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1 INTRODUCTION

1.1 Background )

In the testing of jet engines, fuel flow rates must be measured
accurately over a wide range of flows, from idle to takeoff, which
may be in the ratio of 140 to 1 or greater. Further, studies of
engine performance during acceleration require that the flow meter
have excellent transient response, the acceleration time being en
the order of a few seconds. Turbine meters are ideal for measuring
flow transients, their response having been shown to be on the order
of a few milliseconds. However, limitations of rangeability (in the
order of 10 or 12 to 1) have in the past demanded that twe or even
three meters be successively switched into the stream in order to
cover the full range of flow rates, with the result that the tine
required for switching results in a loss of data during critical
intervals and additional signal conditioning is required to
accommodate differing calibration factors.

A Phase I Program, Contract F40600-84-C0007, was completed on 2pril

26, 1985, This program proved the feasibility of the recirculation

method of wide range flow measurement over a 140 to 1 or greater
range with a 1.0 percent or better measurement uncertainty.

A working prototypa unit was delivered under this contract.
1.2 Theory of operation, recirculation methed

l.2.1 Wide Range Fuel Flowmeter.
The Wide Range Flow Meter provides linear measurement of flow rate
over a much wider range than can be normally achieved by
conventional flow metering methods. Flow meters normally perform in
a linear manner only over & limited range of flow rates,
approximately 10 to 1 in the case of turbine flow meters. At rates
lower than the useable range, output is not linear and often not
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repeatable. In the Wide Range Flow Meter the nonlinear region is
offset by recirculating a stream in an additive direction through
the meter at a rate roughly egual to the minimum linear flow rate,
thus allowing the meter to operate entirely within its linear range.
Net flow rate is determined by measuring the flow rate in the

recirculating stream and subtracting this value from the value
measured by the main stream meter.

Referring to Figure 1:

’Iri‘/.@
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FIGURE 1. CIRCULATION DIAGRAM

The main stream turbine meter, 1, is mounted in the main stream 2.
Recirculating stream 4, connects downstream from the main meter and
reconnects on the upstream side. Pump 5, circulates fluid through
the recirculating meter, 3, at a roughly constant rate of flow.

shut off valve, 6, provides for operation of the mainstream meter
only, without recirculation.

[
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The two meters are readily calibrated against one ancther by
shutting off the main stream with only the recirculating stream
operating. The two meters are then operating at ifdentical flow
rates, and the subtracted "pulse ocutput is set to zero by automatic
setting of a digital rate multiplier in the computing circuit. By
g0 doing, errors are eliminated which would result from wariations
in the calibration factor of either meter, particularly when the
main stream flow rate is near zero. Such variations become 1lese
significant as the flow rate increases, and are negligible at the
higher rates.

It should be observed that the system calibration factor is the same
with and without recirculating flow.

With Pump 5 turned off and shut-off valve 6 closed, flow through
the mainstream meter at location 2 is identical to system flow 7.
Under these conditions the systems electronic signal conditioner is
subtracting the output of meter 3, which is zero, resulting in a
system calibration factor identical to that achieved with
recirculating flow.

l.2.2 Signal Conditioner.
The signal conditioner scales outputs from the two meters to equal
units and then subtracts the recirculating meter output to produce a
final output representing the main stream flow rate.

Referring to Figure 2, Electronic Controller block diagram, pulse
stream A is from the main stream flow meter and pulse stream B {is
from the recirculation flow meter.

Thé first stage iz an operational amplifier with AC feedback to
stabilize the output amplitude as the meter pulse frequency
increases with flow rate.
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The first stage output is the input to a zero crossover detector,
having an output frequency double that of its input.

The.A and B pulse streams are synchronized +to¢ an internal 100KHz
clock which prevents any time coincidence between the two streams.

The 4 digit scaler multiplies pulse stream B by a factor to produce
a pulse stream B2 which is the same frequency as that from the main
stream flowmeter A when the main stream is shut off and the
recirculating stream is flowing. The B pulse stream is then sub-
tracted from the A pulse stream to produce zero frequency output at
zero main stream flow.

The subtracter Network consists of one four stage binary up/down -
counter with appropriate control logic.

Any accepted B2 pulse will cause the counter to count up one pulse
and any accepted A0 pulse will cause the counter to count down one
pulse.

Part of the control logic senses if there 1is any count in the
counter. If there is, the first A0 pulse that follows any B2 pulse
will be inhibited from the A-B ocutput. However, this same A0 pulse
will down count the counter one pulse. If, at this time, the
countar is zerc and another A0 pulse occurs hefore another B2 pulse,
this A0 pulse is output as an A-B pulse. If a B2 pulse occurs
before another A0 pulse, the counter will be counted up one count
and the following A0 pulse will be inhibited from the A-B output.

Due to "on line" variations of the pulse frequency from the A and B
pulse streams, it is possible to accumulate some extra B2 pulses.
Up to sixteen of these extra B2 pulses can be accumulated without
reducing the performance of the subtracter. These extra B2 pulses
would be accumulated if the frequency of the A0 pulse stream falls
below that frequency of initial calibration.
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A second part of the control logic senses when the counter is full
and, at this time, will inhibit any further count. of B2 pulsses.
This is to prevent a counter roll-over to zero, which would allow an
unwanted A0 pulse to be passed to the A-B cutput.

A two to one change in scaler resolution has bheen provided.
However, the increased resolution can be implemented only if the
input A and B pulse stream ratio is less than 0.5 (A/B).

If the ratio is less than 0.5, divider #1 is set in the divide by
two position. thie allows the A strean counter to count twice ae
many pulses as compared to the divide by one character. However,
the B2 output would have twice as many B2 pulses as actually needed
for proper subtraction. Therefore, divider #z must also be set in
the divide by two position. This secend dQivision of two alsoc tends
to even the pulse to pulse period of the A-B output for better
performance of any pulse to DC converter driven by the A-B cutput,

The divider #3 provides an additional divide by +two for tha A-B
output. This will further even the pulse to pulse pericd of the A-B
output for smcother pulse to DC converter performance. However, the
DC converter must be scaled up by a factor of two for correct
readings.

After calibration, as product is allowed to flow, A-B pulse streanm
will reflect the actual product flow. Seea Figure 3 for the systenm
logic diagram.

Automatic Scaling is performed as follows:
1. The main stream is shut oiff.
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The scaling control push button PB is pressed, clearing
A and B stream counters of all counts. When PB is
released, both counters are enabled and start counting
their respective pulse streams. The B stream counter
accumulates 10,000 B stream pulees. When this count has
been reached, the scaling control disables the pulse
input of both counters.

The count in the A stream counter controls the
multiplication factor that is applied to the B pulse
stream so that B2 pulse stream frequency is equal to AD
pulse stream.

A0 and B2 pulse streams are then fed into the subtracter
netwerk and A-B pulse stream is now zero.
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2 OBJECTIVES

The primary objective of the program was to provide a Wide Range
Fuel Flowmeter (WRFF) capable of measuring the flow of jet fuel over
a 140 to 1 or greater range with a 1.0 percent or better measurement
uncertainty and a transient response of 0.5 saconds or less.

The specified flow range of 500 to 70,000 pounds per hour, equates
(using the density of JP-4 at 60 Deg. F) to a flow rate of 1.31 to

183 gallons per minute.

Additional objectives resulting frem evaluaticn of the prototype
WRFF created during Phase I were:

Repackage the meter to be as small and economically
producible as practical.

Replace the recirculating pump with a smaller more
reliable unit compatible with jet fuels.

- Investigate further the availability of a suitable
metering pump to replace the recirculation flow meter.

Provide means to disable the recirculating flow when not
operating in the low flow range.

Repackaged the electronic conditioner smaller and
suitable for rack or panel mounting.

Provide direct pulse outputs for both of the turbine
meters.

Investigate the performance of an air-driven pump for
possible use in hazardous environments.

11



AEDC-TR-68-8

3 PROCEDURES

3.1 Pump Selection.
Since the pump is the largest component of the WRFF and would
largely dictate the configuration of the final system, selection of
a pump was tha first item addressed.

It was perceived that if a positive displacement pump could be
ocbtained with essentially constant flow characteristics over the
range of pressure dropé anticipated, it would be possible to
eliminate the one inch recirculation flow meter. In order for a
positive displacement pump to be wviable, it would have to be
competitive size and price wise with the centrifugal pump-flownmeter
combination.

It should be noted that some reservations as to reliability existed
(at least in regard to plunger type positive displacement pumps) as
a plunger pump had been evaluated during phase I and had =saized
during early testing.

Manufacturers of plunger, vane, and gear type positive displacement
and centrifugal pumps were contacted.

Some of the positive displacement pump manufacturers contacted
expressed reservations about reliability in this application, and
the units ranged from 28 to 48 inches long, weighed in the
neighborhood of 200 pounds and cost from $2,100 to $2,9500.

In view of the requirements for size reduction, reliability and teo
produce an economically viable product, a centrifugal pump became
the obvious choice.

A Price Model SCl100-25 Centrifugal Pump was salected as being

appropriate for the application. This unit has a 316 stainless
steel head and impeller, and an explosion proof motor.

12
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The pump discharge characteristics are presented in Figure 4,
replotted from the manufacturer's literature for clarity, and to
present pressure in PSI rather than head in feet.

PUMP DISCHARGE (PSID)

FLOW RATE (GPM)

FIGURE 4. PRICE PUMP DISCHARGE CHARACTERISTICS

The unit was also available with a Gast Air Motor drive with

identical mounting provisions providing interchangeability during
our testing.

- 3.2 Recirculation Injection and Recovery
During the pump investigation phase of the program it was recognized
that by injecting the recirculating flow in a downstream facing tube
and recovering the fluid in an upstream facing tube the velocity
pressure of the mainstream flow could be utilized to cancel the
mainstream pressure drop between the injection and recovery points.

13
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Since the only variable in the recirculation loop is the 1line loss
in the mainstream flow with wvarying flow rates, this approach would,
if successful, result in a constant head across the pump and
essentially constant recirculation flow.

Thie is very desirable as it essentially eliminates any non
linearity present in the one inch recirculation meter as a sourca of
systemn error.

In addition, elimination of high back pressures on the recirculating
pump permit the use of a smaller, more economical unit,

Prior to fabrication of test hardware, a series of calculations were
performed to determine the magnitude of back pressures seen by the
recirculation pump with introduction and <recovery of the
recirculation flow at right angles to the mainstream flow as
incorporated in the phase 1 unit, and utilizing the inwardly facing
tubes under consideration.

See Figures 5 and 6 for clarification of terms used in the following
discussion.

Three factors influence the variable pressure drop (Pl - P2) seen by
the recirculation system as mainstream (Q2) flow rate ie varied.

The primary loss is the pressure drop across the mainstream turbine
meter and assoclated plumbing betwaen the introduction and retrieval
points. This pressure drop (P3 - P4) is a function of the square of
the flow rate in the metering section (Qm) which is the combined
flows (Q2) and the recirculation flow (Ql). This is the loss which
we desire to eliminate or greatly reduce as it iIs virtually =zero at
low flow rates but becomes significant at higher flow rates
resulting in lower recirculation flow, possible recirculation flow
meter non linearity, and operation of the recirculation meter at a
less desirable operating point.

14
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The second variable to be considered is the expansion and
contraction losses incurred at the point of injection and recovery
respactively.

In the case of lateral injection and recovery, (Figure 5), the two
streams (Ql & Q2) are at right angles, the injection 1loss is
unaffected by the mainstream velocity and the 1losses are
proportional to the velocity pressure of the one inch stream (Pvl),
and are therefore proportional to Q12.

For axlal injection, (Figure 6), these 1losses behave quite
differently. For Q2 = 0, the losses will be similar for axial and
lateral injection. As Q2 increases the relative velocity (Vr =
V1-V2) decreases until a point is reached where V2 = V1, the streams
merge smoothly, and the expansion and contraction losses become
zZero.

In the geometry chosen, this condition occurs at a mainstream flow
rate (Q2) of 79.2 GPM.

As the mainstream flow rate increases further, V2 increasingly
exceeds V1 creating a negative relative velocity which impacts the
downstream recovery tube creating a positive pressure at P2 and has
an aspirating effect on the upstream injection tube creating a
negative pressure at Pl.

The third loss contributing to the recirculation pump back pressure
is the loss within the one inch recirculation loop incorporating the
one inch flowmeter and associated plumbing. The loss incurred in
this segment will be a function of the square of the velocity (or
flow rate) in this line APl = K(Ql)2.

The sum of the above losses represent the head requirement of the

recirculating pump, and in conjunction with the pump discharge
characteristics determine the recirculation flow rate.

16
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Example of calculation (Lateral injection/recovery)

Assumed
{P3 - P4} = 6.0 PSI @ Q2 = 200 GPM
Ql = 24.0GPM @ Q2 = D
g = 62.344/ft® (water at &0 deg. F)
Units

V (velocity) = FT/sec
Q (flow rate) = @GPM
A (area) = in?

Pertinent Dimensions
Recirculation tubing is 1.00 OD X .065 wall
di = .87 in

Al = .7854 (.87)2 = ,594 in?®

Mainstream tubing is 2.00 OD X .065 wall
di = 1.87 in

A2 = ,7854 (1.87)2 -~ .7854 (1.00)® = 1.961 inZ2
Equations
Pv = (V2 = 62.34V2 = _0067 V2
2G(144) (2) (32.2) (144)
V = @ = GAL FT? min 144 in? = 0(.3208)
A min in? 7.48lgal 60 sec FT 2 A

As previously cited, the back pressure (HEAD) seen by the pump (aPp)
is a function of three cumulative losses:

For the calculation eof P3 - P4 the flew rate through the mnmetering

section, QM is considered to be the mainstream flow rate Q2 plus a
constant recirculation flow rate, Ql, of 24 GPM.

17
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It should be observed that a minor error is introduced by not
adjusting Q1 for variations in recirculating flow; however, it can
be proven that in no case does this error exceed 0.1 PSI.

(P3 - P4) can be calculated for any flow rate as follows:
(P3 -~ P4) = (Q2 test +24)® X 6.0 PSI
(200 +24)2

The expansion and contraction losses, AP exp, incurred in the
lateral mode are aqual to the combined resistance coefficient K
multiplied by the velocity pressure, Pvl, in the one inch stream.

Reference: Crane Technical Paper No. 410 (A-26)

Resistance Coefficient (enlargement) = .62
{(contraction) = .35

Combined Coefficient (K) = .97
Therefore:
AP exp = .97 Pvl = (.97)(r)(V1)2
2g (144)

Utilizing the relationship of V1 and Ql, and combining constants,
this becomes:

AP exp = ,0019 Q12

The third loss contributing to the recirculation pump back pressure
is the loss within the one inch recirculation loop incorporating the
one inch flow meter and associated plumbing. The loss incurred in
this segment is a function of the scquare of the veloclty (or flow
rate) in this line.

APl = K(Ql)2

18
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The constant for this segment can be determined from the no flow
{Q2 = 0) condition as followsa:
aPp = (P3 - P4} + K(Q1)2 + AP exp.

Q1 assumed to be 24.0 GPM
(P3 - P4) from earlier equation = (24)2 X 6 = .07 psi
(224)2
APexp = ,0019 Q12 = 1,09 PSI
A Pp from Price pump curve (Figure 4) = B.00 PSI
B.OO = K(24)* + .07 + 1.09

K = 8.00 - .07 - .1.09 = ,0119
24?2

We can now use the following eguation to calculate recireulation
flow rate at various system flow rates.

APp = (P3 - P4) + .0119 Q1% + .0019 QJ1°
= (P3 - P4) + .013B Q1°?

While this equation cannot be solved directly, in conjunction with
the pump discharge curve a unique solution is possible.

A value for QL is selected and Q12 and APp are calculated. Ql and
AP p ara spotted on the pump curve. If necessary, a second value is

chosen and by interpolation a specific flow rate is obtained.

An example of the calculation at Q2 = 25 GPM is presented.

Ql Q12 (P3 - P4) .0138Q172 APP
{GFM) {PSI) (PSI) (PSI)
24 576 .29 7.95 8.24
23.5 552.25 .29 7.62 7.81
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Interpclation ylelds a recirculation flow rate of 23.7 GPM at 8.02
PSI pump head.

Calculations were conducted over the Fflow range Q2 = 0 to Q2 = 200

GPM. Results are presented in Table 1 below, and plotted on
Figure 7, page 23.

TABLE 1. CALCULATION SUMMARY, LATERAL INJECTION

Q2 QL APp
(GPM) {GPM) PSI
0 24 8.00
25 23.7 8.02
50 23.3 8.10
75 22.6 B.25
100 21.7 8.40
125 20.7 8.60
150 19.3 8.80
175 17.4 9.05
200 15.4 9.30

Calculations (Axial injection/recovery)

The axial injection recirculation is calculated in a manner similar
to above.

The mainstream metering loss (P3 - P4) is the same as for the
lateral injection configuration explored above.

Similarly, the loss within the one inch recirculation leop is .011%
Ql? as above.
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TABLE 2. SAMPLE CALCULATION, AXIAL INJECTION

V2<v1
APp = (P3-P4) + .0119012 + AP exp
AP exp.
Q2 Q1 o2 (P3-P4) .0119Q13 v2 vl vr Pvr (.97Pvr)  APp
(GPM) (GPM) {P5I) (PSt)  (FT/SEC) (FT/SEC) (FT/SEC) (PSI) _ (PSI) (PSI)
25 24 576 .29 6.85 4.09 12.96 8.87 .53 .51 7.65
24.5 600.25 .29 7.14 4.09 13.23 9.14 .56 .54 7.97
24.3 ' 7.20"

Interpolation on the pump discharge curve yields a recirculation flow rate of 24.3 GPM at a
head of 7.90 PSI

Q2 Q1L Q1 (P3-P4) ,0119Q12 v2 V1 vz Pvr 2Pvr  APp
(GPM)  (GPM) _(psT) (PSI) (FT/SEC) (PT/SEC) (FT/SEC) _(PSI) (PSI) (PSI)
100 24 576 1.84 6.85 16.36 12.96 -3.40 =-.08 -.16 .8.53
23 529 1.84 6.30 16,36 12.42 -3.94 =.10 =-.21  7.93

23.3 .. B.lo

Interpolation yields 23.3 GPM recirculation flow rate at 8.10 PSI.

9-68-HL-0a3y
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However, in this configuration the entrance losses (and at higher
flow rates) the recovery obtained are not a function of Q1? alone,
and so they cannot be combined with the recirculation loop losses.

Both functions are derived from the relative velocity pressure
(Pvr) calculated from the relative velocity (Vr) which is (vl1-v2).

Again, the solution was achieved iteratively using <the combined
losses and the selected value of Q) to ocbtain a £it on the pump
discharge curve.

An example of the calculations conducted above and below the flow
rate {79 GPM) where Vr = 0 are presented in Table 2.

Results of calculations from Q2 = 0 to Q2 = 200 GPM are presented in
Table 3 and graphically in Figure 7.

TABLE 3. CALCULATION SUMMARY, AXIAL INJECTION

Q2 ' Ql 4 Pp
(GPM) (GPM) PSI
0 24.0 8.00
25 24.3 7.90
50 24.3 '7.90
75 . 24.0 8.00
100 23.3 ' 8.10
125 23.2 8.18
’ 150 23.3 8.10
175 23.8 8.05
200 24.3 7.90
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© AXIAL INJECTION

[0 LATERAL INJECTION
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100

SYSTEM FLOW RATE (GPM)

CALCULATED RECIRCULATION

FIGURE 7.
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A test fixture was created with inwardly facing tubes which were
adjustable longitudinally into tapered sections: upstrean and
downstream of the mainstream flowmeter to verify thg theory an& to
establish the correct area ratios of mainstream and recirculation
flow. See Figure 8.

These tests indicated that a 1" OD X .065 Wall injection tube

entering a 2" OD X .065 Wall mainstream tube provided very nearly
optimum results.

This configuration was incorporated in the WRFF assembly. Sea
Figure 9.

The theoretical benefits anticipated were confirmed during systenm
calibration. See paragraph 5.3.1 and Figure 19, Page 55.

3.3 WRFF Meter Design.
A layout was creataed providing the smallest possible envelope.
Coamponent and assembly drawings were created, parts were fabricated,
and the unit was assembled for test.

Considerable testing was conducted with poor results due to an
incorrect and erratic scale factor being selected by the electronic
conditioner. This was at the time wrongly attributed to swirl
induced by the upstream fluid injection or wvariations in fluid
profile at the inlet of the meter under varying flow conditions.

A series of tests conducted with various straightening sections in
both the main stream, and recirculation loop, and perforated plate
in the main stream to produce a consistent fluid profile to the
nainstream meter did not produced satisfactory results.

It was finally determined that during the zero cycle, cavitation was
occurring in the recirculating loop suction line.
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In this device even minor cavitation can be of serious consequence
during the zero cycle since we are continuously circulating the
fluid through both meters, and the relatively large outputs of the
two meters are being subtracted to obtain zero.

This initial configuration had the recirculation meter and the
circulation shut off valve in the pump suction 1line. This
configuration had been chosen in an effort to create the smallest
most desirable package.

New hardware was fabricated and the recirculation flowmeter was
relocated downstream of the recirculation pump with some sacrifice
in the overall size of the meter.

A photograph of the unit is presented as Figure 10.

As reconfigured, the unit produced repeatable data. The
straightening added earlier was evaluatéd with the new
configquration.

The optimum configuration proved to be with no stralghtening in
either the mainstream or recirculating lines.

This is not surprising since the downstream facing injection <tube
provides symmetrical insertion of the recirculation flow and is
reasonably upstream of the mainstream meter, and the recirculation
meter is operating at very nearly constant flow conditions.

The advantage of removing the straightening 3is that the
recirculation flow increased from approximately 20.5 GPM to 24.5 GPM
providing a zero and low flow operation in a more desirable location
on the flowmeter calibration curve.
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FIGURE 10.
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The assenbly drawing of the unit as delivered is presented as
Figure 11.

The unit is 29,3 inches long, 13.1 inches deep, 8.7 inches high, and
weighs &2 pounds.

For comparative purposes, the unit delivered under Phase I was 31
inches long, 28 inches deep, 19.5 inches high, and weighed 148
pounds.

Referring to Figure 11, it should be noted that the union, Item 32
was added dQuring the reconfiguration of the system to permit
utilization of the fabricated pitot assemblies, as a site for
straighteners during our investigation and as a 1location for a
pressure tap used during our test program. Subsequent units would
be fabricated without this item, tube assembly Item 31, and two sets
of nuts and sleeves, by elongating Item 14 to fit thus reducing cost
and weight.

3.4 WRFF Signal Conditioner Design.
The circuit design was created and a wire wrap prototype board was
fabricated.

Initial testing was conducted utilizing signal generators to
simulate the flowmeter input signals.

During early bench testing, the up/down counting technigue being
used to establish the system =zero was found to be very time

consuning.

The original scaling method was replaced with the 4 digit scaler and
A and B stream counters indicated in Figure 2.

28
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This approach achieves a 2zero in 10,000 pulses from the B
{recirculating) stream meter, and requirad only approximately 20
seconds.

Testing was conducted using an Anadex PI-608 frecquency to DC
converter. This testing resulted in a revised pulse output circuit
to reduce pulse to pulse jitter.

System testing with the flowmeter revealed that the electronic
subtracter network did not have adequate range to accept the
instantaneous A to B input ratio differences caused by phasing
between the two flowmeters. The circuitry was revised to replace
the subtracter network with an up/down counter.

All changes were incorporated, and a printed circuit board assembly
(PCBA) and enclosure were created.

Figure 12 is a photograph of the conditicner front panel. Figure 13
is a photograph of the conditicner rear panel indicating inputs and
outputs. '

_The individual meter inputs, amplified and doubled in frequency are
supplied to connectors at the rear of the conditioner enclosura.

See Figure 14 for the conditioner assembly drawing.

All final system testing was conducted using the final PCBA version
of the electronics.

i
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FIGURE 12.
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The WRFF electrical specifications are:
Inputs:

Power input: 115 VAC at 10 watts

Input amplifiers A and B each:
amplitude: 50 nV P-P te 50 VP-P
shape: sine or square wave
frequency: 4 Hz to 4 kHz
input impedance: minimum 10 K ohm

Qutputs Al and A2:

TTL compatible: O to +5 volts

50 u sec wide

output current: 0.015 amp each maximum

frequency: 2 times corresponding input fregquency
Output Pulse (A-B):

TTL compatible: 0 to +5 volts

output approximates a square wave

output current: 0.015 amp maximum
Recirculating Pump Control:

+5 volt at 0.025 amp maximnum

output contreolled by front panel ON-OFF switch

3.5 System Uncertainty Analysis.
A pystenm analysis was conducted over a flow range of 0.5 to 180 GPM.
The possible errors evaluated stem from two sources:

Errors caused by flowmeter repeatability

Errors caused by scaler zerc variation

3.5.1 Flowmeter Repeatabllity.
The analysis was conducted to determine the system error that could
océur as a result of +0.02% repeatabllity in both the main stream
and recirculating flowmeters.
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The recirculation flow was assumed constant at 24 GPM over the
system test range.

The uncertainty attributable to the mainstream meter was determined
by multiplying the flow through the meter at each flow rate by
+0.02%. Since the recirculating meter is operating at a constant
flow rate of 24 GPM its contribution is 24 X .02%, or a constant
error of +.0048 GPM throughout the entire flow range.

The errors were summed, and the system error in % was calculated
based on the system flow rate.

Since the error contributed by the recirculating flow meter beconas
a significantly smaller percent of the system error at high flow
rates the error approaches that of the mainstream meter only.

See Table 4 for results.
3.5.2 Scaler Zero varlation.

The calibration factors of the two turbine flew meters used in the
. WRFF have very close to a .3500 ratio.

Referring to Figure 2 and signal conditioner description 1.2.2

To provide the best possible resclution in the four digit scaler
when the meter ratios are .5000 or less divider No. 1 is in the
divide by two position. This provides an actual registration in the
scaler of .7000. To accommodate the divieion by two in divider No.
2 to present the proper ratio to the subtracter circuit, we will
present the ratioc as .7000.

2
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The signal conditicner processes the input signals as follows:
Fa = F2 - RFl where Fs = System output treé.
F2 = 2" mater fregqg. in.
Fl = 1" meter fregq. in.
R = Ratlo = .7000
2

The recirculation flow is presumed censtant at 24 GPM.
The caljbration factor of the 2% meter is 474 pulses/gallen.

During electronic zero

Fs = 0
'F2 = 474 (24) = 189.60
60
0 = 189.60 - ,7000 Fl
2
Fl = 541.71 Hz for all system flow rates

To calculate the error intrcduced by + .0001 variation in the scaler
ratio at 1.0 GPM mainstream flow:

F2 = 474 (25) = 197.50 Hz
60
Fs = 197.50 - .7000 541.71 = 7.9015
2
Fs at .7001 = 197.50 = .7001 541.71 = 7.8744
2 2
% Dev = (7.9015 - 7.8744) 100 = + .34%
7.9015

k1
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FLOWMETER REPEATABILITY UNCERTAINTY ANALYSIS

TABLE 4.

SYSTEM MAINSTREAM MATNSTREAM

FLOW RATE MTR FLOW MTR ERROR
(GPM) (GPM) (GEM)
0.5 24.5 + .0049
1.0 25.0 + .0050
1.31 25.31 + .0051
2.0 26.0 + .0052
4.0 28.0 + .0056
8.0 32.0 + .0064
15.0 39,0 + .0078
30.0 54.0 + .0108
60.0 84.0 + .0168
120.0 144.0 + .0288
180.0 204,0 + .0408

CIRCULATION TOTAL
MTR ERROR ERROR
(GEM) (GPM)
+ .0048 + .0097
+ .0048 + .0098
+ .0048 + .0099
+ .0048 + .0100
+ .0048 + .0104
+ ,0048 + .0112
+ .0048 + .0126
+ .0048 + .0156
+ .0048 + .0216
+ .0048 + .0336
+ .0048 + .0456

SYSTEM
ERROR
(%)

+ 1.94
+ .98
+ .76
+ .50
+ .26
+ .14
+ .084
+ .052
+ .036
+ .028
+ .025

9-8@-d1-daav
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The error introduced by + .0001 scaler reading throughout the system
flow rate is presented in Table 5.

TABLE 5. 2ERO ERROR ANALYSIS

SYSTEM FLOW RATE SYSTEM ERROR
GPM (%)
0.5 + .68
1.0 + .34
1.31 + .26
2.0 + .17
4.0 + .09
8.0 + .04

15.0 + .02
30.0 + .01
60.0 < .01
120.0 < ,01
180.0 < .01

L)

It should bhe noted that these errors could be reduced by adding an
additional digit to the scaler with proportionally 1longer =zeroing
time.

The error analysis is presented graphically in Figure 15.
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The inner solid deviation curves represent the errors which would
result from + .02% flowmeter repeatability.

The outer dashed curves represent the added error potential of a + 1
digit resoclution in the electronic scaler.

For this presentation, all possible sources aof error were considered
cunulative.

1.00 b— —

DEVIATION (%)
[
n
I

1.00 — —

1.0 1.3 180
FLOWRATE (GPM)

FIGURE 15. WRFF UNCERTAINTY ANALYSIE
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4 TESTS PERFORMED

4.1 General.

All testing was performed in accordance with Test Procedure 108935,
Appendix A.

The procedure specifies test set ups, equipment used, tests to be
performed, flow rates, calculations to be performed, and method of
presenting results obtained.

It should ke noted that the system specification requires + 1.0%
accuracy over a flow range of 1.3)1 to 180 GPM. Testing was
conducted down to 0.5 GPM to ascertain system performance at lower
than specified flow rates.

Calibration data for flow rates from 0.5 GPM through 4.0 GPM were
cbtained using 2.0, 5.0, and 10.0 gallen, seraphin flasks. A
start/stop button simultaneously activated a golenold valve

controlling flow to the seraphin flasks and gated counters

collecting system pulses and the individual 2% and 1" meter pulses.

A timer was also gated by the start/stop button providing run tinme

to better than .0l second. '

Data for these runs were recorded manually at the completion of eaéh;
test on data sheets provided. Actual test volume was adjusted using
. the + neck reading of the seraphin flasks recorded at the completion

of each run.

Testing was conducted twice at each flow rate as verification of
system repeatability.

Calibration data from 8.0 through 180 GPM were obtained using =a
Waugh Controls Model 700 Microprover. This unit hase a flow rate
range of 3.0 to 3,000 GFM and an accuracy of .02%. This unit with



’ AEDC-TR-88-6

its micro processor controller provides gates, averages two
consecutive test runs, and provides a print out of system meter
counts, meter calibration factor, and test flow rate. The pulses
from the individual 1" and 2" meters were gated by the micro
processor and recorded manually at the end of the test on the data
sheets provided.

4.2 Hainstream Meter Calibration.
The system was installed in our calibration facility and the systenm
was purged of air. The mainstream flow was shut off downstream of
the meter and the WRFF conditioner was zeroed. The recirculation
pump was turned off and the recirculation shut off valve was closed.
Mainstream flow was Iinitiated, and a prover calibration was
conducted from 20 to 200 GPM at 20 GPM increments.

4.3 WRFF System Calibration.

The system was purged of air and the conditioner was zeroced. A full
span calibration from 0.5 to 180 GPM was conducted. The test stand
3 HP pump was used for flow rates from 0.5 GPM through 60 GPM, and
the 40 KP pump was used for 120 and 180 GPM test points. Tha pump
transition point was selected to, as nearly as possible, maintain a
constant supply pressure at the WRFF. The 3 HP pump provided 58 psi
at 0.5 GPM decaying to 48 psi at 60 GPM. The 40 HP pump provided 54
psi at 120 GPM, and 46 psi at 180 GPM.

4.4 Low Pressure Calibration.
One of the program requirements was to determine the effects of
supply pressure variations on system perfcrmance.

The system was purged and the conditioner was zerced. A calibration

was conducted from 0.5 to 180 GPM maintaining the pressure at the
WRFF at approximately 20 psi for all flow rates.
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This pressure was achieved by simultaneously adjusting the test
stand throttling valve downstream of the WRFF and a test stand by

pass valve which returned pump discharge fluid directly to the test
stand reservoir.

The 20 psi pressure was selected as a result of test facility
limitations; at pressures somewhat below 20 psi, the Microprover
plston would not launch and travel downstream.

4.5 Stability Verification.
The chject of this test was to determine +the time interval over
which specified accuracy can be achieved without zero resetting.

As a result of the simplicity and short period of time required to
re-zero the system with the new autc-zero circuitry incorporated in
the Phase IT unit (approximately 20 seconds) it was assumed that in
normal service the system would be re-zeroed prior to each test or
work shift.

With this in mind, it was originally planned to conduct three
system calibrations over a period of approximately eight hours.

However, due to longer than anticipated calibration times, and some
test stand malfunctions, a much more severe test was actually
conducted.

The malfunction referred to was in the form of "bounce®™ in the relay
circuit used to control the soclenoid valves used for Seraphin flask
calibrations. Pericdically, the valve to the seraphin flask would
see a double pulse and shut off and then reopen resulting in
overflow of the flask.
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The system was zeroed at 3:30 P.M. on 1-20-88. The test was aborted
after three data points had been obtained due to the above mentioned
walfunction. Filtering was added to the circuiting in an attempt to
eliminate this problem.

The test was restarted at 7:50 A.M. 1-21-88 without re-zeroing to:

1. Verify test stand performance
2, Determine whether the unit would perform satisfactorily
after belng idle overnight

The test was completed satisfactorily.

At 3:55 P.M. 1-21-88, a repeat calibration was initiated.
Recurring problems with the solenoid valve contreller forced
suspension of testing at approximately 5:00 P.M.

The control box providing gates to the solenoid valves and counters
was replaced with a different unit.

The test started on 3:55 P.M. 1-21-88 was resumed 11:00 A.M. on
1-22-88. Testing was completed 2:05 P.M. 1-22-88.

During the periecd 1-20-88 through 1-22-88, the system had been
operated approximately 13 hours and forty five minutes and had baen
idle in the test stand for two nights.

4.6 Transient Response.
Tegsts were conducted to verify that the transient response of the
system was 0.5 seconds or less.

All transient tests utilized an Anadex PI-608 f-DC converter driving

a Sanborn Model 60-1300B strip chart recorder. The recorder was
operated at a chart speed of 100 MM/second to record the transient.
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4.6.1 Bench Test.
Initial bench tests were performed using Anadex Model FS-600
frequency synthesizers to simulate the turbine meter inputs. These
tests permitted an instantaneous change in input frequency to be
presented to the unit under test.

Bench tests were conducted on the Anadex £-DC converter only and on
the WRFF signal conditioner driving the converter. These tesots,
when compared to the actual fluid calibration will indicate the
portion of the transient time attributable to the WRFF and <the
Anadex f-DC converter respectively.

4.6.2 BSystem Test.
The system was purged of air and the WRFF signal conditioner was
zeroed using the test stand 40 HP pump.

The throttling valve was adjusted to produce 180 GPM with the eight
inch lever operated butterfly isoclation valve fully open. The
isclation valve was closed to produce 20 GPM flow. Thae amplitude of
the Sanborn recorder was adjusted to provide approximately 80% chart
width deflection between these two flow points.

The Sanborn recorder was adjusted to 100 MM/second and the isolation
valve was opened as rapidly as possible.

4.7 Airmotor Pump Evaluation.
An airmotor driven pump was evaluated for possible use in the WRFF
for operation in hazardous areas.

The pump evaluated has the same 316 stainlesas steel S8C 100 Price
pump head and is driven by a Gast Model 2 AM-NCC-43A air motor.

The unit requires approximately 12 SCFM at 65 pei for use 1in the
WRFF application.
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The air motor is considerably smaller and lighter than the 1/4 HP
electric motor used, but it does of course require a well regulated
source of clean dry-air. A drip oiler is required at the air
pressure inlet port. Since the injected oil is discharged with the
alr at the outlet muffler, operation tends to get a little messy.

- The electric motor driven pump was removed from the system, and the
air motor drive pump was installed.

Since earlier experience with this unit had indicated@ that the
airmotor took some time to stabilize, (RPM and flow increase with
cenestant air pressure) the system was operated for one half hour
prior to zeroing the system.

The system mainstream flow was shut off and the airmotor air supply
was adjusted to provide 24 to 25 GPM recirculation flow as indicated
by the recirculation flowmeter to simulate conditions produced by
the electric motor pump.

It was observed that the air pressure required to achieve the
recirculation rate desired was 82 psi which was considered extremely
high based on previous testing.

The system was zeroced, and a callbration was started. Because of
our concern with the high air pressure required, a running check of
the recirculation flow was made.

The recirculation flow increased approximately 10% and then appeared
to stabilize. At this point in time, the airmotor had been
operating approximately one hour including the preliminary half hour
"warm up".

The test was aborted and the unit was returnad to the zero flow

condition. The air pressure was readjusted, and 65 psi produced the
desired 24 GPM recirculation flow.
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The unit was re-zarced and a complete caljibration was performed.

\

The air pressure was recorded at each flow rate, but was not
adjusted during the test.
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5 TEST RESULTS

5.1 General.
All results obtained are presented in graphic form.

Test numbers were assigned to all tests conducted, and all data
sheets, calculation sheets, and graphs are identified.

Table 6 presents a summary of tests conducted.

Supporting test data and calculation sheets used to create the
curves are presented in test number sequence in Appendix B.

It will be noted by those familiar with turbine flowmeter
calibrations that the data for the individual calibration curves is
presented in a slightly unorthodex manner.

Normally, the test data would be reduced toc ocbtain a mean
calibration factor, and the percent deviation would be calculated as
equal plus/minus deviations about the mean factor presented. This
provides the user the most meaningful information for his purposes,
but it suffers from some shortcomings in a development program of
this nature. '

Presenting mean calibration factors and + deviations results in an
accurate portrayal of the meter tested duriné a specific test, but
it deoes not provide graphic evidence of ' variations from test to
test. In addition, wvariations in underrange data obtained can
greatly influence the curve and introcduce errors within the
specified operating ranga..

For these reasons, 1t was decided before testing started that

deviations would be calculated from the calibration obtained at the
maximum flow rate of the systen. In additien, all system
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Tests prior to 38-9 invalid because of configuration changes to the WRFF.

TABLE € SUMMARY OF TESTS PERFORMED

Straightening tube bundles were removed and recirculation flow rate was
increased from approximately 20 GPM to 24.5 GPM.

TEST NO. TEST DATE DESCRIPTION

B88-9 1-14-88 Mainstream Meter Calibration

88-10 1-18-88 Bys. calibration - low flow

8g-11 1-18-88 Sys. Calibration - high flow
1-19-88 Transient Response

83-12 1-19-8B Low Preas. Calib. - low flow

88-13 1-19-88 Low Preas. Calib. - high flow

8B-14 1-19-88

88-15 l-19-88

88-16 1-20-88

88-17 1-21-88 Stability calib. - low flow

88-18 1-21-88 Stability calib. - high flow

88-19 1-22-88 Stability calib. - low flow

88-20 1-22-88 Stability Calib. - high flow

88-21 1-25-838

8g-22 1-25-88 Alrmotor Sys. calib. - low flow

88-23 1-25-88 Alrmotor Sys. Calib. - high flow

= B R~ =
53 8 3 3
=2 ﬁ Fac] -
> m -]
S g€ 8
[3pd 1]
- (=]
w =]
-
m
COMMENTS LOCATION - PAGE
84 54 51 73
89 52 51 72
90 52 51 72
64 56 74
94 57 56 72
95 57 56 72
Void-inspection revealed
Contaminant in 1" meter
Void-test stand relay
malfunction
99 58 56 73
100 58 56 73
104 5% 56 73
1056 59 56 73
void-airmotor speed drift
109 65 62 74
110 65 62 74

9-68-41-0203v
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calibration deviations were calculated using the 180 GPM calibration
(474.72 pulse/gallon) of the original system calibratjion (Figure 16)
as 0% deviatien. In this way, deviations from test to test are
graphically apparent at both the maximum and minimum flow rates.

A conventional, composite, calibration curve of all system tests
conducted is presented as Figure 17. This curve was derived from
all of the data obtained within the specified operating range of the
systen. The data was reduced to obtain the mean calibration ("K")
factor and indicates a maximum deviation of +0.55% over a range of
1.31 to 180 GPM.

5.2 Mainstream Meter Calibration. (Test No. B8-9).
The calibration curve obtained en the mainstream meter with the
recirculation flow shut off is presented as Figure 18.

The system was linear within 0.33% from 20 to 200 GPM.

As anticipated, the recirculating flow meter output was zerec for all
flow rates, and the system and mainstream meter outputs were
identical.

5.3 WRFF System Calibration. (Test No. 88=-10 & =11)
The initial system calibration is presented as Figure 16. The
maximum total deviation over the operating range is approximately
0.7%. .

5.3.1 Recirculation Flow Rate
The data pertaining to the recirculation flow rate was extracted
from the initial system calibration data sheets (pages 89 and 90),

and the recirculation flow was calculated and plotted over a systen
flow rate range of 0.5 to 180 GPM. Seae Figure 19.
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It is interesting to chserve that the actual recirculation flow
rates achieved are constant over a system flow rate of 0.5 to 10
GPM. This is the critical operating range of the WRFF as it is the
range in which the recirculation mneter non-repeatability or
linearity produce substantial system errors which becone
insignificant at higher flow rates.

The injection and recovery means employed have actually induced a
slight recirculation flow rate increase at higher system flows.

5.4 Low Pressure Calibration. (Test No. 88-12 & -13)
The calibration curve obtained with a constant 20 psi syotenm
pressure is presented as Figure 20, The maximum total diviation
over the operating range is approximately 0.5%.

5.5 Stability Verification. (Test No. 88-17 through 88-20)

The first calibration conducted to verify long term stability is
presented as Figure 21. At the time this calibration was completed,
the system had been in operation for a periecd of approximately 9
hours and 30 minutes, and had baen eitting idle in the test stand
cvernight since it had been zeroced at 3:30 P.M. on 1-20-88. At this
time, the maximum total diviation over the flow range of 1.3 to 180
GPM was approximately 0.7%.

The final stability calibration is presented as Figure 22. At this
time the system had accumulated approximately 13 hours and forty
five minutes and had been idle twice overnight since jt was
originally zeroed.

E.6 Transient Response.
Figure 23 presaents the results of bhench tests conducted on the WRFF
elaectronice and an Anadex £-DC converter indicating the WRFF
electronice by itself has a virtually zero time constant.

The +tests were conducted using Anadex Modal FS5-600 Frecquency
Synthesizers driving the Anadex converter or the WRFF electronics.
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The Anadex output was recorded on a Sanborn Model 60-1300B strip
chart recorder at a paper speed of 100 MM per second.

The chart of Figure 23A presents tha output of the Anadex converter
alone, while the chart of Figure 23B indicates the transient
response output of the Aanadex converter driven by the WRFF
electronics subjected to an instantaneous fregquency change.

The transients were created by flipping a toggle switch to switch
input frequencies, and no significance can be attributed to the
spacing of the transients shown.

These tests were conducted using range 5 of the Anadex converter set
for a full scale frecuency of 1,600 Hz.

All tests were conducted with worst possible conditions for ripple
and to achieve the best possible transient response; WRFF " ¢ 1" and
Anadex "High" transient response setting.

Some explanation of the functioning of the WRFF electronics is
required for clearer understanding of the frequencies used in these
tests.

The freguenciles in all cases were selected as typlcal of those
observed during system testing.

Thus, the frecquencies of 1422 and 158 Hz at 180 and 20 GFM of chart
Figure 23A are representative of the WRFF system output with a
calibration factor of 474 pulses/gallon.
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The WRFF electronics operates by subtracting the recirculating flow
from the flow seen by the mainstream meter. To compensate for the
different calibraticn factors of the two flowmeters, a four digit

"gcaler"

is selected during the zero cycle and is applied to the

recirculating meter output. This scaler is merely the ratio of the
meter outputs at a given flow rate, and a typical value is .3459,

Thus: fs = f2-R (fl)

Where fs = system frequency output

f2 frequency of the mainstream (2") meter
fl = frequency of the recirculating (1") meter
R = scaler = £2 = 3459

£l

The input frequencies to be applied to the WRFF electronics for the
test of Pigure 23B were determined as follows:

Referring to Figure 223B at 20 GPM:

£2 input is to be determined
fs cutput is 158 Hz

= 482 Hz (typical of 21.1 GPM recirculation)

= .3459
fs f2 - R(fl)
= f£g + R(fl) = 158 + .3459 (482) = 324.7 Hz
At 180 GPM:
' = 1422 Hz
= 1422 + .3459 (482) = 1588.7 Hz
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It can be seen that the outputs created by the WRFF conditioner
from the two flowmeter inputs are exactly the same as provided by
the single signal generater in Figure 23A after proper subtraction
of the recirculation flow signal.

Figure 24 presents the results of an actual system hydrauvlic
transient test,

The response time of the system to 63% of the step change provided
is approximately 100 milliseconds. This includes the time required
to manually open the butterfly valve and overcome the fluid inertia
of the test facility, and the time constant of the Anadex frequency
to DC converter.

5.7 Alrmotor Pump Evaluation. (Test No. 88-22 & -23)
The results of a system calibration using a Gast airmoter driven
pump to provide recirculation flow are presented as Figure 25. The
deviation of the airmotor driven system over a flow range of 1.3 to
180 GPM was approximately 0.75%. .
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€. CONCLUSIONS
The WRFF Contract Statement of Work called out certain specific
performance requirements, design objectives, and tests to be per-
formed.

These requirements were all satisfied as indicated below.
6.1 Performance Requirements

€.1.1 Flew Range and Accuracy
The WRFF was to be capable of measuring the flow rate of aviation
fuels over a flow range of 140 to 1 ({1.31 to 183 GPM) with a 1.0% or
better measurement uncertainty.

The composite calibration curve (Figure 17, page 53) covering all
system tests conducted with the electric motor driven pump indicate
that the unit is capable of providing flow measurement with an
accuracy of + 0¢.55% over the flow range of 1.31 to 183 GPM.

It should be noted that the testing conducted during this period
represents approximately 24 hours and 15 minutes including one

period (stability tests No. 88«17 through 88-20) during which the
‘ systen accumulated approximately 13 hours and 45 minutes and had
been idle twice overnight since it was originally zerced verifying
good long term system stability.

6.1.2 Transient Response.
The statement of work specified that the system must be capable of
measuring flow transients with a response time of 0.5 seconds or
less.

As indicated in Figure 24, page 64, the time constant of the Bsystem
(including the response of an Anadex PI-608 f-DC converter used to
drive the Sanborn strip chart recorder and the time required to open
an 8 inch manual butterfly valve) proved tc be approximately 100
msec with a step change in flow rate from 20 to 180 GPM,
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6.2 Design Objectives.
The design objective of the Phase II program was to bring the sEystem
produced in the SBIR Phase I effort into a more produecible form, as
followsa:

6.2.1 Mechanical
(1) Package the meter as small as practical.

The unit was repackaged as indicated in Figure 10, page 27.
The resulting unit is 29.3 inches long, 13.1 inches deep,
8.7 inches high, and weighs B2 pounds.

This represents a considerable reduction over the unit
delivered under Phase I which was 31 inches long, 28 inches
deep, 19.5 inches high, and weighed 148 pounds.

(2) Replace the recirculatien pump with a snaller, nore
reliable unit compatible with jet fuels.

The price centrifugal pump selected is of all =stainless
steel construction. This unit is the smallest unit that
will provide the recirculation flow required, and should
Prove extremely reliable.

(3) Investigate further the availability of a suitable metering
pump te replace the recirculation flow meter.

As indicated in paragraph 3.1, page 12, manufacturers of
rlunger, vane, and gear type metering pumps were contacted.

The combination of a centrifugal pump and recirculation

flow meter proved to be superior to & metering pump in
cost, size, welght and perceived reliability.
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(4)

(5)

(6)

Provide means to disable the recirculating flow when not
cperating in the low flow range.

A shut off valve, item 9, of Figure 11, page 29 was

incorporated to provide a means of shutting off the
recirculation flow.

The conditioner was zeroed, and the system was calibrated
without recirculating flow. The calibration curve obtained
is presented as Figure 18, page 54.

The calibration factor (474.66 Pulses/Gallon) obtained at
200 GPM is within .013% of that obtained for the initial
system calibration presented as Figure 16, page 52.

The unit was linear within 0.33% from 200 GPM to 20 GPM.

Investigate the advantages/disadvantages of an alr-driven
pump.

The air motor driven pump proved to be an acceptable

alternative for use in hazardous areas. The motor toock
from one half to one hour to stabilize at a given air
preasure. Once stabilized however the system provides a

calibration with a maximum excursion of 0.9% from 1.31 to
180 GPM (Figure 25, page 65).

Investigate the effects of supply pressure variations.
A system calibration was performed over a flow range of 0.5
to 180 GPM maintaining the pressure at the WRFF at

approximately 20 psi for all flow rates, See Fiqure 20,
page 57 for results.
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The calibratien factor (474.62 Pulses/Gallon) at 180 GPM is
within .02% of <that obtained for the initial systenm
calibration of Figure 16, page 52.

The calibration curve from 2.0 to 180 GFM exhibited only
approximately 0.35% non linearity and was very similar to
the initial system calibration from approximately 2.0 to
180 GPFM.

Under range data obtained at 0.5 and 1.0 GPM indicate
better performance than obtained on the initial system
calibration; howaver, as indicated in Figure 15, page 41,
data at these extreme flow rates is subject to considerable
uncertainty, and the difference may more logically be
attributed to small variations in flow meter repeatability
or zeroing than line pressure variations.

6.2.2 Electronic

(1) Repackage the electronic equipment into a more compact size
suitable for rack or panel mounting.

The WRFF electronic conditicner has been repackaged in a
standard 19 x 3.5 inch rack configuration (Figure 12, page
32).

(2) Provide direct pulsa outputs from each meter.
Figure 13, page 33, presents the conditicner rear panel
configuration indicating the individual A and B flow meater

output connectors.

The output signals provided are TTL compatible 0 to +5 volt
50 M second wide pulses at twice the flow meter input

frequency.
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APPENDIX A

TEST PROCEDURE
WIDE RANGE FUEL FLOWMETER
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TEST PROCEDURE
WIDE RANGE FUEL FLOWMETER

1.0 SYSTEM PURGE & ZERO

l.1 System;, Purge
Open test stand valves and flood system. Open Butterball valve
and turn on WRFF reclrculating pump. Turn on test stand 3HP
punp and establish approximately 60 GPM. Bleed all air from
prover and test atand.
1.2 WRFF Zero
Close isolation valve downstream of WRFF to eliminate mainstream
flow. Press "calibrate" push button on WRFF electronics to
zero.

2.0 WRFF CALIBRATION

Perform calibration from 0.5 to 180 GPM mainstream flow rate,
recording all data indicated on calibration data sheets 1 & 2.

~ Flow rates 0.5 through 60 GPM to be run using 3HP pump. 120 &
180 GPM to be conducted using 40 HP pump.

Calculate & deviation as indicated on "Calculation Sheet - &
Deviation®.

3.0 WRFF LOW PRESSURE CALIBRATION

Conduct calibration from 0.5 to 180 GFM mainstream flow rate
using 3 HP pump for flow rates 0.5 through 60 GPM and 40 HP
punp for 120 and 180 GPM. Adjust stand by-pass valve to
obtain approximately 20 PSI at WRFF at each flow rate.

Record all data indicated on calibration data sheets 1 & 2.
-Calculate § deviation.

Note: For this test calculate § deviation using K (180) from
. 2.0 as zaro daviation.

Upon completion of this test establish approximately 100 GPM
mainstream flow using 3 HP pump and let run.

Date 12/01/87
nné. {/a/aa - 108935 Page 1 0f 13
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TEST FROCEDURE
WIDE RANGE FUEL FLOWMETER

5.0

STABILITY VERIFICATION
4.1 Four Hours

Four hours after performing the calibration of 2.0 above, repeat
calibration.

Calculate & deviation.

Note: For this test calculate % deviation using X (180) from
2.0 as zero deaviation.

Upon completion of this test establish approximately 100 GPM
mainstrean flow using 3 HP pump and let run.

4.2 Seven Hours

Seven hours after performing the calibration of 2.0 above,
rapeat 4.1.

Shut down systen.

MAINSTREAM METER CALIBRATION

5.1 Purge & Zero per 1.0

5.2 Turn off WRFF recirculating pump and close Butterball valve.

5.3 Conduct calibration from 20 to 200 GPFM racording all data
indicated on data sheat 3.

Flow rates 20 through 100 GPM to be run with 3 HP pump. 120
through 200 GFM to be run using 40 HP pump.

Calculate % deviation as indicated on data shaat.

Note: For this test Pl will be zero or essentially gearo. P2
will egqual PS.

Date 12/01/87

REV. 1/B8/&8 108935 Page 2 of 11
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TEST PROCEDURE
WIDE RANGE FUEL FLOWMETER

TRANSIENT RESPONSE

Connect output of WRFF electronice to Anadex Model PI-608 AC/DC
converter. Connect output of converter to Sanborn Model
60=-1300B strip chart recorder.

Purge & Zero system per 1.0

Using 40 HP pump, adjust throttling valve to produce 180 GFPM

with isolation valve fully open. Clcose isolation valve to
produce 20 GFM flow.

Adjust amplitude of Sanborn to provide approximately 80% of
chart width between these two points.

With isclation wvalve adjusted to 20 GPM, start Sanborn reccrder
at 100MM/Second paper speed.

Open isolation valve fully as rapidly as possible.
ATRMCTOR PUMP EVALUATION

Replace electric motor pump with Gast Alr Motor driven punmp.
Purge system per l.l. Adjust air preesure to provide 24 to 25
GPM recirculating flow. Run air metor for one half hour to
stabilize. Record ailr pressure supplied to motor.

Zero per 1l.2.

Calibrate pear 2.0.

Date 12/01/87

REV. 1/8/88 ” 108935 Page 3 of 11
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TEST PROCEDURE
WIDE RANGE FUEL FLOWMETER

WIDE RANGE FUEL FLOWMETER
CALIBRATION DATA SHEET NO. 1
SERAPHIN FLASK CALIBRATION

DATE:
TIME-START: AMB. TEMP, START:
BTOP: STOP:
TEST NO:
RECORDED DATA
5YS.
NOM FLOW TIME [VOLUME WATER PRESS
RATE (GPM)| (SEC) |[(GAL) | +/-I 2" 1w 5Y8 TEMP (F) {PS1)
.5 1.9982
.5 1.9982 e
1.0 5.0003
1.0 5.0003 |
2.0 9,9955
2.0 9,095 |
4.0 9.9955
4.0 9.0955 |
CALCULATED '
NOM. FLOW TEST VOLUME TEST FLOW K-FACTOR
RATE (REF. ) {GAL) RATE (GEFM) (PULSES/GAL)
05
<5
1.0
2.
2.0
2.0
4.0
DATA BY:
APPROVED:
Date 12/02/87 108535 Page 4 of 11
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TEST PROCEDURE
WIDE RANGE FUEL FLOWMETER

WIDE RANGE FUEL FLOWMETER '
CALTBRATION DATA SHEET NO. 2
FROVER CALIBRATION

DATE:

TIME =~ BTART:

STOP:
TEST NO.:
PROVER VOLUME:

AMB. TEMP. START:
STOP:

GALLONS

RECORDED DATA
(L) TEST FLOW RATE(GFM),

Ps, & X FACTOR-1010 COMFUTER PRINT OUT

NOM. FLOW PULSES
RATE (GPM) an

WATER 5¥8. PREBS|CALCULATED (2)
TEMP. (*F) (PSI) TIME(SEC.)

il

L iea] pmd

12
18

NOTES:

DATA BY:
APPROVED:

Date 12/01/87
REV1-8-83 (1) DELETED-TIME(SEC)
2) ADDED CALC. TIME

108535 Page S of 11
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TEST PROCEDURE
WIDE RANGE FUEL FLOWKETER

WIDE RANGE FUEL FLOWMETER
CALIBRATION DATA SHEET NO. 3
MAINSTREAM METER CALIBRATION

DATE:
TIME = START: AMB. TEMP. = START:

AEDC-TR-89-6

BTOP: - BTOP:

TEST NO.:
PROVER TEST VOLUME = GAL.,

(1) TEST FLOW RATE(GPM), Ps, & "K" FACTOR-1010 COMPUTER PRINT OUT

[NOM. FLOW | ES IWATER TEMP.]K FACTOR CALC
RATE (REF) 20 i P

1

THE (8EC ) |

i (PULSES/GAL)| § DEV.
20
40

_60

80

300

20

140

160

180

200 =(}=

%t DEV, = (K =K .
TEST 2003] x 100

(200)
NOTES:

BY:
APPROVED!:

Date 12/01/87 108935 Page
REV1-8-88 (1) DELETED-TIME(SEC) )
2) ADDED CALC. TIME

77
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TEST PROCEDURE
WIDE RANGE FUEL FLOWMETER

WIDE RANGE FUEL FLOWMETER
CALCULATION SHEET -~ % DEVIATION

DATE:

TEST NOQ.:

NOM. FLOW TEST FLOW K FACTOR

RATE (REF) RATE (GPM) (PULSES/GAL) $ DEV.

O O|mia

LN jo F Al
ja
O|o|oo| |[O]0] 15

$ DEV. CALCULATED AS FOLLOWS:

% DEV. = - K J X 100
E (TEST) {180 GEM
K

(180 GPM)

Date 12/01/87 108935 Paga

78
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TEST PROCEDURE
WIDE RANGE FUEL FLOWMETER

WIDE RANGE FUEL FLOWMETER
TEST EQUIPMENT LIST

MANUFACTURER DESCRIPTION

ANADEX F-DC CONVERTER
DIGITAL EQUIPMENT PRINTER

SANBORN STRIP CHART RECORDER
SERAPHIN 10 GALLOR VESSEL

5 GALLON VESSEL
2 GALLON VESSEL

WAUGH CONTROLS MICROPROVER
PROVING COMPUTER
PROVER COUNTER
MINICOUNTER
PRE-AMPLIFIER

Date 12/01/87

79

MODEL No.
PI-608
DECWRITER II
60~-1300 B

M

M

M
700=-08~15
1010
670~1

427
A-11

108935 Page

AEDC-TR-88-8

239

17118
l4260
148236

10092

8 of 11
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TEST PROCEDURE
WIDE RANGE FUEL FLOWMETER

MAINSTREAM
FLow
P

RECIRCULATION
FLOW
(SECONDS)
SET
C

)
=/

427
COUNTER
FTRM

OATE
1° UETER
PULSES

1° METER
It
f 1" con

RETURN TO TANK
2" METER
PULSES

THROTIING VALVE
SYS
PULSES

‘ﬂ‘l!
870
COUNTER

THROTTLING
VALVE
SERAPHI
FLASK
:
SYSIEM
ELECT,
A1
AP
A1
AP

[
T o
—

e 1

DATE 12/01/87 108935 PAGE 9 of 11
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8

£8/10/21 31va

SE6B0T

IT 40 0T 39vd

1° NETER
(' | 131 ﬁ:\ FLOW
E 1° con
THROTILING
VALVE
2* METER
MODEL 700 MAINSTREAM
>k \J s C/ MCROPROVER FLOW
N S/N 10082 —
ISOLATION E 2 con 4
VALYE
_ ——
e
3
1010
2 oo E'_“_m oo | e - TEST FLOW RATE (GPM)
e ] BECT. RO CSOR PRINTER X FACTOR (P,/GAL)
!' -
3 5
A=11 870 " V\ETER o »
AP COUNTER| PULSES COUNTER ;Ul.gm
A-t1
A sYSTRM SET UP

NA3I084 1S3l

YIL3IWMOTd 13N IINVY 3IQIM

9-68-41-203¥



[4:]

(8/10/21 31v0

GE6BOT

1T 40 1T 39vd

+2.0
+1.0
=
o=
= O
=g 0
[Py ..
08
-1.0
-2.0

WIDE RANGE FUEL FLOWMETER

SYSTEM CALIBRATION

TEST PROCEDURE
WIDE RANGE FUEL FLOWMETER

DATE:
TEST NO:
i T 0
11 | B Lfif FERE] R f
| !J.. i (1 : [l
ARG M AL
TR IR T
1 I i i !
1 If
e :
Il !
i ! !
I :E T".‘JII i ﬂ_
:l% !1' i
il A
i il
Wil ‘TI-H‘;! ...:.. E
A i mii ' gtk
H HHinm =1
i |
{ It MI il
0.5 1.0 100

1.31

FLOW RATE
(GALLONS PER MINUTE)

9-68-H1-203Y
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APPENDIX B

TEST DATA ARD CALCULATIONS
WIDE RANGE FUEL FLOWMETER
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WIDE RANGE FUEL FLOWMETER
CALIBRATICN DATA SHEET NO. 3
MAINSTREAM METER CALIBRATION

DATE: __ /-4 -8%8
TIME = START:_3:40
4 42

88 - 2

BTCP:
TEST NO.t

PROVER TEST VOLUME = 24-. 72 4

AMB. TEMP. 7§:F

25

= START:
BTOPs

GAL.

(1) T=sT FLOW RATE(GPM),

Ps, & "K" FACTOR-1010 COMPUTER PRINT OQUT

oM. FLOW FULSES [WATER TEMP.]K FACTOR CALC CALCULATED (9,]
TE (REP)[ 2 1 ‘r (PULSES/GAL)| & DEV.| TIME(SEC.)
20 117877] oo 7. 4715.88 |r.26 | 61,552
40 176 m: 37 -176.21 E! .i.q:l
__!_Q - Q . [N
80 | 787 r-X-] 12 : ] .
100 | o ° 77 , e e
iig H 0o % % ) ! 2 .
¥ 5 O 3 00 ] 2,
160 3; [T-] 4-'_1' , RO % ;95:3 z":.
180 1 oo 14, 72 4= .0 %: !
[_200 117z 20 ;_g 474, t_ l-n- 2. 45
s pEv. =k K .
TEST 200)] x 100
(200)
HOTES:
BY:
APPROVED: )
Date 12/01/87 108935 Page 6 of 11
REV1-8-88 {1} DELETED-TIME(SEC) .
2) ADDED CALC. TIME
FIGURE B.1, MAINSTREAM METER CALIBRATION. (1 of 4)
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koo okkkkk TURBINE METER TEST 'REPORT  Bokokokok ok ool ok ok ok ok

14 JAN BB 15:40
METER ID: WRFF : DATA BY! e

TEST No, 88-9 Pac€ loF 3
NORERERRIKKRRAOOROERONRKIONEE CALTERATION DATA sk ikl K kiokk bk 1ok Kk

RUN RUN
NETER DATA 2 1
COUNTS ———————m 11724.91  11727.B1
METER FACTOR ——  474.4022%9 474,71972
NEW METER FACTOR: 474,66113 ¢, peEV 2O -
PROVER DATA
FLOW RATE 198,88 196.B4
RUN RUN
METER DATA 2 1
COUNTS =—————— 1172B.12  11727.50
METER FACTOR =-—  474.73217 474.70727 -7
NEW METER FACTDR: 474.71572 +.,01 /e
PRDVER DATA
FLOW RATE 180,40 180,74
RUN RUN
METER DATA 2 1
COUNTS ———————- 11732,20 11730.64
METEK FACTOR ==  474,89744 474.83494
NEW METER FACTOR: 474.B&621
FROVER DATA
FLDW RATE 158.28 158.74
RUN- RUN
METER DATA 2 o
COUNTS ==mm—— 11730.97  1172B.52 g 7
METER FACTOR ==  .474.,84745 474.74853 + .? .
NEW METER FACTOR: 474.7980%
PROVER DATA
FLOW RATE 157.81 158,24
RUN RUN
METER DATA 2 1
COUNTE ——=——==- 11734.89 11734.41 -7
METER FACTOR == 475.00634 474.98581 + .07 I

NEW METER FACTOR: 474,.7%458

PROVER DATA
FLOW RATE 138.70 138.93
*popkkiokkiooookkokkiokkikik TURRINE METER TEST REPORT sokskickolnksiokdornkik ko

FIGURE B.1 MAINSTREAM METER CALIBRATION. (2 of 4)
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FARREERRFANOR R R RN RENKR KRR KL CALIBRATION DATA X0KORRBOKNION KK N AR K I0R K K0k »

RUN RUN
METER DATA 2 1
COUNTS ———————— 11738.64 11739.56 '
METER FACTOR —- 475,15820 475,19531 ‘\lj.
NEW METER FACTOR! 475.17875 3 .
PROVER DATA _
FLOW RATE 117.78 118.87
RUN RUN
METER DATA 2 1
COUNTS ——————— 11750.47 11745.82
METER FACTOR --  475.64501 475.44697 7
NEW METER FACTOR: 47S.54711 + 8 b
PROVER DATA
FLOW RATE 100.567 100.79
METER DATA
COUNTS ——————mr
METER FACTOR —-
NEW METER FACTOR: 475.54711
PROVER DATA
FLOW RATE
RUN RUN
METER DATA 2 1
COUNTS -----==~  11754.40 11756.10 25 %
METER FACTOR -- 475.876%95 475.B4474 +
NEW METER FACTOR: 475.870B4
FROVER DATA
FLOW RATE 77.81 78.40
RUN RUN
METER DATA 2 1 7
COUNTS ~=wm=—=—- 11751.38 11763.90 + .'5\ .
METER FACTOR == 4746.07841 476.1B064
NEW METER FACTOR: 474.12943
PROVER DATA
FLOW RATE 60,37 60,38

ook EkRonkExkkkkxk TURBINE METER TEST REPORT #akkdkkiokliiokkidokkkikxk

14 JAN BB 14:23

METER ID: WRFF DATA BY? -

1’551' N, gs-? PAGE 20F 3
KREKKKKERRERAXRRDORKOOLERERXE CALTBRATION DATA RRKEXKRERKXDERXOOAXEREEXKES
FIGURE B.1 HAIHSTREAMGMETER CALIBRATION. (3 of 4)
4 .
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RUN
METER DATA 2
COUNTS ———————— 11764.5%
METER FACTOR -~ 476 ,28955

NEW METER FACTOR: 474.23828
PROVER DATA

FLOW RATE 35,97
RUN
METER DATA 1
COUNTS —r==—=—== 11758.4%
METER FACTOR --  475.95142

NEW METER FACTDR! 475.94142

PROVER DATA
FLOW RATE 1%.74

RUN

1
11764,05
474.18476

3735

AEDC-TR-89-8

+-357'

oKk xkkkkkk TURBINE HETER TEST REFORT kRERiciokdiioiolokkkkkok sk

14 JAaN BB 14:31
METER ID: WRFF

TEST No, BP-9 PAGE 3B o

F3

ARk EREOREERRoR kR RkER CALTERATION DATA soopkiokdkakk sokon koo ko

METER DATA
COUNTS ~~——-——-
METER FACTOR --
NEW METER FACTOR: 474,23828

FRAVER DATA

FiL.OW RATE

RUN
METER DATA 2
COUNTS ~=me———- 11757.88
METER FACTOR -- 475.93701

NEW METER FACTDR: 475.87670

PROVER DATA
FLOW RATE 21.%6

FIGURE B.1 MAINSTREAM METER CALIBRATION.

RUN
1
11754,.,%1
4735.81440

21.98

87
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WIDE RANGE FUEL PLOWNETER

CALCULATION SMEET ~ % DEVIATION

pare:  /-18-88
TEST NO.1 -{io £ 88 -
NOM, FLOW
[RATE (RE?) 3 DEV.
8 -1.65
.5 =71.57

1.0 —

1.0 =
— 2.0 - 50
2.0 =
—Tlg.a —

1.0 =

3 45—
BIN ] — ﬁ
e =t

0.0 + ]
BE3:3 Iz
% DEV. CALCULATED AS FOLLOWS:
SDEV. = - K X 100

TEST 180 GFM
(180 GPN)

BY: ')kjé&-?
AFPROVED: N,
Date 13/01/87 108935 Page

FIGURE B.2. SYSTEM CALIBRATION. (1 of 5)
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WIDE RANGE FUEL FLOWMETER
CALIBRATION DATA SHEET NO. 1
SERAFHIN FLASK CALIBRATION

DATE: /-18-88

TIME-START: 9217 AMB. TEMP. START: 52 =
-?

STOP: (o !35 STOP: 56 F
TEST NO: -0
RECORDEDS DATA

SYs.

NOM FLOW | TIME |VOLUME E — " |WATER PRESS
RATE (GPM)| (SEC) | [GAL) +/-:_n’|"_mu‘ B LI EYS___|TEMP (F) (PSI) |

=5 1247, 711.9982 +.50| 48452(/379:2| 934 | 5SS s8
. < ~h|1,.9982

a £

5 v g X

o0
. 0 |8 .4]115.0003] & 17013 ?
— 2.0 284.0% 19,9955 © iz;m-"ﬂ?s‘[‘o ]
2.0 284.16[9.9955] - 90 147 15799] 170#
4.0 J46.00]|9,.9988] —, ‘gln—z [8iTog a7
4.0 146.0719.9955] —1.40 | 22673 21119 [ 4719
CALCULATED
NOM. FLOW TEST VOLUME TEST FLOW K-FACTOR
RATE (REF.) {GAL) RATE {GPM) {PULSES/GAL)
.5 2,000 4 . 484 6.9
+5 > . ool o L4983 2
1.0 o 65 ] 2 430 .1
1.0 g.co 7 . G710 « 78
2.0 q.ﬁﬁr _g.loj?’ 472 .
2.0 ;, g él a 2.110 20, 80
‘ L3 ] L 4' 06 L 1‘ [] _ro
‘l. 9- 4- g; I'-,Euh

DATA BY: W, ho-

APPROVED: 2 44,‘@,,

THIRD RUN Co NDUCTED AT 20 GPH
286.32 sec.  T.28w’ . 89563 I59iS0o  47ul
© 9.9944 2.094 472,50 k EACTOR

1" Flow STRAIGHTENER RE MOVED PRIOR To THIS RUN
SYSTEM ZER0ED BEFORE RUN

Date 12/02/B7 108925 Page 4 of 11

FIGURE B.2. SYSTEM CALIBRATION. (2 of 5)
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WIDE RANGE FUEL PFLOWMETER
CALIBRATION DATA SHEET NO. 2
PROVER CALIBRATION
DATE:__|-18 -88

e - smam 1O AMB. TEHP. START: 570 F
grop: /.40 srom_ 6O°F
TEST NO.3 88-i1
PROVER VOLUME:_ 24,724 GALLONS
RECORDED DATA
(1) TEsT FrOW RATE(GPM), Ps, & K FACTOR-1010 COMPUTER PRINT OUT
R i T B R
3 15038 apeet i1 27
30 27 040 Eﬁ_ __ii__&
T1i2e —;'H'rié—" 'szqi s_g 5%
180 EXFN) Y926 5 46

NOTES: SYSTEM NOT RE ZEROED

'DATA BY: Mﬂé L’z/ﬁ:{
APFROVEDS %Jolv

Date 12/01/87 108935 Page 50f 11
REV1-8-83 il; DELETED-TIME (SEC)
2} ADDED CALC. TIME

FIGURE B.2. SYSTEM CALIBRATION. {3 of 5)
90
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ARIN o AR ERRARANRE o kR ¥ TUSTIR: METAR TEST REFORT ORI N HKOK KRR B Rk R ok

1B JAN 88 11:08
METER 1Dt: WRFP TETA BY S e e e
TEST No, 88~ PAGE L oF 2

AEERAE A FTFLE Ll Kt R AN s RSN KIS COLIERATION DATA FRIOVEETERRERBERRT 445 5 0% wis -

RUN RUN RUN
HMETER DATA 3 2 1
COUNYS ———-~— - 11876-65 11671, 44 11678.70
METER FACTOR —-  472.44868 472.43652 472.73193
NEW METER FACTOR: 472.54272
PROVER DATA
FLOW RATE B.4% 3.51 9.52
RUN RUN
METER DATA 2 1
COUNTS ——---~—— 11680.%0 11482.52
METER FACTOR -~  472.892080 472.88647
NRW METER FACTOR! 472.85375
PROVER DATA
FLOW RATE 16.40 16.18
RUN RUN
METER DATA 2 )
cOUNTS """""""" ' I?u -SI 11727-4"
METER FACTOR - 474.50537 474.70507
NEW METER FACTOR: 474.40522
PROVER DATA
FLOW RATE 30.50 30 .47
RUN RUN
METER DATA a |
COUNTS mme e 11729.8] 11737.10
METER FACTOR - 474.800TE 474.,6909]
NEW METER FACTOR: 474,74584
PROVER DATA
FLOW RATE 80.71 &0.69
RUN RUN
METER DATA 2 |
COMTS -—-- - - 11741.41 11743.32
METER FACTOR. - - 473.27026 475,34765
NEW METER FACTOR® #475,30700
PROVER DATA
FLOW RATE 123.046 122.94
Bocmt R ey g MEE LR WD PILTIN TLET RIN LT s Axd¥akEaixdaces .

FIGURE B.2.  SYSTEM CALIBRATION. (& of 5)
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18 JAN 88 11134

METER 1D:! WRFF T R b e e
Te ceesrmeeee Shabegr DA_IERATILA DNTA RWREIUACERENas g0 tamyrni s
RUN
gETEI'L DATA 2 mlm
OUNTS - - 11728.88 11728.55
HETER FALTOR 474.76293 474.64894
NEW METER FACTOR: 474.71406
PROVER, DATA
FLOW RATE 179 .43 179.52

ST Ve, 88-1l PAGE 2 6F 2

FIGURE B.2.  SYSTEM CALIBRATION. (5 of 5)



WIDE RANGE FUEL FLOWMETER
CALCULATION SHEET ~ % DEVIATION

DATE: J-/9-88

TEST NO.: al-ﬂ-i 88-13

Low PERESSURE CALIRRATION

NOM. FLOW TEST FLOW X FACTOR
RATE (REF) RATE (GPM) {PULSES/GAL ) % DEV.
.5 430 470.? -, 86
1.5 .§}§-+ . 474 -, O]
D . 475, {2 + , 0
%.n .?'3'39 4
L] o L]
2.0 é‘—ﬁ.o ;—%‘w : - 24
i
4.0 m . - ZTd
4.0 2,918 4/73.68 -, 2
'- 5 4 ] F] __IJ 9
15,0 J_ﬂ 473 .02 -, 36
30.0 Y N X 4. B1 + .04 |
60,0 4. 3o 174 . 72 ~D=
20,0 12 4785 .26 = .10
180.0 )7’%%1 75 .72 = . 0%
474.7% -8
% DEV. CALCULATED AS FOLLOWS:
% DEV. = - K )] X 100
TEST) (180 GPM
(180 GPX)
BY: Y. L
APPROVED:___ U Apler
Date 12/01/87 108935 Pags

FIGURE B.3. LOW PRESSURE CALIBRATION. {1 of 5)
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7 0f 11



AEDC-TR-93-6

WIDE RANGE FUEL FLOWMETER
CALIBRATION DATA SHEET NO. 1
EERAPHIN FLASK CALIBRATION

DATE: ___ /-19-58
TIME-START:__ 9: 4o AMB. TEMP, START: 50 F

STOP: oS STOP: 55"
TEST NO: - EA T

RECORDED DATA

_ SYB.
NOM FLOW TIME [VOLUME §—_PULSES _JVATER PRESS
RATE (GPM)| (SEC) |(GAL) | +/-1 FI L 8YS TEMP (F (PSI)
.5 279.8:11.9982| 4 .50| 54623 243] 9242 5% 2o
.5 24 .8111.9982| 4 70| 44227 ) $
1.0 %oi.]& 5.0003] 4+ /. /0 & o7z 123
1.0 e0,.76]5.0003] -6~ o227} [/e78 Z
F-) 294 .0819.9558] - [ 2221473
1.0 -] 9.995%1- ,00 ZZ;E: ) 4'&' T
4.0 152 . 9.9958|~4.20 34150 a4c 4726
CALCULATED
NOM. FLOW TEST VOLUME TEST FLOW K=FACTOR
RATE (REF. ) {GAL) RATE (GPM) (PULSES/GAL)
.5 2.000 4 30 470.9}
-5 Z LK IR X Y/ A
1.0 5‘.a05£ . 425 [®
1.0 L.800 s 4'71_-.27_
2.0 3_,_;_‘;71 2:03 R
=2 P e 2235 %
‘ & W L3 a
4.0 . 9"";}7 3,948 P | .

DATA BY: ”
APPROVED: __ 2 f7: 00y

UNIT P2ERCED BEFoRE TEST
Lo Pressure CALIBRATION

Data 12/02/87 108935 Page 4 0f 1l
FIGURE B.3. LOW PRESSURE CALIBRATION. (2 of 5)



AEDC-TR-89-8

WIDE RANGE PUEL FLOWMETER
CALIBRATION DATA SHEET NO. 2
FROVER CALIBRATION

oare:__ [/ —/7-88

TIME ~ BTART:___ /245 AMB. TEMP. START: 56°F
srors___ /137 stops 6 6°F
TEST NO.: es -3
PROVER VOLUME:__24.724 GALLONS
RECORDED DATA
(1) T=sT rroW RATE(GPM), Ps, & X FACTOR-1010 COMPUTER FRINT OUT
Y e s A B R
. )
s—tEm e g I orleniss
&0 :;?_g R EYX g XU :
i sl T £ >
NOTES:

Lew Pressure CALIBRAT)ON
UNIT NOT REREROED

DATA BY: W ,:/ ﬁ/ﬂﬂ

APPROVED:

Date 12/01/87 108535 Page 50f 1)
REV1-8-83 El} DELETED-TIME (SEC)
2) ADDED CALC. TIME

FIGURE B.3. LOW PRESSURE CALIBRATION. (3 of 5)
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AEDC-TR-88-8

19 JAN g8
METER Ib:

12:53
WRFFE

TEST No. 88-13 Lew Pressure Cacia,

METER DATA
COUNTS

METER FACTOR

NEW METER FACTOR:

PROVER DATA
FLOW RATE

METER DATA
COUNTS - -

METER FACTOR

NEW METER FACTOR!

PROVER DATA
FLOW RATE

METER DATA
COUNTS -

METER FACTOR -
NEW METER FACTOR:

PROVER DATA
FLOW RATE

METER DATA
COUNTS - - - --
METER FACTOR -
NEW METER FACTOR:

PROVER DATA
FLOW RATE

METER DATA
COUNTS
METER FACTOR ---

NEW METER FACTOR:

PROVER DATA
FLOW RATE

F T pmpu——

S8
FERopR Rk b0k Rk ok Roky TURBTNE METER TEST REFDRT $0kKEV ¥ REX®kkkriris ¥ 4v

FIGURE B.3. LOW PRESSURE CALIBRATION.

RUN
2
11686.30
473.03930
473.01806

13.46

RUN
2
11707.01

A73.87748
473.82495

&.98

473 .82495

RUN
2
11731.05

474.85083
474.81079

3.2
RUN
4
117246 .89

474.68261
474.71630

+30

RUN

{
11685.24
472.99658

13.59
RUN

1
11704.40
473.77197

7.08

RUN

1
14729 .07
474.77050

31,09
RUN

1
11728.85
474.749785

58.42

PAGE 4 oF 2



AEDC-TR-88-6

19 JAN BB 13124 .
METEE ID! WRFF DATA BY) e .

TEIT No, 84-13 PAGE 20F 2
kR xoRroonooooooRkkkookkkokk CALIERATION DATA  X0obkokk ook 0ion ok ok

RUN RUN
METER DATA 2 1
COUNTS ———————— 1173%.62 117392.50
METER FACTDR -- 475.19799 475.19726

NE# METER FACTOR: 475.19277%
FROVER DATA

FLOW RATE 124,12 123.90
RUN RLIN
METER DATA 2 1
COUNTE —~—~vmm 11725.28 11725.30
METER FACTOR -- 474,41743 474.41791

NEW METER FALCTOR: 474.41747

PROVER DATA
FLOW RATE 174.43 176415

FIGURE B.3. LOW PRESSURE CALIBRATION. (5 of 5)
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AEDC-TR-88-8

WIDE RANGE FUEL FLOWMETER
CALCULATION SHEET - & DEVIATION

DATE: j-21-88
TEST No.s_ 88-~17 & 88-18

NOM. FLOW TEST FLOW X FACTOR
RATE (REF) RATE (GPM) { PULSES/GAL) § DEV.

L] z 1

-; -53, - £0. 4'7 - .ol
MY q‘;ﬂ .41 | = -]

% DEV. CALCULATED AS FOLLOWS:

* o Ems§: - Flaso spm] X 100

(180 GPM) ™
BY: . d
APPROVED: ﬁﬁ && ___
Date 12/01/87 108935 Page 7 of 11

FIGURE B.4. STABILITY CALIBRATION. NG. 1 {1 of 5)



WIDE RANGE FUEL FLOWMETER

CALIBRATION DATA BHEET NO.

1

SERATHIN FLASK CALIBRATION

AEDC-TR-88-8

DATE: 4"'9»!-—43
TINE-BTART: 7, o0 AMB. TEMP, START: ada
-}
sTor: // ! BTOP: EX°F
TEST RO:
RECORDED DATA —
I — YS.
NOM FLOW TIME |VOLUME WATER PRESS
RATE (GPM)| (BEC) | (GAL + -IS z'i A" |8vs TEMP (F) (PSI)
Y- aaz.s0 l1.99824 50| 447,57 rm agzl 5 32
5 223,90 11.9982]— ,So1viqve 1[I 4 | —————
3.0 [(5.0003}F a7 5739 r}'u"_e S _LT:AH 55
1.0 o [(5.0003__ asls726a [I5%, qa”"«n 2336
2.0 6,03 19,9955[F .25 _;1_1?..1 TSFis> |47, § K]
2.0 256,44 |9.9955]= 1,70 | 57685 _|75911% CENE ;Z
4.0 196,88 9,9955F o 328L6 15y, |y¥éq [X]
4.0 735.55  19.9955 sy, ¥0 | 33795 | Ri357 JVCE& k
CALCULATED
NOM. FLOW TEST VOLUME TEST FLOW K-FACTOR
RATE (REF. ) (GAL) RATE (GPM) (PULSES/GAL)
.5 2.00036 . ;3‘! Yeo. 417
.5 7. 9703 _53% | TART
1.0 5.00/ 97 7. O Yig 262
1.6 Y., e99az .0 8,273
2.0 To , 00011 2098 77,357
2.0 Z §573 2.09] 51.‘1;
4.0 L I Y7 . 5D
2.0 1, 9331 E'__'—' L"‘o% Y1, 7
DATA BY: YW Je Lo lb
APFROVED: Y
UNIT NoT ZERoED BEFORE RUN
LAST 2ER0 3: 30 PM t-2a -88
Date 132/02/87 108935 Page 4 of 11

FIGURE B.4.

STABILITY CALIBRATION. NO. 1 {2 of 5)



AEDC-TR-89-6

WIDE RANRGE FUEL FLOWMETER
CALIBRATION DATA SHEET NO. 2
FROVER CALIBRATION

DATE: 1=2/-58

TIME = START: 2., 40 AMB. TEMP. START: 7 1°F
srop:s  3.5Y gro;s 7 O°F

TEST NO.t 24 -18

PROVER Vorume:s_ 2 4.72.Y4 GALLONS

RECORDED DATA

TEST FLOW RATE (GPM), Pa, & K FACTOR-1010 COMPUTER FRINT OUT

NOM. FLOW PULSES | WATER 8YE. PRESS|CALCULATED

RATE (GPM) 2 TEMP. (*F (PSI) TIME (SEC.)
45169 926 9571 7 58 2.455

e e e

[—eo 1 £ 53] 13 70 '3 1

188 (R . T s B I s i 7973 [

NOTES: NoT REZEROED PRIoR To RUN '

————

paTa By: AW Yo o) éﬁ

APPROVED: 2w ,

Date 12/01/87 108935 Page 5 of 11
FIGURE B.4. STABILITY CALIBRATION. N0. 1 (3 of 5)



AEDC-TR-89-8

ROFR Y RO ooooRIok koK ER KRR CALTIERATION DATA X3R0RREEORR ok 4 3 b & -,

RUN
METER DATA 1
€O0UNTS ————- 114675.45
HETER FACTOR —- A72.460034

NEW METER FACTOR: 472.560034

FROVER DATA

FLOW RATE 7.07

FkdokokkkkkiockoRkonkkkkiDkk TURBEINE METER TEST REFDRT  #MKEKKOREKRIKNEEXERH ROk X

21 JAN BB  14:47
METER ID: WRFF DATA BY ! o e

Fokk bRk ook Kook kK EKEXRR CALIBRATION TDATA 30kkkkskoiokdokkdok ok onkk kokiololok k x

RUN
METER DATA 1
CDUNTS ———————— 11855.34
METER FACTDR -- 471.78710

NEW METER FACTOR?! 471.78710

FROVER DATA
FLDOW RATE 8.23

ok oo kR R kKR TURRINE METER TEST REFPORT R¥icokkkkiiokkRkiokkkokk ks

21 JAN B8 15:02
METER ID: WRFF DATA BY! e

TEST No. BB -18 PraE d oF2
BCAOK R R AR HOKR KRR IO XXX AR EEX CALIBRATION DATA XREXEIORRIEERIORER KKK I OER % KK KI

RUN RUN RUN
METER DATA 3 2 1
COUNTS —w-em——- 11671.10 11476.28 11643.12
HETER FACTOR =-- 472.42407 472.43403 472.10107

NEW METER FACTOR: A472.52905

PROVER DATA

FLOW RATE 743 7,59 7.84
RUN RUN

METER DATA 2 1

COUNTS =======- 11476.%92 114675.10

METER FACTDR -~ 472.465991 472.58093

NEW HETER FACTOR: 472.52304

PROVER DATA
FLOW RATE 14.88 16.48

FIGURE B. 4. STABILITY CALIBRATION. NO. 1 (4 of 5)
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AEDC-TR-89-8

RUN " RUN
METER DATA 2 b
COUNTS —=w====- 11713.94 11718.58
METER -FACTOR —- 474.15B44 474.34443

NEW METER FACTOR: 474.25244

PROVER DATA

FLOW RATE 2B.978 30.09
RUN RUN
METER DATA 2 i
COUNTS ——————— 11714,82 11718.44
METER FACTOR —- 474.19384 474,34057

NEW METER FACTOR: 474.256733

PROVER DATA

FLOW EATE 60.11 60.13
RLUN RUN
HETER DATA 2 i
COUNTS ——————— 11731.63 11731.72
METER FACTOR =~ 474.8B7451 474.B7817

NEW METER FACTOR: 474.B7444

FROVER DATA
FLOW RATE 119,82 119.95

¥popkpkkiopkook xRk TUREINE METER TEST REFORT wlokkckiokiokdkokiikk k.
21 JAN 88 15137

METER IL:I WRFF KATA BY ! e e
TEST Mo, 88-18 PAGE 2 oF 2

HEARKERERREKAKEFBARRAOKRK CALIBRATION DATA RRKRKKEXEKIKRKDERKEERIARLE>

RUN RUN RUN
METER DATA 3 2. 1
COUNTE wo——— -— 11727.13 11726.91 11720.3%
METER FACTOR —— 474.69213 474.6B334 474.41794

NEW METER FACTOR: 474.48774
PROVER DATA

FLOW RATE 153.54 181.30 181.57
RUN RUN
METER DATA 2 1
COUNTS --————-- 11725.81 11725.,92
METER FACTDOR =-- 474.,43867 A474.64331 |

NEW METER FACTOR?! 474.64111

FROVER DATA
FLOW RATE 17%9.20 179.51

FIGURE B.5. STABILITY CALIBRATION N0 1 (5 of 5)
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AEDC-TR-B9-6

WIDE RANGE FUEL FLOWMETER
CALCULATION SHEET - & DEVIATION

DATE:_ /-22 -83
TEST NO.:_ 88-/9 é g8 -20

NOM. FLOW TEST FLOW K FACTOR

|RATE (REP) RATE (GPM) [FULS!:Q{GAL) % DEV.
5 .53 . 2.5
5 . S%
1.0 . 93
1.0
_—2-0 .b
2.0 . &
1
Q.0 2
4.0 4 O0&D
!lo
15,0
30.0

€0. X

20.0 123.6

80, TBo %2

% DEV. CALCULATED AS FOLLOWS:

t DEV. = - K J X 100

TEST) (180 GPM
(180 GPM)

BY: 7[/
APPROVED: :%"ju,fw
Date 12/01/87 108935 Fage 7 of 11

FIGURE B.5. STABILITY CALIBRATION NO. 2 (1 of 5)
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AEDC-TR-89-8

WIDE RANGE FUEL PLOWMETER
CALIBRATION DATA SHEET NO. 1
SERAPHIN FLASK CALIBRATION

pares_ -2 /-8B
TIME-sTART: 3, S5 AMB. TEMP, START: JO°F

STOP: : .32 - STOP: ¢3°F
TEST nm_p‘iﬁiﬂ:' 22-88 ——
RECORDED DATA ]

NOM FIOW | TIME |VOLUME HJM WATER
RATE (GPM) (SEC) |(GAL) } +/- FL L TEMP (F)
.5 2353.8 1.9982]| 4. 60 72

.5 2. 22.0081,9982| . 4
YY) 1A CATTE | R =
1, 20 .2./15.0003| 41,50
2.0 T 2 )
295.54]9.9958] 43,10
4.0 [47 2H9,9955]-)5.z0
4.0 [46 .92]9.9958]-1z Jo
CALCULATED
NOM., PLOW TEST VOLUME K-FACTOR
RATE (REF. ) __(GAL) {PULSES/GAL)
N 0008
.5 :
1.0 5,00 3 a¢
1.0 2 &
2.0 9, °
2.0 Jo,00 46
4-“
W 2.241 85

NeTE ¢ TEST WAS STARTED 3:5% PM om /-21-88
TEST STAND PROBLEMS FoRLED CE SSATION
oF TEST APPReX S:00 PM
TEST RESYVMED |lioco AM -22-88
foMPLETED 1247 AM 1-22 -88

NoT REZEROED PRIOR To RUN - LAST 2ERO /-20-8

Date 12/02/87 — 108935 Page 4 of 11

FIGURE B.5. STABILITY CALIBRATION NO. 2 (2 of 5}
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AEDC-TR-88-6

WIDE RANGE FUEL FLOWMETER
CALYBRATION DATA SHEET NO. 2
FROVER CALIBRATION

DATE: 1-22 -88

TIME - START:1_|2'53 AMB. TEMP. START:__ 45 °F
gTop; 2.3 05 sToP:__ 66° F
PROVER VOLUME: -2 7. 724 GALLONS
RECORDED DATA
(.I.) TEST FLOW RATE(GPM), Ps, & K FACTOR-1010 COMPUTER PRINT OUT
NOM. FLOW | PULSES WATER [8YS. PRESS|carcurarenl| @
TE (GFM) _“_‘EE_'_: 1 TEMP. (*F) (PBI) |TIME(BEC.)
3993 93599 70 58
1_5 ;o 707 o9 70 [4
E—— e
120 TYI1a7 q 70 33
180 iZvaé “93 3 o 25

oT g'za_-EEoe‘b PRIOR To RUM

DATA BY: YA fﬁ
APPROVED: ;

Date 12/01/87 108535 Page 5 o0f 11

REY1-8-83 El; DELETED-TIME({SEC)
2) ADDED CALC. TIME
FIGURE B.5. STABILITY CALIBRATION NO. 2 (3 of 5)
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AEDC-TR-89-6

UN R
METER DATA RE QN
CDUNTS —===——— 11654.79 11&58.02
METER FACTOR —— 471.743%1 471.89477

NEW METER FACTOR: 471.8B2%33

FROVER DATA
FLOW RATE B.85 g.B2

RUN RUN
METER DATA 2 1
COUNTS ——=rm——e 11480.86 11674.1%9
METER FACTOR -~ 472.81932 472.54931
NEW METER FACTOR: 472.B1933

PROVER DATA
FLOW RATE 17.71 17.44
FokiobokkRxonik ok kkEk TURBINE METER TEST REFORT SRNORAOR R 3 ok ok ROk 3k,

22 JAN 88 13110
METER ID! WRFF DATA BY! e
TEST Mo, 88-20 PRGE L OF 2

KRIRREXRR OO ERRRRE CALIRRATION DATA REKKAREAKRAKARKKKKEKRAIKARS

RUN
METER TATA 1
COUNTE -—mm=ww— 11458.44
METER FACTOR ~-- 471.%11B4

MEW METER FACTOR: 471.%1184
PROVER DATA

FLOW RATE 13.33
RUN
METER DATA 1
COUNTS ————=—==— 1146646.37
METER FACTOR =-- 472,232%1

NEW MEYER FACTOR! 472,23291

PROVER DATA

FLOW RATE 15.17

RUN RUN RUN RUN RUN
METER DATA = 4 3 2 1
COUNTS ~==mmmm— 11666.84 11461.45 1147).%4 116464.32 11676 .89
METER FACTOR -~ 472,25195 472,03344 A472.45898 472.14945 472,45B49

NEW METER FACTDR: 472,14282

PROVER DATA
FLOW RATE 15.04 15.06 15.08 15.10 15.12

FIGURE B.5. STABILITY CALIBRATION N0.2 ( 4 of 5)
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AEDC-TR-85-8

RUN KUN
METER DATA 2 i
COUNTE =====wn- 11715.42 11715.40
METER FACTOR —- 474,21826 474.21728

NEW METER FACTDOR! 474,21777
PROVER DATA

FLOW RETE 32.15 31.87
. RUN RUN
METER DATA 2 1
COUNTE "==~ e 11714.462 11718.57
METER FACTOR ——  474.246684 474.34594

NEW METER FACTOR: 474.3043%9

PROVER DATA
FLOW RATE &1.58 61,356
RkkkkokiReRkR o ke EKEXEN TURBINE METER TEST REPORT kfkkiikiokikkiioniokky

22 JAN BB 13:44
METER ID! WRFF DATA BY! _—

™ Nvo, 88-20 PAGC2 OF 2
RKERKEESRREERR OOk KRRk Ek CALIBRATION DATA MKRKIOOKRIRETNNEER KRk RNk

RUN RUN
HETER DATA 2 |
COUNTS ———rw==- 1173%.98 11732,23
HETER FACTOR -- A474.96572 474.,89868

NEW METER FACTOR:!: 474.93432

FRDVER DATA

FLOW RATE 123.02 122.70
RUN RUN
METER DATA 2 1
COUNTS ——=m=—=—=- 11721.10 11720.44
METER FACTOR -- 474.44824 474.422346

NEW METER FAEYORI 474.43530

PROVER DATA
FLOW RATE 1BC. 42 180.35

FIGURE B. 5. STABILITY CALIBRATION NO. 2 (5 of 5)
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AEDC-TR-89-6

WIDE RANGE FUEL FLOWMETER
CALCULATION SHEET - & DEVIATION

DATE: J-25-88
TEST NO.:_88-22¢ 88-2% 40 mumoR puMP TEST

|nou. FLOW TEST FLOW K FACTOR
RATE (REF RATE (GPM) {PULSES/GAL)

5 e 531 .
-] :

1.0 /.08

1-0 L

5.5

] L. 92

1 M
"60.0 : 47314 2 33
20.0 IEO
3 - l - » - ']
% DEV. CALCULATED AS FOLLOWS: 474.72 —-e-

$ DEV. = - K ;I X 100
E(us'r) (180 GPM

{180 GPM)

BY: 2
APPROVED: Zé&:

Date 12/01/87 1085335 Page 7 of 11
FIGURE B.6. AIRMOTOR SYSTEM CALIBRATION. (1 of 6)
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WIDE RANGE FUEL FLOWMETER
CALIBRATION DATA BHEET KO. 1

SERAFHIN FLASK CALIBRATION AR MoToR PUMP

AEDC-TR-B8-8

DATE:__ /-25-B8
TIME-START: /o :3e AMB, TEMP, START) £2°F
BTOP: __ ||;: 28 8TOP: y2-T
TEST NO: Bj_aj. 2
RECORDED DATA T
— _— o BYS.
NOM FLOW ;__muu, — WATER PRESS
RATE {GPM) +/=T 2" 1 BYS5 TEMP (F) (PS1)
.5 1227 947 27 S8
.5 CCIEE
11.0 LBXN1Z X7 6 | %
1.0 r
2.0
z.g 056
0 e
CALCULATED
NOM, FLOW TEST VOLUME TEST FLOW X-PACTOR
RATE (REP. ) (GAL) RATE (GPM) (PULSES/GAL}
.5 1.999 473 ,67
l! M ] Lﬁo - _i
1I° il ‘
—3 5 XL Y 31
2.0
4.0 ] 4ﬁ“ﬁ:—.
[ - [ 3@ k i1
DATA BY: . 4 ool Ao PeessvRe
R Sebn bk PSI
APFROVED: _ 2F .5 ¢4 v
o &S »

% I1CE Buit.D UP NOTED oN AIR 2.0 L5 n
MOTOR DISCHARGE MUFFLER. 2.0 (4 "
DEFResTED BEFORE NexT RuN. 12 .

Date 12/02/87 108935 Page 4 of 11
FIGURE B.6. AIRMOTOR SYSTEM CALIBRATION. {2 of 6)
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AEDC-TR-88-8

WIDE RANGE FUEL FLOWMETER

CALIBRATION DATA BHEET NO. 2

PROVER CALIBRATION
DATE:__|-25 .pf

TIME - BTART:__ J/:3}
BTOP:___ [ So
TEST NO.s__ BB8-23
FROVER VOLUME:___ 24, 7224

RECORDED DATA
(1) TEsT FLOW RATE (GPM),

AIRMOoTOR PUMP

7 °E
23 °F

AMB. TEMP. BTART:
STOP:

GALLONS

P8, & K FACTOR=-1010 COMPUTER PRINT OUT

NOM. FLOW s WATER |5Y5. PRESS|CALCULA
RATE (GPM) [ 3¥ T TEMP. (o®) (PSI)  |STNE(sEe T|CE)
§ 43089 1437 75 Sb lé1.048
i 29z (1 213 o] Z< Y. LA
| E'E J"“?‘E—"L;fiﬁ &2 —54——2+1 EPRIL
| 12 (] Z% 5 4 -
180 ig8727 q g2o b 35 E-IGE

HOTES: NoOoT pez2£RCED BEFORE RUN

Vi

i
L
L]

APPROVED: Lo
REPEAT BGPM 424935 89918
5 GPWM 27697 44424

Date 12/01/87
REV1-B-B3 !1) DELETED-TIME(SEC)
2) ADDED CALC. TIME

A PaessupE

BGaPM &S PsL
15 L7
2o t6
6o 66
JZo &7
JBO ‘1
76°F PesuPsi AR P=z g6 pst
77°F P=St Pst. AIR Pzgé Psi

108925 Page 5 of 11

FIGURE 8.6. AIRMOTOR SYSTEM CALIBRATION. (3 of 6)
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AEDC-TR-39-8

RUN RUN
HETER DATA 2 1
COUNTS =w—~——— 11544.%4 11547.97
METER FACTOR =-- 4167.31B4C¢ 467.44018

NEW METER FACTOR: 4647.37939

FPROVER T[ATA
FLOW RATE ¥.21 713

HETER DATA

COUNTS =mme—e——
METER FACTOR —-
NEW METER FACTOR: 447.3793¢

FROVER DATA
FLOW RATE

QHU/wikkrkiokk RNk ook Ok R TURBINE METER TEST REFORT  MRKRNKIORN KK RokARS

25 JAN B8 12:24
METER 1D WRFF DATA BYS e e ————
TEST No, 8B8-13 AiIRMoeToR PUMP YACE 4L cF §

AR ACKOR KA ¥ o AR A O R RER Y CALTHRATLON DATA WRkRksrk Rk ik k kR Rk kR &%

METER DATA

COUNTS ==—m—mme

NETER FACTOR =-

NEW METER FACTOR: 467.3793%

FROVER DATA
FLOW RATE
Yed FRokekihiobpbrkkRkikkokickiokkk TURBINE METER TEST REFORT skbickiiorionikdokiobrds

23 JAN BB 12127
METER IL0¢ WRFF DATA BY?! mime e

kbokkionoRkiooonEckr ki kikky CALTBRRATION DATA RRIokRRAIOKRK KK &R0k §kksk Ky 30}

METER DATA PRoOVER Frow RATE [NSTABILITY

COUNTS —mmmmm e eé |S GPM Frows RePEATED
METER FACTDR ~-

NEW HETER FACTOR? 467.37939 AT END oF THIS RUN o
PROVER DATA

FLOW RATE

= FeohokkkRpoRkkorRkEkkkoond TURBINE METER TEST REPORT ®RAKKKKIXRNANOKK KRN

FIGURE B.6. AIRMOTOR SYSTEM CALIBRATION. (4 of 6)
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AEDC-TR-89-6

EXREREXRAREXRREERRROOKERKAREX CALIBRATION DATA  R0KORIORE KK KER IR RN

RUN RUN RUN RUN
METER DATA 4 3 2 1
COUNTS —————— 1150%2.11 11605.51 .11413.78 11500.946
METER FACTDOR —-- 449.91502 469.80957 470.10400 449.5B520
NEW METER FACTOR: 449.B4230
PROVER DATA
FLOW RATE 14,23 15.28 16.34 16.55
RUN RUN
METER DATA 2 1
COUNTS ——=—mmwm 114675.85 11675.34
METER FACTOR -~ 472.5164% 472.59594
NEW METER FACTOR! 472.50644
FROVER DATA
FLOW RATE 33.41 33.02
RUN RUN
METER DATA 2 1
LCOUNTE === 11488.43 1148%9.21
METER FACTOR =-- 473.12573 473,10747
NEW METER FACTOR: A73.14140
FROVER DATA
FLOW RATE &3.57 43.08
RUN RUN
METER DATA 2 1
COUNTS ——————- 117045.08 11702.54
METER FACTOR == 473.84008 A73.89477
NEW METER FACTOR: 473.743855
PROVER TIATA
FLOW RATE 123.33 122.%1
RUN RUN
METER DATA 2 1
COUNTS ———~—m—m 11715.57 11718.51
METER FACTOR -- 474,22412 474,3432¢
NEW METER FALTOR: 474,2B349
PROVER [ATA
FLOW RATE 182.793 182.13
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FIGURE B.6. AIRMOTOR SYSTEM CALIBRATION. (5 of 6)
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METER DATA

METER FACTOR ==
NEW METEK FACTOR?

FROVER DATA
FLOW RATE

METER DATA

METER FACTOR --
NEW METER FACTOR:

FROVER DATA

25 Tan 88
TEST 8823 Pace 3 oF 3

RUN
2
11£47.79
472.29028B
472./40502

2.21

RUN
2
115678.47
A72.72341
A472.77270

17 .69

FIGURE B.6. AIRMDTOR SYSTEM CALIBRATION. {6 of 5}

RN
1
115673.45
472.51953

7.33

RUN
1
11480.94

472.82275

17.44
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