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1. §”π”
°“√§”π«≥¿“√–§«“¡√âÕπ ‡ªìπ‡√◊ËÕßµâπÊ ·≈–‡ªìπ‡√◊ËÕß∑’Ë¡’§«“¡ ”§—≠Õ¬à“ß¬‘Ëß¬«¥µàÕ°“√ÕÕ°·∫∫√–∫∫

ª√—∫Õ“°“» ¢π“¥¢ÕßÕÿª°√≥åµà“ßÊ Õ“∑‘‡™àπ ‡§√◊ËÕß‡ªÉ“≈¡‡¬Áπ °≈àÕß VAV √«¡‰ª®π∂÷ß¢π“¥∑àÕ àßπÈ”‡¬Áπ
·≈–¢π“¥∑àÕ àß≈¡‡¬Áπ ≈â«π¡’º≈¡“®“°°“√§”π«≥„π¢—ÈπµÕππ’È∑—Èß ‘Èπ §«“¡º‘¥æ≈“¥∑—ÈßÀ¡¥∑’Ë‡°‘¥¢÷Èπ„π¢—ÈπµÕππ’È
¡’‡∑à“„¥ °“√ÕÕ°·∫∫„π¢—ÈπµÕπµàÕÊ ‰ª °Á®–‰¥â√—∫º≈°√–∑∫‰ªµ“¡ —¥ à«π ∫∑§«“¡π’È®–æ¬“¬“¡‡≈à“∂÷ß§«“¡
‡ªìπ¡“¢Õß«‘«—≤π“°“√¢Õß«‘∏’°“√§”π«≥π’È ·≈–Õ“®∑”„Àâ∑à“πºŸâÕà“π ‡ÀÁπ¿“æ∑’Ë°√–®à“ß¢÷Èπ«à“«‘∏’°“√§”π«≥·∫∫
µà“ßÊ ∑’Ë¡’¡“„πÕ¥’µπ—Èπ «‘∏’°“√„¥ ¡’¢âÕ∫°æ√àÕß∑’Ë ”§—≠Õ–‰√∫â“ß ·≈–„πªí®®ÿ∫—π ªí≠À“µà“ßÊ ‡À≈à“π—Èπ ‰¥â√—∫
°“√·°â‰¢‰ª∫â“ß·≈â«À√◊Õ¬—ß ·≈–∑’Ë ”§—≠∑’Ë ÿ¥§◊Õ«à“ µ—Èß·µàπ’ÈµàÕ‰ª ‡√“§«√®–‡≈◊Õ°„™â«‘∏’„¥ ‡æ◊ËÕ∑’Ë®–ªØ‘∫—µ‘«‘™“™’æ
„Àâ‰¥â§ÿ≥¿“æ Õ¬à“ß∑’Ë§«√®–‡ªìπ ·≈–∂Ÿ°µâÕß

2. °àÕπ¬ÿ§ CLTD/CLF (°àÕπªï §.». 1979)
«‘∏’ CLTD/CLF ∂◊Õ‰¥â«à“‡√‘Ë¡µâπÕ¬à“ß‡ªìπ∑“ß°“√‡¡◊ËÕ ASHRAE ‰¥â®—¥æ‘¡æå‡Õ° “√ Cooling and

Heating Load Calculation Manual (ASHRAE GRP 158) ¢÷Èπ‡º¬·æ√à„πªï §.». 1979 „π™à«ß°àÕπªïπ—Èπ
°“√§”π«≥¿“√–§«“¡√âÕπ¡—°®–ªØ‘∫—µ‘°—πµ“¡«‘∏’°“√∑’Ëª√“°Ø„π Carrier System Design Manual (1960) ∫â“ß
À√◊Õµ“¡∑’Ëª√“°Ø„π Trane Air Conditioning Manual (1965) ∫â“ß ·≈â«·µà«à“ºŸâ„¥ ¡’§«“¡∂π—¥™Õ∫ À√◊Õ
‡™◊ËÕ∂◊Õ¢âÕ¡Ÿ≈®“°ºŸâº≈‘µ‡§√◊ËÕßª√—∫Õ“°“»√“¬„¥¡“°°«à“°—π °≈à“«Õ’°π—¬Àπ÷Ëß°Á§◊Õ «‘∏’°“√§”π«≥®–‡ªìπ«‘∏’°“√
∑’Ë¡“®“°ºŸâº≈‘µ‡§√◊ËÕßª√—∫Õ“°“»√“¬„À≠àÊ „π‚≈° Õ“∑‘‡™àπ Carrier, Trane ·≈– York ‡ªìπµâπ «‘∏’°“√§”π«≥
°Á§≈â“¬§≈÷ß°—π°—∫ «‘∏’ CLTD/CLF ¢Õß ASHRAE ¡“° (®π·∑∫®–‡√’¬°‰¥â«à“‡À¡◊Õπ°—π°Á‰¥â) ‡æ’¬ß·µà«à“
¡’°“√„™â™◊ËÕ‡√’¬° —¡ª√– ‘∑∏‘ÏÀ√◊Õµ—«§Ÿ≥„πµ“√“ßµà“ßÊ ∑’Ë·µ°µà“ß°—π Õ“∑‘‡™àπ°“√§”π«≥À“§à“¿“√–§«“¡√âÕπ
®“°· ßÕ“∑‘µ¬å∑’Ëª√“°Ø„π Carrier System Design Manual ®–¡’ Ÿµ√‡ªìπ (‡©æ“– à«π∑’Ë‡ªìπ Solar
Heat Gain)

Cooling Load, Btu/hr  = [Peak solar heat gain, Btu/((hr)(Sq ft))]
x [Window area, Sq ft]
x [Shade factor, Haze factor, etc.]
x [Storage factor]
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´÷Ëß®–‡ÀÁπ‰¥â«à“¡’‚§√ß √â“ß‡À¡◊Õπ°—π°—∫ Ÿµ√„π«‘∏’
CLTD/ CLF ¢Õß ASHRAE ∑ÿ°ª√–°“√ ‚¥¬∑’Ë Storage
factor °Á§◊Õ CLF ·≈– Peak solar heat gain °Á§◊Õ
Maximum Solar Heat Gain „π Ÿµ√¢Õß CLTD/CLF
π—Èπ‡Õß „π§«“¡‡ÀÁπ¢ÕßºŸâ‡¢’¬π«‘∏’°“√§”π«≥¿“√–
§«“¡√âÕπ„π Part 1 ‡√◊ËÕß Load Estimating „π Carrier
System Design Manual ‡ªìπ‡Õ° “√∑’Ë¡’§ÿ≥§à“∑“ß
«‘™“™’æ ·≈–«‘™“°“√‡ªìπÕ¬à“ß¡“° ¡’¢âÕ¡Ÿ≈À≈“¬Õ¬à“ß
∑’ËÀ“‰¡à‰¥â·≈â«„π Manual ∑’Ë ”§—≠À≈“¬‡≈à¡„πªí®®ÿ∫—π

√Ÿª∑’Ë 1: Micro Computer Apple II

„π¬ÿ§Õ¥’µ ‚¥¬‡©æ“–„π™à«ß°àÕπªï §.». 1970
≈ß‰ª «‘∑¬“°“√‚¥¬‡©æ“–„π à«π∑’Ë‡°’Ë¬«¢âÕß°—∫
§Õ¡æ‘«‡µÕ√å¬—ß≈â“À≈—ßÕ¬Ÿà¡“° Micro Computer
∑’Ë‡ÀÁπ„π√Ÿª∑’Ë 1 ‡æ‘Ëß®–‡√‘Ë¡¡’„™â°—πÕ¬à“ß·æ√àÀ≈“¬®√‘ßÊ
„π√“«ªï §.». 1977 ‡∑à“∑’ËºŸâ‡¢’¬π®”§«“¡‰¥â ‡§√◊ËÕß
Pocket Calculator °Á‡æ‘Ëß®–‡√‘Ë¡¡’„™â°—π„π‡¡◊Õß‰∑¬
‡¡◊ËÕ√“«ªï æ.». 2518 (§.». 1975) ¥—ßπ—Èπ°“√∑”√“¬°“√
§”π«≥µà“ßÊ ®÷ßµâÕß∑”¥â«¬¡◊Õ À√◊Õ‰¡à°Á„™â Slide Rule
™à«¬„π°“√§Ÿ≥·≈–À“√∫â“ß °“√§”π«≥¿“√–§«“¡√âÕπ
°Á‡™àπ°—π «‘∏’∑’Ë Practical ·≈–π‘¬¡„™â°—π¡“°∑’Ë ÿ¥ °Á§◊Õ
°“√°√Õ°¢âÕ¡Ÿ≈µ—«‡≈¢≈ß„π Cooling Load Estimate
Sheet ¥—ßµ—«Õ¬à“ß∑’Ë· ¥ßÕ¬Ÿà„π√Ÿª∑’Ë 2 „π ¡—¬π—Èπ‰¡à¡’
Spread Sheet Software À√◊Õ‚ª√·°√¡§Õ¡æ‘«‡µÕ√å
µà“ßÊ „Àâ„™â‡À¡◊Õπ„π ¡—¬π’È

√Ÿª∑’Ë 2: Example of Cooling
and Heating Load Estimate Sheet

(from Figure 3-P, TRANE Air Conditioning Manual, 1965)

µ—Èß·µà™à«ß√“«ªï §.». 1930 ‡ªìπµâπ¡“ ¡’π—°«‘®—¬
À≈“¬Ê ∑à“π‰¥â∑”°“√»÷°…“‡°’Ë¬«°—∫ Building Heat
Transfer Õ¬Ÿà·≈â« «‘∏’ Heat Balance Method ∑’Ë
‡¢â“„®°—πÕ¬Ÿà„π ¡—¬π’È °Á‡ªìπ«‘∏’∑’Ë‡¢â“„®°—πÕ¬Ÿà°àÕπ·≈â«
µ—Èß·µà„π ¡—¬π—Èπ ‡æ’¬ß·µà«à“§«“¡ ¡∫Ÿ√≥åÕ“®·µ°µà“ß
°—πÕ¬Ÿà∫â“ß Õÿª √√§Õ—π ”§—≠¬‘Ëß„π ¡—¬π—Èπ§◊Õ‡√◊ËÕß
¢Õß Computer „π ¡—¬π—Èπ«‘«—≤π“°“√∑“ß¥â“π°“√
„™â§Õ¡æ‘«‡µÕ√å ¡“™à«¬§”π«≥∑“ß«‘»«°√√¡¬—ß‰¡à¡’
°≈à“«Õ’°π—¬Àπ÷Ëß°Á§◊Õ π—°«‘®—¬„πÕ¥’µ°Á√Ÿâ®—°«‘∏’°“√§”π«≥
¿“√–§«“¡√âÕπ¥â«¬«‘∏’ Heat Balance Method Õ¬Ÿà·≈â«
·µà‰¡à¡’ Computer „™â ®÷ß‰¡à “¡“√∂ Solve  ¡°“√
Heat Balance ‰¥â‚¥¬µ√ß  ‘Ëß∑’Ë¥’∑’Ë ÿ¥∑’Ëπ—°«‘™“°“√
„πÕ¥’µ®–∑”‰¥â §◊Õ °“√À“«‘∏’ª√–¡“≥ (Approximation)
«‘∏’ TFM (Transfer Function Method) ‡ªìπ«‘∏’ª√–¡“≥
¥—ß°≈à“« ·≈–‡ªìπ«‘∏’∑’Ë¡’§«“¡·¡àπ¬”¡“°∑’Ë ÿ¥·≈â«
„π ¡—¬π—Èπ ”À√—∫ªí≠À“ Building Heat Transfer

√Ÿª∑’Ë 3: Carrier System Design Manual, 1960
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«‘∏’ TFM π—Èπ∂◊Õ‰¥â«à“‡ªìπ Baseline Procedure
∑’Ë∑“ß ASHRAE „™â¡“µ≈Õ¥„πÕ¥’µ ”À√—∫°“√§”π«≥
¿“√–§«“¡√âÕπ «‘∏’°“√¥—ß°≈à“«‰¥â√—∫°“√æ—≤π“¡“µ—Èß·µà
°àÕπªï §.». 1967 ·≈– ASHRAE ‰¥â®—¥æ‘¡æå√“¬≈–‡Õ’¬¥
¢Õß«‘∏’°“√π’È‰«â„π Fundamental Handbook ©∫—∫ªï
§.». 1972 ·≈– 1977 «‘∏’°“√ CLTD/CLF ·≈– TETD/
TA ∑’Ë®–°≈à“«∂÷ßµàÕ‰ª ≈â«π¡’√“°∞“π¡“®“°°“√„™â«‘∏’
TFM §”π«≥º≈≈—æ∏å¡“„Àâ·≈â«°àÕπ∑—Èß ‘Èπ  “‡Àµÿ
∑’Ë«‘∏’ TFM ‰¡à·æ√àÀ≈“¬„πÀ¡Ÿà«‘»«°√ºŸâªØ‘∫—µ‘«‘™“™’æ
„πÕ¥’µ °Á‡π◊ËÕß¡“®“°«à“ «‘∏’ TFM π—Èπ¬ÿàß¬“°¡“°·≈–
‰¡à‡À¡“–°—∫°“√§”π«≥¥â«¬¡◊Õ µâÕßÕ¬à“≈◊¡«à“„π ¡—¬π—Èπ
§Õ¡æ‘«‡µÕ√å¬—ß‰¡à¡’„™â°—πÕ¬à“ß·æ√àÀ≈“¬ «‘∏’°“√
§”π«≥¿“√–§«“¡√âÕπ∑’Ë Practical ®÷ßµâÕß‡ªìπ«‘∏’
∑’Ë “¡“√∂∑”‰¥â¥â«¬¡◊Õ «‘∏’ TETD/TA °Á‡ªìπ«‘∏’°“√
§”π«≥¥â«¬¡◊ÕÕ¬à“ßßà“¬Õ’°«‘∏’Àπ÷Ëß∑’Ë ASHRAE ‰¥â
ª√–¥‘…∞å‰«â √“¬≈–‡Õ’¬¥¢Õß«‘∏’°“√¥—ß°≈à“«Õ“®À“Õà“π
‰¥â®“° ASHRAE Handbook ©∫—∫ Fundamental
ªï 1967 ·≈– ªï 1972 «‘∏’¥—ß°≈à“«‰¡à§àÕ¬‡ªìπ∑’Ëπ‘¬¡
„™â°—π¡“°π—° ‡π◊ËÕß®“°„π°“√„™âß“π ºŸâ„™â®–µâÕß¡’
ª√– ∫°“√≥å„π°“√°”Àπ¥§à“ Time Averaging
Period ∑”„Àâ«‘∏’°“√π’È ¬“°µàÕ°“√„™âß“π ”À√—∫ºŸâ‡√‘Ë¡
Ωñ°À—¥ ≈à“ ÿ¥„π‡Õ° “√ Cooling and Heating Load
Calculation Manual ©∫—∫ªï 1992 °Á¬—ß¡’°“√π”
‡Õ“√“¬≈–‡Õ’¬¥¢Õß«‘∏’°“√π’ÈÕÕ°¡“∑∫∑«πÕ’°§√—Èß
·µà¥Ÿ‡À¡◊Õπ«à“ ASHRAE ®–À¬ÿ¥°“√æ—≤π“√“¬≈–‡Õ’¬¥
¢Õß«‘∏’°“√π’È‰ª·≈â« µ—Èß·µàπ—Èπ¡“

√Ÿª∑’Ë 4: Trane Air Conditioning Manual, 1965

3. ¬ÿ§¢Õß CLTD/CLF
(ªï §.». 1979 ∂÷ßªï §.». 1997)
CLTD/CLF ‡ªìπ Simplified Approximation

®“° TFM (Transfer Function Method) Õ’°∑Õ¥Àπ÷Ëß
¢âÕ¥’¢Õß«‘∏’°“√¥—ß°≈à“«§◊Õ «‘»«°√ “¡“√∂π”‰ª„™â‰¥â ‚¥¬
‰¡àµâÕß„™â§Õ¡æ‘«‡µÕ√å (Manual Calculation Method)
·≈–Õß§åª√–°Õ∫„π à«πµà“ßÊ ¢Õß¿“√–§«“¡√âÕπ√«¡
 “¡“√∂·¬°ÕÕ°‡ªìπ à«π¬àÕ¬Ê ∑’Ë “¡“√∂·¬°§”π«≥
·≈–‡¢â“„®‰¥âßà“¬ ‡Õ° “√ ”§—≠ ·≈–∂◊Õ‰¥â«à“‡ªìπ®ÿ¥°”‡π‘¥
¢Õß«‘∏’ CLTD/CLF §◊Õ ASHRAE GRP 158 Cooling
and Heating Load Calculation Manual (1979)
‡Õ° “√¥—ß°≈à“« ‡¢’¬π‰¥â¥’¡“° ¡’§ÿ≥¿“æ Ÿß ‰¡à‡À¡◊Õπ
§Ÿà¡◊Õ Load Calculation ¢Õß ASHRAE „πªïÀ≈—ßÊ
√“¬≈–‡Õ’¬¥∑’Ë¡“ ∑’Ë‰ª ¢Õß«‘∏’ CLTD/CLF π’È  “¡“√∂
À“¥Ÿ‰¥â®“°∫∑§«“¡¢Õß Rudoy ·≈– Duran (1975)

√Ÿª∑’Ë 5: ASHRAE GRP 158,
Cooling and Heating Load Calculation Manual, 1979

CLTD/CLF ∂◊Õ‰¥â«à“‡ªìπ Landmark ¢Õß«‘∏’
°“√§”π«≥¿“√–§«“¡√âÕπ¥â«¬¡◊Õ∑’Ëª√– ∫§«“¡
 ”‡√Á®Õ¬à“ß Ÿß µ≈Õ¥√–¬–‡«≈“°«à“ 30 ªï∑’Ëºà“π¡“
¡’ºŸâªØ‘∫—µ‘ß“π„π«ß°“√Õÿµ “À°√√¡°“√ª√—∫Õ“°“»
„™â«‘∏’ CLTD/CLF π’È §”π«≥§à“¿“√–§«“¡√âÕπ‰ª·≈â«
¡“°¡“¬ ªí®®—¬·Ààß§«“¡ ”‡√Á®π’È  à«πÀπ÷Ëß ºŸâ‡¢’¬π
¡’§«“¡‡ÀÁπ«à“¡“®“°°“√‡¢’¬π·≈–°“√‡√’¬∫‡√’¬ß ÷́Ëß
∑”ÕÕ°¡“‰¥â¥’¡“° ºŸâÕà“π∂÷ß·¡â«à“®–‡ªìπ‡æ’¬ßºŸâΩñ°À—¥
°“√§”π«≥ °Á®– “¡“√∂‡¢â“„® ·≈–∑”µ“¡«‘∏’°“√∑’Ë‰¥â
Formulate ‰«â‡ªìπÕ¬à“ß¥’‰¥â –¥«° ·≈–‰¡à —∫ π
„π§«“¡‡ÀÁπ¢ÕßºŸâ‡¢’¬π Part 1 ¢Õß Carrier System
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Design Manual „π‡√◊ËÕß Load Estimating ®–·æâ
ASHRAE GRP 158 °Á∑’Ëµ√ßπ’È‡∑à“π—Èπ ·µàÕ¬à“ß‰√°Áµ“¡
¡’ “√– ”§—≠À≈“¬‡√◊ËÕß„π Carrier System Design
Manual ∑’ËºŸâ‡¢’¬π§‘¥«à“¬—ß§ß Classic Õ¬Ÿà·≈–Õ¬“°
·π–π”„ÀâºŸâ‡√‘Ë¡À—¥§”π«≥¿“√–§«“¡√âÕπ ≈ÕßÀ“
Õà“π¥Ÿ

À≈—ß®“° Oil Crisis „πªï §.». 1973 ‡ªìπµâπ¡“
U.S. Department of Energy ‰¥â¡’°“√ π—∫ πÿπ
‡ß‘π∑ÿπ„π°“√æ—≤π“ Program DOE-2 ¢÷Èπ ‡æ◊ËÕ§”π«≥
§à“°“√„™âæ≈—ßß“π„πÕ“§“√ «‘∏’°“√ TFM ∂Ÿ°π”¡“„™â
„π°“√æ—≤π“‚ª√·°√¡¥—ß°≈à“« ·≈– ∑”„Àâπ—°«‘®—¬¡’
‡§√◊ËÕß¡◊Õ ·≈–¢âÕ¡Ÿ≈ ∑’Ë “¡“√∂π”¡“µ√«® Õ∫§«“¡
∂Ÿ°µâÕß¢Õß°“√§”π«≥¿“√–§«“¡√âÕπ¥â«¬«‘∏’ CLTD/
CLF ‰¥â –¥«°

„π™à«ßªï §.». 1985 ∂÷ßªï §.». 1988 ¡’ß“π«‘®—¬
À≈“¬™‘ÈπÕ“∑‘‡™àπ ß“π«‘®—¬¢Õß Sowell ·≈– Chiles
(1985) ∑’Ë· ¥ß„Àâ‡ÀÁπ∂÷ß¢âÕ®”°—¥ ·≈–§«“¡‰¡à‡æ’¬ßæÕ
¢Õß«‘∏’ CLTD Õ¬ŸàÀ≈“¬ª√–°“√ Õ“∑‘‡™àπ

1) ®”π«π Group ¢Õß Wall ·≈– Roof ¡’πâÕ¬
‡°‘π‰ª ‰¡à§√Õ∫§≈ÿ¡™π‘¥µà“ßÊ ¢Õßºπ—ß ·≈–À≈—ß§“
∑’Ë¡’„™â°—πÕ¬Ÿà„πß“π®√‘ß

2) °“√‡≈◊Õ°«à“ºπ—ß®√‘ßÊ À√◊ÕÀ≈—ß§“®√‘ßÊ
·∫∫„¥ §«√®–µ√ß°—∫ Group Õ–‰√‡ªìπ‡√◊ËÕß∑’Ë¬ÿàß¬“°
„π°“√æ‘®“√≥“ ·≈–π”‰ª Ÿà§”∂“¡Õ¬Ÿà‡ ¡Õ

3) §«“¡‰¡à·¡àπ¬”∑’Ë‡°‘¥¢÷Èπ ‡¡◊ËÕµâÕß¡’°“√
Interpolate §à“µà“ßÊ ‰ª„™â∑’Ë Latitude ·≈– Design
Month Õ◊ËπÊ ∑’Ë‰¡à„™à‡¥◊Õπ 7 ·≈–∑’Ë 40ON Latitude

4) §à“ CLF ‰¡à‰¥â‡ªìπ Function ¢Õß Latitude
·≈–∂Ÿ° Assume «à“ “¡“√∂„™â‰¥â¥’°—∫∑ÿ° ∂“π∑’Ë∫π
North Latitude

5) °“√®”·π°™π‘¥¢Õß Internal Zone Type
¡’πâÕ¬‡°‘π‰ª ”À√—∫ Heat Gain ·µà≈–ª√–‡¿∑
¢âÕ®”°—¥π’È‰¡àæÕ‡æ’¬ßµàÕ°“√æ‘®“√≥“°“√µÕ∫ πÕß
¢ÕßÕ“§“√®√‘ßª√–‡¿∑µà“ßÊ µàÕ Heat Gain ·µà≈–
ª√–‡¿∑∑’Ë‡°‘¥¢÷Èπ ·≈–π”‰ª Ÿà§«“¡‰¡à·¡àπ¬” ∂â“≈—°…≥–
¢Õß Zone ∑’Ë°”≈—ß§”π«≥Õ¬Ÿà ‰¡àµ√ß°—∫ Assumption
¢Õß Zone ∑’Ë„™â„π°“√ Derive ™ÿ¥¢âÕ¡Ÿ≈ CLF

 “‡ÀµÿÀ≈—°∑’Ë∑”„Àâ®”π«π Group ¢Õß Wall
·≈– Roof ¡’πâÕ¬‡°‘π‰ª„π¬ÿ§·√° °Á‡π◊ËÕß¡“®“°«à“

®”π«π¢âÕ¡Ÿ≈¢Õß Weighting Factor ∑’Ë¡’„π‡«≈“π—Èπ
¡’®”π«π®”°—¥ ASHRAE Research Project RP-359
(Sowell ·≈– Chiles 1985) ∑”„Àâ‡°‘¥§«“¡‡¢â“„®∑’Ë
°√–®à“ß™—¥‡°’Ë¬«°—∫‡√◊ËÕß¢Õß Zone Response ∑’Ë¡’µàÕ
Cooling Load ·≈–π”‰ª Ÿàß“π«‘®—¬™‘Èπ∂—¥‰ª §◊Õ
ASHRAE Research Project RP-472 (Sowell 1988a,
1988b, 1988c, Harris ·≈– McQuiston 1988) ÷́Ëß
∑”„Àâ¡’°“√«‘‡§√“–Àå∂÷ßÕ‘∑∏‘æ≈¢Õß Zone Parameter
∑’Ë¡’µàÕ Zone Response (·≈– àßº≈∂÷ß Zone Cooling
Load) Õ¬à“ß°√–®à“ß

‡Õ° “√®“°ß“π«‘®—¬¢Õß Sowell ∑—Èß 3 ©∫—∫
¥—ß°≈à“«¢â“ßµâπ ‰¥â°≈à“«∂÷ß«‘∏’„π°“√·¬°·¬– ·≈–
Grouping ‚´πª√–‡¿∑µà“ßÊ ®”π«π 200,640 ‚´π
(∑—ÈßÀ¡¥∑’Ë π„®„π‡«≈“π—Èπ) ‡¢â“¥â«¬°—π„Àâ‡ªìπÀ¡«¥À¡Ÿà
·≈–®—¥„Àâ¡’°“√§”π«≥ Weighting Factor ∑—ÈßÀ¡¥
‚¥¬„™â Modified Version ¢Õß Program DOE 2.1C
º≈≈—æ∏å∑’Ë‰¥â„π‡«≈“π—Èπ∑”„Àâ¡’¢âÕ¡Ÿ≈‡ªìπ®”π«π¡“°
 ”À√—∫§à“ CLTD ·≈– CTF ·≈–π”‰ª Ÿàªí≠À“„À¡à
§◊Õ °“√π”‰ª„™â®√‘ß„π∑“ßªØ‘∫—µ‘«à“®–∑”Õ¬à“ß‰√¥’

Harris ·≈– McQuiston (1988) ‰¥âπ”™ÿ¥¢âÕ¡Ÿ≈
¥—ß°≈à“«¡“®—¥·∫àßºπ—ßÕÕ°‡ªìπ 2,600 ™π‘¥ ·≈–
À≈—ß§“ÕÕ°‡ªìπ 500 ™π‘¥ ¿“¬À≈—ß®“°°“√æ‘®“√≥“
§à“ Thermal Response ¢Õßºπ—ß ·≈–À≈—ß§“
∑—ÈßÀ¡¥·≈â« ®÷ß‰¥â®—¥°≈ÿà¡¢Õßºπ—ßÕÕ°‡ªìπ 41 °≈ÿà¡
·≈–À≈—ß§“ÕÕ°‡ªìπ 42 °≈ÿà¡

‡æ◊ËÕ„Àâß“π«‘®—¬∑’Ëºà“π¡“‡°‘¥‡ªìπ√Ÿª∏√√¡ ASHRAE
®÷ß‰¥â π—∫ πÿπ„Àâ¡’°“√®—¥∑” §Õ¡æ‘«‡µÕ√å ‚ª√·°√¡
·≈–®—¥æ‘¡æå Revised Cooling Load Calculation
Manual  ”À√—∫«‘∏’ CLTD/CLF ¢÷Èπ „πªï §.». 1992
§«“¡·µ°µà“ß∑’Ë ”§—≠√–À«à“ß Cooling Load
Calculation Manual ©∫—∫‡°à“·≈–©∫—∫„À¡à§◊Õ

1. §à“ Cooling Load ‡π◊ËÕß®“° Solar Heat Gain
¡’°“√‡ª≈’Ë¬π·ª≈ß  Ÿµ√ ®“° Q = SHGFmaxëSCëCLFëA
‰ª‡ªìπ Q = SCLëSCëA  “‡Àµÿ¢Õß°“√‡ª≈’Ë¬π·ª≈ß
°Á‡π◊ËÕß¡“®“° ºŸâ«‘®—¬‡ÀÁπ«à“ ‰¡àπà“®–µâÕß¡“‡ ’¬‡«≈“
∑”°“√§Ÿ≥µ—«‡≈¢ SHGFmax °—∫ CLF ‡¢â“¥â«¬°—π
®÷ß‰¥â®—¥∑”§à“º≈§Ÿ≥¥—ß°≈à“«ÕÕ°¡“„Àâ‡≈¬„π√Ÿª¢Õß
§à“ SCL ´÷Ëß‡ªìπ “‡Àµÿ∑’Ë∑”„Àâ™◊ËÕ¢Õß«‘∏’ CLTD/CLF
‡ª≈’Ë¬π¡“‡ªìπ CLTD/SCL/CLF
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2. Zone Response µà“ßÊ ®–¡’§«“¡≈–‡Õ’¬¥¢÷Èπ
·µà°Á¬—ß¡’ªí≠À“„π∑“ßªØ‘∫—µ‘Õ¬Ÿà¥’ ‡æ√“–¬—ß§ßµâÕß„™â
«‘®“√≥≠“≥ „π°“√‡≈◊Õ°„™â§à“ CLTD/SCL Group
¬°‡«âπ«à“ ∑ÿ°§√—Èß°àÕπ∑’Ë®–∑”°“√ Cooling Load
®–µâÕß∑”°“√ √â“ß™ÿ¥¢âÕ¡Ÿ≈ CLTD/SCL ®“° Program
Computer ∑’Ë∑“ß ASHARE „Àâ¡“‡ ’¬°àÕπ

√Ÿª∑’Ë 6: Cooling and Heating Load
Calculation Manual, Second Edition, 1992

4. ¬ÿ§·Ààß§«“¡ —∫ π
(ªï §.». 1990 ∂÷ßªï §.». 1997)
∂÷ß·¡â«à“ ASHRAE ®– π—∫ πÿπ„Àâ¡’°“√®—¥∑”

çRevised CLTD/CLFé Cooling Load Calculation
Manual ¢÷Èπ„πªï §.». 1992 ·≈â«°Áµ“¡ ‚¥¬¡’
«—µ∂ÿª√– ß§åÀ≈—°„π¢≥–π—Èπ§◊Õ

1) ‡æ◊ËÕ‡æ‘Ë¡§«“¡·¡àπ¬”„Àâ°—∫ CLTD/CLF
Method ‡¥‘¡‚¥¬°“√„™âª√–‚¬™πå®“°º≈≈—æ∏å¢Õß
ASHRAE Research Project RP-472 ·≈–ß“π«‘®—¬
Õ◊ËπÊ ∑’Ë‡°’Ë¬«¢âÕß

2) ‡æ◊ËÕ„Àâ«‘»«°√π”‡Õ“‰ª„™â‰¥â ‚¥¬‰¡àµâÕß„™â
§Õ¡æ‘«‡µÕ√å

∑“ß Technical Committee TC4.1 ́ ÷Ëß¥Ÿ·≈„π‡√◊ËÕß
Load Calculation Õ¬Ÿà„π‡«≈“π—Èπ °Á¬—ß¡’§«“¡√Ÿâ ÷°
‰¡àæÕ„®°—∫º≈≈—æ∏å∑’Ë ‰¥âÕÕ°¡“„π¢≥–π—ÈπÕ¬Ÿà ‡ªìπ
Õ¬à“ß¡“° §«“¡√Ÿâ ÷°¥—ß°≈à“«¡’¡“µ—Èß·µà°àÕπ∑’Ë ASHRAE
®–®—¥æ‘¡æå‡Õ° “√ Cooling and Heating Load
Calculation Manual ©∫—∫ªï §.». 1992 ÕÕ°¡“
‡º¬·æ√à¥â«¬´È” (¡’¡“µ—Èß·µà√“«ªï §.». 1990)  “‡Àµÿ
À≈—°Ê ¡’Õ¬Ÿà√“« 6 ª√–°“√ §◊Õ

1) §à“ CLTD/SCL ∑’Ë·¡àπ¬”æÕ ¡§«√ ®”‡ªìπ
µâÕß„™â Program Computer ‡ªìπµ—« Generate
ÕÕ°¡“Õ¬Ÿà¥’ ‚¥¬‰¡à¡’∑“ßÀ≈’°‡≈’Ë¬ß À“°®–®—¥æ‘¡æå¢âÕ¡Ÿ≈
∑—ÈßÀ¡¥ÕÕ°¡“„π√Ÿª¢Õßµ“√“ß°Á®–¡’§«“¡Àπ“¡“°

2) «‘∏’°“√ª√–¡“≥Õ◊ËπÊ Õ“∑‘‡™àπ TFM °Á‡ªìπ«‘∏’
∑’Ë¬“°µàÕ°“√‡¢â“„® ·≈–º≈≈—æ∏å °Á‡ªìπ‡æ’¬ß§à“ª√–¡“≥
¢Õß«‘∏’ Heat Balance Method ‡∑à“π—Èπ

3) «‘∏’°“√ª√–¡“≥Õ◊ËπÊ Õ“∑‘‡™àπ TETD/TA
°Á¡‘‰¥â¥’‰ª°«à“ CLTD/SCL/CLF

4) «‘∏’ CLTD/SCL ·≈– TETD/TA °Á¬—ß§ß‡ªìπ«‘∏’
∑’Ë„Àâ§à“‚¥¬ª√–¡“≥Õ¬Ÿà¥’ ·≈–¬—ß§ßµâÕß„™â«‘®“√≥≠“≥
„π°“√‡≈◊Õ°„™â§à“ CLTD/SCL Group À√◊Õ§à“ Time
Average Õ¬Ÿà¥’ ∑”„Àâ‡°‘¥§«“¡‰¡à·πàπÕπ„πº≈≈—æ∏å
Õ“∑‘‡™àπ «‘»«°√§π∑’Ë 1 °—∫ «‘»«°√§π∑’Ë 2 Õ“®§”π«≥
§à“ Cooling Load ¢ÕßÀâÕß‡¥’¬«°—π‰¥âµà“ß°—π ‡ªìπµâπ

5) «‘∏’ Heat Balance Method  “¡“√∂
Solve ‰¥âÕ¬à“ßßà“¬¥“¬·≈â«„π¢≥–π—Èπ¥â«¬ Personal
Computer

6) §«“¡æ√âÕ¡„π‡√◊ËÕß°“√π”‡Õ“§Õ¡æ‘«‡µÕ√å
¡“„™â„πß“π∑“ß«‘»«°√√¡„π¢≥–π—Èπ¡’ Ÿß¡“°·≈â«
„πª√–‡∑» À√—∞Õ‡¡√‘°“

¥â«¬‡Àµÿº≈¥—ß°≈à“«¢â“ßµâπ TC 4.1 µ—Èß·µà
ªï §.». 1992 ‡ªìπµâπ¡“ ®÷ß‰¥âÀ—π¡“¡ÿàß‡πâπ·µà∑’Ë«‘∏’
Heat Balance Method ‡ªìπÀ≈—° «‘∏’°“√¥—ß°≈à“«‡ªìπ
çThe most fundamental methodé ·≈–„Àâº≈≈—æ∏å
∑’Ë¡’§«“¡·¡àπ¬” Ÿß ÿ¥ ¥â«¬‡Àµÿπ’È‡Õß„πªï §.». 1996
ASHRAE ®÷ß‰¥â π—∫ πÿπß“π«‘®—¬ (RP-875) ∑’Ë¡ÿàß‡πâπ
∑’Ë®–π”‡Õ“ Heat Balance Method (HBM) ·≈–
Radiant Time Series Method (RTSM) ¡“„™â∑¥·∑π
«‘∏’ CLTD/SCL/CLF ·≈–«‘∏’ª√–¡“≥Õ◊ËπÊ ∑—ÈßÀ¡¥

5. ¬ÿ§¢Õß HBM ·≈– RTSM
(µ—Èß·µàªï §.». 1998 ‡ªìπµâπ¡“)
„πªï §.». 1998 ASHRAE ®÷ß‰¥â®—¥æ‘¡æå‡Õ° “√

Cooling and Heating Load Calculation Principles
©∫—∫„À¡à¢÷Èπ¡“ ·≈–‰¥â®—¥ Program ∑’Ë„™â§”π«≥
Cooling Load  ”À√—∫ Single Zone ¥â«¬«‘∏’ Heat
Balance Method „Àâ¡“¥â«¬ Program ¥—ß°≈à“«¡’™◊ËÕ«à“
HB Fort ¢âÕπà“ —ß‡°µ∑’Ë ”§—≠„π‡Õ° “√©∫—∫π’È °Á§◊Õ
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1) √“¬≈–‡Õ’¬¥¢Õß«‘∏’ Radiant Time Series
‰¡à¡’ª√“°ØÕ¬Ÿà„π‡Õ° “√©∫—∫¥—ß°≈à“«

2) À“°„§√‰¡à‡§¬√Ÿâ‡√◊ËÕß°“√§”π«≥¿“√–§«“¡
√âÕπ¡“°àÕπ ·≈â«‰ªÕà“π‡Õ° “√©∫—∫π’È‡¢â“®–∑”§«“¡
‡¢â“„®‰¥â¬“°¡“°

3) °“√‡¢’¬π·≈–°“√‡√’¬∫‡√’¬ß«‘∏’°“√¢Õß«‘∏’
Heat Balance Method ∑’Ë· ¥ßπ—Èπ‰¡à ¡∫Ÿ√≥å

√Ÿª∑’Ë 7: Cooling and Heating Load
Calculation Principles, 1998

°àÕπ∑’Ë®–°â“«µàÕ‰ª¢â“ßÀπâ“ Õ¬“°∑’Ë®–¢Õ°≈à“«∂÷ß
 ∂“π¿“æ¢Õß«‘∏’ CLTD/SCL/CLF «à“ ≥ ∑’Ë‡«≈“π—Èπ
(ªï §.». 1998) ‡ªìπÕ¬à“ß‰√∫â“ß „πª√–‡∑» À√—∞Õ‡¡√‘°“

„πªï‡¥’¬«°—ππ—Èπ‡Õß (ªï §.». 1998) ASHRAE
‰¥â®—¥æ‘¡æåÀπ—ß ◊Õ¢÷Èπ¡“‡≈à¡Àπ÷Ëß™◊ËÕ«à“ Principle of
Heating, Ventilating and Air Conditioning
´÷Ëß‡ªìπÀπ—ß ◊Õ∑’Ë ASHRAE ®—¥∑”¢÷Èπ‡æ◊ËÕ„Àâπ—°»÷°…“
„πª√–‡∑» À√—∞Õ‡¡√‘°“„™â‡ªìπ Text Book „π∫∑∑’Ë 5
¢ÕßÀπ—ß ◊Õ©∫—∫¥—ß°≈à“«„π‡√◊ËÕß Load Estimating
Fundamentals ∑“ß§≥–ºŸâ‡¢’¬π°Á¬—ß„™â«‘∏’°“√¢Õß
CLTD/SCL/CLF Õ¬Ÿà  ‘Ëßπ’È –∑âÕπ„Àâ‡ÀÁπ«à“®π∂÷ßªï
§.». 1998 ∑“ß Professional Engineers „πª√–‡∑»
 À√—∞Õ‡¡√‘°“°Á¬—ß„™â«‘∏’ CLTD/SCL/CLF Õ¬Ÿà Õ¬à“ß‰√
°Á¥’Àπ—ß ◊Õ©∫—∫π’È ´÷Ëß‰¥â¡’°“√ Revised ·≈–®—¥æ‘¡æå
ÕÕ°¡“„À¡à·≈â«„πªï §.». 2005 °Á‰¥â‡ª≈’Ë¬π«‘∏’°“√
„π‡√◊ËÕß°“√ Cooling Load ‰ª‡ªìπ HBM ·≈– RTSM
À¡¥·≈â«

√Ÿª∑’Ë 8: Principles of Heating Ventilating
and Air Conditioning, 1998

µ—Èß·µàªï §.». 2001 ‡ªìπµâπ¡“ ASHRAE
Handbook ©∫—∫ Fundamentals °Á®–°≈à“«∂÷ß‡©æ“–
·µà«‘∏’°“√§”π«≥¿“√–§«“¡√âÕπ ¥â«¬«‘∏’ Heat Balance
(HBM) ·≈–«‘∏’ Radiant Time Series (RTSM) ‡∑à“π—Èπ
∂÷ß·¡â«à“√“¬≈–‡Õ’¬¥¢Õß«‘∏’°“√∑’Ë‰¥â®—¥æ‘¡æå‰«â„π
∫∑∑’Ë 29 ¢Õß ASHAE Handbook 2001 ®–¡’§«“¡
‰¡à§√∫∂â«π ¡∫Ÿ√≥åÕ¬Ÿà∫â“ß°Áµ“¡

„πªï §.». 2005 ASHRAE Handbook ©∫—∫
Fundamentals °Á‰¥â¡’°“√ª√—∫ª√ÿß√“¬≈–‡Õ’¬¥„π à«π
∑’Ë°≈à“«∂÷ß HBM ·≈– RTSM „Àâ¥’¢÷Èπ‡ªìπÕ¬à“ß¡“°
‚¥¬‡©æ“–„π à«πµ—«Õ¬à“ß∑’Ë· ¥ß∂÷ß RTSM ‚¥¬≈–‡Õ’¬¥
‡π◊ÈÕÀ“µà“ßÊ „π ASHRAE Handbook 2005 „π à«π
∑’Ë°≈à“«∂÷ß HBM ·≈– RTSM π—Èπ ∂÷ß·¡â«à“®–¥’¢÷Èπ
°«à“„π ¡—¬ªï §.». 2001 ‡ªìπÕ¬à“ß¡“°°Áµ“¡ ·µà°Á¬—ß
¡’¢âÕ∫°æ√àÕßÕ¬ŸàæÕ§«√

„πªï §.». 2008 ASHRAE ‰¥â®—¥æ‘¡æåÀπ—ß ◊Õ
¢÷Èπ¡“Õ’°‡≈à¡Àπ÷Ëß¡’™◊ËÕ«à“ Load Calculat ion
Applications Manual ‡Õ° “√©∫—∫π’È°≈à“«∂÷ß¢âÕ¡Ÿ≈
≈à“ ÿ¥∑—ÈßÀ¡¥‡°’Ë¬«°—∫ Load Calculations ¥â«¬ HBM
·≈– RTSM ·≈–¡’ Spread Sheet Program  ”À√—∫
„™â§”π«≥ Cooling Load ¥â«¬ RTSM ·∂¡¡“„Àâ¥â«¬

«‘∏’ RTSM π—Èπ ∂Ÿ° √â“ß¢÷Èπ¡“‡æ◊ËÕµÕ∫ πÕß
§«“¡µâÕß°“√¢Õß ASHRAE „π°“√∑’Ë®–¡’‰«â´÷Ëß«‘∏’°“√
∑’ËºŸâ„™â “¡“√∂∑”§«“¡‡¢â“„®‰¥âßà“¬°«à“ HBM ·≈–
¡’°“√„™âß“π§Õ¡æ‘«‡µÕ√åπâÕ¬°«à“ HBM ·≈–∑”„Àâ
ºŸâ„™â¡Õß‡ÀÁπ∂÷ß°≈‰°°“√∂à“¬‡∑§«“¡√âÕπ‡¢â“ ŸàÕ“§“√
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(„π·µà≈– Component) ‰¥âÕ¬à“ß™—¥‡®π °≈à“«Õ’°π—¬Àπ÷Ëß
§◊Õ «‘»«°√ À√◊ÕºŸâ„™âß“π ®–µâÕß “¡“√∂‡¢â“„® ·≈–
‡ÀÁπ¿“æ¢Õß°“√∑’Ë Heat Input „π·µà≈– Component
∂Ÿ°·ª≈ß‰ª‡ªìπ Cooling Load ‰¥âÕ¬à“ß™—¥‡®π
(„Àâ‡À¡◊Õπ À√◊Õ ¥’°«à“∑’ËºŸâ„™â‡§¬‡ÀÁπ À√◊Õ ‡§¬‡¢â“„®
®“°«‘∏’ CLTD/CLF) °“√§”π«≥¥â«¬«‘∏’ Heat Balance
π—ÈπºŸâ§”π«≥®–‰¡à‡ÀÁπÕ–‰√‡≈¬ ‡æ√“–∑ÿ°Õ¬à“ß∂Ÿ°°√–∑”
‰ªæ√âÕ¡Ê °—πÀ¡¥ ∑ÿ°Õ¬à“ß‡°‘¥¢÷Èπ„π Computer ‰¡à¡’
°“√§”π«≥§à“ Overall Heat Transfer Coefficient (U)
·≈–‰¡à¡’ In-between Process „Àâ‡ÀÁπ ¢âÕ‡ ’¬¢âÕπ’È
‡ªìπ®ÿ¥ÕàÕπ‡√◊ËÕß„À≠à¢Õß HBM ¬°‡«âπ‡ ’¬·µà«à“ «‘»«°√
ºŸâπ—Èπ¡’§«“¡‡¢â“„®‡√◊ËÕß¢Õß Building Heat Transfer
Process „π√–¥—∫ Advance ¡“°àÕπ ¥â«¬‡Àµÿπ’È‡Õß
∑“ß ASHARE ®÷ß √â“ß RTSM „Àâ§Ÿà°—π¡“°—∫ HBM

√Ÿª∑’Ë 9: Load Calculation Applications Manual, 2008

6.  √ÿª
°“√ Cooling Load µàÕ‰ª„πÕπ“§µ®–µâÕß‡πâπ

∑’Ë°“√∑”¥â«¬ Heat Balance Method ‡ªìπÀ≈—°
‡π◊ËÕß®“°®–‡ªìπ«‘∏’∑’Ë„Àâ§«“¡·¡àπ¬” Ÿß ÿ¥ ·≈–‡ªìπ«‘∏’
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