
Since hi n.Vi n Ci

then follows the principal equation :

d2z dz dci 2 C
----- + — . — + — + — + — = o
dt2 To dt T2 To dt

>/ AL
The values n and T =

a.g
T L

and To = —

n n.g

(23)

(24)

dz
s

dt

are times with regard to their dimensions. Starting with 
this principal equation, we may investigate the different 
cases as follows :

III. Special Cases.
Case A.—Sudden Shut-down.

Preceding a shut-down, Q, cubic feet per second 
flows out of the surge tank. During the normal condition

0.
in the main conduit, the velocity = Vi = — wherefore

a
9 = Q>- The water surface in the surge tank is h, feet 
lower than the static level n — n. The time t is measured 
from the beginning of the shut-down, therefore from 

= o, 9 becomes *q if « is the proportion of the steady 
flow subsequent to the shut-down in relation to the flow 
preceding the shut-down.

After the sudden shut-down, the following phenomena 
occur in the surge tank : 
variable velocity until it reaches a maximum height. 
When the highest elevation is reached, the 
ment occurs. The velocity increases as the water level 
recedes, then decreases until the lowest level is reached, 
after which an ascending movement occurs but to 
what less height than before, and so on, until the normal 
conditions with the constant flow «.0, become established. 
The movement of the water level belongs in the category 
of the damped oscillations.

(1) Analytical Investigation.—The formula (23) for 
this case, under the condition that

9 e9

t

The water surface rises with

reverse move-

a some-

dc
= a constant (— = 0)c = = 'C i (25)A A dt

becomes
d2z 1 dz
--------b------- + — + 6 —
dt1 To dt T To

Ci

(26)= o

and consider thatL dv
— .------b z ± h = o
g dt

ns)

s wh*ch the plus refers to the velocity from intake to 
^rge tank and the minus sign for the reverse movement, 
jj We now introduce for h a function, the value of which 

tae same sign as v, then the double sign may be 
°Pped and the whole movement may be represented by

the equation:
L dv
— ■----- 1- z + h = o
g dt

(16)

fro second fundamental equation may be developed 
Vo£ 1 le condition of continuous flow, that is to say, the 
e]en °le water which flows to the surge tank in the time 
voij601 dt must be equal to the sum of the changes of 
of t]0'6 ln the surge tank and in the volume flowing out 

le tank at the same time

v-a.dt = s A dt + q.dt.
= As + q = A(s + c)

Tj
e questions which are of principal interest are : 

the sSt H°W is ,the movement of the water surface in 
ditnen'1-"6 tanb regard to time affected by given
given °nf. °f the main conduit and the surge tank and 

conditions as to overflow?

(J7)a.v

agree"*1- What dimensj°ns must the surge tank have to 
°Utfloiv!V1- 1 &*ven conditions as to the main conduit and 
not ev ’ ln OI"der that the fluctuation of water level does 
dons? T? certain. amounts, determined by local condi- 

ie following cases will be investigated : 
a) Sudden partial or entire cessation of the outflow. 

) Sudden starting of the outflow.
in» js} gradual cessation, or starting, variable outflow- 

8 Editions ; and 
L ) Influence of a spillway built in the surge tank. 

Consta I ormulæ will be developed in the first case for a 
assUmnf- ScCtl°naI area of surge tank, and under the 

j P 10n that h is proportional to v, i.e., h = n.v.
CaSes k? shown that it is possible to investigate all 
8:raPhic-Ln°r<llag t0 3 uniform method, analytically and 
of darn ^’ With the assistanoe of the well-known theory 
Miich and forced undulations. A he inaccuracies
Action!"811/- because h 15 proportional to v2 and the cor- 
tUeth0c] W.?lch must be applied to the results of the first 
tying Wl 1 ,;)e shown in the final study. With the simpli- 
equati0 S®uraPtions already mentioned, we get from

n l1?)
dv A ds dc
— = (— + —1
dt a dt dt

Th'd'vidçj1^ aPPlied in equation (16) and the whole equation

ds dc
-----(19), we get — + — 4- — + — =

a dt dt T V

The

A
v ~ —(s + c) (18)

a

L A h

g
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direction of an increase of l, contrary to the first instance, 
in this ds n.A

--- + ------
dt T. a

n A dcz
case we get the equation . c + — =0 (20). 5 + --- +

Ta dt
L dv

--------------- h 2

g dt
Tor any case we may combine both equations into a 
amental formula :

(14)h — o If we introduce as an abbreviation :

T. a
To = (21)fund

n . A

y/.*c£.ti
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