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NCAR Develops High-Altitude Air Sampler

Boulder, Colo.---A team of scientists, engineers, designers, and crafts
men at the National Center for Atmospheric Research (NCAR) has developed a 
rocket-borne air sampler, for probing the atmosphere at altitudes more than 
25 miles (40 kilometers) above the earth's surface, that can bring back re
presentative air samples about 100,000 times as large as any ever collected 
before at such high altitudes.

The rocket-borne sampler, known as the ENCAR (ENclosed £ryocondenser 
for Air Recovery) Sampler was developed and built at NCAR with cooperation 
and support from the National Aeronautics and Space Administration (NASA). 
Scientists and engineers from several other Boulder research organizations 
also contributed to the design and development of the ENCAR Sampler.

According to Dr. Edward A. Martel1, NCAR project scientist, the new de
vice will open up several new and important areas of upper atmosphere re
search. Because the ENCAR Sampler can collect a very large air sample with
out modifying it or contaminating it significantly, it will permit research
ers to measure many minor atmospheric constituents, including water vapor, 
trace gases, and radioactive bomb products.

One special application of the ENCAR Sampler, according to Dr. Martell, 
is the collection of extremely small particles of radioactive bomb debris 
which persist for years in the upper atmosphere. Other rocket-borne samp
lers have used filters or devices known as impactors to separate particles 
from the atmosphere and bring them back for analysis. But impactors cannot 
collect extremely small particles, and the efficiency of filter techniques 
is uncertain for such particles. Another problem is the difficulty of es
timating the volume of air from which the particles were collected, in or
der to determine their concentration in the upper atmosphere.

One solution to these problems is to bring back a large sample of air, 
including all of the radioactive particles and gases present in the sampled
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volume. But there are practical limits to the volume of a sample vessel 
that can be carried to high altitudes by a sounding rocket. A sampler 
that collects air at ambient pressure--the very low pressure at which it 
exists in the free upper atmosphere--simply can't bring back a very large 
sample.

The ENCAR Sampler is designed to collect a very large volume of air 
in a relatively small chamber by utilizing the principles of cryogenics, 
the branch of physics which deals with extremely low temperatures. As the 
sampler is thrust through the atmosphere by the rocket, at a velocity that 
exceeds 3200 miles per hour (5150 kilometers per hour) at burnout, the nose 
cone is ejected, opening the sampler chamber. A column of air with a cross- 
section of 23 square inches (150 square centimeters) and a height of 12 
miles (20 kilometers) is rammed into the sample chamber by the velocity of 
the rocket. Inside the chamber, the air is frozen out on heat-exchanger 
coils chilled by liquid hydrogen to temperatures just above -423° Fahren
heit (20° Kelvin). Using this technique, a total volume of more than 
10,000 cubic feet (283,000 liters) of free air can be condensed into the 
2.3-cubic-foot (64-liter) sample chamber.

The physical principles involved in the cryogenic sampling system are 
fairly straightforward, but the practical problems of actually designing, 
building, and flying such a sampler were quite formidable. There was a 
shortage of data on subjects such as the behavior of liquid hydrogen as it 
changes to vapor in small-diameter tubes. Demanding engineering problems, 
such as how to redistribute the liquid hydrogen throughout the heat ex
changer during the sampling period and how to bake out water vapor and 
residual gases from the sample chamber walls, had to be solved. And the 
whole assembly, with its surrounding vacuum space for insulation, had to 
be sturdy enough to withstand the stresses of rocket launch and parachute 
recovery.

Dr. Martell says that a major share of the credit for the successful 
design and development of the ENCAR Sampler should go to Edward H. Denton, 
NCAR project engineer; Dr. Robert B. Jacobs of R. B. Jacobs Associates, of 
Boulder, who designed the heat exchanger and served as principal engineer
ing consultant; and Charles Catlin, NCAR mechanical designer.
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Other important contributions to the sampler design were made by Prof.
Adolf Busemann of the University of Colorado, by Jesse Hord and Alan F.
Schmidt of the Cryogenics Engineering Laboratory of the National Bureau of 
Standards, and by Marvin C. Hewett and Richard A. Lueb of NCAR. The samp
ler was built and assembled at NCAR and subjected to detailed engineering 
tests at the laboratories of both NCAR and the Bureau of Standards, in 
Boulder, and at the NASA Goddard Space Flight Center, in Greenbelt, Maryland.

The first rocket flight of the ENCAR Sampler was made on September 4,
1968, at White Sands Proving Ground, New Mexico, using an Aerobee-150 sound
ing rocket. The rocket was launched at 8:50 a.m. (MDT) and burnout occurred 
at 112,000 feet (34,000 meters), with a burnout velocity of 3207 miles per 
hour. The sampling operation was initiated by a radio command signal at 
about 136,000 feet (41,000 meters). The split nose cone of the sampler was 
ejected, opening the sample chamber, and the intake valve was closed after 
a sampling interval of 16 seconds. The rocket reached its apogee at 405,000 
feet. The recovery parachute deployed satisfactorily, and the payload landed 
atop a sand dune, with only minor damage.

The air sample, which represents a free volume of more than 10,000 cub
ic feet of high-altitude air, was transferred into two stainless-steel pres
sure vessels, and was brought back to the NCAR Mesa Laboratory in Boulder 
for analysis. Dr. Martell and his associates in the NCAR isotope geochem
istry group are now measuring the concentration and isotopic composition of 
the water vapor, gaseous hydrogen, and carbon dioxide. These measurements 
will include the concentrations of radioactive tritium and carbon-14. Other 
trace gases and radioactive aerosols are also being measured.

NCAR is planning to make one or two research flights per year with the 
ENCAR Sampler for the next several years. Emphasis will be placed on in
vestigating the distribution of water vapor and hydrogen compounds in the 
high stratosphere and in the mesosphere —  the upper one-thousandth of the at
mosphere. Other minor constituents and contaminants in the high atmosphere 
will also be studied. The ENCAR Sampler also may be used to study the cir
culation and physical behavior of the upper atmosphere by measuring the re
distribution of bomb debris or artificial tracers.
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