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ABSTRACT

In general, a large-capacity axial flow fan is used for industrial processes or ventilation in a social overhead capital
infrastructure. The main characteristics of the large axial-flow fan need a lot of electrical power consumption and operate 24
hours a day, 365 days a year. Since the large axial flow fan consumes several hundreds to thousands kW per hour, both
manufacturer and consumer are struggling to select high efficiency products for saving energy and reducing operation cost.
Therefore, the performance testing should be accurately conducted in experimental equipments. The performance estimation and
uncertainty of measurement of the axial-flow fan gathered from the result from nozzle shaped testing equipments certified with
ANSI/AMCA standard and duct shaped testing equipment under the same experimental condition. The experimental results from
both facilities have maximum 17% differences in performance evaluation and uncertainty of measurement. As considering that
the differences, it is doubt about the reliability of testing result. The test was repeated with the specific term during 12 months
because it is important to fully reflect the real conditions and to decide the repeatability of data. The evaluation of duct type
testing facilities was failed to get an uncertainty measure. Testing results were previously published. As a series of previous
paper, axial fan (21690 mm) and duct type testing facilities were fabricated. The purpose of fabricating testing equipment was

testing an uncertainty measurement under the controlled environments.

rate, Also it consumes a lot of electrical power

1. Introduction
consumption and operates 24 hours a day, 365 days a

Fan system has to be designed and selected for
intended usage, For enhancing energy efficiencies, fan
should be adjusted with whole system with proper
installation and operation, The main characteristics of

the large axial—flow fan are large diameter and flow

year, Since the large axial flow fan consumes several
hundreds to thousands kW per hour, both manufacturer
and consumer are struggling to select high efficiency
products for saving energy and reducing operational
the performance testing should be

cost, Therefore,
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accurately conducted by reliable experimental equipment,

Although the testing accuracy using inlet chamber
setup is more accurate than inlet duct setup, testing is
rarely conducted in the inlet chamber setup in
industrially purposed large axial fan, The reasons are
the cost of inlet chamber setup is tremendously
expensive and the number of inlet chamber applicable
to large axial fan is limited, The purpose of this paper
is comparing and analyzing the air performance of
large axial fan at the Inlet chamber setup and inlet
duct setup.

The test was repeated with the specific term during
12 months because it is important to fully reflect the
real conditions and to decide the repeatability of data,
During the test, the large axial fan was tested in the
AMCA accredited Inlet chamber and Inlet duct setup
installed outside of building, The inlet chamber setup
showed(Fig. 1) the high repeatability (£1,6%) which
amount is lower than the AMCA_(Air Movement and
control Association

Height,

International,

USA) check test tolerance,

Inc,, Arlington
Since the test
result from the inlet duct setup(Fig. 2) show up to 17%
differences with inlet chamber setup, we concluded
that the calculating measurement of uncertainty
conducted in inlet duct setup was infeasible,® As a
series of previously published paper, the purpose of
this paper is the estimation of uncertainty measurement
of inlet duct setup under the controlled environments,
Therefore, the air performance, flow rate variation by
the changing the pitot tube angle, repeatability are

compared and analyzed in this paper, The test results
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Fig. 2 Fan performance curve - Inlet duct setup
(duct diameter @2800)

are analyzed based on ANSI/AMCA 210—07, Annex F,

Uncertainties Analysis,®

2. Testing facilities and calibration

2.1, Specification of test facilities and
purpose of testing

The detailed specification of testing facilities is on
the following table 1, The testing facilities are multi
nozzle chamber (Fig, 3a) as a standard equipment,
inlet duct setup (Fig. 3b) equipped with pitot tube
array for the purpose of comparing air flow rate, and
axial flow fan as a test object, The detailed installation
of testing facilities is in the following Fig, 3. multi
nozzle chamber adopt the flow nozzle for measuring
differential pressure, The area of cross section at the
measuring point was 6000 mm x 6000 mm, The inlet
chambers are not affected with the external environment,
The inlet chamber setup is accredited from AMCA, The
diameter of duct was 1690 mm which is equal with the

diameter of fan, Inside the duct, the pitot tubes are

Table 1 Specification of test facility and Axial flow fan

Item Dimension Remark
Inlet chamber | section area ANSI/AMCA 210-07 Fig. 15
setup 6 m*6 m
@ 1690 . . g .
Inlet duct setup Length=195 m IANSI/AMCA 210-07 Fig. 16
. 3000 m3/min 21690, 75 kW 720 r/min
Axial flow fan 1000 Pa Reversible Axial Fan
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Fig. 3 Schematic diagram of fan performance test facility
(Length of air flow passage = 87 m)

parallel arranged for measuring the pressure as shown
in the Fig, 5.
In this test, the air flow was measured in two
different testing facilities, inlet chamber and inlet
duct, The inlet chamber setup was intended for the
standard air flow meter, The amount of air flow,
repeatability and the errors of air flow rate caused by
changing the pitot tube angles were measured in both

testing facilities,

2.2. Inlet chamber setup and calibration test

The testing facilities (Fig. 3 a) are internationally
accredited as independent Accredited laboratory® after
getting accreditation form AMCA, Also it is registered
as KOLAS(Korea Laboratory Accreditation Scheme,
South Korea®) and accredited laboratory from KATS
(Korean Agency for Technology and Standards). For
filing up traceability, the testing facilities regularly
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conducted comparison test with testing facilities at
AMCA, An axial flow fan up to @3000 mm can be
tested installed at BAC(Kiturami
Bumyang Air Conditioning Co., Ltd.), South Korea,

in the facilities

The air flow rate calculated from the measurement of
differential pressure between inlet and

outlet of nozzle, The specific nozzle combinations
were used for measuring the differential pressure, The
test facility makes possible to reduce error from
pressure measurement, By adjusting an external static
pressure, the nozzle chamber setup is rarely affected
by an external environment, For this test, the test
facilities were corrected according to the ISO/IEC
17025.©® The result of comparison test is on the
following table 2. Also, we can conclude that the
pressure, air flow rate, required power curve are accord

with the test results from AMCA as shown in Fig, 4,

Table 2 Comparison data for inlet nozzle chambet calibration

AMCA Laboratory Accredited Laboratory
Q Ps bhp Q Ps bhp
566.05 5.00 9.9 568.64 2.55 9.98
531.68 | 196.88 10.34 549.61 111.33 10.32
47377 | 450.51 10.7 532.87 192.57 10.41
421.05 | 62377 1057 504.85 | 323.60 10.63
352.24 | 780.86 10.25 47647 | 43581 10.7
44738 | 53273 10.63
42462 | 608.78 10.59
Q  Air flow rate (m3min) 39478 | 69394 1051
Ps  Static pressure (Pa.) 357.07 76391 10.27
bhp Power Input (hp) 34247 | 77851 10.17
920 T T T 18
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Fig. 4 Comparison data curve for Inlet chamber calibration
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3. Testing Method

3.1, Inlet chamber setup

Since inlet chamber setup used as standard, for this
experiment, it requires the calibration, The calibration

results are shown in the Fig, 4,

3.2. Inlet duct setup

The inlet duct setup was equipped with pitot tube to
measure the total pressure(Pt) and static pressure
inside of inlet duct, A manometer was connected with
pitot tube for measuring differential pressure (d/p).
The velocity pressure and air flow rate were calculated
from the differential pressure, Each pitot tubes were
parallelly connected at specific locations for obtaining
an average velocity (Fig. 5). Since installation errors
could arise from the angle of pitot tube, the degree of
pitch angle and yaw angle were corrected repeatedly,
Furthermore, the degree of pitot tube array could be
adjusted as needed, The duct diameter of testing
facilities and testing specimen were equivalent in the
dimension (21690mm),

The calculation of air flow rate with pitot tube array

can be expressed as following equation (1) and (2)

Qau- :f(Agv AP7 t, p) (1)
27, |

%= P3 A3 2)

here:

A8 Cross—section area of Inlet duct setup [m?]
tdx
AP Differential pressure [Pa]

Air temperature at plane x (x=1, 2) [*C]

p, Air density at plane x (x=1, 2, 3) [kg/m3]
Pv3 Velocity pressure [Pa]

Q Air flow rate [m3/min]

In the whole test, we assumed that the air flow rate

obtained from inlet duct set is wunder allowable
tolerance level from AMCA standard, The uncertainty
measurement of measured air flow rate was estimated

based on AMCA 201-07,
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b) Traverse Points
(AMCA 210, Fig. 3)

a) Installing error
of Pitot tube

Fig. 5 Pitot tube & Pitot tube traverse

3.3. Analysis for air flow rate

The purpose of testing is comparing the air flow rate
measured from inlet duct setup and nozzle chamber
setup as standard, The ideal case is the air flow rate

is corresponding in both facilities, As comparing that

Table 3 Fan performance data (air flow rates were measured at
the same time)

Table 3 (a)
Nozzle chamber setup (ANSI/AMCA 210-07, Fig. 15)
Test No. Pt (Pa) Ps (Pa) Qa (m3/min))
1 166.6 4.1 22115
2 204.8 51.8 2146.2
3 2472 1035 20795
4 2884 155.2 2001.8
5 3288 207.0 1914.4
6 3586 248.2 1822.3
7 299.1 201.9 17108
8 301.2 230.1 1462.2
9 3486 294.8 12729
10 402.9 364.7 1072.3
Table 3 (b)
Inlet duct setup (ANSI/AMCA 210-07, Fig. 16)
Test No. Pt (Pa) Ps (Pa) Qa (m?/min)
1 185.1 359.2 2322.3
2 221.7 396.3 2331.8
3 2578 430.2 2320.1
4 2976 461.0 2260.5
5 336.3 489.0 2186.2
6 362.2 512.7 2172.8
7 303.8 442.6 2085.8
8 304.8 419.1 1894.0
9 348.3 441.8 1713.0
10 397.7 4774 1583.0
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the test result from the inlet duct setup and nozzle
chamber setup the differences of air flow rates was
ranged from 5% to 14% as shown in table 3, The
highest differences between two testing facilities were
observed at high total pressure and low air flow rate
condition, Since the testing tolerance® was ranged
from —2.5% to 1.25% (AMCA 111-99), the reliability of
testing result acquired from the inlet duct setup using
pitot tube was very low, The test result from two
testing facilities measured simultaneously is on the
following table 3 a) and b)., The total pressure (Pt) and
air flow rate (Qa) was measured 30 times with the 5
minuets term, The nozzle chamber setup was defined
as standard equipment in the whole test., Thus total
measurement reached at 300 times for the each testing
setup (inlet chamber and inlet duct setup) as shown in
the table 3.

3.4. Testing for the repeatability of air flow rate

Test consecutively measured 30 times during 5
minutes with the 5 minutes delay as shown in table 8,
During the measurement, the total pressure (Pt) and
air flow rate (Qa) was fixed, Although the total
pressure (Pt) and static pressure (Ps) are different
because of of structural differences between testing
facilities, it is ideal that the air flow rate is
corresponding in both facilities, The data was measured
in the following condition: 1) all testing facilities are
fixed, 2) all sensors are fixed, 3) the rpm of axial flow
fan was fixed and 4) the degree of pitot tube axis was
fixed parallel to the axis of the duct,

Although the standard deviation of measured air
flow rate in inlet nozzle chamber setup was 0=0 54
but the standard deviation was 0=31,21 and airflow
measurement error was *4 75% in inlet duct setup,
The result from the inlet duct setup was exceeding the
allowable tolerance of air flow rate from AMCA 111-99,
The measured air flow rate in inlet duct setup was

continuously fluctuating as shown in the Fig, 6.

3.5. Air flow rate measurement in pitot tube
array Inclined to various angle

The total pressure (Pt) and air flow rate (Qa)

measured at the inlet nozzle chamber, At this test, the
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Fig. 6 Air flow rate curve (the air flow rate at the inlet nozzle
chamber and inlet duct measure at the same time.)

degree of pitot tube array was arranged from O to 10
degree with 2 degree offset for measuring the air flow
rate variation, The O degree of pitot tube array set as
standard condition(Fig, 7). At each setup (0, 2, 4, 6, 8
and 10 degree), the air flow rates were measured 30
times for 5 minutes, Therefore, the number of trial
reached at 180 times,

Although there were somewhat differences in total
pressure and static pressure caused by structural
differences at two testing facilities, similar air flow rate
is best, The pitot tube axis have to be parallelly installed
within 3 degree based on AMCA standard, The error of
air flow rate until 4 degree of pitot tube was observed at
tolerance from accreditation

allowable laboratory

program (AMCA 111-99) as shown in the Fig, 8°A”,
However, the average error which was repeatedly

measured with same way was not accord with the

ANSI/AMCA standard 210 because of fluctuation of air

flow rate.

2400
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Fig. 7 Air flow rate curve measured at inlet nozzle chambe and
inlet duct setup (6 = 0 deg)
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3.6. Result and discussion

In this trial, the air flow rate was compared inlet

nozzle chamber as accredited laboratory facilities
with the inlet duct setup, However, the estimation of
uncertainty measurement with in allowable tolerance
was failed because of fluctuation, The 95% confidence
interval was calculated from the test result in the 3.4
section, The confidence interval can be expressed with

equation (3) as follows:

[ea

m*ﬁ ®)

— o - —
fl)*tzl/Q*ﬁé r<x+t

The airflow rate measure at inlet duct setup and inlet
duct setup can be shown in Fig, 9, In this figure, the

errors and variation of air flow rate were expressed,

4. Conclusion

In this the estimation of uncertainty

paper,

measurement from the testing of axial flow fan with the
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Fig. 9 The error ranges for the air flow rate (6 = 0 deg)
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inlet duct setup was difficult to get a satisfactory result,
Based on the test result, the following conclusions were
reached regarding the evaluation of the inlet duct setup:
1) The inlet duct setup was easily affected by external
environments, It is severely harmful to repeatability,
2) in the

controlled environments, the result using suction duct

Although the testing was conducted

is hard to get reliability and repeatability,

3) Although inlet duct setup is widely using in
industrial field, Air flow rate measurement from inlet
duct setup using a pitot tube is hardly reliable,

According to the ASHRAE, the testing errors could
be reduced by the increment™ of the quantity of pitot
tubes, Thus the quantity of pitot tube would be

increased in the next trial,
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