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1981. 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 —1 to - 10°C under the different ceiling conditions studied. No clear relationship between relative humidity and
either indoor or outdoor temperature was established; moreover, a low 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 Pattie 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
fiberglass "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-

'Contribution no. 1-264 of the Engineering and Sta
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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

CANADIAN AGRICULTURAL ENGINEERING. VOL. 23. NO. 1. SUMMER 1981

1300 h at two heights at each of six loca
tions in the barn. The 12 positions are
indicated as Tj in Fig. 1. At the same
times, temperatures were taken at three
locations in the attic space (Ta in Fig. 1),
inside the barn, immediately in front of
each of the two continuously running ex
haust fans (TA and TB), and outside the
barn under the eave (TQ). 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 TAand TBadequate
ly represented temperatures in the barn. If
so, 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, TB and each of the 12 other
inside temperatures were calculated. Since
these correlations were quite high, usually
above 0.97, it was felt that TA quite ade
quately represented the temperature in the
barn and therefore the other 12 sets of T:
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TABLE I. POROUS CEILING CONDITIONS USED IN WINTERS OF 1972-1973 and 1973-1974

Ceiling
condition

Porous ceiling to
floor area ratio

Insulation

depth (mm) Test period

0.6

0.3

0.3

0.6

126 (double) 9 Jan. - 30 Jan. 1974
126 (double) 31 Jan. - 6 Mar. 1974

63 (single) 6 Mar. - 31 Mar. 1974
63 (single) 20 Dec. 1972 - 7 Mar. 1973

tFrom Turnbull and Darisse (1975).

temperatures could be omitted from furth
er analyses.

It should be noted here that TA was
generally 1-2 C° higher than TB. This is
probably explained by the fact that the
north end of the barn (where TA was lo
cated) contained an insulated, warm,
milking parlor; furthermore, the two over
head doors at the south end (where TB was
located) were used daily and were there
fore susceptible to air leakage.

To examine the performances of the
four ceiling conditions, scatter diagrams

of TA vs. T0 were constructed. These are
shown in Fig. 2. No "flattening" at TA
approximately equal to 5°C seemed to
occur. Instead it appeared as if the reverse
might be true in some instances. The most
obvious examples were ceiling 4 at 1300 h
and ceiling 2 at 0300 h. The objective was
not to find a curve relating TA to TQ over
the entire data range; rather it was to try to
characterize the temperature relationship
at lower outside temperatures. To do this,
a common cutoff point was sought (no
formal statistical tests applied), below

which a linear relationship between TA
and T0 seemed more reasonable. From a
visual inspection of the data, it appeared
that —8°C was a satisfactory cutoff value
for ceilings 1,3, and 4; however, for ceil
ing 2, the 'bend' in the TA vs. TD rela
tionship seemed to occur at a lower outside
temperature of —18°C. The regression
equations relating TA to TQ for ceiling 4 at
1300 h are given in Table II and indicate
that the slope of the regression line for data
below the cutoff value of T0 is less (P <
0.05) than the slope of the line for data
above the cutoff value. The regression
coefficients for the other ceiling condi
tions are also given in Table II; however,
examination of the data did not indicate

large differences in the slopes of the re
gression lines above and below the cutoff
values.

The response of inside temperature as
outside temperature dropped was of prim-
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TABLE II. REGRESSION EQUATION COEFFICIENTS FOR TA vs. T„ FOR
DIFFERENT CEILING CONDITIONS

Regressiori equation
standard

Number of (TA = a + b T0) error of

Ceiling condition T, ,(°C) observations a b b

1 Double laver. 60% porous. 0300 h < - 8 6 4.22 0.13 0.09

2 Double layer, 30% porous. 0300 h < -18 21 1.50 0.14 0.10

3 Single layer, 30% porous. 0300 h < - 8 20 6.59 0.34 0.10

4 Single layer. 60% porous, 0300 h < - 8 79 6.24 0.38 0.03

1 Double layer, 60% porous. 1300 h < - 8 6 4.93 0.22 0.11

2 Double layer. 30% porous. 1300 h < -18 6 11.40 0.71 0.23

3 Single layer. 30% porous. 1300 h < - 8 II 8.87 0.77 0.37

4 Single layer. 60% porous. 1300 h < - 8 50 4.27 0.39 0.06

1 Double layer. 60% porous, 0300 h > - 8 3 5.54 0.31 0.38

2 Double layer. 30% porous. 0300 h > -18 14 7.73 0.45 0.12

3 Single layer, 30% porous. 0300 h > - 8 5 9.01 0.24 0.21

4 Single layer. 60% porous. 0300 h > - 8 57 8.99 0.45 0.06

I Double layer. 60% porous. 1300 h > - 8 4 4.02 0.17 0.26

2 Double layer. 30% porous. 1300 h > -18 28 6.28 0.44 0.05

3 Single layer, 30% porous, 1300 h > - 8 14 6.91 0.65 0.25

4 Single layer. 60% porous. 1300 h > - 8 83 0.63 0.63 0.04

ary interest, particularly at low outside
temperatures. Because more data having
lower outdoor temperatures were collected
at the 0300 h period than the 1300 h
period, the regression lines of the 0300 h
data were used to compare the expected
inside temperatures at low outside temper
atures.

Especially for ceiling conditions 1 and
3, very few observations were obtained at
low values of T0. Hence the following
tentative conclusions, relating to values of
T0 below those observed during three of
the four test periods, should be treated
cautiously. The lower slopes of the regres
sion lines for ceilings 1 and 2 at 0300 h at
low values of T0 more than compensated
for the lower intercepts and suggested that
"double" insulation maintained warmer

temperatures in the barn at extremely low
values of T0 than did "single" insulation.
Estimated inside temperatures were under
ceiling 2 were approximately 3 C° lower
than under ceiling 1. The regression lines
for ceiling 3 and 4 at 0300 h are quite
similar; however, the slightly higher int
ercept and flatter slope of the regression
line for ceiling 3 indicate that in colder
weather ceiling 3 with less exposed ceiling
area would provide slighly warmer condi
tions than ceiling 4. At —40°C, the esti
mated inside temperature ranged from
- 1°Cfor ceiling 1to - 10°Cfor ceiling 4.
Based upon the 1300 h data, again, ceiling
1 seemed to provide warmer inside tem
peratures at low T0 values than did other
ceiling conditions.

Observations by barn staff indicated
that light fog and some freezing of manure
in the alleys occurred as barn temperatures
dropped to the 0° to -3°C range. Condi
tions became worse as inside temperatures

dropped, with very thick fog, and frozen
manure throughout the barn occurring at
the -7° to - 10°C range. Thus, for the
different ceiling conditions, the apparent
differences in estimated inside tempera
tures are in an important range for the
successful operation of the barn.

It is possible that a better-insulated
porous ceiling acts as a better heat ex
changer for incoming air and as a result
provides a higher temperature inside the
barn for a given outside temperature. If so,
then ceiling 2 should perform better than
ceiling 3, and ceiling 1 better than ceiling
4; this seems to be the case for both the

0300 h and 1300 h readings. The effect of
doubling the porous ceiling to floor area
ratio (ceiling 1 vs. 2 and ceiling 4 vs. 3) is
not clear.

Caution must be used in comparing
these regression lines since, particularly
for ceiling 1, very few data points were
available. It must also be remembered that

other factors such as wind, sun, and ani

mal activity probably affected the rela
tionship between TA and TG, but were not
recorded.

An interesting, but unexplained pattern
is that for all four ceiling conditions, inside
temperature TA at 1300 h tended to be
lower than at 0300 h for T0 below the
empirical cutoff value. Possibly this might
be attributed to more open doors in the
daytime due to barn activities such as
cleaning or feeding, or to wind effects.

The relationships of relative humidity
(RH) vs. T0 and TA were also investigated
for ceiling conditions 1, 2 and 3. Scatter
diagrams for RHA vs. T0 and TA sug
gested that no clear relationship between
RH and either inside or outside tempera
ture existed. The correlation coefficients

were less than 0.5 in absolute value in all

but one case. The one exception occurred
for ceiling 1, where the correlation coeffi
cient between T0 and the RH reading at the
east fan was —0.69.

The relationship between the RH in
front of the two exhaust fans was also

investigated. The correlation coefficients
between the two RH measurements were

0.09, 0.41, and 0.71, respectively, for
ceiling conditions 1, 2, and 3. Further
study is needed to determine if this appar
ent lack of a clear relationship between the
two measurements, particularly for ceil
ings 1 and 2, is due to actual variations in
RH within the barn or due to RH measure

ment techniques. Such information is
essential before ranking ceiling perform
ance according to RH measurements.
Furthermore, this result suggests that cau
tion must be exercised in interpreting the
results of other studies rating ventilation
performance based on measurements of
RH possibly taken at only one location in a
barn.

SUMMARY AND CONCLUSION

At Normandin. Quebec, a 15-m wide,
free-stall barn fitted with a porous ceiling
was instrumented to record temperatures
at 12 interior locations, at two continuous

ly running exhaust fans, in the attic, and
outside during the winter period. As well,
relative humidities were measured in front

of the two exhaust fans. Porous ceiling to
floor area ratios of 0.6 and 0.3 were

studied with each of a 126-mm and 63-mm

layer of fiber glass insulation in the porous
ceiling. From analyses of the data, it was
concluded that;

1. Temperature measurement in front of
either continuously running exhaust fan
adequately represented the temperature
within the barn.

2. A porous ceiling insultation 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 than did the other conditions
studied.

3. No clear relationship existed between
simultaneous relative humidity measure
ments taken in front of each of the two

exhaust fans.

4. Further work is necessary to establish
whether variation in simultaneous relative

humidity measurements is due to actual
variation of relative humidity within the
barn or to the method of measurement.

5. No clear relationship between relative
humidity and either inside or outside
temperature was apparent for any of the
ceiling conditions.
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