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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 its trade name, trademark, manufacturer, or otherwise, does not 
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United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
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MEASUREMENT OF CIRCUMSOLAR RADIATION* 

D. Grether, D. Evans, A. Hunt, M. Wahlig 

Lawrence Berkeley Laboratory 
University of California 

Berkeley, CA. 94720 

Circumso1ar radiation refers to 1 ight that, to an observer on the ground, appears 
to originate from the region around the sun. This radiation is caused by scattering 
of light through small angles by particles (aerosols) in the earthls atmosphere 
with dimensions on the order of or greater than the wavelength of light. The aerosol 
particles may be composed of ice crystals or water droplets in thin clouds, dust or 
sea salt particles, or photochemical pollutants. The amount and character of 
circumso1ar radiation vary widely with geographic location, climate, season, time of 
day and observing wavelength. 

Focusing solar energy systems typfcallycollect the direct beam solar radiation 
plus some fraction of the circumsolar radiation. The exact fraction depends upon many 
factors, but primarily upon the angular size (field of view) of the receiver. A 
knowledge of the circumsolar radiation can be used as input to performance prediction 
for specific designs, or as a factor in system optimizations. Circumso1ar measurements 
can help in characterizing a site or region, or in comparisons between competing designs 
at a given location. Pyrhe1iometers, with their fixed field of view, measure a 
particular fraction of the circumsolar radiation and thus will either underestimate 
or overestimate the amount of radiation that will be available to any given concentra­
ting system. Circumso1ar data can provide a measure of this under-or overestimate. 

Four instrument systems have been constructed to measure the circumsolar radiation. 
The basic instrument is a telescope that scans through a 60 arc of the sky with the 
sun at the center of the arc. The output is a digitization of the brightness of the 
sun and circumsolar region every 1.5 1 of arc. Auxiliary instruments inclUde a 
pyrheliometer, two pyranometers (one horizontal and one tracking the sun), and weather 
equipment. One of the instrument systems is being operated at the Solar Thermal Test 
Facility at Albuquerque, New Mexico. A second telescope, originally located at 
China Lake, California, was moved in May, 1977 to Barstow, California, the future site 
of the 10 MWe Central Receiver pilot plant. A third telescope was operated at Ft. Hood, 
Texas (the future site of a Total Energy System) until August, 1977. The instrument 
was then. moved to Argonne National Laboratory. This telescope has recently been 
returned to LBL for general maintenance and the installation of an automated 'sun­
photometer. The fourth telescope was used in several short-term measurement programs~ 
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then deployed at Atlanta, Georgia in June, 1977 in connection with the 400 Kwt 
solar thermal test facility. ~ 

Since the last review meeting,the raw data tapes from the period June, 1977 
thru June, 1978 have been transferred to a mass storage device. The Reduced Data 
Base, used as the data source for the analyses, was extended thru December, 1977. 
The data from Atlanta has some difficulties that are under investigation. A summary 
of the data from the other three telescopes is presented in Figure 1. The graphs 
are the overestimate that a NIP (Normal Incidence Pyrheliometer) would make in 
estimating the energy available to a point focusing solar plant with an operating 
threshold of 50 \~atts/m2 and with various receiver aperture radii(one-half the 
field of view) ·as indicated. 

Two efforts are underway to correlate the circumsolar radiation with solari 
meteorological parameters. D. Watt is reporting on a climatological approach at 
this meeting. LBL is examining the correlation of instantaneous values with the 
pyrheliometer reading and the air mass. As .an indication of the correlation, Figure 
2 plots the circumsolar ratio (~atio of circumsolar to solar plus circumsolar) 
versus the pyrheliometer value for the month of November, 19t7 in Barstow. Fig. 2(a) 
is for all values of air mass (the solid curve is from a simple scattering model 
that expresses energy conservation). Figs (b-d) are for various ranges of the 
parameter m*, the relative air mass normalized to 1.0 at solar noon. These ranges 
clearly tend to isolate various portions of the overall distribution. 

As an ancillary use of the data,a quasi minute-by-minut~ pyrheliometer data 
base was constructed for cloud transit studies at Sandia Livermore. The telescopes 
have a ten minute cycle, each cycle consisting of a scan and 'pyrhel iometer measure­
ment thfu each of a clear filter, eight colored filters and an opaque filter. To 
construct the data base, the colored filter values were scaled to an approximate 
clear value. Figure 3 illustrates the steps in this process. Fig. 3(a) shows the 
ratio ofa colored filter to the clear filter, as' a function of air mass, for a month's 
worth of clear day data. An exponential fit (to the data delineated by the rec­
tangular box) was then used to scale the colored filter values for all days in that 
month. The dependence of the coefficients of the fit on month of the year is shown 
in Figs. 3 (b) and (c). "e" is the filter ratio extrapolated to zero air mass and 
is reasonably flat. "A" expresses the air mass effect and shows some monthly variation. 
Fig. 3(d) shows the quasi minute-by-minute data for a day with broken clouds. A 
cubic-spline smoothing was used to reduce some artificial fluctuations; the resulting 
time resolution is about 2-3 minutes. 
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This report was done with support from the Department of Energy. 
Any conclusions or opinions expressed in this report represent solely 
those of the author(s) and not necessarily those of The Hegents of the 
University of California, the Lawrence Berkeley Laboratory or the 
Department of Energy. 
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