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∫∑§—¥¬àÕ

√“¬ß“π«‘®—¬π’ÈπÌ“‡ πÕ°“√Õ∫·Àâß·∫∫™—Èπ∫“ß¢Õß™‘Èπ â¡·¢°À—Ëπ∫“ß ¡’§«“¡Àπ“ 0.50 ‡´πμ‘‡¡μ√ §«“¡™◊Èπ‡√‘Ë¡μâπ 82.0

‡ªÕ√å‡´Áπμå¡“μ√∞“π‡ªï¬° ∑’Ë™à«ßÕÿ≥À¿Ÿ¡‘Õ“°“»‡∑à“°—∫ 45.0-120.0 Õß»“‡´≈‡ ’́¬  §«“¡‡√Á«≈¡ 0.3-1.2 ‡¡μ√/«‘π“∑’ ®“°°“√∑¥≈Õßæ∫«à“

Õ—μ√“°“√Õ∫·Àâß∑’ËÕ“»—¬æ≈—ßß“π§«“¡√âÕπ√à«¡¡’§à“ Ÿß°«à“°“√Õ∫·Àâß¥â«¬≈¡√âÕπÕ¬à“ß‡¥’¬« ‚¥¬·∫∫®”≈Õß®≈πæ≈»“ μ√å·∫∫

‡ÕÁ¡æ‘√‘§—≈∑’Ë¥—¥·ª≈ß¢Õß Page  “¡“√∂Õ∏‘∫“¬®≈πæ≈»“ μ√å°“√Õ∫·Àâß™‘Èπ â¡·¢°‰¥â¥’∑’Ë ÿ¥ ·≈–°“√Õ∫·Àâß¥â«¬æ≈—ßß“π§«“¡√âÕπ

√à«¡¡’»—°¬¿“æ„π°“√≈¥æ≈—ßß“π°«à“°“√Õ∫·Àâß¥â«¬≈¡√âÕπÕ¬à“ß‡¥’¬«√âÕ¬≈– 28.1 „π¢≥–∑’Ë —¡ª√– ‘∑∏‘Ï°“√·æ√à§«“¡™◊Èπ

ª√– ‘∑∏‘º≈¢Õß°“√Õ∫·Àâß¥â«¬æ≈—ßß“π§«“¡√âÕπ√à«¡·≈–≈¡√âÕπÕ¬à“ß‡¥’¬«∑’ËÕÿ≥À¿Ÿ¡‘ 80 Õß»“‡´≈‡´’¬  §«“¡‡√Á«≈¡ 1.0 ‡¡μ√/«‘π“∑’

¡’§à“‡∑à“°—∫ 8.51 x 10-4 ·≈– 5.67 x 10-4 μ“√“ß‡´πμ‘‡¡μ√/π“∑’ μ“¡≈”¥—∫

§” ”§—≠ : °“√Õ∫·Àâß™—Èπ∫“ß  º≈ â¡·¢°  æ≈—ßß“π§«“¡√âÕπ√à«¡

Abstract

This research present a thin layer drying technique for Garcinia atroviridis slice. The thickness and initial

moisture content of the thin slice samples were 0.50 cm and 82.0% w.b., respectively. Drying experiments were set by

varying the inlet air temperature of 45.0-120.0oC and air velocity of 0.3-1.2 m/s. The results show that this drying

technique produced higher drying rate of samples, compared to the ones using convectional air drying technique. The

simulation data of the Modified Page model is reasonable for describing drying kinetic behavior of these thin slice

samples. The combined heating energy dryer is also an alternative technique to reduce the input energy of 28.1% by

comparing with the one of a hot air drying technique. The effective moisture diffusivities coefficient were 8.51 x 10-4 and

5.67 x 10-4 cm2/min at the temperature of 80oC and air velocity of 1.0 m/s  for combined heating energy and convectional

air drying, respectively.

Keywords : combined heating energy, garcinia fruit, thin layer drying.
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∫∑π”

 â¡·¢°‡ªìπ‰¡â¬◊πμâπ„π °ÿ≈°“√å´’‡π’¬ (Garcinia) ®—¥

Õ¬Ÿà„π«ß»å Guttiferae æ∫¡“°„π 2 ·À≈àß §◊Õ ∑“ß¿“§„μâ¢Õß

ª√–‡∑»‰∑¬‚¥¬‡©æ“–®—ßÀ«—¥¬–≈“ ªíμμ“π’·≈–π√“∏‘«“  ÷́Ëß¡’

™◊ËÕ∑“ß«‘∑¬“»“ μ√å«à“ Garcinia atroviridis Griff. ·≈–ª√–‡∑»

Õ‘π‡¥’¬¡’™◊ËÕ∑“ß«‘∑¬“»“ μ√å«à“ Garcinia cambogia Desr.

( ∂“∫—π°“√·æ∑¬å·ºπ‰∑¬, 2550) „π¿“§„μâ¢Õßª√–‡∑»‰∑¬

‰¥â¡’°“√μ—Èß°≈ÿà¡·¡à∫â“π‡°…μ√‡æ◊ËÕ·ª√√Ÿª â¡·¢°„π√Ÿª·∫∫μà“ßÊ

‡™àπ °≈ÿà¡·¡à∫â“π‡°…μ√ μ.¬–μä– Õ.√“¡—π °≈ÿà¡·¡à∫â“π‡°…μ√

μ.∑à“ “∫ ·≈– μ.≈”æ–¬“ Õ.‡¡◊Õß ·≈–°≈ÿà¡·¡à∫â“π‡°…μ√ μ.μ“™’

Õ.¬–À“ ®.¬–≈“ °≈ÿà¡·¡à∫â“π‡°…μ√ μ.æ√àÕπ Õ.μ“°„∫ ·≈–

°≈ÿà¡·¡à∫â“π√àÕπæ—≤π“ μ.μ—πÀ¬ß¡—  Õ.√–·ß– ®.π√“∏‘«“ 

 â¡·¢°∑’Ë·ª√√ŸªÕÕ°¡“ à«π„À≠àÕ¬Ÿà„π√Ÿª¢Õß â¡·¢°·Àâß‚¥¬

°“√μ“°·¥¥∑’Ë√âÕπ®—¥ª√–¡“≥ 3 «—π ‡¡◊ËÕ â¡·¢°·Àâß π‘∑·≈â«

π”‰ª∫√√®ÿ·≈–‡°Á∫‰«â„π¿“™π–∑’Ë “¡“√∂ªÑÕß°—π§«“¡™◊Èπ‡æ◊ËÕ√Õ

°“√®”Àπà“¬À√◊Õ·ª√√Ÿª‡ªìπº≈‘μ¿—≥±åÕ◊ËπÊ ‡™àπ  â¡·¢°∫¥ºß

 ”‡√Á®√Ÿª ™“™ß â¡·¢°·≈–º≈‘μ¿—≥±å â¡·¢°™π‘¥·§ª´Ÿ≈ °“√

∑” â¡·¢°·Àâß¢Õß‡°…μ√°√®–ª√– ∫ªí≠À“„π‡√◊ËÕß¢Õß· ß·¥¥

∑’Ë ‰¡à ¡Ë”‡ ¡Õ„π·μà≈–«—π∑”„ÀâμâÕß„™â‡«≈“„π°“√μ“°·Àâßπ“π

3-7 «—π  àßº≈„Àâ°“√º≈‘μ â¡·¢°·Àâß‡ªìπ‰ªÕ¬à“ß≈â“™â“·≈–¡’

§ÿ≥¿“æμË”¢“¬‰¥â„π√“§“‰¡à¥’‡∑à“∑’Ë§«√ „π¢≥–‡¥’¬«°—π°Á∑”„Àâ

º≈ â¡·¢° ¥∑’Ë√Õ°“√À—Ëπ·≈–∑’ËÀ—Ëπ‡ªìπ™‘Èπ‡≈Á°Ê ¢π“¥§«“¡Àπ“

ª√–¡“≥ 4-7 ¡‘≈≈‘‡¡μ√ ‡æ◊ËÕπ”¡“μ“°·Àâß‡°‘¥°“√‡πà“‡ ’¬

‡π◊ËÕß®“° â¡·¢° ¥®–¡’πÈ” (§«“¡™◊Èπ) ‡ªìπÕß§åª√–°Õ∫Õ¬Ÿà‡ªìπ

®”π«π¡“°ª√–¡“≥ 50.0-90.0 ‡ªÕ√å‡ Á́πμå¡“μ√∞“π‡ªï¬° ·≈–

 “¡“√∂‡°Á∫‰¥âª√–¡“≥ 1-2 «—π‡∑à“π—Èπ πÕ°®“°π’È â¡·¢°·Àâß

∑’Ë ‰¥â®“°°“√μ“°·¥¥®–¡’ΩÿÉπ≈–ÕÕß·≈–‡™◊ÈÕ®ÿ≈‘π∑√’¬åªπ‡ªóôÕπ

Õ¬Ÿà¥â«¬ °“√»÷°…“«‘®—¬‡æ◊ËÕÀ“·π«∑“ß∑’Ë‡À¡“– ¡„π°“√∑”·Àâß

 â¡·¢°„πæ◊Èπ∑’Ë 3 ®—ßÀ«—¥™“¬·¥π¿“§„μâ„Àâ≈¥‡«≈“°“√∑”·Àâß

ª√–À¬—¥§à“„™â®à“¬ ·≈–§ß§ÿ≥¿“æ¢Õß â¡·¢°·Àâß‰«â„Àâ¡“°

∑’Ë ÿ¥‡ªìπ ‘Ëß ”§—≠·≈–®”‡ªìπÕ¬à“ß¬‘Ëß  „π¢≥–‡¥’¬«°—π°“√∑”π“¬

·π«∑“ßÀ√◊ÕÀ“‡ß◊ËÕπ‰¢°“√Õ∫·Àâß ‡™àπ Õ—μ√“°“√‰À≈¢Õß≈¡√âÕπ

Õ—μ√“°“√‡ª≈’Ë¬π·ª≈ß§«“¡™◊Èπ Õ—μ√“ à«π§«“¡™◊Èπ  —¡ª√– ‘∑∏‘Ï

°“√·æ√à Õÿ≥À¿Ÿ¡‘ ·≈–§«“¡Àπ“¢Õß«— ¥ÿ ‡ªìπªí®®—¬Àπ÷Ëß∑’Ë ”§—≠

„π°“√ÕÕ°·∫∫°“√Õ∫·Àâß∑’Ë‡À¡“– ¡ ®÷ß®”‡ªìπμâÕß∑√“∫

·∫∫®”≈Õß®≈πæ≈»“ μ√å°“√Õ∫·Àâß â¡·¢°∑’Ë‡À¡“– ¡∑’Ë ÿ¥

‡æ◊ËÕ≈¥√–¬–‡«≈“·≈–‰¡àμâÕß∑”°“√∑¥≈Õß¡“° ( ¡™“μ‘, 2540)

¥—ßπ—Èπ √“¬ß“π«‘®—¬π’È®÷ß¡ÿàßπ”‡ πÕº≈°“√»÷°…“«‘®—¬‡æ◊ËÕæ—≤π“

√Ÿª·∫∫°“√Õ∫·Àâß·≈–À“·∫∫®”≈Õß®≈πæ≈»“ μ√å°“√Õ∫·Àâß

 â¡·¢° ∑’Ë‡À¡“– ¡¥â«¬°“√Õ∫·Àâß·∫∫™—Èπ∫“ß∑’ËÕ“»—¬æ≈—ßß“π

§«“¡√âÕπ√à«¡≈¡√âÕπ·≈–· ßÕ“∑‘μ¬å°—∫°“√Õ∫·Àâß¥â«¬≈¡√âÕπ

‡æ’¬ßÕ¬à“ß‡¥’¬« ´÷Ëß‡ªìπ·π«∑“ßÀπ÷Ëß„π°“√Õ∫·Àâß™‘Èπ â¡·¢°∑’Ë

¡’ª√– ‘∑∏‘¿“æ·≈–‡º¬·æ√à Ÿà°≈ÿà¡‡°…μ√°√„πæ◊Èπ∑’Ë‰¥â

1. °“√Õ∫·Àâß

°“√Õ∫·Àâß (Drying) §◊Õ °√–∫«π°“√≈¥§«“¡™◊Èπ¢Õß

«— ¥ÿ√Ÿª·∫∫Àπ÷Ëß à«π„À≠à®–„™âÀ≈—°°“√∂à“¬‚Õπ§«“¡√âÕπ‰ª¬—ß

«— ¥ÿ∑’Ë™◊Èπ‡æ◊ËÕ‰≈à§«“¡™◊ÈπÕÕ°‚¥¬°“√√–‡À¬ ÷́Ëß°”Àπ¥¥â«¬«‘∏’

°“√∂à“¬‚Õπ§«“¡√âÕπ ‰¥â·°à °“√æ“ (Convection) °“√π”

(Conduction) ·≈–°“√·ºà√—ß ’ (Radiation) ∑”„Àâ‡°‘¥°“√∂à“¬‚Õπ

§«“¡√âÕπ·≈–¡«≈πÈ”¢Õß«— ¥ÿ°—∫Õ“°“»·«¥≈âÕ¡ °“√∂à“¬‚Õπ

§«“¡√âÕπ (Heat transfer) Õ“®‡°‘¥®“°°“√∂à“¬‚Õπ§«“¡√âÕπ

·∫∫°“√æ“ °“√π” ·≈–°“√·ºà√—ß ’§«“¡√âÕπ À√◊Õº ¡°—π∑—Èß

 “¡·∫∫°Á‰¥â ¢÷Èπ°—∫°“√ÕÕ°·∫∫‡§√◊ËÕßÕ∫·Àâß (Dryer) ‚¥¬

§«“¡√âÕπ®–∂à“¬‚Õπ Ÿàº‘«¢Õß«— ¥ÿ‡æ◊ËÕ√–‡À¬πÈ”∑’Ëº‘«ÕÕ°‰ª·≈–

®–∂à“¬‚ÕπμàÕ‰ª¬—ß¿“¬„π«— ¥ÿ‡æ◊ËÕ‡æ‘Ë¡§«“¡¥—π‰ÕπÈ”¿“¬„π«— ¥ÿ

μàÕ‰ª  à«π°“√∂à“¬‚Õπ¡«≈πÈ” (Mass transfer) ®–¢÷ÈπÕ¬Ÿà°—∫°≈‰°

2 ≈—°…≥– §◊Õ °“√‡§≈◊ËÕπ¬â“¬¢Õß¡«≈πÈ”¿“¬„π«— ¥ÿ‡π◊ËÕß®“°

ªí®®—¬¿“¬„π ‰¥â·°à ≈—°…≥–∑“ß°“¬¿“æ·≈–§«“¡™◊Èπ¿“¬„π«— ¥ÿ

·≈–°“√‡§≈◊ËÕπ¬â“¬¢Õß‰ÕπÈ”®“°º‘«¢Õß«— ¥ÿ‡π◊ËÕß®“°ªí®®—¬

¿“¬πÕ° ‰¥â·°à Õÿ≥À¿Ÿ¡‘¢ÕßÕ“°“»  §«“¡™◊Èπ¢ÕßÕ“°“» Õ—μ√“

°“√‰À≈¢ÕßÕ“°“»·≈–æ◊Èπ∑’Ëº‘«¢Õß«— ¥ÿ ( ¡™“μ‘, 2540; Brooker

et al., 1981) °“√«‘‡§√“–Àå°√–∫«π°“√Õ∫·Àâß«— ¥ÿ¡’§à“™’È«—¥∑’Ë

 ”§—≠À≈“¬ª√–°“√ ´÷Ëß®–·μ°μà“ß°—π·≈–‡ªìπ ¡∫—μ‘‡©æ“–¢Õß

«— ¥ÿ·μà≈–™π‘¥ ( ¡™“μ‘, 2540; Bala, 1997) Õ“∑‘‡™àπ

1.1 §à“§«“¡™◊Èπ (Moisture content, M) §◊Õ §à“∑’Ë∫àß∫Õ°

∂÷ßª√‘¡“≥πÈ”∑’Ë¡’Õ¬Ÿà„π«— ¥ÿ‡∑’¬∫°—∫¡«≈¢Õß«— ¥ÿ μ“¡¡“μ√∞“π

AOAC (AOAC, 2005) §«“¡™◊Èπ„π«— ¥ÿ “¡“√∂·∫àßÕÕ°‡ªìπ

2 √Ÿª·∫∫ §◊Õ §«“¡™◊Èπ¡“μ√∞“π‡ªï¬° (Wet basis, M
w
) ·≈–

§«“¡™◊Èπ¡“μ√∞“π·Àâß (Dry basis, M
d
) ́ ÷Ëß§”π«≥‰¥â®“° ¡°“√∑’Ë

(1) ·≈– (2) μ“¡≈”¥—∫ ¥—ßπ’È

100 (1)

100 (2)
d

)d-w(
(%)M d =

w

)d-w(
(%)M w =
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§«“¡μâ“π∑“π¢Õß°“√∂à“¬‡∑¡«≈∑’Ëº‘««— ¥ÿ√«¡∂÷ßÕÿ≥À¿Ÿ¡‘§ß∑’Ë

§à“ —¡ª√– ‘∑∏‘Ï°“√·æ√à§«“¡™◊Èπª√– ‘∑∏‘º≈¢Õß™‘Èπ â¡·¢°∑’Ë

‡ªìπ·ºàπ·∫π´÷Ëß°«â“ß·≈–¬“«¡“° (Infinite slab) (Crank, 1975;

Jena & Das, 2007) ®–§”π«≥‰¥â®“°º≈‡©≈¬¢Õß ¡°“√ (5)

§◊Õ

(6)

À√◊Õ

(7)

‡π◊ËÕß®“°æ®πå∑â“¬Ê ¢Õß ¡°“√ (7) ¡’§à“πâÕ¬¡“°‡¡◊ËÕ

‡∑’¬∫°—∫æ®πå·√° ®÷ßª√–¡“≥§à“‚¥¬æ‘®“√≥“æ®πå·√°‡æ’¬ß

æ®πå‡¥’¬« ÷́Ëß‡¢’¬π‰¥â‡ªìπ

(8)

‡¡◊ËÕ MR §◊Õ Õ—μ√“ à«π§«“¡™◊Èπ (Õ—μ√“ à«π) t §◊Õ ‡«≈“∑’Ë„¥Ê

(π“∑’) L §◊Õ §«“¡Àπ“ (‡´πμ‘‡¡μ√) D
eff
 §◊Õ  —¡ª√– ‘∑∏‘Ï

°“√·æ√à§«“¡™◊Èπª√– ‘∑∏‘º≈ (μ“√“ß‡´πμ‘‡¡μ√/π“∑’) ·≈– i §◊Õ

®”π«π‡μÁ¡ 0, 1, 2,....

2. ·∫∫®”≈Õß®≈πæ≈»“ μ√å°“√Õ∫·Àâß

°“√À“√Ÿª·∫∫ ¡°“√∑“ß§≥‘μ»“ μ√å∑’Ë‡À¡“– ¡ ”À√—∫

Õ∏‘∫“¬®≈πæ≈»“ μ√å°“√Õ∫·Àâß·∫∫™—Èπ∫“ß ‰¥â „™â ¡°“√

‡ÕÁ¡æ‘√‘§—≈ (Empirical equation) ∑’Ë‡ªìπ¡“μ√∞“π 4  ¡°“√ ‰¥â·°à

·∫∫®”≈Õß¢Õß Newton ( ¡™“μ‘, 2540; Bala, 1997), Page

(Jena & Das, 2007), Modified Page (Bala, 1997; Sacilik,

2007) ·≈– Henderson & Pabis (Sacilik, 2007) ¥—ß· ¥ß‰«â

„πμ“√“ß∑’Ë 1

3.  ∂‘μ‘«‘‡§√“–Àå

°“√∑¥≈Õßπ’È ‰¥âæ‘®“√≥“§à“∑“ß ∂‘μ‘ 2 §à“ §◊Õ §à“ —¡ª√– ‘∑∏‘Ï

 À —¡æ—π∏å (Coefficient of correlation, R2) ·≈–§à“‡ªÕ√å‡´Áπμå

§«“¡·μ°μà“ß (Percentage of difference, PD) ‡æ◊ËÕ«‘‡§√“–Àå

À“·∫∫®”≈Õß®≈πæ≈»“ μ√å∑’Ë‡À¡“– ¡∑’Ë ÿ¥ ”À√—∫°“√∑”π“¬

®≈πæ≈»“ μ√å°“√Õ∫·Àâß °≈à“«§◊Õ ·∫∫®”≈Õß∑’Ë„Àâ§à“ R2  Ÿß ÿ¥

·≈–„Àâ§à“ PD μË” ÿ¥ ®–‡ªìπ·∫∫®”≈Õß∑’Ë‡À¡“– ¡∑’Ë ÿ¥ ”À√—∫

‡¡◊ËÕ M §◊Õ §«“¡™◊Èπ (‡ªÕ√å‡ Á́πμå¡“μ√∞“π‡ªï¬°) μ—«ÀâÕ¬ w §◊Õ

¡«≈‡ªï¬°¢Õß«— ¥ÿ (°√—¡) ·≈– d §◊Õ ¡«≈·Àâß¢Õß«— ¥ÿ (°√—¡)

1.2 Õ—μ√“ à«π§«“¡™◊Èπ (Moisture ratio, MR) §◊Õ Õ—μ√“

°“√‡ª≈’Ë¬π·ª≈ß¡«≈πÈ”„π«— ¥ÿ‡∑’¬∫°—∫§«“¡™◊Èπ‡√‘Ë¡μâπ‡¡◊ËÕ‡«≈“

°“√Õ∫·Àâß¥”‡π‘π‰ª∑’Ë‡«≈“μà“ßÊ ‡¢’¬π‡ªìπ ¡°“√‰¥â ¥—ßπ’È

(3)

‡¡◊ËÕ M §◊Õ §«“¡™◊Èπ (‡ªÕ√å‡´Áπμå¡“μ√∞“π‡ªï¬°) MR §◊Õ Õ—μ√“ à«π

§«“¡™◊Èπ (Õ—μ√“ à«π) μ—«ÀâÕ¬ 0 §◊Õ ‡«≈“‡√‘Ë¡μâπ (π“∑’) t §◊Õ

‡«≈“∑’Ë„¥Ê (π“∑’) ·≈– eq §◊Õ ∑’Ë ¡¥ÿ≈

„π°√≥’∑’Ë§à“§«“¡™◊Èπ ¡¥ÿ≈ (Equilibrium moisture

content, M
eq
) ¡’§à“πâÕ¬¡“°Ê ‡∑’¬∫°—∫§à“§«“¡™◊Èπ‡√‘Ë¡μâπ (M

eq
<<

M
0
) ·≈–§«“¡™◊Èπ∑’Ë‡«≈“„¥Ê (M

eq
<< M

t
) ®–∑”„Àâ‡¢’¬π ¡°“√

(3) ‰¥â„À¡à ( ¡™“μ‘, 2540; Bala, 1997; Jena & Das, 2007;

Sacilik, 2007) ¥—ßπ’È

(4)

‡¡◊ËÕ M §◊Õ §«“¡™◊Èπ (‡ªÕ√å‡´Áπμå¡“μ√∞“π‡ªï¬°) MR §◊Õ Õ—μ√“ à«π

§«“¡™◊Èπ (Õ—μ√“ à«π) μ—«ÀâÕ¬ 0 §◊Õ ‡«≈“‡√‘Ë¡μâπ (π“∑’) ·≈– t

§◊Õ ‡«≈“∑’Ë„¥Ê (π“∑’)

1.3  —¡ª√– ‘∑∏‘Ï°“√·æ√à§«“¡™◊Èπª√– ‘∑∏‘º≈ (Effective

moisture diffusivity coefficient, D
eff
) §◊Õ  ¡∫—μ‘‡©æ“–

∑“ß°“¬¿“æ∑’Ë∫àß∫Õ°∂÷ß§«“¡ “¡“√∂„π°“√‡§≈◊ËÕπ∑’Ë¢ÕßπÈ”

„π«— ¥ÿ́ ÷Ëß®–¢÷ÈπÕ¬Ÿà°—∫§«“¡™◊Èπ‡√‘Ë¡μâπ Õÿ≥À¿Ÿ¡‘ §«“¡™◊Èπ —¡æ—∑∏å

·≈–§«“¡‡√Á«¢Õß°√–· Õ“°“» æ‘®“√≥“‰¥â‚¥¬Õ“»—¬ ¡°“√

°“√·æ√àμ“¡°Æ¢âÕ∑’Ë 2 ¢Õßøî§°å (FickÕs second low of diffusion)

∑’Ë ¡¡μ‘«à“°“√·æ√àÕÕ°¢Õß¡«≈πÈ”À√◊Õ§«“¡™◊Èπ®“°«— ¥ÿ‡°‘¥®“°

‡°√‡¥’¬π∑å§à“§«“¡‡¢â¡¢âπ¢Õß§«“¡™◊Èπ ( ¡™“μ‘, 2540; Bala,

1997; Crank, 1975) ´÷Ëß‡¢’¬π„π√Ÿª ¡°“√ ¥—ßπ’È

(5)

‡¡◊ËÕ M §◊Õ §«“¡™◊Èπ (‡ªÕ√å‡ Á́πμå¡“μ√∞“π‡ªï¬°) D
eff
 §◊Õ

 —¡ª√– ‘∑∏‘Ï°“√·æ√à§«“¡™◊Èπª√– ‘∑∏‘º≈ (μ“√“ß‡´πμ‘‡¡μ√/π“∑’)

x, y, z §◊Õ ·°πæ‘°—¥ ·≈–μ—«ÀâÕ¬ t §◊Õ ‡«≈“∑’Ë„¥Ê (π“∑’)

‡¡◊ËÕ°”Àπ¥„Àâ —¡ª√– ‘∑∏‘Ï°“√·æ√à¡’§à“§ßμ—« «— ¥ÿ®–‡°‘¥

°“√°√–®“¬§«“¡™◊Èπ ¡Ë”‡ ¡Õ°—π «— ¥ÿ‰¡àÀ¥μ—« ·≈–‰¡à‡°‘¥

)MM(

)MM(
MR

eq0

eqt
=  
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2

2

2

2

2

2
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+

+

=

=
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2

0i
22 L2

tD)1i2(exp
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2
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2

2
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2
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∑”π“¬®≈πæ≈»“ μ√å°“√Õ∫·Àâß™‘Èπ â¡·¢°À—Ëπ∫“ß (∑√ß»‘√‘, 2549;

Singh & Gupta, 2007) ´÷Ëß§”π«≥‰¥â ¥—ßπ’È

(9)

(10)

‡¡◊ËÕ N §◊Õ ®”π«π¢âÕ¡Ÿ≈°“√∑¥≈Õß i §◊Õ ®”π«π‡μÁ¡ 0, 1, 2,... Z

§◊Õ ®”π«π§à“§ßμ—« μ—«ÀâÕ¬ exp §◊Õ ¢âÕ¡Ÿ≈∑’Ë‰¥â®“°°“√∑¥≈Õß

pre §◊Õ ¢âÕ¡Ÿ≈∑’Ë‰¥â®“°·∫∫®”≈Õß n §◊Õ ®”π«π¢âÕ¡Ÿ≈∑’Ë«‘‡§√“–Àå

k, n ·≈– a §◊Õ §à“§ßμ—«¢Õß ¡°“√

4. ‡§√◊ËÕßÕ∫·Àâß

°“√∑¥≈Õßπ’È„™â‡§√◊ËÕßÕ∫·Àâß™—Èπ∫“ßæ≈—ßß“π§«“¡√âÕπ

√à«¡ ‚¡‡¥≈ YRU-TLD#1(R&E) (Õ’≈’À¬ä– ·≈–§≥–, 2551) ≈—°…≥–

ÀâÕßÕ∫·Àâß‡ªìπ ’Ë‡À≈’Ë¬¡º◊πºâ“Àÿâ¡¥â«¬©π«π°—π§«“¡√âÕπ™π‘¥

‚æ≈’‡Õ∑∏’≈’π (M-PE Alumax ; R-Value 20 hr.ft2.of/Btu)

§«“¡Àπ“ 1.00 ‡´πμ‘‡¡μ√ ®”π«π 2 ™—Èπ æ◊Èπ∑’Ë¿“¬„πÀâÕßÕ∫·Àâß

¢π“¥ 32.50 x 26.00 x 10.50 ≈Ÿ°∫“»°å‡´πμ‘‡¡μ√ À≈—ß§“ªî¥

=

= =

=

n

1i

n

1i

2

exp

2

exp

n

1i

2

exppre
2

))ZN/()MR(()MR(

)MRMR(
1R  

2/)MRMR(

MRMR
PD

preexp

preexp

+

=

¥â«¬°√–®° (Sheet glass) Àπ“ 3.00 ‡´πμ‘‡¡μ√ ¢π“¥ 32.50 x

28.00 μ“√“ß‡´πμ‘‡¡μ√ ®”π«π 2 ·ºàπª√–°∫°—π‡ªìπ∑√ßÀπâ“®—Ë«

∑”¡ÿ¡ 60 Õß»“μàÕ°—π ∑”Àπâ“∑’Ë√—∫√—ß ’· ßÕ“∑‘μ¬å‰ª¬—ßÀâÕßÕ∫

·Àâß ¥—ß¿“æ∑’Ë 1 §«∫§ÿ¡§«“¡√âÕπÕ—μ‚π¡—μ‘¥â«¬ EGO Thermostat

(50-300oC) ¢¥≈«¥§«“¡√âÕπ·∫∫¢¥ (φ=132 mm ¢π“¥ 240

W) æ—¥≈¡‡ªÉ“Õ“°“» YAMAGUSHI Electric Blower (‚¡‡¥≈ KY-

20/220V/50Hz) ·≈–¡‘‡μÕ√å‰øøÑ“ (‚¡‡¥≈ DD 28/220V/5(10)A/

50Hz)

«— ¥ÿÕÿª°√≥å·≈–«‘∏’°“√
1. °“√‡μ√’¬¡μ—«Õ¬à“ß∑¥≈Õß

°“√∑¥≈Õßπ’È „™âº≈ â¡·¢° ÿ°≈—°…≥–¿“¬πÕ°‡ªìπ ’

‡À≈◊ÕßÕàÕπ ¡Ë”‡ ¡Õ ®“°μ≈“¥‡¡◊Õß„À¡à Õ.‡¡◊Õß ®.¬–≈“ ‡¡◊ËÕ

„™âπ‘È«°¥∑’Ëº‘«º≈‰¡à‡°‘¥√Õ¬¬ÿ∫ ‚¥¬‡√‘Ë¡®“°≈â“ßº≈ â¡·¢° ¥¥â«¬

πÈ” –Õ“¥·≈â«À—Ëπ‡ªìπ™‘Èπ∫“ßª√–¡“≥ 0.50 ‡´πμ‘‡¡μ√ ∑’Ë«—¥¥â«¬

‡«Õ√å‡π’¬√å§“√å≈‘ª‡ªÕ√å§«“¡≈–‡Õ’¬¥ 0.05 ¡‘≈≈‘‡¡μ√ ®“°π—Èππ”

™‘Èπ â¡·¢°∑’Ë‰¥â ‰ªÀ“§«“¡™◊Èπ‡√‘Ë¡μâπμ“¡¡“μ√∞“π AOAC (AOAC,

2005) ‚¥¬§«“¡™◊Èπ‡©≈’Ë¬¢Õß™‘Èπ â¡·¢°∑’Ë„™â„π°“√∑¥≈Õßπ’È¡’§à“

‡∑à“°—∫ 82.0 ‡ªÕ√å‡´Áπμå¡“μ√∞“π‡ªï¬°

¿“æ∑’Ë 1  à«πª√–°Õ∫¢Õß‡§√◊ËÕßÕ∫·Àâß™—Èπ∫“ßæ≈—ßß“π§«“¡√âÕπ√à«¡ YRU-TLD#1(R&E) (Õ’≈’À¬ä– ·≈–§≥–, 2551)

100

 

(1)  (5)         (9)   

(2)  (6)         (10)   

(3)  (7)         (11)   

(4)  (8)        (12)   
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¿“æ∑’Ë 2 ™‘Èπ â¡·¢°∑’Ëºà“π°“√Õ∫·Àâß∑’ËÕÿ≥À¿Ÿ¡‘ 110 Õß»“

‡´≈‡´’¬  (°) §«“¡‡√Á«≈¡ 0.3 ‡¡μ√/«‘π“∑’ ·≈– (¢)

§«“¡‡√Á«≈¡ 1.0 ‡¡μ√/«‘π“∑’

§«“¡‡√Á«≈¡ 1.0 ‡¡μ√/«‘π“∑’ æ∫«à“ °“√Õ∫·Àâß¥â«¬æ≈—ßß“π

§«“¡√âÕπ√à«¡·≈–≈¡√âÕπÕ¬à“ß‡¥’¬«®–¡’Õ—μ√“ à«π§«“¡™◊Èπ§ß∑’Ë

„π™à«ß 20 ·≈– 30 π“∑’·√° μ“¡≈”¥—∫ ®“°π—Èπ®–¡’§à“≈¥≈ß

Õ¬à“ß√«¥‡√Á«®π∂÷ßπ“∑’∑’Ë 120 ·≈– 180 μ“¡≈”¥—∫ À≈—ß®“°π—Èπ

Õ—μ√“ à«π§«“¡™◊Èπ®–‡√‘Ë¡§ß∑’Ë·≈–‡¢â“ Ÿà ¡¥ÿ≈ ¥—ß¿“æ∑’Ë 3 °“√

Õ∫·Àâß¥â«¬æ≈—ßß“π§«“¡√âÕπ√à«¡∑’Ë‡«≈“ 120 π“∑’ ™‘Èπ â¡·¢°

·Àâß®–¡’§«“¡™◊Èπ‡©≈’Ë¬‡∑à“°—∫ 5.6 ‡ªÕ√å‡´Áπμå¡“μ√∞“π‡ªï¬°

´÷Ëß‡À¡“– ¡μàÕ°“√º≈‘μ™‘Èπ â¡·¢°·Àâßμ“¡¡“μ√∞“π¢Õß

º≈‘μ¿—≥±å™ÿ¡™π ( ”π—°ß“π¡“μ√∞“πÕÿμ “À°√√¡, 2552) ∑’Ë

°”Àπ¥§à“§«“¡™◊Èπ‰¡à‡°‘π√âÕ¬≈– 7.0 ‡ªÕ√å‡´Áπμå¡“μ√∞“π‡ªï¬°

„π¢≥–∑’Ë°“√Õ∫·Àâß¥â«¬≈¡√âÕπÕ¬à“ß‡¥’¬«™‘Èπ â¡·¢°®–¡’

§«“¡™◊Èπ‡©≈’Ë¬‡∑à“°—∫ 14.4 ‡ªÕ√å‡´Áπμå¡“μ√∞“π‡ªï¬° ́ ÷Ëß‡¡◊ËÕ‡°Á∫‰«â

2-3 «—π ™‘Èπ â¡·¢°®–¢÷Èπ√“

2. ·∫∫®”≈Õß®≈πæ≈»“ μ√å°“√Õ∫·Àâß

‡¡◊ËÕπ”¢âÕ¡Ÿ≈°“√∑¥≈ÕßÕ∫·Àâß™‘Èπ â¡·¢°·∫∫™—Èπ∫“ß

¥â«¬æ≈—ßß“π§«“¡√âÕπ√à«¡·≈–≈¡√âÕπÕ¬à“ß‡¥’¬«∑’ËÕÿ≥À¿Ÿ¡‘≈¡√âÕπ

‡∑à“°—∫ 80 Õß»“‡´≈‡´’¬  §«“¡‡√Á«≈¡ 1.0 ‡¡μ√/«‘π“∑’ ¡“

«‘‡§√“–Àå ¡°“√∂¥∂Õ¬·∫∫‰¡à‡™‘ß‡ âπ ‰¥â§à“§ßμ—«¢Õß ¡°“√

¥—ßμ“√“ß∑’Ë 2 ·∑π§à“§ßμ—«≈ß„π ¡°“√„πμ“√“ß∑’Ë 1 ®“°π—Èππ”

2. «‘∏’°“√∑¥≈Õß

°“√∑¥≈ÕßÕ∫·Àâß‡√‘Ë¡‚¥¬π”™‘Èπ â¡·¢°∑’Ë‡μ√’¬¡μ—«Õ¬à“ß

‰«âª√–¡“≥ 300 °√—¡ ¡“Õ∫·Àâß‚¥¬Õ“»—¬æ≈—ßß“π§«“¡√âÕπ√à«¡

(Out door) °—∫≈¡√âÕπÕ¬à“ß‡¥’¬« (In door) ¥â«¬‡§√◊ËÕßÕ∫·Àâß

YRU-TLD#1(R&E) ∑’ËÕÿ≥À¿Ÿ¡‘ 45, 75, 80, 90, 110 ·≈– 120

Õß»“‡´≈‡ ’́¬  ·≈–§«“¡‡√Á«≈¡ 0.3, 0.8, 1.0 ·≈– 1.2 ‡¡μ√/

«‘π“∑’ ≥ ™—Èπ¥“¥øÑ“ Õ“§“√ 9 »Ÿπ¬å«‘∑¬“»“ μ√å·≈–«‘∑¬“»“ μ√å

ª√–¬ÿ°μå ¡À“«‘∑¬“≈—¬√“™¿—Ø¬–≈“ ∑”°“√«—¥Õÿ≥À¿Ÿ¡‘≈¡√âÕπ

§«“¡™◊Èπ —¡æ—∑∏å Õÿ≥À¿Ÿ¡‘°√–‡ª“–‡ªï¬°·≈–°√–‡ª“–·Àâß¥â«¬

‡§√◊ËÕß Flash Link Data Logger √ÿàπ Delta TRAK §«“¡≈–‡Õ’¬¥

0.01 Õß»“‡´≈‡ ’́¬  ·≈–™—ËßπÈ”Àπ—°μ—«Õ¬à“ß∑ÿ°Ê 10 π“∑’„π™à«ß

1 ™—Ë«‚¡ß·√° ·≈–À≈—ß®“°π—Èπ∑”°“√«—¥§à“∑ÿ°Ê 20-30 π“∑’ ¥â«¬

‡§√◊ËÕß™—Ëß·∫∫¥‘®‘μÕ≈ ¬’ËÀâÕ Mettler Toledo √ÿàπ PB 1502

®π§√∫ 180 π“∑’ ‚¥¬∑¥≈Õß´È” 3 §√—Èß ∑”°“√§”π«≥§à“‡©≈’Ë¬

®≈πæ≈»“ μ√å°“√Õ∫·Àâß  ¡°“√∑’Ë‡À¡“– ¡·≈– —¡ª√– ‘∑∏‘Ï

°“√·æ√à§«“¡™◊Èπª√– ‘∑∏‘º≈

º≈°“√∑¥≈Õß·≈–«‘®“√≥åº≈
®“°º≈°“√∑¥≈Õß æ∫«à“ °“√Õ∫·Àâß∑’Ë§«“¡‡√Á«≈¡ 0.3

‡¡μ√/«‘π“∑’ Õÿ≥À¿Ÿ¡‘ 45 ·≈– 75 Õß»“‡´≈‡ ’́¬  ™‘Èπ â¡·¢°∑’Ë

‰¥â¡’§«“¡™◊Èπ Ÿß ¡’§à“‡©≈’Ë¬‡∑à“°—∫ 30.0 ·≈– 25.5 ‡ªÕ√å‡´Áπμå

¡“μ√∞“π‡ªï¬° μ“¡≈”¥—∫ À≈—ß®“°‡°Á∫‰«â 2-3 «—π ™‘Èπ â¡·¢°

®–¢÷Èπ√“  à«π°“√Õ∫·Àâß∑’Ë§«“¡‡√Á«≈¡ 0.3 ‡¡μ√/«‘π“∑’ Õÿ≥À¿Ÿ¡‘

90, 110 ·≈– 120 Õß»“‡´≈‡´’¬  ™‘Èπ â¡·¢°∑’Ë‰¥â®–·Àâß·≈–

·¢Áß‚¥¬¡’§«“¡™◊Èπ‡©≈’Ë¬„π™à«ß 1.0-2.5 ‡ªÕ√å‡ Á́πμå¡“μ√∞“π‡ªï¬°

·μà®–‡°‘¥√Õ¬‰À¡â‡ªìπ ’πÈ”μ“≈®π∂÷ß ’¥”∫√‘‡«≥º‘«∑’Ë —¡º— °—∫

≈¡√âÕπ ¥—ß¿“æ∑’Ë 2 (°) „π¢≥–‡¥’¬«°—π‡¡◊ËÕ§«“¡‡√Á«≈¡‡æ‘Ë¡ Ÿß¢÷Èπ

‡∑à“°—∫ 1.0 ·≈– 1.2 ‡¡μ√/«‘π“∑’ ¡’°“√„™âæ≈—ßß“π‰øøÑ“‡æ‘Ë¡¢÷Èπ

‚¥¬∑’ËÕÿ≥À¿Ÿ¡‘≈¡√âÕπ‡∑à“°—∫ 110 ·≈– 120 Õß»“‡´≈‡´’¬  º‘«

¥â“π≈â“ß¢Õß™‘Èπ â¡·¢°‡°‘¥√âÕ¬‰À¡â ¥—ß¿“æ∑’Ë 2 (¢) ®“°°“√

Õ∫·Àâß¥â«¬æ≈—ßß“π§«“¡√âÕπ√à«¡·≈–≈¡√âÕπÕ¬à“ß‡¥’¬« ®–‰¥â«à“

°“√Õ∫·Àâß¥â«¬æ≈—ßß“π§«“¡√âÕπ√à«¡¡’Õ—μ√“°“√Õ∫·Àâß∑’Ë Ÿß

°«à“°“√Õ∫·Àâß¥â«¬≈¡√âÕπÕ¬à“ß‡¥’¬« ·≈–°“√Õ∫·Àâß™‘Èπ â¡·¢°

¥â«¬æ≈—ßß“π§«“¡√âÕπ√à«¡∑’ËÕÿ≥À¿Ÿ¡‘≈¡√âÕπ‡∑à“°—∫ 80 Õß»“

‡´≈‡´’¬  §«“¡‡√Á«≈¡ 1.0 ‡¡μ√/«‘π“∑’ ¡’§«“¡‡À¡“– ¡∑’Ë ÿ¥

¥—ß√“¬≈–‡Õ’¬¥μàÕ‰ªπ’È

1. ®≈πæ≈»“ μ√å°“√Õ∫·Àâß

®“°°“√∑¥≈ÕßÕ∫·Àâß â¡·¢°À—Ëπ™‘Èπ∫“ß¥â«¬‡§√◊ËÕßÕ∫·Àâß

YRU-TLD#1(R&E) ∑’ËÕÿ≥À¿Ÿ¡‘≈¡√âÕπ‡∑à“°—∫ 80 Õß»“‡´≈‡´’¬ 

   

( )   

   

  ( ) 
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¿“æ∑’Ë 3 Õ—μ√“ à«π§«“¡™◊Èπ¢Õß°“√Õ∫·Àâß™‘Èπ â¡·¢°∑’ËÕÿ≥À¿Ÿ¡‘ 80 Õß»“‡´≈‡´’¬  §«“¡‡√Á«≈¡ 1.0 ‡¡μ√/«‘π“∑’

μ“√“ß∑’Ë 1  ¡°“√·∫∫®”≈Õß®≈πæ≈»“ μ√å°“√Õ∫·Àâß·∫∫™—Èπ∫“ß

        ™◊ËÕ ¡°“√                    √Ÿª·∫∫ ¡°“√

Newton MR = (M
t
-M

eq
)/(M

0
-M

eq
) = exp(-kt)

Page MR = (M
t
-M

eq
)/(M

0
-M

eq
) = exp(-ktn)

Modified Page MR = (M
t
-M

eq
)/(M

0
-M

eq
) = exp(-(kt)n)

Henderson & Pabis MR = (M
t
-M

eq
)/(M

0
-M

eq
) = aexp(-kt)

¢âÕ¡Ÿ≈∑’Ë‰¥â¡“‡¢’¬π°√“ø§«“¡ —¡æ—π∏å√–À«à“ßÕ—μ√“ à«π§«“¡™◊Èπ

°—∫‡«≈“°“√Õ∫·Àâß®–‰¥â¥—ß¿“æ∑’Ë 4 (°) ·≈– (¢) ‡¡◊ËÕ‡ª√’¬∫

‡∑’¬∫¢âÕ¡Ÿ≈°“√∑”π“¬®≈πæ≈»“ μ√å°“√Õ∫·Àâß¥â«¬·∫∫

®”≈Õß∑—Èß 4 ·∫∫ ‚¥¬æ‘®“√≥“§à“ R2 ·≈– PD æ∫«à“  ¡°“√

‡ÕÁ¡æ‘√‘§—≈∑’Ë¥—¥·ª≈ß¢Õß Page „Àâ§à“ R2 ·≈– PD μË” ÿ¥·≈– Ÿß ÿ¥

μ“¡≈”¥—∫ ‡¡◊ËÕ‡∑’¬∫°—∫·∫∫®”≈Õß¢Õß Newton, Page ·≈–

Henderson & Pabis ‚¥¬°“√Õ∫·Àâß¥â«¬æ≈—ßß“π§«“¡√âÕπ

√à«¡ ¡°“√∑’Ë¥—¥·ª≈ß¢Õß Page „Àâ§à“ R2 ·≈– PD ‡∑à“°—∫ 0.99692

·≈– 0.36160 μ“¡≈”¥—∫ „π¢≥–∑’Ë°“√Õ∫·Àâß¥â«¬≈¡√âÕπÕ¬à“ß

‡¥’¬« ¡°“√∑’Ë¥—¥·ª≈ß¢Õß Page „Àâ§à“ R2 ·≈– PD ‡∑à“°—∫

0.99437 ·≈– 0.35270 μ“¡≈”¥—∫ ¥—ßμ“√“ß∑’Ë 2

¿“æ∑’Ë 4 Õ—μ√“ à«π§«“¡™◊Èπ®“°·∫∫®”≈Õß®≈πæ≈»“ μ√å°“√Õ∫·Àâß™‘Èπ â¡·¢°·∫∫™—Èπ∫“ß‡¡◊ËÕ (°) Õ∫·Àâß¥â«¬æ≈—ßß“π§«“¡√âÕπ√à«¡

·≈– (¢) Õ∫·Àâß¥â«¬≈¡√âÕπÕ¬à“ß‡¥’¬«
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3.  —¡ª√– ‘∑∏‘Ï°“√·æ√à§«“¡™◊Èπ

‡¡◊ËÕæ‘®“√≥“§«“¡™—π¢Õß°√“ø (m) ®“°§«“¡ —¡æ—π∏å

√–À«à“ß§à“≈Õ°“√‘∏÷¡∏√√¡™“μ‘¢ÕßÕ—μ√“ à«π§«“¡™◊Èπ°—∫‡«≈“

°“√Õ∫·Àâßμ“¡ ¡°“√ (8) ®–§”π«≥§à“ —¡ª√– ‘∑∏‘Ï°“√·æ√à

§«“¡™◊Èπª√– ‘∑∏‘º≈¢Õß°“√Õ∫·Àâß™‘Èπ â¡·¢°∑’ËÕÿ≥À¿Ÿ¡‘≈¡√âÕπ

‡∑à“°—∫ 80 Õß»“‡´≈‡´’¬  §«“¡‡√Á«≈¡ 1.0 ‡¡μ√/«‘π“∑’ ‰¥â®“°

§«“¡ —¡æ—π∏å¥—ßμàÕ‰ªπ’È

(11)

À√◊Õ

(12)

‡¡◊ËÕ D
eff
 §◊Õ  —¡ª√– ‘∑∏‘Ï°“√·æ√à§«“¡™◊Èπª√– ‘∑∏‘º≈ (μ“√“ß

‡´πμ‘‡¡μ√/π“∑’) L §◊Õ §«“¡Àπ“ (‡´πμ‘‡¡μ√) ·≈– m §◊Õ

§«“¡™—π

®“°°√“ø§«“¡ —¡æ—π∏å√–À«à“ß§à“≈Õ°“√‘∏÷¡∏√√¡™“μ‘

¢ÕßÕ—μ√“ à«π§«“¡™◊Èπ°—∫‡«≈“°“√Õ∫·Àâß ¥—ß¿“æ∑’Ë 5 æ∫«à“ ¡’

§«“¡ —¡æ—π∏å„π≈—°…≥–‡™‘ß‡ âπ ·≈–§à“§«“¡™—π®–„™â ”À√—∫

«‘‡§√“–ÀåÀ“§à“ —¡ª√– ‘∑∏‘Ï°“√·æ√à§«“¡™◊Èπª√– ‘∑∏‘º≈μ“¡ ¡°“√

(12) ®–‰¥â§à“ —¡ª√– ‘∑∏‘Ï°“√·æ√à§«“¡™◊Èπª√– ‘∑∏‘º≈‡©≈’Ë¬¢Õß

μ“√“ß∑’Ë 2 §à“§ßμ—«¢Õß·∫∫®”≈Õß®≈πæ≈»“ μ√å°“√Õ∫·Àâß™‘Èπ â¡·¢°·∫∫™—Èπ∫“ß∑’Ë‰¥â®“°°“√«‘‡§√“–Àå ¡°“√∂¥∂Õ¬

                 √Ÿª·∫∫ ¡°“√          §à“§ßμ—« ¡°“√ R2 PD

MR = (M
t
-M

eq
)/(M

0
-M

eq
) = exp(-kt) In door k=0.007525 0.89827 1.86155

Out door k=0.011271 0.91175 2.10351

In door
k=0.000384

0.97211 0.76900
MR = (M

t
-M

eq
)/(M

0
-M

eq
) = exp(-ktn)

n=1.643070

Out door
k=0.000216

0.98615 0.87689
n=1.896215

In door
k=0.008624

0.99437 0.35270
MR = (M

t
-M

eq
)/(M

0
-M

eq
) = exp(-(kt)n)

n=2.600429

Out door
k=0.011967

0.99692 0.36160
n=2.800257

In door
a=1.170685

0.92728 1.48885
MR = (M

t
-M

eq
)/(M

0
-M

eq
) = aexp(-kt)

k=0.009291

Out door
a=1.190937

0.93482 1.81200
n=0.013591

2

2

eff

mL4
D =  

2

eff

2

L4

D
m=  

°“√Õ∫·Àâß™‘Èπ â¡·¢°¥â«¬æ≈—ßß“π§«“¡√âÕπ√à«¡·≈–≈¡√âÕπ

Õ¬à“ß‡¥’¬«‡∑à“°—∫ 8.51 x 10-4 ·≈– 5.67 x 10-4 μ“√“ß‡´πμ‘‡¡μ√/

π“∑’ μ“¡≈”¥—∫ πÕ°®“°π’È°“√Õ∫·Àâß¥â«¬æ≈—ßß“π§«“¡√âÕπ

√à«¡∑”„Àâª√–À¬—¥æ≈—ßß“π°«à“°“√Õ∫·Àâß¥â«¬≈¡√âÕπÕ¬à“ß‡¥’¬«

√âÕ¬≈– 28.1 °√–∫«π°“√Õ∫·Àâß™‘Èπ â¡·¢° ”À√—∫‡°…μ√°√

π—Èπ§«√Õ∫∑’ËÕÿ≥À¿Ÿ¡‘≈¡√âÕπ‡∑à“°—∫ 80 Õß»“‡´≈‡ ’́¬ 

¿“æ∑’Ë 5 §«“¡ —¡æ—π∏å„π√Ÿª≈Õ°“√‘∏÷¡∏√√¡™“μ‘¢ÕßÕ—μ√“ à«π

§«“¡™◊Èπ°—∫‡«≈“°“√Õ∫·Àâß ‡¡◊ËÕÕ∫·Àâß™‘Èπ â¡·¢°

¥â«¬æ≈—ßß“π§«“¡√âÕπ√à«¡·≈–≈¡√âÕπÕ¬à“ß‡¥’¬«

0 40 80 120 160 200

 ( )

 

ln (MR) = -0.0084(t) + 0.0965, R
2
 = 0.9581

ln (MR) = -0.0053(t) + 0.1363, R
2
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 √ÿª
°“√Õ∫·Àâß™‘Èπ â¡·¢°¥â«¬æ≈—ßß“π§«“¡√âÕπ√à«¡∑’ËÕÿ≥À¿Ÿ¡‘

≈¡√âÕπ‡∑à“°—∫ 80 Õß»“‡´≈‡ ’́¬  §«“¡‡√Á«≈¡ 1.0 ‡¡μ√/«‘π“∑’

¡’§«“¡‡À¡“– ¡∑’Ë ÿ¥ ·≈–™‘Èπ â¡·¢°·Àâß∑’Ë‰¥â¡’§«“¡™◊Èπ‡©≈’Ë¬

5.6 ‡ªÕ√å‡´Áπμå¡“μ√∞“π‡ªï¬° ‚¥¬·∫∫®”≈Õß®≈πæ≈»“ μ√å

°“√Õ∫·Àâß∑’Ë¥—¥·ª≈ß¢Õß Page ‡À¡“– ¡∑’Ë ÿ¥„π°“√∑”π“¬

º≈°“√∑¥≈Õß∑—Èß°“√Õ∫·Àâß¥â«¬æ≈—ßß“π§«“¡√âÕπ√à«¡·≈–

≈¡√âÕπÕ¬à“ß‡¥’¬« πÕ°®“°π’È°“√Õ∫·Àâß¥â«¬æ≈—ßß“π§«“¡√âÕπ

√à«¡ª√–À¬—¥æ≈—ßß“π°«à“°“√Õ∫·Àâß¥â«¬≈¡√âÕπÕ¬à“ß‡¥’¬«

‡©≈’Ë¬√âÕ¬≈– 28.1 „π¢≥–∑’Ë°“√Õ∫·Àâß™‘Èπ â¡·¢°¥â«¬æ≈—ßß“π

§«“¡√âÕπ√à«¡·≈–≈¡√âÕπÕ¬à“ß‡¥’¬« ¡’ —¡ª√– ‘∑∏‘Ï°“√·æ√à

§«“¡™◊Èπª√– ‘∑∏‘º≈‡©≈’Ë¬‡∑à“°—∫ 8.51 x 10-4 ·≈– 5.67 x 10-4

μ“√“ß‡´πμ‘‡¡μ√/π“∑’ μ“¡≈”¥—∫ ¥—ßπ—Èπ ÀâÕßÕ∫·Àâß·∫∫‡√◊Õπ

°√–®°√à«¡°—∫≈¡√âÕπ∑’Ë≈¥°“√„™âæ≈—ßß“π‰øøÑ“‡ªìπ√–∫∫∑’Ë¡’

§«“¡‡À¡“– ¡°—∫‡°…μ√°√„π™ÿ¡™π μ.≈”æ–¬“ Õ.‡¡◊Õß ®.¬–≈“
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