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ABSTRACT

Various micro-electronic techiques with regard to solar control systens
are conpared, ranging from simple implenented logic to the far extremei the
instal lation and use of m'icroprocessors in sophisticated control systems.
Logical jnputs from the systen Drovide the basis for electronic decisions
for simple onloff controis, those due to ireather conditions, storage capa-
city, and further to the varying cost of commerciaT Dower during prime
tines (deternin'ing the most judicirus use of store soiar energy), Ex[ensive
use of integrated circuit technology in both ana'log and digital realms a1-
lows the design engineer with limited elEctrcnic expertise to implement
logica11y oriented sinple controls for inexpensive energy systems. Highly
qualified personnel may use m'icroprocessor capability to control virtually
any and all functions of larger or colllnercial sl/stems in the most energ.v
efficient manner feasible.

INIRoDUCTIoN. ...,,,There are today virtually a
myr,iad of solar systens on the market and avai ]able to the consurxer,
ranging from the simplest of hot water heaters for potable and domestic hot
water to large scale hot water and hot air applications for space heatinq.
0n the other side of the periphery, systems fcr industniaj process heat and
iarge scale electrical conversions are begining to appear. In each of these
systems to a reasure are incorporated, and to a larger degree are needed,
sophisticated control systems which may utilize the fuil eneroy outpu: cf
the system. Any alternative system has in n'ind as its pricrity Drerequisite
the conservation of ener-oy, therefore it is not only oroper but a necessity
that the control system be not only efficient but frugal as welT in its own
use of energy. l,1any control lers seem up to this po'int i-o have relied on
comon jndustrial equipment, general ly electrcmechanjcal, and in the far
extreflE have becofE such power aonsumoti'/e devices as to require nore
energy for control than that ,/rhich a qinlmal system may oroduce for hot
water. In thjs regard the purpose of this dissertation then is to stimulate
some creative thought relating tc the implementation and use of an entire
generation of solid state devices now available to us, ranging frorn the
simplest of diodes and transistors i-o various types of -qated logic, and at
the far end of the spectrum the newest controller of al l, the micro-
proces s or.

HOT I.IATER SYSTEI1S
The most prolific systems at this tine of course are hot water heaters.
Further it seems that little thought has been given to sophistic3ted but
conservative control systens for these ddevices, most of them being turned
on and off by some series of relays, thermostats, etc.. qenerally rely'inq
uoon a tlned cycle. lf a small amount of tlrouht is -ai'ren tc a'logic design
of fairly simp'le construction we may drastically improve the working ef-
ficiency of the system. The first logical step in an-y such system therefore
is the monitorjng of its status. Be'ing thernal systems, this can easily be
done via the very comon operationai amplifier, connected in e varlety of
fash'ions to a group of input devices, r{hich in this case we wi ll assume to
be thermistors. Thernistors are resisti'/e dev'ices which vary quite linearly
in proportion to temperature, are available jn a considerable number of
mechanica'! configurations, and reouire very little power to operate.0€pend-
ing uoon configuratjon, the operational amplifier may be hooked uo as a
simple anplifier, a differential amolifier perhaps sensing the difference
in input and output terperature fror the collector or the differential
between output temperatures from the collectcrs and the average temDerature
within the storage system,or it may be utilized in a sum'ing or integrating
fashi on.

optica'l aDproaches, relying upn the visibi Iity of tne sun for inout, are
able to take'little into account with regard to the status of the system
itself. Either of these apDroaches, however, is cons'iderably more accurate
than a simD'le tifl€r such as is found in many systems of this genre. 0p-
amps are available in oackage configurations of l,2,and 4 i/nits per single
integrated c'ireut Dackage and therefore lend themselves easily to a minimum
component count. 0nce the number,t,vpe and distribution of sensors haYe been
d:termined, and the nathenatical relationship bet|]een then has been estab
lished, rather conventicnal electronics may be driven by the ,o-amDs
directly to manipulate whatever physical eguiprent is involved tc cause the
desired action. This eqiliDment nay be keot entirel:/ solid state, reouiring
ninimal current draw; hcwever, op-anDs do reauire the -oener3l u:a-oe :i a

split power suDoly, comolicatjng the design slightly.

rather'large array of collection devices, which do not represent a total
energy system for the house in questioni thercfore, the array may be
considered either primary or bac[:-up to the existing heating and/or ccoling
system of the house in ouestion. Now we begift to look at the real pos-
sibi'lities of what may be termed imo'lemented logic, or a smal'1, dedicated,
low cost computer responsible for the control of the entire system.
Initially we nay concern ourselves with only four areas, those being l)the
solar or other alternative energy input, 2)the storage or lonoevity condi-
tion of that system, 3) the status of environrental conditions within the
residence, and 4)the considered usage of standard heating/cooling appli-
ances. Again we begin by asking our collector system if indeed there 'is
sufficient solar energy to be worthwhile collecting, and presumably upon
receiving an affirmative response direct that energy to the proper 'loca-

tion, that is to say storage, if it is not to be used immdiate'ly, or to a
working application such as donestic hot water for imrEdiate use. Next we
come to a point of considering that our collection system is qu'ite effi-
c'ient and at some point our storage or containment facilities may approach
or rEet a "ful1" energy condition, at which point we !4ould Hant to lnstruct
the collection system to cease its operation,knowing that there was no more
room for themai input. This is dictated if the storage system contains the
same heat grade as is output by the collection system. No more nay be
entered into the system, according to basic laws of thermodynamics, for we
rust have a Ievel of'N+l'to gain entrance into the storage s_vstem at level
'll'. Here again the logic of the control s_vstem can say to the collection
devices that they are to renain in a passive state until their working
f'luid attains sufficient temperature to overcome the energy boundry of the
storage system, at which point that amount 0f heat will be released lnto
storage and the operation again ceased until a furthei' increase could be
achieved. This type of device 'is a simple decision raking component which
simply analyzes two sectors, A&B,detemining whjch is greater and governing
its action by the result. Thus far nothin_o comDiicated has arisen in the
system at al'l and yet it has an actual "intelligence" of a sort 0f its own
by which the system will be cperated. Now the system reaches another Doint
in its decjsion making ability,that being the status of demand imposed uoon
'input and storage via the household in question. Again we turn to very
simp'le logic ouerying the system as to whether space heating is needed to
bring the environmnt inside the home to a desired temDerature, asking
whether this should be a heating or a cooling process (in a situation where
the solar input is prov.ided to a heat pump this apDlication fits ideally if
not perfectly) and giving the logic comDonents the authority to take action
based upon the results of their very simole logical answers.

The sensors providing inputs to this logic array xay be the saflte them-
istors previous'ly discussed, simply set to tur'r cn a transjstor for the
appropriate logic input, or any other type of thernal sw'itch which we night
envision. The questons answered by these inouts nay be dealt with by means

of one or two integrated circuit packages ccnta'ining various scrts of "0R"
gates, 0R gates basically have the logic function that says if one or more
of these conditions is true, then the output of the gate is true, or if the
log'ic system is arranged in e negative fashion the converse takes p'lace.
Additionally, an "exclusjve 0R" function is available. Thus by structuring
this simp'le combination of funct'ions within a few components vle may Provice
control instruction to virtually all of our alternative energy systen
(which at some time we hope to be the prime energy system, relegating what
is now known as the standard system tc an alternatjve system).
Logically the next function of our ccntrol s-vsteq w'il1 be tc bring into its
domain the exist'ing heating,/coo1in9 equipment.Again the ouery must be made:
is there sufficient energy contained within the storage system to meet the
needs of our hypothetical residence or must we rel-v on conventional means?
Ihis decision again is very simple and wili produce a simple yes 0r no
r€sponse at which point the chosen system will be activated. Here we may

branch into another'logic function known as the "AN0" funct'ion. This
basically says that for a given number of inputs, which nay range frof, two
to in excess of six cr ei-qht, if the logic system finds A&8&C&0, etc., to
be true it will provide a true output which may be used direclly or
inverted to provide the proper comnand to r-he alternative or conventional
system. That is to say, in a norst case conditioq that the solar input at
the noment is insufficient for the cDeraticn Al.l0 the storage syster is
depleted, AND the environment of the house dictates sone change in tenper-
atrre or sucn other function as it may have caoabiljty, TqEll the conven-
t'ional systen will be placed jnto ooeration.ihe ccrverse and scme deviaticn
from:his systsm nay be arranged such that if the imeCiate solar input is
adequate 0R is not adequate AND the storage systeq has suf3'icient reserves
Ai{D the envircnnental qualifications of the "esiCence djctate action then
the a'lternat'ive or solar systen will be brcu-oht into 0lay. The compactness
simglicity, and economy, both in h:rdware and energy expendi ture terns cf
this type control systen are still a greal deal more efficient that wlTat
wculd be knorn as a corventionai control systen. ',,lith the exceDtion of
sensors which will be comon to any system, whether it be altern3tive or
conventional, ranging from themostats tl preiously mentjoned c:mponents,
the 'logjc array may amount tc a very smal l power supply caDable of slpplin-o
perhaps as much as 400 to 500 mi]liamos 'aximuq et 5 votts, anC 4 t. ,

A LOGICAL DESIGN
As we expand our electronic log'ic capabilities to the use of various common
gate type circuits, we may increase our capability not only to the po'jnt of
controlling a simp'le hot water heater but perhaps the entire space heating
system of a r€sidence as is indicated in Figure l. In this case we have a

23



integrated circuits of various types ranging in price from less than a clme
to no more than Sl. lle have created a very efficient, economica'l control
system which is actually quite capable of making a fair'ly wide range of
decisions in the energy processes of our home. Herein becones apparent the
true value of what we have tenned "implemented logic"i that is to say we

ar€ not jnterested in this app'licat'ion in "number crunching" devices which
make manifold calculations. but rather simp'le corxparators which will as the
narne implies compare the status of various parts of a system and make a
logical decision based thereupcn. There will of course oe neccessary some
power components to actuate the real-rvorld machinery in the hous€,but 3gain
being soiid state, the cost advantage of the microelectronics approach is
more than significant enough to justify its design, and its expense is
surely frugal enough to justify its existance.
one additional note is that as we reach a point where electroflechanical
controls must be used, such as solenoids, relays, etc., that they be of the
lat.hing type, therefcre requiring power on'ly during the transition, rather
than an active "on" or'"off" state.

that even less may be requ'ired, however "nemory" is cheap enough at this
time that it may be used rather flagrantly to simplify design criteria.
Such a system [lay quite easi]y be constructed on a printed circuit board
area no big,ger than 6 by 6 inches.
l./ith such sophistication, the decision making ability of'the control system
takes on an entire'ly new form such that monitoring and control in more
arcas of the'living environflEnt dre possible, No longer is it necessary to
consider on'ly an alternative system. The active system may be controlled
taking into account the status of any passive operat'ions 'involved in the
structur€. Items yrhich pre'iously were simply too much clutter to deal with,
attic fans, systematic ventilation and shading, and conservat'ion of other
valuable resources, such as viater,nor{ beco.ne rather routine matters for the
pro ces s 0r.
Actual "'intelligent" decisions becoflE a reality for the energy system, as

the processor may take into account pricing advantages offered by pubf ic
utilities for consumpption rates in "nonprime tirE" portions of the day.
Reports have been submitted from some areas of the country that betireen the
hours of 5 and ll PM,energy costs may be double or triple that durinq other
t'ines of the day. l.lith such data present, the microProcessor can analyze
the days's input, the status of the storage system, the local ambient
conditions, and spend the energy of the alternative system during the most
judicious time possible. fotal env'ironnenta'l control within structres
ranging in magnitude from small residences to large apartrent complexes are
realistical'ly possibele through uti'l'ization of the microprocessor. Its
ability to operate at megahertz speeds, look up and act upon instructions
found in memor-v in small numbers of nano-seconds alloti the machine to have
the appearance of being in contrcl of al'l of its various functions at the
same time.
llicroprocssor design will for the time being be largely a function of the
design engineer, however as integrated circiut technology becomes easier to
deal with, Ciscrete components beccme fewer in number, we have every right
to expect that we may see many more such systems available in the near
future. As regards circu'it packaging, it should be noted that ther€ are
available today nnst types of discrete conponents, i.e., resistors, caPa-
citors, diodes,etc.,avaiiable in the familiar dual-in-line package or chip,
which quite realistically beconE "plug in replaceable" or programmable
elen€nts to interact with such a system. The day is here when an individual
may look at a small board populated on'ly by chips, with perhaps several
ribbon.ables leading out of it to the various portions of his house,
knowing that the device will control his entire internal environment
when he is at work or p)ay, arvay on vacation, and maintain it in whatever
status he decides his environment should be.

THE MICRoPRoCESSoR..... ........The field of micro electron-
ics has now on'iy been skififled, with the most exciting porverful tool yet to
be discussed. There are avai lab'le today a variety of microprocessors'
virtually entir€ computer systems on a single chip which have the potential
to becorE the most sophisticated, r€liable, advanced control mechanism for
'large energy systems avai lable to date. Microprocessors are relatively
cheip in hirdware costs' dedicated units for the purpose of controllers are
curr€ntly ava'ilable beginning at a range of about $150. Power consumption
is miniril, ranging to an order of no more than 2 to 3 anps at 5 voits !o.
the entir€ systam, about the power consumed by a 15 watt light bulb. .-For
purposes of our application, it should in size, with speed and versatil'ity
of application becoming the most predominate factors. Hardware for a nicro-
proceisor control system wi'll 'look somewhat similar to that found in an
'implemented Iogic unit, however most of the discrete 'lo-qic functions fcund
in the gates described in the pr€vious section may be handled in softwdre.
That is to say that if an 0R functjon is to be exercised upon som set of
inputs, it may mrely becsne a definable category w'ithin the nEmory of the
processor. Further sophistication in rea'lity makes the processor even
i'impler, as it may be provided in its resident rnemory the parameters about
which al'l of its contro'l functions ar€ to be exercised. This memory can

from time to tirc be up dated as criteria change, but basically becones a

table in which the processor will look up data'compare it with the existing
inputs, and take the appropriate output action.
Most microprocessors have the capability of addressing 55,000 words
memory, however for an extrerEly soph'isticated system perhaps as much as

to l2k ar€ all that would be necessary. Judicious design will see to
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Typical Op-"-p Control System

Nuabers 1,2, 3, etc. are sensor functions.
Letters A, B, C, etc. are control functions.

Exsirples of Operationel Log'ic.
tt 2 > I (hotter), tun on A
i[2>3, turnonA
if 3 = proper temperature, turn off C
it 5,6, ? ( desired temperature, turn on B &C, turo off F
if 3 ) desired teEperature, turn off A, B, & C
if :2 < 3, but 3 )desired temperature, turD off A, B, & C
iJ 6 or ? indicate demand for heating or cooling, turn on D,o! E as required

Not including sensor6, Co:troller n]ust be capable of meking no Eore tl:an ?
coBparisong, only two being any eore thil tFo ended differential meesurementg.

FIG. 1

CON CLUS I ON

In the text of so short a paper we naturally cannot provide a course in
solid state ejectronics from which the engineer or owner may simpiy dash
out and construct such a system.lt is however felt that should the purposes
of this presentation be realized we will begin to see a iarge comittrcnt
toward new generation solid state dev'ices in the energy science of the
future, and we owe it to ourselve, our consuilErs, and our species to avail
ourselves of the most efficjent means of control and at the least signif-
icant cost oossible.

c
E

ln

Collector Array

3
Unit

sage

Corve n tionel 4

2a



SOUIR HEATING WITH ICE
llyron Cherry
oepartn€nt of Engineering Technology
New ilexico State University
Box 3556
Las Cruces, tlew llexico 88003

ABSTRACT
Ihis conceptt which'involves storing solar energy in the heat of fusion of
ice, and extracting the energy by heat punp, has several significant
advantages over hot Hater storage. These include projected higher heat pump
efficiencies than could be expected for an air to air heat pumpi a storage
volune of about a sixth of that requirrd for hot water storage; a third of
the area of solar panels that would be required for hot water, because the
efficciency {ill be about three t.imes as great with inlet Hater near the
ice point; and existing dwellings rnay be r€trofitted uithout major r€nova-
tion because the storage unit could be extemal to the house, SorE
disadvantages are:significant extemal power is usedi standard heat pumps
operate pocrly near the ice point and so sp€cial designs must be developed;
the rEchanical problems of dumping ice to use water from the mains as a
back-uo are fcmidable; and significant engineering design and evaluation
nork rust b€ dofie before experirentation can be considered.

BACKGROUI.ID OF THE PROBLEM

Present heating methods use enomous amounts of fossil fuels, and these
ethods f,ill ccntinue to b€ used unless more efficient ways are found,since
it would be rasteful to destroy existing structures and builC all new. 'ile

might think of existing structures as "energy-in-place", and then consider
alternate heating methods as means of rcducing operating expenses and
saving fuel. Any system that offers mor€ efficient heating than present
nEthods, cculo save rrDr€ energy than will be saved by new construction for
years to corc simply because of the enomous nunbers of existing
structures.
lfuch effort 'is currently being directed toward utilizing soiar energy for
residential heating. Most of these systems colect the heat energy of the
sun's rays and store it at a temperature higher than that desired in the
residence. Such heat storage usually requires a large mass and volume
(typically several tons for an average drxellng) and alio requires that the
storage be irsulated from heat losses to the outside air. This insuiation
hert loss f..r storage is "lost" to the house to be heated, which is not
rea l Iy 'los t rnen .

P]acing the large heat storage area inside a house when it is being built
is relat]vely easy, although it may be expensive. Plac'ing such a large heat
storage area inside most existing houses is presently beyond the realm of
practicality. P'lacing such storage inside one story houses bui lt on a
concrete slab, inside a mobile hone, or a trave'i trailel-is even mcre
impractical.

Atte,npts have been made to r€duce the space, mass, and first cost of heat
storage. ihese have included use of denser materiais and heat of fusion of
certain salts. These scherTEs aiso cormonly stored the heat at a higher
tetrperature than was to be maintained in the structure.

HEAI STORAGE FOR RESIDEIITIAL USE
llater is a pooular rn€diun for heat storage in solar heated bui'ldings
because of its several desirable characteristics.i|!ost of those applicat'ions
use only the sensible heat (that which can be detected by sensing a change
in temperature), and do not use the heat of vaporization (to steam) or the
heat of fusion (to ice). Both of these latter processes typically take
place at a constant temperature and are associated with considerable
transfer of heat, even though the temperature does not change. The use cf
stean for heat storage is ruled out for safety reasons, but the expansion
is provided for. In changing a pound of water to icer 144 BTU'S must be
extracted (at atmosperic pressures).

A typica] installation using water as heat storage, might show a change of
40 degrees F. in a 24-hour period (from]40 to 100 degrees F.). This would
indicate that 40 BTU's had been stored and then removed for each pound of
water. If that sa[E pound of uater had been frozen, 252 ETU's could have
been stored in Iess than one-sixth as much dater if that water had been
taken from'140 degrees F. and frozen at 32 degrees F. Referring again to a
typical water storage system that had 1500 gallons (l'1lT House) of water
storage, we could exchange a comparable amount of heat in 250 gailons,if we
took the water t0 ice as described above.

A point in considering heat losses from the storage mass is worth noting
herei heat losses ire related to the difference in tenperature bet\./een the
storage mass and the outside air, and the effectiveness of insulation. If
we are storing heat near the freezing temperature, we need much less
insu'lation than if we were storing heat at ]40 degrees F. This means that
a low temperature storage could be outside the structure to be heated
without causing large storage losses. In fact, 'if outside air were above
freezing, there could be heat transferred into storage from the
s urroundi ngs .

From the foregoing it is seen that heat storage is a major probleil in usinE
solar energy to heat existing buildings, and that the -storage 

vo1urne ani
insulation would be greatly reduced if we coulC extract ill the heat
necessary to fr€eze the water, A heat pump do€s just this.

HEAT PUMPS
The easiest description of a heat pulp is that it is "an.inside-out refrig-
era-tor,''since:nost peop'le are familiar with refrigerators and the fact ttrit
rcfrigeratoys have coils on the back that give ofi heat. For our purposes
}le need only r€cognize that He can extract heat from a cold Oody iucir as
water (freez'ing it to ice) and ''pulpt,that heat up to rocrn tempilrature to
heat a house. The most comEn model of heat pump for resldentiai use employ
Fr€on refrigerants. operate "air-to-air,,, are slighily larger than a-n
ordinary r€frigerator, and arc driven by an electric irotor.- Heat pump

technology is rell developed, many models ar€ readity available, and they
have been shoHn to be more energy-efficient than burning fucls in many
clinBtes. For exarple,one manufactur€r claims their product is 2 1/2 tifies
as efficient as ordinary resistance heating.t{* lGrico hts many araas xhert
heat punps, even though thly use electricity, are more econorical than
fossil fuels for heating r€ridences.

SOLAR PAIIELS FOR COLLECTIT{G HEAT
A wide range of solar panels ar€ nor comtrcially ava'ilab'le and more
attention is being directed to their use and further develoFEnt, The Hide
range of technical literature and prcprietary advertising rill not b€
elaborated on herc.

It should b€ noted, hoHever, that efficiency of solar collecting panels is
strong'ly dependent upon output temperature. At high tefiperatures a typical
collector ray be on'ly 251 efficient,but near freezing it could be near 80I.
This rEans that roughly one-third of the collector area yould be needed to
co'llect storable heat at near freezing temperatures, coflpared to the higher
temperature storage required in other systems.

PROPOSEO SYSTEH A5PECTS
Basic 0peration. The heat punp, power€d by electricity,would take heat out
of water and pump that heat into the structur€ to b€ heated. tlhen enough
heat had been taken out of the water to reach freezing temp€rature, the
operation would continue to renove heat, freezing the f,ater to ice. Ihe
water would give up'144 8IU per pound in changing to ice. Typically, there
would be enough water, so that the EfUrs extracted would be sufficient to
pr-ovide heat to the structure overnight. The fo'lloHing day, brine circulat-
ing through solar panels would pick up heat and carry that heat to coils in
the bottom of the water tank to nEit the ice and wam the water. l{hen heat
was needed in the structure, the cycle Hould be r€peated.

The basic components of the heatjng system would be the heat
tank and solar panels.

purp, Hater

Heat Purnp. A heat pwnp could be chosen from conrrErcially available units on
the basis of heat capacity, operating temperatures, coi I characteristics
(wat€r-to-air preferably), size, cost, and coefficient-of-p€rformance.
Sufficient differences exist between various products, so that ther€ should
be severai "off-the-shelf''items that rouid m€et the desired specifications,
Cdrmrcial "ice-makers" used in restaurants might be more suitable than air
to air heat pumps.

I{ater Tank. The size of the yater tank nould be determined by the desired
storage capacity, solar panel capacity, and operating te[peratur€s.
There could be three operating conditions.

l.Using specific heat of vraterr frcn the h'ighest temperature the solar
panels can pr-ovide do*n to the lo{est temp€rature, freezing, (l 8TU
per pound).
2.Using heat of fusion of water at fr€ezing temperatur€ (144 BIU per
pound).
3.Using heat of fusion of water, but dumping the ice. This could be
an emrgency rrEasure in the case of extr€ne cold, lack of sunl'ight, or
inadequate capacity Hhen enough solar energ.y cannot be stored through
the day to melt the ice. This could be considered a "back-up" system
for (l) and (2). (Many other solar heating systems rcquire a fossil
fuel back-up system to carry through extended inclemnt reather.)

The water tank wou'ld not requir€ nuch insu'lation, but shou'id be a design
that does not burst upon freezing. Under som light duty conditions
(described belor) insulation might be a disadvantage.

Solar Panels. Several ccmpanies have recent'ly been offering more varieties
of solar panels, so there is a fairly good selection of stock items to
choose from. Choice Hould be made on the basis of efficiency, cost,
ruggedness, si2e and ueight, flexibility in application, etc. Probably any
that use water could use brine. (Brine is not necessarily corrosive; it
cou'ld be standard automobile anti-freeze). A small pump would propably be
needed to circulate the brlne. Effic'iency would be high since aftient air
would often be above freezing in the daytim and soiar panels are mcre
efficient at lo.er temperatur€s.
Controls and InstrunBnts. The heat punp would most'likely include thenm-
static controls to regu'late heat demand. Contro'ls would be needed for the
brine pump if they Her€ not part of the solar panel systen. l{onitoring and
recording eouipment might consist of temperature and flow measuring devices
and chart rccorders.
Ice Removal. one possible source of trouble,lrhich cannot be easi ly antici-
pated untji sofle actual experimentai runs are made, is ice refloval. This
is r€lated sorEwhat to the size of the water tank.

].If the system is designed for ice to fom on the co'il, rith heat
transfer through the ice, and adequate water for all conditions, then no
icr would be rrmoved. This would r€quir€ a storage volorE sufficient for
the worst conditions and coils of large ar€a becauuse of the poor heat
transfer through ice. Ccils would also have to be capable of withstanding
daily freezing cycles. This xould be a maximum size storage version.

2. A smaller sized version would striye for snaller coil sizc by main-
taining the better heat transfer characteristics"of yrater. Ice rrould have
to be reroved from the coils either mchanically or natural'ly by convection
and appropriate coi'l design. Th'is does not appear to be an insunnountable
prcblem; the cofrErcial ice-makers comonly used in restaurants obvious]y
have solved the problen, if one indeed exists. The ideal configuration
would have both the heating coils and cooling coils in the bottom of the
water tank,with natural convection acting to transfer the ice to the top of
the tank during the freezing cycle and then natura'l convection again acting
to cause warm water to rise and m€lt the ice in the mlting cycle. One
alternative might be to punp water past the coil under high pressure so
that it would be supercooled, and then'into the tank nhere it could freeze
after the pressure had been re'ieased. This would improve the heat transfer
characteristics draflatically and alloi sma'ller co'ils, but would add the
cdrplexity of anoth€r pump.
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Another feature that might be incorDorated, which js alluCed to in oart (3)
of the llater Tank heading above, is that of oroviding for remcval cf ice at
the top of the water tank and adCing m3(s-1p water. ihis might be as sinole
aS a'llowing the nakeup water to float ice over the edge of the tank, or a

more positive method might be neces:ar_v.
Light outy operation. The above concern with worst-case conditions obscures
the fact that there are many warm,sunny days with cool nights but not beiow
freezing. It should be poinled out that under such conditiors, when the
solar panels have warmed the riater in the tank to the raximum amounf-, the
heat pumD \rou1C require little energy because'jts source of heat is so near
the temoerature Cesired jn the structure. indeed, under such conditicn the
water might suoply enough heat rvithout havjng to freeze.
Previous'.,iork.The concept 0f reating buildings using'!he heat of frsion of
watelis nct new. The largest effcrt we ars aware of is in prcgress at the
also working on such a system. The A.C.E.S. system (Annral Cycle Energy
System) of the Oak P,idge Laboratory is shown in Figure

As the name'jmolies, this system is to complete one cycle per year;freezing
20,000 qal'lons of water in wjnter and nelting that 20,000 gal lons in the
summer, thus heating the house in winter and cooling it in sumer' l.]e would
,oint out i-hat 20,C00 gallons is a lot of water,beinq Z7' x 10' x l0'ffeet)
1n a tycical ccnfiguration. ile milht be able to find conditions where the
block of ice would be bigger than the buildin-o it was heatingl

IABLE i
PROPOSED SYSTEI1 FOR SOLAR HEATING",JITH ICi

ADVANTAGES

Higher system efficientlr than air to air heat pumD

SmaTl storage volun€ ( 1/5 normal H2o)
l.linimum insulation of storage
Snal ler solar canel: ( l/3 averroe size)
Bdcl.u0 s/sten uses iater fror ratn;
Summer ccoling !ith heat PumD
LJni t coul d be externai to house
Exjsting dwellings nay be retrofited without major renovatiln
DI SAOVAIITAGES
llntested desj gn

(a) Heat PUmD details 'lni'noYin(u) liater and ice ta.k chara.terjsiias unknov/n
Uses external power
SUt,lI"IAEY

The proposed systen nay be a aore econonical heating system for exi:ting
dwellings 3nd robile or portable homes that Co nct have aCe!uate sDa.e for
canventional heat stora,ae or have a ljrited slrface area fcr so'iar panels.
Success will CeoenC 1ar-oe1y on the characteristics cf the H2o to air heat
pumD, and it is hoped some interested company w'ill develcp such a heat pumD

and storage rank.

SOLAR HEATING AND COOLING: DWELLING DESIGN

CONCEPTS.

AIA Research Corp,, Solax D-oelling Design Coneepts
(Supt. of Docs., G.P.0., Washington, DC, 20402,
l97b) Stock Number 023-000-00334-1; $2.30

This publicat'ion is designed to introduce the
field of solar energy and describe how the use of
solar heating and cooling is dependent on the
design of the dwelling and the local siting of the
structure. However, the book covers a large number
of the aspects of solar heating and cooling using
a component and systems approach. This provides a

very good 'introduction to this top.ic for the gen-
eral publ jc.

The book contains chapters on the history of solar
heating and cool ing, solar heating/cool ing and
domesti c hot water systems , sol ar dwel I i ng des i gn ,

s i te p1 anni ng, and two chapters , whi ch consti tute
approximately 55% of the book, on solar dweiling
designs. Chapter five considers traditional dwel l-
ing designs in which possjble solar collection
systems have been 'integrated. Chapter six presents
a number of solar dwelling design concepts de-
veloped by different architectural firms for the
various climatic regions. The book closes wjth a

very short chapter, number seven, on the future.
In fact, this chapter was the weakest and most
disappointing chapter in the book. Chapters three,
on the factors influencing building design' and
four, on site planning, were found by the reviewer
to be the best chapters in the book for generai
'information on cljmatic factors which help to de-
termine building energy load demands. The site
selection factors l'ist js very we'11 organized, and
js one of the best sjngle page summaries available.

Some of the strong points are the extens'ive use of
graphics and the general quality of the writing.
ihe book also has a number of.weak points, the
major ones are the lack of extens'ive references
and again the drawings used. l,lhile they are good

for general conceptual development, they 'lack,

especially in the case of the solar col'lector sys-
tems, specific graphic detailing with respect to
components and structure. However' this last crit'i-
cism is made from the viewpo'int of a person work-
ing in the field and this detail could easily con-
fuse the general public. The only important long
term weakness is the reliance on conceptual de-
s'igns to i I I ustrate dwel'ling types for the various
reg'ions, even though they show fairly good detail-
ing in some cases, rather than drawings from
actual dwel'lings.

One should remember that this book was wr.itten for
the general publ ic, and for this purpose, it can
be recommended as introductory material on the
building design concepts applicable to solar heat-
ing and-cooling systems. Also' persons working-in
the fi el d wi I I fi nd i t i nteresti ng and enjoyabl e

professional read'ing, possibly learning something
new as well as the leisure enioyment.

-Arthur C. MeYers III.
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