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Air Guahion Surge Tank $o a cloccd outgo tons uhich 
worko on tho principle of comproodibitity of ga0000  thcn air 
volume incrooac3 in the chcnbory the praoauro dccrociaco by 

a curtain extant and vice ucroop following aamo definite, 

ruloo. 

The Importance of outgo tanks and the methods for 

eliminating them from high hood pionto are briefly diocucood,w  
The role uhich the air cushion outgo tanko arc likely to 
play in the coming. docadoc Io onplreincad In short,, 

The conucntional typo outgo tanko via. , simple$, 

roctrictod ori?ico0  differential end opociol typoo hove oZoo 

boon diocu3ecd briefly„ 
Air cuohion outgo t mnko  Ito princip o,, mdvcntcga 

and dio mduant ogos etc. 0  are d ocuoocd. A hiotoriccl rovic u 

of this dovoiop ft boo oleo boon givon. 

A tranuient floe enalycic With dietributod paror,otoro 

and lumping the ouno he Ohoun that the me nitudo of the 

ohort term surgee does not dopend on the initial voluno of 

air in the ch bpr and th ,t it is only a. function of tho tC-

oiotcnco to flow at the entrance to the ch ber. hence the 

oizo of the cntranco orifico of the chcmbor otty decide 

the attonucting choractorictice of the air chtmbor.Though 

it hoc not boon poocibio to find the exact air bohauiaur 

In tho chubor 0  it 000mu that the sit chamber behaviour Lai 

X► 
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poiytrop .a and the value of the exponent in' lice botwoon 

those of edjobotic cnd isoth erne.. 

The hydraulic des gn of the Air Cuohion Sorge Cheoborp 

daoumptionap ltfttationa etc*  have been dLaauoocr and the 

critical bran of tho Air Cuohion Surge Tank .Pound out, 

The prototype behaviour of the Air Cuohion Surge T csik 

provided at Drive Power PLQnt in Norway Ia highlighted, The 

Salient features of the proJoota  the r0000no for providing 

the air cushion surge tank, the behaviour of the air chamber$  
prscticci probiamo encountered etc0  are diocu000d In brief. 

economic evaluation of a ocheno with Air &uahion 

Surge Chcbor is a tcrmptad. Relevant date hoo boon token. Prom 

tho recently commissioned Idukki Hydro-aiectric project of 

Kerola State, The Waterr Conductor oystc wan rci Odo .iod to 

cult the air cushion ourgo Chrmbor * The onalyolo hoe indicated 

that there will be much economy if thin novel ida,a of oir 

cushion surge ahunbar In adopted. 

Concluding rcmarko end the ouggootiono for future 

research work form the loot tun chaptoro of the diooar•w 

totion„ 

. 0 • 
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4 outgo tank adto as cc rcaoru6.ir rolocoing onorgy 
for mooting the imc od , otc doc-crd of to rbinoo at sudden g ato . 
opcning o and for transforming the kinotic onorgy to poton.t l 
at closure, and thereby reduces the amplitude of the pressure 
avcc. Tho waves are partially rofle tod by the Surgo. Tcnk0 
which therefore protects tho hoodrcio tunnel offectiuoly, 

The groat number of scientific poporo dealing ui h 
surge problems .n recant y oaro are ors► indication of the 
growing tmportenco of the surge tacks In modern hydra electric 
projects, Conventional typo surge tonne ore most popular nDu-
a dgyo. But so~rotimeo such a development becomes too costly 
and creates technical probl=oo Hofco In a flow owes the outgo 
tank has been eliminated from the oyotcm by increasing the 
flywheel moment, the rospona a time and the constant InortLa 
of the pipe line and by introducing minor pouor rootriQtiono,! 

Slowing the closure of guide voncøhowovor, d000 not 
always completely sal ve the problcn since, In the case of very 
long penstocko% the unit may ro h full run-away spocd otter 
ohodding the load. A substantial incrocoo In the regulation 
,Imo of hydraulic units connected to the pouor cysts is 

cocopt bl o In princ ipio0 but requires proper Justi `icoticn 
In oath coso in ardor to provide the nccc98ory run up to 



power and dyncnic stability of the sate In the oyct , In 

addition tho operating conditions of the acct should be 000000cd 
each time when it Lo di000nnoctoo from the not work# kc pLng 
In mind the fact that such dicconnoction will oluoy© entail its 
wakes a big spurt into speed of rotation* 

Idle d ochorge hod boon previously uao to reduce 
the water humor offecto, In prcctico o this solution is some. 
tLmc unreliable duo to non...oponing of the pressure relic? 
valves etc. c nd result in water 1ooeos, It is a fact that the 
idle discharge Value doge not open with load build up in the 
unit and conooquontly there is some times a rink of relatively 
big magnitude of water h oor proeuuroc. In such +shoe, water 
tightness is also a reel hoodecho. 

Provisionof Air Cushion Surge Tanks for hydro electric 
plants is a novo . ideo. which roquirco more attention on the 
part of water resources cnginooro, Thi,o technique is still in 
its infancy. Drive Power Plant In Norway is the only power 
Station functioning with an Air Cushion Surge Chamber at 

present. 

i Cushion Surge Tank has got a bright future and 
may coon become Very popular for underground developments, 
because of its inherent edvontogo of economy as well co quicker 
damping effect. Air Cushion Surge Tanks may be suitable for 

high hord pouer projects like F tnnar Hydra~•Elc- trio Schc o 
in Korol a State and DibL . 8okhri h akth an tunnel under Pcrbati 
Hydro »C&actric Project (St a.►IZ) in HLinochcL PrgdoohUhOro 
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underground power stations are proposed. It is highly desirable 
that a Pew hydro electric schemes in the country are provided 
with Air Cuohion Surge Tike, Then only the complexitice in-

volued In various aspects of this now technological douolop. 
mint will be clear to Engineers*  which will load to a now are 
In the history of hydro-Power DouoZoprnant 
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JQ'3 OL..jXPE SURGE_ I rjKL 

2.1.  DEER 7 ON 

A Surge Tcnk or a surge chamber is on arttUctl  
rosorvoir introduced aping the proosuro conduit oyotcm at a 
oultoblo point upstream and/or dounctrocn of a hydro pouor 
station ?ad by a long proosuro conduit, The oscillations of 
the water levels in the ourgo chamber duo to change in goads 
are damped by t o frictional rcoiatcnco in the conventional 
typo Surgo Chamber. 

2.2,aCCES  Zt -  

In Hydrd•Clactric inetcllationo 0  uhoro the water to 

brought to tho machine by bong preaouro conduitoo  considerable 

inertia effects arise from the largo mass of water in motions. 
The moon to of ouch mognitudo that conoidarobI force to 
noccocary to colorato or retard it, 41en the flow in a pipe 
line changes abruptly by operation of dounotre i control do- 
vice, the dynamic energy of the water is converted into oX cotic 
energy and a oariao of poaitivo and negative short period 
procouro waves travels back cid forth in the pips until they 

arc damped out. This is known co uaton haamar and r oy induce 

considerable atraapan in the conduits. The propagation of 

the waves into a ho odree o tunnel, particularly cencitivo to 
thie typo of waves may cause serious problams9  Water hammer 

offocta will result oven from partial load changes#, if the 

resulting turbine guide vi  movements are rapid, which is 

000cnttal. to check andacirabloc peed rise. 



J 

The prcocuro riaa r cauiting from uotor he aor on 
ouddon cloouro of turbine guido vanes can bo limited by tho 

Uao of relic? vat»uoo , o aimiler similardouiccs9  but they cant help 
In a colorcting the water column on incrocaa of load i.e, on 
opening of the guide Vance, 'home?oro , in a long proncuro 
conduito oyotwo  itfrequently becomes ncccscory toIntroduce 
a cue chnnbor at a ouibabl a point. 

2 3. OS1!t?M5 

The function of a ourgo tcrsk .io two fold, Eirotly 

the Pressure Conduit connecting tho turbines to the rcooxvoir 
is expediently interrupted by the tents to Intercept the 

pressure wouce due to uatcr humor at the frog water our'cco 
thoroby oxcapting the prc ouro tuanol from axc000iuo proaaurco. 

Secondly 9  the curgo ch bor ocruo ► as a otorajo tank in the 
ceeo of load rejection end a oaurco of water supply in case Of 

load dcm and. t ith a reduction or rejection of - load the Surge 

Chamber act$ as a relioP valve In which the main conduit flow 
Lo portly or wholly divortod, The water level In the Surge 

Chcrnbor 9  therefore, nicea until it exceeds the level in the 

r apin roe uoir, thus retarding the main conduit Plow and 
absorbing the o urpluo kinetic cnor9y. In case of starting up 

or on ,ncroaoing load$  the chamber ecto as a reservoir to 

provide sufficient water to enable the turbine to pick up 

their now load safely and quicklyg  and keep the► running at 

the increased load until the water level in the ourgo tc k 

has Pollen baiou the original level thereby creating sufficient 
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head to coloroto the PIou 01' wotor In tho conduit unt 
it LO outticicnt to moot the ncu demands 

2.4. . LC.S 	C©i15.JUE~ . Q S 

2,4.1., surge Tmk Arco 

To cnouro tho hydraulic otcbility off the ourgo 
tank, Ito area should bo governed by Those criterion. ftcord. 
Ing to. Thoma the minimum area of the surgo tc k is gluon by 

- the equation. 

sa 	 • 	
♦ e u 	(2.1 

f5• u%0 

Whore 
Thoma oroo of Surge. tank In cue 

No 	c of hood on the turbine In motrco4 
~. 	a L ngth of the hocdrcoo tunnc In actroo. 

r 	= velocity of Clow In the hood rcpo tunnel 
► metros per second, 

a Friction coo?ficjcc t ouch that h, 	t s 

In Cquation.21 minLmum Voluo of P ahould bo usod. 

I? the power station is always to operate in a grid, 
the stability effect of the grid may be token Into eccount 
and the area of surge tank to that cacti may bo uorkcd out rc 
?oUUo w I 

' 	" ¼h (1 - (3/2) (i- K1)) 	4. 	(2.2) 
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Uhoro 

Roo of au3rgo tank 

rotia Of total you or g cn or at ad by the 
of otiOn to that Of grid,. 

the area of aurgo chamber given by Eq,2.i and 2,2 
is tho thoorotieel minimum, it io usual to adopt a certain 
factor of aa&otyp The usually recommended factoro of oafoty.  . 
arm 2.0 for aj,mplo ourgo tank and 1.6 for ra tr oted orifice 
and differential ourgo a ka, 

.4,,2 Computo#;ion of Surge hoighte; 

The ourgo tcyk ohou4d bo daaignad to Ccommødto tho 
,maximum and minimum wator lcuola anticipated under worst condi-
tiono„ Normally tho t orct conditiono to bo conoidorcd for mar, •• 
mum upsurge arc the Pallouing ; 

(a) Simple loci avenge a Full load rejection at maximum 
reservoir level, cs uniing minimum ?radian In the 
prcoauo tunnol ( Example 1oQ to o/) 

(b) Combined load ch go ; Specified maximum load cccoptanc 
followed by full lead rejection at the Instant of maxi.. 

mum positive velocity ( flou from the rocorvoir towards 

ourgo tank) in the ha&raco tunnel at highest roaar•+ 
voir level. This condition should be tooted both at 
minimum as wall as maximum friction In the conduit 
E zmplm O 1OO UQ ) 	load epaoptanco 10 

permute )* 
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For getting the OinJ.urn dounGu go loyal the follow. 
Lng worst conditions should be conoidorcd: 

n 	Simple load change $ Spacif od maximum load accopt nnco 
*3t load or 3pooduho..l0,ad condition at the minimum 
z,osorvoir lcvol i euming moximura friction in :tho con-
duct ( Examples JD%- %. or 50 *"100%9 if Specified moxi. 
Mum load acceptance .f a 6O), 

b) 	Combined load change * full load rejection at oinimum 
reservoir love, followed by specified maximum load 
acceptance at the it of nco of maximum no; oU .vo velo-

city In hcadvaco tunnel ( flow fr n surge tank touarde 
the rosorv4 v), Thio ohould be tooted both at rims 

and oa.timurn friction In the conduit (Example 90 ; -U - 
f+7 ) O 

2. B9 wLE!  PT _SUFL E T t~ ~t (8 

2.6,1, Simple Surge Tank i 

The most ample typo of Surge Chc bor is a plain 
cyl*ndric shaft or tank (FLguro 2.1. It JO usually conncc-
tad to the pr©acur o conduit by a short connecting conduit or 
pOttD the or ec of which is equal to or groator than that of 
the proesuro conduit. The di otor of the shaft is governed 
primarily by the naccocity of making the area sufficient to 
ensure etebility and eacondly,p by the flccoocity of keeping 
the purge uithin roaaonablo limits of + mpUtude It Will be 
found in g+ erol that stability idil detormino the dinotor 
for low hoods with Short conduits while limtatLon of surge 
amplitudes uiUU govern those with high home and long conduits. 



MAXIMUM UP SURGE 	j 	- 

SURGE TANK 

MINIMUMUM DOWNSURGE 
VALVE 

HEAD RACE TUNNEL 
PENSTOCK 

2.1. SIMPLE SURGE TANK. 

E SHAFT 

As 

'IG 
SHAFT

CAT- ~ 0r 
JG SHA 

A t —.-- V 	 V~ — 

4 
Flr: 2. 2 b 

A-- 	—.- 1 

)RACE TUNNEL 	FIG: 2.2a 

FIG. 2.2 . RESTRICTED ORIFICE SURGE TANKS. 
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The ection of the wimple curgo ch bor is sluggish 
cc compored to othcr typos ,► Tho si ►pJo tank requires gCeetor 
volusno end is More oxponoivo. but it io idooi, cc Par as  aese 
of 9av''rning is conctrnad in that the hood changco are co 

gradual that Oven a very slow +Dung governor has no difficulty 
In foilo+iing tfo. chcngaa of .pressuro. 

„5,2fRestricted Orifice Surge Tank 

The main feature of the restricted orifice or 
throttled surge trek is the provision of o restricted orifice 
installed In b€ twocn the conduit id the tank, the object of 
th© orifice is to create an appreciable friction loss when tho 
water is flowing to or from the tank. Schomatic aketchoo of 

such types pt curgo chambers are ahoun In FLg6k.2.. 

When load i.e rojoctod by the turbino the ourpluo 
water pasaoe through the restricted Orifice and ilamodi©toly 
a retarding hood equal to the Ieee due to the rootrictcd 
orificee is built up In the conduit. Under conditions of low. 

eocoptco by the turbine, the orifice tends to develop 

i accoborating hoed in the conduit more quickly than It would 
be developed in a njinpbe surge chamber. 

As the magnitudes of Surges Mainly depend upon 
the resiotomce oIfored by the orifice, It Is aoocntial to 

decide the size and shape of tho orifice. 
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The discharge through an orIfIco to given by 

the formula 

Qor Cd 4o 	hob 

or 	hot 2 	 ,,....,.. ..~. o. o . (2s4} 
Cd . % 	2g 

1htro' 
1,, 	a Area of the oriftco 

Cd 	o Coefficient Of dicchorgo# usually 
vanes between o.6 cnd 0.9 

h 	z hood 1000 through the orifice 

`cat 	discharge through the orSfico 

There ore tote criteria for fixing the area of the 
orifica0 the firot one io that the area of the orifice should 
be such 	to eatiofy the condition given by Colo cnd 

• he; 	hog < 	.` + h  

whore 

1* 	surge height corresponding to change 
in dlocnargo neglecting friction csd 
orifice losses and is given by 

a 



U. horn 

, 	+ Horizontal Oroo of .open Outgo chc bor. 
At  b Area of Cross coction of the hcc Irmo tunnel 
9 1* ccco1 cr c ion duo to gravity. 
h # head loco duo to friction 

Velocity of Plow 

The occond criteria for the or fIce area to that 
It should be kept such that the pressure on the tunnel dui 
to wotor hnmer ooiccd by totei load rejection to epproki 

motoly equal to the prancuro duo to mo mum rise of water 
level In the outgo tenk at the time of worst upsurge.. 

f 0 aiding the chops of the oriftco D  any ohapo cer 
be odoptcdo  but a circular ohepo is pareferabls, If the gates 
are to be prouidod In tho surge t kp  the gate dote usually 
function Cc orificoc end the additionel area, if any c 
Ord provided in the form of o circular hole at the top of the 

tunnel An the riser. Suitable stream linings should bo pro.. 

vldod at the top and bottom of or if ioce.. Pbdo . toots era 
desirable to detormino the required strea linings and the 
coefficient of discharge for entry and edt. 

'ho more quickly the epc lorctIng end retarding 
heads are cpplied, the more of Vestige will be the outgo 
ch bor in the adjustment of the conduit dLochargo0  hence 
lose uator will havo to be otoroc. 10 or delivered from the 
t tko  end the tank may be smaller. Tho iapf'd cruet on of 
accelerating and decelerating bowie by the restricted 
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orifice outgo chamber douol~rps sudden fJuctuotiono of head 
on tho turbino and thus complicates prob.icmo In connection 
with the governor mechanism. Speed control is also accomplish- 
ad through theInertia of the rotating pacts of the turbine 
end the generator. when the governor boflbitiuity requires 
the addition of this Inertia to the machines,, the coot of 
such addition may preclude the use of a restricted orifice 
outgo chamber. On , count of sudden pressure changes In the 
restricted orifice surge ohombora q this can not he adoptod 
for many instaUctions whore close governing Le required. 

e.5.3. Differential Surge Tonka 

Dt??arentiai outgo tc k La a throttled surge tank 
to which is added d riser pipe (Fig.2. ). The riser la 

usually oontro].v but may be err ngod on one aide of the 
throttled shaft. The latter orrcngor ont uce adoptoo at Tnnor -
kirchon (Fig,2.4) uhcro the construction of the inclined 
prosouro shaft made_ a ooparstion more economical, For the 
central riser err gomont the ricer Is connected to the 
outer chamber by posts et its base. On change of load the 
water level rises or falls uory rapidly in the visas, thus 
producing rapid deceleration  or asooi orotion of the conduit 

Mug while tho untor level in the Outer chcmbor moues. 
more slowly es d thus lags behind that in the rioor,, Though 

rapid in its actions the di orontial. chanbor gives reason.. 
ably, iou pressure runs and surgoo of limited enipi.itudo. 
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FIG. 2.3 DIFFERENTIA.. SURE TANKS. 

-- SWITZERLAND—WITZERLAND- 
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The magnitude of surges in the dif forcnti+a1 surge 

chamber will dopond on the dccign of rigor and orifice, The 

area of tho ricer should not bo loss than 3/ th of the croo 

of the pressure conduit to avoid ropid changes in the +rotor 
level and facilitate proper governing of mcchinoo. The height 

of the riser should be oo chosen that the maximum lv~roi of the 

motor spilling over the near is lose then or equal to the 
maximum surge level in the main shaft. 

The orifice is primarily designcd to supply water 

In case Of specified load cenand. In case of rojcction0 the 
area of the orifice may be kept as small. as possible because 

the upsurge is rostnictcd by the ricer,. T'hc area of the ori- 

'M.co can be d©tnrmincd by the Cq..3. 

The cction of the differential surge chamber is 

similar to that of the r octrictod .orifice Surge Ch tabor 

except that the Initial pressure change and head on the tur•. 

tine, instead of occurring inotcntiy as in the c,cso or ros~. 

tricted orifice surge chamber, or very olouly as in the case 

of simple chamber, occur quickly enough for efficient func-

tioning of the c.h, bar end are still spread over a period 

long enough to enable the governors to adjuot the turbine 

gotoc to compeno for the change In hoed. 
The salient features of differential surge 

chnboro thus are : 
o) 	Separation of the water supply or a or storage 

function from the conduit accolnation or decd ora- 

tion function # resulting in more vapid and efficient 
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hydraulic action and ro f1cct ing sizeable oconooy 

in chembor diems©r and c ,spit al invoetmcnt. 
b) 	Throttling action offered by the port orr a gosacnt 

gluing the differential ch bor pronounced ability 
to limit cnd suppraoe the eurgoe clue to cynchronouo 

load pulsations, 

2,3.4. Special type surge tanks 

2.5.4.1. Surge Ch ambore with expansion gall on os/ch m ber s 

largo cylindrical (simple) surge tank will always 

provide an effective reduction of wotor he mer,, thereby affect-
iva protection of the hcedroee tunnel and good stability by 

limiting the water lavol fluctuatlono, but can be xponoivo 

and of slow damping rate. Economy c rr be achieved by concon* 

troting forgo uolumca at proper elevations by means of pan. 

sion chambers or galleries (Fig.2.5) Fast damping can be en• 
cured by increasing the loseco by mocno of a rootricto;i orifice 
(F'ig.2.6) or by delaying the roloose of pert of the c+ummu a-
ted onorgy( differential chamber). Lower and Upper expanoLon 

galleries can be provided along with any type of surge chembera. 

The expansion galleries ( or chnbrrn) can be of any shape,#  

end can be provided In y diroctiona  according to topographi.» 

cry and geological conditions. 

2.5.4.2. Surge Ch abere in 5orioo or multiple surge ch bore: 

for economic reasons, coma times more than one 

surge chamber can be provided in the system depending upon 

the topography*. If topography permits, spilling arrangements 
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can oleo be provided in a surge eyotci along with any of the 
above douo.~opmcntss if ono can of ford occasional. lose of water 

duo to upsurge. This typo of arangemant will help to reduce 

the volume of excavation of the surge chamber considerably. 

Khodri Surge Chrmbor under Yeuno Hydol Scheme Stogo 41 is a 

good oxcmplo of twin ourg© chambers one of them having spina 

jng r rr sngemont (Fig,.; , ?), 'rho first surge chonibor which is 

conn©ctrd to the pressure conduit can be of any type,, but 

tho other chomb:rs are ucuolly of simple type to accommod&e 

the f t coming chess oocilletionc End honco the volurno of 

actor so rcloaood to avoid or rocuco boo of water due to 

spilling over the chcmber. 

P t ultiplo Surgo tanks" or ohofto is a term used 

to donoto a oyotom in which two or more tenko or shofto rise 

from one prossuro tunnel (Fig.:.8),, Usually this type of 

nrr gcmont bcomco necessary where the capacity of the 

po icr' Schcmo is oxt.endod and the original surge tank would 

be too om Ll for the orilorgod scheme, or two shafts may be 

built whore the diaTLotor of the single equivalent shaft would 

be oxc000iue ( as occurred at Loblari in Italy), o * uhoro 

constructional adve,togos are obtainocl,.. 
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CHOER. ,. I x 

Al CUSHION SURCC TANKS 

3o1 „.XNI 10 
The conventional type surge tanks described. in Chapter 

II are located in between the he race tunnel and the pressure 
shaft with its top either open to atmosphere (Figures 2.1 to 

2.5) or Connected to it through a duitable Conduit (Figure 2.6). 
Such an arrangement will necessitate øfl edit at the top of the 
pressure shaft, the access to which may be difficult and costly. 

Development In recent years has made it economical to 
excavate tunnels with slopes upto I in a. Consequently, it 
seems attractive to replace the conventional horizontal (or 

fairly horizontal) heed race tunnel and pressure shaft with ne 
inclined tunnel running straight from the intake to the power 
station. This # however # requires a long shaft to reach the free 
water surface of a conventional open outgo chamber,. 

Xn such cases $ a surge tank with en enclosed air 
Cushion offers an economic alternative to a conventional surge 

chatbar. Such an rttornotiue solution allows the distance be 

tutee+ the turbines and the free water surface to be reduced 

considerably, thus reducing the problem of elastic pressure 
surges on the speed. regulation. The schematic profile of a 

development with a conventional and an it Cushion Surge 
Chamber is -shown in Figure 3.1. 
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+ter Air Cushion Surge- tack ono  bhoroforoD  bo defined 

o a closed ourgo chamber Pi,iicd portiaiiy with coaprosved air 

and locatod cjooe to the Powor Station in which tho miss osciiio. 

tiono ace mainly oboorbod by tho uariotjon in the proeouro of 

tho ct prcocod alto, 

3,2 PRINT I.E 
,fin air charged occummuloto.r Can be uocd effectively to. 

voduco or oliminote proscuro aurgoo in flow cyotcoa, Theoo 

dovicc can oloo be cmpioyod  to control poriadic preoouro and 

flaw fluctuations in flow oyatoma„ Uicn the water to el in tho 
outgo chcnbor has boon dioturb+ d by tho change in load, the dis. 

turbanco con be absorbed by the air chnbor ra the air volume 

c n conpr000 or expend odiabatiQolly or Isothermally, The ncso 

oscillations In outgo oyetc o provided with air cushion outgo 

ch ,bco can bo onolycod as in the caSe of simply ourgo tanks 

with alight modificationo,, 

The idea behind the air cushion surge tanks La nothing 

but ubidioction of occun*mulated energy - not kinotic p  but poten- 

Uai. For a omplo in coot of load rejecbion0  the mast of water 

flowing in the pressure tunnel will start to dcchozgo into the 

at chc bar, r nioing the air pressure„ The growing excess 

prcocurop together with the friction drag along the tunnel 

uolio, will oxort a oboodily growing retarding force on the 

flowing waters 0  until the water otarto to flow bmk,. The water 

i ouol in the ch€ nber will than oscillate with do raped motion 

around a now aqu i.i ibr iufi. 
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(a) &I air cuohion ourgo tank oLtainctoo tho ncccoajty oP 

opening at the top of surge tank or a ouLtoblo 

connccting conduit,, $cnco costly approach rondo to 

that point c n be olLiiiin ad,, 

(b) Whore the rock ourfoco La below the hydr ulLc gradient 
11no0  a conventional typo of ourgo tank cannot be 
provided ccanomicolly,  , In Duch caoaol, air cuohian 
surge Chamber providoz the boat oZtotnativo solution. 

	

(C) 	8y providing an air cushion outgo chcmbor0  the hoed 
roc tunnel o be otcov cd at a stopper olopoo  clay 
upto I in a 6ith modern tunnelling technLquca thereby 

reducing cucntity of excovotian conaidorobly, 

	

(d) 	As the Surge Chc bor cen be provided nocror to the 

power stationp lcmgth of coat y proaouro ohafto cm 
be rcdurcd considerably, 

	

(o) 	For dovoi.oping countries liken India,, there will be 

Canoidoro.blo a auLng a in foreign exchange, by uoy of 
reducing or even olitninotLn9 the Import of ponatook 

stool. 

	

3,4 	. 	Li 3Y Fa 

	

a) 	4ecosoovy air comproaooro with cufficier t number of 
stand-by unite with rcnoto control facilities h,auo 

to be mat ollod near the curgo chs bor to roplonioh 

paaoiblo loco of air duo to leakage, Separate high 

pressure a .r rocoivoro may oleo bo necessary. 
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(b) There uiU . be rocur 1ng e'spondjturo (though it Iu 
nogligibl o uhon comp arcd to the o nvingo in c ap it 1, 

Lnuootmont) for tho mointcncnco cnd upkeep of co. 
procooro,. 

(c) IQ air chraboro uoro provided without proper ovo1ur 
tion of the acoummuiotor0  they may yield totally un. 

coptablo rooultop Lshich may prove dongorouo to the 
machines. 

(d) Tho larger the air uolumo0  the mono efficient uU11 it 
be for rogulating purposes, But care should be taker 
ol uayo p not to f LU the t k u th ciz to ouch an 
extent that when a o rddon load to throun ono  all tho 
Mater in the ch, bet may bo exhausted and the turbines 

.. may suck air. Thoreoro automatic E3&Oty aoscflgcmonto 
need to be provided*  

} 	; The .air content of an air ah nbor has to be mointoincd 

within tcoptabLo rooul,ts by untor level cotu aaod 
• switches to cantzal the compressor plant, plus vent 

wtivoo to rolooso . any excess air 

• 5  iZ$TOtUCAL fCU1EW 

Though the concept oP air t ka an pipe linos for 
water wheel regulation was known to Engineers even seven to 

eight d.acdos back, the litOraturo on this a.ubjcot io vary 
Zi ited oven row,, This 1a perhcpa doe to two roono0  firstly 
baccuob of gonad belief that the prQblci is vary campi 
and needs complicated rnothamoticai solution$  and secondly 
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because of a popular idea that in order to bo effective, the 
air tank must be eo large 	to be prohibitive In cost.. Hbu 
aver0  as will be evident from the fQflouing discussion#  neither 
of the two contentions Is true. 

WIRREN (I6)  was the first to show authentically that 
If properly built # air tanks could be successful for regulation 

purposes on pipe lines, and had got a great prr tical value in 
Improving regulation and preventing water hemmor. He developed 

equations to find out the maximum/minimum water level and 

pressure rise in air tank, with the help of f1eutoda second low 

of motion and the physical laws governing the expansion and 
compression of air, and found that they were sufficiently 

.accurate for most practical purposes. He also shoved that the 
true values of 'y' and HC (Figure 3.2) would lie between the 
values obtained for isothermal. and for adiabatic compression 
(or expansion) but would be nearer to the letter values,. 

He obtained the following equations for water level 

D cUlations in the air charged surge uharnber. 

(1) Assuming isothermal compression or expansion 

K,r i0  	i  'I' 	 •A.s• (.i)  

Where K  	u ) 
g ,A0.M o10 

HC* YS 	..,r.""r 	(3.2) 
1 	+ y 
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(ii) Assuming adiabatic compression or expanoion 

{ ) For loads thrown oft' 
9 .► 

(la' 	y) 104 a  Y. 	 .•.•s (3.3) +y 
(ui) For loode thrown on,, 

y . 'i4. . 
(10' + y) • $ a K ,. y....y...«i. 	..... (4)  

The pressure rise can bH expressed as 

w 	H+: ( - -) , 4, 	 6#000 (36b) 10  + y 

Whore 
Ao  = 	Cross Sectional eras of' the air chamber in m2  
A , 	Cross sectional area of pipe (tunnel) In m2  
HCQ a 	Air pressure in air tank before load change including 

atmospheric pressure in m. 

HC a 	PIe4mum or minimurq air pressure in air tank including 
atmospheric prosauro in a,. 

L a 	Length of pipe (or tunnel) between open reservoir and 
air chamber in m. 

1 a 	Length of air column in tank before load change in m*  v 
v1 . V2 	Velocity of water in pipe before and after low change 

in m/eoc. 
Y a 	I aximum rise or fall of water in air tank measured 

from water level before load change in m, 

(Where plus and minus sign sçpears, the plus sign is 

for load thrown on and the minus sign applies to load 

thrown off condition), 

For deriving the above mentioned equ ations # the follow. 

Ing assumptions were made 

(1) Pressure in tank rises or falls at a constant rate 
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(2) Water level in bank rises or PeAls at a Constant Cato, 

3 Water pressure duo to change of water lovol In tank 
Io neglcctod. 

(4) Loos of hood botuoen b,enk cnd pips line is negligible, 
(5) Time necessary to open or close uhcel g at os io neglected 
(0) friction in pipe lino Lo neglected. 

(7) Time necessary for a pressure uatjo to travel the length 

of pipe to neglected, 

Those oaoumptiono may result in cummulativo error, 
which may defeat the purpose totolly. ThoroforoD he rouiocd 
his analysie after deleting osoucnpbiono I to 3 and obtained 
the following o prosoiono ;,. 

) sacs hosr 	Cam r©~o, oaf . Exa 	"tr-s 	on 
(a)  for toes thrown off: 

y - 2 HCQ ..Q, 1000('_ o) + y 	HC*.K .....(.6.) 
(b) for lochs thrown on $ 

y2.2 HG.: [la 	 sY/&)s.y3 ..y HC 4 K 	s e (30 ) 

(13) dL "botip Com rcsaion or 

(a) far lords thrown off 
1. 

y-2 HC:{ - 	_- 	+ y 	hC:4'K  0,4 

(b) for lode thrown on : 

y2W2F CO ~© 	
O 	

L e4 	y 	'c He0 e K 	04040(3e9) 
1).4(lo+y ) 
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Uhoro t io tho timo roquirod for y to roach a maximum 
CHURCH (13) modifiod the Eq.3aiQ as below t 

rt.: 

	

° 	f 	i~c
...000(3.11 ... 

t  
1-HC  o 

In order to bring out the o parotivu voriotiono 
botuQon different oquationop a specific ooao from an dual 
plat was analysad and tho results woro notoworthy°a. Tho differ.. 
onoo in the .resuito of the oquotiono for adiabatic nd ioothor-
mal compression was 1a,.5, whoraoa the difference botwacn tho 
roaulto obtoinod by tho moro appronim o ?ornulae(Equabiono3.1 

d3•2) d. tho r eoulto obtoinod from Eq., 3.6 and ,O was from 
3 to G, only. 

for loeda thrown on the woo of Equationo 3.? and 3.9 
roouitod in a variation of 6 for the two rototional, ncmoiy 
iaothormol •and ediaba,1c q and the more approszimeto Eq.3.1 cnd 

3* ; gave restgto differing from Eq.3,7 and 3.9 by 3 to 4%0 

U rGn oleo pointed out that if a rootricted orifiuo 
woro inoortod between the pipo lino and the air tank, the air 
chambor will proud to be more ofLoctivo. 

JOHNSON (18) dojoioped an equation for finding the 
critical size of a oimpio air tank by way of oupploment, to 
w ron'o equations, Hie equation roads x 

	

~ye 	4 " . L  
S~ 

 

He0 +1 	•2g. hO 
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Whore 	Np Not herd on turbine corraapDnding to HCo In metres0 
friction coefficient = h f/u2 In oc= per m. 

This equation may yield absurd ra3ulto0 if Ac and 
are comparatively small and (or) HC* ie large. Then he dos yn 
becomes theoretically en Impossible onc,, 

if the negative tcngent of the efficiency power curve 
(L. t4 t -) whore ►~ jo the at'ficicncy of the turbine and ~►t 
is the Pawor output, bo called ten e, then wa got en oxp roco jon 

1 A~` « 	A . .(,`1.3/2 P ten g) 	 g 
~iirrr'rSS   

C 	+ +r~•{~ `~ _i'$/2  P, tan ?  
Ai # 4 r ( HC0 +l 	-rr._«~rw.r..~... 

 

Uhor® * 10 the critical (horizontal) area of rn 
enclosed air cushion simple surge tankp 

An ever oat ing wavy io a constant invitation or 
troub10 dun to pavUic3L syncbronouo conditions botu n the 
period of load change* and that of the proaauro uses, and. 
ordinarily a commorcially practicable simple sir tank would 
need to be much larger than indicated by Cq,3014. 

Incidenta .Uy, when 1c becomes int'1,nito,,,, the Eq«3.12 
is coon to agree with tho Thoma formula for the ciznplo surge 

tank* 

• Studies conducted on the air tanks during the period 
1991 to _ 1960 worn mainly limited to the ricing pipe linos and 
pumping plants. However, these studies were of great h-clp in 
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giving a c ,oaror picture of the air tcmk bohcviourp bcccuoO 
the principle behind the air tanko fitted on Pumping mains 

I 
cod Hydro Plants to one end the c cno„ 

F'OTCH (311)  derived o formula for equating the ch ngO 

in vclocit y preceding end succeeding the air t cko  with veto 
of  chenga of height o ' water column in air tenko 

E GER (22) proved that the air ahc ' boro ore vary off act 
tvc in preventing water hemmer when they am largo cough 
properly located, rind kept Pull of air. Ho derived q oquet-Lon 

to vnlcul ,to the enemy stored in an air chnber when the 

proenuro ho roachc1 ite nocinum voluo and oxprc000d it in 
terms of (1) the kinetic .nnorgy of the water in the pipe line 

before the volvo un clo3ed (ii) pluo the work done by the 

flow hood after the value woo cloce-4 (iii) einue the energy 

required to ootmproeo the water and to stretch the wollo of the 

pipe; (iv) finuc the onorgy loot In pipe friction and in the 
pcotgos to the air chanibor after the valve woe cioo . 
(is) minus the work done in lifting the uo or into the air 

chcrsbor. 

The preaauro volume roicaionehip for both ed obatic 

and isothermal compreasion in case of an mix chembor hw 

been worked out by him and potted in F&g,,3 ,3. The uhaiod. 

ero o roprocnnt the energy stored when the prcoauro incronsoo 
fromn PI  to P20  It can be axon that the groan under curve XI 

(Isothermal) is greater than the area under curvo4I(Adicbotio}. 



(V2)b 	(V2)a 	
vi 

VOLUME —~.. 

FIG.3. 3 COMPARISON OF ADIABATIC & ISOTHERMAL COMPRESSION 
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The dLfforonco being aqual to tho anorgy dLaoi.pctod In the 
form a? hoot in the joothorrnl compr000ion. The low of coma 
proaoion in a» air ch bor c cnnot bo roprcacntod by Dither 
curve I or 110  but to probably by aamo Intermediate curvo-Ito  
When the timo of compresoion is short#  the compr000ion will bo 
noarly adiabatic ►d the curvo'$lI will Ito noar curvodII, thin 
the Compr oaa jon requires a long t$mo, a l rgo cuaunt a? hoot 
would bo d#;coipatod, end the compr000ion would be more cl000 

to iaothormal0  hence curve-III uould lie nearer curuo4l„ The 
actual low of cornpr000ion In an air chcmbor to further compli» 

rated by v cp ld changes of v epaur content of the various prow 
cauroc  and tcnporaturco. It ocoEno onto to think that diabc-
tLc and iaothormol cc proaaicno roprcaont tho limiting condi-
t1ono between which the actual comprocoion will fall. Thic 
oapoct will be discussed s gain in cubooqucnt Cheptoro. 

ALLIEUX(l)  investigated th© case of a Pump oiturtcd 
at the toot of a rising pipe with on air vessel (Figuto 3.4) 
If the aroc of crow ocetton at the nook of the oft tank is 
the acre ao that of incoming lino# than the volume of uctor 

In the air tank at any time Interval 	to given by 

t 
v. dt  

I 
%horn 	vu is the incoming velocity and 

'J V2  = air volumo in ch bor at time t1  and t2  

The isothermal low uao used cc tux ,lUUory equation 

U1a  IIC 	U2  * HC  



FIG.3.4 ALLIEVI'S AIR VESSEL. 

WATER SUF 

FROM PUM CE 

.3.5. AIR CHAMBER AND CHECK VALVE INSTALLATION ON PUMP LINE 
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AUxtevl concluded that large vessels had to be onalys-
ad by means of atop by stop method,, but noCGeeary additional 
Corm for the Blower Burge in the air vessel hoe to be included. 
Till the studies conducted by AllievL,, only a vaguo and in-
adequeto solution was found to the problem # because the earlier 
Investigators neglected the consideration of the potential 
energy of the pipe line on compared to the analogous energy of 
the ch tbor, Yn fact the ratio of those two quantities of 
energy constitutes the perarnoter of the laws of pressure varia-
tion, the crux of the problem„ for arriving at ouch a solution, 
he first tried the problem disregarding liquid friction and 
established a system of pendular relations of finite differenc.. 
so which rigorously define the laws of pressure at intervals 
of the phaeQ He then introduced In such a system, terms ro.. 
presenting the resistance of' liquid friction, and found by a 
method of corrections, the new values of pressure dependent on 
such rosistanoa He showed that the pressure surges in a pipe 
line equipped with aan air chamber depended on two paranotote 

f* and ç*p neglecting friction. Hot, houovorp also Showed 

that without frictional effects # chnboro of normal size wore 

ineffectual in controlling upsurges. 

g H4 

2g.vo . H~ 

a, ,V0 
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Uhoro 	a * Propagation velocity of water humor uouo in 
r/0 c. 

H, 	Normal absolute proasure •hod in tho pipe line 
in motraa at tho entrance of the chccbor, 

fo to dimenoionlcea and is a function of the ratio of 
the sto&y +Mato kinetic energy to the total potontie, cforgy 
in a. unit length of conduit whore aa Eq,3.18 O pr000as the 
ratio of steady otato potential energy of the air in the air 
chamber to the steady state kinobic energy of the water in tho 
discharge lino 

Finally with the help of approXImoto energy bolancoa, 
ho proposed rational rules for tho selection of vaiuca to bo 
aeoigned In individual ccooso  to the volume of air ohcnbor and 
to the nccaoosry resistance of liquid friction for discharging 

BERGCRO.-  ) in a diocuosion of ALU V1'a pcvor¢  doo 
cribcd a aimplo¢  affective di&orontial orifice for use in 
conjunction with the air oh bor. 

During the ono period IGUS(2)  ocas forward with 
equations which are necessary for the complete analysis of 
outgo conditions in pump discharge linos,, when data for the 
diooherg© line condition,, ore presented graphically,, He ooloct- 
rid sovorol types of discharge lino end presented graphs which 
indicate u for hepmor conditions therein, 

BZ t IE (11)  tried to work out a quick pr rooduro for 

calculating the mxmua pressure and expansion of, air 

resulting from a sudden shutdown of a pl t0 booauao,coording 

to him0  the 
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procedure ouoiloblo for predicting the oscillmtiono In a 

clocod Surge tank wore very lengthy. He took the friction 

into a count both in the pipe and also In any arrongcmont 
pieced between the pipe and the tank to d p the occi ,l at iono, 
The compression (or expansion) was aosumod no icothormig. Smell 

oc a l o experiments confirmed the oxpcct aUton that t ho obo or vod 
maximum pressures would bo grantor then the theoretical. rosulto 

• Obtsinod from his formulae. 

The complete Shut down (or load acceptance) of o big 
Power Plant is not inotcntcnoouo, Hzi claimed that his theories 
could be extended to yield results oufficici ly accursto for 

all practical Purp000sq 

Hie S investigotions wore on simple surge tanks with 

no differential cotion, The results of'h&o anaiycie wore fdcn- 
tic of with these obtained by him For air tank fitted to a 

rising rm n(12)0 

In 143 oz R (13) ohowod that it us pocolbbo to 

ostablish a relationship between the volume of sir In the air 
uessol and the frequency and enpi tudo of the surge. It was 

found that the surge could be considerably diminished and more 

rapidly d pOd out by what to believed to be a novel method 

n toly th© introduction of d pIngg which is e?Ecct od by c,ono- 

eructing the opening botuoon the air vesc+r and the main. 

Though ho dealt with pipe lines and pumpsl, it can be oafoly 

applied to HydroE.PouOr Pl tints 
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-UANS 940 CR1JFQRD< ) developed design charts for sit 

chambore on Pump lines in the year 194. When , air char ber 
end check valve are introduced in tho line near the pump,,power 
Failure causes the head developed by the pump to drop rapidly#  
and a head difference is thus Created across the air chamber 
outlet (Fig.3.5)„ The air chamber begins to discharge into 
the pipe line to maintain the head and the flow,.' Soon, the 
head produced by the pump is lose than that maintained by the 
air ch her$  and the check value closes; the pump comes to a 
atop. Water 'will continue to be discharged from the pipe line 
at a diminishing rate, the air chamber supplying both the water 
sand the energy. The water In the diacherge line will reverse 

its direction and flow into the air changer. While the water 

is flowing into the air chambers  the pressure in the discharge 
line will Increase to exceed normal operating head and will 

produce the maximum head for the transient. Resurges in the 

pipe line will ensure with diminishing Intensity. 

A frictional resistance is essential to the effective 
use of Efl air chamber In a pump discharge lino, another varia-
ble K is introduced so that K20H Is the total head lose for 
a flow of Q,, down the pipe line and into the sac chamber wore 
Q, Is the initial rate of flow in the p ip e line, A di ff or on. 
ti al orifice will be ucod to create the heed loss„ 3000u6O of 
the differential orifice design, the hoed loss for flow from 
the air ehsbar will be leas than that for flow In the chamber4  

In order to get a graphical solution#  they modified 
equations (3.17) and (3,18) and developed another equation 
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Q 
0 	 0000 (3*19~ 

Xf the subscript nindicate the number of time inter-• 
val under study one moy write,. 

V 

To fit trio graphical Solution,, the intorul of time 
used will be q fraction of the trevel time of wane J. 	in 
which J may to values 2, 1$ 1/2, 1/4 o the problem requires. 

Similarly if Q to IS detlnod as Qn/O, then 

(Q' + Q'I ) 
vi 	tP 

and for time intorvel n, 

vi 

which is the desired reletionohip j 

For this study # the following assumptions were made 

The air chamber is located near the ,pumps. 
(2) The chock valve at the pump ;loses immediately upon 

power failure, 
The pressure volume relationship for the compressed 
air in the air chamber is HC*„V7 « 	conat+~rrt.a 

(4) The ratio of the total head lose for the same flow 

into and out Of tho . air chr~nbor is 2 5si; K 	l*1 is 
the sum of the hydraulto losses in the discharge 
line and the throttling booms at the differential 
orifice when a reverse flow equal to .Q is passing 
into the sir qh bar,, 
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The head loss Varies with the square of the velocity. 
(6) Water column remains intact throughout the length of 

the line. 

To ensure that air will not enter the discharge line 
when the maximum dia do i aurgo is att ned, the total volume of 

the air Chamber must be greater than 

U .HC* "Max  > 	.,...0, 	 •M:r. (.23) 
mm 

Whore 	m, n ' HC *0  minus maximum dot neurge adjacent to the 
pump.. 

K2  Coefficient of head lose such that K*.H I is 
the total head lose for a flaw of Q,r  into the 
air ch+r; ber, 

With the help of the charts prepared by them the 

preliminary design of an air ch bar on pump line can be 

easily worked out fairly accurately. 

A gas filled asaummulotor has mane recently boar, Padua.. 

a ated and utilised for controlling pressure .d flow tr a e iente 
in rocket pr+ psUont food system and protecting flow systems 

by DORSCH 	and others, against the destructive, effects of 
large magnitude pressure surges which occur in nuclear reactors. 
Deice or techniques which serve the s e purpose as a gas 
accumulator such as relief valua,, compenseting. bolbwe 1)  

and gas in action(78)  or a closely related methods of surge 

control. 

In the year 1970, 	g (?9)  Conducted a systematic and 

detailed analysis of 	air cushion surge tank,uhich will be 

discussed in the next Chapter. 
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Tho dooign of air cushion curgo chcrbov with rcopo 
to tho mc3o oscillations and stability conoidorotiona hri 
boon otudiod at longth at the River and Harbour Laboratory at 
tho Tcohnical Univoreity of Norway, TR©NDHEIR(G0), This 
lad to the provision of cn air cushion ourgo oh cn boar on tho 
Oriva Powov Station (Fig,3.6) which in tho ?irot cnd tho only 
Hydra powor frlcnt cquippod with cr cuohion Surgo Chcbor.. 
The Power Plot hoo oinc o oomo in operation end has boon 
Puncttoning a atioi' actor ly. 

from tho d1?'oroneoI oquotiono describing the 
hydraulic transient rooponoo of tho conduit card air chcmbz r 
GiRDNER and GUi )ER (  ) doriuod the stability limits In 1973 
and presented in a Porn from which direct estimates con bo 

Inodo o? the air chcbor and oril`ico dieanoiono j, roquircd to 

limit the anaplitudo of r000nont pr000uvo oociilctiono to cny 
opocd., for that Choy have conoldorod the value of no; the 

polytropic conot ant of expansion a$ 1.2, 
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cJj4MET.t!  Pi 	L s s a 	n cusp 

4.1. E 	t CF9 -B 	U '` 3 	E T *.i 

For the proper ov of uet Lon of the effect of n air 

chamber on transient flow In a system, it is oosontiol. to 

have a transient flow analysis of the flow syctem Including 
the sir chamber tcMng Into concideration0  the typos of dio. 

Curb coo cacpoctcd, Rn accurato analytic of thin may bra 

difficult and time consuming# Toro?oro covoral oimpli?ices 
U, ons cro o?tcn ceploycd. Th000 Include lumping par parc otoro 

and linccriz •ng vcriouo non linear oUectc. These oUplif ico. 

Lions may obccurc short term offccto or inatobiliticc which 
occur In the flow oyotcmd These short torn olfccto can be 
predicted by a more comprohonsivo analysis. It La alto not 

pbasLblo to completely dcocribo the performance of encctr 

chnbor or any surge control c vico without closely roll 

Ling to the configuration of the entire flow sycten and the 

• types of tr ant .onto to uhich it will be subJactod. 

4,2k 1I 	F 

Opt Fig.4.1 represent a schematic profile of the 

flow oyotem to be analyood. The Plow is from the reservoir 

to the exit vo,rrc.0 Th 	valve Is cloced rapidly thus 
gcnorating a proocuro curgo. The surge propogoton towards 

34 



AIR CHAMBER 

I 
EX(T VALVE 

At, 	--~ V 
	i At2 

T 	 4 If L~ 	 T`  

a 

FIG. 4.1 SCHEMATIC PROFILE OF A FLOW SYSTEM 

4.2 a BEFORE WACE ACTION 	 4.2b AFTER WAVE ACTION 

FIG. 4.2. CONDITIONS AT AIR CHAMBER 
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the reoorvoir and is inf ,uoncod by the air ch r.ber paaition-
od at a list anco 12  from the vai vo. The poo4m1co of the 

air chember is mooeueed by the ability of the chamber to 

reduce the magnitude of the pressure surge which propogatea 

upstro€rn post the chamber. This is ovai.uatoc as a function 

of the initial volume of air in the chamber and the antronco 

resistance to flow into the ch ber which Is dependent on 

the diameter of the chamber ontronce orift o, 

As with all distributed paramotor solutions which 

consider arbitrary Inputs d non4inoer boundary conditions, 

the practicel application of this technique to all but very 

simple flow 3yotomv requires the use of a digital computer. 

The technique consiotc basically of approximating system dis-

turbancoc by a series of incremental atop chcngos each of 

which produces c onail preosuro wave*. the pressure waves Oro 

propDgotod through out the Plow system at sonic velocity and 
are transmitted end reflected at each system discontinuity. 

t solution for trixaicnt flow is obtoincd following each 

of the waves generated at the point of the disturbance and 
computing the effect of system diacontihuitica on the pro -
pogation of the waves. Finally the affect of those wowoa at 

any point In the floe system may be summed up in time, In 

order to extend this computational method to a flow oyoteO 
with an air chamber equations describing the response of 

to bir chamber to pressure waves must be dauclapod. 
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F'ig.4.2 shout the condition 	Air Ch ab3rD  before 
and after impingement of preceuro 'ucivoc, the following eoeump-
ticric are made In thin n & yeis. 

The prea3uro a avnc produce atop changes in the line 
•,preaeurc and Blow and these conditions remain unchengmd until 

the next pressure mauo impinges,, 
1.1) 	The step change In floc Into the chember can be takenn 

ce constcnt over the short time period between the imp1ngG ont 
of waves. 

iii) 	The flow into. the chamber over the time period 
crectcc c 1Olight change in the air volume which will determine 

the preacure in the air chamber at the time tho next act of 

woes impingce. 

At time t on instant before the incoming pressure 
waves ( L-\ H I  id 	H2) roach the air chembor9  lot 

H1 	Mead In the .line at the chamber In maims. 

Hr. 	Proesuro hoed in tho air chamber in metros. 
Flow In the line towards the chanter in 

m3/e cc . 

14 	= 	flaw in the life post the ch bar jn  m e 

tC1 	Flow in to the air chamber in m3/aec. 

 Volume a? air in the chamber In 

At time t.0  on insts- at &tor the incoming pressure 

pulses have reached the air chamber and the pressure pulses 
have boon transmitted post and reflected from the air 

chamber, lot 
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Hoed In the line at the ch~abor In ootroo.. 
flow In the lino towordp the chcmbor in 

f occoni . 

Q22 
 

Flow In the line post the chcambor In 

QC 	Flow entering , the aiE chamber In n3/e cond. 

The hoed in the chc'nbo c NCI to ,cjsowmd to remain 
constant during the instent that the preoouro pulses strike 

the chhdnbr r and new puleoc are emitted, Houevor o the hood In 

the ehombor does take a now vc.tuo before the next sot of 

preaauvo puleco roach the chamber duo to the flow into the 
ch&mber o,or o brief period of time. 

The equations for the preooura pulses coming into 

( .Z- #i1) and loeving ( 	fill) the ch bor on the lcl't sid+ 
pipe of upstrnom of Burge ch€mbor can be written as 

.A i; 	(Ua 	) 	... (4.9 ) 

C 

Combining Eq.4.1 and 4.2 Orb gets, 

$Jdnflari.y, equation for the pressure pulscs for the right 

of the air ch nber can be written so s 
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Where 	 I 

AtI = Area of the pipe I In rye 
At a Area of the pipe 2 In r 2 
C, a Wave velocity in pipe I In motx oa/second, 
C Wave velocity in pipe 2 in rot'eo/eocond.. 
01 Flow di&chor90 in pipe 1 in fl?/second. 

The relationship for a.x.uceo obtained from steady 
state oncrçjy considerations gives 

OC2 = K0 ( H2 -.  

whe re KO ct chamber cntranco lose coefficient. 
The incroment& pressure changes can be expressed as 

H * H1 + A t!1 + 6 H11 	H + Lb t2 + I H22" . (4.6) 

Continuity equation gives 

U22 +  

Soloing the Eg54.3 to 4.? one ;cats 

(tLC2)2 +bQC2 +c  

in whLch # 	4 	C At2,C 
J 	

.. (4.:O) 

C2. Ate 
and c K f H +2 4H + ~ G aA~ 	2 n H1-2 • 

	

Cr 2 _ . HC 1 	... (4.'fo ). 
9, "2 	

Ij 



39 

Tho positive soot cf the Cq.4,8 givos the correct 
solution for V.C2 fl it the flow IS into the ch bor as u 
eouumci. However $ when the head inside the chcabor, HC10 
boconoo groc or than the hoed In the l no at the chembor, 
H2 , the flow through the chamber on ice will reverse and 
equation 4.8 will change into 

(tC )2 •b . C2 .cO 

Attar calculating QC2, EqQ. 43 4.Q .6 and 4.7 cat 
be ooLved to give values Per all other proacuro and plow 
conditlono, 

The change in volumo of liquid in the air chcnbor 
over a Limo period A to is duo to the inflow into the chcnbor  

and :io given by 

MI a 1C2. A t 

HHicnco the VQlramo of air in the chamber !I2 at the 
and of the tine porlodg b to In terms of the volume of air 
at the bog inning of the time period to 

V2 	V1 m,1 V co . r w13) 

Now the precouro in the chomber hat) to be related to 

volume of air by using the Ideal gas law 

s* 	t 0 	 ..,., (.14) 
2 

In which TI end fit ero absolute tcmporaturca in Rankine. 

cq, 14 can be simplified if the system .acts adiobati-
cally or isotharmelly. If the systsm is found to not isothermally 

Eq.Q4+~1 give 
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and If It io assumed to not adiabatically, then 

11 '2 (v)< . 	 "...v (4.16) 

uhoro k in adiabatic constant for the chc +rbcr gas. 

Utilizing tho oquot Iona developed for wave action at 
en elf Ch },bor e, a distributed parameter transient anolyoic of 

the flow system can be performed. Equations are written for a 
dounotrtgfl value which is closed in a prescribed manner over a 

designedd period of tiro. Lino utccoua affocto may be accounted 
for through the use of friction orifices distributed along the 

lino. 

WOOD at rat (aO )  dovoiopod squat ions noodcd for the down-

stream orifice and the friction orifice. A digital progrdmmo 

was developed combining the cquctiona for the dounsttocm valve, 

friction orifices and the air chribor formulating on onalyrtical 

nodal for the flow system. 

4.4 LUfl 3 PA-RA.Q  TEfi 11 AL'sZIa 

The system shoun in Fig.4.1 can be analyaod assuming 

that the fluid column In the pipe moves as a slug. for this 

aituotion0  tho momentum equation for the liquid column in the 

pIpo between points a and b con be written es 

h,f  « (HC-h0  - htc ) j 
...... (4.1?) 
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Whore 

h a hood loon in the lino and can be assumed as 

h a( f U'"'!' ', Ke) 	°r zt .v 
 2g 

0 a line diameter In metros 

f a friction factor 

ho height of liquid column in the air chcmbor in 
metros, 

h,rc a onergy boa at the chember entrance 

dew„ 2 

hr a height of liquid in the conot t hoad rcoor 

voir in motors, 

HQ a Iir ohcjnbor prosouro in metros. 
k4 = Loss coefficient for the air chamber entrcnco 

orifico. 
Ke a entrance lose coefficient 

v a liquid velocity in the lane upstream of air 
tank in mfsec, 

a apocific weight of water In kg~'m3 

The continuity equation for the pipe junction with the 
air Chamber is given by 

dh 
u4 At1 	V 1 , At2 	9 s Aa 	 r•is. (4r2I } 

Where v' a velocity of water dounstro t of surge chamber In 

m otr es/s ocondR 



1 dh 

differentiating one gets, 
A 

r 
d2  h 

cit  

• 4') 

Zf iaothormal comproo®ion is asaumod for the air 
chamber,, then the equation or tit uto giuoc 

U. He = Ua. HCe  

Where 

HCa  initial air chamber proosuro in metros 
Vo 	initial air volume in m3  

This con be expressed In terms of hoLght of air 
Chamber and height of a for in it. 

h 
HC = HCa 	c0  

max c 
Whereo 

hco  = the initial height of liquid in the alt 
chamber in motrce 

hmax  a height of air chamber in motros.= (h+1) 

For for th© situation under considoretion, uhon t = Q, 
v ! v(Q) and hOco  and when t > 0, u' 	0. The lost condition 

states that at time t = 0,, the downstream value is closed and 

the flow downstream from the valve is follouing the closure.- 

Nance the continuity equation can be written as s 
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Co.r bining oquotiono 4.16 to 42 yiolds o nonhlnoor equation 

L 	 hr (- )2 	+ ) NCO. 

(~ ` `ry1 ) - he 
max c 

d2 	 (4,25) 

dt2 

Tho oolution of thin cquatian with tho proocribcd 
initlaZ condition given the lunpcd poramotor roaponoo of tho 
cyatcm, Xt Is not poaaiblo to solvo tho 	in a cl000d 
Form. Thorofoo o,, tho colution hao to bo aarrloj out by utUi-
zing en analog computer. 

4,5. Eft jC. aN OF HE F9jiJULhL  

405.1. ?ropartloa of ?nu oyot 

The abovo formulae uoro verified by 1p0DC'9) co 
lyticolUy as troll as oxporimontdly in the laboratory for a 
act up shown In Eig.4.2* The physical proportico of the pipe 
lino and air chamber arc given be. ou ; 

a rrnt it 

L2 * 1.2192 mtr. 
DI 2.6035 cm. 

Cl 1219488 n /Boo. 

C rn 1219„188 l/occ. 

hm ax' 32#4119 cme e 

02 2.6035 cm. hr 16.9495 mtr„ 
Die. of inlet orifice = I # ?cm, v = 1,5778 n/'Jcc,, 
Die, of downstro am or if ico0.9525 cm. 
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With the Plow oyotec operating under otocdy otato 
conditiono,, tho down tro'an orifico uao closed in appro2simotaiy 

2/1000 eec. The prcoouro ccnortod by this action in the lino 

upotroam From tho air chamber ( ,point b 'of Fig.4. j) wao 

theoretically computod end obtcinad experimentally, 

4.5.2. Analytical rcaulto 

. 	,1 .' Response uith no air chomhor 

With no air ch nbor in the oystch or the Bch c#ahar 

initially Closed, tho usual uator hammor rooponso uao Obtaiflod, 
Tho maximum pr000uro rico was 19.475 kg/c', The prcoouro uas 
ma.tntoinao until ncgativo rclicctionn from the rooarvoir 
roturnod to thr voivo trL1 	) 0.010 ooc. ). Tho pro- 

oouro di. ogr as oo obt oincd has boon plotted in Fig.4.3. 

4.5.2.2. lir Chcmbcr behaviour 

Tho presouro ro poneo for auddcn c.00uro of tho 
valve was conput,cc for caiff or cnt initial air volurea for 
uhcabore hovinu cntranoa oririco diamctor; 6.35 mm,,, 9.625 rim 

d 12.7 mm end in tho Coon of no orifico at the ch;embor 

eftr erico„ 
A feu typical digi poi co-input or ploto, which pro 

tho results of distributed p3rcnotcr solution when initiol 

air volume io kept con,stent a0 33.1 cn " end caotztning 

louthermot orspanoion for ci fferent orifico die atoro oro 
choun in F 30.4.4. 
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It can ba inferred that the ohort term effects 
which occur directly after valve closure are especially noti-
ceablo +ah sn the size of the entrance orifice is reduced. This 
is due to the water hammer surge downstream from the chobor,, 
It dies out very rapidly. This phenominon c do be prodictod 
by using a distributed per r meter analysis. 

Short term surges can bo Clearly dictingulchod fro t 

primary surgce. The primary eurga is the difference botucnn 
the maximum and minimum surge prcasurr s#, neglecting short term 
effects„ The short term pressure surge is aofin+cd as the slit?- 
orenco batuacn the initial surge pock and the suhacquont 
minimum,, The short term pra3auro surge io not always well do. 
fined acrd is of little significance , if it is smaller then 

the primary pressuro surge. 

The Diolyticnl resulto are summoriscd in Fig.4.5 
which shows both chs ma nitudo of the primary pressure outgo 
end, the short term surge for the range of entrance conditions 
and initial air volume otudia . 

4.5.2.3. Inrc cnccs 

Therein inference; from these studios are ,listed 

below x- 
i) 	. The magnitude of the short term surge does not 
die?cnd on the initial volume of air in the air chamber red is 

only a function of the r istenco to flow at the entrance to 
the 4h be . This is already expected since the prasduro in 

the ch bar can not be significantly changed over the short 
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time Involved and the flow into tho chcnbor In co rollcd 
by the a3.zo of thz orifico only* 

I1.) 	Reducing the size of the chamber (ntrarloo oriEico 
will. improve the attenuating charoctorictica of the air 
ch pber. 

Houev r $ the second inforanco will be truce only 
If the size of the orifice is not reduced below the point 
chore the short tcri surge exgeeds the primary surge. Below 
thin point, the attenuating ch.G ractoriet ice of the air ch -
bec uLll rapidly detoriorete. Tho optimum size occurs at the 
transition point which :j ices o tw .n ,mum surge in the line, 

A comparative study with the aquot ono for odiabotic 
cop seekn uera also atudicd nd the roaulto were found slight.. 
ly on the hiy scar aide, coy about 1O with a slightly reduced 
period, This chows that the type of co~lproocion assumed cco 
havo a eignificent of'?act on the primary curgc„ However , it 
could not be expected to significantly affect the short torte 
ourgo. 

.cc whenanalysed u .th the lumped parameter solution 
no short term surges are noticed, hegording prinary proocura 
ourgost both the lumped por cMcr rosulta as wU wallso a dio-
tributod pars cmtvr roculto are In newly perfect cgroancnt, 

4«6.3. Er perimcntal In ,yaia 
The same syctrn used for the theoretical. cnalyoia 

ueo c natructed in the laboratory also* the proocuro reaponoo 
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In the lino of the chctmbcr was obtained experimentally for 

tho some ono of initial air volume and cntranco conditions, 

The oscilloscope frame obtained using piczo cl actr is quartz 

pressure tranaduccra and rapidly closing valve wore found to 

be in good ajroeacnt with the analytical results. The shape 

of the t, oo and the Prequ3ncy of' the surges also had re 

of blanco• 

From the above discussions it can be concluded that 

an optimum size exists for the chamber entrance orifice, and 
the performance of the air chc%nboL is quite consitivo to this 

perr,  peter, 
In the Porcoin j porajropl,a, the possible Indieurete 

use of air chamber anu th^ consequent noon of syutgm design for 

finding the brcnoiont flaw conditions have boon discussed... It 

bee not boon poosiblo to find the exact air chamber behaviour 

because the oxporimental values tally neither with isothermal 

nor with adiabatic low, 

GRZ2ZC {31)  is of the opinion that to such sot ups 

in the iobora ory, the cc3in- of the air chamber has to bo 

roaardod cs a host oink end that the consequent addoption of 

the polytropic equation 1C „ 1P = constant will be valid 
,where n is the polytropic const a t. But to doccr, be the air 

behaviour is totally true in princ ip3 co 

Further conoidorationo reveal that a polytoopic 

equation of the ,3tatcd form cannot adequately do-scribe the 

air behaviour since the initial change in the air is of on 
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adiabatic noturo while the final equilibrium position exhibits 
an isothermal situation uhm referred to the initial air Ma ass 
conditions, The oxpectod air behaviour is schematically , hown 
in fig,4.6 end if the tin, o history of the air is to be defined 
by an equation, similar to the poiytropic ono, than n must be 
a variable with time, 

i, e. EIIC*, tin (t) 	constant 	 (4..S ) 

which to a function1 which cannot be prodot rrminod, 

4.&.4. FUndc cntol / 'ia,lycia 

FunUcmcntcil ancly: io hac, however, choun (30) that 
for a mass of air acting as a par act gaso the following 
general equation to valid 

k v 	d ~t 	( K ;1.L, 	(4.27) 
dt 

in which k is tho ratio of specific boat = 1.4 end _- d rota of hoot outflow from the air ryes. 
d 

Purthor en^Zysis indicated that the rate of heat 

outflow, 	, for tho sot up under consideration can natie- 
factorily be roproscntod by conuocti vo host tronster coo? ft-
dents 00 that 

/ unit ar©a of surface = o,19 . '0x/0.333 (TiTex) (4,2 ) 

Where T = Tc rpo r aL a r cf thc ir muse. 
Tex = Tcmpera.uro of the hoot oink,, 

Thie is the in one] heat Transfer process, The fl.H.T. 
process auoics tho guess work for the Value of ;n1. 
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INITfAL CONDITION 

LOG VOLUME --~- 

f=IG.4.6 EXPECTED AIR BEHAVIOUR. 
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Cl jAf!1., =.V 

DCSZGh..OP fit  CUSH1D? SURGC CH OCR 

ro,1 ,, `NCR L 

Resonance is a potential source of danger to any 
closed conduit filled with liquid#, end will develop whenever 
boundary conditions exist which cauae a not inflow of energy 
to come part of the conduit. Surge tanks and air chambers 
are the cheap methods of pressure control devices that will 
ensure that the amplitudes developed under resonant condi- 
tions do not exceed acceptable limits. 

Even though the provision of an Air Cushion Surge 
Chamber practically solves the problem of pressure surge *to. 
bility and also seems rather attractive from an economical 

point of view, the major question arises as to how such an 
air cushion will influence the mans oscillation stabUity,, 

`r air chamber is primarily an energy dissipating 
+d®Q&ce, in which the air prouidoa an elastic boundary which 
deforms eueficinnUly with prossuro changes for the flow 
through the orifice to dissipsto a substantial amount of 

:en er yy,t  

to high head Power plants, a surge chamber with an 

enclosed it cushion offers an excellent alternative to a 

surge tank extending to the surf ace, This alternative allows 

the distance between the turbines and the free water surface 
to be reduced considerably, thus reducing the problem of 

pressure surge stability. 
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pratsbliohod stability criteriti of the mass 
oacillotlorio for cn air cushion surge chamber by applying the 
theory of small oscillations. Tho critical surgs chamber area 
.ic shown to be equal to the required oroa'o#' a conventional 
urgo chcmbOr multiplied by a factor considerably larger than 

unity* The multiplying factor depends on the initial pressure 
VW the air cushion (for stationary conditions) as call as the 
initially enclosed air volume. 

.2 AS$U PT 100 

The bosic asoumptions made for a conventional typo 
ourgo chanbor also hold good for this case, since tho problem 
hco to be oat eP the otobility of mass surge occillationo 
coucod by any geto moucnont With increasing or decreasing not 
hood c c r000 the turbine. They are reproduced again t 

(i ) 

 

An ideal regulation is asoumod i.e. ' 7. Q. H0 a constant 
in all phases of the osciiLotiofet in order to main. 
Loin a constant not work output, 

,t) 	The inertia of the utter In the Surge Chamber lei 
neglected in ther.dir+c t.ion normal to the turbine .auiu„ 

(iii) T ho water m coo in both the shaft and the c hr nbor 
is neglected. 

(iv) Pressure difforc ncos are transmitted with Infinite 
velocity i.e„ no time lag exists between a enter 
wheal alternation in the Surge Chamber and ito affect 
an the osciUlatiof of the tunnel uetormaso, 

v) 	Velocity is constant eoross the tunnel area„ 
/0 9~G3 

T~tAL LIBRA Y ISNIVt' SIT1' OF ROORQEF 



The basic oquntione of' this surge system (Fi,g.3.2) 
are givon. below $.. 

	

) 	Dynen o Squat on Pc  eft ► d(m,, v,)  
Continuity Equation P4t-= 

	

(3) 	Power equation r, U.H ca 'Consten  

In uhIch 

eta  = Horizontal area of enclosed air chamber in rat  
H0  ► Not hand of tho Power Plant (steady ctato condi- 

Lion) In m. 
m = mesa of water 

P = 1netant onus pressure in sir chamber in kg/n2  
0 !nstantancoue discharge of the Curb ,no to m3/coc. 
v a Instantaneous velocity of water in tunnol In m/oc, 
2 a Water level In surge chamber taken positive down-

ids from the mater lovol In the Intake basin In 
m. 

Elinineting U end v from the equnnens, ono goto n. 

non linear differential equ a' i©n of s ocond order In 19  which 
cannot be solved on lyticafly, 

To examine the 8t bility, a small equilibrium diotur-
bcAco Is $mpaood on the system stationary conditions,, for that 
It is imagined thct a layer of thickness dZ to p1ocod an the 
uater surface In the Surge Ch amber at stationary conditions, 

the affect of ouch an equilibrium disturbance is then Oxamtnod, 
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In thoco c&.oul.ctiono tho A yr .0©c are conoidored to 
be vo y er cU but ?inLto deviations from the roopcctivo ctotion. 
ory voluos, Now by nog sting smell termo of' oo and or high 

oraer0  tho three bestc oquaUUono load to a linear homogoncouc 
differential equation uith constant Coot/?icionto. 

5, 4.3.  a !namA En tAtan. 

+ hr 1'1.,r +',1L. .51r a 	u « 	, -  

(m + dm) (v + dv) mw  

Whore 	he  o hoight of uctor- in air chamber In motrco  

hr = height of wotor in rho reservoir in i etroo, 

Pa  + Atmosphere pressure in kg/in2  
rx ► Slope englo of the Hoed r are tunnel. +pith tbrizon.. 

"tELF. in I tadiano.. 

The u.otor Mons dm to that ontoring the tunnel Prom 

the oho&t outing osculation. It 3e hero € sumOd thot thLo 

portion has no uolc ity component I.n the direction of the 
tunnel boporo entering the tunnel,. 

During the time cit e  the water mavo 	tor.&ng the 

tunnel to 

dm_ ..f, „.Z 

LJhoroos the watormoss in the tunnol le 

C  

43 aeon from Fig.5,i 

..... (5.6) 

hr •ho  = Z • L Sin a 
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The expansion and contraction of the enclosed air 
is governed by the relation 

P. V► c%i 0n 	
0004. (s.a) 

Neglocttng the sme U terms dm,, dv in Eq.5,4 lotting 
.g. 	and alssntnating P, h0, hr and a From Cq.5.4 to 's.e 

one gets 

Ti 	 U 

t 0th the direction defined in Fig.5.1 the continuity 
equation becomes 3 

U a A~ . d 	+ At . U 	 .....(5.1o) 

5.3.3. Pouor w E wg_ _g_ fen aiAirr~r n 	r 

For ideal regulation, Zq. 5.3 glues, 
P 2 	 p Pao V2 

 (H 4o+ 	~. 	) 

Whore 	. = Z0 .-n - hto 	 ,►...»X6.1 

H a Gross head in Power Plant, 

Combining E q.5.11 and 5.12 and substituting for P 
from q,6.8, yields 

un P p 2  V2 

.4w (M .Z+ 	)~ `7o4Q(H.Ihto 	...a.(6.13)  

.4 $.ApILXLY 	SYAir 

As previously atoted, uoluoe are very small,,but 
finite deviations from stationary equilibrium. 

U 
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Let  

Z=20 +L Z 
40 + Au 

p ► PO + dP 
V=\ +t/=V0 + A,.. /A z 

**... (s.14) 

i.... (5.l6) 

# 0 66 0 

 

(5,16) 

..... (5..17) 

4000. (6.1a) 

~~►,~.. (5.19) 

Eq.5*8 giuos,. for small deviations from the stationary valuca, 
n 	aP *~P 	• A V 	0 	..... (5,20) 

or 	
D 	V'1"QP+P. 	w~ •.AV= 	 ..... (5.21)  

Combining Eq.s,.1$„ 5.19 and 5.21 and neglecting omnfl  

terms of higher orders yields 
P 

A P -n • - ° , An . A Z 	 • .... (s.22) 
0 

Let further 

1 
AQ 

..... 	J5.23) 

r=1  + IR 	P~ ,.... 	(&.2L) 

E 	I # /A ,.. 	(5,25) 

H H - h 	+ -- T,.. • 	(5,26) 

Combining Eq.B.' 4 to 6.19 and Eq. 5.22 with the 

basic equations i.e. equatiOn 5.9, 5.10 and 5.13 ; id. negl t- 

L.ng tests of second or higher order, one gote, 
v0 4 ~A  

~r t~ * v,0 . V + .«~...~." 	d 	i ...(5.2'l)    
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ddt :At  • aV  

C, U- F .AZ + 	. a 	s  
0 

Eliminating u and 0 In the above thee equations, 
gives the following second order differential •qu ion in Z 
with constant coefficients : 

a 	,""..4 A 
g 	dt 	 r~ 	`fit 	a 

	

.0 	vol  
+ F +tit+ E , 	- 2. 	p  

	

O 	 Q 

It' all the coefficients in the cheroctorictic equation, 
Cq.5.30 are greater or equals to zero, oscillations cannot grow* 
The decisive Criteria ie given by the coefficient  caefficicnt In front of 
the term d dZ , then t 

., A 	V a aA 	a rA 0 
L

+ •» .~. - + 	> 0  
c 	g 	g •At E.H0 

or rearranging 

s 	The critical tic 	area 	s 	....(5.33) 

In the case of an open surge chamber, the factor 1Q a 
infinity f end F become. unity. Thu$ £q..6.33 - gives the follou- 

ing critical area 	for the opon.ouvge tank,,, 



2g ( + )E»H + 

or when oubat ituting for Lend Ho  from E ga.5.25 and 5. i one 
9et$$ 

L. 

29 (t1+ 	) (H0  .h +c  + "` !) (1. 	--- 

.. ,.... (5.35) 

The critical area 41 'or the enclosed surge chamber 

may in accordance with Ega.5.33, 5.34 and 6.24 be written as 
n.p 

The latter equation may also be obtained by applying 
the condition of aqua pressure doutotion from the stationary 
condition in on open and an enclosed chamber due to a discharge 

variation from Qo  to (14e  +4 Q) for Ideal regulation. 

The pressure increase due to a small VISO d a in an 
open chamber is)'. Q a, whereas the corresponding pressure 
rise in an enclosed chmber is completed by a water rise by 

A ho and by an air pressure rise A p, 	Thus the condition of 

equal pressure rise In the two case .leads 

AP + I.Ah 	4 o 	 •0000 (5.3?) 
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Where L\ ho 	.. AZ , d A P is given by Cq,'5.22. 
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For Identical regulation in the two cases„ the same 
amount of water entors the two surge chambers for a given load 
variation, Thus 

6he  . A t  4a ► % 

Uy combining Cge5  53?, 8.22 and 65.38, one will got 
np 

0 

which for the critical area is the one equation as £q.5.36, 

5.6 L.I tT 

(1) 	The c olcul et inn of critical area a  for en enclosed 
compressed air cuohion surge chamber' can according to 
Eq. u.39 first be 'corded out for 	open urge chamber 
giving A*c  for the system In question. The critical 
area of an enclosed surge chamber is then; given by 
Eq.15.36,E It ehoaild be saph tzed that such a ,prose. 
duro is only possible when determining critical , areas 
i.e. for small oscillations , 

for calculations of large ooci .letione, such as deter-
mination of the upper rnd lower mè oa¢i .Uation 
limits by sudden closure or start of the Power Plants  
a numerical integration of the basic equations is ra-
quired. This is due to the non-linear working dicgrn 
for the air cushion. It should be mentioned, however, 
that both the upper and the lower aecillabton limits 
turn out to be relatively moderate for the air 
cushion design. 
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(3) The amount of air leakage represents en unCOrtein 
Vector as for as the practical . aspect of the air 
Cushion solution is concerned. 

(4) Ab atoted earlier, the option of sir is neither too. 
thermal nor diabetic. The expansion (or compression) 
is of polytropic nature. But the value of the p+olytro. 
pie constant has not bed'► uorkod out correctly so far. 
However #  a value of 1,2 for the constant appears to be 

GRCEZE (l3) proposed a rational approach (RAT) govern. 
Ing the behaviour of the air In the chcmbor•. He found 
that the temp or©ture parometer, while being completely 
absent in the polytropic equation approach, but obvious-
ly present in actual inotalletiona, plays a vital part 
in the rational approach. The t. H, T,. equation may be 
consider cad as a replacement of the polytropic equation. 

i 	The drop in tenpereture below freezing point tends to 
release latent heat from the water vapour present in 
the air. This additional form of energy which may be 
regarded as booster ornorgy, can meke the behaviour of 
the air chamber some what different than the theoreti-

eel conclusions. 
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CHAPTER- UI 

phi oT PAL PQR on ICE LOF 	CUS Q Surd L 
cjifl 

6.1.  INTl ourZoL" 

R thie Otago It utU be interacting to know the 

prototype boh3uiour of an Air ct$h, on Surge Chamber. Though 

a number of pumping name in the di Brent poste of the world*  

were fitted with fir Chambcr D  the only iou€•r Pant now Punction- 

. ng with an Air Cuahion Surge Chnbor fps Urivo Pour t l ant In 

Norway. .Several high hood plants are pvoacntly being dooigncd 

cnd constructed with Air ch mbar In r oruay, The largest ono 

00 taro  to the 1200 t1,W. Kuilidal Power Station which compriace 

0 1000 r3  air chnbor. In the folloutng porcgrpho the 

prototype behaviour of tirivc Power Plant uW,WW be briefly 

diccuocci,,. 

6..2, 5 i.  UNT LJTLWLLC 

The LJriuo Power Plant is situotod In Trondolag 

in the North tat port of $c horn Norway , about 150 ktlomotroo 

south of Trondhoic. The salient fea:uroe of the project are 

shown in. Eig.6.1 

The difference botwcn ti „F 0t ., cnd L,U, L, on lake 

Gjovilvotf to 15 'm„ thus providing otorogo of 280 hm . The 

total catchment area to 411 kr 2  and the Annual A+ arogo runoff 

441 h13. 
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6.3. 	7ER CM)CUCTUL SYSIEn 

As usual uoucr al d. tornotiuca care otudlod and a core.. 
ventionol typo of outgo ch bot hao boon outlined at first for 
the hood race tunnel which io shown in Fig„6.2(o)., 

Thio solution was not ccooptoblo as tho head race 
tunnel had to be oxcouatoc. from both aid= oinultonoously, 
This nocoocit otoci construction and maintenance of en cccoco 
road to U,6001 about boo 0 above the Pour House elevation. 

AS the aidcs of the vclloy are prccipitoue with 
frequent rock elides and avplc r+choo v thin proposal was vary 
difficult to tccklo. Hones the piano had to be chongod, 

The oocond proposal woo than worked out co shown In 
Fig~.6.2(b). But this proposd, had ooMa , occrnom .cob droubocko.. 

The long surge shaft,) which for Stability rocoono roquirad 

o 

 

minimum croco occtional area of 20 M2 prayed to be very 

costly. 
Then the Chief Engineer of the pl Inning toot intro•• 

duc cd the idoo of replacing  th o long surge Shaft by a short 
closed air chcmbor ( as shown in rig.6.2(c) partly tilled 
with conpresood air. The compressed air would got like a 
'cushion' to reduce the water h^umor n?1'act on the hydraulic 
machinery end the watorwoys and oioo cnsuto the otobility at 
tho hydraulic cyctan (GG), 

ho stated aarlicry such chomboro were frequently 
used to suppress resonance in pipe iinoa but urine is the 
first 1 ouor station , whore it has been used for an Hydra 

Electric douolopn©nt.. 
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The proliminary doeigno for the air cushion surge 
Chcabor ucro done by otop by atop num©~ricel calculctL.on, 

ouming that the air In the chcmbor bnhaveo ioothozmaUy. the 
results so obtained were checlod by thcorctical studies In 
the F Ivor end Harbour Laboratory at the iec iLod University 
of Noruay,# Trondheim, and proved the soundness of the doeign. 
The fincl dcaign of outgo ?aciiitioo prouldoe at Drive Power 
Station .to shown in rig.3,6. 

6.4s PCRF C, + 

L) 	The Glows cubic metro air chamber of Drive Pauor 

Station# filed with 5000 m3 Of CCmpre000u air gives a 9 . 

rise In the static hoed on tho turbine ( him 	736.4 motreo) 
on the Instantaneous shut down of the oucr 4lent from full 
to zero load. Th© turbine menulccturoro ( i(vaorner Krug A/S 
Oslo) generally allow for 16 rioo in moi-bimurtn ototic heed. 

By way of eomporicon, o 2) m' Surge Shat ea +shoLm 
in Fig.6:.2(b) would jLve a rise a? ?.9; In the maximum 
static hoed (1max = 705 metres). 

l4) 	The harmonic riosonence testa core carried out during 

Juno 1973 In the air chembnr of Urivo an the results ucro 

found to be coinciding. The toot use conducted while the air 

volunm in the chonber was only 3000 m3 (1 ) This to compared 

with a surge shaft alternative end found that a 600 metro 

Surge Shaft will cause an unot oblo regulating eyotco + rtd 
hence the stability computation of Urivo ohowod that the 

sit eccumulotor oystCM was the boat alt orrtivo. 
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LU ,) 	The air acumulaGrin Dr2ve which to completely 

unlined has so for had no cpprecieblc loekagad of air and 
showed no failure In service. 

iv) Though R,H,T, oystcm gives a better solution for the 
value of n,, when the transient behaviour commenced with an 

Initial expansion as to typical of on air chcmbor inotollation 

shut down#  the excellent agroomcnt between theory and laboratory 

results was unfortunately not repeated,,. 
The booster energy cauocd by latent host may be the 

reason for the discrepancy In the laboratory value crud that 

got in manipulating the theory,. 

v) Due to the aforesaid rdaaanc,, the air chamber inctai-

tion can be cxpcctcad to bchavc dif1'©rcn 4y during the day when 

the air In the chc bor can become hot than at night when tho 
air to relatively cold, accuming that cli the other per notorn 

rcnain the ocmc. 

Atthough0  theoretically provision of an air chamber 
ooamc to be , n economical alternative to conventional surge 

tcnko p  there may be some practical problems soc1atd  

with it which , are briefly diocuesod bi nw0. 

6,5.1; Atr Let kage 3. 

In DrLvaq  the probicio of air lockage was tooted at 

length during the construction period itself and no taco of 
air lockage was Pounds the over burden thickness bonny. about 

100 motreo. 
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Three nurnbora 4© mctroo doop bore holoo Wore taken 
for the purpoo o of tooting and a toot zone 2) to 40 oot r o 
zcno was taken. This is duo to the likely influence of tho 
un? ovour obl o stress conditiono around the chamber, No 
lockage of air or water uc measurable from the bore holes 

' upto a prosouro of' 60 t(p focal, 

In case tho rock 10 not of good quolity9  air lookogo 
from the chamber to the pressure tunnel ed oven out to the 
volley through small Piccurco of rock may pose a sCmiouo 
problca„ In that case, it can be ot.tr ked by providing lining 
of the ch nbor roof citl aides with a special duC-camponont 
opouy coating or by stool lining. 

6.6.2. Oiu cod. vcd air 

The socond problca my be about the dl000lvcd air In 
the turbulent wo; or nnoc and the question of whether thio 

dicoolvod air can cause cavitation damage to turbtno ports, 

Thfo problcm was Investigated thoroughly at the iLucr and 
Harbour Laboratory#  Trondheim for another Noruoginr, Hydol 
Plant .ct Jukla for uhlch an air chcibor has bean proposed, 
Tho results inciicatod a m imum air lose of 0.6 to 1,6 per 
thousand of the water volume flooded for tower production*  

The air volume refers at normal atmospheric cond .tiono), 
It ,Ic possible that the air loco 10 oven loss than thlo0  

as the result c worn bra cd on very unf avour obi o coumptiono. 
It was, houovcr noticed that the air boo increased with  
Increased turbulence In the c h, bar.. This problem can btu 
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solved by providing the distance between the head repo tunnel 

and tho chdnber st least 5 to 6 tiads the diameter of the 
linking tunnel. 

6.5,3. + avitation 

No cavitation was found to develop on the turbines, 
in fact it was discovered that the press a of dissolved air 
reduced Cavitation risks, 

6,5.4. poisonous g uses 

The air in the air chamber could become slowly 

poisonous ( low oxygen content, possible content of Hydrogen 
Sulphide from the deposits of organic material), This will 

in no way effect the machines. But care should be taken that 

these gases ( or air) from the chmber should not be released 

through the machine hail.. 
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CN ERRu VII 

ECOROnJC V fiLUAT IO .O AIF CUSS t~1! SU t GN ]8ER 

7,1 , N4 ,L 

In tho previous Chapters, various technical aspects of 

tho air cushion our o ch mbor Ppvo been discuss d, In this 

Ghopter, 

 

on economic evaluation is projected. The data for 

this otudy iø token from the mammoth Idukki Hydro► ootria 

Project of Kerala Stmt,, where a roctrictoc orifice type outgo 

ah?t with upper d louor expansion chambers is provided. 

7. 	R0XCT Iii  
" ho XdukkL'Hydro Electric Project is loc tod in Idukki 

Diotrict of Kerala State and is about 80 kii.omotroo South-►Gast 

of Ernakul 	(Cochin) and Btu k nn north-oast of I(Ottay,am» The 

entire area of this projcct is in Uostern 1hato. 

The inflow of the River eEiy or and River Charuthoni 

will bo impounded to a reservoir of 2000 Am3 c opac ty crest©d 

by the construaotton of the fodloning dams : 

(I) 	A concrato double Curvature, parabolic thin Arch Dom 

(fully inotrumantod) of height 169 m at Idukki Gorge. 

(2) 	A concrete straight grovity dcln of height 138.4 m at 

Choruthoni, ad,jcpont to Idukki Gorge; and 

(z) 	A Composite (1 asonry oum..00ncroto) do of height 100 C 

at Kul +cam civu. 
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Tho ltvo atorco or Idukkj R000vvoir is divc rtcd 
through a 7 n di otor horoo ohoo conduit From t{ulcmavu to on 

Undorground Power zt ation locatcd in tho adjacent volley at 

floolcaottom. the oyotom to doolgnod for davoiopmont in two 

Stagco for ultimate oporotion at 30 lord factor with a tot 1, 

inot allod Capacity of 709 t at 0.9 Power factor, Tho Schematic 
pro?ilo of the Project to shown in Fig.?.1„ 

The regulation of inflow (ootima; od long term overage 
flow) of 40.0 m3/sec will be onoured by a live otorogo of 1460 
million m3  botwoon rceorvoir olovationo 694.94 2tr and 732.62 i tr, 
flood control will oncvro a maximum wator level at El.734.7i fltr. 

7.3  WITH  C0 ©UC  TDRS  
Water Conductor cyotom oomprioco a Morning glory intro 

tower pooitionod at about 600 motroa upotrocn of Kul 	vu dam. 
The oili level of the intake tower to at £1,684.3 m*  This is 
connected to the hood raco tunnel by moano of o 7 in di anotor 
circular conduit of 813 motros length. Tho head race tunnel io 
2028 m long 7 m dla, modified horoo ohoo section and io dooigncd 

to carry a pock dischorgo of 13 r?fooc, -A ro3trictcd orifice 

typo inclin&d ourge shaft with upper and lower oapanoion 

chcnhoro h boon provided of the cfld of the hoed r o tunnol, 

Fran the outgo shaft point, the power tunnol bi?uraatoo into two 

stool lined otooply inol .nod pr000uro ohcfto of 3.81 m dla.with 

horizontal limbo at top. The butterfly valves wore provided at the 

horizontal portion of the pr000uro +haft,, 
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The prescura ahaft 14o,1 to 993.36 ra long cd inclined 
at 5i°.02'42,3" to tho horizamcl uhorotio ohaft 14o,2 io 955.85 

0 long and inclined at an anglo of 1590.37'.24.2 ' to tho horizon. 
tal. The pOuer house is oquippod with 5 Poo, 180,gQo H.,6 joto 
375 rpm. Pelton turbines,, operating undo. o naUinun gr000 hood 
of 679.25 n. The water will be diochagod to a nearby otrocn 
through a 122D a ?rco Plowing tail race tunnel. 

?. L OU 'i..CONSIDERATION~+ 

7.4.1. 	.Gone!, 

The major portion of the planning -of Zdukki Project was 

oar ied out during th.x iu z ply yacro of lost de odo. During that 

period the Idea of providing Air Cuohion Surge Chnber woo not 

fully dovelopod and co the dasigncru and cnginooro could think 

only of a conventional typo development with a mildly eloping 

hoed race tunnol and a ctorply eloping prcacuro cha'to (or 

pcnotocko ). ticnco this project vo lo outlined in Chia fashion 
of the early otogo and rof'inenonto wore mcdo later on. 

7.4.2. bgad. Roca T nn 1 
Vctrioua altornattuca for the hood race tunnel olignmonto 

uoro studieci in detail tho proacnt alignment (& )JrSi ) (ig.?.2) 

woo conoidorod to be the bust alternddiuo duo to the following 

r ocoona 3 

(a) 	t dco intake taking art from l(ulcr avu dcra,though found 
technically z and oconomicallly sound, a ocp arotd edit 
may be noedod at tunnel inlet; either from upotrc n or 
from downstroci of di for tunnelling. Thic may load a 
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9. POWER TUNNEL 

l0 SURGE SHAFT 

II. BUTTERFLY VA L` 

12, PRESSURE SHAF 
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FIG.7.1. IDUKKI HYDRO ELECTRIC PROJECT-SCHE 
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The prcocuro ohaf't No.1 io 993. a long aid inclinod 

at 590.02'.32.3" to tho horizontal whcr000 oha t No.2 io 955.85 
n long cnd inalinod at an anglo of 52°.37'.22"t tho horicon-
taX. The powor houoo is oquippod with 6 Woo, 180 #000 h.N.6 jots 
3?5 rpm. Polton turbines,, oporating under a maxinum groos hood 
of 6?9.25 m. Tho water will bo d£ochargod to a noorby atrocn 
through a 1220 a ?rco ?Louing tail race tunnol. 

?.4 L QUI CONSIDERATIONS 

7.4.1. jona?~A 
Tho major portion o$' tho planning '? Idukki Projcat uco 

carried out during tu oo ly yocra of lco dcsodo. During that 
period tho idea of providing Air Cushion Surge Ch bor was not 
fully dovolopod and co tho dcoigncra and cnginooro could think 

only of o conventional typo doualopmcnt with a mildly aloping 
hand race tunnol aid a otorply eloping Nrcacuro cho? to (or 
p notocko ). Hence thin project wa& aboa outlinod in this fashion 
at tho early otogo and rot'inomento woro made later on. 

7.4.2. load Racy Tunnol 

Various altornattuoc 'or the hood raco tunnol olignmonto 

wore studied in detail tho iroocnt alignmcnt (& y1)(Ftg.7.2) 
wca conoidorod to be tho bast altcrnc ivo duo to tho following 

3- 
(c) 	A do intake taking off From 	dcca,though found 

tcohnically and economically oound 0 a ocparote edit 
may bo noodcd at tunnol inbot eit;hor from upotran or 

from downotroc of dc for tunnelling. Thin may bocd a 
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bit conjoction at Kulrnmvu din oito ao well no incroaoo 

In length of the hoed race tunnel. 

(b) 	Su'jciont rock covar uco not cvailablo 	Ua F03 the 
straight align mcnt 1 E V $~. 

c) 	The alignment A U, S, was not considered suitable co it 
had more length than &V  2S1 olignmcnt. 

Tho tunnel pas000 through hard granite rock and hence 
lining woo not structurally nacoaa ry. Economic otudjcc proved 

that the difference in coat was aloe marginal. hcnco Lt was 

doidod to give o nominal lining of 460 mm n1nimum thickncoo to 
roduco friction gaotoi., 

7.4.3. PXWOM CO $hn~'tp ~i~a.~wr+rr 	r W  

The preoouro ohafto wore defined in relation to the 

underground power station for tI following conaidorotiono : 

( ) 	Shaft inclination woo celoctcd to achiaua self mucking; 

(b) 	Turbine setting with r capr ct to the surface of the ridge 
elope us aolcctod for optimum rock cover (ouUUicicnt 

cover for rcoiating inside prooauro and to minimioo 

outoido proosury from ground wctcr. Two alternatives 

wore considered for proaauro ohoft alignment. "huao 

are (i) Two prcooure Shafts running parallel and 

branching near the Pouor Station (ii) Two Pressure 

Shafts croon near the Paucr Station. 

Tho coot of alternative (ii) worked out to be chocpor 

and thoroforo adopted. Economic otudico taking into account of 

Civil works costa l ccpit .load rounnub T00000 duo to hoed lococo 
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and copltcl .cation have led to two 3.81 m dice otor sloping 

ohoffto which compared favourably with the largoot high hood 

power ahofta oloouhero in the world. 	ainglo chafe would have 
to be in the rcngo of 5.5 m diameter and woldi.ng with the 

required thicknoso of stool would hovo nocoaoiteted very elaborate 

toci nlquoe and t horaEoro abandoned. In additionq  considering the 

development in two ctcgoo9  a single ponotock required large 
Investment too. In the alignment of pressure ohaft, it La of 

obulouo interest to go doop enough underground to ensure minimum 

rook cover required. By going. deeper the liner would of .11 have 

to be docignad to the yield otrooa in conoidoring internal pro -
aauro. By going deeper, the requirements of external ground 

water pressure will govern the dooign 9  especially In the upper 

sections of the penstocks. Initially the design was made with 

50% design head as rock cover. Before Einolioing the dooign, cn 

intermediate adit at about middle of the shaft was driven for 

detailed investigation and later to be used for ponstock installa-

tion. From these otudios9  It was found pooclblo to make o change 

in the alignment of pamstockO. The inclined part was shifted 

downstroc and it was relocated as close Co possible to the mant-

folde in order to reduce the length of the lower horizontal part. 

With this arrangement, the penstocks will cross each other and 

the acne at higher elevation will approach the ground surface so 
that the reduction of oxtornol pr000uro will reduce the thick-

nose of otoolq  The saving duo to reduction of oxtornal pressure 

ofd length of lower horizontal portion of penstock worked out ao 

105; of the total coat of ponstocko. In general layout of the 
Idukki Pressure Shaft and Surge shaft to given In Fig.7.3,, 
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7.4.4• lur- rgo-_St~iLt 

Regarding the typo of surge tank variouo attt rnotivco 
with convcntional typo surge chambers were conoiderod. After 
going in dot Fail into all the d.ttornatiuoo, it was found that a 
rootrictod oriUco typo incl.inod ourgo shaft of 0.7 m Piniohod 
dienotor Bend 76.25 m long having upper cnd iouor expansion cham.. 
bore as shown in Fiy.2.6 was the boot solution for this water 
conductor system and hence adopted. 

7.5 , E SXBXLI 'Y STUDY 0 AIRCUSHION SURGE CHAnBER FOR IDU K 

	

7.5.1. 	It was poaaiblo to provide an Air Cushion Surge Ch!mbor 
in this project instc t of the conventionalypo Surge tank, 
already provided. For providing the Air Cushion Surge tank 
economically,, the concept of the development with mildly slop-
ing hood rope turn of has to bo abandoned and a now W o cr Conductor 
Syotcn stroiinlnod, which will bo ontiroly diffcront from the 

convontional type. 

With the haler of modern tunnelling techniques it is not 
very much difficult to drive tunnels upto a olopn of I in 6 
efficiently. 11ucking can be done with the hoip of tyrcd dumporo 
and loadoro as woo done in major tunnels of Idukki Project. 

	

7.51.2. 	It io proposed to conduct only a preliminary study to 

got a rough idea regarding the economy behind the concept of 
Air Cushion Surge Ch anbor, For 000iar comp orioon, a now develop-

mont to planned with minimum changes in the present Water Conduc.. 
for oyctcm. A Schematic profile of the now Water Conductor 
Syotom with an Sir Cushion Surge Tank Is shown in Eig,7.4, 

9YtAL U81thY Wa1VEfS1TY OF t0OR CEF 
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The Intoko and control gate hnuo boon locatcd near the 
Kul.cmavu Dt itool o  an it in costlier to provide too long control 
shaft, which uifl bocono nocosoary uhcn the'slopo of the tunnel 
incroesco in the new alignment. Cloroovzr, the modified proposal ul 

grill ono,blo In getting - the full length of' tunno . under control. 
Inoidcntly, the complexities involved in the construction of ou-

pcnoivo morning glory Intake tower and connecting conduit can be 
avoided. 

The alignment of the now head race tunnel can be A3-0i tI 
HI - " S (vide rig.7.2). The tunnel will have a longth of $O00' 

(28a m) uith I In 0 bed elope, Sill level of the tunnel inlet at 
and exit at ACS will be 677,00 in and 366.00 in. The tunnel is 

proposed to bo kept co unlined having a minimum di,motor of 8.5 
mts modified horse chop section, The ovcrbrockagm allowance of 
10 cno uoro provided at the outer periphery, It is proposed to 
drive the tunnel from both ond3 only. 

From the stability considerations an Air Cushion Surge 

Chcmbor of' clzo 100.0 x 14.0 x 12.0 metros boo to be provided at 
the exit point of the hoed ratio tunnol. The general layout of 

the f v Cushion Surge Chamber for Idukki is shown In Fig.7.5. 

The design of the air cushion surge chcnbor is givon in Appendix 1, 

Provision of 2 noc, Spherical valves has bocn made at the 

upper horizontal limb of the pa oeoure shafts, The value House ccn 
be at the existing intermediate edit area. This is in lieu of 

the butterfly volvoo already provided at the exit of Power Tunnel. 
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Nocoovory comproaaora for oupplying air to tho ch bar 
ct bo installed outside the Intermcdiato edit tunnol as tho 
length of the conduit is not much or oven in a aep orato cavity 

near the valve houso. 

Proctooly the i it Cushion Surge Chambor of Idukki, will 

h ovo 1/' th volume of the owor House cavern, Tho uorko of the 

cavity can bo attacked through the linking tunnel. Gunito uin-
ing io proposed in the Surge Chamber as well as in hood tact 

tunnel. 

Tho cxioting uobor .conductor ayotcm bolou points 11 
and 't2 (Fig.7.3) is propooc& to kept as ouch, Tho Length of 
the two inclined prcoauro ohafte will be rrriucod to 399.0 m and 

391.2 n which will ba juot hell' tho original length. The total 

savings in the now prop000l work out approximately 23 porccnt 

of tho coot of the Water Conductor System, 

The oaximuo surges for full low rejection and for full 

load occoptanco (although full load cocoptanco is not gonrroUy 

followed in practico), have boc* worked but t  assuming the initial 

prceouro at otoady ofeta condition, is the a s as of that of 
Qrivo Air Chtnbor, for iaobhoancl, adiabatic and polytropic 
(n:1, 2) comproaoion and oxpenoion and choun in Appendix 2. 

However dotcilcd calculetionc have to bo cerricd out 
for optimizing the initial vo3.umo ,end prcaauro of the air moos 
in tho chamber, so as to ral'lcxt the minimum uctcr hcnmor pro-

ocuroc in to the hoed race tunnel, positioning of the air chobor 

may also has to be otudiod in detail., 
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CH +ApTC P ,. ~! i I l 

C ONC LUST M S 

1, 	for high hoed power pionta q surge tank io n 0000ntjol 
component, Wowouor, conventional typo surge tanks are normally 
very costly# 	Air Cushion Surge tank ccn be an economic, altar 
native for o hydro electric ochomo Pod by a long prasoure 
conduit. Thic he boon tried at Drive Power Plant,, .Norway and 

Is functioning satisfactorily.  Savona, high hoed plonto with 
Air Cbohion Surge t ko are nou now being designed and conotructod 
in Norway, 

2. In anair cushion surge chcnbort oocillationo in the 
water surf coo due to load fluctuations are taken care by the 

compression and expansionn of the air above the uotor surface. 

It boo been found that the uppox and buoy surge bimito arc 
moderated considerably. 

3. Air Cushion Surge, tanks Oro specially suitable for 

hydro electric projects whore long preSouro ehofto and surge 

shafts area nocossary. In many casco, Moore the hydraulic gra-

dient .lino is above the rook surface line$, Air Cushion Surge 
tank may be the only economically foasiblo solution„ 

4. 

 

The now concept of Air Cuchion Surge tank could be 
adopted auccossfully in thin country,wboro roako are of good 

quality, a In the caso of tootorn Ghats, This cc fl be provided 

even in Himalayan goology(uhoro rocks are vary poor ca porotivoly) 

if adequate precautionary moasuros to prevent air leakage etc. 
are taken. 



75 

5. 	The adoption of Air Cushion Surge tank to likely to 

rcduco the conotruction coot of the water conductor aystci 

considerably. A preliminary otudy for tho comparitfvo cost 
of conventional typo surge tank and Air Cushion Surgo tank 

o do for the recently commissioned Idukki Hydro-E, .octric Project 

of Koralo Stoto, shows that the provision of Air Cushion Surge 

Chamber reduces the cost of the water conductor system by about 

23%. 

6, 	it has not yet boon poscibla to define the law govorn- 

ing the ocpanoion and compression of air cushion accurately. The 

process is neither adiabatic nor isothermal. But for all practi-

cal purposes, this po;e process can bo considorcd no polytropic 

(P. V'1  = a conot ant) s  assuming the value of n = 1.2. 

?,k 	 + it Cushion Surge tanks with restricted orifice also 

can be developed successfully. The diamot©r of the orifice 

should be optimized to got better performance, 

8. 	Sufficient laboratory ao well no ftold data is yet to 

be collected to verify the various assumptions in the stability 

analysis with an air cushions surge chamber, 

9, Precautions have to be taken to guard against any 

poisonous gases being released into the atmoophoro. 

10. 	The effect of the dissolved air on the efficient fun- 

ctioning of the turbines has also to be investigated in dotailL; 

and precautions taken to guard against any adverse effects. 
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S GGE ST IUNI FOR FUT U1 E RC SE d RCH WORK 

Eucn nou the corks on air cushion ouroo chcs born are, 

at its infcncy. Tharp is emplo ocopo for further raaoorch work 
in the f'oUouing fields.. 

I, Pol. ytrIQpJLcCan t alt C' ~. 

The exact behaviour of air ms in the air chcnbor is 
still unknown:. Honco further rosoarch cork hes to be carried 

out to find out the exact voluo of 'n'. 

20 Paonnue Goodo 

The air in the chamber could becomo slowly poisonous.. 

Though it will not in any way off ast tin mochinoo b: the biologi.. 

cal. oopocto iiwolvcd in roloasing the poisonous gcsoo to atmoo-
phoro uhon It is absolutoiy noccosory to do so have to bo atudiod 

in detail! 

3. dIsoiyi__ 

Though the quantum of diçcol.vcd air in the turbulent 

air mass is nogligiblos it can couco appreciable powor loos and 

cavitation to the nschinos,o this has to be analysed at length 

in ouch case,, 

4• Air #.anknc0 
A3 stated in pare 6,8,19 air loakogo Very from the 

hambor can be a Dig problem when the rock Is not of good 

quality. Hence cheaper methods of air proof. lining should bo 

foundout, 



5. 

Tha effect of providing a raatr.ictod orifice for the 

air cushion surge chambar will bo tho next stage of dmvaiopmont 

b,' ilo tic - tt©rr of h oar 	c  

Since as atotad abouo, uhole mechanism of air cushion 

outgo ch anbar is in its infancy, more and more prototype data 

is necessary to verify the aocumptiona in the theory,. 
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,.PPEUDIX .. I -w«rir~ +r~r~.r..~►+r~r.r~n 

OC.5 Gr OF AIR CUJL0N SURGE I, S~K OR IUUKK 

(o) .at..n 

Length o f hoed race tunnel L 	 2520 m 
Area of tunnel 	 +At 	 60.26 a2 
ilaimum diochargo 	 Q 	 140.17 m3rocc 
Maximum uolocity in the tunnel v 	 2*33 mjsoc 

Not hood an turbine 	H0 	a 60,O m 
Total hood boa upctrocn of ourga tank 	 -6 
using icnnifg'A n (minimum)wo.D26 	p 

= 3.12a 
Specific uoighfi or uotor 	 = 1000 kg/+n3 

(b) +pump.Iona 

Tho following assumptions ova bosad on the design of 

Oriva Air Cushion Surge Chcnbor x 
Initial. pr occur o in Air Chcnbor Po 	t* 36.0 kg/cm2 

Poiytropic constant 	 n 	1.2 

Long th of air column in Chan bor is 	= 9.0 m 
at steady ototo condition 

(a) CarapuUr ions 

Thoma area of open surge chembar = , ' -- 	, 

#0 a2  

	

4A#c (Critic 	or oo) 

Critical area of air cushion surge chcmbor 

n' P 	. 1D29 m 

Provide an At Cushion $urgo Chamber of Size 
90pm u14m X12m 
:~rc~n aP r,ir Chtmbar provided C* 10W14 CS 1400 m 
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fpE upxx 

COFIPA,,AATIV 	RGE9 aID PRESSURES ICJAIRG„ H4PnlER,EQ IDU~  

0) ,, aumpti+~n~ 

1. The size of tho Air Chambor io ao per Appendix - I 
2. Computations hovo boon made using Eqo. 3.1 to 3,5 and 3.10. 
3. At maximum upsurge or dounourgo condition b velocity of 

uoter in the hood raco tunnel, v2 = U. 

b) Com 	at.Y'IQ . Ro: ul to 

Typo of Dom- jthroQff(1DJli 0 lrthrojnoMoc' IPJIAt pr osc ion or laximum 	limo tokon 1=l ximum fl a imum 	Timo takcn it oxim~. 
Expansion upourgo 	to rooc{ ~ aboaluto down- 	to ro,cch ob3aiL 

y 	~ presouro surge 	& to pro 
in air y oauro 
chcmbor PP. in aus 

... b 
r 	occ kg/cm'" n 	ccc kg/cm' 

Toot hermal 	1014 	19,77 	41.2 	9.31 	22.66  

Adiabatic 0.96 16.65 42.20 1.10 19.10 30.60 

Polytropic 1♦br 18.04 41e7B 1.20 20.68 30,98 
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