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.SUMMARY

A 2-inch Shuntflo meter designed to measure steam was tested with
water in the laboratory. The tests were limited to 2 weeks of
operation with the meter set to measure over its mid discharge
rainge .of 0.037 to about 0.26 cfs (cubic feet per second) water
(about 1 to 7 llters/sec). .

.Analysis of data Verlfles company clalms that there is a linear

‘relationship between dlscharge and registration. - Using data from
N _ Table 1, the dlscharge (Q) in cfs through the meter was related
o : _- by the equatlon.

g = o. OL44R « v v s e e e e e e e e e e e e e e e )

where {R) is dlal counts per hour. The average deviation of
computed discharge from laboratory measured discharge for
Equatlon (1) was 1.2 percent. All devratrons were less: than
2 percant. -

The head loss across the meter is about 0.5 feet of water at

0.028 cfs and about 41 feet of water at 0.265 cfs (0.1l4 meter at

0.79 liter/sec and 12.5 meters at 7.5 liter/sec). Using data from
 Table 1, the dlscharge (Q) ln cfs is related by the equatlon.

. . : Q@ =o0. 041431/2 R I Ce e e e e (2)

where (H) is the head loss in feet of water across the meterr.
.~ . & The average deviation of computed discharge fr0ﬂwlaboratory
R -measured discharge for Equation (2) was 0.7 percenti =i 2
R T devratlons were less than 2 percent._. L
\No apparent meﬂhanlcal dlfflcultles were observed durlng about
80 ‘hours® of . laboratory tests with the meter measuring clean water
- over the discharge range from 0. 037 to 0.265 cfs (about 1 to 7 B
liters/sec). During the laboratory test it was noted that the B
-sweep ' ‘hand of the register turned in a counter-clockwise direc- - i .
-tion. The meter reader should be ‘informed and reminded of this -
because of the pOSSlblllty of” readlngs taken durlng no- flow.




APPLICATIONS -

meter's main design concept seems to be based upon minimizing
damage caused by slugs of condensate passing through the main
"£flow passage. The limited ‘tests conducted in the hydraunlic lab-
~oratory'did not suggest any reasons why' the meter could not be
-applied.tO'water'measurements;_-However,‘thehteSts did not

The Shuntflo‘meter is generally used to measure steam flow. The

' -ipndicate any significant advantages of convenience or economics

over cother standard water measuring devices. The laboratory
tests do not show how well the meter can resist damage due to
sediment and debris often found in project water. Nor do the
tests indicate how well the meter would operate under near freez-

. °.ing&environments; Also,Vfurther*research_and'development‘byithe
- company would be required to apply the Shuntflo meter to water

flow measurement and to provide discharge measuring capacity and
‘calibrations for the magnitude and range of Bureau needs.

sl
g




INTRODUCTION

PurEose

Studies were made to aid in determining possible Bureau of
Reclamation applications of Shuntflo-type meters. The one used
for this study was manufactured by the BIF Division of the New
York Air Brake cOmpany, Prov1dence, Rhode Island.

Background

The Shuntflo meter, Figure. 1, was desxgned prlmarlly for meas-
uring steam flow but has been applied to other natural or manu-
factured noncorroding and nonfouling gases. The Canals Branch
requested that the meter be tested with water in hydraulies -
laboratory to see whether the meter could be applied to Bureau
of Reclamation water measurement and control. Control Sales,
Incorporated, :-Denver, arranged for the loan of one uncalibrated
2-inch (5.l1-cm) Shuntflo meter (Model 0402-02 Serial No. 044636-1) -
to ‘the laboratories for testing. Shuntflo meters are also manu-
factured in 1-, 3-, and 4-inch si:zes.

- Description of Mater

The Shuntflo meter, Flgure 1B, operates as follows: the seg-

ment-shaped “orifice plate" in top of the main flow passage

~ causes differential pressure across'a shunt or bypass loop in

” the "top cover" of the meter. The company provides ‘different r
. .sizes of orifice segments to attain different discharge measuring
ranges, The shunted flow drives the propeller of the “top rotor .
assembly". Connected to the same ghaft -is a. “damping fan". The
damping fan idles in dead fluid spach ‘to reduce the speed of '
_rotation and wear of moving parts.: By means of -gear trains and
‘magnetic .coupling, shaft turns arpﬁaccumulated on a- reglster that
‘can be proportloned to read desired flow units.




LABORATORY INVESTIGATION

Test Program

Because of the press of other laboratory work, only limited tests

. were made with a middle-sized’ segment-shaped orifice Plate 2B as

»" listed in the company catalog installed in the Shuntflo meter.

" This orifice plate projects about 3/4 inch (1.9 cm) into the top
of the main 2-inch (5.l-cm) flow passage. The meter was tested
in an inline configuration shown in Figure 2A rather than across .
a differential producing device in a bypass arrangement as shown

_in Figures 3 and 4. The inline configuration was necessary to
correlate the register reading and head loss across the meter
with discharge through the meter. '

:Labofatory‘lnstallation

The Shuntflo meter was installed in the domestic water supply
system of the laboratory, Figure 2A. The meter was placed 20 pipe
diameters downstream from the shutoff gate valve .to assure ‘good
velocity distribution approaching the meter. Meter head losses
were measured by means of four manifolded piezometers at 90° around
the pipe (Figures 1A and 2A), one diameter upstream from the meter
‘inlet and another set one diameter downstream of the meter outlet.
A 2-inch (5.1-cm) Venturi meter was installed 20 diameters down-
stream from the Shuntflo ‘meter as an alternative means of measuring
the discharge. . Downstream from the Venturi a 2-inch gate valves :
was used to maintain positive pressure in the meter and to bleed
air bubbles from the piezometers:and manometers. Just downstream . -
© . from the gate valve, a 90° elbcw was loosely threaded to a vertical
pipei ~+The pipe could be used for directing flow to a weighing tank
+».or for bypassing the flow b@tweén’dischaxge determinations. v =

)

'Méasﬁring.TechniqUEé'and.D§%§76bt&inéd

'Discharge test range. - Because the meter is designed for gas flow
‘and .the company did not provide. calibration data for measuring
‘water, the rated capacity range-of the meter for water was unknown.
The-capacity range for the meter with the middle-sized segment-
- shaped orifice plate installed was determined by the following
-, procedure. The:minimum discharge required to drive register was
- found ‘t¢ be bounded by 0.029 and 0.043 cfs (0.79 to 1.22 liter/sec).
- ‘Then using a 7:1 range of rated capacity and a minimum discharge
f}Pf 0.037 cfs (1.05 liter/sec), the rated capacity of the Shuntflo
‘meter -.when measuring water was determined to . be about 0.26 cfs
(7.4 liter/sec). ' o - ' ' : o

‘Discharge ‘measurements. .- The weighing tank (Figure 2A) and a
:stopwatch were-used to determine the lower discharges. When the




flows were hlgh and/or the time-of-filling measurement would be
of low significance, the calibrated. 2-inch (5 l-cm) Venturi was
used to measure discharge. '

Kead loss measurements. — Values of head losses across the
Shuntflo meter less than 10 feet (about 3 meters) of water were
measured by a U-tube (Figure 2A) with a red. indicating fluid of
- 2.94 specific gravity. For head losses greater than 10 feet of
.water, a mercury pot manometer (Figure 2A) was used.

Callbratlon. - For calibrating the Shuntflo meter, the reglster
was read at the beginning and end of time intervals measured by
:a stopwatch. A closeup of the register is shown in Figure 2B.

Calling once around the sweep hand dial a unit, readings can be
estimated to about plus or minus 0.02 unit. The difference in

. «ial readlngs ‘(between the start and end of a measurement) divided

by the time in hours was called (R) and used for calibration of
the meter. The values of (R) are listed in Table 1 along with
corresponding values of discharge (Q) and head loss (H) across
the meter.-. .

o
"y

=
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TEST RESULTS

- Analysiseof Laboratory Data

‘ Calibration‘equation. - As indicated by the graph of laboratory
data 1in Flgure 5, and as claimed by the manufacturer, the rela-
tion of. (Q) in cfs and (R) in units per hour is linear. -“The
plot also indicated that the best straight. line very hearly

pasaed through (R) and (Q) equal ZEero. Therefore, in the equatlon

Q Al+mR‘- - - o. " c,}c_.o‘ ' L] -T‘-- t'o.'.- -! L] . (l)
: . lT .

’ "Al was - con51dered zero._ The slope (m) that resulted in the m1n1mum
‘average percent dev1at10n of equatlon discharge from the- laboratory
measured discharge was found to be 0. 0l144. The average deviation
~of (@) for this eguation was 1.2 percent. All individual devia- -
.itions were less than 2 percent ST S

.Head loss eqLatlon. - The plot of data in Flgure 5 1nd1cates that
the discharge (Q) in cfs is proportional to the square root of
‘the - head loss across the meter (H) in feet of water. Therefore, it
was assumed that :
Q = A2Hl 2 | e e e e e (@)




The coefficient A. that resulted in a minimum average absolute
percent deviation of équation discharge from laboratory measured
discharges was found tc be 0.0414. The average absolute deviation
for this eguation is 0.7 percent. All individual deviations were-
less than 2 percent. ' ' : :
-’”'\ . .

‘Least square fit equations. - To further establlsh that A equals
zero for Equation .{1) and that the exponent for Equatiocn %2)‘15'1/2,_
the laboratory data were fitted by the method of least squares.
Al for Equation (1) computed to be 4.33 x 10~5 and the exponent

for, Equatlon (2) computed to be 0.4990. No substantial reduction
in deviations' were obtained by allow1ng Al to vary from zero

= _and the exp0nent to vary -from 1/2

‘Dlscu551on of Test Results

S

Company accuracy and ‘range spec1f1catlons. - The company did not
provide - any statements of accuracy nor calibrations for the Shuntflo
meter when measuring waterflow. But for steam flow the company
stated an in-the-line accuracy of plus or minus 2 percent of actual
flow for a 10:1 range of rated capacity. The company claims plus
. 0r ‘minus ‘2 percent for steam'flows with a 7:1 range of rated © :
‘capacity when the meter is installed in a bypass arrangement like
that shown in Figure 3. Meters can be rnstalled as shown in

Flgure 4 to extend" measurlng capac1ty up to.a range.of 55:1 range;

-fAccuracy durlng laboratorz,tests.c- Laboratory tests with the me*er
measurlng water discharge over=a-range of 7:1 indicate the meter
~can’be calibrated to measure waterflow to plus or minus 2 percent._

:j;No laboratory tests were conducted with the meter installed in:-a-
. bypass ‘nor in-an extended ‘range configuration to measu—e waterflow.

;f?however, ‘the laboratory tests did not suggest any reasons why the
- bypass and extended range 1nstallatlons could not. be applled to .,
fwaterflow prov1ded callbratlons are . avarlable. :

?Mechanlcal performance. = No mechanlcal problems were observed _
fdurlng ‘about 80 hours of laboratory operation with the meter meas-. - -
uring’clean -domestic water. The laboratery tests-do not show how
. well the meter -can resist damage due to sediment and‘-debris often
found“in project water. MNor do the tests indicate how well the @

”ﬁ'meter would operate under near free21ng environments. . During the

-:tests, ‘it was ‘noted that the sweep hand turned: counter-clockwise.
-Some error. could result if:this was unknown to a meter reader and‘
S 1f tne mefer was: read during no flow..'

i'-.;-_Further research and development requlred. - These ‘meters could
;»beiof use 'to.the Bureau - of - ‘Reclamation : -only if subsequent research

and development are conducted to furnlon callbratlons for water




b}capac1ty and accurac1es in- the range of usual Bureau of Reclamatlon

ffrequlrements. ‘Even ‘if these: reguirements were. satisfied, a

QShuntflo meter ‘does not seem to- have any dlstlnct adVantages over
*other water measurlng deV1ces. -~ . _ e _“u;‘

Table 1

S AT “LABORATORY DATA
‘TLABOBQTORXnINVESTIbATION OF ONE 2- ~INCH SHUNTFLO METER

G — _®H_____ R

Laboratory .= = ... oo LR A

‘dischavge ... - '‘Head loss. .7 Counts
cfs : feet of water © " "per ‘hour

'fo 028 o oy
‘q;a43_{;1A.ﬁj :l Tf}1;d5  U S .9
 ;0.077£%¢'  3' __'*.' 3.47
' i0 105 - _iu*ié,” f j_j6 49
0. 156 . -, f3_f,;»5&A.55

':'-0_-.'2]-_8" ' . '_ .i'; 27 ...-7‘0' o

00265 4. 41.08

L
O

© JRegister did not turn.




Figure 1
Report Hyd-590

Two=inch Shuntflo meter installed for
laboratory tests. Photo PX-D-64305

B. Cutaway view of meter from company
brochure.

LABORATORY STUDY OF ONE 2-INCH SHUNTFLO METER




Figure 2
Report Hyd-590

A. Laboratory test arrangement.
U=tube
2=-inch Venturi
Mercury pot manometer
PX-D-64303

T

- AN €4 RaLil ¥

BIF

SHUNTILO METER

B. Closeup of meter register,
Photo PX-D-64304

LABORATORY STUDY OF ONE 2-INCH SIHUNTFLO METER




Fxgure ‘3 -
Report Hyd-5°

Meter 1nstalled ina bypass
conflguratzon, figure fram
company brochure.
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us of Reclapation

' CONVERSION FACTORS--ERITISE TO METRIC UNITS OF ME

The followlng canvers! e
Testing &nd Materials (ASTM Wetrle Practice Gulde, Jamuary 1964) except that
.the Bureau have been added.
. ASTM Metric Practice Guide.

ASUREMENT _
ublished by the American Soclety for

t dittenel factors (*) commonly used in
Further discussion of definitions of quantities and urdts Is given on pages 10-11 of the

The metric units and converslon factors adopted by the ASTM é.re based on the "Internzticnal System of Unl " {deslgnated
5] for Systeme International d"nites), fixed hy the International Committee for Wetghts apd Messures; this system 1s

also mown as the Glorgl or MKSA {meter-klogram (mass)-second-ampere) system,

_International Orgenizaticn for Standardizaticn in 5O Recommendation R-31.

This system has been adopted by the

' 7. The metrie technical unit of foree is the ldlggxa-am-force; this 1s the force which, when applied to & body having.a

" mpes of 1 kg, gives it an acceleration of 8,

65 m/sec/sec, the standard acceleration of free fall towargd the earth's

center for sea level at 45 deg latitude., The metric unlt of foree in SE-units 15 the newton (N), which 1s deflned as

that force which, when applied to a body taving 2 mass of .1 kg, glves it an acceleration of 1. m/sec/sec.
must be distinquished from the (Inconstant) local welght of @ body having a mass of 1

These units
kq; that Is, the welght of &

“body is that force with which a body 1s attracted {o the earth and is equel to the mass of 2 bedy multiplied by the

acceleration due to gravity. However, because it is general practice to use *pound”

correet term Vpound-force," the term "

rather than the technicell

v
cgram" (or derived mass unit) has been used in this guide instead of "kilogram-

force" in expressing the eonversion fetors for forces. The newtan unit of force will find increasing use, and 1s

" essential 1n SI units.

Table I

QUANTITIES AND UNITS OF SPACE__
. By . N

To obtain

LENGTH

Mil, . .- 25.4 (exactly}. .
Mehes v v o v o v &0 0 v 25. 4 {exsetly). .
’ e ea e .. .. 2. 54 (exactly)™*
Feet ., . . .. . '30.48 {exactly) < - . .
. e 0. 3048 {exactly)*. . .
0. 0003048 (exactly)* . .-
© O 0.9144 {exactly) . ... .
1,608, 344 {exactly}* . . .

PR

Yards ... s
Miles (statute).

Mizron
Millimeters

. Centimeters
. Centlmeters
.. Meters

‘Kllometers
. Meters

Meters

. HKilometers

1, 809344 (exactly) . .
AREA

" > Square inches . : 6.4516 (exmetiy}. . .+ . .
Squere feet .- 03

P T )

0.082803 . .

- 0.836127 -
0.40480% . .
4. 9% . . .. e e
0.0040465% , . . .
-2.58899, .- .

..Squareyardé
Acres . - .
. e ems . ,

Square centimeters .

. 'Square centlmeters
Square meters
-8quare meters

Hectares

-Bquare meters

Square kilometers

. Bgugre miles
o VOLUME _°

©.16.3871 . -
0,02831€8. ..
0.764655 . . ..

. Cuble inches . ...
* - Cuble feet., ..

Cuble ceﬁﬂﬁétéré

- Cubic meters . -
- Cubie meters -

CADACITY

:_:‘IE'luid_ ounces (U; S.).
5_‘.:'_L_.1qi.1.td'p1'n'ts_"(u. 8.
Quarts U.8) . ..
" Gallons U8 ).

29,8737, .

© 28:6739 . ..
0. 473178 .
0.473166 ..

N
« ol m

..

“ e w

0. 00378543

o 4, 54800 .

) - . .4.54686

~Cuble feet.. 4"+ - 28,3180,

. Cubic yards. . ¢ /784.56%. ..
~Acre=feet, . . 1,233.6% ...

" Gallons (UKD &

PP B L L T T B

P T L L L B I L
BN PR S ]

B T T I R I R I B

B e T R S I B

S N N

Cuile centlmeters o o

Millillters

.- Cubie decimeters

Liters

- Cublé centimeters

Liters

. .. Cuble centimeters '

Cuble declmeters .. - .
Liters T

.« Cuble meters |
 Cuble declmeter
‘Riters+ - . -

Y. -Liters . . .
. Tdters i
‘Cubic meters - .

Cn Al Tt o998 ROGE .

~Liters .
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‘Where approx;mate ‘or naminal Engllsh ‘units arehused ‘to express
-a‘value .or range of- values, the converted metric units in
. parentheses are also approximate or 'nominal, Where precise
“English’units are used, the converted metric units are expressed
. ‘as equally significant values. A table of conversion factors -
@@ . BRITISH TO METRIC UNITS OF MEASUREMENT - is provided at the
- -end ‘of this report.
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