SOLAR/0010-80/05
Distribution Category UC-59
(Modified)

Environmental Data
for Sites in the
National Solar Data Network

May 1980

U.S. DEPARTMENT OF ENERGY

NATIONAL SOLAR DATA PROGRAM



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.

DISCLAIMER

Portions of this document may be illegible in electronic image
products. Images are produced from the best available
original document.



SOLAR/0010-80/05

MAY 1980 ENVIRONMENTAL DATA

FOR SITES IN THE

NATIONAL SOLAR DATA NETWORK

PREPARED FOR

U. S. DEPARTMENT OF ENERGY
DE-AC01-79CS30027
R. HASSETT, DOE PROGRAM MANAGER
AND

ARGONNE NATTONAL TABORATORY, A. A. LONGNECKER, ANL PROGRAM MAMAGER

BY

AUTOMATION INDUSTRIES
VITRO LABORATORIES DIVISION
DONALD M. ROHA, VITRO PROGRAM MANAGER



INTRODUCTION

Organization of

SENSOR TECHNOLOGY
Insolation. .
Temperature .
Wind. . . . .
Humidity. . .

MEASUREMENT OF THE
Insolation.
Temperature .

Wind. . . . .

the

Relative Humidity

Data,

OTHER PUBLICATIONS . . . .

ENVIRONMENTAL DATA TABLES.

TABLE OF CONTENTS

ZONE 1 (Maine, Massachusetts,

Vermont)

Concord Municipal Light .
Kalwall Corporation . . .
Saddle Hill Trust, Lot 36
Saddle Hill Trust, Lot 73
Saddle Hill Trust, Lot 77

ZONE 2 (Connecticut, New Jersey, New York, Pennsylvania, Rhode Island)

.

Page

[« A NN O, BERR ) R

O 0 o O

10

1-1
1-3
1-7
1-9
1-11

Bell of Pennsylvania. . .
Lutz-Sotire . . . . . . .

M. F. Smith Associates. .

2-1




ZONE 2 (Continued)

SUMMEIWOoOd. ¢« & + ¢ « o o ¢ o o o o o 2 s s o o a4 o 5 o o @ o o o e

Sun Tech Homes, . & v ¢ ¢ 4 o ¢ o o o o o o o 2 o o s o o s s o s o

ZONE 3 (Michigan, Minnesota, North Dakota, South Dakota, Wisconsin)

Basin Flectric. « v v &« v ¢ ¢ o o o o o o o o o o o o o s o o o o =
First Baptist Church. . . . . ¢ ¢ ¢ ¢« ¢« ¢« ¢ v ¢ o o o o o o o o o o
Houston Construction Co.e o ¢ o o o o o o o o o o o o o o s o s s @
South Dakota School of Mines. . +. « v ¢« ¢ ¢ o« & o o o o « o o o o »
Telex Communications. . . o« o & ¢« o o ¢ ¢ o o o o o o o s o o o o o

Zien Mechanical . .+ ¢« ¢ o ¢ ¢ o o o o o o o s o o o o o o o o o »

ZONE 4 (Idaho, Montana, Wyoming)

Billings Shipping . « + . ¢ ¢ v ¢ ¢ ¢ ¢« o o ¢ ¢ o o o ¢« o o o o s s

Design Construction . . . « ¢ ¢ v v v v v ¢ 0 v v s e e e e e e e s

ZONE 5 (Oregon, Washington)

Landura Corporation « .« + « v o o o o o o o s o o o o o o s+ o o e
Olympic Engineering . + « v « v v v o & o ¢ o o o o v o o e u 0.

Washington Natural Gas. . « « « ¢ ¢ o o o o o & o o o o s o s o o &

ZONE 6 (Delaware, Indiana, Kentucky, Maryland, Ohio, Virginia,

Washington, D.C., West Virginia)

Alpha Construction. . .« « ¢ ¢ & o o o+ o o o o o o o s o o o o o o s
Columbia Gas. . + « + v ¢ o & o ¢ o o o o s o o s o s 4 e 4 s e 0
Damascus Land Corporation . « « « ¢ ¢ ¢« o o o o « o o « o o o o o o
Davidson-Phillips . . ¢ & ¢ ¢ ¢ ¢ o ¢ o ¢ o o o o o o o o o s o s o
Forest City Dillon. . o v ¢ ¢ ¢ o ¢ « ¢« o o o o « o o o o s s o o o
Hogate's Restaurant . . « o« o « o o o o o o o o o o o o o o o s o o
Loudoun County School . . ¢ « & v ¢« ¢« v ¢« ¢ o v ¢ o o o o« o s o« o
Moulder Corporation . . ¢ ¢« « « & ¢ ¢ o ¢ o o o o o o o o o o o« 4
Padonia Elementary School . . . « ¢ ¢« v ¢ ¢ ¢ ¢ o« o o o o o o o s
Page Jackson School . . . ¢ & ¢ ¢ ¢ & ¢ 0 v 4 e e s e 4 e s s e s o

Rademaker Corporation . . « o« « o « ¢ o o o ¢ o o s s o o o o o o o

ii

Page

2-9

3-10
3-14

5-1
5-3
5-5




ZONE 6 (Continued)
Sir Galahad . . . . . . . .

Terrell E. Moseley. . . . .
Troy-Miami County Library .

Upton Center. . . . . . . .

ZONE 7 (Illinois, Iowa, Kansas,

Missouri, Nebraska)

Argonne National Laboratory .

Du-Cat Investment . . . . .
John C. Byram . . + « .+ « &
Kaw Valley State Bank . . .
Lincoln Housing Authority .

Scattergood School. . . . .

ZONE 8 (Arizona, Colorado, New Mexico,

. .

. . . e . s e

Albuquerque Western . . . .
Boulder Post Office . . . .
Colorado Sunworks . . . .

Homes by Marilynn . . . . .
Hullco Construction . . .

Kirtland Air Force Base . .
Perl-Mack Enterprises . . .
Public Service. . . . . . .
Tempe Union High School . .

Waverly Homes . . . . . . .

ZONE 9 (California, Nevada)

Aratex Services . . . . . .
Facilities Development. . .
Irvine School . . . . . .

Lake Valley Firehouse . . .
Living Systems. . . . . . .
Montecito Pines . . . . . .

Ortiz & Reill . . . . . . .

1ii

Page

6-27
6-29
6-31
6-33

8-10
8-12
8-17
8-21
8-23
8-25
8-27

9-1
9-5
9-7
9-9
9--13
9-18
9-20 .



ZONE 10 (Alabama, Georgia, Mississippi, North Carolina,

South Carolina, Tennessee)

Alabama Power .

Charlotte Medical Center.
Chester West.
Phillips-Kauric .
RHRU Clemson.

Towns Elementary School .

. . . . .«

Blakedale Professional Center .

ZONE 11 (Arkansas, Louisiana, Oklahoma, Texas)

College Houses.
Dallas Recreation Center.
Radian Corporation. :
Randolph Air Force Base .

Trinity University.

ZONE 12 (Florida)

Florida Gas .

Matt D. Cannon.
Reedy Creek Utilities .

A-Frame Industries.

Hei Wai Wong.

LI . e ¢ & o e .

Florida I-95 Visitors Center. . . .« « « + + &

iv

Page

10-1
10-3
10-5
10-9
10-11
10~13
10-16

11-1
11-3
11-5
11-10
11-12

12-1
12-4
12-7
12-9

13-1
13-3




VT
NY \ (wH
MI 2 e
L PA J
IL YN |on
® .
WV /7 VA
KY
— NC
™ ; SC
WS AL 6
FL

Figure 1. National Solar Data Program Zones
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Aw  Tropical savanna. Hot;seasonally dry (usually winter)

BS  Tropical steppe. Semiarid; hot

BSk Mid-latitude steppe. Semiarid; cool or cold

BWh Tropical desert. Arid; hot Aw
Caf Humid subtropical. Mild winter; moist all seasons; long hot summer

Cb  Marine. Mild winter; moist all seasons; warm summer

Cs  Coastal Mediterranean. Mild winter; dry summer; short warm summer

Daf Humid continental. Severe winter; moist all seasons; long, hot summer

Dbf Humid continental. Severe winter; moist all seasons; short warm summer

H Undifferentiated highland climates Figure 2. Climate Zones

Trewartha, G.T. The Earth’s Problem Climates. University Wisconsin Press,
Madison, WI, 1961.
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ENVIRONMENTAL DATA

FOR

SITES IN THE NATIONAL SOLAR DATA NETWORK

INTRODUCTION

The Department of Energy's National Solar Data Program established solar
energy systems in residential and commercial buildings across the United
States. These solar sites are linked to Vitro Laboratories Division's com-
puter in the National Solar Data Network (NSDN). Vitro collects and analyzes
data from this network to determine the thermal performance of each of the
solar systems.

The network consists of: (1) sensors which measure key performance parameters
at a selected site; (2) a Site Data Acquisition Subsystem (SDAS); (3) telephone
transmission circuits; and (4) a Central Data Processing System (CDPS).

Sensor data are collected and stored on a cassette tape in the SDAS. The

CDPS collects and processes the information at Vitro and performs the required
computations.

For the majority of parameters, raw data is collected approximately every five
minutes. Solar insolation and certain other parameters, which are subject to
rapid variance, are sampled every 32 seconds. The CDPS interrogates each SDAS
on a daily basis and retrieves all accumulated data. At the conclusion of
data retrieval, the SDAS cassette is reset by command from the CDPS for con-
tinuing data collection.

This report presents environmental information collected at the sites for the
reporting month. Only those sites for which the data are found to be wvalid
are reported.

Organization of the Data

The environmmental data for the NSDN are presented in the form of tables for
each solar site. The solar sites are grouped into 12 zones, each of which
consists of several adjacent states (as shown in Figure 1). The solar energy
sites are in alphabetical sequence within each zone.

The tables provide available meteorological data for reporting sites in the
NSDN as follows:

o Insolation. The insolation table presents the total, diffuse,
direct, maximum, and extra-terrestrial radiation for the solar site.
It also shows the ratio of total extra-terrestrial radiation, as a

percent.

)

o Temperature. The temperature table gives the average, daytime,
nighttime, maximum, minimum and inlet-water temperatures for the

solar site.



Additional tables are presented for some of these NSDN sites, supplying either
wind or relative humidity data, or both.

o Wind. All of the passive and some of the active solar sites are
equipped with wind sensors. These provide information for two wind
tables. The first furnishes wind speed and direction. The second
table correlates wind speed with time (hours for a range of speeds)
for each day.

o Humidity. The humidity table provides relative humidity values for
day and night. It also gives values for the maximum and minimum
humidity for each day.

A technical discussion of the instruments and measurements used to obtain
these data tables follows.

A map illustrating the climate zones is provided in Figure 2.

SENSOR TECHNOLOGY

Insolation

Eppley pyranometers and shadow-band pyranometers are used to measure the

amount of radiant energy incident on a surface. A standard pyranometer meas-
ures the total amount of solar energy available, including both the direct
beam component and the diffuse component, while the shadow-band instrument is
designed to measure the diffuse component only. The instruments are calibrated
in the horizontal position, with an Eppley thermopile used as the signal gene-
rator of the sensor. The heating of the thermopile by the radiation of the

sun generates the signal, with the response being linear over the operating
range. Measurements are in BTU/ftz—hr.

The addition of a shadow band to a pyranometer enables the instrument to record
only the diffuse portion of the sunlight by shielding the sensor from the
direct rays of the sun (the beam component). The amount of beam radiation
available is readily calculated by subtracting the diffuse radiation measure-
ment from the total radiation measured by the unshaded standard pyranometer.
This beam radiation measurement is useful when working with focusing solar
collectors. When using the shadow-band pyranometer, the accuracy of its
measurement depends on the correct adjustment of the shadow band to be certain
that the sensor is shielded from the direct rays of the sun.

The pyranometer includes a circular multi-junction thermopile of the wire-wound
type. The thermopile has the advantage of withstanding some mechanical vibra-
tion and shock. The receiver is circular, and coated with Parsons black
lacquer. The instrument has a pair of removable precision ground and polished
hemispheres of Schott optical glass. It also has a spirit level and a desic-
cator that can be readily inspected. The clear glass is transparent from a
wavelength of about 285 to 2,800 nanometers. The temperature dependence is
+17% over the range of -49F to 140°F. It has a fairly fast response time of

one second and a linearity of +5% over the range of the instrument.




Temperature

Temperatures are measured by a Minco Products S53P platinum Resistance Temper-
ature Detector (RTD). Because the resistance of platinum wire varies as a
function of temperature, measurement of the resistance of a calibrated length
of platinum wire can be used to accurately determine the temperature of the
wire. . This is the principle of the platinum RTD which utilizes a tiny coil of
platinum wire encased in a copper-tipped probe to measure temperature. The
probes are designed to have a normal resistance of 100 Ohms at 32°F,

Ambient temperature sensors are housed in a WeatherMeasure Radiation Shield in
order to protect the probe from solar radiation. Care is taken to locate the
sensor away from extraneous heat sources which could produce erroneous temper-
ature readings. Temperature probes mounted in ducts or pipes are installed in
stainless steel thermowells for physical protection of the sensor and to allow
easy removal and replacement of the sensors. A thermally conductive grease is
used between the probe and the thermowell to assure faster temperature
response.

The RIDs are connected in a Wheatstone bridge arrangement to yield an output
signal of 0-100 millivolts, which is measured by the SDAS. Different resist-
ance values are used in the bridge, depending on the temperature range the
sensor must measure. A third wire is brought out from the sensor and connected
into the bridge to compensate for the resistance of the lead wires between the
sensor and the SDAS.

The RIDs are individually calibrated to National Bureau of Standards traceable
standards at the factory. In addition, a five-point check is done at the site
in an attempt to take into account any deviation of the measurement system
from nominal values. '

The data-processing software takes these checks and calibrations into account,
using a third-order polynomial curve fit to relate SDAS output to temperature.

Wind

Wind speed and direction are measured by a Model W101-P-DC/540 (or W102-P-DC/
540) sensor made by the WeatherMeasure Corporation. This sensor is rugged,
reliable and accurate and will withstand severe environments such as icing and
hurricane winds.

Wind speed is measured by a four-bladed propeller vehicle coupled to a DC
generator. The balanced propeller is fabricated from a special low-density,
fiberglass-reinforced plastic to yield maximum sensitivity and strength. The
DC generator has excellent linearity but somewhat higher threshold due to
brush friction.

Dual-wiper, precious-metal slip rings are used to bring the wind speed signals
(15 Volts DC at 100 miles per hour) to the base of the sensor. These generally
provide trouble-free use for several years.



Wind direction is measured by means of a dual-wiper 1000-Ohm long-life conduc- ‘
tive plastic potentiometer housed in the base of the sensor (0-5400). It is

attached to the stainless steel shaft which supports and rotates with the upper

body assembly.

The potentiometer is of high commercial grade and has sealed bearings. The

conductive plastic resistance element has infinite resolution and a lifetime
about 10 times that of wire-wound potentiometers. The base is of aluminum,

and corrosion-resistant materials are used in the construction.

Humidity

Relative humidity is measured by a WeatherMeasure Corporation Model HM111-P/
HM14-P sensor. This measurement is of particular importance in monitoring
atmospheric corrosion at solar sites.

This solid-state sensor measures relative humidity over the full range of
0-100%. Response of the sensing element is linear within approximately 1%,
from 0-80% relative humidity, with small hysteresis and negligible temperature
dependence.

The sensor is based upon the capacitance change of a polymer thin-film capac-
itor. A one-micron thick dielectric polymer layer absorbs water molecules
through a thin metal electrode and causes capacitance change proportional to
relative humidity. The thin polymer layer reacts very quickly and, therefore,
the response time is very short (one second to 90% humidity change at 68°F).

The polymer material is resistant to most chemicals. Because the sensor
response is based on "bulk" effect, under normal conditions dust and dirt do
not easily influence its operation. For use outdoors, a sintered filter is
used because sulphur dioxide absorbed on small particles can corrode the thin
film electrodes of the sensor. The smaller the pore size of the filter, the
greater the protection. The response time, however, is increased.

The sensor is mounted in a small probe which contains all the electronics
necessary to provide a millivolt output. The output of the probe electronics
is linear from 0-100% relative humidity. Because the capacitance change of
the sensor is sensitive only to ambient water vapor, temperature compensation
is not required in most situations.

MEASUREMENT OF THE DATA
Insolation

Total insolation in the wavelength band of approximately 285 to 2,800 nano-
meters at the site-specific collector tilt angle is given. In some sites the
pyranometer is shaded during certain times of the day, varying with the season,
or there may be snow, dust or frost on some pyranometers. Figure 3 illustrates
insolation and its measurement.
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Figure 3. Incoming Solar Radiation

For sites with concentrating or evacuated tube collectors, diffuse insolation
is also measured. Diffuse radiation is measured in the mean plane of tilt of
the collectors with a shadow band pyranometer. The diffuse radiation readings
have not been corrected for sky radiation blocked by the band. Maladjustment
of the shadow band may, in some cases, cause erroneous readings.

Direct insolation is computed by subtracting the diffuse insolation from the
total insolation value. The maximum value of total insolation and its time of
occurrence in local standard time are also given for each day of the month.

Extraterrestrial radiation values are computedl for each site and given for
each day of the month. The ratio of total insolation on a tilted surface to
extraterrestrial radiation on a parallel surface is given in the last column
of the data sheet. This parameter quantifies the effects of cloudiness and
atmospheric transmission on the insolation received at the earth's surface for
each site.

lgee TRNSYS, A Transient Simulation Program, Engineering Experiment Station
Report #38, Solar Energy Laboratory, University of Wisconsin, Madison, 1975.




Temperature

The temperature sensors and supporting data acquisition systems in the NSDN
have rapid time response and sufficient accuracy to resolve temperatures

to +1°F over the monthly reporting period. This feature provides good
accuracy of the monthly values to the user.

The on-site ambient temperature sensor is mounted near the collector array
or solar structure and records temperatures in the SDAS that are considered
representative of the microclimate temperature near the solar equipment, e.g.,

collector array, passive structure aperture or mounting location of concentra-
ting collectors.

Average monthly temperature is computed on the basis of all data values for
temperature.

Daytime temperature average is computed on the basis of temperatures monitored
from 30 minutes prior to sunrise to 30 minutes after sunset.

Nighttime temperatures are computed on the basis of remaining data acquired
outside the daytime time parameters.

Maximum and minimum temperatures are obtained at a sampling point, meaning
that they reflect a temperature value (Max or Min) which could have occurred
for as short a time as a five-minute interval during the month. These temper-
ature data reflect microclimate thermal variance at the site.

System cold-water inlet temperatures are provided for sites with domestic hot
water systems. These data are most representative under flow conditions.
Some elevation of this temperature can be expected if the sensor is mounted
near the hot water heating equipment or in the outdoor environment. These
temperatures represent average daily values of DHW cold-water inlet temper-
ature, not necessarily the ground-water temperature provided by municipali-
ties or private wells to the system.

Wind

The wind data are presented as averages of speed and direction for the 24~hour
period, averages of speed and direction for the daytime, and maximum speed for
the 24-hour period, with corresponding direction and time of occurrence.

The daytime wind data are tabulated over the period from 30 minutes prior to
sunrise to 30 minutes after sunset. Wind speed is in miles per hour and wind
direction is expressed in common convention used by the National Weather
Service (NWS), where the angle or compass heading refers to the direction from
which the wind is blowing. Thus, a tabular entry of 315© indicates that the
wind is blowing from the northwest.

The second page of wind data presents a frequency distribution of wind speeds,
giving the number of hours in each velocity interval. Wind speed and direc-
tion data are collected once every 5 minutes and 20 seconds.




The anemometers in the NSDN are placed to measure the wind at the collector
array and thus may not be representative of regional wind because some sensors
may be in the turbulent wake of an object or otherwise shielded from the wind.

Relative Humidity

Relative humidity is measured at some of the solar sites because this is one
of the parameters used in studies of atmospheric corrosion. Site selection
was based on the availability of SDAS channels, rather than on environmental
factors.

These relative humidity data are presented for those sites for which data is
available.

OTHER PUBLICATIONS

These environmental data reports will be issued monthly and will include all
sites which are transmitting valid data at the time of publication.

The data are also available on tape in the SOLMET System from the National
Oceanographic and Atmospheric Administration Environmental Data and Informa-
tion Service, National Climatic Center, Federal Building, Asheville, N. C.,
28801.

Previous reports are:

SOLAR/0010-78/09, September 1978
SOLAR/0010-78/10, October 1978
SOLAR/0010-78/11, November 1978
SOLAR/0010-78/12, December 1978
SOLAR/0010-79/01, January 1979
SOLAR/0010-79/02, February 1979
SOLAR/0010-79/03, March 1979
SOLAR/0010-79/04, April 1979
SOLAR/0010-79/05, May 1979
SOLAR/0010-79/06, June 1979
SOLAR/0010-79/07, July 1979
SOLAR/0010-79/08, August 1979
SOLAR/0010-79/09, September 1979
SOLAR/0010-79/10, October 1979
SOLAR/0010-79/11, November 1979
SOLAR/0010-80/01, December 1979
SOLAR/0010-80/01, January 1980
SOLAR/0010/80/02, February 1980Q
SOLAR/0010/80/03, March 1980
SOLAR/0010/80/04, April 1980




o1

NATIONAL SOLAR DATA NETWORK

ENVIRONMENTAL DATA TABLES

% denotes data missing due to sensor failure or transmission problems.
N.A. denotes data for this parameter not measured at this site.
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ENVIRONMENTAL SUMMARY REPORT
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NUMBER OF HOURS IN EACH VELOCITY INTERVAL

WIND:
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176

AVERAGE
TOTAL

61

281
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