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DECEMBER 1989 

ERRATA 

to 

ASME/ ANSI MFC-9M-1988 
MEASUREMENT OF LIQUID FLOW IN CLOSED CONDUITS 

BY WEIGHING METHODS 

Page 3 
(1) In Table 1 for Symbol ea, change Quantity from 

Density of air (at 20°C and 1 bar*) to read: 

Density of air 

(2) Delete asterisked footnote. 
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FOREWORD 

(This Foreword is not part of ASME/ANSI MFC-9M-1988.) 

This Standard was prepared by the ASME Committee on Measurement of Fluid Flow in 
Closed Conduits (MFC). It is based on and closely parallels the International Organization 
for Standardization (ISO) International Standard ISO 4185-1980, incorporating U.S. prac­
tices and terminology where they differ. 

This Standard was approved by the American National Standards Institute (ANSI) as an 
American National Standard on December 15, 1988. 
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ASME/ANSI MFC-9M-1988 

MEASUREMENT OF LIQUID FLOW IN CLOSED CONDUITS BY WEIGHING METHOD 

1 GENERAL 

1 . 1 Scope and Field of Application 

This Standard specifies a method of liquid flow rate 
measurement in closed conduits by measuring the 
mass of liquid delivered into a weighing tank in a 
known time interval. It deals in particular with the 
measuring apparatus, procedure, and method for cal­
culating the flow rate and the uncertainties associated 
with the measurement. 

The method described may be applied to any liquid, 
provided that its vapor pressure is such that any escape 
of liquid from the weighing tank by vaporization is 
not sufficient to affect the required measurement 
accuracy. Closed weighing tanks and their application 
to the flow measurement of liquids of high vapor pres­
sure are not considered in this Standard. 

This Standard considers only the measurement 
techniques and does not address any possible hazards 
involved in handling the liquid involved. 

Theoretically, there is no limit to the application of 
this method, which is used generally in fixed labora­
tory installations only. However, for economic rea­
sons, typical hydraulic laboratories using this method 
can produce accurate flow rates of 500 kg/s (3300 
lbm/sec) or less. 

Owing to its high potential accuracy, this method is 
often used as a primary method for calibration of 
other methods or devices for mass flow rate measure­
ment or volumetric flow rate measurement, provided 
that the density of the liquid is known accurately. 
It must be ensured that the pipeline is running full 
with no air or vapor pockets present in the measuring 
section. 

1 . 2 References 

The American Society of Mechanical Engineers 
ANSI/ ASME MFC-lM (latest edition), Glossary 

of Terms Used in the Measurement of Fluid Flow in 
Pipes 

ANSI/ ASME MFC-2M (latest edition), Measure­
ment Uncertainty for Fluid Flow in Closed Conduits 

International Organization of Legal Metrology1 

Recommendation No. 1, Cylindrical Weights From 
1 Gram to 10 Kilograms of Medium Accuracy Class 

Recommendation No. 2, Rectangular Bar Weights 
From 5 Kilograms to 50 Kilograms of Medium Accu­
racy Class 

Recommendation No. 3, Metrological Regulations 
for Non-Automatic Weighing Machines 

Recommendation No. 20, Weights of Accuracy 
Classes £ 1 £ 2 F 1 F2 M 1 From 50 Kilograms to 1 Milli­
gram 

Recommendation No. 28, Technical Regulations 
for Non-Automatic Weighing Machines 

Recommendation No. 33, Conventional Value of 
the Result of Weighing in Air 

1 . 3 Definitions 

The following definitions are given for terms used 
in some special sense or for terms, the meaning of 
which seems useful to emphasize. A more comprehen­
sive list of definitions and symbols applicable to the 
measurement of fluid flow in closed conduits can be 
found in ANSI/ASME MFC-lM and ANSI/ASME 
MFC-2M. 
buoyancy correction - correction made to the read­
ings of a weighing device to compensate for the up­
ward thrust exerted by the atmosphere on the liquid 
being weighed and on the reference weights used dur­
ing the calibration of the weighing machine 
diverter - device which diverts the flow either to the 
weighing tank or its bypass without changing the flow 
rate during the measurement interval 
dynamic weighing method in which the net mass of 
liquid collected is deduced from weighing made while 
fluid flow is being delivered into the weighing tank (a 
diverter is not required with this method) 

flow stabilizer - structure forming part of the 
hydraulic system, ensuring a stable flow rate in the 

1Available from the International Bureau of Legal Metrology, 11 
rue Turgot, 75009, Paris, France. 
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ASME/ANSI MFC-9M-1988 

conduit being supplied with liquid; for example, a 
constant level head tank, the level of liquid which is 
controlled by a weir of sufficient capacity 

static weighing - method in which the net mass of 
liquid collected is deduced from tare and gross weigh­
ings made before and after the liquid has been diverted 
for a measured time interval into the weighing tank 

1.4 Symbols 

Table 1 reproduces the symbols that are used in this 
Standard. 

2 PRINCIPLES 

2. 1 Statement of the Principles 

2.1.1 Static Weighing. The principle of the flow 
rate measurement method by static weighing (for 
schematic diagrams of typical installation, see Figs. 
IA, IB, and IC) is: 

(a) to determine the initial mass of the tank plus 
any residual liquid; 

(b) to divert the flow into the weighing tank (until it 
is considered to contain a sufficient quantity to attain 
the desired accuracy) by operation of the diverter, 
which actuates a timer to measure the filling time; 

(c) to determine the final mass of the tank plus the 
liquid collected in it. 

The flow rate is then derived from the mass col­
lected, the collection time, and other data as discussed 
in Section 5 and Appendix A. 

2.1.2 Dynamic Weighing. The principle of the 
flow rate measurement method by dynamic weighing 
(see Fig. ID for a schematic diagram of a typical in­
stallation) is: 

(a) to let the liquid collect in the tank to a predeter­
mined initial mass, when the timer is then started; 

(b) to stop the timer when a predetermined final 
mass of collected liquid is reached. 

The flow rate is then derived from the mass col­
lected, the collection time, and other data as discussed 
in Section 5 and Appendix A. 

2. 1.3 Comparison of Instantaneous and Mean 
Flow Rate. It should, however, be emphasized that 
only the mean value of flow rate for the filling is given 
by the weighing method. Instantaneous values of flow 
rate as obtained on another instrument or-meter in the 
flow circuit can be compared with the mean rate only 
if the flow is maintained stable during the measure­
ment interval by a flow-stabilizing system, or if the in-

2 

MEASUREMENT OF LIQUID FLOW IN 
CLOSED CONOUITS BY WEIGHING METHOD 

stantaneous values are properly time-averaged during 
the whole filling period. 

2.2 Accuracy of the Method 

2.2.1 Overall Uncertainty on the Weighing 
Measurement. The weighing method gives an abso­
lute measurement of flow which, in principle, requires 
only mass and time measurements. Provided that the 
precautions listed in para. 2.2.2 are taken, this method 
may be considered as one of the most accurate of all 
flow rate measuring methods, and for this reason it is 
often used as a calibration method. When the installa­
tion is carefully constructed, maintained, and used, an 
uncertainty of ± 0.1 % (with 95% confidence limits 
for the random part of that uncertainty) can be 
achieved. 

2.2.2 Requirements for Accurate Measure­
ments. The weighing method gives an accurate 
measurement of flow rate provided: 

(a) there is no leak in the flow circuit and there is no 
unmetered leakage flow across the diverter: 

(b) there is no accumulation (or depletion) ofliquid 
in a part of the circuit by thermal contraction (or ex­
pansion), and there is no accumulation (or depletion) 
by change of vapor or gas volume contained unknow­
ingly in the flow circuit; 

(c) necessary corrections for the influence of 
atmospheric buoyancy are made (this correction may 
be made when calibrating the weighing apparatus); 

(d) the weighing device, the timer, and means 
for starting and stopping it achieve the necessary 
accuracy; 

(e) the time required by the diverter for traversing is 
small with respect to the filling time, the timer being 
started and stopped while the diverter is crossing the 
hydraulic center line; 

(/) in the case of the dynamic weighing method, the 
effects of the dynamic phenomena are sufficiently 
small. 

3 APPARATUS 

3.1 Diverter 

The diverter is a moving device used to direct flow 
alternately along its normal course or toward the 
weighing tank. It can be made up of a conduit or mov­
ing gutter, or, better, by a baffle plate pivoting around 
a horizontal or vertical axis (see Fig. 2). 

The motion of the diverter should be sufficiently 
fast (less than 0.1 s, for example) to reduce the 
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MEASUREMENT OF LIQUID ,FLOW IN 
CLOSED CONDUITS BY WEIGHING METHOD ASME/ANSI MFC-9M-1988 

Symbol 

8 

m 

Qv 

V 

e 

(] 

* 1 bar = 106 Pa 

NOTE: 

TABLE 1 SYMBOLS 

Quantity 

Bias 

Mass 

Mass flow rate 

Volume flow rate 

Time 

Two-tailed Student's t 
, _;1-.::.-· 

Volume 

Uncertainty at the 95% ~cinfidence 
level ' 

;uncertain~y at,ti;ie "$9% confidei;ice 
level 

Density of l!q~ip-, - ,''. 

Density of air (at 20°C.and 1 bar*) 
:.1 

J 

Density of standari;l'.'\'l,'~ights __ · 
r, 

Standard ~evia,tiqn onh-e sample 

Dimension 
[Note (1)) 

M 

Mr 1 

L3T-1 

T 

L3 

ML~ 3 

ML- 3 

-- -ML-i:: 3 

(1) Fundamental'ciih'ierisio'n's: 'M 1:;'mass\ 1l'"d.1ength:1;f:.=itime: /'_. 

SI (Metric) 
Units 

kg 

kg/s 

m3/s 

s 

m3 

-kg/m3 

kg/m3 

kg/m3 

U.S. (Customary) 
Units 

lbm 

lbm/sec 

sec 

lbm/ft3 

lbm/ft3 

lbm/ft3 
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Constant level head tank 

Overflow 

Pump 

Device under 
calibration 

Flow control 

MEASUREMENT OF LIQUID FLOW IN 
CLOSED CONDUITS BY WEIGHING METHOD 

Weighing 
tank 

Sump 
-------

FIG. 1A DIAGRAM OF AN INSTALLATION FOR CALIBRATION BY WEIGHING 
(Static Method, Supply by a Constant Level Head· Tank) 

4 
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MEASUREMENT OF LIQUID FLOW IN 
CLOSED CONDUITS BY WEIGHING METHOD 

Constant level head tank 

Overflow 

Pump 

Machine being 
tested 

ASME/ANSI MFC-9M-1988 

FIG. 1B DIAGRAM OF AN INSTALLATION FOR FLOW RATE MEASURE BY WEIGHING 
(Used for Hydraulic Machine Test; Static Method, Supply by a Constant Level Head Tank) 

5 
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Flow 
stabilizer 

Device under 
calibration 

Flow control 
valve 

MEASUREMENT OF LIQUID FLOW IN 
CLOSED CONDUITS BY WEIGHING METHOD 

Sump 

FIG. 1C DIAGRAM OF AN INSTALLATION FOR CALIBRATION BY WEIGHING 
(Static Method, Direct Pumping Supply) 

• 
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DECEMBER 1989 

ERRATA 

to 

ASME/ANSI MFC-9M-1988 
MEASUREMENT OF LIQUID FLOW IN CLOSED CONDUITS 

BY WEIGHING METHODS 

Page 3 
(1) In Table 1 for Symbol es, change Quantity from 

Density of air ( at 20°c and 1 bar*) to read: 

Density of air 

(2) Delete asterisked footnote. 

1111111 HI I 
K0125E 

THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 
345 East 47th Street, New York, N.V. 10017 K0125E 
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Constant level head tank 

Overflow 

Pump 

Flow control 
valve 

Device under 
calibration 

--- ---

Weighing 
tank 

Sump 

Switches 

FIG. 1D DIAGRAM OF AN INSTALLATION FOR CALIBRATION BY WEIGHING 
(Dynamic Method, Supply by a Constant Level Head Tank) 

7 

Timer 

ASMENORMDOC.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ASME M
FC-9M

 19
88

https://asmenormdoc.com/api2/?name=ASME MFC-9M 1988.pdf


ASME/ANSI MFC-9M-1988 

Flow input 

l "°"" ~ 

Splitter plate 

\ Flow """'"' 

MEASUREMENT OF LIQUID FLOW IN 
CLOSED CONDUITS BY WEIGHING METHOD 

\\ 

" ~ 

LI 

-
' I 
\./ 
;' -

FIG. 2 EXAMPLES OF DIVERTER DESIGN 

possibility of a significant error occurring in the mea­
surement of the filling time. This is accomplished by 
rapid diverter travel through a thin liquid sheet as 
formed by a nozzle slot. Generally, this liquid sheet 
has a length 15 to 50 times its width in the direction of 
diverter travel. The pressure drop across the nozzle 
slot should not exceed about 20 kPa (3 psi) to avoid 
splashing, air entrainment,2 and flow across the di­
verter and turbulence in the weighing tank. This mo­
tion of the diverter can be generated by various 
electrical or mechanical devices - for example, by a 
spring or torsion bar or by electri_cal or pneumatic ac­
tuators. The diverter should in no way influence the 
flow in the circuit during any phase of the measuring 
procedure. 

For large flow rates which could involve excessive 
stresses, however, a diverter with a proportionately 
slow performance rate (1 s to 2 s, for example) can be 
used, provided the operating law is constant (see para. 
3.2 and Fig. 3) and the variation of the flow rate distri­
bution as a function of the diverter stroke is preferably 
linear and is in any case known and can be verified. 

2In certain designs of nozzle slot, however, special vents to allow air 
ingress to the fluid jet may be necessary to ensure stable flow within 
the test circuit. 

8 

Time 
0%~'-<-LLL<~--+---------

Time of diverter motion 
----t-

FIG. 3 OPERATIONAL LAW OF DIVERTER 

Care shall be taken when designing the mechanical 
parts of the device and the diverter, as well as during 
frequent checks in service, that no leak or splash of 
liquid occurs either toward the outside or from one 
diverter channel to the other. 

Besides a thin flat liquid stream, other shapes of 
liquid stream are permissible in the diverter duct, if the 
necessary corrections for the diverting time are 
applied as indicated in Appendix A. 
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MEASUREMENT OF LIQUID FLOW IN 
CLOSED CONDUITS BY WEIGHING METHOD 

Starting of 

Metering duration 

ASME/ANSI MFC-9M-1988 

Time 

FIG. 4 TIME METERING FOR A DIVERTER, THE OPERATION LAW OF WHICH 
IS IDENTICAL IN BOTH DIRECTIONS 

3.2 Time-Measuring Apparatus 

The time of discharge into the weighing tank is 
· normally measured by an electronic counter with a 

built-in accurate time reference - for example, a 
quartz crystal. The diversion period can thus be read 
to 0.01 s or better. The error arising from this source 
can be regarded as negligible, provided the resolution 
of the timer display is sufficiently high and the equip­
ment is checked periodically against a national time 
standard - for example, the frequency signals trans­
mitted by certain radio stations. 

The timer shall be actuated by the motion of the 
diverter itself through a switch fitted on the diverter -
for example, optical or magnetic. Strictly speaking, 
the time measurement shall be started (or stopped) at 
the instant when the hatched areas in Fig. 3, which 
represent flow variation with time, are equal. In prac­
tice, however, it is generally accepted that this point 
corresponds to the mid-travel position of the diverter 
in the fluid jet. The error will be negligible, provided 
the time of passage of the diverter through the stream 
is negligible in comparison with the period of diver­
sion to the tank. 

If a diverter is used, then the operating law of the 
diverter should be identical in both directions (see Fig. 
4), and the timer may be started and stopped at the in­
stant when the motion of the diverter is started in each 
direction; this is the case particularly when the time­
flow rate law is linear. 

If the error in the filling time measurement arising 
from the operation of the diverter and starting and 
stopping of the timer is not negligible, then a correc-

9 

tion should be made in accordance with the directions 
of Appendix A. 

3.3 Weighing Tank 

The weighing tank shall be of sufficient capacity so 
that the error in timing is negligible. Taking account 
of what is stated in paras. 3.1 and 3.2, the filling time 
for the highest expected flow rate shall be at least 30 s. 
Nevertheless, this time may be reduced provided that 
it is possible to determine experimentally, according 
to procedures such as described in Appendix A, that 
the required accuracy is achieved. 

The tank may be of any shape but it is essential that 
it is perfectly leak-tight, and care should be taken to 
avoid liquid spillage. Internal walls or baffles may be 
required to reduce oscillations of the liquid in the tank 
and to improve structural rigidity. 

The tank may be suspended from the weighing de~ 
vice or may constitute the platform of the latter, or 
may be placed on one of the platforms. To prevent 
sudden overloads detrimental to the weighing appa­
ratus, it may be necessary to lock the tank in position 
on the scale during filling. 

The tank may be drained by different means: 
(a) by a valve at the base, the leak-tightness of 

which shall be capable of being verified (free dis­
charge, transparent hose, or leak detection circuit); or 

(b) by a siphon fitted with an efficient and check-
able siphon break; or 

(c) by a self-priming or submersible pump. 
The rate of draining shall be sufficiently high so that 

test runs can follow each other at short intervals. 
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ASME/A'NSliMRQ-9M:,i1988 
MEASUREMENT QF LIQUID:FLOWIN 

CLOSED CONDUITS BY WEIGHING MEFHOD 

In all cases it shall be carefully checked that no pipe about ambient temperature, an accuracy of 0.5°C 
connections or electric wire links ~.xis.ti~µjqh are likely (1°F) is enough to ensure less than 10- 4 error on den-
to transmit stresses between the weighing tarikand the sity evaluation-... 
fixed parts of the installation; indispensable lin~s shall · ·. · If; how.ever, the purity of the liquid is in doubt, it is 
therefore be extremely flexible and tbeit·.fl.exibility essential tomeasureits qensity. To this end, a sample 
verified during the calibration of the wetgl:iing device. can be colleet.ed a~d it~ density measured either by a :''<< ·,, direct metho~, ·by·weig~ip.g in a graduated cylinder on 

,t:;~,_:>.~<·. an analytical :batance, qr':py an indirect method - for 
3.4 Weighing Device " example, by measuring the hydrostatic force exerted 

·\ >>>· on a calioratectf16at.(hydrostatic balance): Whatever The weighing machine may be of;,_\ari_y,·typ? .:·.·_; for · · . 
' the metho,d used; the liq' uid temperature must be mea-example, mechanical or witb.strai11.d~agc:d6ad,ce1Js - · 

provided that it offers the ;eg~i~~d sensit~ity- a~~~ --'. stired·when rriea.sud'i'igi the density; in many cases it 
. . . '' · . . ' l • may 'be assumed that the relative variation of density racy, and rehab1hty. When the we1ghmg method, of--- ---· ; · · · --- --- · · -- ---- - · ·4 . 

measuring flow rate is applied for the purposes of le- ":1t~ respect to temperature 1s the same as for the pure 

1 1 . . d . bl 1 h . h" hqmd. ga metro ogy, 1t 1s a visa e to emp oy t e we1g mg 
machine accordin;g't6'd1Mt Reddm.iriend~ti'dn-N'os. rr~;::3\itO j,, ['L: ·; ;·:· ::;/.: - ..• , · 

and 28. -··:r(·"'·.;~-~~--?f-~;~- '· ~ .. : .... r·: :_t:;. ,.._,'": -·";::~~~-~ ;;~-

After its installation in the test facility, the weighing 
device shall be calibrated over the whole measuring 
range using st~ndard W!!ights. }ier:e it is ~pyisable to 

1 , ,,.., •• ,\ ••• !.;. , : , ,~ r•( •···: ··, · (!" ,-r, 1~,--. ~-·-. ! ,,,.,, -rnr'. 

follow'OIML Recbm'meri.dation'Nos: 1, 2;.20, 'aM 23: 
The weighing device shall be regulaf ly rri~futah1Jd 

and its calibration shall be periodically checked. If the 
weights available are not sufficient: ip. p.µmg!;l.r,or sjze 
to cover the wh9l~_meg.suring ra,nge, a caliqration ~hall 

~. 'll~· •,·,p• , .. ._ r· T1r:' '' ,l-i II"'"':~ .. ''.fr ...... i ~' 1,:-,., r '•,, 

be made ,frntepfbY r,~PlaC'ing th'e wejghts by liquid and 
by' 1Us1tlg Jt'ah-dara1 

• we1gh'fs 'fo'' \j[fir/'inietvlit' 
1 ac2~~ 

fat6iyi 1uµbertaintf~s' bi caiib}~Hohnir:fay ;iiiGfhisd,· cte~ 
perldirig'bh'-tl1'6 teE~Mq\le'i'iiJJcf'.1-:,,q/') ,,\Y["":ifJ:.i':] J;_ 

tJ;ift ~fro'uicfl5'e'i:ioW4'tliat td'fie~·t_fr"lh~ dfft~f~il.tffri 
1:m&yahcy wttl!n 'caff:6'r1fr~n'g~'fni 'w'e1~hfr.ig cfovili\vhii 
wt!ights aiicfWffek \1/~i~h'ip.g' iii '.e(fhH?Jierti',miss '8di~; 

. . r ,·J"-;t''. ,,._,:.; r:·1 ;~_,-.t,~ ·:,··-~-,fl1fY)"I -:•r,. 
md_, a correct19n to-the·reaamg~ is n;ecessary (see_tlie 

~~
1
~~

1~~~~~?t;t~~t~}t~\~i:C;~~!_~'I1~~,);)i'.'i1:;;,::.;._~j/ i. ; 
3!5'' AL'xili~fyiMi~s~'f~nfe'rtFJ,:(; j~,::L1 OJ i))'!;L,:iY: 

. 'J}if>~.'..i; r L!_~·n;.\:)UTJ~-- 'J·.:t.; ;q·r;:t OJ 1:;..:;-~ 

-'.!lfgp,b1~i_n.,tl:!e;y«;;),\µ,rpe;f'lgy. fll-i~J1_;g~,m~~Si!!le~stJcre­
rnfl?-!i.)Jtsfs'.~~~e,~tiJihH'l ;,\<A9'Yr,t.h~19~,~jty,ofctl\eJiqµid· 
tkffil!g~ th,e Om,vm~t~l'.]_ ~.i.th1tJ:HH,{1q~tr~/Lij_qqur,~CYf".~t: 
tl!~rN,l,ll~r,<?fi,yv5!jgl"!l!1gf.,j l!,tf!5!1Ir·1J:ib 21::.:.:oh'..,v,·; i1'lL!:,u; 
rrcJf; ,tQ,e1ljq~jg,Jp:J,~ I!l,~~Slfft;Q,j~,i:.<t,~spp,~~ly,p1,1,r~,;n19, 
clean, it is acceptable to mt;~~!-lf\~1iti·1t~mP~fl;l:t!J.l'.eJ~~P; 
to der:i,r,fJ!S;?~/1§\tY, f/I,Otp-JaJ~l;ll~iq_f '.RP)'.~if~l-lP.1!9.P_e,fties 
(~ekm~9Ri:J5J.1i :f q,Ji-/!h~A::~e ~fi \\ff!teJ):-1,Tewpe,r~tµ,re 
ITJ:~¥ ~~-P,l,e°¥_µm!,~i1h:~,~irnpl§[Ull'{{§!}ryc,iq'jg\!:\$Sit!),e,:;,~, 
ITT.9~1.'rteJ1P.r ,; ,gMtl~fJL.PY.1~~X c~~Y.is~; §l:l<;;Q;:Jl,~:~ 1f1!fi~~t.,~q:.) 
P!10,9f:J>L,\l;l,ermPJi9,l1.P}~., ~pjc~J~1!1il~~\~fht~ ~tc\SJ.1.re 
the temperature of the fluid as \t,)1'.?~~~fi,:itlH'Qµ~p. :t!l:t.tt 
meter(s) q\?~M\~fo~~R,1,1):<;I; !?~ p!ag~g_;c;\Qwnr,,t,re,~un:rof,JJte 
<h;yiiF@2ll!?li,«rrdmli!>J:~tjqA.j1f:QJi;~~t~mc:~~~ing,J.ntpi·~c­
cou1?-!JJ1~ :§ffi!1\l1~mr:i~i9.9, ;c;:,t <;l,~i;!~ity (\YJ!h t~m.J2~FJ1:twe: 

4 PROCEDURE 

4. 1 Static Weighing Method 
:·-: :··=~-·r~~ ~~··\·:::;~~~:. :1-··:r,ar·~ 

In order to eliminate the effect of residual liquid 
likeifto 'ha Ve frinain'ea' in the 'bottdm'of the taiik or 
adh~ring'td. the walls''. ii:: sufficient' quaritity ofliq~id 
shall first be discliarged :into the tank ( or left' at fhe ehi:l 
of'draining'after t:he'prececlirigm~as'lite~e'ri{j\o';ieach 
me dpet~tfomiJthre~Hol<l· bf'fhe'~eighihi devlcb ~, Tlii's 
initial rrfass' tnJw'iH'fi?CrecordJ~r whif thi' div~rt&Icii~ 
rectsihe'flow'tois'tdiage; and whiie'thf·flowrate is b~J 
irigistaoilized. 1Aft'ei'stea.d~··fi'o~··hafbc'.ieri''a1d:iiJve1d; 
thej'diveft'ei_;l ls' operaied to: d1iect'1th:~. 1rduid ·irttb' th'e 
weighing tank, this oper'ati'on'lititortl~ifr:\fflyr~fartiii!t 
the' timer'.' ¼:ner:cbllehion•of an apptopriate1qualitity 
of liq iiid', [ the'clivetter .fs opefated''in1tfie'o'pposite"direci . .:: 
tfon :'.to leturni 1ttie IiqtiicF to ·•stdrage;" automatically 
sfopping'th'e 1tiniet :ana t-li'ui~ 'aifowirig0the filling time :1 
to' o'e'' determined/ When '.tli.e k>1.cillati6ris1 inif.J:hr-tank 
have1 sub~iaeo', 'the:iapparbiif1finaP1irtass'!Jn'["oFthe 
w~ighin:g 'tanK is' recorded 1, Ttte':tahk shall ;th~n :--1,~ 
dra.ih'et{l. s,;; ; 0 VJITii:C1 !~·•n; ;J-b:,,·, ,yj J .: i -~l:JWlQ,'.J~m·, 
t:·}1~;.,;c/tCT ,Jic.Ltgil:gen .)cJ ~.1.! : 1 ·;o·:1.:.,, :iri'r. ~::!uh ~Hll ri: 

r-::i-::)':tt' ':;-;~; rL21;cn1h T:-J!"1:.r1iiJ :~dr"!o :1r~.~:r,.,j_=r:: ·:o ')tui: :1,·f1 

~l.,:PYr,-,mi9sW~;i~hi~Q)Y'.,m?~:;,~•:, , ;,'.r!,:,'hen ,j 

After steady flow has been achieved,khe·dtfainsfalve" 
o,fthlrweighing,tan:k is,closedi.iAs the mass of1Uqui<!llin 
the 1lan:k)int:t.eas-es:,Litiover.comes ,the ;fore~ due tc>'.courii) 
terjroisecm:ass·;.M1 fan, the--1endsof{;ttre·10aland: beam;-' 
which '.then1 risesi anti· siartsl tlie .t;imer,:rrAnl a-ddifiona.tl?. 
massi/1,nisrused a:s-(m1:i:-;mo):.iwthtfsiubsequenvct1.ktii1 
lation of the flow rate. .,B<:;nif .::1 ,;,-;;/ '.J/r:·1 'NO!'! 

:JiFhereJexist=othet;possible:iniitifiod~ 0f m~suteiri\;nt 
;: 'for~ examplei,r autoi:rratib reading ~it:he:weighihgrde;:t 

vic'erindication. ... '.•irJi;,il;,y: ,.Jfl i'J ·,s,,;rrl '.)i1' 'lo gnrrrqoJ,: 
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MEASUREMENT OF LIQUID FLOW IN 
CLOSED CONDUITS BY WEIGHING METHOD 

4.3 Common Provisions 

It is recommended that at least two (2) measure­
ments be carried out for each of a series of flow rate 
measurements if a subsequent analysis of random un­
certainties is to be carried out. 

The various quantities to be measured may be noted 
manually by an operator or transmitted by an auto­
matic data acquisition system to be recorded in nu­
merical form on a printer or provide direct entry into a 
computer. 

5 CALCULATION OF FLOW RATE 

5.1 Calculation of Mass Flow Rate 

The mean mass flow rate during the filling time is 
obtained by dividing the real mass m of the liquid col­
lected by the filling time t: 

l ea 
m m1 - m0 e 

q =-=---X--P 
m t t 

l _ ea 
e 

If necessary, t is corrected in concordance with one 
of the procedures described in Appendix A to take 
into account the diverter timing error or the dynamic 
weighing timing error. The final term in this equation 
is a correction term introduced to take into account 
the difference in buoyancy exerted by the atmosphere 
on a given mass ofliquid and on the equivalent mass in 
the form of weights made - for example, of cast iron, 
used when calibrating the weighing machine. 

NOTE: In view of the relative magnitudes of the quantities, this 
equation can be written as follows with satisfactory approximation: 

(l + €) 

where 

E = ea { __!__ - _!_ ) 
(l llp 

In the case where the liquid is water, it is sufficient to calculate the 
correction factor e from mean approximate values: 

e = 1 000 kg/m3 

11 

Hence, 

and 

ASME/ANSI MFC-9M-1988 

lla = 1.21 kg/m3 (at 20°C and I bar) 

<lp = 8 000 kg/m3 (conventional mean value according 
to OIML Recommendation No. 33) 

1.06 X 10- 3 

m1 - mo 
qm = 1.001 06 --­

t 

5.2 Calculation of Volume Flow Rate 

The volume flow rate is calculated from the mass 
flow rate as computed in para. 5 .1, and from the den­
sity of the liquid at the temperature of operation, as 
read from standard tables - for example, as given in 
Appendix B for water in the range of ambient temper­
atures. (In exceptional cases, it may be necessary to 
measure the density directly.) .... 

qm m1 - mo 
Qv = = --- (1 + e) 

e et 

6 UNCERTAINTIES IN THE MEASUREMENT OF 
FLOW RATE 

Uncertainty calculations shall be performed in ac­
cordance with ANSI/ ASME MFC-2M. 

For the purpose of this Standard, as in ANSI/ 
ASME MFC-2M, the uncertainty interval is defined as 
an estimate of the error band, centered about the mea­
surement within which the true value must fall with 
high probability. 

The uncertainty U can be expressed in absolute or 
relative terms. The uncertainty interval is centered 
about the results of the flow measurement and is de­
fined as qm ± U. The uncertainty U may be either 

or 
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ASME/ ANSI MFC·9M-1988 
MEASUREMENT OF LIQUID FLOW IN 

CLOSED CONDUITS BY WEIGHING METHOD 

The bias B is an estimate of the upper limit of the 
true bias error, and the precision u is the sample stan­
dard deviation. 

The statistical parameter t95 is defined and tabled in 
ANSI/ ASME MFC-2M. When u is based on a large 
sample, greater than 30, t95 is set equal to 2.0. 

NOTE: For a comprehensive presentation of bias, precision, and 
uncertainty, see ANSI/ ASME MFC·2M. ANSI/ ASME MFC·2M 
also includes several flow measurement uncertainty examples. 

12 
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APPENDIX A 

CORRECTIONS ON THE MEASUREMENT OF FILLING TIME 

(This Appendix contains supplementary information for the convenience of the reader. It is not part of 
ASME/ANSI MFC-SM-1988.) 

Experience has shown that, for a well-designed sys­
tem, the error occuring due to switching the timer on 
and off for one start-stop cycle of the diverter may 
correspond to a value of 0 ms to 25 ms. This error is 
dependent upon the flow rate, the velocity of traverse 
in each direction of the diverter tip through the liquid 
flow, the exact location of the diverter tip through the 
liquid flow, and the exact location of the timer actua­
tor with respect to the liquid flow emerging from the 
nozzle slot. This error should not be assumed to be in­
significant, but should be evaluated by experimental 
tests, using the procedure described in this Appendix. 

A 1 STATIC WEIGHING METHOD 

A 1 . 1 Method 1 

When steady flow is established at the flow control 
valve, a standard test is run to determine the flow rate. 
Then a series of short flows or bursts of flow (as many 
as 25 bursts) are deflected into the weighing tank with­
out resetting the timer or the scales; the flow is then de­
termined from the totalized mass and totalized time. 
To complete the run, a second standard determination 
is made on the steady flow, and the two standard de­
terminations are averaged. Results obtained are then 
compared with the totalized flow determination. 

If the totalized mass for n bursts is about equal 
to that of the standard run, it can be shown that the 
average timing error t:.t due to chronograph control 
for one cycle is closely equal to: 

flt 
t ( q E7llm; I E7t; ) - x----- -1 

n l q' (m1 - m0)/t 

13 

where 

q and q' flow rates during the standard run 
and during then bursts, respectively, 
as measured by a self-contained me­
ter in the flow circuit. The corrective 
term q I q ' takes into account the 
flow rate variations, if any, between 
both measuring runs. 

E7 l::.m; I E7t; flow rate determined from the total­
ized mass and totalized time for n 
bursts 

(m 1 - m0)1 t = flow rate determined by the standard 
procedure 

After this procedure has been repeated over a wide 
range of flow rates, it will be possible, on any further 
measurement, to correct the measured filling time by 
the value t:.t so determined. 

A 1.2 Method 2 

The following alternative method of setting the 
diverter timer actuator may also be employed. 

The normal flow rate control mechanism of the 
hydraulic circuit should first be set to give a flow rate 
close to the maximum flow rate capability of the sys­
tem, with a good quality flow rate meter in the circuit. 
The system is run at this condition for several hours, 
during which many successive measurements of flow 
rate are made using different diversion times. Sug­
gested times are normal, and 0.2, 0.1, and 0.05 of nor­
mal. The highest number of tests will be required at 
the 0.05 of normal (or long), with the lowest number 
of tests at the normal diversion time. During each of 
these times the average reading on the flow rate meter 
should be taken as accurately as possible. 
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Slope of mean line = At 

~ 
I~ 
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-c 
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FIG. A 1 PLOTTING OF RESULTS OF DIVERTER TIMER ACTUATOR 

The results obtained should be fitted into the 
following equation, in which At is the required timing 
error of the diverter system: 

t:.t ( 1 
lq; 

where 

t:n) = 
(Q; - qn) - (qit - <l,u) 

qn 

tq; = diversion time for a particular short test 
tqn = diversion time for the normal length test oc­

curring nearest in diurnal time in the testing 
sequence 

Q; = flow rate calculated for the particular diver­
sion time fq; 

qn = flow rate calculated for the normal diversion 
time tqn occurring nearest in diurnal time in 
the testing sequence 

qit = average flow rate meter reading time tqi 
rinr == average flow rate meter reading during time 

tqn 
The values obtained for the right-hand side of this 

equation should be plotted against (lltq; - 1/tqn) as 
shown in Fig. Al. The points should define a straight 
line passing through the origin, the slope of which is 
equal to t..t. 

14 

If a significant value of flt is obtained, the diverter 
timer actuator should be adjusted to minimize the 
value of the error as shown by repeated testing. 

The procedure should be repeated at a few lower 
flow rates to examine whether or not the value of At 
obtained is significantly flow rate dependent. If signif­
icant changes in the At value are obtained, it will be 
necessary to improve the operation of the diverter sys­
tem or to introduce a variable correction time A.t to be 
applied to the diversion time. 

A2 DYNAMIC WEIGHING METHOD 

This procedure involves movement of the beam of 
the weighing device just prior to both start and stop 
actuations of the timer. 

Four important dynamic phenomena take place 
during the dynamic weighing cycle, namely: 

(a) a change in the impact force of the falling liquid 
between the initial and final weighing points; 

(b) collection of an extra amount of liquid from the 
falling column by the rising level in the tank; 

(c) forces due to waves in the tank; 
(d) a change in the inertia of the weighing device 

and liquid in the weighing tank, with a resultant 
change of time required to accelerate the balance 
beam to the timer actuation point. 
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