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Jiang, S., Jofriet, J.C. and Buchanan-Smith, J. 1988. Temperature
observations in a bottom-unloading concrete silo. Can. Agric. Eng.
30: 249-255. Temperatures were measured hourly in a 6.1 x 22-m
concrete bottom-unloading oxygen-limiting silo over a 52-d period,
26 July-16 Sept. 1985. Twelve thermocouples were used to observe
alfalfa silage temperatures about 2 m below the surface and 13 ther
mocouples were located throughout the head space. Gas temperatures
in the head space were found to follow the ambient temperature var
iation with a delay and a reduced amplitude of fluctuation. Silage tem
peratures reached 47°C at the center of the silo and remained above
40°Cfor the entire 52-d test period. Cooling of silage was very slow
except within the 0.3-m region nearest the wall, where fluctuations
with the ambient temperature were observed and solar radiation seemed
to have a significant effect on temperature changes.

INTRODUCTION

Temperature is one of the major factors influencing silage qual
ity. In general, high temperatures tend to favor Clostridia fer
mentation since these organisms tolerate and thrive at higher
temperatures than the lactic acid bacteria (McDonald 1981;
Ohyama et al. 1973; Wieringa 1958). Reduced water contents,
which may be realized by field wilting, can suppress the growth
of the Clostridia. However, if a sufficient amount of lactic acid
is not built up when the condition becomes anaerobic, the pH
will not be lowered to a stabilization level and the growth of
the Clostridia cannot be inhibited.

Temperature is an important factor affecting silage stability
and protein damage during the entire storage period. A survey
of alfalfa silage in Michigan showed that an extensive amount
of silage was heat damaged, and this occurred in both sealed
and unsealed structures (Thomas et al. 1972). Ohyama et al.
(1975) observed that aerobic deterioration occurred in grass si
lage when the ambient temperature was above 10°C. In most
of the deteriorated silages, a marked reduction in lactic acid
content and water soluble carbohydrates was found.

The temperature fluctuation and consequent pressure varia
tion of gases in the head space of a silo cause an intensive gas
exchange with the surrounding atmosphere (Meiering 1971,
1986).Though the breather bags in some oxygen-limiting silos
reduce the amount of oxygen intake, the capacity of these bags
may be exhausted when temperature fluctuation is great, or the
silo is large and the silage level is low. This may result in serious
surface losses, especially in bottom-unloading silos where the
upper surface of die silage remains exposed to the head space
gases for a long period of time.

Measurements of silage temperatures have been conducted
in experimental pilot-scale silos (Henderson et al. 1972;
McDonald 1981) and in full-scale top-unloading silos (Rotz
1986; Csermely 1975). In well-sealed, 1-t-capacity silos the
temperatureincrease in 48 h was less than 4°C and it then grad
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ually decreased to the ambient temperature at a rate of 0.5-
0.7°C/d (Henderson et al. 1972). In poorly consolidated mate
rials an increase of 14°C from the initial of 18°C was reported
(McDonald 1981).

Rotz's (1986) measurements at three levels (2.5, 5.5 and
8.5 m below the silage surface) in a 3.0 x 12.0-m-high con
crete-stave silo showed that the highest temperature occurred at
the upper level. In this layer the temperature increased from
9°C initially to 43-48°C in 5 d. At some locations the temper
atures near the silo wall were higher than that near the center.
His results also showed that the temperature below 5.5-m depth
was much lower and was uniformly distributed.

Csermely (1975) also reported that the highest temperature
occurred in a layer of 2 m below the silage surface in a
9.0 x 7.0-m-high polyester and a 9.0 x 23.5-m-high concrete
silo. At day 10 of ensiling the temperature near the center
reached 55-60°C. The temperatures near the silo wall were
about 30-35°C lower than that near the centre.

O'Leary et al. (1981) measured weekly the temperatures of
corn silage as it was removed from the silo. Three silos were
involved, one 5.2-m-diameter oxygen-limiting silo and two
4.3-m-diameter stave silos. The method of measurement was

not reported. Silage temperatures from the oxygen-limiting silo
were found to be higher than that from the stave silos. As well,
the silage from the former was found to be less stable.

Wilcke (1966) recorded both silage and gas temperatures in
a 4.0 x 7.0-m-high steel silo that was 45% full. However, the
measurements reported were during the daylight hours of
15 Aug. 1965, with a solar zenith angle of 37°C. The gas tem
perature varied from 31°Cnear the silage surface to 51°C near
the silo dome, while the silage temperature and the steel dome
temperature averaged about 26 and 70°C, respectively.

Measurements by Meiering (1987) in Waterloo Township,
Ontario showed much different results. Four evenly spaced
thermocouples along the center line in the head space of a 33-
50% full 6.1 x 18-m-high steel silo registered a temperature
difference of less than 6°C at any time during a 51-d test period
in summer 1983. It is difficult to compare these results with
those of Wilcke since no measurements of silage temperatures
were taken in this work.

A more complete measurement of both silage and gas tem
peratures is necessary to further monitor silage quality, and to
examine silage storage structures and the functions of the
breather bags in oxygen-limiting silos. Oxygen-limiting silos
are believed to provide better anaerobic conditions for silage
fermentation. Therefore a lower silage temperature may be
expected. However, to the authors' knowledge no temperature
measurements of silages in full-scale oxygen-limiting bottom-

249



unloading silos are available, possibly due to the difficulties
associated with installation of thermocouples in this type of
structure.

To remedy the lack of information, an experiment was con
ducted in a 6.1 x 22-m-high bottom-unloading oxygen-lim
iting concrete silo in Baden, Ontario. The temperature data of
silage and silo gases were collected during summer 1985
because the major interest was the observation of maximum
silage temperatures, as well as the duration of these maxima.
An additional objective of this work was to provide experi
mental data to verify numerical results from a finite element
studyof temperatures in tower silos now in progressat the Uni
versity of Guelph.

METHOD OF TESTING

The construction of the silo is thatof a typicalsealedreinforced
concrete silo. The wall thickness is 140 mm; the roof is cone-
shaped and constructed of reinforced concrete. The silo has a
center-fill arrangement without a distributor. The structure has
dual breather bags with a total expansion volume of 24.1 m3
located in twochambers below thesilofloor. Thebags arecon
nected to theheadspace above the silage with anexternal plas
ticpipe. Apressure relief valve is located onthe roof. The pipe
and the valve were checked regularly to ensure proper
functioning.

In a bottom-unloading silo, thermocouples have to be
installed from the top. Therefore, the measurements can be
taken onlyin thetoplayer of thesilage. Fortunately, thehighest
silage temperature occurs usually in the top 2.5-m layer
(Csermely 1975;Rotz 1986). The presenttestswerecarriedout
at 1.8-m depth.

Thermocouples cannot be put in until the silo is filled and
have to be removed before the next filling. In addition, ther
mocouples have tobearranged insucha waythattheycanmove
with the silage during the consolidation or unloading period.
The length of the experiment is therefore limited.

The period between the second-cut and third-cut alfalfa in
Southern Ontario takes place around August, lasting 50-60 d.
This time period was considered to beadequate for the exper
iment since the highest ambient temperatures usually occur dur
ing this time of the year.

The silo was filled in June 1985 with first-cut alfalfa with an
average moisture content of 51% (WB). The filling of the sec
ond-cut material started on 18July and ended on 25 July. The
silo was about 70% full at the beginning and 90% full at the
end. The material was field wilted to an average moisture of
43%(WB). The choppinglengthof the material was 10-12 mm
for both cuts.

At the centerof the silo, temperatures weremeasured at five
levels, 1.8 and 0.7 m below the silage level, 0.4 and 1.0 m
above the silage level, and at a fixed location 1.0 m below the
roof. Temperatures were measured along the north-south and
east-west axes of the silo. Along the east and south radii the
measurement locations were 1.3,0.7 and 0.3 m from the inside
face of thewall. Along thewest and north radii only two loca
tions were monitored 0.7 and0.3 m fromthewallfor thewest,
and 0.7 and 0.1 m from the wall for the north radius. More
thermocouples were placed along the south and east radii
because there the solar radiation effect is more significant and
the silage temperature was expected to be higher in these two
directions. The intention was toinsert onethermocouple ineach
direction as close to the wall as possible. However, at the time
of installation it was found to be difficult to place thermocou-
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Thermocouples at 1.0above and 1.8 m below silage level at all stations

N. E. S and W. At station C 1.8 m and 0.7 m below, and 0.U m and 1.0 m

above level of silage, and 1.0 m below roof.

Figure 1. Location of the 11 thermocouple stations.

pies into the silage close to the wall. Several broken thermo
couples resulted during a preliminary trial. Therefore three
thermocouples were installed 0.3 m away from the wall and
only one (Nl) was successfully placedat 0.1 m.

Ateachof these10locations silagetemperatures were meas
ured at 1.8-mdepth and the gas temperatures 1.0 m above the
silage level. Finally, the outside face of wall temperature was
monitored along the four radii at a fixed level 1.4 m above the
floor of the silo. The ambient air temperature at a shaded spot
was also recorded. Figure 1 shows a layout of the
thermocouples.

All temperatures were measured hourly with type-T ther
mocouples. At each station inside the silo the thermocouples
were mounted inside a 19-mm-diameter copper tube of suffi
cient length tocontain boththethermocouples above and below
the silage level. The exception was theupper thermocouple in
the center of the silo which was simply suspended from the
roof. Figure 2 shows themounting of thethermocouples in the
copper tubes. The four thermocouples for measuring the out
side face of wall temperatureswere embedded into a small hole
drilled into the concrete of the wall and thence secured with
epoxy. All thermocouples were calibrated before the start of the
experiment.

The copper tubes were installed into the silo by a person
equipped with a self-contained respiration apparatus on26 July,
the secondday after filling. The copper tubes were driven into
the silage as closely as possible to the desired location and to
the required depth. A 50-m-long, 36-pair conductor thermo
couple extension cableconnected the inside thermocouples to
thedatalogger located in a shed nextto the silo (seeFigure 3).
The cable passed through a sealed hole in the access hatch in
the silo roof. Enough slack was left to allow the free motion of
the thermocouples during consolidation and unloading of the
silage. The top of the silage was approximately 2.5 m below
the top of the wall at the start of the test (26 July). At the end
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Figure 2. Mounting of the thermocouples in thecopper pipe probes.

(16 Sept.) the silage level was about 5.5 m below the top of
the wall. The dry matter density, pd, was estimated from
pd = 150 + 250 (l-e-°"z) (Jofriet et al. 1982). At depth
z = 1.8 m this provided an estimated bulk density of
342 kg m3 for the 43% moisture content silage.

The thermocouples were connected to a HP3497 datalogger,
which was controlled bya HP85F microcomputer. All readings
were stored on the magnetic tape of the HP85Fand printedout
on a printer. Readings were takenhourly from 26 July 1985 to
16 Sept. 1985.

The meteorological data for this time period were obtained
from theUniversity ofGuelph Weather Station atElora,Ontario
(longitude 80.25 W, latitude 43.39 N). The station is about
50 km north-east of the experiment site (longitude 80.65 W,
latitude 43.40 N). Figure 4 shows the total daily radiation on a
horizontal surface and mean wind velocity for the 52-d test
period. Figure 5 illustrates the frequencies of wind occurrence
in different directions.

TEST RESULTS

The testresults arepresented in twoparts. In orderto show the
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Figure 3. General view of test silo.

detailed temperature variation, results of wall temperatures as
well as gas temperatures and silage temperatures at the center
stations are presented for the period 10-18 Aug. Dailyfluctua
tions in this 9-d period are typical for the test period. Silage
temperatures for the entire test period are presented and com
pared in the second part.

-T

26 30 3 7 11 15 19

JULY AUGUST SEPTEMBER

Figure 4. Daily total solar radiation on a horizontal surface and mean
wind velocity for the test period.
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Figure 5. Frequency of occurrence of wind directions during the 52-
d test period.

Results from 10 to 18 August
Figure6 shows the north and south outside surfacetemperatures
of the concrete wall together with the ambient temperatures.
The division lines on the horizontal axis indicate 12 midnight,
the date indicates the start of that day.

August 10, 11, 12, 14, 16 and 17 were bright sunny days
(Fig. 4). This resulted in significantly higher outside surface
temperatures of the south wall compared with the north one.
The temperature difference between south and north reached
14°Cataround 13:00 h on 16 Aug., while atmidnight or arainy
day (e.g., 15 Aug.) the difference was usually less than 1°C.

13 14 15

AUGUST

16

..AMBIENT TEMP.

17 18 19

Figure 6. Outside wall temperatures at southandnorth.
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The east wall temperatures are very similar to the south wall
temperatures except that the daytime maxima occurred some
what earlier due to the solar radiation (Figure 7). The west wall
temperatures are very similar to the north wall ones except that
the daily maxima were on average about 1.7°C higher. This is
because the west side is shaded by an adjacent silo of the same
size as the test silo. The clear space between the two silos is
about 1 m.

50

45

11 12 13 14 15

AUGUST

16

..AMBIENT TEMP. •

17 18 Id

Figure 7. Outside wall temperatures at east and west.

Figure 8 shows the five temperatures at the center station C.
These include the silage temperatures 1.8 and 0.7 m below the
surface and the gas temperatures 0.4 and 1.0 m above the sur
face and 1.0 m below the roof. The deep one in the silage indi
cated very steady almost constant temperatures. The tempera
tures of the shallow one were somewhat higher and showed
fluctuations with time. It is significant to note that the silage
temperatures were about 44—45°C 1 mo after filling.

35 :

o 30 :

10

5

I 1 1-

SHALLOW

II 12 13 14 15 16

AUGUST

..AMBIENT TEMP.

18 18

Figure 8. Temperatures at silo center, 0.7 and 1.8 m below silage
surface, 0.4 and 1.0 m above silage surface, and 1.0 m below silo
roof.
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The gas temperatures at all stations are virtually identical
despite the fact that the sensors were located at different levels
in the head space. Gas temperatures fluctuated drastically fol
lowing the changes in ambient temperature with a delay that
averaged about 7 h. The amplitudeof the fluctuation averaged
about8.5°C for this 9-d period with a maximum of 14°Coccur
ring between 14 and 16 Aug.

Results from 26 July to 16 September
Figure 9 presents thesilage temperatures for theentiretesting

period along the south and north radii. These include stations
SI, S2, S3, Nl, N2 and C at 1.8-m depth. The ambient tem
peratures are also included for easy reference. In a similar fash
ion, Figure 10 illustrates the temperatures across east and west
radii.

The silage temperature at the center of the silo reached 44°C
on the second day of filling. It slowlyincreased to 45°Con day
16 (10 Aug.) and then gradually decreased to about 40°C at the
endof test (Figs. 9 and 10).The drop in temperatureover these
37 d was 5°C, a reduction of less than 1.4°C per 10 d.

AMBIENT TEMP. >

T—«—i—i—i—i—i—•—r—»—i—•—i—i—i—•—i—i

0 4 6 12 16 20 24 28 32

PAYS AFTER FILLING

I 'i • i

36 40 44 46 52

Figure 9. Silage temperature variation across north-south radii for 52-
d test period

1—i—•—i—•—i—•—i—i—i—» i i—i—i—i—i—i—i—i—i—i—i—i—i—?

0 4 8 12 16 20 24 28 32 36 48 44 48 52

DAYS AFTER F3LLIN6

Figure 10. Silage temperature variation across east-west radii for 52-
d test period.
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It can be seen clearly from Fig. 9 that the temperature at
station Nl followed the overall profile but not the individual
fluctuationsof the ambient temperatures. The reason is that the
thermocouples at this station were located very close to the wall
(see Fig. 1).

Inside the circular area 0.3 m or more away from the wall,
temperatures at all stations decreased steadily over the testing
period. Though small fluctuations were observed, the silage
temperatures at S1, El and Wl were surprisinglysteadydespite
the fact that the locations of measurements were only 0.3 m
from the inside face of the wall. It is noted that at stations S3
and E3, 1.3 m from the inside face, the silage temperatures
were higher than 40°C for at least 3 wk after filling. The reduc
tion of temperatures over the entire test period was 9°Cfor S3
andl2°CforE3.

Figures 11 and 12 illustrate the comparison of silage tem
peratures in the three directions at 0.3 m from the wall and four
directions at 0.7 m from thewall, respectively. Thetotal drop
intemperature atstations S1, El andWl (Fig. 11) ranged from
12 to 19°C and averaged 15°C. The smallest drop of 12°C

t—i—i—i—i—i—i—i—i—•—i—i—i—i—i—•—i—i—i—i—i—i—i—i—i—r

B 4 8 12 16 28 24 28 32 36 48 44 48 52

DAYS AFTER FT! ITN6

Figure 11. Comparison of silage temperatures at south, east and west,
0.3 m from wall.

-i i i—i—i—i—i—i—i—i—i—i—i—j—i—i—i—i—i—i—i—i—i—i—i—?

8 4 8 12 16 28 24 26 32 36 48 44 48 S2

DAYS AFTER FILLING

Figure 12. Comparison of silage temperatures at south, north, east and
west, 0.7 m from wall.
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occurred at the south, and the highest at the shaded west side
(Fig. 11). Atthestation 0.7 m from thewall (Fig. 12) thedrop
in temperature over the 52 d ranged from 11 to 16°C andaver
aged 13°C. The highest drop again occurred at the west, the
lowest at the north and south.

DISCUSSION

It can be seen from Figs. 6 and 7 that the outside wall tem
peratures at the south and east were much higher than the
ambient air temperatures because of the solar radiation. This
influences the gas temperatures in the silo head space. How
ever, thiseffectin concrete silos is not as significant as in steel
silos. The results obtained in the steel silo (Meiering 1987)
showedthat the ratio of the amplitude of gas temperature fluc
tuation over that of the ambient one averaged 1.75. In some
extreme cases, this ratio reached as high as 2.93 (Meiering
1971). The results of the present study showed that in the con
crete test silo solar radiation did not cause larger fluctuations
of the head space gas temperatures than those of the ambient
temperatures. The amplitudes of the fluctuation in gas temper
atures averaged 6.5°C, about 70% of that in ambient temper
atures. This is due to the fact that concrete has much lower
thermal conductivity and higher heat capacity than steel. The
thermal conductivity ofnormal weight concrete ranges from 1.3
to 1.7 W/(m.K), which is much lower than the conductivity of
steel which lies between 36 and 43 W/(m.K). The specific heat
ranges from 840to 920 J/(kg.K) forconcrete and470to490 J/
(kg.K) for steel (ASHRAE, 1981; Kreith and Black 1980).
Another reason is the white-painted roof and the light-colored
concrete wall which absorbs less radiative heat than the dark-
colored steel silos.

The maximum drop in gas temperatures during the 52-d test
ing period occurred between 14-16 Aug. (Fig. 6). The total
solar radiation for 14 and 15 Aug. was 21.2 and 5.6 MJ/m2,
respectively. The wind velocities for the 3 d were about the
same (8.2, 8.6 and 8.8 km/h) (Fig. 4). The gas temperature
reduction was 14°C when the ambient temperature dropped
continuously from 31.0°C to 11.2°C overthese 3 d. Thisvalue
would have resulted in a corresponding pressure reduction of
less than 5% at constant volume.

Figure 8 shows that thegastemperatures were uniformly dis
tributed across the height of the head space. The observations
at other locations were almost identical with these three loca
tions shownin Fig. 8. The temperature difference between the
13 thermocouples located over the entire head space was less
than 1°C during the 52-d test period. Convective heat transfer
within the gases seems to exist. This is in conflict with the
findings by Wilcke (1966), who reported a 20°C gradient in a
silo head space of 3.85 m high. Wilcke's measurements were
taken only at one particular time and the changes of gas tem
perature with time were not reported. One explanation is that
Wilcke's silage temperature was about 25°C at the surface,
which was much lower than the 70°C temperature of the steel
roof, thusinhibiting natural convection flow. Atheoretical study
seemsnecessasry to relatethe gas temperatures withtheoutside
weather conditions as well as the silage temperatures.

ThedatacollectedbyMeiering (1987) agreemuchbetterwith
results of this study. He recorded gradients of less than 6°C in
a head space 9.0-12.0 m high during a 51-d test periodand a
time interval of 6 min. Considering the height of the head space
of thepresent silovaried only from 2.5 to 5.5 m during thetest
period and the higher resistance to heat flow of concrete com
pared to steel, a gradient of 1°C seems to be reasonable.
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Silage temperature at the center of 0.7 m depth was about
1.5°C higher than that at 1.8 m depth. It remained about 1.0-
1.5°C higherfor the first 3 wk of the test. In addition, the tem-
peratureat0.7 mdepth fluctuated irregularly with time (Fig. 8).
After 24 d (18 Aug.) temperatures at the two levels became
closer, and then the shallow one started to drop faster than the
deep one. At the end of test the shallow one was about 3°C
lower and the curve became almost as smooth as the deep one.
This may imply that the aerobic activities near the silage-gas
interface carried on for the first 3-A wk of ensiling. After that
no evidence of serious air re-entry was indicated.

Silage temperatures inafull-scale silo arequite different from
those in small-scale experimental silos. Due to the larger silage
mass perunit areaof boundary surface and the resulting larger
amount of heat retention, temperature increase is much greater
in large silos. The maximum ambient temperature on the last
day of filling (26 July) was 28.1°C. The silage temperature at
the center of the silo reached 42°C at the time the measurements
started (noon on 26 July). Figures 9 and 10 show that the
increase of temperature virtually stopped on 27July,thesecond
day after filling. The maximum temperature of 47°C occurred
at the west 0.7 m from the wall and at the center at 0.7 m depth.
The average reduction was about 0.24°C/d. At the center the
reduction was only 0.14°C/d.

Csermely(1975)recorded a much higher silage temperature.
In both test silos temperatures of 55-60°C were reached near
the center, 10 d after ensiling. It remained over 50°C over a 50-
d period while the ambient temperature decreased from 18-
23°C to 10-13°C. Yet, the rate of decrease in silage temperature
near the center is similar to that found in this study. Considering
the moisture contents used in his work were about the same as
(46% for the small silo) or higher (70% for the large one) than
the present work and the ambient temperature variation was
similar (mean temperature varied from 23 to 8°C in the present
work, see Fig. 9), one suspects that the higher temperatures
werecaused by some other factors, such as the size of silos and
especially the availability of air.

Rotz (1986) recorded a much higher temperature near the
wall than at the center of a concrete stave silo. At the location
near the south wall a maximum temperature reached 65°C after
9 d and it remained over 50°C for 15 d, while the temperature
at the center was only 44°C or less. However, this was not
observed in the present study. It can be seen from Figs. 9 and
10 that the highest temperature occurred in the center area. It
gradually decreased along the radius of the silo. The difference
between the center and 0.3 m from the wall averaged about
4.0°C at the beginning and 14.7°C at the end of the test period,
indicating that heat transfer to the environment occurred at the
boundary. The fluctuation with the ambient temperature was
observed only withina regionabout0.3 m from the insideface
of the wall.

Figures 9 and 10 also show that at the center area the tem
perature decreased steadily after the first 3 wk of ensiling
despite the fact that the average ambienttemperature increased
from 14.5 to 25°C during the period of 36 and 44 d after filling
(Figs. 9 and 10).However, Rotz (1986)measureda temperature
increase at the center of 37.0-40.2°C at the end of the 47-d test
at a rate of 0.23 °C/d. The average ambient temperature varied
from 21 to 26°C during this time period. This is further evi
dence that the oxygen-limiting silo has a more stable temper
ature pattern than the open ones.

In general, heat transfer from the silage to the environment
is very slow due to the lowconductivity and high specific heat
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of silage. Jiang et al. (1986) reported that the conductivity and
diffiisivity of silage were dependent on the moisture content
andbulkdensityof the material. By extrapolating the regression
equations derived in their work, the conductivity and specific
heat for a silage with 43% moisture content (WB) and 342 kg/
m3 bulk density were estimated to be 0.190 W/(m.K) and
3.54 kJ/(kg.K), respectively. Therefore, silage temperatures
greatly depend on die initial temperatures resulting from the
aerobicrespiration. Ambient weather conditions have a signif
icant effect on the temperature reduction, especially in the
region near the wall. Figures 11 and 12 show that the greatest
temperature reduction occurred in the west and the smallest was
in the south. At the stations 0.3 m from the wall (Fig. 11) the
initial temperature at the west was about 2.5°C higher than that
at the south, whereas it was about 4.0°C lower after 52 d. This
can be explained by the fact that the sun was blocked in the
west and that the wind direction was most frequently from the
west and south-west during the test period (Fig. 5). The envi
ronmental effect became smaller further away from the wall.
At the stations 0.7 m from the wall (Fig. 12) the west was about
3.5°C higher and 1.5°C lower than the south at the beginning
and end of the test period, respectively. At the minimum radia
tion exposed north, the temperature was the lowest throughout
the whole test.

CONCLUSIONS

The following conclusions may be drawn from this study:
(1) The concrete wall of the test silo had a damping effect

on the fluctuations of the head space gas temperature. The
amplitudeof gas temperature fluctuations was less than 70% of
that of ambient temperature fluctuations.

(2) The gas temperatures in the silo head space were very
uniform under the test conditions. At no time during the 52-d
test period was a temperature difference greater than 1°C
observed between any of the 13 head space sensors. Natural
convection appears to mix the gas well.

(3) The bottom-unloading silo has more stable silage tem
peratures than the open silo. No evidence of serious air re-entry
was observed during the 52-d test period. The silage temper
ature increased drasticaly in the first 2 d of ensiling and the
cooling was very slow. Silage temperature near the silo center
remained above 40°C during the entire testing period.

(4) The effects of diurnal temperature fluctuation were
observedonly within the 0.3-m region nearest to the wall. Solar
radiation seems to have some effect on the rate of decrease in
temperature of the silage. This effect is most significant in the
layer near the wall.
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