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FOREWORD

Turbine flowmeters cover a family of devices with varying designs that depend on rotating
blades for the measurement of fluid velocity. This Standard is for liquid turbine meters and is

not intended for gas turbine meters. 1he primary purpose of the liquid turbine JJowmeter 1s to
measure flowing volume. The flowing volume can be recalculated as volume at a specific set of
conditions or as mass flow with the proper addition of additional measurements that can include
temperature, pressure, and analytical devices.

The liquid flow turbine meters can be used for process monitoring, control, and custody transter
applications.

Suggestions for improvement of this Standard are welcome. They should be Seht to: The
American Society of Mechanical Engineers, Attn: Secretary, MFC Standards Committee, Three
Park Avenue, New York, NY 10016-5990.

Following approval by the Standards Committee and the ASME Board, this Standard was
approved as an American National Standard on June 8, 2007, with the designation
ASME MFC-22-2007.

iv
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CORRESPONDENCE WITH THE MFC COMMITTEE

consensus of concerned interests. As such, users of this Standard may interact with the Committee
by requesting interpretations, proposing revisions, and attending committee meetings. Correspon-
dence should be addressed to:

Secretary, MFC Standards Committee

The American Society of Mechanical Engineers
Three Park Avenue

New York, NY 10016-5990

Proposing Revisions. Revisions are made periodically to the Standard té-ncorporate changes
that appear necessary or desirable, as demonstrated by the experience gained from the application
of the Standard. Approved revisions will be published periodically.

The Committee welcomes proposals for revisions to this Standdrd. Such proposals should be
as specific as possible, citing the paragraph number(s), the propgsed wording, and a detailed
description of the reasons for the proposal, including any pertinent documentation.

Proposing a Case. Cases may be issued for the purpose.of providing alternative rules when
justified, to permit early implementation of an approvedrrevision when the need is urgent, or to
provide rules not covered by existing provisions. Cases are effective immediately upon ASME
approval and shall be posted on the ASME Committee Web page.

Requests for Cases shall provide a Statement offNeed and Background Information. The request
should identify the standard, the paragraph, figure or table number(s), and be written as a
Question and Reply in the same format as éxisting Cases. Requests for Cases should also indicate
the applicable edition(s) of the standard;to which the proposed Case applies.

Interpretations. Upon request, thé MFC Committee will render an interpretation of any require-
ment of the Standard. Interpretations can only be rendered in response to a written request sent
to the Secretary of the MFC Standards Committee.

The request for interpretation should be clear and unambiguous. It is further recommended
that the inquirer submit his/her request in the following format:

Subject: Cite the applicable paragraph number(s) and the topic of the inquiry.

Edition: Cite the applicable edition of the Standard for which the interpretation is
being requested.

Question: Phrase the question as a request for an interpretation of a specific requirement

suitable for general understanding and use, not as a request for an approval
of a proprietary design or situation. The inquirer may also include any plans
or drawings that are necessary to explain the question; however, they should
not contain proprietary names or information.

Requests that are not in this format will be rewritten in this format by the Committee prior
to being answered, which may inadvertently change the intent of the original request.

ASME procedures provide for reconsideration of any interpretation when or if additional
information that might affect an interpretation is available. Further, persons aggrieved by an
interpretation may appeal to the cognizant ASME Committee or Subcommittee. ASME does not
“approve,” “certify,” “rate,” or “endorse” any item, construction, proprietary device, or activity.

Attending Committee Meetings. The MFC Committee regularly holds meetings, which are open
to the public. Persons wishing to attend any meeting should contact the Secretary of the
MEFC Standards Committee.

i
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MEASUREMENT OF LIQUID BY TURBINE FLOWMETERS

1 SCOPE

This Standard describes the criteria for the nhn]lhnh on

Gaithersburg, MD 20899; http:/ /physics.nist.gov/
Pubs/guidelines/TN1297/tn1297s.pdf

(§) turbine flowmeter system

(¢) installation requirements

(4) design specifications

(¢) the maintenance, operation, and performance

(f) measurement uncertainties

is Standard does not address the details of the
insfallation of accessory equipment used to measure
prepsure, temperature, and/or density for the accurate
determination of mass or base volumes, or those accesso-
rie§ used to automatically compute mass or base
volfimes.

2 |REFERENCES

e following is a list of publications referenced(n this
Stafdard. Unless otherwise specified, the latest edition
shall apply.

ANSI/NCSL 7540.2-1997 (R2002), U'S. Guide to
pression of Uncertainty in Measurement

Publisher: NCSL International,.2995 Wilderness Place,
Suite 107, Boulder, CO 80301-5404

ASME MFC-1M, Glossany of Terms Used in the
easurement of Flyid Flows in Pipes

Pubplisher: The American Society of Mechanical
gineers (ABME), Three Park Avenue, New York,
Y 10016;6990; Order Department: 22 Law Drive,
O. Box2300, Fairfield, NJ 07007-2300

ISQ Guide to the expression of uncertainty in

eaSurement

3 DEFINITIONS AND SYMBOLS

Much of the vocabulary and many of the fymbols
used in this Standard are defined¢n |ASME MFC-1M.
Others that are unique in the field urider consideration,
or with special technical meanings’are given in para. 3.1.
Where a term has been adequately defined in the main
text, reference is made tg,the appropriate paragraph.

3.1 Definitions

base flow rate: flow ‘rate converted from flowing condi-
tions to base conditions of pressure and temperature,
generally expressed in units of base volume per unit
time (e.gy'gpm, m®/h, etc.).

base pressure: a specified reference pressure to which a
fluid~volume at flowing conditions is reduced for the
purpose of billing and transfer accounting. It is generally
taken as 14.73 psia (101.560 kPa) by the gas industry in
the US.

base temperature: a specified reference temperpture to
which a fluid volume at flowing conditions is freduced
for the purpose of billing and transfer accountjng. It is
generally taken as 60°F (15.56°C) by the gas industry in
the US.

base volume: volume of the fluid at base presgure and
temperature.

flowing pressure: static pressure of the fluid at the{flowing
condition.

flowing temperature: the temperature of the fluid at the
flowing condition.

linearity: linearity refers to the constancy of K faqtor over
a specified range, defined by either the pipe Reynolds
number or the flow rate. A typical liquid turbinpe meter
performance curve is shown in Fig. 1. The linear range
of the turbine meter is usually specified by|la band
defined by maximum and minimum K factord, within

Publisher: International Organization for
Standardization (ISO), 1 ch. de la Voie-Creuse, Case
postale 56, CH-1211, Geneve 20, Switzerland /Suisse

NIST Technical Note 1297 (TN 1297), Guidelines for
Evaluating and Expressing the Uncertainty of NIST
Measurement Results

Publisher: United States Department of Commerce,
Technology Administration, National Institute of
Standards and Technology (NIST), 100 Bureau Drive,

which the K factor for the meter is assumed to be Kcan.
The upper and lower limits of this range can be specified
by the manufacturer as a function of maximum and
minimum Reynolds number ranges, a flow rate range
of a specified fluid, or other meter design limitations
such as pressure, temperature, or installation effects.

pipe Reynolds number: expressed by the equation

_ob _ D
Re, = v T

(€
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Fig. 1 Typical Meter Performance Curve

’4; Flow range linearity, Application A ———>
| /_\ ‘,
| Yy

Linearity B
/ v M

Linearity A

flow rate through the meter. For ideal fluids and friction-
less rotor, the rate of rotation is linearly proportional to
the axial flow velocity and the constant of proportional-
ity is a function of the blade angle.

4.2 Output and Readout Device

4.2.1 The rate of revolution of the rotor is normally
determined from the blade passing frequency or by other

ralat 1o tbha ot £

/ |
Flow range linearity, |
Application B

-l
Il

diameter of the inlet pipe that is of the same
nominal size as the meter

v, = average fluid velocity in the inlet pipe

# = dynamic viscosity of the fluid

p o density of the fluid

rangeabifity or turndown: flowmeter rangeability is the
ratio of the maximum to minimum flow rates or
Reynolds number in the range over which the meter
meets a|specified uncertainty and/or accuracy.

repeatabllity of measurements (qualitative): the closeness of
agreemént among a series of results obtained with the
same mpthod on identical test material, under the same
conditiqns (i.e., same operator, same apparatus, same
laboratqry, and short intervals of time).

reprodufibility: the closeness of agreement between
results pbtained when the conditions of measutement
differ; for example, with respect to different tést appara-
tus, opgrators, facilities, time intervals, etc:

Reynold§ number: a dimensionless parameter expressing
the ratip between inertia and viscotisforces.

turbine gieter: a flow measuring deyvice with a rotor that
responds to the velocity of flowing fluid in closed con-
duit. The flowing fluid causes the rotor to move with a
tangentfal velocity that-is\directly linearly proportional
to the vplumetric floWwyrate.

3.2 Symbols
See Thble-L.

1324 PN Lodl oo
THCOTtS—triot T tCo—toO—trtC—Ta tC-oOTToOTtTa o

4.2.2 Turbine meter output may be me€hanjcal,
electrical, electromechanical, optical, analogsand digjital.
The readout devices may be of any form suitable forl the
application.

4.2.3 For electrical pulse output meters, the oufput
includes the pulse detector systemyand all electrical ¢on-
nections necessary to transmit/the indicated rotor r¢vo-
lutions outside the bodyfor uncorrected volyme
registration.

5 SELECTION OF METER AND ACCESSORY
EQUIPMENT) FOR FLOW RATE DETERMINATION

For proper ‘selection and operation of the meter|the
followifig.information may be necessary:
(a) @uid properties of the flowing stream including
viscosity, vapor pressure, toxicity, corrosiveness, lubtica-
tion properties, specific gravity, etc.
(b) flow rate range and operational conditions incjud-
ing unidirectional or bidirectional flows and continyjous
or intermittent flows
(c) performance characteristics that are required| for
the application including linearity over a specified flow
range, repeatability at any flow rate, and improved|lin-
earity over a flow range
(d) theflange rating, area classification, materials,fand
dimensions of the equipment used
(e) available space for the meter installation and pfov-
ing facility, if required for the application
(f) operating pressure ranges, acceptable presgure
losses through the meter installation, and necessary ¢on-
sideration to avoid vaporization of the fluid while plass-
ing through the meter
(g) operating temperature range and the applicabflity
of the automatic temperature compensation
(h) effects of corrosive fluids and contaminants or] the

4 PRINCIPLE OF MEASUREMENT

4.1 Measuring Mechanism

The measuring mechanism consists of the rotor, rotor
shafting, bearings, and the necessary supporting struc-
ture (Figs. 2 and 3). The flowing fluid passing through
the blades of the rotor, which are at an angle to the
direction of the flow, imparts a tangential force on the
blades. This tangential force causes the rotation of the
rotor that is directly linearly proportional to the axial

meter

(i) amount and size of the suspended solids in the
flowing stream including filtering equipment for the
metering section

(j) types of readout and printout devices, or desired
output system to be used for signal preamplification
and output units of the measurement as required

(k) for multiple meter-run installations and how a
meter is taken in or out of service during operation of
the entire system
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Fig. 2 Schematic of Liquid Turbine Meter (Upstream-Downstream Stator)

Flow

Upstream stator

——l Meter housing
4/

Upstream stator support
- —

L]

Rotor blades

/

Bearing - Rotor hub
\ fj// Pickup
L1 L Downstream stator support
Shaft — | E=
End connection—E

Downstream stator

Table 1 Symbols

Dimensions U.S. Customary

Sympol Quantity [Note (1)] Sl Units Units

G Specific gravity Dimensionless - ..

K Calibration factor (pulses/unit volume) L3 pulses/m?> pulsps/ft>

P, Static pressure, absolute mLT2 Pa abs Ibf/ft? abs

Py Static pressure, gauge MLT2 Pa gage Ibf/f}? gage

AF Meter pressure loss MLT2 Pa Ibf/ft?

q Volume flow rate L7t m3/s 3/

1% Liquid volume passed L m> ft>

M Liquid mass passed M kg b

p Mass density mL kg/m?> lbm/f

f Frequency linearly related.tovrotational speed T s7! sec|

P, Equilibrium pressure mLiT2 Pa Ibf/ft?

Vy Average fluid velocity Tt m/s ft/sdc
GENERAL NOTE:

b|= subscript for base conditions of temperature, pressure, and fluid composition

fl = subscript for flowihg\conditions of temperature, pressure, and fluid composition

p|= subscript for inlet pipe

eff| = subscript forefféctive degrees
NOTE:
(1) Fundamental dimensions: M = mass; L = length; T = time.
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Fig. 3 Schematic of Liquid Turbine Meter (Cantilever Stator)

Flow

Upstream stator

/T

Bearin
g\|j P Meter housing
—
I~ Upstream stator support
Rotor hub :(\ | —
Rotor blades \\ I

I~ :' [j/ Pickup
| D t tat t

Shaft — | | | — Downstream stator suppor

End connection—L

Downstream stator

Fig. 4 Typical Turbine Meter System

—

(I) method by which each meter\can be proved over
al operating flow range of the meter

tion or putput

(0) adcessory equipment needed for batching opera-
tions bgsed on theoutput of the meter

(p) valves in\thle meter installations require special
considefationyas their performance can affect the mea-
suremet ‘accuracy

[<———— Meter run ———— >
Differential
pressure Pressure
=10 m bore =5m bore device
diameter diameter. Control
Block valve
valve @
><] S~
. - Block Block Check
Filter strainer .
Straightener valve Z\ valve valve
Furbine Temperature
meter device To From
prover
prover

(v) fidelity and security of pulse data transmisgion
systems

6 INSTALLATION

Details for the installation of turbine meters are pro-
vided in paras. 6.1 through 6.4. Figure 4 is a typical
schematic diagram of a unidirectional turbine mpter
system.

(9) the flow and pressure control valve in the main-
stream meter run should not result in shocks and surges

(r) valves, particularly those between the meter and
the prover, require leak-proof shutoff (e.g., double block-
and-bleed valves)

(s) maintenance methods, costs, and spare parts
needed

(t) requirements and suitability for security sealing

(u) power supply requirements for continuous or
intermittent meter readout

6.1 Flow Conditioning

The meter performance is affected by swirling and
asymmetric flow profiles. Flow conditioning remediates
these adverse conditions. Figure 5 is a typical installation
of an upstream flow conditioner.

6.2 Valves

6.2.1 The valves in a turbine meter installation
require special consideration since their performance
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Fig. 5 Typical Installation of an Upstream Flow
Conditioner

End view

(not to scale)\

6.3 Piping

6.3.1 Turbine meters are normally installed in a
horizontal orientation. The manufacturer should be con-
sulted if space limitations dictate a different orientation
for the meter.

6.3.2 Where the flow range is over the limit of any
one meter or the prover for the system, a bank of meters
may be installed in parallel. Each meter in the bank of

Flow ——>

A = upstream plenum (2-3D)

B = length of straightener (2-3D)

C = length of upstream plenum (= 5D)

D = nominal diameter

d =nominal diameter of individual tubes (B/d =-10)
L = face-to-face length of flow conditioner section
n = number of individual tubes or vanes (=14)

canfaffect measurement accuracy. The\flow- or pressure-
control valves on the mainstream.meter run should be
cappble of rapid, smooth opening'and closing to prevent
shgcks and surges. Other valves, particularly those
betjveen the meter or meters and the prover (e.g., stream
divprsion valves, drains; and vents) require leak-proof
shuftoff, which may/be provided by a double block-and-
ble¢d valve or.an effective method of verifying shutoff
intdgrity.

6.2.2 \If a bypass is permitted around a meter or
a battery of meters, it should be provided with a blind

telltale bleed. The bypass should be sealed with a tam-
perproof seal if the meter or battery of meters is used
for fiscal measurement.

6.2.3  All valves, especially spring-loaded or self-
closing valves, should be designed so that they will not
admit air when they are subjected to vacuum conditions.

6.2.4 Valves for intermittent flow control should
be fast acting and shock-free to minimize the adverse
effects of starting and stopping liquid movement.

meters should operate within its minimum/and maxi-
mum flow rates. A means should be provided tgbalance
flow through each meter. Generally, balance of flow rate
can be accomplished by using a flow contr¢l valve
installed downstream of each meterifun.

6.3.3 Meters should beinistalled so that they will
not be subjected to undue stress, strain, or vibration.
Provision should be made’to minimize meter djstortion
caused by piping expansion and contraction.

6.3.4 Measurement systems should be installed so
that they will have a maximum, dependable operating
life. This réquires that, in certain services, pyotective
devices bevinstalled to remove liquid abrasives for other
entrained particles that could impair meter perf¢rmance
charagteristics or cause premature wear. If straipers, fil-
ters, sediment traps, settling tanks, water sepafators, a
combination of these items, or any other suitablq devices
are required, they should be sized and installedl to pre-
vent flash vaporization of the liquid before it passes
through the meter. Protective devices may be installed
singly or in an interchangeable battery, depending on
the importance of continuous service. In servicgs where
the liquid is clean or the installed meter does not require
or warrant protection, omission of protective|devices
may be acceptable. Monitoring devices shpuld be
installed to determine when the protective devife needs
to be cleaned.

6.3.5 Measurement systems should be installed
and operated so that they provide satisfactory gerform-
ance within the viscosity, pressure, temperatfire, and
flow ranges that will be encountered.

6.3.6 Meters should be adequately protecfed from
pressure pulsations and excessive surges and from
excessive pressure caused by thermal expansign of the
liquid. This kind of protection may require the finstalla-
i i re-lim-
iting valves, pressure relief valves, and/or other
protective devices. When pressure relief valves or pres-
sure-limiting valves are located between the meter and
the prover, a means of detecting spills from the valves
should be provided.

6.3.7 Conditions that contribute to flashing and/
or cavitation of the liquid stream as it passes through
the meter should be avoided through suitable system
design and operation of the meter within the flow range
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Fig. 6 Typical Performance Curve of Turbine Meter
Showing Effect of Back Pressure

Manufacturer’s stated
maximum flow rate

Back pressure too low

Ap = pressure drop through the meter at the maxi-
mum operating flow rate for the liquid being
measured, pounds per square inch (psi)

6.3.9  For higher vapor pressure liquids or liquids
with vapor pressures of more than 1000 kPa or about
150 psi at the flowing conditions, it may be possible to
reduce the coefficient of 1.25 in eq. (2) to some other
practical and operable margin. A back pressure greater

Curve represents
cavitation

Pulses Per Unit Volume

Back pressure
adequate

Volume Flow Rate Per Unit Time

specifiefl by the manufacturer. A typical liquid turbine
meter performance curve illustrating the effect of back
pressurg is shown in Fig. 6. This deterioration of meter
performance can be avoided by maintaining sufficient
pressur¢ within the meter. This may be accomplished
by placjng a back-pressure valve downstream of the
meter t¢ maintain pressure on the meter and the prover
above the vapor pressure of the liquid. In some opera-
tions, the normal system pressure may be sufficient to
prevent| flashing and/or cavitation without‘the use of
a back-pressure valve. Since the meter qutlet pressure
requiremnent is dependent upon the fluid conditions and
the metpr selection, the meter manfufacturer should be
consulfed for recommendations on the minimum
acceptable operating pressures fot specific applications.

6.3.8 In the absence'of a manufacturer’s recom-
mendatjon, the numerical value of the minimum pres-
sure at the outlet ofithe meter may be calculated with
the follpwing expression, which has been commonly
used. The calculatéd pressure has proven to be adequate
in most ppplieations and it may be conservative for some
situatiops!

tharr 350 kPaorabout 56-psiabove the vapor presyure
of the liquid for the flowing conditions is normally. ade-
quate for proper operation of the liquid turbine meter.
In either case, the recommendations of the meter mgnu-
facturer should be considered. During(preving opgra-
tions, additional back pressure maybe required to
prevent vaporization in the provet.

6.3.10 When a flow-limiting device or a restricfing
orifice is required, it should\ be installed downstrgam
of the meter run. A restricting orifice plate, instaflled
downstream of the meterprovides additional back pres-
sure in the event of-a‘sudden increase in flow rate |[due
to an upset condition (generally, an increase in upstream
pressure); thefeby preventing the meter from operating
under high flow rates that may damage the meter{ An
alarm may~be desirable to signal a flow rate that|has
exceeded the design limits. Flow-limiting or other pres-
sure~reducing devices installed upstream of the meter
shotild be designed and located to satisfy flpw-
conditioning and meter pressure requirements.

6.3.11  Each meter should be installed such that
neither air nor vapor can pass through it. If necesgary,
air and vapor elimination equipment should be instaflled
upstream of the meter. The equipment should be
installed as close to the meter as is consistent with good
practice, but it must not be so close that it generatps a
swirl or a distorted velocity profile at the entry tof the
meter. Any vapor released from the line should be
vented in a safe manner.

6.3.12 Meters and piping should be installedl so
that accidental drainage or vaporization of liquid is
avoided. The piping should have no unvented hLigh
points or pockets where air or vapor could accumylate
and be carried through the meter by the added tufbu-
lence that results from an increased flow rate. The ingtal-
lation should prevent air from being introduced intq the
system through leaky valves, piping, glands of pump

Py=2-Ap+125-p, @)

where

P, = minimum back pressure, pounds per square
inch gauge (psig)

P. = equilibrium vapor pressure of the liquid at the
operating temperature, pounds per square inch
absolute (psia) (gauge pressure plus atmo-
spheric pressure)

shafts, separators, connecting lines, and so forth.

6.3.13 The recommended location for prover con-
nections is downstream of the meter run. If it is necessary
to locate prover connections upstream of the meter run,
it should be demonstrated that meter performance is
not different between proving and normal operation.

6.3.14 Lines from the meter to the prover should
be installed to minimize the possibility of air or vapor
being trapped. Manual bleed valves should be installed
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athigh points so that air can be drawn off before proving.
The distance between the meter and its prover should
be minimized. The diameter of the connecting lines
should be large enough to prevent a significant decrease
in flow rate during proving. Flow rate control valves
may be required downstream of each meter, particularly
in multimeter installations, to keep the proving flow
rate equal to the normal operating rate for each meter.

7.1 Meter Factor

Meter factors are determined by proving the meter
under conditions of flow rate, viscosity, temperature,
density, and pressure similar to that of actual operating
conditions. The meter performance curve can be devel-
oped from a set of proving results.

7.2 Causes in Variations in Meter Factor

3715 Piping should be designed to prevent the
or gain of liquid between the meter and the prover
ng proving.

.3.16  Special consideration should be given to
ocation of each meter, its accessory equipment, and
iping manifold so that mixing of dissimilar liquids
inimized.

.3.17  Most turbine meters will register flow in
directions, but seldom with identical meter factors.
w must be restricted to a single direction because
eter design, flow in the opposite direction should
revented. Reverse flow can be measured by a unidi-
ional turbine meter by directing the flow through
the[meter always in the same direction by installing
valyes and piping for reverse flows.

5.3.18 A thermometer, or a thermowell that per-
mitp the use of a temperature-measuring device, should
be jnstalled in or near the inlet or outlet of a meter run
so that metered stream temperatures can be determined:
Thq device should not be installed upstream of the meter
beteen the meter and the flow-conditioning sections or
at a|downstream location closer than the manufacturer’s
recommended position. If temperature.compensators
arefused, a suitable means of checking, the’operation of
the|compensators is required.

6.3.19  To determine meter\operating pressure, a
gauge, recorder, or transmitter-of suitable range and
accfiracy should be installed-near the inlet or outlet of
each meter.

6.4/ Electrical

Trbine meters usually include a variety of electrical
or ¢lectroni¢’ accessories. The electrical systems should
be flesigned.'and installed to meet the manufacturer’s
recpmmendations and the applicable hazardous area
clagsifications and to minimize the possibility of

7.2.1  Many factors can change the perforrance of
a turbine meter. Some factors, such as thé entrance of
foreign matter into the meter, can be remedied|only by
eliminating the cause. Other factors, such‘as thepuildup
of deposits in the meter, depend onl the charagteristics
of the liquid being measured; thesejfactors mustfbe over-
come by properly designingnand operating the meter
system.

7.2.2  The variables that have the greatest effect on
the meter factor aré“flow rate, viscosity, temperature,
deposits, or foreigh matter. If a meter is proyed and
operated on liqids with inherently identical prperties,
and operating conditions such as flow rate remgin simi-
lar, the highest level or accuracy can be anticipated. If
there-are changes in one or more of the liquid properties
or in\the operating conditions between the proying and
the operating cycles, a change in meter factor my result
and a new meter factor must be determined.

7.3 Variations in Flow Rate

At the low end of the range of flow rates, tlle meter
factor curve may become less linear than it is at the
medium and higher rates (see Fig. 1, Applicgtions A
and B). If a plot of meter factor versus flow rate has been
developed for a particular liquid and other varigbles are
constant, a meter factor may be selected from |the plot
for flow rates within the meter’s working range; how-
ever, for greatest accuracy, the meter should be rpproved
at the new operating flow rate.

If the metering installation is monitored and flow rate
is computed by an electronic flow computer, a
multipoint meter performance curve as a function of
the rotational speed of the rotor can be developed and
used to determine the flow rate. A multipoint meter
calibration curve can improve the measurement accu-
racy relative to using a mean or fixed K-factor yalue for
the meter (Fig. 1). Many commercially available flow

mechanical damage to the components. Since turbine
meters usually provide electrical signals at a relatively
low power level, care must be taken to avoid signal and
noise interference from nearby electrical equipment.

7 METER PERFORMANCE

Meter performance is defined by the reflection of the
meter’s output to the actual flow rate including linearity,
repeatability, and reproducibility.

computers for turbine meters oiter optional capability
of the flow computer to update the meter performance
curve with the latest data when the meter is calibrated.
Using fitted curve and/or updating meter performance
curve with most recent data can noticeably improve the
measurement of accuracy and linearity of the meter.

7.4 Variations in Viscosity

7.4.1 Turbine meters are sensitive to variations
in viscosity. Since the viscosity of liquid hydrocarbons
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changes with temperature, the response of a turbine
meter depends on both viscosity and temperature. The
viscosity of light hydrocarbons such as gasolines essen-
tially remains the same over wide temperature changes,
and the meter factor remains relatively stable. In heavier,
more viscous hydrocarbons such as crude oils, the
change in meter factor can be significant because of
the viscosity changes associated with relatively small

for most incompressible liquids. If the pressure change is
significantly high to affect the meter dimension and/or
fluid properties like density and/or viscosity due to the
change in line pressure, the meter performance should
be verified and the meter calibrated, if required. For
liquids that have noticeable influence on density and/or
viscosity due to relatively small variations in pressure
(e.g., liquefied ethylene), the meter should be recali-

temperature changes. It is advisable to reprove the meter  brated if pressure change is enough to affect the meter
frequenfly when the viscosity of the fluid is known to  performance beyond the acceptable or allowablellifnits

vary under normal operating conditions.

7.4.2 Some commercially available liquid turbine
meters with helical or specially designed blade shapes
have negligible influence on meter performance curve
over a Wide range of density and viscosity of the flowing
fluid. The manufacturer should be consulted for the
viscosity range over which the meter may not require
perfornfance verification or recalibration. Rotors with
straight{ or slightly curved blades are influenced more
by the fluid viscosity than that of specially designed
rotor blades.

7.4.3 Most commercially available flow computers
can be programmed to store meter performance curves
as a furfction of viscosity of the given fluid. The input
received manually or from an online viscosity measuring
device ¢an improve the measurement accuracy of the
meter.

7.5 Varjiations in Density

7.5.1 A change in the density of the metered liqtiid
can resyilt in significant differences in the meter-factor
in the Ipwer flow ranges, thereby requiring-the meter
to be pyoved.

7.5.20  For liquids with a relative defsity of approxi-
mately .7 or less, consideration must'be given to raising
the valye of the meter’s minimum flew rate to maintain
linearity. The amount of increase'in lower flow rates will
vary depending on meter size and type. To establish the
minimum flow rate, several"provings should be made
at diffeent rates untila'meter factor that yields an
acceptable linearity.and repeatability can be determined.

7.6 Variation indJemperature

In addlitiento affecting changes in viscosity, significant
variatiohs\ifr the temperature of the liquid can also affect

of measurement. If the pressure of the liquid when it is
metered varies from the pressure that existéd during
proving, the relative volume of the liquid will change
as a result of its compressibility. The physical dimensjons
of the meter will also change as a result/of the expangion
or contraction of its housing undér.pressure. The pofen-
tial for measurement error ingreases in proportion td the
difference between the proving and operating copdi-
tions. For greatest accurdcy, the meter should be prgqved
at the operating conditions.

7.7.2  Volumetric corrections for the pressure efflects
on liquids withrvapor pressures above atmospheric pres-
sure are refefenced to the equilibrium vapor pressute of
the liquidhat the standard temperature (e.g., 60°F, 15°C,
or 20°C) rather than to atmospheric pressure, whidh is
the typical reference for liquids with vapor presspires
below atmospheric pressure for the measurement tem-
perature. Both the volume of the liquid in the pr¢ver
and the registered metered volume are corrected from
the measurement pressure to the equivalent volumgs at
the equilibrium vapor pressure at the standard tempgra-
ture, 60°F, 15°C, or 20°C.

7.7.3 This is a two-step calculation that invo|ves
correcting both measurement volumes to the equivljient
volumes at equilibrium vapor pressure at measurement
temperature. The volumes are then corrected to|the
equivalent volumes at the equilibrium vapor presgure
at the standard temperature, 60°F, 15°C, or 20°C.

8 OPERATION AND MAINTENANCE
8.1 Conditions That Affect Operation

8.1.1 The overall accuracy of measurement by [tur-
bine meter depends on the condition of the meter pnd
its accessories, the temperature and pressure correctipns,

meter performance by causing changes in the physical
dimensions of the meter and in the apparent volume
measured by the meter as a result of thermal expansion
or contraction of the liquid. For greatest accuracy, the
meter should be proved in the range of normal operating
conditions.

7.7 Variations in Pressure

7.7.1  The effect of normal pressure variations in
the flow line on liquid turbine meters is insignificant

I1Il€ PfUViIlg SysStclll, the frequeuLy Ol Pruviug, dlld the
variations, if any, between operating and proving condi-
tions. A meter factor obtained for one set of conditions
will not necessarily apply to a changed set of conditions.

8.1.2 Turbine meters should be operated within
the specified flow range and operating conditions that
produce the desired linearity of registration. They
should be operated with the equipment recommended
by the manufacturer and only with liquids whose prop-
erties were considered in the design of the installation.
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8.1.3 If a bidirectional turbine meter is used to
measure flow in both directions, meter factors should
be obtained for each direction of flow. The meter factors
can be determined by a prover that has the proper piping
manifold, the required protective equipment, and the
flow conditioning located both upstream and down-
stream of the meter.

Failure to remove foreign matter upstream of a turbine
meter_and its F]ow—rnndifioning svstem mav result in

(j) instructions in the use of all forms and tables neces-
sary to record the data that support proving reports and
meter tickets

(k) instructions for routine maintenance

() instructions for taking samples

(m) details of the general policy regarding the fre-
quency of meter proving and reproving when changes
in flow rate or other variables affect meter accuracy

mefer damage or mismeasurement. Precautions should
be faken to prevent accumulation of foreign material
(e.g, vegetation, fibrous materials, hydrates, and ice) in
the|turbine meter run.

8.2| Precautions for Operating Newly Installed
Meters

When a new meter installation is placed in service,
parficularly on newly installed lines, foreign matter can
be qarried to the metering mechanism during the initial
paspage of liquid. Protection should be provided from
malfunction or damage caused by foreign matter, such
as $lag, debris, welding spatter, thread cuttings, and
pipg compound. The following are suggested means for
profecting the meter from foreign matter:

(1) Temporarily replace the meter with a spool.

() Put a temporary bypass around the meter.

(¢) Remove the metering element.

(4) Install a protective device upstream of the metér.

8.3| Operating Meter Systems

Definite procedures both for operating metering sys-
tenfs and for calculating measured quantities should be
furnished to personnel at meter stations. The following
is af list of items that these procedures should include
that can be used for reference and/assistance in devel-
opihg these operating guidelines:
(4) a standard procedure\for meter proving
(§) instructions for operating standby or spare meters
(¢) minimum andimaximum meter flow rates and
othfer operating~donditions, such as pressure and
tenperature

(4) instrdetions for applying pressure and tempera-
tur¢ corréction factors

(¢) \aprocedure for recording and reporting corrected

trr PLULchuc:; for opeTations that—aremot-ncluded
in this list but that may be important in an ingividual
installation

8.4 Meter Proving

8.4.1 Each turbine meter’installation for ficcount-
ing measurement should centain a permaneni prover,
connections for a permafient prover, connectigns for a
portable prover, master méter, or some other mgthod of
determining the meét€r’s K-factor and K-facton repeat-
ability on a regular'basis. The selection of proving meth-
ods should be acceptable to all parties involvefl.

8.4.2 & The optimum frequency of proving flepends
on so.many operating conditions that it is uwise to
establish a fixed time or throughput interval foy all con-
ditions. In clean liquid service at substantially uniform
rates and temperatures, meter factors have né¢gligible
change in meter performance curve, hence necessitating
less frequent meter proving. More frequent prpving is
required with liquids that contain abrasive matgrials, in
liquefied petroleum (LP) gas service where meter wear
may be significant, or in any service where flgw rates
and/or viscosities vary substantially. Likewise, frequent
changes in the type of product necessitate more frequent
provings. In seasons of rapid ambient temperature
change, meter factors vary accordingly, and proving
should be more frequent. Studying the meter fa¢tor con-
trol chart or other historical performance dpta that
include information on liquid temperature and flow rate
will aid determination of the optimum freqyency of
proving.

8.4.3 Provings should be frequent (every tender
or everyday) when a meter is initially installed. After
frequent proving has shown that meter factor values for
any given liquid are being reproduced within| narrow
limits, the Frpqnpnrv of prnving can be reducdd if the

meter VU}ulllﬁb aud Ui.llﬁl U‘UDCL VEL‘{ dai.a

(f) a procedure for estimating the volume passed, in
the event of meter failure or mismeasurement

(g) instructions in the use of control methods and the
action to be taken when the meter factor exceeds the
established acceptable limits

(h) instructions regarding who should witness meter
provings and repairs

(i) instructions for reporting breaks in any security
seal

factors are under control and the overall repeatability
of measurement is satisfactory to the parties involved.

8.4.4 A meter should always be proved after main-
tenance. If the maintenance has shifted the meter factor
values, the period of relatively frequent proving should
be repeated to set up a new database by which meter
performance can be monitored. When the values have
stabilized, the frequency of proving can again be
reduced.
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8.5 Meter Maintenance

8.5.1 For maintenance purposes, a distinction
should be made between parts of the system (e.g., pres-
sure gauges and mercury thermometers) that can be
checked by operating personnel and more complex com-
ponents that may require the services of technical per-
sonnel. Turbine meters and associated equipment can
normally be expected to perform well for long periods.

9.1.2  The sensitivity of the flow rate to variations
in these parameters can be determined using variational
analysis that when applied to the above equation yields

_ %

99
& = af5f+a—K51<

(4)

This equation is read as follows: The variation in the
flow rate, g, is equal to the partial derivative of g with

Indiscrifninate adjustment of the more complex parts
and disgssembly of equipment are neither necessary nor
recommjended. The manufacturer’s standard mainte-
nance ifstructions should be followed.

Meters stored for a long period should be
er cover and should have protection to mini-

inspectipn of a turbine meter can best be accomplished
by monjtoring the meter factor history for each product
or gradp of crude oil. Small random changes in meter
factor wfill naturally occur in normal operation, but if the
value of these changes exceeds the established deviation
limits, the cause of the change should be investigated,
and any necessary maintenance should be provided.
Using deviation limits to determine acceptable normal
variatioh strikes a balance between looking for trouble
that dofes not exist and not looking for trouble that
does ex|st.

9 MEASUREMENT UNCERTAINTY

9.1 Flow Rate Uncertainty

The uncertainty of.a.flow rate measurement
timated using the preeedures in NIST/TN 1297

LCD}JC\.t tUJ[tilllCD t} < vcuiatiuu J..l lJ[tllL{D t} < IJCIJ. tiﬂ} dCJ. iVa-
tive of g with respect to K times the variation in K. [The
values of the partial derivatives are called “sensitivity
coefficients” and are given by

g 1
F K ®)
9 _f
K @ (6)

Substituting these results in eq. (4), we obtain

L oK
KZ

o= - )

9.1.3 _ This result can be expressed as a percenfage

by dividing'both sides of the equation by g and mplti-
plying by 100%. Performing this operation yields

®)

1 o 11
7 80 % 100% = - ¢

=

gxlw%—lialem%
q K?

where the product operation in the equation is sh
with the symbol “6.” If we substitute for g from eq|
eq. (8) becomes

wn

@),

1

f

This equation can be read as follows: At the flow fate
g, the percent variation in the flow rate is equal to| the
percent variation in the turbine’s blade frequency evplu-
ated at the flow rate ¢ minus the percent variation in
the turbine’s meter factor or K factor also evaluate at
the flow rate g. In considering random variationp of
frequency both during use and during meter calibratfion,
as well as a normal distribution for the K factor unjcer-
tainty that is determined during factory calibration, the
“8” quantities are to be considered as having eithpr a
“+” or a “—.” Since the frequency and the meter factor

% 6 x 100% = = &f X 100% — % 6K x 100% )

1=% ©
where
f = frequency that is linearly related to the rota-

tional speed of the turbine

K = ratio between the flow rate and frequency as
determined by calibration of the meter
q = volume flow rate

10

are independent, the relative variance of g is the sum of
the squares of the relative variances of frequency and
K factor.

The uncertainty analysis in this document will utilize
the uncertainty coefficients given in egs. (5) and (6) and
will express the flow rate uncertainty using eq. (A-3)
given in NIST/TN 1297. NIST/TN eq. (A-3) is copied
as eq. (10) in this document. Thus, the combined stan-
dard flow rate uncertainty, u.(g), is obtained by substitut-
ing egs. (5) and (6) into eq. (10) and is given by
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