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‡¡≈Á¥°“·ø “¬æ—π∏ÿå§“√åμ‘¡Õ√å ‰¥â·°à §«“¡™◊Èπ¢Õß‡¡≈Á¥°“·ø¡’§à“‡ª≈’Ë¬π·ª≈ß¢÷Èπ°—∫ ¢π“¥ ª√‘¡“μ√ §«“¡Àπ“·πàπª√“°Ø
√âÕ¬≈– ™àÕß«à“ß¢ÕßÕ“°“» ·≈–§«“¡√âÕπ®”‡æ“–·≈–¡’§«“¡ —¡æ—π∏å°—π„π·∫∫ ¡°“√æÀÿπ“¡

§” ”§—≠ : °“√Õ∫·Àâß™—Èπ∫“ß  ·∫∫®”≈Õß   ¡∫—μ‘∑“ß°“¬¿“æ  ‡¡≈Á¥°“·ø “¬æ—π∏ÿå§“√åμ‘¡Õ√å

Abstract

This research is a study of thin-layer drying model for Catimor coffee cherry. Initial moisture of Catimor coffee
cherry was 238-248% dry basis. Considering the drying kinetics, the coffee cherry was thin-layer by inlet drying air
temperature of 50, 60 and 70 oC with a constant air velocity of 1.0 m/s. The experimental result indicates that a moisture
ratio is effected by inlet drying air temperature. The moisture ratio also exponentially decreases with the increasing of
drying time. Thin-layer drying models of Lewis, Henderson and Pabis, Logarithmic, Page, Wang and Singh was used
evaluated by considering a coefficient of determination (R2), a reduced chi-square (χ2) and a root means square error
(RMSE). The Page model is found to be a best model for describing the characteristics of coffee cherry for the
temperatures of 50, 60 and 70 oC. A diffusion coefficient of drying is described by Fickûs equation according from
3.15 x 10-6 to 7.85 x 10-6 m2/s. Also,the physical properties of coffee cherry, which as moisture of coffee cherry to
depend on size, volume, apparent density, percentage of void and specific heat capacity and relate with a polynomial
equation form.

Keywords : thin drying layer, model, physical properties, catimor coffee cherry.
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«‘‡§√“–Àå§à“§ß∑’Ë·≈–Õ—μ√“ à«π§«“¡™◊Èπ®“° ¡°“√·∫∫®”≈Õß

∑“ß§≥‘μ»“ μ√å„™â°“√«‘‡§√“–Àå°“√∂¥∂Õ¬·∫∫‰¡à‡ªìπ‡™‘ß‡ âπ

(non-linear regression) ‚¥¬„™â‚ª√·°√¡∑“ß ∂‘μ‘ §”π«≥§à“

 —¡ª√– ‘∑∏‘Ï°“√μ—¥ ‘π„® (coefficient of determination, R2) §à“

°“√≈¥≈ß‰§°”≈—ß Õß (reduced chi-square, χ2) ·≈–§à“√“°∑’Ë

eo

e

MM
MM

MR  

¿“æ∑’Ë 1 Õÿª°√≥å∑¥ Õ∫°“√Õ∫·Àâß™—Èπ∫“ß¢Õßº≈º≈‘μ∑“ß°“√‡°…μ√

(∑’Ë¡“ : ¡“√’π“ ·≈–§≥–, 2551)

∫ÿ≠§ß  §”§√ÿ±≈“«ß…å, Õÿ…“«¥’  μ—πμ‘«√“πÿ√—°…å ·≈– ¡“√’π“  ¡–Àπ‘ / «“√ “√«‘∑¬“»“ μ√å∫Ÿ√æ“. 14 (2552) 2 : 70-7772



 

2/1N

i

2
iexp,i,pre )MRMR(

N
1

RMSE   

μ“√“ß∑’Ë 1 ·∫∫®”≈Õß∑“ß§≥‘μ»“ μ√å∑’Ë„™â∑”π“¬ ¡°“√°“√Õ∫·Àâß‡¡≈Á¥°“·ø

 Õß¢Õß§«“¡§≈“¥‡§≈◊ËÕπ°”≈—ß Õß‡©≈’Ë¬ (root means square

error, RMSE) ‚¥¬·∫∫®”≈Õß∑“ß§≥‘μ»“ μ√å∑’Ë‡À¡“– ¡

 ”À√—∫°“√Õ∫·Àâß™—Èπ∫“ß¢Õß‡¡≈Á¥°“·ø§«√‡ªìπ·∫∫®”≈Õß

∑“ß§≥‘μ»“ μ√å∑’Ë„Àâ§à“ R2  Ÿß ÿ¥ ·≈–„Àâ§à“ χ2 ·≈– RMSE

μË” ÿ¥ ´÷Ëß§à“ χ2 ·≈– RMSE À“‰¥â®“° ¡°“√

(6)

(7)

‡¡◊ËÕ MR
exp,i

 §◊Õ §à“Õ—μ√“ à«π§«“¡™◊Èπ∑’Ë‰¥â®“°°“√∑¥≈Õß

MR
pre,i 

§◊Õ §à“Õ—μ√“ à«π§«“¡™◊Èπ∑’Ë‰¥â®“°°“√·∫∫®”≈Õß N §◊Õ

®”π«π¢âÕ¡Ÿ≈¢Õß°“√∑¥≈Õß ·≈– Z §◊Õ ®”π«πæ“√“¡‘‡μÕ√å„π

·μà≈–·∫∫®”≈Õß
zN

)MRMR( 2N
1i i,preiexp,2

 

Model names Mathematical expression

Lewis (Bruce, 1985) MR
pre,i  

=  exp (-kt)

Henderson and Pabis (1961) MR
pre,i  

=  aexp (-kt)

Logarithmic (Togrul, 2003) MR
pre,i  

=  aexp (-kt) + c

Page (Page, 1949, cited by Bruce, 1985) MR
pre,i  

=  exp (-ktn)

Wang and Singh (Wang and Singh, 1978) MR
pre,i  

=  1 + at + bt2

À¡“¬‡Àμÿ:  ‡¡◊ËÕ a, b, c, n  §◊Õ §à“§ß∑’Ë°“√Õ∫·Àâß¢Õß·∫∫®”≈Õß ·≈– k ‡ªìπ§à“§ß∑’ËÕ—μ√“°“√Õ∫·Àâß  (min-1)

§à“Õ—μ√“ à«π§«“¡™◊Èπ∑’ËÀ“‰¥â®“°°“√∑¥≈Õß „™â ”À√—∫

À“§à“ —¡ª√– ‘∑∏‘Ï°“√·æ√à§«“¡™◊Èπ (D
eff
) μ“¡ ¡°“√¢Õßøî§ (Fick)

(Crank, 1975 and Luikov, 1968) ‚¥¬°”Àπ¥„Àâ«—μ∂ÿ¥‘∫¡’

≈—°…≥–‡ªìπ√Ÿª∑√ß°≈¡ ¡’√Ÿª ¡°“√°“√Õ∫·Àâß∑“ß∑ƒ…Æ’ μ“¡

 ¡°“√

(8)

‡¡◊ËÕ n = 1, 2, Ç ‡ªìπ§à“§ß∑’Ë, R §◊Õ §à“√—»¡’¢Õß∑√ß°≈¡

(m) ·≈– t §◊Õ ‡«≈“„¥Ê (min)

º≈°“√∑¥≈Õß·≈–Õ¿‘ª√“¬º≈°“√∑¥≈Õß
º≈°“√À“§«“¡ —¡æ—π∏å¢Õß≈—°…≥–∑“ß°“¬¿“æ

1. ¢π“¥·≈–ª√‘¡“μ√

¢π“¥¢Õß‡¡≈Á¥°“·ø ‰¥â·°à §«“¡¬“« §«“¡°«â“ß

§«“¡Àπ“ ·≈–ª√‘¡“μ√¢Õß‡¡≈Á¥°“·ø æ∫«à“∂â“§«“¡™◊Èπ‡√‘Ë¡

μâπ¡’§à“ Ÿß§à“§«“¡¬“« §«“¡°«â“ß §«“¡Àπ“ ·≈–ª√‘¡“μ√

‡¡≈Á¥°“·ø®–¡’§à“¡“°¥â«¬  §«“¡ —¡æ—π∏å√–À«à“ß¢π“¥°—∫§«“¡™◊Èπ

‡√‘Ë¡μâπ¢Õß‡¡≈Á¥°“·ø®–Õ¬Ÿà„π√Ÿª ¡°“√æÀÿπ“¡ (Polynomial)

· ¥ß‰¥â¥—ß ¡°“√

(9)

(10)

(11)

(12)

‡¡◊ËÕ A §◊Õ §«“¡¬“«¢Õß‡¡≈Á¥°“·ø (mm)

B §◊Õ §«“¡°«â“ß¢Õß‡¡≈Á¥°“·ø (mm)

C §◊Õ §«“¡Àπ“¢Õß‡¡≈Á¥°“·ø (mm)

V §◊Õ ª√‘¡“μ√¢Õß‡¡≈Á¥°“·ø (mm3)

M
o
§◊Õ §«“¡™◊Èπ‡√‘Ë¡μâπ¢Õß‡¡≈Á¥°“·ø (Õ¬Ÿà„π™à«ß

238-248% ¡“μ√∞“π·Àâß)

2. §«“¡Àπ“·πàπª√“°Ø

          º≈®“°°“√À“§à“§«“¡Àπ“·πàπª√“°Ø¢Õß‡¡≈Á¥°“·ø

∑’Ë§«“¡™◊Èπ‡√‘Ë¡μâπμà“ßÊ °—π æ∫«à“‡¡◊ËÕ§«“¡™◊Èπ‡√‘Ë¡μâπ¢Õß‡¡≈Á¥

°“·ø¡’§à“ Ÿß®–∑”„Àâ§à“§«“¡Àπ“·πàπª√“°Ø¢Õß‡¡≈Á¥°“·ø¡’

§à“ Ÿß¥â«¬ ‚¥¬¡’§«“¡ —¡æ—π∏å„π·∫∫ ¡°“√æÀÿπ“¡ (Polynomial)

´÷Ëß· ¥ß‰¥â¥—ß ¡°“√

eo

e
i,pre MM

MM
MR

2
eff

2

1n
22 R

tD2n
exp

n
16

 

226.13M0042.0M10A o
2
o

5
  

4719.9M009.0M10.7B o
2
o

6
       

6195.8M011.0M10.8C o
2
o

6
   

14.569M3596.1M10.21V o
2
o

4
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(13)

‡¡◊ËÕ ρ
b
 §◊Õ §«“¡Àπ“·πàπª√“°Ø¢Õß‡¡≈Á¥°“·ø (kg/m3)

3. √âÕ¬≈–™àÕß«à“ß¢ÕßÕ“°“»

º≈®“°°“√∑¥≈ÕßÀ“§à“√âÕ¬≈–™àÕß«à“ß¢ÕßÕ“°“»

¢Õß‡¡≈Á¥°“·ø∑’Ë§«“¡™◊Èπ‡√‘Ë¡μâπμà“ßÊ °—π æ∫«à“‡¡◊ËÕ§«“¡™◊Èπ

‡√‘Ë¡μâπ¡’§à“ Ÿß®–¡’§à“√âÕ¬≈–™àÕß«à“ß¢ÕßÕ“°“» Ÿß¥â«¬ ‚¥¬¡’

§«“¡ —¡æ—π∏å„π√Ÿª·∫∫ ¡°“√æÀÿπ“¡ (Polynomial) · ¥ß‰¥â

¥—ß ¡°“√

(14)

‡¡◊ËÕ p
t
 §◊Õ √âÕ¬≈–™àÕß«à“ß¢ÕßÕ“°“»¢Õß‡¡≈Á¥°“·ø (%)

4. §«“¡√âÕπ®”‡æ“–

º≈°“√§”π«≥À“§à“§«“¡√âÕπ®”‡æ“–¢Õß‡¡≈Á¥°“·ø

∑’Ë§«“¡™◊Èπ‡√‘Ë¡μâπμà“ßÊ °—π æ∫«à“‡¡◊ËÕ§«“¡™◊Èπ‡√‘Ë¡μâπ¡’§à“ Ÿß®–

¡’§à“§«“¡√âÕπ®”‡æ“– Ÿß¢÷Èπ¥â«¬ ‚¥¬¡’§«“¡ —¡æ—π∏å„π√Ÿª ¡°“√

æÀÿπ“¡ (Polynomial) · ¥ß‰¥â¥—ß ¡°“√

(15)

 24.308M3642.2M0051.0 o
2
ob

 879.38M0347.0M10.6p o
2
o

5
t

 7348.4M0036.0M106C o
2
o

5
p

‡¡◊ËÕ C
p
 §◊Õ §«“¡®ÿ§«“¡√âÕπ®”‡æ“–¢Õß‡¡≈Á¥°“·ø

(kJ/kg-oC)

º≈°“√Õ∫·Àâß™—Èπ∫“ß·≈–·∫∫®”≈Õß∑“ß§≥‘μ»“ μ√å

®“°º≈°“√∑¥≈ÕßÕ∫·Àâß™—Èπ∫“ß¢Õß‡¡≈Á¥°“·ø „π™à«ß

Õÿ≥À¿Ÿ¡‘ 50-70 oC æ∫«à“Õ—μ√“ à«π§«“¡™◊Èπ ¡’§à“≈¥≈ß·∫∫

‡Õ°´å‚ª‡ππ‡™’¬≈‡¡◊ËÕ√–¬–‡«≈“„π°“√Õ∫·Àâß‡æ‘Ë¡¢÷Èπ  ‚¥¬Õÿ≥À¿Ÿ¡‘

 Ÿß°«à“®–¡’Õ—μ√“ à«π§«“¡™◊Èπ Ÿß°«à“ ¥—ß· ¥ß„π¿“æ∑’Ë 2

°“√À“§à“Õ—μ√“ à«π§«“¡™◊Èπ·≈–§à“μ—«·ª√μà“ßÊ ¢Õß

·∫∫®”≈Õß∑“ß§≥‘μ»“ μ√å∑—ÈßÀ°·∫∫‚¥¬„™â‚ª√·°√¡∑“ß ∂‘μ‘

·≈–®“°°“√«‘‡§√“–Àå∑“ß ∂‘μ‘ æ∫«à“°“√Õ∫·Àâß™—Èπ∫“ß‡¡≈Á¥

°“·ø∑’ËÕÿ≥À¿Ÿ¡‘§à“μà“ßÊ ·∫∫®”≈Õß∑“ß§≥‘μ»“ μ√å¢Õß‡æ®

(Page) ®–‰¥â§à“ R 2 ¡“°∑’Ë ÿ¥ ·≈–§à“ χ2 ·≈–§à“ RMSE μË” ÿ¥

´÷Ëßº≈°“√§”π«≥¥â«¬·∫∫®”≈Õß®–¡’§à“„°≈â‡§’¬ß°—∫º≈°“√∑¥≈Õß

¡“°∑’Ë ÿ¥ ¥—ßπ—Èπ®–‰¥â«à“·∫∫®”≈Õß¢Õß‡æ® (Page) ‡ªìπ·∫∫

®”≈Õß∑“ß§≥‘μ»“ μ√å∑’Ë‡À¡“– ¡∑’Ë ÿ¥  ”À√—∫„™â∑”π“¬°“√

Õ∫·Àâß™—Èπ∫“ß¢Õß‡¡≈Á¥°“·ø “¬æ—π∏ÿå§“√åμ‘¡Õ√å
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%

 d
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 (Page) 

¿“æ∑’Ë 2 °“√‡ª≈’Ë¬π·ª≈ßÕ—μ√“ à«π§«“¡™◊Èπ¢Õß°“√Õ∫·Àâß‡¡≈Á¥°“·ø∑’Ë‰¥â®“°°“√∑¥≈Õß°—∫°“√§”π«≥¥â«¬·∫∫®”≈Õß¢Õß‡æ®

®“°°“√°“√»÷°…“§à“ —¡ª√– ‘∑∏‘Ï°“√·æ√à§«“¡™◊Èπ¢Õß

‡¡≈Á¥°“·ø∑’ËÕÿ≥À¿Ÿ¡‘Õ∫·Àâßμà“ßÊ μ“¡ ¡°“√¢Õßøî§ (Fick)

æ∫«à“Õÿ≥À¿Ÿ¡‘Õ∫·Àâß¡’Õ‘∑∏‘æ≈μàÕ°“√‡ª≈’Ë¬π·ª≈ßÕ—μ√“ à«π

§«“¡™◊Èπ ·≈–‰¥â§à“ —¡ª√– ‘∑∏‘Ï°“√·æ√à§«“¡™◊Èπ‡¡≈Á¥°“·ø

 “¬æ—π∏ÿå§“√åμ‘¡Õ√å∑’ËÕÿ≥À¿Ÿ¡‘Õ∫·Àâßμà“ßÊ · ¥ß¥—ßμ“√“ß∑’Ë 2

∫ÿ≠§ß  §”§√ÿ±≈“«ß…å, Õÿ…“«¥’  μ—πμ‘«√“πÿ√—°…å ·≈– ¡“√’π“  ¡–Àπ‘ / «“√ “√«‘∑¬“»“ μ√å∫Ÿ√æ“. 14 (2552) 2 : 70-7774



®“°μ“√“ß∑’Ë 2 ®–‰¥â«à“§à“ —¡ª√– ‘∑∏‘Ï°“√·æ√à§«“¡™◊Èπ

®–¡’§à“ Ÿß¢÷Èπμ“¡§à“¢ÕßÕÿ≥À¿Ÿ¡‘Õ∫·Àâß · ¥ß‰¥â¥—ß¿“æ∑’Ë 3 ·≈–

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

(16)

μ“√“ß∑’Ë 2 º≈°“√∑”π“¬§à“ —¡ª√– ‘∑∏‘Ï°“√·æ√à§«“¡™◊Èπ (D
eff
) ∑’ËÕÿ≥À¿Ÿ¡‘Õ∫·Àâßμà“ßÊ

Õÿ≥À¿Ÿ¡‘ (0C) D
eff
  (x 10-6 m2/h) R2*

50 3.15 0.9880

60 5.89 0.9895

70 7.85 0.9917

À¡“¬‡Àμÿ * : 2

2 2

n n
MR -MR . MR -MRi pre,i i exp,ii=1 i=1

R =
n n

MR -MR . MR -MRi pre,i i exp,ii=1 i=1

  

¿“æ∑’Ë 3 §à“ —¡ª√– ‘∑∏‘Ï°“√·æ√à§«“¡™◊Èπ∑’ËÕÿ≥À¿Ÿ¡‘μà“ßÊ

‡¡◊ËÕ D
eff

§◊Õ  —¡ª√– ‘∑∏‘Ï°“√·æ√à§«“¡™◊Èπ (m2/h)

T
abs

§◊Õ Õÿ≥À¿Ÿ¡‘Õ∫·Àâß (K)

‡¡◊ËÕπ”§à“ —¡ª√– ‘∑∏‘Ï°“√·æ√à§«“¡™◊Èπ∑’ËÕÿ≥À¿Ÿ¡‘μà“ßÊ

·∑π„π ¡°“√¢Õßøî§ (Fick) æ∫«à“§à“Õ—μ√“ à«π§«“¡™◊Èπ∑’Ë

§”π«≥‰¥â®“° ¡°“√¢Õßøî§ (Fick) §◊Õ  ¡°“√∑’Ë 8 ¡’§à“„°≈â‡§’¬ß

°—∫º≈∑’Ë§”π«≥‰¥â®“°°“√∑¥≈Õß· ¥ß‰¥â¥—ß¿“æ∑’Ë 4

R2 = 0.9783

0.0000000
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0.0000006

0.0000008

0.0000010

0.0000012

0.00285 0.00290 0.00295 0.00300 0.00305 0.00310 0.00315

1/T ( K-1)

D
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f 
 (

m
2 /

h
r)
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eff T

8.5309
exp511.4D  
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d
b

T=50 C T=60 C T=70 C

           (Fick) 

¿“æ∑’Ë 4 Õ—μ√“ à«π§«“¡™◊Èπ®“°°“√∑¥≈Õß ·≈–®“° ¡°“√¢Õßøî§ (Fick)

 √ÿªº≈°“√∑¥≈Õß
®“°°“√»÷°…“ ¡∫—μ‘∑“ß°“¬¿“æ¢Õß‡¡≈Á¥°“·ø “¬æ—π∏ÿå

§“√åμ‘¡Õ√å ‰¥â·°à ¢π“¥ ª√‘¡“μ√ §«“¡Àπ“·πàπª√“°Ø √âÕ¬≈–

™àÕß«à“ß¢ÕßÕ“°“» ·≈–§«“¡√âÕπ®”‡æ“– æ∫«à“¡’§à“‡æ‘Ë¡¢÷Èπ

μ“¡§«“¡™◊Èπ·≈–¡’§«“¡ —¡æ—π∏å°—∫§«“¡™◊Èπ„π√Ÿª·∫∫ ¡°“√

æÀÿπ“¡

 ”À√—∫°“√»÷°…“°“√Õ∫·Àâß™—Èπ∫“ß¢Õß‡¡≈Á¥°“·ø

 “¬æ—π∏ÿå§“√åμ‘¡Õ√å æ∫«à“Õÿ≥À¿Ÿ¡‘∑’Ë„™â„π°“√Õ∫·Àâß¡’º≈μàÕ

Õ—μ√“ à«π§«“¡™◊Èπ„π√–À«à“ß°“√Õ∫·Àâß ‚¥¬Õ—μ√“ à«π§«“¡™◊Èπ

¡’§à“≈¥≈ß‡ªìπ·∫∫‡Õ°´å‚ª‡ππ‡™’¬≈ ®“°°“√»÷°…“·∫∫®”≈Õß

°“√Õ∫·Àâß™—Èπ∫“ß æ∫«à“·∫∫®”≈Õß¢Õß‡æ® (Page) ®–„Àâº≈

∑’Ë‰¥â¥’∑’Ë ÿ¥ ”À√—∫Õÿ≥À¿Ÿ¡‘ 50, 60 ·≈– 70 oC §à“ —¡ª√– ‘∑∏‘Ï

°“√·æ√à§«“¡™◊ÈπÕ¬Ÿà„π™à«ß 3.15 x 10-6 - 7.85 x 10-6 μ“√“ß

‡¡μ√μàÕ«‘π“∑’ ·≈–¡’§à“‡æ‘Ë¡¢÷Èπ‡¡◊ËÕÕÿ≥À¿Ÿ¡‘Õ“°“»Õ∫·Àâß‡æ‘Ë¡¢÷Èπ

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

§“√åμ‘¡Õ√å‡ªìπøíß°å™—π°—∫Õÿ≥À¿Ÿ¡‘·≈–¡’§à“‡æ‘Ë¡¢÷Èπ‡ªìπ·∫∫‡Õ°´å

‚ª‡ππ‡™’¬≈

‡Õ° “√Õâ“ßÕ‘ß
 ¡™“μ‘ ‚ ¿≥√≥ƒ∑∏‘Ï. (2540). °“√Õ∫·Àâß‡¡≈Á¥æ◊™ ·≈–Õ“À“√

∫“ßª√–‡¿∑. (æ‘¡æå§√—Èß∑’Ë 7).  ∂“∫—π‡∑§‚π‚≈¬’æ√–®Õ¡‡°≈â“

∏π∫ÿ√’.

¡“√’π“ ¡–Àπ‘, Õÿ…“«¥’ μ—πμ‘«√“πÿ√—°…å, ªîμ‘ æ“π‘™“¬ÿππ∑å ·≈–

™π– ®—π∑√å©Ë”. (2551).  ¡∫—μ‘‡™‘ß§«“¡√âÕπ·≈–

®≈π»“ μ√å°“√Õ∫·Àâß™—Èπ∫“ß¢Õßæ√‘°™’ÈøÑ“. °“√ª√–™ÿ¡

«‘™“°“√¡À“«‘∑¬“≈—¬∑—°…‘≥ ª√–®”ªï 2551. ¡À“«‘∑¬“≈—¬

∑—°…‘≥:  ß¢≈“
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