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1981. Performance of several axial-flow fans for erain bin

Eleven axial-flow fansof0.25 - 5.4 kWratedpowerand300- 600mmnominal diameterweretestedtomeasure air flow
performance, total efficiencies, and temperature rises across the fans. Performance was measured using astandard method
of the Air Movement and Control Association, Inc. The manufacturers' published data indicate better performance on
average than the test results. Significant variations in performance existamong fans of the samenominal diameter and
rated power. Atheoretical equation which predicts the temperature rise over the fan and motor was verified bythetest data
and demonstrates that large temperature rises can occur at low airflow rates and high static pressures.

INTRODUCTION

Various types of fans are used to pro
vide airflow for ventilation of stored grain.
The reasons for ventilating grain in this
way include grain quality maintenance by
temperature and moisture control, and
drying using unheated or slightly heated
air. Fan selection to minimize the total

operating and fixed costs requires accurate
fan performance and total efficiency in
formation. If air is blown through the
grain, it increases in temperature slightly
as it passes over the fan blades, and, in the
case of direct-drive axial-flow fans, over
the integrally mounted motor. This
temperature increase may increase the rate
of moisture removal from the grain, but it
may also increase the rate of deterioration.
Axial-flow fans are the most common fan

type used in on-farm grain ventilation in
Canada.

OBJECTIVES
The objectives of this project were:

1. To measure the performance of several
axial-flow fans and to compare the mea
sured performance with that published by
the manufacturer.

2. To compare the energy efficiencies of
several fan and motor units.

3. To verify the mathematical rela
tionship used to predict the rise in air
temperature as it passes over an axial-flow
fan.

It was not the intent of this study to
exhaustively test all agricultural fans on
the market, nor to establish a permanent
test facility and procedure. Existing proce
dures were used and facilities and equip
ment were kept to a minimum. For these
reasons, where measured performance
data are published, the manufacturer's
name was withheld.

BACKGROUND

Field Testing
In the fall of 1979, Agricultural En

gineers of the Technical Services Branch
of the Manitoba Department of Agricul
ture with our cooperation monitored 29
different grain bins to obtain field informa
tion on ventilation systems. Measure
ments of static pressure, airflow rate and
grain temperature were made. Significant
discrepancies appeared as they tried to
match field measurements to the expected
performance using the available airflow
resistance data and the manufacturer's

published fan performance data (Manitoba
Department of Agriculture 1980).

Computer Simulation Model
Computer simulation models of unheat

ed air ventilation commonly make several
assumptions regarding fan performance
and air temperature increase as it passes
over an axial-flow fan. The total fan and

motor efficiency is often assumed to be 0.5
and a grain depth is chosen such that this
results in a temperature rise of 1.1°C over
the fan (Morey et al. 1979; Fraser 1979).
However, in the 1979 field tests, tempera
ture rises of between 1°C and 5°C were

measured.

The heat gained by the air as it passes
over an axial-flow fan is a function of total

efficiency and airflow rate. The responses
by five American agricultural fan manu
facturers to our written requests indicate
that total efficiency data are not available.

METHOD

Standard Test Method

The Air Movement and Control

Association, Inc. (AMCA) is a non-profit
trade association made up of manufactur
ers of fans, louvers and shutters. Fan
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performance rating information in North
America is based on the AMCA testing
procedure Standard 210-74, which is
equivalent to ASHRAE Standard 51-75
(Air Movement and Control Association

Inc. 1975). Certification by AMCA
assures the purchaser that the fan test con
formed to approved facilities and proce
dures. Certification is a voluntary proce
dure done by the manufacturer at consider
able expense (Cruse 1976).

None of the fans tested in this project,
and in fact none of the commonly available
axial-flow fans used in grain ventilation in
Manitoba are listed in the January 1980
Director ofLicensed Products )Air Move
ment and Control Association Inc. 1980).

Most of the manufacturers' published
data, however, indicate that the fans have
been tested "in accordance with the

AMCA test code." However, no informa
tion is provided with the performance data
to indicate the test procedure and condi
tions, as required by the AMCA standard.
These test conditions can have a

significant bearing on the fan performance
obtained (Air Movement and Control
Association Inc. 1976).

AMCA Standard 210-74 specified four
types of test arrangements: (1) Pitot
traverse in a discharge duct; (2) Pitot
traverse in an inlet duct; (3) multinozzle
outlet test chamber; and (4) multinozzle
inlet test chamber.

An outlet or discharge method was
chosen for our tests because it most closely
resembles the operation of a fan connected
to a grain bin. The Pitot traverse method
was used because it requires a minimum
investment in equipment and facilities.
Because of the large number of pressure
measurements required, the test time re
quired is high as compared with the more
expensive nozzle test facilities.
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Test Facility and Procedure
Our test facility is based on the Pitot

traverse in an outlet duct setup, Fig. 7 of
AMCA Standard 210-74 (Air Movement

and Control Association Inc. 1975). Three
ducts of 300, 450, and 600 mm nominal
diameter with lengths equal to 10 times the
diameter were fabricated to meet AMCA

specifications (Fig. 1).
The testing procedure follows closely

that given in Standard 210-74 with the
exception of the measurement of input
power to the fan. Static and velocity pres
sures were measured using a Pitot tube
with an inclined manometer (Model Mark
5, Airflow Developments Ltd., High Wy
combe, England) at 24 locations across the
traverse plane.

The measurement of input power to the
fan blades, as specified by Standard 210-
74, requires the use of a dynamometer, or
a calibrated electric motor to drive the fan.

With axial-flow fans with integrally
mounted electric motors, this measure
ment is complicated by the fan blades
fixed directly to the motor shaft. Fur
thermore, because our interest was mainly
in the performance of the fan plus motor as
a unit, this power measurement was not
attempted. Input power to the fan plus
motor was measured with a Watt-hour

meter. Total efficiency was calculated by
dividing the output fluid power based on
the measured static and velocity pressures
by this input power value.

In addition, the temperature of the air
after it passed over the fan and motor was
measured using a grid of nine thermo
couples in the 450- and 600-mm ducts, and
three thermocouples in the 300-mm duct.
Test data were processed with a computer
program, using the equations presented in
Standard 210-74 (Air Movement and Con
trol Association Inc. 1975). All output
data were converted to the SI units recom

mended by the ASHRAE Metric Guide
(American Society of Heating, Refrigerat
ing and Air-Conditioning Engineers
1978). The calculations include correc
tions for air density and fan rotation speed.
Error analyses based on our instrumenta
tion and procedure were made according
to the methods provided in Appendix T of
AMCA publication 203 (Air Movement
and Control Association Inc. 1976).

Performance curves with fan flow rate

as abcissa were drawn for each test and are

available from us on request. The follow
ing variables are shown: static pressures
and error lines; manufacturer's published
data; total efficiency; input power; and
measured air temperature rise through the
fan.

Eleven fans from three manufacturers
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Figure 1.

were tested: Two 300-mm fans, 0.25 kW
and 0.56 kW rated power from two manu
facturers, seven 450-mm fans, 1.1 kW to 3
kW rated power from three manufacturers,
and two 600-mm fans, 3.8 to 5.4 kW rated
power from two manufacturers.

To confirm the reproducibility of our
test procedure, one fan was tested on two
separate occasions. The performance
curves obtained from each test fell within

the error limits of the other test.

RESULTS

Fan Performance Summary
To summarize the fan performance data

from all tests, the static pressure and flow
rate data were merged in a dimensionless
form. The static pressure and flow rate test
values for each fan were reduced to values
between 0 and 1 by dividing each by the
associated intercept. The corresponding
manufacturer's data were divided by the
same values resulting in a scaled com

1.2

parison. These dimensionless data from all
11 tests were merged into a single plot
(Fig. 2). A linear regression using a cubic
equation model which closely approxi
mated the general shape of the perform
ance data was applied to the dimensionless
test data, manufacturer's data and error
data.

Statistical r-tests applied to the regres
sion equation coefficients indicate
significant differences between the test
and manufacturers' data. The published
data are consistently greater than the test
data. A comparison of the regression lines
shows that the difference in static pressure
of the published data over the test data is
15% at a flow rate of 0.3 rising to over
45% at a flow rate of 0.8.

Total Efficiency Summary
Peak total efficiencies ranged from a

maximum of 0.51 at allow rate of 0.8 for

one 1.1 -kW, 450-mm fan to a minimum of

x MANUFACTURERS' DATA

° TEST DATA

MANUFACTURERS' DATA
REGRESSION LINE (R2=0.927)

0.0

0.00.1 0.20.30.40.5 0.60.70.8 0.9 1.0 I.I 1.2

FLOW RATE

Figure 2. Dimensionless fan performance summary for 11 axial-flow fans. 0.25 - 5.4 kW
rated power.
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0.25 at a flow rate of 0.64 for the 0.25-

kW, 300-mm fan (Fig. 3). The regression
line indicates an average peak efficiency
for the fans tested of 0.39 at a flow rate of

0.68.

Comparison of Individual Fans
Fans for grain ventilation may be select

ed on the basis of airflow rate and total

energy efficiency in the expected operat
ing range of static pressures. There are
large differences in these characteristics
among fans of the same nominal size but
from different manufacturers. In a com

parison of three 2.2-kW, 450-mm diame
ter fans, fan A provides relatively good
airflow rate and efficiency at static pres
sures less than 400 Pa (Figs. 4 and 5). Fan
C maintains a relatively high airflow rate
and efficiency over the whole operating
range. In a comparison of three smaller
fans (1.1 kW, 450-mm diameter, Figs. 6
and 7) there are still important differences
among the fans, although the differences
are less than among the larger fans.

Temperature Rise Across the Fan
Air temperature and relative humidity

significantly affect the results of unheated
air ventilation of grain. Heat is gained by
the air as it passes over the fan blades, and
in the case of direct-drive axial-flow fans,
over the electric motor. The significance
of this added heat depends on the airflow
rate, the ambient air conditions, and the
ventilation period.

The equation which predicts this
temperature rise for an integral axial-flow
fan is:

where

and

where

AT = ATe + A7V

ATe = (1-ti)P

CpPQ

k-I

ATC = [(1 + Ps) k
r\

(2)

IF (3)

AT = total temperature rise
across fan (K),
ATe = temperature rise due to
losses in the mechanical efficien

cy of the fan plus motor (K),
ATC = isentropic temperature
rise due to the compression of the
air (Eck 1973) (K),
T| = total efficiency of the fan
plus motor,
P = input power to the fan plus
motor (kW),
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Figure 3. Total efficiency summary for 11 axial flow fans. 0.25 - 5.4 kW rated power.

cp = specific heat of the air [kJ/
(kg-K1)]
p = air density (kg/m3),
Q = airflow rate (m3/s),
Ps = fan static pressure (Pa),
Pa = atmospheric pressure (Pa),
k = specific heat ratio (k = 1.4
for air),
T = temperature of input air to
the fan (K).

4000

3600 -

O TEST DATA

REGRESSION LINE

The ATC portion of the equation
assumed that all the energy lost by the
motor and fan results in an air temperature
rise, and that at high static pressures, no
backflow occurs.

To verify this equation, a comparison of
predicted and measured temperatures is
made (Fig. 8). At high static pressure and
low airflow conditions, backflow of air

around the fan and motor is common. If

400 600 800 1000 1200 1400

STATIC PRESSURE (Pa)
1600

Figure 4. Performance of three 2.2-kW, 450-mm diameter fans from different manufactur
ers. Air density of 1.20 kg/m3 and rated fan speed.
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Figure 5. Total efficiency of three 2.2-kW, 450-mm diameter fans from different manufac

turers. Air density of 1.20 kg/m3 and rated fan speed.
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Figure 6. Performance of three 1.1-kW, 450-mm diameter fans from different manufactur
ers. Air density of 1.20 kg/m1 and rated fan speed.
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turers. Air density of 1.20 kg/m3 and rated fan speed.
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temperature data with predicted values of
4.5°C or greater are ignored because back-
flow conditions likely exist, statistical
verification of Eq. 1 is possible. A statis
tical /-test at the 95% confidence level

shows that measured temperatures are
equal to predicted temperatures.

Effect of Total Efficiency on
Temperature Rise

Using the ASAE Standard D272, air
flow resistance data for wheat increased by
50%, the power requirements and tem
perature rises were calculated for various
airflows and efficiencies fora4.76-m deep
bed of wheat (Fig. 9). At low total effi
ciencies and high static pressures, drama
tic temperature rises can result.

DISCUSSION

The dimensionless fan performance
comparison and the individual fan test re
ports indicate that for the fans tested by us,
actual performance is significantly less
than the published data. Several factors
may explain this:

1. The use of an "inlet bell" attached

to the intake end of the fan housing during
fan tests is permitted by AMCA Standard
210-74. Correspondence with AMCA
suggests that at least one of the manufac
turers probably uses an inlet bell in
performance testing (E.A. Cruse, Air
Movement and Control Association, Inc..

Arlington Heights, IL 60004. 1980 04 30,
personal correspondence). Because inlet
bells were not supplied with the fans we
tested, none were used.

2. Measurement of input power to the
fan blades in direct-drive axial-flow fans

without removal of the electric motor is

inconvenient. If the fan blades are con

nected directly to the motor shaft, the mo
tor may require removal during the test.
We speculate that the installed motor may
significantly affect airflow through the fan
reducing performance when installed.

We suggest that testing procedures be
used which more closely resemble field
operating conditions. Direct-drive axial-
flow fans should be tested with the electric

motor supplied with the fan installed. In
addition, this would provide total efficien
cy data. An inlet bell should not be used in
testing unless one is supplied with the fan
used on the farm.

Large differences in performance exist
between fans of similar size and rated

power. The efficiency comparisons even
with the limited number of fans we tested

show significant variations in fan and
motor design. As energy shortages occur
and energy prices increase, the total
efficiency of the fan and motor will be-
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Figi|re 8. Correlation of the measured and predicted temperature rises over the axial-flow
fans and motors of 0.25-kW to 5.4-kW rated power.

come mportant criteria for fan selection.
Total efficiency data allow the designer
the opportunity to compare operating costs
as wejl as initial costs.

Fan performance data obtained from
Britain's largest manufacturer of axial-
flow fans (Woods Aerofoil axial fans) in
dicate that more complete information
than we are accustomed to in North

America is within the scope of fan testing

procedures (P. H. Bailey, Scottish Insti
tute of Agricultural Engineering,
Penicuik, Midlothian, EH26 OPH. 1980

06 20, pers. commun.). As well as static
pressure and flow rate data, total efficien
cy for fan and motor, and sound pressure
level data are provided.

Because of the high airflow resistances
of the small-seeded grains common to the
Canadian Prairies (e.g., wheat and
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Figure 9. Fan power and total temperature rise over axial-flow fans and motors at various

airflow rates and total efficiencies. For a 4.76-m deep bed of wheat. Airflow
resistance through arain assumed to be 50% higher than ASAE Standard D272
(ASAE 1979).
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rapeseed) high static pressures often result
at airflow rates necessary for adequate
ventilation. The efficiency comparisons
indicate that fans are available that operate
more efficiently than others at higher static
pressures.

The individual fan test results show

peak power demand always greater than
the rated power. The average ratio of peak
power demand to rated power was 2.0 for
the 300-mm fans; 1.6 for the 450-mm,

1.1-kW fans; 1.4 for the 450-mm, 2.2

kW-fans; and 1.2 for the 600-mm fans.

Electrical power supply circuitry based on
rated power demand values could easily
result in an underdesigned circuit.

An indication of fan sound levels was

made using a Bruel and Kjoer Type 2203
sound level meter located 1.0 m from the

fan inlet in a direction perpendicular to the
airflow. Sound measurements made in this

way are subject to considerable variation.
Average sound levels during testing were
90 dBC for the 300-mm fans; 98 dBC for

the 450-mm. 1.1-kW fans; 102 dBC for
the 450-mm, 2.2-kW fans; and 109 dBC
for the 600-mm fans. The danger to human
hearing loss by extended periods of expo
sure to the larger fans suggests that sound
level information be provided with fan
performance data. Fan selection on the
basis of sound level would also be

possible.

CONCLUSIONS

1. In the performance tests of 11 axial-
flow fans reported in this paper, the manu
facturer's published data are consistently
higher (average of 15% at a flow rate of
0.3) than the test data.

2. Total efficiencies of the tested fans

are low, especially at high static pressures.
The average peak efficiency of the tested
fans is 0.39.

3. Fans of the same nominal size and

rated power may have significant differ
ences in performance. Fans can be select
ed to provide higher operating efficiencies
and better performance.

4. Low airflow rates at high static
pressures can result in large air tempera
ture rises across direct-drive axial-flow

fans. This temperature rise can be predict
ed satisfactorily.
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