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= FREEZE-PROTECTION LOOP FOR DIRECT SOLAR-WATER-HEATING SYSTEMS

Even a ene-time freeze cenditien can do destructive damage te a direct selar
water heating system. The preject funded under grant DE-FG4480R4, 1-1-80

to 8-1-81, proposed te demenstrate a simple installatien precedure

whereby thermesiphening warm water frem sterage weuld prevent selar cellecters
frem freezing.

Installing the freeze pretectien leep in ewner maintained selar systems was
incenclusive. Owners were net attentive to freeze warnings er did net
urderstand the simple instructiens.:

A centrelled situatien was established using a refrigerater te preduce belew
freezing temperatures. Experiments cenducted with this equipment shewed
that the thermesiphening principle ceuld net be relied en te prevent freezing.

Thermesiphening cannet be relied en te prevent freezing in a direct selar
water heating system. The direct system is an effective means ef heating
water in nerth Flerida, but the system must be drained, either manually er
autematically, te previde reliable system pretectien.
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FINAL REPORT

- FREEZE PROTECTION LOOP FOR DIRECT SOLAR WATER HEATING SYSTENS

-

. §he ebjective of the mcjﬁct funded under Grant Ne. DE-FG4480R4

was te investigate the feasibility ef preventing freeze damge to-direct
soiar water heating systems by allewing thermesiphening te eccur when there
was a danger of freezing. The damge c:aused by freezing of solar cellectors
containing water is the gravest deterrent te acceptance ef this relatively
simple system.

A number ef situatiens had beceme knewn te grantee wherein cellecters had
net frezen during sub-freezing cenditiens. In one situation, twe solar systems,
beth direst selar water heatins systems (DSWHS) en the sams heuse, experienced
freezirg temperatures. One froze, the ether did net. As reported, the secend
system had a malfunctiening check valve which permitted the sterage tank water
te thermesiphen te the cellecter en the roef. Nermally thermesiphening is
te be aveided in a pumped system because all the heated water can be lest in
the course of the night.

| Another method ef preventing freezing this type solar system is to drill
a small hole in the flapper in a swing check valve. However, there is ne
contrel of this ploy. The unit will lose hot water even when there is no
danger of freezing. »

_Neither of these metheds apply te s;olar cellectors meunted lewer than the
sterage tank. | .

A methed of regulating the flew preduced by the pump in a sola; systenm
has been to install a bypass areund the pump, If the bypass leep alse bypasses

the check valve.' purpertedly this technigue can be used te prevent freezing.

wie
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 That is te say, epening the regulating valve in the bypass leep "my" prevent
freezing if the freezing condi’cions are net severe and are net protracted.

"While explering the abeve prepesal, we received a number ef complaints
whigh in treuble-sheeting, were attributable te malfunctiening check valves.
We ﬁere using a STRATOFLO 400, half-inch, metal peppet, check valve. Similar
cemplaints were received frem system owners whe had swing check valves installed
by ethers. Neither the peppet-type er swing-type check valve w#s reliable in
centrelling undesired thermesiphening.

We began te use a Heneywell V4O43A netorized valve, nermally clesed. When
the pump was ensrgized, the valve, wired in parailel with the pump meter,
weuld alse be energized, and epen. When the pump is de-energized, the valve
is likewise de-energized and a spring ferces the. valve te clt'»se. Use eof
this valve stepped thermesiphening.

Befere the winter ef 1980-81 grantee ebtained permissien frem several
ewners, usually -those who had experienced fresze damage te cellecters, te
install the Freeze Pretectien Bypass L;op (FPBL) at ne expense te them. Any
repairs necessitated by freeze damge likewise weuld be made by us and charged
te the grant. Owners whe agreed te participate were instructed in the theery
of the FPBL and seemed te understand the applicatien. Drawings ef each
jnstallstien were likewise previded. The ewners were alse instructed in hew
te manually drain dewn their systems.

A1l three of the ewnsrs were elder. All three had had systems freeze the
previeus year. The systems as eriginally installed were net previded with
jselatien valves er with drain dewn valves. Twe systems were equipped with

Hawtherns centrels and depended en pumped recirculatien te prevent freeze damage.
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One system had ne iselatien wvalves, ne drain dewn valves amd ne recirculatien

cirguit. Tt was inevitable that this system sheuld freeze. E

'_-"-_Tho twe ewners with the systems that were drainmable became alarmed when
mt:’.hor rep@rts predicted a severe freeze. Beth attempted te drain their
cellecters, but clesed enly ene ef the twe iselatien valves. When the drain
dewn valves were epened, water flewed like a tap had been epened--which is
what happensd. Beth ewners gave up and retired witheut reepening the iselatien
valve they had just clesed. New their recirculating systems ceuld net re-
circulate and their cellecters freze. !

The results ef the abeve freeze ups preved nething.

In erder te have mere centrel ever ﬁhe experiment we employed a refrigerater
(used) te ebtain belew-freezing temperatures. A five gallen electric water
heater was configured with tees te simulate a seolar sterage tank. This was
placed at fleer level. Ambient temperatures wers irdeers £8-70°, Temperatires
in the freezing cempartzent were 20-2 S*F. The refrigerater was slevated. freezing
compartment was abeut 84" abeve fleor level.  Heles were drilled in the
freeging commrtmert and abeut feur feet of 3/4" fin tube (base beard heating
elements) were run back arnd ferth, graded up. Outside the freezing cempartment
a standpipe arrangement ensured that the leep was filled with water at all times.
A gate valve in ibe return line simulated a check valve er meterized valve.
An:FPBL was installed te bypass this valve. Tubing was half inch and the
bypass leep was quarter inch. Water in the tank was net heated initially.

With ne heat applied, tank temperature was 72°F. 'fhe gate vglvé was left
epen te ebserve thermesiphening. Thermesiphening eccurred ceunter-cleckwise.
Neverthelessin ene .and o'm-half heurs frearing eccurred and a pipe breke in

the freezing cempartment. The breken pipe was replaced and the unit then
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circulated CW, the eppesite directien. The circulation centinued for five heurs
witheut freeging. ' |

_Next the water in the tank was heated te B80°F. The gate valve was clesed
#rd_:tthe FPBL epened. Flew was detected .(by temperature) in the quarter inch
lin!;;.hmnr, flew stepped due te freezing. Expsriment was terminated and
ne damage eccurred. '

Experimsnt was cerducted ene evening 7PM. System freze. Opened half-inch
gate valve. Therﬁzosiphoning sccurred at 10PM.when heat was applied te tank.
Tank was 110°F, returning (subsiding) water was 80°F.

Next merning at 7:50Am unit was frezen. . Applied heat te tank. Gate valve
clesed, FPBL epen. Freezing termimated, tank temperature 150°F, returning water
70°, -eventually drepping te $4°F. '

Experiment terminated.
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OBSERVATIONS

Results ceuld net be predicted. At times thermesiphening weuld eccur in

one- directien, the mxl: time circulatien weuld eccur in the oppcsit; directien.
‘Any circulatien weuld prevent freeging.

In semes instances circulatien weuld net eccur even with all valves epen.

If there was a significant tempsrature differential, as when the back up
elemmst was energized, circulatien weuld eccur and prevent freezing.

If the tank ceeled te ambient, abeut 70°F while the freesing cempartment
was at 20°F er lewer, circulatien weuld step and the pipes in the freezing
cempartment weuld freeze. This means that leaving all the valves epen, as in
a heuse uneccuppied in the winter, weuld net prevent freeze damage--prebably.

“If the half inch walve was left fully ipen, freezing eccurred less |
frequently than Awhan‘ enly the FPBL was epen.

Circulatien was discernible by cemparing temperatures in the feed and

return lines. When the temperatures equalized, freezing had eccurred.

CONCLUSIONS ,

Energizing the back-up heating element will prebably prevent freezing a
selar cellecter lecated abeve the sterage tank in a direct selar water
heating system; hewever, this is deemed wasteful. lA better procedure
weuld be to manually drain the cellecter.

The FPEL may prevent a selar cellecter frem freezing, but the risk is.
gréat and results are net religble.

" Cellecters en direct selar water heating systems must be dralnesd when

ambient temperatures reach 36°F, preferably 40°F, te prevent freeze damge.



ADDITIONAL INFORMATION

_Water my be drained frem selar cellecters even if the system ts net
equipped with iselatien valves er draindewn valves--if the cellecters are
abﬂ"re the sterage tank.

Clese the celd water supply te the tank.

TurnAoff the electrical pewer te the element.

Open a het water tap.

Open the lever-type pressure temperature relief valve en the tank.

If a meterized valve is installed in the system, manually epen same.

Unplug centrol se that puzp cannet eperate dPYo-

When draindewr is the mears ef freszs protectlier, selar celil~cters with
water passages smller than ene-half inch sheuld be installed with water
passages running up and dewn the slepe. Small diameler tubing install&d
witn en]y a slight dewn grade may net drain cempletely due te capillary

actien ani suffer frecge damage.
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