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Thermo-physical properties and high voltage electrical field (HVEF) effecting to drying rate of paddy

was  presented  in  this  research.  Thermo-physical  properties  in  terms  of  apparent-density,  specific  heat

capacity,  void  fraction  and  equilibrium  moisture  content  were  studied.  The  results  show  that  apparent

density and void fraction are linearly related to initial moisture contents of paddy, whilst the specific heat

capacity is a polynomial function of initial moisture content. Determining the equilibrium moisture content

using static method showed that the calculated value by Henderson's model was the best fitting with the

experimental results.

For studying effect of high voltage electric field on drying rate of paddy, paddy with initial moisture

contents of 25-35% dry-basis was placed between electrode gaps of 2 and 3 cm and treated by electrostatic

discharge time of 20, 30, 40 min. Drying conditions was set at 50oC and air speed of 1.9 m/s. The desired final

moisture content was about 14-16% dry-basis. The results concluded that drying rate of the treated paddy
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by higher voltage electric field was faster than treating with a lower voltage electric field. In addition, drying

rate of paddy was linearly dependent to high voltage electric field add discharge time and inversely related

to electrode gap.

Key words : high electrostatic field, paddy, thermo-physical property
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Õ“»—¬ π“¡‰øøÑ“·√ß Ÿß “¡“√∂‡æ‘Ë¡Õ—µ√“°“√Õ∫·Àâß‰¥âÀ≈“¬
‡∑à“‡¡◊ËÕ‡∑’¬∫°—∫°“√Õ∫·Àâß¥â«¬≈¡√âÕπ (Cao et al., 2004)

ß“π«‘®—¬π’È®÷ß¡’®ÿ¥ª√– ß§å‡æ◊ËÕ»÷°…“ ¡∫—µ‘‡™‘ßøî ‘° å
§«“¡√âÕπ ·≈–º≈¢Õß»—°¬å‰øøÑ“∑’Ë¡’µàÕ°√–∫«π°“√Õ∫·Àâß
¢Õß¢â“«‡ª≈◊Õ°‚¥¬‡≈◊Õ°µ—«Õ¬à“ß¢â“«‡ª≈◊Õ°‡ªìπ¢â“«æ—π∏ÿå‡≈Á∫
π°ªíµµ“π’ ´÷Ëß‡ªìπæ—π∏ÿå¢â“«æ◊Èπ‡¡◊Õß¿“§„µâ¢Õßª√–‡∑»‰∑¬

«— ¥ÿ Õÿª°√≥å·≈–«‘∏’°“√∑¥≈Õß

1. «— ¥ÿ

„™â¢â“«‡ª≈◊Õ°æ—π∏ÿå‡≈Á∫π°ªíµµ“π’∑’Ë‡°Á∫‡°’Ë¬«„À¡à ‰¥â
®“°»Ÿπ¬å«‘®—¬¢â“« ®—ßÀ«—¥æ—∑≈ÿß ∑”§«“¡ –Õ“¥·≈–π”¡“À“
§«“¡™◊Èπµ“¡¡“µ√∞“π AOAC (1995) ·≈–‡µ√’¬¡µ—«Õ¬à“ß
¢â“«‡ª≈◊Õ°„Àâ¡’§«“¡™◊ÈπÕ¬Ÿà„π™à«ß 25-33% ¡“µ√∞“π·Àâß

1.1 °“√≈¥§«“¡™◊Èπ¢Õßµ—«Õ¬à“ß

°“√≈¥§«“¡™◊Èπ∑”‰¥â‚¥¬°“√π”¢â“«‡ª≈◊Õ°‡°≈’Ë¬
∫πº◊πºâ“„∫  µ—Èßµ“°≈¡‰«â  µ√«® Õ∫§«“¡™◊ÈπÕ¬à“ßÀ¬“∫
‚¥¬„™â Kett moisture meter ‰¥â§«“¡™◊Èπµ“¡µâÕß°“√ ®“°
π—Èππ”‰ª„ à‰«â„π¿“™π–ªî¥·≈–‡°Á∫‰«â∑’ËÕÿ≥À¿Ÿ¡‘ 4-5oC  ‡ªìπ

√–¬–‡«≈“ 7-10 «—π ™à«ß√–¬–‡«≈“ 3 «—π·√° π”¢â“«‡ª≈◊Õ°
ÕÕ°¡“·≈â«∑”°“√§≈ÿ°‡§≈â“„Àâº ¡°—π¥’ ∑”∑ÿ°«—π®π§√∫
√–¬–‡«≈“∑’Ë°”Àπ¥°àÕππ”‰ª„™â„π°“√∑¥≈Õß ‡æ◊ËÕªÑÕß°—π
°“√‡°‘¥‡™◊ÈÕ√“ °“√‡πà“‡ ’¬ ·≈–‡æ◊ËÕ„Àâ§«“¡™◊Èπ¿“¬„π¢â“«
‡ª≈◊Õ° ¡Ë”‡ ¡Õ∑—Ë«∑—Èß‡¡≈Á¥

1.2 °“√‡æ‘Ë¡§«“¡™◊Èπ¢Õßµ—«Õ¬à“ß

°“√‡æ‘Ë¡§«“¡™◊Èπ∑”‰¥â‚¥¬°“√æ√¡πÈ”°≈—Ëπ≈ß‰ª
„π¢â“«‡ª≈◊Õ°∑’Ë„ à‰«â„π°–∫–À√◊Õ¿“™π–∑’Ëªî¥‰¥â ª√—∫‡æ‘Ë¡
§«“¡™◊Èπ„Àâ‰¥âµ“¡µâÕß°“√ §≈ÿ°‡§≈â“„Àâ∑—Ë«·≈– ¡Ë”‡ ¡Õ∑—Èß
°–∫– ®“°π—Èπ∑”‡™àπ‡¥’¬«°—∫°“√≈¥§«“¡™◊Èπ

°àÕππ”¢â“«‡ª≈◊Õ°¡“„™âß“π  π”¢â“«‡ª≈◊Õ°∑’Ë
∫√√®ÿÕ¬Ÿà„π°–∫–À√◊Õ¿“™π–¡“«“ß‰«â∑’Ë ¿“«–·«¥≈âÕ¡®π°«à“
¢â“«‡ª≈◊Õ°®–¡’Õÿ≥À¿Ÿ¡‘‡∑à“°—∫Õÿ≥À¿Ÿ¡‘¢ÕßÕ“°“»·«¥≈âÕ¡
®÷ßπ”¡“„™â„π°“√∑¥≈Õß

2. Õÿª°√≥å

2.1 Õÿª°√≥åÕ∫·Àâß‡¡≈Á¥æ◊™™—Èπ∫“ß ( ÿ¿«√√≥ ·≈–
¬ÿ∑∏π“, 2537)  ¡’ à«πª√–°Õ∫ ”§—≠ ‰¥â·°à ∂—ßÕ∫·Àâß
¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß 20 ́ ¡.  Ÿß 40 ́ ¡. Àπà«¬∑” §«“¡
√âÕπ∑”®“°¢¥≈«¥∑”§«“¡√âÕπ‰øøÑ“¢π“¥ 500 «—µµå ®”π«π
4 ™ÿ¥ ·≈–æ—¥≈¡·∫∫„∫æ—¥‚§âßÀπâ“ ¢π“¥ 1 ·√ß¡â“ · ¥ß
√“¬≈–‡Õ’¬¥¢ÕßÕÿª°√≥å ¥—ß Figure 1

2.2 ‡§√◊ËÕß™—ËßπÈ”Àπ—° ¬’ËÀâÕ A & D √ÿàπ 3000 §à“
§«“¡≈–‡Õ’¬¥ ± 0.01 °√—¡

Figure 1.  Schematic diagram of hot air dryer.  ( ÿ¿«√√≥ ·≈–¬ÿ∑∏π“, 2537)
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2.3 ‡§√◊ËÕß«—¥·≈–∫—π∑÷°Õÿ≥À¿Ÿ¡‘¬’ËÀâÕ Wisco µàÕ
°—∫ “¬‡∑Õ√å‚¡§—∫‡ªî≈™π‘¥ K ‡æ◊ËÕ„™â„π°“√«—¥Õÿ≥À¿Ÿ¡‘ §à“
§«“¡≈–‡Õ’¬¥ ± 1.0oC

2.4 ‡§√◊ËÕß«—¥§«“¡‡√Á«≈¡ Digital Anemometer
(¬’ËÀâÕ OMEGA √ÿàπ HHF 300)

2.5 ™ÿ¥Õÿª°√≥å°√–µÿâπ‰øøÑ“ ∂‘µ·√ß Ÿß · ¥ß√“¬
≈–‡Õ’¬¥¢ÕßÕÿª°√≥å ¥—ß Figure 2

3. «‘∏’°“√∑¥≈Õß

3.1 °“√À“§«“¡™◊Èπ ¡¥ÿ≈¢Õß¢â“« (Equilibrium

moisture content)

π”µ—«Õ¬à“ß¢â“«‡ª≈◊Õ°∑’Ë‡µ√’¬¡§«“¡™◊Èπ‰«â·≈â«
∑”°“√∑¥≈ÕßÀ“§«“¡™◊Èπ ¡¥ÿ≈ ‚¥¬„™â “√≈–≈“¬‡°≈◊ÕÕ‘Ë¡µ—«
LiCl, NaCl, KNO

3
, MgCl

2
.6H

2
O, Mg(NO

3
)
2
.6H

2
O

·≈–  (NH
4
)
2
.SO

4
  ‡ªìπµ—«§«∫§ÿ¡§«“¡™◊Èπ —¡æ—∑∏å  ·≈–

§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘‚¥¬„™âµŸâÕ∫„π™à«ßÕÿ≥À¿Ÿ¡‘ 5-65oC

·∫∫®”≈Õß∑“ß§≥‘µ»“ µ√å¢Õß§«“¡™◊Èπ ¡¥ÿ≈

„πß“π«‘®—¬π’È‰¥â∑¥≈ÕßÀ“§à“§«“¡™◊Èπ ¡¥ÿ≈  ·≈–
‡≈◊Õ°„™â ¡°“√§«“¡™◊Èπ ¡¥ÿ≈¢Õß«— ¥ÿ∑—Èß ‘Èπ  3   ¡°“√
( ¡™“µ‘, 2540;  ÿ¿«√√≥ ·≈–¬ÿ∑∏π“, 2537) ¡’√“¬≈–‡Õ’¬¥
¥—ßµàÕ‰ªπ’È

(1)  ¡°“√¢Õß Chung ·≈– Pfost (1967)

ln RH = −A
RT

exp(−BMeq ) (1)

(2)  ¡°“√¢Õß Henderson (1952)

1− RH = exp(−ATMeq
B ) (2)

(3)  ¡°“√¢Õß Halsey (1948)

RH = exp (
−A
RT

)Meq
B



 (3)

‡¡◊ËÕ A, B §◊Õ §à“§ßµ—«
M

eq
§◊Õ §«“¡™◊Èπ ¡¥ÿ≈, ‡»… à«π¡“µ√∞“π·Àâß

R §◊Õ §à“§ßµ—«¢Õß°ä“´ ‡∑à“°—∫ 8.314 kJ/
kmol-K

RH §◊Õ §«“¡™◊Èπ —¡æ—∑∏å¢ÕßÕ“°“», ‡»… à«π
T §◊Õ Õÿ≥À¿Ÿ¡‘ —¡∫Ÿ√≥å, K

3.2 °“√À“§«“¡Àπ“·πàπª√“°Ø  (Apparent

density, ρρρρρ)
π”µ—«Õ¬à“ß¢â“«‡ª≈◊Õ°∑’Ë‡µ√’¬¡§«“¡™◊Èπ‰«â·≈â«

‡∑„ à¿“™π–∑’Ë∑√“∫ª√‘¡“µ√®π‡µÁ¡  π”‰ª™—ËßπÈ”Àπ—°·≈â«
§”π«≥§à“§«“¡Àπ“·πàπª√“°Øµ“¡ ¡°“√ (4)

ρ = m
Vb

(4)

‡¡◊ËÕ ρ §◊Õ §«“¡Àπ“·πàπª√“°Ø¢Õß¢â“«‡ª≈◊Õ°,
°°./≈∫.‡¡µ√

m §◊Õ ¡«≈¢Õß¢â“«‡ª≈◊Õ°, °°.
V

b
§◊Õ ª√‘¡“µ√¿“™π–, ≈∫.‡¡µ√

3.3 °“√À“§à“ —¥ à«π™àÕß«à“ß¢ÕßÕ“°“» (Porosity,

εεεεε)
π”µ—«Õ¬à“ß¢â“«‡ª≈◊Õ°∑’Ë‡µ√’¬¡§«“¡™◊Èπ‰«â·≈â«

„ à„π¿“™π–∑’Ë∑√“∫ª√‘¡“µ√  ‡∑πÈ”¡—πæ◊™≈ß‰ª®π®¡«— ¥ÿ
æÕ¥’  «—¥ª√‘¡“µ√πÈ”¡—πæ◊™∑’Ë„™â  ·≈â«§”π«≥§à“ —¥ à«π
™àÕß«à“ß¢ÕßÕ“°“»µ“¡ ¡°“√ (5)

ε = Voil

Vb

×100 (5)

‡¡◊ËÕ ε §◊Õ §à“ —¥ à«π™àÕß«à“ß¢ÕßÕ“°“», %
V

oil
§◊Õ ª√‘¡“µ√πÈ”¡—π, ≈∫.‡¡µ√

V
b

§◊Õ ª√‘¡“µ√¿“™π–, ≈∫.‡¡µ√

3.4 °“√À“§à“§«“¡√âÕπ®”‡æ“– (Specific heat, c
p
)

π”µ—«Õ¬à“ß«— ¥ÿ∑’Ë§«“¡™◊Èπµà“ßÊ °—π ¡“∑¥ Õ∫
„π·§≈Õ√’¡‘‡µÕ√å ·≈â«§”π«≥§à“§«“¡√âÕπ®”‡æ“–µ“¡ ¡°“√
(6)

Figure 2. Schematic diagrams of electrical

discharges.
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cp =
[mccc (Teq − Tci ) + mwcw (Teq − Twi )]

mp (Teq − Tpi )
(6)

‡¡◊ËÕ c
p

§◊Õ §«“¡√âÕπ®”‡æ“–¢Õß¢â“«‡ª≈◊Õ°,
kJ/kgoC

c
c

§◊Õ §à“§«“¡®ÿ§«“¡√âÕπ®”‡æ“–¢Õß·§≈Õ√’
¡‘‡µÕ√å, kJ/kgoC

c
w

§◊Õ §à“§«“¡®ÿ§«“¡√âÕπ®”‡æ“–¢ÕßπÈ”,
kJ/kgoC

m
c

§◊Õ ¡«≈¢Õß·§≈Õ√’¡‘‡µÕ√å, °°.
m

p
§◊Õ ¡«≈¢Õß«— ¥ÿ, °°.

m
w

§◊Õ ¡«≈¢ÕßπÈ”, °°.
T

eq
§◊Õ Õÿ≥À¿Ÿ¡‘∑’Ë ¿“«– ¡¥ÿ≈, oC

T
ci

§◊Õ Õÿ≥À¿Ÿ¡‘¢Õß·§≈Õ√’¡‘‡µÕ√å∑’Ë ¿“«–‡√‘Ë¡µâπ,
oC

T
wi

§◊Õ Õÿ≥À¿Ÿ¡‘¢ÕßπÈ”∑’Ë ¿“«–‡√‘Ë¡µâπ, oC
T

pi
§◊Õ Õÿ≥À¿Ÿ¡‘¢Õß«— ¥ÿ∑’Ë ¿“«–‡√‘Ë¡µâπ, oC

√“¬≈–‡Õ’¬¥¢Õß«‘∏’°“√∑¥≈Õß ¢âÕ 3.1 -3.4  “¡“√∂
¥Ÿ‰¥â®“°  ÿ¿«√√≥ ·≈–¬ÿ∑∏π“ (2537)

3.5 °“√»÷°…“º≈°√–∑∫≈—°…≥–‡©æ“–∑“ß‰øøÑ“

∑’Ë¡’µàÕ°√–∫«π°“√Õ∫·Àâß·≈–Õ—µ√“°“√Õ∫·Àâß¢â“«‡ª≈◊Õ°

3.5.1 °“√∑¥≈ÕßÕ∫·Àâß¢â“«‡ª≈◊Õ°™◊Èπ¥â«¬
°√–· ‰øøÑ“·√ß Ÿß

π”µ—«Õ¬à“ß¢â“«‡ª≈◊Õ°∑’Ë‡µ√’¬¡§«“¡™◊Èπ
‰«â·≈â«„πÀ—«¢âÕ 1 ª√–¡“≥ 400 °√—¡ ‰ª°√–µÿâπ¥â«¬
‰øøÑ“ ∂‘µ·√ß Ÿß∑’Ë 6, 8 ·≈– 10 kV √–¬–Àà“ß√–À«à“ß¢—È«
Õ‘‡≈Á°‚µ√¥‡∑à“°—∫ 2 ·≈– 3 ´¡. √–¬–‡«≈“„π°“√°√–µÿâπ
‡ªìπ 20, 30 ·≈– 40 π“∑’ ¥—ß Figure 2 À≈—ß®“°π—Èππ”
¢â“«‡ª≈◊Õ°∑’Ëºà“π°“√°√–µÿâπ¥â«¬‰øøÑ“ ∂‘µ·√ß Ÿß ‰ª∑”°“√
∑¥≈ÕßÕ∫·Àâß¥â«¬‡§√◊ËÕßÕ∫·Àâß„™âÕÿ≥À¿Ÿ¡‘≈¡√âÕπ 50oC
§«“¡‡√Á«≈¡ª√–¡“≥ 1.9 ‡¡µ√/«‘π“∑’ √–À«à“ß°“√∑¥≈Õß
∑”°“√∫—π∑÷°Õÿ≥À¿Ÿ¡‘°√–‡ª“–·Àâß °√–‡ª“–‡ªï¬° Õÿ≥À¿Ÿ¡‘
¿“¬„π∂—ßÕ∫·Àâß  ·≈–πÈ”Àπ—°¢Õß¢â“«‡ª≈◊Õ°√–À«à“ß°“√
∑¥≈Õß∑ÿ°Ê 5 π“∑’ „π™à«ß 30 π“∑’·√° ·≈–À¬ÿ¥°“√
∑¥≈Õß‡¡◊ËÕ§«“¡™◊Èπ ÿ¥∑â“¬‡À≈◊Õª√–¡“≥ 14-16% ¡“µ√∞“π
·Àâß

3.5.2 °“√∑¥≈ÕßÕ∫·Àâß¢â“«‡ª≈◊Õ°§«∫§ÿ¡
 ”À√—∫°“√∑¥≈ÕßÕ∫·Àâß¢â“«‡ª≈◊Õ°

§«∫§ÿ¡ „™â¢â“«‡ª≈◊Õ°∑’Ë¡’§«“¡™◊Èπ·≈–‡ªìπ™ÿ¥‡¥’¬«∑’Ë„™â„π¢âÕ
3.5.1 π”¡“∑¥≈ÕßÕ∫·Àâß¥â«¬‡§√◊ËÕßÕ∫·Àâß™—Èπ∫“ß∑’ËÕÿ≥À¿Ÿ¡‘
≈¡√âÕπ 50oC §«“¡‡√Á«≈¡ª√–¡“≥ 1.9 ‡¡µ√/«‘π“∑’ ‚¥¬
∫—π∑÷°¢âÕ¡Ÿ≈‡™àπ‡¥’¬«°—∫À—«¢âÕ 3.5.1

º≈°“√∑¥≈Õß·≈–«‘®“√≥å

1. ·∫∫®”≈Õß∑“ß§≥‘µ»“ µ√å¢Õß§«“¡™◊Èπ ¡¥ÿ≈¢Õß

¢â“«

°“√æ—≤π“·∫∫®”≈Õß∑“ß§≥‘µ»“ µ√å¢Õß§«“¡™◊Èπ
 ¡¥ÿ≈¢Õß¢â“«‡ª≈◊Õ° ‚¥¬„™â¢âÕ¡Ÿ≈®“°°“√∑¥≈Õß¡“æ—≤π“
„ÀâÕ¬Ÿà√Ÿª ¡°“√∑“ß§≥‘µ»“ µ√å ‚¥¬∑”°“√«‘‡§√“–Àå«à“ ¡°“√
§«“¡™◊Èπ ¡¥ÿ≈·∫∫„¥„Àâ§à“§«“¡™◊Èπ ¡¥ÿ≈∑’Ë‡À¡“– ¡ ”À√—∫
°“√∑¥≈ÕßÕ∫·Àâß¢â“«‡ª≈◊Õ°æ—π∏ÿå‡≈Á∫π°ªíµµ“π’ ´÷Ëß‡ªìπ
æ—π∏ÿå¢â“«æ◊Èπ‡¡◊Õß¿“§„µâª√–‡∑»‰∑¬¡“°∑’Ë ÿ¥ ∑”°“√«‘‡§√“–Àå
¢âÕ¡Ÿ≈∑“ß ∂‘µ‘‡æ◊ËÕÀ“§à“§ß∑’Ë„π ¡°“√¢Õß ¡°“√·∫∫®”≈Õß
∑“ß§≥‘µ»“ µ√å∑—Èß 3 ·∫∫®”≈Õß º≈°“√∑¥≈Õß· ¥ß¥—ß
Table 1 æ∫«à“‡¡◊ËÕæ‘®“√≥“®“°§à“ —¡ª√– ‘∑∏‘Ï°“√µ—¥ ‘π„®
(R2)  ¡°“√¢Õß Chung ·≈– Pfost (1967) ·≈– ¡°“√
¢Õß Henderson (1952)  “¡“√∂Õ∏‘∫“¬º≈°“√∑¥≈Õß‰¥â
¥’°«à“ ¡°“√¢Õß Halsey (1948) ·≈–æ∫«à“§à“ —¡ª√– ‘∑∏‘Ï
°“√µ—¥ ‘π„® (R2) ¢Õß ¡°“√ Chung ·≈– Pfost (1967)
¡’§à“ Ÿß ÿ¥ ‡∑à“°—∫ 0.881   à«π ¡°“√¢Õß Henderson
(1952) ‡∑à“°—∫ 0.878 ·µà‡¡◊ËÕæ‘®“√≥“®“°§à“ MRS æ∫

Table 1. Constant value of Lebnok Pattani paddy

at different model.

         Model A B R2 MRS*

Chung and Pfost 7946.281 14.915 0.881 1.842
   (1967)
Henderson (1952) 0.058 1.400 0.878 1.483
Halsey (1948) 68.170 -1.366 0.564 6.855

Note: MRS  =  Mean residue square value,

MRS =
(Datapredicted ,i − Dataexperiment,i )

2

i=1

N

∑
N
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«à“ ¡°“√¢Õß Henderson (1952) ¡’§à“µË” ÿ¥‡∑à“°—∫ 1.483
‡¡◊ËÕπ”º≈∑’Ë‰¥â‰ª· ¥ß§«“¡ —¡æ—π∏å¢Õßµ—«·ª√µà“ßÊ ®“°
º≈°“√∑¥≈Õß·≈–º≈°“√§”π«≥®“°·∫∫®”≈Õß  · ¥ß¥—ß
Figure 3 ‚¥¬∑’Ë ¡°“√¢Õß Henderson (1952)  “¡“√∂
· ¥ß∂÷ßÕ‘∑∏‘æ≈¢ÕßÕÿ≥À¿Ÿ¡‘∑’Ë¡’µàÕ§«“¡™◊Èπ ¡¥ÿ≈‰¥â¥’∑’Ë ÿ¥

®÷ßπ”√Ÿª·∫∫ ¡°“√¢Õß Henderson (1952) ‰ª„™â
«‘‡§√“–Àå∂÷ßº≈°√–∑∫¢ÕßÕÿ≥À¿Ÿ¡‘µàÕ°“√Õ∫·Àâß¢â“«‡ª≈◊Õ°
µàÕ‰ª ·≈–®“°°“√»÷°…“æ∫«à“Õÿ≥À¿Ÿ¡‘·≈–§«“¡™◊Èπ —¡æ—∑∏å
¡’Õ‘∑∏‘æ≈µàÕ§à“§«“¡™◊Èπ ¡¥ÿ≈ ‚¥¬æ∫«à“∑’Ë§«“¡™◊Èπ —¡æ—∑∏å
¢ÕßÕ“°“»§ß∑’Ë ‡¡◊ËÕÕÿ≥À¿Ÿ¡‘ Ÿß¢÷Èπ§à“§«“¡™◊Èπ ¡¥ÿ≈¢Õß¢â“«
‡ª≈◊Õ°®–¡’§à“≈¥≈ß‡≈Á°πâÕ¬

2. §à“§«“¡√âÕπ®”‡æ“– (c
p
)

π”µ—«Õ¬à“ß¡“∑¥ Õ∫‚¥¬„™â·§≈Õ√’¡‘‡µÕ√å §”π«≥§à“
§«“¡√âÕπ®”‡æ“– æ∫«à“§à“§«“¡√âÕπ®”‡æ“–¡’§«“¡ —¡æ—π∏å
°—∫§«“¡™◊Èπ‡√‘Ë¡µâπ„π√Ÿª·∫∫ ¡°“√‚æ≈‘‚π‡¡’¬≈ ¥—ß ¡°“√∑’Ë
(7) ·≈– Figure 4

∑’Ë§à“§«“¡™◊ÈπÕ¬Ÿà„π™à«ß 15-40 % ¡“µ√∞“π·Àâß
c
p
 = 4.0689+0.0084M+0.00006M2

R2 = 0.996 MRS = 0.00004 (7)

3. §«“¡Àπ“·πàπª√“°Ø (ρρρρρ)
®“°°“√À“§à“§«“¡Àπ“·πàπª√“°Ø  æ∫«à“§«“¡

Àπ“·πàπª√“°Ø¡’§«“¡ —¡æ—π∏å°—∫§«“¡™◊Èπ‡√‘Ë¡µâπ„π√Ÿª·∫∫
 ¡°“√‡ âπµ√ß · ¥ß¥—ß ¡°“√∑’Ë (8) ·≈– Figure 5

∑’Ë§à“§«“¡™◊ÈπÕ¬Ÿà„π™à«ß 15-40% ¡“µ√∞“π·Àâß
ρ = 529.13 + 0.58M
R2 = 0.984 MRS = 0.296 (8)

4.  —¥ à«π™àÕß«à“ß¢ÕßÕ“°“» (εεεεε)
®“°°“√∑¥≈ÕßÀ“§à“ —¥ à«π™àÕß«à“ß¢ÕßÕ“°“» ‚¥¬

°“√‡µ‘¡πÈ”¡—π≈ß„π√–À«à“ß™àÕß«à“ß¢Õß‡¡≈Á¥¢â“«‡ª≈◊Õ°„π
°√–∫Õ°µ«ß∑’Ë∑√“∫ª√‘¡“µ√·πàπÕπ  ·≈–‡¡◊ËÕπ”º≈°“√

Figure 3. Relationship  between  equilibrium

moisture content and relative humidity

of  Lebnok  Pattani  paddy  at  drying

temperature of 50oC.

Figure 4. Relationship between moisture content

and  specific  heat  of  Lebnok  Pattani

paddy.

Figure 5. Relationship between moisture content

and apparent density of Lebnok Pattani

paddy.
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∑¥≈Õß∑’Ë‰¥â¡“À“§«“¡ —¡æ—π∏å¢Õß —¥ à«π™àÕß«à“ß¢ÕßÕ“°“»
°—∫§à“§«“¡™◊Èπ‡√‘Ë¡µâπ¢Õß‡¡≈Á¥æ◊™ æ∫«à“ §à“ —¥ à«π™àÕß«à“ß
¢ÕßÕ“°“»¡’§«“¡ —¡æ—π∏å°—∫§«“¡™◊Èπ‡√‘Ë¡µâπ„π√Ÿª·∫∫
 ¡°“√‡ âπµ√ß ¥—ß ¡°“√ (9) ·≈– Figure 6

∑’Ë§«“¡™◊ÈπÕ¬Ÿà„π™à«ß 15-40% ¡“µ√∞“π·Àâß
εεεεε = 89.172-0.9076M
R2 = 0.964 MRS = 0.333 (9)

5. °“√∑¥≈ÕßÕ∫·Àâß

5.1 º≈¢Õß§«“¡µà“ß»—°¬å‰øøÑ“·√ß ŸßµàÕÕ—µ√“

°“√Õ∫·Àâß¢â“«‡ª≈◊Õ°

º≈¢Õß§à“§«“¡µà“ß»—°¬å‰øøÑ“∑’Ë¡’µàÕÕ—µ√“°“√
Õ∫·Àâß¢â“«‡ª≈◊Õ°™◊Èπ ‡¡◊ËÕ‡∑’¬∫°—∫¢â“«‡ª≈◊Õ°§«∫§ÿ¡ ÷́Ëß
‡ªìπ¢â“«‡ª≈◊Õ°™◊Èπ∑’Ë‰¡à‰¥âºà“π°“√¥‘ ™“√å®‰øøÑ“·≈–π”‰ªÕ∫
·Àâß∑’ËÕÿ≥À¿Ÿ¡‘ 50oC ‡™àπ‡¥’¬«°—π (Figure 7) æ∫«à“ §à“
§«“¡µà“ß»—°¬å‰øøÑ“¡’º≈µàÕ°“√‡æ‘Ë¡Õ—µ√“°“√Õ∫·Àâß °≈à“«
§◊Õ ∑’Ë§à“§«“¡µà“ß»—°¬å‰øøÑ“ Ÿß¢÷Èπ ®–¡’Õ—µ√“°“√Õ∫·Àâß Ÿß
°«à“∑’Ë§à“§«“¡µà“ß»—°¬å‰øøÑ“µË”°«à“ ‚¥¬∑’Ë¢â“«‡ª≈◊Õ°∑’Ëºà“π
°“√°√–µÿâπ¥â«¬§«“¡µà“ß»—°¬å‰øøÑ“®–¡’Õ—µ√“Õ∫·Àâß Ÿß°«à“
¢â“«‡ª≈◊Õ°§«∫§ÿ¡¥â«¬  ´÷Ëß “¡“√∂Õ∏‘∫“¬‰¥â«à“Õ“°“»∑’Ë‡°‘¥
°“√·µ°µ—«‡ªìπ‰ÕÕπ ‡π◊ËÕß®“°°“√¥‘ ™“√å®‰øøÑ“·∫∫‚§‚√π“
¡’æ≈—ßß“π Ÿß∑’Ë‡√’¬°«à“ electric wind (Charry and Kavet,
1987) ·≈–‡°‘¥°“√‡§≈◊ËÕπ∑’Ë‰ª™π‚¡‡≈°ÿ≈Õ“°“»√Õ∫Ê ·≈–
™π°—∫º‘«¢Õß¢â“«‡ª≈◊Õ°™◊Èπ∑’Ë¡’πÈ”Õ¬Ÿà ∑”„Àâ‚¡‡≈°ÿ≈¢ÕßπÈ”∑’Ë
º‘««— ¥ÿ™◊Èπ‰¥â√—∫æ≈—ßß“π∑’Ë‡°‘¥¢÷Èπ‡π◊ËÕß®“°°“√™π ‚¡‡≈°ÿ≈
¢ÕßπÈ”®–∂Ÿ°°√–µÿâπ·≈–‡°‘¥°“√‡§≈◊ËÕπ∑’Ë¢Õß‚¡‡≈°ÿ≈¢ÕßπÈ”
ÕÕ°¡“∑’Ëº‘«¢Õß¢â“«‡ª≈◊Õ°‰¥â‡√Á«°«à“°√≥’∑’Ë„™â§à“§«“¡µà“ß
»—°¬å‰øøÑ“µË”°«à“À√◊Õ¢â“«‡ª≈◊Õ°§«∫§ÿ¡∑’Ë‰¡àºà“π°“√¥‘ ™“√å®
‰øøÑ“ ∑”„Àâ‡°‘¥‡°√‡¥’¬π∑å¢Õß§«“¡™◊Èπ√–À«à“ßº‘«¢Õß¢â“«
‡ª≈◊Õ°™◊Èπ·≈–‡π◊ÈÕ¿“¬„π‡¡≈Á¥¢â“«‡ª≈◊Õ°‡æ‘Ë¡¡“°¢÷Èπ  àßº≈
µàÕÕ—µ√“°“√Õ∫·Àâß‚¥¬∑”„ÀâÕ—µ√“°“√Õ∫·Àâß‡√Á«¢÷Èπ

5.2 º≈¢Õß√–¬–Àà“ß√–À«à“ß¢—È«Õ‘‡≈Á°‚µ√¥µàÕ

Õ—µ√“°“√Õ∫·Àâß¢â“«‡ª≈◊Õ°

‡¡◊ËÕπ”µ—«Õ¬à“ß¢â“«‡ª≈◊Õ°∑’Ëºà“π°“√°√–µÿâπ¥â«¬
‰øøÑ“ ∂‘µ·√ß Ÿß∑’Ë§à“»—°¬å‰øøÑ“ ·≈–√–¬–‡«≈“„π°“√¥‘ ™“√å®
§ß∑’Ë§à“‡¥’¬«°—π √–¬–Àà“ß¢Õß¢—È«Õ‘‡≈Á°‚µ√¥µà“ß°—π 2 §à“ §◊Õ
2 ´¡. ·≈– 3 ´¡. ∑’ËÕÿ≥À¿Ÿ¡‘Õ∫·Àâß 50oC æ∫«à“ §«“¡™◊Èπ
¢Õß¢â“«‡ª≈◊Õ°∑’Ë∂Ÿ°°√–µÿâπ∑’Ë√–¬–Àà“ß¢Õß¢—È«Õ‘‡≈Á°‚µ√¥ 2

´¡. ®–≈¥≈ß¡“°°«à“¢â“«‡ª≈◊Õ°∑’Ë∂Ÿ°°√–µÿâπ∑’Ë√–¬–Àà“ß¢Õß
¢—È«Õ‘‡≈Á°‚µ√¥‡ªìπ 3 ´¡. ¥—ß Figure 8 ∑—Èßπ’È‡π◊ËÕß®“°‡¡◊ËÕ
√–¬–Àà“ß¢Õß¢—È«Õ‘‡≈Á°‚µ√¥‡æ‘Ë¡¢÷Èπ  §à“§«“¡‡¢â¡ π“¡‰øøÑ“
∑’Ëµ°°√–∑∫∫π‡¡≈Á¥æ◊™®–¡’§à“≈¥≈ß æ≈—ßß“π∑’Ë®–∂à“¬‚Õπ
„Àâ°—∫‡¡≈Á¥æ◊™≈¥≈ß  ‡ªìπº≈„ÀâÕ—µ√“°“√Õ∫·Àâß¢Õß¢â“«
‡ª≈◊Õ°¡’·π«‚πâ¡≈¥≈ß¥â«¬

5.3 º≈¢Õß√–¬–‡«≈“„π°“√¥‘ ™“√å®µàÕÕ—µ√“

°“√Õ∫·Àâß¢â“«‡ª≈◊Õ°

‡¡◊ËÕπ”µ—«Õ¬à“ß¢â“«‡ª≈◊Õ° ¥∑’Ëºà“π°“√°√–µÿâπ
¥â«¬‰øøÑ“ ∂‘µ·√ß Ÿß∑’Ë§à“»—°¬å‰øøÑ“ ·≈–√–¬–Àà“ß¢Õß¢—È«

Figure 6. Relationship between moisture content

and porosity of Lebnok Pattani paddy.

Figure 7. Evolution of moisture profile of Lebnok

Pattani paddy with drying time.

(High voltage electrical field of 6, 8 and

10 kV; discharge gaps of 2 cm and

discharge time is 20 min; drying tem-

perature of 50oC and air flow rate was

1.9 m/s.)
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Õ‘‡≈Á°‚µ√¥§ß∑’Ë§à“‡¥’¬«°—π ‚¥¬„™â√–¬–‡«≈“„π°“√¥‘ ™“√å®
µà“ß°—π 3 §à“ §◊Õ 20, 30 ·≈– 40 π“∑’ ∑’ËÕÿ≥À¿Ÿ¡‘Õ∫·Àâß
50oC æ∫«à“ ‡¡◊ËÕ‡æ‘Ë¡√–¬–‡«≈“„π°“√¥‘ ™“√å®®“° 20 π“∑’
‡ªìπ 30 ·≈– 40 π“∑’  Õ—µ√“°“√Õ∫·Àâß¢Õß¢â“«‡ª≈◊Õ°¡’
·π«‚πâ¡‡æ‘Ë¡¢÷Èπ ·≈–§à“§«“¡™◊Èπ ÿ¥∑â“¬¢Õß¢â“«‡ª≈◊Õ°¡’§à“
≈¥µË”≈ß · ¥ß¥—ß Figure 9

Õπ÷Ëß®–‡ÀÁπ‰¥â«à“„π°“√∑¥≈ÕßÕ∫·Àâß¢â“«‡ª≈◊Õ°æ—π∏ÿå
‡≈Á∫π°ªíµµ“π’π—Èπ „™â‡§√◊ËÕßÕ∫·Àâß™—Èπ∫“ß∑’Ë “¡“√∂§«∫§ÿ¡
Õÿ≥À¿Ÿ¡‘¢ÕßÕ“°“»∑’Ë„™â„π°“√Õ∫·Àâß ·µà‰¡à “¡“√∂§«∫§ÿ¡
§«“¡™◊Èπ —¡æ—∑∏å¢ÕßÕ“°“»√âÕπ∑’Ë„π°“√Õ∫·Àâß‰¥â Õ¬à“ß‰√°Á
µ“¡º≈°“√∑¥ Õ∫Õÿª°√≥åÕ∫·Àâß¥—ß°≈à“«µ“¡ ¡™“µ‘·≈–
«‘‰≈æ√ (2530) ·≈–  ÿ¿«√√≥ ·≈–¬ÿ∑∏π“ (2537) æ∫«à“
„π°“√∑¥≈Õß∑’Ë∑”°“√∑¥≈Õß‚¥¬¡’°“√§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘„Àâ
§ß∑’Ë ®–¡’°“√·°«àß¢ÕßÕÿ≥À¿Ÿ¡‘‡≈Á°πâÕ¬  Õ¬à“ß‰√°Áµ“¡°“√
·°«àß¢Õß§à“§«“¡™◊Èπ —¡æ—∑∏å„π°“√Õ∫·Àâß¥â«¬≈¡√âÕππ’È ¡’
§à“≈¥≈ß ‡¡◊ËÕ∑”°“√Õ∫·Àâß¥â«¬≈¡√âÕπ∑’Ë¡’Õÿ≥À¿Ÿ¡‘Õ∫·Àâß
 Ÿß°«à“Õÿ≥À¿Ÿ¡‘ ¿“«–·«¥≈âÕ¡ ‚¥¬≈¡√âÕπ∑’Ë„™â„π°“√Õ∫
·Àâß®–¡’§à“§«“¡™◊Èπ —¡æ—∑∏åÕ“°“»µË”°«à“Õ“°“»·«¥≈âÕ¡ ®÷ß
‰¡à àßº≈µàÕ°“√Õ∫·Àâß‡¡◊ËÕ‡∑’¬∫°—∫°“√Õ∫·Àâß¥â«¬Õ“°“»
·«¥≈âÕ¡ª°µ‘ ( ¡™“µ‘ ·≈–«‘‰≈æ√, 2530;  ÿ¿«√√≥ ·≈–
¬ÿ∑∏π“, 2537)

 √ÿªº≈°“√∑¥≈Õß

®“°»÷°…“§«“¡™◊Èπ ¡¥ÿ≈ æ∫«à“ √Ÿª·∫∫ ¡°“√∑“ß
§≥‘µ»“ µ√å ¢Õß Henderson (1952) ®–„Àâº≈„°≈â‡§’¬ß
°—∫º≈°“√∑¥≈Õß¡“°∑’Ë ÿ¥ ‚¥¬∑’Ë§à“§«“¡™◊Èπ ¡¥ÿ≈®–¢÷Èπ°—∫
Õÿ≥À¿Ÿ¡‘·≈–§«“¡™◊Èπ —¡æ—∑∏å¢ÕßÕ“°“»   à«π§à“§«“¡Àπ“
·πàπª√“°Ø ·≈–√âÕ¬≈–™àÕß«à“ß¢ÕßÕ“°“»¡’§«“¡ —¡æ—π∏å
°—∫§«“¡™◊Èπ‡√‘Ë¡µâπ„π√Ÿª·∫∫ ¡°“√‡™‘ß‡ âπ°—∫§à“§«“¡™◊Èπ
‡√‘Ë¡µâπ¢Õß‡¡≈Á¥¢â“«‡ª≈◊Õ° „π¢≥–∑’Ë§à“§«“¡®ÿ§«“¡√âÕπ
®”‡æ“–¡’§«“¡ —¡æ—π∏å°—∫§«“¡™◊Èπ‡√‘Ë¡µâπ„π√Ÿª·∫∫ ¡°“√
‚æ≈‘‚π‡¡’¬≈

 ”À√—∫°“√»÷°…“º≈°√–∑∫¢Õß≈—°…≥–‡©æ“–∑“ß
‰øøÑ“∑’Ë¡’µàÕ°√–∫«π°“√Õ∫·Àâß¢â“«‡ª≈◊Õ°™◊Èπ æ∫«à“Õ‘∑∏‘æ≈
¢Õß‰øøÑ“ ∂‘µ·√ß Ÿß¡’º≈µàÕÕ—µ√“°“√Õ∫·Àâß ‚¥¬»—°¬å‰øøÑ“
·≈–√–¬–‡«≈“„π°“√¥‘ ™“√å®‰øøÑ“‡æ‘Ë¡¢÷Èπ ∑”„ÀâÕ—µ√“°“√
Õ∫·Àâß‡æ‘Ë¡¢÷Èπ ‚¥¬∑’ËÕ—µ√“°“√Õ∫·Àâß¡’·π«‚πâ¡≈¥≈ß‡¡◊ËÕ

√–¬–Àà“ß√–À«à“ß¢—È«Õ‘‡≈Á°‚µ√¥‡æ‘Ë¡¢÷Èπ
ß“π«‘®—¬π’È‡ªìπ°“√»÷°…“„π‡∫◊ÈÕßµâπ∂÷ß§«“¡‡ªìπ‰ª‰¥â

„π°“√Õ∫·Àâß¢â“«‡ª≈◊Õ°¥â«¬‡∑§π‘§‰øøÑ“ ∂‘µ·√ß Ÿß ‚¥¬
§≥–ºŸâ«‘®—¬¡’‚§√ß°“√«‘®—¬∑’ËµàÕ‡π◊ËÕß®“°ß“ππ’È§◊Õ ∑”°“√»÷°…“
∂÷ßº≈¢Õß‡∑§π‘§π’ÈµàÕ§ÿ≥¿“æ¢â“«‡ª≈◊Õ°∑—Èß∑“ß°“¬¿“æ
∑“ß‡§¡’·≈–‡§¡’°“¬¿“æ¢Õß¢â“«‡ª≈◊Õ° ‚¥¬‡©æ“–¢â“«æ—π∏ÿå
æ◊Èπ‡¡◊Õß¿“§„µâ¢Õßª√–‡∑»‰∑¬

Figure 8. Evolution of moisture profile of Lebnok

Pattani paddy with drying time.

(High voltage electrical field of 8 kV;

discharge gaps of 2 cm and 3 cm and

discharge time is 20 min; drying tem-

perature of 50oC and air flow rate was

1.9 m/s.)

Figure 9. Evolution of moisture profile of Lebnok

Pattani paddy with drying time.

(High voltage electrical field of 8 kV;

discharge gaps of 2 cm and discharge

time is 20, 30 and 40 min; drying

temperatures of 50oC and air flow rate

was 1.9 m/s.)
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