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Abstract

This article involved designing and manufacturing an experimental apparatus coupled with
two thermocouple-network sensors to measure the temperature changes of flowing polymer melts
in an injection machine, using a high speed data logger and a computer, under various duct
geometries. The results in general suggested that the melt temperature increased at the initial stage
and then decreased progressively with screw displacement, this concerning shear heating and heat
conduction effects and the flow pattern development of polymer melts in the duct. With the effect
of die (duct) geometry, it was found that the circular cross-sectional die gave the highest melt
temperature rise, this being about 24 oC as compared to slit, tapered circular and cross ducts due
to the nature and the complexity of the flows occurring.
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1. º·¹Ó
â´Â·ÑèÇä»áÅéÇ¡ÃÐºÇ¹¡ÒÃ¢Öé¹ÃÙ»ªÔé¹§Ò¹¾ÍÅÔàÁÍÃì·Õèãªé¡Ñ¹ÁÒ¡ã¹»Ñ¨¨ØºÑ¹ ¤×Í ¡ÃÐºÇ¹¡ÒÃ©Õ´

¾ÅÒÊµÔ¡ (Injection molding) «Öè§ÁÕ¢Ñé¹µÍ¹¡ÒÃ·Ó§Ò¹  ¤×Í  »éÍ¹¾ÍÅÔàÁÍÃì·ÕèÍÂÙèã¹ÅÑ¡É³Ð¼§ËÃ×ÍàÁç´
à¢éÒ·Ò§¡ÃÇÂàµÔÁ (Hopper) áÅÐãËé¤ÇÒÁÃéÍ¹á¡è¾ÍÅÔàÁÍÃì â´Âãªéà¢çÁ¢Ñ´ãËé¤ÇÒÁÃéÍ¹ (Heater band)
ÃèÇÁ¡ÑºËÅÑ¡¡ÒÃËÁØ¹¢Í§Ê¡ÃÙ à¾×èÍãËéà¡Ô´¡ÒÃËÅÍÁÅÐÅÒÂáÅÐà¢éÒ¡Ñ¹à»ç¹à¹×éÍà´ÕÂÇ (Homogeneous)
¢Í§à¹× éÍ¾ÍÅÔàÁÍÃì ¨Ò¡¹Ñ é¹¨Ö§·Ó¡ÒÃà¤Å× èÍ¹·Õ èÊ¡ÃÙÍÑ´¾ÍÅÔàÁÍÃìËÅÍÁàËÅÇ¼èÒ¹ËÑÇ©Õ´à¢éÒä»
ã¹â¾Ã§áÁèáºº (Mould) «Öè§ÁÕ¢¹Ò´áÅÐÃÙ»ÃèÒ§µÒÁªÔé¹§Ò¹·ÕèµéÍ§¡ÒÃ¼ÅÔµ â´ÂÁÕ¡ÒÃµÔ´µÑé§ÃÐºº
¹éÓËÅèÍàÂç¹ (Cooling system) äÇéÀÒÂã¹áÁèáºº à¾×èÍãËéà¡Ô´¡ÒÃàÂç¹µÑÇ¢Í§ªÔé¹§Ò¹ áÅÐ¹ÓªÔé¹§Ò¹
ÍÍ¡¨Ò¡áÁèáººâ´ÂãªéÃÐºº¹Ó»Å´ªÔé¹§Ò¹

¨Ò¡¢Ñé¹µÍ¹·Õè¡ÅèÒÇÁÒ¢éÒ§µé¹ ¨ÐàËç¹ä´éÇèÒ ¡ÒÃà»ÅÕèÂ¹á»Å§ÍØ³ËÀÙÁÔ·Õèà¡Ô´¢Öé¹¢Í§¾ÍÅÔàÁÍÃì
ã¹¡ÃÐºÇ¹¡ÒÃ¼ÅÔµÁÕ¤ÇÒÁÊÓ¤Ñ­µèÍ¤Ø³ÊÁºÑµÔ¢Í§ªÔé¹§Ò¹·Õèä´é àªè¹ ¡ÒÃàÊ×èÍÁÊÅÒÂ (Degradation)
¢Í§¾ÍÅÔàÁÍÃì àÁ×èÍÍØ³ËÀÙÁÔ¡ÒÃ¼ÅÔµÊÙ§à¡Ô¹ä» ËÃ×Í ªÔé¹§Ò¹·Õèä´éäÁèàµçÁáººà¹×èÍ§¨Ò¡ÍØ³ËÀÙÁÔ
·Õèãªéã¹¡ÒÃ¼ÅÔµµèÓà¡Ô¹ä» ÍÕ¡·Ñé§ÂÑ§ÊÔé¹à»Å×Í§¾ÅÑ§§Ò¹â´ÂäÁè̈ Óà»ç¹  ́ Ñ§¹Ñé¹ ¡ÒÃ¤Çº¤ØÁáÅÐ¡ÒÃµÃÇ¨ÇÑ́
ÍØ³ËÀÙÁÔ·Õè¶Ù¡µéÍ§áÁè¹ÂÓ Ö̈§à»ç¹ÊÔè§¨Óà»ç¹ ̈ Ò¡§Ò¹ÇÔ̈ ÑÂ·Õè¼èÒ¹ÁÒ [1] ä é́ÁÕ¡ÒÃÇÑ́ ÍØ³ËÀÙÁÔ¢Í§¾ÍÅÔàÁÍÃì
ËÅÍÁàËÅÇã¹à¤Ã×èÍ§©Õ´¾ÅÒÊµÔ¡ â´ÂãªéªØ´à¤Ã×èÍ§Á×ÍÇÑ´ÍØ³ËÀÙÁÔáººãËÁè·Õèä´é¾Ñ²¹ÒÁÒ¨Ò¡§Ò¹ÇÔ¨ÑÂ
¢Í§ Sombatsompop áÅÐ¤³Ð [2] «Öè§ÁÕ»ÃÐÊÔ·¸ÔÀÒ¾áÅÐ¤ÇÒÁáÁè¹ÂÓÊÙ§ äÁè¢Ñ´¢ÇÒ§¡ÒÃäËÅ¢Í§
¾ÍÅÔàÁÍÃìËÅÍÁàËÅÇ áÅÐÊÒÁÒÃ¶ÇÑ´ÍØ³ËÀÙÁÔä´é¾ÃéÍÁ¡Ñ¹ËÅÒÂµÓáË¹è§ã¹àÇÅÒà´ÕÂÇ¡Ñ¹ â´Â
·Ó¡ÒÃÇÑ́ ÍØ³ËÀÙÁÔÀÒÂã¹ËéÍ§ËÅÍÁ·ÕèÁÕÅÑ¡É³ÐªèÍ§·Ò§äËÅáººË¹éÒµÑ́ ¡ÅÁã¹à¤Ã×èÍ§©Ṍ ¾ÅÒÊµÔ¡  «Öè§
ã¹§Ò¹ÇÔ¨ÑÂ¹Õé ä´é·Ó¡ÒÃÍÍ¡áººáÅÐ¾Ñ²¹ÒªØ´à¤Ã×èÍ§Á×ÍÇÑ´ÍØ³ËÀÙÁÔ áÅÐªØ´·´ÊÍº·ÕèÊÒÁÒÃ¶
»ÃÑºà»ÅÕèÂ¹ªèÍ§·Ò§äËÅã¹ÅÑ¡É³ÐµèÒ§æ ¡Ñ¹ä´é à¾×èÍ·Ó¡ÒÃÇÑ´¡ÒÃà»ÅÕèÂ¹á»Å§ÍØ³ËÀÙÁÔ·Õèà¡Ô´¢Öé¹
¢Í§¾ÍÅÔàÁÍÃìËÅÍÁàËÅÇ¢³ÐäËÅã¹ªèÍ§·Ò§äËÅ·ÕèÁÕÃÙ»ÃèÒ§áÅÐÅÑ¡É³ÐµèÒ§æ ¡Ñ¹·ÕèÊè§¼Å¡ÃÐ·º
µèÍ¡ÒÃà»ÅÕèÂ¹á»Å§ÍØ³ËÀÙÁÔ·Õèà¡Ô´¢Öé¹ â´Âà»ÃÕÂºà·ÕÂº¼Å¡ÒÃÇÑ´ÍØ³ËÀÙÁÔ·Õèä´é¨Ò¡¡ÒÃ·´ÅÍ§
¡ÑºÃÙ»ÃèÒ§¡ÒÃäËÅ¢Í§ÂÒ§¸ÃÃÁªÒµÔ¢³ÐäËÅã¹ªèÍ§·Ò§äËÅ·ÕèÁÕÅÑ¡É³ÐµèÒ§æ ¡Ñ¹ ¢Í§à¤Ã×èÍ§¤Ò»ÔÅÒÃÕ
ÃÕâÍÁÔàµÍÃì [3]

2. ÇÑµ¶Ø»ÃÐÊ§¤ì
ÇÑµ¶Ø»ÃÐÊ§¤ì¢Í§§Ò¹ÇÔ¨ÑÂ¹Õé à¾×èÍÍÍ¡áººáÅÐ¨Ñ´ÊÃéÒ§ªØ´·´ÊÍº·ÕèÊÒÁÒÃ¶»ÃÑºà»ÅÕèÂ¹

ªèÍ§·Ò§äËÅ·ÕèÁÕÃÙ»ÃèÒ§µèÒ§æ ¡Ñ¹ áÅÐ·Ó¡ÒÃÇÑ́ ÍØ³ËÀÙÁÔ¢Í§¾ÍÅÔàÁÍÃìËÅÍÁàËÅÇ¢³ÐäËÅã¹ªèÍ§·Ò§
äËÅ·ÕèÁÕÃÙ»ÃèÒ§µèÒ§æ ¡Ñ¹ã¹à¤Ã×èÍ§©Õ´¾ÅÒÊµÔ¡ â´ÂãªéªØ´·´ÊÍº·Õèä´éÍÍ¡áººáÅÐ¨Ñ´ÊÃéÒ§¢Öé¹

3. àÍ¡ÊÒÃ§Ò¹ÇÔ¨ÑÂ·Õèà¡ÕèÂÇ¢éÍ§
Armstrong [4] ä´éÈÖ¡ÉÒÃÙ»áºº¡ÒÃá¨¡á¨§ÍØ³ËÀÙÁÔµÒÁá¹ÇÃÑÈÁÕã¹¡ÃÐºÇ¹¡ÒÃÃÕ´

¢Öé¹ÃÙ» (Extrusion) áÅéÇà»ÃÕÂºà·ÕÂº¼Å·Õèä´éÃÑº¨Ò¡¡ÒÃ·´ÅÍ§¡ÑºÃÙ»áºº¡ÒÃá¨¡á¨§ÍØ³ËÀÙÁÔ·Õè
ä´é¨Ò¡¡ÒÃãªéáºº¨ÓÅÍ§¡ÒÃá¨¡á¨§ÍØ³ËÀÙÁÔ´éÇÂâ»Ãá¡ÃÁ LFLOW ã¹§Ò¹ÇÔ¨ÑÂ¹Õéä´é·´ÅÍ§â´Âãªé
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¾ÍÅÔàÁÍÃì 2 ª¹Ố  ¤×Í PP, PE â´Â¤Çº¤ØÁÍØ³ËÀÙÁÔËéÍ§ËÅÍÁàËÅÇãËéÁÕ¤èÒ 204 o« áÅÐ·´ÅÍ§·Õè¤ÇÒÁàÃçÇ
Ê¡ÃÙ 10, 30 áÅÐ 50 ÃÍºµèÍ¹Ò·Õ ̈ Ò¡¼Å¡ÒÃ·´ÅÍ§¾ºÇèÒ ÃÙ»áºº¡ÒÃá¨¡á¨§ÍØ³ËÀÙÁÔ·Õèä é̈́ Ò¡¡ÒÃãªé
à·ÍÃìâÁ¤Ñ»à»ÔÅÇÑ´ ¤èÒ¨Ðáµ¡µèÒ§¡Ñ¹µÒÁª¹Ô´¢Í§¾ÍÅÔàÁÍÃì â´Â PE ÁÕÍØ³ËÀÙÁÔÊÙ§¡ÇèÒ PP  áÅÐ¾ºÇèÒ
¡ÒÃá¨¡á¨§ÍØ³ËÀÙÁÔ·Õèä é́áµ¡µèÒ§¨Ò¡¡ÒÃãªé¤ÍÁ¾ÔÇàµÍÃìÊÃéÒ§áºº¨ÓÅÍ§ ·Ñé§¹Õéà¡Ố ¨Ò¡µÑÇá»Ã·Õèà¡Ố ¢Öé¹
ã¹¡ÒÃ·´ÅÍ§ àªè¹ ÍØ³ËÀÙÁÔà¹×èÍ§¨Ò¡¡ÒÃàÊÕÂ´ÊÕ ·Õè¼Ô´¾ÅÒ´ä´é¶Ö§ 2.2 o«

Yokoi áÅÐ¤³Ð [5] ä´éÇÑ´ÍØ³ËÀÙÁÔ¢Í§¾ÍÅÔàÁÍÃìËÅÍÁàËÅÇ·ÕèºÃÔàÇ³ËÑÇ©Õ´ (Nozzle) ¢Í§
à¤Ã×èÍ§©Õ´¾ÅÒÊµÔ¡ â´ÂãªéªØ´à¤Ã×èÍ§Á×ÍÇÑ´ÍØ³ËÀÙÁÔáºº Integrated thermocouple sensor µÔ´µÑé§
·ÕèµÓáË¹è§µèÒ§æ µÒÁá¹ÇàÊé¹¼èÒ¹ÈÙ¹Âì¡ÅÒ§¢Í§ËÑÇ©Õ´áÅÐãªé¾ÍÅÔàÁÍÃìª¹Ô´ PP ã¹¡ÒÃ·´ÅÍ§
â´ÂÈÖ¡ÉÒ¼Å¡ÃÐ·º¢Í§¤ÇÒÁàÃçÇÃÍºÊ¡ÃÙµèÍ¡ÒÃà»ÅÕèÂ¹á»Å§ÍØ³ËÀÙÁÔ·Õèà¡Ố ¢Öé¹ ¼Å¡ÒÃ·´ÅÍ§¾ºÇèÒ
ÍØ³ËÀÙÁÔ·ÕèÇÑ´ä´éºÃÔàÇ³µÃ§¡ÅÒ§ÁÕ¤èÒÊÙ§¡ÇèÒ·ÕèºÃÔàÇ³¼¹Ñ§ à¹×èÍ§¨Ò¡à¡Ô´¡ÒÃàÊÕÂ´ÊÕ¢Í§ÊÒÂâ«è
âÁàÅ¡ØÅ¢³Ðà¡Ô´¡ÒÃäËÅ «Öè§¤ÇÒÁàÃçÇ¡ÒÃäËÅ·ÕèºÃÔàÇ³µÃ§¡ÅÒ§¢Í§ËéÍ§ËÅÍÁàËÅÇÁÕ¤èÒÊÙ§ÊØ´
áÅÐàÁ×èÍà¾ÔèÁ¤ÇÒÁàÃçÇÃÍº¢Í§Ê¡ÃÙ ¾ºÇèÒÍØ³ËÀÙÁÔ·ÕèÇÑ´ä´éÁÕ¤èÒ¹éÍÂ¡ÇèÒ·Õè¤ÇÒÁàÃçÇÃÍº¢Í§Ê¡ÃÙªéÒ
à¹×èÍ§¨Ò¡ÁÕ¡ÒÃÊÐÊÁ¤ÇÒÁÃéÍ¹à¾ÔèÁÁÒ¡¢Öé¹ à¾ÃÒÐÃÐÂÐàÇÅÒã¹¡ÒÃàÊÕÂ´ÊÕ¡Ñ¹¢Í§ÊÒÂâ«èâÁàÅ¡ØÅ
·Õèà¾ÔèÁÁÒ¡¢Öé¹

Sombatsompop áÅÐ Chaiwattanpipat [1] ÈÖ¡ÉÒÃÙ»áºº¡ÒÃá¨¡á¨§ÍØ³ËÀÙÁÔáÅÐÍÔ·¸Ô¾Å
¢Í§¤ÇÒÁàÃçÇã¹¡ÃÐºÇ¹¡ÒÃ©Õ´¾ÅÒÊµÔ¡ ã¹¡ÒÃ·´ÅÍ§¹Õéä´éÇÑ´ÍØ³ËÀÙÁÔâ´Âãªéà¤Ã×èÍ§Á×ÍÇÑ´ÍØ³ËÀÙÁÔ
·Õèä´é¾Ñ²¹ÒÁÒ¨Ò¡§Ò¹ÇÔ¨ÑÂ¢Í§ Sombatsompop áÅÐ¤³Ð [2] â´ÂµÔ´µÑé§ªØ´à¤Ã×èÍ§Á×ÍÇÑ´ÍØ³ËÀÙÁÔ
·ÕèµÓáË¹è§·Ò§à¢éÒáÅÐ·Ò§ÍÍ¡¢Í§ªØ´·´ÊÍº ¨Ò¡¹Ñé¹¨Ö§¹ÓªØ´·´ÊÍº»ÃÐ¡Íºà¢éÒ¡ÑººÃÔàÇ³
´éÒ¹Ë¹éÒËéÍ§ËÅÍÁ (Barrel) ã¹à¤Ã×èÍ§©Õ´¾ÅÒÊµÔ¡ â´ÂãªéªØ´µÃÇ¨ÇÑ´¢éÍÁÙÅáºº¤ÇÒÁàÃçÇÊÙ§ (High
Speed Data Logging System) ÃèÇÁ¡Ñº¤ÍÁ¾ÔÇàµÍÃìã¹¡ÒÃºÑ¹·Ö¡áÅÐ»ÃÐÁÇÅ¼Å¡ÒÃ·´ÅÍ§
¨Ò¡¡ÒÃ·´ÅÍ§â´Â·ÑèÇä»¾ºÇèÒ ÍØ³ËÀÙÁÔ¢Í§¾ÍÅÔàÁÍÃìËÅÍÁàËÅÇ·ÕèÇÑ´ä´é¨ÐÁÕ¤èÒà¾ÔèÁ¢Öé¹¨¹¶Ö§¤èÒ
ÊÙ§ÊǾ áÅÐàÃÔèÁÅ´Å§¨¹ÊÔé¹ÊǾ ¡ÒÃ©Ṍ ã¹ Sensor 1  ¡ÒÃÅ´Å§¢Í§ÍØ³ËÀÙÁÔµÍ¹·éÒÂ¢Í§¡ÒÃ©Ṍ ·Õè Sensor
1 ÁÒ¨Ò¡ÊÒàËµØ 2 »ÃÐ¡ÒÃ¤×Í ¡ÒÃ¶èÒÂà·¤ÇÒÁÃéÍ¹·Õèà¡Ô´¢Öé¹·ÕèºÃÔàÇ³ËÑÇ©Õ´ (Nozzle) áÅÐ¨Ò¡¡ÒÃ
·Õè¾ÍÅÔàÁÍÃìàËÅÇ·ÕèÁÕÍØ³ËÀÙÁÔµèÓ¡ÇèÒ¨Ò¡ Sensor 2 ÇÔè§ÁÒ¶Ö§ Sensor 1 ã¹¢³Ð·ÕèºÃÔàÇ³ Sensor 2
äÁèÁÕ¡ÒÃÅ´Å§¢Í§ÍØ³ËÀÙÁÔ áÅÐàÁ×èÍÇÔà¤ÃÒÐËì¶Ö§¼Å¡ÃÐ·ºà¹×èÍ§¨Ò¡¤ÇÒÁàÃçÇã¹¡ÒÃ©Õ´ ¾ºÇèÒàÁ×èÍ
à¾ÔèÁ¤ÇÒÁàÃçÇã¹¡ÒÃ©Õ´ ¤èÒÍØ³ËÀÙÁÔà¾ÔèÁ¢Öé¹ÊÙ§ÊØ´ (∆Tmax) ·ÕèÇÑ´ä´éÁÕ¤èÒ¹éÍÂÅ§

4. ÍØ»¡Ã³ìáÅÐÇÑÊ´Ø·Õèãªéã¹¡ÒÃ·´ÅÍ§
1. à¤Ã×èÍ§©Õ´¾ÅÒÊµÔ¡ (Injection moulding machine)
ãªéà¤Ã×èÍ§©Õ´¾ÅÒÊµÔ¡ÃØè¹ Elite 80  «Öè§¼ÅÔµâ´ÂºÃÔÉÑ·  Elite Precision Machinery Co., Ltd.

â´ÂÁÕ¢¹Ò´àÊé¹¼èÒ¹ÈÙ¹Âì¡ÅÒ§ÀÒÂ¹Í¡¢Í§ËéÍ§ËÅÍÁàËÅÇ 106 ÁÁ. àÊé¹¼èÒ¹ÈÙ¹Âì¡ÅÒ§ÀÒÂã¹ËéÍ§
ËÅÍÁàËÅÇ 35 ÁÁ. áÅÐàÊé¹¼èÒ¹ÈÙ¹Âì¡ÅÒ§Ê¡ÃÙ (Screw) 30 ÁÁ. â´ÂãªéµÑÇá»Ãã¹¡ÒÃ©Õ´´Ñ§µèÍä»¹Õé

1.1 ¤ÇÒÁ´Ñ¹©Õ´ (Injection pressure)
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¤ÇÒÁ´Ñ¹©Õ´à»ç¹¤ÇÒÁ´Ñ¹·Õèà¡Ô´¢Öé¹¡Ñº¾ÍÅÔàÁÍÃìËÅÍÁàËÅÇ·ÕèÍÂÙèË¹éÒ»ÅÒÂÊ¡ÃÙ â´Â¡ÒÃ
à¤Å×èÍ¹·ÕèÊ¡ÃÙµÒÁá¹Çá¡¹ «Öè§¤ÇÒÁ´Ñ¹¹ÕéÊÒÁÒÃ¶»ÃÑºä´éâ´ÂµÃ§·Õè¤ÇÒÁ´Ñ¹¢Í§¹éÓÁÑ¹äÎ´ÃÍÅÔ¡
«Öè§ã¹¡ÒÃ·´ÅÍ§¹ÕéµÑé§äÇé·Õè¤ÇÒÁ Ñ́¹©Ṍ  80% ¢Í§¤ÇÒÁ Ñ́¹ÊÙ§ÊǾ  ËÃ×Í»ÃÐÁÒ³ 2500 »Í¹ ì́µèÍµÒÃÒ§¹ÔéÇ

1.2 ¤ÇÒÁàÃçÇã¹¡ÒÃ©Õ´ (Injection speed)
¤ÇÒÁàÃçÇã¹¡ÒÃ©Ṍ à»ç¹¤ÇÒÁàÃçÇã¹¡ÒÃà¤Å×èÍ¹·ÕèµÒÁá¹Çá¡¹¢Í§Ê¡ÃÙ «Öè§µé¹¡ÓÅÑ§ÁÒ¨Ò¡ÃÐºº

äÎ´ÃÍÅÔ¡ ã¹¡ÒÃ·´ÅÍ§¹Õéãªé¤ÇÒÁàÃçÇã¹¡ÒÃ©Õ´à·èÒ¡Ñº 9 ÁÁ.µèÍÇÔ¹Ò·Õ

1.3 ¤ÇÒÁàÃçÇÃÍº¢Í§Ê¡ÃÙ (Screw speed)
ã¹¡ÒÃ·´ÅÍ§¹Õéä é́µÑé§¤ÇÒÁàÃçÇÃÍºÊ¡ÃÙäÇé·Õè 99% «Öè§à»ç¹¤ÇÒÁàÃçÇÃÍºÊ¡ÃÙÊÙ§ÊǾ ¢Í§à¤Ã×èÍ§©Ṍ

¾ÅÒÊµÔ¡ (»ÃÐÁÒ³ 162 ÃÍºµèÍ¹Ò·Õ)

1.4 ÃÐÂÐ¡ÒÃ©Õ´ (Shot size)
ÃÐÂÐ¡ÒÃ©Ṍ ¢Í§Ê¡ÃÙ¤×Í ÃÐÂÐ·ÕèÊ¡ÃÙ¶ÍÂËÅÑ§ à¾×èÍãËéàÁḉ ¾ÅÒÊµÔ¡·Õè¶Ù¡ËÅÍÁàËÅÇà¤Å×èÍ¹µÑÇä»

´éÒ¹Ë¹éÒ¢Í§Ê¡ÃÙÀÒÂã¹ËéÍ§ËÅÍÁàËÅÇ «Öè§ã¹§Ò¹ÇÔ¨ÑÂ¹ÕéµÑé§ÃÐÂÐäÇé·Õè 135 ÁÁ.

1.5 ÍØ³ËÀÙÁÔàÃÔèÁµé¹ã¹¡ÒÃ·´ÊÍº
ÍØ³ËÀÙÁÔàÃÔèÁµé¹¡èÍ¹¡ÒÃ·´ÊÍº·Õèãªé ¤×Í 190 o«

2. ªØ´·´ÊÍºÊÓËÃÑº¡ÒÃÇÑ´ÍØ³ËÀÙÁÔ
ªǾ ·´ÊÍºÊÓËÃÑº¡ÒÃÇÑ́ ¤èÒÍØ³ËÀÙÁÔ¢Í§¾ÍÅÔàÁÍÃìËÅÍÁàËÅÇ¢³ÐäËÅã¹à¤Ã×èÍ§©Ṍ ¾ÅÒÊµÔ¡

·Õèãªéã¹§Ò¹ÇÔ¨ÑÂ¹ÕéÁÕÅÑ¡É³Ð´Ñ§áÊ´§ã¹ÃÙ»·Õè 1 â´ÂªØ´·´ÊÍºÊÒÁÒÃ¶áºè§ÍÍ¡à»ç¹ÊèÇ¹ÊÓ¤Ñ­æ ä´é
´Ñ§µèÍä»¹Õé

ÃÙ»·Õè 1 áÊ´§ªØ´·´ÊÍºÊÓËÃÑº¡ÒÃÇÑ´¤èÒÍØ³ËÀÙÁÔ¢Í§¾ÍÅÔàÁÍÃìËÅÍÁàËÅÇ¢³ÐäËÅã¹à¤Ã×èÍ§©Õ´¾ÅÒÊµÔ¡

2.1 ªØ´àª×èÍÁµèÍ 1 (Connector 1)
à»ç¹ÍØ»¡Ã³ì·ÕèãªéÊÓËÃÑºàª×èÍÁµèÍªØ´·´ÊÍºà¢éÒ¡ÑººÃÔàÇ³´éÒ¹Ë¹éÒ¢Í§ËéÍ§ËÅÍÁàËÅÇ

ã¹à¤Ã×èÍ§©Ṍ ¾ÅÒÊµÔ¡ «Öè§ÁÕÅÑ¡É³Ðà»ç¹·èÍ·Ã§¡ÃÐºÍ¡·ÕèÁÕàÊé¹¼èÒ¹ÈÙ¹Âì¡ÅÒ§ÀÒÂ¹Í¡à·èÒ¡Ñº 106 ÁÁ.
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àÊé¹¼èÒ¹ÈÙ¹Âì¡ÅÒ§ÀÒÂã¹ 35 ÁÁ. ÂÒÇ 50 ÁÁ.áÅÐ·Óà¡ÅÕÂÇã¹¢¹Ò´ M55x1.5 ÅÖ¡ 30 ÁÁ. à¾×èÍ
»ÃÐ¡Íº¡ÑºªǾ àª×èÍÁµèÍ 2 â´Â»ÃÐ¡Íº¡ÑºªǾ àª×èÍÁµèÍ 1 à¢éÒ¡ÑºËéÍ§ËÅÍÁàËÅÇ¢Í§à¤Ã×èÍ§©Ṍ ¾ÅÒÊµÔ¡
¹Ñé¹ ¡ÒÃÂÖ´¨ÐãªéÊ¡ÃÙ¢¹Ò´ M12 ¨Ó¹Ç¹ 10 µÑÇ·Ó¡ÒÃÂÖ´ªØ´àª×èÍÁµèÍ 1 à¢éÒ¡ÑºËéÍ§ËÅÍÁàËÅÇ

2.2 ªØ´àª×èÍÁµèÍ 2 (Connector 2)
»ÃÐ¡Íºà¢éÒ¡ÑºªØ´àª×èÍÁµèÍ 1 áÅÐªØ´à¤Ã×èÍ§Á×ÍÇÑ´ÍØ³ËÀÙÁÔ â´ÂÁÕàÊé¹¼èÒ¹ÈÙ¹Âì¡ÅÒ§ÀÒÂ¹Í¡

áÅÐàÊé¹¼èÒ¹ÈÙ¹Âì¡ÅÒ§ÀÒÂã¹à·èÒ¡ÑºËéÍ§ËÅÍÁàËÅÇáÅÐªØ´àª×èÍÁµèÍ 1

2.3 ªØ´»ÃÐ¡Íºà¤Ã×èÍ§Á×ÍÇÑ´ÍØ³ËÀÙÁÔ (Sensor Holder)
»ÃÐ¡Íº é́ÇÂªǾ à¤Ã×èÍ§Á×ÍÇÑ́ ÍØ³ËÀÙÁÔ·Õè̈ Ñ́ ÊÃéÒ§¢Öé¹ â´ÂÇÒ§ªǾ à¤Ã×èÍ§Á×ÍÇÑ́ ÍØ³ËÀÙÁÔ (sensors

1 áÅÐ 2) äÇé·ÕèºÃÔàÇ³»ÅÒÂ·Ñé§ÊÍ§´éÒ¹¢Í§ªØ´»ÃÐ¡Íº ¡ÒÃÍÍ¡áººªØ´»ÃÐ¡Íº¹Õéä´éÍÍ¡áººà¾×èÍãËé
ÊÒÁÒÃ¶»ÃÑºà»ÅÕèÂ¹ÃÙ»ÃèÒ§ªèÍ§·Ò§äËÅã¹áººµèÒ§æ ä´é â´Â¢¹Ò´àÊé¹¼èÒ¹ÈÙ¹Âì¡ÅÒ§ÀÒÂ¹Í¡ 106
ÁÁ. ÂÒÇ 70 ÁÁ.

2.4 ªØ´·Ò§äËÅ
ªØ´·Ò§äËÅ·ÓË¹éÒ·Õèà»ç¹ªèÍ§·Ò§äËÅÊÓËÃÑº¾ÍÅÔàÁÍÃìËÅÍÁàËÅÇ ´Ñ§áÊ´§ã¹ÃÙ»·Õè 2 à¾×èÍ

ÈÖ¡ÉÒ¶Ö§ÍÔ· Ô̧¾Å¢Í§ÅÑ¡É³ÐªèÍ§·Ò§äËÅã¹áººµèÒ§æ ·ÕèÁÕµèÍ¡ÒÃà»ÅÕèÂ¹á»Å§ÍØ³ËÀÙÁÔ¢Í§¾ÍÅÔàÁÍÃì
ËÅÍÁàËÅÇ¢³ÐäËÅ â´Â»ÃÐ¡ÍºªØ´·Ò§äËÅäÇéÀÒÂã¹ªØ´»ÃÐ¡Íºà¤Ã×èÍ§Á×ÍÇÑ´ÍØ³ËÀÙÁÔ ¢¹Ò´
¤ÇÒÁÂÒÇ¢Í§ªǾ ·Ò§äËÅà·èÒ¡Ñº 62 ÁÁ. ¢¹Ò´àÊé¹¼èÒ¹ÈÙ¹Âì¡ÅÒ§ÀÒÂ¹Í¡ 43.5 ÁÁ. ¾ÃéÍÁ·Ñé§·Óà¡ÅÕÂÇ
¹Í¡¢¹Ò´ M10x1.5 µÅÍ´¤ÇÒÁÂÒÇ «Öè§ÁÕÅÑ¡É³Ðáµ¡µèÒ§¡Ñ¹ 4 ÅÑ¡É³Ð ¤×Í

1. ªèÍ§·Ò§äËÅË¹éÒµÑ´¡ÅÁ (Circular cross-sectional duct)
2. ªèÍ§·Ò§äËÅÊÕèàËÅÕèÂÁ (Square cross-sectional duct)
3. ªèÍ§·Ò§äËÅ¡Ò¡ºÒ· (Cross cross-sectional duct)
4. ªèÍ§·Ò§äËÅ¡ÅÁàÃÕÂÇ (Taper circular cross-sectional duct)

Circular cross-sectional duct Cross cross-sectional duct

Square cross-sectional duct Taper circular cross-sectional duct

Temperature sensor

+

+
++
+
+

+

+
++
+
+

-

--

-

ÃÙ»·Õè 2  áÊ´§ÅÑ¡É³Ð¢Í§ªèÍ§·Ò§äËÅáººµèÒ§æ ã¹ªØ´à¤Ã×èÍ§Á×ÍÇÑ´ÍØ³ËÀÙÁÔ
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2.5 ªØ´ËÑÇ©Õ´ (Nozzle)
ªØ´ËÑÇ©Õ´·ÓË¹éÒ·Õèà»ç¹·Ò§¼èÒ¹¢Í§¾ÍÅÔàÁÍÃìàËÅÇä»ÂÑ§áÁè¾ÔÁ¾ì ã¹§Ò¹ÇÔ¨ÑÂ¹Õé à»ç¹ËÑÇ©Õ´

áººµÃ§·ÕèÁÕÅÑ¡É³ÐàËÁ×Í¹¡Ñº·Õèãªé§Ò¹¨ÃÔ§ â´ÂÃÙ©Õ´·ÕèãªéÁÕ¢¹Ò´àÊé¹¼èÒ¹ÈÙ¹Âì¡ÅÒ§à·èÒ¡Ñº 3 ÁÁ.

3. ªØ´ãËé¤ÇÒÁÃéÍ¹ (Heater)
ªØ´ãËé¤ÇÒÁÃéÍ¹·Õèãªéà»ç¹áººà¢çÁ¢Ñ´ÃÑ´ (Heater Band) ·ÓË¹éÒ·ÕèãËé¤ÇÒÁÃéÍ¹á¡èËéÍ§

ËÅÍÁàËÅÇáÅÐËÑÇ©Õ´¢Í§à¤Ã×èÍ§©Õ´¾ÅÒÊµÔ¡ ¢¹Ò´àÊé¹¼èÒ¹ÈÙ¹Âì¡ÅÒ§ 106 ÁÁ. ÂÒÇ 145 ÁÁ.
¡ÓÅÑ§ä¿¿éÒ 1400 ÇÑµµì ãËé¤ÇÒÁÃéÍ¹ä´éÊÙ§ÊØ´ 900 o«

4. ªØ´¤Çº¤ØÁÍØ³ËÀÙÁÔ (Temperature control)
ªØ´¤Çº¤ØÁÍØ³ËÀÙÁÔ ·ÓË¹éÒ·Õè¤Çº¤ØÁÍØ³ËÀÙÁÔËéÍ§ËÅÍÁàËÅÇáÅÐªØ´·´ÊÍºãËéä´éÍØ³ËÀÙÁÔ

àÃÔèÁµé¹¡èÍ¹¡ÒÃ·´ÊÍºµÒÁ·ÕèµéÍ§¡ÒÃ â´ÂªØ´¤Çº¤ØÁÍØ³ËÀÙÁÔ·ÕèºÃÔàÇ³ËéÍ§ËÅÍÁàËÅÇ áÅÐºÃÔàÇ³
ËÑÇ©Õ´ à»ç¹áºº RKC ÃØè¹ DB-480 BIC-M ÁÕ¡ÒÃáÊ´§¼Åáººà¢çÁªÕé ÁÕ¤ÇÒÁ¤ÅÒ´à¤Å×èÍ¹äÁèà¡Ô¹ 1%
ÁÕªèÇ§ÍØ³ËÀÙÁÔãªé§Ò¹ 0-399 o« ·Ó§Ò¹ÃèÇÁ¡ÑºÅÇ´à·ÍÃìâÁ¤Ñ»à»ÔÅª¹Ô´ K ¢¹Ò´àÊé¹¼èÒ¹ÈÙ¹Âì¡ÅÒ§ 10
ÁÁ. ÂÒÇ 1000 ÁÁ. ÁÕªèÇ§ÍØ³ËÀÙÁÔãªé§Ò¹ 0-350 o« «Ö è§ËÑÇà·ÍÃìâÁ¤Ñ»à»ÔÅ¨Ð¶Ù¡½Ñ§äÇé·Õ è
¼¹Ñ§ËéÍ§ËÅÍÁàËÅÇáÅÐËÑÇ©Õ´ ã¹¢³Ð·ÕèªØ´¤Çº¤ØÁÍØ³ËÀÙÁÔ·ÕèºÃÔàÇ³ªØ´·´ÊÍº ̈ Ðãªé¢Í§ DIGICON
ÃØè¹ DD-6 áºº RTD Pt-100 Ω ÊÒÁÒÃ¶¤Çº¤ØÁÍØ³ËÀÙÁÔä´éã¹ªèÇ§ 0-399 o« µèÍà¢éÒ¡ÑºÍØ»¡Ã³ì
µÑ´µèÍä¿¿éÒ´éÇÂ¡ÓÅÑ§áÁèàËÅç¡ (Magnetic switch) à¾×èÍãªé¤Çº¤ØÁÍØ³ËÀÙÁÔºÃÔàÇ³ªØ´·´ÊÍºãËéÁÕ
ÍØ³ËÀÙÁÔµÒÁµéÍ§¡ÒÃ

5. ªØ´à¤Ã×èÍ§Á×ÍÇÑ´ÍØ³ËÀÙÁÔ (Temperature sensor)
ÅÑ¡É³Ð¢Í§ªØ´à¤Ã×èÍ§Á×ÍÇÑ´ÍØ³ËÀÙÁÔ ´Ñ§áÊ´§ã¹ÃÙ»·Õè 2 ¡ÅèÒÇ¤×Í ãªéÅÇ´à·ÍÃìâÁ¤Ñ»à»ÔÅáºº

à»Å×ÍÂ ª¹Ô´ K ¢¹Ò´àÊé¹¼èÒ¹ÈÙ¹Âì¡ÅÒ§ 0.65 ÁÁ. »ÃÐ¡Íºä»´éÇÂ¢ÑéÇºÇ¡áÅÐ¢ÑéÇÅº àª×èÍÁµèÍ
¡Ñ¹ã¹ÅÑ¡É³Ðáºº¨Ø´ (Spot arc welding) «Öè§·ÓãËéä´éÃÍÂàª×èÍÁ·ÕèÁÕ¢¹Ò´àÅç¡à·èÒ¡Ñº¢¹Ò´¢Í§ÅÇ´
à·ÍÃìâÁ¤Ñ»à»ÔÅ äÁè¢Ñ´¢ÇÒ§¡ÒÃäËÅ¢Í§¾ÍÅÔàÁÍÃìËÅÍÁàËÅÇ áÅÐ·ÓãËéÍØ³ËÀÙÁÔ·ÕèÇÑ´ä´éÁÕ¤ÇÒÁ
à·Õ èÂ§µÃ§ [2] â´Â¡ÒÃÍÍ¡áººªØ´à¤Ã × èÍ§Á ×ÍÇ Ñ´Í Ø³ËÀÙÁ Ô· Õ è ãª éã¹§Ò¹ÇÔ¨ ÑÂ¹ Õ é  ¢ Ö é¹ÍÂ Ù è¡ Ñº
ÃÙ»ÃèÒ§ÅÑ¡É³Ð¢Í§ªèÍ§·Ò§äËÅ é́ÇÂ â´ÂÇÑ́ ÍØ³ËÀÙÁÔÀÒÂã¹ªèÍ§·Ò§äËÅ¡ÅÁ áÅÐªèÍ§·Ò§äËÅÊÕèàËÅÕèÂÁ
·ÕèµÓáË¹è§ r/R=0 (·ÕèºÃÔàÇ³¨Ø´ÈÙ¹Âì¡ÅÒ§¢Í§ªèÍ§·Ò§äËÅ)  à¾ÕÂ§ 1 µÓáË¹è§ ã¹¢³Ð·ÕèªèÍ§·Ò§äËÅ
ÃÙ»¡Ò¡ºÒ·áÅÐªèÍ§·Ò§äËÅ¡ÅÁàÃÕÂÇÇÑ́ ÍØ³ËÀÙÁÔ 5 µÓáË¹è§ ¤×Í J1 ¶Ö§ J5 «Öè§áÊ´§ã¹ÃÙ»¢Í§ Reduced
radius (r/R) àÁ×èÍ r (h) ¤×Í µÓáË¹è§¢Í§¡ÒÃÇÑ´«Öè§ËèÒ§¨Ò¡¨Ø´ÈÙ¹Âì¡ÅÒ§¢Í§·èÍ áÅÐ R(H) ¤×Í ÃÑÈÁÕ
(¤ÇÒÁÊÙ§) ¢Í§·èÍ â´ÂÃÒÂÅÐàÍÕÂ´¢Í§µÓáË¹è§¡ÒÃÇÑ´ÍØ³ËÀÙÁÔã¹ªèÍ§·Ò§äËÅàÃÕÂÇáÅÐªèÍ§·Ò§äËÅ
¡Ò¡ºÒ· áÊ´§´Ñ§µÒÃÒ§·Õè 1 áÅÐ 2 µÒÁÅÓ´Ñº
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µíÒáË¹�§¡ÒÃÇÑ´ÍØ³ËÀÙÁÔ r/R ÃÐÂÐË�Ò§¨Ò¡¨Ø´ÈÙ¹Â�¡ÅÒ§ (ÁÁ.)
J1 0.6 10.5
J2 0.2 3.5
J3 0 0
J4 0.4 7
J5 0.8 14

µíÒáË¹�§¡ÒÃÇÑ´ÍØ³ËÀÙÁÔ h/H ÃÐÂÐË�Ò§¨Ò¡¨Ø´ÈÙ¹Â�¡ÅÒ§ (ÁÁ.)
J1 0.6 6
J2 0.2 2
J3 0 0
J4 0.4 4
J5 0.8 8

6. ÇÑÊ´Ø¾ÍÅÔàÁÍÃì·Õèãªéã¹¡ÒÃ·´ÅÍ§
ÇÑÊ Ǿ¾ÍÅÔàÁÍÃì·Õèãªéã¹§Ò¹ÇÔ̈ ÑÂ¤ÃÑé§¹Õéä é́ÃÑº¤ÇÒÁÍ¹Øà¤ÃÒÐËì̈ Ò¡ ºÃÔÉÑ· ¤éÒà¤ÁÕÀÑ³±ìÊÂÒÁ ̈ Ó¡Ñ́

¤×Í ¾ÍÅÔàÍ·ÔÅÕ¹¤ÇÒÁË¹Òá¹è¹µèÓ (Low-Density Polyethylene : LDPE) à¡Ã´ LD1905F

5. ¢Ñé¹µÍ¹áÅÐÇÔ¸Õ¡ÒÃ·´ÅÍ§
àÁ×èÍ·Ó¡ÒÃ»ÃÐ¡ÍºªØ´·´ÊÍºáÅÐªØ´à¤Ã×èÍ§Á×ÍÇÑ´ÍØ³ËÀÙÁÔà¢éÒ´éÇÂ¡Ñ¹áÅéÇ ¨Ö§¹ÓªØ´·´ÊÍº

ä»»ÃÐ¡Íº·Õè´éÒ¹Ë¹éÒ¢Í§à¤Ã×èÍ§©Õ´¾ÅÒÊµÔ¡ ·Ó¡ÒÃµèÍªØ´à¤Ã×èÍ§Á×ÍÇÑ´ÍØ³ËÀÙÁÔà¢éÒ¡ÑºªØ´µÃÇ¨ÇÑ´
¢éÍÁÙÅáºº¤ÇÒÁàÃçÇÊÙ§ [1] ¨Ò¡¹Ñé¹·Ó¡ÒÃ»ÃÑºµÑé§¤èÒÍØ³ËÀÙÁÔ·ÕèªØ´¤Çº¤ØÁÍØ³ËÀÙÁÔ¢Í§à¤Ã×èÍ§©Õ´
áÅÐªØ´¤Çº¤ØÁÍØ³ËÀÙÁÔ¢Í§ªØ´·´ÊÍº à·èÒ¡Ñ¹·Õè 190 o« áÅéÇ¨Ö§·Ó¡ÒÃ¶ÍÂÊ¡ÃÙà¾×èÍ¹ÓàÁç´¾ÍÅÔàÁÍÃì
à¢éÒÊÙèËéÍ§ËÅÍÁàËÅÇáÅÐªØ´·´ÊÍº ¨Ò¡¹Ñé¹»ÅèÍÂãËé¾ÍÅÔàÁÍÃìËÅÍÁàËÅÇÍÂÙèã¹ËéÍ§ËÅÍÁàËÅÇ áÅÐ
ªØ´·´ÊÍºà»ç¹àÇÅÒ»ÃÐÁÒ³ 30 ¹Ò·Õ  à¾×èÍãËéÍØ³ËÀÙÁÔ¢Í§¾ÍÅÔàÁÍÃìËÅÍÁàËÅÇÁÕÍØ³ËÀÙÁÔ 190 o«
à·èÒ¡Ñ¹·Ñé§ÃÐºº (Isothermal) [1] «Öè§àÁ×èÍÍØ³ËÀÙÁÔà·èÒ¡Ñ¹·Ñé§ÃÐººáÅéÇ¨Ö§àÃÔèÁ·Ó¡ÒÃ·´ÅÍ§·Õè¤ÇÒÁàÃçÇ
ã¹¡ÒÃ©Õ´ 9 ÁÁ. µèÍÇÔ¹Ò·Õ ã¹ªèÍ§·Ò§äËÅ·ÕèÁÕÅÑ¡É³ÐµèÒ§æ ¡Ñ¹ ¢Í§¾ÍÅÔàÁÍÃìª¹Ô´ LDPE

µÒÃÒ§·Õè 1 áÊ´§µÓáË¹è§¡ÒÃÇÑ´ÍØ³ËÀÙÁÔªèÍ§·Ò§äËÅ¡ÅÁàÃÕÂÇ

µÒÃÒ§·Õè 2 áÊ´§µÓáË¹è§¡ÒÃÇÑ´ÍØ³ËÀÙÁÔªèÍ§·Ò§äËÅ¡Ò¡ºÒ·
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6. ¼Å¡ÒÃ·´ÅÍ§áÅÐÇÔ¨ÒÃ³ì
¡ÒÃÇÔà¤ÃÒÐËì¼Å¢Í§ÅÑ¡É³ÐªèÍ§·Ò§äËÅáººµèÒ§æ ·ÕèÁÕ¼ÅµèÍ¡ÒÃà»ÅÕèÂ¹á»Å§

ÍØ³ËÀÙÁÔ
¨Ò¡ÃÙ»·Õè 3 áÅÐ 4 áÊ´§ÃÙ»áºº¡ÒÃ¡ÃÐ¨ÒÂÍØ³ËÀÙÁÔ (Temperature distribution) ¢Í§

¾ÍÅÔàÁÍÃìª¹Ô´ Low-Density Polyethelene (LDPE) ¢³ÐäËÅ ·ÕèµÓáË¹è§¡ÒÃÇÑ´ r/R = 0 à»ÃÕÂºà·ÕÂº
¡Ñ¹µÒÁÅÑ¡É³Ð¢Í§ªèÍ§·Ò§äËÅ ³ ºÃÔàÇ³ Sensor 1 áÅÐ Sensor 2 ·ÕèÍØ³ËÀÙÁÔàÃÔèÁµé¹¡èÍ¹
¡ÒÃ·´ÅÍ§à·èÒ¡Ñº 190 o« ã¹ªèÍ§·Ò§äËÅË¹éÒµÑ́ ¡ÅÁ Ë¹éÒµÑ́ ÊÕèàËÅÕèÂÁ  Ë¹éÒµÑ́ ¡Ò¡ºÒ· áÅÐË¹éÒµÑ́
¡ÅÁàÃÕÂÇ µÒÁÅÓ´Ñº ¼Å¡ÒÃ·´ÅÍ§â´Â·ÑèÇä» ¾ºÇèÒÃÙ»áºº¡ÒÃ¡ÃÐ¨ÒÂÍØ³ËÀÙÁÔ·Õèà¡Ô´¢Öé¹ ÁÕÅÑ¡É³Ð
¤ÅéÒÂ¤ÅÖ§¡Ñ¹¡ÅèÒÇ¤×Í ÍØ³ËÀÙÁÔ¢Í§¾ÍÅÔàÁÍÃìËÅÍÁàËÅÇã¹ªèÇ§áÃ¡ÁÕ¤èÒäÁèà»ÅÕèÂ¹á»Å§ à¹×èÍ§¨Ò¡
¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃÍÑ́ µÑÇä é́ (Compressibility) ÀÒÂãµé¤ÇÒÁ Ñ́¹¢Í§¾ÍÅÔàÁÍÃìËÅÍÁàËÅÇ [6] «Öè§·ÓãËé
¾ÍÅÔàÁÍÃìàËÅÇäÁèà¡Ô´¡ÒÃäËÅã¹·Ñ¹·Õ ¨Ò¡¹Ñé¹ÍØ³ËÀÙÁÔ·ÕèÇÑ´ä´éàÃÔèÁà¾ÔèÁÊÙ§¢Öé¹ à¹×èÍ§¨Ò¡¾ÍÅÔàÁÍÃì
ËÅÍÁàËÅÇàÃÔèÁÁÕ¡ÒÃäËÅÍÍ¡¨Ò¡ËéÍ§ËÅÍÁàËÅÇ¼èÒ¹ªèÍ§·Ò§äËÅ «Öè§ã¹ÃÐËÇèÒ§¡ÒÃäËÅ¹ÕéÊÒÂâ«è
âÁàÅ¡ØÅ¢Í§¾ÍÅÔàÁÍÃìËÅÍÁàËÅÇ¨Ðà¡Ô´¡ÒÃàÊÕÂ´ÊÕ¡Ñ¹Êè§¼ÅãËéà¡Ô´¤ÇÒÁÃéÍ¹à¾ÔèÁÊÙ§¢Öé¹ [7] áÅÐàÁ×èÍ
ÍØ³ËÀÙÁÔà¾ÔèÁ¢Öé¹¶Ö§ Ǿ̈ ÊÙ§ÊǾ áÅéÇ Ö̈§àÃÔèÁÅ´Å§¨¹¡ÃÐ·Ñè§ÊÔé¹ÊǾ ¡ÒÃ©Ṍ  ¡ÒÃÅ´Å§¢Í§ÍØ³ËÀÙÁÔ¹Õéà»ç¹¼ÅÁÒ
¨Ò¡¡ÒÃ¶èÒÂà·¤ÇÒÁÃéÍ¹¨Ò¡¾ÍÅÔàÁÍÃìËÅÍÁàËÅÇä»ÂÑ§¼¹Ñ§¢Í§ËéÍ§ËÅÍÁàËÅÇ  ¹Í¡¨Ò¡¹Ñé¹ÂÑ§¾ºÇèÒ
³ ºÃÔàÇ³ Sensor 1 ÁÕ¡ÒÃà¾ÔèÁ¢Öé¹¢Í§ÍØ³ËÀÙÁÔÊÙ§¡ÇèÒ·ÕèºÃÔàÇ³ Sensor 2 à¹×èÍ§¨Ò¡¾ÍÅÔàÁÍÃìËÅÍÁàËÅÇ
·ÕèäËÅ¼èÒ¹ Sensor 1 ÁÕÃÐÂÐàÇÅÒ·ÕèÍÂÙèã¹ËéÍ§ËÅÍÁàËÅÇ (Residence time) ¹Ò¹¡ÇèÒáÅÐÂÑ§à¡Ô´
¤ÇÒÁÃéÍ¹ÊÐÊÁà¹×èÍ§¨Ò¡¡ÒÃà»ÅÕèÂ¹á»Å§ÃÙ»ÃèÒ§¡ÒÃäËÅ¨Ò¡ºÃÔàÇ³ËéÍ§ËÅÍÁàËÅÇÁÒÂÑ§ªØ´
·´ÊÍº ´Ñ§¹Ñé¹¨Ö§Êè§¼ÅãËé»ÃÔÁÒ³¤ÇÒÁÃéÍ¹ÊÐÊÁã¹à¹×éÍ¾ÍÅÔàÁÍÃìËÅÍÁàËÅÇ·ÕèäËÅ¼èÒ¹ Sensor 1
ÁÕÁÒ¡¡ÇèÒ¾ÍÅÔàÁÍÃìËÅÍÁàËÅÇ·ÕèäËÅ¼èÒ¹ Sensor 2

àÁ×èÍ·Ó¡ÒÃÇÔà¤ÃÒÐËìÍÔ· Ô̧¾Å¢Í§ÅÑ¡É³ÐªèÍ§·Ò§äËÅ·ÕèÁÕµèÍ¡ÒÃà»ÅÕèÂ¹á»Å§ÍØ³ËÀÙÁÔ·Õèà¡Ố ¢Öé¹
¾ºÇèÒ ªèÍ§·Ò§äËÅË¹éÒµÑ´¡ÅÁ ÁÕÍØ³ËÀÙÁÔà¾ÔèÁ¢Öé¹ÊÙ§ÊØ´ à¹×èÍ§¨Ò¡ã¹ªèÍ§·Ò§äËÅª¹Ô´¹Õéà¡Ô´¡ÒÃ
à»ÅÕèÂ¹á»Å§¾×é¹·ÕèË¹éÒµÑ́ ÍÂèÒ§ÁÒ¡ Êè§¼ÅãËéÁÕ¤ÇÒÁàÃçÇã¹¡ÒÃäËÅà¾ÔèÁÁÒ¡¢Öé¹ ¹Í¡¨Ò¡¹Õé ¡ÒÃ¡ÃÐ¨ÒÂ
ÍØ³ËÀÙÁÔÊÒÁÒÃ¶Í¸ÔºÒÂä´é¨Ò¡¡ÒÃÈÖ¡ÉÒÃÙ»áºº¡ÒÃäËÅ¢Í§¾ÍÅÔàÁÍÃì¼èÒ¹ªèÍ§·Ò§äËÅÃÙ»ÃèÒ§µèÒ§æ
¡Ñ¹ ´Ñ§áÊ´§ã¹ÃÙ»·Õè 5 «Öè§à»ç¹ÃÙ»áºº¡ÒÃäËÅ¢Í§ÂÒ§¸ÃÃÁªÒµÔ¢³Ð¡ÓÅÑ§äËÅã¹ËéÍ§ËÅÍÁ¢Í§
à¤Ã×èÍ§¤Ò»ÔÅÒÃÕèÃÕâÍÁÔàµÍÃì â´ÂãªéªèÍ§·Ò§äËÅ·ÕèÁÕË¹éÒµÑ́ µèÒ§æ ¡Ñ¹ (ÇÔ̧ Õ¡ÒÃ·´ÅÍ§ÊÓËÃÑº¡ÒÃµÃÇ¨ÊÍº
ÃÙ»ÃèÒ§¡ÒÃäËÅÊÒÁÒÃ¶ÈÖ¡ÉÒà¾ÔèÁàµÔÁã¹àÍ¡ÊÒÃÍéÒ§ÍÔ§·Õè [3]) ¨Ò¡¼Å¡ÒÃÈÖ¡ÉÒ¾ºÇèÒ ã¹ªèÍ§·Ò§äËÅ
Ë¹éÒµÑ´¡ÅÁ à¡Ô´ÃÙ»ÃèÒ§¡ÒÃäËÅáºº«Ñº«éÍ¹ (Complex flow) ¢Öé¹ ·ÓãËéà¡Ô´¡ÒÃàÊÕÂ´ÊÕÃÐËÇèÒ§
ÊÒÂâ«èâÁàÅ¡ØÅà¾ÔèÁÁÒ¡¢Öé¹ Êè§¼ÅãËéÍØ³ËÀÙÁÔ·ÕèÇÑ́ ä é́ÁÕ¤èÒà¾ÔèÁÊÙ§¢Öé¹ áÅÐàÁ×èÍ¾Ô̈ ÒÃ³ÒÍØ³ËÀÙÁÔã¹ªèÍ§·Ò§
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ÃÙ»·Õè 3 áÊ´§¡ÒÃà»ÃÕÂºà·ÕÂº¡ÒÃ¡ÃÐ¨ÒÂÍØ³ËÀÙÁÔ¢Í§ªèÍ§·Ò§äËÅ·ÕèÁÕË¹éÒµÑ´µèÒ§æ ¡Ñ¹
·ÕèµÓáË¹è§¡ÒÃÇÑ´  r/R = 0 (Sensor 1)
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ÃÙ»·Õè 4 áÊ´§¡ÒÃà»ÃÕÂºà·ÕÂº¡ÒÃ¡ÃÐ¨ÒÂÍØ³ËÀÙÁÔ¢Í§ªèÍ§·Ò§äËÅ·ÕèÁÕË¹éÒµÑ´µèÒ§æ ¡Ñ¹
·ÕèµÓáË¹è§¡ÒÃÇÑ´  r/R = 0 (Sensor 2)

äËÅË¹éÒµÑ´ÊÕèàËÅÕèÂÁ  ¾ºÇèÒ¡ÒÃà¾ÔèÁ¢Öé¹¢Í§ÍØ³ËÀÙÁÔÁÕ¤èÒ¹éÍÂ¡ÇèÒ ·Ñé§¹Õéà¹×èÍ§¨Ò¡ÃÙ»ÃèÒ§¡ÒÃäËÅ
ã¹ªèÍ§·Ò§äËÅË¹éÒµÑ´ÊÕèàËÅÕèÂÁäÁèà¡Ô´¡ÒÃäËÅáºº«Ñº«éÍ¹ÁÒ¡¹Ñ¡ áÅÐÊÓËÃÑºªèÍ§·Ò§äËÅË¹éÒµÑ´
¡Ò¡ºÒ·ÁÕ¡ÒÃà¾ÔèÁ¢Öé¹¢Í§ÍØ³ËÀÙÁÔ¹éÍÂ·ÕèÊØ´ ·Ñé§¹Õéà¹×èÍ§¨Ò¡¤ÇÒÁàÃçÇã¹¡ÒÃäËÅÁÕ¤èÒ¹éÍÂ·ÕèÊØ´ ÃÇÁ¶Ö§
àÁ×èÍ¾Ô̈ ÒÃ³ÒÃÙ»ÃèÒ§¡ÒÃäËÅ ̈ Ð¾ºÇèÒäÁèÁÕÃÙ»ÃèÒ§¡ÒÃäËÅáºº«Ñº«éÍ¹à¡Ố ¢Öé¹  ã¹¡Ã³Õ¢Í§ªèÍ§·Ò§äËÅ
Ë¹éÒµÑ´¡ÅÁàÃÕÂÇ¹Ñé¹  ¶Ö§áÁéÇèÒ¨Ðà¡Ô´¡ÒÃäËÅáºº«Ñº«éÍ¹ÁÒ¡ áµè¨Ðà¡Ô´·ÕèºÃÔàÇ³ r/R=0.2 áÅÐ 0.4
à·èÒ¹Ñé¹ «Öè§ËÒ¡¾Ô¨ÒÃ³Òâ´ÂÀÒ¾ÃÇÁáÅéÇ ¨ÐÁÕ¡ÒÃà¾ÔèÁ¢Öé¹¢Í§ÍØ³ËÀÙÁÔÊÙ§¡ÇèÒªèÍ§·Ò§äËÅË¹éÒµÑ´
¡Ò¡ºÒ·áÅÐË¹éÒµÑ´ÊÕèàËÅÕèÂÁ

Square cross-section

Square cross-section

Time (second)
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ÃÙ»·Õè 5 áÊ´§ÃÙ»áºº¡ÒÃäËÅ¢Í§ÂÒ§¸ÃÃÁªÒµÔ¢³Ð¡ÓÅÑ§äËÅã¹ËéÍ§ËÅÍÁ·ÕèÁÕÅÑ¡É³ÐË¹éÒµÑ´µèÒ§æ ¡Ñ¹
¢Í§à¤Ã×èÍ§¤Ò»ÔÅÒÃÕÃÕâÍÁÔàµÍÃì

¡ÒÃÇÔà¤ÃÒÐËìÃÙ»ÃèÒ§¡ÒÃ¡ÃÐ¨ÒÂÍØ³ËÀÙÁÔ·Õèà¡Ô´¢Öé¹ ³ àÇÅÒã¹¡ÒÃ©Õ´µèÒ§æ ¡Ñ¹
àÁ×èÍ¾Ô¨ÒÃ³ÒÃÙ»áºº¡ÒÃ¡ÃÐ¨ÒÂÍØ³ËÀÙÁÔµÒÁá¹ÇÃÑÈÁÕ (Radial temperature distribution)

¢Í§ LDPE ¢³ÐäËÅã¹ªèÍ§·Ò§äËÅË¹éÒµÑ´¡ÅÁàÃÕÂÇ ·Õè¤ÇÒÁàÃçÇã¹¡ÒÃ©Õ´ 9 ÁÁ.µèÍÇÔ¹Ò·Õ ³ àÇÅÒ
µèÒ§æ ¡Ñ¹  ·Õè Sensor 1 áÅÐ Sensor 2 µÒÁÅÓ´Ñº ´Ñ§áÊ´§ã¹ÃÙ»·Õè 6 áÅÐ 7 ¾ºÇèÒ ·ÕèàÇÅÒàÃÔèÁáÃ¡
¢Í§¡ÒÃ©Õ´ (0 ÇÔ¹Ò·Õ) ÍØ³ËÀÙÁÔ·ÕèÇÑ´ä´é¨Ò¡ Sensor 1 áÅÐ Sensor 2 ã¹áµèÅÐµÓáË¹è§ (r/R)
ÁÕ¤èÒã¡Åéà¤ÕÂ§¡ÑºÍØ³ËÀÙÁÔàÃÔèÁµé¹ ¤×Í 190 o« àÁ×èÍàÇÅÒ¼èÒ¹ä» 3.5 ÇÔ¹Ò·Õ ÃÙ»áºº¡ÒÃá¨¡á¨§
ÍØ³ËÀÙÁÔ·Õ èä´éÁÕ¤èÒà¾Ô èÁÊÙ§¢Ö é¹ «Ö è§à»ç¹¼ÅÁÒ¨Ò¡¡ÒÃäËÅ¢Í§¾ÍÅÔàÁÍÃìËÅÍÁàËÅÇ·ÓãËéà¡Ô´
¤ÇÒÁÃéÍ¹à¹×èÍ§¡ÒÃàÊÕÂ´ÊÕ¡Ñ¹ã¹ÊÒÂâ«èâÁàÅ¡ØÅ¢Í§¾ÍÅÔàÁÍÃì ¨Ò¡¹Ñé¹·ÕèàÇÅÒ 7 ÇÔ¹Ò·Õ ¾ºÇèÒÍØ³ËÀÙÁÔ
·ÕèºÃÔàÇ³ã¡ÅéÈÙ¹Âì¡ÅÒ§ (r/R = 0.2) ÁÕÍØ³ËÀÙÁÔÊÙ§ÊØ´ áÅÐ¡ÒÃà¾ÔèÁ¢Öé¹¢Í§ÍØ³ËÀÙÁÔ¨ÐÁÕ¤èÒÊÙ§ÊØ´·ÕèàÇÅÒ
10.5 ÇÔ¹Ò·Õ ¨Ò¡¹Ñé¹àÁ×èÍ¶Ö§àÇÅÒÊÔé¹ÊØ´¡ÒÃ©Õ´ (14.4 ÇÔ¹Ò·Õ) ·ÕèºÃÔàÇ³´éÒ¹¢éÒ§ ¤×Í ·ÕèºÃÔàÇ³ r/R=0.6
áÅÐ 0.8 ¨ÐÁÕ¤èÒ¢Í§ÍØ³ËÀÙÁÔÊÙ§ÊØ´ ·Ñé§¹ÕéÍÒ¨à¹×èÍ§ÁÒ¨Ò¡ÃÙ»ÃèÒ§¡ÒÃäËÅä´é¾Ñ²¹ÒàµçÁ·ÕèáÅéÇ Êè§¼Å
ãËéà¡Ố ¡ÒÃ¶èÒÂà·¤ÇÒÁÃéÍ¹¨Ò¡ºÃÔàÇ³µÃ§¡ÅÒ§ä»ÊÙèºÃÔàÇ³ é́Ò¹¢éÒ§¼¹Ñ§«Öè§ÁÕ¤ÇÒÁÃéÍ¹à¹×èÍ§¨Ò¡ÍÑµÃÒ¡ÒÃ
à©×Í¹ (Shear rate) ·ÕèÊÙ§ [8] Êè§¼ÅãËéà¡Ô´¤ÇÒÁÃéÍ¹ÊÐÊÁ·ÕèºÃÔàÇ³¹ÕéµÅÍ´àÇÅÒ¢³ÐäËÅ ¹Í¡¨Ò¡¹Õé
àÁ×èÍ¾Ô¨ÒÃ³ÒÃÙ»áºº¡ÒÃäËÅ¢Í§ÂÒ§¸ÃÃÁªÒµÔ¢³Ð¡ÓÅÑ§äËÅã¹à¤Ã×èÍ§¤Ò»ÔÅÒÃÕ ÃÕâÍÁÔàµÍÃì ·ÕèÁÕ
ÅÑ¡É³ÐË¹éÒµÑ´àÃÕÂÇ [3] ´Ñ§áÊ´§ã¹ÃÙ»·Õè 5 ¨Ð¾ºÇèÒà¡Ô´ÃÙ»ÃèÒ§¡ÒÃäËÅáºº«Ñº«éÍ¹ (Complex flow)
·ÕèºÃÔàÇ³ Ñ́§¡ÅèÒÇ ·ÓãËéà¡Ố ¡ÒÃàÊÕÂ´ÊÕ¡Ñ¹ÃÐËÇèÒ§ÊÒÂâ«èâÁàÅ¡ØÅà¾ÔèÁÁÒ¡¢Öé¹ Êè§¼ÅãËéÍØ³ËÀÙÁÔºÃÔàÇ³
´Ñ§¡ÅèÒÇà¾ÔèÁÊÙ§¢Öé¹ áÅÐËÒ¡¾Ô¨ÒÃ³ÒÃÙ»áºº¡ÒÃ¡ÃÐ¨ÒÂ¢Í§ÍØ³ËÀÙÁÔµÒÁá¹ÇÃÑÈÁÕ ³ àÇÅÒµèÒ§æ ¡Ñ¹
¢Í§ Sensor 1 áÅÐ Sensor 2 à»ÃÕÂºà·ÕÂº¡Ñ¹ ¾ºÇèÒÁÕÅÑ¡É³Ð¤ÅéÒÂ¤ÅÖ§¡Ñ¹ áµèÍØ³ËÀÙÁÔ·Õè Sensor 1
¨ÐÁÕ¤èÒÊÙ§¡ÇèÒÍØ³ËÀÙÁÔ·Õè Sensor 2

a b c d

a   Circular cross-sectional

b   Taper circular cross-sectional

c    Slit cross-sectional

d    Cross cross-sectional

Square cross-section
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ÃÙ»·Õè 6  ÃÙ»áºº¡ÒÃ¡ÃÐ¨ÒÂÍØ³ËÀÙÁÔµÒÁá¹ÇÃÑÈÁÕ¢Í§ LDPE ã¹ªèÍ§·Ò§äËÅ¡ÅÁàÃÕÂÇ ·Õè¤ÇÒÁàÃçÇ©Õ´ 9 ÁÁ.µèÍÇÔ¹Ò·Õ
³ àÇÅÒµèÒ§æ ¡Ñ¹ (Sensor 1)

ÃÙ»·Õè 7  ÃÙ»áºº¡ÒÃ¡ÃÐ¨ÒÂÍØ³ËÀÙÁÔµÒÁá¹ÇÃÑÈÁÕ¢Í§ LDPE ã¹ªèÍ§·Ò§äËÅ¡ÅÁàÃÕÂÇ ·Õè¤ÇÒÁàÃçÇ©Õ´ 9 ÁÁ.µèÍÇÔ¹Ò·Õ
³ àÇÅÒµèÒ§æ ¡Ñ¹ (Sensor 2)

ÃÙ»·Õè 8 áÅÐ ÃÙ»·Õè 9 à»ç¹ÃÙ»áºº¡ÒÃ¡ÃÐ¨ÒÂÍØ³ËÀÙÁÔµÒÁá¹ÇÃÑÈÁÕ¢Í§ LDPE ·Õè¤ÇÒÁàÃçÇ
ã¹¡ÒÃ©Ṍ  9 ÁÁ.µèÍÇÔ¹Ò·Õ ³ àÇÅÒµèÒ§æ ¡Ñ¹ ã¹ªèÍ§·Ò§äËÅË¹éÒµÑ́ ¡Ò¡ºÒ· ·Õè Sensor 1 áÅÐ Sensor
2 µÒÁÅÓ´Ñº ¼Å¨Ò¡¡ÒÃ·´ÅÍ§â´Â·ÑèÇä»¾ºÇèÒ ã¹µÍ¹àÃÔèÁµé¹¡ÒÃ©Õ´ (0 ÇÔ¹Ò·Õ) ¤èÒÍØ³ËÀÙÁÔ
·ÕèÇÑ´ä´éã¹áµèÅÐ¨Ø´ÁÕ¤èÒã¡Åéà¤ÕÂ§¡ÑºÍØ³ËÀÙÁÔàÃÔèÁµé¹ ¤×Í 190 o« àÁ×èÍàÇÅÒ¼èÒ¹ä» 3.5 ÇÔ¹Ò·Õ ¾ºÇèÒ
ÍØ³ËÀÙÁÔÁÕ¤èÒÊÙ§¢Öé¹ «Öè§¨ÐàËç¹ä é́ÇèÒÍØ³ËÀÙÁÔºÃÔàÇ³ã¡Åé¼¹Ñ§  (r/R=0.8) áÅÐ ºÃÔàÇ³µÃ§¡ÅÒ§ªèÍ§·Ò§äËÅ
(r/R=0) ÁÕ¤èÒÍØ³ËÀÙÁÔà¾ÔèÁ¢Öé¹ÊÙ§¡ÇèÒºÃÔàÇ³Í×è¹ ·Ñé§¹Õéà¹×èÍ§¨Ò¡·ÕèºÃÔàÇ³µÃ§¡ÅÒ§¢Í§ªèÍ§·Ò§äËÅ
ÁÕ¤ÇÒÁàÃçÇã¹¡ÒÃäËÅÊÙ§ÊǾ  ¢³Ð·ÕèºÃÔàÇ³ã¡Åé¼¹Ñ§ÁÕÍÑµÃÒà©×Í¹ (Shear rate) ÊÙ§ÊǾ áÅÐ·ÕèàÇÅÒ 7 ÇÔ¹Ò·Õ
¡ÒÃà¾ÔèÁ¢Í§ÍØ³ËÀÙÁÔ¨ÐÁÕ¤èÒÊÙ§ÊØ´ ¨Ò¡¹Ñé¹àÁ×èÍàÇÅÒ¼èÒ¹ä»¨Ð¾ºÇèÒÃÙ»áºº¡ÒÃ¡ÃÐ¨ÒÂÍØ³ËÀÙÁÔ
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àÃÔèÁÁÕ¤èÒÅ´Å§ ·Ñé§¹Õéà¹×èÍ§¨Ò¡àÇÅÒã¹¡ÒÃäËÅ·Õè¤ÇÒÁàÃçÇã¹¡ÒÃ©Õ´ÊÙ§æ ÁÕ¹éÍÂ·ÓãËé¤ÇÒÁÃéÍ¹ÊÐÊÁ
ÁÕ¤èÒ¹éÍÂÅ§ä»´éÇÂ ¨¹¡ÃÐ·Ñè§ÁÕ¤èÒã¡Åéà¤ÕÂ§¡ÑºÍØ³ËÀÙÁÔàÃÔ èÁµé¹¡èÍ¹¡ÒÃ©Õ´·ÕèàÇÅÒ 14.4 ÇÔ¹Ò·Õ
áÅÐËÒ¡¾Ô¨ÒÃ³Òà»ÃÕÂºà·ÕÂºÃÙ»áºº¡ÒÃá¨¡á¨§ÍØ³ËÀÙÁÔ·Õèà¡Ô´¢Öé¹¢Í§ Sensor 1 áÅÐ Sensor 2
¨Ð¾ºÇèÒÁÕÅÑ¡É³Ð¤ÅéÒÂ¤ÅÖ§¡Ñ¹ áµèÍØ³ËÀÙÁÔ·Õè Sensor 1 ÁÕ¤èÒÊÙ§¡ÇèÒÍØ³ËÀÙÁÔ·Õè Sensor 2

ÃÙ»·Õè 8 ÃÙ»áºº¡ÒÃ¡ÃÐ¨ÒÂÍØ³ËÀÙÁÔµÒÁá¹ÇÃÑÈÁÕ¢Í§ LDPE ã¹ªèÍ§·Ò§äËÅË¹éÒµÑ´¡Ò¡ºÒ·
·Õè¤ÇÒÁàÃçÇ©Õ´ 9  ÁÁ.µèÍÇÔ¹Ò·Õ ³ àÇÅÒµèÒ§æ ¡Ñ¹ (Sensor 1)

ÃÙ»·Õè 9   ÃÙ»áºº¡ÒÃá¨¡á¨§ÍØ³ËÀÙÁÔµÒÁá¹ÇÃÑÈÁÕ¢Í§ LDPE ã¹ªèÍ§·Ò§äËÅË¹éÒµÑ´¡Ò¡ºÒ·
·Õè¤ÇÒÁàÃçÇ©Õ´ 9  ÁÁ.µèÍÇÔ¹Ò·Õ ³ àÇÅÒµèÒ§æ ¡Ñ¹ (Sensor 2)
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7. ÊÃØ»
§Ò¹ÇÔ¨ÑÂ¹Õéà»ç¹¡ÒÃÍÍ¡áººáÅÐ¨Ñ´ÊÃéÒ§ªØ´à¤Ã×èÍ§Á×ÍÇÑ´ÍØ³ËÀÙÁÔáÅÐªØ´·´ÊÍº·ÕèÊÒÁÒÃ¶

»ÃÑºà»ÅÕèÂ¹ÅÑ¡É³Ð¢Í§ªèÍ§·Ò§äËÅä´é à¾× èÍÈÖ¡ÉÒÅÑ¡É³ÐªèÍ§·Ò§äËÅáººµèÒ§æ ·ÕèÁÕ¼ÅµèÍ
¡ÒÃà»ÅÕèÂ¹á»Å§ÍØ³ËÀÙÁÔ·Õèà¡Ô´¢Öé¹ã¹¾ÍÅÔàÁÍÃìËÅÍÁàËÅÇ¢³ÐäËÅã¹à¤Ã×èÍ§©Õ´¾ÅÒÊµÔ¡ â´Â
ÊÒÁÒÃ¶ÊÃØ»à»ç¹ÊÒÃÐÊÓ¤Ñ­ä´é´Ñ§µèÍä»¹Õé

1. ªØ´ÇÑ´ÍØ³ËÀÙÁÔ·Õèãªéã¹§Ò¹ÇÔ¨ÑÂ¹Õéà»ç¹à·ÍÃìâÁ¤Ñ»à»ÔÅª¹Ô´ K áººµÒ¢èÒÂà»Å×ÍÂ ÁÕ¢¹Ò´
àÊé¹¼èÒ¹ÈÙ¹Âì¡ÅÒ§ 0.65 ÁÁ. ÊÒÁÒÃ¶ÇÑ´ÍØ³ËÀÙÁÔä´é¾ÃéÍÁ¡Ñ¹ËÅÒÂµÓáË¹è§µÒÁ¾×é¹·ÕèË¹éÒµÑ´¢Í§
ªèÍ§¡ÒÃäËÅ áÅÐªØ´·´ÊÍºãËéÊÒÁÒÃ¶»ÃÑºà»ÅÕèÂ¹ÅÑ¡É³ÐªèÍ§·Ò§äËÅä´éËÅÒÂÅÑ¡É³Ð

2. ¼Å¡ÒÃÇÑ´ÍØ³ËÀÙÁÔ¢Í§¾ÍÅÔàÁÍÃìËÅÍÁàËÅÇ¢³ÐäËÅ·Õè Sensor 1 áÅÐ Sensor 2 ÊÒÁÒÃ¶
ÊÃØ»ä´éÇèÒ ÃÙ»áºº¡ÒÃá¨¡á¨§ÍØ³ËÀÙÁÔ¢Í§¾ÍÅÔàÁÍÃìËÅÍÁàËÅÇ¢³ÐäËÅ·ÕèºÃÔàÇ³ Sensor 1 áÅÐ
Sensor 2 ÁÕÃÙ»áºº¡ÒÃá¨¡á¨§ÍØ³ËÀÙÁÔ¤ÅéÒÂ¤ÅÖ§¡Ñ¹ áµèÍØ³ËÀÙÁÔÊÙ§ÊØ´·ÕèºÃÔàÇ³ Sensor 1 ÁÕ¤èÒ
ÁÒ¡¡ÇèÒ·ÕèºÃÔàÇ³ Sensor 2  à¹×èÍ§ÁÒ¨Ò¡ ¾ÍÅÔàÁÍÃìàËÅÇ·ÕèäËÅ¼èÒ¹ Sensor 1 ÁÕàÇÅÒÍÂÙèã¹ËéÍ§ËÅÍÁ
¹Ò¹¡ÇèÒáÅÐÂÑ§à¡Ố ¤ÇÒÁÃéÍ¹ÊÐÊÁà¹×èÍ§¨Ò¡¡ÒÃà»ÅÕèÂ¹á»Å§ÃÙ»ÃèÒ§¡ÒÃäËÅ¨Ò¡ºÃÔàÇ³ËéÍ§ËÅÍÁàËÅÇ
ÁÒÂÑ§ªØ´·´ÊÍº ´Ñ§¹Ñé¹¨Ö§Êè§¼ÅãËé»ÃÔÁÒ³¤ÇÒÁÃéÍ¹ÊÐÊÁã¹à¹×éÍ¾ÍÅÔàÁÍÃìËÅÍÁàËÅÇ·ÕèäËÅ¼èÒ¹
Sensor 1 ÁÕÁÒ¡¡ÇèÒ¾ÍÅÔàÁÍÃìËÅÍÁàËÅÇ·ÕèäËÅ¼èÒ¹ Sensor 2

3. àÁ× èÍÇÔà¤ÃÒÐËì¶Ö§ÅÑ¡É³Ð¢Í§ªèÍ§·Ò§äËÅ·ÕèÁÕµèÍ¡ÒÃà»ÅÕèÂ¹á»Å§ÍØ³ËÀÙÁÔ·Õ èà¡Ô´¢Ö é¹
«Öè§ã¹§Ò¹ÇÔ¨ÑÂ¹ÕéãªéªèÍ§·Ò§äËÅ·ÕèÁÕ 4 ÅÑ¡É³ÐË¹éÒµÑ´·Õèáµ¡µèÒ§¡Ñ¹ ¤×Í Ë¹éÒµÑ´¡ÅÁ Ë¹éÒµÑ´¡ÅÁàÃÕÂÇ
Ë¹éÒµÑ´¡Ò¡ºÒ· áÅÐË¹éÒµÑ´ÊÕèàËÅÕèÂÁ ¾ºÇèÒÅÑ¡É³ÐªèÍ§·Ò§äËÅáººË¹éÒµÑ´¡ÅÁ ÁÕ¡ÒÃà¾ÔèÁ¢Öé¹
¢Í§ÍØ³ËÀÙÁÔÊÙ§ÊØ´ ¤×Í »ÃÐÁÒ³ 24 o« à¹×èÍ§¨Ò¡ÃÙ»ÃèÒ§¡ÒÃäËÅáÅÐ¤ÇÒÁàÃçÇã¹¡ÒÃäËÅ·Õèà¡Ô´¢Öé¹

¡ÔµµÔ¡ÃÃÁ»ÃÐ¡ÒÈ
¤³ÐÇÔ¨ÑÂ¢Íº¾ÃÐ¤Ø³ÈÙ¹Âìà·¤â¹âÅÂÕâÅËÐáÅÐÇÑÊ´ØáËè§ªÒµÔ (MTEC) ÊÓËÃÑº¡ÒÃãËé·Ø¹
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