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Abstract

: Y‘Six variations of a do-it-yourself solar

collector design were constructed and
exposed under stagnation conditions

=for 1 year; collectors were basicaily

ciosed boxes without air circulation.
Temperature in each collector was
recorded throughout the test period and
the effect of these temperatures on the
wood framing and plywood in the
collectors was estimated based on
previous studies of effect of high

'Research conducted in cooperation with the
USDA, Farmers' Home Administration, Rural
Development Service, Washington, D.C.

’Maintained at Madison, Wis., in cooperation with
the University of Wisconsin,

‘Miliett, M.A., and C.C. Gerhards. 1972,
Accelerated agmg Residual weight and flexurat
properties of wood heated in air at 115° to 175° C.
For. Prod. J. 4(4):193-201.

‘Holmes, Carlton, A. 1977. Effect of fire-retardant
treatments on performance properties of wood. In
Wood Technology: Chemical Aspects. ACS Symp.
Ser. 43, Am. Chem. Soc.. Washington, D.C.

*Matson, A.F_ R.E. Dufour, and J.F. Breen. 1959.
Survey ot available intormation on ignition of wood
exposed to maderately elevated temperatures.
Underwriters Lab. Inc., Northbrook, I
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temperature on properties of wood.
Visual observations were also made on
the wood, paint, insulation, and glazing.
Temperatures in the collectors could
reduce strength properties of the wood
if stagnation conditions were
maintained for many years. The
maximum stagnation temperatures
could result in spontaneous ignition of
wood if maintained continuously for
long time periods (months, years).
Operating temperatures are usually
much lower than stagnation
tem peratures.}

Introduction

The search for economical methods
of collecting solar energy has led to a
variety of systems with many of them
employing wood as the basic
construction material. One such system
is a series of simple wooden boxes that

[ DISTRIBUTION STATEMENT A
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could be built by the homeowner with
few tools and limited skilis. The
collected heat energy would be
distributed to the heating system by air
circulation. However, if the air
circulation system failed to function or if
it were not operated during summer,
temperatures in collectors could
become quite high. The durability of
wood and safety of using it at such
temperatures as under stagnation
conditions has caused some concern.
To determine temperature levels and
effects of those temperatures on
materials, six variations of a do-it-
yourself collector were exposed under
stagnation (no air flow) conditions for a
period of 1 year near Madison, Wis.
Temperatures were recorded at critical
locations in each collector and the
performance of all materials was
observed. Long-term eftects ot high
temperature on wood have been
previously studied, so these effects
were projected for the collectors tested.
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Background

Studies of temperature eftects on
wood have shown that temperature
above 150 F results in immediate
temporary reduction in mechanical
properties, but prolonged heating may
also cause permanent loss Permanent
reductions increase with time. but are
not dwectly proportional to the length ot
time those temperatures are
maintaimed. Aithough exact data are not
available for the condition in this study,
some extrapolation can be made trom
accelerated aging studies by Millett and
Gerhards *

The immediate effect of 150" F
conditions on wood at 5 percent
moisture content is projected to be a
reducuon in strength ot about
26 percent If that condition occurs for
only a brief time, strength will be
recovered when the temperature is
lowered However, exposure to that
temperature for a long duration would
result in a permanent strength
reduction Projections of the data would
ndicate a 13 percent permanent
reduction it 150 F were maintained
constantly for 20 years. It that
temperature occurred for only 4 hours
per day. the same reduction in strength
would occur in 120 years. Using the
same accelerated aging data and
extrapolating tor 200" F for a short time
penod. the immediate reduction in
strength s 40 percent A
13 percent permanent reduction would
occur in 1 year ot continuous exposure
at 2007 F or in 6 years i that
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temperature occurred tor only 4 hours
per day

Ignition of wood varies with the
specimen and with duration and
uniformity of exposure. heating rate,
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oxygen supply. air circulation and
ventilation. degree of continement or
space geometry surrounding the
exposed wood element, temperature
and characteristics of adjacent or
contacting matenal. and amount of
radiant energy present With convective
heating of wood under laboratory
conditions. spontaneous ignition has
been reported at as low as 520" F and
as high as 880" F after only minutes ot
exposure ’

Although not proven by laboratory
expenments, there have been many
documented field reports on igmtion® of
wood under long-term stagnation
condiions at temperatures near 212" F
Consequantly. to provide a satety
tactor. this temperature of 212" F has
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3/8" PLYWOOD
2"x 10"

Figure 1 —Collector with 2 x 10 franung

(M 148 A

been given as the upper limiting
temperature tor wood exposure over
long periods of time (months, years)

Description of Collectors

Six variations of the collector design
were fabricated in 4- by 8-foot panels
(figs 1 and 2, table 1) All had wood
frames, plywood back, and double
glazing on the front Four were

insulated on the sides and back, the
othet two had no insulation A flat black
paint was applied inside and out to all
surtaces betore collector plates ot
glazing were instalied All joints were
caulked betore members wete screwed
togethes

Each panel was divided nto three
cavities about 16 inches by 8 teet by the
depth of the taming members All three
cavities were interconnected by cutouts




near alteérnate ends ot framing membaers
dividing the panel. In a functioning
system. additional cavities with simitar
cutouts would be placed side by side to
achieve the desired collector capacity
An exhaust tan on one end would draw
awr through all of the cavities.

For exposure. the 4- by 8-toot panels
weare mounted on a frame at 60° to
hornizontal and facing south so they
would be nearly perpendicuiar to the
sun's rays duning the coldest time ot the
year (hg 3)

Instrumentation

A thermocouple was placed near the
center of the middie ar space in each
panel Additiona) thermocouples were
placed in Panels 1 and 5 to observe
vanations in temperature due to
location within the panel Panel t had
thermocouples near the top of the
center air space. on the metal collector,
between the collector and the wood,
between the collector and glazing. and
between the two sheets of glazing
Panel 5 had thermocouples on the
plywood coliector, near the top of the
center air space. between the two
sheets of glazing, and on the surface of
the outer glazing. Outdoor temperature
was also measured by a thermocouple.
A wind anemometer was used to
measure wind speed. and & cadmium
cell measured hight. All of the data were
recarded on a strip chart recorder with
a timer that turned it on only during
daylight hours

Collector Temperatures

The collectors were placed at an
exposure site near Madison, Wis., in
January 1977, and stagnation
temperatures were recorded
continuously through December 1977
Temperatures at the center of the
middie air space were selected as
representative data for estimating the
effect of heat on properties of wood.
Other temperatures in the collectors
were never more than about 15 degrees
higher. and tempaeratures in some parts
of the collector were much lower.

The uninsulated paneis had frequent
daily highs of about 180" F. but few that
exceeded that temperature. Only one
daily high in Panels 5 and 6 exceeded
180" F

The insulated paneis had
temperatures above 200° F tor about
4 hours a day in April. None of the
panels had temperatures exceeding
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200° F on the selected sunny day in
August, and only one panel (No. 3) had Estimated Ettect of High

temperatures exceeding 200° F on the
selected sunny day in December The
highest temperatures ware in Pane! 3,
which had temperatures above 200" F
on 123 days or about one-third of the
days of a year.

Temperature cycles for Panel 3 on
selected sunny days in early spring. late
summer and winter are shown in figure 4

Temperatures on Wood

As stated in the "'Background”
section, permanent reduction in
strength of wood due to 1 year ot
exposure to a temperature of 200" F
would be about 13 percent In Pane! 3,
with such temperatures occurring for
about 4 hours per day on about one-

O PP




Panel
numbes

1

traming

ARSIV
Southern
e

RRRIU
Southern
pine

AR BT
Douglas
fu
Dl
Douglas
tu

AR
Southern
pine
AR
Douglas
tn

Tabile t.—Collector construction materials

Rack

38D
Southern
pine
RN
Southein
pine

RIE N\
Douglas t

IRCh
Douglas t

RENEOY
Southern
mne
80D
Douglas tn

Insulation

1t n
extruded
polystyrene

In
eatsuded
polystyrene

1Ym
extiuded
potystyrene

1
extruded
polystyrene

None

None

Collect

1 160
Aluminum

1 16w
Muninum

1 o
Muminum

1 16w
Auminum

Collector
pant

lacquer

lacquer

flat

tat

Plywood back lacqued

Plywood back lacquer

Glazing

Two 0% i glass
sheets

Two 0 S
fiberglass sheels

Two 0% i glass
sheets

Twe 00N n
fiberglass sheets

Two 0 ' an glass
sheets

One 0 i
tiberglass and one
cotrgated
fiberglass

Figure 3 —All six solar collector panels mounted at the exposure site
The mottiing in the panel at the far right 1s the result of the black lacquer peeing off the metal coliector plate and setthng
to the bottom of the pane!
n the second panel from the right. the arrow shows the crach in the glass of Panel 3
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third of the days of the yeatr, the
13 percent reduction would occur n
about 18 years However, i1 250 F
occurred for about 2 hours pet day. the
13 percent strength reduction would be
estimated in 9 years During the time
this tugh temperature s maintained. a
40 parcent immediate reduction in
strength would also be expected to
occur It should be recogmized that the
above eftects assume stagnation
conditions in the collector Under
normal opetating conditions,
temperatures shouid be much lower
Spontaneous igmtion has occutred in
wood heated above 210 F tonr long
times. so the collector panels tested
should not be maintaimed at stagnation
conditions for long times Undet
aperating condiions, temperatures
should be kept below 10§

Visual Obsearvation of
Materials

Although the primary obective of this
study was to obsenve temperatures in
the collectors under stagnation
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combhions ang estimate then offect on
waodd, Certan visual oLSEIVARNONS were
made cancerning mateniats in the
cottectors

Wood

Satid woind i all of the collectons
showed no visible signs of chas o
Jegradation of any type Pliywood on the
backs ot Panels 1.2 3 and $was
wrsutated rom the mam cavity and
temperatures i Panels b and 6 wete nut
high encugh to have much ettect on the
plywaad However pliywood i gl the
Panets wis attecing ty condensation

} Isnde haces were water stamed (hyg 5
A SOMe delannnation wecurred
‘} Setews used (o altach ihe plywacd wete

Quite cosradded GO grade plywood with
an eateno! ghue was used as speaiiod
ay the phans but shoukd NOt De used 1
CONtIOUS QUG exposite An
extenon grade plywaod shoukd sohve the
delanuuration probilem Bt mosture
cound eventudthy cause decay and the
vatroded seeew s worihd fose muach of
the weldhing paower

Paint

Thete qepeared (o be 0o Many
Gitterence i the tadaant heat collechon
Attty ot the twa tvpes of pastt The 8t
Back et psedd pottanmeaed weh wilh ao
poeshmg Bhstenag o ather signs of
deteoncniton T L guet ased dat poeet
oy {1 ety vottectee \hq KABRTAN!
Readhtiy e tempatuies were
OBy ed i the coniocior e peoenmng

tnsulation

Thar Oy s st WS a0
AR AV T8 BRSO H S L S K YA TR SISl AR AT
MANDLCTI O EECOTIIMIEeES I et send
Wherp fiemperain e evcesds 1680 1
tomperatiwses e S0 the foam
hstorted severei (g B8 The feast
GBsterhion vecatred adpacent o the
ohvwomt bocaanse the average
tempreralie was lower than where the
SOy 1Y tanung nsoiated the feam
tom cotdo temprosatare

Uindert Oor gl apretating combitions
temperature i the collechises may
De gh enough te damage the fpam
Bowever f stagiation comntions e
ovpecied Tor sven sttt percds
anathier fype of msubiabon shouhd e
consniered

Glazing

LHazmgs inciuded a clear glass a
transiucent Gberglass and & corudated
plastic The ansiucent hberglass
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produced slightly higher maximum
temperatures than did glass. The flat
tiberglass used in combination with
corrugated plastic pertormed as weill as
two sheets of flat glass. A large crack
occurred in one of the sheets of glass
(tig. 3).

Following the test period, small
pieces of glazing were cut from the
collectors and light transmittance
through them was measured with a
spectrophotometer. Transmittance in
the visible range (near intrared to near
ultra violet) was the same as control
specimens not used in the collectors.

Outgasing of wood could result in
deposits on glazing that would reduce
the transmission of solar energy to the
coilector plate. In Panels 1 through 4,
most of the wood was separated from
the glazing by the metat collector piate.
In Panels 5 and 6, all of the wood was
exposed to the glazing. but
temperatures were never above 180° ¢
There was no evidence of outgasing
deposits on glazing in either case.
however, this does not preclude
outgasing problems where wood at
higher temperatures is exposed to
glazing.

Summary

The four insulated solar collector
panels tested under stagnation
conditions near Madison, Wis.
frequently had temperatures above
200° F, which would reduce strength
properties of wood over a long period of
time. However, under operating
conditions, temperatures shouid be
considerably lower. Spontaneous
ignition would not be expected under
operating conditions when thereis a
tlow of air over the wood members, but
could accur it stagnation conditions
were continuously maintained for long
periods of time (months, years). Solid
wood showed no visible signs of char or
degradation of any type. Plywood backs
on the panels were stained by
condensation and slight delamination
occurred. Screws used to attach the
plywood to wood frames were badly
corroded.

The flat paint performed well, but
enamel used on metal collector plates
peeled excessively. Polystyrene
insulation distorted at high
temperatures (manufacturer’s literature
recommended no use at temperatures
above 160° F). The flat fiberglass sheets
used resulted in slightly higher collector
temperatures than did clear glass.

Figure 6. —Rigid insulation severely distorted due to temperatures higher than man-
ufacturer's recommendation.

(M 147 057-6)

There was no reduction in light
transmittance in the visible range in any
ot the collectors. If there was outgasing
from wood, gases did not reach the
glazing and result in deposits that would
have reduced collection of solar energy.
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