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Part I .. Design.

1 Siphon Spillweys.

Siphon spillways date vack to at least 1&70 when
a steel pipe siphon, with a pneumstic ejector, was
used at a dam near Mittersheim (Lorraine) to supply
water to an irrigation ditch. Perhaps the giphon prin-
ciple weas arplied to some similar installation bvefore
that but we have no records of anything earlier. In
this installation the six inch ejector pipe was brought
into sction by a definite height cf water--this ejcector
removed the air from the large 2'-6" siphon and bhrought
it into siphonic asction. Due to freezing and to becom-
ing £i1lc¢d with debris, this emall pipe waes not satis-

fectory.

Siphone without ejectors were erected slmest con-
temporaneously by :ir. J. Heyn, & civil engineer of
Stettin, Germany, eand by ir. Gregotti, an Itelian en-
gineer, at lortara in Northern Itely. A typical sec-
tion and short descripticn of the two types of decign
is found in Plate I. The action in the case of a siphon
without an e jector is this :- As the water rises it
seals the upper lip of the air inlet (or perlkaps the
main water inlet). This complctely seals the siphon
since the lower or discharge lip is also sealed slightly.
A further rise starts a streasm over the throat of the

giphon--tris stream entreins air and cjects it under
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the discharge lip. The eir being slightly rarified
irside the siphon, the water ricses higher, a bigger
stream goes over the lip--more air is ejected and in

a few seconds the siphon is running full. As soon as
the water falls below the air inlet the seal is broken
and the siphonic action stops. Siphons on this prin-
ciple were successful and a number were put in service,
some¢ in streams to protect power plants irom floods eas
at La'Praz and largentiere, lrance, some &s spillways
for cenals or power dems, and others in irrigation pro-

jects.

A few years later the first siphon spillwaeys were
constructed in America, among the first being a bvattery
of siphons in Arizona on the Salt River froject of the
United States Teclemation Scrvice. (See Plate III.)
This battery c¢f a thousand second-feet cepacity was de-
signed under the direction of ilr. Louis C. Eill, now &
consulting engineer in Los Angeles. At about the same
time a battery of Q@; siphons was installed upon the
Yuwse Prcject of the UT.5.F.S. This hattery (see Plate
III) hed a2 test capacity of over fifteen hundred sec-
ond-feet as is shown by Tata Sheect I. Probsbly before
toth ¢f these, in about 1909, llr. George . Stickney,
Supervising Ingineer on the llew York State Barge Canal,
instaelled & number of siphon spillways on the 3arge
Zanal and patented his designs. Aiter the 1emarks about

Zuropean practice it might be interestirng to gquote from



the "barge Canal Bulletin" September 191C. In refer-
ence to the Barge Canal spillways, "It is believed

that in them the siphon principle is used {or the first
time to create s spillway of any considerable size. The
siphon action will be entirely automatic, in both the
starting and the stopping of the flow." 2Part of the
above quotation is evidently based upon a lack oi know-
ledge of FEurppean installations. This prior use would
probably invalidate the patents if a test case were made.
“Whereas the largest battery on the Larze Cehasl had only
seven hundred and ten second-feet capacity, the later
development by the Tennessee Power Co. on Ocoee River
had a twelve hundred seccond-icet capecity. These were
designed under the Stickney patents and are described
in the Zngineering “ecord of iay 16th, 1914, page 567.
A section of this spillway is shown on Plate II. Be-
sides thece, there have been only a few cther siphons
installed in the United States end there is no infor-

mation available upon trem at rvresent.

5 Advantages of the Sibhon Spillways.

The advantages oi the siphon spillwey were early
recognized. The disadvantage of the ejector in a cold
climate wees eliminated by tre automatic siphon. There
was fear at {irst that the sutomatic siphon weuld freeze
up but this proved groundless since in actual operation

the siphon was much less liable to freeze and refuse to



operate than any type of automatic or mechanically
operated gates or equipment. The danger of becoming
clogzed Ty ice or debris was no greater than in the
gate type of epillwey. This danger is usually elim-
inated by having a small overflow spillway if any
amount ol debris must be permitted to pass the danm,
by screening the entrance to the siphons, by putting
the gntrance fer enough below the surface to prevent
the entrance of debris, or by & combination of =2ll
three methods. If this is Joune the siphon is more
reliable than any equipment other than the overflow

spillway.

Trhe second anu greatect acdventage is the grecater
cuantity of water which can be controlled in the same
space with the came variation in head. Kconony of
eround space &and also of cerstruction cost results con
eny siphon installation as compared with the overfilow
spillwey. Thie is particularily evident where & small
variation in hced weter level is required either by law
cr by the neture of the installation. The reascn for
the above statement ig¢ seen when the fact is kriown that
the head svailable to produce velocity at the crest of
the over{ilow spillway is simply the depth ol water over
the crest, whereas the head availal.le to produce vel-
ocity in the throst o1 the siphon is thcoretically the
difference in elevation between head weater snd tail

water surfaces (though rnot exceeding thirty-tour feet



which corresponds to a vacuum in the siphon tuve).
Yrom this it is seen that the smaller the sllowable
varisticon the larger the sdvantege is for the siphon
spillway. ©See Plate II for e definite comparison be-
tween the overflow end the siphon spillway. For a
small denth of water on the crest the overilow sprill-
way will have to be from threce tc ten times the length
ol the siprhon spillway, which can contain a battery of
sirhons dcsigned especially for small head water var-
ietions. This meens & very great saving in construc-
tion eost. Also, the sipron spillwey is particularly
adapted for places where a long srillway is impcssible
tecause oi topography. Another advantage lies in the
guick response ol the siphon to large variations in

guantity, & necegsary thins for power plant instslletions.

The advantuge of the siphon spillwey cver metal

gates, sutomatic or mechenicel, is not so marked. The

02

\

giphon has a smailer first cost and &s ordinerily a

dam must be built anyhow--it is nmuch cheaper to tuild
the siphons into the dam than to construct some elab-
orate steel getes and oreratirg equipment. In eddition,
the siphon recuires less maintensnce end attendance, and

if properly designed will probehly oive better service.
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Although siphons have been built {for a number of
yeare in beth Eurepe snd United £tates, notring delin-

te seems to be known as to the exact charscteristics

SN

governing the design. o very good test data a:e
available in either continent and even what can be
found is general and not specific in nature. The form-
ulae used in celculating & siphon are those crdinarily

used in bhydraulics:-

V=c 42 ¢h 0 =AYV Q@ = Ac4 2 gh

Yhere V

velocity in ft/sec.

]

a constant.

c

A = area of smallest cross-section, usually
the ares of the throet.

@ = quantity in cubic feet per second.

This constant "c¢" would naturally very with both
the shape end the meteriel ¢f the siphon. It represents
the e¢fficiency ard varies from .45 to .80 in data avail-

able, for which see drawings end test data,

Cutelde of this general total efficiency no other
iniormation is evaileble. All siphone have ueen de-
signed on the general principles of hydraulics--the one
tranch oi science whbse formulae always contain ccn-

stants which heve to be determined b, test. Wothing is

m

known of the relative hesad losses in the various part

of the sirhon:- the entrance; the throat; the vertical,



overhanging, or sloping (down spout); or the curved dis-
charge end. Hothing, beyond e much expressed opinicn,
is known of the effect on efficiency of sharp edges on
the inlet and discherge lips. The effect of the depth
of submersion of the discharge lip upon both speecd in
priming and on the total eificiency is unknown. Another
unknown relation is that between the depth ci water run-
ning through the throat end the speed in priming, with
vazioﬁs tell water elevations. The effedt on efiiciency
of & contracting or an enlarging section is &lso unknown.
Thus these various points seem to have been neglected in
the desgire to obtain the overall efficiency. This prac-
tice seems strange wren it is considered that sometimes
a very sliight chenge in & part oi & hydraulic mechine
will meke a grest change in e¢fficiency. Such a prac-
tice of design or test is not dengerous since the sipghon
spillway will work satisfactorily under a great variety
of conditions, vwhereas the overall efficiency is ell
that need be known to satiefy any guarentee as to per-
formence. This methcod however, does not help in msking
the most economicel design or in meking a design to

atisfy some additional specifications as to speed in

7]

bringing into operation, or as to a certain allowsble
variation in head water. All this great lack of val-
uatle dsta leaves a wide and interesting field for test--
a field, which so far as thrhe writer hac been eble to

find, has not been investigated.
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Design Conditions.

With tre decision made as to the desirsbility of
meking and testing & wodel sipkon spillway, the first
consideretion was the plent evailable. The generel
designn o1 the hydraulic laboratory and ecuipment is

stown in Plate V.

The quantity available for continuous flow wase
about a maximum of three seccond-feel. This could be
furnished by the centrifuzal pump and the cuantity
measured direct on the €" venturi meter. Gifore water
(perheps one second-feet; was availeble if some other
method of determining quentity was used. Alundance of

storage ceapacity was availsble in the two cisterns, one

0

six by ten by fourteen, the other nine and a half by
iourteen Ty fourteen. Tre centrifugal could pump irom
either the loree or smell cicstern whereas bLoth steem

end piston pumps must teke water from the smell cistern.
A roof tenk two vy four by eight was available for a
smell amount of storage, principelly toc have water to
prime the céntrifugal. Extending from the steel pres-
sure tank was & concrete tank two,by two snd e half, by
thirty feet long, with gates and a pipe lezding back to

the srall cistern.

"he conditions imposed by the nature of the tecsts
desired were; --

1l - A number of models, or else a model whese shaype
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could be easil; altered.

2 - Light weight as possille.

& - A satisfactory method of attaching tubes for
water or mercury columns to determine hecad at the various
points on the siphon.

4 - A model with the friction or roughness coeffic~

ients the seme as for the materisl used in the construc-

tion ofafull size siphon.

5 Poseible Solutions.

There were at least three possible solutions of the

problem.

First method : A small rodel designed for two and
a helf foot head, to be bulilt of thin reinforced con-
crete (wire lath reinforcement). This mocdel to be placed
in the concrete trough and water supplied by any or all

three pumps.

Second method : A specisl metal-Jlined wooden tank
tc be constructed, fitted with wooden befiles, and set
up at any desired elevetion above the concrete tank. The
water to be sent through the steel tank end & heavy can-
vag pipe up into the wooden tank. The models to be
built of reinforced concrete or if preferred, of heavy
galvanized iron reinforced for both internal and exter-

nal pressure. Any or all pumps to be used.
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Third method : & hole to be cut through the con-
crete wall between the two oisterns.with a cspecial dam
fitted for connecting the models. The models to be made
of either concrete or metal. Only the centrifugal pump

available for pumping.

ethod I

The advantages of the first method were as follows:-
first, small models easily and cheaply constructed of
concrete since the whole interior surface could be reached;
gecond, all work out in the open zir with conseguent ease
in reading water columns or gages and in meking any nec-
escary adjustments to gages or to the model itself; third,
fairly long approach and discharse bed available and con-

sequent close approach to an actual condition.

The disadventeges were;- 1first, too low a head to
get encugh velocity to note differences where small
chenges were made; sccond, the variations oi hezd eand
tail water levels wouvld be &11 out of precportion to the

accuracy of the readings of interior points

Method II

. . = . [
Advantages:- {first, & higher head than method T wioyld ke
available, in fact any head desired could be obtained by
rueising or lowering the water in the concrete tank into

which the model discharged; second, all gages, etc. would



be at the correct level for easy reading; third, every-
. would be ) ; . . ’

thing 8 1n the open air with consequent+- ease in read-

) e ) . efe. )

ing gages, making changes in model or set-up; fourth,

either concrete or sheet metal eould be used with equal

case; fifth, one man operstion is possible.

Disadvantages:- first, & comparatively small wood-
en tank would have to be made,and with the zreat entrance
velocity of a three second-feet guantity it is doubtful
how quiet the water could be made by any number cr de-
sign of baffles; second, the exit pipe from the steel
tank is so small as to overload the motor driving the
centrifugal pump if three second-feet were forced thru;
third, a costly tank and model are necessary; iéurth,
the tank end model would likely have to be disturbed

frequently for class work.

Method II1

Advantages:- first, all apparatus set up could be
left in place an indeiinite time without veing distur-
bed; second, & large vbody ol water st both entrence and
discherge ends would aid in keeping the weter quiet and
consecuentl, give more accurate readings o the total
nead; third, most of the water could be sent down the
turbine dreit tube and therefore cause no splash; fourth,
concrete tank available for storege and for slow discharge

of & small quantity; fifth, cheaper method than method 11,



Disadvantages:- first, a hole two foot scuare wvould
Lave to be cut in twelve inchk concrete and several scaf-
folds would have to be erected; seccnd, poor light and
air due to almost completely closed cistern; third, in-
convenient method of getting in and out of the large cie-
tern and of getting the model in and out through tre
small cistern; fourth, only the centrifugal pump could
be used; fifth, two man operation or else a great number

of trips in and out of the cistern necessary.

Considering the above advantages and disadvantages
along with the fact that time end accuracy were more im-
rortant than any other considerations, method I vas elim-
inated on account of the préﬁble lack of accuracy of re-
sults. Methods II and III were very equal but it was
finally decided trat the protable greater sccuracy and
the ability to leave the apparatus cet up irndéfinately
in method III outwecighed the advantsges of method II.

It was afterward found that the results obtained would
have been almost imicssible had either oi the other

methods been used.

Concrete and gheet metel were both considcred as
raterials for the construction of the model. Concrete
kad the adventege in thaet it hed the same friction con-
stents as the full size siphons, and also the advantage
thet it required no special bracing to keep the model

irom bulging or collapsing. It kad the disadvantages
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that it was heavy and liable to crack and develop air
leaks, that it was difficult to make a satisfactory con-
nection for the tubes for the water coluuns, and that a
number of models would have toc be made. Ancther very
importent disadvantage of concrete was the time which
would have been necessary to construct and cure trhe mod-

€¢ls. This time was noct gveileble.

“heet metal had the esdventage in that & dcsign could
be made which might readily te a2ltered in shape in one
direction, that it was light, and that very satisfactory
water column connections could be made. Ite disadven-
tages were higher cost, end the fact thal heavy nmetal
with strong side bracing wes required to prevent bulg-
ing or ccllepsing. 4 ereat dissdvantage for sheet metal
was the fact that the friction constants were different
from concrete (although relatively the seme for any
group of medels). The relative losses were the wost

importent however, in the propcsed tecsts.

From the above reasons it is evident that ii time
were available, & more truly representative test could
probebly have been made with curefully construc.ed con-
crete models. However, since time w~8s & very imgor-

tant consideration, the sheet metel was usecd for the model.
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6 Calculations for Design.

Given quantity available = 2 seu/ft.

Lssume a 7' heead.

o 60% efiiciency.
Formule 2 = Ac 42 gh 4 = quantity.
Q= D, ¢ = +60 A = area of throat
; g = acceleration of
i or area of throat = — & | gravity, 22.2
¢ 42 gh
h = head
A - 5 3
. L0925 ¢ = efficiency exp.
60 x 8.025 x {h as a decimal.
= 5
8.025 A7
= 2vB6+ ft° = 34 in%
oZ TE,

To allow for a higher ef&iciency a section 23" x
12", eaqual to 20 srcuare inches in cross-secticn, was
c¢hosen for the throat. With this as a basis and seven
foot as the approximate hesd, the design was made as

shown on Plste 1V,

mome explanetion is necessary as to certain fectures
of the design. It was decided that a uniformly enlaxrg-
ing cross-section of the downspout would be used at first,
the size being cut down in steps to & uniform and iinally
to & converging section for different tests. This could
best be accomplisked vy heving the section as shown, a
form which could be easily soldered or loosened, and

vhich would leave & smooth surface inside (from enlarged
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to contracted section). The edges of the top and bottom
plates were turned out about 5/8" and cut wherever nec-
essary for curves while the side plates extended

a minimum of 7/8" beyond the inside line of the siphon,
thus leaving at least 1/4" clearance to aid in running
the solder under the edge ol the plates. 7The collar
around the throat of the siphon is designed to fit
against rubber flaps on & wooden block cut to 1it the
giphon and the iron frame in the concrete wall. This

rrevents excess leskage when the head water is above the

A

dam. A detail drawing of this connection and the top

support of the model is shown on Plate V.

The water column connections, 11 in number, are
short 3/8" brass tubes scldered to the side of the sighon
ekl tke.,Cw.of.the section. The holes were drilled to
the exact inside diameter of the tube and careiully
filed, flush with bvoth the inside of the tube and the
inside of the siphon. Such ar arrangement would give
the true reading of the rressure at the point ol con-

nection with the siphon.

The joints et the top of the body oi the siprhon
werc necessary due to the size of stock anld were made
as smooth as possible on the inside of the siphon. Those
in the side rlates were riveted (and soldered) lap joints
while those in the uprer and lcwer plates were the or-

dinary rolled jointls.



Straight lines were used wherever possible in the
design to facilitate the bending of metal and the ease
of construction of the model. In the completed model
a mistake had been made as to the spacing of some of the
water column connections. Just how well these and other
dimensions check with those of the design is shown on

Plates IV and V and Data Sheet II.

It was expected that braces would have to be placed
on the broad faces of the model to resist suction in the
upper part of the model and to resist pressure in the
lower part. A first test proved that this was necessary
so eight braces spaced about six inches apasrt and com-
posed of bent-up "T's" were soldered upon the upper 2/5
of the model as shown by the photographs. The lower 1/3
was braced on the sides by two boards bolted across the
model, one extending to the bottom of the tank &s a
support to the siphon. With this arrangement the model

proved entirely satisfactory.

The total cost of labor and materials upon the metal

model was about twenty-two dollars (§22.00).



Plate 1.

§ SIPHON SPILLWARY ON AN IRRIGATION CANAL
NERR RASTENBURG - EAST PRUSSIA

DESIGNED BY MR.J. HEYN, ENGR, STETTIN.

/ “The credit for having constructed

X the first siphon Spillway without an
" gjector belongs to Mr J Heyn of Steftin
5 ! ’I| although they were developed almost

el e i H confemporaneously by GreZ offi in N.Ifaly.
T 1 T e e P IL ; Adolf Ludin- Eng News 4-2049ll.

- L i DR S i e This siphon is built of
e ey et S G {1 [ e / ” viveted sheef iron and fixed
~ on a floodqate in the irrigation
R il | “ canal. It is of rectanqular
g | section 15104 F The head
sl of water available, 4z ft

— — / > oy, GIVES a discharge of 130
W 77 ///7/ sec. fi. ~ efficiency S0

FIG. 1.
S -
/ /——/ XA _/ /—//
FIG. 2. FIG 5.

TYPES OF SIPHON SPILLWAYS BUILT BY GREGOTTI IN ITALY

Fig.2 shows the section of one of a set of /0 units on the Milan Canal near
Verona, Italy. Each siphon has a cross section of 14 sq.ff. With a worning head

of 20 ft. each siphon discharges 285 sec.fi. This corresponds to an efficiency of 41%.
Reference : Eng. News. Qpril R0 191l -Fage 467,

LA




Plate 2

SECTION or SIPHON SPILLWAY
LAGOLUNGO . RESERVOIR
LYBIA (TRIPOL)

DRAWING SHOWS MAX:+NORMAL SURFAGE ELEV
OLD OVERFLOW SPILLWAY
NEW SIPHON SPILLWAY

FReference - Transactions of Int. Eng. Cong.
1915
Waferwm/e vlmqaﬁon P 587

A= Max. Level With Old Overflow Spillway ~ TI'T.40 Mefers.

B= Max.Level With New Siphon Spillway ~ T17.05 Meters.

C = Normal Level With New Siphon Spiflway T16.95 Meters.

D = Normal Level With Old Overflow Spillway 716.00 Meters.
Variation of Level with sphon =.IM=4" —with overflow = |4 M=55" Ratio |14
Githough having 14" lower max. elevation the higher normal elevation causes an
increase of 10z million cuff in the availahle storage.

Throat 18 OECTION o 3IPHON SPILLWAY

1\ 2 Cperings 616" OCOEE RIVER-TENNESSEE

] Inlet 3€X6"  Designed under Sfcnney «Davis Patents
5 i J. G. Whife Eng.Corp. N.Y.City
Feference:-Eng. Fecord May 1615, P 567

D- drea 841 ;
o The short siphors qotfed) are never submerqed at the
JpEwe lwer end. The long sipnons gave Effciency of 63 on test

et J*‘395 gL
SIPHON SPILLWARY AT SEON, SWITZERLAND. A= &> RS
This shows the sharp inlet and discharge '

lips, and the sloping section. Doth features
are quite common in European design.

Foberl N.Alien




| OLCTION o SIPHON SPILLWAY
' US.R.S. SALT RIVER PROJECT
‘ L.C.HILL Supervising Eng. CH.FITCH Froject Eng.
Designed by F.M.Feabody Dec /5 1311
——r— / : PHOENIX RRIZONA
i 5 M e & SCALE g=I'
=l y e L N
N
e "_éi-§;o This design is very similar to that
=W R O o ;
e 8 PN Shown above for which test data
(B D"k 3. are available.
0 Ut ., B
N f]gb ket >y Note:- Special control
T P A o 25 .‘;3 v valve not shown,
- L“ \0
Y “)-\ Q
4.7 IEAEENE S 112111 = ISR
s 14 4

Plate 3

; Pressure measured
/« Main Canal here by U tube, dif.

' —=£\  MErcury qauge
<
S &0

DT L Siphon Spillway
T T |5 | 00 o o

i B i mim

/ : < \ Section 3'x7°
é’ i 6ec+io E-
SIPHON SPILLWAY
% US.R.S.

YUMA PROJECT
See Data Sheet 1 for record of test

Foberf N.Allen
T



Plate <
i A A
=< 18" > 7~ £a0. >
S gt aP', <-< % p/Z" >
A A ~~__Collar around |, 3 [ R = AT i
; / Throat ‘;{y A i
n e ¥ ;
" - s Lli———f
Boad T Sl T e - 0
o ol 10 L5
3 11 o :
| | ‘ki ? . My
Y4 e b R N | SR S ! e T g
| l iw i) \&2 R i "
oo S Nty S Gl
L )} L ________ LN_ N X L lz" o
o 10.2> < = .
_ u s
o w|| LOWER | uPPER
SECTION ¥ ; . 2| SHEET SHEET
; |
4L b
Y L2 <
: . B i Faane L dbe oyt 5} 1Y
2 Brass tube [ long — || ‘ He
Soldered to near side 2 o iy
where shown-hole avilled - : § $ 2
and filed smooth insidew out \l\o Y 3 , g
“ =~ CH ;\\Q <
o ’: o 5 el = B}
T & o ol
: W 313 | _TURN EDGES Dow ~ TURN_EDGES UR~
MODEL osi = il Rt R e
SIPHON SPILLWARY | |
To bemade of 22 Galvanized s ) ): 78 o
THESIS , |
Fobert N.Allen-16 o | ‘
THFO0P COLLEGE o TECHNOLOGY v |!
PASHDENA- CAL. . L ‘ |
i T 4Ly :
Scale =" or ['=l’ z g /
o yY;’L >! L0 7.0 < X 7 X A | v d J
e 9 3
u¢ | Zpony A ~¢ l: ‘.‘.I :‘W iw"iu
S s D S © X
3 | i v
¥+ ird v v U i
Y Y < g




FPlate S

RQOF TANK
X 4'x8°

WASTE PIPE "¢ Thitiy]
CYé/T/‘iE%RZCHL CONCRETE TANK
MOTOR TANK H 30" x 36" 43’ o

! THeos P J) VALVES J4 4
e — el i - | PE 7.
Nile 1
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QLR e
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J g ot DIAGRAM.
S O OPEN CISTERN | HYDRAULIC LABORRTORY
(X 1 il | Apparatus used in test shown by
ol |4 %) VALYE BETWEEN heavy lines

| bor e CISTERNS : STEAH NOT DRAWN Y0 SCALE
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MODEL BEFORE BRACES WERE ADDED

The two small vods shown af about Z way wp the picture were
used fo clamp hoards 1o the sides of the Siphon o prevent
bulgng (1n lower third). One board extended fo the botfom
of the cistern t help carry the weight of the siphon.



MODEL SIPHON RERDY FOR INSTALLATION

INLET SIDE
This shows the A~ braces which were adided to the model to prevent
collapsing dlue Yo the pressure being below atmospheric inside
of the siphon when in action.



MODEL SIPHON READY FOR INSTALLATION

DISCHARGE SIDE
Dofted lines show a/oproxrmafe/z/ the shape of the a//.rc/mn]e,
lip for Modlels I% IL . The p/cfures show Model I.
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SEVERAL WATER COLUMNS ATTACHED
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Part II1 .. Tests.

1 - Object of Test.

The deiinite objects of the tests were to deter-
wine the following :-

1 - The reletion between the depth of sulmergence
of the discharge 1lip and the depth of water over throat
to bring the siphon into action under various gir inlet
conditions.

2 - The relation between the depth ci submergence
of the discharge lip and the speed in priwing with var-
ious depths of wster over the throat and various air
inlet conditions.

& - The relative end ectugl head leocct in various
portiorns of the siphon.

4 - The efiect ci1 various shapes ol parts of the

& - The totel eiiiciency of the diiferent &hayped
models, i.e. the constant "¢ in the iormulae & =
Ca 42 ghe
6 - any other relations which might become apjarent

during the test.

Sk » o b

Ao

£ - Apparatus.

Plate V shows thre positicn of the model during the
test. The inlet end of the sirhon extended over the dam

into the sirell cistern. A suepended platiorm was built



in this cistern for use in placing and removing the model,
The discharge end, all water columns and scale.board were
ir the large covered cistern. Here a platiorm and bench
were built above reach of the water. The photographs

4

cale bvoard to

w

show the water column connections and the
which the tubes were attsched. The veight of the siphkon
end contents when running was carried partly by thre
throat resting upon the dsm ac shown in Plate V, end
partly by a wooden brece volted to the inside ol the
siphon and resting on the boltom of the cistern. Water
columns were of B/16" glass tubing connected by 5/16"
rutber tubing to the plugs orn the siphon. These tubes
were suspended bty strings from nails ou the scale board.
The connection wes made & justable by having the strings
under a rubber bend (chort piece of tubing); the strings
could be lengthened or shortened by pulling them through

the rubber band or the rubber rand could its=1f be moved.

At severel pointe water columns could not be used
because of‘pressure resads lcwer than atmespheric (i.e.

the water column went velow the surfece in the teil water).

et

these points "U" tubes of mercury were uscd on seversl

o

..
&

teste and later thece were replaced by inverted water
columns which ueasured the pressure velow almospreric

directly in feet of water.

Tater for the test was supplied by the centrifugel

runp driven by & twenty horse power, direct connected D.C.
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motor with ad justeble field control and therefor any de-
sired speed within quite a large range. The quantity wes
measured directly onlan €" Venturi meter in the 8" pump
line. As much water ag pcseible wac sent through the
turbine ¢raft tube, the rest going eround through the
concrete tank end lLack into the smell cistern. 411 pump-
ing was directly from the large cistern (tail water)
through the Venturi meter, and into the smell cisterm

irom which it was drswn b, the siphon.

“hen small aquantities were desired the concrete tank
was filled end slowl; discharged. The suount of flowing
(although.not desired in eny tests made) could te cal-
culated by the knouwn time and the drop in water level. It
wag at {iret feared that trouble in meking an exect de-
termination of the guantity flowing throughk thke siphon
might result through the shifting cf storage from one
cistern to the other. =This fear pgroved groundless bte-
cause the very raprid and continuous Ilow caused the water

to quickly assume & level which remained constent.

A later eddition to the ecquipment was a cmall sir
valve attauched to tube (4) to let cut iLie &ir entreined
in the siphon 1ty the rise oi weter--shutting off auto-
maticelly as socon as the sucticn sterfed. Another add-
ition was s gete over the inlet opening whick could he
opened at will. This wes simply e weighted board with

rubber flaps to help make a fairly water tight zute.
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Cnly one slight change was made in model I, but the
altered model was called model II. Referring to Plate
IV it will be seen thet the dicckharge lip was to extend
4" beyond the last tube (11) cr the siphon. Actually,
this was about 5". Also, this liv was supposed to be
level from point (11) out to the edze. This actually
sloped downward sbout Z/8" in that distance. Thus, due
to the skape of the 1lip, any entreined eir in the siplon
had to be cerried down 1.7" and out gbout 8" from the
edge at tube (10) before it could escape. This wge in

model I,

In model II thies 1lip was unsoldered back to the
berd and bent up cn a 13" radius. It then exactly re-
sembled the discharge lip shown in the-lower section on
Plete II1I. Intreined air in this cacse would only have
tc be carried down 1-1/8" and over 1-5/&" from thgf%ﬂ%e
(10) to be released., It will be noted in thc test data
that no reading is given for tube (11) on model I1.
Thie is duc to the fact thet there is nc section for

which this may be considered e center.

3 Methods of Tect and Formulae Used.

There were four gir inlet corditiocne under whkich
tecsts were desired tc show the relations steted in ob-
jects 1 and 2. These were:- one tube (do.4) open, one

tube open until the water starts over the trroat, all
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tubes closed, end lastly tube (4) fitted with the air
valve above-mentioned. The first oif these would be the
equivalent of any siphon where ar air vent wae left open
contirually. The last would be similar to any siphon
where this same air vent was fitted with an air velve to
prohitiit sucking air. Tre second, with gll1 tubes closed
eas coon ss water starts over the trroat, is the equival-
ent of practically 1l siphons yet constructed since al-
most 211 seal just as soon as, or shortly after, the wa-
ter sterte over the throat. The third, with all tubes
closed and the inlet lip extending dowr into the water

is illustrsted by the section Figure I, Tlate I, and by

the sccelticns showr on Plate III. These on Plste III,
however, dc not work upon tris principle since they have
éu ad justable steel inlet (nct stown on drawings) whrich
viith ¢ emell e jector attaechment, enaebles the siphon to

be primed at will regardless of the head water elevetion.

dethod of Test 1or Ouvject 1.

The metrod of test to obtein the relation between
the depth of submergence of the discharge 1lip and the
depth of watcr over throat to brings the siprkon into Iull
action wac 1o let the water out elowly from the concrete
storagce tank, thus causing a graduelly increasine depth
of water cver throat. Then, under one 0:x the otker of
the conditions named above, readirgs of head water ele-

vation (H.W.) and tail water elevation (T.%W.) were teken

e

for the condition at which the siphon primed. Zrnowing
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the gage reading for the edge of the throat and for the
dischzrge lip (see Data Sheet 2) the depth over throat
and the depth of submergence of the discharge lip could
ve found. The resulte were plotted esnd as the curves
took shave, speclal points desired could ve takei and
the curve 1illed out. Anywkere from one to five or more
readings could be taken before the concrete tank needed
to be recfilled. Data teken by this method and curves
obtained are shown on Data fheets &, 4, and 5; and on
curve Sheet 1 for model T and upon Deta Theets &, ¢, 10,

11, and Curve Sheet la for model II.

iiethod of Test for Ohject II.
The mwetlthcd of tegt to determine the relation between

thte depth of submergence of the disctarze lip and the

5]

gsreed in priming with various depthe ol watcr over tre

I

throat was elmost the same as for Chject 1. The only
difference was thaet the inlet gate vwas closed until the
Jegired depth over throat was resched and then opened,
the tir. ir priming being the only edditional reading.
Reedings were only taker under two of the air inlet con-
ditions, that ¢f one tube open and that ol all tubes
closed as soon as the water stexrted over the throat. A
retrhod usged to some extent e@ under the cne hole open
condition was to blow back into the siphon, this extra
air keeping the water from coming over the throat until
the desirecd H.%W. elevation was reached znéd the tube

opened. This method proved to be just as satisfactory
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end gave the same results as that of openine the inlet

gate.

Fo

H

2ll readings under the closcd over thrcat con-
dition, tube (4) was not closedi until the First tiickle
of water over the throst waes teard. Thie took place &t
& slightly higher (.005') reading than the gage reading

for the edge of the throat.

Data taken t; this method and curves obtsined are
shown on Data Sheets 6 and 7 snd on Curve Sheets 2 and
¢ for model I, and on Data Sheets 12 and 15 and on Curve

Sheets 2a and 3a for model II.

3 Method of test for Cbjects &, 4, and 5.

These tests required that tre siphon be run at full
capecity. This proved to be almost iripossible since the
actual efficiency of the model (expressed as indicated
above in the design) was about 1.4 timee as large as the
70% design efficiency. This to supply thre reqqired quen-
tity of water through the small pipes, the motor driving
the centrifugal had to be heavily overloaded. Such a
condition made it imperative that the tect last no longer
than 15 or 20 minutes wittout great danger of coverheating
the motor. To balance this, however, it was found thrat
the quantity of {flowing water remaired constant and that

& condition of equilibrium was quickly established.

The operation wes as follows;= the pump being started
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and the siphon running full capacity, the water columnns
were tested to see that they were full of water or air
as the case happened to be. Trke inverted columns, ¥suck-
ing" water from the T.%. level, had to be lifted out and
allowed to completely fi11 with eir. Then, by pinching
the rubber hose, the tubes were gradually allowed to fill
with water to the height registering the pressure hesad
(bclow atmospheric) at the point of attachment to the
siphoh. With all columns in working order, readings of
quantity, H.W. and T.%. levels, and gage heights of all
water or meréury columns were taken. 411 thesec were
checked one or more times and wher a small difference

resulted, the averesge of the readings was tasken as final.

Readirgs were token with hoth "U" mercur; tubes and
with inverted water columms on YModel I with several dif-
ferent heads &gnd cuentities. The date and the calcula-
tiong therefrom are shovn on Date sheete 14, 18 and 16
for Model I and on Data sheet 17 for iodel II. Only one

test of this type was run on :lodel II due to laeck of time.

The head losses and the total efficiency were cal-

culated from the experimental data in the following manner:-

Let A

the cross-sectional ares in square feet of any
section ag determined by carefuvl measurement.
See Data Sheet 2.

V = the velocity in ieet per second at any section.

Q1 = the guantity flowing through the siphon expressed



in second feet {cubic feet per second).

(]
|

= the gage reading for the point itself--see D.S.2

j29)
n

the gage reading for the water columm at the point

(SN}
]

the height of center of section in guestion ebove
some assumed elevation, in this case tube (10)

whose gage reading was 7.00.

H = the total head to produce velocity (difference in
elevation between headwater L.W. and tailwater T.u.)

a constant = the efficiency when expressed as

Q
H

a per-cent.
g = the acceleration of gravity = %2.2

P sure in 1bs. re o« Tha .
2~ DESEEUTE AL = pressure head in

w weight of water per cu. ft.

feet at section.
Knowing A end Q, V is found by the equation, Q@ = A V.

Also from Bernoulli's Equation of the conservation
of enerzy and continuity of flow -
press. headjt vel. headqt static headq= press. headp?

vel. heedo+ static headpg+ lost head

2. 34, 7y = 55 4 v t Z, + Lost head
w28 W 2g
g; dow % for any section with a "U" water
%b L _{igcolumn = ¥ = G= R, R being the larger
\ 1 § since 0 on the gage i1s at the top. This
2l ? %\means that the value of £ is negative
- _f\g\ I

\$~for the cese shown.
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For & "U" tube of mercury tre value

of £ = ({or negative prssures) G -

2|+
o

where F = Gage reading S5 + 13.59 x

.

Gage ljeadings
NETE

For & [ tube , water colwmn (inverted)

F s _n - pow
£ i t =R TeWa
For any section Z, = GlO - GX = 7.0 = Gy

fav)
[SN]

Substituting these values--the value of 'l #
w &

(8o}

wes found for each section. The diiference between any
two values was the true value of the lost hesd in the
section between tke two. The total of the lost heads
between the successive sections ¢+ the velocity head in

- the discharge must equal H, the total heed.

Due to the apparent irregularity of the results,
only a rough comparison was meade to formulae for head

lost &t entrance, by bends and by pipe friction.

Common formulase for thece are -

Head lost at entrance = .5 Yé
eg
Head lost by bends = C Yf, ¢ det. by exp. and varying

28  with tke ratio--diam of
pipe to radius of bend--and
vith the engle of the bend.
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Head lost by frietion

]

]
h
|

, Where r = hydrsulic
4r 2g radius.

The constant "c¢" or the efficienc: expresced as a

decimal cen be found as follows :

Uneoretioal = 4 [28H, where 4 = area of throat or emell-
est section.
dactual — ~ , _ Sactusl
Ytheoreticeal A 2gR
Besides the readings with the tubes all closed, the

reaedings of Q, H."., &nd T.V. were taken once with tube
(4) open to show the decrease in eificiercy due to an air

leak ncar the throat oi the siphon.

4, conclusions.

Shortly éfter the tests were started, it was found
that it was going to be impossible tc mske more that a
fevi tests on one or two shapcs of the model in the time
available. Therefor, krowing that trte determinations of
the relative hesd losses in pogitions of the sighon re-
quired a number of different test$ shapes for comparison
to obtein definite resulte, it was decided to epend most
of the time on the relations regerding yriming conditions.
These were thercior worked cut carefully as inepection

of the Curve Sheete will chow.
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As ctated tefore, notring definite was kunown about
the priming relations. Therefor, as the data were ob-
tained and plotted as outlined in "liethod of Test for
Ob jects 1 and 2", results were ohtained which were both
interesting end surprising. The first curves otteined
were shown on Curve Sheet 1. The curves on Curve Sheets
1l and la are really the lires dividing the region of
possible conditions into prime and probable no prime
areas. FYor any point below the curve the chances are
that no prime will result for trat condition no matter
bow long it is mainteined. For thé conditions as shown
by eny point above the curve & prime will result--the
greater the distsnce above the shorter the interval be-
fore & prime starts. As indiceted by the points near

the curve, there is g doubtiul region close to the curve

e

where sometimes there is a prime &nd cometimes not,

The most surprising feature on Curve Sheet 1 is the
close eaprroach of the one hole open curve to a straight
lineé parsllel to the tase. The ordinary theory of the

priming of & siphon has been that ¢l graduzlly exhaust-

ing some 2ir under the discharge lip--g rise in head-
vater inside, etc. With one hole open there carn only be

a very slight pressure below atmcspheric incide the
siphon. Indeéd, with the water rising in the throat, it
looks as thcugh there would always be a slight compress-

ion inside. This is true of course up to a certaein time,

just whken or where it is not known, but at some time, at



& very definite height &s shown by the curves, this must
be changed to a slight suction by the rush of water, and

glmost instentaneously the siphon starts.

The second surprising feature was the ease with which
the siphon primed with the discherge lip out of water .1',
.2' and €0 on as indicated by the negative depths of sub-
mergence of the discharge lip. This also scemed to te con-
trary to the air ejection theory since with few exceptions
everybody believed that the discharge lirp Lad to be sub-
merged to produce a seal thromwek which air could be €jec-
ted. These tests prove conclusively thet a seal is not
necessary on & small model, and coupled with this is the
fact that the full size siphon on the Ocoee River in
Pennessee ——gee [late IT-- does not require & peals There
might Le an objection to the above statement becausc oif
the fact that the discherge end of the Ocoee River siphon
as well s that of ilodel I were shaped so &s to dcrm a
more or less eifective seal with a swmall amcunt of water.
The Model TI curves overcome this objcction since it is
seen that an even smaller depth over throat is required
for a discharge lip like that stown on Tlate III and on
the photograph of the model. Just why a smaller depth is
required on liodel II is unexplainsble--perhaps it is
caused by a verying speed of rise in H.W. The lact ic
that the {few points availzble show ilodel II curves lower
with a very; small opening whereas when the disclarge lip

curve
ie &' out of water ﬁﬁeﬁs bigher. This seems fairly re-~
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asonable since it seems thaet with such & slight chance
of the falling water f£illing the horizontal section at
the discharge lip, atmospheric pressure would exist high-
er up frcem the discharge then with & longer curved dis-

b

cherge end. The reason why a prime takes place is essily

4]

‘
seen. As the water rises there is no air cushion Zor it
to push againet, ss when the discharge lip is subnerged.
As soon as water sterts over the throat it starts a sort
of plunger or friction sction or both to push some air
out tke bottom. Thie undoubtedly slightly reduces the
pressure &t the throat, the water rises slightly &nd the

femilier yrocese builds up until the siphon is grimed.

The curves for the closed over throat condition are
more truly represcntetive of present siphon conditions
tran the others since prectically ali of the siphons seal
just before, just us, or slightly aiter the water starts
over the throust. These curves show, better than words

can Gescrive, the relation between the depth of submer-

o}

rence of the discharge lip end the depth over throat re-

~

quired to prime. The curve with all tubes closed simply
represents a very extreme case--i.e. where the air vent
is covered long before the viater starts over the thraat.
The variation of both from the curve of one tube open is
much greater thaen would be expecte&, cspecially since
this closed over throuat condition has been s0 universelly
adopted. The expenation for tre great depth over throat

required is that as scon as the water sterts to trickle

N
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over the throat everything is sealed and any further rise
ineide the siphon means compressicn. The success of prim-

ing depends upon & large enough stream falling through to

et

e

i

»-

rein air and eject it under the discharge lip. Also,

ihe deeper the sutnrergerce of discharpe 1lip the larger

size stream required to ¢ ject any &ir. Thig cimply meszns

[

that the decper the cubwerzence of the discharge lip the
greater the depth over the throat to prise. That the

dietance which thig entiained gir rnmust ve carriced hori-

R

zontally has also an effect on the depth required is seen
by the fact that the curves of iodel II sre uniformly lo-

wer to the rizght of the O line then those of Model I.

The additional curve on Curve Zheet la was taken
with a small air valve. It was thought thet perhaps
better priming conditions might be obtained with an air
valve which would permit the escape of air from the
siphon end close as soon as suction began. This was
desirable principelly because of the fact that the curve
with one hole open would be the riost satisfactory for
sterting wherees ac shown by Date Sheet 16 it would be
the lesst desireble for efficiency. Thie air valve was
supposed to give the sdvantages of both. The curve is
above the one hole open due almost entirely to the fact
that the smell surface tension in the water secling the
rubber flap was erough to ceuse a slight compression in-
cside of the siphon. The idea is worth trying on & large

siphon if it will give even as good results as in this
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test. The one otjection to its presence would be that

it might freeze cr get out of order and that it would be

a working part to & piece of constructiorn which owes

some of its success to the leck of moving parts.

A better method, one wrich appears to have Leen used
to & slizht extent by Sregotti in Italy (sce Plate I, fig.
2 and ¥ and Plate 1II, top drawing) is to have the inlet
1ip (air or weter) raised aLove the elevation oi the
throat so that .1' of water is flowing over ihe throat

.

before a ceal results. It 1¢ believed thet thie will

give vetlter starting conditions.

.

The curvee on Curve Sheets € end & are sell explan-
atory after the ahcve discussion. Dotk scts of curves
chow the very small range between tre rno vrime and almest
instantaneous prime where the dischargze lip iec just &
chort dictarce above or bvelow T.V. surfece. Doth sets
crow the lower velues on Model II. Trhie is most rarked
on Curve Zheet Za. Two teconds is the mimirmum time
shown, tris being practicall; the time vhich it took the
wave of water to pass trrough the giphon. The surpriscing
point is that the sigkin primres in all cases in shorter
time «nd at lover depths of weter cver the throat wken the
discrarge 1lip is uncovered then vhen it is covered & gimil-
ar distence. Therefor, thie leaves no room for doubt that
& prime results better and cuicker without a seal. ZThis

cceme contrary to what would e expected, and only actuel
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ests will chow whether this fact is equally true with
large models. Just an indication thst this might net hold
good is the fact that with lodel II the action et the
start occasiornelly went by jerks for £ or Z seconds be-
fore a full unbroken discharge resulted when the discharge
lip was .2' to .2' above the ToWe It ie believed that
this resulted dfrom &ir Finding its way under the discharge
lip due to the sipkon rot flowing full. This reduced the
suction end ceused the column to pertly break snd then

4
%

W

rt again. "ith Liodel I this did not take place. This
action gave reason to suspect that the siphon action would
break sooner on tiodel II than upon #I when the discharge
lip was uncovered. It was found that this vas not so--tkre
siphon action usually broke ghortly vefore it started
sucking eir at the inlet. This point was the came for
etk models. "hen the tailwater filled up to about .05’
from the discharge lip, the siphon action wug then very
difficult to stor and it usually continued until the in-
let was uncovered (even with several tubes open and suck-
ing air). Yrom thkis irregulerity in actiocn courled with
the fact that the siphonic action occasionally vroke with-
out sucking air at the inlet, it mey te safely said that
it is dcubtiul whether & full size siphon would give sat-

isfection if the discharge lip were nct sealed.



Date Shcets 14, 13, 16, and 17 show the results of
the lost head and efficiency tests. 4As was stated above,
these lost head results, due to there being only two mo-
dels, would rave little corparative velue. 7The fact is,
in the tests made the total efficiency was exactly the same
with .odels I and IIL. This seems to show thet the shape
of the upper discharge 1lip has 1little or no effect on the
éﬁg%ggﬁ' Teste of other chapes sre of course needed to

verify this.

AE to the logt heads in portions ol the siphen, it
will be seen that the recsults for any one test are rather
irregular, although taken a¢ & whole the four tests are
very consistent. It will be noted that teste 14 and 156
give approximately .4' loet head up to the iiret tube,
while in 16 and 17 the average ie .06'. Since the iric-
tion loss in this large area, short scetion is negligitle,

il i¢ seen that s&n average would indicate that the foru-

2
ula for losc at entrance,head=(.52% ) holde good.
()
40 + .06 = 2o, .5 VY = 16
2 2g

The fect is however, that the velocity of apvroach to
the siphon has been neglected and this would indicate that

the loss is greater then indicated Ly the formula.

: 2
For friction lost heed the fornule %%—%g was used

where "1" was the length belveen scctions in feet, '"r"
the hydraulic radius (aprnroximately) in feet, and '"i",
i

*+ ,021, the constant for clean iron pipes oi approximetely



the area of the siphon cross-sections. (Value oi "i"

taken from tatle in Russell's Hydraulics(fable, page 169
Thie value should represent the {riction loss fairly well
and since it 1e greater than the measured loss on the lo-
wer halt of the siphon and much less than that on the nar-
row ugper =cction, it is believed tﬁat the constent ic too
small for long, rectengular sections. There was probably
gome loss due to curvature, but due to long radius, it

wes ﬁot ciensidered ¢8 amounting to much. There was un-
doubtedly quite & bit oi eddy loss in this narrow section
since there wae usually some air goings through with the
water and this would tend to drag the upper part of tre
section. The big lost head came between sections 4 and

5 and by looking at Plate IV it will be secn that this_sec-
tion contained the joint in the siphor lLesides beiag the
smallest section as indicated by the area. This readily

explaing the big loss.

Just why all tests show the velues for the gua,
P, Y2 .  Tmh Ehmen g Lo wectims
= + — « 7 greater on the last threc or four sections than
w 25
on those directly above may be explained partly Ly the
faect that inverted water columns or "U" wercury tubes were

<4 n

used in the urrer-high suction-tubes while "U" water col-
ums were usecd in the Jlowver tubes. Another thing which
would help cause this difference is the lact that during
the tesgt the sectiors vhick were under less than atmos-

pheric preessure would be slightly smaller snd thoge above

atmospheric (witk internal pressure) would be slightly
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larger than the actual measured sections. fThese fscts,
coupled with the fact thst the intermittent sucking of air
#t the inlet caused & greet vibration in some of the weter
columns, all irndicate that the results are as good as could
be expected. The conclusions are therfor that the loss

at entrance is aprroximately what is indicated by the =tan-
dard' formula, thrat the largest part of the head lost is in
the small center scction, and that there is very little

head lost in the diverging downsgout.

The total efficiency shown or the lata Sheetes is of
no creat value except as a comperison between the models,
which has already been mentioned. Thet the efficiency is
100% in one case does not indicete enything wrong with the
results but shows that such an expression for efiiciency
is plainly oi no value where the cross-section is ﬁot son~
etant or nearly so. Yhis value could run up much over 100%
due to the Venturi action, wkich gives a.discharge through
the small section greater than the actusl diiference in

head would call for.

The figures at the bvottom of Dats Sheet 16 show how
the efiiciency is cut down by en ai: leak, in thig case &

3/8" nole.

As a whole, the results of ikie thesis have been sat-
isfectory. The results have been interpreted in the light

of what information was aveilatvle. There are meny points
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about which suggestions might be made as to future tests
or as to future designs. Lkowever, due to the fact that
everything must Le interpreted in the light of the per-
formance of full-size models, and & more intormation is
becoming available from time to time, the writer believes
in
that, any future tests to be made, a comparison oi this
thesis and the actual perfokmance of constructed siphons

might 2ive a clue to even more valuable tests and data.

In closing, the writer wishes to stete that he owes

many thanks to .r. Louis C. Hill of 1os Angeles and to
Professors Ford and Thowas of Throop College for the many
valuable drawings and suggestions which have helped to
make this thesis very interesting work, so much so in fact,

that it reguired more than double the given amount of

thesis time.

AR T] @l
<;Z¢7 VAVAZL Y



DATA SHEET 1 ....
See Plate III for section of these siphons.

Obtained from ilr. Louis C. Hill, Consulting IEngineer
of Los 4ingeles, California.

The Eeport of Ovservations by E.V.Baron, Aug. 21st
1912 on the Siphon Spillways of the Yume Project oi the
Untied States Reclatimation Service.

Date Siphons Head Theo Theo iless Coefi.
Ho. velo disc disec

Jul.24¢ 4,5 Lls6l 2%:% 620 484.9 78.3

24 4,5 11.80 2%.5 625 47¢.6 177.0

eE 3,45 11.77 27.4 988 693D T4.3

25 3,4 1190 B%:Y 650 44%.3 70.2

g6 " 8.5 11:88 2946 627 B505.1 80.5

26 3.4,5 11.60 B28%7.3 B30  B63.0 %1.8

29 All 10.65 26.2 1488 104%.4 70.4

29 1,2,4,5 1100 B286:6 1205 853.1 71.0

29 "All 10.87 26.4 1498 1012.7 68.0

Aug. 5 3 11.90 27.7 215 243.%2 T7.5
7 1,2 11«60 2%7.:5 620 406.0 65.5 -

7 1.2 J1:60 B7:% 620 415.0 67.1

8 B.,3 11.48 27.2 617 419.3 68.0

g8 2 11.8%7 27.6 514 208.0 66.5

19 1,2 10.98 26.7 606 432.b 71.56

19 =2 1l.82 27.6 314 202.0 64.4

Observed depth of water over Lip to start siphon.

Tube No. Outlet Submerged Outlet Submerged
5,25 feet 6 feet
1 0.40 0.55
2 0.35 0.45
3 0.15 %5
4 O &5 0.45
5 0.40 0.50

After a number of leaks were closed up in tubes 1
and 2 they primed at depths about 0.10 less that the sbhove.
Seal broke in a few minutes when water surface had dropped
about 0.1 foot below air valve.
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10

ModIll!'l

Disc

Characteristice

DATA SHEET

2 o e

of the model.

Table showing area of siphon cross-sections at,
center line distances between, and gage readings for,
trhe tubes attached to the siphon.

Zee Plate V for drewing.

C.LI
dist
betw

‘|lsec.

ins

4.0

| QT
dist
(oetw
sec.
ft.

0
5/ .271
667

.6b8

.658
.658
1.188
1.48

1.29

.868
1.183
.892

ks

Desgn

Area
so
in

108.

64.

E’O- 12
30.0

50.12
50.25
35490
28.58
42.61
45.30

49.0
56.0
56.0

Letual lMeasurements

Lve
dep
ins.

3 1O

7

tav) 0o O Q0

.71
2.6
2.5b
Z.27
3490
4.83
5,80

6.91
g.12

Disc. Iip, Model I see photo
n II "

"

"

"

Ave
width
ins.

12.2°
12.18
12.85

18415

11.80
11.16
10.21
937
8.65
7.88
724
7.12

lAve
area
sqin

110.
67.0
3247

329

s1.08
28.4
884
36.5
41'8
45.7

50.1
b7.8
57.8

or desc. page 21.

1"

Z or
elev.
refér.to
b1l.tube 10

6.18

6.05
6.63

6.87

6.6
6.0
4.8b5
Se87
2.07
l.22
0

‘055

sodel I only

Gage
Ave read
area |feet
sqft 1
0.82

. 765
465 [0.97
«227 [0+.87
$op=~=4 Q0
.229Cen .13
botton--.22
+ 215561 087
1975 0,97
252 | 2.15
264 | 3463
290 | 4.92
.218 | b.78
« 348 | 7.00
«401 | 7.5b

401
7.14
21 7.08
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DJA.TA SPEK‘T 5 o e s 0

Model I.

Remarks

Yo prime
Slow Prime

Lo prime

Quick prime

Jo prime

o prime

Slow prime
prime
rrime
vrime

o
o
To

o prize

Gradually increacsing depth of water over throat.

Tube (4) open.

Zdge of throat gage 1eai1ng B8

leOhSIrL lio i 7.14
Top Depth Teqd.
or cver Depth

B Dige. lip over Thr,

i Iy 15 to prime
«10 .84 12
.095 1.27 « 126
085 .64 5
095 1.14 -
.088 1.54 s lal
11 led4 11
045 1.44 <176
«07 gpen «2C « 15
.08 l.24 .14
.06 l.44 .16
065 open +2 . 155
095 «18 « 125
02 .61 5D
« 07 1.04 «1b
«0% open .20 012
+ 095 «bé 125
.11 .84 o11
.08 open .40 .14
<11 .24 11
.14 i3 :C8
.10 1.54 «12
«13 1.49 « 09
.07 1.64 1O
+ 08 1.49 .14
.10 .64 «LlB
11 open .10 11
«035 .49 w. LB
.095 oren .11 AR5



sredually increesing depth of
Tube open--closed as soon

throat--

EBottom or

:j.t .‘zf' .

£.9
6.88
6.4
5.
6.85
6.25
0.6
6.75
6.15

1
[
[

~

(B {cReole ol EriltaNla

oo oy |
Ot

DATA

(4)

[aEoRnhntes
rolla N W0

gage resding -
Discharge 1ip .

Top or

% . 35
Detl e

.10
« 18
=08
~u 17
=+ 05
-.06
~+ 08
-015
s A8
—.10
-.14
.08
.08
~«115
-.14
—018
—.11,
—¢165
-.0565
.10
. 085
. 085
085
095
-020
=~ 2.0
. 005
=501
"020
—cl]
—0195
.09
« 09
= g L
-011
.08
el lo
.OA.Z
=08
. 085
« 0%
"'0005
—1115
-, 0895

Depth over

Disc

open

open
open

open
open
open
open
open

open
open

open

oren
open

4

22
= 7.14

Reqd depth

Model L.

water over throsat.
as water starts over

Remarks

» lip—~ft over Thr. to

l.24
.10
26
.74

l.44

o
0L19

i)
1«54
: 05
. B
<99
« 05
.1()
24
.74
1.04
054
29
‘2‘}.
« 10
.20
« 350
.15
« 20
.94
1:0%
.12
14
1418
24
1.904
w26
46
o Ok

Z
°

21
.26
.10
.14
.14
et6
.14
. 24

« OF

Prire

=12
«10
-
09
.27
.28

3
*

25
+ 12
o &2
56
14
14

e DO

&N
[62]

N
(@]

B3|

[o2lea

oo On

L] L] * L] L] . L] L] L] L] L]
o

- L]
DTS DO DD S N RO 0 O
MDD ONRDEI O

. .
R
[ealiN]

(o)

« o o o o o
(93]

G o g =
O £ D0 6 G

Oy th e

Jo prime
Siow prime
Jugg.at-.04,n0 vr.
Jugg.at-.02
Jugg.at 05,no pr.
Quick prime

Juggeat-.02

Jugze.at-.08
1

" i

,N0 pr.
Vater ris. fast
1" " n
Jugg.at 05

sugg.at-.06 ,nc pr.
JTo prime

EXPp«8iT ~.17,110 pP.
H.sWe ris. fast
Jugg.at-.10

do prime

o prime

Aiy ot =410

Slow prire

Slow vrime



DATA SHEET 5 .... Iodel I.
Gradually increasing depth ol water over throat.

411 tubes closed.

Edge of throat gage IePdlﬂt o
1

Discharge 1ip " 7.14
Fottom or Top or Depth over . Regd depth Remarks.
Do le HoWe Disc.lip~-ft. over Thr. to
Prime
6+9 = B .24 «2b
65 = w .64 i3 No prime
6 et ~ il .34 .42 Yater over th..02

Ho prime.

6.9 = oL . R4 .3% Tater over th..04
£ .55 -.20 o 79 .42 YVater over th..08
To prime
649 = 4 10 24 «252 Tater over th..CE
6.4 - ok, .74 W42 No prime
G0 95 -.06 «19 28 Water over th..0b
6.5 -.21 .64 43 Tater over th..00
No prime
5.65 ~» 198 1.49 415 Jugg.at-.10,n0 pr.
6.75 =.1%5 w09 «415 Alr out =-.1Z2
Slow prime limin.
6.90 -.095 24 w31l Air oul =.0%
6.92 —. el O # 88 .20 T'ater over th..086
Adr eal -.10
7.08 .08 .06 .14 Vater over th..l4
7 .0% + 02 e <20 vgter over th..08
Air out at .16
6.98 =403 .16 «20 Watcr over th..075

Air out gt .08



LATA SHEET 6 .. liodel I.
Tube (4) opened with a certain depth over throat.

Edge of throat gage reading .22

Jischarge lip " 0 7e14
Sotltom Top Time Depth over Depth over Remarks
reed. read. in prim. Disch. 1lip. Throat
ft ft 266, feet Teet
5.8 085 i l.24 s 155 Wo prime
D7 4 12 1.44 17
5.8 .09 A l.24 o 1S No prime
6D =320 6 .34 42
6.25 — w2 6 « 859 42
570 .06 13 1.44 .16
6.1 .07 12 1.04 «1D
6.15 ~ o Bk 78 «99 .42
5.65 03 11 1.49 « 12
6.4 =2l 6 .74 43
6.2 .06 12 .94 16
6.4 ~wiad 6 74 43
6.4 Q4 10 .4 .18
6.05 Ul 11 1.09 21
6498 o b 25 -5 11
6.58 sy 13 .62 «15
6415 .02 18 « 99 Y11
5.74 -.04 10 1.40 <26
7.0 .045 10 .14 § T
6.6 =06 748 .54 28
.14 % b 6 1.00 o 8Z
BsT ~ § ek 8 1.44 20
6.94 = 0 7 «20 RY
6.52 —009 8 062 o51
s oLB 20 open .10 .10
6.88 -.045 8 s eb 265
6e42 -.14 7 72 356
6.7 = o0& 8 .44 25
6.20 = 408 8 .89 w27
5.65 - 198 7 1.49 .415
6.75 = 1 6=1 « 39 24
6.3 =5 e 7 .84 . 545
5.8 -+15 6-="7 1.54 « O
6.0 -020 7 1.14 042
6.8 .025 8=9 b «195
6.4 .01 9 o T4 «21
6.0 =0 8-9 1.14 % 45)
H+0E gl 10 1.56 23
6.6 .0b5 12 54 + 160
6.24 .11 s « 90 e Jo prime BO0sce
6e2 .03 10 .94 «19
BB - +018 g-% 1.24 «2BE
6.56 - o e 8 «58 24
6.12 « 02 20 1.02 13
5.78 .08 25 e 36 .14
S«5E .07 15 1.62 .15



ey e ~
Table 6

Bottom Top
read. read.
ft gk
5,58 .08
B .55 @5
8 50 +O7
59455 .08
D.4H .07
bl .045
P 1.0
5.6D - 18
549 -.20
6.0 = e 1B
5.6 =420
6.82 .0b
6e44 . i |
7.24 .10
6.94 11
6.80 .06
7.42 .00
7.02 .065
6.64 11
6455 .08
T L1
Tedh « 09
7 .50 3 09
7.24 ~055
6.86 =401
7.4 07
T«25 .12
6.86 -.10
7.08 OB 5
7.62 11
7645 « 0%
7.45 "0065
7,04 -4 05
7.24 12
7ell Wil
7.12 .11
6.46 .08
7.6 .06
7.4 .04
7.0 « 105
.64 .06
7.40 .04

Time

sSec

15
18
20
20

in prim

e5

(ont) «s Codel T.

Depth over

Dis

open

open

open

open

open
open

open

open

open
open
cpen

open

open
open

open

Che
feet

1.56
1.59
1.64
1.59
1.6¢
l.44
.64
1.49
l.24
1.14
1.54
.26
.70
.10
.20

7
o w5

.28
.1z
«50
59
.16
.10
.26
«31

(2]
L

OO6
.48
.31
<31
« 10
.10

.00
.01

.69
.46
.26
.14
.48

.26

LDepth over
Throat

51

“emarks
feet

.14 o
wl

sl

.14

.15

e 175

12 Mo
.40

42

43

42

.17

i § o
'12

«11 Mo
.16

.22

« 165

<11 Ko
.14

.11 No
o L& o
il B o
.165
o)
NS
.10
.52
« 155
Pe L]
w5 L0
+285
2D
.10 Prime glmost
troke at start

Mo prime &Osec

prime 2BLsec

prime

prime

prime 1imin

prime

prime
prime
prime

o prime
Yo prime

.08b
.11
.14
B
.18
1156
.16
.18



Tube (4)

SEELT

7 oo

lodel

i e

clesed as soon as water starts over throat.

Inlet uncovered end time tc prime taken for various

depths over thrcat and verious tailwater elevatious.

Yottom
read.

it

Do

OO Oy 1 OO O

e & o & o o ° o o

OCOH OO 3Wwibhm
Cror O

et O

[ JF A8

ESIENEOEENEENVIES HO RS BN e e B I IR S B o) e el
e ®© ®© & © & ® © o @ © o ® o © o o
WDV FHODODOTOTN) 3 O -3 -3 ~3

D O D s B Oy B

(2]

Top

read.

|

1

it
.00
.155
.18
.085
. 189
.16
<20
<18
.20
.082
.16
.20
075
.075
«195
.20
065
«20
.10
.08
.O5
008
.0E5
.005
.02
+18
.06
.08
.05

.08

Y2
..L‘/z

.4
. 20
145
«145
.Or/
o 1
LO8
« 09
«1ED
02
.06
010
o B
I i

.01

Time

in prim

sec
16
20
50
12
17

) o

R

v}
CH I DUONMDOODDNYOIDoOOIRER R BROIOO

e =
S

fied
(5]

159

%)

Depth over
Bisc. 1lip

is

open
open
open
open
oren
open
open

open
open
open
open
open
open

open
open

feet
. 64
o 12
1.22
139
29
109
.54
119
«D4
1.14

«59

1.10
1.18
<49
.09
1.08
44
44
1.44
021
11
.56
.10
41

Z
.o

.143
« 20
.12
IOO
.18
12
w20
.10
.24
.00
.00
21
.08
«10
.16
.EO
.10
.52
o 22
24
R4
.08

Depth over Remarks.

Trhroat
feet

22
065
2T
.40
200
.4005
513
42
<40

Mo prime

¥o prime lrin
Mo prime 1 "

L2 Vot ¢l. tilov.th.

.305
«3E
42
295
+2956
.41b
« 40
285
.12
14
o 17
. ls
«185
215
« 1S
.40
<16
.14
27
.0
.18
42
075
075
28
0 d
50
.13
545
« 20
‘28
32

.40

z
e Lo

o

Iy

No prime 40Csec
o prime

Yo prime lmin
Yo rrime "

Yo prime



Data Zheet 7 leont) .. Jodel I.

Bottom Top Time Dertt over Depth over Remarks
read. read. in prim Disc 1lip Throat
It t sec feet feet

£.9%8 ~s 025 10 .18 245

7.00 ~ 1.2 5 .14 e 04

7.14 .10 6 .00 ud 2

Te7 <00 2.5 open .56 w28

7424 .00 g open .10 w28

Ta' -.06 2 open .56 .28

Te2 .12 ¢ open .06 .10

7.4 .06 5.5 open .26 +26

7«65 edl -~ open .51 .11 Yo prime
7.6 .09 - open .46 .12 Yo prime
7.4 .09 e open .26 12 I'o prime
742 085 10 open .16 <135

7.08% o1o o .05 .0¢ Jugg.at.l165 no yrr
7.04 .08 = .10 .14 To prire
7.08 .06 e w8 .16 o prime
7.00 .04 L . .14 «18 Yo prime
¥.185 «l4a 10.5 open .015 .08

Tsl8 . .}Z . T, open .05 ) 00 To ggime

DATA SHEZT 8 .. Hodel I1.

Tube (4) open. Xdge of throat gage reading .22

Discharge lip " " 7.08
Bottom or Top or Depth over Reqd dep. Remarks

Tele Bl e Disen over throat
feet. ieet. lip to prime
5.86 s 1 o8 e
6.46 .12 .62 <10 Mo vrime
PR P i Y. «11 ‘
b 55 .11 1.486 .11 o rrime
B.60 «ll o 1.42 w1 Mo prime
6460 12 Ll NES "o prime
£+25 510 «BS v a2
G 98 k- w10 « 15
7« 3B « 09 Oper «o0 o1&
Y20 s LOG opeEn .16 +115
7.14 12 open .06 « 10
6.80 « 128 « 26 <55 Slow prime
7.06 « 125 .02 «O8b
8559 sl 1B 1.18 + 105 ¥o prine
5. 84 & el 24 .10
b.64 108 1.44 «115 Mo prime
D 60 SO 1.40 « 18
6.46 s 12 .62 9 0 Mo prime
B+18. « 12 .90 » 10 Yo yrrime
6.0 « 115 1.08 « 105 Yo prime
7.45 w1 open.&7 .14
T eiE8 ¥ Open .« £0 w11 o prime

7.40 .08 oren.&2 .14 Y¥o prime



DATA

QL TrTTNT Q
Jlbisdiad b%

viodel II.

sradually irncreasing depth of water over throat.

Tube

(

4)

oyen

then clcsed.

Zdge of thrcat
Digekherpe Iip
rottom or Top or
TeVie Ha¥s
it it
6.54 s
Gou\, _007
T80 s 195
6.26 ~ o 135
5.75 -.16
6.20 = 5 L5
7.18 L2
6.84 -.06
6.20 -+ 125
5.94 g L8
5.95 -.15
6.8 -.08
6.16 -.14
6.52 «00
7«20 .11
6.8 -.0656
6,94 005
7el 13
7.0 .05
7.08 <13
6«88 -.04
7415 .10
7.08 « 1B
€.65 -.C95
6.75 ~-«09
7.+ 30 « 08
6 .80 -.085
(Y .0E
6.88 .01
7480 «105
Tl .05
6.42 “~ 078
6,05 —~a 46

until water starts

zage
n

Depth over
1ips

Disc

reading

"

it

oren
i

open

1.

1

open

open

open

open
open
open

open

1

.54
.56
«17
.82
23
.8&
.10
.24
.78
18

13

.28
.92
.16
12
.58
.14
08
.08
.00
B0
.07
.00

L%

¢ T
‘
oué‘

« 28
.28

oC/4

s 20
t.LC.
«H2

~

o U

N

0&

22

OVET

Reg dep
over thr to

trrosl and

Hemarks

1xlme i o2

.pu

.29
.115
«ubd
.58
.35
.10
« 28
« 545
<40

ST

« 50
<56
22
11
. 285
.215
.09
17
.09
.26
.12
.10
. 31b
o1
.13
. 05
.14
21
.1]“

.295

s

Some air out-.02
Helexris slow "-.01
Air -.07, jugg.-.12
%o prime
Some air out-.05

.04
-.04
Air -.10, jugg.-19

No prime
Alr -.0%, jugg.-
o prime
Some air out-.02
Alr .06, jUugg.~s18

Some alv ouv
" n

« 1

Some air out-.01

Some &ir cut .0C&
Some air out .OC
Mo prime
lio prime
Air -,01 ¥ slovw
Ils. .t.loa‘fd
.Lilr & J'L_gu'. _011



Bot

I wnt Hio'd « wigg 1ip over thr to
it vl Tt orime Tt
6+B0 ~ gl D .48 41 Ov.
6.8 — et D .28 oG5 OV,
6. -l . 58 i OV
578 65 = 0 D l1.4& o428
7,04 «10 .04 .12
PR ~ @2 o L5 vod OV
G.72 w1 i w2l OV,
6.65 -+ 16 43S e
T+0° + OF .08 +19 Ov
6462 —~ 0 2B o 26 ol

¥ B N - o » o ~ b i

Alr valve atteched to tube (4)
of eir but closing as soon &s suction hLegan
Fottom or Top or Depth over vepth over

Teds EaTs pise dip Throsat

it yig # 1% it
6.05 085 1.05 w150
724 o B3 g1en =16 .]Oa
6.06 - L 1:08 o286 In
.66 .09 + 88 - At
Ts14 « Llo Gpen 0 . 1056
Ts08 o1 .00 UG
G« B8 » O 26 s 17
6.78 .04 o & .18
6e25 Q7 70 «15
6+12 .08 5 .14
5.45 .08 1:BE .14
Tedl 1o gren -02 L0958
€.48 = O . 60 18
716 s 10 oren LO8 .115
Ga& « O «H8 «1.7

.58 .O7a + 20 ¢ 145

(o2 eI e

O Cv

5
(1"

QTrTLn Ea
-A.J—‘.L_A_‘_ -L\_) s 8

dodel 11

bl A

Gradually increascsing depth of water

over throet.

£11 tubee cloced. Ldge 01 throat sage reading .22
Discharge Lip it " 7.08
tom or Top or ueptk over Reg dep Temarks

DATA OHEET 11 .. Yodel Il

« 60 « 155

« 20 .09 .88 .13
« B0 .085 .28 .165
«'96 : 0% .12 e 1&
.58 .06 « 50 .16
.08 L& .00 .0¢
70 0595 o 165
04 1B .04 <10

+Eh10
° th .

th.06,8ir~-.1%
th .06 ,81r-.08
th.08,81ir- .07
116 prime

th 0% serix 08
thH.10 aix- .06
,811-.06

10,air .10

permitting the escape

Denmarks

1€t ops prs

¥ e B
(=1 "R¥]

pr



DATA SHEET 12 .. wodel II

Reedings taken with inlet opened with water over thre
throat as recorded. Tube (4) open at all times.

Zdge of throat gage reading .22

Discharge lip 4 i 7.08

Bottom Top Time Lepth over Depth over Remarks
read. read. in prim Pisc 1lip Throsat

it it sec¢ feet Teet
6.68 ~+ 025 7 .40 245
6.14 =005 6 .94 sl
7446 ~s18 2 open .38 «40
7.16 #10 12 cpen .08 « 18
6,86 .02 7 28 « L9
6448 ey 4B .60 + 15
7.868 © =B 2 open .50 .27
Tal6 «115 9 open .08 .108 Tent by Jjerks

until water cov.
discharge lip

6.78 »100 iz « &0 « 115
6.40 .11 == .68 #11 Ko prime &0sec
$eZ6 06 10.5 o1& «1B
762 08 i open .54 .14 o prime
754 .015 S open .46 « 2056
724 095 s open .26 .125 Mo prime
7« 20 02 4 Cren <22 .20 Went by Jjerks
7.14 Moy T oren .06 .15 Jerks 'till cov.
GoT6 .09 12 » & b
6.94 wd B 19 .14 <10
6.51 .10 22 « 57 sLE
7626 .02 o cpen .28 .20
%420 « 155 e open .12 .085 o prime
T«l6 .08 7 open .08 .14
£.94 o LD =i .14 .09 XYp prime 2bscc
6.8 . 066 75 28 . 155
6.54 « 008 T b .54 215
6.24 ~» 185 6 .84 O DD
6.E0 = 5 5 .28 06
7.02 .04 4 « 06 .18
6.84 = i LD Db R4 41
7«28 .02 b open .20 « 20
D% - i 1.18 «105 ilo prime 40secc
5.85 .09 20~25 1485 «13
5,74 .05 11.5 1.24 T
€.94 075 8 .14 145
6,50 ™ g b Do B + 08 « &0

(continued)



Dete Sheet 12

Bottom
read.

%
6.04
5498
5.94
5408
6 .84
6.48
5.96
734
V.88
7.4
T+28
T2l
7.06
64 70
6656
bel2
5.66
5 +H0
7382
7.28
7.24
718
665
7+40
7o Db
7.26
7+18
7edl
6.E8
6.8
6.48
6+25
6.04
5.9
.64
5.58
5.8
514
56
5.58

Top

resd.

It
08
.07
038
08
.05
.16
.06
« 08
.06
.06
095
.0b5
095
.10
.0b
.20
11
.08
.095
.08
0055
.11
ki
006
.04¢
.06
.10
095
« 75
.05
«10
006
«10
.04
. 105
.04
.065
.03
+ 08

ne
« UC

(contirued)

Time
in prim
sec
20
1b
708

i

9]

7
6
5
7
7
6
6

=

! V]

DO DODOIO0OOU10 Ot

ISR
<C O |

|
t

(@9)

«odel II.

Depth over
Dige 1ip

e
4

open
cpen
open
open
open

open
open
open
open

open
open
open
open
open

(continued)

eet
1.04
1410
1.14
1.560
.24
.60
1.10
26
.20
« 02
17
o
.02
.38
72
.96
1.42
168
R4
.20
.16

.04
&l
52
« 26
.18
.10
.OZ
.18
e 20
‘60
.82
1.04
a8
l.44
1.50
1428
l.24
1.48
1.50

Tepth over Remarks

Throet

feet
.14
5 J:E)
«255
2D
ol
+B
.28
o 13
.16
+ 16
.125
«165
« 1LEb
)2
.27
W42
i
«30
« 125
ol
w155
11
+1.0
.16
o175
.16
12
.125
<295
.17
.12
.16
.12
RS
L] 115
w18
+« 155
« 1%
Ol:f
+19

Jo prime
Prim.& went by jer
"t "

Yo pr. wat fal dst

Iio prire
To prime

o prime

No prime
Yo prime
Jerks
"

Yo prime

o prime

Ho prime 2&5sec



Peta Sheet 12 (continued) ilodel II.

Fottom Top Time Depth over Depth over Temarks
read. read. in prim Dise 1ip Throat
ft it sec feet feet

7.4 .00 3 oren &2 22

7,03 .08 8 <08 .14

6.74 .08 12 o 24 .14

>« 58 -.04 7 « 70 26

645 - «18 4.5 .58 .40

5.90 310 6 1.18 207

T+%8 .02 2.5 open .30 20

6«75 ~ 5 10 5.5 + 35 o

6« - 03 g « 78 019

678 — o 35 4 « 20 .40

8:78 ~g 17 6+ 1.36 3

7.06 =« OB 2 « 02 .20

6.94 .00 6 .14 i

6.98 «08 6.5 « 16 « 20

6.92 .06 8 «16 o 16

7.64 .04 5=6 open .56 .18

7.54 .04 5-6 opven .46 .18

7.14 " W 1& cren .06 "

7.48 + 035 5 open .40 .1856

Te34 .08 == open .26 .14 No prime

7«28 03 13 open .20 .19 Jerks

6.82 -.14 b 26 56

7.6 o0 4 BPEN 58 .22 Jerks

7 o4 .04 B« oOpen <26 «18 Jerks

7.14 . 095 9 orer .06 «125 Jerks "till cov.

€.84 «10 19-16 .24 sl 2



Tube (4)

Inlet uncovered

DATA

closed

depths over throet.

Bottom
read.
s
s 18
7.16
7ol
6.86
6.86
7« 20
Te24 -
6.54
5.88
6.8
6.56
7.14
6.8
6.44
6.0686
B.6b
7.12
6.84
6.b4
.68
6.18
6.94
6.18
7.16
6.86
6+4
£.04
6.20
Sa80

7
[

7.06
.81
©.50
6416
7.18
7«18
7.14
7.24
7455
6.21
TeR4
7.0

6.64
€.64
744

Toy
read.

ft. .

c]O
.06
.10
.00
=5l
008
.10
7
~ 5l
~ o 09
~
.005
-.045
— b
-.145
~+205
.07
.02
i
+125
e
=~ .6
~= » (0
.08
~ w18
-.10b
~5.1E
-« 185
—0205
.Cl
.06
-.06
«125
=4 125
.05b
.08
.05
-04
.00
~e20
.10
.07
-.04
"007
.05

1

|

Time
in prim
sec

7

~

(o]

8

5
12-1&

25

10

il
12.5

12

24D
74
L 54
18
25

S
15
20
=10
15
5.5

')

2
L 53

18

20

1
2eb
5+

z
[

15

r

W
(o2l )

—

oo
L]
(D

[V IR AV IR AV I S
=2 1 O30

SRR .
SEERT 1%

Depth over
Diegc l1ip

fe
open
oren
open

open
open

1

oxen

1
1
open

open

4

i
open

open
open
oren
ocren
open

open

open

et

.10
08
02
.28
.28
.12
.16
.54
.20
.ZO
o T2
006
e
.64
+ 00
48
004
. 24
.4
.40
+ 920
.14
« 90
.08
W42
.68
004
.E8
+ 28
24
+02
027
+H8
92
10
w0
06
.16
27
.87
.16
008
44
44

4
26
LR

Nodel II.

Depth over

Trioat
feet
ed B
16

-« 18

es soon as water starts over throat.

and time to prime taken for various

Remarks

.22 HNo prime
3% Two holes ogen

.14
«l2
43
23
vol
.40
.215
« 265
.55
« 265
<425
.15

No prime Iimin

.24 (losed late

e E20
$ 545
«40
.28

wi Yo prime ZO0sec

.14
.40
Z25
40
+2 75
420
« 19
e 16
86
. 005
e04b
«165
.14
«17
.18
.20
42
012

.15

.26 Yo prime

.29
.17



Deta Cheet 1% (continued)

Bottom
read.

ft
724
6.99
7.3
6498
6.92
7.08
7.04
6.96
7.18
6.40
7.22

T«18.

6.60
7,34
7.28
6.90
6.60
6.350
O.92
7.08
6.74
642
6.00
0

N O N N O

- L] . . L] L] . .
TN AN

NO-3-30003I30

(ONCANAV]

Top
read.
ft
« 00
.04
.06
-0015
.00
+03
.06
~ o 0%
.06
"-10
.08
004
.06
.08
.04
lO4
-« 075
= ¢ 105
4.0
.03

- LR
e Vv

“'205
--1:.)/
"014
—011
.09
-.02
-.105
=« 10
.04
-.07
.06

1

Time
in prim
sec

2.5
20
10

g
24

(e}

20+%

SO
slow

6~

5

o
(9]

5.5
20
10

tlodel II.

Depth over
Disc 1lip

feet
cpen .26
0%

open .22
.16

« 16

« 00

004

s 12

oren .10
.68

open .24
oper .10
.48

open .26
open .20
.18

.48

78

1.16

.00

2/
L=

066

1.08
1.08
open +32
open .02
o 24

.64

open +22
open .04
.54

open .18

Deptr over
Throat

feet
22

.18
.16

e
e LU

-5

«l9

+ 1.6

«20

.16

8

.14 No
.18

.28

.14 Mo
« 18

26
.295
D2
s

19
5]
425
35 To
e B

D

.15

24 Tlo
+E55
w8

s 1B

«2Y

Rio

Rerarxs

prime

priwe 35sec

prime

prime



51

Q

iphon drawing

!/'O Se

cond

"U" water columms.

14

some air at times.
feet.
fond1tions—-tnree "U" mercury cclumns

iodel I.

Date--June 19th 1916.

othere

Pt [Sec. | Vel. | V2 |Gage| 2| 2 Lost| £1v2
or |area in og | read W | refédn N Head| 4r2g
Tubg in |tt/sec e &md . tube 10| “Sip aprox
no [satt cols [DaSh2)| .5 feet|aver.

£ f=.021

H.. .00 | .Ba| .00| 6.46 | 6.46
Inl |.765 | 4.57 | .32 NPT s

1 |.465 | 7.52 | .88 | 1.9 |- .93] 6.0 5.98§ ‘250

o l.ge7 |1b5.42 | 2.66 | 4.8 [-4.43] 6.63 | 5.88' Y | .14

5 |.229 [15.2 |2.62|5.2 |-5.07 6.87 | 5.43) 4971 .15

4 |.2155|16.25 | 4.10 4 5.76|-5.39] 6.6% | 5.241 <0971 .18

5 |.1975(17.75 | 4.88 8,02 |-7.05 6.02 b.86)1’$8/V.26

6 |.202 [15.1 .54 f7.59 46.24 |4.85 p.15 | -T171 .25

7 |.e5¢ [13.78 | 2.94 u.uv G D

g l.290 [12.07 | 2.26 2.07 =25 | 07

9 l.z18 [11.0 [.88 | 5.48| .20| 1.22 5.401 .07
10 [.248 [10.06 [ 1.57 | 4.9 [ 2.10| .00 | 5.675 .02 | .04
11 [.401 | e.7al1.181 4.8 | 2,780 .05 | 2.38)y 7501
Disc. Vel B8.7F 1.18 ~-=-cm--mom - n - =mn T.Z5To0tal
T 5.61 1.39 1.39

Eff. exp. for discrarge through throet &. =

g - .845 = 84.5p
Eff. exp. for smallest section 5. =
AL = 960 = 98.0%

.1975 x 8.025 x 45.61 - .84



DATA

SHEET

15 ..

Model I

Q (quantity) - 3.55 second feet.
siphon drawing some air at times.

Conditions--four mercury "U" tubes, others
water columns, also "U".
Date--June 21lgt 1916.
Pt [Sec. Vel. XZ Gage ] Z e
or larea in 2g | read w |refer »
Tubd in |ft/sec e . &me fuve 10| >'\T
no [sqft cols feet d;

H oW o +Db .00| 6445 6.45)
Inl |.765 4,64 « 33 Y
1 0465 7.6:‘) .905 1085 '088 6.02) 6005)
2 |.R27 [ 1D5.64 [Z.80 | b.,0b |-4.68| 6.6& | £.75
3 |.229 | 15.5 |2.72% | 5.87 |-5.24| 6.87 | 5.%5)
4 |.2155 16.47 [4.22 M6.40 [-6.02| 6.63 4.82)
5 |.1975| 17.97 |5.01 p8.26 |-7.39| 6,03 | 3.65¢
6 [.282 | 15,8 [2.63 W7.44 |[-5.29] 4.85 | 3.19/
7 [«2D54 | 15,96 [3.03 M6.98 | —2+29| 2.87 3.11)

B8 (290 | 12.28 |2.08 | B4 ¢

S |-818 | 1115 |1+9& | B85 B8] 1.88 | £.68
10 | .48 | 10.2 1.61 | 4.5 2.05| Q.00 | 2.686
11 '.401 8.87 1,82 " 4,9 Pe6B =~.B8 U.02
Disdharge Veloeity Lost Hegd —~—r—rwemoees cnssmaaao
PsWe ' 5,76 l.24 1.24
Eff. exp. for discharge through throat & =

[
£2080 = JB4T = B4,
«oes % B.O026 X1Vb.76 = BB
Eff. exp. for smallest section b =

205

1975 % 8.025 x A 5.76 - .55

LY8% = UB.9%

Z
LR

.40

o

1.17
46

.08



DATA SEEET 16 .. Model I.
,:1 = 0044‘
ordltlonk——th%eﬁ inverted water columns sucking
from T.%. and one mercury column (later changeld to in-
verted water).
Sucking some &ir occasionally---Late, June £2nd 1v16.
Pt [Sec vel. 7% | Gage iy / N lost
or larea in 2g | read W reten ¥ head
tubg in | ft/sec wea «&me tube 1J 12 feet
no |[sgft cols feet *
it 13
HeWo 0.61 CO| 6.39 6'59h
Inl [.765 4.50 «51 .10
1 [.465 | 7.55 | .89 1.60 | -.65| 6.05 [6.29]
2 |+287 | 15,15 | Z457 | 449 4453 | 6.6% [5.67! gee
% |.229 |15.04 | £.52- 5.05 | -4.92 | 6.87 |s.47) 27
4 |.2155[15.97 | 2.96 | -.43) -5.76| 6.65 |4.83) -
B 1.1975|17.44 @.72 |-2.24 N =-7.57| 6.03 |Z. 18& 1.13
6 |+232 |14.84 | .43 o751 -4.58| 4.85 [&.70! 1
7 |.254 |12.55 | 2.85 | 2.60% -2.75 | .37 [|5.49) 2
8 (4290 |11.87 | 2.18 | 4.20 0 -1.1%| 2.07 |2.12)\
9 .u18 10.82 | 1.82 | 6.1 68| 1.22 |3.72!) o5
11 .401 .58 1 1,14 | 4.7 2.8b1 -,b5 [2.44
DiSC. VelOC TS 1014 1-14
TeWe 5,33 1.67 1.867
Eff. exp. for discharge through throat &. =
Sk = 862 = 86.25
.229 x £.025 x 4/56.25 - .61
Eff. exp. for discharge thrcugh smellest section H. =
% 4L
2l = 1.00 = 100/
21975 x 8.085 x c A5, 28 - .6l
Test with one tube oren --- ¢ = 3.%4 csec.it.
Ho‘ﬁc - 005
TaWe = 6420
H = 6.2 1eet.
iff. throat = .24 = 727 = T2.7%
.229 X 8,025 % 4/6.25
Lfi. smellest area = Hse = 840 = BL.lp
1975 x B.085 % Al6.25



DATA SHETLT .. 17 DMedel II

Q@ = 3.5 second feet

Siyhon drawing some air.

Conditions-~-five inverted water cclumnsg, others
UM columne.,

Pt [Sec. | Vel. | V2 |Gage| P 2 . Iost [f1v®
or |area in 2g | read w refer ¥ Head [4roge
tubg in |ft/sec watr tube 1Q Sa% it |aprox
no [saft. cols feet T aver.

ft iz f=.021
}Iomo 0056 nC‘ 6044 6.44)
Inl|.765 | 4.5 324 Y Lo1] .01
1 [.465 | 7.55 | .88 |1.45| -.48| 6.08 |[6.43!
2 |.227 |15.41 |2.69 | 4.80 | -4.4%| 6.63 |5.89) B4 .07
%z 1,229 |15.28 | 3.63 | 5.0 | -4.87| 6.87 |5.6%) <86 .14
4 |.2155/16.25 | 4.100.05 | -6.59| 6.65 |5.14) 49 .19
5 [.1975|17.72 | 4.87 F1.2 ?| -6.94] 6.037|z.96)> .94 18
6 |.252 |15.1 |B.5401.45| -4.19| 4.85 |4.207 +&lb
7 |.264 | 15,77 | 2.94 0 %.2 |-2.44 [3.27 k.87 -E<
& [.290 |12.06 | 2.26 M 5.18] -.46| 2.07 |z.87) <10 °%;
9 [.218 | 11.0 [.88 | 4.7 1.08| 1.22 |4.10 -
10 |.348 110,05 11,57 | 4.4 2.60| .00 la,17 Y
Discharge Velocity Head Lost (approx) --------- 1.50) 0%
TJW. 5.64 1.36 1.36 1.38

Eff. exp. for discharge through throat 2 =

Z’c5

229 x 8.025 x Ab.64 - .56

= 845 = B4.5%

Eff. exp. for discharge through smallest section 5 =

Sed

.1875 x 8.025 x 45.64 - .56

= .980 = Y8.0p

Totel
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