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Figure 9. Example airflow rate measurements for the (a) breeding barn and (b) gestation barn for
August 10 2003 as a function outside temperature and resulting inside barn temperature. For both
figures, the left axis is temperature, °C and the right axis is airflow rate, m*/s

Airspeed Measurement Methods

Airspeed Measurement Methods (AMM) were those techniques developed to simultaneously detect fan
operational status and assess the variable speed nature of fans by measuring a representative airspeed
through the flow net of the fan. Heber (2003) introduced this method and Illinois used it for all
monitored fans at their site.

Illinois Fan Arrangement
The Illinois site monitored was a swine farrowing facility consisting of sidewall fans that varied between
61 and 122 cm in diameter.

Illinois Barn Airflow Rate Method

The Illinois AMM used a single propeller (RM Young Model 27106RS with Model 08234 propeller)
positioned at either the intake (Figure 10) or exhaust side of each fan and the rotational speed of this
propeller was calibrated against the fan airflow rate as a function of operating static pressure.

Figure 10. Propeller anemometer positioned at the intake side of a 61 cm diameter fan monitored in the
[linois set-up.
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The propeller anemometer consisted of an 18 cm diameter vane attached to a sealed bearing DC
generator that produced a 0-1 VDC output proportional to rotational speed. The anemometer was placed
at the inlet side of the fan for all 61 and 76 cm diameter fans and at the exhaust side for all 91 cm
diameter fans. The exact location of the anemometer in front of the fan depended on the size of the fan
and the airflow pattern. For the two smaller fans, the anemometer was positioned as close to the fan as
possible and faced upstream. With the larger fan the anemometer was placed just inside the cage of the
cone facing into the exhaust stream.

To test the anemometers ability to measure the flow rate of agricultural fans the AMCA standard
(ANSI/AMCA, 1999) test facility at the University of Illinois Urbana-Champaign was used. This facility
is the industry standard test site for agricultural fans. It has the capacity to test all typical fans sizes at
static pressures ranging from zero to 5 kPa, well above any typical operating pressures. Several tests
were conducted to test propeller position relative to the fans flow net and to calibrate propeller output
with actual fan airflow. Details of this work can be found in McClure €t al. (2004).

Figure 11 shows the propeller anemometer output voltage as a function of fan air flow for the 61 cm fan
tested with the propeller positioned at the four compass points about the intake side of the fan.
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Figure 11. Example propeller anemometer results as a function of fan airflow rate for a 61 cm diameter
fan used in the Illinois set-up. The designations 0, 90, 180, and 270 correspond to the four compass
point locations where the propeller anemometer was tested.

The anemometer tested in this study showed good linearity with the fan flow rate for all of the fans
tested. Based on this analysis, it is best to calibrate the anemometer for the specific fan and location of
interest. As expected the anemometer response is fairly sensitive to location relative to the fan as well as
the arrangement of the building in which it is installed. It appears that the anemometer will perform well
as long as the proper calibration is done. It does not appear that a general calibration curve for a certain
fan curve can be offered with great accuracy. For application where high accuracy is not necessary then
general curves could be developed in the lab for use in the field.
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Example Illinois Results

Figure 12 gives an example 7-day result for one of the Illinois farrowing rooms studied showing the
individual fan airflow rate delivery (Figure 12a) and the resulting inside climate temperature as a
function of the varying outside temperature (Figure 12b).
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Figure 12. Example (a) individual fan and total barn airflow rate and (b) the resulting inside and
outside temperatures for a 7-day period in September 2003.

DiscussioN

The emission study that formed the basis for the work described in this paper required the assessment of
airflow rate delivery for each barn studied. Flexibility was given to each research team to develop
methods that best suited their research site. Using this approach fostered a climate of innovation that
resulted in the techniques described within this paper. Each of the methods discussed has advantages
and disadvantages and Table 3 categorizes these.
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CONCLUSIONS

A multi-state research project was conducted in which the emission of hydrogen sulfide, ammonia,
PM10, and odor were measured. A critical variable in all emission work is the ability to accurately
measure the mass flow rate through the housing unit. This research project used a wide variety of
methods, all with the intention of measuring building mass flow rate as accurately as possible. Three
general methods were incorporated and they fall under one of three categories identified as Fan Indicator
Methods, Fan Rotational Methods, and Airspeed Measurement Methods. Each method has advantages
and disadvantages and the best method to use for a site depends on several factors. It is recommended
though that a combination of methods be used. For example, a FIM combined with a FRM would
provide one of two methods that yield at the very least an indication of fan status. This recommendation
would help in data preservation as sensing methods will fail at times throughout long-term emission
studies.
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