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ABSTRACT

Turbines that have evolved from ancient water wheske one of the most efficient devices availalde f
extraction of energy from flowing fluids. All tunbés work on same physical principles and have airbiisic components
consisting of stators and rotors connected to aar8haft, which rotates freely. They convert kinetnergy of flowing
water to mechanical energy by changing the momemtfiftow of water. They suffer drawback of beingefficient and
expensive when used for low energy density flowsad exploited the phenomenon of flow limitatiorcaicing when
fluids flow in collapsible tubes and also strongjdl structure interactions occurring when a floapst suddenly, to design
a novel type of hydraulic turbine. Water from snraervoir enters a large collapsible rubber bladael as the flow is
established due to Venturi effect the rubber bladddapses suddenly on to the mouth ‘U’ shapexilile tube held by
elastic supports. This action occludes the flondsundly converting steady continuous flow to unstepdigatile flow. The
kinetic energy of flowing water is converted to aBge pressure wave energy or water hammer, whighacts with walls
of flexible tubes at, bends and transmits powethtosystem. This enables us to develop turbineghwdperate at very
low heads and low discharge conditions (headswsat< 1.5 m and flows as low as < 0.3 litre/sex) generate power
efficiently in a very cost effective manner. Théglically new principle can be applied to otherdlélows like gas turbines

and produce novel efficient machines for harnesgmger.
KEYWORDS: Collapsible Tubes, Fluid Structure Interactionsdkulic Ram, Turbines

INTRODUCTION

A turbine is a machine, which extracts energy frmmtinuously flowing liquids with help of rotatifgades and
sometimes has fixed blades to direct jets of wateotating blades [1]. Modern day hydraulic tudsrare one of the most
efficient man made devices. But they suffer frone amherent drawback i.e. they require high energgsiy flows to
operate efficiently which means they require eithege head or large flow to operate efficientlighEr of these conditions
to be satisfied in realty requires huge investmént®lving lot of civil engineering construction wes and has the
potential to create long term ecological disasteasge head hydro electric projects (Ex:- Peltaiving) require erection
of huge dams which is possible only in hilly arsasving as natural reservoirs, otherwise they sufpeneast tracts of
open plain lands. Also in order to generate pouifaiently by current technology principles at Idveads we require large
flows and large diameter turbines, which escalbte dost of entire project. As head diminishes tbst effectiveness
reduces i.e. to generate same watts of power @ffigi our cost inputs must be high. Therefore ghisr a need for
alternative technology, which overcomes these shorings and produces power in cheaper manner, dsesiding

environmentally friendly [2].

When a fluid flow is driven through a deformableanhel or tube, interactions between fluid-mechdréceal
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18 Ponangi Udaya Prashant

elastic forces of deformable tube can lead to whfie kinds of interesting phenomena, including m@dr pressure-
drop/flow-rate relations, wave propagation, andgaeeration of instabilities. Understanding thegit#l origin and nature
of these phenomena remains a significant experaheanalytical, and computational challenge, inirgvunsteady flows
at low or high Reynolds numbers, large-amplitudedfistructure interactions and free-surface flo@gThe collapsible
tubes buckles and collapses at the distal most pbitube as the internal pressure is least betweegny and exit end due

to viscous pressure drop

The classical experiments used to investigate flowitations are similar to ‘Starling Resistor’ wihicis
demonstrated in figure below (Figure 1). Here dapsible tube is tied between ends of two rigidegipnd the collapsible
tube is enclosed in a pressurized chamber. Theegwst pressure, the flow rate and the external pressutside the
collapsible tubes are all regulated. Varying thespures or flows keeping rest of parameters canstas two different
phenomena. They are flow limitation when pressuapdacross the tube is increased keeping the @#pstpressure —
transmural pressure constant and pressure limitatibiich is produced by increasing the volume fnd keeping the
transmural pressure — downstream pressure constafibw limitation point self excited flutter wagewere observed to

occur and all these behaviors were extensivelyietiudy Bertram and co workers [4].

P, Py

Figure 1: Starling Resistor Schematic RepresentatioP, is Entry Pressure,Pyis Exit Pressure, R Is External
Pressure, R& P, are Pressures inside the Collapsible Tube, Q isdw
Rate and X is Length of Collapsible Tube
These experiments are widely used to explain varmalogical phenomenon’s like airway closure, gatien of
sound and wheeze, generation of blood pressuredsounKorokoff sounds while recording blood pressunllapse of

veins when blood is flowing against gravity and stimes flutter waves generated in these collapsats\5].

But modifying these collapsible tubes flows for geation of pulsatile flow from continuous flow andlization
for power generation is never described before. drksent experiment may be considered as extremédicadion of this
basic “Starling Resistor”. Previously pulsatile viigproduced by rapid flutter of collapsed tube wagdito enhance
microfiltration performance of Bentonite suspendignWwang et a [6]. But the pulsatile flow produdgdWan @t al. was
similar to classic “Starling Resistor” models ahd tapid flutter of collapsible tube is used toamde the ultra filtration of

bentonite suspension fluid across an osmotic memebra

The pulsatile flow model has been successfullyizatil as a simulation model for study of cardiovéecu
hemodynamics in laboratory setup [8]. It can beratizrized as a novel technology in design of “aylic engines”
different from any turbine design used for mechah&nergy extraction from kinetic energy of flowimgater. This is
possible by connecting the distal end of largetiel@sllapsible rubber bladder to a unique arrangetnof flexible ‘U’ tube
held by elastic supports. In this part large-sdhiiel structure interactions (FSI) manifest, whiate different from those
occurring inside the collapsible bladder. (The téhydraulic engine” is used, as the present expenia model cannot be

classified as a turbine, as there no water jetsldsl/vanes, or any rotating shafts involved in waylf this device)

Impact Factor (JCC): 3.2318 NAAS Rating:06



A Novel Design of Hydro Electric Turbine Using FlowLimitation Occurring in Modified Large Collapsible Tubes 19

Description of Experimental Setup

It operates on basic principle that, water fallfrgm small heights as low as less than one metiam flow ( <
0.5 litre/sec) is channeled to a small reserlikér arrangement which converts the open chanoel Bf natural stream
flow is to close channel pipe flow. The arrangemeegins with this container or small reservoir dpgrthrough short
pipe vertically down into a collapsible rubber blad connected to flexible pipes at the lower erttk Water enters the
collapsible bladder and comes out the lower encbiépsible bladder through ‘U’ shaped flexible éutonnected to it by
airtight arrangement. The flexible tube is connedte straight rigid tube of light material and @rtgs down from above
without touching the ground and is freely mobilbeTU’ shaped tube made of flexible material isdhiey elastic supports
in order to maintain angle ©f180 at the bend point of the ‘U’ shaped tube. The upmat of ‘U’ shaped bend is
connected to a vertical spring and lower part afdbis connected to a mechanism, which convertsamebfro motion to
rotatory motion. This mechanism is in turn coupledn electric dynamo that generates power. Thersatic diagram of

experimental setup both in expanded and collapsee sf rubber bladder is illustrated in Figure 2

Reservior which
collects waterand ~———___ | === % A
directs to bladder

Spring which holds upper
arm of 'U" shaped tube
where dynamometer
connected to measure ~——_ Haight from

pover generated — rasarvice s

N,
j convert to & fro

) motion to rotatory
Electrical dynamo which motion \
comverts mechanical LY
energy to electrical ko x

(@)
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Restrvior
coatammg waler

Spreig or mamometer
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provides reeod force
after dewmaard stroke
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Connecting levers to
U shaped flexibls tube (———
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(b)
Figure 2: Schematic Diagram Representing Expandedj And Collapsed State (b) Of Collapsible Bladder

Experimental Procedure

As the bladder gets filled up with water when vaingem small reservoir above is released, it distesdd later it
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20 Ponangi Udaya Prashant

starts collapsing as the water drains out the Idéstd of bladder through ‘U’ shaped flexible tubdsthe vertical height
from the valve to balloon is less than from grotmdhe balloon (hl > h2) and during certain ranfioav rates it exhibits
an interesting phenomenon of alternate collapsek{img) and opening, along with generation of ptilsalow of water.
The flow of water entering into the large collapgsilbubber bladder was regulated by a valve andftve rate can be
measured by flow meter attached to it. Though presscan be recorded at any point of the arrangewehoose at two
points, one at the entry at the collapsible bladdet other at the end of ‘U’ tube to record thespuees. These points were
connected by very small diameter (2-3 millimetréshes to Phlips portable MP20 monitor and electrgmiessure
transducer system [8]. The force generated dutiegrhovement of ‘U’ tube was measured by spring thoraeter
connected to upper arm of ‘U’ shaped tube. The taavm of ‘U’ shaped flexible tube was connectedabgver and wheel
arrangement which converts to and fro motion of‘tfig¢ube to rotatory motion (Actually for convemee a demo model
of two stroke diesel engines was utilized for thigpose). The smaller wheel of the mechanism wamenied to a
electrical dynamo which generates power as theeropgil in centre rotates in the magnetic field #mel electrical power

generated was recorded with help of standard meténused for testing electrical circuits.

The actual photographs of the experimental modegaren in Figure 3 & 4.

Figure 3: Photograph of Experimental Model from Frant Showing the Pipe Connections and Collapsible Béler

Figure 4: Side View Photograph Showing Collapsibl8ladder Connected to ‘U’ Shaped Tube, the Upper
Limb of ‘U’ Shaped Tube Connected to a spring and bwer End
Connected to Demo Model of two Stroke Engine
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Pressure recorded distal to collapsible

bladder when all conditions constant
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Figure 5: Pressure Tracing in ‘U’ Shaped Tube Wherhe Pulsatile Flow is Being Produced

The pressure at the entry of the collapsing bladdearains fairly constant at a —ve pressure of -4l@bcm of
water with slight fluctuations during the entirectsy The distal end of collapsible bladder exhibéisid and wide range of
fluctuations, which can be explained by very strélogl structure interactions. At the mouth of ‘Bhaped tube collapse
occurs far more rapidly than other regions of tbapsible bladder due to Venturi effect and halfis flow suddenly
before the collapsible bladder empties out fullyeTBudden stopping of flow causes the velocitya fto change rapidly
andwhen time interval t is < 2L/C where L is lengfiU’ shaped and distal tube connected to it &nid velocity of sound
in water, waterhammer effect is produced. At suahid changes of flow velocities causes generatfonegative water

hammer pressure wave inside the flexible ‘U’ tubhd positive pressure wave inside the collapsitéeldiér [8](Figure 5).

The presence of almost 180" bend at the ‘U’ regianses junctional coupling to be the predominaumt fl
structure interaction manifesting during the pressurge. The ‘U’ shaped tube strikes down witbrsjrforce pulling the
spring down which was supporting the ‘U’ shapecketéiom above. The power generated by the oscifiataf ‘U’ shaped
tube was calculated depending upon the force pestiper oscillation and multiplying with frequencfyascillations per
second. The hydraulic efficiency in this manner ¥eamd to be in range of 60 % - 95% depending ujmm conditions.
(The hydraulic efficiency of a standard micro hyelextric power plant is 55% and hydrokinetic tudsinare
approximately 22%. These high efficiencies are seen even for soeh énergy density flows like flow rate < 0.3
liters/second total vertical height of waterfallliss — 2 meters and average velocity of flow is 3 meters/ second. In
order achieve maximum efficiency it is importargrin are no further bends in after the main berid’ishaped tube as lot
of energy is wasted at the other bends and usedtk wannot be extracted. Hence a long rigid tubégbft material is
connected at the end of ‘U’ tube without any beadd all connections are airtight. The overall éficies when taking
into consideration of friction losses due to movaemeheels and levers connected to ‘U’ tube, and alsctrical generator
losses, would be less than directly measuringdaheefgenerated by ‘U’ tube. Due to technical andricial constraints the
frictional losses were considerably high in the hzatdcal designs we had chosen, and we are worldngufther

improvements in these components of the apparatus.

The downward movement of ‘U’ shaped tube forcesctiilapsed portion of bladder to open up and dledfiwith

water flowing from above reservoir. Once the bladd@pened up the hydraulic flow is re established once again after
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reaching peak velocity the bladder collapses agaththe cycle continues as long as there is whteirfg from reservoir
above. Thus a continuous steady flow is converaghsteady pulsatile flow at the discharge endthadaverage velocity
of this pulsatile flow is much less than when tloavfis continuous. Thus the kinetic energy is coteeto pressure surges

or wave energy, which causes forcible up and ddvarkas of distal pipes through fluid structure rations.
Theory and Equations of Experimental Setup

Collapse in collapsible tubes is given by flow liation equation or ‘Tube Law"[9], [10].

1dA ldu _ —-Ru

E - udx  c2-u2 (1)

c is velocity of sound in water

By applying continuity of mass and momentum prifeifne basic equations of the above tube law ivelérand
we can see 'Z—f = —KAi.e at the area of collapse, the rate of collagghices at a rate proportional to initial area of
collapse and this leads to exponential reducticaréa of collapse at distance “x”".

For further mathematical derivation and equatioogegning the exact collapse and energy transmttietiembrane we
have to refer to works of M Heil, Bertram, Pedéd others [11]-[14].

Once the bladder is collapsed the flow stops sugidemd there is sudden surge in pressure whichvisngby extended

Joukowsky equation for elastic tubes and non sgidports

dp = pc Av

Celastic =

2)
Ap is pressure surge apds density of fluiddv is change in velocity of fluid flow

Ey is the Young's modulus of pip&e bulk modulus of fluid, the inner diameter the thickness of the pips,and
additionally the factoK (0<K<1), which depends on the geometry and the fixiinthe pipe structure (spring constants of
springs attached}.

This pressure surge is in negative atmospherispresange in the distal pipe whereas it is sirmiagnitude but
positive atmospheric pressure inside the collapdithdder. This transient positive pressure suvgecomes the negative
hydrostatic pressure inside the collapsible bladaledt causes it to open up and reestablish the flows producing

pulsatile flow

From knowledge of the ‘strength of material’ théatcstrain energy stored in the flexible pipe dgrihe water
hammer is given by equation [7]

=Ap’d| A

2Ens €))
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Whered is the density of pipé,is length of pipeAis area of pipe anslis thickness of pipe

The efficiency of device can be calculated by assgrthat the entire strain energy is convertedotwitudinal

motion of pipe and dividing it by the total kinetoergy of flow of water.
Kinetic of energy of water is given by equation
=1p al VAwherej is the density of wate¥ is average velocity of water.
Theoretical efficiency of the device is given byation
= _Ap~d
EvspV24)

When water hammer wave is generated then therthege types of fuid structure interactions are jbdssand
which one of these predominates depends upon theenaf the pipes, number of bends and angle oflbemd most
important the elastic properties of the supports wihich the pipes are held. They are

1) Piossons coupling 2) Frictional coupling and@jctional coupling (most important)

These are well described by works of Wiggert D.{5sEling, A. S[16] etc. Junction coupling is tak@ace due
to unsupported discrete points of the piping systsoth as unrestrained valves, junctions, closdd, ggumps, etc. MOC
(Method of Charecteristics) and FEM (Finite Elembtethod) are used to solve the complex structujabtons and for
further details of exact axial motion of pipes|daling articles have to be referred [17],[18]. Tinetion of pipe was also
described by various other mathematical modelsJanéz et al have given eight equation models fdipting the motion
of bend pipes during FSI [19].

DIMENSIONS OF EXPERIMENTAL SETUP
About the Collapsible Bladder

The dimensions of the collapsible rubber bladdeemfully expanded state, which assumes geometapesbf

ellipsoid, is: -
Horizontal diameter is = 12 cm
Vertical diameter =20 cm
Volume of fully expanded Balloon is = 1600 cc
The thickness of the rubber used in
The rubber is = 0.75 mm
About Distal ‘U’ Shaped Tube
The distal ‘U’ shaped tube is made of relativegxfble PVC pipe with following characteristics
The length of ‘U’ tube is = 60 cm
Height of U tube is from collapsible

balloon to distal rigid tube is = 30 cm
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Vertical height of distal rigid tube

from flexible Ushaped tube is = 140 cm

Inner Diameter of U shaped

flexible tube is = 12 mm

Thickness of U shaped tube is= 2 mm

Inner Diameter of distal rigid tube is = 11 m

Thickness of distal rigid tube was 1.8 mm

Spring constant of first spring connecting U shapsx to roof 380 N/m

Ponangi Udaya Prashant

Spring constant of second spring connecting baretids of U shaped tubewas300 N/m

RESULTS

Table 1: Relationship of Flow Ratevs Power GenerateWhen Vertical Height Fixed at 1.8 M from Bladder
to Lower End of Distal Straight Tube of Diameter 12Mm

Flow Rate in| Frequency / |Amplitude in Force Per PowerAvailable | PowerGenerated| Hydraulic
Liter/Sec Minute cm Oscillation in gm in Watts in Watts Efficiency in %
0.1 122 3.5 425 1.7 0.9 53
0.13 115 4 500 2 1.1 56
0.139 103 4.3 550 2.2 1.2 54.5
0.145 108 5 625 2.2 1.7 74
0.17 96 5.3 660 2.7 1.7 62
0.19 84 7 900 3 2.5 84
0.250 70 6.5 800 3.9 1.8 46
0.27 62 6.8 850 4.2 1.8 42
0.33 58 6 750 5.2 1.3 25
0.35 37 7 900 5.6 1.2 20

Table 2: Flow Rate Is Increased and Variation of Fequency of Oscillations & Power Generated

Studied at Constant Height 160 Cm

Vgllléwt?nof Frequency Amplitue in GenFec;:racti o Power Power in ';%/fﬁ:rlzl:llé;
/Sec no/min cm Kg Avialable Watts %
0.18. 136 3 3.1 0.76 24
0.2 128 8.5 1.085 3.6 1.2 35
0.222 114 9 1.125 3.9 1.8 45
0.227 115 8 1.150 4 3 75
0.25 112 10. 12. 4.4 3.9 89
0.3 106 10.5 12.50 5.3 4.77 90

Impact Factor (JCC): 3.2318
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Table 3: When Flow Rate is Held Constant at 250 M8ec and Height Is Varied

30 96 0.1 0.1 0.1 0.03 0.42
50 92 3 0.5 0.49 0.32 35
96 91 5.4 0.7 0.7 0.41 47
130 86 7 1 0.98 0.67 63.7
150 97 7.6 1.12 11 0.8 80
165 58 8.5 1.25 13 1.0 64

Table 4: When the Diameter of ‘U’ Tube and Distal Tibe is Increased from 12 Mm to 18 Mm and
Height of Tube from Collapsible Bladder is Kept Corstant at 150 Cm

0.18 136 4.5 2.6 1.7 65
0.2 128 5.5 3 2.7 80
0.22 114 6.5 3.2 2.9 92
0.23 115 5.5 3.3 2.16 65
0.25 112 7 3.6 3.42 93
0.3 106 8 4.4 4.2 95
0.33 100 8.5 4.9 4.48 92

Conclusions of Experimental Results

¢« When the flow rate is increased by turning thetimalve of the collapsible bladder, while keepinfaher
parameters constant, the frequency of oscillatredsices but the amplitude of each oscillation iases and the
hydraulic efficiency increases to maximum and tlagain falls (Table 1 & 2). Here the vertical hegylf

waterfall and tube diameters of tubes were heldtzo.

e Similarly we can infer as the height of waterfall length of distal tube is increased then the fesmqy of
oscillations is reduced while the amplitude of eadillations increases and hydraulic efficiencypioves

gradually (Table 3).

¢« When the diameter of the ‘U’ shaped tube and distadj rigid tube are increased even at low flowesaand

vertical gradients, higher efficiencies of powengeation were achieved (Table 4).

The results of the experiments are better exeradlifoy plotting graphs of various parameters medsure
(Figure 5).
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Relationship of frequency and amplitute of oscillations as flow rate is increased
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Figure 5: Graphs of Experimental Results

» The effieiciency graphs (Figure 5) resemble théciefficy curves of stand ardhydroelectricturbinés IPelton

wheel and Francis turbine.

e The variation of frequency and amplitude of ostitlas with flow rates, vertical gradients and dideng of pipes

gives scope for tuning of the apparatus to widgeanf flow conditions for achieving maximum effinizy.

Also at such low flow and head conditions nonete tonventional turbines operate, leave alone imiciy
efficiently. Even though very high hydraulic andeoall efficiencies achieved with using slightlydar diameter pipes the
stresses on the balloon are very much. During npgements with similar head and slightly largerrdéer distal pipe > 6
mm from previous tube diameter the bladder ruptsrgttienly in the middle unable to take the stregbpsessure surges.

The collapsible bladder is the weakest part arftagt to be of significant strong material and alagehto property of
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elasticity to work for larger flow rates. For largellapsing forces the strength of balloon mustehbanced with greater
elasticity, thickness and also by increasing thiéoba dimensions. Similar experiments were condiigte much small
scale using small sized balloons and tubes whictkeeb very well, though data was not recorded, dugethnical

difficulties

DISCUSSIONS
The present experimental setup involves two priesipf operation.
» Flow induced collapse in collapsible tubes whicbduarce unsteady pulsatile flow from continuous flow.
» Strong fluid structure interactions occurring iexible tubes held by elastic supports.

These principles are in complete contrast to theicbeechanism of turbine design, which operate ujhen
reaction force generated on the blades or buckeé&nwhe momentum of striking jet of water is chahgs illustrated in
Figure 6. The addition of fixed gates or wicketegain Francis and Kaplan type turbines increasesefficiency of
turbines greatly[1].

Negative pressure
waterhammer wave
travelling at speed of
sound '¢' X

AN Inlet velocity
ek triangle of jet

Collapsible rubber v i
bladder striking mouth A7 T

v is velocity of of "U" tube 4 o
water before [~
collpase

Elastic supports
* holding ends of flexible
‘U’ shaped tube

— Rotating blade of
turbine

/

w
Reaction force on

Bend of 'U" shaped
tube which produces

the Junctional Coupling i rotating blades
N
Sy I!\w \T\_) Outlet velocity
Ap =pc v \ N triangle of jet
-u‘ﬁ-—' P

Figure 6: Comparison of Basic Working Principle ofResent Model and to That of Any Conventional Turbire

Unlike any conventional turbines or water wheekr¢hare no jets involved striking the moving busk&tnes or
rotor blades. Only specially designed flexible anpdducting pipes are involved in energy conversind hence operate at
very low head and flow conditions quite efficientso they do not require large flows, they areabrto build and cost
also reduced very much. It does not create anygumll disturbances as water falling from smalights is sufficient and
no need to built large dams or reservoirs [2]. kariyil work required to direct large quantitiesvaditer through a turbine
as required in efficient operation of low head tnels are not necessary. Also it can operate in wéthge of flow
conditions quite efficiently and there are no sfiecsépeeds of turbines involved for operationalioidincy as the

mechanism involved is quite different from tradité turbines [7].

Due to this principle any turbine designed neetlseeilarge head or large flow to operate efficigntt is true
hydraulic turbines are one the most efficient maekidesigned (hydraulic efficiencies range 90 - bt these require
high energy density flows to function efficientlio have large head we need to submerge large afféasd to create large
reservoirs and dams which prove to be very cosily ereate lot of ecological disturbances. To chhlarge flows into

turbines also requires significant civil enginegrimorks disturbing the natural course of flow ofienrivers. Besides the
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cost ofentire project depends upon the diameters of tagband they increase disproportionately at Icheads [2]. Also
low head turbines also have high specific speedsofitimal operational efficiency and higher the cfie speeds o

turbines, higher are the input costs.

w bl L] Ll Ll L] | L) L] Ll L) | LI L L] Ll I L] L L) Ll
H El
e 45 —— 1 Megawatt
a = — 100 kW
d 40 E
_—
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15—
10 :—
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5 (Uttra-low head & kinetic energy turbines, ect.)
o C 1 1 1 I 1 1 I
1] 1000 1500 21000

Flow rate in cubic ltres/sec
Figure 7: lllustrating Operation Requirementsof Various Types ofHydraulic Turbines

Figure 7 shows thaaige scale hydro electric power plants typicallpayate power in megaw and require 10

metersand above Head and flow rates ab500 liters/sec.

Micro hydropower generate power in 100 kw range requimetersand above heaand flow rates above 100 -
500 litergsec and ultra low head or hydrokinetic turbineguiee very low heads meter: and flow rates above 200

liters/sec and they are not as efficient as large sealeklectric power plan'.

Small sizedPelton wheels can work at very low flow rates [#@5 liter/second but they require large head
operate which are not easily availahinder natural conditions. The present device svatkvery low flow and heads
flow rate of 0.3 liter/ second and head — 2meter/second. This is becaus& model operates cdifferent physical
principles and the fluid dynamiegjuations involvedare quite complicated than traditional models aildiat of researct
need to be done in this particular arsaother advantage of using a pulsatile flow modstéad of continuous flow moc
is at low energy density flows they work much eéfitly aralogous to reciprocal enginbeinc¢ used in small automobiles

as opposed to high power jet engines used in agtios

A practical application of water hammreffect, which has been there for nearly 200 y is hydraulic ram pump.
In this large quantityof water flows down certain minimal height and thew of water causes the 'ste valve to
automatically shuand the water comes to halt suddenly and this sagtsep rise in internal pressure of the wateptrd
below the valve and it opens anothelivery valve at the mouth of smaller diameter piphis high-pressure surge causes
water to riseo far greater heights than what it started flowimi¢jally and water is pumped up in this unique manner
pulsatile mannefThese are cheap, easyconstruct require minimal maintenance and no etgistis required to operal
After video demonstration of this novel device soofieghem have described it as ‘oscillating watdrfhd many of the

equations of hydraulic ram can be applied

The hydraulic ram mathematicis modeled using unsteady-pipe-flow equatibased on continuity principle au
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momentum equations. The quasi-linear partial diffitial equations are solved using method of chariatits (MOC)
transformations by Veliko Filip an [20] and othefishe simpler algebraic equations for describing tigdraulic ram
functioning are given by Development Technology tUiTU) research [21] and can be adapted to preseuel in
deriving simplified equations for frequency anda@é&ncy depending on pipe characteristics.(Figyral8o we can derive
the time period of oscillations, the efficiencidglte device at various heads and diameters opithes. The device can be
tuned to achieve maximum efficiency by adjusting flow rate for given set of heads, diameters gepiand elastic

constants of the supports used.

The main valve in hydraulic
ram which opens and closes
producing pulsatile flow can
Q be compared to collapse of
collapsible bladder

Figure 8: Comparison of Working Hydraulic Ram with That to ‘Oscillating Waterfall

The theoretical and mathematical explanation o8 thovel principle appears very complicated reqgirin
integration of diverse subjects of fluid mechanidsch are individually complicated involving simatteous solving of
several partial differential equations requiringmguters. A unified and simplified explanation mbst developed for
better understanding of this infant subject. Largmale testing requires procurement of specialpegnent, for example a
large sized, more thicker and tougher rubber blatiléunction at larger flow conditions, otherwigesimply tears under
extreme stressful conditions which tend to devetlwing the collapse period. Application of similschnological
principles in designing novel gas turbines maydyievolutionary results with better efficacies ttdemonstrated by any
other existing turbine technology. Preliminary esipents on gaseous flows showed that the desigrtchhe modified
significantly to be able to work on these novelnpiples. The collapsible bladder must be enclosed pressurized
chamber where the surrounding external pressuregislated and the bladder must be bended in acpkuntishape to

produce spontaneous pulsatile flow from continuftas of pressurized gas.

The experiments pertaining to this novel technologyve been uploaded at You tube site

http://www.youtube.com/watch?v=kcf5bGgIRXmd anyone can go to the website to view the videordings for better

comprehension
CONCLUSIONS

A novel method of harnessing power can be develdpedombining the principle of flow limitation in
collapsible tubes and fluid structure interactiomflexible pipes held with elastic supports. Thimduces a very efficient
low head and low flow hydraulic engine. This notethnology needs to be studied further in a lasgate with advanced

mathematical approach and also has potential fegldpment of more new applications in future.
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