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Experts discussed how to get aerosol particles into airborne instruments without changing 

their ambient properties—a still unresolved problem. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

A zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

significant amount of international research is 
being done to characterize the physicochemical 
properties (e.g., concentration, size distribution, 

chemical composition) of aerosol particles and the 
spatial and temporal distribution of the particles 
within the atmosphere. Remote sensors cannot di-
rectly measure these particle properties and rely on 
certain assumptions. Therefore, in situ observations 
are required for validation, such as aircraft particle 
measurements. 

The ideal methodology for making airborne par-
ticle measurements is to install the instruments where 
the air is unbiased by the aircraft and where the 
sample volume of the instrument is in undisturbed air. 
The reality of the situation, however, is that many of 
the important aerosol characteristics, (e.g., light ex-
tinction and chemical composition) can only be mea-
sured by instruments that are too delicate or aerody-
namically unsuited for external mounting. Therefore, 
investigators bring the air into the cabin with an in-

A F F I L I A T I O N S : WENDISCH, HERMANN, AND STRATMANN— 

Leibniz-lnstitut fur Tropospharenforschung, Leipzig, Germany; 

COE—Physics Department, University of Manchester, 

Manchester, United Kingdom; BAUMGARDNER—Centro de 

Ciencias de la Atmosfera, Universidad Nacional Autonoma de 

Mexico, Mexico City, Mexico; MATHIEU AND BRENGUIER—Centre 

National de Recherches Meteorologiques, Meteo-France, 

Toulouse, France; DREILING—Deutsches Zentrum fur Luft und 

Raumfahrt, Flugbetrieb, Wessling, Germany; FIEBIG—Institut fur 

Physik der Atmosphare, Deutsches Zentrum fur Luft und 

Raumfahrt, Wessling, Germany; FORMENTI—Centre de 

Geophysics, Universidade de Evora, Evora, Portugal; KRAMER— 

Institute fur Chemie und Dynamik der Geosphare I: 

Stratosphare, Forschungszentrum Julich, Jiilich, Germany; 

LEVIN—Department of Geophysics and Planetary Sciences, Tel 

Aviv University, Tel Aviv, Israel; MASER—zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLJIHGFEDCBAenviscope GmbH, 

Frankfurt am Main, Germany; NACASS—Centre d'Aviation 

Meteorologique, Meteo-France/CNRM, Bretigny-sur-Orge, 

France; NOONE—Department of Meteorology, Stockholm 

University, Stockholm, Sweden; OSBORNE—Met Office, 

Farnborough, United Kingdom; SCHNEIDER—Abteilung 

Wolkenphysik und -chemie, Max-Planck-lnstitut fur Chemie, 

Mainz, Germany; SCHUTZ—Institut fur Physik der Atmosphare, 

J. Gutenberg-Universitat, Mainz, Germany; SCHWARZENBOCK— 

Laboratoire de Meteorologie Physique, Universite Blaise Pascal, 

Aubiere, France; WILSON—Department of Engineering, 

University of Denver, Denver, Colorado 

A supplement to this article is available online (DOI: 10.1 175/ 

BAMS-85-1-Wendisch) 

CORRESPONDING AUTHOR: Manfred Wendisch, Leibniz-

lnstitut fur Tropospharenforschung e.V. (IfT), PermoserstraBe 

15, D-04318 Leipzig, Germany 

E-mail; wendisch@tropos.de 

DOI: 10.1175/BAMS-85-I-89 

In final form 28 January 2003 

©2004 American Meteorological Society 

AMERICAN METEOROLOGICAL SOCIETY JANUARY 2004 BAflfr |  89 
Unauthenticated | Downloaded 01/13/21 07:56 AM UTC

mailto:wendisch@tropos.de


let that perturbs the sample as littl e as possible or in a 
known fashion. 

The first problem with this approach occurs if the 
airborne inlet is situated at a location where the 
sample is biased prior to entering the inlet. Therefore, 
it is important to select a suitable mounting position 
of the inlet in order to avoid the disturbance of air due 
to the aircraft body itself. Also the inlet should be lo-
cated outside the aircraft's boundary layer. Further-
more, the sampling is recommended to be isokinetic 
over the operating envelope of the aircraft. By defi-
nition, isokinetic sampling is assured if the velocity 
vector of the air through the inlet is identical to that 
of the ambient undisturbed air. If sampling is not done 
isokinetically, size sorting, heating, and cooling of the 
aerosol sample occurs due to compression or expan-
sion of the flow, causing physical and chemical 
changes of the "true" ambient aerosol concentration 
and composition. Downstream from the inlet tip there 
may be losses on tubing walls that can remove a sig-
nificant fraction of the very small particles (with di-
ameters dp< ~ 20 nm) from the airstream due to dif-
fusion to the walls of the inlet and tubing. Losses of 
large particleszyxwvutsrponmlkjihgfedcaXWVUTSRPONLIHEDCBA (d > 1 jLim) may also occur, due to sedi-
mentation, inertial effects, and turbulent deposition. 
Last, but not least, particle chemical composition and 
ambient size may change due to the removal of water 
and other volatile materials as significant heating re-
sults from deceleration or direct heating of the inlet. 

These problems have been discussed at length in a 
previous workshop that was held at the National 
Center for Atmospheric Research (NCAR) in Boul-
der, Colorado, in 1991 (Baumgardner et al. 1991; 
Baumgardner and Hubert 1993). A number of signifi-
cant advances in inlet technology have occurred since 
that workshop, and new airborne platforms and in-
struments have become available. Therefore, a review 
of the current status of inlet technology is appropri-
ate. For this purpose, after more than a decade, a 
follow-up International Workshop on Airborne Par-
ticle Inlets was held in Leipzig, Germany, on 12 and 
13 April 2002. This workshop sought to revisit par-
ticle inlet-related problems and to review the progress 
that has been made since the NCAR workshop, as well 
as to give a recommendation for future needs. 

The workshop was organized within the frame-
work of the European Fleet for Airborne Research 
(EUFAR) project (see information available online at 
www.eufar.net), funded by the European Union. 
Within EUFAR several working groups have been es-
tablished. Two of them, the "aerosol microphysics" 
and "aerosol chemistry" working groups, initiated this 
workshop. The workshop was hosted by the Leibniz-

Institute for Tropospheric Research (IfT) in Leipzig, 
Germany. Those attending the workshop were 28 sci-
entists who work in the field of airborne aerosol mea-
surements and represented research institutes, private 
companies, and aircraft operators from eight coun-
tries (France, Germany, Israel, Mexico, Portugal, 
Sweden, the United Kingdom, and the United States). 

The workshop was split into four thematic ses-
sions: (i) inlet designs, (ii) experimental inlet charac-
terization, (iii ) inlet characterization-using models, 
and (iv) applications. The agenda of the workshop, 
including the speakers and topics of the talks, as well 
as summaries of the presentations, are given in a 
supplement available from thezyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLJIHGFEDCBA BAMS online archive 
(http://dx.doi.org/BAMS-85-1 -Wendisch). 

It became clear from the discussion that a dedi-
cated program of particle inlet system validation must 
be carried out on all aircraft in a consistent and com-
parable way. As a consequence, the workshop gener-
ally recommends the development of a standard por-
table reference system to intercalibrate different 
aircraft inlets. In addition, it is suggested that the use 
of a simple, externally mounted optical particle 
counter (OPC) become standard as a minimum aero-
sol instrument that can measure over a sufficient 
range of size, such that its measurements can be com-
pared with newly developed instruments or those 
mounted in the interior of the aircraft. The "refer-
ence" OPC, if properly self-characterized, can alert 
those who are using inlets to measure aerosol size dis-
tributions and masses if there is the potential for large 
particle losses. If a condensation particle counter 
(CPC) is used as the reference instrument instead it 
should be taken into account that a CPC is only sen-
sitive to the integral of the particle size distribution, 
which is dominated by the very small particles and not 
the large ones, which cause most of the sampling 
problems. A CPC is not sensitive to the few 
supermicrometer particles. Thus, a CPC would indi-
cate changes of very small particle losses due to dif-
fusion within the sampling lines only. In this way the 
CPC data might look very good while the large par-
ticle sampling efficiency is poor. 

The workshop also made several specific recom-
mendations to the aerosol scientific community, air-
craft operators, and funding agencies. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

R E C O M M E N D A T I O N S F O R T H E A E R O S O L 

S C I E N T I F I C C O M M U N I T Y . The discussion at 
the workshop has shown that active control of the 
boundary layer can reduce turbulence within the in-
lets and significantly minimizes large particle losses 
(d > 1 jum) in the inlets. For large aircraft, this tech-zyxwvutsrponmlkjihgfedcbaYXWVUTSRPONMLKJIHGFEDCBA
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nique [realized in the so-called low-turbulence inlet 
(LTI) ; Wilson and Seebaugh (2001)] can be used for 
sampling of supermicrometer aerosol particles. 
Currently the LTI cannot be deployed on small- and 
medium-sized aircraft, due to its power-space needs. 
Both permanent monitoring of the inlet performance 
(e.g., pressure, temperature, exit velocity) along the 
sampling line and numerical calculations of the inlet 
behavior are needed to design new inlets and to con-
trol the passing efficiency of existing inlet systems. 
Actually, a series of hot-wire measurements could be 
designed outside and inside the inlet system at the 
same time to compare, for example, turbulence inten-
sity values and other parameters. Preliminary experi-
ments show that free-stream turbulence intensity val-
ues near 2% and values inside the diffusers between 
2% and 11% are observed (F. Brechtel 2002, personal 
communication). If the aircraft was strongly influenc-
ing the air turbulence, then the free-stream value 
should be higher. 

Since the 1991 NCAR inlet workshop, there has 
been significant progress in the area of numerical cal-
culations of the flow field in and around the inlets. It 
was pointed out at the EUFAR workshop that these 
need to be extended by the calculation of particle tra-
jectories (Langrangian) and/or particle concentration 
fields (Eulerian) as well. Characterizing the flow field 
within and around the particle inlets is the crucial first 
step. It was also emphasized that the numerical flow-
field calculations need experimental validation, for 
example, using five-hole probes to characterize flow 
fields at different locations around an aircraft and 
under widely differing environmental conditions. In 
addition, easy parameterizations should be derived 
and existing formulas need to be evaluated with de-
tailed numerical calculations. Furthermore, there is 
an urgent need for a comprehensive community in-
ventory of available validation, standardization, and 
calibration tools for airborne aerosol inlets. One sug-
gestion endorsed by modelers and experimentalists 
alike was the need for a modeling workshop in which 
the different flow models are intercompared for the 
same inlet configurations and conditions. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

M E S S A G E T O A I R C R A F T O P E R A T O R S . 

Absolute calibration of aerosol sampling systems, in-
cluding inlets, tubing, and instruments, is extremely 
difficult . An alternative is proposed with the devel-
opment of a reference traveling standard pod to be 
used successively on the research aircraft for 
intercalibration. The system could be based on an 
instrumented external pod. Operators are asked to ex-zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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amine if such a pod installation is feasible on their 
aircraft, whereas the user community will need to seek 
funding for the development and instrumentation of 
such reference pods. In addition to the intercalibra-
tion objective, an instrumented external pod will be 
very useful in most of the field experiments. For these 
developments the aircraft operators need to agree on 
standard installation and hard points. The workshop 
participants also recommend that every aircraft 
should be equipped with a standard minimum-
requirement inlet for simple and "standard" aerosol 
instruments, like an OPC or CPC. Such a system 
should be installed separated from more sophisticated 
inlets used for specialized measurements. 

M E S S A G E T O F U N D I N G A G E N C I E S . A c o m 

prehensive airborne inlet validation experiment, 
jointly planned and performed by both modelers and 
experimentalists, needs to be funded in two steps: a 
series of experiments utilizing wind tunnel measure-
ments, and airborne validation experiments under a 
range of atmospheric conditions. In parallel with these 
two sets of experiments, there should be a workshop 
in which various inlet models are compared and tested 
against the wind tunnel and aircraft measurements. 

Specific scientific questions require measurements 
that utilize specific inlet designs; therefore, no one 
inlet will suit all scientific needs. However, the most 
important result of the workshop was that the discus-
sion among the scientists on particle inlet-related 
problems has been revived with a general interest and 
motivation to address the practical issues of the air-
craft operators and scientific community. 

A C K N O W L E D G M E N T S . Funding of the workshop by 
EUFAR is appreciated. Fred Brechtel provided useful com-
ments on the manuscript. Heike Scherf and Ariane Pohlenz 
from IfT andzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLJIHGFEDCBA F&U confirm, respectively, helped in orga-
nizing the workshop. 
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