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   Water Level Control of Cooling Tower 

°µจµ¦¥ท̧์Éป¦¹ก¬µ  °µจµ¦¥ ์ด¦.Ã«¦ฎµ ÂขÈงกµ¦ 

 

Ãค¦งงµนน̧Ê ¤̧ªต́ถ»ป¦³­งค์Äนกµ¦«¹ก¬µกµ¦ªด́¦³ด´บข°ง­¼งข°งนÎÊ µÄนค¼¨ ·̈ÉงทµªÁª°¦์Ãด¥Äช้

Á¨Áª¨ÁซÈนÁซ°¦์ (Level Sensor) Äนกµ¦ªด́¦³ดบ́คªµ¤­¼งข°งนÎÊ µท̧ÉÅ®¨ผ่µน¤µ¥ง́£µชน³ท̧ÉÁ¦µÁต¦̧¥¤Åª ้

Á¤ºÉ°นÎÊ µÁ¦·É¤Áพ·É¤­¼งข¹Êนตª́Á¨Áª¨ÁซÈนÁซ°¦์ท̧Éจ³ทÎµกµ¦ต¦ªจจบ́ª่µ¦³ดบ́นÎÊ µท̧ÉÁพ·É¤­¼งข¹Êนจ³°¥¼่Äน¦³ด´บÅ®น 

®µก¦³ดบ́นÎÊ µÁพ·É¤­¼งข¹Êนจนถ¹ง¦³ดบ́ท̧ÉÁ¨Áª¨ÁซÈนÁซ°¦์ªด́Åด­้¼ง­»ดจ³ทÎµกµ¦ป¨่°¥นÎÊ µ°°กÅปÁพºÉ°Ä®้Áก·ด

กµ¦®¤»นÁª̧¥นข°งนÎÊµท̧ÉÄชÂ้¨³จ³ทÎµกµ¦­¨บ́กµ¦®¤»นÁª̧¥นÂบบน̧ÊÅปÁ¦ºÉ°¥Ç 
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Provider Name Kusol Prasertkul 

Project Name  Water Level Control of Cooling Tower 

Advisor  Dr.Sorada Khaengkarn 

 

This project aims to study the measurement of the height of water in the cooling 
tower by using the Level Sensor to measure the height of the water flowing through the 
container that we have prepared. When the water starts to rise, the sensor level will detect 
which level the water level will rise. If the water level rises to the highest level of the sensor 
level, the water will be discharged to allow the circulating water to be used and this cycle 
will be continuously switched. 
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௛೎ 𝑑௔
𝐶೛೘

 (ℎ௜ െ ℎ௔  ) 
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บทท̧É 1 

บทนÎµ 
 

1.1 ควµม­Îµค´ญข°งป́ญ®µ 

ป́จจ»บ´นกµ¦นÎµ®°®¨่°Á¥Èน (Cooling Tower) ¤µÄช้งµนก´น°¥่µงกª้µงขªµงท´Ê งÄนÃ¦งงµน

°»ต­µ®ก¦¦¤ °µคµ¦­Îµนก́งµน Â¨³Â¤ก้¦³ท´Éงท̧É°¥¼°่µ«¥́บµงÂ®่ง 

®°®¨่°Á¥ÈนÃด¥ปกต·จ³ÁปÈ นจ»ด­»ดท้µ¥ท̧Éป¦·¤µณคªµ¤¦้°นจµกขบªนกµ¦ทµง°»ต­µ®ก¦¦¤ ¤µ

¦³บµ¥ท·Êง­¼่บ¦¦¥µกµ« คªµ¤¦้°นจµกนÎÊ µท̧Éผ่µนÁค¦ºÉ °งคªบÂน่นข°ง Stem-Power Plant คªµ¤¦้°นจµก

¦³บบทÎµคªµ¤Á¥Èน ®¦º°คªµ¤¦้°นจµกขบªนกµ¦ทµงÁค¤̧ ซ¹É งÄชน้ÎÊµÁปÈ นตª́¦³บµ¥คªµ¤¦้°น กµ¦Áพ·É¤พºÊนท̧É

ผ·ªข°งนÎÊµช´Êน£µ¥Äน®°®¨่°Á¥Èน °µกµ«จ³Å®¨­ªนทµงกบ́นÎÊµ ®¦º°Å®¨ตด́กน́กบ́นÎÊµ ท´Êงน̧Êข¹Êน°¥¼ก่บ́กµ¦

°°กÂบบÄชง้µน 

1.2 ว´ตถ»ปร³­งค์ 

Äช้คªµ¤¦้°นจµกÁค¦ºÉ °งทÎµคªµ¤¦้°นทÎµÄ®้°»ณ®£¼¤·ข°งนÎÊ µÁพ·É¤­¼งข¹ÊนÂ¨³Áพ·É¤¦³ด´บนÎÊ µÅปÁ¦ºÉ°¥Ç

จนถ¹งจ»ดท̧ÉÁ¨Áª¨ÁซÈนÁซ°¦์กÎµ®นดÄ®้¦³ดบ́คªµ¤­¼งข°งนÎÊ µ­¼งท̧É­»ดÂ¨ª้ทÎµกµ¦ผ¨ด́Áป¨̧É¥นนÎÊ µ°°กจµก

£µชน³Ä­่นÎÊµ 

1.3 ปร³Ãยชน์ท̧Éคµดว่µจ³Åด้ร́บ 

จ³Áก·ดก¦³บªนกµ¦®¤»นÁª̧¥นข°งนÎÊ µท̧ÉÁพ·É¤°»ณ®£¼¤·ผ¨ด́Áป¨̧É¥นกบ́นÎÊ µท̧É¤µÄ®¤่จµกกµ¦กµ¦ÄชÁ้¨Áª¨

ÁซÈนÁซ°¦์คªบค»¤¦³ดบ́คªµ¤­¼งข°งนÎÊµÄ®Á้®¤µ³­¤กบ́£µชน³ท̧ÉÄ­่นÎÊµ 
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บทท¸É 2 

ทฤ¬ฎ¸Âล³ÁนºÊ°®µท¸ÉÁก¸Éยวข้°ง 

 

ค¼ลล·ÉงทµวÁว°ร์®รº°®°ทÎµนÎÊµÁยÈน (Cooling Tower) 

Âบ่ง°°กตµ¤¨ก́¬ณ³กµ¦®¤»นÁª̧¥นข°ง°µกµ«Åด ้2 ¦³บบ คº° 

1. ¦³บบด¼ด°µกµ«ตµ¤ธ¦¦¤ชµต· (Natural draft) 

2. ¦³บบด¼ด®¦º°Áป่µ°µกµ«ทµงก¨ (Mechanical draft) 

 

¦³บบด¼ด°µกµ«ตµ¤ธ¦¦¤ชµต·จ³Ä®°้µกµ«Áค º̈É°นÅ®ªตµ¤ธ¦¦¤ชµต·Á¤ºÉ°Åด¦้́บคªµ¤¦้°น จ³ทÎµÄ®้

กµ¦Å®¨Áª̧¥นข°ง°µกµ«Á°งÄน¦¼ปท̧É 1 ÁปÈ นกµ¦ด¼ดตµ¤ธ¦¦¤ชµต·Âบบฉ̧ดÁปÈ นฝ°¥¨³°°งท̧Éดµ้นบน ซ¹Éงถµ้

ÁปÈ นฝ°¥Åด¤้µกกÈจ³¦³บµ¥คªµ¤¦้°นÅดด้̧ Âต่กµ¦ท̧ÉทÎµÄ®้ÁปÈ นฝ°¥¨³°°ง¤µกÇ ต°้งข¹Êน°¥¼ก่บ́กµ¦

°°กÂบบ®´ªฉ̧ดÂ¨³ข¹Êน°¥¼ก่บ́คªµ¤Á¦Èªข°ง°µกµ«®¦º° คªµ¤Á¦Èª¨¤ท̧Éพด́น´ÊนÁ°ง ดง́น´Êนค¼¨ ·̈ÉงทµªÁª°¦์

®¦º°®°ทÎµนÎÊµÁ¥ÈนÂบบน̧Ê­¤¦¦ถน³ข°งค¼¨ ·̈ÉงทµªÁª°¦์®¦º°®°ทÎµคªµ¤Á¥Èนจ¹งข¹Êน°¥¼ก่บ́คªµ¤Á¦Èª¨¤

น´ÊนÁ°งÃด¥ท´ÉªÅปจ³ต·ดต´Êงค¼¨ ·̈ÉงทµªÁª°¦์®¦º°®°ทÎµนÎÊµÁ¥ÈนÂบบน̧ÊÅªก้¨µงÂจง้ÁพºÉ°Ä®้̈ ¤พด́ผµ่นÅดค้¨่°ง 

Äช­้Îµ®¦́บท̧Éท̧Éต°้งกµ¦ป¦·¤µณนÎÊµ¦³บµ¥คªµ¤¦้°น­¼ง¤µก Áช่น Ã¦งÅฟฟ้µ 

 
¦¼ปท̧É 1 
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¦³บบด¼ด°µกµ«ทµงก¨จ³Äชพ้ด́¨¤ช่ª¥Äนกµ¦ทÎµÄ®้°µกµ«Áค º̈É°นÅ®ª จ¹งÁก·ดกµ¦ถ่µ¥Áทคªµ¤¦้°น

Åดด้̧กªµ่ Â¨³¨ดขนµดข°ง®°¨งÅด ้Âบ่ง°°กÅด ้2 ชน·ด คº° 

1.ค¼¨ ·̈ÉงทµªÁª°¦์®¦º °®°ทÎµนÎÊ µÁ¥Èนชน·ดÁป่µ°µกµ«Áขµ้ (Forced draft) พด́¨¤จ³ต·ด°¥¼่บ¦· Áªณ

ทµงÁขµ้ข°ง°µกµ« 

2.ค¼¨ ·̈ÉงทµªÁª°¦์®¦º°®°ทÎµนÎÊ µÁ¥Èนชน·ดด¼ด°µกµ«°°ก (Induced draft) พด́¨¤จ³ต·ด°¥¼่บ¦· Áªณ

ทµง°°กข°ง°µกµ« 

 
¦¼ปท̧É 2     ¦¼ปท̧É 3 

 

ÁนºÉ°งจµกค¼¨ ·̈ÉงทµªÁª°¦์®¦º°®°ทÎµนÎÊ µÁ¥Èน¦³บบด¼ด®¦º°Áป่µ°µกµ«ทµงก¨¤̧พด́¨¤®¦º° blower 
พด́พµ°µกµ«จ¹ง­µ¤µ¦ถต·ดต´ÊงÅªท้̧É¦่¤Åด ้Â¨³Á¤ºÉ°Áป¦̧¥บÁท̧¥บป¦³­·ทธ·£µพค¼¨ ·̈ÉงทµªÁª°¦์®¦º°®°ทÎµนÎÊ µ

Á¥ÈนขนµดÁด̧¥ªก´นÂ¨้ªÂ¨้ª¦³บบทµงก¨จ³Ä®้ป¦³­·ทธ·£µพท̧É­¼งกª่µÂบบธ¦¦¤ชµต·Â¨³­µ¤µ¦ถ

Âบ่ง¥°่¥ตµ¤ท·«ทµงกµ¦Â¨กÁป¨̧É¥นคªµ¤¦้°นข°งนÎÊµÂ¨³°µกµ«Åด°้̧ก 2 Âบบ คº° 
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1.ค¼¨ ·̈ÉงทµªÁª°¦์®¦º°®°ทÎµนÎÊµÁ¥ÈนÂบบ°µกµ«Â¨³นÎÊµÁค º̈É°นท̧Éตด́กน́ (Cross flow) Ãด¥

นÎÊ µจ³Áค º̈É°นท̧Éผ่µนÂผงก¦³จµ¥¨³°°งนÎÊ µ (Filler) ÄนÂนªด·Éง Â¨³°µกµ«จ³Áค º̈É°นท̧Éผ่µนÄน

Âนªน°น ข°้ด̧คº°Áก·ดคªµ¤ตµ้นทµนกµ¦Áค º̈É°นท̧Éข°ง°µกµ«น°้¥กª่µ Â¨³ÄชÂ้¦ง¤µ้ข°งพด́¨¤

น°้¥กªµ่ Âต่ป¦³­·ทธ·£µพÄนกµ¦¦³บµ¥คªµ¤¦้°นÅ¤่­¼งนก́ จ¹งน·¥¤Äช¦้³บµ¥คªµ¤¦้°นป¦·¤µณ

ปµนก¨µง ดง́¦¼ปท̧É 4 

 

¦¼ปท̧É 4 

2. ค¼¨ ·̈ÉงทµªÁª°¦์®¦º°®°ทÎµนÎÊµÁ¥ÈนÂบบ°µกµ«Áค º̈É°นท̧É­ªนกบ́นÎÊµ (Counter flow) Ãด¥

นÎÊ µจ³Áค º̈É°นท̧Éผ่µนÂผงก¦³จµ¥นÎÊ µ¨³°°งนÎÊ µ (Filler) ÄนÂนªด·Éง Â¨³°µกµ«จ³Áค º̈É°นท̧É­ªน

ข¹Êนกบ́กµ¦Áค º̈É°นท̧Éข°งนÎÊ µ จ¹งก่°Ä®้Áก·ดคªµ¤ตµ้นทµนต่°กµ¦Áค º̈É°นท̧Éข°ง°µกµ«¤µกกª่µ Âต่

ป¦³­·ทธ·£µพÄนกµ¦¦³บµ¥คªµ¤¦้°นข°งนÎÊµÂ¨³°µกµ«ÁปÈ นÅปÅดด้̧กªµ่ ดง́¦¼ปท̧É 5 

 

¦¼ปท̧É 5 
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กµรบÎµร»งร́ก¬µ (Maintenance) 

Spare Part/°³Å®¨่ Description/¦µ¥¨³Á°̧¥ด 

Äบพด́ (Fan Blade & Hub) - ต¦ªจÁชÈคด¼ªµ่นÈ°ต®¨ª¤ ®¨»ด ®¦º°Å¤่ 
- ต¦ªจÁชÈค­£µพÄบ ªµ่¤̧กµ¦ บ·Éน ¦้µª ®¦º° คดง°

®¦º°Å¤่ 
Áก̧¥¦์ (Gear) � ฟ́งÁ­̧¥งผ·ดปกต·ข°งÁก̧¥¦์ 

- ด¼กµ¦¦́Éªซ¹¤ข°งนÎÊµ¤น́Áก̧¥¦์ ท̧ÉÁพ¨µÄบพด́ 

¦°¥ต่°ข°งÁ­ºÊ°Áก̧¥¦์ ®นµ้Âป¨น¤°Áต°¦์ 
- ต¦ªจÁชÈค¦³ดบ́นÎÊµ¤น́Áก̧¥¦์ ¤̧นÎÊµผ­¤°¥¼Ä่น

นÎÊµ¤น́Áก̧¥¦์®¦º°Å¤่ 
ฟ· ¨Á¨°¦์ (Filler) � ทÎµคªµ¤­³°µดÃด¥กµ¦Äชน้ÎÊµฉ̧ด¨µ้ง£µ¥Äนตª́ค¼

¨ ·̈ÉงทµªÁª°¦์ 
°่µงนÎÊµ¦้°น - Á¥Èน (Water Basin) � ทÎµคªµ¤­³°µดÃด¥ÄชÂ้ป¦งขด́ ¦ª¤ถ¹งบ¦· Áªณ

ข°้ต่°ต่µงÇดª้¥ Â¨³Äชน้ÎÊµฉ̧ด¨µ้ง 
ผนง́ (Tower Case) - ทÎµคªµ¤­³°µดÃด¥ÄชÂ้ป¦งขด́£µ¥Äน 

ต¦ªจ­°บ¦°¥¦́Éªซ¹¤¦³®ªµ่งÂผน่ต่° Â¨³Äชน้ÎÊµ

ฉ̧ด¨µ้ง 
Ãค¦ง­¦้µง (Structure) - Ãค¦ง­¦้µงท̧ÉÁปÈ นÁ®¨Èก ­µ¤µ¦ถÁก·ดกµ¦ผ»ก¦่°น

Åด ้ดง́น´Êนต°้ง®¤´Éนต¦ªจ­°บ ถµ้¤̧­น·¤¤µกคª¦

ทÎµคªµ¤­³°µด Â¨³ทµ­̧Ä®¤่ ¦ª¤ถ¹งต¦ªจ­°บ

กµ¦ผ»ก¦่°นข°งน๊°ตท̧ÉÄช¥้¹ดช·Êน­่ªนต่µงÇดª้¥ 
ตµ¦µงท̧É 1 
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บทท¸É 3 

ว·ธ̧ดÎµÁน·นกµรทÎµÃครงงµน 

 

จด́­¦¦®µ°»ปก¦ณ์Äนกµ¦ทÎµÃค¦งงµนÅ¤่ª่µจ³ÁปÈ นท่° PVC ¥µª 3 Á¤ต¦, ท่° PVC ÂบบÃคง้ง° 

90 °ง«µ 6 ตª́, ท่°ªµ¨ª์Áป· ด-ป· ด, ท่° PVC Âบบ­µ¤ทµง, Áค¦ºÉ°งด¼ดนÎÊ µ 2 Áค¦ºÉ°ง, ท่°¥µง­Îµ®¦́บ­ª¤Ä­่

ช่°งÁค¦ºÉ °งด¼ดนÎÊ µ, ªงÂ®ªน¨È°ค­Îµ®¦́บ¦́ดท่°¥µงÄ®้ต·ดก´บÁค¦ºÉ °งด¼ดนÎÊ µ 4 ตª́ข¹ÊนÅป, Á¨Áª¨ÁซÈนÁซ°¦์

­Îµ®¦́บªด́¦³ดบ́นÎÊ µ น°กจµกน̧Ê ¥ง́ต°้งÁต¦̧¥¤°»ปก¦ณ์­Îµ®¦́บคªบค»¤ท´ÊงÁค¦ºÉ°งด¼ดนÎÊ µÂ¨³Á¨Áª¨ÁซÈนÁซ°¦์

Å¤่ª่µจ³ÁปÈ น Arduino, จ°Â­ดงผ¨ LED, Âผงªงจ¦­Îµ®¦́บคªบค»¤Áค¦ºÉ°งด¼ดนÎÊ µ, Âผงªงจ¦­Îµ®¦́บÂ­ดง

ตª́Á¨ขค่µกµ¦ÄชÅ้ฟ, พµªÁª°¦์ซบ́พ¨µ¥ 220V °»ปก¦ณ์Á®¨่µน̧Êจ³¤̧บทบµทÄนกµ¦ทÎµÃค¦งงµนดง́ต่°Åปน̧Ê  

นÎµท่° PVC ¤µต´ดÂบ่ง°°กÁปÈ น 5 ­่ªนÂต่¨³­่ªน¥µªÅ¤่Áท่µก´นต´Ê งÂต่ 20 ÁซÈนต· Á¤ต¦, 30 

ÁซÈนต·Á¤ต¦, 60 ÁซÈนต·Á¤ต¦, 75 ÁซÈนต·Á¤ต¦Â¨³ 2 Á¤ต¦ตµ¤¨Îµดบ́Á¦·É¤จµกนÎµท่° PVC ­µ¤ทµงÁชºÉ°¤ต่°

¦³®ª่µงค¼¨ ·̈ÉงทµªÁª°¦์กบ́ก¦³บ³Ä­่นÎÊ µÃด¥¤̧ท่°ªµ¨ª์Áป· ด-ป· ดก´ÊนÅªÂ้¨³นÎµท่° PVC ¥µª 20 ÁซÈนต·Á¤ต¦

¤µต่°Áขµ้กบ́ท่° PVC ­µ¤ทµงÂบบดµ้น¨ง®¨ง́จµกน´ÊนนÎµท่° PVC ÂบบÃคง้ง° 90 °ง«µต่°Áขµ้กบ́ท่° 

PVC ¥µª 20 ÁซÈนต·Á¤ต¦Âบบ®¤»นขªµจµกน´ÊนนÎµท่° PVC ¥µª 2 Á¤ต¦ต่°Áขµ้กบ́ท่° PVC ÂบบÃคง้ง° 90 

°ง«µท̧É®¤»นขªµÁขµ้ดª้¥กน́¨µก¥µªจน¤µถ¹งฐµนข°งค¼¨ ·̈ÉงทµªÁª°¦์Ä®้นÎµท่°PVC ÂบบÃคง้ง° 90 °ง«µ

¤µต่°Áขµ้กบ́ท่° PVC ¥µª 2 Á¤ต¦Âบบต´Êงฉµกต่°จµกน´ÊนนÎµท่° PVC ¥µª 60 ÁซÈนต·Á¤ต¦¤µต่°Áขµ้ก´บ°

PVC ÂบบÃคง้ง° 90 °ง«µÄน¨ก́¬ณ³Âนªต´Êงจµกน´ÊนนÎµท่°PVC ÂบบÃคง้ง° 90 °ง«µต่°Áขµ้กบ́ท่° PVC 

¥µª 60 ÁซÈนต·Á¤ต¦Äน¨ก́¬ณ³Âนªน°นต่°Åปคº°นÎµท่° PVC ¥µª 30 ÁซÈนต·Á¤ต¦ต่°Áขµ้กบ́ท่°PVC Âบบ

Ãค้งง° 90 °ง«µต่°Âบบ¨ง¤µจµกน´Ê นนÎµท่°PVC ÂบบÃค้งง° 90 °ง«µต่°Áข้µก´บท่° PVC ¥µª 30 

ÁซÈนต·Á¤ต¦Âนª¨ก́¬ณ³Âนªน°น°̧กÁช่นก´นÂ¨³นÎµท่° PVC ¥µª 75 ÁซÈนต·Á¤ต¦¤µต่°Áขµ้ก´บท่°PVC 

ÂบบÃคง้ง° 90 °ง«µÄน¨ก́¬ณ³Âนªน°น®¨ง́จµกน´ÊนนÎµท่°¥µง¤µตด́Âบ่ง­่ªนÄ®Å้ดค้ªµ¤¥µªป¦³¤µณ 

45 ÁซÈนต·Á¤ต¦ÁชºÉ°¤ต่°¦³®ª่µงท่° PVC ¥µª 75 ÁซÈนต·Á¤ต¦กบ́Áค¦ºÉ°งด¼ดนÎÊ µÃด¥ท̧Éท´Êง­°งขµ้ง¤̧ªงÂ®ªง

¨È°คÅª°้¥่µงÂน่น®นµ ­่ªนÁค¦ºÉ°งด¼ดนÎÊ µ°̧กÁค¦ºÉ°งทÎµกµ¦ªµงÅªÄ้นก¦³บ³Ä­่นÎÊ µÂ¨³ÁชºÉ°¤ต่°ดª้¥ท่°¥µง

คªµ¤¥µª 20 ÁซÈนต·Á¤ต¦Ãด¥¤̧ªงÂ®ªน¨È°ค°¥¼ท่ ´Êง­°งขµ้ง°¥µ่งÂน่น®นµ°̧กÁช่นกน́ 
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¦¼ป£µพป¦³ก°บท̧É 6 
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®¨ง́จµกน̧Ê จ³ÁปÈ นกµ¦ต่°Âผงªงจ¦­Îµ®¦́บคªบค»¤¦³ดบ́คªµ¤­¼งข°งนÎÊ µÃด¥กµ¦นÎµÁค¦ºÉ°งด¼ดนÎÊµ

ต่°Áข้µก´บÂผงªงจ¦­Îµ®¦́บคªบค»¤Áค¦ºÉ °งด¼ดนÎÊ µ Â¨้ªต่°Áข้µก´บพµªÁª°¦์ซ´บพ¨µ¥ 220V ­่ªนÁ¨Áª¨

ÁซÈนÁซ°¦์จ³ต่°Áขµ้กบ́Âผงªงจ¦­Îµ®¦́บต่°¦ª¤กน́ท̧ÉÁชºÉ°¤ต่°กบ́ Arduino Â¨³ÁชºÉ°¤ต่°กบ́จ°Â­ดงผ¨ 

LED ซ¹É งÂ­ดงผ¨ÁปÈ นÁป°¦์ÁซÈนท̧ÉÁชºÉ°¤ต่°กบ́Âผงªงจ¦Â­ดงตª́Á¨ขกµ¦ÄชÅ้ฟท̧ÉÁชºÉ°¤ต่°กบ́พµªÁª°¦์ซ´บ

พ¨µ¥ทÎµÂบบน̧Êท´Êง­°งÁค¦ºÉ°ง ­่ªนª·ธ̧กµ¦คªบค»¤Áค¦ºÉ°งด¼ดนÎÊ µÂบบÁ¦µกÎµ®นดÁ°งÁ¦µจ³Äช้̈ ¼กบ·ก­Îµ®¦́บ

คªบค»¤ท´Êง­°งÁค¦ºÉ°ง 

 
¦¼ป£µพป¦³ก°บท̧É 7 
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ก่°นจ³Á¦·É¤กµ¦ทด¨°งÄนฐµนข°งค¼¨ ·̈Éงทµªกบ́ก¦³บ³Ä­่นÎÊ µจ³ต°้ง¤̧นÎÊ µ°¥¼่Äน¦³ดบ́®น¹É งจ¹งจ³

­µ¤µ¦ถทด¨°งÅด้ Á¦·É ¤จµกÁป· ดÁค¦ºÉ °งกµ¦Äช้งµนท´Êง­°งÁค¦ºÉ °งÃด¥ท̧ÉÁค¦ºÉ °งด¼ดนÎÊ µท´Êง­°งฝ́Éงจ³°¥¼่Äน

­£µพผ·ด°¥¼่จµกน´ÊนทÎµกµ¦Áป· ดÁค¦ºÉ°งด¼ดนÎÊ µฝ́Éงค¼¨ ·̈ÉงทµªÁª°¦์Â¨ª้จดบน́ท¹กª่µ¦³ดบ́คªµ¤­¼งข°งนÎÊ µ°¥¼ท่̧É

Áท่µÅ¦Äน®น่ª¥Áป°¦์ÁซÈน (ต°นป· ดท´Êง­°งฝ́Éง°¥่µ º̈¤บน́ท¹ก¦³ดบ́คªµ¤­¼งข°งนÎÊ µดª้¥) ®¨ง́จµกน´Êนป· ด

Áค¦ºÉ °งด¼ดนÎÊ µฝ́Éงค¼¨ ·̈ÉงทµªÁª°¦์Â¨้ªÁป· ดฝ́Éงก¦³บ³Ä­่นÎÊ µÂ¨ª้บ´นท¹ก¦³ด´บคªµ¤­¼งข°งนÎÊ µ¨งÅป Â¨³

­»ดทµ้¥Áป· ดÁค¦ºÉ°งด¼ดนÎÊµท´Êง­°งฝ́ÉงÂ¨ª้บน́ท¹กตª́Á¨ขท̧ÉÁปÈ นÁป°¦์ÁซÈน¨งÅปÁปÈ น°น́จบกµ¦ทด¨°ง 

 

Áค¦ºÉ°งด¼ดนÎÊµท̧É 1 Áค¦ºÉ°งด¼ดนÎÊµท̧É 2 ¦³ดบ́คªµ¤­¼งข°งนÎÊµ (%) 

ป· ด ป· ด 65 

Áป· ด ป· ด 97 

ป· ด Áป· ด 65 

Áป· ด Áป· ด 65 

ตµ¦µงท̧É 2  



10 

 

บทท¸É 4 

ผลกµรทดล°งÂล³ว·Áครµ³®์ผล 

 จµกกµ¦ทด¨°งดง́ก¨่µªทÎµÄ®Á้®Èนª่µÁป°¦์ÁซÈน¦³ดบ́คªµ¤­¼งข°งนÎÊµท̧Éªด́ดª้¥Á¨Áª¨ÁซÈนÁซ°¦์น´Êน

จ³¤̧คªµ¤Á®¤º°นÂ¨³Âตกกน́Åปตµ¤กµ¦Äชง้µนข°งÁค¦ºÉ°งด¼ดนÎÊµÂ¨³นÎÊµท̧É°¥¼Ä่นฐµนค¼¨ ·̈ÉงÂ¨³ก¦³บ³Ä­่

นÎÊ µ¦ª¤Åปถ¹งจµกจด́ªµงข°ง°»ปก¦ณ์Âต่¨³ช·ÊนÄ®้Åด¤้µต¦ฐµนท̧Éถ¼กต°้งÅ¤่Áก·ดดµ¦­´ÉนÅ®ª¤µกÁก·นÅป

Ãด¥Áฉพµ³Á¨Áª¨ÁซÈนÁซ°¦์น´Êน¦¼ป¦่µง¨ก́¬ณ³จ³ÁปÈ นÂท่ง¥µªท̧É¤̧¨¼ก­¼บท̧É­µ¤µ¦ถÁ º̈É°นข¹Êน-¨งÅดÂ้ต่Å¤่

­µ¤µ¦ถªµงÂบบปกต·Åดจ้ÎµÁปÈ นต°้งÄช้ท่° PVC บµง­่ªน¤µช่ª¥Äนกµ¦ต·ดต´ÊงÄ®้Á®¤µ³­¤ซ¹É ง°µจจ³¤̧

ค¨µดÁค º̈É°นÅปบµ้งÁพ¦µ³พºÊนท̧ÉÄนก¦³บ³Ä­่นÎÊ µน´Êน¤̧น°้¥¤µกทÎµÄ®้ªµงÁ¨Áª¨ÁซÈนÁซ°¦์น´Êนค่°นขµ้ง¥µก

Âต่กÈÅดค้่µท̧É¤̧คªµ¤Äก¨Á้ค¸¥งกน́¤µกท̧É­»ด 

 คªµ¤จ»ข°งนÎÊ µท´Êง­°งฝ́Éงจ³ต°้ง¤µกพ°ท̧Éจ³­µ¤µ¦ถทÎµÄ®้¨¼ก­¼บÄนÁ¨Áª¨ÁซÈนÁซ°¦์Á º̈É°นข¹Êนจน

­»ดÅดÂ้ต่จ³ต°้งÅ¤่­¼งÁก·นÅปจนทÎµÄ®้Áค¦ºÉ°งด¼ดนÎÊµท´Êง­°งฝ́ÉงจนนÎÊ µÅดÁ้พ¦µ³°µจจ³ทÎµÄ®้Áค¦ºÉ°งด¼ดนÎÊ µÁก·ด

°µกµ¦ผ·ดปกต·Åดด้ง́น´Êนจ³ต°้งด¼¦³ดบ́นÎÊµท´Êง­°งฝ́ÉงÄ®้ด̧ªµ่¦³ดบ́Å®นÁ®¤µ³Âก่กµ¦ทด¨°งÂ¨ª้ 

 กµ¦ต่°ªงจ¦กÈÁปÈ น°̧ก®น¹Éง­·Éง­Îµคญ́Áพ¦µ³ถµ้ต่°ªงจ¦ผ·ด°µจจ³Áก·ดกµ¦Åฟ¨ด́ªงจ¦ทÎµÄ®้°»ปก¦ณ์

ท̧ÉÁปÈ น°·Á¨Èกท¦°น·ก­์Áก·ดกµ¦Á­̧¥®µ¥ÅดÂ้¨³°µจÅ¤่­µ¤µ¦ถÄช้งµนÅด°้̧กน°กจµก¤̧°»ปก¦ณ์­Îµ¦°ง®¦º°

ซºÊ°°»ปก¦ณ์Ä®¤่ ¦ª¤Åปถ¹งกµ¦Áข¸¥นÃคด้คÎµ­´ÉงÁพºÉ°Ä®Á้ก·ดข¹Êนตµ¤ท̧ÉÁ¦µÁข¸¥นÅª ้®µกÁข¸¥นผ·ดÂ¤Â้ต่ตª́Áด̧¥ª

°µจทÎµÄ®้ค่µท̧ÉÁ¦µต°้งกµ¦น´ÊนÅ¤่ÁปÈ นตµ¤ท̧ÉÁ¦µ®ªง́Åªด้ง́น´Êนต°้งต¦ªจ­°บÄ®้ด̧ª่µÁ¦µÁข¸¥นÃคด้ถ¼กต°้ง

Â¨ª้Áª¨µÂกÅ้ขจ³ÅดÂ้กÅ้ดÄ้นทน́ท่ªงท̧ 
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บทท¸É 5 

­ร»ปÂล³ข้°Âน³นÎµ 

 ­¦»ปกµ¦ทด¨°งÄนค¦́Ê งน̧Êจ³Á®ÈนÅดª้µ่¦³ดบ́คªµ¤­¼งข°งนÎÊµ¤̧ผ¨ต่°กµ¦ªด́¦³ดบ́คªµ¤­¼งข°งนÎÊ µ

°¥µ่งÁ®ÈนÅดช้ด́ ท´Êงน̧Ê°µจÁปÈ นÁพ¦µ³นÎÊµÄชÄ้นกµ¦ทด¨°ง°µจจ³¤̧¤µก®¦º°น°้¥Áก·นÅป¦ª¤Åปถ¹งพºÊนท̧ÉÇÄช้

­Îµ®¦́บ¦°ง¦́บนÎÊ µท̧É¥ง́Å¤่­¤บ¼¦ณ์ด̧พ°Â¨³กµ¦ªµง°»ปก¦ณ์°·Á¨Èกท¦°น·ก­์¨งนÎÊ µน´Êน°µจÁก·ดคªµ¤Á­̧É¥งท̧É

°»ปก¦ณ์จ³Áก·ดคªµ¤®µ¥Åดถ้¹งÂ¤¤้น́จ³ถ¼ก°°กÂบบ¤µÄ®ก้น́นÎÊµกÈตµ¤Âต่กÈÅ¤่คª¦ป¦³¤µทกบ́Á¦ºÉ°งน̧Ê  

 ข°้Âน³นÎµคº°ต¦ªจ­°บ¦³ด´บนÎÊ µท̧ÉÄช้Äนกµ¦ทด¨°งª่µป¦·¤µณน̧Ê Á®¤µ³­¤®¦º°Å¤่ กµ¦ªµง

°»ปก¦ณ์ต่µงÇคงท̧É®¦º°Å¤่ ¦ª¤Åปถ¹งพºÊนท̧ÉÇÄชÄ้นกµ¦ทด¨°งน´Êนดª้¥ªµ่Áพ¸¥งพ°ต่°กµ¦ทด¨°ง®¦º°Å¤่ 
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Á¦ºÉ°¥¤µค¦́บ 


