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‘material. Since the air in the pores of a moist specimen is replaced by the
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INTRODUCTION

THE flow of heat through a roof slab is periodic, on account of the solar
insolation, which imposes a diurnal variation of temperature on its exposed
surface. The exact periodicity can be vitiated by the small difference that
may occur between the initial and final temperatures for the 24-hour interval;
but this difference is usually negligible, especially when the day forms part
of a stable synoptic regime. The significant thermal property of the roof
material is not so much its thermal conductivity (K), as its thermal diffusi-
vity, o given by the relation '

K
pCp

a

where p and Cp are its density and specific heat respectively.

In common practice, « is calculated from the experimental values of K,
p, and C, measured under steady state conditions for oven-dry specimens.
The temperature dependence of these constants may be a second order effect
only; but it is definitely known that they vary with the moisture content of the

more conducting water both in its liquid and vapour phases, not only the
effective p, and C, but K also alters. A vapour pressure gradient is set up
duc to temperature differences; and the consequent vapour movement

inside gives rise to an additional heat transport, both latent and sensible,

in parallel to the conduction flow. This reduces the thermal resistance or
increases the apparent conductivity of the material.

Considerable crrors are therefore likely to be introduced in the analysis
of heat transfer through building sections if « is calculated from the con-
ventionally determined values of K, p and C,. The correct approach would
be to evolve a method of determining o of the material directly under the

~existing conditions of moisture.
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mental rooms and hourly temperatures were recorded continu-
number of days, to an accuracy of + 0- I°

a stable stretch of weather conditions. The roof of the room
.C.C. slab. The room was 10’ 6”"x 12’ x 9’ 9” in dimensions and

_731_(,16) and the ambient air temperature at the centre of the room,
sen day are given in Fig. 1.
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THEORETICAL

Houghten (1932).and his co-workers have given a solution for the ceiling
temperature, O conséquent on a unidirectional transverse flow of heat from
the roof surface where the temperature varies sinusodially, with an ampli-
tude 4.

The solution is given below in a slightly altered form
0c = RyePit0; sin (wt — ol + 71) (1)

where / is the thickness of the roof slab;

P = J% (=27 = 15%nr.)

Sl
V2 +2h + 42
iy EtE R ey
yl tdn 2_|_f'1’
h
f-l_—K‘Ea

and /1 is the appropriate film transfer coefficient, equal to the ratio between
the rate of heat transfer per unit area of the ceiling and the ceiling-to-air
difference in temperature.

h, K and the ambient air temperature for the room below are assume.!,
constant throughout the period while arriving at the above solution.

This solution can be extended to the case where the roof temperature
has any periodic variation other than simple sinusodial. 6, will now be
given by the expression

Oc = Ec + E RpeFald, cos (nwt — on — Pul + yn) 2

n=1

when the roof temperature is given by the Fourier expansion
0 = 0, + X 0y cos (nwt — oy)
fn=1
where

Bn = V/nBy ;
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6bserved experimental time temperature curves of the roof (6,),
ng (6c) and the indoor ambient air (6,) are first analysed into their
‘components as follows

= 8607 + 23-02 cos (w! — 214°9)
+ 6+85cos Qwt — 27°59")
+ 1:01 cos Bwt — 115°50)
“+ 0-50 cos (4wt — 130° 22
5 T {4)
0= 84-33 1 1495 cos (wf — 242° 35") ' |
+ 3:66 cos 2wt — 70° 30")
+ 0-32 cos Bwt — 163° 50')
+ 0-25 cos (4wt — 139°31")
ARG ] (%)
CI._81 45 + 650 cos (wt — 259° 54 : -
+ 1:76 cos Qwt — 84° 48')
+ 0:71 cos (3wt — 56° 44)
+ 0:34 cos (4ot — 117°17') - _
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Fic. 3. Time-temperature curves for the ceiling, experimental and computed (Experi-
mental air temperature curve is also given).

though the boundary conditions assumed in the solution are not strictly identi-
cal with the experimental ones the computed thermal diffusivity, under i
situ conditions, can be considered accurate enough for practical purposes.
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