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W/m2-°C  ”À√—∫™‘Èπ â¡·¢°∑’Ë¡’§«“¡Àπ“ 16.70 ¡¡. ‡¡◊ËÕ§à“ N ·≈– n ‡∑à“°—∫ 1.455 ·≈– 0.266 µ“¡≈”¥—∫ ‚¥¬∑’Ë§à“ Pr
= 0.705 ·≈– 2.692x104 < Gr < 2.980x104
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Natural Convective Heat Transfer Coefficients of

Garcinia atroviridis Drying

In this research work, an attempt has been made to evaluate the convective heat transfer coefficient

during drying of Garcinia atroviridis in open sun drying conditions. The initial sample had moisture

content of 85% w.b., slice thickness of 8.89 and 16.70 mm and diameter of 43.10 mm. The convective heat

transfer coefficient was determined by Nu = h
C
X/K = N(Ra)n equation. Values of the constant, N and n were

obtained by linear regression analysis. The results showed that the natural convective heat transfer coeffi-

cients was 29.99 W/m2-°C, when N and n were found to be 1.818 and 0.245, respectively for  Garcinia

atroviridis slice of 8.89 mm thick and 29.43 W/m2-°C, when N and n were found to be 1.455 and 0.266,

respectively for  Garcinia atroviridis slice of 16.70 mm thick, at Pr = 0.705 and 2.292x104 < Gr < 2.980x104
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1. ∫∑π”
 â¡·¢°‡ªìπ‰¡â¬◊πµâπ„π °ÿ≈°“√å´’‡π’¬ (Garcinia) æ∫

„π‡¢µ√âÕπ·∂∫‡Õ‡™’¬ Õ‡¡√‘°“ ·≈–Õ—ø√‘°“ ‚¥¬æ∫¡“°„π
2 ·À≈àß §◊Õ ∑“ß¿“§„µâ¢Õßª√–‡∑»‰∑¬‚¥¬‡©æ“–
®—ßÀ«—¥¬–≈“ ªíµµ“π’ ·≈–π√“∏‘«“  ÷́Ëß¡’™◊ËÕ∑“ß
«‘∑¬“»“ µ√å«à“ Garcinia atroviridis Griff. ·≈–„π
ª√–‡∑»Õ‘π‡¥’¬∑’Ë¡’™◊ËÕ∑“ß«‘∑¬“»“ µ√å«à“ Garcinia cam-
bogia Desr. [1] „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√“∏‘«“  ‡ªìπµâπ  â¡·¢°∑’Ë·ª√√ŸªÕÕ°¡“ à«π„À≠à®–
Õ¬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 Ÿ́≈ ‡ªìπµâπ

°“√∑”·Àâß (Drying) §◊Õ °√–∫«π°“√≈¥§«“¡™◊Èπ
¢Õß«— ¥ÿ∑’Ë à«π„À≠à„™â°“√∂à“¬‚Õπ§«“¡√âÕπ‰ª¬—ß«— ¥ÿ∑’Ë
™◊Èπ‡æ◊ËÕ‰≈à§«“¡™◊ÈπÕÕ°‚¥¬°“√√–‡À¬ ÷́Ëß∂Ÿ°°”Àπ¥‚¥¬
°“√∂à“¬‚Õπ§«“¡√âÕπ ‰¥â·°à °“√æ“ (Convection) °“√π”
(Conduction) ·≈–°“√·ºà√—ß ’ (Radiation) ‡ªìπº≈„Àâ¡’
°“√∂à“¬‚Õπ§«“¡√âÕπ·≈–¡«≈πÈ”¢Õß«— ¥ÿ°—∫Õ“°“»
·«¥≈âÕ¡ °“√∂à“¬‚Õπ§«“¡√âÕπ (Heat transfer) Õ“®
‡°‘¥®“°°“√æ“ °“√π” ·≈–°“√·ºà√—ß ’§«“¡√âÕπ À√◊Õ
º ¡°—π∑—Èß “¡·∫∫°Á‰¥â ¢÷Èπ°—∫°“√ÕÕ°·∫∫·≈–™π‘¥¢Õß
°“√∑”·Àâß‚¥¬§«“¡√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«— ¥ÿµàÕ‰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¡‘ §«“¡™◊Èπ¢ÕßÕ“°“» Õ—µ√“°“√
‰À≈¢ÕßÕ“°“»·≈–æ◊Èπ∑’Ëº‘«¢Õß«— ¥ÿ [2-3] °“√«‘‡§√“–Àå

°√–∫«π°“√Õ∫·Àâß«— ¥ÿ¡’§à“™’È«—¥∑’Ë ”§—≠À≈“¬ª√–°“√
´÷Ëß®–·µ°µà“ß°—π·≈–‡ªìπ§ÿ≥ ¡∫—µ‘‡©æ“–¢Õß«— ¥ÿ·µà≈–
™π‘¥ [4] ·≈–À“°°“√∑”·Àâß‡ªìπ·∫∫µ“°·¥¥‚¥¬µ√ß §à“
 —¡ª√– ‘∑∏‘Ï°“√æ“§«“¡√âÕπ·∫∫∏√√¡™“µ‘ (Convective
heat transfer coefficient) ‡ªìπµ—«™’È«—¥Àπ÷Ëß∑’Ë ”§—≠„π
°“√∑”·Àâß ¥—ß‡™àπ„πß“π«‘®—¬¢Õß Anwar ·≈– Tiwari [5]
∑’Ë ‰¥â∑¥≈Õß∑”·Àâßº≈º≈‘µ∑“ß°“√‡°…µ√ 6 ™π‘¥ ‰¥â·°à
æ√‘°¢’ÈÀπŸ‡¢’¬« ∂—Ë«‡¢’¬« ∂—Ë«¢“« ÀÕ¡À—«„À≠à ¡—πΩ√—Ëß ·≈–
¥Õ°°–À≈Ë” ¥â«¬°“√µ“°·Àâß°≈“ß·®âß‡æ◊ËÕÀ“§à“
 —¡ª√– ‘∑∏‘Ï°“√æ“§«“¡√âÕπ æ∫«à“ §à“ —¡ª√– ‘∑∏‘Ï
°“√æ“§«“¡√âÕπ∑’Ë‰¥âÕ¬Ÿà„π™à«ß 3.5-26 W/m2-°C „π¢≥–∑’Ë
Goyal ·≈– Tiwari [6] ‰¥â∑¥≈Õß»÷°…“°“√∂à“¬‚Õπ§«“¡
√âÕπ·≈–°“√∂à“¬‚Õπ¡«≈„π°“√∑”·Àâß¢â“« “≈’·≈–∂—Ë«‡¢’¬«
æ∫«à“ §à“ —¡ª√– ‘∑∏‘Ï°“√æ“§«“¡√âÕπ¢Õß¢â“« “≈’·≈–
∂—Ë«‡¢’¬«¡’§à“‡∑à“°—∫ 16.68 ·≈– 9.62 W/m2-°C µ“¡≈”¥—∫
 à«π Marina et al. [7] ‰¥â∑¥≈Õß∑”·Àâß¢‘ß‚¥¬°“√µ“°
·Àâß∑’ËÕ“»—¬æ≈—ßß“π· ßÕ“∑‘µ¬å‡æ◊ËÕÀ“§à“ —¡ª√– ‘∑∏‘Ï
°“√æ“§«“¡√âÕπ æ∫«à“ §à“ —¡ª√– ‘∑∏‘Ï°“√æ“§«“¡√âÕπ
¢Õß¢‘ß¡’§à“‡∑à“°—∫ 26.25 W/m2-°C „π∑”πÕß‡¥’¬«°—π
¡“√’π“ ·≈–®Õ¡¿æ [8] ∑’Ë ‰¥â∑¥≈ÕßÀ“§à“ —¡ª√– ‘∑∏‘Ï
°“√æ“§«“¡√âÕπ„π√–À«à“ß°“√∑”·Àâß·°π —∫ª–√¥·™à
Õ‘Ë¡¿“¬„µâ°“√µ“°·Àâß∑’Ë„™â· ßÕ“∑‘µ¬å‡ªìπ·À≈àßæ≈—ßß“π
æ∫«à“ §à“ —¡ª√– ‘∑∏‘Ï°“√æ“§«“¡√âÕπ¢Õß —∫ª–√¥·™àÕ‘Ë¡
¡’§à“‡∑à“°—∫ 9.11 W/m2-oC ∑’Ë Pr = 0.7 ·≈– 1.47x102 <
Gr < 1.19x103

°“√»÷°…“«‘®—¬π’È®÷ß¡ÿàß∑’Ë®–∑”°“√∑¥≈Õß∑”·Àâß â¡
·¢°¥â«¬°“√µ“°·Àâß∑’ËÕ“»—¬æ≈—ßß“π· ßÕ“∑‘µ¬å‡æ◊ËÕ
«‘‡§√“–ÀåÀ“§à“ —¡ª√– ‘∑∏‘Ï°“√æ“§«“¡·∫∫∏√√¡™“µ‘
‡æ◊ËÕ‡ªìπ¢âÕ¡Ÿ≈„π°“√æ—≤π“·∫∫®”≈Õß·≈–ÕÕ°·∫∫
√–∫∫°“√∑”·Àâß â¡·¢°∑’Ë‡À¡“– ¡ ”À√—∫™ÿ¡™πµàÕ‰ª

2. ∑ƒ…Æ’°“√ª√–¡“≥§à“
‡¡◊ËÕæ‘®“√≥“°“√∂à“¬‚Õπ§«“¡√âÕπ∑’Ë‡°‘¥¢÷Èπ∫√‘‡«≥º‘«

 —¡º— √–À«à“ß™‘Èπ â¡·¢°·≈–Õ“°“»·«¥≈âÕ¡®–‡¢’¬π
 ¡°“√§«“¡ —¡æ—π∏å„π√Ÿª∑—Ë«‰ª ¥—ßπ’È

(1)hCA(TA-TM)=Qev

.
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§à“ —¡ª√– ‘∑∏‘Ï°“√æ“§«“¡√âÕπ (hC)  ”À√—∫°“√∑”
·Àâß‚¥¬°“√µ“°·¥¥∑’Ë°≈“ß·®âß´÷Ëß¡’°“√æ“§«“¡√âÕπ·∫∫
∏√√¡™“µ‘ [5-7, 9-14]  “¡“√∂· ¥ß„π√Ÿª§«“¡ —¡æ—π∏å
¢Õßæ“√“¡‘‡µÕ√å‰√â¡‘µ‘‰¥â ¥—ßπ’È

)nRa(N
K

XhCNu = =

n

C )Ra(N
X

K
h = .

.

0.016 . hc 
. [P(TM) - RH.P(TA)]=Qev

.

(2)

‡π◊ËÕß®“°°“√∑”·Àâß™‘Èπ â¡·¢°‚¥¬°“√µ“°·¥¥∑’Ë°≈“ß
·®âßÕ¬Ÿà „π‡ªìπ™à«ß¢ÕßÕ—µ√“°“√Õ∫·Àâß§ß∑’Ë ®÷ß “¡“√∂
§”π«≥Õ—µ√“°“√∂à“¬‚Õπ§«“¡√âÕπ (Qev) ∑’Ë „™â „π°“√
√–‡À¬πÈ” [5-7, 9-14] „π™‘Èπ â¡·¢°‰¥â®“° ¡°“√

À√◊Õ

(3)

‚¥¬°“√π” ¡°“√ (3) ·∑π„π ¡°“√ (4) ®–‰¥â

(4)

(5)

∑”°“√À“√ ¡°“√ (4) ¥â«¬§à“§«“¡√âÕπ·Ωß¢Õß°“√
°≈“¬‡ªìπ‰Õ (L) ·≈â«§Ÿ≥¥â«¬æ◊Èπ∑’Ë (A) ·≈–‡«≈“ (t) ∑’Ë™‘Èπ
 â¡·¢°‰¥â√—∫æ≈—ßß“π§«“¡√âÕπ®“°· ßÕ“∑‘µ¬å ®– “¡“√∂
§”π«≥¡«≈¢Õß‰ÕπÈ”∑’Ë√–‡À¬ (Mev) [5-7, 10-14] ‰¥â ¥—ßπ’È

0.016 .     . N(Ra)n .[P(TM) - RH.P(TA)]=Qev

.

X

K

(6)

. A . t = 0.016 .        . N(Ra)n .=Mev
L

Qev

.

XL

K

[P(TM) - RH.P(TA)] . A . t

®“° ¡°“√ (6) ∂â“°”Àπ¥„Àâ

·≈â«®—¥√Ÿª ¡°“√ (6) „À¡à®–‰¥â ¥—ßπ’È

(7)

(8)

 0.016 .        . [P(TM) - RH.P(TA)] . A . t = Z
XL

K

= N(Ra)n

Z

Mev

∑”°“√„ à ln ∑—Èß Õß¢â“ß¢Õß ¡°“√ (8) ®–‰¥â

æ‘®“√≥“ ¡°“√ (9) ‡∑’¬∫°—∫√Ÿª·∫∫¢Õß ¡°“√‡™‘ß

‡ âπµ√ß ®–æ∫«à“‡¡◊ËÕæ≈ÁÕµ§à“ ln(Ra) ·≈– ln(Mev/Z)
®–‰¥â§«“¡™—π¢Õß°√“ø‡ âπµ√ß‡∑à“°—∫ n ·≈–§à“®ÿ¥µ—¥
·°π Y (Y-Intercept) ‡∑à“°—∫ lnN (√Ÿª∑’Ë 3 ·≈– 4) ‚¥¬
„™â ¡∫—µ‘∑“ß°“¬¿“æ¢ÕßÕ“°“» ÷́Ëßª√–°Õ∫¥â«¬§à“
§«“¡√âÕπ®”‡æ“– (C)  ¿“æ°“√π”§«“¡√âÕπ (K) §«“¡
Àπ“·πàπ (ρ) §«“¡Àπ◊¥æ≈«—µ (µ) §à“§«“¡¥—π‰Õ¬àÕ¬
(P(T)) §«“¡√âÕπ·Ωß¢Õß°“√°≈“¬‡ªìπ‰Õ (L) ·≈–
 —¡ª√– ‘∑∏‘Ï°“√¢¬“¬µ—«‡™‘ßª√‘¡“µ√¢ÕßÕ“°“» (β) µ“¡
 ¡°“√∑’Ë 10-16 [5, 11-13]

    (10)

(11)
(12)
(13)
(14)
(15)
(16)

3. °“√‡µ√’¬¡µ—«Õ¬à“ß ·≈–«‘∏’°“√∑¥≈Õß
3.1 °“√‡µ√’¬¡µ—«Õ¬à“ß∑¥≈Õß

°“√«‘®—¬π’È „™âº≈ â¡·¢° ÿ°·≈– ¥∑’Ë —ß‡°µ ’
¥â«¬ “¬µ“®“°¿“¬πÕ°‡ªìπ ’‡À≈◊Õß ¡Ë”‡ ¡Õ®“°
µ≈“¥‡¡◊Õß„À¡à Õ.‡¡◊Õß ®.¬–≈“ º≈ â¡·¢°∑’Ë‰¥â®–∂Ÿ°
À—Ëπ‡ªìπ™‘Èπ∫“ß¢π“¥§«“¡Àπ“ª√–¡“≥ 9.00 ·≈– 17.00
¡¡. ‡ âπºà“π»Ÿπ¬å°≈“ß 70.00 ¡¡. ‚¥¬„™â‡«Õ√å‡π’¬√å
§“√å≈‘ª‡ªÕ√å (Venier caliper) §«“¡≈–‡Õ’¬¥ 0.05 ¡¡.
«—¥¢π“¥ ®“°π—Èππ”™‘Èπ â¡·¢°‰ª‡°Á∫„πµŸâ‡¬Áπ∑’ËÕÿ≥À¿Ÿ¡‘ 3-
5°C ‡ªìπ‡«≈“ 3 «—π ‡æ◊ËÕ„Àâ§«“¡™◊Èπ¡’§à“ ¡Ë”‡ ¡Õ
·≈â«π”‰ªÀ“§«“¡™◊Èπ‡√‘Ë¡µâπµ“¡¡“µ√∞“π AOAC 2005
[9] ®“°π—Èππ”™‘Èπ â¡·¢°‰ªµ“°·Àâß°≈“ß·®âß∑’ËÕ“»—¬

(9)=In nln(Ra) + InN
Z

Mev

P(T) =   exp(25.317 - 5144 / Tav)

c =   999.2 + 0.1434Tav + 1.101 × 10-4 T2

- 6.7581 × 10-8 T3

K =   0.0244 + 0.6773 × 0.6773 × 10-4 Tav

ρ
µ

=   353.44 / Tav

=   1.718  × 10-5 + 4.620 × 10-8 Tav

L =   3.1615 x 106 (1 - 7.6166 x 10-4 Tav)

β =   1/Tav

av

av

Tav  =  (TA + TM) / 2‡¡◊ËÕ
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· ßÕ“∑‘µ¬å ‡ªìπ·À≈àßæ≈—ßß“π·≈â««‘ ‡§√“–Àå§à “
 —¡ª√– ‘∑∏‘Ï°“√æ“§«“¡√âÕπ·∫∫∏√√¡™“µ‘µàÕ‰ª

     3.2 «‘∏’°“√∑¥≈Õß
°“√«‘®—¬π’È ‰¥â∑”°“√∑¥≈Õß„π™à«ß‡¥◊Õπ ‘ßÀ“§¡

æ.». 2551 ‚¥¬°“√π”™‘Èπ â¡·¢°¢π“¥‡ âπºà“π
»Ÿπ¬å°≈“ß‡©≈’Ë¬‡∑à“°—∫ 73.10 ¡¡. §«“¡™◊Èπ‡√‘Ë¡µâπ 85%
w.b. §«“¡Àπ“ 8.89 ·≈– 16.70 ¡¡. ¡“«“ß∫π
µ–·°√ß·≈â«π”‰ªµ“°·Àâß¥â«¬æ≈—ßß“π§«“¡√âÕπ®“°
· ßÕ“∑‘µ¬å ≥ ™—Èπ¥“¥øÑ“ Õ“§“√ 9 »Ÿπ¬å«‘∑¬“»“ µ√å
·≈–«‘∑¬“»“ µ√å ª√–¬ÿ°µå ¡À“«‘∑¬“≈—¬√“™¿—Ø¬–≈“ (√Ÿª
∑’Ë 1) «—¥Õÿ≥À¿Ÿ¡‘¢Õß™‘Èπ â¡·¢°∑’Ë√–¥—∫°÷Ëß°≈“ß§«“¡
Àπ“¥â«¬‡§√◊ËÕß Digital Multimeter √ÿàπ UNAOHM 9400

§«“¡≈–‡Õ’¬¥ ±0.1°C ∑’ËµàÕ‡¢â“°—∫ “¬‡∑Õ√å‚¡§—æ‡ªî≈
™π‘¥ ‡§ (K-Type Thermocouple) «—¥Õÿ≥À¿Ÿ¡‘·≈–
§«“¡™◊Èπ —¡æ—∑∏å¢ÕßÕ“°“»‡Àπ◊Õº‘«™‘Èπ â¡·¢°¥â«¬‡§√◊ËÕß
Flash Link Data Logger √ÿàπ Delta TRAK §«“¡≈–‡Õ’¬¥
±0.1°C ‚¥¬«—¥Õÿ≥À¿Ÿ¡‘¢Õß™‘Èπ â¡·¢° Õÿ≥À¿Ÿ¡‘·≈–
§«“¡™◊Èπ —¡æ—∑∏å¢ÕßÕ“°“» 5 ®ÿ¥ ·≈â«„™â§à“‡©≈’Ë¬ ·≈–
™—ËßπÈ”Àπ—°™‘Èπ â¡·¢°∑ÿ°Ê 20 π“∑’ ¥â«¬‡§√◊ËÕß™—Ëß·∫∫
¥‘®‘µÕ≈ Mettler Toledo √ÿàπ PB 1502 §«“¡≈–‡Õ’¬¥
0.01 °. ∫—π∑÷°πÈ”Àπ—°‡√‘Ë¡µâπ·≈–πÈ”Àπ—°∑’Ë‡ª≈’Ë¬π·ª≈ß
180 π“∑’ ®÷ßÀ¬ÿ¥°“√∑¥≈Õß ∑”°“√∑¥≈Õß 3 È́” ·≈â«
„™â§à“‡©≈’Ë¬ ®“°π—Èππ”¢âÕ¡Ÿ≈∑’Ë ‰¥â ‰ª«‘‡§√“–ÀåÀ“§à“
 —¡ª√– ‘∑∏‘Ï°“√æ“§«“¡√âÕπ·∫∫∏√√¡™“µ‘

4. º≈·≈–«‘®“√≥åº≈°“√∑¥≈Õß
®“°°“√∑¥≈Õßµ“°·Àâß™‘Èπ â¡·¢°¢π“¥‡ âπºà“π

»Ÿπ¬å°≈“ß‚¥¬‡©≈’Ë¬‡∑à“°—∫ 73.10 ¡¡. ∑’Ë¡’§«“¡™◊Èπ‡√‘Ë¡µâπ

√Ÿª∑’Ë 1  °“√∑¥≈Õß∑”·Àâß™‘Èπ â¡·¢°·∫∫∏√√¡™“µ‘ (‰¡à§‘¥§«“¡‡√Á«≈¡∑’Ëæ—¥ºà“π)

‡∑à“°—∫ 85% w.b. §«“¡Àπ“ 8.89 ¡¡. ·≈– 16.70 ¡¡.
¥â«¬æ≈—ßß“π§«“¡√âÕπ®“°· ßÕ“∑‘µ¬å‰¥âº≈°“√∑¥≈Õß
¥—ß· ¥ß„πµ“√“ß∑’Ë 1 ·≈– 2

√Ÿª∑’Ë 2  °“√‡ª≈’Ë¬π·ª≈ß§«“¡™◊Èπ¢Õß™‘Èπ â¡·¢°√–À«à“ß°“√∑”·Àâß·∫∫∏√√¡™“µ‘
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Time

(min)

0 48.7 27.5 22.0 38.15 - 85.00

20 47.7 28.0 23.5 33.91 4.24 81.78

40 51.3 30.0 21.8 29.40 4.51 80.77

60 52.1 31.5 20.3 28.32 1.08 80.22

80 54.2 31.0 19.0 27.08 1.24 78.98

100 45.0 30.3 22.3 26.01 1.07 78.45

120 43.4 28.8 25.0 24.42 1.59 76.37

140 49.1 31.7 21.2 23.02 1.40 75.04

160 55.0 32.5 19.8 21.17 1.85 72.02

180 45.9 31.5 22.5 19.79 1.38 69.99

TA, av

(°°°°°C)

TM, av

(°°°°°C)

RHav

(%)

Weightav
(g)

Mev, av

(g)

MCav

(% w.b.)

µ“√“ß∑’Ë 1  º≈°“√∑¥≈Õß∑”·Àâß™‘Èπ â¡·¢°·∫∫∏√√¡™“µ‘ (H=8.89 ¡¡., D=73.10 ¡¡.)

Time

(min)

0 48.7 27.5 22.0 58.44 - 85.00

20 47.7 28.0 23.5 57.40 1.04 84.75

40 51.3 30.0 21.8 56.28 1.12 84.40

60 52.1 31.5 20.3 54.84 1.44 83.97

80 54.2 31.0 19.0 53.39 1.45 83.67

100 45.0 30.3 22.3 52.26 1.13 83.36

120 43.4 28.8 25.0 51.25 1.01 82.98

140 49.1 31.7 21.2 50.19 1.06 82.46

160 55.0 32.5 19.8 49.07 1.12 82.05

180 45.9 31.5 22.5 47.80 1.27 81.48

TA, av

(°°°°°C)

TM, av

(°°°°°C)

RHav

(%)

Weightav
(g)

Mev, av

(g)

MCav

(% w.b.)

µ“√“ß∑’Ë 2  º≈°“√∑¥≈Õß∑”·Àâß™‘Èπ â¡·¢°·∫∫∏√√¡™“µ‘ (H=16.70 ¡¡., D=73.10 ¡¡.)

‡¡◊Ë Õπ”¢âÕ¡Ÿ≈∑’Ë ‰¥â¡“‡¢’¬π°√“ø‡ª√’¬∫‡∑’¬∫°“√
‡ª≈’Ë¬π·ª≈ß§«“¡™◊Èπ°—∫‡«≈“°“√∑”·Àâß æ∫«à“ °“√
‡ª≈’Ë¬π·ª≈ß§«“¡™◊Èπ„π™à«ß‡«≈“°“√∑”·Àâß 180 π“∑’ ¡’
§à“πâÕ¬¡“°‡¡◊ËÕ‡∑’¬∫°—∫§«“¡™◊Èπ‡√‘Ë¡µâπ §◊Õ ≈¥≈ßª√–¡“≥
15.01 ·≈– 3.52% w.b.  ”À√—∫™‘Èπ â¡·¢°∑’Ë¡’§«“¡Àπ“
8.89 ·≈– 16.70 ¡¡. µ“¡≈”¥—∫ ‡ªìπ°“√™’È„Àâ‡ÀÁπ«à“°“√
∑”·Àâß™‘Èπ â¡·¢°„π™à«ß∑’Ë¡’§«“¡™◊Èπ‡√‘Ë¡µâπ Ÿß (0-180 π“∑’)
[5-8] ®–Õ¬Ÿà„π™à«ß¢ÕßÕ—µ√“°“√Õ∫·Àâß§ß∑’Ë (Constant
drying rate) ÷́Ëß Õ¥§≈âÕß°—∫°“√∑¥≈Õß∑”·Àâßæ√‘°¢’ÈÀπŸ

‡¢’¬« ∂—Ë«‡¢’¬« ∂—Ë«¢“« ÀÕ¡À—«„À≠à ¡—πΩ√—Ëß ·≈–¥Õ°°–À≈Ë”
‚¥¬°“√µ“°·Àâß°≈“ß·®âß¢Õß Anwar ·≈– Tiwari [5] °“√
∑”·Àâß¢â“« “≈’·≈–∂—Ë«‡¢’¬«¢Õß Goyal ·≈– Tiwari [6]
°“√µ“°·Àâß¢‘ß¢Õß Marina et al. [7] ·≈–°“√∑”·Àâß
·°π —∫ª–√¥·™àÕ‘Ë¡¢Õß ¡“√’π“ ·≈– ®Õ¡¿æ [8] ·≈–
‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫Õ—µ√“ à«π§«“¡™◊ÈπÀ√◊ÕÕ—µ√“°“√∑”·Àâß
æ∫«à“ ™‘Èπ â¡·¢°∑’Ë¡’§«“¡Àπ“ 8.89 ¡¡. ¡’Õ—µ√“°“√∑”
·Àâß Ÿß°«à“™‘Èπ â¡·¢°∑’Ë¡’§«“¡Àπ“ 16.70 ¡¡. (√Ÿª∑’Ë 2)
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√Ÿª∑’Ë 4  §«“¡ —¡æ—π∏å‡™‘ß‡ âπ√–À«à“ß ln (Mev/Z) ·≈– ln(Ra) ¢Õß™‘Èπ â¡·¢°
∑’Ë¡’§«“¡Àπ“ 8.89 ¡¡. ‡¡◊ËÕµ“°·Àâß·∫∫∏√√¡™“µ‘

√Ÿª∑’Ë 3  §«“¡ —¡æ—π∏å‡™‘ß‡ âπ√–À«à“ß ln (Mev/Z) ·≈– ln(Ra) ¢Õß™‘Èπ â¡·¢°
∑’Ë¡’§«“¡Àπ“ 16.70 ¡¡. ‡¡◊ËÕµ“°·Àâß·∫∫∏√√¡™“µ‘

®“°√Ÿª∑’Ë 3 ·≈– 4 æ∫«à“ §à“ N ·≈– n ¢Õß°“√∑”
·Àâß™‘Èπ â¡·¢°∑’Ë¡’§«“¡Àπ“ 16.70 ¡¡. ¡’§à“‡∑à“°—∫ 1.455
·≈– 0.266 µ“¡≈”¥—∫ ∑’Ë Pr = 0.705 ·≈– 2.692x104 <
Gr < 2.980x104 „π¢≥–∑’Ë°“√∑”·Àâß™‘Èπ â¡·¢°∑’Ë¡’
§«“¡Àπ“ 8.89 ¡¡. ¡’§à“ N ·≈– n ‡∑à“°—∫ 1.818 ·≈–
0.245 µ“¡≈”¥—∫ ∑’Ë Pr = 0.705 ·≈– 2.692x104 < Gr <
2.980x104 ‡¡◊ËÕπ”§à“§ß∑’Ë N ·≈– n ∑’Ë‰¥âπ’È ‰ª§”π«≥§à“
 —¡ª√– ‘∑∏‘Ï°“√æ“§«“¡√âÕπ·∫∫∏√√¡™“µ‘‚¥¬°“√·∑π

§à“°≈—∫„π ¡°“√ (3) æ∫«à“ §à“ —¡ª√– ‘∑∏‘Ï°“√æ“§«“¡
√âÕπ·∫∫∏√√¡™“µ‘‡©≈’Ë¬¢Õß°“√∑”·Àâß™‘Èπ â¡·¢°¡’§à“
„°≈â‡§’¬ß°—π‡∑à“°—∫ 29.99 ·≈– 29.43 W/m2-°C  ”À√—∫
™‘Èπ â¡·¢°∑’Ë¡’§«“¡Àπ“‡©≈’Ë¬‡∑à“°—∫ 8.89 ·≈– 16.70 ¡¡.
µ“¡≈”¥—∫ ´÷Ëß„°≈â‡§’¬ß°—∫§à“ —¡ª√– ‘∑∏‘Ï°“√æ“§«“¡√âÕπ
·∫∫∏√√¡™“µ‘¢Õß¢‘ß‡¡◊ËÕµ“°·Àâß¥â«¬æ≈—ßß“π· ß
Õ“∑‘µ¬å∑’Ë∑¥≈Õß‚¥¬ Marina et al. [7]
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5.  √ÿª
®“°°“√∑¥≈Õß∑”·Àâß™‘Èπ â¡·¢°·∫∫∏√√¡™“µ‘‚¥¬

°“√µ“°·Àâß∑’Ë°≈“ß·®âß∑’Ë¡’· ßÕ“∑‘µ¬å‡ªìπ·À≈àßæ≈—ßß“π
æÕ∑’Ë®– √ÿª‰¥â«à“ Õ—µ√“°“√Õ∫·ÀâßÕ¬Ÿà„π™à«ß°“√Õ∫·Àâß§ß∑’Ë
‚¥¬™‘Èπ â¡·¢°∑’Ë¡’§«“¡Àπ“‡∑à“°—∫ 8.89 ¡¡. ®–¡’Õ—µ√“
°“√∑”·Àâß Ÿß°«à“™‘Èπ â¡·¢°∑’Ë¡’§«“¡Àπ“ 16.70 ¡¡. ·≈–
§à“ —¡ª√– ‘∑∏‘Ï°“√æ“§«“¡√âÕπ·∫∫∏√√¡™“µ‘¢Õß™‘Èπ â¡
·¢°¡’§à“‡∑à“°—∫ 29.99 ·≈– 29.43 W/m2-°C  ”À√—∫™‘Èπ
 â¡·¢°∑’Ë¡’§«“¡Àπ“‡©≈’Ë¬‡∑à“°—∫ 8.89 ·≈– 16.70 ¡¡. µ“¡
≈”¥—∫ ∑’Ë§à“ Pr = 0.705 ·≈– 2.692x104 < Gr < 2.980x104

6.  —≠≈—°…≥å
A  §◊Õ æ◊Èπ∑’Ëº‘«¢Õß™‘Èπ â¡·¢°∑’Ë‰¥â√—∫æ≈—ßß“π· ß

    Õ“∑‘µ¬å (m2)
C  §◊Õ §«“¡√âÕπ®”‡æ“–¢ÕßÕ“°“» (J/kgK)
N, n §◊Õ §à“§ß∑’Ë
D  §◊Õ ‡ âπºà“π»Ÿπ¬å°≈“ß¢Õß™‘Èπ â¡·¢° (m)
Gr §◊Õ °√“ ŒÕøπ—¡‡∫Õ√å (Grashof Number) ¡’§à“

    ‡∑à“°—∫ βgX3 ρ2 ∆Τ / µ2

g  §◊Õ §«“¡‡√àß‡π◊ËÕß®“°·√ß‚πâ¡∂à«ß¢Õß‚≈° (m/s2)
hc §◊Õ  —¡ª√– ‘∑∏‘Ï°“√æ“§«“¡√âÕπ·∫∫∏√√¡™“µ‘

   ¢Õß™‘Èπ â¡·¢° (W/m2-°C)
H  §◊Õ §«“¡Àπ“¢Õß™‘Èπ â¡·¢° (m)
K  §◊Õ  ¿“æ°“√π”§«“¡√âÕπ¢ÕßÕ“°“» (J/m2K)
L  §◊Õ §«“¡√âÕπ·Ωß¢Õß°“√°≈“¬‡ªìπ‰Õ (J/kg)
Md §◊Õ §«“¡™◊Èπ¡“µ√∞“π·Àâß (% d.b.)
Mev §◊Õ ¡«≈¢ÕßπÈ”„π™‘Èπ â¡·¢°∑’Ë√–‡À¬ (kg)
Mw §◊Õ §«“¡™◊Èπ¡“µ√∞“π‡ªï¬° (% w.b.)
Nu §◊Õ π— ‡´≈∑åπ—¡‡∫Õ√å (Nusselt Number) ¡’§à“

    ‡∑à“°—∫ hcX/K
PD  §◊Õ ‡ªÕ√å‡ Á́πµå§«“¡·µ°µà“ß À“‰¥â®“° [(§à“∑¥≈Õß-

            §à“∑”π“¬)/§à“‡©≈’Ë¬] x 100
Pr  §◊Õ æ√—π¥å‡∑‘≈π—¡‡∫Õ√å (Prandtl Number) ¡’§à“

    ‡∑à“°—∫ µC/K
P(T) §◊Õ §«“¡¥—π‰Õ¬àÕ¬∑’ËÕÿ≥À¿Ÿ¡‘„¥Ê (N/m2)
Qev §◊Õ Õ—µ√“°“√∂à“¬‚Õπ§«“¡√âÕπ∑’Ë„™â„π°“√√–‡À¬

πÈ”„π™‘Èπ â¡·¢° (J/m2s)

Ra §◊Õ √“‡≈¬åπ—¡‡∫Õ√å (Rayleigh Number) ¡’§à“‡∑à“°—∫
    GrPr

RH§◊Õ §«“¡™◊Èπ —¡æ—∑∏å¢ÕßÕ“°“»‡Àπ◊Õº‘«™‘Èπ â¡·¢°
    (decimal)

S §◊Õ ‡ âπ√Õ∫«ß¢Õß™‘Èπ â¡·¢° (m)
TA §◊Õ Õÿ≥À¿Ÿ¡‘¢ÕßÕ“°“»‡Àπ◊Õº‘«™‘Èπ â¡·¢° (°C)
Tav §◊Õ Õÿ≥À¿Ÿ¡‘‡©≈’Ë¬¢Õß™‘Èπ â¡·¢°·≈–Õ“°“»‡Àπ◊Õ

    ™‘Èπ â¡·¢° (°C)
TM §◊Õ Õÿ≥À¿Ÿ¡‘¢Õß™‘Èπ â¡·¢° (°C)
∆T §◊Õ º≈µà“ßÕÿ≥À¿Ÿ¡‘¢Õß™‘Èπ â¡·¢°·≈–Õ“°“»

    ‡Àπ◊Õº‘«™‘Èπ â¡·¢° (°C)
t §◊Õ ‡«≈“ (min)
X §◊Õ ¢π“¥¢Õß™‘Èπ â¡·¢°‡©æ“– ¡’§à“‡∑à“°—∫ A/S (m)

µ—«Õ—°…√°√’°
β §◊Õ  —¡ª√– ‘∑∏‘Ï°“√¢¬“¬µ—«‡™‘ßª√‘¡“µ√¢ÕßÕ“°“»

    (1/K)
µ §◊Õ §«“¡Àπ◊¥æ≈«—µ¢ÕßÕ“°“» (kg/ms)
ρ §◊Õ §«“¡Àπ“·πàπ¢ÕßÕ“°“» (kg/m3)

 —≠≈—°…≥å°”°—∫≈à“ß
A §◊Õ Õ“°“»
av §◊Õ §à“‡©≈’Ë¬
c §◊Õ ·∫∫∏√√¡™“µ‘
d §◊Õ ¡“µ√∞“π·Àâß
ev §◊Õ °“√√–‡À¬
M §◊Õ «— ¥ÿ
W §◊Õ ¡“µ√∞“π‡ªï¬°

7. °‘µµ‘°√√¡ª√–°“»
°“√«‘®—¬§√—Èßπ’ÈºŸâ«‘®—¬¢Õ¢Õ∫§ÿ≥  “¢“«‘™“øî ‘° å §≥–

«‘∑¬“»“ µ√å‡∑§‚π‚≈¬’·≈–°“√‡°…µ√ ·≈–»Ÿπ¬å
«‘∑¬“»“ µ√å·≈–«‘∑¬“»“ µ√åª√–¬ÿ°µå ¡À“«‘∑¬“≈—¬
√“™¿—Ø¬–≈“ ∑’ËÕ”π«¬‡§√◊ËÕß¡◊Õ·≈–Õÿª°√≥å„π°“√∑¥≈Õß
µà“ßÊ ®π∑”„Àâ°“√¥”‡π‘πß“π«‘®—¬π’È ”‡√Á®≈ÿ≈à«ß¥â«¬¥’

.
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