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DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.
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NOTICE

This report was prepared to document work sponsored by the
United States Government. Neither the United States nor its
agents the United States Department of Energy, the United
States National Aeronautics and Space Administration, nor any
federal employees, nor any of their contractors, subcontractors
or their employees, make any warranty, express or implied, or
assume any legal liability or responsibility for the accuracy,
completeness, or usefulness of any information, apparatus,
product or process disclosed, or represent that its use would
not infringe privately owned rights.
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INTRODUCTION

This system was designed by Solar Engineering & Egquipment
Co. Inc. in collaboration with The Binkley Company, Inc.

This decign was further developed under a contract with
the National Aeronautics & Space Administration, Marshall
Space Flight Center, Huntsville, Alabama. The contract
with NASA required further development of the design
wherein two prototype systems would be developed and
fabricated and ultimately installeé in two operational
test sites selected by NASA, the first system being a
single family residence located at the Concho Indian
School in El Reno, OklalLoma,

Basically the requirements of the NASA contract were to
accomplish the following objectives:

l. To further develop and refine two prototype solar
hot air systems utilizing the concept of the SEECO
collector as the basis of the system.

2. To design and install the cotplete system including
all storage requirements for specific buildings as
selected for operational test sites.

3. To test all components of the system and to ulti-
mately test the complete system through all stages
of development and to continue testing the installed
system at the operational test sites through one
conplete winter season and to report all test
findings to NASA for further evaluation.

The specific goals of the program were:

a) To develop a solar heating collecter and system that
would be economical yet durable and efficient.

b) To prove that the air-to-air system would function
as well as a liguid system and thereby eleminate the
problems of freezing of the transfer fluids and
inherent problems in liquid collectors.

c) To design a collector in which the basic materials
used in its manufacture are standard products
readily available off the shelf that can be mass
produced in large quantities.

d) The collector can be manufactured in any length
up to 40 feet to accommodate design of any roof

vi



span to the 40 foot limitation, thereby eliminating
the need for multiple manifold connections reqguired
in a scries of small collector mocdules.

e) To prove that the collector can. efficiently serve as
the actual roof of a building through its structural
integrity and waterproofnecs and thereby eliminating
the cost of the roof, therefore reducing the solar
system collector cost. :

~As this development program progressed it became apparent

- -that the SERCO collector could provide other advantages

] o when used in industrial and aoricultural systems for pro-.

o per produce drying and for industrial and institutional

v - "+ hot water. Severazl systems have been designed for lumber
drying, cotton and industrial het water for hospitals and
nursing howes., C ' '
' Solar Engincering & Eguipment Co. Inc. extends its services
to architects and enginecrs as well as to private indivi-
duals and companies who have an.interest in solar systems
utilizing the concept outlined in this brochure of employ-
ing any_ of the other methods wherein solar energy can pro-
vide useful and economical alternative energy sources.

”,
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Fiouke 1 . : SOLAR COLLECTOR

System Description

The SEECO solar air heater, Mod I, is made in modules 3' wide
and any ‘length not excceding forty feet. These modules are
joined to form a collector of any chosen width in multiples
of three feet. The collectors are fabricated by utilizing
standard steel building wall components, as shown by the
drawing (Fig. 1), Three bottom pans, each 12" wide made

" of galvanized steel, 22 gauge, are joined to form the three

foot width. A standard 26 gauge steel sheet, painted with
best grade flat black paint of a special heat resistant type,
forms the absorber plate. Over this is installed the top
thermal window consisting of two layers of Dupont Tedlar 4 mil

thick plastic film mounted on a 3/4" x 3/4" stecl frame. This.

window is separated from the absorber plate by a special ure-
. thane-isocyanurate thermal isolator. Fforced air is passed
over and under the absorber plate through air plenums at. the
top and bottom of the collector system, as shown on the
drawing. Each module channel may be individually. balanced

by the use of hand dampers installed as shown. This adjust-
ment is made after installation, at the job site, prior to
closing in the hot air plenum at the roof ridge. This system
of air ducts or plenums connects into the existing warm air
system. This interconnection detajl will vary in accordance
-with the conventional hot air system which will interface
with the solar system. A typical installation is-shown.

“(Fig. 3) .
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Accessories

This system may be equipped with an air to water heat exchanger

to heat domestic hot water. (Fig. 2) This is an economical

and efficient way to produce hot water for domestic use because

there is no danger of cross pollution between antifreeze
admixtures because no antifreeze is necessary and our h1gh
efficiency heat transfer coils actually are lower in price
than double tube liquid heat exchangers of the same capa-
city. A drawing of a typical domestic hot water system
shows the simplicity of the system.

Typiéal Installation Arrangements

The SEECO solar collector may be used as a structural part:of’

- the roof. It can be self supporting in spans up to twenty feet

and may eliminate a part of the roof in new construction. In
order to minimize on field installation work, the collectors
are shipped from the factory in maximum sized modules. Because

_of overhead clearance and road regulations, maximum widths of

four madules or 12 ft. are shipped factory joined. Any length
up to forty feet can be custom made to fit job requirements.
These collector modules may be installed with their long axes
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Fre. 3 - InsTALLATION DETAILS

either horizontal or vertical. The vertical axis with inlet
at the cave and outlet at the ridge is usually preferable
because of inlet and outlet air plenum design, but the
system is flexible and may be used either way.

The twelve foot wide collector sections can be lifted by
special lifting slings with a crane and installed on the
roof where they are joined by factory furnished sealing
strips and gaskets. The method of fastening the collectors
must meet the existing roof conditions, but usually it is
made by using special hold down clips or brackets at each
end of the collector, so as to avoid having to break down
the collector to place screws through the bottom of the pan
into the roof. The installer should beqgin at one end of
the roof and proceed to the other, utilizing the special
sliding ladder to make:the top suriace joints. '
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The supply and return manifolds are then connected into the
converitional system. This will vary in accordance with the
type of system that will be used, but interfacing ducts and
control dampers are usually similar to the example shown,
although exact duct locations may vary. If possible, inter-
facing duct work should be designed by a professional who-
understands the principals of air distribution- and ductwork

design. SFECO is always ready to assist the client in this
sort of work.

When the fan(s) have been installed and are'operable, full,
capacity air should be circulated through the system, prior

to installing the bottom of the hut air supply plenum or any
other obstacle to access to the adjustable dampers. It is
essential that these dampers be individually adjusted for

each air channel to CquliZL air flow across the roof. This.
flow velocity can be checked with a hand held velometer with
a flexible tube connected nozzle. When the air circulation
has been halanced the duct system should be closed and sealed
"and the entire system checked for air leaks, inspecting each
sibly cscape. Air leaks should be
sealed with the special silicone secalant furnished with the
installation. The contractor should then adjust the various
_control damper combinations for proper operatlon and sequen-
cing inaccordance with the various modes. As may be seen from
the typical drawings, the SEECO collector can be tailor-made
to fit a required length but the width must be maintained in’
multiples of three feet.
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Unit Dimensions and Mounting Instructions

The SEECO Mod I collector can be mounted in various ways. .
Typical arrangements are shown on the drawing (Fiq:5_). As

a general rule, especially designed mounting flashings or st?aps-
are furnished by the factory and shipped with the unit.. Typlcal
strapping and hold-down flashings may be seen on the hot air
plcnum drowingo, both ridge and eave. (Fig. 3 _).

The collectors mayvalso be free standing for mounting on a

.flatter roof, either with especially designed mounting arrays

or in factory fabricated housings which are also air plenums

as shown on the typical drawings. (Fig, 5)-
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Physical Data

The basic collector weighs five pounds per square foot. The
additional weight of the plenums must be calculated from the
special plans. When the .collectors are installed on structural
mounts or factory built air plenums, the weight will depend
on the design. The performance of the collector will depend
upon the area, average temperatures, volumes of air, building
heating load, etc. but in general it may be ‘expected that the
collector will operate at an average forty percent efficiency
when using three cubic feet of air per minute per square foot
of collector area. ' :

Selection Procedure

We suggest that the design of a solar system be handled:
through a professional cngineer who has data on local weather
conditions, HVAC tables, ASHRAL heat loss and solar tables

and other pertinent information. The first step is the cal-

culation of the average maximum heat load during the coldest
month that is to be considered. (ln some cases in the coldest
northern states it may not be economically feasible to attempt
to furnish collector areas sufficient to meet peak loads
during December and January when the sun also is at its
lowest point.) The heat loads for+the space should be based
on the maximum use of energy conserving materials such as
adequate insulation, double paned storm windows, good weather-
stripping, minimum outside air introductiocn, etc. If possible
all energy conservation methpds suggested by the new ASHRAL
codes should be adopted, because it is not feasible to install
expensive solar collectors to heat spaces that are not maxi-
mized for heat conservation. Daily average and minimum tem-
peratures are given for each month of the year for hundreds
of cities in the USA by tables furnished by the NOAA
which may be obtained through your local weather bureau.
These tables also include data on solar insolation for each
hour of the day, (Fig. JIJ ) and percentages of sunlight that
may be expected for each month of the year. This information
is readily available and any engineer who will work in solar
energy should have it all in his files.

Once we have determined the maximum amounl of sunshine and

solar energy which we may expect to obtain on the design day
chosen, we rcfer to our collector efficiency chart to deter-
mine how much usable energy we may expect Lo rccérive per day

from our system. A simple formula is one in which the total

maximum daily heat required, including stered heat, will be
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Page 4

divided by the BTU per square foot which we may.expect to
obtain from our collector, will give us the total amount of
collector area required.

Q = Total BTU

Coll. BTU/sqrr - Collector Sq. Ft. Area

Whether we use the required amount of collector area and

the calculated amount of storage volume, will depend on the
highly variable trade-off against total cost that we can
obtain and there is 1o fixed rule of thumb to determine

this, as the ‘two main variables are the amount of solar heat
available and the range of outside temperature which we
choose as our base. For this reason we suggest that this
selcection work be done by an experienced HVAC. solar engineer,
and his methods and choices can be studied and employed on.
other projects at a later date.

'Pagé 7
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Collector Performance

The SEECO Mod I collector has been fully tested in accordance

with approved Bureau of Standards and ASHRAE testing procedures’

and the.curves (Fig. ® ) should be an excellent guide for
collector efficiency and selection under certain conditions.
The efficiency chart will show how you should expect your

_SEECO collector to perform. Since this collectoy operates

at peak efficiency at .low operating temperatures, the thermal
design is based on a twenty degree F. rise over the collector
which means that Lhe normal operating air temperature will be
between 90° and 100° F. Air volume has been calculated on’
this basis also. On retrofit jobs the collector can be
operated on other air volumes, if necessary to work in con-
Junction with existing hot air heating systems.’



Selcction Procedure

Calculate 24 hour heat load for building. This heat load
should be based on the average daily temperature for the site,

“taken from NOAA climatological data, for the coldest month

of the year. This will determine the temperature differen-
tial to be used in the heat load calculations. It will be
important for the client to indicate the amount of heating
that he will require, with particular reference to number of
hours per day and specific temperatures required during the
day and at-night. (In ovur example calculation we have chosen
a daytime tcmperature of 70 degrees for eight daylight hours
at 70 degrees and 55 degrees for 16 hours - when solar heal

is not available. The architect or the client should also
specify the percentage of the total heat requirement. that
should be furnished by solar energy. For example, some
system designers base their calculations on furnishing

only 75% of the theoretical heat requirement and on the use’
of auxiliary heat at other times. It should also be noted
that the sun does not shine 100% of the time and the days of
effective sunlight are listed in the NOAA climatological data
and the client should be made aware of this percentage, which
should be taken into consideration ‘when deciding on the amount
of solar energy which will be required. :

Collector Areca Selection

Refer to insolation data for the chosen month and to the col-
lector efficiency curve at the average inlet temperature
(usually 70 deg. F.) minus the average outside temperature
divided by the insolation figure. This will give the collec-
tor efficiency for those conditions. By multiplying the in-
solation for the day by the collector efficiency we arrive

at the amount of usable heat we may expect to collect per
square foot of collector. By dividing the daily heat load
(which should include a total 24 hour supply of heat for

the various tempecratures chosen, including storage) we can
arrive at the number of square feet of collector that will
be required. There are additional transmission losses in
duclwork, elc. which should theoretically be subtracted,

but normally these losses are ignored.

-

Storage

A certain percentage of the heat collected will be stored in
a rock storage bin. It is usually not economically feasible
to ctoro norc thsn the heal required fof the night hours.
Many designers use only 75% of the night requirement. -There
are several ways to calculate the volume of the storage
varying from rules of thumb such as one half cubic foot of '
rock per square foot of collector area while others base their
volumes on ASHRAL.data and the actual specific heat of the
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rock which arrives at one cubic foot of rock per square
foot of collector, but in most cases the actual amount of
- storage installed will depend on the space and the money
available. Our example is based on ASHRAE data.

Storage

‘Solar air heating systems normally use a rock storage bin
for storing heat collected during the day to heal the space
at night. The heat collected requirement is usually the
samc as the daytime requirement depending upon the thermo-
stat settings. Under normal conditions we would recommend
a setting of 70 degrees F from 0700 to 0900 at night and, a
setting of 55 deqrees from 1900 to 0700 or 50% - 50% :
division of heating requirement. Solar collector collecting’
ability should only be based on approximately 0900 to 1700
hours or a maximum of eight hours in the winter. We there-
fore must consider that we can usc direct solar heat for
only 8 hours and must store sufficient heat for 16 hours in
our storage calculations. Useful storage temperatures may
vary between 100" deyrees F to 75 degrees F{(when the thermo-
stat is set at 55 degrees ). | .

The calculation of actual storage volume will depend on
several variables discussed under Selection Procedure.
Usually, the amount of storage installed will depend on
gspace available and costs. :

There are several methods to store rocks. The storage_iank~
"may be placed outside of the house and underground, or it
may be placed under the floor slab when this is on the ground

and without basement. Plywood bins may be used, as shown in
our typical design. ’(Fjg, 8) These latter may be pre- -
fabricated and installed on the site. It is generally un-

feasible to provide storage for more than one night, and
some say that only 75% of this storage is effective. This
has yet to be proved, as no exhaustive studies of rock sto- -
rage have yet becn made. . ‘
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Guide Specification

The solar collector system shall be of the air heater type.
The system shall be designed to produce not less than:
BTU per day when operating at a median temp. of F

"during the month of with a total daily solar

insolation of T BiTU/HR/Sq.Ft. of net collector area,
as determined from the ASHRAE or NOAA climatological data.
lLatitude is .

Collector absorption plates sha]l be made of 26 gauge steel
with a black surface which shall have an absorption capa-
plllty of not less than 90% with equsl emissivity.

Collector case shall be 22 gauge galvanized steel. Cover
window shall be two sheets of TEDLAR &4 mil thick special
solar plastic film glued Lo steel frame with Monsanto
GELVA or equal special adhesive. After glueing TEDLAR
shall be shrunk on frame to drum tightness.  Cover window
shall be fastened to collector frame with self threading
chromium plated TCK screws over a SPBCJal polyester sponge
type sealing gasket.

Collecting system shall Jncludo capacity to warm |

gals. per day of doméstic hot water from " ‘degrees F
to degrecs F through.a copper tube air to water

heat ecxchanger with aluminum fins. Solar contractor shall
furnish heat exchanger, separate fan, and circulating pump,
with a differential control thermostat in a separate self :
contained package which will attach to the existing conven-
tional hot.water system.

Heat load of space and interface design should be done by .

" a registered professional engincer w1th experience in both

HVAC and Solar design.
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EXAMPLE
Three bedroom house at Ashland, MA. Lat. = 45° N
Floor area = 1300 sq. ft. Roof slope = 35°

Refer to NOAA Climatolocical Data

Insolation, 21 Jan. - léBZ_BTU/DAY/SqFf. (interpolated)

Average Min. Temp. = 30°F

24 Hr. Heat Loss = 352,660 BTU
Night Lnss (storage load) = 193,640 BTU

Average collector efficiency = 40% (See Fig. )

Collector Area Required -

. 352,600 BTU/DAY
40% Lff x 1632 BIU/sq ft

n
i
Ea)
o
[&]
£
-
o

"Storage (night load only)

Temp. Diff. (night)

[}

~
w

1

\n
w
1

N
(an}

(@]

-

Rock Temp. range = 90° - 70° = -~ 20

Weight of crushed rock 100, lbs./cu ft.

Specific Heat = .2 BTU/°F/LB = 20 BTU/CU FT. .
= 20 BTU x 20°F " =. 4G0 BTU/CU FT.
Volume = 193,600 ) |
W = 484 cu. ft.

Domestic Hot VWater

11

4 Occupants at 15 gal. 60_gai./day

60 x 8.33 = 500 lbs/day

1140°F - T.0.  90°~

water in = 50°F  Out

- 500 1bs. x 90 T.D.

i

45,000 BTU/day

45,000
T40% x 1632

= 69 sq. ft. of collector
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TABLE A2 ... SOLAR POSITIO_N_ AND INSOLATION VALUES FOR 32 DEGREES NORTH LATITUDE
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N T YT A Jropmvjas s g su
R AV SR TR 7 302 | 30 765 € | m 59
e ; : ];é i ;3: ' 17 i &6 j 0.0 R T 73 | 2 7y
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TABLE A3 ... SOLAR POSITION AND INSOLATION VALUES FOR 40 DEGREES NORTH LATITUDE
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i PAM G e gt [ ! TV Tazieg gy R0 LA v ‘l_‘._y ; i I e
: ; ] i \ ]
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TABLE A4 ... SOU\R FOSITION AND INSOLATION VALUES FOR 48 DEGREES NORTH LA'l ITUDE

DATE | SOUAR TIvE SCLAR ’(:Sl (-] { prun/sa, e Ay Ntrm&cu bLJ S\’I‘A’[S l .".Alt—— SOLAR T {%e l SOLAY rGRITION 2 priv/so, FT, TOTAL {NSOLATIOM O SUPFACES
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) 8 1,7 103.7 I - IR 3} 27 1% 15 i} it - 12 51,5 0.0 278 ; m7
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8 4 3.7 81.6 e m 155 I 7 123 IR uS | owev 3103 it 3% .7 3¢ S ] 0 éz
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i0 2 $3.0 51.3 24 252 285 51 120 10 2 l7.| 23.5 233 83 135 20 212 25 70t
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] 6 17,2 1r5.2 172 Tu 33 12 18 13 17 ! 2 13.6 23.2 21 £3 164 139 192 197 130
7 5 7.0 7.3 P2y 129 33 7Y% 3] 15 i 1 17.3 16.4 wm RG w7 226 39 e 3
8 4 3.} su.6 - 246 i8] 197 o bong as 35 12 18.6 0.0 250 9 222 2u) 254 40 P
, 9 3 6.9 7.6 %1 225 218 157 75 HYS Tu SURFACE DAILY TOTALS FUAL) ung  {i136 | 1250 1326 1364 “130u
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L}
1) BASED ON DATA IN TABLE 1, pp 387 in 1972 ASHRAE HANDBOOK QOF

NOTE:
. FUNDAMENTALS, 0% GROUND REFLECTANCE; 1.0 CLEARNESS FACTOR.
2) SEE FIG. 4, po 394 in 1972 ASHRAE HANDBOOK OF FUNDAMENTALS FOR
TYPICAL REGIONAL CLEARNESS FACTORS.
GROUND REFLECTION NOT INCLUDED ON NORMAL OR HORIZONTAL
" SURFACES.

3

CImilewe. 3T e e o s o -

Jp— B T

LA




i

MEAN FPERCENTAIGL 08

er oK

L L S

SHINE FOR SELECTED LOCATIONS

Stare und Station] YRS I8 w J J A 3 o | N ANN
Alz., Birmingham 5G 56 66 | 672 | 62 | 65 65 | 67 | 58 59
Momo2iery 449 ] 73 7 66 39 68 7 64 64
Alaska, Anchorag? 18 56 50° 51 45 29 ) 32 33 45 |
Fairbanks 20 " 61 55 | 53 45.1 38 31 28 | 38 a4
Juncay 16 ag 34 | 35 28.1 30 | 25 | 6 | 71 30
Nome 20 48. 59 48 32 | 26 34 35 | 36 41
Ariz., Fhounix 64 £3 83 | o4 84| 84 S | 88 | 84 RS
Yuma 52 91 87, | 8 2 | o 93 [ 93 | 90 91
Ark., Little Rock 66 57 67 72 71 73 71 74 58 62
Calil., Cureka | 43 50 54 56 52 | 45 52 | 48 | 42 49
Frisno EEE - T2 es TR | g7 97 63 | 87 73 78
Los Angeles 63 70 68 | 69 80 | 8 80 | 76 | 79 73
Red BluH 39 65 79 | 88 us | 94 8 | 77 | 64 75
" Sactamento 42 67 82 50 G5 a5 a2 |.82 | &5 77
Sar Dicoo 6% [ 69 1 &0 62 1 701 70 | 70 | 75 68 |
San Francisco | G4 63 70 | 75 68 | 63 720 | 70 | €2 66
Colo., Denver 64 €5 61 G9 GS 68 71 |- 67 67
Grand Junction 57 64 71 79 76 72 77 74 67 69
48 i 57 1 60 62 { 60 57 5 45 56
1868 61 G4 B4 62 €2 1.8 54 _58
26 T37 0 ] 6a | 63 62 ] 74 [ 66 | 65 |
Jacksonvilie GO 66 71 63 G2 €3 53 58 Gt 62
Key Wt 45 78 76 70 69 71 85 65 69 71
Bicini Beach 48 73 68 | G2 €5 | 67 62 | 67 | 65 67
Yamps .63 1.7 75 | 661 _86? 64_ B¢ 67 _1_67 6
Ga., Atianta £t 3] 68 | 68 | €2 | &3 65 | 67 | 60 60
Hawaii, Hilo ] 41 3t 41 44 38 42 41 34 39
Honoluln 53 60 64 66 67 70 70 68 63 65 -
Libus Q 48 51 | &0 58 55 67 58 51 . 54
Idaho, Boise 20 59 68 | 75. g9* | s6 gi 65 | 4c 66
T FoceteioT 207 T 377 By 66 7 €377 JETIT66 ] 48 64
., Cairo 30 59 7 77 82 79 75 | 73 | =8 65
Chicano 66 £3 63 | 69 73 70 64 | 61 | 47 59
Springtield 59 54 64 69 76 72 73 | 64 | 53 60
Ind., Evansville 48 55 _ 67 73 8 1 76 | 73 1 67 | 52 64
Fort Wayne 48 57 62 |' 6e 74 1 68 | 64 | 58 | 41 57
Indisnapolis 63 49 62 68 74 70 68 64 48 59
towa, s Maines 66 56 G2 66 75 70 64 64 53 62
Dubuoue 64 52 60 | 63 73 | 67 61 55 | 44 57
Sioux City | 52 ne 63 | 67 75 | 72 67 | 85 | 53 63
| Kans., Concordia | 52 762 65 | 73 79 | 76 72 ] 70 | 64 67
Dadue City 70 68 c8 | 74 78 {. 78 76 | 15 | 70 71
Wichita 46 64 66. | 73 80 77 72 | 68 67 69
Ky., Louisville 59 52 " 64 68 72 69 68 64 51 59
ta., New Orleans 69 57 €6 64 58 |- 60 64 70 60 £9 |
“Shrevenon 18 | 58 69 | 78 | 79| wo 79 | 77 | €3 69
‘Maine, Eestport 58 52’ 51 53 55 57 53 50 | 37 50
Macs., Boston 67 57 59 62 64 63 61 58 ag . 57
Kich., Alpens. ay Ly - 59 64 70 64 52 44 24 5
Devoit o 1 L _se les 1 ooe ] e | e1 1 g4 1 25 53
Girand Rapids 56 48 60 | 66 72 | 67 56 | 50 | 31 a9
Marquettc 65 47 53 55 63 57 A7 38 24 . 47
Sau. St Marie | 60 50 54 59 63 8. | 45 | 36 | 21 47
Minn.; Duluth 40 60 58 | 60 68 | 63 53 | 47 | 3 55
___Minneanolis 45 55 6u_|_64 72 188 60 _1 54 1 40 56
“Muss., Vickshurg | 66 ] 46 57 60 | 73 [ ee | 72 7% | 71 | &0 64
Mo., Kansas City 69 59 64 70 76 -1 73 70 67 68 - €5
St. Lauis 68 56 64 68 72 €8 67 | 65 | 54 61
Sprinaficld a5 57 63 69 77 2 |.Nn €5 o8 63
Monl., Havre 55 €1 €3 | 65 72 | 75 64 57 | 4t 62
Heiena 65 58 59 63 77 74 &3 57 4 60
Kakhispell 50 49 58 60 77 )73 61 50 28 53
‘Nebi., Liucoln 55 0] 63 €9 76 n 67 66 Lo 64
. NomhPlane | 153 64 64 | 72 78 | 74 72 | 70 | €7 68
N\
ane 21




MEAN PERUTNTAGE OF POSSIBLE SUNSHINE FOR SELEGTED LOCATIONS

State and Station! yRg J NS [ M A M J J A s o N D ANN
Nevada, Ely 21 61 64 | 68 | 65 67 | 79 719 | 81 81 73| 67 62 72
Las Vegxs 19 74 | 77| 18 | B2 85 | 91 84 | 85 92 | 84 | 83 | .75 82
Reno 51 59 64 | 69 | 75 771 82 90 | 89 86 | .76 | 68 =6 76
Winnemucca 53 52 60 | 64 | 70 76 | 83 50 | 90 86 f 15 | 62 s3 74
N.H., Concoid 44 48 53 | 8 { 53 51 | 55 57 | s8 55 | 50 | 43 43 52
N.J.. Atlantic City . | 62 51 57 | 58 | 59 62 ] 65 | 67 | 66 64 | 54 | 58 52 60
N.M., Albuquergue |28 | 70 721 72| 78 79 | 84 76 | 75 81 | 80 | 79 70 76
Roswell 47 | 69 721 15 | 717 76 | 80 76 | 75 24 | 74| 74 69 74
N.Y., Albany €3 43 51 53 | s3 57 | 62 -] 63 | 61 s8 | 54 | 39 | 38 53
8inghamton 63 31 39 41 44 50 56 54 52 47 43 29 26 44
Buffalo 49 k73 a1 49 |51 59 | 67 70 | 67 60 | S° 31 28 55
" Canton 43 37 a7 50 43 54 61 63 61 54 45 30 .31 49
New York City |83 49 56 | 57 | 59 62 | 65 66 | 64 64 | 61 53 50 | Ty
- Syracuse 49 31 38 45 50 58 64 67 63 56 47 29 26 50
N.C., Asheville 57 8 53 | 56 | 61 | 64 | 63 5o | 59 62 | 64 | 58 48 58
Raeigh 61 | 50 6 | 59 | 64 | 67 | 65 | 62 | 62 63 | 64 | 62 52 61
N. Dak., Bismark 65 52 s8 | 56 | &7 s | 81 {- 713 | 69 62 | 58 | 49 48 59
Devils Lake 55 54 60 | 59 | 60 59 | 62 71 | 67 59 | 56 | 44 45 58
Fargo 39 47 5 | 56 | 58 62 | 63 73 | 65 60 | s7 | 39 46 59
___MWilliston__ 143 51 €9 | 60| 63 | €6 | 66 1 78 | 75 65 ) 60 | 48 48 €3
Ohio, Cincinnati 44 a1 a5 | 52 | 56 62 | 69 72 [ 8 68| 60 | 46 | .39 57 |
Cleveland 65 29 36 45 LY 61 67 7 68 62 54 32 25 50
Columbus 65 | 36 44 | 49 | 54 63 | &8 71 | 68 66 | 60 | 44 35 55
Ok., Oklahoma City | 62 57 63 | 63| 64 65 | 74 78 | 78 74 | 68 | 64 57 63
Oregon, Baker a6 | M 29 | 56 | 61 63 | 67 83 | 81| 74 |-62 | a6 37 60
" portland 69 27 3471 a1 | &0 | 52 ] 55 70 ] 65 55 | 42 | 28 23 48
Roseburg 29 24 32 | 40 { ‘51 57 | 53 79 | 77 68 | 42 | 28 18 51
Pa., Harrishurg ‘60 43 52 55 57 61 65 68 63 |- 62 58 47 43 57
Philadeiphia 66 45 56 | 57 | 58 61 | 62 G4 | 61 62 | & 53 49 57
Pittsburgh 63 32 39 | 45 | s0 57 | 62 64 | 61 62 | 54 | 39 30 s1
R Biock tsland | 48 [ 45 54 | 47.] 56 58 | 60 62 | 62 | 60 | 59 | s0 a4 55
S.C.. Charleston 61 58 60 | 65 | 72 713 | 70 66 | 66 67 | 68 | &8 57 66
Columbia 55 53 57 | 62 | &8 69 |- 68 63 | 65 64 | 68 | 64 51 63
S. Dak., Huron 62 55 62 | 60 | 62 65 | 68 76 | 72 66 | 61 52 49 63
| Rapid Gity 53 g 62 | 63 | 62 61 ] 66 73 | 13 69 | 66 | &8 54 64
Tenn., Knoxville 62 42 49 [ 837 a9 [ 64 | 06 G4 .| 5o 4 | 64 | 53 a7 57 ]
Memphis 55 44 51 57 64 68 74 73 74 70 69 58 a5 64
Nashville 63 42 47 | s4 | 60 65 | 69 69 | 68 69 | 65 | 55 42 59
Tx., Abilene 14 64| 68 | 713 | 66 73 | 86 83 | 85 713 | 7 72 66 | 73
Amarillo 54 | N 71 15 | 15 | 15 | 82 g1 | 81 79 | 76 | 76 70 76
Austin 33 46 50 | s7 | 60 62 Fn 76 | 79 70 | 70 | 57 49 63
Brownsville 37 44 49 | s1 57 65 | 73 78 | 78 67 | 70| 54 | 44 61
Del Rio 36 53 55 | 61 | 63 60 | 66 75 | 8o €9 | 66 | S8 52 63
E} Paso 53 74 77 | 81 85 87 |.87 | 18] 78 80 | 82 | 80 73 80
Fort Worth 33 1 s s7 | 65 | 66 67 | 73 8 | 78} 724 | 20| 863 58 €8
Galveston 66 50 %0 | 55 | 61 | 69 | 78 72 | 7 70 | 74 | 62 49 63 |
San Antonio 57 .| 48 51 56 | 53 60 | 69 74 | 75 69 | 67 | 55 49 62
Utah, Salt Lake City 1 22 | 48 53 | 61 8 73| 78 82 | 82 84 713 | s6 49 {* 69
Vi, Burlingion 54 34 43 | 48 | 47 53 | 59 62 | =9 51 43 | 25 24 45
Va., Norfolk 60 |- 50 57 | 60 | 62 67 | 66 66 | 66 63 | 64 | 60 | 51 62
T TRichmend T [56 | 48T 85189763767 |66 | 65 | 62 63| 64 | 58 50 61
Wash., North Head 44 28 37 42 48 48 48 50 46 48 41 31 27 41
Seattle 26 27 34 | 42 | 48 53 | 48| 62 | 56 53 | 36 { 28 24 45
Spokane 62 26- | 41 53 | 63 | 64 | 68 82 | 79 68 | 53 | 28 22 58
Tatoosh Islend | 49 2 3 | 39 | 45 47 | 46 48 | a4 47 | 38 | 26 23 | 40
T Waliawalla 44 24 35 | 52 | 63 | 67 | 72 86 | 84 727 59 | 33 | 20 60
Yakima 18 34 491 62 | 70 62 | 74 86 | 86 74 | 61 38 29 65
W. Va, Clkins 55 33 | 37| a2 | a7 55 |-s55 56 | 53 55 | 51 41 2 a8
Parkersinirg 62 30 36 | 42 | 49 s6 | 69 63 | 60 60 | s3 | 37 29 48
Wisc., Grevn Bay 57 45 | .51 55 | <6 58 | 64 70 | 65 58 | s2 | 40 40 - | 55
[T Madison T 188 ] T4A 4971762 ] 53 | =8| 64 70 | 66 60 [ 56 | 41 38 56
Milwaukee 59 44 48 53 56 60 | 65 63 | 67 62 56 44 39 57
Wyo., Chf':ycnne 63 65 €6 64 61 59 68 70 68 €9 69 65 63 66
L ander 57 €6 70| 72| 66 65 | 74 76 | 75 72 { 67 { 61 62 69
Sheridan 52 56 61 L 62 ] 61 61 | 67 76 | 74 €7 | 60 | 53 52 64
T eltewsione fark] 35|39 57 85 | &7 56 | 63 73 | 11 65 | 57 | 45 38 56
P. Rico, San Juan 57 64 69 | 7 65 59 | 61 65 | 67 61 63 | 63 65 &5
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HEATING

HOT AIR CAN BE INTRODUCED INTQ ANY CONVEN.

TIONAL FORCED HOT AIR HEATING SYSTEM

COOLING
SEECO IS A DISTRIBUTOR FOR THE FAMQUS ARKLA
ABSORETION CHILLER. EFFICIENT LOW COST CONCEN-
. TRATING COLLECTORS FURNISH HI-TEMP WATER 710
THE. UNIT WHICH PRODUCES LOW-TEMP WATER FOR
COOLING AIR IN THE CONVENTIONAL FORCED AIR
CONDITIONING SYSTEM

[

e

ey

VARYING LENGTH CONVEY

HEAVILY INSULATED SEECO STEEL SOLAR DRYING
BUILDINGS DIVIDE THE COST OF COLLECTOR AND
BUILDING TO GIVE THE VERY LOWEST TOTAL COST OF
EFFECTIVE UTILIZATION OF SOLAR ENERGY.

T m ( e N MAY BE EFFECTIVELY DRIED IN SEVERAL WAYS, INCLUDING A
_ i E 1N COMBINATION OF SOLAR AND LINT BURNING INCENERATGRS

A )

P - SOLAR ENERGY IN A SEECO KILN CAN’
LN/ "5.::)"_‘1. - - -tL \
i B-U[\/EULEF\ . TYPES OF LUMBER

[N

EFFECTIVELY DRY ALL

ARE IDEALLY ADAPTED TO SOLAR DRYING SINCE THEY REOQUIRE

~Y FRES A I ITRC
) PRAIM r;._) IS Only Low TEMPERATURE AIR

CORN .
GRAIMS .

rege 23

REANS SEECO HAS DEVELOPED. EFFECTIVE SYSTEMS TO DRY THE® ALL
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LAUNDRY |} E KITCHEN y
‘J V |
SEEEING j

HOTELS——HOSPITALS—MOTELS—NURSING HOMES

B li:.:‘._‘f_.;.a:‘,.-;y
\'Fast quantitics of encrgy may be reclaimed from the wasted heat from laundry was‘wers boiler stacks, kitchen range hoods, hot exhaust -
air, through a series ol heat exchanging devices, star ting with solar heated inlet air, 10 be utilized for comiort heating, process water -

heating, etc. in hotels and motels, fast food shops, hospitals, nursing homes, laundries canning and packing plants and in a variety of indus-
tries. SEECO can offer professional engineering and contracting service in the form of a turn-key installation contract.

TOTAL ENERGY

. N

WASTE

.
55 Y s Oy Cj WOOD CHIPS

1/J BOILER
F..d Sk

SAWMILL p— e
COTTON GIN ‘PRODUCT ’
. DRY&H i
€T F

RN I SIS -

Complete utilization of waste products from cotion gins, sawmills, planing mills, peanut shells, corn husks, etc. will furnish energy 10 ﬁre_'
special boilers to produce sieam which will drive a turbine 1o turn a generator which will furnish electricity. The éxhaust heat from the.
turbine will be used to produce heat 1o dry the product and the electricity will power the fans, pumps, saws, etc: in'the ‘mill: SEECO has
dune considerable rescarch in this field and has designed small prototype plants which show clearly ﬂ'.at there are many mduslnen whuu,
can be 100% self-sustaining.

HOT WATER

”dusmai & Dcmc.jiic

Fieating & Codling

HEATING

FOR ANY USE - RESIDENTIAL, COMMERCIAL OR IN-
DUSTRIAL CAN BE GENLRATED BY THE SEECO HOT AIR
COLLECTOR WITHOUT THE USE OF ANTI-FREEZE SOLU-
TIONS, AT HIGHER EFFICIENCY AND LOWER COST

THAN L1IOUID COLLECTORS . . ' 4J pUMP
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