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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.



Blank Page



TABLE OF CONTENTS

Page
INTRODUCTION &+ & v 4 ¢ v ¢ e o o o o s o o o o o o o e « o o o o 1

ORGANTIZATION OF DATA . . . © v v v v o o o o a4 o o & o o o o o o o 1

INSTRUMENTATION. . . . « & & ¢ v o 4 o o o s o o s o s+ « o s o »
Insolation. .« + v 4 ¢« v ¢ ¢ ¢ 4 4 e e e e e e e e e e e e
Temperature . . . + +. + & & « &« o « o« s s & « o 4 v e e s 4

Wind., o & ¢ ¢ v 0 v 6 6 e o v e e e e e e e e e e e e e e

~N o B~ B

Relative Humidity . . . . . ¢ ¢« + ¢ ¢ ¢ ¢ 4 ¢ ¢ & o o @

OTHER PUBLICATIONS . . . . ¢ ¢ v v ¢ v ¢ v 4 ¢ o s o o o 4 o o o 9

ENVIRONMENTAL DATA TABLES. . . &+ & &+ v 4 ¢ o ¢ o o & & « o o o o » 11

ZONE 1 (Maine, Massachusetts, New Hampshire, Vermont)

Cathedral Square. . . « v v ¢ « 4 o o « o o o s o o o« o o o 1-1
Contemporary SyStemS. « « &+ « & « o o o o o o o s o o o o o 1-3
Karasek Home. . . . . « &« v v v s « o v o ¢ ¢ 0 o = s o o o o 1-8
Williamson Home . . . . & v ¢ v ¢ 4 v v 4 & ¢ o o s o o & u 1-10

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

Gill Harrop « + v v v ¢ 4« o o o o o o o o o o o o o o o o o 2-1
Kalin Home. . « ¢ v & v v 4 ¢ o « o o o o s o o o o o« o« o« o » 2-6
South Bridge Tower. . . & ¢ « v &+ ¢ o ¢ o o o o ¢ « & o o o« & 2-8

-~

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

Arno Kahn . o & 0 v ¢ v 0 it ot et e e e e e e e e e e e e 3-1
EROS Data Center. .« « v ¢« ¢ ¢ o o o « o o o o o o o o o o o« o 3-5
Isakson HOME. « & v ¢ ¢ o ¢ o o & o« o o o o o o« & o o« o o o 3-7

University of Minnesota . . . . . . « ¢ ¢ v ¢« v ¢ 4 v s o o 3-9

iii



TABLE OF CONTENTS
(Continued)

ZONE 4 (Idaho, Montana, Wyoming)

No Valid Data

ZONE 5 (Oregon, Washington)

No Valid Data

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

Washington, D.C., West Virginia)

Carter County . o + + o« o o o & o o « s o « =

Roberts Home. . . . . « « « v ¢« ¢ « o o o

Rymark I. . . & ¢ ¢ o v ¢« ¢ ¢ o« « o o o o o
Rymark IT . . . . +« + & v ¢ ¢ o o o « o o o s
Rymark TIT. . . v v v @ ¢ @ o o & o o o o o
Vitro Test Site . « « v ¢ v ¢ o « o v o o o &

ZONE 7 (Illinois, Iowa, Kansas, Missouri, Nebraska)

Bond Construction . . . . « ¢ ¢ ¢ o « o o o

To-Cal. . . v v v ¢ o & v ¢ o e 4 a4 4 e e a .

ZONE 8 (Arizona, Colorado, New Mexico, Utah)

Cushing Home. . . &+ « « o & o & « o o o« o »

Honeywell Salt River. . . . « « ¢« « « & & « &

ZONE 9 (California, Nevada)

El Toro Library . . « « « o« ¢ o« o ¢« « o « &

Stevens HOME.: « ¢« o« ¢ ¢ ¢ o ¢ o ¢ ¢ o o o« o =

ZONE 10 (Alabama, Georgia, Mississippi, North

- a & e o

a s e LY .

South Carolina, Tennessee)

Honeywell/NASA Medical Center . . . .+ + . . .

iv

. 6-12
. 6-14

. 10-1



TABLE OF CONTENTS
(Continued)

Page
ZONE 11 (Arkansas, Louisiana, Oklahoma, Texas)
Craftsman Enterprises . . . ¢ ¢« ¢« ¢ ¢ ¢ v v ¢ v v o v ¢ 4 e 11-1
ZONE 12 (Florida)
Florida Solar Energy Center . . . .« « « ¢ ¢ ¢ ¢ o« o o o o o = 12-1



ENVIRONMENTAL DATA

FOR

SITES IN THE NATIONAL SOLAR DATA NETWORK

INTRODUCTION

The Department of Energy's National Solar Data Network monitors solar en-
ergy systems in residential and commercial buildings. Instrumented solar
research and development installations employing on-site microcomputers
are linked via telephone lines to a Central Data Processing System (CDPS)
located at Vitro Laboratories, Silver Spring, Maryland. Vitro collects,
archives, analyzes, and reports upon data from this Network to determine
the thermal performance of the solar systems.

The Network consists of: (1) sensors which measure key performance param-
eters at each site; (2) the microprocessor-based Site Data Acquisition

Subsystem (SDAS); (3) a modem and telephone transmission interface; (4)
the Central Data Processing System (CDPS). The collected data is trans-

ferred via telephone communications. At the Central Data Processing Fa-
cility, the collected data is processed, analyzed, evaluated and documented.
Sensor data are collected and stored on a cassette tape in the SDAS,

Most on-site sensors are interrogated every five minutes and twenty seconds.
Solar radiation and other parameters, which are subject to rapid wvariance,
are sampled every 32 seconds and averaged over 320 seconds by the micropro-
cessor. The CDPS communicates with each SDAS on a daily basis and re-
trieves the stored data. At the conclusion of data retrieval, the SDAS
cassette is reset by command from the CDPS to continue data collection.

This report presents environmental information collected at the sites for
the reporting month. Certain data are flagged or indicated to be invalid
by the use of an asterisk (*). Only those sites for which a significant

amount of the data are found to be valid are reported.

ORGANIZATION OF THE DATA

The environmental 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 listed in alphabetical sequence within each zone.

The tables provide available microclimate data for each reporting location
in the NSDN as follows:

[ Insolation. The insolation table presents total solar radiation
in the plane of the collector (Figure 3). The total insolation re-
presents the measured value of direct plus diffuse radiation at that
orientation. Extraterrestrial radiation is calculated for the same
plane of orientation outside the atmosphere. A simple ratio of
these two values represents an atmospheric transmission index
similar to a cloudiness index. The maximum insolation value
occurring in the time-frame of sensor interrogation (320 seconds)
and its time of occurrence are also shown for each day.
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Figure 1. National Solar Data Program Zones



Cb
BSK
H K
BSk
BW H
Cs BWh
BS

m BSk

KEY

Aw  Tropical savanna. Hot;seasonally dry (usually winter)

BS  Tropical steppe. Semiarid; hot

BSk Mid{atitude steppe. Semiarid; cool or cold

BWh Tropical desert. Arid; hot

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 ali seasons; long, hot summer
Dbf Humid continental. Severe winter; moist all seasons; short warm summer
H Undifferentiated highland climates ’

Trewarths, G.T. The Earth’s Problem Climates. University Wisconsin Press,
Madison, Wi, 1961.

Dbf

Daf

Caf

Figure 2. Climate Zones

Dbf



At selected NSDN sites, a shadowband apparatus is deployed with
an EPPLEY PSP sensor to measure the diffuse component of incom-
ing solar radiation. The table also shows a daily value for
direct beam insolation based on subtraction of the diffuse values
from the direct values. These values must be corrected for the
amount of sky occluded by the shadowband.

. Temperature. The temperature tables give the average daytime,
nighttime, maximum, and inlet-water temperatures at sites with
DHW solar systems. OQOutdoor ambient temperature sensors are
mounted near the collectors in appropriate radiation shields.
The inlet-water temperatures are mass flow weighted to read
values only when flow occurred. Additional tables are presented
for some of these NSDN 'sites at which wind and/or relative
humidity data are monitored.

. 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 for each day.

. 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 and times of occurrence.

A technical discussion of the instruments used for measurement to obtain
NSDN data on site environmental conditions follows.

A map illustrating the climate zones is provided in Figure 2 for compar-
ison to NSDN zones and site location.

INSTRUMENTATION

Insolation

EPPLEY PSP pyranometers are used to measure the total solar radiant energy
in the plane of the collection subsystem (Figure 3). A pyranometer mea-
sures the total amount of solar energy available. Also included are both
the direct beam component and the diffuse component if a shadowband in-
strument is employed at the site to measure the diffuse component. Mea-
surements are given in BTU/ft2-day.

The addition of a shadowband to a pyranometer enables the instrument to
detect 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 ra-
diation measurement from the total radiation measured by the unshaded
standard pyranometer. This beam radiation measurement is useful when
working with focusing solar collectors but must be corrected in user soft-
ware for the amount of sky occluded by the band apparatus. When using the
shadowband pyranometer, the accuracy of measurement depends on the

correct adjustment of the shadowband to be certain that the sensor is
shielded from the direct rays of the sun. The data reported in these



summaries have been carefully screened to eliminate publication of invalid
data. Thus, this publication may be employed to screen environmental data
taken directly from NSDN magnetic tapes.

The EPPLEY PSP pyranometer used includes a circular multijunction wirewound
thermopile. The receiver is circular, and coated with Parsons' black lac-
quer. The instrument has a pair of precision ground and polished hemispheres
of Schott optical glass. The sensor head contains a desiccant which can be
readily serviced. The clear glass employed transmits wavelengths of 285 to
2,800 nanometers. The temperature dependence is +17 over the range of -4OF
to 1409F. The PSP has a response time of one second and a linearity of +5%
over the range of the instrument. TField checking of instruments against
calibrated standards indicates very good accuracy and drift resistance under
normal deployment conditions.

TOTAL RADIATION
PYRANOMETER

SECURED TO MOUNTING PLATE

MOUNTING PLATE
IN PLANE OF

SOLAR COLLECTORS

M

_\\ TYPICAL
i§\“\}\\\\\\ NSDN
\\\\\\\\\\\ COLLECTORS

Figure 3. Measurement of Incoming Solar Radiation



Temperature

Ambient temperature sensors, (Minco Products S53) platinum Resistance
Temperature Detector (RTD), housed in a WeatherMeasure Radiation Shield,
(Figure 4) are used to monitor ambient dry bulb temperatures. Sensors are
located away from extraneous heat sources. The sensors are sited to be
close to the structure and collector array but beyond obvious radiative
and convective influences. g

The RTD's are connected to a bridge microboard in the SDAS and yield an
output signal of 0-100 millivolts proportional to calibrated temperature
ranges.

The RTD's are individually calibrated to National Bureau of Standards

traceable standards at the factory. In addition, an electrical five-

point check is done at the site in an attempt to take into account any
deviation of the measurement system from nominal values due to sensor

wire resistance.

The data processing software at the CDPS takes these checks and calibra-
tions into account, using a third-order polynomial curve fit to convert
digital data to temperature engineering units (°F).

m

RADIATION SHIELD P/N 1S4

RTD PROBE P/N S53-P

Figure 4. Temperature Sensor

Wind

Where monitored, wind speed and direction are detected by a Model W101-P-
DC/360 (or W102-P-DC/360) sensor by the WeatherMeasure Corporation,
Sacramento, California (Figure 5).

Wind speed is measured by a four-bladed propeller coupled to a DC gener-—
ator. The balanced propeller is fabricated from a special low-density,
fiberglass-reinforced plastic to yield maximum sensitivity and strength.
Wind speeds below one mile per hour are not reported because these values
are below the sensitivity of the instrument.

6



Dual-wiper, precious-metal slip rings are used to bring the wind speed
analog output (15 volts DC at 100 miles per hour) to the base of the sen-
sor from the 0-360° pivoting Skyvane, which doubles as a direction detector.

Wind direction is measured by means of a dual-wiper 1000-ohm potentiometer
housed in the base of the sensor. It is attached to a stainless steel
shaft which supports, and rotates with, the upper body assembly.

Figure 5. Typical Wind Speed-Direction Sensor

Relative Humidity

Relative humidity is measured by a WeatherMeasure Corporation Model
HM111-P/HM14-P sensor (Figure 6). This measurement is of interest in
monitoring atmospheric corrosion at active solar sites, and comfort levels
at passive 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.

Sensor analog output is dependent on the capacitance change of a polymer
thin-film capacitor under varying ambient water vapor conditions. The
sensor element internally compensates for temperature. A one-micron-
thick dielectric polymer layer absorbs water molecules through a thin



metal electrode and causes a capacitance change proportional to water vapor
pressure deficit. The thin polymer layer reacts with a time constant of
one second to 90% humidity change at 68°F. Probe electronics generate
linear analog output to the SDAS.

For use outdoors, a sintered filter is used over the probe to reduce the
sulphur dioxide absorbed and eliminate small particles. The small pore

size of the filter gives good protection to the sensor from acid or par-
ticulate degradation. The time constant of the sensor, however, is in-

creased to several seconds.

Figure 6. Relative Humidity Probe



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.

Previous reports are:

SOLAR/0010-78/09,
SOLAR/0010-78/10,
SOLAR/0010-78/11,
SOLAR/0010-78/12,
SOLAR/0010-79/01, .
SOLAR/0010~79/02,
SOLAR/0010-79/03,
SOLAR/0010-79/04,
SOLAR/0010-79/05,
SOLAR/0010-79/06,
SOLAR/0010-79/07,
SOLAR/0010-79/08,
SOLAR/0010-79/09,
SOLAR/0010-79/12,
SOLAR/0010-80/01,
SOLAR/0010-80/02,
SOLAR/0010-80/03,
SOLAR/0010-80/04,
SOLAR/0010-80/05,
SOLAR/0010-80/06,
SOLAR/0010-80/07,
SOLAR/0010-80/08,
SOLAR/0010-80/09,
SOLAR/0010-80/10,
SOLAR/0010-80/11,
SOLAR/0010-80/12,
SOLAR/0010-81/01,
SOLAR/0010-81/02,
SOLAR/0010-81/03,
SOLAR/0010-81/04,
SOLAR/0010-81/05,
SOLAR/0010-81/06,
SOLAR/0010-81/07,
SOLAR/0010-81/08,
SOLAR/0010-81/09,
SOLAR/0010-81/10,
SOLAR/0010-81/11,
SOLAR/0010-81/12,
SOLAR/0010-82/01,
SOLAR/0010-82/02,
SOLAR/0010-82/03,
SOLAR/0010-82/04,
SOLAR/0010-82/05,
SOLAR/0010-82/06,

September 1978
October 1978
November 1978
December 1978
January 1979
February 1979
March 1979
April 1979
May 1979

June 1979
July 1979
August 1979
September 1979
December 1979
January 1980
February 1980
March 1980
April 1980
May 1980

June 1980
July 1980
August 1980
September 1980
October 1980
November 1980
December 1980
January 1981
February 1981
March 1981
April 1981
May 1981

June 1981
July 1981
August 1981
September 1981
October 1981
November 1981
December 1981
January 1982
February 1982
March 1982
April 1982
May 1982

June 1982
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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.

E denotes value estimated from available data.
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