Passive Solar Thermosiphon

Domestic water is heated in a collector

Ir cancepls nwvalved In collecting and stor.
ing energy from the sun are easy o understand,
yel there can be an infinite variely of applicas
ticoes o Bar as architecturad design B concermed,
My interest has fooused on passive heal gain lbe-
cause passive svstems require very lew (i any)
muotors or controds o make them work. Based
ot research | began im 1974, | developed a ther-
moskphon for domestic bod-waler heating. 1nighal
installations=inchuding one 0 my owi se—
were followed by slight changes in layout or
specifications. as | modified the design 1o make iy
wark more offectively, The results of this pro.
ced are described here, My deskgn lor a solar-
based thenmosiphon for heating domestic water
ellers several advantages, It can be bulli and in-
dalled on-site by the owner or builder. Special
skills, equipment and materials aren't required.
The finished sysiem nesds no mechanbosl azi.
1ance 1o perform s function; consequently, | &
mainlenance-tree and works independently ol
electrical power. The thermosiphaon is inespen-
sive to install when compared to other heat-gain
gyitemms, and il is elfective. Assuming a hot-
waler use of 15 gal. per day per oroupant, sl
BO% of wintertime hot water needs can be met
and 1% of summertime hot water demand.

How o solar thermosiphon works— Radiant
enefgy lrom the sun excites waler molecubes,
and this heated water becomes less dense
(lherelore less heavy] than an equal volume of
cold water. The heated water rises, jusi as ihe
WAR Al it your bouse nalarally rises above the
colder air mass near the floor. As the water
oo, il alnks, eveflally finding the lowest -
sible level until it is hested againe The thermo-
siphon eflect allows the holtest water fo collect
al the highest point inthe system. Conscquently,
the highest point s the best place e store the
heated waler.

The general layout for my solar-based thermo-
siphon for heating waler consists of three parts:
the colfector, where cool water in the therma-
siphon 5 warmed by radiant energy, the sforage
tank, which holds the hottest water ready lor
use, and the péiping, which connects the tank to
the collector. Many water-heating thermo-
siphons also Incorporate s heal exchanger, since
they are clossd loops relying an an antifrecze
solution 1o prevent freeze-ups, Heat ex-
changers, however, lend o be expensive and
less efficient af translaling the sun's energy into
hot water for domestic use. My design is an open
sygtem that ks directly linked to the home's
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wabir supply; ireeae-ups are ellminal ed because
all parts of the system are inside the house,
where they afe protected from livw lempera-
lures, Elaninating the heat exchanger and hook-
ing wp the thesmosiphon directly o the water
supply make the system incxpenshve and cflec
tive. An eledric waler heater acis as a backup on
cloudy days, at night or when demand is high,

Constralnta—Incorporating & waler-heating
thermasiphion in a bullding creates a number of
design constenints, The storage tank has 1o be
loecated above the collector; deally, it should be
as close to the collector &8 posible, and posi.
tioned so that the boltom of the tank is | 18 to
2 . above the top ol the collector. The weight of
the storage lank alse must be considered. Sup-
plementary bracing I8 needed, sinoe the tank
weighs close o 1,0 b, when llled with water.

A second constraint concerns the piping that
connects the collectar to the tank. 1 use 1-in. di-
ameter type-L {heavy wall) copper pepe, carelul-
1y kaial out with a minimum of bends. The pres-
sure created by the thermosiphon s low, and un-
necessary bends in plping sections will impede
the llow of water, ldeally, the pipe sections be-
tween collector and tank shiowld he as short and
straight as possible,

Anather impaortant design conslderatbon has
1o do with the fact that the solar panel will be
filled with water rather than antifreeze. Insula-
ting the roal area around thie panel and allowing
wari inlerinr air o crcolale in the skylight
apae are neceisary in onder to keep the water
lram [reezing, The syslem has (o be set up
wilhin the warm house space. Some heat will be
lost through the skylight, but the ceiling vents
apecilied for my syetem minimize the ke Posi-
tioned horizonially along the top and baobbom of
the skvlight well, these vents limit convective
alr currents agains the oold skylight, allowing
just encugh warm air circulation to keep the
waler in the collecior from [reezing,

During the summer, temperatures in the sky-
light will rise considerably, but this presanis na
harard as beng as the system bs in dably wse and
there s some input of [resh, cold water, Opening
the vents allows warm air to escape. If the sys-
fem ks lelt unused, the panels should be shaded
in some way o previent excessive heat bulldap,

The collector=The collector module in the
thermosiphon must be locabed on a south-facing
rool. We have designed systemas for rools wilh
sloped ranging from 307 o B0° A 307 system

will ke myore elfichent insummer, whibe 8 607 sys-
fem will tnke betier advantage of winder sun-
light, We've lsinck that the oplimum rool slope
for all-semnn operation at lafifude 41° 40°N
[southern Conpacticw!) S belween 40° apd 45°,

South-lacing skylights, solar absorbeers sl e
tween rafters, and inberior venling make up the
calleeior module in the thermosiphon, For new
cansiFuction we always install the skylight first.
Pamel installation, plismbing and interior lnish-
Ing then fodlow.

Although | have used mainly 5%-in. thick Jiw-
iron glass im sandard sizes (34 in. by 76 in. or
4G in, by 76 in.) for the skvlighi, clear aorylic
panels are also sullable for glasing this wwpe of
solar collector. A dilferent curb glazing detail
would be required for acrylic, however, dise (o
the increased expansion characberistics of this
material, Insubnted glass i a must, and Lhe
builder should keep in mind that standsrd sizes
are for bess exponsive than cut-to-ordes panels,

W kepl the skylight deskgn simple to allow for
onssile consruction and o avodd the exira cost
ol predabricated anits. The glass sis in a rab-
beted curk of 3xd or 3x6 Douglas fir, Corner
joanis are bufted, with the lop horizonial curb
overlapping the two side pieces to profect their
el grain, We ased liberal amoants of caulking
for all joints and carb-to-ralter comtact points o
keep out modsture and cold alr, Caulking s
cheap, il is a good sealer and adbhesive, and it is
also flexible enough o allow bor temperature
induced Auclustions in size, We have foand tha
Tremon Mono sealant or an squivalent canlking
coampoun is best lor wood-to-waod or metal4o-
winnd joinis,

W lay the skylight curb direcily on top of the
exposed rafters and butted against the rool
sheathing belore toenailing it in place,
Aluminarm flashing fedlows around the outside
af the curb 1o cover the sheathing-curb corner
janl. Step fashing is necessary on the sldes o
keep water from getting under the shingles. To
allow lor expansion of the glazing material, the
rabbet should be ¥, in. wider than the glazing on
all oair wdes.

Belore setting the glass panels in place (a
heavy, unwieldy job thal requires al least two
peaple), we lay o sirip of Yein. by %ein. Tremco
pre-shimmed 440 tape in the rabbeted depres-
dion. This specially designed strip glazing
material [available from Teemco, 10701 Shaker
Bivd., Clevelamd, Ohio 44104} is sticky on both
sides and contains a conlineous spacer-rod shim
that imits its compressibility, so that airspoces as
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a result of settling will not occur, Onee the Lape is
In place, we posilion Iwio neaprens setling
locks (% i, By % in. by 4 ) ane-fourth of the
way in {rom the bottom corners of the skylight
rabileet 1o hold the glass panel Y in, away from
the botiom edge.

With the glass covering on the skylight, a
Ia:..'.zur ol Tremen Polyshim tape ks stuck down
along all lowr edges. This should Gl the rabbet to
a podnt % in. above the top edge of the curls
Then a 3-in. by . by 4-n. anodized alumbnum
angle is secured over the curb edge, covering
and compressing the strlp glazing to lock the
skylight glass im place. We use 130 stainless
dleel wisid serews (roundhead) through neo-
prene and stabnless-stee] washers to lasten the
aluminuen angle to the curh, The final step in
weatherproofing the sloylight is to lay a head of
caulk abong the edge of the glass where the
alumbnum angle overlaps i IVsimporiand bouse
a good westherproof caulk here, and ane that
can sdiere to both metal and glass,

We are currently designing insulated shades

that will b installed between the lop o ihe sodar
panel and the skodight ghazing. Although il
cructal i the performance of the svstem, these
maneally adjustalde shades will help reduce
heat loss during winter nighta, and prevent ox-
ceslve heat baildup in the skylight well during
sanmy sumimer days,

The solar panel=Although my initial designs
specilicd Sunworks copper alsorbers tucked up
wineder T4-im, I'p:,' Ti=im. skylights, we now use Sun-
Ray absorber plates, which are a combined cop-
P aluminuem finconstruction. The fins caplure
radiant energy and conduct the resaltand beal to
the copper tubing that conveys the water
Vhrough thie system (see horizonial cross seclion
above), A special mechanical conductive bond
ensures effective heal transher belwesn the two
metals and also reduces corrosive aclivity.
SunKay absorbers condist of 5%-in. wide ine
dividual plates joined af top and bodiom with
copper conniscling pipge 1o lorm panels of
various widihs, This system works best with

4 s, B of panel surface per oocupant, and &
minimum total of 48 sq. fi, We have found that
this recommentation minkmizes auxibary eal-
ing requirements and is the most economical ar-
rangemeni in lerms of installation cosls and
payhack sehoedule,

Thie width of vour pancts depends on the roal
framing In your house and the size of skylight
glazing availahle, The system shown here uses
4b-in. by TGin, glass st above dx12 rafiers le-
cated on 48-in. centers, With these specfications
in mind, we had Sun-Bay connect eight solar
plates, giving us panels 44 in. wide and 71 in
lamg. The advantage of the Sun-Kay collecior is
ihat 11 can be cul to any kength (up to 9 i
widih 1 also adjustable, based on the 5l-in.
madide for individual plates. Sun-Ray wall pro-
vide assembled panels, but connectiong -
Tween panelds must be done on site. (For inlorma-
tion, contact Sun-Ray Solar Equipment Cao.,
4 Pines Bridge B, Beacon Falls, Conn. (6403, )

The first step in panel installation involves
drilling holes in the rafters for panel-bo-panel
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connectiong. The eagied way to do this is o paogis
fion the panels temporarily, mark the rafters
where connecting manifolds must go, and then
resmiove the panels and bore the holes. We use a
2dn, diameter bit to give the ldin, manilolds
plenty of clearance. These soldersd manifold
connections are fhe weakest part of the ab.
sorber assembly, 0 Ehey Can'l carry any weight
once the absorbers are installed. Crospieces of
2x4s nailed between the ralters or Mook sup-
ports under op and boftom connecting pigees
hold the absorber panels in position. A panel in-
stallation sequence is thown in ihe photos af el

Interior fnish beneath the collecior plajes
consisis of Ypein thick plywood panels beld flush
with the surrounding ceiling by 1x3 wood trim.
The trim is screwed in place so that the absorhser
it masy bo ged ot in the unlikely event that repabrs
or afjustments have i be made, We installed
comtinuous metal floor registers (4 in. wide) ai
the lop and boltom of the covering plywood: this
also corresponds with the top and bottom of the
salar panel. In the winter these venis are kepl
agpen, albowing heated mlerior air 1o circudale
hetween abizorbers and axylighl. This s esps-
clally impaetant on winler nights, when the
wialer in the colbector coods amd the temperaiune
in the space between the panel and skyhght
glazing drops. Cooler air wall exit by convection
throaigh he bodlom venl, drawiing warin eile-
thar wir bn thraugh the o venl 1o prodect e cnl-
lectior [rom ireede-ups. L SEnny winler days.
the conveciion pattern 8 reversed: Alr in the
skylight well ks heafed by ihe sodar panel and
enters the room through the Bop register. In sum-
mmier, the wentd can be closed 1o eolale (he warm
akylight mir

The siorage tank— Acually, voo cousd also
call this the hol-waler 1ank, since (n my sysbems
ni separaie boekup hot-water fank is necded, In-
slend, we insiall & siandard 4-kw elecirie water-
heating element in the middle of the fank bo pro-
vide auxibary heating when necessary, lnomy
lirst installation, we connected the storage lank
{0 & separale shectrbe hot-waler tank located in &
[irst-Tbooe closct, This was a more cosily roate
that we abandoned in later designs. Bt ooald,
havwever, seree as a model for refitting an exis-
ling active waler-heating system with the ther
mosiphon heater. I you're building a new
house, you won'l need a second hot-water tank
if wou have an active backup,

W use a 1 20-gal. Rheem Salaraide tank. This
is a herther muedification on the initial design,

With the skyli Beuble, Ehee Nirst abep im installing
Ll sodar 8 i& marking and drillimg holes in
lhe rafers ([Bop) &o hal panel-lo-pane] manifold
conneclions can e made. To assemble the
manlald conmections., a short length of pipe s
wobdired b thresded confecting hardywars, The
lengih of the pipe depends on the width af (he
ralter and the distande between panels, Sap-
parts nalled o ralters &l Foal Blecking hald (he
el im position while the elbow pping conmec-
lien is made. This lnks the lop part of the panel
N thee wsber tand, allowing solar-ealed waler b
rise inlo the tank. Onoe all soldering has been
dane, e el & can be nil
lashened, lmrﬂmrr:mhlmﬁmrzdut
hokes, mated io panel piping (bottom), and
soldered o connect nelghboring panels. Con-
meectlons have bo e -.l.dtmrlpt sections st the
top and babtlom of each panel.

which called for an Elgal. tank. The axira
capacily allows more hol-water storage amd
makes the thermosiphon more ellicient. The
lank has a sandard pressure-reliel valve. YWe in-
stall a bead pan under the tank. The pan protects
the house from water damage; draining it to iqe
harement rather than 1o Ehe wasiewaler sysbem
will abert 1he owimer when 4 25K ocCurs.

Fiplng=As | mentioned earlier, we use 1:..'|.1|:-L
copper bing {or all piping in the thermosaphon:
it lasts longer than the convenbional sol copper
e speiscified lor dormestie of-waler plumiing
There is a drain valve ai the boitom end of the
snlar collector; this 18 the lowes] point i ihe
thermosiphon syslem. We also install shabodf
valves ab inlet and outlet Hitings near the storage
lank and a manuslly-operated beed valve at an
upper carner ol the solar panel. The hot-water
pipe poes [rom the top ol the sodar pane| 1o the
v part of the storage tank. As water in the tank
cools, it sinks to the bottom of the tank and is
cventually thermosiphoned out through the
cold-waler exil pipe thai runs be thie bottam of
the sedar panel. The cold-water inket papse links
the thermoskphon (o ihe waler supply, and mausi
rain B Lae odbsm of the lank, Hit=-waler piping
conmects the lank with tap oullets throneghowl
the ouse. To prevent extremely hot water from
reacliiig the TAp, we imsiall & Thermostat-
goverined mixing valve belween hislswaler
et and cold-waler inlel pipes

Piping to-and from e collector must be made
A3 shorl and straght as |:~|\1I|:I:l|' 1 allow the
||||_'r|r|||5|.||l||||| b fuamcHon at L L TR levels, 1E
|:||F|i1|54 iiieed Fuim Bebween rood rallers or near ex-
Lewor walls for any distanee, then if shoudd Dse
protected by R 19 good msulation. Too further
reduce heat loss in ihe system, we cover all pip-
ing beetween the paned and the tank with wrap-
arcund Insulation

Cost and performance="Thugh ['ve devel
oped several different prototypes for o passive
salar waler heater, the basic sysbem oublmned
here seems 1o alfer both value and satislactory
peelormance. There are certaim Lo s micdilica-
lione due o design or camsruction variations in
different howtes, Dol | am convinced that the
thermosiphon principle can be ased elfectively
a5 o primary source of hol water lofr domesie
use during the greater part ol thie yenr. Perindic
temperature reacings af e Wp ot ene installa-
tion have ranged (rom 116°F 1o over 140°F;
alfter three rainy. overcash days the iemperature
dropped 1o 10H°F.

A sedar thermasiphon like the one described
here will cost about hall as much to install as a
comparable active dystem dor heating waler
Given the efficiency of the passive system and
the taci that if reguires neither maintenance nor
auxiliary power to operate, | leelthat it odfers e x-
cellent value o the homeowner, I the costs of oil
and eleciric heat continue to rise, the system
shoald pay for (teell b less than five years. Fed.
wral and state tax oredils for demestic solar Sy
tesrs can further offset the installation cost

Steglien Lisar 8 ave architec! wivoe proclices in
New Milerd, Conn





