0 EN
G{ p V"’?o

&
&
&
(@]
(VIS
o

(Vs )
Z,
[

Cp

R .

CEER-S-1789

TROPICAL WINDOW SOLAR WATER HEATER

J. T. PytTinski
Center for Energy and Environment Research
University of Puerto Rico

Y,

CENTER FOR ENERGY AND ENVIRONMENT RESEARCH

2

%
-
m
rLQ UNIVERSITY OF PUERTC RICO — U.S. DEPARTMENT OF ENERGY

§

<

po®




PROCEEDINGS OF THE 6TH WORLD ENERGY ENGINEERTRG CONGRESE, NOVEMBER 29 - DECEMENR Z,

ATLANTA, GEQRGIA, U.S8.A.

TROPICAL WINDNW SOQLAR WATER HIATER

J. T,

Bytllnokt
Center for Etnergy and Environm

University of Puerito &.¢

Mayaguez,

ABSTRACT

A conceptual breakthrcouch in solar water heat-
ing in the form of a tropical window solar
water heater is described. & louvered window
that is mass produced and commonly used in
Puerto Rico and the Caribbean is employed as

a solar collector by replacing louvers with .
solar radiation absorbing surfazes. The cop-
per thermafin absorbers act as louvers and as
sclar heat collectors. The window functions
48 a noarmal window while operating as a solar
collector-water heater. The ccst of the trop-
ical window sclar collector is in the range of
$75/sq.m. ($7/sq9.ft.) whereas the cost of &
flat-plate solar celiector is about $215/sqg.m.
{(520/=sq.ft.}. Because of its techniecal =im~
plicity and low cost, this novel system has
the potential to be manufactured and.commer—
cialized in the Caribbean, Latin America,

Asia and the Middle East. A detailed descrip-
tion of the system construction and operarion
is provided and illustrated by photographs

and schematics. Various ways Iin which the
tropical window sclar water heating system can
be incorporated into water heating installa-
tions already marketable are mentioned. ind,
other advantages of the system related to en-
€rgy conservation and security are briefly
discussed. The research installation used to
evaluate the thermal performance of the tropi-~
cal window solar water heater is described an-
some details about the measuring procedure are
given, Finally, the research program being
conducted is presented, and the preliminary
results of the thermal performance of a singlea
tropical window used as a solar water heater
are discussed.

INTRODUCTION

Water heaters are widely used in most coun-
tries and when economically acceptable solar
water heaters share this market., The use of
hot water in large amounts at temperatures be-
tween 50° and 100°C (120° and 212°F) for cook-
ing, washing, bleaching, and anocdizing repre-
sents about 2 percent or 2 x 10l7 Zoules

{ 0.2 x 10153 Btu) of the total eneryy use in
the continental United Statgs. The preheating
of boiler feedwater accounts fer an additjional
3 x 1018 Joules ( 3 x 1015 Btu) and some of it
can be accomplished by using solar water
heaters.

The active type of sclar water heaters avail-
able on the market usually consists of three
major subsystems: 1, Flat-plate Or concentra-

Puzrto Ricoc 0208 4,5, 4.

ting soler collecioers, 2. HOt water storage
tank and 3. Control subsvster which includes
pumps . va.ves ard terperaturs sensors.  The
passive chermosyphon tyoe oL solar water heat-—
Ere 1s the wost popular in Puerts Rico and the
Caribbean becsuse water ¢irculates in the 3ys-
tem by nacural convection and no pump i1s re-
quircd. Such 3 system {5 shown in Fig. 1 on
the roof of a2 rouse {n Puevts Rico. Also visi-
ble are tropical windows commonly used in
housee and buildings in the Caribbean va
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FIGURE 1. TYPIURL SOLAR WATER HEATER USED IN

PUERTC RICO,

The novel water Meater presented in this paper
can be Luilt as an active or pass.ve system,
In this s :m sclav absorkers are integrated
inte a typleal window frame; both the absorbers
and the window are mass sroduced and ava:'able
on the market., The thermafin metal zbsorbers-
louvers collecr solar energy that heats water
circulating throogh copper tubing welded to
the absorbars, The louvered windew into whigh
these abscrbars are fitged operates as a nor=-
mal window in addition to functioning as a
solar water heater. Other parts of the system
such as pumps, valves arnd COntrols are stap-
dard plumbing parts also available on the mar-
ket, Because of itg low cost and gimple tech-
nology this nevel solar water heater has the
potential for widespread use in Puerto Rico




and in other geographical lacations with =z (18 imgn oo i s evec {5¢a Fig, 5).
similar climate.

SYSTEM LDESCRIPTION

Some of the louvers in a commecrcially availa-
ble tropical windeow were replaced by coprer
solar absorbers to collect zolar radiation
falling on the window. Figure 2 shows a Con -
mercial window frame before tie installacisn
of the louvers 1n the foreground  and twe
tropical windows equipped Tith solar energy
absorbing lcuvers in the background. The
window frame used :n the acserbled syatem 1s
6.9l m. % 1.50m.{36in. x 49 L/8 in.i; howewex
any commercialiy avallable tropical window
that allows for movable cr inmobile louvers
can be vsed tc compine the purpose of a window
with that of a sciar water heaater.
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FIGURE 2. GENEXAL VIEw 0OF Two TROPICAL Wi~
oW SOLAR WATHER FEATEERS IM BACK-
GROUND AND WINDOW FRAME IN FORE-
GROUND.

This typical frame allowez using nine solar
abserhers-louvers and ten transparent gliass
louvers. fTne glass louvers were used to avoid
shading of the louvers-sclar abscrbers by each
other. Copper thermafin absorbers (Corrugated
finish) of 6.1l m. x 0.84 m. (4.5 in., =x

33 1/4 in.) and of 9.25 mm. (0.0 in.} thigx-
ness with welded 1.27 cm. {(i/2 in.) cutsides
diarster Copper tubing were used, Howevar,
various sizes and numbers of louvers-solar
absorbers can be used depending on the window
frame size and canstruction., Pigures 3 arg 4
show close-up views of the front and back of

a single window converted inta a sclar heat
collector for heating water,

The solar heat abscrbed by the metal louvers i BRE LYo i iy P S
15 collected by means of a keat transter ) g R T e e
fluid that circulates through the copper tub-

ing welded to the back of the louver, This
tubing also assures the mechanical rigidity
©f the louver. Water is used as the heat
transfer fluid in the system described here,
The copper tubing of the louvers ig connected s g
to the headers by means of flexikble plast:ic FIctne 4.
tubing of 10 cm. (4 in.) length and 1,27 em.




solar louver-collector

2 louvefs can be connec-
in a peraillel manner as
g, tnay can be connected

own in Figure 7.

che shadowing of one
by arscthol one. The
ted, to tho
shown 1n Wi
i series as g
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To do this, holes were
tubing of the abscrhara
short copper tubszs :
and 0.85 cm. (l/% in
soldered to the tuhLing. 7
serve as connectors fonr che
which runs between tie
ers, The length of
length of the plastic
assure flexible connection WUt sharp roderates b
bendings in the plasti o poula -mruia
the water flow «nd the me.icu of the louve

7. LOUVERS CONNRCTED IN SERIES.

connection of Llouvers dces not
5 This simplifias the system
Cogt mhe ;vvallel connec-

ol

the

11;?5 water to

2t a moderate flow
1dow can be used in
sven Or several win-
cr in-series can be

in-3

rs.

Headers ©f 1.52 m. (20 .-} sength and 1,98 cin,
(5/8 in.) outside d.s ‘era rncorporated
into each side of the e, The two
headers move up and <owl ; otegether

with the flat rail ¢f tae louver openino/clc- A troplcal wain

s0lar water heating system
sing mechenism vo which thev are attachad by can operata in e e sde by using a pump
a metal clamp. Although the aders are two to circulate wa n the system (see Fig,8)
copper tubes in our system, V(0 tubes can be or in a passive mode a3 a thermosyphon sys-
used as well., Two holes oi 2,54 cw (1 in,; cem by having ¢ hot water circulate in the
diameter each were mede poth in the upper and wnstaslation cording co thermal convection
the lower part of the fra .2 allow the un-~ alane [z 5

restricted up and down mg af the headers,
Enough space remained netween the louver

operating mechanism and the frame so that the KISEARCH STALLATION AND MEASUREMENTS
headers could be thermally insulated with in-
sulating duct tage. The solar louvers used Two tropical window solar water heaters were
Lo heat water operate in the window in the assembled, eone with black chrome plated cop-
same way as standard Jouvurs, thus permlL:inq per louvers and one with scripped copper
a complete closing or openirg, cr any inter- louvers. They being experimented with by
mittent louver position. usLng the rases system shown in Figure 10,
The Lwo Lroplic 2Nndows are connected to an
The number of louvers used tu cullect solar rnstallation ti is eguapped with a4 heat ex-
radiation in a window could vary. For opti- chancer for vco 3 soler heated water, a hot
Twn eperation, however, thisz number shov"d b wialer storage tank, and instrurentation for

such as to use the maximun possible surface lnstantaneous measurcment of various thermal
for sclar radiation collection while avoiding piarameters such as the heat input, in the
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WITH SINGLE WINDOW 33LAR WATER
HEATER,
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FIGURE 9. SCHEMATIC DIAGRALNM OF THERMOSYPHCN
SISTEM WITH SINGLE WINDOW SOLRR
WATER HEATER.

form of solar radiation, and the hest cutput,
in the form of hot water. & comerclally
available Btu meter, a photovoltaic pyrano=
meter, a flowmeter and twe thermocouples
which measure the input and output water
temperature are used. The pyranometer in-
stalled on the window can be adjusted to fol-
low the orientation of the window and the
slope of the louvers, The Btu meter displays
the total number of Btu's delivered from the
solar system by hot watey. The electronic
circuit of the meter multiples the flow rate
times the input and output water temperature
difference times the heat cepacity of the
water and adds the result over time to calcu~-
late (he total amount of sclar heat ccllected
by the water, The result iy displayed on a
b-digit mechanical counver. ©The PYranometer
comes with an integrator which is attacheaqd
directly to the electranic circuit of the Bta
reter, It integrates the pyranometer ocutput

to determine the tcotal solar radiation fall-
ing the window. The information from the
intggrator eircuis of the pyranometer is dis-
played orn «he separate 6-digit mechanical
ceunter. By dividing the number of Btu's of
irsolatior ints the number of Btu's delivered
nfarrmation about tie thermal performance of
the tropical window salar water heater is ob-
talned. Figure 1 shows details of the ther-
mal performarce measurement of a single trop-
lcal window sclar water heater,
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LIAGRAM OF SYSTEM FOR
ERPORMANCE MEASUREMENT.

By using the irstallation described above,
the followinyg rescarch is Leing performed:
1. Ac ke system goeration (the

masgureme of thermal output from a
single windcw in various azimuthal ori-
éntations.  These neasurements are be-
ing performned for leouver inclinatieon
angles oqual to vertical, herizontal
and 41°, Louvers connected in series
or in parallel are being used.

i
solar water Decfer contains a pump}
) x

b} measurenencs of tharmal output for twe
windews in variocus azimuthal orienta-
Lions cunnected in series or in Laral=
lel., These swasurens=nts are being per-
formed for louvers positioned in three
selected angles: vertical, horizontal




and 45°. Louvers connected in
or in parallel are being used,

S3rres

2. Passive mode of the system operation (ther-
mosyphon system) T
a} measurenents of thermal cutput for two

windows in various azimuthal orienta-
tions connected in series ac in
These measuraments are
for louver irgclination
vertical, norizontal
connected in
being used.

halnyg perrorvmed
angles egual Lo
anrd 43° Louvvers
se¢ries.or in paraliel ars

T
arienta-

b) measurements of thermal ¢tpat for
WlNGows in various azimut
tions connected in "Fr1es or in paralle’.
These rieasurements are “lﬂg DEIEOll‘ﬂC
for lcuvers pcsitianA in thLee selected

angles: vertical, horizentsl and 43’.
Louvers cannected in series or in 5
lel are teing used.

The research results will permit tie chermal

performance of this novel sclar water beater
to be evaluated in various conditliorns of oper-
ation all year around. The preliminary wre-
sults shcow that at nocntime the thermal offi-
ciency of & single window scolar water heat
Scuth oriented can be expected to b in

=5

range of 10 percent. wind plays a domsinant
rcle 1n decreasing tie .eruh performances by
increas:ng conveccion hear loases,

when determining the solar energy callection
area for a window water heater a raie of
thurb similar to the one used in the caze of

1

standard solar water heaters carn be apgllred.
For exarmple, with a 151-189% liter (40-51 gal.:
water tank, the areca of sclar collecrors
should be about 1.86 sg.rm., (20 sg.ft.). e
the case of a treoplval window
heater this will corruaspaond to
tion area of up to 9.30 sg.m. (1G0T =g.lt.
pending on the hor wéter us . Bowewd
sclar energy colicction area can be nuch
ler if only preheating of water 1s bein
sidered.

In Puerto Ricec and tha Caribbean tropical win-
dows are used extensively angd they sometines
cover whole walls of a house to assure better
ventilation. This potentially available
large window area for seclar water heating
could compensata for the relatively low th
mal efficiency of a window working as a sclar
energy collector. And, since windews are
used any way, they might 25 well ce used (o
heat or preheat water by empleying solar en-

ergy which is abundant in all Caribbean coun-
tries.
In a single window sclar wauter heater the watel

temp;rature increase may be up to 5.5°C

{l10°F). This temperature 1is, howevar, a
traon of window size,
er heat gain, louver

fung-
window orilentation, louv-
connection type (in ser-
ies or parallel) and flow rate, Mureover,
when several windows are connected together,
the type of connection petween them plays a
malor role in the system’s operation and per-
formance. All of these parameters are bheing
evaluated at the solar research site of the
Center for Eneryy and Environment Research of
the University of Puerto Rico.

parallel.

CONCLUSIONS
Trop%;a; window frames mass produced in Puerto
Rice and gscolar sbicrbers mass produced in the
continental U,5. were used to convert a louv-
ered windus 1aus a novel type solar water
heater Decause massyproduced subsystems and
narts were also nzed. this tropical window
solary water hoates 1s much less costly than
wcther types of soler wawer heaters sold in

aphiczl locations where tropical windows
= the elements in house and building
For example, the present cost

4 sclar radiation collector is
£ §7Ly5g.m, (87/s5g.ft.)* ($50.81
* for stripped copper louvers-
ers! while the cost eof a typical
olar collector is about $215/s¢.m.
Anether advantage of the des-

1 in the cocoling effect of

1 the water takes heat away
s, the ampient ventilating air
the room between the louvers from
is not heated by louvers as it is
louvered windows are exposed to
snerygy needsd to cool the house
~ng caexling fans, for example,
Alsa, the plumbing integra-
cal window may discourage
ring through it which, there-
:ecurity advantage., In sum-
pce zolar water heater has
tocally manufactured
‘;tbnan, Latin Amer-
ddle Eastern coun-
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1
iple technology and low

u
n norial

potentl Ll

widely

*rropleal winaocws cost about $38/sg.m.
{$3.50/5¢.fv.} on the retail markot in

!
Puerto Rico {1983 prices),




