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I. ABSTRACT

A new system for yeaf—;ound collection and storage of sélar
heated water for heating of buildingé{has been operated over tﬁe
past year at the’Univepsitonf Virginia. The system is composed
of an eneryy storage sub-system,which stores hot water in an under-
around peol,and of a solar collector sub—sjstem wihleh acts aot only
to collect solar cnergy thtoughout the yea; but also to limit the
évaporativc and convective heat losses from the storage system.

"Results are presented to illustraﬁe the transient heat transfer
from the pool which occurs during the energy collection mode of

eparation,.  Thermal performance results are presented illustrating the

fency of the_Solar collector urder summer conditions (wi£h§ptba.
reflector) and winter conditioné'(with assistance from a vertical
-reflector). Results also show the transient behavior'dffenengy storage
in the water andNEn the éarth‘which surrutinds the storage pool.

An analog comp;rer model and a digital computer ﬁodé} have been
used to analyze ths transient energy pheﬁomcna which occur witﬁih the
earth surroundin%ithe pool; .Results of the models are confirmed‘by an

exact mathematical soluiion and by experimental results.

Analog and digital models were used to determine the.influence of

various design wmodifica: fons for improved collection and storage system -

performance.

13

The experimental system has been modified to provide for energy

extraction through a heat exchanger, to simulate the heat input required

e
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for a solar-assisted heat pump for a residential heating application.

Future research will include additional system operation in the
collection and heat load mode, perfgormance evéluation, and additional
analytical modeling, particularly to identify the influence of addi-

tional design modifications on the system operation.

6§




IT. NOMENCLATURE

iy = collector thermal efficiency

0 = density
Cp = specific heat -
N FRUL = slqpe of collector performance curve (heat removal x loss coefficient)
k = thernal cénductivity
Q = heat loss . v
Qo = heat loss witﬁ earth berm perfectly insulated
| Re = fadius'toﬁ&hter isothermal boundary
\ . Ta ?jémbient temp.' ) )
x ' Te =.earth temp. at Rg /-
\ Tin = Col;ector'inlet water temp.
E Tcl = centerline earth temp. at pool/earth interface
% T, = centerline earth temp. at.l fe. belovaool )
} ' fc3 = centerline.eértp temb. at 2 ft. below éool
;um,n ”Tc4 = centerline earth.tgmp. at 3 ft. belovaool.
'Tp = averagé.popl temp.
Tpl' = centerline pbol.tgmp. at top surface E
Tp6 = centerline poo; temp. at 5 ft. depth

Tpll = 'centerline pool temp. at}lO ft. depth.

T, = earth temp. on 45° pool/earth interface
Tw3' = earth temp. 3 ft.from 45° pool/eafth interface : T
T, = earth temp., 4 ft. from pool edge, 1 ft. down

T42 = earth temp., & ft. from pool edge, 2 ft. down
'I‘44 = earth temp., 4 ft. from pool edge, 4 ft. down

T46 = earfh temp., 4 ft. from pool edgé, 6 ft. down




III. NARRATIVE

A "Research Objectives

The research objettives include the design, construction, testing

and evaluation of a new system for year-round collection and storage

of solar enérgy for the heating of buildings

\

3 (27,400 gal) water

The design of the system includes a 103 m
storage pool which resembles 'a swimming pool; The' collector sub-system

( 2
is that of a 53.5‘m2 (576 ft.°) near horizontal‘open water—-channel solar

colleétor having two glazings. The solar colledtor acts not only to

collect solar energy but also to reduce. losses from the energy storage
pool.

Design modifications for imprgved structural and thermal per-
formance are an important part of th

research objectives.

instrumentation .and measuring techn

‘.

. The testing and evaluation program has included the use of standard

iques as well as analytical simulation
to determine performance under varying ambient and design conditions.

v

The evaluation also will include structural, operational and economic
considerations.
B.

Summary of the Progress

A new system- for year-round collection and-storagé of.éolar heated

water for the heating of bpildings has been constructed and is being

evaluated at the University of Virginia.

In the first'year the research included develobing improved

‘structural and system design with construction, system operation in the
collection mode, testing and evaluation.

ERIC ~
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Conétruction of a revised pool design with 103 m3

(27,400 gallons)
of water capacity was completed in November 1976. The solar collector,
shown in’ figure ltvpeéame~operafiohal in February 1977.

Various modifications have been made such as the installation of a’

vertical reflector along the north edge of the pool shown in figure 2,

‘improved glazing attachment, and improved instrumentation for monitoring

energy collection and energy loss thfough the earth berm.
\ .

During the fall of 1977 it became .obvious that energy losses were

becoming significantly greater than enegy collection. A study of -

possible ways to improve the insulation quality of the storage resulted

}

in the conclusion that a full system shut down would be required in

.
. A ol
order to provide the proper improvement t@ the insulation. This was

/ \ ‘ \
judged .to be appropriate for follow-on work after the system had been
E | R
operated throughout the 1977-78 heating sedson. ‘A decision was maie
. \ . |
to continue system operation in the heat coilection mode with a modified

plan for,energy extraction.' A heat exchaggef was pfovided to simulate
i \ ' b . i

the heat input requirements for a solar assisted heat-pump for a residen-
tial heating application. The systam began operation in the heat load
mode (with solar collection,when available, as before) in December: 1977.

)

Results are presented of analog and digital computer simulatibns
which illustrate the influence of design modifications on system perfor-

mance -in the collection mode of operation. \
. ' . \

Future research will include simulations of other design modifica-

’

tions (such as larger size systems with independent Sblléctor arrays)

\
\

and ‘experimental analysis of system operation in the heat load mode.

\
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. Heport of the Propress: System Description

In May of 1976, the University of Virginia began its research
procsram to evaluate a new svstem for the year-round collection and
storige of solar-heated water which couldbe used for the heating of

. . . : 2 2

a building. The system includes a 53.5 m~ (576 ft. ) solar collector

. L 3 ) : .
on the top of a 103 m™ (27,400 gal) energy storage pool which resembles
4 swimmfng-pool. Included in the collector are the near-horizontal
absorber surfaces, the inner glazing and the outer glazing shown in
Figure 3 znd the inlet manifolds shown as a top view in Figure 4.
The location of the solar collector on the top of the storage pool
restricts the convective and evaporative heat transfer relative to
that of traditional solar pond systems [1] .-

As illustrated in Figure 3, the energy storage pool is designed

~with the sloping earth surfaces at 45°. This design was selected

because of the stability of such surfaces without a’'requiremeut for

strﬁctural reinforcemeﬂf. A traditional swimming pool having vegtigal

walls wiLh reinforcéd concrete structural‘support could be used in this

systém; however, the cost of the reinforced wall structure would be

considerable and was judged to be unnecessary. -
The pool design includes a factory manufactured 20-mil poiyvinyl~

chloride swimming pool liner. All the seams were heat sealed at the

féctory to assure their intégrity. In additionj‘sgecial care was taken

to ensure that this liner would not be punctured. fﬂe earth surfaces

were smoothed as much as possible and a duPont Company ''Typar" (Spunf

bonded polypropylene) subliner was installed on the earth surfaces to e
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Tigure 3. Solar System Design “igure 4. System for fonitoring and
. Delivoring ater
!

1. Outer Glazing

2. Inner Glazing

3. Collector Inlet Manifold (1
. 4. Corrugated Aluminum Collector Plates !
- 5. Collector Mounting Bracket

6. Collector Support Cable/Rod _

7. PVC Pool Liner

g. Plywood -

9. Rim Strip

10. Batten Striy

11. Spline

12. Poel Liner A: :hor Strip

13. Batten Support Striy

i -
.4:1
Tigure 5. Collector Details Tigure 6. Collector Support Detail
o
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provent migration of sharp stones, cte., f{rouw penctrating the Liner.

The solar collector sclected for the annual collection/storage
susten i thot of a near-horizontal open water-channel solar collector

Qaving two glazings as indicated in Figures 5 and 6. The glazing -
materials are separated by air pressure from a small fan (47 watts) with

+
w

he inner glazing lying on top of the corrugated metal collector plate.

Water tlows from the north and the south perimeters of the collector

svstem down the valievs of the corrugations to the center of .the pool

where it exits and flows through a laver of styrofoam beads floating on

e

tup of the water sarface.
The glacing material which has been selected is that of a 6-mil
thick greenhouse film sold as Monsanto 602. This is a flexible poly-

wthylene "copdlymer" greenheuse covering which has a transmittance of

-~ oo

“87. It has been widely used ﬁhroughout the United States and is

available in an adequate size to cover the pool in a continuous sheet.

Although it is very inexpensive for a glazing material ($0.28 per square

meter) the outer glazing was found to sustain a 87 reduction in trans-

mittance over a five (5) month period of use. The outer glazing was

replaced with new Monsanto 602 in July 1977.

D. Report of the Progress: Collection Mode of Operation
The collection and storage system began operation in late
February 1977. When adequate solar energy is available, the collection

system is turned on by a controller. The hot water from the solar

3
G
—
—
¢}
@]
(s
o}
ia

flows through the floating beads at the centerline of the pool

and into the top of the hot water storage.

ERIC x
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One should note that tphe col}2°%0Fs are near_horizontal which
is not the desired orientarign. p#f-1Cularly for wintel solar energy-
’
: : . as
collection. A vertical reflecrol has begn congg . .4 along the North

edge of the colleitor to ipcrease £hejénergy Captur® particularly

during the winter months,
Figure 7 displays the theraal performanée of.the collector ag a
_plot Of‘(Tin— Ta)/I. ‘One Should'ﬂote th?t the reflector was not QP
“when the summer perfoernQe dau;derEObtainéd. AlsOs the Wintef_per;
formance,calculations-did not proﬂide for the energy intercePtEd‘by the
reflect&f to be included ip tpe d€"°™Rator of tge efficiency (output

input) calculation. Cope.mentl? 'he winter performance Curve gives
. N — lue ‘ It i ‘
g ; is i
a false impression of a redy. .g4 v? of FRUL (slope)* Important

<

to note tﬁat the reflector jg yery impol‘tant to yintef solar énergy
collection for t&bical values of (Tin~ Ta)/I around 0.08 [*Cm2/wy ‘
Figure 8 presents the temperaCUres obserQQd for the SEasonél solar.
energy sto%age pool. One nOteg thgtithe pool apd e;rth,temPEratures rose
steadily until the months of Augugt and SePtember, put then droppeq off

rapidly. The. obvious reason for P18 chapge is rhat the variation jp
incident solar energy and ambieng/temperatune with seasem! and the fac,

that the storage pool doeg not hav® adequate\Size or instlation ¢ reduce

the relative losses. Thig experimentaf Observatién is consistant yj.y, N\

N 1
i

the experience the similar siged PO°L IMstallap;on at 010 A8Ticultur,)

Research and Development Cepter {2]‘ /

One should note that po progrzmmed energy extréction“fromjstorage

has occurred for the time perjod of the gara ﬁresented- ~An energy

10 o
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‘extraction program began cperation in December 1977 with energy (hot
water) being delivered to a heat exchanger in a proper.amount to
_sinulate the requirements of a hewt pump for a residential application.

The heat load mode of operation is described in a later section.

E. Report of the Progress: Energy Loss Analysis

Energy losses from such solar poolé occur by various heat transfer
mech;ﬁisms andnéhp be attfibuted to théfheating up of the surrounding
5611, conduction loséés'fyom‘théitop sUfface directly to ghe atﬁdsphere,
ana losses ﬁhfodgh thé.soiL tO?the étmoéphere. These losses depend on
the size and the gg?metryfof the‘bQOI, thé energy input to the pool fFom'
the golar collector,‘fhe méfeorologiéél cbﬁditions and the physicai

properties of the system.

i-1. Analog Model Description '

An electrical fesistance;gapacitanceAﬁeﬁwork has been set uﬁ to sim-
“ulaCE the heat transfer processes from a hemispherical pool of watér'to the
surroundiﬁg soil and'thrdugh éhé soiiltodthe ambient air. .This network used
a modified versioﬁ of the Heanggchangé Traﬁsient Analog Computer devgloped
by R. M. Hubgard {31. In>thié.analog»thepfemperature is represénted gy ;
voltage, the rate of heat flowbby»cqrrent, and thermal resistances and
capacities by elec;rical reéistoré and capacitors. By Qsing appropfiéte
scaling laws [4], a network can:be set up’to represent the rmal capaci-
tance and he;t transfer resistances for a pargicular pool geometry . The
netwdrk can accept préperly>égéled‘time-dependent solar énergy input and

\variable ambient and energy demand conditions. Selected parameters can be

adjusted easily so as to simulate different design conditions.

Fomd
S

O
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For the nitial simulation of the storage pool heat loss problem, we

‘ ‘ !
chose to consider heat transfer by conduction through soil of uniform and

constant physical properties. A Hemispherical pool of water was chosen.

The soil surrounding the pool was a1v1ded into 24 elements as Lllustrated

in flgure 9, with nodal points (at Qhe center of each element) interconnected
by Fesistors representing thermal reéistances"between adﬁacent points. A

vector volume approach [4] was used to determine the effective resistance,

as the area normal to heat flow ehanges with*both radial and angular posi- .

ions. The capacitance of each element is directly proportional to its
wvolume. Sinre the hemispherical heat,source has symmetry,only a slice of
1 N : ‘ . ?
the surrounding earth need to be considered.
The boundary conditions were applied by connecting the adjacent nodes

to appropriate resistors and to voltage sources representing the desired

boundary temperatures.

ol

The prepeyties of soil used in'the simuletion were fixed with:
o = 1,500 kg/m’ |
Cp = 880 q/kgK
k = 1.28 w/mK
Scaling fac:zors were determined largely by the size angd nqmber of
resistance and capacitance elements available.. The following relations
here'set between the important variables: - \
1 vole =°1°C
1 enelog second = 1 week real time

1 microampere = 3.84 RW»hr/day heat rate h‘
. -,;

To obtain the above scaling factors, resistors ranging from .26 to

18.6 negohms and capacitors from 0.226 to 440 microfarads were needed.

%
f N, .
. 13 . e G
. . f hee!
Q * . ' ' oA
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o E-2 Digital Simulation Model

A digitai computef simulation médelﬁhas'beenvdeveloped with the
following four cdmponents: (a) a one~dimensional finité differencé model
of the thermally stratified pool of waﬁer; (b) a_threé—dimensionai finitg
cifference model of the surrounding soil; (c) a solar collector model based

on experimental thermal performance data; and (¢% 2 simple model of the load.

I3

As illuétrated in figure 10, only one-eighth of the pool and sgrrqunding
soil are modeled because of symmetry.(no heat flux across planes of symmetry:
D, G,_ahd'H,“shown iﬁ figure 10). The boundary condition:at the‘top of the
simﬁlatgd'pool is set by tﬁé condition of che solér colleétor;‘ Boundary

conditions at planes A and C originally allowed for convective heat transfer

,

[5]; however, the temperatures of the surface nodes with the convective

boundary conditions were found to be essentiélly equal to the ambient temp-
erature. The distance from the pool to boundaries E and F were determined ’

¥

by trial running of thé program. A distance of 6.1 m (20 feet) was foudd to
be adequaté. Moving these boundaries by.approximately 1.2 mor 4 ft. had
"less than 1.5% efféc; on the heat loss from the pool.

\ . ) "
E-3 Model Verificatioh  and Experiméental Results
N ’ o “\ N - ' . [N
To validateEEhe analog network, the steddy state conduction was simulated
“through a spherica}\shell with a cavity at a higher temperature than the

~

outer surface.’ Theé\ results are summarized in Table 1. It is interesting

e
to note from Test 1 and 2 that having the coastant ground temperature at a
finite radial distance|\of 38.9m from the center of the pool rather than at

infinity iicreases the pool heat loss rate by approximately 10%. The losses

to ‘the earth further out may be 6vqrestimated slightly but this’effect would

Fi
A

16.
O
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TARLE 1

MODEL VALIDATIC::

STEADY STATE

&

Pcol Temperature Tp = B2°C

Earth Temperature T'2 = 10°C

Alr/Ground . " Const. Temp: Earth ~ Pool Heat Losses’
It_.:; HModel Surface_ at Rg, m kW~hr/day N
L . Theory Insulated w . . © eas o
2 Theor)'- ‘Ivnsul;aled - .38.9 ». _ . _ 1.4
3 Analog Insulgted ! 38.9 72.6
4 Digital* Insulated . ' 73.2 '
5 - analog T, = 21%C 38.9 126.6 . -
NOT'E: Digltal model for er;"cated pyramid sha.pe. Constant . N

. temperature earth at 6.1lm from pool sides and bottom.

TOP SURFACE VIEW

VERTICAL SECTION

9. Analog Model Elements

Plone of
Symmetry

SU?FACE VIEW

N

Plons of
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‘Figure 10. Digital Yodel Elements<-
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" Test 6 in Table l.l “ ' . : e

be conservative in considering the performance of the storage pool. The

agreement5between'Test_2 and 3 was excellent.

~y

The digital model was also evaluated under the conditions listed in
. ¢ .

Table 1. Note that good agreement was obtained betweenithe digital
model and the analog model under the conditions wnerethe"analogimodel had

a pool perimeter equal to that of the actual pool and the simulated model.

This was based on Shelton's conclusion that the heat losses from a hemis-

pherical pool are proportional to the perimeter (radius) rather than the'

heat transfer surface area (radiusz)[6].

Steady state-heat losses from the pool have been simulated over a
range of pool, ground, and ambient temperatures. Shelton has analyZEd

heat losses from a similar hemisph_ 'cal heat storage deVice [6]. However,

s

Shelton s results were all Ha;ed N no heat ldsses from the sbil to the air
through the soil—air interface. By considering -this heat loss mechanism, the.

energy losses are considerably increased (approximately 70%) as shown by

B

The limiting (steady state) heat loss results are summarized in figure

11. Note here that® the simulated pool losses (whlch includo lOSses to the

X
‘,

ambient as well as to the constant'temperature earth) apyp Ju_to be approx1—

mately linear with the difference between the pool temperature and the air’
' -
temperature. From figure 12 one can discern that the influence of pool S

.
-

 temperature minus earth temperature ig mugh'less'significant than pool temp- *

.erature minus ambient temperature.

.Results of experimental data for the annual collection and storage
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system operating in a collection mode werepresented in figure 8. One

notes that the water storage temperatures were shown to reach a .maximum

Sy

in August which would be an indication of excessive heat losses oyéfpenergy'

+

collected from that time forward.

The digital computer simulation model was run using ambient conditions
defived from a 1955 weather tape for Washington,.D.C._ Although it is clear
that the particplar _ye;ther'conditions at the expérimental site during 1977

are different from those used in the simulation, the following conclusions

'

can be made. .

»  Simulation shows, as illustrated in figure_lB,'that‘a cycIic pool

L g , .
temperature should be expected. The simulation-indicates a peak temperature
reached on approximately August 1 when the pool had been opefatiq§2§; the ]'

collection mode at least since early March. If the pool began operat&on in

at
>

the collection mode on July 1, the expected peak temperature , would occur

_approximately September 1 and if. the. pool began operationﬁon‘Octobgr 1, the
; , N . T o .
peak temperature would occur at approximately November l(KENote'also that 1if

tﬁe péoi had béen.operating in the collection mode fﬁ% aﬁ least six months,
the influence of start up time wéuld'be negligible gbﬁpared to»éhe anticipated
. N - . / [ . '
temperatures from continuous operatioh iﬁ the heat/colie;tion mode.

Pool stratification determined experimental%émare—in good agreement

with the 'simulation model, as illustrated in figure 14, .

Although simulation_studies have not ‘been done to consider the influence
. , ‘ g

of diurnal variations of temperatures in thé earth berm (adjacent to the poBl),

1
\

experimental measurements have been taken. Figure 15 illustrates the diurnal
R ~; i : .
. . ; d

i

18 - R&
o ’ '
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variations of the émbiént temperature’and soile temperatures at various
loca;ions; One should note that these data wefe taken on a sunny day
. (OctéHer 7, 1977) foll;wed'by a cloudy dé; having a very light rain.. Note
.also that the ambient temperature and the earth berm'tempgfatgfe to a depth
of one foot have signhficant-diurnal-variation, but thgt.the eéfpb temp-—
eratures at locations below this appear to have near negliéibleﬁéiu:nal
variationé. |

F. Report of the Progress: TInfluencc of Design Changes

On the:bésis oé.informétion preseﬁteq'ip the previous sectién, one
may conclude that'the hiéh heat losses from the_present‘experimenFql‘sys_
‘tem make it ineffective for operation as a devite for annual.storage Qf
year-round colleéted solar energy for direct Heating of buildings. V;rioﬁs
design modifications, hpweveE, may change this conclusion.

The first design consideration would be that of modifying the systém

~in order to éfovide'for additional iﬁsulatién. Table 2 sﬁmmarizes the
- N . . .
results of analog simulation studies of tﬁe influence of var§ing amounts

!

"of insulation placed at convenient locations within the earth berm. ‘Note

that one may conclude that a most important location for placing. insulation _

“Would be along the interface between the pool structure and the earth berm.

This is true because the éarth:berm in this particular 5esign is relatively

i .

LinéffectiVé as an insulator, when one considers steady heat transfer over

long periods of time.f

The effect of insulating the soil/air interface along the earth-berm

is illustrated in %igﬁre 16. The heat loss rates are mgde;nonfdiﬁensibnél
. RN L { . . . Lot

2
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through the use of do which is the pool energy loss rate with the soil/
air interface perfectly insulated. Note that the solid line in figure 16
would be the anticipated heat trusi "or “rom an uninsulated podl through
the surrounding earth. This figure also shows the effect of insulating
the soil/air interface close to the pool. The area between element 'A"
of the anaibg mcdel (figure 9) and the ambient air is a ring with the
inside radius of 3,57m (pool radius) and the outside rédius of 5.32m.
The effect of perfectly insulating this ring of the soil/air interface
is shown by thé dashed line. If the ring of insulation were extended
to include an outer radius of 8.8%m (insulating both elements "A" and
"B") the heat transfer would be represented by the dot/dash line.

A second design consideration would be to improve the solar collector
so as to deliver more energy‘to storagé to offset the losses. One approach
would be to improve the orientation of the collegtor, as near-horizontal
collectors are poor collectors except during the summer. This would
involve a redesign of the current system, so as to possibly provide for
a structural roof over the storage pool, with the collectors mounted on
the roof.

Another approach to improved collection would be to use an enclosedT
fluid flat plate solar collector instead of the open water-channel collec-
tor currently used. Suéh a change would result in asmaller value of
Frly, (slope of the performance curve, Figure 7), and'consequently higher
collection during winter. This approach was investigated with the use of
the digital computer modél‘with the collection mode results illustrated in

s

Figures 17, 18, 19 and 20. : e ?/M}v

Ry
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One 6ther design approach would be‘to significantly increése the size
of the collection and stordge system. Vgrious investigators hgve proposed
much larger collection areas and storage volumes to gain“the effect of
relarively lower heat losses [7,8,9,10,11]. .Typically heat losses increase
With the perimeter of the storage, and collection increases with the area
(6].

Various size, geometric; and design considerations wili'be studied
11 the next pﬁése bf this work. 1Included will_be modeling of various
design modifiéations with system operation in the collection and heating
mode, considering both direct heating and solar assisted heat pump

. Y
OPEfations;

G. Report of the Progress: Heating Mode of Operation

In December 1977, the annual solar energy system was modified to
Provide for energy extraction through a heat exchanger. Heat extraction.
was designed to 'simulate the heat input to a solar assisted (liquid to

air) heat pump used for heating a 140 m2 (1500 ftz) residence. The resi-

'
1

dence used in.the model was assumed to be insulated to present sfqndards
and to have less than 15 percent glass area in the walls [12]. The heating
load for such a structure is 12,650 Btu per degree day. The total annual

heating load for this home would be 15,600 kw-h (53.2 x 10°

Btu), based on
an 11 year average of Charlottesville, Vifginia weather daté {13].

The heat pump used in thé model was a commercially available water
ééurce heat pump [14). The heat pﬁmp model has a COP of approximatély 3.3
to 3,7; for water temperaturés of 15 to 24°Cv(60 to 75°F). For inlet water
at 15,5°C (60°F) and a flow rate df 1.14 m3/hr (5 gpm), thé unit capacity
ig 7;6 kw (26,0@0 Btu/hr) with an energy absorbed from water of‘abproﬁimately

o
,/

24
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5.6 kw_ (19,000 Btu/hr) and a power input of Z.Z’kw; For an inlet watér
at 23.99C (75°F) tﬁé‘ugi; capacity is 8.8 kwtwith 6.2 kw from water and 2.6
kw from power iﬂput.

The ‘average monthly total. space heating demand and the requirements for
energy input from solar heated water storage are illust:ated in Figure 21.

The heat pump Qill be modeled by dumping an amount of energy from the
solar pool equivalent to that required by the heat pump. - The water flow to
theiheat exchanger will‘Se maiﬂtained at the same rate as that required for
an actual heat pump to allow abrealistic study of the heat transfer mechanisms
in the solar pool. The amount of enérgy dumped will be determined by integra-
ting hourly data. The air Elow to the ﬁeag exchangef will be adjusted semi-
weekly to maintain the average monthly energy required for the heat pump.

H. Activities to Disseminate Project kesults

Papers have been presented to Ehe Conference on SolarJEﬁergy in Cold
~Climates (University of Detroit, June 7;8, 1976) and to the conference 'Solar
Three: Capturing the Sun" (quthwestern.University in Evanston, Illinois on
November 20, 1976).

c

In’addition, a paper, "Heat Transfer Analysis of a System for Annual

Collection and Storage of Solar Energy," was presented to the 1977 ASME Winter

Annual Meeting in Atlanta, Georgia, and was published in Heat Transfer in

Solar Energy Systems, ASME Publication No. HO0104.

Papers have been accebged also for:presentation and publication in the
proceedings of &Pe Interhétional Solar Enérgy Society Congress 1977 in Neﬁ
Delhi,.lndia‘(Januéry 16-21; 1978) and of the SoutheasternVSem}nar:Qn Thefmal
Sciences, l4th Annual Meeting, Nortﬁ Carolina Staté UhiVefsity, Réiéigh,,

2y

April 6-7, 1978,
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