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Thermal Load Calculations on Stud-Frame Walls by
Response Coefficient Method
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ABSTRACT

An application of thermal response coefficient method for obtaining thermal load on stud-
frame walls in a typical house is presented.

A set of stud-frame walls is two-dimensional heat conduction transients with composite
structure. The ambient temperature on the right-hand face of the stud-frame walls is a typical
day-cycle input and the room temperature on the left-hand face is a constant input. The desired
output is thermal load at the left-hand face. The time-dependent ambient temperature is appro-
ximated by a continuous, piecewise-linear function each having one hour interval.

The conduction problem is spatially discretized as 8 computer modelings by finite elements
to obtain thermal response coefficients. The discretization and round-off errors can be neglected
in the range of adequate number of nodes. A 60-node discretization is recommended as the
optimum model among 8 computer modelings.

Several sets of response coefficients of the stud-frame walls are generated by which the rate
of heat transfer through the walls or some temperature in the walls can be calculated for dif-
ferent input histories.
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Table 4. Response Coefficients of 96-Node Mode!l for obtaining temperatures at points
I, J, K and L

Coef. oint IC10.16, 20.32) | J(10.16. 7.0 1 K (10.16, 1.91> | L (10.16 0.0)
D 0.74405x 1071 0.77817x 107! ‘ 0.96462x 1071 0.10163
Bo 0.37768 0.31906 0.14251 0.10617
B — 0. 10667 —0.57768x 107! 0.73812x 107! 0.10144
B. — 0.16098 — 0.14885 —0.93522x 107" | — 0.84734x 107!
B, 0.59618x 107! 0.53291x 107! 0.19885x 107! 0.13784x 107" |
B, —0.66913%x 1072 | —0.62087% 1072 | —0.16007x 1072 | —0.70078x 107® i
Bs 0.29734x 1073 0.29970x 1073 0.52882x 107* 0.58627x 107
Bs —0.49660x 1075 | —0.62129x 107% | —0.55612x 107° 0.81363%x 107°

C,=10.10383x 10' ,

Cs=0.76426Xx 107, Ce=—0.13371x107%, C

B, [nonel; C,[nonel; D,(nonel

»=10.13044 x 1077

C,=—0.31324, C3=039575x 107", Cs=—0.24075x 1072,
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Table5. The Time-Dependent Input and Resulting Temperatures at Points |, J, K and L
Input Output
;I‘rifiz‘j( Step ’I(?eurtlcli)zgéture tr ts E tx tL

8 253 26.3 262 1 259 25.8

9 26. 7 26.9 26.7 | 26.1 26.0
10 28 8 27.8 27.4 26.6 26.4
11 30.6 28.8 28.4 27.3 271
12 32. 2 29.8 29.4 281 27.8
13 336 30.7 30.3 28.9 28.6
14 34.4 31. 4 311 29.7 29.3
15 35.0 319 315 30.2 29.9
16 34.4 318 31.6 30.5 30.3
17 33 8 315 313 30.5 30.3
18 32.4 30.7 30.7 30.3 30.2
19 30. 8 29.7 29.8 29.7 29.6
20 29. 4 28.7 28.8 29.1 29.1
21 28 2 27.8 280 28.3 28.3
22 27. 2 27.1 27.2 277 21.7
23 26. 6 26.5 26.7 27.1 27.2
24 25.6 25.9 26.1 26.6 26.7

Time Interval = 1( hrJ; Temperature (C)

4, £ 2
4.1 HFH ZYEO HE Ex
RITHR S

Mg s,

8709} discretization %@ & &)
S o mde] RS Holx 2
7R o] R e 2 s U Y #i% (node)
o] gk 18 60, 96, 136, 144¢] RA S-S A
Mo} Sl #iEsel ol 17 33 84¢1 mdl
55 BEAEolgta shah. ol gt KBS mo-
delo] Wid HA ol [ERES Ml 717
7He wElr) sl M s E## (analytical
solutiom) & #3te] Wl RLE s okslnt, K HX
°'] Figol ol & BamMs FAEsSE] gfos
S ke @ R el o] dis-
cretization #EE ZA Ho = 144—n0de5’_
wg o) AEsheE ] B s ofr
#ze] 53 @ ghsfol A ztsixA|wh, 1 Oé‘f?}

£ a3 v A92 d5dd. ARRY
18-node =2 ¥ B#ES 17-node B2 A
—3& A9 EF(element)ES 2 020
= Estm, AR 18-nodew o] 7}
Bﬁiﬂgl 17-node el ¥ o} A 3}+81c) (Fig. 5
) BIED.
Bﬁl’ﬂ«] —node 4] 33-node E &
e 07}’3} WERECl dAEHA Fo}
As T A& o2 AfA] di-
scretization ©] B¥{#2] discretization® Th=
A Aol G-&A-S Fols 4 giu)
AU discretization o] FAIS 2% F
w7k 2 el 4T, 5 o €4 5 (thermal
diffusivity, e)7} 22 &4 1, &2 3 E32
59 e} HJOHoZE HES AFAAT
712 model & AFAS] 60-node® discre-
tization © 2 %S wf, &A= H2

45 17
2 o
sieh.



366/ X

11 1

10
09
08
0.7
0.6+ T v y ;
0 40 80 120 160 Node
(a) C, Coefficient
054
0.4 R:
-0.34 _
-0.21 el
-0.1 v v r- ;
0 40 80 120 160 Node
(B C; Coefficient
2.
11
00 8 10 10 Node

(¢) Cs Coefficient

(<101
30 )
00 ] , '
0 L0 80 120 160 Node
({d D Coefficient
%10
x
09 Bo
08
-03 /
00— . ' }
0 40 80 120 160 Node
(e) Bo Coefficient
x10] \ B
-028] N
2020 e
-0.15
- 0.104 . , ' _
0 40 8 120 160 Node

(f) B, Coefficient

Solid Line(—) Showing A Group of Discretization Models
Slash Line(---) Showing B Group ot Discretization Models

Fig. 5. The Relation Between Response Coefficients and Discretization Models

T B o B2 GHES g2 sleo] 84-
node® Z@o|t}, oluf &g A4 (response
coefficient )¢l C,, D, B Al 8ol 4433] 14
-noded @l HIEE B F Uvh ASs
A B |E 9604 13608 SRS
SgAFEe] Wl Wl AHTh 180 gl
o £aE 136004 1442 F7HA1EHS i o
Aggore %E 743 x 107%%% ), wal
A e g At 80 2A A +¥
(converge) Bttar B 4 lrd, k3liia] &l
Ml d3gge 7o #ag 3 ¥ A4
o] 60-node?] <9} 144-noded Mty
Fi B3 28% viutel2g 60-node 2]
do] ww® gagt AA A<l discretization
7

:
olebi AFY & itk

B o fr

o

4.2 WEFN MY L3 R
ASCES )50 Bl wel 1 [ s

#(day cycle) = #& uwi, Ajzhol wiz} s#3)
E HuEgEFHe] gsREdAA A7)
o] dAEE)S B3] 9t = 16700
T &94 5 E (response coefficients ) & 4]
FEsith 8789 G, 1719 D, 7709 B,
AFERZA ¢4 (converge) 3t BE  Ei%S)
Bt 14491 24 ( 144node- discretization
model )l sl Tt o] SHATES
flRstY etd oz #ele Hpe gxgg
q & oleiel o] EEBIF 4 gl

g = —066301x107%¢,®
—0.20639x 107 ¢, ‘W’
+ 13549 x107%¢,®
—1.0880 x107%¢
—0.39124x 10 7% ¢ %
+0.41390x 1074,
—1.3009 x 10784, ®



+1.5159 X 1072 x 256
+0.10670x 106V
—0.340494®
+0.46722x 1071 g
—0.31731x 1072g®
+0.11621x 1072 ¢
—0.24020 X 1075 ¢®
+0.28414x 1077 g
—0.18106x 1072 q®’

R Kol BHE Hh Y E k3] 98
A BA B7) time-stepolMY g8 Uolor
g, 9 REg FlAs HES AlFelr] A
stod 2 Folls deole] gES HAHolAMe W
Hiog2 Jhdeted RS 2Eyv Hayshs
e A Zbe gk 714 2] #(periodic
solution)e) 22 714 {Fe] #e) of
FA1g ¢ ogloh BlifEe]l M2 time -stepell
@t 9w ghel] F3l X3, 7M. FE
e KEMSZ T2 CycleolAl oAl FH

o] k.2
&g

], ang #e iR 9 e
time-step & ZHEl A]23}7] uf) Foll, @i
P4 A &L 9time-step ol Fol AdE T}
4.3 FRERIEO| oiE ER
A A o8 ‘%‘% §]T4 HE 78 Hs
PDEZ = K B £ e 7F

B pggel #wow oplEE
-off) MRS}
Apel 4

¥H-2-% (round
w S RS &
2 (node) 2 & &(element) Z 3l 4] &}
= HellM okrlE = discretization sRA:RiE
= elsle] /o] EErE e IARY #
olt}, #i%i(node)S 7} F7IFo A, 84

thade] EAlelA 23 discretization HEE
29 4 AAAT, AWHLE 7 FE e 7)o
& % (memory storage space) St % B 3
Gol gEEe FAPOR Mey mEel o
o9 &2 FA 7 Al 2EA Bk

Bkl xbel Fykeol| Wi discretization
Mz whady #Eo v ¥ H3F, omlm
AEEKS 23] vl 60node discretiza-

tiono] #HZ& 2] mulofgla ¥ 4 o}

TR MIET R E1T%H 5 456 (1988)/367

i —?JSMT?: saw su
27 g Qe

72}

e flo A

I ore ™o oA
Mg

Mz o
o 3k o

L
P L

> fr & &
i)
tlo
2ok
>

i

ra,
i
o

TEH O R o] Fo
e exrt 1
AW 2%
& of, A Woore] &
AP E9

1824
ole
inl
*.4
2
4 o2
11
z
o
2

o

7 ew wshe @ AlE zHAe)
AR s A AFadn, =
e AW AMgatel 87kAe] e
15ta o 2 ge 7
AR seEe 2 A ggAsE
.ol $EAFET A9 @l
#atel dalel A

N ook
—U

312

o

2

&
W o ol
B
1 i o
o 1o
k1
s g
\Yo
oft 2 oy Ay ok !
X 2
noo
2o s
= o
)
e
2
it
2
L

X ok
;o
k)

2

£

o
& A7 A
o)

2 £ X ®

. Myers, G.E., Analytical Methods in Con-

duction Heat Transfer, McGraw-Hill, N.Y.
pp.151-163, 1971.

. Ozisik, M.N., Heat Conduction, Wiley &

Sons, N.Y. pp.209-223, 1980.

Myers, G.E., “Finite-Difference and Finite-
Element Class Notes,” University of Wis-
consin-Madison, 1978.

Myers, G.E., “The Critical Time for Finite-
Element Solutions to Two-dimensional

Heat-conduction Transients,” ASME



JOURNAL OF HEAT TRANSFER, Vol
100, pp.120-127, 1978.

. Stephenson, D.G. and Mitalas, G.P,
“Cooling Load Calculations by Thermal
Response Facotor Method,” ASHRAE
Transactions, Vol.73, Part I, pp.llL1.1-
111.1.7. 1967.

. Mitalas, G.P. and Stephenson, D.G.,
“Room Thermal Response Factors,”
ASHRAE Transactions, Vol.73, pp.IIL.2.1 -
I11.2.10. 1967.

. Stephenson, D.G. and Mitalas, G.P., “Cal-
culation of Heat Conduction Transfer
Functions for Multi-Layer Slabs,” ASH-
RAE Transactions, Vol.77, Part I, pp.117-
126, 1971.

. ASHRAE Handbook and Product Direc-
tory, Fundamentals, pp.25.27-27.35. 1977.
. Pawelski, M.J., “Development of Transfer

368 / iﬁ I__________,..__m,.,___”._,_,__._,__,. e e

1.

12.

13.

Function Load Models and Their Use in
Modeling the CSU Solar House 1.” M.S.
Thesis, University of Wisconsin-Madison,
1976.

. Ceylan, H.T. and Myers, G.E., “Long-

Time Solutions to Heat-Conduction Tran-
sients with Time-Dependent Inputs,”
ASME JOURNAL OF HEAT TRANSFER,
Vol.102, pp.115-120, 1980.

Ceylan, H.T., “'Long-Time Solutions to
Heat-conduction Transients with Time-
Dependent Inputs,” Doctoral Dissertation,
University of Wisconsin-Madison, 1979.
Franklin, J.N., Matrix Theory, Prentice-
Hall, Englewood Cliffs, N.J., p.105, 1968.
Eigensystem Subroutine Package (EIS-
PACK), 2nd ed., Argonne National Labor-

atory, Argonne, Ill., 1977.



