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Abstract
Madhiyanon, T.1, Piriyarungroj, N.1 and Soponronnarit, S.2

A novel vortex-fluidized bed combustor with two combustion chambers

for rice-husk fuel
Songklanakarin J. Sci. Technol., 2004, 26(6) : 875-893

A  novel  vortexing-fluidized  bed  combustor  (VFBC)  using  rice-husk  as  fuel  was  developed  and

presented. The combined characteristics of vortex combustion and fluidized bed combustion are the main

features  of  the  VFBC,  which  was  designed  to  achieve  high  thermal  capacity  (MW
th

 m-3),  high  thermal

efficiency and low diameter to height ratio. The VFBC comprises a vertical cylinder chamber and a conical

base, which provides a bed for incompletely combusted fuel. The overall dimensions are 1.10 m in height

and 0.40 m in diameter. To evaluate combustor performance, the specific feed rate of fuel and mass flow

rates of the primary, secondary, and tertiary air were varied independently of one another. The combustion

appeared into two zones characterized by different combustion behaviors, i.e. 1) vortext combustion above

the vortex ring and 2) fluidized bed combustion below the vortex ring. The fluidized bed zone has uniform
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temperature distributions across the cross-section of the combustor. The swirling of air above the vortex ring

and the vortex ring itself played important roles in preventing the escape of combustion particulates. Bottom

ash appeared as fine black and grey particles of ash, which ranged in size from 200 to 600 µµµµµm. Fluidization

could be initiated without the assistance of any inert material mixed into the bed. The experimental results

indicated that thermal efficiency did not depend on the secondary or tertiary airflows, but was significantly

influenced by the excess air resulting from the combined total of the three airflows. The introduction of the

tertiary airflow helped maintaining the temperature inside the combustor within acceptable levels. Accord-

ing to experimental conditions, i.e. a specific feed rate of 240 kg h-1m-3 and excess air (157%), it was found

that the VFBC could achieve an exit gas temperature of 1060ºC, thermal efficiency of 95%, and thermal

capacity of 0.91 MW
th

 m-3. The amounts of CO
2
, CO, and O

2
 gases emitted were directly related to thermal

efficiency, and the amounts of CO and NO
x
 were 50 and 380 ppm, respectively.

Key words : biomass, combustor, cyclone, fluidization, solid fuel, vortex ring
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„πß“π«‘®—¬π’È‰¥â¡’°“√æ—≤π“‡µ“‡º“‰À¡â«Õ√å‡∑§-ø≈ŸÕ‘‰¥´å‡∫¥ (Vortexing-Fluidized bed Combustor, VFBC)

∑’Ë„™â·°≈∫‡ªìπ‡™◊ÈÕ‡æ≈‘ß‚¥¬ÕÕ°·∫∫„Àâ¡’°“√√à«¡≈—°…≥–‡¥àπ¢Õß°“√‡º“‰À¡â·∫∫«Õ√å‡∑§·≈–ø≈ŸÕ‘‰¥´å‡∫¥‰«â¥â«¬°—π

‚¥¬¡’®ÿ¥ª√– ß§å‡æ◊ËÕµâÕß°“√‡µ“‡º“‰À¡â·∫∫„À¡à∑’Ë„Àâ§à“æ‘°—¥§«“¡√âÕπ (MW
th
 m

-3
) ·≈–ª√– ‘∑∏‘¿“æ‡™‘ß§«“¡√âÕπ

 Ÿß ·µà„π¢≥–‡¥’¬«°—π¡’§à“ —¥ à«π§«“¡ ŸßµàÕ‡ âπºà“π»Ÿπ¬å°≈“ßµË” ‡µ“‡º“∑’Ë„™â„π°“√∑¥≈Õß¡’‡ âπºà“π»Ÿπ¬å°≈“ß

¿“¬„π·≈–§«“¡ Ÿß‡∑à“°—∫ 0.4 ·≈– 1.10 ‡¡µ√ µ“¡≈”¥—∫ ·≈–¡’∞“π‡ªìπ√Ÿª°√«¬ ”À√—∫√Õß√—∫Õπÿ¿“§∑’Ë¬—ß‡º“‰À¡â

‰¡àÀ¡¥  „π°“√∑¥ Õ∫ ¡√√∂π–¢Õß‡µ“‰¥â¡’°“√·ª√‡ª≈’Ë¬πÕ—µ√“°“√ªÑÕπ‡™◊ÈÕ‡æ≈‘ß®”‡æ“–·≈–Õ—µ√“°“√‰À≈¢Õß

Õ“°“» à«π∑’ËÀπ÷Ëß  Õß ·≈– “¡ „π·µà≈–°“√∑¥≈Õß ®“°º≈°“√∑¥≈Õßæ∫«à“¿“¬„π‡µ“‡º“‰À¡â®–∂Ÿ°·∫àßÕÕ°‡ªìπ

ÀâÕß‡º“‰À¡â Õß à«πµ“¡≈—°…≥–°“√‡º“‰À¡â§◊Õ 1) ∫√‘‡«≥∑’ËÕ¬Ÿà‡Àπ◊Õ«ß·À«π«Õ√å‡∑§¢÷Èπ‰ª´÷Ëß¡’≈—°…≥–°“√‡º“‰À¡â

·∫∫«Õ√å‡∑§ ·≈– 2) ∫√‘‡«≥ÀâÕß‡º“‰À¡â∑’ËÕ¬Ÿà¥â“π≈à“ß«ß·À«π«Õ√å‡∑§≈ß¡“‡°‘¥°“√‡º“‰À¡â·∫∫ø≈ŸÕ‘‰¥´å‡∫¥ ´÷Ëß

 Õ¥§≈âÕß°—∫º≈¢Õß°“√°√–®“¬Õÿ≥À¿Ÿ¡‘¿“¬„π‡µ“∑’Ë¡’°“√°√–®“¬Õÿ≥À¿Ÿ¡‘ ¡Ë”‡ ¡Õµ≈Õ¥∑—ÈßÀπâ“µ—¥‡µ“„π à«ππ◊È

πÕ°®“°π’È°“√À¡ÿπ«π¢ÕßÕ“°“»‡Àπ◊Õ«ß·À«π·≈–µ—««ß·À«π‡Õß¡’ à«π ”§—≠„π°“√¥—°®—∫Õπÿ¿“§¢π“¥„À≠à∑’Ë¬—ß

‡º“‰À¡â‰¡àÀ¡¥‰¡à„ÀâÀπ’ÕÕ°‰ª®“°‡µ“∑”„Àâ‡∂â“∑’ËÕÕ°¡“¡’≈—°…≥–≈–‡Õ’¬¥ ’¥”ªπ‡∑“‚¥¬¡’¢π“¥Õ¬Ÿà„π™à«ß 200 ∂÷ß

600 µµµµµm. °“√‡°‘¥ø≈ŸÕ‘‰¥´å‡´™—π¿“¬„π‡µ“‰¡à®”‡ªìπµâÕßº ¡«— ¥ÿ‡©◊ËÕ¬≈ß„π‡∫¥ ª√– ‘∑∏‘¿“æ‡™‘ß§«“¡√âÕπ‰¡à¢÷Èπ

°—∫ª√‘¡“≥Õ“°“» à«π∑’Ë ÕßÀ√◊Õ “¡  ·µà®–¢÷Èπ°—∫ª√‘¡“≥Õ“°“» à«π‡°‘π∑—ÈßÀ¡¥´÷Ëß‡ªìπº≈¡“®“°ª√‘¡“≥Õ“°“»∑—Èß

 “¡ à«π º≈¢Õß°“√®à“¬Õ“°“» à«π∑’Ë “¡®–™à«¬§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘¿“¬„π‡µ“‰¡à„Àâ Ÿß‡°‘π‰ª ®“°°“√∑¥≈Õßæ∫«à“∑’Ë

Õ—µ√“°“√ªÑÕπ·°≈∫ 240 kg h
-1
m

-3
 ª√‘¡“≥Õ“°“» à«π‡°‘π 157% ®–‰¥â·°ä √âÕπµ√ß∑“ßÕÕ°‡µ“¡’Õÿ≥À¿Ÿ¡‘ 1,060

o
C

ª√– ‘∑∏‘¿“æ‡™‘ß§«“¡√âÕπ 95% ·≈–æ‘°—¥§«“¡√âÕπ‡µ“∑’Ë∑”‰¥â‡∑à“°—∫ 0.91 MW
th
 m

-3
 ‚¥¬ª√‘¡“≥ CO

2
, CO ·≈–

O
2
 ‡ªìπ‰ª„π·π«∑“ß∑’Ë Õ¥§≈âÕß°—∫§à“ª√– ‘∑∏‘¿“æ‡™‘ß§«“¡√âÕπ‚¥¬ª√‘¡“≥ CO ·≈– NO

x
 ∑’Ëª≈àÕ¬ÕÕ°¡“®“°‡µ“

¡’§à“ 50 ·≈– 380 ppm µ“¡≈”¥—∫

‡π◊ËÕß®“°„π·µà≈–ªï Õÿµ “À°√√¡‚√ß ’¢â“«
Õÿµ “À°√√¡·ª√√ŸªÕ“À“√ —µ«å ¡’§«“¡µâÕß°“√æ≈—ßß“π
§«“¡√âÕπ‰ª„™â„π°√–∫«π°“√º≈‘µ‡ªìπ®”π«π¡“° ‡™àπ

„™â„π°“√Õ∫·Àâß º≈‘µ‰ÕπÈ” ‡ªìπµâπ  ´÷Ëß∑”„Àâ¡’§à“„™â®à“¬
„π°“√¥”‡π‘π°“√ Ÿß·≈–ª√–‡∑»µâÕßπ”‡¢â“πÈ”¡—π®“°µà“ß
ª√–‡∑»‡¢â“¡“ªï≈–®”π«π¡“° ®÷ß‰¥â¡’ºŸâª√–°Õ∫°“√À≈“¬
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√“¬¿“¬„πª√–‡∑»º≈‘µ‡µ“‡º“‰À¡â∑’Ë„™â‡™◊ÈÕ‡æ≈‘ß®“°™’«¡«≈
‡™àπ ·°≈∫ ´—ß¢â“«‚æ¥ ‡ªìπµâπ  ‡æ◊ËÕ„™â°—∫Õÿµ “À°√√¡
¥—ß°≈à“«‚¥¬‡µ“∑’Ëº≈‘µ¢÷Èπ¿“¬„πª√–‡∑» ‰¥â·°à ‡µ“‡º“‰À¡â
·∫∫ª≈àÕß§«—π·≈–µ–·°√ß‡Õ’¬ß ·≈–‡µ“‡º“‰À¡â‰´‚§≈π
´÷Ëß„π°√≥’‡µ“‡º“‰À¡â‰´‚§≈π (Gupta et al., 1984) ¡’
°“√‡º“‰À¡â®–„™âÀ≈—°°“√¢Õß°“√‰À≈«πÀ√◊Õ°“√‰À≈·∫∫
«Õ√å‡∑§‰¥â‡ªìπ∑’Ë√Ÿâ®—°°—π·æ√àÀ≈“¬¡“À≈“¬∑»«√√…·≈â«
´÷ËßπÕ°®“°∑”Àπâ“∑’Ëº≈‘µ§«“¡√âÕπ·≈â«¬—ß∑”Àπâ“∑’Ë¥—°‡∂â“
‰¡à„ÀâÀ≈ÿ¥≈Õ¬ÕÕ°‰ªæ√âÕ¡°—∫·°ä ‡º“‰À¡â¥â«¬  µàÕ¡“‰¥â
¡’°“√π”¡“ª√–¬ÿ°µå„™â°—∫‡™◊ÈÕ‡æ≈‘ß™’«¡«≈  ‡™àπ  ·°≈∫
(Singh et al., 1980; Soponronnarit et al., 2000 and

Tumambig, 1984)  ”À√—∫‡µ“‡º“‰À¡âø≈ŸÕ‘‰¥´å‡∫¥°Á‰¥â¡’
°“√æ—≤π“¡“π“π·≈â«‡™àπ°—π  à«π„À≠à®–„™â°—∫‡™◊ÈÕ‡æ≈‘ß
∂à“πÀ‘π‡æ◊ËÕº≈‘µ°√–· ‰øøÑ“·µà°Á¡’°“√π”¡“ª√–¬ÿ°µå„™â
°—∫‡™◊ÈÕ‡æ≈‘ß™’«¡«≈‡™àπ°—π  (Armesto et al., 2002;

Natarajan et al., 1998 and Werther et al., 2000) ·µà
‡π◊ËÕß®“°‡™◊ÈÕ‡æ≈‘ß™’«¡«≈ à«π„À≠à®–¡’√Ÿª√à“ß∑’Ë‰¡à‡ªìπ∑√ß
°≈¡·≈–¡’§«“¡Àπ“·πàπµË” ‡™àπ ·°≈∫ ¢’È‡≈◊ËÕ¬ ‡ªìπµâπ
∑”„Àâ¬“°µàÕ°“√∑”„Àâ‡°‘¥ø≈ŸÕ‘‰¥´å‡´™—π ®÷ß¡’§«“¡®”‡ªìπ
µâÕßº ¡«— ¥ÿ‡©◊ËÕ¬∑’Ë‰¡à∑”ªØ‘°‘√‘¬“ÕÕ°´‘‡¥™—π®”æ«°
∑√“¬´‘≈‘°“ Õ≈Ÿ¡‘π“ º ¡≈ß„π‡∫¥„πÕ—µ√“ à«π∑’Ë‡À¡“– ¡
(Natarajan et al., 1998 and Rao et al., 2000) Õ¬à“ß‰√
°Áµ“¡ °“√º ¡«— ¥ÿ‡©◊ËÕ¬‡À≈à“π’È≈ß‰ª®–∑”„Àâ§«“¡¥—π
µ°§√àÕ¡ÀâÕß‡º“‰À¡â¡’§à“ Ÿß¡“°®”‡ªìπµâÕß„™âæ—¥≈¡∑’Ë¡’
¢π“¥„À≠à∑”„Àâ ‘Èπ‡ª≈◊Õßæ≈—ßß“π‰øøÑ“„π à«ππ’È Ÿß ·≈–
‡¡◊ËÕª√–¡“≥ 10 °«à“ªï¡“π’È‰¥â¡’°“√æ—≤π“‡µ“‡º“‰À¡â
ø≈ŸÕ‘‰¥´å‡∫¥´÷Ëß„™â°—∫∂à“πÀ‘π∫¥·≈–‡ªìπ‡µ“™π‘¥∑’ËªÑÕπ
‡™◊ÈÕ‡æ≈‘ß‡¢â“∑“ß¥â“π≈à“ß¢Õß‡∫¥ (Nieh et al., 1992;

Yang et al., 1987 and Yang et al., 1989) ·≈–‰¥â¡’°“√
æ—≤π“¢÷Èπ‚¥¬¡’°“√‡æ‘Ë¡Õ“°“» à«π∑’Ë Õß ´÷Ëß∂Ÿ°©’¥‡¢â“‰ª
„π·π« —¡º— „π∫√‘‡«≥ free board ‚¥¬®–∑”„Àâ‡°‘¥°“√
À¡ÿπ«π¢Õß·°ä ‡º“‰À¡â·≈–Õπÿ¿“§¢÷Èπ„π∫√‘‡«≥ free

board  °“√©’¥Õ“°“» à«π∑’Ë Õß “¡“√∂∑”‰¥â∑’Ë√–¥—∫
§«“¡ Ÿßµà“ßÊ ¢Õßµ—«‡µ“ º≈¢Õß°“√‡°‘¥«Õ√å‡∑§®“°°“√
©’¥Õ“°“»‡¢â“‰ª„π·π« —¡º— π’È®–∑”„Àâ “¡“√∂¥—°Õπÿ¿“§
∑’Ë¬—ß‡º“‰À¡â‰¡àÀ¡¥‰¡à„ÀâÀ≈ÿ¥≈Õ¬ÕÕ°‰ª®“°‡µ“·≈–¬—ß
∑”„Àâ‡°‘¥°“√À¡ÿπ‡«’¬π¢ÕßÕπÿ¿“§‡™◊ÈÕ‡æ≈‘ß √–À«à“ß
∫√‘‡«≥‡∫¥¥â“π≈à“ß°—∫∫√‘‡«≥∑’Ë‡°‘¥«Õ√å‡∑§„π free board

 àßº≈„Àâ “¡“√∂≈¥§«“¡ Ÿß¢Õß‡µ“ø≈ŸÕ‘‰¥ ǻ‡∫¥≈ß‰¥â
ß“π«‘®—¬‡À≈à“π’È (Nieh et al., 1992; Yang et al., 1987

and Yang et al., 1989) §≈â“¬§≈÷ß°—∫ U.S. Patent no.

4,867,079  (Sang et al.)  ¥—ß∑’Ë‰¥â°≈à“«¡“·≈â«  ´÷Ëß‡µ“
‡º“‰À¡âø≈ŸÕ‘‰¥ ǻ‡∫¥∑’Ë„™â‡™◊ÈÕ‡æ≈‘ß™’«¡«≈„πª√–‡∑»‰∑¬
¬—ß‰¡à¡’°“√º≈‘µ¢“¬·µà„πµà“ßª√–‡∑»‰¥â¡’°“√∑”«‘®—¬„π
ÀâÕßªØ‘∫—µ‘°“√ æ∫«à“¡’®ÿ¥‡¥àπ∑’Ëπà“ π„®Õ¬ŸàÀ≈“¬ª√–°“√
´÷Ëß “¡“√∂π”¢âÕ¡Ÿ≈¡“‡ª√’¬∫‡∑’¬∫°—∫‡µ“‡º“‰À¡â‰´‚§≈π
‰¥â¥—ß· ¥ß„π Table 1 ·≈–‡¡◊ËÕ‰¡àπ“π¡“π’È‰¥â¡’°“√»÷°…“
æƒµ‘°√√¡°“√‰À≈¢Õß·°ä -Õπÿ¿“§ ¿“¬„π‡µ“‡º“‰À¡â
«Õ√å‡∑§æ∫«à“∫√‘‡«≥„°≈âºπ—ß‡µ“Õ“°“»∑’Ë®–¡’°“√‰À≈„π
∑‘»∑“ß≈ß ( Ÿà¥â“π≈à“ß‡µ“) ´÷Ëß®–∑”„Àâ‡°‘¥°“√À¡ÿπ‡«’¬π
¢ÕßÕπÿ¿“§¿“¬„π‡µ“  ·≈–¡’ à«π ”§—≠„Àâ residence

time π“π¢÷Èπ (Nieh et al., 2000)

¢—ÈπµÕπ°“√ÕÕ°·∫∫‡µ“‡º“‡µ“‡º“‰À¡â«Õ√å‡∑§-øŸÕ‘‰¥´å-

‡∫¥ (Vortex-Fluidized Bed Combustor, VFBC)

®“°º≈°“√»÷°…“æƒµ‘°√√¡¢ÕßÕ“°“»-·°≈∫¿“¬„π

Table 1. Comparative characteristic of cyclone and the fluidized bed combustor  (Natarajan, et al.,
1998 and Soponronnarit et al., 2000)

            Fluidized bed Combustor                             Cyclone Combustor

1. Thermal capacity approximately 1 MW/m3 1. Thermal capacity approximately 0.34 MW/m3

2. Height to inside diameter (H/D) approximately 13 2. Height to inside diameter (H/D) approximately 2.5
3. Thermal efficiency 80-95% 3. Thermal efficiency 60-80%
4. Need insert materials such as silica or alumina 4. No need inert  materials

mixed into the bed
5. Ash is conveyed from combustor through exhaust 5. Require mechanical transportation for ash conveying

pipe
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‡µ“‡º“‰À¡â®”≈Õß  (Madhiyanon et al, 2003(a)  and

Madhiyanon et al., 2003(b)) · ¥ß„Àâ‡ÀÁπ∂÷ß·π«‚πâ¡∑’Ë
 “¡“√∂®–π”À≈—°°“√¥—ß°≈à“«‰ª„™â°—∫‡µ“‡º“‰À¡â«Õ√å‡∑§-
ø≈ŸÕ‘‰¥´å‡∫¥ (Vortexing-fluidized bed combustion,

VFBC) ®√‘ß‰¥â®÷ß‰¥âπ”¢âÕ¡Ÿ≈®“°°“√»÷°…“„π¢â“ßµâπ¡“„™â
‡ªìπ·π«∑“ß„π°“√ÕÕ°·∫∫‡µ“‡º“ VFBC „π√–¥—∫ÀâÕß
ªØ‘∫—µ‘°“√ ´÷Ëß‡µ“‡º“ VFBC ‡ªìπ‡µ“‡º“∑’Ë∂Ÿ°ÕÕ°·∫∫¡“
‡æ◊ËÕ√«¡‡Õ“≈—°…≥–‡¥àπ¢Õß‡µ“‡º“·∫∫‰´‚§≈π·≈–
‡µ“‡º“·∫∫ø≈ŸÕ‘‰¥´å‡∫¥‡¢â“¥â«¬°—π‚¥¬‡µ“‡º“ VFBC ¡’
¢π“¥¢Õß‡ âπºà“π»Ÿπ¬å°≈“ß¿“¬„π‡µ“‡º“‡∑à“°—∫ 40 ´¡.
 Ÿß 110 ´¡.  ¥—ß· ¥ß„π Figure 1a  ·≈– “¡“√∂·∫àß
‡µ“‡º“ÕÕ°‡ªìπ 2  à«π  à«π∑’ËÀπ÷Ëß√Ÿª√à“ß¢Õß‡µ“‡º“·∫∫
∑√ß°√–∫Õ°  ·≈– à«π∑’Ë Õß√Ÿª√à“ß¢Õß‡µ“‡º“·∫∫∑√ß
°√«¬Àß“¬‚¥¬∫√‘‡«≥ª≈“¬°√«¬∂Ÿ°µ—¥‡æ◊ËÕµ‘¥µ—Èß·ºàπ
°√–®“¬Õ“°“» (Air Distributor)   ”À√—∫Õ“°“» à«π∑’Ë
 Õß ´÷ËßÕ“°“»∑’Ë∂Ÿ°„™â„π°“√‡º“‰À¡â·°≈∫¿“¬„π‡µ“‡º“
VFBC   “¡“√∂·∫àßÕÕ°‰¥â‡ªìπ 3  à«π  ¥—ß· ¥ß„π
Figure 1b  §◊Õ  Õ“°“» à«π∑’ËÀπ÷Ëß  (primary air)  §◊Õ

Õ“°“»∑’Ëπ”·°≈∫‡¢â“ Ÿà‡µ“‡º“´÷Ëß®–∂Ÿ°ªÑÕπ„π·π« —¡º— 
∑“ß¥â“π∫π¢ÕßÀâÕß‡º“‰À¡â·∫∫∑√ß°√–∫Õ° ‡æ◊ËÕ∑”„Àâ
‡°‘¥°“√À¡ÿπ«π¢ÕßÕ“°“»·≈–·°≈∫·∫∫«Õ√å‡∑§ Õ“°“»
 à«π∑’Ë Õß (secondary air) ®–∂Ÿ°®à“¬ºà“π·ºàπ°√–®“¬≈¡
‡¢â“ Ÿà‡µ“‡º“ VFBC ∑’Ë∫√‘‡«≥¥â“π≈à“ß¢ÕßÀâÕß‡º“‰À¡â∑’Ë
¡’≈—°…≥–‡ªìπ∑√ß°√«¬Àß“¬∑”„Àâ‡°‘¥æƒµ‘°√√¡·∫∫
ø≈ŸÕ‘‰¥´å‡∫¥∑—Ë«„π∫√‘‡«≥¢ÕßÀâÕß‡º“‰À¡â∑’ËÕ¬Ÿà∂—¥®“°
«ß·À«π«Õ√å‡∑§≈ß¡“  ‚¥¬√Ÿª√à“ß¢Õß‡µ“‡º“·∫∫∑√ß
°√«¬Àß“¬®–™à«¬∑”„Àâ·°≈∫≈Õ¬µ—«‰¥âßà“¬·≈–Õπÿ¿“§„π
‡∫¥¡’°“√À¡ÿπ‡«’¬π∑—Ë«∂÷ß‚¥¬‰¡àµâÕß„™â«— ¥ÿ‡©◊ËÕ¬¡“º ¡
≈ß„π‡∫¥  ·≈–Õ“°“» à«π∑’Ë “¡ (tertiary air) ®–‡ªìπ
Õ“°“»∑’Ë∂Ÿ°®à“¬„π·π« —¡º— ∑’Ëµ”·Àπàß¥â“π¢â“ß‡µ“‡º“
·∫∫∑√ß°√–∫Õ°„π√–¥—∫§«“¡ Ÿß‡∑à“°—∫ 60 ´¡. ‡æ◊ËÕ≈¥
Õÿ≥À¿Ÿ¡‘„πÀâÕß‡µ“‡º“

«‘∏’°“√∑¥≈Õß

·∫àßÕÕ°‡ªìπ 2  à«πÀ≈—°Ê §◊Õ

Figure1.  Dimensions and Temperature measure positions of VFBC. (unit : cm.)

(a) Dimensions of VFBC (b) Temperature (T) and combustion gas

component (G) measure positions
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1. °“√∑¥≈Õß‡∫◊ÈÕßµâπ‡æ◊ËÕ„Àâ√Ÿâ∂÷ß‡ß◊ËÕπ‰¢°“√∑”ß“π¢Õß

‡µ“‡º“ VFBC

‡µ√’¬¡Õÿª°√≥å°“√∑¥≈Õß¥—ß· ¥ß„π Figure 2

∑”°“√µ‘¥‡µ“‡º“‚¥¬„™â·°≈∫‡ªìπ‡™◊ÈÕ‡æ≈‘ß·≈–Õÿàπ‡µ“®π

Õÿ≥À¿Ÿ¡‘¿“¬„πÀâÕß‡º“‰À¡âª√–¡“≥ 600ºC ®÷ß‡√‘Ë¡∑”°“√
∑¥≈Õß

1. ª√—∫Õ—µ√“°“√‰À≈¢ÕßÕ“°“»·≈–·°≈∫„Àâ Õ¥-
§≈âÕß°—∫‡ß◊ËÕπ°“√∑¥≈Õß∑’Ë 1-6 „π Table 2 „π°“√∑¥≈Õß

Table 2. The operating conditions of VFBC

Run Specific Primary air Secondary air Tertiary air Excess

No. Rice husk Flow Velocity Flow rate Velocity Flow rate Velocity air

feed rate rate (m/s) (m3/min) (m/s) (m3/min) (m/s) (%)

(kg/h-m3) (m3/min)

The preliminary study 1 160 2.75 22.7 0.97 2 - - 288
of VFBC operation 2 187 2.75 22.7 0.97 2 - - 233
condition 3 213 2.75 22.7 0.97 2 - - 192

4 240 2.2 18.2 0.97 2 - - 117
5 240 2.33 19.2 0.97 2 - - 125
6 240 2.75 22.7 0.97 2 - - 157

The study of the 7 240 2.06 17 0.85 1.75 - - 108
effects of tertiary 8 240 2.06 17 0.85 1.75 0.37 12.3 133
airflow on performance 9 240 2.06 17 0.85 1.75 0.76 25.0 157
of VFBC 10 240 2.06 17 0.85 1.75 1.12 37.0 182

The study of the 11 240 2.06 17 0.66 1.35 0.75 25.0 145
effects of secondary 12 240 2.06 17 0.93 1.92 0.75 25.0 163
airflow on performance 13 240 2.06 17 1.22 2.5 0.75 25.0 182
of VFBC

Figure 2.  Schematic diagram of the overall experimental set-up of VFBC.
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®–„™âæ—¥≈¡Õ—¥Õ“°“» 2 µ—« µ—«≈– 2.2 kW „π°“√«—¥
Õ—µ√“°“√‰À≈¢ÕßÕ“°“»„™âÕÕ√‘øî ¡‘‡µÕ√å´÷Ëß∂Ÿ°ª√—∫‡∑’¬∫
®“° Hot wire anemometer ∑’Ë¡’§à“§«“¡§≈“¥‡§≈◊ËÕπ
3% ¢Õß§à“∑’Ë«—¥‰¥â ·≈– “¡“√∂§«∫§ÿ¡Õ—µ√“°“√ªÑÕπ¢Õß
·°≈∫‚¥¬„™âÕ‘π‡«Õ‡µÕ√å„π°“√§«∫§ÿ¡§«“¡‡√Á«√Õ∫¢Õß
¡Õ√å‡µÕ√åªÑÕπ·°≈∫

2. ‡√‘Ë¡∫—π∑÷°Õÿ≥À¿Ÿ¡‘∑’Ëµ”·Àπàß∑àÕ∑“ßÕÕ°‡µ“‡º“
VFBC ∑ÿ° 5 π“∑’ ®π§√∫ 120 π“∑’ ‚¥¬„™â Thermo-

couple type K ·≈–„™âµ—«™’È∫Õ° ´÷Ëß¡’§«“¡≈–‡Õ’¬¥ ±1ºC

2. °“√»÷°…“º≈¢ÕßÕ“°“» à«π∑’Ë Õß·≈– “¡µàÕ ¡√√∂π–

¢Õß VFBC

(Õÿª°√≥å°“√∑¥≈Õß‡ªìπ™ÿ¥‡¥’¬«°—∫™ÿ¥»÷°…“°“√
∑¥≈Õß‡∫◊ÈÕßµâπ ‡æ◊ËÕ„Àâ√Ÿâ∂÷ß‡ß◊ËÕπ‰¢°“√∑”ß“π¢Õß‡µ“‡º“
VFBC)

1. °“√ª√—∫Õ—µ√“°“√‰À≈¢Õß·°≈∫·≈–Õ“°“»„Àâ
 Õ¥§≈âÕß°—∫‡ß◊ËÕπ∑’Ë°“√∑¥≈Õß∑’Ë 7-13 „π Table 2

2. ‡√‘Ë¡∫—π∑÷°Õÿ≥À¿Ÿ¡‘∑’Ëµ”·Àπàß Y = 0.35 ‡¡µ√
‚¥¬Õâ“ßÕ‘ßµ”·Àπàß§«“¡ Ÿß®“°·ºàπ°√–®“¬≈¡ (Air

distributor) ∑’Ëµ”·Àπàß r/R = 0.05, 0.1, 0.15, 0.2, 0.25,

0.3, 0.35, 0.4, 0.45, 0.5, 0.55, 0.6, 0.65, 0.7, 0.75,

0.8, 0.85, 0.9, 0.95 ·≈– 1.0  À≈—ß®“°π—Èπ∑”°“√‡°Á∫
¢’È‡∂â“∑’Ë‰¥â®“°°“√‡º“‰À¡â  (‡¡◊ËÕ  r  §◊Õ  µË”·Àπàß∑’Ë«—¥
Õÿ≥À¿Ÿ¡‘„π·π«√—»¡’¢Õß‡µ“‡º“‰À¡â VFBC ·≈– R §◊Õ
√—»¡’¢Õß‡µ“‡º“‰À¡â VFBC ÷́Ëß‡∑à“°—∫ 20 ´¡.)

3. ∫—π∑÷°Õÿ≥À¿Ÿ¡‘∑’Ëµ”·Àπàß∑“ßÕÕ°·≈–µ√«®«—¥
Õß§åª√–°Õ∫¢Õß·°ä ∑’Ë‡°‘¥®“°“√‡º“‰À¡â‚¥¬„™â‡§√◊ËÕß Gas

analyzer √ÿàπ Testo 350 XL

4. ∑”°“√∑¥≈Õß´È”¢âÕ 2-3 ‚¥¬∫—π∑÷°Õÿ≥À¿Ÿ¡‘∑’Ë
µ”·Àπàß Y = 0.60 ‡¡µ√ ·≈– 0.85 ‡¡µ√ µ“¡≈”¥—∫

ª√– ‘∑∏‘¿“æ‡™‘ß§«“¡√âÕπ (η
th
) ¢Õß‡µ“π‘¬“¡‰¥â

¥â«¬ ¡°“√¥—ßπ’È

η
th

=
ṁ

a
(c

p,g
T

e
− c

p,a
T

i
)

ṁ
f
HHV        (1)

‡¡◊ËÕ
ṁ

a = Õ—µ√“°“√‰À≈¢ÕßÕ“°“», kg/s

ṁ
f = Õ—µ√“°“√ªÑÕπ‡™◊ÈÕ‡æ≈‘ß·°≈∫, kg/s

c
p,g , c

p,a = §à“§«“¡®ÿ§«“¡√âÕπ¢Õß·°ä ‡ ’¬·≈–
Õ“°“»∑’Ë‡¢â“‡º“‰À¡â

HHV = §à“§«“¡√âÕπ Ÿß¢Õß·°≈∫ 14.5 MJ/

kg

T
e

= Õÿ≥À¿Ÿ¡‘·°ä ‡ ’¬∑’Ëµ”·Àπàß∑“ßÕÕ°
¢Õß VFBC

T
i

= Õÿ≥À¿Ÿ¡‘Õ“°“»∑’Ëµ”·Àπàß∑“ß‡¢â“¢Õß
VFBC

‚¥¬°”Àπ¥„Àâ c
p,g  ∑’Ëµ”·Àπàß∑“ßÕÕ°‡∑à“°—∫ c

p,a

∑’Ë¡’Õÿ≥À¿Ÿ¡‘·°ä ‡ ’¬
 ¡°“√∑’Ë  (1)  Õ¬Ÿà∫π ¡¡µ‘∞“π∑’Ë«à“  ṁ

f
<< ṁ

a

¥—ßπ—Èπ¡«≈¢Õß·°ä ‡ ’¬®÷ßª√–¡“≥‡∑à“°—∫¡«≈¢ÕßÕ“°“»
∑’Ë‡¢â“‡º“‰À¡â

º≈°“√∑¥≈Õß

‡π◊ËÕß®“°ß“π«‘®—¬π’È‡ªìπß“π«‘®—¬‡∫◊ÈÕßµâπ  ¥—ßπ—Èπ
‡æ◊ËÕ„Àâ√Ÿâ∂÷ß‡ß◊ËÕπ‰¢°“√∑”ß“π∑’Ë‡À¡“– ¡¢Õß‡µ“‡º“ VFBC

®÷ß‰¥â°”Àπ¥‡ß◊ËÕπ‰¢∑¥≈ÕßÕÕ°‡ªìπ 6 ‡ß◊ËÕπ‰¢‚¥¬‡ª≈’Ë¬π
Õ—µ√“°“√‰À≈¢Õß·°≈∫·≈–Õ“°“»µà“ßÊ °—π¥—ß· ¥ß„π
Table 2 ‡ß◊ËÕπ°“√∑¥≈Õß∑’Ë 1-6

1. °“√∑¥≈Õß‡∫◊ÈÕßµâπ‡æ◊ËÕ„Àâ√Ÿâ∂÷ß‡ß◊ËÕπ‰¢°“√∑”ß“π¢Õß

‡µ“‡º“ VFBC

®“°º≈°“√∑¥≈Õß “¡“√∂ √ÿª„πª√–‡¥Áπ ”§—≠‰¥â
¥—ßπ’È

1.1 ®“°°“√ —ß‡°µ°“√‡º“‰À¡âºà“π™àÕß¡Õß¢Õß
‡µ“‡º“ VFBC æ∫«à“°“√‡°‘¥ø≈ŸÕ‘‰¥´å‡´™—π®–§√Õ∫§≈ÿ¡
∫√‘‡«≥µ—Èß·µà¥â“π≈à“ß¢Õß‡µ“‡º“ VFBC ®π∂÷ß∫√‘‡«≥
∑’Ë‡ªìπ∑’Ëµ—Èß¢Õß«ß·À«π«Õ√å‡∑§ (Vortexing ring)  ∑ÿ°
‡ß◊ËÕπ‰¢°“√∑¥≈Õß¥—ß· ¥ß„π Table 2   ÷́Ëß°“√‡°‘¥
ø≈ŸÕ‘‰¥ ǻ‡´™—π¢Õß·°ä ‡º“‰À¡â°—∫Õπÿ¿“§¿“¬„π¢Õß‡µ“
‡º“®– Õ¥§≈âÕß°—∫°“√‡°‘¥ø≈ŸÕ‘‰¥‡´™—π¢ÕßÕ“°“»-·°≈∫
„π°√≥’‡µ“‡º“‰À¡â®”≈Õß (Madhiyanon et al., 2003(a)

and Madhiyanon et al., 2003(b))

1.2 °“√‡°‘¥ø≈ŸÕ‘‰¥´å‡´™—π¿“¬„π‡µ“‡º“ VFBC

‰¡à®”‡ªìπµâÕßº ¡«— ¥ÿ‡©◊ËÕ¬®”æ«°∑√“¬ ‘́≈‘°“À√◊ÕÕ≈Ÿ¡‘π“
≈ß„π‡∫¥‡À¡◊Õπ‡™àπ„π‡µ“‡º“‰À¡âø≈ŸÕ‘‰¥ ǻ‡∫¥‚¥¬∑—Ë«‰ª
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1.3 ‡µ“‡º“ VFBC  “¡“√∂∑”Õ—µ√“°“√ªÑÕπ
‡™◊ÈÕ‡æ≈‘ß®”‡æ“– (Specific rice husk feed rate = SFR)

‰¥â 240 kg/h/m3 ∑’Ëª√‘¡“≥Õ“°“» à«π‡°‘π 157% ‡¡◊ËÕ
§”π«≥‡ªìπ§à“æ‘°—¥§«“¡√âÕπ¢Õß‡µ“  (‚¥¬°”Àπ¥„Àâ
HHV ¢Õß·°≈∫ = 14.5 MJ/kg) ∑’Ë η

th
 ‡∑à“°—∫ 95% ®–

¡’æ‘°—¥§«“¡√âÕπ‡∑à“°—∫ 0.91 MW
th
/m3 ´÷Ëß§«“¡®√‘ßÕ“®

 “¡“√∂ªÑÕπ‡™◊ÈÕ‡æ≈‘ß¥â«¬Õ—µ√“∑’Ë¡“°°«à“π’È‰¥â  ∂â“‡æ‘Ë¡
ª√‘¡“≥Õ“°“» à«π‡°‘π„Àâ¡“°¢÷Èπ‚¥¬°“√®à“¬Õ“°“» à«π
∑’Ë “¡‡¢â“‰ª„π‡µ“ ®“°°“√∑¥≈Õß®–‰¥â«à“ SFR ∑’Ë‡µ“‡º“
VFBC ∑”‰¥â¡’§à“„°≈â‡§’¬ß°—∫¢Õß‡µ“‡º“‰À¡âø≈ŸÕ‘‰¥´å‡∫¥
 ”À√—∫‡™◊ÈÕ‡æ≈‘ß™’«¡«≈´÷Ëß SFR ¡’§à“ª√–¡“≥ 265 kg/h/

m3 (Natarajan et al., 1998) ·≈– Ÿß°«à“∑’Ë‡µ“‡º“‰À¡â

‰´‚§≈π∑’Ëº≈‘µ¢“¬Õ¬Ÿà¿“¬„πª√–‡∑»∑”‰¥â ´÷Ëß SFR ¡’§à“
 Ÿß ÿ¥ª√–¡“≥ 110 kg/h/m3  ”À√—∫„πß“π«‘®—¬π’È‡π◊ËÕß
®“°¡’¢âÕ®”°—¥¢Õßæ—¥≈¡Õ—¥Õ“°“»∑’Ë„™â„π°“√∑¥≈Õß®÷ß‰¥â
°”Àπ¥Õ—µ√“°“√ªÑÕπ‡™◊ÈÕ‡æ≈‘ß‰«â Ÿß ÿ¥‡∑à“°—∫ 240 kg/h/

m3

1.4 ª√– ‘∑∏‘¿“æ‡™‘ß§«“¡√âÕπ¢Õß‡µ“ (η
th
) „π

°√≥’∑’Ë§à“  SFR  ‡∑à“°—∫  240 kg/h/m3  ‡¡◊ËÕ„™âª√‘¡“≥
Õ“°“» à«π‡°‘π‡∑à“°—∫ 157% ¥—ß· ¥ß„π Figure 3 (‡ âπ
°√“ø F) æ∫«à“§à“ η

th
 ®–‡æ‘Ë¡¢÷Èπ‰ªµ“¡‡«≈“∑’Ë‡µ“∑”ß“π

‚¥¬®–‡√‘Ë¡§ß∑’Ë‡¡◊ËÕ‡«≈“ºà“π‰ªª√–¡“≥ 90 π“∑’ (·≈–‡ªìπ
®√‘ß ”À√—∫„π°√≥’Õ◊ËπÊ ¥â«¬) ‚¥¬ η

th
 ®–¡’§à“ª√–¡“≥

95% ´÷Ëß‡∑à“°—∫„π°√≥’¢Õß‡µ“‡º“‰À¡âø≈ŸÕ‘‰¥´å‡∫¥´÷Ëß η
th

Figure 3. The variation of thermal efficiency of VFBC and exhaust gas temperature with

a variety of specific rice husk feed rate(SFR) and primary air velocities (v
1
).

(Secondary air velocity (v
2
)= 2 m/s; EA = Excess air)
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(a) Excess air = 108% (run no.7) (b) Excess air = 133% (run no.8)

(c) Excess air = 157% (run no.9) (d) Excess air = 182% (run no.10)

Figure 4. Temperature distributions inside VFBC at distance of 0.35, 0.6 and 0.8 M. above

air distributor according to run nos. 7-10
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¡’§à“„π™à«ß 90-95% ·≈– Ÿß°«à“¢Õß‡µ“‰´‚§≈π¡“° ´÷Ëß
η

th
 ¡’§à“ª√–¡“≥ 65-80%

1.5 Õÿ≥À¿Ÿ¡‘·°ä ‡º“‰À¡â∑’Ë∑“ßÕÕ°¢Õß‡µ“®–‡æ‘Ë¡
¢÷ÈπÕ¬à“ß√«¥‡√Á«„π™à«ß‡«≈“ 30 π“∑’·√°¢Õß°“√∑¥≈Õß
·≈–®“°π—ÈπÕ—µ√“°“√‡ª≈’Ë¬π·ª≈ßÕÿ≥À¿Ÿ¡‘°Á®–‡√‘Ë¡≈¥πâÕ¬
≈ß®π°√–∑—Ëß‡¢â“ Ÿà ¿“«–§ßµ—« ‚¥¬Õÿ≥À¿Ÿ¡‘·°ä ‡º“‰À¡â®–
¡’Õÿ≥À¿Ÿ¡‘ª√–¡“≥ 900ºC „π‡«≈“‡æ’¬ß 20 π“∑’ ·≈–∂÷ß
1,000ºC „π‡«≈“ª√–¡“≥ 80 π“∑’ ¥—ß· ¥ß„π Figure

3 (‡ âπ°√“ø f)
1.6 „π°√≥’∑’Ë§à“ SFR 240 kg/h/m3 ∑’Ëª√‘¡“≥

Õ“°“» à«π‡°‘π 157% ¢’È‡∂â“∑’ËÕÕ°®“°‡µ“‡º“¡’≈—°…≥–
‡ªìπ‡∂â“ªÉπ¢π“¥ª√–¡“≥ 200-600 µm. ¡’ ’¥”ªπ‡∑“
´÷Ëß· ¥ß„Àâ‡ÀÁπ∂÷ßª√– ‘∑∏‘¿“æ„π°“√‡ª≈’Ë¬π§“√å∫Õπ
„π‡™◊ÈÕ‡æ≈‘ß‰ª‡ªìπ·°ä ‡º“‰À¡â (carbon conversion

efficiency) ‰¥â¥’ ´÷Ëß¡’ “‡Àµÿ®“°°“√À¡ÿπ«π·∫∫«Õ√å‡∑§
∑’Ë√ÿπ·√ß„π∫√‘‡«≥ÀâÕß‡º“‰À¡â∑’ËÕ¬Ÿà‡Àπ◊Õ«ß·À«π·≈–µ—«
«ß·À«π‡Õß∑”Àπâ“∑’Ë¥—°Õπÿ¿“§∑’Ë¡’¢π“¥„À≠à∑”„Àâ‰¡àÀ≈ÿ¥
ÕÕ°®“°‡µ“‡º“ VFBC ‰¥â´÷Ëß Õ¥§≈âÕß°—∫æƒµ‘°√√¡°“√
‡°‘¥¡à“πÕ“°“»∑’Ë„™â¥—°Õπÿ¿“§¿“¬„π‡µ“‡º“‰À¡â«Õ√å‡∑§-
ø≈ŸÕ‘‰¥´å‡∫¥·∫∫®”≈Õß (Madhiyanon et al., 2003(a)

and Madhiyanon et al., 2003(b))

®“°º≈°“√∑¥≈Õß¢â“ßµâπ®÷ß‰¥â‡≈◊Õ°‡ß◊ËÕπ‰¢∑’Ë∑”„Àâ
‡µ“‡º“ VFBC ª√– ‘∑∏‘¿“æ‡™‘ß§«“¡√âÕπ¢Õß‡µ“ Ÿß ÿ¥
§◊Õ∑’ËÕ—µ√“°“√ªÑÕπ‡™◊ÈÕ‡æ≈‘ß®”‡æ“– Ÿß ÿ¥ (SFR) ‡∑à“°—∫
240 kg/h/m3 ¥—ß· ¥ß„π Figure 3 (‡ âπ°√“ø F) ‚¥¬„™â
‡ªìπ‡ß◊ËÕπ‰¢∑’Ë¡’°“√„™âÕ“°“» à«π∑’Ë “¡

2. °“√»÷°…“º≈¢Õßª√‘¡“≥Õ“°“» à«π∑’Ë “¡µàÕ ¡√√∂π–

¢Õß VFBC

2.1 °“√°√–®“¬Õÿ≥À¿Ÿ¡‘¿“¬„π‡µ“‡º“ VFBC

„π°“√∑¥≈Õßπ’È°”Àπ¥Õ—µ√“°“√‰À≈¢Õß
‡™◊ÈÕ‡æ≈‘ß®”‡æ“– 240 kg/h/m3 ·≈–∑”°“√‡ª≈’Ë¬πÕ—µ√“°“√
‰À≈¢ÕßÕ“°“» à«π∑’Ë “¡¥—ß· ¥ß„π‡ß◊ËÕπ‰¢°“√∑¥≈Õß
∑’Ë 7-10 „π Table 2 °“√°√–®“¬Õÿ≥À¿Ÿ¡‘¿“¬„π VFBC

 “¡“√∂·∫àßÕÕ°‡ªìπ Õß∫√‘‡«≥§◊Õ 1) ∫√‘‡«≥ÀâÕß‡º“‰À¡â
∑’ËÕ¬Ÿà‡Àπ◊Õ«ß·À«π«Õ√å‡∑§ æ∫«à“°“√°√–®“¬Õÿ≥À¿Ÿ¡‘
¢Õß∑—Èß ’Ë°“√∑¥≈Õß¥—ß· ¥ß„π Figure 4(a-d) °√–®“¬
Õÿ≥À¿Ÿ¡‘∑’Ë§≈â“¬§≈÷ß°—π‡ªìπ√Ÿªæ“√“‚∫≈“§«Ë” ‚¥¬∫√‘‡«≥

¢Õ∫ºπ—ß®–¡’Õÿ≥À¿Ÿ¡‘µË”‡π◊ËÕß®“°„°≈âµ”·Àπàß∑’Ë®à“¬Õ“°“»
 à«π∑’ËÀπ÷Ëß·≈– à«π∫√‘‡«≥·°π°≈“ß¢Õß‡µ“‡º“®–¡’
Õÿ≥À¿Ÿ¡‘ Ÿß‡π◊ËÕß®“°‡ªìπ∫√‘‡«≥∑’Ë·°ä √âÕπ∑’Ë‰¥â®“°°“√
‡º“‰À¡â‰À≈ºà“π‡æ◊ËÕ‡¢â“ Ÿà∑àÕ∑‘Èß‡∂â“∑’ËÕ¬Ÿà¥â“π∫π¢Õß‡µ“‡º“
2) §◊Õ∫√‘‡«≥ÀâÕß‡º“‰À¡â∑’ËÕ¬ŸàµË”°«à“«ß·À«π«Õ√å‡∑§ æ∫
«à“∑’Ëª√‘¡“≥Õ“°“» à«π‡°‘π‡∑à“°—∫ 108, 133 ·≈– 157%

¡’°“√°√–®“¬Õÿ≥À¿Ÿ¡‘¢Õß·°ä ‡º“‰À¡â‡°‘¥¢÷ÈπÕ¬à“ß§«“¡
 ¡Ë”‡ ¡Õµ≈Õ¥æ◊Èπ∑’ËÀπâ“µ—¥‡µ“∑’Ë§«“¡ Ÿß‡∑à“°—∫ 0.35

‡¡µ√ ·≈– 0.60 ‡¡µ√ ¥—ß· ¥ß„π Figure 4(a-c) ´÷Ëß
 –∑âÕπ„Àâ‡ÀÁπ°“√‡º“‰À¡â·∫∫ø≈ŸÕ‘‰¥ ǻ‡∫¥¢÷Èπ¿“¬„π‡µ“
∑’Ë√–¥—∫§«“¡ Ÿß¥—ß°≈à“«‚¥¬∑—ÈßÕ“°“»·≈–Õπÿ¿“§¡’°“√
‡§≈◊ËÕπ∑’Ë·∫∫‰¡à¡’∑‘»∑“ß·πàπÕπ (Random movement)

´÷Ëß Õ¥§≈âÕß°—∫æƒµ‘°√√¡°“√‡§≈◊ËÕπ∑’Ë¢ÕßÕ“°“»¿“¬„π
‡µ“‡º“‰À¡â«Õ√å‡∑§-ø≈ŸÕ‘‰¥´å‡∫¥„π·∫∫®”≈Õß (Madhi-

yanon et al., 2003(a) and Madhiyanon et al., 2003

(b))  àßº≈„Àâ “¡“√∂‡º“‰À¡â‡™◊ÈÕ‡æ≈‘ß∑’ËÕ—µ√“°“√ªÑÕπ‡™◊ÈÕ
‡æ≈‘ß®”‡æ“– (SFR) 240 kg/h/m3   ”À√—∫∑’Ëª√‘¡“≥
Õ“°“» à«π‡°‘π 182% ¥—ß· ¥ß„π Figure 4(d) Õÿ≥À¿Ÿ¡‘
∫√‘‡«≥ºπ—ß®–µË”°«à“∑’Ë∫√‘‡«≥Õ◊Ëπ¿“¬„π‡µ“‡º“§àÕπ¢â“ß¡“°
 “‡Àµÿ¡“®“°°“√®à“¬Õ“°“» à«π∑’Ë “¡„π∫√‘‡«≥π’È¡“°
‡°‘π§«“¡®”‡ªìπ∑”„Àâ¡’°“√ Ÿ≠‡ ’¬§«“¡√âÕπ∑’Ë‰¥â®“°°“√
‡º“‰À¡â‰ª°—∫°“√∑”„Àâ‰π‚µ√‡®π„πÕ“°“»¡’Õÿ≥À¿Ÿ¡‘ Ÿß¢÷Èπ
 ”À√—∫Õÿ≥À¿Ÿ¡‘‡©≈’Ë¬¿“¬„π‡µ“π—∫®“°∫√‘‡«≥∑’Ë∂—¥®“°
«ß·À«π«Õ√å‡∑§≈ß¡“ æ∫«à“∑’Ëª√‘¡“≥Õ“°“» à«π‡°‘π
108% ®–¡’Õÿ≥À¿Ÿ¡‘‡©≈’Ë¬ Ÿß ÿ¥Õ¬Ÿà„π™à«ß 990-1,025ºC

·≈–‡¡◊ËÕ‡æ‘Ë¡ª√‘¡“≥Õ“°“» à«π‡°‘π‡ªìπ 133 ·≈– 157%

®–¡’Õÿ≥À¿Ÿ¡‘‡©≈’Ë¬µË”°«à“ 1,000ºC ‚¥¬¡’§à“„π™à«ß 930-

975ºC  ‚¥¬∑’Ëª√‘¡“≥Õ“°“» à«π‡°‘π 157%  ®–„Àâ
ª√– ‘∑∏‘¿“æ‡™‘ß§«“¡√âÕπ (η

th
)  Ÿß ÿ¥‡∑à“°—∫ 95% (°√≥’

C Figure 5) ·≈–æ∫«à“Õÿ≥À¿Ÿ¡‘·°ä ‡º“‰À¡âµ√ß∑“ßÕÕ°
¢Õß‡µ“¡’Õÿ≥À¿Ÿ¡‘‡©≈’Ë¬‡∑à“°—∫ 1,060ºC

2.2  ¡√√∂π–¢Õß‡µ“ VFBC

ª√– ‘∑∏‘¿“æ‡™‘ß§«“¡√âÕπ·≈–æ‘°—¥§«“¡√âÕπ
¢Õß‡µ“‡ªìπ§à“¥—™π’∑’Ë„™â∫Õ° ¡√√∂π–¢Õß‡µ“  ‚¥¬§à“
ª√– ‘∑∏‘¿“æ‡™‘ß§«“¡√âÕπ‡ªìπ¥—™π’∑’Ë„™â ∫Õ°§«“¡§ÿâ¡§à“
¢Õß°“√„™âæ≈—ßß“π®“°‡™◊ÈÕ‡æ≈‘ß  à«πæ‘°—¥§«“¡√âÕπ¢Õß
‡µ“ ÷́Ëß¡’Àπà«¬‡ªìπ MW

th
/m3 ‡ªìπµ—«∫àß∫Õ°∂÷ß§«“¡§ÿâ¡§à“

„π°“√„™âæ◊Èπ∑’Ë¿“¬„π‡µ“‚¥¬„π∑“ß‡»√…∞»“ µ√å·≈â«
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§à“æ‘°—¥§«“¡√âÕπ¢Õß‡µ“®–·ª√º°º—π°—∫‡ß‘π∑ÿπ„π°“√
°àÕ √â“ß  ¥—ßπ—Èπ„π°“√ª√–‡¡‘π ¡√√∂π–¢Õß‡µ“µâÕß
æ‘®“√≥“®“°¥—™π’∑—Èß Õßµ—«‰ªæ√âÕ¡Ê °—π ®“° Figure 3

·≈– 5 æ∫«à“∑’Ëª√‘¡“≥Õ“°“» à«π‡°‘π 157% η
th
 ®–¡’§à“

 Ÿß ÿ¥ª√–¡“≥ 95% ‚¥¬¡’§à“æ‘°—¥§«“¡√âÕπ‡µ“‡∑à“°—∫
0.91 MW

th
/m3 (§”π«≥‚¥¬„™â§à“ HHV ¢Õß·°≈∫‡∑à“°—∫

14.5 MJ/kg) ´÷Ëß∑—Èß§à“ η
th
 ·≈–æ‘°—¥§«“¡√âÕπ¢Õß‡µ“‡º“

VFBC „°≈â ‡§’¬ß°—∫¢Õß‡µ“‡º“‰À¡âø≈ŸÕ‘‰¥´å ‡∫¥
(Natarajan et al., 1998) ·µà Ÿß°«à“‡µ“‡º“‰´‚§≈π
(Soponronnarit et al., 2000) ®“°°“√∑¥≈Õß‡∫◊ÈÕßµâπ∑’Ë
‰¡à¡’°“√„™âÕ“°“» à«π∑’Ë “¡ (‡ß◊ËÕπ‰¢°“√∑¥≈Õß∑’Ë 1-6

„π Table 2) ·≈–°“√∑¥≈Õß∑’Ë¡’°“√‡æ‘Ë¡Õ“°“» à«π∑’Ë “¡

Figure 5. The variation of thermal efficiency of VFBC and exhaust gas temperature with

a variety of tertiary air velocity (v
3
).  (Specific rice husk feed rate(SFR) = 240 kg/h/

m3;  Primary air velocities (v
1
) = 17 m/s;  Secondary air velocity (v

2
) = 1.75 m/s;

EA = Excess air)

‡¢â“‰ª (‡ß◊ËÕπ‰¢°“√∑¥≈Õß∑’Ë 7-10) æ∫«à“ η
th
 ®–·ª√º—π

µ√ß°—∫ª√‘¡“≥Õ“°“» à«π‡°‘π  ´÷Ëß®“°°“√∑¥≈Õßæ∫«à“
°“√„™âÀ√◊Õ‰¡à„™âÕ“°“» à«π∑’Ë “¡®–‰¡à¡’º≈µàÕ§à“ η

th
 ´÷Ëß

¥Ÿ‰¥â®“°°√“ø Figure 6 ·µà°“√„™âÕ“°“» à«π∑’Ë “¡®–¡’
º≈µàÕ°“√§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘ Ÿß ÿ¥∑’Ë‡°‘¥¢÷Èπ¿“¬„π‡µ“‰¡à„Àâ
‡°‘π 1,000ºC §«“¡ —¡æ—π∏å√–À«à“ßª√‘¡“≥Õ“°“» à«π
‡°‘π·≈– η

th
 ∑’ËÕ—µ√“°“√ªÑÕπ‡™◊ÈÕ‡æ≈‘ß®”‡æ“–‡∑à“°—∫ 240

kg/h/m3 · ¥ß„π Figure 6 ´÷Ëß®–æ∫«à“„π™à«ß·√° η
th

®–‡æ‘Ë¡¢÷Èπµ“¡ª√‘¡“≥Õ“°“» à«π‡°‘π·≈–À≈—ß®“°ª√‘¡“≥
Õ“°“» à«π‡°‘π¡“°°«à“ 157% §à“ η

th
 ®–≈¥≈ß ´÷ËßÕ∏‘∫“¬

‰¥â«à“„π™à«ß·√°∑’Ë¡’°“√„™âª√‘¡“≥Õ“°“» à«π‡°‘ππâÕ¬
§«“¡ªíòπªÉ«π (Turbulent) ∑’Ë‡°‘¥®“°§«“¡‡√Á«¢ÕßÕ“°“»



«.  ß¢≈“π§√‘π∑√å «∑∑.

ªï∑’Ë 26 ©∫—∫∑’Ë 6 æ.¬.-∏.§. 2547
‡µ“‡º“‰À¡â«Õ√å‡∑§-ø≈ŸÕ‘‰¥´å‡∫¥ ”À√—∫‡™◊ÈÕ‡æ≈‘ß·°≈∫

∞“π‘µ¬å  ‡¡∏‘¬“ππ∑å ·≈–§≥–885

¿“¬„π‡µ“‰¡à¡“°æÕ∑’Ë®–∑”≈“¬™—Èπøî≈å¡¢Õß‡∂â“∑’Ëª°§≈ÿ¡
æ◊Èπº‘«Õπÿ¿“§¢Õß·¢Áß∑’Ë¬—ß‡º“‰À¡â‰¡àÀ¡¥∑”„Àâ O

2
 ·æ√à‰ª

∑”ªØ‘°‘√‘¬“°—∫§“√å∫Õπ∑’Ëæ◊Èπº‘«Õπÿ¿“§‰¥âπâÕ¬°“√‡º“‰À¡â
®÷ß‰¡à§àÕ¬ ¡∫Ÿ√≥å·≈–‡¡◊ËÕ§«“¡‡√Á«¢ÕßÕ“°“»‡æ‘Ë¡¡“°¢÷Èπ
°“√‡º“‰À¡â°Á®– ¡∫Ÿ√≥å¢÷Èπ®π°√–∑—Ëß‰¥âª√– ‘∑∏‘¿“æ Ÿß ÿ¥
ª√–¡“≥ 95% ∑’Ëª√‘¡“≥Õ“°“» à«π‡°‘π 157% ·≈–
®“°π—Èπ∂â“‡æ‘Ë¡ª√‘¡“≥Õ“°“» à«π‡°‘π‡æ‘Ë¡¢÷Èπ‰ªÕ’°®–
∑”„ÀâµâÕß Ÿ≠‡ ’¬§«“¡√âÕπ à«πÀπ÷Ëß°—∫°“√∑”„ÀâÕ“°“»
 à«π‡°‘π¡’Õÿ≥À¿Ÿ¡‘ Ÿß¢÷Èπ‡∑à“°—∫Õÿ≥À¿Ÿ¡‘„π‡µ“‡º“ º≈°Á§◊Õ
Õÿ≥À¿Ÿ¡‘„π‡µ“®–µË”≈ß¥—ß· ¥ß„π Figure 5 (‡ âπ°√“ø d)

∑”„Àâ‡°‘¥ªÆ‘°‘√‘¬“ÕÕ°´‘‡¥™—π‰¡à¥’æÕ®÷ß∑”„Àâ η
th
 µË”≈ß

2.3 Õß§åª√–°Õ∫¢Õß·°ä ‡ ’¬
®“°°“√∑¥≈Õßæ∫«à“ CO

2
 ·≈– CO ∑’Ë‡°‘¥

¢÷Èπ®– —¡æ—π∏å‚¥¬µ√ß°—∫ª√‘¡“≥Õ“°“» à«π‡°‘π·≈–
ª√– ‘∑∏‘¿“æ‡™‘ß§«“¡√âÕπ¢Õß‡µ“¥—ß· ¥ß„π Figure 7

(a,b) ‚¥¬∂â“„™âª√‘¡“≥Õ“°“» à«π‡°‘π∑’Ë‡À¡“– ¡‡∑à“°—∫
157% ®–∑”„Àâ°“√‡º“‰À¡â‡°‘¥¢÷Èπ ¡∫Ÿ√≥å·≈– àßº≈„Àâ
ª√– ‘∑∏‘¿“æ‡™‘ß§«“¡√âÕπ¢Õß‡µ“ Ÿß (η

th
 = 95 %)  ·≈–

‡°‘¥ª√‘¡“≥ CO
2
 „π —¥ à«π∑’Ë Ÿß„π¢≥–∑’Ë —¥ à«πª√‘¡“≥

¢Õß CO ®–¡’§à“πâÕ¬∑’Ëª√– ‘∑∏‘¿“æ‡™‘ß§«“¡√âÕπ¢Õß‡µ“
 Ÿß ÿ¥ ª√‘¡“≥ CO ®–¡’§à“πâÕ¬∑’Ë ÿ¥‡∑à“°—∫ 50 ppm ·≈–
ª√‘¡“≥ O

2
  à«π‡°‘π„π·°ä ‡ ’¬∑’ËÕÕ°¡“®“°‡µ“¥—ß· ¥ß

„π Figure 8(a) ®–·ª√º—πµ√ß°—∫ η
th
 ‚¥¬∑’Ëª√‘¡“≥Õ“°“»

 à«π à«π‡°‘π 87% ®–¡’§à“ η
th
 µË”∑’Ë ÿ¥ ®÷ß¡’ª√‘¡“≥ O

2

 à«π‡°‘π‡À≈◊ÕÕ¬Ÿà„π·°ä ‡ ’¬¡“°∑’Ë ÿ¥ª√–¡“≥ 9.5%

„π¢≥–∑’Ë∂â“„™âª√‘¡“≥Õ“°“» à«π‡°‘π 157% §à“ η
th
 ®–¡’

Figure 6.  The effect of excess air on thermal efficiency.(run nos. 4-10; SFR = 240 kg/h-m3)

Figure 7.  The effect of excess air on emitted gases and thermal efficiency. (run nos. 7-10)
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§à“ Ÿß ÿ¥∑”„Àâ O
2
 ∂Ÿ°„™â‰ª„π°“√‡º“‰À¡â¡“° ª√‘¡“≥ O

2

∑’ËÕÕ°¡“°—∫·°ä ‡ ’¬µ√ß∑“ßÕÕ°®÷ß‡À≈◊ÕπâÕ¬∑’Ë ÿ¥ª√–¡“≥
7.8% °“√‡ª≈’Ë¬π·ª≈ßª√‘¡“≥·°ä  CO

2
, CO, O

2
 ·≈–

NO
x
 µ“¡√–¥—∫§«“¡ Ÿß¢Õß‡µ“· ¥ß„π Figure 8(a-d)

‚¥¬æ∫«à“ª√‘¡“≥ CO
2
, O

2
 ·≈– NO

x
 ¬—ß‰¡à “¡“√∂ √ÿª

‰¥â«à“¡’§«“¡ —¡æ—π∏åÕ¬à“ß‰√°—∫§«“¡ Ÿß¢Õß‡µ“ ¡’‡©æ“–
CO ‡∑à“π—Èπ∑’Ëæ∫«à“∑’Ë∑ÿ°ª√‘¡“≥Õ“°“» à«π‡°‘π§à“ CO

®–‡°‘¥¢÷Èπ¡“°∑’Ë ÿ¥∑’Ë√–¥—∫§«“¡ Ÿß 0.35 ‡¡µ√  ‡æ√“–
ª√‘¡“≥Õπÿ¿“§∑’Ë¬—ß‡º“‰À¡â‰¡àÀ¡¥´÷Ëß¡“°Õß√«¡°—π‡ªìπ
‡∫¥∑’Ë∫√‘‡«≥¥â“π≈à“ß‡µ“´÷Ëß¡’ª√‘¡“≥¡“°‡¡◊ËÕ‡∑’¬∫°—∫
ª√‘¡“≥Õ“°“» à«π∑’Ë Õß∑’Ë®à“¬®“°¥â“π≈à“ß∑”„Àâ°“√‡º“
‰À¡â¬—ß‰¡à ¡∫Ÿ√≥åÀ√◊ÕÕ“®‡°‘¥®“°ªØ‘°‘√‘¬“ reduction

3. °“√»÷°…“º≈¢Õßª√‘¡“≥Õ“°“» à«π∑’Ë ÕßµàÕ ¡√√∂π–

¢Õß VFBC

„π°“√∑¥≈Õßπ’È ‰¥â°”Àπ¥Õ—µ√“°“√‰À≈¢Õß

‡™◊ÈÕ‡æ≈‘ß®”‡æ“– 240 kg/h/m3 Õ—µ√“°“√‰À≈¢ÕßÕ“°“»
 à«π∑’ËÀπ÷Ëß·≈– à«π∑’Ë “¡‡∑à“°—∫ 2.06 m3/min ·≈– 0.75

m3/min µ“¡≈”¥—∫  ·≈–ª√—∫‡ª≈’Ë¬πÕ—µ√“°“√‰À≈¢Õß
Õ“°“»∑’Ë Õß ¥—ß· ¥ß„π Table 2 ‡ß◊ËÕπ‰¢°“√∑¥≈Õß∑’Ë
11-13

3.1 °“√°√–®“¬Õÿ≥À¿Ÿ¡‘¿“¬„π‡µ“‡º“ VFBC

Figure 9(a-c) · ¥ß„Àâ‡ÀÁπ«à“Õ—µ√“°“√‰À≈
¢ÕßÕ“°“» à«π∑’Ë Õß‡∑à“°—∫ 0.66 m3/min ·≈– 1.22 m3/

min (V
2
 = 1.35 m/s ·≈– 2.5 m/s) ´÷Ëß‡ªìπÕ—µ√“°“√‰À≈

∑’ËµË”∑’Ë ÿ¥·≈– Ÿß∑’Ë ÿ¥„π°“√∑¥≈Õß¢Õß∑—Èß 13 °“√∑¥≈Õß
æ∫«à“¬—ß§ß°àÕ„Àâ‡°‘¥æƒµ‘°√√¡°“√‡º“‰À¡â·∫∫«Õ√å‡∑§
·≈–ø≈ŸÕ‘‰¥´å‡∫¥ ‚¥¬°“√°√–®“¬Õÿ≥À¿Ÿ¡‘¿“¬„π VFBC

·∫àßÕÕ°‡ªìπ 2  à«π §◊Õ 1) ∫√‘‡«≥ÀâÕß‡º“‰À¡â∑’ËÕ¬Ÿà‡Àπ◊Õ
«ß·À«π«Õ√å‡∑§ ≈—°…≥–°“√°√–®“¬Õÿ≥À¿Ÿ¡‘¡’≈—°…≥–
§≈â“¬æ“√“‚∫≈“§«Ë” 2) ∫√‘‡«≥ÀâÕß‡º“‰À¡â∑’ËÕ¬ŸàµË”°«à“
«ß·À«π«Õ√å‡∑§  æ∫«à“∑’Ë√–¥—∫§«“¡ Ÿß¢Õß‡µ“‡∑à“°—∫

Figure 8. The variation of emitted gases with excess air at different heights of combustor.

(run nos. 7-10)
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ªï∑’Ë 26 ©∫—∫∑’Ë 6 æ.¬.-∏.§. 2547
‡µ“‡º“‰À¡â«Õ√å‡∑§-ø≈ŸÕ‘‰¥´å‡∫¥ ”À√—∫‡™◊ÈÕ‡æ≈‘ß·°≈∫

∞“π‘µ¬å  ‡¡∏‘¬“ππ∑å ·≈–§≥–887

(a) Excess air = 145% (run no.11) (b) Excess air = 163% (run no.12)

(c) Excess air = 182% (run no.13)

Figure 9. Temperature distributions inside VFBC at distance of 0.35, 0.6 and 0.8 M. above

air distributor according to run nos. 11-13
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Figure 10. The variation of thermal efficiency of VFBC and exhaust gas temperature with

a variety of secondary air velocity (v
2
). (Specific rice husk feed rate (SFR) = 240

kg/h/m3; Primary air velocities (v
1
) = 17 m/s; tertiary air velocity (v

3
) = 25 m/s;

EA = Excess air)

Figure 11.  The effect of excess air on emitted gases and thermal efficiency. (run nos. 11-13)



«.  ß¢≈“π§√‘π∑√å «∑∑.

ªï∑’Ë 26 ©∫—∫∑’Ë 6 æ.¬.-∏.§. 2547
‡µ“‡º“‰À¡â«Õ√å‡∑§-ø≈ŸÕ‘‰¥´å‡∫¥ ”À√—∫‡™◊ÈÕ‡æ≈‘ß·°≈∫

∞“π‘µ¬å  ‡¡∏‘¬“ππ∑å ·≈–§≥–889

0.35 ‡¡µ√, 0.6 ‡¡µ√  ¡’°“√°√–®“¬Õÿ≥À¿Ÿ¡‘ ¡Ë”‡ ¡Õ
µ≈Õ¥æ◊Èπ∑’Ë  ´÷Ëß≈—°…≥–°“√°√–®“¬Õÿ≥À¿Ÿ¡‘∑—Èß 2  à«π
§≈â“¬°—∫≈—°…≥–°“√°√–®“¬Õÿ≥À¿Ÿ¡‘„πÀ—«¢âÕ 2.1

3.2  ¡√√∂π–¢Õß‡µ“ VFBC

®“°°“√∑¥≈Õß ‡¡◊ËÕª√—∫‡ª≈’Ë¬πÕ—µ√“°“√‰À≈
¢ÕßÕ“°“» à«π∑’Ë Õß´÷Ëß¡’º≈∑”„Àâ‰¥â§à“ª√‘¡“≥Õ“°“»
 à«π‡°‘π 145% (V

2
 = 1.35 m/s) ·≈– 182% (V

2
 = 2.5

m/s) µ“¡≈”¥—∫ æ∫«à“·π«‚πâ¡¢Õßª√– ‘∑∏‘¿“æ‡™‘ß§«“¡
√âÕπ¥—ß· ¥ß„π Figure 10 ·≈– 11 ‡ªìπ‰ª„π≈—°…≥–
§≈â“¬§≈÷ß°—∫¢Õß°√≥’°“√»÷°…“‡∫◊ÈÕßµâπ∑’Ë‰¡à¡’°“√®à“¬
Õ“°“» à«π∑’Ë “¡ (À—«¢âÕ 1 Figure 3) ·≈–°“√»÷°…“º≈
¢ÕßÕ“°“» à«π∑’Ë “¡ (À—«¢âÕ 2.2 Figure 5) °≈à“«§◊Õ ∂â“
º≈¢Õß°“√ªíòπªÉ«π‰¡à¡“°æÕ (°√≥’π’È§◊Õª√‘¡“≥Õ“°“»
 à«π∑’Ë ÕßπâÕ¬) ∑”„Àâ η

th
 µË” ´÷Ëß‡∑à“°—∫ 78% ·≈–‡¡◊ËÕ

‡æ‘Ë¡¥’°√’§«“¡ªíòπªÉ«π (°√≥’‡æ‘Ë¡ª√‘¡“≥Õ“°“» à«π∑’Ë Õß)

®–∑”„Àâ η
th
  Ÿß¢÷Èπ ´÷Ëß‡∑à“°—∫ 92% (§◊Õ°√≥’Õ“°“» à«π

‡°‘π 163% µ“¡ Figure 10 ‡ âπ°√“ø B) ·µà‡¡◊ËÕ‡æ‘Ë¡
ª√‘¡“≥Õ“°“» à«π‡°‘π¡“°‡°‘π‰ª®–∑”„ÀâÕÿ≥À¿Ÿ¡‘„πÀâÕß
‡º“‰À¡âµ°≈ß ª√–°Õ∫°—∫°“√∑’Ë§«“¡‡√Á«„π°“√∑”„Àâ‡°‘¥
ø≈ŸÕ‘‰¥´å‡´´—π Ÿß∑”„ÀâÕπÿ¿“§∑’Ë¬—ß‡º“‰À¡â‰¡àÀ¡¥À≈ÿ¥
ÕÕ°®“°‡µ“‡º“‰¥â ®÷ß®–∑”„Àâ η

th
 ≈¥≈ß ‡À≈◊Õ‡∑à“°—∫ 87%

(§◊Õ°√≥’Õ“°“» à«π‡°‘π 182% µ“¡ Figure 10 ‡ âπ
°√“ø C) πÕ°®“°π’È∑’Ë ”§—≠®–‡ÀÁπ‰¥â®“°º≈°“√∑¥≈Õß
∑—ÈßÀ¡¥µ—Èß·µàµâπ (À—«¢âÕ 1 ‡ªìπµâπ¡“) ®–æ∫«à“∂÷ß·¡â«à“
ª√‘¡“≥Õ“°“»„π·µà≈– à«π®–·µ°µà“ß°—π‰ª·µà∂â“√«¡°—π
·≈â«‰¥âª√‘¡“≥Õ“°“» à«π‡°‘π„°≈â‡§’¬ß°—π®–„Àâª√– ‘∑∏‘¿“æ
‡™‘ß§«“¡√âÕπ∑’Ë‰¡à·µ°µà“ß°—π¥—ß®–‡ÀÁπ‰¥â®“°º≈°“√∑¥≈Õß
¥—ßµàÕ‰ªπ’È

„π°√≥’»÷°…“º≈¢ÕßÕ“°“» à«π∑’Ë Õß„πÀ—«¢âÕ
π’Èæ∫«à“‡¡◊ËÕ„™âÕ“°“» à«π‡°‘π 145% (V

2
 = 1.35 m/s) „π

°“√‡º“‰À¡â ∑”„Àâ¡’Õÿ≥À¿Ÿ¡‘∑“ßÕÕ°‡©≈’Ë¬‡∑à“°—∫ 950ºC

·≈– η
th
 ‡∑à“°—∫ 78% ¥—ß· ¥ß„π Figure 10 (‡ âπ°√“ø

a ·≈– A)  ‡¡◊ËÕπ”¡“§”π«≥®–¡’æ‘°—¥§«“¡√âÕπ‡∑à“°—∫
0.76 MW

th
/m3 ´÷Ëß§à“ η

th
 ¥—ß°≈à“«¡’§à“¡“°°«à“ η

th
 ∑’Ë‰¥â

®“°°“√„™âÕ“°“» à«π‡°‘π 108% ·≈– 133% ¢Õß°√≥’
°“√»÷°…“º≈¢ÕßÕ“°“» à«π∑’Ë “¡„πÀ—«¢âÕ 2.2 ÷́Ëß¡’§à“
η

th
 ‡∑à“°—∫ 70% ·≈– 75% µ“¡≈”¥—∫ ¥—ß· ¥ß„π Figure

5 (‡ âπ°√“ø A ·≈– B) ¥—ßπ—ÈπÕ“®°≈à“«‰¥â«à“§à“ η
th
 ∑’Ë

‡æ‘Ë¡¢÷ÈπÀ√◊Õ≈¥≈ß‡ªìπº≈¡“®“°§«“¡ªíòπªÉ«π¢Õßª√‘¡“≥
Õ“°“»∑—ÈßÀ¡¥∑’Ë„™â¡“°°«à“∑’Ë®–¢÷Èπ°—∫ª√‘¡“≥Õ“°“»∑’Ë„™â
„π·µà≈– à«π (Õ“°“» à«π∑’Ë ÕßÀ√◊Õ “¡)  ·≈–‡¡◊ËÕ„™â
Õ“°“» à«π‡°‘π‡æ‘Ë¡¢÷Èπ‡∑à“°—∫ 163% (V

2
 = 1.92 m/s)

¢Õß°√≥’»÷°…“º≈¢ÕßÕ“°“» à«π∑’Ë Õß∑”„Àâ¡’Õÿ≥À¿Ÿ¡‘
∑“ßÕÕ°‡©≈’Ë¬‡∑à“°—∫ 1,025ºC ·≈– η

th
 ‡∑à“°—∫ 92% ¥—ß

· ¥ß„π Figure 10 (‡ âπ°√“ø b ·≈– B) ∑”„Àâ‰¥âæ‘°—¥
§«“¡√âÕπ¢Õß‡µ“‡∑à“°—∫ 0.9 MW

th
/m3 ´÷Ëß∑—Èß§à“ η

th
 ·≈–

æ‘°—¥§«“¡√âÕπ‡µ“®–„°≈â‡§’¬ß°—∫¢Õß°√≥’Õ◊ËπÊ ∑’Ë¡’ª√‘¡“≥
Õ“°“» à«π‡°‘π„°≈â°—π§◊Õ 1) °√≥’„™âÕ“°“» à«π‡°‘π 157%

(°√≥’¡’°“√®à“¬Õ“°“» à«π∑’Ë “¡‡¢â“ Ÿà‡µ“‡º“ VFBC,

run no.9 À—«¢âÕ 2) ∑”„ÀâÕÿ≥À¿Ÿ¡‘∑“ßÕÕ° Ÿß ÿ¥‡∑à“°—∫
1,060ºC ·≈– η

th
  Ÿß ÿ¥‡∑à“°—∫ 95% ¥—ß· ¥ß„π Figure 5

(‡ âπ°√“ø c ·≈– C) ‚¥¬„Àâæ‘°—¥§«“¡√âÕπ¢Õß‡µ“‡∑à“°—∫
0.92 MW

th
/m3   3) °√≥’„™âÕ“°“» à«π‡°‘π 157%  (°√≥’

‰¡à¡’°“√®à“¬Õ“°“» à«π∑’Ë 3 ‡¢â“ Ÿà‡µ“º“ VFBC, run no.6

À—«¢âÕ  1) ∑”„Àâ¡’Õÿ≥À¿Ÿ¡‘∑“ßÕÕ°‡∑à“°—∫ 1,020ºC ·≈–
η

th
 ‡∑à“°—∫ 92% ¥—ß· ¥ß„π Figure 3 (‡ âπ°√“ø f ·≈–

F) πÕ°®“°π’Èæ∫«à“∂â“‡æ‘Ë¡ª√‘¡“≥Õ“°“» à«π‡°‘π„Àâ¡“°
¢÷Èπ‡∑à“°—∫ 182% (V

2
 = 2.5 m/s) „π°“√‡º“‰À¡â®–∑”„Àâ

¡’Õÿ≥À¿Ÿ¡‘∑“ßÕÕ°≈¥≈ß‡À≈◊Õ‡∑à“°—∫ 924ºC ·≈– η
th

≈¥≈ß‡À≈◊Õ‡∑à“°—∫ 87% ¥—ß· ¥ß„π Figure 10 (‡ âπ°√“ø
c ·≈– C) ∑”„Àâæ‘°—¥§«“¡√âÕπ¢Õß‡µ“≈¥≈ß‡À≈◊Õ‡∑à“°—∫
0.85 MW

th
/m3 ´÷Ëß‡ªìπº≈¡“®“°°“√„™âª√‘¡“≥Õ“°“»

 à«π‡°‘π∑’Ë¡“°‡°‘πª√‘¡“≥∑’Ë‡À¡“– ¡®–∑”„Àâ§«“¡√âÕπ∑’Ë
‰¥â®“°°“√‡º“‰À¡â à«πÀπ÷ËßµâÕß Ÿ≠‡ ’¬„Àâ°—∫‰π‚µ√‡®π„π
Õ“°“»„Àâ¡’Õÿ≥À¿Ÿ¡‘ Ÿß¢÷Èπ®÷ß∑”„ÀâÕÿ≥À¿Ÿ¡‘¿“¬„πÀâÕß
‡º“‰À¡â≈¥≈ß  ÷́Ëß§≈â“¬°—∫°√≥’„™âÕ“°“» à«π‡°‘π‡∑à“°—∫
182% ∑’Ë°≈à“«¡“·≈â«„πÀ—«¢âÕ 2.2

3.3 Õß§åª√–°Õ∫·°ä ‰Õ‡ ’¬

„π°“√«‘‡§√“–Àå∂÷ßª√‘¡“≥·°ä  CO
2
, CO ·≈–

O
2
 ∑’Ëµ”·Àπàß∑“ßÕÕ°¢Õß‡µ“‡º“ VFBC ‡¡◊ËÕ∑”°“√

ª√—∫‡ª≈’Ë¬πª√‘¡“≥Õ“°“» à«π‡°‘π∑’Ë„™â„π°“√‡º“‰À¡â æ∫
«à“∑ÿ°‡ß◊ËÕπ‰¢¢Õß°“√∑¥≈Õßª√‘¡“≥·°ä  CO

2
, CO ·≈–

O
2
  ∑’Ë‡°‘¥¢÷Èπ„Àâº≈∑’Ë Õ¥§≈âÕß°—∫§à“ η

th
  ∑’Ë‰¥â®“°°“√

‡º“‰À¡â„π∑‘»∑“ß∑’Ë‡¡◊ËÕ§à“ η
th
  Ÿß¢÷Èπ ª√‘¡“≥ CO

2
 ®–

‡æ‘Ë¡¢÷Èπ ·µàª√‘¡“≥ CO ·≈– O
2
 ®–≈¥≈ß

®“° Figure 11(a) · ¥ß„Àâ‡ÀÁπ«à“ CO
2
 ∑’Ë
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µ”·Àπàß∑“ßÕÕ°®–·ª√º—π‚¥¬µ√ß°—∫ª√‘¡“≥Õ“°“»
 à«π‡°‘π∑’Ë„™â„π°“√‰À¡â ‚¥¬‡¡◊ËÕ„™âÕ“°“» à«π‡°‘π‡∑à“°—∫
145% ∑”„Àâ η

th
 µË” ´÷Ëß‡∑à“°—∫ 78% ‡π◊ËÕß®“°‡ªìπ°“√

‡º“‰À¡â∑’Ë‰¡à ¡∫Ÿ√≥å (´÷Ëß‰¥â°≈à“«‰«â·≈â«„πÀ—«¢âÕ 3.2) ®÷ß
∑”„Àâ¡’ CO

2
 ∑’Ë‡°‘¥®“°°“√‡º“‰À¡â¡’ª√‘¡“≥πâÕ¬ ́ ÷Ëß‡∑à“°—∫

7.5% ·µà‡¡◊ËÕ„™âª√‘¡“≥Õ“°“» à«π‡°‘π„π°“√‰À¡â„Àâ¡“°
¢÷Èπ ´÷Ëß‡∑à“°—∫ 163% æ∫«à“ η

th
 ‡æ‘Ë¡¢÷Èπ‡ªìπ 92% ‡π◊ËÕß

®“°°“√‡°‘¥°“√ªíòπªÉ«π„π°“√‡º“‰À¡â‡æ‘Ë¡¢÷Èπ ∑”„Àâ‡°‘¥
°“√‡º“‰À¡â∑’Ë ¡∫Ÿ√≥å¡“°¢÷Èπ ¥—ßπ—Èπ®÷ß∑”„Àâª√‘¡“≥  CO

2

‡æ‘Ë¡¡“°¢÷Èπ ´÷Ëß‡∑à“°—∫ 8.5% Õ¬à“ß‰√°Áµ“¡‡¡◊ËÕ„™âª√‘¡“≥
Õ“°“» à«π‡°‘π‡∑à“°—∫ 182% ∑”„Àâª√‘¡“≥ CO

2
 ≈¥≈ß

‡À≈◊Õ‡∑à“°—∫ 7.5% ‡π◊ËÕß®“°°“√„™âª√‘¡“≥Õ“°“» à«π‡°‘π
∑’Ë‡æ‘Ë¡¡“°¢÷Èπ∑”„Àâ 1) ‡°‘¥°“√‡º“‰À¡â∑’Ë‰¡à ¡∫Ÿ√≥å ´÷Ëß
 Õ¥§≈âÕß°—∫ η

th
 ∑’Ë≈¥≈ßµË”≈ß ´÷Ëß‡∑à“°—∫ 87% (¥—ß‰¥â

°≈à“«‰«â·≈â«„πÀ—«¢âÕ 2.2)  ·≈–  2)  —¥ à«π¢Õßª√‘¡“≥
CO

2
 ≈¥≈ß‡æ√“– —¥ à«π¢ÕßÕ“°“»∑—ÈßÀ¡¥∑’Ëπ”¡“„™â„π

°“√‡º“‰À¡â‡æ‘Ë¡¡“°¢÷Èπ  à«π°“√æ‘®“√≥“ª√‘¡“≥ CO ∑’Ë

‡°‘¥®“°°“√‡º“‰À¡âæ∫«à“ ®“° Figure 11(b) · ¥ß„Àâ
‡ÀÁπ«à“ CO ∑’Ëµ”·Àπàß∑“ßÕÕ°®–·ª√º°º—π°—∫ª√‘¡“≥
Õ“°“» à«π‡°‘π∑’Ë„™â„π°“√‰À¡â  ‡¡◊ËÕ„™âÕ“°“» à«π‡°‘π
‡∑à“°—∫ 145% „π°“√‡º“‰À¡âæ∫«à“‡°‘¥ CO ÕÕ°¡“
ª√‘¡“≥¡“° ¡’§à“‡∑à“°—∫ 547 ppm · ¥ß„Àâ‡ÀÁπ«à“‡ªìπ
‡ß◊ËÕπ‰¢∑’Ë∑”„Àâ‡°‘¥°“√‡º“‰À¡â∑’Ë‰¡à ¡∫Ÿ√≥å ∑”„Àâ‰¥â η

th
 µË”

‡∑à“°—∫ 78%  ·µà‡¡◊ËÕ„™âª√‘¡“≥Õ“°“» à«π‡°‘π‡∑à“°—∫
163% æ∫«à“ª√‘¡“≥ CO ≈¥≈ß‡À≈◊Õ‡∑à“°—∫ 315 ppm

‡π◊ËÕß®“° 1) ª√‘¡“≥Õ“°“»∑’Ë‡æ‘Ë¡¢÷Èπ∑”„Àâ‡°‘¥°“√‡º“‰À¡â
∑’Ë ¡∫Ÿ√≥å¡“°¢÷Èπ ´÷Ëß Õ¥§≈âÕß°—∫ η

th
 ∑’Ë‡æ‘Ë¡¢÷Èπ‡ªìπ 92%

·≈– 2) °“√∑’Ë„™âÕ“°“» à«π‡°‘π¡“°¢÷Èπ∑”„Àâ —¥ à«π¢Õß
CO ≈¥≈ß (‡™àπ‡¥’¬«°—∫°√≥’¢Õß CO

2
 ∑’Ë EA = 182%)

·µà‡¡◊ËÕ‡æ‘Ë¡ª√‘¡“≥Õ“°“» à«π‡°‘π¢÷Èπ‰ªÕ’°‡ªìπ 182%

∑”„Àâ CO °≈—∫¡“‡æ‘Ë¡¢÷Èπ‡ªìπ‡∑à“°—∫ 404 ppm ‡π◊ËÕß®“°
‡°‘¥°“√‡º“‰À¡â∑’Ë‰¡à ¡∫Ÿ√≥å  ÷́Ëß Õ¥§≈âÕß°—∫§à“ η

th
 ∑’Ë

≈¥≈ß‡À≈◊Õ‡∑à“°—∫ 87% (´÷Ëß§«“¡ —¡æ—π∏å√–À«à“ßª√‘¡“≥
Õ“°“» à«π‡°‘π°—∫ η

th
 ∑’Ë‰¥â®“°“√‡º“‰À¡â ‰¥â°≈à“«‰«â·≈â«

Figure 12. The variation of emitted gases with excess air at different heights of combustor.

(run nos. 11-13)
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„πÀ—«¢âÕ 2.2) ·≈–„π°“√æ‘®“√≥“ª√‘¡“≥ O
2
 ∑’Ë‡°‘¥®“°

°“√‡º“‰À¡â  ®“° Figure 12(a) · ¥ß„Àâ‡ÀÁπ«à“ O
2
 ∑’Ë

µ”·Àπàß∑“ßÕÕ° ®–·ª√º—π‚¥¬µ√ß°—∫ª√‘¡“≥Õ“°“»
 à«π‡°‘π∑’Ë„™â„π°“√‰À¡â ‚¥¬‡¡◊ËÕ„™âÕ“°“» à«π‡°‘π‡∑à“°—∫
145% ∑”„Àâ η

th
 ∑’ËµË” ´÷Ëß‡∑à“°—∫ 78% ∑”„Àâ‡À≈◊Õ O

2
 ∑’Ë

‰¡à‰¥â„™â„π°“√‡º“‰À¡â®”π«π¡“° ´÷Ëß‡∑à“°—∫ 7.6% ·µà
‡¡◊ËÕ„™âª√‘¡“≥Õ“°“» à«π‡°‘π„π°“√‰À¡â‡∑à“°—∫ 163%

∑”„Àâ η
th
 ‡æ‘Ë¡¡“°¢÷Èπ ´÷Ëß‡∑à“°—∫ 92% ´÷Ëß∑”„Àâ O

2
 ∂Ÿ°π”

‰ª„™â„π°“√‡º“‰À¡â¡“°¢÷Èπ ®÷ß∑”„Àâ‡À≈◊Õ O
2
 ÕÕ°¡“πâÕ¬

´÷Ëß‡∑à“°—∫ 6.1% ·≈–‡¡◊ËÕª√‘¡“≥Õ“°“» à«π‡°‘π„™â„π°“√
‰À¡â‡∑à“°—∫ 182% ∑”„Àâ O

2
 ‡æ‘Ë¡¢÷Èπ‡ªìπ‡∑à“°—∫ 7.8%

‡π◊ËÕß®“° 1) ª√‘¡“≥Õ“°“» à«π‡°‘π∑’Ë‡æ‘Ë¡¢÷Èπ∑”„Àâ‡°‘¥
°“√‡º“‰À¡â∑’Ë‰¡à ¡∫Ÿ√≥å ‡À≈◊Õ O

2
 ∑’Ë‰¡à‰¥â„™â„π°“√‡º“‰À¡â

®”π«π¡“°¢÷Èπ ´÷Ëß Õ¥§≈âÕß°—∫ η
th
 ∑’Ë≈¥≈ß‡À≈◊Õ‡∑à“°—∫

87%  ·≈–  2) °“√‡æ‘Ë¡Õ“°“» à«π‡°‘π¡“°¢÷Èπ ‡ªìπ°“√
∑”„Àâ —¥ à«π¢Õßª√‘¡“≥ O

2
 „π·°ä ‡ ’¬∑’Ë‰¥â®“°“√‡º“‰À¡â

‡æ‘Ë¡¡“°¢÷Èπµ“¡ ·≈–®“°º≈°“√∑¥≈Õßπ’È∑”„Àâæ∫«à“°“√
‡ª≈’Ë¬π·ª≈ßª√‘¡“≥·°ä  CO

2
, CO ·≈– O

2
 ∑’Ë‡°‘¥¢÷Èπ

 Õ¥§≈âÕß°—∫ª√– ‘∑∏‘¿“æ‡™‘ß§«“¡√âÕπ∑’Ë‰¥â®“°°“√
‡º“‰À¡â¥—ß∑’Ë‰¥â°≈à“«¡“·≈â«µ—Èß·µàµâπ  à«π„π°“√«‘‡§√“–Àå
∂÷ß°“√‡ª≈’Ë¬π·ª≈ßª√‘¡“≥·°ä  CO

2
, CO ·≈– O

2
 µ“¡

√–¥—∫§«“¡ Ÿß¢Õß‡µ“· ¥ß„π Figure 12(a-c) ‚¥¬æ∫«à“
ª√‘¡“≥ CO

2
, CO ·≈– O

2
 ¬—ß‰¡à “¡“√∂ √ÿª‰¥â«à“¡’

§«“¡ —¡æ—π∏åÕ¬à“ß‰√°—∫§«“¡ Ÿß¢Õß‡µ“´÷Ëß§≈â“¬°—∫º≈
°“√∑¥≈Õß∑’Ë°≈à“«¡“·≈â«„πÀ—«¢âÕ 2.3

 √ÿªº≈°“√∑¥≈Õß

„π°“√«‘®—¬π’È‰¥â¡ÿàß‡πâπ°“√æ—≤π“‡µ“‡º“‰À¡â
«Õ√å‡∑§-ø≈ŸÕ‘‰¥´å‡∫¥ ”À√—∫‡™◊ÈÕ‡æ≈‘ß·°≈∫´÷Ëß “¡“√∂

 √ÿªº≈°“√∑¥≈Õß‰¥â¥—ßπ’È
1. ‡µ“‡º“ VFBC ∑’Ë¡’ —¥ à«π¢Õß‡ âπºà“π»Ÿπ¬å-

°≈“ßµàÕ§«“¡ Ÿß¡’§à“µË”‡æ’¬ß 2.75  “¡“√∂√«¡æƒµ‘°√√¡
°“√‰À≈¢ÕßÕ“°“»·≈–·°≈∫·∫∫«Õ√å‡∑§·≈–ø≈ŸÕ‘‰¥ ǻ‡∫¥
¢≥–∑’Ë‡°‘¥°“√‡º“‰À¡â‰¥â ÷́Ëß —ß‡°µ‰¥â®“°°“√°√–®“¬
Õÿ≥À¿Ÿ¡‘¿“¬„π‡µ“∑’Ë “¡“√∂·∫àßÕÕ°‡ªìπ Õß∫√‘‡«≥§◊Õ
1) ∫√‘‡«≥ÀâÕß‡º“‰À¡â∑’ËÕ¬Ÿà‡Àπ◊Õ«ß·À«π«Õ√å‡∑§‚¥¬¡’
≈—°…≥–°“√°√–®“¬Õÿ≥À¿Ÿ¡‘§≈â“¬√Ÿªæ“√“‚∫≈“§«Ë”· ¥ß
„Àâ‡ÀÁπ∂÷ßæƒµ‘°√√¡°“√‰À≈·∫∫«Õ√å‡∑§ ·≈– 2) ∫√‘‡«≥
ÀâÕß‡º“‰À¡â∑’ËÕ¬ŸàµË”°«à“«ß·À«π«Õ√å‡∑§°“√°√–®“¬
Õÿ≥À¿Ÿ¡‘¢Õß·°ä ‡º“‰À¡â‡°‘¥¢÷ÈπÕ¬à“ß§«“¡ ¡Ë”‡ ¡Õµ≈Õ¥
æ◊Èπ∑’ËÀπâ“µ—¥‡µ“· ¥ß„Àâ‡ÀÁπ∂÷ßæƒµ‘°√√¡°“√‡º“‰À¡â·∫∫
ø≈ŸÕ‘‰¥ ǻ‡∫¥

2. ®“°°“√√«¡æƒµ‘°√√¡°“√‡º“‰À¡â·∫∫«Õ√å‡∑§
·≈–ø≈ŸÕ‘‰¥ ǻ‡∫¥¢≥–∑’Ë‡°‘¥°“√‡º“‰À¡â®–∑”„Àâ‡°‘¥°“√
‡º“‰À¡âµ≈Õ¥∑—Ë«∑—Èßæ◊Èπ∑’ËÀπâ“µâ¥¢Õß‡µ“‡º“ VFBC ∑”„Àâ
‡µ“ “¡“√∂º≈‘µæ‘°—¥§«“¡√âÕπ®”‡æ“–‰¥â Ÿß ÿ¥ 0.91

MW
th
/m3 ∑’Ëª√– ‘∑∏‘¿“æ‡™‘ß§«“¡√âÕπ‡∑à“°—∫ 95% ·≈–

ª√‘¡“≥Õ“°“» à«π‡°‘π 157% ‚¥¬Õÿ≥À¿Ÿ¡‘·°ä ‡º“‰À¡â
∑’Ë∑“ßÕÕ°ª√–¡“≥ 1,060ºC

3. °“√‡°‘¥ø≈ŸÕ‘‰¥ ǻ‡´™—π¿“¬„π‡µ“‰¡à®”‡ªìπµâÕß
º ¡«— ¥ÿ‡©◊ËÕ¬®”æ«°∑√“¬´‘≈‘°“À√◊ÕÕ≈Ÿ¡‘π“ ≈ß‰ª„π‡∫¥

4. °“√µ‘¥µ—Èß«ß·À«π«Õ√å‡∑§®–™à«¬‡æ‘Ë¡°“√
‡§≈◊ËÕπ∑’ËÀ¡ÿπ«πÕ¬à“ß√ÿπ·√ß∫√‘‡«≥ÀâÕß‡º“‰À¡â∑’ËÕ¬Ÿà‡Àπ◊Õ
«ß·À«π«Õ√å‡∑§ ‚¥¬Õπÿ¿“§∑’Ë¡’πÈ”Àπ—°¡“°®–‰¡à “¡“√∂
‡§≈◊ËÕπ∑’ËÕÕ°®“°‡µ“‡º“‰¥â ¢’È‡∂â“∑’ËÕÕ°®“°‡µ“‡º“ VFBC

®÷ß¡’¢π“¥‡≈Á°≈–‡Õ’¬¥ª√–¡“≥ 200-600 µm. ·≈–¡’ ’¥”
ªπ‡∑“

5. ª√– ‘∑∏‘¿“æ‡™‘ß§«“¡√âÕπ®–·ª√º—πµ√ß°—∫
ª√‘¡“≥Õ“°“» à«π‡°‘π „π≈—°…≥–∑’Ë‡¡◊ËÕ‡æ‘Ë¡ª√‘¡“≥Õ“°“»

Table 3. The specification of Gas analyzer model

Testo 350 XL

GAS Range

O
2

0-25%
CO 0-10,000 ppm
NO 0-3,000  ppm
SO

2
0-5,000 ppm
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 à«π‡°‘πª√– ‘∑∏‘¿“æ‡™‘ß§«“¡√âÕπ®–‡æ‘Ë¡¢÷Èπ  ·µà∂â“
ª√‘¡“≥Õ“°“» à«π‡°‘π¡’§à“¡“°‡°‘π‰ªª√– ‘∑∏‘¿“æ‡™‘ß
§«“¡√âÕπ°Á®–≈¥µË”≈ß ‚¥¬ª√‘¡“≥Õ“°“» à«π∑’Ë Õß·≈–
 “¡®–‰¡à àßº≈µàÕª√– ‘∑∏‘¿“æ¢Õß‡µ“  ·µà∂â“§«“¡‡√Á«
Õ“°“» à«π∑’Ë Õß∑’Ë∑”„Àâ‡°‘¥ø≈ŸÕ‘‰¥´å‡´´—π¡“°‰ª°Á®–
∑”„ÀâÕπÿ¿“§‡™◊ÈÕ‡æ≈‘ß∑’Ë¬—ß‡º“‰À¡â‰¡àÀ¡¥¡’‚Õ°“ À≈ÿ¥ÕÕ°
¡“®“°‡µ“‰¥â  ·≈–Õ“°“» à«π∑’Ë “¡®–¡’º≈µàÕ°“√§«∫§ÿ¡
Õÿ≥À¿Ÿ¡‘ Ÿß ÿ¥¿“¬„π‡µ“‰¡à„Àâ‡°‘π 1,000ºC

6. ª√‘¡“≥ CO
2
, CO ·≈– O

2
  Õ¥§≈âÕß°—∫ª√‘¡“≥

Õ“°“» à«π‡°‘π·≈–ª√– ‘∑∏‘¿“æ¢Õß‡µ“‚¥¬∑’Ëª√– ‘∑∏‘¿“æ
‡™‘ß§«“¡√âÕπ‡∑à“°—∫ 95% ®–„Àâª√‘¡“≥ CO ·≈– NO

x

∑’Ëª≈àÕ¬ÕÕ°¡“®“°‡µ“§à“‰¡à‡°‘π 50 ppm ·≈– 380 ppm

µ“¡≈”¥—∫

°‘µµ‘°√√¡ª√–°“»

¢Õ¢Õ∫§ÿ≥ ”π—°ß“π°Õß∑ÿπ π—∫ πÿπ°“√«‘®—¬
( °«.) ∑’Ë„Àâ°“√ π—∫ πÿπ∑ÿπ«‘®—¬ §ÿ≥«‘∫Ÿ√≥å ‡∑‡æπ∑√å
 ∂“∫—π«‘®—¬‡°…µ√«‘»«°√√¡°≈ÿà¡ß“π«‘®—¬«‘»«°√√¡À≈—ß°“√
‡°Á∫‡°’Ë¬«∑’Ë°√ÿ≥“„Àâ§”·π–π”µàÕß“π«‘®—¬π’È ·≈–π—°»÷°…“
¿“§«‘™“«‘»«°√√¡‡§√◊ËÕß°≈  ¡À“«‘∑¬“≈—¬‡∑§‚π‚≈¬’
¡À“π§√ ∑’Ë™à«¬‡À≈◊Õ„π°“√∑¥≈Õß ‚¥¬¡’√“¬™◊ËÕ¥—ßµàÕ‰ªπ’È
π“¬Õ”π“® ¡“°°≈“ß  π“¬ ‘ßÀå™—¬ ∑√—æ¬åÕÿ¥¡¡“°  π“¬
« —πµå »√’§”¡Ÿ≈  π“¬∏’√–«—∏ ÕàÕπ¥’  π“¬‰°√ √ ≈âÕ ÿ«√√≥
π“¬ ÿ√ ‘µ√å ¿Ÿà‡¡◊Õß π“¬Õπÿ™“ „®°≈â“ π“¬ ÿ√—µπå ®µÿ√ ÿ¢
 °ÿ≈  π“¬Õ¥‘‡√° „  àÕß  π“¬«’√– »√’Õ√‘¬–°ÿ≈  π“¬‡ √’
Õ√«—≤π“ππ∑å  π“¬«√√‚≥ «ÿàπ·ªÑπ  π“¬§”π«π ‡æÁ≠-
√—°…“ ·≈– π“¬ ‘∑∏‘‚™§ πæ§ÿ≥¢®√
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