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REFORT ON THR CALIBRATICN OF THR NBW MEXICO, WILLIAMS-TYPE METER

Introduction

Me, Frank B, Irby, Mr, Charles B, Thompson, and Mr, James L,
Williaﬁs visited the Hydraulics lLzboratory at Colorado A and M College
on 2 August, 1955 to discuss the possibility of calibrating a metering
device which had been developed by Mr, Williams to ﬁeasure directly
the discharge from the outlet pipe of a pump, This discussion was
held with Professor Maurice L., Albertson and Mr, DPasel B, Hallmark of
the laboratory staff,

The New Mexico engincers pointed out that this system of meas-
urement involved the use of Price current meters which are standard
equipment for the field engineers, and that this equipment is consider-
ably simplified as compared with carrying around completely separate
equipnment for measurement of discharge from wells, Furthermore, it was
hoped that this system would provide measurements with a better combi-
nation of =accuracy and simplicity or ease of measurement than found
with other types of equipment for measuring the discharge from wells
in the field,

Agreement was reached at this time that the calibration tests
would be carried cut under the general supervision of Professor Albert-
son, with one of the staff from the Civil Engineering Department of
Colorado A and M College in immediate charge of the project. At least
two members of the staff from the New Mexico State Hngincer Office

were scheduled to be on the job at all times,



The testing program took place from3 August to 27 August, 1953,
¥r, James I, Willlams, Mr, James I, Wright and Mr. Donald B, Kienlen
from the New Mexico State Engineer Office made the tests with Professor

H., H. Schweizer of theCivil fngincering Department in immediate charge,

Testing Bquipment

" As may be seen in Pig, 1, the testing equipment consisted of
an 8~in, pump and supply line to v:hicﬁ was connected the various sizes
of pipes representing the outlet pipe from a pump in the field, The
Willians-type meter was fastened to the ends of the.;se pipes which were
tested at various lengths downstream from the last elbow, The elbows
were placed immediately upstream from the outlet pipes to make the in-
itial flow conditicns as bad as possible,

The original design of the Williams meter included gulde vane.s
upstream from the meter in order to orient the flow properly and to
wake the data moré reproducible by eliminating surge fluctuations when
measurement is made close to the elbows, The initial tests, howaver,
indicated that certain minor modifications in the guide vanaes were de-
sirable, Therefore, the final design of the guide vanes was as sh
in Fig, 2. The jacket placed on the outside of the pipe was sealed on
% m r%dwith a canvas sleeve, On the downstream end olf the
Jacket were bolts and wing nuts to hold orifice plates on the end when
needed to make the pipe flow full, ‘

After the water dischargéd from the pipe, it could either be.
returned to the sump for re-circulation, or be dumped 3in s calibrated

volumetric tank in order to determine precisely the rates of discharge,



Testing Procedurs

The first step in testing was to place the small ring and
guide vanes inside the outlet pl‘pe and then to siip the jacket over
the outside of the pipe -~ clamping it in place against the inside
ring to insure an eiact and reproducible location, The purpose of the
guide ring was to insure that: (a) the vanss were parallel to the
centerline of the pin, (b) the axis of the cup meter was essentially
vertical, and (c) the distance from the side wall to the cups was the
sane on each side, 'I‘h;: guide vanes and ring were first installed in-
side the pipe, and then the current meter and jacket unit was installed,

In order to be sure that the discharge was reproducible,
several runs were made at t}ie same discharge by shutting off the pump
and allowing the system to drain between tests., These tests were mada
at sgeveral dischargss, and they demonstrated that the discharge was re-
producible to within less than one percent deviation from the average,

) The problem with the original guide vanes was.that 2 test
vias difficult to reproduce if the pumsp was shu‘t of f and the guide vanes
removed and replaced., Therefore, considerzble care was taken through -
muneroug tests to be sure that the modified guide vanes would give re-
producible results, These results were found tobe within plus orminus
two per cent of the average, which was determined from a number of
peints. In order to bercettain that this reproducibility was not de-._
pendent upon certain individuals operating the equipment, three differ-
ent persons ".e:ete used both in wounting the meter end in observing the

readings,
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wWhen the guide vanes and ring were not used, the Jacket was
.placed by eye as nearly concentric with the pipe as possible to center

the current meter inside the pipe.

Results

Figs. 3 to 10 ghow that‘inall cases the data could be repre-
sented by an average linz from which the data seldom deviated even as
much as two per cent, For a given physical arrangewent, the revolu-
tions per second (RPS) wvaried directly with the average velocity ‘in
the pipe, which permitted using a straight line through the origin and
greatly simpl'if ied the deternination of the rating curves,

Once the rating curves were tentatively determined inFigs, 3
to 10 for a given physical setup, the slope cozfficient of each curve
was determined in terms of feet per second per RPS, and plotted in
Pigs. 11 and 12, From these figures it may be seen that the slope
coefficlent varies continuously with both inside diameter of pipe and
length of discharge pipe in diameters from the purp,

. The variation of slope with length in diaueters is approxi-
mately five per cent or less for each of the pipes with the exception
of the 10 in. ID pipe for which the variation was nearly 20 per cent,
For small values of pipe length the slope is small, With increasing
pipe length, the slope increases until) it reaches a maximum ad about 6
diameters, after which it again decreases == apparently approaching'
en asymptote at about 10 to 15 diameters., This variatgcn is possibiy
caused by the irregular high-velocity Jjet issulng from the pipe bend
(initial small slope coefficient), the spreading of this jet across

the flow (slope reaching a maximum), and finally the development of
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the pattern of established flow wherein a core of higher velocity is
developed due to boundary drag (slope coefficient again decreasing).

The extremely small value of slope for the 10 in, pipe at 3

diameters is probably a peculiarity of the pipe bends upstream, Fur-
» thernmore, the guide vanes are perhaps relatively {oo short to
straighten the flow adequately in a short distance, - Therefore, it is

recommended that this curve not be used for pipe lengths less than 4
diameters, As seen in both Fig, 11 and Fig. 12, the curves are 2 sfs—
tematical family for lengths greater than 4 diameters for the 10 in, -
pipe and for 3 diameters for the other pivpes.

¥When the pipes arc longer than9 diameters the slo,r;e seens to
be approaching an asymptote -- which is to be expected as the flow
pattecn (velocity and turbulence distribution across the pipe) ap-
proaches equilibrium,

: Fig. 12 shows the varilation which occurs with changing pipe
diameters, This variation is due in som2 measure to the fact that
the guidé vanes and rings were not geometrically proportioned from
one pipe size to another. Therefore, strictly speaking, the curves
for the pipes rated with vanes are not continuous betwaen changes in
pipe sizes (broken lines), and interpolation in these areas may result
in some error, perhaps as much as 3 or 4 per cent,

Pipes 5.68 in,, 6,06 in,, 6.47 in,, and 7,07 in. in diameter
were tested without guide vanes for pipe Jengths of 6 fo 11 diameters.
In addition, the 7.07-in, pipe was tested for 3.5 diameters, and the
6.47-in, pipe for 16 diameters to determine the slope coefficient for

extrermes in pipe lengths, Except for the 6.06-in, pipa, the data were
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consistent between trials and form a reesonsble family of curves, so
‘they are considared to be quite accurate despite the sbnormally poor
entrance conditions due to the two elbows upstream, The data for the
6.06-in, pipe are incomsistent, and if used, would give results ob-
viously incompétible with the data for the other pipe sizes. Despite
‘ this fact, howevei, the error invoived in drawing the curve for the
6.00-in, pipe as a part of the fauily of other sizes is less than 3
per cent. The expaected error for the curves of the other pipe sizes
having lengihs betwceﬁ 6 and 11 diameters and for interpolation be-
tween these curves, 1s ons per cent or less,

The tests show that for pipe sizes varying fron § in, to 7 in,
without guide vanes, the discharge pipe should be at least 6 diameters
long. Beyond about 15 diameters the slope coefficient may be treated
a8 2 constant.. Because insufficient tests wzre madae for leng{hs less
than 6 and greater than 11 diameters, the expected error in extrapo-
lating to 4 or 15 is l% per cent, Interpolation betwsen these extrap-

olated cusves will give results that are accurate within two per cent,

Recommended Use of Data
In view of the foregoing, it is recommended that:

1) When guide vanes are used, the curves of Fig. 11 be used from 3
diameters to 10 diameters to determine the slope coefficient for
pipe diameters of 7,07 in, ID, 8,13 in, ID, and B.84 in, ID; and
the cucve for 10,02 in. ID be used from 4 dimmeters to 10 diaaatet:;.

2) For pipe sizes of 5,68 in, 1D, 6,06 in, ID, 6,47 in, ID, and 7,07

in, ID without guide vanes, the curves of Pig., 11 should be used
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3)

4)

from 6 dianeters to 11 diameters, to determine the siope coeffi-
cient, Por lengths greater than 11 diameters the slope cosfficient
decroases somewhat wrom ihat for 11 diameters and should follow
parallel to the curve for 6.47 in, XD,

Bxtrapolation may be made along curves 4in PFig, 11 with accurate
results, However, extrapolation along the curves in Fig, 12 should
be made with caution, particularly in the tegic;n of the broken
lines,

To prevent flow distortion upstream from theorifice plates, and t6
prevent back pressures which might reduce the discharge, the ori-
fice place to be used is the largest one that will force the dis-
charge pipe to flow full, From the practical viewpoint of pressure
against the orifice, two men were unable to place an orifice plate
sufficiently small to cause more than mpproximately two per cent

reduction in discharge.

Accurac

The overall accuracy of the Williams-type meter is within

plus or minus two per cent within the range of conditions stipulated

under "Recommende2iUse of Data)" This accuracy applies to all pipe

gizes from 5.68 in, to 10,02 in. inside dianmeter,

TABLES

The tables includs:

Table I ~» Raw and Computed Data necessary to obtain the velocity in

feet per second and the corresponding RPS of the current

neter, These data were used to plot Pigs, 3 to 10, The
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scale readings were obtained from the float gage in the vo-
lumetric calibration tank, the time in seconds from a stop~
watch, and the révolutions (kev) from the current meter,
Two trials were made for each test to check the accuracy
and reproducibility of the data.

Table II --Summary of Slope Ceefficients, obtained from the slopes of

the straight lines in Figs} 3 to 10,
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TABLE II

SUMMARY .OF SLOPE COBFFICIENTS

Pipe Size Length in Slope Coefficlient Remarks
Diameters
in, ft/sec/RPS
5.68 6 1,684 No vanes or ring
" g.5 1,626 . "
" ; 13 1,572 oo
6.06 6 : © 1,642 ”
e ; I 1.616 -
- 6,47 6 1,70 n
o 11 1.61 "
" 16 1.58 ) "
7.07 3.5 1,862 »
. 6 1.712 "
w” 8 1,656 b
. 10,7 1,644 v
7.07 3.5 1.832 With vanes and ring
= 6 1,852 st
" 8 1,768 e
s 10,7 1,778 "
8.13 2 1,960 "
N 5.5 1,990 -
b 8 1,936 9
8.84 3 1,872 . "
o 6 1.952 "
” 9 1,872 "
: 9 1.840 "
10,02 3 1,672 "
A 4.5 1,980 o
e 6 2,026 o
" 9

1,894 y:

B % Rt
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