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Abstract

Purpose: Recently, domestic and abroad consumption of mushroom has been increasing. Especially, oyster mushroom has
been the most consumed product, sharing one third of the mushroom market. The air temperature differences between
relative positions of the mushroom farms were needs to be minimal. However, in reality, the air temperature differences
ranged from 2 to 5°C. Because of this, the mushrooms are non-uniform growth as well as decrease in both quality and
quantity. Although air circulators have been employed by oyster mushroom farms to minimize air temperature differences,
no experiments have been performed to illustrate the effect of the air circulators. Methods: This experiment is designed to
analyze the effect of the air circulation by constructing a prototype air circulator and measuring the air temperature when
the circulator was position at different heights (50 cm, 150 cm, 200 cm) from the floor in the center. Result: The horizontal
plane air temperature of the first growing bed when the air circulator was installed 50cm above the floor in the center, once
not using the air circulators and the other time using the air circulators, yielded the air temperature differences of 8.6 C and
1.8°C and deviations of 2.82 and 0.60, respectively. The third growing bed's air temperature differences were 10.0C, 1.6C
and deviations 3.28, 0.64, each respectively. These outcomes proved that the use of air circulators minimized the air
temperature difference and deviation. The use of air circulators helped minimize the air temperature differences and the
derivations in oyster mushroom farm. Conclusion: The use of air circulators helped balance the air temperature distribution
in oyster mushroom farm
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Introduction Food, Agriculture, Forestry and Fisheries, 2010). A suc-

cessful mushroom production necessitates the appropri-

Korea's number of mushroom farms amounts to 4,160. ate air temperature, humidity, and ventilation. Regularly,

The total cultivating area is approximately 764ha, and the
production is 173,580 M/T. This includes 2,200 oyster
mushroom farms, which occupy 30% of all cultivating
area. The quantity of oyster mushroom production is
45,200 M/T, which occupies 26% of the total production
of mushroom ; thus, oyster mushroom is undoubtedly a
significant contributor to the farm income (Ministry for
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thermal death point of oyster mushrooms' fungus is
below -30C, and its high air temperature is 40C and
above. Its air temperature range for survival is between
5 to ~32°C, and the optimum growth air temperature is
27C. However, when culture fungus, air temperatures
below 15C or above 30 C will prove unfit for or delay
its growth. Air temperatures between 22 and 24C are
maintained for mushroom cultivation; consequently, the
optimum air temperature for culture fungus becomes
27°C, due to the respiration process of the fungus (Rural
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Development Administration, 1998 ; Hong et al.,, 1992
;Hong, 1978). The oyster mushroom farm is constructed
to accommodate two sides of four growing beds, in total
8 growing beds, and the air temperature differences
between relative positions of the mushroom farms were
needs to be minimal. However, in reality, the air tempera-
ture differences ranged from 2 to 5C (Yoon et al. 2004).
Because of this, the mushrooms are non-uniform growth
as well as decrease in both quality and quantity. To alle-
viate this challenge, farms have adopted and employed
air circulators(Kim, 2005), but no experiments clearly
illustrate the effect of air circulation. This experiment
investigated the effect of air circulator on reducing the
difference between the highest and the lowest air tem-
perature in an oyster mushroom farm.

Materials and Methods

Design of experimental equipment

The air circulator was designed with two suction ports
and one discharge port it to achieve a more even air
temperature distribution in the interior of oyster mush-
room farms. The air circulator used in this experiment
had the size 0f 1,180 x 550 x 830 mm (illustrated in table
land figure 1). The suction port have a diameter of ¢ 260

Table 1. Specification of air circulator

Size (W x L x H) (mm) 1,180 x 550 x 830
Suction Port (mm) o 260
o 320
o 240 (1,200 m%hr)
® 300 (1,800 m%hr)

Discharge port (mm)

Suction Port (mm)
Fan
Discharge port (mm)

Picture of air circulator.

Figure 1.

82

mm, and the discharge porta diameter of ¢ 320 mm. Fans
used for the inlets had a diameter of 240 mm, and the fan
used for the outlet.

a diameter of @ 300 mm. Because one mushroom
farm's size is 20 x 5.5 x 4.0 m and has an interior volume
of 440 m’, that the capacity of the air circulator should be
approximately 1,000 m3/hr was determined.

Experimental method

Figure 2 demonstrates the setting points of air tem-
peratures sensors for each location of the growing beds.
As shown below, the horizontal plane of the bed was
divided in five, and the eight sensors were installed 10
mm above the surface of culture mediums per each
growing bed, in total at 32 disparate locations. The air
temperature was measured using the sensors of K type
thermocouples and multi-thermometers (RM-2500, Okura,
Japan). The air temperatures of the growing beds were
measured 90 minutes after heating the farm and using air
circulators, which would have stabilized the internal air

Figure 3. Air circulation unit setting in the oyster mushroom farm.
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temperature of the oyster mushroom farm by that point
in time.

The air circulators were installed at the center of the
growing beds, which are the numbers 4 and 5 in Figure1l.
The center is 9.0 meters from each end of the bed. To
accurately illustrate the effect of the air circulators, the
air temperature was once measured without the use of
air circulators and the other time with the use of air
circulators, air circulators being the independent variable
in this case. Figure 3 shows the installation of the air
circulators. Furthermore, the heater was positioned at
either the left or the right corner of the entrance, modeled
exactly after any mushroom farm.

Results and Discussion

Figure 4 depicts the air temperature distribution of

the horizontal plane of the first growing bed when the
air circulator was installed 50 cm above the floor in the
center. Figure (a) shows the results when the air circulators
were not used. The lowest air temperature was 12.1°7C,
and the highest air temperature 20.7 C; the air tempera-
ture difference was 8.6 C, and deviation being 2.82.
Figure (b) shows the results when the air circulators
were used. The lowest air temperature was 14.4°C, and
the highest air temperature 16.2 C; the air temperature
difference was 1.8 C, and deviation being 0.60. Compared
to the results of Figures (a) and (b), the use of air circulators
helped even out the air temperature distribution by
decreasing the air temperature difference.

Figure 5 shows the air temperature distribution of the
horizontal plane of the third growing bed when the air
circulator was installed 50 cm above the floor in the
center. Figure (a) shows the results when the air circu-
lators were not used. The lowest air temperature was

(@) non-air circulation

(b) air circulation center 50 cm

Figure 4. Air temperature distribution of horizontal plane at 1st bed with circulating.

(@) non-air circulation

(b) air circulation center 50 cm

Figure 5. Air temperature distribution of horizontal plane at 3rd bed with circulating.
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14.8°C, and the highest air temperature 24.8 C; the air
temperature difference was 10.0 C, and deviation being
3.28. Figure (b) shows the results when the air circulators
were used. The lowest air temperature was 16.3C, and
the highest air temperature 17.9 C; the air temperature
difference was 1.6 C, and deviation being 0.64. Compared
to the results of Figures (a) and (b) the use of air circulators
helped even out the air temperature distribution by
decreasing the air temperature difference.

Combining the results of Figures 4 and 5, using the air
circulators helped increase the lowest air temperature
and decrease the highest air temperature, thereby decrea-
sing the overall air temperature difference. Therefore,
the use of air circulators showed a more homogeneous air
temperature distribution.
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(a) non-air circulation

Figure 6 depicts the air temperature distribution of
the vertical plane of the entrance. Figure (a) shows the
results when the air circulators were not used. The lowest
air temperature was 15.9 C, and the highest air tempera-
ture 24.7°C; the air temperature difference was 8.8C,
and deviation being 3.67. Figure (b) shows the results
when the air circulators were used. The lowest air tem-
perature was 15.1°C, and the highest air temperature
18.0°C; the air temperature difference was 2.9C, and
deviation being 1.11. Compared to the results of Figures
(a) and (b), the use of air circulators helped even out the
air temperature distribution by decreasing the air tem-
perature difference.

Figure 7 depicts the air temperature distribution of the
vertical plane of the center. Figure (a) shows the results
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(b) air circulation center 50 cm

Figure 6. Air temperature distribution of vertical plane at entrance with circulating.
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(b) air circulation center 50 cm

Figure 7. Air temperature distribution of vertical plane at center with circulating.
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(b) air circulation center 50 cm

Figure 8. Air temperature distribution of vertical plane at outlet with circulating.

when the air circulators were not used. The lowest air
temperature was 18.2C, and the highest air temperature
22.0°C; the air temperature difference was 3.8°C, and
deviation being 1.27. Figure (b) shows the results when
the air circulators were used. The lowest air temperature
was 15.5C, and the highest air temperature 17.4C; the
air temperature difference was 1.9 C, and deviation being
0.65.

Figure 8 shows the air temperature distribution of the
vertical plane of the exit. Figure (a) shows the results
when the air circulators were not used. The lowest air
temperature was 12.2C, and the highest air temperature
16.8°C; the air temperature difference was 4.6 C, and
deviation being 1.52. Figure (b) shows the results when
the air circulators were used. The lowest air temperature
was 14.4C, and the highest air temperature 16.4 C; the
air temperature difference was 2.0 C, and deviation being
0.78. Combining the results of Figures 6, 7 and 8, using the
air circulators decreased the lowest air temperature and
the highest air temperature. On the other hand, on the
exit side, the lowest air temperature increased a little and
the highest air temperature remained about the same.
Thus, the data show that the heaters, which were installed
at the entrance side, affected even the air temperatures of
the exit side through air circulation.

Even when the air circulator was installed 150 cm and
200 cm above the floor in the center, using the air circulators
helped stabilize the air temperature differences and
reach a more equal air temperature distribution.

Conclusions

This experiment is designed to analyze the effect of the
air circulation by constructing a prototype air circulator
and measuring the air temperature of various growing
beds when the circulator was position at different heights
(50 cm, 150 cm, 200 cm) from the floor in the center. The
horizontal plane air temperature of the first growing bed
when the air circulator was installed 50 cm above the
floor in the center, once not using the air circulators and
the other time using the air circulators, yielded the air
temperature differences of 8.6 C and 1.8C and deviations
of 2.82 and 0.60, respectively. The third growing bed's air
temperature differences were 10.0 C, 1.6 C and deviations
3.28, 0.64, each respectively. These outcomes proved that
the use of air circulators minimized the air temperature
difference and deviation.

Likewise, the first time without the air circulators and
the second time with the air circulators, the vertical plane
of the entrance side had air temperature differences of
8.8°C, 2.9C and deviations of 3.67, 1.11, each respectively.
The center had air temperature differences of 3.8 C,
1.9C and deviations of 1.27, 0.55, each respectively. The
exit side had air temperature differences of 4.6 C, 2.0C
and deviations of 1.52, 0.78, each respectively. These
outcomes proved that the use of air circulators minimized
the air temperature difference and deviation.

Even the installation of air circulators in the center at
the heights of 150 cm and 200 cm from the floor did not
alter the fact that the use of air circulators helped minimize
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the air temperature differences and the derivations. Thus,
the use of air circulators helped balance the air tem-
perature distribution.
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