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1. Introductions The normal reservoir elevation at Grand
Coulee Dam is 1288.0 and the minimum elevation is 1208.0, making a
maximum draw-down of 80 feet. The maximum receiving canal elevation
is 15854,0. Thus, thc¢ maximun head on the pumping plant will be 377
fects The normal 1lift, however, will bec from e€levation 1288 to cle-~
vation 1585, or 297 fecet. The pumps will be rated at 295 fect head
with a delivery of 1,600 c.f.s. per pump. There will be twclvc pumps
in the plant, each constituting & scparate unit with its own inlct
and outlet conduits 14 fect and 12 fect in diameter, respectively.

The tests described in this report have to do only with
the inlct conduit from the rescrvoir to the pump inlet flange. This
includcs the trashracks, the entrance through the gates, the coaduit,
and the ce¢lbow under the pump. While it is undc¢rstood that the hoad
losses in the various componecnts of the inlct structurc arc import-
ant, it is believed that the veloecity and the pressurc distribution
at the inlect flange of the pump arec also important to the cfficicnt
performance of the unit as a wholee. For this rcason considerablec
attention was given to this point in the tests,

2. Summary. Hydraulic model studics on a scalc of 1:17.3
werc made of three types of elbows and two types of cntrances in con-
nection with the design of the intakes for Grand Coulcc pumping plant.

It was found that from thc standpoint of cncrgy loss there
is very little diffcrcnce, for most practical purposes, among the
threec elbows and bctwcen the two ¢ntranccs.

The total loss in thc intakc obtaincd by cxtrapolating
model valucs to the prototype Rcynolds! numbcr is estimated to be

0.20 V&
_-;EET"_—'thrC V 1is thc mcan velocity in thc 14-foot diamctcr pipc.

This total loss is made up approximately as follows: O
2 g
0-04 V¥ iy the straight pipe, and 0208 V2 in the
g 2g
clbow with its attached reducer.

the cntrance,



From the standpoint of velocity distribution in the con-
duit, the circular entrance was slightly superior to the rectangular
one. From the standpoint of distribution at the inlet flange of the
punp, the vaned elbow was definitely superior to the two converging
clbows.

%. Purpose of model studies. These studies were under-
taken for the purpose of investigating the behavior of various elbows
in the pumping plant intake line as proposed. By intake is meant the
entire conduit from the forebay to the pump suction eye, including
trashrack structure, entrance, straight conduit, and clbow. Howcver,
as the work progressed it was thought desiratble to include studics of
othcr types of entrances for comparative purposes.

Information was desired as to the hydraulic losses to be
encountered with the secveral different installations, as well as the
velocity distribution at several points in thec intake system, par-
ticularly at the inlct flange of the pump.

4, Set-up and test procedurc. In the test set-up, water
is drawn from a forebay through the modcl of thc intake by means of
a vertical, single-suction, centrifugal pump. The pump discharges
back into the forecbay behind suitable bafflcs through a 6-inch dia-
mctor pipc fitted with an end cap orifice which is used to measurc
the discharge. For thc diffcarent runs, the amount of flow was dctcr-
mined by adjusting the valve so that the height of a mercury column
attached to the discharge orifice was sct to a definite point. This
setting of the mercury column was donc¢ visually, and, with reasonable
care, could be sct so that different runs at the same flow might vary
+0.025 inch in setting. Thc pump is not to bc considered part of thc
model studies. A general view of the sct-up is shown on plate A,

Upon considecration of the wvarious factors involved, & modcl
scalc of 1 to 17.3 was choscn. The intake opening was made of wood
and installed in such fashion that changes could be made casily. The
rcst of the intuake from the entranec to the pump was made of pyralin
to pcrmit visual observation. Provision was mads at suitable scc-
tions in this part of the intake Tor making thc nccessary physical
measurements .

The test procedurc consisted of moasuring hydraulic losscs
and making vclocity traverscs. The losscs wearce measurcd in tho con-
ventional manncr, by installing piczomcter rin~s and connectingz thesc
to opcn manomecters. The veclocity traverscs werc first obtaincd through
thc use of a sphorical pitot tube known as the "Staukugel." This tubc
has fivc opcnings on the portien of the sphoere facing the strean flowe.
The five openings arc so placed that their roeadings permit computa-
tion of the vclocity vecctor beth as to dircetion und magnitudc. How-



From the standpoint of welocity distribution in the con-
duit, the circular entrance was slightly superior to the rectangular
one. From the standpoint of distribution at the inlet flange of the
pump, the vaned elbow was definitely superior to the two converging
elbows.

8¢ Purpose of model studies. These studies were under-
taken for the purpose of investigating the behavior of various elbows
in the pumping plant intake line as proposed., By intake is meant the
entire conduit from the forebay to the pump suction eye, including
trashrack structure, entrance, straight conduit, and clbow. Howcver,
as the work progressed it was thought desirablc to include studies of
other types of entrances for comparative purposes.

Information was desired as to the hydraulic losses to be
encountered with the several different installations, as well as thc
velocity distribution at several points in thc intake system, par-~
ticularly at the inlct flange of the pump.

4, Set-up and test procedurec. In the test set-up, watcr
is drawn from a forebay through the modcl of thc intake by means of
a vertical, single-suction, centrifugal pumps The pump dischargcs
back into the forcbay behind suitable bafflcs through a 6-inch dia-
mecter pipe fitted with an end cap orifice which is used to mcasurc
the discharge. For the diffcrent runs, the amount of flow was dctcr-
mined by adjusting thc valve so that the¢ hecight of a mercury column
attached to the discharge orifice was set to a definite point. This
setting of the mercury column was done visually, and, with reasonable
care, could be sct so that different runs at the same flow might vary
+0.025 inch in setting. Thc pump is not to bec considered part of the
model studies. A general view of thc sct-up is shown on plate A.

Upon considcration of the various factors involved, 2 model
scalc of 1 to 17.3 was choscne. The intake opening was made of wood
and installed in such fashion that changcs could be made casily. The
rcst of the intake from the cntrancc to thc pump was made of pyralin
to pcrmit visual observation. Provision was made at suitable scc=-
tions in this part of thc intake for making thc nccessary physical
mecasurements,

The tecst procedurc consisted of measuring hydraulic losses
and making vclocity traversecs. The losscs wore mcasurcd in thc con-
ventional manncr, by installing piczomcteér rin-s and connectingz thesc
to opcn mancmeters. The velocity traverscs wicre first obtaincd through
thc usc cof a sphorical pitot tubc known as the "Staukugel." This tube
has fivc oponings on the portion of tha¢ sphere facing the stroam flow.
The fivc openings arc so placed that their ruadings permit computa-
tion of the vclocity vcetor both as to dircction and magnitudc. How-



gver, upon invecstigation and an attcmpted calibration of this in~
strument, it was found to have objectiomablc characteristics for the
use to which it was put. It was thecreoforce deccided to use a cylin-
drical pitot tube which calibration showed to be frac from the un-
desirablc characteristics of the pitot spherc. This tubc was built
on the basis of the studies madc by Fcchhoeimcr, It has only three
opecnings lying in a planc perpendicular te the axis of the cylindcr.
Thesc threc openings allow a determination of the dirccetion and mug-
nitude of thec veloeity in that plane only. However, it is nossible,
by thc propcr location of any number of traverscs, to gct the actunl
dircction and magnitude of the velocity vector at any point. It was
obscrved that thc flow at the scetions chescn did not deviate from a
direction perpendicular to the planc of the section sufficiently to
warrant thc talking of more than the two traverscs in any given sce-
tion. This gave only the center point (vwhere the two traverscs in-
terscet) as the place whers the dircetion of the veloeity could be
determined in threc dimensions.

In lieu of actual mcasurcments of dircction (cxecept in
one planc) visual obscrvaticons werc rolicd upoa to study any abnormal
conditions of flow within thc conduit and clbowse. The usc of air and
dyc in tho fluid flowing through the model showed up the objeetion-
ablc characteristics and the desirable fecaturc of the various sct-ups
tostcds. Thesc obscrvations have buen relicd upon te tcmper the ve-
rious deductions drawn from the data.

5. Intrances tested. Two +%ypes of entrances were studied.
One, which will hereafter be called the rectangular entrance, is the
original designe. This entrance 1s rectangular at the face of the dam
and has a transition section to the circular portion of the intale
conduit, The intake up to the elbow is on a slope of 10 degrees.
The second entrance studied was a circular bellmouth entrance desirened
according to information obtained previously ia the laboratory. This
cntraace 1is horizontal for a short distance and there turns by mcans
of a 10-degrece bend to meet the normal slope of the intake pipc.
Othcr comparative featurcs of thcesc e¢ntrances may be obtaincd from
the sketch on figures 1 and 2. The 10-dcgree slopc of the conduit re-~
quircs that the eclbow turn the water 100 degreoes instead of 90 dugrocs.
This should bc borne in mind when studying the results presentcd here-
in.

6e Elbows tcsted. Thrce tipus of wlbows werce tasted.
The first one, submitted by the design scetion, had a circular cn-
trancc which changcd progressively to an <¢lliptical scetion at the
outflow cnd, the minor axis, which lies in thc planc of the bend,
bcecoming shorter and the major axis rumainiag coanstante The scetional
arca and the radius of curvaturce chemge in such a wmanner that the
preduct of the velocity times the radius rumains conscant. A transi-
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tion scection, changing from the €lliptical to a circular section,
was necessary besween the elbow outflow and the pump inlet flange.
This elbow will hereafter bc referred to as the e€lliptical clbow.

The second elbow tested was a miter bend with a section
containing vancs inserted at the interscction of the two segments.
A rather sharp convergencc was rcquircd between the elbow and the
pump inlct flange to reduce the full intake diamctcr to that re-
quired at thc pump. This elbow, which was dcsigned in the labora-
tory, will hercafter be referred to as thc vane clbow.

The third type tested was a constant radius clbow with
a gradual convergence from the intako pipe up to the pump inlet
flange. This elbow, which was submitted by the design section and
modified slightly in the¢ laberatory, will be roferrcd to hcoreafter
as the convereing elbowe Photographs of the various elbows are
shown on plate B.

An explenction of the choice of measurement sections
would bc apnrcopriatc herc. The scetions were located in such a
manner that the hydraulic c¢ffects of the various parts of the intake
could be observed. Section "D" was located immecdiately downstream
from the cntrancc and section "C" immcdiately upstrcam from the be-
ginning of the elbow. Thesc two scctions arc common to all tests.
The location of scetion "B" varied according to thc clbow being
tested, but, in general tecrms, it was located at thc outflow cnd of
the elbow proper. Section "A"™ was lccated as closc to the pump im-
pcller cyc as physical limitations pcrmitted.

During the progress of the test it was decided, on the
basis of the promising results obtained from the vane elbow, to study
the possibilitics of decreasing the size of the whole pump intakc.

As this could be donc very ceasily by use of the vane type of elbow, a
6—1/2-inch diameter intakc was built of pyrelin with a corrcsponding
wooden bellmouth entrance. The same serics of tests was conducted

on this set-up as for the others.

An intercsting deviation from the main program of tests
censisted in investigating the ¢ffect on ¢ntrancc loss of the various
components of the trashrack structurc. Piczomcter rcadings were
taken at scction "D" i{or various discharges, with the complete in-
stallation in place. The next stup consisted in removing portions
of the trashrack and mecasuring the losscs threugh the same range of
flow. Next, the trashraclt picrs and bars were remeved and the losses
measured. This was carried through systemotically until the rectan-
gular cntrence wes clcan with the facc of the dam, as shown in platc
C. Thesc rcsults are given in tablc 1.



Attention is called to the fact that all results given
are for a conditicn of minimum reserveir clevation. This was used
as the worst pussible operating cenditicn lilkely to cccure A checl:
was made to se¢ if the test results were influcnced by suction hcad,
but it was found not tc have any mcasurable e¢ffect on the medel ro-
sults through a variation of about 18 inches (26 feet prototype).
All subscquent tests werc madc with the minimum reservoir clcvation.

7. HResults., Since it was deeided before complction of
the model tests that the sizc of the intalze conduit in the prototype
would be 14 feet in diamctecr, thc tests for the various ¢lbows and
cntrances arc compared on thc basis of a coavergance from 14 feet to
9.5 feet at thc pump inlet flangc.

A comparison of the velocity distributions for both types
of cntrances is shown in figurc 3 in thc dimensionlcss plete It is
apparcnt that thc vclocity distributicn is morc ncarly syrmucetrisal
in the bcllmouth cntrance than in thce rceetangular once It must be
rcmembered that by bellmouth cntrance is meant the bellmouth preover
plus the 10-degree bend, becausc the measuring scetion is just down-
stream from thc bend. The diffcrence betweon the distributicn of
flow in the two entrances 1is quite small and even this small differ-
ence practically disappears before the elbtow is reached,

In order bestter to predict the velocity distributicn in
the prototype, the model discharge was doubleds The distribution
of velocity remained the samc at the sectien tested (see dimonsion-
less plet, sces D, figure 3). For this inercased discharge the
velocity in the mcdel was five foet per sceind. The velocity in the
protctype will be 10 fect per sceend. Since the seale ratio is 17.3,
the Reynclds' number in the protoetype will be about 36 times that in
the mcedels Thereferc, the effccts of frieticn will be relatiwvely
smaller in the nrototype, with the result that the protetype will
tend tovward o more uaiform distribution previded the distribution is
symmetrical in the model. If, howcever, the distribution is not sym-
metrieal, as in the cass of the rectaangular entrancc, conditions are
likely to be aggravated at higher Reynclds! numbcrs, The measure-
ments were taken without the trashrack strunture. It is believed
that thc trashraclks and picrs will be a stabilizing influence with-
out affccting the flamw pattcrn.

The losses in thc twoe types of entrances arc shown in
table 2. The rclative merits of the differont sct-ups tested may
best be determined by kccping in mind the cxperimental crror in-
hcrent in the individual velues givene In obtaining the losses ot
the warious scctions, water manomctoers were used to rcad the pres-
sures, Thesc manometers werc road with an accuracy of +£0.001 foct.
The loss in hcad from the hcadwater to any secticn is obtained bwv



subtracting the velocity head at that section from the difference
in pressure as determined from the water manometer readings. Due
to the possible variation in setting the flow, the velocity head
may vary +0.,001 foct and the pressure readings from each manometer
may also vary £0.001 foot. The determination of loss would have

an accuracy of £0.003 foot (since two separate imanometer readings
are used in the determination). Exprcssed in percent of velocity
head, the maximum variation would he of the order of magnitude of
+2.5 percent at the lowest model discharge. In gencral, the loss
in the bellmouth entrance is lower than in the rectangular one
when the gates are not in place. A comparison between the two cn-
trances, with their respective gates in place, 1s given in table 1.
In this case¢ the bellmouth entrance is superior by from two to five
percent of the velocity head. The loss, expressecd in terms of ve-
locity hecad, will be less in the prototypc than in the model so that
the values obtaincd in the model arc on the safe side.

The loss in the trashraclt structure was Jjust barecly pcr-
ceptible in the model, being of the order of 0,005 foot at a veloc-
ity of 5 fceet por sccond in the conduite. Since the velocity in the
prototype is 10 fcect per sccond, the loss will be of the order of
0.005 foot at a velocity of 6 feet per secend in the conduit. Since
the velocity in the prototype is 10 fect per sccond, the loss will
be of the order of 0.03 foot, which 1s negligible, By far thc most
significant factor in thc ¢ntrancc losscs was shown by the effect
of the gate slots. A comparison of columns 4 and 5 in table 1 shows
the effcct of filling in the gate slots. As thcsc tests were made
with the rectangular entrance, the losses, of course, are applicable
to that centrance only.

The values of K, in the formula for loss in the e¢ntrance,
2
h = KZ ,» may safely bec talien as 0,10 for the bellmouth and 0,12
g
for the rectangular cntrancc.

8. Elbows. A comparison of the thrce clbows, using the
bellmouth cntrance, is shown in figure 4. As pdinted out previously,
it was found that the typc of eutrance had a very minor e¢ffect on
the flow in the clbows. Therefore = comparison on the basis of
clther entrancc is valid.

from the standpoint of velocity distribution in the cross
section lmmcdiatelv preceding the pump, the c¢lbows in the order of
their performsnce are vane clbow, counverging clbow, and clliptical
elbowe The converging end the c¢lliptieal clbows show thelr influ-
cnce on vclocity distribution in accerdsnce with previous experimon-
tal wiork. Therc is an incrcasc¢ of velocity clone the inncr radius
until the oxit soction is reachcd (seetion B)s At this peint there



is separation with correspondingly lower velocity. The dimension-
less plot of distribution on figure 4 brings out the severity of
the separation in the elliptical elbow compared with the converg-
ing elbow. This tendency in the elliptical elbow is no doubt ac-
centuated by the proportions of the transition section required.

The vane elbow exhibits very different characteristics,
and, since this type of elbow is just bepziniing to claim attenticn,
some additional discussion 1s in order. This type of elbow has been
used for some time in the aerodynamics laboratories for the purpose
of' turning air with a minimwn distortion of velocity distribution.
More recently it has becen found by other investigators that by a
careful and suitatle design of the vanes this type of elbow can be
made to give losses comparable tc the best elbows of the conventional
tyvpec. The design of the vanes in the elbow tested in the laboratory
followed the suggestions proposcd by Krober in technical mcmorandum
N¥o. 722 of thc N.A.C.A. MNine thin vancs werc installed with a shapec
approximating those proposcd by Krobecr. Mors cxperimcntation could
be donc in determining the most efficicant typec of vanc, but it was
fclt that in this study it was not justificd becausc of the rcla-
tively low veclocitics and correspondingly low losscs.

The losses, as measurcd by means of niczomctcr rings, are
shown in tablc 2., Thcsc arc total losses from forebay to the mcas-
uring section indicated. Thc elliptical clbow shows an apprcoeiably
higher loss than the other two clbows. The vane and converging cl-
bows show practically the same loss., The losses mcasured in this
manncr arc dependent upon the velocity distribution and the curva-
ture of the strcam lincs. Therefore, it was dceidcd to evaluatc
the losscs by intcgrating the pitot-tubc mcasurcmecints of total prus-
sure. At any point the difference between the potcntial of the fore-
bay and thc total pressurc is the loss in cnergy to this point.

These encrgy losscs arc prescnted in figurc 5. To get thc averasc
loss per pound of fluid, thcse losses arc multiplicd by the velocity,
intcgrated over thce cross scction and then divided by the discharge.
hc losscs obtained in this way differ matcrially from the losscs
obtaincd in the usual manner. The total less per pound to scction
"A" for @ = 1.300 c.f,s. arc as follows: Vene, 0,055 feot; cllip-
tical, G.046 {oot; cunverging, 0,039 foot. Considering the fact that
the prebable crror may be four or five perecat, the three clbows show
very clos. agrcomente.

In compering thcse losscs with the losses derived from
the piezomster measuremcnts, several diffcrences may be notcde The
loss in the e¢lliptical c¢lbow has bhcon materially rcduccd. This re-
duction cuan bc cxplained by referring to the velocity distributione
The distribution is distorted to such an cxtecnt that the piczomctric
pressurc mcasurcd at the pipec wall will vary around the circumfer-



encé. Ths average pressurc is then more a function of the piezometoer
locutions than of *tha actual mean pressure in the cross sections. In
the case of the converging elbow, the distribution is better; there-
fore the closer agrsement obtained is to be expested. For the vane
elbow the agrcement should be very close, since the distribution of
velocity 1s quite uniform both in magnitude and direction. There is
a discrepancy in this case, and it is felt that more weight can be
placed on the loss from the piczometer readings. Therefore the true
loss in the vane elbow set=up will be in the¢ neighborhood of 0.042
foot when the value in table 2 is corrected from Q = 1.426 ce.fese to
Q = 1.300 c.fese This adjustment brings the three clbows into even
better agreecment.

In summary, it can be stated that on the basis of cnergy
loss, as determincd by thesc tests, there is very little difference
among the three elbows.

The change in the percentage loss with increasing dis-
charge is shown in table 2. Thc percentage loss in the prototype
will be somewhat locss than in the model bocausec of the higher
Rcynolds'! number. On thc other hand, if the relative roughness is
grcater in the prototypc, the percentage loss will tend to be higher.
The range of discharges in the model was not sufficiently wide to
scrve as a basis for extrapolation. A rcasonablc valuc for design
purposcs would bc a loss cocfficicnt of 0.20. The head loss from
the forebay to the pump inlct would then bc 0,20 V2 where V =

g
veclocity in the 14-foot diamcter pipes The magnitude of the loss
would be 0420 x 1.6 = 0.32 foot. This loss amounts to only 0.1 por-
cent of the total pumping hcad and can be ccnsiderod negligibles

9. 6=1/2-inch diameter intake model. Sincc thc results
obtained with thc vane clbow showed considerable promisc, it was de-
cided to construct an intakc which had a constant diameter equal to
that of the pump inlet. Becausc the vene clbow required only slightly
more depth than the conduit diameter, it was possiblc to make¢ the in-
takce horizontal. The bellmouth was formed tc approximately the same
shape as the larger becllmouth cntrance. The design of the elbow was
changed so that thecre were only seven vancs as contrasted with ninc
vancs in the largcr elbow. The veclocity distributions at the wvarious
sections are shown on figure 6. The distribution is not as good as
in the larger vanc elbow. There is a breaking away of thc flow at
the inside of the miter. One reason for this is the smaller number
of vancs and the corresponding largcr passagcse The drag indueccd by
the vanes shows up very clearly in thesc tcsts; however, the varia-
tions in velocity caused by this drag arec only of thec order of four
percent. The velocity distribution is not as satisfactcry as that
obtained in the larger vane elbow, and it serves to bring out the need




for more experimental study before a basis for design can be estab-
lished.

The head loss from forebay to pump is higher than in the
larger installation, due to higher velocities. The loss in the pro-
totype, estimated by lowering the model values to take account of

: .. 0.30 v : —
iheMhilchienl Reyaolldsi* mumberbls ta=ita___ = where: V = welloecilty in the

g
9.5-foot diameter pipe. The magnitude of this loss would be 0.30 x
7494 = 2.4 feet, which is 0.75 percent of the total head.

10. Conclusions. Before drawing any definite conclusions,
it 1s well to review first the particular factors involved in the
oroblem and, sccond, those which are peculiar to the model set-up.

Pirst, the ¢lbows which turn the watcr through 100 degrees end
a short distance from the eye of the pumnp impeller. The choilce of
diameters for the pump intekc and the conduit makes it nccessary to
have a fairly sharp convergence betwecn the clbow and the pump inlet
flange.

Second, the pump uscd in the model study is not an homologous
model pump and does not simulate the prototype. Therefore any cffect
of thec laboratory pump on the model intalke is peculiar to the modcl
study and cannot be transferrcd to the prototypc. This effect might
be a distortion of the flow pattern as a result of unsymmectricsl flow
through the pump. On the other hand, thc model pump may have a sta-
bilizing effect. Whatcver the effect, it would be small, and if
sccondary disturbances are neglectcd, this effecet of the punp will be
cancelled out in a comparativc study.

Third, the losses determined in the moedel have an aceuracy of
+0,003 foot.

Bearing these factors in mind, thc following conclusions
are drawn from thc model studiecs:

The bellmouth entrance is slisghtly bettcr than the rectangular
cntrance from the standpeint of vcloecity distribution and loss of
head. The differcnce in loss cocfficicnt "K" is of the order of two
to threc percent in favor of the belliouth designe. The minimum en-

0.10 V®
2g
vcloeity in thc conduit. The loss in the prototype will be relatively

smaller bccausc of the higher valuc of Reynolds' number. A valuc of

trancc loss mcasurcd in the model was , Where V is the

loss taken as _0¢08 V' would be safc, considering the magnitudc of
2g |



the velocity head in the prototype. The losses in the trashrack
structure were of the same order of magnitude as the observation
error, so that no definite figures can be given for design data.
The loss due to the gate slots is the greatest factor in the total
loss in the rectangular entrance.

On the basis of head lost in passing through the elbow, there
is very little difference among the three elbows. This is not sur-
prising because in the usual installation of an elbow the major por-
tion of the loss attributable to the elbow is developed in the down-
stream tangent, due to maldistribution of the velocity. In the
problem of the pump intake, there is no dowvnstream tangent, but
there is the pump which may be affected by the velocity distribution.

From the standpoint of distribution, thec vane elbow is defi-
nitely the best elbow, with the converging elbow next bcst. No
attempt was made to find the magnitude and direction of the effcct
of the eclbow on the performance of the pump. If this effcct is ap-
preciable, the vane elbow would appear to be the most desirable
elbow, If the effect is negligivle, the choice of elbow is mercly
onc of cost. In other words, thc ceclbow which can be built most
economically is the most desirable one,
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TABLE 2
MEASUREMENTS OF LOSSES 'h¢ IN FEET OF WATER
BELL-MOUTH ENTRANCE

SECTION-A SECTION-C SECTION-D
DISCHARGE
ELL. ELBOW [VANE ELBOW | CONV. ELBOW ELL.ELBOW | VANE ELBOW | CONV. ELBOW | ELL.ELBOW |VANE ELBOW [ CONV. ELBOW
g he |%vr®| ng [%vn®| he [wvn®| he [wvn®| e [wvn®| he [wunX| b [%un®| e [wvn| hg [ %vneX
1.426 .104 86.7 .045 37.5 042 BISNE! .030 25.0 027 22D .027 22.5 | .020 16.7 020 16.7 018 15.0
1.697 141 .83.0 .062 36.5 J0)(5) =) BIZeI 041 24. | .038 2203 .038 22.3 .030 17.6 .025_ |47 .026 ik ISNE!
2.016 .184 77.0 .075 3.4 .076 &l (0155 23.0 047 19,7 .050 20.9 .040 16.7 032 13.4 .036 15.1
2.400 .247 TEE .100 2985 [l ekEIS 28.0 073 21.5 .066 19.5 .069 20.3 035 IG_Z .0_47 (SRS .052 18, 2)
2.603 270 | e7.5 |.ita 285 | 102 | 255 | .083 | 20.7 | .075 | 18.7 | .077 192 | 065 | 162 | 054 | 13.5 | .054 13.5
RECTANGULAR-TRANSITION ENTRANCE | L
1.426 100 (5] 2)0.3) .045 Sl 5 .044 36.7 .030 P ) ||| e 21285 .030 25.0 | .025 20.8 .025 20.8 .027 22.5
1.697 A3 77.0 .054 Slio .059 34.9 .039 23.0 |(.038 22.3 .038 22.:3 .030 17.6 .034 20.0 SO T 19.4
2.016 .165 69. 0 .082 2493 1| o9 SeL0) .054 2.3 .051 28| 9S! .056 23,4 | .040 16.7 .044 _|8.4 048 l 20.1
2.400 .220 64.9 102 30.1 OISIT -28.6_ OE 20.0- 071 . 20.9 .074 21.8 (053 155}, & .056 16.5 7)59 17.4
2.603 ..246 61.5 N ) 28.7 A0S 28.7 .08l 20.2 .078 =) 5] .084 21.0 .064 16.0 063 15.8 .068 17.0
*Ppercent of velocity head at Section C
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NOTES

V = Actual measured velocity at the point.

V = Mean velocity across section from V=% .

D = Total distance across given troverse.

S =Distance from initial point of traverse
to point of measurement.

Iso-velocity lines for the various sections

are plotted at intervals of

0.25 ft per sec.

All values given are actual model values.
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