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ABSTRACT

Physical properties of kernel and whole shell of cashew nuts; specific heat, density, equilibrium moisture

content and thin layer drying equation, were determined. The specific heat and density of both types of cashew

nut depend linearly on their moisture content. For the experiments of equilibrium moisture content, the static

method was used in the range of 50°C , 62°C and 74°C and relative humidity in the range of 10.96 - 88.46

percent. For the kernel, equilibrium moisture content models based on the equations of Henderson and Modified

Henderson were accurate to predict the equilibrium moisture content. While the equilibrium moisture content

models based on Henderson and Chung and Pfost equations were suitable for the whole shell.

The experiments of the thin-layer drying were performed at the temperature of 60°C, 80°C and 100°

C, the air velocity of 2.5 and 3 m/s, and the initial moisture content between 17 - 25 %db. The results showed

that the effect of initial moisture content and air velocity were negligible, but the effect of temperature was

significant. By considering the shape of cashew nut to be cylindrical, the semi-empirical relation was developed

by crossing the equation for infinite cylinder and infinite slab. Then it was found that the thin layer drying

equation and the effective diffusivity equation were in the exponential form.
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∫∑§—¥¬àÕ

°“√À“§ÿ≥ ¡∫—µ‘∑“ßøî ‘° å¢Õß‡¡≈Á¥¡–¡à«ß

À‘¡æ“πµå∑—Èß‡¡≈Á¥„π·≈–‡¡≈Á¥√«¡‡ª≈◊Õ° ‰¥â·°à§«“¡

√âÕπ®”‡æ“– §«“¡Àπ“·πàπ §«“¡™◊Èπ ¡¥ÿ≈ ·≈–

 ¡°“√Õ∫·Àâß™—Èπ∫“ß æ∫«à“ §«“¡√âÕπ®”‡æ“–·≈–

§«“¡Àπ“·πàπ¢Õß‡¡≈Á¥¡–¡à«ßÀ‘¡æ“πµå∑—Èß Õß

≈—°…≥–¡’§«“¡ —¡æ—π∏å„π≈—°…≥–‡ âπµ√ß°—∫§«“¡

™◊Èπ¢Õß‡¡≈Á¥ §«“¡™◊Èπ ¡¥ÿ≈∑’Ë∑¥≈ÕßÀ“‚¥¬«‘∏’ ∂‘µ

„π™à«ßÕÿ≥À¿Ÿ¡‘ 50,62 ·≈– 74°C ·≈–§«“¡

™◊Èπ —¡æ—∑∏å™à«ß 10.96 - 88.46 %æ∫«à“  ¡°“√§«“¡

™◊Èπ ¡¥ÿ≈¢Õß Henderson ·≈– Modified Henderson

 “¡“√∂∑”π“¬§«“¡™◊Èπ ¡¥ÿ≈‡¡≈Á¥¡–¡à«ßÀ‘¡æ“πµå

‡¡≈Á¥„π‰¥â¥’ ¢≥–∑’Ë ¡°“√§«“¡™◊Èπ ¡¥ÿ≈¢Õß

Henderson (1952) ·≈– Chung and Pfost (1967)

 “¡“√∂∑”π“¬§«“¡™◊Èπ ¡¥ÿ≈‡¡≈Á¥¡–¡à«ßÀ‘¡æ“πµå

√«¡‡ª≈◊Õ°‰¥â¥’

°“√∑¥≈Õß°“√Õ∫·Àâß™—Èπ∫“ß∑’ËÕÿ≥À¿Ÿ¡‘ 60,80

·≈– 100°C §«“¡‡√Á«≈¡∑’Ë 2.5 ·≈– 3 m/s ·≈–

§«“¡™◊Èπ‡√‘Ë¡µâπ„π™à«ß 17 - 25 % ¡“µ√∞“π·Àâß

æ∫«à“ Õÿ≥À¿Ÿ¡‘¡’º≈°√–∑∫µàÕÕ—µ√“°“√Õ∫·Àâß ¢≥–

∑’Ë§«“¡‡√Á«≈¡·≈–§«“¡™◊Èπ‡√‘Ë¡µâπ¢Õß‡¡≈Á¥‰¡à¡’º≈

°√–∑∫  ¡°“√Õ∫·Àâß™—Èπ∫“ßæ—≤π“‚¥¬æ‘®“√≥“

‡¡≈Á¥¡–¡à«ßÀ‘¡æ“πµå‡ªìπ√Ÿª∑√ß°√–∫Õ°´÷Ëß‰¥â®“°

°“√§Ÿ≥·∫∫§√Õ  √–À«à“ß ¡°“√°÷Ëß∑ƒ…Æ’¢Õß√Ÿª

∑√ß°√–∫Õ°¬“«¡“°°—∫·ºàπ‡√’¬∫°«â“ß¡“°¡’§«“¡

 —¡æ—π∏å„π√Ÿª‡Õ° ǻ‚æ‡ππ‡™’¬≈ ‚¥¬∑’Ë —¡ª√– ‘∑∏‘Ï

°“√·æ√àª√– ‘∑∏‘º≈¢Õß ¡°“√Õ∫·Àâß™—Èπ∫“ß¡’

§«“¡ —¡æ—π∏å°—∫Õÿ≥À¿Ÿ¡‘ „π√Ÿª‡Õ°´å-‚æ‡ππ‡™’¬≈

‡™àπ°—π

§”π”

¡–¡à«ßÀ‘¡æ“πµå‡ªìπæ◊™¬◊πµâπ„π‡¢µ√âÕπ ®—¥

Õ¬Ÿà„π«ß»åµ√–°Ÿ≈ Anacardiaceae ¡’™◊ËÕ∑“ß«‘∑¬“»“ µ√å«à“

Anacadium occidentale Linn ·∫àßÕÕ°‰¥â‡ªìπ 60  °ÿ≈

(Genus) 500 æ—π∏ÿå (Species) («‘®‘µ√å, 2528)  à«π

ª√–°Õ∫∑’Ë ”§—≠¢Õß‡¡≈Á¥¡–¡à«ßÀ‘¡æ“πµå§◊Õ ‡¡≈Á¥

‚¥¬‡©æ“–‡π◊ÈÕ„π¢Õß‡¡≈Á¥ (kernel)  “¡“√∂„™â√—∫

ª√–∑“πÀ√◊Õ·ª√√Ÿª‡ªìπÕ“À“√‰¥âÀ≈“¬Õ¬à“ß ‚¥¬¡’

§ÿ≥§à“∑“ßÕ“À“√§◊Õ ‚ª√µ’π√âÕ¬≈– 21 ‰¢¡—π√âÕ¬≈–

47 ·ªÑß√âÕ¬≈– 22 ·≈–∑’Ë‡À≈◊Õ‡ªìπ«‘µ“¡‘πµà“ßÊ («‘‰≈,

2522) „πª√–‡∑»‰∑¬¡–¡à«ßÀ‘¡æ“πµåª≈Ÿ°°—π¡“°

∑“ß¿“§„µâ ·≈–¿“§µ–«—πÕÕ°‡©’¬ß‡Àπ◊Õ®—¥‡ªìπæ◊™

‡»√…∞°‘®À≈—°™π‘¥Àπ÷Ëß„π¿Ÿ¡‘¿“§π’È Õÿµ “À°√√¡

°“√º≈‘µ‡¡≈Á¥¡–¡à«ßÀ‘¡æ“πµå‡æ◊ËÕπ”‡π◊ÈÕ„π¡“‡ªìπ

Õ“À“√µâÕßÕ“»—¬°“√Õ∫·Àâß‚¥¬¡’¢—ÈπµÕπÀ≈—°§◊Õ

°“√Õ∫·Àâß‡¡≈Á¥√«¡‡ª≈◊Õ°„Àâ§«“¡™◊Èπ≈¥≈ß‡æ◊ËÕ°“√

‡°Á∫√—°…“°àÕππ”‡¢â“ Ÿà¢—ÈπµÕπ°“√º≈‘µ ·≈–°“√Õ∫

·Àâß‡¡≈Á¥„π∑’Ë°√–‡∑“–‡ª≈◊Õ°ÕÕ°·≈â«„Àâ·Àâß°àÕπ

π”‰ª≈Õ°‡¬◊ËÕÀÿâ¡‡¡≈Á¥„πÕÕ° „π°“√æ—≤π“°“√Õ∫

·Àâß„π¢—ÈπµÕπ‡À≈à“π’È®”‡ªìπµâÕß»÷°…“§ÿ≥ ¡∫—µ‘∑“ß

øî ‘° å¢Õß‡¡≈Á¥„π·≈–‡¡≈Á¥√«¡‡ª≈◊Õ°‡æ◊ËÕπ”‰ª„™â

ª√–‚¬™πå„π°“√ÕÕ°·∫∫‡§√◊ËÕßÕ∫·Àâß∑’Ë‡À¡“– ¡

 ”À√—∫°“√Õ∫·Àâß‡¡≈Á¥¡–¡à«ßÀ‘¡æ“πµå∑—Èß‡¡≈Á¥„π

·≈–‡¡≈Á¥√«¡‡ª≈◊Õ°µàÕ‰ª

Waananen et al. (1993) · ¥ß„Àâ‡ÀÁπ«à“

°≈‰°¢Õß°“√Õ∫·Àâß¢÷Èπ°—∫§«“¡µâ“π∑“π∑’Ë§«∫§ÿ¡

°√–∫«π°“√ ·≈–°≈‰°¢Õß°“√‡§≈◊ËÕπ∑’Ë¢Õß§«“¡

™◊Èπ¿“¬„πº≈‘µ¿—≥±å Õÿ≥À¿Ÿ¡‘¢Õßº≈‘µ¿—≥±åÕ∫·Àâß

®–∫àß∫Õ°∂÷ß°√–∫«π°“√∑’Ë§«∫§ÿ¡°“√Õ∫·Àâß „π

°√≥’∑’ËÕÿ≥À¿Ÿ¡‘¢Õßº≈‘µ¿—≥±å¡’§à“‡∑à“°—∫Õÿ≥À¿Ÿ¡‘

°√–‡ª“–‡ªï¬°¢Õßµ—«°≈“ß∑’ËÕ¬Ÿà√Õ∫Ê º≈‘µ¿—≥±å

°√–∫«π°“√∂à“¬‡∑§«“¡√âÕπ®–‡ªìπµ—«§«∫§ÿ¡°“√Õ∫

·Àâß ·≈–∂â“Õÿ≥À¿Ÿ¡‘¢Õßº≈‘µ¿—≥±å‡∑à“°—∫Õÿ≥À¿Ÿ¡‘

°√–‡ª“–‡ªï¬°¢Õß¢Õßµ—«°≈“ß∑’ËÕ¬Ÿà√Õ∫Ê °√–∫«π

°“√∂à“¬‡∑¡«≈®–§«∫§ÿ¡°√–∫«π°“√ ´÷Ëß„π°√≥’π’È

§«“¡µâ“π∑“π°“√∂à“¬‡∑¡«≈¿“¬„πÀ√◊Õ¿“¬πÕ°®–
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‡ªìπµ—«§«∫§ÿ¡°√–∫«π°“√Õ∫·Àâß ·≈–§«“¡

µâ“π∑“π∑—Èß Õß®–¢÷Èπ°—∫§à“ —¡ª√– ‘∑∏‘Ï°“√∂à“¬‡∑

¡«≈√«¡ (k, m/s)  —¡ª√– ‘∑∏‘Ï°“√∂à“¬‡∑¡«≈¿“¬πÕ°

(kC, m/s) °“√·æ√àª√– ‘∑∏‘º≈¢Õß§«“¡™◊Èπ¿“¬„π (Diff,

m2/s) ·≈– characteristic sample dimension (m)

‡ªìπµ—«·ª√À≈—° º≈‘µ¿—≥±å∑’Ë¡’§«“¡æ√ÿπ¡“°°“√·æ√à

„π ∂“π–¢Õß‰Õ®–¡’§«“¡ ”§—≠ „π¢≥–∑’Ë

º≈‘µ¿—≥±å∑’Ë¡’§«“¡æ√ÿππâÕ¬°«à“ 5% °“√·æ√à„π

 ∂“π–¢Õß¢Õß‡À≈«®–¡’§«“¡ ”§—≠ ·≈–„π°√≥’∑’Ë

πÈ”„πº≈‘µ¿—≥±å∑—ÈßÀ¡¥¡’Õÿ≥À¿Ÿ¡‘ Ÿß°«à“®ÿ¥Õ‘Ë¡µ—«

§«“¡ ”§—≠®–Õ¬Ÿà∑’Ë°“√·æ√à·∫∫·§ªªî≈“√’

Wongwises and Thongprasert (1990)

∑¥≈ÕßÀ“ ¡°“√Õ∫·Àâß™—Èπ∫“ß ”À√—∫¢â“«‡ª≈◊Õ°

‡¡≈Á¥¬“«∑’ËÕÿ≥À¿Ÿ¡‘Õ∫·Àâß™à«ß 33-75°C §«“¡™◊Èπ

‡√‘Ë¡µâπ√–À«à“ß 20-40 %¡“µ√∞“π‡ªï¬° ·≈–

§«“¡‡√Á«Õ“°“»Õ∫·Àâß 0.025 - 0.5 m/s æ∫«à“

 ¡°“√∑’Ë∑”π“¬º≈‰¥â¥’§◊Õ ¡°“√‡Õ° ǻ‚æ‡ππ‡ ’́¬≈¢Õß

Page „π√Ÿªøíß°å™—π¢Õß§«“¡™◊Èπ —¡æ—∑∏å¢ÕßÕ“°“»

Õ∫·Àâß·≈–§«“¡™◊Èπ‡√‘Ë¡µâπ¢Õß‡¡≈Á¥¢â“«‡ª≈◊Õ° ‚¥¬

§à“ —¡ª√– ‘∑∏‘Ï„π ¡°“√‡ªìπøíß°å™—π¢ÕßÕÿ≥À¿Ÿ¡‘

Õ“°“»Õ∫·Àâß·≈–§«“¡™◊Èπ‡√‘Ë¡µâπ¢Õß‡¡≈Á¥¢â“«‡ª≈◊Õ°

Bala and Woods (1992) ∑¥≈ÕßÀ“ ¡°“√Õ∫·Àâß

™—Èπ∫“ß¢Õß¢â“«∫“√å‡≈¬å∑’ËßÕ°√“°(¡Õ≈µå)„π™à«ßÕÿ≥À¿Ÿ¡‘

30.3 - 90.2°C ·≈–§«“¡™◊Èπ —¡æ—∑∏å 2.4 - 79.2 %

æ∫«à“  ¡°“√¢Õß Page ∑”π“¬°“√Õ∫·Àâß‰¥â¥’

‚¥¬¡’§à“§ß∑’Ë„π°“√Õ∫·ÀâßÕ¬Ÿà„π√Ÿª ¡°“√¢Õß

Arrhenius ÷́Ëß‡ªìπøíß°å™—π°—∫Õÿ≥À¿Ÿ¡‘·≈–§«“¡™◊Èπ

 ¡¥ÿ≈‡™‘ß®≈πå

Madamba et al. (1994) ∑”π“¬ Sorption

behavior ¢Õß°√–‡∑’¬¡·ºàπ∫“ß„π™à«ßÕÿ≥À¿Ÿ¡‘ 20 -

70°C ·≈–§«“¡™◊Èπ —¡æ—∑∏å™à«ß 11 - 85 % ‚¥¬«‘∏’

 ∂‘µ¬å æ∫«à“Õÿ≥À¿Ÿ¡‘·≈–§«“¡™◊Èπ —¡æ—π∏å¡’º≈µàÕ

§«“¡™◊Èπ ¡¥ÿ≈¢Õß°√–‡∑’¬¡ ·≈– ¡°“√§«“¡™◊Èπ

 ¡¥ÿ≈∑’Ë∑”π“¬º≈°“√∑¥≈Õß‰¥â„°≈â‡§’¬ß∑’Ë ÿ¥§◊Õ

 ¡°“√¢Õß GAB ·≈– ¡°“√ modified Henderson

µ“¡≈”¥—∫

Rapusas and Driscoll (1995) »÷°…“°“√Õ∫

·Àâß™—Èπ∫“ß¢ÕßÀÕ¡À—«„À≠à·ºàπ∫“ßÊ „π™à«ßÕÿ≥À¿Ÿ¡‘

42.5 - 90°C Õ—µ√“ à«π§«“¡™◊ÈπÕ“°“»™à«ß 0.0093 -

0.0442 kg-water/kg-dryed air ·≈–§«“¡‡√Á«¢Õß

Õ“°“»Õ∫·Àâß 0.6 - 1.4 m/s æ∫«à“  ¡°“√‡Õ°¤´å‚ª-

‡ππ‡™’¬≈·∫∫ Arrhenius  “¡“√∂∑”π“¬Õ—µ√“°“√

Õ∫·Àâß‰¥â¥’ ‚¥¬¡’§à“§ß∑’Ë¢Õß°“√Õ∫·Àâß¢÷ÈπÕ¬Ÿà°—∫

Õÿ≥À¿Ÿ¡‘¢ÕßÕ“°“» §«“¡™◊Èπ —¡æ—∑∏å §«“¡‡√Á«≈¡

·≈–§«“¡Àπ“¢Õß·ºàπÀÕ¡À—«„À≠à ·≈–À“°æ‘®“√≥“

º≈¢Õß°“√·æ√à§«“¡™◊Èπ·≈–°“√À¥µ—«æ∫«à“§«“¡

Àπ“¢Õßµ—«Õ¬à“ß·≈–Õÿ≥À¿Ÿ¡‘¢ÕßÕ“°“»Õ∫·Àâß¡’º≈

Õ¬à“ß¡“°µàÕ§à“§ß∑’Ë¢Õß°“√Õ∫·Àâß

 ÿ¿«√√≥ ·≈–¬ÿ∑∏π“ (2537) ∑¥≈ÕßÀ“

§ÿ≥ ¡∫—µ‘∑“ßøî ‘° å¢Õß‡¡≈Á¥„π¡–¡à«ßÀ‘¡æ“πµå‰¥â·°à

§«“¡Àπ“·πàπª√“°Ø·≈–§à“§«“¡√âÕπ®”‡æ“– æ∫«à“

§ÿ≥ ¡∫—µ‘∑—Èß Õß¡’§«“¡ —¡æ—π∏å°—∫§à“§«“¡™◊Èπ¢Õß

‡¡≈Á¥„π√Ÿª ¡°“√‡ âπµ√ß ·≈–„π°“√À“§«“¡™◊Èπ

 ¡¥ÿ≈æ∫«à“  ¡°“√§«“¡™◊Èπ ¡¥ÿ≈¢Õß Henderson

 “¡“√∂∑”π“¬§«“¡™◊Èπ ¡¥ÿ≈¢Õß‡¡≈Á¥„π¡–¡à«ßÀ‘¡

æ“πµå‰¥â¥’„π™à«ßÕÿ≥À¿Ÿ¡‘°“√∑¥≈Õß 45-60°C  à«π

§à“ —¡ª√– ‘∑∏‘Ï°“√·æ√à§«“¡™◊Èπ¢Õß‡¡≈Á¥„π¡–¡à«ß

À‘¡æ“πµåæ∫«à“‡ªìπøíß°å™—π¢ÕßÕÿ≥À¿Ÿ¡‘ ·≈–®“°°“√

∑¥≈ÕßÀ“Õ—µ√“°“√Õ∫·Àâß™—Èπ∫“ß„π™à«ßÕÿ≥À¿Ÿ¡‘ 45-

61°C §«“¡‡√Á«≈¡ 2.19 m/s ·≈–§à“§«“¡™◊Èπ‡√‘Ë¡µâπ

„π™à«ß 19 - 38 %¡“µ√∞“π·Àâßæ∫«à“  ¡°“√·∫∫

‡ÕÁ¡‰æ√‘‡§‘≈∑”π“¬ °“√Õ∫·Àâß‰¥â¥’∑’Ë ÿ¥ ‚¥¬¡’§à“§ß

∑’Ë „π ¡°“√‡ªìπøíß°å™—π¢ÕßÕÿ≥À¿Ÿ¡‘·≈–§«“¡

™◊Èπ —¡æ—∑∏å¢ÕßÕ“°“»Õ∫·Àâß

Mazza and Leamaguer (1980) »÷°…“°“√Õ∫

·ÀâßÀ—«ÀÕ¡‚¥¬„™â vibro fluidizer Õ∫·Àâß∑’ËÕÿ≥À¿Ÿ¡‘

40, 50 ·≈– 60°C ·≈–Õ—µ√“°“√‰À≈ 5.5, 8.1, ·≈–

10.3 ≈Ÿ°∫“»°å‡¡µ√µàÕπ“∑’ æ∫«à“ Õÿ≥À¿Ÿ¡‘∑’Ë Ÿß¢÷Èπ
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∑”„ÀâÕ—µ√“°“√Õ∫·Àâß Ÿß¢÷Èπ ·≈–Õ—µ√“°“√‰À≈¢Õß

Õ“°“»‰¡à¡’º≈µàÕÕ—µ√“°“√Õ∫·Àâß

∏ß™—¬ (2537) »÷°…“°“√Õ∫·Àâß™—Èπ∫“ß·≈–

§«“¡™◊Èπ ¡¥ÿ≈¢Õßæ√‘°¢’ÈÀπŸ„π™à«ßÕÿ≥À¿Ÿ¡‘ 44 - 65°

C §«“¡™◊Èπ —¡æ—∑∏å 21 - 65 % ·≈–§«“¡‡√Á«¢Õß

Õ“°“»Õ∫·Àâß™à«ß 0.9 - 1.9 m/s æ∫«à“ Õ—µ√“°“√

Õ∫·Àâß¢Õßæ√‘°¢’ÈÀπŸ‡æ‘Ë¡¢÷Èπµ“¡Õÿ≥À¿Ÿ¡‘Õ∫·Àâß∑’Ë

‡æ‘Ë¡¢÷Èπ ·µà®–≈¥≈ß‡¡◊ËÕ§«“¡™◊Èπ —¡æ—∑∏å¢ÕßÕ“°“»Õ∫

·Àâß‡æ‘Ë¡¢÷Èπ  ¡°“√§«“¡™◊Èπ ¡¥ÿ≈¢Õß Henderson ·≈–

Chung and Pfost ∑”π“¬º≈‰¥â„°≈â‡§’¬ß°—∫°“√∑¥≈Õß

®“°°“√«‘®—¬∑’Ëºà“π¡“®–‡ÀÁπ‰¥â«à“Õÿ≥À¿Ÿ¡‘‡ªìπ

µ—«·ª√À≈—°∑’Ë¡’º≈°√–∑∫µàÕ°“√Õ∫·Àâßº≈‘µ¿—≥±å

‚¥¬¡’§«“¡™◊Èπ —¡æ—∑∏å·≈–§«“¡™◊Èπ‡√‘Ë¡µâπ¢Õß

º≈‘µ¿—≥±å‡ªìπµ—«·ª√√Õß  ¡°“√°“√Õ∫·Àâß™—Èπ∫“ß

¢Õßº≈‘µ¿—≥±å¡—°®–Õ¬Ÿà„π√Ÿª¢Õß ¡°“√‡ÕÁ°‚æ‡ππ‡™’¬≈

§«“¡™◊Èπ ¡¥ÿ≈¢Õßº≈‘µ¿—≥±å‡ªìπøíß°å™—π¢ÕßÕÿ≥À

¿Ÿ¡‘·≈–§«“¡™◊Èπ —¡æ—∑∏å¢ÕßÕ“°“» ·≈–§ÿ≥ ¡∫—µ‘

∑“ßøî ‘° å¢Õßº≈‘µ¿—≥±å·ª√µ“¡§«“¡™◊Èπ¢Õß

º≈‘µ¿—≥±åπ—ÈπÊ ®ÿ¥ª√– ß§å„π°“√«‘®—¬π’È‡æ◊ËÕÀ“

§ÿ≥ ¡∫—µ‘∑“ßøî ‘° å §«“¡™◊Èπ ¡¥ÿ≈ ·≈– ¡°“√°“√

Õ∫·Àâß¢Õß‡¡≈Á¥„π ·≈–‡¡≈Á¥√«¡‡ª≈◊Õ°¢Õß¡–¡à«ß

À‘¡æ“πµå ‡æ◊ËÕ„™â‡ªìπ¢âÕ¡Ÿ≈æ◊Èπ∞“π„π°“√æ—≤π“·∫∫

®”≈Õß·≈–ÕÕ°·∫∫‡§√◊ËÕßÕ∫·Àâß‡¡≈Á¥¡–¡à«ßÀ‘¡

æ“πµåµàÕ‰ª

Õÿª°√≥å·≈–«‘∏’°“√

°“√∑¥≈Õß·∫àßÕÕ°‰¥â‡ªìπ 5 °“√∑¥≈Õß

À≈—°§◊Õ °“√∑¥≈ÕßÀ“§«“¡Àπ“·πàπª√“°Ø (bulk-

density) ‡ªÕ√å‡´Áπµå™àÕß«à“ß√–À«à“ß‡¡≈Á¥ §à“§«“¡

√âÕπ®”‡æ“– §«“¡™◊Èπ ¡¥ÿ≈ ·≈–°“√Õ∫·Àâß ™—Èπ∫“ß

°“√À“§«“¡Àπ“·πàπª√“°Æ π”‡¡≈Á¥¡–¡à«ß

À‘¡æ“πµå∑—Èß‡¡≈Á¥„π·≈–‡¡≈Á¥√«¡‡ª≈◊Õ°„ à≈ß„π

∫’°‡°Õ√å·≈â«ª“¥„Àâ‡√’¬∫„Àâ‰¥âª√‘¡“µ√ 500 ≈∫.´¡.

·≈â«π”‰ª™—ËßπÈ”Àπ—° §«“¡™◊Èπ¢Õß‡¡≈Á¥„π∑’Ë„™â„π

°“√∑¥≈ÕßÕ¬Ÿà„π™à«ß 16.57 - 29.04 %¡“µ√∞“π·Àâß

·≈–‡¡≈Á¥√«¡‡ª≈◊Õ°„π™à«ß 19.58 - 30.51 %

¡“µ√∞“π·Àâß

°“√À“‡ªÕ√å‡´Áπµå™àÕß«à“ß√–À«à“ß‡¡≈Á¥ π”

‡¡≈Á¥¡–¡à«ßÀ‘¡æ“πµå∑—Èß‡¡≈Á¥„π ·≈–‡¡≈Á¥√«¡‡ª≈◊Õ°

„π™à«ß§«“¡™◊Èπ‡¥’¬«°—∫∑’Ë„™â„π°“√À“§«“¡Àπ“·πàπ

ª√“°Æ ¡“„ à„π∫’°‡°Õ√å·≈â«ª“¥Àπâ“„Àâ‡√’¬∫„Àâ‰¥â

ª√‘¡“µ√ 500 ≈∫.´¡. À≈—ß®“°π—Èπµ«ßπÈ”¡—πæ◊™¥â«¬

À≈Õ¥µ«ß·≈–®¥ª√‘¡“µ√‡√‘Ë¡µâπ‰«â°àÕπ„ à≈ß„π

∫’°‡¤°Õ√å∑’Ë‡µ√’¬¡‰«â®π‰¥â√–¥—∫πÈ”¡—πÕ¬Ÿà∑’Ë 500 ≈∫.´¡.

§”π«≥À“ª√‘¡“µ√¢ÕßπÈ”¡—πæ◊™∑’Ë„™â‰ª ÷́Ëß¡’§à“

‡∑à“°—∫ª√‘¡“µ√¢Õß™àÕß«à“ß¢ÕßÕ“°“»„π‡¡≈Á¥

§«“¡√âÕπ®”‡æ“–¢Õß‡¡≈Á¥¡–¡à«ßÀ‘¡æ“πµå„™â

§“≈Õ√’¡‘‡µÕ√å¥—ß√Ÿª (Figure 1) §«“¡√âÕπ®”‡æ“–¢Õß

‡¡≈Á¥¡–¡à«ßÀ‘¡æ“πµå “¡“√∂§”π«≥‰¥â®“° ¡°“√

 ¡¥ÿ≈æ≈—ßß“π§◊Õ

§«“¡√âÕπ∑’Ë‡¡≈Á¥æ◊™‰¥â√—∫ + §«“¡√âÕπ∑’Ë§“

≈Õ√’¡‘‡µÕ√å‰¥â√—∫ = §«“¡√âÕπ∑’Ë Ÿ≠‡ ’¬®“°πÈ”√âÕπ

‚¥¬¡’ ¡¡µ‘∞“π«à“Õÿ≥À¿Ÿ¡‘ ¡¥ÿ≈¢Õß§“≈Õ√’¡‘‡µÕ√å

‡∑à“°—∫Õÿ≥À¿Ÿ¡‘ ¡¥ÿ≈¢ÕßπÈ” ‡¢’¬π‡ªìπ ¡°“√‰¥â‡ªìπ

MpCp(T1›Tp)+McCp,c(T2›Tc)=mwCp,w(Th›T2)   (1)

Cp = =
mwCp,w(Th –T2)–mcCp,c(T2 –Tc)

mp(T1–Tp)
     (2)

Hot water

Insulator

Thermometer

Figure 1 Calorimeter for specific heat testing.
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‚¥¬∑’Ë

mw §◊Õ ¡«≈¢ÕßπÈ”√âÕπ (kg)

mc §◊Õ ¡«≈¢Õß§“≈Õ√’¡‘‡µÕ√å (kg)

mg §◊Õ ¡«≈¢Õß¡–¡à«ßÀ‘¡æ“πµå∑’Ë„™â∑¥ Õ∫ (kg)

Cp,w §◊Õ §«“¡®ÿ§«“¡√âÕπ®”‡æ“–¢ÕßπÈ” (kJ/kg °C)

Cp,c §◊Õ §«“¡®ÿ§«“¡√âÕπ®”‡æ“–¢Õß§“≈Õ√’¡‘‡µÕ√å

(kJ/kg °C) ∑’Ë√«¡ Heat loss ·≈â«

Cp §◊Õ §à“§«“¡®ÿ§«“¡√âÕπ¢Õß‡¡≈Á¥¡–¡à«ßÀ‘¡

æ“πµå (kJ/kg °C)

Tp §◊Õ Õÿ≥À¿Ÿ¡‘∑’Ë ‡«≈“‡√‘Ë¡µâπ¢Õß‡¡≈Á¥¡–¡à«ß

À‘¡æ“πµå (°C)

Th §◊Õ Õÿ≥À¿Ÿ¡‘∑’Ë‡«≈“‡√‘Ë¡µâπ¢ÕßπÈ”√âÕπ (°C)

Tc §◊Õ Õÿ≥À¿Ÿ¡‘∑’Ë‡«≈“‡√‘Ë¡µâπ¢Õß§“≈Õ√’¡‘‡µÕ√å(°C)

T1 §◊Õ Õÿ≥À¿Ÿ¡‘ ¡¥ÿ≈¢Õß‡¡≈Á¥¡–¡à«ßÀ‘¡æ“πµå

(°C)

T2 §◊Õ Õÿ≥À¿Ÿ¡‘ ¡¥ÿ≈¢ÕßπÈ” (°C)

§«“¡™◊Èπ¢Õß‡¡≈Á¥„π ·≈–‡¡≈Á¥√«¡‡ª≈◊Õ°∑’Ë„™â„π

°“√∑¥≈ÕßÕ¬Ÿà„π™à«ß 10 - 21.3 %¡“µ√∞“π·Àâß ·≈–

13 - 26 %¡“µ√∞“π·Àâßµ“¡≈”¥—∫

°“√À“§«“¡™◊Èπ ¡¥ÿ≈¢Õß∑—Èß‡¡≈Á¥„π·≈–

‡¡≈Á¥√«¡‡ª≈◊Õ°„™â«‘∏’ ∂‘µ ‚¥¬„ à‡¡≈Á¥¡–¡à«ßÀ‘¡

æ“πµå∑’Ë‡µ√’¬¡§«“¡™◊Èπµ“¡µâÕß°“√‰«â‡Àπ◊Õ “√≈–

≈“¬„π¢«¥ªî¥ ·≈â«π”‰ª„ à„πµŸâÕ∫∑’Ë§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘‰¥â

Õÿ≥À¿Ÿ¡‘∑’Ë„™â„π°“√∑¥≈ÕßÕ¬Ÿà„π™à«ß 50,62 ·≈– 74°C

÷́Ëß®– —¡æ—π∏å°—∫§«“¡™◊Èπ —¡æ—∑∏å‡Àπ◊Õ “√≈–≈“¬

‡°≈◊Õ„π™à«ß 10.96 - 85 % π”µ—«Õ¬à“ß‡¡≈Á¥¡–¡à«ß

®“°¢«¥¡“™—Ëß∑ÿ°«—π„π™à«ß —ª¥“Àå·√° À≈—ß®“°π—Èπ

™—ËßπÈ”Àπ—°∑ÿ° —ª¥“Àå®ππÈ”Àπ—°‡¡≈Á¥¡–¡à«ßÀ‘¡æ“πµå

„π¢«¥‰¡à‡ª≈’Ë¬π·ª≈ß ·≈â«®÷ßπ”‰ªÀ“§«“¡™◊Èπ

 ÿ¥∑â“¬´÷Ëß‡ªìπ§«“¡™◊Èπ ¡¥ÿ≈¢Õß‡¡≈Á¥¡–¡à«ßÀ‘¡æ“πµå

§«“¡™◊Èπ‡√‘Ë¡µâπ¢Õß‡¡≈Á¥„π¢Õß¡–¡à«ßÀ‘¡æ“πµå∑’Ë„™â§◊Õ

10 % ·≈– 20 %¡“µ√∞“π·Àâß ·≈–¢Õß‡¡≈Á¥√«¡

‡ª≈◊Õ°§◊Õ 13 % ·≈– 20 %¡“µ√∞“π·Àâß

°“√∑¥≈ÕßÕ∫·Àâß™—Èπ∫“ß „™âÕÿª°√≥åÕ∫·Àâß

∑’Ë √â“ß¢÷Èπ‚¥¬  ¡™“µ‘ ·≈–«‘‰≈æ√ (2530) „π°“√

∑¥≈Õßπ”‡¡≈Á¥¡–¡à«ßÀ‘¡æ“πµå„ à∂“¥ ‡°≈’Ë¬„Àâ‡ªìπ

™—Èπ‡¥’¬« ™—ËßπÈ”Àπ—°‡√‘Ë¡µâπ ·≈â«π”‰ª«“ß∫π‡§√◊ËÕß

Õ∫·Àâß∑’Ë‡ªî¥„Àâ∑”ß“π®π‰¥âÕÿ≥À¿Ÿ¡‘·≈–§«“¡‡√Á«≈¡

∑’Ë‡¢â“ Ÿà ¿“«–∑’ËµâÕß°“√∑¥ Õ∫·≈â« π”‡¡≈Á¥¡–¡à«ß

À‘¡æ“πµå„π∂“¥¡“™—Ëß∑ÿ°Ê 5 π“∑’„π§√÷Ëß™—Ëß‚¡ß·√°

À≈—ß®“°π—Èπ¢¬“¬‡«≈“°“√™—Ëß·µà≈–§√—ÈßÕÕ°‰ªÕ’° 15

π“∑’‡¡◊ËÕ —ß‡°µ«à“πÈ”Àπ—°∑’Ë≈¥≈ß„π™à«ß∑’Ë°”≈—ß™—Ëß

‡ª≈’Ë¬π·ª≈ßπâÕ¬¡“° ™—ËßπÈ”Àπ—°¡–¡à«ßÀ‘¡æ“πµå®π

°√–∑—ËßπÈ”Àπ—°‰¡à‡ª≈’Ë¬π·ª≈ß·≈â«π”‰ªÕ∫À“§«“¡

™◊Èπ ÿ¥∑â“¬ Õÿ≥À¿Ÿ¡‘∑’Ë„™â„π°“√Õ∫·ÀâßÕ¬Ÿà„π™à«ß 60,80

·≈– 100°C §«“¡‡√Á«≈¡∑’Ë 2.5 ·≈– 3.0 m/s §«“¡

™◊Èπ‡√‘Ë¡µâπ∑’Ë„™â„π°“√∑¥≈Õß¢Õß‡¡≈Á¥„πÕ¬Ÿà„π™à«ß 17

- 23 %¡“µ√∞“π·Àâß ·≈– ”À√—∫‡¡≈Á¥√«¡‡ª≈◊Õ°

Õ¬Ÿà„π™à«ß 17 - 25 % ¡“µ√∞“π·Àâß

º≈·≈–«‘®“√≥å

§«“¡Àπ“·πàπª√“°Æ·≈–‡ªÕ√å‡´Áπµå™àÕß«à“ßÕ“°“»

√–À«à“ß‡¡≈Á¥

º≈®“°°“√∑¥≈Õß¥—ß Figure 2 æ∫«à“ §«“¡

Àπ“·πàπª√“°Æ (bulk density) ¢Õß‡¡≈Á¥¡–¡à«ßÀ‘¡

æ“πµå‡¡≈Á¥„π·≈–‡¡≈Á¥√«¡‡ª≈◊Õ° °—∫§«“¡™◊Èπ¢Õß

‡¡≈Á¥¡’§«“¡ —¡æ—π∏å°—π„π≈—°…≥–‡™‘ß‡ âπ À“§«“¡

 —¡æ—π∏å‚¥¬„™â Linear regression ‰¥â ¡°“√„π√Ÿª

„π°√≥’‡¡≈Á¥„π

ρb = 524.41 + 1.4034 M R2 = 0.9787 (3)

„π°√≥’‡¡≈Á¥√«¡‡ª≈◊Õ°

ρb = 209.35 + 18.278 M R2 = 0.9700 (4)

‚¥¬∑’Ë

ρb = §«“¡Àπ“·πàπª√“°Æ (kg/m3)

M = §«“¡™◊Èπ‡¡≈Á¥, % ¡“µ√∞“π·Àâß

„π∑”πÕß‡¥’¬«°—π°—∫§«“¡Àπ“·πàπª√“°Æ
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®“°°“√§”π«≥À“§à“§«“¡Àπ“·πàπ®√‘ß®“°

§«“¡Àπ“·πàπª√“°Æ·≈–‡ªÕ√å‡´Áπµå™àÕß«à“ßÕ“°“»

√–À«à“ß‡¡≈Á¥æ∫«à“ ¡’§«“¡ —¡æ—π∏å„π√Ÿª‡™‘ß‡ âπ‡™àπ

‡¥’¬«°—π (Figure 4) ·≈–„™â linear regression À“

§«“¡ —¡æ—π∏å„π√Ÿª ¡°“√‰¥â‡ªìπ

 ”À√—∫‡¡≈Á¥„π

ρt = 1047 - 2.7165 M R2 = 0.9340 (7)

 ”À√—∫‡¡≈Á¥√«¡‡ª≈◊Õ°

ρt = 1130.9 + 24.283 M R2 = 0.8870 (8)

‚¥¬∑’Ë

ρt = §«“¡Àπ“·πàπ®√‘ß (kg/m3)

M = §«“¡™◊Èπ‡¡≈Á¥ % ¡“µ√∞“π·Àâß

®–‡ÀÁπ‰¥â«à“ª√‘¡“≥πÈ”∑’Ë¡“°¢÷Èπ„π¡–¡à«ßÀ‘¡-

æ“πµå‡¡≈Á¥„π∑”„Àâ‡¡≈Á¥‡°‘¥°“√æÕßµ—« àßº≈„Àâ§à“

§«“¡Àπ“·πàπ®√‘ß¡’§à“≈¥≈ß  à«π„π°√≥’¢Õß‡¡≈Á¥

√«¡‡ª≈◊Õ°ª√‘¡“≥πÈ”∑’Ë‡æ‘Ë¡¢÷Èπ„π‡¡≈Á¥¡’º≈µàÕ°“√

‡æ‘Ë¡¡«≈„Àâ°—∫‡¡≈Á¥¡“°°«à“ª√‘¡“µ√ §à“§«“¡Àπ“

·πàπ®÷ß¡’§à“¡“°¢÷Èπ‡¡◊ËÕ§«“¡™◊Èπ Ÿß¢÷Èπ

§«“¡√âÕπ®”‡æ“– (specific heat)

º≈®“°°“√∑¥≈ÕßÀ“§«“¡√âÕπ®”‡æ“–¢Õß

‡¡≈Á¥¡–¡à«ßÀ‘¡æ“πµå∑—Èß‡¡≈Á¥„π·≈–‡¡≈Á¥√«¡‡ª≈◊Õ°
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Figure 2  Appearance density of cashew nut:

kernel and whole shell.

‡ªÕ√å‡´Áπµå™àÕß«à“ßÕ“°“»√–À«à“ß‡¡≈Á¡–¡à«ßÀ‘¡æ“πµå

‡¡≈Á¥„π·≈–‡¡≈Á¥√«¡‡ª≈◊Õ°¡’§«“¡ —¡æ—π∏å‡™‘ß‡ âπ

°—∫§à“§«“¡™◊Èπ‡¡≈Á¥ (Figure 3) ‚¥¬„™â linear regression

À“§«“¡ —¡æ—π∏å„π√Ÿª ¡°“√‡ªìπ

 ”À√—∫‡¡≈Á¥„π

ε = 50.28 - 0.2975 M R2 = 0.9930 (5)

 ”À√—∫‡¡≈Á¥√«¡‡ª≈◊Õ°

ε = 74.653 - 0.5156 M R2 = 0.9939 (6)

‚¥¬∑’Ë

ε = %™àÕß«à“ßÕ“°“»√–À«à“ß‡¡≈Á¥

M = §«“¡™◊Èπ‡¡≈Á¥, % ¡“µ√∞“π·Àâß
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Figure 3 Percent of void ratio in cashew nut

bulk: kernel and whole shell.
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Figure 4 True density of cashew nut: kernel and

whole shell.
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1.  ¡°“√ BET (Brunauer et al., 1938) · ¥ß§«“¡

 —¡æ—π∏å¢Õß Meq ‡ªìπ

Meq = RH

(1–RH) 1
A×D

+ D–1
A×D

×RH





‚¥¬∑’Ë D = C×exp –B
RTabs







2.  ¡°“√ Halsey (1948) · ¥ß§«“¡ —¡æ—π∏å¢Õß

Meq ‡ªìπ

Meq = –In(RH)×R×Tabs
A






1/B

3.  ¡°“√ Chung and Pfost (1967)  “¡“√∂À“ Meq

‰¥â®“°

Meq = – 1
B

×In
–In(RH)×R×Tabs

A






4.  ¡°“√ Henderson (1952)  “¡“√∂§”π«≥ Meq

‰¥â®“°

Meq = –In(1–RH)
A×(1.8×T+491.5)






1/B

5.  ¡°“√ Modified Henderson (Pfost et al, 1976)

 “¡“√∂§”π«≥À“ Meq ‰¥â®“°

Meq = –In(1–RH)
C×(T+A)






1/B

°“√À“§à“§ß∑’Ë„π ¡°“√§«“¡™◊Èπ ¡¥ÿ≈·∫∫µà“ßÊ „™â

‚ª√·°√¡ ”‡√Á®√Ÿª Statistica (non-linear regression)

(Table 1)

§«“¡™◊Èπ ¡¥ÿ≈¢Õß¡–¡à«ßÀ‘¡æ“πµå‡¡≈Á¥„π

®“°º≈°“√∑¥≈ÕßÀ“§à“§«“¡™◊Èπ ¡¥ÿ≈¢Õß

‡¡≈Á¥∑’Ë§«“¡™◊Èπ‡√‘Ë¡µâπ 10 % ¡“µ√∞“π·Àâß ·≈– 20 %

¡“µ√∞“π·Àâßæ∫«à“ ‡¡≈Á¥∑—Èß Õß§«“¡™◊Èπ‡√‘Ë¡µâπ‡¢â“

 Ÿà ¡¥ÿ≈·∫∫§“¬§«“¡™◊Èπ ¬°‡«âπ∑’Ë§à“§«“¡™◊Èπ

 —¡æ—∑∏å ŸßÊ∑’ËÕÿ≥À¿Ÿ¡‘ 50°C ‡¡≈Á¥∑’Ë§«“¡™◊Èπ‡√‘Ë¡µâπ

¥—ß· ¥ß„π Figure 5 æ∫«à“ §«“¡√âÕπ®”‡æ“–¡’

§«“¡ —¡æ—π∏å°—∫§«“¡™◊Èπ¢Õß‡¡≈Á¥¡–¡à«ßÀ‘¡æ“πµå

„π≈—°…≥–‡™‘ß‡ âπ  “¡“√∂À“§«“¡ —¡æ—π∏å„π√Ÿª

 ¡°“√‰¥â‡ªìπ

„π°√≥’‡¡≈Á¥„π

CP = 1.9039 + 0.0671 M R2 = 0.9463 (9)

„π°√≥’‡¡≈Á¥√«¡‡ª≈◊Õ°

CP = 1.0564 + 0.0438 M R2 = 0.9644 (10)

‚¥¬∑’Ë

CP = §«“¡√âÕπ®”‡æ“– (kJ/kg°C)

M = §«“¡™◊Èπ‡¡≈Á¥, % ¡“µ√∞“π·Àâß

‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫§à“§«“¡√âÕπ®”‡æ“–¢Õß‡¡≈Á¥

„π°—∫‡¡≈Á¥√«¡‡ª≈◊Õ°æ∫«à“ §à“§«“¡√âÕπ®”‡æ“–¢Õß

‡¡≈Á¥„π¡’§à“ Ÿß°«à“¢Õß‡¡≈Á¥√«¡‡ª≈◊Õ°∑’Ë§«“¡™◊Èπ

‡¥’¬«°—π ∑—Èßπ’ÈÕ“®‡π◊ËÕß¡“®“°∑’Ë‡ª≈◊Õ°¢Õß‡¡≈Á¥

¡–¡à«ßÀ‘¡æ“πµå¡’ “√ª√–°Õ∫®”æ«°πÈ”¡—π·≈– “√

√–‡À¬´÷Ëß¡’§à“§«“¡√âÕπ®”‡æ“–µË” ®÷ß àßº≈„Àâ§à“

§«“¡√âÕπ®”‡æ“–¢Õß∑—Èß‡¡≈Á¥√«¡‡ª≈◊Õ°¡’§à“µË”≈ß

§«“¡™◊Èπ ¡¥ÿ≈

√Ÿª·∫∫ ¡°“√ ¡¥ÿ≈∑’Ë„™â„π°“√«‘‡§√“–Àå¡’

∑—ÈßÀ¡¥ 5  ¡°“√§◊Õ
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Figure 5  Specific heat of cashew nut: kernel and

whole shell.
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Table 1 Constants of moisture equilibrium equations.

Constants

Equation form Type R2

A B C

BET 1 0.020123 -1551.72 0.063668 0.9890

2 0.029580 -4483.49 11991.68 0.8114

Halsey 1 53.61800 -1.07142 0.9730

2 16.46500 -1.8984 0.914

Chung and Pfost 1 6205.287 24.3218 0.9597

2 15433.00 23.4107 0.965

Henderson 1 0.000338 1.10901 0.986

2 0.000014 2.01651 0.9553

Modified Henderson 1 0.603737 1.397539 0.001554 0.9905

2 -43.8118 1.87702 0.000646 0.9618

Remark: 1 = kernel, 2 = whole shell

10 % ¡“µ√∞“π·Àâß®–‡¢â“ Ÿà ¡¥ÿ≈„π≈—°…≥–¥Ÿ¥

§«“¡™◊Èπ §à“§«“¡™◊Èπ ¡¥ÿ≈¢Õß∑—Èß Õß§«“¡™◊Èπ‡√‘Ë¡

µâπ¡’§à“„°≈â‡§’¬ß°—π‚¥¬·µ°µà“ß°—π‰¡à‡°‘π 1 %

¡“µ√∞“π·Àâß ®÷ß„™â§à“‡©≈’Ë¬§«“¡™◊Èπ ¡¥ÿ≈®“°∑—Èß

 Õß§«“¡™◊Èπ‡√‘Ë¡µâπ¡“À“‡ âπ§«“¡™◊Èπ ¡¥ÿ≈·∫∫§“¬

§«“¡™◊Èπ (desorption isotherm) ®“°°“√∑¥≈Õß∑’Ë§à“

§«“¡™◊Èπ —¡æ—∑∏å§ß∑’Ë §«“¡™◊Èπ ¡¥ÿ≈®–¡’§à“≈¥≈ß

‡¡◊ËÕÕÿ≥À¿Ÿ¡‘¡’§à“ Ÿß¢÷Èπ ‡π◊ËÕß®“°‡¡◊ËÕÕÿ≥À¿Ÿ¡‘ Ÿß¢÷Èπ§à“

§«“¡¥—π‰Õ¢ÕßÕ“°“»√Õ∫Ê ‡¡≈Á¥¡–¡à«ßÀ‘¡æ“πµå

®–‡æ‘Ë¡¢÷Èπ ∑”„Àâ§«“¡¥—π‰Õ¿“¬„π‡¡≈Á¥‡æ‘Ë¡¢÷Èπ¥â«¬

‡æ◊ËÕ„Àâ ¡¥ÿ≈°—∫§«“¡¥—π‰Õ√Õ∫Ê §«“¡¥—π‰Õ∑’Ë‡æ‘Ë¡

 Ÿß¢÷Èπ¿“¬„π‡¡≈Á¥π’È®– àßº≈„Àâ‡¡≈Á¥§“¬§«“¡™◊Èπ¡“°

¢÷Èπ  ”À√—∫°√≥’∑’ËÕÿ≥À¿Ÿ¡‘§ß∑’Ë§«“¡™◊Èπ ¡¥ÿ≈®–‡æ‘Ë¡

¢÷ÈπÕ¬à“ß™â“Ê „π™à«ß§à“§«“¡™◊Èπ —¡æ—∑∏å 10 - 40 %

·≈–¡’§à“„°≈â‡§’¬ß°—π‡¡◊ËÕÕÿ≥À¿Ÿ¡‘§ß∑’Ë‡ª≈’Ë¬π‰ª §«“¡

™◊Èπ ¡¥ÿ≈®–‡æ‘Ë¡¢÷ÈπÕ¬à“ß√«¥‡√Á«·≈–¡’§à“·µ°µà“ß°—π

¡“°¢÷Èπ„π·µà≈–Õÿ≥À¿Ÿ¡‘§ß∑’ËÀπ÷ËßÊ ‡¡◊ËÕ§«“¡

™◊Èπ —¡æ—∑∏å∑’Ë¡’§à“‡°‘π 40 %¢÷Èπ‰ª §«“¡·µ°µà“ß®–¡’

§à“¡“°¢÷ÈπÕ¬à“ß‡ÀÁπ‰¥â™—¥‡¡◊ËÕ§à“§«“¡™◊Èπ —¡æ—∑∏å‡°‘π

80 % (Figure 6, 7)

®“°°“√‡ª√’¬∫‡∑’¬∫§à“§«“¡™◊Èπ ¡¥ÿ≈®“°

 ¡°“√µà“ßÊ °—∫§à“®“°º≈°“√∑¥≈Õßæ∫«à“  ¡°“√∑’Ë

∑”π“¬§à“§«“¡™◊Èπ ¡¥ÿ≈¢Õß‡¡≈Á¥„π¡–¡à«ßÀ‘¡æ“πµå

‰¥â¥’µ≈Õ¥™à«ß§«“¡™◊Èπ —¡æ—∑∏å§◊Õ  ¡°“√°÷Ëß∑ƒ…Æ’¢Õß

Henderson (1952) ·≈– ¡°“√‡Õ¡‰æ√‘°—≈ Modified

Henderson (1976)  ¡°“√¢Õß BET ‰¡à “¡“√∂

· ¥ß§«“¡·µ°µà“ß¢Õß‡ âπ§«“¡™◊Èπ ¡¥ÿ≈∑’Ë·µà≈–

Õÿ≥À¿Ÿ¡‘‰¥â ·≈–∑’Ë§«“¡™◊Èπ —¡æ—∑∏åµË”°«à“ 35 %

·≈– Ÿß°«à“ 70 %  ¡°“√¢Õß Halsey  “¡“√∂∑”π“¬

§à“§«“¡™◊Èπ ¡¥ÿ≈‰¥â¥’ (Figure 8)

§«“¡™◊Èπ ¡¥ÿ≈¢Õß¡–¡à«ßÀ‘¡æ“πµå‡¡≈Á¥√«¡‡ª≈◊Õ°

®“°º≈°“√∑¥≈ÕßÀ“§à“§«“¡™◊Èπ ¡¥ÿ≈¢Õß

‡¡≈Á¥√«¡‡ª≈◊Õ°∑’Ë§«“¡™◊Èπ‡√‘Ë¡µâπ 13 % ¡“µ√∞“π
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Figure 6 Equilibrium moisture content of cashew

nut kernel at 50 oC, 62oC and 74oC.

Figure 7 Equilibrium moisture content of cashew

nut whole shell.

·Àâß ·≈– 20 % ¡“µ√∞“π·Àâßæ∫«à“ ‡¡≈Á¥∑—Èß Õß

§«“¡™◊Èπ‡√‘Ë¡µâπ‡¢â“ Ÿà ¡¥ÿ≈·∫∫§“¬§«“¡™◊Èπ ¬°‡«âπ

∑’Ë§à“§«“¡™◊Èπ —¡æ—∑∏å ŸßÊ∑’ËÕÿ≥À¿Ÿ¡‘ 50°C ·≈– 60°C

‡¡≈Á¥∑’Ë§«“¡™◊Èπ‡√‘Ë¡µâπ 13 % ¡“µ√∞“π·Àâß®–‡¢â“ Ÿà

 ¡¥ÿ≈„π≈—°…≥–¥Ÿ¥§«“¡™◊Èπ §à“§«“¡™◊Èπ ¡¥ÿ≈¢Õß

∑—Èß Õß§«“¡™◊Èπ‡√‘Ë¡µâπ¡’§à“„°≈â‡§’¬ß°—π‚¥¬·µ°µà“ß

°—π‰¡à‡°‘π 1 % ¡“µ√∞“π·Àâß ®÷ß„™â§à“‡©≈’Ë¬§«“¡™◊Èπ

 ¡¥ÿ≈®“°∑—Èß Õß§«“¡™◊Èπ‡√‘Ë¡µâπ¡“À“‡ âπ§«“¡™◊Èπ

 ¡¥ÿ≈·∫∫§“¬§«“¡™◊Èπ §à“§«“¡™◊Èπ ¡¥ÿ≈∑’ËÕÿ≥À¿Ÿ¡‘

‡¥’¬«°—π®–¡’§à“‡æ‘Ë¡¢÷ÈπÕ¬à“ß ¡Ë”‡ ¡Õ‡°◊Õ∫‡ªìπ‡ âπ

µ√ß‡¡◊ËÕ§«“¡™◊Èπ —¡æ—∑∏å‡°‘π 10 %

®“°°“√‡ª√’¬∫‡∑’¬∫§à“§«“¡™◊Èπ ¡¥ÿ≈®“°

 ¡°“√µà“ßÊ °—∫§à“®“°º≈°“√∑¥≈Õßæ∫«à“  ¡°“√∑’Ë

∑”π“¬§à“§«“¡™◊Èπ ¡¥ÿ≈¢Õß‡¡≈Á¥¡–¡à«ßÀ‘¡æ“πµå

√«¡‡ª≈◊Õ°‰¥â¥’µ≈Õ¥™à«ß§«“¡™◊Èπ —¡æ—∑∏å§◊Õ

 ¡°“√°÷Ëß∑ƒ…Æ’¢Õß Henderson (1952) ·≈– ¡°“√

¢Õß Chung and Pfost (1967) (Figure 9)

‡π◊ËÕß®“° ¡°“√¢Õß Henderson (1952)

 “¡“√∂∑”π“¬§à“§«“¡™◊Èπ ¡¥ÿ≈¢Õß∑—Èß‡¡≈Á¥¡–¡à«ß

À‘¡æ“πµå‡¡≈Á¥„π·≈–‡¡≈Á¥√«¡‡ª≈◊Õ°‰¥â¥’ ®÷ß √ÿª‰¥â«à“

°“√¥Ÿ¥´—∫πÈ”„π‡¡≈Á¥¡–¡à«ßÀ‘¡æ“πµå‡ªìπª√“°Æ

°“√≥å∑’Ëº‘«™π‘¥ multilayer molecule adsorbtion ´÷Ëß

‚¡‡≈°ÿ≈¢ÕßπÈ”¬÷¥µ‘¥°—∫º‘«‡¡≈Á¥∑“ß°“¬¿“æ‡ªìπÀ≈—°

Õ—µ√“°“√Õ∫·Àâß

®“°°“√∑¥≈ÕßÀ“Õ—µ√“°“√Õ∫·Àâß‚¥¬°“√Õ∫

·Àâß™—Èπ∫“ßæ∫«à“ °√–∫«π°“√Õ∫·Àâß∑’Ë‡°‘¥¢÷Èπ‡ªìπ

°√–∫«π°“√Õÿ≥À¿Ÿ¡‘§ß∑’Ë ‚¥¬Õÿ≥À¿Ÿ¡‘¢Õß‡¡≈Á¥®–

‡æ‘Ë¡¢÷ÈπÕ¬à“ß√«¥‡√Á«®π¡’§à“§ß∑’Ë„π‡«≈“∑’ËπâÕ¬¡“°‡¡◊ËÕ

‡∑’¬∫°—∫‡«≈“°“√Õ∫·Àâß∑—ÈßÀ¡¥ (Figure 10)

§«“¡™◊Èπ‡√‘Ë¡µâπ‰¡à¡’º≈°√–∑∫µàÕÕ—µ√“°“√Õ∫

·Àâß∑’Ë§à“Õÿ≥À¿Ÿ¡‘·≈–§«“¡‡√Á«≈¡§ß∑’Ë ‡π◊ËÕß®“°∑’Ë

Õÿ≥À¿Ÿ¡‘§ß∑’Ë§à“Àπ÷Ëß§à“§«“¡·µ°µà“ß√–À«à“ß§«“¡¥—π

‰Õ√Õ∫Ê °—∫¿“¬„π‡¡≈Á¥´÷Ëß‡ªìπ driving force ¡’§à“§ß

∑’Ë àßº≈„ÀâÕ—µ√“°“√Õ∫·Àâß¡’§à“„°≈â‡§’¬ß°—π (Figure 11)

°“√‡ª≈’Ë¬π·ª≈ß§«“¡‡√Á«≈¡‡æ◊ËÕ»÷°…“º≈

°√–∑∫¢Õß convective mass transfer µàÕ°“√Õ∫

·Àâßæ∫«à“‰¡à¡’º≈°√–∑∫ ‡π◊ËÕß®“°Õ—µ√“°“√Õ∫·Àâß

¬—ß§ß¡’§à“„°≈â‡§’¬ß°—π · ¥ß«à“§à“§«“¡µâ“π∑“π¿“¬

πÕ°∑’Ë≈¥≈ß‡π◊ËÕß®“°§«“¡Àπ“¢Õßøî≈å¡Õ“°“»π‘Ëß

√Õ∫‡¡≈Á¥≈¥≈ß‡¡◊ËÕ‡æ‘Ë¡§«“¡‡√Á«≈¡¡’º≈°√–∑∫πâÕ¬

°«à“§«“¡µâ“π∑“π¿“¬„π (Figure 12)
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Figure 8 Comparison between experiments and equilibrium moisture content equations of cashew nut

kernel.
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Figure 9 Comparison between experiments and equilibrium moisture content equations of cashew nut

whole shell.
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Figure 10 Temperature changes in cashew nut kernel and whole shell during drying. (80°C, 20 %db) a.

air flow rate 3 m/s and b. air flow rate 2.5 m/s.

Figure 11  Effect of Initial moisture content on drying rate (air velocity 2.5 m/s), a. drying temperature 60°
C and b. drying temperature 100°C.

¢Õß‡¡≈Á¥ Ÿà¿“¬πÕ°¡’§à“ Ÿß¢÷Èπ Õ—µ√“ à«π§«“¡™◊Èπ®÷ß

≈¥≈ßÕ¬à“ß√«¥‡√Á« (Figure 13)

 ¡°“√Õ∫·Àâß™—Èπ∫“ß

 ¡°“√∑’Ë„™â„π°“√∑”π“¬Õ—µ√“°“√Õ∫·Àâß

¢Õß‡¡≈Á¥¡–¡à«ßÀ‘¡æ“πµå∑—Èß‡¡≈Á¥„π·≈–‡¡≈Á¥√«¡

 a b

Õÿ≥À¿Ÿ¡‘Õ∫·Àâß¡’º≈°√–∑∫µàÕÕ—µ√“°“√Õ∫

·ÀâßÕ¬à“ß‡ÀÁπ‰¥â™—¥ · ¥ß«à“°√–∫«π°“√Õ∫·Àâß

‡¡≈Á¥¡–¡à«ßÀ‘¡æ“πµåπ’È‡ªìπ internal diffusion control

∑—Èßπ’È‡π◊ËÕß®“°°“√‡ª≈’Ë¬π·ª≈ß¢ÕßÕÿ≥À¿Ÿ¡‘∑’Ë Ÿß¢÷Èπ àß

º≈„Àâ§«“¡·µ°µà“ß√–À«à“ß§«“¡¥—π‰Õ„π‡¡≈Á¥°—∫

Õ“°“»√Õ∫Ê ¡’§à“ Ÿß¢÷Èπ∑”„ÀâÕ—µ√“°“√·æ√à§«“¡™◊Èπ
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Figure 12  Effect of air flow rate on drying rate.

(drying temperature 80°C, initial moisture content 20 %db)

‡ª≈◊Õ° √â“ß‚¥¬æ‘®“√≥“√Ÿª√à“ß¢Õß‡¡≈Á¥¡–¡à«ßÀ‘¡æ“πµå‡ªìπ√Ÿª∑√ß°√–∫Õ° À“‰¥â‚¥¬π” ¡°“√°÷Ëß‡Õ¡‰æ√‘‡§‘≈

¢Õß·ºàπ‡√’¬∫°«â“ß·≈–¬“«¡“§Ÿ≥(cross product)°—∫ ¡°“√¢Õß∑√ß°√–∫Õ°¬“«¡“° ‰¥â ¡°“√¥—ßπ’È

 ”À√—∫‡¡≈Á¥„π

MR = 0.5606exp[-2.13115×105(Dt)] + 0.10640exp[-8.50845×105(Dt)]

+ 0.04320exp[-1.99814×106(Dt)] + 0.06229exp[-7.23010×105(Dt)]

+ 0.01182exp[-1.36013×106(Dt)] + 4.8101×10-3exp[-2.50802×106(Dt)]

+ 0.02242exp[-1.7122×106(Dt)] + 4.2558×10-3exp[-2.38051×106(Dt)]

+ 1.73155×10-3exp[-3.52780×106(Dt)] (11)

Figure 13  Effect of drying temperature on drying rate.

(air flow rate 3 m/s, initial moisture content 20 %db)
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‚¥¬∑’Ë §à“ R2 = 0.9667 ·≈–

D  = 0.132955exp[-3672.22/(T+273)] (12)

 ”À√—∫‡¡≈Á¥√«¡‡ª≈◊Õ°

MR = 0.55164exp[-8.8673×104(Dt)] + 0.10469exp[-3.54008×105(Dt)]

+ 0.04260exp[-8.3136×105(Dt)] + 0.06129exp[-3.00815×105(Dt)]

+ 0.01163exp[-5.6615×105(Dt)] + 4.7336×10-3exp[-1.0435×106(Dt)]

+ 0.02206exp[-7.2512×105(Dt)] + 4.1874×10-3exp[-9.9045×105(Dt)]

+ 1.7040×10-3exp[-1.4678×106(Dt)] (13)

‚¥¬∑’Ë §à“ R2 = 0.9408 ·≈–

D  = 7×10-7exp[-1500/(T+273)] (14)

‡¡◊ËÕ

D  =  —¡ª√– ‘∑∏‘Ï°“√·æ√àª√– ‘∑∏‘º≈, Diffusivity (m2/s)

T  = Õÿ≥À¿Ÿ¡‘¢Õß‡¡≈Á¥ (°C)

Figure 14 Relation between logarithm of  the effective diffusivity and inverse of drying temperature.

§à“ —¡ª√– ‘∑∏‘Ï°“√·æ√àª√– ‘∑∏‘º≈„π·µà≈–

°“√∑¥≈Õß§”π«≥‰¥â®“°°“√·∑π§à“º≈®“°°“√

∑¥≈Õß≈ß„π ¡°“√Õ∫·Àâß™—Èπ∫“ß ·≈â«π”§à“ —¡

ª√– ‘∑∏‘Ï°“√·æ√àª√– ‘∑∏‘º≈∑’Ë§”π«≥‰¥â°—∫Õÿ≥À¿Ÿ¡‘

‡¡≈Á¥‡©≈’Ë¬„π·µà≈–°“√∑¥≈Õß‰ªÀ“ ¡°“√¢Õß —¡

ª√– ‘∑∏‘Ï°“√·æ√àª√– ‘∑∏‘º≈∑’Ë‡ªìπøíß°å™—π¢ÕßÕÿ≥À

¿Ÿ¡‘‡¡≈Á¥¡–¡à«ßÀ‘¡æ“πµå‚¥¬„™â‚ª√·°√¡ Statistica

 ¡°“√ —¡ª√– ‘∑∏‘Ï°“√·æ√àª√– ‘∑∏‘º≈∑’Ë‰¥â

· ¥ß„Àâ‡ÀÁπ«à“ —¡ª√– ‘∑∏‘Ï°“√·æ√à¢Õß§«“¡™◊Èπ¢÷Èπ

°—∫Õÿ≥À¿Ÿ¡‘„π≈—°…≥–‡ÕÁ°‚æ‡ππ‡™’¬≈ ‚¥¬¡’§à“¡“°

¢÷Èπ‡¡◊ËÕÕÿ≥À¿Ÿ¡‘ Ÿß¢÷Èπ ∑—Èßπ’È‡π◊ËÕß®“°§«“¡·µ°µà“ß°—π

¢Õß§«“¡¥—π‰Õ¿“¬„π‡¡≈Á¥·≈–¿“¬πÕ°‡¡≈Á¥∑’Ë¡“°

¢÷Èπµ“¡Õÿ≥À¿Ÿ¡‘ §«“¡ —¡æ—π∏å√–À«à“ß ≈ÁÕ°°“√‘∏÷¡

¢Õß —¡ª√– ‘∑∏‘Ï°“√·æ√àª√– ‘∑∏‘º≈°—∫ à«π°≈—∫¢Õß
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Õÿ≥À¿Ÿ¡‘ —¡∫Ÿ√≥å¡’≈—°…≥–‡ªìπ‡ âπµ√ß (Figure 14)

‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫ —¡ª√– ‘∑∏‘Ï°“√·æ√à§«“¡™◊Èπ

√–À«à“ß‡¡≈Á¥„π°—∫‡¡≈Á¥√«¡‡ª≈◊Õ°æ∫«à“‡¡≈Á¥„π¡’

§à“ Ÿß°«à“‡π◊ËÕß®“°‰¡à¡’‡ª≈◊Õ° ÷́Ëß¡’πÈ”¡—π·≈–º‘«¡’

§«“¡‡ªìπ‡ß“¡—π‡ªìπµ—«µâ“π∑“π°“√·æ√à
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