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panel cavity air timber walls and to compare values of the heat transmitted

temperature. Adopting temperature difference of unity , that is, (ti - tie) =
by the two types of walls.

1Kelvin , then Q/A/ per unit kelvin = U. Also Markus and Morris (1980)
stated that

In order to derive the general the equation for the heat transmission by
timber, four timber wall materials are of focus : ayin (Anogeissus
leiocarpus), iroko (Milicia excelsa), mahogany (Khaya senegalensis) and
fanpalm (Borassus aethiopum). The first names of the timbers are their
local names while the botanical names are given in parenthesis. The first
three timbers are exogenous trees while the fourth is an endogenous tree.
They are all available in Africa (Keay etal, 1964) and their use as cladding
(wall) in building construction is usually as single panel. Their use as
double panels in walls is to be investigated and compared with that of
single panel wall.

U @

1
> ®)

where Y( R) is the sum of thermal resistances to heat flow.

2.2 Determination of thermal resistances .
Resistances to heat flow for a single panel wall are from external air, the
timber wall panel and internal air of the room. For the double Uwsa._ <<m..:
with cavity air, the resistances are external air, wall outer panel ; cavity air,
wall inner panel and internal air of the room, anmﬁ_éq The
diagrammatic representation of these resistances are shown in Fig 1.

To accomplish the study, analysis was carried out to obtain expressions for
the heat flow in term of thermal conductivity of the panel material and
panel thickness. Thermal conductivity experiment was carried out in a
laboratory using Lees method and the results along with timber panel
thickness ranging from 10 to 50 mm were substituted in the heat flow
equation to calculate the values of heat transmitted through the walls. The
results were analysed statistically using Computer Microsoft Excel 2003 ,
to generate equations relating the heat transmitted and panel thickness, for
the single panel and double panel timber walls, respectively.

External air
temperature

t External air
% temperature e

Internal air
temperature

Internal
air temp.

tai

2. Theory

The heat exchange between the internal and external air of a room is
considered to flow horizontally. The heat flow equation and the resistances
to the heat flow are considered next.

Wall
Inner Wall e

panels

= panels
"

2.1 Determination of heat flow equation

The rate of heat flow per unit area through an element is Q/A in Wm™ is
equal to the thermal transmittance, U, multiplied by the air-to-air
temperature difference (Markus and Morris, 1980) is given by,

Cavity air * Single panel wall room

(a) Double panel wall room

Q/A = U(tai~ toe)

()

where Q is the quantity of heat, A is the area normal to the direction of
flow of heat, t, is internal air temperature and t,e is the external air

Fig 1. Schematic diagram showing room panels and
resistances to heat flow

18





image7.jpeg
Jimoh, A. A. USEP: Journal of Research Information in Civil Engineering. Vol 4, No. 1, 2007

i i 1
resistance as Ry » internal air resistance as Rai 5 aM:w% Em::ﬁ.EEM wwmm_
ity ai i ner
i tance as Rg, , and double wall in
resistance as Rop » cavity air resis i
resistance as Rip therefore, the sum of the resistances for the double panel

wall is .

MW& = Rget Rop * Reat Rip Rai ®
W

and the sum of the resistances for single panel wall is
TR =Rt Ryt B @
SW

Values of the air resistances as given in Markus and Z_o:va Cowov W_Mw,\m.m_
follow : Ree= 0.055 m2KW (for normal mxnonE\mv.u_ Rai, = 0.12 ._Eﬁ o
(when heat flows horizontally), R =035 m Kw', for unventi m..a{a
cavity of 20 mm or more thickness coﬁoqoa by low surface S:._mw_(_ww\,
material like wood. The timber thermal Rm_w»m:om.ﬂws.g Rop o.q W:,.v _ﬁm mh 4
as the product of the wall thickness (L) and resistivity . The resistivi y
the inverse of thermal conductivity (i.e 1/Ka) - Thus,

L ) b
Ry or Ropor Ry == (" mt KW ) ©
th

When values of resistances and eqn. (5) are substituted in equation (2), the

equation for heat transmitted per m’ per kelvin through single panel wall
becomes

_ 1 (6)
U= T
0.178 +——

Kin

while that of double panel wall with cavity air, is
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Where Ky, is thermal conductivity of the outer panel and Ky is the

thermal conductivity of inner panel. The thermal conductivity of timber
wall material was determined experimentally.

3. EXPERIMENTAL DETERMINATION OF THERMAL
CONDUCTIVITIES.

Lees method was used in this study . The method as carried out by Jimoh ,
2006 is presented below.

(i) Guiding equation Using the experimental set up in Figure 2, the
expression for steady heat flow, from a timber specimen to brass slab in
the figure is given by Poh etal, (2002) and Markus and Morris (1980);

~Nl‘:l W
WE>|\h =MC b (10)

In equation (10), the left side expression is for quantity of heat in the
timber specimen and the right side of the expression is for the heat in brass
slab. From the equation,

_ MC(a/b)L

K., =
th — A@2-t1)

an

Where Ky, = thermal conductivity, L = thickness of specimen, A = surface
area of specimen , tl and 2 are the steady temperatures values at the two
sides of the specimen , M = mass of the brass slab , a/b = temperature
gradient of brass slab, and C is the specific heat capacity of brass slab .
The value of C is given in the Physics practical manual (2006)

(ii) Specimen preparation: Twenty specimens for each timber type were
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prepared . Each piece was 110 mm nominal diameter and 10 mm thick.
The circular shape of the specimen was dictated by the equipment used,
shown in Figure 2.

Specimen actual thickness (L) and diameters (D) were measured at three
equally spaced places and the average found and recorded . Then a trace of
vaseline was smeared over each face of the specimen in order to improve
the thermal contact. The specimen was then placed in position between
the steam chamber and the thick brass slab , as shown in Figure 2 .

T
|
__

11 cm diameter

(a) .Specimen with nominal dimension

Lwann olt

Steam in hose

Steam chamber

timber RN

specimen

::o brass slab thermometers

(b) Steam chamber

Fig 2 Schematic diagram for specimen and equipment
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In order to measure the temperature on the two surfaces of the specimen,
thermometer T2 is inserted into a hole in the steam chamber to measure the
temperatures t1 at the upper face of specimen while thermometer T1, is
inserted into a slot in the brass slab to measure the temperature t2 at the
lower face of the specimen . To raise the temperature of the specimen,
steam is passed into steam chamber from a hot water container. With time,
temperature t2 of steam chamber start to rise and the timber specimen too
starts to heat up . At a time, the temperature t2 of the steam chamber
reaches a peak when it does not rise again while the temperature t1 of the
brass slab is still increasing. Soon t1 too reaches a peak when it does not
rise again. At this time, the system has reached an equilibrium and the
steady temperatures tl and t2 are read and recorded. The time at which
steady state is reached is about 30 minutes from the time the specimen is
placed and t2 is constant at 92 OC while values of tl varies for all the
specimens between 63 and 71 °C.

(iii) Determination of temperature gradient (a/b) of brass slab

After the thermal conductivity test was completed, the temperature gradient
for the brass slab was determined experimentally. The timber specimen was
removed and the brass slab was heated directly from the steam chamber
until its temperature was 85 °C which is 14 °C above the maximum steady
temperature t1 (=71 °C). Then, the steam chamber was disconnected from
the brass disc, leading to fall in its (brass slab) temperature. The fall in
temperature was then measured at an interval of two minutes. The
measurement was continued until the slab temperature fell to 59 °C, lower
than the minimum steady temperature t1 (=63 °C). Both the temperature
fall and the time were taken simultaneously, recorded and plotted. From the
curve, the temperature gradient (a/b) of the curve was determined and used
in equation (11).

(iv) Specimen relative density .
This was determined and it is given by

RD = [E|N (12)
100072LD

Where M is the specimen mass, L is the thickness and D is the diameter .
The density results are also presented in Table 2
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(v) Specimen moisture content. Separate timber specimens for moisture
content determination were cut from the same timber used for thermal
conductivities test. Moisture content was determined using the oven-dry-
method. Specimens were subjected to a constant drying temperature wm
105 °C for 24 hours. Thereafter, they were removed and Em_m_‘_ma..i:m
process was repeated until a constant weight was achieved. The moisture

content is given as
m.c.= (W1-W2)/W2 x100 (%) (13)
Where the initial weight of sample is W1 and W2 is the oven dry weight.

(vii) Thermal conductivity experimental data .
Experimental data are: 7<L>10.5mm, 9507<A >10482 mm~, 63 <tl >
71°C, 92<2>95°C and 0.0133 <a/b=0.0190 , M =107l g, =
380 J/kg/°K  These were substituted in equation (11) to obtain the values of
the conductivity results shown in Table 1. The average values of Ky were
found as 0.2007 W/mK for Fanpalm, 0.1954 W/mK for Iroko, 0.3023
W/mK for Mahogany and 0.2352 W/mK for Ayin.

4. Determination of Thermal Transmission Characteristics
The thermal results shown in Table | and timber panel :inw:.mwm ranging
from 10 mm to 50 mm were substituted in the heat flow equations (6) and
(7) to obtain the results shown in Table 2. The timber thickness used are

based on values available in timber market.

Table 1 Thermal Conductivity Results (W/mK )

Statistical parameters ~ Thermal Conductivity (W/m°K )

Ayin Iroko  Mahogany  Fanpalm
Maximum Ky 0.2875 0.2450 0.4300 02935
Minimum Ky, 0.1950 0.1550 0.1975  0.1600
Average Kg 0.2352 0.1854 0.3023  0.2007
Average MC % 12.10 10.5 11.0 115
Average Relative 0.92 0.72 0.95 0.90
density (RD)

moh, A. A. USEP: Journal of Research Information in Civil Engineering, Vol 4, No. 1, 2007

5. Dis€ussion

The results in Table 2 showed that the average quantity of heat transmitted
per m?/K through a single panel timber wall vary from 4.5 W m? k' |
when the panel thickness is 10 mm, to 2.5 W m™ k™' when the thickness i
50 mm, while for double panel timber wall, of similar panel timber
material, the average heat transmitted vary from 1.6 W m? k' when each
panel thickness is 10 mm, to 1.0 W m? k™ when the thickness is 50 mm.
Thus, the higher the thickness of timber wall panel, the lower the quantity
of heat transmitted.

The ratio of heat transmitted by a double panel timber wall to that of
single panel wall is shown in Table 3. The average ratio is 40 % . This
shows that a double panel timber wall with cavity air, will conduct into a
room only 40 % of the heat conducted by a single panel wall, for similar
panels exposed to the same environment. It also means that the rate of heat
flow into a room in a single panel wall is 2.5 times of the quantity of heat
that a double panel wall with cavity air allows.

There are two deductions that can be made from above. The first is that in
hot weather, the inner room of a double panel wall room will be cooler than
that of single panel wall room, while in cold weather, the inner room of a
double panel wall room will be warmer than in single panel wall room.
This is because heat exchange will be slowed down by the double panel
wall with cavity air. The second deduction is that when a room is heated or
cooled by an air-conditioned plant , the internal heat in the room will be
conserved more in double panel timber wall and less will be lost through
conduction when compared with single panel timber wall. Thus a double
panel wall will reduce the cost incurred in maintaining a constant
temperature of a room.

The graphs of thermal transmission against thickness of panels, using the
four timber types, are plotted as shown in Fig 3. The individual graphs for
the single panel are close and similarly for double panel wall. Because of
this, average results in column 6 of Table 2, were used to generate typical
equation for the heat flow as ,

y =-10258x" + 1630.7x* - 115.46x + 5.5075 (14)
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with R? = 1, for the single panel wall , and

Jimoh, A. A. USEP: Journal of Research Information in Civil Engineering, Vol 4, No. 1. 2007

5 =-10258x? + 1630.7x? - 115.46x + 5.5075
5 R? =1 Average for single panelw all
y=-1875x"+333.18x" - 28.831x + 1.8803 (15) 45
| 4
with R? =1, for the double panel wall with cavity air of 20 mm or more | w 35 ‘h
thick , where Y is the quantity of heat transmitted in W m? per unit :m w5
temperature difference at the external and inner room faces of the wall and m ¥
x is the panel thickness in meter . g m 2.5
82 2
Table 2 Result of heat transmitted against panel thickness b m 15 W
Average Ayin Iroko Mahogany ~ Fanpalm _ Average W F 1 , = .1875x + 333.18x? - 28,831 % 1.8803
thermal 02352 0.1854 03023 0.2007 0.2334 , 0.5 Re=1 Average for double E;@sm__
oo:a:oz%:% 0
Ky W/m'K . 0 0.02 0.04 0.06
Panel Heat transmitted (W/m® /K) Panel thickness (x) (m)
thickness (Single panel wall)
(L) (m) ;
4
ﬁ_v.o_ YR I3 13894 Fig 3 Curve for thermal transmission through timber wall panels
0.02 4.0958 3.6018 Table 3 . Ratio of heat transmitted by single panel wall to that of double
0.03 3.6071 3.0538 panel
0.04 3.2226 2.6506 Timber Ayin Iroko  Mahogany Fanpalm Average
0.05 29122 2.3414 type
1m.:m_ (Double panel wall) Panel Ratio of heat transmitted by double panel wall to that of
thickness thickness single panel wall
@9) (L) (m)
0.01 1.6831 1.5933 1 2 8 4 5 6
0.02 151 13720 001 03597 03636 03555 0365 03603
i - 7 S 0.02 0.3768  0.3826 0.369 3818 0.3775
0.04 1.2616 1.0793 2 2 g 3697 0.38 37
0.05 1.1645 0.9745 0.03 03902 0397  0.3816 0.396 0.3907
0.04 0.4009  0.4083 0.3915 0.4072 0.4014
0.05 0.4098  0.4173 0.3999 0.4162 0.4101
Overall Average = 0.3883
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6. Conclusion

From the study, the following can be deduced:-

The average thermal conductivities of Ayin, Iroko, Mahogany and
Fanpalm are 0.2352 Wm K™, 0.1854 Wm'K"', 0.3023 Wm'K"" and
0.2007 Wm™'K™'  respectively with an average of 0.2334 Wm™'K’'

As the thickness of timber panel increases, the heat transmitted
decreases. The thermal transmission through a single panel timber wall
is 4.5 W m? K", when the panel thickness is 10 mm and decreases to
2.5 W m™ K" when the panel thickness is 50 mm. Similarly for double
panel timber wall with cavity air, the heat transmitted decreases from 1.0
W m™ K for panel of 10 mm thick to 1.6 W m™ K'' when the panel
thickness is 50 mm.

The heat transmitted when the thickness is 10 mm is about 1.5 times the
heat value when the thickness is 50 mm.

Provision of double panel timber wall with cavity air of 20 mm or more
thick has reduced the heat transmitted (per m*/K) into a room by about
one third that of a single panel wall.

Equations for heat transmission as a function of wall thickness for timber

wall of single panel and for the double panel timber wall with cavity air
of at least 20 mm thick were derived
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LOCAL MATERIALS: THERMAL TRANSMISSION
CHARACTERISTICS AND MODELS FOR SINGLE
AND DOUBLE PANELS TIMBER WALLS

A.A. Jimoh
Department of Civil Engineerin, ,University of Tlorin, Tlorin, Nigeria
E-mail address aajimoh4re

Abstract

Thermal transmission characteristics analysis of single panel timber wall
and double panel timber walls with cavity air of 20 mm or more thick, is
presented.  The study considered four timber wall materials for
investigation, namely: Ayin (Anogeissus leiocarpus), Iroko - (Milicia
excelsa), Mahogany (Khaya senegalensis) and Fanpalm (Borassus
aethiopum). In order to accomplish the study, thermal transmission
equations for the walls were analysed , in terms of the wall panel thickness
and panel material thermal conductivities. The thermal conductivities were
determined experimentally and substituted in the heat flow equations while
panel thickness ranging from 10 to 50 mm were used, to obtain the values

of heat flow per m*/K . Results show that, the higher the thickness of wall
panel, the lower the heat flow. It was found that heat transmitted by a
double panel wall with cavity air is 40% of the heat that is allowed by
single panel wall of similar panel thickness. A general heat flow equation
was derived to relate the heat transmitted to the thickness of the wall panel
for the single and double panel walls , respectively.

Keywords

Thermal conductivity , heat transmission, timber, wall, panel

1. Introduction

Wood possesses a low thermal conductivity when compared with metals
(Poh, etal , 2002, Desch, 1991, Findlay,1979). This property of wood
makes timber, a particularly suitable material as cladding (wall) in hash
weathers (Findlay, 1979). In line with this wood behaviour, analysis is
carried out on heat transmission characteristics of single panel and double





