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SURRMARY

air Cushion Surge Tonk io o closcd surgo tank which
worko on tho Principlo of compressibility of gobes, bhon air
volume increased in the cheabor, the presouro decroases by
g cortoln oxtent and vico veroap, follouwing como dofinite
tuleo,

The importanco of ourgo tonks and tho mathods Por
oliminating thaﬁ from high hood plante arc briofly diocunsed,
The role uhich tho air cushion surgo tonks oro likely to
play in tho coming docados 40 oxploined in short,

The convontional typo curgo tanke viz,, simple,
roostricted orifico, difforontiol end opecial typoos havo oloo
boen discusped bricfly,

Air cushion curgo taonk, ito principlo; adventages
and disadupntogeo oiC., ofo disccuoocd. A hictorical rovicu
of this dowolopnont has oleo boeon given,

6 teonsiont Plow enelysde with distributed parocmotors
and lumplng'the same hes ehown that the meynitudo of tho
ohort torm surges does not dopend on tho initial volume of
air in thn chenbor ond that it 4o only o function of the 2t
siot cnco to Plow at tho ontronce to the cheaber, Honco tho
oizo of tho cntragnce orifico of tho chenbor meay docido
tho attonueting chazactoriético of the air chmbor,Though
it hao not boen pooeible to find tho exact oir bohaviour
in tho chambor, it ceoms that tho oir chombor bohaviour io



anl

pelytropic and tho valuc of tho oxponont 'n' liocs botucon
thoso of opdicbotic end dsoth oxmaol,

The hydraulic design of the Alr Cushion Sorgo Chomber,
asoumptions, limitoations, otc, havo been discusscd and tho
criticol aroa of tho Air Cushion Suxgo Tenk found out,

The prototypo bohaviour of the Air Cushion Sumgo Tenk
Praovided at Drive Pouwor Plant in Norway 4o highlighted, Tho
Saliont footutos of the project, the roasvons for providing
tho air cushion surge tank, tho behaviour of tho oir chgnborx,

prectical probleme ancountored otc. aro discuosod in briof,

&n cconomic ovaluation of o oschemo with Air Cushion
Surgoe Cheabor 1s abtompted, Rolevant daota hao boon t£oken fron
tho recently cammissioncd Idukki Hydroecloestric project of
Karalg State, Tho Water Conductor osystcn wgd romodeollod to
ouit the nir cushion surgo Chomber, Tho anslyoio hao indicated
that thero will bo much economy &Ff thio novel Ldog of alr
cushion surge chamber 1o gdopted,

Concluding rcomarke and'thn‘augéeatiano for futuro
rosoarch work form the 1é5t two cheptoro of tho dissore

tation,



XN TRODUCT 203

4 surge tank acto os é rgsorvoir rologoing onorgy
for mosting the immadzaéa demend of turbinos ot suddon gato
opening, and for trensfomming the kinatic enorgy to potontiol
at clnéura, end theroby roduces tho amplitudo of tho prossure
wavess Tho waves aro partiglly roflectod by tho Surgo Tenk,
which thorefore protects the hoadreco tunnol offcctively,

Tho great numbor of sclentific papere doaling uith
surge problems in rccont yoars ere en indicgtion of tho
groudng importence of tho surgo tanks in modorn hydro oclcctric
projecte, Capventional tyba surge tonke aro most popul ar NOU
a=days. But sometimes such a development beconos too costly
end creoates technical problems, Henco in a Pou concs tho surpo
tenk had besen elimingted from tho oyotem b} incrogsing tho
flyuhool woment, the rooponse timg and the conotont dnortis

of tho pipe linc ond by introducing minor pouer restrictions,’

Slouing the closuro of guido vancsg houovor, doos not
aluayd complatély volve the problen sinco, An tho caso of very
long ponstocks, tho unit mgy resch fﬁli FuReguoy spoed oftor
shodding tho logd, A& oubstontiol incrocoo in tho regulation |
tine of hyé:aulic units conncocted to tho pouor systen 4o
cocoptablo in principlo,: but roquiroo propoer Justi fication

in ooch caso in order to provido tho neccssary Tunh up £o



pouer and ayndmic otability of tho soto in tho oyotco. In
additioﬁ tho oporating conditions of tho sot should bo aosooocd
pach time when it io disconnoctos from the net uark; keaping

in mind tho Pact that such disconnoction will oluoys entall ito
wake, g big spurt into spood of rotation,

1dlo dischargo hed been pseviéubly usou to roduco
','tha wator hemmor ef fecte, In prnctica; this eolutioh is somoe
| times unreliablo duo to noh-apening. of the pressure rblte?
velves ote, and rosult in uator losses, It 4o o Pact that tho
idlo dischargo velvo docs not open with load bulld up in the
unit and consoquontly thore is some times a rick of relativoly
big magnitudo of uator hegumor prossuros, In such valves, uator

~ tightness is also a ronl hoadacho,

Provioion of Air Cushion Surgo Tanks for hydro electric
plants 1o a novel ideg, uvhich roquirco more attontion on the

| part of uator rasources cnginmara, Thio ﬁachniquo is otill in

its infoncy, Orive Pouor Plent in Norwoy is tho only Pouor

S5t gtion functioning uith an Alr Cushiuﬂ Surge Chembor at

progent,

ALY Cushion Surge Tenk hao gdt a bright ?uéura end
mgy soon becano vory populab for unhdexzground develﬁpmcnta,
because af its inhorent cdvpntaogo of oconomQ es woll &3 quicker
domping offoct. Air Cuchion Suzgo Taonks may bo suitablo for
high hogd pouer projects like Funner HydroeElestric Schoano
in Koralo Stato end Dibi-Bokhri Nokthon tunnol under Parbatd
Hydro-Electric Project (5hagaw11) in Himaochsl Predoshy,uhoro



underground poutr statione exe proposed, It is highly desirable
that a ‘feu hydro slectric schomes in the country are provided
uith Alr Cushion Surge Tonks, Then only tho compleXitics ine
volved in various aspects of this new technological deovelope
ment will be cleor to Engineers, which will leod to a nev era
in the history of HydroeFouw Dovelopmont,
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CONVENT X0 oL TYPE SURGE T £IKS
2e1e DEEINITION

A Surgo Tenk or a surge chambor 1o on artifictinl
roseorvoir introduced slong the pressure conduit oyotcm ab o
sulitablo point upstroem gnd/o:‘daunnt:n;m of o hydro pouor
ot ation fed by o long pressuro conduit, Tho oscillotions of
tho wator levels in $ho surge chenber duo to chonge &n loads
aro danped by tho frictionsl resistence in the conventional
typo Surga Chembor,

2.2, JECESSITY

In Hydrd-ﬁlectxic inotpllations, uhero the water 1o
brought to the machino by long prescurc conduito, conoiderghlo
inortio offocto arise from tho largo maso of weter in motion,
Tho mgos it of such magnitudo that considerablo forco io
nececosary to eccolerate ar rotard it. then tho flow in a pipe
line changos cbruptly by oporation of dounctregn control doe
vico, tho dynanic enorgy of tho uator is converted into elestic
enorgy end p sories of positive and nogetive short porlod
prossureo waves travala'back end forth in tho pipo until thoy
aro demped out, This 1o knoun oo watof henmer, end moy induco
conoidorable stresses in tho conduits, Tho propoagation of
tho vaves into g hopdreco tunnol, paxtiau;arly senoitivo to
ghioc bypo of uwaves may cause sorlous probloms, Water hemmer
offccts will rosult ovon from partial load changes, if tho
rosulting turbine guide veno movomonts arc rapid, uhich ie

ecocntisl to check undesirablo e peed risa,,



(1]

Tho precscuro riso reosulting from ugtor heomor on
ouddon closurc of turbine guldo vanes can bo limitcd by tho
yso of roliof valvop or similer doviccs, but thoy cawot holp
in escolereting tho wator column on incrocoo of load $.,0, ON
opening of the guido vanes, Thorcfore, in g long prooouro
conduits syotemy it Proquently brocomes neoccsoory to introduco

o surge chembor at o suitable point,

2,3, FUNCTIONS

The function of o surge tenk is tuo fold, Firotly,
the Prossure Conduit cunnccting tho ﬁu:blhea to the rcoorvoir
1o oxpodiently intcrrupted by tho tenk to intercept tho
pressurec uwgoves due to uatcr hegmner ot tho froo wator surfeso
thoroby excapting tho preoocuro tunnol from excossive progsurco,
Sécundxy, tho surgo cheabor gorves a9 o storago tonk in tho
ceso of load rojection cnd o courco of wator supply in coso of
logd demend, With a rcduction or rejection of lond the Surge
Chembor ecte as o reliof volvo 4n ubich tho main conduit Plow
is partly or uholly divorted, Tho wator level in tho Surgo
Chembor, thorofore, rises until it axcoeds the lovel in tho
moln rescsvoir, thus retarding tho main conduit flou end
pgboorbing the surplus kinetic enorgy. In cese of storting up
or on increasing load, the Ghembér gcto @9 o reaeruo;n to
provido sufficient uotor to enablo the turbinco to pick up
tholy new lood safsly and quickly, ond keep thea running at
tho incrogsod loed until tho wator lovel in the surge tonk
hao follen boloy tho origina) level thereby crosting sufficient



hozd t0 eccolorato the flou of water in tho congult untid

it fo sufficiont to moot the ncu demand,

2e4, DESIGH CONSIDERATIONS

Eedele Surge Tenk Arog

)

To enoure tho hydraulic ctebility of the ourgo
tank, ito aron ohould bo govozned by Thomo criterion, Accorde
;ng‘tu,Thama, the minimun aroa of tho surge tenk 1s givon by
tho équatinn; |

8 ’- |
Gn o -behb MO cee (2.1)
Bv%H, o

Whoro

& « Thome aroa of Surge. tonk !.n'm8

N, o Net hocd on tho turbino in metrco,
L o Length of tho heecdreco tunncd in octros,
v . s yolocity of floy in the hesd reoo tunnol

in mectros por second,
g = Friction coofficicnt auch that hf = f “2

In Equation-21minimun voluo of P should bo usecd,

1f tho povor stotion is alaaya to opuzaﬁo\in s grid,
tho obobility offoct of tho grid mgy bo takon into eccount
ond Cho aroa of surge %tank in that caso moy bo uworked out =
followd 3

B = “Fh ( 1 = (5/2) (1- K,‘)) “s e : (20'2)



whore

g o Atea of ourgo tenk

K = rotioc of total pouer generated by tho

otation to that of grid,

s tho area of ourge chambor glven by E£Qe.2.1 end 2,2
is the theorotical minimum, it 1o usugl to adopt a.cmttatn
factor of safoty, The usually rccommended factores of cofoby
are 2;0 for simplo surge tonk gnd .5 for restricted orifice
and differential surge tenks,

Beto 2 Computation of Surgo hoightoyg

Tho surgoe tonk ohould bo designod to sccommodato tho
maxinum and mininum uator lcuols gnticipoted undor worst condie
tions, Normglly tho vorst conditions to bo considored for maxie-

fym upsuyrgao aro the follouing e

{a) Simplo logd change 3 Full loaod rojection ot manimum
resorvoir lovel, cossuming minimum Priction in the
prosouro tunnel ( Example 1005 to 07%)

{b) Combincd load chango 3 Specificd maxinum loed sccoptanct
folloued by full load rejection ot tho dnstont of moxie
mum positive uglocity ( flov from tﬁa rosorvoir towardo
ourgo tank) in the hogdraco tunncl ot highest resore
voir lovel, This condition shuuld bo tosted both at
minimum a5 woll go moxinum friction In tho conduil
(Excnplo BO5-1008-05% 4F B0% load ecooptanco ie
pormittod ). |



For getting the nininum dounsurgs lovol tho Polloye

ing uorst conditions should bo considorcd;

{a) Simple loed chango 3 Specificd maximum lood accepbanco
ot loed or spocdencelosd myndition at the minimum
rosorvoir lovol goouming maxinun Priction in tho cone
duit ( Exenples pleS0% or 50X «1005, 1f spocificd moxie
mum loed ccceptenco 16 BO%).

(b) Combined load chango 3 Full load rejoction at minimum
roservoir Jlovol follouod by opecifiod maximum loed
acceptenco ot tho instonco of maximum negativo velow
city in hcadraco tunnsl ( flow Prom surgo tank touards
the roservoic), Thio chould bo tootod both at oinioun
and maximun friction in tho condyit (Examplo 1007 =Dt
B0%) e

248 JLPES OF SUHGE T AIKS
Eebele Simpleo Surgo Tonk 3

Tho moot ocimple typo of Surge Chombor ds a plaiﬁ
cylindricpl shaft or tenk (Figuro Z.1), It 18 usuglly CoNNGC-
ted to the proscure conduit by g short connocting conduit or
post, tho orca of uhich is oqual £o or groator then thot of
the pressuro conduit, The dicmotor of the shaft ie govoracd
primorily by the noccooity of making tho aroa sufficient o
ansufo stability .end, socondly, by tho nécoaaity of kooping
the surge within reasonabia limits of cmplitude, It will be
found in geperal that stabflity uill determing the diemaﬁéw
for lou hopds uwlth short conduits, while limitation of surge
amplitudes uill govesn thoso ulth high haeds end long condulto,
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The coction of the simple surgo chambar is sluégiah
o8 compared to othcr tQpes. Tho simplo tenk roquires grogtor
volumo and §9 moro oxpensivo, But 4t 1o idoal, oo Par oo case
of govcrning is concerned in thaot the hoad changes are so
Qraﬂual that oven a very slou ecting govérnor has no difficulty

in following the chcohges of pressure,
Ze6e2s Hostricted Orifico Surgo Tank

, The maln fosturc of the restricted orifico or
throttled syrgo tenk is tho provicion of g réatricteﬁ orifice
installed in botwoen tho condult end the tenk, Tho object of
‘tﬁenrifice is to croatc an appreciable friction loss when tho
voter is flouing to or from the tenk, Schomatic skectchos of

such types of ourge chgnbasre are shoun in Fig,%,2,

Whon loaod io rojocted by tho turbino, tho surplus

water passos through tho restrictod orifice and immedictoly
s retarding hoad equal to thoe loss due to tho restricted
orifice fo built up in the conduit, Under conditions of logd
sccaptgnce by tho turbino, the opifico tonds to dovslop
~ gh eccelorating hoed 4n thq conduit moro quickiy-than it would
be developed in'a'simpla surge chegnber, '

~ As the megnitudes of scurges mainly depend upon
the resistonce of fored by tho orifico, It is gogontial to

docide the sizo and shape of tho orifico,
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The dilochargo through zn erdifice is givon by

tho formula

Qﬂr = (Cd, %1’ / %3 hﬂﬁ ooao(203)
ox boy = ™5 gf“g - vece(Sed)

or Cg . %L‘ v &9 :
Whoro

A =  fron of tho orifico

Cy o  Cocfficient of dischargo, usually

varies botusen 0.6 end 0,9
hbr = hoad looo through tho orifice
dye = diecharge through tho arifico

Thore are tuo criteria for fixing tho area of tho
orifice, The first ono is that thoe area of tho orifice chould
be such as to setiofy thoe condition given by Calzmo end

cadon (370
o
B A W A .
= he < hgy \</Ta"’ + 2 by eoou(2eB)
uhore
70 =  Surgo height corrospending to chango

in diacnarge noglecting friction end
orifico losses ond is given by

Y AU p

5



thoro
“b = Horizontal aéaa of open ourge chenber,
“t © Area of Crose section of tho hoedreco tunnel
9@ = gocolergtion duo to gravity,
hp = Heed loss duo te Priotion

v = volocity of Flou

Tho segcond critoria Por the orifPics ares 1o that
it should bo kopt such that tho pressuro on the tynnel due
to water hommer caused by total load rojection is approxie
. mpotoly oguasl to tho proscure due to maoximum rise of water

iovel in tho surgo tenk at tho timo of worst upsurgo.

Rogarding tho shape of tho orifico, ény shapo cen
bo adopted, but a clzculor shepe is prefarablé. If the gates
are to bo providod in tho surgo tank, tho gato slote usually
function a3 orifices ond tho edditional orog, 4f any, cen
‘be'bravidsd in tho Porﬁ of a clrculer hole at the top of tho
tunnol in the riser, Sultablo stroam linings should bo proe
vidod at the'tap'and bot tom of orifices, Modol tests arc
dosirablo Eo'debormino the réquized>sbtégm linings and the
coefficiont of discharge for ontry and exit,

Tho moro quickly the gocelorating end retarding
haadsvara epplied, tho more offcctive will be the surge
chenbor in tho adjustment of the conduit discharge, hence
loos uwater will hovo to be storoc &n or deliversd from the
tenk, ond the tonk may bs smaeller, The tqék{creettan of
gocceloragting and decolersting hogde by the resﬁrictad
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orifice ourgo thmbér dovolaps sudden fluctuations of hoegd

on tho turbino, ond thus complicates problemo &n conncction
uith tho govornor mechanism, Spaed control is also accomplishe
ed through the inortie of the rotating paorts of the turbine
end tha'genaraton. hon tho goverhor aanoitiuity rogui roo

tho eddition of this inortia to tho machines, tho coot of

such anditlén mpy preclude tho use of a rostricted orifico
surge chember, On éscount of suddon pressure changes in the
rostricted orifico eurgalcnambars, this can not be adoptod

for mony instgllations uhere cloee governing ie roquired,
2e¢Bo3s Differontial Surgo Tanke

Difforential ourgo tenk 1o a throttled surgo tenk
to which is cdded a rlocr pipa (Fig.2.3). Tho risor 1o
ususlly central, but may be arrenged on one oido of the
throttled shaft, The latter arrengomont wed edoptoo at Innocbe
kirchon (Flg.2.4) where the construction of the inclinod
presourc shaft made a sgpargtion more oconomical, For thé _
central riser arrgngomeont, the rioer is connoeted $0 the
outer chambef by portes et its base, On change of load the
water lovel rises or fallé vory rapidly in tho riser, thus
" producing rapid decelergtion or eccelarétian of tho conduit
£10u, uhilo tho ustor level in tho outor chembor moves
moro slouly and thus lage behind thet in the risor, Though
repid in its oction, the difforentigl chenbor gives rogsone
ablynlﬁu pressyro rises end surges of 11m£tad enplituds,
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Tho magnitude of surges in tho difforentisl surge
chembsr will dopond on the deoign of riser and orifics, The
érea of tho ricer should not bo less than 3/4th of the creas
of tho prossure conduit to a§01d rapid changes in tho water
lovol end facilitato proper governing of mechines, The hefght
of tho riser should be so chosen thet the maximum leusl of the
wator spilling over the risear is less then or equsl to the

maximum surgo lovel in the main sheft,

The orifice is primarily designed £o supply uwstor
in cese of specified load oemend, In case of rejection, the
arca of tho orifico may be kept a3 omell a9 possiblo bocause
tha upsurge is rostrictcd by tho riser, The area of tha ori~
fice can bo deunrmineﬁ by the Lgefe3.

Tho action of tho differcntial surge chamber is
similar to that of the restricted orifice Surge Chenber
oxcopt that tha initial pressure chegnge and head on tho ture
bina,.inateadvof occurring instently es in the ccsc of res-
tricted orifice surge chamber, or very alauly ¢s in the ﬁaee
of simple chanbor, occur quickly anoth for efficient funce
tioning of the chenber and sro still apraad over g period
long enough to enable the govornors to adjust the turbing
gaton to compensép for the change in heed,

Tho saliont fostures of differontial surge
chenbers thus ore
a) Soparation of the water supply or water storage

function from the conduit accelsrgtion or decelera=

tion function, resulting in more rapid and of ficicnt
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hydraulic ection ond rofleccting sizeablo oconony
in chembor diemcter end c gpital fnvoestment,

b) Throttling cction offered by tho port arrgngoment
giving the differential cheabor pronounced ability
to linit end suppross the surges due to synchronous

logad pulsations,

2e5ede Special typo surge tanks

£¢Bsdele Surge Chambers with sexpansion galleriss/chenbers

A large cylindrical (oimplo) surge tenk will agluays
provide an offective reduction of ugtor hemmer, thorsby offecte
ivo protection of tho hcedrase tunnel end good stability by -
limiting tho uater lovol fluctuations, but can be oxpensivo
and of alou damping rate. Economy cgnh bo achievod by concone
traoting lorge volumes aﬁ proper olovations by means of coXpene
slon chanbars or gallories (F1g.2.5) Fast demping cen bo ene
oured by increoasing the lossos by mogns of g rostrictou orifice
(Fig.2.6) or by deleying tho rologse of part of the accummul g-
ted enorgy( differential chember). Lower and Upper expansion
galleries cen be provided along.uiﬁh any type of surge chenbers,
Tho expension galleries ( or chenbors) cen be of any shape,
end can bg provided in eny direction, gccording to topogrophie

cd and goological conditions,
2ebsde2¢ Surgo Chaubers in Sories or multiplo surgo chembores

for economic reasons, somo times more than one
surge chamber cgn be prdvlded in the system dopoending upon

tho topography. If topogrephy permite, spilling errangements
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cen oloo bo provided in g surge system along uith ony of the
agbove dovclopments, if ono cen of ford occasional loss of uater
duo to upsurge, This typo of érrangement will holp to reduce
tho volumo of axcauatidn of tho surge chaember considerably,
Khodri Surge Cheoaber undor Yemuna Hydel Schemo S5tago-1l is a
good oxeomplo of tuln sﬁrge chembers one of them having spille
ing arrgnuemont {Fig.k.7). The Pirst surgeo chember uhich ie
connccted to the pressuro conduit dan be of ony type, but

tho othor chombcrs ore usuclly of simplo type to zccommoddt e
tho fest coming mess oocillations end henco the volumo of
vator oo rcloaosod to avoid or resuce locs of uater due to

opilling over the chember,

$ Aultiple Surgo Tanko® or schafts 40 a term used
to donoto o syotem in which tuo or morc tonks or shofto rise
from cno prossure tunnel (Fig.&.8), Usually this typo of
arrgngemont becomes noccosary whera the capocity of tho
Poucr Schema is oxtendod and the original surgo tank would
be too omall for the onlarged schemey or two shafts may be
built whoro thevdismeter of the single equivalent shaft would
be uéconoiue ( 25 occurred at Loblari in Italy), or uhoro

conotructional atvsntages are obtalned,
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CHAFTER =

AIR _CUSHION SURGE T AVKS

341 DEFINIT ION
The convent ional type surge tanke described  in Chgptor

11 are locaoted in betueen the hesd rpoe tunnel ond the pressure
shaft uwith 1esAto§ either open to gtmosphere (Figures 2,1 to
2,5) or connectoed to it through a suitasble conduit (Figure 2,6).
Such an arrgngement will necessitate an odit at the top of the
pressure shaft, the sccess to wvhich may be difficult and costly,

Development in recent yeors haes made it sconomical to
excavate tunneles uwith slopes upto 1 in 8, Consequently, it
seems ottractive to replace the conventiongl horizontal (or
fairly horizadtel) haaﬁirace tunnel and pressures shaft uith éne
inclined tunnel running straight from tha intake to the pouar
station, Thia,'hOuauer, requires a long shaft to reach the free

uater surface of a conventional open surge chanber,

In such ceses, a surge tenk with on enclosed air
cughion offers en econonic alterngtive to a conventional surge
nhaﬁbar, Such ah altornative solution gllous the distence be-
tuean the turbines end tho free water surface to be roduced
considerably, thus reducing the problan of slaotic pressure
surges on tho spesd ragﬁlation, The schematic profile of a

development uith a conventional end sn Alr Cushion Surge
. Chamber 1s shoun in Figure 3.17.
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i Afr Cuohlon Surgo Cenk con, thoroforo, bo dofined
£o o closed ourgo chambor Pilled portially with comprosced oir
ond locatod clooo to tho Pouwor Station in uhich tho moso oocillg-
tiono oro mainly absorbod by the varietion in tho prosoure of

tho coapressod als,

3.8 PRINCIPLE

i alr chargod cccummulgtor cen bo uccd offectively to
roduco or oliminato prossure curgos in flow oyotcms, Theso
dovicco cen aloo bo caployod to control porfodic pressuro ond
flouy Pluctugtiono in flow oystcmo, Uhen tho water level in tho
ourgo chembor has boen disturbed by tho chongo in locd, tho disa-
turbanco can bo aboorbed by tho alr chgnbor es tho air volumo
cen compreog op oxpend gdichbatianlly or fsothommolly, Tho meso
aeclllatzﬁne in surgo oystcno provided with ailr cushion ourgo
chenbors can bo onalysod e in tho ceso of simplc surgo tonko
uith olight modificatioan

Tho idog bohind the air cushion surge tanks is nothing
but utilioation of sccummulated cnergy - not kinciic, but poten-
tiol, For oxemplo in cooe of logd rojestion, the mess of wobter
flouing in the prossure tunnol uwill start {o dischaxgo into tho
als cheaber, roioing the air pressure, The grouing oxceso
preocuso, togother uith the Priction draeg clong the tunnol
wello, will oxert a otoadily growing natazdingv?orco on tho

" plowing waebors, until tho water otarts to Ploy botk, Tho uater
iovel in the chenber wil) then oscillato with demped motion

around o noy cquilibrium,



3.3 DVATAGES

(a) i air cushion surgo tonk climinatos tho neccasity of
en oponing at tho top of ocurge tank or g suitablo
gsonncoting conduit, Honco costly opprocsh rogdo to -
that point cen bo olimingted,

(b) Where tho rock surface 18 bolou tho hydreulic gredient
lino, a conventional Ctypo of surgo tenk cennot bo
provided coconomicplly, In such cados, oir cuohion

surgo chembor provides tho beet altornativo solution,

(c) By providing on alr cushion osurge chenber, tho hocd
reso Sunnol cen bo oxcavakod ot o atocpor oclopo, Oay
upto 1 in 8 tith modozn tunnclling Geochniques thoroby
roducing quentily of oxcavgtion contidorobly,

(d) & the Surgo Chaabor cen bo provided noagror to tho
' éauer-station,,ACﬁgthfnP cootly prosouro shofbo oon

bo reduced considerably,

(0) For doveloping countrics 1iko Indio, there will bo
considoraeblo sovinge in foreign exchango, by way of
reducing or even alimineting the Import of ponstock

otoal,

. 3.4 DISLHOVANTAGES

(a) Necosocary oir compressors with sufficient numbor of
stand-by units uith rcmoto control Pgeilitics havo
to bo inotallod nesr the surge chembor to replonich
possiblo 1loos of air due to loakage, Separato high

pressuro pir receivors may cleo bo nocessory.



(b)

(c)

(@)
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Thoro will bo rocurring cxponditurc (though it is
nogligiblo vhon comparcd to tho oavings in cepitol
invostmont ) Por tho malntcnancoe end upkocp of come

VPI‘BSSOX‘S,.

If otr chembors were providod without proper ovaluge
tion of tho eccummulgtor, they mey yiold totaolly una

 escopbablo reoults, shich may provo dongorous to tho |

machinos,

Tho largor the oir volumo, tho moro efficlent will it

boe for rogulating purposes, But coro should bo taoken
lﬁluaya, not to PLll tho tenk wlth efr to such en
oxtent that when o suddon locd is throun on, oll tho |
wator in tho chenbor moy bo exhaustod end tho turbines
may suck air, Thorcforo sutomgtic eafoty arrengemonts

noed to bo praovidod,

‘Tho air content of an alr chembor has £o bo mainteincd
‘within zocoptablo rosults, by wator level cctuatod

- sultchos to control the compressor plont, plus vent

~volves to rologso eny oxcess eir,

3.6 HISTORICAL REVIEM

‘Though the concept of alr tanke on pipo lines Por

wator uvheel rogulgtion was Knoun Lo Enginesrs ovon seven o

eight docedos beck, the litepatura on this cubjcot fo vory

linited oven nou, Thic is perhcps due to tuo toegsons, Pirstly

beccuoe of goneral belief that the problenm ie very complox

and nceds complicated methomaoticel solution; and secondly



because of a popular idea theat in order to be effective, the
air tonk must be 5o large s to be prohibitive 4in cost, Houe
ever, a8 will be ovidont Prom the following discussion, nelither

of the tuo contentions is true,

uaRREN(76) ugs the first to shou authentically that
if proporly bullt, air tanks could be successful for regulation
purposas on pipe lines, and had got o great prectical value in
improving rogulation and preventing uwater hammer, He develaoped
equations to find out the maximum/minimum weter level and
- pressure rise in air tenk, with the help of Newtons second lau
of motion and tho physical laws governing the expension and
compression of alr, and found that they were sufficiently
accurate for most practicel purposes, He also showed that the
true values of 'y' and HCI (Figure 3.2) would 1ie betusen the
values obtained for isothermal end for asdiabetic compression

(or expansion) but would bo nearer to the latter values,

He obtained the following equations for water level

pscillgtions in the air charged surge chamber,

(1) Assuming isothermel compression or expansion

y = /x, 1, +5 3§ covee (341)

“C: - 8. .9 ' .. o,q' (302)
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(11) Assuming sdiabet ic compressicn or axpancion

(1) For loads throun off ;

y ',101.4
K+y

(lg\ - y)1.4 = emense (303)

(144) For logds thrown on,

1.4 Y lﬂj.@
(lo +* y) - ""T( -y ' Sesey (304)

The prassurc rise can be oxprassed ge

)1.é

1
#*
‘ HC, = HC: ( ‘!'J “svee (3.5)
*‘

1 .
10 y
Wdhere

A, = Cross Sectional area of ths agir chanbor in m2

LY Cross sectional erea of pipe (tunnel) in me

Hc: = Afir proessure in gir tank before load change including
atmospheric pressure in m,

Hc: = Maximum or minimum air pressure in air tank including
atmospheric pressurse in o,

T Length of pipe (or tunnel) betueen open reserveir and
air chanber in m,

i = Longth of air column in tank before loasd change in m,

VqeVos Velocity of water in pipe before snd after load change
in m/ecc,

y - Maximum ciee or fall of uwater in gir tank measured
from weter level before loed chenge in m,

(uhere plus end minus sign gppears, the plue sign is
for load throun on and tho minue sign gpplies to lood
throun off condition),

For deriving the above mentioned equations, the folloue
ing assumptions yero made

(1) Préeeurs in tonk rises or falls at a sonstent rate



() uater loval in tenk rises or falls at e constant rato,
(3) Water prossuro due to chango of wator lovel in {ank

1o ncglectedy
(4) Loos of head botuson tank end pipo lino is negligible,
(6) Timo nocessery to opon or close wheel gatos in negloctod
(6) Friction in pipo lino is neglestod, ‘
(7) Timo necessary Por a pressure wayo to travel the longth

of pipo ie neglested,

Thoso asoumptions may result in cummuleativo orror,
uvhich mgy dofoat tho purpose totally, Thorefore, ho roviocd
hio enalysic cofter deleting asoumptiono 1 to 3 end obtaeinod

the following oxpressionst 3=

(1) Xoothornal Compregoion or Exprnoion
(o) for logds throun offs

! . o
yg -2 Hc;"{loflngo(14§;) Y } @ HC oK covee(3.6)
{b) For loads throun on i

g . unt @ a9y
y =2 HCm {1{1 1990(1¢'Y/10)"Y}=‘ HEO s K paqao(ﬁg‘?)

(1) Adiebatic S
(a) For loads throun off:
2 1 1104

% &% | :
Y =2 HC { 8. - 8 + y}ﬂ HC L. K .....(3.8)
#] DQZ 0‘4(10_y )Qné} 0

(b) For loeds throun on 3

o Q.Q&IQ*Y)B'”

ey
Y 2 HCQ{

= w Hcg o K ooooq(aog)



to & LA oy |
2 /ﬂt'g'(ﬂcg, ~HC'S}) _ voonts(aaiﬂi‘)

thoro € 1o tho timo required Por y to regch a maxinum
church(18) nod1piod tho £q.3.10 s below &

V Lo ﬂa 07 y
4 o,

000060 (3.11)‘ |

In ordor to bring out tho campgrdtivo variotiono
betuoon different cquationo, a opocific caso éiom eh cotuanl
plont was analysod gnd tho results woro notcuorthy, Tho diffor-
oneo in’_th,e‘results of tho oquations for adiabatic egnd isothora
mal compression uas 145, whoroas the differenco botween tho
pooulte obtainod by tho moro opproiimato ?urmulap(iquatiane31
end32)end the results obtolned from £q. 3.6 cnd 3,8 uce Prom
3 to 655 only, |

For locgds throun on, tho uso of Equations 3,7 znd 3,9 v
rosulted in g variation of 6% Por the tuo rolations, ncnoly
fcothormal gnd adigbetic, end tho muravapp:oximato £q.3.1 end
3.4 govo rosults differing from £0.3,7 and 3,9 by 3 to 4%,

‘Uprren aloo pointed out that 4f a rostricted orifice
yoro inserted botusen tho pipo 1IN0 end tho air tank, tho ofr

chombor will prove to o moxe effeptiua.

20ivson $18) deyoloped en equetion for Pinding tho
critical sizo of g simplo air Lank by way of supplemont to
Uorronts oguations, His oquation roeds

Hoy +, " 29.F K, csene (3418)
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Uhore H, = Not heed on turbino corrocpending to HC, in motres,
f = Friction coofficicnt = h?/u2 in ncnzvpar m,

This oquation may ylield absurd results, if aa and lo
ere comparativoly smgl)l and {or) Hcg is large, Then tho dooign
becomos thoorstically en impossible ono,

If tho ncaative tongent of the officiency Pouor curvo
An,
(1,0, =g~ e } uhere m ic the efficlency of tho turbino and Py
is the Pouor output, bo colled ten B, then wo get en GXprosoton

2 a . __{: .coto(3013)
HC + 1 28 ﬁrﬂb * 7 |

Py ok +3/8 P tan 8 .

° o ﬂ: s (Hcg +1D)‘ ‘it‘” (qz a/ & ) ~ eeeso (3016)

29036 Ho(yz ¢ lo_

Whote A2 ip gho sritienl (hoxizontal) sres of en

enclosed air cuahian simplo surgo tonk,

an evazlusting wave i6 a constent invitetion of
tzoubla, duo to parfiol synchronous gonditions hotuesn the
period of loed changes and that of the pressuro uave, ond.
ordinarily a commorcially practicablo simple alr tenk would
nood ¢o be much larger thén £ndice&en bﬁ EQ.Soié. |

Incidentally, wvhen 1, besomes Infinito, the £q.3,12
io osoon to agroe with tho Thoma formula Por the simplo surgo
tank,

Studies conducted on theo alr tenks during the poriod
1920 to 1950 wers moinly limited to tho rising pipo linms md

pumping plaﬁte. Howover, theso studies usro of great holp in



giving o cloaror picturo of tho oir tenk boheviour, becgouso
tho principlo bohind the pir Conke Pitted on Pumping mains
chd Hydro #lants is ono end the ocgno,

FGTCH(SS) derived o foraula for oqueting tho chango
in volocity prosoding end succecding tho air Senk, with rato
of chengo of holght of water colunn in gir tenk,

enGER(BE) oroyed thot the air chombors aro vory offoote
ive in prgmnung uator hemmor, when thoy are largo cnwéh, |
properly locgtod, and kopt full of alr, Ho derived en oguetion
£o colculato tho cnergy otored in gn eir chenbor when tho
Prossuro 'hcs rogchcd ite moximum vpoluo and oxprcoood it in
torms of (i) the kinotfc onorgy of tho water in the pipo lino
boforo tho volue uas closed {1i) plus the work deono by tho
flou hoad oftor tho velvo uas clooced (444) minus tho onorgy
roquired o compross tho ucter and to stretch tho wallo of tho
pipo; (iv) Ainus the cnorgy loet in pipo frictfon end in the
pcosages to Sho air chgnbor aftor tho velve wee closed,
(v) minus the work dono in lifting the ucter into tho olr
chembor,

Tho pressuro voluno relationship for both eodicbatic
ond isothormal compression, in case of gn olr chember hgo
bocn workod out by him pnd piotted in Fig,3.3. Tho shaded
eroes roprosont the onorgy stored when the prossure incroasos
from P.l to 92‘ 1t can be soon thot Lho srogs under curve Il

(Isotharmpl ) is greator then the aros undor curve.:(ﬁdiabaﬁic)‘



FIG.3.3 COMPARISON OF ADIABATIC & |SOTHERMAL COMPRESSION
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Tho difforonco boing oqual to tho snorgy disoipeted in tho
form of hoot in tho isothermal comprossion, Tho loy of come
prossion in n alr cheabor cennot bo ropresonted by olther
curyo I op 11, but {5 probably by somo intormodiato curve-III,
Bhen tho timo of compresnion is short, tho comprossion will bo
noorly odisbotic end tho curvo-Ill will 140 noer curve«!, thon
tho Compresoion requires a long $imo, a large cwount of hoat
vould be dissipatod, end tho comprescion would bo moro clo00
to isothormal, honce curve-Ill would 110 noaror cutve-Il, Tho
gctual laﬁ of comproooion in gn air chemboer io furthor complie
cgted by rcpid changos of vepour congent at (ho various proe
soures ghd tecanporoturcs, It scomo oofo to think thol ediaeboe
tic and isothormal comprescions gopresent tho limiting condi-
tiono botuwcon uwhich tho cctual compression uwill Pall, Thio
capoct will be discuscod again in oubooquent Cheptoro,

ALLIEUI(1) inveotigatod tho caso of o Puép pituatod
at the Poot of a rising pipo with on ale vosocol (Figuro 3.4).
If the arep of crooe oection ot tho nock of Che alr Conk is
tho seme g8 thot of incoming line, thon tho volumo of wator

&n tho eir tank at any timo interval ta ic given by

\;
&
Uz = u‘ * ﬂﬁ {; Y, dt ' di-00(3'15)
Uhoro v is tho incoming velocity and
Y4o Vp = olr voluno in chembor ot timo &4 and &y

Tho isothormaol low uwed used oo cuxilliary cquction

U.'-. HE

z s Vg " Hcg aac¢.(3o15)



FIG.3.4 ALLIEVIS AIR VESSEL.
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dllievi concluded that large vessals hgd to be'analya-
ed by means of step by stop method, but necessary additionagl
texm for the slouer surge in tho alr vessel hes to be included,
. Till the studies conducted by Allievi, only a vague and in-
sdoquete solution wgs found to the problem, because the earlier
invoastigators neglected tho consideration of the potential
enorgy of tho pipo line ags compared to the analogous energy of
the chanber, In Pact the ratio of these two quantities of
energy constitutes tho paragneter of the laus of pressure varige
-tion, the crux of the problam, For arriving at such a solution,
he first tried the problem disregarding liquid friction and
petablished a system of pendular relgtions of finite difference
8 which rigorously doefino the laus of pressure at intervals
of the phgse, He then &ntroduced in such g system, terms re-
presenting the rosistence of liguid friction, and found by a
method of corrections, the neuw values of pressure dependent on
such resistance, Ho shoued thet tho pressure surges in a pipe
1ine oquipped with on oir chamber dependod on tuo peranctors

p%* end o, neglecting friction, He, houever, also shoued

that uithout Prictional effects, chanbers of normel size uere

ineffectual in controlling upsurges,

f* = 29’*“1 "'0'(3017)4
»
¥, o H

c— ¥ = % o % . ' ..”.’(3.18)



Bhoro a = Prppagation velocity of uaﬁor honmor wpve in
mn/sco,

H;'n Normal abooluto prossure hosd In tho pipo line

in motres at Cho entrence of tho ¢heaber,

F* %o dimenoionleos and is o function of the rotio of
tho steady otato kinotic onergy to the totel ﬁotcntiel cﬁqsgy
in a unit longth of conduit whore eo Eg,3.,18 oxproosos tho |
naéio of stondy stato potontial onorgy of the olr in tho alr
chembor to the steady stato kinotic cnorgy of tho uwater in tho
discharge lino, |

Finglly uwith tho help of epproximoto energy baiancoo,
he proposed rationel rules Por tho solection of values $o bo
gosigned in individuol ccoos, to tho volumo of oilr chanbor end
to the necosoary resistanco of liquid friction for discharging
flow,

BE oo $9) 4n o dlecuselon of ALLIEVI's peper, deoe
cribed o simplo, offoctive difPorontial orifico Por use in
conjunction with tho gir chmbor,

During tho camo poriod RNGUS(E) ecmo forvard with
oquations which sre neccsspory for the complete anelysis of
surgo conditions in pump dischargo lines, uhen data for the
diochearge line conditions aré presoented graphically. He solocte
od sovoral types of discharge line eond presented grgphs uhich

indicoteo uwator hommer conditions thoroein,

BINMI£(11) triod o uork out a quick procedure for
célculatlng tho maximun prossuro gnd expansion of air
reouliing from g sudden shutdoun of é plaﬂtgbecauaa,cscoéding
to him, tho
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procodure auailpblo foxr prodicting the oscillations 4in a
closed Surgo tank wore very lengthy, He took tho friction

into cccount both in the pipo gnd aloo in pny arrgngcmont
plocod befuwoen the pipo agnd the {onk to danp the oocillationo,
Tho compression (or expension) wos aweumod o9 isothormal, Smd;l
ocel0 cxporiments confirmod the expcstation thet the obsorved
maximum prossures would bo grestor than tho thooreticol rosulfo
obtainod Prom his formulad,

The completo shut doun (or load ccceptanco) of a big
Pouer Plent is not instenteoncous, Hy clalmod that his thoorico
could be extcndod to yiold results sufficiently eccurate for
all precticol purposos, |

Hie A investigations woro on aimplce surgo Ganko with
no difPerentiol cotion, Tho rosults of his onalyocio woro idene
ticﬁl with thosc obtolnod by him for afr tank Pitted %o 0
rioing matn(12),

1n 1945 8LAIR'3) ehouod that 8¢ wes poooiblo to
ootablish a relationship bofucen tho volumo of air 4in tho air
vessol and the Proquency and anplitudo of {ho surge, It was
found that tho surgo could be considerably diminishod and moro
£ opidly denpod out by whet s bslievod to bo g novel mothod
ncanly the introduction of demping which e effect od by cons-
tructing the oponing botuoon tho eir vesscl end tho maln, '
Though ho doalt with pipo lines eond pumps, it cen be safoly
applicd to Hydro.Pouor Plants,
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- EVANS AD CRMFURD<23) doveloped design charts for air
chambers on Pump lines in the year 1984, When gn air chanber
and check vplve are introduced in tho line near tho pump,power
failure causes the hepd developed by the pump to drop repidly,
and a head difference is thus crected ecross the air chamber
outlet (Fig.3.5)s The air chanber begine to discharge into
the pipe line to maintain the hoad and the flow, Soon, the
head produced by the pump is less then that maintained by the
air chanber, end the check valve closesy tha pump comes to g
stop, Wetor will continue to be diecharged from the pips line
at a diminishing rate, the eir chauber supplying both the uater
and the energy. The water in the discharge line will roverse
its direction ond flow into the air chember, Uhile the uater
is flouing into tho air chamber, the pressure in ths discharge
1ino will increpse to excoed normal operating hoad and will
produco the maximum hesd for the trancient. Resurges in the
pipe line will ensure with diminishing inteneity.

A frictional resictance 1s essentisl to tho effective
use of an air chember in a pump discharge lins, another varis-
ble K, 18 introducad 0 that KoM, S8 the total head loos for
a Ploy of @, doun the pipa line and into the alr chambor uere
Q4 is the initigl rate of flow in tho pipe line, A difforone
tial orifico will be used to crosgto the head ;oaa, Bocause of
the difforantiasl orifice deeign, tho hepgd loss for floy from
the air chgnber will be less than theﬁ for flouy in tho dhambe:‘

In order to get a graephical eclution, they modified
oquations (3.17) and (3.18) end devoioped another squation
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sesse (3019)

If the subscript n indicate the number of time interw

val under study one mpoy write,

(1)
(2)

(3)

(¢)

v

e

1

coese(3.20)

To fit the graphical solution, the intervel of time
used uill be a Praction of the trevel bime of uave J, & 1n
which § may take velues g2, 1, 1‘/2, 1/4 as the problem naqunes.

Similarly if Q'n is definod as Qn/ﬁ‘ then

(Q'g + Q')

30_&.5,*’

V‘B = U‘1 +

and for time interval n,

: {0V
LTI @ p=1)
. Y | 2 G’*x )0*'

which 19 tho dosired relationship,

'+Q'

cesea{3.21)

L X KX N (3.22)

For this study, the follouing assumptions uvers made

Tho air chanber is located near the pumpe

The chack valve at tho pump closes immodictely upon

poysr failure,

Thvevprasauw volume relat lonship for the compressed

air in the air chambor is Héﬁ,\f"‘?‘ = g constant,
The ratio of tho totol head lose fPor the sane flou

into and out of tho eir »ch'a‘nber s 2.5813 KyH%, is

tho sum of tha hydreulic losess in the discharge

1ine and tho throttling losses et the differential

orifice vhen a reverse flow egual to .Q,- i passing

into tho air chambor,
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(6) The head loss varies with the squars of the valocity.
(6) Uater column remains intact throughout the length of -

To ensure that alr uwill not mtér the discherge line
uhen tho maximum die dounsurgoe is gttained, the total volume of
the afr chember must be greater then

v, HE*.O

) > wf . o o-(3.23)
wax Hotn | °

khero "lnin L] HC*O minus maoximum dounsurge agdjacent to tho
pump |
K2 = Coofficient of hoad loss such that K, .H*1 is
the totgl hegd loss for g flow of 511 into tha
air chonber,
With tho help of tho charts preparod by them the
preliminary design of en oir chanber on pump line can be
@asily worked out fairly eccuratsely,.

A gee fllled accummulgtor has more recently been advo-
cated and utilised for controlling preéaura ahd flouy transiente
in rooket prapollont Poed aystem and protecting flow systems
by DORSBH(m) and othere, sgeinst the destructive offocts of
lerge megnitudo pressure surges which occur in nuclear resclors,
Devices or technigques which serve the samo purpose es a pas
accummul stor such & relioef \!alvae(aa) compensating belbua(m)
and geas lnjactionua) are closely relsted methods of surge

control,

In the year 1970, mnmmg) condustod a systematic and

detailad enalysis of o alr cushion durge tank,uhich uwill be
discussed in the noxt Chegpter,



Tho dooigh of alr cushion surgo chanbor with scopoct
$o thé meso oocillotione ond stagbility considorations hed
boen studiod ot longth ot the River and Horbour Laboratory at
tho Technicol University of Noruay., TRGNDHEIH(GB). This
led to tho provision of o air cushion su#ge chonbor on tho
Drivo Povor Station (Flg.3.6) which i1s tho firet end tho only
Hydro pouor klant cquippod with oir cuohion Surge Cheabor,
Tho Pouwer Fleont had cinco como in oporation snd has boen

functioning satisfcctorily,

from tho di? forential oguationo describing tho

hydzaulic tranoicnt zooponoo of tho conduil eond edz chenbor,
GARDNER and GUﬁ‘iER(‘?’B) dorivod tho staobility limito in 9973
and presented in g forn from which direct ostimatos cen b3
made of tho olr cheabor end orifico dimensions, roguircd to
limit tho pmplitudo of resoncné prossuro oscillagtions o cny
spocd, For that thoy havo considorod the valuo of n, tho
polytropic constent of oxpencion as 1.2, |
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CHAFTE AwlV

441, ELFECT OF AIR CHARBER ON TRA

For the proper ovoluaetion of the offoct of en alr

cheanber on trensiont Plou in o system, it is essontial to
havo e transient flou aqglysis of tho flow syotem including
tho gir chamber $cking into coneiderstion, tho types of dioe
turboncos oxpoctced, An accurato gnelyois of thio way bo
dﬁffiﬁult and timo consuming, Thercfore, socvoral simplificae
tions aro oftcn coploycd, Theoo include lumping parcaotoeso
chd linmarizing voriouc non lineor of Pects, Thoso olaplificoe
tions may abscuic short torm offccto or inotabilities uhich
gccur in the flouw syotem, These cohiort torn of focts con be
prodicted by o moro comprehonsivo cnalysis, It 1o aloo not
poasiblo to complotely doscribe tho performence of endr
chember or gny surge control dbvice withoul closaly relpe
ting to tho configuration of the ontire flou system gnd the
typeo of transients to which it will bo subjected,

442, STUDY OF A SINGLE AIR CHANBER

Lot Fig.4.,1 roprosent o echomatic profile of tho -
floy oyotem to be analyoced, The flou is from tho rescrvoir
to tho oxit valve. Tho exit valvo 45 closed rgpidly thue

genorating a pressurc surgc, fThe surgd'prQPOQetaa touords
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tho rosorvair and ie influonced by the air chember positione
ed at o cistance L, from the volvo., Tho porformence of tho
air chenbor is mossufed by the aobility of the chamber 4o
reduce the maognitude of the prossure surge which propogates
upstroam past the chember, This is evolusted as a Punction
of tho initisl volume of asir &n tha chembor ond the ontrence
ropistance to flow into the chanber uhich e dependent oﬁ

the dignetor of the chambor entrance orifico.

443, DISTRIBUTED PARANETER AIALYSIS

L with ell distributod pargnetor solutions which

cani;dar arbitrary inputs ¢nd nonelinocar boundary conditions,
the prectical application of this techniqua'td all but very
simple Plou systeme requiros tho uso of g digital computer,
The technique consisto bgsically of approximating syetem disa
turbances by a serisy of Incremental ostep chenges, each of
which produces g omall precsurc uave, The pressure waves aro
propngatod through out the flow syotem at sonic volocity end
are transmitted and reflectod &b osch system discontinuity,
A solution for tronsicnt flow is obtained follouing sach

of tho yaves gonerated at the point of the disturbance end
computing the offect of syetom discontinuitics on the pro=
pagation of the wavos, Finglly the offoct of theoeo uaves gt
‘gny point in tho flou oystem may Do summed up fn timo, In
ordor to extend thic computational method to a Flow oysten
with an air chomber oquatisns describing tho response of

¢n alr chember to prossure waves must bo doveloped,
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-

F1g,4.2 ohous tho condition of Afr Cheabor, bofore
and oftor impingoment of pressure waves, The Polloulng poounpe
tions pro made in this gnalyeis, |
1) The presours waves produce step chaenges in the lino
pressure and flow and these conditions remain unchengsd until
the next pressuro wavo impinges,

11) The step chonge in flou into the chember can be taken
g8 constegnt ovor the short tinme pexiﬁd botucen tho impingemont
of uaves,

118) The flouw into tho chombor over tho tims period
craegios aplight change in the air voluma which will deotormino
tho prevsure in the sir chambor ot tho time tho noxt set of

wgves impinges,

At time &1 an instant bofore the incoming pressuro

waves ( & H, cnd 45.H2) reach the air chgmbor, let

1
H1 & Hoad in the lino ot thoe chombor in motros,
ac1 ] Proosurc hozd in tho alr chamber in metros,.

@ o flouw &n tho line touards the chambor in

1 m3 /et o
4, = Flou in tho line past the cheaber in n3/s et
uc1 = Floy in to the alr chamber in msfbec. |

V1‘ & Volume of air in the chamber in m°

At time gy an instent oftor the fncoming proseuro

puloes have roached the air_nhamben and tho preesuro pulses
hove been trensmitted past ond roflected from the air

chambor, lot



gy

Hy = Hoed in the line at tho chanber in metres,

G" o Flou in tho line towards tho chembor in
n?/sccond,

Q = flow in the line pest tho chenbor in

m3/cocond, |

@€, = Flou ontoring tho air chombor in m3/aecnnd.

The head in the cheambes HC,i is gooumed to remain
constznt during the instent thet the pressuro pulses sirike
the chgnber and new pylscs are emitted, Houwsvor, the hoad in
the chembor does teke a now veluo bofore tho next sot of
pressure puleco reach the chamber due to tho flou into the

chamber over a briof pericd of timeo,

The oquations for the pressure pulses coming into
{ ,A'H,')'and loaving ( & H“) the chenber on the lcft sido

pipe at upstrogn of surge chgmbor cen be urittcon es,

AH

e ) :
Aﬂ-ﬂv t‘“ . "
1 “ Qe ﬂtq (Q ‘&1) : o (éoi)

c .
i | ’ :
T () e (8e)

Combining £qete? and 4.2 ono getso,
Aﬂﬂ uAH 1—--3-;;5; - G”) see{Ba3)

5imilarly, ogquation for the prossure pulscs for the right

of the alr chanber can bg uritten oo 3

Aﬂzg o Aﬁg *—5%7‘?; (Q_m.ﬁg) \ eos{ded)



Wherse
At, = firca of the pipe 1 in m2
b, = Area of the pipe 2 in m°
€, = Uave velocity in pipo 1 In motres/second,
Ly = wave velocity in pipe £ in metres/second,
- @' = Flow gischargo in pipe 1 in ms/bﬁcond;

The relationship for orifices obtained from stoady

etate'enargy considergtions givaes 3

ﬂcz = Kc ( H2 - Hc,')é '..‘(4.35)

whore Ké a chonbor ontranco logs coofficient,

The incromentsl pressure changes can be expraossed as

Hom Hy « AHy « OH, oH + A Hyv AHyui(406)

11

Continuity equation gives

Q” = GEE + ch 0010(40‘?)

Solving the €qe4.3 to 4,7 one gots

(w)f ebac,+c =0 : eee(448)
c Coe ﬂt
in vhich b = T mg { Rt“ +ataqc1} ses (409)

Coe it
— 2 M—n -
and Cze- Ks {1111-2 AH1‘*.((;1:1.82+M ~) ‘(, g (A‘ﬁ1 g2 A H‘2

Cheld
9. RE, 9- At‘_ )

- - P (" 19)
EfLﬁqé?. HC1;} .
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The positivo root of tho £q.4.8 glvos tho correct
oolution for chg if tho flou s into tho chgabor £8 ues
sosuncd, However, whon tho hoad inside the chembor, pc1,
bocomos groctor thon tho hoed in tho lino at tho chmbor,
Hpy tho ?1ué through ¢he chambor orifico uill rovorse gnd

oquotion 4,8 will chengo into

(mca)z - b . mg -C s essow (‘5011)

Aftor calculapting ncg, Eque 4435 4edy 4.6 and 4,7 Can
bo ocolved to give valuos for gll obher prossuro gnd flow
conditiono,

The chongo in volume of liquid in the air chembor

ovor a timo poriod A &, 16 duo to the inflou into tho chenber
ond 4o given by

AV = Qca.At 00000(43012)

Hence tho volumo of alr in tho chgmber Ug gt tho
ond of the time porfod, At, in tormo of tho volumo of giz
ot tho boainning of tho time period io

Va 2 V’ OAV ' ono-.h{4'13)

Now the presgsure in the chanber hao €o be relatod $o
volumo af air by using the ideal gao lau

Hytt o U Hott » ¥

-1—-?;——1 s -—2—-?-——-3 ‘..',(é.ié‘_)

- Tg |
in which 71 end Ty aro absolute tcaporgturcs in Renkino,

€£qe4.94 can bo simplifiod 1f the oystem cots odicbotie-
colly or isothermally, If the system is found to oot isothormally
Eqetedd given
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#
Hﬁq.\m,' = “2“‘“2
and if it is gosumed to act aediabatically, then
K
H*1.(V1) = Hﬂﬁ (v‘?‘)k' cevea (4.16)

whoro kK Lo adiabatic constont for tho chamber ges,.

Utilizing tho sguotions doveloped for wave action at
cn alf chembor, a distributed paremoter traneient analysis of
the flouw system cgn bo porformed, Equationo aro written for o
dounstraem valve uhich is closod in o prescribed manner over a
dosigned period of timo, Lino viscous effocto may be accounted
for thraugh the uso of Priction orifices distributed slong the
lino,

WooD ot 61(80) dovelopoed oquations nooded forx tho doun-
gtroam crifiéa and tho friction aiifice. 4 digitel progroamo
woe dovoloped combining tha cquotions Por tho dounstrecn valvuo,
friction orifices and tho air chanbor formulating on enalytical

model for the flow systoem,

4.4 LURPED PARAMETER A1ALYSIS
The oystem shoun in Fig.4,1 can be analysed gssuming

that ths fluid column in the pipe movos as a slug, For thie

situotion, tho momentum oquation for the liquid column in tho

pipo botuwoon points a and b ceon be uritton es

At’ Y M L1 dy
age Y {hs: - by ~ (HC=h, - h‘,c)}u - . S

veeve (4e17)



Whoro

he = hoad loss in the lino end cen be assumod as
F. L 2 € ‘ .
hf a( -.-T).‘l ‘l"KE) %5‘ = ﬁ‘v& . ,...,(4.18)

D = line digmoter in metros

f o friction factor |

hc s height of liquid column in tho gir chenbor in
motros,

hfc = onergy loss at tho chember entreance

= k*:( - )% crees(8010)

h, = height of liquid in ths constent hosd resor-
voir in metoers, | | |

HC = Alr chgnbor prossure in motroes,

kg = Loss coofficient for tho alr chomber entrenco
orifico,

Ko = entronce loss coafficiont

v = liquid volocity in the lineo upstroan of air

tank in m/sec.

Y = opecific uoight of wstor in kg/m°

The continuity cquation for tho pipo junction uwith the

oir chember 18 given by

dh

Ve &tu‘ s oyt Atg = '&‘E‘a" . “!3 oto.o(‘&ozﬂ)

Whero ! « yplocity of wator dounstrogn of nurgé chambor in

motres/sccond,
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1f isothormal compreseion ic escumed for tha air

chambor, then the equation of stote gives
¥, HC = v, HC, sseve(2.21)
Yheroe

HC, = initial air chambor pressuro in metres
Vo = initisl air volumo in m®

- This cen bo oxprassed in torms of hoight of air

chgnber end height of water in it,

. Mo = Do

HC = HCO 'ﬁ""g"‘:—ﬁ— trsee (4022)

max >

vhero

hop = tho initicl hoight of liquid in tho air

chamber in metres

hoax = height of air chambor in metres = (hy#1)

For tho situation undor considoration, whon t = 0,
v = v(0) and h=ll 4 ond uhon ¢ > 0, v' = 0, Tho lest condition
states that at time t = g, tho aounsbream valve is closed and
the flou dounstrosm from the velvo is follouing the closure,

Hencs tho cantinyiﬁy oquation Gon be uritton as '

A dh
”& *& s L
s ﬂt.l ( % ) 060‘00(43023)

difforentiating ono gots,
2 .
A d4” h,
‘gg n‘ﬁt&; ¢ dtd veees (Ba24)
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Combining oquations 4,16 to 4,24 yiclds o nonlinoar equation

yor ho ,

d bh ‘ :
Lqe %i {hr (?ﬁg)z ‘%‘d‘z@?‘ + Kg) = ﬁca

se)i‘ c ¢

= dB hc . {4,25)

The solution of this cquation uwith the prescribed
initial condition gives tho lumped pasemutér reaponse of thd
systcm, It f5 not possiblo to solv2 tho £g,4,85 4n o closcd
farm, Theroforo, tho oolution has ¢0 bo carricy out by utilie

zing en analog computor,

4e5. VERIFICAION OF THE FOuIULIE

405..1; Proporticn of flou oystenm

The ebows formulao weroe verificd by UODD“Q) N gw
lytically as well as oxpordmentdly in the labozatory for o
oot up shoun in Fig.2.2, Tho physical properties of the pipe
1ino end gir chember are given belou 3

L, 2 10,92 8 mtr, 01 = 1219488 m/‘sec.
Lp = 1.2192 otr, Cy = 1219,188 w/occ,
Dy = 26035 cm. By oo™ 3244119 cms,
Dz = 2,6035 cm, hr B 1B.8485 137 9

Dig, Of inlot orifice = 1,&7cme v = 1,678 nfuct,
Dig, Of dounstroam orif ice=0,9525 cm,
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| uith the Pldu systen oporatihg undor otoeady otato
condltiona, tho dounstroon orifico wpo closed in approximqtaiy
2/1000 sec, Tho prcocure genoratod by this sction 4n tho ling
upstronm'?rom thcvair chsmber:(”boinh b‘d?'Fig.4.1) was
thooretically computod cnd obCalnod oxporimentelly,

4.5.8. Analytical rcoulto
4.5.2,14 Rosponsoe uith‘nn air chapbor

With no oir chembor in the systen or tho chgber
initislly closed, the usual wator hghmor rooponse wad obt aincd,
Thoe maximum preossuro £iso was 19.476 kg/bma, Tho prcoourc uas
maintainod until nogative roflections Prom tho rosorvodr
retﬁrhed'to tho valvo ( t = 3%k1~ ) = 0.010 8cc, ), Tho pro-
éauéa diagbcm o0 obtainéd hes been plotted in Fig,4,3.

%;5;2.2. Mr Chanbor b~havinur

The prcesuré responoo for sudden cloosure of tho
velve wes computed for vifforcent initinl air volumes for
ch@hbcra hoving cntrenco orifico dionctors 6,35 nm, 9,520 mm
end 18,7 mm and in the case of no u;ifico‘at tha chember
entrence,

A fou typical digitel computer plote, uwhich aro
tho rosulte of distributod pardicter solution uvheon initial
aolr volumo 4o kept constont as 3341 cn® end coouning
foothermal oxpansion for diffaerent orifico diameters aro

shoun in FiGedete
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It con bo inforrod that tho ohort torm effocts
which occur dircctly aftor valve closuro arg espocially notie
ceablo vhen the size of thy ontranco orifice is reducod, This
is due to theo water hemmor surge dounotrogm from the chgaber,
it dies out vory repidly. Thie phonominon cen bo prodictod
by weing o distributed pargnoter gnalysis,

Short term surges cen be slearly distinguishod from
primary surgas; Tho primery surye is tho difforence botucen
tho maximum and mfinimum surge ptessdrns, neglecting oshort torm
effocte, Tho short torm preossure surge is acfincd gs tho diffw
orence botuocn the initiasl surgo pegk and tho subscquaent
minimum, Tho short term pressuro surgo 10 not slusys woll de=
finad snd is of little significence, 4f it is smaller then

the primary prcssure surgo,

Tho gnolytical rcoults oro summoriscd in Fig.4.5,
which shous both the maynitudo of tho primary pressuro surgo
and the short term surge for thc rango of ontrpgnce conditions
end initiol air volume studied,

4e5eRe3es Infcrences

~ Tho maln inferences from these studics are listod

. beloy = |

1) = Tho megnitude of tho short term surge doos not
depend on tho initicl volumo of olr in tho air chamber ond e
only o function of tho resistaonco to flow at the ontrance to
tho dhember, This ia ghroody enpected sinco tho pressuro in
the chegnbor can not be significantly chenged over tho short
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timo involved and tho flow into tho chembor 15 controllcd
by the slze of tho orifico only,

i) Roducing tho sizo of tho chambor entrence orifico
will improve tho gttonyating charoctoristice of tho air
choaboer, | | '

Houevar, the seccand inferance will be truo only
1¢ the oize of tho orifico i5 not roduced below tho point
vhero the short tcrm surge oxcsods the primary surgo, Below
this point, tho attenuating charactoristicos of tho air chgie
ber will ropidly dotoriorate. Tho ohtimum slze occurs ot tho

transition point which ylves o minimum surge in tho line,

A comparativo study with the cquatiqna for adiabotic
conpression uere also octudied =nd Lnc results waro found slight-
ly on the higheor oide, say about 1057 with g slightly roduced
poriod, This shous that the typo of comprossion assumod cm
hove a significent offect on the primary eurgm, Houwevar, it
could not bo oxpocted to significantly affect tho short torn
surgo, |

Alse vhen analysod uith tho lumped porgmeter solution
no short torm surges are noticed, hegaording prinmary prossurs
surgoe, both tho lumped pargneter rosults g8 uell as g dioe

tributed parenstcr results aro in negrly perfect sgroemcnt,

4e5e3s Enporimental Analysis
Tho samo system used for tho theoretical enalysis

ues cenatructed in the lgboratory elso. Tho pressuto rosponste
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in the linc at tho chember wvas obtained experimentally for
the same range of fnitisl ailr volumeo and cntranco conditions,
Thé oscilloscope treces obtoined using piczo clectric guartz
ﬁreesute transduccrs and rapidiy closing valve uwere found to
be in good agrecment with the anglytical reeulté. The shape
of the trsces and the Prequancy of tho surges alsg had row

semblanco,

From tha aobove discussions it can be concluqed that
gh optinum size oxists for the chanber entrance orifice, ond
the peiForménce of tho air chanbo. 1o quito sensitive to this
pergneter, _

In thc fPorcyoing paragrboplic, the possibleo indiscrete
uso of oir chambor end the conscguont noad of system design for
finding the transiont flou conditions havo bean discussed, It
hes not bosn possible to fing the oxact alr chgnber behaviour
bocause the exporimental valuos tally noithor with isothormal

nor with adigbatic lau,

GREEZC(31) i1s of chie vpinion thet in such set ups
in thailaboratozy, tho ceainy of the air chembor hgs to be
rajarded es a hoat sink cnd thal the consequont edoption of
the paiytxopic cquation HC V' = constant will be Qalid _
uhore n is tho polytropic constant, But to doscribe the olr
bohaviour is totolly true in principle.

furthor conoidorations revoal that o polytoopic
aquation of the stated form cannot asdequately doescribe the

agir bohaviour sincc the initiol change in the air is of on



48

adiagbatic noturo vhilo tho final equilibrium position exhibits
gn isothormal situatian uhen roforred to the initial alr mass
conditions, The cxpected alr boheviour is schematfcglly shoun
in Fig.4.6 end 1f the timo hdstory of the air is to be defined
by en equation similar to the polytropic ons, thon n must be
a varigblo uwith time,

f.0, te#, V() o constent {4.56)
which fs o function, which cannot bo predetcrmined,

4,044, Fundonental aslysis

fundamcnial anelysis hes, however, ahoun(zo) that
for a maeg oé oir acting as a por.ect gosy, the follouwing

gencreal equation is velid

®

_JHE*G - K .%5_ _g% - (_5_§1)_ g%u (4.27)

in uhich k is tho ratio of specific heat & 1,4 and

84 = rato of hoot ousfloy from the oir mess,

Furthor onalysis indicatod thot the rate of heet
- outPloy, ~§%} s for tho set up under consideration can qatiaf
factorily be ropregcatod by convective heat transfier cooffi-

cicato so that
%% / Unit proa of surface o 0.15/?- TBX/D.SBS(T.TQX)'(g.Ea)

Whexe T = Tocmporaturs cf ¢ he 2ir mass,

Tex = Temperature of the heot sink,

This is the Rational Hagt Transfer process, Tha R.H,T.

procoss auoics the gusse work for the value of ‘n?,
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CHAPTER « V

DESIGN OF AIR CUSHION SURGE CHAMBER

Be1 GENERAL

Reeonance 1s a potentlal source of denger to any
closed conduit filled with liquid, and uwill develop whenever
boundary conditions exist uhich cause g net inflou of energy
to some part of tha conduit, Surge tanks end air chambers
are the chegp methods of pressure control devices that will
ensure that the amplitudes dovaloped under resonent condi.

‘tions do not excoed accepteble limits,

Even though the provision of gn Alr Cushion Surge
Chamber prectically solves the problem of pressure surge sta=
bility and glso s@ems rather sttrective from an economical
point of vieu, the mpjor guestion arises as to hou such an

gir cushion will influence the mase aosclllation stability,

& eir chamber fo primarily an energy dissipating
defice, in which the air provides an elgstic boundary uwhich
deforms sufficiently uith pressure chenges for the flou
thiough the orifice to diseipste e substantial anount of

In high head Powar Plants, a edrge chamber uwith an
enclosed alr cushion offers en excellent elternative to o
surges tenk extending to the surface, This slternative allous
tho distsnce betuwesn tho turbines gnd the free uater surface
to be ieducad considergbly, thus reducing thq problem of

pressure surge stability,



SVEE(74) oot abliehod ot gbility criterio of the mass
cccillations for on alr cushion surge chember by applying tho
theory of small oscilletions, Tho critical surgo chombor areg
io shoun to be agual to the required aroa of & conventional
surge cheaber multiplied by a fector conaidérably larger ﬁhan
unity, Tho multiplying factor dapehds on tho initisal prossuro
in tho eir cyshion (for stetionary conditions) as woll ams the
initially encloscd air volume,

Bo2 ASSURPTIONS
Tho basic gsoumptions mede for a convontional Gypo

osurge chanbor plso hold good for this cgse, since tho problam
heo to bae ¢roatcd a3 tho otobility of maes surgo oscillaotione
causod by any gato movcmont with increasing or decreesing net

hogd esroso tho turbine, Thoy aro reproduced again

(1) & idesl regulation io sesumod 1,0, "7.8.H, = conotant
in all pheoos of the oscillgtions, in order Lo maine
tain a constent net ‘work output,

- (11) Tho tnortia of tho water in the Surge Chanber is

| noglected in the.direction normpl to the Gurbine axis,

(141) Tho vater mase in both Cha sheft and theo chember
is noglectod,

(iv) Pressure difPorences are traﬁsmitted with infinito

. velocity 1,6, no timo leg oxlets betuween a wator
wheel alternation in tho Surge Chamboer ond ito offect
on the oscillation of tho tunnol uatermese.

{v)} - volocity is constznt eorose the tunnol area,

J094E6 %
EENTRAL LIBRATY UNIVTRSITY OF ROORKEF



B,3 BASIC EQUATIONS

The bgsic oguations of £his surge syatém {(Fig.3.2)

oro given beloyge

(1) Oynemic Equation F.dt = d(m,v.)  esese(Bet)
{2) Continuity Equation Py
Q= ﬂa% + %QV | .....(5‘2)
(3) Pouer equation " ,B,H, = Constent  esecs(Be3)
in uwhich

“a>a Horizont gl arca of cnclosod air chomber in m2

H, = Not head of tho Powsr Plent (Steady stato condi-
tion) in m, -

m = mass of uwater

P e Instantanoous pressure in oir chamber in kg/ma

8 = Instantamcous dischergo of the turbino in mS/occ,
v = Instaontanaous velocity of water in tunnol in m/oces,

2 = Water level in surge cheznbor taken positive douna
warde from tho water lovel in the inteke bgsin in
Mo

Eliminating @ end v from the equations, ono gots a.
non linear ﬁifferentibl-equatian of second order in Z, uwhich

connot be solved enalytically.

To exanino the stobility, o emall equilibrium distus-
benco 1s imposod on the system etationary conditions, For that
1t 1o imegined thot a layor of thickness dZ io plecod on the
uater sun?asa.in tho Surge Chember at stetionary conditiona,

The offect of ouch an equilibrium distusbance ia then oxenined,
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In theso calculagtions the & vwglues aro conoidored ¢o
be vory emall, but finito dovietions from tho rospectivo station.
ary veluos, Now by neglecting emall termo of second or high
order, tho three besic oquati,ono lead to a 1inoar homcgeneoua __

differential oguaticon uwith ¢onstenb coet’f!cionta,
Bedele Dynamic .Egggsg,‘ag

(Pa.‘_ﬁarh {ﬁ»-ﬁ{ %t&anaaﬁ.z{at-Pae«hdy )d\‘.z
s (m + dm) (v + dv) « my sovca(Dod)

hhexe hc - hoight of ueter in air chguber in motros

hx = hoight of woter in tho roservoir in metros,

P, = Atmoophero pressure in ls:g/m}‘r'J

o = Slopo englo of the Hozd race tunnol with Horizone

tal in ragdiany,

Tho ugtor mens dm ié that ontoring tho Sunnol from
tho sheft during oscillation. It is horo posumed that thic
portion hes no velocity component in tho diroction of the
tunnel bofore entering tho tunnsol, .

During tho time dt, £ho uator massc cntering tho

tunnel 1o
dn = -Jpgﬂc v"'%% uu.(E.'S)

Whoroas the uatermass in tho tunnhol ia
] "-"]p. Le ﬂt - vacee (5.5)

%3 soen from FigeB.1 | . .
hi’: - hﬁ =7 « L Sinu oveee {Be?)



The expansion and contrection of the enclosed air

is govsrned by the relstion

P, 1AL Pu . Von oc;oO(ﬁoa)

\

Neglocting the small terme dm, dv in Eq,5.,4 letting
;f oo ay ond eliminating P, hgy hr and o Prom Eqeb.4 to H.8

one gots
~ D,op
L gy 2 Vel gz 2 Yoy

®.3.8, Continuity Equation |
uith the direction defined in Fig,B,1 the continuity
aquation becomes 3

o aﬂ » %ﬁ +* ‘t o V ¢ense (5-10)

Be3s3. Pousr Eguetion
For ideal regulation, £€q.5.3 gives,

' 2
P 2 P Pa v
Vel(HaZe > =0 4o )= Dully (H 2ot = * o5 ) |
P P n"0¢(5611)
Whore :‘Y'g = Zo '!"f"' - hfu Snnoa (5012)

H = Gross head in Power Plent,

Combining £g.6.11 and 5,18 and substituting for P
from £q,6.,8, yields

n 2
: v P P 2 v
o - S _ ‘
wl .Q..(H oZé";’% ) 7 - v, %‘g )’v’ '70‘3“(“%'1?0 + 29 ) ubc.o(5.13)
Be4 BILI YSI

& previously staeted, A values are very amell,hut
finito doviationa from stationary equilibrium,

L}



Lat = U‘a"“A v . ssees (5014)
iwm Zn *A L ‘ Yesoo (5015)
Gﬁ% +AQ sevsse (5.16)
1w ?D + A WZ senss (5s17)
Po pﬂ + AP ) YY) (5¢1G)
V“ \/0 *AV = VQ + AO « AL senne {5619)

Eq.5.8 givos, for smgll devigtione from the stationary values,

A(PV)“ - é;iﬂAp +ép.9._.y2 « AV = ( .'b.“ (5‘20)

- or "
“n. AP+ P, "ﬂ-'l « AV () ss oo (5021)‘

Combining Eq.B.18, 5.19 and B5.21 and neglecting emall

torms of higher orders yields
P

AP = on, '{,‘g‘ » RB « AL ssses (5032)
Lot further
v
i,= 2 | eseee [Be23)
AG . ‘
n, P -
F=s1+ "i""’g ' seees (6.24)
o
qQ ARVS |
9 T — es o |\
Eﬂ"*nu, /)Q eous (8’25)
v
H # H - hfo + "‘"g"' . seess (5&25)

~ Combining E£q.5.14 to 6.18 ond Eq. §.28 uith the
besic equstions 1.8, oquation 5.9, 5.10 and 5,13 end neglect-

ing torms of second or higher order, ONG gote,

V..R A
fg.a (-%51 NPT .Au+'g:A§— d (%ﬁ@-— ces(5.27)




(|
(O8]

d Z ,
Aﬂ L Aa o @ L?t_l . At o AV 0.[0.(5.&8)
{4 "0V
E. u - FHQ .AZ "' HO.Q [ ] Av ol 0 "QOf(B}'zg) |

Eliminating v and G in the above three equations,
gives the fullouing second ordaer diffareneial aquetion fn - 2

with conatant caef‘f’icl. ents H

2 LF.4 v, A IR, |
Lo & d” (42) L %4y 209 (az)
........5..3 | dtg * 26.\’0.“& QJEH‘J + g'ﬂt ‘a«t* £ H g d dt
g%f E Hog - 2&5 E AZ = 0 esno e (5030)

1f all the coefficiente in the characterfstic aquetion,
Eqebs30 are grecter or equala to zaro, oscillations cannot grow,
The declsive criteris is g;luan by the caeffiaimt in front of

the teorm d (-%%), then

L.Fuﬁ “.A ‘ﬂ Q ’ ’ .
e -m«—q PN« Tl - U 0 - > e o

or rearrenging

L. At F ‘
ﬂa.>/ "2' ' seese (5.32)
V
29(B+ B )E My+2 Jo » -
29
. ' L - F o o
e o The critical area ﬂ: s ' "! “p"‘“‘* ' ' eeve (5.33)

29(B +55) Engezy Bz
In the case of an open surge chanber, ths fector 10 -
infinity, and F becomes unity, Thus £q.5.33 gives tho follou=
ing critical area A: - for the opon surge tank,



L
* * %
A £ - A!L - % o....‘(ﬁo‘SQ)
Llyen 2 Y o
?8 (ﬁ + EQ kd O * 29
or uhen eubstituting for £ and M, from Eqo.5.256 ané 5.6 one
gotss o o
L

‘“8 - . . . % . n g

. .....(5«35)

The critical area 4, for the enclosed surge chember
may in accordance uith Eq8.5.,33, 5.34 and B.24 be uritten as

n.pP | :
A% = A*s ( 1 +...__.,§ ) ‘ ---.-d(ﬁ.ﬁa)
8 Yolg

The lattor equation may slso be obtained by applying
the condition of ogusl pressuxe dovigtion from the stationary
condition in an open and an snclosed chgmber due to a discharge

veristion from G, to (U +A Q) for ideal regulation,

The pressure incroase due to a small ﬂéé A‘e in an
open chember La}/ o A By Qher oas the coxreﬁpmdiﬂg pressure
rice in an enclosed chamber 1s completed by a water rise by

Ahg end by en air prossure riss A P, Thus the condition of

equal pressura rise in tho tuo case loeode

AP )/..Ahc = )( AN ' cosee (Ba37)

Where Ah, = = AZ gnd AP is given by Eq,ﬂ‘B.BR.



For identical regulation in the tuo cases, the sano

amount of water entors the two surge chanbers for a given load

variation, Thus

Ahﬁ . RQG A8 “8 : soeee(5e38)

8y combining E€qs, B.37, B.R2 ond 5,38, one uill gst

ne |
aaa Aa ( 1 «1-*"1"':::‘ ) .....A(ﬁ‘ag)

which for the critical aroa {s the came equation as £q.5.36,

Beb5 LINITATIONS

(1)

(2)

The calculotion of critical erea #*_ for en enclosed
compressad alr cushion surgs chanber cen sccording to
EqeB,39 Pirst be carvied out for an open gurge chanber
giving A%, for tho system in question, The critical.
aroa of an enclosed surge chanber is then guien by
£qeBe36, It ahould bo emphgoized that such a proce-
dure is only possible uhsen determining criticel gress

.1.9. for small oscillations,

Ffor calculations of large oscillations, such as detore
mination of the upper and louer mass secillation
limits by sudden ¢losure or start of the Pouer Hlant,
a numerical integration of the béaic equations is re-
quired, Thie is dus to the non.linsar working diegram
for the sir cushion, It should be mentionsed, houever,
that both the upper end the lowaer oscillation limite
turn out to be relatively moderate for the air

cushion design,



(3)

(4)

()

(6)

The amount of ais leakage represents en uncertain
Pactor as fer @0 tho prectical aspect of the air

tushion solution ie concerned,

#s otgted carlior, the action of alr is neither is0-
thermal nor edinbatic, The expension (or compression)
is of polytropic nature, But the value of the polytro=

pic constant hes not been worked out correctly so Per,

‘Houwever, a value of 1,2 Por the constent eppoars to be

GREEZE(33’ proposed a rational epprosch (RHT) govern.

v.ing‘the behaviour of the air in the chanber, He found

that tho temporature persmeter, uhile being completaly
absent in the polytropic oguation gpproach, but obvioys-
ly present in sctual installaﬁlona; plays & vital part
in the rational approech, The R H,T,equation may be

considercd as a replacement of the polytropic equation,

The drop in tempersture below freezing point tenga to

rolegso latent heat Prom the water wvepour present in

the air, Thio edditional form of enorgy which may be
ragarded as booster onorgy, can make the behaviour of

the air chamber soma what diffarent than the thooreti-

cal conclusione,
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PROTOTY PE PRAFORAMCE OF AXR CUSHION SURGE
CHARETR

641+ INIRODUCTION

A& thic stago it will bo intorosting to knou tho
prototype bohaviour of an Alr Cyshion Surgo Chenber, Though
g nunber of punping moins in the difforont parts of tho Qnrld,
wore fitted with /dr Chomber, tho only rouwer Flant nouw Punctions
ing with an Alr Cuchion Surgo Chenber is Uriva Powor Plant in
Norwvay. Several high hoad plants are proocntly being dosigned
end constructod uith Air chember in idoruay, Tho largost one
oo far, is tho 1200 M.V, Kvilldal Pouor Station which comprisco
a 120,000 n° oir chonber, In the follouing porsgrophs tho
prototype behavicur of uriva Pouer Plant uill be briofly

discuysscd,

GeRs SALIENT FEATURES

The Uriva Pouer Plont is situatod in Trondolag
in the North uest part of Sothern Norway, about 150 kilomotres
south of Trondhoim, The salient feactures of the‘projecc oro
ghoun in Fig,6.1,

Tho difforenco betuean H.f .k, and LWL, on loke
GJjovilvatn s 15 m, thus prbuiding storago of 280 hms. Tho
total catchmont arca is 411 km® and tho Annual Average sunoff
841 ha%,
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. 643, WATER CONCUCTOR SYSTER

As yosual sevcral & tornotives uwore studiod and g cone
ventfonal typo of ourge chembor had bocn outlined at Pirst for
the hogd roce tunnel uhich io shoun in Fig,6.8(0).

This solution uwas not cecopiablo as tho head raco |
tunnel had to bo oxcavatoc from both oddes oimultgneously,
Thie necoeositatou construction end meintonance of en coceso
road t0 €1,600, cbout 500 m sbove tho Pousr House olovotion,

As tho sideo of tho vpllay aro precipitous with
Proquent rock slides and avalanchoo, thio proposal was vary
difficult to tzcklo, Heonce tho plans haed to bo changod,

Tho sccond propasal wos tChon worked out g shoun in
Fig.6.2{b)e But this proposd hgd some - coconomical draubgcke,
Tha long surge shaft, uhich for stgbility rocoons requircd
a mininum craso scctional oroa of 20 0 proved o bo vory
costly,

Then the Chief Engincer of tho plonning oo introe
duced tho idoa of replecing tho long surge shaft by o shorg
closct air chamber ( es shoun in Fig.6.2(c) partly Pillod
with conproscoed air, Tho comprosped oir would got 14ko o
tcychion! ¢o roduce tho wator hgmor of fect on the hydroulid
mechinory end tho uaborways and also cnsuro tho stobility of
tho hydreulic system(ﬁé). |

a0 statod earlier, such chanboro wore Prequently
used to supproos rceonance in pipo lines, but urivs s tho
first Fouor Station, uwhere it has becn usad for en Hydro

Electric development,



_VERTICAL SURGE SHAFT IS0 e

LAKE GJEVILVATN

HEAD RACE TUNNEL 19200 ~=
SLIGHTLY INCLAINED

PRESSURE SHAFT 900 »~

6.2a WITH 150 VERTICAL SURGE SHAFT

NCLAINED SURGE SHAFT 900 m

HEAD RACE TUNNEL 14200
SLIGHTLY INCLAINED

6.25 WITH 900 |NCLAINED SURGE SHAFT

HEAD RACE TUNNEL —_————————

AIR CUSHION SURGE CHAMBER

6.2c¢ WITH AIR CUSHION SURGE CHAMBER

FIG. 6.2 HEAD RACE WATER WAYS FOR DRIVA POWER PLANT
DIFFERENT PROPOSALS.




The preliminery designo for tho air cushion curgo
chembor uwora done by otep by otep numerical ¢alculastion,
agoouming that tho gir in the chembor bohaves fsothommally, Tho
rosulte oo obtainod were checked by theoretical studics In
the Rivor cnd Harbour Loborstory at tho Technicd University
of Norway, Trondhoinm, and proved the soundnoss of the design.
The final dcoign of surge Pacilitios providoe at Driva Pouwer
Station 15 shoun in F15.3.6.

64+ PERFORARICE
4) The 6,000 cubic metro air chamber of Driva Pouor
Station, Pillod with 5000 m° Of comprescos air gives a 13,6l
rise in tho static hoed on tho turbino ( Ho o™ 735 .4 motrco)
on the instentencous shut doun of tho Poucr Flant from full
te zoro logd, Tho turbine manufesturers ( Kvaorner Brug A/S
Oslo) generelly allou for 165 riso in maxinum static hoed.
By uway of comparison, a 2 mg Surgo Shagt es shown
in Fig.6.2(b) vould yive o rise of 7,97 in tha maximun
otatic heed ( H . = 705 metree),

11) The harmonic ngsongnce tosts were cﬁrcieﬂ out during
Juno 1973 &n the air chembor at Urivo end tho results woro
found to be coinciding, Tho tost was conductod while tho oir
volume in the chanber wes only 3000 m3‘(14); This io comparcd
with a surge sheft altornative cnd found that a 600 metro
Surgo Shaft will cause an unotoble rogulating system end
henso the stability computation of Urivg shouod that tho

alr eccumul otor systom was the bost eltermt ivo,



63

144) Tho air gecumulalevin Orive which 4o complotoly
unlinod has 8o far hed no gppreciablo loskagos of air and
shouod no fpiluro 4in service,
iv) Though RaH,T, systcm glvos o better solution for tho
value of n, when the tranesient behaviour cém&encad with on
initiagl oxpansion ¢o i typical of an elr chembor instollotion
shut dawn, the oxcellaont agroemont botueon theory and loborstory
rosuiha was unfortunatoly not repecdtod,

The boostor cnorgy caused by latont hoet moy be tha?
reason for tho discrepancy in tho loboratory velue aond that

got in menipulcting tho theoory,

v) Duo to tho oforcooid rogoonn, tho ofr chambor installge
tion can bo cxpectad to bchavo dif?orcntgy during tho day whon
tho air in tho chcabor con becomoe hot than at night whon tho
poir is rolctively cold, acouming that odl tho othor paremotors

remain tho o eano,

6.5, BRACTICA FHOGLERS

although, theoretically provicfon of an air chember
sooms to be cn economical alternetive to convontional surgoe
tenko, thore may bo some presticd problems associated
with 4t which aoro briofly dioccuescd belou,.

6,541y Ax Loakage 3

In Driva, tho problom of oair lookage uwcs tootod of
length during tho conotruction poried itoelf and na traco of
oir lockoge wgs found, tho over burden thickness boing about

100 motreg,
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Throo numbore 40 motroo doop borsc holes wore &aken
for the purposo of tooting and e toot zonao £) tb 43 notres
zono wes token, This 1o duo to the likoly influonco of thd
unf avourabl o stross conditions sround the chamber, No
toakage of air or uwater was moasurable from thé boro haica-

“ upto a prospguro of 6p Kp/bmg.

In caoe tho rock fo not of good quolity, aly loakago
from the chambor to the prossurec tunnel end even out ﬁo the
vallay through small fiosurcs of rock may poso s scrious
problem, In that case, 4t can bo attecked by providing lining
of the chembor roof cnd oidos with a spocial duC-componont
opoxy coating or by stool lininy,

Babele biasalvcd pir

The socend problem may bo obout tho dissolved air 4n
tho turbulent vstor mato ond tho guestion of whethor thio
diocsolved alr can causo cavitotion donvgo to turbino parto,
Thio problem wes inveotigated thoroughly ot the River ond
Horbous Laboratory, Trondhedm for snothor Noruegian Hydai
Plent ot Jukla for uwhich sn elr chgabor hao bean proposod,
‘The results indicetod a maximum alx 10oo of 0.6 to 1.6 pos
thousend of tho ustor volume noodod for Powar production,
( The olr volumo rofers at normel atmosphoric conditions),
It 10 possiblo that tho air loop Lo oven loes than thig,
o3 tho results uwero beoed on very unfoavourpble esgumptions,
I¢ ugs, houpver noticed that tho air loss increogsod with

increased turbulence in tho chembor. This prablem cen bo



solved by providing the distance betueen the head racs tunnel
gnd thoe chanber at legst § to 6 times the diancter of the
linking tunnel,

6.5e3e Lavitation

No cavitation wee found to develop on the turbines,
in fact'it wead discovered that the presenc e of dissolved air

reduced cavitation risks,
6¢Eede Poisonous ggses

- The gir in the air chember could becomo slouly
poisonous ( lou oxygen content, possible content of Hydrogen
Sulphide from the deposits of orgenic meterial), This will
in no way affect the mechines, But care should be taken that
those gases { or eir) from the chanber should not be relogsed

through theo mechine halls



CHAPTER = VII

ECONORIC EvaLUAT ION OF AIR CUSHION SURGE CHARMBER

7.1 GENERAL

In tho provious Chgptex, various tochnical sopects of
tho air cushion surgo chember have boen discussed, In this
Chepter, an oconomic ovaluation is projected, The data for
this otudy e taoken from tho mammoth Idukki HydroeBlectrioc
Projcct of Kerala Steto, uhero a rostricted arifice type osurge

ohaft with uppor ond loucr oxpansion chaenbsers is pxbvidna.

7.2 PROJCT IN BRIEF

Tho ldukki Hydro-Elcctric Projoct is located in Idukki
Diotrict of Kerola State and is about 80 kilomotros Ssuth-East
of Erngkulam (Cochin) and 80 kms northeocast of Kottayemn, The

ontiro oroa of this projeoct is in Uostern Ghate,

The inflow of the River rerdyar and River Cheruthoni

3

will bo impounded to g roservoiz of 2000 Am™ cgpecity croated

by tho constryction of ths follouing dems je

{1) | A concrate doublo gurvature, parabolic thin Arch Dom

(fully instrumontod) of height 169 m at Idukki Gorge,
{2) A concrote straight grovity donm of height 138.4 m at

Cheruthoni, edjecent to Idukki Gorge; and
(3) 4 compooito (Masonry cum=concrote) dan of hoight 100 m

at Kulcomawd,
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Tho livo storego of Idukki Rosorvoir is diverted
thzough o 7 m dionetor horoo ohoo conduit from Kulesnawy to an
Undorground Fouer station locatcd in tho adjocont valloy at
Moolznottom, Tho systom is dosignod for dovolopmont in Guo
Stoges Por ultimato oporation ot 300 loecd factor with g €ota1
inotellod cepacity of 780 U ot D.9 Powor Factor, Tho Schomatic
profilo of tho Projoct is shoun in Fig,7,1,

Tho regulation of inflow (cotimatod long term gverage
flou) of 40.0 malbcc will bo ongurcd by o livo storage of 1460
millicn s botuocn resorveir olovationo 694,94 MCr and 732,62 Atr,

fFleed control ﬁill cneyro a maximum wator lovel at E1,734,71 Atr,

7.3 WATER CONDUCT OR SY ST £7)
Wator Conductor system compriscs a Forning glory intgko

tower positioncd at about 600 motrss upstroen of Kulgaavu dem,
Tho 0ill lovel of tho inteko tower ic ot E£1,684,3 m, This io
connocted to tho hoad reoco tunnol by meens of a 7 m digotor
circul or conduit of 85 motres length, Tho hocd reco tunnel is
2088 m long 7 m dia, modificd horso shoo section and is dosigned
to corry a ppak dischorgo of 163 m3/bec, & restricted orifice
typo inclined curge shaft with uppor ond lowor oxpansion
chenbors hes boon providod ot tho end of tho hoed reco Cunnal,
From tho surge shaft point, tho pouwor tunnol bifurcctos into tuo
otool linod stoeply inclinocd prosourc ohefts of 3,81 m dig,uith
horfzontol limbs at top, Tho buttorfly valvos woro provided at ¢ho

horizontel portion of tho prosesurc shafi,
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Tho presouro shoft Ho.1 1o 993,34 m long ood inclinod
at‘51°.02'.32.3" to tho horizontel vhoreos ohof{ No,2 o 95B.B5
n iong end inclined ot an anglo of 62°,37'.24,2% to tho horizone
tal., The pouwor house is oquipped uith 6 Noa, 180,000 H.F.6 joto
3756 rpm, Pelton turbineo, oporating undcr. o maxinum gross hoad
of 679,856 M, Tho uwater will bo dischorgod to a nogrby otrocn
through o 1220 m frco flouing Coll raco tunnol,

7.4 L{YOUT CONSIDERAT IONS

Tedets Gonsrpl
The major portion of the plonning of Idukki Frojcct wes

corricd out during th) varly yoors of lost dotgdo. During that
poriod tho ideg of providing ARir Cushion Surgo Cheoabor wat not
fully dovelopod ond co Gho dosigncro ond enginoors could think
only of a convcntional typo deovolopment with o mildly oloping
hond rece tunnol and o otocply oloping pecocuro shafto (or
penotocks ), Henco this project was also outlinod in this fPashion

at tho early otage and rofincments usro mpgo lator on,

7e442. Hoad Roce Junnol
Various ogltornatives for tho hoad reeo tunnol gl ignmento

woro studiod in defail tho proscnt glignment (n1uas1)(Fig.7.2)
wpo conoiderod to bo tho bost altcenotiive duo to the following

200006ND 3~

(o) A dea int ako tcking off from Kulconoww dem,though Pound
technically and cconomicolly ocound, o ocporgte pdit
moy bo nooded ot tunnol inlot oithor from upotroen or

from dounstrogy of doa for tunnolling, Thic may locd o
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Tho presourc ohéfﬁ Ho.,1 40 993.34 @ long ond inclinod
ot 519.02'.32.3" Lo tho horizontcl whoroos schaft No,2 io 955,05
0 iang end inclined ot an anglo of §2°,37',24,2% o tho horizone
tol, The pouwecr houso is oguippod uith 6 Noa, 180,000 H.F.6 jobo
375 rpm, Pelton turbines, oporating undcr o moxinum groos hoad
of 679,85 me, Tho uater will bo dischergod o a noprby streoen
through a 1220 m Prco Plouing Goll £aco tunnol,

7.4 LAOUT CONSIDERATIONS

Tedete Gonarpl
Tho major porticn of the plenning of ldukki Projest wes

carricd out during th) cvavly yoors of leot dosedo. During that
period tho idea of providing Air Cushion Surge Chembor was not
fully dovolopod end oo Gho designcrs ond cnginooro could think
only of o convcntional typo dovolopnent with o mildly oloping
hond face tunnol and o ctorply sloping pressuro chaotto (or
ponotocks), Henco this projoct was also outl inod in this fashion

ot tho parly otage and rofinements wsro medo lator on,

TedeRe jj_g_:;g Raco TQFII'IQL
Vorious altornativos for tho hood reco tunnol alignmento

woro studiod in dstail tho proaont alignment (&1U251)(Fig.7.2)
wao conoidercd to bo tho bost altocengtiveo dut o the follouwing

P0000ND e

(0) A& den intako tgking off from Kulgmpuu demgthough Pound
technicolly and cconomicglly cound, o ocporote odit
moy bo nocded ot tunnol inlet eithor from upotreem or

from dounstroch of dan for tunnolling, Thic may locd o
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bit conjostion gt Kulemewu dem oito o3 uell oo incrogoo

in length of tho hood rgco tunncal,

(b) Sufficient rock covor wen not agvaileoblo & Vo fox tho
otraight olignnent R1VQS1.
{c) Tho alignment A, Uy 5, wes not considorod suitablo oo 4%

hod more langth than AV S, olignment,

The tunnol passos through hard granitdvrock and hence
lining was not structurally necessary, Economic studies proved
that the difforence in cost wes oloo margingl, Honco Lt wos
decided to givo a nomingl lining of 4B0 mm cinimum thickneooo ¢o

roduco friction fector,

Tebe3e PX‘QS&Q_ ro Shafteo |
Tho pressuro shafio wore dofinod in rolation to tho

undorground pouor station for thy follouing considorationo 3

(a ) Shaft inclination was solocted to ochiove solf muckingg

(b) Turbine sotting with rcopret to tho surfeco of tho ridge
olope ugs solcctod for optimum rock covor (cufficient
cover for rcoisting inoide prossure and to minimiso
outoido prossuro from ground water, Tuo aeltornatives
woro congiderod for prossuro sheft alignmeont, Theso
areo (i) Tuo preoours Shafts running parallel end
branching near tho Pouwor Station (1i) Tue Presouro

Shafts cross nogr tho Poucr Station,

Tho coot of alternative (i1) worked out to bo chogpor
and therofore adoptod, Eccnomic studics toking into occount of

Civil uorks costo, cgpitalised rovonuo lospes duo to hood lodscs



ond cepitcolisation havo lod to two 3,81 m digeter sloping

ohafts which compared favourgbly with the lorgoot high hoead

pouor ohafte oloouhere in the world, A singlo shaft would havo
to bo in the renge of B.,6 m dignoter and welding with the
roquircd thicknosse of stool would have necessitsted very elaborate
tochniquos and t horofore gbendonod, In addition, considering tho
development in tuo otegos, e singlo penstosk roquired largo
investment too, In tho olignment of pressure shaft, it is of
obyious interest to go doop onough underground to cnsure minimum
rock covor rcquiréd. By going deepor tho linor would still have
to bo dosignaod to tho yicld stross in considoring intornal pro-
souro, By going docpor, tho requiremonts of oxtornal ground
water pressurs will govorn tho dosign, ospociolly in tho upper
scctions of tho ponstocks, Initially tho design wes medo uith
£055 doesign head as rock covcr, Bofore finolioing tho dosign, on
intormodiate adit at about midulo of tho shaft wes drivon Por
detnilod invostigation and leter to bo usod for ponstock installoe
tion, From these studios, it was found poossiblo to make a change
in tho olignmont of ponotocke, Tho inclinod part was shifted
dounstroen and it wad relocatod as close go poselblo to tho mani-
foldos in ordoer to reduce tho length of the lowox horizontal part.
with this arrengement, the penstocke will cross easch other and
tho oamo.at highor clovation will gpproach tho ground surfaco so
that tho roduction of oxtornol prossuro will rcduco tho thicke
ness of stoel, Tho adulng duo to roeduction of oxteornol pressuro
and longth of louer horizontal portion of ponstock worked out oo
105, of tho total cost of ponstocke, In genoral layout of tho
Idukki Pressuro Shaft and Surge ehaft 1o given In Fig,7.3.
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Tebede Surgo Shafh

Rogarding tho typo of surgs tonk various alteornatives
uith conventional typo surgo chembors uvoro considored, Aftor
going in dotail into oll tho alternstives, it uves Pound that a
rostrictod orifice type inclined surgo shaft oF'8.7 m finishod
diaemoter end 76,25 m long having upper end louwor oxpansion chene
bors ge ohown in fig.R.6 was tho bost solution for this water

conductor system and hence adopted,

7.6 FEASIBILITY STUDY OF AIR CUSHION SURGE CHARIBER FOR IDUKKI

7eBe%0 It uas possiblo to provido an Ar Cushion Surge Chenbor
in this project instced of the convontional type Surge tank,
already provided, For providing tho Air Cuschion Surge tenk
occonomically, the concopt of the dovelopmont with g mildly slope
ing hoad zeco tunnol hao to bo abandonod and a now Wgter Conductor
System strognlined, which will be ontirely diffcront from the

convontional type,

With the help of modern tunnelling tcchniquos it is not
vory much difficult to drive tunnels upto a slopo of 1 in 8
efficiently, Fucking con bo done with the holp of tyred dumpers

gnd logdors as vwoo dono in major tunnols of Idukki Project,

TeBele 1t io proposod to conduct only a proliminary study to
got a rough idog regording tho cconomy bohind thoe concept of

Air Cushion Surgo Chombor, For casior comparison, a now develop-
mont 15 plennod with minimum chengos in tho present Uator Conduc-
gor pyotcm, A Schomatic profile of tho now Uater Conductor

. Syotem with an fir Cuohion Surge Tank is choun In Fig.7.4.
CEUTAAL LIBRARY UNIVERSITY OF ROGRIEE
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Tho Intoko end control gato havo boon locoted noar tho
Kﬁlemauu Dem itoolf, go it is cootlier to provido too long congrol
ohaft, which will becomo necossary when the oclopo of tha tunnol
incroeseo in tho now alignment, Morcover, tho modificd proposal wf
will cnablo in gotting tho full length of tunnel undor control,
Incidently, the comploxitics involvod in tho construction of oxe
pcnoivo morning glory intako towor and connccting conduit cen bo

avolided,

Tho alignment of the now hogd reoco tunnel caon be as-ﬂ-uz-
ﬁ1-ﬁ55 (vide Fig.7.2). Tho tunnel will have a length of 800p°!
(2488 m)with 1 in 8 bod slopo, Sill lovel of tho tunnol inlet at
A3 ond oxit ot ACS will bo 677,00 m and 366,00 me The tunPQI is
proposed to bo kopt oo unlined having a nininum diaotor of 8,5
més modifiod horso shoe scction, Tho overbrookesqe allouance of
10 cmpo wero provided ot the outer poriphory, I is proposod to

drive the tunnol from both ond only,

From tho stability considerations gn Air Cushion Surgo
Chembor of s4z0 100.0 % 14.0 x 12,0 metros has to bo provided at
the exit pbint of the hoed raco tunnol, Tho gonoral layout of
tho fir Cushion Surge Chembor Por Idukki is shoun in Fig,7.5.
Tho dosign of tho sir cushion surgo chembor is givon in Appondix 1,

Provision of 2 Moo, Sphoricol volves hcos been medo at thoe
uppor horizontal limb of tho proesure shafts, Tho valvec Houeso cen
bo at tho oxisting fntormediate odit aroa, This is in liou of
tho buterfly valves olreedy provided at &ho oxit of Pouwer Tunnol,
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Nocossary comprassors for oupplying air to tho chembor
ceh bo instasllod outslido tho Infermediato adit Ctunnol oo $ho
longth of tho conduit is not much or oven in o sesporato covily

noar the valvo house,

Prociooly tho Alr Cushion Surgo Chambor of Idukki will
have 1/4th volumo of the Péuar Housce cgvern, Thoe uworks of tho
cavity can bo pttacked through the linking tunnol., Gunito line
ing io proposod in tho Surge Chambor g8 woll go in hoad ract

tunnol,

Tho cxisting uwater conductor oystenm belau'poinha 11
and 12 (Fig.7.3) io proposcd to Kopt cs such. Tho longth of
tho tud inclincd pressuro ohafte will bo rrduccd ¢o 399,8 m ond
391,2 m which will bo just half the origincl lcngth, Tho total
oovings in tho nou proposol work out opproximately 23 porcent

of tho coot of tho uwater Conductor Systcm,

7.5.3. Tho moximum ourges for Pull locd rojcction and for full
locd cocoptanco (although fPull lood cocoptanco is not goncrally
- follouad &n practico), have bocn uorked oub, assuming the initial
presouro of otoody obato condition, fo tho seae e of that of
Driva air Chenbor, for isotheincl, adicbatic and polytropie

(ns1.2) comprossion ond oxpension and shoun in fppondix 2,

“  HMowovor dotoiled ceoloulgtions havo to bo corricd oub
por optimizing tho initial volumo cnd pressurs of Lhe oir mooe
{n tho chembor, 80 oo to roflcct tho mininum wcbor hemmor pro-

aouros in to Gho hood race tunnel, Positioning of tho air chenbor
moy olsp hgs to bo otudied in dotall,
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CHAFTER - VIII

CONCLUSIONS

e For high hegd pouer planto, surge tank io an ossentinl
component, Houever, conventional type surgo tanks gre narmally'
vory costly, Ar Cushion Surge tenk ccn bo gn cconomic altore
native for g hydro olectric ochamo Pod by o long pressuro
condult, This hed boon tricd ot Driva Pousr Pla&t,.Noruay and
is functioning satisfactorily, Soveral high hoed planto with
Alr Chahion Surgo tanks aro now being designed and constructod
in Noruay,

e In anair cushion surgo chenbor, oscillations in tho
water surface due to logd fluctustions ero taokon caro by tho
combreaeion and expansion of the oir abovo the ustor surfece,
I¢ hoo boen fpund that tho upper and lower surge limite aoro

modoerated considoerably,

3; | Al Cushion Surgo tanke oro gpoclally suitable for
hydro electric projects uhere long pressurc ehafis ond curgo
shaPte ore nocessary, In meny cases, uhero tho hydrsulic gra-
dient line is above tho rock surface line, Air Cushion Surge

tank moy bo the only cconomicglly fezsiblo solutilon,

4o Tho nou conccpt of Air Cuchion Surgo tenk could bo
adoptod succesofully in this country,uhoro rocks aoro of good
quality, a5 in tho cano of UWostorn Ghgts, Thic ccen be providod
oven in Himaleyon goology(uhors rocke aro vory poox compargt ivoly)
1P odoguate precautionary moasurce ¢o provent alr ledksgo otc.

aro token,



Ge Tho gdoption of Alr Cuohion Surge tonk is likoly to
rcduco tho construction cost of tho uwator conductor systen
conoidorably. A proliminary otudy for tho compaxitiub cost

of convcntional €ypo surge tank and Air Cushion Surge tenk

pde for the :ecentiy commissianad Idukki Hydro-Eloctric Projoct
of Korola Stato, shous that the provision of Alr Cushioh Surgeo
Chombor roduces the cost of the wator conductor system by gbout

R3%.

G It has not yet boon possiblb to dofine tho léu governe
ing tho oxpansion and compression of alr cushion socurately, Tho
procoss 1s neithor adigbatic nor isothormal, But for all praocti-
cal purposes, this pes procoss can bo considored as polytropic

(P = g conotant), asosuming tho veluo of n = 1,2,

7. Alr Cushion Surgoe tanks uith restricted orifico also
cen be dovolopod succossfully, Tho dignoter of tho orifice

should be optimizod to got botter porformance,

Be Sufficiont leborstory as uell as fPlold dote is yst to
bo collected to verify the various assumptions in the stability

analysis uwith an air cushions ourgo chamber,

Ye Precautions have to be takon to guard against any

poisonous gases boing reloased into the atmosphore,

10. Tho offoct of tho dissolved alr on the officient fun
ctioning of tho ¢urbines has also to be invootigated in dotail.

and precautions taken to guard egainot any odvorso offccts,



76

CHPTER = IX

SUGGESTIONS FOR FUTURE RESE ARCH WORK

Even noy tho uorke on oair cuahian'ourgo chembors aro
ot ito infency., Thoro ioc emplo scope for further resoarch work
in the follouing ficlds,

14: POlztroaLc Coq‘g_t_;pnt 1 M

Theo exgct bohgulour of alr meos in Cho air chember is

still unknoun, Honce further resoarch work hes $0 be carricd

out to Pind out tho oxact valuo of 'n'.

2. Poisonous Gpoggo
The eir in tho chanber could becomo slowly poioonous,

Though it will not in ony wgy offect Clo mochinoo, Ghe biolopiw
cal oopocte involved in rolepsing the poloonous gesos t0 alrnode
phore uvhon it is ebsolutoly nocessary to do so havo to bo studicd
in dotail,

3. Digsolved Q;g
 Though tho quentum of dissolved alr in the turbulent
air mese is negligiblo, it can cauco apprcciablo pouor loss gnd

cavitation to tho mechinos, This has to bo analycod at length

in oach casey

4e Aip Lonkngo
& otated &n para 6.5.1, alir logkago €es from tho

chgnbor can bo o pig problsem whon tho rock is not of good
quality. Honce choaper mothods of oiF proof lining ohould boO

Poundoute



s

8, Provision of Orifice in Alr Chgnber
The offect of providing o restricted orifice for the

air cushion surge chamber will bo tho next stoge of dovelopment,

6, Usrificgtion of theoretical 1aus

Since as etotod abovo, uhole mechenism of efr cushion
surge chamber is in its infancy, morc and more prototype deta

is necessery to vorify the essumptions in the theory,
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APPENDIX o I

DESIGH OF AIR CUSHION SURGE TANK FOR IDUKK__!

(o) Bats
Length of hoed race tunnel L = . = 2620 m
Aroa of tunnel A, = 60486 n®
Roximum discharge Q . 140417 m3/oes
Maximum volocity in the tunnol v = 2,33 m/sco
Not hood on turbine H s 640.,0 o

Q

Totol hood loss upstroam of surgo tank =6 .
ghfﬁﬁv’?b'nsa.asxm Q

uoing fenning's n (minimum)=0,.026
- B 3,18 m

specific uoight of wator ' = 1000 kg/m°

(b) fooumptiong
Tho following assumptions aro bgsod on tho design of

Driva Air Cushion Surgo Cheaborg

Initial prossure in Air Chembor Py = 36,0 kg/om‘?'
Polytropic constent n = 1,82
Length of eir column in Chmbgrg 1, = 9.0 0
ot oteady stato condition )
Compufistions '
(c) Lom L A K
Thoma otea of open surge chember = B '
= 21,0 mz

a Ay (Criticol aroa)
Criticol arca of olr cushion surgo chembor

. o
Ay = A%y (1 + 2P0y = 1029 0

7,
Provido sn Air Cushion Surgo Chambor of Sizo

100 m x14m x18m 2
arnn nf nir Chember provided = 100x14 = 1400 m
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CORPARATIVE SURGES 1D PRESSURES IN AIR_CHAMBER FOR_IDUKKY

a) SLssumptions

1, Tho size of the Alr Chamber ic oo por Appendix - 1

2 Computations havo boon medo using £qo. 3.1 £0 3.5 ond 3,10
3 & maximum upsurgo or dounsurge condition, velocity of

water in tho hoad raco tunnel, vy = O.

b) Comparativo Rasulfe

Typo of Come _Looad throw ogf‘(‘lggﬁ na topd throun on(nd  1003)
pression or Raximum ime vakon Foximun FMaximum Tims taken %%x%i.mn.

Exponsion upsurge ¢o roanha absoluto douna- to roachta obsolt

y v pressuro  tSurge £ £0o pre

: - in oir y ‘ 8SUro

chenbor Pa in aix

‘ : Chemby

m occ kg/cmd @ sce kg/cn*
Iootharmal 1,14 19,77 41,24 1,31 22,66 31,43
#di abatic D96 16,66 426 20 1,10 19,10 30.60

Polytropic 1,06 18,04 41,78 1.20 20 .68 30,98
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