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ABSTRACT

A vapor-phse heat-trmsport SYS- 1s being
tested ?n one af the passive test cells at Los
Al ~OS . I%e system consfsts of one selective-
surface CO1 lector and t condenser 1nslde a water
storogo tank. The refrigerant, R-n, cm be rc-
tirned to the CO1 lcctor by gravf W w wfth a p-p.
R8su1 ts from sevfral operatl ng conf 1 ~urstlons are
presented, together with a coqmrl son with other
passive systans. A new sel f-puplng co~:ept Is
presm ted.

INTROOLKTIOk

Vapor-transport systms cm off ●r performance
improvanents over current stete-of-the-art act~ve
md passive solar ●nergy space-heating systems
bwsuse of higher heat-transfer rates obtained In
tho tvaporctlon and condensation processos and
lower systan heat 10SSQS at hlght. Ue am cur-
rently i nvcsti ati ng a syst- censlstlng of m

!activ~-type so ar collect-: wfth ?assfv~ water
storage. The pmsfve d{ scharge op~ra~s at lower
temperatures, which also Improvos performance.
Previous systm analyses (Nesw, 1 !W2, and
Swl sher, 1981 ) havo shown improvements of up to
100% ovor a Trmbe WOII passive system. Vapor
systsms should havt simpler controls than convon-
tlonal actf vt systsms; ws bould expect, therefore,
Improved rol ~ablllty. The kreetest advantige is
thdr rodse fn low-cost, modular, retrofit sp-

/pllcat ens,

Plohi N the vapor systms proposed or fn opor-
aticn orient WIQ ccn~’nser abovt tht collector,
allowlng the condensed llquid to “eturn to the
collector by grmdty. In this conffguratton, tha
collector Is full of l{qufd, keeping tha vcpm
from supwhwtl ng and the absorber frm reaching
high tq~raturos, Tho condenser Pematns dry, o
condi tlon thbt exposes the msxlmum m’eb for vapor
condsns:tfon, thereby mtnfmfzlng W seturctfon
temporaturo of tho vapor. If It Is feasible, this
orientation fs the best configuration and should
yield the highest Perfo-nce.

In this progr~, ws addrtss Sftuetfons In
which locatf n th~ CO1 lector below tho condenser

‘1fs not fesslb a, such as systms with collectors
m the south side of # bdlding or en the ?’@f
with storage units wlthtn tho occupied spece,

The tnltlal phase of thfs progrem has Involved
cmstructlng a vapor-tronsport systm in one of
th~ 14 passfva tist cells at the Los Alamot solar
laboratory. These c*11s hsve been op~rttlnq f??
the past 6 yeors I!i ●my pausfvt conflgurutlons

tiosa test ~sul ts wsre doc-nted (Warlana.
May, 1982, and October, 1982). By operating the
vapor system ●lo~gslck other ptissf ve aysteas, w
cm get ● dl t at comparison of ●y pcrfomence
improvement.

OESCRIP71ON W EXPERIKNT

A schmtl c of the vapor-transport system
~ilt into the passive tast cell Is shown In Fig.

● One selectl ve-surface, 51 ~le-glazed collector
with a ross •re~ of 24.2 ft with u copper eb-

1sorberp ate ●d 3/8-1n. copper tubes $p@ced 2 1n.
on center ws aountid on the south WS11 ● The
black chrome solecti ve surfce has an absorptl vf ty
of O.% and m emlsslvlty of 0.10. The w@ter tank
Inside the test cell Is J6 lrI. by 12 In, ‘/y % In.
high, f!llod to a depth of 78 in. for t total vol -
W of 164 gal. The condenser submerged in the
water Is ● CO1l of 318-in, 1.d. copper tubing ap-
proxlm tely 16 ft long; the plplng connectl ng th
various components on the qstem {s l/2-lti. o.d.
h@d coppw tubing.

The punp, grossiJ <v@rslzed for this particu-
lar ●xperiment, Is a posltlvo-dlsplacoment dl@-
phra~ ty ● with a constent flow rbte of 2 gpm.

fNC contro led thd pwp with a floct switch In the
colloctor-outlet vapor septretor. The check VQ1 ve
USW In tha Inltlal testswas a l/2-in. water-type
swing check; latir, t II the sel f-pumpl~,g con ffMur&-
tion, W ~wd in-tine, 3/8-in. refrlgormt,
SpFlng-10~ded check Wives.

All of the test CO1l S hove electrlc heaters
that are controlled by the computer-bated, data-

1

1! H]

F1 . 1.! Schamstfcof vapor-trmsport test cell
wf 4 vartfcalcGilrnctor.

~e auSpl Ce3 of the US !&parWnt of ltne~~, Office of solar Heat Technologies.



●cqufsltlon system. The rca temperature of each
cell is scmmd every 30 seconds. and when “~e
temperature drops bel w the set pol nt, the heater
Is turp”~ on. The cells have # controlled lnfll -
tratl on four air changes pcr hour.

EXPERIMENTAL RESULTS

Construe fon of the vapor-transport tist cel 1
was coapleted In March 1963. Since then, we have
obtdned data ‘n periods of sev?ral days to sever-
al weeks with the test cell fn various operating
configurations. LIsW below are the basic con-
ffgur&’Clons we have tested:

1. Vertical CO11 ector,
?

ravlty 11 quf d ratum
(three refrigerant leve s);

2. Vertical CO11 ector, pusped 11 qul d return;
3. Tflted collector, grsvfw llquld return (two

refrigerant levels );
4. Tll tid CO1 lector, punped lf quid return; and
5. Tilted collector, self -pwnplng llquld return.

E&ch of the ff rst two conf (guratlons was tested
w!th a vertical collector on the south wdll of the
test cell. Because of the low solar fncfdence on
the vertfcal surface, on Nay 17 we tf lted the col-
lector 350 from horizontal.

The first conffgurutfon Is shown In Ffg. 1,
wfth the condensed 1: qufd retuwf ng to the CO1 lec-
tor by grav f ty through the check valve. lie found
that the lf quf d WU1 d percolati fn the CO1 lector,
keeolng the tube surfaces wat. Ne observed fn a
sfght glass on the collector outlet that l’iqufd
would s fll over the top (about 100 fn. above the

rtest-ce 1 floor) about ●very 30 seconds. Ue
changed the amount of R-n fn the systam several
tt~s durfng this configuration to obtain the
optimal liqufd level, that fs, the level at which
we expose as nuch condsnser area to vapor as pos-
sfble whilr still havfng lfqufd percolate to the
top of the collector. tie found this level fn the
condanser to be about 40 fn. above the test-cell
floor.

A plot of severel temperatures fn the test
f:~~l Is shown tn Fig. 2 wfth the optimal llquid

. The CO1 lector-outlet Umperature and the
storago-f nlet temperature stay relatf vely close,
which msans that llttle superhoatfng fs taking
place fn the collector. The average dafly swfng
In the stora e tempwature Is 7oF. Durfng thfs

/tfw, H ma ntal ned the test-eel 1 betpofnt of
650F by auxflfary heatfnff,

The other configuration for operatfng W sys-
ta calls for returning the llqufd to the collec-
tor with a p~p. This mode guarantees that, lf we
ffll the Syst- properly, the collector fs full
and the condenser fs dry. The pmp was controlled
by a float swftch In the vapor separator on the
collector outlet; thenever the lfqufd level would
drop in the separatir, the pusp would turn on.
T fcally the pusp would run about 1 second every
#u*. It would have b-n better to put a S-
at the p- fnlet end to run the

t
imp when the

S- was full so that the ptnp woul not run con-
tinually in the event of a l~ak, This modfflca-
tfon fs being reeds to the test cell.

::ExiiEEl
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Fig. 2. Temperatures abtai ntd frcm vapor-
transport test cell on May 5-6, 1983. Collector
Is vertf cal and 11 quid Is percol atl n to the top

!!of the collector. L+auld level fs 4 fn. In the
.

.,,
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Ffgo 3. Temperatures obtained from vapor-
transport Wt cell on Kay 1S-16, 1963. Collector
fs vertfcal. The pup fs returnfng the 1i quid
back to tho CO1 lector.

A 2-da
r

temperatu~ plot wfth the system fn
thfs mode No. 2 above) fs shown In Fig. 3, Tem-
perature swfngs at the top of storage are wduced
b 4.tioF because of the groatw vol ums of usable
storage. The CO1 lector.outlet temperature ts also
lowered because of the l~rgtr condenser area, and
no superhaatlng at all is occurring fn th~ CO1 lec-
tor. UnfortmaWly, the auxfl fary controller was



not uortfilg dmfng this period and the room
temperature dropped bel w 650F.

The Nxt data were obtafned with the collector
tilted so that sm could collect mre selar energy
during the s~r. The tll ted-col lector conf 1gu-
r~tlon Is sham In Fig. 4. At this tlm w w-
mwed the glass cover fras the coll*ctort fn-
stel 1●d thermocouples M the absorber tubes, ●nd
Installed a pressure transducer In the vcpor line.
He found that ufth the collector tilted, the llq-
uld would not percolate In the collector. Appar-
●ntly the vapor can rl se at the upper side of the
tube without pushing the llquld along with it.

lie f 1rst ran the system uf th the CO1 lector
partially full of llqufd; Wnparatura plots in
this de ●re shown In Fig. 5. The absorber tem-
perature at the collector exit f ncreased to
2500F. The saturatl on tinperatum Is deteml ned
frm the pressure-transducer output and the satu-
ration curve for R-n. The CO1 lector-outlet ~m-
perature Is not plotted but fs supetieeted about
~OFO

We then added enough R*11 ta the systm so
that when the collector was hot, It would be
exactly full of llquld. A plot of tanperat.ures In
this mode of operation Is show In Fig. 6. Now
the absotier t~erature end the saturation ta-
peraturo are ufthln 3oF. The condenser, h~-
●ver, Is over half full end tho d@lly tamper?ture
sdng of the upper storage Is 250F.

We n~xt ran the systm with the p:wp returning
the 11 qul d to the CO1 lector, uhlch operation
drains the condenser and fflls the collector. The
2-day plot ~n Fig. 7 shows the storage swing re-
duced to 17oF and the ten!perature df ff erence
between saturation and storage b be saml ler. A
9-hour plot of all the masumnwnts taken on the
absotier surface Is shown In Fig. 8. All tempera-
tures are seen to be within 140F of the satura-
tfan tmperatum, Indlcatlng that the boiling heat
transfer In the CO1 lector fs very good.

TM perfomence of tht passive test cel 1s has
been dstemi ned end revortad for the wlntirs of
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Fig. 5. Temperatures obtal ned frca vapor-
transport Wt cell on June 17-18, 1963. Col lec-
tor is tlltad ●nd llquld Is hetumed by gravity.
Llquld level Is 35 fn. in the condenser. Top of
the collector Is dry. .
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Fig. 6. Temperatures obtained from v@or-
transport tist cell on July 3-4, 1983. Lol lector
is tilted and liquid is returned by gravity.
Llquld level fs 06 In. in the condenser. Collec-
tor Is full of llquld.

1990-61 and 1901-82 by mans of analyses of th.
energy balances fn the test eel 1s over tiau peri-
ods of several ~ks. The solar enargy del Ivered
to Mch test cell was detemfned by subtracting
the auxf 1 f ary enargy ●nd my change fn stored
energy frm the test-cell heat loss; the load
coeff Iclmts for each tist cel 1 were detemfnad by
nonsolar )oad cal i bratlon tests. Tha same mthod
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Fig. 7. Temperatures obtal ned from vapor-
transport test cell on July 24-25, 1983. Collec-
tor Is tilted. The punp Is returnfng the llquld
back to the CO1 ltctor.
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Fig. 8. Seven temperatures on surface oi col lec-
tor, CO1 lector-outlet temperature, saturation tam-

!
●rature, and storage temperature on July 28,
983. Collector Is tll ted and punp Is returntng

the llqd~d back m the collector.

wcs n plted m thu vapor-transport test cell for
rtho t Isa periods In wh{ch we ren the various oper-

ating conf!guratlons. The rtsults are shown In
Ff g. 9, To @eke a rough coaqerl son with prevtous
test-cell results, we plotted the constant effi-
ciency 1Ine for the selectf ve-surface water wall
(32S) and the f I@t black Trabe wall (24S). T’lwse
were the rasul t> obtained for Fcbrusry 26-Merch
22 I*2. The plot shows that. the vert~cal re-
su{ts are c-arable W the other paaslve systems.
Sun angles were higher and incident solar rodts-
tfon wes Iwer for the vapor #~w. Resul ta for
the tilted-configuration ~ shw hl gher

Fig. 9. LIelly performance of the vapor .ystem In
the various configurations. The results of the
passive systems were determined In 1982.

performance In all cases; In particular, the
pumpefl confl guratlon had an eff tciency of 462. He
plan to make direct comparf suns throughout naxt
wf nter by tll ti nq the CO1lector back to vertical
this fall. The vertical dally solar radlatlon

‘!?
plotted In Fig. 10 s ows that we wI1l obtafn solar
Inputs of 2000 Btu/ft -day.

He are currantl~ eval~atfng a self-pumping
configuration as shown In Ffg. 11. We have ob-
served ‘iiat the pressure In the system Increases
frcsa !0 to 50 psl as the cof,denser Is filled with
liquld. The system takes advant~ge of this phe-
nomenon by pushtng llquld through the check valve
up Into the accumulator as the condanser attempts
to Increase in lfquld leve?, Mhen such a system
was evaluated (Tamburlrl, 1978), the accumulator
would discharge liquid when the boiler started to
dry out. He find that without the solenotd, the
liquid ranalns In the accumulator because of the
lower saturation temperature and pressure of tbe
accumulator. The collector-liquid level decreases
as the dlffer$nca In saturation conditions in-
creases on ●ach sfde of the system. To dump the
liquid In the accumulator back tnto the collector,
w need to equalize the pressure between the top
of t-. collector and the accumulator. He are In
the process of installing an electrfc float switch
in the accumulator to open a solenoid when the
accumulator attempts ta fill with llquid. To
check the valfdlty of such a scheme, we have oper-
ated the solenoid manually. The change of timper.
atures In t$e systim whn this valva ts cycled Is
shown in ~ig. 12 . The change In collector tem-
peratures am tlm collector Is reftlled with liquld
is dramatic. However, thg condenser cmltalns more
llqufd on the avwage, as indicated by the higher
saturation temperrntum. It remaiv to be sten
what the average l!quld level In the condenser
w{ll be when the so;enoid operates over a period
of a day. Me hupe tu ev~luate this concept with
the e’[ectrfc solenold but wfll search for some
crnrcfal, mechanical, float devtce, such as a
steam trap or an
electricity.

Many other
1978) have been
experimentally ?n

air vent, that will work wtthout

self-punping schemes (Uachtell,
studied and could be evaluatid
thfs test eel?.



Ffg. 10. Dally solar radiation on a vert,cal
surface In Los Alamos In 1982.
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Fig. 11. Schematic of a self -punplng ,oncept for
tha vapor-transport test cell.
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Ffg. 12. Collector and satiratlon teqmratwea on
August 20, 19830 Manual oporation of ths soianotd
In the aalf-pmpfng conft~uratfono

CONCLUSIONS

The dati we accumulated to date have shown
that vapor-transport sysws can work quite well.
Because they ●xperlance no heat loss h% night,
~ should be able to outperfGmmst otn$r pas-
sive systems. P~ed-liquid return configurations
off”r the best pe~formnce of such systems. Bv
proper design and placement of collectors and con-
densers, passive-return configurations should ap-
proach the performance of p~ed configurations.
In addition, self-ptmplng configurations, if they
can be ude to uo~ rellably and efficiently,
should hold great prodsa for performance, versa-
tility, and econcmy. With such a configuration,
storage units could be wch simpler, ●s the Ilqufd
would be pushed back wt the top of the container,
thus eliminating any pass-through at the bottom of
the device. Leak-tight storage tanks could be
bulltwlth plastic llhers.
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