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Performance ofasolar collector and storage system ina turkey barn. Can.

Asolar collector consisting ofthree layers ofanodized screen asthe absorber and a layer ofcorrugated fiberglass asthe
cover was installed onthe south wall ofa turkey barn inMinnesota. An above-ground box containing^ 1 tofgravel located
in the barn and behind the collector functioned asa heat storage. The airflow was continuous and in a single direction
through the collector and the rock. The experimental data showed an average 44% collector-storage savings in heating the
barn over several consecutive days. The heat savings from the solar collector, storage, and combined collector/storage
were evaluated separately. The contribution of storage in heat savings was significant.

NOMENCLATURE

Tc = collector output temperature (°C)
Th —barn temperature (°C)
T0 = outside temperature (°C)
7"s = storage output temperature (°C)
DC = output ratio of the damper con
troller

INTRODUCTION

Preheating ventilation air in animal
shelters using solar heat instead of con
ventional heat sources is the subject of
much research and development in North
America. The use of a heat storage system
such as rock or concrete has been stressed.

The storage function is to damp daily
temperature fluctuations caused by solar
heat. Thermal flywheel effect postpones
the delivery of collected heat to nights
when solar heat is not available.

The importance of heat storage function
was emphasized by Spillman (1978) who
adapted a Trombe-wall-type solar collec
tor, made of concrete blocks for a farrow
ing unit. According to Robbins and Spill
man (1980) the unit has been efficient and
cost-effective enough to compete with
conventional heating equipment. Winfield
and Munroe (1980) reported favorable re
sults with Trombe-wall-type solar collec
tors erected on two swine buildings in
Ontario.

The application of rock as heat storage
to animal shelters has not been investi

gated to the extent of concrete Trombe
walls. It has been used successfully in
greenhouses by Price et al. (1977) and for
grain drying by Parker et al. (1978). In
residential or greenhouse applications the
rock is charged (heated) during the day by
solar-heated air, and discharged (cooled)
during night or cloudy days by recirculat
ing the house air. The charging and dis
charging air are in reverse directions. Re
circulating of house air through rock is not

practical in livestock applications, be
cause excessive dust and microorganisms
are dispersed in the air. Therefore rock
storage application to livestock buildings
is similar to the Trombe-wall applications.
Fresh ventilating air flows continuously
from collector into the storage prior to
entering the barn.

Such a system installed on a turkey
building in Minnesota was analyzed. The
system and the performance analysis is
presented.

PHYSICAL UNIT

The experimental unit consisted of an air-
type solar collector and a rock storage. The
system as illustrated in Fig. 1 was installed in a
turkey-grower barn located near Northfield.
Minnesota. The 15 x 50-m barn had a capacity
of 10 000 birds. The solar collector consisted

of a single layer of corrugated fiberglass. 2.4 m
high and 9.8 m long covering approximately
20% of the barn's south wall. The absorber

consisted of three layers of black anodized
window screen stapled between the wall studs.
An insulated box containing about 21 t of
washed gravel (nominal size 25 mm) was con
structed in the barn behind the absorber. A

squirrel cage centrifugal fan was installed out
side the lower plenum, below the rock box. The
fan was rated to move 280 L/s of air at 62 Pa.

The airflow path is shown in Fig. 1. A tempera
ture differential control was used to compare
the temperature of the air passed to the storage
with that of the outside air. A motorized

damper diverted the airflow outside when the
plenum temperature was lower than the outside
air temperature. A constant voltage output (1.5
V) and a switch were used to indicate the open
ing and closing of the damper. A grid of ther
mocouples was used to sense temperatures
throughout the system. A solar pyranometer
was installed on the vertical surface of the coll

ector to monitor the incident radiation. The data

were obtained by a computer-controlled data
logger.

Temperatures and incident radiation were
scanned once every minute and cumulated for a
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period of 56 min. The last four minutes of each
hour were used to calculate the averages. The
voltage output of the damper controller was
averaged over the hour. The averaged value
was divided by a constant voltage (1.5 V) to
obtain a ratio (DC) ranging from zero to one.
When the damper was closed and the air was
diverted to the outside, the value of DC was

zero. When the damper was open and the air
was delivered to the barn, the value of DC was

one.

A constant mass flow rate of 0.3 kg/s and a
specific heat of 1008 J/kg • °C was used in the
heat calculations. All values were calculated

hourly and cumulated daily.

DATA REDUCTION

It was not practical to calculate realistic
energy savings in the barn as a result of the
experimental collector and storage in
stallations. The main reason was the small

size of the collector/storage with respect to
the building requirements. The minimum
ventilation rate requirement of the barn
based on four air changes per hour was
estimated to be 2500 L/s, or almost 10
times more than the actual airflow through
the collector/storage.

To arrive at a method of expressing the
energy savings of the collector/storage,
the barn was scaled down to a size with an

equivalent of 280 L/s minimum con
tinuous ventilation requirement.

It was decided to compare the tempera
ture rise of the incoming ventilating air
(difference between barn temperature and
the incoming air before being mixed with
the barn air) to the overall difference be
tween the barn and the outside tempera
tures.

A calculation procedure was developed
to evaluate the potential performance of
the collector, the storage, and the com
bination of the collector/storage. Each of
these alternatives was evaluated using the
actual recorded temperatures and the fol
lowing equation:
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Figure 1. Schematic diagram of air collector and rock storage.

and when DC = 1

Afa3 = Ara, - Arc

There is at least 12 h of time lag between
the storage input and output temperatures.
Therefore, subtracting A7C (temperature
rise in the collector) from AJal (tempera
ture difference between the barn and the
storage output) does not represent a
spontaneous heat saving value contributed
by the rock storage. However, it was
hoped that this shortcoming would be
alleviated when the daily values were
calculated over several consecutive days.

DISCUSSION

Temperatures of the air passed through
the collector and storage are shown in Fig.
2. The thermal flywheel effect of the rock
is evident by the shifted and dampened
storage output temperature. Data plotted
in Fig. 2 are of four consecutive days dur
ing March 1979. A 12-h shift is noted on
the figure. Temperature rise of the coll
ector was about 10-15°C. The hourly
radiation, collected heat, and the efficien
cy during a single day are plotted in Fig. 3.
The collected heat was calculated using
the difference between the outside air and

the air temperature passed through the col
lector. The thermocouple sensing the col
lector's output temperature was located in
the upper plenum of the rockbox which in
turn was located inside the barn. The ther

mocouple consistently sensed 1-2°Cabove
the outside temperatures even during

Percent

daily
saving

24 24

£AT0- 2 A7"a
J 1

24

2Ar0
i

x 100 (1)

AT0 is the difference between the hourly
recorded outside and inside temperatures;

AT0 = Tb - T(, (2)

A7"a represents an hourly temperature dif
ference used to define each alternative as

follows:

Alternative I. Ara!: Combined collec
tor and storage:

Ara, = AT„ (1 - DC) + DC (Th - TJ (3)

where 0 < DC £ 1

DC was defined in the previous section.
Note that when DC = 0, Eq. 2 reduces to:

Ara, = Ar„ (4)

and when DC = 1

Aral Tb - Ts (5)

Alternative II, A7"a2: With the collector,
without storage. This is a straightforward
case in which the storage, and hence the
damper, is bypassed; therefore

A7\l2 = Tb - Tc (6)

Alternative III, AT&: With the storage,
without the collector. This is rather a

hypothetical situation, where the rock
storage is warmed during the day by the
moderate outside temperature. The stored
heat is given up during the night. The
operation of damper and hence the value of
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DC is crucial in calculating this alterna
tive:

A7a3 = Ar0(l - DC) + DC(AT.dl - A7C)(7)

where AT^. represents the temperature rise
in the collector:

(8)

from Eqs 7 and 8 it is noted that when DC
= 0

Ara, = Ar„
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Figure 2. Plot of ventilating air temperature as it flows from outside into the collector, storage
and to the barn.
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Figure 3. Solar radiation, collected heat and the collector efficiency for a single day during
March 1979.

nights. This might have been due to a heat
loss through the wall of the structure,
which may have been responsible for pre
heating the air. Because of this apparent
error, the calculations of the first and the
last hours of sunrise and sunset could not
be performed.

Figure 3 shows that the maximum hour
ly thermal efficiency did not occur at the
solar mid-day. Jordan and Liu (1976) indi
cated that the air collectors tested in the

laboratory with fixed inlet air temperature
demonstrated a maximum efficiency corr
esponding to a maximum incident radia-

TABLE SUMMARY OF SOLAR COLLECTION FOR SEVERAL DAYS DURING
MARCH 1979

Incident Collected Collection No. of hours

radiation heat efficiency storage

Date (MJ) (MJ) (7c) "on"t

53.7

39.8

31.2

34.5

31.2

80.8

33.8

30.3

25.5

44.3

42.8

35.9

45.3

32.5

44.9

31.3

30.0

37.8

34.6

14.1

23.9

23.2

13.3

15.3

18.8

24.0

16.3

14.2

21.9

10.1

19.0

11.4

12.4

23.5

16.8

14.2

15.1

13.2

March 8

9

10

11

12

13

14

15

16

17

18

19

20

21

23

24

25

26

27

174.60

386.80

419.70

342.30

386.80

83.26

374.10

415.10

423.80

78.05

80.36

1 11.00

59.55

47.60

66.75

305.80

332.40

344.60

281.00

93.71

154.00

130.70

118.10

120.60

67.24

126.30

125.60

107.90

34.55

34.43

39.89

26.97

32.54

29.08

95.82

99.80

130.10

97.19

tThe number of hours during which the temperature of the air past storage was higher than the outside
temperature.
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tion occurring at the solar mid-day.
Apparently factors such as the varying in
let air temperature, thermal mass of the
absorber and other collector components
contributed to the deviation of the calcu

lated efficiency from those shown by Liu
and Jordan.

The incident solar radiation on the

vertical wall as measured by the pyrano-
meter installed on the wall, and the total

heat collected by the solar collector for
several days are summarized in Table I.
The percent collection efficiency is the
ratio of the second column over the first

column. The number of hours that the flap
per was open to divert the storage airflow
to the room is shown in the last column. As

previously mentioned, the hours indicate
the time during which the output tempera
ture of the storage was higher than the
outside temperature.

Table II shows savings that were calcu
lated from the experimental data and using
Eq. 1. The experimental data represented a
period of 19 days between 8 and 27 Mar.
1979. Data for 18 Mar. were not available

due to problems related to data acquisition
or the system fan not operating. Compar
ing the three alternatives, obviously the
largest saving of 44% was obtained as a
result of combined collector and storage. It
should be emphasized that calculated sav
ings were based on two main assumptions:
(1) The minimum continuous ventilation
requirement of the barn was 280 L/s; and
(2) the heat demand of the building was
based on outside and inside temperature

TABLE II. PERCENT SAVINGS AS A RE

SULT OF AN AIR-TYPE SOLAR COLLECTOR
AND/OR ROCK STORAGE FOR SEVERAL

DAYS DURING MARCH 1979

Alternatives used in Eq. 1

With solar. With solar. No solar,

with storage no storage with storage
Day I II HI

March 8 28

9 54

10 49

11 26

12 44

13 49

14 56

15 42

16 27

17 35

19 45

20 32

21 41

22 55

23 73

24 68

25 54

26 36

27 21

Avg 44

16

24

17

17

10

11

17

16

17

42

18

10

21

12

16

43

24

25

17

20

18

20

30

21

37

40

39

37

23

22

33

29

36

35

58

54

47

30

16

33
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differences, and a minimum continuous

ventilation rate. The heat gain or loss
through the walls and the ceiling and heat
gain from livestock were omitted from
these calculations. This simplification did
not represent a gross error, as Jordan et al.
(1978) have shown that ventilation losses
account for 92% of total heat losses in a

well-insulated turkey building in cold cli
mates such as Minnesota.

Alternative II showed an average of
20% savings in fuel, while alternative 111
showed an average of 33%. Both these
alternatives represented hypothetical cases
which were described in the previous sec
tion. The contributions of storage in the
solar collection and utilization are

significant. However, the storage as a

thermal mass is effective in minimizing
heat spent during colder nights by storing
more tempered daytime temperatures.
This is possible even without using a solar
collector.

CONCLUSIONS

Table 111 contains a summary of dim
ensions, parameters of interest and the res
ulting performances. It should be noted
that at an airflow rate of 13 L/s per tonne of
rock, a time delay of 12 h, was obtained.

The calculation of performances for the
hypothetical cases of "with collector,
without storage" and "without collector,
with storage" showed that storage alone
was a very high potential in reducing the
energy spent to warm a livestock building.

TABLE III. SUMMARY OF THE COLLECTOR AND THR ROCK STORAGE SPECIFICATIONS
AND THE RESULTING THERMAL PERFORMANCES

Collector

Type

Dimensions

Rock storage
Rock

Mass

Dimension

Airflow

Southfacing, vertical, three layersof blackanodized screen asabsorber, and fiberglass as a
cover

2.4 m high. 9.8 m long with an effective area of 23.5 m2

Washed river rock, 25 mm nominal diameter
21 t

1.2 m wide. 9.8 m long and 1.5 m deep
280 L/s; single direction

Ratios

Airflow rate/collector area

Airflow rate/rock weight
Airflow rate/rock volume

Rock weight/collector area

Performance
Temperature rise in the collector
Delay time
Saving based on a 280 L/s

minimum ventilation rate

12 L/s per nr of collector
13 L/s per t of rock
27 L/s per m3 of rock
0.9 t per nr of collector

10-15T

12 h

44%-

This is accomplished by storing the mod
erate daytime heat and releasing it at night.
An auxiliary fan is needed to supply fresh
air to the barn during the day, while the
rock is in a charging mode.

However, the authors believe that more

and complete experimental data on the
storage alone are required before this con
cept is fully understood.
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