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ABSTRACT

The prototype of an industrial-scale heat pump dryer (HPD) was designed, constructed and evaluated

for performance. Drying chamber contained four  trolleys with product capacity of 600-700 kg. In the

experiments,  papaya glaceû was dried in closed system at an average temperature of 55°C, specific air flow

rates of 25-32 kg dry air / h - kg dry papaya glaceû and the evaporator by-pass air of 81%. The papaya glaceû

with initial moisture content of 83-86% dry basis was dried to final moisture content of 12-14% dry basis

within approximately 32 hours. No significant variation of  the average final moisture gradient along horizontal

and vertical of dryer was observed (due to uniform air distribution within drying chamber).  The results of

experiment indicated that drying rate decreased rapidly with time, while total power consumption remained

nearly constant. At high initial moisture content, the rate of moisture removal was higher than that of low

initial moisture content. (The maximum average drying rate and SMER were 9.34 kg water evap/h and 0.782

kg water evap/kWh, respectively. The maximum average MER is 9.21 kg water cond/h, and the relative lowest

average specific energy consumption is 4.92 MJ/kg water evap. The (COPhp)sys varied from  4.2 to 4.9 which

was higher than (COPhp)used obtained by the internal condenser load which varied from  3.3 to 3.8. This

attributed to the excess heat rejected to atmosphere through the external condenser.) The quality of dried papaya

glaceû in terms of color was acceptable due to low drying temperature. In conclusion, HPD achieved high

energy efficiency, and it was feasible to be commercialized, particularly in food drying industry.
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∫∑§—¥¬àÕ

‡§√◊ËÕßÕ∫·Àâß‚¥¬„™âªíö¡§«“¡√âÕπ‰¥â∂Ÿ°

ÕÕ°·∫∫  √â“ß ·≈–ª√–‡¡‘π ¡√√∂π–‡æ◊ËÕ„™â‡ªìπ

‡§√◊ËÕßµâπ·∫∫„π√–¥—∫Õÿµ “À°√√¡  à«π¢ÕßÀâÕß

Õ∫·Àâß∫√√®ÿ√∂‡¢Áπ‰¥â 4 §—π √«¡πÈ”Àπ—°º≈‘µ¿—≥±å

600-700 °‘‚≈°√—¡ °“√∑¥≈Õß‡ªìπ·∫∫√–∫∫ªî¥

‚¥¬Õ∫·Àâß¡–≈–°Õ·™àÕ‘Ë¡ Õÿ≥À¿Ÿ¡‘Õ∫·Àâß‚¥¬‡©≈’Ë¬

55°C Õ—µ√“°“√‰À≈‡™‘ß¡«≈®”‡æ“–¢ÕßÕ“°“» 25 ∂÷ß

32 °‘‚≈°√—¡Õ“°“»·ÀâßµàÕ™—Ë«‚¡ß-°‘‚≈°√—¡¡–≈–°Õ·Àâß

 —¥ à«π evaporator by-pass air 81% §«“¡™◊Èπ‡√‘Ë¡µâπ

83-86% ¡“µ√∞“π·Àâß Õ∫·Àâß®π‡À≈◊Õ§«“¡™◊Èπ ÿ¥∑â“¬

12-14% ¡“µ√∞“π·Àâß „™â‡«≈“Õ∫·Àâßª√–¡“≥ 32

™—Ë«‚¡ß æ∫«à“§«“¡·µ°µà“ß¢Õß§à“§«“¡™◊Èπ ÿ¥∑â“¬

‡©≈’Ë¬µ“¡·π«¬“«·≈–¢«“ß¢ÕßµŸâÕ∫·Àâß¡’§à“‰¡à¡“°π—°

(‡π◊ËÕß®“°º≈¢Õß°“√°√–®“¬Õÿ≥À¿Ÿ¡‘≈¡√âÕπ∑’Ë

 ¡Ë”‡ ¡Õµ≈Õ¥∑—ÈßµŸâÕ∫·Àâß) πÕ°®“°π’È¬—ßæ∫«à“

Õ—µ√“°“√Õ∫·Àâß≈¥≈ßÕ¬à“ß√«¥‡√Á«‡¡◊ËÕ‡∑’¬∫°—∫‡«≈“

Õ∫·Àâß „π¢≥–∑’Ëæ≈—ßß“π∑—ÈßÀ¡¥∑’Ë„™â§àÕπ¢â“ß®–

§ß∑’Ëµ≈Õ¥™à«ß‡«≈“°“√Õ∫·Àâß ∑’Ë§«“¡™◊Èπ‡√‘Ë¡µâπ Ÿß

°“√√–‡À¬πÈ”ÕÕ°®“°¡–≈–°Õ·™àÕ‘Ë¡®–¥’°«à“∑’Ë

§«“¡™◊Èπ‡√‘Ë¡µâπµË” (Õ—µ√“°“√Õ∫·Àâß ·≈– SMER

‡©≈’Ë¬ Ÿß ÿ¥‡∑à“°—∫ 9.34 °‘‚≈°√—¡πÈ”√–‡À¬µàÕ™—Ë«‚¡ß

·≈– 0.732 °‘‚≈°√—¡πÈ”√–‡À¬µàÕ°‘‚≈«—µµå-™—Ë«‚¡ß

µ“¡≈”¥—∫ Õ—µ√“°“√§«∫·πàππÈ”∑’Ë‡§√◊ËÕß∑”√–‡À¬

(MER) ‡©≈’Ë¬ Ÿß ÿ¥‡∑à“°—∫ 9.21 °‘‚≈°√—¡πÈ”§«∫·πàπ

µàÕ™—Ë«‚¡ß §«“¡ ‘Èπ‡ª≈◊Õßæ≈—ßß“π®”‡æ“–‡©≈’Ë¬µË” ÿ¥

‡∑à“°—∫ 4.92 ‡¡°–®Ÿ≈µàÕ°‘‚≈°√—¡πÈ”√–‡À¬ (COPhp)sys
¡’§à“√–À«à“ß 4.2 ∂÷ß 4.9 ¡“°°«à“ (COPhp)used ´÷Ëß

§”π«≥®“°¿“√–§«“¡√âÕπ¢Õß‡§√◊ËÕß§«∫·πàπ™ÿ¥„π

‚¥¬¡’§à“√–À«à“ß 3.3 ∂÷ß 3.8 §«“¡·µ°µà“ß¢Õß§à“

COPhp ∑—Èß Õß¡“®“°¡’ §«“¡√âÕπ à«πÀπ÷Ëß∂Ÿ°∑‘Èß Ÿà

∫√√¬“°“»‚¥¬ºà“π∑“ß‡§√◊ËÕß§«∫·πàπ™ÿ¥πÕ°) °“√

„™âÕÿ≥À¿Ÿ¡‘Õ∫·Àâß∑’Ë‰¡à Ÿß ∑”„Àâ§ÿ≥¿“æ¢Õß

¡–≈–°Õ·™àÕ‘Ë¡Õ∫·Àâß„π¥â“π¢Õß ’Õ¬Ÿà„π‡°≥±å¥’ ¥—ß

π—Èπ°“√„™âªíö¡§«“¡√âÕπ√à«¡°—∫‡§√◊ËÕßÕ∫·Àâß∑”„Àâ

°“√„™âæ≈—ßß“π¡’ª√– ‘∑∏‘¿“æ Ÿß ®÷ß¡’‚Õ°“ ∑’Ë®–∂Ÿ°

π”¡“„™â„π‡™‘ßæ“≥‘™¬å‰¥â ‚¥¬‡©æ“–Õÿµ “À°√√¡Õ∫

·ÀâßÕ“À“√

§”π”

‡§√◊ËÕßÕ∫·Àâß‚¥¬„™âªíö¡§«“¡√âÕπª√–°Õ∫‰ª

¥â«¬ Õß à«πÀ≈—° Ê §◊Õ à«πÀâÕßÕ∫·Àâß´÷ËßµâÕß

ÕÕ°·∫∫„Àâ¡’°“√°√–®“¬≈¡√âÕπ∑’Ë¥’ ·≈–√–∫∫ªíö¡

§«“¡√âÕπ ´÷Ëß°Á§◊Õ√–∫∫∑”§«“¡‡¬Áππ—Ëπ‡Õß ‡æ’¬ß·µà

π”¥â“π§«“¡√âÕπ¡“„™âß“π·∑π∑’Ë®–‡ªìπ¥â“π§«“¡‡¬Áπ

√Ÿª·∫∫¢Õß‡§√◊ËÕßÕ∫·Àâß‚¥¬„™âªíö¡§«“¡√âÕπ

 “¡“√∂·∫àßÕÕ°‡ªìπ 1) ‡§√◊ËÕßÕ∫·Àâß∑’Ë¡’°“√¥÷ß

§«“¡™◊ÈπÕÕ°®“°Õ“°“»°àÕπÕ∫·Àâß (dehumidifying

dryer) ´÷Ëß®–¡’≈—°…≥–‡ªìπ√–∫∫ªî¥ (closed system)

À√◊Õ‡ªî¥∫“ß à«π (partially open system) 2) ‡§√◊ËÕß

Õ∫·Àâß∑’Ë¡’°“√ª√—∫§◊π§«“¡√âÕπ‡æ’¬ßÕ¬à“ß‡¥’¬« (heat

recovery dryer) ‚¥¬‰¡à¡’°“√¥÷ß§«“¡™◊ÈπÕÕ°®“°

Õ“°“»°àÕπÕ∫·Àâß ́ ÷Ëß¡’≈—°…≥–‡ªìπ √–∫∫‡ªî¥ (open

system) ‚¥¬Õ“°“»∑’ËÕÕ°®“°ÀâÕßÕ∫·Àâß®–ºà“π

‡§√◊ËÕß∑”√–‡À¬°àÕπ∑‘Èß Ÿà∫√√¬“°“»  ¡√√∂π–¢Õß HPD

 “¡“√∂°”Àπ¥‰¥â¥â«¬§«“¡ “¡“√∂„π°“√Õ∫·Àâß

‚¥¬æ‘®“√≥“„π‡∑Õ¡¢ÕßÕ—µ√“°“√Õ∫·Àâß (drying rate)

¡’Àπà«¬‡ªìπ°‘‚≈°√—¡πÈ”√–‡À¬µàÕ™—Ë«‚¡ß ·≈–°“√ ‘Èπ

‡ª≈◊Õßæ≈—ßß“π„π‡∑Õ¡¢Õß specific moisture extrac-

tion rate (SMER) Àπà«¬‡ªìπ°‘‚≈°√—¡πÈ”√–‡À¬µàÕ

°‘‚≈«—µµå-™—Ë«‚¡ß À√◊Õ°“√ ‘Èπ‡ª≈◊Õßæ≈—ßß“π®”‡æ“–

(specific energy consumption, SEC) Àπà«¬‡ªìπ

‡¡°–®Ÿ≈µàÕ°‘‚≈°√—¡πÈ”√–‡À¬

Clements et al. (1993) »÷°…“°“√Õ∫·ÀâßµàÕ

‡π◊ËÕß„π√–∫∫‡ªî¥ ‚¥¬„™â¬“ß·ºàπ‡ªìπ«— ¥ÿÕ∫·Àâß

æ∫«à“ªí®®—¬ ”§—≠∑’Ë¡’º≈µàÕ§à“ moisture extraction rate
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(MER) ·≈– SMER ‚¥¬µ√ß°Á§◊Õ§«“¡™◊Èπ —¡æ—∑∏å

¢ÕßÕ“°“»°àÕπ‡¢â“‡§√◊ËÕß∑”√–‡À¬ ́ ÷ËßÀ“°¡’§à“ Ÿß®–‰¥â

MER ·≈– SMER  Ÿß πÕ°®“°π’È —¥ à«π evaporator

air by-pass ∑’Ë‡À¡“– ¡¡’§à“√–À«à“ß 60 ∂÷ß 70%

‚¥¬ “¡“√∂∑”§à“ SMER ‰¥â√–À«à“ß 1.5 ∂÷ß 2.5 kg/

kWh ‡π◊ËÕß®“°√–∫∫ªíö¡§«“¡√âÕπ„™â‰øøÑ“´÷Ëß‡ªìπ

æ≈—ßß“π‡°√¥ Ÿß ¥—ßπ—Èπ®÷ß‡À¡“– ¡∑’Ë®–„™âÕ∫

º≈‘µ¿—≥±å∑“ß°“√‡°…µ√∑’Ë¡’¡Ÿ≈§à“ ß“π«‘®—¬¢Õß

Prasertsan and Saen-saby (1998) ‰¥â‡ª√’¬∫‡∑’¬∫

∑“ß¥â“π‡»√…∞»“ µ√å„π·ßà¢Õß§à“„™â®à“¬„π°“√

¥”‡π‘π°“√ æ∫«à“ HPD „Àâ§à“„™â®à“¬µË” ÿ¥‡∑’¬∫°—∫

‡§√◊ËÕßÕ∫·Àâß∑’Ë„™â¢¥≈«¥‰øøÑ“ ·≈–„™âπÈ”¡—π‡ªìπ‡™◊ÈÕ

‡æ≈‘ß „πß“π«‘®—¬π’È‰¥âÕ∫·Àâß‰¡â¬“ß∑àÕπ·≈–°≈â«¬

·∫∫°– (batch) ‚¥¬∑¥≈Õß∑—Èß√–∫∫‡ªî¥∫“ß à«π

·≈–√–∫∫‡ªî¥ æ∫«à“§«“¡ ‘Èπ‡ª≈◊Õßæ≈—ßß“π∑—Èß Õß

√–∫∫§àÕπ¢â“ß®–§ß∑’Ë §à“ MER ·≈– SMER ‡©≈’Ë¬

 Ÿß ÿ¥ ‡∑à“°—∫ 2.854 °‘‚≈°√—¡πÈ”√–‡À¬µàÕ™—Ë«‚¡ß ·≈–

0.572 °‘‚≈°√—¡πÈ”√–‡À¬µàÕ°‘‚≈«—µµå-™—Ë«‚¡ß µ“¡≈”¥—∫

 ”À√—∫°“√Õ∫·Àâß‰¡â¬“ß ·≈–‡∑à“°—∫ 2.710

°‘‚≈°√—¡πÈ”√–‡À¬µàÕ™—Ë«‚¡ß ·≈– 0.540 °‘‚≈°√—¡πÈ”

√–‡À¬µàÕ°‘‚≈«—µµå-™—Ë«‚¡ß µ“¡≈”¥—∫  ”À√—∫°“√Õ∫

·Àâß°≈â«¬ Pendyala et al. (1990) ‰¥â∑¥ Õ∫ ¡√√∂π–

¢Õß HPD ‚¥¬„™â “√∑”§«“¡‡¬Áπ R-11 ·≈– R-12

æ∫«à“∂â“„™â R-11 §à“ COP ·≈– SEC ¡’§à“ 3.5 ·≈– 3.5

‡¡°–®Ÿ≈µàÕ°‘‚≈°√—¡πÈ”√–‡À¬ µ“¡≈”¥—∫  ”À√—∫ R-12

§à“ COP ·≈– SEC ¡’§à“ 2.5 ·≈– 1.8 ‡¡°–®Ÿ≈µàÕ

°‘‚≈°√—¡πÈ”√–‡À¬ µ“¡≈”¥—∫ ®–‡ÀÁπ«à“§à“ SEC ‡¡◊ËÕ„™â

R-12  Ÿß°«à“‡¡◊ËÕ„™â R-11 ∂÷ß·¡â«à“ COP ®–µË”°«à“

°Áµ“¡ ‡æ√“–«à“‡¡◊ËÕ„™â R-12 ‡§√◊ËÕßÕ∫·Àâß “¡“√∂

∑”Õÿ≥À¿Ÿ¡‘Õ∫·Àâß‰¥â Ÿß‚¥¬‰¡àµâÕß„™â¢¥≈«¥‰øøÑ“

Rossi et al. (1992) »÷°…“°“√Õ∫·Àâß„π√–∫∫ªî¥‚¥¬

„™â HPD æ∫«à“„π°“√Õ∫·ÀâßÀ—«ÀÕ¡™‘Èπ∫“ß °“√

 ‘Èπ‡ª≈◊Õßæ≈—ßß“ππâÕ¬°«à“‡§√◊ËÕßÕ∫·Àâß‚¥¬∑—Ë«‰ª

ª√–¡“≥ 30 ∂÷ß 40% ·≈–§ÿ≥¿“æ¢Õßº≈‘µ¿—≥±å¥’°«à“

‡π◊ËÕß®“°√–¬–‡«≈“°“√Õ∫·Àâß∑’Ë —Èπ Young et al. (1995)

»÷°…“°“√Õ∫·Àâß‚¥¬„™â HPD √–∫∫ªî¥ ·∫∫°– (batch)

æ∫«à“Õÿ≥À¿Ÿ¡‘ ·≈–§«“¡‡√Á«¢ÕßÕ“°“»°àÕπ‡¢â“ÀâÕß

Õ∫·Àâß¡’º≈‚¥¬µ√ßµàÕ°“√ ‘Èπ‡ª≈◊Õßæ≈—ßß“π®”‡æ“–

∑’ËÕÿ≥À¿Ÿ¡‘·≈–§«“¡‡√Á«¢ÕßÕ“°“» Ÿß √–¬–‡«≈“°“√

Õ∫·Àâß®– —Èπ ∑”„Àâ°“√ ‘Èπ‡ª≈◊Õßæ≈—ßß“π®”‡æ“–µË”

„π∑”πÕß‡¥’¬«°—π°—∫°“√Õ∫·Àâß«— ¥ÿ¢π“¥‡≈Á°

æ≈—ßß“π∑’Ë„™â®–πâÕ¬ Strommen and Kramer (1994)

»÷°…“°“√„™â√–∫∫ªíö¡§«“¡√âÕπ√à«¡°—∫‡§√◊ËÕßÕ∫·Àâß

·∫∫ø≈ŸÕ‘‰¥´å‡∫¥ «— ¥ÿÕ∫·Àâß‰¥â·°à °ÿâßΩÕ¬ ·≈–

ª≈“ªÉπ Õÿ≥À¿Ÿ¡‘Õ∫·Àâß “¡“√∂∑”‰¥â√–À«à“ß -20 ∂÷ß

50°C ∑’Ë§«“¡¥—π∫√√¬“°“» æ∫«à“º≈‘µ¿—≥±åÀ≈—ßÕ∫

·Àâß¡’§ÿ≥ ¡∫—µ‘„π¥â“π¢Õß ’ ·≈–§«“¡ “¡“√∂„π

°“√§◊π√Ÿª‡¡◊ËÕ≈–≈“¬πÈ”‰¥â¥’‡∑à“°—∫«‘∏’°“√Õ∫·Àâß·∫∫

·™à·¢Áß„π ÿ≠≠“°“» ·µà°“√ ‘Èπ‡ª≈◊Õßæ≈—ßß“πµË”°«à“

®“°ß“π«‘®—¬∑’Ëºà“π¡“®–‡ÀÁπ‰¥â«à“ HPD  “¡“√∂

„™âæ≈—ßß“π‰¥âÕ¬à“ß¡’ª√– ‘∑∏‘¿“æ Ÿß‡π◊ËÕß®“°¡’°“√

ª√—∫§◊π§«“¡√âÕπ®“°Õ“°“»∑’ËÕÕ°®“°ÀâÕßÕ∫·Àâß

‚¥¬ºà“π∑“ß‡§√◊ËÕß∑”√–‡À¬ ·≈–‡§√◊ËÕß§«∫·πàπ

·∑π∑’Ë®–∑‘ÈßÕÕ° Ÿà∫√√¬“°“» °“√Õ∫·Àâß¡’∑—ÈßÕ∫

·Àâß„π√–∫∫ªî¥ ‡ªî¥∫“ß à«π ·≈–√–∫∫‡ªî¥ ‚¥¬

Õ“®‡ªìπ°“√Õ∫·Àâß„π≈—°…≥–∑’Ë‡ªìπ°– À√◊Õ·∫∫µàÕ

‡π◊ËÕß°Á‰¥â ªí®®—¬∑’Ë¡’º≈µàÕÕ—µ√“°“√Õ∫·Àâß‰¥â·°à

Õÿ≥À¿Ÿ¡‘Õ∫·Àâß Õ—µ√“°“√‰À≈‡™‘ß¡«≈¢ÕßÕ“°“»

·≈–§«“¡™◊Èπ —¡æ—∑∏å¢ÕßÕ“°“»∑’Ë‡¢â“‡§√◊ËÕß∑”√–‡À¬

°“√Õ∫·Àâß„π√–∫∫ªî¥À√◊Õ‡ªî¥∫“ß à«π §«“¡™◊Èπ

„πÕ“°“»®–∂Ÿ°§«∫·πàπ‚¥¬ºà“π‡§√◊ËÕß∑”√–‡À¬

°àÕπ∑’Ë®–À¡ÿπ‡«’¬π°≈—∫‰ª„™â„π°“√Õ∫·ÀâßµàÕ‰ª

Õ“°“»·«¥≈âÕ¡¿“¬πÕ°®–‰¡à¡’Õ‘∑∏‘æ≈µàÕ°“√Õ∫

·Àâß„π√–∫∫ªî¥ ß“π«‘®—¬π’È¡’«—µ∂ÿª√– ß§å‡æ◊ËÕÕÕ°·∫∫

 √â“ß ·≈–ª√–‡¡‘π ¡√√∂π–¢Õß‡§√◊ËÕßÕ∫·Àâß

µâπ·∫∫√–∫∫ªíö¡§«“¡√âÕπ ‡æ◊ËÕ„™â„π√–¥—∫

Õÿµ “À°√√¡ ‚¥¬‡πâπ°“√Õ∫·Àâß¡–≈–°Õ·™àÕ‘Ë¡
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Õÿª°√≥å·≈–«‘∏’°“√

‡§√◊ËÕßÕ∫·Àâß‚¥¬„™âªíö¡§«“¡√âÕπ∑’Ë„™â„πß“π

«‘®—¬∂Ÿ° √â“ß¢÷Èπ¡“‡æ◊ËÕ„™â„π√–¥—∫Õÿµ “À°√√¡ (Fig-

ure 1) ´÷Ëß “¡“√∂∑”ß“π‰¥â∑—Èß√–∫∫ªî¥ ·≈–√–∫∫

‡ªî¥∫“ß à«π ·µà„πß“π«‘®—¬π’È‰¥â∑¥≈ÕßÕ∫·Àâß‡©æ“–

√–∫∫ªî¥ ‡§√◊ËÕßÕ∫·Àâß¡’ à«πª√–°Õ∫∑’Ë ”§—≠ ¥—ßπ’È

1) ÀâÕßÕ∫·Àâß¢π“¥ 1.0 ¡ (°) × 4.0 ¡ (¬) × 1.5 ¡

( ) ∫√√®ÿ√∂‡¢Áπ‰¥â 4 §—π ·µà≈–§—π«“ß∂“¥‰¥â 17 ∂“¥

·µà≈–∂“¥¡’¢π“¥ 0.90 × 0.70 µ“√“ß‡¡µ√ 2) √–∫∫ªíö¡

§«“¡√âÕπ ª√–°Õ∫¥â«¬ ‡§√◊ËÕßÕ—¥‰Õ·∫∫≈Ÿ° Ÿ∫ (her-

metic reciprocating compressor) æ‘°—¥¡Õ‡µÕ√å 6.7

°‘‚≈«—µµå „™â ø√’ÕÕπ (R-22) ‡ªìπ “√∑”§«“¡‡¬Áπ

‡§√◊ËÕß§«∫·πàπµ—«„π√–∫“¬§«“¡√âÕπ‰¥â 25 °‘‚≈«—µµå

¢π“¥ 4 × 25 (row by column) ¡’§√’∫®”π«π 512 §√’∫

µàÕ‡¡µ√ ‡§√◊ËÕß§«∫·πàπµ—«πÕ°√–∫“¬§«“¡√âÕπ‰¥â

10.5 °‘‚≈«—µµå ¢π“¥ 2 × 18 (row by column) ¡’§√’∫

®”π«π 512 §√’∫µàÕ‡¡µ√ ‡§√◊ËÕß∑”√–‡À¬∑”§«“¡‡¬Áπ‰¥â

25 °‘‚≈«—µµå ¡’§√’∫®”π«π 551 §√’∫µàÕ‡¡µ√ «“≈å«

¢¬“¬µ—«·∫∫‡∑Õ√å‚¡ ·µµ‘° ·≈–æ—¥≈¡™π‘¥·√ß

‡À«’Ë¬ß„∫‚§âßÀπâ“ æ‘°—¥¡Õ‡µÕ√å 5.5 °‘‚≈«—µµå Õ—µ√“

°“√‰À≈‡™‘ßª√‘¡“µ√¢ÕßÕ“°“» 2.8 ≈Ÿ°∫“»°å‡¡µ√µàÕ

«‘π“∑’ ∑’Ë§«“¡¥—π 750 kPa  à«πæ—¥≈¡ ”À√—∫

‡§√◊ËÕß§«∫·πàπµ—«πÕ°‡ªìπ™π‘¥„∫æ—¥‰À≈µ“¡·°π

æ‘°—¥¡Õ‡µÕ√å 200 «—µµå ®”π«π 2™ÿ¥

ß“π«‘®—¬π’È‰¥â∑¥≈Õß∑’Ë‚√ßß“πÀ≈«ßÕ“À“√

 ”‡√Á®√Ÿª∑’Ë 4 ®—ßÀ«—¥∫ÿ√’√—¡¬å ‚¥¬„™â¡–≈–°Õ·™àÕ‘Ë¡

‡ªìπ«— ¥ÿ Õ∫·Àâß ¡’πÈ”Àπ—°‡√‘Ë¡µâπÕ¬Ÿà√–À«à“ß 600-700

°‘‚≈°√—¡ µ”·Àπàß∑’Ë«—¥Õÿ≥À¿Ÿ¡‘Õ“°“» °√–‡ª“–·Àâß -

°√–‡ª“–‡ªï¬° ·≈– Õÿ≥À¿Ÿ¡‘ “√∑”§«“¡‡¬Áπ‰¥â

· ¥ß‰«â„π Figure 1  ”À√—∫«ß®√Õ“°“» „™â‡∑Õ√å‚¡

§—∫‡ªî≈™π‘¥ K µàÕ‡¢â“°—∫ data logger §«“¡≈–‡Õ’¬¥ ±

1°C  ”À√—∫«ß®√πÈ”¬“„™â«‘∏’ Õ¥ª≈“¬‡∑Õ√å‚¡§—∫‡ªî≈

‡¢â“‰ª„π∑àÕ∑Õß·¥ß¢π“¥‡≈Á°∑’ËΩíßÕ¬Ÿà„π∑àÕπÈ”¬“

°“√«—¥§«“¡¥—π¢Õß “√∑”§«“¡‡¬Áπ„™â∫√Ÿ¥Õß‡°®

µ”·Àπàß∑’Ë«—¥· ¥ß„π Figure 1 °“√«—¥§«“¡‡√Á«≈¡

¢ÕßÕ“°“» ®–«—¥∑’Ë∑àÕÕ“°“»‰À≈°≈—∫ ·≈–∑àÕ≈¡ by-

pass ‚¥¬„™â Hot wire anemometer °“√«—¥æ≈—ßß“π

‰øøÑ“„™â°‘‚≈«—µµå‡Õ“«å-¡‘‡µÕ√å ·≈–‡§√◊ËÕß clip-on me-

ter °“√À“¡«≈‡√‘Ë¡µâπ·≈– ÿ¥∑â“¬¢Õß¡–≈–°Õ·™àÕ‘Ë¡

„™âµ“™—Ëß∑“ß°≈ ‡™àπ‡¥’¬«°—π°—∫πÈ”Àπ—°¢ÕßπÈ”∑’Ë

§«∫·πàπ®“°‡§√◊ËÕß∑”√–‡À¬

°“√Õ∫·Àâß·∫àßÕÕ°‡ªìπ “¡™à«ß ™à«ß·√° Õ∫

·Àâß¡–≈–°Õ™‘Èπ„À≠à¢π“¥ª√–¡“≥ 11.5 × 6.5 × 1.7

≈Ÿ°∫“»°å‡´πµ‘‡¡µ√ ®“°§«“¡™◊Èπ‡√‘Ë¡µâπª√–¡“≥ 83

∂÷ß 86% ¡“µ√∞“π·Àâß ®π‡À≈◊Õ§«“¡™◊Èπ ÿ¥∑â“¬Õ¬Ÿà

„π™à«ß 31 ∂÷ß 37% ¡“µ√∞“π·Àâß „™â‡«≈“Õ∫·Àâß

„π™à«ßπ’Èª√–¡“≥ 19 ™—Ë«‚¡ß ™à«ß∑’Ë 2 π”¡–≈–°Õ

·™àÕ‘Ë¡®“°™à«ß·√°¡“≈¥¢π“¥≈ß‡ªìπ 1.0 × 1.0 × 1.0

≈Ÿ°∫“»°å‡´πµ‘‡¡µ√ ‚¥¬¡’°“√æ√¡πÈ”≈ß∫π¡–≈–°Õ

‡æ◊ËÕ§«“¡ –¥«°„π°“√À—Ëπ¡–≈–°Õ ·≈–‡π◊ËÕß®“°

æ◊Èπ∑’Ë∂“¥¡’®”°—¥ ®”‡ªìπµâÕßπ”¡–≈–°Õ·™àÕ‘Ë¡¡“‡√’¬ß

´âÕπ°—πÀ≈“¬ Ê ™—Èπ ‡æ◊ËÕ„Àâ “¡“√∂∫√√®ÿ¡–≈–°Õ

·™àÕ‘Ë¡‰¥âÀ¡¥ ·≈â«π”‰ªÕ∫·ÀâßµàÕ®π§«“¡™◊Èπ≈¥≈ß

‡À≈◊Õ 17 ∂÷ß 22% ¡“µ√∞“π·Àâß „™â‡«≈“ª√–¡“≥ 9

™—Ë«‚¡ß ®“°π—Èππ”‰ª§≈ÿ°°—∫πÈ”µ“≈∑√“¬∫¥≈–‡Õ’¬¥

°àÕπ∑’Ë®–π”‰ªÕ∫·Àâß„π™à«ß∑’Ë 3 ®π§«“¡™◊Èπ

 ÿ¥∑â“¬¡’§à“ 12 ∂÷ß 14% ¡“µ√∞“π·Àâß „™â‡«≈“ª√–¡“≥

4 ™—Ë«‚¡ß √«¡‡«≈“Õ∫·Àâß∑—Èß ‘Èπª√–¡“≥ 32 ™—Ë«‚¡ß

°“√∫—π∑÷°º≈¢ÕßÕÿ≥À¿Ÿ¡‘ §«“¡¥—π ¡«≈¢Õß

πÈ”∑’Ë§«∫·πàπ∑’Ë‡§√◊ËÕß∑”√–‡À¬ ·≈–§«“¡ ‘Èπ‡ª≈◊Õß

æ≈—ßß“π ®–∫—π∑÷°∑ÿ° 1 ™—Ë«‚¡ß  ”À√—∫°“√Õ∫·Àâß

™à«ß·√° ·≈–∑ÿ° 1/2 ™—Ë«‚¡ß „π°“√Õ∫·Àâß™à«ß∑’Ë 2

·≈– 3  ”À√—∫°“√À“§«“¡™◊Èπ¢Õß¡–≈–°Õ·™àÕ‘Ë¡

‡°Á∫µ—«Õ¬à“ß¡“À—Ëπ‡ªìπ™‘Èπ‡≈Á° Ê ™—ËßπÈ”Àπ—°¥â«¬‡§√◊ËÕß

™—Ëß¥‘®‘µÕ≈ (Õà“π§à“‰¥â≈–‡Õ’¬¥ 0.01 °√—¡) ·≈â«π”‡¢â“

µŸâÕ∫∑’ËÕÿ≥À¿Ÿ¡‘ 103°C ‡«≈“ 72 ™—Ë«‚¡ß ‚¥¬‡°Á∫

µ—«Õ¬à“ß∑’Ë™—Ë«‚¡ß‡√‘Ë¡µâπ 5, 15 ·≈– ™—Ë«‚¡ß ÿ¥∑â“¬
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Figure 1 Schematic diagram of a heat pump dryer and locations of measuring temperature and pressure.

„π°“√Õ∫·Àâß™à«ß·√° ·≈–‡°Á∫µ—«Õ¬à“ß‡©æ“–™à«ß

‡√‘Ë¡µâπ ·≈– ÿ¥∑â“¬ ”À√—∫°“√Õ∫·Àâß™à«ß∑’Ë 2 ·≈– 3

µ—«Õ¬à“ß ÿà¡¡“®“°∫√‘‡«≥°÷Ëß°≈“ß∂“¥∑’Ë 1, 5, 9, 13

·≈– 17 ¢Õß√∂‡¢Áπ·µà≈–§—π ‚¥¬®–ªî¥‡§√◊ËÕßÕ∫

·Àâß∑ÿ°§√—Èß°àÕπ‡°Á∫µ—«Õ¬à“ß °àÕπ°“√Õ∫·Àâß®–

∑”°“√ª√—∫∫“πª√—∫≈¡‡æ◊ËÕ„Àâ≈¡√âÕπ°√–®“¬

 ¡Ë”‡ ¡Õµ≈Õ¥Àπâ“µ—¥¢ÕßµŸâÕ∫·Àâß ·≈–„Àâ‰¥âÕ—µ√“

°“√‰À≈‡™‘ßª√‘¡“µ√¢ÕßÕ“°“»ª√–¡“≥ 2.8 ≈Ÿ°

∫“»°å‡¡µ√µàÕ«‘π“∑’ ‚¥¬Õ—µ√“°“√‰À≈®”‡æ“–¢Õß

Õ“°“»®–¡’§à“Õ¬Ÿà√–À«à“ß 25-32 °‘‚≈°√—¡Õ“°“»·Àâß

µàÕ°‘‚≈°√—¡¡«≈·Àâß¢Õß¡–≈–°Õ·™àÕ‘Ë¡ ´÷Ëß¢÷ÈπÕ¬Ÿà°—∫

¡«≈‡√‘Ë¡µâπ¢Õß¡–≈–°Õ·™àÕ‘Ë¡ µ—Èß§à“Õÿ≥À¿Ÿ¡‘Õ∫·Àâß

„π™à«ß 53 ∂÷ß 55°C „π°“√ §«∫§ÿ¡ª√‘¡“≥≈¡∑’Ë‰À≈

¢â“¡‡§√◊ËÕß∑”√–‡À¬ (evaporator by-pass air) ∑”‰¥â

‚¥¬ª√—∫∫“πª√—∫≈¡∑’Ë∑àÕ≈¡ by-pass ‚¥¬„π°“√

∑¥≈Õß∑’Ë 2 ·≈– 3 „™â —¥ à«π evaporator by-pass air

‡∑à“°—∫ 81%

°“√«‘‡§√“–Àå§à“ COPhp ®–„™â¢âÕ¡Ÿ≈∑—Èß®“°∑“ß

¥â“π«ß®√Õ“°“» ·≈–«ß®√πÈ”¬“‡æ◊ËÕ‡ª√’¬∫‡∑’¬∫°—π §à“

COPhp ®–·∫àßÕÕ°‡ªìπ 1) (COPhp)sys ́ ÷Ëß§”π«≥®“°

§«“¡√âÕπ∑’Ë‰¥â®“°‡§√◊ËÕß§«∫·πàπµ—«„π·≈–µ—«πÕ°

√«¡°—π 2) (COPhp)used ‰¥â®“°§«“¡√âÕπ∑’Ë√–∫“¬‚¥¬

‡§√◊ËÕß§«∫·πàπµ—«„π‡∑à“π—Èπ ÷́Ëß‡ªìπ à«π∑’Ëπ”¡“„™â

ª√–‚¬™πå„π°“√Õ∫·Àâß

º≈·≈–«‘®“√≥å

1. °“√‡ª≈’Ë¬π·ª≈ßÕÿ≥À¿Ÿ¡‘¢ÕßÕ“°“»·≈–§«“¡™◊Èπ
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¢Õß¡–≈–°Õ·™àÕ‘Ë¡

Table 1 · ¥ßº≈°“√∑¥≈ÕßÕ∫·Àâß¡–≈–°Õ

·™àÕ‘Ë¡ ‡¡◊ËÕπ”¡“‡¢’¬π°√“ø· ¥ß§«“¡ —¡æ—π∏å

√–À«à“ßÕÿ≥À¿Ÿ¡‘Õ“°“» ≥ µ”·Àπàßµà“ß Ê ¢Õß√∂

‡¢Áπ„πÀâÕßÕ∫·Àâß°—∫‡«≈“Õ∫·Àâß¥—ß· ¥ß„π Figure

2 (™à«ß 1) 3 (™à«ß 2) ·≈– 4 (™à«ß 3) æ∫«à“Õÿ≥À¿Ÿ¡‘¢Õß

≈¡√âÕπ≈¥≈ßµ“¡√–¬–∑“ß¢ÕßÀâÕßÕ∫ ·µà„πµÕπ

∑â“¬¢Õß°“√Õ∫·Àâß·µà≈–™à«ß' æ∫«à“¡’§«“¡·µ°µà“ß

°—π‡æ’¬ß‡≈Á°πâÕ¬ª√–¡“≥ 1°C √–À«à“ßÕÿ≥À¿Ÿ¡‘Õ“°“»

∑’Ë‡¢â“·≈–ÕÕ°®“°ÀâÕßÕ∫·Àâß ‡π◊ËÕß¡“®“°§«“¡™◊Èπ

„π¡–≈–°Õ·™àÕ‘Ë¡‡À≈◊ÕÕ¬ŸàπâÕ¬ ¥—ßπ—Èπ®÷ß„™â§«“¡√âÕπ

„π°“√√–‡À¬§«“¡™◊ÈπµË” Õ¬à“ß‰√°Áµ“¡º≈¢Õß

Õÿ≥À¿Ÿ¡‘Õ“°“»∑’Ë≈¥≈ßµ“¡·π«¬“«¢ÕßÀâÕßÕ∫·Àâß

∑”„Àâ§«“¡™◊Èπ ÿ¥∑â“¬¢Õß¡–≈–°Õ·™àÕ‘Ë¡„π √∂‡¢Áπ∑’Ë

Àà“ßÕÕ°‰ª¡’§à“ Ÿß¢÷Èπ ‚¥¬§«“¡·µ°µà“ß¢Õß§à“

§«“¡™◊Èπ ÿ¥∑â“¬‡©≈’Ë¬¡’§à“ª√–¡“≥ 5.6% ·≈– 4.6%

Table 1 Experimental results of papaya glace’ drying.

Description Test No. 1 Test No. 2 Test No. 3

 1 2 3  1 2 3  1 2 3

Ambient condition

Average temperature (°C) 28.4 28.5 28.2 28.55 27.97 28.25 29.70 27.50 34.70

Average relative humidity (%) 70 72 73 75 72 75 65 75 46

Condition of fruit glacé

Average moisture before drying (%d.b.) 83.48 44.11 22.20 86.29 42.39 19.47 86.95 40.88 16.93

Average moisture after drying (%d.b.) 37.39 22.29 14.23 31.56 19.47 14.70 33.60 16.93 12.00

Initial weight (kg) 711.5 a515.2 a439.7 602.5 b587.9 495.3 670.2 505.7 420.7

Final weight (kg) 532.5 437.2 410.7 425.6 493.3 475.5 479.6 419.7 403

Moisture removed (kg ) 179 78 29 176.9 94.6 19.8 190.6 86.0 17.7

Drying air condition

Drying temperature (°C) 53 52.5 53.4 53.4 52.90 54.35 55.0 54.2 55.8

Specific air flow rate

(kg dry air / h - kg dry papaya glacé) 27.0 31.56 30.67 32.3 25.30 25.20 29.1 29.1 29.1

Evaporator by - pass air (%) 81.0 82.0 85.9 81.7 81.7 81.7 81.7 81.7 81.7

Drying time (h) 19.5 8.5 9.5 19 9.5 3 19 8 4.5

Performance of heat pump

Drying rateavg (kg water evap / h) 9.18 9.18 3.05 9.31 9.96 6.6 10.03 10.75 3.93

MERavg (kg water condensate / h) 7.39 9.93 3.99 8.73 11.80 4.06 8.61 9.43 3.73

SMERavg (kg water evap / kWh) .7649 0.7572 0.2265 0.728 0.618 0.495 0.781 0.860 0.305

Specific energy consumption

(MJ / kg water evap)avg  4.70  4.75  15.88  4.95  5.82  7.27  4.61  4.19  11.80

(COPhp)sys 4.49 4.60 3.40 4.42 4.57 4.24 4.58 4.62 4.90

(COPhp)used 3.68 3.79 2.73 3.25 3.45 3.60 3.36 3.50 3.81

a Not the same batch of Papaya glacé dried in 1st stage.
b Including approx. 130 kg of papayas glacé dried with an existing steam dryer
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¡“µ√∞“π·Àâß ”À√—∫°“√Õ∫·Àâß™à«ß·√° ·≈–™à«ß∑’Ë

2 µ“¡≈”¥—∫ ·≈–≈¥‡À≈◊Õ‡æ’¬ß 1.4% „π°“√Õ∫·Àâß

™à«ß  ÿ¥∑â“¬ ¥—ß· ¥ß„π Figure 5 (™à«ß 1) ·≈– 6 (™à«ß

2 ·≈– 3)  ”À√—∫°“√°√–®“¬Õÿ≥À¿Ÿ¡‘¢ÕßÕ“°“»µ“¡

·π«¢«“ß¢ÕßÀâÕßÕ∫·Àâß æ∫«à“¡’§«“¡ ¡Ë”‡ ¡Õ¥’

´÷Ëß‡ªìπº≈®“°¡’°“√°√–®“¬≈¡∑’Ë¥’µ≈Õ¥Àπâ“µ—¥ÀâÕß

Õ∫·Àâß ¥—ß· ¥ß„π Figure 7 (™à«ß 1), 8 (™à«ß 2) ·≈–

9 (™à«ß 3)  àßº≈„Àâ§à“‡©≈’Ë¬§«“¡™◊Èπ ÿ¥∑â“¬¢Õß

¡–≈–°Õ·™àÕ‘Ë¡√–À«à“ß∂“¥„π√∂‡¢Áπ∑—Èß 4 §—π ¡’§à“

„°≈â‡§’¬ß°—π ‚¥¬‡©æ“–„π™à«ß∑’Ë 2 ·≈– 3 ¡’§à“§«“¡

·µ°µà“ß¢Õß§«“¡™◊Èπ  ÿ¥∑â“¬‡©≈’Ë¬√–À«à“ß∂“¥ª√–¡“≥

1.2% ¥—ß· ¥ß„π Figure 10 (™à«ß 1) 11 (™à«ß 2) ·≈–

12 (™à«ß 3)

2.  ¡√√∂π–¢Õß‡§√◊ËÕßÕ∫·Àâß

®“°º≈°“√∑¥≈Õßæ∫«à“ Õ—µ√“°“√Õ∫·Àâß (dry-

ing rate) ≈¥≈ßÕ¬à“ß√«¥‡√Á«„π™à«ßµâπ°“√Õ∫·Àâß
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Figure 2 Variations of average air temperature
along position of trolleys with time (3th

test, 1st stage).

Figure 3 Variations of average air temperature

along position of trolleys with time (3rd

test, 2ndstage).
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Figure 4 Variations of average air temperature

along position of trolleys with time (3rd

test, 3rdstage).
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Figure 5 Variations of average moisture content

along position of trolleys with time
(3rdtest,1st stage).
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Figure 6 Variations of average moisture content

along position of trolleys with time

(3rdtest,2nd&3rdstage).
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Figure 7 Variations of average air temperature
of all trolleys along tray position with

time (3th test, 1st stage)
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Figure 8 Variations of average air temperature

of all trolleys along tray positions with
time (3rd test, 2nd stage).
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Figure 10 Effect of tray positions on the average

moisture content (3rd test, 1ststage).
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Figure 9 Variations of average air temperature

of all trolleys along tray position with
time (3rd test, 3rd stage).

Figure 12 Effect of tray positions on the average

moisture content (3rd test, 3rdstage).
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Figure 11 Effect of tray positions on the average

moisture content (3rd test, 2ndstage).
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´÷Ëß “¡“√∂æ‘®“√≥“‰¥â®“°°“√‡ª≈’Ë¬π·ª≈ß§«“¡™◊Èπ

‡©≈’Ë¬¢Õß¡–≈–°Õ·™àÕ‘Ë¡ À√◊ÕÕ—µ√“°“√§«∫·πàππÈ”

®“°‡§√◊ËÕß∑”√–‡À¬ (moisture extraction rate, MER)

‡∑’¬∫°—∫‡«≈“ (Figure 13 ·≈– 14)  ”À√—∫™à«ß·√°

·≈– Figure 15 ·≈– 16  ”À√—∫™à«ß∑’Ë 2 ·≈– 3 ®–

‡ÀÁπ‰¥â«à“§«“¡ ‘Èπ‡ª≈◊Õßæ≈—ßß“π∑—ÈßÀ¡¥¡’§à“§àÕπ

¢â“ß§ß∑’Ëµ≈Õ¥™à«ß‡«≈“Õ∫·Àâß ∂÷ß·¡â°√–∫«π°“√Õ∫

·Àâß®–¥”‡π‘π‰ª„π≈—°…≥– ¿“«–‰¡à§ß∑’Ë (non steady

state process) °Áµ“¡ (§«“¡™◊Èπ¡–≈–°Õ‡ª≈’Ë¬π·ª≈ß

µ“¡‡«≈“Õ∫·Àâß) ´÷Ëßæ‘®“√≥“‰¥â®“° Figure 14 ·≈–

16 „π¢≥–∑’Ëæ≈—ßß“π∑’Ë„Àâ°—∫æ—¥≈¡¡’§à“§àÕπ¢â“ß§ß∑’Ë

‡æ√“–Õ—µ√“°“√‰À≈¢ÕßÕ“°“»·≈–§«“¡¥—π≈¥„π

√–∫∫‰¡à‡ª≈’Ë¬π·ª≈ßµ≈Õ¥™à«ß‡«≈“Õ∫·Àâß ´÷Ëß

À¡“¬§«“¡«à“æ≈—ßß“π∑’Ë‡§√◊ËÕßÕ—¥‰Õ„™â§àÕπ¢â“ß§ß∑’Ë¥â«¬

 “‡Àµÿ¡“®“°¡’°“√√–∫“¬§«“¡√âÕπ à«π‡°‘π®“°
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Figure 14 Variations of MER and power

consumption with time (3rd test, 1st

stage).

Figure 13 Variations of average moisture content

with time (3rd test, 1st stage).
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¿“¬„π√–∫∫ÕÕ° ŸàÕ“°“»·«¥≈âÕ¡¿“¬πÕ°‡ªìπ√–¬– Ê

µ≈Õ¥™à«ß‡«≈“Õ∫·Àâß ‚¥¬ºà“π∑“ß‡§√◊ËÕß§«∫·πàπ

µ—«πÕ° ‡æ√“–µâÕß°“√§«∫§ÿ¡‰¡à„ÀâÕÿ≥À¿Ÿ¡‘¿“¬„πµŸâ

Õ∫·Àâß Ÿß®π‡°‘π‰ª º≈§◊ÕÕÿ≥À¿Ÿ¡‘  “√∑”§«“¡‡¬Áπ

µ≈Õ¥®π§«“¡¥—π∑’Ë‡¢â“·≈–ÕÕ°®“°‡§√◊ËÕß∑”√–‡À¬

‡ª≈’Ë¬π·ª≈ßÕ¬Ÿà„π™à«ß∑’Ë·πàπÕπ„π√–¬–‡«≈“ —Èπ Ê

¡’≈—°…≥–∑’Ë‡ªìπ«—Ø®—°√ À√◊ÕÕ“®°≈à“«‰¥â«à“Õ—µ√“°“√

‰À≈‡™‘ß¡«≈¢Õß “√∑”§«“¡‡¬Áπµ≈Õ¥®π ¿“«–¢Õß

 “√∑”§«“¡‡¬Áπ∑’Ë‡¢â“·≈–ÕÕ°®“°‡§√◊ËÕßÕ—¥‰Õ ¡’°“√

‡ª≈’Ë¬π·ª≈ß„π≈—°…≥–‡¥’¬«°—π º≈°Á§◊Õß“π∑’ËªÑÕπ

„Àâ°—∫‡§√◊ËÕßÕ—¥‰Õ (´÷Ëß°Á¢÷ÈπÕ¬Ÿà°—∫Õ—µ√“‰À≈‡™‘ß¡«≈,

§«“¡¥—π·≈–Õÿ≥À¿Ÿ¡‘¢Õß “√∑”§«“¡‡¬Áπ ´÷Ëß Õß

ªí®®—¬À≈—ß· ¥ß∂÷ß§à“‡Õπ∑—≈ªï¢Õß “√∑”§«“¡‡¬Áπ)

¡’§à“§àÕπ¢â“ß®–§ß∑’Ë„π§“∫‡«≈“∑’Ëæ‘®“√≥“ ‡™àπ ∑ÿ° 1/

2 ™—Ë«‚¡ß ‡ªìπµâπ
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Figure 15 Variations of average moisture content

with time (3rd test, 2nd & 3rd stage).
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Figure 16 Variations of MER and power

consumption with time (3rd test, 2nd&
3rd stage).

πÕ°®“°π’Èº≈°“√∑¥≈Õß∑’Ë· ¥ß„π Table 1

¬—ßæ∫«à“ª√‘¡“≥πÈ”∑’Ë¥÷ßÕÕ°®“°¡–≈–°Õ·™àÕ‘Ë¡®–¡’§à“

πâÕ¬ ∂â“§«“¡™◊Èπ‡√‘Ë¡µâπ¡’§à“µË” ´÷Ëßæ‘®“√≥“‰¥â®“°

°“√Õ∫·Àâß„π™à«ß 2 ‡ª√’¬∫‡∑’¬∫°—∫™à«ß 3 ¢Õß∑ÿ°

°“√∑¥≈Õß ( —ß‡°µ«à“§«“¡™◊Èπ‡√‘Ë¡µâπ„π™à«ß 2 ‡æ‘Ë¡

¢÷Èπ¡“®“°§«“¡™◊Èπ ÿ¥∑â“¬¢Õß™à«ß 1 ‡ªìπº≈®“°°“√

æ√¡πÈ”≈ß∫π¡–≈–°Õ·™àÕ‘Ë¡„π¢—ÈπµÕπ°“√‡µ√’¬¡

¡–≈–°Õ·™àÕ‘Ë¡„π™à«ß 2) ´÷Ëß§«“¡™◊Èπ‡√‘Ë¡µâπ„π™à«ß∑’Ë

3 ¡’§à“ª√–¡“≥ §√÷ËßÀπ÷Ëß¢Õß™à«ß∑’Ë 2 „π¢≥–∑’Ë

ª√‘¡“≥πÈ”∑’Ë¥÷ßÕÕ°®“°¡–≈–°Õ·™àÕ‘Ë¡„π™à«ß∑’Ë 2

¡“°°«à“™à«ß 3 ∂÷ßª√–¡“≥ 4 ‡∑à“ ·¡â«à“πÈ”Àπ—°‡√‘Ë¡

µâπ„π™à«ß∑’Ë 2 ®–¡“°°«à“„π™à«ß∑’Ë 3 ·µà°Á‰¡à‡°‘π 20%

´÷Ëß “‡Àµÿ¡“®“°¢≥–∑’Ë¡–≈–°Õ·™àÕ‘Ë¡¡’§«“¡™◊Èπ Ÿß

∫√‘‡«≥º‘«¢Õß¡–≈–°ÕÕ‘Ë¡µ—«¥â«¬πÈ” ∑”„Àâ§à“Õ—µ√“

°“√·æ√à§«“¡™◊Èπ Ÿß ·µà‡¡◊ËÕ¡’§«“¡™◊Èπ≈¥µË”≈ß °“√

·æ√à§«“¡™◊Èπ®–¡“®“°¥â“π„π¢Õß¡–≈–°Õ·™àÕ‘Ë¡

∑”„Àâ°“√·æ√à§«“¡™◊Èπ≈¥≈ß  àßº≈„ÀâÕ—µ√“°“√Õ∫

·Àâß·≈– SMER „π™à«ß∑’Ë 3 ≈¥≈ßÕ¬à“ß¡“° „π¢≥–

∑’Ë§à “§«“¡ ‘Èπ‡ª≈◊Õßæ≈—ßß“π®”‡æ“–¡’§à “ Ÿß¢÷Èπ

πÕ°®“°π’ÈÕ“®°≈à“«‰¥â«à“ §à“ SMERavg ·≈–§«“¡ ‘Èπ

‡ª≈◊Õßæ≈—ßß“π®”‡æ“–‡©≈’Ë¬ (average specific energy

consumption, SECavg) ́ ÷Ëß°Á§◊ÕÕ—µ√“ à«π√–À«à“ß¡«≈

¢ÕßπÈ”∑’Ë√–‡À¬®“°¡–≈–°Õ·™àÕ‘Ë¡·≈–æ≈—ßß“π∑’Ë„™â

 —¡æ—π∏å‚¥¬µ√ß°—∫ª√‘¡“≥πÈ”∑’Ë√–‡À¬ÕÕ°®“°

¡–≈–°Õ·™àÕ‘Ë¡ ‡æ√“–«à“æ≈—ßß“π∑’Ë„™â¡’§à“§àÕπ¢â“ß

§ß∑’Ë¥—ß∑’Ë°≈à“«¡“¢â“ßµâπ ®“°º≈°“√∑¥≈Õß‚¥¬‡©≈’Ë¬

µ—«‡≈¢®“°∑—Èß “¡°“√∑¥≈Õßæ∫«à“‡§√◊ËÕßÕ∫·Àâß

 “¡“√∂∑”Õ—µ√“°“√Õ∫·Àâß ·≈– SMER ‡©≈’Ë¬ Ÿß ÿ¥

‡∑à“°—∫ 9.34 °‘‚≈°√—¡πÈ”√–‡À¬µàÕ™—Ë«‚¡ß ·≈– 0.732

°‘‚≈°√—¡πÈ”√–‡À¬µàÕ°‘‚≈«—µµå-™—Ë«‚¡ß µ“¡≈”¥—∫ ·≈–
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MER ‡©≈’Ë¬ Ÿß ÿ¥‡∑à“°—∫ 9.21 °‘‚≈°√—¡πÈ”§«∫·πàπ

µàÕ™—Ë«‚¡ß  “‡Àµÿ∑’Ë MER ·µ°µà“ß®“°Õ—µ√“°“√Õ∫

·Àâß ‡π◊ËÕß®“°¡’Õ“°“»√—Ë«‰À≈‡¢â“·≈–ÕÕ°®“°√–∫∫

§à“§«“¡ ‘Èπ‡ª≈◊Õßæ≈—ßß“π®”‡æ“– ·≈–√–¬–‡«≈“Õ∫

·Àâß‡ª√’¬∫‡∑’¬∫„π™à«ß‡¥’¬«°—π¢Õß·µà≈–°“√∑¥≈Õß

¡’§à“∑’Ë‰¡à·µ°µà“ß°—π¡“°π—° ‡π◊ËÕß¡“®“°§«“¡™◊Èπ‡√‘Ë¡

µâπ, πÈ”Àπ—°‡√‘Ë¡µâπ µ≈Õ¥®π¢π“¥¢Õß¡–≈–°Õ·™à

Õ‘Ë¡∑’Ë¡’§à“„°≈â‡§’¬ß°—π ®“°°“√∑¥≈Õß∑—ÈßÀ¡¥ °“√

∑¥≈Õß∑’Ë 3 „Àâ§à“§«“¡ ‘Èπ‡ª≈◊Õßæ≈—ßß“π®”‡æ“–

‡©≈’Ë¬µË” ÿ¥ (SEC) ‚¥¬¡’§à“ 4.92 ‡¡°–®Ÿ≈µàÕ

°‘‚≈°√—¡πÈ”√–‡À¬

§à“ COPhp «‘‡§√“–Àå®“°∑—Èß«ß®√Õ“°“»·≈– “√

∑”§«“¡‡¬Áπ æ∫«à“·µ°µà“ßª√–¡“≥ 15% (‰¡à‰¥â

· ¥ß√“¬≈–‡Õ’¬¥‰«â„π√“¬ß“π©∫—∫π’È)  “‡Àµÿ®“°„π

°“√∑¥≈Õß‰¡à “¡“√∂«—¥Õ—µ√“°“√‰À≈‡™‘ß¡«≈¢Õß

 “√∑”§«“¡‡¬Áπ‰¥â‚¥¬µ√ß ·µà§”π«≥®“°æ≈—ßß“π∑’Ë

‡§√◊ËÕßÕ—¥‰Õ„™â πÕ°®“°π’ÈÕ“®¡’§«“¡§≈“¥‡§≈◊ËÕπ„π

°“√«—¥ª√‘¡“≥≈¡ ·≈– ÿ¥∑â“¬°“√«—¥Õÿ≥À¿Ÿ¡‘¢Õß “√

∑”§«“¡‡¬Áπª≈“¬ “¬‡∑Õ√å‚¡§—∫‡ªî≈‰¡à‰¥â —¡º— 

‚¥¬µ√ß°—∫ “√∑”§«“¡‡¬Áπ ∑”„Àâ§à“∑’Ë«—¥‰¥â§≈“¥

‡§≈◊ËÕπ‰¥â  àßº≈µàÕ°“√À“§à“‡Õπ∑—≈ªï¢Õß “√

∑”§«“¡‡¬Áπ Õ¬à“ß‰√°Áµ“¡ ‚¥¬«‘‡§√“–Àå «ß®√Õ“°“»

æ∫«à“ (COP)sys ¡’§à“√–À«à“ß 4.2 ∂÷ß 4.9 ·≈– (COPhp)used
´÷Ëß§”π«≥¡“®“°¿“√–§«“¡√âÕπ¢Õß‡§√◊ËÕß§«∫·πàπ

µ—«„π ¡’§à“√–À«à“ß 3.3 ∂÷ß 3.8  —ß‡°µÿ«à“§à“ (COPhp)sys
¡’§à“¡“°°«à“ (COPhp)used  “‡Àµÿ®“°¡’§«“¡√âÕπ à«π

‡°‘π∂Ÿ°√–∫“¬∑‘Èß Ÿà∫√√¬“°“» ‡æ◊ËÕ§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘„π

ÀâÕßÕ∫·Àâß‰¡à„Àâ Ÿß‡°‘π§«“¡µâÕß°“√ §ÿ≥¿“æ¢Õß

¡–≈–°Õ·™àÕ‘Ë¡„π¥â“π¢Õß ’æ∫«à“Õ¬Ÿà„π‡°≥±å∑’Ë¥’

‚¥¬¡’ ’ â¡ªπ·¥ß§àÕπ¢â“ßÕàÕπ (code 34-C µ“¡

¡“µ√∞“π‡∑’¬∫ ’¢Õß R.H.S. color) ´÷Ëß‡ªìπ‡æ√“–

°“√„™âÕÿ≥À¿Ÿ¡‘Õ∫·Àâß∑’Ë‰¡à Ÿß

 √ÿª

Õÿ≥À¿Ÿ¡‘¢ÕßÕ“°“»√âÕπ¿“¬„πÀâÕßÕ∫·Àâß®–

≈¥≈ß‰ªµ“¡·π«¬“«¢ÕßµŸâÕ∫·Àâß ∑”„Àâ§«“¡™◊Èπ

 ÿ¥∑â“¬‡©≈’Ë¬¢Õß¡–≈–°Õ·™àÕ‘Ë¡„π√∂‡¢Áπ§—π ÿ¥∑â“¬

 Ÿß ÿ¥ ·µà§«“¡·µ°µà“ß¢Õß§«“¡™◊Èπ ÿ¥∑â“¬®–≈¥

‡À≈◊Õ‡æ’¬ß 1.4% „π°“√Õ∫·Àâß™à«ß ÿ¥∑â“¬  ”À√—∫

°“√°√–®“¬§«“¡™◊Èπ√–À«à“ß∂“¥Õ¬Ÿà„π‡°≥±å¥’ ∑”„Àâ

§«“¡·µ°µà“ß¢Õß§«“¡™◊Èπ ÿ¥∑â“¬‡©≈’Ë¬√–À«à“ß∂“¥

¢Õß√∂‡¢Áπ∑—Èß 4 §—π ¡’§à“ª√–¡“≥ 1.2% „π°“√Õ∫

·Àâß™à«ß 2 ·≈– 3 ∑’Ëπà“ π„®°Á§◊Õ°“√®—¥‡√’¬ß¢Õß

¡–≈–°Õ·™àÕ‘Ë¡„π™à«ß∑’Ë 2 ·≈– 3 ®–«“ß´âÕπ°—πÀ≈“¬

Ê ™—Èπ ‡æ◊ËÕ„Àâ “¡“√∂∫√√®ÿ¡–≈–°Õ ·™àÕ‘Ë¡„Àâ‰¥â¡“°

∑’Ë ÿ¥ ·µà°Á “¡“√∂∑’Ë®–≈¥§«“¡™◊Èπ µ≈Õ¥®π°“√

°√–®“¬¢Õß§«“¡™◊ÈπÕ¬Ÿà„π√–¥—∫∑’Ëπà“æÕ„® „π°“√

∑¥≈Õß®–æ∫«à“Õ—µ√“°“√¥÷ß§«“¡™◊ÈπÕÕ°®“°

¡–≈–°Õ·™àÕ‘Ë¡®–‡ªìπ‰ªÕ¬à“ß√«¥‡√Á«„π™à«ßµâπ¢Õß

°“√Õ∫·Àâß ·≈–®–§àÕ¬ Ê ≈¥≈ß„π‡«≈“µàÕ¡“ ´÷Ëß°Á

‡ªìπ‰ª„π∑”πÕß‡¥’¬«°—∫§à“ MER  —ß‡°µÿ‰¥â«à“§à“ MER

®–µà“ß®“°Õ—µ√“°“√Õ∫·Àâß °“√ ‘Èπ‡ª≈◊Õßæ≈—ßß“π

µ≈Õ¥™à«ß‡«≈“Õ∫·Àâß§àÕπ¢â“ß®–§ß∑’Ë∂÷ß·¡â«à“

°√–∫«π°“√Õ∫·Àâß®–¥”‡π‘π‰ª„π≈—°…≥– ¿“«–

‰¡à§ß∑’Ë°Áµ“¡ ´÷Ëß‡ªìπº≈ ◊∫‡π◊ËÕß¡“®“°°“√æ¬“¬“¡

∑”„Àâ‡°‘¥ ¿“«–§ß∑’Ë„π·ßà¢Õß§«“¡√âÕπ (‰¡à„™à

§«“¡™◊Èπ) ¿“¬„πÀâÕßÕ∫·Àâß °“√Õ∫·Àâß¡–≈–°Õ

·™àÕ‘Ë¡∑’Ë¡’§«“¡™◊Èπ‡√‘Ë¡µâπµË” ®–§àÕπ¢â“ß¬“°∑”„Àâ‰¥â

Õ—µ√“°“√Õ∫·Àâß·≈– SMER µË”´÷Ëß®–µ√ß°—π¢â“¡

Õ¬à“ß‡ÀÁπ‰¥â™—¥°—∫°“√Õ∫·Àâß¡–≈–°Õ·™àÕ‘Ë¡∑’Ë¡’

§«“¡™◊Èπ‡√‘Ë¡µâπ Ÿß Ê ª√‘¡“≥πÈ”∑’Ë∂Ÿ°¥÷ßÕÕ°®“°

¡–≈–°Õ·™àÕ‘Ë¡ àßº≈‚¥¬µ√ßµàÕ§à“ SMER ·≈–§«“¡

 ‘Èπ‡ª≈◊Õß æ≈—ßß“π®”‡æ“– ®“°°“√‡©≈’Ë¬µ—«‡≈¢¢Õß

∑—Èß “¡°“√∑¥≈Õß æ∫«à“‡§√◊ËÕßÕ∫·Àâß “¡“√∂∑”

Õ—µ√“°“√Õ∫·Àâß ·≈– SMER ‡©≈’Ë¬ Ÿß ÿ¥‡∑à“°—∫ 9.34

°‘‚≈°√—¡πÈ”√–‡À¬µàÕ™—Ë«‚¡ß ·≈– 0.732 °‘‚≈°√—¡πÈ”
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√–‡À¬µàÕ°‘‚≈«—µµå-™—Ë«‚¡ß µ“¡≈”¥—∫ §à“MER ‡©≈’Ë¬

 Ÿß ÿ¥ 9.21 °‘‚≈°√—¡πÈ”§«∫·πàπµàÕ™—Ë«‚¡ß §«“¡ ‘Èπ

‡ª≈◊Õßæ≈—ßß“π®”‡æ“–‡©≈’Ë¬µË” ÿ¥„π°“√∑¥≈Õß∑’Ë “¡

¡’§à“‡∑à“°—∫ 4.92 ‡¡°–®Ÿ≈µàÕ°‘‚≈°√—¡πÈ”√–‡À¬ ‡«≈“

Õ∫·Àâß√«¡∑—Èß ‘Èπª√–¡“≥ 32 ™—Ë«‚¡ß ·≈– (COPhp)sys
¡’§à“√–À«à“ß 4.2 ∂÷ß 4.9 „π¢≥–∑’Ë (COPhp)used ¡’§à“

πâÕ¬°«à“‚¥¬¡’§à“Õ¬Ÿà√–À«à“ß 3.3 ∂÷ß 3.8 πÕ°®“°π’È

¬—ßæ∫«à“ §ÿ≥¿“æ¢Õß¡–≈–°Õ·™àÕ‘Ë¡„π¥â“π¢Õß ’

ÕÕ°¡“Õ¬Ÿà„π‡°≥±å¥’ ®“°∑’Ë°≈à“«¡“¢â“ßµâπ∑—ÈßÀ¡¥

‚¥¬‡©æ“–ªí®®—¬¥â“πæ≈—ßß“π∑”„Àâ‡§√◊ËÕßÕ∫·Àâß‚¥¬

„™â ªíö ¡§« “¡√â Õπ¡’ ‚Õ°“  Ÿ ß∑’Ë ® –π”‰ª„™â „π

Õÿµ “À°√√¡Õ∫·ÀâßÕ“À“√

§”¢Õ∫§ÿ≥

ºŸâ ‡¢’¬π„§√à¢Õ¢Õ∫§ÿ≥ ”π—°ß“π°Õß∑ÿπ

 π—∫ πÿπ°“√«‘®—¬ ∑’Ë„Àâ∑ÿπ π—∫ πÿπ‚§√ß°“√«‘®—¬

∫√‘…—∑‰√´å‡ÕÁπ®‘‡π’¬√‘Ëß ´—ææ≈“¬ ®”°—¥ ∑’Ë„Àâ§«“¡

™à«¬‡À≈◊Õ„π¥â“π √â“ß‡§√◊ËÕß ·≈–‚√ßß“πÀ≈«ß

Õ“À“√ ”‡√Á®√Ÿª∑’Ë 4 Õ”‡¿Õ‚ππ¥‘π·¥ß ®—ßÀ«—¥∫ÿ√’√—¡¬å
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