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ABSTRACT

The objective of this research is to investigate a suitable condition for drying cashew kernel with rotating

tray dryer. Criterion used to consider are as follows: quality of product after drying, drying time and specific

energy consumption.

Experimental results showed that the drying time decreased when drying air temperature increased.

The appropriate drying condition is at drying air temperature of 90°C, recycled air fraction of 0.45 and specific

air flow rate of 70 kg dry air/h-kg dry cashew kernel (air velocity 0.07 m/s). The product quality after drying

is acceptable while drying time is low. The specific energy consumption is 68.22 MJ/kg water evap. or 6.85

MJ/kg cashew kernel. Drying cost analysis is reported at 260 baht/kg water evap. or 26.13 bath/kg cashew

kernel.

Key words : cashew kernel, drying, rotating tray dryer
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®“°°“√∑¥≈Õßæ∫«à“‡¡◊ËÕÕÿ≥À¿Ÿ¡‘¢ÕßÕ“°“»∑’Ë

„™âÕ∫·Àâß‡æ‘Ë¡¢÷Èπ  ®–∑”„Àâ‡«≈“∑’Ë„™â„π°“√Õ∫·Àâß

≈¥≈ß ·≈–„π ¿“«–∑’Ë‡À¡“– ¡„π°“√Õ∫·Àâß‡¡≈Á¥„π

¡–¡à«ßÀ‘¡æ“πµå §◊Õ∑’ËÕÿ≥À¿Ÿ¡‘Õ“°“»∑’Ë„™âÕ∫·Àâß

90°C  —¥ à«π‡«’¬π°≈—∫¢ÕßÕ“°“»∑’Ë„™âÕ∫·Àâß 0.45

‚¥¬„™âÕ—µ√“°“√‰À≈®”‡æ“–¢ÕßÕ“°“» 70 °‘‚≈°√—¡

Õ“°“»·ÀâßµàÕ™—Ë«‚¡ß-°‘‚≈°√—¡‡¡≈Á¥„π¡–¡à«ßÀ‘¡æ“πµå

·Àâß (§«“¡‡√Á«¢Õß≈¡ 0.07 ‡¡µ√µàÕ«‘π“∑’)

º≈‘µ¿—≥±å∑’Ë‰¥â®“°°“√Õ∫·Àâß¡’§ÿ≥¿“æ¥’ ‡«≈“∑’Ë„™â

„π°“√Õ∫·ÀâßπâÕ¬ ‚¥¬æ≈—ßß“π∑’Ë„™â„π°“√Õ∫·Àâß¡’

§à“ 68.22 ‡¡°–®Ÿ≈µàÕ°‘‚≈°√—¡πÈ”∑’Ë√–‡À¬ À√◊Õ 6.85

‡¡°–®Ÿ≈µàÕ°‘‚≈°√—¡‡¡≈Á¥„π¡–¡à«ßÀ‘¡æ“πµå ·≈–

µâπ∑ÿπ∑’Ë„™â„π°“√Õ∫·Àâß ”À√—∫°“√√–‡À¬πÈ”ÕÕ°

®“°‡¡≈Á¥„π¡–¡à«ßÀ‘¡æ“πµå ¡’§à“‡∑à“°—∫ 260 ∫“∑

µàÕ°‘‚≈°√—¡πÈ”∑’Ë√–‡À¬ À√◊Õ ⁄26.13 ∫“∑µàÕ°‘‚≈°√—¡

‡¡≈Á¥„π¡–¡à«ßÀ‘¡æ“πµå

§”π”

‡¡≈Á¥„π¡–¡à«ßÀ‘¡æ“πµå ®—¥‡ªìπæ◊™‡»√…∞°‘®

∑’Ë ”§—≠¢Õß¿“§„µâ ·≈–‡ªìπ∑’ËµâÕß°“√¢ÕßºŸâ∫√‘‚¿§

‡ªìπÕ¬à“ß¡“° ‡°…µ√°√ª≈Ÿ°¡–¡à«ßÀ‘¡æ“πµå‡æ◊ËÕ‡°Á∫

º≈ (nut) ·≈â«π”¡“°√–‡∑“–‡ª≈◊Õ°ÕÕ°´÷Ëß®–‰¥â‡π◊ÈÕ

„π‡¡≈Á¥¡–¡à«ßÀ‘¡æ“πµå ∑’Ë “¡“√∂¢“¬‡ªìπ ‘π§â“ àß

ÕÕ°πÕ°ª√–‡∑»„π√Ÿª·∫∫Õÿµ “À°√√¡ ·µà

‡π◊ËÕß®“°ª√‘¡“≥¢Õß‡¡≈Á¥¡–¡à«ßÀ‘¡æ“πµå∑’Ë¡’¡“°

πâÕ¬µ“¡ƒ¥Ÿ°“≈ ·≈–¡’‰¡à ¡Ë”‡ ¡Õµ≈Õ¥∑—Èßªï ¥—ßπ—Èπ

®÷ß®”‡ªìπµâÕß¡’°“√·ª√√Ÿª‡¡≈Á¥„π¡–¡à«ßÀ‘¡æ“πµå

„ÀâÕ¬Ÿà„π√Ÿª·∫∫µà“ß Ê ‡æ◊ËÕ¬◊¥Õ“¬ÿ„π°“√‡°Á∫„Àâπ“π

¢÷Èπ ´÷Ëß°“√Õ∫·Àâß‡ªìπ«‘∏’Àπ÷Ëß∑’Ëπ”¡“„™â‡æ◊ËÕ‡°Á∫‡¡≈Á¥

„π¡–¡à«ßÀ‘¡æ“πµå °√–∫«π°“√Õ∫·Àâß∑’Ë¥’µâÕß

§”π÷ß∂÷ß§ÿ≥¿“æ¢Õßº≈‘µ¿—≥±å ‚¥¬º≈‘µ¿—≥±åµâÕß

‡ªìπ∑’Ë¬Õ¡√—∫¢ÕßºŸâ∫√‘‚¿§ ·≈–¡’§«“¡ ‘Èπ‡ª≈◊Õß¢Õß

æ≈—ßß“π∑’Ë„™â„π°√–∫«π°“√Õ∫·ÀâßµË” „π°√–∫«π°“√

Õ∫·Àâßªí≠À“∑’Ëæ∫§◊Õ ºŸâº≈‘µ¬—ß‰¡à∑√“∫‡ß◊ËÕπ‰¢

·≈– ¿“«–∑’Ë ‡À¡“– ¡„π°“√Õ∫·Àâß ®÷ß∑”„Àâ

§ÿ≥¿“æ¢Õßº≈‘µ¿—≥±å‡¡≈Á¥„π¡–¡à«ßÀ‘¡æ“πµå‰¡à‰¥â

¡“µ√∞“πµ“¡∑’Ëµ≈“¥µâÕß°“√·≈–§à“„™â®à“¬„π°“√º≈‘µ

§àÕπ¢â“ß Ÿß  °“√»÷°…“Õ‘∑∏‘æ≈¢Õßæ“√“¡‘‡µÕ√åµà“ßÊ

∑’Ë¡’º≈°√–∑∫µàÕ°√–∫«π°“√Õ∫·Àâß®÷ß¡’§«“¡ ”§—≠

‡ªìπÕ¬à“ß¬‘Ëß ‡π◊ËÕß®“°æ“√“¡‘‡µÕ√å‡À≈à“π’È®–‡ªìπ¢âÕ¡Ÿ≈

æ◊Èπ∞“π„π°“√À“‡ß◊ËÕπ‰¢ ·≈– ¿“«–∑’Ë‡À¡“– ¡„π

°√–∫«π°“√Õ∫·Àâß‡¡≈Á¥„π¡–¡à«ßÀ‘¡æ“πµå

°‘µ‘«—≤πå (2537) »÷°…“°“√Õ∫·Àâß‡¡≈Á¥„π

¡–¡à«ßÀ‘¡æ“πµå‚¥¬„™â‡§√◊ËÕßÕ∫·Àâß·∫∫∂“¥Õ¬Ÿà°—∫

∑’Ë ÷́Ëß·∫àß°“√∑¥≈ÕßÕÕ°‡ªìπ 2  à«π§◊Õ 1. °“√

∑¥≈ÕßÀ“µ—«·ª√µà“ß Ê ∑’Ë¡’º≈µàÕ°“√Õ∫·Àâß‰¥â·°à

Õÿ≥À¿Ÿ¡‘¢Õß≈¡√âÕπ„π™à«ß 70-90°C §«“¡‡√Á«¢Õß

≈¡√âÕπ„π™à«ß 0.8-2.0 ‡¡µ√µàÕ«‘π“∑’ §«“¡™◊Èπ‡√‘Ë¡

µâπ¢Õß‡¡≈Á¥„π¡–¡à«ßÀ‘¡æ“πµå„π™à«ß 13-20

‡ªÕ√å‡´Áπµå¡“µ√∞“π·Àâß ®”π«π¢Õß∂“¥∑’Ë„™â„π°“√

Õ∫·Àâß§◊Õ 1-3 ∂“¥ ·≈–„™â«‘∏’°“√‡ª≈’Ë¬π§«“¡‡√Á«

¢Õß≈¡√âÕπ¢≥–Õ∫·Àâß 2. °“√∑¥≈Õß‡æ◊ËÕ°“√

°”Àπ¥ ¿“«–·≈–‡ß◊ËÕπ‰¢∑’Ë‡À¡“– ¡‚¥¬„™â‡°≥±å∑’Ë

æ‘®“√≥“§◊Õ §ÿ≥¿“æ¢Õßº≈‘µ¿—≥±åÀ≈—ß°“√Õ∫·Àâß

‡«≈“∑’Ë„™â„π°“√Õ∫·Àâß ·≈–§«“¡ ‘Èπ‡ª≈◊Õßæ≈—ßß“π

∑—È ßÀ¡¥„π°“√Õ∫·Àâß ®“°°“√∑¥≈Õßæ∫«à“

Õÿ≥À¿Ÿ¡‘¢Õß≈¡√âÕπ ·≈– §«“¡‡√Á«≈¡∑’Ë„™â„π°“√Õ∫

·Àâß ¡’º≈µàÕÕ—µ√“°“√Õ∫·Àâß °“√‡æ‘Ë¡®”π«π∂“¥„π

°“√Õ∫·Àâß‰¡à¡’º≈µàÕÕ—µ√“°“√Õ∫·Àâß °“√Õ∫·Àâß∑’Ë

Õÿ≥À¿Ÿ¡‘¢Õß≈¡√âÕπ Ÿß ®– ‘Èπ‡ª≈◊Õßæ≈—ßß“ππâÕ¬

°«à“°“√Õ∫·Àâß∑’ËÕÿ≥À¿Ÿ¡‘¢Õß≈¡√âÕπµË” °“√Õ∫·Àâß

∑’Ë§«“¡‡√Á«¢Õß≈¡√âÕπ À√◊Õ§à“§«“¡™◊Èπ‡√‘Ë¡µâπ¢Õß

‡¡≈Á¥„π¡–¡à«ßÀ‘¡æ“πµå Ÿß ®– ‘Èπ‡ª≈◊Õßæ≈—ßß“π Ÿß

·≈–º≈‘µ¿—≥±å∑’Ë‰¥â®–¡’ ’‡¢â¡°«à“º≈‘µ¿—≥±å®“°°“√

Õ∫·Àâß∑’ËÕÿ≥À¿Ÿ¡‘¢Õß≈¡√âÕπÀ√◊Õ§«“¡™◊Èπ‡√‘Ë¡µâπ

¢Õß‡¡≈Á¥„π¡–¡à«ßÀ‘¡æ“πµåµË” ·≈–º≈‘µ¿—≥±å∑’Ë‰¥â

®“°°“√Õ∫·Àâß∑’ËÕÿ≥À¿Ÿ¡‘¢Õß≈¡√âÕπ 70-80°C ®–¡’
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√ ™“µ‘¡—π°«à“∑’Ë‰¥â®“°°“√Õ∫·Àâß∑’ËÕÿ≥À¿Ÿ¡‘¢Õß≈¡

√âÕπ 85-90°C  ¡§«√ (2532) »÷°…“°“√Õ∫·Àâß

‡¡≈Á¥¡–¡à«ßÀ‘¡æ“πµå‚¥¬ √â“ßµŸâÕ∫·Àâß ‡¡≈Á¥

¡–¡à«ßÀ‘¡æ“πµå¢÷Èπ 2 ·∫∫ §◊Õ ·∫∫·√°‡ªìπµŸâÕ∫

·Àâß‰øøÑ“∑’Ë¡’§«“¡®ÿ 40 °‘‚≈°√—¡ „™âÕÿ≥À¿Ÿ¡‘¿“¬„π

µŸâÕ∫·Àâß√–À«à“ß 90-100°C ¡’°“√µ‘¥µ—Èßæ—¥≈¡‡æ◊ËÕ

√–∫“¬§«“¡™◊Èπ „™â‡«≈“∑—ÈßÀ¡¥„π°“√Õ∫·Àâß 12-16

h ·≈–¡’§«“¡ ‘Èπ‡ª≈◊Õßæ≈—ßß“π‰øøÑ“ Ÿß  à«π·∫∫∑’Ë

 Õß‡ªìπµŸâÕ∫·Àâß´÷Ëß¡’§«“¡®ÿ 200 °‘‚≈°√—¡ „™â

Õÿ≥À¿Ÿ¡‘¿“¬„πµŸâÕ∫·Àâß√–À«à“ß 50-70°C ∑“ß¥â“π

∫π¢ÕßµŸâÕ∫·Àâßµ‘¥µ—Èß∑àÕ√–∫“¬§«“¡™◊Èπ „™â‡«≈“

∑—ÈßÀ¡¥„π°“√Õ∫·Àâß 24-35 ™—Ë«‚¡ß ·≈–„™â¢’È‡≈◊ËÕ¬

‡ªìπ‡™◊ÈÕ‡æ≈‘ß

 ÿ¿«√√≥ ·≈– ¬ÿ∑∏π“ (2537) ‰¥â √â“ß

Õÿª°√≥åÕ∫·Àâß‡¡≈Á¥æ◊™™—Èπ∫“ß ·≈–»÷°…“æ“√“¡‘‡µÕ√å

¢Õß°“√Õ∫·Àâß™—Èπ∫“ß¢Õß‡¡≈Á¥„π¡–¡à«ßÀ‘¡æ“πµå

Õÿ≥À¿Ÿ¡‘¢ÕßÕÿª°√≥åÕ∫·Àâß∂Ÿ°§«∫§ÿ¡¥â«¬√–∫∫„Àâ

§«“¡√âÕπ°÷ËßÕ—µ‚π¡—µ‘„π™à«ß 30-75°C ‚¥¬§«∫§ÿ¡

Õ—µ√“°“√‰À≈¢ÕßÕ“°“»¥â«¬«“≈å«º’‡ ◊ÈÕ (butterfly

valve) „π™à«ß§«“¡‡√Á« 1.0-2.0 ‡¡µ√µàÕ«‘π“∑’ ®“°

°“√∑¥≈Õß æ∫«à“ §à“§«“¡™◊Èπ ¡¥ÿ≈ Õ¥§≈âÕß°—π

°—∫·∫∫®”≈Õß¢Õß Henderson (1952) ·≈–·∫∫

®”≈Õß„π∑“ß§≥‘µ»“ µ√å∑’Ë∑”π“¬º≈°“√∑¥≈Õß°“√

Õ∫·Àâß‰¥â¥’∑’Ë ÿ¥‡ªìπ·∫∫‡Õ¡‰æ√‘‡§‘≈ (Page, 1949)

 ¡°“√Õ∫·Àâß‡¡≈Á¥„π¡–¡à«ßÀ‘¡æ“πµå™—Èπ∫“ß·∫∫

‡Õ¡‰æ√‘‡§‘≈ “¡“√∂∑”π“¬º≈°“√Õ∫·Àâß‰¥â¥’∑’Ë ÿ¥„π

™à«ßÕÿ≥À¿Ÿ¡‘¢Õß≈¡√âÕπ∑’Ë„™âÕ∫·Àâß 45-60°C ∑’Ë

§«“¡‡√Á«≈¡ 2.19 ‡¡µ√µàÕ«‘π“∑’ §«“¡™◊Èπ‡√‘Ë¡µâπ¢Õß

‡¡≈Á¥„π¡–¡à«ßÀ‘¡æ“πµåÕ¬Ÿà„π™à«ß√âÕ¬≈– 19-38

‡ªÕ√å‡´Áπµå¡“µ√∞“π·Àâß ‚¥¬§à“§ß∑’Ë p ·≈– §à“§ß∑’Ë n

Õ¬Ÿà„π√Ÿª ¡°“√∑’Ë‡ªìπøíß°å™—π°—∫§«“¡™◊Èπ —¡æ—∑∏å

·≈–Õÿ≥À¿Ÿ¡‘  ¡°“√¡’√Ÿª·∫∫¥—ßπ’È

MR = exp (-ptn) (1)

‡¡◊ËÕ p = 6.93-1.29×10-1RH-1.84×10-1T+7.18×

10-4RH2+1.25×10-3T2+2.09×10-3RHT

n = -9.04+2.29×10-1RH+2.37×10-1T-

1.34×10-3RH2-1.43×10-3T2-2.87×10-3RHT

ß“π«‘®—¬π’È¡’«—µ∂ÿª√– ß§å ‡æ◊ËÕÀ“‡ß◊ËÕπ‰¢ ·≈–

 ¿ “ « –∑’Ë ‡ À ¡ “ –  ¡ „π° “ √ Õ∫ ·Àâ ß ‡ ¡ ≈Á ¥ „ π

¡–¡à«ßÀ‘¡æ“πµå¥â«¬‡§√◊ËÕßÕ∫·Àâß·∫∫∂“¥À¡ÿπ

‚¥¬§”π÷ß∂÷ß‡«≈“∑’Ë„™â„π°“√Õ∫·Àâß §«“¡ ‘Èπ‡ª≈◊Õß

æ≈—ßß“π®”‡æ“– ·≈–§ÿ≥¿“æ¢Õßº≈‘µ¿—≥±åÀ≈—ß°“√

Õ∫·Àâß

Õÿª°√≥å·≈–«‘∏’°“√

‡§√◊ËÕßÕ∫·Àâß‡¡≈Á¥„π¡–¡à«ßÀ‘¡æ“πµå·∫∫

∂“¥À¡ÿπ (Figure 1) ¡’ à«πª√–°Õ∫∑’Ë ”§—≠ ¥—ßπ’È µŸâ

Õ∫·Àâß‡ªìπµŸâ√Ÿª∑√ß ’Ë‡À≈’Ë¬¡¡’¢π“¥ 0.40 × 0.45 ×

0.93 ≈Ÿ°∫“»°å‡¡µ√ (Figure 2) ¿“¬„π¡’™ÿ¥‚´à àß°”≈—ß

·≈– ∑’Ë«“ß∂“¥Õ∫·Àâß ®”π«π 8 ∂“¥ ‚¥¬∑’Ë∂“¥Õ∫

·Àâß “¡“√∂‡§≈◊ËÕπ∑’Ë‰ªµ“¡™ÿ¥‚´à àß°”≈—ß (Figure 3,

4) ∂“¥Õ∫·Àâß¡’¢π“¥ 0.15 × 0.30 × 0.03 ≈Ÿ°∫“»°å

‡¡µ√ ∑”¥â«¬ ·µπ‡≈ ‚ª√àß∑ÿ°¥â“π ¥â“πÀπâ“¢ÕßµŸâ

Õ∫·Àâß¡’ª√–µŸ ”À√—∫π”∂“¥«— ¥ÿ ‡¢â“ - ÕÕ° ®“°µŸâ

Õ∫·Àâß ∑àÕ≈¡‡¢â“µŸâÕ∫·Àâß ¡’≈—°…≥–‡ªìπ∑àÕ°≈¡

·≈–‡ªìπ°√«¬ ’Ë‡À≈’Ë¬¡‡æ◊ËÕ™à«¬„π°“√°√–®“¬≈¡‡¢â“µŸâ

Õ∫·Àâß ∑àÕ≈¡ÕÕ°®“°µŸâÕ∫·ÀâßµàÕ°—∫∑àÕ≈¡‡«’¬π

°≈—∫·≈–¡’≈‘Èπ·∫∫º’‡ ◊ÈÕ (butterfly damper) ‡æ◊ËÕ„™â

ª√—∫ª√‘¡“≥≈¡√âÕπ∑’Ë‡«’¬π°≈—∫‡¢â“µŸâÕ∫·Àâß æ—¥≈¡

‡ªÉ“Õ“°“»‡ªìπæ—¥≈¡·∫∫‡À«’Ë¬ß„∫æ—¥‚§âßÀ≈—ß

(backward-curved blade centrifugal fan) ¢—∫‡§≈◊ËÕπ

¥â«¬¡Õ‡µÕ√å‰øøÑ“¢π“¥ 0.5 ·√ß¡â“ ¢¥≈«¥§«“¡√âÕπ

(electric heater) µ‘¥µ—ÈßÕ¬Ÿà¿“¬„π∑àÕ≈¡°àÕπ‡¢â“µŸâÕ∫

·Àâß¡’¢π“¥ 2.0 °‘‚≈«—µµå Õ—µ√“°“√‰À≈¢ÕßÕ“°“»

§«∫§ÿ¡‚¥¬°“√ª√—∫§«“¡‡√Á«√Õ∫¡Õ‡µÕ√å Õÿ≥À¿Ÿ¡‘

¢ÕßÕ“°“»∑’Ë„™âÕ∫·Àâß§«∫§ÿ¡‚¥¬‡∑Õ√å‚¡ µ—∑

§«“¡‡√Á«√Õ∫¢Õß∂“¥Õ∫·Àâß§«∫§ÿ¡‚¥¬™ÿ¥∑¥√Õ∫
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Figure 1 Schematic of rotating tray dryer showing the principal components.

Figure 2 Dimension of a drying chamber.
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Figure 3 Mechanical of shaft power in drying chamber.

Figure 4 Chain conveyer of power.

´÷Ëßª√–°Õ∫¥â«¬ ¡Õ‡µÕ√å µ—«ª√—∫§«“¡‡√Á« ·≈–

‡°’¬√å∑¥√Õ∫ ´÷Ëß¡’Õ—µ√“∑¥√Õ∫∑’Ë 60:1 ®”π«π√Õ∫∑’Ë

‰¥â®“°™ÿ¥∑¥√Õ∫ Õ¬Ÿà„π™à«ß 0 - 60 √Õ∫µàÕπ“∑’

°àÕπ°“√∑¥≈Õßπ”‡¡≈Á¥„π¡–¡à«ßÀ‘¡æ“πµå

¡“À“§«“¡™◊Èπ ‡√‘Ë¡µâπ ®“°π—Èππ”‡¡≈Á¥„π

¡–¡à«ßÀ‘¡æ“πµå∫√√®ÿ≈ß„π∂“¥Õ∫·Àâß∑’Ë«“ßÕ¬Ÿà∫π

™ÿ¥ àß°”≈—ß ´÷Ëß¢—∫‡§≈◊ËÕπ„Àâ∂“¥‡§≈◊ËÕπ∑’Ë„π·π«¥‘Ëß

‚¥¬ “¡“√∂«“ß∂“¥Õ∫·Àâß‰¥â 8 ∂“¥ ∑”°“√Õ∫·Àâß

‚¥¬„™âÕÿ≥À¿Ÿ¡‘¢Õß≈¡√âÕπ 80°C ·≈– 90°C ∑”°“√

ª√—∫‡ª≈’Ë¬πÕ—µ√“ à«πÕ“°“»‡«’¬π°≈—∫‡ªìπ 45 %, 55%,

65%, 75% ·≈– 85% ‚¥¬„™â≈‘Èπ·∫∫º’‡ ◊ÈÕ∑”°“√«—¥

§«“¡‡√Á«¢ÕßÕ“°“»∑’Ë‡¢â“·≈–Õ“°“»∑’Ë∑àÕÕ“°“»‡«’¬π

°≈—∫ ‚¥¬„™â hot wire anemometer §à“§«“¡∂Ÿ°µâÕß ±

2% «—¥Õÿ≥À¿Ÿ¡‘¢ÕßÕ“°“»∑’Ë‡¢â“ ·≈–Õÿ≥À¿Ÿ¡‘Õ“°“»

¿“¬„πÀâÕßÕ∫·Àâß ‚¥¬„™â‡∑Õ√å‚¡§—∫‡ªî≈ type K
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µàÕ‡¢â“°—∫‡§√◊ËÕß data logger §à“§«“¡∂Ÿ°µâÕß ±1°C

(Figure 5) ‚¥¬∫—π∑÷°§à“Õÿ≥À¿Ÿ¡‘∑ÿ° Ê ™—Ë«‚¡ßµ≈Õ¥

°“√∑¥≈Õß ∫—π∑÷°§à“§«“¡ ‘Èπ‡ª≈◊Õßæ≈—ßß“π‚¥¬„™â

°‘‚≈«—µµå-™—Ë«‚¡ß¡‘‡µÕ√å(Kilowatt-hour meter)

À≈—ß®“°Õ∫·Àâß ‡°Á∫µ—«Õ¬à“ß‡¡≈Á¥„π¡–¡à«ßÀ‘¡æ“πµå

‡æ◊ËÕπ”¡“À“§«“¡™◊Èπ ÿ¥∑â“¬ πÕ°®“°π’È¬—ß‰¥â∑”°“√

»÷°…“§ÿ≥¿“æ¢Õß‡¡≈Á¥„π¡–¡à«ßÀ‘¡æ“πµåÀ≈—ß°“√

Õ∫·Àâß ‚¥¬°“√µ√«® Õ∫ ’¢Õßº≈‘µ¿—≥±å´÷Ëß„™â·∂∫

 ’¡“µ√∞“π¢Õß The Royal Horticultural Society

London ∑—Èßπ’È‡æ◊ËÕ„Àâ‰¥â§ÿ≥¿“æµ“¡‡°≥±å¡“µ√∞“π

º≈‘µ¿—≥±åÕÿµ “À°√√¡¢Õß‡¡≈Á¥¡–¡à«ßÀ‘¡æ“πµå

º≈·≈–«‘®“√≥å

1. °“√‡ª≈’Ë¬π·ª≈ßÕÿ≥À¿Ÿ¡‘¢ÕßÕ“°“»∑’Ë à«πµà“ß Ê

¢Õß‡§√◊ËÕßÕ∫·Àâß

® “ ° º ≈ ° “ √ ∑ ¥ ≈ Õ ß Õ ∫ · Àâ ß ‡ ¡ ≈Á ¥ „ π

¡–¡à«ßÀ‘¡æ“πµå´÷Ëß· ¥ß„π Table 1 ‡¡◊ËÕπ”Õÿ≥À¿Ÿ¡‘

∑’Ëµ”·Àπàßµà“ß Ê ¢Õß‡§√◊ËÕßÕ∫·Àâß ·≈–‡«≈“∑’Ë„™â„π

°“√Õ∫·Àâß¡“‡¢’¬π°√“ø æ∫«à“ Õÿ≥À¿Ÿ¡‘Õ∫·Àâß∑’Ë

µ”·Àπàßµà“ß Ê ¢Õß‡§√◊ËÕßÕ∫·Àâß¡’§à“§àÕπ¢â“ß§ß∑’Ë

(Figure 6)

2. °“√‡ª√’¬∫‡∑’¬∫·∫∫®”≈Õß∑“ß§≥‘µ»“ µ√å·≈–

º≈°“√∑¥≈Õß

®“°°“√‡ª√’¬∫‡∑’¬∫º≈∑’Ë‰¥â®“°°“√§”π«≥

‚¥¬„™â·∫∫®”≈Õß∑“ß§≥‘µ»“ µ√å °—∫º≈∑’Ë«—¥‰¥â®“°

°“√∑¥≈Õß æ∫«à“ §«“¡ —¡æ—π∏å√–À«à“ß Õ—µ√“ à«π

§«“¡™◊Èπ (MR) °—∫ ‡«≈“∑’Ë„™âÕ∫·Àâß(drying time)

¢Õß‡¡≈Á¥„π¡–¡à«ßÀ‘¡æ“πµå∑’Ë§”π«≥‰¥â®“°·∫∫

®”≈Õß∑“ß§≥‘µ»“ µ√å¡’§à“„°≈â‡§’¬ß°—∫º≈°“√∑¥≈Õß

(Figure 7)

 ¡°“√‡Õ¡‰æ√‘‡§‘≈¢Õß Page(1949) ∑’Ë‰¥â®“°

°“√∑¥≈Õß „π™à«ßÕÿ≥À¿Ÿ¡‘¢Õß≈¡√âÕπ∑’Ë„™âÕ∫·Àâß 80-

90°C §«“¡‡√Á«≈¡ 0.07 ‡¡µ√µàÕ«‘π“∑’ §«“¡™◊Èπ‡√‘Ë¡

µâπ¢Õß‡¡≈Á¥„π¡–¡à«ßÀ‘¡æ“πµåÕ¬Ÿà„π™à«ß 13-15

Figure 5 Positions for measuring air temperature and air speed in rotating tray dryer.

● Temperature, dry basis (T1, T2, T3, T4, T5, T6 )

●  Temperature, wet basis ( T′1)

■■ Air speed ( V1, V2)
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Table 1 Experimental results of cashew kernel drying at the same final moisture content.

Description Test no.

1 2 3 4 5 6

Drying air condition

Average temperature (°C) 80.9 80.9 80.1 90.9 90.4 90.3

Initial weight (kg) 4.13 4.14 4.17 4.07 4.31 4.27

Specific mass flow rate 70 70 70 70 70 70

(kg dry air/h-kg dry cashew kernel)

Fraction of air recycled (%) 65 75 85 65 55 45

Ambient condition

Average temperature (°C) 31.1 32.1 32.9 31.5 31.2 30.5

Average relative humidity (%) 64.3 58.7 61.1 61.7 65.8 70.1

Condition of cashew kernel

Average moisture before drying (% db) 13.02 13.99 13.27 13.27 13.10 13.95

Average moisture after drying (% db) 3.50 3.50 3.50 3.50 3.50 3.50

Final weight (kg) 3.78 3.76 3.81 3.72 3.94 3.88

Energy consumption

Motor 1 for blower (kW-h) 1.83 2.00 2.00 1.74 1.70 1.59

Motor 2 for transmission (kW-h) 0.66 0.72 0.72 0.62 0.61 0.57

Heater (kW-h) 4.27 4.18 4.26 4.55 5.58 5.23

Total (kW-h) 6.76 6.90 6.98 6.91 7.89 7.39

Specific energy consumption

Motor 1 for blower (MJ/kg-H2O evap.) 18.82 18.95 20.00 17.90 16.54 14.68

Motor 2 for transmission (MJ/kg-H2O evap.) 6.79 6.82 7.20 6.38 5.93 5.26

Heater (MJ/kg-H2O evap.) 43.92 39.60 42.60 46.80 54.29 48.28

Total (MJ/kg-H2O evap.) 69.53 65.37 69.80 71.08 76.76 68.22

Drying time (h) 8.45 9.21 9.24 8.01 7.82 7.34

‡ªÕ√å‡´Áπµå¡“µ√∞“π·Àâß ‡ªìπ¥—ßπ’È

MR = exp(-ptn) (2)

‡¡◊ËÕ p = -2.20935-0.48434 RH+0.06043 T-

0.05370 RH2+0.00009 T2-1.1414 RHT

n = -2.24092-0.48978 RH+0.07659 T-

0.05444 RH2-0.00074 T2+0.0890 RHT

 ”À√—∫ 80°C ≤ T ≤ 90°C

0.23 ≤ RH ≤ 0.27

45% ≤ Recycled air (RC) ≤ 85%

3. °“√À“·π«∑“ß°“√Õ∫·Àâß∑’Ë‡À¡“– ¡

„π°“√»÷ °…“À“·π«∑“ß°“√Õ∫·Àâ ß∑’Ë

‡À¡“– ¡æ∫«à“ ∑’ËÕÿ≥À¿Ÿ¡‘Õ∫·Àâß 90°C „™â‡«≈“„π

°“√Õ∫·ÀâßπâÕ¬°«à“∑’ËÕÿ≥À¿Ÿ¡‘Õ∫·Àâß 80°C ∑“ß¥â“π
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Figure 6 Temperature profile at various positions (drying air temperature of 90°C and recycled air of 45

%).
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Figure 7 Comparison between experimental and simulation results (drying air temperature 90°C,

recycled air 45%, specific air flow rate 70 kg/h-kg dry cashew kernel).
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§«“¡ ‘Èπ‡ª≈◊Õßæ≈—ßß“π®”‡æ“–§‘¥·¬°‡ªìπ „π à«π

¢Õß¡Õ‡µÕ√å §«“¡ ‘Èπ‡ª≈◊Õßæ≈—ßß“π®”‡æ“–∑’Ë

Õÿ≥À¿Ÿ¡‘Õ∫·Àâß 90°C ®–πâÕ¬°«à“∑’ËÕÿ≥À¿Ÿ¡‘Õ∫·Àâß

80°C ‡æ√“–∑’ËÕÿ≥À¿Ÿ¡‘Õ∫·Àâß 90°C ¡Õ‡µÕ√å®–

∑”ß“ππâÕ¬°«à“‡π◊ËÕß®“°„™â‡«≈“„π°“√Õ∫·ÀâßπâÕ¬°«à“

„π à«π¢Õß¢¥≈«¥§«“¡√âÕπ(heater) §«“¡ ‘Èπ

‡ª≈◊Õßæ≈—ßß“π®”‡æ“–∑’ËÕÿ≥À¿Ÿ¡‘Õ∫·Àâß 90°C ®–

¡“°°«à“∑’ËÕÿ≥À¿Ÿ¡‘Õ∫·Àâß 80°C ‡æ√“–¢¥≈«¥§«“¡

√âÕπµâÕß∑”ß“π¡“°¢÷Èπ‡¡◊ËÕ„™âÕÿ≥À¿Ÿ¡‘Õ∫·Àâß Ÿß¢÷Èπ

‡¡◊ËÕæ‘®“√≥“∂÷ßæ≈—ßß“π√«¡∑—ÈßÀ¡¥æ∫«à“∑’ËÕÿ≥À¿Ÿ¡‘

Õ∫·Àâß 90°C ¡’·π«‚πâ¡§«“¡ ‘Èπ‡ª≈◊Õßæ≈—ßß“π

®”‡æ“– Ÿß°«à“∑’ËÕÿ≥À¿Ÿ¡‘Õ∫·Àâß 80°C ∑“ß¥â“π

 —¥ à«πÕ“°“»‡«’¬π°≈—∫æ∫«à“∑—Èß 2 ™à«ßÕÿ≥À¿Ÿ¡‘

‡¡◊ËÕ —¥ à«π‡«’¬π°≈—∫¢ÕßÕ“°“»≈¥≈ß‡«≈“„π°“√Õ∫

·Àâß®–≈¥≈ß ∑“ß¥â“π§«“¡ —¡æ—π∏å√–À«à“ß —¥ à«π

‡«’¬π°≈—∫¢ÕßÕ“°“» ·≈–§«“¡ ‘Èπ‡ª≈◊Õßæ≈—ßß“π

®”‡æ“–æ∫«à“¡’§«“¡ —¡æ—π∏å°—ππâÕ¬¡“° ¥—ßπ—Èπ‡¡◊ËÕ

æ‘®“√≥“‡«≈“∑’Ë„™â„π°“√Õ∫·Àâß‡ªìπ‡°≥±å æ∫«à“

 ¿“«–„π°“√Õ∫·Àâß∑’Ë‡À¡“– ¡§◊Õ  ¿“«–∑’Ë„™â‡«≈“

„π°“√Õ∫·ÀâßπâÕ¬∑’Ë ÿ¥´÷Ëß‡ªìπ¥—ßπ’È  Õÿ≥À¿Ÿ¡‘∑’Ë„™âÕ∫

·Àâß 90°C Õ—µ√“°“√‰À≈®”‡æ“–¢ÕßÕ“°“» 70

°‘‚≈°√—¡Õ“°“»·ÀâßµàÕ™—Ë«‚¡ß-°‘‚≈°√—¡‡¡≈Á¥„π

¡–¡à«ßÀ‘¡æ“πµå·Àâß —¥ à«πÕ“°“»‡«’¬π°≈—∫ 45%

„™â‡«≈“„π°“√Õ∫·Àâß 7.34 ™—Ë«‚¡ß ¡’§à“§«“¡ ‘Èπ

‡ª≈◊Õßæ≈—ßß“π∑—ÈßÀ¡¥ 68.22 ‡¡°–®Ÿ≈µàÕ°‘‚≈°√—¡πÈ”

∑’Ë√–‡À¬ (6.85 ‡¡°–®Ÿ≈µàÕ°‘‚≈°√—¡‡¡≈Á¥„π

¡–¡à«ßÀ‘¡æ“πµå) ‚¥¬·¬°‡ªìπ §à“§«“¡ ‘Èπ‡ª≈◊Õß

æ≈—ßß“π®“° ¡Õ‡µÕ√åµ—«∑’Ë 1  ”À√—∫æ—¥≈¡ 14.68

‡¡°–®Ÿ≈µàÕ°‘‚≈°√—¡πÈ”∑’Ë√–‡À¬ (1.47 ‡¡°–®Ÿ≈ µàÕ

°‘‚≈°√—¡‡¡≈Á¥„π¡–¡à«ßÀ‘¡æ“πµå) ¡Õ‡µÕ√åµ—«∑’Ë 2

 ”À√—∫™ÿ¥ àß°”≈—ß 5.26 ‡¡°–®Ÿ≈µàÕ°‘‚≈°√—¡πÈ”∑’Ë√–‡À¬

(0.53 ‡¡°–®Ÿ≈µàÕ°‘‚≈°√—¡‡¡≈Á¥„π¡–¡à«ßÀ‘¡æ“πµå)

·≈–¢¥≈«¥∑”§«“¡√âÕπ 48.28 ‡¡°–®Ÿ≈µàÕ°‘‚≈°√—¡

πÈ”∑’Ë√–‡À¬ (4.85 ‡¡°–®Ÿ≈µàÕ°‘‚≈°√—¡‡¡≈Á¥„π

¡–¡à«ßÀ‘¡æ“πµå) µ“¡≈”¥—∫ Figure 8 · ¥ß§à“§«“¡

 ‘Èπ‡ª≈◊Õßæ≈—ßß“π®”‡æ“–„π°“√Õ∫·Àâß‡¡≈Á¥„π

¡–¡à«ßÀ‘¡æ“πµå (®“°§«“¡™◊Èπ‡√‘Ë¡µâπ‡©≈’Ë¬ 13

‡ªÕ√å‡´Áπµå¡“µ√∞“π·Àâß ®π¡’ §«“¡™◊Èπ ÿ¥∑â“¬‡©≈’Ë¬

3.5 ‡ªÕ√å‡´Áπµå¡“µ√∞“π·Àâß) ∑’ËÕÿ≥À¿Ÿ¡‘ 80°C ‚¥¬

¡’ —¥ à«πÕ“°“»‡«’¬π°≈—∫ 65%, 75%, 85% ·≈– ∑’Ë

Õÿ≥À¿Ÿ¡‘ 90°C ‚¥¬¡’ —¥ à«πÕ“°“»‡«’¬π°≈—∫ 45%,

55%, 65% µ“¡≈”¥—∫

4. §ÿ≥¿“æ¢Õßº≈‘µ¿—≥±å

§ÿ≥¿“æ¢Õßº≈‘µ¿—≥±å  ‡¡≈Á¥„π¡–¡à«ßÀ‘¡æ“πµå

∑’Ë¡’ª√‘¡“≥§«“¡™◊Èπ‡√‘Ë¡µâπ 13 ‡ªÕ√å‡´πµå¡“µ√∞“π

·Àâß ®“°°“√Õ∫∑’ËÕÿ≥À¿Ÿ¡‘ 90°C ®–¡’§ÿ≥¿“æ¥’∑’Ë ÿ¥

§◊Õ ’‰¡à‡¢â¡¡“°‡°‘π‰ª  ’¢Õßº≈‘µ¿—≥±å∑’Ë«—¥‰¥âÕ¬Ÿà„π

‡°≥±å¡“µ√∞“πº≈‘µ¿—≥±åÕÿµ “À°√√¡¢Õß‡¡≈Á¥

¡–¡à«ßÀ‘¡æ“πµå («—¥‚¥¬„™â·∂∫ ’¡“µ√∞“π¢Õß The

Royal Horticultural Society London) ®“°‡°≥±å

¡“µ√∞“π  ’∑’Ë«—¥‰¥â¢Õßº≈‘µ¿—≥±åµâÕß‡ªìπ ’¢“«π«≈

Õ¬Ÿà„π‡°≥±å Code 158 √–¥—∫ A-D, 161 √–¥—∫ A-D

·≈– 164 √–¥—∫ A-D À≈—ß°“√Õ∫·Àâß∑’ËÕÿ≥À¿Ÿ¡‘ 90°C

 —¥ à«πÕ“°“»‡«’¬π°≈—∫ 45% ‰¥â ’¢Õßº≈‘µ¿—≥±åÕ¬Ÿà

„π ‡°≥±å 158 √–¥—∫ A (YELLOW-WHITE) „π Table2

5. °“√ª√–‡¡‘π§à“„™â®à“¬

°“√ª√–‡¡‘π§à“„™â®à“¬ª√–‡¡‘π∑’Ë ¿“«–„π°“√

Õ∫·Àâß∑’Ë‡À¡“– ¡‚¥¬¡’‡ß◊ËÕπ‰¢∑’Ë„™â¥—ßπ’È °”≈—ß°“√º≈‘µ

4.27 °‘‚≈°√—¡µàÕß«¥ ‡§√◊ËÕßÕ∫·Àâß∑”ß“π«—π≈– 2

ß«¥ ‡«≈“Õ∫·Àâß 7 ™—Ë«‚¡ßµàÕß«¥ ·≈–„πÀπ÷Ëßªï

‡§√◊ËÕßÕ∫·Àâß∑”ß“π 3 ‡¥◊Õπ Õ∫·Àâß‡¡≈Á¥„π

¡–¡à«ßÀ‘¡æ“πµå‰¥âªï≈– 698 °‘‚≈°√—¡ √“§“µâπ∑ÿπ

„π°“√ √â“ß‡§√◊ËÕßÕ∫·Àâß 70,776 ∫“∑ Õ“¬ÿ°“√„™âß“π

10 ªï §à“∫”√ÿß√—°…“√“¬ªï§‘¥‡ªìπ 5 ‡ªÕ√å‡´πµå¢Õß

µâπ∑ÿπ°“√ √â“ß‡§√◊ËÕßÕ∫·Àâß ¡Ÿ≈§à“´“°§‘¥‡ªìπ 10

‡ªÕ√å‡´πµå ¢Õßµâπ∑ÿπ°“√ √â“ß‡§√◊ËÕßÕ∫·Àâß §«“¡
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Figure 8 Specific energy consumption of cashew kernel drying (average initial moisture content of 13%

db. and average final moisture content of 3.5 % db.).

Test No.1,Temperature 80°C, Fraction of air recycled = 0.65

Test No.2,Temperature 80°C, Fraction of air recycled = 0.75

Test No.3,Temperature 80°C, Fraction of air recycled = 0.85

Test No.4,Temperature 90°C, Fraction of air recycled = 0.65

Test No.5,Temperature 90°C, Fraction of air recycled = 0.55

Test No.6,Temperature 90°C, Fraction of air recycled = 0.45

Table 2 Quality of cashew kernel product compared to standard color (The Royal Horticultural Society

London).

Test Fraction of air Temperature Color

No. recycled (%)  (°C) (R.H.S. chart)

1 65 80 158 B

2 75 80 158 B

3 85 80 158 B

4 65 90 158 B

5 55 90 158 B

6 45 90 158 A
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 “¡“√∂„π°“√√–‡À¬πÈ” 0.38 °‘‚≈°√—¡πÈ”√–‡À¬µàÕ

ß«¥ √“§“‰øøÑ“µàÕ¬Ÿπ‘µ 1.55 ∫“∑ Õ—µ√“°“√„™â‰øøÑ“

1.01 °‘‚≈«—µµå-™—Ë«‚¡ß Õ—µ√“¥Õ°‡∫’È¬‡ß‘π°Ÿâ 18

‡ªÕ√å‡´ÁπµåµàÕªï ®“°°“√ª√–‡¡‘π§à“„™â®à“¬‰¥â§à“„™â®à“¬

√“¬ªï√«¡∑—ÈßÀ¡¥ 18,251 ∫“∑µàÕªï À√◊Õ§‘¥‡ªìπ 26.13

∫“∑µàÕ°‘‚≈°√—¡‡¡≈Á¥„π¡–¡à«ßÀ‘¡æ“πµå ·¬°‡ªìπ§à“

„™â®à“¬„π°“√ √â“ß‡§√◊ËÕß 18.24 ∫“∑µàÕ°‘‚≈°√—¡

‡¡≈Á¥„π¡–¡à«ßÀ‘¡æ“πµå §à“‰øøÑ“ 2.82 ∫“∑µàÕ

°‘‚≈°√—¡‡¡≈Á¥„π¡–¡à«ßÀ‘¡æ“πµå ·≈–§à“∫”√ÿß√—°…“

5.07 ∫“∑µàÕ°‘‚≈°√—¡‡¡≈Á¥„π¡–¡à«ßÀ‘¡æ“πµå

 √ÿª

®“°·∫∫®”≈Õß∑“ß§≥‘µ»“ µ√å¢Õß°“√Õ∫

·Àâß‡¡≈Á¥„π¡–¡à«ßÀ‘¡æ“πµå¥â«¬‡§√◊ËÕßÕ∫·Àâß·∫∫

∂“¥À¡ÿπ  “¡“√∂∑”π“¬°“√Õ∫·Àâß‰¥â¥’ ‚¥¬∑’ËÕ—µ√“

°“√Õ∫·Àâß®–„°≈â‡§’¬ß°—∫°“√∑¥≈Õß „π°“√Õ∫·Àâß

§«√§”π÷ß∂÷ß§ÿ≥¿“æ¢Õßº≈‘µ¿—≥±å ‡«≈“∑’Ë„™â„π°“√

Õ∫·Àâß·≈–§«“¡ ‘Èπ‡ª≈◊Õßæ≈—ßß“π ÷́Ëß®“°º≈°“√

∑¥≈Õßæ∫«à“  ¿“«–∑’Ë‡À¡“– ¡ ”À√—∫°“√Õ∫·Àâß

‡¡≈Á¥„π¡–¡à«ßÀ‘¡æ“πµå§◊Õ∑’Ë Õÿ≥À¿Ÿ¡‘Õ∫·Àâß 90°C

Õ—µ√“°“√‰À≈®”‡æ“–¢ÕßÕ“°“» 70 °‘‚≈°√—¡Õ“°“»

·ÀâßµàÕ™—Ë«‚¡ß-°‘‚≈°√—¡‡¡≈Á¥„π¡–¡à«ßÀ‘¡æ“πµå·Àâß

 —¥ à«πÕ“°“»‡«’¬π°≈—∫ 45 ‡ªÕ√å‡´Áπµå ‡«≈“∑’Ë„™â„π

°“√Õ∫·Àâß‡ªìπ 7.34 ™—Ë«‚¡ß ·≈–§«“¡ ‘Èπ‡ª≈◊Õß

æ≈—ßß“π®”‡æ“–∑—ÈßÀ¡¥„π°“√Õ∫·Àâß 68.22 ‡¡°–

®Ÿ≈µàÕ°‘‚≈°√—¡πÈ”∑’Ë√–‡À¬ À√◊Õ 6.85 ‡¡°–®Ÿ≈µàÕ

°‘‚≈°√—¡‡¡≈Á¥„π¡–¡à«ßÀ‘¡æ“πµå

¢âÕ‡ πÕ·π–

1. „π°“√∑¥ Õ∫§ÿ≥¿“æ¢Õßº≈‘µ¿—≥±å∑’Ë‰¥â

®“°°“√Õ∫·Àâß§«√¡’°“√∑” panel test ¢Õß

º≈‘µ¿—≥±å∑’Ë‰¥â®“°°“√Õ∫·Àâß„π·µà≈– ¿“«–¥â«¬

‡æ◊ËÕ§«“¡∂Ÿ°µâÕß„π°“√ √ÿªÀ“ ¿“«–°“√Õ∫·Àâß∑’Ë

‡À¡“– ¡

2. »÷°…“™π‘¥¢Õß‡™◊ÈÕ ‡æ≈‘ß∑’Ë®–π”¡“„™â

∑¥·∑π‰øøÑ“‡æ◊ËÕ≈¥µâπ∑ÿπ„π°“√º≈‘µ

§”¢Õ∫§ÿ≥

ºŸâ‡¢’¬π„§√à¢Õ¢Õ∫§ÿ≥  ”π—°ß“π°Õß∑ÿπ

 π—∫ πÿπß“π«‘®—¬ ∑’Ë„Àâ°“√ π—∫ πÿπ°≈ÿà¡«‘®—¬
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‡Õ° “√Õâ“ßÕ‘ß
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