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°“√∂à“¬‡∑§«“¡√âÕπ
‚¥¬°“√æ“¢Õß°≈ÿà¡§√’∫·∑àß∑√ß°√«¬
On the Convective Heat Transfer of
the Cylindrical Taper Pin Fins Array

‚§√ß°“√§«“¡√à«¡¡◊Õ À≈—° Ÿµ√ª√‘≠≠“‚∑ ¡»« ·≈– √√.®ª√.,

¿“§«‘™“«‘»«°√√¡‡§√◊ËÕß°≈ ∫—≥±‘µ«‘∑¬“≈—¬ ¡À“«‘∑¬“≈—¬»√’π§√‘π∑√«‘‚√≤

Abstract

In the present study, the experimental

and numerical investigations on the heat

transfer characteristics of the pin fin arrays

under constant heat flux conditions were

presented. The test section was the in-

line cylindrical taper pin fin arrays. Ex-

periments was performed at various air

Reynolds numbers in the ranging of 1000-

9000. It was found that the heat transfer

coefficient increase as the heat flux and

air Reynolds number are increased. The

measured data were compared with the

predicted results. The predicted results were

reasonable agreement with the experi-

ments.

∫∑§—¥¬àÕ

„πß“π«‘®—¬π’È‰¥â»÷°…“∑—Èß°“√∑¥≈Õß·≈–

°“√§”π«≥‡™‘ßµ—«‡≈¢‡°’Ë¬«°—∫°“√∂à“¬‡∑§«“¡

√âÕπ¢Õß§√’∫¿“¬„µâ ¿“«–ø≈—°…å§«“¡√âÕπ§ß∑’Ë

‚¥¬§√’∫¡’≈—°…≥–∑√ß°√«¬µ—¥¬Õ¥ ∑’Ë®—¥«“ß„π

≈—°…≥–·∫∫‡√’¬ß·∂« (In-line layout) ‚¥¬

∑”°“√∑¥≈Õß∑’Ë§à“‡√‚π≈¥åπ—¡‡∫Õ√å¢ÕßÕ“°“»Õ¬Ÿà

„π™à«ß 1000-9000 º≈∑’Ë‰¥âæ∫«à“ °“√‡æ‘Ë¡§à“

ø≈—°…å§«“¡√âÕπ·≈–§à“‡√‚π≈¥åπ—¡‡∫Õ√å¢ÕßÕ“°“»

¡’º≈∑”„Àâ —¡ª√– ‘∑∏‘Ï°“√∂à“¬‡∑§«“¡√âÕπ‡æ‘Ë¡¢÷Èπ

·≈–‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫º≈∑’Ë‰¥â®“°°“√∑¥≈Õß·≈–

º≈∑’Ë‰¥â®“°°“√§”π«≥‡™‘ßµ—«‡≈¢ æ∫«à“¡’§«“¡

 Õ¥§≈âÕß°—π¥’

Õπÿ √≥å  ÿ¢‡°…¡, ‰æ»“≈ π“º≈

®ÿ±“√—µπå §ÿ√ÿ‡®√‘≠ ·≈– æ‘™—¬ Õ—…Æ¡ß§≈
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1. ∫∑π”

°“√æ“§«“¡√âÕπ‚¥¬„™âÕ“°“»‡ªìπ¢∫«π°“√

Àπ÷Ëß¢Õß°“√∂à“¬‡∑§«“¡√âÕπ «‘»«°√‰¥â¡’°“√§‘¥

§âπÀ“«‘∏’°“√µà“ßÊ ¡“„™âæ—≤π“¢∫«π°“√„Àâ¡’

ª√– ‘∑∏‘¿“æ Ÿß ÿ¥ ·µà°Á®–ª√– ∫°—∫ªí≠À“Õ—π

¡’ “‡Àµÿ¡“®“°¢’¥®”°—¥„π°“√‡æ‘Ë¡ —¡ª√– ‘∑∏‘Ï

¢Õß°“√æ“§«“¡√âÕπ ·≈–æ◊Èπ∑’Ë®”°—¥¢ÕßÕÿª°√≥å

·≈°‡ª≈’Ë¬π§«“¡√âÕπ ®÷ß‰¥â§âπÀ“«‘∏’∑’Ë®–‡æ‘Ë¡

Õ—µ√“°“√‡§≈◊ËÕπ∑’Ë¢Õß§«“¡√âÕπ°Á§◊Õ °“√µ‘¥

‚≈À–·ºàπ∫“ßÊ ‡¢â“°—∫º‘«‚≈À–‡¥‘¡‡æ◊ËÕ‡æ‘Ë¡æ◊Èπ∑’Ë

´÷Ëß‡√’¬°«à“§√’∫ °“√ÕÕ°·∫∫√Ÿª∑√ß¢Õß§√’∫¡’

§«“¡ ”§—≠ ‡π◊ËÕß®“°°“√ÕÕ°·∫∫∑’Ë¥’∑”„Àâ°“√

∂à“¬‡∑§«“¡√âÕπ¡’ª√– ‘∑∏‘¿“æ ·∫∫§√’∫·∑àß

∑√ß°√«¬°≈¡µ—¥¬Õ¥ ‡ªìπ§√’∫∑’Ë¡’°“√√–∫“¬

§«“¡√âÕπ‰¥â¥’ ·≈–¡’°“√‰À≈«π¢ÕßÕ“°“»‰¥â¥’

∑”„Àâ°“√∂à“¬‡∑§«“¡√âÕπ¡’ª√– ‘∑∏‘¿“æ Ÿß °“√

»÷°…“‡°’Ë¬«°—∫§√’∫∑√ß°√–∫Õ°π—Èπ ‰¥â¡’π—°«‘®—¬

À≈“¬∑à“π[1-7] ‰¥â∑”°“√»÷°…“‰«â „π°“√»÷°…“π’È

®÷ß‰¥â∑”°“√»÷°…“‡°’Ë¬«°—∫°“√∂à“¬‡∑§«“¡√âÕπ

ºà“π°≈ÿà¡§√’∫·∫∫∑√ß°√«¬¬Õ¥µ—¥∑’Ë‡√’¬ßµ—«·∫∫

‡√’¬ß·∂« πÕ°®“°π—Èπ¬—ß‰¥â»÷°…“∂÷ßº≈¢Õßæ“√“-

¡‘‡µÕ√åµà“ßÊ ∑’Ë¡’µàÕ°“√∂à“¬‡∑§«“¡√âÕπ¢Õß§√’∫

¥—ß°≈à“«

2. Õÿª°√≥å·≈–«‘∏’°“√∑¥≈Õß

®“°√Ÿª∑’Ë 1 ™ÿ¥∑¥≈Õß‰¥â·∫àßÕÕ°‡ªìπ 3

 à«π §◊Õ  à«π√–∫∫§«∫§ÿ¡ ª√–°Õ∫¥â«¬™ÿ¥

ª√—∫§«“¡ø≈—°…å§«“¡√âÕπ §«“¡‡√Á«≈¡ ·≈–™ÿ¥

«—¥Õÿ≥À¿Ÿ¡‘´÷Ëß‡ªìπ√–∫∫¥‘®‘µÕ≈‚¥¬∫√√®ÿ√à«¡‰«â

„πµŸâ√–∫∫§«∫§ÿ¡  à«π∑’Ë Õß ÷́Ëß·¬°ÕÕ°¡“®–

‡ªìπ à«π¢ÕßÕÿ‚¡ß§å≈¡ª√–°Õ∫‰ª¥â«¬ Õÿ‚¡ß§å≈¡

§√’∫∑’Ë∫√√®ÿ„π™ÿ¥„Àâ§«“¡√âÕπ (Heater) ·≈–

æ—¥≈¡¥Ÿ¥Õ“°“» ‚¥¬§ÿ≥ ¡∫—µ‘µà“ßÊ ¢Õß§√’∫

· ¥ß„πµ“√“ß∑’Ë 1 „π à«π¢ÕßÕÿ‚¡ß§å≈¡¡’

≈—°…≥–‡ªìπ°≈àÕß¢π“¥ 0.07x0.12x1.02 m ¥â“π

Àπâ“ à«π∑’Ëµ‘¥µ—Èß§√’∫∑”®“°Õ§‘≈‘§„ ‡æ◊ËÕ —ß‡°µ

·≈–∫—π∑÷°¿“ææƒµ‘°√√¡°“√‰À≈¢ÕßÕ“°“»  à«π

∑’Ë “¡‡ªìπ™ÿ¥°”‡π‘¥§«—π (Smoke generator)

√Ÿª∑’Ë 1 · ¥ß‰¥Õ–·°√¡¢ÕßÕÿª°√≥å°“√∑¥≈Õß

™ÿ¥§√’∫∑¥≈Õß‡ªìπ·∫∫ ¡¡“µ√ (Symme-

try) ¥—ßπ—Èπ „π°“√∑¥≈Õß®÷ß‰¥â«—¥Õÿ≥À¿Ÿ¡‘µà“ßÊ

‡æ’¬ß¥â“π‡¥’¬« ‚¥¬«—¥Õÿ≥À¿Ÿ¡‘¢Õßº‘«§√’∫ ·≈–

Õÿ≥À¿Ÿ¡‘¢ÕßÕ“°“»·µà≈–®ÿ¥·≈â«π”¡“À“§à“‡©≈’Ë¬

°“√«—¥Õÿ≥À¿Ÿ¡‘¢Õßº‘«§√’∫·∫àßÕÕ°‡ªìπ 4 √–¥—∫

§◊Õ„π√–¥—∫∫√‘‡«≥∞“π¢Õß™ÿ¥§√’∫ (Tb)  à«π≈à“ß

(T1)  à«π°≈“ß (T2) ·≈– à«πª≈“¬§√’∫ (T3) ´÷Ëß

Õ¬Ÿà„π√–¥—∫§«“¡ Ÿß¢Õß§√’∫ 0 6 35 ·≈– 62

mm ®“°∞“π§√’∫µ“¡≈”¥—∫ ‚¥¬«—¥∫√‘‡«≥º‘«

¢Õß∞“π§√’∫µ“¡®ÿ¥µà“ßÊ 5 ®ÿ¥¥â«¬°—π

„π à«π¢ÕßÕÿ≥À¿Ÿ¡‘¢ÕßÕ“°“»„π¢≥–‰À≈

ºà“π§√’∫·∫àß°“√«—¥‡ªìπ 3 √–¥—∫ §◊Õ„π·π«

√–¥—∫¢Õß à«π≈à“ß  à«π°≈“ß ·≈– à«πª≈“¬§√’∫

´÷Ëß∑”°“√«—¥∑—ÈßÀ¡¥ 15 ®ÿ¥¥â«¬°—π Õ“°“»„π

Õÿ‚¡ß§å≈¡∑”°“√«—¥Õÿ≥À¿Ÿ¡‘∑—Èß¢“‡¢â“·≈–¢“ÕÕ°

°“√«—¥·∫àß‡ªìπ 3 ®ÿ¥µ“¡√–¥—∫°“√‰À≈‡™àπ°—π
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§◊Õ∑’Ë·π«√–π“∫ T1 T2 T3 ÷́ËßÕ¬Ÿà„π√–¥—∫§«“¡

 Ÿß¢Õß§√’∫ 6 35 62 mm ®“°∞“π§√’∫ µ“¡

≈”¥—∫

3. °“√§”π«≥°“√∑¥≈Õß

‡¡◊ËÕ‰¥â¢âÕ¡Ÿ≈®“°°“√∑¥≈Õß·≈â«°Áπ”¡“

§”π«≥À“æ“√“¡‘‡µÕ√åµà“ßÊ ∑’Ë‡°’Ë¬«¢âÕß¥—ßπ’È

Ô µ—«‡≈¢‡√¬å‚π≈¥åπ—¡‡∫Õ√å

(1)

‚¥¬∑’Ë

u∞ = §«“¡‡√Á«ø√’ µ√’¡

Dh = Hydraulic diameter

ν = §«“¡Àπ◊¥®≈π»“ µ√å

Ô Õ—µ√“°“√∂à“¬‡∑§«“¡√âÕπ

(2)

(3)

Ô  —¡ª√– ‘∑∏‘Ï°“√∂à“¬‡∑§«“¡√âÕπ

(4)

Ô π— ‡´≈∑åπ—¡‡∫Õ√å

(5)

‚¥¬∑’Ë

Q = Õ—µ√“°“√∂à“¬‡∑§«“¡√âÕπ

Cp = §«“¡√âÕπ®”‡æ“–

Tout = Õÿ≥À¿Ÿ¡‘‡©≈’Ë¬Õ“°“»¢“ÕÕ°

Ts = Õÿ≥À¿Ÿ¡‘º‘«§√’∫‡©≈’Ë¬

Tin = Õÿ≥À¿Ÿ¡‘¢“‡¢â“

As = æ◊Èπ∑’Ëº‘«„π°“√∂à“¬‡∑§«“¡√âÕπ

k = §à“°“√π”§«“¡√âÕπ

4. ·∫∫®”≈Õß∑“ß§≥‘µ»“ µ√å

§ÿ≥≈—°…≥–°“√∂à“¬‡∑§«“¡√âÕπ ‚¥¬

°“√æ“¢ÕßÕ“°“» “¡“√∂Õ∏‘∫“¬‚¥¬„™â ¡°“√

 ¡¥ÿ≈¡«≈  ¡°“√‚¡‡¡πµ—¡  ¡°“√æ≈—ßß“π ·≈–

·∫∫®”≈Õß§«“¡ªíòπªÉ«π ́ ÷Ëß„π°“√»÷°…“π’È„™â·∫∫

®”≈Õß¡“µ√∞“π K-ε π”¡“„™â„π°“√«‘‡§√“–Àå

 ”À√—∫ªí≠À“ ‚¥¬¡’ ¡°“√‡°’Ë¬«¢âÕß¥—ßπ’È

 ¡°“√µàÕ‡π◊ËÕß:

(6)

µ“√“ß∑’Ë 1 · ¥ß§ÿ≥ ¡∫—µ‘·≈–¢π“¥µà“ßÊ ¢Õß§√’∫

¢π“¥§√’∫ ¢π“¥∞“π§√’∫ ®”π«π æ◊Èπ∑’Ë√—∫ æ◊Èπ∑’Ëº‘«∂à“¬‡∑

≈—°…≥–§√’∫ «— ¥ÿ§√’∫ φD-φd-L °«â“ß-¬“«-Àπ“ §√’∫ §«“¡√âÕπ §«“¡√âÕπ

(mm) (mm) (Õ—π) (m2) (m2)

‡√’¬ß·∂« Õ–≈Ÿ¡‘‡π’¬¡ 13-7.24-67 110-100-15 16 0.011 0.0437
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 ¡°“√‚¡‡¡πµ—¡:

·°π x:

(7)

·°π y:

(8)

·°π z:

(9)

 ¡°“√æ≈—ßß“π:

(10)

 ¡°“√ Turbulent kinetic energy (k):

(11)

 ¡°“√ Turbulent kinetic energy dissipation

(ε):

(12)

 ¡°“√¢Õ∫‡¢µ:

(13)

 ¡°“√‡ß◊ËÕπ‰¢‡√‘Ë¡µâπ:

(14)

5. °“√§”π«≥‡™‘ßµ—«‡≈¢

„π à«π¢Õß°“√§”π«≥√–‡∫’¬∫‡™‘ßµ—«‡≈¢

π—Èπ‰¥â„™â«‘∏’√–‡∫’¬∫ª√‘¡“µ√ ◊∫‡π◊ËÕß (Finite vo-

lume method) ∑”°“√«‘‡§√“–Àå‡™‘ßµ—«‡≈¢ ·≈–

„™â°“√ª√–¡“≥§à“¿“¬„π¥â«¬«‘∏’ Second order

scheme ‡æ◊ËÕ¥‘ §√’µ ¡°“√∑’Ë‡°’Ë¬«¢âÕß·≈–„™â

¢∫«π°“√À“§”µÕ∫‚¥¬«‘∏’ SIMPLEC √Ÿª·∫∫

°“√®—¥«“ß°√‘¥¥—ß· ¥ß„π√Ÿª∑’Ë 2 ·≈– 3 ´÷Ëß

‡ªìπ°√‘¥·∫∫ ’Ë‡À≈’Ë¬¡ ”À√—∫™ÿ¥§√’∫∑¥≈Õß·≈–

°√‘¥·∫∫ “¡‡À≈’Ë¬¡ ”À√—∫Õ“°“»„π™ÿ¥Õÿ‚¡ß§å

≈¡ ¡’®”π«π 3.5 x 105 °√‘¥ ‚¥¬„™â‚ª√·°√¡

Fluent 6 „π°“√«‘‡§√“–Àå

√Ÿª∑’Ë 2 · ¥ß≈—°…≥–¢Õß°√‘¥„π à«π¢Õß§√’∫

√Ÿª∑’Ë 3 · ¥ß≈—°…≥–¢Õß°√‘¥„π à«π¢ÕßÕ“°“»
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6. º≈°“√«‘‡§√“–Àå

„π°“√»÷°…“«‘®—¬§√—Èßπ’È‰¥â·∫àß°“√∑”ß“π

ÕÕ°‡ªìπ 2  à«π §◊Õ  à«π¢Õß°“√‡ª√’¬∫‡∑’¬∫

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

‡™‘ßµ—«‡≈¢ ·≈– à«π∑’Ë Õß§◊Õ°“√»÷°…“‡™‘ßæ“√“-

¡‘‡µÕ√å®“°°“√§”π«≥‡™‘ßµ—«‡≈¢ √Ÿª∑’Ë 4 · ¥ß

°“√‡ª√’¬∫‡∑’¬∫Õÿ≥À¿Ÿ¡‘¢“ÕÕ°¢ÕßÕ“°“»‡©≈’Ë¬

∑’Ë‰¥â®“°°“√∑¥≈Õß°—∫º≈°“√§”π«≥¢Õß™ÿ¥

∑¥ Õ∫¢Õß§√’∫∑’Ë‡√’¬ß·∫∫‡√’¬ß·∂« ∑’Ëø≈—°…å

§«“¡√âÕπ (Heat flux) µà“ßÊ ∑’ËÕÿ≥À¿Ÿ¡‘Õ“°“»

∑“ß‡¢â“ 25.2 èC ‚¥¬Õÿ≥À¿Ÿ¡‘¢ÕßÕ“°“»∑’Ë«—¥

®“°°“√∑¥≈Õß∑—ÈßÀ¡¥ 3 ®ÿ¥ ®“°°√“øæ∫«à“

‡¡◊ËÕ§à“‡√‚π≈¥åπ—¡‡∫Õ√å Ÿß¢÷ÈπÕÿ≥À¿Ÿ¡‘¢“ÕÕ°¢Õß

Õ“°“»¡’·π«‚πâ¡≈¥≈ß ‡æ√“–«à“Õ—µ√“°“√‡æ‘Ë¡

¢÷Èπ¢Õß¢Õß°“√‰À≈¢ÕßÕ“°“»¡’¡“°°«à“Õ—µ√“

°“√‡æ‘Ë¡¢÷Èπ¢Õß°“√∂à“¬‡∑§«“¡√âÕπ (Heat trans-

fer rate) ¥—ßπ—ÈπÕÿ≥À¿Ÿ¡‘¢“ÕÕ°¢ÕßÕ“°“»®÷ß¡’

·π«‚πâ¡≈¥≈ß ·µàÕ¬à“ß‰√°Áµ“¡∑’ËÕ—µ√“°“√‰À≈

¢ÕßÕ“°“» ŸßÊ Õ—µ√“°“√≈¥≈ß¢ÕßÕÿ≥À¿Ÿ¡‘®–¡’

·π«‚πâ¡≈¥≈ß ·≈–‡¡◊ËÕ„ÀâÕ—µ√“°“√‰À≈¢Õß

Õ“°“»§ß∑’Ë Õÿ≥À¿Ÿ¡‘¢“ÕÕ°¢ÕßÕ“°“»¡’§à“ Ÿß

¢÷Èπ‡¡◊ËÕø≈—°…å§«“¡√âÕπ∑’Ë„Àâ¡’§à“ Ÿß¢÷Èπ ‡π◊ËÕß®“°

«à“Õ—µ√“°“√∂à“¬‡∑§«“¡√âÕπ∑’Ë∂à“¬‡∑„Àâ°—∫

Õ“°“»·ª√µ“¡§«“¡√âÕπ∑’Ë„Àâ Õ¬à“ß‰√°Áµ“¡º≈

¢Õßø≈—°…å§«“¡√âÕπ∑’Ë„Àâ¡’§«“¡‡¥àπ™—¥‡¡◊ËÕÕ—µ√“

°“√‰À≈¢ÕßÕ“°“»µË”Ê ·≈–‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫º≈

∑’Ë‰¥â®“°°“√∑¥≈Õß°—∫º≈°“√§”π«≥®“°·∫∫

®”≈Õß∑“ß§≥‘µ»“ µ√åæ∫«à“¡’§«“¡ Õ¥§≈âÕß

°—π¥’ ´÷Ëß„Àâ§«“¡§≈“¥‡§≈◊ËÕπ‡©≈’Ë¬ 0.06%

√Ÿª∑’Ë 4 · ¥ß°“√‡ª√’¬∫‡∑’¬∫ Ta,out

√Ÿª∑’Ë 5 · ¥ß°“√‡ª√’¬∫‡∑’¬∫ Ts,ave

√Ÿª∑’Ë 6 · ¥ß°“√‡ª√’¬∫‡∑’¬∫ Nu
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√Ÿª∑’Ë 5 · ¥ß§«“¡ —¡æ—π∏å√–À«à“ßÕÿ≥À¿Ÿ¡‘

‡©≈’Ë¬¢Õßº‘«§√’∫°—∫§à“‡√‚π≈¥åπ—¡‡∫Õ√å∑’Ë§à“

ø≈—°…å§«“¡√âÕπµà“ßÊ °—π ‚¥¬Õÿ≥À¿Ÿ¡‘º‘«§√’∫

‰¥â®“°°“√«—¥Õÿ≥À¿Ÿ¡‘¢Õß à«π∑’Ë‡ªìπ∞“π 5 ®ÿ¥

·≈–Õÿ≥À¿Ÿ¡‘„π à«π∑’Ë‡ªìπ§√’∫ 12 ®ÿ¥„π·µà≈–

§«“¡‡√Á«¢ÕßÕ“°“» ´÷ËßÕÿ≥À¿Ÿ¡‘¢Õß§√’∫∑’Ë«—¥π—Èπ

«—¥∑—Èß∫√‘‡«≥¥â“πÀπâ“§√’∫·≈–À≈—ß§√’∫ ®“°

°√“øæ∫«à“‡¡◊ËÕÕ—µ√“°“√‰À≈¢ÕßÕ“°“» Ÿß¢÷Èπ

Õÿ≥À¿Ÿ¡‘¢Õßº‘«§√’∫≈¥≈ß ∑—Èßπ’È°Á‡æ√“–«à“Õ—µ√“

°“√∂à“¬‡∑§«“¡√âÕπ∑’Ë∂à“¬‡∑®“°º‘«§√’∫„Àâ°—∫

Õ“°“»¢÷ÈπÕ¬Ÿà°—∫Õ—µ√“°“√√–∫“¬§«“¡√âÕπ (Coo-

ling capacity) ¥—ßπ—ÈπÕÿ≥À¿Ÿ¡‘‡©≈’Ë¬¢Õßº‘«§√’∫

®÷ß¡’·π«‚πâ¡≈¥≈ß¥—ß· ¥ß„π°√“ø ‡¡◊ËÕ„ÀâÕ—µ√“

°“√‰À≈¢ÕßÕ“°“»§ß∑’Ë Õÿ≥À¿Ÿ¡‘¢Õßº‘«§√’∫·ª√

µ“¡ø≈—°…å§«“¡√âÕπ (Heat flux) ∑’Ë„Àâ ·≈–‡¡◊ËÕ

‡ª√’¬∫‡∑’¬∫º≈∑’Ë‰¥â®“°°“√∑¥≈Õß·≈–®“°·∫∫

®”≈Õß∑“ß§≥‘µ»“ µ√å æ∫«à“¡’§«“¡ Õ¥§≈âÕß

°—π¥’ ‚¥¬„Àâ§à“§«“¡§≈“¥‡§≈◊ËÕπ‡©≈’Ë¬ 2.20%

√Ÿª∑’Ë 6 · ¥ß§«“¡ —¡æ—π∏å√–À«à“ß§à“

π— ‡ ‘́≈≈åπ—¡‡∫Õ√å°—∫§à“‡√‚π≈¥åπ—¡‡∫Õ√å¢ÕßÕ“°“»

∑’Ë§à“ø≈—°…å§«“¡√âÕπµà“ßÊ °—π ®“°°√“øæ∫«à“

§à“π— ‡ ‘́≈≈åπ—¡‡∫Õ√å¡’§à“ Ÿß¢÷Èπ‡¡◊ËÕÕ—µ√“°“√‰À≈

¢ÕßÕ“°“»‡æ‘Ë¡¢÷Èπ ∑—Èßπ’È°Á‡æ√“–«à“§à“π— ‡´‘≈≈å

π—¡‡∫Õ√å·ª√µ“¡§«“¡ “¡“√∂„π°“√√–∫“¬§«“¡

√âÕπ¢ÕßÕ“°“» ·≈–‡¡◊ËÕ„ÀâÕ—µ√“°“√‰À≈¢Õß

Õ“°“»§ß∑’Ë æ∫§à“π— ‡ ‘́≈≈åπ—¡‡∫Õ√å‡æ‘Ë¡¢÷Èπµ“¡

ø≈—°…å§«“¡√âÕπ∑’Ë„Àâ ‡¡◊ËÕæ‘®“√≥“º≈∑’Ë‰¥â®“°

°“√∑¥≈Õß·≈–®“°·∫∫®”≈Õß∑“ß§≥‘µ»“ µ√å

æ∫«à“¡’§«“¡ Õ¥§≈âÕß°—π¥’ ‚¥¬„Àâ§à“§«“¡

§≈“¥‡§≈◊ËÕπ‡©≈’Ë¬ 8.44%

√Ÿª∑’Ë 7 · ¥ß°“√‡ª≈’Ë¬π·ª≈ßÕÿ≥À¿Ÿ¡‘Õ“°“»∑’Ë

Àπâ“µ—¥µà“ßÊ °—π ∑’Ë§«“¡‡√Á«¢ÕßÕ“°“»

1.67 m/s ø≈—°…å§«“¡√âÕπ 3.64 kW/m2

√Ÿª∑’Ë 7 · ¥ß°“√‡ª≈’Ë¬π·ª≈ßÕÿ≥À¿Ÿ¡‘¢Õß

Õ“°“»·≈–§√’∫∑’Ë∞“π§√’∫ °≈“ß§√’∫ ·≈–ª≈“¬

¢Õß§√’∫ ·≈–°“√‰À≈¢ÕßÕ“°“»‚¥¬¡’§«“¡‡√Á«≈¡

1.67 m/s ∑’Ëø≈—°…å§«“¡√âÕπ 3.64 kW/m2 ∑’Ë

§«“¡‡√Á«¢ÕßÕ“°“»§ß∑’Ë °“√°√–®“¬µ—«¢Õß

§«“¡√âÕπ à«πª≈“¬¢Õß§√’∫¡’§à“ Ÿß ·≈–µË” ÿ¥

∫√‘‡«≥∞“π¢Õß§√’∫ ·≈–„π à«π§√’∫∑’ËÕ¬Ÿà∫√‘‡«≥

·∂«Àπâ“¡’°“√√–∫“¬§«“¡√âÕπ¥’°«à“„π∫√‘‡«≥

·∂«¥â“πÀ≈—ß¢Õß™ÿ¥ √Ÿª∑’Ë 8 · ¥ß°“√‡ª≈’Ë¬π

·ª≈ß§«“¡‡√Á«¢ÕßÕ“°“»„π¢≥–‰À≈ºà“π°≈ÿà¡

§√’∫∑’ËÀπâ“µ—¥µà“ßÊ °—π ∑’Ë§«“¡‡√Á« 0.83 m/s

ø≈—°…å§«“¡√âÕπ 2.73 kW/m2 ¢Õß°“√∂à“¬‡∑

§«“¡√âÕπ·∫∫∫—ß§—∫
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√Ÿª∑’Ë 8 · ¥ß Contour §«“¡‡√Á«¢Õß°“√‰À≈

¢ÕßÕ“°“»∫√‘‡«≥∑’Ë¥â“π¢â“ß§√’∫, ∞“π§√’∫,

°≈“ß§√’∫ ·≈–ª≈“¬¢Õß§√’∫

7.  √ÿªº≈°“√∑¥≈Õß

°“√»÷°…“°“√∂à“¬‡∑§«“¡√âÕπ‚¥¬°“√æ“

¢Õß™ÿ¥§√’∫ ‚¥¬„Àâø≈—°…å§«“¡√âÕπ§ß∑’Ë ®“°

°“√∑¥≈Õß·≈–°“√§”π«≥®“°·∫∫®”≈Õß∑“ß

§≥‘µ»“ µ√å ´÷Ëßº≈∑’Ë‰¥â®“°∑—Èß Õß«‘∏’ ¡’§«“¡

 Õ¥§≈âÕß°—π‡ªìπÕ¬à“ß¥’·≈–æ∫«à“°“√‡æ‘Ë¡¢÷Èπ

¢Õß§«“¡‡¢â¡ §«“¡√âÕπ·≈–Õ—µ√“°“√‰À≈¢Õß

Õ“°“» ¡’º≈∑”„Àâ —¡ª√– ‘∑∏‘Ï°“√æ“§«“¡√âÕπ

¢Õß§√’∫ Ÿß¢÷Èπ ‡π◊ËÕß®“°°“√‡æ‘Ë¡¢÷Èπ®“°§à“∑—Èß Õß

∑”„Àâ°“√°√–®“¬µ—«¢Õß§«“¡√âÕπ·≈–¢ÕßÕ“°“»

¥’¢÷Èπ ®÷ß àßº≈‚¥¬√«¡„Àâª√– ‘∑∏‘¿“æ°“√√–∫“¬

§«“¡√âÕπ Ÿß¢÷Èπ

8. °‘µµ‘°√√¡ª√–°“»

¢Õ¢Õ∫§ÿ≥¡À“«‘∑¬“≈—¬»√’π§√‘π∑√«‘‚√≤

∑’Ë„Àâ∑ÿπ„π°“√«‘®—¬ ·≈–§≥–«‘»«°√√¡»“ µ√å

¡À“«‘∑¬“≈—¬»√’π§√‘π∑√«‘‚√≤ ∑’Ë‡Õ◊ÈÕ‡øóôÕ‡§√◊ËÕß

¡◊Õ·≈– ∂“π∑’Ë„π°“√∑”«‘®—¬ ·≈–¢Õ¢Õ∫æ√–§ÿ≥

Õ“®“√¬å º».¥√.«√√≥«‘‰≈ ‰°√‡æÁ™√å ∑’Ë‡Õ◊ÈÕ‡øóôÕ

‚ª√·°√¡§Õ¡æ‘«‡µÕ√å∑’Ë„™â„π°“√«‘‡§√“–Àå
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