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ABSTRACT

A turbine flowmeter, made by Cox Instruments Product Line,
AMETEK Inc., Schutte & Koerting Division, Serial Number 2915, has been
calibrated for Pratt & Whitney Canada Inc. Besides the flowmeter
calibration results, with some comments, the report contains a brief
description of the calibration facility, and a delineation of expected
uncertainties, based on internal and external calibrations.
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1.0 INTRODUCTION

The Engine Laboratory, Division of Mechanical Engineering, is
the custodian of an Omnitrak ballistic calibrator, designed specifically
for the calibration of turbine-type flowmeters. After a period of
several years, in which the calibrator had been exclusively used for NRC
meter calibrations, the service is now extended to include outside
clients. A high degree of accuracy is ensured by periodic internal
calibrations, traceable to Canadian standards, and by participation in
calibration programs, such as the one carried out by the National Bureau
of Standards (NBS), Gaithersburg, Md.

This report contains a description of the calibration facility,
the expected uncertainty, with traceability, and the test procedure. The
test results for the client’s flowmeter are presented in tabular form,
and the corrected K-factor is plotted as a function of frequency over
kinematic viscosity.

2.0 DESCRIPTION OF CALIBRATOR

The flowmeter has been calibrated on an Omnitrak calibrator
system, Model 0T-150, manufactured by Flow Technology, Inc., Phoenix,
Arizona (Fig. 1). It is a very precise volumetric calibration device, a
detailed description of which can be found in the supplier’s manual (FTI,
1982). To facilitate electronic data storage, custom print-outs,
plotting, and some further data reduction, the output was interfaced to a
Digital Equipment Corporation MicroVAX II computer.

A summary of pertinent specifications is:

• Flow Range: 0.15 to 150 USGPM or 0.0095 to 9.5
£/s (approximately 60 to 60,000 Ibm/h
of aviation fuel)

• Flowmeter Size Range: 1/2” to 1|" (13 to 38 mm)

• Maximum Length
of Flowmeter Assembly: 48” (1219 mm) between if", 37° flared

tube fittings.

Although various fluids may be used, it was decided to perform
all calibrations with the widely accepted calibrating fluid for aircraft
fuel system components, MIL-C-7024C, Type II. Its specified viscosity is
1.17±0.05 cSt (1.17±0.05·10’6 m 2/s) at 25°C.

3.0 CALIBRATION UNCERTAINTY

When considering the accuracy, or uncertainty, of a
calibration, the whole system must be taken into account, and that
includes the meter itself. It is obvious that a turbine flowmeter with
worn bearings or damaged blades will not lend itself to accurate,
repeatable performance. Hence, it must be assumed that the test specimen
is functioning to specifications.
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The Omnitrak calibrator was factory-calibrated when bought.
The volumetric resolution, or K-factor, for this model, was specified as
approximately 62,200 pulses per US Gallon (PPG). Prior to delivery, the
actual calibration constant for this particular calibrator was
established by the manufacturer as 62,202 PPG. A careful recalibration
by the Engine laboratory yielded an Omnitrak K-factor of 62,213 PPG
(Grabe W. , et al., 1988). In two calibration tests, each consisting of
eight water draws, the averaged K-f actors, reduced to standard
conditions, came to within 0.5 PPG, or ±0.0008%, of each other. A check
revealed that the K-factor increased along the draw tube of the
calibrator by 0.08%, well within the manufacturer’s specified limit of
0.1%.

Over the course of some 90 calibrations, on 15 in-house turbine
flowmeters, the manufacturer’s claimed repeatability of ±0.05% was
confirmed, i.e. with few exceptions, calibration points fell within
±0.05% of a best-fit curve.

Finally, the Engine laboratory participated in a round-robin
calibration program, conducted by the National Bureau of Standards,
Gaithersburg, Nd, primarily in response to requests by the Department of
Defence (US), industrial users, and manufacturers. According to a
tentative data evaluation by the Bureau, at the higher flow, which
yielded more consistent results, NRC had a bias, or systematic, error of
0.18% with respect to the median of all calibrators and 0.05% when
compared only to calibrators of the same principle as the Omnitrak, i.e.
pulse counts related to volume displacement. The precision error was
less than 0.05% in either case. This good agreement with the median of
12 other major North American calibrators, including two from NBS, was
considered to be a confirmation of the accuracy of NRC’s calibration
equipment and procedures. It is NRCC’s intention to maintain the
established link with NBS and continually test the accuracy of its
flowmeter calibrator by participation in future calibration programs.

On the basis of the above described uncertainty analyses, the
bias error of the calibration, relative to the true value, is expected to
be within ±0.18%, with a precision error of ±0.05%, yielding an overall
uncertainty of ±0.28%*.

*The uncertainty establishment and terminology follows Abernethy, R.B.,
et al. , 1973.
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4.0 FLOWMETER CALIBRATION

Information pertinent to the calibration reported:

Job No.: FMC-88-10

Calibration Date: 25 October 1988

Customer: Pratt & Whitney Canada Inc.

Flowmeter Data

Make/Model: Cox 12 SCRX

Size: 3/4 in

Serial No.: 2915

Pickoff Type: Magnetic

Pickoff Part No.: 3030HT-3-957C

Bearing Type: Ball

Calibration Fluid: MIL-C-7024C, Type II

Relative Density (15.56/15.56°): 0.7527

Fluid Temperature (Ave.), °C: 23.6

Viscosity at Fluid Temperature, cSt: 1.2418

Room Temperature (Ave.), °C: 23.3

Operating Pressure, psig: 80.0
kPa: 552

The flowmeter was visually inspected for any possible damage
and installed in the calibrator. The client requested calibration over
the extended range of 72 to 1440 Hertz, and 950 to 9500 lbm/h at an SG of
0.760. The upper frequency was limited to 1250 Hertz to correspond with
the mass flow limit of 9500 lbm/h. In order to provide a good
calibration curve definition, a total of 20 runs were carried out, three
of which were duplicates (Fig. 2). The calibration proceeded from the
highest flow to the lowest, followed by two fill-in and three repeat
points. The room temperature was established at the beginning and the
end of the test, while the fluid temperature was read at every point and
subsequently averaged. Both temperatures appear in the correction of the
K-factor to standard conditions. In addition, the fluid temperature is
used for the calculation of its viscosity. A display of each calibration
point on the control CRT, immediately after it had been generated,
provided a good visual assessment of the calibration plot as it
progressed. Finally, the raw and reduced data were printed out as given
in Figure 2.
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The K-factor, Kc o r , has been corrected from the pressures and
temperatures present at calibration to standard day conditions. As a
visual aid in assessing the repeatibility and linearity of the
calibration, the K-factor has been plotted against frequency divided by
the average viscosity of the calibration fluid (Fig. 3). This plot is
commonly referred to as the universal viscosity curve.

A complete description of the application of the K-factor, and
other components of fuel flow measurement by a turbine flowmeter, can be
found in a recent report by Grabe (1988). This report also includes an
uncertainty analysis for a complete fuel flow measuring system.
Depending on a series of conditions, it has been demonstrated that an
overall system uncertainty of ±0.75% of corrected flow is achievable,
taking into consideration uncertainties in specific gravity and lower
heating value establishments, among other factors.

5.0 COMMENTS

• The flowmeter provided a smooth calibration (Fig. 3).

• The calibration points fell within ±0.02% of a best-fit curve.

• The K-factors of three repeat points were within 0.01% of each
other.

• The linearity of the flowmeter was within 0.57% over the extended
calibration range of 20:1.

• No unusual behaviour of the meter was observed during calibration.

6.0 REFERENCES

Abernethy, R.B., et al., J.W. Thompson, Jr., 1973, Handbook Uncertainty
in Gas Turbine Measurements. Engine Test Facility, Arnold
Engineering Development Center, Air Force Systems Command, Arnold
AFS, Tennessee, February 1973.

Grabe, W. , J. Carvish, 1988, Calibration of an FTI Omnitrak Ballistic
Flow Calibrator System, National Research Council Canada, Engine
Laboratory, TR-ENG- , 1988.

Grabe, W. , 1988, Fuel Flow Measurement in Gas Turbine Testing, National
Research Council Canada, Engine Laboratory, TR-ENG- , 1988.

Installation, Operation and Maintenance Manual Omnitrak, October 1982,
Flow Technology, Inc., 4250 East Broadway Road, Phoenix, Arizona,
85040.
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FIG. 1 OMNITR AK BALLISTIC FLOW CALIBRATOR INSTALLATION



NATIONAL RESEARCH COUNCIL CANADA
DIVISION OF MECHANICAL ENGINEERING

TURBINE FLOWMETER CALIBRATION

Customer: PRATT & WHITNEY Fig. 2
Date: 25-0CT-88 Job #: FMC-88-10

CALIBRATOR DATA» ----------------

Make: Flow Technology Omnitrak Model: OT-150 S/N: 83110022
Calibrator System

M’icrotrak Constant: 62213 Volume Unit: U.S. Gallon
Calibration Fluid: MIL-C-7024C TYPE 2

Specific Gravity( 15.56/15.56 Deg.C): 0.7527
Fluid Temperature ( Average )EDeg. Cl: 23.59
Viscosity EcStl : 1.2418

Room Temperature ( Average )CDeg. Cl: 23.35 Operating Pressure CPsigl: 80.00

FLOWMETER DATA

Make/Model : COX 12-SCRX Size : 3/4
S/N : 2915 Pickoff Type: MAG
Pickoff P/N: 3030HT-3-957C Bearing Type: BALL

ΑΑλλλλλλλλλλλλΑλλλλλλλλλλλλλλλλλλλλλλλλλλλλλλλλΑλλλλλλλλλλλλλλλλλλλλλλλλλλλλλλλλ

RUN T VOL T FMP i FMP VOL FREQ F RATE Kcor FREQ/VISC

1 1.1835 1.1830 1482.0 0.5 1252.7 25.349 2964.7 1008.8
2 1.3078 1.3078 1482.0 0.5 1133.2 22.939 2963.4 912.51
3 1.4632 1.4631 1481.0 0.5 1012.2 20.503 2961.6 815.10
4 1.6354 1.6356 1480.0 0.5 904.87 18.344 2959.0 728.65
5 2.0560 2.0561 1479.0 0.5 719.32 14.591 2957.3 579.24
6 2.4789 2.4794 1478.0 0.5 596.11 12.102 2954.8 480.02
7 3.0940 3.0951 1477.0 0.5 477.21 9.6962 2952.4 384.27
8 4.0215 4.0221 1476.0 0.5 366.97 7.4599 2951.0 295.51
9 4.8656 4.8655 1475.0 0.5 303.15 6.1657 2949.5 244.12

10 6.0406 6.0383 1474.0 0.5 244.11 4.9664 2948.5 196.57
11 8.1394 8.1417 1475.0 0.5 181.17 3.6858 2948.6 145.88
12 12.407 12.402 1475.0 0.5 118.93 2.4180 2950.5 95.771
13 14.188 14.191 1476.0 0.5 104.01 2.1145 2950.9 83.756
14 16.482 16.485 1476.0 0.5 89.536 1.8202 2950.8 72.099
15 20.673 20.668 1474.0 0.5 71.318 1.4512 2948.1 57.429
16 18.443 18.452 1476.0 0.5 79.990 1.6266 2949.9 64.413
17 9.8609 9.8593 1475.0 0.5 149.60 3.0423 2949.9 120.47
18 1.1854 1.1850 1482.0 0.5 1250.6 25.308 2964.4 1007.1
19 1.6681 1.6672 1479.0 0.5 887.12 17.985 2959.0 714.35
20 14.862 14.866 1476.0 0.5 99.290 2.0186 2950.7 79.954

------------------------------------------------------------------------------------------------------------------------------------------------------------------------
T VOL=Time for Displaced Volume [Sec.]  T FMP=Time for Flowmeter Pulses [Sec. J
♦ FMP=Number of Flowmeter Pulses [ ] V0L=Volume of Fluid Displaced [U.S. Gal.]
FREQ=Frequency of the Flowmeter [Pulses/Sec.]  F RATE=Flowrate [U.S. Gal. /Min.]
Kcor=K-Factor of the Flowmeter Corrected to Standard Conditions CPulses/U.S. Gal. J
EREQ/VISC=Frequency Divided by the Viscosity of the Fluid at the Temperature of the Run [Pulses/Sec.AcSt]

Certified by:Calibrated by:
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