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Introduction

During the seventies in New Mexico, prior to the proliferation of the PV panel, and
before tax credits were introduced, there was an oil crisis. Fuel prices were high, but
sunshine was plentiful and free. Zomeworks developed a number of products that worked
with sun and without pumps and motors. The reflector/shade saved fuel costs and was
valuable in all seasons. Three decades later many of these devices are still working and
continue to save energy and money and don’t require tax credits.

What is a Reflector/Shade?

A reflector/shade is an adjustable panel, usually moved twice a yeagfteetisr
sun into a building during cold months, and then is moved during the spring to block
unwanted sun when it is hot. Upon the return of cold weather the reflector/shade is
moved back to the winter position.

Varieties of Reflector/Shades

Zomeworks has made custom reflector/shade doors for drum walls over the years,
such as those used on my house in 1972. The early version of reflector (Fig. 1) was

Fg.2 - "~ Fig. 2
Heavy insulated drum doors raised and lowered daily Winch used to raise doors
Baer Zome Cluster, Corrales, NM 1972



inspired by Harold Hay and doubled as nighttime
insulation. We closed the R-10 doors every night,
cranking them up with a winch (Fig.2), over single
glazing in front of the drums. In 1991 we changed single
glazing to double glazing, replaced the leaking steel
drums that had been racked on their sides with plastic
drums racked upright and replaced the insulated doors
with plain 1/8” aluminum panels that lie on the gravel
during winter and are pressed against the wall during the

summer to shade. (Fig.3)
Fig. 3
Aluminum sheet reflectors raised
& lowered seasonally 1991

Reflector/shades for south walls need not be the full height of the wall. At the
Benedictine Monastery in Pecos, New Mexico, circa 1976 (Fig.4), we placed two
rows of steel drums on their sides, about 4’ high, so we needed only a 4’ high reflector
door for summer shade.

Inside the building the drums lived
within a long window-seat desk. Vents
controlled the heat flow from the drums to
the office space above.

Fig. 4

South wall of Monastery with set-back clerestongdeiws on
roof. Windows beneath eaves light counter-top désive
drums with glazing and reflectors. Pecos, NM 976

Fig. 5
Monastery reflectors held down with bricks



Mike Elliston used
low drum walls with
reflector doors on a house in
Corrales, New Mexico.

(Fig.6)

Fig. 6
Elliston house with low reflector doors in suermosition.
Corrales, NM ¢.1980

In some circumstances skylights are more appropriate places émtoethades
than glazed walls. The reflector/shade on a roof is out of the way, and on horizontal
skylights a curved reflector makes a greater increase in wintegdieahan a flat
reflector for a south wall.

Why use Reflector/Shades?

In winter buildings need heat gain without heat loss. A reflector that addo30% t
energy incedent on the south glass is of more benefit than a 30% larger window. The
reflector’s light gets in free since existing heat losses are natexdféy the added
radiation which is pure profit. Windows with low “e” glass and high R values benefit
from reflectors just as others do. Horizontal skylights long in the e-w direatid
narrow from north to south are perfect for reflector/shades. Their gain during sunny
winter weather can be more than doubled, thus increased above that of optimally placed
sloped glazing.

These are winter advantages of reflector shades; those in summer #ye equa
great. South facing glass that is not essential for a view or for daylighasucsed in
front of Trombe walls or drum walls can overheat buildings even if overhangsrslogtie
of the glass at the summer solstice. Glare from the ground and diffuse dtoylogigth
such glass adds a great deal of unwanted heat during the summer (500 to 600 Btu’s/sq.ft
day). The most efficient way to block this is with the same device that added gain in
winter, a reflector/shade. Unfortunately a Trombe wall, without a reflstiade can add
as much heat that we don’t want in July as it does heat that we do want in December.



Horizontal skylights, even just a few percent of the floor area, beconeaia gr
problem in summer when they overheat the rooms below them. Skylights without shades
are like cars without brakes. Reflector/shades, lowered in the summeregaoutall
direct sun, yet let in daylight during the hot time of year.

When to Move Reflector/Shades?

The graph (Fig. 7) plots the months of the year according to their average tenegeratur
and the position of the sun in the sky on th& @dy of the month. The sun is in the same
position March 20 as September 20, yet in Albuquerque the average September
temperature is 70 while that of March is 46. One does not switch reflector/shades on
the equinoxes. Wait, maybe as long as six weeks. The weather will tell yatavhe
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Fig. 7

Asymmetry of temperatures at equinoxes in AlbuaueriyM

move them. | have waited as late as May to lower Sunbenders and raise drum doors, then
again, | have waited as late as November to raise them. When | remenmiveror w

scratch the date on the reflector/shade. Each year is different; m@setiite a lot

different.

An Interesting Quality about Earth and the Length of our Year

The entire business of solar heating and nighttime cooling is related to theslengt
of our day and our year, and the eccentricity of the earth’s orbit and the tiltafishef
rotation. It looks as if this was planned to embarrass architects. Fixed overbaligys
work if the year were ten times as long. Earth temperatures would be nreraesxut
temperatures would have time to keep up with changing solar positions. And, if the year
were only a month long it would be a blur of bright and dark weeks with temperatures
never sinking to the depths of our winters or reaching today’s summer heats. Fixed
overhangs would again be fine. Our seasons on earth are thermal waves you must paddle
to catch; you can’t wait with fixed shades to ride them.



What Reflective Surface?

One must never use shiny metal for reflectors. Rows of flat mirrors camdbe us
but not the wonderfully reflective aluminums, unless they are adhered to an alsolutel
flat or convex surface. Dr. Frank Nordstrom of Farmington, New Mexico set firg to hi
roof with a drum door that used specularly reflective aluminum. The door, which sagged
slightly, was still open in May when the sun climbed high enough in the sky to focus on
the edge of his roof. Fortunately the whole house did not burn down.

At Zomeworks we have used shop grade aluminum in flat panels and also curved
in arcs. These have never caused a fire. The dull finish scatters the ratlithtidna
large parabolic dish, even covered with dull aluminum, could start a fire. | have heard
that some white paints on parabolic dishes can.

We have made many
reflectors such as those used by
Alfred von Bachmayr on the
Fountain Valley School (Fig.8) or
by Don Felts on a house in
Albuquerque (Fig. 9) with four
rows of ordinary 12” x 12” mirror
tiles, and had good luck with this
for 30 years. | would not try five
rows; too many suns could focus in
in one place.

Fig. 8
Mirrored Sunbenders in winter position. Fountainlleg School,
Colorado Springs, CO. Al von Bachmayr, Architect99

Fig. 9
Mirrored Sunbenders lowered in summer positionuglierque, NM c. 1985
Don Felts, Architect



White paint can work well as a reflector. Today we sell Sunbender reflector/
shades that use painted steel roofing panel reflectors that bend over the rifns bed c
purchased by the customer locally. Zomeworks manufactures and ships onbgthe ri
poles and brackets. (Fig. 10)

The back side can be any of the many available colors while the front side is the
standard white primer found on the underside of metal roofs.

Aluminum or mirror
reflectors are not suitable for alll
skylights. They may irritate by
glaring brightly through clear
glazing. White reflectors are less
offensive, yet still do their job
adding considerable heat and light.
Skylight lenses that diffuse the
light can help.

Fig. 10
New style Sunbenders using ribbed steel roofinglsa
Zomeworks Roof 2006

An Unexpected Advantage of Sunbenders

Even when Sunbenders are raised in winter they block about half of the night sky
radiation from a skylight, which reduces heat loss considerably. Of coursegree re
blocking night sky radiation in summer which would help cool, but it is a price anyone
should be glad to pay to block the sun in the day. One may puzzle over the balance of
incoming and outgoing radiation. Would not the radiation out at night equal the sun’s
radiation in during the day? The balance is not between night and day; it is between in
and out. As much heat radiates out as arrives from the sun, but more heat radiates out
during the day than at night. Notice that it begins to cool before sunset.

Venting Skylights Beneath Sunbenders

| cool my house in Corrales with night ventilation. We open windows, but most
important are four hinged tempered glass skylights that are operated byropeer-
center levers. (Fig. 11 and Fig.12) These open and close rapidly, with a tug on the rope.
Their position, high in the rooms, allows the stack effect of warm air to power our
ventilation whether there is a breeze or not. The Sunbenders that loom over the skylights
protect them from light rain, but not windblown rain. The hinge is made of silicone
rubber. These combination skylights and Sunbenders and night ventilation are the most



valuable, trouble free climate control devices in my house. | installed themalsgsans

after building the house. | have a total of about 20 square feet of open vent. Because of
the huge thermal mass and its large area (60/ea 55-gallon drums and adoldecoutis)

keep the house several degrees cooler still, if | had 60 square feet of operable vent

Fig. 11 Fig. 12
Hinged glass closed Hinged glass open

Why Do So Few People Take Advantage of Passive Solar Today?

This is a fascinating question | cannot wi%
attempt to answer here. One reason may be that
glass enthusiastically installed on houses for
winter in the 1970s and ‘80s overheated the
houses in summer and, even though excellent
thermal shades were installed later, heat
creeps by these. Much of the glass is in front of
Trombe walls where there is no room for shades
in winter. S

Vines or trees are good at -
Summer shading, but the bare branches 0O *+,
that shade in winter take a great toll on +& 4+ -
passive performance.

NEAN

Interesting Geometries )

In the 1970s Bill Mingenbach
designed and installed some very
interesting reflector/shades that
performed well and should be re-
fined. (Fig.13)

Fig. 13
In winter (W) the reflector is set at an angle éflect
the sun down into the room. In summer (S) position
it swings out to reflect the sun up, away from the
glass.



The prolific solar inventor William Shurcliff also proposed to me an excellergticar
on the drumwall or Trombe wall reflector/shade design. (Fig.14a and Fig.14b)
Shurcliff's design invited use of the summer shade in front of the glass in surimer
is another method that needs to be tried and refined.
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Fig. 14 a Fig. 14 b

Reflectors Take Valuable Space

Reflectors lowered to the ground take up space; though it is possible one could
put chairs and tables on rugged reflectors in winter to enjoy the sun. Other désaices
consume space, such as driveways, roads, parking spaces and turn-around space for car

Simple effective uses of the sun may have to show in the design of the houses.
About Comfort

Machine comfort is easy to define. A limited range of temperature and hymidit
brackets what ASHRAE, for instance, defines as comfort. Extensive shadiedeen
done. | am puzzled to find for myself, the only person whose comfort | have first hand
knowledge of, that | am not comfortable being comfortable. | like a yeargiwtiich |
am uncomfortably hot for hours on end. When hot | always seek the coolest spot | can
find to work, rest or sleep, but somehow | relish conditions in which 1 fail to succeed in
these comfort searches.

So, while | enjoy spending my years looking for ever better ways to plssive
heat and cool buildings, I like circumstances that drive me to feel too hot and too cold. |
like to touch the weather and the climate right through my house. The discomfort of
being too hot or too cold has compensating rewards for me. If you carry a theéamome
with you, as | do, you will find most people don’t mind enduring temperatures outside the
comfort zone, but few are ready to admit this. Enduring is easier than admitting.

The discomfort (irritation says it better) of unpleasant drafts as frodueis, or
noises such as motor noises, or smells as from furnaces, or the frustration of power



failure and equipment breakdown, have no compensating rewards | can think of. This is
why | like passive systems and being outside.

In passive heating and cooling it is much more difficult to bracket tempegature
between 78F and 68 F than, for instance between’Ba@nd 66F. To how much trouble
would | go to ensure that | am always “comfortable” rather than abegapg frequently
uncomfortable? Not much.

At Zomeworks we are developing an inconspicuous and very effective way to
passively heat and cool. No noise, no drafts, one merely turns a few valves as seasons
change. It is almost too good to be true, and maybe that isn't all for the good.

Reflector/shades, interior thermal mass and night ventilation are vergtitram
and that, for me, makes them an all the more successful way to passively heatl and c
buildings in Albuguerque and most of New Mexico.

The Perfect Skylight(With automatic reflector/shade winter night insulator/ and
summer vent opener)

In the early 1980s, just as energy prices along with interest in passive solar
slumped, we manufactured several skylights with large foam core nedlgetnels that
acted as reflectors during winter days, insulators on winter nights, shadesand ve
openers in summer. The photos below show an experimental skylight on a residence in
Albuquergue designed by Doug Edgar, Pogo Construction in 1985 (Fig. 15 — 18). The
panel moved with a shifting weight of refrigerant. When the sun struck the panel in the
morning, the refrigerant canister grew warm and drew the mass otrafrigo a shaded
tank on the north side of a hinged pivot. When the sun went down, the sky became cold
and the still warm sheltered canister pumped the refrigerant to the exposedh¢aakive
weight closed the panel for the night. While it is generally difficult to noaitside
panels that insulate in this orientation, these were easy to make work vmefieB3a
stopped motion in the wind.

Fig. 15 Fig. 16
Winter day open to reflect sun inside alfiday closed



During summer when night ventilation is welcome to cool buildings, we used the
same day/night motion, limited by tied ropes, to operate a large vent on the north side of
the skylight. The vent opens every evening and closes every day, (sedidiswaile
the reflector acts as a shade.

Fig. 17 Fig. 18
Summer Night Position: reflector is n8oer Day: reflector is restrained
Down, back boom pulls vent open for omfropening all the way, shades sky-
night ventilation. lightack boom lowers to close vent

and prevent daytime ventilation.
Dramatic Season Change

Lowering Sunbenders in the spring darkens the space below. Itis a very dramati
difference. To some it might seem that the lighting — changing by a td&ar 10 —
must be wrong at least half the time or perhaps all the time - too bright in,woatelark
in summer, or both. The human eye operates across a huge range and it is pleasant to be
in shady, dim surroundings in summer and bright sunny spaces in winter.

Climbing a ladder with a wrench and moving the “benders” doesn't fit with the
ideal of just throwing a switch promoted by Carrier and York Air Conditioning. | find
that | delay doing it. | put it off a week too long, but get a tremendous feeling of
satisfaction after I finally block sun that has been overheating the house irr lsidgy o
sun we need because it is getting cold in November. One can die two ways: the old
fashion way or ahead of time by replacing all stresses with machingealdbigood to
visit your roof twice a year.

Shade

Not all shade is equal. Blocking the sun with a dark sheet of metal that grows hot
and re-radiates to the space below it is not ideal shade, but a lot better than no shade.

A Sunbender of painted steel with a dark green back and a white front will grow

hot in the sun and the white paint re-radiates heat down toward the skylight that it covers
If the pan is aluminum it will reflect sun back to the sky and also not be able to radiate
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I.R. heat. This is an advantage of aluminum. Among painted steel reflectors, those with
white backs will not get hot in the sun and therefore not re-radiate heat.

To study shade and temperatures get an IR scanner. People are surprised to find
that white objects in good shade and exposed to a cold sky drop below ambient
temperature. | study radiation by using a watch, a scanner and 3/16” aluminestipdeat
have just the thermal mass to chanfe der minute when gaining or losing 10 Watts per
square foot.

Reflector/Shades in the Wind

This is a problem. We have found that Sunbenders® rattle unless one uses nylon
lock nuts and mechanisms that flex and hold bolts constantly tense. Use the next grade
up of metal — beyond what you think you need for strength. Winds are strong, especially
near edges and corners of roofs where turbulence and gusts play hell with everything

In our first years making Sunbenders we had many pans dimple or evenecollaps
We still do occasionally. We have never had brackets pull loose from skylight wells

Sunbenders® vs. Clerestories

Clerestories are excellent for lighting and heating. This comparison of
Clerestories with Sunbender reflector/shades over a skylight demaonsteatanitations
of fixed exposure to the sun (Fig. 19) and the performance over a year’s time in
Albuquerque, NM (Fig. 20).

Fig.19
SUNBENDER 2.5’ x 20’ CLERESTORY 2.5’ x 20’
1. Subtracts 50 sq.ft. of roof 1. Adds 41 sq.ft. of roof and 23 sq.ft. of end wall
2. No extra structure 2. Second house on top of house
3. Adjustable 3. Fixed
4. Directs sun to floor below 4. Floor receives no winter sun
5. Admits heat during March 5. Admits to much heat in August and September;
and April; blocks it in August admits too little during March and April
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and September.

6. Easy roof drainage 6. Complicated roof drainage
7. Can be used with Big Fin 7. Can't be used for heating water in summeuntwitho
year-round. extra reflector.

+ )

Fig. 20

Year-Long Performance in Albuguerque, New Mexico

The Reflector/Shade vs. Photovoltaic Panels

The photovoltaic panel is a wonderful invention; it makes electricity. It can do
work, drive electric motors. A PV panel casting a shadow no larger than a man can do a
man’s work in full sun. No noise, no smell and a long life. | have used photovoltaic
panels for years to pump our domestic water, for irrigation and to power anhenitse.
Of course, they are expensive. | feel the same anguish seeing PV pphelksdchy
subsidies and placed in town as | do spotting penned buffalos or ostriches. Because of
subsidies the valuable electricity from PV panels is wasted in the glut of frowe
power plants. In many cases one could use the panel’s white back as a Rdfledéor/S
and get better value. Such is our waste of electricity.

If a panel’s power is going to electric lights, the white back side can bounce in
more light through a window or skylight than the electricity from the pamepraduce
in a bulb — several times as much.

When air conditioners are running the shadow cast by a panel over glazing is of

greater value for cooling than the electricity sent to an A/C unit. A PV paneécted to
a conventional A/C unit cannot pump out as much heat as strikes the panel.
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Believing that photovoltaic panels and wind generators that make elgdreit
the best uses of solar energy is like affirming that to diet one drinks dietindl#o fight
obesity requires huge subsidies to Coca Cola and Pepsi who manufacture diet colas.

Let us hope the public wakes up to the most cost effective uses of the sun;
natural lighting and heating, without first converting it to electricity.

Afterword
Things are warm or cold depending on the balance of heat arriving and departing.
This is a very important and very interesting topic, which has been studied at
length by architects, engineers, inventors, biologists, meteorologistafalogists and

others.

| plan to discuss more of our experience at Zomeworks controlling heat gain and
heat loss in other ways than reflecting and shading, which are just part of yhe stor

©Zomeworks 2006
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