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,....-------- LEGAL NOTICE ---------. 
This report was prepared as an account of work sponsored by the 
United States Government. Neither the United States nor the Depart­
ment of Energy, nor any of their employees, nor any of their con­
tractors, subcontractors, or their employees, makes any warranty, 
express or implied, or assumes any legal liability or responsibility for 
the accuracy, completeness or usefulness of any information, appa­
ratus, product or process disclosed, or represents that its use would 
not infringe privately owned rights. 
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RADIATIVE AND PASSIVE COOLING* 

LAIVRENCE BERKELEY LABORATORY 
Contractor Number 

W-7405-ENG-48 

Marlo Martin and Paul Berdahl 

OCTOBER 1977 - SEPTEMBER 1978 

OBJECTIVE 

The objective of this project, which was started 
in March of 1977, is to assess the infrared radiative 
cooling resource in order to determine the extent to 
which radiative cooling can supplemE>.nt or replace re­
frigerative type systems for the space cooling of 
buildings. Convective and evaporative cooling tech­
niques are also to be included, so that all aspects of 
passive cooling are covered. 

BACKGROUND 

Radiative cooling is known to be quite effective 
in arid regions; the most promising areas for applica­
tion are probably those in which large diurnal temper­
ature fluctuations are observed •. The extent to which. 
a suitably designed radiator system could contribute 
to cooling a building in more humid areas has not yet 
been thoroughJ.y investigated. F-urthermore, the devel­
opment of selective emitter surfaces,l which radiate 
preferentially in the 8 to 12 micron region of the 
spectrum in which the atmosphere is most transparent, 
presents the possibility of extending the use of this 
technique to climate regions in which it would not 
previously have appeared feasible. 

SUMMARY 

The two primary accomplishments of the project to 
date are (1) the construction of a computer model to 
predict the infrared spectral radiance of the atmo­
sphere under various meteorological conditions of tem­
perature, water vapor profiles, and cloud cover; and 
(2) the design, testing, and installation of several 
spectral radiometers for the routine measurement of 
atmospheric infrared radiance. Emphasis has been 
placed on the study of the atmospheric ra<lirmce which 
would be absorbed by a thermal radiating <:urface ex­
posed to the sky because the amount of radiation em-Jt­
l<'J Iro.n a given syst.t:m c<~n U<ll.ally be cal.:ulaLeJ tn 
,1 ~tr.1ig!1 tfcrto:ard manPcr. 

1'EC.ll\~_(j~l_f;_9:_9.?_!~.~lS..~~NJ~ 

.. An existing computer program (LOWTRli.N): 
which calculates the spectral transmissivity 
of the atmosphere. under a variety of weather 
conditions, was modified to predict the infra­
red emittance from the atmosphere as observed 
at ground level. Input to this program in­
cludes temperature and water vapor profiles, 
aerosol content, cloud cover, and elevation 
above sea level. A sensitivity analysis was 
performed to assess the effects of changes
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these parameters on the spectral radiance. 
The spectral radiance of the atmosphere in the 
vertical direction is plotted in Fig. 1 under 
three conditions, to illustrate the effect of 
water content on the radiation emitted. The 
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solid curve represents the radiance calculated 
for a precipitable water vapor column of 3 em. 
The upper curve shows how the atmospheric ra­
diance increases as the water vapor content is 
doubled, and the lower curve shows a decreased 
radiance corresponding to an atmosphere with 
half the original amount of vapor. Figure 2 
shows four different spectral radiance calcu­
lations representing the infrared radiation 
received from the horizon, from the zenith di­
rection, and from two intermediate angles. 

Fl.g. 

SPECTRAL RADIANCE 
t.L SUMMER 

10~~~~0T~~~~~~~~~~~~ 

o~~~~~~~~~~~~~ 
5 10 15 20 25 

Wavelength. pm 

1. The sol:ld curve sho~Js I:ite :Jtmo"phvric: 
radiance from the zenith, (3 em precipi­
table waler v:lJ•or). Tlw upper dotted 
curve sho\·/~.:; tht1 radjaneC' \.;hen th(' water 
vapor is douhll•d (6 em). For the l<>Ht'r 
curve the Hater vapor is halved (1.5 em). 
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SPECTRAL RADIANCE OF CLEAR SKIES 

(FOUR ZENITH ANGLES) 

MI DLATITUDE SUMMER An.lOSPHERE 

0~~~~~~~~~~~~~~~~2·5 
5 10 15 20 

Wavelength, #Jffi 

Fig, 2. Spectral radiance of a clear, midlati­
tude summer atmosphere. Zenith angles 
(from top to bottom) are: goo, 750, 60°, 
oo. 

An infrared spectral radiometer was deve­
loped which is suitable for unattended field 
use.4 Four such systems have been constructed. 
The design incorporates the Barnes model 12-880 
radiometer equipped with an eight-position fil­
ter wheel and pyroelectric detector. The fil~ 
ters covering the spectral ranges of primary 
interest are centered at wavelengths of 8.8, 
9.6, and 10.9 microns. The assembly includes 
a stepping mechanism to allow the filter wheel 
to be positioned automatically, and a rotating 
mirror assembly to direct the instrument's view 
alternately in the vertical direction_and into 
a reference blackbody cavity. The entire in­
strument is under microprocessor control and 
is accessible to LBL through a MODEl-! telephone 
link. The signal received through each of 
the eight filters is stored every half hour 
and transmitted from the random access memory 
of the microcomputer to LBL at intervals of 
one to three days. Dry bulb and dew point tern­
perature readings are recorded with each set 
of infrared measurements. A pyrgeometer re­
cords the total hemispheric infrared radiation. 

Two of four radiometer systems have been 
installed at Tucson and San Antonio, and arc 
providing data on a rout.ine ha~ds, Hat<l r~~­

~uction routi.nes and the e:~trtr,J.ishrrlt:="nt ('f .'4 

r~omputer data base \\·111 be complet(:d a:; soon 
ns alJ four statjon:·; are in ope>ration. No 
si gni fi.cant p~oblcntr, have yet beEn encountered 
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with the field equipment. 

• The final two radiometer systems are be-
ing readied for installation in St. Louis and 
near Washington, D.C. 

FUTURE ACTIVITIES 

Infrared sky radiation measurements are to be 
continued throughout the winter in order to obtain 
data of relevance to solar collector heat loss and 
freeze problems, and for use in heat loss calculations 
for passive stuctures. The data analysis routines 
and data base will be developed, and a complete set of 
summertime infrared radiation measurements are to be 
taken at four sites during the summer of 1979. Meas­
ured data together with radiosonde readings will be 
used to validate the computer program (based on LOW­
TRAN) that has been assembled to perform the sensiti­
vity analysis reported in the foregoing section. Heas­
ured data will also be correlated with the standard 
meteorological measurentents of temperature, cloud cov­
er, and dew point temperature to permit estimation of 
atmospheric radiance based on these quantities. 

Passive cooling systems based on radiative cocl­
ing principles, separately or in conjunction with e­
vaporative cooling techniques, are to be defined. The 
most promising configurations will be incorporated in­
to a computer model to simulate passive building per­
formance in the cooling mode. 
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