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FOREWORD

The American Petroleum Institute takes no position as to whether any method,
apparatus, or product mentioned herein is covered by an existing patent, nor as to
the validity of any patent alleged to cover any such method, apparatus, or product.
Furthermore, the information contained in this standard does not grant the right, by
implication or otherwise, for manufacture, sale, or use in connection with any meth-
od, apparatus, or product covered by letters patent; nor does it insure anyone against
liability for infringement of letters patent.

This standard may be used by anyone desiring to do so, but neither the American
Petroleum Institute nor any of its members shall be held responsible or liable in any
way either for loss or damage resulting therefrom or for the violation of any federal,
state, or municipal regulations with which it may conflict.

Copyright © 1970 American Petroleum Institats
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INTRODUCTION

This standard has been prepared as a guide for design, installation, and
operation of turbine meter systems in liquid hydrocarbon service. Primary
emphasis is placed on the turbine meter and its accessories, bul many of the
concepts and innovations described arc adaptable to other devices concerned
with the volumetric measurement of liquid hydrocarbons. For details of
specific equipment previously documented by the American Petroleum In-
stitute, refer to AP! Standard 1101: Measurement of Petroleum Liquid
Hydrocarbons by Positive Displacement Meler (ANSI Z11.170-1965), APt
Standard 2531: Mechanical Displacement  Meter Provers {ANS5I
Z11.171-1965), and API RP 2533: Melering Viscous Hydrocarbons.

The turbine meler has been recognized as an acceptable quantity mea-
suring device for many years; however, its uscfulness to the oil industry has
become apparent only during the past decade. Improvements to the mea-
suring element and the ever-increasing rates of flow jointly account for vig-
orous interest in a compact, mechanically simple, long-lived liquid meter.

The turbine meler consists of a rotor or propeller which senses the linear
velocity of a flowing stream. The moving liquid imparts a rotational or
tangential velocity to the rolor which is proportional to rate of flow. The
movement of the rotor is detected by mechanical, optical, or electrical
means and is recorded on an appropriate readout device.

Turbine meters have typical performance characteristics that are besl de-
seribed by meter performance curves (see Appendix A, Fig. A-1). Principal
paramecters, such as flow rangeability within tolerable limits of lincarily and
repeatability, are related 1o fluid propertics (i.e., density, viscosity, and va-
por pressure) and to mechanical meter characteristics (i.¢., rotor mass, bear-
ing friction, magnetic drag, and wetted arca refating to fluid imposed drag on
the turbine or rotor).

The combination of fluid propertics and mechanical meter characteristics
produces 2 deviation from an ideal of meter linearity. Accordingly, turbine
meler selection should be governed by an assessment of the characteristic
curves of the proposed turbine meter.

Turhine meters selected for the noted operating criteria, when properly
installed and carefully proved, will perform continuous measurement with a
minimum of inaccuracy.

Mechanically, turbine meters are well able Lo withstand the rigors imposcd
by scvere flow overranging accompanied by extreme flow pulsations. How-
ever, they are susceptible {o damage from extrancous solids entrained in the
liquid, particularly if these are of significant size, but [linely divided solid
parlicles gencrally pass through the meter without causing damage. In rare
cases where large objects become lodged in the meter, even Lo the point of
stalling a rotor, fluid blockage with resultant overpressurization of the sys-
tem is not likely to occur,



The turbine meter system effectively measures liquid volume, but it does
not offer a universal solution to every {low measurement problem — at least
not at this time. This standard describes how a turbine meter system works
and endeavors to give the reader a technical background to better understand
the details of its operation. The descriptive material is incorporated in the
appendixes of the standard. A major effort has been made to describe
techniques and effects that contribute to the successful attainment of a high
degree of metering accuracy and reliability within a demonstrated turbine
meter system capability. Achievement of this goal is the responsibility of the
equipment manufacturer; but {o an even greater degree, it becomes the
responsibility of the ultimate user. Should the highest level of precision be
unnecessary or unjustifiable, 2 number of the recommendations in this stan-
dard may be compromised. Certain of the recommendations should never be
ignored. Thercfore, those which, if not {ollowed, would adversely influence
the satisfactory performance of a turbine meter system have included the
compulsary verb form shall. The word should indicates provisions which are
advisory but not required in every instance. The word may indicates pro-
visions which are optional and, consequently, are at the discretion of the
user.

The intent of this standard is to give the reader the most compleie and
comprehensive information currently available. Because of the lack of ex-
perience in a number of operational areas, revisions Lo this standard will be
required at some time in the future.

Sufficient leeway has been incorporated into this text so that experi-
mentation and equipment improvements may be encouraged withoul cre-
ating undue hardship, while at the same time a procedure may be
implemented to satisfactorily deal with each new application.
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MEASUREMENT OF PETROLEUM LIQUID HYDROCARBONS

BY TURBINE METER SYSTEMS

SECTION I-INSTALLATION

SCOPE

10681  This scction covers the selection and nstal-
lation of turbine meters, their aceessories, and associ-
ated equipment.

CHOICE OF METERS AND AUXILIARY EQUIP.
MENT

1002 All types of measurementl systets musl
meet certain fundamental requirements. These in-
clude accurale proving lacilities; adequale protective
devices such as strainers, reliel valves, and air or vapor
climinators; and dependalle pressure andd fluw con-
trols. A further fundamental requirement is Lthat the
proving of a turbine meter should, to the greatest
possible extent, duplicate the normal operaling con-
ditions of the meler.

1003 Turbine meter installations include the mea-
suring element and ils readout devices. These compo-
nents of @ meter system may be installed cither
remotely from one another or integrally.

1004 Criterta that should be considered in the se-
lection of a meter and its auxiliary equipment are:

a. Types of liquids the meter will measure, including
viscosily, gravily ruanges, vapor pressure, ard corro-
sivity.

b. Range of operating flow rates and type of tlow —
continuous or intermiltent.

c. Performance characteristics reguired for the ap-
plication (sve Appendix A, Fig. A-1).

d. Range of operating pressures and maximum al-
lowable pressure loss through the meter when run at
the maximum anticipated flow rate.

e.  Temperature vange within which meter will oper-
ate and the applicability of automatic temperature
compensalion.

f. Space available for meter installation.

g Quantity and size of abrasive and corrosive con-
taminants that may be carried in the liuid stream.

h. Types of readout devices or indicating systems to
be employed and signal preamplification, if required
(see Appendix A, Fig. A-2)

i.  Compatibility of auxiliary meter readout equip-
ment and flow rate indication. il included in the
syslem; ease and method of meter registration adjust-
ment, if desired.

j. Power supply requirements for continuous or in-
termitient meter readout.

k. Eleetricad code requirements,

L Type and method of proving to be employed.

m. Maintenance methods and cost.

n. Class and Lype of end conneclions.

1005 Aulomatic temperalure compensators and
sravity sclectors, if installed, shall be chosen to re-
spond to operating condilions within volume and
temperalure measurement {olerances required  (see
Appendix B, Par. B-23 through B-26).

1006 Valves thal may affect measurcment aceur-
acy in a measurement system shall be capable of rapid
yel smooth opening and closing, They shall provide u
positive shutoll and should be equipped with a telt-
tale bleed.

1607 Any bypass around a meter or battery of
melers shall be provided with a blind or a positive
shuloll deviee eyuipped with a tefliale bleed.

1008 Spring-loaded or sell-closing valves shail be
of such design that they will nol open to admit air
when subjected Lo hydraalic hammering or to vacuum
conditions.

1009 For intermitient flow service, valves shall be
ol the fast-acting, shock-free type to minimize the
adverse effeets of low flow rates when starting and
stopping liquid movement.

FLOW STRAIGHTENING

1010 Turbine meter performance can be affected
by liquid swirl and nonuniform velocily profiles in-
duced by upstream  piping configuration, valves,
pumps, joint misalignment, and welding projeclions,
icicles, or other obstructions. For these reasons, flow
straightening is an importanl aspeel in the design of
the meter run.
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1011 Flow straightening is an established com-
mon practice. It is accomplished by the use of suffi-
cient lengths of straight pipe or a combination of
straight pipe and straightening vanes employed in the
meter run to condition the fluid flow immediately
upstream and downstream of the turbine meter.

1012 When only straight pipe is employed, the
fluid shear or internal friction belween the fluid and
pipe wall must accomplish flow straightening. Consid-
eration should be given lo computing the upstream
pipe length in aceordanee with Appendix C.

1013 When straight pipe with an internal element
is employed in either the upstream or downslream
portions of the meter run, the internal elements usu-
ally consist of a cluster of tubes, vanes, or equivalent
devices inserted longitudinally in the section of
straight pipe (sec Appendix A, Fig. A-3). Such
straightening elements effectively assist in the flow
straightening and conditioning requirement. Where
this type of flow straightener is used upstream of the
meter, the total straightening section is approxi-
mately 10 pipe diamelers long and usually incorpo-
rales an upstream mixing chamber 2 to 3 pipe
diameters long ahead of the straightening vanes, a
straightening vane assembly 2 to 3 pipe diameters
long, and a terminal mixing chamber — immediately
before entry into the meler — approximately 5 pipe
diameters long. Internal element flow straightencrs
may also consist of a series of perforated plates or
wire mesh sereens to accomplish the desired results,
but these forms are less commonly used.

1014 Proper design and construction of the
straightening vane assembly used in an internal ele-
ment flow straightening section is important to en-
surec that swirl shall not be generated by this
assembly, thus negating the function of the entire
flow straightening section. 1t is recommended that:

a. Elements be manufactured from thin-wall tubing
or light-gage metal vanes suilably smoothed on the
leading and trailing edges.

b.  No less than four tubes or vanes be employed.

¢. In cross-section, the design be as nearly uniform
and symumeltrical as possible.

d. In straightening vane assemblies constructed of
tube bundles, the L/D ratio of each individual tube of
the bundle be at least 10 to 1 (sce Appendix A, Fig.
A.3, ltem d).

e. Design and construction be sufficiently rugged to
resist distortion or movement at high flow rates,

[ Alignment of straighlening elements be parallel to
the pipe axis.

g General internal construction be elean and free of

welding icicles, burrs, and oversize weld beads.

1015 In addition to the usc of flow straightening
sections, there shall be a maximum separation of the
meter run from pumps, elbows, valves, and other fit-
tings which may induce swirl. Flanges and gaskets
shall be internally aligned.

PIPING INSTALLATION

1016 A schematic diagram {or a turbine meter in
liquid hydrocarbon service is presented in Fig. 11 to
provide a working basis for the design of a turbine
meter run and related equipment. Certain items may
or may not be required for a particular installation.

1017 Turbine meters normally are installed in a
horizontal position. The manufacturer should be con-
sulted if space limitations dictate another attitude.

1018 Where the {low range is too great for any
one meler or for its proving, the installation of a bank
of meters in parallel may be used. I meters are oper-
ated in parallel, each individual meler shall be equip-
ped with a readout device.

1019 Meters shall be installed in such a manner
that they will not be subjected Lo undue strain and
vibration. Provision should be made to minimize
meter distortion caused by piping expansion and con.
traction.

1020 Measurement systems shall be installed in a
manner which will result in maximum dependable op-
erating life. In certain services, this requires that pro-
tective devices be installed to remove abrasive from
the liquid or other entrained particles which could
stop or cause premature wear of the metering mech-
anism. If strainers, filters, sediment lraps, settling
lanks, waler absorbents, a combination of these
items, or other suilable devices are required, they
shall be sized and installed to prevent flashing of the
liquid prior to its passage through the meter. These
protective devices may be installed singly or in inter-
changeable battery form, depending on the import-
ance of continuous service. In services where the
liquid is clean or the installed meter does not require
or warrant protection, elimination of protective de-
vices may be desirable.

1021 Mcasurement systems shall be installed so
that the meter will operate within its viscosity, pres-
sure, temperature, and flow range.

1622 Meters shall be adequately protected from
pressure pulsations and excessive surges as well as ex-
cessive pressures caused by thermal expansion of the
liquid. This may require the installation of surge
tanks, expansion chambers, relief valves, and/or other
protective devices:
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METER RUN

FLOW

Legend:
1. Block valve
2. Pressure gage (optional)
3. Filter, air climinator, and/or stratner (as required)
4. Straight pipe (Appendix C)
5. Straightening vance {as required)
6. Turbine meter
7. Straight pipe (with straightening vane, as required)

8,
9.
1

11.

12.
13.

Pressure gage

Thermometer

Proving conncctions (should be downstream of
meler run)

Valve with double-block and bleed or valves with
a telitale bleed

Control valve (as required)

Check valve (as required)

NOTE: All seclions of line which may be blocked between valves should have provisions for pressure relief.

FIG. I-1-Turbine Meter System Schematic Diagram.
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1023 When an automatic deviee, such as a
flow-limiting valve or restricling orifice, is required to
prevent flows in excess of the maximum rated capac-
ity of the meter, it should be installed downstream
from the meter run, whenever possible. 1 a
pressure-reducing deviee is used on the inlet side of
the meter, it shall be installed as far upstream from
the meter run as possible. It shall be adjusted so that
sufficient pressure will be maintained on the outlet
side of the meter run o prevent any vaporization of
the metered Liguid,

1024  Any condition thai tends to contribute to
the release of vapor from the liguid shall be avoided
by proper system design and by operation of the tur-
bine meter within the combined rated flow runge and
back-pressure requirement, Flow separation and va-
porization in the turbine meter are best controlled by
operating the meter within the manufacturer’s rated
range and at a minimum back pressure, BP, immedi-
ately downstream of the meter, equivalent o twice
the pressure drop, AP across the meter at maximum
flow plus 1.25 times the vapor pressure at maximum
operating temperature (BP = 24P+ 1.25 absolule
vapor pressure), Location of the meter run should
determine the need for incorporating or considering a
hack-pressure valve or a pressure-reducing valve (sce
Appendix A, Fig. A-4.)

1025 Each meter shall be installed in such a
manner as to prevent passage of air or vapor through
il. In some cases, it may be necessary to install vapor
elimination equipment ahead of the meter to accom-
plish this objective. When air elimination equipment
is used, the air-release vents shall be adequately piped
Lo an appropriate and safe location.

1026 Meters and piping shall be installed so that
accidental drainage or vaporization of liquid is avoid-
ed. The piping shall have no high points or pockets
where air or vapor might accumulate and be carried
through the meter by the added turbulence resulting
from increased flow rate. The entire installation shall
be such that air will not be introduced into the sys-
tem through holes, leaky valves, piping, glands of
pump shafls, or connecting fines.

1027 Lines from the meter to the prover shall be
installed so that the possibility of trapping air or va-
por is minimized. This can sometimes be accom-
plished by sloping the meter calibration line upward
to the prover. The distance between a meter and its
prover should be as short as possible. The size of the
gonnecling lines shall be large enough to prevent a
significant decrease in How rate during proving.

1028 Piping shall be designed so that the volume
of liquid retained in the piping from the meter to the

point of delivery into the prover shall be the same at
the end of each delivery.

1029  Special consideration should be given (o lo-
caling each meter, its auxiliary equipment and piping
Lo minimize commingling if dilferent liquids are han-
dled through them.

1030 Most turbine meters will register {low in
both directions. When this is not desired, flow rever-
sal should be prevented.

1031 A rcliable thermometer, or a thermomeler
well permitting the use of a temperature-measuring
device, shall be installed immediately downstream of
a meter run to permit determination of metered
stream temperatures. The thermometer specifications
and installation details are the same as those pre-
seribed for prover tank thermometers in AP Stan-
dard 1101, Par. 2014 through 2017. U
temperature-compensaled melers are used, a suitable
means {or checking the operation of the compensat-
ing devices is required.

1032 A reliable recording or indicating pressure
gage of suituble range and accuracy shall be installed
in or near the inlet or outlet of every melter run where
determination of the meter case pressure is required
(sce API Slandard 1101, Par. 2018).

1033 Measurement systems shall be provided with
cither manual or automatic means to permit proving
the meter under the same conditions of flow rale,
pressure, temperature, and liquid characteristics as ex-
ist during the normal operation of the meter.

ELECTRICAL INSTALLATION

1034 Every turbine meter has the capability of
producing an electrical output which may be used to
operate a wide variely of readout devices. Many of
the methods employed to produce this electrical sig-
nal are described and discussed in Appendix D.

1035 The output signal of a turbine meter may be
considered to be a train of electrical pulses, with cach
pulse representing a discrete volume of liquid
throughput. Two approaches have been taken to pro-
duce electrical pulses. The first method dircetly trans-
lates the mechanical motion of the rotor, or metering
clement, into electrical energy through magnetic in-
duction. The second method requires that external
electrical power be supplied to a proximity or photo-
sensing device, which may be externally shaft driven,
but does not actually generate electrical energy by
the rotational movement of the metering clement. In
the first method, generally both pulse frequency and
magnitude are proportional to flow rate. In the see-
ond method, only pulse frequency is proportional to
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flow rale since outpul voltage is virtually of constant
magnitude.

1036 Most electronic readout devices condition a
wave form for the counting of cach pulse or measure
the meter output frequency for flow rate indication.
Signal strength may be of a relatively low-power level;
thus installation cenditions should be dealt with as
necessary. Recommendations described herein will be
applicable to all turbine meters but will be required
for low-power-level signals.

1037 A turbine meler system is composed of a
minimum of three components: the meter (pulse pro-
ducer), the transmission line (pulse carrier), and the
readout device (pulse counter and display). It is essen-
tial that these three components be compatible with
one another and that cach of the components meet
the recommended specifications of the turbine meter
manufacturer.

1038 Every turbine meter system must mect two
general requirements (o operale properly. First, the
readout device shall be suffliciently sensitive lo res-
pond to every pulse produced by the turbine meter
throughout its operating  range. Sceond, the
signal-to-noise ratio shalt be sufficiently high so that
spurious electrical signals will not influcnce the read-
out device.

1039 The signal output characteristics (see Ap-
pendix A, Fig. A-1) normally associated with turbine
meters and their influence upon proper syslem oper-
ation are:

a. Pulse amplitude: Each readout device dircetly
connected to ‘the meter (pulse producer) must have
proper sensilivily to operate with the pulse ampli-
tudes generaled over the raled operating flow range.
b. Pulse frequency: The maximum frequency limit
of each readout device must be equal to, or greater
than, the maximum output {requency of the turbine
meter al ils highest expeeled (tow rate.

¢. Pulse width: The duration of every pulse gencer-
ated by a turbine mcter must be long cnough to be
detecled by the readout device.

d. Pulse shape: A sine wave output cannot be used
to operate a readout device requiring a square wave
input withoul adding proper preamplification and
shaping, '

1040 Great care must be exercised in the electri-
cal transmission installation so that signal amplitude
from the turbine meter can be maintained at the high-
est level while reducing the magnitude of the noise
signals, whenever possible. Optimum signal level is
maintained by:

. Limiting the length of transmission line from the

meter to the readout devices,

b. Observing the importance of proper impedance
selection (see Appendix D, Par. D-10).

¢. Using the best available and technically compat-
ible signal transmission cable (see Par. 1042).

d. Introducing a signal preamplificr into the trans
mission system at the turbine meter, il transmission
distance or manufacturer’s requircments so diclate.

e. Ensuring that supply voltages Lo preamplifiers and
constant amplitude pulse generating systems are of
proper magnitude and do not exceed noise level or
ripple requirements as specificd by the equipment
manufacturer.

f. Ensuring that all pickup coils are sccurely mount-
ed and properly located.

g Periodically inspecting and cleaning all terminals,
connectors, connector pins, and wiring junctions.

h. Replacing components which, through deteriora-
tion, result in a weakened signal.

1041 Electrical noise may be the mosl trouble-
some element in turbine meter systems employing
low-level signal outputs. Even high-level output
systems requive that proper steps be taken to elim-
inate false noise signals. Noise signals are super-
imposed on meter signals by three distinct methods:
electromagnetic induction, electrostatic or capaeitive
coupling, and electrical conduction (see Appendix D).

1042 As the operation of the turhine meter sys-
tem is the responsibility of the user, proper intlial
instaflation is of utmost importance. Greal care must
be exercised in effectively isolating the system from
external electrical influences. To minimize unwanted
noise signals, proper grounding and shiclding of mcter
and prover detector transmission cables are manda-
tory. Major considerations are:

a. A shiclded and jacketed signal cable shall be used.
The recommendation of the meter manufacturer
should be followed in selecting the proper number
and size of conductors, the type and material used in
the shield, the outer insulation requirements, and
other considerations. At a minimum, twisted two or
three conductor, stranded No. 18 to No. 22 Awg,
braided shicld, plastic or oil-resistant rubber insulated
transmission wire is suggested.

b. The shield of the transmission cable shall be
grounded only at one point Lo prevent the formation
of a ground loop; grounding of the shield only at the
readout is recommended.

¢. A continuous run of transmission cable should be
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used. wherever possible. Where splices are absolutely
necessary and totally unavoidable, continuity of the
shicld must be assured. The splice shall be wrapped
with clectrical tape to prevent inadvertent grounding,
d.  When maltiple readout devices are used and wired
in parallel, shiclded cable shall be used for intercon-
necting wiring. Grounding of cach shield shall be at
the same point.

¢, The transmission line should be installed in a
metallic conduil, wherever possible. This usually pro-
vides additional shielding against unwanted electio-
magnetic radiation,

f. The transmission line shall not share a conduil
witli any thing other than shielded eables. The conduit
may contain shiclded cabies from mulliple turbine
meters, detector switches operaling a prover totalizer
gating civeuil. direet-current bridge-type temperature
sensors, and the like. However, if the maximum elec-
frical power — in terms of microwatls, milliwatls, or
witlls - carricd by any one transmission cable is 10 or
more times greater than the mininum power carried
by any meter signal transmission cable, separate con-
duits should be provided.

g Rouling ol the trunsmission line and conduit
shotld not closely parallel conduits carrying power to
clectric motors, starters, and the like. Areas of stray
clectromagnetic radiation, such as motor starters and
underground sunp pumps, should be avoided.

f. When transmission cable is run in ducts, as well as
mside control cabinets, every attempt should be made
to keep the shiclded cable bundle intact and separaté
from other conductors. When two or more trans-
mission cables constitute a bundle, they should be
twisted together so that neither transmission cable is
subjected to heavy noise induction.

. Bund-pass [ilters and isolation transflormers may
be used as a4 metbod of atlenualing spurious noise
signals. These should be installed in accordance with
the manulacturer’s instructions.

J- Under conditions of extreme noise, it may be nee-
essary {o isolate the turbine meter from the piping
system by installing gaskets and insulated bolt bush-
ings and washers. This may be particularly necessary
when cathodic protection rectifiers used for corrosion
control are being interrupted during test periods.

k. Spare transmission cable run in a conduit with an
active transmission line shall bave the shield grounded
at the same single point as the active line.

1043 The fulluwing formulas are suggested as a

guide for approximating maximum transmission line
tength for any given {urbine meter system. In areas
where little noise is anticipated, these formulas are
considered conservative.

a. For pickup output voltage of less than 1.000 v
(1,000 mv) at minimum expected flow rates:

Transmission run length, in feet = mv (rms)
output x 1.0 {t per mv.

b. For pickup output voltage from 1.000 v 1o 5.000
v (5,000 mv) at minimum expected flow rates:

Transmission run fength, in feet = mv (rms)
outpul x L5 ft per mv,

¢. For output voltages of 5 v or more, including
outputs from meter-mounted preamplifiers, al mini-
mum expecled flow rates:

Transmission run length. in feet = mv (rins)
output x 2.0 ft per mv.

d. For frequency-modulated, wave absorplion or
other special pickup devices, the advice of the manu-
facturer should be followed.

e. Initems (a) and (b) where the desired run length
is greater than the values derived, it is recommended
that a preamplifier be added to the transmission
system. It should be mounted as close as practicable
to the turbine meter.

1044 Special consideration must be given to the
selection of readout devices for the turbine meter
system. Initial considerations should include:

a. Environment: Ascertain the need for explosion-
proof, weatherproof, corrosionproof, or fungusproof
devices. Evaluate the high- and low-lemperature ex-
tremes.

b. Maintenance: Provide easy access for mainte-
nance and obtain recommended spare parts for items
that have a predictable failure rate such as nixie tubes
and electromechanical registers. Allernative or back-
up devices and standby power supplies are suggested
where continuous service is mandatory.

c. Compatibility: All readout devices shall be com-
patible with the turbine meter and the transmission
system to which they are connected. In those in-
stances where a readout device is a link in a data
transmission system, special care must be taken to
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assure that it has an output compatible with the data
transmission system.

1045 Readout devices are available to perform a
number of different functions. They should be sclect-
ed to assure readout in the desired form. The limits of
each individual readout device should be noted so
that it may perform optimally within the turbine
meter system. Readout devices may be either analog
or digital. Both devices are electronic units which
sense turbine meter frequency but not voltage magni-
tude,

1046 Analog devices are used extensively in flow
rate indication, mulliple stream blending, process
control, and similar applications. An analog output is
obtained by conversion of frequency to a propor-
tional direct-current or voltage, The proportional
direct-current oulput usually displayed on a visual
scale may be used to drive separate control circuits.
Readout may be scaled in units of flow rate, such as
harrels per hour, liters per minule, or pereent of flow.
The overall accuracy of an analog readout device var-
ies hetween 0.1 to 2.0 percent of full-scale indication.

1047 Highest precision is obtained with a digital
readout device which totalizes the individual pulses
produced by the turbine meter throughout an interval
to an aceuracy of plus or minus one count. In its
simplést form, the digital readout device indicates
either total pulses received or pulses received per unit
time from the meter. The basic pulse counter or pulse
totalizer does nol necessarily display flow or volu-
metric units until after calculations are performed
with the appropriate factors Lo convert the accumu-
luted pulses into units of volume or flow rate.

1048 A varicty of clectronic digital readout de-
vices are available for use with turbine meter systems.
The following outline indicates the types and classes
in gencral use Y and includes deviees for special applica-
tions. Readout resolution will be plus or minus one
indicated unit; thus, the value of this unit of registra-
tion can be ol extreme importance.

A. Pulse Totalizing Counters

Those which indicate every pulse received from the
turbine meter and atford the highest degree of read-
vut resolution. They usually incorporate two or more
Hluminated display units. These counters may be clas-
sified as follows:

a. Prover counters: Those in which a special gating
circuit in the counter is triggered by swilches in the
proving system to start and stop the counter.

b. Digital flow rate indicators: Those in which a
gating circuit in the counter starts and stops the
counter over a preselected time interval. A fixed pre-
selected time base provides uncorrected flow rate
indication; a variable preselected time interval can
provide corrected digital flow rate indication, since
meter, temperature, and pressure fuctors may be in-
corporated, and corrected for, in the time base.

B. Computing Counters

Those in which readout is in terms of the number
of multiples or pulses received by the counter. The
readout of these counters may be by means of illumi-
nated display but is normally accomplished with an
electromechanical or mechanical register which re-
quires that the incoming pulses be divided. These
counters may be classified as follows:

a. Fixed ratio computing counters: Thosc in which
the incoming pulses are normally divided by 10, 100,
1,000, etc., so that display is 1/10, 1/100, 1/1,000,
ete., of the total pulses received. Some of these units
are designed to divide by a fixed number other thun a
multipie of 10.

b. Variable ratio computing counters: Those in
which the incoming pulses are divided (or multiplied
and then divided) by variable divide circuits. The di-
vide circuits are selected manually by means of exter-
nal knobs or patch boards based on turbine meter
pulses per volume under specific operating con-
ditions. The selection is made on pulses per volume or
the reciprocal of pulses per volume depending on the
counter manufacturer. Readout is in direct units for a
specific operating condition. Such counters may in-
corporate the meter, temperature, and pressure cor-
rections into the variable ratio and read out the true
net volume, where desired.

¢. Quantity predetermining counters: Those in
which contact closure is provided after a preset quan-
lity is delivered. Quantity may be in terms of puises
for some devices or may be in terms of volume if the
device also performs the function of a variable ratio
computing counter. Repeat quantity measurcment
and batch quantity plus total quantity measurement
options are available for some units.

d. Stepper-motor-driven counters: Those in which
readout is by a mechanical counter driven by a step-
per motor. The stepper motor is driven by an clee-
tronic converter. The converter divides total pulse
input; stepper motor revolutions are directly related
to converter pulse input.
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C. Add-Subtract Counters

Those which diseriminate between forward and re-
verse flow. Increasing registration results from flow in
one direction, whereas flow in the opposite direction
causes the unit to subtract digits.

1049 A tfotalizer is usually equipped with some
form of visual display and may include a printing
mechanism. The most commonly used methods for
translating pulse information into numerical display,
within certain limitations, are as follows: :

a. Electromechanical registers: The first register
wheel is driven by a relay and rachet assembly; most
units have a maximum counting rate of 50 counts per
second. The numerals are either displayed or printed.

b. Stepper-motor-driven registers and tickel

printers: Incremental rotation or a step per input
pulse is used to revolve the register wheels. The num-
erals on the wheels can be read either directly or
printed on paper.

c. FElectronic or illuminated display: The display
usually takes the form of inerl-gas-filled tubes or
backlighted projection units that are capable of
counting at a frequency higher than that encountered
in turbine meter systems. Neither unit is capable of
printing, although photographic recording systems are
available. o : .
d. Memory or storage registers: The registers dis-
play or print information only on command. This
method is used for remole inquiry and data trans-
mission, although a visual display may appear locally
in illuminated form. :




SECTION II-METER PROVING PROCEDURES

SCOPE

2001 This section covers proving procedures
applicable to turbine meters in liquid hydrocarbon
service. Meter proving procedures staled in APl
Standard 1101, Sect, I, and APl Standard 2531,
Sect. VIII, are applicable.

2002 Either of the two types of provers, volu-
metric or gravimetric, described in APl Standard
1101, Sect. II, can be used to prove turbine meters.
However, turbine meters, particularly in larger sizes,
are capable of measurement at very high flow rates;
therefore reference volumes should be designed espe-
cially for such use.

2003 With the volumetric or gravimetric method,
either of the following Lypes of provers can be em-
ployed:

a. Open provers: Those which are open to the at-
mosphere through unrestricted openings.

b.  Closed provers: Those in which a pressure great-
er than atmospheric is or may be maintained during
the meter-proving operations.

PROVISIONS

2004 A turbine meter should be proved in its per-
manent installalion at the expected operating rates of
flow, pressure, temperature, and viscosity on the lig-
uid which it will measure in normal operation. When
a meter is used to measure more than one produet or
grade of crude oil, the meter shall be proved on cach
such product or grade of crude oil which shows a
significant dilference in physical properties affecting
overall measurement aceuracy. The meter shall be ori-
ented in the same position during proving as during
operation so that an unusual bearing load does not
adverscly affect the performance.

2005 Turbine meters can be proved satisfactorily
by either the standing start-and-stop or the running
start-and-stop method, as described in APL Standard
1101, Sect. 1L The standing start-and-stop method is
considered less desirable; however, if used, the follow-
ing precautions must be obscrved:

a. The prover volume shall be sufficient for at least
I min of flow at the maximum anticipated llow rate.

b. The start-stop valve is to be opened to the prov-
ing rate in as short a time as possible, but not so
quickly as Lo cause shock or cavitation to occur with-
in the meter run,

15

¢, The valve must be closed quickly bul withoul
causing shock or damage to the meter or the mani-
folding. Reversed or oscillating flow must not veeur
when the valve is closed.

2006 The running start-and-stop method of prov-
ing is recommended for a turbine meter. In mosl ap-
plications, this method is considered the hest
universal technique for cither the volumetric or gravi-
metric proving of a turbine meter.

2007 All turbine meters are capable of producing
an electrical pulse output for proving. Highest read-
oul precision is obtained with a pulse Lotalizing
counler which accumulates the pulses generated by
the meter during a proving run Lo within plus or
minus one pulse. Such u proving counter wili not nee-
essarity readout directly mto units of volume without
a mathematical correction to convert indicated pulses
10 the units desired (sce Par. 1048).

2008 For meter proving, the following points
should be observed:

a. Prover counter shall display d minimum of five
digits to within plus or minus one count.

b. Total count for a proving run should not be less
than 10,000 diserete puises and preferable more so
that counter error of plus or minus one count will
become £ 0.01 pereent or less.

¢. Input sensitivity shall be sulficient to have the
capability of counting every input pulse of the ampli-
tude generated by the meter at the proving rate.

d. Counter shall he equipped with a manual or elce-
trical reset.

e. Prover counter shall have provisions for external
starl-und-stop through a galing circuit which is actu-
ated by contact closures or equivalent. Mechanical
latching relays are undesirable.

f. An acceptable form of pulsc-doubling for a prover
counter employs the technique of counting positive
and negative pulses, or the equivalent, of the gener-
ated signal. Simple eleetronic frequency mulliplica-
tion is not acceptable.

2009 The minimum proof volume should he such
that a total of at feast 10,000 pulscs, preferably more,
will be counted by a normal proving counter. Thus, if
a meter produces 1,000 pulses per barrel, and a stan-
dard proving counter is used, the 10 bbi of volume
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will be needed; if the same meter is used with a
doubling prover counter (see Par. 2008, item f), then
not less than 5 bbi of volume will normally be satis-
factory.

2010 It is suggested that a minimum of five runs
be made for each proof and the results averaged. This
is particularly necessary in the early life or
breaking-in period of a measurement system and after
an overhaul (see Sect. IV, Par. 4006). Once the per-
formance of a measurement syslem has been estab-
lished, check provings of less than five runs may be
considered salisfactory. Maintaining system factor
control charts (sec Appendix B) facilitates determin-
ing what is acceptable in the matter of repeatability
and sets “action limits™ within which all system fac-
tors can be deemed satisfactory.

MECHANICAL DISPLACEMENT PROVERS

2011 The preferred method of proving utilizes the
mechanical displacement meter prover, described in
APl Standard 2531, and offers the following advan-

tages for turbine meters:

a. Meters can be proved under actual operating con-
ditions, at actual pressures, and on fluids which might
otherwise be difficult to handle.

b. Stable-state flow conditions may be maintained
throughout the meter proving run.

¢.  Time required for proving can be greatly reduced.

d. Combined clements of meter and prover lend
themselves to automatic as well as remole operation.

MASTER METER PROVERS
A. General

2012 Any meter or battery of meters having an
established master factor, which is maintained when-
ever the master meter is relocated, may be used lo
prove a turbine meter by the running start-stop
method (see Appendix B, Par. B-5, and B-25, Ex-
ample 1). The master factor shall be established with
the same liquid and under similar operating con-
ditions as the meter to be proven. Master meter prov-
ing is less precise than proving against a known
volume, and reasonable results can be obtained only
il extreme care is laken to guard against experimental
errors. The most commonly encountered experimen-
tal errors are:

a. Inaccuracies in thermometry (see Appendix B),
particularly when observed temperatures  are

“rounded off™ to the nearesl degree, can introduce
errors of magnitude far greater than any other likely
source. Therefore, it is recommended that the master
meter, or meters, and the run of the turbine meier
being proven be located as close together asis practi-
cable. When this is done, temperatures and pressures
may be assumed equal for purposes of volume coire-
lation between the master meter and melter Lo be
proven. When il is not possible to assure thal the
masier meter and the meter to be proven aie oper-
ating under necarly identical pressure and temperature
conditions, then pressure and lemperature shali be
observed with the preatest possible precision, and
appropriate correclions made.

b. Preferably, both master unil and meter to be
proved should be equipped with prover counters con-
necled in such a way that all counters can be started
and stopped simultancously.

¢.  Master meters should be instalted downstream of
the meter lo be proved, whenever possible. In par-
ticular, the temporary installation of a master meler
upstream of the meler to be proved may adversely
affect the desired long-term performance of the tur-
bine meter system.

B. Positive Displacement Meters with Master Factors

2013 If positive displacement meters with master
factors are utilized, il is suggested that the units be
equipped with pulse generators, or similar devices,
capable of producing a high-resolution oulput. When
so equipped, the reference volume for proof becomes
the same as that described in Par. 2009, except that
the meter producing the least number of pulses per
unit volume shall be used to determine the minimum
required length of run.

2014 Less sophisticated methods may be used to
prove a turbine meter with positive displacement me-
ters having master factors providing the following
conditions are understood and acceptable:

a. Error resulting from reading the displacement
meter register “on the fly” may cause an excessive
scatier in readings.

b. Rate changes occurring during the proving cycle
may cause the turbine meter to respond more rapidly
than the displacement meter, resulting in pessible
scutler. :

¢. When a pulse generating device is not used with
the positive displacement meter, the minimum run
length should equal the least reading of the register
times 10,000, That is, if the register can be consist-
ently and precisely read to the nearest 1710 bbl, the




MEASUREMENT OF LiQuiD HYDROCARBONS BY TURBINE METER SYSTEMS 17

minimum proof volume would be 1,000 bbl; if to the
nearest 1/100 bbl, the proof volume would be 100
bbl. If proof runs conducted in this manner are not
satisfactory, a series of runs of larger volumes should
be made until repeatability is satisfactory to all par-
ties concerned.

C. Turbine Meters with Master Factors
2015 A turbine meter with a master factor may

be utilized as a proving standard provided the follow-
ing precautions are observed:

a. Both units have sufficient flow-straightening de-
vices so that one unil does not adversely affect the
performance of the other.

b. Electronic readouts are all properly grounded at
the same single point.

¢. Both counters are noisefree under zero flow and
“open gate” conditions.

d. Both counters are started and stopped by the

same initiating signal or contact closure. (Internal
electronic gating circuits are recommended.)

VERIFICATION OF COUNTER REGISTRATION

2016 When a prover counter is used to determine
a factor that is to be applied to a computing counter,
the result of this factor as applied to, or performed
by, the computing counter must be verified. This may
be accomplished by operating both counters simulta-
neously for a period of time to assure readout resolu-
tion of one part in 10,000 for both counters. The
appropriate factors to arrive at net volume for each
counter are applied and these two net volumes com-
pared. The difference between the two readout sys-
tems should be minimal and, if warranted, the cause
of error should be determined and corrected. The reg-
istration of the computing counter may be verified by
the proving counter. This is accomplished by gating
the prover counter when it displays a nominal 10,000
pulses and by gating the checked counter when a
whole digit is exactly displayed on the latter.



SECTION HI-EFFECTS OF TEMPERATURE AND PRESSURE VARIATION ON METER MEASUREMENT

SCOPE

3001 This scetion deseribes the physical effects
on a meter as the result of changing its internal Liquid
temperdure oF pressure, or both. These effects in-
clude  mathematical  corrections by which  the
quantity flowing through a meter may be determined
for a condition of [unpud!un' and pressure other
Hhan thal al which the meter was proved.

PROVISIONS

3602 Turbine meters tend  to be  viscosily
=enzitive. While for an individual meter it may be
pussible to develop an empirical equation whereby
thie meter factor at v centistokes can be computed if
the meter factors are known at x and z centislokes,
thi= cannot be done fur turbine meters as a class.
Atthongh the viscosity of liquids is related to tem-
peraturc, the sensitivity of turbine meters to viscosity
variation implies a corresponding sensitivity to tem-
prrtture changes which cannot be expressed in a
ipantitative way. However, the viscosity sensitivily of
turbine meters is usually negligible at lower vis-
cosities, and so for these liguids the unknown com-
ponent i negligible. For  these  liquids,  the
temperature effects on turbine meters may be cal-
culated by the methods deseribed in this section and
in Appendixes Eand F.

Turbine meters also tend to be nonlincar over a
flow rule range, but a general expression has not been
derived to predict this deviation. As pressure changes
normally result in changes in flow rate, a generally
applicable expression for the pressure sensitivity of
turbine meters canno! be isolated. However, the
meter factor curve on low-viscosily liquids may be
nearly lincar over a wide range of flow rate, and in
these conditions the pressure effects on turbine
meters may be caleulated by the methods deseribed
in this seetion and in Appendixes E and F.

The procedures described in this seetion and in
Appendixes E and F are therefore applicable to tur-
bine meters which are measuring lower viscosily
liquids, but it is difficull to specify the lower
viscosily limit. On light products and gasolines with a
viscosily less than I ¢St at 60 F, the procedures
should predict the behavior of most turbine meters,
As the ligquid viscosily increases above 1 ¢St at 60 F,
the behavior may start to deviate because of the in-
creasing sensitivity of the melter to viscosity and flow
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ratc. As devialion depends on the size and the type of
meter, il is impossible to slipulate an exact viscosity
range. The procedures deseribed should be applied
only afler accurate measurement has been achieved
and all partics to the transaction are agreeable Lo the
procedure. For liquids more viscous than 15 ¢St al 60
F, and for all crude oils, the mathemalical treaiment
does notl apply and is not recommended. Turbine
melers for these liquids should alweys be proved at
the melering conditions,

3003 A limited change in the temperature or pres-
surc of the more commonly metered light, reflined
liquids usually docs not give rise Lo sufficient changes
in viscosity, density, lubricity, ete., to cause signifi-
cant c¢ffect on turbine meter accuracy. However, this
is not necessarily the case with heavier hydrocarbon
liquids or lighter liquefied gases. Therefore, when
metering liquids where slight changes in physical
properties from temperature and pressure are known
to have hittle effect on meter performance, and where
it is necessary o operate a meler (w1lhout reproving)
at some pressure and/or lemperature other than that
al which the meter was proved, use of the math-
ematical corrections in this section will enable the
mainienance of a reasonable degree of metering
accuracy. The derivations of the correction factors
Cismpc and Cpsmpe which follow are based on metal
propertics and include a number of assumptions
detailed in Appendix E. Although these are logically
sound, it is preferable to prove a turbine meter at
conditions which are identical to its expected
operaling conditions, whenever possible. The use of
the mathematical correction procedure to get from
one sct of temperature and pressure conditions to
another should be employed only with the knowledge
that:

1. Potenlial error increases as the magnitude of the
difference between the proving and operating con-
ditions increases.

2. Meter proof establishes the accuracy of the meter
at the proving conditions and, in so doing, physically
accounts for all variables at those conditions.

DESCRIPTION OF EFFECTS

3004 The cifect of changing the flow rate, vis-
cosity, density, lubricity, and related variables in an
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operating meter cannot be conveniently expressed
mathematically for all makes and sizes of meters. If
only the variables temperature and pressurc are iso-
lated from those nonuniform effects, and if limited
temperature and pressure changes have little or no
significant effect on flow rate, viscosity, density, and
so forth, it may be concluded that changing the tem-
perature or pressure inside a meter changes only the
physical dimensions of the liquid and the meter. The
extent of these latter effects may be obtained from
tables for the liquid and calculated for the meter.
Changing the temperature of the metered liquid with-
in a meter from that which existed during proof
results in: 1, changes in the relative volume of the
liquid, Cetm , in accordance with ASTM D 1250: Stan-
dard Petroleum Measurement Tables; and, 2, changes
in the physical dimensions of the mecter due to ther-

mal expansion or contraction of its housing and parts,
Cism, as calculated in Par. 3010 and Appendix E.
Changing the pressure of the metered liquid within a
meter from that which existed during proof resulls
in: 3, changes in the relative volume of the liquid due
to compressibility, Cpim, in accordance with APl
Standard 1101, Table II; and, 4, changes in the
physical dimensions of the meler arising f{rom
mechanical strain of its housing due to pressure,
Cpsm , as calculated in Par. 3016 and Appendix E.
Only the forcgoing four effects can be expressed in
proper mathematical terms to permit reasonable mea-
surement accuracy under varying operating con-
ditions of temperature and pressure for all meters.
Even then, the reliability of this mathematical
technique diminishes as the extent of temperature
and pressure variations increase.

BASIC FORMULA FOR METER FACTOR

3005 Insofar as flow rate, viscosity, density, lub-
ricity, frictional resistance, and related variables are
considered, a meter factor is valid only so long as the
meter is measuring under the conditions of the vari-
ables which existed when the meter was proved and
for which the meter factor was established. There-
fore, reference conditions of a meter factor, insofar as
the variables are concerned, are based on the con-

ditions which existed when the meter was proved; the
meter factor is applicable only so long as those
proving conditions exist.

3006 With respect to the variables of temperature
and pressure only, the reference conditions of a meler
factor may be selected at any desired values. The
most common technique (an alternative is described
in Appendix F) uscs reference conditions of tempera-
ture and pressure as follows:

Liquid temperature in the meter =60 F.

Liquid pressure in the meter
Meter housing lemperature
Pressure in the meter housing

= pressure in meter al time of proving.
= emperature of meter at time of proving.
= pressure in meter at time of proving.

3007 The general formula for determining a meter
factor having reference conditions as described in Par.
3006 is:

(B V) (Ctlpﬁﬂ) (Cp!pr) (Crspﬁc) (Cpspr)

MFeoapc =

MFﬁO&pc -

(MR) (C!!m 60) (Cplmpc) (Ctsmpc) (Cpsmpc)

However, the preceding formula is greatly simpli-
fied in normal applications so that:

- (B (Cpitpr) (Cespeo) (Cpspr)

(MR)

This assumes that a turbine meler is proven:

1. Against @ mechanical displacement meler prover; and
2. Operated at the conditions which existed at the time of proving.
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Then, the liquid temperature in the meter is identical to that in the prover
so that Crpso and Cimeo have an identical mathematical value and are
self-cancelling. Also, the last three factors shown in the denominator are all
unity (1.0000) since they are mathematically incorporated into the meter
factor for identical operating and proving conditions.

In summary, the remainder of Sect. Ill may be ignored if the aforemen-
lioned two conditions are mel in a turbine meter installation.

NOMENCLATURE

MFsospe = meter factor having reference conditions of
- temperature and pressure as {ollows:

Liquid temperature = 60 F.

Liquid pressure = pressure in meter al proving condition.
Meter temperature = temperature of meter at proving condition.
Meter pressure pressure in meler at proving condition.

1}

BV = base volume of mechanical displacement meter prover or
prover tank when its internal pressure is O psig and its tem-
perature is 60 F.
correction factor for the temperature of the liquid in the
prover to reduce the volume of liquid observed in or dis-
placed from the prover at prover temperature Lo its equiva-
lent volume at 60 F, To obtain Citpes, sce ASTM D 1250:
Cpipr = correction factor for the pressure on the liquid in the prover
to reduce the volume of liquid observed in or displaced from
the prover at prover pressure to its equivalent volume at the
reference pressure of measurement. The reference pressure
of measurcment for liquids having vapor pressures equal o
or less than atmospheric is 0 psig. Cpip, is derived from the

formula
B l-m(Pg—Pc){F)
V,= (V’I)[W]

for converting a volume at a high pressure to its equivalent
volume at a lower pressure (see APl Standard 1101, Par.

il

Cipseo

3046). 1
Cﬂlpr = VL;
then, C o L=(P—P.)(F)
e T T (Pa—P,) (F)
Where:

Py = reference pressure of measurement in pounds per
square inch gage normally considered as 0 psig for
liquids having vapor pressures less than atmospheric.

Pe = equilibrium pressure in pounds per square inch gage
for the liquid in the prover, normally considered 0
psig for liquids having vapor pressures less than
atmospheric.
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Cispeo

Cpspr

MR

Ciimso

Cplmpc

. F = compressibility factor in pounds per square inch for

the liquid in the prover al prover temperature from

APl Standard 1101, Fig. 33 or Table 11.

Py = average pressure on liquid in the prover, in pounds

per square inch gage.
correction factor for the lemperature of the steel in the
prover to reduce the base volume of the prover at 60 F Lo its
equivalent volume at the observed prover temperature.
Cispeo for mechanical displacement provers is obtlained
from APl Standard 2531, Appendix B, Table 1. Crspeo for
prover tanks is obtained from the Ces values in APl Standard
1161, Par. 3045,
correction factor for the pressure on the steel of the prover
to reduce the base volume of the prover at 0 psig Lo its
equivalent volume at the observed prover pressure. Cpspr for
mechanical displacement provers is obtained from API Stan-
dard 2531, Appendix B, Table I1. Cpsp, for prover tanks is
obtained as described in APl Standard 1101, Par. 2116
through 2122, Cpsp,r for all meter provers operating at
atmospheric pressure is equal to 1.0000.
meter registration, closing meter reading minus opening me-
ter reading during a meter proof or during any measuring
period.
correction factor for the temperature of the liquid in the
meter to reduce the meter registration volume at the ob-
served meler temperature to its equivalent volume al 60 F.
Cttm 60 is obtained from ASTM D [250.
correction factor for the pressure on the liguid in the meter
to reduce the meter registration volume at meter operating
pressure to the equivalent volume at meter proving pressure.
When a meter is being proved, the proving and operating
pressure are the same and Cpim pe is equal to 1.0000. When a
meter is operated at the pressure at which it was proved,
Cotmpe is equal to 10000, Cp i pe is obtained by usc of the
following formula (see API Standard 1101, Par. 3046):

c =Py =Py {F,)
e = T (Pa=Po,) (F,)

Where: ‘
Pp = internal meter case pressure during meter proving,
in pounds per square inch gage.
P.p = equilibrium pressure at proving temperature.
Fp = compressibility factor per pounds per square inch

for the liquid involved at the proving temperature
from API Standard 1101, Fig. 33 or Table IL

P, = internal meter case pressure during meter opera-
tion, in pounds per square inch gage. When prov-
ing a meter, Pp = Po.

Peo = equilibrium pressure at operating temperature.
When proving a meter, Pep = Pes.
Fo = compressibility factor per pound per square inch

for the metered liquid at the operating tempera-
ture from API Standard 1101, Fig. 33 or Table 1I.
When proving a meter, Fp = Fo.
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Clsmpc

Cp:m pe

correction factor for the temperature effect on the steel of
the meter to reduce the meter registration for the size of the
meter at operating temperature to the equivalent registration
which would occur if the size of the meter was equal to that
at which it was proved. When a meter is being proved, the
proving and operating iemperature are the same, and Crsmpe
is equal to 1.0000. When a meter is operated at the tempera-
ture at which it was proved, Cism pe is equal to 1.0000. To
obtain C¢smpc, see Appendix E, Fig, E-2.

correction factor for the pressure effect on the steel of a
single-case meter to reduce the meter registration for the size
of the meter at operating pressure to the equivalent registra-
tion which would occur if the size of the meter was equal to
that at which it was proved. When a meter is being proved,
the proving and operating pressure are the same, and Cpsmpe
is equal to 1.0000. When a meter is operated at the pressure
at which it was proved, Cpsmpe is equal to 1.0000. To ob-
tain Cpem pe, see Appendix E, Fig. E-3.

BASIC FORMULA FOR METER THROUGHPUT

3008 The general formula for determining the
throughput of a meter al any temperature or pres-
sure, or both, using the meter factor from Par. 3007
is:

QﬁO&r = (JMR) (MFﬁD&pc) (Cflm 60) (Cplm pc)
(Cesmpc) {Cpsmpc)

Where:

Qsoar = aclual net quantity of liquid at 60 F and
reference pressure passed through a me-
ter as determined by the reference pres-
sure used in determining Cpip and
Cpsp. Reference pressure is taken as 0
psig for liquids having vapor pressures
equal to or less than atmospheric.

All other quantities of this equation are as defined
in Par. 3007.

When a nontemperature compensated meter is
operated at the temperature and pressure at which it
was proved, Cptmpc, Ctsmpe, and Cpsmpe are equal
to dl 0000 and the formula for throughput is simpli-
fied to: ‘

Qeoar =(MR) (MFsoapc) (Ctimso)
TEMPERATURE EFFECTS
Liquid

3009 The liquid correction factor Citmeo to re-

duce the meter registration at the observed meter
temperature to its equivalent volume at 60 F is deter-
mined from ASTM D 1250. The reference condition
of the meter factor, insofar as temperature of the
liquid is concerned, is established at 60 F,

Meter Case and Parts

3010 The steel correction factor Cismpc to re-
duce the meter registration for the size of the meter
at operating temperature to the equivalent registra-
tion which would occur if the size of the meter was
equal to that at which it was proved is determined by
the formula:

Cumpc = [1“1' (EH) (Atpc) ]2[1 + (ER) (Afpc)]

Where:

Ctsmpc = correction factor to reduce the meter
registration for the size of the meter at
operating temperature to the equivalent
registration which would occur if the
size of the meter was equal to that at
which it was proved.

Ey = mean linear coefficient of thermal ex-
pansion of the meter housing material.*
Atpe = meter operating lemperature minus

meter proving temperature. The alge-
braic sign of Alp. must be observed. If
the operating temperature is less than
the proving temperature, a negative
value results which must be used in sub-
sequent calculations.
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Er = mean linear coefficient of thermal ex-
pansion of the rotor material.+

The reference condition of the meter factor, insofar
as temperature of the meter is concerned, is estab-
lished as being the temperature of the meter at
proving conditions.

This equation is discussed in Appendix E. To
simplify the use of the equation, Fig. E-2 showing
temperature correction factor, Ceim, versus differ-
ential temperature, At, for the most frequently used
housing and rotor materials appears in Appendix E.
Enter Fig. E-2 with At on the abscissa and proceed
vertically to the line representing the materials of
which the meter is constructed. If the proving tem-
perature was higher than the operating temperature,
read Cesm on the right-hand ordinate; if the proving
temperature is lower than the operating temperature,
read Crsm on the left-hand ordinate.

3011 Example |

A turbine meter is proved at a {low rate of 3,000
BPH on 61 deg API motor-grade gasoline at a flowing
temperature of 50 F and a pressure of 100 psig and
has a meter factor of 1.0073. Later the meter is stifl
measuring the same gasoline at 3,000 BPH and 100
psig but the flowing temperature has changed to 75
F. The meter housing is Type 304 stainless steel, and
the rotor is Type 416 stainless steel. To determine
Cesmpe, solve by formula in Par. 3010:

Eyg = (96} (10™) in. per in, per deg F for Type 304

stainless steel,

E;p = (55)(10°%) in. per in. per deg F for Type 416

slainless steel.

Alge = 7550 = 425
Crompe = [1+[(946)(10“")](25}1”U4“[{5-5)(10'“)]25)

Crompe = (1.000239)%(1.0001375) = 1.0006

* The mean linear cocfficients of thermal expansion per degree fahr-
enheit for the temperature range of 32 F te 212 F for the following
stainless steels are referenced in Materials Eng 66 |5] Reinhold Pub.
lishing Cotp., New York, Oct. {1967), and also appear in Properties
Data, Republic Steel Corp., Cleveland, Ohio, as follows:

AlSI Types 302 and 304 stainless steels. . ..., (9.6) {10—6)
ARSI Type 316 stainkesssteel .. . .ovu oo oonn. .. (88) {10+6)
AIS] Types 403, 410, and 416 stainless steels ... (5 .5) (!0“6)
AISI Type 430 stainless steel ... ..o .. (5.8) (10-6)

The mean cocfficient of thermal expansion per degree fahrenheit for
the temperature range of 32 F to 212 F for mild steel is referenced in
ASTM D 1750: Standard Tables for Positive Displacement Meter Prover
Tanks, as follows:

AISI Type 1020 steel . ... .0 o oo {6.2) (10-6)

Solving by use of Fig. E-2, the operaling tempera-
ture is greater than the proving temperature and the
value of Crsmpe is obtained from the scale on the left
ordinate:

Aty = 75-50 = +25
Cramge = 1.0006 (rounded off fram Fig. E-2}.

3012 Example I

A turbine meter is proved at a flow rate of 1,800
BPH on a distiliate at a flowing temperature of 68 F
and a pressure of 62 psig and has a meter factor of
0.9982. Later the meter is still measuring the same
distillate at 1,800 BPH and 62 psig but the lempera-
ture has changed to 34 F. The meter housing is Type
304 stainless steel, and the rotor is Type 410 stainless
steel. To determine Cismpe, solve by formula in Par.
3010:

Ey = (96){10°) in. per in per deg F for Type 304

stainless steel,

Ep o= (55)(10°) in. per in. per deg I for Type 410
slainless steel, :
Alpe = 34— 08 = —34
tamge = {14 [(9.6) (10-°)} J{—34) }*{1+[{5.5) (10""?)13”

Cronpe = (0.9996736)*(0.999813) = 0.9992

Solving by the use of Fig. E-2, the operaling tem-
perature is less than the proving lemperature and the
value of Crsmpc is obtained from the seale on the
right ordinate of the graph.

Alp, = 31—08 = ~34
Ciampe = 0.9992 {rounded off from Fig. E-2).

PRESSURE EFFECTS
Liquid

3013 The liquid correction factor Cptmpe Lo re-
duce the meter registration at the observed operating
pressure lo its equivalent volume at the pressure at
which the meter was proved is obtained from infor-
mation in API Standard 1101, Par. 3046 and Par.
4008 through 4011 and is determined as follows:

o L= (P Poy) (Fy)
phmpe = 1"‘ {Pa‘—Pcn) (Fa}

Where:

Cptm pc = correction factor to reduce the meter
registration al the observed operating
pressure Po to its equivalent volume at
the pressure at which the meler was
proved Pp.

= internal meter case pressure during the

-
!



24 AMERICAN PETROLEUM INSTITUTE

meter proving, in pounds per square
inch gage. _

Pep = equilibrium pressure of metered liquid
at the proving temperature, in pounds
per square inch gage.*

Fp = compressibility {actor in pounds per
square inch for the metered liquid at
the proving temperature from API Stan-
dard 1101, Fig. 33 or Table 11.

Py = internal meter casc pressure during
meler operation, in pounds per square
inch gage.

Peo = equilibrium pressure of metered liguid
al the operating temperature, in pounds
per siquare inch gage.»

Fo = compressibility factor in pounds per
square inch for the metered liquid at
the operating temperature from APl
Standard 1101, Fig. 33 or Table 11,

The reference condition of the meter Tactor, insofar
as pressure on the liquid is concerned, is established
as being the pressure on the liquid at proving con-
ditions.

3014 Exemplel

A turbine meter is proved al a flow rate of 3,000
BPH on 61 deg API motor-grade gasoline at a lowing
temperature of 50 F and a pressure of 100 psig and
has a meter faclor of 1.0073. Later the meter is still
measuring the same gasoline at 3,000 BPH and 50 F
but the internal meter case pressure has become 625
psig. For the 625-psig operating condition, Cprmpc is
as follows:

P, = 625
Poand P =0
. P, = 100
Fp and F, = 0.0000074 (from API Standard 1101, Table
I, for 61 deg API motor-grade gasoline
ats0F).
Substituting,

1— (100—0) (0.0000074)
(. _— = 1.00;
s = 1695 -0) (0.0000074) — L0039

3015 Examplell

A turbine meter is proved at a flow rate of 1,800
BPH on a 44 deg API distillale at a flowing tempera-
ture of 68 F and a pressure of 435 psig and has a

*If equilibrium pressure is atmospheric pressure or below, use zero
gAEC pressure.

meler faclor of 8.9951. Later the meter is still mea-
suring the same distillate at 1,800 BPH but the {low-
ing temperature has changed to 75 F and the meter
case pressure to 51 psig. At the new operating con-
dition, Cplm pe is as follows:

P, =~ 51
P,and P, =0
P, = 435

1

F, at 68 F = 0.0000058 (from APl Siandard 1101, Table
11, for 44 deg API distillate at 68 F) .

F, at 75 F = 0.0000059 (from API Standard 1101, Table
I, for 44 deg AP] distillate at 75 F).

Substituting,

1 — {435~ 0} (0.0000058)

— . )7
wuee = (21 —0) (0.0000050] = U007

C

Single-Case Meter Dimensions

3016 Both single- and double-case turbine meters
are in use. The internal case of a double-case meter is
always surrounded by essentially equal pressurce;
therefore, it will not expand und contract with opera-
ting pressure changes. Double-case meters always have
a sieel correction factor of 1.0000 al all pressures.
However, all single-case meters are affected by pres-
sure varialions as follows.

The steel correction faclor Cpsmpe to reduce the
meler registration resulting from the size of the meter
al operaling pressure {o the equivalent registration
which would vecur if the size of the meter duc to
pressure was equal to that at which it was proved is
determined by the simplified formula:

szmepc =1+ (APN) (Y)

’

Where:

APy = internal meter case pressure during opera-
tion, Py, minus internal meter case pres-
sure during proving, Pp. The algebraic sign
of AP must be observed. A negative value
must be used as such in subscquent calcu-

lations.
Y = turbine meter modulus as determined by
the formula
Y (2~-v) (2R)

w)(lm fg._.)(zn

Where:

Poisson’s ratio (averaged at 0.333).
radius of meter housing bore.

~3
o
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m
il

modulus of elasticity of the metal
of the housing.

A1 = area of rolor.

! wall thickness of meler housing.

it

The reference condition of the meter factor. insolar
as metal strain of the meler is concerned, is estab-
lished as being thal cansed by the pressure within the
meter 2l proving conditions.

This formula iz discussed in Appendix E. 1t pro-
vides the correction factor (o enable measurement at
a meter operaling pressure other than the pressure
whith existed during the meter’s prool. The vor-
rection faclor considers only the physical changes ina
meter's dimensions arising from metal strain because
ol pressure. [ assumes there is no change in the
volume ol the rolor or slator with pressure changes
and does not consider physical or accuracy variations
arising from changes in liquid densily, viscosily, rie-
tonal resistanee. and Tabricity,

3017 To simplily use of this formula, Fig. E-3 of
the pressure correclion lactor Cpgm versus AP s
presented in Appendix Eo The values along the
abscissa of this eraph represent the operaling pressure
minus the proving pressure, denoted as £ AP T the
operating pressure exceeds the proving pressure, AP is
plus and the value o Cpgm s oblained from the
ordinate scale at the lett. If the proving pressure ex-
ceeds the operating pressure, AP s minus and the
ordinale scale at the right is used. To use Fig. E-3,
first determine  the value ol the lurbine meler
modulus Y by substitution in the formula shown in
Par, 30106. This vequires a knowledge of the types of
metals, the thickness of the turbine meter wall, ¢, the
dizmeler of the bore of the meler. 2R, and the area
of the rotor, Ar. This inflormation is best oblained
from the munulacturer. A reasonable assumption of
the value of Poisson’s ratio, 7y, may be taken as 0.333
and the value ol the modulus of clasticity as indicaled
in Par. 3016, Next, determine the value of APy Pro-
ceed vertically [rom this latler point on the graph
until the Lurbine meler modulus, Y, is interseeied,
then horizontally to the appropriate vertical scale for
ihe pressure correction factor. It should be noted that

*The modulus of elasticity in tension for the following steels are
referenced in Materiols Eng 66 |5) Reinhold Publishing Corp., New
York, Oct. {1967). and also appear in Properties Data, Republic Steel
Corp., Cleveland, Ohio, as follows:

AlSH, all Series 300 stainless steels

except Types 309, 310, and 330 .. {28.0) (}06) fb per sq in.
AISI, Series 309, 310, 330, and all

Serics 400 stainfess stecls ... ... (29.0) (108} Ib per sq in
AISL, Type 1020 carbon steel .. ... (30.0} (106} Ib per sq in.

once the value of Y for a given turbine meter is estab-
tished. it will never change.

3018 Example |

A 6-in-1D turbine meter of Type 304 stainless
steel, with a housing wall thickness of 0.321 in. and a
rotor arca of 10.0 sq in., is proved at a flow rate of
3,000 BPH on 61 deg APl motor-grude gasoline at a
flowing temperature of 50 F and an internal meter
case pressure of 100 psig and has a meter factor of
1.0073. Later the meter is still measuring the same
gasoline at a flowing temperature of 50 F and at a
rate of 3,000 BPIH but the internal meler case pres-
sure has become 625 psig. For the 625-psig operaling
condition, Cpsm pe is us [ollows:

Cosmpe = 1+ (APp) (1)

AP, = PP, = 625100 = +525
v oo 2=y 2R

(203331 (2) (3)
100 )523 (0.321)

80T

(28,000,000) (l -
= (GO (107)
Coympe = 14 (525} [(B.61)Y(10°7) ] = 1.0005 {rounded
ofly.
or
Cpompe = 1.0005 (rounded off from Fig -3}

3019 Example I

A 14-in.-ID tarbine meter made of mild steel, with
a housing wall thickness of 0.500 in. and a rotor area
of 60L0 sq in., is proved at a flow rate of 12,000 BPH
on distillale at a flowing temperature of 70 F and an
internal meler case pressure of 450 psig and has a
meler Tactor of 0.9992. Later the meter s siill mea-
suring the same distillate at a flowing temperature of
70 F and at a flow rate of 12,000 BPH but the inter-
nal meter case pressure has dropped to 120 psig. At
the 120-psig operating condilion, Cpsmpc is as
follows:
Cowpe = 1+ (APy) (¥)
APy = Py Py = 120—450 = —330
Y= (2—0.333) (2) (6.5)
. 60.0

B Tﬁ“’?z> (2) (0.500)

{30,000,000) ( 1

{118.2) (1677
Crampe = 1-+{—3303{{13.2) (107} ] = 0.9996 (rounded
off) .

i

or
Coampe = 0.9996 (rounded off from Fig, E-3).
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EXAMPLE OF CALCULATION OF VOLUME
METERED UNDER VARYING PRESSURE
AND TEMPERATURE CONDITIONS

3020 The following example illustrates the overall
application of correction factors necessary where
temperature and pressure conditions vary during
meter operation. The example is a composite of
Example I in Par. 3011, 3014, and 3018; and refer-
enee lo them is required for the actual determination
of the correction factor. -

Conditions

A 6-in.-1D turbine meler with a 0.32]-in. wall
thickness, Type 304 stainless steel housing, and Type
416 stainless steel rotor with an arca of 10.0 sqin. is
proved with a mechanical displacement prover. The
essential data for the proving are as follows:

Meter Dala

Flow rate during proving ........... 3,000 BPH
Liquid ........ e 61.0 deg API gasoline
Liquid temperature in meter ........o.es 500 F
Liquid pressure in meter ... 100 psig

Meter registration during proof run .. 16.093 bbl

Prover Dala

Base volume of prover .......... .... 16.182 bbl
Liquid temperalure in prover ........... 480 F
Liquid pressure in prover .............. 90 psig

Prover dimensions ... 12-in. pipe x 0.375-in. wall

This meter undergoes lwo consecutive measurement
periods, Q1 and @2, insofar as temperature and pres-
surc arc concerned. Because of operating circum-
stances, it is impossible to prove the meter during the
second measurement period. In both measurement
periods, the flow rate is maintained at 3,000 BPH,
and the measured liquid is the 61.0 deg API gasoline
with which the meter was proved. The essential data
for the two puriods are as follows:

Measurement Period No. 1

Starting meter reading . ....cove s 878,432 bbl
Final meter reading ............... 910,323 bbl
Liquid temperature in meter ............ 500F

Litjuid pressure inmeter ...oouvuaena..

Measuremeni Period No. 2

Starting meter reading .......... ..-910,323 bbi
Final meter reading ............. 1,011,480 bbl
Liquid temperaturein meter ............ 750 F
Liquid pressure in meter .............. 625 psig

The meter is not equipped with a temperature
compensator but the measurement is to be conducted
on a 60 F basis at atmospheric pressure.

Problem
Determine the following items by caleulation:

Equation (1), meler factor, MFeoape.

Equation (2), quantily throughput for measure-
ment period No. 1.

Equation (3), quantity throughput {or measure-
ment period No. 2.

Equation (4), total quantity throughput for both
measurement periods.

Solution
From Par. 3007:

‘MFGO&;JC =

(BV) (Ctlpﬁﬂ) (Cpfpr) (Ctspﬁﬂ) (Cpspr)
(ﬁ’”{) (Crlm 60) (Cplm pc) (Ctsmpc) (Cpsm p::)

Referring to the proving data:

BV = 16.182 bbl.

Cupeo = 1.0075 from ASTM D 1250, Table 6,
for 61.0 deg APl at 48.0 F.

c _ 1-(0-0){0.0000074) _

plpr 1 —(90 ~ 0) (0.0000074)
for prover at 90 psig and 48 F from
Par. 3007 and API Standard 1101,
Table I1.

Cispso = 0.9998 from APl Standard 2531,
Tabie 1, for 48 F.

Cpspr = 1.0001 from APl Standard 2531,
Table 11, for a prover with 12-in.-ID
pipe x 8.375-in. wall.

MR = 16.093 hbl.

Camep = 1.0063 from ASTM D 1250, Table G,
for 61.0 deg API at 50.0 F.

Cpimpc = 1.0000 for during a proof, the meter

proving pressure is the meter opera-
ting pressure.
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Crsmpe = 1.0000 for during a proof, the meter
proving temperature is the meter
operating temperature.

Cpsmpe = 1.0000 for during a proof, the meter
proving pressure is the meter opera-
ting pressure.

MFeoape =

(16.182) (1.0075) (1.0007) (0.9998) (1.0001)

(16.093) (1.0063)
=1.0073 0y

From Par. 3008:

Qeoar=
(MR) (JMFG{)&pc)(CHm 60) (CplmPC)
(Cpsmpc)

Cesm pc)

For the first measurement period, @1, where the
meter is operating at proving conditions:

MR = 010,323 — 878,432 = 31,891 hbl.

MFeoape = 1.0073

Citmeo = 1.0063 from ASTM D 1250, Table
6, for 61.0 deg API gravity at 50.0
F.

Cptmpe = 1.0000 as the meter is being oper-
ated at the pressure at which it was
proved.

Cismpe = 1.0000 as the meter is being opera-

© ted at the temperature at which it
was proved.

Cpsmpe 1.0000 as the meter is being opera-

ted at the pressure at which it was
proved.

Q1= (910,323 — 878,432) (1.0073) (1.0063)

(1= 32,326 bbl at 60 F and 0 psig.

For the second measurement period, 2, where the
meter is operating at 625 psig and 75 F:

MR = 1,011,480 — 910,323 = 101,157
bbl.

MF¢oapc = 1.0073 This was obtained during
proof.

Cimeo = 09906 from ASTM D 1250, Table
6, for 61.0 deg APl at 75.0 F.
1 — (100 - 0) (0.0000074)

C c = = 1.0044

pimp 1 — (625 — 0) (0.0000082) 00

See formula in Par. 3013, Secl.
HI

Cismpe = 1.0006 See Par. 3011, Example I.

Cpsmpe = 1.0005 See Par. 3018, Example I.

02 = (1,011 480 — 910,323) (1.0073) (0 9906)
(1.0044) (1.0006) (1.0005)
(3)
2 = 101,493 bbl at 60 F and 0 psig.

Total throughput = Q1 + Q2
- 32.326 + 101 493 (4)
= 133,819 bbl at 60 F and 0 psig.

3021 Mathematical procedures for calculating
correction factors to compensate for the effects of
temperature and pressure changes on a meter’s dimen-
sions and on the volume of the metered liquids have
been presented in Par. 3020. This mathematical
technique is based solely on the anticipated dimen-
sional changes in metals and liquids with changes in
temperature and pressure and does not account for
variations in flow rates, viscosily, densily, lubricily,

frictional resistance, and other variables which, to

some degree or other, accompany ltemperalure or
pressure changes within the meter and measured
liguid. Optimum accuracy of measurement is only
obtained by proving a meter at the identical con-
ditions under which it is expected to measure and
obtaining the meter factor for these conditions.



SECTION 1V-OPERATION AND MAINTENANCE OF METERING SYSTEMS

SCOPE

4001 This section covers recommended operating
andl muinlenance practices for turbine meter instal-
lnlions.

CONSIDERATIONS AFFECTING OPERATION

4002 A turbine meter system consists of intricate
mechanical and electrical components, Overall mea-
surcment accuracy depends upon the condition of
those components. Additionally, the proving system,
the frequeney ol meler proving, the correclion fac-
tors used in proving, and the vartations between oper-
ating and proving conditions are of tmportance. All
pirts of the measurement apparatus should be scleet-
ed. operated, and maintained in such a way as to
achieve the desired approach to overall tolerances
whith may be established by policy, mutual agree-
wenl, law, or regulation.

4003 Turbine meters should be operated within
the specilicd flow range and the operating conditions
which produce the desired accuracy (see Appendix
A). They should be operated with the equipment ree-
onmmended by the manufacturer.,

1004 H a turbine meter is used to measure revers-
ible Mow, meler factors shall be obtained for each
dineelion of flow, which usually requires that a bidi-
reciional mechanical displacement meter prover be
rimployed.

4005 Fuilure to ensure removal of foreign malter
alwad of a turbine meter may result in meter damage
mismeasurement.  Precautions should be taken
aginst the colleetion of any foreign material, such as
vegelation, fibrous materials, hydrales, or ice, within
the turbine meter run.

PRECAUTIONS FOR OPERATION OF NEWLY
INSTALLED METERS

1006  When placing a new meler installation in ser-
vive, particularly on newly installed lines, suitable
e should be taken to proteet the meter {rom
damage or malfunction by foreign matter such as slag,
debiris, welding spatter, thread cullings, or pipe com-
pround which might be carried to the metering mech-
anism by the initial passage of liquid. Suggested
means of accomplishing such protection are tempo-
iy replacement of the meler by a spool, a bypass
around the meter, removal of the melering clement,
or instatlation of a snitable protective device ahead of
the meter.

28

INSTRUCTIONS FOR OPERATION OF METERS

4007 Definite operating instructions and stan.
durdized forms for reporling and computing proving
data should be furnished to operaling personnel.
They may include the following items:

a. Instructions for a step-by-step method for meler
proving, al a particular location.

b. Forms for keeping and instructions for inter-
preting measurement system control charts (see Ap-
pendix B) for each product or grade of erude for cach
meler.

. Instructions for reporting to appropriate person-
nel whenever meter factors go “oul-of-control”™ or
shift beyond established tolerances (see Par. 40106).

d. Instruetions setting forth general policy on fre-
quency of meter proving and reproving upon changes
of rates or other variables which affeet meter per-
formance.

e.  Justruetions for witnessing meter provings and/or
meter proving readouts and printouts.

[ Standardized forms necessary to support proving
reporls (see Appendix A, Fig. A-5, or APl Standard
1101, Fig. 34 through 42, and APl Standard 2531,
Fig. 12 through 15.)

g Instructions for step-by-step computation and
forms for recording of supporling evidence in proving
reports. [ Same references as in preceding item (/). ]

h. Instructions for accounting and reporting of cor-
rected metered volumes and all observed data.

4008 Some distinction should be made between
those parts of the systems which can be checked by
operaling personnel, e.g., pressure gages, displacer
diameter, and mercury thermometers, and the more

“critical components which may require the services of

lechnical personnel. Normally, turbine meters and
associated cquipment can be expected to perform
well for Jong periods. Indiscriminate adjustment of
the more complicated parls or disassembly of equip-
ment is neither necessary nor recommended.

METER PROVING

4009 It is recommended that a turbine meter be
installed in a system thal contains a permanent prover
or conncections for attachment of a porlablc praver.

-
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The selection of proving methods shall be acceptable
to all parties involved. Methods of proving and types
of provers are described in Sect. II and in API Stan-
dards 1101 and 2531.

4010 A meter shall not be removed from its meter
run for determination of meter factor. Significant in-
accuracies may result from indiscriminate central
proving of turbine meters. However, the proving of a
unit to determine its gencral performance character-
istics (see Appendix A, Fig. A-1) is acceplable pro-
vided the test conditions duplicate, as ncarly as
practicable, the installation and service in which the
meler will ultimately be used.

FREQUENCY OF METER PROVING

4011 The frequency of proving for any particular
turbine meter system depends upon so many aspects
of the operating conditions that it is difficull to ex-
press il in chronological or throughput lerms.

In general, provings should be quite frequent in the
early history of a particular installation or measuring
system. When  sufficient  test results have been
gathered to establish the meter factor versus flow-rate
curves for each product or grade of crude and to
derive values for one standard deviation in a system
factor value, then measurement system control charts
{(sce Appendix B) can be established. After this has
been done, cach proving, or average of a group of
provings, can be plotted on the control chart, Fre-
quency ol proving can Luper off so long as factors are
“under control” and overall accuracy of measurement
is mutually acceptable to the partics involved.

Meters shall be proved after maintenance; and if
such maintenance has shifted the performance curve
of the meter, it is advisable to repeat the period of
refatively frequent proving, set up new measurement
system control charts, and once the value of one
standard deviation has been established to again taper
off the frequency of check proving. In any event, it is
advisable for the interested parties to agree on a maxi-
mum permissibie interval between check provings.

PROVING SYSTEM ACCURACY

4012 Measurement system control charts may be
used elfectively to disclose changes in the accuracy of
prover syslems. The control charts indicate a change
in the overall meter installation operation. By a sys-
tem of checking and elimination, the reason for the
change in accuracy can be determined and necessury
remedial action taken.

APl Standard 1101 and ISA-531: Specification, In-

stallation, and Calibration of Turbine Flowmelers:
contain information on the maintenance of accuracy
of prover systems.

Prover Tanks

4013 Any change (additions, deletions, or repairs)
of volumetric prover appurtenances in or connected
to the calibrated prover volume, or any internal cor-
rosion or accumulation of foreign material, may
affect the calibrated volume of the prover, The prover
should be recalibrated after any significant change in
page glasses, thermometer wells, or spray lines. It
should be inspected frequently for internal corrosion
and for the accumulation of sediment, rust, vatve lu-
bricant, and other foreign matter. Gage scales should
be inspected frequently, and the prover recalibrated if
there is any indication of gage scale movement.

Mechanical Displacement Provers

4014 The displacer used in a mechanical displace-
ment prover must be maintained in satislactory
condition to provide an adequale scal against the
eylindrical chamber through which it moves. Dis-
placer detection devices and switches must be
maintained in satisfactory condition, but provision
should be made for checking the prover volume sulk-
sequent to such maintenance in a unidirectional
prover (see APL Standard 2531). All critical valves
should be equipped with a telltale bleed so that any
valve malfunction resulting in leakage can be casily
detected.

Gravimetric Provers

4015 With gravimetric provers, il is possible thal
the accuracy of the scales can be affected by such
things as physical damage, corrosion of critical oper-
ating parts, conncction interference, settlement, wind
effects, wear on the knife edges, and friction. Deter-
mination of liquid gravity shall have a precision al
least as significant as other measurcments and dals
used in the proving,

MEASUREMENT SYSTEM CONTROL CHARTS

4016 A measurement system control charl is any
suitable adaptation of the Statistical Control Chart
Method (sce Par. B-21) to meter-measurement prob-
lems as explained and discussed in Appendix B.

Measuremement system control charts are essen-

* Teasative standard being prepared for publication
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tially plots of successive meter factors along the
abscissa at the appropriate ordinate value and within
limiting parallel abscissa representing X %10, X £ 20,
and X % 3o, in which ¢ is the standard deviation.
Such a chart shiould be maintained for each product,
or grade of crude, over a range of rates, for each
nmeter.

METHOD OF DIAGNOSIS FOR SERVICING

4017  Measurement system control charts (see
Appendix B) can be used as a diagnostic tool for
measurement trouble to show when and to what ex-
tent conditions may have deviated from accepted
norms.

When measurement trouble is encountered, a
systematic checking of the measurement system is
recommended. The following components of the
measurement system may be checked but not nec-
essarily in the listed order:

a.  All valves affecting meter proving.

b. Strainers, filters, air eliminators, and water re-
moval equipment.

c. Pulse counters, coil, preamplifiers, signal trans.
mission system, power supply, and all readout devices
(sec Appendix G). '

d. Moving parts and bearing surfaces of the turbine
meter.

e.  Other parts of the meter and meter run.

f. Detector switches in the mechanical displacement
meter prover, or appurtenances of the volumetric and
gravimetric provers.

g Displacer in the mechanical displacement prover.

h. Pressure, temperature, and gravily sensing de-
vices.

i. Operation of meter system and prover at other
than design conditions. ‘




GLOSSARY

This glossary of terms is provided to achieve stan-
dardization of equipment nomenclature, procedural
and functional terms, and phrases specifically orient-
ed to the use of turbine meters in the petroleum
industry. All terms not included herein have generally
been accepted because of their previous inclusion in
APl Standard 1101, Appendix D. Manufacturers’
trade names have not been included, but their equip-
ment has been categorized in broad terms of function
or purpose.

Accuracy: A deviation of an indicated measure-
ment from an accepted primary reference standard.

Air eliminator: A device designed to separate and
remove gases (air or vapor) from the flowing stream.

APl gravity: An arbitrary scale expressing the
gravity or density of liquid petroleum products. The
measuring scale is calibrated in terms of degrees APL
It may be calculated in terms of the following for-
mula:

141.5

Deg APl= A0 F/60 F

—131.56

Auxiliary equipment: The equipment which isin-
stalled in conjunction with a meter, such as an air
eliminator, strainer, vacuum breaker, or regulating
valve, to permit or facilitate the use or operation of
the meter.

Back pressure: The operating pressure level as
measured four pipe diameters downstream from the
turbine meter, expressed in pounds per square inch

age.

Batch: A discrete volume of one type of liquid,
usually designated as such when moved through a
pipeline. (Sometimes referred to as a tender.)

Battery or bank of meters: An installation of
meters connected in parallel.

Bidirectional meter: A meter designed to operate
with flow from opposite directions.

Cavitation: The entire scale of phenomena taking
place in and about an impeller or ttrbine meter rotor
under conditions where local pressures fall close to or
below the vapor pressure of the liquid. 1t covers not
only the formation of vapor bubbles and their col-
lapse, but also the destructive effect on the impeller
or rotor metals.

Compressibility, apparent: The algebraic sum of
the true compressibility of a liquid and the enlarge-
ment of the confining container as a result of
pressure.
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Compressibility, true: The absolute decrease in
volume of a liquid caused by an increase in pressure.

Control chart: A graphical record of the con-
stancy of measurement. On it are shown the * 30
limits of dispersion from the average system factor,
X, within which the measurement system is con-
sidered to be in control.

Counter: An accumulative digital meter readout
device actuated by a pulsing electrical or mechanical
force such that advancement of its numerical indi-
cation is stepwise and directly related to the fre-
quency of its input pulses.

Displacer: An object, usually spherical or cylin-
drical in shape, which has elastic scaling surfaces so
that when it moves along a pipe it contacts the walls
tightly enough to prevent leakage. The object is
driven through the prover pipe by the fluid stream
and displaces a known quantity of fluid between two
fixed, detecting devices. (See APl Standard 2531,
Sect. ITI, for specific types.)

Error: The difference between the indicated value
and the true value. Error can be expressed by a vari-
ety of statistical measures such as maximum un-
cerlainty * 3a.

Filter, electrical: A circuit designed to pass or re-
strict alternating-current signals of a specified fre-
quency range.

Flash: To suddenly release pressure on a liquid,
resulting in partial or complete vaporization. (Some-
times referred to as flashing.)

Flow range: The minimum and maximum f{low
rates established by acceptable limits of meter accu-
racy, under stated operating conditions.

Flow rate: The rate of flow of a fluid expressed in
volume or mass units per unit of time, e.g., barrels per
hour (BPH) and gallons per minute (gpm).

Flow-rate-limiting-device: A device installed in a
line and operated in such a manner as to prevent the
rate of flow through the meter from exceeding the
maximum desired flow rate.

Flow straightener: A device used to dissipate or
minimize the radial velocity (or swirl) of the flowing
stream so that its effect upon performance of the
turbine meter becomes insignificant.

Frequency: The number of complete oscillations
or cycles of a signal per unit time. Usually expressed
as hertz (hz), in cycles per second.

Frequency range: The minimum and maximum
frequency limits of a device.
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High-vapor-pressure liquid: A liquid which, at the
proving temperature of the meler, has an absolute
vapor pressure equal to or higher than existing atmos-
pheric pressure.

Lincarity: The deviation or spread of calibration
dala points from an acceptable straight line over the
defined flow range. (See Appendix A for graphical
presentation.)

Linear range: The range of flow rates within
which the linearity of a meter is specified. May be
expressed as a ratio.

Low-vapor:pressure liquid: A liquid which, at the
proving temperalure of the meter, has an absolute
vapor pressure less than exisling atmospheric pres-
SUFC.

Master factor (curve): A graphical plot of the
meler factors determined by preproving of a meler,
such thal cach meler factor point is a mean value, X,
of a set of n delerminations with a known maximum
uncerlainty, * 3¢ (sce Par, B-3).

Median: A point determined from a set of values
(such as meter factors) so that half of them would be
to the left of or above this point and balf of them to
the right of or below this point—the mid-most value,
The average value with respect o frequency rather
than with respecel to magnitude (see Fig. B-1).

Meter capacity, maximum: The maximum rate of
flow through a meter, as recommended by the meter
manufacturer, for any specified liquid.

Meter capacity, minimum: The minimum rate of
flow through a meter, as recommended by the meter
manufacturer, for any specified liquid.

Meter factor:  Sce Secl. 11T and Appendix F.

Meter reading: The number of units of volume, or
equivalent thereof, read directly from a meter register
or readout device at any particular moment.

Meter registration: The difference between open-
ing and closing meter readings during an interval of
operation of a meter.

Meter run: The turbine meter and the flow
straightening vane or devices, upstreamt and down-
stream, which may be required to condition the fluid
before it enters or after it leaves the meter.

Multimeter accumulator: A device or system for
accumulating the registration of Lwo or more meters
in order that their total may be shown on a single
readout device.

Noise (electrical):  Undesirable, yet delectable sig-
nals which influence a readout device but are not
related to actual flow rale.

Parameter: A quantity to which the operator may
assign arbilrary values, as distinguished {rom a varni-
abl¢, which can assume only those values that the

form of the functlion makes possible.

Pickup: A device for converting rotor movement
directly into an clectrical outpul signal.

Performance curve: A graphic presentation of the
variation of a meter’s {actor, percent deviation, or
pulses per unit volume with respect to flow rate. As
indicated in Fig. A-1, the meter factor and/or percent
deviation is the ordinate scale and the llow rate is the
abscissa. All such performance curves should indicate
the type of liquid and its temperature and viscosity.
Additional engincering variables may be incorporated
on the graph such as flow rate versus pressure foss,
frequency, pulses per unit volume, and voltage oulput
(sce Fig. A-1).

Preamplifier: A device which amplifies and con-
ditions the meter outpul signal for transmission.

Pressure loss:  The dilferential pressure in pounds
per square inch gage measured between points across
a meler in aceordance with Instruments and Appara-
tus, Part 2: Pressure Measurcment, supplement lo
ASME Prover Test Codes. The length ol the pipe be-
tween the points shall not include any portion that
conlains internal straightening clements. Pressure loss
curves versus flow rale normally are oblained using
water at 60 F but may be determined by using other
liquids if so specificd.

Prove: To determine the meter perlormance or
the relationship between the volume of liquid which
actually passes through a meter and the volume in-
dicated by the meter (and its readout deviee).

Prover counter:  Any counter used in lhe proof of
a meter in such a way as to be gated to start and stop
counling at the beginning and end of a proving run.
Normally, such counters are used  with
running-start-stop proving procedures, have
high-speed gating systems (electronic), and are cap-
able of handling the pulse frequency developed by
the meter,

Pulse generalor: An accessory Lo a meler, de-
signed Lo produce a signal frequency proportional to
its input speed of rotation,

Readout device: A device which indicales or re-

cords meter intelligence in either analog or digital

form.

Register:  An accumulative type of meler readout
device actuated by conlinuous mechanical rotation,
such that advancement of its numerical indication is
directly related to the rolation of ils inpul drive.

Repeatability:  The ability of a turbine meter
sysiem to reproduce its output during a series of con-
secutive proving runs under constant operaling con-
ditions.

Resolution: The smallest increment of the uni-
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form system measured.

Running start-and-stop methed: A meter-proving
method wherein the opening and closing meter read-
ings of the test run are determined at {lowing con-
ditions.

Standing stari-and-stop method: A meter-proving
method wherein the opening and closing meter read-
ings of the test run are determined at no-flow con-
ditions.

Strainer: A device installed upstream from a
meter and equipped with screen wire or another
medium intended to remove foreign matter from the
stream,

Swirl: The rotational velocity or tangential veloc-
ity component of fluid flow in a pipe or tube.

Valve, back-pressure: A mechanical device for
maintaining a steady upstream pressurc.

Vapor eliminator: See Air eliminator.

Vapor pressure {absolute, true): The pressure of a
vapor corresponding to a given temperature at which
the liquid and vapor are in equilibrium.

Voltage output: A measurement of peak-to-peak
signal amplitude (alternating current) or averape
amplitude (direct current) at a stated load impedance
and a specified frequency.



APPENDIX A

TURBINE METER SYSTEMS

This appendix provides illustrative descriptions of
turbine meter performance characteristics, accessory
readout instrumentation possibilities, recommended
flow straightener assembly, meter performance curve,
meter proving report, and turbine meter nomencla-
ture (see Fig. A-1 through A-6).

In addition to the pictorial information presented,
these illustrations provide a means of standardized
formats, terminology, and data presentation. The in-
tention of such a standardization is to simplify the
communication between designers, operators, and
manufacturers.
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FIG. A-1--Turbine Meter Performance Characteristics.
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HIGH-FREQUENCY OUTPUT
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FIG. A-2--Available Turbine Meter Instrumentation.
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Legend:

L = overall length of straightener assembly = 10D minimum.

A = length of upstream plenum = 2D to 3D.

B = length of tube or vane section = 2D to 3D.

€ =length of downstream plenum = 50 minimum.

D = nominal diameter of meter.

n = number of individual tubes or vanes. n should be at least 4.

d = nominal diameter of individual tubes. B/d should be at least 10.

FIG. A-3--Recommended Flow Straightener Assembly.

PULSES
Ni M
UNIT VOLUME MANUEACTURER'S STATED
MAXIMUM FLOW RATE \

BACK PRESSURE
TOO LOw
CURVE REPRESENTS N

CAVITATION 4

-
"

BACK PRESSURE/

ADEQUATE l

I

FLOW RATE (BBL PER HR X100} OR YOLUME PER UNIT OF TIME
NOTE: ALL CURVES FOR EXAMPLE ONLY.

FIG. A-4-Effects of Cavitation on Rotor Speed.




APPENDIX B

SYSTEM FACTOR CONTROL CHARTS

INTRODUCTION
B-1 AP Standard 1101, Appendix C, notes:

A very practical approach to a determination of when
to repair or inspect a meter will be found in a contin-
uous log or plot of the factors obtained from that
meter. . ..

If as many as four proof runs must be made without
obtaining two results which check each other within
the preestablished allowable deviation. . . .

B-2 Amplification and refinement of the contin-
uous log or plot referred to in Par. B-1 can be
obtained by using statistical methods, thus providing
limifs more valid than a “preestablished allowable
deviation.” Any preestablished allowable deviation
may be too large or too small; therefore, the standard
deviation, g, of a set of system factors can be more
useful and significant in analyzing a series of measure-
ments. However, the standard deviation can be devel-
oped only after making sufficient proof runs in a
measurement system on a given liquid to warrant
drawing conclusions. Such conclusions are valid and
useful and are not arbitrary.

B-3 Physical and chemical characteristics of a
liquid may vary slightly. If meter performance varies
significantly as a result of such difference, then differ-
ent curves and standard deviations should be devel-
oped. Neither would be preestablished and all would
be based upon a high degree of probability.

B-4 This appendix contains the essentials of some
statistical methods that can be useful aids to engineer-
ing judgment in the field of measurement.

B-5 The control chart is an efficient and con-
venient method of recording effects of changes in
both the precision and the systematic error of the
system, the two influences upon which the proving
accuracy or uncertainty depend.

B-6 The problems involved when the entire mea-
surement system is being proved should not be over-
looked, even though the proving results are simply
referred to as “meter factors.” It always should be
kept in mind that there is more than one variable at
work in a measurement system. Any significant
changes in the precision characteristics or the sys-
tematic error of parts of the system will be evident as
the system factors are plotted on the control chart.
However, the chart will not tell where trouble is; it
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will merely ascertain whether the proving process is
“in control™ or “out of control.”
B-7 For additionzal information see:

ANSI Standards-

Z1.1: Guide for Quality Control

Z1.2: Control Chart Method of Analyzing Data

£1.3: Control Chart Method of Controlling
Quality During Production

ASTM Manual
STP 15-C: Quality Control of Materials
THE STATISTICAL MEASURES n, X, and o

B-8 There are many ways of presenting data to
obtain uselul information. The essential information,
however, can be expressed in the three statistical mea-
sures known as n, X, and ¢. These measures are ob-
tained from an accumulation or set of meter factors
developed in any given liquid as follows:

n = number of determinations of successive meter
factor values under consideration.

X = arithmetic mean of the n meter factor values
(see Par. B-10).

0 = root mean square deviation of all the meter
factor values from their average X. This is a
measure of the close occurrence of repeated
observations of the same quantity (meter
factor) performed under specified conditions
(see Par. B-14).

B-9 The question to be answered by the essential
information contained in n, X, and o is whether the
performance of the proving system, including the
meter being proven, is in control or not. The answer
is more valid than if a preestablished or arbitrary
deviation has been set up. Moreover, the values can be
compared from year to year or from system to sys-
tem.

B-10 System factors developed over a period, in
any one product or grade of crude, for any rate or
acceptable range of rates, show the two tendencies of
centering and dispersing. The centering tendency is

* American National Standards Institute, formerly United States
of America Standards Institute.
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expressed as the-average, X -Thus;if Xy Xov X3
Xu are the meter factors being considered, then:

h'd
ihy

X+ &+ X4 ...
n

B

B-11 The dispersing or deviating lendency ex-
pressed as o could be either normal (symmetrical) or
skewed {see Fig. B-1).

B-12 Under properly selecied conditions and with
sufficient determinations, factors for cither turbine or
positive displacement meters will disperse normally;
that is, their arithmetic mean, X, and their median
will coincide. However, if a meler’s performance
curve has changes of direction or a considerable slope,
skewing of deviations could result unless the pre-
caution is taken lo limit the factors under consider-
ation lo a narrow range of {low rates. '

COMPUTATION OF X, v, AND THE 30 ACTION
LIMITS

B-13 All meters are more or less viscosily and rale
sensitive, and dirt can occasionally affeel meter fac-
tors. Therefore, it is necessary to select a period of
normal meter operation to establish the value of X,a
representative period of time when results were sat-
isfactory, but for which all results are nevertheless
included. A desirable value for 7 would never be less
than 25, preferable more. If such is not possible, pro-

visional values of X and o will suffice uniil belter

values can be obtained, Caleulation of o from too few
determinations is only an estimated standard de-
viation for which the symbol s should properly be
used.

B-14 The following example lists ten factors de-
veloped under normal operation. The number of fac-
tors, n, is insufficient and is used only as an
illustration. D is used to signify (X — X;); that is, D is
the difference between X and each individual factor.
Whether D is plus or minus docs nol matler, as it is
subsequently squared.

Meter Factor

Determination D D?
{Number} Factor (16-*)  (10%)
1 1.0012 0 0
2 1.0010 2 4
3 1.0015 3 9
4 1.0013 1 1
5 1.0014 2 4
6 1.0011 1 1
7 1.0009 3 9
8 1.0012 0 0
9 1.0010 2 4
10 1.0011 2 4
n= 10 X = 1.00i2 xD® = {36)(107%)

. Therefore,

B-15 The value of g, or more properly s (the esti-
mated value), obtained previously by dividing the
sum of the squares of all the deviations by (n — 1) isa
provisional standard deviation. It is based on the *t
distribution” of random variables. The truly “normal
distribution™ requires that the sum of the squares of
all the deviations be divided by n; but in such a case,
as n is very large, the values of n and (n — 1) become
for all practical purposes the same.

B-16 With sufficient determinations, system fac-
tor values tend to sort themselves out so thal distribu-
tion approaches the following:

= V (4.0) (10%) = (2){10-*) = 0.0002

68.3 percent of all factors will fall between X + lo
95.5 percent of all factors will fall between X + 20
99.7 percent of ali factors will fall between X + 30

B-17 Also, 50 percent of all the system faclor
values will tend to fall within the narrow span X %
20/3 (see Fig. B-1.)

B-18 For practical purposes, all useable sysiem
factors will occur between X + 30 and X — 30. When-
ever this occurs, the measurement system is said to be
“in control.” When values fall outside the * 3o action
limits it is “out of control.” The nature of the mal-
function to be found is called the ‘“‘assignable cause.”

B-19 ANSI Standard 7Z1.2 states:

In the choice of action limits for indicating when to
look for assignable causes of variation, an attempt is
made to strike an economic balance with respect to
the net consequences of two kinds of “errors™ that
may occur in practice; namely, looking for trouble
that does nol exist, and not looking for trouble that
does exist.

B-20 Subject to the aforementioned cautions, the
adaplation of statistical methods to liquid measure-
ment control will provide results that are valid,
prompt, easy to follow, and economical.

MEASUREMENT SYSTEM CONTROL CHARTS

B-21 A measurement system control chart is any
suitable adaptation 1o liquid metering of the widely
used Control Chart Method of Analysis and Presenta-
tion of Data.» The chart is to be used at the time a
meter syslem proving is carried out, rather than later
as a history of measurement experience. Therefore,

* ASTM STP 15-C: Manual on Quality Conirol of Material, Part 3.
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Flow Flow

Legend:

1.
2.
3.
4.
5.
6.

Upstream stator 7. Downstream stator
Upst.ream stator supports 8. Downstream stator sipports
Bearings 9. Meter housing

Shaft 19. Pickup

Rotor hub 11. End connections

Rotor blade

FIG. A-6--Nomenclature for Typical Turbine Meter Designs.
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NORMAL DISTRIBUTION

50°% OF ALL VALUES
FALL WITHIN
THIS ZONE

!
|
|
t |

g -20 -1 X +10 + 20 +30
3YSTEM FACTOR VALUES

FREQUENCY OF OCCURRENCE

SKEWED DISTRIBUTION

~N

MEDIAN

FREQUENCY OF OCCURRENCE

SYSTEM FACTOR VALUES

FIG. B-1--Statistical Distribution Curve.
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the man who does the proving should plot the chart
immediately after his results are available and before
a meler factor is applicd.
e oy sl . . _—
B-22 Three examples will suggest some ol iie

possible adaptations of control charts to metering.

a. Example 1

The first example, shown as Fig. B-2, is the most
common and is useful for meters whose performance
curve is flat, or almost so, over the range of rates and
temperatures experienced in normal operation. In this
example, factors were developed in pairs, in diesel
fuel. The standard deviation, o, has been shown by
experience to be 0.0006 and the average factor, X, to

be 1.0028.

Each run (of a two-run proving) should be plotted,
as shown in Fig. B-2. Temperature is posted because
it affects the meter factor directly by changing in-
ternal dimensions, and indirectly because temperature

PERIOD STARTING:
AVERAGE FACTOR:
STANDARD DEVIATION: a.woog

Jan 17,1967
{ oazg

- affects viscosity which, in turn, affects the factor.

Rate is posted for the same reason. If a gradual drift
of factors develops and a drift in temperature is re-
corded, the assignable cause thus may be apparcnd.
The report number is posted so supervisory personnel
making an audit can readily refer to the supporting
evidence. There must always be one chart for each
product, or grade of crude, for any given meter or
meter system,

Every determination of system factor should be
plotted, as the occasional “bad” factor may serve as
an advance warning that dirt, wear, damage, or other
assignable cause is about to show itself more emphati-
cally.

In Fig. B-2, the fourth proving gave factors of
1.0016 and 1.0036. These may be further apart than
usual, but the average of the two is 1.0026, which is
very close to the )? value. As both factors were in
control, no additional proving run was made.

STATION: AR
METER NO: 3
PRODUCT: DILSEL

FULL
1,0052 )t
1.0048 5 (ACTION LIMIT) ¥ 430

. O =3¢
e X
1.0040 . z X X t20
. . e
¢ — AWN HEAV! —_—
1.0034 X o ex¢ COLORED RED A -
| x ke N T
1.0028 X Els: 3 X
% Ole *
1.0022 wl% x X — 10
x Cih) w z
10016 - 2 X - 20
% o

1.0010 {ACTION LIMIT) X ~30
TEMP, DEG. F 40 | a1 | a0 | 39 38 42 44 | a7
RATE, BBL PER HR | 720 | 710 | 740 | 700 800 szo | 750 860
REPORT NO. 161 | 163 | 185 | 170 174 179 186 | 180

Note: FOR EXAMPLE ONLY.

This format is suitable for systems with fairly constant rates or where performance curve is fairly flat.

FIG, B»Z~System Factor Control Chart.
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Repairs, service, or unusual occurrences to the mea-
surement system should be shown on each appropri-
ate control chart as a perpendicular line, with a date
and notation to that effect. If the reference vessel is
recalibrated or the switches or thermometer ave ad-
justed, it should also be noted on the control chart
with a perpendicular line and a date. A chart then
becomes a very useful visual record of system per-
formance, as well as a measurement control.

b. Example 11

The second example of a system factor control
chart is shown in Fig. B-3. It is a modification of the
more usual form, which could be usefut where a
meter has been found to have a performance curve of
the shape shown. The 1g and 20 lines are omitied and
only the 3¢ action limits are shown.

The factors plotted in Fig. B-3 vary between
1.0234 at a rate of 1,500 BPH to aslow as 1.0192 at
a rate of 3,000 BPH or by 0.0042. This spread is
sometimes called the range* with the upper and lower
rates of flow clearly stated or implied. Although the

* Seq ASTM STP 15.C, Part 3, Par. 10,

range in this example is 0.0042, the standard devia-
tion can nevertheless be 0.0002, and the action limits
at any given rate would be only six times ¢ apart, i.e,
+0.6006.

¢. Example I

The third example, shown on Fig. B-4, is another
modification of the standard control chart shown in
Fig. B-2. It can be useful during the startup period
when all equipment is new and is being broken in
simultaneously. For every proving run, the factor
value is plotted by marking or filling the appropriate
square. This form of chart can be useful because it
shows at a glance the nature of factor distribution. A
fairly large number of factors is required, but they are
usually available at the breaking-in period of a new
installation. The range of rates should be kept modest
to avoid skewing due to rate alone. Standard devia-
tion values may be left unshown and uncomputed
because of the provisional nature of the chart. After
this form of control chart has served its purpose, the
types shown in Fig. B-2 or B-3 can be established
using the statistical evidence accumulated to de-
termine n, X, and 0.

PERIOD STARTING: FEB 22, 1966
¢ VALUE: 00002

RANGE: 42 x 10~
TEMPERATURE: 42 F

1G240 t~

10230
10220

10210

10200

RANGE FOR RATES
1,000 TO 3,000 BHL PER HR

TURBINE METER NO, '8
STATION: AB
PRODUCT: MOTOR GASQLINE

tOIR0 -
1 0180
X MAY
¢ JUNE
o SULY
| 1 i ] 1 1 ! 1 i
10 iR E4 L] 168 22 24 28 28 30

RATE IN MUNDRED Bl PER HR

NoTe: FOR EXAMPLE ONLY.

FIG. B-3--Measurement System Control Chart.
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CINSTALLED: NOV. i5, 1865
O VALUE: TO BE DETERMINED
MOTOR GASOCLINE: 2,000 TO 2,300 BBL PER HR

0.9510

0.9505

0.9500
T

0.8495

08490

FURNACE FUEL: 1,600 TO 1,800 BBL PER HR
TEMP. 40F —42F

09555

T I — E

09550 F—“‘-—J

0.8545

" TURBINE METER NO.: 1T
STATION: A B
MOTOR GASOLINE: 2 800 TO 3,200 BBL PER MR

0.9515 §:|_|

0.9505 L

-DIESEL FUEL AT 2,000 BBL. PER KR
+ 50 BBL PER HR
TEMP, 43F

0.9545

0.9540

095356

FIG. B-4--Provisional System Control Chart.

STANDARD DEVIATIONS OF SYSTEMS FROM
SUBSYSTEM o VALUES

B-23 All measurement systems consist of parls —
meter, prover, thermometer, and the like — cuch of
which is subject to some error. Their deviations from
true value are experimental crrors. A few of the
causes of such errors in liquid measurement by meter
are known, but are deliberately ignored because they
are so small, Other causes are unknown and are un-
avoidably ignored. It is convenient to lump them all
together and call them “accidental errors’ and their
net result “chance.”

B-24  Errors in the several parts of a measurement
system are potentially cumulative, so that the error of
the system will tend to be greater than of any of its
individual components.

B-25 Following are some useful mathematical
rules for combining errors of subsystem variables:

a. Error of Sum or Difference

The error expressed in terms of standard deviation,

of the sum or difference of two quantities, A and B,
affeccted by errors, {expressed in terms of standard
devialions of a and b) is equal 1o the square root of
the sum of the squares of a and b.

ocan = =Vat+b®
Exampre 1

A turbine meter is proved against a bank of three
positive displacement meters whose meter faclors are
known to have standard deviations of 0.0005,
0.0006, and 0.0007, respectively, The maximum un-
certainty (or 3o value) for the turbine system factor
due to using the positive displacement meter bank as
a reference is as follows:

o = V(J’sz”“**d‘:.':‘i'"u"

V(354 6°+ 75} (107%)

V(110] (10°F)

(10.5) (10-%) = 0.00105
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For practical purposes the 3¢ action limits for the
turbine meter would be 0.0032 above and below the
X value for the turbine meter system.

b. Error of Product of Two Quantities

The error expressed in terms of standard deviation
of the product of two quantities, A and B, affected
by crrors expressed in terms of standard deviations ol
aand b is:

VA{Adb)Y 4 (Be)®

Tap = =

EXAmPLE 1T

For a delivery of 11,800 gross bbl, the error intro-
duced when line te mptr.tlun is recorded to the near-
est whole degree fubrenhieil, and the bareel reading
corrected for system factor o the nearest whole
barrel, ie., to a precision of £ 0.5 bbl, is as follows.
The liquid thermal coefficient of expansion is 0.0000
per degree fahrenheit. Thus,

11,800 hbl.

1.0018 for 57 F in 58 deg API liquid.

% 0.5 bbl (maximum unceriainty or 3g).

= (0.3} (0.0000) or £ 0.0003 {(maximum uncer-
tainty).

It

!
B

ﬂ

il

!I

Errorin AB = V[ (11,800) (0.0003) 1%+ [ (1.0018) (0.5) ]*

V354174 (0.5009)*

i}

= 1253 4+ 0.2509

= V1278

= 3 58 bbl

For practical purposes, the delivery is 11,821 + 4
net bbl, expressed as maximum uncertainty or + 3o.
For all practical purposes, it will be noted that the
error is due to thermometry, iie., to rounding off to
the nearest whole degree fahrenheit,

If it is required Lo calculate the standard deviation
of an expression with three variables, such as ob-
served barrels, A, system factor, B, and volume cor-
rection for temperature, C, with attendant errors of a,
b, and ¢, respectively, the error in

ABC = V (BCa)*+ (ACb}* + (4Bc)*®

c.  Error of Quotient of Two Quantilies

The error expressed in terms of standard deviation
of the quotient (B/:A) of two quantitics, A and B,
affected by standard deviations error values of @ and

b is:
:ij,”‘/ﬁ 2
£ y y +b&

An example for this rule would be the estimation
of error in a system factor in which B is the number
of barrels in the prover or reference volume with an
error of * b, and 4 is the obscrved reading of a tur-
bine meter in which readout is affected with an error
of *a. The values to be given to a and b have Lo be
worked out first, using the error rules aforementioned
before the quotient error rule can be applied.

B-26 The more compounded any value becomes,
the greater its error. For example, if the errorin line
balance of a pipeline system is to be estimated, it will
soon become apparent that a large number of values,
cach with its own error, enter into the caleulation.
Accumulated errors can be larger than expected.

SIGNIFICANT FIGURES

B-27 Meter factors, as well as the minimum vol-
umes thal are required in mechanical displacement
meler provers described in APL Standard 2531, and
the resolution per unit volume generated by many
turbine meters are all part of the goal of achieving
measurement Lo five significant figures. Generally, the
last value is doubtful for any given number of signifi-
cant figures. Thercfore, no undue emphasis should be
placed on digits on or beyond the fourth decimal
place in a system factor; particularly after an estimale
has been made of the possnbif, error in a system using
the rules in Par. B-23 through B-26.

B-28 It is mathematically valid to calculate the
average of a number of determinations (provmbs)
greater than ten Lo an additional decimal place. 1t is
also valid to calculate their standard deviation to yet
another decimal place. However, neither of these
steps is too practical in setting up system factor con-
trol charts; therefore, values of X and o are rounded
off accordingly (see ASTM STP 15-C, p. 41).

B-29 For example, if X were determined as
1.0012, and the variance (defined as 62) worked oul
to 13.0 times 10-8 then o would be+/{13.0) (10-8) or
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0.00036. For practical purposes, this would appear
on the control chart as 0.0004. Bui the 30 limits
could be * 3 times 0.00036 or 0.0011 rather than
0.0012. In practice, very few factors of a mecasure-

ment system in a state of control will spread out to
the * 3o limits. Therefore, it is just as well to draw
the action limits at X * 30 which is: 1.0012 = 3 times
0.0004, i.e., at 1.0024 and 1.0000.




APPENDIX C

FLOW STRAIGHTENING TECHNOLOGY

S5COPE

C-1  Effective flow straightening can be obtained
through the use of adequate Tengths of straight pipe
upstream and downstream of the meter. This appen-
dix presents an empirical technique for computing
the required tength of upstream straight pipe Tor vari-
ous installation conligurations and operating con-
dilions.

C-2 Experience has shown that a nominal length
ol 20 diameters of meter bore piping upstream of the
meter and 5 diamelers of meler bore piping down-
stream of the meler provides effective straightening in
many inslallations, However, it is recommended that
the required length of upstream piping be verified for
cach installation through the technique presented in
this appendix. 1t should be noted that this technique
does not predicel the length of straight pipe required
downstream ol the m('[(r his iurlhc r recommended
that a minimum of 5 diameters of meter bore piping
be provided downstream of the meter for any instal-
lation,

CALCULATION OF UPSTREAM FLOW
STRAIGHTENING LENGTH

C-3 Based upon empirical data, the length of
straight pipe required upstrcam of the meter s given
by:

L = (0.3503) (’}) (C-1)

Where:

L =length of upstream meter bore piping, in feel.
D = nominal meler bore, in fect.

K5 = swirl velocily ratio, dimensionless.

f = Fanning pipe friction factor, dimensionless.

C-4  Values of the swirl velocity ratio, K, for a
number of piping configurations are shown in Fig. C.|

through C-5; these data were derived from AGA Re-

port No. 3, dated April, 1955, and revised January,
1969.

C-5 Equation (C-1) bears a remarkable similarity
to the “Langhaar” equation as it relates to deter-
mining the length of transition. This length is defined
as the minimum length of pipe required for a liquid
o establish its characteristic velocity profile after
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undergoing an upstreawm disturbance. The Langhaar
eiquation is

L b D

3j = o5 =
and is referenced in ). C. Hunsaker and B, G.
Rightmire, Engineering Applications of Fluid Mech-
anies, p. 123, McGraw Hill Book Company (1947).

EXAMPLE OF CALCULATIONS

C-6 Determine the length of straight pipe run up-
stream of a O-in. turbine meter for each of the con-
figurations shown in Fig. C-1 through C-5 for the
following conditions:*

@ = 2,000 gpm

v = 1.9 S5t
D= 6/12 =051t
_ 203.60 _ {263.6) (2,000)
Reynolds No., R, = K (05) (L9)
= {5.55){10%)
[ = 00175

From Equation (C-1)

K
L= (035){(D}}| -~
(0.35) ( )(,)

or L K
5= 0.35—,"— (C-2)
or
I 035K,
D = oois = 20K
Then for
Figure L L L/D
No, K, { Inches) (Feet) Ratio
C1 075 Q0 1.5 15
C2 1.00 120 10.0 20
C-3 1.25 150 12.5 25
C-4 2.00 240 20.0 40
C-5 2,50 300 25.0 50

C-7 Since values of K are treated as relative
cocfficients in Par, C-6, the empirical cocfficient K is
assigned a value of 0.35 to agree with the basic
recommendation of 20 diameters of straight pipe for
the average installation.

*Nikuradse Curve, Mater Eng 66 (5] Reinhold Publishing Corp.,
New York, Oct. {1967).
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a METER RUN

o

r

6 —T=]

4

CONCENTRIC REDUCER PRECEDING METER RUN . .. Kg= 075
FIG. C-1
METER RUN
L

|
ED
j

SWEEPING ELBOW PRECEDING METER RUN . ... Kg = 1.0
FiG. C-2
METER RUN
i I

TWO SWEEPING ELBOWS PRECEDING METER RUN ,...HKg= 125
FIG. C-3
METER RUN
L o

l—D

9 § — 0]

TWO SWEEPING ELBOWS AT RIGHT ANGLES PRECEDING METER RUN... He=2.0

!

FIG. C4
i METER RUN -
L. ;
1 - D
g ||I><m 4 — ;
FULLY OPEN VALVE PRECEDING METER RUN ...... Kg= 1.0
PARTIALLY OPEN VALVE PRECEDING METER RUN ...HKg = 25
FIG. C-5

FIG. C-1 Through C-5--Values of Swirl Velocity Ratio, K, for
Various Piping Configurations,
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CONCLUSIONS

C-8 The L/D ratio is inversely proportional to the
pipe friction factor and directly proportional to the
swirl velocity ratio.

C9 As 1/f is minimum for conditions of maxi-
mum pipe roughness for any given value of Reynolds
number in the region of turbulent flow, it appears
that the best straightening for minimum length of
straight pipe occurs with a pipe of maximum rough-
ness.

C-10 Equation (C-1) was evolved by grouping
many relatively undefinable conditions in the flow
stream and should not be considered a rigorous pre-
sentation. However, the simplicily of the resulting
equation and the fact that it gives answers commen-
surate  with experience suggests reliabilily in its
application. The real value of equation (C-1) stems
from its definition of the fundamental relationship of

the swirl straightening characteristics within a length
of straight pipe.

LAMINAR FLOW (SPECIAL CASE)

C-11 As l/f is a function of Reynolds number,
Ry, equation (C-2) can be written as:

L ; -

""1"")“ - (I\lum} {Rn' U\ﬁ (CB}

L= {K;"l,.)(“"’*u)(x‘,) (C4)
jia

Therefore, in the special case of laminar (lam) flow,
L/D is dircetly proportional to mass density of the
liquid, velocity, and pipe diameter and inversely pro-
portional to dynamic viscosity.



APPENDIX D

SIGNAL GENERATION AND TRANSMISSION THEORY

INTRODUCTION

D-1 This appendix supplements and clarifies elec-
trical installation requirements described in Seet. 1.

ELECTRICAL SIGNAL GENERATION

D-2 The principal types of electrical signal-pro-
ducing devices employed with turbine meters include
the following:

a. Inductance system: The rotating clement of the
turbine meter employs permanent magnets which
may be embedded in the hub, the blade tips, attached
to a ring driven by the rotor, or altached lo the rotor
shaft. Regardless of the design employed, a magnetic
flux from a moving magnet induces a vollage within a
pickup coil located in close proximity to the mag-
netic field.

b. Variable reluctance system: A fixed permanent
magnet is centered inside of the pickup coil housing
so that a variation in the magnetic flux results from
the passage of a highly permeable, magnetic rotor
material within close proximity to the pickup coil.

c. Pholoelectric system: A becam of light is inler-
rupted by blades of the rotor, or clements of a mem-
ber driven by the rotor, so that a pulsed signal output
is developed. :

d. Magnetic reed switch system: The conlacts of a
reed switch are opened and closed by magnets
embedded in the rotor or in a rotatling parl of the
turbine meter. The switch action causes a conslant
input to be interrupted so that a pulsed signal outpul
is produced. ‘

D-3 Of the preceding four systems, eonly the in-
ductance and variable reluctance systems are truly
gencrators in that both output frequency and voltage
magnitude are proportional to rotor speed. The
photoelectric and magnetic reed switch systems both
require the application of an external constant volt-
age which is interrupted by the sensing devices so that
a nearly pure, square-wave output results. The fre-
quency of the outpul signal is direclly proportional
to rotor speed; the voltage magnilude varies only
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between zero and the input vollage and is not related
Lo rotor speed.

D-4 The inductance and variable reluclance sys-
tems are considered io be low-power-level devices
because they generate only a few milliwatts of elec-
trical power. This oulpul may be locally amplified
and, in some instances, shaped al the turbine meter.
The amplifier output may then be considered to be a
high-level output. The photoelectrie and reed switch
syslems are generally high-level devices, because the
output level is controlled by the input voltage which
they require. Ideally, high-power-level devices are less
susceplible to noise problems because of the in-
creased signal-lo-noise ratio. However, cach system
has definite frequency limitations, which must also be
considered when weighing one against the other.

TECHNIQUES FOR NOISE CONTROL

D-5 If noise voltage level can be kept below signal
voltage level, the threshold level of the readout in-
strument can be adjusied Lo accept the signal level
and reject the noise. A careful installation will be
trouble-frec and will keep noise level far below signal
level,

D-6 Noisc voltages may be induced in the flow-
meter pickup coil by extrancous changing magnetic
fields in much the same manner as the signal voltage.
It makes no difference il the flowmeter is of the ro-
tating magnet type, the inductance type, or the
variahble reluctance type. These extrancous signals
may be produced from an a-c solenoid, an a-c relay
coil, an unshiclded transformer, a piece of rotaling
machinery, or cven a single wire carrying heavy alter:
nating currents (see Fig. D-1).

There are two basic methods of averting extraneous
signals. The first method is 1o eliminate the effects of
the flux on the coil. By proper orientation of either
the flowmeter coil or the offending coil, the flow-
meter coil can be made insensitive to the extrancous
magnetic flux. This is effected by causing the ex-
trancous flux lines to be perpendicular to the axis of
the flowmeter coil (sce Fig. D-2). In the seeond
method it is sometimes difficult to determine the
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EXTRANEOQOUS MAGNETIC
FLUX SOURCE

EXTRANEQUS MAGNETIC
FL.UX SOURCE

MAGNET IN FLOWMETER COIL

T\ ,/
W / N
e ] A
/ \
FLOWMETER MAGNET FLUX

// \\ \
/ N
4 N
EXTRANEOUS MAGNETIC FLUX

FIG. D-1--Extraneous Induction of Magnetic Flux in Flowmeter Coil

EXTRANEOUS MAGNETIC FLUX

/ ’__-“-. /
-~ FLOWMETER MAGNETIC FLUX

/ FLOWMETER PICKUP

MAGNET IN FLOWMETER COiL

FIG. D-2--Orientation of Flowmeter Coil to Prevent Extraneous Flux Interference,
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EXTRANEQUS MAGNETIC
FLUX SOURCE

— — o T
/,/"" . PR
- T \\ ST
/ e R\ o A

L~ EXTRANEOUS MAGNETIC FLUX

SOFT IRON SHIELD
N
\
\ \

FLUX~FREE REGION
e

——— FLOWMETER PICKUP

[T—— MAGNET IN FLOWMETER COIL

g FLOWMETER MAGNETIC FLUX

FIG. D-3--Shielding of Pickup to Prevent Extraneous Flux Interference.

exact flux paths. In these cases, it is best to find the
position of least interference by trial and error. How-
ever, a more satisfactory method is to provide an
alternate path for the offending flux through a soft
metal conduit, The flux will be confined to the
shicld, leaving a flux-free region in which the flow-
meter operates (see Fig, D-3).

D-7 The source of extrancous flux may be shicld-
ed by enclosing it in a soft metal conduit. The result
is the same; the offending flux is prevented from
getting into the flowmeter coil.

FLOWMETER

<
[E==s) READOUT \
INETRUMENT

T e L |

PIPE ASSUMED AS GROUND SYSTEM

AC
GENERATOR AC L.OAD

FIG. D-4-Introduction of Noise Signals
by a Ground Loop.

D-8 Inlerfering signals may be introduced in the
transmission of the flowmeler signal to the readout

_equipment because of a difference in potential be-

tween the flowmeter ground and the readout in-
strument  ground. This dilfercnce in potential is
brought about by load currents flowing in the ground
system, causing a voltage drop between one place and
another. Fig. D-4 shows a simplified grounding
sttuation,

The pipeline ground system can be considered as a
long drawn-out resistor. The a-¢ generalor can be a
trunsformer or the arcing contacts of a relay or a
commutator. If the resistance between the generator
and the load is 1/10 of an ohin, it requires only 10
amp in the load to produce a 1-v difference in po-
tential. Fig. D-4 can be redrawn, as shown in Fig. D-5,
to show the effects of the vollage difference in the
ground system on the flowmeler readout system. The
a-c ground polential difference generalor represents
the voltage drop in the ground path as the result of
circulaling currents,

Fig. D-6 shows an installation utilizing a2 common
ground and a single wire.

The ground potential difference appears in series
with the flowmeler, and the readout instrument is
unable to distinguish between the two signals.




MEASUREMENT OF LIQUID HYDROCARBONS BY TURBINE METER SYSTEMS 53

FLOWMETER

[nm READOUT
INSTRUMENT
(=)

AC GROUND POTENTEAL
DIFFERENCE

F1G. D-5--Potential Difference Caused by
Lack of Grounding.

D-9 The a-¢ ground potential differcnee presents
another method of objectionable noise introduction.
The flowmeter coil is in a metal housing at the ftow-
meter ground potential. The coil can be considercd as
one capacitor plate and the housing as the other.
Because  the  capacitive  reactance is  small, a
low-impedance input lo the readout equipment will
tend to reduce this effect. Or, isolating the flowmeter
housing from ground may eliminate the a-¢ ground
potential difference. Thus, the effect of capacitive
reactance may be minimized.

D-10 Impedances may adversely affect the results
of the turbine meter system. If meter pickup (output)
impedance is assumed conslant, three possibilities ex-
ist with respect to readoult (input) impu}dnu_ read-
out impedance may be higher, resulting in increased
sensilivity lo both signal and noise; readout imped-
ance may be lower, resulting in deereased sensitivity
to hoth signal and noise and possible loss of registra-
tion at low flow rates or low power supply voltages;
or readout impedance may equal pickup impedance,
resulting in maximum  transfer of signal cnergy.
Adding readout devices to a single pickup or pre-
amplifier may change the impedanee relationship and
possibly affect the meter system.

SIGNAL WIRE

iu:ma! READOUT
INSTRUMENT

AC GROUND POTENTIAL
DIFFERENCE

(D FLOWMETER
L/

FIG. D-6--Potential Difference Caused by
Grounding at Two Points.

CHECKLIST FOR TURBINE METER ELECTRICAL
SYSTEM

D-11 The following inspection should be made
prior to rulcasing a new meter installation for mea-
surement service or when trouble ocers:

a. Check polarity of readout devices refative to:
Indicated common or ground terminal.
Power source for d-¢ operated instruments.
b.  Verify power supply al readout devices so that:
1. Vultage levels are aceeptable.
Vollage regulation is within specification.
¢. Cheek continuity ol clectrical transmission lines.
d.  Check continuity of pickup coil winding.
¢.  Check resistance to ground terminal of:

l. Each wire of lransmission cable.
. Electrostatic shield of transmission cable:
Before connecting Lo ground and relative to
metal conduit (high resistance to metal
conduit).
After conneeting to ground.
3. Coil winding.

[ Recheck ground conneclions and effective resist-
ance o ground.,

g With no flow through flownmeler and with system
power on, make cerlain thal all readout devices are
inactive.

h. Adjust signal sensitivily control on readout de-
vices in accordance with manufacturer’s instructions,
if applicable.

. Check flowmeter signal for:

L. Amplitude.

2. Form.
3. Noise levels at both RBowmeter and readout
devices.,

J- Follow onine test procedure for cach readout de-
vice as recommended by the manufacturer,

TEST EQUIPMENT FOR ELECTRICAL SYSTEM

D-1Z The following clectrical testing equipment is
sugrested as minimal Tor inspecting and cheécking out
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ihe electrical portions of a turbine meter and prover
installation:

a. Battery-operated voll-ohm meter: A volt-ohm
meter operated by battery.

b. General-purpose oscilloscope: A  wide-band
scope with controlled triggering characteristics is pre-
ferable to a simple synchronized scope. Battery oper-
ation may be desirable in large or remote field
installations.

g -Multirange a-c millivoltmeter: A meter for use

with inductance and reluctance pickups. The mini-
mum range should be 0 mv to 50 mv. A battery-oper-
ated unit may be desirable in large or remote field
installations.

d. Multirange audio signal source: A signal genera-
tor having a minimum range of 10 hz with atten-
uators capable of reducing signal amplitudes to at
least 10 mv.




APPENDIX E

DERIVATION OF TEMPERATURE AND PRESSURE EFFECTS FOR CHANGE OF METER DIMENSIONS

SCOPE

E-1 This appendix provides the derivation of the
correction factors Cismpc and Cpsmpc introduced in
Par, 3010 and 3016, respectively, in this standard.
The method of applying them, along with the cor-
rection factors Cimeo and Cpimpc for change in
liquid dimensions with change of temperature and
pressure, is illustrated in Par. 3020. The application
of this mathematical method of meodifying meter
factor for changes brought about by temperature and
pressure acting upon internal dimensions and liquid
compressibility is not rccommended for use with
crude oils or for hydrocarbon liquids with a viscosity
greater than L3 ¢St (see Par. 3002).

DERIVATION OF Crsmpe

E-2 A simplified equation relating indicated
throughput to actual throughput, based on operation
at a different- temperature than the temperature dur-
ing proving, is derived. The derivation considers only
the physical changes in the dimensions of the meter
resulting from temperature changes and assumes that
no warpage of the rotor blades oceurs as the tempera-
ture changes.

E-3 The derivation does not consider variations in
the measured liquid density, viscosity, lubricity, and
so forth, arising from temperature changes in the
liquid.

E-4 Fig. E-1 will serve as a reference in the sub-
sequent derivation.

_ Volume detivered during proof _ Q1

MFpe " Volume registered during proof }“‘" (E-1)
0 =®) D) (E2)
Where:

MFy. = meter factor obtained during a meter
proof referenced to proving conditions.

7

- e - pir

N\

O = flow rate.
f = turbine meter output frequency.
K = constant of proportionality.
A = flow area in plane of rotor.
V = fluid velocity in plane of rotor.
W= (KN (R} (E-3)
Where:
Wr = angular velocity of turbine blade at effec-
tive radius.
R. = effective radius of turbine blade at proving
temperature.
K1 = constant of proportionality.
kK
b= 2R
3
1

e — e

n

FIG. E-1.-Reference Drawing.
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S 5

LW T R (E-1)
Where:
t'" = time for turbine blade to rotate through
increment S.
S = incremental angular blade displacement of

elfective radius.

Assuming fluid to be flowing in a straight line
parallel to turbine meter centerline,

i

V= ;_:ﬂ {KJﬁ{R,-) m[K"'()I)S(‘ILH“) (E-5)
Where:
v = width of turbine blade.
tan = 2 (E6)
Where:
a = blade angle of turbine,
Substituling equation (E-6) in equation (E-5),
and
_ (V) (tan_a) (E3)

T KR

Substituting equations (E-2) and (E-8) in cquation
(E-1),

K (V) AKME N (A) (R (E9)

MFpe = (F)(an a} — tan a
(K (R
q= (r) (D*) _ (=) {d*) () (W) (T) (E-10)
. : 4 4 cos o
4= (z)w‘-‘wdﬂ LA (T (E11)
4 €os a
Where:
D = diamecler of meter bore at proving tempera-
ture.
d = diameter of hub (stator).
n = number of blades on the turbine.
h = blade length.

T

blade thickness.

TAs the turbine Twb diameter, d, bearsw relalively
constant relationship to the bore dinmeler, Dyl can
be stated that

d= (X1 (F-12)
d* = (X*) (D) Ky
Where:
X = aconstant of proportionality.

Also, the blade arca bears a relatively constant
relationship to the bore diameter, D, so

BT _ (gey (pe) (E14)
Co8 a
Where:
Z = a constant of proportionality.

Substituting equations (E-11), (E-13), and (E-14) in
equation (E-9),

MF,, =

(K) (K,a[gf;wuxw'-') —(2) (D“)] (R:)  (E-15)

tan a

(K) {K:)[ﬁv—g('xﬁ) ~'zu]'w¥) (R (E16)

tan a

MFy, =

For any given meter it may be said that

() ([ F-F 0 2 | (E17)
K, =
fan a
Where:
K3 = a constant of proportionality
and:
MF,. = (K. (D%) (R.) (E-18)
D' = D1+ (Ey) (Atpc)] (E-lg)
. R = Rc[l_“E‘ {Er) (Atpc)}_ (E-ZO)
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Where:

D' = diameter of meter bore at operating tem-
perature.

Fp = thermal coefficient of expansion ol hous-
ing.

Alpe = operating lemperature minus proving tem-
perature.

R." = ctlective radius of turbine blade at opers-
ting lemperdure.

Ly = thermal coefficient ol expansion of rotor.

(j”"'ju,) (Cl.-uupr.) = (K_i] (D'g) (RL.’) (E-QI)

“”F;u ) ((-‘lsmm‘j = {i\.‘] (nw’; t}-“{“ (EH} (A!ﬂt } ]-I(R(}
(14 (Ex) (AL, ) ]

O

Cr.'num: =
(!\-_-) {l)i}{l'*' (EII) (A!fln} }:‘I(Rr) {1""" {El:) (Afpr.)]
ME,,

(E-22)

Substituting equation (E-18) in equation (E-22),

Clsm T -
UKD (D) 1 {En) (Adpe) AR 1+ (Bae) (ALo) ]
(K) (D7) (R.)

(E-23)

Simplifying,

Crsmrm = El -+ (Eu) {A'!m} }J[l + (Eh‘] (Aiﬁc)] (52’”

E-5 The algebraic sign of Afpe must be observed.
If the operating temperature is Iess than the proving
temperature, a negalive value results which must be
used as such in subsequent caleulations.

E-6 Equation (E-24} involves a cubic form of
thermal expansion and has no relation to the meter
size.

E-7 When the operating temperature exceeds the
proving temperature, the pulses per unit volume
generated by the turbine deerease, resulling in
Cismpc being larger than 1.0000. Similarly, when the
operating temperature is lower than the proving
temperature, more pulses per unit volume are gen-
crated and Cesm pe is fess than 1.0000.

E-8 The use of Fig, E-2 will enable a quick deter-
mination of Crempe for any proving and operating
temperature conditions of most meters: For a meter
made of special metals or metals not shown on the

graph, Eg and Er may be established {or the metals
and a line for it indicated on the graph by sub-
stitution in the formula.

DERIVATION OF Cpsmpe

E9 A simpliticd equation  relating  indicated
throughput to actual throughput, based on operation
at a different pressure than the pressure during
proving, is derived. The derivation considers only the
physical changes in Lhe meler housings of single-case
meters resulting [rom pressure changes and assumes
that no change in the volume of the rotor oceurs,

E-10 The derivation does not consider variations
in the meusured liquid density, viscosily, lubricity,
and so torth, arising from pressure changes in the
liquid.

E-11 The derivalion is based on the extent of
variation of the indicafed meter registration being
directly related to the variation of flow area in the
plane of the rotor.

. i, ,
Cpsmpr. = ”Ef';‘ (E'25)

Where:
Cpsmpe = correction factor for changes in the

physical dimensions of a meter arising
from pressure change.

Ao = f{low area al operaling pressure.
Ap = flow arca at proving pressure.
Ap = (=) (R*) — Aq (E-26)
Where:
R = radius of meter housing bore.
A1 =uarca of rotor.
Ay = (m) (R4+AR)* — Ay (£.27)
Where:
AR = change in radius of meter because of

pressure variation.
Substituling equations (E-26) and (E-27) in equation
(E-ES),

{w} (R+4aRY —Ap
(v} (R¥*) ~ Ay

(E-28)

Cmmpc =

The area of the rotor can be considered o {ixed
wreentage of the housing bhore area
I 8

Ay = (=) (B*) (1Y) (E.29)
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Where:
B = grouped conslant of proportionality.

Substituting equation (E-29) in equation (E-28),

.. LV (R4+-AR)? — () (B%) (R?)

Cpnupc = (n*) (R‘:) - (n'} {Bz) {Rz) (E~30)
_ R4+ (2) (R)(AR) AR - (BF) (") .
Coompe = (RO (1= B9 (E-31)
28R aR* o,
oo 5= + 5 =8 (E-32)
<panpe — T Bt
24R AR?
' =B R R® (E-33)
Compe = T + 7o H T
N
The term ‘1‘_'_'_":55 may be dropped as insignificant
Then,
2R
R E-34
Cpampc = I"f‘m ( )

Considering the meter housing as a thin-walled cylinder,

R[ (aPy) (R} (y) (aPy) (R) -
AR = E[ R 2 ] (E-35)
Simplifying,
— (AP,,C) (R:){z—}' ;
Where:
E = modulus of elasticity in tension, in pounds

per square inch,
APy = pressure change that produces AR.
t - = wall thickness of meter housing.
¥ = Poisson’s ratio.

Substituting equation (E-36} in cquation (E-34),

(2) (APg) (R"')/2—y)
ER___\ % (E-37)
1= F

(2) (AP,.) (R) (2“‘“?)
E 2t
1-—B*

Cpsmpc =1+

(E-38)

Cpampc‘- = I+

Equition (E-38) can be simplified by considering

the dimensional constants associated with any given
meter as a modulus Y thal remains fixed, i.e., never
changes for that particular meter, where:

y— (2-7)@R) _  (2-y)(2R)
(E) (1-B%) (20} (E)(l m%)m” (E-39)
Then from equation (E-38),
Cp.!mpr: =1+ (APpc) (Y) {Efl-(})
Where:
Y = {rom equation (E-39).
APp. = operating pressure minus proving pressure

=Py - Pp.
Po = pressure during operation.
Pp = pressure during proving.

E-12 The algebraic sign of APp. must be ob-
served. If the operating pressure is less than the
proving pressure, a negative value resufts which must
be used as such in subsequent calculations.

E-13 The final expression, equation (E-40), shows
that the pressure effect is a function of the meter
radius divided by the housing wall thickness.

E-14 The use of Fig. E-3 will enable a quick deter-
mination of Cpsmpc for any proving and operating
pressure conditions of a meter provided the value of
Y for it has been previously determined. In the cal-
culation of Y for a meter, it may be advisable to
consull the meter manufacturer for the necessary
dimensions and type of meter housing material.
Cpsmpe for any double-case meter is 1.0000 at all
pressures.

SUMMARY

E-15 When it is necessary to correct for both tem-
peralure and pressure cffeets, it may be done as
indicated in Scct. I, Par. 3020, or as in Appendix F.

E-16 The preceding derivations have described
mathematical procedures for calculating correction
factors to compensate for the changes in the dimen-
sions of a meter arising from temperature and pres-
sure changes subsequent to proving a meter. Their use
is not advocated in lieu of reproving a meter where
optimum measurement accuracy is required.
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APPENDIX F

ALTERNATE METHOD OF APPLYING TEMPERATURE AND PRESSURE CORRECTIONS

DIGEST OF SECT. HI

F-1 This alternate method is not recommended
for use when measuring crude oils or hydrocarbon
liquids with a viscosity greater than 15 ¢St (see Par.
3002). Sect. I of this standard presents the formulas
for the calculation of meter factor and quantity
throughput, respectively:

J”F(,(}&-Pc =

(BV) (C!ipﬁﬂ) (Cplpr) (Crspéﬂ) (Cpspr)
(iUR) (Cti'm 60) (Cplmpc) (Crsmpc) (Cpsmpc)

and

QGO&r =
UWR) (prﬁ()&pc) (Cﬂm 60) (Cpfmpc)
(Ctsmpc) (Cpsmpc)

These formulas are based on the establishiment of
reference condilions for the meter factor as follows:

Ciim 6o = liquid temperature in the meter = 60 F.
Cpimpc = liquid pressure in the meter
pressure in meler at time' of proving.

1}

Ctsmpc = meter housing temperature
= temperature of meter at time of proving.
Cpsmpe = pressure in the meter housing

= pressure in meter at time of proving,

F.2 Because Cpim pes Ctsmpe, and Cpsm pe are all
equal to 1.0000 when a meter is being proved as well
as when it is being operated at conditions identical to
those under which it was proved, the computations
are significantly simplificd for those types of
metering installations. At the same time, the formulas
are applicable at any operating temperaturc and pres-
sure other than that which existed at proving; because
Cotmpe, Cismpe, and Cpempe reference the meter
factor to the proving condition of temperature and
pressure. These correction factors are only necessary
therefore, when a meter departs from the conditions
of temperature and pressure at which it was proved.

61

When the correclions are employed in throughput cal-
culations, it is imperative that the proving tempera-
ture and pressure be known and used as the reference
base.

ALTERNATE METHOD

F-3 In certain types of metering installations,
particularly these in which a2 computer is emploved
to perform throughput caleulations or where rapidly
or widely fluctuating lemperatures or pressures are
encountered, it may be expedient to use a meter
factor having standardized reference conditions of
temperature and pressure instead of the reference
conditions of temperature and pressure which existed
at the time of proving, as advocated in Sect. {1i. Such
an alternate meter factor can be used at any operating
temperature or pressure, and the corrections Citm 6 g,
Cotmr, Ctsmeo, and Cpem, can be calculated without
knowledge of the temperature and pressure at which
the meter was proved. It is designated as MFsoa,
signifying that it is a meter factor having standardized
reference conditions of temperature and pressure as
follows:

Ctimeo =liquid temperature in the meter = 60 F.

Cptmr = liquid pressure in the meter
= reference pressure of measurement.*
Cism 60 = meter housing temperature =60F.
g P
Cpsmr = pressure in the meter housin
P p 4

= reference pressure of measurement.»

F-4 The use of MFgoar means that in calculating
cither the meter factor or the net throughput, the
registration indicated by a meter at the operaling
temperature and pressure must always be reduced to
its equivalent volume at 60 F and 0 psig by the
application of correction factors for all four variables.

*The reference pressure of measurement for fiquids having vapor
pressures equal to or less than atmospheric is 0 psig.
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F-5 The formulas Tor détcrﬁﬁning meter factor MFeoar and net lhroﬂghput Qs o0& r arc as follows:
_‘BVJ {C:[fj'tlit)) {Cplﬁr) (Cupnﬂ} (Cp.mr)

U”R} |("rhntm) (Cplmr) (Clxrtaﬁ(}) (Cp.qmr)

Qnmr = (.MR} ([!!Frjm.-r) {(:Nuu:u) {Cprmr) (Cr.'.'mno) (Cpamr)

ME g =

Where:

MFsosr = meter factor having reference condilions of temperature and
pressure as follows:

Liquid temperature in the meter = 60 F.

Liquid pressure in the meter = 0 psig (or other reference pressure).

Meter housing temperature =60

Pressurc in the meter housing = 0 psig (or other reference pressure).
Qsoar = actual net quanlity of liquid at 60 F and 0 psig (or other

reference pressure) passed through a meter.

base volume of mechanical displacement prover or prover

tank when its internal pressure is O psig and its tempera-

ture is 60 F.

correction factor for the temperature of the liquid in the

prover 1o reduce the volume of liquid observed in or dis-

placed from the prover al prover temperature Lo its equiv-

alent volume at 60 F. Cypeo is obtained from ASTM D

1250,

Coipr = correction factor for the pressure on the liquid in the
prover 1o reduce the volume of liquid observed in or dis-
placed from the prover at prover pressure to ils equivalent
volume al the reference pressure of measurement. The
reference pressure of measurement for liquids having
vapor pressures equal to or less than atmospheric is 0 psig.
Cplpr is derived from the formula

_ =P PO )
V= ( ")[i—{l’h-—l’.){“]

for converting a volume al a high pressure to ils equiva-
lent volume at a lower pressure (see APl Standurd 1101,
Par. 3046). if

H

BV

Cripso

Cpipr = %
then,
Cotr = 1P P (F)
: L — (P, P (F)
Where:

P, = reference pressure of measurement in pounds per
square inch gage, considered as 0 psig for liquids
having vapor pressures equal to or less than
atmospheric.

P. = cquilibrium pressure in pounds per square inch gage
for the liquid in the prover, normally considered 0
psig for liquids having vapor pressures less than
atmospheric.
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Crsp 60

C[}Sp r

MR

Crim 60

Cp[m r

13

F = compressibility factor in pounds per square inch for
the liquid in the prover at prover temperature from
API Standard 1101, Fig. 33 or Table 1L

Py = average pressure on liquid in the prover, in pounds
per square inch gage.

correction factor for the temperature of the stecl in the
prover to reduce the base volume of the prover at 60 F (o its
equivalent volume at the observed prover temperature.
Cispee  for mechanical displacement provers is obtained
from API Standard 2531, Appendix B, Table 1. Crepeo for
prover tanks is obtained from the table of Cis values in API
Standard 1101, Par. 3045,
correction factor for the pressure on the steel of the prover
Lo reduce the base volume of the prover at 0 psig to its
equivalent volume at the observed prover pressure. Cpspr for
mechanical displacement provers is obtained from API Stan-
dard 2531, Appendix B, Table 1. Cpspr for prover tanks is
obtained as described in API Standard 1101, Par. 2116
through 2122, Cpepr for all meter provers operating at
atmospheric pressure is equal to 1.0000.
closing meter reading minus opening meter reading during a
meter proof or during any measuring period.
correction factor for the temperature of the liquid in the
meter to reduce the meter registration volume at the ob-
served meler temperature to its equivalent volume at 60 F,
Ciimeo is oblained from ASTM D 1250, and its use estab-
lishes the reference condition of the meter factor, insofar as
temperature of the liquid is concerned, as being 60 F.
correction factor for the pressure on the liquid in the meter
lo reduce the meter registration at the observed operating
pressure Lo its equivalent volume at 0 psig or other reference
pressure. When a meter is being proved, its pressure while
preving is its operating pressure. Cpim ¢ is obtained from APl
Standard 1101, Par. 3046 and 4008 through 4011 and is
determined as follows:

1= (P =P ) (F)
piwr = ]-" (Pu'_Pc‘u) (FD)

C
Where:

P, = reference pressure for the meter factor, considered
as 0 psig for liquids having vapor pressures equal to
or less than atmospheric.»

Per = equilibrium pressure of metered liquid in pounds
per square inch gage at the reference temperature.t

F; = compressibility faclor per pound per square inch for
the metered liquid at the reference temperature
from API Standard 1101, Fig. 33 or Table 1i.

*When Pr = 0, the formula becomes
1
C = :
phmr ] - (Pn_ Pm} (fu)

11 cquilibrive pressure is atmospheric pressure or below, use zero
fmfre pressure,
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P, = obscrved internal meter case pressure during meter
operation, in pounds per square inch gage.
compressibility factor per pound per square inch for
the melered liquid at the operating temperature
from API Standard 1101, Fig. 33 or Table il.

Fo

Cism60 = correclion factor for the temperature effect on the stecl of the
meter to reduce the meter registration for the size of the meter
at operating lemperature to the equivalent registration which
would occur if the size of the meter was equal to its size at 60
F. When a meter is being proved, the pressure while proving is
the operating pressurc. Ctsm6o is obtained from Fig. E-2 or
calculated as follows (see Appendix E):

Clamoo = [14+(Ey) (Ate) IP[1 4 (£p) {Atgo) ]

~Where:

Ey = mean linear coefficient of thermal expansion
of the meter housing material from Par. 3010.

Atgp = meter operafing temperature minus 60 F. The
algebraic sign of Atgo must be observed. If the
operating temperature is less than 60 F, a nega-
tive value results which must be used in the
calculation.

Er = mean linear coefficient of thermal expansion

of the meter rotor material from Par. 3010.

The reference condition of the meter faclor, insofar as the
temperature of the meter is concerned, is established as

being 60 F.

Cpsmr = Correction factor for the pressure effect on the steel of the
meter to reduce the meler registration at the size of the meter
al operating pressure to the equivalent registration which would
occur if the size of the meter was equal to its size at 0 psig
(reference pressure). When a meter is being proved, the pressure
while proving is the operating pressure. Cpem - is obtained from
Fig. E-3 or calculated as follows (see Appendix E):

Cpnmr = 1+ (APr) (Y)
Where:

AP,

internal meter case pressure during operation mi-
nus the reference pressure. For liquids having
vapor pressures equal lo or less than atmospheric,
the reference pressure is 0 psig. Normally, the alge-
braic sign of APy should be plus, but technically
its sign must be observed in the caleulation.

Y = asdetermined by the formula in Par. 3010.

The reference condition of the meter factor, insofar as the
pressure on the meter is concerned, is established as being 0
psig or other reference pressure.
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EXAMPLE OF CALCULATION OF VOLUME MR = 16.093 bbl.
METERED UNDER VARYING PRESSURE AND Ciimeo = 1.0063 from ASTM D 1250, Table 6,
TEMPERATURE CONDITIONS USING for 61.0 deg APL at 50.0 F,
ALTERNATE METHOD
Cot - 1— (00} (0.0000074)

F-6 The following example illustrates the overall 1-- {1000} (0.0000074)

application of correction factors by the alternate

method where varying pressure and temperature con- = 10007 for 61 deg APT at 50 F from APl
ditions are encountered in turbine meter operation, Standard 1101, Table 11.
Conditions Ciemeo = 09998, caleulated as follows:

F-7 All of the conditions, meter data, prover data, Ey = (9.6) (10-%) in. per in.
measurement periods, and meler readings of this ex- per deg F for Tyvpe 304
ample are identical to those indicated in Sect. 111, Par, stainless steel from Par.
3020. 3010.

Er = (5.5) (10-8) in. per in.
Problem per deg F for Type 416
stainless steel from Par.

F-8 Calculate the following items using the alter- 3010.
nate meter factor MFgoa r having standardized refer- Atsg = 50 —-60=-10
ence conditions of 60 F and 0 psig (reference) as
described in this appendix: Cimee = {1+[{9.6) (0%} ]{-10))?

{1+ [{55)(10)]
Equation (F-1), meter factor, MFgox . (—10))
Equation (F-2), quantily lhmughput for measure- .

ment period No. 1. Ctsmeo = 0"9'998
Equation (F-3), quantity throughpul for measure- or from Fig. E-2:

ment period No. 2. ' Citsmeo = 0.9998
Equation (F-4), total quantity throughput for both ‘

measurement periods. Cosmr = 1.0001, calculated as follows:
Solution ¥ =

(2—0.333) (6)

10
(28,000,000) [ 1-— W] {2) {0.321)

F-9 From the alternate formula of this appendix,

n”; ” _ {BV) (Ctlpn(}} (Cplpr) (Cfnpﬂ()) (Cﬂnpr)
B o - (IWR) (Crfnu'.o} (Cnlmr} (C.!:rmrm) (Cmmr) Y = (861) (10’— 7 )
Referring to the proving data, AP, = 100-0=+ 100
BV = 16.182 bhl. Coemr = 14+ (100) [(8.61) (10-7) ]
Citpeo = 1.0075 from ASTM D 1250, Table 0, \ c = 1.0001
for 61.0 deg APLat 48.0 F. psmr = e
) 1— {0—0) (1.0000074) or from Fig. E-3:
Cowr = TZ{90-0) (0.0000074)

Cp;m r - 10001
= 1.0007 for 61.0 deg API at 480 .

Cispen = 09998 from APl Standard 2531, MF _  (16.182) (1.0075) (1.0007) (0.9998) (1.0001)
Table I, for 48 F. ™" T (16093 (1.0063) (1.0007) {0.9998) (1.0001)
Cpspr = 1.0001 from APl Standard 2531,

Table 1I, for prover with 12-in.-1D
pipe x 0.375-in. wall for 90 psig. MFsour= 1.0067 (¥-1)
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F-10 From the alternate formula of this uppc:n(lix,m -

Jsoar =
(MR) (MF(H)& r) (Cilm 60) (Cplmr)
(Clsm 60) (Cp.rm r)

For the first measurement period, Q1. where the
meler is operating at proving condilions,

MR = 910,323 - 878,432 = 31,891 bbl.

MFeoar = 1.0067 from Equation (F-1).

Cimso 1.0063 from ASTM D 1250, Table 0,
for 61.0 deg API gravity at 50.0 F.

C.o _ _1=10—0)(0.0000074)  _
" = TZ1100—0) (0.00000547 = 10007
Cismea = 0.9998 from Fig. E-2 for
Afgo = =10
Cpsmr = 1.0001 from Fig. E-3 for AP, =100

and Y =(8.61) (10-7)

Q1= {910,323 — 878,432) (1.0067) (1.0063)
(1.0007) (0.9998) (1.0001)
(F-2)
Q1= 32,326 bbl at 60 F and 0 psig.

For the second measurement period, Qz, where the
meler is operating at 625 psig and 75 F,

MR = 1,011,480-910,323=101,157 hbl.
MFeosr = 1.0067 from meter proof.
Citmso = 0.9906 from ASTM D 1250, Table

6, for 61.0 deg APl at 75.0 F.

O i—w—o ooy _
» 7695 —0) [0 oooooaz) — 10032

Bhere:

Pr = 0. P, = 625 psig, and tempera-
ture=75F.

Cismeo = 1.0004 from Fig. E-2,

Where:

Algo = 75 — 60 = +15 and opera-
ting temperature is greater than ref-
crence temperature,

Cpamr = 14 {625} [(8.61) {10°7)] = 1.0005 from Fig. E-3,

Where:
AP, = 625, ¥ = (8.61) (107}, and operaling

pressure is greater than reference pressure.

Q2 =(1,011,480 — 910,323) (1.0067) (0.9906)
(1.0052) (1.0004) (1.0005)
(F-3)
Q2  =101,493 bbl at 60 F and 0 psig.

Total throughput = Q1 + Q2
= 32,326 + 101,493
= 133,819 bbl at 60 F and 0 psig.*
' ' (F-4)

*This is the same quantity as calculated in Seet. 1, Par. 3020,




APPENDIX G

TROUBLE-SHOOTING GUIDE

INTRODUCTION

G-1 This appendix is a guide to aid in the repair of
turbine metering systems which are malfunctioning.
Its purpose is the isolation of trouble for expedilious
restoration of service.

SPARE PARTS AND SPECIAL TOOLS

G-2 It is assumed that a complete set of manufac-
turer’s recommended spare parts and any special tools
required for proper mainlenance are available.

G-3  An oscilloscope for ohservation of clectrical
signals is helpful to determine the nature and form ol
the pulses as received by the counter. (For details see
Appendix D)

SOURCES OF TROUBLE

G-4 Mechanical:

Foreign material clinging to rotor blades,

Foreign material damage to, or loss of, rotor

blades.

3. Forcign material damage to valve scats and dis-
placer causing leakage,

4. Foreign material clinging to, or stopping up,
straightening vane.

5. Worn or defective bearings.

6. Worn or defective output shalt (where applicable).

7. Excessive drag on output shaft (where applicable).

8. Ferrous material clinging to permanenl magnets.

o
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G-5 Electrical:
I. Proving—
a. Defective displacer detector switeh.
b. Defective pickup.
¢. Defective transmission cireuit {circuil open or
unshiclded).
d. Presence of strong clectrical ficld.
e. Defective proving counter (refer {o manufac-
* e gt H -,
- turer’s operating manual).
£ Defective preamplifier.
2. Remote regster—
a. Defective pickup coil or impulse contactor.,
b. Defeelive transmission circuit,
¢. Defective accumulator device (refer to manu-
facturer’s operating manual).
d. Defective preamplifier.

G-6 Three major sources of trouble in the count-
ing circuil and the suggested steps to their elimination
are outlined in Fig. G-1, G-2, and G-3. Although thesc
illustrations deal primarily with digital totalizers, they
are equally applicable to various analog type of in-
dicating devices commonly used with many applica-
tions of turbine metlers. Knowledge of the
instruments involved is essential, and an operation
manual is helpful. 1f a totalizer does not count, refer
to Fig. G-1. Il a totalizer counts fast (overcounts),
refer to Fig. G-2. H a totalizer counts slow (drops
counts) or counts intermittently or irregularly, refer
to Fig. G-3.
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OBSERVE TOTALIZER I

IS TOTALIZER FOWER
OFFY OB FUSE
DEFECTIVE?
n‘a
o DEPRESS TEST SWITCH, yes 15 TURTHE SIGHAL yer ARIUST THRESIDLD CONTROL OR
WILL COUNTER COUNT : ~= PRESENT AT TUTAL LZER 5 OTIER ATTERUATIRG DEVICE.
TEST FREQUENCY? IHPUT? DORS COURTER rOURT?
iy no
IDES POWER SUFFLY REPLACE CIRCUTT WARLS 15 SIONAL OUTPUT ANE THERE DOLD REPLACE
GIVE PROPER GUIPUT LIDEVIDUALLY AT TURBINE METER SOLDER 1017 OR THFESHILD
VOLTAGE? cotLe SHONTED WIRES? tmiT
Yesn
sia ne no
SUNSTITUTE RESOLDER OR
TOTALIZER REPLACE WIRES
SUBSTITUTE NEW COIL.
15 SIGNAL PRESERT now?
SUBSTTIUTE POWER SUPFLY
OR COMMONENTS s ves
4
ARE CIRGUTT DOARDS
LOOSE TH THEIR BASE
CONTEr TORE?
ves CHERY $ORAL PHE-AMT.
1T THERE S1GHAI
QUTPUT?
e
SUBITITUTE
TOTAL EZER o
15 MUTER A CLEAN AND TIGHTER
TURRLAGS . ALL PHONGS
‘ SUBSTLIUTE
1OTAL 1ZER
CLEAN O REFLACE 3

TRAISHISHION CADIE
COMECTORS

I8 THERE YBOTER TITUT
YOI TAGE 10 T'RE-/AMIY

REPLACE
TURBIIE METER

CHECK PRE~AMP REPIACE
FOWER SUFPLY IFHE -~ AMP

REFLACE
CABLE

FIG. G-1--Totalizer Does Not Count.
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OBSERVE

DOES TOTALIZER cotmt
TOTALIZER

AT HO FIOW COMDITIOQNS?

no yes

IS THERE LIQUID EXPANSION

BE SURE ROTOR
OR LEAKAGE THRY THE METER?

S NOT MOVING

yes
WITH O5CILLOSCOFE ARE ne

CHECK METER VANES
1§ THERE MECHANICAL
HOISE SIGHALS PRESENTT

AND BEARTNGS

VIERATION?
no yes
ARE TOTALEZER AMD E5 SHIELDED CABLE s 1S COIL GROMNDED TO REPLACE
- PRE-AMP POWER SUPPLIES ¥ GROLMDED AT ONE ¥ COIL CASE Oft SHIELD TRANSHISSION
REGULATED? POINT OMLYT TU CONDBIT? WIRE
na
yer GROUHD AT ONE

INSTALL REGULATED
YGWER SUPPLY OR
ASSURE HINTHUM
RIFPLE

yeu

REFAIR WIRE,
COLE SOLDER JOINTS,
CHECK SWITCH

IS INTERNAL WIRING
BARE OR SHORTED?

POINT ONLY

INCREASE SIGNAL/HOISE
RATIO. DOES UNIT mOW

COUNT PROPERLY?

no | 15 TOTALIZER In
VIGINITY OF HEAVY
MAGNETIC FIELE?

REMIVE ‘T
BETTER
LOCATION

1) yes

IS5 TEST SWITCH BAD?

no

SUBSTITUTE CIRCUXT
BOARDS INDIVIDUALLY

LAY TEMPORARY LINE yed
METER 10 TOTALIZER

WITK OSCILLATOR AT
TOTALIZER, BGES UNIT
COUNT PROPERLYT

ADD PRE-AMF
AT METER

RECHECK SHIELD
AND CABLE

no

UNTIL TROUBLE 18
FOUND R REPLACE

WITH OSCILLATOR AT METER,
DOES 1HIT COUNT PROFERLY?T

SUBSTITUTE
TOTALTZER

yen CHECX METER, ARE

CRACKED

SLADES BENT OR

FIG. G-2--Totalizer Counts Fast (Overcounts).

ADD ISGLATION
THANSFORMERS T0
TRANSHISSION
LINE

REPLACE
METER
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3M—Sept
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noe

| OBSERVE TOTALIZER i

SUBSTITUTE OR PARALLEL

TOTALIZER, 15 TROVELE
CORRECTEDT

yea

TOTALIZERT

15 SHIELDING CABLE
GROUNDED ONLY AT

ne

cheek

1571

DISCONNECT CABLE. CHECX
FOR GHORT CIRCUET BETWEEN

¥ SIHELD AND CONDUIT OR

OONDUCTORS. CHECK
{ONTiRUITY OF SHIELD.

CHECK CONTINUITY OF (OIL.

15 Coll SHORTED TO DOIL
CASE?

REPLACE
TOTALIZER

no

CHECK FROXIMITY TO NEAVY
CURRENT CAHRYING WIRES

+

DOES OSCILLOSCOFE SHOM
EVEN OUTPUT PULSE TRAIN

yes

WITH OSCILLOSOGPE, ARE
HOISE $ICGNALS PRESENT?

FROM METER?

MAGNETS

AEMDVE METER AND CHECK
FOR MISSING DLADES OR

fin
15 BIGHAL LEVEL HANDOM TOUNTS?
ADEQUATE?

no

yes

IRCRERSE LEVEL
OF SICRAL INPUT.

no

STILL GETTING

Yes

INSTALL OR REPLACE
FRE-AMP, IF NECESSARY

INTRODUCE S5iGHAL FROW

AUDIO DSCILLATOR OF

SAME FREQUENCY AS METER

ES TOTALIZER
COUNT EVENLY
AND CORRECTLY?

HEFLACE KETER

CHECK CIRCULT POARD

ne yes

AND FOMER SUPPLY

EYBSTITUTE
TOTAL-IZER

HEPLACE SIGHAZ

TRANSHISSION
HIRING

FIG. G-3--Totalizer Drops Count (Counts Slowly,

WITIE OSCILLATOR LDCATED
no AT METER AND VOLTAGE
EQUAL TO METER OUTPUT
VOLTAGE, DOES PROPER
COUNTING OCCUR?

Intermittently, or

Irregularly).

SUBSTITUTE COIL OR
GENERATING DEVICE






