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NOTICE

THE RESULTS OF THIS REPORT CANNOT BE APPLIED TO BREADBOX INSTALLATIONS
FOR SINGLE FAMILY RESIDENCES OR EVEN MOST MULTI-FAMILY INSTALLATIONS.

The analysis and design for this project was conducted for a specific
installation with many unique design constraints. The breadbox design had
to conform to an extremely high hot water demand with the majority of the -
watér use occurring in the late afternoon. The large water demand meant
that the system did not have to store hot water throughout the night. The
constraints of the construction budget meant that any system designed for
this installation would be severely undersizéed. The final breadbox
design was based heavily on the construction needs of the San Bernardino
West Side C.D.C. Overall, this study resulted in a system this is well
matched to the design constraints for the project. However, there are
large variations between the design requirements of this project and the
design requirements for most single family and multi-family installations.
Consequently, the analysis and results presented here should not be o
extrapolated to other breadbox installations. It is important to note
that the analytical techniques and the computer model used in this study
are applicable to a wide variety of breadbox designs and installations.
Additional information on both computer analysis of breadbox performance
and system design is available from Davis Alternative Technology
Associates. ' '

Printed October 1979

Additional copies of this report may be obtained free from:

"Solar Business Office
926 J Street Suite 201
Sacramento, California 95814
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INTRODUCTION

The éoal of this project is to analyze and design an
apﬁrppriate paésive solar preheater (commonly called a bread-
box) for multifamily housing units in the Fred Young Farm Labor
Center in Indio, California. This system, to be constructed
an&'installed by.the San Bernardino West Side Community Devclop-
meni Corporation (CDC), is funded by the Federal Southwest Border
Région.Commission and administered by the State of California
Solar Business Office.

This report is divided into six sections:

Section 1. State-of-the-art Review presents a brief summary
of passive preheater systems and the key design features used
in current designs.

Section‘z., Design Criteria describes the Farm Labor Center, and

the design features necessary for producing a system adapted to
the requirements of the site, the climate, the users, and the
system builders and installers.

Section 3. Prototype Preheater Designs presents the eight pre-

liminary preheater designs reviewed for this project.

Section 4. Performance Evaluations discusses the results of thermal

performance simulations for the eight prototype systems.

Section 5. Monitoring Recommendations describes and evaluates

alternative monitoring systems -for the installation.

Section 6. Final Recommendations presents the consultants'
recommendations, working drawings, and berformance‘estimates of

the system selected for construction and installation.



SECTION 1. STATE OF THE ART REVIEW

Breadbox water heaters can be defined as solar water heaters
with integrated storage and collector functions, Breadboxes
generally consist of a water tank, or tanks, placed in an insulated
box having a glazed front cover. Several other types of passive
water heaters also exist, but these are not covered in this report.
These alternative systems include:

1. Suntrays, or shallow ponds with glazed cover.

2. Japanese sun pillows consisting of heavy duty plastic bags
filled with water during the day and emptied at night.

3. South African solar heaters consisting of unglazed rectangular
tanks. :

4. West Indian solar water heaters consisting of a large sun
tray with a baffle to allow thermosiphon action to heat
the water.
The dlternative systems were not considered either because they did
not fit the scope of the project or theyAcould not operate under
normal water line pressure (30=50 psi):

The term 'breadbox" arose in 1973 when Jon Hammond applied the
word to one of Steve'ﬁaer's early efforts. Since then, most passive
water preheaters have been called "breadboxes" for lack of a better
name. Breadbox heaters are ai;o called '"preheaters," but the term
"preheater" is.somewhat misleading sinqe many properly sized systems
can provide 100% of hot water needs during the summer.

Several key variables exist in current breadbox design. The

first variable is horizontal vs. vertical tanks. Systems built in

-the early 1970's used tanks laid horizontally in the boxes, with

their long axis running east-west. To increase stratification in




the tank and allow the hottést water to be delivered to the house,
tanks in later designs have been stood on end. Maﬁy systems use
standing tanks tilted back to an optimum collector angle.

The second variable is the use of insulated shutters to improve
nighttime performance. One of the most sévere problems with bread-
box systems is their loss of significant amounts of the heat at
night. To feduce these heat losses systems have been constructed
vwith insulated 1lids that can be closed at night. Often these lids
have reflective foil bonded to the insulation to increase solar
radiation ente;ing the box during the day when the lids are open.

The main drawback of inéulated lids is that they require some
manual operation. Automatic freon driven lids have not proved:
successful, and an inexpensive but durable motorized shut;er system
has yet to be developed. Externél lids and shu£ters are also subject
to the sometimes destructive force of the wind and weathering.

Work is curreptly in progress using thermal drapes for insulation
inside the box. While this reduces exposuré to weather, it does
not reduce the need for user operation.

The most recent méthod of reducing nighttime heat losses is
placing the breadbox system within a greenhouse. Insulated breadbox
lids are used in some cases, while.night insulation for the entire
greenhouse is used in others. Even without insulated lids a "bread-
box" hot water heater in a greenhouse will have significantly lower
heat loss at night.

Plumbing configuration is a third major variégle. Some systems
have been plumbed in series; others in parallel. Series plumbing

reduces mixing between the cold inlet water and the hot breadbox



. water, with most of the ﬁixingvtaking piace in tﬁe first,Aor first
and second tanks. This allows the third or iast tank in series to
deliver the hottest water to‘the.house.

A parallel plumbing paftern allows the cold inlet water to
be evenly distributed among ali the tanks. This reduces the effect
of the incoming cold water, since each tank experiences only a
smaii temperature drop. There is some indication that series
plumbing indeed provides the hottest water to the house, but little ;
quantitative research comparing series and parallel plumbing has
been'done. .

 The foﬁrth'important variable is the color of the box interiorf
Breadbox interiors have genefally beén either ﬁainted flat black or
lined with reflecéivé materials, alfhough there are designs that
use white interiors<;s'we11. Black inferiors have been used on fhe’
assumption that any solar radiation entering the box should be
abgorbed, and would therefore heat the box interior. The warm aif
in the box in turn heatg the tank. Reflective interiors have also
been used in an atteﬁpt to get all the solar radiation transmitted
thrqugh.thé glaziné reflected Onto‘the tank. The effectiveness of
reflectorized systems varies with refiector ﬁlacement within the
box. At present there is little research to-demoﬁstfate the super-
iority of either system.

A fifth major variable is tank size and shape. Thisvvariable
i; mainly 5 function of the available supply and cost of tanks7
‘Optimal tanks'are long and narrow because of tﬁeir lafger suffécé

to volume ratio. This, however, may réquire a larger box and higher




costs. The larger,thé ténk surface, the more absorbant area for
solar radiation.

The final-variable, glazing to mass ratio, has onlyirecently
been considé%ed. Although the glass is also a major source of heat
loss, adequate gla;ing area-is . essential for providing appropriate
water temperatures. Without sufficient glazing area, a system
simply cannot admit enough heat to raise the water in thé tank to
the desired teﬁperature,

Currént calculations by D.A.T.A. indicate a maximum of 2.25
-galloﬁs of water for each squa;e foot of collector glass. For
standard domestic hot water appiications, this ratio of water to
glass will pgovide 110°F minimum tank temperatures in double glazed
boxes in Central Valley climates in summer. A lower ratio of water
to giass is necessd;y for higher temperatures or forbincreaéed
demand. | | |

Ovefall, there has been little quantitativé research on the
performance and'design parameters invoived in EreadBox design.
Despite the current popularity‘of computer modeling of solar heating
and cooling systems, very little simulation and modeling of ﬁot
wate; heaﬁe;s have been done. Nevertheless, a number of breadbox

systems of varying design have been built and installed, and the

systems are proving to be a low cost source of hot water.

2—79978



SECTION 2. DESIGN CRITERIA

The criteria used to develop and evaluate prototype breadbox
designs range from the site, the climate, and the 1éad profile
to construction considerations such asqhejifetimerf materials.
Although each factor discussed hergjygéagonsidered,caréfully, the
relative weight of each factor varies. Furthermore, several factors
conflict and partAof the design process ihvolved resolving these
conflicts, or at least mitigating their adverse effects on performance.
‘'The Site -

The Fred Young Farm Labor Cente; in Indio, California contains
253 -housing units and houses approximately 1775 peoﬁle. The residents
are farm workefs who reside in thé center throughout fﬁe year. The
buildings consist of one story, flat roofilinear structures, with
4-6 housing units in eaéh structure. Each 4-6 ﬁnits is served by
one 100 gallon 90,000 BTU water heater. There are a totalAéf 39
water heaters in thé center. The pfojeét goal is Lu Letrofi£ bread-
box water heaters onto as many water heateré as possible, for the
amount of maney available.

. The éity of Indio is located in California's. Coachella Valley.

The climqte‘is classified as desert, characte;ized by extremely hot
-summers, warm winters and low rainfall. AVerége daytime temperature
~ maximums from June to September are above 100°F, while average mini-
mums from during the same period are above 70°F. December - February
maximums averége 70°F or higher, while the average mihimums-range~
from 38-42°F. The area has. abundant solar radiation,.with over 740
KBTU/ft?2/year incident on a south.facing-surface tiited 15° from the

horizontal.




The Load Profile

The water cbnsﬁmption patterns of residents‘is one of the single
most impoftént.Qariables in designing and evaluating preheatef
systems. The load profiléfﬁohsisté of two main factors:

1. The total amount’bfaﬁﬁéérAused during a 24 hour period.

2. The distributibﬁ of water use ﬁhroughout the day.
The.léad profile and the total amoﬁnt consumed by résidents of the
Farm Labor Center vary greatly from the average léad for a. "typical
American family".

A rule of thumb often used for sizing water heaters is that
the typicai American family consumes approximately‘20 galions of
hot wéter per person each day. -A recent étudy'by the Sacraménté
Municipal Utility District.(SMUD), however, indicates an average

use of only 12 gallons per person each day. (Hpme Appliances and

Their Energy Use, by Conservation Department, SMUD, July 3, 1978).

This water use is normally spread throughout the day, with a sub-
stantial portion of the hot water used betweeﬁ 7:00am and 9:00am
'and thé largest percentage of water use océuring in the evening.

In contrast to the "typical American family" Farm Labor Center
residents rise early, between 3:00am and 5:00am; in the afternoon,
from 2:00pm to 5:00pm, the workers return from the fields and |
shower. Ihus, the greatesf demapd_for‘hot water occurs in late after-
noon. Solar hot water systems are well suited fof this load profile,
sincelthey provide the hottest water in the late afternoon.

Two contrasting load profiles are shown below. The profile for

the "typical family" was taken from Duffie and Beckman, Solar Energy



Thermal Processes. The load profile for the Farm Labor Center was

developed by D.A.T.A. staff, in part by using utility biil inf orma-
tion provided by the Center.

The second key facet of the load ‘profile is the overall water
demand. The total gallon demand per £ivé Center housing units is
quite high, over 400 gallons per day. Even though data indicates

that the residents probably use less water per capita (10 to 12

WATER DEMAND LOAD PROFILES -
Davis Alternative Technology Associates

Figure 1 Standard Load Profiie
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gallons per person) than a typical American family of four, family
size at the center ranges from 5 to 15 persons, with 7 being average.
Cost.

The main cost conéideration was low initial cost, while still
providing a proven and dur@ble'sxstem that performs well. All
breadbox systems were evalua;ed-on the basisvof total material cost,
.cost/ftz of colléctor area, and annual KBTU output/dollar invested.
Labor cost was not calculated because CDC will be using trainees
whose labor costs will be subsidized by CETA and other aséistance
programs and grants.

Performancé

Thé performance goal was to prbvide,at ieast 25% of the annual
hot waﬁer needs of each building. The performance of each of the
protofype breadbox des}gns was modeled by compdter,.and each system
compared for seasonal and annual BTUs delivered.

Weight

The system had to be light enough nof to impose a large load on
the roof, less tﬁan twent& pounds additional roof load per square foot.
Aesthetics |

The system also had to be aésthetically acceptable to housing
agency officials and residents. Systems with low'profilés presented
no aesthetic problems, éince they could not be seen from ground level.

Mass Production

Since 28 heaters had to be built at one time, the system selected
had to be designed for mass production. This required using standard

sized materials with a minimum amount of required cutting. Wood frame
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construction was preferred because C.D.C.'s shop operations are
currently set up to handle wood. However, some sheet metal designs
were also considered.

Reproducibility ' ot

Since C.D.C. plans to continue building and iﬁstalling breadboxes
after this project ends; the design;chﬁsen had to be suitable for
single as well as multifamily housing units. There was.some conflict
between this design congideratixﬁxand the nature of the_load profile.
Farm Labor Center installation requirés.virtually no night storage,
since tﬁe~ﬁater.use in the afternoon is so high. An optimal system
for this project heats up quickly and delivers hot wéter immediately.
A more typigal single family installation uses ;ess water, but re-
quirés morelnight heat Stdrage to provide hot water in the mbrning

hours.

Locally Available Materials

The breadboxes should be constructed of ;ucally available
materials wherever possible to minimize shipping costs, delivery
lead time and the energy consumed inlsﬁipping materials.

Lifetime of Materials

The systeﬁs had to be constructed of durable ma;erials, and
the plumbing design had to minimize corrosiom. fhe lifetime of
plywood was assumed to be 20.yeérs; the lifetime of the Kalwall
glazing material 10 years.

Shipping

Sincé the systeﬁs will be conétructed in San‘Berhardinb and-

shipped to Indio fﬁr ingtallation, they must ship easily and with -

minimal damage.
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Installation Ease

Installation hédAto be as simple.and quick as possible, with
the system 1ight‘enough for a four-person crew to carry. On site
fabrication had‘to be minimized and the plumbing connections also
made simple. ‘:, tiiud -

Vandalism

Since property in the Farm Labor Centér is prone to vandalism,
' the system's glazing needed to withstand theaimpaét of rocks, bottles,
and otﬁer projectiles.u All prototype systems used Kalwall glazing
because of its resilience and resistance to impact. Systems with
low profilés not visible from the ground are also less susceptible
to vandali;m.

Maintenance

Since components and construction are fairly simple, the key
maintenance design requirement is ;he ability to remove the glazing
for access to the box interior. Overall, the box and components
should require little maintenance.

Risk and Innovation

There is some risk and uncertainty associated with the construction,.

installation,.and-operation of any new system; untested material, °
improper design or faulty construction méy result in impaired per-

. formance or material failure. Each brea&ﬁox design had to be carefully
evaluated for such risks. High risk systems.were judged incompatible
with the project's goal of construéting and installing operating

systems, rather than conducting research on breadbox design.
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SECTION 3. BREADBOX PROTOTYPES

Based on the state—of;the—art in breadbox design and the design
criteria discussed iqtﬁ&:previous section, eight prototype breadbox
designs were developed. Two important factors were used in devélop—
ing these prototypes--tank availability and ratio of glazing to the
volume of water. Tﬁe performance of each syétem was modeled by
computér, and each system was evaluated and compafed.

One of the central problems facing breadbox desigﬂers and
builders is the availability andlcost of téﬁks. There is currently
one main source of ne& unjacketed, glass-lined steel tanks in
California, American‘Appliance. Tank prices vary gnormously among
the various distributors and jobbers who sell these tanks. During
the project, 30 gallon tank prices were quoted as ranging from
$54.00 (plus shipping) to $122.00 (plus.shipping). All of these
tanks 'were manufactured by AmericanlAppliance.

Alternatives ﬁo American Appliance tanks are available. Stone-
lined tanks, for instance, can be shipped from New York, but at
substantial shipping éﬁst. ‘Recycled gas and electric water heater
tanks are also availéBie in small quantities, but these must be
carefully tested since many have-leaks. Iﬁ some areas‘it is less‘
expensive to buy a new electric water heater and dismantle it,
rather than to buy a new unjécketed.tank.

‘Some innovative materials are also available, but. there are
drawbacks to many of these. Large diameter pipes are avaiiable,
but mostAcannot withétahd heat and line preséure; PolybﬁtYlene

has excellent characteristics in withstanding both high temperature
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and pressure, buf unfortunately it is available only in diameters
“of less than 1 1/2 incﬁes.‘ One'mathacturer, SAV, usés galvanized
tanks with a device that they claim neutralizes the corrosive
properties of water.

A simple low-cost method of coating aluminum irrigation pipe
with silicone had been déyeloped before this project by project
consultant, Horace McCracken. These coate& pipes appear extremely
promising, because of the low cost per gallén of tank and the

‘ abiiity of C.D.C. or other small businesses to apply their own
coatings. Additional research, development, and testing need to b;
'upderfaken, however, before this system can be used.

ACdpper can be used for tank materials; but at a higher cost
than steel. At present there are no commercially manufactured
copper tanks available. Large diameter copper pipe is available,
but it too is extremely expensive.

The second key design factor used in the breadbox design was
the glazing to water mass ratio. Computer studies(by D.A.T.A.,
under taken before this‘project, indicate that the glazing to water
mass ratio is one of the more important factors'in breadbox design.
The prototype breadboxes were designéd with a maximum of 2.0 gallons
pér square foot of glazing area. |

Computer Analysis

A large number of variables, such as glazing area, tank size,
glazing to mass ratio, total storage capacity, and box configuration,
affect breadbox design. At least one variable must be held constant

when comparing different systems. Initial studies showed that

3—79978
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breadbok performance for large load situations is most. affected by
the total effective glazing area. Tﬁus; the effective glazing area
of all sysfems was held .constant at 120 ft? per installation. 1In
addition, the ratio of méssAto glazing area was limited within
1.5-2 gallon per’ft2 wherever possible. As stated-eaflier3 this
variable is less critical than the.total glazing area per sysfém.
Finally, most gf the breadboxes using glass-lined steel tanké
were desigﬁed with 40 gallon tanké measuring 25 by 33 inches.
These tanks were conéidered the most cost effective tanks availabie

when this analysis was being undertaken.
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SYSTEM # 1 - TWO TANK VERTICAL BREAﬁBOX

Description: This systém uses two 40 gallon tanks set at a 45°
"tilt. The insulated plywood box has a simple ;riangglgrﬂshape.
The box is glazed with a'éingle layer of Kalwall also tilted at

a 45° angle. The two tanks are plumbed in,sgries.'

Wa;er,Storage: " 80 gallons/unit
Glazing Area: . . 60 ft.2/unit, 120 ft.%/installation
Number of Units: 2

Estimated Materials Cost: $320/unit, $640/installation
Performance: : 33% Solar, 37.45 KBTU annually/dollar invested
‘Advantageé: ' Ektremély simple box design lends -itself

to mass prodqction.

Low risk,\since similar designs have

been built throughopt‘California.

Siﬁple glaziné detail makes ﬁaintenance easy.
Disadvantages: Heavy and bulky construction makes

installation difficult.

High profile makes system susceptible

to vandalism.
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System #1 Two Tank Vertical
Figure 3

&

System #2 Three Tank Vertical
’ - Figure4 ‘
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SYSTEM # 2 - THREE TANK BREADBOX

. Description: This system uses three 30 gallon tanks tilted at a 45°

angle. The triangular box configuration is the same as the one used

for system #1. The tanks used are long and narrow (48"x18") and

have a greater surface area relative ‘to the amount of water they

contain. The tanks are plumbed in series.

Water Storage:

Glazing Area:

Number of Units:
Estimated Matgrials Cost:
Performance;

Advantages:

Disadvantages:

90 gallons/uni;
60 ft.2/unit, 120 ft.2/installation

2

$400/unit, $800/installation

35% Solar, 31.40 KBTU annually/dollar invested
Narrow diameter 30 gallon tanks provide
better performance than larger 40 gallon
tanks.

Simpie Box.design lends itself to mass
production.

Low risk, since similar designs have been
built throughout the West.

Higher éost since three tanks are used
instead of two.

Extremel& bulky and heavy box.makes shipping-
and installation difficult.

Large profile makes glazing susceptible

to vandalism.

Basic design can be reproduced, but system

may be too heavy and large for many resi-

dential retrofits.
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SYSTEM # 3 - TWO TANK -BREADBOX WITH SUPERHEATERS

Description: This system uses a two tank breadbox system to warm

the water, supplemented by a one tank system with a large glazing

to water ratio to boost the water up to high temperaturés. Both

the two tank and the one tank boxes are the same size and shape;

both use 40 gallonvtanks. 'All of the tanks are plumbed in series.

Water Storage:

Glazing Area:

Number of Units: 
Estimated Materials Cést:
Performance:

Advantages:.

120 gallons
120 ft.2/unit, 120 ft.2/installation
1

$546 /unit, $546/insta11apion

31% Solar, 41.01 KBTU annually/dollar invested

System is well suited for water demand
pattern, siﬂce it delivers hotfest water
in the afternoon.

The basic.box designs are simpie and easy
to mass'produce.

Fairly low risk system since box desigﬁs
have been built before. Although this
superheater has never been tested, there

are no foreseeable, theoretical or practi-

‘cal considerations that would prevent

its use.

Easy maintenance due to access to tanks.




Disadvantages:
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System is unsuitable for single family
home retrofits éince it is designed to
handle extreme}y lapge,hane;npdn loads.
Difficult installation since lafge

boxes are difficult to handle.

Plumbing between boxes increases installa-
tion cost and labor time slightly.

Large glazing areas and large profile

make system susceptible to vandalism.
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System #5 Two Tank Bubble System
Figure 7 o

System #6 Narrow Diameter Bubble System
Figure 8 :
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SYSTEM # 4 - TWO TANK HORIZONTAL SYSTEM

Description: ThiS'systém is a slightly modified version of the

breddbox currently being built by the San Bernardino C.D.C. The

system was redesigned to include a larger glazing area using

standard glazing sizes.

in series are used.

Water Storage:

Glazing Area:

Number of Unité:
Estima;ed«Materials‘Cost:
Performance: |

Advantages:

Disadvantages:

4—79978

Easily mass produced since C.D.C. is

- Easy installation, since system is relatively

Two horizontal 40 gallon tanks plumbed

80 gallons/unit

60 ft.2/unit, 120 ft.2/installation

2 .
$305/unit, $610/installation

34% Solar, 39.66 KBTU annually/dollar invested

accustomed to working with this Box
configuratioﬁ. |

Extremeiy repfoducible design} since this
low profiie system is well suited for
residential applicatiqns.

Low profilé.aiso minimizes vandalism

potential.

compact and easy to handle.

Low risk, since C.D.C. has built and
installed these boxes before.

Box shape is not optiﬁal for mass production
since a large amount of lumber cutting and

glazing flashing is required.
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SYSTEM # 5 — TWO TANK BUBBLE SYSTEM

Description: Two 30 gallon tanks, plumbed in series, are mounted

in a 24" diameter Kalwall cylinder. This configuration minimizes -

solid box area required, and is advantageous when glazing costs are

less than the lumber costs for'the box. There may be problems

developing a low cost method of sealing and weather-proofing the

bubble -ends while also allowing for thermal expansion.

Water Storage:

Glazing Area:.,

Number of Units:
Estimated Materials Cost:
Performance:

Advantages:

60 gallons/unit

62.8 ft.2/unit, 377 ft.2/installation

6

$208/unit, $1348/installation

76% Solar, 46.68 KBTU annually/dollar invested
Easily mass produced, since box framing

is minimal.

Light-weight system imposes small loads

on roof and makes shipping an& handllug
easier. |

Highly reproducible system sﬁitablé for
residential installation.

Low profile minimizes vandalism hazard.




Disadvantages:
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Cost per installation .is extremely high.

Maintenance-is difficult since glazing

~is not easily removable.

Moderate risk system since weather'proofj
ing may be difficult.

Increased installation costs due to large
number of plumbing connections requiréd

to hook up 6 units.
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e

System #3 Two Tank Box with Superheater
Figure 5

N

System #4 Two Tank Honzontal
Flgure 6 .
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SYSTEM # 6 — NARROW DIAMETER BUBBLE SYSTEM

Description: This'system uses 6ﬁ diameter aluminum irrigation pipe
placed inside a 30' long, 8" diaﬁeter Kalwall cylinder. The aluminum .
pipe is silicone éoated, using the method developed by H. McCracken.
The narrow diameter pipe allows fast water heating. The-syétem
operates very efficiently, since the demand rate is so high that the
water does not stand in the piﬁes longvenough to lose heat. Plumbing
connectioﬁs for the pipe are.expensive so longer.pipe runs are more

cost effective than short ones.

Water Storage: 44 gallons/unit

a A
Glazing Area: 45 ft.2/unit, 270 ft.2/installation
Number of Units: . 6

.Estimated Materials Cost: $101/unit,_$606/insta11ation
Performance: | 41% Solar, 51.15 KBTU annually/dqlla¥ invested
Advantages: o Extremely eésy to mass produce due to
simple design and inexpensive, available
raw materials.
Moderately easy installation. Glazed
piping lengths are easy to handle, but
connections between pipes must be done
on site.
Dgsign is well matched to load profile,
since if provides quick, efficient water

heating.




Disadvantages:
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High risk system since aluminum coating

‘'method is untested.

Not reproducible fpr single residential

~applications, although system is well

suited for multi-family or commercial

use.
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SYSTEM # 7 - NARROW DIAMETER TRIANGULAR SYSTEM‘

Deséription: ‘This. system, developed by Horace McCrgcken, uses
3" diameter silicone coated aluminum irrigation pipe inside a
triangular sheet metal box.. The system heaté up extremely fast
due-to-the narrow - tube diametérsandoperates very efficiently.
Since the connections are expensive and the pipes hold a small

amount of water, this system would be built in 16)foot lengths.

Water storage figﬁres are listed below, but they are relatively

meaningless, since water flow through the system is quite fast.

Water Storage: 0.37 gallons/unit -
Glazing Area: 12.8 ft.2/unit, 128 ft.2/installation

Number of Units: 10
Estimated Materials éost: $29/unit; $290/installétioﬁ
Perfdrmance: 32% Solar, 82.0 KBTU annually/dollar invested
Advantages: Easily mass produced since the system has
few components.
'Sﬁitable for multi—family, commercial énd
industrial applications.
Easy installation since systems are
lightweight and easy to handle.
Very low profile is not susceptible to
vandalism.
System matches load profile, since it

is a minimal storage, fast heating device.



Disadvantages:

High risk system since silicone coating
method is untested( Improperly coated
pipe Qill corrode rapidly. |

Pogential health hazard, since long term'
effects of silicone intcontéct with drink-~

ing ‘water supply are unknown. .

- May be unsuitable for single family units

since the system has minimal heat storage.
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System #7 Narrow Diameter Triangular
Figure 9

System #8 One Tank Triangular -
Figure 10 '
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SYSTEM # 8 — ONE TANK TRIANGULAR BREADBOX

Description: This one tank system placed in a triangular box was

developed midway through the project to meet the criteria of a small,

easy to handle system with a simple box design. In this systenm, the

tank -lies with the long axis running east/west, allowing solar radia-

tion to be better distributed across the tank surface in winter.

This system is modular; it is easy to add tanks as needed.

Water Storage:
Glazing Area:

Number of Units:

Estimated Materials Cost:

Performance:

Advantages:

40 gallons/unit

28 ft.2/unit, 112 ft.2/installation

4

$183/unit, $732/installation

19% Solar, 18.14 KBTU annually/dollar invested
Easily mass produced. This box requires

little lumber cutting.

‘Highly reproducible for single family

retrofits, since box is fairly compacf

and the number éf boxes can be easily
varied to match the hot water load.

Easily maintained, since an entire box
could be removed and replaced if necessary.’
Glazing detail allows for quick glazing
removal.

Low profile minimizes susceptability to

vandalism.

Glazing set at optimum tilt for location.




Disadvantages:
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System is costlier since separate box is
used for egch tank.

Plumbing connections between the boxes
can be time—qonsuming‘and costly for

installations. of more than two systems.
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SECTION A.V PERFORMANCE EVALUATION

The performance of each breadbox system was analyzed using
D.A.T.A.'s computef code BBX, validated against data gathered by
D.A.T.A.'s Suncatcher Monitoring Project in the summer of 1979.
The program uses hour by hour simulation and yields tank tempera-
tures as well as the Fotal heat delivered by the system. The
results of the analysis for each system are presented in the
Breadbox Performance Summary_Sheet in this section. This section
also includes additional anaiysis of two systems developed during
the final stages of the selection process.

Program Description

The computer code BBX uses hour by hour éimulation to modei
the annual éerformance of the breadbox systeﬁs. Rather than using
the very expensive method of modeling thé performance for an.
entire year, breadbox performance is modeled during eight design
days, consisting of one typical suuany and ome fypicél cloudy day
for each of the four seasons. The program multiplies the clear déy
performance by the number of clear days in the season, and the
number of cloudy days by the cloﬁdy day performance. The number
of partly cloudy days are then multiplied by 2/3 of the sunny day
performance and 1/3 of the cloudy day performance. Statistical
studies of solar radiation indicafe that most of the daily radiatioﬁ
on partly cloudy days actually strikes the earth's surface..

The program inputs include the‘physical and.thermal characteris-
tics of the box and tanks, as well as the lbad profile, climatic
and solar radiation data. The box characteristics include the area,

orientation and R-value of all walls and glazing surfaces. The
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input on the tanks includes water capacity in pounds, surface area
of the tapk, and the surface area exposéd to solar radiation.'
Climatic data includes maximum and minimum daily-temperatures;
average number of clear, partly cloudy and cloudy days each month,
etc. |

The program calculations include'a heat balance between the
key elements of'the system, i.e. the outside air temperature,
internal temperatures and taﬁk temperature. This heat Balance,
calculated 100 times per hour, also interfaces with the load profile:
The hourly load profile allows heated mass to be drawn from the
tanks and cold water to be intfoduced.

The program outputs include an hourly summary of the maximﬁm
and minimum fank tempefa;ureé, outside air temperatures, and
interior box teméeratufe; It also summarizes net heat exchanges
between the various components in this system and the environment.
At the end of each day the maximum and minimum temperatures, net
BTU output from the system, and a compiete sumhary of the heat
balance of each element are printed.

The‘annualized output includes annual BTU supplied by solar
heating, annual BTUs supplied by thé back-up héater, total number
of galions used pef year, apd the percent solar contribution to
the total water heating demand. 'It is important to note that the
médel simulates the bréadﬁox system when it is actually connected

to the back-up system.
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"Performance Summary

" The summary of the performance is presented}in the Breadbox .
Performance Summary Sheet. System #5, the two tank pubble, has
the largest'pefcent solar and delivéred thg largest amouﬁt of heat.
This ié due primarily to the large number of units used. In con-
trast, the triangular system pérformed worst by delivering the
smallest amount of heat. This appears to be due to the large heat
losses through the box walls, éince each(tank is enclosed in an
individual box. With the exception of system #5 and system #8,
the systems using more than one 30 or 40 gallon tank performed
similarly. This shows that these éystems are not particularly
sensitive to changes in box configuration.

The performance difference in system #4 using 30 gallon tanks

vs. 40 gallon tanks is extremely sﬁall., Thus, the system perform-

ance for all the tank systems (#1-#5 and #8) would not change greatly

if 30 gallon tanks were substituted for 40 gallon tanks, 30 gallon
tank systems are a better choice since they lower the cost (30
gallon tanks are less expehsive) wifhout significantly lowering
system performance for this particular application. 1In fact,Athe

KBTU/dollar cost differences between the two systems show that 30

gallon tanks are extremely economical--43.97 KBTU/dollar compared to

39.65 KBTU/dollar for the 40 gallon tank system.




BREADBOX PERFORMANCE SUMMARY SHEET

System Number Tanks/Unit # of Units Total Capaci;y. MBTUS Annual OQutput % Solar KBTU/$
 1§ 2 tank vertical’ 2 2 © 160 gal. E . 23.97 - .33 37,45
2. 3 tank vertical ' 3 ' 2 180 gal. 25.12 - 35 31.40
3. 2 tank plus 3 1 120 gal. ‘ 22.39 31 41.01
superheater :
4. 2 tank e 2 120 gal. o 2%.01 33 43.97
horizontal 2 2 160 gal. 24.19 - 34 39.66
5. 2 tank bubble 2 6 360 gal. 62.93 76 46.68
6. Narrow diameter 30 6 264 gal. A 31.00 - 31 51.15

bubble--6" pipe lin. ft.

7. Narrow diameter 16 10 59 gal. 23.78 " 32 82.00
triangular lin. ft. ' A ‘ : :
(McCracken) 3" pipe

8. 1 tank 1 4 160 gal. ©13.28 .19 18.14
triangular . :

(30 gal.)
(40 gal.)

S¢
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SECTION 5. BREADBOX MONITORING RECOMMENDAIIONé

Several levels or oﬁtions for monitoring are available. The
costs and information gathered will generally vary inversely, thus
the final decision will be made in conjuncﬁion with other project
considerationé.y Several options héve been develdped so;that an
intelligent and informed decision which balancés projéct and
monitoring goals can be made.

Basic Output Performance

1. Miﬁimal Requirements

The minimal requirement for monitoring equipment is a singie'
BTU meter for each system to be monitbreda This. instrumént-shoﬁld
be placed in a sheltered locafion between the breadbox outlet and
the hot water.heater inAfront of any installed bypass valves. The
inlet water temperature also needs to be measured for these units
to work; thus, fhe inlet and outlet plumbing for the breadbox for
‘monitored systems needs to be reasonably close and in a sheltecred
location. The BTY meter must be installed in a horizontal section
of pipe. A'110 volt electrical outlet or>circuit nearby is necessary.
The Conserdyne BTU meterbis recommended due to its feasonable cost
'and local availability (Gléndale, California). There are regrettably
few~manufécturefs producing such instruments for hot water applications.

2. Secondary Conside;ations

. The second step in monitoring should include anothér BTU meter

at the hot w;ter heater outlet.,.The in;tallation ingtructions_are
similar to thosé above except this installation is for the hot water

heater. Both these options require periodic reading of the output
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of the BTU and gas meters. The more often readings are taken, the
befter the information, although monthly readings are sufficient.
More frequent readings wogld yield informafion aBout the load pro-
filé, if done hourly, and the day to day gr week to week variation,
if done daiiy or wéekly. Hourly readings'for 24 full hours one or
two days a month would give usefu1~infofmatioh about both daily load
profile and overall performance. This level of ﬁonitoring will
adequately indicate performance; but will reveal little about the
dynamics of the system or how it might be.modified to improve per;
. formance. The meter readings may need to be compared to solér
radiation da;é although the site has a very high percentage of
clear days even in winter. This monitoring could not compare
bregdboxes to other flat plate collectoré or other systems due to
the spéci?l aspects of the Indio prpject and site.

Temperature Monitoring

1. Hand Read

In a&dition to the use of BTU meters diséussed in secion 1
above, the inclusion of a multi-channel temperature measuring device
would bé usefui for gathering more information about breadbox per-
formance. -Various temperature measuring instruments are sold with
active solar system controllers, and_there are also instruments
available exclusively for measuring temperature. These raﬁge in
price from $85-$400 and can accomodate anywhere from 3-11 channels.
chh-temperature measﬁring devices have to be read periodiéally de-
pending on the frequency of ;emperature-measurement desired. Generaily,
the frequehcy of readings musﬁ be gréater than four times per day

to be useful, with hourly measurements being most typical. Strip
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-chaft recording instruments are also available, but the.absolute
cost and price per ghannel jumps substantially. For example, a
‘two channel recording system costs $400. This cost must be balanced
againét the cost of gathering the infofma;ion by hand and must
also coﬁsider'the”total number of-temperafure measurements per
system gq be moniféfé&:"Thé.instruﬁenf recommended for this appli-
cation is sold by Hawﬁhorne Industries (proVide& it is réadily
available), and costs approximately $200 for eigﬁt channels and
temperétufe seﬁsofs. The following temperatures shouid'be ménitored:
inlet and outlet temperatures of the system and of each tank within
the system; inside breadbox temperatures, and outside tempérafure.'
Sensors are available as screw-in fixturés for the tanks and for the
inlet and outlet temperatﬁres.‘ Care must be taken to avoid strati-
.fication where inlet and'oﬁtlet temperatures are measured. Ideally,
thg temperatures should'be monitored during 3-4 separate periods of
distinctly different weather conditinns. This level of monitoring
is useful to compare with computer models for validation and for
simulétion of breadboxes of different designs and application;.
Someone familiar with monitoring of solar systems should install
the sensors, althodgh care must be faken to recognize that bread-
boxes are different.f;bm stan&ard flat plate collectors. A

schematic diagram of suggested sensor placement appears below:
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Figure 11 Sensor Placement Schematic

2. Automated Recording

It may be possiﬂle to attach strip chart recorders to the
‘températuFé sensing iﬁstruments for tﬂe additional cost of renting
the strip chart recorder.v However, this alternative has not been
investigated in detail. If this is.done, care must be taken to
match the eiectrical iﬁput requireﬁents of the strip charf recorder
to.the output of the temperature sensing device. Likewise, digital

output sensors would probably require a printed output as opposed
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to strip charts'which continuously record temperatures.

In any event, the cost of eachAmonitoring system should not
exceed $1,200, since there is a package instrument that will record
and print ten channels of'temperatufe information available from
DATEL. 1If the strip charts are used, the time requifed to reduce
dﬁta from the strip charts should be considered, and if no record-
ing system is used, for the time required in recording and analyzing
any data gathered. |

3. Insolation Measuremeﬂt

A pyranometer may be added to the monitoring system, although
the output of a pyranometer is usually different from the output
of temperature sensors and the system chosen may not be able to
accommodate the pyranometer output. Iﬁ addition, instantaneous
pyranometer output is not very useful, especially if recorded or
sensed infrequently. Therefore, iﬁtegrators are usually used with
pyranometers to integrate the total radiative flux. These integrators
must either be read daily during the monitoring period or have an
output that is compatible with the recording device used. fyrano—
meters are fairly expensive instruments, with medium quality devices
costing $700, although it is possible to purchase an adequate sensor
for $100. The integrator raises the price by $400 - $1000.

D.A.T.A. feels that including a pyranometer is not necessary
for this project unles; cémparisons with similarly monitored projects
is anticipated, or separate funding is available. Solar data from
aAﬁeérby'éolar.station will probably be adéquate'when correlated

with local weather data.
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4. Fully Automated Data Gathering System

The.most extensive monitoring system would still need the
minimum specifications given above, but éould also use a top quality,
rental monitoring system. Sensors for this system could be purchased
and installed during the first part ofAthe project. The data acquisi-
tion system wouldlallow foy a wide range in temperatures and sensors
of all types, including pyranometers and pulse counting devices.
Therefore, the cost of specific instrumentation forfpyranometer sens-
ing could be avoided. Recording and hardcopy of the data could be
autématic, avoiding the necessity for human reading of data. A
frained technician would be needed, however, to set up the mopitor—
ing project and check the instruments reguiarlyvduring the monitor-
ing period. The instrument rental would be approximately $400 per
month, and the technician's services would cost an equal amouﬂt or

more.
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SECTION 6. RECOMMENbATIONS AND CONCLUSIONS

Design Matrix

Thé-following_system désién matrix summarizes how each system
relates.to the design criteria developed in Section 3. Each'systeﬁ
is ranked graphically. A black qircle shows that the sysfem relates
positively to fhe design featurés. Tﬂe empty circle signifies that
it does not conform go the design criteria. A half;filled circle

shows that the éystem has some positive and some negative features.,




SYSTEM DESIGN MATRIX .

12 Tank 3 Tank 2 Tank & 2 Tank 2 Tank {Marrow Triangular| One
Vertical | Vertical| Superheater | Horizontal | Bubble [Diameter |System Tank
1 2 3 4 5 6 . 7 8
CoSsT/ ' : ‘
SYSTEM $640.00 $800:00 $546.00 $546.00 $1348.00| $660.00 $290.00 [$732.00
COST/ft?2 | .
GLAZING 5.33 6.66 4.55 4.55 10.04 9.25 2.41 6.10
KBTU/$ 37.45 31.40 41.01 43.97 46.68 51.15 82.00 18.14
% SOLAR 33 35 31 33 76 41 32 19
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Recommendations

One system was found suitable for use in this project, the t&o
tank horizontal system, #4, similér to the current C.D.C. system.
This system has D.A.T.A.'s highest recommendation. The performance
of the recommended system falls within the middle range'for systems
using‘tanké. The KBTU/dollar is the highest of all the low risk
systems. The fact that c.D.C. is familiar Qith this system and its
construction was also a major deciding point. In addition, C.D.C.'s
familiarity means shorter lecad times before ﬁass production begins.
Finally, this system can be replicated for use in other residential
applications, so that this project léys the groundwork for C.D.C.
to build and install bfeadboxes as an ongoing business.

The narrow diameter triangular system developed by Horace
McCrackén was found to have the highestAperformance relative to cost,
i.e. 82.0 KBTU/dollar. ‘Although the high risk involved with using
an nntested idea makes the McCracken system unsuitable for this pro-
ject, it neve;theless deserves. further research and support. The
system has broad.applicapion for high volume, low storage apblica—
tions such as multi-family housing, commercial and industrial use.
The silicone coating technology is extremely simple and offers the
potential for C.D.C. and other small businesses to coat'thei£ own
pipes for system installations. The coating technique could also
apply to galvanized tanks and may be a significant breakthrough in
solving the problem of tank supply currently facing the breadbox
industry. The McCracken systém, and the silicdne coating tgchnique,
deserve serious investigation, and D.A.T.A. recommends that funding

be provided for additional research.
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BREADBOX SYSTEM SPECIFICATIONS
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SPECIFICATIONS FOR BREADBOX SYSTEM

FRAMING

The frame shall bé{constructed:of.Zx material,
" conmstruction grade or bé;éngnghe skin shall be 3/8 B-C
Medium Density Overlay (M.D.0.), a 1ong-1aéting coated
plywbod; Tﬁe 2x frame members sha}l use a minimum of
2-16d nails;. For joints in the sidewalls and back,
fasteners applied with a cpmpressed air gun should be.
‘used. The skiﬁ shall be attached to the frame with 8d
nails, or tacks, and mastic.' All jpints on the exterior

of the box shall be taped with flashband (available

from Kalwall).

PAINTING

Although the M.D.0O. may be installed without painting,
sealing edges and surfaces is recommended . If the box is
painted, the Riverside Coﬁnty Housing Authority should be

consulted regarding color selection.

Any wood in the box interior that is not covered
by insulation shall be painted with aluminum paint.
Aluminum paint increases reflection in the box and also

prevents the wood from checking and warping due to heat.
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BOX INTERIOR

Thenintérior of the box shall be fully insulated with 1 l/4"

foil faced rigid insulation. Insulatiog'gn the bottom shall be
set so that it rests between the 2x4 membgrs, with the top surface.
of the insulation flush with the topiggdghe 2x4. Insulation on
the sidés and back is placed directly over the framing. The insula-
tion should be secured with tacks or maétic to insure that it does
not get dislodged in shipping.

| All joints in the insulation and any edges exposed to sunlight
shall be sealed with aluminum foil tape. All holes fdr plumbing

stubs shall be as small as possible and sealed with tape, or foam

sealant (Polyceil 1 or equivalent) and tape.

PLUMBING

Breadbox tanks shall be American Appliance lé"x48" (30 gallon)
glass-lined electric water heater model. The tanks sﬁéuld be placed
with their centers 12" in from the outside skin of the box. There
should be a minimum of 9" between theltoé of the tank and the side
of the finished box including the insulation. The tanks sﬁall be
held down by a minimum of 3 galvanized.straps. Screws with large
washers should be used to fasten the straps to the 2x4 hold down

blocks.
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‘One pressure relief valve shall be located -inside
the box with a drain pipe that goes to the outside. All
other ﬁalves'shall be iocéied'outside the box. If used,
the air relief valve whféﬁ‘allows air to exit when the
tanks are being filled,déhgalgkhave its nibple at the
highest point on the tank. |
The‘nipples and plugs may be stainless steel, brass,
or galvanized, although to minimize corrosion, stainless
steel is recommended. Brass is the next best choice.
All other piping shall be coppef. 'Flexible copper connections
with dielectric couplings should be used for joining nipples
to copper'pipe. Brass gafe valves shall be used wﬁerever
valves are specified. However, the air relief valve may
be a simple galvanized assembly, since galvanic corrosion
is uniﬁportant in this locafion. Before glazing installa—
tion, each‘breadbox should be pressure teéte& with air to
the limit specified by local code or 50 péi, whichevef

is higher.

" GLAZING

The glazing material shall be Kalwall Sunlité premium
grade, .040 thickness. 'Flashing shall be galvanized ;heet
me;al. See plans for exact dimensions of vafioué flashing
sizes. Glazing shall be installed with silicone caulk and
g;lvanized flashing, and fastened by neoprene gasket hex

head screws (available from GM Industrial).
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INSTALLATION

The support structure shall be instaliqd on site, using screws
at least 2 1/2" long. Install breadbox plumbing according to plané.
All éipes containing hot water must be “ifisulated with Armaflex.

The Armaflex should be painted to Prévént-degradation by sunlight.
The backup hot water heater ﬁust be insulated with R-~6 fiberglass
batts. If batts with Kraft paper 5ééking are used, the backing

must be removed for fire safety purposes.
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ASSEMBLY AND INSTALLATION GUIDELINES

INTRODUCTION . . . - ., s

The following is a brief set of instructions that spell out
the various steps in cqnsgggg@gﬁg and inst;llihg the'system.
Thesé instructions are intended as guidelines for iayiné(out and
ﬁhasing construction of the system. C.D.C. should mddify‘these
guidelines wherever necessary. |

Since the construction details of this system are different
from previ;ug systems, C.D.C. shduld build one sample box to become
familiar with this design. Building a sample box will allow‘
project supervisors to spot potential problems and enable C.D.C.
to seé what types of ;emplates and other produétion aids are

needed.

A. FRAﬁING AND BOX ASSEMBLY.

Tb'spéed the cutting and assembly of framing members, C.D.C.
should consider é'coding system for framing membersi This code
could use colofs, or letters énd numbers. Coding would allo& all
the cutting to be done at one tine. ‘Eaéh piece could be coded and
placed in a bin coﬁtaining only similar pieces. For example; the
code for the box bottom ééuld‘be red. Each framing member in the
bottom would be marked red and would also haﬁg a number. All

parts .that have the same dimensions would have the same number.
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Layout and framing could be streamlined by using stencils to
mark the layout pattern on the plywood pieces. The stencil would
be applied to a'fuli_é'x8' plywood sheet before cutting.. The
stencil would show the cut lines, as well as the pattern for laying
out the 2x4 frame. |
.Guidelines:

1. Mark and cut 2x4's for back, bottom, sides, glazing
support and suppérf structure. Spot check some cuts to insure
that the dimensions are correct.

2. Mark and cutrplywood for the entire box.

3. Drill holes for plumbing stubs and valves (optional:
this step may be performed as Guidelines #7).

4. ‘Paint interior framing members'and glazing supports not
to be covered with insulation. The recommended color is reflective
aluminum.

5. Lay out the 2x4 frames on the appropriate.plywdod piece,
The 2x4 frame members should be flush with the plywood edge except

in areas noted on the plans.

6. Assemble each 2x4 frame. Fasten each frame to the appropriate

plywood piece with nails, or tacks, and mastic.
7. Drill holes for plumbing (note: this step may be performed

as Guideline #3)

8. Assemble the box. Use mastic on all surfaces where plywood

meets the 2x4 frame.
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.9. Install the glazing supports.
10.  Ship breadboxes to the site.
11. Place them on roof. |

12. Install the support structures.

13. Secure as necessary.

B. ‘fAINTING / STAINING

AStaining the box is recommendea, even though ;he M;D.O. is
an excellent weather resistant surface. If the box is painted,
the flashing may also be painted, but this is optional. C.D.C.
‘should check with the Riverside County Housing Authorify'regard—
ing painting the flashing and selecting a color.

If C.D.C. décides to paint the flashing, flashiﬁg should
be precut to the proper 1ength. Repainting the tanksAis also
optional. While the tanks are painted at the factory, repaint-
ing inéures their having a good uﬁiform.éollector surface. - .
PaintingAalso,preVents exterior rust that may occur due to .
‘occésional,éondensatién on the tanks. The tanks should be
cleaned with TSP or the equivalent before.repainting;' Flat black

high temperature barbecue or engine paint should be used.

C. INSULATION AND TANK INSTALLATION : ’ o .
Guidelines:
1. Cut all insulation and mark and cut out holes for

plumbing.
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2. Install the nipples, elbows, and plugs on tanks.
Note: do not install the flex connectors until step 6. This
prevents the connectors from getting ip the way during the
tank installation or from getfing damaged or bent.

3. 1Install insulation in the bottom of the box.

4. Install the tank support blocks.

5. Install and strap down the tanks.
6. Insulate the rest of the box. All insulation should

fit snugly in the box. Mastic or tacks may be used to fasten

the insulation to prevent its becoming dislodged in shipping
and installation. All joints must be taped with aluminum foil
tape to reduce infiltration.

7. Insert the inlet and outlet stubs, and the air relief
valve through the insulation and into the stub box. Be sure to
seal around the openings with tape or foam sealant and tape.

8. Install the pressure relief drain pipe through the
insulation and through the box wall. Again, tape or seal around
the rough opening.

9. 1Install the drain valve assembly and seal hole.

iO. Install the flex connectors and connect the two tanks.
Before the glazing is installed, pressure test the system and
all connections to 50 psi, or the pressure specified by the local

code, whichever is greater.
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D. GLAZING
Guidelines: |

1. Measure and cut glazing material.

2. flace glazing in position and tack it down in two or
three.places.

3. Position the flashing and then place a silicone caulk
bead around the glazing edge. Screw the flashing down part way,
until it rests on the silicone buf is not tight.

4. Allow the silicone to dry overnight, and then. tighten

down the screws that hold the flashing.

E. SHIPPING

Due to the weakness of the glazipg and the number of pipes
and valves coming out of the box, these systems are fragile.
Every effort should be ﬁade to avoid damage to the boxes in shipping.
A series of shipping blocks has been designed to allow'two systems
to be séécked together without damaging the glazing. These shipping
blocks are fastened by screws (hex hgad or square drive) or
-scaffold nails, so they can be easily removeﬁ on siﬁe. A minimum
of three fasteﬁers is required to hold each box onto the shipping

block.
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F. -INSTALLATION
Guidelines:

1. Place system on roof with forkiift.

2. Remove shipping blocks, p#tch hplé;, and apply touch-up
paint to the holes and any other parfs damaged in shibping.

3. Install the support blocks.

4. Layouf, cut, and partially assemble the plumbing needed
to connect the boxes to each other and to the backup system.

5. Pressure test tﬁe entire plumbing.system and inspect all
joints and connections. |

6. Insulate all the pipes except for the unions and conneétors
before the final plumbing connections are made. Bé careful not to
sweat solder pipes that have been insulated.

7. Apply insulation over joints and unions. It will beA
necessary to slit the insulation to place it on the joints. The
insulation should he tape wrapped tn seal the slit(s) with a
strong weather resistant tape wrapped around and slightly over-
lapped for better holding power.

8. Paint the pipe insulation with Armaflex paint to prevent
degradation of the insulation.

9. 1Insulate the backup system.
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SOURCES FOR BREADBOX PLANS

How To Build A Passive System Solar Water Heater, 1976
Horace McCracken :
29 West Carlos
Alturas, CA 96101
Cost - $6.00 :
A horizontal system using duct insulation to reduce nlght heat
loss. Includes performance.

Breadbox Water Heater Plans

- Zomeworks

Box 712

Albuquerque, NM
Includes plans for a 2 tank horizontal system with insulated
UDI and 'a 1 tank vertical system with night insulatlon

Inexpen31ve Do-It-Yourself Solar Water Heater Or Pre-Heater

Peter Zweig

Farallones Institute

1520 Coleman Valley Rd.

Occidental, CA 95465

Cost - $1.00

' A simple tr1angu1ar 1 tank system with a tilted vertical tank.

Vertical-Two Tank-Passive Solar Water Heater (1929)
Horizontal-Two. Tank-Passive Solar Water Heater (1979)
John Burton

Integral Design

3825 Sebastapol Rd.

Santa Rosa, CA 95401

Cost - $15.00 for each set of plans
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BREADBOX MANUFACTURERS AND DISTRIBUTORS & INSTALLERS

Integral Designs
3825 Sebastapol Rd.
Santa Rosa, CA 95401
Site built two tank horizontal and vertical system

Solar American Co.
P. 0. Box 2088
Newport News, VA 23602
Mass produced single tank horizontal system

Fred Rice Productions

P. 0. Box 91277

Los Angeles, CA 90009
Manufacturers and distributors of SAV solar water heaters.
Single tank systems, also available parabolic concentrations.

Sun Energy Builders

5838 Robertson Ave.

Carmichael, CA 95608
A mass produced 2 tank system designed to sit flush with the
roofline of a house.

Sun Energy International

P. 0. Box 6542

Concord, CA 94524
Distributors for a Japanese narrow dlameter 1ntegral collector
storage unit.

Horace McCracken
2Y West Carlos
Alturas, CA 96101
A variety of site built, custom designed systems.

American Appliance

P. 0. Box 1456

Santa Monica, CA : .
Manufacturers of glass-lined steel tank. Tank prices vary
depending on distributor or jobber, and quantity.

Pelican Associates

2584 Leghorn St.

Mountain View, CA 94043 ,
Distributors for stone-lined steel tanks.
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