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ß“π«‘®—¬π’È‡ªìπ°“√π”‡ πÕº≈°“√‡ª√’¬∫‡∑’¬∫§ÿ≥≈—°…≥–∑“ß§«“¡√âÕπ¢Õß∑àÕ§«“¡√âÕπ
Àπâ“µ—¥·∫π (FHP) ∑’Ë„™âºß∑Õß·¥ßº ¡πÈ”‡ªìπ “√∑”ß“π·≈–∑’Ë„™âπÈ”‡ªìπ “√∑”ß“π ∑àÕ∑Õß·¥ß¡“µ√∞“π
Àπâ“µ—¥°≈¡¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß¿“¬„π 25 mm ¬“« 980 mm ∂Ÿ°∫’∫„π·¡àæ‘¡æå‡æ◊ËÕ≈¥æ◊Èπ∑’ËÀπâ“µ—¥
„Àâ‡ªìπ∑àÕ·∫π Àπâ“µ—¥¢Õß FHP ¡’≈—°…≥–§≈â“¬ ’Ë‡À≈’Ë¬¡ ´÷Ëß¥â“π¢â“ß∑—Èß Õß‡ªìπ√Ÿª‚§âß§√÷Ëß«ß°≈¡ ‚¥¬√Ÿª
§√÷Ëß«ß°≈¡‡√’¬°«à“§«“¡·∫π (y) ÷́Ëß‡ âπºà“π»Ÿπ¬å°≈“ß¢Õß§√÷Ëß«ß°≈¡¡’§à“‡ªìπ y = 13 mm °“√∑¥≈Õß‰¥â
π” à«π∑”√–‡À¬¢Õß FHP ®ÿà¡„πÕà“ßπÈ”√âÕπ·≈–‡ª≈’Ë¬πÕÿ≥À¿Ÿ¡‘πÈ”√âÕπ (Tb) „πÕà“ß 3 §à“ ‰¥â·°à Tb = 65,
75 ·≈– 85°C „π¢≥–‡¥’¬«°—π„™âπÈ”ª√–ª“ ≥ Õÿ≥À¿Ÿ¡‘∫√√¬“°“»ª°µ‘ (≈ 30°C) ‡æ◊ËÕ√–∫“¬§«“¡√âÕπ
ÕÕ°®“° à«π§«∫·πàπ¥â«¬Õ—µ√“°“√‰À≈§ß∑’Ë 400 cm3/minute

º≈°“√∑¥≈Õßæ∫«à“ FHP ∑’Ë„™âºß∑Õß·¥ßº ¡πÈ”‡ªìπ “√∑”ß“π “¡“√∂‡æ‘Ë¡Õ—µ√“°“√∂à“¬‡∑
§«“¡√âÕπ®“°°“√„™âπÈ”‡ªìπ “√∑”ß“πª√–¡“≥ 33.44% πÕ°®“°π’È¬—ßæ∫«à“ §à“§«“¡µâ“π∑“π§«“¡√âÕπ (R)
¢Õß FHP ≈¥≈ß 45.45% ¬‘Ëß°«à“π—Èπ„πß“π«‘®—¬π’È‰¥âπ” ¡°“√¢Õß Noie [1] ·≈– ¡°“√¢Õß Imura ·≈–
§≥– [2] ¡“§”π«≥§à“ —¡ª√– ‘∑∏‘Ï°“√æ“§«“¡√âÕπ„π à«π∑”√–‡À¬ (he) ¢Õß FHP º≈®“°°“√„™â ¡°“√
∑—Èß Õßæ∫«à“‡ªìπ‰ª„π∑”πÕß‡¥’¬«°—π ‚¥¬§à“ he ∑’Ë‰¥â®“°°“√„™â ¡°“√¢Õß Noie [1] ·≈– ¡°“√¢Õß Imura
·≈–§≥– [2] ¡’§à“‡∑à“°—∫ 5564.94 ·≈– 4437.86 W/m2°C µ“¡≈”¥—∫
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Comparative Heat Transfer Characteristics of Flat Heat
Pipe (FHP) Using Water and Cooper Powder with

Water as Working Fluid

Wasan Srimuang* and Preecha Khantikomol

ABSTRACT

This research presents a comparison of heat transfer characteristics of flat heat pipe
(FHP) using water and copper powder with water as working fluid. A standard circular copper
tube with inside diameter of 25 mm and 980 mm long was pressed for reformation of its cross
sectional area by a mold for the flat tube. The FHP‹ûs cross sectional area is similar to a
rectangular with bolt curve sides, which the curve sides are semi-circular. The diameter of
semi-circular is called flattened thickness (y) of a flat tube, is y = 13 mm. In the experiments,
the evaporator was immersed in hot water which the temperature of hot water in the bath was
varied; 65, 75 and 85°C. The tab water at ambient temperature (≈ 30°C) was used for cooling
of the condenser with constant flow rate of 400 cm3/minute.

The results indicate that the copper powder with water that used for working fluid in
the FHP can enhance the heat transfer around 33.44%. In addition, the thermal resistance (R)
of FHP was reduced 45.45%. Moreover, in this research, the Noieûs equation [1] and Imuraûs
equation [2] were used for calculations of the convective heat transfer coefficient in evaporator
section (he). The results from both equations show similar trend. The value of he from Noieûs
equation [1] and Imuraûs equation [2] were 5564.94 and 4437.86 W/m2°C, respectively.

Keywords: heat pipe, thermosyphon, nano powder, efficiency
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∫∑π”
∑àÕ§«“¡√âÕπÀπâ“µ—¥·∫π (flat heat pipe; FHP) ‡ªìπÕÿª°√≥å·≈°‡ª≈’Ë¬π§«“¡√âÕπ™π‘¥Àπ÷Ëß

∑’Ë “¡“√∂π”¡“„™â ”À√—∫°“√∂à“¬‡∑§«“¡√âÕπ®“°Õÿª°√≥å∑’Ë§«“¡√âÕπ Ÿß ‡™àπ CPU ¢Õß§Õ¡æ‘«‡µÕ√å
°“√≈¥§«“¡™◊Èπ„π√–∫∫ª√—∫Õ“°“»À√◊Õ„™â°—∫√–∫∫∑’ËµâÕß°“√„Àâ™‘Èπ à«π∑’Ë ”§—≠¡’°“√°√–®“¬Õÿ≥À¿Ÿ¡‘Õ¬à“ß
 ¡Ë”‡ ¡Õ FHP ª√–°Õ∫¥â«¬ 3  à«π §◊Õ  à«π∑”√–‡À¬ (evaporator section)  à«π°—π§«“¡√âÕπ
(adiabatic section) ·≈– à«π§«∫·πàπ (condenser section) ∑àÕ§«“¡√âÕπ∑”ß“π‚¥¬Õ“»—¬À≈—°°“√
¥Ÿ¥√—∫§«“¡√âÕπ®“°·À≈àß§«“¡√âÕπ Ÿß‡¢â“ Ÿà “√∑”ß“π∑’Ë∫√√®ÿ¿“¬„π‡æ◊ËÕ°≈“¬‡ªìπ‰Õ  “√∑”ß“π∑’Ë°≈“¬‡ªìπ
‰Õ®–≈Õ¬µ—«¢÷Èπ Ÿà¥â“π∫π ( à«π√–∫“¬§«“¡√âÕπ) ®“°π—Èπ “√∑”ß“π®–∂Ÿ°∂à“¬‡∑§«“¡√âÕπÕÕ°„Àâ°—∫·À≈àß
§«“¡√âÕπµË”∑’Ëπ”¡“√–∫“¬§«“¡√âÕπ ‡™àπ πÈ” À√◊ÕÕ“°“»  “√∑”ß“π¥—ß°≈à“«®–‡°‘¥°“√§«∫·πàπ°≈—∫‡ªìπ
¢Õß‡À≈«‰À≈°≈—∫≈ß¡“ Ÿà à«π√—∫§«“¡√âÕπ  “√∑”ß“π®–‡§≈◊ËÕπ∑’Ë°≈—∫‰ª¡“Õ¬à“ßµàÕ‡π◊ËÕß

ªí®®ÿ∫—πæ∫«à“ FHP ¡’¢’¥®”°—¥„π°“√∑”ß“π ‡π◊ËÕß®“°°“√‰À≈ «π∑“ß√–À«à“ß‰Õ¢Õß “√
∑”ß“π∑’Ëæÿàß¢÷Èπ‰ª‡æ◊ËÕª≈¥ª≈àÕ¬§«“¡√âÕπ∫√‘‡«≥ à«π§«∫·πàπ°—∫ “√∑”ß“π∫“ß à«π∑’Ë§«∫·πàπ·≈â«‰À≈µ°
≈ß¡“µ“¡ºπ—ß∑àÕ¥â«¬·√ß‚πâ¡∂à«ß¢Õß‚≈° ®÷ß∑”„Àâ¡’π—°«‘®—¬À≈“¬∑à“π π„®»÷°…“‡æ◊ËÕÀ“·π«∑“ß„π°“√‡æ‘Ë¡
ª√– ‘∑∏‘¿“æ¢Õß FHP ¥â«¬«‘∏’°“√µà“ßÊ ¡“°¡“¬ ºŸâ‡¢’¬π·∫àß°“√π”‡ πÕß“π«‘®—¬∑’Ë‡°’Ë¬«¢âÕßÕÕ°‡ªìπ Õß
ª√–‡¥ÁπÀ≈—°Ê ‰¥â·°à  à«π·√° §◊Õ °“√π”ºß‚≈À–∑’Ë¡’¢π“¥Õπÿ¿“§√–¥—∫π“‚π¡“‡ªìπ à«πº ¡°—∫ “√
∑”ß“π∑’Ë‡ªìπ¢Õß‡À≈« ´÷Ëß√“¬≈–‡Õ’¬¥¡’¥—ßπ’È Paisarn ·≈–§≥– [3] ‰¥â∑¥≈ÕßÀ“°“√‡æ‘Ë¡ª√– ‘∑∏‘¿“æ¢Õß
∑àÕ§«“¡√âÕπ∑’Ë‡ªìπ¢Õßº ¡√–À«à“ßºß‰∑‡∑‡π’¬¡√–¥—∫Õπÿ¿“§π“‚π°—∫ “√∑”§«“¡‡¬Áπ R11 ÷́Ëß„™â‡ªìπ
 “√∑”ß“π §≥–ºŸâ«‘®—¬‰¥â„™âÕπÿ¿“§π“‚π∑’Ë¡’¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß‡∑à“°—∫ 21 nm º ¡°—∫ “√∑”§«“¡‡¬Áπ
R11 ¥â«¬‡§√◊ËÕß Ultrasonic homogenizer º≈°“√∑¥≈Õßæ∫«à“ ºßÕπÿ¿“§π“‚π‰∑‡∑‡π’¬¡π—Èπ “¡“√∂
‡æ‘Ë¡ª√– ‘∑∏‘¿“æ„Àâ°—∫∑àÕ§«“¡√âÕπ‰¥â¡“°°«à“°“√„™â “√∑”§«“¡‡¬Áπ R11 ‡æ’¬ßÕ¬à“ß‡¥’¬«∂÷ß 1.4 ‡∑à“
ß“π«‘®—¬„π≈—°…≥–‡¥’¬«°—π Guo ·≈–§≥– [4] ∑”°“√»÷°…“‡™‘ß∑¥≈ÕßÀ“§ÿ≥≈—°…≥–°“√∑”ß“π¢Õß∑àÕ
§«“¡√âÕπ‚¥¬„™â CuO nano-water ‡ªìπ “√∑”ß“π ´÷Ëß‡µ‘¡ “√∑”ß“π§ß∑’Ë 50% ¢Õßª√‘¡“µ√ à«π∑”√–‡À¬
®“°°“√∑¥≈Õß¢Õß‡¢“¡’ª√–‡¥Áππà“ π„® §◊Õ °“√„™âºß∑Õß·¥ßÕÕ°‰´¥å√–¥—∫π“‚πº ¡πÈ” (CuO nano-water)
‡ªìπ “√∑”ß“π®–„Àâ§à“§«“¡µâ“π∑“π§«“¡√âÕπ (R) µË”°«à“°“√„™âπÈ”‡ªìπ “√∑”ß“π ´÷ËßÀ¡“¬§«“¡«à“
°“√‡µ‘¡ºß∑Õß·¥ßÕÕ°‰´¥å√–¥—∫π“‚π∑”„Àâ§«“¡√âÕπ “¡“√∂∂à“¬‚Õπ‡¢â“·≈–ÕÕ°®“°∑àÕ§«“¡√âÕπ‰¥â¡“°¢÷Èπ
Parametthanuwat ·≈–§≥– [5] ‰¥â∑¥≈ÕßÀ“ ¡°“√ —¡æ—π∏å¢ÕßÕ—µ√“°“√∂à“¬‡∑§«“¡√âÕπ¢Õß‡∑Õ√å‚¡‰´øÕπ
Àπâ“µ—¥°≈¡ (conventional two phase closed thermosyphon, CTPCT) ‚¥¬„™âºß‡ß‘π√–¥—∫π“‚πº ¡πÈ”
(silver nano-water) ‡ªìπ “√∑”ß“π §«“¡πà“ π„®ß“ππ’ÈÕ¬Ÿà∑’Ë§ÿ≥ ¡∫—µ‘¢Õß “√∑”ß“ππ—Èπ ¡’º≈Õ¬à“ß¬‘Ëß
µàÕÕ—µ√“°“√∂à“¬‚Õπ§«“¡√âÕπ¢Õß‡∑Õ√å‚¡‰´øÕπ ·≈–Õ’°ß“πÀπ÷Ëß∑’Ëπà“ π„® §◊Õ ß“π«‘®—¬¢Õß Zhen ·≈–
§≥– [6] ‡¢“‰¥â∑”°“√»÷°…“ª√– ‘∑∏‘¿“æ∑“ß§«“¡√âÕπ¢Õß∑àÕ§«“¡√âÕπ ÷́Ëßº‘«¿“¬„π∑àÕ§«“¡√âÕπ∂Ÿ°∑”
‡ªìπ√àÕß (groove) ·≈–„™â¢Õßº ¡√–À«à“ßºß∑Õß·¥ßÕπÿ¿“§π“‚πº ¡°—∫πÈ”°≈—Ëπ‡ªìπ “√∑”ß“π
‚¥¬ºß∑Õß·¥ß∑’Ë¡’¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß‡∑à“°—∫ 40 ·≈– 20 nm ª√‘¡“≥§«“¡‡¢â¡¢âπ¢Õß®”π«πÕπÿ¿“§
π“‚π‡∑à“°—∫ 0.5, 1 ·≈– 1.2 wt% º≈°“√∑¥≈Õßæ∫«à“°“√„™âºß∑Õß·¥ß∑’Ë¡’¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß‡∑à“°—∫
20 nm ·≈–¡’ª√‘¡“≥§«“¡‡¢â¡¢âπ¢Õß®”π«πÕπÿ¿“§π“‚π‡∑à“°—∫ 1 wt% π—Èπ ¡’§à“ —¡ª√– ‘∑∏‘Ï°“√æ“
§«“¡√âÕπ Ÿß ÿ¥



SWU Sci. J. Vol. 29 No. 1 (2013)124

 ”À√—∫ß“π«‘®—¬∑’Ë‡°’Ë¬«¢âÕß„π à«π∑’Ë Õß §◊Õ °“√»÷°…“§ÿ≥≈—°…≥–·≈–ª√– ‘∑∏‘¿“æ∑“ß§«“¡
√âÕπ¢Õß FHP ®“°°“√∑∫∑«πß“π«‘®—¬æ∫«à“¡’√“¬ß“π°“√«‘®—¬¥—ßπ’È Srimuang ·≈–§≥– [7] ‰¥â∑¥≈ÕßÀ“
°“√∂à“¬‡∑§«“¡√âÕπ¢Õß FHP ∑’Ë¡’¢π“¥§«“¡·∫π 2.6, 4.6 ·≈– 6.6 mm ‚¥¬∑”°“√‡ª√’¬∫‡∑’¬∫°—∫
CHP ¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß 8.6 mm ·≈–„™âπÈ”∫√‘ ÿ∑∏‘Ï  “√∑”§«“¡‡¬Áπ R123 ·≈–‡Õ∑“πÕ≈‡ªìπ “√
∑”ß“π ´÷Ëß‡µ‘¡ “√∑”ß“π„πÕ—µ√“ à«π 20, 40, 60 ·≈– 80% ¢Õßª√‘¡“µ√∑—ÈßÀ¡¥ ®“°°“√∑¥≈Õß √ÿª
‰¥â«à“ Õ—µ√“ à«π°“√‡µ‘¡ “√∑”ß“π¡’º≈°—∫ø≈—°´å§«“¡√âÕπ ‡¡◊ËÕÕ—µ√“ à«π π∑—»πå‡æ‘Ë¡¢÷Èπ∑”„Àâø≈—°´å§«“¡
√âÕπ≈¥≈ß ·≈–°“√‡ª≈’Ë¬π·ª≈ß™π‘¥¢Õß “√∑”ß“π°Á àßº≈°—∫ø≈—°´å§«“¡√âÕπ‡™àπ°—π °≈à“«§◊Õ ‚¥¬°“√„™â
R123 ‡ªìπ “√∑”ß“ππ—Èπ„Àâ§à“ø≈—°´å§«“¡√âÕπ Ÿß ÿ¥ ·≈–∂â“À“°‡ª≈’Ë¬π®“°‡Õ∑“πÕ≈‡ªìππÈ”∫√‘ ÿ∑∏‘Ï„Àâ§à“
ø≈—°´å§«“¡√âÕπ≈¥≈ß ·≈–§≥–ºŸâ«‘®—¬¬—ßæ∫«à“ FHP ∑’Ë¡’¢π“¥§«“¡·∫π 4.6 mm ¡’Õ—µ√“°“√‡µ‘¡ “√∑”ß“π
20% π—Èπ „Àâ§à“ø≈—°´å§«“¡√âÕπ Ÿß ÿ¥ ´÷Ëß„π¢≥–∑’Ë§à“ø≈—°´å§«“¡√âÕπ Ÿß ÿ¥¢Õß CHP Õ¬Ÿà∑’ËÕ—µ√“°“√‡µ‘¡
 “√∑”ß“π 60% ·µà¬—ß¡’§à“µË”°«à“ FHP ·≈–ß“π«‘®—¬¢Õß Amatachaya ·≈– Srimuang [8] ∑”°“√»÷°…“
§ÿ≥≈—°…≥–∑“ß§«“¡√âÕπ¢Õß CHP ‡ª√’¬∫‡∑’¬∫°—∫ FHP ÷́Ëß CHP ∑”¥â«¬∑àÕ∑Õß·¥ß¢π“¥‡ âπºà“π
»Ÿπ¬å°≈“ß¿“¬„π 25 mm ¬“« 980 mm ·≈– FHP ∑”®“°∑àÕ°≈¡∑’Ë¡’¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß‡∑à“°—π
‚¥¬∫’∫∑àÕ„π·¡àæ‘¡æå„Àâ¡’§«“¡·∫π·µ°µà“ß°—π 3 √–¥—∫ °≈à“«§◊Õ y = 7, 13 ·≈– 17 mm ·≈â«‡µ‘¡ “√
∑”ß“π (πÈ”) „πª√‘¡“≥ 30, 60 ·≈– 90% ¢Õßª√‘¡“≥ à«π∑”√–‡À¬ º≈°“√∑¥≈Õß¡’ª√–‡¥Áππà“ π„®
§◊Õ §≥–ºŸâ«‘®—¬æ∫«à“ FHP ∑’Ë¡’√–¬– y = 7 mm ¡’°“√∂à“¬‚Õπ§«“¡√âÕπ Ÿß ÿ¥ ´÷Ëß Ÿß°«à“ CHP ·≈–æ∫«à“
Õ—µ√“°“√‡µ‘¡ “√¡’º≈πâÕ¬¡“°µàÕ°“√‡ª≈’Ë¬π·ª≈ßø≈—°´å§«“¡√âÕπ¢Õß CHP ·≈– FHP

®“°°“√∑∫∑«πß“π«‘®—¬∑’Ë‡°’Ë¬«¢âÕß∑’Ë‰¥â°≈à“«¡“·≈â«¢â“ßµâπ∑”„Àâæ∫«à“ FHP ‡ªìπ∑àÕ§«“¡√âÕπ
∑’Ëæ—≤π“®“° CHP ·µàÕ¬à“ß‰√°Áµ“¡ª√– ‘∑∏‘¿“æ∑“ß§«“¡√âÕπ¢Õß FHP ¬—ß “¡“√∂∑’Ë®–‡æ‘Ë¡‰¥âÕ’° À“°¡’
°“√‡µ‘¡ºß‚≈À–√–¥—∫Õπÿ¿“§π“‚π‡¢â“°—∫ “√∑”ß“π‡À≈« ‡™àπ πÈ” ªí®®ÿ∫—π¬—ß¢“¥¢âÕ¡Ÿ≈‡°’Ë¬«°—∫§ÿ≥≈—°…≥–
°“√∂à“¬‡∑§«“¡√âÕπ¢Õß FHP ∑’Ë„™âºß∑Õß·¥ß√–¥—∫Õπÿ¿“§π“‚πº ¡°—∫πÈ” (copper nano-water) ‡ªìπ
 “√∑”ß“π ¥—ßπ—Èπ«—µ∂ÿª√– ß§å¢Õßß“π«‘®—¬π’È®÷ß‡ªìπ°“√»÷°…“§ÿ≥≈—°…≥–°“√∂à“¬‡∑§«“¡√âÕπ¢Õß FHP ∑’Ë
„™âºß∑Õß·¥ß√–¥—∫Õπÿ¿“§π“‚πº ¡°—∫πÈ”‡ªìπ “√∑”ß“π ÷́ËßºŸâ«‘®—¬§“¥À«—ß«à“®–∑”„Àâ¡’¢âÕ¡Ÿ≈‡æ‘Ë¡‡µ‘¡
 ”À√—∫°“√ª√–¬ÿ°µå„™âß“π FHP „πÕπ“§µµàÕ‰ª

À≈—°°“√∑”ß“π¢Õß FHP
FHP ‡ªìπÕÿª°√≥å™π‘¥Àπ÷Ëß∑’Ë “¡“√∂∂à“¬‡∑§«“¡√âÕπ‰¥â‚¥¬‰¡àµâÕßÕ“»—¬æ≈—ßß“π°≈®“°¿“¬πÕ°

√Ÿª∑’Ë 1 · ¥ß à«πª√–°Õ∫¢Õß FHP ́ ÷Ëß¡’≈—°…≥–‡ªìπ∑àÕªî¥∑’Ë‰¥â∑” ÿ≠≠“°“»·≈–¡’ “√∑”ß“π‡µ‘¡Õ¬Ÿà¿“¬„π
À≈—°°“√ àß∂à“¬§«“¡√âÕπ¢Õß FHP ¡’¥—ßπ’È ‡¡◊ËÕ “√∑”ß“π„π ∂“π–¢Õß‡À≈«∫√√®ÿÕ¬Ÿà∫√‘‡«≥ à«π∑”√–‡À¬
‰¥â√—∫§«“¡√âÕπ®“°·À≈àß§«“¡√âÕπ Ÿß (heat source) ®–‡°‘¥°“√√–‡À¬°≈“¬‡ªìπ‰Õ·≈â«≈Õ¬¢÷Èπ‰ª¬—ß à«π
§«∫·πàπ ®“°π—Èπ “√∑”ß“π®–∂à“¬‡∑§«“¡√âÕπ„Àâ°—∫·À≈àß§«“¡√âÕπµË” (heat sink) ∑’Ë à«π§«∫·πàπ —¡º— 
Õ¬Ÿà ‰Õ¥—ß°≈à“«®–‡°‘¥°“√§«∫·πàπ·≈â«‰À≈µ°≈ß Ÿà à«π∑”√–‡À¬Õ’°§√—Èß ‡ª≈’Ë¬π·ª≈ß ∂“π–°≈—∫‰ª¡“‡ªìπ
«—Æ®—°√Õ¬à“ßµàÕ‡π◊ËÕß

Õ—µ√“°“√∂à“¬‡∑§«“¡√âÕπ¢Õß FHP Õ“®Õ∏‘∫“¬‚¥¬§à“§«“¡√âÕπ∑’Ë∂à“¬‡∑ÕÕ°®“° à«π§«∫·πàπ
´÷Ëß “¡“√∂§”π«≥‰¥â®“° ¡°“√
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Qout = ṁCp(Tout-Tin) (1)

‡¡◊ËÕ ṁ §◊Õ Õ—µ√“°“√‰À≈‡™‘ß¡«≈¢ÕßπÈ”√–∫“¬§«“¡√âÕπ (kg/s), Cp §◊Õ §à“§«“¡®ÿ§«“¡√âÕπ
®”‡æ“–¢ÕßπÈ”√–∫“¬§«“¡√âÕπ (J/kg °C), Tin §◊Õ Õÿ≥À¿Ÿ¡‘¢ÕßπÈ”∑’Ë√–∫“¬§«“¡√âÕπ¢“‡¢â“¢Õß à«π§«∫·πàπ
(°C) ·≈– Tout §◊Õ Õÿ≥À¿Ÿ¡‘¢ÕßπÈ”∑’Ë√–∫“¬§«“¡√âÕπ¢“ÕÕ°®“° à«π§«∫·πàπ (°C)

√Ÿª∑’Ë 1 ≈—°…≥–°“√∂à“¬‡∑§«“¡√âÕπ¢Õß FHP [8]

¡’π—°«‘®—¬À≈“¬∑à“π ‡™àπ Guo ·≈–§≥– [4], Zhen ·≈–§≥– [6], Srimuang ·≈–§≥– [7]
·≈– Amatachaya ·≈– Srimuang [8] π‘¬¡„™â§«“¡µâ“π∑“π§«“¡√âÕπ (R) ‡ªìπµ—«ª√–‡¡‘π ¡√√∂π–
¢Õß∑àÕ§«“¡√âÕπ ÷́Ëß R ‡ªìπ§«“¡ —¡æ—π∏å√–À«à“ßº≈µà“ß¢ÕßÕÿ≥À¿Ÿ¡‘‡©≈’Ë¬ à«π∑”√–‡À¬·≈– à«π§«∫·πàπ
°—∫Õ—µ√“°“√∂à“¬‡∑§«“¡√âÕπ¢Õß à«π§«∫·πàπ À“°«à“∑àÕ§«“¡√âÕπ¡’§«“¡µâ“π∑“π§«“¡√âÕπ Ÿß· ¥ß
«à“°“√∂à“¬‡∑§«“¡√âÕπ¿“¬„π∑àÕ§«“¡√âÕπ‰¡à¥’ ¥—ßπ—Èπ ∑àÕ§«“¡√âÕπ∑’Ë¡’§à“ R µË”π—Èπ‡ªìπ ‘Ëß∑’Ëπ—°«‘®—¬µâÕß°“√
§âπÀ“ ‚¥¬∑—Ë«‰ª§à“ R §”π«≥‰¥â®“° ¡°“√

R =
Te,av›Tc,av

Qout
(2)

‡¡◊ËÕ R §◊Õ §«“¡µâ“π∑“π§«“¡√âÕπ (°C/W), Te,av §◊Õ Õÿ≥À¿Ÿ¡‘‡©≈’Ë¬ à«π∑”√–‡À¬ (°C),
Tc,av §◊Õ Õÿ≥À¿Ÿ¡‘‡©≈’Ë¬ à«π§«∫·πàπ (°C) ·≈– Qout §◊Õ Õ—µ√“°“√∂à“¬‡∑§«“¡√âÕπÕÕ°®“° à«π§«∫·πàπ
(W) ¢Õß®“° FHP
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‡π◊ËÕß®“°«à“¿“¬„π∑àÕ§«“¡√âÕπ‡ªìπ°“√∂à“¬‡∑§«“¡√âÕπ·∫∫°“√æ“§«“¡√âÕπ ´÷Ëß°“√‡ª≈’Ë¬π
 ∂“π–¢Õß “√∑”ß“π‡ªìπæƒµ‘°√√¡ ”§—≠¢Õß°“√∂à“¬‡∑§«“¡√âÕπ ¥—ßπ—Èπ  —¡ª√– ‘∑∏‘Ï°“√æ“§«“¡√âÕπ„π
 à«π∑”√–‡À¬ (he) ‡ªìπÕ’°§ÿ≥ ¡∫—µ‘µ—«Àπ÷Ëß∑’Ëπ‘¬¡„™âª√–‡¡‘π ¡√√∂π–¢Õß∑àÕ§«“¡√âÕπ Noie [1] ‰¥â
‡ πÕ ¡°“√ ”À√—∫°“√§”π«≥À“ he ‚¥¬π”º≈®“°°“√∑¥≈Õß¢Õß‡¢“¡“§”π«≥ ÷́Ëß‰¥â‡ πÕ ¡°“√¥—ßπ’È

he,Noie =
qout

Te,av›Ta( )
(3)

‡¡◊ËÕ he §◊Õ  —¡ª√– ‘∑∏‘Ï°“√æ“§«“¡√âÕπ„π à«π∑”√–‡À¬ (W/m2°C), qout §◊Õ ø≈—°´å§«“¡
√âÕπ à«π§«∫·πàπ (W/m2), Te,av §◊Õ Õÿ≥À¿Ÿ¡‘‡©≈’Ë¬ à«π∑”√–‡À¬ (°C) ·≈– Ta §◊Õ Õÿ≥À¿Ÿ¡‘ à«π°—π
§«“¡√âÕπ (°C) πÕ°®“°π’È Imura ·≈–§≥– [2] ‰¥â‡ πÕ ¡°“√ ”À√—∫§”π«≥À“§à“ —¡ª√– ‘∑∏‘Ï
°“√æ“§«“¡√âÕπ ´÷Ëß‰¥âπ”‡ πÕ„π√Ÿª·∫∫§«“¡ —¡æ—π∏å¢Õß°≈ÿà¡µ—«·ª√‰√â¡‘µ‘ §◊Õ

he,Imura =
Psat
Patm

0.32Z
0.3

(4)

‡¡◊ËÕ Z §◊Õ °≈ÿà¡µ—«·ª√¢Õß Imuraûs correlation, Psat §◊Õ §à“§«“¡¥—π¢ÕßπÈ”„π FHP ·≈–
Patm §◊Õ §à“§«“¡¥—π∫√√¬“°“» ‚¥¬„πß“π«‘®—¬π’È‰¥âπ” ¡°“√∑—Èß Õß¡“§”π«≥‡æ◊ËÕ∑”π“¬§à“ —¡ª√– ‘∑∏‘Ï
°“√æ“§«“¡√âÕπ

Õÿª°√≥å·≈–«‘∏’°“√∑¥≈Õß
°“√∑” FHP

 ”À√—∫°“√∑” FHP ‡√‘Ë¡µâπ¥â«¬°“√π”∑àÕ∑Õß·¥ß¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß¿“¬„π 25 mm
«“ß„π·¡àæ‘¡æå∑’Ë √â“ß¢÷Èπ‚¥¬‡©æ“– (√Ÿª∑’Ë 2°-2¢) À≈—ß®“°∫’∫¥â«¬‡§√◊ËÕßÕ—¥‰Œ¥√Õ≈‘° å ®–‰¥â∑àÕÀπâ“µ—¥
·∫π¥—ß√Ÿª∑’Ë 2§ ®“°π—Èππ”∑àÕ∑’Ë‰¥â¡“‡™◊ËÕ¡ªî¥ª≈“¬∑—Èß Õß¢â“ß·≈â«µ‘¥µ—Èß‡¢â“°—∫∑àÕ√–∫“¬πÈ”‡¬Áπ µ‘¥
‡∑Õ√å‚¡§—ª‡ªîô≈„πµ”·Àπàßµà“ßÊ ∑—ÈßÀ¡¥ 9 ®ÿ¥ °”Àπ¥‡ªìπ T1-T9 ¥—ß√Ÿª∑’Ë 2ß ‚¥¬ T1-T4 ‡ªìπ à«π∑”
√–‡À¬ T5 ‡ªìπ à«π°—π§«“¡√âÕπ T6-T7 ‡ªìπ à«π§«∫·πàπ  ”À√—∫ T8 ·≈– T9 ‡ªìππÈ”‡¢â“·≈–ÕÕ°®“°
 à«π§«∫·πàπ µ“¡≈”¥—∫ ∑” ÿ≠≠“°“» ‡µ‘¡ “√∑”ß“π ·≈–Àÿâ¡©π«π¿“¬πÕ° à«π°—π§«“¡√âÕπ·≈–
∑àÕ√–∫“¬πÈ”‡¬Áπ
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(°)

(¢)

(§) (ß)

√Ÿª∑’Ë 2 °“√∑” FHP (°) ·¡àæ‘¡æå
(¢) ∑àÕ·∫πÕ¬Ÿà„π·¡àæ‘¡æåÀ≈—ß®“°∫’∫
(§) Àπâ“µ—¥∑àÕ
(ß) µ”·Àπàßµ‘¥‡∑Õ√å‚¡§—ª‡ªîô≈

·ºπ¿“æ™ÿ¥∑¥≈Õß
ºŸâ∑”«‘®—¬‰¥â∑”°“√ √â“ß™ÿ¥∑¥ Õ∫ ¡√√∂π–∑“ß§«“¡√âÕπ¢Õß FHP ‚¥¬‡≈◊Õ°°“√„Àâ§«“¡√âÕπ

 à«π∑”√–‡À¬¥â«¬πÈ”√âÕπ·≈–√–∫“¬§«“¡√âÕπÕÕ°®“° à«π§«∫·πàπ¥â«¬πÈ”ª√–ª“ ≥ Õÿ≥À¿Ÿ¡‘ÀâÕß∑¥≈Õß
·ºπ¿“æ™ÿ¥∑¥ Õ∫ ¡√√∂π–¢Õß FHP · ¥ß¥—ß√Ÿª∑’Ë 3 ´÷Ëßª√–°Õ∫‰ª¥â«¬‡§√◊ËÕß∑”πÈ”√âÕπÀ¡ÿπ«π
(circulator water bath) ¬’ËÀâÕ Lab Compation √ÿàπ CW-20G ¡’™à«ß∑”Õÿ≥À¿Ÿ¡‘ 20°C ∂÷ß 100°C,
‡§√◊ËÕß«—¥Õ—µ√“°“√‰À≈¢ÕßπÈ”‡¬Áπ ¬’ËÀâÕ INSTRUMENT ™à«ß∑’Ë “¡“√∂«—¥‰¥â 0.1-1.4 LPM ¡’§«“¡
·¡àπ¬” ± 3%, ‡§√◊ËÕß∫—π∑÷°Õÿ≥À¿Ÿ¡‘ (data logger) ¬’ËÀâÕ YOKOGAWA √ÿàπ DX200 ¢π“¥ 24
™àÕß —≠≠“≥ ¡’§«“¡·¡àπ¬” ± 0.1°C, ªíô¡ ÿ≠≠“°“» ¬’ËÀâÕ SP  “¡“√∂∑”§«“¡¥—π„ÀâµË”∂÷ß 28 π‘È«ª√Õ∑

Condenser

Adiabatic

Evaporator

Tout

Tin

To vacuum pumpPressure gauge

T8

T7 

T6 

T5 

T4

T3

T2

T1

T9 94 mm55 mm

55mm

183 mm

100 mm 

113 mm

190 mm

72 mm

72 mm

126 mm

30 mm

∑àÕ√–∫“¬πÈ”‡¬Áπ
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√Ÿª∑’Ë 3 ·ºπ¿“æ¢Õß™ÿ¥∑¥≈Õß

°“√∑¥≈Õß
ß“π«‘®—¬π’È‰¥â°”Àπ¥æ“√“¡‘‡µÕ√å∑’Ë‡ª≈’Ë¬π·ª≈ß‡ªìπÕÿ≥À¿Ÿ¡‘πÈ”√âÕπ∑’Ë®à“¬§«“¡√âÕπ„Àâ°—∫ à«π∑”

√–‡À¬ “¡§à“ ‰¥â·°à 65°C, 75°C ·≈– 85°C ‚¥¬°”Àπ¥æ“√“¡‘‡µÕ√å§ß∑’Ë‡ªìπÕ—µ√“°“√‰À≈¢ÕßπÈ”‡¬Áπ
∑’Ë„™â√–∫“¬§«“¡√âÕπ à«π§«∫·πàπ‡∑à“°—∫ 400 cm3/minute ÷́Ëß FHP ∑’Ë„™â∑¥≈Õß®–‡µ‘¡ “√∑”ß“πµà“ß°—π
3 °√≥’ §◊Õ (1) ‰¡à¡’ “√ (2) ‡µ‘¡πÈ” ·≈– (3) ‡µ‘¡ºß∑Õß·¥ßº ¡πÈ” ´÷Ëßºß∑Õß·¥ß∑’Ëπ”¡“„™â„π°“√«‘®—¬π’È
‡ªìπºß∑Õß·¥ß¬’ËÀâÕ Sigma-aldrich

º≈°“√∑¥≈Õß
§ÿ≥≈—°…≥–°“√∂à“¬§«“¡√âÕπ¢Õß FHP °≈à“«„π 4 ª√–‡¥Áπ¥—ßπ’È (1) °“√°√–®“¬Õÿ≥À¿Ÿ¡‘∑’Ë

ºπ—ß (Tw) ¢Õß FHP ‡¡◊ËÕ„™â “√∑”ß“πµà“ß™π‘¥°—π (2) Õ—µ√“°“√∂à“¬‡∑§«“¡√âÕπÕÕ°®“° FHP ‡¡◊ËÕ„™â
 “√∑”ß“πµà“ß™π‘¥°—π (3) §«“¡ —¡æ—π∏å√–À«à“ßÕÿ≥À¿Ÿ¡‘Õà“ßπÈ”√âÕπ (Tb) °—∫§«“¡µâ“π∑“π§«“¡√âÕπ (R)
·≈– (4) §«“¡ —¡æ—π∏å√–À«à“ßÕÿ≥À¿Ÿ¡‘Õà“ßπÈ”√âÕπ (Tb) °—∫§à“ —¡ª√– ‘∑∏‘Ï°“√æ“§«“¡√âÕπ„π à«π∑”√–‡À¬
(he)
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°“√°√–®“¬Õÿ≥À¿Ÿ¡‘∑’Ëºπ—ß (Tw) ¢Õß FHP ‡¡◊ËÕ„™â “√∑”ß“πµà“ß™π‘¥°—π
√Ÿª∑’Ë 4°-4§ · ¥ß°“√°√–®“¬Õÿ≥À¿Ÿ¡‘ (Tw) µ≈Õ¥§«“¡¬“«∑àÕ (L) ¢Õß FHP ‡¡◊ËÕ„™â “√

∑”ß“πµà“ß™π‘¥°—π ‚¥¬·∫àß°“√∑¥≈ÕßÕÕ°‡ªìπ 3 °√≥’ §◊Õ (1) ∑¥≈Õß¥â«¬°“√‡µ‘¡ºß∑Õß·¥ßº ¡°—∫
πÈ”‡ªìπ “√∑”ß“π (2) ∑¥≈Õß¥â«¬°“√‡µ‘¡πÈ”‡ªìπ “√∑”ß“π ·≈– (3) ∑¥≈Õß·∫∫‰¡à‡µ‘¡ “√∑”ß“π ‚¥¬
„Àâ¿“¬„π∑àÕ‡ªìπ ÿ≠≠“°“» º≈°“√∑¥≈Õßæ∫«à“≈—°…≥–¢Õß Tw ∑—Èß “¡°√≥’¡’≈—°…≥–∑’Ë§≈â“¬°—π
°≈à“«§◊Õ ®“°®ÿ¥ T1 ∂÷ß T7 Õÿ≥À¿Ÿ¡‘ Tw ®–≈¥≈ß‡√◊ËÕ¬Ê ·≈–∑’Ë®ÿ¥ T7 π—Èπæ∫«à“¡’Õÿ≥À¿Ÿ¡‘µË” ÿ¥ ‡π◊ËÕß®“°
‡ªìπ∫√‘‡«≥∫π ÿ¥¢Õß à«π§«∫·πàπ·≈–¡’πÈ”À≈àÕ‡¬Áπ À“°æ‘®“√≥“§«“¡™—π¢Õß°“√°√–®“¬Õÿ≥À¿Ÿ¡‘ Tw

æ∫«à“ °√≥’∑’Ë 3 ¡’§«“¡™—π¢Õß°“√≈¥ Tw ¡“°°«à“°√≥’ 1 ·≈– 2 πÕ°®“°π’È —ß‡°µæ∫«à“ „π°√≥’∑’Ë 1
·≈– 2 °“√‡æ‘Ë¡Õÿ≥À¿Ÿ¡‘ Tb = 65°C, 75°C ·≈– 85°C §à“ Tw ®–„°≈â‡§’¬ß°—π¡“°¬‘Ëß¢÷Èπ À“°æ‘®“√≥“
Tw ¢Õß à«π∑”√–‡À¬ (∑’Ë®ÿ¥ T1 ∂÷ß T3) æ∫«à“°√≥’ 3 ¡’§à“ Tw  Ÿß°«à“°√≥’∑’Ë 1 ·≈– 2 ¡’Õ’°ª√–‡¥Áπ∑’Ë
πà“ π„® §◊Õ ®ÿ¥∑’Ë¡’ Tw  Ÿß ÿ¥ ‰¥â·°à ®ÿ¥ T1 ≥ Tb = 85°C À“°æ‘®“√≥“‡ª√’¬∫‡∑’¬∫√–À«à“ß°√≥’∑’Ë 1
°—∫°√≥’∑’Ë 3 ∑’ËÕÿ≥À¿Ÿ¡‘ Tb = 85°C æ∫«à“®ÿ¥ T1 °—∫ T7 ¡’§à“ Tw µà“ß°—π 10.85°C ·µà°√≥’∑’Ë 3 ®ÿ¥∑’Ë 1
°—∫ 7 ¡’§à“ Tw µà“ß°—π∂÷ß 28.39°C ‡Àµÿ∑’Ë‡ªìπ‡™àππ—Èπ‡æ√“–«à“„π°√≥’∑’Ë 3 ‡ªìπ°“√π”§«“¡√âÕπ‰ªµ“¡ºπ—ß
¢Õß∑àÕ‡æ’¬ßÕ¬à“ß‡¥’¬«‚¥¬‰¡à¡’ “√∑”ß“πæ“§«“¡√âÕπ¢÷Èπ‰ª¥â«¬ ¥—ßπ—Èπ§à“¢Õß Tw ®÷ßµË”°«à“®ÿ¥Õ◊ËπÊ ®“°
√Ÿª∑’Ë 4°-4§  √ÿª‰¥â«à“§«“¡¬“« (L) ¢Õß FHP ¡’º≈µàÕ°“√°√–®“¬Õÿ≥À¿Ÿ¡‘
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(§)

√Ÿª∑’Ë 4  °“√°√–®“¬Õÿ≥À¿Ÿ¡‘µ“¡º‘« (Tw) ¢Õß FHP ‡¡◊ËÕ„™â “√∑”ß“πµà“ß™π‘¥°—π
(°) Õÿ≥À¿Ÿ¡‘πÈ”√âÕπ 65°C
(¢) Õÿ≥À¿Ÿ¡‘πÈ”√âÕπ 75°C
(§) Õÿ≥À¿Ÿ¡‘πÈ”√âÕπ 85°C
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Õ—µ√“°“√∂à“¬‡∑§«“¡√âÕπÕÕ°®“° FHP °√≥’„™â “√∑”ß“πµà“ß™π‘¥°—π
®“°¢âÕ¡Ÿ≈∑’Ë‰¥â®“°°“√∑¥≈Õß §à“¢ÕßÕÿ≥À¿Ÿ¡‘πÈ”√–∫“¬§«“¡√âÕπ‰À≈‡¢â“·≈–ÕÕ°®“°∑àÕπÈ”

À≈àÕ‡¬Áπ (T8) ·≈– (T9)  “¡“√∂§”π«≥À“§à“Õ—µ√“°“√∂à“¬‡∑§«“¡√âÕπÕÕ°®“° FHP (Qout) ‰¥â‚¥¬„™â
 ¡°“√ (1) √Ÿª∑’Ë 5°-5§ · ¥ß°“√‡ª≈’Ë¬π·ª≈ß Qout °√≥’„™â “√∑”ß“πµà“ß™π‘¥°—πæ∫«à“ §à“∑’Ë Tb = 85°C
°“√‡µ‘¡ºß∑Õß·¥ßº ¡πÈ” (copper nano-water), ‡µ‘¡πÈ”·≈–‰¡à‡µ‘¡ “√∑”ß“ππ—Èπ„Àâ§à“Õ—µ√“°“√∂à“¬‡∑
§«“¡√âÕπ ÿß ÿ¥ (Qout,max) ¡’§à“‡ªìπ 749.9 W, 577.1 W ·≈– 440.59 W µ“¡≈”¥—∫  ”À√—∫º≈¢Õß Tb
∑’Ë¡’µàÕ Qout æ∫«à“ Qout ‡æ‘Ë¡¢÷Èπµ“¡ Tb
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√Ÿª∑’Ë 5  °“√‡ª≈’Ë¬π·ª≈ß Qout °√≥’„™â “√∑”ß“πµà“ß™π‘¥°—π
(°) Õÿ≥À¿Ÿ¡‘πÈ”√âÕπ 65°C
(¢) Õÿ≥À¿Ÿ¡‘πÈ”√âÕπ 75°C
(§) Õÿ≥À¿Ÿ¡‘πÈ”√âÕπ 85°C

§«“¡ —¡æ—π∏å√–À«à“ßÕÿ≥À¿Ÿ¡‘πÈ”√âÕπ (Tb) °—∫§«“¡µâ“π∑“π§«“¡√âÕπ (R)
‡¡◊ËÕπ”§à“§«“¡√âÕπ à«π§«∫·πàπ∑’Ë‰¥â®“° ¡°“√ (1), Õÿ≥À¿Ÿ¡‘‡©≈’Ë¬ à«π∑”√–‡À¬·≈–Õÿ≥À¿Ÿ¡‘

 à«π°—π§«“¡√âÕπ∑’Ë‰¥â®“°°“√∑¥≈Õß¡“§”π«≥À“§à“§«“¡µâ“π∑“π§«“¡√âÕπ (R) ¢Õß FHP ¥â«¬ ¡°“√ (2)
§«“¡ —¡æ—π∏å√–À«à“ß Tb °—∫ R · ¥ß¥—ß√Ÿª∑’Ë 6 ´÷Ëßæ∫«à“°“√‡æ‘Ë¡§à“ Tb ‡ªìπº≈„Àâ§à“ R ≈¥≈ß ‡™àπ
°√≥’ FHP ∑’Ë‡µ‘¡ºß∑Õß·¥ßº ¡πÈ”‡ªìπ “√∑”ß“π ·≈–∑¥≈Õß∑’ËÕÿ≥À¿Ÿ¡‘ Tb = 65, 75 ·≈– 85°C æ∫«à“
¡’§à“ R ‡ªìπ 0.0562, 0.0254 ·≈– 0.0125°C/W µ“¡≈”¥—∫ ‡¡◊ËÕæ‘®“√≥“§à“ R °√≥’∑’Ë„™â “√∑”ß“π
µà“ß™π‘¥°—π æ∫«à“°√≥’‰¡à‡µ‘¡ “√∑”ß“π, ‡µ‘¡πÈ” ·≈–‡µ‘¡ºß∑Õß·¥ßº ¡πÈ”‡ªìπ “√∑”ß“π®–„Àâ§à“ R ≈¥≈ß
µ“¡≈”¥—∫ ¥—ßπ—Èπ  √ÿª‰¥â«à“°“√„™âºß∑Õß·¥ßº ¡πÈ”‡ªìπ “√∑”ß“π„π FHP π—Èπ „Àâ§à“ R µË” ÿ¥
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√Ÿª∑’Ë 6 · ¥ß§«“¡ —¡æ—π∏å√–À«à“ßÕÿ≥À¿Ÿ¡‘πÈ”√âÕπ (Tb) °—∫§«“¡µâ“π∑“π§«“¡√âÕπ (R)

§«“¡ —¡æ—π∏å√–À«à“ßÕÿ≥À¿Ÿ¡‘πÈ”√âÕπ (Tb) °—∫ —¡ª√– ‘∑∏‘Ï°“√æ“§«“¡√âÕπ (he)
„πß“π«‘®—¬π’È‰¥âπ”§à“µà“ßÊ ∑’Ë‰¥â®“°°“√∑¥≈Õß¡“§”π«≥À“§à“ —¡ª√– ‘∑∏‘Ï°“√æ“§«“¡√âÕπ„π

 à«π∑”√–‡À¬ ‚¥¬„™â ¡°“√ (3) ·≈– (4)  ”À√—∫„π ¡°“√ (4) π—Èπ §à“ Psat ®–‰¥â®“°µ“√“ß§ÿ≥ ¡∫—µ‘
¢ÕßπÈ”Õ‘Ë¡µ—« ‚¥¬π”§à“Õÿ≥À¿Ÿ¡‘ ≥ º‘«∑àÕ¢Õß à«π°—π§«“¡√âÕπ (Ta) ¡“„™â ”À√—∫‡ªî¥µ“√“ß √Ÿª∑’Ë 7
· ¥ß§«“¡ —¡æ—π∏å√–À«à“ß Tb °—∫ he ´÷Ëßæ∫«à“ he ‡æ‘Ë¡¢÷Èπµ“¡Õÿ≥À¿Ÿ¡‘ Tb ‡™àπ °√≥’„™âºß∑Õß·¥ßº ¡
°—∫πÈ”‡ªìπ “√∑”ß“π∑’ËÕÿ≥À¿Ÿ¡‘ Tb = 65°C, 75°C ·≈– 85°C ¡’§à“¢Õß he ‡ªìπ 5680.8 W/m2°C,
6701.7 W/m2°C ·≈– 8435.4 W/m2°C µ“¡≈”¥—∫ ·≈–∂â“æ‘®“√≥“„π°√≥’∑’Ë„™â “√∑”ß“πµà“ß™π‘¥°—π
æ∫«à“°√≥’‡µ‘¡πÈ”·≈–‡µ‘¡ºß∑Õß·¥ßº ¡°—∫πÈ”‡ªìπ “√∑”ß“π®–„Àâ§à“ he ‡æ‘Ë¡¢÷Èπ µ“¡≈”¥—∫ ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫
§à“ he √–À«à“ß°“√„™â ¡°“√¢Õß Noie [1] °—∫ Imura ·≈–§≥– [2] æ∫«à“§à“∑’Ë‰¥â¡’≈—°…≥–·π«‚πâ¡‰ª„π
∑‘»∑“ß‡¥’¬«°—π °≈à“«§◊Õ ∑—Èß§à“ he ∑’Ë‰¥â®“° Noie [1] ·≈– Imura ·≈–§≥– [2] ‡æ‘Ë¡¢÷Èπµ“¡ Tb ´÷Ëß°“√
„™â ¡°“√¢Õß Noie [1] ®–„Àâ§à“ he  Ÿß°«à“°“√„™â ¡°“√¢Õß Imura ·≈–§≥– [2] ª√–¡“≥ 25.40%
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√Ÿª∑’Ë 7 §«“¡ —¡æ—π∏å√–À«à“ßÕÿ≥À¿Ÿ¡‘πÈ”√âÕπ (Tb) °—∫ —¡ª√– ‘∑∏‘Ï°“√æ“§«“¡√âÕπ (he)

 √ÿª·≈–«‘®“√≥åº≈°“√∑¥≈Õß
§ÿ≥≈—°…≥–∑“ß§«“¡√âÕπ¢Õß FHP ∑’Ë¡’°“√∑¥≈Õß‚¥¬°“√‰¡à‡µ‘¡, ‡µ‘¡πÈ” ·≈–‡µ‘¡ºß

∑Õß·¥ßº ¡πÈ”‡ªìπ “√∑”ß“π¿“¬„µâ°“√‡ª≈’Ë¬π·ª≈ßÕÿ≥À¿Ÿ¡‘πÈ”√âÕπ (Tb)  “¡“√∂ √ÿª‰¥â¥—ßπ’È
ë °“√°√–®“¬Õÿ≥À¿Ÿ¡‘µ“¡ºπ—ß∑àÕ (Tw) ¢Õß FHP „π°√≥’‰¡à‡µ‘¡, ‡µ‘¡πÈ” ·≈–‡µ‘¡ºß

∑Õß·¥ßº ¡πÈ”‡ªìπ “√∑”ß“π¡’§à“≈¥≈ßµ“¡§«“¡¬“«¢Õß FHP ‚¥¬¡’§«“¡™—π¢Õß°“√≈¥≈ßµà“ß°—π
°≈à“«§◊Õ °“√‰¡à‡µ‘¡ “√∑”ß“π¡’§«“¡™—π¢Õß°“√≈¥≈ß Ÿß ÿ¥  ”À√—∫°√≥’‡µ‘¡πÈ”·≈–‡µ‘¡ºß∑Õß·¥ßº ¡
πÈ”‡ªìπ “√∑”ß“π¡’≈—°…≥–§≈â“¬°—π ´÷Ëß°“√‡µ‘¡ºß∑Õß·¥ßº ¡πÈ”‡ªìπ “√∑”ß“π®–¡’°“√°√–®“¬Õÿ≥À¿Ÿ¡‘∑’Ë
ºπ—ß (Tw) µË”°«à“°“√‡µ‘¡πÈ”‡ªìπ “√∑”ß“π

ë §à“ Qout ¢Õß à«π§«∫·πàπ¢Õß FHP „π°√≥’∑¥≈Õß·∫∫‡µ‘¡πÈ”·≈–‡µ‘¡ºß∑Õß·¥ßº ¡
πÈ”‡ªìπ “√∑”ß“π¡’§à“‡æ‘Ë¡¢÷Èπ®“°°√≥’‰¡à‡µ‘¡ “√∑”ß“π‡∑à“°—∫ 30.98 ·≈– 70.20% µ“¡≈”¥—∫

ë °“√‡æ‘Ë¡§à“ Tb ∑”„Àâ§à“ R ≈¥≈ß „π°√≥’∑¥≈Õß·∫∫‰¡à‡µ‘¡ “√∑”ß“π, ‡µ‘¡πÈ” ·≈–‡µ‘¡
ºß∑Õß·¥ßº ¡πÈ”‡ªìπ “√∑”ß“π¡’§à“ R ≈¥≈ß µ“¡≈”¥—∫

ë §à“ he ‡æ‘Ë¡¢÷Èπµ“¡Õÿ≥À¿Ÿ¡‘ Tb ·≈–„π°√≥’∑¥≈Õß·∫∫‡µ‘¡ºß∑Õß·¥ßº ¡πÈ”‡ªìπ “√∑”ß“π
·≈–„™â ¡°“√¢Õß Noie [1] §”π«≥„Àâ§à“ he  Ÿß°«à“°“√‡µ‘¡πÈ”‡∑à“°—∫ 51.22%

ë °“√„™â ¡°“√¢Õß Noie [1] ·≈– Imura ·≈–§≥– [2] §”π«≥§à“ he ‰¥â·π«‚πâ¡„π
∑‘»∑“ß‡¥’¬«°—π ´÷Ëß°“√„™â ¡°“√¢Õß Noie [1] ®–„Àâ§à“ he  Ÿß°«à“°“√„™â ¡°“√¢Õß Imura ·≈–§≥– [2]
ª√–¡“≥ 25.40%
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