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ABSTRACT

In 1983, the Engine Laboratory acquired an Omnitrak ballistic
calibrator for calibrating its own turbine fuel flowmeters, and,
eventually, those of other Canadian users, as a national facility.
Initially, the manufacturer's calibration had been used. In the spring
of 1987, the Omnitrak was calibrated by Engine Laboratory personnel for
the first time. The report documents all aspects of this calibration for
future reference and, more importantly, for traceability of the
calibration accuracy. Very close agreement was established between the
manufacturer's and NRC's calibration factors, when compared on the basis
of identical correction procedures. The original oversight of a small
balance correction by the manufacturer was identified and taken in
account.

RESUME

En 1983, le Laboratoire des moteurs a acquis un calibrateur
balistique Omnitrak pour faire 1'étalonnage de ses propres débitmétres a
turbine (pour carburant) et, éventuellement, ceux d'autres utilisateurs

canadiens. A l'origine, on se servait des étalonnages effectués par le
fabricant. Au printemps 1987, le personnel du Laboratoire des moteurs a
effectué 1'étalonnage de 1'Omnitrak pour la premiére fois. Le présent

rapport documente tous les aspects de cet étalonnage pour fins de
référence ultérieure et, plus important encore, pour assurer la
possibilité de tragage de la précision d'étalonnage. Un rapprochement
trés étroit a été établi entre les facteurs d'étalonnage du fabricant et
ceux du CNRC lorsque ceux-ci ont été comparés en utilisant des méthodes
de correction identiques. Une petite correction de 1'équilibrage
effectuée par le fabricant et que l'on avait pas saisi a 1'origine a été
identifiée et prise en compte.
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CALIBRATION OF AN FTI OMNITRAK FLOW CALIBRATOR SYSTEM
1.0 INTRODUCTION

In 1983, the Engine Laboratory, Division of Mechanical
Engineering, purchased an Omnitrak ballistic flow calibrator, Mecdel
0T-150, S/N 83110022, from Flow Technology Inc., Phoenix, AZ. It serves
to calibrate periodically the in-house volume flowmeters, used in gas
turbine operation. Furthermore, it may be utilized, in the near future,
to provide a calibration service to other Canadian flowmeter users, on a
to—be-determined fee basis.

With the purchase came a factory calibration, which has been
applied ever since [Appendix A]. As a check of the existing calibration,
and in preparation for documented client meter calibrations, it was
decided to re-calibrate the ballistic flow calibrator. This report deals
with the preparation and execution of this calibratiom.

2.0 DESCRIPTION OF OMNITRAK CALIBRATOR

The Flow Technologv, Inc. Omnitrak calibrator is a very precise

volumetric calibration device (FTI, 1982). It uses a piston, within a
smooth-bore cylinder, to provide accurate displacements of the test
liquid along its travel [Fig. 1]. The piston is actuated by a compressed

gas, usually air. Attached to the piston shaft is a photoelectric sensor
(encoder) which generates pulses as it slides along a finely-etched glass
rule. Each pulse represents an extremely small, but precise, volume of
fluid (approximately 0.06 cm®). The displaced volume is virtually
unaffected by the liquid's viscosity, demnsity, and compressibility. As
the piston travels at a preset rate along the cylinder, the test fluid is
pushed through the flowmeter under test. The data control console
receives the pulse count from the encoder/translator and the pulse
accumulation from the flowmeter, which, together with their appropriate
times, provide the basis for the necessary arithmetic. A typical data
output sheet is given in Appendix B.

The characteristic of a flowmeter is defined by its K-factor,
which gives the meter pulses per unit volume passed through, as a
function of the meter output frequency divided by the fluid's viscosity.
The frequency is thus proportional to the flowrate. Ideally, the
K-factor is constant over the meter's operating range. In reality it
varies slightly with flowrate, with strong excursions at the low flows.
A typical example is given in Figure 2. A good description of turbine
flowmeter technology can be found in Zimmerman R. et al. (1977).

3.0 CALIBRATION EQUIPMENT
3.1 Ommnitrak Calibrator
The calibrator was prepared for calibration according to
instructions (FTI 1982; Maurey 1985) and verbal communications with the

manufacturer. The following comments relate primarily to those parts of
the procedure not found in the manual.
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With two end tubes installed, a dummy meter was placed in the
test transducer section (FTI 1982). The normally-used test fluid, JP4
turbofuel, was drained from the calibrator system through the fill drain
line (V7), [Fig. 3], and the flow tube drain (V6) into containers placed
in an existing recess in the floor. Subsequently, the JP4-soaked filter
element was removed, and the system was left to drain overnight. A new
filter element was installed, and 40 liters of heptane, a hydrocarbon of
the methane series, recommended by FTI, was poured by gravity feed into
the calibrator, from the top of an adjacent cabinet. For better rinsing
of the surge tank, it is recommended to use 60 liters for the next
calibration. The heptane was put in with the piston in the retracted
position, and the system was flushed thoroughly by moving the piston back
and forth about six times. The top bleed valves (V10 and V10') were
opened to facilitate complete flushing. Also, the three throttling
valves (V3, V4, and V5) were opened for thorough rinsing of all piping.
It should be noted that, with the piston fully in the downstream
position, the surge tank was one quarter to one third filled with the
solvent.

When it was felt that the whole calibrator system had been
properly flushed, the heptane was drained, first from the fill drain
valve (V7) and then from the flow tube drain wvalve (V6). Next, the
heptane-soaked filter element, the dummy meter, and the two end tubes
were removed, and the water draw tube arrangement was installed at bleed
valve V10' (opposite from valve V10). This tube had been fashiocned from
1/4" copper tubing, as per FTI drawing 03-85486 (FTI, 1985), a general
diagram of the water draw test setup.

While the system was left to drain the heptane for about two
hours, some air was also blown through to assist the heptane removal.
The dummy meter and the two end tubes were reinstalled. As indicated in
the FTI diagram referred to above, the calibrator end at the drain side
was propped up by a length of 2"x4" wood. A fresh filter element was
placed into its housing. Subsequently, the calibrator system was filled
by gravity feed, with 70 liters of fresh, distilled water, through the
fill drain valve (V7). The water was run through the calibrator system,
between the flow tube and the surge tank, about ten times. During these
water circulations the top bleeds were cracked open to permit the escape
of any trapped air. With the flow tube piston in the return position
(RHS), the dummy meter and the end tubes were removed, in preparation for
the calibration process. The end, left open by the removal of the left
hand side end tube, was capped off with a modified plug, which had a
bleed added. With the operating handle in the run position, any
remaining air was bled from bleed valves V10' and V9. The calibrator
system was ready for a water draw calibration.

3.2 Water Draw Vessel

On account of some conflicting information, the initial
calibration runs were carried out with a 2000 ml volumetric flask. While
a flask of this size was recommended in the calibration procedure (FTI
1982), the original FTI calibration runs used a volume of one US gallon
(1 US gal = 3.785 dm®) per draw, or nearly twice the recommended amount.
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Reasoning that larger draws would yield more accurate results, it was
decided to switch to a 4000 ml vessel for the official calibration draws.
Two narrow-mouth Erlenmeyer flasks, Pyrex brand, with reinforced beaded
top, (Fisher Scientific catalogue number 10-040P), were purchased. It
proved to be a judicious choice in that the gross weight per draw came to
within 6% of the balance's full range of 5500 g. The flask used in the
calibration has been marked as "1", for future reference.

3.3 Calibration Weights

A complete set of solid stainless steel weights, class S, was
purchased. They follow the 5-3-2-1 series and range from 10 mg to
2000 g. The weights were calibrated by the Physics Division, NRC; the
calibration report is attached as Appendix C. Excellent agreement was
established between the weights' nominal values and true masses. While
the greatest percent difference existed with the 10 mg weight, the
smallest of the set, wviz 0.2%, for practical purposes the 0.01 g
deviation of one of the 2000 g weights (0.0005%) had the greatest impact
on the weighing (sheets S7 to S22). However, by using the calibration
values, the true mass of any weight could be established, subject to
calibration tolerances and to buoyancy correctioms.

3.4 Weighing Balance

A new toploading balance was purchased in preparation for the
calibration. It was a Sartorius E5500S electronic balance, §/N
36 100 090, with a stated standard deviation of =<*0.01 g and a maximum
linearity deviation of #0.02 g. The balance's weighing range was 5500 g,
which included any subtracted tare.

It was found that the great sensitivity of the scale demanded a
solid surface for its support, and a hood for keeping air movements away.
In the absence of a proper balance table, the toploader was set on the
concrete floor of the calibrator room, and levelled by adjusting the
three feet/levelling screws.

The Sartorius toploader was provided with an internal and a
external calibration. The internal calibration did not require any
weights, and it supposedly calibrated the balance electronically/
mechanically over its full range. For the external calibration, an
accurate weight of 5000 g was required. Such a standard weight, made of
solid stainless steel, was purchased with the balance. Its mass was
established by the Laboratory for Basic Standards, Physics Division, as
5000.03 = 0.03 g [Appendix C].

Initial weighing of the 5000 g standard weight gave balance
readings of 4999.81 g, which was between the true mass of 5000.03 g and
the apparent weight of 4999.21 g, if the weight's buoyancy in air was
taken into consideration. It was decided to adjust the calibration
internally, following instructions transmitted by telephone from the
vendor's representative, to read 5000.03 g #0.01 with the standard weight
placed on the pan. Hence, the balance was calibrated to read the true
mass of a stainless-steel artifact in air.
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3.5 Calibration of Accessories

In order to assure traceability to recognized national
standards, it was of great importance that all elements involved in the
calibration process were compared with these standards. In Canada, the
Division of Physics, NRC, is the custodian of physical standards, such as
mass, time, temperature, and frequency. In turn, Canadian standards are
compared with those of the National Bureau of Standards, Washington,
D.C., and other countries.

The calibration of the weights, used in the weighing of the
water draws, has been discussed in Section 3.3 and Appendix C.

The prescribed frequency check on the Omnitrak was carried out
with a Fluke Model 2161A frequency counter, S/N 379 5003 [Appendix D]. A
single-point calibration verification by the Physics Division's Standards
Laboratory showed an actual frequency of 999.9999 + 0.0001 kHz for an
indicated frequency of 1 MHz, a deviation of 0.1 ppm. This infinitesimal
deviation constitutes a zero error for all practical purposes.

The temperature measuring arrangement for the calibration fluid
and room temperatures was calibrated in-house with a JOFRA
oven/calibrator [Appendix E]. At room temperature 21.1°C (70°F) the
deviation from the true temperature was found to be less than 0.2°C
(0.3°F). A precision of +0.3°C (#0.5°F) is considered to be excellent.

The JOFRA calibrator had previously been checked by the
Division of Physics [Appendix E] and the calibration was taken into
account.

4.0 CALIBRATION PROCEDURE
4.1 General

The calibration described in this report was the first in-house
calibration since the Omnitrak calibrator was acquired, some three years
ago. Instructions given in the manual (FTI, 1982), and by telephone com-
munication with the supplier, were closely followed. The preliminary
results were based on weighing water draws on an electronic toploading
balance, which had been calibrated immediately prior to the calibration
process. The results were subsequently checked by comparative balancing
with calibrated weights, which were not available at the time of the
Omnitrak calibration. The comparative balancing provided direct trace-
ability to Canadian mass standards at the National Research Council.

4.2 Vater Draws

Two series of water draws (C87-1 and C87-2) were carried out
for familiarization with the calibration procedure and for assurance that
all equipment involved worked properly. Generally, the procedure
outlined by FTI (1982, p. 12) was followed. While the first series
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consisted entirely of 2000 ml draws, water draws in the second series
were alternated between 2000 ml and 4000 ml; with the latter the flask
was filled twice for a single pulse count. Since it was felt that.errors
could possibly be introduced by this method, a 4000 ml flask was obtained
for the two official calibration draw series (C87-3 and C87-4) [Section
3.2].

Before commencement of water draw series C87-3, the 4000 ml
Erlenmeyer flask was thoroughly cleaned and dried. Then the weight of
the flask was tared on the calibrated balance, and the tare was recorded
for future reference. The balance allowed taring out the flask weight,
so that the net water weight could be read directly. About 1000 ml of
water was drawn off, at the beginning of the piston stroke and discarded
to eliminate any flow tube end effects and small amounts of trapped air.
Subsequently, the first draw commenced.

With the operating pressure at about 8 psig (55 kPa), the bleed
was slowly opened to allow a steady water stream into the flask, at a
rate of between 35 and 65 Hz on the calibrator. It was found that the
recommended rate of 100 Hz corresponded to a flow that caused some
splashing. A room tenperature reading was taken approximately midway
through the draw, which was terminated slightly above the 4000 ml mark.
Since the calibration was chosen to be by mass, rather then by volume
determination, an exact draw volume was not required. The indicated
weight of the sample was recorded, together with the number of pulses
collected during the draw, as was the water temperature, and the water
was poured into a clean water container for future use. ' The wet
container was tared, the Omnitrak was reset, and the process was repeated
for the second draw, and subsequent ones. After eight water draws, the
translator was about 6 in from the flow tube end plate, which was
considered to be a safe distance for avoiding tube end effects.

Out of interest, one further draw was taken in series C87-4,
until the piston came to the end of its travel. The draw was approxi-
mately 3500 ml and showed a significantly increased K-factor [Fig. 4&4].
This point confirmed the presence of some earlier referred to end
effects. Otherwise, all points fell within a band of 0.08%; the inner
five points were within 0.016% of each other. For highest calibation
accuracy, the Omnitrak operation should be restricted to the middle 50%
of travel.

4.3 Computation of K-Factor
4.3.1 Gemneral

The objective of the Omnitrak calibration was the
establishment, or check, of a specific relationship between a volume
displaced by the flow piston in the flow tube and the pulses counted by
the encoder/ translator. It is expressed as the K-factor, in "pulses per
unit volume", in our case US gallons, as a function of corrected
flow, expressed as "frequency divided by viscosity", in units of hertz
per centistoke.
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The K-factor was obtained by NRC in two ways, which differed
only in the sample weighing method, and by an FTI reduction program
[Section 4.3.4]. All methods yielded virtually identical results, which
provided confidence in the calibration process and the quality and
precision of the equipment used.

4.3.2 NRC method 1

Water draw samples taken were weighed with a toploading
electronic balance [Section 3.4], which had been calibrated to indicate
5000.03 g with a stainless steel weight of 5000.03 (+0.03) g placed. on
its pan. Within the weight's calibration accuracy, the balance showed
the true mass of the weight.

As a first step in data reduction, the indicated weights of the
individual water draws were corrected for buoyancy (Data Sheets S1 and
S2). The correction took into account the buoyancies in air of the water
draw, as well as the stainless steel weight. A detailed description of
bucyancy effects on weighing is given in Appendix F. Subsequently, the
pulses per mass (gram) and pulses per volume (US gallon) were computed.
The mass-to-volume conversion is described in Appendix G. Finally, the
pulses per US gallen (MT/OT) were averaged for each of the two series.

In order to ensure that the individual draws formed a
reasonable pattern and also showed good repeatability, the MT/OT values
were plotted in sequential order in- Figure 4. It was found that the
pulses per volume increased along the flow tube by about 0.08%, within
the manufacturer's declared limit of 0.1%, see Data Sheet S3 ("Maximum
variation of Ax"). The same trend existed with the original FTI
calibration. However, repeatability between the two NRC calibration
series was excellent, viz. within 0.0024%.

The effects of temperature and pressure on the displaced volume
must be accounted for when performing a volume calibration (water draw),
as well as a flowmeter calibration (FTI 1982; Appendix C). The correc-—
tions followed the layout on the "FTI Calibrator Constant Determination
Data Sheet" (Data Sheet S3). In the case of the two calibration series,
C87-3 and C87-4, the corrections to standard conditions increased the
MT/OT constants by 4.3 and 3.4 pulses/US gal, about 0.006%, respectively
(Data Sheets S3 and S4). Rounded off to the nearest pulse, both
corrected constants were 62213 pulses/US gal.

4.3.3 NRC method 2

In discussions with researchers at the Laboratory for Basic
Standards, Physics Division, it was learmed that the true mass of a body,
such as a water draw, can only be established by comparative balancing
[Appendix F]. In this process, the electronic balance is merely used for
comparing the unknown mass, e.g. water, with a known mass, the calibrated
weights, taking into account the buoyancies of both.

The newly acquired set of weights [Section 3.3] was calibrated
by the Physics Division [Appendix C]. In order to establish the true
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mass of each water draw, weights were placed on the balance pan to
duplicate the balance reading of a draw. The nominal values of the
weights, as well as the true values, obtained from calibration, were
recorded and added (Data Sheets S7 to S22). Finally the true mass of the
water draws was entered in Data Sheets S23 and S24. Subsequent
calculations followed the same pattern as- that of method 1.

Inspection of the weights' calibrations in Appendix C shows
that the true masses of the weights were very close to the nominal ones.
The deviation of greatest impact on the total weight was 0.01 g (0.0005%)
for one of the 2000 g weights. Because of its relative magnitude, it
overshadowed all other deviations from nominal in the final sum total.

Using the Sartorius balance as a comparator rather than a
weighing apparatus, did not alter the previous test results [Section
4.3.2] to any noticeable degree. Comparing the equivalent data sheets of
the two NRC weighing methods, S23 with S1 and S24 with S2, it can be seen
that the averaged calibration constants were within 0.2 pulses/US gal
(0.0003%) for the two series.

Since the correction to standard conditions used the same
factors as those of method 1, the averaged calibration constant, rounded
off to the nearest pulse, remained 62213 pulses per/US gal (Data Sheets
S25 and S§26).

While the final results showed that an accurate Omnitrak
calibration could be obtained with the Sartorius precision balance alone,
the use of calibrated weights confirmed that fact and provided
traceability to prime standards at NRC's Physics Division.

4.3.4 FTI reduction program

As part of Flow Technology's customer service, a calibration
reduction program, called "DRAW 5-87", was provided on a mini-floppy
disk. The program was run on an IBM-compatible, personal computer. The
raw data of test series C87-3 and C87-4 were entered and processed. The
results are given in Data Sheets S5 and S6.

The calibration constants CSS’ at standard conditions, of
62213.5 and 62211.8, respectively, came within 1 pulse/US gal of NRC's
hand-calculated pulses, a deviation of 0.0016%, or 16 ppm. This can be
considered as complete agreement.

It should be pointed out that both, the NRC and FTI, reduction
methods were based on the same principles; although the computational
arrangements differed slightly.

4.3.5 Comparison with original calibration

The original FTI calibration, which accompanied the Omnitrak,
had a Cgg factor of 62202 pulses/US gal [Appendix A]. This was 11 pulses
lower than the new NRC-obtained factor. There is reason to believe that
the difference was not caused by a change in the calibrator's system but
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rather by the omission of the balance calibration factor, also referred
to as scale factor. The balance calibration factor accounts for the
balance weights' buoyancy in air. If this factor were multiplied out of
the corrections on Data Sheets S5 and S6, the constants would become
62204 and 62202 pulses/US gal, respectively. The above reasoning is
supported by the fact that the FTI reduction program originally supplied
did not include the balance calibration factor.

5.0 SUMMARY

(i) This report describes the calibration of the FTI Omnitrak
ballistic flowmeter calibrator, Model 0T-150, S/N 83110022. Its
purpose is to document the calibration and its traceability to
primary standards and to provide a guide for future calibrations.

(ii) In preparation for the calibration, a precision balance with 5000
g range and 0.0l g resolution, and a stainless steel, Class S,
set of weights were purchased. The set of weights was calibrated
by the Physics Division, NRC.

(iii) The calibration comprised two series of eight water draws each.
The data were reduced manually by two slightly differing NRC
methods and by an FTI supplied computerized program. All methods
followed the same principles.

(iv) The two NRC methods differed in the way the water draw weights
were established. In the first one, the balance readings were
taken as the mass values. In the second one, the balance was
used as a comparator between the draw masses and stainless steel
weights.

(v) The FTI reduction program was supplied with balance readings of
the water draws, as used in the first NRC method.

(vi) The calibration factors of the two series, calculated by the
three described approaches, agreed within 1.7 pulses/US gal, or
0.0027%. This excellent agreement is an indication of the

careful approaches taken by supplier and user in reducing the
data accurately and of the high quality of the calibration
equipment used.

(vii) The new Omnitrak calibration factor, rounded to the nearest
pulse, is 62213 pulses/US gal.

(viii) The calibration factor provided by FTI with the delivery of the
calibrator was 62202 pulses/US gal. It is believed that the
lower value, by 11 pulses, was on account of the omission of a
balance calibration factor. The error introduced by this
difference was 0.018%.




6.0 RECOMMENCATIONS

(a) Periodic recalibrations of the Omnitak ballistic calibrator are
required. The interval between calibrations depends very much on
the work load, the frequency of fluid changes, and indications of
systematic shifts in meter calibrations. Furthermore, participation
in external calibration programs, such as the NBS round robin one,
would render an internal recalibration unnecessasry. As a general
guideline, the time between calibrations should not exceed five
years. ’

(b) At the time of a recalibration, the calibrations of ancillary
equipment should be reviewed, i.e. the frequency counter,
temperature measuring devices, the weighing scale, and the weight
set. Depending on usage, the Laboratory for Basic Standards,
Physics Division, recommends an initial calibration check of the
weights after five years, unless visible damage has taken place.

(¢) The in-house <calibration could be delayed, or replaced, by
participation in an external calibration procedure, such as the
recent round robin calibration program of the National Bureau of
Standards, (NBS), Gaithersburg, MD. A program of this kind compares
one's complete calibration system with those of NBS and other
participants, which yields traceable bias as well as precision
estimates. Continued participation in this NBS-led activity is
strongly recommended.

7.0 REFERENCES

Maurey, W., 1985. Water Draw Procedures for Liquid Flow Calibrators,
Micro/ Omnitraks: MT-1, MT-10, MT-30 and Omnitraks: 0T-150, 0T-400.
Flow Technology, Inc., 4250 East Broadway Road, Phoenix, Arizona, 85040.

Zimmerman, R., D. DEERY, 1977. Handbook for Turbine Flowmeter Systems.
Flow Technology, Inc., 4250 East Broadway Road, Phoenix, Arizona, 85040.

FTI, 1982. Installation, Operation and Maintenance Manual Omnitrak.
Flow Technology, Inc., 4250 East Broadway Road, Phoenix, Arizona, 85040.

FTI, 1985. Installation, Operation and Maintenance Manual Omnitrak.
Flow Technology, Inc., 4250 East Broadway Road, Phoenix, Arizona, 85040.
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FTI CALIBRATOR CONSTANT DETERMINATION SHEET

S1
DATA - NRC METHOD 1
NRC/DME Engine Laboratory Job No.: C87-3
Model No.: OT 150 Serial No.: MT 83110022 Date: _ 3l /3/87
Volume collected during "water draw" determined by mass measurement.
Balance: Make & Model: S&rionus ESS00S s/n: _ 3% loo 090
Range: 5500 ;1 Accuracy: t 0.02 3
Weight Set:
Mass
g
corrected
TEST T, Tw ##MT/OT as for MT/OT MT/OT
. °F °F Pulses weighed buoyancy | Pulses/g Pulses/gal.
(x) Y (2) (Ag)
i IS | 697 | 6056 | 4005.06| 401312 | l6db00 | 621854
2 72,5 | 9.4 | c61SZ | 4014.32| 4018.39 | 164623 | 62194. 2
3 | (7.4 | 695 | 66121 | 401,47 | do15.S4| |6, 4663 | 622092
4& | 72,9 | 695 | 6128 | 4011.98 | 4ot6.05| |6.4659 | k22079
S| 618 | 695 | 66229 | 4018,0| | 4022,09 | 16.4LL3 | 22094
b 72,1 9.4 | 661S2 |4012.95| 401702 | l0,4679 | 02215, 4
T b . & 69 6 6340 | 4024.29 | 4028.47| 16,4678 | 622149
2 720 | 694 | 66240 | 40VT. 1 | 40219 16,4727 | 62233.7
ANe:| Toz | e4s Avseacs: | 62208,8
s * Sse= -Aw.p . I
Z = X/Y Ag = Z x W
W= 3777. 98 §/0seaL

NeTe ;. THe h\t"l%{h.t of 1 s %Q._ﬂnn of hater WAV X Ic kLQ_%:LIJEAtL_
“cater femge MMWG&I&@MWfMLm Rppendix G,
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. FTI CALIBRATOR CONSTANT DETERMINATION SHEET Sz
DATA - NRC METHOD 1
NRC/DME Engine Laboratory Job No.: C87—-4
Model No.: OT 150 Serial No.: MT 83110022 Date: _ |/4/87
Volume collected during "water draw" determined by mass measurement.
Balance: Make & Model: S&4pnug ESS00S  s/N: %26 oo 090
Range: 5S00 3 Accuracy: _=90.02 3
Weight Set:
Mass
4
corrected
TEST T T #MT/OT as for MT/OT MT/OT
°F °F Pulses weighed buoyancy | Pulses/g Pulses/gal.
(x) Y (z2) (Ag)
! 68, 9.0 66214 4018,9¢| 4022, | 164584 | 6Z184.8
2 72.4 | 8.6 | 6099 | 4o1.38 | 4015.52| [b.4609 | £Z184.2
3 | 674 | 89| 66208 | 4016 95| 40210 | 16.44S) b2200.3
4. 72,5 | 68.6 | ¢5172 | 4014.90| 4019.04 | |bdeds | 22083
5| o4 | 8,9 | 6228 | Aoie.27 | 402242 | b 4e&T | pL208]
b | 125 | 6877 | kblds | 4012,93| 4017.07 | 164667 | 622163
7 6. 68,9 | 6113 | 401443 401,57 16.4668 | (226.5
& | M8 | 686 | 6197 | 4014.68| 4018.82|.lb.41\7- | 62235.2
11F(C?‘) (10,5) | (69.0) |(583s5)|(353L19) (3540.49)| (16.4824) | (62275.5)
ANE. | 9.2 8.8 Avetages!| 6220§.3
X ses APP Lt " e i
Z = X/Y Ay =2 xW
— W= 3Ts3u. 3;(_:55&
NeTs | e mm%&\t of 1 s Mu_ﬂzc_hgdﬁr Oa) in e et & leem
xatec femges - %Mgﬁswm_deu_&hpm&«t_n_fkffm&q
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FTI CALIBRATOR CONSTANT DETERMINATION DATA SHEET

_(Calibrators_with Translators) S3
T QORASLHMON | TP STBRNPAED COAIDIDINS
Customer: NATIgRAS SIewRCd CopnN e CANADA  Job No: C81-3

Model No: OT Iso Serial No:__MT 31\0022 bate:_32) [2/87

Certified Test Measure Data:
O1iicer

Identification No: Certified Vol. (V) Osallon

Certification temp (T¢) °F Cubical expansion coeff(vy) /°F
Volume Draw data (using distilled water):

Run MT/QT Pulses (A'x) Water Temp (Tx) Note: Maximum varlation of

No. °F

(x) Ax and Tx as follows:

. A - A

2 Max Min x 100 < 0.1 (%)

2 A avg.

4 T -

5 Max Min £ 1°F

Tq=_10:3 °F = translator temp(room temp.).
p= 8 psig=Volume draw pressure (operate pressure),
T~ 69S°Fr=T1 + T2+ ... .T5a Avg. temp of draw water and flow tube.

3
A = £2208.8 - aAl +A2 4+ - . . A5 Average MT/OT pulses collected/US gallon.
5
Cem™ N/A = 1+(Ty-Tc)yp=correction for thermal expansion of the test measure.

F = 0,0000032/psig = compressibility factor for water.

= 0000 = —1—-— =
ey I 25 1-PF Correction for compressibility of the water.

TS = 68 °F=Temperature Standard (usually 68°F).

Ep= 19.2 x 10-6/°F V(304 SST)L = Coefficient of square expansion for flow tube.

=17.8 x 10'6/“F (316 SST)

Cl:s- LOOOOZ‘? =1 + (T“-T.)Bp = Correction for thermal expansion of flow tube.

a,= 4.5 x 10-6/"1? = Coefficient of linear-expansion of translator material.

Ctd- |.o000Ip =1 + ('rd-‘l's)ud= Correction for thermal expansion of translator.
E = 28 x 10+6 peli = Modulus of elasticity for flow tube material (304 or 316 SST).
D = 7.749 Inch = Internal diameter of flow tube.

t = 0.438 Inch = Flow tube wall thickness.
Cps- [, 000005 =1 + %2 = Correction for expansion of flow tube due to pressure.

e V (converted to appropriate units, 3.785412 liters=l1 gallon).
0 sal
Licer

CcS = & o Pulses/Unit Vol. 8 uncorrected.
u C C C Gallon

CSS=CSu . ’l:::s td ps , 62213. 1 Pulses/US gallon Microtrak/Omnitrak Constant
tm- (Corrected to temp 'l‘S and 0 psig)

Vm =
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FTI CALIBRATOR CONSTANT DETERMINATION DATA SHEET

——— Dﬂ(galmrators wéth ‘1’rmr1-31atci_lr\';_l_:‘oN - S4
sem O S TARN (g ®) :
Customer: NATIONAL RSSsALCH CyonCIL a.l\)wh Job Nu: _;__8:? -4
Model No: OT 150 Serial No: MT 83110022 bvate: |1/4/87
Certified Test Measure Data:
Ej licer
Identification No: Certified Vol. (V) Oeallon
Cercificacion temp (T¢) °F Cubical expansion coeff(ypy) /°F
Volume Draw data (using distilled water):
Kun MI/OT Pulses (Ay) Water Temp (Tx) Note: Maximum varlacion ol
No. °F
(T) A, and T as follows:
2 A Max™ A Min x 100 2 0.1 (2)
2 A avyg.
5 " Max™ ! min < 1°F

Tq= 69.8 °F = translator temp(room temp.).
P = & psig=Volume draw pressure (operate pressure),
T~ 688°F =T1 + T+ ... . TS = Avg. temp of draw water and flow tube.

3
A= ©2209.3 - =A] 4+ A2 + « + + A5 = Average MT/OT pulses collected/US gallon.
5
Com™ N/A = 1+(Ty~Tc)yp=correction for thermal expansion of the test measure.

F = 0.0000032/psig = compressipbility factor for water.

- |l " A
G 0000 26 1-PF ~ Correction for compressibility of the water.

T, =___68 °F=Temperature Standard (usually 68°F).

Ep= 19.2 x 10-6/°F (304 SST)L = Coefficient of square expansion for flow tube.

= 17.8 x 107%/°F (316 ssT)

C," [, 0000 |5 -1+ (Tw-Ts) Bp = Correction for thermal expansion of flow tube.

ay= 4.5 x 10-6/°F = Coefficient of linear-expansion of translator material.

C:d= l'OOOOO& =1 + (Td-'l‘s)ad= Correction for thermal expansion of translator.
+6

L = 28 x 10 psli = Modulus of elasticity for flow tube material (304 or 316 SS5T).

D = 7.749 Inch = Internal diameter of flow tube.

t = 0.438 Inch = Flow tube wall thickness.

Cps= 1-‘000005 =] + £ = Correction for expansion of flow tube due to pressure.

Vm = —— D Lit = V (converted to appropriate units, 3.785412 liters=1 gallon).

0O eal
— = Pulses/Unit Vol. Btﬁj;n uncorrected.
Cc . .C C C
S Cbu x pl ts ed ps 22\2.7 Pulses/US gallon Microtrak/Omnitrak Constant

tm- (Corrected to temp '1".i and 0 psig)
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VOLUME CONSTANT DETERMINATION
NATIONAL RESEARCH COUNZIL 1ZAMADA DATE: 04-03-1337
FLOW TECHNOLOSY CALIEBRATOR EREAVIMETEIC METHOD
MODEL NUMBER QT1S Test No. £87-3 SERIAL NUMEREFR 832110022
FUN TRANSLATOR WATER ALR WATER DRAW WEIGHT FULSES FER
NUMEEFR FULSES TEMFERATURE TEMFERATURE FRESSURE CGRAMS) FiE AFPFARENT
1 EEOSE £3.7 71.5 8 1003, 0E 16476€.7
2 66152 69.4 72.5 8 $014.32 16473.0
b EE121 £9.5 E7.4 8 4011.47 1€48Z.0
4 6E128 63.5 2.9 8 4011.38 1€482.6
S 6EZZT £€3.5 £7.8 8 4018.01 164832.0
& E&152 3.9 72.: 1 8 4012.35 15484.€
7 EEZ40 £3.6 E€.6 8 4024.39 1€484.5
8 EEZ40 £3.4 72.0 8 4017.11 16483.5S
66177 £3.5 70.3 8 4014.31 16482.3
FLOW TUBE MATERIAL —-=—————————————— 204 STAINLESS STEEL
FLOW TUBE I.D.—-=——————————— 7.75 INCHES
FLOW TUBE WALL THICKNESS————————==—= .4275 INCHES

BAROMETRIC FRESSURE Z8.739 INCHES Hg. (734.1 MM Hg.) RELATIVE HUMIDITY S0O%
AIR DENSITY .0Q0115 g/cm™3 WATER DENSITY .3939B0O33 g/com™3

STANDARD WEISGHTS DENSITY 7.8 ag/cm™3

BALANCE CALIEBRATION FACTOR ©.399853

0.393852 X 4014.31 mases of water
mass R TR e e e e e e vialume S e e e e e
of water 1 —-¢.00115/.9980323) of water . 'I98033
Cpl = CORRECTION FOR COMFRESSIBILITY OF WATER 1.0000Z&
Cts = CORERECTION FOR THERMAL EXFANSION OF THE FLOW TUBE 1.Q00Q0Z23

Ctd = CORRECTION FOR THERMAL EXFANSION OF TRANSLATOR 1.000011

Cpe = ©CORRECTION FOR EXFANSION OF FLOW TUERE-FRESSURE 1.00000S5
pulses x Cpl % Cts % Ctd % Cps
S S =
vol / 3785.412
Ces = £22132.5 FULSES FER U.S. GALLON AT &8 DEGREES F AND © FEIG
r o= 16435.1 PULSES FPER LITER AT 20 DEGREES T AND O FSIS

TRACEARILITY OF MASS STANDARDS:
INVENTORY NO. MRS NO.

CALIERATED RY AFFROVED BY ___
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VOLUME ZONSTANT DETERMINATION
NATIONAL FESEARCH COUNCIL CANADA DATE: 04-07-1387
FLOW TECHNOLOGY CALIEBRATOR GRAVIMETRIC METHOD
MODEL NUMBER 0OT1S Test No. C87-4 SERIAL NUMEBER 8Z1100ZZ
RUN TRANSLATOR WATER AIR WATER DRAW WEIGHT FULSES FER
NUMEBER FULSES TEMFERATURE TEMFERATURE FRESSURE (ERAMS) KG APPARENT
1 66214 65.0 €8.1 8 4018. 36 16475.4
& 66033 E8.6 72.4 8 4011.38 16477.3
3 e6208 €£8.9 67.4 8 4016.35 led48z.2
4 66172 E8.6 72.5 8 4014.30 16481.6
o EEZZ28 €8.3 66.4 8 4018.27 16481.7
& 66148 €8.7 72.95 8 401=2.33 164832.7
¥4 66173 £8.9 67.1 8 4014.43 164832.8
B8 66137 €8.6 71.8 8 4014.68 16488.7
BE£180 €8.8 €63.8 8 4015.31 16481.3
FLOW TUBE MATERIAL -——————————————- 304 STAINLESS STEEL
FLOW TUBE I.D. — ==== 7.753 INCHES
FLOW TUBE WALL THICKNESS———-———————-— .4375  INCZHES

BAROMETRIC PRESSURE 29.& INCHES Hg.(751.8 MM Hg.) FRELATIVE HUMIDITY SO%
AIR DENSITY .00119 g/cm™3 WATER DENSITY .3398118B g/cm™3

STANDARD WEIGHTS DENSITY 7.8 g/cm™3

BALANCE CALIBRATION FACTOR 0.939847

0.999847 X 4015.21 mass of water

mass e e e e volume = mm————e——————
of water 1 -¢.00119/.998118) aof water .338118

Cpl = CORRECTION FOR COMFRESSIEBILITY OF WATER 1.0000Z6

Cts = CORRECTION FOR THERMAL EXFANSION OF THE FLOW TUBE 1.00001F5
Ctd = CORRECTION FOR THERMAL EXFANSION OF TRANSLATOR 1.000008
Cps = CORRECTION FOR EXFANSION OF FLOW TUBE-FPRESSURE 1.00000S
pulses % Zpl % Cts = Ctd % Cps
Css = __ . S R S
val / 278T.412
fess = £2Z11.8 FULSES FER U.S. SALLON AT £8 DEGREES F AND < FSIG
r o= 164324.6 FULSES FER ILITER AT 20 DEGREES C AND O FSIG

TRACEABILITY OF MASS STANDARDS:
INVENTORY NO. NES NO.

CALIERATED EY AFFROVED EY




- 20 -

TRoOE MASS DSTERMINRATION O0F WATSR DRAWS =
(Dor  corrstr=r RoL BLOTANCY)
NRC/DME Engine Laboratory ' Job No.: C87 -2
Model No.: OT 150 Serial No.: MT 83110022 Date: 3[3/ 87
Volume collected during "water draw" determined by mass measurement.
Balance: Make & Model: S6eYonusS E8S00§ s/N: __ 36 leg 090
Range: SS9 g Accuracy: _ % 0.023
Weight Set: _lroemwmer 2 Icg - lo \mgr
Test: 4
Balapts | WsiayTs . . DIFFSLENCE  BETWEEN
IeoicaTion | BFED Teos TROE MASS ARD
oF DUPLCATIIG w;is BALANCE INDICATIOR
WATSRE DRAW DALAN CS WEIGHTS
IND1CATION : .
g g ¢ d “
4008, Ob "2o%0 ' 2000 Q|
2000 2000 - 00
5 | S 0000
3 2, 0000
| 1.00007
0.0S 0,05000
A4008.0,, | 4009.06 | 4009.00003 | +0.0000% |0.00000 | TOTAL
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TROE MASS DETERMIRATON 0F WATSR DRAWS S8
(Rov Copf=ersp Tot BOOYAm ) |
NRC/DME Engine Laboratory Job No.: CH7~32
Model No 0T 150 Serial No.: MT 83110022 Date: 2)/3%)87
Volume collected during "water draw" determined by mass measurement.
Balance: Make & Model: SArtnos ES0S s/N: __3b loo 090
Range: 5Soo0 g Accuracy: * O:O?-g
Weight Set: Troemner 2\6‘;1 - |0 V‘h%
Test « 2
BAalANCGE | WSiEHTS ‘ DIFFEzEneeE BETWEESN
INBIcATION | LSO ey TROE MASS ARD
o DUPOCATING msz BALARCE INDICATIOR
WATSR DRAW| “paLancs WEIGHTS
IND1CATION
3 g 2 ; k
4014.32 2000 2000, 0|
2000 '2000.00
10 10,000 |
3 2.0000|
I l. 00002
0.3 0.30000
0. 02 0.018499
4014 ,22 4014.22 | 4014.230|12| + 0.0v012  |+0.00025 | TOTAL
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TROE MASS DETERMINRATION 0F WATSR DRAWS S9
( Nov CorgserSp TO& BRaoyanaY)

NRC/DME Engine Laboratory Job Ne.: 87~ 3

Model No.: OT 150

Serial No.: MT 83110022 Date: 3}/3/ &7

—
o ——— . — - ———— ——— —— — T —— — -

Volume collected during "water draw" determined by mass measurement.

Balance: Make & Model: Sartpnos ES5S00S s/N: 26 '0_0 0%

Rang e: SSOO q

- Accuracy: + 002 3
Weight Set:_ 1 [O¢ymper Q.\r_g - Iomg
T&sT L 2 -
BalanCs | W&IEHTS e DIFFELENCE BETWEERN
ND:;—-ATTOR‘ ué"&f MASS Tog MASS ARD
WATER. DRAW D“{:ESG"&W WEC:Z. BALANCE NDICATIORN
INDICATION W —
3 3 ¢ ; %
Ao, 47 2000 2000. 0|
20co 2009. Qo
10 \0, ©00)
) |, 00002
0.3 0.3v000
o 0.1 0000
0.0S 0.0S000
0.02 | 0.01999
doil. 47 | 4on47 | 40n.480n | 10,0100 [+0,00028 | Tomy
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TRIEVMASS DETERMINATION OF WATSR, DRAWS S10
Cror CoRESexrSp T0L  BOOYS)Cx)

NRC/DME Engine Laboratory

Job No. : C87-2

Serial No.: MT 83110022 Date: 3\/5[ 27

v ———— T T T

Model No.: OT 150

Volume collected during "water draw" determined by mass measurement.

Balance: Make & Model: <8rioynis ESE00S s/N: 30 I‘OO 0%

Range: gsoo % Accuracy: i 0.02
Weight Set: | coemnersr 2 iﬁ - 10 m%
TestT ! 4
BAalLARCE | WSAGHTS , DIFFELENCE BETWEEN
IR DICATION Ls<o T
or ] Foo MASS R L “"ASSD'“*“DOH
WATER. DRAW DU{:L?‘S;;G of et , ST
— WEIGHTS
RD1CATION . : %
9 9 $ 3
4ons | 2000 2000.0
2000 2000.00
|0 10,000
| l.0o00 2L
0.3 0. 30000
Ol} Ol ‘O'O'OO
0,05 0.05000
0,02 0.01999
0.0 0,00998
40) .98 4o1:98 | 401).,99006 |+ 0.0100b |[+0.0002S| ToTaL
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S11
(RoT CoReserso Tor BOOYarde)
NRC/DME Engine Laboratory Job No.: C 97" 3
Model No.: OT 150 Serial No.: MT 83110022 pate: _ 3\ | 2/87

- — - -

Volume collected during "water draw" determined by mass measurement.

Balance: Make & Model: S&rtonus € SS003 S/N: 36 100 092
Range: 5500 % Accuracy: £ 002
Weight Set: Tcoeyner 2 {.q - IOI’h‘L
TesT: S * v
Bawhes | WsGHTS . DIFFSLENtE BETWEEN
INDICATION Lseo T
JCATIOR Y Teoe MASS bRl
WATSZ DRAW Duﬁ?:g:\:gs of ALARCs WWDICAT
WEIGHTS
IND1CATION %
9 9 2 d
4018,0] 2000 2000. 0|
2000 2000,00
[o) 10, 000
5 S, 0000
z,| 3,0000|
0.0] 0.00998
4018.0] 401,01 | 4018.02009|0.01009 | 0.0002S | ToraL
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TS MASS DETSERMINATION OF

WATSR. DRAWS
(o™ Cores

S12

=P For BOoONACr)
NRC/DME Engine Laboratory Job No.: Ce87~-3
Model No.: QT 150 Serial No.: MT 83110022 Date: 31]3/87

- —————————— - ——

Volume collected during "water draw" determined by mass measurement.

Balance: Make & Model: SARTORIWS ESTo S  s/N: 26 [00 990
Range: SSoo ‘% Accuracy: = OIOZV@
Weight Set: lroemmner 2 'E—gﬁ— 10 mg
Jesv i b
BalARCs | WS&HTS ‘ DIFFELENCE BETWEEN
INoicATIon | LSO TS TROE ™
of L sing B Asjo?/::om
WOl
wirar sl YT | o | oauance
IN0ICATION Wiz .
9 3 ¢ d
4012,95 2000 2000 0l
2000 200000
O |0. 0001
2 2.0000|
0.5 0,49997
0.3 0.%0000
0.l Q. |0000
0-05 ! O\.OSOOO
4012.9s A0\2 .95 4012,96008| + 0.0)1008 |+ 0.0002s| TOTAL
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TROs MASS DETERMINRATION O0F WATSR DRAWS S13
[ NeT™  Corseysp Tok BUOTANCY)

NRC/DME Engine Laboratory ' Job No.: 87~ 32

Model No.: OT 150 Serial No.: MT 83110022 Date: 311/ 5}/ &7

o T ——

Volume collected during "water draw" determined by mass measurement.

Balance: Make & Model: S&—+onns £5500S s/n: __36 [0g 090

Range: SSco ?, Accuracy: £ 0.0z a
Weight Set: | roeminer 2 '%.S, - |0 th/
Tesy v 7
Balants ‘VJS—«GH'\‘S_ RS DIFFSLERNCE BETWEESN
IMB;?WOD‘ “fot. MASS TRos MASS ARD
WATSZ. DRAW Du{:&‘fgs WEC:Z BALARCg INODICATIOR
INDICATION s ,_
3 g ¢ g %
4024,29 2000 2000. 0|
2000 2000.00
20 20,000
3 3,00001
I |, 00002
0.3 0.30000
0,05 0.05000
.03 - 0.0200)
A024.39 | A0Z4, 280 | 402439014 |+ 0.00014 |+0.00000 | TOTAL




TQUE: MASS DETSRMINRATION 0F WATSR DRAWS

- 27 -

(Nom <Corrsersp For BLOVY. SN Cre)

NRC/DME Engine Laboratary

Model No.:

OT 150 .

Serial No.:

MT 83110022

Job No.:

c&1-3

Date:

Volume collected during "water draw" determined by mass measurement.

Balance: Make & Model: S@rtonus ESSo0S s/N: 26 00 Q90
Rauge: SSOO % Accuracy: '_t, 0.02 %
Weight Set: | rO€Mmner 7 ‘?L% b 5011«%
TEST : &
BALARNCE | WSIGHTS ’ DIFFErEnLE BETWEEN
IoicaTion | LSS TS TRos
oF Foe MASS ) mAS:DA“DON
WATER DRAW DubP;'Li&hPch OF BLIgCE IR
WEIGHTS
RMO1CATION DZD
9 3 ¢ d
4017.1) 2000 2000. 0|
2000 2.000 .00
lo |0, 000)
2 2. Ooool
0] 0.)10000
O, 0| 0.00988
40\7. )\ A0, | 401712004 [+0.01009  |+0.00025 | ToTAL
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T2oe MASS DETERMINRATION 0F WATSR, DRAWS
( Nov  Cothkseyre=r TOR DBLOVANTY)D

S15

NRC/DME Engine Laboratory

Job No.: C87~4

Model No.: OT 150

Serial No.: MT 83110022 Date: | /4 /&7

—— T — ———— ] — - —— ] - —— T ——— - —

Volume collected during "water draw" determined by mass measurement.

Balance: Make & Model: S&~tonus ESS00S s/n: 26 |09 090

Range: SSoo 9 Accuracy: to.oz%
Weight Set:__Teoemner 2 {% = 10me
Test: 1
BalanCs | WSIGHTS TROS DIFFELEneeE BETWEESN
iR .Dbgjf kG TROE MASS ARD
WATSZ DRAW %":@:’gﬁ -weﬁz BPALANCg NDICATIOR
IND1CATIAN WTS _ .
9 ; ¢ d %
4018 96 2000 2000 .0| |
2000 2:000. 00
lo . [0.009]
s S 00go
3 3, 0000|
0.s 0.49997
0.3 0.30000
0.} - 0.10000
0,05 0.0S000
00| 0.00998
2018 .96 | 4o¥8.96 4018 ,9708%|+0,01006 |+0.00025| O™
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120 MASS DETERMIRATION 0F WATSR DRAWS S16"
(ROT CorrscxrsSy Tok BOOYewey)
NRC/DME Engine Laboratory Job No.: _ C &7—4
Model No.: OT 150 Serial No.: MT 83110022 Date: _ /4 /89
Volume collected during "water draw" determined by mass measurement.
Balance: Make & Model: S&~tgpovs ESSOS s/N: 36 100 0%
Range: SSo 3 Accuracy: & o.ozg
Weight Set:_ L r0emner 2 40~ 10me
Test: 2 : !
Baants | WSigHTS ‘ DIFFEZENCE BETWEEN
INDICATION | t—"g:f ;:tog: TROE MASS ARD
weras, oaa[OYRETIG | Tor | sauanc worcamon
IND1CATION
3 3 3 : %
401).38 2000 7000 ,0(
2000 200900
1o l0.000|
B l. 00002
0.3 0.3 0000
0,08 ©. 05000
0,03 ©. 0300
Ao\l , 38 Aon,38 | 401139013 |+ 0.01012  [+0.00025| ToTAL
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TROE WASS DETERMINATION 0F WATSR. DRAWS S17
(RNoYx CorlSersp ToR BLOYANCOT)

NRC/DME Engine Laboratory Job No.: C 37 -4

Model No.: OT 150 Serial No.: MT 83110022 Date: \ /4 /87

Volume collected during "water draw" determined by mass measurement.

Balance: Make & Model: S@—wus €5500S  s/n: _34 100 090

Range: SSoo 3, Accuracy: + 0.02 %.
Weight Set:_ 1 (D&M er 7 “L%,‘- ]O'mﬁ,
Test: 2
BAalANCS W& EHTS DIFFSLENCE BETWEESN
I DICATIOR Ls<o TG TROS
oF oyl G BALAR MMJD\AC:;ON
WATSR. DRAW D“{:‘L’Cf&;‘___’ S of ALARNCE )
WEIGHTS
RO CATION ; . %
: 5 3 d
406,95 2000 2000 .01 )
2000 2000 « 0O
o | 10, 000
5 $.0000
[ ll@OOOZ
0.5 0.499%7
a3 O 20000
Ol O, 10000
0.05 0.08000
40\, §s 401b, 95 | 401696009 |+ 0.01009 | O.00ZS | ToTAL
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TROS WMASS DETERMIRATION 0F WATSR DRAWS

o S18
(RNOT . CorkSers=p ToRk DBuovasexr)
NRC/DME Engine Laboratory ' Job No.: C81-4
Model No.: OT 150 Serial No.: MT 83110022 Date: 1/4 /87

B D e e e e T ————

Volume collected during "water draw" determined by mass measurement.

Balance: Make & Model: S&rHaos ESS0S s/n: _36 100 090

Range: SS00 g. Accuracy: * 002 g
Weight Set: _ \tDemyer 2 ‘g.g - | me
Test 4 ‘
BalahCE | WE&GHTS . DIFFeLEntE BETWEEN
INDICATIONn | LSso T TRoe
oF For MASS . m"‘s‘j MDON
water. Draw | P Fa AT OfF gt B
v WEIGHTI
IND1CATION ‘ . azo
9 g ¢ q
A014.90 2000 - 2000. 0|
2000 - 2000.00
[e) 10.000|
3 3,0000|
] 100002
0.5 0.49997
0,3 0.3 0ooo
O.| 0. 10000
4014 .90 4014.90 | 4014-.91010 | + 001010 |+0.00025| ToTAL
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RU=_MASS  DSTERMINATION 0F WATSR DRAWS S19
L NOYT Coresmrel TR Buovancy)
NRC/DME Engine Laboratory Job No.: cC8l1-4
Model No.: OT 150 Serial No.: MT 83110022 Date: \/4 /87
Volume collected during "water draw" determined by mass measurement.
Balance: Make & Model: S&~torivs ESS00S s/x: _36 100 099
Range: QSOO% Accuracy: -3 0.0Z?
Weight Set:__ | c9@Vner 2 {'g, = ‘On’\?-
Tesr: S :
BAlLARNCGE WA EHTS . DIFFE2ENCE BETWEEN
INDIcATIOR | LS=o TR Toe ™
il i MASS BALAR Asjc?;?wom
WO\
WATSR DRAW D”{;gﬁ; § | of ALAR Ce
- WEBIGHTS
IND1CATIAN BZO
9 3 ¢ d
4018, 27 2000 2000.0|
2000 72000 co
lo l0.000;
g S, 0oco
2 3.0000 |
0.2 0.19998
0,08 0.08§090
0,02 0.0)1999
—————————
4018.27 A018.27 | 4018.28008 [t 001008 [t0.00025"| TovaL




- 33 -

TROE WMASS DSETERMINATION O0F WATSR DRAWS S20
(Nov™  CorRewres o BOOTANCR)

NRC/DME Engine Laboratory ' Job No.: C81—4

Model No.: OT 150 Serial No.: MT 83110022 Date: ‘/4‘/87

—— T ————— - —

Volume collected during "water draw" determined by mass measurement.

Balance: Make & Model: S&rtonos E55008 s/n: 24 Joo 090

Range: 5509 3— Accuracy: +* 0072 3,

Weight Set: 1 (Demn e 7 ‘Pt.g-— \O mg,

Tesv» b
BAlARCGE | WSIGHTS —eoe DIFFsrence BETWE=N
T g | S|
warse draw| PPN | oF | AT
IN01CATION . :
3 : 3 3 %
4012,93 | 2000 2000.0 |
2000 2000 - 00
|O 10.000 |
2. 2.0000 |
. O/ 0.4999)
0.3 0. 30000
Ol 0. 10000
0.03 - 0.0309]
402.92 | 4012, 93 | 4012.94009|+0.01009  |+0.00025| Totas
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e MASS DETERMINATION 0F WATSR DRAWS S21
ChRes Corlearsy FToR  BOoYANCA)

NRC/DME Engine Laboratory L Job No.: € S7-4

Model No.: OT 150 ‘Serial No.: MT 83110022 Date: 1/4—/87

i ——————————— i - ———

Volume collected during "water draw" determined by mass measurement.

Balance: Make & Model: S&~t0nuLS £ SS008 S/N: ___336 [OO_OQO

Range: 55‘0081 Accuracy: * 0,02 %
Weight Set: Tr‘OQMY\er 4 'ﬁ.’? - o YH?,
Tt 7
BAalanGs \N@:gﬁ —Roe DIFFSLEnte BETWEESN
‘NQ';FFAT?DH- oy —— bme MASSDA&-!DON
water deaw | DFn TS of BARGE WARCAT
— WEIGHTY
IQDICAHGN ; ) %
9 9 3 d
4014,43 2000 2000.0 |
2000 2000.00
10 |0, 000|
3 3,0000|
| |1 0000
0.3 0. 300
O, 0.] 0ooo
0.03 .| 0.03Q0
404,43 do1¢, 43 4014..44008] +0,0100S  |+0.00025| TotaL
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TRoE MASS DETSERMINATION O0F WATSR DRAWS S22

( NOTY  CoRRSATSD  TOR BLOYAmCH)
Job No.: C 874

Model No.: OT 150 Serial No.: MT 83110022 Date: /& /S7

- ——————— T —— - —— -

NRC/DME Engine Laboratory

Volume collected during "water draw" determined by mass measurement.

Balance: Make & Model: Sﬁr‘\'\h"“os € ST00S  s/N: 36 lep 099

Range: SS9 % Accuracy: * .02 §-
Weight Set:_1rpemvier 2 94 = lOwmo
.y qJ v
TesT: 8 S
BALARCE | WSIGHTS Tros | DIFFStEncE  Betwesn
LSe0 )
lmbégmﬂop. Tor. MASS bTﬂu& m&s‘j AHDO
st ovaw| YRGTING | oe | Beance woicamon
i WEIGHTS
INDI1CATION , . %
: T R S et
404,68 - 2000 2000.0
2000 ~2.000.90
o 10,0001
3 3, 0000
0.S 0.49997-
O, 010000 -
0,08 0.0s9s0 )
. .03 0.0%00|
401468 | 4014.48 | 4014901 [+0.01011  [+0.000%| ToTAL
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FTI CALIBRATOR CONSTANT DETERMINATION SHEET

DATA — NRC METHOD 2

Job No.: C&7‘3

NRC/DME Engine Laboratory

Model No.: QT 150 Serial No.: MT 83110022 Date:

- ] ———— - - ——

Volume collected during "water draw" determined by mass measurement.

Balance: Make & Model: S&rtonus ESS00S  s/an: 36 100 090
Range: $00 ¢ Accuracy: ___+ 0,02 8
Weight Set:___lrpemue~ 2 “&g_-— o ma,
?WAVE H;ss
- _as _ |__€cowmm |, corrected
TEST Ty #MT/0T | indicated | calivrayed [ for | wMT/0T MT/OT
‘™| Pulses |[_. Yy _|_netghks | buoyancy | Pulses/g | Pulses/gal.
(x) --balance Y | A (Ag)
| b9.S | bb0S6 | 4009, 00 |4009. 0b0d 4013, 1282] lb.45998| 6218S. 47
2 | 703 | 6bISZ | 4014.32 |4014.330( [4018,403¢] Jb.46224| £2194.08
2 bb 12) 40l .47 |401).480\ |40|5.SS07| b, 46623 2209, |0
4 bblzs | 4ol .48 |401,9901 |401.0612] lbdbSBE| 62207 78
(9 bb229 | 401801 |4018.020l|4022,09)3 | 10,428 | £2209. 29
L bblsz | 4012.95|4012.960] |40v).0322] 16467188 | 622)S,32
7 bl340 | 4024.3€ |4024.390]|4028.4738| 16,46177 | 62214-92
8 L6240 | 40171 |aom),i20] |402). 1964 | 16,4727 | b2233.57
avetace: | b2208.69
z-x/y’ 4m&t.-l_._. Ay = Z x W

TINOTE T TRE ek 6L 1TuS galim of water (W)liwlaie, ok e given

Eorer -i-e.m?e:-ﬁ.bx_ e LTWM___S:T?'s;tam‘-—n‘Eol'i_ﬁgravn“:Tatwcts’f:ﬂ@:tjx:.Aﬁ’wu:\‘c;
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W= 317830 3JOSGAL—

FTI CALIBRATOR CONSTANT DETERMINATION SHEET S24
DATA - NRC METHOD 2
NRC/DME Engine Laboratory Job No.: C 87 -4
Model No.: OT 150 Serial No.: MT 83110022 Date: | /4 /87
Volun:;e collected during "water draw" determined by mass measurement.
Balance: Make & Model: S&—tomns ESS00S s/n: _ 3 190 0839
Range: 5500 g_ Accuracy: : -O~OZ%
Weight Set: T\'O?.MA"MGU" yA '&JS_“ 10 hﬂ@
?‘;Ava M:ss |
' N Y TS Lt corrected|
TEST s A #MT/0T |_indica+eol | calibrajed for MT/OT MT/OT
*F™¥ | Pulses — by | _Heidhls buoyancy! Pulses/g Pulses/gal.
(x) _balanse. 4 ©(2) (Ag)
I Lbe® | bb21a | 4012.95 [4018.9701(4023.183 | 16.45838 | b2184.,7T72
2 9.8 | 66099 | 40n.38|4011,3901| 4055, 5205 b 46084 62194.0Z
3 | 66208 | 401b.95 | 40ib. 9401| 40211062 16,46512 | b2210.20
A | 66172 | 401d.90(4014.9101] 4019.064| 16,46457| b2208.12
5 | o228 | 401e:2)|d018.280| 4022, 427 b, AbaLe| 6220855
b 66148 | 4012,93|4012,940||401).082)| lb, 46668| 62214, O8
7 66173 | 4014,43|4014,4400|4018,583¢] b 46b7S | 02216.24
2 66197 | 404,68| 4014,L80] |40 18,8239 16, 47169 | 22303
ASRAaGS! | b2209,13
"7 % se= APP.F : ——
Z = X/Y | Ay = Z X W

NoTS T The isigh ot 1 US" galm of _water (WIIAGIET, ok . given

EOIU e peratwe (T, ) s _obsamed - Jrom _devels s Agpealix €
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FTI CALIBRATOR CONSTANT DETERMINATION DATA SHEET 825
(Calibrators vug: !rans] t
— | == T3 U] N m‘i__&ts‘a—&{c
Customer: NATIONAL &vs‘ﬁw QrNAUC QANADAJGL No: C&T~3
Model No: OT 1So Serial No: MT 82 h 0022  vate: 21/3/ 87
Certified Test Measure Data:
Oiicer
Identification No: Certified Vol.(V) Ouallon
Certification temp (T¢) °F Cubical expansion coeff(yp) /°F
Volume Draw data (using distilled water):
Run MT/QOT Pulses (A.x) Water Temp (Tyx) Noce: Maximum varlation ol
No. °F
Q;) A, and Tx as follows:
2 A Max™ ® Min x 100 £ 0.1 (%)
3 A avg.
2 T - T
5 - Max Min $ 1°F

Tg=_70:> °F = translator temp(room temp.).
P = & psig=Volume draw pressure (operate pressure),

T.= 9S8 F=T1 + T2+ ... Ts = Avg. temp of draw water and flow tube.

3
A= b2208.L9 - =Al +A2 4+ .. . A5 Average MT/OT pulses collected/US gallon.
5
Cem™ N/A = 1+(Ty~To)yg=correction for thermal expansion of the test measure.

F = 0.0000032/psig = compressibility factor for wacer.

1
11000026 = 1oy -

Correction for compres'sibility of the water,
Ts = 68 ®F=Temperature Standard (usually 68°F).
E.P- 19.2 x 10-6/°F V(304 SST)L = Coefficient of square expansion for flow tube.

= 17.8 x 10°°/°F (316 ssT)

CCB- |, 0000 29 -1 + (TH-TB)BP = Correction for thermal expansion of flow tube.

a

™ 4.5 x 10-6/°F = Coefficient of linear-expansion of translator material.

Ctda 1'0000 \O. =1 + (Td-rs)u'd= Correction for thermal expansion of translator.

L = 28 x 10"'6 pel = Modulus of elasticity for flow tube material (304 or 316 S5T).
D = 7.749 Inch = Internal diameter of flow tube.

t = 0.438 Inch = Flow tube wall thickness.

Cps- [,000005 =1 + % = Correction for expansion of flow tube due to pressure.
Vm = — D l:; = V (converted to appropriate units, 3.785412 liters=1 gallon).
Cs = Ao Qs Pulses/Unit Vol. LitaE uncorrected.
U Mm — 5 B callon
CSSZCbu x pl és kd = L22132.0 Pulses/US gallon Microtrak/Omnitrak Constant

tm: (Corrected to temp 'L‘q and 0 psig)
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FTI CALIBRATOR CONSTANT DETERMINATION DATA SHEET 826
(Calibrators with Translators) 2
g NS
Customer: NATIONAL RECSAZCH  CronCe CARADA  Job No: C&7~-4
Model No: o7 1So Serial No: MT 831100 Z2 bace: [/ &4 1 &7
Certified Test Measure Data:
O 1ticer
Identificacion No: Certified Vol. (V) O eallon
Certification temp (T¢) °F Cubical expansion coeff (Yp) /°F
Volume Draw data (using distilled water):
Run MT/0T Pulses (Ay) Water Temp (Tx) Note: Maximum varlacion ol
No. °F
(?;) A and T as follows:
2 A Max~ ™ Min x 100 € 0.1 (%)
2 A avg.
- T - T
5 Max Min £ 1°F

Tyg= 9.8 °F = translator temp(room temp.).
P = & psig=Volume draw preasure (operate pressure),
L™ 68.8°F = T1 + T2 + ... . TS = Avg. temp of draw water and flow tube.

3
A= éZZO?. ]2 - = Al + A2 + + - - A5 = Ayerage MT/OT pulses collected/US gallon.
5
Cen™ N/A = 1+(Tw-'1'c)1m-correction for thermal expansion of the test measure.

F = 0.0000032/psig = compressibpility factor for water.
cp1=_1, 000025

= 1-PF ® Correction for compressibility of the water.

'I‘s = 68 “F=Temperature Standard (usually 68°F).

E’p' 19.2 x 10-6/°F \/(3040 SST)L = Coefficient of square expansion for flow tube.

= 17.8 x 10°%/°F (316 SST)

Cns‘ | 0000lS -1 + (Tw-Ta)Bp = Correction for thermal expansion of flow tube.

a.= 4.5 x 10-6!°F = Coefficient of linear-expansion of translator material.

d
Cpd™ |, 00000 =1+ (Td-'l.‘a)ud= Correction for thermal expansion of translator.

L = 28 x ].0"6 peli = Modulus of elasticity for flow tube material (304 or 316 SST).

D = 7.749 Inch = Internal diameter of flow tube.
t = 0.438 Inch = Flow tube wall thickness.
Cp3= I.OOOOOS -1 + 20 . Correction for expansion of flow tube due to pressure.
Vm = —— D l:; = V (converted to appropriate units, 3.785412 liters=l gallon).
CS = AL . Pulses/Unit Vol Liser uncorrected
“u Ym- i B Gallon EEheds
C5.=C5 «x & lct Ctdc
$=CS, P cs Ps .  (Z2212..5 Pulses/US gallon  Microtrak/Omnitrak Constant

tm- (Corrected to temp 'L‘q and 0 psig)
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FTI OMNITRAK ACCEPTANCE TEST AND CALIBRATION
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APPENDIX A: FTI QMNITRAK ACCEPTANCE TEST AND CALIBRATION

Prepared by: Tom Blankenship ﬁ '

Title: CALIBRATOR ACCEPTANCE TEST Flow Tachﬁﬂlﬂgya inc.
(w/Translator) Operating
Procedures

e

Fal;
Approved by: Walter Wunsch Afig%g;ﬂﬂﬂ

OBN: 20=0°A

a.

: . 1 4
Approved by: cecil cole (. Date: jan. 1983 Page——of —
l. PURPOSE: TO ESTABLISH A STANDARD ACCEPTANCE TEST FCR FTI CALIBRATOR SYSTEMS.
2. CRITERIA:
Each Calibrator shall meet the following criteria:
a. Satisfactorily withstand, without leaks or distortion, a hydrostatic
pressure test of 250 PSIG for 30 minutes. Acceptance certification
is documented per page 2. Refer to Flow Technology Operating Procedure
20-01. :
+
b. Establish a Calibrator constant (pulse/unit volume) with =-.05% repeatability
using water.. Data and calculations are shown on Page 3 . Acceptance
‘certification is documented per Page 2 . Refer to Calibration Procedure
in the_Calibrator Manual.
c. Satisfactorily demonstrate a meter factor repeatability to within —.05%
based on S5 runs for each flow rate. Three flow rates shall be used
(Lower, Middle,.and Upper end of the flow range of the Calibrator). Data
is recorded on Page _4 . Acceptance certificaticn is documented per Pdge 2 .
Refer to operating instructions in the Calibrator manual.
3. CONDUCT AND WITNESS OF TEST:

Each of the tests(pressure, volume and constant) will be conducted by
the Project Engineer and/or a Mechanical Technician and witnessed and
certified by the Quality Assurance Manager or his designated representative.

If a Source Inspection is specified in the Purchase Contract, the
Source Inspector will also sign each certificate.

REVISIONS

No.

Revised hy: Dato | MNo. Revised by: Date Iﬂo. Revised by: Date

o \\ﬂ(\(k‘ ) 9 /3,’ ﬁu
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OFN 20-03A

2 of 4
CALIBRATOR PERFORMANCE CERTIFICATE
Customer: Fielding Crossman & Associates Ltd Job No: 20750 E
Model No: OT 150 Serial No: MT 83110022 Date: 12/28/83

We Hereby Certify the above mentioned Calibrator has been Pressure tested in
accordance with FTI Specifications:
Tested To: 275 PSIG

Duration: 30 Minutes

We Hereby Certify the above mentioned equipment was calibrated on the date indicated,

using a certified test measure traceable to NBS, at atmospheric nressure and 68 OF.
The Calibrator Constant was determined to be: 62202

We Hereby Certify the above mentioned Calibrator was performance tested and
demonstrated proper functioning under actual operating conditions.

Five (5) runs at threa (3) selected flowrates were used:

+
1) __180 GPM with = .014% Repeatability,
+
2) 54 GPM with = .010% Repeatability,
. + -
3) 0.21 GPM with - .043% Repeatability,
.
Operator /, Date  12-28-83
Quality Ass ce — Date 12-28-83

| =—
Source Inspector 1{] A, Date
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UFN ZU=UJ3A

FTI CALIBRATOR CONSTANT DETERMINATION DATA SHEET 3 of 4
' {CaTibrators with Translators)
Customer: Fielding Crossman & Associates LTD Job No: 20750 E e
Model No:_OT 150 Seriul No: MT 83110022 Date:  12/28/83
Cercified Testc Measure Data:

_ O ticer
ldencification No: N/A . Accuracy z % Certified Volume (V). Cluallaen
Cerctification temp (Tc)____; . °F Cubical expansion corff(Y,) [°F

Volume Draw data (using distilled water): -

Run MI'/OT l'ulses (A,‘) Wautur Tewp (Tyx) Nule: Maxlmum varlat lon ul

No. r

(x) Ax and Tx a8 lollows:

A : A - A

2 _Max__~ Min x 100 < 0.] (%)

)
A avy.

4 T e

S Max Min £ 1°F

Tq=__24. °F = translator temp(room temp.).
P =15 psig=Volume draw pressure (operate pressure),

T,~_69 FaTl+ T2 ... . TS = Avg. temp of draw water and [low tube.
3
A= 62197.918° = Al + A2 + + - . A5 = Ayerage MT/OT pulses collected.
3
Ictm- N/A - 1+(TU-TC)1m-correctiun for thermul-uxpnnsion of the test measure.

F = 0.0000032/psig = compressibility factor for water.
Cp1=_1.000032°

= 1-PF " Correction for compressibility of the water.

T. = 68 °F=Temperature Standard (usually 68°F).

Ep= 19.2 x 10-63"5‘*{304‘85&‘) = Coefficient of square expansion for flow Cube.
= 17.8 x 10°8/°F (316 ssT)

C_ = 1.0000192
s
6

=] + (TU-IS)SP = Correction for thermal cxpansion of luow Lube.

ay= 4.5 x 10° /°F = Coefficient of linear-expansion of translator material.
Ctd- 1.000009 =1+ ('rd-'r )ud- Correction for thermal expansion of tranmslator.
£\ +b

K = 28 x 1 6 psi = Modulus of elasticity for flow tube material (304 or 316 SST).
D = 7.749 Inch = Internal diameter of flow tube.
t = .438 Inch = Flow tube wall thickness.
C s- 1,0000063 =] + %2 = Correction for expansion of flow tube due to pressure.
Vm =1.0000 a ;;i = V (converted to appropriate units, 3.785412 liters=1 gallon).
CS = 2. 62197.918 Pulses/Unit Vol. Liter uncorrected.

u Vv C C C C Callon
CbS-Cbu X _E_]._I:.S_EQ_P& = 62202. Pulses/ gallon mﬂicrotrak/0|tlllit rak Constunt

tm

(Corrected Lo Lemp Ts and 0 psig)
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ADDENDUM 3A of 4
to

F T I Calibrator Constant Determination Sheet

Customer: Fielding Crossman & Associates LTD Job No: 20750 E

Model No: OT 150 Serial No: MT 83110022 Date: 12/28/83

Volume collected during "water draw" determined by mass measurement.

Balance: Make & Model: Arbor 7506 S/N 50422 (FTI)
Range: 7500 gm Accuracy: = .ol gm
Weight Set: Class P FTI # 50307
Data: B
‘I'w #MT/OT Mass MT/OT MT/OT
°p Pulses gm Pulse/gm Pulse/gal.
(x) (Y) (2) (a)
X
: 69 61657 3742.11 16.476533 v 62186.357
' 69 61912 3757.37 16.477483 62189.942
1 69 62010 3763.11 16.478392 62193.373
4E 69 61954 3759.16 16.48081 62202.499
69 61911 375565 16.484763 ; 62217.419
zZ = X/Y A, =2 xW
. )
i - (u8)
Weight of l%gallon of water in air at various temperatures:
Ty (W) Tu (W)
°c op Weight gm - OC o Weight gm
| I
20 68 | 3774.630 26 78.8 | 3769.341
20.5 68.9 | 3774.238 26.5 79.7 i 3768.835
21 69.8 ; 3?73.845 27 80.6 | 3768.329
21.5 70.7 | 3773.433 27.5 Bl1.5 ' 3767.806
22 71.6 l 3773.021 28 82.4 ! 3767.283
22.5 72.5 | 3772.589 28.5 83.3 f 3766.742
23 73.4 { 3772.157 29 84.2 i 3766.201
_?3.5 74.3 | 3771.707 29.5 85,1 | 1765.644
24 75.2 I 3771.256 30.0 86.0 i 3765.086
24.5 76.1 | 3770.787 30.5 86.9 . 3764.512
25 77.0 | 3770.317 31.0 87.8 " 3763.938
25.5 77.9 I 1769.816 3.5 A8.7 : 3763.348
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CALIBRATOR PERFORMANCE DATA SHEET o
Customer: .‘Fieldinq Crossman & Associates LTD Jab No: 20750 E
Model No:  OT 150 Serial No: MT 83110022 Date:  12/28/83
Calibration Fluid:_pistilied water Specific Gravity_ wns/a  Viscosity_ Nn/a cks
RUN T FREQ FLoW  F K" A SEC B SEC c ——
NO. (HERTZ) RATE PULSES/CAL VoL T FMP # FMP
Flow Meter Model No: Serial No: Size:
Pickoff Model No: Type
1
2 Refer tp attached data sheets.
"3
F
5
Flow Meter Model No: Serial No: Size:
Pickoff Model No: Type:
6
" =
8
9
10
Flow Meter Model No: Serial No: Size:
Pickoff Model No: Type:
N
12
13
14
15
A = Volume (D) Displacement Time in Sec. C = Whole Pulses Generated During (D) Displacement
L = Exact Period For Pulses (C) in Sec. D = Displacement Volume Selected in Gallons
- C = D : nyn C A
Hertz = g GPM = 1 60 Gallon/Minute K" = 5 i g Pulses/Gallon

CALIBRATION BY:

QAN \}J;‘B a R~

CALIBRATION DATE:

12729 )33
/ /7
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FLOW TECHNOLOGY INC.

FLOWMETER

DATA SHEET
CUSTOMER: FIELDING.CROSSMAN & ASSOCIATES LTD. JOB: ....2073QE.....
Model HY .. FT534 G, ... Flowmetzr size’ A3... Serial M3 N/A
Pickoff Typ=? ....Mag. ... Pickoff P/N:30880...... Bearing Type: JORFRAl Gramhite
Catibration fluids ...R4atilled Matsr Fluid Viscositys eeeeess WA cennnns
Sp=cific Gravity: ....84A.. Temnp.?t s JOR s Calibration Date: Pec. 22..83
Microtrak Constant: ...§3202.Rulse/qal. ... ... | Units? coveaCfMucecae

CEEREEFE R EE I AL SRS LA AL R R E L AR R e e R Rt et R ek R

FREQ F RATE K . T voL T FAF # FMF # MTFUL VoL
1595.4 172.4 995.16 000.69579 009.6963 001111 D124404 2.9
1668.0 180.2 995.14 000.464856 000.8634 00119 0124404 2.0

1657.1 179.9 S935.28 000.6701 000.6704 ¥01111 01244904 2.0
1626.4 175.7 555.31 009.46828 099.46824 001110 0124404 2.0
1633.9 176.5 555.30 000.6797 000.6799 001111 0124404 2.9

'8.87 53.93 539.00 002.2230 0Q2.2250@ _ 001119 0124494 2.9
«97.22 93.79 555.02 002.2325 0902.2323 001119 0124404 2.0
202.36 94.30 995.04 002.2097 002.299% 091110 0124404 2.9

495.14 93.93 554.97 002.2416 092.2417 001119 0124404 2.9
494 .63 53.48 594.93 ©02.2438 @92.2440 00l111e Q124404 2.0
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FLOW TECHNOLOGY INC.
FLOWMETER

DATA SHEET
CURTONERS .. 2TRPDIIG CROGRMAY & ARROCIATES Lim. Jugs SOROE o aies
¥

Mogel W: ... 7s68LB, ... Flowneter size: .23700 Surial W: .3.6.0.2.65 .........
Pickaff Types B®.eesasss Pickoff P/N: .31199%.,.. Bearing Type: ...BaL1, . .
Calibration fluid: Pistilled Water.. Fluid Viscosity’ seeeana.d B i
Sp=cific Gravity: «....VA. Tanp.: ) I Calibration Date: .Deg- 29 1983
Microtrak Constant: ..632202....c00vvecananes UNitS? wueveon GEM ...

CEERARARR R R AR AL R R AN AR AR IR R R R LR R R R T R R P S R R R R N R L R R B R R R R R R R R R P B R LR L EE R RS

FREQ F RATE K T vOL T FmF # FMF # MTFUL VoL

- ——————————— T — - - ——— i —— T ——— —————— — ———————— —— T ————— —————— e -

98.343 .2188 26961. 137.e801 137.0804 213481 9eil1901 0
78,137 .2183 26971. 137.4138 137 .4083 @134835 @e3llol %)
-178.049 .2189 26974. 137.5564 137.5531 013487 0031101 0.3
77 867 2176 2698@. 137.8384 137.8371 013499 0031101 @

97.409 «2165 26984, 138.90%91 138.5073 913492 0931101 Q.
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APPENDIX B: CALIBRATOR OQUTPUT SHEET
NATIONAL RESEARCH CulNC L CANADA
DIVISION OF MECHANICAL ENGINEERING

TURBINE FLOWMETER CALIBRATION

ustomer: NRC-ENGINE LABORATORY
vate: 12-NOV-87 Job #: B87-34

CALIBRATOR DATA

Make: Flow Technology Omnitrak Modcel: 0T-150 S/N: 83110022
Calibrator System
Microtrak Constant: 62213 Volume Unit: U.S. Gallon

Calibration Fluid: JP4 Aviation Turbine Fuel
Specific Gravity(15.56/15.56 Deg.C): 0.7527
Fluid Temperature (Average)[CDeg. C1: 22.50
Viscosity [CcSt1 : 0.7704
Room Temperature (Average)[lDeg. CJ: 23.50 Operating Pressure [Psigl: 80.00

FLOWMETER DATA

Make/Model : FT-4-8A3-LB Size : 1/2 IN.

S/N : B403549 Pickoff Type: R.F.

Pickoff P/N: 27B 31199-101 Bearing Type: BALL
AAhAhhkhhhhhhhhhhhhhhhhhhhihrhhhhhhAhkhAhkhhhkhAhkAAhhAhAhAhhAhhhhhAhAhAhkhhrhhhhhkhrxrrr -
RUN T VOL T FMP ¥ FMP VoL FREQ F RATE Kcor FREA/VISC

1 2.3331 2.3336 4797.0 0.1 2085.5 2.5717 47931,

2 2.1577 2.1577 4799.0 0.1 2224.1 2.7807 47981.

12,9312 2.9214 4782.0 0.1 1636.9 2.0940 47808.
(F, 2.6038 2.6042 4790.0 0.1 1839.3 2.3043 47884,

I 3.6404 3.6401 4766.0 0.1 1309.3 1.6482 47635, 1

6 4.3719 4,.5716 4748.0 0.1 1038.6 1.3124 47475, 1343.0

7 £.4228 6.4222 4729.0 0.1 736.35 0.93417 473804, 955.74

8 59.9561 $.9553 4731.0 0.1 794. 4'= 1.0074 " 47308,

9 B8.BR7Y B8.8675 4722.0 0.1 533.5 0.67663 47212,

10 11.588 11.587 4727.0 0.1 407.?4 0.51779 47263,

11 15.905 15.903 4743.0 0.1 298.34 0.37724 47442,

i2  21.265 21.267 4762.0 0.1 223.92 0.28213 47608,

13 26.00% 26.003 4759.0 ¢.1 183.02 0.23072 473ES,

14 23.874 23.873 4766.0 0.1 199.64 0.25132 47633,

13 2.1400 2.1401 4798.0 0.1 2242.0 2.8037 479679,

16 2.1361 2.1360 4798.0 0.1 2246.3 2.8089 47974.

T VOL=Time for Displaced Volume ([Sec.] T EMP=Time for Flowmeter Pulses [Ser,l

# PHP=Nusber of Zlowmeter Pulses [ 1 ' Y0L=Volume of Fluid Displaced IU.3. 3al.:
TREG=Ffrecusrcy of the Flowmeter [Pulses/Sec.] I KATE=Flowrate L[U.S. Gal./Hin.:
Heor=K-Factor of the Flowmeter Corrected %o Stzndard Corditions IPulses/U.S. Gal.d

REG VISC=Erequency Divided by the Viscositiy of the Fluid at the Temperaiure of the Run [Pulses/Seo, o2

Calibrated by: Certified by:
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This appendix comprises two parts. The first contains the
calibration documentation of a single 5000 g weight, purchased from the
supplier of the toploading balance, which was used in the Omnitrak
calibration process. The second part consists of the calibration report
by the Physics Division, NRC, of the weight set acquired for the correct
mass establishment of the water draws.

As the reports show, all weights were extremely accurate. The
5000 g weight was within #0.03 g, or 0.0006%. The Class S set from
Troemner Inc., Philadelphia, PA, showed only very small deviations from
the nominal values. With the exception of the three smallest weights,
10, 20 and 30 mg, which would have very little influence on any weighing
anyway, deviations were less than 0.01% for all the other weights.
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April 27, 1987 REPORT NO. AMS-020

--------------------

DATE April 27, 1987 . .. ...... RAPPORT NO.

CALIBRATION OF A WEIGHT

for/pour
NATIONAL RESEARCH COUNCIL
MECHANICAL ENGINEERING { )
ATT: MR. J. CARVISH St -

71 7
AUTHOR D-G: KEARNEY approvED 4 E77 TN ioben
AUTEUR APPROUVE for Dl.rector/ pour le du-ecteur

-

DESCRIPTION: One Sartorius 5000 gram weight.

The above described weight has been compared with the
Standards of the National Research Council of Canada and

the results of the calibration at this date are given

below:
NOMINAL MASS (g) MASS (g) UNCERTAINTY (qg)
5000 5000.03 _ +0.03

Le présent rapport ne peut étre publié,
en tout ou en partie, sans ['autorisation
écrite du Conseil national de recherches.

This report may not be published in whole
or in part without the written consent of
the National Research Council.
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The primary responsibility of the Laboratory for
Basic Standards is to develop and maintain the
national base for the system of measurement
units used in Canada (Systeme International
d'Unites: SI), and to enmsure that there can be
direct traceability to this matiomal base
throughout the country.

The Laboratory develops and improves primary
standards and  techmiques for  physical
measurements in accordance with the evolving
definitions of the SI units and improvements in
technology, disseminates technical information
and expertise (0 the Canadian measurement
community, provides consultative services and
makes equipment and facilities available to
interested organizations.

The Laboratory maintains primary measurement
capabilities for the basic physical quantities:
length, mass, time, electricity, temperature, and
light intemsity. It also provides a first order
calibration service for suitable instruments or
reference standards associated with these basic
quantities or with a oumber of derived physical
quantities. Typical such derived quantities are
in the BHelds of photometry, colorimetry,
acoustics, microwaves, ionizing  radiation,
pressure, and various dimensional measurements.

A major interest of the Laboratory is the
cooperative development and the coordination of
the Systeme International d'Unites. This
requires active and continuous collaboration
with the Burcau International des Poids et
Mesures (BIPM), certain other international
organizations, and Wwith the npational standards
laboratories of other industrialized countries.

La princpale responsabilité du Laboratoire des
étalons fondamentaux est d'élaborer et de
conserver la base nationale du systéme d’unités
de mesure ecmployé au Canada (Systéme
internatonal d'unités : SI), towr en permettant
de remonter directement 3 cette base nationale
partout au pays.

Le Laboratoire prépare et améliore des étalons
primaires et des techniques de mesure
physiques  conformément  aux  définitions
courantes des unités SI et aux progrés de la
technologie, assure la diffusion d'informations
techniques et de savoir-faire au sein de la
communauté métrologique canadienne, offre des
services de comsultation et met de I'équipement
et des insrallations & la  disposition
d’organismes intéressés.

Le laboratoire conmserve des modalités de
mesure primaire pour les quantités physiques
fondamentales : longueur, masse, temps,
Electricité, température et intensité lumineuse.
I offre également un service d'étalonnage de
premier ordre pour des étalons de référence ct
des instruments appropriés associés & ces
quantités fondamentales ou A des quantités
physiques dénvées. Ces deidres relévent
rypiquement de la photométrie, de la
colorimétrie, de l'acoustique, des micro-ondes,
des rayonnements ionmisants, de la pression et
de diverses mesures dimensionnelles.

Le Laboratoirc porte un intérét majeur 23
I'élaboration coopérative et 3 la coordination
du Systme international d'unités. Cela exige
une collaboration active et permanente avec le
Bureau Inoternational des Poids et Mesures
(BIPM), avec d’autres organismes
internadonaux et avec les  laboratoires
d'etalonnage nationaux d'autres pays
industrialisés.
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DATE 23 February 1988 REPORT NO. AMS-078
RAPPORT NO.

CALIBRATION OF A SET OF WEIGHTS

for/pour

MR. J. CARVISH
ENGINE LAB M-7
NATIONAL RESEARCH COUNCIL

AUTHOR D. KEARNEY APPROVED
AUTEUR APPROUVE for Director/
. pour le directeur
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20726

DESCRIPTION: A set of TROEMNER weights ranging in nominal mass from
2000 grams to 10 milligrams contained in a wooden
case.

The above described weights have been compared with the
Standards of the National Research Council of Canada

"and the results of the calibration at this date are
given below:

NOMINAL MASS (g) MASS (g) UNCERTAINTY (g)
2000 (2kg) 2000,01 +*0.04
« 2000 (2kg) 2000.00 +0,04
500 500.00 +*0.01
300 300.004 +0.,006
200 200.002 +0.004
100 100.000 +0,002
50 50.000 +0.001
30 30.000 0 +0.000 6
20 20.000 1 +0.000 4
10 10.000 1 +0.000 2
5 5.000 0 +0.000 1
3 3.000 01 +0.000 06
2 2.000 01 +0.000 04
1 1.000 02 +0.000 02
NOMINAL MASS (mg) MASS (gm) UNCERTAINTY (mg)
500 499,97 +0.01
300 300.00 +0.01
200 199.98 +0.01
100 100.00 +0.01
50 50.00 £0.01
30 30.01 +0.01
20 19.99 +0.01
10 9.98 +0.01
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APPENDIX D

CALIBRATTON OF FREQUENCY COUNTER

DATE 17 October 1986 REPORT NO. TLS-019
RAPPORT NO.

CALIBRATION OF A FLUKE UNIVERSAL COUNTER TIMER
MODEL 7261-A, SERIAL NUMBER 375-5003

for/pour
Engine Laboratory

Division of Mechanical Engineering
National Research Council of Canada Ve A7

AUTHOR R.J. Douglas APPROVED 7
AUTEUR APPROVE ~ for Director/
pour le directeur

.......

The unit under test was operating on its internal batteries when it
arrived, hand carried, at the time laboratory. The unit was connected to a
115 VAC source for the duration of the calibration. No special
measurements were taken on the temperature of the instrument under test.
The ambient temperature in the time laboratory is normally 21 +/- 1 °C.

A 1 MHz square wave derived from the primary cesium clock Cs VI-C
was connected to channel A of the unit under test. A 50 {) coaxial cable
was used, terminated at the channel A input of the unit under test with a
50 ) terminator, giving a peak-to-peak amplitude of 1.6 volts for the
calibrating 1 MHz signal. The reading displayed by the unit under test was
999.9999 +/- 0.0001 kHz.

The unit under test was then unplugged and returned to its owners.

This report may not be published Le présent rapport ne peut &tre
in whole or in part without the publié, en toute ou en partie, sans
written consent of the National l’autorisation écrite du Conseil

Research Council. national de recherches.
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Prior to the Omnitrak calibration process, two JOFRA
ovens/calibrators, Models 6005 and EVJ-D-50RC were checked by NRC's
Physics Division. The calibration report No. APH 2738 is attached.

Model EVJ-D-50RC was used to calibrate the temperature
measuring arrangement used to monitor the calibrator fluid and the room
temperatures. In both cases, home-made precision-wire thermocouples were
utilized, in conjunction with the DIGITAL II ANALOGIC AN6520 temperature
readout/calibrator, S/N 068-30005.

A check of the thermocouples/DIGITAL II assembly by the JOFRA
calibrator yielded the following results:

o JOFRA demand setting: 70°F
« JOFRA indicated temperature: 70.1/70.0 70.05°F (Avg.)
» Calibration correction for 20°C (68°F)
(Report No. APH 2738) 20.22-20.10°C = 0.12°C = 0.22°F
* JOFRA actual temperature: 70.27°F
» DIGITAL II readout: 70.55°F
s DIGITAL II error: (High) 0.28°F
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REPORT NO. APH 2738
RAPPORT NO.

Calibration of Two JOFRA Temperature Calibrators

for/pour
Division of Mechanical Engineering h
Engine Lab o
Attn: J. Carvish _ " N
b o b " c { x_-:'\'
AUTHOR .. . APPROVED | % -lo—o\ |
AUTEUR =Rpr GER APPROUVE for Director/pour le directeur

The JOFRA temperature calibrators were monitored by a
standard platinum resistance thermometer as indicated in the table below.

Model 6005 Model EVJ-D-50RC
Serial No. 55123 Serial No. 54230
Temperature Set Read Temperature Set Read

49.97°C 50°C 50°C ~22.14°C -50.0° -22.3°C
99.56° 100° 100° -19.36° -20.0° -19.5°
149.26° 150° 150° - 9.91° -10.0° -10.0°
199.82° 200° 201° 0.15° 0.0° 0.1°
250.29° 250° 251° 10.22° 10.0° 10.1°
299.31° 300° 301° 20.22° 20.0° 20.1°
349.74° 350° 351° 30.31° 30.0° 30.1°
399.15° 400° 401° 40.31° 40.0° 40.1°
448.90° 450° 451° 50.41° 50.0° 50.1°
499.01° 500° 501° 60.51° 60.0° 60.1°
548,22° 550° 550°

Le présent rapport ne peut ¢&tre publié,
en tout ou en partie, sans l"autorisation
écrite du Conseil national de recherches.

This report may not be published in whole
or in part without the written consent of
the National Research Council.
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Archimedes' Principle states that "a body floating or submerged
in a liquid is buoved up by a force equal to the weight of the liquid
displaced". This principle applies equally to liquids immersed in a
gas, e.g. water in air.

Using water immersed in air as an example:

Apparent weight of water, mH20 = mH20 = MAIR

1 — -_
ot Py 0~ PH.0 VH.0 - PAIR VAIR
2 2 2
where p = density of the fluids, and
V = volume of the fluids.

Since the water is completely immersed in air:

and

' = —
Mo~ Pao YHo ™ PAIR VH.0

2 2 2 2
p
' AIR
=P Vv ll—_
mHZO H,0 'H,0 szo
m, . =m [l - Eﬂlﬁ]
H,0 ~ "H,0 P 0

P
Correction for buoyancy is often found in the form: {1 - El]
2

Hence, in order to find the true mass of a water draw sample,
the correction is:

N .o

10 {1 A pAIR]
P
H,0

where mH20 = true mass of water sample,

m, . = balance reading of water sample,
H20

PAIR = density of air,

PHo = density of water.
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With an agproximate air density of 1.2 kg/m3 and a water
density of 998 kg/m”, at room temperature, the correction quotient for
buoyancy is 0.9988, or 0.12%.

If the balance has been calibrated by means of stainless steel
weights, their buoyancy effects must also be taken into consideration.
From the above development:

I Il . pAIRl
SS SS Psg
where mes = true mass of stainless steel weight(s),
més = balance reading of stainless steel weight(s), and
Pgg = density of stainless steel, often taken as between 7600 and

7800 kg/ms,
The buoyancy effects on stainless steel is about 0.99985, or 0.015%.

For a given water draw weighing on a toploader one can write
the equivalence:

- [1 _ Pam] _ [1 _ PaIR
20 pHZO - Pss
However, prior to the weighing process, the balance had been
calibrated to read the true mass of the stainless steel weight of 5000 g.
Thus mgg is also the balance reading, and:

P
1 - AIR
Pss
my 9 = (balance reading)
2 [1 _ pAIRl
P
HZO

This expression assumes linearity of the balance between the
calibration weight and the sample weight. In the case of the water
draws, the values were close enough to support that assumption, i.e.
5000,03 g calibration weight and about 5200 g gross of water and
flask.

Sample calculation for this method (1):

Job No.: C87-3, Test: 1
*» balance reading: 4009.06 g

density of air, p, o, at T_ = 70.3°F: 1.16 kgiu,
3
» Pggt 7800 kg/m™,

» density of water, PH 0 at Tw = 69.5°F: 998.0368 kg/m3, [App. G],
2

.

density of weight

then
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(-5

_ 7800
m]_[20 = 4009.06 (1 —1.16 )
998.0368
mH20 = 4013.128 g

For highly accurate mass establishment, the electronic
toploader should be used as a true "balance". An item, say a water draw
sample, is weighed and the indicated weight is recorded. This balance
reading is then reestablished with calibrated weights of known material,
e.g. solid stainless steel. The weights used are recorded, their true
masses are added, and the buoyancy corrections are applied as before.

. [ _ Pamr| _ {1 _ pAIR}
H,0 PH.O o Pss
2
and
p
[1 _ PaIR
g L Pss]
H,0 ~ "ss I ] pAIRI
p
H,0

where m. = true mass of the water draw,
20

m

ss true mass of the calibrated weight(s)

and densities as defined before.
Sample calculation for this method (2):

Job No.: C87-4, Test: 1
*» balance reading: 4018.96 g
» true mass of weights: 4018.9701
» density of air, Pargr at T, = 69.8°§: 1.18 kg/m3
* density of weights, Pgg’ 7800 kg/m

+ density of water at Tw = 68.8°F: 998.1219 kg/mS, [App. G.],

3 P 3
H20

then

(-

7800
my o = 4018.97 —

. (1 - 998.1219)
my o = 4023.1183 g
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Note that the balance indication is now eliminated from the
process. It is used only for the comparison of two masses of different
substances. In practice it will be found that, under the above described

circumstances, the balance reading will be very close to the total mass
of the weights, mgg. '
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The conversion of water mass to volume was based on the work by
Menaché and Girard (1973) and the conversion tables by Zimmerman and
Lavine (1961).
From Zimmerman and Lavine:
1 US Gallon = 3785.4118 cm> = 3.785412 dm3
From Menaché and Girard:

Maximum density of water, at 4°C:

= 999.975 X8 = 999,975 &
3 3
m dm

Relative density, d, of water at temperature T:

PMax

density at temperature T _ Pr

d = Saximum density, at 4°C ~ 999.975

Combining:

1 US Gallon of water at temperature T = 3.785412 - Pz ° d[dms'ﬁé:£9ﬁ81

For series C87-3:

TW = 69.5°F = 20.8°C
AVG

from Table Gl (Menaché, Girard, 1973)

d = 0.9980618

20.8°C

and
1 US Gallon water (20.8°C) = 3.785412 - 999.975 - 0.9980618 = 3777.98 g
For series C87-4:

Tw = 68.8°F = 20.4°C
AVG

d = 0.9981469

20.4°C

and

1 US Gallon water (20.4°C) = 3.785412 - 999.975 - 0.9981469 = 3778.30 g

Note: From the FTI - supplied conversion table (mot included in this
report):

(by interpolation)

= o 2 |
For Tw 20.8°C: 3774.002 U§“E§ITBE

For Tw 20.4°C: 3774.316

— 8
US Gallon
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Thiemen, Scheel, Dieaselhorst

..GB..

0 1 2 3 4 5 0 7 8 0
¢
0 0,099 8676 8744 8809 8872 8034 8004 9052 0108 9163 0215
1 9266 0315 9363 9400 0452 9405 0535 9574 0811 Y648
2 9680 9712 9742 770 9707 9822 9845 9867 0887 9906
3 0922 0937 0951 9963 9973 9081 bOs8 D904 0997 0999
4 1,000 0000  *9999  *0906 %0092  *Qu86  *9978 *0069 9050 0047 *y33
5 0,990 9918 9901 9882 9863 9841 9818 9704 9768 9740 9711
8 9680 0648 9615 9580 9543 0505 0466 0425 9382 . 9338
7 9203 9246 9108 0148 9097 9044 8990 8934 8877 8819
8 8750 8608 8635 8571 8506 8439 8371 8301 8230 8158
9 8084 8009 7932 7854 1175 7604 7612 75290 7444 7358
10 7271 7182 7002 7001 6908 6814 6718 6622 8524 68424
11 6324 6222 6118 6014 5008 5801 5692 5583 5472 5360
12 5248 5131 5015 4808 4779 4659 4538 4416 4202 4167
13 4041 3914 3785 3656 3525 3392 3259 3124 2988 2851
14 2713 2573 2433 2201 2148 2003 1858 1711 1563 1414
15 1264 1112 0960 0806 0851 0495 0337 0179 0019  *9858
18 0,098 9697 9533 9369 9204 9037 8870 8701 8531 8360 8188
17 8014 7840 7664 7488 7310 7131 6951 6770 8588 6404
18 6220 6034 5848 5660 5471 5281 5090 4898 4705 4511
19 4315 4119 3921 723 3523 3323 3121 2918 2714 2509
20 2303 2096 1388 1679 1469 1258 1045 0832 0618 0403
21 0186 %9969  *9750  *9531 *9310  *9089 *8866  *8643  *8418  *8103
22 0,997 7966 7738 7510 7280 7050 6818 8585 8352 6117 5382
23 5645 5407 5169 4929 4689 4447 4205 3961 3717 3472
2% 3225 2978 2730 2480 2230 1979 1727 1474 1219 0964
25 0708 0451 0104  *9935  *9675  *9414 #9153  *8890  *8626  *8362
26 0,996 8097 7830 7563 7295 7026 6755 6484 6213 5940 5666
27 5391 5118 4839 4562 4283 4004 3724 3443 3161 2878
28 2584 2310 2024 1738 1450 1162 0873 0583 0292 0000
29 09959708 9414 9120 8824 8528 8231 7933 7634 7334 7034
30 6732 6430 6127 5823 5518 5212 4905 4598 4289 3980
31 3670 3359 3047 2734 2421 2108 1791 1475 1158 0841
32 0522 0202  *9832  *936l %9239  *8016 *3593  *8268 %7043 *7617
33 0,954 7290 6962 6633 6304 5974 5643 5311 4978 4644 4310
34 3975 3639 3302 2964 2626 2287 1947 1606 1264 22
35 0578 0234  *9830  *054  *9197 *8850  *8502  *8133  *7803 *7433
36 09937101 6749 6396 6043 5688 5333 4977 4620 4263 3904
37 3545 3185 2825 2463 2101 1738 1374 1009 0644 027
38 0,992 9911 9543 9175 8306 8436 8065 7693 7321 6048 6574
39 6200 5824 5448 5071 4694 4315 3936 3556 3176 2795
40 2412 2030 1646 1262 0876 0491 0104  *9717 %0329  *3940
4 0,9918550 8160 7769 7377 6985 6591 6197 5803 5407 5011
42 4614

|
|

Table Gl1: Relative Density Values for Pure Water of Natural Origin,
Free of Dissolved Gases, Under One Standard Atmosphere, in
Tenths of a Degree Celsius

Ref: Thiesen, M.: Phsik. Tech. Reichs, Wiss. Abhandl. 3, (1900)
(Table p. 68).

Reproduced in Menach& and Girard, 1973
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