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Instrumentation and data acquisition of five solar-heated farm buildings, and operating characteristics and the per
formance of two buildings constructed at the Arkell Research Station in Southern Ontario, Canada are described. The
influence of different operating variables such as wind speed, cloudiness and airflow rate on collector performance were
determined. The vertical wall collector was found to be 17-52% less efficient than a collector with 18.4° slope, whose
average efficiency varies between 0.35 and 0.75. Simulation results using the TRNSYS and F-CHART computer
programs are also discussed.

INTRODUCTION

The agricultural sector with its high en
ergy costs and concerns about energy
availability is interested in such solar en
ergy applications as crop drying and space
heating. Considerable work has already
been done on solar heating and cooling of
various types of buildings in many parts
of the world. However, none of the avail
able solar systems has yet demonstrated
an adequate level of durability and eco
nomical feasibility in Canada (Anony
mous 1979). Improvement in current tech
nology is needed to make solar space
heating economically profitable.

This paper describes the instrumenta
tion and data acquisition systems of five
farm buildings, and operating character
istics and the performance of two build
ings. The buildings were constructed at
the Arkell Research Station near Guelph
in Southern Ontario, Canada.

DESCRIPTION OF THE SOLAR-

HEATED FARM BUILDINGS

The following five plans were selected
from the Canada Plan Service (CPS) and
one from the Comp-O-Bilt Series plans:

1. Gothic arch roof structure (CPS
8312).

2. Braced-rafter (Gambrel) roof struc
ture (CPS 8203).

3. One-storey trussed roof structure
(CPS 3428).

4. Comp-O-Bilt rigid frame structure
(School of Engineering Plan 7760).

5. Two-storey trussed roof structure
(CPS 5318).

The building and collector designs are
summarized in Table I. All buildings are

'The use of company names or trade products does
not imply that they are endorsed or recommended
over other firms or similar products not men
tioned.

fitted with air-type flat plate solar collec
tors. The collectors are attached to the roof

and/or side walls, depending on the build
ing configuration. The collectors can all
be operated independently since each
building has its own air-moving system.

Comp-O-Bilt Rigid Frame Structure,
Building #4 (Figs. 1, 2)

The roof surface of the Comp-O-Bilt
building was fitted with a suspended plate
solar collector with a 19-mm air space
above and below the absorber plate. The
absorber plate was 0.4 mm roofing sheet
metal which was painted black on both
sides. Glazing for the collector is a single
layer of tempered Solatex glass mounted
using the Crystaplex Universal Glazing
System. The effective collector area is
16.1 m2 and the volume of the building is

7.70 m3 per m2of collector area. The col
lector details are given in Fig. 2.

Two-storey Trussed Roof Structure,
Building #5 (Figs. 3, 4)

A single collector covered the entire
southern wall of the building. The outer
side of the building (0.4-mm roofing
metal) was painted black and used as a
collector absorber plate. The glazing con
sisted of three panels (1.2 x 5.0 m) of
"Kalwall Sunwall I," a system of FRP
sheets stretched on a rigid aluminum
frame. The air space between the sheet
and the wall is 70 mm. The 25-mm air

space is provided between the absorber
plate and the bottom glazing layer for air
movement through the collector. Inlet and
outlet plenums were constructed inside the
building. The effective collector area is

Figure 1. Comp-O-Bilt rigid frame building, building #4.
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TABLE I. SOLAR COLLECTOR DESIGNS FOR FIVE BUILDINGS

Building
Solar collector

Location Cover plate materialDesignation Configuration Design
Effective

area (m2)

# 1 Gothic arch roof section Suspended plate, single glazed

#2 Gambrel roof section Suspended plate, double glazed

Roof-mounted Excelite series 500, Excelac coated, 11.5
corrugated

Roof-mounted 1. Inner, sunlite Premium (0.64 mm) 11.0
2. Outer, Excelite 500, Excelac coated,

corrugated

Wall-mounted 1. Inner, Excelite series 400, flat 3.8
2. Outer, Excelite 500, Excelac coated,

corrugated

Roof-mounted Excelite 500, Exelac coated, corrugated 9.6

Roof-mounted Solatex "water white" glass (3.2 mm) 16.1

Wall-mounted Kalwall Sun wall I prefabricated panels, two 15.6
layersSunlite Premium

#3 Single-storey trussed-roof 1-concreteblock collector/storage
building

2-suspended plate, single glazed

#4 Single-storey Comp-O-Bilt Suspended plate, single glazed
clear-span building

#5 Two-storey trussed roof Covered plate, double glazed
building

SCREW ( WITH WEATHERSEAL WASHER ]

^-ALUMINUM CLAMPING BAR
RIBBED EXTRUDED EPDM GASKETS

3 mm SOLATEX GLASS

LOWER EPDM GASKET

STEEL ROOFING AND PLYWOOD BLOCKING

19x89 STRINGER

DETAIL (A)
FLASHINGi STAINLESS STEEL HINGE

168

ROOF SOLAR COLLECTOR

3 mm SOLATEX GLASS

19x89 STRINGERS 600 O.C.

STEEL ROOFING - FLAT BLACK BOTH SIDES

89x89x12 PLYWOOD BLOCK

19x89 STRINGERS 600 O.C.

REINFORCED CONSTRUCTION FOIL

CONTINUOUS PLYWOOD FLAP
FOR SUMMER COOLING

INSULATED &

WEATHERSTRIPPED

VAPOUR BARRIER

RSI 3.5 INSULATION FF BATTS

RSI 1.32 POLYSTYRENE SM
INSULATION

TRANSITION DUCT

TRANSITION DUCT

SOLAR COLLECTOR

PLENUM 2

COMP-O-BILT

ROOF SOLAR COLLECTOR SYSTEM FOR COMP-O-BILT RIGID FRAME BUILDING

Figure 2. Detail of the collector installedon the Comp-O-Bilt building.
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Figure 3. Two-storey building, building #5.

15.6 m2 and the volume of the building is
8.85 m3per square metre of collector area.

Air-handling Systems
A centrifugal blower pulls heated air

from the collector and discharges it into
the building interior, or to the outside. In
let air to the collector is drawn from the

room or from outside the building. An air
volume damper is installed at each fan out
let to control the airflow rate through the
collector.

Collector area varies with each build

ing, so the fan requirements are also dif
ferent. The fan models selected are all

similar in physical dimensions and use a
universal mounting system, so that they
are interchangeable among buildings.
These features were necessary to achieve
a wide range of airflow rates for collector
performance evaluation.

DATA ACQUISITION SYSTEM
The following instruments and sensors

were installed in the solar-heated farm

buildings facilities to monitor the operat
ing data.

1. Meteorological Data
(i) Barometric pressure sensor: Texas

Electronics Model TB2012 with a SC-12-

4A (Model 3012) board for signal condi
tioning. The sensor has a range of 65-105
kPa and an accuracy of ±0.07 kPa.

(ii) Wind speed sensor: Texas Electron
ics Model TV114AC, with a SC-11-6
(Model 3011) board for signal condition
ing. The sensor has a range of 0-160
km/h and an accuracy of ±2%.

(iii) Wind direction sensor: Texas Elec
tronics Model TD104P, with a SC-10-2
(Model 3010) board for signal condition
ing. The range of this sensor is from 0 to
360° with an accuracy of ± 5%. The wind
speed and direction transducers were
mounted on a 10-m tower beside the two-

storey building.
(iv) Insolation sensor: Two Kipp and

Zonen Model CM6 pyranometers were
used to measure total insolation on the
horizontal and south-facing vertical
planes. A digital electronic integrator was
connected to each of the pyranometers, so
that integrated as well as instantaneous
solar flux measurements could be re
corded. A second pyranometer with a
shadow band diffusograph was used to
determine diffuse radiation on the hori
zontal plane.

(v) Sunshine recorder, Model 10871,
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manufactured by Casella London. Ltd.,
London, U.K., provided Campbell Stokes
patterns for the duration of sunshine at the
site.

2. Operating Parameters
(i) Airflow rate: Airflow rate through

each collector was measured with an

AMCA flow nozzle (Model 210-74) in the
outlet duct. Each flowmeter was cali

brated in position by recording the pres
sure drop across the flow-meter and meas
uring the corresponding duct air velocity
with a Pitot tube, for the entire range of
airflow rates. The pressure drop across the
flow meter was measured with an elec

tronic manometer which also provided an
electrical analog output to be recorded by
the data logger. This unit has a pressure
range of 0-7 kPa and an accuracy of
±0.14%.

(ii) Air temperature: A number of cop-
per-constantan thermocouples were used
to monitor the temperature of the building
environment and the temperatures at the
various parts of the collector.

3. Data Acquisition and Analysis
All the data were recorded at 30-min

intervals by a Fluke Model 2240B data
logger. These data were stored on mag
netic tape with a Tektronics Model 4923
tape recorder for subsequent collector per
formance analysis.

PERFORMANCE EVALUATION

One of the objectives of the testing was
to collect the data necessary to evaluate
collector performance and total energy
stored for each operational solar building.
Collectors of the Comp-O-Bilt and two-
storey buildings were tested within a range
of airflow rates from 5 to 15 L/(sec-m2 of
collector area) (1-3 cfm/ft2). The collec
tors were tested only from 0800 to 1700
h each day for 5 days at each airflow rate.
Five weekly tests were conducted from 21
Jan. to 24 Mar. 1982. No supplemental
heat was used in these buildings during
testing.

Details of the performance of these
buildings were described by Mittal et al.
(1982) and Table II summarizes the op
erating data. In the airflow rate range of
5-15 L/(sec-m2), the average collector ef
ficiency varied from 0.20 to 0.71 as the
inlet temperature ranged from about —1
to 19°C. The corresponding average tem
perature gain was from about 30 down to
8°C. The collector efficiency values based
on 30-min time intervals varied consid

erably from - 0.19 to 1.00. The range of
the air temperature gain was - 2 to 57°C.
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70 mm KALWALL
CLAMP CHANNEL

WALL SOLAR COLLECTOR

KALWALL SUNWALL I

25x38 SPACER 1200 O.C.

STEEL ROOFNG - FLAT BLACK

BOTH SDES

DETAIL (A) ~

FLASHING-

STAINLESS STEEL HINGE.

CONTINUOUS FLAP FOR.

SUMMER COOLING

(WEATHERSTRIPPED)

I—FLAP IN END WALL
FOR SUMMER COOLING

RSI 1.32 POLYSTYRENE SM

INSULATION

RSI 3.5 INSULATION FF BATTS

38x140 STUDS 600 O.C.

— VAPOUR BARRIER

.RSI 1.32 POLYSTYRENE SM
INSULATION

.70 mm KALWALL

CLAMP CHANNEL

KALWALL SUNWALL I

OUTSIDE CORNER DETAIL

PLENUM 2

SOLAR COLLECTOR-
SECOND STOREY
/FLOOR

®-

b PLENUM 1

s FLOOR

STUD FRAME

WALL SOLAR COLLECTOR SYSTEM FOR TWO-STOREY STUD FRAME BUILDING

Figure 4. Detail of the collector installed on the two-storey building.

TABLE II. OPERATING AND PERFORMANCE DATA OF TWOSOLAR HEATED FARM BUILDINGS

Period (L/(sec'm2))
(1982) #4t #5t

21-29 Jan. 5.0 5.0

ra(°C)

-11

(-16

to-3)*

1-8 Mar. 7.7 12.7 -7 17.5
(-18 to 2) (0-41)

2-11 Feb. 10.2 6.7 -10 19.0
(-17 to-2) (4-37)

19-26 Feb. 12.7 10.2 -4 18.4
(-17 to 2) (7-36)

12-24 Mar. 15.2 7.7 3 20.2
(-lto7) (5-42)

ws

(kmph)

17.7

(4-36)

/c (W/m2) T-t (°C) AT (°C)

#4 #5 #4 #5 #4 #5

410 545 -1 12 22 25
(130-708) (146-1036) (-6 to 7) (2-21) (3-45) (4-53)

575 629 5 16 30 12
(111-926) (58-1047) (-3 to 14) (6-29) (4-57) (0-24)

527 659 2 14 15 25
(120-808) (63-1036) (-4 to 7) (4-24) (3-31) (2-48)

403 430 6 15 16 8
(78-898) (38-1981) (-4 to 14) (5-28) (-2 to 39) (- 1to 24)

588 497

(145-996) (68-929)

15 19 23 12
(-4 to 30) (10-27) (3-45) (0-26)

t#4 Comp-O-Bilt building, #5 two-storeybuilding.
^Numbers in parentheses are the minimum and maximum values of the parameters.

^lci

#4 #5

0.32 0.28
(0.12-0.49) (0.17-0.34)

0.48 0.26

(0.20-0.65) (-0.08 to
0.38)

0.36 0.31

(0.08-0.55) (0.19-0.40)

0.59 0.20

(-0.14 to (-0.19to
0.86) 0.44)

0.71 0.22

(0.23-1.00) (0.01-0.38)
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TABLE III. CORRELATION COEFFICIENT VALUES

Dependent variables

Independent
variables

*lc i A7

#5 #4 #5 #4

DAY -0.25* 0.68* -0.38* 0.21*

HR -0.34* -0.06 -0.12 -0.06

(0.25) (0.02) (0.28)

WS -0.31* 0.04 -0.10 -0.08

(0.43) (0.06) (0.13)

r. -0.41* 0.62* -0.46* -0.11

(0.03)

T> 0.13

(0.02)**
0.61* 0.36* 0.29*

ss 0.45* 0.10

(0.06)
0.63* 0.63*

Q -0.17

(0.001)
0.65* -0.44* -0.14

(0.01)

♦♦Statisticalprobability of the hypothesis that there is no correlation (P).
♦Highly correlated, i.e.: P ^ 0.0001.

The results further indicate that the ver

tical collector is 17-52% percent less ef
ficient and collected 27-59% less average
energy at airflow rates above 5 L/(sec-m2)
than the inclined collector. The vertical

collector is a single air path type which is
generally less efficient than the suspended
plate collector used in the Comp-O-Bilt
building. Also the air leakage in the ver
tical collector was 5 percentage points
more than in the inclined roof collector.

The average efficiency of the inclined col
lector varied from 0.35 to 0.75, and gen
erally increased with an increase in air
flow rate.

Table III shows the values of the cor

relation coefficient between the collector

performance and the operating parame
ters. The collector efficiency and the tem
perature gain of the air were considered
performance parameters and all other var
iables as operating parameters. Perform
ance parameters are positively related

with sunshine (SS) (0 for cloudy, 1 for
partially cloudy and 2 for sunny) and Ti9
and negatively with HR (the symbols are
defined at the end). The performance pa
rameters of the vertical collector are neg
atively correlated with DAY, Ta, WS and
Q, while the efficiency of the inclined col
lector is positively correlated.

The results were further analyzed using
the analysis of variance and Duncan's
multiple range test (Barr et al. 1979). The
results of these analyses are presented in
Table IV for SS and Q. The effects of
these variables on collector performance
are as follows:

1. Sunshine

The performance of the collector im
proves with the increase in sunshine level.
Normal cloudiness may cause a reduction
in useful energy gain because the collector
heat losses stay about the same for the
same inlet temperature but the incoming

TABLE IV. DUNCAN'S MULTIPLE RANGE TEST AT 0.95CONFIDENCE LEVEL

/. Effect ofsunshine

Level of sunshine

Dependent
variables Cloudy

Partially
cloudy Sunny

tld-4
Tlci-5
A7-4

AT-5

B*

C

C

C

C

B

B

B

A

A

A

A

2. Effect of airflow rate

Dependent Airflow rate (m3-min_1-m_2)

variables 0.31 0.40 0.46 0.61 0.76 0.91

Tlci-4
Tlci-5
Ar-4

Ar-5

E

B

C

B

A

A

C

D

A

C

D

E

E

E

B

C

D

D

A

B

A-E means with the same letters are not significantly different. The order of letters are in the direction of the
decreasing value of respective parameters.
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radiation is greatly reduced. Alternating
cloudy and sunny periods affected collec
tor efficiency adversely by increasing start
up losses.

2. Collector Inlet Temperature
The performance parameters of both

collectors are positively correlated with T{
in the range of —1 to 19°C. The collector
efficiency increased with an increase in Tx.
Frost was responsible for the low effi
ciency at low Tx levels. Lunde (1977) re
ported that over the range of 23-40°C,
each 6°C rise in T{ reduced system capac
ity about 4%. From these results, it can be
concluded that maximum efficiency oc
curs when Ti is around 20°C.

3. Airflow Rate

Duncan's multiple range test results in
dicate that all the levels of airflow affected

the performance significantly. The param
eters are negatively correlated with Q ex
cept the efficiency of the inclined collec
tor. Increasing the airflow rate should
increase the heat transfer between the col

lector plate and the air, thus increasing the
amount of useful energy for a given tem
perature difference between plate and air.
The efficiency of the vertical collector de
creases with an increase in Q due to the
increase in air leakage. The air leakage
from the vertical collector was 9% com

pared with 5% in the inclined collector.
The air temperature rise (AT) is negatively
correlated with Q, because the increase in
heat transfer is not enough to increase the
air temperature sufficiently due to the in
crease in the mass flow-rate of air.

4. Wind Speed
Heat losses significantly affected col

lector performance, and one of the factors
determining heat loss is the outside sur
face convective coefficient which depends
on the wind velocity.

The average wind speed was around 19
km/h and varied between 0 and 42 km/h

during the tests. All collector parameters
except the inclined collector efficiency are
negatively correlated with wind speed.
The positive correlation of wind speed
with the inclined collector efficiency is
statistically insignificant. Therefore, a de
crease in wind velocity will increase the
useful energy during cold weather.

The hour of the day and the day of the
year also influenced the collector perform
ance parameters significantly. As ex
pected, the highest collector efficiency
and temperature gain were recorded
around noon.
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SIMULATION

After reviewing the various computer
programs for the analysis of solar-heated
buildings, it was decided to use the
TRNSYS (Klein 1979) and the F-Chart
(Mitchell 1980) to determine their suita
bility for Southern Ontario where the
monthly average insolation is relatively
low. The details of these simulations are

given by Mittal et al. (1982) and Otten et
al. (1982).

Collector Efficiency Parameters
To simulate the collector operation, the

efficiency parameters of the collector
were measured experimentally. The test
ing data were used to calculate the instan
taneous efficiency values for different air
flow rates and environmental conditions.
After applying the statistical analysis sys
tem (SAS) (Barr et al. 1979), the follow
ing relationships were obtained between
collector efficiency and (TrTa)/Ic:

tic4 = 0.635-(-1958.47-708.99 (g4)-80.21
(&)2+ 2.71 «24)3) (Tl4-Ta)/Ic4, r2= 0.89 (1)

tic5 = 0.391-(698.34-266.27 (<25) + 30.6
(Q5Y- 1.15 «25)3) (Ti5-Ta)/Ic5, r2= 0.62 (2)

The collector efficiency parameters can
be calculated from these equations.

FR(Tct)n = 0.635 for inclined collector
= 0.391 for vertical collector (3)

Wl)4 = -1958.47 + 7O8.89(04)-80.21

(24)2 + 2.71(24)3 (4)

(FR[/L)5 = 698.34-266.27 (Q5) + 30.60

(Q5Y-IA5(Q5? (5)

F-chart Method

The measured and simulated perform
ance of the two buildings over five time
periods werecompared. The F-chart com
puter program, version 4.0, was used for
these simulations. The F-chart program
has been created as an averaging program
forpredicting thebehavior of solarheating
systems.

Thetestperiodsdid notmatchtheactual
time periods used in the F-chart. The
measured data were normalized to the
same period length as in the F-chart by
dividing the databy number of days in the

test period and multiplying by the number
of days in the appropriate F-chart month.

Table V summarizes the operating data
used as input to the F-chart simulation.
The corresponding monthly comparison
of experimental heating load and the frac
tion of load supplied by the solar energy
with F-chart predictions is given in Table
VI. The observed heating loads were cal
culated after taking a 15% heat loss from
the rock storage bed. The heat loss was
based on the average ground temperature
and insulation thickness. Results indicate
that the heating loads were predicted
within 16 percentage points of the meas
ured results.

The F-chart method predicted the solar
contribution to the heating load within
21% of the observed results for the Comp-
O-Bilt building, but did not accurately
predict the contributions to the building
with the vertical collector. The reason for
this is not known at present. Thus, the re
sults show that the F-chart can predict the
thermal performance of a sloped collector
solar space-heating system with reasona
ble accuracy.

The configuration of the solar-heated
farm buildings was somewhat different
from the system simulated by the F-chart
method. The F-chart system assumes that
an auxiliary furnace blower is in series
with the solar air handler and that when
operating, room air is always pulled
through the rock storage unit.

The F-chart method was also used to
predict the performance of the two farm

TABLE V. INPUT DATA USED IN
F-CHART CALCULATIONS FOR SOLAR

BUILDINGS

Building

Parameters #4 #5

Collector area (m2) 16.1 15.6

Number of covers 1 2

(Extinction coefficient). 0.02 0.09

(length) i.e. KL
Collector slope (degrees) 18.4 90.0

Duct leak rate (%) 4 9

Rockbed capacity (kJ/m2K) 350 350

UA (W/K) 34.2 44.0

Desired room temperature (°C) 20 20

buildings at the following three locations
in Ontario, Canada:

1. Kapuskasing, latitude 49.42°
2. Ottawa, latitude 45.45°
3. Toronto, latitude 43.67°
The results of the simulation are re

corded in Table VII. It seems that the col

lector on the Comp-O-Bilt building is able
to supply 42-62% of the total yearly heat
ing loads at these three locations; while
the vertical collector on the two-storey
building will supply only 16-29% of the
total load.

Table VIII shows the effect of collector

slope and building UA on collector per
formance of the Comp-O-Bilt building.
The results indicate that optimum collec
tor slopes in Ottawa, Toronto and Kapus
kasing are 55°, 55° and 45°, respectively.
However, a roof slope of 18.4° is gener
ally used for this building. To get a max
imum return from collectors, the optimum
slope must be used.

As expected, with a decrease in build
ing UA, the fraction of total load supplied
by solar energy is increased. The building
UA can be decreased by increasing the
amount of insulation, but this will be dic
tated by economical and structural factors.

TRNSYS Computer Program
The space-heating system was simu

lated using a TRNSYS version 10.1 com
puter program. Table IX summarizes the
data used as input to the TRNSYS simu
lation for the two farm buildings. To val
idate the model, the normalized standard
deviations (a) between the observed and
predicted temperature values were calcu
lated by the following equation:

(observed temperaturej —
[" predicted temperature;)2 1 0.5

••-' n J

The values of o- for the five tests and
two buildings are tabulated in Table X.
For the Comp-O-Bilt building, the values
of a varybetween 2.8 and4.7 for the col
lector exit temperature (Fco) and between
1.6 and 4.3 for the room temperature (7R).
Similarly, for the two-storey building, the
values of a for Tco vary from 36. to 9.5,

TABLE VI. COMPARISON OF OBSERVED AND F-CHART PREDICTED VALUES FOR THE SOLAR HEATING SYSTEMS

Heating load (GJ)
Fraction of heating load
supplied by solar energy

Observed Predicted % difference Observed Predicted % difference

Period

(1982) #4 #5 #4 #5 #4 #5 #4 #5 #4 #5 #4 #5

Jan.

Feb.

Mar.

2.40

2.19

1.97

3.09

2.82

2.53

2.03

1.84

1.67

2.60

2.36

2.14

15.4

16.0

15.2

15.9

16.3

15.4

0.33

0.70

1.00

0.22

0.27

0.48

0.31

0.55

0.90

0.08

0.15

0.36

6.1 63.6

21.4 44.4

10.0 25.0
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TABLE VII. PERFORMANCE OF SOLAR HEATED FARM BUILDINGSAT VARIOUS LOCATIONS IN ONTARIO, CANADA

Buildings

#4 #5

Kapuskasing Ottawa Toronto Kapuskasing Ottawa Toronto

Month It

3.35

2X

0.03

1

2.67

2

0.29

1 2 1 2 1 2 1 2

Jan. 2.03 0.31 4.30 0.00 3.43 0.12 2.60 0.08

Feb. 2.85 0.31 2.37 0.55 1.84 0.55 3.66 0.08 3.05 0.20 2.36 0.15

Mar. 2.57 0.73 2.02 0.89 1.67 0.90 3.30 0.23 2.60 0.37 2.14 0.36

Apr. 1.61 1.00 1.16 1.00 1.01 1.00 2.06 0.18 1.49 0.39 1.30 0.40

Oct. 1.24 0.79 0.93 1.00 0.72 1.00 1.60 0.28 1.20 0.67 0.93 0.81

Nov. 2.05 0.04 1.54 0.49 1.25 0.62 2.63 0.00 1.98 0.15 1.60 0.21

Dec. 2.97 0.0 2.41 0.18 1.83 0.23 3.82 0.00 3.10 0.05 2.35 0.04

Year 19.02 0.42 14.35 0.59 11.22 0.62 24.44 0.16 18.45 0.29 14.42 0.29

tSpace-heating load, GJ.
^Fraction of total load supplied by solar energy.

TABLE VIII. EFFECT OF COLLECTOR SLOPE AND BUILDING UA ON COLLECTOR
PERFORMANCE OF COMP-O-BILT BUILDING

Fraction of total load supplied by solar energy

Variable Kapuskasing Ottawa Toronto

Collector slope (°)
25

35

45

55

90

UA (W/K)
30

40

50

Base valuest

tBase values: Collector slope = 18.4°
per unit area = 16.14 W/m2K.

0.47

0.53

0.58

0.58

0.58

0.47

0.36

0.30

0.42

0.64

0.72

0.77

0.80

0.77

0.66

0.51

0.40

0.59

0.70

0.77

0.81

0.83

0.81

0.73

0.58

0.46

0.65

, UA = 34.24 W/K. FR-UL = 331.2, and collector capacitance rate

TABLE IX. INPUT DATA USED IN THE TRNSYS CALCULATIONS FOR SOLAR BUILDINGS

Building

and for TR from 1.7 to 3.5. In case of the
Comp-O-Bilt building, the a values for
the combined data are 3.8 and 2.6 for Fco
and FR, respectively. Similarly, the a val
ues for the two-storey building for all the
tests are 6.6 and 3.0 for the Tco and FR,
respectively. Thus, in summary, the tem
peratures were predicted within 2.6 to
6.6°C, i.e. 7-12%.

Based on the various tests at different

airflow rates, it can be concluded that the
TRNSYS simulation program satisfactor
ily predicted the collector exit and room
temperatures of the two air-based solar-
heated farm buildings, using the actual
meteorological data.

Thus, the computer model can be used
to predict the thermal performance of solar
space-heating systems for farm condi
tions.
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Parameters Comp-O-Bilt Two-storey
LIST OF SYMBOLS

Collector area (m2) 16.1 15.6
DAY Day of the year

Number of covers

(Extinction coefficient) (length) i
Collector slope (degrees)

i.e. KL

1

0.016

18.4

2

0.048

90.0

FR
HR

Collector heat removal efficiency factor
Hour of the day

Duct leak rate (%) 4 9 h Insolation on collector (W/m2)

UA (W/K) 34 44 n Number of data points
Building volume (m3) 124 138 Q Airflow rate (L/(sec-m2))
Building perimeter (m) 25 22 r2 Coefficient of determination
Building capacitance (KJ/°C) 1100 700 SS

T1 a

Sunshine index

Ambient temperature (°C)
^co Collector outlet temperature (°C)
T-t Collector inlet temperature (°C)

TABLE X. NORMALIZED STANDARD DEVIATION BETWEEN OBSERVED AND TR Room temperature (°C)
PREDICTED VALUES UA Overall heat transfer coefficient and sur

face area (W/k)
Collector loss coefficientComp-O-Bilt Two-storey

WSNormalized standard Normalized standard Wind speed (km/h)
Airflow 'deviation Airflow deviation

Tlci

Temperature gain of collector air (°C)
rate

T
j rate

T TR Instantaneous collector efficiency
Test # (L/sec) R (L/sec) CO

O"

(TO0n
Normalized standard deviation

1 81.8 3.3 1.6 79.3 4.7 3.5 Transmittance-absorptance product at
2 122.8 4.5 2.0 198.0 3.6 3.5 normal incidence

3 163.5 3.3 2.3 103.0 8.8 3.2

4 204.5 2.8 2.0 158.6 3.8 1.7 Subscripts
5 245.3 4.7 4.3 119.0 9.5 2.8 4 Comp-O-Bilt building
Overall 3.8 2.6 6.6 3.0 _ 5 Two-storev building
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