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Recent studjes have dealt with open top chamber design,

" construction, and performance.!~ These chambers are widely
used in efforts to understand damage to crap plants by pol-
luted air and to evaluate econcmic losses. While much testing
of these chambers has taken place in the field, more detailed
results can be obtained in a wind tunnel setting. Thus, various
field chamber designs were tested using the EPA Meteoro-
fogical Wind Tunnel at Research Triangle Park, NC. This
study was initiated to make detailed measurements of con-
centration variations within the model chamber under various
ambient wind conditions. Another purpose was to determine
whether a scale model could provide results comparable to
those obtained in the {ield. If the model had this capability,
then the wind turnel could be used to design and test an im-
proved chamber with the confidence that it would perform
similarly in the field. ,
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Information on the metecrological wind tunnel design,
construction, and operating characteristics, as well as simi-
larity criteria for fluid modeling is given in Snyder.®% The wind
tunnel provides a convenient means to vary many chamber
characteristics as well as ambient conditions. While only a few
of these factors could be studied in this project, considerable
effort was expended to test various baffle angles beginning
with the design presented by Kats, et al.3 A nozzle top design
by Krupa was also evaluated.”™?

Malerials and Methods

The model (Figure 1) used in the wind tunnel was scaled by
a factor of 10 while maintaining geometric similarity to an
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actual open top field chamber.! It measured 300 mm in di-
ameier and 240 mm in height, and was constructed using 7 mil
transparent vinyl chloride filin piaced over a metal frame
identical in construction to the full-size chamber. Similarity
between inlet hole size, number, and arrangement was also
maintained. Air was supplied to the model using a blower with
monitored output. This Mlow rate for most cases was held at
approximately 900 L/min.

Ethylene (C2H,) was injected into the air streamn at a rate
of .37 L/min to serve as a nonbuoyant trace gas. This gas
mixture entered the model chamber in the same manner as
is used in the field. The ethylene concentration coming into
the chamber was approximately 0.74% by volume. The model
was aligned in the tunne! so that the blower box was on the
downstrezm side of the model (Figures 1a and 2).

S N

Figure 1. Gpen top chamber lypas tested: A, Without baifle, 1) blower box, 2)
inlet duct, 3) upper panel, 4) supparting frame, 5) iower duct panel with ports
to inside. B. With 45° ballie, C. With nozzie top.

As stated earlier, one major objective was to measure the
ingress of outside air by measuring ethylene concentration
distributions within the chamber. These measurements were
made on a 105-point, three-dimensional grid inside the
chamber (Figure 2). Spacing of the grid points was 60 mm in
the horizontal and 30 ynm in the vertical. Measurements were
made in horizontal planes spaced at 25, 75, 125, 175, and 223
min above the floor of the chamber. Beckman hydrocarbon
analyzers* were used to monitor changes in ethylene con-
centration in the chamber, using 30-sec samples.

[t was important in the wind tunnel to provide a surface that
would simulate tvpical field conditions. To accomplish this,
40-mm high blocks were used to obtain a zero-plane dis-

“placement height (d) of 20 mm along with a roughness length
(zo) of 5 mm, These values are geometrically similar to field
conditions with a displacement value of 20 cm and a roughness
length of 5 em. The parameters d and zy were estimated by
fitting the observed mean wind profile in the surface {constant
flux) layer to the logarithmic profile law. In both the field and
wind tunnel cases, the open top chamber was located in the
surface layer where the logarithmic profile law holds. Stability
effects have not been considered in this study; however, they
are not likely to be important to flow within or in Lhe vicinity
of the chamber.

Besides the requirements of geometric similarity and sur-
face features, it was aJso necessary to maintain equal velocity
ratios between field and wind tunnel. Preserving these ratios
allows confidence in applying tunnel results to the field. These
ratios are ambient wind speed {at the height of the chamber
top) to the average chamher-top exit velocity, and air speed
through chamber inlet holes to chamber-top exit velocity.
These latter velocities were caleulated from the mixture {low
rate and the chamber dimensions. Air exiting from the

- chamber top does not do so in a uniform manner. Flow visu-

alization indicated that this motion is very complex, with re-
verse flow in some regions. Nevertheless, by continuity, the

® Menuon of l.ud_e LT COMPARY Bame does nol constilite a yearantce or warranty of the
product by the USDA, EPA, ae NCSU and does nol imply their approva! o the exclusion
of other products that may be suitabie,
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velocity calculated above represents the spatiai-averaze,
chamber-top exit velocity.

Another paraineter for consideration in maintaining ftow-
field similarity is the Reynolds number.8 The model Reynolds
number was approximately one-tenth the field value in these
tests. A full discussion of the probiem is beyond the scope of
this paper; suifice it to say here that for rounded structures,
Reynolds number independence® 19 is not assured, and vali-
dation of these tests wiil require full-scale experimentation
for at least a limited range of parameiers for comparison.

Preliminary measurements were conducted in the ¢chamber
to determine whether a particular baffle was superior with
respect to eliminating the ingress of ambient air. The baf{les
extended completely around the model chamber {Figure ib).
Balffle angles {{rom the horizontal) of 15, 45, 80, and 90 degrees
were tested. The baffle width was 50 mm and the smaller di-
ameter matched that of the model chamber (Figure 10). The
interior edge of the baffie was located 10 mm above the edge
of the chamber. Increases in this distance appeared to nave
little effect on the ingress of outside air into the chamber.
When considering the full range of wind speeds, it wes de-
termined that the 45° baffle provided the least dilution of
ethylene concentrations inside the chamber, Therefore, this
baffle was used iv all subsequent testing. A nozzle top cham-
ber3 (Figure 1c) was also tested. The opening at the top of this
chamber was 213 mm in diameter; 91 mm of veriical height
was added to the basic chamber height.

Small plastic plants approximately 75 mm tall were used
to simulate soybeans in the model chamber. The row config-
uration is shown in Figure 2. These plants were similar in
shape and density to soybean plants, except that they did not
bend as easily under the force of the incoming gas mixiure as
do soybean plants.
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Figure 2, Horizomtal sampling positions (indicaled by
numbers} and plant row layout for all chambers
ested.

Resulls and Discussion

Experimental results are presented in Figure 3. Only the
broad scale features of the results will be discussed ia this
paper. The abscissa of each graph presents the horizontal
sampling positions inside the chamber (Figure 2). The ocdi-
nate values are ethylene concentration corrected for back-
ground level, Por visual relerence, concentration values in the
same row have been connected by a line. The rows {Figure 2)
are perpendicular to the tunnel wind direction. Each line on
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Figure 3. Concentrations of ethyiene for 21 harizontal and 5 vertical sampling positions, 25 {A), 75 (), 125 (O), 175 (9}, and 225 mm (9}, with ire ratio of wind
wnnel velocity 10 chamber exit velocity at 40. A. Cpen top chamber with pfants. B. Open top chamber with 45° baffle and plants. C. Nozzle lop crambder with

plants.

the graph shows concentrations in the chamber at specified
distances above the chamber floor.

The results shown in Figures 3a-3c were for a ratio (ambient
wind velocity to chamber exit velocity) of 40. In the field sit-
uation, this would correspond to an ambient wind speed of 4.5
m/s, since the best estimate of the field chamber exit velocity
is0.11 m/s.

The resulis for no baffle and the 45° haffle are shown in
Figures 3a and 3b. All testing was done with plants in the
chamber. The findings indicate that the 45° baifle has only
asmall positive effect in reducing the ingress of outside air into
the chamber. A potential user of the baffle should carefully
weigh whether the slight improvement afforded by the baffie
justifies its initial cost, maintenance, and possible alterations
to rainfall and solar radiation.

The results (Figure 3¢) using the nozzle top were superior
to all olher designs tested with respect to concentration uni-
formity. Dilution of the gas mixture became a serious problem
only toward the downwind portion of the chamber. Concen-
tration values in the upwind third of the chamber were nearly
equal to the conceniration of ethylene in the gas mixture inlet.
The main disadvantages to this design are the reduction of
rain and solar radiation entering the chamber. Further in-
vestigations should center on the formulation of design
modnf:cat:ons (e.g., nozzle top, air inlet, and baffles) that
would reduce rainfall and solar radiation bias.

An experiment was also run with the wind tunnel turned
oft while the gas mixture continued to enter the model
chamber. With plants both in and out of the chamber (Figure
la), very Jow gas concentirations were observed in the region
near the blower box, particularly near the top of the chamber.
‘These low concentrations were the resuit of an enhanced en-
trainment of outside air due to an uneven distribution of (low
through the holes in the chamber sidewalls. The gas mixture
velocity was greater through the holes near the inlet tube than
it was through the other holes. Flow visualization studies using
titanium tetrachloride showed a strong intlow of outside air
at that point (above the gas mixture inlet) of the model. This
ellect was more intense when plants were in the chamber, As
the gas mixtere left the inlet tube and entered the chamber
via the inlet holes, it was chamneled between the two rows of
plants {IMigure 2). These plant rows acted as bafties, thus
preventing rapid mixing with gas mixture sireams entering
the chamber from holes along the sides. Tests will be required
to determine it such events occur in the field.

Virwally no dilution was observed with the nozzle top
chamber (Figure Lc). Three factors are important here. First,
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the nozzle effect of this chamber causes a higher chamber-top
velocity than is observed in the other chamber types. In ad-
dition, exterior gcometiry and increased distance to the nozzle
exit also contribute to the observed differences.

A comparison of wind tunnel results with those obtained
in the field by Heagle, et al. 2 indicated substaniial differences,
which aside from the obvious wind tunnel/field condition
dissimilarities, could have arisen from variations in such
factors as crop type and arrangement, sensor number and
location, and trace gas used. Belore wind tunnel data canbe
used to assess the usefulness of open top fisld chambers or to
aid in future design changes, work needs to be done comparing
wind tunnel data with those obtained [n the field. At present,
it would be premature to use our current wind tunne! data for
a full evaluation of open top field chamber desizns now in
use.
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