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. INTRODUCTION

" The concept ot using the sun to
heat buildings is an ancient one. The

‘emergence of ‘‘solar architecture’ is

not so-much the birth of a new tech-

nology as a rebirth of age-oid prin-

ciples. As in the past, the reason for
this re- -emergence is the high cost of
fuel.

The scarcity of trees, which were
the primary source of heating fuel in

ancient Greece, prompted that cul-
ture to uytilize solar energy in dramatic
ways. Entite cities were oriented to
the'south to take advantage of the .
low winter sun. Solar laws were en-
" ‘acted that prevented the construction

of a building if it would shade adjacent
buildings during the winter months.
Similar laws are now being considered
in America.

The Romans also had difficulty
finding enough wood for heating fuel
because they used most of their
wood to build ships. Gradually, the
high cost of importing wood from dis-
tant places prompted the Romans to

find solar solutions to their heating

needs. When the Romans began to
use glass as a window material, solar
architecture took a giant leap forward.
Many public and private buildings

- had large south-facing windows to

admit and trap solar energy, thus
greatly reducing the needffor conven-
tional heating fuels. Overhangs above
the windows shaded the structures
from the high gsummer sun. Entry-
ways were recessed to protect them
from winter winds. The concept of de-
signing buildings in responsg to
natural .climatic forces became com-
monplace

Today, with our growing scarcity of

-fossil fuels, we find ourselves in a

. situation simifar to earlier civiliza-

"tions. About one-third of all energy

consumed in the U.S. is used to heat
and cool buildings. We have to import
one-third of our petroleum, which
everybody knows is getting more
scarce and more expensive. We have
designed nearly all of our buildings
with the notion that our energy supply
would be forever cheap and plentiful.
Architects and planners were not

“concerned with the orientation of

5

buildings to the sun. or with'insula-
tion because the cost of heating and
cooling was so low. The era of cheap
energy is over, but we are stuck with
all those inefficient buildings that re-
quire enormous amounts of mechan-
ical power (i.e., fossil fuels) to be
comfortable. .




Energy conservation is an obvious -

way toreduce energy demand and is

much easier and more economical . .

than driling for more oil-or gas or
. mining more coal. However, after
. energy conservation measures have
been taken, many buildings can be
economically adapted to utilize solar
energy for space heating or water
" heating purposes. Solar retrofits are

devices or structures desidned to be °

attached to existing buildings to aug-
ment their existing heating sources
with solar energy: The investigation
of how solar retrofits should be de-
signed to suit the climate and re-
sources of Arkansas is the subject of
this report.

The solar retrofits examined during
this project were greenhouses, air

heaters, and water heaters. They all

hawe several things in common other
than being '‘added on’’' to a building:

1. Through the reseatch and
demonstration programs of. the Ar-
kansas Energy Office and several
community organizations throughout
the state, thé solar retrofits have
been tested and proven to be cost-
effective in Arkansas.

2. All-are built from locally avail-
able building materials and require
only basic carpentry and/or plumbing
skills to construct. This puts them
within reach of many low and middle
income people Ny

3.« “All of the retrofits qualify the
owner for a 40% federal income tax
credit and & 100% state income tax
deduction.

The majority of solar retrofit dem-
~ onstration projects in Arkansas have
“been funded through CETA training
" programs, the Ozarks Regional Com-
mission, and the Renewable Energy
Grant Programs of the Arkansas
Energy Office and the U.S. Depart*
ment of Energy. Agencies such as the
Office of Human Concern of Rogers

and Community Energy Futures of,

‘Little Rock have demonstrated in

7

local workshops held around the
state that individuals can easily learn
to construct the devices. A variety of
solar retrofits have also been de-

veloped by other organizations, in- -

cldding Crowley’s Ridge Develop-
ment Council, Crawford-Sebastion

Community Development, Council,
and the Northwest, Arkansas Econom-
ic Development District. What remains

- t@ be developed is.a broad understand-

ing of this simple technology among
Arkansans. :

Most people in Arkansas already
feel that solar energy should play a
strong rollin their energy future. This
was indicated by the Arkansas
Energy/Environmental Survey 1980,
by Dr. John S. Miller, Jerry Donoho
and Marvin Orndorff of the University
of Arkansas at Little Rock, in which
401 families from throughout, the
state were interviewed. A convincing
85% of those surveyed favored more
solar development, while only 28% -
favored additional nuclear power
plants

The Arkansas Solar Retrofit'‘Guide
was written to take the mystery out of
solar energy for those who want to

use it in their homes or businesses

but do not know how. A compasite of
successful construction and opera-
tion methods is presented in a format
to help individugls build solar
refrofits for themselves. Also, it is

‘hoped that focal businesses will be

encouraged to offer solar retrofits as

“an extension of their existing ser-

vices. For instance, carpenters and
contractors could offer solar green-
houses, plumbers could build solar
water heaters, and heating contrac-
tors could: build solar air heaters.
These professions already have all
the technical skills necessary to build
solar retrofits; they only need to learn
how easy and profitable the devices
would be to build and install.

Two other publications that are
companion texts to this report have

b




-been published by the Arkansas

Energy Office., The first text, Solar
* Greenhouses lﬁ Arkansas, presents a
general overview of solar greenhouse
concepts.” The second text, Arkan-
sas Climate Atlas, illustrates in map
form the weather statistics of Arkan-

¥
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sas, including solar radiation data

_ that is useful for designing any solar

application. This solar radiation data,
developed by Dr. Dan Turner and I.H.
Battle of the University of Arkansas at

. Fayetteville, has been included in.

this report as Appendix G.




" IIl. SOLAR GREENHOUSES

B

A: WHAT IS A SOLAR GREENHOUSE?

Like all greenhouses a solar green-
house is a sunny room weli suited for
~growing plants. However, a conven-

tional greenhouse with glass on all -

sides needs a heating source other

than the sun to keep it warm during

the winter. The solar‘ greenhouse
relies only on the sun to keep itself

warm and actually produces excess

heat that can be used to help warm a
house or other building.
- The solar greenhouses described
in this report are called “‘attached”
solar greenhouses because they are
built onto an existing building. They
differ from a conventional green-
house in several other ways:
1. Most of the glass or other glaz-
ing is on the south side, where it col-

lects more energy during the day than -

. itloses at night.

'~ 2. A double layer of glazing is
often used to reduce heat l@#sses at
night. -

3. The north wall of the solar

greenhouse is attached tmo the south

wall of the house, allowing excess
heat to flow from the greenhouse to
the house. = .

4. Heat storage materials such as -
rocks, containers of water, or con-
crete blocks are included in the
greenhouse to absorb heat from the
gun during the day and slowly release
it at night to keep the space warm.

5. The east and west walls, roof,
and foundation are welkinsulated to
further reduce heat losses. .

By orienting the greenhouse to
take advantage of natural climatic
forces, it can,be heated entirely by .
solar energy. Proper design of the
thermal storage and ventilation will
ensure adequate light and tempera-
ture levels for 'year-round plant
growth.

In winter,  the solar greenhouse
traps as mubh solar energy as pos-
sible. Some of this heat is absorbed
by the thermal storage and some is
distributed by natural air convection
or a fan through openings to the -

4 4
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CONVENTIONAL' 1

FIG. A1

house during sunny winter days. The
greenhouse also serves a valuable
function as an insulator to reduce

.heat loss from the house to the out-

doors at night. -
In summer, conventional green-
houses require huge fans®to keep

. cool, whereas solar greenhouses, uti-

lize non-mechanical shading .and
ventilation techniques. Vents ta the
outside are opened and shading de-
vices are used to keep the space cool.
The thermal storage also heips to
keep summer temperatures low by

~ absorbing any excess heat within the

space. In fact, a properly designed
solar greenhouse will be able to pro-
duce cool weather crops such as let-

" tuce and spinach during the summer -

as well as in winter. - -

This project concerng the appropri-
ate design, construction, and opera-
tion of solar greenhouses for Arkan-

sans who.will use them for both food - "

and heat. The designs will be some-
what different pr people who want to
use the room for heating purposes
only and not for growing plants. This
type of retrofit is called a ‘‘sunspace’’
or “sun room’” which could be de-
signed as an entryway, recreation
room, garage, and so forth. ~ :

Both sunspaces and solar green- .

- houses trap solar heat and distribute
that heat through openings to the .
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- WINTER -—'Air_,heated by the sun in the greenhouse flows into the r_\ouée through upper dpenlngs;
. ‘at the same time, cooler air is drawn from the house through lower openings. A fan may be used to
increase the efficiency of the systerh. .

j - : b i ~

A

' SUMMER — Vents exhaust warm air from the greenhouse, and low-level windows admit cooling 4
" breezes, o o : . '

FIG. A2 ' - ;
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house, but a solar greenhouse re-

quires more insulation and thermal

storage. to keep the plants warm at
night. Also, specific lighting require-

ments for the plants and efficient ar-
rangement of planting beds need to
~ beconsideredina. solar greenhousé.

A solar greenhouse does more than

collect solar energy to help heat the
house; it also must be designed to

__meet the particular light and tempera-
- " ture requirement of plants. The most

.common error in solar greenhouse

design is the lack of planning for how .

and where plants will be- grown.

8. SITE REQUIREMENTS AND COSTS

-\
« /

Before you begin to build a solar

greenhouse, you should understand

1. The solar Qreenhouse must
face within 30 degrees of true south.

2. The site should be relatlve.ly’

free from shading by other buildings,
other parts of the house, or evergreen
trees. Trees that lose their leaves in
the fall (deciduous) are ideal to have
close to the greenhouse

3. Openings such as doors or

windows are needed on the south
wall of the house .where the green-
house will be attached so that air can
circulate to and from thethouse. If no
openings exisf, you will have to make
openings into the wall for this pur-
pose. .

4. You do not-need to be a profes-

sional carpenter, but you will need to

Growing beds and shelves are often

" installed as an afterthought, resulting

in a very inefficient use of the space.

.- This can prove to be a costly mistake
if you are planning to grow plants for

food or for sale. Fig. A-3 illustrates

common elements found in solar

greenhouses.

FIG. A.3, Next Page -

1. outer glazing, 2. inner glazing, 3. knee wall

windows, 4. concrete foundation, 5. ground-
level plant bed, 6. gravel floor, 7. masonry
steps, 8. elevated plant bed, 9-house interior -

work carefully to make Simple mea-

surements, hammer and saw straight, -

and caulk and paint neatly.

5. Greenhouses .require consis-
tent maintenance, including planting,

. watering and harvesting plants, operf- ~
ing and closing vents, and watching

for pests.

6. The average cost of a typical 8
x 16 foot greenhouse as described in
this report is $700. ($5. 4& per square
foot) if it is owner-built. i you hire a

~carpenter to build the greenhouse,

expect to pay\about twice that
amount. This figureé is based upon the
assumption that all materials will be
bought at 1981 retail prices. If .you
can use recycled materials or tind a:
good bargain on glass at an auction
or salvage yard, the cost could be

much less. -
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. In order to design any solar device o al or tulted south wall receives very -
. properly, it .is necessary to under- - - little difect sun on a summer. day,
i stand how the sun moves across the " while east and west walls and roofs
skys Everyone knows that the sun . regeive several times as much sun.
rises in tfle east, moves across the- In the spring .and fall, the sun fol- ‘
south sky, and sets in the west. How-' . . lows a path between the summer and
ever, the sun actually moves in a winter paths. It rises due east, climbs
slightly different” path every day. In to about 55° above the south horizon
“winter, the sun rises slight south of .at noon, and sets due west. Walls’
due east, reaching thé highest point - facing south east, and west and
only: about 30 degrees above the roofs all receive moderate aﬁwounts
south horizon at ,and setsto the = of sunshine.
south of due west. A south-‘facing , _In the temperate chmate we exper-
wall receives the most sunshine in ‘ience in Arkansas, we need to both
winter, while east, west, and north “ "heat our houses in winter and cool
,walls all receive much less . them in summer. Oriénting the sblar (-
“In summer, the sun rises to the °, greenhouse to the south makes it
" north ,of due east, climbs to nearly ' possible to take’ advantage of the
' straight overhead. (78°) at noon, and sun’s paths as the seasons change.

sets to the north of qge west A vert|- '« Thegreenhouse receiyes the greatest

S . . . . ’
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- .amount.0f*solar energy in winter, .
~.when heat.is needed most, and .t is

- easy to keep cool in summe& with-the
-aid of shading devices or nearby trees.

- Even if the house does not have a -
side that faces due south, it may still

Degrees East or- % Loss of
West of South - Available i
L Sunshine
- 0-10° 0%/
10-20° 5% .
20-30° . 10%
30-40° - 20%.
40-50° v 25%

;

D. GREENHOUSE — HOUSE CONNECTION e

' More important than a true south
direction is a convenient access to
the greenhouse from the house. By

bulldmg the greenhouse over exist- .

ing windows or a door, venting the

~ warm air to the house will be made

simple. If no doors are present, it is

- usually not difficult to make a door

Out of an existing window opening.
By having a door between the

j house and greenhouse, you can avoid
‘having to enter the greenhouse from

the outside'in winter, which causes a
great deal of the heat to -escape.

“Ideally, there should be two doors:

one into the house for use in winter
and one to the outside for ventnlatnon
and access in summer.

- Air circulation to the house is vital

in con;r‘g#mqfhe relative humidity as
well as"the temperature of the greén-

house. Relative humidity is defined

‘as 2he actual amount of water in-the:

-~ be worthwhile to consnder d solar.
. greenhouse. The followmg “table
.shows the reduction in the amount of
~ winter sun available to- walls which

: face sllghtly east.or west of south

/

L]

So even if the house is up to 45° off -
. of due south, 75% of the sunshine
“and heating. potentnal is still available.

o Actually, a slightly southeast orienta-

“ tion is preferred by ghany gardeners

becayse the greenhouse will heat up

faster i the morning, the plants will,

receive more of the favorable east.
light, and overheating from the late .

afternoon sun in spring and summer :
|s less llkely

\ &

DY

e

~ air compared with the total possible
amount oj water the air can hold. "

H&rp&dnty is closely related to temper-
aturX the colder the air, the less
water it can contain. Since a high

_ relative humidity (75% or higher)

leads to pest and disease problems

S
X .

“for plants, a solar greenhouse with its
" "cool nighttime temperatures .should
- be kept quite dry.

On winter days, the humidity in the

h ‘greenhouse is kept down by the con- -

stant air exchange with the house.
This distribution of humidified air is
welcomed, since the air in most homes
in winter is too dry because of fur-

. naces, fireplaces, and other heating

devices. _
On winter nights, when there is no

~ air exchange to the house, the humid-

ity leyels increase in the greenhouse,
especially if there are many plants.

= This high humidity can cause




~tion. A

' i

condensation\wh“'ch is the result of
warm humid air. being cooled so the
air can no longer hold the moisture.

: ,Smce the-glazing is the coldest sur-

'face in the. greenhouse, water will

condense there first. This water pre- -

 sents three problems; water _drop-

lets on'the glazing reduce the amourft -
 of light that enters the greenrhouse;
water may drip orito plants, increas-;

ing pest and disease' problems; and*

water may drip onto sills, p omotmg ‘

rot.
- To avond ser|0us con ensatron
problems, open the doors, windows,

~or vents to the house early in the
' mornung to. rapidly circulate the

humidified air into the house. As the

. greenhouse air heats up, it will be

able to absorb any condensed mois-

. ture from the previous evening.

The area of the open doors, win-
‘dows, or vents to the house should be

. at least 20% of the common wall area
' so the air will circulate adequately

and no fan will be needed. High vents
and low vents of equal area-will pro-
mote the ideal pattern of air circula-

greenhouse is warmed, it rises into

- the house through the high vents. At

the same time, cooler air from the
house_is drawn into the greenhouse
through the Iower vents. This natural
thermo-clrculatlon will perform con-
tlnuously on any relatively sunny day.

Of course, most ‘houses do not
have ideally located high and low
openings, and it would be impractical

" tg build them: Strategically located

doors and/or windows are, usually a
better solution than vents because

.\ |

he solar heated air in the

lo

they ‘can provide access and a view
into the greenhouse and also serve as
vents when they are openéd. ‘
What type of connection you
"should make to the house often
\depends on what type of room wil| be.
adjacent to the greenhouse. For
example, if the greenhouse is to ad-
join a kitchen or living room, the con- :
nection would logically be a door
_and/or windows. However, the. green-
" house may be connected to abedroom
- or garage where heat is not needed .
during the day. In this case, a small .
thermostat-switched fan and insu-
lated ducts can be installed in the

~attic to direct heated air to other -

rooms that are used in the daytime.

The R value’ (thermal resistance) of -
" the commort wall between the house
and the greenhouse is an: important
“factor in determining how.warm the
" greenhouse will remain at night. The
greenhouse acts dditional insula-
tion and prevents fofiltration through
the wall to which it is attached, trap-

~ ping heat that ‘would otherwnse @8- -
. cape to the outside. If the common

wall is not insulated, or has a large -
glass area, there will be considerable
- heat flow from the house into the

greenhouse on cold nights even with
the doors and windows closed. How-
ever, this hedt flow from the house is

: much less than would occur if there

wére no greenhouse. So the green-
house serves an important function
as a ‘“‘thermal buffer-zone’ between
the house and the outdoors by reduc-
ing heat loss from the house at night
in addition to contributing a large -
"amount of heat during the day.
&
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In this view of a solar greenhouse under construction, the forming for the concrete grade beam
has just been completed and Is ready for the pouring of the concrete. The two large windows will
provide good heat transfer.to and from the bulilding, and the concrete block wall will help serve as
heat storage. Note that the gas meter had to be relocated outside of the greenhouse.

’

e e - .

3

The completed greenhouse shows how the rafters of the existing building have been extended to
form the roof of the greenhouse. This arrangement eliminates the need for an interior beam or
column. Although there are no vents in the knee wall, summer temperatiites inside the green-
house remain cool by using side wall vents (including a screen door), roof ventilators, and shade

from nearby tregs.(Village Preschool, Fayetteville),
YIS ,




" 'E. GLAZING

e
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\‘ 5 :
Glazing is glass, fiberglass, plastic,
or other material which ajlows light to

' pass through. A larger glazing area re-

sults in more energy collected and

more heating of the greenhouse and
"adjoining house.

Our studies have found that, for
best heating performance, the
glazing should cover.only the south
face of the greenhouse and not the
east or west walls, because much
more heat will be lost through those
walls than they will gain from solar

radiation. The narrow configuration

of the space and the reflective interior
walls ensure that the plants will re-

ceive enough light to grow properIy. _

without east or west glazing.

In Arkansas, the glazing shouid be

tilted to an angle of about 60° from’

the horizontal: This angle will maxi- .
transmission in<

mize heat and lig
winter when the syin rises to its mid-
day angle of abqut.30°.above the

- south horizon. Thus, nearly all the

available direct ra Iatlon which is the
form of solar radfation we receive on

-

clear days, can pass straight throughy

"~ the glazing. Tilted glazing also col-

lects a large amount of diffuse radia-
tion, which is the solar energy avail-
able on cloudy days. Diffuse radiation
represents about 25% of the average
total solar heat recelved in winter In
Arkansas.

Although vertical glazing is gener '

ally easy to construct and shade in
the summer, it must be designed with
caution in solar greenhouses. In
some of the vertical-glazed green-
houses that were studied, the plants
suffered from a problem called photo-
tropism;.that is, they tendéed to grow
at an angle towards .the incoming
light instead of stralght up.

The reason plants grow so well in
conventional greenhouses is that

light comes in from all directions,

" just as if the plants were outside. But

in solar greenhouses, light enters
mainly from the south. To prevent the

‘plants from growing -toward the

south, the light must be reflected off
the side walls and house wall to simu-
late outdoor light conditions as
closely as possible. Such a balance
of light is difficuit to achieve with a
vertical-glazed greenhouse unless
the glazing is used in the roof or side -
walls as well as in the south wall.

Such extensive use of glazing will
cause the greenhouse to lose more

~ heat at night and will require addition-’

al shading and ventilation in summer
toprevent overheating.
i Phototropism can be avoided in

greenhouses with tilted glazings if
-care is taken to arrange the plants:

properly within the greenhouse. The
light will always be stronger from the
south, but a tilted glazing allows
much light to also enter from above
and penetrate all the way to the

"house wall, where it can be reflected

back to the plants.. .
In Arkansas, solar greenhouses

~ will perform much better if two layers
“of glazing are used (double glazing).

This was demonstrated in an experi-
ment performed at the Siloam

- 'Springs Child Development Center

greenhouse. After several weeks:of
continuous monitoring of indoor and

A very consistent pattern emerged
showing night time temperatures in
the greenhouse to .average 10° F
‘warmer with double glazing than with
single glazing. On very coid nights,

when the outside temperature drops
- below 15° F, this difference could

lc
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Note how the bottom edge of the tiited glazing hangs over the
sill, allowing rainwater to drip directly into the gutter and elimi-
nating the possibility of leakage. The knee wall windows open.
outward to provide ventilation in summer. (Pulaski County
Councli On Aging, Little Rock. Photo by Cathy Miimore) .




glazing will reduce solar gain by
about 10%, it will reduce heat loss at

‘night by nearly 50%.

Tempered glass panels are by far

" the most preferred type of glazing for

solar greenhouses. Unlike flberglass
they are locally available anywhere in
Arkansas and will nevet deterlorate
Glass greenhouses afford a 'clear
view to the outside, which is an im-
portant consideratlon that is often
overiooked, and will add more valué
to the adjoining home or building
than the cost of the greenhouse.

" determin® whether or not the plants = -
‘will freeze. Although the extralayerof

Most local glass companies stock

‘“replacement panels,” which are
tempered glass sheets used to make

sliding glass doors, usually 3/16” thick
and in standard sizes of 28" x 76", 34"
x 76”7 'or 46" x 76", costing between,
.$20 to $30 per panel. Their superior

strength makes them ideal for tilted
surfaces that must withstand severe
thermal stressgs, wind and snow
loads, and impact from hail and other

- objects. Often, panels with slight im-

perfections (seconds) can be bought

at a very low price from wholesale

glass distributors and salvage stores.
Non-tempered window glass is

.also' locally available in single or
- double strength. Window glass can

be cut to custom sizes and has a very

high solar transmittance of 0.91, but

is easily broken and should be used

‘only in low-stress applications such

as vertical glazing.

. Sources of glass that are often.
- overlooked are auctions, yard sales,

landfills, and ‘demolition pro]ects.
Scrounging for old windows and

storm doors can save you hundreds
of dollars and produce a unique and:
attractive greenhouse. Take the time

to investigate these sources in your
area before buying any new glazing.
Remember, used glass works just as

well as new glass; it just costs a lot -

less

.ance:
- awavy patte‘rn Corrugated paneis are

-t

Fiberglass is a common name for
fiberglass-reinforced polyester (FRP)
glazing, which has been used for

many years as a patio and carport

covering. In recent years, several

‘manufacturers have formulated the

fiberglass with chemicals to resist
yellowing and deterioration from the
uitraviolet rays of the sun. However,
even these treated glazings need to
be recoated every few,years with a

- special weathering agent to restore’ |

the original finish and resist decay.
Fiberglass is popular as a glazing
for solar greenhouses and collectors
because it is light-weight, impact-re- -
sistant, and easy to cut-and install.
Although it is cloudy enough to pre-

~-vent a view to the outside, fiberglass
“will admit nearly as much_ solar radia-

tion as glass. The cloudiness might.
be seen as an advantage in urban
areas where prlvacy isaconcern. ,

Fiberglass is usually available in 4-

-foot rolls or 26-inch wide corrugated

paneis in various lengths and thick-
nesses. The biggest complaint
against the roll type is its appear-
it does not lie flat, resulting in

much morerigid and give the feeling
of a more permanent structure:

~ Special redwood strips must be used .
along the supports of the panels fora -

tight seal to prevent air infiltration.
Also, the enlarged surface area of the
panels due to the corrugations will
slightly increase the heat loss at
night.

Many solar greenhouse deslgns of -

. the late 1970’s used fiberglass be-

cause it§ cost was so much less'than

- glass. However, the cost of fiberglass

has risen dramatically in the last

.three years, and its price now is very

near that of glass. Since glass is -
available locally, affords a view to the -
outside, and is’permanent, most solar

; greenhouses are now using glass
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rather than fiberglass.
Rigid plastic glazings are attrac-

~
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tive, éasy to handle and 'fabricafe, and -

have high impact and fracture resis-
tance. Most of the plastic products
can be categorized as either acrylics
or polycarbonates. Acrylics, such as
~Plexiglass, Lucite and Exolite, are

knowri for their high solar transmit:-

tance and good resistance to ultra-
violet light and weathering. Polycar-

bonates such as Lexan also have a -

very high impact strength but will yel-
low in sunlight sooner than acrylics.
" The major disadvantages of pias-

tics as greenhouse glazines are their-

. s
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high. cost and poor resistance to
scratching. Like fiberglass products,
plastics ‘are petroleum-derived, so
their cost will continue to rise with
the cost of oil. . ,

Doubled-glazed glass, fiberglass,

- or_plastic panels that have been fac-

tory sealed to prevent condensation
are usually too costly for most green-
houses. So double glazings are often
assembled on the job, with an outer
layer of glass or fiberglass to with-
stand the weather and an inner layer
of polyethylene or vinyl film. -




. The lowest-cost inner glazing ‘is
polyethylene film. It is commonly

used in the construction industry as a
* vapor barrier, so it is available at most

building supply stores. Polyethylene -

comes in varying widths up to 12 feet
and can be stapled to the bottom of
glazing rafters in one continuous

sheet. Useful life is limited to one or -

‘two years; however, considering the
low cost of the material, replacing it
every year is not a problem

Some very successful greenhouse -

designs use polyethylene for both
the inner and outer layers of glazing.
In. summer, the film is entirely re-
moved to transform the space into
outdoor garden or porch. In fall, new

-plastlc is easlly installed to create a

solar room agam

_ _ '(5
:"Another’ type of inner glazmg is .

clear flexible plastic or vmyl film. -

These films are usually sold’as storm

- window glazing and are easily cut to

any size.When stretched over wood
or aluminum or screen moiding
frames, they can be removed in -
summer and reused in winter for sev-
eral years. By using the inner glazing
just in-winter, when it is needed, it
will-last much longer than when it is
left on year-round. These. films are

“more expensive than polyethelene

but’are also much stronger, so they

can be handled from year to year
- without damage and, like glass, they

offer a clear view to the outside. ~

: mﬁf'm»«m&w 3
A A tggmm

BIll Brown of the Office of Human Concern designed this vertical glazed ‘solar greenhouse for the
genior center in Berryvllle. Half of the roof is glazed with fiberglass to permit light to enter from
above and permit a light balance 'within the greanhouse. A row of vents along the bottom of the
south glazing and side wall vents provide ventilation. There are four levels of plant shelves, each
one supported by the vertical glazing columns, The senior center p fltably gsells plants and
vegetables to residents of the community. (Photo by Bill Brown). /o .
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Barrels filled with water support plant beds (under construction)
and collect solar heat by day, then release the heat at night. Since
no shade cloth is uséd, the fan is necessary to ventilate the
greenhouse in summer. (Strandquist Greenhousg, Berryvillg)

Aruitoxt provided by Eic: ’
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- temperature, improving t
- ,of the greenhouse forpeople and pro- .
- moting productive plant growth.

" The sunlight that enters the solar

onto light-colored surfaces that re-

Ny flect light back to the plants, or onto

- greenhouse falls either on the plants,

heat storage material§. These are )

heavy, dark-colofed materials that

to absorb solar heat during the day
and'slowly release this heat to the air
at night as the space cools down. The

.solar heat received by the green-

house is therefore extended over a

~much longer time than when the sun

is actually shining.

. Without heat storage materials, the
air temperature inside the greens
house would get very hot on sunny

. days (over 140° F) and. cool off rapidly

at night. These extremes in tempera-
ture from day to night are undesirable

and uncomfortable for both people
and plants. Temperatures above 100° F

can severely limit the growth of plants

storage materials tend to-stabilize the

. ‘have a high thermal mass, which
~means they act like heat ‘‘gponges”

- .nect the greenhouse and house, the -

and kill many of them. M%esive heat -

comfort

A good way to urﬁerstand the na-
ture of heat storage materials is to

- think of being in a cave, where the

temperature never changes regard

" less of-whether it is. sumrher or winter.
- The temperature doesn't fluctuate be-

cause the earth, with its enormous

. heat storage capacity, can absorb a
‘large amount of heat-in summer ano‘ .

gradually lose heat in winter without

affecting the air temperature in the -

‘cave. To a lesser degree, the heat
-storage materials in the greenhouﬁe
‘act the same way: o]

slowly absorbin
and releasing energy -to maintain

. even’ air tempergtures without any

mechanical controls. . -
Various kinds. of heat storage ma-

- terials have been used successfully

in solar greenhouses, including bar-

‘rels or other. containers full of water,
‘rocks, bricks, concrete blocks, and

Lo g
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earth. Heat absorptton needs to occur

“in direct sunlight to be effective, so

the heat storage materials should be
located where they-will not be shaded
by the plants.

The amount of heat storage needed
to keep greenhouse temperatures
stable will depend on how cIoser the
greenhouse and adjoining house
interdct and share heat. If several
large vents, windows,. or a fan con-

house will - |mmed|ately receive the

excess solar heat and prevent the
* greenhouse from overheating. If the

openings are few or small between

the house and the greenhouse, more

‘heat storage may be needed.
recommended minimum-

“The
amounts of thermal storage are:
For every square foot of glazing:
4 gallons of enclosed water or
1 cubic foot of gravel or earth or
.75 cubic foot of rocks, brlcks, or
blocks . -
When you are thinking about-how

and where the heat storage will be - =

placed in the greenhouse, you must
also consider the arrangement of the
planting beds. The planting beds and
the heat storage will be competing
for: I{ght so the design of both ele-
ments needs to be integrated for ef-

~ ficient use of the space. A combina-
~tion of water containers and masonry
ang earth planting beds are often the -
- most praatical solution. If the house
_wall is brick or exposed concrete
block, it can serve a large portion of
the heat storage requirements. '
- Dark-painted 55-gallon barrels of .
water are the most common form of -
. thermal storage because they are in-

expensive, locally available, and
easily arranged to form supports for
planting beds. Flat black is the most
efficient color to absorb solar energy,
but a dark blue, green, or reti will do

- nearly as well. In a typical 8’ x 16’

greenhouse 7 to 12 barrels should be
used, with as many placed in dlrect
o 4

7y » :
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sunlight as possible. They must be -
nd level, especially

well supported

if they support @lanting beds or wilf

~* be stacked one on top of the other. If ..+
- ‘the barrels are stacked, separate the\

- upper barrels from the lower barrels

~with 2 x*4's or other-bodrds so thew”m‘“"

will have continuous: support +Also, it

[

/

T~

. can be compactly stacked agalnst,

one another, with all sidés touching.

~ This arrangement saves space, elimi- - |

4

nates’he need - for racks, and will

-. absortr érlﬁ"transfer solar heat better

- isa goodideato placea1” or 2 layer k$
.. of bead board between the.barrels
and the floor so the water will lose its -

. than barrels

.Soil,
medlu mx

also af excellent storage
ost people use.it without -

realizing that it‘iggacting as thermal

t

storage::Wet soil'in particular has the -

capacityoeyhdid a lot of heat and to

release lttvery slowly.
If dark colored ocks, bricks, or
oncrete blocks\are used fqr thermal

heat to the air rather than to the floor.:
" Other containers that can be used ,
are recycled glass OK\plaSth jugs in

which water has been dyed BYdck. ,@f"‘i‘st‘or they should be incorporated
They must be placed orf racks fo pre: .7 /edg%sl for the planting beds, floof--
vent them from breaklng Ainder their 'ing, o all»vsneer in this way, they
ownweight. will serve §gith as heat storage and as

- structural .elements in" the green-
~.house. A

¥ K ;/ o . \
»p .

« Rectangular- shaped 5-galion ho‘ney'
cans or gasoline cans are ideal for
use as thermal storage because they

- G, ’Vll_lNTEFlTIME TEMPERATURE CONTROL _/4& ‘ :

’tem'peratures and increase the heat-
ing fuel savjngs of the home. Glazing

. is' the largest heat loss problem of
any greenhouss.—“Ev@n well-sealed"
double glazing Wwill lose heat\at night.
about 12 times faster than fin insu-
lated wall. Movable insylation com-
pletely covers the glazing at night and

Solar greenhouses built in’ Alb
, kansas to the specifications in this
_report’ "will. grow, cool-tolerant food
_plants durtag winter withou ry
heatlhg ‘For p{ants requiring warmer
minimum temyperatures, such as
tomatoes or fruits, you may have to
slightly open the door or windows
into the greenhouse on very cold (0° - is removed during the day to permlt
10° F) winter nights to allow more solar heat gain.

heat to flow from the house into th vering large glazing areas' with
greenhouse , movable lation’ presents. several
There arg two altelnatlvesﬁblql_th‘ls design proble A successful system

must:

« auxiliary heating method. One is t
o place a wood, gas, or electric heatln} o 1N r
.device in the greenhouse If you have , - : \
to be gone for a few days, an N\acm 1. Beeasytooperate.
cal heating device on a ‘thermostat ' .
would be the most efficient because . ‘2. Not lnterfere with the plants. |
it would only come on'if and when the ' ‘ :
‘greenhouse temperatyre dropped to 3. Be conveniently retracted or,
the required minimum. . stored during the day.
The other alternative is to use mov- . 4. - Have a tight fit when the insu-
able insulation over the glazing at . lation is covering the glazlng at ‘
night to maintain warmer nighttime ¢ night. . ‘ ' .
e - , , o .. . |
B . . . N
_ 0w, -
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Types of movable msulatnon in-

clude Tigid panels, toldmg shutters;
. and thermal curtains. These are norm- -
. ally used on the inside of the glazing,

although some- greenhouses use_ex-

~ terior shutters. Exterior shutters are -
~usbally insulated panels that are
hinged to the greenhouse’ along the .

bottomof the glazing. They are folded - .

down during-the day to reflect addi--

tuonal solar energy into the green- -
_house and are closed by hand or by.a
. wench-and pulley-system to serve as . '

insulation at night.

-The - snmplest and. m0st practncal |
‘movable insulation is rigid styrene, + .
~ also called bead board. Normally pur- L

chased.as 4’ x 8' sheets that are 1/

ocours at the seams of rigid panels. *
‘The curtain is usually drawn to. the.

‘top of the glazing by a cord and pulley
hép?iware system like.a Roman shade.

' There shpuld.be space allotted above

' the glazing so that the thermal cur-
tain will not block the light when itis.

“rolled up. ' o

It should be remembered that,. wuth )

the Exception of the bead board pan-.
els, movable insulation systems will.

) add considerably to-the cost, com-

- plexity, and maintenance - of -the

greenhouse. . They are. worthwhile
" only if warm (50°-to 60° F) nlghttlme

or2” thlck bead boardis a very light-

with a utility knife to fit- betwe
- glazing rafters for a tight seal.

weight mateénal that can be eazly cut’

A

the

- .simple wooden Iatcp can be’used to

- lock the panels in-place against the

" " planned somewﬁ‘ere in the! greep-

house so they will not shade the -

plants or thermal storage. -
“Thermal curtains can be made wnth

'a sewing machine by quilting a 1” -

- -.glazing. A convenient daytime stor: .
- age area for” the panels should be

‘temperatures are desired. ,
Of all the methods to contro| wnnter-

~time temperatures at night, the most \
‘preferred is to simply leave the door .~
or wnndows open, allowing- heat from

- the ,

warm. This method will never have to -

use to keep the greenhouse

be used if you are growing only cool-
tolerant plants and have: ad,equate
. amounts of thermal storage and insu- -

-Iation. Eyen if you grow plants that re-

'- » quire’ hlgher minimum temperatures,

.

layer of polyester insulation and a

~ polyethylene vapor barrier between

two layers of fabric. Curtains should e

- cover the entire glazing in one piece,

, thus elrmlnatlng the heat loss. that

&

you will probably have to leave the

door -or windows open only a few .

- nights:a year, when the outside night-
time temperature drops below 10° F.

" The amount of heat the house gives:

the greenhouse on thele few nights
is far less than the. total heat the

greenhouse supplies to the house,

o throughout ‘the wunter

E LI
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“H. SUMMERTIME TEMPERATL'IR‘_E.-_CONT‘ROL

'

There are two main factors that d

“,termme solar greenhouse tempera- -
“tures in summer:
. lation, A combination of the two .is

shading and venti-

" -.usuaIIy necessary to prevent. over-

- trees. (those that lose their leaves in-
-fall) close to the greenhouse. They
will.block most of the solar energy-in .
summer, yet will allow the sunlight to -
_reach the greenhouse in winter. If
such trees do not already exist within -

heating during the warm, humid ‘sum-

-mers of Arkansas. .
The sun.is at its highest posntlon in.
the sky during summer; striking the
glazing at a steep angle and causing .-
much of the light to be reflected off ..
the glazing. However, since the out-

side temperature is warm, it doesnt

- take much: solar raduatlon to raise the
" greenhouse temperature The best

shading method is to have deciduous

~

10’ to 15" of the site, consider plant-

ing two or:three fast -growing, early-

- blooming trees. Your locat: Soil Con-"
servation officercan help ‘you make

the right choice for yodFarea.

Alternatives to shade trees are a
. shading lattice or a shade cloth at- =
- tached to the outside of the glazmg :

A shading lattice is a Iughtweught wire
or-wooden mesh bu|It in sections,
that is removed at the end of summer.

~~ Care must be taken not to totally -
~.block all the sunlight, or the plants
may not grow well. The lattice can .

also be used as a.support for vines or
other’ plants to. further shade the

glazing..

~ A shade 'clloth isa popular shadmg
device used .in conventional green-
houses. Made of an inexpensive but

“highly durable plastic called polypro-
. pylene, shade cloths are an excellent
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A screen door serves as a vent as well as a door in summer.
.Screens.over all the vents are necessary to keep out insects.
Note the two small lower vents on each side of the screen
door. (Village Preschool, Fayetteville) .

solution to Jhading problems. Shade
.cloths are custom ordered with grom-
mets sewn into the edges to fit your
greenhduse. The grommet holes
stretched over small hooks at

anceand easy removal in the fall.

t
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In'May of 1981, shade cloths rated

at 50% shading capability were at-

tached to three different Arkansas

solar greenhouses being monitored
- for temperature control. The shade
‘cloths were installed onto the green-

houses in the‘ afternoon on clear days




SO that the immediate effect on green- -
house, temperature could be ob-
. served With the outside temperatures
averaging 85° F, the inside tempera-
. turés dropped an average of 20° F
within 30 minutes after the shade cloth

was installed. ' The owners of the

greenhouses have reported no ad-
verse effects on the plants asa result
of the shading.

- Figure H-1 shows a companson be
- tween .shading methods. ‘Whatever
technlque is used, be sure to place
the shading device on the outside of

"the glazing. An interior shading de-

~ vice will block the sunlight only after
it has passed. tthugh the glazing,
~causing heat to build up between the
“device and the glazing, thus reducing
the effectiveness of the device in
controlling greenhouse’temperatures.
- In addition to shading the glazing,
ventilation of the greenhouse is vital
for reducing temperature and humid-
Jty and ingreasing the level of carbon
" dioxide, which the plants need to en-
sure healthy growth. Since most of
the wind in summer in Arkansas

comes from the south, it is a good

idea to build‘a contlnuous row of

openable windows -into the south.

knee wall of the greenhouse. Addi-
tional vents high on the east and west
« walls or roof are also needed to pro-

mote a thorough air exhaust. Doors or
windows that can be screened and
opened can save as vents. The.total
vent area should be 1/5 to 1/3 of the
floor area, depending on the shading
availabte, to avoid using any mechan
ical ventilation

Roof vents have been more diffi-

N

Thermal chimneys can be made, ,

from common attic ventilators (wind

“turbines) which can be purchased at -

most building supply stores. Sec-
tions of galvanized metal duct pipe
are painted a dark color and con-
nected to the base of the ventilator to
extend its length as much as pos+ *
sible. When the sun strikes the chim-
ney, .the air inside warms and rises
upward, pulling air from the green-.
house and creating a draft. The long-

er the-chimney, the hotter the air will

get and the more air will be drawn .

- through the greenhouse. If the wind

is blowing, there will also be a draft -

created by the whirling turbine on top
of the chimney. Performance of the
c¢himney can be drastically improved
by wrapping it with a layer of flexible

- fiberglass glazing so_the air inside

will get much hotter. The chimney is
easily sealed during winter from in-
side the greenhouse by an- msulated
shutter.

If for some reason you cannot in-

_ clude enough vents or shading for the

greenhouse, a fan may be .necessary.

. The proper fan size will depend on

how  much shading ‘and ventilation

“exists but a rule of thumb is a CFM

(cubic feet per minute) rating equal to

 at least two times the floor area. Soa -

‘cult to build because they have tobe

completely water tight when closed.

- On the other hand, the roof is the best

" place to put exhaust vents for good
air circulation. A newly developed
roof vent that has been proven to be

effective in Arkansas and is relatively -

easy to build is the thermal chimney.

25

greenhouse with a floor area of 150

square feet would need a 300 Cr-M o

fan.

A propeller type window fan should -
be placed in a screened opéning high
on the west wall. This arrangement
will pull cooler air from the east side. -
to the hiotter west side. A’ thermostat

on the fan is recommended to reduce

power consumption .and guarantee

“ that the greenhouse will not overheat

if you are gone for a few days.
In winter, the fan can be rearranged-
to blow solar heated air through a

~window into the house if necessary.
Be sure to seal all the summertime
vent openings air- tlght in winter.

30 - o




Thermal chlmneys,?:hown on the'lefty are passive, self-reguiat-
Ing venthiation devices that can help keep the greenhouse cool
during summer. The chimneys.are painted dark green or black

" to Increase the alr temperature within the shafts and thus In-
~ crease the alr movement through the greenhouse. (O.H.C.
+  Chlid Development Center, Siloam Springs) . ' .
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‘. GREENHOUSE GARDENING

The skills of horticulture cannof be
-fully conveyed in this or any -other
‘single publication. Learning to. grow

- plants. can be a lifetime’'s work of

study, experimentation, and applica-

tion. If you already have some garden-

ing.experience, growing plants in the
greenhouse will be easy once you

.. learn the light and temperature varia-
tions during different times of the.

year. If you have no gardening exper-
lence, it is not difficult to acquire
gardening skills by learning from

those who have gardens. Whether or

~ not you have a knowledge of horticul-
- ture, it is advisable to read books on

the particular growing techniques

- used in solar greenhouses. (See Ap-
pendix B.) :

To get the most economic and nu-~

>

tritional benefits from a_vs_olar green-'
house, food plants that have a high

nutritional content in a smali growing -

area should be grown. Of course,

" starting” seedlings for transplanting

to the garden or growing. house .
plants for sale are also excellent uses
of the solar greenhouse. L
In general, leafy salad-type crops,
such as lettuce, spinach, kale, chard,
endive, chinese cabbage, celtuce, .
kohirabi, and collards, do best in -
solar greenhouses. Tomatoes, cu-
cumbers, peas (edible pod types),

“ onions, leeks, chives, and ®auliflower
can. be grown if attention is paid to
. the required growing conditions of
" the varieties selected. There are sev-

eral characteristics of the crops to

- consider for a solar greenhouse: light
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- requurements cold tolerance size,
- daylight period required to flower and"

set, fryit, time required from planting
to harvest, pollination and disease re-
sistance. Specual greenhouse varieties
‘have been bred to yield fruit in cooler
environments, or with shorter days
than the standard varieties. Some
varieties are more disease resistant
than the parent plants.

The " following table,- from the

Orgamc Gardening Research ‘Center
~in Manatawny, Pa., lists recom-

-mended food crops and their horticul-
tural requirements. Our studies have
shown that these recommendations

are valid for solar greenhousges in Ar- .

kansas Varieties that will grow best

~in winter are listed first and marked
“(W); other. varieties for spring, sum-

mer, and fall are also listed. Those
varieties that should _be grown in
_spring and summer only are marked

- (S).

In the fall, some of these vegetables
can be transplanted into.the green-

_ house from the garden, especially to-

matoes, peppers, onions, and broccoli.
Prepare for transplanting at least two °
weeks prior to the actual move by cut-
ting the roots with a shovel midway
between adjacent plants. This will en-
courage more root growth close to
the plant, thus helplng it survive the
move.
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o FOOD PLANTS FOR PASSIVE SOLAR GREENHOUSES

. L v-muq : © Soit Temp*  Locetlon Speciat instructions
. Tomato ’ Cherry types especrally ‘Sweet 100*' (W), ) 50 Fullsunontrallis’ - Requrres 20" of root depth if in containers must
- Big Boy (S), Better.Boy (S), Besfsteak (S) S - up back wall be 12" or larger in diamater, tnm suckers .«
e " »Cucumbers ‘LeReine (S), European (S). Burpless types . ' 60‘ ' ‘Fuﬂ sun on trellis ' Require hand pallination -
. {S), Toska Gourmet (S) © & upback wall .
Peas ’ . Mammaoth-meiting (W), Sugar Snaps (W), 40 - Shady, cool arfeas' Grow on teepee of four poles in back corners el
(Edible pod types) Mighty Midget (W), Dwark White Sugar (W) . ; - _ greenhouse or on trellis up side walls.
T . Omons,leeks, - Any (W) i : 35 Cool, medium light ~ Garlic helps control insects, buib growth 1s scant.
chives, shallots, : toward sides of for all, tops good in sa'ads space further apart- .
garlic ' } midsection of than usual,, .
N o " greenhouse
: ' ’ Cn R - } . . i
. Caulflower - Snowball (W), Super Snowball (W), Abuntia (W), 40 Coof, medium light  Reuire much space for the crop harvested do well’
o s Sriowcrown (W), Snowking (W) ) ) L in pots good for early fransplammq to garden.
Cabbage . DWart Morden (W), Jersey Waketield - 40, " Only one head harvested per plant, ’
.Chrnese Cabbage . Burpee Hybrid (W),_Mlcrrihﬂ (W) . 40  Cool, medium light . Exceflent for fall-winter greenhouse continuous v
) i . ] harvest. -
p Collards Vater (W), Georgia (W) - . © 40 Same as above: Same as above. ,
}(ale ! Dwarl Biue Comet (W), Dwarf Blue Scotch (W) ' -40 Same as above B Same as above. S : :
. , R . ’ L ) 4 ] f
Kohirabi Early White Vienna (W) _ . ~ 40 Same as-above Same as above . \
C‘e A Broccoli Southern Comet (W), Calabrese (W), White ' 40 Same as above Same as above
e Sprouting (W), Green Comet (W), Premium Crop F1. i y
. o . %
Peppers, , Almost all red, green of bell varities work’ ) 60 Warm, full Yight Hand pollinate do well i pots _caretuf not lo
- . ; overdvater . p
Endive Salad Kin§ (W), Broadteaved Batavin (W) * - 35 « 4Cool, medium light - . Good winter produc_ers.h may be grown under
} . IR . " tomatoes or peas 1n back of greenhouse
Spinach . - Monnopa (W), Bloomedale (W), Perpetual, - 35 Cool, m‘edium light  Same as above, continuous harvest
’ - New Zetand . . ‘ '
Sruiss Chard ‘ Vintage Grean (W), Fordhook Giant (W), "~ 35 Cool, medium light  Tastes better after coo! weather Good broducer,
_ Lucullus (W), Ruby (W) _ o . : , continuous harvest
‘ Radishes © White Chinose (W). Chlna Rose (W), Summer 40 Anywhere .. Doubls number of days to mature crop
’ Cross (W), Half Long (S). Yellow Gold (S) ) ' ‘ -
Icicle (S), Champion (S)
Beans . Kentucky Wonder (pole) (S), Blue Lake (pote) (s), 60 ' Medium, light Not good for midwinter crop. don't overeater; witl
Tenderpod (bush) (S), Royaity (bush) (S) ' ) easily rot. Watch for yellow bean beatles .
Lettuce Buttercrunch (W), Grand Rapids (W), Artic King . 35 Cool, medium light  Avolid head lettuce. watch for aphlds contlnuous '
(W), Tom Thumb (W). Green ice (W), Salad harvest. ] .
Bowl (W), Great Lakes (W), Celtuce, Dakleat, Bibb ) : )
Beets " Ruby Queen (W), Detroit Dark Red (W), Burpee 40 Medium light, coo!  Young foliage excellent as a qres.n. plant farther .
Gotden (W), Snow White (W), Asgrow Wonder (W) ' ~ apart than usual, require {oose light soil
Carrots Tiny Sweet (W), Short-n-Sweet (W); Little 40 " Highlight, warm Plant heavily then thin progressively, require

Finger (W), Golden Nugget (W) . loose, light soil and sand

*Mimmum soil temperature for germination in °F

o
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‘Many crop varieties benefit from - moving them to the greenhouse.

starting in pots or flats, then trans- Recent research at the Organic.
planting to the garden in spring. . . Gardening Research Center has
These -include tomatoes, peppers, shown considerable success with
eggplant, melons, broccoli, and other crops developed in China for growth
‘colecrops such'as cabbages. through that country’s damp, chilly,
. 'Some of the-warm weather crops  .overcast winters. These .various
will not germinate in the greenhouse greens can be eaten fresh in qalads or
but will grow there once started. You cooked in soups and casseroles and
can get them going by keeping them ‘are very prolific in . _passive solar

in the house until they sproud, then greenhouses. :

y 'CHINESE VEGETABLES'
" Siew Choy ‘kBrassica bekinensi's var. cylindrica): : eaves are wrinkled with celery-
like midrib. About 8 inches tall. Pick outer leaves. -~ . - 3

Seppaku ‘tﬁai'na (unk): grows bunched like celery,’having broad, soft leaves on
white stalks. Can be planted close togéther. Good eating even after hard freeze.

Bok choi (Br. chinénsis var. Chinensis): chinese cabbage. Will survive tempera-
tures in.the mid 20's. Pick regularly to prevent heat formation. Y

Choy surri_(Br._"paracninensis, Bailey): " flowering white cabbage, looks similar to -
broccoli. Eat flower stalks. Eat entire plant as salad or stir fry. o L

; .. = Dai gaichoi (Br..iunceé var. rugosa): loose, upklght head with curly leaves having
| - asweet; peppery flavor. - R - R :
Gal choi (Br. juncea var. foliosa): fast growing (space at 6 inch intervals), with
mild mustard flavor. More leafy than Dai gai chol. . - . L
Komatsuna (Br. pervidis Bailey): very cold tolerant, compact, resembles young - '
chicory. g. ‘ : : ’ ) '
. ry. Slow growing ‘ w3 L - | |
Kyo mizuna (Br. juncea var. muttisecta): resembles fihe endive. Fast growing.
Mild -and pleasing flavor for salads. ' o

Shungi ku (Chrysanthemum coronatium): young shoots excellent in salads.
Continues to grow when clipped back. ' ‘ . '

L}
N
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The greenhouse envlronment .

‘changes with the seasons. In the

winter it is cool but warmer than out- -

side*in the summer it is warm but can
~ be cooler-and more shaded than out-

side. As in the autside garden, some
crops do better' in cool weather,

others in warm weather. You can take
- advantage of the changing green-

R

house environment by plentin‘g differ-

ent crops in each season. Remember

that it takes 12 to 3 months between
the planting and harvesting of most
crops, so crops planted in the late
winter will be harvested in the Spring. .
The following_table gives some
recommended crops to plant in each

season. _ ‘

| PLANTS
Fall = Cool weathercrops for winter
. Oct. ~ lettuce,.radishes, onions, herbs, broccoll caullflow\er peas spinach,
- beets, carrots
- Nov. chives; cabbage, swiss chard, onlons kohlrabi
. Dec.. - start seeds inside to germinate crops-as in Oct. and Nov. b
- Winter Cool weather crops, early/spring crops and garden transplants; late
Jan. . collards, spinach, cauliflower, broccoli, onions swiss chard, cabbage,
— beets, flowers .
Feb. beans, lettuce, cabbage, herbs &peas in greenhouse tomatoes,
_ peppers, cucumbers -andothers forgarden -
March = tomatoes, cucumbers, peppers, eggplant, peas, beans, cabbage,
’ ' broccoli, caullflower splnach in greenhouse and for garden
Spring Warm weather crops for summer/and transpfants for garden
~ April melons, squash, corn (transplant) and others as in March
May Sameas.in April -
June - tomatoes, cucumbers, peppers eggplant squash, melons

Summer Warm weather crops; early/cool weather crops for fall; late

July . peas, carrots, onions, peppers,
Aug. cabbage, broccoli, spinch, cauli

radishes

tomatoes, cucumbers, squash
flower beets, peas, onions, herbs,

- Sept. lettuce, chinese cabbage, swiss char‘d kale, beets, broccoli, spinach

»
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An existing concrete slab and a brick wall offer ideal conditions for heat storage in a solar green-

house. A generous growing area is-provided by the double-level plant bed along the knee wall and "
along the building wall on top of the barrels. The upper level bed along the knee wall should be

built seyeral inches below the sill so the plants will hot touch the glazing, and the lower bed

should be raised slightly off of the concrete floor to aliow for draingge. .

4
s/ N ]

Because of the demahds. your

* crops will make on it, your green-
‘house solil needs to be very rich. It is

certainly possible to buy premixed
(potting) soils, but the guantities re-
quired make this approach exceed-
ingly expensive. Experience has
shown that the types of chemical

. fertilizers used In agriculture tend to

give poor _results in" greenhouses.
Thus two basic approaches remain.
(1 A s%lable soll can be obtained
by mixing e§ual parts of good topsoill,
sand, and a soll lightener such as per-

- lite or peat moss. Additional nutrients

can be added in the form of compost,

'or rgtted manure.

(20 The best soil is perhaps an

equal mixture of compost, sand, and

-« whatever garden soil Is available. The

:attractiveness of this system lies in .
recycling, through the compost, of
kitchen and garden waste. '

Solls can be contained in pots,
raised beds, or ground-level beds.
The use of numerous small pots on
tables or benches is not recom-
mended. These tend to dry out very
easily and the roots can experience
wide temperature shifts. The best ap-
proach seems to be a combination of
beds toward the front of the green-
house and pots and/or flats in the rear
or on or over the heat storage con-
tainers. ’

i
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J. CONSTRUCTION METHODS

There are several factors to consid-

er when designing a solar green-
house, including what type of plants

- will be grown and how the green-
house will be adapted to the house.

- for ®8asy access and heat distribution.

‘There is no.one way to build a solar

greenhouse; rather, it should reflect

the needs and resources of the

-owner.

The following gonstruction methods
are given for a ' greenhouse design
that has performed ‘well in Arkansas.
The details may need to be modified

to suit the partlcular conditions of :

éach stte

1. PREPARING THE SITE

" Before starting to dig the founda-
tion, measure’ the wall of the house

" where .the greenhouse is to be at-
tached. It is very helpful to draw a
plan and elevation of the proposed

N
Pl

greenhouse on graph paper Note any
obstacles. such as wires, electric or
gas meters, or trees. Look at the line.
of the ground against the ?use and

measure its slope. If you/live in a
“suburb or ¢ity, make sure your Jot Jine

is pot wijthin- five feet of the
greenhouse. Check with your’ local
government to see if you will need a-
building permit.

Clear the site of any unwanted
shrubs, trees, or plants before you

~ start working.-To give you a good idea
bf the layout, place - stakes in the .

ground where the walls will be lo-

. cated. Fig. J-1"indicates the equal
lines of measuremerfsto ensure that
, thevfoundatlon will be square.

¥
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2. FOUNDATIONS

The foundation should evenly sup-
port the weight of the greenhouse - -
. ang should be square and le¥6hgo. -
that the walls will fit together and ai-

“tach to the house without gaps. Since

_the greenhouse Itself is a lightwelght.

- structurd, a conventional foundation,
such as those.for houses, Is not need-
ed. Whatever foundation Is used,

make sure.it is well ingulated from.
next to heat loss through

the ground:
the glazing, the foundation offers the
greatest avenue for heat loss.

The sturdiest and most permanent
foundation for. sites that sldpe less
than 24" is a poured ¢ te grade
beam. (Fig. J-2 and Fig.
beam is’ simply-a cgntinuo
crete footing that extends above:
‘ground. First, dig a trench 10"
and 12" deep aroung the.perimeter..

JKECC;%EP,M@ BOLT
| 4«3 KNEE-WALL SUPPORTS

<3 ‘ L

. . The bottom of the trench may slope

with the ground, but-the tep of the

~ grade beam should.- be 6” above the

highest corner of the ground and re-
main level around the entire perim-
eter. For example, if the ground
-slopes down towards the west a total
of 24", then the top.of the grade beam
will.be 6” above the ground on the
east side and 18" above the ground
on the'west side. : 5
~“If the ground is level, ygu can use 2
x 6 boards.to form the exposed sides
of the beam. If the ground slopes, use
12" plywood with 2 x 4 supports every

. 16" to formr the necessary height to

keep the top of the grade beam level.
Line the.side and boftBm. of the
trench with 2" polystyrene foam insu-

~lation (bead board),-then place two

No. 4 reinfarcing bars continuously

4
¢
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. foundation_is small; you may want to
~use ready-mix concrete or make con-
" crete from a mixture of one ‘part ce-

‘sure tp place 2" x 8" anchor bolts
., every 4’ into the top of the grade

ing 3" above the ‘top of the beam.

through the trench as mdrcated If the

ment, two, parts” sand, three parts -
gravel and enough water to mix. Be-

beam, with the threaded part extend- -

These are used to tie down the waIIs

to the foundation. . )
Since both sunlight and ground
moisture will -deteriorate the 'bead
board insulation,
protect it with plaster or some other
waterproof coating. An alternative in-’
sulation is Styrofoam (blue), which is

" more expensive but much more resis-
~ tantto moisture and acids in the soil. .

If the ground slopes more than 24",

a g{ade beam may bezlmpraptlcal be-

a0

it{is important to -
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- cause of the Iarge amount of con-
crete and extensive forming neces
sary. For such steep slopes, a con-

- ventional concrete,footing and block
wall foundation is more appropriate.
Details of this type §f foundation can

_ be-found in any ca pentry or house

" building book. - |

A less costly .alternative‘to a con-
crete foundation is one that uses
~treated posts or railroad ties. These

" types of foundations have beé’n used
for greenhouses'in rural
are not restricted by buildi gcodes

Fig. J-4 shows a typicat post foun:
dation. Begin by .digging a 12" deep

g

lation. Waterproof the wooden sudes
with three layers of foundation coat-
ing (tar) and felt, then fill the cavities
between the posts with insulation

(fiberglass, cellulose, or styrené’

.beads)

_O%k railroad tiés are common saw-
mill products in‘many parts of Arkan-
sas and can be used to make perhaps

 the least costly foundation. The

reas that -

by 18” wideé trench arouind the perim-

eter Set treated 4 x 4 posts in-holes

‘3’ deep and 4’ apart in the bottom of

the trench. Install ‘the treated 4 x 4
" baseplates between the posts, then
“nail treated boards or plywood to
. both sides of the posts to tie them to-
) gether and.form a cavity for the insu-

-~

. ties every 4’ Each succe

ground should be fairly fevel and, as
.shown in Fig. J-5, at least three
courses of.8” x 8” oak ties should be
«used. Start by dtggmg a 16" deep by
18" wide level ch around the
perimeter. Place 4’ of pea gravel.in
the trench and 1ay the first-.course of-
ties after the bottoms have been
mopped with tar. Using a sledge ham-"
mer, drive.a 2" x 3’ relnforcmg rod-
or pipe through holes drilled in the
ing layer

a similar manner -‘Coat the outS|

. of ties:is spiked to the one below |t£

+36
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- wall with windows serves two impor-

4

.

| 4xd KNEE -UALL SUPPORTS |

B <&  ONK TES |
Z«Z TRM. e

edge of the ties with three layers of
tar and felt, then nail or glue on the 2” 7}&

- bead board insulation.

Fig. J-6 and Fig. J-7 illustrate typical
greenhouse details using tiited temp-
ered glass panels (34” x 76”) and a
vertical’knee wall with openable win-
dows along its entire length. A knee

tant functigns:
1. In summer, the knee wall win-

dows are used as vents to allow. a
generous flow of air into the green-

~house.. Along with smaller vents on

42
37

the side walls or roof, these openings

greatly reduce the amount,of shading

necessary toprevent overheating. -
2. The knee wall makes possible -

-a double-decked planting arrange-

ment: one bed at ground level and
one bed at the top of the knee wall.
Light reaches the lower bed through

- the vertical windows while the upper .

bed receives light from the tilted
glass panels. This arrangement en-

~ ables the owner to grow about 40%
- more in the greenhouse than if just
,one bed were used.
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.3 cousrnucnon SEQUENCE -

A. Construct the built-up beam
. ‘that will support the glazing rafters
- . and the roof. If the greenhouse is less .
~ than 16’ long in an east and west di- -
rection, this beam can be made by

“bolting together two 2 x 10's. with a
layer of V2" plywood in between. If

' “the. greenhouse is longer than 16’,
" then either a larger beam or an inter-
ior column will be necessary.

B. Place the beam in its correct

location by supporting it with two 4 x .

4 columns at each end. The ends of -

“the beam should be plumb with the
outside edge of the foundation. Brace
the columns and beam with temporary
diagonal braces until the roof rafters
~and walls are in place. Make sure the
beam is level and is at the correct
: height abovethe foundation. '

C. Nailorscrew 2x6 Iedger plate
on the hodse wall. Hold a 2 x 6 board
against the ends of the ledger and
beam and trace their outlines with a
pencil, then cut all the roof rafters to

this pattern. Nail the pre-cut 2 x 6 roof

rafters from the ledger to the beam on
24" centers. There should be enough
downward slope towards the south to
allow rain to run off easily. Use joist
hangers to connect the rafters to the
‘ledger. :

D. Build the knee wall on the
ground then tilt it into place on the
foundation wall. Since the glazing
rafters will be on 35” centers, the 4 x
4 knee wall supports (mullions)

should be on 35” centers also: Knee
wall windows can be made with 2 x 2

frames and double strenth glass. A
‘brass pilano hinge at the top of the
windows allows them to swing out-
~ ward so as not to disturb the plants
“and to remain open while it is raining.
~ Screened frames can be placed in the
openings in summer to keep out in-
sects and can be removed in winter
so that adequate sunlight can enter.

T
“t

E. Determine the cutting pattern

for the glazing rafters by holding a 2'x

4 against the end of the beam and the
sill. After cutting the patterns, nail or
screw together two of the pre-cut 2 x
4’s to make each glazing rafter 3”7
wide and 3%2” deep. Since these raft-

‘ers will be exposed, be careful not to

damage them dyring preparation or

- _installation. Scréw the glazing rafters -

into the beam ‘and the sill with 4" x
4 " wood screws..Fig. J-8 shows the "
glazing details at the east and west

-ends of the greenhouse

F. Frame the side walls wrth 2x
4's on 24" or 16" centers. The con-

nection or the wall studs to the roof

rafters is shown in Fig. J-9. Wall vents:.
are screened openings with insulated

. doors that swing inwards. The vent
doors are made from a 2 x 2 frame -

with ¥ ” plywood nailed to both sides

and bead board insulation on the in- .-
_side. Be sure. to weatherstrip all

vents, doors, and windows so.they
are air-tight when closed.:

-G. Paint the- glazing rafters and .
the sill with two cots of clear marine

_ varnish. When dry, apply a continu-

ous bead of clear silicone rubber on
the top edge of each rafter and .

" beveled edge of the sill and then in-
~ stall the glass. Nail témporary wood
- blocks below the sill to prevent the

glass from sliding off the rafters
before the silicone rubber dries. After
the rubber dries, remove the blocks
and install the batten strips, which
can be either 1 x 4 cedar or galvanized
steel. Next, install the gutter with
downspouts af*each end. The gutter
is very important because it prevents
water from saturating the knee wall
and lessening the chances for decay
and leakage. The gutter can &lso be
utilized to collect rain water for the
plants

46
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H. * Finish the outside of the roof

- with+2" CD plywood decking, 15 ib.
felt, and asphalt shingles or’roll roof-

ing to match your existing house.

roof. Nail 1” bead board to the out-
side walls, then tape or caulk all the

. joints from the outside to prevent air
leaks. Apply whatever siding material

you desire to the bead board sheath-

ing. The inside of the walls and roof .
~are finished with fiberglass insulation

(3%2" in walls and 6" in roof), a 6 mil
polyethylene vapor barriér, and 2"
.sheetrock (preferably the water-

- proofed type). Paint the walls and:

ceiling with two coats of white-exter-
lor latex or enamel. An alternative
interior finish is % ” madonite. that

~ has a plastic laminate surface on one

.

side.

1. The framing for the beds may -
be treated with copper naphthenate

~ to resist rotting; do.not use creosote

or pentachlorophenol (penta) to treat
lumber in a greenhouse, - because
these substances are harmful to-
plants. ST L

J. Place 4” to 6” of pea gravel on
the floor and 55-gallon dark-painted
barrels of water against the house
wall. (See section on *“‘Heat Storage’’)
More planting beds and shelves can
be placed above the barrels, making.
the total planting area at least equal

" tothe floor area.
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Owner. Ozark Food Co-Op : S A / -

Location: Fayetteville o ) s '

Length: 40’ Width: &’ Area of Floor,_-320sq. ft. : : :

Tiited South Glazing: 366 sq. ft. Type: 34" x 76° tempered glass panels with an inner layer of
4 mil polyethylene in winter - : .

Vertical South Glazing: 132sq. ft. Type: 48" x 34" removable awning windows glazed with
double strength glass and an inner layer of 4 mil polyethylene in winter

EastVents: 28sq.ft. - Type: a3 x6'-8° door with screen door and an upper 2’ x 4’ wall vent

WestVents: 12sq.ft.  Type: upperwallvent =~ .. ,
Roof Vents: None : ot o ,
Openings to Bullding: 40sq. ft. Type: 5' x 8 doorway (a 200 CFM thermostatically .
' controlled blower also delivers air to the building)
Thermal Storage: Nine 55 gallon barrels of water (4140 Ibg)and a 1’ thick brick wall (existing)
Planting Arrangement: . Upper and lower shelves along south knee wall (80 sq. ft.) for flats and/
pots and 20 sq. ft. of ground level beds against the north wall
Shading: None at present. Although the vents along the knee wall provide much ventilation, itis

felt that some shading will be necessary in summer
' CONSTRUCTION

Floor: Earth * | o ' :

Foundatlon: Poured concrete grade beam (6 x 18”) with 2 bead board on the inside surface

Side Walls: '2* plaster on metal lath, V2" fiber board sheating, 2 x 4's on 24” centers with 3v2°
fiberglass, 4 mil polyethylene vapor barrier, ¥%2* sheetrock

Glazing Rafters: No. 2 pine 2 x 4's on 38" centers; painted white s
asphalt shingles, 15 Ib. felt, ¥2* CD plywood, 2 x 6's on 24” centers with 6° fiberglass batts,

Roof:
4 mil polyethylene, ¥2" sheetrock .
‘ oo COSTS
Materlals: $1400 (Labor Cost: $1266)
Builder:” Joe Henry
& !
y i Y Yot
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Owner: Northwest Arkansas Economic Development Dlatrlc't, lﬁ’c.
Locatlon: Harrison Senlor Center, Harrison
Length: - 12 Width: & Area of Floor: 968q. ft.
Tilted South Glszipg: 728q. ft. Type: 34° x 76" tempered glass panels (single glazed)
Angle: 85° o ‘ - T '
Vertical South Glazing: None o : :
Roof Glazing: 72sq.ft. Type: 34" x 76° tempered glass panels (single glazed).
_EastVenia: 2.5s8q.ft. Type: upper (12° x 20") and lower (8° x 12°) wall vents
- West Vents:. Same as east vents. - . S
Roof Vents: None . :
Openings to Bulldings: 48 sq. ft. Type: Two 4'lx 6.awning windows
Thermal Storage: Seven 55 gallon barrels of water ° -
Planting Arrangement: removable flats on top of barreli; planting is done entirely in pgts and
sepdling trays ) , '
Shading: None—the bullding is not used in summer ' .
~ ' - CONSTRucTion -

»
L

»

Floor: 4 peagravel . i .
Foundstlon: 6’ x 18’ poured concrete grade beam, no insulation’
Side Walls: 3/8° plywood, 2 x 4's on 24" centers with 3¥2* fiberglass batts, ¥%2* bead board
Glazing Rafters: Double 2 x 4's on 34" centers, plywood gussets at sbuth roof edge
Roof: © Same as tlited south glazing COSTS ‘ -

T

Materials: $780 =~ -

i

Bullder: Allen Grogan :




Owner: - Pulaski'CountyCouncflon'Aging ERE L : o LR

: Location:

Length: - 27°-10° . Width: 8 - Area of Floor: 216sq "o,

Communrty Center, Little Rock - - =

~ Tilted South Glazmg 144'sq. ft." - Type: .34" x 76" double glazed tempered gIass paneIs
. Vertical South Glazing: 81sq. ft Type: 34"x 36" awmng w|ndows wrth double strength

. glass

andaninnerlayerofplearvnnyl . r . b

East Vents:  8sg. ft. = Type: Upper wall vent .

West Vents: 20sq.ft. =~ Type: 3'x6'-8" dqor and screen door- o
- .Roof Vents: Four12" dfameterturbrne ventrlators with rnterror shutters o ’

", Openings

to Building: 48sq. ft.

Therma ‘Storage: -Eighteen 55. gaIIon barreIs of water (82566 Ibs.) along north waII and south knee

. wall, an éxisting 1’ thick solig brick wall and 162 cubic feet of soil (8000 Ibs.)
Plantlng Arrangement "Upper and lower | beds (24" wide and. 12" deep) along the knee waII and a

Floor' 4"

. Foundation: An8"x 18" poured concrete grade beam with 2” bead board on the inside surface

similar bed above the barrels on the-north wall for a totaI of 162 sq ft.

CONSTRUCTION - o

of pea graveI

Side Walls:. 1'x 6 pine siding, 1" bead board, 2 x 4’s on 16" centers with 312" fiberglass batts 4 mil

thylene vapor barrier, and 3/8° plywood

. pol :
' Glazlngﬁfsafters. No.2dquble 2 x 4’s on 36" centers

_ Roof

phalt shingles, 15 Ib. felt, Vo' CcD plywood 2 x6’s on 24" centers with 6' flberglass batts o

4m|I vapor barrier, 3/8"p|ywood . RS

: MaterfaIS'
JBuilder:
staff

“ERIC

Aruitoxt provided by Eic:

COSTS
$3000 ’ T :
George Flake (supervrsor) and the Opportunrty !ndustnallzatron Council weathenzation

’

.
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Owner: Sam and Helen Armstrong : :

* Location: - Rogers - . IR oo ‘
“Length: - 27'-10 Width: 8  Afeaof Floor: 222sq. ft. '

_Tilted South Glazing: 162sq.ft. = Type: 34"x 76” tempered glass panels with an inner layer of

vinyl storm windows in wintef

{

-+ - Vertical South Glazing: None - - o A ,
w . EastVents: 8sq.ft. Type: 2’ x4 upper waII vent _ e
Woest Vents: 20 sq. ft;‘ - Type: 3' x6’-8" door wlth screen door . ,
" RoofVents: None . L
Openings to House: 30 sq. ft. -\ Type: a 3 x 6’ 8' glass door and two 10 sq ft. double hung L
wood windowWs
- Thermal Storage: = Fifteen 55 gallon barrels of water (6881 lbs ) stacked against the house wall
Planting Arrangeiment: - 128 sq. ft. of shelves for trays and pots; upper and-lower shelves along
. south knee wall and staggered shelves and hanging pots along the house wall
Shadlng A polypropylene shade cloth rated at 50% light transmlsslon
. CONSTRUCTION _ b

¥ 4

Floor: 4 pea gravel '
- Foundation: A 6" x 18" poured concrete grade beam with 2 bead. board insulation on the outside

surface
~ Side Walls: 1x8pine slzgng, 1/z fiberboard sheathrng 2x 4's with 372" fiberglass batts 4 mll
v polyethylene vapor batrrier, ¥2° sheetrock
- Glazing Rafters: No. 2'pine double 2 x 4's on 36" centers '
4+ - . Roof: asphaltshingles, 15 |b. felt, 1%* CD plywood, 2 x 6' son 24’ centers with 6' frberglass batts,

e 4m|lpolyethylene vapor barrler, 2" sheetrock ,
- i ’ v o . COSTS . ‘
Materlals $800 o Labor Cost: $800 (includes cost of bulldlng new door lnto house)

. Bullder: Joe Henry .

LN s
‘ : o . ._ . e :‘j . 47 B . )
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Owner: Ralph Nesson and Kate Conway o T S ‘ R
Location: Fayetteville o ) ‘ o
Length: 16°  Width: 10"  AreaofFioor: 160sg.ft. A .

Vertical South Glazing: 90 sq. ft. ‘East: 40sq. ft. Type: 34’ x 76" tempered glass panels
SouthVents: 15sq.ft. = Type: 34°x 12" lowerwall vents . o
, East Vents: 26 sq. ft. Type: 3’ x 6’ x8 doorand two 36" x 12" lower wall vents
, ~ WestVents: None _ ) .
' Roof Vents: None - - . , ;
Oenings to House: 20 sq. ft. Type: 6’ x 6°-8"sliding glass door :
Thermal Storage: Five 55 gallon barrels of water (2294 ibs.) and an existing 4" concrete slab - -
Planting Arrangement: Flats on top of the barrels and 'shelves on north wall '
Shading: None required for vertical glazing - . : n
. CONSTRUCTION
Floor: -Existing 4" concrete glab (previously a garage)
Foundation: Existing edge of slab floor - , o
Side Walls South and East: 4 x 4 cedar posts on 36" centers with the tempered glass pdnels:in

between ' . : .
Roof: -Existing garage roof of 2x 4 trusses on 24" centers with 6" fiberglass batts
: , - COSTS ‘ :
Materials: $500 - Labor Cost:' $800
Bulider: Joe Henry o ‘
Q o ' - ‘ v el ’
ERIC . . e o ,

T : 48
:
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A FuiToxt Provided by ERIC
)

Location:
Length:

Tilted South Glazing:

Owner:: Ofbce of-Human Concern, Inc. - -

Siloam Springs Child Deveiopment Center :
18:10" Width: - 86 Areaof Floor: 144 sq. ft.

storm windows in winter
Vertical South Glazing: None : o ,
East Vents: 20 sq. ft. Type: 3’ x 6'-8" door with screen doot.
West Vents: 12sq.ft.  Type: 3'x4’kid's door

Roof Vents:
Openings to House: .

vent by return air

Thermal Storage:
Planting Arrangement:

seedling trays) against north wall

Shading:

There is partial shading ffom nearby: trees in summer

CONSTRUCTION
Floor: Earth

_Foundation:

Two 10’ x 12” round thermal chiminies with interior shutters’
One 350 CFM bIower ona thermostat for air. delivery and a 6" x 24' Iower

Nine 55 gallon barrels of water stacked against north waII
54 sq. ft. of south ground bed and 72sq. ft of stepped paIIets (for

’l

fiberglass insulation between posts. Tar and felt waterprooflng

Side Walls:

N

k3

4 x 4 treated cedar posts every 3’ 1x 6 cedar boards on each side with 31/2

2" plaster on metal lath, 1" bead board, 2 x 4's on 16" centers with 312" fiberglass

6 mil polyethylene vapor barrier, 1 bead board, and 2" pIaster on metal. Iath
Glazing Rafters: Double2x 4's. (No 2 pine) on 36" centers.

Roof: Asphalt shingles, 15 Ib. felt, 2" CD plywood, 2 x 6's on 24" enters with 6'fiberg|ass 6mi|

polyethylene vapor barrier V' pIaster on.meétal lath -

NateriaIS'
milder:

COSTS
$750

Joel Davidson Steve Mescha, and Robert Knapp of the Office of Human Concern

m)/

108 sq ft., 34" x 76" tempered giass paneIs with.an |nner layer of cIear vinyl

¢

o

W




Owner:  -Sebastian County Roads Department E SR
Location: Road Maintenance Building, Greenwood [
- Length: .20°-7" ~ Width:  8'-6" Area of Floor;  160sq. ft.... ~ S N ,
Tilted South Glazing: 160sq.ft.  Type: 46" x 91" tempered glass panels with-an inner layer
of 8 mil polyethylene in winter S : '
Vertical South Glazing: 50sq.ft. - Type: -3’ x2'-6"aluminum sliding glass windows for atotal
., ventarea of 25 sq. ft. (screened in summer) e : . :
EastVents: 8sq.ft.  Type: 2’ x4’upper wall vent (with screen) .
West Vents: 20sq. ft. Type: -3’ x 6’-4° door with screen door : ‘
Roof Vents: None e R R ‘
"Openings to House: One 350 CFM dustfanona thermostat delivers air to an office area through
_ two 8’ diameter ducts. Retureratsis from one 12° diameter duct _ )
Thermal Storage: = Ten 55 gallon barrels of water (4565 Ibs.), existing brick wall, 4".concrete slab
“floor, and 2500 Ibs. of soil'in planting beds. - . R ‘ - v
_Planting Arrangement: - Upper and lower beds along south knee wall (33 sq. ft. each)and a bed s
" above the barrels along the north (existing) wall fora total of 105 sq. ft. of planting beds '
Shading: apolypropylene shade cloth rated at 50% light transmission Is secured to the outside

of the tilted glazing in summer ,

SRS . - _ ' CONSTRUCTION

" Floor: Existing 4" concrete slab : , o : .

Foundation: Two courses of 4 x 4 cedar posts attached to existing slab with lag bolts every 4’

- Side'Walls: - v4* masonite siding, 1” bead board, 2 x 4's on 16° centers with 3va” fiberglass, 6 mil -
polybthylene vapor barrier, V2" sheetrock . - - :

‘Glazing Rafters: No. 2 pine double 2 x 4’s on 48" centers o _ :

Roof; -asphalt shingles, 151b. felt, ¥2* CD plywood, 2x 4’'son 24" centers with 312" fiberglass, -
6 mil polyethylene vapor barrier, 1° bead board, V2* sheetrock E

; L . COSTS ,

‘Materials: $848 (barrels and some lumber supplies were donated) - .

Bullder: Monica Rojek of Community Energy Futures, Inc. (supervisor) and the Sebastian County -
Roads Department staff ) . ' T _ R

o _ 50 : - » ,
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A. FUNDAMENTALS |

‘ Solar air heaters are simple devices'
that utilize solar energy to help heat

buildings in winter. Air heaters are

probably the lowest costing and most

- efficient solar device you can build to
reduce home energy costs. ' '

The basic.-principles of all solar air

: heaters are the same. A black-painted
plece of metal, called the absorber, is

mounted within a shallow frame. -
Next, the frame is covered by a sheet -

glazlng #glass or fiberglass), which
faces south. As sunlight passes
through the glazing and strikes the
- absorber, it causes the black ab-
sorber to get hot; much hotter than it
.would if there were no glazing. Air is
drawn from inside the house, across
the absorber, where it picks up heat,

and then back into the house. During

" its circuit, the air will rise in tempera-

ture anywhere from 20° F to 30° F..
The frame, the absorber, and the glaz- -

" ing make up what is called a solar alr

‘collector.
Most solar air heaters bullt ln Ar-
kansas are active collectors; that is,

~ they use an electrical fan (blower).
.. that is thermostatically controlled to
~ blow air across the absorber when it

is_hot enough to produce heated air.
Solar air heaters can also be passive,
relying only on the principal of gravity

convention or thermosiphoning, |
which is the natural movement of dir

due to differences in temperature. As
the sun heats the absorber, the air

around it gets hot, causing it to ex- -

‘51

SOLAR AIR HEATERS -

pand and rise out of the collector and
into the house through an upper vent,
thus drawing cooler room air into the

, ‘collector through’a lower vent. Al-

though active solar air heatersre-

~ quire electricity to operate, they are

still very simple and generally will

-deliver more BTU’s per dollar than

: passlve solar air heaters.

Solar air heaters-can be further

_categorized as either modular or site

built. Modular solar air heaters refer

. to small (usually 4’ x 8’) units that

provide heat for a room that is used in
the daytime. Site-buiit solar air heat-
ers operate the same as modular air
heaters, but they are larger (8’ x 8' or

. ‘bigger) and are .more economically

built in place at the site. Typically,
site-built solar air heaters cover most

- of the south wall of a home to provide

a large portion of the heating needs.
Since large amounts of heat are pro-
duced, ducts are often used to dis-
tribute the heat to various rooms, and
sometimes thermal storage systems,

such as rock: beds, are utilized to
store excess heat for use at night and
on cloudy days

New Life Farm, Inc. (Drury, MO .

65638) has built many site-built solar .

air heaters throughout the Ozarks.
Their manual, *‘Simple Solar Air Heat-
ers,” by Ron Hughes ($3.50) is an ex-
cellent reference fér learning - the
many different possibilities for adapt-
ing air heaters to homes and other

<bulldlngs

L4




E

Q

RIC

Aruitoxt provided by Eic:

!

The Office of Human Concern (OHC) ot Rogers has conducted -

twenty solar air heater workshops for individuals, vo-tech schools
and community agencies throughout Arkansas. The 4’ x 8 col-
lector shown here (s being- installed by local residents onto a

community center in Gravette. - -

52




Construction of the O.H.C. solar air heater requires only simple .
carpentry skills. In the photo above, the absorber (aluminum roof-

ing) is being fitted within the collector.frame during.a construc-

tion workshop in Blytheville.

7/

¢
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B. . MODULAR SOLAi’l AIR HEATERS

~ Modular air heaters have been ideal
for the purposes of several commun-
ity agencies in Arkansas who have
built and installed over 100 units on.
the homes of elderly, low-income -
families duting the past two years.

The first modular solar air heater in.
Arkansas, and the standard by-which
most others have been built, was de- -
veloped by Joel Davidson and Bili

 ‘Brown of the Office of Human.

Concern (OHC) in Rogers. They saw a

need for air heaters as the next logi-
cal step to reduce fuel consumption

in homes that had already been wea-

_therized. Their objectives were to de-

" sign a low-cost,solar air heater that
could be:

-

S .
1. Built in quantity with simple
. carpentry tools and skills. .

Assembled easily and cheaply
by using standard 4 x 8 com-.
ponents for the glazing, absor-
ber, and backing.

o

=7

“Delivered and ins

3. less
than a day.

4. Completely automatic.

5. Durable enough to last at least -

10 years without maintenance.

Figure B-1 illustrates the construc-
tion of the collector, whieh is mount-
~ed either vertically or horizontally
against the south wall of the house.
The area between the absorber and

. the glazing is a dead air space which

is vented in summer by thermostatic
vents to prevent overheating. The air
flows through a 12" x 24" air gap
behind the corrugated aluminum ab- -
sorber. (The depth of 112" includes
the depth of the corrugations.) A 200
-CFM squirraicage blower pushes the
airin a U-shaped path around a center
baffle for a total air run of 16 feet. :
Jim Free, of the Crowley’s Ridge
‘Development Council in Jonesboro,
has designed a variation of the OHC
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o

AIR VENT
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| ~— MeTaL EDGE
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! "
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INTO HOUSE-\

BLOWER

COLLECTOR ON
‘SOUTH SIDE

2

OF HOUSE

- collector. Alr is blown both in front of

and then behind the absorber for a
total run of 32 feet. To compensate
for the increased distance of air flow,

‘the air gap has been increased to

about 1-2” on each side of the ab-

sorber. Jim recommends a 200 to 350

CFM blowen

.* Another modular solar air heatér ‘
“based on the OHC model has been

developed by Peter Scholls of the
Crawford-Sebastian Community De-
velopment Council in Van Buren. This
unit is identical to the OHC version
except that a 10” propeller-type duct
fan instead of a squirrel cage blower
is used. The duct fan has the advant-
age of fitting flush within the wall for

~ more quiet and unobtrusive opera-

tion. Since propeller-type fans have
less power than squirrel cage blowers
to force air through the collector, the
duct fan requires a higher CFM rating

FIG. B2
~ of 425 to 600.

Each of these three collectors

- costs about $110 if the components

are bought at wholesale prices and

. about $150 if the materials are bought

at retail prices, as they would be for
homeowners who wish to build one
or more units for themselves. A free,
illustrated, step-by-step manual on
construction, operation, and perform-
ance of the OFC collector is available -
from the Office of Human Concern,
P.O. Box' 756, Rogers, Arkansas
72756. A similar ‘construction guide
of Jim Free's collector design is avail- .
able from the Crowley’'s Ridge De-
velopment Council, Jonesboro, Ar-

 kansas.

Larry Bueg, of the Energy Ce‘nter(,

“Inc. in Lowell, recently designed a 4’

x 8’ modular solar air heater that is -
quite different from any built in Ar-
kansas. As shown in Figure B-2, this

63




unijt mouhts.‘direct_ly into the lower
~ part of a south window, eliminating'
" the time and expense of putting

ducts through the wall. Instead of

. being mounted flush against the wall,

. [ this collector has brackets which can
adlust the collector to the optimum
angle for'solar collection in winter.
The absorber, which also serves as
@he insulation and back of the collec-
or, isa 4’ x 8’ x 1” sheet of rigid,
igh-temperature fiberglass. Black

" aluminum foil covers the fiberglass to
serve as the heat-absorbing surface.

Galvanlzed steel baffles create a ser-
 pentine air flow in front of the ab-
sorber._Total length of air run is 327,
" with an air gap of 2”.

The manifold that pro;ects through
the window is divided into two halves,
one side serving as the air intake into
the collector and the other-side hous-
ing a small squirrel cage blower. Un-
like the arrangements in the previous-
ly mentioned collectors, this blower
pulls |nstead of pushes air through

'C. PERFORMANCE

There |‘s an urgent need to compare

the performance of these collectors .

in side-by-side tests so that effective
improvements .can be made in their
design. To date, all the design criteria
have been based on research and
demonstration projects by the San
Luis Valley Solar Energy Association
. (P.O. Box 1284, Alamosa, CO 81101)
and the Small Farm Energy Project
(P.O. Box 736, Hartington, NB 68739).
. These two non-profit organizations
have developed the rules-of-thumb

-for solar air collector design that have’

been used successfully throughout
‘the country.

Although precise “scientific mea-

surements have not been made to
compare performance among the air
heaters, studies have been done to

assess the general effectiveness of |

the collector.

It was found that much more air is
delivered to the room when the
blower is mounted on the delivery
side of the manifold rather than the
intake side.

The collector is framed in sheet
metal with a fiberglass glazing,
making it very lightweight and wea-
therproof. In mer, the unit can be
easily removed from the window and

i

" stored in the garage-or, better yet,

can be utilized as a solar food dryer.

. The collector can be fitted to a cabinet

with vertically arranged screen trays
upon which the food is placed. Solar
heated air is blown through the cabi-
net, thus drying large quantities of -
food very rapidly. Arkansas families
who traditionally use canning as a
means of preserving food could in-
stead use such a device to solar dry
their food, saving much time and
energy. Also dried foods have super-

ior taste and nutrltional value over

canned foods.

the QHC collector. The following is
an ex t from the OHC air heater.
manual that describes the results of
tests conducted from October 10,
1979 to February 26, 1980: .

- “Ten homes occupied by low-
income elderly people in Benton, Car-

roll and Madison Counties were fitted -

with solar air heaters in September of
1979. Seven of the homes were
heated with natural gas and three of

' ‘the homes were heated with propane.

.56

(Wintertime) fuel consumption for
each home from 1977 to 1980 was ob-
tained from fuel suppliers (Arkansas
Western Gas and Sungas).

In the test homes, the dollar sav-
ings (caused by the air heaters)

- ranged from 6.3% to 13.44%, with an

overall average of 9.87%. It is ex-
pected that this figure will increase

6y v




. with the
. CFM)- a he addition of an adjust-
able the ostat that will extend the

.daily ho rs of operation.”

- The decision to change to a 200
CFM blower was a result of the tests
conducted in January of 1980 by Dr.

- Thomas Rokeby, a consulting engineer
who is director of the solar poultry
house project at the University of Ar-

- kansas in Fayetteville. He tested sev-

eral different. sizes of blowers to

determine air flow characteristics of
, theg/alr -heater and concluded that the

50 of the larger blower (200

- ._/‘

The vatue of. 2,190,816 BTU's of

homes in 1981 is:
Electricity |

At 6¢ per KWH, you save
.06 x 641 ='$38.46

“*Natural Gas o
2'190,816 BTU = 2.12 MCF
At 3.50 per MCF, you save _
212 x 350 X 130 $965

larger blower would increase heat e

produetion by about 38%.

More tests were performed on thew

OHC air heater in December of 1980
by Russ Garton and Steve Metcalf,

graduate students in mechanical en-
gineering at the University of Arkan-
sas in Fayetteville. They determined

the average éfficiency of the collector
to be 48.5%, which is very good when

compared, to similar air heaters built -

by the Small Farms Energy Project
and others.
For Little Rock, a vertical south

facing surface will receive an average -
of 152,140 BTU/ft? total solar radia- -

tion durlng the heating season (No-

vember to March). Therefore, a col-

11ector of 32 square feet and 45% ef-
ficiency would deliver

152,140 BTU/ft? x 32 x .45 =
- * 2190,816 BTU °

D. DESIGN METHODS

The basic rules of the thumb for de .

signing solar air heaters are:

1. The baffle layout in the collec-
tor should be such that no single air
run, the distance between the inilet
and the outlet, exceeds 32 feet.

"2, The “delivered” air flow should
al 3 CFM per square foot of.col-

*tor. The delivered (or actual) air flow .
_Is the fan’s rated capacity (CFM) after’

s

'Propane Gas -

- 2,190,816 BTU ='23.8 GAL =
At .80 per gallon, you save

- 23.8 x 80 X 130 = $2475

"Whereas electrlcal heating is 100%
. - efficient, you only get about 70% of
the BTU's available in each unit of

heat for houses that use electricity,
- natural gas or propane to heat their

2,190,816 BTU = 641 Kilowatt/Hours o

- gas (the rest goes up the flue). So an - -~

efficiency factor of 1.30is included in

the value of each unlt of gas that is

‘ saved by solar energy.

" heater and take the 40% federal tax
credit, the actual cost is only $90.
With prices of electricity, natural gas
and propane rising dramatically, an

_investment in an air heater will pay

foritself in twoto. five years.

" it has gone through the collector. This

‘capacity will be less than the free air
rating of the fan because of the resis- -

tance encountered in the collector.

The average air flow reduction, called

' the static pressure drop, across -a
typical solar ajr heater is rated at .5 on
an instrument that measures pressure

~ change in inches of water in a column.

- Most fan and blower CFM ratings are
given. for both “free air” conditions

6o
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If you spend $150 to bulld an air




and over a range of pressure drops
ratings are given for both ‘“free air”
_conditions and over a range of pres:
sure drops.

For example, the dehvered air—ﬂew
through a 32-square-foot collector
should be: 3 CFM x 32 = 99 CFM.

Since it is assuméd that the pressure °

drop will ‘be about .5 inches, the rat-
ing for the fan at a pressure drop of .5

inches should be at least 99 CFM..

Most squirrel cage blowers with a

" area (in square feet) of the air gap K

" free air rating of 200 CFM will have a-

delivered air flow of 100 CFM at a
pressure drop of .5inches.

3. - Theairgapisa function of the

air flow (cubrc feet per minute) and

« the air velocity (feet per mmute) The :

* assumed optimal air flow is 800 FPM

- (Feet Per Minute). Divide the free air .
- CFM ratmg by 800 FPM to get the -

TEN

\ .

cross-section. The gap is then found
by dividing the cross section area by
thé-width of the collector air way in
one direction of airflow.

For example, the free air rating for

a 32-square-foot collector was detﬁ

. mined to be 200 CFM. So:

"200CFM + 800 FPM =
.25 square feet or 36 square inches.

Since the air way wrdth is 24 inches,
~ the gap is .

36 + 24 = 1.5 inches.

If corrugated roofing is used as the

absorber as in the OHC collector, the
“depth of the corrugations- must also
be counted as part of the air gap.

L
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A. mrnonycrlou

Hlstorlcally, solar water heatlng
has been the-most practical and wide-
spread of all solar applications. The
amount of effort that people have
spent on solar water heating has

been proportional to the availability °

of fossil fuels and the severity of the-
ctimate. Evidence of solar water heat-
ing methods dates back thousands of

o &e‘ars to the early days of the Greek

d Roman civilizations. Today, the
‘countries of Japan and Israel obtain

" large percentage of their hot water
_needs from the sun; also, the majority

of companies in»the solar industry are
exclusively Involved w,,th solar water
heating systems

~Although sol 'Water heater$ are -

common in'many parts of the world
and are even required by law in a few
American cities, they ar® naj preva-

lent in Arkansas. One reason for this =

is that most Arkansans, like most
Americansg, believe that all
water heaters are complex and expen-
sive. It is frue that most commercially

available systems cost from $1500 to

- $3000, which makes them unafford-

able for most residents, even consid-
ering the 40% federal tax credit. But
there are simple, owner-built, solar

water heating systems, called batch

water heaters, that cost less’ than
$300 and have been demonstrated in
Arkansas to save about 50% of the

yearly hot water costs for a typical \

household. -

solar

BR'I'C'H' SOLAR WATER HEATERS

A recent publication titled ‘“Solar
Hot Water,” by Nicholas Brown, ex-
* plains a wide variety: of owner- -boilt
solar hot water systems and how they

- can.be built using common plumbing

supplies and off- the-shelf compon-
ents. This booklet is available free
from the Arkansas Energy Office and
should be read prior to this report by
those unfamiliar with solar water
heating concepts. This retrofit guide
focuses on batch solar water heaters
because they offer the most potential
for immediate and widespread use on
homes in Arkansas. )

When. mpst people think of solar

water heatihg;they think of solar col-

lectors mounted on rooftops. Flat
plate collector systems have received
-most of the solar publicity and dre the
predominant method of solar water
heatjng today. However, the batch -
solar water heater is far more simple
to build and operate and, with the ad-
vent of new designs, can be as effec-
tive as a flat plate collector system.
A operation of a batch solar
water- heater is very simple: no
pumps, no heat exchangers, no con-
trols or other moving- parts. The sun
shines through a glass cover onto
black metal tanks inside an insulated
box, heating the water in the tanks. -
hus the heat collection and storage

" Yunctions of the water heater are inte-

grated..
The cold water Ilne in the house ls
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| EXISTING

WATER HEATER

g L. R

*

X,
n .
IA

‘J-plumbed to. the gnks sg that water
- must. passthroug the tanks before it
_enters ‘the . conventlonal hot water N
_heater in the house (Fig. A-1); hence, -
. the term- ipreheater” is' sometimes
- used to- describe’ batch solar water
¢ heating systems. . YT
In winter, the tanks may be dralned
‘to preveént the water. from freeznng
”However recent designs employ in-
~sulated shutters that are closed over.
_“.the tanks at'night to extend the effec-
. .jﬁ'tlve peri6d of operation. .-
) -~-"Many people have trouble belrevrng
- that slich a simple concept can work
S very well but batch : heaters have

., FIGAM. et

i

been shown to be the most effectwe
“solar heating system on a BTU. per°

"+ dollar basis._Currently, most operat-
ing batch watér heaters are home- - -

built systems constructed from inex-"
‘pensive materials such-as recycled
“-water heater tanks. In most cases, the
~ batch solar water heater will be the

_.cheapestsolar water heater for home-

owners to build and operate. How-
‘ever, it also has good potential for
‘production by local plumbing "

businesses for new .or existing- -
}-homes schools, and commercral
,burldlngs

1

i
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B BRIEF HISTORY

érlgmally, batch water heaters:“ﬁ
.. were  nothing more -than a' black- .
- painted tank of water exposed to the:

. sun. The name comes from the fact .
> that.all the water is heated atonce, in- - -

* abatch. These simple heaters were

" built' by the t’housands in California

the
" which was. the flrst commercrally_ o
“'made batch water heater to enclose
" the tank inside a glass-covered box. -
“The glass served to trap heat radiat-- - -
~ing from the tank, and performance -
_'was dramatically |mproved over-the -
~ * bare design: Batch water heaters per-
- formed well in those early days but
_ gradually disappeared.as artificially .
cheap natural gas and electricity be-"
. .came®available. Ken Butti. and John .
“Perlin describe - this h|story |n their. -
- book, The Golden Thread. e
% . “F. A..Brooks tested-several batch e
o water ‘heaters in 1936 at the Univer-
- sjty of California. He demonstrated - .
. that tanks in glazed\'*uﬁsutated boxes .
- are capable of producing hot water at

~and Florida in the late 1800's when' -
.,,.».uheatmg-fueLwas scarce and .expen- -
sive, The tanks supplied hot water by
. late afternoon- and only 'during the
- warmer months, ‘but- could cut hot
- water | bills by 75% in the summer and'--
.. .25-50% yeéarround. '

' In 1891, & patent: was awarded for" 5
solar water heater, - ,
" solar ‘energy..onto  the- tanks and, -

Y“CI|max”

L *over.120° F. He also proved: the ef-

- water is drawn out of the upper-part
- of the tank, cooler water enters

from the otherend and mixeswith the

) ;solar heated water, causmg itto cool

v

* fectiveness of using these tanks in
- 'series as opposed to one tank. As hot

61

-~ signed a two- tank bat 4
- Several ‘units ‘were bu t as. p rt.of a

rapudly But with three separate tanks'

“it takes much longer for the incoming -
- water to mix, and more hot water can .

be delivered. ‘Brooks ‘concluded that

batch water heaters were effective =

. solar energy absorbers but-were poor . !

,for storing hot water overnight.
Batch water heating design .was =~ = -
Iargely forgotten-in_this country.until . ...

1972, when Steve Baer, a solar. re-'
“.searcher in Albuquerque, New Mexi-
co, built and tested his “breadbox’’.

~water heater (Fig. B-1). The breadbox -
(so called Because it looks.like one)

‘added |nsuIated shutters ‘which,

‘when " opened, ‘reflected ‘additional

“when closed at night, msulated the .

"_tanks to preventrapid heat loss. On a o

clear February day with an average
outside . (ambient) temperature of

-40° F, 60 gallons of water in two tanks - L
- in'the breadbox were solar heated ini- -
tially to 140° F.and were Iowered to -

.only 107° WF after 35 gaIIons were
dmwn - '

in 1979 AIIen Grogan of North
-west . Arkansas - Economic DeveIop
.. ment District; Int. in Harri de-
water eater

CETA training progrant and i stalled
on the. homes of low- -income, elderly
‘residents. ‘Although no screntlflc

'mon|tor|ng has been_done, “the

“owners have experlenced a reductlon

in their fuel bills. However, thedeslgn- -

-called for- 5-foot wide - f|berglass
“which must be ordered in. quantity
and makes it impractical for individ-
uaIs who Wlsh to build just one umt

A .




| C A NEW DESIGN'

1}

REFI.ECTIVE SI'IUTTER

. As wrth solar. greenhouses and
. solar air heaters, it is very important
 to design owner-built solar water-

heaters to use only standard, locally

minimum of modification to assemble.

‘:v »,The main components. of the batch -

“heaters are the absorber (tanks), the

* glazing and the box. They need to be~
" ,matched in size so there'is little or no ’

waste of materials.

.}.l ;m —-Considering :that - prev'i‘ous .batch -

. solar water heater-designs required
‘custom-glazing, | desighed a batch

' water heater that uses a standard
. tempered glass panel-(34” x 76") as’

. the prrmary component ‘This glass * -

panel is the main element in the

- design, around which ail- other parts '

~ are built because:

ft

: replacement for sliding glass door.
and can be bought locally througho t

available materials that require a: |

S\

1) ltuske |nstockasastan'

g

Arkansas. ($20-29 for single pane“or
$60-65 for double pane) o
~. It is long-enough and wide

.enough to enclose two typical
- recycled gas or electr|c water heater

2)

tanks.
3) It wull not degrade under sun
light.
4t _has_a very hmh |mnaot

strength to resist damage by haul and '

-other objects

The tanks are mounted wrthun an

~ an-angle of 45° from horizontal. This -

“insulated plywood box. The box is
then mounted on a wooden stand at

-

-is the optlmum angle to collect solar ’.
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Thus new batch water heater design, called the Sun Mummy, uses only three s\teets of plywood to
construct The insulated cover (shown closed) has a continuous piano hlnge along the bottom lor
easy openlng and closlng S o : , S

When opened the tanks of water are heated by direct sunllght and by rellected sunllght lrom the"
_cover. The length of the chains oh each sude of the heater can,easrly be adlusted to re-position the ‘
' , * cover as the seasons change. . _ I

-




‘energy on a year round basis. An
adjustable insulated plywood coveris-

~ hinged to the.box fo reflect additional
- energy onto the tanks during the day,

~ and is closed at. night to store the
- heat. Total materials for the collector -
- cost about $175. The cost of pipe and
fittings to connect the collector to..
“the existing water heater usually runs

: about $30-50.

Communnty Energy FUtures lnc, )

D. PERFORMANCE

The May June 1981 issue of New,,_- .
Shelter magazine gave the results of
~ extensive, year-long.tests on five dif-
ferent types of home-built solar water

heaters. Systems included in the
,study were batch,
drain. down, drain back and phase

~change. The systems were compared .-
“for their performance in BTU’s per’

'square foot, cost per BTU, return on
investme
- The summary of the results states:

-=Without a doubt, the batch heater
seems the best chorce of the soIar,

/Aystems. It's simple and |nexpens|ve

it offers a very high return and a low:

cost-per-BTU; and it. pays for 'itself
quickly. It's also architectu

ible: if you have a sunny wall, fou

- can ‘integrate: the heater.into your

~home’'s. stdung, glvmg the system a
pleasing “‘bui " appearance. Or, if
your hom faces the wrong way, you
_can bUI|d a free-standing version,

~and trainin

‘pay-back ti

thermosyphon,

and ease of constructlon '

y flex-

P

tested sever

Dumas. Preliminary performance

" tests :by Aviv*Goldsmith of C.E.F:-

- (G. E. F) a non- proflt energy research_ .

agency, has built and-

prototype units of this "
- “design in Blytheville, Little Rock; and

indicate that these water heaters——;/‘

would be effective in ‘Arkansas for 7-

10 months out of the year and have a
of less than two years .

formosthomes_ : B

such as the one we showed in our -
- October 1980 issue. Once the conser- . -
~ vation measures are in place a batch
heater-can cut your remaining water-
_ heating.cost by a full third, saving a

“total (conservation plus)solar) of $289
L per year. At this rate, the combined

return. on investment is 65 per: cent

better .than that.

it gets our highest

ennsylvania, and it should

the West Coast You get more sun

‘than we do, and you can operate your

batch heater year-round without fear
of freeznng .

“ per year, with a pay back of just a
year-and-a-half. You can't do much
_Fqr families in
- most parts of the nat|on the batch -
heater offers the best combination of .
low cost, ease of assembly and high -
: performance
‘recommendation. it worked well for
‘us here i
‘work even better for those of you who
live jn the South, Southwest, or along
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" E.. LIMITATIONS

"Batch solar water heaters are gen-
, 'erally the first optuon to consider -
. _when. choosing among- solar hot
water heaters, but there’ may be good
" reasons why they are not suutable to

'everyonesneeds _
1) There may not be shade free

~ areas on the'south side of the house °
“to accommodate the heater.: .
2)' Withough batch heaters oper-

~ate well without a shutter, maximum

- performance is obtained only when — °
- the owner can open and close the
‘cover on' a daily basis. To most
" people, this is very little effort. But it

may be difficult or impossible for
some-elderly or handicapped persons.

- In case the batch water heater is im- -
practrcal the next type of solar watgr .

AN

~_heater ‘insulation,

~_heating system:to consider is a recir-

.culating system. For specifics.on this
system, refer to the Arkansas Energy
Office’'s publication, ‘‘Solar Hot
Water,"” by tholas‘Brown. . .

‘NOTE: |t is foohsh to consrder any o

~solar hot water system unless you

have already employed. conservation
measures on your existing hot water -

system. Turning down the tempera: -
ture control- on your water heater to

120° F.and installing pipe and‘ water
flow restrictors,
and a timer on your electric water

heater will save far more, energy per . .
,jdollar invested than any solar system..

<3
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APPEN DIX A GLOSSARY

Abs% Plate—A black surface that’ absorbs
solar radiation and converts it to heat; a com
-ponent of a flat: -plate collector

the

energy falling on-that surface. A flat black

/ﬂorptance—The ratio between - the
radiation absorbed by a surface and-the total

-

a

‘oceurs during periods of cloudiness or in-
‘tense-cold, when a solar heating system can-
-not provtde enough heat to meet the needs of:

"‘the space -

'Azimuth—The angular distance between

"~ true south and the pount on the horlzon dl-

surface. such as-used in solar collectors, has :

' rectly below the sun.

1)

‘

J

ahigh absorptance.

Absorption Chilling—Solar assnsted An air'

conditioning method that uses solar heated - .

llquid to activafe the chilling process

Active System—A solar heatrng and/or cooI T
-ing system using mechanncal methods of

heat distnbutuon

AirType Collector-—A solar heat collector
deslgned to use air as heat-transfer fluid.

. Berm—A moun't of earth either- abutting a

house wall to help'stabilize temperature in-

- side house, or positioned to . detlect wind
from house

British Thermal Unit (BTU)—The quantlty of -
“heat required fo raise the temperature of 1

pound of water 1 degree Fe. One BTU = 252

" calories. .-

- . Calorie—The. QUantlty ‘of heat needed to
" raise the temperature of one gram of wat‘er :

Alternating Current (AC)—Electric current‘ .

which changes its diréction of flow at regular

current and is also more easily changed to

- intervals, normally making 60 cycles per-
_second. AC is easier to transmit than direct -

_higher or lower voltages Household current

is AC

¢

Ambient Temperature—Surrounding temper

-ature,.as temperature avound a building.

Ampere (AMP)—The unit of rate of flowin an
electrlc circuit.

Ampere-: Hour—Unlt of electrical charge
equalling the quantity of electricity flowing
in one.hour past any point of a circuit carry-

) lng a current of one ampere. Storage batter-

ies are rated in ampere- hours to show ‘the
quantity of electricity that can be used wit
out discharging the battery beyond s
limits. : v

Angle of Incidence—The angle at which radi-
,ant energy strikes'a surface, measuring from

the path of the energy to-a line perpendicular-

to that surface at the point of impact The
angle of incidence determines the percent-
sage of direct sunshine interrupted by a-sur-
face. The sun’s rays that are perpendicular to
a'surface are said to be “normal" to that sur-
face ‘

Auxiliary Svatem (Back Up)—A supplementary
heating unit to provide heat to a space when
its primary unit canpot do so. This usually

\

H
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- of heat'loss in BTU’'s per h

~ tion and converting

" one degree Celsius.

' Caull;ing—Making an airtlght seal by lrlling
in cracks around windows and doors

]

Centrifugal Pump—A high speed pump that =
-drives waterwutharotatlng |mpeller : »

CIerestpry—Vertical window placed h|gh in

~ wall near eaves, used for light, heat-gain, and
' vent|lat|on A

'

Closed Loop—System in whicMat transfer
liquid from collectors circulates through a
heat exchanger immersed .in heat-storage
liquid, passing its heat to heat-storage liquid
while remaining isolated from it.

Coefficient of Performance—Ratio of heat
output to energy use of a heating or cooling
device. .

r through a
square foot of wall or other blilding*surtace
when the difference between indoor and.aut:
door air temperatures is one degree Fahren-
heit.

Coefficient of Heat Transmi:;zn—-The rate

Collection—The arit of trapping solar radia-
it to heat. .

Collector—Any of a variety of devices used '

to absorb solar radiation and convert it to
heat. . '
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Collector Efficiency—Ratio of collector heat

output to amount of solar radtatton that

strrkes collector apperture.

Collector Tilt—The angle between the hori-

) zontal plane and the solar collector plane.

B

.

»

" Collector, SOIar—A devnce for captunng
‘solar ‘energy, ranging from ordinary windows
to: complex mechantcal dewces

-~ Combined-Energy System—A._plan.that uti-

A

wood tar that may.colléct on the walls of a
chimney as a result ‘of incomplete - ‘combu-

sion. Also uséd to" treat lumber to resist
mousture
]

Dead Air Space (Vapor Barrier)—-A confined

'space of air. A dead air space tends to reduce

Both gonduction and convection of heat. This’

" factis utilized in virtually all insulating mater-

lizes several sources of energy in the most -

ettucnent way.

Concentration Collector—Device “that uses

_reflectors to. concentrate direct solar rays

onto a narrow absorber area to prod}uce in-.

tense heat.

R Conductlon—The flow of: heatdue totemper -

‘ature variations within a material (solids,

~ .liquids or.gases).

. Conductance—The rate of heat flow (in
BTU's per hour) through an object when a 1°
F. temperature difference is maintained be-
tween the sides of the obiect S

Condudtivity (k-Value)—A measure ot the

ability of a ‘material to permlt conductron
heat flow through it, :

,Coniters—Species of trees which,usually
keep their leaves in the autumn,
the evergreens

Convection Natural—Heat transfer through
a fluid (such as air or liquid) by currents re-

sulting from the natural fall of heavier, cool-

“fluid and rise of lighter, warm fluid.

Cooling Season—Portion of year (usually

June to September) when outdoor heat
makies indoor cooling desirable -to maintain
comfort, .

—
Converted Heat—Heat which is transferred
}rorn one position to another, driven by the

-including

.-pumice, vermiculite, rock wool and goose
down.

ials ‘and systems, such as double glazing,

- beadwall, fiberglass batts, rigid foam panels,

fur and hair, and ioose-fill insuiations like

Deciduous—Specoes of trees which - sﬁed/

= theurleavesrntheautumn » . _ /
il

.. daily temperature and an assumed steady in-
" door temperature of 65° F. A 24-hour period

change in a gas's density that accompaniesa

- change in temperature.

Cord—A unit of volume measurement - 4 x 4
x 8 feet, generally used to measure quanti-
ties of wood cut for fuel.

Cover Plate— A sheet of gtlass or transparent
plastic placed above the absorber in a flat-
platé collector. (See Absorber and Collector.)

ot

L *

Creosote—An oily,.odorous distillate of

with an average temperature of 60° F rates

tive. degree-days; a daily average of 60° F

rates. 65 degree-days. Degree-days are then

" totaled to obtaun seasonal or yearly heating
‘needs.,

Demand' Load—Domestlc water heating
needs to be supplied by solar or conventronal
energy _
Demand Time—Occurs when energy is
needed, as heat is at night. c

¢
¢

Density—The mass of a substance which is .
expressed in pounds per cubic foot.

Design Temperature—A designated temper-
ature close to the most severe winter or sum:

“mer temperature extremes of a climate, used -

in estimating a house's heating or coolrng re-
gquirements,

Desiccant—A coarse. salty or sandy sub-
stance such as calcium oxide or sulfuric acid
that is used to absorb moisture, both in liquid
and vaporous forms. '

Degree-Day—An indication of heatung needs) -
. .based on the ditference between the averag

Tt

#

W

Ditterential Thermostat—Automatuc device
that responds to-temperature difterences”
(between collectors and heat storage. for
example) in regulating operation ot an active'
solar system, '

Ditfuse Radiation—Solar radiation, scattered
as it passes through atmosphenc molecules,
water vapor, dust, and other particles, so that

it appears to come from entire sky, as on a

hazy or overcast day.

1
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“are approximately equal.

Dlrect Current (DC)—Electrlc current whrch' .
~ flows in-one: dlrectuon Generators produce- .
‘DC current,

‘

Dlrect:Gain-—Passive solar heating system .

in 'which the sun penetrates and warms the

' -intenor structure directly. (A wundow on the
_ south snde torexample)

_ ,‘Direct RadlatIOn-—Radlatlon that comes di-
" rectly from sun, as opposed to- diffuse or
.reflected radlatlon o

Domestlc Water Pressure—-The pressure of
- the potable water within the building from

sources not related to the solar domestlc hot
water system.

i

- Double’ Wall Separ_ation-—Heat exchangers
utiMzing non-potable heat.transfer fluids are
. separated from the potable water system by

use of two walls between the fluids. -

Drain Down— Function of an open-ioop solar .

water-system in which all water drains out of

- the COlIectOrs when a freeze threatens.

Double:Glazed— Covered by two panes of -
. glass or other transparent matertal

Flat Black Paint—Nonglossy paint. with a
" relatively high absorptance.

Flat-Plate Collector—Device that employs a
planar absorber plate to .collect solar radia-

tion and convert it to heat, without assis- -
- tance of devuces,to concentrate sun's rays.

‘Flow Rate—The pounds of heat transfer fluid

- which pass over or through an absorber pla&e’

per hour R .

- -——-—-—-""“"‘—‘—

Forced Convection—The transter of heat by
the flow of fluids (such as air ot water) drtven
bytans blowers orpumps. .

Freon—A volatile chemlcal substance cap

able of boiling (becoming.lighter) at low

temperatures,

- Galvanic Corrosion—The condition caused
as a result of a conducting liquid making
contact with two different metals which are:
not properly tsolated physically and/or elec

: trlcally

Galvanized Steel—Steel
' sprayed, immersed, or electrlcally coated

" with rust resnstantzanc

Efficiency—A measure of how much ol rthe’- ‘

energy. applled to a devuce is -utilized in -

useful work ‘

: Emittance-—A measure of the abllity of a ma-
tertal to qrve off thermal radiation.

Energy—The abitity to do work: Units olv '

energy are: kilowatt hour (KWH); British
thermal unit (BTU), and horsepower- hour,
(h.ph) o _

" Eutectic Salts—Substances that meit readily

at low temperatures (as low as 80° to 90° F)
and, in so doing, store large quantities of
latent heat, which they release whén cooling
and resolidifying.

Equinox—Either of‘the two times during a ’

_ ,_,gjxllyJSeeConvectlon)

year when the sun crosses the celestial
eéquatorand when the length of day and night

autumnal equinox on or about September 22
and the spring equinox wh|ch is on or about

March 22.
f

‘Evapo_ratlve Cooling—Evaporating water
conis and humidities surrounding air; house

air |s circulated over water as technique to
cool indoor air in dry-climate areas.

These are the .

W
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. Getters (Saériticial anodés)—A ‘column or
cartridge containing an active metal which

~will be sacrificed to protect some other metal -
inthe syster@agalnst galvanlc corrosuon

. Glazing—A covenng of transparent or trans-

- lucent material (glass or plastic) used for ad-

mitting light. Glazing retards heat losses
from feradiation and convectlon Examples
windows: skylights, greenhouse and collec-
tor coverings.

Glazlng. Double—A sandwich of two sepa-

which has been

'S

rated layers of glass or plastic enclosing air .

to create an insulating barrier.

Gravlty Convection—The natural movement
- of heat that occurs when a warm f{uid rises
and a cool fluid sinks under the ‘influence of

1

Greenhouse Effect—Ability of glass or clear
plastic to transmit shortwave solar radiatlon
into aroom or collector and to trap long-wave
heat emitted by room or collector interior.

Header—The pipe that runs across the edge

of an array of solar collectors, gathering (or
distributing) the heat transfer fiuid fromor to |

the risers in the individual collectors. This in- /

My
b

i
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sures that equal tlow rates and pressure are

rnatntained (See Risers.)

 Heat .Capac.ltya(Volumet‘rlc)—Th'e number

of BTU's a cubic foot of material can store:

with a one degree increase in its. tempera- :

ture. \) ,

Humas—0Organic matter {animal and plant) in

a state of decomposition, forming an essen-
tial element of aII fertile souls .

Hybrid System—Solar heatlng system that
‘ cornbines active and passive technuques

Indirect-Gain System—Passive solar. heatung

“Heat Disiribution—The aci of conve‘yiﬁ*“*s”stenrmwmc’rrson-direct

solar heat from coliectors.to, storage and’
-~ from storage (or collectors) to areas of the
"'~ building where heat is needed. S
. N A .

Heat Exchanger—Device consisting of  a
long coil of metal pipe or a multifinned radia-
tor used to transfer heat from one fluid inside
to another outside, without bringing the two
fluids into direct contact.

Heat Gain—An increase. in the 'arnount ot
. heat contained in a space, resulting; from.
" direct solar radiation and the heat given off
by people, Ilghts equipment machinery and

" other sources.

.

Heat Loss—A decrease in the amount of
.heat contained in a space, resulting from.
heat flow through walls, windows, roof and
other building envelope components “
Heat Storage—A device or medium that ab-

‘sorbs collected solar Jeat and stores it for
use during periods of Inclement or-cold wea-

ther

Heat Storage Capaclty—The amount of-heat
which can be stored by a material.

f
H‘ea7tlng_ Season—Portion. of year (usually
October to May) when outdoor cold makes
indoor heating necessary to maintain com-
fort.

Héat-Recovery Device—A device, designed
for installation in a fireplace, through which
house air or household water is cycled to re-
¢laim fire's heat beforeit can escape through- -
chimney.

'Heat Storage—Medium that absorbs :ﬂyect-
ed solar heat and holds it untiI it is neefed to
heat house interior =

Heat-Transfer Fluid—Air or liquid used to.
carry solar heat trorn coIIectors to heat stor-
age. :

Horsepower—A measure of the rate of doing -
- 'work, equal to 33,000 foot pounds or 754.2
watts, .

storage element in one area of the bulldung,
and heat is then distributed from that ele-

,ment to the rest of the building by natural

convection, conduct|on or ‘radiation.

Infiltration—The uncontrolied movernent .of
outdoor -air into the interior of a building
through cracks around windows and doors or
in-walls, roofs and floors. This may work by
cold air Ieaklng in during the winter, or the re-
verse in the summer, .

Intrared RadiatIOn—ElectrOrn_ag ic radia-
tion from the- sun that has wWwavelengths

- slightly longer than visible light.

‘Insolation—Or .incident’" solar radiation:

amount. of direct, diffuse, and/or reflected

. solar radiation striking a given surtace per

hour, . . e r

Insulation—MateriaIs or systems used to |

- prevent loss or gain of heat, usually employ-

ing very small dead air spaces to Iirnlt con-
duction and/or convection,

Inverter—A device for convertung direct cur-
rent (DC) into alternating current (AC).

. Isogonlc Chart—Shows rnagnetnc compass ‘

devuatlons trorn true north, ‘

KVaIue—BTU/hr/tt’/F° per inch. (See Con-
ductivity.)

Kilowatt—A unit of power equal to 1,000
watts. )

"vKiilov)‘att-ﬂourv(KAWH)—"'I'hearnount' of energy

equivalent to 1 kilowatt of power being used
for one hour; 3,413 BTU.

Langley—A measure of solar radiation; equal
to one calorie per square centirneter

Lite Cycle Costlng—A rnethod of cost analy-
sis in whith operating, maintenance, fuel,
and other ownership costs are estimated for
predicted lifetime of a device and considered
along with initial cost; often used to compare -
costs of solar heating or cooling systems
and conventionaily fueled systems.




Liquid Type Collector—A solar heat collector
‘designed to use a liquid as heat trarister tlund

Magnetic South—'fSouth" as indicated by a
compass; changes markedly from one loca-
tion to another because of latitudinal rela-
tionship to Earth’s magnetic tields.

e

"Radlation—The dire¢t transport of energy
. through space by means of electromagnetic

- waves.

Reflectance —The ratio or percentage of the
amount of light reflected by a surtace to the
amount incident. The remainder. that is not
reflected is either absorbed by the material

" Microclimate—Climate of a very small area,

such as a building site, forméd by unique

“ ‘combination. of topography, exposure, soil,
and. vegetation of site. Microclimate may
- contrast sharply with macroclimate (regional
climate)in which itis situated:

. Movable Insulation—Insulation placed over
windows when needed.to prevent heat loss
or gain.and removed for Itght view, venting,
or heat.
‘ Naturai Convection—(See Gravnty Convec-
tton)

Open Loop—System in which heat transfer .
liquid from collectors ieeds directly into .-

. heat storage itqwd

Open 8ystem-—An assembly of natural and
architectural éomponents which converts

solar energy into usable or storable thermal

.energy (heat) wi,thout mechanical power.

Orientation—Aiignrnent of a building along a -
given axis to face a specific direction, such -

as aiong an east-west axis to face south.

" Parabolic Reflector—Reflector designed in
the shape of a parabola to focus extra sun-
light onto absorber of a concentrating col-
lector. _

Pasdive System—A solar heating and/or
cooling system using natural means of heat
distribution. Generally, building’s structure
itself tarms'solar system, . - —~~

) ’ '

ing or cooling system takes to return its
entire initial cost through fuel savings.

Percentage of Possible Sunshine—Percent.

age of daylight hours during which direct sun -

is bright enough to cast a shadow

‘Payback Perlod—Périod of timié a sotarheat:

“or transmitted through it. Good light reflec-

tors are not necessarily good heat reflectors.

-

‘Reflected Radiation—Solar radiation reflected

off surrounding ob|ects so- it appears to
come from them, as in reflection off a.white
wall oracar wnndow

Retrigerant—A volatil substance, such -as -
ammonia, used for obtaining and maintain-

. ing low temperatures, as in arefrigerator.

Reradiation—Radiation resulting from the
emission of prevtously absorbed radiation.. -

Resistance or R Value—Capabiiity of a sugr
stance to impede the flow of heat. Used. 10
'describe - insulative properties of construc '
tion materials . . . v

Resistance Heating—A standard method of -
converting electricity into heat for the pur.
' pose of home heating. '

Re_troiit—To add a solar heating or cooling .
system to an existing building.

Risers—The flow channels or pipes that dis-,
tribute the heat transfer liquid from the head-
~ers across the face ot an absorberplate (See -
Header) '

>

R-Vaiue—(Sea Resistance.)

Seasonal Efficiency=The ratio, over an
entire heating season, of solar energy col-
lected and used to the solar energy striking .
the collector. .
. ]

Seiective Surtace—Specially adapted coat-
ing with high solar radiation absorptance and
low thermal emittance, used on surface of an
absorber plate to increase collector efficiency.

Sensor-—Device that detects changes in heat
and relays |ntormation to diiferential thermio-

Potable Water—Water suitable for people to ,  stat.

drink,

Pyranometer—An instrument for measuring
solar radiation, (See Solar Radiatbn.)

~ Shading Coeiiicient—The ratio of the solar
heaj gain through a specific glazing system
fo {he total solar heat gain through.a single
layer of clear double-strength glass.




Skydome (Sky vanlt)—The visible hemis
phere of sky, above the horizon in all direc
tions. = - " 4

Sisyiight-—A 'ciear or translucent panel set
i‘nto aroof to adm‘it-sunlight into a building.

Soiar Attltude—The angle of the. sun above
~_ the horizon. :

_Solar Constar\t-The amount of radiation or

heat energy that reaches the outside of the
earth's atmosphere

Soiar House—House that derives apieast 40 ,

to 50% of its annuai heating (or cooiing) from
the sun.

«

: FSolar Radlation (Solar Energv)—Electromag
' netic radiation emitted by the sun

Solar Rights (Sun Rights or Soiar Access)— _
* legal issue concerning the right of, access to. '

,sunnght

. Solar Wlndow-—Openings that are designed-

. of placegd primarily to. admit solar energy into
-aspace: e co

Space Heating-—Heating of the air inside a

buildlng (“sPace cooling" isthe co&verse )
* Specific Heat (Cp)—The number of BTU's re--

‘ “quired to raise the temperature of one pound !

of asubstance 1*Fin temperature

ot

Stagnation Temperature—High temperature
range 300 to 400 degrees F; reached inside a' .

collector on clear, sunny days when the heat

transfer fluid isnt circulating through the +

collector.

Standby Heat Loss—Heat lost through stor-

. age tank and piping walls. (Rate of heat loss
differs from standing still and when moving.)

Storage Mass—(See Heat Storage.) .
Sun Path Diagram (soiar Window)—A circu-
" lar projgction of the sky vault, similar to a
“map, that can be used to determine solar
positions and to calculate shading _
Sun Tempering—Designing a house to de-
rive some of its heat directly from the sun
(though not necessarily enough. t‘o qualify as
a solar house).

’ ‘Toemperature Zones—Areas controlled to
maintain different temperatures within a
house.

o9a
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‘ Thermal Mass—The amount oi potential heat

storage capacity -available in a given as-

- sembly or system. Drum walls, concrete

. floors “and adobe walis -aré examples of .

‘thermal mass

Thermocirculation or Thermosiphoning-—The :
convective circulation of fluid which occurs
when warm fluid rises and is displaced_'b_y .

*denser, cooler fluid in the same s?éfem i

Thermal Radlafiom—Electromagnetic radia- |
tion emitted by a warm body (See, Inirared
Radiation.) - . . .

'Thermistor-—Sensing device which changes

its electrical resistance according to temper-

"ature. Used in the control system to generate

- 'input data on- collector and storage tank‘.'
_ temperatures . .

Time Lag—The penod of time between the k
absorption of solar radiatign by a material

-and its release into-a space. Time lag is an

important consideration 'in sizing a thermal

- 'storage wall or Trombe wall,

Tilt Angle—Angle at which a colléctor is

. ‘tilted upward from horizontal ior maximum

sglar exposure. Ly

Translucent—The quality of transmitting
light but causing sufficient diffusion to elimi- -

~ nate perception of distinct images.

‘Transmittancé —THa ratio of the radiant ener-
‘gy transmitted through a substance to the

total radiant energy incident on its surface.
in solar technology, it is always affected by
the thickness and composition of the glass
cover plates on a collector and to a major
extent by the angle of incidence between the
sun’'s ray and a line normal to the surface.

. Trickle Type Collector—A collector in which
.the heat transfer fluid flows in open channels -

on the absorber.

True South—South with reference, to the
stars, not to a compass. Opposite to the Pole
Star, which lies to the true north of Earth,

Tube-in-Plate Absorber—A metal absoroer
plate in which the heat-transfer fluid flows
through passages formed in the plate itself.

Tube Type Collector,—A collector in which

~ .the heat transfer liquid flows through metal

.tubes that are fastened to the absorber plate
by solder, clamps, or other means (See Col-
lector) ‘.
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Ultraviolet Radfatlon—E(ectrOmagneti’cl
radiation with wavelengths slightly shorter

than vnslble light.

Unglazed 'Collector—A collector without a .

cover plate '

U Value (Coemclent of heat transter)—The
number of BTU's that flow through one square

[

s

i

foot of Toof, walt or fioor in one hour, when -

“-there is a 1°* F ditference in temperature be-
“tween the inside and outsidesair,

reciprocal of the resistance or F- tactor

4o e e

under’
steady state conditions. The U value is the

Vapor Barrier—A component of construction "

which is |mpervtous to the flow of moisture -
.and air and is used to prevent condensation’

m walls and other focations of nnsulation

Volt—The unit of pressure rn an electrtc

’ circuit.

Water Wall— —An interior wall of water filled
contamers constituting -a one-step heating

« system ‘which combines collection and
storage . _ :

Watt—The unit of rate at which work is  done
in an electrical circuit, equal to the, Jate'of.
flow (amperes) multlplled by the pressure of

that flow (volts).

Weatherstrlpplng-Narrow or ]amb width
_sections of thin metal or other material to
prevent infiltration of air and molsture
around wlndows and dgors.
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~ 7 The Solar Greenhouse Book ‘ g
- James McCullagh
- Rodale Press o . S
""""""""" ~3FE MinorStreet | T T T
. V), Emmaus, PA 18049 - $8.95 328 pages .
The most compeahensive bookto date on the
design, construction, and management of
various solar greenhouses throughout the.
\\%ountry -
The F ood and Heat 'Producing Solar -
‘» Greenhouse . _
Rich Fisher and 8ill Yanda .
: John Mulr Publications
: . P.0.Box813-R S :
&  SantaFe,NMB87501. $9.50 181 pages _

‘Charlotte,

..mentals,
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1. Solafoeenhous gn-an —
Construction o

The classic beginner's book on solar green-
housges, with good advice on plant manage-

- ment, space utlllzatlon and construction de

tails, S

The Complete Greenhouse Book - Buﬂdlng
and Using Greenhouses From Cold

~ Frames to Solar Structures *

Peter Clugg and Derry Watkins

Garden Way Publishing g :

VY 05445  $8.95 ' 285 pages

Provides criteria for design of all types of "

~ greenthouges, with emphasis on solar siuc-

tures. Excellent seafions on plant diseases,
solls, and growing conditions, with many ﬂne
drawings and photographs. )

The Passive Solar Energy Book
Edward Mazria

Rodale Press

33 E. Minor Streéet

Emmaus, PA 18049 '

An excellent resource of paselve solar funda-.
I8, including. step-by-step design
methods for solar greenhouses., Used as a

" textbook for many solar coursess -

Proceedings-of the Conference on Energy
Conserving, Solar Heated Greenhouses,
1977

John Hayes and Drew Gillet, Eds.

Mariboro College

Marlboro, VT 05344

$9.00, 282pages

A survey of innovative solar greenhouse pro- -

jects by greenhouse owners, university re-
searchers, and representatives of community
groups, Most papers include iliustrations

2 Pjamﬁenagemem

Biological Management of Passive Solar T

" a unique resource list o)»‘

~Palo Alto, CA 94306

-y

“and bhotographs on greenhouse deslgn and
‘construction, and a few papers address pro- .
_duction methods.

Greenhouses :
National Center for Approprlate Technology
P.O: Box 3838 - -

‘Butte, Montana 59701

An excellent qnnotated bibliography on solar
greenhouse production méthods, biological
pgst control, and horticulture. Also includes
individuals and
groups experiemced in'construction and
management of passive solar greenhouses,
and a list of companles whlch sell beneﬂclal
Insects

The Survival Greenhouse

James B. DeKorne

Walden Foundation

P.O.Box 5 ‘ ‘ )

El Rito, NM 7530 $7 50 . 165 pages
The ‘author scr&bes two years' expe[Ienoe )
growing vegetables, rabbits, and fish inan

underground solar greenhouse. The K book
contains one of the few honest assessments

o OF hydroponlc systems, both chemlcal and_'

organic.

How to Grow More Vegetables Thaf You
Even Thought Possible on Less Land Than
You Can Imagine

John Jeavons :

EcBlogy Action of The Midpeninsula

2225 El Camino Road .o

$400 . 8tpages

A step-by-step description of the French In-
tensive method of gardening which can ap-

¥

preciably.increase cfop.ylelds.. Especigilyap- ... .........

propriate for greenhouses where owlng

space is limited.

The Secrer Llfe of Plahts l
Peter Tompkinsand Chrlstopher Bird -«
Avopn Books, 1873 ‘ ‘
959 Eighth Avenue L
New York, NY 10019 $1.95

Has very little to do with gfeenh;zuses but is

. an astonishing account of the physical, emo-
tional, and spiritual relations between plants

and people. Highly recommended for anyone
who grows plants.

- 8i
-
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418 pages -
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RS '; Burgess Seed&PIant Co - _' R
: oo - :Box 20000 - 2 KRR :
The MEMPHREMAGOG Group TN Galesburg, Ml 49053
‘ P.O:Box456 ~ - o S \ R
_"' pNewport vT 05855 oo 'Burpee,W AtleeCo Do Colira
' Thrs fanual was wrltten to share thebsucces f ﬁgrr:?ni?evrePA 18974 B IR
.ses” ‘and failures that many ‘solar greenhouse S o
- owners have had growang food crops. Pro- L
vides ‘basic |nformat|on on how best to use. - SSOSmN?:ltr?%‘t Eerre &Co. - s
‘these structuresto produce food SRS o .Wethersfreld CT 06109 ) o
e OrganrcG ening UnderGlass TR . , e
o T DeGrorngo‘“ Inc.: e
o~ - gga/?e a”dﬁxa“’.“braham I . Council Bluffs, 1A 51501.? R S
: ePress. . . : - , y EIR
o 33 Minor Street - . .. - DemonchauxCo ' Y
Emmaus, PA.18049- . ~ $8.95° 308 pages | - 225 Jackson . ERTRERT 8
‘Though written for'the hobbyist who is using - Topeka K366663 A
‘. .+ -aconventiondkstructure, most of the infor- : : LT
} L, rnatlon is also;‘applicable”to- solar green- .= Ferndale Gardens ' R
., housegrow &ora range and depth-of cov-. 702 Nursery Lane = ¢ - S A
erage, this b ok on organlc gardenlngrs harp Faurbault MN 5502t " e coo
tobeat . . , N _ o ;\, - S
- .Fru|t|-and Nursery o .ﬁ
. Summary #f Cool Weather Crops Tested . . - '307WhitleyDr. .- *
» . 1979-80 For Solar Structures. o Fruitland, ID-83619 .
.~X_ " Organic Gardening and Farmtng Research P T N )
T -Center = - & _ oL ’ - Grace’s Gardens o :
S RD1 e U L ‘Autumn Lane - e
o Kutztown PA19530 - Hackettstown, NJ 07840 bt
. This new. report presents the results ‘of ex- . " i}
- ‘. tensive testing of vegetables, herbs, and 26(;’:{‘8\’ Setedg&Nurserﬁo RS
i, " flowers in solar greenhouses. Includes pest Y" kt apS’Do 76?8 : > Lt
, / management;  harvesting techniques, -and. ankton, SD 5 » TR
T Tecipes. e e T e Henry Fisld Seecdx Nurseero . AR
sl S o ) Shenandoah 1A 51602 . "
I 3\ Seed Sources h / @ *Herbst Brothers Seedsman lc. i
RN : coo T -+ 100N. Marn St. _ ' S
N ‘BULBS ' © - -"’_ LT Brewster NY10599 : E
* ¢ ..~ 7=van Bourgondien: - - . ... : T
S, 245 Farmingdale Rd. N Feoey SN ’. Japonrca Nursery e, .
- P.O.Box A o , “P.0. Box 236 - co e Ty,
) Babylon NY 11702 . - _Larchmont, uY10533 ~°
: HERBS : v nnysSeIected See/ds ", o
_.*. .. Meadowhrook Herb Garden ', . .7 - 0n ME 04910 N
W R o B . : ‘
N yommg, 102898 Chta e ‘ / 'Joseth rrrsCo Inc
" WeH Sweep Herb Farm S o o - Morelon Fa / ,
317 Mt. Bethel Rd. - B - ™ 7. Rochester,NY 14624  °
Port Murray,NJ 07865 _ T RTTE RN . 7 . A
’ - . DA R Kitazawa Seed Co. |
S ORIENTAL VEGETABLES EE k «.356 W. Taylor St. .. -
: ~ AWorld Seed Service . .. Sy - San J0se CA95110 ) ?( _
o clo J. LEudson Seedsman L i du G oX
(w:-,:._Po Boix 1058 ‘. eJar indu Gourmet _ -
’ Redwo C:ty, CA 94064 . W Danvrlte VT 05873 _ N
.'v N . ¢ . . . . f@ * . *
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i ‘ RN R
SN L N
" ‘Nichols Garden Nursery = = 4./ Movable Insulaf‘on and Shadmg Methods
. * 1190 N. Pacific Highway S
Albany,OHQ7321 S Ly SolarControIandShadlng Dewces , -_'_; P
. T o ©Olgyay and Olgyay : L
V-'Park Geo W Co., Inc .- Princeton.University Press 195/7 S T e
¢ Greenwood 'SC 29646 g Prlnceton NJ. L LT
: 'HadheyShtan &Co. , ) ‘Desrgn WIth CI/maé : i
- Seed'Growers & erchant L VictorOlgyay - . ' o o - o
Kutabkhana Sab: mandn s ~ Printeton, UnlverS|ty Press 1963 S o -
Barellly,lndla , R " Princeton, NJ c - ( c
” s These two books are cIassncs in the f|e|d of S
.,vgecgi%%?(dsg;ty‘seed Co S ‘passive solar design, even though they were EET S
o , L written ‘before energy became an issue in . . - °
N Hedwood C'ty’ CA 94064 ! Sy -building design: They contairi more)/aluablef

o chhter Otto & Son

L go out ‘of date

information on- 'solar control wl‘nch can never - .

~ Goodwood, Ontario . - S RE
v‘_.Canada LO 10A St - SelectlngandGrowmg Shade Trees Co e,
: ' S L ' -U.S. Department of Agrlculture L _ . 5 :
Seedway,lnc. L . R o _
Hall,NY 14463  « . ° . . g Wasmngton DC . J. | S~
e R - el ThermalShurtersandSbades L oo TN
- ,-gggmg%y"ﬁ'gigf% S Y williameShureliff o S /’\ E [_\
N " e ‘ Q * - ;Brick' House Pubhshmg AT o e
o . ‘ " '3 Main Street G ‘
0 Stokes Seed.s Inc . .
¥ Box 5481 o » . ~ Andover, MA 01810 | $12 95 V23.8 o’ag_.es‘ }
Buftalo, NY 1462“ S . Movable Insulat/on.
FAEEEE L. - William K. ,Langddn‘ . | ;
‘Sutton See e . " Rodale Press - o : it
Headlng,E gland .~ = DR Emmaus, PA T
Thompson &Morgan Inc " 7 . The most complete books to date oh home: o
“P.0.Box24.. T T . made and commercially availabfg insulating +
~401 Kennedy Blvd . o _ ," devicesforwmdowsand greenhouses o o
Somerdale NJd’8083 o o o ~ _ oy = -
\Tsang&Malnternatlonal e T R
1556 Laurel St. TR S ' S o
~San.Carlos, CA 93070_ e s/ . N ’
. &) e di W = o . 5
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Theabove seed sources are reprinted from; . R , o . -
Organic Gardening  ~ ' v R I . R
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SolarA/rHeaterManua/ R
Joel Davidson - S
- Office of Huma\)~ Concem Inc
P.O.Box 756

Rogers AR 72756

- : :

- Simple Solar Air Heaters . R
"Ron Hughes o '
‘New Life Farm, Inc

Drury, MO65638 - .

Prolect Focus #3 -
-Solar Vert/ca/ wall Co//ector e

Small Farm. Energy Prolect I
P.O.BOX 736 . . S
Hartington, N868739 E S T
Solar Air Heater Manual | »' .
Jim Free D e

Crowley's Ridge Develop‘fnent CQ‘ncnl Inc.

-

."Solar Survey

National Ceater for Approprlate Techgology
, P.O.Box %838 L e . A
~_ ' Butte,MT59701 =~ -~ . o

i} aluation of the OHC Solar Air Heater
~ Russ Garton and Steve Metcalf o
.. Department of MeehanncaLEngcneernng

__ Universjty of Arkansas - -
"Fayettewlle AR72701 . ;

' Low Cost So/ar Co//ectbr
.Bill North’

© SanLuis leley _Solar Energy Assocnatnon i RN

"~ P.0.Box 1284
’ .Alamosa, CO 8110_1 o

“Walls.of Warm Air" R o FRERI
. Joe Carter co O o
- New Shelter Magaznne May/June 1980

Jonesboro AR ‘ _ -
 Air Flow Tests ofSo/arA/rHeater W g v
Dr. Thomas Rokeby, P.E. - v . . '
Agncultural Engineering Department : , : /
Unuvefuty of Arkansas N ‘-
Fayet eville, Arkansas 72701 $
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" Alternative Sources of Energy, Aprll 1977 -

. U C. Berkeley Aghchltura! Expenmental

“Heating Waterina Breadbox" '

' New Shelter; Maleune 1981

E “Breadbox Desi gns" R A
Jett Reiss and David Bajnbridge ~~ ~

: V.Al{ernatl_ve Sources’ ofjergy, Oct. 1978

- Solar Hot Water R

* - Nicholas Brown T

oy ‘Arkansas Energy Offlce

. Solar Energy andlts Use for Heatmg Water P B

. APPENDIX D — SOLAR WATER HEATER REFERENCES

- Hand Made Hot Water Systems - .~ -
. Srt Sussisman and Richard Fralzer ,
Garcia River Press -

. -P.0O. Box-527 :

e Pomt Arena CA 95468

Allen Van Fleet

“Sunon Tap”
Frederic Langa -
, Sunspots ,
T Steve Baer .
B --Zomeworks Corp.-
P.O.Box712
Alburquerque NM 87103

Bu:ld Your Own Solar Water Heater ‘
Steve Campbell

~ Garden Wa'y~Publ|shmg
—~Charlotte, VT 05445 -
F.A. Brooks | |
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Bulletin02 . L




'APPENDIX E -~ SOLAR PERIODICALS
- -Solar Llwng& Greenhouse Dlgest - New Shelter
"P.0. Box 10010 N RodalePress , _ : ,
Phoenix, A286016* A '-$10/bi-monrhly " 33E.Minor Street - e T
A . Emmaus, PA 18049 © . $9.00 monthly
Solar Living & Greenhouse Dlgest L C o v
P.0.Box 10010 .. .. ' ‘Mother-Earth News M
' Phoenlx AZ 86016 o $10/b| monthly'~ B P.0.Box 70 g
3 o Lo - Hendersonvulle NC 27891\ $15 00 Monthly
*;SolarAge o , S
- P.O.Box 4934 ' Solar Utlllzanon News '
'Manchester OH 03108 $20/b| monthly - P.0.Box 3100 o o R
) . S ‘ Estes Park;CO80517 . ..~ $10/bi-weekly.
» ";Alternar/veSourcbs QfEnergy . - Co ]'. U R Do T
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o . “ e
Y- Arkansas Energy Office olar Heatmg and'CooImg
1 Capitol Mall , . . .. Information Center
- Little Rock, AR 72201 - S - .. P.O.Box 1607 :
~(800) 482-1122 or (501) 371-1370 : o Rockville, MD 20850 :
. o S . (800) 523 2929
Southern Solar Energy Center ' '
~ .61 Perimeter Park - , - The National Centerfor Approprlate
= Atlanta, GA30341 ‘» L - - Technology
' ' : P.O. Box 3838
-~ Solar EnergyResearchlnstitute SERI - Butte, MT59701 , LT
. “Information Systems Division . S (406_).404-45,72 ' oo e S
-'1817 Cole Boulevard . - : LT o ' o : '
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o \*\ EVALUATIONOF .
~© " _SOLAR RADIATION MAPS ' .

-

The general trend of the solar radratron :
maps shows thé effect of latitude on the values.
The winter months (January, February, De-
.cember) as well as the spring and fall months.
(March, April, May, and\September, October,
Novembeér) generally show the radiation values
- increasing in a’ southerly direction. The month of |
April is an exception. The contour lines for April
show anly a 30 Btu's/ft? day variation across the
state. The contour lines for April tend to show.a,

~ north-south pattern with the highest values being .

in the eastern part of the state, along the Mrssrs-,
- gippi River. y
= Contrary o' the wmter spring, -and fall
months, the summer months (June, July, Au-
- gust) show the solar'radiatian values increasing
with increasing latitude. In other words, there is

mversuon, is that cloud cover is greater in thg

“sauthern part of the state, brought about by mois-
-ture from the Gulf of Mexico. Information from the ~
National Weather Service for the years 1960

through 1969 do, in fact, show slightly - higher
percentages of cloud covér in the summey
months for Jackson, MWMississippi, , and

- Shreveport, Louisiana, than for Little Roc®, Ar-

kansas, Tulsa Oklahoma and Spnngﬂeld Mis-
souri. -

Another reason tor the solar radlataon inver-
sion is the position of the earth in relation to the
sun during the summer months. (See Figure 6.)
The declihation angle of the earth reaches its
maximum positive valie of 23.45° on June 21,

. the summer solstice. At this time, the North Pole

more radiation in-the northern part of dhe statd

than in the southern part. One cause for this
. . . - N N I

FIG. 6, MOTION OF THE EARTH

, AROUND THE)SUN _ + = ,

-~

can receive sunshine 24 hours a day, but the
radiation nntensrty ortclear daysﬁs weak because

- ot the steep angle of the sun’s rays at that point.

Autuma] %Equinox v

September ?f] .

Winter So]sttce yerpal i
"-‘6=-2345° § =0
. December 21 ‘ .

¢ i

" Onthe other hand, the latitude near the Tropic of |

March 2

Cancer.can receive only about 12 hours.of sun- l
shine each day, but the radiation on clear daysis

stronger because the sun’s rays therg are per-"~

pendicular to the earth’s surface and have lgss. Q

atmosphere to pass through. The two tactors of-
“angle of the sun and length of daily sunshinetend |

Summer Solstice
5 = +23.450

t'\.

- June 21

with radiation values decreasing towards each
extreme. This peak clear-day radiation value.oc-
curs north of the state of Arkansas during the
summer soistice. Therefore, during'the summer
months, the northern portions of the state would
be expected to reteive more solaroradiation,

. based solely on clear-day predicted values.

to balance each other at the two extremes, SO v

their predicted radiation totals for: clear days un ‘

summer are about equal. e

The highest clear-day radiation values in |
summer in the’northern hemisphere occur be-.

.radiation on clear days and the cloud patter
the state combine to account for the invdrsion -

Generally speaking, the variation in the peak
over

effect during the summer months with the south-
ernmost portion of the state receiving slightly less

tween the North Pole and the Tropic of Cancer, | solar radiation. ¢ . .
\ T P , S ' .
' : g7 99 ‘. ~
- L R . ‘ ’ o IJ
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The solar radiation maps can be usedto fmd‘
the total and beam solar radiation on surfaces.
other than horizontal by wusing tilt tactors. ;Tilt
factors are simply coefficients which enable: usto

TILT FACTORS

tions and to minimize the effect of Iatrtude on the

ilt factors, the state has been sectioned into the
. ’three regions indicated in Figure 7. ‘
‘ Tilt factors for each of the three regions have o

predict -solar radiation levels ora surface of any .,
g angle or. onentatlon once the honzontal raduatnon ,
“isknown. '

Equations for tllt factors are dependent upon '

latitude, so their value generally will"increase

from north to south. In order to srmphfy calcula-4

been calculated for south-facing tilted and verti-

~cal surfaces, and for east, west, and north. The

tilt factor used to find the total solar radiation is

- Rp. Tilt factors for each region. are given on

~'pages 89-91, ‘followed by step by step methods

< for usmg the tilt factors, along with example caI-'
- culatlons .
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LT L ‘ .
© . TILT FACTORS FOR REGION 1
* - VERTICAL SURFACES -,
MSNTH __ Southéast and sdughﬁést __ Eastand West - -
- Ry Bg- Ry Rg -

o AN . i /,, . / 149 . ) 72 PRt
FEB - h_\.gs ' 1.14 | 30 e
MAR . 7 .311 I s , 67 6

APR 62 54 -, T e 3 58
MAY. / ,; 5 .38‘-,; ) ST .3 | ) 54
R a7 5 A0 .62 ' s
oL | . ‘a9 33 62 . .83
AQ(‘; ‘ " s ¢ 46 ‘ h 6 56
CsEPT 70 o 66 ‘7 . 61
- ocT :;8'_84 ' 4 ! iee @ g
NOV P ‘1'?5,‘ ) l ne 72
DEC ) '1".16\," 3 ( e,
. . S - G . .
‘ - 'TILTED SOUTH-FACING SURFACES ,
! . e
'I;.ILT 20° ' 50° . es°
MONTH ) Ry - Rg x _RT Rg ‘ Ry R
" ian ‘ L 131 162 146 195 “ .+ 154 216 154 222
FEB 121 r40, 130 159 132 168 128 165
~ man ) 1.11 1\‘22'. e 1.2.?? 4 .11 128 o2 17
APR - 103 107 100 103 92 =8 8o .77
© MAY 88 97’ a1 :88 ;3 B81. .73 67 56
JUN ° ' .95 93 . 87 1 Ls 75 65 61 46
JuL 86 o4 " 88 84 e 68 63 A9
AUG - 100 102", 96 95 " 86 83 73 66
sep C1g8 a8 107 147 o2 92
_oct g 118 133 126 '71..1‘18‘ ."“.’125 152 119 - 146
‘Nov 127 186 ¥ a1 184 . 147 201 145 204
' pec’ 133 169 151 208 _\viSo’ 2.32 161 241
\) ‘ v " v ’
. . 89 3%

Noﬁh.'
Ry
‘.33
31
.31
3
33
33
32
.30
31
30
.;5&' -
33
VERTICAL
— —-
Ry PRg
136 198
106 1.35
78 83
54 40
42 .19
36 12
37 44
41 29
66. 62
| ':97,_1;15
126 1.78
144 2,19

o




v
TiLT T
MONTH
"~ JAN '
FEB ’
MAE “
APR » .
 MAY L
Jun-
JuL
'AUG
P
_SEPT ,
.ot .
NOV
: DEC
Q
ERIC . ‘
‘ .

il

'

N

* TILT FACTORS FOR REGION 2

VERTICAL SURFACES

‘s _Southeast and Southwest
Ry - Rg

t

107

. 81

94

.76

51

.46

Lo

143

1.09

-

18

.52

)

a8

. PYE

* ¥

20° ¥ MY -
SR
129 1.?5,8‘! 1.43 —180
122 moi g 131 158
RLEEREY a3 12
103" 106 ‘99 - 102
% - 97 80 -87.
94 © 92 86 80
95 , 84 C 88 83
100 111; - /. 98 94
107 114 106 115
“as 132 124 146
127 152 140 - 179
132 166 148 202
! »
90

»t

Ry

Nl

.70

.67

.84
62

.81

.78

74

.76

.85

1.24
1.45

. 1.56

.
1.01

125
.. ..,91

©.72

.B1

109

‘149

) [
1.96.

" 2.4

East and West

TILTED SOUTH-FACING SURFACES

' ;650
Ay
149 213
K 1.63
1.oo“ 1.4
7 - .7
. 88 63
60 .44
& , &
N
90 95

.18 142
- 143 198
1567

2.3

1.30

1.07

.76.

53
40
35
37
46
66

124

“ 139

189
133 °
..79
37
A7
10
A3

.27

59

" . L
110

1.70¢

209




©JAN
FEB

MAR

APR

U . MAY
- JUN

S JuL

' AUG

-SEPT

dCT

NOV

DEC

O TILT
MONTH

JAN
fés
MAR
APR
" MAY
~JUN
TJuLy
ZAUGN
' SEPT’
ocT. -
NOV
DEC

"o
ERIC
s

. ¥

.

@

L%
*

TlLT‘vFAvCTOHS FOR REGION 3
| . VERTICAL SURFACES

/

Southeast and Southwast
' B

68
84
T an,
108
'éo°w
Ay g
129 186
120 13q
110 1.20
102 105
4
87 986
T YRY
86 93
100" 1.00
107 113
117° 1430
126 '15q
128 182

R

o

1.37

1.06

.76

60

34

27

.30

a2 v

84

92

1.26

1.48

" 36° ‘,

143

1.28

192 .

98
.89
86

87

1406
1.22
138

144

185
1,66
1.26
101

86
79
81

a3
1.42
1.76

1.96

91 99

’

\

' - East and Wast
R

o
o

69
66
64
62
81

,.ef
83
65

" 88
70

I
N

149 202

120 1.62

tba 122 ,
80 80,

78 .70
74 82
76 .66
84 80
1.00 107
122 146

143 1.89

162 217

8
7
66
81
1
56
.63 ’
52
52
56
|
64
69
72
/
66°
Ar Ay
148 2,06
124 158
0 1
2 7
66 51
59 .43
61, .48
7 82
89 93
116 138
140 190
161 222

North ~

Ay

32

a1

20

31

éz

© 34

33
o
.30

.30

32

" 34

90°

Ry A
129 180
102 128
74 78
52 .36
39 .18
36 .09
36 .11
45 .25,
63 66
Pz 1.06
120 163
133 180




MEAN DAILY TOTAL SOLAR RADIATION
FOR TILTED AND VERTICAL SURFACES,

i ¥

Step 1—F|nd the mean_daily total horizontal
solar radiation, TTH, for the month and
location of interest from the solar radia-
, tion maps. -

Step 21 ook at Figure 7 on page 88 to deter- .

mine what region of the state your loca-
tion is in.

~ Step 3——Look in Tilt Factor tables, pages 89 to
' 91, for the appropriate tilt factor, Rt.
Slmply multiply the tilt factor (Rt) by the

total horizontal radiation ('TH) to get the

answer:

- Trrs.= TTH X RT

To find monthly average value multiply
'TTS by the number of days in the
month of interest.

Example One

(|11's)
~ Step 1-—Look at the mean daily total horizontal

Mr. Jones of thtle Rock is thinking about

. installing flat-plate collectors on his root for
water-heating purposes. His roof. faces due
south with atilt of 35° from the horizontal. Find the
amount of total'solar radiation falling.on his flat-
pllate collectors for a day in Janu,aryf

!

.~ solar radiation map for January on
page 81. For Little Rock,
- ®
| lTH = 740 BTU/ft* » day '
Step 2—Looking at Figuge 7 on page 88, we
seé that Little Rock is in Region 2.
Step 3—From Tilt Factor Table on page 90,
for the month of January and a tilt of
35°, Rt is found to be 1.43. Therefore,
lTTS = 740 x 1. 43 = 1060 BTU/ft? o
Answer:

Mr. Jones can expect an average of .1060
BTU/ft? « day incident on his fjat-plate collectors
during the month of Januaty. For the entire
month, he would expect:

‘ 1060 x 31 days = 32,860 BTU/ft?
[

The transparent covers (glazings) on the col-
lector will further decrease the value of solar
radiation and must be taken into account to de-
termine the solar energy actually received by the
collector (See Example 3).

" , MEAN:DAILY BEAM SO].AR RADIATION
' FOR TILTED AND VERTICAL SURFACES .

(ilBTs) . ‘

Step 1—Find the mean daily total honzontal solar
radiation, T, for the month and loca-
tion of interest from the solar radiation
maps on pages 81- 86

Step 2—Find the mean danly extraterrestrial

solar radiation on a herizontal surface,
IEXT from Table 2:

E Step 3—Ca|culate KTbythe follewmg equation:’

ITH

“Em

A

Step 4—Calculate the diffuse (I ) to total
('TH) split by the followmg equation

QE
ITH

Step 5—Calculate the mean daily beam radia-
tion on a horizontal surface, Ig, by the
following equation:

1-1.096 xRT

1
. 4

_E“, IDIF

I = (1 -1ty ) x TTH




o - ' TABLE 2
MONTHLY AVERAGED DAILY. EXTHATERRESTHIAL

SOLAR RADIATION

MONTH' lEXT (BTU /ft’ day)
REGION 1 ! " REGION 2 REGION 3
JAN 1640 1607, - 1674
FEB 2018 203 2100
MAR ., 2661 208 2643
APR 321 3146 h . v - 3168
MAY 3488 o 992 ! 3495
JUN | 3637 3630 3621
‘ JuL 3664 3661 C - 3BB7
CAUG 3270 3284 : \'\ 3297
SEPT 2768 ¢ 2808 2841
ocT 2180 \ 223 ‘ 2290
NOV oss N 1723 1788
OEC '1407 | 1476 \‘1549

Step 6—-Loo\n Tilt Factor Tables, pages 89, 90

e ' and 91, for appropriate beam tilt factor,
Rg. The mean daily beam component
of radiation on the tilted surface, IgTs.
is calculated as follows:

'BTS = 'B X RB
Example Two

'Suppose Mr. Jones would now like
. to know the average amount of beam
solar radiation that will be incident on
his flat-plate collectors for a day in
January.
Solution
Step 1—The mean daily total horizontal solar
radiation contour map for January is on
‘page 81. Looking at the map for Little
Rock, . '

o TrH = 740 BTU/ft? day,

Step 2—Looking at Figure 7, we find that Little ./

Rock is in Region 2.

Step 3—From Table 2 and the month- of
January, TgXT Is found to be 1 607
Btu/ft? e day

Step 4——KT is calculated as follows:

="0.460

KT ~1,607

Q

(8

93

Step 5—The split is calculated-as follows:

ToF

== 1 - 1096 x 0.460 = 0.495"

. MH .

Step 6—The mean daily beam combonent is
calculated as followe

g = (1- 0.495) x 740 = 375 BTU/+ day

Sjep 7—Mr. Jones' roof was south-facing witha
tilt of 35°. From Region 2 Tiit Factor
' Table on page 90, Rg is found to be .
- 1.90. Therefore,

¢ Tafs='375 x 190=710BTU/AR"

Answer:

- Mr. Jones can expect an average of 710
BTU/ft2 « day of beam radiation on his flat-plate
collectors during the month of January. As in
Example 1, this amount is subject to a reduction
due to glazings used on the collector (See
Example 3).

&

10
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. SOLAR RADIATION

‘TRANSMITTED THROUGH GLAZINGS

A glazing is any transparent material, such
as glass, fiberglass, or plastic, which allows light
topass through. In many solar ahd architectural
applications, more than one layer of glazing is

. used toreduce heat losses. ‘ "

z

« - GLAZED SURFACES 'ner ) a

The transmissivity of the glazing, T, is a
measure of how much radiation (or light) is trans-
ferred through each layer of glazing. The energy

‘transmitted, Gtrans, for the sketch in Figure 8 can -
be approximated by the following \eduation:

Gtrans’ = Trrs (79) x ()
Example 3

, Mr. Smith of Fayetteville, Arkansas, has a
| vertical, south-facing, double-paned, tempered
glass window in his den.’ He would like to know
the amount of solar radiation that is transmitted
through the window into his den for an average
day in the month of February. ‘

‘ Solution

} 'Step 1—Following the method presented in
| Example 1, from the February solar
radiation map on page 81, the total
horizontal radiation T, is about 996
| BTU/ft? « day in February. "
Step 2—From Figure 7 on page 88, Fayetteville
is in Region 1. :
Step 3——From Region 1 Tilt Factor Table on
~ _page 89 ~ for vertical south-*
facing surfaces in February, Ry is
, found to be 1.06. Therefore,
Trrs = By x hy

B

" '. . 94 1 Oc¢

Figure 8 depicts the solar energy -flow
through a double glazed surface. This surface

can be considered a window, a. solar collector *

cover, a greenhouse, a sliding glass door, or any

, - other transparent surface. o
DIF - , :

- FIG. 8, TRANSFER OF ) N ers
- ENERGY THROUGH ' '

Trrg = 106 x 995 = 1,055 BTU/tt2 « day

Step 4—From Tabie 3 on page 94, T for each
, wirtdow pane is 0.85. Therefore

- Otfans = 1,055 x (0.85) x (0.85) = 760BTU/t*"

Answer:
Mr. Smith can expect an average of 760

| BTU/ft2 « day of solar energy. to be transmitted

through the window that could be absorbed in his
den space for an average day in the month of
February. If the window area is 10 ft? then 760 x
10 = 7,600 BTU would be transmitted through
the window each day. The average radiation for
the entire month of February would be 7.600 x

28 (days) = 212,800 BTU.

TABLE 3 TRANSMISSIVITY OF GLAZINGS .
‘LOW-IRON GLASS 01 ACRYLICS 92
TEMPERED GLASS 85 : ‘

. POLYETHELYNE 82
WINDOW GLASS 80 :
"FIBERGLASS REINFORCED CLEAR VINYL a1
POLYESTER 84 ' _
TEDLAR. (PVF FILM) 93
POLYCARBONATES 80
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BEAM AND TOTAL SOLAR RADIATION 'TABLES':

The .previous two sections dnscussed
methods on how to carry out beam and total solar
radiation calculations using the tilt factors on
pages 89 through 91. This section contains a
complete set of tabulated beam and total solar
radiation values for a city. in each of the three
regions. of the state. The cities chosen were
Fayetteville for Region 1, Little Rock for Region
2, and Texarkana for- Reglon 3. The results are
presented in the tables 4 through 9 that follow on
pages 96 through 101.

Also presented for each city is a graph show/
ing the effects of tilt for south-facing surfaces
(See Figures 9, 11, and 13). A rule-of thumb for
maximizing the amount of solar radiation col-
lected on a year-round basis is to tilt surfaces the
' latltude + 15 degrees. Since the average latitude

/»'

“for the state can be considered as 35 degrees,

tilts of 20, 35 and 50 degrees were shown. For
comparative purposes, the radiation on horizon-
tal and vertical south-facing surfaces were also
shown. The area under the curve indicates the

annual amount of solar radiation.

Another graph for each city shows the ef-
fects of orientation for vertical surfaces (Figures
10, 12, and 14). Radiation values are given for
vertical surfaces facing east, west, southeast,

. southwest, north and south.

The amount of total horizontal solar radia-
tion falling on other locations within the state can
be found from the contour maps. The results in
each region will vary, dependmg on the monthly
average, but will be close to the values shown in

‘ Tabies 4 through 9 and in Figures 9 through 14"

At

/e . . 4
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TABLE 4 SOLAR RADlATlON ON SOUTH-FACING TILTED SURFACES.
S o FAYETI'EVlLLE (REGlON 1)

a

CTLT HORIZONTAL 20° 35° s0° o es® VERTICAL -
MONTH TOTAL BEAM = TOTAL BEAM  TOTAL . BEAM TOTAL BEAM  TOTAL . BEAM  TOTAL BEAM.
JAN 720 370 940 695 1086 720 1110 795 1110 820 975 730
FEB 995 \946 1208 786 1200 860 1315 805 1270 g8s . - 1055 730
MAR 1278 700 1420 865 1450 805 1410 8es  1305° 820 995 580
APR 1625 925 1675 890 1620 960 1495 865 1305 78 880 370 .
MAY 1800 1135 1855 1900 1725 895 1530 83 1276 620 0 - 215

T JUN 2106 1336 1995 1235 1820 1085 1575 ‘870 1280  ~ 810 756 186
Jut 2115 1375 2025 1205 1860 1150 - 1620 940 1326° - 675, - 780 1200
AUG 1875 1180 1885 1200 1795 126 1620. 9g0 1375 76 . 81 340
SEPT BEE 770 ' 1500 885 1495 805 ¢ 1420 '860 '~ 1280 . - 786 925, 475
ocT 1120 830 1320 840 1400 930 1400 960 1335 925 1080 - 726
NOV - 780 400 995 628 1100 790 1145 805 1135 820 985 7 M5
DEC 635 315 845 530 965 666 1016 730 1025 ~Q15 ' 690

' o FIG. 9. EFFECT OF TILT ON SOUTH-FACING SURFACES
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TABLE 5 SOLAR RADIATION ON VEHTICAL SURFACES
FAYETTEVILLE (REGION 1)

MONTH . SOUTHEAST AND SOUTHWEST ' " EAST AND WEST - oo NORTH
, TOTAL ¥ BeAam TOTAL  BEAM . ' © ToTAL
an " e 880 T s 276 T 236
Fes 95 4 526 ’ 700 Coowms L, o a8
o , — L ¥
.MAR . 880 Cooses L w0 3gs
APR- 7 aes g0 - 1045 635 : 505
may : 1000 i 426 S . 1190 -~ .88 o ' 626,
N v .
©JUN = o5 400 ’ , ,1:';00, : 708 ) . 700
CduL o 03 . a8 ' ' 13151 o - T e
avg o sa0.  ngs ' g0 . " se
SEPT | - ééo , 625 o e . aes 4 : a30
oct S 860 , | _62'5"','_ S e - 418 ' 340
'.Nov. . j" 826 o R 550 | ‘ .560 v o 280 '255,
DEC , 7 . 510 . ' 486 260 | o
. FIG. 10. EFFECT OF ORIENTATION ON VERTICAL SURFACES T
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TILT

MONTH

FEB
MAR
APR
MAY
- JUN
JuL:
AUG
| SEPTC
ocT

“Tnov

DEC

E.
&
£
a
&
x
'3
2
g
&
:
3

HORIZONTAL 20° 36 86 VERTICAL
TOTAL BEAM TOTAL BEAM  TOTAL - BEAM _ TOTAL BEAM  TOTAL: BEAM  TOTAL BEAM
706 380 9860 ' 600 1086 - 720 1120 790 110 806 870 716
S | - _ .
1050 580 1276 826 1376 840. - 1400 885 . 1366 ‘985 . 1126 780
1300 716, 1440 865 1466 810 1420 880 1306 816 880 696
1830 826 ~ 1870 ‘980 1816 945 1485 © 846 1280 695 860 345
‘ e . ) .
1945 1185 1880 1146 1756 1030 1646 855 1280 830 780 206
2110 1345 105 1240 1810 1076: 1560 = 866 1260 ., 595 730 140
2035 . 1276 1945 1196 1780 1060 1660° 880 1285 ' 606 745 185
1860 1156 1860 1185 1766 1080 1685 840 146 . 736 845 310
1420 780 1520 900 1510, 810 1430 880 1285 %0 - 820 485
1185 880 1385 . 806 1470 1000 1476 1026 1900 880 1126 760
836 as5 1060 876 1185 795 1216 865 1200 870 - 1036 786
. 870 338 880. 650 _ 980 . @76 1060 750 1080 770 930 696
FIG. 11. EFFECT OF TILT dN SOUTH-FACING SURFACES
2500
‘ +*
! . . . O
2000 ™~ . ,n'. .. 2__0‘..--- ..'.
) o P ~~a"
. . P o . ~‘e,
4,/”’ A““““‘.“‘ .'\ -
, ('/ " _ &
ol 50° . - ‘\;,
1500 |- Y e T T T Oy
anedl A — RN

TABLE 6 SOLAR RADIATION ON SOUTH-FACING TILTED SURFACES

LITTLE ROCK (REGI«)N 2)
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MONTH

‘ JA&
»Eyes
MAR -
.APR
MAY
JUN
T Jul
AUG
SEPT

ocT

OEC

. L|TTLE ROCK (REG'ON 2) 3

i .

‘Southcas; and Soumwm‘ ' East and West . :
TOTAL BEAM TOTAL 'BEAM .
795 540 630 278 '3-"

080 650 730 400, .

880 | ‘555 - 866 : _,4‘40“

T ags 1045 530

1000, | 430 1210 éao

880 386 1295 700

085 400 , 1266 676 -
1080 . 510 1180 840
980 520. ‘ 930 a0

0 860 ~ s 445
is_éo 686 ’ 599 ‘318

750 518 ‘436 ‘. 248
FIG. 12. EFFECT OF ORIENTATION ON VERTICAL SURFACES
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'FEXARKANA (REGION 3)

N e

'HORIZONTAL - 7~ 20° T '-3'5°"  R 50°- S " VERTICAL

A . .d v i ‘ o v X o . ) . L . . .
TOTAL =~ BEAM j TOTAL 'BEAM  TOTAL - BEAM = TOTAL BEAM . TOTAL' 'BEAM ~ TOTAL BEAM
.80 430 1040  670. M85 .. 795 1210 _ 870 1200  .880 1045 775

(- \ & , : . v

%040 lses 1245 775 1325 @75 1345 . 915 1290 - 890 . © 1065 720
1356 © 760 - 1495. - 915 1520 985 1465 930 1345, . 845 - 1010 . 675
... 1635 - 1670 © 970" 1605 930 . 1470 ° 830 . . 270 670" . -845 . 325

1980 1915 - 117 1770 * 1080° 1585 865 - 1280 630 765 -

. : . [ L . . . "o [ ]
,2025 . ), - 1905 ;. 5 1730 980 - ¢ 1490 . 1200 - 530 705

1975 ° 1200 .° 1880 1120 1720 980 1490 ... 1215 . 580 720

1820 100 . 1810 . 1710 1025 - 153 Cge0 1298, 680 815
1470 . 83 . 1570 . 940 1555 g\sg 1465 . 890 s T 930
1205 | % 1405° 905 \\ 1475 980 ‘, © 1a6 - - 1;309_. : . ,. o0

g5 100 o 00 ;i 1205 820 .. 1250 o ,1230_.:' 0 105'5"}
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_,TABLE 9 SOLA&,RRDIATION ON VERTICAL SURFACES

N "‘FEX%KRKANA (REGION 3)
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_ FIG."14. EFFECT OF ORIENTATION ON VERTICAL SURFACES
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