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Abstract
Sathitruangsak, P.1, Madhiyanon, T.1 and Soponronnarit, S.2

Design of an extrusion screw and solid fuel produced from coconut shell
Songklanakarin J. Sci. Technol., 2006, 28(2) : 387-401

The objectives were to design an extrusion screw to produce biomass solid fuel in a cold extrusion

process, and investigate the effects of molasses used as a selected adhesive on the physical properties of

extruded products. The material employed consisted of crushed coconut shell char and coconut fiber char

mixed at a ratio of 40:60. The ratios of molasses in the mixture were 10:100, 15:100 and 20:100 (by weight)

and the extrusion die angles were 1.0, 1.1, 1.2, and 1.3 degrees gradation per experiment. The experimental

results showed that the newly designed screw could function properly in the output range 0.75-0.90 kg/min,

which is close to the design value. Regarding the molasses's effect on solid fuel properties, increasing the

share of molasses was positive for both output and strength of the resulting briquettes, whereas the results

of increasing die angle showed decreases in both output and strength. The compressive strength varied

π‘æπ∏åµâπ©∫—∫

1Department of Mechanical Engineering, Mahanakorn University, 51 Cheum-Sampan Road, Nong Chok,

Bangkok 10530 Thailand. 2Ph.D.(Production and Processing of Vegetable Raw Materials), Prof., School of

Energy and Materials, King Mongkut's University of Technology Thonburi, 91 Prachauthit Road, Bangmod,

Thung Kharu District, Bangkok 10140 Thailand.

1
M.Eng.(Energy Management Technology), 

2
Ph.D.(Energy Technology), ºŸâ™à«¬»“ µ√“®“√¬å ¿“§«‘™“«‘»«°√√¡‡§√◊ËÕß°≈  §≥–

«‘»«°√√¡»“ µ√å ¡À“«‘∑¬“≈—¬‡∑§‚π‚≈¬’¡À“π§√ ∂ππ‡™◊ËÕ¡ —¡æ—π∏å ‡¢µÀπÕß®Õ° °√ÿß‡∑æœ 10530 
3
Ph.D. (Production and

Processing of Vegetable Raw Materials), »“ µ√“®“√¬å §≥–æ≈—ßß“π·≈–«— ¥ÿ ¡À“«‘∑¬“≈—¬‡∑§‚π‚≈¬’æ√–®Õ¡‡°≈â“∏π∫ÿ√’ ∂ππ

ª√–™“Õÿ∑‘» ·¢«ß∫“ß¡¥ ‡¢µ∑ÿàß§√ÿ °√ÿß‡∑æœ 10140

Corresponding e-mail: thanid_m@yahoo.com

√—∫µâπ©∫—∫ 13 ¡‘∂ÿπ“¬π 2547       √—∫≈ßæ‘¡æå 20 °—π¬“¬π 2548



Songklanakarin J. Sci. Technol.

Vol.28  No.2  Mar. - Apr. 2006 388

Design of an extrusion screw and solid fuel producted

Sathitruangsak, P., et al.

between 2.49-2.87 MPa in all circumstances, which was considerably higher than acceptable industrial level.

Furthermore, the extruded solid fuel showed excellent resistance to impact force. Regarding energy con-

sumption, the amount of electrical energy used in the extrusion process was insignificant, ranging between

0.040-0.079 kWh/kg.

Key words : extruded fuel, extrusion, binder, extrusion die, molasses
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«—µ∂ÿª√– ß§å¢Õßß“π«‘®—¬π’È§◊Õ°“√ÕÕ°·∫∫ °√ŸÕ—¥√’¥ ”À√—∫º≈‘µ·∑àß‡™◊ÈÕ‡æ≈‘ß™’«¡«≈„π°√–∫«π°“√Õ—¥√’¥

‡¬Áπ ·≈–»÷°…“º≈¢Õß —¥ à«π¡«≈‚¡≈“ ´÷Ëß„™â‡ªìπµ—«ª√– “π·≈–¢π“¥¢Õß¡ÿ¡Õ—¥√’¥µàÕÕ—µ√“°“√º≈‘µ·≈– ¡∫—µ‘

∑“ß°“¬¿“æ¢Õß‡™◊ÈÕ‡æ≈‘ß∑’ËÕ—¥‰¥â  «—µ∂ÿ¥‘∫∑’Ë„™â§◊Õºß∂à“π°–≈“¡–æ√â“«º ¡°—∫ºß∂à“π„¬°–≈“¡–æ√â“«„π —¥ à«π 40:60

„π°“√∑¥≈Õß‰¥âª√—∫‡ª≈’Ë¬π —¥ à«π°“√º ¡¢Õß‚¡≈“ µàÕ¡«≈«—µ∂ÿ¥‘∫¥—ßπ’È 10:100  15:100 ·≈– 20:100 ·≈–¡ÿ¡Õ—¥

√’¥¢Õß·¡àæ‘¡æå®–‡ª≈’Ë¬π‰ª¥—ßπ’È§◊Õ 1.0 1.1 1.2 ·≈– 1.3 Õß»“ µ“¡≈”¥—∫  ®“°°“√∑¥≈Õßæ∫«à“ °√Ÿ∑’ËÕÕ°·∫∫‰«â

„™âß“π‰¥â¥’‚¥¬¡’Õ—µ√“°“√º≈‘µÕ¬Ÿà„π™à«ß 0.75-0.90 °°./π“∑’ ´÷Ëß„°≈â‡§’¬ß°—∫§à“∑’ËÕÕ°·∫∫‰«â   ”À√—∫º≈¢Õß‚¡≈“ 

æ∫«à“¡«≈¢Õß‚¡≈“ ∑’Ë‡æ‘Ë¡¢÷Èπ®– àßº≈¥’µàÕÕ—µ√“°“√º≈‘µ·≈–§«“¡·¢Áß·√ß¢Õß·∑àß‡™◊ÈÕ‡æ≈‘ß „π¢≥–∑’Ë°“√‡æ‘Ë¡¢÷Èπ

¢Õß¡ÿ¡Õ—¥√’¥®–∑”„Àâ∑—ÈßÕ—µ√“°“√º≈‘µ·≈–§«“¡·¢Áß·√ß≈¥≈ß „π∑ÿ°Ê ‡ß◊ËÕπ‰¢°“√∑¥≈Õß§à“°“√µâ“π∑“π·√ß°¥¡’

§à“√–À«à“ß 2.49-2.87 MPa ´÷Ëß Ÿß°«à“§à“∑’Ë¬Õ¡√—∫‰¥â„π∑“ßÕÿµ “À°√√¡  πÕ°®“°π’È‡™◊ÈÕ‡æ≈‘ß·∑àß∑’ËÕ—¥‰¥â¬—ß¡’§«“¡

 “¡“√∂µâ“π∑“π·√ß°√–·∑°‰¥âÕ¬à“ß¥’‡¬’Ë¬¡  ”À√—∫æ≈—ßß“π∑’Ë„™â„π°“√Õ—¥√’¥·∑àß‡™◊ÈÕ‡æ≈‘ßæ∫«à“¡’§à“πâÕ¬‚¥¬¡’§à“

Õ¬Ÿà√–À«à“ß 0.040-0.079 °‘‚≈«—µµå-™—Ë«‚¡ß/°°.

„πªí®®ÿ∫—π ¿“«–°“√„™âæ≈—ßß“π¢Õßª√–‡∑»‰∑¬¡’
·π«‚πâ¡‡æ‘Ë¡ Ÿß¢÷Èπ∑ÿ°¢≥– ‚¥¬æ≈—ßß“π à«π„À≠à∑’Ë„™âπ—Èπ
‡ªìπæ≈—ßß“π§«“¡√âÕπ´÷Ëß‰¥â®“°°“√‡º“‰À¡â‡™◊ÈÕ‡æ≈‘ß
øÕ ´‘≈∑’ËµâÕß¡’°“√π”‡¢â“¡“®“°µà“ßª√–‡∑»∑”„ÀâµâÕß
 Ÿ≠‡ ’¬‡ß‘πµ√“ÕÕ°πÕ°ª√–‡∑»‡æ◊ËÕ∑’Ë®– ◊́ÈÕ‡™◊ÈÕ‡æ≈‘ß‡À≈à“π’È
‡¢â“¡“ ·µà®“°°“√∑’Ëª√–‡∑»‰∑¬‡ªìπª√–‡∑»‡°…µ√°√√¡
®÷ß∑”„Àâ¡’«— ¥ÿ‡À≈◊Õ„™â®“°°“√‡°…µ√®”π«π¡“°´÷Ëß«— ¥ÿ
‡À≈◊Õ„™â®“°°“√‡°…µ√¥—ß°≈à“«‡ªìπ™’«¡«≈∑’Ë “¡“√∂π”¡“
·ª√√Ÿª‡ªìπ‡™◊ÈÕ‡æ≈‘ß‰¥â·≈–¡’»—°¬¿“æ„π°“√„™âß“π∑’Ë¥’
‚¥¬®“°°“√ ”√«®¢âÕ¡Ÿ≈∑’Ëºà“π¡“æ∫«à“»—°¬¿“æ¢Õß
æ≈—ßß“π®“°«— ¥ÿ‡À≈◊Õ„™â∑“ß‡°…µ√¡’¡“°∂÷ß 156,402×106

‡¡°–®Ÿ≈ «‘∏’°“√Àπ÷Ëß„π°“√π”™’«¡«≈‡À≈à“π’È¡“„™âª√–‚¬™πå
§◊Õ°“√‡æ‘Ë¡§«“¡Àπ“·πàπ¢Õß«— ¥ÿ‡À≈◊Õ„™â‡À≈à“π’È°àÕπ
‡æ◊ËÕ –¥«°µàÕ°“√„™âß“π·≈–°“√‡°Á∫√—°…“ ‡æ‘Ë¡§à“§«“¡

√âÕπµàÕÀπà«¬ª√‘¡“µ√·≈–‡ªìπ°“√≈¥µâπ∑ÿπ„π°“√¢π àß
(Granada et al., 2002)  ”À√—∫°“√º≈‘µ‡™◊ÈÕ‡æ≈‘ßÕ—¥·∑àß
π—Èπ “¡“√∂∑”‰¥â¥â«¬°—πÀ≈“¬«‘∏’  ·µà«‘∏’∑’Ë‰¥â√—∫§«“¡π‘¬¡
¡’ 2 «‘∏’ §◊Õ °“√Õ—¥¥â«¬‰Œ¥√Õ≈‘° å (Granada et al.,

2002;  Blesa et al., 2003;  Mayoral et al., 2000;

Debdoubi et al., 2004; Reineke, L.H. 1964; Emre et

al., 2003 and Husain et al., 2002) ·≈–°“√Õ—¥√’¥¥â«¬
‡∑§π‘§‡ÕÁ°´å∑√Ÿ™—π (Madhiyanon et al., 2003; Madhi-

yanon et al., 2004; Sathitruangsak et al., 2004 and

Bhattacharya et al., 2002) ‚¥¬„π«‘∏’°“√Õ—¥¥â«¬‰Œ¥√Õ-
≈‘° å‡§√◊ËÕß®—°√®–¡’§«“¡ —́∫ ấÕπ¡“°°«à“·≈–∑’Ë ”§—≠°“√
º≈‘µ®–‰¡àµàÕ‡π◊ËÕß  „π¢≥–∑’Ë°“√Õ—¥√’¥¥â«¬‡∑§π‘§‡ÕÁ°´å-
∑√Ÿ™—ππ—Èπ “¡“√∂º≈‘µ·∑àß‡™◊ÈÕ‡æ≈‘ß‰¥âÕ¬à“ßµàÕ‡π◊ËÕß  ¡’
™‘Èπ à«π·≈–Õÿª°√≥å‡§√◊ËÕß®—°√πâÕ¬∑”„Àâµâπ∑ÿπ„π°“√º≈‘µ
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µË”°«à“°“√Õ—¥¥â«¬‰Œ¥√Õ≈‘° å ‚¥¬ª°µ‘°√–∫«π°“√º≈‘µ
·∑àß‡™◊ÈÕ‡æ≈‘ß¥â«¬‡∑§π‘§‡ÕÁ°´å∑√Ÿ™—π®–¡’¥â«¬°—π 2 ·∫∫
(Madhiyanon et al., 2004) §◊Õ°√–∫«π°“√Õ—¥√’¥√âÕπ
·≈–°√–∫«π°“√Õ—¥√’¥‡¬Áπ´÷Ëß°√–∫«π°“√Õ—¥√’¥√âÕππ—Èπ
‡À¡“–°—∫«—µ∂ÿ¥‘∫∑’Ë¡’≈‘°π‘π‡ªìπ à«πª√–°Õ∫ ‡™àπ ¢’È‡≈◊ËÕ¬
‡ªìπµâπ  ‚¥¬°“√„Àâ§«“¡√âÕπ®–∑”„Àâ≈‘°π‘π∑’Ë¡’Õ¬Ÿà„π
«—µ∂ÿ¥‘∫≈–≈“¬ÕÕ°¡“¬÷¥‡°“–Õπÿ¿“§¢Õß«—µ∂ÿ¥‘∫„Àâ§ß√Ÿª
‡ªìπ·∑àß‡™◊ÈÕ‡æ≈‘ß·µà ”À√—∫°√–∫«π°“√Õ—¥√’¥‡¬Áππ—Èπ
‰¡àµâÕß°“√§«“¡√âÕπ„π√–À«à“ß°“√Õ—¥ ·µà®”‡ªìπµâÕß„™â
µ—«ª√– “π‡æ◊ËÕ∑”Àπâ“∑’Ë¬÷¥‡°“–«—µ∂ÿ¥‘∫„Àâ§ß√Ÿª‡ªìπ·∑àß
‡™◊ÈÕ‡æ≈‘ß·∑π ®“°°“√∑¥≈Õß∑’Ëºà“π¡“¢Õß Madhiyanon

·≈–§≥– (2003) ´÷Ëß‰¥â∑¥≈Õßº≈‘µ‡™◊ÈÕ‡æ≈‘ßÕ—¥·∑àß®“°
¢’È‡≈◊ËÕ¬¥â«¬°“√‡ÕÁ°´å∑√Ÿ™—π·∫∫Õ—¥√’¥√âÕπ ‚¥¬„™â¢’È‡≈◊ËÕ¬
¢Õß‰¡â 3 ™π‘¥‡ªìπ«—µ∂ÿ¥‘∫ ·≈–„™â¢¥≈«¥§«“¡√âÕπ‡ªìπµ—«
„Àâ§«“¡√âÕπ°—∫º‘«¢Õß·¡àæ‘¡æå¥â«¬Õÿ≥À¿Ÿ¡‘ 230-250ºC

(¡“°°«à“Õÿ≥À¿Ÿ¡‘µË” ÿ¥∑’Ë “¡“√∂∑”„Àâ≈‘°π‘π≈–≈“¬‰¥â´÷Ëß
¡’§à“ 163ºC (Reineke, 1964)) ´÷Ëß®“°°“√∑¥≈Õßæ∫«à“
Õ—µ√“°“√º≈‘µ·∑àß‡™◊ÈÕ‡æ≈‘ß®–µË”·≈–„™âæ≈—ßß“π„π°“√Õ—¥
 Ÿß  ·µà ”À√—∫°“√Õ—¥·∑àß‡™◊ÈÕ‡æ≈‘ß·∫∫Õ—¥√’¥‡¬Áπ¥â«¬
°√–∫«π°“√‡ÕÁ°´å∑√Ÿ™—π´÷Ëß®”‡ªìπµâÕß„™âµ—«ª√– “ππ—Èπ
®”‡ªìπµâÕß»÷°…“∂÷ß™π‘¥¢Õßµ—«ª√– “π∑’Ë®–π”¡“„™â ‚¥¬
‰¥â¡’°“√∑¥≈Õß°“√„™âµ—«ª√– “π™π‘¥µà“ßÊ ‡™àπ ‚¡≈“ 
(Blesa et al., 2003 and Mayoral et al., 2000) ¬“ß π
(Debdoubi et al., 2004) ø“ß¢â“«À¡—°¥â«¬ “√≈–≈“¬
µà“ßÊ (Zhang et al., 2000) ·Õ øí≈µå (Paul et al., 2002)

‡ªìπµâπ ‚¥¬®“°°“√∑¥≈Õß∑’Ë„™â‚¡≈“ ‡ªìπµ—«ª√– “πæ∫
«à“°“√„™â‚¡≈“ ‡ªìπµ—«ª√– “π®–∑”„Àâ·∑àß‡™◊ÈÕ‡æ≈‘ß∑’Ëº≈‘µ
‰¥âπ—Èπ¡’§«—ππâÕ¬‡¡◊ËÕπ”‡º“„™âß“π (Blesa et al., 2003

and Mayoral et al., 2000) πÕ°®“°π’È¬—ß∑”„Àâ ¡∫—µ‘∑“ß
°“¬¿“æ¥â“π§«“¡·¢Áß·√ß¢Õß·∑àß‡™◊ÈÕ‡æ≈‘ß∑’Ëº≈‘µ‰¥â¡’§à“
 Ÿß´÷Ëß “¡“√∂¬Õ¡√—∫‰¥â„π°“√„™âß“π„π√–¥—∫Õÿµ “À°√√¡
(Richards, 1990)

®“°¢âÕ¡Ÿ≈°“√ ”√«®æ∫«à“«— ¥ÿ‡À≈◊Õ„™â®“°°“√
‡°…µ√ ÷́Ëß‡À¡“–°—∫°“√∑’Ëπ”¡“·ª√√Ÿª‡ªìπ·∑àß‡™◊ÈÕ‡æ≈‘ß§◊Õ
º≈¡–æ√â“« ‚¥¬®–„™â à«π∑’Ë‡ªìπ°–≈“·≈–„¬°–≈“ ‡æ√“–
¬—ß¡’ —¥ à«π°“√π”‰ª„™âª√–‚¬™πå§àÕπ¢â“ßπâÕ¬·≈–„Àâ§à“
§«“¡√âÕπ Ÿßª√–¡“≥ 20 ‡¡°–®Ÿ≈/°°. ¥—ßπ—Èπ„πß“π«‘®—¬π’È
®÷ß‰¥â∑”°“√ÕÕ°·∫∫ °√ŸÕ—¥·∑àß‡™◊ÈÕ‡æ≈‘ß ´÷Ëß®–„™âÀ≈—°

°“√ÕÕ°·∫∫ °√Ÿ≈”‡≈’¬ß¢Õß Rauwendaal, 1990 ¡“
ª√–¬ÿ°µå·≈–‡≈◊Õ°„™â°–≈“¡–æ√â“«º ¡°—∫„¬°–≈“¡–æ√â“«
‡ªìπ«—µ∂ÿ¥‘∫„π°“√º≈‘µ‡ªìπ·∑àß‡™◊ÈÕ‡æ≈‘ß ‚¥¬„™â‚¡≈“ ‡ªìπ
µ—«ª√– “π‡æ◊ËÕ∑’Ë®–„™â¬÷¥‡°“–«—µ∂ÿ¥‘∫·≈â«„™â°√–∫«π°“√
‡ÕÁ°´å∑√Ÿ™—π·∫∫Õ—¥√’¥‡¬Áπ  πÕ°®“°π’È¬—ß∑”°“√»÷°…“∂÷ß
Õ‘∑∏‘æ≈¢Õß¢π“¥¡ÿ¡Õ—¥√’¥¢Õß·¡àæ‘¡æå∑’Ë¡’µàÕ°“√º≈‘µ·≈–
 ¡∫—µ‘∑“ß°“¬¿“æ¢Õß·∑àß‡™◊ÈÕ‡æ≈‘ß∑’ËÕ—¥‰¥â´÷Ëß¡ÿ¡¢Õß
·¡àæ‘¡æå∑’Ë∑”°“√»÷°…“¡’ 4 ¢π“¥§◊Õ 1.0, 1.1, 1.2 ·≈–
1.3 º   ”À√—∫·∑àß‡™◊ÈÕ‡æ≈‘ß∑’Ëº≈‘µ‰¥âπ—Èπ®–π”‰ª∑¥ Õ∫
 ¡∫—µ‘∑“ß°“¬¿“æµà“ßÊ  ‰¥â·°à  §à“°“√µâ“π∑“π·√ß°¥
°“√µâ“π∑“π·√ß°√–·∑°  §à“§«“¡√âÕπ  ·≈–§«“¡
Àπ“·πàπ¢Õß·∑àß‡™◊ÈÕ‡æ≈‘ß

°“√ÕÕ°·∫∫ °√ŸÕ—¥·∑àß‡™◊ÈÕ‡æ≈‘ß

1. ‡ß◊ËÕπ‰¢„π°“√ÕÕ°·∫∫ °√ŸÕ—¥·∑àß‡™◊ÈÕ‡æ≈‘ß

„π°“√ÕÕ°·∫∫ °√ŸÕ—¥·∑àß‡™◊ÈÕ‡æ≈‘ß®–°”Àπ¥
§«“¡µâÕß°“√‰«â«à“ Õ—µ√“°“√º≈‘µ·∑àß‡™◊ÈÕ‡æ≈‘ß¡’§à“ 1 °°./
π“∑’  §«“¡Àπ“·πàπ¢Õß·∑àß‡™◊ÈÕ‡æ≈‘ß∑’Ëºà“π°“√Õ—¥√’¥
·≈â«µâÕß¡’§«“¡Àπ“·πàπ¡“°°«à“ 1,000 °°./≈∫.¡. ·≈–
 “¡“√∂Õ—¥«—µ∂ÿ¥‘∫‡ªìπ·∑àß‡™◊ÈÕ‡æ≈‘ß‰¥â¿“¬„π¢—ÈπµÕπ‡¥’¬«
 ”À√—∫§à“§«“¡Àπ“·πàπª√“°Ø (bulk density) ‡√‘Ë¡µâπ
¢Õß à«πº ¡ºß∂à“π°–≈“µàÕºß∂à“π„¬°–≈“¡–æ√â“«
(40:60) ·≈–º ¡‚¡≈“  —¥ à«π 10:100 ¡’§à“ 415 °°./
≈∫.¡.

2. À≈—°°“√„π°“√ÕÕ°·∫∫ °√ŸÕ—¥·∑àß‡™◊ÈÕ‡æ≈‘ß

‚¥¬ª°µ‘°“√ÕÕ°·∫∫ °√ŸÕ—¥∑’Ë„™â„π°√–∫«π
°“√‡ÕÁ°´å∑√Ÿ™—ππ—Èπ‰¥â·∫àßÕÕ°‡ªìπ 3 ™à«ß (Weert et al.,

2000)  §◊Õ  ™à«ß°“√≈”‡≈’¬ßÕπÿ¿“§«—µ∂ÿ¥‘∫  ™à«ß°“√„Àâ
§«“¡√âÕπ·≈–™à«ß°“√Õ—¥√’¥«—µ∂ÿ¥‘∫ ´÷Ëß°“√·∫àß™à«ß°“√
∑”ß“π·∫∫π’È®–„™â°—∫°√≥’¢Õß°“√Õ—¥√’¥√âÕπ·µà ”À√—∫
°“√Õ—¥√’¥‡¬Áππ—Èπ®–‡À≈◊Õ‡æ’¬ß 2 ™à«ß§◊Õ ™à«ß°“√≈”‡≈’¬ß
·≈–™à«ß°“√Õ—¥µ—«¢Õß«—µ∂ÿ¥‘∫ „π°“√«‘‡§√“–Àå‡æ◊ËÕ§”π«≥
·≈–ÕÕ°·∫∫ °√ŸÕ—¥√’¥·∑àß‡™◊ÈÕ‡æ≈‘ß„πß“π«‘®—¬π’È‰¥â„™â
À≈—°°“√ÕÕ°·∫∫ °√Ÿ≈”‡≈’¬ß (Rauwendaal, 1990) ¡“
ª√–¬ÿ°µå  ‚¥¬®–·∫àß°“√æ‘®“√≥“ÕÕ°‡ªìπ 2 ™à«ß§◊Õ ™à«ß
°“√≈”‡≈’¬ßÕπÿ¿“§ ”À√—∫√àÕß‡°≈’¬«≈”‡≈’¬ß·≈–™à«ß°“√
Õ—¥√’¥Õπÿ¿“§„ÀâÕÕ°¡“‡ªìπ·∑àß‡™◊ÈÕ‡æ≈‘ß „π°“√«‘‡§√“–Àå
·√ß∑’Ë°√–∑”°—∫‡∫¥Õπÿ¿“§¢Õß™’«¡«≈· ¥ß„π Figure 1
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2.1 °“√§”π«≥„π™à«ß°“√≈”‡≈’¬ßÕπÿ¿“§

„π°“√«‘‡§√“–Àå‡æ◊ËÕÕÕ°·∫∫„π™à«ß°“√
≈”‡≈’¬ßÕπÿ¿“§«—µ∂ÿ¥‘∫¢Õß °√ŸÕ—¥‡¥’Ë¬« (Single screw

extrusion) µ“¡À≈—°°“√¢Õß Rauwendaal (1990) π—Èπ
‰¥â¡’°“√µ—Èß ¡¡ÿµ‘∞“π¥—ßπ’È

1. Õπÿ¿“§¢Õß«—µ∂ÿ¥‘∫‡§≈◊ËÕπ∑’Ë‰ªÕ¬à“ß
µàÕ‡π◊ËÕß‰¡à¡’°“√ – ¡¡«≈

2. ‡∫¥Õπÿ¿“§¢Õß™’«¡«≈®– —¡º— °—∫ºπ—ß
¢Õß barrel (À√◊Õ°√–∫Õ° °√Ÿ) ∞“π °√Ÿ·≈–„∫‡°≈’¬« °√Ÿ

3. §«“¡ Ÿß¢Õß„∫‡°≈’¬«¡’§à“§ß∑’Ë
4. ‰¡àæ‘®“√≥“™àÕß«à“ß√–À«à“ß„∫‡°≈’¬«

°—∫ºπ—ß barrel

5. Õπÿ¿“§‡§≈◊ËÕπ∑’Ë·∫∫®ÿ°Õ—¥ (plug flow)

6. §«“¡¥—π„π‡∫¥Õπÿ¿“§‰¡à‡ª≈’Ë¬π·ª≈ß
µ≈Õ¥™à«ß°“√≈”‡≈’¬ßÕπÿ¿“§

7. ‰¡àæ‘®“√≥“·√ß‚πâ¡∂à«ß¢Õß‚≈°
8. ‰¡àæ‘®“√≥“·√ß‡À«’Ë¬ß∑’Ë‡°‘¥¢÷Èπ¢Õß¡«≈

Õπÿ¿“§¿“¬„π√àÕß‡°≈’¬«
9. ‰¡à¡’°“√‡ª≈’Ë¬π·ª≈ß§«“¡Àπ“·πàπ

¢Õß‡∫¥Õπÿ¿“§µ≈Õ¥™à«ß°“√≈”‡≈’¬ß
°“√À“Õ—µ√“°“√¢π∂à“¬‡∫¥Õπÿ¿“§¢Õß

«—µ∂ÿ¥‘∫¿“¬„π√àÕß‡°≈’¬«¢Õß °√Ÿ‰¥âπ—Èπ ®”‡ªìπµâÕß∑√“∫
¡ÿ¡¢π∂à“¬‡∫¥Õπÿ¿“§ (¡ÿ¡ θ „π Figure 1) ¢Õß«—µ∂ÿ¥‘∫
∑’ËÕÕ°®“°√àÕß‡°≈’¬«°àÕπ  ‚¥¬¡ÿ¡¢π∂à“¬‡∫¥Õπÿ¿“§ÕÕ°
®“°√àÕß‡°≈’¬«‡ªìπ¡ÿ¡∑’Ë·√ß≈—æ∏å (F

b
) °√–∑”°—∫‡∫¥

Õπÿ¿“§¢Õß«—µ∂ÿ¥‘∫ °“√À“§à“¡ÿ¡¢π∂à“¬‡∫¥Õπÿ¿“§À“‰¥â

®“°°“√ ¡¥ÿ≈·√ß„π·π«·°π·≈– ¡¥ÿ≈·√ß∫‘¥√Õ∫·°π∑’Ë
°√–∑”°—∫‡∫¥Õπÿ¿“§¥—ß· ¥ß„π Figure 1 ¥—ßπ’È
 ¡¥ÿ≈·√ß„π·π«·°π x ®–‰¥â

Fx = 0∑
Fbx − (Fp2 − Fp1)x − (Fna − Fnp )x + Ffa + Ffpx + Frx = 0

(1)

 ¡¥ÿ≈·√ß∫‘¥√Õ∫·°π x ®–‰¥â

Mx = 0∑

Fbx

Db

2 − (Fp2 − Fp1)y

Dm

2 − (Fna − Fnp )y

Dm

2 − Ffay

Dm

2

− Ffpy

Dm

2 − Fry

Ds

2 = 0 (2)

‚¥¬π‘¬“¡¢Õßµ—«·ª√„π ¡°“√¢â“ß∫π¥Ÿ‰¥â®“°§”
π‘¬“¡∑’Ë· ¥ßµàÕ∑â“¬ ¡°“√∑’Ë (9) ®“°°“√ ¡¥ÿ≈·√ß·≈–
·√ß∫‘¥µ“¡ ¡°“√∑’Ë (1) ·≈– (2) ®–æ‘®“√≥“„Àâ °√ŸÀ¬ÿ¥
π‘ËßÕ¬Ÿà°—∫∑’Ë ·≈– barrel À¡ÿπ√Õ∫·°π °√Ÿ ‚¥¬®– “¡“√∂
À“·√ß≈—æ∏å (F

b
) ´÷Ëß‡ªìπ·√ßº≈—°¥—π„Àâ‡∫¥Õπÿ¿“§‡°‘¥°“√

‡§≈◊ËÕπ∑’Ë‰ª¥â“πÀπâ“‰¥â º≈‡©≈¬¢Õß ¡°“√ (1) ·≈– (2)

®–Õ“»—¬≈—°…≥–√Ÿª∑√ß∑“ß‡√¢“§≥‘µ¢Õß °√Ÿ· ¥ß„π
Figure 2 ·≈–‰¥Õ–·°√¡§«“¡‡√Á«∑’Ë‡°‘¥¢÷Èπ¿“¬„π√àÕß
‡°≈’¬«¢Õß °√Ÿ· ¥ß„π Figure 3 ª√–°Õ∫°“√§”π«≥
‚¥¬ “¡“√∂®—¥√Ÿª ¡°“√∑’Ë (1) ·≈– (2) „ÀâÕ¬Ÿà„π√Ÿª ¡°“√
∑’Ë (3) ´÷Ëß‡ªìπ ¡°“√∑’Ëπ”‰ª„™âÀ“¡ÿ¡¢π∂à“¬‡∫¥Õπÿ¿“§
(θ) ¢Õß«—µ∂ÿ¥‘∫„π√àÕß‡°≈’¬«‚¥¬„π ¡°“√∑’Ë (3) ®–ª√“°Ø
µ—«·ª√™à«¬µà“ßÊ ¥—ß¡’§à“µ“¡ ¡°“√∑’Ë (4 ∂÷ß 8) À≈—ß®“°

Figure 1.  various forces acting on solid plug element.
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∑√“∫§à“¡ÿ¡¢π∂à“¬‡∫¥Õπÿ¿“§®– “¡“√∂À“§à“Õ—µ√“°“√
¢π∂à“¬‡∫¥Õπÿ¿“§À√◊ÕÕ—µ√“°“√º≈‘µ·∑àß‡™◊ÈÕ‡æ≈‘ß (M

s
)

‰¥â¥—ß ¡°“√∑’Ë (9)

¡ÿ¡¢π∂à“¬‡∫¥Õπÿ¿“§¢Õß«—µ∂ÿ¥‘∫¿“¬„π√àÕß‡°≈’¬« (θ)

θ = arcsin
(1+ K 2 − Mtotal

2 )1/2 − KMtotal

1+ K 2













(3)

µ—«·ª√™à«¬„π ¡°“√ (3) ¡’§à“¥—ßπ’È

K =
Dm (sinφm + f s cosφm )
Db (cosφm + f s sinφm ) (4)

Mtotal = M1 + M2 + M3 (5)

M1 =
2Hf s

Wb f b
sinφb (K +

Dm

Db
cotanφm ) (6)

M2 =
Ws f s

Wb f b
sinφb(K +

Ds

Db
cotanφs ) (7)

M3 =
WmH

Wbzb f b
sinφm (K +

Dm

Db
cotanφm )ln

P2

P1
(8)

Õ—µ√“°“√¢π∂à“¬‡∫¥Õπÿ¿“§À√◊ÕÕ—µ√“°“√º≈‘µ·∑àß
‡™◊ÈÕ‡æ≈‘ß (M

s
) §”π«≥‰¥â¥—ßπ’È

Ms

•
= ρHpWVsz = ρHWpVb

sinθ
sin(θ + φm ) (9)

‚¥¬∑’Ë

ρ = §«“¡Àπ“·πàπ¢Õß‡∫¥Õπÿ¿“§¢Õß™’«¡«≈,

(°°./≈∫.‡¡µ√)

p = ®”π«πª“°¢Õß‡°≈’¬« °√Ÿ
H = §«“¡ Ÿß¢Õßøíπ‡°≈’¬«, (‡¡µ√)

V
b

= §«“¡‡√Á«¢Õß Barrel, (‡¡µ√/«‘π“∑’)
D

b
= ‡ âπºà“π»Ÿπ¬å°≈“ß¢Õß Barrel, (‡¡µ√)

 ”À√—∫„π Figure 1 ∂÷ß 3 ®–¡’µ—«·ª√µà“ßÊ ´÷Ëß
§«“¡À¡“¬¢Õßµ—«·ª√¡’¥—ßπ’È

Fb = ·√ß‡ ’¬¥∑“π√–À«à“ß‡∫¥Õπÿ¿“§°—∫º‘«¢Õß
Fr = ·√ß‡ ’¬¥∑“π√–À«à“ß‡∫¥Õπÿ¿“§°—∫∞“π

 °√Ÿ
Fna = ·√ßµ—Èß©“°√–À«à“ß‡∫¥Õπÿ¿“§°—∫¥â“π¢â“ß

¢Õß‡°≈’¬«∑’Ë√—∫Õπÿ¿“§‡¢â“¡“ (active flight

flank)

Fnp = ·√ßµ—Èß©“°√–À«à“ß‡∫¥Õπÿ¿“§°—∫¥â“π¢â“ß
¢Õß‡°≈’¬«∑’Ë àßÕπÿ¿“§ÕÕ°‰ª (passive

flight flank)

Ffa = ·√ß‡ ’¬¥∑“π√–À«à“ß‡∫¥Õπÿ¿“§°—∫¥â“π
¢â“ß¢Õß‡°≈’¬«∑’Ë√—∫Õπÿ¿“§‡¢â“¡“

Ffp = ·√ß‡ ’¬¥∑“π√–À«à“ß‡∫¥Õπÿ¿“§°—∫¥â“π
¢â“ß¢Õß‡°≈’¬«∑’Ë àßÕπÿ¿“§ÕÕ°‰ª

Fp1
= ·√ß‡π◊ËÕß®“°§«“¡¥—π∑’Ë√–¬–„¥Ê

Figure 2.  Basic screw geometry and screw drawn with straight flights.
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Fp2
= ·√ß‡π◊ËÕß®“°§«“¡¥—π∑’Ë√–¬–

Vb
= §«“¡‡√Á«¢Õß barrel

Vsz
= §«“¡‡√Á«¢Õß‡∫¥Õπÿ¿“§„π∑‘»∑“ß z (µ“¡

·π«√àÕß °√Ÿ)

∆V = º≈µà“ß√–À«à“ß Vb
 ·≈– Vsz

P1 = §«“¡¥—π∑’Ëµ”·Àπàß∑“ß‡¢â“√àÕß‡°≈’¬«
P2 = §«“¡¥—π∑’Ëµ”·Àπàß∑“ßÕÕ°√àÕß‡°≈’¬«

 ”À√—∫ ¡°“√∑’Ë„™â„π°“√§”π«≥‚¥¬Õ“»—¬√Ÿª∑√ß
∑“ß‡√¢“§≥‘µ¢Õß °√Ÿ∑’Ë‡°’Ë¬«¢âÕß¡’¥—ßπ’È

S = (B + b) p (10)

φb = arctan(
S

πDb
) (11)

φm = arctan(
S

πDm
) (12)

φs = arctan(
S

πDs
) (13)

Wb = Bcosφb (14)

Wm = Bcosφm (15)

Ws = Bcosφs (16)

B = §«“¡°«â“ß¢Õß√àÕß‡°≈’¬«∑’Ë«—¥µ“¡·π«·°π
 °√Ÿ (‡¡µ√)

b = §«“¡Àπ“¢Õßøíπ‡°≈’¬« (‡¡µ√)

φ
s

= ¡ÿ¡‡°≈’¬« °√Ÿ
φ

m
= ¡ÿ¡‡°≈’¬«‡©≈’Ë¬

θ = ¡ÿ¡¢π∂à“¬‡∫¥Õπÿ¿“§
Db = ‡ âπºà“π»Ÿπ¬å°≈“ß barrel

Ds = ‡ âπºà“π»Ÿπ¬å°≈“ß °√Ÿ
Dm = ‡ âπºà“π»Ÿπ¬å°≈“ß‡©≈’Ë¬¢Õß√àÕß‡°≈’¬« °√Ÿ

2.2 °“√§”π«≥„π™à«ß°“√Õ—¥√’¥Õπÿ¿“§

„π°“√§”π«≥ °√ŸÕ—¥·∑àß‡™◊ÈÕ‡æ≈‘ß„π™à«ß
°“√Õ—¥Õπÿ¿“§®–·µ°µà“ß®“°°“√§”π«≥„π™à«ß≈”‡≈’¬ß
‡æ√“– ¡¡ÿµ‘∞“π∑’Ë„™â„π°“√§”π«≥™à«ß≈”‡≈’¬ßπ—Èπ®–
æ‘®“√≥“«à“‰¡à‡°‘¥°“√Õ—¥µ—«¢ÕßÕπÿ¿“§„π√àÕß‡°≈’¬«∑”„Àâ
§«“¡¥—π„π‡∫¥Õπÿ¿“§¢Õß«—µ∂ÿ¥‘∫‰¡à‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß
÷́ËßÀ“°§«“¡¥—π·µ°µà“ß√–À«à“ß§«“¡¥—π¿“¬„π√àÕß‡°≈’¬«

∑’Ë∑“ß‡¢â“ (P
1
) ·≈–§«“¡¥—π„π√àÕß‡°≈’¬«∑’Ë∑“ßÕÕ°¢Õß

√àÕß‡°≈’¬«‡¥’¬«°—π (P
2
) ‰¡à‡°‘¥¢÷Èπ (P

2
/P

1
 = 1) ®–∑”„Àâ

‡∑Õ¡¢Õßµ—«·ª√ M
3
 „π ¡°“√∑’Ë (8) ¡’§à“‡∑à“°—∫»Ÿπ¬å

·µà ”À√—∫„π™à«ß°“√Õ—¥µ—«¢Õß‡∫¥Õπÿ¿“§π—Èπ®–æ‘®“√≥“
«à“‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß§«“¡¥—π¿“¬„π√àÕß‡°≈’¬«‡æ◊ËÕ„™â
 ”À√—∫Õ—¥‡∫¥Õπÿ¿“§¢Õß«—µ∂ÿ¥‘∫„Àâ¡’§à“§«“¡Àπ“·πàπ
‡æ‘Ë¡¢÷Èπ ‚¥¬§«“¡¥—π∑’Ë„™â„π°“√Õ—¥‡∫¥Õπÿ¿“§„Àâ¡’§à“
§«“¡Àπ“·πàπ‡æ‘Ë¡¢÷Èππ—Èπ®–„™â¢âÕ¡Ÿ≈∑’Ë‰¥â®“°°“√∑¥≈Õß
¢Õß Husain ·≈–§≥– (2002) ´÷Ëß∑”°“√À“§«“¡ —¡æ—π∏å

Figure 3.  Velocity diagram  in the screw channel.
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¢Õß§«“¡Àπ“·πàπ¢Õß∂à“π°–≈“ª“≈å¡º ¡°—∫ºß∂à“π„¬
°–≈“ª“≈å¡ —¥ à«π 40:60 „π√Ÿª¢Õß ¡°“√¥—ß ¡°“√∑’Ë
(17) ¥—ßπ—Èπ‡¡◊ËÕµâÕß°“√∑√“∫§à“§«“¡¥—π∑’Ë°√–∑”°—∫‡∫¥
Õπÿ¿“§¢Õß«—µ∂ÿ¥‘∫°Á·∑π§à“§«“¡Àπ“·πàπ¢Õß«—µ∂ÿ¥‘∫„π
√àÕß‡°≈’¬«π—Èπ„ à≈ß„π ¡°“√∑’Ë (17)  ”À√—∫§«“¡Àπ“·πàπ
∑’Ë‡ª≈’Ë¬π·ª≈ß∑’Ë‡°‘¥¢÷Èπ√–À«à“ß°“√Õ—¥‡∫¥Õπÿ¿“§¢Õß
«—µ∂ÿ¥‘∫„π·µà≈–√àÕß‡°≈’¬« °√Ÿ‡°‘¥®“°°“√≈¥≈ß¢Õß
ª√‘¡“µ√¢Õß√àÕß‡°≈’¬« °√Ÿ„π·µà≈–√àÕß ÷́Ëß®–∑”‚¥¬°“√≈¥
§«“¡ Ÿß¢Õß„∫ °√Ÿ„π™à«ß°“√Õ—¥≈ß  ”À√—∫ ¡°“√§«“¡
 —¡æ—π∏å¢Õß§«“¡¥—π∑’Ë‡ª≈’Ë¬π·ª≈ßµ“¡§«“¡Àπ“·πàπ
¢Õß«—µ∂ÿ¥‘∫¡’¥—ßπ’È (Husain et al., 2002)

P = aexp(bD) (17)

‚¥¬∑’Ë P ‡ªìπ§«“¡¥—π∑’Ë„™â„π°“√Õ—¥; ‡¡°–ª“ §“≈
D ‡ªìπ§«“¡Àπ“·πàπ¢Õß‡∫¥Õπÿ¿“§™’«¡«≈;

°°./≈∫.‡¡µ√
a, b ‡ªìπ§à“§ß∑’Ë¢Õß ¡°“√‡Õ¡‰æ√‘°—≈  ‚¥¬ a =

0.05818  ·≈–  b = 0.0041

§«“¡¥—π„π√àÕß‡°≈’¬«∑’Ë∑“ß‡¢â“ (P
1
) ¢Õß√àÕß‡°≈’¬«

Õ—¥√àÕß·√°®–„Àâ¡’§à“‡∑à“°—∫§«“¡¥—π∫√√¬“°“»·≈–§«“¡
¥—π∑’Ë∑“ßÕÕ°¢Õß√àÕß‡°≈’¬«‡¥’¬«°—π (P

2
) π—Èπ®–µâÕßÀ“

®“°§«“¡Àπ“·πàπ∑’Ë‡æ‘Ë¡¢÷Èπ®“°ª√‘¡“µ√¢Õß√àÕß‡°≈’¬«∑’Ë
≈¥≈ß ·≈â«π”§«“¡Àπ“·πàπ¥—ß°≈à“«·∑π§à“≈ß„π ¡°“√
∑’Ë (17) ´÷Ëß§«“¡¥—π P

2
 ∑’ËÀ“‰¥â®“°√àÕß‡°≈’¬«Õ—¥√àÕß·√°

®–‡ªìπ§à“ P
1
 ¢Õß√àÕß‡°≈’¬«Õ—¥√àÕßµàÕ‰ª´÷Ëß®–‡ªìπ‡™àππ’È

‰ª‡√◊ËÕ¬Ê ®π‰¥â§«“¡Àπ“·πàπµ“¡∑’ËµâÕß°“√  ¢—ÈπµÕπ
°“√§”π«≥®–„™â«‘∏’°“√∑”§”π«≥´È” (Iteration) ‚¥¬¡’
¢—ÈπµÕπ¥—ßπ’È ‡√‘Ë¡®“°°”Àπ¥¡ÿ¡ °√Ÿ (φ

S
) ·≈– ¡¡µ‘§«“¡

 Ÿß¢Õß„∫‡°≈’¬«·√°¢÷Èπ¡“°àÕπ ®“°π—Èπ§”π«≥§à“§«“¡
Àπ“·πàπ®“°ª√‘¡“µ√∑’Ë‡ª≈’Ë¬π‰ª·≈–À“§à“ P

2
 ®“° ¡°“√

(17) ®“°π—Èπ‰ª§”π«≥§à“¡ÿ¡¢π∂à“¬‡∫¥Õπÿ¿“§µ“¡ ¡°“√

(6) ‚¥¬Õ“»—¬ ¡°“√∑’Ë (3)-(16) ·≈–§”π«≥Õ—µ√“°“√º≈‘µ
(Ms) ®“° ¡°“√ (9) ∂â“Õ—µ√“°“√º≈‘µ∑’Ë§”π«≥‰¥â‰¡à
‡∑à“°—∫‡ß◊ËÕπ‰¢∑’Ëµ—Èß‰«â„Àâ ¡¡µ‘§à“§«“¡ Ÿß¢Õß„∫‡°≈’¬«„À¡à
·≈–∑”´È”¢—ÈπµÕπ‡¥‘¡®π°«à“®–‰¥â§à“Õ—µ√“°“√º≈‘µµ“¡
µâÕß°“√ ·≈–∑”‡™àπ‡¥’¬«°—∫√àÕß‡°≈’¬«∂—¥‰ª ‚¥¬„Àâ§«“¡
 Ÿß¢Õß„∫‡°≈’¬«„π√àÕß‡°≈’¬«∂—¥Ê ‰ª¡’§à“≈¥≈ß‡√◊ËÕ¬Ê ´÷Ëß
°“√§”π«≥®– ‘Èπ ÿ¥≈ß∑’Ë√àÕß‡°≈’¬«∑’Ë„Àâ§à“§«“¡Àπ“·πàπ
 ÿ¥∑â“¬µ“¡µâÕß°“√ „π°√≥’∑’Ë‰¡à‰¥â§à“Õ—µ√“°“√º≈‘µµ“¡
µâÕß°“√„Àâ‰ª°”Àπ¥§à“¡ÿ¡ °√Ÿ„πµÕπ‡√‘Ë¡µâπ„À¡à  ”À√—∫
·¡àæ‘¡æåÕ—¥√’¥∑’Ë„™â„πß“π«‘®—¬®–¡’≈—°…≥–‡√’¬«≈ßµ“¡
§«“¡ Ÿß¢Õß„∫‡°≈’¬« °√Ÿ∑’Ë≈¥≈ß∑”¡ÿ¡°—∫·π«√–π“∫ (α)

´÷Ëß‰¥â∑”°“√ÕÕ°·∫∫·¡àæ‘¡æå‰«â∂÷ß 4 ¡ÿ¡¥â«¬°—π§◊Õ 1.0,

1.1, 1.2 ·≈– 1.3 º ≈—°…≥–¢Õß °√ŸÕ—¥·∑àß‡™◊ÈÕ‡æ≈‘ß∑’Ë
ÕÕ°·∫∫‰¥â·≈â«ª√–°Õ∫‡¢â“°—∫·¡àæ‘¡æå· ¥ß„π Figure 4

´÷ËßÀ“°π”§à“Õ—µ√“°“√º≈‘µ∑’Ë§”π«≥‰¥â‡¡◊ËÕ‡ª≈’Ë¬π¢π“¥
§«“¡ Ÿßøíπ‡°≈’¬« ÿ¥∑â“¬∑’Ë√–¥—∫µà“ßÊ „π™à«ß¡ÿ¡ °√Ÿ 20

22 ·≈– 24 º ‚¥¬∑’Ë§«“¡Àπ“·πàπ¢Õß·∑àß‡™◊ÈÕ‡æ≈‘ß∑’Ë
º≈‘µ‰¥â¡’§à“µ“¡µâÕß°“√ (ª√–¡“≥ 1,000 °°./≈∫.‡¡µ√)

¡“æ≈Õµ°√“ø¥—ß Figure  5  ´÷Ëßæ∫«à“„πß“π«‘®—¬π’È´÷Ëß
µâÕß°“√Õ—µ√“°“√º≈‘µ·∑àß‡™◊ÈÕ‡æ≈‘ß‡æ≈‘ß∑’Ë 1 °°./π“∑’ ®–
µâÕß„™â¡ÿ¡ °√Ÿ∑’Ë 22º  ·≈–‰¥â§«“¡ Ÿß¢Õßøíπ‡°≈’¬« ÿ¥∑â“¬
∑’Ë 5 ¡¡.

«—µ∂ÿ¥‘∫„π°“√∑¥≈Õß·≈–‡ß◊ËÕπ‰¢„π°“√ÕÕ°·∫∫ °√Ÿ

Õ—¥·∑àß‡™◊ÈÕ‡æ≈‘ß„π°“√«‘®—¬

„π°“√ÕÕ°·∫∫ °√ŸÕ—¥·∑àß‡™◊ÈÕ‡æ≈‘ß·≈–°“√
∑¥≈Õßº≈‘µ·∑àß‡™◊ÈÕ‡æ≈‘ßπ—Èπ®”‡ªìπµâÕß∑√“∫∂÷ß™π‘¥·≈–
ª√–‡¿∑¢Õß«—µ∂ÿ¥‘∫´÷Ëß®–∑”„Àâ∑√“∫∂÷ß ¡∫—µ‘‡∫◊ÈÕßµâπ¢Õß
«—µ∂ÿ¥‘∫∑’Ëπ”¡“„™â ‡™àπ °“√°√–®“¬¢π“¥¢Õß«—µ∂ÿ¥‘∫ (size

distribution)  §«“¡Àπ“·πàπª√“°Ø (bulk density)

√«¡∂÷ß™π‘¥¢Õßµ—«ª√– “π‡æ◊ËÕ„™â‡ªìπ¢âÕ¡Ÿ≈ª√–°Õ∫„π
°“√ÕÕ°·∫∫ °√ŸÕ—¥·∑àß‡™◊ÈÕ‡æ≈‘ß   ”À√—∫ß“π«‘®—¬π’È‰¥â

Figure 4.  Schematic of screw and die in this work.
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‡≈◊Õ°„™âºß∂à“π°–≈“¡–æ√â“«º ¡°—∫ºß∂à“π„¬°–≈“¡–æ√â“«
‡ªìπ«—µ∂ÿ¥‘∫·≈–„™â‚¡≈“ ‡ªìπµ—«ª√– “π„π°“√º≈‘µ·∑àß
‡™◊ÈÕ‡æ≈‘ß „π°“√∑”∂à“π°–≈“¡–æ√â“«π—Èπ∑”‚¥¬π”°–≈“
¡–æ√â“«·Àâß´÷Ëß®–¡’„¬°–≈“¡–æ√â“«µ‘¥Õ¬Ÿàπ—Èπ‰ª∑”°“√‡º“
„Àâ‡ªìπ∂à“π°–≈“¡–æ√â“«·≈–∂à“π„¬°–≈“¡–æ√â“«  À≈—ß
®“°π—Èππ”∂à“π∑’Ë‰¥â‰ª∑”°“√§—¥·¬° ‘Ëß∑’Ëª–ªπÕ¬Ÿà°—∫∂à“π
·≈â«π”∂à“π°–≈“‰ª∑”°“√∫¥¥â«¬‡§√◊ËÕß∫¥ (hammer

mill)  ´÷ËßÀ≈—ß®“°∑”°“√∫¥·≈â«®–π”ºß∂à“π°–≈“·≈–
ºß∂à“π„¬°–≈“‰ªÀ“°“√°√–®“¬¢π“¥¥â«¬‡§√◊ËÕß§—¥·¬°
¢π“¥ ‚¥¬¢π“¥¢Õßºß∂à“π°–≈“∑’Ëºà“π°“√∫¥π—Èπ®–¡’°“√

°√–®“¬¢π“¥‡ªìπ —¥ à«π‚¥¬¡«≈· ¥ß„π Figure 6

·µà ”À√—∫ºß∂à“π„¬°–≈“∑’Ëºà“π°“√§—¥·¬°‰¡à®”‡ªìπµâÕß∑”
°“√∫¥‡æ√“–¡’¢π“¥‡≈Á°Õ¬Ÿà·≈â« ‚¥¬¡’°“√°√–®“¬¢π“¥
‡ªìπ —¥ à«π‚¥¬¡«≈· ¥ß„π Figure 7 ´÷Ëß¢π“¥¢Õßºß
∂à“π°–≈“·≈–ºß∂à“π„¬°–≈“∑’Ë¡’ —¥ à«π¡“° ÿ¥§◊Õ¢π“¥
0.6 ¡¡. ´÷Ëß§‘¥‡ªìπ 39.63%  ”À√—∫ºß∂à“π°–≈“ ·≈–
47.34%  ”À√—∫ºß∂à“π„¬°–≈“  ”À√—∫µ—«ª√– “π‚¡≈“ 
®–‡ªìπ¢Õß‡À≈«¡’≈—°…≥–‡ªìππÈ”‡™◊ËÕ¡ ’πÈ”µ“≈‡¢â¡
¢Õß‡À≈«π’È®–∂Ÿ°·¬°ÕÕ°®“°‡°≈Á¥πÈ”µ“≈‚¥¬«‘∏’°“√ªíòπ
(centrifuge)  à«πª√–°Õ∫¢Õß°“°πÈ”µ“≈·µ°µà“ß°—π‰ª

Figure 5. Dependence of the last flight Channel depth on production rate at various screw

angles (φφφφφ
s
).

Figure 6. Size distributions of crushed coconut

shell char.

Figure 7. Size distributions of coconut fiber char.
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‡¡.¬. 2549
°“√ÕÕ°·∫∫ °√ŸÕ—¥·∑àß‡™◊ÈÕ‡æ≈‘ß·¢Áß¥â«¬‡∑§π‘§‡ÕÁ°´å∑√Ÿ™—π

ª√– “π   ∂‘µ¬å‡√◊Õß»—°¥‘Ï ·≈–§≥–395

µ“¡‚√ßß“π∑’Ëº≈‘µ   ”À√—∫ à«πª√–°Õ∫‚¥¬ª√–¡“≥§‘¥
‡ªìπ‡ªÕ√å‡´Áπµåµ“¡πÈ”Àπ—°¢Õß°“°πÈ”µ“≈¡’¥—ßπ’È§◊Õ πÈ”
17-25%  πÈ”µ“≈´Ÿ‚§√  30-40%  πÈ”µ“≈°≈Ÿ‚§  4-9%

πÈ”µ“≈ø√—°‚∑  5-12%   πÕ°®“°π’È¬—ß¡’ “√ª√–°Õ∫
§“√å‚∫‰Œ‡¥√µÕ◊ËπÊ   “√ª√–°Õ∫‰π‚µ√‡®π  °√¥µà“ßÊ
«‘µ“¡‘π  ‰¢¡—π  ·≈–·√à∏“µÿÕ◊ËπÊ  Õ’°‡ªìπ®”π«π¡“°
(Suriyaphan, 2002) ‚¥¬‚¡≈“ ∑’Ëπ”¡“„™â„πß“π«‘®—¬‡ªìπ
‚¡≈“ ∑’Ë¡“®“°Õÿµ “À°√√¡πÈ”µ“≈´÷Ëß®–¡’≈—°…≥–Àπ◊¥
·≈–¢âπ

°“√∑¥≈Õßº≈‘µ·∑àß‡™◊ÈÕ‡æ≈‘ß

1. ‡ß◊ËÕπ‰¢°“√∑¥≈Õßº≈‘µ·∑àß‡™◊ÈÕ‡æ≈‘ß

‡ß◊ËÕπ‰¢°“√∑¥≈Õß°“√º≈‘µ‡™◊ÈÕ‡æ≈‘ß·¢ÁßÕ—¥
·∑àß®–°”Àπ¥ —¥ à«π°“√º ¡ºß∂à“π°–≈“µàÕºß∂à“π„¬
°–≈“∑’Ë 40:60 ·≈–§«“¡‡√Á«√Õ∫¢Õß °√ŸÕ—¥·∑àß‡™◊ÈÕ‡æ≈‘ß
∑’Ë 145 √Õ∫/π“∑’ ·≈â«∑”°“√ª√—∫‡ª≈’Ë¬π —¥ à«π°“√º ¡
‚¡≈“ µàÕπÈ”Àπ—°¢Õß«—µ∂ÿ¥‘∫ ‡æ◊ËÕ»÷°…“∂÷ßº≈°√–∑∫µàÕ
°“√º≈‘µ ·≈– ¡∫—µ‘∑“ß°“¬¿“æ¢Õß·∑àß‡™◊ÈÕ‡æ≈‘ß∑’Ëº≈‘µ‰¥â
πÕ°®“°π’È¬—ß∑”°“√ª√—∫‡ª≈’Ë¬π¡ÿ¡°“√Õ—¥√’¥¢Õß·¡àæ‘¡æå
®“°¡ÿ¡ 1.0-1.3 º  ‚¥¬‡ß◊ËÕπ‰¢°“√∑¥≈Õß¡’¥—ß· ¥ß„π
Table 1

2. «‘∏’°“√∑¥≈Õß

‡§√◊ËÕßÕ—¥√’¥‡™◊ÈÕ‡æ≈‘ß‚¥¬‡∑§π‘§‡ÕÁ°´å∑√Ÿ™—π¡’

¢π“¥¡Õ‡µÕ√åµâπ°”≈—ß 5 ·√ß¡â“∑’Ë„™â„π°“√∑¥≈Õß‰¥â· ¥ß
‰«â„π Figure 8  °“√∑¥≈Õß‡√‘Ë¡µâπ„Àâπ”ºß∂à“π°–≈“∑’Ë
ºà“π°“√∫¥¡“º ¡°—∫ºß∂à“π„¬°–≈“„π —¥ à«π 40:60

‚¥¬πÈ”Àπ—°¡“º ¡°—∫‚¡≈“ µ“¡ —¥ à«π¢Õß‡ß◊ËÕπ‰¢∑’Ë„™â
∑¥≈Õß¥—ß Table 1  ‡¡◊ËÕº ¡«—µ∂ÿ¥‘∫·≈–µ—«ª√– “π·≈â«
∑”°“√§≈ÿ°‡§≈â“ à«πº ¡„Àâ‡¢â“°—π‚¥¬„™â‡§√◊ËÕßªíòπ°«π
‡™‘ß°≈ (‰¡à‰¥â®—¥· ¥ß√Ÿª‰«â ≥ ∑’Ëπ’È) ‡ªìπ‡«≈“ 15 π“∑’
À≈—ß®“°º ¡«—µ∂ÿ¥‘∫‡ √Á®·≈â«π”«—µ∂ÿ¥‘∫¡“Õ—¥‡ªìπ·∑àß
‡™◊ÈÕ‡æ≈‘ß‚¥¬‡¥‘π‡§√◊ËÕßº≈‘µ·∑àß‡™◊ÈÕ‡æ≈‘ß ·≈â«∑”°“√ªÑÕπ
«—µ∂ÿ¥‘∫≈ß„π‡§√◊ËÕßº≈‘µ·∑àß‡™◊ÈÕ‡æ≈‘ß´÷Ëß„π√–À«à“ß∑”°“√
º≈‘µ·∑àß‡™◊ÈÕ‡æ≈‘ß®–µâÕß∑”°“√«—¥ª√‘¡“≥°√–· ‰øøÑ“∑’Ë
¡Õ‡µÕ√å„™â„π°“√Õ—¥·∑àß‡™◊ÈÕ‡æ≈‘ß·≈–«—¥Õ—µ√“°“√º≈‘µ·∑àß
‡™◊ÈÕ‡æ≈‘ß¢Õß·µà≈–‡ß◊ËÕπ‰¢‡æ◊ËÕπ”‰ªÀ“§à“æ≈—ßß“π∑’Ë„™â„π
°“√Õ—¥®”‡æ“– ‡¡◊ËÕº≈‘µ·∑àß‡™◊ÈÕ‡æ≈‘ß‰¥â®–π”·∑àß‡™◊ÈÕ‡æ≈‘ß
∑’Ëº≈‘µ‰¥â∫“ß à«π¡“∑”°“√∫¥‡æ◊ËÕ∑’Ë®–π”‰ªÀ“§à“§«“¡™◊Èπ
‡√‘Ë¡µâπ¢Õß‡™◊ÈÕ‡æ≈‘ß·µà≈–‡ß◊ËÕπ‰¢∑’Ë∑”°“√∑¥≈Õß  ‡¡◊ËÕ
∑√“∫§à“§«“¡™◊Èπ‡√‘Ë¡µâπ·≈â«π”·∑àß‡™◊ÈÕ‡æ≈‘ß∑’ËÕ—¥‰¥â∑’Ë‡À≈◊Õ
®“°°“√À“§«“¡™◊Èπ‡√‘Ë¡µâπ¡“∑”°“√Õ∫„Àâ‡À≈◊Õ§«“¡™◊Èπ
ª√–¡“≥ 10% d.b. (¡“µ√∞“π·Àâß) ÷́Ëß„°≈â‡§’¬ß°—∫§à“
§«“¡™◊Èπ ¡¥ÿ≈¢Õß·∑àß‡™◊ÈÕ‡æ≈‘ß ®“°π—Èππ”·∑àß‡™◊ÈÕ‡æ≈‘ß
À≈—ß°“√Õ∫·≈â«‰ª∑”°“√µ—¥‡ªìπ™‘Èπß“π‡æ◊ËÕ∑¥ Õ∫ ¡∫—µ‘
§à“°“√µâ“π∑“π·√ß°¥ §à“§«“¡Àπ“·πàπ ·≈–§à“§«“¡√âÕπ
µ“¡«‘∏’°“√∑¥≈Õß„πÀ—«¢âÕ 2.1

Table 1. Testing conditions.

Mass fraction of Mass ratio of Die angle

Testing crushed coconut shell char: molasses : raw material (Degree)

number coconut fiber char

(raw material) 10:100 15:100 20:100 1.0 1.1 1.2 1.3

1 40:60 � �
2 40:60 � �
3 40:60 � �
4 40:60 � �
5 40:60 � �
6 40:60 � �
7 40:60 � �
8 40:60 � �
9 40:60 � �
10 40:60 � �
11 40:60 � �
12 40:60 � �
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3. °“√∑¥ Õ∫ ¡∫—µ‘∑“ß°“¬¿“æ¢Õß·∑àß

‡™◊ÈÕ‡æ≈‘ß

3.1 °“√À“§à“°“√µâ“π∑“π·√ß°¥

°“√∑¥ Õ∫°“√µâ“π∑“π·√ß°¥∑”‚¥¬°“√
„™â‡§√◊ËÕß∑¥ Õ∫ UTM (Universal Testing Machine)

´÷Ëß®–π”·∑àß‡™◊ÈÕ‡æ≈‘ß∑’Ëº≈‘µ‰¥â·≈–ºà“π°√–∫«π°“√Õ∫·≈â«
· ¥ß„π Figure 9  ¡“∑”°“√µ—¥„Àâ¡’¢π“¥ª√–¡“≥ 3 ́ ¡.
π”¡“«“ß≈ß∫πº‘« —¡º— ∑’Ë‡√’¬∫¢Õß·ºàπ°¥∫π‡§√◊ËÕß UTM

‚¥¬„Àâ«“ßµ“¡·π«πÕπ¢Õß·∑àß‡™◊ÈÕ‡æ≈‘ß· ¥ß„π Figure

10 ‡æ√“–‡ªìπ∑‘»∑“ß∑’Ë¡’§«“¡·¢Áß·√ßπâÕ¬∑’Ë ÿ¥ ®“°π—Èπ
∑”°“√ª√—∫‡æ‘Ë¡πÈ”Àπ—°°¥∑’Ë®–°¥≈ß∫π·∑àß‡™◊ÈÕ‡æ≈‘ß„π
Õ—µ√“§ß∑’Ë ®π°√–∑—Ëß·∑àß‡™◊ÈÕ‡æ≈‘ß‡°‘¥°“√·µ°À—°·≈â«∑”
°“√∫—π∑÷°º≈¢ÕßπÈ”Àπ—°°¥∑’Ë Ÿß ÿ¥∑’Ë∑”„Àâ·∑àß‡™◊ÈÕ‡æ≈‘ß
‡°‘¥°“√·µ°À—°·≈–«—¥¢π“¥√Õ¬°¥∫π·∑àß‡™◊ÈÕ‡æ≈‘ß∑’Ë‡°‘¥
®“°°“√∑¥≈Õß‡æ◊ËÕ®–π”‰ª§”π«≥À“§à“§«“¡µâ“π∑“π
·√ß°¥

3.2 °“√À“§à“°“√µâ“π∑“π·√ß°√–·∑°

°“√∑¥ Õ∫°“√µâ“π∑“π·√ß°√–·∑° ∑”
‚¥¬°“√π”·∑àß‡™◊ÈÕ‡æ≈‘ß∑’Ëºà“π°√–∫«π°“√Õ∫·≈â«¡“∑”
°“√µ—¥„Àâ¡’¢π“¥ 1 ≈∫.´¡. ®”π«π 3-6 ™‘Èπ„π°“√∑¥≈Õß
·µà≈–§√—Èß ®“°π—Èππ”·∑àß‡™◊ÈÕ‡æ≈‘ß∑’Ëµ—¥‰«âª≈àÕ¬≈ß®“°∑’Ë Ÿß

2 ‡¡µ√≈ß∫πæ◊Èπ§Õπ°√’µ‡√’¬∫·≈–‰¥â√–¥—∫ ‚¥¬®–ª≈àÕ¬
·∑àß‡™◊ÈÕ‡æ≈‘ß‰ª®π°√–∑—Ëß·∑àß‡™◊ÈÕ‡æ≈‘ß·µ°À—°·µà®–¡’
®”π«π°“√ª≈àÕ¬¡“°∑’Ë ÿ¥‰¡à‡°‘π 50 §√—Èß„π·µà≈–™‘Èπ ´÷Ëß
µâÕß∑”°“√∫—π∑÷°®”π«π§√—Èß∑’Ë∑”°“√ª≈àÕ¬·∑àß‡™◊ÈÕ‡æ≈‘ß
·≈–®”π«π™‘Èπ¢Õß·∑àß‡™◊ÈÕ‡æ≈‘ß∑’Ë·µ°À—°‡¡◊ËÕµ°°√–·∑°
æ◊Èπ ‚¥¬°“√·µ°À—°¢Õß·∑àß‡™◊ÈÕ‡æ≈‘ß∑’Ëπ”¡“∑¥ Õ∫π—Èπ
®– —ß‡°µ‰¥â®“°¢π“¥¢Õß·∑àß‡™◊ÈÕ‡æ≈‘ß°àÕπ∑”°“√∑¥ Õ∫
÷́Ëß∂â“À“°·∑àß‡™◊ÈÕ‡æ≈‘ß∑’Ë∑”°“√∑¥ Õ∫Õ¬Ÿàπ—Èπ·µ°‡°‘π°«à“

10% ¢Õß¢π“¥‡√‘Ë¡µâπ®–∂◊Õ«à“‡°‘¥°“√·µ°À—°¢Õß·∑àß
‡™◊ÈÕ‡æ≈‘ß  ®“°π—ÈπÀ“§à“¥—™π’°“√µâ“π∑“π·√ß°√–·∑°
(impact resistance index: IRI) ‰¥â¥—ß ¡°“√∑’Ë (18) ´÷Ëß
§à“°“√µâ“π∑“π·√ß°√–·∑°µË” ÿ¥∑’Ë¬Õ¡√—∫‰¥â¡’§à“‡∑à“°—∫
50 (Richards, 1990)

IRI = 100 ×
Average number of drops
Average number of pieces (18)

3.3 °“√À“§à“§«“¡√âÕπ¢Õß‡™◊ÈÕ‡æ≈‘ß·¢ÁßÕ—¥

·∑àß

°“√À“§à“§«“¡√âÕπ¢Õß‡™◊ÈÕ‡æ≈‘ß·¢Áß‚¥¬
∑—Ë«‰ªÀ“‰¥â 2 Õ¬à“ß§◊Õ §à“§«“¡√âÕπ Ÿß·≈–§à“§«“¡√âÕπµË”
÷́Ëß„π°“√«‘®—¬π’È‰¥â‡≈◊Õ°À“§à“§«“¡√âÕπ Ÿß‚¥¬®–„™âÕÿª°√≥å

Figure 8.  Schematic diagram of extruder used in this work.
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ª√– “π   ∂‘µ¬å‡√◊Õß»—°¥‘Ï ·≈–§≥–397

„π°“√∑¥ Õ∫§◊Õ ∫Õ¡∫å·§≈Õ√’¡‘‡µÕ√å ´÷Ëß¡’≈—°…≥–¢Õß
°“√∑”ß“π‡À¡◊Õπ°—∫∫Õ¡∫å·§≈Õ√’¡‘‡µÕ√å∑’Ë„™âß“πÕ¬Ÿà∑—Ë«‰ª
‚¥¬°“√«—¥§à“Õÿ≥À¿Ÿ¡‘ “¡“√∂Õà“π≈–‡Õ’¬¥‰¥â∂÷ß 0.05ºC

3.4 °“√À“§à“§«“¡Àπ“·πàπ¢Õß·∑àß‡™◊ÈÕ‡æ≈‘ß

§«“¡Àπ“·πàπ¢Õß·∑àß‡™◊ÈÕ‡æ≈‘ß∑’Ëºà“π
°√–∫«π°“√Õ—¥ “¡“√∂À“‚¥¬π”¡“∑”°“√µ—¥„Àâ¡’¢π“¥
ª√–¡“≥ 2×3 ´¡. (‡æ◊ËÕ„Àâ “¡“√∂„ à„πÀ≈Õ¥·°â« ”À√—∫
«—¥ª√‘¡“µ√¢Õß·∑àß‡™◊ÈÕ‡æ≈‘ß¥—ß°≈à“«‰¥â) À≈—ß®“°π—Èππ”
·∑àß‡™◊ÈÕ‡æ≈‘ß∑’Ëµ—¥·≈â«¡“™—ËßπÈ”Àπ—°‡æ◊ËÕ„Àâ∑√“∫¡«≈‡√‘Ë¡µâπ
°“√À“§à“§«“¡Àπ“·πàπ¢Õß·∑àß‡™◊ÈÕ‡æ≈‘ß®–„™â “√≈–≈“¬
‚∑≈ŸÕ’π‡ªìπ “√µ—«°≈“ß„π°“√∑¥ Õ∫‚¥¬π”‡Õ“‚∑≈ŸÕ’π„ à
„πÀ≈Õ¥«—¥ª√‘¡“µ√ À≈—ß®“°π—Èππ”·∑àß‡™◊ÈÕ‡æ≈‘ß∑’Ëºà“π
°“√µ—¥¢â“ßµâπ¡“„ à≈ß„πÀ≈Õ¥·°â«·≈â«Õà“π§à“ª√‘¡“µ√
¢Õß‚∑≈ŸÕ’π∑’Ë‡æ‘Ë¡¢÷Èπ‡æ◊ËÕπ”‰ª§”π«≥§«“¡Àπ“·πàπ¢Õß
·∑àß‡™◊ÈÕ‡æ≈‘ß

º≈°“√∑¥≈Õß·≈–«‘®“√≥å

®“°°“√∑¥≈Õßº≈‘µ·∑àß‡™◊ÈÕ‡æ≈‘ß ‚¥¬„™â«—µ∂ÿ¥‘∫ºß
∂à“π°–≈“º ¡°—∫ºß∂à“π„¬°–≈“∑’Ë —¥ à«π 40:60 ·≈â«
∑”°“√‡ª≈’Ë¬π —¥ à«π°“√º ¡‚¡≈“ µàÕπÈ”Àπ—°¢Õß«—µ∂ÿ¥‘∫
®“° 10:100, 15:100 ·≈– 20:100 §«“¡‡√Á«√Õ∫¢Õß
 °√ŸÕ—¥·∑àß‡™◊ÈÕ‡æ≈‘ß§ß∑’Ë∑’Ë 145 √Õ∫/π“∑’ ´÷Ëß®“°º≈°“√
∑¥≈Õßæ∫«à“‰¥âÕ—µ√“°“√º≈‘µ·∑àß‡™◊ÈÕ‡æ≈‘ß®√‘ß‡∑à“°—∫ 0.8

°°./π“∑’ ´÷Ëß¡’§à“µË”°«à“∑’ËÕÕ°·∫∫‰«â∑’Ë 1 °°./π“∑’  ´÷Ëß
 “‡Àµÿπà“®–¡“®“° 1) °“√°”Àπ¥§à“ —¡ª√– ‘∑∏‘Ï§«“¡

‡ ’¬¥∑“π®≈πå√–À«à“ß‡∫¥Õπÿ¿“§°—∫º‘« °√Ÿ (f
s
) ·≈–

 —¡ª√– ‘∑∏‘Ï§«“¡‡ ’¬¥∑“π®≈πå√–À«à“ß‡∫¥Õπÿ¿“§°—∫º‘«
barrel (f

b
) ∑’Ë„™â„π°“√§”π«≥Õ“®¬—ß¡’§«“¡§≈“¥‡§≈◊ËÕπ

‰ª®“°§«“¡‡ªìπ®√‘ß  ·≈– 2) §à“§«“¡ —¡æ—π∏å√–À«à“ß
§«“¡¥—π (P) ·≈–§«“¡Àπ“·πàπ (D)  „π ¡°“√ (17)

Õ“®¬—ß‰¡à∂Ÿ°µâÕßπ—° ”À√—∫°√≥’¢Õßºß∂à“π°–≈“¡–æ√â“«
·≈–ºß∂à“π„¬°–≈“¡–æ√â“« ‚¥¬º≈°“√∑¥≈Õß· ¥ß„π
Table 2

1. Õ—µ√“°“√º≈‘µ·∑àß‡™◊ÈÕ‡æ≈‘ß·≈–æ≈—ßß“π∑’Ë„™â„π°“√

º≈‘µ®”‡æ“–

Õ—µ√“°“√º≈‘µ∑’Ë‰¥â·≈–æ≈—ßß“π‰øøÑ“∑’Ë„™â„π°“√
º≈‘µ·∑àß‡™◊ÈÕ‡æ≈‘ß· ¥ß„π Figure 11 ‚¥¬æ∫«à“°“√‡æ‘Ë¡
¢÷Èπ¢Õß —¥ à«π‚¡≈“ µàÕπÈ”Àπ—°¢Õß«—µ∂ÿ¥‘∫∑”„ÀâÕ—µ√“
°“√º≈‘µ·∑àß‡™◊ÈÕ‡æ≈‘ß‡æ‘Ë¡¢÷Èπµ“¡°“√‡æ‘Ë¡ —¥ à«π°“√º ¡
‚¡≈“ µàÕπÈ”Àπ—°«—µ∂ÿ¥‘∫ ‚¥¬∑ÿ°¢π“¥¡ÿ¡¿“¬„π·¡àæ‘¡æå
¡’·π«‚πâ¡º≈°“√∑¥≈Õß‡À¡◊Õπ‡¥‘¡ ∑’Ë —¥ à«π‚¡≈“ ∑’Ë
20:100 ®–‰¥âÕ—µ√“°“√º≈‘µ Ÿß ÿ¥∑’Ë 0.9 °°./π“∑’ ·≈–
µË” ÿ¥∑’Ë —¥ à«π‚¡≈“  10:100 ∑’Ë 0.75 °°./π“∑’ ‡æ√“–
‚¡≈“ ∑’Ëº ¡≈ß„π«—µ∂ÿ¥‘∫®–¡’ ¡∫—µ‘‡ªìπ “√À≈àÕ≈◊Ëπ∑”„Àâ
·∑àß‡™◊ÈÕ‡æ≈‘ß “¡“√∂‰À≈ºà“π·¡àæ‘¡æåÕÕ°¡“‰¥âßà“¬ ‚¥¬
®–§≈â“¬°—∫°√≥’¢Õß°“√Õ—¥√’¥√âÕπ ÷́Ëß®–¡’≈‘°π‘π∑’Ë≈–≈“¬
®“°°“√„Àâ§«“¡√âÕπ¡“™à«¬„π°“√À≈àÕ≈◊Ëπ·∑àß‡™◊ÈÕ‡æ≈‘ß„Àâ
‰À≈ÕÕ°®“°·¡àæ‘¡æå‰¥âßà“¬¢÷Èπ ·≈–≈¥°“√„™âæ≈—ßß“π„π
°“√º≈‘µ≈¥≈ß (Reineke, 1964 and Bhattacharaya et

al., 2002) ‚¥¬®“°°“√∑¥≈Õßæ∫«à“æ≈—ßß“π∑’Ë„™â„π°“√

Figure 9. Schematic of Extruded fuel from the

experiments.

Figure 10. Schematic  of  compressive  strength

testing.
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Õ—¥·∑àß‡™◊ÈÕ‡æ≈‘ß Ÿß ÿ¥∑’Ë —¥ à«π‚¡≈“  10:100 ·≈–µË” ÿ¥
∑’Ë —¥ à«π‚¡≈“  20:100 ´÷Ëß®–¡’§à“æ≈—ßß“π∑’Ë„™â„π°“√Õ—¥
„π∑ÿ°¡ÿ¡¿“¬„π¢Õß·¡àæ‘¡æåÕ¬Ÿà√–À«à“ß 0.040-0.079 °‘‚≈
«—µµå-™¡./°°.

πÕ°®“°π’È¬—ßæ∫«à“Õ—µ√“°“√º≈‘µ·∑àß‡™◊ÈÕ‡æ≈‘ß®–
≈¥≈ß‡¡◊ËÕ¡ÿ¡¿“¬„π¢Õß·¡àæ‘¡æå¡’§à“‡æ‘Ë¡¡“°¢÷Èπ‡æ√“–„π
°√≥’¡ÿ¡Õ—¥√’¥·¡àæ‘¡æå¡’§à“¡“°°“√Õ—¥µ—«¢Õß·∑àß‡™◊ÈÕ‡æ≈‘ß
®–‡ªìπ°“√Õ—¥µ—«Õ¬à“ß∑—π∑’∑—π„¥´÷Ëß‡ªìπ°“√‡æ‘Ë¡§«“¡
‡ ’¬¥∑“π„π·¡àæ‘¡æå„Àâ¡’§à“¡“°¢÷Èπ·≈– àßº≈„Àâæ≈—ßß“π∑’Ë
„™â„π°“√Õ—¥·∑àß‡™◊ÈÕ‡æ≈‘ß‡æ‘Ë¡ Ÿß¢÷Èπ‡™àπ°—π

2. §«“¡Àπ“·πàπ·≈–°“√µâ“π∑“π·√ß°¥¢Õß·∑àß

‡™◊ÈÕ‡æ≈‘ß

º≈¢Õßª√‘¡“≥‚¡≈“ ∑’Ë„™âµàÕ§à“§«“¡·¢Áß·√ß·≈–
§«“¡Àπ“·πàπ¢Õß·∑àß‡™◊ÈÕ‡æ≈‘ß· ¥ß„π Figure 12 ‚¥¬
æ∫«à“°“√µâ“π∑“π·√ß°¥¢Õß·∑àß‡™◊ÈÕ‡æ≈‘ß®–¡’§à“‡æ‘Ë¡ Ÿß
¢÷Èπµ“¡°“√‡æ‘Ë¡¢Õß —¥ à«π°“√º ¡‚¡≈“  ‡æ√“–‡¡◊ËÕ‡æ‘Ë¡
 —¥ à«π°“√º ¡‚¡≈“ µàÕπÈ”Àπ—°¢Õß«—µ∂ÿ¥‘∫„Àâ¡“°¢÷Èπ®–
∑”„Àâ‚¡≈“ ¬÷¥‡°“–°—∫Õπÿ¿“§‰¥âÕ¬à“ß∑—Ë«∂÷ß¢÷Èπ àßº≈„Àâ
°“√¬÷¥µ—«°—π√–À«à“ßÕπÿ¿“§‡æ‘Ë¡¡“°¢÷Èπ ·≈– àßº≈µàÕ°“√
‡æ‘Ë¡§«“¡·¢Áß·√ß¢Õß·∑àß‡™◊ÈÕ‡æ≈‘ß„π∑’Ë ÿ¥ ´÷Ëß Õ¥§≈âÕß
°—∫°“√∑¥≈Õß∑’Ëæ∫«à“°“√µâ“π∑“π·√ß°¥¢Õß·∑àß‡™◊ÈÕ‡æ≈‘ß
∑’Ëº≈‘µ‰¥â®–‡æ‘Ë¡¢÷Èπµ“¡ —¥ à«π°“√º ¡µ—«ª√– “π∑’Ë‡æ‘Ë¡
¢÷Èπ (Paul et al., 2002 and Rubio et al., 1999) ‚¥¬®“°

°“√∑¥≈Õß®–¡’§à“°“√µâ“π∑“π·√ß°¥¢Õß·∑àß‡™◊ÈÕ‡æ≈‘ßÕ¬Ÿà
√–À«à“ß 2.49-2.87 ‡¡°–ª“ §“≈ ´÷Ëß¡’§à“ Ÿß°«à“§à“∑’Ë¬Õ¡
√—∫‰¥â„πÕÿµ “À°√√¡∑’Ë¡’§à“‡æ’¬ß 0.375 ‡¡°–ª“ §“≈
(Richards, 1990)    à«π§à“§«“¡Àπ“·πàπ¢Õß·∑àß
‡™◊ÈÕ‡æ≈‘ß®–¡’§à“≈¥≈ßµ“¡°“√‡æ‘Ë¡¢÷Èπ¢Õß —¥ à«π°“√º ¡
‚¡≈“   ‡π◊ËÕß®“°‚¡≈“ ‡ªìπ¢Õß‡À≈« ÷́Ëß¡’πÈ”‡ªìπ à«π
ª√–°Õ∫‡¡◊ËÕπ”·∑àß‡™◊ÈÕ‡æ≈‘ß‰ª∑”°“√Õ∫·Àâß®–∑”„ÀâπÈ”
∑’Ë¡’Õ¬Ÿà„π‚¡≈“ √–‡À¬∑”„Àâ‡°‘¥™àÕß«à“ß√–À«à“ßÕπÿ¿“§¬‘Ëß
¡’πÈ”¡“°‡¡◊ËÕ√–‡À¬πÈ”ÕÕ°‰ª°Á®–‡°‘¥™àÕß«à“ß¡“°¢÷Èπ∑”„Àâ
§«“¡Àπ“·πàπ¢Õß·∑àß‡™◊ÈÕ‡æ≈‘ß≈¥≈ß ‚¥¬§«“¡Àπ“·πàπ
¡’§à“Õ¬Ÿà√–À«à“ß 1059-1342 °°./≈∫.‡¡µ√

πÕ°®“°π’È∑’Ë§à“¡«≈¢Õß‚¡≈“ ‡∑à“°—πæ∫«à“¡ÿ¡¢Õß
·¡àæ‘¡æå∑’Ë‡æ‘Ë¡¢÷Èπ®–∑”§«“¡Àπ“·πàπ¢Õß·∑àß‡™◊ÈÕ‡æ≈‘ß
≈¥≈ß ‡æ√“–¡ÿ¡¢Õß·¡àæ‘¡æå∑’Ë¡“°¢÷Èππ—Èπ®–∑”„Àâ√–¬–∑“ß
„π™à«ß¢Õß°“√Õ—¥√’¥·∑àß‡™◊ÈÕ‡æ≈‘ß¿“¬„π·¡àæ‘¡æå¡’πâÕ¬≈ß
·≈–º≈∑’Ëµ“¡¡“Õ’°ª√–°“√§◊Õ°“√≈¥≈ß¢Õß§à“°“√µâ“π∑“π
·√ß°¥‡¡◊ËÕ¡ÿ¡Õ—¥√’¥¢Õß·¡àæ‘¡æå Ÿß¢÷Èπ

3. §à“§«“¡√âÕπ¢Õß·∑àß‡™◊ÈÕ‡æ≈‘ß

º≈¢Õß¡«≈‚¡≈“ ∑’Ë„™âµàÕ§à“§«“¡√âÕπ¢Õß‡™◊ÈÕ‡æ≈‘ß
· ¥ß„π Figure 13 æ∫«à“§à“§«“¡√âÕπ¢Õß·∑àß‡™◊ÈÕ‡æ≈‘ß
®–¡’§à“≈¥≈ßµ“¡°“√‡æ‘Ë¡¢Õß —¥ à«π°“√º ¡‚¡≈“ ‡æ√“–
°“√º ¡‚¡≈“ ∑’Ë¡“°¢÷Èπ‡∑à“°—∫‡ªìπ°“√≈¥ —¥ à«π¢Õßºß
∂à“π°–≈“∑’Ë®–¡’„π·∑àß‡™◊ÈÕ‡æ≈‘ß ‚¥¬®–¡’§à“§«“¡√âÕπ¢Õß

Figure 11. Production output and energy consumption at different binder mass mixing with

raw material.
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ª√– “π   ∂‘µ¬å‡√◊Õß»—°¥‘Ï ·≈–§≥–399

·∑àß‡™◊ÈÕ‡æ≈‘ßÀ≈—ß®“°Õ∫®π¡’§«“¡™◊Èπ‡À≈◊Õ 10% d.b.

¡’§à“√–À«à“ß 19.04-20.33 ‡¡°–®Ÿ≈/°°.

4. °“√µâ“π∑“π·√ß°√–·∑°¢Õß·∑àß‡™◊ÈÕ‡æ≈‘ß

®“°°“√∑¥≈Õß°“√π”·∑àß‡™◊ÈÕ‡æ≈‘ß∑’Ëºà“π°“√Õ∫
¢Õß·µà≈–‡ß◊ËÕπ‰¢°“√∑¥≈Õß‰ª∑¥ Õ∫°“√µâ“π∑“π·√ß
°√–·∑° ‚¥¬ª≈àÕ¬„Àâ°√–∑∫°—∫æ◊Èπ§Õπ°√’µ®”π«π 50

§√—Èß æ∫«à“‰¡à‡°‘¥°“√·µ°À—°¢Õßµ—«Õ¬à“ß´÷Ëß‡¡◊ËÕπ”¡“∑”
°“√§”π«≥µ“¡ ¡°“√∑’Ë (11) ®–æ∫«à“§à“°“√µâ“π∑“π
·√ß°√–·∑°¡’§à“ Ÿß®π‡ªìπÕπ—πµå (∞) ´÷Ëß Ÿß°«à“§à“∑’Ë
 “¡“√∂¬Õ¡√—∫‰¥â„πÕÿµ “À°√√¡∑’Ë¡’§à“‡∑à“°—∫ 50

Figure 12. The variation of compressive strength and density of solid fuel with binder mass

mixing with raw material.

Figure 13.  The effect of mass of binder mixing with raw material on heating value.

(Richards, 1990) ‚¥¬º≈°“√µâ“π∑“π·√ß°√–·∑°¢Õß
∑ÿ°‡ß◊ËÕπ‰¢°“√∑¥≈Õß· ¥ß¥—ß Table 2

 √ÿªº≈°“√∑¥≈Õß

®“° °√ŸÕ—¥·∑àß‡™◊ÈÕ‡æ≈‘ß∑’ËÕÕ°·∫∫‰«â‡¡◊ËÕπ”‰ª„™â
∑¥≈Õßº≈‘µ·∑àß‡™◊ÈÕ‡æ≈‘ß®“°ºß∂à“π°–≈“¡–æ√â“«·≈–
ºß∂à“π„¬°–≈“¡–æ√â“«‚¥¬„™â‚¡≈“ ‡ªìπµ—«ª√– “πæ∫«à“
Õ—µ√“°“√º≈‘µ·∑àß‡™◊ÈÕ‡æ≈‘ß∑’ËÕÕ°·∫∫‰«â®–¡’§«“¡§≈“¥
‡§≈◊ËÕπ®“°º≈°“√∑¥≈Õß∑’Ë‡ß◊ËÕπ‰¢°“√ÕÕ°·∫∫ °√ŸÕ—¥·∑àß
‡™◊ÈÕ‡æ≈‘ßª√–¡“≥ 20%  ®“°°“√∑¥≈Õß¿“¬„µâ‡ß◊ËÕπ‰¢
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°“√∑¥≈Õß∑’Ë —¥ à«π°“√º ¡ºß∂à“π°–≈“µàÕºß∂à“π„¬
°–≈“ 40:60  —¥ à«π°“√º ¡‚¡≈“ µàÕπÈ”Àπ—°«—µ∂ÿ¥‘∫§◊Õ
10:100 15:100 ·≈– 20:100 ·≈–ª√—∫‡ª≈’Ë¬π¢π“¥¡ÿ¡
Õ—¥√’¥¢Õß·¡àæ‘¡æå®“° 1.0 ‡ªìπ 1.1 1.2 ·≈– 1.3 º µ“¡
≈”¥—∫ ‚¥¬°”Àπ¥„Àâ§«“¡‡√Á«√Õ∫¢Õß °√Ÿ§ß∑’Ë 145 √Õ∫/
π“∑’ æ∫«à“Õ—µ√“°“√º≈‘µ·∑àß‡™◊ÈÕ‡æ≈‘ß·≈–°“√µâ“π∑“π
·√ß°¥®–·ª√º—πµ√ß°—∫ —¥ à«π°“√º ¡‚¡≈“ µàÕπÈ”Àπ—°
«—µ∂ÿ¥‘∫·µà®–·ª√º°º—π°—∫¢π“¥¢Õß¡ÿ¡Õ—¥√’¥¢Õß·¡àæ‘¡æå
∑’Ë‡æ‘Ë¡¢÷Èπ ́ ÷ËßÕ—µ√“°“√º≈‘µ¡’§à“√–À«à“ß 0.75-0.9 °°./π“∑’
·≈–°“√µâ“π∑“π·√ß°¥¢Õß·∑àß‡™◊ÈÕ‡æ≈‘ß¡’§à“√–À«à“ß
2.49-2.87 ‡¡°–ª“ §“≈ ´÷Ëß¡’§à“ Ÿß°«à“§à“µË” ÿ¥∑’Ë “¡“√∂
¬Õ¡√—∫‰¥â∑“ßÕÿµ “À°√√¡ (0.375 ‡¡°–ª“ §“≈) §àÕπ
¢â“ß¡“° ‚¥¬¡’§à“ Ÿß ÿ¥∑’Ë —¥ à«π°“√º ¡‚¡≈“ µàÕπÈ”Àπ—°
«—µ∂ÿ¥‘∫∑’Ë 20:100 ·≈–¢π“¥¡ÿ¡Õ—¥√’¥·∑àß‡™◊ÈÕ‡æ≈‘ß∑’Ë 1.0º

 ”À√—∫æ≈—ßß“π∑’Ë„™â„π°“√º≈‘µ·∑àß‡™◊ÈÕ‡æ≈‘ß §à“§«“¡Àπ“
·πàπ¢Õß·∑àß‡™◊ÈÕ‡æ≈‘ß®–·ª√º°º—π°—∫ —¥ à«π°“√º ¡
‚¡≈“ ·≈–¢π“¥¢Õß¡ÿ¡Õ—¥√’¥·∑àß‡™◊ÈÕ‡æ≈‘ß ‚¥¬§à“æ≈—ßß“π
∑’Ë„™â„π°“√º≈‘µ¡’§à“√–À«à“ß 0.040-0.079 °‘‚≈«—µµå-™¡./
°°. ·≈–§à“§«“¡Àπ“·πàπ¢Õß·∑àß‡™◊ÈÕ‡æ≈‘ß¡’§à“√–À«à“ß
1059-1342 °°./≈∫.‡¡µ√  ‚¥¬§à“§«“¡Àπ“·πàπ¡’§à“µË”
 ÿ¥∑’Ë —¥ à«π°“√º ¡‚¡≈“ µàÕπÈ”Àπ—°«—µ∂ÿ¥‘∫∑’Ë 20:100

·≈–¢π“¥¡ÿ¡Õ—¥√’¥·∑àß‡™◊ÈÕ‡æ≈‘ß∑’Ë 1.3º „π¢≥–∑’Ë§à“§«“¡
√âÕπ¢Õß·∑àß‡™◊ÈÕ‡æ≈‘ß®–·ª√º°º—π°—∫ à«π°“√º ¡‚¡≈“ 
∑’Ë‡æ‘Ë¡¢÷Èπ ‚¥¬®–¡’§à“√–À«à“ß 19.04-20.33 ‡¡°–®Ÿ≈/°°.

πÕ°®“°π’È§à“°“√µâ“π∑“π·√ß°√–·∑°¢Õß·∑àß‡™◊ÈÕ‡æ≈‘ß∑’Ë
º≈‘µ‰¥â∑ÿ° —¥ à«π°“√º ¡‚¡≈“ ·≈–∑ÿ°¢π“¥¡ÿ¡Õ—¥√’¥
·∑àß‡™◊ÈÕ‡æ≈‘ß¡’§à“ Ÿß¡“°®π‡ªìπÕπ—πµå ´÷Ëß Ÿß°«à“§à“∑’Ë¬Õ¡
√—∫‰¥â¡“°‡™àπ‡¥’¬«°—π (§à“∑’Ë¬Õ¡√—∫‰¥â§◊Õ 50 (Richards,

1990)) ∑—Èßπ’È®“°°“√»÷°…“∑¥≈Õßæ∫«à“„π°“√ÕÕ°·∫∫
 °√ŸÕ—¥·∑àß‡™◊ÈÕ‡æ≈‘ß®”‡ªìπµâÕß∑√“∫§«“¡ —¡æ—π∏å¢Õß
§«“¡¥—π·≈–§«“¡Àπ“·πàπ∑’Ë∂Ÿ°µâÕßµ“¡™π‘¥¢Õß«—µ∂ÿ¥‘∫
∑’Ë„™â´÷Ëß®–∑”„Àâ§à“∑’Ë§”π«≥‰¥â¡’§≈“¥‡§≈◊ËÕπ‡≈Á°πâÕ¬ πÕ°
®“°π’È¢’¥®”°—¥§«“¡ “¡“√∂¢Õß‡§√◊ËÕßº≈‘µ·∑àß‡™◊ÈÕ‡æ≈‘ß
∑’Ë √â“ß¢÷Èππ—Èπ®–∂Ÿ°°”Àπ¥‚¥¬§«“¡Àπ“·πàπ‡√‘Ë¡µâπ¢Õß
«—µ∂ÿ¥‘∫ (™π‘¥¢Õß«—µ∂ÿ¥‘∫) ∑”„Àâ®”‡ªìπµâÕß¡’°“√æ—≤π“
‡§√◊ËÕßÕ—¥√’¥„Àâ “¡“√∂„™âß“π‰¥â°—∫«—µ∂ÿ¥‘∫À≈“¬Ê ™π‘¥
µàÕ‰ª

°‘µµ‘°√√¡ª√–°“»

¢Õ¢Õ∫§ÿ≥ ”π—°ß“π°Õß∑ÿπ π—∫ πÿπ°“√«‘®—¬
( °«.) ∑’Ë„Àâ°“√ π—∫ πÿπ‡ß‘π∑ÿπ„π°“√«‘®—¬ ·≈–¢Õ∫§ÿ≥
°Õß‡°…µ√«‘»«°√√¡ °√¡«‘™“°“√‡°…µ√ ∑’ËÕπÿ‡§√“–Àå
‡§√◊ËÕß∫¥¬àÕ¬«— ¥ÿ‡æ◊ËÕ„™â„π°“√∫¥∂à“π°–≈“„Àâ‡ªìπºß∂à“π
°–≈“„π°“√«‘®—¬·≈–π—°»÷°…“¿“§«‘™“«‘»«°√√¡‡§√◊ËÕß°≈
¡À“«‘∑¬“≈—¬‡∑§‚π‚≈¬’¡À“π§√ ∑’Ë™à«¬‡À≈◊Õ„π°“√‡°Á∫º≈
°“√∑¥≈Õß

Table 2. Experimental Results.

Testing Mass ratio Die angle Production Bulk Compressive Heating Specific energy Impact

number of binder to (Degree) rate density strength Value  consumption resistance

material (kg/min) (kg/m3) (MPa) (MJ/kg) (kW-h/kg) index

1 10:100 1.0 0.80 1342 2.60 20.33 0.050 ∞
2 15:100 1.0 0.88 1337 2.73 19.34 0.042 ∞
3 20:100 1.0 0.90 1283 2.87 19.04 0.040 ∞
4 10:100 1.1 0.80 1278 2.54 20.33 0.057 ∞
5 15:100 1.1 0.85 1236 2.61 19.34 0.052 ∞
6 20:100 1.1 0.90 1232 2.85 19.04 0.043 ∞
7 10:100 1.2 0.75 1216 2.50 20.33 0.076 ∞
8 15:100 1.2 0.80 1214 2.57 19.34 0.055 ∞
9 20:100 1.2 0.85 1149 2.79 19.04 0.046 ∞
10 10:100 1.3 0.75 1148 2.49 20.33 0.079 ∞
11 15:100 1.3 0.78 1114 2.55 19.34 0.066 ∞
12 20:100 1.3 0.80 1059 2.70 19.04 0.050 ∞

Remark: The infinity sign ( ∞ ) means that the samples did not fracture when each sample was dropped 50 times.
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