œî º~û Þú ̈õ¬ {¥• {†‡÷ý±

Ö»†° øý~°ô¶}†{ýà °« ìþ|¬ø~. ‹ñ†‹±…üò€ 4w| ì»†‹ú  P-| …¶•.   |

¬° ì±¤éú ‹Ï~ ºßê {ÃÏýØ º~û ìÏ†¬èú|ø†ÿ ü†¬ º~û ‹† …¶}×†¬û …²

ÚÃýú ¬üõ°´…ð̧ )meroeht ecnegrevid( ‹ú ¬¶• ìþ„ü~. ¬° …üò ¬…ìñú

…›³… ‹ú ¬ô ð†¤ýú Ω)ð†¤ýú ¬°ôðþ( ô)ð†¤ýú ì±²ÿ( {Û·ýî ìþ|ºõ¬.

æ²ï …¶•€ ÚŒê …² ðõº}ò ìÏ†¬èú|ø†ÿ )51( {† )81( …‹}~… ºßê {ÃÏýØ

º~û ðõº}ú ºõ¬. �̧ …² …üò ì±¤éú ì»†ø~û ìþ|ºõ¬ Þú ì}Óý±|ø†ÿ
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