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Cold weather conditions in a free-stall

Temperatures and relative humidities were monitored in a free-stall dairy barn fitted with a porous ceiling. This barn
was located at Normandin, Quebec where the outside temperature during the experiment fell as low as —40°C. The porous
ceiling was constructed of fiber glass batt insulation over chicken wire mesh. Porous ceiling thicknesses of 126 mm and 63
mm and porous ceiling to floor area ratios of 0.6 and 0.3 were used. Temperatures measured in front of the continuously
running exhaust fans were found to be representative of the temperature patterns in the barn. A porous ceiling insulation
depth of 126 mm and porous ceiling to floor area ratio of 0.6 appeared to provide warmer temperatures in the barn at low
outside temperatures that did the other ceiling conditions studied. At —40°C, the estimated inside temperature ranged
from —1to — 10°C under the different ceiling conditions studied. No clear relationship between relative humidity and
either indoor or outdoor temperature was established; moreover, alow correlation was observed between relative humidity
readings taken simultaneously in front of the two continuously running fans.

INTRODUCTION

Ventilating dairy barns in cold weather
without adding supplemental heat has
often been unsatisfactory. In many cases,
the heat produced by the cattle is insuffi-
cient to maintain desirable barn tempera-
tures at the ventilation rate necessary to
prevent moisture buildup.

Pattie (1966) and Pattic and Lederer
(1973) proposed the use of a porous ceiling
air inlet which could allow some of the
moisture to diffuse from the animal room,
thereby permitting a reduction of the
ventilation rate and consequent ventilation
heat loss. A recent and more extensive
literature review of laboratory studies and
actual farm installations was given by
Honey and Wrubleski (1977). Previous
papers by Turnbull and Hickman (1974)
and by Turnbull and Darisse (1975) de-
scribed the winter performance of porous
ceiling ventilation systems; the latter paper
reviewed winter inside-outside tempera-
ture correlations in an exhaust-ventilated
free-stall dairy barn at Normandin,
Quebec. This particular barn was 15 m
wide and fitted with a porous ceiling. A
9.6-m wide longitudinal strip down the
center of the ceiling consisted of 63 mm of
fiber glass ‘‘friction-fit’’ insultation (with-
out vapor barrier) laid over chicken wire.
This was exposed to the animal environ-
ment below and to a wind-ventilated attic
space above. The remainder of the ceiling
consisted of 63 mm of insulation over
plywood with no vapor barrier. Perform-
ance of this ventilation system was accept-
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able, with fog occurring only in the coldest
weather. Barn staff felt that this was a big
improvement over previous conditions in
the same barn when it was operated with
only ‘‘natural ventilation’” (no fans) and
with minimum insulation in the walls and
under the roof.

In the first Normandin experiment,
measurements of barn humidity were too
infrequent for statistical analysis. Also, no
attempt was made to relate combinations
of exposed porous ceiling area and insula-
tion depth to barn environmental condi-
tions. It was therefore decided to extend
this study to consider different porous ceil-
ing to floor area ratios as well as different
depths of porous ceiling (single vs. double
layer) insulation. The results would be
used to provide better guidelines for en-
gineering design of future porous ceiling
systems.

EXPERIMENTAL PROCEDURE

In the winter of 1973-1974, the thick-
ness of insulation in the porous ceiling was
doubled to 126 mm. To minimize the pos-
sibility of oversized gaps continuous
through both layers, this second layer was
laid  perpendicular to  the first.
Approximately 1 mo later, a polyethylene
strip 4.8 m wide was fixed to the underside
of the chicken wire down the center of the
ceiling to reduce the porous ceiling area by
half. After another month, the second
layer of insultation was removed from the
remaining porous portion of the ceiling.
See Table I for a summary of the four
ceiling-insulation combinations and cor-
responding time periods.

During the winter of 1973-1974, ther-
mocouples and a recorder were used to
measure temperature daily at 0300 h and
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1300 h at two heights at each of six loca-
tions in the barn. The 12 positions are
indicated as T; in Fig. 1. At the same
times, temperatures were taken at three
locations in the attic space (T, in Fig. 1),
inside the barn, immediately in front of
each of the two continuously running ex-
haust fans (T, and Tg), and outside the
barn under the eave (Tp). Relative
humidities were determined by hand daily
at 1300 h using a sling psychrometer held
in the airstream approaching each of the
two small exhaust fans.

The thermostat for switching the fans
from low to high speed was set at
approximately 5°C. As a result, at this
point, the inside temperature was not ex-
pected to rise as quickly with an increase
in outside temperature. This was also
noted by Turnbull and Darisse (1975).

Approximately 75 milk cows, dry
cows, and heifers (average size 500 kg)
were housed in the barn and this stocking
density remained about the same through-
out all test periods.

RESULTS AND DISCUSSION

It was first desired to establish whether
exhaust temperatures T4 and Tg adequate-
ly represented temperatures in the barn. If
s0, then the number of thermocouple in-
stallations, recordings, and transcriptions
required, and hence analyzed, in further
studies could be substantially reduced.

For each ceiling condition and time of
day, the sample correlation coefficients
between Ta, Ty and each of the 12 other
inside temperatures were calculated. Since
these correlations were quite high. usually
above 0.97, it was felt that T quite ade-
quately represented the temperature in the
barn and therefore the other 12 sets of T;
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