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Paris, J., Davidson, C. and Falardeau, M. 1988. A solar wall for
supplementary heating of a farm building Can. Agric. Eng. 30:
125-131. This project involved the design, construction and evalu
ation of a simple passive solar collector adapted to farm buildings in
Quebec. The chosen system comprises a large solar collector covering
much of the south wall of an otherwise standard (but well-insulated)
agricultural hangar. Three variant collector designs were tested; meas
urements of collector temperatures and air movement were related to
measuredsolar energy impacting on the collector, and to exterior and
interior ambient temperatures. Thermal performance of the collectors
was assessed and it was found that using the most efficient design for
the whole wall (48 m2) would produce an average output of 20.5 kW
from October to April. This type of collector would be economically
viable with a 4.5-yr amortization under the circumstances described
(i.e., built by the farmer himself).

On a realise le design, la constructionet 1'evaluation d'un collecteur
solaire passif simple adapte aux batiments agricoles au Quebec. Le
systeme choisi pour cette etude comprend essentiellement un grand
collecteur solairecouvrantla plusgrandepartiedu mursud d'un atelier
agricole bien isole mais, par ailleurs, conventionnel. On a evalue en
parallele trois variations du collecteur. On a etudie particulierement
les effets de l'energie solaire incidente, de la temperature exterieure
et de la temperature ambiante sur les temperatures et debits d'air dans
lestrois types decollecteur et surleurrendement thermique. Onestime
que letype decollecteur leplus efficace pourrait fournir une puissance
moyenne de 20.5 kW d'octobre a avril, s'il couvrait toute la surface
du mur capteur (48 m2). Ce meme collecteur aurait une periode
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d'amortissement d'environ quatre ans et demi pour ce type de batiment
s'il est construit par le fermier lui-meme.

INTRODUCTION

In Canada, the continuous increase, over the past 20 yr, in the
price of conventional sources of energy has stimulated the desire
to install efficient and economical solar energy systems for the
supplementary heating of agricultural buildings. Today, thanks
to the work of a number of researchers, several solutions are
available. Some of the solar collectors which have been devel
oped (Lawand et al. 1981, 1982; Lefevre and Lawand 1981;
Robbins and Spillman 1978) allow the fresh air required for
ventilation and for diluting odors, dust, humidity and gases
accumulating in animal houses to be heated. In this way,heating
costs are significantly reduced, and an environment which is
favorable for the health of the animals is maintained.

This paper presents the thermal performance of a solar
wall suitable for use on agricultural buildings without central
ventilating systems (for buildings withoutanimals). This wall,
of simple construction, borrows from the technologies of two
existing solar systems: the conventional active solar collector
and the Trombe wall. Available reference books (Dickinson and
Cheremisinoff 1980; McVeigh 1977) and numerous publica
tions (Akbarzadeh et al. 1982;Balcomb et al. 1978; Balcomb
1981; Hocevar 1979; Judkoff 1981; Trombe et al. 1976) on
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Figure 1. General view of the south-facing collector.
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these systems areuseful sources of information on the objective
evaluation of solar walls from several viewpoints (profiles of
air speed and flow, thermal performance, time lag).

The objective of the project was to design, construct and
evaluate a supplementary passive solarheating system. The sys
tem was tested on a recently built, insulated wood-framed and
metal-clad hangar, located in Southern Quebec, used for mak
ing and bottling natural apple juice. Design priority was given
to simplicity of operation, low cost of materials and ease of
construction. However, three variants ofabasic design approach
were evaluated. The experiment was planned, and the collectors
designed in 1982. The collectors were added to the existing
hangar in accordance with the specifications in the autumn of

that year. Measurements were taken during the winters of 1983
and 1984, allowing results to be analyzed initially in 1983 and
comprehensively in 1984.

SOLAR WALL

The collector was designed for easy addition to the existing
south wall of the hangar. Since the existing cladding was to
serve as a collector surface, it was first painted with a selective
matt paint. However, since particularly high temperatures can
be encountered in a collector when the airflow is restricted or
stopped for any reason (Casperson and Hocevar 1979), with a
consequentrisk of damage to foam plasticinsulation and a risk
of fire breaking out in the timber framing members,vermiculite
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Figure 2. Axonometric sketch of top andbottom details of the solarcollector.
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Figure 3. Schematic drawing of variants of solarcollectors as built.

insulation was poured into the air spaces behind the existing
cladding, after cutting and framing the top and bottom openings
for the air circulation. Figure 1 gives a general view of the
collector covering allthesouth wall ofthepressing shop; Fig. 2
is an axonometric sketch of top and bottom details of the
collector.

The collector comprises 12modules, eachabout 1.2m wide
(given by the standard 4' width of cladding materials); these
modules aregrouped into sets of four, which, while of almost
identical construction, correspondto three variants of the col
lector (see Fig. 3). In the second set, eachof the four collector
modules (65mmdeep x 1200 mmwide x 4 mnominal height)
contains a metallic screen inserted in the center plane; in the
third set, a sheetof metal, paintedflatblack, occupies thecenter
plane; in the first setof modules, there is noinsert, sothat the
collectorconsists of one rectangular shaft. In all of the three
sets of four modules the exterior cladding consists of "Meli-
nex"-treated translucent glass fiber-reinforced sheets, with an
interior membrane of "Tedlar" separated from it by about
20 mm. As has been stated, the depth of the collector space
(between the Tedlar and the metal cladding) is 65 mm
throughout.

Each of the collectors is linked to the interior of the hangar
top and bottom byframed openings measuring 280 x 1100 mm
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and provided with insulated hinged covers (shown in Fig. 2 in
the open position at the bottom and in the closed position at the
top). In addition, further openings, also provided with hinged
covers (not illustrated), allow the hot air to be directed into the
vented roof space rather than into the building, once the heating
season is over.

Detailed results and analysis of the collectors performance
can be found in the technical report prepared for Agriculture
Canada (Paris et al. 1985).

EXPERIMENTAL METHODS

Measurements were designed to enable the performance of the
variants of the solar collector to be assessed: they were taken
over four periods of 5 d during the winter of 1983 and 39 d in
1984. When measurements were to be taken, the hinged covers
were rigorously opened mornings and closed at night, and no
form of conventional heating was used.

Temperatures were measured with Type T copper-constantan
thermocouples, connected to Leeds and Northrup Speedomax
250 or Thermo-Electric 3518-2000-32 multiple recorders. Solar
radiation was recorded by Dodge Products solar sensor SS-100
and solar recorder model no. 77. Preliminary airspeed meas
urements were made in 1983 with a Dynamic Corporation of
America Anemotherm model no. 60 and main measurements
in 1984 with a TSI Inc. Velocity Transducer hot wire anemo
meter, model no. 1610 with Linear Readout Signal Conditioner.

Temperature measurements included: external air tempera
ture (taken on the shaded north side of the hangar), internal air
in the workshop (taken in four locations and on the concrete
floor), the actual surface temperature of the metal wall clad,
and die temperature at a number of locations in the collectors
(initially to study the three variantdesigns, then to checkthat
therewereno significant differences between the four modules
of any one design set; Fig. 4). Air speed measurements were
taken near the outlets at the tops of the modules, with readings
near the front (glazing side) and the back (wall side). In the
case of variants 2 and 3, these positions were in front of or
behind the central metal screen or sheet. All measurements were
synchronized, at local civil time, with incident solar radiation
measurements taken for a vertical plane just inside the glazing.

RESULTS

During the first testing season (winter 1983) temperature and
solar radiation measurements enabled the overall performance
of the solar wall to be described. When the level of solar radia
tion is sufficiently high (greater than 100 W/m2), the collector
surface rapidly absorbs the solar radiation transmitted by the
double glazing, regardless of theoutside temperature. Thecold
air in the hangar enters the solar wall through the bottomopen
ings, is heated by contact with the absorbent surface and, by
natural convection, returns to the hangar through the openings
at the top. On sunny days, the wallcontributes significantly to
the heating requirements of the building. Around 1330 h, the
average temperature in the hangar approaches 20°C (Fig. 5).
On overcastdays, the maxima and minimafor the interiortem
perature correspond to the exterior temperatures at the same
instance. This phenomenon is influenced primarily by the con
tact between the air and the outer surfaces of the collectors, and
by leakages of cold air through cracks in the building.

Recorded temperatures also revealed that: (i) air temperature
gains in modules 2 and3 areequivalent, andclearly higherthan
in module 1; (ii) the thermal performance of the different sec-
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tionsof any one module is the same; (iii) the concrete floor slab
has a considerable cooling effect because it is always cooler
than the inside air; and (iv) the vent to the roof space is abso
lutely necessary when the collector is not in use(traps closed)
since air temperature in the collectors can otherwise reach the
safety limit of the materials (90°C).

During the second test season (winter 1984), data on air
speeds within the different modules show that, for a range of
levels of solar radiation (from 300 to 800 W/m2), air speed pro
files are higher in the inner duct spaces. In the caseof module
2, the screen seems to act as an obstacle to air flow without
screening out the solar radiation. The collector surface heats
and speeds up the airin the innerduct space but this phenom
enondoesnot affect the airin the outerduct space. The design
of module2 yields the greatest differences in airspeeds, unlike
module 3, in which the central sheet metal acts like a collector
surface and heats up the air in bothduct spaces simultaneously.

The air-flows in the duct spaces are related to airspeedand
cross section. In all three modules, flow increases proportion
ally to solarradiation up to 500 or 600 W/m2 (Fig. 6). Beyond
these values, flow remains almost constant (the curvesof Fig. 6
were obtained by visual fit of the data, regression analysiswas
not deemed warranted).

Figure 7 shows, for each module, the relationship between
the heat output Q released into the air in the hangar and the
solar radiation transmitted through the double glazing. Three
characteristic zones can be observed:

1. Start-up zone for the three modules, between 0 and 50 to
100 W/m2; the slope of the curves is small and the heat output
is practically negligible.

200 300 400 500 600 700

Collected incident solar energy, et (W/m2)

Figure 6. Air-flows in the different collector variants.
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Figure 7. Thermal energy transferred to the air, plotted against solar
radiation.

2. Maximum performance zone, for modules 1 and 2,
between 100 and 350 W/m2; for module 3 this zone seems to
cover the full range of conditions above the start-up zone; the
slope of the curves is maximum.

3. Decreasing performance zone, modules 1 and 2, for 350
W/m2 or more; the slope of the curves is decreasing.

The exceptional performance of module 3 above 100 W/m2
(no maximum value observed) corresponds to an instantaneous
performance rx (energy output to the air/radiated energy) of
about70% - a figure which compares favorably with conven
tional solar collectors. This performance by module 3 shows
once again the efficiency with which the collector surface (the
intermediate sheet metal) releases heat on both sides between
1000 hand 1400 h, and also the efficiency ofthe double glazing
(low heat lossby convection or leakage). The curves alsoshow
that the screen in module 2 is not of much use, since the heat
output of modules 1 and 2 are almost the same.

Finally, the thermal performance of the solar wall was eval
uated. First, an average thermal power was calculated for one
section of each module (1.2 kW for module 1, 1.5 kW for mod
ule 2 and 1.7 kWfor module 3) using the values of Q showed
in Fig. 7. Then the average total output of the solar wall, sup
posing that the most efficient design(module 3) had been used
for the whole area (12 sections of 4 m2), would be 20.5 kW.
This output, already high, could be further increased signifi
cantly if the solar wall were used during fall and spring (Sep
tember to October and April to May, respectively). The more
intense sunshine during those times of year, coupled to thefact
there is no levelling offof the curve in Fig. 7, could probably
lead to a higher average heat output for the solar wall. On the
basis of energy calculated at current domestic electricity rates
(0.0362 $/kWh), with a conservative heating period of 4 h per
day for a total of 212 d (October to April), the amortization
period of such a set of collectors would be about 4.5 y. This
figure does not include an allowance for the general building
insulation costs, and it does assume that the standard of work
manship in assembling the collector is good (120 man-hours).

CONCLUSIONS

Thepassive solarcollector at an apple-juice plant was the sub
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ject of study during two test seasons. The first allowed the
changes of temperatures inside the building to be recorded as
a function of outside climatic conditions (outside temperature,
sunshine), and the second enabled the heat output of the three
modules to be assessed.

Results obtained show that the collector wall reacts very rap
idly to changes in solar radiation. On a sunny day, the air which
circulates in the wall can be heated by as much as 40°C (not
shown in Fig. 5), despite the low temperatures which may pre
vail outside at the same time. This source of heat is far from

negligible and can contribute to raising the air temperature in
the hangar up to 20 or 25°C. On the other hand, on a cloudy
day, the solar wall is of limited value and the inside temperature
varies as a function of the fluctuations of outside temperature.

In terms of performance, it seems that variant 3, with the
central metal sheet, has the highest output of thermal energy,
whereas variant 2, with the metal screen, has the lowest and is,
therefore, to be ruled out. Variant 3 would seem to be a better
choice than variant 1 (despite the 15% additional cost) because
of its higher performance at higher solar radiation levels (a con
sideration that could become even more important during the
early and late heating periods of late autumn and early spring;
see Fig. 7). The amortization period for the material costs of a
wall of type three is evalued at 4.5 yr.
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