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Ammonia removal from water using channel flow method
Songklanakarin J. Sci. Technol., 2005, 27(1) : 79-89

Ammonia removal is an important step in skim rubber sheet production. The most commonly used

technique to remove ammonia from skim latex is a channel flow method where the skim latex is forced to

flow through the shallow and long channel. This technique requires large space and long operating time.

This research was aimed to investigate the influence of ammonia volatilization from open channel. The

ammonia volatilization from open channel was performed in an open channel 0.23 m wide and 20 m long.

The water flow rate through the channel was varied from 10 to 50 L/min. The overall mass transfer co-

efficients of ammonia were determined and compared to those obtained from ammonia volatilization from

water due to liquid agitation and air blowing which were previously investigated. The results have shown

that the mass transfer coefficients of ammonia by the channel flow method were significantly higher than by
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liquid agitation but lower than those by air blowing method, as expected. The magnitude of mass transfer

coefficient of ammonia obtained suggests that the ammonia volatilization rate from water due to flow effect

is high enough for ammonia removal from skim latex. In order to reduce space and minimize operating time

of the channel flow method, we , however, recommend the use of combined channel flow and the air blowing

method. From this work, we have found that both the flow effect and the air velocity over water surface

significantly enhance the mass transfer coefficient of ammonia. Thus, the combination of these effects will

definitely enhance the ammonia transfer rate. The removal efficiency of this combined system will definitely

be higher than that of any conventional one (agitation or open channel flow).

Key words : ammonia, volatilization, mass transfer coefficient, air pollution
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À“ßπÈ”¬“ß‰¥â‚¥¬¡’§à“„™â®à“¬µË”·µà¡’¢âÕ‡ ’¬§◊Õ µâÕß„™âæ◊Èπ∑’Ë
¡“°·≈–„™â‡«≈“π“π √«¡∑—Èß°“√ª≈àÕ¬„Àâ·Õ¡‚¡‡π’¬√–‡À¬
®“°√“ß‡ªî¥ Ÿà∫√√¬“°“»‚¥¬µ√ß‚¥¬‰¡à‰¥âºà“π√–∫∫∫”∫—¥
π—Èπ  Õ“® àßº≈°√–∑∫µàÕ ‘Ëß·«¥≈âÕ¡·≈– ÿ¢¿“æ¢Õß
æπ—°ß“π„π‚√ßß“π‰¥â ®÷ß®”‡ªìπµâÕßª√—∫ª√ÿß«‘∏’°“√°”®—¥
·Õ¡‚¡‡π’¬®“°À“ßπÈ”¬“ß‚¥¬«‘∏’°“√„ÀâÀ“ßπÈ”¬“ß‰À≈‰ª
„π™àÕß∑“ß‡ªî¥„Àâ¡’ª√– ‘∑∏‘¿“æ¡“°¢÷Èπ «—µ∂ÿª√– ß§åÀ≈—°
¢Õß°“√«‘®—¬π’È§◊Õ »÷°…“«‘∏’°“√«—¥ —¡ª√– ‘∑∏‘Ï°“√∂à“¬‚Õπ
¡«≈√«¡¢Õß·Õ¡‚¡‡π’¬®“°πÈ”„π¢≥–∑’Ë‰À≈ºà“π™àÕß∑“ß
‡ªî¥ ·≈–∑”°“√‡ª√’¬∫‡∑’¬∫º≈°—∫°“√√–‡À¬¢Õß·Õ¡‚¡‡π’¬
®“°πÈ”‚¥¬«‘∏’°“√Õ◊ËπÊ ∑’Ë‰¥â»÷°…“‰«â°àÕπÀπâ“π’È§◊Õ «‘∏’°“√
°«π·≈–«‘∏’°“√„™â≈¡‡ªÉ“ °“√‡ª√’¬∫‡∑’¬∫√–À«à“ß 3 «‘∏’∑’Ë
»÷°…“ ®–π”‰ª Ÿà¢âÕ √ÿª∑’Ë‡ªìπª√–‚¬™πå ”À√—∫„™â‡ªìπ
·π«∑“ß„π°“√‡æ‘Ë¡ª√– ‘∑∏‘¿“æ·≈–æ—≤π“ª√—∫ª√ÿß«‘∏’°“√
À√◊Õ°√–∫«π°“√∑’Ë„™â„π°“√°”®—¥·Õ¡‚¡‡π’¬®“°À“ß
πÈ”¬“ß‰¥â

Õÿª°√≥å ·≈–«‘∏’°“√∑¥≈Õß

°“√»÷°…“°“√°”®—¥·Õ¡‚¡‡π’¬ÕÕ°®“°πÈ”‚¥¬°“√
‰À≈ºà“π™àÕß∑“ß‡ªî¥°√–∑”„π™ÿ¥∑¥≈Õß¢π“¥‚√ßß“π
µâπ·∫∫∑’Ëª√–°Õ∫¥â«¬ ™àÕß∑“ß‡ªî¥ (¢π“¥¬“« 20 ‡¡µ√
°«â“ß 0.2 ‡¡µ√ ·≈– Ÿß 0.1 ‡¡µ√) ∂—ß∫√√®ÿ “√≈–≈“¬
·Õ¡‚¡‡π’¬ ªíô¡ ·≈–√–∫∫∑àÕ àß “√≈–≈“¬ ‚¥¬™àÕß∑“ß
‡ªî¥«“ßÕ¬Ÿà∫π∞“π√Õß∑’Ë¡’§«“¡™—π‡≈Á°πâÕ¬  ª≈“¬¥â“π
∑“ßÕÕ°¢Õß™àÕß∑“ß‡ªî¥∂Ÿ°‡™◊ËÕ¡µàÕ‡¢â“‰ª„π∂—ß∫√√®ÿ
 “√≈–≈“¬·Õ¡‚¡‡π’¬ ∑’Ë°âπ¢Õß∂—ßµ‘¥µ—Èßªíô¡´÷Ëß„™âªíô¡ “√

≈–≈“¬®“°∂—ß‰ªªÑÕπ¬—ßª≈“¬¥â“π∑“ß‡¢â“¢Õß™àÕß∑“ß‡ªî¥
·≈–‰À≈ºà“π™àÕß∑“ß‡ªî¥°≈—∫≈ß Ÿà∂—ß ‡π◊ËÕß®“°√–∫∫∑àÕ
·≈–∂—ß‡ªìπ√–∫∫ªî¥ª√–°Õ∫°—∫ª≈“¬¥â“π∑“ßÕÕ°¢Õß
™àÕß∑“ß‡ªî¥∂Ÿ°µàÕ‡¢â“‰ª„π∂—ß‚¥¬µ√ß®÷ß “¡“√∂ª√–¡“≥
‰¥â«à“°“√√–‡À¬∑—ÈßÀ¡¥‡°‘¥¢÷Èπ‡©æ“–„π à«π¢Õß™àÕß∑“ß
‡ªî¥∑’Ë‡ªî¥ Ÿà∫√√¬“°“»‡∑à“π—Èπ  ‰¥Õ–·°√¡· ¥ß™ÿ¥°“√
∑¥≈Õß°“√√–‡À¬¢Õß·Õ¡‚¡‡π’¬®“°πÈ”∑’Ë‰À≈ºà“π™àÕß∑“ß
‡ªî¥· ¥ß¥—ß Figure 1 °“√∑¥≈Õß∑’Ë ¿“«–µà“ßÊ ®–‡√‘Ë¡
¥â«¬°“√‡µ√’¬¡ “√≈–≈“¬·Õ¡‚¡‡π’¬‚¥¬°“√≈–≈“¬
 “√≈–≈“¬·Õ¡‚¡‡π’¬„ππÈ”ª√‘¡“µ√ 120 ≈‘µ√ „Àâ¡’§«“¡
‡¢â¡¢âπ√«¡¢Õß·Õ¡‚¡‡π’¬µ“¡µâÕß°“√  “√≈–≈“¬¥—ß°≈à“«
∂Ÿ°ªíô¡‡¢â“ Ÿà∂—ß‡°Á∫ “√≈–≈“¬·Õ¡‚¡‡π’¬¢Õß™ÿ¥∑¥≈Õß
‡ªî¥ªíô¡¢Õß∂—ß‡°Á∫ “√≈–≈“¬‡æ◊ËÕªíô¡ “√≈–≈“¬·Õ¡‚¡‡π’¬
¥â«¬Õ—µ√“°“√‰À≈∑’ËµâÕß°“√®“°∂—ß‡°Á∫ “√≈–≈“¬‰ª¬—ß
∑“ß‡¢â“¢Õß™àÕß∑“ß‡ªî¥   “√≈–≈“¬∑’ËªÑÕπ‡¢â“ Ÿà™àÕß∑“ß
‡ªî¥∂Ÿ°ª≈àÕ¬„Àâ‰À≈ºà“π™àÕß∑“ß‡ªî¥‡ªìπ√–¬–∑“ß¬“«
ª√–¡“≥ 20 ‡¡µ√ ·≈–‰À≈°≈—∫≈ß Ÿà∂—ß‡°Á∫ “√≈–≈“¬Õ’°
§√—Èß  “√≈–≈“¬·Õ¡‚¡‡π’¬®–‰À≈À¡ÿπ‡«’¬π·∫∫π’È‰ªÕ¬à“ß
µàÕ‡π◊ËÕßµ≈Õ¥‡«≈“®π ‘Èπ ÿ¥°“√∑¥≈Õß

„π·µà≈–°“√∑¥≈ÕßÀ≈—ß®“°∑’Ëª≈àÕ¬„Àâ “√≈–≈“¬
‰À≈À¡ÿπ‡«’¬π„π√–∫∫‰ª√–¬–‡«≈“Àπ÷Ëß  (ª√–¡“≥ 30

π“∑’) ®÷ß‡√‘Ë¡°“√∑¥≈Õß‚¥¬‡°Á∫µ—«Õ¬à“ß “√≈–≈“¬∑’Ë
µ”·Àπàßµà“ßÊ 3 µ”·Àπàß§◊Õ ∑’Ë∑“ß‡¢â“¢Õß™àÕß∑“ß‡ªî¥
(· ¥ß¥â«¬ Sampling 1 „π Figure 1) ∑’Ë∑“ßÕÕ°¢Õß
™àÕß∑“ß‡ªî¥ (· ¥ß¥â«¬ Sampling 2 „π Figure 1) ·≈–
¿“¬„π∂—ß‡°Á∫ “√≈–≈“¬  (· ¥ß¥â«¬  Sampling 3  „π
Figure 1) ®“°π—Èπ®÷ß‡°Á∫µ—«Õ¬à“ß∑’Ëµ”·Àπàßµà“ßÊ ¢â“ßµâπ

Figure 1. The experimental set-up to investigate the ammonia removal rate from water

channel flow.
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∑ÿ° 1 ™—Ë«‚¡ß®π°√–∑—Ëß ‘Èπ ÿ¥°“√∑¥≈Õß ´÷Ëß®–„™â‡«≈“
ª√–¡“≥µ—Èß·µà 5-9 ™—Ë«‚¡ß ¢÷ÈπÕ¬Ÿà°—∫Õ—µ√“°“√‰À≈¢Õß
 “√≈–≈“¬ Õ—µ√“°“√‰À≈¢Õß “√≈–≈“¬ºà“π™àÕß∑“ß‡ªî¥
∑’Ë„™â„π°“√»÷°…“π’ÈÕ¬Ÿà„π™à«ß 10-50 ≈‘µ√/π“∑’   ¿“«–
‡√‘Ë¡µâπ¢Õß°“√∑¥≈Õß‡æ◊ËÕ»÷°…“°“√√–‡À¬¢Õß·Õ¡‚¡‡π’¬
®“° “√≈–≈“¬·Õ¡‚¡‡π’¬∑’Ë‰À≈ºà“π™àÕß∑“ß‡ªî¥· ¥ß„π
Table 1  °“√«‘‡§√“–ÀåÀ“§«“¡‡¢â¡¢âπ¢Õß·Õ¡‚¡‡π’¬„π
µ—«Õ¬à“ß¢Õß “√≈–≈“¬∑’Ë‡°Á∫∑’Ë‡«≈“µà“ßÊ „™â«‘∏’¡“µ√∞“π
Phenate method (APHA, AWWA, and WPCF, 1995)

´÷Ëß®–«‘‡§√“–Àå§«“¡‡¢â¡¢âπ√«¡¢Õß·Õ¡‚¡‡π’¬„πµ—«Õ¬à“ß
·≈–π”¢âÕ¡Ÿ≈§«“¡‡¢â¡¢âπ√«¡¢Õß·Õ¡‚¡‡π’¬∑’Ë‡ª≈’Ë¬π‰ª
°—∫‡«≈“¡“„™âÀ“ —¡ª√– ‘∑∏‘Ï°“√∂à“¬‚Õπ¡«≈√«¡¢Õß
·Õ¡‚¡‡π’¬  ®“°π—Èπ®÷ß∑”°“√«‘‡§√“–ÀåÀ“§«“¡ —¡æ—π∏å
√–À«à“ß —¡ª√– ‘∑∏‘Ï°“√∂à“¬‚Õπ¡«≈√«¡¢Õß·Õ¡‚¡‡π’¬°—∫
µ—«·ª√¥”‡π‘π°“√∑’Ë‡°’Ë¬«¢âÕß°—∫°“√‰À≈ºà“π™àÕß∑“ß‡ªî¥
‚¥¬„™â«‘∏’∑”°“√∂¥∂Õ¬æÀÿ§Ÿ≥

º≈°“√∑¥≈Õß·≈–«‘®“√≥å

1. °“√‡ª≈’Ë¬π·ª≈ß¢Õß§«“¡‡¢â¡¢âπ°—∫‡«≈“

®“°°“√«—¥§«“¡‡¢â¡¢âπ√«¡¢Õß·Õ¡‚¡‡π’¬®“°°“√
∑¥≈Õß√–‡À¬·Õ¡‚¡‡π’¬„π™ÿ¥∑¥≈Õßµ“¡ Figure 1 ∑’Ë
‡«≈“„¥Ê ∑’Ëµ”·Àπàßµà“ßÊ 3 µ”·Àπàß§◊Õ µ”·Àπàß 1 ∑’Ë
∑“ß‡¢â“¢Õß™àÕß∑“ß‡ªî¥  (· ¥ß¥â«¬  Sampling 1  „π
Figure 1) µ”·Àπàß 2 ∑’Ë∑“ßÕÕ°¢Õß™àÕß∑“ß‡ªî¥ (· ¥ß
¥â«¬ Sampling 2 „π Figure 1)  ·≈–µ”·Àπàß 3 ¿“¬„π
∂—ß‡°Á∫ “√≈“¬ (· ¥ß¥â«¬ Sampling 3 „π Figure 1)

æ∫«à“§«“¡‡¢â¡¢âπ√«¡¢Õß·Õ¡‚¡‡π’¬„π∑—Èß 3 µ”·Àπàß

∑’Ëµ√«®«—¥¡’§à“·µ°µà“ß°—π‡≈Á°πâÕ¬„πµÕπ‡√‘Ë¡µâπ·µà‡¡◊ËÕ
ª≈àÕ¬„Àâ√–∫∫¥”‡π‘π°“√‰ªª√–¡“≥ 30 π“∑’ æ∫«à“§«“¡
‡¢â¡¢âπ√«¡¢Õß·Õ¡‚¡‡π’¬ ≥ µ”·Àπàßµà“ßÊ ∑’Ëµ√«®«—¥∑’Ë
‡«≈“„¥Ê ¡’§à“∑’Ë„°≈â‡§’¬ß  ·µà®–·ª√‡ª≈’Ë¬π°—∫‡«≈“‚¥¬
≈—°…≥–°“√‡ª≈’Ë¬π·ª≈ß‚¥¬∑—Ë«‰ª¢Õß§«“¡‡¢â¡¢âπ√«¡
¢Õß·Õ¡‚¡‡π’¬°—∫‡«≈“·≈–µ”·Àπàß∑’Ëµ√«®«—¥ ¥—ß· ¥ß„π
Figure 2 ∂÷ß Figure 4  ”À√—∫Õ—µ√“°“√‰À≈ºà“π™àÕß∑“ß
‡ªî¥‡∑à“°—∫ 10, 30 ·≈– 50 ≈‘µ√/π“∑’ µ“¡≈”¥—∫  §«“¡
‡¢â¡¢âπ‡©≈’Ë¬¢Õß√–∫∫∑’Ë‡«≈“„¥Ê ‰¥â®“°§à“‡©≈’Ë¬¢Õß
§«“¡‡¢â¡¢âπ∑’Ë«—¥‰¥â®“° 3 µ”·Àπàß¥—ß°≈à“« ≈—°…≥–°“√
‡ª≈’Ë¬π·ª≈ß¢Õß§«“¡‡¢â¡¢âπ‡©≈’Ë¬°—∫‡«≈“∑’ËÕ—µ√“°“√
‰À≈µà“ßÊ · ¥ß„π Figure 5 °“√≈¥≈ß¢Õß§«“¡‡¢â¡¢âπ
‡©≈’Ë¬¢Õß·Õ¡‚¡‡π’¬„π√–∫∫°—∫‡«≈“‡°‘¥®“°°“√√–‡À¬¢Õß
·Õ¡‚¡‡π’¬„π∫√‘‡«≥™àÕß∑“ß‡ªî¥ ÷́Ëß‡ªìπ∫√‘‡«≥‡¥’¬«¢Õß
√–∫∫∑’Ë‡ªî¥ Ÿà∫√√¬“°“»·≈–¡’§«“¡ªíòπªÉ«π¢Õß “√≈–≈“¬
·Õ¡‚¡‡π’¬‡π◊ËÕß®“°°“√‰À≈ºà“π™àÕß∑“ß·§∫Ê ®“°¢âÕ¡Ÿ≈
°“√≈¥≈ß¢Õß§«“¡‡¢â¡¢âπ°—∫‡«≈“ “¡“√∂π”¡“ —ß‡§√“–Àå
‡æ◊ËÕ»÷°…“º≈¢Õß°“√‰À≈ºà“π™àÕß∑“ß‡ªî¥µàÕ —¡ª√– ‘∑∏‘Ï
°“√∂à“¬‚Õπ¡«≈√«¡·≈–Õ—µ√“°“√√–‡À¬¢Õß·Õ¡‚¡‡π’¬
®“°πÈ”‰¥â¥—ß√“¬≈–‡Õ’¬¥„πÀ—«¢âÕ∂—¥‰ª

2. °“√À“ —¡ª√– ‘∑∏‘Ï°“√∂à“¬‚Õπ¡«≈√«¡¢Õß·Õ¡‚¡‡π’¬

„π°“√‰À≈ºà“π™àÕß∑“ß‡ªî¥

„π°“√«‘‡§√“–ÀåÀ“ —¡ª√– ‘∑∏‘Ï°“√∂à“¬‚Õπ¡«≈√«¡
¢Õß·Õ¡‚¡‡π’¬„π°“√‰À≈ºà“π™àÕß∑“ß‡ªî¥¥â«¬™ÿ¥°“√
∑¥≈Õßµ“¡ Figure 1 π—Èπ®–æ‘®“√≥“„Àâ∑—Èß™àÕß∑“ß‡ªî¥
·≈–∂—ß‡°Á∫ “√≈–≈“¬‡ªìπ√–∫∫‡¥’¬«°—π‚¥¬¡’ª√‘¡“µ√
§«∫§ÿ¡¥—ß· ¥ß„π Figure 6

Table 1. Experimental conditions for studying the influence of flow in open channel on ammonia

removal rate from water at 27±1ºC

Run No. Liquid Flow Rate, Initial Ammonia Concentration in Solution at Various Positions (mg/L)

Q, (L/min)

Channel Inlet Channel Outlet Storage Tank Average

1 10 459 462 559 493
2 20 321 334 360 338
3 30 453 445 440 446
4 40 442 425 445 437
5 50 516 497 493 502
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Õ—µ√“°“√√–‡À¬¢Õß·Õ¡‚¡‡π’¬®“°ª√‘¡“µ√§«∫§ÿ¡
∑’Ë· ¥ß„π Figure 6  “¡“√∂À“§à“‰¥â‚¥¬°“√∑”¥ÿ≈¡«≈
¢Õß·Õ¡‚¡‡π’¬√Õ∫ª√‘¡“µ√§«∫§ÿ¡®–‰¥â«à“

Rate of NH3 - Rate of NH3 - Rate of NH3 = Rate of NH3

flow into flow out Removal changed within
the system from the the system
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À√◊Õ R
NH3,in

− R
NH3,out

− R
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= Vf
dC

t

dt (1)

‡¡◊ËÕ R
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 §◊Õ Õ—µ√“°“√‰À≈¢Õß·Õ¡‚¡‡π’¬‡¢â“ Ÿà

√–∫∫ (kg/s, mg/s) R
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§◊ÕÕ—µ√“°“√‰À≈¢Õß·Õ¡‚¡‡π’¬

ÕÕ°®“°√–∫∫ (kg/s, mg/s) R
NH3

§◊Õ Õ—µ√“°“√√–‡À¬¢Õß

·Õ¡‚¡‡π’¬®“°√–∫∫ (kg/s, mg/s)   ·≈–‡∑Õ¡ Vf
dC

t

dt
C

t
 §◊ÕÕ—µ√“°“√‡ª≈’Ë¬π·ª≈ß¢Õß·Õ¡‚¡‡π’¬¿“¬„π√–∫∫

(kg/s, mg/s) ‚¥¬∑’Ë Ct §◊Õ§«“¡‡¢â¡¢âπ√«¡¢Õß·Õ¡‚¡‡π’¬
„π√–∫∫ (kg/m3, mg/L)   f §◊Õ —¥ à«π¢Õß·Õ¡‚¡‡π’¬
Õ‘ √–„ππÈ” (‰¡à¡’Àπà«¬)  V §◊Õª√‘¡“µ√¢Õß “√≈–≈“¬
·Õ¡‚¡‡π’¬„π√–∫∫ (m3, L) ·≈– t §◊Õ‡«≈“∑’Ë„™â„π°“√
√–‡À¬¢Õß·Õ¡‚¡‡π’¬ (s)

‡¡◊ËÕæ‘®“√≥“ª√‘¡“µ√§«∫§ÿ¡¢Õß√–∫∫µ“¡ Figure

6 ®–‰¥â«à“ R
NH3,in

= R
NH3,out

= 0  ¥—ßπ—Èπ ¡°“√ (1) ≈¥√Ÿª

‡ªìπ

R
NH3

= −Vf
dC

t

dt (2)

Figure 2. Ammonia concentration as function of volatilization time at various positions at

a flow rate of 10 L/min.

Figure 3. Ammonia concentration as function of volatilization time at various positions at

a flow rate of 30 L/min.
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Figure 4. Ammonia concentration as function of volatilization time at various positions at

a flow rate of 50 L/min.

Figure 5. Average ammonia concentrations as function of volatilization time at various flow

rates.

Figure 6. Control volume for determining overall mass transfer coefficient of ammonia

volatizing from open channel flow system.
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πÕ°®“°°“√∑”¥ÿ≈¡«≈¢â“ßµâπ·≈â«Õ—µ√“°“√√–‡À¬
¢Õß·Õ¡‚¡‡π’¬®“°√–∫∫∑’Ëæ‘®“√≥“ “¡“√∂§”π«≥‰¥â
‚¥¬„™â∑ƒ…Æ’ Õßøî≈å¡¢Õß Whitman (Õâ“ß‚¥¬ Treybal,

1980) ´÷Ëß “¡“√∂π”¡“ª√–¬ÿ°µå‡æ◊ËÕÀ“Õ—µ√“°“√√–‡À¬
¢Õß·Õ¡‚¡‡π’¬®“°πÈ”‰¥â¥—ß ¡°“√ (3) (®√—≠ ·≈–§≥–,

2547)

R
NH3

= K
OL

afC
t (3)

‡¡◊ËÕ KOLa §◊Õ —¡ª√– ‘∑∏‘Ï°“√∂à“¬‚Õπ¡«≈√«¡¢Õß·Õ¡-
‚¡‡π’¬®“°√–∫∫ (m3/s) ·∑π§à“ R
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®“° ¡°“√ (3) „π
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t
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OL

afC
t
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dC

t

C
t

=
−K

OL
a

V dt (4)

Õ‘π∑‘‡°√µ ¡°“√ (4) ®“°‡«≈“‡√‘Ë¡µâπ t
0
 = 0 ∂÷ß‡«≈“„¥Ê

t ∑’Ë∑”„Àâ§«“¡‡¢â¡¢âπ¢Õß·Õ¡‚¡‡π’¬„π√–∫∫≈¥≈ß®“° Ct0

‡ªìπ Ct „¥Ê ®–‰¥â
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C

t

C
t0

=
−K

OL
a

V t (5)

®“° ¡°“√ (5)  “¡“√∂À“§à“ KOLa ‰¥â®“°§«“¡™—π¢Õß
°√“ø∑’Ëæ≈ÁÕµ√–À«à“ß ln(Ct/Ct0) °—∫ t §◊Õ

K
OL

a = −VS (6)

‡¡◊ËÕ S §◊Õ§«“¡™—π¢Õß°√“ø (1/s) ¥—ßπ—Èπ‚¥¬°“√«—¥§«“¡
‡¢â¡¢âπ√«¡¢Õß·Õ¡‚¡‡π’¬„π√–∫∫∑’Ëæ‘®“√≥“∑’Ë‡«≈“µà“ßÊ
µ≈Õ¥°√–∫«π°“√√–‡À¬¿“¬„µâ ¿“«–∑’Ë π„®°Á®– “¡“√∂
À“§à“ KOLa ¢Õß·Õ¡‚¡‡π’¬¿“¬„µâ ¿“«–π—Èπ‰¥â  Àπà«¬
¢Õß KOLa ®–¢÷ÈπÕ¬Ÿà°—∫Àπà«¬¢Õßª√‘¡“µ√∑’Ë„™â‡¡◊ËÕª√‘¡“µ√
¢Õß√–∫∫¡’Àπà«¬‡ªìπ m3 Àπà«¬¢Õß KOLa ∑’Ëπ‘¬¡„™â§◊Õ
m3/s  §«“¡‡¢â¡¢âπ√«¡¢Õß·Õ¡‚¡‡π’¬„π√–∫∫„π∑’Ëπ’È§◊Õ
§«“¡‡¢â¡¢âπ√«¡¢Õß·Õ¡‚¡‡π’¬‡©≈’Ë¬∑’Ë‰¥â®“°°“√«—¥§«“¡
‡¢â¡¢âπ√«¡¢Õß·Õ¡‚¡‡π’¬∑’Ëµ”·Àπàßµà“ßÊ  3 µ”·Àπàß„π
√–∫∫¥—ß‰¥â°≈à“«∂÷ß„πÀ—«¢âÕ∑’Ë·≈â« ¢âÕ¡Ÿ≈§«“¡‡¢â¡¢âπ√«¡

Figure 7. Typical plot of ln (C
t
/C

t0
) versus time at various flow rates (at water temperature

of 27ºC)

Table 2. The value of K
OL

a of ammonia from water using open channel

at water temperature of 27ºC and different flowrates.

Q (L/min) S×××××105 (1/s) R2 V (m3) K
OL

a×××××106 (m3/s)

10 4.82 0.98 0.12 5.79
20 4.68 0.97 0.12 5.62
30 7.05 0.97 0.12 8.46
40 5.91 0.96 0.12 7.09
50 7.73 0.92 0.12 9.28
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¢Õß·Õ¡‚¡‡π’¬„π√–∫∫∑’ËÕ—µ√“°“√‰À≈ºà“π™àÕß∑“ß‡ªî¥
µà“ßÊ ‰¥â· ¥ß‰«â·≈â«„π Figure 5 ‡¡◊ËÕπ”¢âÕ¡Ÿ≈§«“¡
‡¢â¡¢âπ√«¡¢Õß·Õ¡‚¡‡π’¬„π√–∫∫∑’Ë‡«≈“µà“ßÊ ¢Õß·µà≈–
Õ—µ√“°“√‰À≈¡“æ≈ÁÕµ°√“ø√–À«à“ß ln(Ct/Ct0) °—∫ t ®–
‰¥â°√“ø‡ âπµ√ß∑’Ë¡’≈—°…≥–∑—Ë«‰ª¥—ß· ¥ß„π Figure 7

®“°  Figure  7  æ∫«à“  °√“ø∑’Ëæ≈ÁÕµ√–À«à“ß
ln(Ct/Ct0) °—∫ t ‡ªìπ°√“ø‡ âπµ√ß∑’Ë¡’§à“ R2 Õ¬Ÿà„π™à«ß
0.92 ∂÷ß 0.98 ®÷ß¡’§«“¡‡ªìπ‡™‘ß‡ âπ∑’Ë¡’§«“¡πà“‡™◊ËÕ∂◊Õ Ÿß
· ¥ß«à“°√–∫«π°“√√–‡À¬¢Õß·Õ¡‚¡‡π’¬®“°πÈ”∑’Ë‰À≈
ºà“π™àÕß∑“ß‡ªî¥„π√–∫∫∑’Ë»÷°…“ “¡“√∂Õ∏‘∫“¬‰¥â¥â«¬
 ¡°“√ (1) ∂÷ß ¡°“√ (5)  §à“§«“¡™—π (S) ·≈–§à“ R2 ¢Õß
°√“ø∑’Ëæ≈ÁÕµ√–À«à“ß ln(Ct/Ct0) °—∫ t ∑’ËÕ—µ√“°“√‰À≈µà“ßÊ
· ¥ß‰«â„π Table 2 ®“°§à“§«“¡™—π¢Õß°√“ø¥—ß°≈à“«·≈–
ª√‘¡“µ√¢Õß “√≈–≈“¬„π√–∫∫ “¡“√∂§”π«≥§à“ KOLa

¢Õß°“√√–‡À¬¢Õß·Õ¡‚¡‡π’¬∑’ËÕ—µ√“°“√‰À≈„π™àÕß∑“ß
‡ªî¥µà“ßÊ ‰¥â¥—ß· ¥ß„π Table 2

3. Õ‘∑∏‘æ≈¢Õß°“√‰À≈ºà“π™àÕß∑“ß‡ªî¥µàÕ —¡ª√– ‘∑∏‘Ï

°“√∂à“¬‚Õπ¡«≈√«¡¢Õß·Õ¡‚¡‡π’¬®“°πÈ”

ªí®®—¬∑’Ë¡’º≈µàÕ°“√√–‡À¬¢Õß·Õ¡‚¡‡π’¬®“°πÈ”∑’Ë
‰À≈ºà“π™àÕß∑“ß‡ªî¥„π√–∫∫∑’Ë»÷°…“§◊Õ §«“¡ªíòπªÉ«π„π
°√–· ¢ÕßπÈ”∑’Ë‰À≈ºà“π™àÕß∑“ß‡ªî¥  ‚¥¬√–¥—∫§«“¡
ªíòπªÉ«π„π°√–· ¢ÕßπÈ”∑’Ë‰À≈ºà“π™àÕß∑“ß‡ªî¥®–¢÷ÈπÕ¬Ÿà
°—∫µ—«·ª√∑’Ë ”§—≠Ê §◊Õ §«“¡Àπ“·πàπ¢ÕßπÈ” §«“¡Àπ◊¥
¢ÕßπÈ” §«“¡‡√Á«‡©≈’Ë¬¢Õß°√–· πÈ” §«“¡≈÷° ·≈–§«“¡

°«â“ß¢Õß™àÕß∑“ß‡ªî¥´÷Ëß “¡“√∂· ¥ß„π‡∑Õ¡¢Õßµ—«‡≈¢
¢Õß‡√‚π≈¥å ‰¥â¥—ß ¡°“√ (7) (Streeter, 1983)

Re =
ρUR

h

µ (7)

‡¡◊ËÕ Re = µ—«‡≈¢‡√‚π≈¥å (Reynolds' number) ‰¡à¡’
Àπà«¬

U = §«“¡‡√Á«‡©≈’Ë¬¢Õß°√–· πÈ”„π™àÕß∑“ß‡ªî¥,

m/s

ρ = §«“¡Àπ“·πàπ¢ÕßπÈ”, kg/m3

µ = §«“¡Àπ◊¥¢ÕßπÈ”, kg/m. s

Rh = √—»¡’‰Œ¥√Õ≈‘° (hydraulic radius), m

‚¥¬ Rh ¡’π‘¬“¡µ“¡ ¡°“√ (8) (Nevers, 1991)

R
h

=
A
P

(8)

‡¡◊ËÕ A = æ◊Èπ∑’ËÀπâ“µ—¥∑’Ëµ—Èß©“°°—∫∑‘»∑“ß°“√‰À≈, m2

P = ‡ âπ√Õ∫√Ÿª∑’Ë‡ªï¬°¥â«¬¢Õß‰À≈  (wetted

perimeter), m

‡¡◊ËÕæ‘®“√≥“°“√‰À≈ºà“π™àÕß∑“ß‡ªî¥∑’Ë¡’§«“¡°«â“ß
¢Õß™àÕß∑“ß‡ªî¥‡ªìπ w (m)  ·≈–¡’§«“¡≈÷°¢ÕßπÈ”„π
™àÕß∑“ß‡ªî¥‡∑à“°—∫ h (m) √—»¡’‰Œ¥√Õ≈‘°¢Õß°“√‰À≈ºà“π
™àÕß∑“ß‡ªî¥π’È§◊Õ

R
h

=
wh

w + 2h
(9)

‡¡◊ËÕ w = §«“¡°«â“ß¢Õß™àÕß∑“ß‡ªî¥, m

h = §«“¡≈÷°¢ÕßπÈ”„π™àÕß∑“ß‡ªî¥, m

Figure 8. The of K
OL

a ammonia as function of Re of open channel system (water temperature

= 27ºC)
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§à“¢Õßµ—«·ª√∑’Ë‡°’Ë¬«¢âÕß ”À√—∫°“√§”π«≥À“§à“ Re ·≈–
§à“ Re ∑’Ë§”π«≥‰¥â∑’ËÕ—µ√“°“√‰À≈µà“ßÊ · ¥ß‰«âæ√âÕ¡
°—∫§à“ KOLa ∑’Ë«—¥‰¥â®“°°“√∑¥≈Õß„π Table 3  à«π°√“ø
§«“¡ —¡æ—π∏å√–À«à“ß KOLa °—∫ Re · ¥ß„π Figure 8

®“° Figure 8 ∂â“æ‘®“√≥“µ≈Õ¥™à«ß¢Õß Re ∑’Ë
»÷°…“æ∫§à“ KOLa ¡’·π«‚πâ¡‡æ‘Ë¡¢÷Èπµ“¡ Re ∑’Ë‡æ‘Ë¡¢÷Èπ
´÷Ëß‡ªìπ‰ªµ“¡∑’Ë§“¥‰«â  Õ¬à“ß‰√°Áµ“¡ ∂â“æ‘®“√≥“™à«ß°“√
‰À≈∑’Ë Re πâÕ¬°«à“ 2000 ≈—°…≥–°“√‰À≈¿“¬„π™àÕß∑“ß
‡ªî¥®–‡ªìπ·∫∫√“∫‡√’¬∫§à“  KOLa  ®–‡ª≈’Ë¬π·ª≈ß°—∫§à“
Re πâÕ¬¡“° ¥—ß· ¥ß¥â«¬¢âÕ¡Ÿ≈®ÿ¥∑’Ë 1 ·≈–®ÿ¥∑’Ë 2 „π
Figure 8 ´÷Ëß¡’§à“ Re ‡∑à“°—∫ 750 ·≈– 1470 µ“¡≈”¥—∫
·µà‡¡◊ËÕ Re  Ÿß¢÷Èπ®–‡ÀÁπ·π«‚πâ¡°“√‡æ‘Ë¡¢÷Èπ¢Õß KOLa

°—∫ Re ™—¥‡®π¢÷Èπ¥—ß· ¥ß¥â«¬¢âÕ¡Ÿ≈ ®ÿ¥∑’Ë 3 ®ÿ¥∑’Ë 4 ·≈–
®ÿ¥∑’Ë 5 „π Figure 8 ´÷Ëß¡’§à“ Re ‡∑à“°—∫ 2180, 2860 ·≈–
3520 µ“¡≈”¥—∫ ®“°¢âÕ¡Ÿ≈°“√∑¥≈Õßæ∫«à“‰¡à “¡“√∂
√–∫ÿ§«“¡ —¡æ—π∏å√–À«à“ß KOLa °—∫ Re ∑’Ë™—¥‡®π‰¥â ‡π◊ËÕß

®“°¡’°“√°√–®“¬µ—«¢Õß KOLa §àÕπ¢â“ß¡“°   “‡ÀµÿÀπ÷Ëß
∑’Ë∑”„Àâ¡’°“√·°«àß¢Õß KOLa ¡“°„π™à«ß¥—ß°≈à“«‡æ√“–
≈—°…≥–°“√‰À≈µ°Õ¬Ÿà„π™à«ß¢Õß°“√‡ª≈’Ë¬π (Transition

region) ®“°°“√‰À≈·∫∫√“∫‡√’¬∫‰ª‡ªìπ°“√‰À≈·∫∫
ªíòπªÉ«π ´÷Ëß‚¥¬ª°µ‘®–¡’§à“ Re Õ¬Ÿà„π™à«ß 2000 ∂÷ß 4000

(Nevers, 1991)  ¥—ßπ—Èπ„π™à«ß¢ÕßÕ—µ√“°“√‰À≈∑’Ë„™â„π
°“√»÷°…“π’È®÷ß‰¡à “¡“√∂À“§«“¡ —¡æ—π∏å√–À«à“ß KOLa

°—∫ Re ∑’Ë∂Ÿ°µâÕß‰¥â  ¢âÕ¡Ÿ≈®“°°“√∑¥≈Õß∑’Ë‰¥â∫Õ°‰¥â·µà
‡æ’¬ß«à“ KOLa ¡’·π«‚πâ¡‡æ‘Ë¡¢÷Èπ°—∫ Re ‚¥¬§«“¡ —¡æ—π∏å
Õ¬à“ßßà“¬∑’Ë “¡“√∂„™âª√–¡“≥·π«‚πâ¡°“√‡æ‘Ë¡¢÷Èπ¢Õß
KOLa °—∫ Re „π™à«ß¢Õß Re ∑’Ë»÷°…“§◊Õ

K
OL

a = 1.22 ×10−9 Re+ 4.62 ×10−6;

           0.75 ×103 ≤ Re ≤ 3.52 ×103 (10)

‚¥¬¡’§à“ R2 ‡∑à“°—∫ 0.7 · ¥ß«à“¡’§«“¡°√–®“¬¢Õß¢âÕ¡Ÿ≈
„π√–¥—∫Àπ÷Ëß‚¥¬¡’ “‡Àµÿµ“¡∑’Ë‰¥â°≈à“«‰ª·≈â«¢â“ßµâπ

Table 3. The  experimental  values  of  K
OL

a  of  ammonia  from  water  as  a  function  of

Reynolds' number.

Q×××××104 w×××××102 h×××××102 U×××××102 ρρρρρ µµµµµ×××××104 R
h×××××102 Re×××××103 K

OL
a×××××106

(m3/s) (m) (m) (m/s) (kg/m3) (kg/ m.s) (m) (-) (m3/s)

1.67 23 1.0 7.2 997 8.88 0.92 0.75 5.79
3.33 23 1.2 12.1 997 8.88 1.09 1.47 5.62
5.00 23 1.4 15.5 997 8.88 1.25 2.18 8.46
6.67 23 1.6 18.1 997 8.88 1.40 2.86 7.09
8.33 23 1.8 20.1 997 8.88 1.56 3.52 9.28

Table 4. The experimental values of K
OL

a for volatilization of ammonia from water by using various

methods.

         Open Channel Flow         Agitation                    Wind

Q Re×××××103 K
OL

a×××××106 Agitation R
e×××××104 K

OL
a×××××106 Wind Speed, R

e10cm×××××104 K
OL

a×××××106

(L/min) (-) (m3/s) speed (RPM) (-) (m3/s) U
10cm

 (m/s) (-) (m3/s)

10 0.75 5.79 0 0.00 0.23 0.00 0.00 1.00
20 1.47 5.62 50 2.11 0.25 0.46 11.73 3.53
30 2.18 8.46 150 6.36 0.49 1.52 38.76 6.17
40 2.86 7.09 250 10.56 1.01 2.58 65.79 7.03
50 3.52 9.28 400 16.90 1.50 3.37 85.94 11.59

4.21 107.36 12.97
4.80 122.40 17.14
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Õ¬à“ß‰√°Áµ“¡‡¡◊ËÕæ‘®“√≥“§à“ KOLa ∑’Ë«—¥‰¥â®“°°“√√–‡À¬
¢Õß·Õ¡‚¡‡π’¬∑’Ë‰À≈ºà“π™àÕß∑“ß‡ªî¥¥â«¬Õ—µ√“°“√‰À≈∑’Ë
»÷°…“æ∫«à“¡’§à“ ŸßæÕ ¡§«√‚¥¬¡’¢π“¥Õ¬Ÿà„™à«ß‡¥’¬«°—∫
°—∫§à“ KOLa ∑’Ë‰¥â®“°°“√»÷°…“°“√√–‡À¬¢Õß·Õ¡‚¡‡π’¬
‚¥¬«‘∏’°“√Õ◊ËπÊ (®√—≠ ·≈–§≥–, 2548) ¥—ß· ¥ß‡ª√’¬∫
‡∑’¬∫„π Table 4

®“° Table 4 ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫§à“ KOLa ∑’Ë‰¥â®“°
°“√√–‡À¬¢Õß·Õ¡‚¡‡π’¬‚¥¬«‘∏’µà“ßÊ  ∑—Èß “¡«‘∏’§◊Õ «‘∏’
°“√‰À≈„π™àÕß∑“ß‡ªî¥ «‘∏’°“√°«π ·≈–«‘∏’°“√„™â≈¡‡ªÉ“
‚¥¬„™âÕ—µ√“°“√‰À≈  §«“¡‡√Á«√Õ∫„π°“√°«π  ·≈–§«“¡
‡√Á«≈¡¥—ß§à“∑’Ë· ¥ß„π Table 4 æ∫«à“«‘∏’°“√„™â≈¡‡ªÉ“®–
„Àâ§à“ KOLa  Ÿß°«à“«‘∏’Õ◊Ëπ‡¡◊ËÕ§«“¡‡√Á«≈¡ Ÿß°«à“À√◊Õ‡∑à“°—∫
3.37 ‡¡µ√/«‘π“∑’   ·≈–«‘∏’°“√‰À≈„π™àÕß∑“ß‡ªî¥„Àâ§à“
KOLa √Õß≈ß¡“  „π¢≥–∑’Ë«‘∏’°“√°«π„Àâ§à“ KOLa µË” ÿ¥
´÷Ëß Õ¥§≈âÕß°—∫º≈°“√»÷°…“∑’Ë√“¬ß“π‰«â«à“°√–∫«π°“√
√–‡À¬¢Õß·Õ¡‚¡‡π’¬®“°πÈ”∂Ÿ°§«∫§ÿ¡‚¥¬øî≈å¡·°ä  °“√
„™â°√–· ≈¡‡ªÉ“‰ª∫πº‘«πÈ”‡ªìπ«‘∏’°“√∑’Ë≈¥§«“¡Àπ“¢Õß
øî≈å¡·°ä ‰¥â‚¥¬µ√ß∑”„ÀâÕ—µ√“°“√√–‡À¬¢Õß·Õ¡‚¡‡π’¬
·≈– KOLa  Ÿß°«à“°√≥’¢Õß°“√°«π ÷́Ëß‡ªìπ°“√≈¥§«“¡Àπ“
¢Õßøî≈å¡·°ä ∑“ßÕâÕ¡¥—ß√“¬≈–‡Õ’¬¥∑’Ë¡’√“¬ß“π‰«â°àÕπ
Àπâ“π’È (®√—≠ ·≈–§≥–, 2548) ·¡â«à“°“√‰À≈ºà“π™àÕß∑“ß
‡ªî¥®–‡ªìπ°“√∑”„Àâ‡°‘¥§«“¡ªíòπªÉ«π„π™—Èπ¢Õß¢Õß‡À≈«
‡ªìπÀ≈—°‡À¡◊Õπ°—∫°√≥’¢Õß°“√°«π·µà§«“¡≈÷°¢Õß
¢Õß‡À≈«„π°“√‰À≈ºà“π™àÕß∑“ß‡ªî¥¡’§à“πâÕ¬¡“°‡¡◊ËÕ
‡∑’¬∫°—∫§«“¡¬“«¢Õß™àÕß∑“ß‡ªî¥ §«“¡ªíòπªÉ«π¢Õß°“√
‰À≈¢Õß¢Õß‡À≈«∑’Ë‡°‘¥¢÷Èπ„π¢≥–∑’Ë¢Õß‡À≈«‰À≈ºà“π
™àÕß∑“ß‡ªî¥®–∂Ÿ°∂à“¬‚Õπ‰ª¬—ß∫√‘‡«≥º‘« —¡º— √–À«à“ß
º‘«πÈ”·≈–Õ“°“»‰¥â¥’°«à“®÷ß “¡“√∂≈¥øî≈å¡·°ä ‰¥â¥’°«à“
°√≥’¢Õß°“√°«π´÷Ëßª°µ‘®–¡’§«“¡≈÷°‡∑à“°—∫§«“¡°«â“ß¢Õß
∂—ß°«π Õ—µ√“ à«π¢Õß§«“¡≈÷°µàÕ¢π“¥¢Õß√–∫∫ (‡™àπ
§«“¡¬“« §«“¡°«â“ß À√◊Õ‡ âπºà“»Ÿπ¬å°≈“ß) ¡’º≈µàÕ°“√
∑—Èß∂à“¬‚Õπ¡«≈ (Lunney et al., 1985; Chern and Yu,

1997)  ·≈–°√–· ‰À≈«π¢Õß¢Õß‡À≈« §◊Õ √–∫∫∑’Ë¡’
Õ—µ√“ à«π¢Õß§«“¡≈÷°µàÕ¢π“¥¢Õß√–∫∫µË”®–¡’°“√∂à“¬
‚Õπ¡«≈·≈–‡°‘¥°√–· ‰À≈«π‰¥â¥’°«à“√–∫∫∑’Ë¡’Õ—µ√“ à«π
¢Õß§«“¡≈÷°µàÕ¢π“¥ Ÿß   Õ—µ√“ à«π¢Õß§«“¡≈÷°¢Õß
¢Õß‡À≈«µàÕ§«“¡¬“«¢Õß™àÕß∑“ß‡ªî¥∑’Ë„™â„π°“√»÷°…“π’È
¡’§à“Õ¬Ÿà„π™à«ß 4.98×10-4  ∂÷ß 8.97×10-4  „π¢≥–∑’Ë

Õ—µ√“ à«π¢Õß§«“¡≈÷°¢Õß‡À≈«µàÕ¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß
¢Õß∂—ß°«π¡’§à“‡∑à“°—∫ 1 ´÷Ëß Ÿß°«à“„π°√≥’¢Õß°“√‰À≈
ºà“π™àÕß∑“ß‡ªî¥∂÷ßª√–¡“≥ 1000-2000 ‡∑à“ ¥—ßπ—Èπ§à“
KOLa ¢Õß°“√‰À≈ºà“π™àÕß∑“ß‡ªî¥®÷ß Ÿß°«à“°√≥’¢Õß°“√
°«π·¡â«à“®–¡’§à“µ—«‡≈¢‡√‚π≈¥åµË”¡“°°«à“°Áµ“¡

®“°°“√»÷°…“π’È®–‡ÀÁπ‰¥âÕ¬à“ß™—¥‡®π«à“°“√‰À≈
ºà“π™àÕß∑“ß‡ªî¥‡ªìπ«‘∏’°“√∑’Ë “¡“√∂°”®—¥·Õ¡‚¡‡π’¬
ÕÕ°®“°πÈ”‰¥â¥’„π√–¥—∫Àπ÷Ëß·≈–¥’°«à“«‘∏’°“√°«π¡“° ®÷ß
 “¡“√∂π”‰ªª√–¬ÿ°µå„™â‡æ◊ËÕ°”®—¥·Õ¡‚¡‡π’¬ÕÕ°®“°À“ß
πÈ”¬“ß‰¥â  °“√‡æ‘Ë¡ª√– ‘∑∏‘¿“æ¢Õß«‘∏’°“√¥—ß°≈à“«„Àâ¥’
¬‘Ëß¢÷Èπ‡æ◊ËÕ≈¥æ◊Èπ·≈–‡«≈“∑’Ë„™â„π°“√°”®—¥·Õ¡‚¡‡π’¬ÕÕ°
®“°À“ßπÈ”¬“ß  “¡“√∂∑”‰¥â‚¥¬°“√„™â«‘∏’°“√‰À≈ºà“π
™àÕß∑“ß‡ªî¥§«∫§Ÿà°—∫°“√„™â°√–· ≈¡‡ªÉ“∫πº‘«πÈ” ´÷Ëß∫“ß
‚√ßß“π “¡“√∂¥”‡π‘π°“√‰¥â‡≈¬‚¥¬‰¡à‡æ‘Ë¡§à“„™â®à“¬„π
°“√¥”‡π‘π°“√·µàÕ¬à“ß„¥  ‡æ√“–„πªí®®ÿ∫—π∑“ß‚√ßß“π
º≈‘µπÈ”¬“ß¢âπ‰¥â àßÀ“ßπÈ”¬“ß®“°‡§√◊ËÕßªíòπ·¬°‰ª¬—ß∫àÕ
æ—°À“ßπÈ”¬“ß‚¥¬„Àâ‰À≈‰ªµ“¡√“ß‡ªî¥Õ¬Ÿà·≈â« ‡æ’¬ß·µà
µâÕßª√—∫ª√ÿß√–∫∫√“ß„Àâ¡’Ω“§√Õ∫‡æ◊ËÕ„Àâ “¡“√∂‡ªÉ“≈¡
‡¢â“‰ª„π√“ß àßÀ“ßπÈ”¬“ß‰¥â °√–· ≈¡∑’Ë„™â “¡“√∂π”¡“
®“°°√–· ≈¡∑’Ëª≈àÕ¬∑‘Èß®“°ª≈àÕß¢Õß‡µ“Õ∫¬“ß ∑—Èßπ’È
§«“¡‡√Á«¢Õß°√–· ≈¡∑’Ë„™âÕ“®®–‰¡à®”‡ªìπµâÕß Ÿß‡∑à“°—∫
§à“∑’Ë„™â„π°“√»÷°…“π’È ‚¥¬§«“¡‡√Á«∑’Ë‡À¡“– ¡Õ“®®–Õ¬Ÿà
„π™à«ß 1-3 ‡¡µ√/«‘π“∑’ ·µà‡¡◊ËÕ√«¡∑—ÈßÕ‘∑∏‘æ≈‡π◊ËÕß®“°
°“√‰À≈ºà“π√“ßµ◊ÈπÊ ·≈–Õ‘∑∏‘æ≈¢Õß°√–· ≈¡∑’Ë‡ªÉ“‰ª∫π
º‘«Àπâ“¢ÕßÀ“ßπÈ”¬“ß°Á “¡“√∂°”®—¥·Õ¡‚¡‡π’¬ÕÕ°®“°
À“ßπÈ”¬“ß‰¥â¥’°«à“·≈–„™â‡«≈“ —Èπ°«à“°“√°”®—¥·Õ¡‚¡‡π’¬
‚¥¬°“√ª≈àÕ¬„ÀâÀ“ßπÈ”¬“ß‰À≈À¡ÿπ‡«’¬π‰ªµ“¡√“ß àß
À“ßπÈ”¬“ß‡æ’¬ßÕ¬à“ß‡¥’¬«

 √ÿªº≈°“√∑¥≈Õß

®“°°“√»÷°…“°“√√–‡À¬¢Õß·Õ¡‚¡‡π’¬®“°πÈ”∑’Ë
‰À≈ºà“π™àÕß∑“ß‡ªî¥ ¢π“¥°«â“ß 0.2 ‡¡µ√ ¬“« 20 ‡¡µ√
·≈–„™âÕ—µ√“°“√‰À≈¢ÕßπÈ”„π™à«ß 10 ∂÷ß 50 ≈‘µ√/π“∑’
 “¡“√∂ √ÿª‰¥â«à“«‘∏’°“√∑¥≈Õß·≈–·π«∑“ß°“√«‘‡§√“–Àå
¢âÕ¡Ÿ≈∑’Ëπ”‡ πÕ„πß“π«‘®—¬π’È “¡“√∂„™âÀ“ —¡ª√– ‘∑∏‘Ï°“√
∂à“¬‚Õπ¡«≈√«¡¢Õß·Õ¡‚¡‡π’¬∑’Ë√–‡À¬®“°°√–· πÈ”
„π¢≥–∑’Ë‰À≈ºà“π™àÕß∑“ß‡ªî¥‰¥â ·≈–‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫§à“
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 —¡ª√– ‘∑∏‘Ï°“√∂à“¬‚Õπ¡«≈√«¡¢Õß·Õ¡‚¡‡π’¬®“°°“√
√–‡À¬¢Õß·Õ¡‚¡‡π’¬®“°πÈ”‚¥¬«‘∏’°“√µà“ßÊ 3 «‘∏’ §◊Õ
°“√‰À≈ºà“π™àÕß∑“ß‡ªî¥ °“√°«π·≈–°“√„™â°√–· ≈¡‡ªÉ“
∫πº‘«πÈ” æ∫«à“«‘∏’°“√„™â≈¡‡ªÉ“∫πº‘«πÈ”„Àâ§à“ —¡ª√– ‘∑∏‘Ï
°“√∂à“¬‚Õπ¡«≈√«¡¢Õß·Õ¡‚¡‡π’¬ Ÿß ÿ¥ «‘∏’°“√‰À≈ºà“π
™àÕß∑“ß‡ªî¥„Àâ§à“¥—ß°≈à“«√Õß≈ß¡“ ·≈–«‘∏’°“√°«π„Àâ§à“π’È
µË” ÿ¥ ¥—ßπ—Èπ°“√‰À≈ºà“π™àÕß∑“ß‡ªî¥®÷ß‡ªìπ«‘∏’°“√∑’Ë°”®—¥
·Õ¡‚¡‡π’¬ÕÕ°®“°πÈ”‰¥â¥’„π√–¥—∫Àπ÷Ëß·≈– “¡“√∂π”‰ª
ª√–¬ÿ°µå„™â‡æ◊ËÕ°”®—¥·Õ¡‚¡‡π’¬ÕÕ°®“°À“ßπÈ”¬“ß‰¥â  °“√
‡æ‘Ë¡ª√– ‘∑∏‘¿“æ¢Õß«‘∏’°“√¥—ß°≈à“«„Àâ¥’¬‘Ëß¢÷Èπ‡æ◊ËÕ≈¥æ◊Èπ
·≈–‡«≈“∑’Ë„™â„π°“√°”®—¥·Õ¡‚¡‡π’¬ÕÕ°®“°À“ßπÈ”¬“ß
 “¡“√∂∑”‰¥â‚¥¬°“√„™â«‘∏’°“√‰À≈ºà“π™àÕß∑“ß‡ªî¥§«∫§Ÿà
°—∫°“√„™â°√–· ≈¡‡ªÉ“∫πº‘«πÈ” ®“°¢âÕ¡Ÿ≈¢Õß —¡ª√– ‘∑∏‘Ï
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