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FOREWORD

This Standard defines the use of tracer (dilution) methods in the measurement of single-phase
fluid (gas or liquid) flows in closed conduits. This method of measurement is applicable only to
single-phase homogeneous fluid mixtures.

This Standard was developed to fill the need for a generalized reference based on fundamental
principles to measure fluid flow using tracer methods. ISO standards issued in 1977 addressed
tracer methods for gas flows; these were withdrawn in 2001, leaving a void on this subject. An
Internet search on this subject will find a large number of documents, standards, references,
consultants, and manufacturers. Most of the papers, standards, and products are for very spec'fic
applications and provide detailed guidance only for those needs. This Standard defines the .~rms
and principles needed for intelligent consideration of tracer methods for any applicetion.

ASME MFC-13M-2006 was approved by the American National Standards In:titute on
September 29, 2006.
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CORRESPONDENCE WITH THE MFC COMMITTEE

General. ASME Standards are developed and maintained with the intent to represent the
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 to incorpora‘e changes
that appear necessary or desirable, as demonstrated by the experience gained from the a,plication
of the Standard. Approved revisions will be published periodically.

The Committee welcomes proposals for revisions to this Standard. Such pi~vos..'s sk.ould be
as specific as possible, citing the paragraph number(s), the proposed «vciding, ©ind a detailed
description of the reasons for the proposal, including any pertinent doct. nen tion.

Interpretations. Upon request, the MFC Committee will render an interprei..tion of any require-
ment of the Standard. Interpretations can only be rendered in res; or se to a written request sent
to the Secretary of the MFC Standards Committee.

The request for interpretation should be clear and unambi; uou:. It is further recommended
that the inquirer submit his/her request in the followirt.> fo.mau.

Subject: Cite the applicable paragraph nuriwer(s, and the topic of the inquiry.

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

Question: Phrase the question as a req 1est for an interpretation of a specific requirement

suitable for general und..stending and use, not as a request for an approval
of a proprietary desigi. ar situation. The inquirer may also include any plans
or drawings that a“e r.ecessary to explain the question; however, they should
not contain proprie 2ry’ names or information.

Requests that are not in this for mat will be rewritten in this format by the Committee prior
to being answered, which r=.; ina” vertently change the intent of the original request.

ASME procedures provile fcr reconsideration of any interpretation when or if additional
information that might affec. an interpretation is available. Further, persons aggrieved by an
interpretation may 7 eai *o the cognizant ASME Committee or Subcommittee. ASME does not
“approve,” “certify,” “ree,” or “endorse” any item, construction, proprietary device, or activity.

Attending Committe * 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 Standa.ds Committee.
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ASME MFC-13M-2006

MEASUREMENT OF FLUID FLOW IN CLOSED CONDUITS:
TRACER METHODS

1 SCOPE AND FIELD OF APPLICATION

For steady-state flow of fluid in a closed conduit, the
only conserved parameter is the mass rate of flow, g,
If the mass density is known, the volume rate of flow,
d», can be deduced.

The accuracy of flow rate measurement with the tracer
methods is a function of how well the injected tracer
material mixes with the flowing fluid. It is also a function
of the accuracy and precision of the sensing devices,
and the (tracer methods) techniques used.

The following two tracer methods are used:

(a) The dilution method is based on a constant rate
of tracer injection, and the concentration of tracer found
in the downstream conduit is a measure of the relative
flow rates.

(b) The transit time method determines the flow rate
by measuring the time it takes the tracer material to
travel between two detector points or between the injec-
tion point and a detector point in the conduit.

The advantages and disadvantages of these two meth-
ods are reviewed in section 4.

A wide variety of tracer materials may be.uscd
radioactive or nonradioactive, mineral 1 orginic
materials, etc. The choice of tracer depends - th e pur-
pose of the measurement and envirorme >tal concerns
(section 5). The uncertainty of the .-neasurements
depends completely on the accuiocy <. the methods
used (section 7). Some typical t1cer luids are listed in
Nonmandatory Appendix A

2 SYMBOLS
See Table 1.
3 UNITS

Calculat ons for mass and volumetric flow rates in
this ('ocuu.” at are expressed in terms of ratios of lengths
ar ¢« in ~ther nondimensional parameters, as shown in
Tablc 1. Hence, no dimensional units are defined for
the e terms.

4 METHOD OF USE
4.1 Dilution

In the dilution method, a measured quantity of tracer
fluid of known composition is injected into the flowing

stream at the injection point. At the detecticn location,
the mixture is analyzed for composition. A :im} 'e calcu-
lation provides the flow of the main strecm. € the mass
of the tracer stream is known, *he: the result is in
mass units.

4.1.1 Advantages of the Dil ition Method

(a) Itis not necessary to ki.aw  he geometrical charac-
teristics of the conduit.

(b) It is not necessary ‘hat the tlowing conditions of
the fluid (p, T) be ‘e sc. me between the two measuring
cross sections.

(c) It ismot necessary to know the time of injection.

(d) It is in. iciily a mass flow measurement.

4.2 Tray it ime Method

I the ransit time method, a quantity of tracer fluid
is iniected into the flowing stream. Two detection points
«me'commonly used, with both far enough downstream
to allow adequate mixing and far enough apart to
achieve adequate precision in the time measurement.
The flow of the mixed fluids should be continuous from
the time of injection until the mixed fluid is detected at
the second detection point. The time for the detected
change in fluid properties is compared at the two points
to provide the average velocity of the fluid mixture. The
shape of the detected rise time, the length of the pulse,
and the rate of decay are all used to estimate the degree
of mixing and possible error. The cross section of the
flow conduit at the detection points is used with the
flow time to determine the volumetric flow rate at the
second detection point. The time required for tracer fluid
injection is determined by the response time of the detec-
tor and the system geometry.

4.2.1 Advantages of the Transit Time Method

(a) Ttisnecessary only to determine the modified fluid
characteristic time distribution at two measuring cross
sections separated by a known volume of pipe or
conduit.

(b) It is not necessary to know the volume, mass, or
flow rates of the injected tracer.

(c) Transit time is inherently a volumetric method.

(d) In some applications only one detection point is
used, the injection point taking the place of the first
detection point.
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