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ABRSTRACT

Hydrawlic ram pumps use the energy af Tawing water bo lift & portion of thal water vihout
external pawes, yel their reparted performance depends strongly an how heasd canditions
and Thew baundaries are defined. This !."Iullj' exarraned 1he head-law NESparise ard shart-
term repeatability of a low-cast hydraulic ram pump constrected from naminal 2-inch PYC
companents and fied with a nomenal 3-inch, DED-m air chamber. Three aperating
configurations combined supply and delivery heads of 1.5004 m, 1.70/5 m, and 1.90/'6 m.
Each tﬂrlrl;Ll'M.-l'.'ll‘l was evaluated I|'l'|'.'|l.l;|'I fifteen valumelne tesls IJSil'lg a lTwad collectian
wolurme of 100 L Eﬁtthﬂrm was caboulated for ByEry I'Epi.‘.'ﬂt- from callectsan volurms and
filling time, then assessed using descriptive stalistics, 95% confidence ntervale, one-way
analyses of variance, Tukey comparisons, and a Kruskal=Wallis 1esl Mean measored
dizcharge increased from 1053 £ 0023 L 2=1 in the first configuration ta 11.59 + 018 and
13.92 2 0.54 L 5-1 in the secand and third configurations, respectively. Differences amang
configurations were pronounced (F2,42 = 362.50, p < 00001, 02 = 0.945). Estimated inpul-
side hydraulc power rase Trom 1547 ba 259.0 W, whereas the inlermediate configuratian
produced the lowest coefficient of sariation (1.53%). The highesi-head configuration
favered thrawghgaut and available Fydravlic pewer, while the inermediate state previded the
Ml cansistent shorl-duration messeremenls Hjﬁ‘ll.i.".. Hﬂtﬂl‘lﬂj’ cauld ol be
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detarmined becawss dive, waste, and delreed flows were not measured separataly.

1. Introduction

Access b waler is shapesd by both spurce availability and the
elevation difference between the soume amd the point of
use. Springs, streams, and imigaton channels in meml or
mountainous ierrain are ofien located below slorage tanks,
homes, bvestock facilities, or caltivated felds Elctric and
fuel-driven pumps can overcome this elevaton difference,
but their == becomes difficult wher power is nrmeliable,
fuel transport iscostly, or maintenance sepport is limited. A
hydramlic tam pump offers a simple alemative by
comerting part of the grvitatio mal eregy of a contineous
smurce flow info penodic presseee pulses that lift a smaller
volume of water This cperating prirciple mpports remote
waier supphy, irripation, ard low-head enerpy recovery when
suffrient Bow and natural fall are eralabl= [1-3)

The hydranlic mm cycle is inkerntly transient. Water
accelerates along the drive pape while the wasie valee ixc
apern; rapid valve closure then deceleraie s the water colimn
and preduces a pressure n=e. That pul= o pens the defeeny
vahe, directs part of the flow into the air chamber and
defvery bne, amd subedes as erepy is transermsd. The
defvery vahe subsquently cloes, the wasie valve mopens,
and the cycle begins apaim Air trapped in the chamber
cushions the puls and snstains delivery between valbe
avents. Vahe-closing time, repeated walve motion, amd
pa ssible backflow make this behavior more complex than a
sngle static water-hammer force [4, 5]

Fump perdformance reflects the combined efiects of
hydmaunlic lead, flow raie, pipe peometry, valve dynamics,

ard air-chamber compliance. Supply head determines the
pravitational enerpy mrailable to accelerate water in the drive
pipe, whereas delivery head mpe=ns the elevation
demand imposd on neeful fow. Wasie-vahwe mass, stoke,
ot prometry, and opening area influernce cycle tming and
local bses Freviows stedies hive shown that rede spning
the waste wvahe can meduce b=es and impmove hfting
performance [4], whik low-cost FUWC construction remains
attractive for small orripation sysems in hilly Ermin (7]
Comparent arrangement alss affects presure behavior and
the range of head sover which cycling rem ains regular [E].
An increass in supply head does mot Foamanize
amultaineons improvement in every performance measipe.
Tests of combined comentional and mm-pump sysiems
hinee identified restricted operating ranges and decreasbng
delivered flow asdischape head rises9). Other experiments
found that addibonal =supply head momeased flow and
pressare-sarre amplitude, althonph the =tbhrg with the
highest effriency or lowest wasie fraction occourred
elmwhere [i0]. Testing-riz studies likewise mported
different factor combinations for maximem wolametric
efficiercy, cutlet dischazpe, and presmeee [11]. Theoup hpat,
efficiency, pressnre regularity, structural loading, and cost
theefare need t0 be svaluated asdistinet owbcomes
Fecenmt optimimtion work has formalizd  these
competing objective o by exam ming delhery flow, efficiency,
critical drive head, and cost within a sSrgle decision
framework [12]. Foposed changes © wahle msopening,
including magnetic repulsSon, also show that eeliable
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