
1 
 

Flight Testing of a SABIR Arm for use in Air Sampling  

 

 
J. L. Stith, T. Campos, M. Reeves, L. Lussier 

National Center for Atmospheric Research 

June 18 2015 

  

© UCAR, the National Center for Atmospheric Research is sponsored by the National Science Foundation. Any opinions, findings and conclusions or 
recommendations expressed in this publication are those of the author(s) and do not necessarily reflect the views of the National Science Foundation 



2 
 

Abstract.  A modified airborne research pod was flown on the NSF/NCAR C130 using a SABIR 
arm installation.   Inlets for air sampling were installed on the pod and connected to air quality 
instrumentation for Condensation Nuclei, Ozone, Carbon Monoxide, Methane, Carbon Dioxide 
and water vapor.   These locations were compared with traditional sampling locations on the 
C130 to determine if there was evidence for contamination (e.g. from cabin air or engine 
exhaust) at the pod location.  Testing in various aircraft configurations, altitudes, airspeeds, and 
flight conditions (changing attack and sideslip) were conducted to determine if contamination 
or other operational concerns arose.    Initial analysis of the data and comparison with the other 
sampling locations has not found evidence for significant contamination at the pod sampling 
location.  The most serious concern arose during testing with the wheels extended, which 
produced extensive turbulence at the pod location which rendered that configuration 
unsuitable.    For future installation on LC-130 (ski-equipped) aircraft, we recommend similar 
testing be conducted, because the skis may produce a turbulence effect which we were not 
able to simulate.   
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Background   

There are presently inadequate research aircraft resources to support future research needs in 
Antarctica1.   Logistic support for the NSF polar programs, especially in the Antarctic, requires 
extensive routine flights by ski equipped C130 aircraft (model LC130).   Installation of research 
capabilities on these aircraft would provide the community a new avenue for conducting polar 
research.  However, these installations must maintain the essential cargo capabilities of the 
aircraft and should be easy to mount and dismount, so that the cargo capacity of the fleet is not 
adversely impacted.    The Air National Guard (ANG) owns an easily deployed door-mounted 
extendable arm capability that can carry an external pod similar to the research pods employed 
by NCAR on the NSF/NCAR GV and C130 aircraft.     

The purpose of this effort was to install the ANG door and arm system on the NSF/NCAR C130 
research aircraft and to modify an existing GV pod to accommodate trace gas and aerosol 
instrument inlets that can be used to test for contamination (from the engine exhaust or from 
cabin air) by comparison with instruments and inlets on the traditional locations on the C130.   
After a brief shakedown flight, two test flights were conducted for this purpose.  The results are 
described below.    

Instrumentation and Installation setup on the NSF/NCAR C130 

Inlet sampling installations are given in Figure 1.  For purposes of testing a modified HIAPER 
large pod was used, as it has compatible mounting brackets with the SABIR arm.   Changes to 
the pod included installing slightly smaller end caps and installation of a flow-through tube (Fig. 
1 a) and inlets on the sides of the pod (Fig. 1 b and c).   Other sampling positions included on 
the belly of the aircraft (Fig. 1 d and e) and on the side fuselage through our standard HIML 
inlet (Fig. 1 f).   

It is well known that the sampling location, inlets, and sampling lines have a potentially 
significant impact on airborne chemical sampling.   These components are integral parts of the 
chemistry instrumentation for airborne installations.  We attempted to isolate the effects due 
to the pod sampling location by running the air sample from various inlet locations through 
lines of similar length to each instrument through a valve, so that the same instrument was 
sampling though lines of similar length for each of the pod and fuselage sampling locations.   
Valves used included a rotary valve system for trace gases (Fig. 2 top) and a multi-valve system 
for CN (Fig. 2 bottom).  Further details on the instruments and sampling methods are described 
below.   

                                                           
1 Studinger, et al, 2004:   Scientific opportunities for a long-range aircraft for research in Antarctica, Available from 
http://bprc.osu.edu/PolarMet/lara/lara_report.pdf 
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Figure 1.   The SABIR arm with the modified GV pod attached showing the flow through tube (A), 
the SMAI pod side inlet (B), the pod reverse facing inlet (C), the belly SMAI (D), the belly reverse 
facing inlet (E), and the side fuselage HIML (F).  
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Aerosol Instruments  

A TSI model 3760A butanol CN counter, with size range of approximately 11 nm to 3 μm, was 
flown.  It was connected to two identical sub-micron aerosol inlets (SMAI), one mounted at 
about 7 o’clock outboard on the pod, and the other on the C-130 belly at about flight station 
640, left of the centerline (Fig. 1 b and d).  The SMAI has 100% passing efficiency up to about 
0.1 μm, slight enhancement up to 1 μm, and increasing enhancement up to 2.5 μm before 
dropping to the upper cut-off at 3 μm.  The sample tubing used was flexible, conductive silicone 
(e.g. Fig. 2), with matched lengths and duplicated bulkhead fittings in the two lines to minimize 
bias from transport losses.  Both lines were switched through three-way valves, with one being 
directed to the CN counter while the other was connected to the dump line to maintain airflow 
through it when not in use.  Zero air filters were employed to confirm that there were no leaks 
on both inlet sample lines.  It should be noted that long sample line lengths, high total bend 
angle, and use of valves all result in some size-dependent particle loss and are in general longer 
than what would normally be used for aerosol measurements, but were tolerated here in order 
to create matched lines for the purpose of comparison.  

 

Figure 2.  Valve systems used to sample from different locations.   
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Following the first flight, and additional hangar testing, it was determined that readings from 
the belly inlet were 2.4% lower than the pod for CN.  This was attributed to loss of larger 
particles in the much greater bend angle in that line, which had coils of additional tubing 
needed to match the length of the pod line.  This coiling was undone as much as possible, 
bringing the total bend angle much closer to the pod’s, and subsequent hangar tests showed 
the mean difference reduced to 0.8%, below the 1-σ variation of 0.9% in hangar aerosol 
concentration.  With these changes, we believe the setup was adequate to identify possible 
contamination or differences in sampling that would be attributable to the pod sampling 
location.    

CN intake pressure measurements indicates that with the valve position in the belly location 
the CN intake pressure is greater than with the valve position in the pod location by about 7 
mb, except when gear was down.  This pressure difference in the sample lines induces a 
transient, dispersive response in CN concentration when valves were switched, so data within 
±6 seconds of switches is not reliable.  (Concentrations are corrected for differences in 
pressure, however).   

Trace Gas Instruments  

Ozone measurements were provided by the HAIS Nitric Oxide Chemiluminescence Ozone 
Instrument, which has both a fast response and high precision capability2.  Carbon Monoxide 
measurements were made with an Aero-Laser AL-5002 Vacuum UV Resonance Fluorescence 
Instrument, which also has a fast response and high precision capability3 for ambient 
measurements.  Carbon Dioxide and Methane measurements were available from two Picarro 
cavity ring-down instruments (one of them, model G2311-f, also provide water vapor 
measurements).  The Picarro instruments have found wide use in airborne applications for 
measurements of CO2 and methane4 making them ideal instruments to identify possible cabin 
and engine contaminants, especially because CO2 is a primary contaminant in the exhaust and 
cabin air.     In the analyses done to-date we have focused on CO2 and CN as our primary, highly 
sensitive, parameters to look for possible contamination signatures, with Ozone as the primary 
indicator of a constant airmass identifier, although CO and methane could also be added to this 
analysis.   

  

                                                           
2 Details on the technique and performance are provided at https://www.eol.ucar.edu/node/227 
3 Details on the technique and performance are provided at https://www.eol.ucar.edu/node/219 
4 Details on the technique and performance are provided at 
http://www.picarro.com/sites/default/files/Picarro_AN033_Urban_Flux_from_Green_Roof_NYC.pdf?download=1 
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Flight Methodology.  

The flight strategy was (a) to examine the synoptic weather maps in preflight to find nearby 
regions with relatively uniform airmass properties as target locations, (b) to indentify layers of 
relatively uniform air during climb to a high C130 altitude, as indicated by constant mixing ratio 
and trace gas/aerosol concentration and (c) perform attitude, airspeed and aircraft 
configuration changes at various altitudes to document the performance of the SABIR sampling 
location.   In some cases straight and level legs were uniform enough to provide reasonable 
data, but racetrack patterns were often flown to remain in an airmass region with relatively 
uniform properties long enough to cycle through the various valve positions to get performance 
data from the various inlets without extending the flight too far away from the airfield to 
conserve ferry flight time.   We also included a short period of sampling in a local coal-fired 
power plant plume to obtain some high CO2/aerosol concentration data as a contrast to the 
large amount of ambient data in clean background conditions.   Due to the short time in the 
plume, we are not planning to use these data for contamination testing, but the prominent 
peaks in concentration may be useful in the future if we wish to examine lag times from the 
various configurations in more detail.   Figure 3 shows the pod during sampling in the extended 
position.   

Following a successful shakedown flight, two pod testing flights were conducted on May 18 
2015 and May 27 2015.   Testing on May 18 included runs at 6.4 km, 7.9 km, and 2.4 km 
altitude.  Three speed-runs (a fast and slow leg), three side slip and angle of attack maneuvers 
were performed.  We attempted to obtain sampling with the gear and flaps down (at 6.4 km 
altitude), but discovered that the turbulence generated by the wheels in the down position 
created undue vibration at the SABIR pod, so the gear was retracted after only about a 3 min 
segment.   This was not enough time to properly characterize the possibility of contamination 
of the inlets on the pod, but it was clear to the instrument operators that the turbulence was 
affecting their performance.    We also decided to forgo further testing of various flap positions, 
since these are not normal sampling attitudes.   Based upon the results of the maneuvers 
conducted on the flight on May 18 which did not show any significant contamination at the 
pod, we decided to conduct circle maneuvers at approximately 10 and 45 degrees of bank, for 
both left and right turns, as well as a spiral descent.    These were intended to simulate 
maneuvers that might be conducted routinely during sampling and to examine configurations 
that were not done during the first flight.    Altitudes included 5 km, 5.2 km, and 1.7 to 1.8 km 
(~1000 feet AGL).   The flight concluded with approximately 15 minutes of sampling in a power 
plant plume near Fort Lupton, Colorado.   
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Figure 3.  View during sampling of the extended pod.    

Results 

Aerosol (CN) Sampling   

The natural spatial and temporal variation of total aerosol concentration in the broad size range 
of the CN counter limits the precision to which inlet contamination can be determined.  For 
some maneuvers, such as side-slip or pitch, accompanying changes in altitude introduced 
additional concentration variation through a typical ambient CN vertical gradient.  Other 
dynamical effects add to the observed variability of the aerosol concentration.  In all the cases 
examined, differences between the two inlet positions were within the variation observed at 
either location. 

Not surprisingly, the most stable, uniform CN concentrations were found in level flight above 
the boundary layer at low speed; in these instances the most stringent limit on systematic 
concentration differences was 1%.  No systematic difference between the two sampling 
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positions was observed, and no evidence of contamination from engine exhaust at the pod was 
found.  The worst case was with landing gear deployed, when pod concentration exceeded the 
belly measurement by more than 20%.  In this configuration, turbulence from the gear affected 
both inlets, and neither measurement is valid.   

Concentrations of CN in engine exhaust are so high that even a relatively small amount of 
contamination would be evident.  Of course, some low level of contamination will be below 
what we might be able to detect during these flights.  Background CN concentrations on the 
tarmac (without the engines running) were typically ~5000 cm-3, while with the engines running 
and contributing exhaust to the local air near the aircraft, these dilute engine exhaust readings 
ran 50,000 to 100,000 cm-3 or more.  Thus at 20,000 ft, where ambient CN concentrations were 
~1000  cm-3, a 1% limit on the difference between the sampling locations (0.01 x 1000 cm-3 =  10 
cm-3 ) sets an upper limit on detectable contamination by engine exhaust of 0.02% (10 cm-

3/50,000 cm-3) of the sampled air volume, assuming that exhaust contaminated air arriving at 
the inlet would be at least as high as 50,000 cm-3.    

Examples of inlet performance analysis procedures and results.  

In figures 4 and 5 we provide an example of the performance of the various inlet positions in a 
high (155 m/s) and low (120 m/s) airspeed run on May 18 2015 at an altitude of 7.9 km.   Figure 
4 illustrates altitude and CN concentrations in the two positions (pod SMAI inlet and belly SMAI 
inlet).  Figure 5 illustrates the performance of the CO2 and ozone at three of the inlet sampling 
locations (pod gooseneck, pod flow-through, and fuselage HIML).   CO2 is shown because, of the 
trace gas measurements, it is the variable known with the best precision and sensitivity to cabin 
or engine contamination.     

During the flight testing, we discovered that the gooseneck inlet on the belly suffered from 
contamination from cabin air.   Subsequent leak testing ruled out a leak as a source of possible 
contamination, so we are in the process of evaluating the performance of that inlet location 
and possible up-flow sources of cabin air, but excluding it for comparison with the pod inlets.    

Some explanation is useful in interpreting the figures.   Ozone is plotted as a measure of the 
uniformity of the airmass properties.   In the example shown, it was quite stable.   For CN, the 
valve was switched manually between the pod and belly SMAI.  For the CO2 (and other trace 
gases) a rotary valve was used.    In both cases the valve switching introduces a transient 
concentration spike in the data (e.g. shown in Figs. 4 and 5), which should be ignored.   Ambient 
CN concentrations in general show more variability than Ozone, due in part to occasional short 
duration spikes that are naturally present due, for example, to plume encounters from other 
aircraft.   Although slight differences in CN concentrations were occasionally observed as the 
valves were switched, the differences were not systematic, comparable to what might be 
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expected from differences in the different sampling lines, and were not consistent with 
contamination at the pod location.  In addition to the low and high speed runs (which were 
done at different altitudes), side slip, pitch and turns failed to show evidence of contamination.   

 

Figure 4.   Illustration of CN concentrations during two different airspeed runs at the pod and 
belly sampling locations on 18 May 2015.  
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Figure 5.   As in Figure 4, except for CO2 and Ozone at various inlet locations.   
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Figure 6 illustrates some of the problems encountered during the gear/flaps extension.   In 
addition to creating unreasonable levels of vibration at the pod location, it was felt that the 
conditions were too unstable due to turbulence at the pod to produce useful information.    
Measurements of the CN inlet pressure also indicated fluctuations which were likely caused by 
the turbulence from the gear and were not present during normal sampling. 

 

Figure 6.   CN concentrations measured during the gear and flap extension runs on 18 May 
2015.  Gear and flap extensions and retractions induce changes in Angle of attack, as indicated. 
Spikes in the CN indicate changes in inlet location as indicated.   
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Summary.  

Overall, the SABIR arm with the modified GV pod appeared to be operationally successful for air 
sampling, except with a gear down configuration, which would not normally be used with the 
pod extended in such a program.   Within the limits of our testing ability, no evidence for 
contamination at the extended pod location was found.     For applications on the LC-130, based 
upon our experience with the gear extended, we recommend that the some additional testing 
be done with pod and the ski’s in the normal flight configuration, prior to commencement of an 
air sampling program with the LC130.   The skis may have less of an impact than the gear-down 
configuration on the NSF/NCAR C130, but we could not simulate their effects in this study.    


