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Differential Flow Instability in Packed-bed Reactors
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∫∑§—¥¬àÕ

°“√∑”ß“π„π ¿“«–∑’Ë‰¡à§ßµ—«¢Õß‡§√◊ËÕßªØ‘°√≥å·∫∫Õ—¥·πàπ àßº≈„Àâ‡°‘¥æƒµ‘°√√¡∑“ß§«“¡√âÕπ

∑’Ë·µ°µà“ß°—π ‡™àπ ≈—°…≥–§≈◊Ëπ§«“¡√âÕπ°àÕπ ‘Èπ ÿ¥ªØ‘°‘√‘¬“ (pre-extinction waves), º≈¢Õß°“√°”∑Õπ

(resonance effect), °“√‡§≈◊ËÕπ∑’ËÕ¬à“ß™â“Ê ¢Õß∫√‘‡«≥∑’Ë¡’§«“¡√âÕπ Ÿß (creeping thermal front) °“√‡ ◊ËÕ¡

 ¿“æ¢Õßµ—«‡√àßªØ‘°‘√‘¬“°Á¡’ à«π√à«¡„π°“√¢—∫‡§≈◊ËÕπ„Àâ‡°‘¥≈—°…≥–¢Õß√–∫∫¥—ß°≈à“« ®÷ß‰¥â¡’°“√∑¥≈Õß

®”≈ÕßªØ‘°‘√‘¬“§“¬§«“¡√âÕπÕ—π¥—∫∑’Ë 1 „π‡§√◊ËÕßªØ‘°√≥å·∫∫Õ—¥·πàπ·≈–·∫∫®”≈Õß°“√‡ ◊ËÕ¡ ¿“æÕ—π¥—∫∑’Ë 1

‚¥¬ª√“°Ø°“√≥å°“√‡§≈◊ËÕπ∑’Ë∫√‘‡«≥Õÿ≥À¿Ÿ¡‘ Ÿß¿“¬„πªØ‘°√≥å (moving hot spot) ‡°‘¥¢÷Èπ∑’Ë°“√‡ ◊ËÕ¡ ¿“æ

Õ¬à“ß™â“Ê ·≈–≈—°…≥–§≈◊Ëπ§«“¡√âÕπ°àÕπ ‘Èπ ÿ¥ªØ‘°‘√‘¬“√à«¡°—∫Õÿ≥À¿Ÿ¡‘ Ÿß‡ªìπº≈¡“®“°°“√‡ ◊ËÕ¡ ¿“æÕ¬à“ß

√«¥‡√Á«  ≈—°…≥–‚§√ß√à“ß¢Õßµ—«°√–µÿâπ„π‡§√◊ËÕßªØ‘°√≥å∫àß™’È«à“°“√‡ ◊ËÕ¡ ¿“æ¢Õßµ—«‡√àßªØ‘°‘√‘¬“‰¡à‡ªìπ

√Ÿª·∫∫‡¥’¬«°—πµ≈Õ¥∑—ÈßªØ‘°√≥å

ABSTRACT

Unsteady state operation of packed-bed reactors can result in different thermal behaviors such as

pre-extinction waves, resonance effect, creeping thermal front. Catalyst deactivation also contributes to

the dynamic features of such systems. A first-order exothermic reaction in a packed-bed reactor and

a first-order deactivation model were simulated. Moving hot spot occurs at slow rates of deactivation.

The activity profile indicates that catalyst deactivation is not uniform throughout the reactor bed.

Pre-extinction waves with high temperature result from fast deactivation. Imposed inlet temperature

oscillations were found to be amplified to a greater extent with the presence of catalyst deactivation.

§” ”§—≠ : °“√‡ ◊ËÕ¡ ¿“æ¢Õßµ—«‡√àßªØ‘°‘√‘¬“ §«“¡‰¡à‡ ∂’¬√‡π◊ËÕß®“°°≈‰°°“√∂à“¬‚Õπ ª√“°Æ°“√≥å°”∑Õπ

Key Words: Catalyst deactivation, Differential flow instability, Resonant amplification
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∫∑π”

‡§√◊ËÕßªØ‘°√≥å·∫∫Õ—¥·πàπ (packed bed

reactor À√◊Õ PBR) ‡ªìπ‡§√◊ËÕßªØ‘°√≥å‡§¡’ ´÷Ëß∂Ÿ°„™â

Õ¬à“ß·æ√àÀ≈“¬∑—Èß„πÕÿµ “À°√√¡‡§¡’·≈–ªî‚µ√‡§¡’

‡§√◊ËÕßªØ‘°√≥å‡À≈à“π’È¡’æ≈«—µ√æƒµ‘°√√¡∑’Ë§àÕπ¢â“ß

´—∫´âÕπ °“√«‘‡§√“–Àåæƒµ‘°√√¡¢Õß√–∫∫‡À≈à“π’È

∑”‰¥â§àÕπ¢â“ß¬“°‡π◊ËÕß®“°‡ªìπ√–∫∫∑’Ë¡’§«“¡

 —¡æ—π∏å‰¡à‡ªìπ‡™‘ß‡ âπ Ÿß  µ—«Õ¬à“ß¢Õßªí≠À“ ¿“«–

§ßµ—«„πªØ‘°‘√‘¬“§“¬§«“¡√âÕπ§◊Õ§«“¡¡’‡ ∂’¬√¿“æ

¢Õß‡§√◊ËÕßªØ‘°√≥å·∫∫Õ—¥·πàπ·µàÕ¬à“ß‰√°Áµ“¡

§«“¡‡¢â“„®‡°’Ë¬«°—∫§«“¡¡’‡ ∂’¬√¿“æ·≈–æ≈«—µ√

æƒµ‘°√√¡„π‡§√◊ËÕßªØ‘°√≥å·∫∫Õ—¥·πàπ ¬—ß§ßµâÕß¡’

°“√»÷°…“‡æ‘Ë¡‡µ‘¡µàÕ‰ª

¡’ß“π«‘®—¬®”π«π¡“°∑’Ë»÷°…“‡°’Ë ¬«°—∫

æƒµ‘°√√¡°“√µÕ∫ πÕß¢ÕßªØ‘°√≥å·∫∫Õ—¥·πàπ

‡¡◊ËÕ¡’°“√√∫°«π¢Õßªí®®—¬¿“¬πÕ° ‡™àπ Õÿ≥À¿Ÿ¡‘

§«“¡‡¢â¡¢âπ À√◊ÕÕ—µ√“°“√‰À≈¢Õß “√ªÑÕπ

æƒµ‘°√√¡∑“ß§«“¡√âÕπ¢ÕßªØ‘°√≥å™π‘¥π’È Õ—π‡ªìπ

º≈¡“®“°§«“¡·µ°µà“ß¢Õß§≈◊Ëπ¢Õß§«“¡√âÕπ·≈–

§≈◊Ëπ¢Õß‚¡‡≈°ÿ≈ (Arkady et al, 1992, Yakhnin

et  al, 1999)

‡§√◊ËÕßªØ‘°√≥å·∫∫Õ—¥·πàπ„π°√≥’∑’Ë¡’

ªØ‘°‘√‘¬“§“¬§«“¡√âÕπ®–¡’°“√µÕ∫ πÕß∑’Ë‰«¡“°

‡π◊ËÕß®“°°“√∑’Ë§“¬§«“¡√âÕπÕÕ°¡“‡ªìπ°“√‡√à ß

ªØ‘°‘√‘¬“„Àâ‡°‘¥‡√Á«¬‘Ëß¢÷Èπ ‡™àπ ∂â“√∫°«πÕÿ≥À¿Ÿ¡‘À√◊Õ

§«“¡‡¢â¡¢âπ¢Õß “√ªÑÕπ∑’Ë∑“ß‡¢â“‡§√◊ËÕßªØ‘°√≥åπ—Èπ

®–°àÕ„Àâ‡°‘¥°“√°“√‡§≈◊ËÕπ∑’Ë¢Õß§≈◊Ëπ¥â«¬§«“¡‡√Á«∑’Ë

™â“¡“°§«“¡√âÕπ‰ª Ÿà ¿“«–§ßµ—«∑’Ëµ”·Àπàß„À¡à

´÷Ëßª√“°Ø°“√≥åπ’È·µ°µà“ßª√“°Ø°“√≥åº≈µÕ∫ πÕß

„π∑“ßµ√ß°—π¢â“¡(Wrong-way behavior) ·≈–

ª√“°Ø°“√≥å°“√°”∑Õπ (Resonance Effect)

°“√‡ ◊ËÕ¡ ¿“æ¢Õßµ—«‡√àßªØ‘°‘√‘¬“‡ªìπ ‘Ëß∑’Ë

À≈’°‡≈’Ë¬ß‰¡à‰¥â∑’Ë®–‡°‘¥¢÷Èπ¿“¬„π‡§√◊ËÕßªØ‘°√≥å Õ—µ√“

°“√‡ ◊ËÕ¡ ¿“æ¡’À≈“¬°≈‰°·≈–¢÷Èπ°—∫À≈“¬ªí®®—¬

‡™àπ §«“¡‡¢â¡¢âπ¢Õß “√ Õÿ≥À¿Ÿ¡‘ ‡ªìπµâπ

‡π◊ËÕß®“°‡ªìπ∑’Ë∑√“∫¥’«à“§«“¡‰¡à‡ ∂’¬√‡π◊ËÕß®“°

°≈‰°°“√∂à“¬‚Õπ(DIFI) (Jaree, 2001)  “¡“√∂

∑”„Àâ‡°‘¥ª√“°Æ°“√≥å∑“ß§«“¡√âÕπ¢÷Èπ¿“¬„πªØ‘°√≥å

´÷Ëß¬àÕ¡ àßº≈µàÕÕ—µ√“°“√‡ ◊ËÕ¡ ¿“æ¢Õßµ—«‡√à ß

ªØ‘°‘√‘¬“ ¥—ßπ—Èπß“π«‘®—¬π’È®÷ß¡ÿàßª√–‡¥Áπ‰ª∑’Ë°“√

®”≈Õßæƒµ‘°√√¡∑“ß§«“¡√âÕπ¢ÕßªØ‘°√≥å·∫∫Õ—¥

·πàπ „π¢≥–∑’Ë¡’°“√‡ ◊ËÕ¡ ¿“æ¢Õßµ—«‡√àßªØ‘°‘√‘¬“

·≈– DIFI ‡°‘¥¢÷Èπæ√âÕ¡ Ê °—π

·∫∫®”≈Õß∑“ß§≥‘µ»“ µ√å

¿“¬„π‡§√◊ËÕßªØ‘°√≥å·∫∫Õ—¥·πàπ¡’ à«π

ª√–°Õ∫À≈—°Õ¬Ÿà 2  à«π§◊Õ µ—«‡√àßªØ‘°‘√‘¬“·≈–

‚¡ ‡≈°ÿ ≈¢Õß “√∑’Ë ‡ §≈◊Ë Õπºà “π ‡∫¥π‘Ë ßÕÕ°‰ª

·∫∫®”≈Õß§≥‘µ»“ µ√å·∫∫√–∫∫‡Õ°æ—π∏å‡ ¡◊Õπ

‡ªìπ·∫∫®”≈ÕßÕ¬à“ßßà“¬¢ÕßªØ‘°√≥å·∫∫Õ—¥·πàπ

∑’Ëæ‘®“√≥“Õß§åª√–°Õ∫∑—Èß Õß à«π‡ ¡◊Õπ‡ªìπÀπ÷Ëß

‡¥’¬«°—π  ¥—ß ¡°“√¢â“ß≈à“ßπ’È
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º≈°“√∑¥≈Õß

„π à«π·√°¢Õß°“√®”≈Õß°“√∑”ß“π¢Õß

ªØ‘°√≥å·∫∫Õ—¥·πàπ ‡ªìπ°“√»÷°…“º≈¢Õßªí®®—¬

 ”À√—∫°“√‡ ◊ËÕ¡ ¿“æ¢Õßµ—«‡√àßªØ‘°‘√‘¬“ ∑’Ë¡’µàÕ

§«“¡«àÕß‰«¢Õßµ—« ‡√à ßªØ‘°‘ √‘ ¬ “ „π·µà ≈– à «π

µ“¡§«“¡¬“«¢ÕßªØ‘°√≥å ‚¥¬‡√‘Ë¡¥â«¬°“√æ‘®“√≥“

§à“æ≈—ßß“π°√–µÿâπ¢Õß°“√‡ ◊ËÕ¡ ¿“æ¢Õßµ—«‡√àß

ªØ‘°‘√‘¬“ ¥—ß· ¥ß„π√Ÿª 1

√Ÿª∑’Ë 1  §à“æ≈—ßß“π°“√°√–µÿâπ¢ÕßªØ‘°‘√‘¬“À≈—°∑’Ë‰¥â

√—∫º≈°√–∑∫®“° æ≈—ßß“π°“√°√–µÿâπ¢Õß

°“√‡ ◊ËÕ¡ ¿“æ¢Õßµ—«‡√àßªØ‘°‘√‘¬“ (γ
D
) ∑’Ë

‡ª≈’Ë¬π‰ª‚¥¬∑’Ë§à“ Pe
1
=300, Pe

2
=40, γ=15,

Da=0.4, b=0.35, Le=2000, Da
D
 = 4 *10-6

®–‡ÀÁπ«à“‡¡◊ËÕæ≈—ßß“π°√–µÿâπ¢Õß°“√‡ ◊ËÕ¡

 ¿“æ¢Õßµ—«‡√àßªØ‘°‘√‘¬“ (γ
D
) §à“¡“°¢÷Èπ¡’º≈∑”„Àâ

µ—«‡√àßªØ‘°‘√‘¬“‡ ◊ËÕ¡ ¿“æ‡√Á«¢÷Èπ  ‚¥¬®ÿ¥∑’Ë‡ ◊ËÕ¡

 ¿“æ¡“°∑’Ë ÿ¥ §àÕπ¢â“ß‰ª∑“ß¢â“ß∑â“¬¢Õß‡§√◊ËÕß

ªØ‘°√≥å·∫∫Õ—¥·πàπ  „π∑“ßµ√ß°—π¢â“¡∂â“§à“

æ≈—ßß“π°√–µÿâπ¢Õß°“√‡ ◊ËÕ¡ ¿“æ¢Õßµ—«‡√à ß

ªØ‘°‘√‘¬“¡’§à“≈¥πâÕ¬≈ß‡√◊ËÕ¬Ê ®ÿ¥∑’Ë‡°‘¥°“√‡ ◊ËÕ¡

 ¿“æ¡“°∑’Ë ÿ¥®–§àÕπ‰ª∑“ß¢â“ßÀπâ“  ‡æ√“–«à“  γ
D

‡ªìπµ—«·ª√∑’ËÕ¬Ÿà„πøíß°å™—Ëπ¢ÕßÕ—µ√“°“√‡ ◊ËÕ¡ ¿“æ

= x
1
* Da

D
 *exp(γ

D
(1-1/x

2
))  ‚¥¬∑’Ë Da

D
 §ß∑’Ë‡∑à“°—∫

4*10-6  ‚¥¬∑’Ë‡«≈“‰√âÀπà«¬ 50000 ·≈–  γ
D
  = 13,

15 ·≈– 17 „Àâ§à“Õ—µ√“‡©≈’Ë¬¢Õß°“√‡ ◊ËÕ¡ ¿“æ 0.45,

0.36 ·≈– 0.27 µ“¡≈”¥—∫ ‚¥¬§à“æ“√“¡‘‡µÕ√å¢Õß

ªØ‘°‘√‘¬“À≈—°§◊Õ  γ
 
= 15,Da = 0.4 ·≈– b = 0.35

√Ÿª∑’Ë 2  §à“æ≈—ßß“π°“√°√–µÿâπ¢ÕßªØ‘°‘√‘¬“À≈—°∑’Ë‰¥â

√—∫º≈°√–∑∫®“° Da
D
 ∑’Ë‡ª≈’Ë¬π‰ª‚¥¬∑’Ë§à“

Pe
1
=300, Pe

2
=40, γ=15, Da=0.4,

b=0.35, Le=2000 ·≈–§à“æ≈—ßß“π°“√

°√–µÿâπ¢Õß°“√‡ ◊ËÕ¡ ¿“æ¢Õßµ—«‡√àßªØ‘°‘√‘¬“

(γ
D
) =15

DaD (Damkohler number)  ”À√—∫°“√

‡ ◊ËÕ¡ ¿“æ¢Õßµ—«‡√àßªØ‘°‘√‘¬“‡ªìπªí®®—¬ Õ’°∑’Ë¡’

º≈µàÕÕ—µ√“°“√‡ ◊ËÕ¡ ¿“æ‚¥¬µ√ß¥—ß· ¥ß„π√Ÿª∑’Ë 2

®–‡ÀÁπ«à“‡¡◊ËÕ Da
D
 ¡’§à“¡“°¢÷Èπ¡’º≈∑”„Àâµ—«‡√àß

ªØ‘°‘√‘¬“‡ ◊ËÕ¡ ¿“æ≈ßÕ¬à“ß√«¥‡√Á« ‚¥¬µ”·Àπàß∑’Ë¡’

Õ—µ√“°“√‡°‘¥ªØ‘°‘√‘¬“ Ÿß ÿ¥Õ¬Ÿà∑’Ë®ÿ¥‡¥‘¡ ÷́Ëß‡À¡◊Õπ°—∫

°√≥’∑’Ëæ≈—ßß“π°√–µÿâπ¢Õß°“√‡ ◊ËÕ¡ ¿“æ¢Õßµ—«‡√àß

ªØ‘°‘√‘¬“¡’§à“¡“°¢÷Èπ

 —ß‡°µ‰¥â«à“„π√Ÿª∑’Ë 3 §«“¡‡¢â¡¢âπ¢Õß “√

µ—Èßµâπ¡’§à“‡°‘π 1 ‡ªìπº≈‡π◊ËÕß¡“®“° ∑’Ë„π™à«ßµÕπ

µâπ¢Õß‡§√◊ËÕßªØ‘°√≥å ‡°‘¥°“√‡ ◊ËÕ¡ ¿“æ¢Õßµ—«‡√àß

ªØ‘°‘√‘¬“ (‡™àπ °√≥’¡’ “√∑’Ë‡ªìπæ‘…µàÕµ—«‡√àßªØ‘°‘√‘¬“)

 “√µ—Èßµâπ∑’Ë®“°‡¥‘¡®–∂Ÿ°„™â‰ª„πªØ‘°‘√‘¬“∑“ß‡§¡’

∫√‘‡«≥¥â“πÀπâ“¢ÕßªØ‘°√≥å‰¥â‰À≈ºà“π‰ª¬—ß™à«ßÀ≈—ß

¢Õß‡§√◊ËÕßªØ‘°√≥å ®÷ß∑”„Àâª√‘¡“≥¢Õß “√µ—Èßµâπ

„π™à«ß∂—¥‰ª¡’§à“¡“°¢÷Èπ¥—ß√Ÿª·≈–¥â«¬‡Àµÿº≈π’È

¡’º≈∑”„Àâ¡’°“√æÿàß¢÷Èπ Ÿß¢ÕßÕÿ≥À¿Ÿ¡‘Õ¬à“ß√«¥‡√Á«

¥—ß√Ÿª∑’Ë 4
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√Ÿª∑’Ë 3  §«“¡‡¢â¡¢âπ¢Õß “√¿“¬„π‡§√◊ËÕßªØ‘°√≥å∑’Ë

µ”·Àπàßµà“ß Ê Pe
1
=300, Pe

2
=40, γ=15,

Da=0.4, b=0.35, Le=2000 = 5.5 ·≈–

Da
D
 = 18

√Ÿª∑’Ë 4 √Ÿªπ’È‡ªìπ‚§√ß√à“ß¢ÕßÕÿ≥À¿Ÿ¡‘∑’Ëµ”·Àπàß

µà“ß Ê ¢Õß‡ß◊ËÕπ‰¢ Pe
1
=300, Pe

2
=40, γ=15,

Da=0.4, b=0.35, Le=2000,  γ
D
= 4 ·≈–

Da
D
 = 0.004

°“√‡ª≈’Ë ¬π·ª≈ß§«“¡‡¢â¡¢âπ¿“¬„π

‡§√◊ËÕßªØ‘°√≥å∑’Ëµ”·Àπàßµà“ßÊ ‚¥¬®“°√Ÿª∑’Ë 4

µÕπµâπªØ‘°‘√‘¬“Õ¬Ÿà„π ¿“«–§ßµ—«·≈–‡√‘Ë¡¡’°“√

‡ ◊ËÕ¡ ¿“æ¢Õßµ—«‡√àßªØ‘°‘√‘¬“∑’Ë‡«≈“‰√âÀπà«¬ 0 ®“°

√Ÿª®–‡ÀÁπ‰¥â«à“∑’Ëµ”·Àπàß∑â“¬ Ê (0.75 °—∫ 0.9

¢Õß§«“¡¬“«‡§√◊ËÕßªØ‘°√≥å) ¡’Õÿ≥À¿Ÿ¡‘æÿàß Ÿß¢÷Èπ

Õ¬à“ß√«¥‡√Á« ‡π◊ËÕß¡“®“°¡’°“√‡ ◊ËÕ¡ ¿“æ¢Õß

µ—«‡√àßªØ‘°‘√‘¬“Õ¬à“ß√«¥‡√Á«∑”„ÀâÕ—µ√“°“√‡°‘¥

ªØ‘°‘√‘¬“≈¥≈ßÕ¬à“ß√«¥‡√Á«‰ª¥â«¬  àßº≈„Àâ§«“¡

‡¢â¡¢âπ∑’Ëµ”·Àπàß„°≈â°—∫∑“ßÕÕ°¡’§à“‡°‘π 1 ‡¡◊ËÕ

§«“¡‡¢â¡¢âπ∑’Ë¡“°¢÷Èπ‰À≈‰ª¬—ß™à«ß∑â“¬¢ÕßªØ‘°√≥å

´÷Ëß∫√‘‡«≥π—Èπµ—«‡√àßªØ‘°‘√‘¬“¬—ß¡’§«“¡«àÕß‰«„π°“√

‡°‘¥ªØ‘°‘√‘¬“  ®÷ß∑”„Àâ‡°‘¥ªØ‘°‘√‘¬“‰¥â¡“°¬‘Ëß¢÷Èπ

√Ÿª∑’Ë 5 Õÿ≥À¿Ÿ¡‘ Ÿß ÿ¥∑’Ë‡«≈“µà“ß Ê ¿“¬„π‡§√◊ËÕß
ªØ‘°√≥å ‡ß◊ËÕπ‰¢ Pe

1
=300, Pe

2
=40, γ=15,

Da=0.7, b=0.35, Le=2000, Da
D
= 4*10-7,

γ
D
= 18 ·≈–§«“¡∂’Ë = 0.0016

À“°ªØ‘°√≥å∂Ÿ°√∫°«π¥â«¬Õÿ≥À¿Ÿ¡‘¢“‡¢â“

¢Õß “√ªÑÕπ„π¢≥–‡¥’¬«°—∫∑’Ë¡’°“√‡ ◊ËÕ¡ ¿“æ¢Õß

µ—«‡√àßªØ‘°‘√‘¬“ ª√“°Ø°“√≥å°”∑Õπ∑’Ë‡°‘¥¢÷Èπ®–‰¥â√—∫

º≈°√–∑∫®“°Õ—µ√“°“√‡ ◊ËÕ¡ ¿“æπ’È¥â«¬ √Ÿª∑’Ë 5 · ¥ß

∂÷ßÕÿ≥À¿Ÿ¡‘ Ÿß ÿ¥¿“¬„πªØ‘°√≥å∑’Ë‡«≈“µà“ßÊ ‡√‘Ë¡µâπ

 ¿“«–§ßµ—«∑’Ë¬—ß‰¡à¡’°“√‡ ◊ËÕ¡ ¿“æ¢Õßµ—«‡√à ß

ªØ‘√‘¬“‡°‘¥¢÷Èπ ®“°π—Èπ∑’Ë‡«≈“‰√âÀπà«¬ 30000 ‡√‘Ë¡¡’

°“√√∫°«πÕÿ≥À¿Ÿ¡‘∑“ß‡¢â“¢Õß “√ªÑÕπ¥â«¬·Õ¡ª≈‘®Ÿ¥

0.01 ®–‡ÀÁπ«à“Õÿ≥À¿Ÿ¡‘ Ÿß ÿ¥¿“¬„πªØ‘°√≥å¡’°“√

·°«àß¢÷Èπ≈ß¥â«¬·Õ¡ª≈‘®Ÿ¥∑’Ë Ÿß¢÷Èπ‡¡◊ËÕ‡«≈“ºà“π‰ª

‡ªìπº≈‡π◊ËÕß¡“®“°√–¬–®“°ª≈“¬∑“ß‡¢â“¢Õß

ªØ‘°√≥å∂÷ßµ”·Àπàß∑’Ë¡’Õÿ≥À¿Ÿ¡‘ Ÿß ÿ¥¡’°“√‡§≈◊ËÕπ¬â“¬

Àà“ßÕÕ°‰ª Ÿàª≈“¬∑“ßÕÕ°¢ÕßªØ‘°√≥å ®÷ß∑”„Àâ

ª√“°Æ°“√≥å DIFI ¡’§«“¡√ÿπ·√ß¡“°¢÷Èπ ‡æ√“–

§≈◊Ëπ§«“¡√âÕπ·≈–¡«≈ “√ “¡“√∂·¬°®“°°—π

‰¥â¡“°¢÷Èπ

 √ÿªº≈°“√∑¥≈Õß

°“√‡ ◊ËÕ¡ ¿“æ¢Õßµ—«‡√àßªØ‘°‘√‘¬“Õ¬à“ß™â“

‡ªìπº≈„Àâ ‡°‘¥°“√‡∫’Ë¬ß‡∫π°“√‡°‘¥ªØ‘°‘√‘¬“∑’Ë

τ

τ
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µ”·Àπàß∂—¥‡¢â“‰ª„πªØ‘°√≥å ·≈–„π∑“ßµ√ß°—π¢â“¡

°“√‡ ◊ËÕ¡ ¿“æ¢Õßµ—«‡√àßªØ‘°‘√‘¬“Õ¬à“ß‡√Á«°àÕ„Àâ‡°‘¥

°“√‡§≈◊ËÕπ¢Õß§≈◊Ëπ§«“¡‡¢â¡¢âπ·≈–Õÿ≥À¿Ÿ¡‘æÿàß¢÷Èπ

Õ¬à“ß√«¥‡√Á« Õ’°∑—Èß¬—ß°àÕ„Àâ‡°‘¥ªØ‘°‘√‘¬“∑’Ë√ÿπ·√ß

¡“°¬‘Ëß¢÷Èπ

¢âÕ‡ πÕ·π–

»÷°…“§«“¡ —¡æ—π∏å√–À«à“ßæ≈—ßß“π°√–µÿâπ

¢Õß°“√‡ ◊ËÕ¡ ¿“æ¢Õßµ—«‡√àßªØ‘°‘√‘¬“°—∫§«“¡∂’Ë

·≈–π”‰ª √â“ß·∫∫®”≈Õß∑“ß§≥‘µ»“ µ√å‡æ◊ËÕ

∑”π“¬§à“§«“¡∂’Ë∏√√¡™“µ‘ ‡æ◊ËÕ„™â„π°“√ªÑÕß°—π

°“√‡ ◊ËÕ¡ ¿“æÕ¬à“ß√«¥‡√Á«

 —≠≈—°…≥å

A = pre-exponential constant

b = adiabatic temperature

C=§«“¡‡¢â¡¢âπ

C
0
 = §«“¡‡¢â¡¢âπ‡√‘Ë¡µâπ (mol/m3)

C
pg
 = §à“§«“¡®ÿ§«“¡√âÕπ¢Õß°ä“´

C
ps
 = §à“§«“¡®ÿ§«“¡√âÕπ¢Õß¢Õß·¢Áß (J/mol.K)

T = Õÿ≥À¿Ÿ¡‘

T
0
 = Õÿ≥À¿Ÿ¡‘‡√‘Ë¡µâπ (K)

Da = Damkoehler number

E = §à“æ≈—ßß“π„π°“√°√–µÿâπ (J/mol)

k
a
 = §à“°“√π”„π·π«·°π (W/m.K)

L = §«“¡¬“«¢Õß‡§√◊ËÕßªØ‘°√≥å (m)

Le = Lewis number

Pe
1
, Pe

2
 = Peclet number

t = ‡«≈“ (s)

u = §«“¡‡√Á« (m/s)

X
1
 = §«“¡‡¢â¡¢âπ·∫∫‰√âÀπà«¬

X
2
 = Õÿ≥À¿Ÿ¡‘·∫∫‰√âÀπà«¬

R = §à“§ß∑’Ë¢Õß°ä“´ (8.314 J/mol.K)

ε = void faction

ρ
g
 = §à“§«“¡Àπ“·πàπ¢Õß°ä“´

ρ
s
 = §à“§«“¡Àπ“·πàπ¢Õß¢Õß·¢Áß (kg/m3)

τ  = ‡«≈“·∫∫‰√âÀπà«¬
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