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Dimensions in meters 

FIG. I THE CAMUZZONI SIPHON 

(WIDTH OF THROAT, 2 m.) 
FIG. 2 THE CARRON SIPHON 

1WIDTH OF THROAT, I.Sm.) 
FIG.3 THE S. CATERINA SIPHON 

(WIDTH OF THROAT, 3m.) 
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Model III (s. Caterina) 

-', .. 25, 15, and 8 

The models were constructed of ceMent with glass side walls 

through which one could observe the pri:rrlng: phenomena during the 

period of priming p figure 4, 5, and 60 

The models of the siphons were installed at the end of a 

canal that was supplied through a calibrated orifice. Two piezorneters, 

inclined to amplify the movement of the liquid, indicated, respectively, 

the elevation of the water level in the forebay (h) and the elevation 

of the pressure or of the vacuum in the upper throat of the siphon (h')e 

These elevations are referred to the overflow sill of the siphono 

The elevation {h 1 ) is measured, first, to obtain the changes 

in the internal pressure of the siphon during the period of priming, 

and second, to determine the exact point of complete priming which is 

indicated by a.l'l insta...'1taneous increase of (h'). 

The head readinr;s (h') at different points during the prim­

ing period have shown the different primine characteristics of the 

· three types of experimental siphons o From the start to the end of 

such a period, the characteristics shown are: 

(1) for the t;ype of siphon, "Canale Camuzzoni" 

(h') was less than (h). This fact indicated that the upper 

throat pressure was greater than 9.tmospheric pressure. 

(2) for the type of siphon "S.Ca.terina" 

(h 1) w·a.s greater than (h) which is an index of a pressure 

less than atmospheric pressureo 
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(3) for the siphon type, "Carron'' 

(h 1 ) was approximately equal to (h) which indicated that 

the pressure was about equal to atmospheric pressure. 

It follows that the siphons which were tested by models 

had different priming oharacteristicso In each model, one of the 

three possible conditions of pressure in the throat for the priming 

period is noted .. 

MINIMUM PRIMING BEAD 

To establish a stea.d:,r flow condition ,vhich could be sus­

tained for some time without priming the siphon, small discharges 

were used to start the experi�entsa After the forebay level was 

allowed to fall below the elevation of the overflow sill, the experi­

ment was continued by increasing the discharge very slowly until the 

level (11ro) which caused priming of the siphon was reachedo This 

elevation was considered as the minimum elevation for priming.· 

Subsequently, experiments with larger discharges were per­

formed to determine the priming time for increased mean velocities 

of rise in the forebay. The observations showed that the priming 

head was always larger than t�e minimUI!l.� This increase in the' prim­

ing head when compared to the minimum gives factors which can be 

used either to incre ase or to decrease the dimensions of the model 

or the value of ( ). ) • ( Diar,r am B • appendix) • 

The readings from the two piezometers which are taken at 

short intervals during the period of :i;riming show the progress of 

the experiment. These values are reproduced in the tables and dia­

gram B of the appendix. 



The results of the experiments performed on the models as 

compared to the observations made on the originals ( .l..= 1) are tabu­

lated in table I. 

In the problem under investigation, the relationship be­

tween the priming heads of the model and of the prototype should be 

acoor ding to the laws of geo�etric similitude. 

However, this is not verified by the results of table II which gives 

the values shown in table I multiplied by A (also see diagram A), 

Table I 

h - Minimum priming he ad m 

____ F_ar__.X..__ _____ �_5 __ 2_0_-'-15_ : 12 : 10 : 8 5 : 1 

Camuzzoni siphon 

Carron siphon 

s. Caterin� siphon 

For X 

Crun.uzzoni siphon 

Carron siphon 

25 

:2.65: 
: 
:7.37: 

:2.81: :3.37: 13.0 

:4.62: 

I 
:7.33: 

:4.95: 

Table II 

Values h' x ) h m 

:7.45: 

:6 .90: 

18.3 

40.0 

20 15 12 : 10 • 8 5 1 

53.0: 

:147.4: 

:28.10: 
: 

:16$85:13 .. 0 
I 

187.96: 159,60: :18 .. 3 

s. Caterina siphon:120.50: -- :74.25: 
I 

:55.20: 

An examination of the experimental results above shows 

that the equation 8 h0 = f x �' is not linearo 



The priming head depends primarily on the form of the siphon 

and on the priming time., The value of the product " A hm," instead 

of being constant and equal to "h0" has values differing by a funo­

tion of " A• 11 This function of A varies for ea.oh type and form of 

siphon. This function can be represented graphically when the values 

. of "l;n" are obtained for at least three different sea.le models of 

the same type of siphons., 

The value of h0 (of the prototype) oan be determined by 

extrapolation of the line which was indicated by at least three points 

that were obtained from model experiments. This value "h0" from the 

field is desirable because it confirms the curve of diagram A. 

Therefore, as previo�sly stated, the priming head was obtained for 

the siphons whose models are under investigationo 

A study of the tables and of the graphs of these results, 

die.gram A, shows that the equation ). 11m "" f ( A) has a different 

form for each type of siphon tested. Therefore, a general law that 

gives tth0" as a function of 11 ).'1 and of "�" does not exist. As 

previously stu.ted, the only way to determine the value of ''ho" for 

practical use is to build and to experiment on at least three models 

of different scales of the same tne of siphono 

On the other handa cases arise where one desires only an 

approxil:la.te indication of the value of h0• This point is illustrated 

for example by some projects that have the design fixedo So �iven a 

certain proposed internal outline t one oe.n determine from the experi­

mental investigation of a single rnodel a value of h0 that should at 

least indicate the advisability of continuing the studies or of 

changing without further experiments, the designed form of the siphon .. 

n 
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This approximation of the value of h0 can be determined from, the value 

of "hm." found from a. single model l'rhen ho is !!18.de to depend on "bro", 
on " )_'' and on the priming time "1m" in the model for the minimum 

priming head."�·" 

PRIMING TlllE 

The priming time, 11 T", in the present investi�ation is de-

fined as the interval of time that elapses between the start of the 

overflow and the point at which the siphon is completely pri�do Such 

a period is divided into two parts: 

1° 
a the time that elapses between the start of the overflow 

and the moment at which the water elevation reaches the priming head. 

II0 • the time that elapses between the moment at whioh the 

water reaches the priming head and the instant at which the siphon 

becomes completely primed. 

Some authors define the priming time equal to only the 

second phase, II0
, which is very short, a duration of the order of a 

few seconds, and which is approximately constant whatever be the 

velocity.or rise of the water in the forebay. 

The first phase is preparatory and its duration influences 

the priming head. 

The experimental procedure which was previously noted is 

first� to make the inflow to the forebay of the model of the siphon 

a constant quantity which can be cleared through the siphon without 

priming itJ second, to continue the experiment by slowly increasing 

the discharge until the minimum priming head is reaohedo Under these 

last conditions the priming time "Tm" of the model is a quantity 

6 
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that is defined and determined by the procedure followed in the ex­

periment. 

The minimum priming head divided by the time "Tm'' gives 

the value of the maximum mean velocity of rise in the forebay that 

permits the priming of the siphon at the :minimum elevation •. Thus 

the water should be introduced into the forebay with the energy 

evenly distributed so as to obtain a velocity of rise smaller than 

that obtained by the indicated computation. However, the minimum 

- priming elevation should always remain the same since the siphon oan 

not be pri."!led at a lower head. The ti� "Tm". which is determined 

from a.n experiment th�t is conducted as indicated above, is, there­

fore, the minimum priminr:; time because the siphon primes its elf e.t 

tho minimum elevation. 

On the other hand� an increase in the mean velocity of rise 

in the foreb3.y and a reduction in th·e priming time increase in ef'feot, 

as ha.s already" been observed, the priming head, diagram B, 9.ppendix .. 

Multiplying the priming time, "Tm" obtained from the experi-

ments for ea.ch series of models with the valnf!s of gives a.pproxi-

ma.tely: 

� / ;--r:- .. constant (1m in seconds) 

The tabulated results are: 

I. "Camuzzoni" type or·siphon 

A Tm sec. Tm/ /T 
20 170 110/ � • 38.03 

10 120 120/ /To = 37.97 

5 80 ao/ ,rg- • 35. 71 

Averag� in round numbers• 37.00 

7 



II. "Carron't type of siph1;m 

20 

12 

8 

270 

210 

170 

270/ /2o ID 60.40 

210/ /T2 11 60.69 

170/ rs- 111 60.07 

Average in round numbers 

III., "S. Caterina" type of siphon 

25 

15 

8 

165 

120 

90 

165/ {'25 = 33.00 

120/ rrs:- .. 31.00 

90/ rs-= 31.80 

Average in round nurnbers .. 32 0 00 

Therefore, for ).. = 1, the priming time for the minimum 

priming head for the originals, "T0" should be respectiv:ely equal to 

approximately 37, 60, and 32 seconds. As a oheck on tho preceding 

hypothesis, it was possible to perform an experiment only on the 

original siphon "carron" for which the ''T0" was accurately found to 

be equal to.an average of 60 seconds. 

Since in practice the values of T / fr are considered 
I!l 

constant for a single type of a siphon, the le..w that expresses the con­

stancy of the· expression Tm/ fr was accurately deducedo 

From the recorded time, '·Tm", that is obtained from the ex­

periments repeated on a single model, an approximate for�ul a that 

gives h0 in terms of 1,n, A, Tm of the single model was deterr.uned. 

PlacinE the equation: 

in the form: 

8 



in whi oh the values of " n" for each model investigated are 

Siphon type 

Camuz zoni 
ho • 13 cmo 

Carron 
h • 18.3 cm. 
- 0  

s .  Caterina 
h0 • 40 cm. 

)., bm (cm. ) 

20 2.65 
10 2.81 

3 . 37 
Average � 

20 7 . 37 
12  7 o 33 
8 7 . 45 
Average nm 

2 5  4 . 82 
15 4.95 
8 6.90 
Average 11n 

log 
n .. 

• ho - log 
log . ,). 

0 . 53 
0.67 
0 . 83 
0 . 68 

0.30 
0.36 
0 . 43 
0.36 

0 .66 
0 . 11 
0 . 84 
0.76 

· bm  

JJl inspection of the values of "n" shows that this  exponent 

not only varies from siphon to si phon but also varies from model to 

J'llodel of the same s iphon .. 

Now. knowing that the determination of h0 can be only ap­

proximate � cons.ide ring the average value of "n" , and introducing in 

the pr eceding equation the value of Tm , the value of average "n" 

can be expres sed as a function of Tm• 

From the ob s erved experimental data, one deduces 

( T / � n • oonEtant m 1 .,.,,_ 1 m 

Givine for :  

Camuz zoni siphon 

Carron siphon 

a 37 x 0.68 • 25  

.. GO  x O.  36  • 22 

s .  Caterina siphon • 32 x 0 .76 • 26 

Average in round numbers • 24 

9 



From the formula 

I t  follows that : 

n • 

To illustrate the approximations obtained fro:r:i this method, the 

pr eoeding f ornmla is applied for eaoh value of �. Tm ; and ,l to 

determine the values of h0 (table III) for eaoh model of the differ­

ent siphons ulld.er investigation . 

Siphons  

Ca.muzzoni 

Table III 

T 
s : : m 

A :bm(om. ) : r,::-
; 20 : 2 . 66 38 .05 

10 2.6 1  37 . 97 
5 : 3.37 36 .71  

=n  

: 

n-' 
. n : 

- 24 - : ho 111 .:t hm:  
Tm ( cm . ) 

0 . 63 17. 7 
0 .63 12 . 0  
0. 67  z 9 . 9 : 

. . . . . . . . . . .. . 

Average 
he;, 

13. 0 

- - - - - - - - - - - - - - - - - - - - --- - - - - - - - - - - - -

Carron 

: 
s 20 2 7 . 37 60 .40 : 0 . 40 
: 12 : 7 . 33 : 60 . 6 9  o . 40 

8 I 7 . 45 I 60.07 0 . 40 

24.4 
20 . 4  

17. 1 
Z I : : : I 

18.3  

_ _ _  ,... _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 
: : : . : : 
, 25 : 4.62 : 3 3.00 0 . 73 50 . 5  

s .  Caterina s 15 : 4.96 31 . 00 0 . 7 7 39. 9 40 .0  
I 8 ; 6 0 90 : 3l e 80 C 0 . 75 32 . 8  

The application of the formula shown above gives only an 

approximate value for the types having the form and the dimen sions 

analogous to those used in the model. The preceding table shows 

that much c loser values of "n" a.re obtained for models in whioh 

ft " will have values  between 10 to 15 , inclusive . 

it'\ 



THE VELOCITY OF RISE OF 'mE WATER 

IN THE FOR.EBAY 

.A:n inspecti on of diagram B shows , as prev;i ously  observed, 

that the pr iming head increases with a reduction in  the priming time 

or, t hat which is  the same, increases with an incr ease of the mean 

veloci ty of rise  (V) of the water in the forebay.  Furthermore, 

diagram C shows that the equation h = f (V) is  linear. (Also see 

Hebert H. Whe aton,  Siphon - Spillway Models - Eng . News Record -

August 18 , 1932 . ) 

It was pr eviously stated that the value of' T0 (minimum) 

for the prototype should be equal to 36 , 60, and 32 seoonds, respec­

tively. Therefor e ,  the minimum pr iming he ads a.re respectively equal 

to 13 , 16 . 3 ,  and 40 cm. The _maximum velocities  of - rise  in the fore­

bay at which the proto types prime a.t the lllini:mum elevation are re­

spec ti vely equal to 3. 5 ,  3 � 05 ,  l2 o 5  mm./sec. These  quantit ies are 

relatively rare and s eldom oc cur in nature .  Generally, the s iphons 

in natur e star t at the minimum e levations . Only for rare conditions 

do_es the mean velocity of r is e  in the for eba.y exceed t he minimum limit 

which would create a. marked increase in the priming head . 

The equation ¾i = f (V) is graphically shown in diagrams 

c. From these ourves, the important values of the tangents hm /v • 

tangent Ym• 

When the value of tan y0 in th0 prototype mus t be deter­

mined , such values can be deduc ed through extrapolati on from diagrams 

D1 the.t r;ive the tan�ent ym as a functi on of il ,  or better from 

the diagrams D2 that expres s the log tangent Ym as a function or )� . 

11 



Having determined the minimum priming elevation, the priming time 

corresponding to that of the prototype,  and the value of the tangent 

Y0 , it is po s sible  to trace a di agram of  the type C even for the 

prototype g 

Furthermore, int ensive studies were made to determine the 

value of tangent Yo from a si ncle value of  tangent Ym, but these  

experiments have shown that a pr actical i'ormula. oann9t be  found that 

will  give data even of th e aocur aoy of the value of h0 as determined 

from a s inEle value of �- Therefor e ,  the value of tangent y0 ought 

to be deterruned from the r es ults of experiments which were performed 

on at least three different-sc ale  models  of the same siphon. 

CONCLUSIONS 

The results of the pr esent investigation confirm the knom. 

geometri c,  kinematic, and dynamic relati ons of simi litude between 

elements of the nodel and of the pro totype when quantities of the 

or i�inal which are to be determined from analogous quantit ies of the 

experi mental model are only a function of the elements that enter 

into the expression of the sa.�e relations g 

When this  does not o ccur , the r e lations ar e not applicable, 

as in the case und er investigation .  

For thi s condition, without doubt, there exists a special 

law of s imilitude ,  as for example that found by the se s tudies : 

12 
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This formula in the majority of cases should not be used 

because it gives questionable pra.otioal results of the e lements oon­

cerned o 

Therefor e,  the purer a.nd simpler system of determining re­

sults from experiments on as many different-scale models ( in this  

cas e ,  thr ee were sufficien t )  as  may be  necessary to arrive at  satis­

factory and pursuasive pr_aoti cal results is recomrnendedo  

13  
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. . Appendu IA. 
kperimeata oa Siphons ot the '7Pa Used on the "Camwsaoni aana.1• 

Soale 1 120 Pztiming heade 

1; : priming time h1 aud. h :; heads_ in am. 
- -- - - � · - · - . - -

t h'  h h '  h h' h- h'  . .  h h '  h h' h -- -- -- -- -- -- -- -- -- -- -- -- --
0,00 -
0, 10 0, 18 
0,20 0,25 
0,30 0,29 
0,40 o,33 
0,50 0,39 
J ,00 o,45 
1 , 1 0  0,59 
1 ,20 o,6g 
1 ,30 0,8 1 
1 ,40 0,92 

1 ,50 1 ,01 
2,00 1 , 1 2  
2, 1 0 1 ,20 
2, 20 1 ,30 
2 ,30 1 ,36 
2 ,40 1 ,46 
2 ,50 1 ,59 
3,00 6,50 
3. 1 � 6,50 
3,20 15,00 
3,30 1 ,00 

i-

- - - - - - . - - - - -
0, 14  0,24 0,82 0,20 · 0,20 0,3 1 0,30 0,30 0,40 0,40 0,70 
0,38 0,30 o,54 0,28 0,46 0,45 0,75 0,50 o,90 o,�5 1 ,25 
0,59 0,36 0,80 0,34 0, 79 0,56 1 ,20 0,75 1 ,50 1 , 10 1 ,90 
o,8o o,44 1 ,02 0,44 1 ,09 0,80 1 ,45 1 ,.10 1 ,90 1 ,80 2 ,40 
1 ,00 o,6o 1 , 23 0,59 1 ,36 1 , 1 4  1 ,8o 1 ,30 2 ,40 16,0 a,95 
1 ,20 0, 70 1 ,43 0,77 1 ,6o 1 , 75 2,20 8,oo a,85 0 
1 ,40 o,88 1 ,64 0,93 1 ,82 7.00 2 ,45 16,00 2,70 
1 ,58 1 ,00 1 ,85 1 ,09 2 ,07 1 6,00 a,80 1 3,00 1 ,20 
1 , 7 1 i , 1 3 2 ,o6 1 ,27 2 ,28 4,5° 1 ,00 2 ,00_ 0,30 
1 ,86 1 ,26 2,2 7 1 ,44 2,50 2 ,00 0,40 0 0 
1 ,98 1 ,42 2,45 2, 1 0 a,7a 0,00 0,00 
2 , 1 2  1 ,50 a,70 1 6,00 2 ,45 
2 ,26 1 ,6o 2,65 14,30 1 ,00 
2 ,39 4,00 0,77 . 1 ,30 0,20 
2 ,51  15,00 0,40 o,oo o,oo 

2;66 10,00 0, 10 
a,65 5,00 o,oo 
2 ,6o 0,00 
1 ,05 
0,30 
o,-

• . mm_ ••l�ci}jz-.t-riie .  in forili.j-" {llllil l iltiil 
I 0, 16 I I �-�2- L · I 0,25 I 1 - 0,35 I I 0,47 r I 0�59 I 

:"fAl.M. f �J hw . l = 2 ,65 X 20 = 53,00 cm . --- ·• -- -- - -

--
h' ,, -- --
- -

0,50 o,11 
1 ,00 1 ,65 
1 ,50 2,25 
1 6.s 3,05 

0 

. 

. I 0,76 

- · ·-

• 

' Appadlz D. 

. ' 

Slphou of'. the '7Pa Used oa the "Oamuszoni Oanal" 
Saale 1 :10 Priming heads 

t ·• priming time - . -

0,00 
0, 1 0  

_0, 20 
0,30 
0,40 
0,5� 
1 ,00 
1 , 1 0  
1 , 20 
1 ,30_ 
1 ,40 
1 ,50 
2,00 
2 , 1 0  
2,20 
2,30 
2,40 
2 ,50 

J 

,. . 

0, 10 
0,20 
0,37 
0,58 
0,74 
o,89 
1 ,04 . 
1 , 1 2  

1 ,24 
1 ,34 
1 ,48 
1 ,76 
2, 10 
3,14 
3,20 
3,3° 
9,00 

h 

o,33 
0,67 
0,99 
1 ,29 
1 ,6o 
1 ,90 
2 ,16 
2,40 
2,55 
2,64 
2,70 
a,8I 
2,8o 

. 2_, 75 
;z,70 
2 ,64 

h' 

0, 1 1  
o,35 
0,50 
0,70 
0,90 
1 , 10 
1 ,6o 
2,00 
2,40 
i,8o 

. 3,00 
3,5° 
9,50 

. 8;00 

,. 

0,40 
0,90 
1 ,20 
1 ,63 
1 ,95 

. 2,22 
2,40 
2 ,6g 
2,80 . 
a,87 
2,30 
1 ,7.0 
0,90 

,,. ,. 

0, 1 2 0,50 

0,40 1 ,04 
o,6o 1 ,45 
o,86 1 ,91 
1 , 1 1 2,33 
1 ,29 .2,64 
1 ,6o ;. 2 , 74 
2,05 '.· "2,93 
3,o8 . _ a.g8 
3, 1 7 . 2 ,00 
3,32 0,80 

. � 9, 70 . 
2,00 

2,,!jll 
i. -� 

,,. 

0,20 
0,46 
o,8o 
1 , 1 2 

1 ,51  
2,23 
4,6o 

10,52 
1 ,33 

h 

o,66 
1 ,30 
1 ,90 
2,47 
2,75 

. 3,07 
3,I8 
1 ,73 
1 .00 
0,5 

,.. 

0,20 
0,50 
0,90 
1 ,30 
1 ,8o 
3,00 

10,6o 
1 ,40 

,. 

0,80 
1 ,6o 
2,30 
2,70 
3,10 

3,30 
1 ,00 

--),;� tal�aitz: or· ri�e iii f'o��1,'7· t� ? __ mTr ....... ---.---• 
I o,:u · 1 _ I 0;29 · I . _. I 0,33 l . r 0,46 '  r

=
· , I '?·�S 

-erai .. • , .. � A = 2�1 X JO = 28, 10 cm 

• 



Appendix I 
Experiments on Siphons of the Type Used on the " Camuzzoni Canal" 

Scale 1 :5 Priming head 

t = priming time h1 and h heads in cm 

Note : 

. . 

I I, '  " I, '  Ji Ji'  Ji I, '  " 

o,oo .  - - - - - - - -
0, 10  I , 1 2  1 , 20 1 ,30 1 , 27 1 ,50 1 ,40 1 , 78 2 , 1 6 
0,20 1 ,62 1 ,90 1 ,90 2 , 2 2  2 ,38 2 , 52 2 , 35 3 ,60 
0,30 1 , 70 2 , 32 2 ,05 2 , 7.'i 2 ,55 3 , 2 7 3 ,00 4 , 7o 

0,40 1 ,83 2 , 72  .? , 20 3 , 22  2 , 70 3 ,91  3 , .'i5 5,03 
0,50 2 .00 3,02 2 ,35 3 ,60 3 ,42 .1,26 4,35 4 , .'i5 
1 ,00 2 , 1 6  3 , 1 7  2 ,47 3,75 4 ,00 4 , 1 0  
1 , 1 0  2 ,25 3 ,22  2 ,65 3 , 7° 
1 , 20 2 ,35 3,37 2 , 70 3 ,60 
1 ,30 2 ,36 3,3o 2 , 70 :u8 
l ,40 2 ,37  3 ,  I 5 

1 ,50 2 ,42  2 ,97 
2,00 2,43 2 ,80 
2 , 10  2 ,43 2,69 
2,20 2,42 2 ,47  
2,30 2 ,40 2 ,35 
2,40 2,40 2 , 25 

2,50 2 ,40 2, 1 7 

Mean _.veloci tv ot rise  in tore:bay ( ID!Il I sec ) 

I I 0,4 1 I I 0,63 I I 0,85 I I 1 , 26 

' 
""' · ,_ X 5 = 1 6,85 cm Val 11t1. of" 

= 3,37 

The priming time required to attain the 
the model requi res but an instant . Thi s 
of h1 '"1"8 always less tha.n those of h .  

maximum, fully primed discharge ir 
explains why the measured values 

Appendix IIA. 
on the "Carron" Experiments on Siphons of the Type Used 

Scale 1 :20 Priming heads 

t - priming time hl &nd h :  heads in cm. 
. t Ii ' 

0,00 -
0, 15 -
0,30 o,94 
o,45 -

1 ,00 2,23 
I,  I 5 -

1 ,30 3,00 
1 ,45 -

2,00 4,53 
2 ,  15  -
:.? ,30 5 ,36 
2 ,45 -
3,00 6, 10  
3 , 14 -
3,3° 6,80 
4 ,47 7,47 
4,3° 1 2,35 
4 ,3° 1 2 ,35 
5 ,00 l :! ,35 
5 ,3° -
6,90 -

I 

Ii II '  Ii Ii ' Ii Ji '  

- - - - - 0,50 
- - - - - I , 00 

1 ,00 1 ,40 1 ,50 1 ,85 1 ,95 2,30 
- - - - - 3,00 

2 ,33 2 ,54 2 ,83 3,00 3 ,5° 4 ,35 
- 3, 1 8 3,67 4 ,42 4 ,42 . 5 , 1 9 

3 ,47 4 ,33 4 ,33 5 , 1 2  5 ,  [ 2 6,0l  
- 5,o7 5 ,o7 5 ,85 5, 85 6,60 

4,33 5,63 5,63 6 ,5 1  6.5 1 7 ,4o 

- 6, 1 3  6, 1 3  7 ,3° 6,92 . 1 2 ,22 

5 ,36 6,63 6,63 7,90 7 , 20 
- 7 ,22  7,00 1 2,30 7,-/2 

6, 10 7, 7° 7,w 
- I l, 1.0 7,4° 

6,80 I '.2 ,20 7,20 

7, I 7 l l , 2 0  6,93 

7,37 

7,37 
7,00 
6,60 
6,oo 

mean YeUolty of' rlaa in roreiay \ DIil  
-

I 0 ,27  
r 
I V&l�e 

I 
ot 

- - -

0,38 I I 0,45 I 
:,, 1 1 . A  � 7,37 >..: .!O ;._;: 147 ,40 C.: 1 1 1  

" Ii '  " 

0,50 1 ,33 1 , 33 
1 ,53 2 , 25 2,33 

2 , 50 2,85 3,50 
3,42 4 ,.50 4 ,5° 
4,3.5 5 ,5° .5,50 
5 . 1 9  7 ,33 6, :l:l 
6,0 1 7, 1 ·2 7,00 
6 ,6o I 2 ,20 7,-17 
7, 1 .5 

7,44 

' 

I 890 } � 
I 0,55 I I 0, 7 1 



- �  
' � l  ' ' 

· 11" ; . . :.:· ·t · 

. .  

I 

0,00 
0, 10 

0,20 
O,]O 

. 0,40 

0,50 
1,00 
1 , 10 
1,20 
1 ,30 
1 ,40 
l,So 
2,00 
2,10 
2,20 
2,30 
2,40 
2,50 
3,00 
3, 10 

3,20 

3,3° 
. .  ' '  

Appendix IIB. 
lb.perimeata on Siphou ot the ·type Used on. the 

Scale 1 :12 
" Carron." 

Priming heads 

hl and h _a heads in cm • 
. • 

,, . _,, ,, . ,, ,, . ,, ,, . ,, ,, · h 

- - - - - - - - - -- 0,49 - - - o,6<) 0,50 o,75 o,66 o,75 - 1 , 18 - - - 1 , 78 1 ,00 I ,OI) l ,OI) 2 , 1 1 

o,88 1 ,99 1 ,61 2,72 1 ,94 2 ,83 2 ,83 3, 28 3,20 3 , .;8 
-'- 2 ,72 - - 3 ,24 3,87 3,5° 4,37 4,4 1 4,72 - 3;24 - - - 4,09 4,64 4,87 _;, 18 5,32 5,58 

4,6(; 3,71 4,4° · ·4,74 5,27 5,2 7 5,58 5, 70 6, 1 3  6,24 - 4,29 - - 5,57 5, 79 5,92 6,2 7 6,7 1 6, 76 -4,76 5 ,87 6,22 6,35 6,75 · 7 ,39 7,28 - - -
5,o8 5, 12  5,91 6,04 6,44· 6,63 7,42 . 7,22 8 ,33 7,71 
5,28 5,5° 6,31 6,34 9,00 7,o3 20,00 7,67 20,30 6,56 
5,5° 5,84 6,68 6,6<) 10,00 7,37 - 7,4 1 - . 5,78 

5;67 6,o8 . 7,oS 6,gS 20,50 7,57 - 6,67 - 4,78 
6,50 6,27 7,5° 7,3° - 7,50 - 5 .87 -
6,72 6,49 . 8,oo 7,50 - 6,oo 
6,93 6,77 . 20,50 6,25 - 4.67 
7, 1 7  . .  6,82 ·  - 5,33 
7,33 6,93 
7,5° 7,04 
7,67 7, 14 
7,90 7,23 

20, 1 7 7,33 
: 

.Mean _velocity of  rise in f'oreba..Y \ DIB  _ /  seC J . ,  
I 0,35 L . ·  - I 0.54 _ ·1 0,63 I I o.n I I 0,84 I 

. f"Yafll.LJit·� hm . l. = 7,33 X 1 2  = 87,96 me 

lhperimenta on· Siphons of the T7Pe Used on the 
Append.ix IIO. 

"Oarron" · 
Scale 1 : 8 Priming heads 

t = priming time h1 and h :  heads in cm. 
I ,, . h ,, . ,, ,, . ,, h' ,, Ii'  h 

0,00 -· - -- - - - - - - -
0, 1 0 - -- - - - - - 2,00 - 5 ,00 
0,20 - 1 , 25 - 1 ,6o - 2 ,30 - 4 , 21_1 -- 8,80 
0,30 - - -· - - - - _; ,!lo 22 ,on r-2 .50 
0,40· - 2 ,(,0 - 3,35 - 3,4° - 7,60 
0,50 - -· - - - - - 1) , 00 

1 ,00 - 3,7° - 4,5° - 6 ,05 23 ,00 1 0 , 1 0  
1 , 1 0  - -- - - - -
1 ,20 - 4 .(,5 - 6,oo - 7,3° 1 ,30 - - - - - -
1 ,40 - 5,80 - 7,00 22 ,50 8,20 
1 ,50 - - - -
2,00 - 6,40 - -
2 , 10 - - 2 l , - 7,7° 
2,20 - 7,00 
2,30 - -
2 ,40 - 7,4o 
2,50 23,00 7,45 
3,00 - -
3, 10 - -
3,20 - -

:ifaan valocl ty-0% r1 sa 1n :lioreDay \ mm  I 880 ) !  ,) 

I I 0,44 I I 0,59 I I 0,82 I I l , ,'i5 I I 4 ,5° 
' "  

Value ot ""' · ).  =- 7,45 x 8 � _;9,60 cm 
. .  = . .  



Appendix IIIA. 
hperimente on Siphons of the T71>e Used on the " s .  Caterina" 

Scale 1 :25 Priming heads 

t • priming time hl a.nd h :  heads in cm. 

0.-
0, 15 
0,30 
o,45 
1 ,00 
1 .  1 5  
1 ,30 
1 ,45 
2,00 

2,  15 
2 ,30 
2 ,45 
3 .00 
3, 1 5 

h'  

1 ,50 

3 , 1 0  

4 ,5o 

5,55 

6,70 
20,50 

I, 

2,50 

4, 3° 

I, ' 

1 ,02 

2,00 

3, I 7 
4 , 33 
5 , 1 7 
n. 1 2  
6 ,50 

20 ,00 

I, 

o,So 
1 ,83 
2 , 37 
3 ,3J 
3,90 
4 , 30 
4 ,67 

-1.85 

h ' . 

1 , 25 
2 ,4 2 

3 ,50 
5, 00 

5,92 
6 , 67 

2 1 ,00 

It 

0,83 
1 ,85 
2 , 75 
3 ,-t8 
-l, 15 
4 ,67 
-/,()0 

I,'  

1 ,(,0 
3 ,00 
-t ,33 
r,.r,7 

2 1 ,00 

h 

0,92 
2 ,08 
3 , 2 5 
4 , 25 

./,():! 

-
M11a.n velooitv o f · rise in foreba:v ( mm / see ) 
I 0, 29 J I 0, -10 I I 0.-1 7 I I o.r,r, I 

It' 

J..'j0 

r,.Ro 
.? 1 , _;o 

It 

'2,00 

I I ,  I I  

.,.-Ve. l .U A  of� :  /,Ill . I. = 4, 8 2  � 25  = 1 20,5 cm 
==-=·=- ==-=�====� 

Appendix I IIB. 
Experiments on Siphons of the Type Used on the "S . C1;1.terina" 

Primi n6 heads Scale 1 : 15 

t • priming time hl and h = heads in cm. 

I h'  It h' I, I, '  I, I, '  I, It '  It It' I, I, ' It 
-- -- -- -- -- -- -- -- -- -- -- -- -- ,_, __ --

0,00 - - - - - - - - - - - - - -

0, 1 0  2 ,50 1 , 1 0 .V\O 1 , 80 -t , lio z , 5 5  - - - - r,, 5o -j , 1 1  3,00 � - 7-1 
0, 1 5  - - - - - - 5 , 3 , 85 7.- 5 , - - -

0, 20 4,00 2 , 30 5,00 3 , 20 r,, .5o -1 . -10 - - - 24 , - r,.9ri 
0,2.5 - - - - - 8 , - 5, -10 .?_:; .- fi,5' 
0,30 4 , 75 3,00 _5,_'j0 4 , 20 7 ,00 5 , .15 - - -
o,35 - - - - - -

I i, - 5.()() 
0,-j0 .'i , 1 0  -t,80 r,,oo 4 , 70 , r,.- 5,5o 
0,-15 - - --
0,50 5 .50 4 , 20 r,. 5o 5,00 
o,55 - - - -- ' 
1 ,00 r,.oo -l ,50 7 ,00 _'j , 1 0  

1 , 1 0 - - 1 5 ,00 5,20 

I , 2 0  - -
1 , 30 7,30 -t ,Ro 
1 ,40 - -

1 ,50 - -

.! ,00 1 5 .- -/,()5 

Mean velocity of  rise in forebay ( am  I sea ) 

I I n, .1 1 I I n, ,·1 I I 1 , · 1 5  I I I , 1 I I I .? , l ,n I I .1 .. , s  I I • 1 , 7  I 

Value o f  h,1 1 , i. � -l , ' )5 ;( 1 5 ,., , 2 5  \.'Ill 

' ---:---=-·--::=- -



Appendix IIIC 
hperimenta on Siphons ot the Type Used on the "S .  Caterina" 

t = priming time 
.. - ·  
I h '  h h '  

o,oo - - -
0, 10 - 2,20 -
0, 1 5  - -- -
0,20 - 4,00 -
0,25 - - -
0,30 - 5,38 -
o,35 - - -
0,40 - 6, 10 28 ,-
o,45 - - -
0,50 -- 6,48 

o,55 - -
t ,_00 - 6,6o 
1 ,30 26,00 6,90 

. ,  
,· · 

. h 

-
-

4,85 -
-

7,30 
-

7,65 

Scale 1 : 8  .Priming he&de 

h1 and h = heads in am 

h' h h '  h ,,. ,, 
- - - - - -
- - - - - -
- 6,05 - - 30,00 II,60 
- - 3 1 ,00 9,98 - -

29,- 8,52 

Jleau velooit7 ot rile in toreiay (mm I aec ) I 

I I 0,77 I I 1 ,91  I I 2 ,81 I I 4,99 I I 7,73 

Val11e . or h111 • ). = 6,90 x 8 = 55,20 cm 

Pa4ova May 1934 XII 
DR. ING. ALESSANDRO VEROXESE 

... 




