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Commion among the disclosed devices in the aforementionsd patents
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gge.b$age An engagement 8 fixed relative {o the intake passage and extends o
operalively engage the helical shoulder. One configuration includes the helical
shoulder being associated with a rolatable adjusier element thal has a varying
pitch aiong its length. The shoulder may be defined by & channel’in the adjuster,
i & fourth separale aspect of the present invention, the inlake adiuster
includes a helical channel and a closure element extending adjustably info the
intaks passage. An engagement fixed relative to the inlake passage and extends
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passage- An engagenent is fixed relative to the intake
passage and extends to operatively engage the helical
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r ef er efegemp structure includes two pump chamber housings, 2&, 22, These
oump chamber housings 20, 22 esach include & concave inner side forming
pumping cavities through which the pumped malerial passes. One-way ball
valves 24, 28 arg at the lower end of the pump chamber housings 20, 22,
respectively. An inlet manifold 28 distributes material to be pumped o both of the
one-way ball valves 24, 26, QOne-way ball valves 30, 32 are positioned above the
pump chamber housings 20, 22, respectively, and configured o provide one-way
flow in the same direclion as the valves 24, 26. An outlel manifold 34 is
associated with the one-way ball vaives 30, 32,
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The punp structure includes two punp chanmber housi ngs,
20, 22. These 25 punp chamber housings 26, 22 each

w0 pai7agesa. concave inner side form ng punpi NBCT/US2007/066178
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cavities through which the punped material passes.
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2(}>mm:trh a pilot shifting shaft 62 is positioned. The

gui deway, defjned by A bﬁé@h@@’enhb%%%ﬁgﬁ%f:%%niﬁ&oﬁ%"
the :.enter section to the air chanbers 38, W th
operatively Mlustrated in principie in U.S. Patent Application Publication No.

200510248812, the disclosure of which is incorparated herein by reference.
The housing 42 of the actualor 36 additionally includes air chamber

passages 84, 88 extending from the opposed air chambers 38, 40. These air
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you ntersunk c vibes at either end. The pilot shifting
shaft 62 extending through the second gui dewway 60

wabk®a/1ersends beyond the actuator housi ng 42 tBCT/US2007/066178
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interact wth the inside gurface of the piston
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one end. The cylindrical body of the intake adjuster
80 includes a helical channel 20 86. The channel 86
wham7tiesends with one end | ower than the ot hepCbysS2007/066178
virtue of the helical arrangenent. The bottom of the
cylindrical intake adjuster 80 provides a closure
ebmm si88iowhduc bt emt@md?mcadjmt?abdoyx hetwedshe ihntakeske
e-f4. A i a etaee
PRSRRRr 74" meieufd B B8 R Ry ARERRRE LR e
Thgindiwal baig 7§r @@@@0%@@@@%@&@@@ 8% isCrelicaigrotadios ehthe
ofnfakt hggﬂgia; 8K %R PAIFGAYE e i 3LLBo g %e{oe%{@nfg ks into
. h the cylln rical bore 7é The ring also acts
’ ttbe FEPEHERdj uster 80 angularly fixed in place in

t he hcm&mg\ 42 el BRunasit wtsobf %snﬁ%&heﬁa}dﬁaﬁin@d@% (@R hip

t th
e L S SR s L

t h@*;c}% ithegehdng! At & memWWa redioiof advaboimesny 8. roffitie: of
) ﬁ%@?@é%b%@e«:? w@?" st%k é&gg émc.(. E o\érelq%st ‘I‘w “Q-”EC{%Q

i ht ake ad er and extends
10 eﬁ‘@a@f@mﬂ Tihepippern pich orhvée cﬁyém%éﬂ@ Brrapes| %@@tf«m of

d%’ N88 VR DAL 8lilRbe- Bk LCAL 280104 SleF S 1nORR GG bﬂQ:*
the |ocation of the adjuster 80 i n cooperation wth

t edEghy e Richgy %F‘g&%ﬁ*é? Sostissyy HUMTE Sugred RUPEKDBF
W&:200 H dRARRDHRGTA U%ZQ@%&@@:H& s%sﬂ@ﬁeﬁty bhorbests oR

out of the cylindrical bore mthe pressure y

© Hio bR RS SR S e AT i TR VHE: i

{15 | doiatirodidesf ait rduithadpdistieent80 &in codsemptyd inmehciigakfibers
§L 3 § h la Q%IXQAQQA only tialh
S AR W oA PR ABE0gh OLRRL oy sty
t Reuadjt @s?@aas*%'oaq Gbaxtt Eva n!o“r*sea‘(ﬂ*dsl e¥senthebther fgnne! 86
|ﬂ&@&gﬁﬂﬁﬁ§@@§m1@ The helix of the channel 86 is of

varie Itch makin he rel atlo tween . ro

ot advBrchemiont o e safiatt arDa 6 un snbgr et b 1"

20 camf%;tfgur At cOteofurtdh ent hanael vBiee Ias suigivatih a‘eictnheecf atdno

ag‘coewg%ﬂ&\ t)Q aiia.m% I'Qtne(?rfsclmggg ggj l\-,gg %rm ng%F ?ﬁr‘?‘%s

f% 8 Ssage bern res

by condyatt AW) Py @ mea?haee mﬂméw«aw Wéfwhibff“ﬁ’*hée&?h@nnel

86 increases sensitivity of actuation where axia

advancenent of, the adjuster 80 has the nost critical

effect. Add tlonaiil;:, the pitch of the channel 86

can be further configured to make the change in flow

rate through the inlet passage 74 substantially

proportional to the angular rots3uon of the intake

adj uster 80, as well be seen in the graph bel ow.
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This provides an intuitive adjustnment to air

consunption inpacting efficiency wthout requiring
wa@peo7fikexde noni t ori ng. The channel 86 al so ext erdFUSINY066178

partially around the adjugter 80, about 300". This

avoi ds one end of the channel 86 int erg ecti g the

0 ngr enu . IHE dXI dl IOCdlI Olls. OT [llE E[lUpUT Illb UI lllE
channel &6 are di ct at eq by the. 20 configuration of
the punp  and §% M AR YGRDi i cal Iy det er ni ned.
An  exanpl e @Fs‘%ﬁié %ﬁr?ﬁs“%‘*? PPFUstrated in the incl &i&H,
gtaph, . This punp was run with a const ﬁsfﬁ‘t“"iQO-pS“ i'g air
ptessure and punped water w thout head pressure.
SUBSTI TUTE SHEET (RULE 26) @20@74124259
PCE/ US2007/ 066178 8

#

I PR A
T S B S P

N S

T S € Fl ow
Rate vs. Air Consunption 00ps g h et prey, Opsig head
preSe,,lrgl Setting 3 .~ 3 - i r Seting 2 i

stugl ;0.0 0 510 20 25 Air Consunption (SCFM i , hee

r ot a\t ed so t hat the upper end of t heI|caI char nel .
86 approaches t he engag@a%%p;m%gm @%H& ng 1. n this
CI rcunst alite, pulrp (:‘I i CIrelncy TS5 TTICI l:‘dbl:‘u —=C
adj uster 60 subst antl aI I y bl ocks the intake passage 74
when at. Setti . dj uster, 80
most SiRR s et hherba 4 Pn kS o B2
eng@sgen«enm@ze Bkl cﬁh@“sﬁ;i@ﬁa@w restesohe ehgpoetranttel S88ng 1. In
aRSLLHELAG, BulfReddediils fELAGKE restriction. Al
ing 1, fTow rates are 5 9 GPM for t he punp and
3 5 0 is® tSEFF\i?‘ 8% Biosentiae Pagitsohe Mate $eareee iMhyhaast wetting

My C s Baghar, s BguRerdooE MRE BavaabdOinto the oylinder 78 with the

[SHE .,;q:w}::? 82 at ths ) g a XH
angagement 82 at the upper end of the channel 88, constituling & maximum

N

selected restniction. At Sstiting 1, the flow rales are 5.8 GFY for the pump and 3.5
Wy SCFM for the actuator. This sefling has a much higher pump performance ratio,
vhich is ihe ratio of pump flow o alr consumption, then when the intake passage
74 i wide open. However, this high pump performance ratio s gained at the
exp: nse of low pump capacity.  Setling 1 has been selected as a practical lower
flow Hmit &t approximataly 40% of maximum flow of a given pump with no air inist

i3 or actuator restrictions.
YWhen the pump is operating against low resistancs, as in this sxample, the
airfiow is so low that the air chamber being pressurized never yeaches the full
prassure of the inlet supply air. Belfare doing so, the pump reaches the end of g

f

stroke and {he actualor reverses. This result provides an improved performance
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which is tihe ratio of punp flow to air consunption,
then when the intake passage i1 '. is w de open.

woleweuen2s9t hi s hi gh punp performance ratio i s PeEi/NszOA66178

26

~e expense of |lo-w punp capacity. Setting | has been

selected as a practical lower flowlimt a"t

appin exh fret ghryp AQM0ts. NExt, them ‘rfslmwamferv@ gy eRegouarpham tsh

ngbgbw‘al & sgéss Sjpnosd sy *hégz?#@% %&Iagr%ﬁé%ft\ s%n“?w G\{X‘Q{% "hitigve
'S op ance,” as

exﬁmféuw hrtf ;- pW@Wﬁ.saasiwmpoﬂﬁsrﬂhmc pbreassisy m@rmw@@r wil

b@!J‘sgp QI&%%M;@@@Q rﬁ‘\%‘{%ﬂc@e%m&eé ﬁasfeHbe ed pressure of
the inlet supply air. Before doin np

r eachéy*‘t*%"i?eﬁﬁf‘ B epg =xarply I&‘emﬁr?g’of%%”aﬁ'ot"uﬁf‘or*e adjuster
I ey a5 SeglacdhifGriteestibh 1hs Qvbidesasdtgd MRS Qi\éeé; iReéhetngnege

PETT (89007 Ba I8 8T PALIWth 116w SRS Fedres gl

Fias 8 adiuhisr 80 issat [te sppeaist eogiicoy §tis SSepamdpiad he&@flmgs& in
| e3SsRxbaush &@Sﬁ o Q{”%esz HRRMd & E%ﬂé‘u%%"ﬂzgs %b?«:\i for ihg

charrber as'it. also di not achi eve At

6 t REugae At Peiiag 4@8@%%@@@? e ivionciER S, PrTiaion '

agkndt@bo)i batizak | ow pressure buildup to nmeet the

[ ncre%(ed presﬁO ure required, 5 Continuing wth the(

sane exENPFeS P RESIBEPe gPapimPuiieh PYHE RREPUETE: g0

| Sodémph agechehnty hestmddam b]ﬂﬁp fmt ke prssage: ¥ it he
ﬁgcagaqug%weﬁ t‘%e ai?ov%'g%e@s aar ioga Sié% is,c(?garqeeqd 8‘gfer W Q %c

ARRE! Fovi restrircti

5t he sadiosterud fiow @tve r&»@frmpcp@rmgbomam b@psn"éhwswaiéf

r d . ;
‘%&fn‘gﬁﬁﬁté&; Mn%}n%{% %uﬁ%f&ﬁv I | e%ar@ie@sb&\{ﬁe %@m cﬁsm Shide

adPias BrssuiR SSBEERIRG- 4‘\‘3 & hé‘ %@P?ﬁ?r%é‘é’*\ﬁ%ﬁ PEFSPYE 1o sy
Whitdie ;aas%e purmr ffnOrateivel aaaﬁvadmtaazg@ﬂfaahm uf ﬁalasmﬂoescam
Because of %qnslralnts in T% q? s Fp!ﬂr
per f or'm a{h?*é'““ﬁfﬁ o aCh dase %‘SCp%n hEs iﬂ‘?y‘%ﬁéé oW Tapie
rrﬁtﬁh;mg»mtmwp cfﬁaawesr at eart Tdii s poser BieokseeRapin g provides

%‘«&%ﬁ | Ao ig?eaié)touttﬁp'g da}&%,‘?m%ér?&nﬂﬁcefaéa%of oW, [r?et 8=

f p@fﬁﬁfcs@rr«\ze*euﬁrcm@@ PabE depands B suov | Beagh apiet Iﬁé% ﬁé@osm of

vwetmaé Mhpe%%em@mec He T%ré'@réﬂoﬂy fﬂep{HzEFQnafi Ihem% badBed, the
regar | ess of the nmount of air rOVI ess

pPEES B A ?187%%@%@ Jor pgpicafiew. | §V9§’uﬁ‘ﬁl ﬁ“v%%j\“a‘fwa iquids and

s cemat &ﬁiﬁ’i{?ﬁiﬁsﬁuﬁﬁﬂd OreblRes, lrbﬁ,aﬁ@spmsa@%géﬁeomé koW

| h ||
| Bofet e PR PR R, O e gh SRR el e
ad]tcsr@tceisaai@e@ inbi Byfceaidia e.’m the fehrigigleod’ thdBovapessages do

bé%%;@% RRborOhaR (1RONEEe SbQeCra, BAPE o) b RBpressed

prOV|
air witl i:.‘s“() vide the greatest amount of pump flow but can exceed an effective level

of oparation.

Setting 4, established when the engagement 92 is located af the lower end
of the helical channel 86, is empirically placed to constrain air flow through the
intake passage 74 to effectively maximize flow while operating at an scceptable
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maxi mum punp flaw rate but has a | ow punp performnmance

ratio. O course, the act ai flowrate fromthe punp
walepenadeson sucti on head, outlet head, viscosiPgT/k2007/066178

the fluid punped and the |ike. The nore viscous the

mat eri al being punped, the i 'nore cower that is

damiﬂde@af afio.r apisdadchstvbic Emem;- 1] éd@rdxﬁﬁé?teiyiizﬁ”i’/co B8 maximum

3400 B0 0 L L DAL BLESRYGE

r eqmp perfermgn ssprajspom@mnaih@ afmwzem&t Setfing éwéeﬁr:f'ﬁhe mefiomme,
\A@@g@aingmvgo@t ake passage 74 is of s.uficient size and
the remainder of the flow passages do not constrain
f1 ow AB? ESHRER PN 11 leanRiBuge inpipriar hesreiade dedigwiegf

COAPFRREat: ofihdricatintaké aﬁﬁ@é/rlaaseaé B8yt R8RS In Fﬁ%ﬁw At 1ok
punp f | W but can excee E{fectlve | evel

T e S&“ﬁ'l’??g“‘ﬁ’c‘e%g‘f% SRS Tl eFRatest longevity,
engag@niemb*agﬁmavé otiat edniatimtdnd rhsmewm@@wmg@fbe-tih@ 1 and
hLL o | L1 e ‘contraln
SR ORI, Pred e A Bk B 3550 s BTN
6 ma*?Q W Zetetiprow! \mﬁ lcelinginer aﬁaﬂﬁgamstqna%é@emrab%@ hom and
SH&%:@ A_Ugﬁc'%ETas%&tjkgy 2@%0%;%%9?3491%% pc Q“Q between
PCT/ US@bO?/ 066178 cger ormas | C ratio. This
ateEpt atE SEtHY ngﬂf‘r’s" ox ' FREE Mprrogdist @fanﬁr‘éx‘i AERHONS,
pEEPnds oM D Bisa rGloVies fn the FBONP oGS 08 eqimugsr ;ﬂ@;kk@@n be

used Lo cal uI ate that u roance ratjo
whi ch 578" PHE® P sl TGSSEF‘F il BrOghI HTRRS Grithl Shine
{5 se‘lteet:\ﬁmm@swa,\etaldasro o tei%vabtthamaidaquaswgg 4 2=thasican
eff agl engyndd.ndi AL, LY ndesiana,
arguznd t’% Jé ar. ndfl cgﬁra %PS%({;S, a%t%s?eg ES%‘%%GEQ%J gqe the
i FRARSETET e\@ [ ‘ﬁ SRy intermpdisFgngular %if@%‘?t @Ffeﬁgébe“fml~cﬂﬁ ‘Ady

b@s:m)#oﬂ@e dufeOarkiNg SOUS kdp thededt J&ﬁ aa& Sti@gts d:0BgeYd Yor
ch|deS|nd|C|a|nd|cat|veo m ni_num

and
nh‘x SHEETE AP £ Ty e OSEREEHERT 4 GQ‘”§8‘E R S found on the
20 respeghievel y. Oppositel y di rect ed arrows 96, 98
i ndi c d ctj f. .anhaul a rotatlgp\of'ét
cylin Plgcai‘sta %%e %P”‘em ’% %@ For M RwE Basi ngttr SV\r/mz‘aor?d
i At sasiagsed fq @a@nmwdmte@pﬁi@@miw@tcyrec@m smeéafcnwdmwe
aQ&HJ«@fwPO;SAe%Q%u%? WekNoac Je@zg ra%@&i rﬁ%‘%én&% “Ane
i ndi cated. These | nt ér medi at e g{ posi tions.
St ¥ n‘@% Uyt el sabsiaqlisly soopl e"E‘t‘% i ﬁ’”?*h% HreUEg vaphthe
25 aemgw @ng tthts ric@firle¥r §tﬁ;ﬁQﬁdhe Fagh @fawh?%@aﬂgzmdéﬁ intuitive
n | ects .an ax

SErTehe B PREE A FRdlo AR e B e gp e
r eebrat*:w'e:nt:omv‘tdne‘rwgt‘akéwﬁasrsa@eo@# flelrkeicttivrgt.an  air
flow B%ng é!%gﬁglrﬁtsage Pafiioézﬁpf%g g’%*‘a 2y tp?oa\@"?%r&ré lg‘:s‘ Q !Jé }c?!ﬁS

channel
1.07, 0.51 and 0.88. At the same time that obvicus efficiencies are gained by

L9413

3¢ slower operation, oulput decreases. The opersior must determine where to sel
the adjuster for effective opsration as needed. More viscous material pumped or
incressed head 8 aniicipated o shift the curve of the above graph down o
overcome the increased resisiancs.
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engagenent 92. The two internedi ate angul ar positions
reflect Setting 2 at 12.8 GPMfor the punp and '2
weaeM1taso t he actuator and Setting 3 at 15.3 QRWI/I82007/066178
the punp and 18.8 SCFM for jihe actuator. An indicator
notch 100 is found on the 20 cover plate 82'. The
set ti ngsispan bheriedf paheheyng A daalonied® alioh the selection er
copper atd t oLeh, 100, bg, ysed t Si_
RRG A P e PR oL B tselR ol posdinBRE SR
coﬁﬁmﬁﬁ@hswfawaﬁhhem$|W®e mhe $roun aqhﬁ&n@aharkywwm be
5%9344: S LIS IRl ik asd ar‘t m?ca{ %@tﬁox% m&¥RAGGs 40 §ha= dible

| ow that are substantla qual hi's relation
dé‘ﬁé RdetsPaitipp iofres Rueiiive g@nca% P bArelE TNRanYRSKIP. n%ewfore is
piree hiof bd hexshieledc alegdtam ehe 8QpiriPr &ViHES abfdidbd | ¥ims.
control of efficiency without requiring air flow
neasurenents and gives equal sensitivit ~ of contro
t hroughout the full range of air flow adjustnment. Punp
performance ratios for the settings | through 4 are
respectively 1.69, 1.87, 0.81 and 6.66. At the sane
time that obvious efficiencies are gained by 30
sl ower operation, output decreases. The operator nust
determ ne where to set the adjusts r for effective
oper ati on needed. Moire viscous nmaterial punped or
increased head is anticipated to shift the curve of
t he above graph down to overcone the increased
resi stance. SUBSTI TUTE SHEET (RULE 26) WD 2007/ 124259
PCT/ US2007/ 066178 ii hus, an air driver; punp having
"a variable inlet to allow the selection of high punp
out put or high punp efficiency is disclosed. Wile
enbodi nents and applications of this invention have
been shown and described, it would be apparent tot
,,hose skilled in the art that many nore nodifications
are possible 5 without departing fromthe inventive
concepts herein. The invention, therefore is not to
be restricted except in the spirit of the appended
clainms. SUBSTI TUTE SHEET (RULE 26) WO 2007/ 124259
PCT/ US2007/ 066178 i ? Mains 1. An air driven punp
conprising an actuator including an actuator housing
(42), operatively opposed air chanbers (38, 40), air
. chanber passages (64, 66),

wn
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5alair valve (68) in the actuator housing (42)
having a cylinder (7,10), Jn comunication with the

wareeo7abesbers (38, 40) through each air chanbepcpaszagesc17s
(64, 66., respectively, and a valve elenment (72) in
the cyli nder (70), and an intake havir;g an intake
pelssEge (74) in the actuator housing (42) extending to
the cylinder (70); and a punp body i ncluding at | east
one variable volume punp 10 ..'ran"ber (20, 22) and a

mping el enent (44, 46) dri vﬁe‘ the operatiye

gpose Hi T Vehah Fg?"@%g)rg4ﬁ} a““éﬂ%r%% eenﬂ SEET A %fywm
t e}, ioptrakenf apher aihasndars aB&t@k@!fmﬂ‘j@t}@BEN%WF {64, 66},

5 OQ'?r*‘?‘t U(l?l ¥u¢3 W‘L!%d c@jaitehq’o@g{&'u%ﬂr Al nQ;S%ﬁ@Q '“”'2 in

sél ec e | nt ake passage
Twwmw@m v t?ﬁtﬁmhémb@ﬁ a38mf’@ R eaih ket afajoﬂs”taé?a@e

(&Q) p@%g&cwn%%@ef e é@e&dmm&wmwm\ tah@ ah Rk e
passage (74) with rotation of

K er s
(BOYNY 23 NARePPOYr iV h ‘?fu?rﬁu%?‘ e é-’- PREING to the
r elipddranshiapd tzetm;emmmmma@ aanehst acy andce®: vaient pofip

‘.thelnt Juter n,l 4.7
10 drl‘\/é)ﬁraﬁpﬁ ang| apu mg ef A éﬂﬂfo 48 ?5%‘%&1\/311 tr‘engge@k
r og;mece)a:aﬁamhe@(ﬁﬁnﬁ@kena&d}tw@@nn et tieaiiaky fwithen bepen
| Lt @E SaRaReAgs o ggféapb;%g& @ @9&@@&#&1 MousRO ABSLhbgLed
at intak . The air driven :urrip
ofesémymrw tﬁ“Faéﬁr?ﬁssﬁQﬂ “ghe | st ake adj uster (80) havi ng
tﬁed aqyre L&l "‘JT?‘ % :ﬁ%‘g)'i %tiﬁﬁ%' %@éﬁ”{é’@t %QE%’*L}??@Q for

t'ake passa € [Tcal shoul
i3 \Apmna:wy*‘m@em&ww BaeeR gy 4 wih 1oeatige BT Rabiag aaivest €8

t‘ f 1ahn
(d0) “dSErESERRY L, O RRhP, B ShBoi TEE Bl ISR, are

pa@‘giﬂe@mvefVeﬁmﬁﬁbtéﬁ*%yﬁ%wmeﬁke adj uster (80),
s abe RIS EMy, boddn EdaiCodblaifel ol Gon b e

paSSag tively engage the
heixamak@;@muﬁmaa%(*@@)«i R @e mtﬁ@ea@assacaﬁ {7 beinguprpaisssively

o chakmthe dotake adiwstgr (60) further having a
2 cr{]a“nnelt( 6()i ext eﬁgl ng no nore than 300 about the

i 13t aker raeh ustver 80 Y, anyké claims: ud. the krtskp ediussr 807 hayprig

d fL L, a ket 2
L0808 S a0 R 10
P@W%SE%?‘?@@6§§78‘“ f‘Sv’W“‘Q'r?éC?‘alarc‘ driisv BRSBUTRY TS @ 4R BF
ClgidfBerhakt 1o trBudmbake ixe}usd; &ﬁter((g@) ddtredshg \atn Ok Osteiree

25 Zlﬁ,?gg%%t? xo‘%S St?»tr]%ggrg&gLQ{;? yy reqtrigigé Dy *he ima Qeaag)‘(: &?l écy §n% &h

engagemsnt (92 fixed relative to the intake passage (74} and extending o

operatively engage the hefical shouider (86),
8. The air driven pump of claim 5, the intake adjuster {80} further having a
1
R

channe! {88} extending ne more than 300° about the intake adjuster {80}, the

oy

hetical shoulder being defined by one side of the channel (88}
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wQassages{ 74) ,

i

28

I nt ake passage (74) with angular rotation to
selectively restrict the air flowrate in the intake

passage ' 74", at 5 maxi numssel ected restri cti on and a

second angul ar position with the intake (74 )
at ni AFABMOEEeRERICN 8% OF FRIPR dif tﬁ@ﬂ%’ﬁﬁ%ﬁaﬁ o ﬁgwad

r &b&xé Riaigh {?sd)%serdut?ﬁ ﬁk@uh@tﬂ i) oD Skt iirad Iaysd out of the
ort i onal_to th e r ot ,
agﬁ §f’§ ag? 80%’ w,tg aﬁ iaﬁor}j Is§§%{t %Pn‘%&“ tq'ge? alf \'J‘;%t? }Ef
seeomdpsap@slaw (THaSH fmsomglu@r positan Wirvkhe il makﬁamsm (74) a
ﬁzt’@‘% 399 J*té( **vgm? 2 t)aafséco?!E'éﬁS apl*‘:ggtz&f W %zachén mg&e

e 1 n aVI ng p }JI‘ al | t
mﬂsmcers eaq Yﬁt“‘émafh et BYEieNohe CeRiSE ﬁéi&owfﬁ ¥iended é‘e

betweenink Renddhiaty ﬁ%:ﬁ;oﬁ@lQ@ﬁﬁ ABOLH raftiPOsi thd BRke aljber
flrst second and plurality of Internediate angul ar

tlons belng egui ar.gul arly spaced, each angul ar

?S' U084 AL gu@% LDIGRN T, PRI N EhRg @bs,m% O 67%
fecting an air ow rate, the changes in

eff @E’tf‘éa‘“ REMPIEICBRFS At es bet ween adj acent
equi a%ulaa{ria wss m&@ob« &&}éirﬁW, m@sm eweomuém nag‘ fubther having a

ol e Airiads Tises swdivee SAIGet &t b T il A5 4
98%onofanpmir mmm; phargiish gse@apmﬁtM*aSSUISﬁteTWEaEHEET@‘
( Ry*L WOy 3&6)“@ ing equianguiarly spaced, each angular position having 2
sorresponding axial position sffecting an air flow rate, the changes in the effecied
air flow rates between adiacent sguiangularly spaced axial positicns being
substantially equal.
10, The alr driven pump of claim 9, the second angular position being at 87%

of maximum pumping capacity,
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a first angul ar position wth theristakesc17s



