
«“√ “√√“™∫—≥±‘µ¬ ∂“π
ªï∑’Ë Ú˜  ©∫—∫∑’Ë Ò  ¡.§.-¡’.§.  ÚıÙı

 ¡™“µ‘  ‚ ¿≥√≥ƒ∑∏‘Ï ·≈–§≥– ı˘

°“√ÕÕ°·∫∫ ∑¥ Õ∫ ·≈–À“
·π«∑“ß∑’Ë‡À¡“–∑’Ë ÿ¥ ”À√—∫°“√
Õ∫·Àâß¢â“«‡ª≈◊Õ° ‚¥¬‡∑§π‘§°“√
∑”‰À≈∫π∞“π —Ëπ

ß“π«‘®—¬π’È¡’«—µ∂ÿª√– ß§å‡æ◊ËÕÕÕ°·∫∫  √â“ß ·≈–∑¥ Õ∫‡§√◊ËÕßµâπ·∫∫Õ∫·Àâß¢â“«‡ª≈◊Õ°‚¥¬‡∑§π‘§°“√∑”
‰À≈∫π∞“π —Ëπ ¢π“¥°”≈—ßº≈‘µ Ú.ı-ı. µ—πµàÕ™—Ë«‚¡ß ·≈–æ—≤π“·∫∫®”≈Õß∑“ß§≥‘µ»“ µ√å ”À√—∫À“·π«∑“ß
°“√Õ∫·Àâß∑’Ë‡À¡“–∑’Ë ÿ¥.

 ¿“«–‡ß◊ËÕπ‰¢∑’Ë„™â„π°“√∑¥ Õ∫‡§√◊ËÕß¡’¥—ßπ’È : Õ—µ√“°“√‰À≈¢ÕßÕ“°“»Õ∫·Àâß Ò.˜ ≈Ÿ°∫“»°å‡¡µ√µàÕ«‘π“∑’,
§«“¡‡√Á«Õ“°“»Õ∫·Àâß Ò.Ù ‡¡µ√µàÕ«‘π“∑’, Õÿ≥À¿Ÿ¡‘Õ“°“»Õ∫·Àâß‡©≈’Ë¬ ÒÚı-ÒÙ Õß»“‡´≈‡´’¬ , √–¬–‡«≈“
∑’Ë¢â“«‡ª≈◊Õ°Õ¬Ÿà„πÀâÕßÕ∫·Àâßª√–¡“≥ Ò π“∑’, §«“¡ Ÿß™—Èπ¢â“«‡ª≈◊Õ° ÒÒ.ı ‡´πµ‘‡¡µ√,   —¥ à«πÕ“°“»‡«’¬π°≈—∫
.¯ı ·≈–§à“§«“¡‡¢â¡°“√ —Ëπª√–¡“≥ Ò (§«“¡∂’Ë ˜.Û ‡Œ‘√µ´å ·≈–·Õ¡æ≈‘®Ÿ¥„π·π«¥‘Ëß ı ¡‘≈≈‘‡¡µ√).

º≈°“√∑¥ Õ∫ æ∫«à“ ‡¡◊ËÕÕ—µ√“°“√ªÑÕπ¢â“«‡ª≈◊Õ°‡∑à“°—∫ Ù,¯ÚÒ °‘‚≈°√—¡µàÕ™—Ë«‚¡ß  “¡“√∂≈¥§«“¡™◊Èπ
¢â“«‡ª≈◊Õ°®“°√âÕ¬≈– Ú¯ ‡À≈◊Õ√âÕ¬≈– ÚÛ ¢Õß∞“π·Àâß ‚¥¬ ‘Èπ‡ª≈◊Õß°”≈—ß‰øøÑ“·≈–πÈ”¡—π¥’‡´≈ ˘,ˆÙˆ «—µµå
·≈– Ò˜.ˆ ≈‘µ√µàÕ™—Ë«‚¡ß µ“¡≈”¥—∫,  ‘Èπ‡ª≈◊Õßæ≈—ßß“πª∞¡¿Ÿ¡‘®”‡æ“– ˆ.Òı ‡¡°–®Ÿ≈µàÕ°‘‚≈°√—¡πÈ”∑’Ë√–‡À¬,
°”≈—ß‰øøÑ“∑’Ë„™â¢—∫¡Õ‡µÕ√åæ—¥≈¡·≈–¡Õ‡µÕ√å —Ëπ –‡∑◊Õπ¡’§à“ª√–¡“≥√âÕ¬≈– ıı ¢Õß¡Õ‡µÕ√åæ—¥≈¡°√≥’Õ∫·Àâß
¥â«¬‡∑§π‘§°“√∑”‰À≈∑’Ë‰¡à¡’°“√ —Ëπ.  °√≥’∑’Ë¡’°“√Õ∫·Àâß ÒÚ ™—Ë«‚¡ßµàÕ«—π ·≈– ˘ «—πµàÕªï ®–¡’§à“„™â®à“¬„π°“√
 √â“ß‡§√◊ËÕßÕ∫·Àâß¢â“«‡ª≈◊Õ° Ò.ı ∫“∑µàÕ°‘‚≈°√—¡πÈ”∑’Ë√–‡À¬ ·∫àß‡ªìπ§à“„™â®à“¬„π°“√ √â“ß‡§√◊ËÕßÕ∫·Àâß .ı
∫“∑µàÕ°‘‚≈°√—¡πÈ”∑’Ë√–‡À¬ ·≈–§à“„™â®à“¬„π°“√¥”‡π‘π°“√Õ∫·Àâß Ò ∫“∑µàÕ°‘‚≈°√—¡πÈ”∑’Ë√–‡À¬.  ‡¡◊ËÕ‡ª√’¬∫
‡∑’¬∫º≈°“√∑¥ Õ∫°—∫·∫∫®”≈Õß∑“ß§≥‘µ»“ µ√å∑’Ëæ—≤π“¢÷Èπ æ∫«à“ “¡“√∂∑”π“¬°“√Õ∫·Àâß¢â“«‡ª≈◊Õ°„π
√–¥—∫æÕ¬Õ¡√—∫‰¥â   ”À√—∫°“√Õ∫·Àâß¢â“«‡ª≈◊Õ°‚¥¬‡∑§π‘§°“√∑”‰À≈∑’Ë¢π“¥°”≈—ßº≈‘µ ı µ—πµàÕ™—Ë«‚¡ß
§«“¡™◊Èπ‡√‘Ë¡µâπ√âÕ¬≈– Û ¢Õß∞“π·Àâß ·≈–§«“¡‡√Á«Õ“°“»Õ∫·Àâß Ú.Û ‡¡µ√µàÕ«‘π“∑’.   ¿“«–‡ß◊ËÕπ‰¢°“√Õ∫
·Àâß¢â“«‡ª≈◊Õ°‚¥¬‡∑§π‘§°“√∑”‰À≈∑’Ë‡À¡“–∑’Ë ÿ¥¡’¥—ßπ’È Õÿ≥À¿Ÿ¡‘Õ“°“»Õ∫·Àâß ÒÙ˘ Õß»“‡´≈‡´’¬ ,  —¥ à«π
Õ“°“»‡«’¬π°≈—∫ .˘Û ·≈–§«“¡ Ÿß™—Èπ¢â“«‡ª≈◊Õ° ÒÒ.˘ ‡´πµ‘‡¡µ√,  ¡’§«“¡ ‘Èπ‡ª≈◊Õßæ≈—ßß“πª∞¡¿Ÿ¡‘®”‡æ“–
ı.˜Ù ‡¡°–®Ÿ≈µàÕ°‘‚≈°√—¡πÈ”∑’Ë√–‡À¬ ·≈–§«“¡™◊Èπ ÿ¥∑â“¬√âÕ¬≈– ÚÙ.˘ ¢Õß∞“π·Àâß.   ”À√—∫°“√Õ∫·Àâß‚¥¬
‡∑§π‘§°“√∑”‰À≈∫π∞“π —Ëπ∑’Ë°”≈—ß°“√º≈‘µ·≈–§«“¡™◊Èπ‡√‘Ë¡µâπ‡∑à“°—π ·µà„™â§«“¡‡√Á«Õ“°“»Õ∫·Àâß Ò.ı ‡¡µ√
µàÕ«‘π“∑’  ¿“«–‡ß◊ËÕπ‰¢°“√Õ∫·Àâß∑’Ë‡À¡“–∑’Ë ÿ¥¡’¥—ßπ’È : Õÿ≥À¿Ÿ¡‘Õ“°“»Õ∫·Àâß ÒÙÛ Õß»“‡´≈‡´’¬ ,  —¥ à«π
Õ“°“»‡«’¬π°≈—∫ .¯Û, §«“¡ Ÿß™—Èπ¢â“«‡ª≈◊Õ° ˘.˘ ‡´πµ‘‡¡µ√, §«“¡∂’Ë°“√ —Ëπ –‡∑◊Õπ ı ‡Œ‘√åµ´å ·≈–§«“¡‡¢â¡
°“√ —Ëπ –‡∑◊Õπ Ú.ı, ¡’§«“¡ ‘Èπ‡ª≈◊Õßæ≈—ßß“πª∞¡¿Ÿ¡‘®”‡æ“– ı.Ûˆ ‡¡°–®Ÿ≈µàÕ°‘‚≈°√—¡πÈ”∑’Ë√–‡À¬ ·≈–§«“¡™◊Èπ
 ÿ¥∑â“¬√âÕ¬≈– Úˆ. ¢Õß∞“π·Àâß.

 √ÿª °“√Õ∫·Àâß¢â“«‡ª≈◊Õ°‚¥¬‡∑§π‘§°“√∑”‰À≈∫π∞“π —Ëπ¡’§«“¡ ‘Èπ‡ª≈◊Õßæ≈—ßß“πª∞¡¿Ÿ¡‘®”‡æ“–πâÕ¬°«à“
‡∑§π‘§°“√∑”‰À≈∑’Ë‰¡à —Ëπª√–¡“≥√âÕ¬≈– ˜.   °“√Õ∫·Àâß‚¥¬‡∑§π‘§°“√∑”‰À≈∫π∞“π —Ëπ„™â°”≈—ß‰øøÑ“√«¡·≈–
πÈ”¡—π¥’‡´≈‡©≈’Ë¬‡∑à“°—∫ ı.˘ °‘‚≈«—µµå ·≈– ÚÒ.Ò ≈‘µ√µàÕ™—Ë«‚¡ß µ“¡≈”¥—∫, ‚¥¬¡’§à“°”≈—ß‰øøÑ“√«¡ª√–¡“≥√âÕ¬≈–
Û ¢Õß°”≈—ß‰øøÑ“√«¡°√≥’Õ∫·Àâß‚¥¬‡∑§π‘§°“√∑”‰À≈∑’Ë‰¡à¡’°“√ —Ëπ.

§” ”§—≠ : °“√Õ∫·Àâß¢â“«‡ª≈◊Õ°, °“√∑”‰À≈∫π∞“π —Ëπ, °“√∑”‰À≈

 ¡™“µ‘  ‚ ¿≥√≥ƒ∑∏‘Ï*✝

 ¡∫Ÿ√≥å  ‡«™°“¡“✝

 ÿ«—≤πå  µ√Ÿ∑—»π«‘π∑å#

«ÿ≤‘°√≥å  ®√‘¬µ—πµ‘‡«∑¬å#

*√“™∫—≥±‘µ  ”π—°«‘∑¬“»“ µ√å
√“™∫—≥±‘µ¬ ∂“π

✝ §≥–æ≈—ßß“π·≈–«— ¥ÿ
¡À“«‘∑¬“≈—¬‡∑§‚π‚≈¬’æ√–®Õ¡‡°≈â“∏π∫ÿ√’

#Õ¥’µπ—°»÷°…“ª√‘≠≠“‚∑
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°“√ÕÕ°·∫∫ ∑¥ Õ∫ ·≈–À“·π«∑“ß∑’Ë‡À¡“–∑’Ë ÿ¥ ”À√—∫

°“√Õ∫·Àâß¢â“«‡ª≈◊Õ° ‚¥¬‡∑§π‘§°“√∑”‰À≈∫π∞“π —Ëπ
ˆ

∫∑π”

 ¡™“µ‘ ‚ ¿≥√≥ƒ∑∏‘Ï ·≈–§≥–Ò

‰¥â»÷°…“ ¿“«–°“√Õ∫·Àâß¢â“«‡ª≈◊Õ°
§«“¡™◊Èπ Ÿß¥â«¬‡∑§π‘§°“√∑”‰À≈
·∫∫µàÕ‡π◊ËÕß ‚¥¬„™â·∫∫®”≈Õß∑“ß
§≥‘µ»“ µ√å§«∫§Ÿà‰ª°—∫°“√∑¥≈Õß
‡¡◊ËÕæ‘®“√≥“„Àâ¡’Õ—µ√“°“√º≈‘µ Ÿß ¡’
§«“¡ ‘Èπ‡ª≈◊Õßæ≈—ßß“πµË” ·≈–¢â“«¡’
§ÿ≥¿“æ¥’ æ∫«à“ ∑’ËÕÿ≥À¿Ÿ¡‘Õ“°“»
Õ∫·Àâß ÒÒı Õß»“‡´≈‡´’¬  §«“¡
™◊Èπ‡√‘Ë¡µâπ¢Õß¢â“«‡ª≈◊Õ°√âÕ¬≈– Û
¢Õß∞“π·Àâß §«“¡™◊Èπ ÿ¥∑â“¬√âÕ¬≈–
ÚÙ ¢Õß∞“π·Àâß §«“¡ Ÿß™—Èπ¢â“«
‡ª≈◊Õ° Ò ‡´πµ‘‡¡µ√ Õ—µ√“°“√‰À≈
®”‡æ“–¢ÕßÕ“°“» .ÙÛ °‘‚≈°√—¡
µàÕ«‘π“∑’-°‘‚≈°√—¡«— ¥ÿ·Àâß  —¥ à«π
Õ“°“»‡«’¬π°≈—∫ .¯ ¡’Õ—µ√“ à«π
√–À«à“ßæ≈—ßß“π∑’Ë „™â√–‡À¬πÈ”µàÕ
Õ—µ√“°“√º≈‘µµË” ÿ¥ ‚¥¬ ‘Èπ‡ª≈◊Õß
æ≈—ßß“πª∞¡¿Ÿ¡‘®”‡æ“– ̃ .˘ ‡¡°–®Ÿ≈
µàÕ°‘‚≈°√—¡πÈ”∑’Ë√–‡À¬ ¡’§à“„™â®à“¬„π
°“√Õ∫·Àâß Ú.ı ∫“∑µàÕ°‘‚≈°√—¡
πÈ”∑’Ë√–‡À¬.  ®“°°“√»÷°…“‡æ‘Ë¡‡µ‘¡Ú

æ∫«à“ ∂â“µâÕß°“√„Àâ¢â“«‡ª≈◊Õ°¡’
ª√‘¡“≥¢â“«µâπ Ÿß (ª√‘¡“≥¢â“«À—°µË”)
‰¡à§«√Õ∫·Àâß„Àâ§«“¡™◊Èπ ÿ¥∑â“¬¢Õß
¢â“«‡ª≈◊Õ°µË”°«à“√âÕ¬≈– ÚÛ ¢Õß
∞“π·Àâß ·≈–√âÕ¬≈– Ò˘ ¢Õß∞“π·Àâß
 ”À√—∫°√≥’∑’Ë‰¡à¡’°“√‡∑¡‡ªÕ√å·≈–
°√≥’∑’Ë¡’°“√‡∑¡‡ªÕ√å µ“¡≈”¥—∫
·≈–Õÿ≥À¿Ÿ¡‘Õ“°“»Õ∫·Àâß‰¡à§«√ Ÿß
°«à“ Òı Õß»“‡´≈‡´’¬ .

RysinÛ »÷°…“°“√Õ∫·ÀâßÕ“À“√
‚¥¬‡∑§π‘§°“√∑”‰À≈·≈– —Ëπ æ∫«à“
§«“¡‡¢â¡°“√ —Ëπ‰¡àà§«√¡’§à“‡°‘π Û.Û

‚¥¬§à“§«“¡‡¢â¡°“√ —Ëπ·≈–·Õ¡æ≈‘®Ÿ¥
∑’Ë‡À¡“–Õ¬Ÿà√–À«à“ß Ò.ı-Ú. ·≈–
ı-Ò ¡‘≈≈‘‡¡µ√ µ“¡≈”¥—∫.   Ringer
·≈– MujumdarÙ  √â“ß·ºπ¿Ÿ¡‘ ”À√—∫
‡≈◊Õ°æ“√“¡‘‡µÕ√å°“√∑”ß“π ”À√—∫
°“√Õ∫·Àâß‚¥¬„™â‡∑§π‘§°“√∑”‰À≈
∫π∞“π —Ëπ  æ∫«à“Õ—µ√“ à«π§«“¡‡√Á«
Õ“°“»µàÕ§«“¡‡√Á«µË” ÿ¥∑’Ë∑”„Àâ‡°‘¥
°“√∑”‰À≈ ·≈–§«“¡‡¢â¡°“√ —Ëπ¡’§à“
‰¡à‡°‘π Ò.Ò ·≈– Û.Û µ“¡≈”¥—∫.
Œ“π ·≈–§≥–ı »÷°…“°“√°√–®“¬
√–¬–‡«≈“∑’ËÕ¬Ÿà„πÀâÕßÕ∫·Àâß¢Õß«— ¥ÿ
(residence time distribution)
·≈–≈—°…≥–‡©æ“–¢Õß°“√Õ∫·Àâß„π
‡§√◊ËÕßÕ∫·Àâß‚¥¬‡∑§π‘§°“√∑”‰À≈
∫π∞“π —ËπÕ¬à“ßµàÕ‡π◊ËÕß¢π“¥‚√ßß“π
π”√àÕß.  «— ¥ÿ∑’Ë„™â„π°“√∑¥≈Õß§◊Õ
¢â“« “≈’ ·≈– Biyanning  (™◊ËÕ∑“ß
°“√§â“¢Õß¬“√—°…“‚√§‡¬◊Ë Õ®¡Ÿ°
Õ—°‡ ∫™π‘¥‡¡Á¥).  µ—«·ª√∑’Ë∑”°“√
»÷°…“§◊Õ §«“¡‡¢â¡°“√ —Ëπ, Õ—µ√“
°“√‰À≈‡™‘ß¡«≈¢ÕßÕ“°“», Õ—µ√“
°“√ªÑÕπ«— ¥ÿ  Õÿ≥À¿Ÿ¡‘Õ“°“»∑’Ë∑“ß
‡¢â“ÀâÕßÕ∫·Àâß ·≈–¢π“¥¢Õß«— ¥ÿ,
‚¥¬æ‘®“√≥“°“√‰À≈¢Õß«— ¥ÿ„π
‡§√◊ËÕßÕ∫·Àâß‡ªìπ°“√‰À≈·∫∫≈Ÿ° Ÿ∫
(plug flow).  ®“°°“√∑¥≈Õßæ∫«à“
§«“¡‡¢â¡°“√ —Ëπ‡ªìπªí®®—¬ ”§—≠∑’Ë àß
º≈µàÕ√–¬–‡«≈“‡©≈’Ë¬¢Õß«— ¥ÿ„πÀâÕß
Õ∫·Àâß ·≈–°“√°√–®“¬¢Õß«— ¥ÿ.
‡¡◊ËÕ§«“¡‡¢â¡°“√ —Ëπ‡æ‘Ë¡¡“°¢÷Èπ
∑”„Àâ√–¬–‡«≈“‡©≈’Ë¬¢Õß«— ¥ÿ„πÀâÕß
Õ∫·Àâß≈¥≈ß ·≈–Õ—µ√“°“√Õ∫·Àâß
‡æ‘Ë¡¢÷Èπ.  ®“°ß“π«‘®—¬¥â“π°“√Õ∫·Àâß
‚¥¬‡∑§π‘§°“√∑”‰À≈∫π∞“π —Ëπ∑’Ë
ºà“π¡“¢â“ßµâπ  √ÿª‰¥â«à“§«“¡‡¢â¡

°“√ —Ëπ§«√¡’§à“ Ò.ı-Ú. ·≈–§«“¡∂’Ë
¢Õß°“√ —Ëπ§«√¡’§à“ ı-Úı ‡Œ‘√åµ´å
‚¥¬§«√„™â§«“¡∂’ËµË” ‡æ◊ËÕ≈¥°“√ ÷°
À√Õ ·≈–ª√–À¬—¥æ≈—ßß“π‰øøÑ“¢Õß
¡Õ‡µÕ√å —Ëπ ·≈–‡æ‘Ë¡§à“·Õ¡æ≈‘®Ÿ¥‡æ◊ËÕ
‡æ‘Ë¡§«“¡‡¢â¡°“√ —Ëπ·∑π.

®“°°“√∑’Ë¡’°“√º≈‘µ·≈–„™âß“π
‡§√◊ËÕßÕ∫·Àâß‚¥¬‡∑§π‘§°“√∑”‰À≈
Õ¬à“ß·æ√àÀ≈“¬∑—Èß„πª√–‡∑»·≈–µà“ß
ª√–‡∑» ·≈–§«“¡µâÕß°“√≈¥°”≈—ß
‰øøÑ“¢Õß¡Õ‡µÕ√åæ—¥≈¡ ÷́Ëß§“¥«à“
πà“®–≈¥‰¥â∂â“¡’°“√ —Ëπ√à«¡¥â«¬.  ¥—ßπ—Èπ
ß“π«‘®—¬π’È®÷ß¡’«—µ∂ÿª√– ß§å‡æ◊ËÕÕÕ°
·∫∫  √â“ß ∑¥ Õ∫‡§√◊ËÕßµâπ·∫∫Õ∫
·Àâß¢â“«‡ª≈◊Õ°‚¥¬‡∑§π‘§°“√∑”‰À≈
∫π∞“π —Ëπ ¢π“¥°”≈—ß°“√º≈‘µ Ú.ı-
ı. µ—πµàÕ™—Ë«‚¡ß ·≈–æ—≤π“·∫∫
®”≈Õß∑“ß§≥‘µ»“ µ√å ”À√—∫À“
 ¿“«–‡ß◊ËÕπ‰¢∑’Ë‡À¡“–∑’Ë ÿ¥„π°“√Õ∫
·Àâß¢â“«‡ª≈◊Õ°‚¥¬‡∑§π‘§°“√∑”
‰À≈∫π∞“π —Ëπ.

«‘∏’¥”‡π‘π°“√

°“√æ—≤π“‡§√◊ËÕßµâπ·∫∫·≈–

«‘∏’°“√∑¥≈Õß

¥”‡π‘π°“√ √â“ß‡§√◊ËÕßÕ∫·Àâß
¢â“«‡ª≈◊Õ°‚¥¬‡∑§π‘§°“√∑”‰À≈∫π
∞“π —Ëπ ¢π“¥°”≈—ßº≈‘µ ı. µ—πµàÕ
™—Ë«‚¡ß ∑’Ë∫√‘…—∑‰√â´å‡ÕÁπ®‘‡π’¬√‘Ëß ´—æ-
æ≈“¬ ®”°—¥  ÕÕ°·∫∫µ“¡À≈—°°“√
‡™àπ‡¥’¬«°—∫‡§√◊ËÕßÕ∫·Àâß¢â“«‡ª≈◊Õ°
‚¥¬‡∑§π‘§°“√∑”‰À≈ ·µà„™â§«“¡‡√Á«
Õ“°“»Õ∫·Àâß≈¥≈ß ∑”„Àâ„™â¡Õ‡µÕ√å
¢π“¥‡≈Á°≈ß®“° Òı °‘‚≈«—µµå ‡À≈◊Õ
˜.ı °‘‚≈«—µµå.  ‰¥â∑”°“√∑¥≈Õß∑’Ë



«“√ “√√“™∫—≥±‘µ¬ ∂“π
ªï∑’Ë Ú˜  ©∫—∫∑’Ë Ò  ¡.§.-¡’.§.  ÚıÙı

 ¡™“µ‘  ‚ ¿≥√≥ƒ∑∏‘Ï ·≈–§≥– ˆÒ

‚√ß ’¢â“«∏—≠≠“°“√«—ßµ“‡æ™√ Õ”‡¿Õ
∫“ßª≈“¡â“ ®—ßÀ«—¥ ÿæ√√≥∫ÿ√’.   à«π
ª√–°Õ∫‡§√◊ËÕßÕ∫·Àâß¡’¥—ßπ’È

ÀâÕß‡º“‰À¡â·≈–À—«æàπ‰ø
æ—¥≈¡·∫∫ÀÕ¬‚¢àß„∫æ—¥‚§âß

À≈—ß „™â¡Õ‡µÕ√å¢—∫¢π“¥ ̃ .ı °‘‚≈«—µµå
ÀâÕßÕ∫·Àâß¢π“¥ .ˆ × Ú.Ò ×

Ò.Ú ‡¡µ√
·≈–·ºàπµ–·°√ß°√–®“¬≈¡

¢π“¥ .ˆ × Ú.Ò ‡¡µ√ Àπ“ .ı
¡‘≈≈‘‡¡µ√ ¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß√Ÿ
Ò.Ò ¡‘≈≈‘‡¡µ√

√–∫∫°“√ —Ëπª√–°Õ∫¥â«¬ ™ÿ¥
≈Ÿ°‡∫’È¬« ™ÿ¥ ª√‘ß¢¥ ·≈–™ÿ¥ ª√‘ß≈“π
¡Õ‡µÕ√å¢—∫√–∫∫ —Ëπ ¢π“¥ Ò.ı °‘‚≈
«—µµå (§«“¡∂’Ë ˜.Û ‡Œ‘√åµ´å, §«“¡
‡¢â¡°“√ —Ëπ Ò ·≈–·Õ¡æ≈‘®Ÿ¥„π·π«¥‘Ëß
ı ¡‘≈≈‘‡¡µ√)

∂—ßæ—°¢â“«‡ª≈◊Õ°
‚√∑“√’ªÑÕπ·≈–ª≈àÕ¬¢â“«‡ª≈◊Õ°

‡ “°–æâÕ
µŸâ§«∫§ÿ¡√–∫∫‰øøÑ“
√–∫∫∑àÕÕ“°“»‡«’¬π°≈—∫
·≈–‰´‚§≈π √“¬≈–‡Õ’¬¥· ¥ß‰«â

„π√Ÿª∑’Ë Ò.
„π°“√∑¥≈Õß‰¥â‡°Á∫µ—«Õ¬à“ß¢â“«

‡ª≈◊Õ°°àÕπ·≈–À≈—ß°“√Õ∫·Àâß∑ÿ° Ú
π“∑’ ‡æ◊ËÕπ”¡“À“§«“¡™◊Èπ·≈–∑¥ Õ∫
§ÿ≥¿“æ.  °àÕπ°“√∑¥ Õ∫§ÿ≥¿“æ
µ—«Õ¬à“ß¢â“«‡ª≈◊Õ°∂Ÿ°‡ªÉ“¥â«¬Õ“°“»
·«¥≈âÕ¡®π§«“¡™◊Èπ≈¥≈ß‡À≈◊Õ
ª√–¡“≥√âÕ¬≈– ÒÙ ¢Õß∞“π‡ªï¬°.
«—¥Õÿ≥À¿Ÿ¡‘‚¥¬„™â “¬‡∑Õ√å¡Õ§—ª‡ªî≈
(thermocouple) ™π‘¥‡§ µàÕ‡¢â“°—∫
µ—«∫—π∑÷°¢âÕ¡Ÿ≈ (data logger) §à“
§«“¡∂Ÿ°µâÕß ± Ò Õß»“‡´≈‡ ’́¬ .  «—¥

§«“¡‡√Á«≈¡‚¥¬ hot wire anemo-
meter  §à“§«“¡∂Ÿ°µâÕß ± √âÕ¬≈– Ù
∑’Ëµ”·Àπàßµà“ßÊ ¢Õß‡§√◊ËÕßÕ∫·Àâß
¥—ß· ¥ß„π√Ÿª∑’Ë Ò  ·≈–«—¥°”≈—ß
‰øøÑ“‚¥¬„™â clamp-on meter §à“
§«“¡∂Ÿ°µâÕß ± √âÕ¬≈– .ı.

°“√æ—≤π“·∫∫®”≈Õß∑“ß

§≥‘µ»“ µ√å¢Õß°“√Õ∫·Àâß

 ¡™“µ‘ ‚ ¿≥√≥ƒ∑∏‘Ï ·≈–
 ¡‡°’¬√µ‘ ª√—™≠“«√“°√ˆ  ·≈–  ¡™“µ‘
‚ ¿≥√≥ƒ∑∏‘Ï·≈–§≥–Ò ‰¥âæ—≤π“
·∫∫®”≈Õß∑“ß§≥‘µ»“ µ√å ·≈–
 ¡°“√Õ—µ√“°“√Õ∫·Àâß¢â“«‡ª≈◊Õ°
‚¥¬‡∑§π‘§°“√∑”‰À≈ ‚¥¬»÷°…“„π

™à«ßÕ—µ√“°“√‰À≈®”‡æ“–¢ÕßÕ“°“»
.ÒÛ-.ÛÛ °‘‚≈°√—¡µàÕ«‘π“∑’-
°‘‚≈°√—¡«— ¥ÿ·Àâß ·≈– .Û-.Òˆ
°‘‚≈°√—¡µàÕ«‘π“∑’-°‘‚≈°√—¡«— ¥ÿ·Àâß
µ“¡≈”¥—∫, ´÷Ëß “¡“√∂π”¡“ª√–¬ÿ°µå
„™â°—∫°“√æ—≤π“·∫∫®”≈Õß∑“ß
§≥‘µ»“ µ√å°“√Õ∫·Àâß¢â“«‡ª≈◊Õ°
‚¥¬‡∑§π‘§°“√∑”‰À≈·≈– —Ëπ‰¥â ‚¥¬
µ—Èß ¡¡ÿµ‘∞“π¥—ßπ’È

Ò. ‡°‘¥ ¡¥ÿ≈§«“¡√âÕπ√–À«à“ß
¢â“«‡ª≈◊Õ°°—∫Õ“°“»Õ∫·Àâß

Ú. °“√‰À≈¢Õß¢â“«‡ª≈◊Õ°„π
ÀâÕßÕ∫·Àâß‡ªìπ°“√‰À≈·∫∫≈Ÿ° Ÿ∫

Û. ¢â“«‡ª≈◊Õ°‡°‘¥°“√‰À≈Õ¬à“ß
 ¡∫Ÿ√≥å„πÀâÕßÕ∫·Àâß

√Ÿª∑’Ë Ò
º—ß· ¥ß‡§√◊ËÕßÕ∫·Àâß¢â“«‡ª≈◊Õ°‚¥¬‡∑§π‘§°“√∑”‰À≈·≈– —Ëπ
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°“√ÕÕ°·∫∫ ∑¥ Õ∫ ·≈–À“·π«∑“ß∑’Ë‡À¡“–∑’Ë ÿ¥ ”À√—∫

°“√Õ∫·Àâß¢â“«‡ª≈◊Õ° ‚¥¬‡∑§π‘§°“√∑”‰À≈∫π∞“π —Ëπ
ˆÚ

Ù. Õ“°“»‰À≈ºà“π‡¡≈Á¥¢â“«
‡ª≈◊Õ°Õ¬à“ß ¡Ë”‡ ¡Õ ·≈–

ı. ·√ß≈—æ∏å¢Õß°“√ —Ëπ –‡∑◊Õπ¡’
∑‘»∑“ß‡¥’¬«°—∫∑‘»∑“ß¢ÕßÕ“°“»Õ∫
·Àâß. √Ÿª∑’Ë Ú ‡ªìπ·ºπ¿“æ· ¥ß
√–∫∫Õ∫·Àâß¢â“«‡ª≈◊Õ°‚¥¬‡∑§π‘§
°“√∑”‰À≈·≈– —Ëπ ·≈–ª√‘¡“µ√
§«∫§ÿ¡„π·µà≈– à«π¢Õß√–∫∫ ®“°
°ÆÕπÿ√—°…åæ≈—ßß“π·≈–¡«≈, ´÷Ëß
 “¡“√∂π”¡“ª√–¬ÿ°µå‡¢’¬π·∫∫
®”≈Õß∑“ß§≥‘µ»“ µ√å°“√Õ∫·Àâß
¢â“«‡ª≈◊Õ°‚¥¬‡∑§π‘§°“√∑”‰À≈∫π
∞“π —Ëπ‰¥â¥—ßπ’È

°“√§”π«≥‡ªìπ·∫∫≈Õßº‘¥
≈Õß∂Ÿ°  ‚¥¬ ¡¡ÿµ‘§à“ W

f1
 ·≈â«∑”°“√

µ√«® Õ∫¿“¬À≈—ß æ‘®“√≥“ª√‘¡“µ√
§«∫§ÿ¡∑’Ë Ò „π√Ÿª∑’Ë Ú ´÷Ëß‡ªìπÀâÕß
Õ∫·Àâß¢â“«‡ª≈◊Õ°  ®“° ¡°“√°“√
Õ∫·Àâß¢â“«‡ª≈◊Õ°¢Õß  ¡™“µ‘
‚ ¿≥√≥ƒ∑∏‘Ï ·≈–  ¡‡°’¬√µ‘ ª√—™-
≠“«√“°√ˆ ·≈– ¡™“µ‘ ‚ ¿≥√≥ƒ∑∏‘Ï
·≈–§≥–Ò, §”π«≥°“√Õ∫·Àâß¢â“«
‡ª≈◊Õ°‚¥¬·∫àß¢â“«‡ª≈◊Õ°‡ªìπ n ™—Èπ
µ“¡·π«¬“«¢Õß‡§√◊ËÕßÕ∫·Àâß ·≈–
„™â ¡°“√∑’Ë (Ò) ·≈– (Ú) §”π«≥À“
 —¥ à«π§«“¡™◊Èπ¢ÕßÕ“°“»·≈–
Õÿ≥À¿Ÿ¡‘¢ÕßÕ“°“»À≈—ß°“√Õ∫·Àâß
¢Õß·µà≈–™—Èπ‰¥â ‚¥¬Õÿ≥À¿Ÿ¡‘¢Õß
Õ“°“»À≈— ß Õ∫·Àâ ß ·≈– — ¥ à «π
§«“¡™◊Èπ¢ÕßÕ“°“»À≈—ß°“√Õ∫·Àâß
‡∑à“°—∫§à“‡©≈’Ë¬‡≈¢§≥‘µ¢ÕßÕÿ≥À¿Ÿ¡‘
Õ“°“»À≈—ß°“√Õ∫·Àâß·≈– —¥ à«π
§«“¡™◊Èπ¢ÕßÕ“°“»À≈—ß°“√Õ∫·Àâß
µ—Èß·µà™—Èπ∑’Ë Ò ∂÷ß n.   ”À√—∫°“√
§”π«≥§à“Õ◊ËπÊ ‡™àπ Õÿ≥À¿Ÿ¡‘¢Õß

√Ÿª∑’Ë Ú
º—ß· ¥ßª√‘¡“µ√§«∫§ÿ¡¢Õß‡§√◊ËÕßÕ∫·Àâß¢â“«‡ª≈◊Õ°‚¥¬‡∑§π‘§°“√∑”‰À≈·≈– —Ëπ
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«“√ “√√“™∫—≥±‘µ¬ ∂“π
ªï∑’Ë Ú˜  ©∫—∫∑’Ë Ò  ¡.§.-¡’.§.  ÚıÙı

 ¡™“µ‘  ‚ ¿≥√≥ƒ∑∏‘Ï ·≈–§≥– ˆÛ

Õ“°“»°àÕπ‡¢â“ÀâÕßÕ∫·Àâß, Õÿ≥À¿Ÿ¡‘
¢ÕßÕ“°“»‡«’¬π°≈—∫, Õÿ≥À¿Ÿ¡‘¢Õß
Õ“°“»°àÕπ‡¢â“À—«‡º“, πÈ”¡—π¥’‡´≈,
Õÿ≥À¿Ÿ¡‘¢ÕßÕ“°“»À≈—ßÕÕ°®“°
æ—¥≈¡, Õ—µ√“°“√ ‘Èπ‡ª≈◊Õßæ≈—ßß“π
§«“¡√âÕπ, Õ—µ√“°“√ ‘Èπ‡ª≈◊Õß
æ≈—ßß“π‰øøÑ“¢Õß¡Õ‡µÕ√åæ—¥≈¡,
Õ—µ√“°“√ ‘Èπ‡ª≈◊Õßæ≈—ßß“π‰øøÑ“
¢Õß¡Õ‡µÕ√å —Ëπ ·≈–Õ—µ√“°“√√–‡À¬
πÈ”¢Õß¢â“«‡ª≈◊Õ°,  “¡“√∂§”π«≥
‰¥â®“° ¡°“√∑’Ë Ò-ÒÒ.

°“√À“·π«∑“ß°“√Õ∫·Àâß∑’Ë

‡À¡“–∑’Ë ÿ¥

®“°·∫∫®”≈Õß∑“ß§≥‘µ»“ µ√å
·≈–«‘∏’À“·π«∑“ß∑’Ë‡À¡“–∑’Ë ÿ¥ ‚¥¬
grid search method   “¡“√∂
§”π«≥À“§à“§«“¡™◊Èπ ÿ¥∑â“¬µË”∑’Ë ÿ¥
·≈–§«“¡ ‘Èπ‡ª≈◊Õßæ≈—ßß“πª∞¡¿Ÿ¡‘
®”‡æ“–µË”∑’Ë ÿ¥ ÷́Ë ß ‡ªìπøíß°å™—π®ÿ¥
ª√– ß§å (objective functions) ‚¥¬
°“√À“·π«∑“ß∑’Ë‡À¡“–∑’Ë ÿ¥„π§√—Èß·√°
°”Àπ¥„Àâøíß°å™—π®ÿ¥ª√– ß§å§◊Õ §à“
§«“¡™◊Èπ ÿ¥∑â“¬µË”∑’Ë ÿ¥  ´÷Ëß‡ªìπ
øíß°å™—π¢Õß —¥ à«πÕ“°“»‡«’¬π°≈—∫
(RC), §«“¡ Ÿß™—Èπ¢â“«‡ª≈◊Õ° (H),
Õÿ≥À¿Ÿ¡‘Õ“°“»°àÕπ‡¢â“ÀâÕßÕ∫·Àâß
(T

mix
), §«“¡‡¢â¡°“√ —Ëπ (Γ) ·≈–

§«“¡∂’Ë°“√ —Ëπ (freq), ‚¥¬¡’§«“¡
 —¡æ—π∏å¥—ß‰¥âÕ∏‘∫“¬‰«â·≈â«µ“¡·∫∫
®”≈Õß∑“ß§≥‘µ»“ µ√å ·≈– “¡“√∂
‡¢’ ¬π√Ÿª·∫∫ ¡°“√øí ß°å ™— π®ÿ ¥
ª√– ß§å‰¥â¥—ßπ’È

Minimize y
1

=  M
f
 (RC, H, T

mix
, Γ,freq)    (ÒÚ)

§”µÕ∫¢Õßøíß°å™—π®ÿ¥ª√– ß§å

∑’Ë‡ªìπ‰ª‰¥â §◊Õ §«“¡™◊Èπ ÿ¥∑â“¬µË”
∑’Ë ÿ¥µâÕß¡’§à“‰¡àµË”°«à“√âÕ¬≈– Ò˘
¢Õß∞“π·Àâß ‡æ◊ËÕ„Àâ‰¥â¢â“«‡ª≈◊Õ°¡’
ª√‘¡“≥¢â“«µâπ Ÿß ·≈–À≈—ß°“√Õ∫
·Àâß¢â“«‡ª≈◊Õ°§«√≈¥§«“¡™◊Èπ‰¥â‰¡à
µË”°«à“√âÕ¬≈– Ù ¢Õß∞“π·Àâß ·≈–¡’
Õ—µ√“°“√ªÑÕπ¢â“«‡ª≈◊Õ° Ú.ı-ı.
µ—πµàÕ™—Ë«‚¡ß µ“¡¢π“¥°”≈—ßº≈‘µ
¢Õß‡§√◊ËÕßÕ∫·Àâß  ´÷Ëß “¡“√∂‡¢’¬π
§«“¡ —¡æ—π∏å¥—ß°≈à“«‰¥â ¥—ßπ’È

19 ≤ M
f
 ≤ M

in 
– 4% d.b.         (ÒÛ)

2.5 ≤ F ≤ 5.0  tons/h (ÒÙ)
‡ß◊ËÕπ‰¢∑’Ë°”Àπ¥ §◊Õ°“√Õ∫

·Àâß‡æ◊ËÕ„Àâ‰¥â¢â“«‡ª≈◊Õ°§ÿ≥¿“æ¥’
´÷ËßµâÕß¡’‡ß◊ËÕπ‰¢°“√Õ∫·Àâß¥—ßπ’È  :
Õÿ≥À¿Ÿ¡‘ Õ“°“»Õ∫·Àâß Ò-Òı
Õß»“‡´≈‡´’¬  ·≈–‡æ◊ËÕ„Àâ√–∫∫¢Õß
‡§√◊ËÕßÕ∫·Àâß‚¥¬‡∑§π‘§°“√‰À≈
∫π∞“π —Ëπ “¡“√∂∑”ß“π‰¥âÕ¬à“ß¡’
ª√– ‘∑∏‘¿“æ¿“¬„π¢Õ∫‡¢µ§«“¡
 “¡“√∂¢Õß‡§√◊ËÕßÕ∫·Àâß ‰¥â°”Àπ¥
 ¿“«–‡ß◊ËÕπ‰¢¥—ßπ’È : §«“¡ Ÿß™—Èπ¢â“«
‡ª≈◊Õ°¿“¬„πÀâÕßÕ∫·Àâß√–À«à“ß ı-
Ú ‡´πµ‘‡¡µ√,  —¥ à«πÕ“°“»‡«’¬π
°≈—∫√–À«à“ß -.˘˜, §«“¡‡¢â¡°“√
 —Ëπ√–À«à“ß Ò.-Ú.ı ·≈–§«“¡∂’Ë°“√
 —Ëπ√–À«à“ß ı-Úı ‡Œ‘√åµ´å ·≈–
°”Àπ¥„Àâ§«“¡‡√Á«Õ“°“»Õ∫·Àâß¡’
§à“§ß∑’Ë‡∑à“°—∫ Ú.Û ‡¡µ√µàÕπ“∑’ ·≈–
Ò.ı ‡¡µ√µàÕπ“∑’  ”À√—∫°“√Õ∫·Àâß
¢â“«‡ª≈◊Õ°‚¥¬‡∑§π‘§°“√∑”‰À≈·≈–
‡∑§π‘§°“√∑”‰À≈·≈– —Ëπµ“¡≈”¥—∫.
 “‡Àµÿ∑’Ë°”Àπ¥„Àâ§«“¡‡√Á«Õ“°“»
Õ∫·Àâß¡’§à“§ß∑’Ë‡π◊ËÕß®“°∑’Ë§«“¡‡√Á«
Õ“°“»Õ∫·ÀâßµË”°«à“§à“¥—ß°≈à“« ¢â“«
‡ª≈◊Õ°Õ“®‡°‘¥ ¿“æ°“√‰À≈‰¡à

 ¡∫Ÿ√≥å‰¥â  ´÷Ëß “¡“√∂‡¢’¬π ¡°“√
§«“¡ —¡æ—π∏å‰¥â¥—ßπ’È

0 ≤ RC ≤ 0.97 (Òˆ)
0.05 ≤ H ≤ 0.20 m (Ò˜)
100 ≤ Tmix ≤ 150˚C (Ò¯)
1.0 ≤ Γ ≤ 2.5 (Ò˘)
5 ≤ freq ≤ 25 Hz (Ú)
„π°“√À“·π«∑“ß∑’Ë‡À¡“–∑’Ë ÿ¥

§√—Èß∑’Ë Ú °”Àπ¥„Àâøíß°å™—π®ÿ¥ª√– ß§å
§◊Õ §à“§«“¡ ‘Èπ‡ª≈◊Õßæ≈—ßß“πª∞¡-
¿Ÿ¡‘®”‡æ“–µË”∑’Ë ÿ¥ ´÷Ëß§”π«≥À“§à“
‰¥â®“°·∫∫®”≈Õß∑“ß§≥‘µ»“ µ√å∑’Ë
°≈à“«¢â“ßµâπ ‚¥¬‡¢’¬π√Ÿª·∫∫ ¡°“√
øíß°å™—π®ÿ¥ª√– ß§å‰¥â¥—ßπ’È

Minimze y
2

=  SPEC (RC, H, T
mix

, Γ, freq) (ÚÒ)
‚¥¬∑’Ë SPEC  = SHC + SPC  (ÚÚ)

Qh
SHC = (ÚÛ)

MER

Et
SPC = ‡¡◊ËÕ Et = Efm + Evm (ÚÙ)

MER

§”µÕ∫¢Õßøíß°å™—π®ÿ¥ª√– ß§å∑’Ë
‡ªìπ‰ª‰¥â§◊Õ §à“§«“¡™◊Èπ ÿ¥∑â“¬
·ª√º—π‰¥â‰¡à‡°‘π√âÕ¬≈– .ı ¢Õß
∞“π·Àâß ®“°§à“§«“¡™◊Èπ ÿ¥∑â“¬µË”
∑’Ë ÿ¥∑’Ë‰¥â®“°°“√À“·π«∑“ß∑’Ë‡À¡“–
∑’Ë ÿ¥§√—Èß·√°  ‚¥¬¡’‡ß◊ËÕπ‰¢∑’Ë°”Àπ¥
¢Õß°“√Õ∫·Àâß¢â“«‡ª≈◊Õ°µ“¡ ¡°“√
∑’Ë Òˆ ∂÷ß Ú   “¡“√∂‡¢’¬π ¡°“√
§«“¡ —¡æ—π∏å¢Õß§”µÕ∫¢Õßøíß°å™—π
®ÿ¥ª√– ß§å∑’Ë‡ªìπ‰ª‰¥â ¥—ßπ’È

(Mf - y1) ≤ 0.5% d.b. (Úı)
®“°°“√À“·π«∑“ß∑’Ë‡À¡“–∑’Ë ÿ¥

∑—Èß Ú §√—Èß¥—ß°≈à“« ®–∑”„Àâ “¡“√∂
À“ ¿“«–‡ß◊ËÕπ‰¢∑’Ë‡À¡“– ¡∑’Ë ÿ¥
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°“√Õ∫·Àâß¢â“«‡ª≈◊Õ° ‚¥¬‡∑§π‘§°“√∑”‰À≈∫π∞“π —Ëπ
ˆÙ

¢Õß°“√Õ∫·Àâß¢â“«‡ª≈◊Õ°‚¥¬‡∑§π‘§
°“√∑”‰À≈·≈–°“√Õ∫·Àâß¢â“«‡ª≈◊Õ°
‚¥¬‡∑§π‘§°“√∑”‰À≈·≈– —Ëπ‰¥â.

º≈·≈–«‘®“√≥å

º≈°“√∑¥≈Õß

®“°°“√∑¥≈ÕßÕ∫·Àâß¢â “«
‡ª≈◊Õ°∑’Ë°”≈—ßº≈‘µ Ù.¯Ú µ—πµàÕ
™—Ë«‚¡ß, Õ—µ√“°“√‰À≈¢ÕßÕ“°“»Õ∫
·Àâß Ò.˜ ≈Ÿ°∫“»°å‡¡µ√µàÕ«‘π“∑’
(§«“¡‡√Á«Õ“°“»Õ∫·Àâß Ò.Ù ‡¡µ√
µàÕπ“∑’),  —¥ à«πÕ“°“»‡«’¬π°≈—∫
.¯ı,  Õÿ≥À¿Ÿ¡‘Õ“°“»Õ∫·Àâß‡©≈’Ë¬
„π™à«ß ÒÚı-ÒÙ Õß»“‡´≈‡ ’́¬ 
·≈–§«“¡‡¢â¡°“√ —Ëπ Ò (§«“¡∂’Ë ˜.Û
‡Œ‘√åµ´å ·≈–·Õ¡æ≈‘®Ÿ¥„π·π«¥‘Ëß ı
¡‘≈≈‘‡¡µ√) ‰¥â  º≈°“√∑¥≈Õß √ÿª‰«â
„πµ“√“ß∑’Ë Ò.

§«“¡™◊È π¢â “« ‡ª≈◊Õ°·≈–

Õÿ≥À¿Ÿ¡‘„π‡§√◊ËÕßÕ∫·Àâß

√Ÿª∑’Ë Û · ¥ßÕÿ≥À¿Ÿ¡‘ ≥ ®ÿ¥
µà“ßÊ ¢Õß‡§√◊ËÕßÕ∫·Àâß.  °√≥’∑’Ë
Õÿ≥À¿Ÿ¡‘Õ“°“»°àÕπ‡¢â“ÀâÕßÕ∫·Àâß
‡©≈’Ë¬‡∑à“°—∫ ÒÙ Õß»“‡´≈‡ ’́¬ 
‚¥¬Õÿ≥À¿Ÿ¡‘·≈–§«“¡™◊Èπ —¡æ—∑∏å
¢ÕßÕ“°“»·«¥≈âÕ¡¡’§à“ª√–¡“≥ Ûı
Õß»“‡´≈‡´’¬  ·≈–√âÕ¬≈– ˆˆ µ“¡
≈”¥—∫ æ∫«à“ Õÿ≥À¿Ÿ¡‘¢â“«‡ª≈◊Õ°À≈—ß
ÕÕ°®“°ÀâÕßÕ∫·Àâß‡©≈’Ë¬‡∑à“°—∫ ˆÙ
Õß»“‡´≈‡´’¬ .  √Ÿª∑’Ë Ù · ¥ß§«“¡™◊Èπ
‡√‘Ë¡µâπ¢Õß¢â“«‡ª≈◊Õ°¡’§à“‡©≈’Ë¬√âÕ¬≈–
Ú¯ ¢Õß∞“π·Àâß ·≈–§«“¡™◊ÈπÀ≈—ß
°“√Õ∫·Àâß‡©≈’Ë¬√âÕ¬≈– ÚÛ ¢Õß∞“π
·Àâß ´÷Ëßæ∫«à“§«“¡™◊Èπ§àÕπ¢â“ß ¡Ë”
‡ ¡Õ.

√Ÿª∑’Ë Û
Õÿ≥À¿Ÿ¡‘∑’Ëµ”·Àπàßµà“ßÊ¢Õß‡§√◊ËÕßÕ∫·Àâß (Õÿ≥À¿Ÿ¡‘Õ“°“»¢“‡¢â“‡©≈’Ë¬ = ÒÙ˚´., §«¡‡¢â¡¢Õß°“√ —Ëπ = Ò,
Õ—µ√“°“√„ àµ—«Õ¬à“ß = Ò.ÛÙ °°./«‘π“∑’, ª√‘¡“≥§«“¡™◊Èπ¢“‡¢â“ = Ú¯% d.b., §«“¡ Ÿß¢Õß
µ—«Õ¬à“ß∫π∞“π = ÒÒ.ı ´¡., §«“¡‡√Á«¢Õß∞“π = Ò.Ù ¡./«‘π“∑’, ª√‘¡“≥§«“¡™◊Èπ¢“ÕÕ° = ÚÛ%
d.b.)

√Ÿª∑’Ë Ù
· ¥ß§«“¡™◊Èπ¢Õß¢â“«‡ª≈◊Õ°°àÕπ·≈–À≈—ß°“√Õ∫·Àâß (Õÿ≥À¿Ÿ¡‘Õ“°“»‡©≈’Ë¬¢“‡¢â“ = ÒÙ˚´., §«“¡‡¢â¡¢Õß
°“√ —Ëπ = Ò, Õ—µ√“„ àµ—«Õ¬à“ß = Ò.ÛÙ °°./«‘π“∑’, §«“¡ Ÿß¢Õßµ—«Õ¬à“ß∫π∞“π = ÒÒ.ı ´¡.,
§«“¡‡√Á«¢Õß∞“π = Ò.Ù ¡./«‘π“∑’)

§ÿ≥¿“æ¢â“«‡ª≈◊Õ°

„π°“√∑¥ Õ∫À“¢â“«µâπ ‰¥â‡°Á∫
µ—«Õ¬à“ß¢â“«‡ª≈◊Õ°°àÕπ·≈–À≈—ß°“√
Õ∫·Àâß∑ÿ° Ú π“∑’ æ∫«à“µ—«Õ¬à“ß

¢â“«‡ª≈◊Õ°∑’ËÕ∫·Àâß¥â«¬Õ“°“»·«¥
≈âÕ¡·≈–‡§√◊ËÕßÕ∫·Àâß‚¥¬‡∑§π‘§°“√
∑”‰À≈·≈– —Ëπ (°√≥’Õÿ≥À¿Ÿ¡‘Õ“°“»
°àÕπ‡¢â“ÀâÕßÕ∫·Àâß‡©≈’Ë¬ ÒÙ Õß»“

▲ ▲▲
▲ ▲ ▲ ▲ ▲

▲▲ ▲ ▲ ▲▲ ▲ ▲

▲▲
Inlet air temp. Outlet air temp.

Outlet paddy temp. Ambient air temp.
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«“√ “√√“™∫—≥±‘µ¬ ∂“π
ªï∑’Ë Ú˜  ©∫—∫∑’Ë Ò  ¡.§.-¡’.§.  ÚıÙı

 ¡™“µ‘  ‚ ¿≥√≥ƒ∑∏‘Ï ·≈–§≥– ˆı

‡´≈‡ ’́¬ ) ¡’¢â“«µâπ‡©≈’Ë¬√âÕ¬≈– ÛÚ.
·≈– Û˜. µ“¡≈”¥—∫ ´÷Ëß¢â“«µâπ∑’Ë‰¥â
®“°‡§√◊ËÕßÕ∫·Àâß‚¥¬‡∑§π‘§°“√∑”
‰À≈·≈– —Ëπ¡“°°«à“ª√–¡“≥√âÕ¬≈– ı
¥—ß√“¬≈–‡Õ’¬¥„π√Ÿª∑’Ë ı ∑—Èßπ’È ‡ªìπ
º≈‡π◊ËÕß¡“®“°°“√„™âÕÿ≥À¿Ÿ¡‘Õ“°“»
Õ∫·Àâß∑’Ë ‡À¡“– ¡ (ÒÙ Õß»“
‡´≈‡ ’́¬ ) ·≈–„™â‡«≈“„π°“√Õ∫·Àâß
 —Èπª√–¡“≥ Ò π“∑’  ‡™◊ËÕ«à“¡’°“√
‡°‘¥ ¿“æ«ÿâπ (‡®≈“∑‘‰π‡´™—π) „π
‡¡≈Á¥¢â“«‡ª≈◊Õ° ‚¥¬‡©æ“–∑’Ëº‘«´÷Ëß
‡À¡◊Õπ°—∫º≈∑’Ë‰¥â®“°°“√∑¥≈Õß
»÷°…“°“√Õ∫·Àâß¢â“«‡ª≈◊Õ°‚¥¬„™â
‡∑§π‘§°“√∑”‰À≈¢Õß Õ¥‘‡∑æ ∑«’-
√—µπæ“π‘™ ·≈–§≥–˜.

„π°“√∑¥ Õ∫ ’¢Õß¢â“« “√®“°
µ—«Õ¬à“ß¢â“«‡ª≈◊Õ°∑’ËÕ∫·Àâß¥â«¬
Õ“°“»·«¥≈âÕ¡·≈–‡§√◊ËÕßÕ∫·Àâß‚¥¬
‡∑§π‘§°“√∑”‰À≈·≈– —Ëπ æ∫«à“¡’
§«“¡¢“«‡©≈’Ë¬ª√–¡“≥ ÙÚ.ı ·≈–
ÙÒ.Ú µ“¡≈”¥—∫ (µ“¡ ‡°≈¢Õß
‡§√◊ËÕß«—¥§«“¡¢“«¬’ËÀâÕ Kett C-300)
´÷Ëß¡’§à“µà“ß°—πª√–¡“≥ Ò.Û ¥—ß√“¬
≈–‡Õ’¬¥„π√Ÿª∑’Ë ˆ.

§«“¡ ‘È π ‡ª≈◊ Õßæ≈— ß ß“π

®”‡æ“– (specific energy con-

sumption)

√–∫∫„™â°”≈—ß‰øøÑ“√«¡‡∑à“°—∫
˘,ˆÙˆ «—µµå  ·¬°‡ªìπ°“√„™â°”≈—ß
‰øøÑ“¢Õß·µà≈–Õÿª°√≥å¥—ßπ’È

Ò. blower  √âÕ¬≈– ıı.
Ú. vibrator √âÕ¬≈– Ò.Ù
Û. rotary feeder  √âÕ¬≈– ˆ.Ù
Ù. rotary discharger  √âÕ¬≈–

˜.Ò
ı. elevator  √âÕ¬≈– ÒÛ.

√Ÿª∑’Ë ı
‡ª√’¬∫‡∑’¬∫¢â“«µâπ∑’Ë‰¥â‚¥¬°“√∑”‰À≈∫π∞“π —Ëπ°—∫°“√µ“°·Àâß (Õÿ≥À¿Ÿ¡‘Õ“°“»¢“‡¢â“‡©≈’Ë¬ = ÒÙ˚´.,
§«“¡‡¢â¡¢Õß°“√ —Ëπ = Ò, Õ—µ√“„ àµ—«Õ¬à“ß = Ò.ÛÙ °°./«‘π“∑’, ª√‘¡“≥§«“¡™◊Èπ¢“‡¢â“ = Ú¯% d.b.,
§«“¡ Ÿß¢Õßµ—«Õ¬à“ß∫π∞“π = ÒÒ.ı ´¡., §«“¡‡√Á«¢Õß∞“π = Ò.Ù ¡./«‘π“∑’, ª√‘¡“≥§«“¡™◊Èπ¢“ÕÕ° =
ÚÛ% d.b.)

√Ÿª∑’Ë ˆ
§«“¡¢“«¢Õß¢â“«‡ª√’¬∫‡∑’¬∫√–À«à“ß°“√Õ∫·Àâß‚¥¬°“√∑”‰À≈∫π∞“π —Ëπ°—∫°“√µ“°·Àâß (Õÿ≥À¿Ÿ¡‘Õ“°“»¢“
‡¢â“‡©≈’Ë¬ = ÒÙ˚´., §«“¡‡¢â¡¢Õß°“√ —Ëπ = Ò, Õ—µ√“„ àµ—«Õ¬à“ß = Ò.ÛÙ °°./«‘π“∑’, ª√‘¡“≥§«“¡™◊Èπ
¢“‡¢â“ = Ú¯% d.b., §«“¡ Ÿß¢Õßµ—«Õ¬à“ß∫π∞“π = ÒÒ.ı ´¡., §«“¡‡√Á«¢Õß∞“π = Ò.Ù ¡./«‘π“∑’,
ª√‘¡“≥§«“¡™◊Èπ¢“ÕÕ° = ÚÛ% d.b.)

°“√µ“°·Àâß

°“√∑”·Àâß‚¥¬‡∑§π‘§°“√∑”‰À≈∫π∞“π —Ëπ
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°“√Õ∫·Àâß¢â“«‡ª≈◊Õ° ‚¥¬‡∑§π‘§°“√∑”‰À≈∫π∞“π —Ëπ
ˆˆ

ˆ. burner  √âÕ¬≈– ¯.Ò
®“°°“√∑¥ Õ∫‡§√◊ËÕßæ∫«à“  ‘Èπ

‡ª≈◊Õßæ≈—ßß“πª∞¡¿Ÿ¡‘‡©≈’Ë¬ ˜ÚÛ.Ò
‡¡°–®Ÿ≈µàÕ™—Ë«‚¡ß ·∫àß‡ªìπ°”≈—ß‰øøÑ“
„π√Ÿªæ≈—ßß“πª∞¡¿Ÿ¡‘‡©≈’Ë¬ ¯˜.ˆ
‡¡°–®Ÿ≈µàÕ™—Ë«‚¡ß („™â§à“ conversion
factor = Ú.ˆ) ·≈–§«“¡√âÕπ‡©≈’Ë¬
ˆÛı.ı ‡¡°–®Ÿ≈µàÕ™—Ë«‚¡ß  “¡“√∂
√–‡À¬πÈ”‰¥â ÒÒ˜.ˆ °‘‚≈°√—¡µàÕ™—Ë«‚¡ß
 ‘Èπ‡ª≈◊Õßæ≈—ßß“πª∞¡¿Ÿ¡‘®”‡æ“–
√«¡‡©≈’Ë¬ ˆ.Òı ‡¡°–®Ÿ≈µàÕ°‘‚≈°√—¡
πÈ”∑’Ë√–‡À¬ ´÷Ëß¡’§à“„°≈â‡§’¬ß°—∫¢Õß
°“√Õ∫·Àâß¢â“«‡ª≈◊Õ°‚¥¬‡∑§π‘§
°“√∑”‰À≈∑’Ë‰¡à¡’°“√ —Ëπ ·µà‡¡◊ËÕ
æ‘®“√≥“‡©æ“–°”≈—ß‰øøÑ“∑’Ë„™â„π
¡Õ‡µÕ√åæ—¥≈¡·≈–¡Õ‡µÕ√å —Ëπ æ∫«à“
„™â°”≈—ß‰øøÑ“ª√–¡“≥√âÕ¬≈– ıı
¢Õß°”≈—ß‰øøÑ“∑’Ë„™â„π¡Õ‡µÕ√åæ—¥≈¡
¢Õß°“√Õ∫·Àâß‚¥¬„™â‡∑§π‘§°“√∑”
‰À≈∑’Ë‰¡à¡’°“√ —Ëπ¯.

§à“„™â®à“¬

§à“„™â®à“¬„π°“√ √â“ß‡§√◊ËÕßÕ∫
·Àâß‚¥¬‡∑§π‘§°“√∑”‰À≈·≈– —Ëπ

‡∑à“°—∫ Ùı, ∫“∑ (§‘¥√«¡
§à“·√ßß“π·≈–µ‘¥µ—Èß) °”Àπ¥„Àâ
¡Ÿ≈§à“´“°‡§√◊ËÕß‡∑à“°—∫√âÕ¬≈– Ò
¢Õß§à“ √â“ß‡§√◊ËÕßÕ∫·Àâß   ”À√—∫§à“
„™â®à“¬„π à«πÕ◊ËπÊ π—Èπ ‰¥âÕâ“ßÕ‘ß∂÷ß
º≈∑’Ë‰¥â®“°°“√∑¥ Õ∫‡§√◊ËÕß¥—ßπ’È
°”≈—ßº≈‘µ Ù.¯Ú µ—πµàÕ™—Ë«‚¡ß
§«“¡™◊Èπ‡√‘Ë¡µâπ·≈–§«“¡™◊Èπ ÿ¥∑â“¬
¢Õß¢â“«‡ª≈◊Õ°‡©≈’Ë¬‡∑à“°—∫√âÕ¬≈– Ú¯
¢Õß∞“π·Àâß ·≈–√âÕ¬≈– ÚÛ ¢Õß
∞“π·Àâß µ“¡≈”¥—∫  “¡“√∂√–‡À¬
πÈ”‰¥â‡©≈’Ë¬ Ò¯˘.Ù  °‘‚≈°√—¡µàÕ™—Ë«‚¡ß
·≈–°”Àπ¥„Àâ‡§√◊ËÕß∑”ß“π ̆  «—πµàÕ
ªï.  °“√«‘‡§√“–Àå·¬°‡ªìπ Ú °√≥’ §◊Õ

Ò. °√≥’‡§√◊ËÕß∑”ß“π ÒÚ ™—Ë«‚¡ß
µàÕ«—π ·≈–

Ú. °√≥’‡§√◊ËÕß∑”ß“π ÚÙ ™—Ë«‚¡ß
µàÕ«—π  ´÷Ëßº≈°“√«‘‡§√“–Àå§à“„™â®à“¬
„π·µà≈–°√≥’¡’¥—ßπ’È

°√≥’‡§√◊ËÕß∑”ß“π ÒÚ ™—Ë«‚¡ß
µàÕ«—π  “¡“√∂Õ∫·Àâß¢â“«‡ª≈◊Õ°‰¥â
ı,Ò¯Ù µ—πµàÕªï §à“„™â®à“¬√«¡„π°“√
Õ∫·Àâß Ûı,Òı ∫“∑µàÕªï ·∫àß
‡ªìπ§à“„™â®à“¬„π°“√ √â“ß‡§√◊ËÕßÕ∫·Àâß

Ò,ÒÛÒ ∫“∑µàÕªï §à“πÈ”¡—π¥’‡´≈
Ò˜,˜Úˆ ∫“∑µàÕªï  §à“°”≈—ß‰øøÑ“
Òˆ,˜ ∫“∑µàÕªï  §à“∫”√ÿß√—°…“
‡§√◊ËÕßÕ∫·Àâß Ú, ∫“∑µàÕªï
·≈–¡Ÿ≈§à“´“°‡§√◊ËÕßÕ∫·Àâß‡∑à“°—∫
Ò,˘ÒÛ ∫“∑µàÕªï   ¥—ßπ—Èπ ®–‰¥â§à“
„™â®à“¬√«¡„π°“√Õ∫·Àâß ı˘ ∫“∑
µàÕµ—π¢â“«‡ª≈◊Õ° (Ò.ı ∫“∑µàÕ
°‘‚≈°√—¡πÈ”∑’Ë√–‡À¬) ·∫àß‡ªìπ§à“„™â
®à“¬„π°“√ √â“ß‡§√◊ËÕßÕ∫·Àâß Ò˘
∫“∑µàÕµ—π¢â“«‡ª≈◊Õ° (.ı ∫“∑µàÕ
°‘‚≈°√—¡πÈ”∑’Ë√–‡À¬) ·≈–§à“„™â®à“¬„π
°“√¥”‡π‘π°“√Õ∫·Àâß Ù ∫“∑µàÕ
µ—π¢â“«‡ª≈◊Õ° (Ò ∫“∑µàÕ°‘‚≈°√—¡πÈ”
∑’Ë√–‡À¬)

°√≥’‡§√◊ËÕß∑”ß“π ÚÙ ™—Ë«‚¡ß
µàÕ«—π §à“„™â®à“¬√«¡„π°“√Õ∫·Àâß
Ù˘.ı ∫“∑µàÕµ—π¢â“«‡ª≈◊Õ° (Ò.Úı
∫“∑µàÕ°‘‚≈°√—¡πÈ”∑’Ë√–‡À¬) ·∫àß‡ªìπ
§à“„™â®à“¬„π°“√ √â“ß‡§√◊ËÕßÕ∫·Àâß
˘.ı ∫“∑µàÕµ—π¢â“«‡ª≈◊Õ° (.Úı
∫“∑µàÕ°‘‚≈°√—¡πÈ”∑’Ë√–‡À¬) ·≈–§à“
„™â®à“¬„π°“√¥”‡π‘π°“√Õ∫·Àâß Ù
∫“∑µàÕµ—π¢â“«‡ª≈◊Õ° (Ò ∫“∑µàÕ

µ“√“ß∑’Ë Ò °“√∑¥ Õ∫ ¡√√∂¿“æ¢Õß°“√Õ∫·Àâß‚¥¬«‘∏’∑”‰À≈∫π∞“π —Ëπ  (§«“¡ Ÿß¢Õßµ—«Õ¬àà“ß∫π∞“π = ÒÒ.ı ´¡., §«“¡‡√Á«¢Õß∞“π
= Ò.Ù ‡¡µ√/«‘π“∑’, §«“¡‡¢â¡¢Õß°“√ —Ëπ = Ò,  —¥ à«πÕ“°“»‡«’¬π°≈—∫ = .¯ı, Õ—µ√“°“√„ àµ—«Õ¬à“ß = Ù¯ÚÒ °°./™¡.)

T
mix

M
in

M
f

Õ—µ√“Õÿ≥À¿Ÿ¡‘ ¢â“«µâπ∑’Ë ¢â“«µâπ∑’Ë §«“¡¢“« §«“¡¢“« SPC SHC
¢Õß¢â“«‡ª≈◊Õ° ‰¥â®“° ‰¥â®“°‡∑§π‘§ ¢Õß¢â“« ¢Õß¢â“« (‡¡°–®Ÿ≈ (‡¡°–®Ÿ≈

¢“‡¢â“ °“√µ“°·Àâß °“√∑”‰À≈ ®“°°“√µ“° ‚¥¬«‘∏’‡∑§π‘§ µàÕ°‘‚≈°√—¡ µàÕ°‘‚≈°√—¡
(˚´.) (% d.b.) (% d.b.) (˚´.) (%) (%) °“√∑”‰À≈ πÈ”∑’Ë√–‡À¬) πÈ”∑’Ë√–‡À¬)

ÒÚı Úˆ.¯ ÚÛ.˜ ˆÚ ÛÛ. ÛÚ.ı ÙÚ.Ù ÙÚ.˘ .˜˜ ı.Ù˜
ÒÛÛ ÚÙ.Ò Ú.˜ ˆÛ Ûı.Ú Û˜.ı ÙÒ.ı ÙÒ. .ˆˆ Ù.ˆ˘
ÒÙ Ú¯. ÚÛ. ˆÙ ÛÚ. Û˜. ÙÚ.ı ÙÒ.Ú .Ù¯ Û.¯



«“√ “√√“™∫—≥±‘µ¬ ∂“π
ªï∑’Ë Ú˜  ©∫—∫∑’Ë Ò  ¡.§.-¡’.§.  ÚıÙı

 ¡™“µ‘  ‚ ¿≥√≥ƒ∑∏‘Ï ·≈–§≥– ˆ˜

°‘‚≈°√—¡πÈ”∑’Ë√–‡À¬)

§«“¡∂Ÿ°µâÕß¢Õß·∫∫®”≈Õß

∑“ß§≥‘µ»“ µ√å

°“√‡ª√’¬∫‡∑’¬∫§à“§«“¡™◊Èπ
 ÿ¥∑â“¬ §«“¡ ‘Èπ‡ª≈◊Õßæ≈—ßß“π
§«“¡√âÕπ®”‡æ“– §«“¡ ‘Èπ‡ª≈◊Õß
æ≈—ßß“π‰øøÑ“ ·≈–§«“¡ ‘Èπ‡ª≈◊Õß
æ≈—ßß“πª∞¡¿Ÿ¡‘®”‡æ“– ∑’Ë‰¥â®“°°“√
∑¥≈Õß°—∫§à“∑’Ë‰¥â®“°·∫∫®”≈Õß∑“ß
§≥‘µ»“ µ√å · ¥ß‰«â„πµ“√“ß∑’Ë Ú
æ∫«à“ §«“¡∂Ÿ°µâÕß¢Õß°“√∑”π“¬
Õÿ≥À¿Ÿ¡‘Õ“°“»°àÕπ·≈–À≈—ß°“√Õ∫
·Àâß ¡’§«“¡§≈“¥‡§≈◊ËÕπ‰¡à‡°‘π√âÕ¬≈–
Û.Û ·≈–√âÕ¬≈– Û˜.ı µ“¡≈”¥—∫
 “‡Àµÿ∑’Ë∑”„Àâº≈°“√∑”π“¬Õÿ≥À¿Ÿ¡‘
Õ“°“»À≈—ß°“√Õ∫·Àâß§≈“¥‡§≈◊ËÕπ
®“°§à“∑’Ë‰¥â®“°º≈°“√∑¥≈Õß¡“°
Õ“®‡π◊ËÕß¡“®“°°“√Õ∫·Àâß®√‘ß¡’°“√
√—Ë«¢ÕßÕ“°“»Õ∫·Àâß∫√‘ ‡«≥√Õ¬
‡™◊ËÕ¡√–À«à“ß√–∫∫ —Ëπ°—∫ÀâÕßÕ∫·Àâß

·µà„π·∫∫®”≈Õß‰¡à‰¥â§‘¥∂÷ß°“√√—Ë«
¢ÕßÕ“°“»Õ∫·Àâß ∑”„ÀâÕÿ≥À¿Ÿ¡‘¢Õß
Õ“°“»Õ∫·Àâß∑’Ë‰¥â®“°·∫∫®”≈Õß¡’
§à“ Ÿß°«à“§à“∑’Ë‰¥â®“°º≈°“√∑¥≈Õß
 ”À√—∫§«“¡§≈“¥‡§≈◊ËÕπ¢Õß°“√
∑”π“¬§«“¡™◊Èπ ÿ¥∑â“¬¢Õß¢â“«‡ª≈◊Õ°
¡’§à“πâÕ¬°«à“√âÕ¬≈– ˆ.ˆ §«“¡§≈“¥
‡§≈◊ËÕπ¢Õß§«“¡ ‘Èπ‡ª≈◊Õßæ≈—ßß“π
‰øøÑ“ª∞¡¿Ÿ¡‘®”‡æ“–¡’§à“πâÕ¬°«à“
√âÕ¬≈– Ú.¯ ·≈–§«“¡§≈“¥‡§≈◊ËÕπ
¢Õß§«“¡ ‘Èπ‡ª≈◊Õßæ≈—ßß“π§«“¡√âÕπ
®”‡æ“–¡’§à“πâÕ¬°«à“√âÕ¬≈– Ûı.Û
ª√– ‘∑∏‘¿“æ¡Õ‡µÕ√åæ—¥≈¡·≈–¡Õ-
‡µÕ√å —Ëπ‡∑à“°—∫√âÕ¬≈– ¯¯ ·≈– ¯ı
µ“¡≈”¥—∫  ·≈–ª√– ‘∑∏‘¿“æÀ—«‡º“
πÈ”¡—π¥’‡´≈‡∑à“°—∫√âÕ¬≈– ˘Û

°“√À“·π«∑“ß∑’Ë‡À¡“–∑’Ë ÿ¥

®“°·∫∫®”≈Õß∑“ß§≥‘µ»“ µ√å
·≈–«‘∏’°“√À“·π«∑“ß°“√Õ∫·Àâß∑’Ë
‡À¡“–∑’Ë ÿ¥  æ∫«à“„π°“√„Àâ√–∫∫

 “¡“√∂≈¥§«“¡™◊Èπ¢Õß¢â“«‡ª≈◊Õ°
¿“¬À≈—ß°“√Õ∫·Àâß„Àâ§≈“¥‡§≈◊ËÕπ
®“°§à“§«“¡™◊Èπ ÿ¥∑â“¬∑’ËµË”∑’Ë ÿ¥‰¡à
‡°‘π√âÕ¬≈– .ı ¢Õß∞“π·Àâß ·≈–¡’
§«“¡ ‘Èπ ‡ª≈◊Õßæ≈—ßß“πª∞¡¿Ÿ¡‘
®”‡æ“–µË”∑’Ë ÿ¥¥â«¬   ¿“«–‡ß◊ËÕπ‰¢
°“√Õ∫·Àâß¢â“«‡ª≈◊Õ°∑’Ë‡À¡“–∑’Ë ÿ¥
· ¥ß √ÿª‰«â„πµ“√“ß∑’Ë Û ·≈– µ“√“ß
∑’Ë Ù  ”À√—∫°“√Õ∫·Àâß¢â“«‡ª≈◊Õ°
∑’Ë¢π“¥°”≈—ßº≈‘µ ı µ—πµàÕ™—Ë«‚¡ß
§«“¡™◊Èπ‡√‘Ë¡µâπ‡∑à“°—∫√âÕ¬≈– Û ¢Õß
∞“π·Àâß ·≈–§«“¡‡√Á«Õ“°“»Õ∫·Àâß
Ú.Û ‡¡µ√µàÕ«‘π“∑’  ¿“«–‡ß◊ËÕπ‰¢
°“√Õ∫·Àâß¢â“«‡ª≈◊Õ°∑’Ë ‡À¡“–∑’Ë ÿ¥
‚¥¬‡∑§π‘§°“√∑”‰À≈¡’¥—ßπ’È Õÿ≥À¿Ÿ¡‘
Õ“°“»Õ∫·Àâß ÒÙ˘ Õß»“‡´≈‡´’¬ 
 —¥ à«πÕ“°“»‡«’¬π°≈—∫ .˘Û ·≈–
§«“¡ Ÿß™—Èπ¢â“«‡ª≈◊Õ° ÒÒ.˘ ‡´πµ‘-
‡¡µ√ ¡’§«“¡ ‘Èπ‡ª≈◊Õßæ≈—ßß“πª∞¡-
¿Ÿ¡‘®”‡æ“–‡∑à“°—∫ ı.˜Ù ‡¡°–®Ÿ≈µàÕ
°‘‚≈°√—¡πÈ”∑’Ë√–‡À¬ ·≈–§«“¡™◊Èπ ÿ¥

µ“√“ß∑’Ë Ú °“√‡ª√’¬∫‡∑’¬∫º≈°“√Õ∫·Àâß√–À«à“ßº≈°“√∑¥≈Õß°—∫º≈®“°‡∑§π‘§°“√∑”‰À≈

T
fan

F H M
in

T
mix

Error M
f

Error T
f1

Error SHC Error SPC Error
(˚C) (t/h) (m) (% d.b.) (˚C) (%) (% d.b.) (%) (˚C) (%) (MJ/kg-water (%) (MJ/kg-water (%)

evaporated) evaporated)
Exp. Sim. Exp. Sim. Exp. Sim. Exp. Sim. Exp. Sim.

130 3.12 0.115 25.9 120 124 3.3 22.5 22.6 0.4 65.2 76.2 16.9 6.45 5.88 -8.8 0.90 0.90 0
140 4.72 0.147 26.7 130 133 3.0 23.3 23.9 2.5 65.8 77.5 17.8 4.83 5.46 13.0 0.73 0.82 12.3
150 6.42 0.119 25.9 140 143 1.7 23.3 23.4 0.2 59.4 75.5 27.1 4.93 5.13 4.1 0.70 0.57 -18.6
150 6.09 0.150 25.9 140 142 1.5 23.7 23.4 -1.1 56.1 77.1 37.5 6.70 5.49 -18.1 0.85 0.70 -17.6
150 5.10 0.150 26.1 139 142 2.2 23.4 23.3 -0.3 62.2 80.9 30.0 6.01 5.47 -9.0 0.79 0.73 -7.6
130 4.82 0.115 26.8 125 124 -0.5 23.7 24.1 1.7 56.0 71.7 27.9 5.47 5.16 -5.7 0.77 0.76 -1.3
140 4.82 0.115 24.1 132 133 0.4 20.7 21.5 3.9 57.3 77.6 35.4 4.69 5.72 22.0 0.66 0.76 15.2
150 4.82 0.115 28.0 140 143 1.9 23.0 24.5 6.6 63.7 77.6 21.7 3.80 5.14 35.3 0.48 0.58 20.8

Note:  Exp. = experimental results, Sim. = simulation results
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°“√ÕÕ°·∫∫ ∑¥ Õ∫ ·≈–À“·π«∑“ß∑’Ë‡À¡“–∑’Ë ÿ¥ ”À√—∫

°“√Õ∫·Àâß¢â“«‡ª≈◊Õ° ‚¥¬‡∑§π‘§°“√∑”‰À≈∫π∞“π —Ëπ
ˆ¯

∑â“¬‡∑à“°—∫√âÕ¬≈– ÚÙ.˘ ¢Õß∞“π·Àâß
·≈– ”À√—∫°“√Õ∫·Àâß‚¥¬‡∑§π‘§
°“√∑”‰À≈∫π∞“π —Ëπ∑’Ë°”≈—ß°“√º≈‘µ
·≈–§«“¡™◊Èπ‡√‘Ë¡µâπ‡∑à“°—π ·µà§«“¡
‡√Á«Õ“°“»Õ∫·Àâß‡∑à“°—∫ Ò.ı ‡¡µ√
µàÕ«‘π“∑’   ¿“«–‡ß◊ËÕπ‰¢°“√Õ∫·Àâß
∑’Ë‡À¡“–∑’Ë ÿ¥ ¡’¥—ßπ’È  Õÿ≥À¿Ÿ¡‘Õ“°“»
Õ∫·Àâß ÒÙÛ Õß»“‡´≈‡´’¬ 
 —¥ à«πÕ“°“»‡«’¬π°≈—∫ .¯Û
§«“¡ Ÿß™—Èπ¢â“«‡ª≈◊Õ° ̆ .˘ ‡´πµ‘‡¡µ√
§«“¡∂’Ë°“√ —Ëπ ı ‡Œ‘√åµ´å ·≈–§«“¡
‡¢â¡°“√ —Ëπ Ú.ı  ¡’§«“¡ ‘Èπ‡ª≈◊Õß
æ≈—ßß“πª∞¡¿Ÿ¡‘®”‡æ“–‡∑à“°—∫ ı.Ûˆ
‡¡°–®Ÿ≈µàÕ°‘‚≈°√—¡πÈ”∑’Ë√–‡À¬ ·≈–

§«“¡™◊Èπ ÿ¥∑â“¬‡∑à“°—∫√âÕ¬≈– Úˆ.
¢Õß∞“π·Àâß

 √ÿª

Ò. ®“°°“√∑¥ Õ∫‡§√◊ËÕßÕ∫·Àâß
¢â“«‡ª≈◊Õ°‚¥¬‡∑§π‘§°“√∑”‰À≈∫π
∞“π —Ëπ ‚¥¬¡’ ¿“«–‡ß◊ËÕπ‰¢°“√Õ∫
·Àâß¥—ßπ’È °”≈—ßº≈‘µ Ù.¯Ú µ—πµàÕ
™—Ë«‚¡ß §«“¡ Ÿß¢Õßµ—«Õ¬à“ß∫π∞“π
ÒÒ.ı ‡´πµ‘‡¡µ√ Õ—µ√“°“√‰À≈Õ“°“»
Õ∫·Àâß Ò.˜  ≈Ÿ°∫“»°å‡¡µ√µàÕ«‘π“∑’
§«“¡‡√Á« Õ“°“»Õ∫·Àâß Ò.Ù ‡¡µ√
µàÕ«‘π“∑’  —¥ à«πÕ“°“»‡«’¬π°≈—∫

.¯ı ·≈–§«“¡‡¢â¡°“√ —Ëπª√–¡“≥ Ò
(§«“¡∂’Ë ˜.Û ‡Œ‘√µ´å ·≈–·Õ¡æ≈‘®Ÿ¥
„π·π«¥‘Ëß ı ¡‘≈≈‘‡¡µ√) „π°√≥’∑’Ë„™â
Õÿ≥À¿Ÿ¡‘Õ“°“»°àÕπ‡¢â“ÀâÕßÕ∫·Àâß
‡©≈’Ë¬ ÒÙ Õß»“‡´≈‡´’¬   “¡“√∂
 √ÿªº≈°“√∑¥≈Õß‰¥â¥—ßπ’È

Ò.Ò ‡§√◊ËÕßÕ∫·Àâß‚¥¬‡∑§π‘§
°“√∑”‰À≈∫π∞“π —Ëπ  “¡“√∂≈¥
§«“¡™◊Èπ¢â“«‡ª≈◊Õ°‚¥¬‡©≈’Ë¬®“°
√âÕ¬≈– Ú¯ ¢Õß∞“π·Àâß ‡À≈◊Õ√âÕ¬≈–
ÚÛ ¢Õß∞“π·Àâß §«“¡™◊Èπ§àÕπ¢â“ß
 ¡Ë” ‡ ¡Õµ≈Õ¥™à «ß°“√∑¥≈Õß
Õÿ≥À¿Ÿ¡‘¢â“«‡ª≈◊Õ°∑’ËÕÕ°®“°ÀâÕßÕ∫
·Àâß‡©≈’Ë¬ ˆÙ Õß»“‡´≈‡´’¬ .

µ“√“ß∑’Ë Û  ¿“«–°“√∑”ß“π∑’Ë‡À¡“–∑’Ë ÿ¥ ”À√—∫°“√Õ∫·Àâß¢â“«‡ª≈◊Õ°∫π∞“π‰À≈ ( ¿“«–°“√∑”ß“π∑’Ë‡À¡“– T
a
 = 30˚C, T

wb
 = 25˚C,

M
in
 = 30% d.b., V = 2.3 m/s)

F T
fan

T
mix

RC H M
f

Total electricity Average fuel SPEC
consumption consumption

(tons/h) (˚C) (˚C) (%) (m) (% d.b.) (kW) (l/h) (MJ/kg-water evaporated)

3 154 150 94 0.164 23.0 22.6 22.8 6.48
4 154 150 93 0.135 24.1 20.6 24.7 6.03
5 153 149 93 0.119 24.9 19.6 26.2 5.74

µ“√“ß∑’Ë Ù  ¿“«–°“√∑”ß“π∑’Ë‡À¡“–∑’Ë ÿ¥ ”À√—∫°“√Õ∫·Àâß¢â“«‡ª≈◊Õ°‚¥¬°“√∑”‰À≈∫π∞“π —Ëπ ( ¿“«–°“√∑”ß“π∑’Ë‡À¡“– Ta = 30˚C,
Twb = 25(C, Min = 30% d.b., V = 1.5 m/s)

F T
fan

T
mix

RC H freq Γ M
f

Total electricity Average fuel SPEC
consumption consumption

(tons/h) (˚C) (˚C) (%) (m) (Hz) (% d.b.) (kW) (l/h) (MJ/kg-water evaporated)

3 152 145 89 0.110 5 2.5 24.6 5.4 19.2 5.98
4 150 144 86 0.103 5 2.5 25.5 5.6 20.1 5.61
5 150 143 83 0.099 5 2.5 26.0 5.9 21.1 5.36
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Ò.Ú µ—«Õ¬à“ß¢â“«‡ª≈◊Õ°∑’Ë
ºà“π°“√Õ∫¥â«¬Õ“°“»·«¥≈âÕ¡ ¡’
¢â“«µâπ‡©≈’Ë¬√âÕ¬≈– ÛÚ ·≈–®“°
µ—«Õ¬à“ß¢â“«‡ª≈◊Õ°∑’Ëºà“π°“√Õ∫·Àâß
‚¥¬‡∑§π‘§°“√∑”‰À≈∫π∞“π —Ëπ ¡’
¢â“«µâπ‡©≈’Ë¬√âÕ¬≈– Û˜ ´÷Ëß Ÿß°«à“
ª√–¡“≥√âÕ¬≈– ı.

Ò.Û µ—«Õ¬à“ß¢â“«‡ª≈◊Õ°∑’Ë
ºà“π°“√Õ∫¥â«¬Õ“°“»·«¥≈âÕ¡·≈–∑’Ë
ºà“π°“√Õ∫·Àâß‚¥¬‡∑§π‘§°“√∑”
‰À≈∫π∞“π —Ëπ¡’§«“¡¢“«¢Õß¢â“« “√
ª√–¡“≥ ÙÚ ·≈– ÙÒ µ“¡≈”¥—∫
(µ“¡ ‡°≈‡§√◊ËÕß«—¥§«“¡¢“«¬’ËÀâÕ
Kett C-300).

Ò.Ù °“√Õ∫·Àâß¢â“«‡ª≈◊Õ°
‚¥¬‡∑§π‘§°“√∑”‰À≈∫π∞“π —Ëπ¡’
§«“¡ ‘Èπ ‡ª≈◊Õßæ≈—ßß“πª∞¡¿Ÿ¡‘
®”‡æ“–√«¡‡©≈’Ë¬ ˆ.Òı ‡¡°–®Ÿ≈µàÕ
°‘‚≈°√—¡πÈ”∑’Ë√–‡À¬ ‚¥¬°”≈—ß‰øøÑ“
√«¡∑’Ë„™â„π°“√¢—∫¡Õ‡µÕ√åæ—¥≈¡·≈–
¡Õ‡µÕ√å —Ëπ ¡’§à“ª√–¡“≥√âÕ¬≈– ıı
¢Õß°√≥’°“√Õ∫·Àâß‚¥¬‡∑§π‘§°“√
∑”‰À≈∑’Ë‰¡à¡’°“√ —Ëπ.

Ú. §à“„™â®à“¬„π°“√Õ∫·Àâß °√≥’
∑’Ë¥”‡π‘π°“√Õ∫·Àâß¢â“«‡ª≈◊Õ° ÒÚ
™—Ë«‚¡ßµàÕ«—π ˘ «—πµàÕªï §à“„™â®à“¬
√«¡„π°“√Õ∫·Àâß ı˘ ∫“∑µàÕµ—π
¢â“«‡ª≈◊Õ° (Ò.ı ∫“∑µàÕ°‘‚≈°√—¡
πÈ”∑’Ë√–‡À¬) ‚¥¬·∫àß‡ªìπ§à“„™â®à“¬„π
°“√ √â“ß‡§√◊ËÕßÕ∫·Àâß Ò˘ ∫“∑µàÕ
µ—π¢â“«‡ª≈◊Õ° (.ı ∫“∑µàÕ°‘‚≈°√—¡
πÈ”∑’Ë√–‡À¬) ·≈–§à“„™â®à“¬„π°“√
¥”‡π‘π°“√Õ∫·Àâß Ù ∫“∑µàÕµ—π
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Abstract Design, Testing and Optimization of Vibro-fluidized Bed Paddy Drying
Somchart Soponronnarit*, Somboon Wetchacama✝ , Suwat Trutassanawin✝ , Wuttikon Jariyatontivait#

*Fellow, the Academy of Science, the Royal Institute, Thailand, ✝ School of Energy and Materials, King Mongkut’s
University of Technology Thonburi, Bangkok, Thailand, #Former master students.

The objectives of this research were to design, construct and test a prototype of a vibro-fluid-
ized bed paddy dryer with a capacity of 2.5-5.0 tons/h, and to develop a mathematical model that
determines optimum operating parameters.  Experimental conditions were: air flow rate, 1.7 m3/sec;
bed velocity, 1.4 m/sec and average drying air temperature, 125-140˚C.  Residence time of paddy was
approximately one minute; fraction of air recycled, 0.85 and bed height, 11.5 cm. With a feed rate of
4,821 kg/h, the moisture content of paddy was reduced from 28 to 23 per cent dry bed (d.b.).  Vibra-
tion intensity was 1 (frequency 7.3 Hz and amplitude 5 mm).  Electrical power consumption and
average diesel oil consumption were 9,646 W and 17.6 L/h, respectively. Specific primary energy
consumption (SPEC) was 6.15 MJ/kg of water evaporated. Electrical power of the blower motor and
vibrator motor was 55 per cent as compared with the electrical power of the blower motor used in
fluidized bed drying without vibration.  For operation 12 hours/day and 90 days/year, the cost of
paddy drying was 1.50 baht/kg of water evaporated, of which 0.50 baht was fixed cost and 1.00 baht
was operating cost (US$ 1 = 40 baht).  Comparison between the experimental and simulated results
showed that the mathematical model could predict with fairly accuracy.  For fluidized bed paddy
drying with a capacity of 5 tons/h, initial moisture of paddy of 30 per cent d.b. and drying air velocity
was 2.3 m/sec, the optimum operating parameters were: drying air temperature, 149˚C; fraction of air
recycled, 0.93 and bed height, 11.9 cm.  SPEC and final moisture content were 5.74 MJ/kg of water
evaporated and 24.9 per cent d.b., respectively.  For vibro-fluidized bed paddy drying with the same
capacity and initial moisture content and drying air velocity of 1.5 m/sec, the optimum operating
parameters were: drying air temperature, 143˚C; fraction of air recycled, 0.83; bed height, 9.9 cm;
frequency, 5 Hz and vibration intensity, 2.5.  SPEC and final moisture content were 5.36 MJ/kg of
water evaporated and 26.0 per cent d.b., respectively.  Paddy drying with vibro-fluidization tech-
nique consumed 7 per cent less primary energy compared with fluidized bed drying without vibra-
tion. Total electrical power and average diesel oil consumption of vibro-fluidized bed drying were
5.9 kW and 21.1 L/h, respectively.  Total electrical power consumption was 30.1 per cent as compared
with total electrical power consumption used in fluidized bed drying without vibration.

Key words :  vibro-fluidized bed, paddy drying, fluidization


