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Abstract

The purpose of this paper is to propose the way of computing conduction time series factors
(CTSF) using numerical method. After the accuracy of the numerical solution procedure being
verified, the method is applied to the wall type 24 and roof type 14 of ASHARE to find the
conduction time series coefficients, so called conduction time series factors. The results agree
well with the values presented in the ASHRAE handbook. The method proposed can be easily
applied to find unknown CTSF for more complex structures. It provides information about the
temperature changes at a given location and time, thus validity of generated CTSF can be
checked easily.

Keywords: A= A|AE A4 (Conduction Time Series Factors), E-AFA] A& (Radiant Time
Series), WX 5K Cooling load), =% 34 (Numerical analysis)
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H27]|2 Sttt Fisher €} Spitler 52 RTS WS At oH, 2k&akAs HekS AFElA CTSF 3=
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Fig. 1 Schematic diagram of a simple wall or roof with coordinate
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2.3 CTSF 2 5= 2x[6HA 244
(1) CTSS} CTSF 2] Zo]
) @ 2 Eo] tigk CTSO] Aol ASHRAE fi=io] oshs, ofefe} Zrh?.

Qg = Coli,qt C1Q,g— 11T CaQi g2t ene + C93Gi,4— 23 (10)
o714 247]9] ¢, = conduction time series factors (CTSE) o]tk s, g = 715AI- gollA 2] Al

HAR=RStolm % 247 Fe] Folck, 1EAHRH IAFES ARt g 01T /1EAFOZ5E n A
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(2) CTSF ARt 74

CTSE = AJ(10)0]14] ¢,01 2, HE-S- (%) gto]H, i=0,230]c}. 2.2740] A& W o 2 2 e S35 7=
£ A5 v, A10)ol AAE CTSet CTSF o257 thaal 22 7 o & CTSFE 3k

(Step 0) TLIART BATH-Gol5 thaal 2ol ool ARg it SGAIRE Rtellxl= Fd7t deiHol S
[W/m?*]5 ZEARY, A7 ek gEishzt 0ole oAl Sof A(10) 2HS] 71EA1- o] 1At qolH, 4]
(10) $H82] 2 A Pt g, . = 360055 ©) 2L L1 2371 -2 Oo|ct. 7 OH‘il}?lq 00]H AAd OAJFE] 1
0o]ct.
(Step 1) ZAD OAIFE] 1A7E] Q] TIAZE EAR Qe A2 ZgH AR @HRs} 24705 Al

' OAIRE] IA7R2], 1A B2t DRIAITE BAE AR () dghet vhad 1A7EA] 42 siA

Ahks 4385 F AUE7] 5 A= AP == AN SRS A(4)oll Sl 1417 e L3He) Al
A A9VY Gload)= HAloka}. AR WHIRSsEe] AlZF AIRR To]H i=]1,240]ct,
Gload(D= HAE 0A1FH 1A7EA] 7Fali] SIAITFEAR QI5), iA1FE i+1A7E] AW R AdE Jas}
oltt. w2bA, Gload(24)= A 0A1FE 1A7HA] 7167l BIARFEAR 16l A 24X (TR 0ADH
Bl o IA7ER] A= g @Rstole), §Hd 37171 24413t0| 9, Gload(24)=Gload(0)oltt.

(Step 2)mIAIZE & WHIESI A G(i) = GLoad(0) — GLoad (i) 3 i=1,247F4] ARt

A G(i)= ARt i, i + 1]ATo]of vl S9IAFE A7 BRG] r] )= 4Rt GRFoleh - A HAR)
2 AR (i, i+ 1]l ¥l SRIAIZE BAR Q1 AWR AR i, i + 1159 AEE Walstolct (S7 dAsh
785, ©] -2 GLoad(0) 7 Zth). 2] & WA R AIZH0,1] (=37 0AIF-E] 1A7EAD o] 7}l ©9IA]
Hag Qe A= ARE [4, 0+ 1]15<t g YFstoloh,
(Step 3) 717} 24A17 01, A G(0) = A G(24)0] B2, QTEIA | 7] Q1S {=0,23.0 & WA
wbA i 1AZE A O] AR ITES YEdl= QlEl2olt) of7]4, A G(24) = GLoad(0) — GLoad(24)

A7EA] w2t QI Rsls S (A|7h &2 36009)0] 1 HAd 14] 0]5-9] ¢jeis.

ol(

_l

o
N
>,

i
filo
re

ol
ofl

=

23
(Step ) G = 31 A G FAH WAL & FR5te] 1959 T Tk
=, G 3 0ARE] LA 7Fi] S91AIE Bol] of], 24417 5t A Hehel & st of

Ok 7171 24A13F Q1 78%- o] g2 2P OAFE 1TAI7RA] Zhsfiad SheiARt B 0] FF<l 360051

(Step 5) ¢, = ) 100 (% )2 ARYSIA CTSES 73tk
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(1) 2 A w24

Table 1-2 ASHRAESA 23 CTSF gho] ARt 2730] gt goksolr, 5
W02 CTSFS AWt f A-&5]9ick ASHRAE BAHS 24 (Wall 24)%= 0.2 m 3% 2
% ohtelt?. 14 F9] & FA:
= 0.94m*C / Wolth 52 #Fe] A g7] 8%
o] o

T ZIHER o]fold HAlE

=1.064 W/m Co]“r o ;qo]—__

g Are

Table 1 Wall 24 materials'

h=28.33 W/m*C, ¢7]
ASHRAE®| 4] AJAI§HCTSF %

e

Fang

[e]

0.2032

Eolst 270 2

3ol AAE

2 E M08e|H
mo|t}. A GG Alg—=
HeflA o] A= 4
Ags h=25W/m*C7t ARSEICE

A AT wf AR W] 251 28ColH, &7 k= 35T o[tk

Materials Thermal o U/R
Category conductivity 2 (W/m*C)
code name thickness (m) (W/m°C) (m/s) / (m*C/W)
Air (outside) FO1 25/0.04
0.2 m Light
“(;aZHrff MOS8 weight concrete 0.2032 0.26 6.368e-7 1.282/0.78
’ block(filled)
Air (room) F02 8.33/0.12
(2) EA15- RF14
Table 2 Roof 14 materials'”
Materials Thermal o U/R
Category conductivity 2 (W/m*C)/
code name thickness(m) (W/m°C) (m'/s) (m*C/W)
Air (outside) FO1 25/ 0.04
F13 Outerlayer 0.0095 0.16 0.9785e-7
GO03 EPS board 0.0127 0.07 1.346¢-7
Roof 14 0.337/2.97
0.2m 103 Glass wool 0.0762 0.03 5.766e-7
Mill 0.1m concrete 0.1016 0.53 4.949¢-7
Air (room) FO3 6.25/0.16
ASHRAEC]A] 23t CTSF 2452 1 20]| AIAIE 23510l Akt=|olct?. ASHRAE B3t A8 o

14 (Roof 14) 9] 114 &2

0.2 molc}. 2

o % 47} o] 2ojRlr). BeAle

U=0.315 W/m*Ceola g

0.1 m A% Z328E M11, 0.0762 m &<
0.0127 m &4 (sheathing) G03, 712117 0.0095 m 2]Z(outer layer) F132 74 HTH?. 117 2] 2 A=

=Ae] A EdE Are

A7) 103,

—

A& R=3.17m>C/ W oItk 2]
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Ao At EHIF AlE h = 6.25 W/m* C = 521 Al Het 2. 9)7] HEHollM h = 25 W/m’ C
oJc}. ASHRAE®IA AAIRE CTSF gk At wf ARG o] 27] 22732 28°Colw, 97] 2% = 35Tl

A 02 WSS 8] $19) e gk HEA A A% (CTSP) g A0s1H 02 ok 1t
720,370 A o0, ]2 Hga)4 QolA 27} Table 301 AXHo] SIFk. $=1000] ZAA, 1521
7102 25K ARKIA 2 Tolzle, B4 JeFS 1A S i BISE FT A A
Fom], Be4-0] GFS W) 9 gFEo] Ho| AN oS Sol RF149] %, A 13, 51, 97 =
S7F A E Aap} u|EEgon], B4} 37k 13 g ARG S T CSTFgLI} ket =47}

2P 4L 9302 RE |, 1 4 4Rl AFE719] 257} 26T 3502 A9l CTSE ghe 28°Cel

A Tt Zhat Qe 24417 Bt 12 7HA 02 4] s siA] et ATt Aol & A

Table 3 Comparison of the conduction time series factors (CTSF) for Wall 24 and Roof 14'%

hour W24 R14 hour W24 R14 hour W24 R14
[10] Curent. [10] Current [10] Curent. [10] Current [10] Curent [10] Current
0 1 0 1 0 8 3 3 6 6 16 0 0 2 2
1 110 2 2 9 2 2 5 5 17 0 0 2 2
2 21 23 8 8 10 2 1 5 5 18 0 0 1 1
3 20 21 1 11 1 1 1 4 4 19 0 0 1 1
4 15 16 11 1 12 1 0 3 3 20 0 0 1 1
5 o 11 10 10 13 1 0 3 3 21 0 0 1 1
6 7 7 9 9 14 0 0 3 2 2 0 0 1 1
7 5 5 7 15 0 0 2 2 23 0 0 1 1

241748 37|12 AlAtet A7} Table 30f] AlAE]o] ASHRAECHA] et gHEa} v s]o] ck?. AlAE
CTSF k52 ASHRAE of| A et ghof] et 2|} 24k= (Wall 24) &} 7% 2%°1H, (Roof 14)Q1 7 1%
olt. A= 19 F717F AIAStAL Bubs Al oM TSl Qlok. CTSF ghoflM +1%9] @ 2h=, Bt
2 oxpel: 71 9tk o] =RollA] ARSH R 02 Alts (Roof 14)of] thet CTSF A7+ BH, CTSF <
S0l 98%0°11L H)2217F0 hret 14 hro AT dofupE 2, Z42F 1%E Hafl FH (&7) S| 100%7t =
™, ASHRAEO|| A H3E3t ghrh eHdsHA A7) SHA| ek, ASHRAEA AAE gHa-2 Faseat 1A=1E AR

5L gl o] =Rl AGHE M S AL CTSF ZE5-S 2412 ol4Je] e AAE 4 9k
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AT AAD A CTSE & A58 .0 2 F5he 132 QKL o] PHE-2 B2 BAAAD e
A QRIS 78 v Bastc), o] Rl Al 7HgE ARG elAlel She CTSF 2k Tk ot
& AE ASHRAESIA WEG 21o} n|wshd A2 2vHe okl chevt 2ok

(1) AIQHE Mo, B A B2 BgAR TAH AL ] et CTSE g2 73 4 9k

() A W02 7 olAlol Hhe CTSF 3E5-2, ASHRAE HESo] s ks 2 915 Fick

(3) Ak o=, e WA el the CTSF ZLe 24 73 4 9k

(4) AT o] A9, CTSF 250 Beld e e 47 A58 4= ik, usta, wjAu dae] Az

o 91x]o] w2 L& Wl PEalE W] ARY] Thzolck 5717} 24411191 CTSF Aol 0w

et glo B e B 2] 7717k 244kl edot ol FhSo] Beld o Hsict

ALt 270) 2717} 24ARERE} 2 73 9] T 54 A7} Maste). 1E0] CTSF 4018 4451
U, o] §A5k7] 9190 Wag 24 oo} Pek. 49 B Ak Ho] it Se] oAbk

o] =2 20173 = F=roist A1 2| of| eJste] o] Fo|F G U o] ket IRHE HaEed X3
tfgt ofw|d 2)4lofl thsh, Fisher W4} Spitler W4=H7| A=,
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