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Abstract

Improvement of an air-conditioning system was investigated. A combined air-conditioning system
consising of a vapor compression and the modified drip type cooler of direct evaporative cooling system
was designed and buit. The testing room had a 12,500 Btu/h cooling load. The designed system increased
the performance of the vapor compression cycle by reducing the temperature of the air environment
near the condenser using the water evaporative cooling system. A wall of the testing room exposed to the
sun radiation was cooled by the water coming out of the evaporative unit. The experimental results
showed that the coefficient of performance (COP) and the energy efficiency ratio (EER) of the combined
air-conditioning system were about 5 and 13.7, respectively. The COP and the EER of the new system
were higher than those of a vapor compression system about 41% and 46%, respectively.

Keywords: Evaporative cooling system, combined air-conditioning system
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„Àâ·°à√–∫∫§◊ÕÕ—µ√“¢Õßß“π∑’ËµâÕß„ à„Àâ°—∫

§Õ¡‡æ√ ‡´Õ√å ·≈–ªíö¡πÈ” ¥—ßπ—Èπ “¡“√∂‡¢’¬π

 ¡°“√§”π«≥À“§à“ —¡ª√– ‘∑∏‘Ï· ¥ß ¡√√∂π–

·≈–§à“Õ—µ√“ à«πª√– ‘∑∏‘¿“æ°“√„™âæ≈—ßß“π

¥—ß ¡°“√∑’Ë 4 ·≈– ¡°“√∑’Ë 5 µ“¡≈”¥—∫

COP
Q Q

W W
E W

c p

=
+

+
(4)

‡¡◊ËÕ Q
E

= Õ—µ√“¥÷ß§«“¡√âÕπ‡¢â“∑’ËÕ’«“ª‚ª‡√‡µÕ√å,

°‘‚≈«—µµå

Q
W

= Õ—µ√“¥÷ß§«“¡√âÕπÕÕ°®“°ºπ—ßÀâÕß,

°‘‚≈«—µµå

W
C
= Õ—µ√“„Àâß“π‡¢â“∑’Ë§Õ¡‡æ√ ‡´Õ√å ,

°‘‚≈«—µµå

W
P
= Õ—µ√“„Àâß“π‡¢â“∑’Ëªíö¡, °‘‚≈«—µµå

·≈–
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EER
Q Q

Q Q

Btu hr

kW
E W

PC PP

  
  

=
+

+
× 





( )

( )

/
3412 (5)

‡¡◊ËÕ Q
PC

= æ≈—ßß“π‰øøÑ“∑’Ë‡¢â“ Ÿà√–∫∫·∫∫Õ—¥‰Õ,

«—µµå

‡¡◊ËÕ Q
PP

= æ≈—ßß“π‰øøÑ“∑’Ë ‡¢â “ Ÿà √–∫∫·∫∫

√–‡À¬, «—µµå

«— ¥ÿ Õÿª°√≥å ·≈–«‘∏’°“√

 √â“ßÀâÕß∑¥≈Õß∑’Ë¡’¿“√–∑“ß§«“¡√âÕπ¢π“¥ 12,500

∫’∑’¬ŸµàÕ™—Ë«‚¡ß æ√âÕ¡µ‘¥µ—Èß‡§√◊ËÕßª√—∫Õ“°“»·∫∫

Õ—¥‰Õ¢π“¥∑”§«“¡‡¬Áπ 12,500 ∫’∑’¬ŸµàÕ™—Ë«‚¡ß

·≈â«∑”°“√∑¥ Õ∫À“§à“ —¡ª√– ‘∑∏‘Ï· ¥ß ¡√√∂π–

·≈–§à“Õ—µ√“ à«πª√– ‘∑∏‘¿“æ°“√„™âæ≈—ßß“π ́ ÷Ëß‰¥â

®“°°“√«—¥Õÿ≥À¿Ÿ¡‘·≈–§«“¡¥—π¢Õß “√∑”§«“¡‡¬Áπ

4 ®ÿ¥¥â«¬°—π§◊Õ ®ÿ¥∑’Ë “√∑”§«“¡‡¬ÁπÕÕ°®“°

§Õ¡‡æ√ ‡´Õ√å ®ÿ¥∑’Ë “√∑”§«“¡‡¬ÁπÕÕ°®“°

§Õπ‡¥π‡´Õ√å ®ÿ¥∑’Ë “√∑”§«“¡‡¬ÁπÕÕ°®“°«“≈å«

≈¥§«“¡¥—π ·≈–®ÿ¥∑’Ë “√∑”§«“¡‡¬ÁπÕÕ°®“°

Õ’«“ª‚ª‡√‡µÕ√å ‚¥¬„™â‡∑Õ√å‚¡§—∫‡ªî≈™π‘¥ K „π

°“√«—¥Õÿ≥À¿Ÿ¡‘ ·≈–„™â‡°®«—¥§«“¡¥—π∑’Ëµ‘¥µ—Èß‰«â„π

·µà≈–®ÿ¥·≈–°“√«—¥Õ—µ√“°“√‰À≈¢Õß “√∑”§«“¡
‡¬Áπ„™â‚√µ“√å¡‘‡µÕ√å∑’Ë„™â«—¥‡©æ“– “√∑”§«“¡‡¬Áπ
R-22 ´÷Ëßµ‘¥µ—Èß‰«â∑’Ë®ÿ¥ÕÕ°®“°§Õπ‡¥π‡´Õ√å  à«π
æ≈—ßß“π‰øøÑ“∑’Ë„™â„π√–∫∫ª√—∫Õ“°“»·∫∫Õ—¥‰Õ
‰¥â·°à §Õ¡‡æ√ ‡´Õ√å æ—¥≈¡§Õ¬≈å√âÕπ ·≈–
æ—¥≈¡§Õ¬≈å‡¬Áπ ‰¥â∑”°“√«—¥°√–· ·≈–·√ß¥—π
‰øøÑ“∑’Ë„™â„πÕÿª°√≥å·µà≈–µ—«

®“°π—Èπ∑”°“√ÕÕ°·∫∫√–∫∫ª√—∫Õ“°“»
·∫∫√–‡À¬‚¥¬∑”°“√¥—¥·ª≈ß√–∫∫°“√√–‡À¬
¢ÕßπÈ”·∫∫πÈ”À¬¥ (drip type cooler) (Watt, 1986)
√–∫∫∑’Ë¥—¥·ª≈ßπ’È®–„™âµ—«°≈“ß„π°“√√–‡À¬‡æ◊ËÕ
∑”§«“¡‡¬Áπ„Àâ°—∫Õ“°“»∑’Ë‡√’¬°«à“ ç·ºàπ‡º¥ (Pad)é
·ºàπ‡º¥π’È‡ªìπÕÿª°√≥å‡æ‘Ë¡æ◊Èπ∑’Ë —¡º— √–À«à“ßπÈ”
°—∫Õ“°“» ·≈–®–„™â°“√À¬¥πÈ”‡¢â“∑“ß¥â“π∫π
¢Õß·ºàπ‡º¥ ‚¥¬ÕÕ°·∫∫„Àâ¡’≈—°…≥–∑’Ë “¡“√∂
µàÕ‡¢â“°—∫™ÿ¥§Õπ‡¥π‡´Õ√å„π√–∫∫ª√—∫Õ“°“»
·∫∫Õ—¥‰Õ ‚¥¬µàÕ‡µ‘¡√–∫∫°“√√–‡À¬¢ÕßπÈ”ÕÕ°
®“°™àÕß∑“ßÕ“°“»‡¢â“∑’Ë®–‰ª¥÷ß§«“¡√âÕπµ√ß à«π
§Õ¬≈å√âÕπ ·≈–„™âæ—¥≈¡§Õ¬≈å√âÕπ¢Õß§Õπ‡¥π‡´Õ√å
·∑π„π√–∫∫°“√√–‡À¬¢ÕßπÈ”·∫∫πÈ”À¬¥
‚¥¬„™â·ºàπ‡º¥Àπ“ 50 ¡‘≈≈‘‡¡µ√ ·≈–¡’æ◊Èπ∑’Ë

Evaporative cooling system

Cooling wall
Condensing modified
of air conditioner

Air flow

P
um

p

Feed water

Process in the vapor compression system
1-2 Compression process
2-3 Rejection of heat process
3-4 Expansion process
4-1 Addition of heat process
Process of water in the evaporative cooling system
5-6 Pump process
6-7 Addition of heat process
7-5 Evaporation process
Process of air in the condensing modified
of air conditioner
8-9 Cooling and humidifying process
9-10 Heating process 

Water flow

Vapor compression system

Expansion valve

Refrigerant flow
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Evaporative
cooling

Condenser
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Figure 1. The combined air-conditioning system.
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410 x 520 µ“√“ß¡‘≈≈‘‡¡µ√ ®“°π—Èπ∑”°“√µ‘¥µ—Èß
√–∫∫„Àâ¡’≈—°…≥–°“√∑”ß“π¥—ß√Ÿª∑’Ë 2 ‚¥¬„™âªíö¡πÈ”
¢π“¥ 80 «—µµå ‡æ◊ËÕ™à«¬„π°“√‰À≈¢ÕßπÈ”„π√–∫∫

∑—Èßπ’È„π à«π¢Õßºπ—ß‡¬Áπ (cooling wall) „™â
∑àÕ∑Õß·¥ß¢π“¥ 3/8 π‘È« ¬“« 2.65 ‡¡µ√ ®”π«π
6 ∑àÕ «“ß·π∫™‘¥°—∫ºπ—ß¥â“ππÕ°∑“ß∑‘»„µâ„π
·π«∑”¡ÿ¡ 10 Õß»“°—∫æ◊Èπ‚≈°‚¥¬«“ß¢π“π°—π
„Àâ·µà≈–∑àÕ«“ßÀà“ß°—π 15 ‡´πµ‘‡¡µ√ ‚¥¬„™âªŸπ
´’‡¡πµå©“∫‡æ◊ËÕ¬÷¥∑àÕ∑Õß·¥ß‰«â°—∫ºπ—ß Àπ“‰¡à‡°‘π
1 ‡´πµ‘‡¡µ√ (√Ÿª∑’Ë 3) ´÷Ëß∑àÕ∑Õß·¥ßπ’È®–∑”
Àπâ“∑’Ë‡ªìπµ—«°≈“ß„π°“√¥÷ß§«“¡√âÕπÕÕ°®“°ºπ—ß
¢ÕßπÈ”„π√–∫∫ª√—∫Õ“°“»·∫∫√–‡À¬ ®“°π—Èπ
∑”°“√∑¥ Õ∫ ¡√√∂π– ‰¥â·°à §à“ —¡ª√– ‘∑∏‘Ï
· ¥ß ¡√√∂π– ·≈–§à“Õ—µ√“ à«πª√– ‘∑∏‘¿“æ
°“√„™âæ≈—ßß“π¢Õß√–∫∫ª√—∫Õ“°“»√à«¡√–À«à“ß
·∫∫Õ—¥‰Õ°—∫·∫∫√–‡À¬‚¥¬°“√∑¥≈Õß‡À¡◊Õπ
°—∫√–∫∫ª√—∫Õ“°“»·∫∫Õ—¥‰Õ‡æ√“–„π√–∫∫
ª√—∫Õ“°“»√à«¡®–„™â‡§√◊ËÕßª√—∫Õ“°“»·∫∫Õ—¥‰Õ
µ—«‡¥‘¡ ·µà∑’Ë‰¥â«—¥‡æ‘Ë¡‡µ‘¡§◊Õ Õÿ≥À¿Ÿ¡‘¢ÕßπÈ”∑’Ë‡¢â“
·≈–ÕÕ°®“°ºπ—ß‡¬Áπ Õ—µ√“°“√‰À≈¢ÕßπÈ”„π√–∫∫
·∫∫√–‡À¬‚¥¬„™â‚√µ“¡‘‡µÕ√å ·≈–«—¥°√–· ·≈–

·√ß¥—π‰øøÑ“∑’Ë„™â„πªíö¡πÈ”

 ”À√—∫°“√‡°Á∫¢âÕ¡Ÿ≈‰¥â∑”°“√‡°Á∫¢âÕ¡Ÿ≈

À≈“¬ Ê §√—Èß ∑—Èß„π à«π°“√∑”ß“π¢Õß√–∫∫

ª√—∫Õ“°“»·∫∫Õ—¥‰Õ·≈–√–∫∫ª√—∫Õ“°“»√à«¡ ‚¥¬

„π·µà≈–§√—Èß®–‡√‘Ë¡‡°Á∫µ—Èß·µà‡«≈“ 08.00-16.00 π.

„π√Õ∫«—π ‚¥¬‡°Á∫¢âÕ¡Ÿ≈∑ÿ° Ê §√÷Ëß™—Ë«‚¡ß ·≈â«‡≈◊Õ°

‡Õ“¢âÕ¡Ÿ≈«—π∑’Ë¡’ ¿“«–·«¥≈âÕ¡∑’Ë§≈â“¬°—π¡“°∑’Ë ÿ¥

§◊Õ Õÿ≥À¿Ÿ¡‘ ·≈–§«“¡™◊Èπ —¡æ—π∏å ®“°°“√∑¥≈Õß

¢Õß√–∫∫ª√—∫Õ“°“»·∫∫Õ—¥‰Õ ·≈–√–∫∫

ª√—∫Õ“°“»√à«¡ ·≈â«π”¡“§”π«≥À“§à“

 —¡ª√– ‘∑∏‘Ï· ¥ß ¡√√∂π– ·≈–§à“Õ—µ√“ à«π

ª√– ‘∑∏‘¿“æ°“√„™âæ≈—ßß“π¢Õß√–∫∫ª√—∫Õ“°“»

∑—Èß Õß ‡æ◊ËÕπ”¡“‡ª√’¬∫‡∑’¬∫ ¡√√∂π–°“√∑”ß“π

º≈°“√«‘®—¬

„π°“√∑¥ Õ∫ ¡√√∂π–°“√∑”ß“π¢Õß√–∫∫
ª√—∫Õ“°“»·∫∫Õ—¥‰Õ·≈–√–∫∫ª√—∫Õ“°“»√à«¡
√–À«à“ß·∫∫Õ—¥‰Õ°—∫·∫∫√–‡À¬‰¥â·°à  —¡ª√– ‘∑∏‘Ï
· ¥ß ¡√√∂π– ·≈–Õ—µ√“ à«πª√– ‘∑∏‘¿“æ°“√
„™âæ≈—ßß“π√–À«à“ß√–∫∫ª√—∫Õ“°“»·∫∫Õ—¥‰Õ°—∫

Figure 2. Condensing modified of air-conditioner.
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√–∫∫ª√—∫Õ“°“»√à«¡ º≈°“√∑¥≈Õß‰¥â¥—ß√Ÿª∑’Ë 4
·≈–√Ÿª∑’Ë 5 ÷́Ëßæ∫«à“ √–∫∫ª√—∫Õ“°“»√à«¡¡’§à“

 —¡ª√– ‘∑∏‘Ï· ¥ß ¡√√∂π–‡©≈’Ë¬‡∑à“°—∫ 5 ·≈–¡’

§à“Õ—µ√“ à«πª√– ‘∑∏‘¿“æ°“√„™âæ≈—ßß“π‡©≈’Ë¬‡∑à“°—∫

13.7 ∫’∑’¬ŸµàÕ™—Ë«‚¡ßµàÕ«—µµå ‚¥¬„π à«π¢Õß√–∫∫

ª√—∫Õ“°“»·∫∫√–‡À¬„π√–∫∫√à«¡¡’ª√– ‘∑∏‘¿“æ

Õ‘Ë¡µ—«‡©≈’Ë¬ 62 ‡ªÕ√å‡´Áπµå ·≈–‡¡◊ËÕ∑¥ Õ∫‡©æ“–

√–∫∫ª√—∫Õ“°“»·∫∫Õ—¥‰Õ‡æ’¬ßÕ¬à“ß‡¥’¬« æ∫«à“

¡’§à“ —¡ª√– ‘∑∏‘Ï· ¥ß ¡√√∂π–‡©≈’Ë¬‡∑à“°—∫ 3.6

·≈–¡’§à“Õ—µ√“ à«πª√– ‘∑∏‘¿“æ°“√„™âæ≈—ßß“π

‡©≈’Ë¬‡∑à“°—∫ 9.4 ∫’∑’¬ŸµàÕ™—Ë«‚¡ßµàÕ«—µµå

®–‡ÀÁπ«à“ ¡√√∂π–°“√∑”§«“¡‡¬Áπ¢Õß

√–∫∫ª√—∫Õ“°“»√à«¡¥’°«à“√–∫∫ª√—∫Õ“°“»·∫∫

Õ—¥‰Õ ∑—Èßπ’È‡ªìπº≈‡π◊ËÕß®“°√–∫∫ª√—∫Õ“°“»√à«¡

 “¡“√∂¥÷ß§«“¡√âÕπÕÕ°®“°ÀâÕß∑¥ Õ∫‰¥â

§àÕπ¢â“ß¡“°°«à“√–∫∫ª√—∫Õ“°“»·∫∫Õ—¥ „π¢≥–

∑’Ëß“π∑’ËµâÕß„ à„Àâ°—∫√–∫∫·µ°µà“ß°—ππâÕ¬ ·≈–º≈

 à«πÀπ÷ËßÕ“®¡“®“°ªŸπ∑’Ë©“∫Àÿâ¡∑àÕ∑Õß·¥ß∑”„Àâ

ºπ—ßÀπ“¢÷Èπ ´÷Ëß™à«¬ªÑÕß°—π¿“√–§«“¡√âÕπ‡¢â“ Ÿà

ÀâÕßª√—∫Õ“°“»‰¥â à«πÀπ÷Ëß ·µà„π°“√∑¥≈Õß§√—Èß

π’È§‘¥«à“º≈‡π◊ËÕß®“°°“√©“∫ªŸππ’È¡’º≈µàÕ°“√≈¥

¿“√–§«“¡√âÕππâÕ¬ ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫ºπ—ß‡¬Áπ„π

√–∫∫ª√—∫Õ“°“»√à«¡

‡¡◊ËÕ«‘‡§√“–Àå§à“∑“ß‡»√…∞»“ µ√å ‰¥â§”π«≥

À“√–¬–‡«≈“°“√§◊π∑ÿπ (Simple payback period)

‚¥¬°”Àπ¥„Àâ√–∫∫ª√—∫Õ“°“»√à«¡∑”ß“π 2,112

™—Ë«‚¡ßµàÕªï ®“°º≈°“√∑¥≈Õßæ∫«à“ º≈°”‰√∑’Ë‰¥â

§◊Õ º≈®“°°“√ª√–À¬—¥æ≈—ßß“π¢Õß√–∫∫ª√—∫

Õ“°“»√à«¡‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫√–∫∫ª√—∫Õ“°“»

·∫∫Õ—¥‰Õ¡’§à“‡∑à“°—∫ 338 °‘‚≈«—µµå™—Ë«‚¡ßµàÕªï À√◊Õ

§‘¥‡ªìπ‡ß‘π‡∑à“°—∫ 939 ∫“∑µàÕªï  à«π‡ß‘π≈ß∑ÿπ§◊Õ

§à“„™â®à“¬ ”À√—∫§à“«— ¥ÿ ·≈–§à“µ‘¥µ—Èß„π√–∫∫ª√—∫

Õ“°“»√à«¡ ´÷Ëß§‘¥‡©æ“–§à“„™â®à“¬„π à«π¢Õß√–∫∫

ª√—∫Õ“°“»·∫∫√–‡À¬∑’Ëµ‘¥µ—Èß‡æ‘Ë¡‡∑à“°—∫ 4,000

∫“∑ ·≈–§à“„™â®à“¬„π°“√∑”ß“π¢Õß√–∫∫ª√—∫

Õ“°“»·∫∫√–‡À¬„π√–∫∫ª√—∫Õ“°“»√à«¡‰¥â·°à

§à“πÈ”∑’Ë„™â„π°√–∫«π°“√√–‡À¬ ·≈–§à“∫”√ÿß√—°…“

√«¡‡ªìπ‡ß‘π‡∑à“°—∫ 150 ∫“∑µàÕªï ·≈– “¡“√∂
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Figure 5. Comparison energy efficiency ratio
between vapor compression and
combined system.
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Figure 4. Comparison coefficient of performance
between vapor compression and
combined system.

Figure 3. Cooling wall.

Horizontal copper tube near wall surface coated
with cement
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§”π«≥À“√–¬–‡«≈“°“√§◊π∑ÿπ‰¥â¥—ßπ’È

√–¬–‡«≈“°“√§◊π∑ÿπ =

  ‡ß‘π≈ß∑ÿπ‡√‘Ë¡µâπ     4,000

§à“„™â®à“¬∑’Ëª√–À¬—¥‰¥â ÿ∑∏‘‡©≈’Ë¬µàÕªï      939-150

∫∑ √ÿª

®“°°“√∑¥ Õ∫√–∫∫ª√—∫Õ“°“»√à«¡√–À«à“ß·∫∫
Õ—¥‰Õ°—∫·∫∫√–‡À¬ ®–‡ÀÁπ‰¥â«à“√–∫∫ª√—∫Õ“°“»
√à«¡ “¡“√∂ª√–À¬—¥æ≈—ßß“π‰¥â§àÕπ¢â“ß Ÿß§◊Õ
¡’Õ—µ√“ à«πª√– ‘∑∏‘¿“æ°“√„™âæ≈—ßß“π Ÿß
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