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Summary

Barn hay drying is one of the most effective
methods of making good quality hay. It has become
an accepted practice in the major hay producing
regions of the United States and other countries.
In Japan, only two or three driers have been used
for artificial hay making. One of these, used at the
Trappist Monastery in Oshima-Tobetsu, Hokkaido,
is a duct system barn hay drier using unheated air
equipment.

Though farmers in Japan are always anxious to
harvest their hay crop and get it into storage in the
best possible condition, they do not have enough
information about harvesting,—and especially about
the construction, performance, and operation of barn
hay drying equipment.

For this reason, this investigation was undertaken
at the Trappist Monastery in Oshima-Tobetsu to
determine the performance of a barn hay drier and
to develop standards for the practical operation of
driers in Japan. The investigation was carried out
from August to October in 1958 and from June to
July in 1959.

This paper is based upon field observations of
equipment operating under actual farm conditions,
rather than controlled laboratory experiments. It
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describes fundamental tests on the performance of
the fan, duct system, and other installations without
hay. Besides, this paper summarizes several experi-
ments on the three basic factors that are largely
responsible for the drying performance for hay with
the duct system, namely, (1) resistance pressures, (2)
moisture content of hay and (3) changes in temper-
ature in the hay mow. The relationship of these
factors to drying performance is analyzed in this
paper. From these analyses, the proper handling
and operating of barn hay drying equipment will
be described.

1. FUNDAMENTAL PERFORMANCE
CF TEST SYSTEM

The barn hay drying system can be installed in
almost any type of existing barn if certain condi-
tions are met. The tested drier was similar to the
T.V.A. system. [t was built into the upstairs of an
existing cow barn. The installation was composed
of a fan driven by an electric motor, and two air
distribution systems. Each distribution system con-
sisted of a main air duct 42.1 meters in length, which
was placed along one side of the mow with laterals
extending out from the duct, covering part of the
mow floor. In this paper, these two distribution
systems are called respectively the A-system, which
has 15 laterals, and the B-system, which has 19
laterals. The detailed size and shape of the main
duct, laterals, and mow floors are described in this
paper.

The air can be forced alternately from the main
duct into the A-system or the B-system. The fan
is located at the center of the duct. The air is
distributed to the laterals through openings at the
bottom of the side of the main duct.

It should be noticed that in order to decrease
excessive air losses which are caused by obstruc-
tions on the mow floor, such as posts and braces,
the openings of the laterals at both sides of the
posts are partially closed. Also it should be noticed
that to reduce resistance of airflow through the hay,
special triangular stacks were installed along the
center of the floor of the A-system under the track.

A study of air velocity, amount of air, and static
pressures of the main duct and laterals without hay
was carried out on these two systems. These fac-
tors were measured by an inclined tube manometer,

a pitoe tube and a self-made pressure measuring

pipe.

The conslusions obtained from these studies were
as follows:

1. In the A-system, the volume of the main duct
was 39.3 m3/min. per sq. meter of mow floor area,
and for the B-system it was 23.3 m3/min. As com-
pared with the usual air volume in other countries,
these volumes seem to be a little smaller. However,
it i assumed that when the mow level of hay is
low, as in Japan, these volumes will be sufficient
for drying hay under proper conditions.

2. It was determined that the main ducts and
laterals were large enough for the above air volume.

3. The distribution of static pressure and velocity
of air flow in the laterals of the tested systems was
a little different from that of the conventional duct
systems, such as reported by Steinbrugge, because
in the tested systems, the outlets of the laterals
were partially closed.

A new method for determining the velocity or
intensity of airflow in the laterals was used for the
first time in this investigation. This method, which
involved the scattering of small particles such as
grass seed and chaff on the mow floor, proved to
be very convenient and practical.

4. The fan driven by a 15 hp. electric motor had
sufficient capacity not to be over-loaded even at peak
times. However, in order to secure higher efficiency
of the drier, it will be necessary to develop other

means for power-transmitting devices.

II. DRYING PERFORMANCE OF
TEST SYSTEMS

Two lots of hay were tested for drying perform-
ance by the duct system driers at the Trappist
Monastery. The first lot of hay was first-cutting
orchard grass and clover mixed hay, and the second
lot was second-cutting orchard grass and clover
mixed hay. The first lot was placed on the A-system
in June 1959, and the second lot was placed on the
B-system in August 1958,

These lots are respectively named A-59 and B-58
in this paper.

Each lot when it was cut contained 72 to 76%
moisture.

1. Predrying of Tested Hay

The predrying of hay is the most important pro-
cess for the management of the drier. The predry-
ing method varies from one country to another.
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This investigation, therefore, was made to deter-
mine a proper predrying system for Hokkaido and
Northern Honshu. From this investigation, it was
found that the predrying methods at the Trappist
Monastery were reasonable and thus, they are
recommended as follows :

(1) To obtain the best quality hay, it must be cut
at the proper stage of maturity. For orchard grass,
the first-cutting should be started just before the
bloom stage, or a little earlier. This will also in-
crease the yield of the second-cutting and accord-
ingly, the total yield for the year.

(2) On any single day only as much hay should
be cut as can be treated as described below.

(3) The hay should be cut in the morning, ex-
posed to the sun as much as possible, and turned
over by a tedder one or two times during the day.

(4) It is necessary to rake into small, loosely
turned windrows and make shocks in the field in
the late afternoon to avoid losses by rain or dew
during the night.

The following morning the shocks should be scat-
tered and the first day’s process repeated until the
hay is ready for the drier.

(5) At the Trappist Monastery, i. was practical
to predry orchard grass to about 40% moisture
before it was placed on the drier. It required 3 to
4 days for first-cutting hay, and 2 o 3 days for
second-cutting hay under favorable conditions.

2. Drying Process in the Drier

After predrying, the hay was placed on the drier
50 to 200 cm in depth at a time, at intervals of from
2 to 3 days depending on drying conditions.

From the observation of the drying process in the
dryer, high quality dried hay was obtained for B-58,
but for A-59, since drying was slow, a small amount
of mold resulted.

The feeding value of both lots of hay was high
enough to be sold for reasonable prices.

When the fan was operated, the volume of air
was 33.33m/min. per sq. meter of mow floor area
for the A-duct-system, and 28.1 m3/min. for the B-
duct-system. With these air flows the static pres-
sures were 125 mm of water for 430cm of hay
depth and 150mm of water for 330cm of hay
depth, respectively.

3. Pressure Distribution in the Mow Hay

It is important to dry evenly the mow hay placed
on the drier. To accomplish this, uniform air dis-

tribution is needed. From this viewpoint, tests were
made to determine static pressure distribution in the
hay mow. Measurements of pressure were made
at every 30 cm of depih.

The results obtained wre as follows:

(1) From the vertical and horizontal distribution
of static pressure, it was concluded that most of the
air loss occurred near the sides of the walls and
the posts.

(2) The triangular stacks installed particularly on
the A-system improved air distribution very little
because of air loss around the walls and posts.

The study of static air pressure distribution in the
mow hay revealed that the unevenness of pressure
distribution was caused mainly by the uneven dis-
tribution of hay density.

The hay fell from the overhead fork, and thus
tended to be packed at center of the mow. There-
fore, to reduce air loss, the hay should be distributed
evenly. Particularly it should be packed well around
the sidewalls and the posts.

4. Temperature Gradient in the Mow Hay

After hay is placed in the mow it goes through
a sweating process which will increase its tempera-
ture to 50°C. This increase in temperature is caused
from the heat produced by respiration and bacterial
activity. This increase in temperature had been also
noticed in the mow hay at the Trappist Monastery.
But much research is needed in the whole field of
temperature of mow hay, and this investigation was
carried out to determine details on these problems
by using the A-59 lot of hay.

The results obtained were as follows:

(1) In June and July, 1959, low air temperatures
prevailed and the air humidity was very high. Thus,
the drying rate for hay was low. At the fifth day
after placing the hay, the temperature in the mow
hay rose beyond 30°C, revealing bacterial activity.
Accordingly, the fan was operated to reduce the
temperature.

(2} Temperature changes such as cited above de-
pended on (1) the initial moisture content of hay,
(2) the amount of air passing through the hay, (3)
the amount of time for fan operation, (4) the sur-
rounding air temperature, and (5) the relative humid-
ity. The initial moisture of the hay depended on
the predrying process and the surrounding air con-
ditions when the hay was drying in the drier.
Therefore, proper schedules for the operation of
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the fan is considered the most important problem
of drying hay.

(3) The vertical distribution of temperature show-
ed that the maximum points were distributed irreg-
ularly.

(4) After blowing during sufficient hours, the tem-
perature of the mow hay decreased and balanced
with the air tempearture and sometimes even drop-
ped below the air temperature. However, when
blowing was not ontinued long enough to cool
down the hay completely, heat accumulated in the
hay, and the maximum point of temperature moved
to the 1op surface of the hay.

(6) The horizontal distribution of temperature
showed that the temperature at the center part of
the hay was higher than at any other place, because
of its greater density.

(6) Temperature has been usually measured at
the surface of the hay. It might be reasonable to
measure temperature at the surface of the hay to
determine mold development after a long period of
blowing. But it should not be used to determine
temperature after a short period of blowing.

5. Moisture Content of Hay During the Process

of Drying

The moisture content of hay is an index of the
drying performance of the hay driers. From this
investigation the following variations in the moisture
content of lots A-59 and B-58 were found during
the process drying.

(1) Usually, the moisture content of first-cutting
hay, especially in the stem, is more than that of
second-cutting hay, and accordingly the drying pe-
riod for first-cutting hay is longer than for second-
cutting hay. At the Trappist Monastery, it required
two weeks for B-58 to be completely dried, while
it required four weeks for A-59.

(2) Care should be taken not to place exceedingly
wet or dirty hay on the system. This will cause
mold development.

(3) Regardless of the method used for determining
the moisture content, there are possibilities of errors
in making the determinations. The major problem
is that of securing a sample which is representative
of the entire lot of hay.

In other field tests of hay driers, several samples
have been usually obtained from the surface of the
hay. But, this investigation of the vertical distribu-
tion of moisture content in the hay just after it was

placed on the drier revealed that samples obtained
from the surface of the hay were not representative
of the entire lot. However, it was found that as
drying progresses, the moisture content is distributed
evenly throughout the whole lot of hay.

The performance of the duct system hay drier
has been already summarized above in this paper,
and it was found that successful forced-air drying
depends, to a large extent, on the proper operation
and management of the drier. Therefore, these
experiences and studies on the perforemance of the
drier at the Trappist Monastery have indicated the
proper operation and management of the drier as
follows :

(1) It was found from the studies on the relation
between pressure and temperature distribution in
the hay mow, that spots of highest static pressure
corresponded to the spots of highest temperature,
and that these variations of static pressure and
temperature depended upon the method of placing
uniformly over the drying system so that the static
pressure may be distributed evenly at all spots.
For instance, the hay should be packed only at the
sides of the walls and posts, while under the over-
head fork it should be placed loosely.

(2) Schedules for the operation of the fan depend
to some extent on the surrounding weather condi-
tions. Under relatively wet conditions, such as
prevail in Japan, it is recommended that the fan be
operated continuously during the daytime as soon
as the hay is placed in the mow unitil it has dried
to some extent. Even at night or during periods of
rain or fog, the fan may be operated for 1 to 2
hours every several hours at times when an increase
in temperature in the hay is likely to occur.

The temperature of the hay may be considered as
an index of the time when the fan should be oper-
ated. Thus, if the fan is operated the temperature
of the hay will be lowered and it will fall to a point
of constancy under the surrounding air temperature.
When the hay is not dry, more time will be required
When the hay
has dried sufficiently this times will be shorter.

to reach a constant temperature.

Maximum temperature will be moved up to the
surface of the hay with the operating of the fan,
thus when the maximum temperature passes to the
surface of hay it may be considered to be dry
enough for storage and the fan can be discontinued.

(3) To determine when the hay is dry enough
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for safe storage, the moisture content is used as
an index. In Japan, there is not now available an
inexpensive method of sufficient accuracy which can
be used generally by farmers for determining hay
moisture content.

According to recent books, in other countres,
simple and practical methods of moisture determina-
tion for hay have become important. The “Rule of
Thumb” or Imamura’s method may be practical to
determine hay moisture.

However, measuring temperature is recommended

as the most effective and practical method to deter-
mine the completion of the drying process. This
can be done by using thermometers to measure
temperatures of the air and hay at the surface. Hay
temperatures below the surface can be determined
by placing a thermometer at .the\ bottom of a long
pointed metal pipe and inserting it into the hay.

The end of the drying procedure can be deter-
mined by comparing the temperature of the hay
with the temperature of the surrounding air as
described above.



