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Abstract

This work involves a theoretical and experimental investigation of three types of
composite laminated materials as thermal insulations for roofs. The composite consist of
three types fiberglass with polyester resin. The first is of; random fiberglass type-1, (density
of 659.3 kg/m®).The second is random fiberglass type-2, (density of 731.8 kg/m®) and the
last is matt fiberglass,( density 1010.5 kg/m®). The theoretical investigation involved a study
of the solar radiation received by the walls and roof, heat gain reduction of roof for the
three types of composite materials at different variables; these involved the (insulation
thickness, number of layers of composite insulation, volume fraction, and the air gap
between roof and the insulation. The experimental investigation is divided into two parts:
the first part included measurement of thermal conductivity of composite materials using
Lee's disc method with different volume fraction. The second part included manufacturing
of two rigs (reference rig and test rig) with dimension (1m x 1m x 1m height). Theoretical
results proovs that the heat gain for the roof is more than that of the walls. Also the heat
gain is decreased with different percentages depending on the type of insulation. Obviously
the heat gain is decreased with using air gap. The thermal conductivity is increased with
volume fraction theoretically and experimentally. Experimental result proofs that using
random fiberglass type-1 is best in the present work. Also the air gap increases the
efficiency of thermal insulation.
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Description
Atmospheric Extinction Coefficient
Apparent Solar Radiation (at air mass=0)
Inside air film resistance
Outside air film resistance
The diffuse radiation factor
Hourly beam radiation on a horizontal surface
Hourly diffuse solar radiation
Hourly beam radiation on as plane normal to the beam direction
Hourly incident radiation
Total solar radiation incident on the surface
Rate of energy supply to the heater
Thermal conductivity of each layer of roof assembly
Thermal conductivity of composite
Thermal conductivity of fiber
Thermal conductivity of matrix
Longitude of the location in question in degrees west
Standard meridian for the local time zone
The day of the year 1< n <365
Radius of disc

Temperature of disc A, B, and C in lee's disc technique
Inside air temperature
Daily average outdoor temperature

Volume fraction of fiber

Thickness of each layer of roof assembly
Absorptance of the surface of solar radiation
Hour angle

Declination angle

Latitude angle
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Introduction

Most of the energy is spent for heating and cooling purposes. World has still got enough
resource in order to use for heat insulation purposes or heat insulating materials. In Iraq the
major source of heat gain in building is solar radiation. It is characterized by its variability.
Roof surfaces are most exposed to solar radiation. The temperature in summer season reaches

up to 50 C° in most sunny days in Baghdad [33° N]. This needs the use of air-conditioning
equipment to cool the space in order to reach the suitable conditions for humans. The solar
radiation absorbed by roofs is transmitted down to the inside living space. Most energy
through the ceiling (35%), windows and floors (12%) each, walls (11%), doors (5%), and
(25%) through infiltration [ASHRAE-, a, 1997] 1],

[Cummings 1991] ! investigated the effect of ceramic coatings on top of an asphalt
shingle roof of a Florida residence to observe the reduction in attic temperature and house
cooling. Roof absorptivity decreased from 0.78 to 0.27 when the coating was applied. [Ron &
mark 2001]"! applied a ceramic paint coating to the roof of a finisher barn room at the Arkell
Swine Research Station. Results clearly indicate that the ceramic coating resulted in virtually
zero heat gain during day light time periods. [Philip 2003]* studied the effect of radiant
barrier system in Florida house attic. Since the attic airspace separates the hot roof surface
from the ceiling, no heat will be moved down by conduction. In fact the heat will not convert
down from the hot roof to the ceiling due to heated air rises. [Karen & Bas 2003]™ had an
experiment with a green roof to improve the thermal performance of a roofing system through
shading, insulation, and thermal mass, thus, reducing a building’s energy demand for space
conditioning. [Yucel et. al 2003]® made experimental tests for the expanded polystyrene as
insulating and construction materials which are (or close) to homogenous. [John & Camille
2007]") were carried out extensive experiments on shielded and un- shielded roofs. The
results indicate that a highly reflective solar barrier can reduce the rate of heat transfer into
buildings. [Fujino & Handa, 2002]"! described the features of PWFA (Plastic Waste / Fly
Ash) composite. A small amount of glass fiber as reinforcement and a fire retardant was
added in the ingredient of the composite. The thermal conductivity for the specimen 100x100
mm2 decreased with increasing the specimen temperature.

It is clear that there is a lack off information in using composite materials as thermal
insulation. In the present work an experimental and theoretical investigation is carried out to
study the behavior of composite material as a thermal insulation.

The Physical Model:-

Solar radiation has an important effect on the heat gain transferred to the space through
the roof. This depends on the location of the sun and the clearness of the atmosphere as well
as on the nature and orientation of the building. Solar radiation is varies both hourly and from
day to day through the year.
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The total solar radiation (1) of a terrestrial surface of any orientation and tilt with an

incident angle (0) is the sum of three variables as follows; see fig. (1)

It:|b+|d+ll’ (1)
Composite Materials
(different in types & thickness)
(Ib+1d)
Ir =0
roof
\
\_ -
I
|
v
Insulation walls \
g0

q (inside)=0

(c) without insulation

Fig (1) The Physical Model

Solar Radiation on a Horizontal Surface:-

Beam and diffuse radiation is calculated referring to experimental results for Baghdad
city. Direct radiation (|, ) is depends on the altitude of the sun only [ASHRAE b, 1997]%.

_ ASR
lan = exp(AEC /sin o) )

Table (1), shows the values of ASR & AEC.
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Table (1) Solar radiation calculation constants for the twenty first day of each

month[ASHRAE b, 1997]".

ASR AEC DRF

Month
wW/m? Dimensionless Ratio
Jan. 1230 0.142 0.058
Feb. 1214 0.144 0.060
Mar. 1185 0.156 0.071
Apr. 1135 0.180 0.097
May. 1103 0.196 0.121
June. 1088 0.205 0.134
July. 1085 0.207 0.136
Aug. 1107 0.201 0.122
Sept. 1151 0.177 0.092
Oct. 1192 0.160 0.073
Nov. 1220 0.149 0.063
Dec. 1233 0.142 0.057

Altitude angle of the sin (o) can be estimated from [John, 1980]

sino = CcoS¢, = C0SH.COS ¢d.COS®+Sin 3.5in ¢

The declination angle of the sun (3) can be calculated from the

1980]

5 = 23.45.[sin (360 (28421 |

Hour angle (®), can be estimated from,
o = (12 —solartime )*15
Solar time= standard time +4(Ly,—L,,.)+E

E is the term of time given as :
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E=9.87sin2B — 7.53cosB — 1.5 sinB (7)
Where
_360(n-80)
B= BT 1<n <365 (8)
Ib = Idn SinOL (9)

The diffused radiation for a clear sky is computed by [ASHRAE b, 1997]*!
|y =DRF I (10)
Where DRF is given in table (1)
Subs. equ. (9) & (10) in equation (1)
1y =y sino+DRF I, (11)

Transmission Heat Gain:-

The transmission heat gain through the roof is caused by the difference between the
interior with the exterior temperatures, in addition to the effect of solar radiation. The rate of
heat transfer can be expressed in terms of sol — air temperature. Sol — air temperature is
meaning the equivalent temperature to air temperature included the effect of solar radiation.

Q=UAAT, (12)
ATeq = teg +[(to —t; )-15]+ [22-DR. | (13)

The overall thermal transmittance coefficient can be calculated as follows:

1

UA = (14)
Rroof
Where,
R roof ={i+ﬁ+x—2+ ........ +X—“+£} (15)
fo ki ko Kn fi

Thermal conductivity coefficient of specimen was measured experimentally by using
Lee's disk method principle, see fig. (2) [Duncan, 2000]%%

Qt 2TA( tj t. Ty
k= S To+ A S [+2B 16
(TB—TAJ{A+ r AT o (10)

(Q), can be obtained in terms of (IV), since the total heat supplied must be equal to
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o- \Y a7

nr3(Te +Tp) + 20t o Ty +t25(TA +Tg) +tg T +tcTe]

Theoretically, Maxwell model is used to estimate the thermal conductivity of the types
of composite materials which are used in the present work.

Maxwell model is used for two phase mixtures;

k _kmlke +2kpm —2vg (ky —k¢ )]

18
kf+2km+Vf(km—kf) ( )

Theoretical thermal conductivity values were compared with experimental values, and
good agreement was obtained.

heater

ambient Temperature

Fig. (2) Lee s disc schematic.

Composite Material (thermal Insulation) Manufacturing:-

Insulation is a material which has high thermal resistance that can be installed in the
building envelope to minimize heat gain to the living space. Most insulations are
heterogeneous materials made of low thermal conductivity, and involve air pockets.

Three types of fiberglass were used to make the insulation layers which are used in the
present work.

The first type of fiberglass is called (Matt Fiberglass) which has a density (1010.5
kg/m3), the second type which is called (Random fiberglass) and this type has divided into
two types (typel) and (type2) according to the density, density of (type 2) is (731.8 kg/m3)
and for (type 1) is (659.3 kg/m3). All types are shown in fig (3)
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Matt fiberglass Random fiberglass type 1. Random fiberglass type 2.

Fig (3) Types of fiberglass

These materials where used to make the insulation mixed with polyester resin which is
first mix with a hardener (2%), without adding the hardener the polyester will stay liquid and
it will never solidify. The amount of hardener added is constant through out all the
experiments that made in the present work, adding more hardener will cause faster
solidification of polyester. In this work different volume fractions and different thicknesses of
insulation were studied to investigate the best construction for composite thermal insulation.

At first the effect of volume fraction is studied for four different volume fractions of
fiberglass. After determining the best volume fraction of fiberglass in composite insulation, a
study was accomplished to find the effect of the thickness of insulation and the number of
layers.

The hand lay — up technique was used in this work to represent the specimens of
composite insulation. The hand lay-up process may be divided into four basic steps:

- Mold preparation molds can be made of wood, plastics, composites or metals. The mold
design depends on the shape of the product, size, reinforcing materials, type of resin, and
additives.

- Gel coating consists of applying a resin layer called as gel coat on the mold surface. The
coating is polyester, mineral-filled, pigmented, nonreinforced layer

- Lay-up in which the chopped strand mat, fabric in the form of reinforcement is applied to
the gel coat surface.

-finishing is time desired machining and assembly work is carried out on the cured
composite part
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The Experimental Rig Model:-

Two models were build to study the effect of composite materials when it is used as a
thermal insulation in roof. The first model is used as a reference model (with out insulation),
but the second model is used as a test model (with different types of insulation).

Their dimensions are (1* 1*1m height) as shown in fig. (4). the roof is made of concrete
layers with 12cm thickness.

Walls is made of 6¢cm polystyrene, in order to neglect the heat gain through it as shown
in fig.(4). The ground model was covered with 4cm polystyrene. Thermocouples, (type-T)
were used to measure the temperatures in different location at models as shown in fig (5).

The thermal insulation is fixed upon the concrete layer of the roof in two arrangements.
The first one in a direct contact with concrete, but the 2" one there is an air gap between the
concrete layer& the insulation layer.

Small two opened windows in the walls were made to make air ventilation inside the
model.

Fig (4-a) experimental models
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Fig. (4-b) Structure of the model (side section)
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location

Fig (5) Arrangement of thermocouples
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Results and Discussion:-

Results is divided into two categories, the first is theoretical results. It is included the
calculated incident solar radiation upon the walls and roof of building in Baghdad (Lat 33°N)
on (21August, 2008). As shown in Fig. (6), it can be seen that the roof is received larger
amount of incident solar radiation than the walls. Fig. (7) shows a comparison between the
calculated solar radiation incident on the roof and the measured on (21 August 2008) (Iraqi
meteorological Organization)™®. The percentage of error between the two values is
acceptable. Fig (8) shows the relation between the percentages in heat gain reduction with
insulation thickness without air gap for three types of fiberglass. Heat gain reduction is
calculated according to the following equation

0% = Qa —Qp (19)
Qa

Where :

Q% : heat gain reduction percentage.

Qa % : heat gain through reference model (without insulation layer).
Qp % : heat gain through test model(with insulation layer).

It is so clear from Fig. (8) that as the thickness of insulation layer increases, the heat
gain reduction will also increases. Figure shows that the random type (1) fiber is the best
than the other two types when the thickness of insulation layer is fixed.

Fig.(9) shows the effect of air gap layer addition between the composite insulation layer
and the concrete layer on the heat gain reduction percentage. The enhancement in the heat
gain reduction percentage is clear and maximum especially at the insulation thickness equal to
(2cm). The range of enhancement for the type one of insulation is about (10% - 32%).

1200 -
3 —e— Horizontal (roof) - AlZOO [ —e— Measured (Iraqi
—8— North wall o« [ Meteorological
1= Organization)
1000 T —a— East wall s = 1000 —=— Calculated
—~ West wall —_ ;
N \ s <~
g 800 \ —=— South wall = 8 800
; S &
< / o "l: L
@ 600 / / \ 8 3 600 1
o
] [Z2 3 L
= 400 = S 400 \
> c C [
: AN 1A Y
[ 7 ‘\ — e 3
© S 5 200
200 o
Q/’? \ N ﬁ\ =27 \
0 & . . - N 2 N N 0 " " M M " " N N

0O 2 4 6 8 10 12 14 16 18 20 22 24 0O 2 4 6 8 10 12 14 16 18 20 22 24

Local Time (hr) Local Time (hr)

Figure (6) The incident solar radiation Figure (7) The incident solar radiation on
on walls and roof, (21 August 2008) horizontal surface, (21 August 2008).
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Figure (8) Heat gain reduction percent Figure (9) Heat gain reduction percent
for different thicknesses of composite for different thicknesses of composite
incilation withniit air nan insulation with 2cm air gap.

Fig.(10) illustrates the effect of the numbers of layers of fiberglass in composite
insulation layer for three types of fiberglass (i.e. the thickness of composite insulation
constant, equal to 4 cm). It is clear that increasing the number of layers of fiberglass causes
decreasing in heat gain reduction percentage. This is due to thermal conductivity of fiber glass
which is higher than that of polyester resin. So for high performance of composite insulation,
a minimum number of layers of fiberglass must be used. It is clear again that for the same
number of layers of fiberglass in composite insulation, the random type (1) fiberglass shows
the best than the other two types of fiberglass.

Fig. (11) shows the effect of air gap layer addition on the heat gain reduction
percentage. It can be shown that using air gap will enhance the efficiency of composite
insulation for all types and for all number of layers due to low thermal conductivity of air gap.
It can be concluded that the random type (1) fiberglass has optimum percentage reduction in
heat gain when comparing to other types for the same numbers of layers.

Fig. (12). shows the position of present composite insulation compared with two
different types of insulation. The polystyrene insulation gives the highest rate of heat gain
reduction when comparing with random fiberglass type (1) insulation and wood.

Fig. (13) show the relation between the heat gain through roof and daily time (local
time) for Random fiberglass type (1) of composite insulation with fixed thickness (6cm).As it
can be seen from fig., the heat gain increases as the time goes forward until it gets its
maximum value at(2P.M.). It is also clear that using air gap will decreases heat gain through
roof more than using insulation alone.

The second category of results is the experimental results. Three types of fiberglass were
used in present work.
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The first type is called Matt fiberglass (p :1010.5kg/m3 ), while the second type is

called random fiberglass which is divided into two types according to the density , type(1)

which has a density of (659.3kg/ m3) and the density of type (2) is (731.8kg/ m3).
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Figure (10) Heat gain reduction for
different types of fiberglass for different
number of layers without air gap,
thickness=4 cm
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Figure (12) comparison between two
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Figs (14,15, and16) shows a comparison between experimental and theoretical results of
thermal conductivity varying with volume fraction .For three types of composite insulation, it
is clear that the thermal conductivity increases with increasing of volume fraction due to
increasing the volume of fiberglass in composite sample which has higher thermal
conductivity than polyester resin.

Figs. (17, 18, and 19) represent the relation between temperature reduction percent for
the upper roof surface and local day time for 4cm thickness with (10, 20, and 30) layers of
each type of fiberglass. Temperature reduction percent is calculated from equation:

Ta _Tb

0 =
™ Ta

(20)

Where : T, :- Temperature of roof without insulation (reference model)
Tp :- temperature of roof covered with insulation (test model).

Figures show that random fiberglass type (1) is better than the other types, this due to its
low volume fraction. Figs. (20, 21, and 22) shows temperature reduction percent for the lower
roof surface for the same variable mentioned above. Random fiberglass type (1) is dominant
in temperature reduction especially at peak time of solar radiation (12A.M to 2 P.M.) in
comparing with the other two types of fiberglass. Figs. (23, 24, and 25) represent the
temperature reduction percent with local day time for the upper roof surface with and without
air gap. The thickness of composite insulation is 4cm and containing (10 layers) of fiberglass.
It can be shown that the arrangement applied with air gap has more temperature reduction
than the arrangement without air gap. This is because of low thermal conductivity of air
which plays a vital role for extra insulation roof. Air gap increase the thermal resistance of the
roof, therefore the insulation efficiency is improved.
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Figure (14) Comparison between Figure (15) Comparison between
theoretical and experimental results theoretical and experimental results of
of thermal conductivity, Random thermal conductivity, Random
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118



Journal of Engineering and Development, Vol. 14, No. 3, September (2010)

05 g
*
e
> 0.45
=
= /
=
o 0.4
S ~
=Y .
S £
O E 0.35
E Nt &
£ 03 >
.GC) - —=— Theoretical
= 025 ‘— Exp?rimental
0 10 20 30 40 50 60 70

Volume Fraction %

Figure (16) Comparison between

theoretical and experimental results of

thermal conductivity, Matt fiberglass

35 —a— Matt fiber

—e— Type 2 fiber
—x— Type 1 fiber

i NN
" /4 Al

S
J
7

7/

Temperature Reduction
Percentage (%)

-10 NN
-15

-20

0O 2 4 6 8 10 12 14 16 18 20 22 24

Local Time (hr)

Figure (18) Temperature reduction for
the upper side of roof with 4cm
thickness insulation, without air gap

(20 layers).
20 x —a— Matt fiber
7\
/x \ —a— Type 2 fiber
15 x \ —x—Type 1 fiber
10 7
—~ / "\x
g DA
5
@ \
% (4% x\
T
3 A v
2, \ Ry
o eV A\
-10

Temperature Reduction

0 2 4 6 8 10 12 14 16 18 20 22 24

Local Time (hr)
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Figure (24) Temperature reduction Figure (25) Temperature reduction

comparison between insulation with (2cm) comparison between insulation with
air gap and without air gap for roof upper (2cm) air gap and without air gap for
surface, 4cm thickness, Random roof upper surface, 4cm thickness, matt
fiberalass type(2) (10 lavers). fihaeralass (10 lavers)

Figure (26) shows temperature reduction percent with local day time for the upper roof
surface for Random fiberglass type (1) insulation without air gap. Thus, the effect of thermal
insulation thickness can be studied. It can be seen that for the first three thicknesses (2cm),
(4cm) and (6cm), the temperature reduction increases with the thickness however, when the
thickness increases above (6¢cm), it clear in (8cm) thickness case, it shows a different result,
where the temperature reduction begin to decrease. Also from figures (27) and (28) which
give the same results for insulation but for Random fiberglass type (2) and Matt fiberglass
respectively, it is so clear that the (8cm) thickness shows different and unconditioned
response in temperature reduction. This is especially in early day time where it acts in reverse
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by keeping the roof temperature higher than that of the air temperature, increasing the
negative amount of temperature reduction. Figure (29) shows the effect of thickness of
Random fiberglass type (1) insulation on roof lower surface. As before, the (8cm) thickness
case shows alternative response in temperature reduction in comparison with other cases. It
can be concluded that increasing insulation thickness is an effective parameter in increasing
temperature reduction for roof, but it has limitation. As it can be seen that the (6cm) represent
the critical value which is the best thickness of insulation in present work and for all types of
fiberglass. Any thickness larger than that will acts reversely by trapping heat preventing the
roof from losing heat to air when the air temperature is lower than roof temperature.
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Figure (26) Effect of insulation Figure (27) Effect of insulation
thickness in temperature reduction on  thickness in temperature reduction on
roof upper surface for Random roof upper surface for Random
fiberglass type (1), without air gap. fiberglass type (2), without air gap.
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Figure (28) Effect of insulation thickness Figure (29) Effect of insulation
in temperature reduction on roof upper  thickness in temperature reduction
surface for matt fiberglass, without air on roof lower surface for Random

gap. fiberglass type (1), without air gap.
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Conclusion

Many conclusions can be drawn from the present work which can be summarized as

follows:

1.

The results show that the three types of composite materials consisting of polyester
resin and three types of fiberglass; Random fiberglass type (1), Random fiberglass
type (2) and Matt fiberglass are all effective for roofs thermal insulation. The
advantages of this insulation are easy to perform, and have a high stiffness, fire &
water resistance, and which are available in Irag.

Lee's Disc approach which utilized to determine the thermal conductivity of the
composite materials insulation. This method is proved to be accurate, easy to perform,
and not expensive.

The results show that thermal conductivity of the insulation increases with the increase
of the volume fraction (which represents the volume of fiberglass in insulation layer).
The first type of composite material insulation (Random Fiberglass type (1)) has the
optimum value of heat gain reduction in the model. It has (38.1%) heat gain reduction
when compared with the other two types. These give, (34.1%) heat gain reduction for
random fiberglass type (2) and (32.7%) for matt fiberglass.

Using air gap with (2cm) thickness between the model roof and composite insulation
will enhance the insulation efficiency for all types of fiberglass. It will also increase
heat gain reduction through the roof for Random type (1) from (38.1%) to (56.2 %)
and for Random fiberglass type (2) from (34.1%) to (53.9%) and for Matt fiberglass
from (32.7%) to (52.9%).

Experimental results show the optimum thickness of the first type of thermal
insulation (random fiber glass type (1)) is (6cm). This represents the critical thickness
for insulation type.
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