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∫∑§—¥¬àÕ

ß“π«‘®— ¬π’È ‰¥â ‡ πÕ°“√»÷°…“‡°’Ë ¬«°—∫

§ÿ≥≈—°…≥–°“√∂à“¬‡∑§«“¡√âÕπ·≈–°“√‰À≈„π

∑àÕ·∫∫¢¥‡ªìπ«ß∑’Ë«“ß„π·π«πÕπ ‚¥¬¡’πÈ”‡ªìπ

¢Õß‰À≈∑’Ë‰À≈¿“¬„π∑àÕ ́ ÷Ëß‰À≈‡¢â“∑àÕ∑’Ëµ”·Àπàß

«ß„π ÿ¥·≈–‰À≈ÕÕ°∑’Ëµ”·Àπàß«ßπÕ° ÿ¥ ∑àÕ∑’Ë

„™â„π°“√∑¥ Õ∫‡ªìπ·∫∫∑àÕ¢¥‡ªìπ«ß¡’®”π«π

√Õ∫¢Õß°“√¢¥∑—ÈßÀ¡¥ 5 √Õ∫ Õ—µ√“°“√‰À≈

¢ÕßπÈ”Õ¬Ÿà„π™à«ß 0.05-0.12 °‘‚≈°√—¡µàÕ«‘π“∑’

„π°“√«‘‡§√“–Àå‡™‘ßµ—«‡≈¢‰¥â„™â·∫∫®”≈Õß∑“ß

§≥‘µ»“ µ√å·≈–°“√®”≈Õß ¿“«–°“√‰À≈ ‚¥¬

„™â·∫∫®”≈Õß k−ε ¡’√Ÿª·∫∫°“√«“ß°√‘¥·∫∫

‰¡à‡ªìπ‚§√ß √â“ß (Unstructured grids) ‚¥¬

»÷°…“µ—«·ª√µà“ßÊ ∑’Ë¡’º≈µàÕ°“√∂à“¬‡∑§«“¡

√âÕπ·≈–§«“¡¥—π≈¥ ·≈–π”º≈®“°°“√§”π«≥

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

»÷°…“æ∫«à“º≈∑’Ë‰¥â®“°°“√§”π«≥¡’§«“¡ Õ¥

§≈âÕß°—π¥’°—∫º≈°“√∑¥≈Õß

®”‡π’¬√  ÿ«–‰°√

‰æ»“≈ π“º≈

®ÿ±“√—µπå §ÿ√ÿ‡®√‘≠

Abstract

In the present study, the heat transfer

characteristics of the spiral-coil tubes were

investigated. Water is used as working

fluids. Cold water entering the innermost

turn flows along the spiral tube and flows

out at the outermost turn. The test section

was the spirally coiled tube with five turns.

The experiments were performed for various

water flow rates in the ranging of 0.05-

0.12 kg/s. The k-ε standard two-equation

turbulence model was applied to simulate

the turbulent flow and heat transfer

characteristics. The main governing equa-

tions were solved by a finite volume method

with an unstructured nonuniform grid system.

Effects of relevant parameters on the heat

transfer and pressure drop were consi-

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

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

°“√»÷°…“‡°’Ë¬«°—∫§ÿ≥≈—°…≥–

°“√∂à“¬‡∑§«“¡√âÕπ„π∑àÕ¢¥‡ªìπ«ß

Study on the Heat Transfer Characteristics

in the Spiral-Coil Tubes



 ¿“Õ“®“√¬å  à«π°“√»÷°…“ ‚√ß‡√’¬ππ“¬√âÕ¬æ√–®ÿ≈®Õ¡‡°≈â“ 217

dered. Experiments were performed for

verifying the mathematical model. Rea-

sonable agreement was obtained from the

comparison between the results from the

experiment and those obtained from the

model.

1. ∫∑π”

∑àÕ¢¥‡ªìπ«ß (Spiral coil) ·≈–∑àÕ¢¥·∫∫

 ª√‘ß (Helical coil) ∂◊Õ‡ªìπª√–‡¿∑Àπ÷Ëß¢Õß∑àÕ

‚§âß·≈–∂Ÿ°π”‰ªª√–¬ÿ°µå„™â„π√–∫∫µà“ßÊ Õ¬à“ß

°«â“ß¢«“ß‡™àπ °√–∫«π°“√π”§«“¡√âÕπ°≈—∫¡“

„™â √–∫∫ª√—∫Õ“°“» ·≈–°“√∑”§«“¡‡¬Áπ √–∫∫

∑’Ë‡°’Ë¬«°—∫Õ“À“√·≈–π¡ „π°“√»÷°…“‡°’Ë¬«°—∫

§ÿ≥≈—°…≥–°“√∂à“¬‡∑§«“¡√âÕπ·≈–°“√‰À≈„π

∑àÕ·∫∫¢¥‡ªìπ«ß„πÕ¥’µ∑’Ëºà“π¡“ ‰¥â¡’°“√»÷°…“

∑—Èß∑“ß¥â“π°“√∑¥≈Õß·≈–°“√§”π«≥∑“ß∑ƒ…Æ’

‡™àπ Ho ·≈–§≥–[1-3] ‰¥â»÷°…“∂÷ß ¡√√∂π–

¢ÕßÕÿª°√≥å·≈°‡ª≈’Ë¬π§«“¡√âÕπ·∫∫∑àÕ¢¥‡ªìπ

«ß‚¥¬‰¥â»÷°…“∑’Ë ¿“«–°“√∑”„Àâ‡¬Áπ·≈–¡’°“√

§«∫·πàπ µàÕ¡“ Naphon and Wongwises[4-

6] ‰¥â√«∫√«¡º≈ß“π«‘®—¬∑’Ë‡°’Ë¬«°—∫§ÿ≥≈—°…≥–

°“√∂à“¬‡∑§«“¡√âÕπ·≈–°“√‰À≈„π∑àÕ∑’Ë¡’

≈—°…≥–‚§âß‚¥¬·∫àßÕÕ°‡ªìπ 3 °≈ÿà¡„À≠àÊ √«¡

∑—Èß‰¥â¡’°“√»÷°…“∑—Èß∑“ß¥â“π°“√∑¥≈Õß√«¡∂÷ß

°“√»÷°…“‡™‘ß°“√§”π«≥∑“ß∑ƒ…Æ’·≈–°“√∑¥≈Õß

‡°’Ë¬«°—∫§ÿ≥≈—°…≥–°“√∂à“¬‡∑§«“¡√âÕπ·≈–°“√

‰À≈„π∑àÕ·∫∫¢¥‡ªìπ«ß‚¥¬°√–∑”¿“¬„µâ ¿“«–

°“√∑”„Àâ‡¬Áπ‚¥¬¡’·≈–‰¡à¡’°“√§«∫·πàπ¢Õß‰ÕπÈ”

„πÕ“°“»

    ®“°°“√ ”√«®‡Õ° “√®–æ∫‰¥â«à“ à«π„À≠à

®–‡ªìπ°“√»÷°…“¿“æ°«â“ßÊ ∂÷ß§ÿ≥≈—°…≥–°“√

∂à“¬‡∑§«“¡√âÕπ¢ÕßÕÿª°√≥å·≈°‡ª≈’Ë¬π§«“¡√âÕπ

·∫∫∑àÕ¢¥‡ªìπ«ß ©–π—Èπ„π°“√∑”«‘®—¬§√—Èßπ’È®÷ß‰¥â

æ¬“¬“¡‡®“–≈÷°√“¬≈–‡Õ’¬¥∂÷ß°“√«‘‡§√“–Àå‡™‘ß

µ—«‡≈¢·≈–°“√∑¥≈Õß‡°’Ë¬«°—∫§ÿ≥≈—°…≥–°“√

∂à“¬‡∑§«“¡√âÕπ·≈–°“√‰À≈„π∑àÕ¢¥‡ªìπ«ß ´÷Ëß

‡ªìπ à«πÀπ÷Ëß¢ÕßÕÿª°√≥å·≈°‡ª≈’Ë¬π§«“¡√âÕπ √«¡

∑—Èß»÷°…“º≈°√–∑∫¢Õß —¥ à«π§«“¡‚§âß¢Õß∑àÕ∑’Ë

¡’º≈µàÕ°“√∂à“¬‡∑§«“¡√âÕπ·≈–§«“¡¥—π≈¥

2. Õÿª°√≥å°“√∑¥≈Õß·≈–«‘∏’°“√∑¥≈Õß

√Ÿª∑’Ë 1 ‰¥Õ–·°√¡Õÿª°√≥å°“√∑¥≈Õß

√Ÿª∑’Ë 1 · ¥ß√–∫∫Õÿª°√≥å°“√∑¥≈Õß ÷́Ëß

√–∫∫ª√–°Õ∫¥â«¬«—Ø®—°√¢ÕßπÈ”‡¬Áπ «—Ø®—°√¢Õß

√–∫∫°“√∑”§«“¡‡¬Áπ ·≈–√–∫∫¢Õß‡§√◊ËÕß¡◊Õ«—¥

∑àÕ∑¥ Õ∫∑’Ë„™â¡’≈—°…≥–‡ªìπ·∫∫∑àÕ¢¥‡ªìπ«ß

(Spirally coiled tube) ∑’Ë®—¥«“ß„π·π«πÕπ ÷́Ëß

µ‘¥µ—Èß„Àâ®ÿà¡Õ¬Ÿà„π∂—ßπÈ”√âÕπ ∑’ËÕÿ≥À¿Ÿ¡‘¢ÕßπÈ”

∑”„Àâ√âÕπ‚¥¬„™âŒ’µ‡µÕ√å‰øøÑ“ ·≈–§«∫§ÿ¡

Õÿ≥À¿Ÿ¡‘‚¥¬„™â™ÿ¥§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘ (Temperature

controller)  à«πÕÿ≥À¿Ÿ¡‘¢ÕßπÈ”‡¬Áπ∑’Ë‰À≈„π∑àÕ

¢¥‡ªìπ«ß∑”„Àâ‡¬Áπ‚¥¬„™â√–∫∫∑”§«“¡‡¬Áπ‚¥¬„™â

R-22 ‡ªìπ “√∑”ß“π Õÿ≥À¿Ÿ¡‘¢ÕßπÈ”‡¬Áπ§«∫§ÿ¡

‚¥¬„™â™ÿ¥§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘ Õÿ≥À¿Ÿ¡‘¢ÕßπÈ”∑’Ë

µ”·Àπàßµà“ßÊ ¢Õß∑àÕ¢¥‡ªìπ«ß«—¥‚¥¬„™â‡∑Õ√å‚¡

§—ª‡ªîô≈™π‘¥ T ·≈–§«“¡¥—πµ°§√àÕ¡«—¥‚¥¬„™â

Differential pressure transducer ‚¥¬‰¥â»÷°…“

∂÷ßº≈¢ÕßÕÿ≥À¿Ÿ¡‘¢ÕßπÈ”√âÕπ πÈ”‡¬Áπ Õ—µ√“°“√

‰À≈¢ÕßπÈ”‡¬Áπ  —¥ à«π§«“¡‚§âß¢Õß∑àÕ∑¥ Õ∫

∑’Ë¡’µàÕ§ÿ≥ ¡∫—µ‘°“√∂à“¬‡∑§«“¡√âÕπ·≈–§«“¡

¥—π≈¥
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3. ·∫∫®”≈Õß∑“ß§≥‘µ»“ µ√å

§ÿ≥≈—°…≥–°“√∂à“¬‡∑§«“¡√âÕπ·≈–°“√

‰À≈„π∑àÕ¢¥‡ªìπ«ßπ—Èπ “¡“√∂Õ∏‘∫“¬‚¥¬„™â

 ¡°“√ ¡¥ÿ≈¡«≈  ¡°“√‚¡‡¡πµ—¡·≈– ¡°“√

æ≈—ßß“π  ·∫∫®”≈Õß§«“¡ªíòπªÉ«π ‚¥¬„π°“√

»÷°…“π’È‰¥â„™â·∫∫®”≈Õß¡“µ√∞“π k−ε ¡“„™â

«‘‡§√“–Àåªí≠À“ ÷́Ëß¡’ ¡°“√∑’Ë‡°’Ë¬«¢âÕß¥—ßµàÕ‰ªπ’È

 ¡°“√µàÕ‡π◊ËÕß:

(1)

 ¡°“√‚¡‡¡πµ—¡:

 ”À√—∫·π«·°π r

(2)

 ”À√—∫·π«·°π φ

(3)

 ”À√—∫·π«·°π z

(4)

‚¥¬∑’Ë

(5)

(6)

 ¡°“√æ≈—ßß“π:

(7)

‚¥¬∑’Ë

(8)

 ¡°“√ Turbulent kinetic energy (k):

(9)

 ¡°“√ Turbulent kinetic energy dissipation

(ε):

(10)

‚¥¬∑’Ë

Cµ=0.09,Cεl=1.47,Cε2=1.92,σk=1.0,σε=1.3 (11)

 ¡°“√¢Õ∫‡¢µ

u = 0, v = 0, w = 0, T = Twall (12)

4. °“√§”π«≥‡™‘ßµ—«‡≈¢

„π à«π¢Õß°“√§”π«≥√–‡∫’¬∫«‘∏’ ‡™‘ß

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

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

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

upwind scheme ‡æ◊ËÕ¥’§√’ √–∫∫ ¡°“√∑’Ë

‡°’Ë¬«¢âÕß ·≈–„™â°√–∫«π°“√À“§”µÕ∫¥â«¬«‘∏’

SIMPLEC √Ÿª·∫∫°“√®—¥«“ß°√‘¥·∫∫‰¡à‡ªìπ

‚§√ß √â“ß (Unstructured grids) ¥—ß· ¥ß„π

√Ÿª∑’Ë 2 ́ ÷Ëß¡’≈—°…≥–°√‘¥‡ªìπ·∫∫ ’Ë‡À≈’Ë¬¡ ®”π«π

∑—ÈßÀ¡¥ 5.4*105 °√‘¥
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√Ÿª∑’Ë 2 Unstructured grids ∑’Ë„™â„π°“√«‘‡§√“–Àå

√–∫∫¢Õß∑àÕ¢¥‡ªìπ«ß

5. º≈·≈–°“√«‘‡§√“–Àå

√Ÿª∑’Ë 3 · ¥ß°“√·ª√‡ª≈’Ë¬πÕÿ≥À¿Ÿ¡‘∑’Ë∑“ß

ÕÕ°¢ÕßπÈ”‡¬Áπ°—∫§à“‡√¬å‚π≈¥åπ—¡‡∫Õ√å¢ÕßπÈ”‡¬Áπ

æ∫«à“Õÿ≥À¿Ÿ¡‘¢ÕßπÈ”‡¬Áπ∑’Ë∑“ßÕÕ°¡’§à“≈¥≈ß ‡¡◊ËÕ

Õ—µ√“°“√‰À≈¢ÕßπÈ”‡¬Áπ‡æ‘Ë¡¢÷Èπ ∑—Èßπ’È‡æ√“–«à“

Õ—µ√“°“√‡æ‘Ë¡¢÷Èπ¢Õß°“√‰À≈¢ÕßπÈ”¡’§à“ Ÿß°«à“

Õ—µ√“°“√‡æ‘Ë¡¢Õß°“√∂à“¬‡∑§«“¡√âÕπ πÕ°®“°

π—Èπ¬—ßæ∫«à“ ≥ Õ—µ√“°“√‰À≈¢ÕßπÈ”‡¬Áπ‡¥’¬«°—π

∑’Ë —¥ à«π§«“¡‚§âß∑àÕ‡∑à“°—∫ 0.05 „ÀâÕÿ≥À¿Ÿ¡‘

∑’Ë∑“ßÕÕ°¡’§à“µË”°«à“ —¥ à«π§«“¡‚§âß∑àÕ‡∑à“°—∫

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

°—∫º≈∑’Ë‰¥â®“°°“√§”π«≥ æ∫«à“¡’§à“∑’Ë Õ¥§≈âÕß

°—π¥’

√Ÿª∑’Ë 3  °“√·ª√‡ª≈’Ë¬πÕÿ≥À¿Ÿ¡‘¢ÕßπÈ”∑’Ë∑“ßÕÕ°

√Ÿª∑’Ë 4  °“√·ª√‡ª≈’Ë¬πÕ—µ√“°“√∂à“¬‡∑§«“¡√âÕπ

√Ÿª∑’Ë 4 · ¥ß°“√·ª√‡ª≈’Ë¬πÕ—µ√“°“√

∂à“¬‡∑§«“¡√âÕπ∑’Ë —¥ à«π§«“¡‚§âßµà“ßÊ °—π æ∫

«à“Õ—µ√“°“√∂à“¬‡∑§«“¡√âÕπ¡’§à“ Ÿß¢÷Èπ‡¡◊ËÕÕ—µ√“

°“√‰À≈¢ÕßπÈ”‡¬Áπ‡æ‘Ë¡¢÷Èπ ‡π◊ËÕß®“°Õ—µ√“°“√

∂à“¬‡∑§«“¡√âÕπ¢÷ÈπÕ¬Ÿà°—∫Õ—µ√“°“√‰À≈ πÕ°®“°

π—Èπ —¥ à«π§«“¡‚§âß¢Õß∑àÕ¢¥·∫∫‡ªìπ«ß¬—ß àß

º≈µàÕÕ—µ√“°“√∂à“¬‡∑§«“¡√âÕπ¥—ß· ¥ß„π√Ÿª

Õ¬à“ß‰√°Áµ“¡º≈°√–∑∫π’È®–‡ÀÁπ‰¥â™—¥‡®π¢÷Èπ‡¡◊ËÕ

Õ—µ√“°“√‰À≈¢ÕßπÈ”‡¬Áπ‡æ‘Ë¡¢÷Èπ ·≈–‡¡◊ËÕ‡ª√’¬∫

‡∑’¬∫º≈∑’Ë‰¥â®“°°“√∑¥≈Õß°—∫º≈°“√∑”π“¬æ∫

«à“¡’§«“¡ Õ¥§≈âÕß°—π¥’

√Ÿª∑’Ë 5 °“√·ª√‡ª≈’Ë¬π§«“¡¥—π∑’Ë —¥ à«π§«“¡‚§âß

µà“ßÊ °—π
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√Ÿª∑’Ë 5 · ¥ß°“√·ª√‡ª≈’Ë¬π¢Õß§«“¡¥—π

≈¥µàÕÀπ÷ËßÀπà«¬§«“¡¬“«¢Õß∑àÕ æ∫«à“Õ—µ√“

°“√‡ª≈’Ë¬π·ª≈ß§«“¡¥—π¡’§à“ Ÿß¢÷Èπ‡¡◊ËÕÕ—µ√“

°“√‰À≈¢ÕßπÈ”‡¬Áπ‡æ‘Ë¡¢÷Èπ πÕ°®“°π—Èπ ≥ ∑’Ë

Õ—µ√“°“√‰À≈¢ÕßπÈ”‡¬Áπ‡¥’¬«°—πæ∫«à“∑àÕ∑’Ë¡’

 —¥ à«π§«“¡‚§âß‡∑à“°—∫ 0.02 ¡’§à“§«“¡¥—πµàÕ

Àπ÷ËßÀπà«¬§«“¡¬“«¢Õß∑àÕ Ÿß°«à“∑àÕ∑’Ë —¥ à«π

§«“¡‚§âßÕ◊ËπÊ ÷́Ëß§à“ —¥ à«π§«“¡‚§âßÀ“‰¥â®“°

Õ—µ√“ à«π√–À«à“ß¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß¢Õß

∑àÕ°—∫¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß¢Õß°“√¢¥‡©≈’Ë¬

∑—Èßπ’È‡π◊ËÕß®“°º≈°√–∑∫¢Õß·√ß‡À«’Ë¬ßÀπ’»Ÿπ¬å

(Centrifugal force) ¡’º≈µàÕ°“√°√–®“¬§«“¡‡√Á«

¥—ß· ¥ß„π√Ÿª∑’Ë 6 ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫º≈∑’Ë‰¥â®“°

°“√∑¥≈Õß°—∫º≈°“√∑”π“¬ æ∫«à“º≈∑’Ë‰¥â®“°

°“√∑¥≈Õß¡’§«“¡ Õ¥§≈âÕß°—∫º≈∑’Ë‰¥â®“°°“√

∑”π“¬

√Ÿª∑’Ë 6 Contour §«“¡‡√Á«¢ÕßπÈ”∑’Ëµ”·Àπàßµà“ßÊ

¢Õß«ß„π ÿ¥ ∑’Ë mw=0.05 kg/s, Tw,in=

20 èC, Twall,ave=35 èC, (a) CR=0.02

(b) CR=0.05

√Ÿª∑’Ë 6 · ¥ß Contour ¢Õß§«“¡‡√Á«„π

¢≥–‰À≈„π∑àÕ‚§âß æ∫«à“¢Õß‰À≈∑’Ë¡’§«“¡‡√Á«

§ß∑’Ë∑’Ëµ”·Àπàß∑“ß‡¢â“ (ϕ = 0) ¡’≈—°…≥–¢Õß

Contour ¢Õß§«“¡‡√Á«§≈â“¬Ê °—∫°“√‰À≈„π

∑àÕµ√ß ·≈–‡¡◊ËÕ ϕ ‡æ‘Ë¡¢÷Èπ∑”„Àâ¢Õß‰À≈‡°‘¥

·√ß‡À«’Ë¬ßÀπ’»Ÿπ¬å ´÷Ëß¡’∑‘»∑“ßÕÕ°‰ª∑“ß‚§âß

¥â“ππÕ°¢Õß°“√¢¥ ¡’º≈„Àâ°“√°√–®“¬§«“¡‡√Á«

∑’Ëµ”·Àπàß Ÿß ÿ¥¢¬—∫ÕÕ°‰ª∑“ß‚§âß¥â“ππÕ°¢Õß

∑àÕ ´÷Ëß∑”„Àâ∫√‘‡«≥π’È¡’°“√·ª√‡ª≈’Ë¬π§«“¡‡√Á«

 Ÿß¡“°¥—ß· ¥ß„π√Ÿª ·≈–‡¡◊ËÕ —¥ à«π§«“¡‚§âß

∑àÕ‡ª≈’Ë¬π‰ªæ∫«à“¡’º≈∑”„Àâ≈—°…≥–¢Õß Contour

¢Õß§«“¡‡√Á«‡ª≈’Ë¬π‰ª¥â«¬

√Ÿª∑’Ë 7 °“√°√–®“¬µ—«¢ÕßÕÿ≥À¿Ÿ¡‘¢ÕßπÈ”∑’Ëµ”·Àπàß

µà“ßÊ ¢Õß«ß„π ÿ¥ ∑’Ë mw=0.05 kg/s,

Tw,in=20 èC, Twall,ave=35 èC, (a) CR=0.02

(b) CR=0.05

√Ÿª∑’Ë 7 · ¥ß°“√°√–®“¬µ—«¢ÕßÕÿ≥À¿Ÿ¡‘

¢ÕßπÈ”∑’Ëµ”·Àπàßµà“ßÊ ¢Õß«ß„π ÿ¥ æ∫«à“°“√

°√–®“¬µ—«¢ÕßÕÿ≥À¿Ÿ¡‘¢ÕßπÈ”∑’Ë‰À≈¿“¬„π∑àÕ

·∫∫¢¥‡ªìπ«ß¡’≈—°…≥–§≈â“¬°—∫ Contour ¢Õß

§«“¡‡√Á« ‡¡◊ËÕ ϕ ‡æ‘Ë¡¢÷Èπ Õÿ≥À¿Ÿ¡‘∑’Ëµ”·Àπàß

„°≈âºπ—ß∑àÕ∑’Ë‚§âß¥â“ππÕ° ¡’§à“ Ÿß°«à“µ”·Àπàß

°≈“ß∑àÕ·≈–®–¡’§à“µË”≈ß‡¡◊ËÕÕ—µ√“°“√‰À≈¢Õß

πÈ”‡¬Áπ‡æ‘Ë¡¢÷Èπ ´÷Ëß¢âÕ¡Ÿ≈∑’Ë‰¥â®“°°“√∑¥≈Õß·≈–

°“√∑”π“¬¡’§«“¡ Õ¥§≈âÕß°—π¥—ß· ¥ß„π√Ÿª∑’Ë 3
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√Ÿª∑’Ë 8 · ¥ß≈—°…≥– Secondary flow ∑àÕ∑’Ë

µ”·Àπàßµà“ßÊ ¢Õß«ß„π ÿ¥ ∑’Ë mw=0.05

kg/s, Tw,in=20 èC, Twall,ave=35 èC,

(a) CR=0.02 (b) CR=0.05

√Ÿª∑’Ë 8 · ¥ß Secondary flow ¢ÕßπÈ”∑’Ë

‰À≈¿“¬„π∑àÕ ‡¡◊ËÕ ϕ ‡æ‘Ë¡¢÷Èπ∑”„Àâ¢Õß‰À≈

‡°‘¥·√ß‡À«’Ë¬ßÀπ’»Ÿπ¬å´÷Ëß¡’∑‘»∑“ßÕÕ°‰ª∑“ßº‘«

‚§âß¥â“ππÕ° ´÷Ëß·√ßπ’È∑”„Àâ‡°‘¥≈—°…≥–°“√‰À≈

∑’Ë‡√’¬°«à“ Secondary flow ÷́Ëß¡’≈—°…≥–¢Õß‡ âπ

Contour ¢Õß§«“¡‡√Á« Õß«ß§◊Õ∑’Ë à«π∫π·≈–

 à«π≈à“ß¢Õßæ◊Èπ∑’ËÀπâ“µ—¥∑àÕ ‚¥¬∑‘»∑“ß¢Õß

§«“¡‡√Á«®–ÕÕ°‰ª∑“ßº‘«‚§âß¥â“ππÕ°∑àÕ ¥—ß· ¥ß

„π√Ÿª ·≈–‡¡◊ËÕ —¥ à«π§«“¡‚§âß∑àÕ‡ª≈’Ë¬π‰ª æ∫

«à“‰¡à àßº≈µàÕ≈—°…≥–¢Õß Contour ¢Õß§«“¡

‡√Á«¡“°π—°·µà¢π“¥¢Õß§«“¡‡√Á« ®–‡ª≈’Ë¬π‰ª

µ“¡Õ—µ√“°“√‰À≈¢Õß¢Õß‰À≈·≈– —¥ à«π§«“¡

‚§âß∑àÕ

6.  √ÿª

°“√»÷°…“≈—°…≥–°“√æ“§«“¡√âÕπ‚¥¬„™â

°“√®”≈Õß ¿“«–°“√‰À≈·∫∫‰¡à§ßµ—«„π 3 ¡‘µ‘

¢Õß∑àÕ·∫∫¢¥‡ªìπ«ß ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫º≈°“√

∑¥≈Õß æ∫«à“¡’§«“¡ Õ¥§≈âÕß°—π‡ªìπÕ¬à“ß¥’ ®“°

°“√»÷°…“‡™‘ßæ“√“¡‘‡µÕ√åæ∫«à“°“√‡æ‘Ë¡¢÷Èπ¢Õß

·√ß‡À«’Ë¬ßÀπ’»Ÿπ¬å°≈“ß àßº≈∑”„Àâ¡’°“√∂à“¬‡∑

§«“¡√âÕπ Ÿß¢÷Èπ·µà„π¢≥–‡¥’¬«°—π°Á®– àßº≈„Àâ

§«“¡¥—π‡æ‘Ë¡¢÷Èπ¥â«¬ ´÷Ëß¢âÕ¡Ÿ≈∑’Ë‰¥â “¡“√∂π”‰ª

„™â„π°“√«‘‡§√“–Àå‡æ◊ËÕÕÕ°·∫∫Õÿª°√≥å·≈°

‡ª≈’Ë¬π§«“¡√âÕπ ·≈–‡ªìπ¢âÕ¡Ÿ≈‡∫◊ÈÕßµâπ„π°“√

»÷°…“∑“ß¥â“ππ’ÈµàÕ‰ª

7. °‘µµ‘°√√¡ª√–°“»

¢Õ¢Õ∫§ÿ≥¡À“«‘∑¬“≈—¬»√’π§√‘π∑√«‘‚√≤

∑’Ë„Àâ∑ÿπ„π°“√∑”«‘®—¬§√—Èßπ’È √«¡∑—Èß¿“§«‘™“«‘»«-

°√√¡‡§√◊ËÕß°≈ §≥–«‘»«°√√¡»“ µ√å ¡À“«‘∑¬“≈—¬

»√’π§√‘π∑√«‘‚√≤ ∑’Ë‡Õ◊ÈÕ‡øóôÕ ∂“π∑’Ë·≈–‡§√◊ËÕß¡◊Õ

„π°“√∑”«‘®—¬§√—Èßπ’È ·≈–¢Õ¢Õ∫§ÿ≥ º».¥√.

«√√≥«‘‰≈ ‰°√‡æÁ™√å ∑’Ë‡Õ◊ÈÕ‡øóôÕ‚ª√·°√¡§Õ¡æ‘«‡µÕ√å

„π°“√«‘‡§√“–Àå

‡Õ° “√Õâ“ßÕ‘ß
[1] J.C. Ho, N.E. Wijeysundera, Study of a Compact Spiral-Coil Cooling and Dehumidifying Heat Exchanger

Unit, Applied Thermal Engineering. 16 (1996), 777-790.

[2] N.E. Wijeysundera, J.C. Ho and S. Rajasekar, The Effectiveness of A Spiral Coil Heat Exchanger, Int.

Comm. Heat Mass Transfer. 23 (1997), 623-631.

[3] J.C. Ho, N.E. Wijeysundera, An Unmixed-air Flow Model of A Spiral Cooling Dehumidifying Heat Transfer,

Applied Thermal Engineering. 19 (1999), 865-883.

[4] P. Naphon, S. Wongwises, An Experimental Study On The in-Tube Heat Convective Heat Transfer Coefficients

in A Spiral-Coil Heat Exchanger, Int. Comm. Heat Mass Transfer. 29 (2002), 797-809.



222 «“√ “√∑“ß«‘™“°“√ æ.». 2549

[5] P. Naphon, S. Wongwises, A study of The Heat Transfer Characteristics of A Compact Spiral-Coil Heat

Exchanger Under Wet-Surface Conditions, Experimental Thermal and Fluid Science. 29 (2005), 511-521.

[6] P. Naphon, S. Wongwises, A Review of Heat Transfer and Flow Characteristics in Curved Tubes, Sustainable

and Renewable Energy Reviews. 10 (2006), 463-490.


