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The effect of pure ethanol as a fuel on exhaust emissions
in spark ignition engines
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„πªí®®ÿ∫—πªí≠À“‡™◊ÈÕ‡æ≈‘ß¡’√“§“·æß ·≈–¢“¥·§≈π‡ªìπªí≠À“√ÿπ·√ß∑’ËµâÕß√’∫·°â‰¢ ‡™◊ÈÕ‡æ≈‘ß∑¥·∑π

∑’ËÀ“‰¥â∑—Ë«‰ª·≈– “¡“√∂º≈‘µ‰¥âßà“¬®÷ß‡ªìπªí®®—¬ ”§—≠„π°“√·°âªí≠À“π’È ‡Õ∑“πÕ≈‡ªìπ‡™◊ÈÕ‡æ≈‘ßÕ’°∑“ß‡≈◊Õ°Àπ÷Ëß

∑’Ëπà“ π„®‡π◊ËÕß®“°°“√º≈‘µ‡™◊ÈÕ‡æ≈‘ß™π‘¥π’È à«π„À≠àº≈‘µ®“°°“√À¡—°æ◊™‡™àπ ¡—π ”ª–À≈—ß ¢â“«‚æ¥ ÕâÕ¬

æ◊™‡À≈à“π’È “¡“√∂ª≈Ÿ°‰¥â∑—Ë«‰ª„πª√–‡∑»‰∑¬ πÕ°®“°π’È®ÿ¥‡¥àπ¢Õß‡™◊ÈÕ‡æ≈‘ß™π‘¥π’È§◊Õ¡’§à“ÕÕ°‡∑π Ÿß¡“°°«à“

‡∫π ‘́π®÷ß‡À¡“– ¡ ”À√—∫‡§√◊ËÕß¬πµå®ÿ¥√–‡∫‘¥¥â«¬ª√–°“¬‰ø ‚¥¬ “¡“√∂‡æ‘Ë¡§à“Õ—µ√“ à«π°“√Õ—¥∑”„Àâ

ª√– ‘∑∏‘¿“æ¢Õß‡§√◊ËÕß¬πµå‡æ‘Ë¡¢÷Èπ   „πß“π«‘®—¬π’È„™â‡§√◊ËÕß¬πµå®ÿ¥√–‡∫‘¥¥â«¬ª√–°“¬‰øÀπ÷Ëß°√–∫Õ° Ÿ∫ ’Ë®—ßÀ«–

124.8 cc ®à“¬‡™◊ÈÕ‡æ≈‘ß¥â«¬À—«©’¥‰øøÑ“§«∫§ÿ¡¥â«¬√–∫∫Õ‘‡≈§∑√Õπ‘° å ‚¥¬‡ª√’¬∫‡∑’¬∫ª√‘¡“≥ §“√å∫Õπ¡ÕπÕÕ°‰´¥å

(CO), ‰Œ‚¥√§“√å∫Õπ (HC) ·≈– ‰π∑√‘°ÕÕ°‰´¥å (NO) ¢Õß‰Õ‡ ’¬∑’Ë√Õ∫‡§√◊ËÕß¬πµå 3000-6000 rpm

¢≥–‡§√◊ËÕß¬πµå‰¡à¡’¿“√–·≈–¡’¿“√–§ß∑’Ë√–À«à“ß°“√„™â‡Õ∑“πÕ≈∫√‘ ÿ∑∏‘Ï (99.5%) ·≈–‡∫π´‘π‡ªìπ‡™◊ÈÕ‡æ≈‘ß

‚¥¬¡’°“√ª√—∫·µàßÕ—µ√“ à«πÕ“°“»°—∫‡™◊ÈÕ‡æ≈‘ß„Àâ‡À¡“– ¡‡¡◊ËÕ„™â‡Õ∑“πÕ≈‡ªìπ‡™◊ÈÕ‡æ≈‘ß ®“°º≈°“√∑¥≈Õßæ∫«à“

‡¡◊ËÕ‡∑’¬∫°—∫‡∫π ‘́π „π ¿“«–‡§√◊ËÕß¬πµå‰¡à¡’¿“√– ‡Õ∑“πÕ≈ “¡“√∂≈¥ª√‘¡“≥ CO, HC ·≈– NO ¢Õß‰Õ‡ ’¬

‰¥â Ÿß ÿ¥ 90.59%, 41.46% ·≈– 67.68% µ“¡≈”¥—∫ ·≈–‡¡◊ËÕ„π ¿“«–‡§√◊ËÕß¬πµå¡’¿“√–§ß∑’Ë  “¡“√∂≈¥ª√‘¡“≥

CO†, HC ·≈– NO ¢Õß‰Õ‡ ’¬‰¥â Ÿß ÿ¥ 84.62%, 43.35% ·≈– 81.56% µ“¡≈”¥—∫

Abstract

Nowadays high price and shortage of fuel are serious problems and require solving immediately

Alternative fuels which are abundant and easy to produce are the key to solving these problems. Ethanol is an

interesting solution because it is mostly obtained from the fermentation of cassava, corn, sugar cane etc. These

plants can be cultivated in all parts of Thailand. Moreover, ethanol has higher octane value than gasoline so it

can increase the compression ratio of spark ignition engines with high performance. A single cylinder, 124.8

1Õ“®“√¬å ¿“§«‘™“«‘»«°√√¡‡§√◊ËÕß°≈ §≥–«‘»«°√√¡»“ µ√å °”·æß· π ¡À“«‘∑¬“≈—¬‡°…µ√»“ µ√å, e-mail: fengtnc@ku.ac.th
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cc, four stroke and electrical injection engine controlled by an electronic system with spark ignition was used

in this study to determine the effect of pure ethanol (99.5%) and gasoline fuels on carbon monoxide (CO),

hydrocarbon (HC) and nitric oxide (NO) emissions at 3000-6000 rpm engine speed without load and with

constant load. Modification of air fuel ratio was needed to adjust the engine for ethanol purposes. Comparing

with gasoline, it was found that using ethanol at no load reduced CO, HC and NO emissions 90.59%, 41.46%

and 67.68%, respectively; while, at constant load it reduced CO, HC and NO emissions 84.62%, 43.35% and

81.56% from their maximum values, respectively.

§” ”§—≠: ‡Õ∑“πÕ≈, ‡§√◊ËÕß¬πµå®ÿ¥√–‡∫‘¥¥â«¬ª√–°“¬‰ø, ‰Õ‡ ’¬

Keywords: Ethanol, spark ignition engine, emissions

∫∑π”

‡™◊ÈÕ ‡æ≈‘ß à«π„À≠à∑’Ë „™â°—π§◊ÕπÈ”¡—π´÷Ë ß

¡“®“°°“√∑—∫∂¡°—π¢Õß´“°æ◊™´“° —µ«å ´÷ËßµâÕß„™â

‡«≈“π“π¡“° ·≈–πÈ”¡—π à«π„À≠à∂Ÿ°π”‡¢â“®“°

µà“ßª√–‡∑» ∑”„Àâ‡°‘¥ªí≠À“‡™◊ÈÕ‡æ≈‘ß¢“¥·§≈π

·≈–¡’√“§“·æßÕ¬à“ßµàÕ‡π◊ËÕß °“√À“‡™◊ÈÕ‡æ≈‘ß

∑’Ë “¡“√∂¡“·∑ππÈ”¡—π®÷ß‡ªìπ ‘Ëß ”§—≠„πªí®®ÿ∫—π

‡Õ∑“πÕ≈‡ªìπ‡™◊ÈÕ‡æ≈‘ßÕ’°∑“ß‡≈◊Õ°Àπ÷Ëß∑’Ëπà“ π„®

‡π◊ËÕß®“°‡™◊ÈÕ‡æ≈‘ß™π‘¥π’È “¡“√∂º≈‘µ‰¥â®“°°“√À¡—°æ◊™

‡™àπ ¡—π ”ª–À≈—ß ¢â“«‚æ¥ ÕâÕ¬ ÷́Ëßæ◊™ à«π„À≠à

‡À≈à“π’È “¡“√∂ª≈Ÿ°‰¥â∑—Ë«‰ª„πª√–‡∑» √«¡∑—Èß‡ªìπ

·À≈àß∑’ËÀ“‰¥âßà“¬ ·≈–√“§“∂Ÿ°°«à“‡∫π´‘π ª√‘¡“≥

¢Õß«—µ∂ÿ¥‘∫ ·≈–µâπ∑ÿπ„π°“√º≈‘µ‡Õ∑“πÕ≈ 1 ≈‘µ√

· ¥ß„πµ“√“ß∑’Ë 1 (°≈â“≥√ß§å ·≈–§≥–, 2549)

µ“√“ß∑’Ë 1. ª√‘¡“≥¢Õß«—µ∂ÿ¥‘∫ ·≈–µâπ∑ÿπ„π°“√º≈‘µ‡Õ∑“πÕ≈ 1 ≈‘µ√

™π‘¥¢Õß«—µ∂ÿ¥‘∫ ª√‘¡“≥«—µ∂ÿ¥‘∫ µâπ∑ÿπ«—µ∂ÿ¥‘∫„π°“√º≈‘µ

(°‘‚≈°√—¡µàÕ‡Õ∑“πÕ≈ 1 ≈‘µ√)       ‡Õ∑“πÕ≈ 1 ≈‘µ√ (∫“∑)

¡—π ”ª–À≈—ß  6.5  9.75

¢â“«‚æ¥‡≈’È¬ß —µ«å  2.7 11.23

ÕâÕ¬ 14 11.20

(√“§“‚¥¬ª√–¡“≥®“°°“√ Õ∫∂“¡ºŸâª√–°Õ∫°“√ ≥ ªí®®ÿ∫—π)

     ‡Õ∑“πÕ≈¡’§à“ÕÕ°‡∑π Ÿß¡“°°«à“‡∫π´‘π

¥—ßµ“√“ß∑’Ë 2 (Das and Reddy, 1996; Bechtold, 1997)

®÷ß‡À¡“– ¡ ”À√—∫‡§√◊ËÕß¬πµå®ÿ¥√–‡∫‘¥¥â«¬ª√–°“¬‰ø

πÕ°®“°π’È‡Õ∑“πÕ≈¬—ß¡’ÕÕ°´‘‡®πº ¡¡“°°«à“‡∫π´‘π

®“°°“√»÷°…“‡§√◊ËÕß¬πµå®ÿ¥√–‡∫‘¥¥â«¬ª√–°“¬‰ø

‚¥¬°“√®à“¬‡™◊ÈÕ‡æ≈‘ß¥â«¬À—«©’¥‰øøÑ“ æ∫«à“‡™◊ÈÕ‡æ≈‘ß

∑’Ë¡’ÕÕ°´‘‡®πº ¡Õ¬Ÿà®–™à«¬ª√—∫ª√ÿß°“√‡º“‰À¡â

„Àâ ¡∫Ÿ√≥å¢÷Èπ (He et al., 2003) ®–¡’¢âÕ¥âÕ¬§◊Õ  µ“√∑å

¬“°„πÕ“°“»Àπ“«‡¬Áπ ∑’ËµË”°«à“ 11 ÌC ‡π◊ËÕß®“°

‡Õ∑“πÕ≈®–‰¡à “¡“√∂º ¡°—∫Õ“°“»‰¥âÕ¬à“ß‡æ’¬ßæÕ

(Davis, 2004) ·µà‰¡à‡ªìπªí≠À“°—∫æ◊Èπ∑’Ë à«π„À≠à

„πª√–‡∑»‰∑¬
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µ“√“ß∑’Ë 2. §ÿ≥ ¡∫—µ‘¢Õß‡Õ∑“πÕ≈·≈–‡∫π´‘π

‡Õ∑“πÕ≈ ‡∫π ‘́π

¡«≈‚¡‡≈°ÿ≈ 46 100-105

ÕÕ° ‘́‡®π (% ¡«≈) 34.7 0-4

§à“æ≈—ßß“π§«“¡√âÕπµË” (MJ/kg) 27 43.5

§à“§«“¡√âÕπ·Ωß (kJ/L) 725.4 223.2

Õ—µ√“ à«πº ¡Õ“°“»°—∫‡™◊ÈÕ‡æ≈‘ßæÕ¥’ 9 14.6

§«“¡¥—π‰Õ ∑’Ë 23.5 †ÌC (kPa) 17 60-90

§à“ÕÕ°‡∑π«‘®—¬ (RON) 111 91-100

„πªí®®ÿ∫—π¡’°“√π”‡Õ∑“πÕ≈¡“„™âÕ¬à“ß·æ√àÀ≈“¬

‚¥¬π”‡Õ∑“πÕ≈ 10 % ¡“º ¡°—∫‡∫π ‘́π 90 %

‚¥¬ª√‘¡“µ√ ∑’Ë‡√’¬°«à“ ·°ä ‚´ŒÕ≈å (E10) ¡“„™â°—∫

‡§√◊ËÕß¬πµå®ÿ¥√–‡∫‘¥¥â«¬ª√–°“¬‰ø ‚¥¬‰¡àµâÕßª√—∫

·µàß‡§√◊ËÕß¬πµå ·µà∂â“º ¡‡Õ∑“πÕ≈¡“°°«à“π’ÈµâÕß¡’

°“√ª√—∫·µàß‡§√◊ËÕß¬πµå ‡π◊ËÕß®“°µâÕß¡’°“√®à“¬

‡™◊ÈÕ‡æ≈‘ß¡“°°«à“‡∫π´‘π∑’Ë¡«≈Õ“°“»‡∑à“°—π Õ—µ√“ à«π

º ¡Õ“°“»°—∫‡™◊ÈÕ‡æ≈‘ß „π‡§√◊ËÕß¬πµå‡∫π´‘π∑—Ë«‰ª

Õ—µ√“ à«πº ¡æÕ¥’Õ¬Ÿà∑’Ë 14.6 µàÕ 1 „π¢≥–∑’Ë¢Õß

‡Õ∑“πÕ≈Õ¬Ÿà∑’Ë 9 µàÕ 1 ¥—ßπ—Èπ‡¡◊ËÕπ”√–∫∫®à“¬‡™◊ÈÕ‡æ≈‘ß

∑’Ë„™â ‡∫π´‘π¡“„™â°—∫‡Õ∑“πÕ≈µâÕß®à“¬‡™◊ÈÕ‡æ≈‘ß

¡“°°«à“‡¥‘¡‡æ◊ËÕ∑’Ë®–∑”„Àâ‡°‘¥°“√‡º“‰À¡â∑’Ë‡À¡“– ¡

     ‰Õ‡ ’¬¢Õß‡§√◊ËÕß¬πµå®ÿ¥√–‡∫‘¥¥â«¬ª√–°“¬‰ø

‚¥¬∑—Ë«‰ªª√–°Õ∫¥â«¬ “√∑’Ë∂◊Õ«à“‡ªìπ¡≈æ‘…§◊Õ

ÕÕ°‰´¥å¢Õß‰π‚µ√‡®π (NO
x,
  à«π„À≠à‡ªìπ‰π∑√‘°

ÕÕ°‰´¥å (NO) ·≈–¡’‰π‚µ√‡®π‰¥ÕÕ°‰´¥å (NO
2
)

Õ¬Ÿà„πª√‘¡“≥‡≈Á°πâÕ¬), §“√å∫Õπ¡ÕπÕÕ°‰´¥å (CO)

·≈– “√ª√–°Õ∫Õ‘π∑√’¬ǻ ÷Ëß‰¥â·°à‰Œ‚¥√§“√å∫Õπ (HC)

∑’Ë¬—ß‰¡à‡º“‰À¡âÀ√◊Õ‡º“‰À¡â‰ª∫“ß à«π °“√‡°‘¥ NO

‡°‘¥¢÷Èπ„π·°ä ∑’Ë‡º“‰À¡â·≈â« ´÷Ëß¡’Õÿ≥À¿Ÿ¡‘ Ÿß∑’ËÕ¬Ÿà¢â“ß

À≈—ß‡ª≈«‰ø‚¥¬ªØ‘°‘√‘¬“‡§¡’¢Õß‰π‚µ√‡®π·≈–

ÕÕ°´‘‡®π ÷́Ëß‰¡àÕ¬Ÿà„π ¿“«– ¡¥ÿ≈‡§¡’ Õ—µ√“°“√‡°‘¥

NO ®– Ÿß¢÷Èπ‡¡◊ËÕÕÿ≥À¿Ÿ¡‘¢Õß·°ä ∑’Ë‡º“‰À¡â·≈â« Ÿß¢÷Èπ

‡¡◊ËÕ·°ä ∑’Ë‡º“‰À¡â·≈â«‡¬Áπ≈ß„π®—ßÀ«–¢¬“¬µ—« ªØ‘°‘√‘¬“

∑’Ë‡°’Ë¬«¢âÕß°—∫ NO °Á®–À¬ÿ¥·≈–‡À≈◊Õ§«“¡‡¢â¡¢âπ¢Õß

NO ‰«â Ÿß°«à“√–¥—∫∑’Ë Õ¥§≈âÕß°—∫ ¡¥ÿ≈∑’Ë ¿“«–

°“√§“¬  ”À√—∫°“√‡°‘¥ CO ¢Õß‡§√◊ËÕß¬πµå

®ÿ¥√–‡∫‘¥¥â«¬ª√–°“¬‰øπ—Èπ ‡°‘¥¢÷Èπ‡¡◊ËÕ à«πº ¡‡™◊ÈÕ

‡æ≈‘ßµàÕÕ“°“»¡“°‡°‘π ∑”„Àâ¡’ÕÕ°´‘‡®π‰¡à‡æ’¬ßæÕ∑’Ë

®–‡º“‰À¡â CO ∑—ÈßÀ¡¥„π‡™◊ÈÕ‡æ≈‘ß„Àâ‡ªìπ CO
2
 ·≈–

‡°‘¥¢÷Èπ„π·°ä ∑’Ë‡º“‰À¡â·≈â«´÷Ëß¡’Õÿ≥À¿Ÿ¡‘ Ÿß·¡â«à“

 à«πº ¡‡™◊ÈÕ‡æ≈‘ßµàÕÕ“°“»πâÕ¬‰ª°Áµ“¡ „π à«π

¢Õß°“√‡°‘¥ HC „π‰Õ‡ ’¬ ‡°‘¥®“°À≈“¬·À≈àß

·À≈àß·√°¡“®“°°“√‰À≈‡¢â“·≈–ÕÕ°¢Õß·°ä „π à«π

∑’Ë·§∫Ê ∑’ËµàÕ‡¢â“°—∫ÀâÕß‡º“‰À¡â ·°ä ∑’ËÕ¬Ÿà„π´Õ°π’È

®–‰¡à‰¥â∂Ÿ°‡º“‰À¡â ·À≈àß∑’Ë Õß§◊Õºπ—ß¢ÕßÀâÕß‡º“‰À¡â

·À≈àß∑’Ë “¡§◊Õøî≈å¡À√◊Õ™—Èπ∫“ßÊ ¢ÕßπÈ”¡—πÀ≈àÕ≈◊Ëπ

·À≈àß ÿ¥∑â“¬¡“®“°°“√‡º“‰À¡â∑’Ë‰¡à ¡∫Ÿ√≥å‡°‘¥¡“

®“°°“√¥—∫¢Õß‡ª≈«‰ø°àÕπ∑’Ë ‡ª≈«‰ø¥â“πÀπâ“

∑—ÈßÀ¡¥®–‰ª∂÷ßºπ—ßÀâÕß‡º“‰À¡â («’√–»—°¥‘Ï, 2549)

     °“√‡µ‘¡‡Õ∑“πÕ≈ 10% ¢Õß‡Õ∑“πÕ≈∑’Ëº ¡„π

‡∫π ‘́π¢Õß‡§√◊ËÕß¬πµå®ÿ¥√–‡∫‘¥¥â«¬ª√–°“¬‰ø

 “¡“√∂≈¥ª√‘¡“≥ CO „π‰Õ‡ ’¬‰¥â∂÷ß 30% (Palmer,

1986) πÕ°®“°π’È¡’°“√»÷°…“Õ—µ√“ à«πº ¡¢Õß‡Õ

∑“πÕ≈°—∫‡∫π´‘π∑’Ë·µ°µà“ß°—π‡ªìπ‡™◊ÈÕ‡æ≈‘ß„π

‡§√◊ËÕß¬πµå‡º“‰À¡â¿“¬„π æ∫«à“‡Õ∑“πÕ≈ “¡“√∂≈¥

ª√‘¡“≥ CO ·≈– HC ¢Õß‰Õ‡ ’¬ ‡π◊ËÕß®“°¡’™à«ß°“√

‡º“‰À¡â∑’Ë°«â“ß ·≈– ‡Õ∑“πÕ≈¡’ÕÕ°´‘‡®π‡ªìπµ—«‡√àß

ªØ‘°√‘¬“„π°“√‡º“‰À¡â (Bata et al., 1989)   à«π„π

°“√»÷°…“¢Õß He et al. (2003) æ∫«à“‡¡◊ËÕº ¡‡Õ∑“πÕ≈

10 %  “¡“√∂≈¥ª√‘¡“≥ CO, HC ·≈– NO
x
 ‰¥â‡≈Á°

πâÕ¬·µà‡¡◊ËÕº ¡‡Õ∑“πÕ≈ 30 %  “¡“√∂≈¥ª√‘¡“≥
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CO, HC ·≈– NO
x
 ‰¥â 35.7%, 53.4% and 33%

µ“¡≈”¥—∫ ´÷Ëß™’È„Àâ‡ÀÁπ«à“‡™◊ÈÕ‡æ≈‘ß∑’Ë¡’ÕÕ°´‘‡®πº ¡

Õ¬Ÿà®–™à«¬ª√—∫ª√ÿß°“√‡º“‰À¡â

ß“π«‘®—¬π’È»÷°…“‡ª√’¬∫‡∑’¬∫ª√‘¡“≥ CO, HC

·≈– NO ¢Õß‰Õ‡ ’¬¢Õß‡§√◊ËÕß¬πµå®ÿ¥√–‡∫‘¥¥â«¬

ª√–°“¬‰ø Àπ÷Ëß°√–∫Õ° Ÿ∫  ’Ë®—ßÀ«– 124.8 cc

®à“¬‡™◊ÈÕ‡æ≈‘ß¥â«¬À—«©’¥‰øøÑ“§«∫§ÿ¡¥â«¬√–∫∫

Õ‘‡≈Á°∑√Õπ‘° å ∑’Ë√Õ∫‡§√◊ËÕß¬πµå 3000-6000 rpm

¢≥–‡§√◊ËÕß¬πµå‰¡à¡’¿“√– ·≈–¡’¿“√–§ß∑’Ë √–À«à“ß

°“√„™â‡Õ∑“πÕ≈∫√‘ ÿ∑∏‘Ï (99.5%) ·≈–‡∫π ‘́π‡ªìπ‡™◊ÈÕ‡æ≈‘ß

¡’°“√ª√—∫·µàßÕ—µ√“ à«πÕ“°“»°—∫‡™◊ÈÕ‡æ≈‘ß„Àâ‡À¡“– ¡

‡¡◊ËÕ„™â‡Õ∑“πÕ≈‡ªìπ‡™◊ÈÕ‡æ≈‘ß ‚¥¬°“√«—¥ª√‘¡“≥

ÕÕ°´‘‡®π¢Õß‰Õ‡ ’¬„Àâ‰¥â„°≈â‡§’¬ß°—∫°√≥’°“√„™â

‡∫π´‘π‡ªìπ‡™◊ÈÕ‡æ≈‘ß

Õÿª°√≥å·≈–«‘∏’°“√∑¥≈Õß

‡ § √◊Ë Õ ß ¬πµå∑’Ë „ ™â „π°“√∑¥≈Õßπ’È ‡ ªì π

‡§√◊ËÕß¬πµå®ÿ¥√–‡∫‘¥¥â«¬ª√–°“¬‰ø Àπ÷Ëß°√–∫Õ° Ÿ∫

 ’Ë®—ßÀ«– ®à“¬‡™◊ÈÕ‡æ≈‘ß¥â«¬À—«©’¥‰øøÑ“§«∫§ÿ¡¥â«¬

√–∫∫Õ‘‡≈Á°∑√Õπ‘° å ¢âÕ¡Ÿ≈∑—Ë«‰ª¢Õß‡§√◊ËÕß¬πµå

· ¥ß„πµ“√“ß∑’Ë 3

µ“√“ß∑’Ë 3. ¢âÕ¡Ÿ≈∑—Ë«‰ª¢Õß‡§√◊ËÕß¬πµå∑’Ë„™â∑¥ Õ∫

®”π«π°√–∫Õ° Ÿ∫ 1

‡ âπºà“π»Ÿπ¬å°≈“ß°√–∫Õ° Ÿ∫ (mm) x √–¬–™—° (mm) 52.4 X 57.9

ª√‘¡“µ√°√–∫Õ° Ÿ∫ 124.8  cc

Õ—µ√“ à«π°“√Õ—¥ 9.3:1

°”≈—ß Ÿß ÿ¥ 7.73 kW

Õß»“°“√®ÿ¥√–‡∫‘¥ 10C °àÕπ»Ÿπ¬åµ“¬∫π  ∑’Ë  1400  rpm

√–∫∫®à“¬‡™◊ÈÕ‡æ≈‘ß À—«©’¥‰øøÑ“§«∫§ÿ¡¥â«¬√–∫∫Õ‘‡≈§∑√Õπ‘° å

§«“¡‡√Á«√Õ∫ Ÿß ÿ¥ 10000 rpm

°“√«“ß‡§√◊ËÕß¬πµå  Ÿ∫‡¥’¬««“ß‡Õ’¬ß  80  ®“°·π«¥‘Ëß

„π°“√∑¥≈Õß¡’°“√ª√—∫·µàßÕ—µ√“ à«π

Õ“°“»°—∫‡™◊ÈÕ‡æ≈‘ß„Àâ‡À¡“– ¡‡¡◊ËÕ„™â‡Õ∑“πÕ≈‡ªìπ

‡™◊ÈÕ‡æ≈‘ß ‚¥¬°“√«—¥ª√‘¡“≥ÕÕ°´‘‡®π¢Õß‰Õ‡ ’¬

„Àâ‰¥â„°≈â‡§’¬ß°—∫°√≥’°“√„™â‡∫π´‘π‡ªìπ‡™◊ÈÕ‡æ≈‘ß

‚¥¬æ∫«à“§«“¡·µ°µà“ß¢Õßª√‘¡“≥ÕÕ°´‘‡®π®“°°“√

„™â‡™◊ÈÕ‡æ≈‘ß∑—Èß Õß ¢≥–‰¡à¡’¿“√–¡’§à“‡©≈’Ë¬µË” ÿ¥ 3.80%

 Ÿß ÿ¥ 22.11% ·≈– ¡’§à“‡©≈’Ë¬µË” ÿ¥ 5.46%  Ÿß ÿ¥

13.83% ‡¡◊ËÕ¡’¿“√–§ß∑’Ë §à“‡©≈’Ë¬∑’Ë‰¡à§ß∑’Ë‡°‘¥¢÷Èπ‡æ√“–

°“√®à“¬‡™◊ÈÕ‡æ≈‘ß∂Ÿ°§«∫§ÿ¡‚¥¬™ÿ¥§«∫§ÿ¡Õ‘‡≈Á°∑√Õπ‘° å

´÷Ëßπ”§à“À≈“¬µ—«‡™àπ §«“¡¥—π„π∑àÕ‰Õ¥’ ¡ÿ¡≈‘Èπªï°º’‡ ◊ÈÕ

Õÿ≥À¿Ÿ¡‘‰Õ¥’ Õÿ≥À¿Ÿ¡‘πÈ”¡—π‡§√◊ËÕß ¡“ª√–¡«≈§à“„π

°“√®à“¬‡™◊ÈÕ‡æ≈‘ß∑”„Àâª√‘¡“≥ÕÕ°´‘‡®π¢Õß‰Õ‡ ’¬

∑’ËÕÕ°¡“¡’§à“‰¡à§ß∑’Ë

®“°π—Èπ‡ª√’¬∫‡∑’¬∫ §“√å∫Õπ¡ÕπÕÕ°‰´¥å

(CO), ‰Œ‚¥√§“√å∫Õπ (HC) ·≈–‰π∑√‘°ÕÕ°‰´¥å (NO)

¢Õß‰Õ‡ ’¬ ∑’Ë√Õ∫‡§√◊ËÕß¬πµå 3000, 4000, 5000 ·≈–

6000 rpm ¢≥–‡§√◊ËÕß¬πµå‰¡à¡’¿“√– ·≈–¡’¿“√–§ß∑’Ë

2.67 Nm. ∑’Ë‡æ≈“¢âÕ‡À«’Ë¬ß √–À«à“ß°“√„™â‡Õ∑“πÕ≈

∫√‘ ÿ∑∏‘Ï  (99.5%) ·≈–‡∫π ‘́π‡ªìπ‡™◊ÈÕ ‡æ≈‘ß

‚¥¬∑”°“√∑¥≈Õß 3 ´È” ·≈â«À“§à“‡©≈’Ë¬

§ÿ≥ ¡∫—µ‘¢Õß‡§√◊ËÕß«—¥‰Õ‡ ’¬ AVL Di

Gas440 emissions analyzer · ¥ß„πµ“√“ß∑’Ë 4 ·≈–

√Ÿª· ¥ß·∑àπ∑¥ Õ∫ · ¥ß„π√Ÿª∑’Ë 1
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µ“√“ß∑’Ë 4. §ÿ≥ ¡∫—µ‘¢Õß‡§√◊ËÕß«—¥‰Õ‡ ’¬ AVL Di Gas440 emissions analyzer

 Measured  quantity Measuring  range Resolution Accuracy

CO 0-10% vol 0.01  %  vol < 0.6 % vol : ±  0.03 % vol

≥ 0.6 % vol : ±  5 % of ind. val.

CO
2

0-20% vol 0.1  % vol < 10 % vol : ±  0.5 % vol

≥ 10 % vol : ±   5 % of ind. Val.

HC 0-20000 ppm vol 2000 :  1 ppm vol < 200 ppm vol : ±  10 ppm vol

2000 : 10 ppm vol ≥ 200 ppm vol : ±  5 % of ind.val.

O
2

0-0.22  % vol 0.01 % vol < 2 % vol : ±  0.1 % vol

≥ 2 % vol : ±  5 % of ind.val.

NO 0-5000  ppm  vol 1  ppm  vol < 500 ppm vol : ±  50 ppm vol

≥ 500 ppm vol : ±10 %of ind.val.

Lambda λ: 0-9.999 0.001 calculation of CO, CO
2
 , HC, O

2

 √Ÿª∑’Ë 1. √Ÿª· ¥ß·∑àπ∑¥ Õ∫

º≈°“√∑¥≈Õß

º≈¢Õßª√‘¡“≥ CO ¢Õß‰Õ‡ ’¬ ®“°°“√

∑¥ Õ∫¢≥–‡§√◊ËÕß¬πµå‰¡à¡’¿“√– · ¥ß¥—ß√Ÿª∑’Ë 2

æ∫«à“∑’Ë§«“¡‡√Á«√Õ∫‡§√◊ËÕß¬πµå 3000 rpm ª√‘¡“≥ CO

¢Õß‡Õ∑“πÕ≈ ≈¥≈ß 90.59% ‡¡◊ËÕ‡∑’¬∫°—∫°“√„™â‡∫π´‘π

‡¡◊ËÕ§«“¡‡√Á«√Õ∫‡æ‘Ë¡¢÷Èπ ª√‘¡“≥ CO  ¢Õß‡Õ∑“πÕ≈

®–§ß∑’Ë „π¢≥–∑’Ë ª√‘¡“≥ CO ¢Õß‡∫π ‘́π ®–≈¥≈ß

Õ¬à“ßµàÕ‡π◊ËÕß ®π∂÷ß§«“¡‡√Á«√Õ∫‡§√◊ËÕß¬πµå 5000 rpm

·≈–®–‡æ‘Ë¡¢÷Èπ∑’Ë 6000 rpm ®–‡ÀÁπ‰¥â«à“ª√‘¡“≥ CO ¢Õß

‡Õ∑“πÕ≈®–πâÕ¬°«à“¢Õß‡∫π ‘́π∑ÿ°™à«ß§«“¡‡√Á«

√Õ∫∑’Ë‡ªìπ‡™àππ’È‡æ√“–‡Õ∑“πÕ≈¡’ÕÕ°´‘‡®π‡ªìπµ—«

‡√àßªØ‘°‘√‘¬“„π°“√‡º“‰À¡â (Bata et al., 1989)

®÷ß∑”„Àâ°“√‡º“‰À¡â‡°‘¥‰¥â ¡∫Ÿ√≥å°«à“°“√„™â‡∫π ‘́π

·≈–§àÕπ¢â“ß§ß∑’Ë §à“ CO ¢Õß‡∫π´‘π‡°‘¥¢÷Èπ¡“° ÿ¥

∑’Ë§«“¡‡√Á«√Õ∫ 3000 rpm ·≈–¡’§à“≈¥≈ß®π∂÷ß 5000 rpm

· ¥ß«à“¡’°“√‡º“‰À¡â∑’Ë ¡∫Ÿ√≥å¢÷Èπ
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√Ÿª∑’Ë 2.  °“√‡ª≈’Ë¬π·ª≈ßª√‘¡“≥ CO ¢Õß‰Õ‡ ’¬ °—∫ §«“¡‡√Á«√Õ∫‡§√◊ËÕß¬πµå¢≥–‡§√◊ËÕß¬πµå

‰¡à¡’¿“√– ·∂∫¢âÕº‘¥æ≈“¥· ¥ß à«π‡∫’Ë¬ß‡∫π¡“µ√∞“π

º≈¢Õßª√‘¡“≥ CO ¢Õß‰Õ‡ ’¬ ®“°°“√

∑¥ Õ∫¢≥–‡§√◊ËÕß¬πµå¡’¿“√–§ß∑’Ë ¥—ß√Ÿª∑’Ë 3 æ∫«à“

∑’Ë§«“¡‡√Á«√Õ∫‡§√◊ËÕß¬πµå 3000 rpm ª√‘¡“≥ CO

¢Õß‡Õ∑“πÕ≈ ®–πâÕ¬°«à“¢Õß‡∫π ‘́π 30.30%

·≈–‡¡◊ËÕ§«“¡‡√Á«√Õ∫‡§√◊ËÕß¬πµå¡“°°«à“ 4000 rpm

ª√‘¡“≥ CO  ¢Õß‡Õ∑“πÕ≈ ®–‡æ‘Ë¡¢÷Èπ‡≈Á°πâÕ¬

 à«πª√‘¡“≥ CO  ¢Õß‡∫π´‘π ®–‡æ‘Ë¡¢÷ÈπÕ¬à“ßµàÕ‡π◊ËÕß

·≈–√«¥‡√Á« „π¢≥–∑’Ëª√‘¡“≥ CO ¢Õß‡Õ∑“πÕ≈≈¥≈ß

84.62% ‡¡◊ËÕ‡∑’¬∫°—∫¢Õß‡∫π ‘́π ∑’Ë§«“¡‡√Á«√Õ∫ 6000

rpm ∑’Ë‡ªìπ‡™àππ’È‡π◊ËÕß®“°§«“¡‡√Á«√Õ∫¢Õß‡§√◊ËÕß¬πµå

 Ÿß¢÷Èπ ∑”„Àâ™à«ß‡«≈“„π°“√‡º“‰À¡â —Èπ≈ß ‡ªìπº≈

∑”„Àâ¡’°“√‡º“‰À¡â∑’Ë‰¡à ¡∫Ÿ√≥å¡“°¢÷Èπ¢Õß‡∫π´‘π

‡¡◊ËÕ¡’§«“¡‡√Á«√Õ∫ Ÿß¢÷Èπ ¢≥–¡’¿“√–§ß∑’Ë

√Ÿª∑’Ë 3. °“√‡ª≈’Ë¬π·ª≈ßª√‘¡“≥ CO ¢Õß‰Õ‡ ’¬ °—∫ §«“¡‡√Á«√Õ∫‡§√◊ËÕß¬πµå¢≥–‡§√◊ËÕß¬πµå¡’¿“√–§ß∑’Ë

        ·∂∫¢âÕº‘¥æ≈“¥· ¥ß à«π‡∫’Ë¬ß‡∫π¡“µ√∞“π
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‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°“√„™â‡™◊ÈÕ‡æ≈‘ß∑—Èß Õß™π‘¥

°—∫‡§√◊ËÕß¬πµå‡¥’¬«°—π °“√‡°‘¥ HC „π‰Õ‡ ’¬ ∑’Ëµà“ß

°—π®–¡“®“°°“√‡º“‰À¡â∑’Ë‰¡à ¡∫Ÿ√≥å ∑’Ë‡°‘¥¡“®“°

°“√¥—∫¢Õß‡ª≈«‰ø °àÕπ∑’Ë‡ª≈«‰ø¥â“πÀπâ“∑—ÈßÀ¡¥

®–‰ª∂÷ßºπ—ßÀâÕß‡º“‰À¡â («’√–»—°¥‘Ï, 2549) ®“°°“√

∑¥ Õ∫¢≥–‡§√◊ËÕß¬πµå‰¡à¡’¿“√– „π√Ÿª∑’Ë 4 æ∫«à“

ª√‘¡“≥¢Õß HC ¢Õß‡Õ∑“πÕ≈ ∑’Ë§«“¡‡√Á«√Õ∫‡§√◊ËÕß

¬πµå 3000 rpm ¡’§à“πâÕ¬°«à“¢Õß‡∫π´‘π 41.43% ‡¡◊ËÕ

§«“¡‡√Á«√Õ∫‡§√◊ËÕß¬πµå‡æ‘Ë¡¢÷Èπ ª√‘¡“≥ HC ¢Õß‡Õ

∑“πÕ≈ ®–≈¥≈ß‡≈Á°πâÕ¬  à«πª√‘¡“≥ HC ¢Õß‡∫π ‘́π

®–≈¥≈ßÕ¬à“ßµàÕ‡π◊ËÕß ·≈–√«¥‡√Á«  à«π ª√‘¡“≥ HC

¢Õß‡Õ∑“πÕ≈ ®–¡“°°«à“¢Õß‡∫π ‘́πÕ¬Ÿà‡≈Á°πâÕ¬ ∑’Ë

§«“¡‡√Á«√Õ∫ 5000 rpm ÷́Ëß‰¡à‡ªìπ‰ªµ“¡∑’Ë§“¥À«—ß

‰«â Õ“®‡π◊ËÕß¡“®“°∑’Ë§«“¡‡√Á«√Õ∫π’È ¡’ à«π‡∫’Ë¬ß‡∫π

„π°“√ª√—∫·µàßÕ—µ√“ à«πº ¡¢ÕßÕ“°“»µàÕ‡™◊ÈÕ‡æ≈‘ß

‡æ√“–°“√®à“¬‡™◊ÈÕ‡æ≈‘ß∂Ÿ°§«∫§ÿ¡‚¥¬™ÿ¥§«∫§ÿ¡Õ‘‡≈Á°

‚∑√π‘° å ÷́Ëßπ”§à“À≈“¬µ—«¡“ª√–¡«≈§à“„π°“√®à“¬

‡™◊ÈÕ‡æ≈‘ß ®“°π—Èπª√‘¡“≥ HC ¢Õß‡Õ∑“πÕ≈ ®–≈¥≈ß

„π¢≥–∑’Ë§à“¥—ß°≈à“«¢Õß‡∫π ‘́π®–‡æ‘Ë¡¢÷Èπ ·≈–

ª√‘¡“≥¢Õß§à“ HC ¢Õß‡Õ∑“πÕ≈ ®–πâÕ¬°«à“¢Õß

‡∫π´‘π 35.82% ∑’Ë§«“¡‡√Á«√Õ∫¢Õß‡§√◊ËÕß¬πµå 6000

rpm ‡π◊ËÕß®“°‡Õ∑“πÕ≈ ¡’™à«ß°“√‡º“‰À¡â∑’Ë°«â“ß°«à“

¢Õß‡∫π´‘π (Bata et al., 1989)

√Ÿª∑’Ë 4. °“√‡ª≈’Ë¬π·ª≈ßª√‘¡“≥ HC ¢Õß‰Õ‡ ’¬ °—∫ §«“¡‡√Á«√Õ∫‡§√◊ËÕß¬πµå¢≥–‡§√◊ËÕß¬πµå‰¡à¡’¿“√–

   ·∂∫¢âÕº‘¥æ≈“¥· ¥ß à«π‡∫’Ë¬ß‡∫π¡“µ√∞“π

º≈¢Õßª√‘¡“≥ HC ¢Õß‰Õ‡ ’¬ ®“°°“√

∑¥ Õ∫¢≥–‡§√◊ËÕß¬πµå¡’¿“√–§ß∑’Ë „π√Ÿª∑’Ë 5 æ∫«à“

ª√‘¡“≥ HC ¢Õß‡Õ∑“πÕ≈ ¡’§à“¡“°°«à“¢Õß‡∫π´‘π

31.65% ∑’Ë§«“¡‡√Á«√Õ∫‡§√◊ËÕß¬πµå 3000 rpm

®“°ß“π«‘®—¬¢Õß He et al., (2003) æ∫«à“ HC

¢Õß¢Õß‡™◊ÈÕ‡æ≈‘ß∑’Ë¡’‡Õ∑“πÕ≈º ¡Õ¬Ÿà ®–¡’§à“µË”°«à“

¢Õß‡∫π´‘π∑ÿ°™à«ß§«“¡‡√Á«√Õ∫¢Õß‡§√◊ËÕß¬πµå

¥—ßπ—Èπ¢âÕ¡Ÿ≈∑’Ë«—¥‰¥âÕ“®‡°‘¥®“°°“√®à“¬‡™◊ÈÕ‡æ≈‘ß∑’Ë¡’

§«“¡·ª√ª√«π¡“°∑’Ë§«“¡‡√Á«√Õ∫π’È ‡¡◊ËÕ§«“¡‡√Á«

√Õ∫‡§√◊ËÕß¬πµå‡æ‘Ë¡¢÷Èπ ª√‘¡“≥ HC ¢Õß‡Õ∑“πÕ≈®–

≈¥≈ßÕ¬à“ß√«¥‡√Á«°«à“§à“∑’Ë‰¥â®“°‡∫π´‘π ª√‘¡“≥ HC

¢Õß‡Õ∑“πÕ≈ ®–πâÕ¬°«à“¢Õß‡∫π´‘π 12.77% ∑’Ë

§«“¡‡√Á«√Õ∫¢Õß‡§√◊ËÕß¬πµå 4000 rpm ·≈–ª√‘¡“≥

HC ¢Õß‡Õ∑“πÕ≈ ®–πâÕ¬°«à“¢Õß‡∫π´‘π 43.35% ∑’Ë

§«“¡‡√Á«√Õ∫¢Õß‡§√◊ËÕß¬πµå 6000 rpm
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√Ÿª∑’Ë 5. °“√‡ª≈’Ë¬π·ª≈ßª√‘¡“≥ HC ¢Õß‰Õ‡ ’¬ °—∫ §«“¡‡√Á«√Õ∫‡§√◊ËÕß¬πµå¢≥–‡§√◊ËÕß¬πµå¡’¿“√–§ß∑’Ë

        ·∂∫¢âÕº‘¥æ≈“¥· ¥ß à«π‡∫’Ë¬ß‡∫π¡“µ√∞“π

º≈¢Õßª√‘¡“≥ NO ¢Õß‰Õ‡ ’¬ ®“°°“√

∑¥ Õ∫¢≥–‡§√◊ËÕß¬πµå‰¡à¡’¿“√– „π√Ÿª∑’Ë 6 æ∫«à“

∑’Ë§«“¡‡√Á«√Õ∫‡§√◊ËÕß¬πµå 3000 rpm ª√‘¡“≥ NO

„π‰Õ‡ ’¬¢Õß‡Õ∑“πÕ≈ πâÕ¬°«à“¢Õß‡∫π ‘́π 45.45%

‡¡◊ËÕ§«“¡‡√Á«√Õ∫‡æ‘Ë¡¢÷Èπ ª√‘¡“≥ NO ¢Õß‡Õ∑“πÕ≈

®–≈¥≈ß‡≈Á°πâÕ¬·≈–§àÕ¬Ê ‡æ‘Ë¡¢÷ÈπÕ¬à“ß™â“Ê

„π¢≥–∑’Ë§à“¥—ß°≈à“«¢Õß‡∫π ‘́π®–‡æ‘Ë¡¢÷ÈπÕ¬à“ßµàÕ‡π◊ËÕß

‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫ª√‘¡“≥ NO ∑’Ë≈¥≈ß ‡¡◊ËÕ„™â‡Õ∑“πÕ≈

‡∑’¬∫°—∫‡∫π´‘π ∑’Ë§«“¡‡√Á«√Õ∫‡§√◊ËÕß¬πµå 3000-6000 rpm

®–¡’§à“„π™à«ß 45.45-67.68%

√Ÿª∑’Ë 6. °“√‡ª≈’Ë¬π·ª≈ßª√‘¡“≥ NO ¢Õß‰Õ‡ ’¬ °—∫ §«“¡‡√Á«√Õ∫‡§√◊ËÕß¬πµå¢≥–‡§√◊ËÕß¬πµå‰¡à¡’¿“√–

        ·∂∫¢âÕº‘¥æ≈“¥· ¥ß à«π‡∫’Ë¬ß‡∫π¡“µ√∞“π
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º≈¢Õßª√‘¡“≥ NO ¢Õß‰Õ‡ ’¬ ®“°°“√

∑¥ Õ∫¢≥–‡§√◊ËÕß¬πµå¡’¿“√–§ß∑’Ë „π√Ÿª∑’Ë 7 æ∫«à“

∑’Ë§«“¡‡√Á«√Õ∫‡§√◊ËÕß¬πµå 3000 rpm ª√‘¡“≥ NO

„π‰Õ‡ ’¬¢Õß‡Õ∑“πÕ≈ πâÕ¬°«à“¢Õß‡∫π ‘́π 81.56%

‡¡◊ËÕ§«“¡‡√Á«√Õ∫‡æ‘Ë¡¢÷Èπ ª√‘¡“≥ NO ¢Õß‡Õ∑“πÕ≈

®–‡æ‘Ë¡¢÷ÈπÕ¬à“ßµàÕ‡π◊ËÕß„π à«π¢Õß‡∫π ‘́π®–‡æ‘Ë¡¢÷Èπ

Õ¬à“ßµàÕ‡π◊ËÕß·≈–≈¥≈ß‡≈Á°πâÕ¬ ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫ª√‘¡“≥

NO ∑’Ë≈¥≈ß ‡¡◊ËÕ„™â ‡Õ∑“πÕ≈‡∑’¬∫°—∫‡∫π´‘π

∑’Ë§«“¡‡√Á«√Õ∫‡§√◊ËÕß¬πµå 3000-6000 rpm ®–¡’§à“„π™à«ß

34.09-81.56% ∑’Ë§«“¡‡√Á« 6000 rpm

√Ÿª∑’Ë 7. °“√‡ª≈’Ë¬π·ª≈ßª√‘¡“≥ NO ¢Õß‰Õ‡ ’¬ °—∫ §«“¡‡√Á«√Õ∫‡§√◊ËÕß¬πµå¢≥–‡§√◊ËÕß¬πµå¡’¿“√–§ß∑’Ë

       ·∂∫¢âÕº‘¥æ≈“¥· ¥ß à«π‡∫’Ë¬ß‡∫π¡“µ√∞“π

º≈°“√∑¥≈Õß∑’Ë‰¥â¡’∑‘»∑“ß‡¥’¬«°—∫°“√«‘®—¬¢Õß

Palmer (1986), Bata et al. (1989) ·≈– He et al.

(2003) ∑’Ë»÷°…“°“√π”‡Õ∑“πÕ≈¡“º ¡°—∫‡∫π ‘́π

‡æ◊ËÕ‡ªìπ‡™◊ÈÕ‡æ≈‘ß·≈â«æ∫«à“ª√‘¡“≥ CO, HC ·≈– NO

¢Õß‰Õ‡ ’¬≈¥≈ß ·µà„πß“π«‘®—¬π’È·µ°µà“ß®“°ß“π«‘®—¬Õ◊Ëπ

∑’Ë„™â‡Õ∑“πÕ≈∫√‘ ÿ∑∏‘Ï (99.5 %) ‡ªìπ‡™◊ÈÕ‡æ≈‘ß·∑π

 √ÿª

°“√„™â‡Õ∑“πÕ≈‡ªìπ‡™◊ÈÕ‡æ≈‘ß„π‡§√◊ËÕß¬πµå

®–≈¥ª√‘¡“≥‰Õ‡ ’¬‰¥â¥’°«à“ °“√„™â‡∫π´‘π „π

 ¿“«–‡§√◊ËÕß¬πµå‰¡à¡’¿“√– „π™à«ß§«“¡‡√Á«√Õ∫¢Õß

‡§√◊ËÕß¬πµå 3000-6000 rpm ‚¥¬‡Õ∑“πÕ≈ “¡“√∂≈¥

ª√‘¡“≥ CO, HC ·≈– NO ‰¥â Ÿß ÿ¥‡¡◊ËÕ‡∑’¬∫°—∫‡∫π ‘́π

90.59%, 41.46% ·≈– 67.68% µ“¡≈”¥—∫

„π ¿“«–‡§√◊ËÕß¬πµå¡’¿“√–§ß∑’Ë „π™à«ß

§«“¡‡√Á«√Õ∫¢Õß‡§√◊ËÕß¬πµå 3000-6000 rpm ‚¥¬

‡Õ∑“πÕ≈ “¡“√∂≈¥ª√‘¡“≥ CO, HC ·≈– NO

‰¥â Ÿß ÿ¥‡¡◊ËÕ‡∑’¬∫°—∫‡∫π´‘π 84.62%, 43.35% ·≈–

81.56% µ“¡≈”¥—∫

°“√„™â‡Õ∑“πÕ≈®÷ß‡ªìπ∑“ß‡≈◊Õ°∑’Ë¥’ „π°“√

‡ªìπæ≈—ßß“π∑¥·∑π„πÕπ“§µÕ—π„°≈â ·≈–‡ªìπ¡‘µ√

µàÕ ‘Ëß·«¥≈âÕ¡ πÕ°®“°π’È‡¡◊ËÕπ”‡§√◊ËÕß¬πµå‰ªµ‘¥µ—Èß

„π√∂®—°√¬“π¬πµå æ∫«à“‡¡◊ËÕ„™â‡Õ∑“πÕ≈‡ªìπ‡™◊ÈÕ‡æ≈‘ß

¡’Õ—µ√“‡√àß·≈–§«“¡‡√Á« Ÿß ÿ¥¡“°°«à“‡¡◊ËÕ„™â‡∫π ‘́π

‡≈Á°πâÕ¬ ·µà°Á¡’Õ—µ√“°“√ ‘Èπ‡ª≈◊Õß¡“°°«à“‡∫π´‘π
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