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Development of a TFM load calculation program based
on thermal response factor
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ABSTRACT

A load calculation program based on TFM(Transfer function method) has been proposed in
this study. The validity of the current method has been verified by comparing heat gain
calculation by TRF(Thermal response factor) with that by CTF(Conduction transfer function)
adopted in ASHRAE. In addition, it seems that the CTF coefficients given in ASHRAE
tables have somewhat ambiguity. The load calculation program developed in the current
study has been employed to calculate cooling load from the exterior walls and roof of
example 6 in the ASHRAE. The results are found in good agreement.
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Table 1 Checking of sufficient condition
of Egs. (3) and (4) with seventh
summation, [%]
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Fig. 1 Thermal response factors and heat

flux of wall.
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Fig. 2 Heat gain from wall group 5 of Set A.
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Table 3 Additional CTF coefficients b7 and
d7 of walls in Set B and C

Set | Wall Group by dr
23 0 -0.000087
27 0.000006 -0.000020
29 0.000002 -0.000044
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31 0.000004 -0.000264
32 0.000015 ~(.000078
41 0 -0.000155
35 0.000010 -0.000308
C 37 0 -(.000878
39 0.000006 -0.000240
40 0.000010 -0.000229
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Fig. 3 Heat gain from wall group 38 of Set D.
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Fig. 4 Heat gain from wall group 34 of Set E.
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Fig. 5 Heat gain from wall group 4 of Set F.
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Table 4 Materials for walls and roof in the
ASHRAE™ example

Compo Ar(;a Materials (mm)
-nent | (m°)
steel siding(2)+low density
roof | 375 | concrete(100)+insulation(51)+
felt(10)+slag(12)
S-wall | 36 face brick(100)+common brick
(200)+ plaster(16)+plywood(6)
N-&E-| 15 & | heavy concrete block(200)
wall 72 | +plaster(16)
AE& FAsE AFEE Table 49 Jeligle
o, gy dALEE 24Colv

43 HMAD} v

431 Yo ZEH S

A% 9 55 2931 5 98 5% 4
#E54E 22 Fig. 7, 8,9 282 109 e
t}. o] HAEL ASHRAE Tabledl A 2 A =X
%= HAEelnR Z+ HA9 CTFgaine fAl
HAE(X L Roof group 5, ¥& HL Wall
group 24 283 B&3 F2& ¥ Wall group
5)¢] CTFAFS Ugts o843l Aidd gl
o},

2 &9 CTFgain® TRFgain®] Fig. 79 Hpo]
£ i o] A9 YR ALE Rop AA A
ol dg FARALA] & HJSE & 5 3
=3

FE&H = Fig. 8o Hole upolgo)
CTFgain®] TRFgain2t #A et} Fig. 9

E Aagp
Aaa " A
— 2
N Aapapfnasd —a—CTFgan

-

T 2000 y
A —+—TRFgain
0 —e— CTFoad
—»— TRAoad
A Falseload
-2000
0 4 8 12 16 20 24

éln

Fig. 7 Heat gain and cooling load from the roof.
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Fig. 8 Heat gain and cooling load from the

S-wall.
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Fig. 9 Heat gain and cooling load from the
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—+— TRFgain
—e—CTHoad
—#— TRFload

0 4 8 12 16 20 24
oih]

Fig. 10 Heat gain and cooling load from the -
E-wall.
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Table 5 Heat gain during 24 hours of each
component, [W/m%]

Component | CTFgain24 | TRFgain24 | &y (%)
roof 71750 70131 2.3
S-wall 8482 11192 -24.2
N-wall 6203 5073 22.3
E-wall 41754 32727 276
total 128189 119123 7.6
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Table 6 Cooling load during 24 hours of each
component, [W/m?]

Component | CTFload24 | TRFload24 | &3 (%)
roof 71751 70133 2.3
S-wall 8482 11193 ~24.2
N-wall 6203 5072 22.3
E-wall 41734 32729 275
total 128170 119127 76
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