
43ÇÒÃÊÒÃÇÔ¨ÑÂáÅÐ¾Ñ²¹Ò Á¨¸. »Õ·Õè 24 ©ºÑº·Õè 1 Á¡ÃÒ¤Á-àÁÉÒÂ¹ 2544

¡ÒÃÈÖ¡ÉÒ¡ÒÃÇÑ´ÊÁºÑµÔ·Ò§¤ÇÒÁÃéÍ¹¢Í§ÇÑÊ´ØÍÒ¤ÒÃ

ÍÀÔ­­Ò  ËÅéÒàµ¨Ò 1

Ê¶ÒºÑ¹ÇÔ¨ÑÂÇÔ·ÂÒÈÒÊµÃìáÅÐà·¤â¹âÅÂÕáËè§»ÃÐà·Èä·Â  ¨µØ¨Ñ¡Ã  ¡ÃØ§à·¾Ï 10900
¨§¨ÔµÃì  ËÔÃÑ­ÅÒÀ 2   ÈÔÃÔªÑÂ  à·¾Ò 3   Joseph  Khedari 2

ÁËÒÇÔ·ÂÒÅÑÂà·¤â¹âÅÂÕ¾ÃÐ¨ÍÁà¡ÅéÒ¸¹ºØÃÕ ºÒ§Á´  ·Øè§¤ÃØ  ¡ÃØ§à·¾Ï 10140
Jean  Khedari 4

La Festinière, 23 Maisons Vieilles, 38770 La Mote d’ Aveillans, France

º·¤Ñ´ÂèÍ

§Ò¹ÇÔ̈ ÑÂ¹Õéà»ç¹¡ÒÃÈÖ¡ÉÒÇÔ̧ Õ¡ÒÃÇÑ́ ¤èÒÊÁºÑµÔ·Ò§¤ÇÒÁÃéÍ¹¢Í§ÇÑÊ ǾÍÒ¤ÒÃ â´ÂÁṎ Ǿ »ÃÐÊ§¤ìËÅÑ¡
à¾×èÍÈÖ¡ÉÒ¶Ö§ÇÔ¸Õ¡ÒÃÇÑ´¤èÒ¡ÒÃá¼è¡ÃÐ¨ÒÂ¤ÇÒÁÃéÍ¹µÒÁÇÔ¸Õ Periodic Stationary Method

¨Ò¡¡ÒÃ·´ÊÍºà¾×èÍËÒ¤èÒ¡ÒÃá¼è¡ÃÐ¨ÒÂ¤ÇÒÁÃéÍ¹¢Í§ÇÑÊ´ØÍÒ¤ÒÃµÑÇÍÂèÒ§ µÒÁÇÔ¸Õ Periodic
Stationary Method ¾ºÇèÒ¤Í¹¡ÃÕµ·ÕèÁÕ¤ÇÒÁË¹Ò 1.5 à«¹µÔàÁµÃ àÁ×èÍ¤Ó¹Ç³â´Âãªé¢éÍÁÙÅµÑÇàÅ¢·Õèä´é
¨Ò¡à¤Ã×èÍ§ºÑ¹·Ö¡ÍØ³ËÀÙÁÔâ´ÂµÃ§ ä´é¤èÒ¡ÒÃá¼è¡ÃÐ¨ÒÂ¤ÇÒÁÃéÍ¹·Õèà¡Ô´¨Ò¡ÍÑµÃÒÊèÇ¹¢Í§áÍÁ»ÅÔ¨Ù´
ÁÕ¤èÒà©ÅÕ èÂà·èÒ¡Ñº 1.5695±0.1834x10-6m2.s-1 áÅÐ¤èÒ¡ÒÃá¼è¡ÃÐ¨ÒÂ¤ÇÒÁÃéÍ¹·Õèä´é¨Ò¡à¿Ê·Õè
à»ÅÕèÂ¹ä»à·èÒ¡Ñº 4.3953±0.1119x10-7m2.s-1 ã¹·Ó¹Í§à´ÕÂÇ¡Ñ¹·Õè¤ÇÒÁË¹Ò 2 à«¹µÔàÁµÃ ¨Ðä´é
1.0687±0.1667x10-6m2.s-1 áÅÐ 5.0304 ± 1.0120x10-7 m2.s-1 áÅÐ¤Ó¹Ç³â´Âãªé¼Å¨Ò¡¡ÃÒ¿
·Õè¤ÇÒÁË¹Ò 1.5 à«¹µÔàÁµÃ¨Ðä´é¤èÒ¡ÒÃá¼è¡ÃÐ¨ÒÂ¤ÇÒÁÃéÍ¹ 1.3953±0.0381x10-6m2.s-1 áÅÐ
5.2931±0.3569x10-7m2.s-1 áÅÐ·Õ è¤ÇÒÁË¹Ò 2 à«¹µÔàÁµÃ¨Ðä´é¤èÒ¡ÒÃá¼è¡ÃÐ¨ÒÂ¤ÇÒÁÃéÍ¹
1.1860±0.0667x10-6m2.s-1 áÅÐ 6.0586±1.2999x10-7m2.s-1 «Ö è§¨Ò¡¼Å¢Í§¡ÒÃ·´ÊÍº·Õèä´é
àÁ×èÍ·Ó¡ÒÃà»ÃÕÂºà·ÕÂº¡Ñº¤èÒÍéÒ§ÍÔ§ ¾ºÇèÒÁÕ¤èÒáµ¡µèÒ§¹éÍÂÁÒ¡â´Âà©¾ÒÐ¤èÒ·Õè¤Ó¹Ç³¨Ò¡à¿Ê
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Abstract

This study is concerned with the measurement of the thermal properties of building materials,
namely, the thermal diffusivity by the Periodic Stationary Method.

Two tests for measuring  the thermal diffusivity of the concrete materials by the Periodic
Stationary Method were made  by considering two thicknesses : 1.5 and 2.0 cm. In each case, the
thermal diffusivity was estimated  based on amplitude ratio and phase change. Determination was
made graphically by using the recorded thermograms and, theoretically, based on the resulting sine
waves. It was found that for 1.5 cm thickness the thermal diffusivity derived from the amplitude
ratio was 1.5695±0.1834x10-6m2.s-1and that obtained from the phase change was
4.3953±0.1119x10-7m2.s-1. For the sample of 2.0 cm thickness, the corresponding thermal
diffusivities were 1.0687±0.1667x10-6m2.s-1 and 5.0304±1.0120x10-7m2.s-1 respectively.
Based on the thermal sine waves obtained by graph plotting reveals that the 1.5 cm thickness
material has thermal diffusivity measured by the amplitude ratio and the phase change of
1.3953±0.0381x10-6m2.s-1 and 5.2931±0.3569x10-7m2.s-1 respectively. Two centimeter
thick materials has thermal diffusivity of 1.1860±0.0667x10-6m2.s-1 and 6.0586±1.2999
x10-7m2.s-1. After comparing with the reference value, the difference is minimal, especially when
thermal diffusivity was estimated based on phase change.
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1. ¤ÇÒÁÊÓ¤Ñ­áÅÐ·ÕèÁÒ¢Í§§Ò¹ÇÔ¨ÑÂ
¹Ñºáµè»Õ 1973 ·Õè·ÑèÇâÅ¡µéÍ§»ÃÐÊº¡Ñº»Ñ­ËÒÃÒ¤Ò¹éÓÁÑ¹ÊÙ§¢Öé¹à»ç¹µé¹ÁÒ àÃ×èÍ§¢Í§¡ÒÃÍ¹ØÃÑ¡Éì

¾ÅÑ§§Ò¹¡çä´éÃÑº¤ÇÒÁÊ¹ã¨ÍÂèÒ§¡ÇéÒ§¢ÇÒ§ã¹·Ø¡æ ¾×é¹·Õè·ÕèÁÕ¡ÒÃãªé¾ÅÑ§§Ò¹ [1] ÊÓËÃÑº»ÃÐà·Èä·Â
¡çàªè¹à´ÕÂÇ¡Ñ¹ ËÅÒÂ½èÒÂËÑ¹ÁÒãËé¤ÇÒÁÊÓ¤Ñ­µèÍàÃ×èÍ§¢Í§¡ÒÃÍ¹ØÃÑ¡Éì¾ÅÑ§§Ò¹ÁÒ¡¢Öé¹ â´Âà©¾ÒÐ
ÍÂèÒ§ÂÔè§¡ÒÃÍ¹ØÃÑ¡Éì¾ÅÑ§§Ò¹ÀÒÂã¹ÍÒ¤ÒÃ ´Ñ§¨ÐàËç¹ä´é¨Ò¡ÍØµÊÒË¡ÃÃÁÇÑÊ´Ø¡èÍÊÃéÒ§¢Í§ä·Â
ÁÕ¡ÒÃ¾Ñ²¹ÒÁÒ¡¢Öé¹ÁÕÍ§¤ì¡ÃµèÒ§æ ·Ñé§ÀÒ¤ÃÑ°áÅÐàÍ¡ª¹ËÑ¹ÁÒ¾Ñ²¹ÒáÅÐ»ÃÑº»ÃØ§¤Ø³ÀÒ¾áÅÐ
â¤Ã§ÊÃéÒ§¢Í§ÇÑÊ´Ø à¾×èÍãËéÁÕÊÁºÑµÔàËÁÒÐÊÁµèÍÊÀÒ¾ÀÙÁÔÍÒ¡ÒÈ¢Í§»ÃÐà·Èä·Â «Öè§ÁÕ·Ñé§·Õè¡ÓÅÑ§
ÍÂÙèã¹ÃÐËÇèÒ§¡ÒÃ´Óà¹Ô¹¡ÒÃÇÔ¨ÑÂáÅÐ¼ÅÔµÍÍ¡ÇÒ§¨ÓË¹èÒÂµÒÁ·éÍ§µÅÒ´·ÑèÇä» »Ñ¨¨ØºÑ¹¹Õéä´éÁÕÇÔ¸Õ
¡ÒÃá¡é»Ñ­ËÒ¹ÕéÁÒ¡¢Öé¹â´Âãªéà·¤¹Ô¤·Ò§¡ÒÃ¡èÍÊÃéÒ§à¢éÒªèÇÂ áµè¡çÂÑ§äÁè»ÃÐÊº¤ÇÒÁÊÓàÃç¨ÁÒ¡¹Ñ¡
à¹×èÍ§¨Ò¡ã¹¡ÒÃ¹ÓÇÑÊ´ØÍÒ¤ÒÃàËÅèÒ¹ÕéÁÒãªé§Ò¹ÍÍ¡áººáÅÐÇÔà¤ÃÒÐËìËÒ¤èÒ¾ÅÑ§§Ò¹¹Ñé¹ ÂÑ§µéÍ§¹ÓàÍÒ
¤èÒÊÁºÑµÔ·Ò§¤ÇÒÁÃéÍ¹¢Í§µèÒ§»ÃÐà·ÈÁÒãªéÍéÒ§ÍÔ§ â´Â·ÕèÇÑµ¶Ø´Ôº ÁÒµÃ°Ò¹¡ÒÃ¼ÅÔµ áÅÐ¡ÒÃ¹Ó
ÁÒãªé§Ò¹¹Ñé¹ÁÕ¤ÇÒÁáµ¡µèÒ§¨Ò¡µèÒ§»ÃÐà·ÈÍÂèÒ§ÊÔé¹àªÔ§ ¨Ö§·ÓãËé¡ÒÃÍÍ¡áººÍÒ¤ÒÃáÅÐÇÔà¤ÃÒÐËì
¤èÒ¾ÅÑ§§Ò¹¹ÕéÍÒ¨äÁèàËÁÒÐÊÁ ·Ñ é§¹Õ éÍÒ¨à¹× èÍ§¨Ò¡»ÃÐà·Èä·ÂÁÕà¤Ã× èÍ§Á×ÍÇÑ´áÅÐÇÔ¸Õ¡ÒÃËÒ¤èÒ
ÊÁºÑµÔ·Ò§¤ÇÒÁÃéÍ¹ÍÂÙèã¹Ç§á¤ºáÅÐà¤Ã× èÍ§Á×Í·Õ èÁÕÍÂÙ è¡çÁÕ¢éÍ¨Ó¡Ñ´ã¹¡ÒÃãªé ÃÇÁ·Ñé§ÁÕÃÒ¤ÒÊÙ§
¨Ö§äÁèÊÐ´Ç¡ã¹¡ÒÃËÒ¤èÒÊÁºÑµÔ·Ò§¤ÇÒÁÃéÍ¹·Õèá·é¨ÃÔ§¢Í§ÇÑÊ´ØÍÒ¤ÒÃ·Õè¼ÅÔµ¢Öé¹ÀÒÂã¹»ÃÐà·È
¨Ò¡àËµØ¼Å´Ñ§¡ÅèÒÇ§Ò¹ÇÔ¨ÑÂ¹Õé¨Ö§¾ÂÒÂÒÁá¡é»Ñ­ËÒ â´Â·Ó¡ÒÃÈÖ¡ÉÒÇÔ¸Õ¡ÒÃÇÑ´áÅÐËÒ¤èÒÊÁºÑµÔ
·Ò§¤ÇÒÁÃéÍ¹¢Í§ÇÑÊ´ØÍÒ¤ÒÃ à¾×èÍà»ç¹¡ÒÃªèÇÂÅ´»Ñ­ËÒ¡ÒÃÊÔé¹à»Å×Í§¾ÅÑ§§Ò¹ÀÒÂã¹ÍÒ¤ÒÃâ´ÂµÃ§
ÍÕ¡·Ò§Ë¹Öè§

ÇÔ¸Õ¡ÒÃÇÑ´¤èÒÊÁºÑµÔ·Ò§¤ÇÒÁÃéÍ¹¢Í§ÇÑÊ´ØÁÕ´éÇÂ¡Ñ¹ËÅÒÂÇÔ¸Õ áµèã¹¡ÒÃÈÖ¡ÉÒ¤ÃÑé§¹Õéä´éÂÖ´
á¹Ç·Ò§µÒÁÇÔ¸Õ Periodic  Stationary  Method  «Öè§ÇÔ¸Õ¡ÒÃ¹ÕéÁÕ¡ÒÃ¹ÓàÊ¹Í¤ÃÑé§áÃ¡ à¾ÃÒÐà»ç¹ÇÔ¸Õ¡ÒÃ
·ÕèÁÕÅÑ¡É³ÐÊÓ¤Ñ­ËÅÒÂ»ÃÐ¡ÒÃ´éÇÂ¡Ñ¹ ¤×Í ãªéàÇÅÒã¹¡ÒÃ·´ÊÍºÊÑé¹ ÊÒÁÒÃ¶µÃÇ¨ÊÍº¤ÇÒÁ¶Ù¡µéÍ§
ÀÒÂã¹ä´é (Cross Check) ÊÒÁÒÃ¶·Ó¡ÒÃ·´ÊÍºãËÁèä´é (Reproducibility) ÊÒÁÒÃ¶·´ÊÍº¡ÑºÇÑÊ´Ø
·ÕèÁÕ¢¹Ò´àÅç¡ä´é áÅÐÊÒÁÒÃ¶ËÒ¾ÒÃÒÁÔàµÍÃì·Ò§¤ÇÒÁÃéÍ¹ËÅÒÂæ µÑÇ¾ÃéÍÁ¡Ñ¹¨Ò¡¡ÒÃ·´ÊÍº
à¾ÕÂ§¤ÃÑé§à´ÕÂÇ [2] â´ÂËÅÑ¡¡ÒÃ¢Í§ÇÔ¸Õ¹ÕéÊÒÁÒÃ¶ËÒ¤èÒÊÁºÑµÔ·Ò§¤ÇÒÁÃéÍ¹¢Í§ÇÑÊ´Øä´éÊÍ§ÇÔ¸Õ¤×Í
¨Ò¡à¿Ê·Õèà»ÅÕèÂ¹á»Å§ä»áÅÐ¨Ò¡ÍÑµÃÒÊèÇ¹¢Í§áÍÁ»ÅÔ¨Ù´¢Í§¤Å×è¹ÍØ³ËÀÙÁÔ·ÕèÁÕ¡ÒÃà»ÅÕèÂ¹á»Å§
áººÃÙ»ä«¹ì ¨Ò¡ÊÍ§ÇÔ¸Õ¹Õ éàÁ× èÍ¤èÒÊÁºÑµÔ·Ò§¤ÇÒÁÃéÍ¹·Õèä´éÁÕ¤èÒà·èÒ¡Ñ¹ ¡çáÊ´§ÇèÒ¡ÒÃ·´ÊÍº¹Õé
ÁÕ¤ÇÒÁ¶Ù¡µéÍ§ [3] «Öè§¨Ò¡ËÅÑ¡¡ÒÃ´Ñ§¡ÅèÒÇä´éÁÕ¼Ùé¾Ñ²¹ÒÇÔ¸Õ¡ÒÃÇÑ´¤èÒÊÁºÑµÔ·Ò§¤ÇÒÁÃéÍ¹·ÕèÊÒÁÒÃ¶
ÇÑ´¤èÒ¡ÒÃ¹Ó¤ÇÒÁÃéÍ¹ ¤èÒ¤ÇÒÁ¨Ø¤ÇÒÁÃéÍ¹áÅÐ¤èÒ¡ÒÃá¼è¡ÃÐ¨ÒÂ¤ÇÒÁÃéÍ¹¾ÃéÍÁ¡Ñ¹¢Í§ÇÑÊ´Ø
·Õèà»ç¹¢Í§á¢ç§áÅÐ¢Í§äËÅ·ÕèÍØ³ËÀÙÁÔÊÙ§¨Ò¡¡ÒÃ·´ÅÍ§à¾ÕÂ§¡ÒÃ·´ÅÍ§à´ÕÂÇ [2] áÅÐÁÕ¼Ùé¾Ñ²¹Ò
â´ÂÊÃéÒ§à¤Ã×èÍ§Á×ÍÇÑ́ ¤èÒ¡ÒÃá¼è¡ÃÐ¨ÒÂ¤ÇÒÁÃéÍ¹·ÕèÍØ³ËÀÙÁÔÊÙ§ [4], [5]  à¤Ã×èÍ§Á×ÍÇÑ́ ¤èÒ¡ÒÃá¼è¡ÃÐ¨ÒÂ
¤ÇÒÁÃéÍ¹¢Í§ÇÑÊ´ØÍÒ¤ÒÃ·ÕèÍØ³ËÀÙÁÔáÇ´ÅéÍÁ¢Öé¹ [3] ¨Ò¡ËÅÑ¡¡ÒÃáÅÐá¹Ç·Ò§´Ñ§¡ÅèÒÇ §Ò¹ÇÔ¨ÑÂ¹Õé
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¨Ö§¹ÓÁÒÈÖ¡ÉÒáÅÐ·Ó¡ÒÃ¾Ñ²¹ÒµÙé¤Çº¤ØÁÍØ³ËÀÙÁÔ (Temperature Chamber) à¾×èÍÇÔà¤ÃÒÐËìËÒ¤èÒ
¡ÒÃá¼è¡ÃÐ¨ÒÂ¤ÇÒÁÃéÍ¹¢Í§ÇÑÊ ǾÍÒ¤ÒÃµÑÇÍÂèÒ§ ³ ÍØ³ËÀÙÁÔáÇ´ÅéÍÁ  «Öè§¼Å¨Ò¡¡ÒÃÈÖ¡ÉÒáÅÐ¡ÒÃÇÔ̈ ÑÂ
¤ÃÑé§¹Õé¨Ðà»ç¹»ÃÐâÂª¹ìµèÍ¹Ñ¡ÇÔ¨ÑÂ áÅÐ¹Ñ¡ÈÖ¡ÉÒËÃ×Í¼Ùé·ÕèÊ¹ã¨ ÊÓËÃÑºà»ç¹¢éÍÁÙÅ¤é¹¤ÇéÒÍÍ¡áºº
áÅÐ¾Ñ²¹ÒµèÍä»

2. §Ò¹ÇÔ¨ÑÂ·Õèà¡ÕèÂÇ¢éÍ§
ä´éÁÕ¼Ùé·Ó¡ÒÃÈÖ¡ÉÒÇÔ¨ÑÂáÅÐ·Ó¡ÒÃ»ÃÐÂØ¡µìÇÔ¸Õ¡ÒÃÇÑ´µèÒ§æ à¾×èÍãËéÁÕ¤ÇÒÁàËÁÒÐÊÁµèÍ¡ÒÃ

¹Óä»ãªéµÒÁÊÀÒÇÐà§×èÍ¹ä¢µèÒ§æ ·ÕèÊÃéÒ§¢Öé¹  «Öè§ÁÕ´éÇÂ¡Ñ¹ËÅÒÂá¹Ç·Ò§

ª. âªµÔÇ§Èì  à¾çª­ìä¾ÈÔÉ°ì  ̧ ¹ÐÈÑ¡ Ốì  âµ¨ÓàÃÔ­  áÅÐ  ÇÃ¾¨¹ì  ÈØÀÃÑµ¹àÁ¸Ò  [6] ä é́ÈÖ¡ÉÒÊÁºÑµÔ
¡ÒÃ¹Ó¤ÇÒÁÃéÍ¹¢Í§ÇÑÊ´Ø¡èÍÊÃéÒ§áÅÐÇÑÊ´ØÍ×è¹æ ·ÕèÁÕ¤èÒ¡ÒÃ¹Ó¤ÇÒÁÃéÍ¹µèÓ â´ÂÇÔ¸Õ¡ÒÃÇÑ´áºº Guard
Hot Box ÊÓËÃÑºà¤Ã×èÍ§·´ÊÍº·Õèãªéã¹¡ÒÃÇÔ¨ÑÂ·ÕèÊÃéÒ§¢Öé¹¹Ñé¹ ä´é»ÃÐÂØ¡µì¨Ò¡ÁÒµÃ°Ò¹ ASTM C-236
«Öè§»ÃÐ¡Íº´éÇÂ 2 ÊèÇ¹ãË­èæ ¤×Í Hot Box áÅÐ Cold Box â´Â Hot Box »ÃÐ¡Íº´éÇÂ Metering Box
·ÓË¹éÒ·Õè¶èÒÂà·¤ÇÒÁÃéÍ¹¼èÒ¹ªÔé¹·´ÊÍº áÅÐ Guard Box ·ÓË¹éÒ·Õè¤Çº¤ØÁÁÔãËé¤ÇÒÁÃéÍ¹¼èÒ¹¼¹Ñ§
Metering Box ÊèÇ¹ Cold Box ¹Ñé¹ÁÕË¹èÇÂ¤ÇÒÁàÂç¹ ·ÓË¹éÒ·Õè¶èÒÂà·¤ÇÒÁÃéÍ¹ÍÍ¡¨Ò¡ªÔé¹·´ÊÍº
áÅÐä´éÁÕ¡ÒÃ¤Çº¤ØÁÍØ³ËÀÙÁÔÀÒÂã¹ Guard Box ãËéà·èÒ¡ÑºÍØ³ËÀÙÁÔÀÒÂã¹ Metering Box à¾×èÍãËé
¤ÇÒÁÃéÍ¹äËÅ¼èÒ¹ªÔé¹·´ÊÍºã¹·ÔÈ·Ò§à´ÕÂÇ¤×Í·ÔÈ·Ò§·ÕèµÑé§©Ò¡¡Ñº¾×é¹·ÕèË¹éÒµÑ´ ã¹¡ÒÃ·´ÅÍ§
¨ÐÇÑ´»ÃÔÁÒ³¤ÇÒÁÃéÍ¹·Õè  Metering  Box äÇé à¾×èÍãªéã¹¡ÒÃ¤Ó¹Ç³ËÒ¤èÒ¡ÒÃ¹Ó¤ÇÒÁÃéÍ¹ ¡ÒÃ¶èÒÂà·
¤ÇÒÁÃéÍ¹ÀÒÂã¹ Metering Box, Guard Box áÅÐ Cold Box à»ç¹¡ÒÃ¾Ò¤ÇÒÁÃéÍ¹â´ÂãªéÍÒ¡ÒÈ
à»ç¹µÑÇ¡ÅÒ§ ̈ Ò¡¤èÒÍØ³ËÀÙÁÔ·Õèáµ¡µèÒ§¡Ñ¹ÃÐËÇèÒ§¼ÔÇ·Ñé§ÊÍ§¢Í§ªÔé¹·´ÊÍº ¤ÇÒÁË¹Ò¢Í§ªÔé¹·´ÊÍº
áÅÐ¤èÒ»ÃÔÁÒ³¤ÇÒÁÃéÍ¹·Õè¶èÒÂà· ÊÒÁÒÃ¶¹ÓÁÒËÒ¤èÒ¡ÒÃ¹Ó¤ÇÒÁÃéÍ¹¢Í§ªÔé¹·´ÊÍº â´Â¾ºÇèÒ
¤èÒ¡ÒÃ¹Ó¤ÇÒÁÃéÍ¹¢Í§ Polystyrene Foam «Öè§ÁÕ¤ÇÒÁË¹Òá¹è¹ 16.02 kg.m-3 ·ÕèÍØ³ËÀÙÁÔà©ÅÕèÂ
44.6 oC ä´é¤èÒ¡ÒÃ¹Ó¤ÇÒÁÃéÍ¹ 0.0425 W.m-1.K-1 «Öè§ÁÕ¤èÒáµ¡µèÒ§¨Ò¡·ÕèºÃÔÉÑ·¼Ùé¼ÅÔµÃÐºØäÇé»ÃÐÁÒ³
ÃéÍÂÅÐ  9.25

Ambrosonce, G., Beccali, G., Catalanotti, S., Cuomo, V., Silvestrini, G., Silvestrini, V.,
and Trapani, S. [7] ä é́¾Ñ²¹ÒÇÔ̧ Õ¡ÒÃÊÓËÃÑº¡ÒÃ¤Ó¹Ç³Í§¤ì»ÃÐ¡Íº¢Í§¡ÒÃÅ´áÍÁ»ÅÔ̈ Ù́  (Amplitude
Decrement Factor) áÅÐÅÑ¡É³Ð¢Í§àÇÅÒË¹èÇ§ (Time Lag) ¢Í§ªÔ é¹ÊèÇ¹ÇÑÊ´ØÍÒ¤ÒÃ·Õ èÁÕ
Í§¤ì»ÃÐ¡Íºà¹×éÍà´ÕÂÇáµè solution ÂÑ§ÁÕ¢éÍ¨Ó¡Ñ´ãËéà»ç¹¡Ã³Õ¢Í§ÍØ³ËÀÙÁÔÍÒ¡ÒÈÀÒÂã¹·Õè¤§·Õè
àËÁ×Í¹¡Ñºà§×èÍ¹ä¢¢Íºà¢µ áÅÐÁÕ¤ÇÒÁ«Ñº«éÍ¹·Ò§¤³ÔµÈÒÊµÃìÁÒ¡ ÊÓËÃÑº¡ÒÃ»ÃÐÂØ¡µì·ÑèÇæ ä»
¢Í§·ÄÉ®Õ Periodic Heat Flow ÊèÇ¹ãË­èà»ç¹ solution ·Õèãªé¡Ñºà§×èÍ¹ä¢¢Íºà¢µ·ÑèÇæ ä» ¤×Í
¨ÐÍ¸ÔºÒÂ¶Ö§¡ÒÃà»ÅÕèÂ¹á»Å§ÍØ³ËÀÙÁÔáµèÅÐ´éÒ¹¢Í§ÇÑÊ´Ø

Kamsah, B.K. and Kannan, K. S. [8] ä´éÈÖ¡ÉÒ¡ÒÃÇÑ´¤èÒ¡ÒÃ¹Ó¤ÇÒÁÃéÍ¹¢Í§ÇÑÊ´ØÍÒ¤ÒÃ
â´ÂÇÔ¸Õ  Guard Hot Plate  à¤Ã×èÍ§Á×Í·Õèãªéä´éÂÖ´µÒÁá¹Ç¢Í§  The American Society for Testing and
Material (ASTM) Designation C-177 (1976)  â´Â·Ó¡ÒÃ·´ÊÍº¤Í¹¡ÃÕµ·ÕèÁÕ¹éÓË¹Ñ¡àºÒ  (Lightweight
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Concrete) «Öè§ÁÕ¤ÇÒÁË¹Òá¹è¹ 800 kg m. −3 ¼Å·Õèä´é¨Ò¡¡ÒÃ·´ÊÍº¹ÕéÁÕ¤èÒ¤ÇÒÁäÁèá¹è¹Í¹»ÃÐÁÒ³
ÃéÍÂÅÐ 2.8 áÅÐ¾ºÇèÒÊÒàËµØ·Õè·ÓãËéà¡Ố ¤ÇÒÁ¼Ố ¾ÅÒ´ÁÕÍÂÙè 2 »ÃÐ¡ÒÃ  ¤×Í ¤ÇÒÁäÁèÊÁ ǾÅ¢Í§ÍØ³ËÀÙÁÔ
¢Í§ plate ·Ñé§ÊÍ§ áÅÐà¡Ố ¡ÒÃÊÙ­àÊÕÂ¤ÇÒÁÃéÍ¹·Õè»ÅÒÂ¢Í§ªÔé¹·´ÊÍº â´ÂäÁè·ÃÒº»ÃÔÁÒ³·Õè¼Ố ¾ÅÒ´
¹Ñé¹ä´é

Van Geem, M.G. [9] ä´é»ÃÐÂØ¡µìÇÔ¸Õ¡ÒÃ¨Ò¡ÁÒµÃ°Ò¹  ASTM C-976 à¾×èÍãªé·´ÊÍºÊÁºÑµÔ
·Ò§¤ÇÒÁÃéÍ¹¢Í§¼¹Ñ§ÀÒÂãµéÊÀÒÇÐ¡ÒÃà»ÅÕèÂ¹á»Å§¢Í§ÍØ³ËÀÙÁÔáºº Dynamics (Periodically
Varying) áÅÐã¹»Õ 1979 ä´é»ÃÐÂØ¡µìä«à¤ÔÅ¢Í§ÍØ³ËÀÙÁÔ à¾×èÍãªéã¹¡ÒÃ·´ÊÍº¼¹Ñ§¶Ö§ 25 ª¹Ô´

Rouaualt, R., Khedari, J., Arzoutumanuanm, C., and Rogez, J. [4]  ä´é¹ÓàÍÒ Adiabatic
Calorimeter ÃÙ»·Ã§¡ÃÐºÍ¡ÁÒ´Ñ´á»Å§à¾×èÍÇÑ´¤èÒ¡ÒÃá¼è¡ÃÐ¨ÒÂ¤ÇÒÁÃéÍ¹¢Í§ÇÑµ¶Ø·ÕèÍØ³ËÀÙÁÔ
ÊÙ§´éÇÂÇÔ¸Õ The Periodic Stationary Methodn â´ÂÇÑµ¶Ø·Õèãªéã¹¡ÒÃ·´ÅÍ§ÁÕÃÙ»ÃèÒ§à»ç¹·Ã§¡ÃÐºÍ¡
·ÕèÁÕ¢¹Ò´àÊé¹¼èÒ¹ÈÙ¹Âì¡ÅÒ§ 24.6 ÁÔÅÅÔàÁµÃ ÊÙ§ 70 ÁÔÅÅÔàÁµÃ â´ÂÁÕ¤ÇÒÁÃéÍ¹·ÕèÁÕ¡ÒÃà»ÅÕèÂ¹á»Å§áºº
¤Å×è¹ÃÙ»ä«¹ìäËÅ¼èÒã¹á¹ÇÃÑÈÁÕ ÇÑµ¶ØµÑÇÍÂèÒ§¨Ð¶Ù¡µỐ µÑé§ÀÒÂã¹à¤Ã×èÍ§¡ÓºÑ§¤ÇÒÁÃéÍ¹ «Öè§»ÃÐ¡Íº é́ÇÂ
·èÍâÁÅÔº´Ô¹ÑÁ (Molybdenum shell) áÅÐàµÒ¢¹Ò´àÅç¡ (Micro Furnace) «Öè§¶Ù¡¤Çº¤ØÁÍØ³ËÀÙÁÔ
â´ÂáÃ§¢Ñº¨Ò¡ output ¢Í§à·ÍÃìâÁ¤Ñ»à»ÔÅ ¡ÒÃÇÑ´¤èÒ¡ÒÃá¼è¡ÃÐ¨ÒÂ¤ÇÒÁÃéÍ¹¢Í§ªÔé¹·´ÊÍº¹Õé
¾Ô̈ ÒÃ³Ò¨Ò¡à¿Ê·Õèà»ÅÕèÂ¹ä»¢Í§ÍØ³ËÀÙÁÔ¼ÔÇáÅÐÍØ³ËÀÙÁÔ·Õèá¡¹¡ÅÒ§¢Í§ÇÑµ¶ØµÑÇÍÂèÒ§  ã¹¡ÒÃ·´ÊÍº¹Õé
ÊÒÁÒÃ¶ÇÑ´ÍØ³ËÀÙÁÔä´éÊÙ§¶Ö§ 1800 K

3.  ·ÄÉ®Õ
¡ÒÃÇÑ́ ¤èÒ¡ÒÃá¼è¡ÃÐ¨ÒÂ¤ÇÒÁÃéÍ¹¢Í§ÇÑµ¶Ø·Ã§ÊÕèàËÅÕèÂÁÅÙ¡ºÒÈ¡ì [2] ã¹¡ÒÃ¤Ó¹Ç³ªÔé¹·´ÊÍº

µÑÇÍÂèÒ§¶Ù¡¡ÓË¹´ãËéÁÕÃÙ»·Ã§ÊÕèàËÅÕèÂÁ·ÕèÁÕ¤ÇÒÁÂÒÇà»ç¹  infinity  áÅÐÁÕ¤ÇÒÁË¹Òà»ç¹ L  ¤Å×è¹¤ÇÒÁÃéÍ¹
¨Ð¼èÒ¹¼ÔÇ¢Í§ªÔé¹·´ÊÍº´Ñ§ÃÙ»·Õè 1

ÃÙ»·Õè 1 ÃÙ»·Ã§ÊÕèàËÅÕèÂÁ¨µØÃÑÊËÃ×ÍÊÕèàËÅÕèÂÁ¼×¹¼éÒ·ÕèÁÕ¤ÇÒÁÂÒÇà»ç¹ÍÔ¹¿Ô¹ÔµÕé

¨Ò¡ÊÁ¡ÒÃ¡ÒÃ¶èÒÂà·¤ÇÒÁÃéÍ¹ã¹  1  ÁÔµÔ
2

1
0∂

∂
∂

∂
T

x a

T

t 
 -    

  

      
    =    2 (1)

O L
X

Qo cos wt
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àÁ×èÍ T(x, t) ¤×ÍÍØ³ËÀÙÁÔ·ÕèÃÐÂÐ x àÁ×èÍàÇÅÒ t
a ¤×Í¤èÒ¡ÒÃá¼è¡ÃÐ¨ÒÂ¤ÇÒÁÃéÍ¹¢Í§ªÔé¹·´ÊÍº, m2.s-1

¨Ò¡à§×èÍ¹ä¢¢Íºà¢µÊÒÁÒÃ¶à¢ÕÂ¹ä´éà»ç¹
·ÕèÃÐÂÐ x = 0 :  T

1
 = T

i
 = θ

1
 cos (ω t) (2)

·ÕèÃÐÂÐ x = L :  T
2
 = T

i
 = θ

2
 cos (ω t - φ) (3)

àÁ×èÍ ω ¤×Í¤ÇÒÁàÃçÇàªÔ§ÁØÁ T
1
 áÅÐ T(x, 0)   ¤×ÍÍØ³ËÀÙÁÔàÃÔèÁµé¹

ÊÔè§ÊÓ¤Ñ­¤×Í¡ÒÃËÒÍÑµÃÒÊèÇ¹¢Í§áÍÁ»ÅÔ¨Ù´ (amplitude ratio)  (θ )
àÁ×èÍ θ = θ

2 
/ θ

1

áÅÐà¿Ê·Õèà»ÅÕèÂ¹ä»  (phase change) ,φ

¡ÒÃá¡é»Ñ­ËÒ·ÕèÊÀÒÇÐÊÁèÓàÊÁÍ (steady state) à»ç¹ periodic complex function ¢Í§
ÃÐÂÐ·Ò§áÅÐàÇÅÒä´é´Ñ§¹Õé

T(x,t) = θ (x) exp (iωt) (4)

´Ñ§¹Ñé¹¨Ò¡  (1)  ÊÒÁÒÃ¶à¢ÕÂ¹ä´éà»ç¹
2

2
2 0

∂ θ
∂ α θ
 

 -      =    
x

(5)

àÁ×èÍ α ω  =   ( ) /1 2+ i a  áÅÐ k ¤×Í¾ÒÃÒÁÔàµÍÃìà©¾ÒÐµÑÇ = L a2 /ω

«Öè§ÃÙ»·ÑèÇä»¢Í§ÊÁ¡ÒÃ·Õè  (5)  ¤×Í
( ) ( ) ( )x x xθ α α  =  A   Bexp exp+ − (6)

«Öè§¤èÒ¤§·Õè A áÅÐ B ¾Ô¨ÒÃ³Òä´é¨Ò¡à§×èÍ¹ä¢¢Íºà¢µ

àÁ×èÍ x B

x B

           =    ,    A    =  0

   =     ,       =     0
0⇒ ∞, θ

0

áÅÐ·éÒÂÊØ´ÊÁ¡ÒÃ¢Í§ÍØ³ËÀÙÁÔÊÒÁÒÃ¶à¢ÕÂ¹ä´éà»ç¹
⋅T C t D  =      +    tcos sinω ω (7)

«Öè§ C áÅÐ D à»ç¹  exponential terms

¡ÒÃÇÑ´à¿Ê·Õèà»ÅÕèÂ¹ä» (φ) áÅÐÍÑµÃÒÊèÇ¹¢Í§áÍÁ»ÅÔ¨Ù´ (θ = θ2 / θ1) ÃÐËÇèÒ§ÍØ³ËÀÙÁÔ
¼ÔÇ é́Ò¹¹Í¡ T

1 
áÅÐÍØ³ËÀÙÁÔ¼ÔÇ é́Ò¹ã¹ T

2 
ªèÇ§¢Í§¤Å×è¹¤ÇÒÁÃéÍ¹¨ÐãËé¤èÒ¡ÒÃá¼è¡ÃÐ¨ÒÂ¤ÇÒÁÃéÍ¹ (a)

à¿Ê·Õèà»ÅÕèÂ¹ä»¾Ô̈ ÒÃ³Òä é̈́ Ò¡ÃÐÂÐ»ÅÒÂ¡ÃÒ¿ ¢Í§ T(0, t) áÅÐ·Õè»ÅÒÂ¡ÃÒ¿ ¢Í§ T(L, t) ́ Ñ§áÊ´§
ã¹ÃÙ»·Õè 2
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ÃÙ»·Õè 2 ¡ÒÃ¾Ô¨ÒÃ³Òà¿Ê·Õèà»ÅÕèÂ¹ä»áÅÐÍÑµÃÒÊèÇ¹¢Í§áÍÁ»ÅÔ¨Ù´

à¿Ê·Õèà»ÅÕèÂ¹ä»ËÒä´é¨Ò¡

( )( )k
C

D
rc tanarctan    =      tana  =  





φ (8)

ÍÑµÃÒÊèÇ¹¢Í§áÍÁ»ÅÔ̈ Ù́ ËÒä é̈́ Ò¡¡ÒÃÇÑ́ áÍÁ»ÅÔ̈ Ù́  θ1 ·Õè T(0,t) áÅÐáÍÁ»ÅÔ̈ Ù́  θ2 ·Õè T(L,t)
«Öè§àËÁ×Í¹¡ÑºÊÁ¡ÒÃ·Õè  (7)  ·ÕèãËéÍÑµÃÒÊèÇ¹áÍÁ»ÅÔ¨Ù´´Ñ§¹Õé¤×Í

( )θ  =     =    2 2 2C D k+ −exp * (9)

´Ñ§¹Ñé¹¤èÒ¡ÒÃá¼è¡ÃÐ¨ÒÂ¤ÇÒÁÃéÍ¹ÊÍ§¤èÒ¨ÐÍ¸ÔºÒÂä´é¨Ò¡
aφ  ¨Ò¡à¿Ê·Õèà»ÅÕèÂ¹ä»  áÅÐ
aθ  ̈ Ò¡ÍÑµÃÒÊèÇ¹¢Í§áÍÁ»ÅÔ¨Ù´

â´Â¾Ô¨ÒÃ³Òä´é¨Ò¡

( )a
L

k
  =   ω / 2

2

 


 (10)

â´Â·Õè ω π  =   2 /P

àÁ×èÍ P ¤×Í ¤Òº¢Í§¤Å×è¹ÃÙ»ä«¹ì
L ¤×Í ¤ÇÒÁË¹Ò , m

2
 ln     =      

2

−
θ

θk

kθ        =    φ

T

t

Ø

21

a
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4. ÍØ»¡Ã³ìáÅÐÇÔ¸Õ¡ÒÃ·´ÅÍ§
ªÔé¹·´ÊÍº·Ó¨Ò¡»Ù¹ÊÓàÃç¨ÃÙ» TPI «Öè§ÁÕÊÁºÑµÔÊÓËÃÑº©Òº â´Â·Ó¡ÒÃ¼ÊÁ»Ù¹¡Ñº¹éÓ

ã¹ÍÑµÃÒÊèÇ¹·Õè¾ÍàËÁÒÐ ËÅÑ§¨Ò¡¹Ñé¹¹ÓÁÒà·Å§ã¹áºº·ÕèàµÃÕÂÁäÇé «Öè§ÁÕ¢¹Ò´¡ÇéÒ§áÅÐÂÒÇ´éÒ¹ÅÐ
27 à«¹µÔàÁµÃ ÁÕ¤ÇÒÁË¹Ò 1.5 à«¹µÔàÁµÃ áÅÐ 2.0 à«¹µÔàÁµÃ  ·Ôé§äÇéã¹·Õè·ÕèÁÕÍÒ¡ÒÈ¶èÒÂà·ÊÐ´Ç¡
à»ç¹àÇÅÒ  2  ÊÑ»´ÒËì

¹ÓªÔé¹·´ÊÍºÁÒÇÑ´ËÒ¤èÒ¡ÒÃ¹Ó¤ÇÒÁÃéÍ¹µÒÁÇÔ¸Õ  Hot Wire Method  â´Âãªéà¤Ã×èÍ§ Quick
Thermal Conductivity  ÃØè¹ QTM-500 ·Õèä´éÃÑº¡ÒÃ»ÃÑºà·ÕÂºàÃÕÂºÃéÍÂáÅéÇ

ËÅÑ§¨Ò¡¹Ñé¹¹ÓÁÒËÒ¤èÒ¤ÇÒÁË¹Òá¹è¹¢Í§ªÔé¹·´ÊÍºµÒÁÇÔ¸Õ Specific Gravity

ÊèÇ¹¤èÒ¤ÇÒÁÃéÍ¹¨Óà¾ÒÐ·Õèãªéã¹§Ò¹ÇÔ¨ÑÂ¹Õé ¹Ó¤èÒ¨Ò¡àÍ¡ÊÒÃÍéÒ§ÍÔ§ÁÒãªé»ÃÐ¡Íº

ã¹¢Ñé¹µÍ¹ÊØ´·éÒÂ¹ÓÇÑÊ´ØÍÒ¤ÒÃµÑÇÍÂèÒ§ÁÒ·´ÊÍºáÅÐ¤Ó¹Ç³¤èÒ¡ÒÃá¼è¡ÃÐ¨ÒÂ¤ÇÒÁÃéÍ¹
µÒÁÇÔ¸Õ Periodic Stationary Method â´Â¹ÓªÔé¹·´ÊÍºÁÒµÔ´ÊÒÂà·ÍÃìâÁ¤Ñ»à»ÔÅ à¾×èÍÇÑ´ÍØ³ËÀÙÁÔ
¼ÔÇ·Ñé§ÊÍ§´éÒ¹ ´éÒ¹ÅÐ 5 ¨Ø´ â´ÂáµèÅÐ¨Ø´¨ÐËèÒ§¡Ñ¹ 6.75 à«¹µÔàÁµÃ «Öè§ÍÒÈÑÂÃÐÂÐËèÒ§à·èÒæ ¡Ñ¹
áÅÐÁÕµÓáË¹è§µÃ§¡Ñ¹·Ñé§ÊÍ§´éÒ¹ à¾×èÍ´Ù¾ÄµÔ¡ÃÃÁ¡ÒÃá¼è¡ÃÐ¨ÒÂ¤ÇÒÁÃéÍ¹¼èÒ¹ÇÑÊ´Ø ´Ñ§ÃÙ»·Õè 3

1 2

4

3

5

6.75 6.75 6.75

6.7
5

6.7
5

6.7
5

6.7
5

6.75

1,2

4,5

3 3

1,2

4,5

27 cm.

27 cm.

ÃÙ»·Õè 3 µÓáË¹è§¡ÒÃµÔ´ÊÒÂà·ÍÃìâÁ¤Ñ»à»ÔÅº¹¼ÔÇªÔé¹·´ÊÍº

ËÅÑ§¨Ò¡¹Ñé¹¹ÓªÔé¹·´ÊÍº·Õèä é́ä»ÇÒ§äÇéº¹¡ÅèÍ§¤Çº¤ØÁÍØ³ËÀÙÁÔ (micro furnace) â´ÂãËéËèÒ§
¨Ò¡¢Íº¢Í§¡ÅèÍ§´éÒ¹ÅÐ 1.5 à«¹µÔàÁµÃ áÅéÇ¹Ó©¹Ç¹ÁÒÇÒ§¡Ñé¹ÃÐËÇèÒ§¢Íº¢Í§ ªÔé¹·´ÊÍº·Ñé§ÊÕè
áÅÐ¢Íº¢Í§¡ÅèÍ§¤Çº¤ØÁÍØ³ËÀÙÁÔ à¾×èÍ»éÍ§¡Ñ¹äÁèãËé¤ÇÒÁÃéÍ¹äËÅ¼èÒ¹ªÔé¹·´ÊÍº·Ò§´éÒ¹¢éÒ§
ÊÍ´»ÅÒÂÍÕ¡´éÒ¹Ë¹Öè§¢Í§ÊÒÂà·ÍÃìâÁ¤Ñ»à»ÔÅ·Ñé§ 5 àÊé¹ ·ÕèµÔ´¼ÔÇ¢Í§ªÔé¹·´ÊÍº´éÒ¹ÅèÒ§ÍÍ¡ÁÒ
µÒÁªèÍ§à»Ô´´éÒ¹¢éÒ§·ÕèàµÃÕÂÁäÇé ËÅÑ§¨Ò¡¹Ñé¹¹Ó©¹Ç¹ãÂá¡éÇÁÒÍØ´·ÕèªèÍ§à»Ô´¹Õé
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ËÅÑ§¨Ò¡¹Ñé¹¹Ó¡ÅèÍ§¤Çº¤ØÁÍØ³ËÀÙÁÔ¾ÃéÍÁ¡ÑºªÔé¹·´ÊÍº·ÕèàµÃÕÂÁäÇéä»ÇÒ§ã¹µÙé¤Çº¤ØÁ
ÍØ³ËÀÙÁÔÍÕ¡ªÑé¹Ë¹Öè§ â´ÂÇÒ§äÇé ³ µÓáË¹è§ÈÙ¹Âì¡ÅÒ§¢Í§µÙé¾ÃéÍÁ¡Ñ¹¹ÕéãËéÊÍ´»ÅÒÂÊÒÂà·ÍÃìâÁ¤Ñ»à»ÔÅ
·Ñé§ËÁ´ÍÍ¡ÁÒÀÒÂ¹Í¡µÒÁªèÍ§à»Ô´·Ò§´éÒ¹¢ÇÒ¢Í§µÙé áÅÐµèÍà¢éÒ¡ÑºªèÍ§ÃÑºÊÑ­­Ò³¢Í§à¤Ã×èÍ§
ºÑ¹·Ö¡ÍØ³ËÀÙÁÔ áÅÐ¹Ó©¹Ç¹ãÂá¡éÇÁÒÍØ´·ÕèªèÍ§à»Ô´¹Õé¾ÃéÍÁ¡Ñº»Ô´·Ñº´éÇÂ¿ÍÂÅì¡ÒÇÍÕ¡ªÑé¹Ë¹Öè§
à¾×èÍ»éÍ§¡Ñ¹¡ÒÃ¶Ù¡Ãº¡Ç¹¢Í§ÍÒ¡ÒÈÀÒÂ¹Í¡ »Ố µÙéàÃÔèÁ·Ó¡ÒÃ·´ÊÍº «Öè§àÃÔèÁâ´Â¡ÓË¹´ãËéµÙé¤Çº¤ØÁ
ÍØ³ËÀÙÁÔÁÕ¡ÒÃà»ÅÕèÂ¹á»Å§ÍØ³ËÀÙÁÔáºº¤Å×è¹ÃÙ»ä«¹ìµÅÍ´àÇÅÒ ¤×Í¡ÓË¹´ãËéÁÕÍØ³ËÀÙÁÔàÃÔèÁµé¹ÍÂÙè·Õè
40 Í§ÈÒà«Åà«ÕÂÊ áÅéÇà¾ÔèÁÊÙ§¢Öé¹à»ç¹ 70 Í§ÈÒà«Åà«ÕÂÊ ÀÒÂã¹àÇÅÒ 20 ¹Ò·Õ áÅÐà»ÅÕèÂ¹¡ÅÑºÅ´Å§ÁÒ
ÍÂÙè·Õè 40 Í§ÈÒà«Åà«ÕÂÊ àËÁ×Í¹à ỐÁÀÒÂã¹àÇÅÒ 20 ¹Ò·Õ àªè¹à ṌÂÇ¡Ñ¹ â´ÂãËéµÙé¤Çº¤ØÁÍØ³ËÀÙÁÔ·Ó§Ò¹
ã¹ÅÑ¡É³Ð¹Õéà»ç¹àÇÅÒ·Ñé§ÊÔé¹ 4 ªÑèÇâÁ§ËÃ×ÍÁÒ¡¡ÇèÒ ¾ÃéÍÁ¡Ñ¹¹Õé·Õè¡ÅèÍ§¤Çº¤ØÁÍØ³ËÀÙÁÔãËé·Ó¡ÒÃ¤Çº¤ØÁ
ÍØ³ËÀÙÁÔÀÒÂã¹¡ÅèÍ§ãËéÁÕ¤èÒ¤§·ÕèÍÂÙè·ÕèÃÐ Ñ́º 40 Í§ÈÒà«Åà«ÕÂÊ µÅÍ´àÇÅÒ¢Í§¡ÒÃ·´ÊÍº áÅÐ·Ó¡ÒÃ
ºÑ¹·Ö¡ÍØ³ËÀÙÁÔ¼ÔÇ¢Í§ªÔé¹·´ÊÍº·Ñé§ÊÍ§ é́Ò¹¾ÃéÍÁ¡ÑºÍØ³ËÀÙÁÔ¢Í§ÍÒ¡ÒÈÀÒÂã¹µÙé áÅÐ¤Çº¤ØÁÍØ³ËÀÙÁÔ
¢Í§ÍÒ¡ÒÈÀÒÂã¹¡ÅèÍ§¤Çº¤ØÁÍØ³ËÀÙÁÔ·Ø¡æ 2 ¹Ò·Õ ¨¹àÊÃç¨ÊÔé¹¡ÒÃ·´ÊÍº

ÃÙ»·Õè 4 ¡ÒÃÇÑ´¡ÒÃá¼è¡ÃÐ¨ÒÂ¤ÇÒÁÃéÍ¹â´ÂÇÔ¸Õ Periodic Stationary Method

·Ó¡ÒÃ·´ÅÍ§àªè¹à´ÕÂÇ¡Ñ¹·Ñé§ÊÍ§¢¹Ò´¢Í§ªÔé¹·´ÊÍº «Öè§áµèÅÐªÔé¹·Ó¡ÒÃ·´ÊÍº 4 ¤ÃÑé§
áÅÐ¤Ó¹Ç³ËÒ¤èÒ¡ÒÃá¼è¡ÃÐ¨ÒÂ¤ÇÒÁÃéÍ¹·Ñé§¨Ò¡à¿Ê·Õèà»ÅÕèÂ¹ä»áÅÐ¨Ò¡ÍÑµÃÒÊèÇ¹¢Í§ áÍÁ»ÅÔ¨Ù´
µÒÁËÅÑ¡¡ÒÃ¢Í§ÇÔ¸Õ Periodic Stationary Method áÅéÇËÒ¤èÒà©ÅÕèÂ¢Í§¤èÒ¡ÒÃá¼è¡ÃÐ¨ÒÂ¤ÇÒÁÃéÍ¹
¨Ò¡·Ñé§ÊÍ§ÇÔ¸Õ
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¤ÇÒÁË¹Ò ¤�Ò¡ÒÃá¼�¡ÃÐ̈ ÒÂ-
¤ÇÒÁÃ�Í¹Í�Ò§ÍÔ§

¤�Ò¡ÒÃá¼�¡ÃÐ¨ÒÂ¤ÇÒÁÃ�Í¹·ÕèÇÑ́ ấ ÂÇÔ̧ Õ
                Periodic  Stationary  method

    (cm.) ( )2 1m s. − ¢¹Ò´¢Í§¡ÃÒ¿ ( )2 1m s. −   ¢�ÍÁÙÅµÑÇàÅ¢ ( )2 1m s. −

a   × −7

10   
θa × −6

10   
φa × −7

10    
θa × −6

10      
φa × −7

10

      1.5       1.     4.8742
      2.     5.0011

   1.3953
±0.0381

     5.2931
  ±0.3569

    1.5695
  ±0.1834

    4.3953
  ±0.1119

      2.0       1.     4.8742
      2.     5.0011

    1.1860
  ±0.0667

    6.0586
  ±1.2999

    1.0687
  ±0.1667

     5.0304
   ±1.0120

5. ¼Å¡ÒÃ·´ÅÍ§áÅÐÇÔ¨ÒÃ³ì
¨Ò¡¡ÒÃ·´ÊÍºÇÑ́ ¤èÒ¡ÒÃ¹Ó¤ÇÒÁÃéÍ¹¢Í§ÇÑÊ ǾµÑÇÍÂèÒ§ ä é́¤èÒà©ÅÕèÂà·èÒ¡Ñº 0.66394W.m-1.K-1

¤èÒ¤ÇÒÁË¹Òá¹è¹à©ÅÕèÂà·èÒ¡Ñº 2033.06 Kg.m-3 ÊÓËÃÑº¤èÒ¤ÇÒÁ¨Ø¤ÇÒÁÃéÍ¹¨Óà¾ÒÐä´éàÅ×Í¡¹Ó¤èÒ
¢Í§ÇÑÊ´Ø»ÃÐàÀ·à´ÕÂÇ¡Ñ¹áÅÐÁÕÊÁºÑµÔã¡Åéà¤ÕÂ§¨Ò¡ ASHRAE HANDBOOK [10] à»ç¹¢éÍÁÙÅÍéÒ§ÍÔ§
â´ÂÁÕÊÍ§¤èÒ¤×Í

1.  ¤èÒ¤ÇÒÁ¨Ø¤ÇÒÁÃéÍ¹¨Óà¾ÒÐ¢Í§«ÕàÁ¹µì»ÍÃìµáÅ¹´ì (Portland Clinker Cement)

pC J kg K   =        670 1 1. .− −

2.  ¤èÒ¤ÇÒÁ¨Ø¤ÇÒÁÃéÍ¹¨Óà¾ÒÐ¢Í§¤Í¹¡ÃÕµ (Stone Concrete)

pC J kg K   =        653 1 1. .− −

àÁ×èÍ¹ÓÁÒ¤Ó¹Ç³ËÒ¤èÒ¡ÒÃá¼è¡ÃÐ¨ÒÂ¤ÇÒÁÃéÍ¹·ÕèãªéÍéÒ§ÍÔ§ã¹§Ò¹ÇÔ¨ÑÂ¹Õé ÁÕ¤èÒ»ÃÐÁÒ³
 24 874 10 7 1. .× − −m s  áÅÐ   5.0011  2× − −10 7 1m s.

¨Ò¡¡ÒÃ·´ÊÍºà¾×èÍËÒ¤èÒ¡ÒÃá¼è¡ÃÐ¨ÒÂ¤ÇÒÁÃéÍ¹¢Í§ÇÑÊ´ØÍÒ¤ÒÃµÑÇÍÂèÒ§µÒÁÇÔ¸Õ Periodic
Stationary Method â´ÂáÂ¡¡ÒÃ¤Ó¹Ç³ÍÍ¡à»ç¹ 2 ÇÔ¸ÕµÒÁ»ÃÐàÀ·¢Í§¢éÍÁÙÅ¤×Í ¨Ò¡µÑÇàÅ¢¢Í§
¢éÍÁÙÅáÅÐ¨Ò¡¢¹Ò´¢Í§¡ÃÒ¿ áÊ´§ã¹µÒÃÒ§·Õè 1

µÒÃÒ§·Õè 1 ¤èÒ¡ÒÃá¼è¡ÃÐ¨ÒÂ¤ÇÒÁÃéÍ¹ÍéÒ§ÍÔ§áÅÐ¤èÒ¡ÒÃá¼è¡ÃÐ¨ÒÂ¤ÇÒÁÃéÍ¹â´ÂÇÔ¸Õ
Periodic Stationary Method

a aθ
aφ aθ aφ

¨Ò¡¡ÒÃà»ÃÕÂºà·ÕÂº¾ºÇèÒ¤èÒ¡ÒÃá¼è¡ÃÐ¨ÒÂ¤ÇÒÁÃéÍ¹·Õèä é́ÁÕ¤ÇÒÁáµ¡µèÒ§¨Ò¡¤èÒÍéÒ§ÍÔ§äÁèÁÒ¡
«Öè§ÊÒÁÒÃ¶¡ÅèÒÇä´éÇèÒÁÕ¤ÇÒÁ¶Ù¡µéÍ§ÊÙ§
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6. ÊÃØ»
¨Ò¡¼Å¡ÒÃ·´ÊÍº¢éÒ§µé¹ÊÒÁÒÃ¶ÊÃØ»ä é́ÇèÒà§×èÍ¹ä¢·Õèãªéã¹¡ÒÃÈÖ¡ÉÒÇÔ̈ ÑÂ¤ÃÑé§¹ÕéÊÒÁÒÃ¶ãªé¡Ñº

ËÅÑ¡¡ÒÃ¢Í§ÇÔ¸Õ Periodic Stationary Method ä´éà»ç¹ÍÂèÒ§´Õ ´Ñ§¨ÐàËç¹ä´é¨Ò¡¼Å¢Í§¡ÒÃ·´ÊÍº
·Ñé§·Õè¤Ó¹Ç³¨Ò¡¢éÍÁÙÅ·Õèà»ç¹µÑÇàÅ¢áÅÐ¨Ò¡¢¹Ò´¢Í§¡ÃÒ¿¢Í§ªÔé¹·´ÊÍº·Ñé§ÊÍ§¢¹Ò´¤ÇÒÁË¹Ò
¨ÐãËé¤èÒ¡ÒÃá¼è¡ÃÐ¨ÒÂ¤ÇÒÁÃéÍ¹ã¡Åéà¤ÕÂ§¡Ñº¤èÒÍéÒ§ÍÔ§ÁÒ¡ áÁéÇèÒ¤èÒ·Õèä é̈́ Ò¡ÍÑµÃÒÊèÇ¹¢Í§áÍÁ»ÅÔ̈ Ù́
¨ÐÁÕ¤ÇÒÁáµ¡µèÒ§¨Ò¡¤èÒÍéÒ§ÍÔ§ÁÒ¡¡ÇèÒ¤èÒ·Õèä´é¨Ò¡à¿Ê·Õèà»ÅÕèÂ¹ä»¡çµÒÁ

7. ¢éÍàÊ¹Íá¹Ð
µÒÁËÅÑ¡¡ÒÃ¢Í§ÇÔ¸Õ Periodic Stationary Method ¼Å·Õèä´é¨Ò¡¡ÒÃ·´ÊÍº·Õèä´é¨Ò¡¡ÒÃ

¤Ó¹Ç³à¿Ê·Õèà»ÅÕèÂ¹ä»áÅÐ¨Ò¡ÍÑµÃÒÊèÇ¹¢Í§áÍÁ»ÅÔ¨Ù´¨ÐµéÍ§ÁÕ¤èÒà·èÒ¡Ñ¹ áµè¨Ò¡¼Å¡ÒÃ·´ÊÍº
¢Í§§Ò¹ÇÔ¨ÑÂ¹Õé¾ºÇèÒ¤èÒ·Õèä´é¨Ò¡ÍÑµÃÒÊèÇ¹¢Í§áÍÁ»ÅÔ¨Ù´ÂÑ§ÁÕ¤ÇÒÁ¼Ô´¾ÅÒ´ÍÂÙè ·Ñé§¹Õéà¹×èÍ§¨Ò¡
ªèÇ§àÇÅÒ·Õèãªéã¹¡ÒÃºÑ¹·Ö¡¢éÍÁÙÅÍÂÙè·Õè 2 ¹Ò·ÕµèÍ¤ÃÑé§ ¨Ö§·ÓãËé¤èÒÊÙ§ÊØ´áÅÐ¤èÒµèÓÊØ´¢Í§ÍØ³ËÀÙÁÔ
·Õèä´éÁÕ¤ÇÒÁ¼Ô´¾ÅÒ´ÍÂÙèÀÒÂã¹àÇÅÒ ± 2 ¹Ò·Õ ´Ñ§¹Ñé¹ËÒ¡ÁÕ¡ÒÃ»ÃÑº»ÃØ§ãËéãªéàÇÅÒã¹¡ÒÃºÑ¹·Ö¡
·ÕèÅÐàÍÕÂ´¡ÇèÒ¹Õé  ¡ç̈ ÐªèÇÂãËé¢éÍÁÙÅ·Õèä é́ÁÕ¤ÇÒÁ¶Ù¡µéÍ§ÁÒ¡¢Öé¹ áÅÐ¼Å¢Í§¡ÒÃ¤Ó¹Ç³¡ç̈ Ðã¡Åéà¤ÕÂ§¡Ñ¹
ËÃ×Íà·èÒ¡Ñ¹µÒÁËÅÑ¡¡ÒÃ¢Í§ÇÔ¸Õ¹Õé

8.  ÃÒÂ¡ÒÃÊÑ­ÅÑ¡É³ì
A ¾×é¹·Õè, m2

a ¤èÒ¡ÒÃá¼è¡ÃÐ¨ÒÂ¤ÇÒÁÃéÍ¹, ms-1

B ¤èÒ¤§·Õè

C exponential term

D exponential term

k ¾ÒÃÒÁÔàµÍÃìà©¾ÒÐµÑÇ (characteristic parameter)

kθ ¾ÒÃÒÁÔàµÍÃìà©¾ÒÐµÑÇ·Õèä´é¨Ò¡ÍÑµÃÒÊèÇ¹¢Í§áÍÁ»ÅÔ¨Ù´ (characteristic parameter
based on the amplitude ratio)

kφ ¾ÒÃÒÁÔàµÍÃìà©¾ÒÐµÑÇ·Õèä´é¨Ò¡à¿Ê·Õèà»ÅÕèÂ¹ä» (characteristic parameter based
on the phase change)

L ¤ÇÒÁË¹Ò ,Á.

P ¤Òº, ÇÔ¹Ò·Õ

T1 ÍØ³ËÀÙÁÔ¼ÔÇªÔé¹·´ÊÍº´éÒ¹¹Í¡, oC

T2 ÍØ³ËÀÙÁÔ¼ÔÇªÔé¹·´ÊÍº´éÒ¹ã¹, oC
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T
i

ÍØ³ËÀÙÁÔÍÒ¡ÒÈÀÒÂã¹áÅÐÍØ³ËÀÙÁÔ·ÕèàÃÔèÁµé¹,oC

T(x, t) ÍØ³ËÀÙÁÔ·ÕèÃÐÂÐ x àÁ×èÍàÇÅÒ t, oC

t àÇÅÒ, ÇÔ¹Ò·Õ

x ÃÐÂÐ·Ò§, Á.

α ¾ÒÃÒÁÔàµÍÃìà©¾ÒÐµÑÇ (characteristic parameter)

ρ ¤èÒ¤ÇÒÁË¹Òá¹è¹, kg.m-3

θ ÍÑµÃÒÊèÇ¹áÍÁ»ÅÔ¨Ù´

θ1 áÍÁ»ÅÔ¨Ù´¢Í§ÍØ³ËÀÙÁÔ¼ÔÇ´éÒ¹¹Í¡, oC

θ2 áÍÁ»ÅÔ¨Ù´¢Í§ÍØ³ËÀÙÁÔ¼ÔÇ´éÒ¹ã¹, oC
φ à¿Ê·Õèà»ÅÕèÂ¹ä»¢Í§ÍØ³ËÀÙÁÔ, ÇÔ¹Ò·Õ
ω ¤ÇÒÁàÃçÇàªÔ§ÁØÁ, rad/s
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