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~PLPE DENDS AS FLOM MEYERS FOR WELLS

Propar management of any water resource requires that the quentlty
of water delivered by the system ba known. The challenge Is to utilize
methods of measurement that are sufficlently accurate ye£ low enough }n
cost to permit installation of the required measurlng devices.

The pipe~bend flow meter Is both economical and accurato. Such &
meter can be Installed by placing a 90=degree elbow at the end of the
discharge plpe of the pump. For free=flowing conditions, tho pumping =
1ift wiil be reduced by attaching a short vertical section of pipe to the
elbow $0 that the water will be discharged st or near the water surface in
the conveyence system. The reduction In pumping 1ift, which will result
in lowered power costs, will pay for the Installation of the elbow meter

ond plpe In o short period of time.

LOMERING YHE DISCHARGE QUTLET .

Most wells are constructed so that the water discharges horizontally
from an open pipe Into a box, ditch, or cenal. Frequently, thg outlet =
consists of a short section of plpe attached directly to the outlet of the
pump. Usually the outlet of the plpe Is several feot above the water =
curface In the ditch or canal. A difference In elevation between the water
level In the ditch or cenal.and the outlet of the pipe represents wasted
pump energy. For example, consider a well which discharges water threce
feat above the water level In the canal when pumping watér from a level
97 feet below the canal water susface. If the outlet of the well could be
Idwered to the water level in the canal, a reduction of approximately 3 o

percent In pumping costs would result. Usually the reduction In cost of
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pumping over two or three years will pay for the cost of lowering the
outlet.,

One of the simplest ways of lowering the outlet Is to put a 90~
degree bend on the end of the pipe leading from the well and attach &
short section of pipe to the end of the elbow so that the outlet Is at
or necar the normal woter surface In the ditch or canal. Vthen economics
Justify, a flaring of plpe can be connected to the bend to reduce the
veloclity at exit and thus reduce the amount of kinetic energy that Is lost
as the water flows from the pipe. The Vift is thus reduced with a consc=
quent saving in power cost or an increase in flow, and an elbow is provided

which can be used as a waoter measuring device.

DESCRIPTION OF METER

The pipe=bend flow meter, aften called an elbow meter, Is simply a
standard 90-degree pipe bend, The bend is welded, threaded, or bolted
onto the outlet of the well. The bend should be attached to the pipe so
as to direct the flow downward. A short section of pipe should be attached
to the bend to bring the outlet near the water level in the open ditch or
canal into which the pump discharges the water. (Figure | shows the gene~
ral arrangement).

Plezometers should be attached to both the Inside and the outside of
the bend as shown In Figure 2, Plezometers consist of small openings in the
pipe wells to which transparent tubes are attached. The vertical difference
between the water levels in the two tubes leading from the plezometers is

a meaquie of the flow occuring In the pipe.
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Figure 2, Pipe bend with piezometers attached,
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CONSTRUCTION OF PIFZOMETERS

Plezomcter cutlets can be constructed by the method that Is most
convenlent with the materlals at hand. Howcver, severel precautions should
be taken., Plezometer outlets must be perpendicular to the pipe well, Any
Inclination toward or against the direction of flow will czuse false read=
Ings. The opening in the plpe must be free of lrreqularities. All burrs
cavsed by drilling should be removed, and the plexometer tap should not
extend beyond the Inside wall of the plpe. The openings should have a =
diameter not greater then onehalf of the thickness of the wall of the plpe.
Connectlions Illustrated in € and D of Figure 3, are preferred. Connectlions
shcwn In A and B would not be eccepteble.

When the bend is near the pump or when valves or other obstructions
are located Immediately upstreem from the bend, excesslive ~urqglina will occur
In the plexometers. Surging can be minimized by restrécting the flow from
the plezometer opening to the transparent tube in which the measurement

Is taken os shown In Flgure 4. However, special precaution must be taken
to Insure synmetrical restriction. That is, the flow must encounter the
same resistonce when flaeing from left to right as when flowling from right
to left through the restriction, other wise a differential pressure head
will occur across the restriction. The restriction or danping device should
essentlally ellminate surging, but the opening should be sufficiently =
large to assure that the pressure in the plpe bend Is transmitted across the
restriction. Also, tha hezard of the opening cloaging is more serlous with
the smaller openings. Therofore It Is necessary to have a practical balance
between the criteria for oliminating surging and preventing clogging in the

plezometer.tube,
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Three mothods of dampling plezometers are widaly used:

1) Syrmetrlcal valve . (Figure LA) The valve Is closed gradually

untll the pulsztlions are reduced sufficlently.

2) Crolllary tute (Flgurc 4B) A capillary tube Is placed In the

transparent tulz, providing a damping effecl In the tube.

3) Cripnina (Figure UC) A restriction Is created In the pipe =
leading from the plezometer top to the transporent tube. This
restriction Is usually constructed by crimping the pipe.

The syrmetrical valva method i excellent for lcboratory use but

may not be properly operzted In the field. Use of the capillary tube

is 2 reliaoble method, but caplllary tubing ey be broken In the field.

A symuctrical Indentation In copper tubing is a permarent and Inexpensive
demplng devlce for fleld Installations,

The dlffercnce In water pressure In the piezometers attached to the
inslde and outside surfaces of a pipe bend are measured by noting the di-
fference In water level In the vertical transparent rubes attached to the
plezometers., Plastic tubes are more durable than glass tubes for fleld
usc. A large dlaneter Is preferred, since the larger the diaqeter the smaller
the oscillation In the water level as a result of surging within the pipel
A }=inch tube will probably be satisfactory. in order to obtain an Indi~
cation of how much restriction should be placed In the piezometers and how
large the transparent tubes should be to minimize water level fluctuations,
it would be helpful to experiment untll surging is minimized.

Differences In water levels can be read vrom a scale placed behind
the plostic tubes. A bracket should be welded to the bend to support the

transparent tubes In a vertical position.
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LALIBRATILON

Bends are now recognized In hydraulic literature as useful water «
measuring devices. Under normal conditions, standard curves and formulas
can be expected to Indicate the dlscharge with an accuracy of = 10 percent.
Vhen greater eccuracy Is desire or where adverse site conditions exists, =
each bend meter should be Individually éalibrated. The necessity for celibra~
tion Is not any grester when a bend Is used than when other divices, wich as
Venturl meters, are used for water measurement.

The care talen In the installation will offect, to a large extend, the
degree of accuracy that will be attalned. For example, the length of straight
plpe ahead of the pipe bend will greatly influence the accuracy of the wmcter,
Although a length equal to ten times the plpe dismeter may be used, & straight
plpe of .wenty=five times the diezmeter is preferable. The closer the elbow
Is to the pump the greater the surging and the more the velocity distribution
will depart from normal. Also, the type of pipe and the method of attaching
the bend to the pipe will affect the velocity distribution. Any irregulations
in the plezometer connectlions, such as the plezometer opening not being per=
pendicular to the surface, a burr, or a restriction that is not symmetkical
vwill affect the differentlal water level in the piezometers.

The amount of water flowlng in the pipe can be calculated from the

equation:

nef”
¢ X a 2gh e o« (1) e

h}\glfference in plezometric head between the outside and the inside
oN the bend of mldsection.

D) The Wiameter of the pipe

r) Centerline radius of the elbow (see flgure 2)
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Equation (1) hes been used to develop the graphs of differential
head vorsus discharge for commercal 90~degree elbows given In Flgure
5 thru 12, These plots can be expected to glve dicharye readings that
will be within 10% of the true discharge.

Discharge measurencnts can be checked and/or Imporved by fuether
callbrating the pipe vend In the fleld. A portoble pershall flum can be
temporarlly installed In the canal differential head and discharge mea=
surements taken. Thls data con then be plotted on graph paper io obtain
a curve similar to those shown In figures 5 thru 12, (f the discharge
from the pump can not be varled (changed or precise measurements are not

nccessary Figure 5 thru 12 cen be used,

ADVANTASES QF A PIPE BEND F1CM METER

1) o odditional cxpense ls involved except for the installation
of the plezometers, assuming the bend and a short lenght of pipe are
installed to lower the water ocutlet and are thus pald for by a reduction
of pumping costs.

2) After the meter is callbrated, It will give reliable service over
a long period of time with a8 minimum of malntenance.

3) Computation of the discharge Is very simple.
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