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∫∑§—¥¬àÕ
   ß“π«‘®—¬π’Èπ”‡ πÕ°“√§”π«≥§à“ Cooling Load Temperature Difference (CLTD)  ”À√—∫ºπ—ß

°≈ÿà¡ A ∂÷ß G ·≈–À≈—ß§“™π‘¥∑’Ë 1 ∂÷ß 13 ¢Õß ASHRAE GRP-158 „À¡à ¥â«¬«‘∏’ Radiant Time Series

(RTSM) º≈≈—æ∏å∑’Ë‰¥â®–∂Ÿ°π”‰ª‡ª√’¬∫‡∑’¬∫°—∫ CLTD ‡¥‘¡´÷Ëß§”π«≥¡“®“°«‘∏’ Transfer Function (TFM)

„πß“π«‘®—¬π’È§”π«≥§à“ PRF ®“°«‘∏’ Direct root ·≈– «‘∏’ Frequency Domain Regression (FDR)  à«π

§à“ RTF ®–§”π«≥®“°«‘∏’ ¡¥ÿ≈§«“¡√âÕπ ‚¥¬„™â‚ª√·°√¡§Õ¡æ‘«‡µÕ√å MATLAB ∑’Ëª√–¥‘…∞å¢÷Èπ

   º≈°“√«‘®—¬æ∫«à“º≈√«¡¢Õß§à“ PRF ∑’Ë§”π«≥®“°«‘∏’ Direct root ·∫∫„™â§à“ Response Factors

®–§≈“¥‡§≈◊ËÕπ®“°§à“ —¡ª√– ‘∑∏‘Ï°“√∂à“¬‡∑§«“¡√âÕπ√«¡ (U) ‰¡à‡°‘π 1%  à«πº≈√«¡¢Õß§à“ PRF ∑’Ë

§”π«≥®“°«‘∏’ FDR ®–§≈“¥‡§≈◊ËÕπ®“°§à“ U ‰¡à‡°‘π 0.001% §à“ CLTD  Ÿß ÿ¥„π√Õ∫«—π‡©≈’Ë¬ ”À√—∫ºπ—ß

°≈ÿà¡ A-G ®“°«‘∏’ RTSM ®– Ÿß°«à“«‘∏’ TFM 1.1OC §à“ CLTD  Ÿß ÿ¥„π√Õ∫«—π‡©≈’Ë¬¢ÕßÀ≈—ß§“™π‘¥∑’Ë 1-13

∑’Ë‰¡à¡’ΩÑ“‡æ¥“π®“°«‘∏’ RTSM ®– Ÿß°«à“«‘∏’ TFM 2.1OC §à“ CLTD  Ÿß ÿ¥„π√Õ∫«—π‡©≈’Ë¬¢ÕßÀ≈—ß§“™π‘¥

∑’Ë 1-13 ∑’Ë¡’ΩÑ“‡æ¥“π®“°«‘∏’ RTSM ®– Ÿß°«à“«‘∏’ TFM 1.2OC §à“ CLTD  Ÿß ÿ¥„π√Õ∫«—π¢Õßºπ—ß·≈–À≈—ß§“

∑—Èß∑’Ë¡’·≈–‰¡à¡’ΩÑ“‡æ¥“π®“°«‘∏’ RTSM ®–‡°‘¥™â“°«à“«‘∏’ TFM ª√–¡“≥ 1-2 ™—Ë«‚¡ß

Abstract
   This research presents the recalculation of Cooling Load Temperature Difference (CLTD)

for wall groups A-G and roof types 1-13 in ASHRAE GRP-158 by Radiant Time Series Method

(RTSM). The results were then compared with the old CLTD calculated from a Transfer Function

Method (TFM). In this research, PRF is calculated from direct root method and Frequency Domain

Regression Method (FDR) while RTF determined by heat balance method using a computer

program developed from MATLAB program.

°“√§”π«≥§à“ ’́·Õ≈∑’¥’ „À¡à ”À√—∫ºπ—ß·≈–À≈—ß§“®“°
æ’√‘ÕÕ¥‘°‡√ ªÕπ å·ø°‡µÕ√å
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   The results have shown that the errors

between the summation of PRF and overall

heat transfer coefficient (U) that calculated from

direct root method (Response Factors) are not

exceed 1% and from FDR method are not

exceed 0.001%. The average of maximum CLTD

for wall groups A-G from RTSM is 1.1OC higher

than TFM. The average of maximum CLTD

for roof types 1-13 without suspended ceiling

from RTSM is 2.1OC higher than TFM.  The

average of maximum CLTD for roof types 1-13

with suspended ceiling from RTSM is 1.2OC

higher than TFM. The maximum CLTD for walls,

roofs with and without suspended ceiling

from RTSM occurred about 1-2 hours slower

than TFM.

1. ∫∑π”
   «‘∏’°“√§”π«≥¿“√–°“√∑”§«“¡‡¬Áπ Radiant

Time Series Method (RTSM) ‡ªìπ«‘∏’„À¡à

∑’Ëª√—∫ª√ÿß¡“®“°«‘∏’ ¡¥ÿ≈§«“¡√âÕπ [2] ¡’«‘∏’°“√

§”π«≥ 2 ¢—ÈπµÕπ§◊Õ ¢—Èπ∑’Ë 1 À“§à“ Heat gain

∑’Ë‡¢â“¡“„π°√Õ∫Õ“§“√®“°§à“ Periodic Response

Factors (PRF) ¢—Èπ∑’Ë 2 ·∫àß§à“ Heat gain ‡ªìπ

2  à«π  à«π·√°§◊Õ Heat gain ®“°°“√æ“

´÷Ëß®–‡ªìπ¿“√–°“√∑”§«“¡‡¬Áπ ≥ ™—Ë«‚¡ßπ—Èπ∑—π∑’

 à«π∑’Ë Õß§◊Õ Heat gain ®“°°“√·ºà√—ß ’ ´÷Ëß®–

µâÕß„™â§à“ Radiant Time Factors (RTF) ‡ª≈’Ë¬π

„Àâ‡ªìπ¿“√–°“√∑”§«“¡‡¬Áπ Õ—µ√“ à«π¢Õß Heat

gain ®“°°“√æ“·≈–°“√·ºà√—ß ’®–¢÷ÈπÕ¬Ÿà°—∫·À≈àß

∑’Ë¡“¢Õß§«“¡√âÕπ „πß“π«‘®—¬π’È®–„™â®“°‡Õ° “√

Õâ“ßÕ‘ß [2] º≈∫«°¢Õß¿“√–°“√∑”§«“¡‡¬Áπ∑—Èß

 Õß à«π®–‡ªìπ¿“√–°“√∑”§«“¡‡¬Áπ√«¡´÷Ëß®–π”

‰ª§”π«≥§à“ CLTD  ”À√—∫ºπ—ß°≈ÿà¡ A ∂÷ß G

·≈–À≈—ß§“™π‘¥∑’Ë 1 ∂÷ß 13 ¢Õß ASHRAE

GRP-158 [1]

2. °“√§”π«≥§à“ Periodic Response
Factors (PRF)
°“√§”π«≥§à“ PRF ‚¥¬«‘∏’ Direct root

finding ®–À“‰¥â®“°§à“ Response Factors [5]

‡ªìπ —¡ª√– ‘∑∏‘ÏÕπÿ°√¡Õπ—πµå ´÷Ëß∑√“∫°—π‚¥¬

∑—Ë«‰ª«à“‡ªìπ§”µÕ∫·∫∫·¡àπµ√ß (Exact solution)

„π¢—ÈπµÕπ°“√·ª≈ß≈“ª≈“ ¬âÕπ°≈—∫‡æ◊ËÕÀ“§à“

Response Factors π—Èπ®–§âπÀ“√“°¢Õß ¡°“√

B(s) = 0 ®“° ¡°“√®√‘ß‚¥¬µ√ß [4] ·µà§à“¢Õß√“°

∑’Ë‰¥â®–‡ªìπ§à“ª√–¡“≥¢÷ÈπÕ¬Ÿà°—∫§«“¡≈–‡Õ’¬¥∑’Ë„™â

„π°“√§âπÀ“  ¡°“√ Heat flux ∑’Ë —¡æ—π∏å°—∫§à“

Response Factors ¢Õßºπ—ß¥â“π„π‡ªìπ

‚¥¬∑’Ë

= Heat flux ∑’Ëºπ—ß¥â“π„π∑’Ë™—Ë«‚¡ßªí®®ÿ∫—π

(W/m2)

= Internal Response Factors

= Cross Response Factors

= Inside surface temperature j ™—Ë«‚¡ß∑’Ë

ºà“π¡“ (OC)

= Outside surface temperature j ™—Ë«‚¡ß∑’Ë

ºà“π¡“ (OC)

= Time interval (3600 «‘π“∑’ À√◊Õ 1 ™—Ë«‚¡ß)

 ”À√—∫ Steady periodic function ®–‡ªìπ

°“√∫—ß§—∫„Àâ√Ÿª·∫∫¢ÕßÕÿ≥À¿Ÿ¡‘‡À¡◊Õπ‡¥‘¡∑ÿ°«—π

(24 ™—Ë«‚¡ß) ®– “¡“√∂®—¥‡√’¬ß ¡°“√ (1) „À¡à‡ªìπ

(1)
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·¬°‡∑Õ¡·√°¢Õß Z - Summation ¢Õß ¡°“√ (2)

ÕÕ°®–‰¥â

‡π◊ËÕß®“°Õÿ≥À¿Ÿ¡‘‡À¡◊Õπ‡¥‘¡∑ÿ°«—π ¥—ßπ—Èπ

                 ®–¡’§à“‡∑à“°—π ·≈– —¡ª√– ‘∑∏‘Ï

¢ÕßÕÿ≥À¿Ÿ¡‘∑’Ë ‡«≈“‡¥’¬«°—π¢Õß∑ÿ°«—π “¡“√∂

π”¡“√«¡°—π‰¥â‡ªìπ —¡ª√– ‘∑∏‘Ïµ—«„À¡à´÷Ëß‡√’¬°«à“

Internal Periodic Response Factors, Zpj

æ‘®“√≥“ ¡°“√ (4) ·≈– (5) ®–‰¥âº≈√«¡¢Õß

Internal Periodic Response Factors ®“°

Internal Response Factors ‡ªìπ

 ”À√—∫ Cross Periodic Response Factors,

Ypj  °Á®–¡’≈—°…≥–‡™àπ‡¥’¬«°—π §◊Õ

‡π◊ËÕß®“°‡ªìπ°“√§‘¥™—ÈπÕ“°“»∑’Ëº‘«¢Õßµ—«°≈“ß

°“√π”§«“¡√âÕπ ∑—Èß¿“¬πÕ°·≈–¿“¬„π√«¡‡ªìπ

™—Èπ¢Õßµ—«°≈“ß°“√π”§«“¡√âÕπ™—ÈπÀπ÷Ëß¥â«¬ ¥—ßπ—Èπ

Õÿ≥À¿Ÿ¡‘∑’Ëº‘«ºπ—ß·≈–À≈—ß§“∑—Èß¿“¬πÕ°·≈–¿“¬„π

®–∂Ÿ°·∑π∑’Ë¥â«¬Õÿ≥À¿Ÿ¡‘Õ“°“» ∂â“ ¡¡µ‘„ÀâÕÿ≥À¿Ÿ¡‘

¿“¬„πÀâÕß¡’§à“§ß∑’Ë‡ªìπ Trc ®–∑”„Àâ ¡°“√ (8) ‡ªìπ

‡π◊ËÕß®“°º≈√«¡¢Õß Zp ‡∑à“°—∫º≈√«¡¢Õß Z

¥—ßπ—Èπ®÷ß∑”„Àâº≈√«¡¢Õß Zp ‡∑à“°—∫º≈√«¡¢Õß Yp

¥â«¬ ·≈–‡¡◊ËÕæ‘®“√≥“„ÀâÕÿ≥À¿Ÿ¡‘Õ“°“»¿“¬πÕ°

‡ªìπ·∫∫ Steady state periodic function À√◊Õ

Sol-air temperature, t e   ¡°“√ (9) ®–‡ªìπ

 ¡°“√∑’Ë (10) ‡ªìπ ¡°“√À“§à“ Heat gain ºà“π

°√Õ∫Õ“§“√∑’Ë™—Ë«‚¡ß   ®“°§à“ Periodic response

factors

«‘∏’°“√§”π«≥§à“ PRF Õ’°«‘∏’Àπ÷Ëß §◊Õ«‘∏’

Frequency Domain Regression (FDR) «‘∏’π’È®–

®”≈Õß ¡°“√®√‘ß∑’Ë‡√’¬°«à“ Theoretical frequency

characteristic,    „ÀâÕ¬Ÿà„π√Ÿª¢Õß Polynomial

s-transfer function,        ‡√‘Ë¡µâπæ‘®“√≥“®“°

Transfer function matrix [3]

‚¥¬∑’Ë

 ¡°“√ (12)-(14) ‡√’¬°«à“ External, Cross

·≈– Internal transfer function µ“¡≈”¥—∫ ´÷Ëß®–

∑”°“√·∑π§à“ s ¥â«¬            ≈ß‰ª®–‰¥â

Complex function ¢Õß,                   ·≈–

       µ“¡≈”¥—∫ ·≈–‡√’¬°«à“ Theoretical

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(11)

(12)

(13)

(14)

(10)

(9)
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frequency characteristics ¢Õß External, Cross

·≈– Internal heat conduction µ“¡≈”¥—∫

®–∂Ÿ°· ¥ß„ÀâÕ¬Ÿà „π√Ÿª¢ÕßÕ—µ√“ à«πøíß°å™—π

Polynomial 2 ™ÿ¥ ∑’Ë¡’‡≈¢™’È°”≈—ß r ·≈– m

√“¬≈–‡Õ’¬¥°“√À“§à“ —¡ª√– ‘∑∏‘Ï¢Õß ¡°“√

∑’Ë (15) · ¥ßÕ¬Ÿà„π [3] ‡π◊ËÕß®“°·∫∫®”≈Õß

 “¡“√∂®”≈Õß‰¥â„°≈â‡§’¬ß°—∫ ¡°“√®√‘ßÀ≈“¬™ÿ¥

¢÷ÈπÕ¬Ÿà°—∫‡≈¢™’È°”≈—ß r ·≈– m ¥—ßπ—Èπ®÷ß®”‡ªìπ∑’Ë®–

µâÕß∑”°“√µ√«® Õ∫‡æ◊ËÕ‡≈◊Õ°·∫∫®”≈Õß∑’Ë¥’∑’Ë ÿ¥

°àÕπ „πß“π«‘®—¬π’È®–µ√«® Õ∫        ‚¥¬„™â§à“ R
2

‚¥¬∑’Ë

 ”À√—∫¢—ÈπµÕπ°“√·ª≈ß≈“ª≈“ ¬âÕπ°≈—∫‡æ◊ËÕ

À“§à“ Response Factors π—Èπ®–À“√“°¢Õß

 ¡°“√√“°¢Õß ¡°“√ B (s) =
 
0 ®“° ¡°“√∑’Ë (11)

´÷Ëß®–‰¥â§à“√“°®√‘ß ·µà°Á‡ªìπ‡æ’¬ß√“°®√‘ß¢Õß·∫∫

®”≈Õß Polynomial s-transfer function

°“√§”π«≥§à“ Cross PRF ®“° Polynomial

s-transfer function ®–Õâ“ßÕ‘ß®“°∫∑§«“¡ [8]

‚¥¬À“®“°°“√·ª≈ß≈“ª≈“ ¬âÕπ°≈—∫ ¡°“√∑’Ë (15)

®–‰¥â

‡¡◊ËÕ = Cross Periodic Response Factors

= 0, 1, 2,..., M -1

= 24

= Time interval, 1 Hour

= Residue =

= ®”π«π Root ¢Õß Polynomial s-transfer

function

= U-Factor

= Roots

√Ÿª∑’Ë 1 ‡ª√’¬∫‡∑’¬∫§à“ PRF  ”À√—∫ºπ—ß™π‘¥∑’Ë 30 ∑’Ë§”π«≥‚¥¬«‘∏’ FDR Method
‚¥¬„™â Order µà“ßÊ ·≈–«‘∏’ Direct root (Response Factors)

(18)

(19)

(15)

(16)

(17)
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3. °“√§”π«≥§à“ Radiant Time Factors
(RTF)
§à“ —¡ª√– ‘∑∏‘Ï Radiant Time Factors (RTF)

§◊Õ°“√µÕ∫ πÕß‡™‘ß§«“¡√âÕπ¢Õß‚´π∑’Ë¡’µàÕ

Õ“°“»¿“¬„π‚´π®“°§à“§«“¡√âÕπ¢Õß°“√·ºà√—ß ’

®–„™â ”À√—∫‡ª≈’Ë¬π§à“ Heat gain ®“°°“√·ºà√—ß ’

„Àâ‡ªìπ¿“√–°“√∑”§«“¡‡¬Áπ∑’Ë™—Ë«‚¡ß„¥Ê ®–·∫àß‰¥â

‡ªìπ 2 ™π‘¥ §◊Õ Solar-RTF ·≈– Nonsolar-RTF

 ”À√—∫ºπ—ß·≈–À≈—ß§“®–„™â§à“ Nonsolar-RTF

·∫∫®”≈Õß¢Õß‚´π¡’≈—°…≥–‡ªìπÀâÕß ’Ë ‡À≈’Ë¬¡

¢π“¥°«â“ß 3 ‡¡µ√ ¬“« 3 ‡¡µ√ ·≈– Ÿß 3 ‡¡µ√

ª√–°Õ∫¥â«¬ºπ—ß 4 ¥â“π æ◊Èπ 1 ¥â“π·≈–À≈—ß§“

1 ¥â“π §à“ RTF À“‰¥â®“°°“√„Àâ§à“ Radiant heat

gain pulse 1 Àπà«¬ ∑’Ë™—Ë«‚¡ß∑’Ë 1 ·≈–´È”∑ÿ°Ê

24 ™—Ë«‚¡ß °√–®“¬Õ¬à“ß ¡Ë”‡ ¡Õ∑ÿ°æ◊Èπº‘« ”À√—∫

Nonsolar-RTF ·≈–°√–®“¬Õ¬à“ß ¡Ë”‡ ¡Õ‡©æ“–∑’Ë

æ◊Èπ ”À√—∫ Solar-RTF µ“¡≈”¥—∫ §«“¡√âÕππ’È®–

∑”„ÀâÕÿ≥À¿Ÿ¡‘∑’Ëº‘«¿“¬„π‡æ‘Ë¡ ·≈–®–∂à“¬‡∑§«“¡√âÕπ

‡¢â“ ŸàÕ“°“»‚¥¬°“√æ“‡ªìπ¿“√–°“√∑”§«“¡‡¬Áπ

‡¡◊ËÕπ”¿“√–°“√∑”§«“¡‡¬Áπ·µà≈–™—Ë«‚¡ßÀ“√¥â«¬

º≈√«¡¢Õß¿“√–°“√∑”§«“¡‡¬Áπ√«¡®–‰¥â§à“ RTF

´÷Ëßº≈√«¡¢Õß§à“ RTF ®–µâÕß‡∑à“°—∫ 1 ‡ ¡Õ „π

ß“π«‘®—¬π’È®–„™â§à“ RTF 3 °√≥’ §◊Õ Light, Medium

·≈– Heavy weight zone

√Ÿª∑’Ë 2 §à“ RTF  ”À√—∫ Light weight zone

√Ÿª∑’Ë 3 §à“ RTF  ”À√—∫ Medium weight zone
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√Ÿª∑’Ë 4 §à“ RTF  ”À√—∫ Heavy weight zone

4. °“√§”π«≥§à“ CLTD
   °“√§”π«≥§à“ CLTD ®–µâÕß§”π«≥¿“√–

°“√∑”§«“¡‡¬Áπ (Cooling load) √“¬™—Ë«‚¡ß¥â«¬«‘∏’

Radiant Time Series (RTSM) °àÕπ ®“°π—Èπ

®÷ßÀ“√¿“√–°“√∑”§«“¡‡¬Áππ’È ¥â«¬º≈§Ÿ≥¢Õß

 —¡ª√– ‘∑∏‘Ï°“√∂à“¬‡∑§«“¡√âÕπ√«¡·≈–æ◊Èπ∑’Ë¢Õß

ºπ—ßÀ√◊ÕÀ≈—ß§“ ÷́Ëß„π°“√§”π«≥∑—ÈßÀ¡¥‡¢’¬π

√Ÿª∑’Ë 5 §à“ CLTD  ”À√—∫ºπ—ß°≈ÿà¡ A ∑’Ë§”π«≥‚¥¬«‘∏’ RTSM
·≈–®“° ASHRAE GRP-158 ∑‘» N, E, S ·≈– W

¥â«¬‚ª√·°√¡§Õ¡æ‘«‡µÕ√å MATLAB √Ÿª∑’Ë 5 ·≈–

√Ÿª∑’Ë 6 · ¥ß°“√‡ª√’¬∫‡∑’¬∫§à“ CLTD  ”À√—∫

ºπ—ß°≈ÿà¡ A ·≈–√Ÿª∑’Ë 7 · ¥ß°“√‡ª√’¬∫‡∑’¬∫

§à“ CLTD  ”À√—∫À≈—ß§“™π‘¥∑’Ë 1 ¢Õß ASHRAE

GRP-158 ®–‡ÀÁπ‰¥â«à“¡’§à“„°≈â‡§’¬ß°—π §à“ CLTD

 ”À√—∫ºπ—ß°≈ÿà¡ A ∂÷ß G ·≈–À≈—ß§“™π‘¥∑’Ë 1 ∂÷ß

13 ¢Õß ASHRAE GRP-158 · ¥ß‰«â„π¿“§ºπ«°
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5.  √ÿª
   «‘∏’ RTSM  “¡“√∂„™â§”π«≥§à“¿“√–°“√∑”

§«“¡‡¬Áπ ”À√—∫·µà≈–æ◊Èπ∑’Ë‰¥â‚¥¬Õ“»—¬·∫∫®”≈Õß

Õÿ≥À¿Ÿ¡‘Õ“°“»¿“¬πÕ° (Sol-air temperature)

¢Õßæ◊Èπ∑’Ëπ—ÈπÊ ·≈–®“°º≈°“√«‘®—¬æ∫«à“‚ª√·°√¡

√Ÿª∑’Ë 7 ‡ª√’¬∫‡∑’¬∫§à“ CLTD  ”À√—∫À≈—ß§“™π‘¥∑’Ë 1 ∑’Ë‰¡à¡’ΩÑ“‡æ¥“π·≈–¡’ΩÑ“‡æ¥“π (SC)
∑’Ë§”π«≥‚¥¬«‘∏’ RTSM ·≈–®“° ASHRAE GRP-158

§”π«≥§à“ CLTD ¢Õßºπ—ß·≈–À≈—ß§“®“°«‘∏’ RTSM

∑’Ëª√–¥‘…∞å¢÷Èπ¡’§«“¡∂Ÿ°µâÕß„π√–¥—∫∑’Ëπà“æÕ„® ®÷ß

 “¡“√∂π”‰ª§”π«≥§à“ CLTD  ”À√—∫ºπ—ß·≈–

À≈—ß§“™π‘¥µà“ßÊ ‰¥â∑ÿ°æ◊Èπ∑’Ë √«¡∑—Èßª√–‡∑»‰∑¬

¥â«¬‡æ◊ËÕπ”„™âª√–‚¬™πåµàÕ‰ª‰¥â

√Ÿª∑’Ë 6 ‡ª√’¬∫‡∑’¬∫§à“ CLTD  ”À√—∫ºπ—ß°≈ÿà¡ A ∑’Ë§”π«≥‚¥¬«‘∏’ RTSM
·≈–®“° ASHRAE GRP-158 ∑‘» NE, SE, SW ·≈– NW
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